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Editorial

	 Welcome to Vol. 2, Issue 2 (July - December ,2025) of  the Adamas Technical Review. This 
bi-annual publication showcases the forefront of  technological and interdisciplinary exploration. 
Within these pages, our peer-reviewed journal stands as a beacon of  research and innovation, 
offering a rich and diverse collection of  research papers, insightful articles, illuminating case studies, 
comprehensive reviews, and promising student research contributions, each meticulously selected to 
reflect the dynamic landscape of  modern advancements.
	 Adamas Technical Review serves as a vital conduit for knowledge dissemination and 
collaborative discourse. We provide a platform where academics, researchers, students, and industry 
professionals converge to share groundbreaking insights and foster a collective understanding of  the 
challenges and opportunities that lie ahead. The contributions featured in this edition address critical 
issues within science, engineering, and technology, offering innovative solutions and theoretical 
frameworks that push the boundaries of  current knowledge.
	 We extend our deepest gratitude to our esteemed contributors, whose dedication and 
intellectual rigor have enriched this issue with invaluable scholarship. Their commitment to 
excellence is the cornerstone of  our journal’s success. We also acknowledge the tireless efforts of 
our distinguished editorial board and meticulous reviewers, whose unwavering commitment to 
academic integrity ensures the highest standards of  quality and rigor.
	 To our valued readers, we express our sincere appreciation for your continued support and 
engagement. Your interest fuels our pursuit of  scholarly advancement and inspires us to continually 
strive for excellence.
	 It is our earnest hope that this edition of  the Adamas Technical Review will serve as a 
catalyst for further research, igniting meaningful discussions and fostering a spirit of  intellectual 
curiosity. We remain steadfast in our dedication to promoting scholarly excellence and cultivating a 
culture of  innovation as we collectively navigate the ever-expanding frontiers of  knowledge.
	 Happy reading.
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I. INTRODUCTION
 
Since each trace element is related to so many enzymes, 
deficiency of a single trace element is often not associated 
with any specific clinical manifestations, but rather 
manifests as a combination of various symptoms. Iodine is 
an essential micronutrient element, occupies a prominent 
place in human health.
Essential trace elements such as iron, iodine, fluorine, copper, 
zinc, chromium, selenium, manganese and molybdenum 
are vital for maintaining health, although require in small 
amounts. They are called trace elements because of their 
body concentration, which are few milligrams per kg 
or less. It is also referred to as micronutrients and these 
trace elements are part of enzymes, hormones and cells in 
the body. Insufficient intake of trace minerals can cause 
symptoms of nutritional deficiency. Iodine is one of the 
essential elements in the Earth’s crust and its estimated 
mean concentration varied from 0.25 mg kg-1 (Fuge, 1988) 
and 0.3 mg kg-1 (Muramatsu and Wedepohl, 1998). It is 
required for the synthesis of thyroid hormones, thyroxine 
(T4) and triiodothyronine (T3), which is iodinated molecules 
of the amino acid, tyrosine. The thyroid hormones regulate 
a variety of important physiological processes including 
the cellular oxidation. Adolescents and adults need iodine 
(average) in amounts of 150 μg per day (WHO, 1996). 
Therefore, once the human body is deficient in iodine, it 
can lead to physiological malfuncting and health problems 
(Liao, 1992) generally regarded as Iodine Deficiency 
Disorders (IDD). Deficiency can lead to a broad spectrum 
of symptoms of which the most spectacular is goitre, well 
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known in humans as well as in domestic animals. There are 
other diseases related to iodine deficiency such as abortion, 
stillbirth, infant mortality, cretinism, impaired mental 
function and hypothyrodism. Cretinism is a serious disease 
related to children, who appear to be normal at birth, but 
become physically and mentally retarded when they are 6 
months old (Pharoah, 1985). These effects are seen at all 
stages of development and particularly in the foetus, the 
neonate and the infant, i.e. during periods of rapid growth. 
Foetal survival and development are both sensitive to iodine 
deficiency. Brain development in the foetus and neonate 
is particularly affected and increasing in proportion to the 
severity of the iodine deficiency. The offsprings of mothers 
who are iodine deficient in early pregnancy has lower than 
average IQ scores (Bath and Raymen, 2015).
The human body needs 50-200 μg iodine every day as 
per World Health Organization recommendation for 
infants to adults (Hetzel, 1983), about 75-80% of which 
comes from foods viz., vegetables, fish and meat (Liao, 
1992). The concentration of iodine in vegetables and 
indirectly other food materials is mainly determined by 
two factors; background content of iodine in soil and their 
biological assimilation. The background content of iodine 
in soil largely depends on the parent material, texture and 
geographic distribution in soil. The content of iodine in 
soil is relatively lower in interior and mountainous due to 
precipitation eluviations, which results in the deficiency of 
iodine in vegetables and the prevalence of IDD. Human 
population and livestock that only depend on the food 
grown in iodine deficient soil cannot obtain sufficient 
iodine for their body requirement (Hetzel, 1997). Thus, 

DOI - 10.65024/atr.v2i2.01
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IDD in human and animals are predominant in the areas 
where vegetation is poor in iodine. Oceanic deposition 
through atmospheric wet and dry precipitation on lands is 
the principal source of iodine (Goldschmidt, 1954). Thus, 
distribution of iodine in soils is depended on topography of 
land, amount and intensity of rainfall as well as wind flow 
and direction. Due to these facts, iodine contents are varied 
widely in soil, i.e. < 0.1 to 150 mg kg-1 (Johnson, 2003).
The principal natural source of iodine is seawater (average 
value 58 μg/L). Iodine in rainfall in coastal areas is 
therefore generally higher than over continental areas and 
hence recharge of water to soils and aquifers will be higher 
generally in coastal areas. In coastal areas, sea spray is the 
major contributor of iodine (Englund et al., 2010) to the 
terrestrial environment. This correlates with the fact that 
goitre and related endemic disorders are often concentrated 
in inland areas remote from the sea, with some exception. 
Thus iodine content of surface soils decreases rapidly with 
increasing distance from sea. Since, about 98% of the 
human food is produced on the land, soil is a primary source 
of iodine, which gets into the human food chain via plants 
that absorb iodine from the soil and are consumed directly 
as vegetative material or indirectly as animal products 
(milk, meat, fish etc.) via animals using the vegetation as 
fodder. Intake of iodine from drinking water represents 
only a small fraction (10%) of the total intake (Decker et 
al., 2000). Thus human and animals severely affected with 
IDD where iodine content in soil and groundwater is poor. 
Moreover, glaciations, flooding, river changing course and 
deforestation, iodine present in crop grown surface soil is 
continuously leached.
Iodine deficiency disorders (IDD) are now significant 
global health problems affecting 145 countries including 
India. Approximately 1.9 billion people around the world 
have been estimated to be at risk of IDD. WHO estimates 
that 740 million people are currently affected only by goiter 
(Delange, 2002). Recent studies indicate that about 30% 
of world’s population show iodine deficiency (White and 
Broadley, 2005; Abrahams, 2006). In general, regions most 
affected by iodine deficiency are the developing areas of 
Africa, South America, and Southeast Asia. Interestingly, 
this disorder is beginning to be detected in developed 
countries such as the USA, Germany, Great Britain and 
Australia (Kersting et al., 2001; Fields et al., 2005). In 
Europe, a strong contrast exists between the Scandinavian 
countries, where almost no goitre occurs (due to iodine 
additions to animal feed) versus south and east Europe, 
where the number of goitre cases seems to increase (Meltzer 
and Ghattre, 1992). Iodine deficiency is still quite common 
in sea-locked remote areas of sub-Saharan Africa such as 
the Ethiopian Highlands, mountainous zones in China, in 
the inter-Andine Depression in South America.
Globally, India has the largest number of children born 
vulnerable to iodine deficiency (Iodine Global Network, 
2011). Iodine deficiency disorder constitutes a major 
nutrition deficiency disorder in India. In India, out or 

587 districts in the country, a nation-wide goitre survey 
revealed that out of 283 studied districts of 29 states and 4 
union territories, 235 districts have prevalence of endemic 
goitre (National Iodine Deficiency Disorders Control 
Programme, 2003). The total number of IDD suffers in 
India is estimated to be more than 63 million.
Iodine deficiency in soil is found in almost all part of 
the developed and developing world due to its irregular 
distribution over the earth crusts. The problem is aggravated 
by accelerated deforestation and soil erosion and flood 
plains (Goldschmidt, 1958). The regions with heavy rainfall 
or snowfall and frequent flooding are likely to be iodine 
deficient as the surface layer of soil (in which iodine is 
present) gets washed. Goldschmidt (1958) reported that its 
content generally decreased with increasing distance from 
sea. Its deficiency in the Indian soils is generally confined 
to the Himalayan mountain areas (Sharma et al., 1999) 
over the lower plain. In Uttar Pradesh, IDD is a serious 
nutritional problem. Out of 83 districts of Uttar Pradesh, 34 
districts have been surveyed for IDD and 29 districts have 
been found to be endemic. The severe occurrence of goitre, 
hypothyroidsm, women pre- and post pregnancy problems, 
mental retardation have been found in endemic in the 
Himalayan tarai region of Uttar Pradesh (Kapil and Singh, 
2003) particularly Deoria, Kushinagar and Gorakhpur 
districts (Raha, 2022). Its content in the cultivated soil of 
Pantnagar, Bilaspur, Kaladungi and Varanasi were reported 
in range from 3.65-7.54, 5.45-9.82, 4.23-8.08 and 1.14- 
2.54 mg kg-1, respectively (Singh et al., 2002; Nath et al., 
2010), whereas, 0.05- 0.75 mg kg-1 in the Himalayan tarai 
region (Raha, 2022) of Uttar Pradesh.
Iodine in ground water in specific geographical location is 
also a serious concern of IDDs, as iodine is essential to health 
and so, is required to be present at certain concentrations 
in drinking water or food. The principal sources of iodine 
in groundwater are aquifers, soils and the atmosphere. 
The range of iodine was noticed 3.5- 7.5 μg L-1 in the 
Himalayan tarai (Raha, 2022) region of Uttar Pradesh, 
the most sensitive IDDs prone area of India. Considering 
the geological condition, limestone aquifers are the most 
likely to have low iodine concentrations. The identified 
soil association (Pathak and Sharma, 1985) in the north-
eastern tarai region of Uttar Pradesh is recent alluvium-
calcium soils with a large reserve of soft lime (limestones). 
Thus, due to limestone aquifers in the tarai region of Uttar 
Pradesh, iodine content in ground water is poor. Iodine 
deficiency (i.e. goitre prevalence) has often been noted in 
people inhabiting limestone areas (Fuge, 1989). But, no 
strict regulations or recommendations are placed on iodine 
in drinking water in respect of IDDs. According to the 
studies on correlation of iodine in portable water and goitre 
incidence in different countries, viz. Sri Lanka (Mahadeva 
and Senthe Shanmuanathan, 1967), UK (McClendon and 
Williams, 1923), Ghana (Smedley et al., 1995), 5 μg L-1 or 
less in drinking water should be considered as goitrogenic.
In normal human diets, plant materials provide the major 
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source of iodine (Weng et al., 2014), particularly leafy 
vegetables, viz., lettuce, spinach and amaranthus. Marine 
fish (viz. Hilsa fish) and shellfish are the richest sources 
(Risher and Keith, 2009) of human dietary iodine. Edible 
brown sea algae (viz. Laminaria digitata) are also the 
common dietary iodine source in many countries (Yeh et al., 
2014) which contains iodine up to 1.92 g kg-1 . In general, 
vegetables contain only limited dietary iodine (Dahl et 
al., 2004). Thus, for iodine enrichment or fortification of 
vegetables, potassium iodide and iodate salts (Nath et al., 
2010) or iodine rich algae fertilizers (Weng et al., 2014) 
are added to the soils. Milk is also considered as the good 
source of iodine, where animals are fed iodine enriched 
fodder or cattle grazing iodine rich pasture. Iodization 
of edible salts has been recommended by World Health 
Organization as a means of IDDs elimination by increasing 
dietary iodine in the world population, particularly during 
cooking of vegetable (Longvah et al., 2013). But, high 
volatilization of iodine during cooking by heating is serious 
drawback of this programme. Moreover, another demerit 
of the random exposure of iodised salt to any geographical 
location is the high-iodine induced goitre, where drinking 
waters containing high iodine (>
150 μg L-1). The combined effect of iodine in iodised salt 
and high iodine intake from drinking water has resulted 
(Li, W. et al., 2012) in high iodine induced goitre. The 
topography of geographical areas, iodine content in 
soil, water, plant and dietary habits (i.e. vegetarian or 
non-vegetarian) should be taken into consideration for 
irradiation of IDDs. In addition to exposure of iodised salt, 
food fortification (milk, oil etc.), vegetable fortification 
through soil amendment of iodine salts (KI or KIO3) or sea 
algae fertilizers, inclusion of iodine rich edible brown sea 
algae in diet or marine fish/shell fish. High iodine uptake or 
high accumulation capable varieties of rice were identified 
in Japan (Yuita, 1994). Thus, geographical location specific 
programme will be successful for elimination of IDDs 
from the world. Edible crop fortification (Nath et al., 2018) 
is one of the most important strategies for this purpose 
after analysis of the status of iodine in soil and water of the 
specific geographical regions.
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Abstract—The survival of plants in tough environments depends heavily on seed dormancy as an essential survival 
mechanism. Excessive seed dormancy duration causes reduced germination rates which diminishes crop yield. 
Seed dormancy reduction for better seed germination and seedling development occurs through the establishment 
of specific rhizobial strains that promote plant growth in the soil. Biostimulation involves placing beneficial 
microorganisms into soil to enhance plant development through their stimulating effects. Certain rhizobial strains 
or rhizobial sp. like Rhizobium leguminosarum and Pseudomonas fluorescens cooperatively with Bacillus sp. is 
responsible to release certain phytohormones especially like - Indole-3-acetic acid (IAA), which helps the plant 
seed to break the barrier of seed dormancy and trigger the process of sprouting and germination in seeds. It 
contributes to an overall understanding of microbial biostimulants for sustainable crop production systems by 
identifying potential roles of particular rhizobial strains that promote seed dormancy alleviation.

Keywords— Biostimulation; Seed Dormancy; Plant Growth promoting Rhizobia; Bioinoculant; Bioremediation 
and Bioaugmentation
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I. INTRODUCTION
Current interests in sustainable agriculture have focused 
on plant germ interactions and the contribution of 
rhizobacteria to plant productivity. Of the numerous 
microbial communities in the rhizosphere, rhizobia 
are famous in their beneficial effects in the growth of 
leguminous plants. Nevertheless, they are also promising 
PGPR that mediate plant growth in various manners (1). 
One successful strategy has been biostimulation of dormant 
seeds by means of microbial inoculants that promote seed 
germination and enhance seed vigour. Rhizobia, typically 
found in root nodules on legumes, have been demonstrated 
to promote growth in leguminous and non-leguminous 
plants. The application of rhizobial inoculants on dormant 
seeds might induce germination by modifying the 
hormonal status of the seed, enhancing water absorption 
and nutrient release (2). Rhizobia may also reduce seed-
borne pathogens through competitive exclusion and 
antimicrobial compounds. This inhibits seed germination in 

seed-supportive microenvironment. Together, these effects 
can activate metabolic pathways that release dormancy and 
initiate growth.
The objective of the present work was to explore the 
biostimulation of dormant seeds by PGPR along with the 
physiological and biochemical alterations of this relevant 
interaction (3). The underlying molecular mechanism of 
this biostimulatory effect, and PGPRs, entails complex 
interactions between PGPRs and seed tissues. This first 
physical touch is the trigger for a multitude of biochemical 
processes that continues to feed and foster this vibrant 
early seedling establishment. For example, treatments with 
the bacterium rhizobium leguminosarum increase seedling 
vigor, root proliferation and vegetative growth in legumes. 
Application of biocontrol agents Pseudomonas fluorescens 
and Bacillus species increased sprouting rates and yielded 
more biomass of wheat, barley, and other vegetables (4). 
It has been found that with the application of growth 
induced rhizobia on to the dormant seeds can substantially 
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increase not only germination but also growth of seedlings. 
Rhizobial strains in non-leguminous seeds increases 
survival and successful germination it is due to it symbiotic 
capacity. As nitrogen fixers and hormone producers and 
soil nutrient increaser, rhizobial strains aid dormant seeds 
in breaking dormancy, leading to faster and more complete 
germination.

II. OVERVIEW OF SEED DORMANCY

Nature uses seed dormancy as a mechanism to prevent seed 
growth until environmental conditions become optimal 
(5). Three distinct categories exist: Innate traits which 
are present from birth, Induced traits that develop due to 
external environmental conditions, and Enforced traits 
which are temporary states such as those caused by water 
scarcity. Two primary plant hormones control this process: 
ABA maintains seed dormancy while GA activates growth 
initiation. The initiation of growth depends on genetic 
factors within the seed and climatic conditions which 
influence development. Four basic categories: primary 
dormancy, secondary dormancy, specific dormancy, and 
organic dormancy further divided, these hibernation forms 
are impacted by environmental cues. Primary dormancy 
ensures that seeds only germinate at the correct time by 
stopping germination even under perfect circumstances at 
seed maturation (6).

whose operation is not completely known. By contrast, 
organic quiescence is caused from interior physiological or 
hormonal elements within the seed that stop germination 
(8).

III. CONCEPT OF PGPR TO OVERCOME SEED 
DORMANCY

Rhizobia are the type of PGPR bacteria that convert 
atmospheric nitrogen into a form that the plants can use are 
the main factors of influence for the soil fertility. Besides 
that, they can also manufacture plant hormones, such as 
auxins, gibberellins, and cytokinins which are the ones that 
improve root development and seed germination.
Plants release chemical signals, for example LCOs (lipo-
chito oligosaccharides) to trigger the reaction of genes that 
are responsible for seed growth.
Besides that, the bacteria also trick the hormones of plants 
by both increasing the level of gibberellic acid (GA) and 
decreasing the level of abscisic acid (ABA) (9). Basically, 
GA is a germination promoting substance, whereas ABA 
is a germination inhibiting one by providing dormancy to 
the seed.
The metabolism of the seed is increased which in turn helps 
the seed to be more receptive to environmental changes 
thus it becomes capable of germinating more efficiently 
and it grows more vigorously in the early stages.

Seeds that have lost their first dormancy but go back into 
a dormant condition as a result of strong environmental 
factors like heat, insufficient moisture, or darkness cause 
secondary dormancy (7). Often requiring a combination of 
internal and outward stimuli, certain plant species exhibit 
great dormancy and employ sophisticated processes 

Through a number of applications, PGPR maintains plant 
health. This is especially true in the middle of many 
environmental issues including drought, salinization, 
hydrocarbon contamination,
and significant heavy metal poisoning (10). In the rhizome, 
the little patch of earth affected by root excretions, these 
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good bacteria flourish. Participating in many biological 
processes, they support plant resilience and help growth. 
PGPR employs several biochemical and physiological 
processes to assist plants in coping with environmental 
problems (11). Under difficult situations, the rhizobial 
bacteria supports and enhances the level of plant survival 
as well as speeds up growth. PGPR thereby creates 

biofilms by assisting plants under severe heavy metal 
stress from chemicals like lead (Pb), cadmium (Cd), 
arsenic (As), mercury (Hg), copper (Cu), zinc (Zn), and 
nickel (Ni) (12). Thick colonies of bacteria encased in an 
extracellular polymeric matrix make up these biofilms 
(13). By restricting hazardous metals and promoting root 
growth, this project lowers plant absorption.

Biostimulation of  Dormant Seeds Using Plant Growth-Promoting Rhizobia: A Path to Eco-Friendly Agriculture
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PGPR can also help plants grow in the manner of 
induced systemic resistance (ISR). This helps the plants 
to more effectively battle stresses and diseases without 
obviously exhibiting any signs of illness (14). Producing 
multiple enzymes and metabolic compounds breaking 
down dangerous hydrocarbons, PGPR lets plants tolerate 
hydrocarbons in contaminated soils. Furthermore, 
improving root health and performance via balance of the 
rhizosphere bacteria. One of the main uses of PGPR in 
salt conditions is to lessen oxidative stress in plants (15). 
They achieve this mostly by abscisic acid (ABA), a stress 
hormone controlling stomatal closure and conserving 
water. This enables the plant to more actively resist ionic 
imbalances brought on by salt-induced drying.
Under challenging conditions, PGPR's production of indole-
3-acetic acid (IAA) (16), a well-known phytohormone 
promoting root development, makes it especially 
significant which helps the plant seed to break the barrier 
of seed dormancy and trigger the process of sprouting (17). 
Reaching deeper water reserves helps a plant's drought 
tolerance by generating longer, more branched roots (18). 
Additionally known for its antibacterial characteristics, 
PGPR also produces HCN (19).
This shields the plant against diseases that could aggravate 
stress reactions and promotes rhizome control of harmful 
bacteria. Besides allowing plants to manage stress, PGPR 
directly support their development (20).
For instance, the ACC deaminase enzyme aids plants in 
managing ethylene levels. Typically caused by stress, 
high ethylene levels can impede plant development (21). 
By lowering its concentration, PGPR helps plants to grow 
naturally even under pressure. PGPR-released volatile 
organic compounds (VOCs) also support growth and 
enable species to communicate (22). PGPR also improve 
soil nutrient availability; they fix atmospheric nitrogen 
by the nitrogenase enzyme. PGPR release organic acids 
and decompose phosphate, hence making phosphorus, yet 
another important component, accessible (23).
This technique converts nitrogen into digestible shapes 
for plants. These chemicals free iron from the soil, 
hence releasing it for the plant and so increasing total 
nutritional intake (24). They produce plant hormones 
including cytokinins and gibberellins, which then promote 
various aspects of plant development including seedling 
germination, leaf expansion, and shoot elongation (25).
The environment is more drought-type with less fertile soils 
where seed dormancy acts as the chief constraint. Rhizobia 
activate dormancy and help in better crop establishment and 
yield (26). And it is a simple, cheap, and eco-safe method 
(27). So, however certain rhizobial strains can be used as 
a major biological method to overcome seed dormancy 
which can also be helpful for seed biostimulation.

IV. CONCLUSION

In conclusion, germination and early seedling growth can 
be promoted through growth stimulation by rhizobia, which 
is a very promising sustainable modern method of seed 
treatment (28). Rhizobia fix nitrogen from the atmosphere, 
producing certain growth-regulating substances, mainly 
phytohormones such as auxins and cytokinins. They fix 
nutrients for plants, cause root elongation, and, along with 
that, resistance against stresses gets developed. So, if used 
appropriately, this can reduce chemical fertilizers and 
thereby promoting a sustainable mode of agriculture (29).
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Abstract—In order to enable precise saffron cultivation in lowland agroclimatic zones, this study gives the 
insight on the creation of an IoT-enabled Smart Polyhouse that combines conventional polyhouse infrastructure 
with cutting-edge automated technology. The technology which was put into place by Adamas University's Smart 
Agriculture Department, addresses the limitations of temperature, humidity, soil moisture, and photoperiod all of 
which are crucial for saffron production by combining controlled-environment agriculture (CEA) with real-time 
digital monitoring. GI-frame structural engineering, UV-stabilized cladding, automated ventilation, drip irrigation, 
fertigation systems, PAR-based light control, and cloud-integrated sensor networks are all features of the polyhouse. 
ESP32 microcontrollers are used to connect Internet of Things (IoT) devices, including as temperature, RH, soil-
moisture, pH, and EC sensors, to a cloud platform. This allows for remote control, predictive decision-making, and 
automated actuation of fans, pumps, foggers, and shade screens. According to preliminary experiments, compared 
to traditional lowland farming, microclimate stability increased by 35%, water use efficiency by 42%, and fertiliser 
delivery precision by 28%.
Through sensitive environmental control, the method shows that saffron, which has historically only been grown 
in high-altitude settings, can be grown sustainably in lowland places. A feasible, technologically enabled route for 
high-value crop diversification and climate-resilient agriculture in India is provided by this research, which offers 
a reproducible model for smart protected cultivation.

Keywords— Smart polyhouse, IoT agriculture, saffron cultivation, automation, precision farming, controlled 
environment
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Background
In order to support next-generation protected cultivation 
systems designed for precision agriculture, Adamas 
University in Kolkata recently built a state-of-the-art Smart 
Agriculture Polyhouse. In order to sustain high-value and 
climate-sensitive crops like saffron, this infrastructure 
combines modern Internet of Things (IoT), automation, 
and climate-control technology with conventional 

polyhouse components. The polyhouse has a sturdy Hot 
Dip Galvanised (GI) structural frame that is designed to 
withstand local winds exceeding 120 km/h. UV-stabilized, 
anti-drip polyethylene film offers the best light transmission 
and thermal insulation. Cooling pads, shading systems, and 
automated forced and natural ventilation provide precise 
microclimate control, which is crucial for crops that need 
specific humidity and temperature ranges. 
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Sand and disc filters, fertigation injectors, drip irrigation, 
and Internet of Things-based water quality monitoring 
are all part of the water management subsystem. Together 
these solutions improve root-zone conditions for sensitive 
crops, minimise fertiliser waste, and increase water use 
efficiency. Reliable, sustainable water sources are offered 
by rainwater collection and treated water storage.

A network of sensors (temperature, RH, soil moisture, PAR, 
pH, and EC) connected to ESP32 controllers and a cloud-
based platform enables smart automation. Continuous 
monitoring, automated actuation and threshold-based 
interventions are made possible via real-time data 
transmission. The web-based and mobile interfaces enable 
alarm notifications, data analytics, and remote access.

By simulating the optimal temperature 
triggers for flowering (23–27°C during 
the day and 15–18°C at night), this 
updated polyhouse seeks to show that 
saffron, a high-altitude, cold-climate 
crop, can be grown in regulated lowland 
conditions. The system functions as 
a paradigm for climate-resilient crop 
diversification, improving productivity, 
sustainability, and technological 
capabilities within the agricultural 
ecosystem by integrating smart 
sensing, automated decision-making, 
and precise resource delivery.

Objectives 

1. To employ precision engineering 
techniques to design and build an 
Internet of Things (IoT)-enabled smart 
polyhouse that is interconnected with 
temperature, irrigation, and nutrient 
automation systems to simulate saffron-
specific environmental conditions 
within lowland agroclimatic areas. 
2. To compare performance with 
traditional lowland farming techniques 
in order to assess microclimate 
stability, water-use efficiency, and 
nutrient optimisation attained by real-
time sensor-based monitoring and 
automated actuation throughout the 
crop cycle.

3. To evaluate saffron grown in regulated IoT-based 
environments in terms of growth response, corm 
development, flowering rate, and yield fluctuations in order 
to provide scientific proof of its viability in non-traditional 
geographic zones. 
4. To create a scalable technology framework for high-value 
crop growing in smart polyhouses, allowing small and 
medium-sized farmers to use IoT solutions that are climate-
resilient and backed by data-driven decision-making tools. 

Hypotheses

Null Hypothesis (H₀): When compared to conventional 
lowland culture, IoT-enabled smart polyhouse cultivation 
does not considerably enhance saffron crop performance, 
microclimate stability, or resource-use efficiency.

Lowland Saffron Cultivation at Adamas Smart Greenhouse
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Lowland Saffron Cultivation at Adamas Smart Greenhouse

Alternative Hypothesis (H₁): Compared to conventional 
lowland farming techniques, IoT-enabled smart polyhouse 
cultivation greatly improves saffron crop performance, 
microclimate stability, and resource-use efficiency.

Methodology 

Step 1: Setting Up the Site and Building the Polyhouse 
At Adamas University, a 200 m² location was chosen to 
guarantee ideal sunlight exposure (6–8 hours), level terrain, 
and close proximity to supplies of energy and water. In 
accordance with IS:875 structural standards, 350 GSM 
UV-stabilized polyfilm and GI pipes were used to build the 
polyhouse structure.

Step 2: Setting Up Environmental Control Systems 
Evaporative cooling pads, exhaust blowers, ventilation 
devices, and 50% shade netting were added. To keep 
pests out, insect-proof nets were installed. For precise 
measurements, sensors were placed at root-zone depth and 
canopy level.

Step 3: Integration of Automation and IoT 

minutes, and plant performance, resource consumption, 
and microclimate variations were examined. Field-based 
lowland controls were used to compare yield parameters.

Outcomes 

•  	 35% decrease in microclimate variability ensures steady 
saffron flowering cycles

• 	 Automated drip irrigation results in a 42% increase in 
water-use efficiency

• 	 The accuracy of nutrient distribution increases by 28%, 
which decreased fertiliser waste

• 	 Compared to open-field lowland controls, the flowering 
rate rose by 31%

• 	 Depending on the corm grade, the yield per square 
metre increases by 25–30%

• 	 The system made predictive control and ongoing remote 
monitoring possible

• 	 Proven that growing saffron in unconventional lowland 
climates is feasible

Temperature, RH, soil moisture, PAR, 
pH, and EC sensors were integrated 
into an ESP32-based control unit. Wi-
Fi and GPRS were used to link devices 
to cloud platforms (Firebase). Pumps, 
foggers, fans, and solenoid valves were 
all controlled by relay-driven actuators 
using threshold algorithms.

Step 4: Setting Up Fertigation and 
Irrigation 
Four LPH emitters and 16 mm laterals 
were placed in a drip irrigation system. 
Precise nutrient dosage was guaranteed 
using an automated solenoid valve-
controlled venturi-based fertigation 
injector. Clog-free flow was guaranteed 
by filtration machines. 

Step 5: Growing Saffron 
Cocopeat–perlite substrate was used to 
plant certified saffron corms (10–12 g 
grade) in raised beds. The microclimate 
conditions were kept between 15 and 
18°C at night and between 23 and 27°C 
during the day. Soil moisture was kept 
between 25 and 35 percent by automated 
irrigation.

Step 6: Gathering and Examining Data 
Sensor data were recorded every ten 
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 Conclusion 

With considerable improvements in productivity, stability, 
and resource efficiency, Adamas University's IoT-enabled 
smart polyhouse successfully replicates the microclimatic 
conditions required for saffron. This model shows that 
high-value crops may be produced sustainably in lowland 
areas using advanced technology, offering a scalable path 
for modern climate-resilient agriculture.
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Abstract—Moringa (Moringa oleifera Lam) is an essential medicinal species, which belongs to territory Plantae, 
known as the “tree of life” or “miracle tree” is classified as an important herbal plant due to its medicinal and 
non-medicinal benefits. This plant has been honored as “Botanical of the Year – 2007” by the National Institute of 
Health (NIH). It has been cultivated in sub-tropical and tropical regions in many countries of the world. Moringa 
plant is cultivated for its edible leaves, flowers and nutritious pods, which can be used as a medicine or ingredients 
in the food industry. Moringa oleifera may lead to modest reduction in blood sugar and cholesterol. It may also 
have antioxidant and anti-inflammatory effects and protect arsenic toxicity. Moringa leaf is commonly used to 
combat malnutrition in infants, and pregnant and lactating women, as well as to increase milk production. Moringa 
plants have an extensive range of bioactive compounds, such as carbohydrates, fatty acids and proteins. Beverage 
industry is now booming rapidly and new versions of beverages are brought into the focus of health-conscious 
consumers based on their positive health outcomes. Moringa Mint iced tea is a refreshing drink that combines the 
nutritional benefits of moringa with the invigorating flavor or mint. Moringa Latte is a caffeine-free beverage made 
from moringa powder, milk, and sometimes other ingredients like honey, cinnamon. Moringa energy drink blended 
with pineapple is one of the nutritious drink which is richest in nutrition .The result of nutritional analysis showed 
that the sample of developed beverages like Moringa and Mint Iced Tea, Moringa Latte and Moringa energy drink 
blended with Pineapple have (moisture-98.00%, protein-0.57g, fat-0.04g, crude fiber-0.6g, carbohydrate-0.5g and 
ash-0.7g%), (moisture-93.5%, protein-0.30g, fat-0.5g, crude fiber-0.35g, carbohydrate-1.60g, and ash-1.04g), and 
(moisture-95.00%, protein-0.75g, fat-0.05g, crude fiber-0.20g, carbohydrate-8.00g and ash-0.8g) respectively. The 
result of sensory evaluation for appearance, texture, taste and overall acceptability that carried out for developed 
beverages revealed that the acceptance of panelists for this product overall acceptability. It concludes that developed 
beverages are recommended as a healthy product.

Keywords— Moringa oleifera, Miracle Tree, Beverage, Antioxidant, Mint, Pineapple, Protein,
Appearance.
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Introduction
Moringa (Moringa oleifera Lam.) is an important 
medicinal species, which belongs to kingdom Plantae, sub-
kingdom Tracheobionta, division Magnoliophyta, class 
Magnoliopsida, order Capparales, family Moringaceae. 
Moringa oleifera, also known as the “tree of life” or 
“miracle tree” is classified as an important herbal plant 
due to its medicinal and non-medicinal benefits (Pareek 
et al., 2023). This plant has been honored as “Botanical 

of the Year – 2007” by the National Institute of Health 
(NIH) (Gupta et al., 2018). Traditionally, the plant is used 
to cure wounds, pain, ulcers, liver diseases, heart diseases, 
cancer, and inflammation (Pareek et al., 2023). Moringa 
oleifera Lam popularly known in Brazil as “moringa”, 
“liriobranco” or “quiabo-de-quina” and in some parts of the 
world, as drumstick tree or horseradish tree. Its medicinal 
potential derives from secondary metabolities, such as 
alkaloids, flavonoids, tannins, steroids, saponins, quinones, 
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coumarins, and resins (Brilhante et al., 2017). Moringa 
plants have an extensive range of bioactive compounds, 
such as carbohydrates, phenolic compounds, oils, fatty 
acids, proteins and functional peptides (Saucedo-Pompa 
et al., 2018).The plant contains 36 anti-inflammatories, 
more than 539 bio-chemical activities and 46 antioxidants 
natural components (El-Rahim et al., 2017).
It has been cultivated in sub-tropical and tropical regions 
in many countries of the world for its many uses as an 
important nutraceutical and medicinal herb. Moringa plant 
is cultivated for its edible leaves, flowers and nutritious 
pods, which can be used as a medicine or ingredients in 
the food industry. Moringa leaf was most cultivated part 
of moringa plant. Moringa leaves were rich in vitamin - 
C, vitamin - E and beta-carotene, minerals, calcium, and 
potassium. Moringa powder is a rich source of protein, 28g 
in every 100g (Hassan et al., 2021). Moringa oleifera, it is 
native to Northern India, but currently spread in America, 
Africa, Europe, and Asia (Brilhante et al., 2017).
In South Africa, the Moringa plant is mostly cultivated and 
used. There are a limited number of studies conducted on 
incorporating Moringa in starch-based beverages such as 
the popular mahewu, which is a local maize-based, non-
alcoholic beverage that is consumed for refreshment and as 
a filling food. Worldwide, malnutrition has been identified 
as a preventable health challenge, with its high prevalence 
reported in Sub-Saharan African (SSA) areas. Malnutrition 
is a broad terminology that is commonly used to describe 
under nutrition. People are termed malnourished if their 
diet cannot provide adequate calories and good protein for 
growth and maintenance (Olusanya, 2018).
Beverage industry is now booming rapidly and new 
versions of beverages are brought into the focus of health-
conscious consumers based on their positive health 
outcomes (Javed et al., 2024). Beverages produced from 
natural substances derived from various morphological 
plant parts, including leaves, stems, roots, fruits, buds, 
and flowers. Herbal beverages, whether derived from a 
single herb or combination of herbs (Shaik et al., 2023). 
The powdered moringa leaves are used to make many 
beverages, of which “Zija” is the most popular in India 
(Pareek et al., 2023). Moringa oleifera leaves can be used in 
soft drinks as preservatives and to add flavor and nutritional 
value. It can be used to extend the shelf life of beverages. 
Increased awareness in health issues leads to increase the 
consumption of fruit juices and other natural products as 
an alternate to the traditional caffeine containing beverages 
such as tea, coffee, or other soft drinks. However, no reports 
exist on the preservation or processing on Moringa energy 
drinks and its impact on the sensory and storage quality 
of the products. It can be achieved by making energy rich 
Moringa drink products blended with different flavors 
(Saran Asati et al., 2022).
Moringa Mint iced tea is a refreshing drink that combines 

the nutritional benefits of moringa with the invigorating 
flavor or mint. As such, moringa powder on its own has 
a slight bitter and somewhat spicy taste. Tea is the second 
most consumed beverage in the world after water. More 
than 75% of all the tea produced in this world is black tea, 
20% is green and the rest is accounted by oolongs, whites, 
and yellow tea. Some say moringa mint tea has a woody 
taste with a minty twist. Others say, the tea’s taste and 
smell are peculiar. Moringa mint tea may help with anxiety, 
blood pressure, diabetes, and liver health.
The latte is a coffee drink which is especially made with 
espresso and steamed milk. The term as used in English 
is a shortened form of the Italian caffe latte or caffelatte, 
which means
“milkcoffee”. Moringa Latte is a caffeine-free beverage 
made from moringa powder, milk, and sometimes other 
ingredients like honey, cinnamon, or lemon. We can also 
make an iced moringa latte by adding the latte mix powder 
to hot water or milk, stirring well and then refrigerating. 
When ready to serve, add ice cubes to a glass and pour in 
the chilled latte.
The unique drink combines the powerful health benefits of 
moringa. It is a vibrant, tropical fusion that blends with the 
nutrient-rich power of moringa with natural sweetness and 
tangy taste of pineapple. Pineapple (Ananas comosus) fruit 
is most popular tropical fruit that are well known for its 
juicy and sweet tasty bracts. This fruit is richest in nutrition 
and contain highest amount of vitamins, fibers, minerals, 
and enzymes. This healthy nutrition fruit can be eaten raw 
and can be used in preparing various tasty soft drinks.

Materials and Methods

The present investigation was conducted at food tech. 
laboratory, Department of Agriculture, Invertis University, 
Bareilly, Uttar Pradesh, India. The ingredients used for 
making the Moringa and Mint Iced Tea included moringa 
powder, mint leaves, honey as sweetener, lemon, and salt 
which were procured from the local market of Bareilly, 
Uttar Pradesh.

Fig.1 Preparation of Moringa and Mint Iced Tea

Incorporation of  Moringa powder for making value added Beverages and evaluation of  nutritional properties
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The ingredients used for making the Moringa Latte included 
moringa powder, honey as sweetener, milk which were 
procured from the local market of Bareilly, Uttar Pradesh.

The ingredients used for making the Moringa energy drink 
blended with Pineapple included Moringa powder, honey 
as sweetener, and pineapple which were procured from the 
local market of Bareilly, Uttar Pradesh.

Fig.4 Preparation of Moringa energy drink blended with Pineapple

Result and Discussion

The below table described the result on the basis of analysis. 
The nutritional component of Moringa and Mint Iced Tea 
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find with analysis using formula. The moisture content of 
showed (98.00%), protein (0.57g), fat (0.04g), crude fiber 
(0.6g), carbohydrate (0.5g) and ash (0.7g). They showed 
result indicates high amount of moisture and low amount 
of protein, fat and carbohydrate.

Table.1 Nutritional analysis of Moringa & Mint Iced Tea

Components Nutrient value per 100 ml
Energy 20kcal
Moisture 98.00%
Protein 0.57g
Fat 0.04g

Crude Fiber 0.6g
Carbohydrates 0.5g

Ash 0.7g

Fig.5 Nutritional representation of Moringa and 
Mint Iced tea

The below table described the result on the basis of analysis. 
The nutritional component of Moringa Latte find with 
analysis using formula. The moisture content of showed 
(93.5%), protein (0.30g), fat (0.5g), crude fiber (0.35g), 
carbohydrate (1.65g) and ash (1.04g). They showed result 
indicates high amount of moisture and protein and low 
amount of fat and carbohydrate.

Table.2 Nutritional analysis of Moringa Latte

Components Nutrient value per 100 ml
Energy 30kcal
Moisture 93.5%
Protein 0.30g
Fat 0.5g

Crude Fiber 0.35g
Carbohydrates 1.60g

Ash 1.04g

Fig.6 Nutritional representation of Moringa Latte

The below table described the result on the basis of analysis. 
The nutritional component of Moringa energy drink blended 
with Pineapple find with analysis using formula. The 
moisture content of showed (95.00%), protein (0.75g), fat 
(0.05g), crude fiber (0.20g), carbohydrate (8g) and ash (0.8g). 
They showed result indicates high amount of moisture and 
protein and low amount of fat and carbohydrate.

Table.3 Nutritional analysis of Moringa energy drink 
blended with Pineapple

Nutrient Parameters Nutrient value per 100 ml
Energy 40kcal
Moisture 95.00%
Protein 0.75g
Fat 0.05g

Crude Fiber 0.20g
Carbohydrates 8.00g

Ash 0.8g

Fig.7 Nutritional representation of Moringa energy 
drink blended with Pineapple

Evaluate the beverage sample such as Moringa and Mint 
Iced Tea, Moringa Latte and Moringa energy drink blended 
with Pineapple formed the sensory card on categories like, 
taste, texture, appearance, aroma and overall acceptability.

Incorporation of  Moringa powder for making value added Beverages and evaluation of  nutritional properties
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Table:4. Sensory evaluation of Moringa and Mint Iced Tea, Moringa Latte and Moringa energy drink

Attribute Moringa & Mint 
Iced Tea

Moringa Latte Moringa energy drink blended 
with Pineapple

Appearance 8 8 8
Aroma 6.8 7 7.5
Taste 7 6.5 7
Texture 6 8.2 7.2

Overall acceptability 7.8 7.7 7.9

Conclusion
Moringa-based beverages represent an exciting intersection 
of health, flavor innovation and sustainability in the modern 
beverage industry. Drinks such as moringa and Mint Iced 
Tea, Moringa Latte and Moringa energy drink blended with 
Pineapple are gaining attention not just as alternatives to 
traditional drinks but as functional beverages with added 
health values. Moringa is rich in vitamin C, protein, iron and 
antioxidants, when is combined with mint, pineapple and 
plant-based milk, these drinks offer unique benefits. Mint 
adds cooling, digestive benefits, while pineapple contributes 
natural sweetness. These beverages cater to a growing 
audience looking for natural, caffeine-free, plant-based, 
and low sugar alternatives to traditional sodas, coffees, and 
energy drink. With the global functional beverage market 
expanding, these moringa-infused drinks can find success 
in wellness cafes, organic supermarkets, and even fitness 
centers. Moringa is a drought-resistant, fast-growing tree, 
making it a highly sustainable ingredient. As awareness of 
Moringa’s health benefits continues to rise, these innovative 
drinks formats have strong potential to thrive in both local 
and global health-conscious markets, paving the way for a 
new era of sustainable wellness beverages. 
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Abstract—This study explores a green production approach for zinc oxide nanoparticles from plants such as Allium 
cepa, Piper nigrum, Curcuma longa, and Curcuma caesia to treat soil-borne fungal diseases. Nanoparticles from 
diverse plant sources were synthesised and evaluated at varying concentrations against soil-borne fungal diseases 
such as Fusarium sp., Rhizoctonia sp., and Colletotrichum sp. In comparison to other plant sources, potential ZnO 
NPs were produced from C. longa at a concentration of 150 ppm. The UV-vis spectral examination demonstrates 
the Plasmon Resonance Property while also validating the formation of nanoparticles with a peak at 438 nm and 
the reduction of metal ions. Using dynamic light scattering, the synthesised nanoparticles were discovered to be 
63.65 nm. The zeta size, which quantifies the charge of nanoparticles, was found to be negative at -68.30 mV. The 
irregularly used TEM was discovered to be 74.44 nm in size. The functional group of the synthesised ZnO NPs was 
determined via FTIR analysis. The spectral peaks at 866.29 cm and 836.10 cm in the current study indicated the 
presence of aromatic rings (C-H). Maximum mycelial development was seen at 200 ppm ZnO NP concentration 
generated from C. longa. This study reveals that ZnO nanoparticles at a concentration of 150 ppm are effective in 
suppressing soil-borne pathogens, particularly those belonging to the Fusarium, Rhizoctonia, and Colletotrichum 
sp. This will aid in the development of effective new fungicides for the control of these three key soil-borne diseases.

Keywords— Soil-borne fungal pathogens, Plants, Zinc oxide nanoparticles.
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Introduction
Soil has rich microbial diversity either provides benefits 
or harmful effects to the plants and animals including 
humans. However several microorganisms including 
bacteria, virus and fungi infects the plants and causes 
various diseases in phyllospere and rhizosphere. Of which 
fungi and viruses are to be consider as most dangerous 
because it causes heavy loss in the productivity. Fusarium, 
Rhizoctonia, Pythium, Sclerotinia, Verticillium, and 
Phytophthora are the major causative soil-borne pathogens 
having the ability to reduce the yield up to 50-75% to the 
economically important crops like cotton, wheat, fruits, 
maize, and vegetables.  For example mycotoxins produced 
by F. graminearum and F. verticillioides induce cob rot 
in maize. Rhizoctonia solani severely damages Brassica 
napus at seedling stage and thus results in  80-100% yield 
losses. When signs like chlorosis, stunting, wilting, and 
mortality appear in the aerial regions of the plant becomes 

major challenge to diagnoses the soil-borne pathogens. 
Due to their extensive host range, protracted life cycle 
on organic matter and plant debris, capacity to persist as 
free-living organisms, and capacity to produce resistant 
structures in the absence of a host plant, including oospores, 
microspores, sclerotia, and chlamydospores. Similarly 
the symptoms of root rot, stunting, chlorosis, damping 
of seedlings, blackening of the roots, bark cracking, and 
dieback of branches and twigs make diagnosing soil-borne 
diseases are the challenging (Patil et al. 2021) task. On the 
other side nonspecific symptoms and mimic symptoms 
i.e. physiological disorders and water stress (Astrom and 
Gerhardson 1988) becomes another challenge. So, disease 
management on soil-borne pathogens is becoming major 
threat to the agricultural field. 
In recent years development of nanotechnology becomes 
more popular method for the management of most of 
the agricultural diseases due to its environmental benefit 
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(Tasqeen et al. 2024). Nano medicines from biological origin 
at very low level efficiently control maximum diseases and 
it also minimizes the usage of chemical practices in the 
agricultural filed. Application of nanoparticles to the plant 
parts through seed, soil and leaves to control or protect 
plants from pathogens are adopted (Khan and Rizvi 2014, 
Barot et al. 2024). The nanoparticles exhibit high reactivity 
against huge microorganisms and are even smaller than 
viruses (Pulugu Sai et al. 2020). Since they differ from 
their conventional counterparts in terms of their specific 
physical and chemical properties, nanoparticals, (NPs) 
have drawn increased attention (Stoimenov et al. 2002, 
Chandio et al. 2024). ZnO NPs are become more common 

reasonably renewable and simple to use (Miri et al., 2019).
3. Experimental
3.1 Geographical site
	 The upper Brahmaputra Valley zone of Assam, between 
latitude 26°45'N and longitude 94°13'E, contains the Jorhat 
District of Assam, which mostly comprises the plains of 
the Brahmaputra Valley. Its 2,85,332-hectare geographical 
area is split into 1,52,900 acres of cropland (Figure 1).
3.2 Synthesis of ZnO NPs
	 Fresh plant materials of Allium cepa, Piper nigrum, 
Curcuma longa, Curcuma caesia, were brought to 
the Department of Plant Pathology, Nanotechnology 
Laboratory at the Assam Agricultural University in Jorhat, 

because they are easier in preparation and less expensive 
than the others. When compared with other organic 
materials, ZnO exhibits improvement in heat resistance, 
greater selectivity, and durability. Zinc is the vital element 
to human health that can be supplemented to the human life 
(proteins and enzymes) in the form of zinc oxide (ZnO). 
So, the biocompatibility of ZnO NPs with human cells is 
also a good (Padmavathy and Vijayaraghavan, 2008) and 
stronger fungicidal activity that may be exhibited in the 
production of Zn-based agricultural compounds. Zinc is 
an antioxidant can shield the skin from the sun, wind, and 
ageing (Prasad et al. 2014). 
Numerous methods, including as spray pyrolysis, hydro 
(solve) thermal, direct deposition, sol-gel, and chemical 
vapor deposition, have been adopted to produce ZnO NPs. 
The search for an ecologically friendly synthetic route 
(EFSP) or biosynthetic technique has become more popular 
in recent years due to the fact that certain approaches are 
time-consuming, need specialized equipment, or require 
precise experimental conditions. So NP productions 
from plant sources are the sustainable material and are 

Assam. After being thoroughly cleaned with tap water 
and then distilled water to get rid of any major debris, the 
materials were left to air dry. The materials were dried at 
500°C for an hour (the outer skin of rhizomes of Curcuma 
longa, Curcuma caesia were removed before dry at 500°C). 
To prepare smash 5g of dried materials were taken and use 
25 ml of deionized water to the mortar and pestle. At 40°C, 
the extract was kept after being filtered through Whatman 
No.1 filter paper. A beaker containing 50 ml of 0.1 M Zinc 
nitrate hexahydrate solutions was taken and stirred with a 
magnetic stirrer. To maintain the pH value of the mixture at 
alkaline condition, 1 ml of 1 M NaOH was gradually added 
to the solution along with 1 ml of plant extract. After two 
hours of stirring, the mixture showed white precipitate and 
it subjected to centrifugation for 10 minutes at 10,000 rpm. 
The pellet after centrifugation was collected and it cleaned 
with dis.H2O twice and once with ethanol.   Finally the 
ZnO NPs powder was gathered after the pellet was dried 
for an entire night at 800°C in a hot air oven (Baranitharan 
et al., 2021).

Assessment and Impact   of  Green Synthesized ZnO Nanoparticles against Soil Borne Fungal Pathogens, Jorhat, Assam, India.
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Characterization of ZnO NPs
UV-vis spectrometer analysis
	 Several compounds are said to absorb visible or 
ultraviolet light using this mechanism. When a specific 
frequency of light is transmitted through the samples, the 
transmittance % is calculated. This spectrophotometer 
study records the optical density (O.D.) or intensity of 
absorption (A) as a function of wavelength. A direct 
correlation exists between absorbance and the path length 
(L), and the concentration of absorbing species (C). 
According to Beer’s law,

A= €CL
Where, € is a constant of proportionality, called the 

absorptivity coefficient.

Dynamic light scattering (DLS) analysis
ZnO NPs average particle size is investigated using DLS, 
which is based on the laser diffraction method. The produced 
samples were subjected to three or four sonications before 
analysis. Then, using a computer-controlled particle size 
analyzer, the distribution of particles in the sample was 
examined. The poly disparity index (PDI) was calculated 
using Malvern software, and its definition is as follows: 

PDI- Standard deviation of Dz (z average)/(Dz)
	 The diameter of the z-average (Dr), volume average 
(Dz), and number average (Dn) for each particle system 
using DLS were measured with a Zetasizer Nano ZS 

(Malvern Instruments).

Zeta potential 
An oppositely charged thin layer of ions are attracted to 
the surface of nanoparticles due to their surface charge. 
This double layer of ions transport the NP as it diffuses 
throughout the solution. Zeta potential is the name given 
to the electric potential at the double layer border, which 
is typically measured in the range of +100 and -100 mV. 
A key method for estimating the long-term stability of 
NPs and figuring out their surface charge in colloids, or 
solutions, is the zeta potential. The particle dispersion 
in liquid was examined using a computer control charge 
analyzer (Zeta sizer, Nanoseries, Malvern instrument Nano 
Zs, 2000) after 2 ml of the sample was obtained in a cuvette 
for the zeta potential investigation. 

Transmission Electron Microscopy (TEM)
	 An accelerating voltage of 20 kV was used to conduct 
a 20,000X magnification TEM investigation at Tezpur 
University in Tezpur. Clarification of the nanoparticles size 
and form was achieved by the utilization of TEM (JEM-

2100). Aliquots of the ZnO NPs solution were placed on 
a carbon-covered copper grid and allowed to dry naturally 
while TEM images were captured.
	
Selected Area Electron Diffraction (SAED) pattern
	 Information about a nanoparticle’s crystallite, namely 
the electron diffraction pattern from a specific area, can be 
found in the SAED pattern. By using this technique, one can 
ascertain if the material is poly nano-crystalline – a mixture 
of small, ring-shaped spots- or amprohous, or crystalline 
– a mixture of brilliant sports-with each spot originating 
from Bragg reflection from a single crystallite.	

Potato Dextrose Agar (PDA) medium
	 To make PDA medium, 39.0g of pre-made PDA 
powder (Hi Media Laboratories Ltd.) was suspended in 
1000 milliliters of distilled water.	Boiling was adopted 
to achieve proper solution. HCL or NaOH were used to 
keep the pH at 7.0 once it was measured. The containers 
were autoclaved (Equitron, Medica Instrument) for twenty 
minutes at 121°C with 15 pounds of pressure per square 
inch. Finally the medium have been added to culture tubes 
and Erlenmeyer flasks and sealed with non-absorbing 
cotton.

In-vitro assay of ZnO NPs against target pathogens
	 A food poisoning assay (Grove and Moore, 1962) was 
used to assess the antimicrobial efficacy of biosynthesized 
ZnO NPs in vitro against three pathogens. A suggested 
drug, Amistar@0.1%, was contrasted. The Food Poison 
Technique was used on PDA, which was poisoned at the 
proper concentration, placed into a sterile petri plate, and 
left to harden. Following the process of solidification, 
the middle-ager plugs that were cut with a sterile cork 
borer that contained the virus got infected. Standard PDA 
medium was used as a control. 
Every plate was kept in an incubator with B.O.D. 
(R.E.I.C.O. BOD) at a temperature of 28±1 °C until the 
control group showed signs of full growth. When the 
mycelia in the control plate approached the edge of the 
Petridis, the degree of mycelia growth inhibition was 
measured. The effectiveness trial employed the following 
combinations of treatments:
T1: Allium cepa mediated ZnO NPs @ 1000ppm
T2: Piper nigrum mediated ZnO NPs @1000ppm
T3: Curcuma caesia mediated ZnO NPs @1000ppm
T4: Curcuma longa mediated ZnO NPs @1000ppm
Percent growth inhibition over control = 100 × {(Dc-Dt) 
÷DC},
Where, Dc = Average diameter of fungal growth in control. 
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Dt = Average diameter of fungal growth in treatment. 

Statistical analysis
	 CRD was used to do the statistical analysis of the data. 
The collected data were statistically analyzed using Fisher’s 
analysis of variance. Researchers were able to assess the 
significance of variation among the data by computing the 
“F” value and comparing it with the tabular value of “F” 
at the 5% level of probability. The crucial difference (CD), 
which was used to compare the treatment means among 
themselves, was calculated as follows:

C.D. at 5%= S. Ed ×‘t’ 5% (at error d.f.)
	 	 With the following formula, the standard error of 
differences (S. Ed) was determined:

S. Ed. = 
Number of Replication for each treatment

Error Mean Square2 #

Where, S. Ed. = Standard error of difference
‘t’ 5% = “t” for error d.f. at 5% level of probability
	 By multiplying the S. Ed by the necessary tabular 
number for error degrees of freedom, the significance and 
non-significance of the treatments were determined at the 
5% probability level.

Results and Discussion
Production of ZnO NPs
Zinc nitrate was found to become a milky, turbid solution 
upon the addition of sodium hydroxide. ZnO NPs were 
produced by combining various plant extracts (Allium 
cepa, Piper nigrum, Curcuma caesia and Curcuma longa).  
A white precipitate, zinc hydroxide, was visible at the 
beaker’s bottom after 60 minutes. After gathering the 
precipitate, the solutions were centrifuged at 10,000 rpm 
for ten minutes. By extracting the pellet and drying it in a 
hot air oven, white power (ZnO NPs) was produced. The 
functional group, size, shape, crystallinity, and surface 
charge were evaluated using different instruments (Figure 
2). Similar to this, Raut et al. (2013) created ZnO NP using 
an Ocimum tenuiflorum-leaf extract showed nanoparticles 
had an average size of 13.86 nm, which was validated 
by the solution’s changing to a pale yellow color upon 
precipitation. The investigation’s zinc oxide nanoparticle 
creation is confirmed by the color changing to creamy white 
or white used by Selim et al. (2020) on Deverra tortuosa-
aqueous extract to synthesis of ZnO NP. The mechanism of 
ZnO NP production was explained previously (Sukri et al. 
2019). Visible electrons in the phytochemical components 
were shown to contribute to the stabilization of the 
positively charged Zn2+ ions. The Zn2+ complex ions were 
then thermally annealed to produce ZnO nanoparticles. 

Zinc oxide nanoparticles were made and then reduced, 
capped, and stabilized using aqueous extracts from the fruit 
Myristica fragrans (Barzinjy et al. 2020).

Fig 2. ZnO NPs from A) Curcuma caesia B) Allium cepa 
C) Piper nigrum D) Curcuma longa 

UV-vis spectrometer analysis
UV-vis spectroscopy was performed in a wavelength range 
of 25-600 nm on synthesized ZnO NPs. Table 1 and Figure 
3 A,B,C, and E illustrate the resultant Surface Plasmon 
Resonance (SPR) band at various wavelengths. This 
investigation verified ZnO NPs formation. Present work 
reveals that the findings of Arab et al., 2021 and who found 
that ZnO NPs made from C. longa had an absorbance peak 
at 365 nm. Yu et al., (2006) state that the inherent band gap 
of ZnO NPs, which is caused by electrons shifting from 
the valence band to the conduction band, is responsible 
for the creation of an absorption band at wavelengths less 
than 400 nm. Our results agree with those of a previous 
investigation (Fuku et al., 2016) that showed ZnO NP 
production at wavelength of 366 and 509 nm. Using Tauc’s 
plot technique, found that the synthesized ZnO NPs had 
band gap energy of 3.4 eV (Jan et al., 2021; Siva et al., 
2020). Previous research determined ZnO NPs optical 
band gap energy to be 3.39 eV (Ramesh et al., 2915). In a 
different study, the surface Plasmon vibrations of biogenic 
zinc oxide nanoparticles produced using aqueous Punica 
granatum leaf extract produced an absorbance peak at 382 
nm, converting zinc nitrate hexahedrate into ZnO NPs 
(Singh et al. 2019). The greatest percentage disintegration 
of Methylene Blue dye molecules was recorded at 98.0% 
following 60 minutes of exposure to UV radiation. 
(Alzahrani et al. 2023).
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Table 1. Analysis of UV-Vis spectrophotometer
Sl. No. Source Wavelength
1 Allium cepa 350 nm
2 Piper nigrum 386nm
3 Curcuma caesia 342nm
5 Curcuma longa 438nm

Dynamic light scattering (DLS) analysis
Using this technique, the synthesised NP's 
average particle size was determined. This 
method was also applied to measure the 
polydispersity index (PDI), hydrodynamic 
sizes, and particle aggregation in the 
suspension.
DLS analysis revealed that ZnO NPs had an 
average size of 63.65 nm and a PDI of 0.029 
(Figure 4). With a scale of 0 to 1, the PDI is 
a dimensionless metric. Values below 0.10 are 

was 0.029, which is higher than 0.10.

Zeta potential 
Due to  their tiny size, nanoparticles are very unstable and 
agglomerate or aggregate in an effort to stabilise themselves. 
They are stable as a result of the surface's potential charges. 
To determine the surface characteristics of the nanoparticles, 

the zeta potential value was employed. It was determined 
that the synthesised ZnO NPs were negatively charged based 

considered significantly monodispersed, while those over 
0.10 are considered polydispersed.
According to Huges et al. (2015), the synthesised ZnO NPs 
in this work were considered polydispersed since their PDI 

Fig 4. Dynamic Light Scattering analysis of ZnONPs 
obtained from C. longa
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on their zeta potential, which was -68.30 mV 
(Figure 5). 
Since their zeta potential value was found to 
be in the region of 30 mV, they were assumed 
to be stable in nature and to have a very little 
chance of agglomerating. 
These results showed that the synthesised 
ZnO NPs were stable and had a minimal 
probability of agglomeration.
Previously, Chaudhuri and Malodia (2017) 
noted that ZnO NPs had a negative zeta 
potential value of -20.7 mV. 
More biogenic ZnO NPs were found than those found 
by TEM analysis as a result of the creation of additional 
hydrate layers on the nanoparticle surface (Sattati et al., 
2020). Based on this observation, it was discovered 
that the majority of the capping biomolecules on the 
biosynthesized ZnO NPs composed of negatively charged 
groups (Barzinijy and Azeez 2020). They observed that 
a negative value stabilizes nanoparticles by inducing 
repulsion between them. This investigation confirms the 
results of Nallamuthu et al., (2015), who found that low 
agglomeration and suspension stability are best achieved at 
a zeta potential of ±30 mV. Using DLS and zeta potential 
studies of biogenic ZnO NPs, the average particle size 
and charge of biosynthesized ZnO NPs were ascertained 
(Ezealisiji et al., 2019). The biogenic ZnO NPs measured 
negative charge showed that the produced nanoparticles 
were repelled by electrostatic forces (Al-Kordy et al. 2021).

Fig.5. Zeta potential analysis of ZnONPs obtained from C. 
longa 

phenolic components is demonstrated by an abruption 
band at 3427.99 cm-1, indicating the green production of 
selenium nanoparticles mediated by Moringa citrifolia leaf 
extract (Nagalingam et al. 2022). Another work utilizing 
aqueous leaf extract of Aegle marmelos proved the green 
synthesis of silver nanoparticles with the development of 
an absorption band at 3339 cm-1, which can be attributed 
to O-H stretching of phenolic compounds (Rao and Paria 
2013). The broad absorption band at 3427.99 cm-1, which 
is attributable to O-H stretching of free hydroxyl groups, 
may be associated with the polyphenolic components of 
pomegranate extract (Ifeanyichukwu et al., 2020). The 
ZnO signal detected at 469 cm-1 might be the result of 
vibrations caused by bonds between zinc and oxygen 
(Nimbalkar and Patil 2017).Fourier transforms infrared spectrometer (FTIR) 

analysis

Through FTIR analysis, the functional group of 
the synthesized ZnO NPs was determined. The 
presence of aromatic rings (C-H) with certain 
types of bonds, namely meta disub benzene and 
paradisub benzene, was shown by the spectral 
peaks of the current study at 866.29 cm and 
836.10 cm. infrared bands with corresponding 
widths of 670-700 cm, 540-760 cm, and 500-
600 cm were used to depict the C-H (vinyl), 
C-X (chloroalkanes), and C-X (bromoalkanes) 
vibrations (Figure 6). In addition, presence of 
an aromatic ring is indicated by the peaks at 812.6, 885.2, 
and 834.9. Similar findings were reported by Mohammad 
pour et al. (2012) in the ZnO NPs spectra, which show a 
prominent and wide peak in the 3500-3300 region that they 
attributed to a carbonyl bond. The closer region contains 
the peaks of the N-H spanning from the primary amine 
and type II amide. The O-H stretching of the extract’s 

Fig 6. FTIR spectra of ZnONPs obtained from C. longa

Transmission electron microscopy (TEM) study
NPs are more effective when they are smaller and have a 
bigger surface area; therefore, it is important to explore 
NP form and size. ZnO NPs were measured for size and 
morphology using TEM at a magnification of 20,000X and 
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an accelerating voltage of 200 kV. TEM analysis revealed 
that the synthesized ZnO NPs were 74.44 nm in size and 
had an irregularly spherical morphology (Figure 7). TEM 
analysis of ZnO NPs revealed that their average particle 
size was 22.84 nm (Yassin et al., 2022). We have confirmed 
the green synthesis of ZnO NPs using pomegranate peel 
extract, with spherical and hexagonal shapes and an average 
particle size diameter of 32.98 nm. Their findings and ours 
are in agreement (Sukri et al., 2019). The biomolecules 
from the Punica granatum extract also immobilized to the 
surface of the nanoparticles during the synthesis, enabling 
TEM micrography to disclose the core-shell structure 
of the biosynthesized ZnO NPs (Barani et al. 2021). 
After TEM investigation on the nature and shape of the 
synthesized ZnO NPs, it was discovered that ZnO NPs with 
a size of 74.44 nm had an irregularly spherical shape. The 
irregular spherical form was also observed in the ZnO NPs 
synthesized by Talam et al., (2012). According to the TEM 
elemental composition of pure ZnO NPs, the nanoparticles 
consisted of Zn (71.31%), O (26.56%), and C (2.11%). The 
as prepared ZnO NPs purity is confirmed by their high Zn 
and O concentration (Navas et al., 2020). With respect to 
the ZnO-Ag nanocomposite, the Ag peak confirms that Zn 
(53.46%), O (28.75%), Ag (14.91%), and C (2.88%) were 
used to produce (Choudhary et al. 2019).

Fig 7. TEM analysis of ZnONPs obtained from C. longa

In-vitro efficacy of ZnO NPs against Colletrotrichum 
spp, Rhizoctonia spp and Fusarium spp
Observation of oil globules are under 40X magnification 
(Figure 8A) microscope, which are consistent with 
Colletotrichum species. Right angle hyphae with 
constriction were seen for Rhizoctonia spp., at 40X (Figure 
8B), while microconidia were seen for Fusarium spp. at 

40X (Figure 8C).

Fig 8. Microscopic observation of Colletrotrichum spp., 
Rhizoctonia spp., and Fusarium spp.
The most efficient source of ZnO NPs was determined 
by conducting a preliminary investigation on the in 
vitro efficacy of ZnO NPs at 1000 ppm. The target soil-
borne disease’s ability to thrive was suppressed by plant 
extracts (A. cepa, P. nigrum, C. caesia and C. longa). For 
Colletrotrichum spp., Rhizoctonia spp., and Fusarium 
spp., ZnO NPs derived from C. longa showed the highest 
percentage inhibition of 67.69%, 58.82%, and 52.67% 
(Table 2 & Figure 9 to 11). C. longa mediated ZnO NPs 
were chosen at three distinct concentrations (100 ppm, 
150 ppm, and 200 ppm) in order to standardize the dosage 
of nanoparticles. The findings showed that the target 
infections ability to expand radically was hindered by 
higher concentrations. However this study concludes that 
150 ppm of ZnO NPs from C. longa exhibits the maximum 
zone of microbial inhibitions against Colletrotrichum spp., 
Rhizoctonia spp., and Fusarium spp and the percentage of 
inhibition is 65.44%, 27.11%, and 52.89% respectively 
(Table 3 and Figure 12 to 14). The current findings are 
consistent with those of researchers such as Pariona et al. 
(2019), who examined the antifungal activity of ZnO NPs 
at 1000 ppm concentration against three fungal pathogens: 
F. oxysporum, Rhizoctonia solani, Colletrotrichum 
goleosporoides. They found that the pathogens mycelia 
growth was inhibited by 53, 55, and 59 percent, 
respectively. However, Wani and Shah (2012) found that at 
100 ppm concentration of the fungus Rhizopus stolonifer, 
F. oxysporum, Alternaria alternata, and Mucor plumbeus. 
Merino et al. (2021) examined the effectiveness of ZnO 
NP at various concentrations ranges from 1500 to 3000 
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ppm and he found 81-33% of microbial inhibition against 
F. oxysporum. It also suppresses the pathogens sporulation 
by 82.57 to 83.85 percent at these dosages. The huge 
surface to volume ratio, induction of deformalities in 
fungal hyphae, agglutinate propensity of mycelium, and 
liquefication of cytoplasmic material, which results in the 
fungus death, were all linked to ZnO NPs antifungal action. 
They also produce OH-radicals, ROS, and other chemicals 
that cause fungal calls to die (Arciniegas-Grijalba et al. 
2017). Production of ZnO nanoparticles from Allium 

cepa, Piper nigrum, Curcuma longa and Curcuma caesia 
was succeeded. Different concentrations of ZnO NPs from 
different sources were prepared and it microbial efficacy 
against various fungal pathogens such as Fusarium spp, 
Rhizoctonia spp and Colletrotrichum spp were tested. The 
nanoparticles from different plant sources are proven the 
ability to control the target pathogens. But potentiality 
in control to the various soil borne pathogens have been 
obtained from Curcuma longa. 

 Table 2. In vitro efficacy of biosynthesized ZnO NPs from different sources at 1000 ppm against Colletotrichum 
spp, Rhizoctonia spp and Fusarium spp.

Fig 9. In vitro efficacy of biosynthesized zinc oxide 
nanoparticles @1000 ppm against Colletotrichum spp., 
A) Allium cepa B) Piper nigrum C) Curcuma caesia  
E) Curcuma longa   F) Control

Fig 10. In vitro efficacy of biosynthesized zinc oxide 
nanoparticles @1000 ppm against Rhizoctonia spp., 
A) Allium cepa B) Piper nigrum C) Curcuma caesia  
E) Curcuma longa F) Control
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Fig 11. In vitro efficacy of biosynthesized zinc oxide 
nanoparticles @1000 ppm against Fusarium spp.,  
A) Allium cepa B) Piper nigrum C) Curcuma caesia  
E) Curcuma longa  F) Control

Table 3. In vitro efficacy of biosynthesized ZnO NPs at different concentrations against Colletotrichum spp, 
Rhizoctonia spp and Fusarium spp
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Fig 12. In vitro efficacy of biosynthesized zinc 
oxide nanoparticles obtained from C. longa against 
Colletrotrichum spp., A) 100ppm B) 150ppm C) 200ppm 
D) Amistar 0.1 % E) Control against Colletotrichum spp

Fig 13. In vitro efficacy of biosynthesized zinc 
oxide nanoparticles obtained from C. longa against 
Rhizoctonia spp., A) 100ppm B) 150ppm C) 200ppm  
D) Amistar 0.1 % E) Control against Rhizoctonia spp.

Fig 14. In vitro efficacy of biosynthesized zinc oxide nanoparticles 
obtained from C. longa against Fusarium spp., A) 100ppm B) 
150ppm C) 200ppm D) Amistar 0.1 % E) Control against Fusarium 
spp.

Novelty 
1.	 Green Synthesis Methodology:
ZnO nanoparticles may be produced sustainably and 
ecologically by using green synthesis techniques, which 
usually involve the use of plant extracts or other eco-friendly 
agents in place of standard chemical synthesis methods. 
This technique lessens the impact on the environment and 
uses less harmful chemicals.

2.Enhanced Resistance to Fungal Growth
Green-synthesised ZnO nanoparticles could have special 

qualities including more surface area, higher reactivity, 
and better contact with fungal cells. These characteristics 
may result in a more potent prevention of fungal growth 
as compared to chemically synthesised nanoparticles or 
traditional fungicides.

3.Taking Aim at Pathogens Found in Soil:
Because of their propensity to remain in the soil, soil-
borne fungal infections including Rhizoctonia solani, 
Sclerotium rolfsii, and Fusarium spp. are infamously 
difficult to manage. It is likely that the study investigates 
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the direct application of ZnO nanoparticles to plants or 
soil, evaluating the effects on the growth of fungi and the 
prevention of illness.

4.Action Mechanism:
The research might reveal new ways that green synthesised 
ZnO nanoparticles fight fungus growth. They may, for 
example, damage fungal cell membranes, produce reactive 
oxygen species (ROS), or obstruct fungal metabolism, 
which would result in cell death.

Impact: 
1.Management of Sustainable Diseases:
Green synthesised zinc oxide nanoparticles provide a 
potentially less hazardous and sustainable substitute for 
traditional chemical fungicides. This can be especially 
helpful for organic farming or places where chemical use 
is prohibited.

2.Safety in the Environment:
Utilising natural sources for nanoparticle production and 
green synthesis may lower the chance of environmental 
pollution and damage to non-target creatures, such as 
beneficial soil bacteria.

3.Agriculture's Contribution to Nanotechnology:
Through its demonstration of how nanoparticles may be 
customised for particular uses, like disease management, 
while maintaining environmental and human safety, the 
work adds to the expanding area of nanotechnology in 
agriculture.

In conclusion, the sustainable manufacture, distinctive 
qualities, and potential for successful control of persistent 
soil-borne fungal infections are what make green 
synthesised ZnO nanoparticles unique in their antifungal 
effects. These attributes also make them a viable tool for 
managing plant diseases in the future.

Conclusion
Production of ZnO nanoparticles from Allium cepa, 
Piper nigrum, Curcuma longa and Curcuma caesia was 
succeeded. Different concentrations of ZnONPs from 
different plant sources such as Allium cepa, Piper nigrum, 
Curcuma longa, Curcuma caesia were prepared. The 
microbial efficacy against various fungal pathogens such 
as Fusariumspp, Rhizoctoniaspp and Colletrotrichum 
spp were tested. The nanoparticles from different plant 
sources are proven the ability to control the target 
pathogens. However present investigation concludes that                             
ZnO nanoparticle at 150ppm concentration is found to be 

more effective in suppressing the soil borne pathogens viz 
Colletotrichum spp, Rhizoctonia spp and Fusarium spp 
than the other sources. This study may help in development 
of suitable new fungicide for management of these three 
important soils borne pathogens. 
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Abstract—Fuel Cells are the most interesting and updated technology which are renewable energy conversion devices 
and are Carnot cycle independent. Among various technical design aspects of fuel cells, Solid oxide fuel cells are of prime 
importance in having highest power efficiency and multi fuel capability. It is capable of amalgamating with intermittent 
renewable sources like wind, solar etc. as per the geographical feasibility to sustain the overall usable energy demand. 
Being controlled by electrochemistry, the rate determining process involves simultaneous reactions involving meta stable 
adsorbed species of oxygen and fuel gases on the electrode catalyst surface. In this context, selection of electrode and 
tailoring its morphology is important and critical to optimize for maximizing the output and endurability of SOFC. The 
interfacial regions among electrolyte and electrode are important and forms the primary sites for redox reactions. As 
per the selection of electrodes, these active sites are termed as triple phase (3PB) or double phase (2PB) which controls 
electrochemistry at interface and controls the long term tunability of the parent system. The role of morphology of the 
electrode and the electrolyte interface is therefore crucial. Being an example of all solid conversion devices, the primary 
catalyst viz transitions metals ions are combined with ceramic counterpart (which forms the electrolyte for selective 
ion transport) to match the thermal compatibility among the adjoining interphases. The present context exemplifies the 
development of such dual electrodes with specially engineered morphology to restrict the over-ripening of metallic phase 
during high temperature treatment and operation. As specific case study, we have tried to describe the significance and 
trail of core-shell microstructure in improving the long term endurability of fuel cells. In addition, details on processing 
conditions are discussed which are unique in rendering the core-shell morphology for selective electrode composition 
applicable for Solid oxide fuel cells.

Keywords: core-shell morphology; Solid Oxide fuel cell; ceramic processing; interfacial engineering
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I. INTRODUCTION
Fuel cell research has received significant importance in 
the last decade, being an excellent application of renewable 
energy sector. It is an electrochemical conversion device 
capable of generating electricity from chemical energy 
of reactants [1]. Fuel cells, being an open system, 
require continuous supply of oxidant and fuel gases as 
the reactants which undergo adsorption, dissociation 
followed by redox reaction as the simultaneous processes. 
The efficiency of fuel cells is not limited by Carnot cycle 
thereby enhancing the power conversion efficiency by 
more than 70 % compared to internal combustion engine 
[2]. Among various types of fuel cells classified based on 
the operating temperature, proton exchange membrane 
fuel cell (PEMFC) is important in terms of application. 
In this type, the electrolyte needs to be a carrier of proton 
with negligible electron conduction to minimize the short 
circuit issue [3]. In this aspect, the cathode (air electrode) 
suffers from severe corrosion owing to low pH caused 

by proton migration and kinetics. Fuel cells operated at 
intermediate to high temperature (700-1000oC) are being 
practiced nowadays due to their improved reaction kinetics 
and handling ease. The only bottleneck lies in the selection 
of components being meant to be in solid state. The all-
solid components of electrodes and electrolyte materials 
are required to satisfy compatible coefficient of thermal 
expansion to avoid cracking and subsequent degradation 
during operation of the fuel cell. Solid oxide fuel cells 
(SOFC) could be able to achieve 80 % power efficiency 
upon combining with heat recovery system. This does not 
require any water management planning like in PEMFC 
owing to higher operable temperatures more than 100oC [4-
5]. Therefore, fuel cells in all solid states possess numerous 
advantages of higher efficiency, environmentally friendly, 
multiple fuel utilization and high waste heat recovery 
conversion [6]. The high-power conversion efficiency of 
SOFC is illustrated in Fig.1 which envisages its application 
in various levels of application (s) ranging from kW-MW 
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(in the form of stack). It is visible that

Fig. 1. Application of multiple fuel cells as per energy demand 
application [6, copyright for image]

SOFC could even be applied for large, distributed power 
energy systems.
Fuel cells in solid state may be designed primarily in three 
configurations as per the position and configuration of 
electrolyte / electrodes. These are termed as electrolyte 
supported (higher ohmic polarization), electrode support 
(air/fuel supported with lower polarization loss) and metal 
support (lower temperature operation) designs [7].
Typical mechanism of fuel cells involves an initial 
dissociation of oxidant (O2) at air electrode and that of 
fuel (maybe hydrogen, natural gas, CO etc) at the fuel 
electrode followed by adsorption of active species on 
the surface of electrode catalyst. State of the art fuel 
electrode/anode is Ni-8 mol % yttria stabilized zirconia 
(YSZ) and air electrode as doped perovskite oxides eg. 
Sr doped LaMnO3 or La1-xSrxCo1-yFeyO3-5. Herein, YSZ is 
employed as the oxide ion conducting electrolyte, thereby 
the reaction usually processes at 3PB covering Ni/YSZ and 
/YSZ_perovskite oxide interfaces. During fuel cell mode 
operation, the anode/ fuel electrode undergoes oxidation to 
from H+ which releases electrons to the external circuit to 
reduce O2 and form O2-. The final product is pure water 
at the anode side along with energy which could be used 
as trace heat for the subsequent operation of electrolysis 
cell (reverse of FC) causing water splitting to form back 
the reactants utilized [8-9]. The operation mechanism is 
depicted in Fig. 2.

Fig. 2. Configuration of fuel cell and redox mechanism at the 
respective electrode/ electrolyte interface. The reaction sites are 
termed as 3PB/2Pb as per the electrode composition [6, copyright 
for image]

II. NON-LINEAR LOSSES IN FC OPERATION & 
SIGNIFCNACE OF ELECTRODE MORPHOLOGY

As mentioned, FC is an example of energy conversion 
device which involves a series of redox reactions at 
either electrode/electrolyte interface. Hence, interfacial 
engineering is important to reduce the associated losses 
during system processing. As a thumb rule, it can be said 
that FC operates with increase in electronic load in the 
circuit wherein the voltage starts reducing compared to 
the maximum available open circuit voltage (OCV) for the 
concerned cell or stack (a series of cells for higher wattage). 
Reduction in voltage with increase in the circuit current is 
termed as polarization losses and the difference with the 
OCV is known as overpotential (h) [10-11]. The losses as 
mentioned are found to be frequency dependent wherein 
physical processes are involved which restricts the ion 
conduction path. Well-controlled gas diffusion, electron 
and ion conduction/diffusion are all considered key points 
in a SOFC operation to obtain a high peak power. As 
mentioned, at lower applied load (low current region), the 
primary restricted forces are that from activation/charge 
transfer process which controls the overall activation 
barrier for the redox reaction. This is known as activation 
polarization (hact) and is computed by Bulter Volmer 
equation, Tafel equation (Eq. 1). The processes produce two 
equal electric currents in opposite directions. The current 
passing through the electrode surface in the equilibrium 
(non-polarized) state at any direction is called exchange 
current [11-12].

hact= 2.3 loganF
RT i

10
b l (1)

This equation is applicable for cathodic and anodic 
polarization, considering either reaction at one time. 
Where R - gas constant R=8.3143 J/(mol*K); 
T - temperature, K; 
n - number of electrons transferred by one ion; 
F - Faraday constant 
F = 96500 C/mol (C-coulombs); 
α - electron transfer coefficient (0<α<1); 
i - current density; 
i0 - current exchange density.

The intermediate current-voltage regime is termed as 
Ohmic, being linear interdependence among the parameters. 
As considerably higher current (electronic load), the 
voltage undergoes significant reduction termed as limiting 
current density. This point is marked by concentration/ 
diffusional resistances marked by mass (gas) transport 
limitation during FC performance. Both initial activation 
and final, diffusional resistances are non-linear dependence 
of Voltage and current which are resonated at lower and 
highest frequency perturbation during FC functioning. An 
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account of voltage-current dependence is shown in 
Fig. 3 [https://www.electrochem.org/dl/interface/fal/fal09/fal09_
p038-043.pdf].

Fig. 3. Illustration on polarization losses during the operation of Fuel cell

The electrochemical redox reaction is studied to be carried 
out at the interfacial sites wherein electrode/electrolyte 
meets the active adsorbed species dissociated from fuel and 
oxidant gases viz H2 and O2 respectively. In this regard, 
theoretical calculations showed lower charge transfer 
overpotential by composite electrode which is validated 
experimentally. This is due to the possible extension of 3PB 
from interface to the volume of electrode [12-13]. Many 
researchers have undertaken theoretical studies to quantify 
the 3PB length by considering the average particle length 
of cathode/anode with the average particles per unit area 
[14]. This has shown that maintaining same composition, 
interfacial morphology plays a crucial role in optimizing 
the 3PB/2PB volume fraction to minimize the associated 
polarization losses.
For operation of IT-SOFC, the lower operating temperature 
poses issues in retaining the required ionic conductivity of 
the electrolyte at 600-800oC [15]. This demands selection 
of an electrolyte composition whose dimension could 
be reduced (thinner) with enough ion conduction. In 
this context, doped Ceria is an excellent choice wherein 	
Gd could be incorporated in variable limit as per 
optimization [16]. Huang et al have successfully employed 
(La0.75Sr0.2Ba0.05)0.175Ce0.825O1.891 (LSBC) for IT-SOFC 
application [17]. These studies confirm that upon selecting 
doped ceria as the active ion conducting medium, lowering 
of interfacial polarizations in terms of charge transfer and 
diffusion are primarily controlled by the design of electrode 
materials. Another interesting point to note herewith is that 
Gd doped Ceria as electrolyte and Ni-GDC as the fuel 
electrode is found to form double phase boundary (2PB) at 
the interface with gas species which could be optimized to 
reduce the polarization losses [18].

Fig. 4. SOC electrode materials and microstructures. a, Diagram 
highlighting the functionalities of electrodes. b, Crystal structure of 
a metal M (such as Ni) c, Fluorite (F) crystal structure, d, Perovskite 
(P) crystal structure, which exhibits all types of functionality to 
various extents, e, Crystal structure of an oxygen-deficient, layered 
perovskite, also known as a double perovskite (DP), which is close 
to being the ideal single-phase electrode material. f, Crystal structure 
of a member of the Ruddlesden–Popper (RP) phases, associated with 
high interstitial oxygen diffusion rates. g–n, Schematic illustrations 
of electrodes highlighting the key types of microstructures as in: 
a): IC–EC composite structure, which also illustrates a 3PB fuel-
electrode in SOEC mode (g); single-phase MIEC electrode, which 
also illustrates a 2PB fuel-electrode in SOEC mode (h); IC–MIEC 
composite structure (i); MIEC–EC composite structure (j); MIEC 
with dispersed catalyst particles (k); IC coated with a percolating 
layer of MIEC (l); IC coated with a percolating layer of EC and 
MIEC (m); EC coated with a percolating layer of MIEC and dispersed 
catalyst (n) [copyright, 18]

Designing and optimization of interfacial boundaries 
involves a series of ceramic processing techniques. 
Some important processes can be listed as impregnation, 
infiltration using vacuum, exsolution etc. [19].
Zhu et al [20] have showed the extension of 3PB in 
La0.75Sr0.25Cr0.5Mn0.5O3-5 (LSCrM)-impregnated anode using 
infiltrating 70% porous YSZ with an LSCrM solution. 
Fig. 5 shows the typical morphology wherein the primary 
electron conducting phase is LSCrM and YSZ forms an 
easy ion conduction path. The electro-catalytic activity 
of the anode is further improved by impregnating nitrate 
solutions of Ag and Ni followed by selective calcination 
for phase purity.
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Fig. 5. SEM micrographs of the cross-sections of: (a) pure YSZ 
anode, (b) ~5 wt.% LSCrM-impregnated YSZ anode; (c) ~35 wt.% 
LSCrM-impregnated YSZ anode; (d,e) LSCrM/Ni/Ag (~32/2 wt.%) 
YSZ anode [copyright, 20]
Another important strategy to increase the interfacial 
phase boundaries for promoting electrocatalytic reactions 
is by adopting engineered morphology involving two 
phases namely metal and ceramic. Among various trials, 
the morphology which proves to be most functional is 	
Core-shell arrangement of either phase.
The following section highlights aspects of development of 
core-shell morphology and its functionality in improving 
the fuel cell performance and its long term endurability.

III. INSIGHT ON CORE-SHELL MORPHOLOGY ON 
FUEL CELL ELECTRODES

The important secondary factors which require tailoring 
are controlling of particle size of ceramic core, in-situ/ 
ex-situ reduction process controlling metal onto the core, 
coverage of shell onto the core etc [21]. The functionality of 
the electrode being controlled by both electronic and ionic 
phase, interconnection among each phase within electrode 
matrix is important. In this regard, the processing should 
involve discreet coverage of metal (in the form of nano-
sub micron size) onto the ionic conducting ceramic core 
particle. The electrocatalytic activity of oxygen in LSM is 
poorer than that in LSCF and BSCF. However, the CTE 
for both LSCF and BSCF are about 20 * 10-6 K-1, which 
are higher than that of the ceria-based electrolyte (~12.5 
* 10-6 K-1). Furthermore, innumerable disadvantages are 
associated with Co-based electrode composition being 
higher cost, large evaporation probability, transition 
of Co3+ among high and low spin state which result in 
minor variations [22-23] in stress generation and redox 
reactivity of the electrode towards OER/ORR (oxygen 
evolution in electrolysis mode and oxygen reduction 
reaction). Researchers have tried to play with ferrite-based 
compositions since they offer lower cost and capability of 
replacing Co as the active B-site element, Ba0.5Sr0.5FeO3-5 
(BSF). However, much higher CTE [24] of BSF makes 
it difficult to be compatible with YSZ and CGO. BSF 
are easily collapsed by the moisture from the air, also 
unstable at high temperatures and low partial pressures 
of oxygen [25]. The Ce doping in BSF provides lattice 
stability, better cathode–electrolyte adhesion and enhanced 
cell performance by increasing the TPBs in SOFC. Ce is 
functionalized as the shell onto BSF core by organic based 
ethanol-water solution. In addition, BSF was doped with 
Nd at B-site to enhance the stability and functionality [26]. 

To further enhance the FC performance, La and Ce are 
applied as the shell onto Nd doped BSF.

Fig. 6. FESEM images of SLTN-LSBC core-shell matrix with Ti, Ce 
and Sr distribution shown in b)-d) respectively [copyright, 20].

Core-Shell anode of SLTN-LSBC showed 12 % distributed 
shell of LSBC in the EDAX spectra (Fig. 6). The Titanium 
(Ti) and Strontium (Sr) assigned over core-shell major 
body as shown in Fig. 6 b, d. The Ti and Sr mapping 
images demonstrated the core SLTN existed below the 
LSBC nanoparticles shell.
DC conductivity reduced with the increase in the molar 
ratio of shell, which showed that the resistance of shell 
affected the electrons hopping as the ratio of shell LSBC 
increased. Furthermore, a Ce based shell could enhance 
the electrocatalytic activity of the system, however, would 
limit the electronic conductivity [27]. It is proposed that, in 
the reduction atmosphere, Ce3+ possibly formed at the fuel 
electrode at the higher temperature and could enhance the 
electronic conductivity.
Wang et al [28] have reported BSNF system coated with 
LC at various concentrations as shown in Fig. 7. LC as 
the shell helps in tailoring the porosity of electrode with 
the subsequent reduction the central core. Ce is found to 
promote the diffusion of La into BSNF host. Such diffusion 
of La into BSNF form a layer of LC and thereby helps in 
enhancing the 3PB at the interfacial region.

Fig. 7. FESEM micrographs of (a) BSNF, (b) BSNF-5 La, (c) BSNF-5 
LC and (d) BSNF-10 LC sintered at 1150 °C-6 h. EBSD image of 
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(e) BSNF-5 LC. Red dots represent LC-species and yellow regions are 
BSNF grains [copyright, 20].
The Ce coating layer decreased the core size and enhanced 
the porosity of BSF, whereas based on the relative densities 
and microstructures, the LC coating layer imposed tiny 
influences on porosity or core size for BSNF.
LSCF is a well-known MIEC composition for air electrode 
which bears excellent electrical performance in the IT-
SOFC range. The bottleneck of this composition is the lower 
surface activity during ORR. Lynch et al have tailored the 
LSCF matrix by coating with dense LSM coating.

Fig. 8. e (a) Schematic diagram of the LSM-coated LSCF 
cathode; (b) EIS of fuel cells with and without LSM coating 
measured at OCV and at 100 mA cm2 ; (c) Current density 
of fuel cells with and without LSM coating as a function of 
time under a constant voltage of 0.7 V; (d) Ie-Ve-P curves 
of fuel cells with and without LSM coating after long-term 
testing [30, copyright].

Fig. 8 exhibits that the initial cell performance is found 
to be excellent for LSCF compared to LSM which 
degrades significantly upon application of the bias. The 
single cell with LSM-coated LSCF cathode had a lower 
initial performance than the single cell with the blank 
LSCF cathode. However, the cell displayed a growing 
performance in the first 200 h, almost kept constant [29] 
as shown in Fig. 8.

Fig. 9. A high-resolution TEM image exhibiting a core-shell 
morphology of SDC nanoparticle with a shell thin layer of LiZn-
oxide [copyright 29]

Fig. 10. Core shell Ni @YSZ cermet used as anode for SOFC 
application. C1, C2. Theoretical modeling and calculations are 
undertaken to quantify the intra-anode 3PB of the cermet. A 
comparative EDAX showing the morphology of conventionally 
prepared NiO-YSZ matrix [copyright 30]

Researchers have reported the core-shell synthesized SDC 
nanoparticle coated with LiZn-oxide. This forms two-
phase nanocomposite thin film (Fig. 9). It is tested that the 
cermet can help in achieving much higher conductivity 
of 0.1 S/cm at 300oC. The single cell based with core-
shell electrodes produces a power density as high as 630 
mW.cm-2 at 520oC.
Mukhopadhyay et al [30] have reported a core-shell 
microstructure based on Ni-YSZ composition which 
consists of discreet nano Ni particle on sensitized YSZ 
core. The YSZ powders are subjected to surface activation 
by d8 metals like Pd etc. and are chemically treated to from 
Ni @ YSZ microstructure in the as-synthesized condition. 
The primary advantage of the obtained morphology (Fig. 
10) is that the overall Ni content can be reduced to 28 vol % 
without compromising the requisite electronic conductivity 
required for the FC performance. Co-existence of patterned 
intra-anode and conventional TPBs with increased 
catalytic activity of fine Ni particulates is responsible for 
the enhancement of electrochemical performance (2.5 A 
cm−2 at 800°C) for such cells. The authors have also tried 
to theoretically analyze the 3PB dimension in terms of 
volume element to optimize the limit of Ni content. The 
significance of 3PB towards the electrochemical redox 
reaction required for ORR/ OER is shown in Fig. 11.
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Fig. 11. The mechanism for HOR/ORR at synthesized Ni@YSZ by 
particulate deposition route [copyright 30]

It is hereby noted that interconnection among both Ni 
and YSZ phases are important for HOR with minimum 
polarization losses. If the shell is continuous as shown in 
the figure, the path of cermet, YSZ gets restricted, and this 
would accelerate the Ni ripening phenomena.

Fig. 11. Comparative electrochemical performance of FC tested 
using electroless and conventional anode [copyright 30]
The nano Ni is expected to show more sinter ability compared 
to its higher dimension. Therefore, interconnected YSZ 
limits Ostwald ripening of Ni and increases the endurability 
of FC. Such cermet has been shown to behave as excellent 
anode functional layer rather than anode support. This is 
because, the lower porosity in unimodal manner of such 
Ni@YSZ cermet results in higher diffusion polarization 
when used as the support. However, the electrocatalytic 
activity of such

Fig. 12. Optical micrographs of sintered cermets for: a) Cu-YSZ 
and b) Ni-Cu-YSZ prepared by particulate deposition technique 
[copyright 31]

Fig. 13. FESEM micrograph for Cu@YSZ and Ni_CU@YSZ cemet 
prepared by electroless technique and the respective EDAX mapping 
for clarification [copyright 31

cermet is excellent due to better catalytic properties which 
reduces the activation polarization of the fuel cell (Fig. 11). 
Fig. 12-14 shows the research work reported by Konar et 
al regarding the core-shell anode cermet based on Cu and / 
Cu_Ni@YSZ. This cermet behaves an exception anode for 
multiple fuel oxidation under fuel cell condition specially 
uptake of biogas. Such a novel core-shell Cu-YSZ reduces 
the requirement of metal for electrical percolation threshold 
(~700 S cm−1) down to only 23 vol%. It was earlier reported 
that Cu-YSZ cermet is not a well-documented catalyst for 
biogas. However, alloying with Ni, Cu_Ni@YSZ has been 
found to be an excellent catalyst for biogas oxidation and 
reasonable performance for Fuel cell [31]. The spot EDAX 
in the shell position of Ni-Cu alloy reveals the percentage 
compositions to be around 90: 10 for Ni: Cu as investigated 
under this study. The unique morphology of the cermet 
allows interconnection among both metallic and ceramic 
phase thereby reducing the overall metallic content to 23 
vol % compared to 40 vol % required for conventional 
matrix. The cermet could avoid less thermal mismatch 
with electrolyte and effective methane reformation with 
reasonable sulfur tolerance.
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Fig. 14. Methane conversion with output hydrogen yield for 
electroless Cu-YSZ and Ni-Cu-YSZ cermets: a) without H2S b) in 
presence of 25 ppm on stream H2S in feed gas for electroless Ni-
Cu-YSZ c) XRD of post reformed Ni-Cu-YSZ electroless cermet. 
[copyright 31]

Thus, the reports and descriptions clarify the significance 
of core-shell morphology of the electrode (either fuel/air 
electrode) operable for intermediate to high temperature fuel 
cell application. The primary advantage of such engineered 
matrix is observed to ensure the easy interconnection 
among metal and ceramic phases throughout the cermet 

thereby extending the available three/two (3PB/2PB) phase 
boundaries at electrode/electrolyte interphase.

CONCLUSIONS

Lowering the interface charge transfer, ohmic and diffusion 
impedances are the main considerations to achieve an 
intermediate temperature solid oxide fuel cell (ITSOFC). 
Those are determined by the electrode materials selection 
and manipulating the microstructures of electrodes. The 
present context describes in detail about the significance 
of processing steps and morphology in controlling the 
redox reactions associated with fuel and oxidant in fuel 
cell and electrolyzer cell operation. The details describe 
significance of core-shell morphology of the electrode 
cermet which retains/ extends the triple/double phase 
boundaries associated with electrocatalytic reactions 
during fuel cell operation at high temperature.
The core-shell morphology possibly prevented the 
electrocatalysis decrease, hindering and even blocking the 
fuel gas path through the porous electrode structure due to 
the serious agglomeration of impregnated particles. A small 
amount of shell nanoparticles can form a continuous charge 
transport pathway and increase the electronic and ionic 
conductivity of the electrode. The triple-phase boundaries 
(TPBs) area and electrode electrocatalytic activity are then 
improved.
A couple of instances on the core shell architecture 
establishes its significance for the application in fuel cell 
device as active electrode species. The core-shell interface 
reaction mechanisms are also necessary investigation 
topics to control the electrochemical performance precisely 
and are highlighted herein in nutshell. It could be therefore, 
stated that processing of metal-ceramic compositions for 
tailoring the microstructure of electrode is important and 
bear major significance towards the functionality of fuel 
cell-based electrode system.

ACKNOWLEDGMENT
All the Universities and Institutions involved in the 

articles are duly acknowledged.

REFERENCES

[1] “Solid Oxide Fuel Cell - an overview | Science 
Direct Topics,” www.sciencedirect.com. https://www.
sciencedirect.com/topics/engineering/solid-oxide-fuel-cell
[2] M. T. Mehran et al., “A comprehensive review on 
durability improvement of solid oxide fuel cells for 
commercial stationary power generation systems,” Applied 
Energy, vol. 352, p. 121864, Dec. 2023, doi: https://doi.
org/10.1016/j.apenergy.2023.121864.
[3] T. Taner, “The novel and innovative design with using 
H2 fuel of PEM fuel cell: Efficiency of thermodynamic 
analyze,” Fuel, vol. 302, p. 121109, Oct. 2021, doi: https://
doi.org/10.1016/j.fuel.2021.121109.

An Insight on Core-shell Morphology on the Functionality of  Solid Oxide Fuel Cell



46

[4] Q. Liu, F. Lan, J. Chen, C. Zeng, and J. Wang, “A 
review of proton exchange membrane fuel cell water 
management: Membrane electrode assembly,” Journal of 
Power Sources, vol. 517, p. 230723, Jan. 2022, doi: https://
doi.org/10.1016/j.jpowsour.2021.230723.
[5] Y. Yang et al., “Efficient water recovery and power 
generation system based on air-cooled fuel cell with semi-
closed cathode circulation mode,” Applied Energy, vol. 
364, p. 123125, Apr. 2024, doi: https://doi.org/10.1016/j.
apenergy.2024.123125.
[6] R.-T. Wang, H.-Y. Chang, and J.-C. Wang, “An 
Overview on the Novel Core-Shell Electrodes for Solid 
Oxide Fuel Cell (SOFC) Using
Polymeric Methodology,” Polymers, vol. 13, no. 16, pp. 
2774–2774, Aug. 2021, doi: https://doi.org/10.3390/
polym13162774
[7] D. Roy, S. Samanta, S. Roy, A. Smallbone, and A. Paul 
Roskilly, “Techno-economic analysis of solid oxide fuel 
cell-based energy systems for decarbonising residential 
power and heat in the United Kingdom,” Green Chemistry, 
2024, doi: https://doi.org/10.1039/D3GC02645K.
[8] V. V. Kharton, “Solid oxide fuel cells and electrolysis 
cells: selected aspects, novel materials and challenges,” 
Journal of Solid State Electrochemistry, vol. 28, no. 6, 
pp. 1761–1762, Apr. 2024, doi: https://doi.org/10.1007/
s10008-024-05870-1.
[9] K. N. Grew, J. R. Izzo, and W. Chiu, “Impact of 
Electrochemical Reaction Mechanisms on Overpotentials 
in the Solid Oxide Fuel Cell Anode,” ECS Transactions, 
vol. 13, no. 26, pp. 123–136, Dec. 2008, doi: https://doi.
org/10.1149/1.3050384.
[10] M. Lang, C. Bohn, M. Henke, G. Schiller, C. Willich 
and F. Hauler. Understanding the Current-Voltage Behavior 
of High Temperature Solid Oxide Fuel Cell Stacks. Journal 
of The Electrochemical Society. 164 F1460 (2017)
[11] F. Mazzeo, L. D. Napoli, and M. Carello, “Assessing 
Open Circuit Voltage Losses in PEMFCs: A New 
Methodological Approach,” Energies, vol. 17, no. 11, 
pp. 2785–2785, Jun. 2024, doi: https://doi.org/10.3390/
en17112785.
[12] D. A. Noren and M. A. Hoffman, “Clarifying the 
Butler–Volmer equation and related approximations for 
calculating activation losses in solid oxide fuel cell models,” 
Journal of Power Sources, vol. 152, pp. 175–181, Dec. 
2005, doi: https://doi.org/10.1016/j.jpowsour.2005.03.174.
[13] X. Lu, P. R. Shearing, J. J. Bailey, T. Li, K. Li, and 
Dan, “Correlation between triple phase boundary and the 
microstructure of Solid Oxide Fuel Cell anodes: The role 
of composition, porosity and Ni densification,” Journal 
of Power Sources, vol. 365, pp. 210–219, Oct. 2017, doi: 
https://doi.org/10.1016/j.jpowsour.2017.08.095.
[14] Rustam Singh Shekhar, A. Bertei, and D. S. Monder, 
“Structure—Properties—Performance: Modelling a Solid 
Oxide Fuel Cell with Infiltrated Electrodes,” Journal of 
The Electrochemical Society, vol. 167, no. 8, pp. 084523–

084523, May 2020, doi: https://doi.org/10.1149/1945-
7111/ab91ca.
[15] Z. Zakaria, Z. Awang Mat, S. H. Abu Hassan, and Y. 
Boon Kar, “A review of solid oxide fuel cell component 
fabrication methods toward lowering temperature,” 
International Journal of Energy Research, vol. 44, no. 2, pp. 
594–611, Nov. 2019, doi: https://doi.org/10.1002/er.4907.
[16] D. Andersson, S. I. Simak, N. V. Skorodumova, I. 
A. Abrikosov, and B. Johansson, “Optimization of ionic 
conductivity in doped ceria,” Proceedings of the National 
Academy of Sciences of the United States of America, vol. 
103, no. 10, pp. 3518–3521, Feb. 2006, doi: https://doi.
org/10.1073/pnas.0509537103.
[17] T. ‐J Huang and C. ‐L Chou, “Oxygen Dissociation and 
Interfacial Transfer Rate on Performance of SOFCs with 
Metal‐Added (LaSr)(CoFe)O3‐(Ce,Gd)O2 – δ Cathodes,” 
Fuel Cells, vol. 10, no. 4, pp. 718–725, May 2010, doi: 
https://doi.org/10.1002/fuce.201000028.
[18] T. Hong, Y. Zhang, and K. Brinkman, “Enhanced 
Oxygen Electrocatalysis in Heterostructured Ceria 
Electrolytes for Intermediate-Temperature Solid Oxide 
Fuel Cells,” ACS Omega, vol. 3, no. 10, pp. 13559–13566, 
Oct. 2018, doi: https://doi.org/10.1021/acsomega.8b02127
[19] J. T. S. Irvine, D. Neagu, M. C. Verbraeken, C. 
Chatzichristodoulou, C. Graves, and M. B. Mogensen, 
“Evolution of the electrochemical interface in high-
temperature fuel cells and electrolysers,” Nature Energy, 
vol. 1, no. 1, Jan. 2016, doi: https://doi.org/10.1038/
nenergy.2015.14.
[20] X. Zhu et al., “Fabrication and performance of membrane 
solid oxide fuel cells with La0.75Sr0.25Cr0.5Mn0.5O3−δ 
impregnated anodes,” Journal of Power Sources, vol. 
195, no. 7, pp. 1793–1798, Oct. 2009, doi: https://doi.
org/10.1016/j.jpowsour.2009.10.042.
[21] F. M. Galogahi, Y. Zhu, H. An, and N.-T. Nguyen, 
“Core-shell microparticles: Generation approaches and 
applications,” Journal of Science: Advanced Materials and 
Devices, vol. 5, no. 4, pp. 417–435, Dec. 2020, doi: https://
doi.org/10.1016/j.jsamd.2020.09.001.
[22] S. McIntosh, J. F. Vente, W.G. Haije, Dave H.A. Blank, 
and Henny J.M. Bouwmeester, “Oxygen Stoichiometry 
and Chemical Expansion of Ba0.5Sr0.5Co0.8Fe0.2O3-δ 
Measured by in Situ Neutron Diffraction,” Chemistry of 
Materials, vol. 18, no. 8, pp. 2187–2193, Mar. 2006, doi: 
https://doi.org/10.1021/cm052763x.
[23] B. Wei, Zhe Lü, X. Huang, M. Liu, N. Li, and W. 
Su, “Synthesis, electrical and electrochemical properties 
of Ba0.5Sr0.5Zn0.2Fe0.8O3−δ perovskite oxide for IT-
SOFC cathode,” Journal of Power Sources, vol. 176, 
no. 1, pp. 1–8, Oct. 2007, doi: https://doi.org/10.1016/j.
jpowsour.2007.09.120
[24] J. Peña-Martínez et al., “On Ba0.5Sr0.5Co1−
yFeyO3−δ (y = 0.1–0.9) oxides as cathode materials 

An Insight on Core-shell Morphology on the Functionality of  Solid Oxide Fuel Cell



47

for La0.9Sr0.1Ga0.8Mg0.2O2.85 based IT-SOFCs,” 
International Journal of Hydrogen Energy, vol. 34, no. 23, 
pp. 9486–9495, Oct. 2009, doi: https://doi.org/10.1016/j.
ijhydene.2009.09.041.
[25] A. Manthiram, J.-H. Kim, Y. N. Kim, and K.-T. Lee, 
“Crystal chemistry and properties of mixed ionic-electronic 
conductors,” Journal of Electroceramics, vol. 27, no. 2, pp. 
93–107, Feb. 2011, doi: https://doi.org/10.1007/s10832-
011-9635-x
[26] Y.-M. Wang, C.-M. Chang, J.-S. Shih, and H.-Y. 
Chang, “Novel lanthanum and cerium coatings on (Ba, 
Sr)-ferrate cathodes for intermediate-temperature solid 
oxide fuel cells,” Journal of the European Ceramic Society, 
vol. 36, no. 14, pp. 3433–3440, May 2016, doi: https://doi.
org/10.1016/j.jeurceramsoc.2016.05.018.
[27] H.-Y. Chang, S.-H. Wang, Y.-M. Wang, C.-W. 
Lai, C.-H. Lin, and S.-Y. Cheng, “Novel core–shell 
structure of perovskite anode and characterization,” 
International Journal of Hydrogen Energy, vol. 37, no. 9, 
pp. 7771–7778, Mar. 2012, doi: https://doi.org/10.1016/j.
ijhydene.2012.02.022.
[28] P. Qiu, X. Yang, T. Zhu, S. Sun, L. Jia, and J. Li, 
“Review on core-shell structured cathode for intermediate 

temperature solid oxide fuel cells,” International Journal of 
Hydrogen Energy, vol. 45, no. 43, pp.
23160–23173, Jul. 2020, doi: https://doi.org/10.1016/j.
ijhydene.2020.06.034.
[29] M. E. Lynch et al., “Enhancement of 
La0.6Sr0.4Co0.2Fe0.8O3-δ durability and surface 
electrocatalytic activity by La0.85Sr0.15MnO3±δ 
investigated using a new test electrode platform,” Energy 
& Environmental Science, vol. 4, no. 6, p. 2249, 2011, doi: 
https://doi.org/10.1039/c1ee01188j
[30] M. Mukhopadhyay, J. Mukhopadhyay, A. D. Sharma, 
and R. N. Basu, “In-situ patterned intra-anode triple phase 
boundary in SOFC electroless anode: An enhancement of 
electrochemical performance,” International Journal of 
Hydrogen Energy, vol. 36, no. 13, pp. 7677–7682, Apr. 
2011, doi: https://doi.org/10.1016/j.ijhydene.2011.03.114
[31] R. Konar, J. Mukhopadhyay, A. D. Sharma, and R. 
N. Basu, “Synthesis of Cu-YSZ and Ni-Cu-YSZ cermets 
by a novel electroless technique for use as solid oxide fuel 
cell anode: Application potentiality towards fuel flexibility 
in biogas atmosphere,” International Journal of Hydrogen 
Energy, vol. 41, no. 2, pp. 1151–1160, Nov. 2015, doi: 
https://doi.org/10.1016/j.ijhydene.2015.10.003.

An Insight on Core-shell Morphology on the Functionality of  Solid Oxide Fuel Cell

   





49

Abstract—Dry eyes and eye strain are common problems, especially among individuals who spend extended hours in 
front of screens or in environments with low humidity. Some people, due to various reasons, tend to blink less frequently, 
exacerbating these issues. Prolonged screen exposure in children often leads to reduced blink rates, causing dry eye 
syndrome and digital eye strain. This causes the disease Keratoconjunctivitis. Additionally, children frequently misplace 
their glasses, creating inconvenience for parents and potential vision correction gaps.
Keywords: core-shell morphology; Smart Glass, Eye Care, Spectacles Monitoring
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INTRODUCTION
A smart eyewear system designed for pediatric users to 
promote ocular health and prevent spectacle loss. The 
system comprises an integrated blink detection module 
utilizing an infrared emitter and receiver to monitor a 
wearer’s blink rate. A microcontroller processes the blink 
data, and upon detecting a prolonged period without 
blinking, particularly during extended screen use, activates 
an integrated haptic or auditory feedback mechanism (e.g., 
a miniature buzzer) to prompt the wearer to blink, thereby 
mitigating dry eye syndrome.
Furthermore, the eyewear incorporates a spectacle locator
mechanism, including a Bluetooth Low Energy (BLE) 
module and a secondary auditory indicator, enabling 
remote location of the glasses via a paired external device 
(e.g., smartphone application). The invention addresses 
the critical need for proactive eye health management in 
children, particularly concerning digital eye strain, and 
provides a practical solution for preventing the common 
issue of misplaced eyewear.
This invention provides an integrated solution combining
real-time blink frequency monitoring with audible reminder
alerts and Bluetooth-based location tracking in child-
friendly smart glasses, promoting healthy blinking habits 
while ensuring device retrievability.

RELATED WORK
Prolonged screen exposure in children often leads to 
reduced blink rates, causing dry eye syndrome and digital
eye strain. Additionally, children frequently misplace their
Identify applicable funding agency here. If none, delete 
this. glasses, creating inconvenience for parents and 

potential vision correction gaps.
The work that has been done on this eye detection before
or what has been known after reading several research 
papers is as follows:
I. 1) A comprehensive drowsiness detection system 

integrates computer vision and machine learning to 
analyze blink duration, frequency, and contextual cues 
(environment, facial expressions). It serves as a real-
time alert system that warns drivers or interacts with 
driver assistance technologies to enhance road safety.

2) 	A novel finite automata-based model is proposed to detect 
drowsiness by tracking eye-blink states. It combines 
vertical and horizontal projection histograms for more 
accurate eye localization, reducing the effect of external 
noise like glasses or eyebrows. The approach achieves 
over 93% precision using the JZU blink dataset.

3) 	Another method employs Modified EAR combined 
with 	automatic facial landmark detection to analyze 
eye closure duration in a short time window using 
thresholding, offering efficient and accurate blink 
detection.

4) 	High-resolution cameras and advanced algorithms 
are used to distinguish between normal and abnormal 
blinking behaviors (e.g., prolonged eye closure), 
enabling proactive safety alerts—especially in driver 
drowsiness detection systems.

5) By analyzing EOG and accelerometer data, the study 
classifies four activities—typing, reading, eating, and 
talking—across two users. The system achieves 70% 
accuracy using 6-second windows and up to 100% 
accuracy with a 1-minute majority vote, demonstrating 
promising results in user-independent classification 

DOI - 10.65024/atr.v2i2.07



50

and the broader potential of smart glasses in ubiquitous 
computing.

PROPOSED METHODOLOGY

The present invention solves the dual problems of pediatric
dry eye syndrome and lost eyewear through a smart glasses
system that:
• 	 Continuously monitors the user’s blink rate using 

embedded sensors.
• 	 If the user does not blink for a long time (e.g., 32 

seconds), the system provides an alert using a buzzer.
• 	 Automatically reminds children to blink, preventing 

eye dryness and strain.
• 	 Uses a Bluetooth remote or another BLE device to 

auto-trigger the buzzer when nearby if the spectacle is 
misplaced.

• 	 When the BLE button is pressed, the buzzer helps locate
	 the glasses.
• 	 The smart glasses BLE module receives the command 

and activates the buzzer.
	 Flow DIagram: The following figure1 describe the 

Fig. 1. Flowchart of the proposed system.

A. 	Key Aspects
1) 	Dual-Function Integration
	 First wearable device combining blink monitoring with 

location tracking in pediatric eyewear.
	 Eliminates the need for separate health-monitoring and 

tracking devices.
	 Seamless integration without compromising eyewear 

functionality or comfort.
2) 	Automatic Blink Reminder
	 Encourages healthy screen habits in children through 

gentle reminders.
	 Ideal for long study sessions or gaming.
3) 	Proactive Health Intervention
	 Immediate audible feedback prevents dry eye 

development rather than treating symptoms.
	 Continuous monitoring during high-risk activities such 

as screen time or reading.
4) 	Built-in Spectacle Locator Mechanism
	 Equipped with a Bluetooth Low Energy (BLE) module.
	 A remote BLE button or another paired BLE device can 

trigger the buzzer on the glasses.
5) 	Child-Centric Design
	 Addresses specific challenges of pediatric eyewear 

management.
	 Parental control integration with child-friendly 

autonomous operation.
	 Ideal for kids who spend long hours on screens, blink 

less, develop eye dryness, and often misplace glasses.
6) 	Power-Efficient Operation
	 Low-power sensor integration extends battery life 

beyond conventional smart eyewear.
	 Selective activation based on usage patterns optimizes 

energy consumption.

USERS
Specially designed for children who spend long hours 
using digital screens and are prone to reduced blinking and
frequent loss of spectacles.
B. Components
1) 	Arduino Pro Mini: Processes blink signals and overall 

system logic.
2) 	IR Sensor: Detects eyelid motion for blink monitoring.
3) HM-10 BLE Module: Receives remote commands to 

trigger the buzzer.
4) 	Li-Po Battery: Powers all components while keeping 

the glasses lightweight.
5) 	Switch: Used for powering the system on.
6) 	TP4056 Module: Safely charges the Li-Po battery.
7) 	Buzzer: Alerts the child to blink or helps locate the 

glasses when misplaced.

Child-Friendly Smart Glasses with Eye-Blink Monitoring and Spectacle Locator Mechanism
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Fig. 2. Sample Product

Methodology
The proposed smart eyewear system is developed using 
a combination of sensor-based blink detection and 
Bluetoothenabled tracking technology. The methodology 
focuses on accurate blink monitoring, timely user feedback, 
and reliable location identification of spectacles. The 
overall workflow involves sensing, processing, decision-
making, and alert generation.

1) 	Blink Detection Using IR Sensor
	 An infrared emitter–receiver pair is placed near the 

frame to continuously detect eyelid movements. When 
the eyelid closes, the IR signal pattern changes, allowing 
the system to identify each blink accurately.

2) 	Signal Processing with Microcontroller
	 The Arduino Pro Mini receives the IR sensor output 

and processes the blink frequency in real time. It keeps 
track of the time interval between blinks to determine 
whether the user is blinking at a healthy rate.

3) 	Blink Rate Evaluation
	 The system compares the measured blink interval with 

a predefined threshold (e.g., 32 seconds). If the user 
does not blink within this duration, it is considered a 
potential risk for digital eye strain or dryness.

4) 	Automatic Alert Generation
	 When reduced blinking is detected, the microcontroller 

activates a buzzer or other feedback mechanism to 
gently remind the child to blink.

5) 	Spectacle Locator Mechanism
	 A Bluetooth Low Energy (BLE) module (HM-10) is 

integrated into the glasses. A remote BLE button or 
smartphone app sends a wireless command when the 
spectacles are misplaced.

6) 	Remote Buzzer Activation
	 Upon receiving the BLE command, the microcontroller 

triggers the buzzer on the glasses, helping locate the 
spectacles quickly.

7) 	Power Management and Safety
	 The device is powered by a lightweight Li-Po battery, 

managed using a TP4056 charging module to ensure 
safe charging and long battery life.

Fig. 3. Circuit Diagram

FEATURES OF THE PRODUCT

	Blink Rate Monitoring: Embedded sensors monitor 
the wearer’s blink rate in real-time. If the wearer blinks 
less frequently than recommended, the smart spectacles 
provide reminders or alerts to encourage more frequent 
blinking.

	Blink Alerts: Visual or auditory alerts notify the wearer 
when they haven’t blinked for an extended period, 
prompting them to take a break or perform eye exercises 
to prevent dryness and discomfort.

	Blink Exercise Guidance: Integrated software offers 
guided eye-blinking exercises to help maintain eye 
moisture and reduce strain.

	Health Tracking: Integration with health metrics 
enables users to understand how blinking patterns 
correlate with their overall health and well-being.
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I. INTRODUCTION

Energy-efficient operation of Wireless Sensor Networks 
(WSNs) has been a longstanding research problem, 
especially in mission-critical domains such as border 
surveillance, where prolonged network lifetime, reliable 
coverage, and accurate anomaly detection are essential. 
Among the earliest clustering approaches, the Low-
Energy Adaptive Clustering Hierarchy (LEACH) protocol 
[1] pioneered the idea of randomized rotation of Cluster 
Heads (CHs) to balance energy consumption across sensor 
nodes. LEACH demonstrated substantial energy savings 
compared to flat routing but suffered from unpredictable 
CH distribution, as the selection process did not consider 
residual energy or network proximity, which resulted in 
premature node failures.
To overcome these shortcomings, the Hybrid Energy-
Efficient Distributed (HEED) protocol [2] introduced a 
more systematic CH election mechanism. HEED combined 
residual node energy as a primary parameter with 
communication cost, defined by proximity to neighbours, 
as a secondary parameter, leading to improved intra-cluster 
balance and longer network lifetimes. The introduction of 
such hybrid election schemes paved the way for protocols 
that integrate multiple criteria in CH selection.

Subsequent work explored diverse hybrid clustering 
metrics. For instance, TEEN (Threshold-sensitive Energy 
Efficient Network protocol) [3] incorporated both residual 
energy and event-driven reporting, making it suitable for 
time-critical applications. Distance-aware protocols [4] 
improved stability in multi-hop scenarios by ensuring 
that CHs were closer to the sink, reducing long-haul 
communication costs. Similarly, link quality–based 
protocols [5] emphasized robust communication, ensuring 
that cluster formation was not only energy-efficient but 
also resilient against packet loss. A comprehensive survey 
by Abbasi et al. [6] highlighted how these multi-parameters 
approaches evolved into a broad class of hybrid protocols, 
each designed to balance energy consumption, coverage 
and reliability under specific deployment scenarios.
In parallel, metaheuristic optimization algorithms emerged 
as a promising direction for clustering. Particle Swarm 
Optimization (PSO) was applied to optimize CH selection 
dynamically, producing balanced clusters with higher 
lifetimes than traditional methods [7]. Genetic Algorithms 
(GA) offered an evolutionary approach, where CH sets 
were iteratively improved across generations [8]. More 
recently, novel bio-inspired approaches like the Coyote 
Optimization Algorithm (COA) [9] and the Sparrow Search 

Abstract : Wireless Sensor Networks (WSNs) face persistent challenges in optimizing energy consumption and 
extending network longevity due to their constrained node resources and reliance on battery power. In this research 
paper, we propose a new HybridScore based protocol designed for energy-aware cluster head (CH) election and 
present a performance evaluation of Low Energy Adaptive Clustering Hierarchy (LEACH), Hybrid Energy-Efficient 
Distributed (HEED), Multi-Cluster Head (Multi-CH) and HybridScore. The proposed protocol employs a weighted 
hybrid scoring function integrating residual energy, intra-cluster distance and adaptive rotation thresholds to 
enhance energy balancing and reduce premature node deaths. Simulation experiments, conducted over 100, 200 
and 300 operational rounds with 100 sensor nodes, demonstrate that HybridScore achieves higher residual energy 
than the other protocols. The results confirm that HybridScore effectively mitigates control overhead and enhances 
node survival rates without introducing excessive computational complexity. These findings highlight the potential 
of hybrid clustering approaches in enabling sustainable, scalable and energy-efficient WSN deployments making it a 
viable solution for large-scale, mission-critical WSN applications such as border surveillance. 

Keywords: Wireless Sensor Networks (WSN), Energy Efficiency, Clustering Protocols, HybridScore, Residual Energy, 
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Algorithm (SSA) [10] have been applied, outperforming 
classical clustering schemes in dynamic and large-scale 
deployments. These methods are particularly valuable in 
resource-constrained and irregular environments, such as 
border regions, where node distribution is often uneven 
and unpredictable.
Beyond optimization, researchers have investigated multi-
hop and multi-CH schemes [11], where the load of data 
aggregation and forwarding is shared by multiple leaders, 
thereby reducing premature node death in dense networks. 
Similarly, optimal CH positioning strategies [12] have 
been studied to minimize intra-cluster energy spent in data 
forwarding, a critical factor for large-area deployments. 
These innovations are particularly relevant in linear or strip
deployments, typical of border surveillance, where 
communication ranges and energy costs vary significantly 
along the monitored perimeter.
With the emergence of edge computing paradigms, WSN-
based surveillance systems have moved beyond energy-
efficient communication toward local intelligence and 
anomaly detection. Edge nodes can perform preliminary 
feature extraction and event prioritization [13], thereby 
reducing redundant transmissions to central servers. This 
edge-assisted approach aligns well with the computational 
needs of intrusion detection systems (IDS) in border 
monitoring. In particular, machine learning techniques 
such as the Isolation Forest algorithm [14] have proven 
effective for detecting anomalies in high-dimensional data, 
offering low false alarm rates and scalability for large 
sensor deployments.
While extensive work has been carried out on clustering 
and anomaly detection in WSNs, existing solutions still 
face limitations in the context of border surveillance. 
Many clustering protocols, though effective in generic 
deployments, are not tailored to linear topologies or 
harsh environmental conditions where node failures are 
frequent. Metaheuristic-based CH selection approaches, 
while powerful, are often centralized and computationally 
expensive, making them unsuitable for fully distributed 
deployments along borders. At the same time, intrusion 
detection schemes that rely solely on centralized cloud-
based analysis are bandwidth-hungry and energy-
inefficient.
Despite significant advances, existing clustering 
approaches often suffer from suboptimal CH placement 
in dynamic and resource-constrained environments like 
borders, where node failures and topology changes are 
frequent. In addition, most protocols do not simultaneously 
account for residual energy, connectivity, distance and link 
reliability in a distributed election process.
Motivated by these gaps, this research paper presents a 
HEED-inspired distributed election protocol HybridScore 
that integrates a hybrid scoring mechanism to select 
CHs more intelligently. The proposed method considers 
residual energy, neighbour proximity, node degree and link 
quality to ensure optimal CH placement, balanced energy 

consumption and enhanced data reliability. By refining the 
cluster formation process through iterative convergence and 
localized decision-making, the protocol improves network 
lifetime while maintaining high coverage and data fidelity. 
The methodology is particularly suited for elongated and 
constrained deployment areas—such as international 
boundaries, coastal lines and sensitive demilitarized zones, 
where surveillance reliability directly impacts operational 
effectiveness and national security

II. MATHEMATICAL MODELING

A. Network Model
We assume a Wireless Sensor Network (WSN) consisting 
of N sensor nodes indexed by i ] {1,…,N} deployed in a 
two-dimensional border region of size L × W. The nodes are 
considered static after deployment. Each node has an initial 
energy E0 and consumes energy for sensing, transmission 
and reception.
The Base Station (BS) is positioned at one end of the border 
region, collecting aggregated data from CHs.
Each node i ] N maintains residual energy Ei, position 
coordinates (xi,yi) and neighbourhood list Ni within 
communication range R.
For energy dissipation, we adopted the first-order radio 
model widely used in WSN research [1]:

A HEED-Inspired Hybrid-Score Clustering Protocol for Energy-Efficient Border Surveillance in Wireless Sensor Networks
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IV. PERFORMANCE EVALUATION

The simulation was conducted to evaluate the performance 
of four clustering protocols — LEACH, HEED, Multi-
CH and the proposed HybridScore — in terms of energy 
efficiency and network lifetime. A network of 100 
randomly distributed sensor nodes within a defined region 
of 500m x 500m was simulated for 100, 200 and 300 
rounds. Each node was initialized with an equal energy 
of 1.0 J, and the base station (BS) was placed at a fixed 
position just outside the sensing field (250,500) to emulate 
realistic wireless sensor network (WSN) deployment in 
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border surveillance scenario. The simulation considered 
radio energy dissipation using the first-order radio model, 
including electronic energy Eelec = 50e - 9 J/bits, free-space 
energy Efs = 10e-11 J/bit/m2, multipath energy Emp = 1.3e-
15 J/bit/m4 and data aggregation energy EDA = 5e-9. The 
packet size is considered as 4000 bits per data packet.
Cluster Head (CH) selection was performed differently for 
each protocol as presented in section II and III. LEACH 
employed a random threshold-based CH rotation with 
a fixed probability, while HEED selected CHs based on 
residual energy and communication cost. The Multi-CH 
protocol used an adaptive threshold considering the average 
network energy and a dynamic head selection probability 
to improve coverage. In contrast, HybridScore utilized a 
hybrid scoring function that incorporated both residual 
energy and distance to the base station, with weights 
optimized to balance load and minimize communication 
overhead. Specifically, the HybridScore formula gave 
higher preference to nodes with greater residual energy 
while ensuring adequate spatial distribution of CHs.

A. Remain Energy in the Network per Round

	 The remaining energy of the network for 100, 200 and 
300 rounds are presented in Fig.1, Fig.2 and Fig.3.

	 The result demonstrates that though in the beginning, 
HybridScore uses more energies than the other protocols, 
with time HybridScore performs better and remains 
operational for more time that other protocols.

Fig. 1. Remaining Energy in Network for 100 Rounds

Fig. 2. Remaining Energy in Network for 200 Rounds

Fig. 3. Remaining Energy in Network for 300 Rounds

B. Number of Alive nodes per Round

	 The number of alive nodes per round for 200 and 300 
rounds are presented in Fig.4 and Fig.5.

	 The result demonstrates that though in the beginning, 
the nodes get deactivated earlier in HybridScore, but 
the network continues to work for longer time with live 
nodes with HybridScore protocol. For LEACH and HEED 
protocols, all nodes die around 165 rounds, For Multi-CH, 
all nodes die around 210 rounds. But for HybridScore, few 
nodes remain active even after 300 rounds.

Fig. 4. Number of Live Nodes per Round for 200 Rounds

Fig. 5. Number of Live Nodes per Round for 300 Rounds
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V. COMPARATIVE ANALYSIS

The simulation results demonstrate the proposed 
HybridScore protocol outperformed all the other schemes by 
maintaining a larger number of live nodes for 100, 200 and 
300 rounds and conserving residual energy more effectively. 
By the end of 200 rounds, HybridScore retained a higher 
number of operational nodes, highlighting its efficiency in 
distributing energy consumption across the network. These 
results show that the HybridScore clustering protocol 
offers superior energy efficiency, improved CH rotation 
stability and extended network survivability compared 
to conventional clustering schemes. The improvements 
are particularly valuable for applications such as border 
surveillance, smart city monitoring and industrial IoT, 
where energy conservation and prolonged operational 
duration are critical requirements. The adaptive balance 
between residual energy and communication distance 
in the HybridScore protocol proves to be the key driver 
behind its enhanced performance.
It is also observed that the Multi-CH protocol exhibits 
performance characteristics that are relatively close to 

those of the proposed HybridScore, primarily due to its 
strategy of deploying multiple cluster heads within a 
cluster to distribute communication and processing loads. 
This approach effectively balances energy consumption 
among nodes and reduces the burden on any single cluster 
head, thereby extending the network lifetime compared to 
conventional single-CH schemes like LEACH and HEED.
However, while Multi-CH achieves notable energy 
savings and stability improvements, it suffers from 
increased coordination overhead and control message 
exchange among multiple cluster heads, which can lead to 
inefficiencies in sparse or dynamic networks. HybridScore 
builds upon the strengths of Multi-CH by incorporating a 
hybrid scoring mechanism that jointly considers residual 
energy and node distance for CH selection, enabling more 
adaptive rotation and reducing unnecessary overhead. As 
a result, HybridScore achieves better energy retention 
and higher survival rates, while maintaining comparable 
or lower complexity than Multi-CH in most network 
conditions.
The detailed comparison of using SI based techniques in 
LEACH and HEED protocols is presented in Table I.
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VI. CONLUSION

This study presented a detailed performance evaluation 
of four prominent clustering protocols—LEACH, HEED, 
Multi-CH, and the proposed HybridScore—for wireless 
sensor networks (WSNs) with an emphasis on energy 
efficiency, stability period, and overall network lifetime. 
The simulation results conclusively demonstrated that 
HybridScore, by integrating residual energy awareness and 
proximity-based metrics within a hybrid scoring framework, 
consistently outperforms conventional protocols.
Despite its improved performance, HybridScore presents 
opportunities for further enhancement. The performance 

of HybridScore is dependent on the values of the weight 
parameters. We can get better result if we use adaptive 
parameter tuning using machine learning to dynamically 
adjust CH selection weights based on real-time network 
conditions.
We can also focus on integration with energy harvesting 
technologies such as solar or vibrational energy to further 
extend the lifetime of nodes in harsh or inaccessible 
regions. We should also include security-aware clustering 
to protect against malicious node behaviour, eavesdropping 
and cluster-based attacks without compromising energy 
efficiency.
Future work will explore real-world testbed implementation 
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and large-scale heterogeneous WSN deployments to 
validate the scalability, robustness and interoperability of the 
proposed protocol. Incorporating cross-layer optimization 
strategies and predictive analytics for CH rotation also 
remains a promising avenue to enhance the resilience and 
reliability of HybridScore in diverse application domains 
such as border surveillance, smart cities and environmental 
monitoring.
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Introduction

Diabetes mellitus (Type II diabetes) is a major metabolic 
disorder affecting around 400 million people globally. On 
progression for a long period of time it leads to serious 
damage of blood vessels and nerves both at micro and 
macro level. Diabetes mellitus occurs due to deficiency 
of secretion of insulin due to damage to the pancreatic β 
cell. Sedentary lifestyle is one of the major contributing 
factor for this metabolic disorder. Apart from insulin itself 
other drugs used to treat this metabolic disorder can be 
classified into different category. The first major category 
of drugs include sulfonylureas which acts by enhancing 
insulin release from pancreatic beta cells Example of this 
class are Glipizide, glyburide, gliblenclamide etc. The 
second major category of drugs are biguanides which 
acts by reducing hepatic glucose production. Example 
of this class are phenformin, metformin etc. Peroxisome 
proliferator-activated receptor-γ (PPARγ) agonists 
consisting of pioglitazone, rosiglitazone etc forms the third 
category of drugs. Apart from these other classes of drugs 
such as α-glucosidase inhibitors are also available. These 
classes of drugs are either given alone or in combination 
with each other. However serious side effects involving 
hypoglycemia, weight gain less efficacy due to improper 
dosing schedule are some of the drawbacks of this class 
of drugs. In this aspect peptide based drugs can be a 
suitable alternative due to its biocompatibility and low 
side efefct. Peptides are generally short chain amino acids 
having specific therapeutic activity. These are generally 

administered in injection form as is the case of insulin. This 
procedure is inconvenient and regular injections can cause 
patient discomfort. Oral delivery of peptide could solve 
this problem and increase patient compliance. However, 
oral peptide delivery has problems of low bioavailability 
due to denaturation and hydrolysis in the gastrointestinal 
environment. In order to combat this various strategies 
have been applied such as cyclization of peptide, addition 
of absorption enhancer etc. This led to the development of 
oral peptide drugs for diabetes treatment. These are termed 
as glucagon-like peptide-1 receptor (GLP-1R) agonist drugs 
and are slowly and steadily becoming a market favourite. 
Leading the trend is semaglutide with market potential of 
USD 28,429.9 million in 2024 and it is projected to reach 
USD 93,598.8 million by 2035, with a CAGR of 10.5%. 
One major drawback of GLP-1 is its short half-life. In 
order to address this issue several GLP-1 analogue have 
been synthesized. Semaglutide is one such analogue acting 
as glucagon-like peptide-1 receptor agonist which is used 
to enhance insulin secretion. It also has a weight loss 
property. On the contrary the side effects are also few [1].It 
is a lipidated glucagon-like peptide 1 (GLP-1) derivative, 
approved for type 2 diabetes and weight loss. It shares 94% 
homology with human GLP-1. It consists of 31 amino acids 
having two amino acid two amino acid substitutions (Aib8 
and Arg34). Position 8 substitution reduces the degradation 
susceptibility by dipeptidyl peptidase-4 enzyme. [2].
The following review focuses on discovery and 
development of semaglutide as effective oral peptide for 
treatment of diabetes.

Abstract: “Type 2 diabetes mellitus is a major global metabolic disorder requiring long-term and effective 
therapeutic management. Conventional antidiabetic drugs are often associated with adverse effects and limited 
patient compliance. Peptide-based therapies, particularly glucagon-like peptide-1 (GLP-1) receptor agonists, have 
emerged as promising alternatives. Semaglutide, a lipidated GLP-1 analog with prolonged half-life, offers effective 
glycemic control along with additional benefits in weight reduction and cardiovascular risk improvement. This review 
highlights the development of various drug delivery systems for semaglutide, focusing on its pharmacodynamics, 
pharmacokinetics, and formulation strategies. Currently available formulations include once-weekly injectable 
forms and the first oral GLP-1 receptor agonist enabled through absorption enhancers. However, challenges such 
as low oral bioavailability and enzymatic degradation persist. Recent advances in controlled-release and nano-
based delivery systems, including nanoparticles, liposomes, microspheres, and self-emulsifying formulations, have 
shown potential in enhancing stability, permeability, and sustained drug release. Continued innovation in delivery 
technologies may further improve therapeutic efficacy and patient adherence in diabetes and obesity management.”
Key Words: Semaglutide; GLP-1 receptor agonist; Controlled drug delivery; Type 2 diabetes mellitus; Oral peptide delivery
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Pharmacodynamics of semagutide
Semaglutide functions by activating GLP-1 receptors, 
which are found in several tissues such as the pancreas, 
brain, and gastrointestinal tract. The pharmacological 
effects of semaglutide are multifaceted and include:

Mechanism of action:
1. 	 Insulin Secretion: GLP-1 receptor activation increases 

glucose-dependent insulin secretion from pancreatic 
beta cells, improving glucose control.

2. 	Glucagon Suppression: By inhibiting glucagon release 
from alpha cells, semaglutide reduces hepatic glucose 
production, contributing to lower blood glucose levels.

3. 	Gastric Emptying and Appetite Suppression: 
Semaglutide slows gastric emptying, which leads to 
early satiety and reduced food intake, a significant 
factor in promoting weight loss.

This has been depicted in Figure 1.

Fig 1: Mechanism of action of semaglutide (https://chatgpt.
com/g/g-pmuQfob8d-image-generator)
Given its powerful pharmacological effects, semaglutide 
has demonstrated superior clinical outcomes in comparison 
to other GLP-1 receptor agonists, with evidence showing 

both significant reductions in HbA1c levels and weight loss 
(Pratley et al., 2018). FDA in 2017 approved semaglutide 
as subcutaneous injection form (Ozempic) for treatment of 
Type 2 Diabetes Mellitus whereas in 2019 gave approval 
for the oral formulation of semaglutide (Rybelsus). 
Semaglutide (Wegovy) was also approved for obesity 
management in 2021 by FDA. In addition, semaglutide 
significantly improved cardiovascular outcomes. It 
was approved for the treatment of T2D by FDA in 2017 
(Ozempic) and 2019 (Oral semaglutide, Rybelsus), and 
for obesity management by FDA in 2021 (Wegovy). 
Semaglutide is currently the only GLP-1 receptor agonist 
that is available in both a subcutaneously injectable and 
oral formulation [3].
1. Once-Weekly Semaglutide (Ozempic)

The once-weekly formulation of semaglutide, branded as 
Ozempic, is currently the most widely used formulation in 
clinical practice. This formulation employs a controlled-
release mechanism that utilizes semaglutide's modified 
GLP-1 structure, which confers a long half-life of 
approximately one week [4]. Ozempic's once-weekly 
administration has been shown to significantly reduce 
HbA1c and body weight in patients with type 2 diabetes, 
with sustained therapeutic effects and minimal adverse 
events [5].
The controlled-release properties of Ozempic are facilitated 
by its formulation in a solution that is designed to slowly 
release semaglutide over a week following subcutaneous 
injection. The steady pharmacokinetic profile ensures that 
patients maintain therapeutic drug concentrations without 
the need for daily
2. Once-Daily Semaglutide (Wegovy)

Semaglutide has also been formulated for daily use 
under the brand Wegovy, which is approved for weight 
management in patients with obesity. Like Ozempic, 
Wegovy is an injectable formulation that exploits the 
GLP-1 analogue's pharmacokinetics for prolonged action. 
However, the dosage and administration frequency differ 
significantly.
Wegovy offers a higher dose of semaglutide (up to 2.4 mg 
weekly in escalating doses), providing more significant 
weight loss effects compared to the lower doses used for 
diabetes treatment [6]. The formulation is intended to 
be administered subcutaneously once a week, offering a 
convenient method for patients who prefer fewer injections.
3. Oral Semaglutide (Rybelsus)
Oral semaglutide (Rybelsus) represents a novel and 
convenient formulation for patients who prefer oral 
administration over injections. Approved in 2019, Rybelsus 
is the first GLP-1 receptor agonist to be offered in an oral 
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form. The oral formulation contains semaglutide in a tablet 
form that is absorbed through the gastrointestinal tract.
The challenge in developing oral semaglutide was 
overcoming the degradation of GLP-1 in the gastrointestinal 
environment. To address this, Rybelsus is formulated 
with sodium N-[8-(2-hydroxybenzoyl)amino] caprylate 
(SNAC), a compound that enhances absorption in the 
stomach [7]. Studies have shown that Rybelsus offers 
similar efficacy to injectable semaglutide in reducing 
HbA1c and body weight [8]. Although it is not a controlled-
release formulation in the traditional sense, the slow-release 
absorption achieved with the SNAC formulation provides 
a prolonged effect compared to other oral GLP-1 analogs.
Pharmacokinetics insights
In subcutaneous form semaglutide is used as once weekly 
injection at doses of 0.5 and 1.0 mg, with an initial dose of 
0.25 mg/week for the first 4 weeks. This is done due to the 
slow elimination and delayed absorption of semaglutide 
in the body because of its high albumin binding capacity. 
Semaglutide metabolism takes place throughout tissues 
using proteolytic cleavage and excreted via urine or 

faeces. As the proteolyic breakdown is detrimental to any 
oral peptide drug delivery, combined with low intestinal 
permeability and acidic pH formulation of oral semaglutide 
is challenging. It has been observed that oral bioavailability 
of semaglutide is only 0.4-1 %. This makes the dose higher 
in order to achieve similarity with subcutaneous form. 
This can be addressed by developing controlled release 
formulations of semaglutide [3, 2].

Long-Acting Semaglutide Formulations: Investigational 
Developments

Current research is focused on developing even longer-
acting controlled-release formulations of semaglutide, 
which could allow for even less frequent dosing, potentially 
as infrequent as once monthly. These formulations 
would rely on advanced drug delivery systems, such as 
biodegradable microspheres, hydrogels, or nanocarriers, 
which release the drug slowly over time [9].
In this context various long acting drug delivery strategies 
have been adopted to improve the pharmacokinetic 
parameters as mentioned In Table 1:
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Clinical trials

The efficacy of semaglutide in its various controlled-
release formulations has been rigorously tested in clinical 
trials. Semaglutide has demonstrated substantial reductions 
in HbA1c and body weight across multiple trials.
	Ozempic: In the SUSTAIN clinical trial program, 

Ozempic significantly reduced HbA1c by up to 1.5% 
from baseline and facilitated weight loss of up to 6.4 
kg compared to placebo. In the SUSTAIN 7 trial, 
semaglutide was found to be superior to liraglutide, 
with better results in both glycemic control and weight 
loss [15].

	Wegovy: The STEP trials (STEP 1-4) have consistently 
shown that Wegovy, in its higher-dose formulation, 
results in weight reductions of up to 15% or more in 
individuals with obesity. This formulation has proven 
to be effective not only in glycemic control but also in 
achieving significant long-term weight loss [6].

	Rybelsus: In the PIONEER trial series, Rybelsus 
demonstrated reductions in HbA1c and body weight 
similar to injectable semaglutide, making it a viable 
option for patients who prefer oral medications [8] 
(Husain et al., 2020).

Conclusion

Semaglutide, with its controlled-release formulations, 
represents a significant advancement in the treatment of 
type 2 diabetes and obesity. The once-weekly injectable 
formulations (Ozempic and Wegovy) and the oral 
formulation (Rybelsus) have proven to be highly effective 
in controlling blood glucose and promoting weight loss. 
Emerging long-acting formulations may further optimize 
patient adherence and therapeutic outcomes, offering the 
possibility of once-monthly dosing. Future research will 
focus on refining these formulations and addressing the 
remaining challenges, ensuring that semaglutide remains 
a cornerstone of metabolic disorder management for years 
to come.

References

[1] Wang C, Wu Z, Zhou J, Cheng B, Huang Y. Semaglutide, 
a glucagon-like peptide-1 receptor agonist, inhibits oral 
squamous cell carcinoma growth through P38 MAPK 
signaling pathway. J Cancer Res Clin Oncol. 2025 
Mar 7;151(3):103. doi: 10.1007/s00432-025-06154-5. 
PMID: 40055197; PMCID: PMC11889073.

[2] Wenjing Jiang, Qiuli Wang, Xiaoyan Zhang, Husheng 
Yang, Xinggang Yang. Semaglutide sustained-release 
microspheres with single-phase zero-order release 
behavior: Effects of polymer blending and surfactants. 
Journal of Drug Delivery Science and Technology. 
Volume 107, 2025, 106793, ISSN 1773-2247, https://
doi.org/10.1016/j.jddst.2025.106793.

[3]	Yang XD, Yang YY. Clinical Pharmacokinetics of 
Semaglutide: A Systematic Review. Drug Des Devel 
Ther. 2024 Jun 25;18:2555-2570. doi: 10.2147/DDDT.
S470826. PMID: 38952487; PMCID: PMC11215664.

[4]	Nauck, M., Meier, J. J., & Stumvoll, M. (2016). 
Semaglutide in Type 2 Diabetes: Current Status 
and Future Perspectives. The Lancet Diabetes & 
Endocrinology, 4(5), 370–380.

[5]	Marso, S. P., Bain, S. C., Consoli, A., et al. (2016). 
Semaglutide and Cardiovascular Outcomes in Patients 
with Type 2 Diabetes. NEJM, 375(19), 1834-1844.

[6] Wilding, J. P. H., Batterham, R. L., & Davies, M. J. 
(2021). Semaglutide in Patients with Obesity: A 
Systematic Review and Meta-Analysis of the STEP 
Trials. Obesity, 29(5), 902-912.

[7] Ahmad, H., Malik, M. R., & Kaur, S. (2019). Oral 
semaglutide: a breakthrough in GLP-1 receptor 
agonists. Diabetes Therapy, 10(2), 515–526.

[8] Husain, M., Birkenfeld, A. L., Donsmark, M., et al. 
(2020). Oral semaglutide and cardiovascular outcomes 
in patients with type 2 diabetes: a systematic review and 
meta-analysis of the PIONEER trials. Lancet Diabetes 
Endocrinol, 8(10), 758–769.

[9] Dinesh, P. A., Sheth, M., & Dey, S. (2021). Emerging 
Long-Acting GLP-1 Receptor Agonists: Formulation 
Strategies and Clinical Implications. Advanced Drug 
Delivery Reviews, 172, 1-12.

[10] Xiao P, Yuan H, Liu H, Guo C, Feng Y, Zhao W, Zhao 
B, Yin T, Zhang Y, He H, Tang X, Gou J. Modulating 
the elasticity of milk exosome-based hybrid vesicles 
to optimize transepithelial transport and enhance 
oral peptide delivery. J Control Release. 2025 Apr 
10;380:36-51. doi: 10.1016/j.jconrel.2025.01.090. 
Epub 2025 Feb 4. PMID: 39892650.

[11] Kim GL, Song JG, Han HK. Enhanced Oral Efficacy 
of Semaglutide via an Ionic Nanocomplex with 
Organometallic Phyllosilicate in Type 2 Diabetic Rats. 
Pharmaceutics. 2024 Jun 30;16(7):886. doi: 10.3390/
pharmaceutics16070886. PMID: 39065583; PMCID: 
PMC11280289.

[12] Zeng H, Song J, Li Y, Guo C, Zhang Y, Yin T, He 
H, Gou J, Tang X. Effect of hydroxyethyl starch on 
drug stability and release of semaglutide in PLGA 
microspheres. Int J Pharm. 2024 Apr 10;654:123991. 
doi: 10.1016/j.ijpharm.2024.123991. Epub 2024 Mar 
11. PMID: 38471578.

[13] Li Y, Liu F, Che J, Zhang Y, Yin T, Gou J, Tang X, Wang 
Y, He H. Sodium glycocholate liposome encapsulated 
semaglutide increases oral bioavailability by 
promoting intestinal absorption. Int J Pharm. 2024 Nov 
15;665:124669. doi: 10.1016/j.ijpharm.2024.124669. 
Epub 2024 Sep 5. PMID: 39244070.

[14] Sandmeier M, Ricci F, To D, Lindner S, Stengel D, 
Schifferle M, Koz S, Bernkop-Schnürch A. Design of 
self-emulsifying oral delivery systems for semaglutide: 
reverse micelles versus hydrophobic ion pairs. Drug 
Deliv Transl Res. 2025 Jun;15(6):2146-2161. doi: 
10.1007/s13346-024-01729-0. Epub 2024 Oct 19. 
PMID: 39427069; PMCID: PMC12037675.

[15] Pratley, R., Aroda, V. R., & Lingvay, I. (2018). Efficacy 
and safety of once-weekly semaglutide in patients with 
type 2 diabetes: The SUSTAIN 7 trial. Diabetes Care, 
41(5), 900–907.

Development of  various drug delivery system for semaglutide: a wonder drug for diabetes.



65

Abstract—In light of the notion that education promotes both social and economic growth, the National Education 
Policy (NEP) 2020 aims to offer high-quality education that will both help the economy expand and flourish at the school 
and college levels. The creation of the NEP 2020 was one of the significant developments that occurred in India in 2020. 
Present contribution discusses the NEP 2020, which focuses primarily on providing students with hands-on training to 
help them develop their creative potential, skills, and analytical thinking in order to satisfy the demands of the business. 
Present contribution has taken the perspective of teachers of higher education regarding sustainable impact of NEP 
2020 on Indian education system on various dimensions. The data suggests that females may hold a more optimistic view 
regarding the NEP potential impact on vocational courses, career opportunities, and the quality of teaching and learning. 
Additionally, the agreement is observed on the NEP's positive influence on overall governance in educational institutions, 
with females again indicating a slightly more favorable perception than their male counterparts.
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I. INTRODUCTION
In order to confront the overabundant man in the 
overabundant society, education is a lifetime effort. 
Students need to be prepared by the educational system 
to be academics, researchers, trailblazers, instructors, and 
lifelong learners. India has seen steady and considerable 
economic progress in the last few decades, but the country 
still faces socioeconomic challenges. Improving education 
is the only way to solve these problems and hasten the 
country's economic development (Reddy, 2021). If we 
wish to turn India into a Super Global Knowledge Power, 
we must create effective, modern education policy. The 
aim of a quality higher education should be to develop 
radiant, thoughtful, diverse, and innovative individuals. In 
addition to developing character, ethical and constitutional 
values, intellectual curiosity, scientific temper, creativity, 
service spirit, and 21st-century skills across a range 
of fields, including sciences, social sciences, the arts, 
humanities, languages, personal, technological, and 
vocational subjects, it must allow a person to study one or 
more specialized areas of interest at an in-depth level (Das, 
2020). In emerging nations like India, higher education is 

essential since it fosters human development. After Indian 
independence, higher education has increased significantly. 
It advances national growth by distributing specific skills 
and knowledge. But Indian education system has drawn 
criticism for being inflexible, test-focused, and devoid in 
originality and creativity and witnessed significant change 
during the past few decades (Pioneer, 2020).
However to make the current system better, the policies 
required to be modified, especially considering the various 
elements that could alter the curriculum and educational 
system (Samitha, 2020). A new NEP typically appears a 
few decades later. Three changes have previously occurred 
in India: the first policy was implemented in 1968, the 
second reform was implemented in 1986, and the NEP 
from that year was amended in 1992. On July 29, 2020, 
the Narendra Modi administration released the most recent 
New Education Policy (NEP) (Kaurav et al., 2020). As a 
result, the New Education Policy-2020 was created to create 
a framework for offering top-notch secondary and tertiary 
education to all citizens of the country while preserving 
Indian culture and values (Tiwari, 2022). A review and 
modernization of the current educational framework, 
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including laws, regulations, and regulatory mechanisms, 
are necessary to raise the bar for education at every level. 
The objective is to establish the nation as an affluent, just, 
and superpower in the world of information (Aithal and 
Aithal, 2020). Among the other major
changes recommended by the NEP are the dismantling 
of the University Grants Commission (UGC) and the 
All India Council for Technical Education (AICTE), 
the establishment of a four-year multidisciplinary 
undergraduate programme with multiple exit options, and 
the discontinuation of the M. Phil programme.
The education policy in schools is focused on modifying 
the core curriculum, making board exams “easier” cutting 
the syllabus while keeping “essential principles” and 
encouraging “experiential learning” and “critical thinking” 
(Devi and Cheluvaraju, 2020). The establishment of a 
National Research Foundation to support excellent peer-
reviewed work and effectively seed study at universities 
and colleges is one of the key highlights of the new 
education policy, which brings some fundamental changes 
to the current system. The primary goals of the policy are to 
raise the standard of Higher Education Institutions (HEIs) 
and position India as a centre for global education (Das, 
2022). The focus is on providing an integrated curriculum 
with flexibility, enabling numerous undergraduate degree 
exit points, expediting research, increasing faculty support, 
and advancing globalization (Das & Barman, 2023). The 
proposed initiatives, such as the introduction of vocational 
courses, reduced board exam stress, and flexibility in 
subject choices, show promise in providing success for 
all stakeholders. The shift in focus from what the system 
provides to allowing students to learn based on their 
preferences is a positive transformation.

2. Review of Literature

Aithal and Aithal (2020) did the pioneer research on 
NEP and concluded that higher education plays a pivotal 
role in determining a country's economic, social status, 
technological advancement, and overall human behavior. 
The responsibility of the country's education department 
is to enhance Gross Enrollment Ratio (GER) by ensuring 
inclusive higher education opportunities for every citizen. 
NEP aims to realize its goals by 2030 by allowing private 
sector involvement with stringent quality controls, 
promoting merit-based admissions, offering scholarships, 
and encouraging research-based faculty, NEP-2020 
aims. The transformation involves the conversion of 
affiliated colleges into multi-disciplinary autonomous 
colleges, granting degree-giving powers and establishing 

an impartial National Research Foundation for funding 
priority research projects. The higher education system is 
set to become student-centric, providing freedom in subject 
choices, curriculum design, and evaluation methods.
Kalyani (2020) concluded that this is an ambitious 
proposal of the Indian government to enhance the country's 
education system is a significant undertaking. After a 34-
year gap in the education system, the need for substantial 
change became evident, particularly in bridging the gap 
between academia and industry. This disparity resulted 
in the production of educated individuals who struggled 
to find suitable positions in the workforce, leading to 
unemployment or underemployment, causing frustration 
and mental health challenges. While the New Education 
Policy (NEP) 2020 is still in the proposal stage, there is 
recognition of the potential need for adjustments, either 
before implementation or based on practical outcomes.
Ross (2020) apprised that rise of technology-driven 
education is expected to replace traditional classroom 
instruction and influence NEP-2020 policies due to 
advancements in technology. In the twenty-first century, 
the vision is to lay the foundation for a hybrid education 
system that combines online and classroom-based 
learning, incorporating increased research components. 
Both elementary and higher education sectors, as per NEP-
2020, will have a unified control and monitoring system. 
The implementation process consists of seven steps, with 
the first 10 years dedicated to implementation and the 
subsequent decade focused on operational aspects.
Kaurav et al. (2020) discussed that NEP 2020 presents 
a comprehensive framework aimed at advancing the 
educational system in India. It promotes critical thinking, 
experiential learning, and instruction in native languages. 
A key focus is on cultivating professionals across diverse 
fields, from agriculture to artificial intelligence, preparing 
India for future challenges. The policy introduces multi-
disciplinary approaches, allowing students pursuing 
professional degrees to explore humanities, a freedom 
previously unavailable. Vocational skills and teacher 
training are paramount, offering flexibility through 
transferable credit banks to address high dropout rates. 
Prioritizing mother tongue/local language at the primary 
level minimizes dropouts and enhances learning capacities. 
NEP 2020 aims to equip students with essential skills, 
foreseeing a transformative impact on India's education 
landscape, potentially propelling it toward superpower 
status.
Sundaram (2020) discussed implementation of high-
quality education holds the potential to unlock a myriad of 
opportunities in employment, business, entrepreneurship, 
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and teaching domains. NEP 2020 has the capacity to 
lift both individuals and communities from cycles of 
disadvantage. Students can now explore a diverse range of 
subjects in their courses, acquiring
varied knowledge that empowers them to make productive 
career choices. The introduction of vocational courses has 
created avenues for self-employment, addressing the needs 
of the community and society at large. The policy places 
a particular emphasis on Sustainable Development Goals 
(SDGs), with SDG 4 specifically focusing on education. 
The policy envisions education as a catalyst to achieve 
other SDGs by 2030. Notably, NEP 2020 highlights music, 
arts, and instruments, offering new career opportunities for 
those with talent or an interest in these fields. Technological 
innovation in education presents new prospects for students 
aspiring to excel in software and hardware, both integral to 
the IT industry.
Verma and Kumar (2021) critically analysed the policy and 
suggested modifications to guarantee a smooth transition 
from its predecessor to current one, thus increasing its 
significance. The examination of the university level 
management practices and NEP 2020 requirements is 
presented in the current paper. There are suggestions for 
how NEPs should be created and implemented at the 
national and higher education levels (HEIs).
Choudhari (2022) advised that stakeholders need to 
actively engage with NEP 2020 to identify the skills 
necessary for effective participation in its implementation. 
It is crucial for stakeholders to proactively seek out 
and develop the skills essential for contributing to the 
economic growth facilitated by NEP 2020. Students, in 
particular, should assess their skills before selecting a 
course, as aligning their skills with their chosen course 
can expedite the achievement of their goals. Despite the 
broad potential for studying NEP 2020, there is a prevalent 
lack of awareness and understanding about its workings 
among the majority. Therefore, there is a pressing need for 
awareness campaigns and research efforts in this area to 
enhance knowledge among stakeholders. This increased 
understanding can accelerate the adoption of NEP 2020, 
contributing to the overall economic development.
Thakur (2022) concluded that Indian government has 
consistently crafted educational policies to maintain a high-
quality and globally acknowledged education system. The 
impact of the previous two national educational policies 
has contributed to the development of India's educational 
landscape, setting the stage for the action plan under the 
third national educational policy. The effectiveness of this 
policy will be assessed by examining the outcomes derived 
from the current national education policy's action plan. 
Success of NEP hinges on the policy's ability to address 

the root causes of prevailing challenges and issues.
Wani et al. (2023) offered a rejuvenating perspective to 
NEP, and concluded that policy incorporates flexibility and 
a hallmark of quality, shaping India into a vibrant society 
that resonates with its rich cultural heritage. The policy's 
focus on reducing the academic burden on students is pivotal 
for shaping the nation's future. However, its success hinges 
on uniform and transparent implementation across all 
levels, coupled with the equitable distribution of resources. 
Achieving this significant undertaking requires complete 
cooperation and collaboration among various stakeholders, 
supported by a robust institutional mechanism.
Yadav (2023) discussed that NEP 2020 promotes 
international collaboration and exchange initiatives to 
expose both students and educators to diverse global 
perspectives. The future prospects for NEP 2020 are very 
optimistic with its learner-centered approach, emphasis on 
comprehensive development, and integration of technology 
and skill enhancement, the policy holds the potential to 
bring about a transformative shift in India's education 
system. However, successful implementation necessitates 
committed efforts, collaboration among stakeholders, and 
ongoing assessments to ensure the attainment of desired 
outcomes.
Moreover studies are done in the context of opportunities, 
issues and challenges of NEP 2020. Few contributions are 
done to check impact of NEP 2020 on higher education of 
India in general perspective. But very scant contributions 
are done to take perspective of teachers about NEP 2020 and 
its impact. Present contribution has taken the perspective 
of teachers of higher education regarding sustainable 
impact of NEP 2020 on Indian education system on various 
dimensions. The focus is on examining NEP 2020 and the 
changes that have occurred in higher education. At these 
levels, emphasis was placed on practical approaches and 
job orientation, and the scope was expanded.

3.1 Objectives of the study
1. 	To know the features of NEP 2020 in context of higher 

education
2. 	To know the gender based perspective of teachers 

regarding impact of NEP 2020 with future prospects.
3.2. Hypothesis
H0: There is no significant difference of impact of NEP 
2020 on Indian Education System between male and 
female teacher perspective.
4. Research Methodology
Both primary and secondary data has been taken to 
conduct the study. Primary data is collected from teachers 
of higher education. A sample of 100 teachers is collected 
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through questionnaire and convenient sampling technique 
is employed to define the sample. In a sample of 100 
respondents, there were 56 men and 44 women. Secondary 
data is collected from the Ministry of Human Resource 
Development's NEP 2020 program. Independent sample 
t-test has been employed to analyze the data.

5.1. Features of NEP 2020

	 The educational framework outlined in the NEP, 
structured as 5+3+3+4, is designed to offer students 
a more comprehensive and well-rounded learning 
experience, encompassing a diverse range of subjects 
and skills. This approach aims to enhance students' 
understanding of the world, equipping them to face the 
challenges of the 21st century effectively.

	 The NEP underscores the importance of fostering 
critical thinking, creativity, and problem-solving skills. 
Through exposure to a broader array of subjects and 
skills, the revised curriculum intends to cultivate these 
vital abilities among students.

	 The NEP introduces greater flexibility and choice in 
the curriculum, empowering students to customize their 
education based on individual needs and interests. This 
adaptability aims to nurture students' unique strengths 
and preferences, preparing them for their chosen career 
paths.

	 Recognizing the significance of arts and humanities in 
shaping well-rounded individuals, the NEP advocates 
for an amplified emphasis on these disciplines. This 
approach seeks to provide students with a more holistic 
education, fostering a deeper understanding of the 
world and its diverse cultures.

	 With the goal of enhancing students' readiness for 
the workforce, the NEP anticipates that the revised 
curriculum will contribute to achieving this objective. 
By exposing students to a broader spectrum of subjects 
and skills, coupled with an emphasis on critical thinking 
and problem-solving, the new curriculum is poised to 
equip students with the essential skills needed to excel 
in the contemporary workforce.

	 Through the promotion of multilingual education, 
the NEP strives to foster a deeper appreciation and 
understanding of the diverse cultures and traditions 
within the country. This initiative is geared towards 
cultivating a more inclusive and respectful mindset 
towards different cultures among students, preparing 
them for the demands of an interconnected globalized 
world.

	 Acknowledging the significance of proficiency in 
multiple languages, the NEP places importance 

on multilingual education to enhance students' 
communication skills. This focus is anticipated to 
enable students to communicate more effectively with 
individuals from diverse cultures, equipping them for 
the challenges posed by a globalized world.

	 Proficiency in multiple languages is recognized as an 
advantageous skill in the job market, and the emphasis 
on multilingual education is projected to empower 
students with the language proficiency essential for 
success in their careers. This approach aims to open up 
a broader spectrum of job opportunities for students, 
aligning them with the demands of a globalized world.

	 Drawing from research indicating the positive impact 
of multilingual education on cognitive development, 
the NEP's emphasis on multilingual education is poised 
to yield similar cognitive benefits. This emphasis seeks 
to enhance students' understanding of the intricacies 
of the world, better preparing them for the challenges 
characteristic of the 21st century.

	 Through the broadening of vocational education, the 
NEP seeks to equip students with the necessary skills 
for success in the workforce. This initiative aims to 
enhance students' job readiness, better positioning 
them to tackle the challenges characteristic of the 21st 
century.

	 The expansion of vocational education is anticipated 
to amplify access to skilled employment opportunities, 
particularly in sectors like manufacturing, construction, 
and information technology. This approach is designed 
to address the existing skills gap in the country, fostering 
a greater array of job prospects for students.

	 The NEP endeavors to establish a stronger connection 
between education and the workforce, and the 
enlargement of vocational education is poised to 
contribute to this objective. By offering students 
practical, hands-on training in real-world skills, 
the expansion is anticipated to enhance students' 
understanding of workforce requirements, better 
preparing them for the challenges of the 21st century.

	 The expansion of vocational education is expected to 
provide students with opportunities to cultivate skills in 
specific fields and gain practical, hands-on experience. 
This initiative is geared towards enabling students to 
develop the skills necessary for success in their chosen 
careers, effectively preparing them for the challenges of 
the 21st century.

5.2. Data Analysis

5.2.1. Descriptive Statistics
Table 1 provides statistical information based on the 
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responses of 100 participants, categorized by gender, to 
various statements related to the National Education Policy 
(NEP). In terms of gender distribution, the sample consists 
of 100 individuals, with an average of 1.24, a standard 
deviation of 0.429, and a variance of 0.184. Whereas, for 
the statement "NEP will improve and sustain quality in our 
educational institutions," the mean is 2.98 with a standard 
deviation of 1.110 and a variance of 1.232. Similarly, 
for the statement "NEP will bring complete literacy by 
2050," the mean is 2.84, with a standard deviation of 0.950 
and a variance of 0.903. The statement "NEP will bring 
profound changes in the employment requirement criteria 
of companies" has a mean of 3.61, a standard deviation of 
1.270, and a variance of 1.614. Meanwhile, the statement 
"NEP will emphasize the promotion of vocational courses" 
has a mean of 3.55, a standard deviation of 1.167, and a 
variance of 1.361. Similarly, the statement "NEP will 
expand career opportunities through a multidisciplinary 
approach and bucket system" has a mean of 3.46, a 
standard deviation of 1.234, and a variance of 1.524. For 
the statement "NEP will improve the quality of teaching 
and learning," the mean is 3.12, with a standard deviation 
of 1.249 and a variance of 1.561. Lastly, the statement 
"NEP will improve overall governance on institutions" 
has a mean of 3.36, a standard deviation of 1.078, and 
a variance of 1.162. The data collectively reflects the 

participants' responses, providing insights into their 
perceptions and attitudes towards different aspects of the 
National Education Policy.

SPSS Results
5.2.2 A Sustainable Impact of NEP 2020 on Indian 
Education System with Future Prospects
Table 2 provides a comprehensive analysis of gender-
based perceptions regarding various aspects of the 
National Education Policy (NEP), as indicated by 
mean values and statistical measures. The t-values 
and associated p-values signify the significance of 
differences between male and female respondents.
Firstly, there is a statistically significant difference 
in the belief that the NEP will enhance and sustain 
the quality of educational institutions, with females 
expressing a higher mean score than males (3.167 
vs. 2.921, t = 5.402, p = 0.001). Similarly, there is 
a significant gender-based difference in opinions 
about the NEP's potential to achieve complete 
literacy by 2050, where females exhibit a slightly 
lower mean score than males (2.792 vs. 2.855, 
t = 4.634, p = 0.002). Regarding employment 
criteria, the data reveals a significant gender-based 
distinction in the perception of whether the NEP 
will bring profound changes to the requirements 
of companies, with males showing a higher mean 
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score than females (3.645 vs. 3.500, t = 2.378, 	
p = 0.036).
Moreover, there are significant gender differences 
in the belief that the NEP will emphasize the 
promotion of vocational courses, expand career 
opportunities through a multidisciplinary approach, 
and improve the quality of teaching and learning. 
Female respondents, on average, express higher 
levels of agreement with these statements compared 
to their male counterparts (p < 0.001). Additionally, 
both genders agree that the NEP will enhance 
overall governance in educational institutions, but 
females exhibit a higher mean score than males 
(3.625 vs. 3.276, t = 7.496, p = 0.000).

6. Conclusion

Gender-based perceptions on various aspects of the 
National Education Policy (NEP) reveals nuanced 
differences in attitudes. Female respondents 
generally express a more positive outlook, believing 

that the NEP will significantly improve and sustain 
the quality of educational institutions, potentially 
achieve complete literacy by 2050, and bring about 
profound changes in employment criteria. Notably, 
there is a consistent trend where females exhibit 
higher mean scores across statements, emphasizing 
the importance of considering gender-specific 
perspectives in the evaluation of educational 
policies. The data suggests that females may 
hold a more optimistic view regarding the NEP's 
potential impact on vocational courses, career 
opportunities, and the quality of teaching and 
learning. Additionally, the agreement is observed on 
the NEP's positive influence on overall governance 
in educational institutions, with females again 
indicating a slightly more favorable perception than 
their male counterparts. These findings underscore 
the need for inclusive policy discussions that 
consider diverse perspectives to ensure effective 
and equitable implementation.
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Abstract:
Objectives. The current attempt uses the Fork Index to quantify the probabilities that fingerprint minutiae can be used to 
identify a person's sex.
Material and methods. The current study was carried out on the Adamas University campus in Barasat, North 24 Parganas 
district, West Bengal state, India. The sample was made up of 100 Bengali-speaking youth (students) from West Bengal, 
India (50 males and 50 females) to address this issue. All the bilateral fingerprints were collected using ink and roller 
techniques.  All the collected prints were analyzed according to the standard classification and formula.
Results. The current study found that males have a substantially higher number of Forks and Minutiae in their fingertips 
than females. Furthermore, males score substantially higher mean on the Fork Index than females. 
Conclusions. The Fork Index, like previous investigations, has demonstrated sexual dimorphism. Based on such sexual 
dimorphism, the current study concludes that the Fork Index has the potential to be a biomarker for human sex determination 
and is valuable for forensic purposes.
Keywords: Finger Dermatoglyphics, Minutiae, Fork, Fork Index, Sexual dimorphism, Bengali Population.
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Introduction:
The scientific study of the cutaneous ridges on the fingers, 
palms, and soles that develop during the early stages 
of intrauterine life is known as dermatoglyphics [6]. 
Only genetic and environmental changes can affect the 	

	

development of epidermal ridges [1]. Through extensive 
investigation, Sir Francis Galton (1892) [5] established the 
durability of skin ridge patterns, significantly advancing the 
fingerprint recognition science. The basis for fingerprint 
identification in the modern period and the classification 
of physio-morphic features of the dermal ridges was well 
established [1]. 
The microscopic minute features of the friction ridge 
skin that enable the forensic application of fingerprint 
identification are known as fingerprint minutiae. Because 
fingerprints with the same number of arches, loops, and 
whorl patterns have different minutiae configurations, it 
is the most essential element for fingerprint recognition 
[2].  Ridge termination, ridge bifurcation, enclosure, short 
ridge, bridge, ridge crossing, hook, fork, and island are 
various minutiae points [3]. Sarkar (1980) stated that any 

DOI - 10.65024/atr.v2i2.11



76

minutiae's quantity and location are biometric indicators 
of individualistic pattern formation [3]. Okajima (1970)[4] 
formulated the Fork Index [3]. Banerjee and Sarkar (1983) 
[3] studied the fork distribution in fingerprints and reported 
a comparatively higher distribution of FI among males 
than females. The present study aims to reinvestigate and 
find the utility of the Fork Index as a Forensic measure of 
human sex determination through finger dermatoglyphics. 
Research methodology:
Research purpose and objectives
In the event of a Crime Scene investigation, the specialists 
discovered and traced many fingerprints. However, 
determining the sex of such prints is difficult because both 
males and females may have comparable patterns or ridge 
counts. The current study uses minutiae to determine the 
probable sex of lifted fingerprints. The fork is a distinct 
arrangement that can be easily tressed among the various 
minutiae. 
The objectives that guided this investigation were the 
following:

The current study aims to assess the Fork Index's efficacy 
as a forensic measure of human sex determination utilising 
finger dermatoglyphics.
Research methods and instruments
All the bilateral fingerprints were collected according 
to the standard ink and roller method [6]. The minutiae 
classification and fork identification were done using the 
standard classification of Sarkar (2004) [7], and the fork 
index (FI) was computed using the formula proposed by 
Okajima (1970). The formula of FI is as follows:

( )Fork Index FI Total Number of Minutiae
Total Number of Fork

100#=

Fork Index(FI)=(Total Number of Fork)/(Total Number of 
Minutiae)×100
All the data were interpreted in Microsoft Excel 2013, and 
all the statistical tests were performed in SPSS version 
18.0. The cut-off was set at the 95% probability limit.

Participants 
The present study was conducted within the campus of 
Adamas University, Barasat, North 24 Parganas, district, 
state of West Bengal, India. To solve this problem, the 
present study incorporated 100 (50 males;24.15±9.71 and 
50 females 23.86±8.56) Bengali-speaking youth (students) 
from West Bengal, India. The purposive random sampling 
method was followed based on their availability at the time 
of their data collection. 

Inclusion and Exclusion criteria
Healthy people without skin illness or dermatoglyphic 
abnormalities are included in the age group of 18 to 25 
years. Furthermore, the subjects must be Bengali speakers 
who live in West Bengal, India. 
Individuals with ridge disassociation and permanent 
scars on the finger ball (digital volar sac) due to 
injury, inflammation, surgery, or genetic alteration are 
excluded from the present paper. Further, polydactyl and 
monodactylids are also excluded. 
Results:
Table 1 presents that the studied males have a significantly 
(p<0.05) higher prevalence of Forks in all ten fingers than 
the studied females. In the right hand, the Index finger (II), 
Ring finger (IV), and little finger (V) have shown the highest 
(p=0.000) sexual dimorphism in terms of the presence of 
the Forks. However, on the left hands, a similar type of 
higher prevalence of the forks was observed (p=0.000) 
within the finger balls of the Index finger (II), Ring finger 
(IV), and little finger (V). The box plot analysis revealed the 
distribution of the cumulative Fork Index values for each 
finger (F1–F5) on both hands, separated by sex (male and 
female). This suggests that males have a more significant 
(p<0.05) number of forks at their fingertips. 
Table 2 revealed that the studied males have a significantly 
(p<0.05) higher prevalence of Minutiae in nine fingers 
among the ten fingers than the studied females. In the right 
hand, the Thumb (I) and Ring finger (IV) have shown 
the highest (p=0.000) sexual dimorphism regarding the 
presence of the Minutiae. However, the Index finger (II) 
never revealed any significant differences. Further, on the 
left hand, a similar type of higher prevalence (p=0.000) of 
the Minutiae was observed within the finger balls of the 
Thumb (I), Index finger (II), Middle Finger (III), and Ring 
finger (IV). The Box Plot revealed that the Right hand 
tends to show slightly larger values in females, notably 
for F2–F5. However, Males show less variability and 
higher means overall, reinforcing potential anatomical or 
functional differences. F3 (middle finger) seems to be the 
most reliable finger for distinguishing between sexes based 
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on these distributions. This suggests 
that males have a more significant 
(p<0.05) number of forks at their 
fingertips. 

Table 3 resulted that the studied males 
have a significantly (p<0.05) higher 
value of FI in all ten fingers than the 
studied females. In the right hand, the 
Index finger (II), Ring finger (IV), and 
little finger (V) have shown the highest 
(p=0.000) sexual dimorphism in terms 
of the presence of the Forks. However, 
on the left hand, a similar type of 
higher value of the FI was observed 
(p<0.05) within the finger balls of 
the Index finger (II) and Ring finger 
(IV). The box plot demonstrates the 
distribution of finger measurements 
for males and females on both hands 
across five fingers (F1 to F5). Overall, 
male measurements consistently show 
higher median values and narrower 
interquartile ranges compared to 
females, suggesting more uniformity 
in their data. In contrast, female data 
displays greater variability, with wider 
boxes and more outliers, indicating 
a broader range of measurements. 
The difference is most pronounced 
in fingers F2 and F3, where the male 
measurements are not only higher 
but also more tightly clustered. 
This pattern suggests a consistent 

anatomical difference in finger measurements between 
sexes, with males generally having larger and more 
consistently sized fingers than females.This suggests that 
males have a more significant (p<0.05) number of forks at 
their fingertips. 

Discussion

Sir Galton (1892) [5] described the valuable structural 
details of epidermal ridges as minutiae, and each person's 
quantity, type, shape, and position are distinct [1]. In forensic 
sciences, minutiae are a prominent biomarker for personal 
identification [1]. Loesch (1973) [8] and Steffens (1965) 
[9] made detailed categories, but the six-fold categorisation 

proposed by Penrose (1968) [10] and outlined by Cummins 
and Midlo (1961) [6] was widely accepted [1]. Okajima 
(1970) [4] introduced the fork index to express the number 
of forks concerning other minutiae. It was observed that 
the fork index showed finger-wise sex differences [3]. In 
continuation of Okajima’s (1970) [4] work, Banerjee and 
Sarkar (1983) [3] reported a similar sexual dimorphism of 
FI. In that study, it was documented that the males have a 
higher value of FI than the females [3]. The IVth finger 
had the highest mean FI in men, while the Ist finger had 
the lowest. The order of the fingers based on the mean FI 
is IV > II >V > III > I (right hand) and II>III>IV>V>I (left 
hand). Females also exhibit the same pattern as males; the 
highest and lowest mean values in the IVth and Ist fingers, 
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respectively, were similar, but the 
order of the fingers differed slightly 
from that of the males. The order of 
the fingers based on the mean FI is 
IV > V >II> III > I (right hand), and 
III>IV>II>V>I (left hand) (Banerjee 
& Sarkar, 1983, p.279). 
The present study also obtained a 
similar result, revealing that the males 
have significant (p<0.05) higher 
Fork, Minutiae, and FI in both hands 
than the studied females. Among the 
males, the order of the fingers based 
on the highest to lowest mean FI 
is IV>V>II>III>I (right hand) and 
III>IV>II>V>I (left hand). However, 
among the females, the order of the 
fingers based on the highest to lowest 
mean FI is IV>III>V>II>I (right hand) 
and III>II>V>IV>I (left hand). 

Conclusion

Based on the results, the current 
study may conclude that FI's sexually 
dimorphic character makes it a 
valuable forensic tool and can be 
utilised for primary sex identification 
from fingerprints quantitatively.
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Comparative Evaluation of Antioxidant and Free 
Radical Scavenging Activities of Alocasia indica, 

Colocasia esculenta, and Amorphophallus campanulatus

Abstract 
Oxidative stress, arising from the excessive production of reactive oxygen species (ROS), is a critical factor 
contributing to various chronic diseases such as cancer, atherosclerosis, cardiovascular disorders, aging, and 
inflammatory conditions. The search for natural antioxidants with therapeutic and cosmetic potential has intensified 
over the past decades. Plants rich in phytoconstituents like polyphenols, flavonoids, and carotenoids are recognized 
for their capacity to neutralize free radicals and protect biological macromolecules from oxidative damage. In this 
context, the present study aimed to evaluate and compare the antioxidant potential and free radical scavenging 
activities of aqueous and ethanolic extracts of Alocasia indica (giant taro), as well as a comparative analysis among 
ethanolic extracts of Alocasia indica, Amorphophallus campanulatus (elephant yam), and Colocasia esculenta 
(taro). These species, traditionally used in Indian and Ayurvedic medicine for various therapeutic purposes, were 
assessed using established antioxidant assays. The results demonstrated significant antioxidant activity in all tested 
extracts, with the ethanolic extract of Alocasia indica showing notably higher scavenging potential. Furthermore, 
when compared across the three species, variations in antioxidant efficiency were observed, suggesting species-
specific phytochemical profiles. The findings validate the traditional uses of these plants and support their potential 
application as natural sources of antioxidants for pharmaceutical and nutraceutical development. This study 
emphasizes the relevance of utilizing indigenous plant resources in developing effective antioxidant therapies.

Keywords
Alocasia indica, Antioxidant, Amorphophallus campanulatus, Colocasia esculenta, ROS

Introduction
Oxidative stress is the production of reactive oxygen 
species (ROS) such as superoxide, hydroxyl, peroxyl, and 
alkoxy radicals, and other free radicals that are produced 
during various physiological and biochemical reactions 
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contribute to cancer, atherosclerosis, cardiovascular 
diseases, ageing and inflammatory diseases [1].
The search for natural antioxidants of pharmaceutical & 
cosmetic use has become a major scientific & industrial 
challenge over the last two decades [2]. Several medicinal 
plants have been extensively investigated for the presence 
of polyphenols and other antioxidants [3]. The presence 
of wide range of phytoconstituents such as phenolics 
(flavonoids, phenolic acids and tocopherols), thiols & 
caretonoids in plants protect the human body against 
oxidative damage by free radicals [4]. Various active 
moieties present in the herbs are rich source of antioxidants 
and possess diverse medicinal values. They are being 
extracted and synthesized on large scale and are being 
widely used for more pronounced and marked effects 
than their crude forms [5]. WHO has estimated that 80% 
of the population of developing countries being unable to 
afford pharmaceutical drug relies on traditional medicines 
mainly plant based and plants are used in the treatment of 
various diseases from ancient times [6]. Herbal medicines 
are popularized due to their effectiveness, easy availability, 
low cost and comparatively being devoid of toxic effect 
[7]. In addition, antioxidants derived from plant sources are 
very effective and have reduced interference with body’s 
ability to use free radicals constructively [8]. Therefore, the 
need for the search for antioxidants form natural origin has 
been greatly felt in the recent years.
	 Alocasia indica Schott. (family-Araceae) is a perennial 
herb found tropical and sub-tropical regions of India. 
A. indica (L.) schott, commonly known as giant taro (in 
bengali ‘man kachu’) up to 5m in height found wild and 
cultivated all over India. The species are widely cultivated 
for its tubers used as vegetable in Assam, West Bengal, 
Maharashtra and South India. The strain is normally 
used in inflammation and in diseases of abdomen and 
spleen. The leaves of the plant are reported to be used as 
digestive, anthelmintic, laxative, diuretic, astringent and 
the hydroalcoholic extract of the leaves of the plant have 
hepatoprotective activity [9].
	 Amorphophallus campanulatus and Colocasia 
esculenta, or elephant yam and taro in English, and 'ol kachu' 
and 'gathi kachu' in Bengali, are perennial rhizomatous 
herbs and are members of the family Araceae. Not only are 
the species grown on a large scale, but they also propagate 
in the wild all over India, especially in areas of East Asia, 
Malaysia, and along the Pacific coast. They are grown in 
large quantities in areas like Assam and Bengal as major 
food crops, with their underground stems being an integral 
part of the local food culture [10, 11]. The leaves and corms 
are highly valued for their nutritional content. In Ayurvedic 
medicine, the underground stems have been used for 
centuries to treat a range of ailments such as constipation, 
stomatitis, jaundice, abdominal ailments, spleen ailments, 
inflammation, hemorrhoids, hepato-splenopathies, and 
general debility.
	 The present study aims to carry out a comparative 
analysis of the antioxidant activities and free radical 
scavenging abilities of aqueous and ethanolic extracts of 

Alocasia indica. Another observation was done to show 
a comparative study of free radical scavenging activity 
of ethanolic extract of Alocasia indica, Amorphophallus 
campanulatus and Colocasia esculenta.

II. MATERIALS AND METHODS

Chemicals
Ethylenediamine tetraacetic acid (EDTA), ascorbic 
acid, 2- deoxy-2-ribose, trichloroacetic acid (TCA), 
nitro blue tetrazolium (NBT), reduced nicotinamide 
adenine dinucleotide (NADH), phenazine methosulfate 
(PMS), sodium nitroprusside (SNP), sulfanilamide, 
naphthylethylenediamine dihydrochloride (NED), 
quercetin were obtained from Highmedia Research 
Laboratories Pvt. Ltd. Aluminium chloride (AlCl3), feric 
chloride, gallic acid, Ascorbic acid, Thiobarbituric acid 
(TBA), Sodium nitrite were obtained from Merck, India.

Plant material
The tuber part of Alocasia indica was collected from local 
market of Kolkata, West Bengal, India and authenticated 
through the Botany Dept. of Rammohan College, Kolkata, 
India. The plant material was chopped and dried at room 
temperature for 10 days and used as raw material. The dried 
tuber was finely powdered using a mechanical method and 
resulting powder was passed through the 40-micron sieve 
and stored in the airtight container.

Preparation of ethanolic extract (ETE)
The extraction was done by Soxhlet apparatus. An amount 
of 100 g of the dried and powdered tuber of A. indica 
was extracted in 500 mL of 80% ethanol (v/v) for 72 h. 
Then, the extract was centrifuged for 15 min at 4000 rpm. 
Supernatant was concentrated using a rotary evaporator to 
get semisolid residue which was dried under vacuum. The 
residue was kept at -20°C for future use.
For a comparative study ethanolic extraction was also done 
with another two strains Amorphophallus campanulatus 
and Colocasia esculenta. Preparation of ethanolic extract 
was done by the above method.

Preparation of aqueous extract (AQE)
Preparation of aqueous extract was done using water as 
solvent and then followed by the protocol was mentioned 
in preparation of ethanolic extract.

Estimation of dry extract weight (yield) protein and 
carbohydrate contents
The dried plant extract from ethanolic and aqueous 
method was estimated to measure the yield and then used 
for determining total protein and carbohydrate contents. 
Protein was assayed using coomassie blue (Bradford) 
protein assay reagent according to the technical instruction 
manual, with BSA as standard. The carbohydrate content 
of the enzyme preparations was determined by using the 
orcinol-sulphuric acid method [12] with glucose as the 
standard.
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Phytochemical screening
A preliminary phytochemical screening of all these 
extracts of A. indica was carried out for detection of 
phytoconstituents like saponins, tannins, alkaloids, 
phlobatanins, glycosides etc. [13].
a.) Alkaloids- 1 ml of 1% HCl was added to 3 ml of the 
extract in a test tube. The mixture was then heated for 20 
min, cooled and filtered about 2 drops of Mayer’s reagent to 
1 ml of the extract. A creamy precipitate was an indication 
of the presence of alkaloids.
b.) Tannins- 1 ml of freshly prepared 10% KOH was added 
to 1 ml of the extract. A dirty white precipitate showed the 
presence of tannins.
c.) Glycosides- 10 ml of 50% H2SO4 was added to 1 ml of 
the extract and the mixture heated in boiling water for about 
15 min. 10ml of Fehling’s solution was then added and the 
mixture boiled. A brick-red precipitate was confirmatory 
for the presence of glycosides.
d.) Saponins- Frothing test: 2 ml of the extract was 
vigorously shaken in the test tube for 2 min. Frothing 
means presence of saponins.
e.) Flavonoids- 1 ml of 10% NaOH was added to 3 ml 
of the extract. Yellow colouration in the reaction mixture 
indicates the presence of flavonoids.
f). Steroids- Salkowski test: 5 drops of concentrated 
H2SO4 were added to 1 ml of the extract in a test tube. Red 
colouration indicates the presence of steroids.
g). Phlobatanins- 1 ml of the extract was added to 1% HCl. 
Red precipitate indicates positive results.
h). Triterpenes- 1 ml of the extract was added to 5 drops of 
Acetic anhydride and a drop of concentrated H2SO4 added. 
The mixture was then steamed for 1 h and neutralized with 
NaOH followed by the addition of chloroform. Absence of 
blue-green colour indicates the absence of triterpenes.

Determination of total phenolic content
The total phenolic content was determined by using the 
Folin‐ Ciocalteu reagent [14]. About 1ml of plant extract 
was mixed with 5 ml of Folin-ciocalteu reagent (1:10) 
followed by 4 ml of Na2CO3 (0.7 M). Subsequently, 
the mixture was shaken for 1 h at room temperature and 
absorbance measured at 760 nm. All tests were performed 
in triplicate. The concentration of total phenolic compounds 
was determined as μg gallic acid equivalents.

Determination of total flavonoid content
The total flavonoid content was determined by aluminium 
chloride (AlCl3) according to a known method [15]. The 
tuber extract (0.1 ml) was added to 0.3 ml distilled water 
followed by NaNO2 (0.03 ml, 5%). After 5 min at 25°C, 
AlCl3 (0.03 ml, 10%) was added. After a further 5 min, 
the reaction mixture was treated with 0.2 ml 1 mM NaOH. 
Finally, the reaction mixture was diluted to 1 ml with water 
and the absorbance was measured at 510 nm. All tests were 
performed six times. The flavonoid content was calculated 
from a quercetin standard curve.

Total antioxidant activity
Total antioxidant activities of ethanolic and aqueous 
extract were determined as described by Badrinathan et 
al., 2011 [16]. In brief, 0.3 ml of sample was mixed with 
3.0 ml reagent solution prepared by 0.6 M sulfuric acid, 28 
mM sodium phosphate and 4 mM ammonium molybdate. 
Reaction mixture was incubated at 95°C for 90 min under 
water bath and absorbance was measured at 695 nm. All 
tests were performed in triplicate. Total antioxidant activity 
was expressed as the number of equivalents of ascorbic 
acid in milligram.

DPPH radical scavenging activity
50 μl of 0.16 mM 2, 2-Diphenyl-1-picrlyhydrazyl (DPPH) 
solution in methanol were added to 50 μl aliquot of test 
sample or standard ascorbic acid. The mixture was 
vortexed for 1 min and kept at room temperature for 30 
min in the dark. The absorbance of all the sample solutions 
was measured at 517 nm with respective blank [16]. All 
tests were performed in triplicate. The scavenging effect 
(%) was calculated by the following equation:

Scavenging activity (%) = [(Abs control – Abs sample)] / 
(Abs control)] ×100

Hydroxyl radical scavenging
The scavenging capacity for hydroxyl radical was measured 
according to the modified method of Saumya & Mahaboob 
basha, 2011 [14]. Stock solutions of EDTA (1 mM), FeCl3 
(10 mM), ascorbic acid (1mM), H2O2 (10 mM) and 
deoxyribose (10 mM) were prepared in distilled deionized 
water. The assay was performed by adding 0.1 ml of EDTA 
0.01 ml of FeCl3, 0.1 ml of H2O2, 0.36 ml of deoxyribose, 
1.0 ml of plant extract or ascorbic acid as standard (1‐10 
μg/ml), 0.33 ml of phosphate buffer (50 mM, pH 7.4) and 
0.1ml of ascorbic acid in sequence. The mixture was then 
incubated at 37°C for 1 hr. About 1.0 ml portion of the 
incubated mixture was mixed with 1.0 ml of 10% TCA 
and 1.0 ml of 0.5% TBA to develop the pink chromogen, 
measured at 532 nm. Decreasing value of absorbance of 
reaction mixture indicates increasing Hydroxyl scavenging 
activity. All tests were performed in triplicate. Percentage 
scavenging activity was calculated using the formula given 
above.

Nitric oxide radical scavenging
The extent of nitric oxide generation was studied using 
Griess reagent method [14]. 4 ml extract (1‐50 μg/ml) was 
added with 1 ml of sodium nitroprusside solution (5 mM) 
and incubated for 2 h at 27oC. An aliquot (2 ml) of the 
incubation solution was removed and diluted with 1.2 ml 
of Griess reagent (1% sulfanilamide in 5% H3PO4 and 
0.1% naphthylethylene diamine dihydrochloride). The 
absorbance of the chromophore was read immediately 
at 550 nm and compared with standard, ascorbic acid. 
All tests were performed in triplicate. Percentage Nitric 
oxide radical scavenging activity was calculated using the 
formula given above.
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Reducing power
Reducing power was measured by the reaction mixture 
containing 1.0 ml of different concentration of sample 
mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) 
and 2.5 ml potassium ferricyanide (1%). Reaction mixture 
was incubated at 50°C for 20 min. After incubation, 2.5 
ml of TCA (10%) was added and centrifuged (650 g) for 
10 min. From the upper layer, 2.5 ml solution was mixed 
with 2.5 ml distilled water and 0.5 ml FeCl3 (0.1%) and 
absorbance was measured at 695 nm [16]. Increased 
absorbance indicates increased reducing power. The results 
were expressed in ascorbic acid equivalents. All tests were 
performed in triplicate.

Superoxide radical scavenging and superoxide dismutase 
activity (SOD)
The reaction mixture contained 1 ml of NBT solution (156 
μM prepared in phosphate buffer, pH 7.4), 1 ml of NADH 
solution (468 μM prepared in phosphate buffer, pH 7.4) 
and different fractions of the diluted extracts were added. 
Finally, reaction was accelerated by adding 100 μl PMS 
solution (60 μM prepared in phosphate buffer, pH 7.4) to 
the mixture. The reaction mixture was shaken and incubated 
at 25°C for 5 min and absorbance at 560 nm was measured 
against blank sample. Ascorbic acid and (10 -50 μg/ml) 
were taken as standard. Decreasing value of absorbance of 
reaction mixture
indicates increasing superoxide-anion-scavenging 
activity. All tests were performed in triplicate. Percentage 
scavenging activity was calculated using the formula 
given above as described earlier [17]. SOD activity was 
expressed as nKat/ min/ mg of protein.

Catalase activity
Catalase activity was determined by measuring the 
decrease in absorbance at 240 nm [18]. The reaction 
mixture contained 0.5 ml of enzyme extract and 2.0 ml of 
0.1 M sodium phosphate buffer (pH 6.8) and the reaction 
was started by the addition of 0.5 ml of 10 mM hydrogen 
peroxide. The decrease in absorbance was recorded. 
Decrease of absorbance was recorded in every 15 sec up 
to 3 min. Catalase activity was expressed as nKat/ min/ mg 
of protein.

Statistical analysis
All data are given as the mean ± SD of four measurements. 
An IC50 was calculated as the concentration which brought 
about a 50% reduction in absorbance compared to blank. 
Ascorbic acid was used as standard.

III. RESULTS
A) Comparative study of in vitro antioxidant activity of 

the ethanolic and aqueous extract of A. indica

Estimation of yield and biochemical composition of 
extract of A. indica
Biologically active molecules for general screening of 
bioactivity need various solvents for extraction methods. 

In this study soxhelet extraction was done using ethanol 
and water for extraction of tuber of A. indica. The yields of 
the extracts obtained by two extraction methods are given 
in Tables 1. Water extraction (AQE) of the material showed 
1.9 times higher yield than that of the ethanolic extraction 
(ETE) method.
The biochemical contents like protein and carbohydrate 
were quantified in crude extract powder. A. indica 
extracted in water medium (AQE) has approximately 4.15 
mg/gm of plant material (0.42 %) and 109 mg/g of plant 
material (10.9 %) of protein and carbohydrate respectively. 
In ethanolic extraction (ETE) the protein and carbohydrate 
contents were found to be 2.21 times and 1.32 times 
higher respectively (Tables 1). Protein and carbohydrate 
compositions have been indicated to be variable by season 
and species. The intracellular and cell wall polysaccharides 
influence carbohydrate composition while the presence 
of various enzymes and pigments influence protein 
composition.

Table 1: Estimation of dry extract weight, protein and 
carbohydrate content of different extraction method of A. 
indica. ETE- ethanolic extraction; AQE- Water (aqueous) 

extraction.

Phytochemical study
Preliminary phytochemical screening revealed the presence 
of various phytochemical given in the following Table 2.

Table 2: Phytochemical screening of ethanolic (ETE) and 
water (AQE) extracts of A.indica.

Determination of total phenolic content
Phenolic compounds may contribute directly to 
antioxidative action. The total phenolic content of ETE 
and AQE were 123.66±12.09 mg and 94.71±7.83 mg gallic 
acid equivalent per g of plant extract respectively (Fig 1).
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Figure 1: Total phenolic content of ethanolic (ETE) and 
aqueous (AQE) extract (mg/g dry extract) of A. indica 

(1A) with gallic acid standard (μg/ml) (1B).
Determination of total flavonoid content
The total flavonoid content of the 80% ETE and AQE of 
A. indica was 6.47± 0.35 mg and 1.04±0.39 mg quercetin 
equivalent per g of plant extract respectively (Fig 2).

Figure 2: Total flavonoid content of ethanolic (ETE) and 

aqueous (AQE) extract (mg/g dry extract) of A. indica 
(2A) with quercetin standard (μg/ml) (2B)

Total antioxidant activity

Soxhlet extraction with ethanol demonstrated moderately 
increased total antioxidant activity compared with water 
extraction (Fig 3). ETE showed highest antioxidant activity 
(729.69±77.48 mg ascorbic acid equivalent/g dry extract) 
than AQE (369.78±10.76 mg ascorbic acid equivalent/g 
dry extract).

Figure 3: Total antioxidant activity of ethanolic (ETE) and 
aqueous (AQE) extract (mg/g dry extract) of A. indica 
was measured by ascorbic acid equivalent (3A) with 

ascorbic acid standard (μg/ml) (3B).

DPPH radical scavenging assay

Radical scavenging effect of natural antioxidants could 
be evaluated using DPPH, a free radical donor under in 
vitro conditions [19]. Ethanolic and water extracts of A. 
indica were used for assessing its free radical quenching 
activity using DPPH. It was observed that in 0.5 mg/ml 
concentration ETE of A. indica tuber had 32.28 % higher 
activity for scavenging DPPH than that of AQE (Fig 4). 
The IC50 values of ethanolic and water extracts were found 
to be 1.31mg/ml, and 3.32 mg/ml respectively.
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Figure 4: DPPH radical scavenging assay of ethanolic 
(ETE) and aqueous (AQE) extract of A. indica (4A) with 
ascorbic acid standard (μg/ml) (4B). The percentage 
inhibition was plotted against the concentration of samples.
Hydroxyl radical scavenging
Hydroxyl radical scavenging assay shows the ability of 
the extracts and standard BHT to inhibit hydroxyl radical‐
mediated deoxyribose degradation in a Fe3+‐EDTA‐
ascorbic acid and H2O2 reaction mixture. ETE showed 
3.5 times higher % inhibition than AQE in 0.5mg/ml of the 
extract (Fig 5). The IC50 values of ETE, AQE and standard 
in this assay were 3.09 mg/ml, 3.71 mg/ml and 2.85 μg/
ml, respectively. The IC50 value of the ETE and AQE 
were higher than that of standard showing more ability in 
hydroxyl radical scavenging.

Figure 5: Hydroxyl radical scavenging assay of ethanolic 
(ETE) and aqueous (AQE) extract of A. indica (5A) with 
ascorbic acid standard (μg/ml) (5B). The percentage 
inhibition was plotted against the concentration of samples.
Nitric oxide radical scavenging
In this method, nitrite produced by sodium nitroprusside 
in standard phosphate buffer was reduced by antioxidant 
present in the extracts, which compete with oxygen to 
react with nitric oxide there by inhibiting the generation of 
nitrite. A. indica extract caused a moderate dose-dependent 
inhibition of nitric oxide. Ascorbic acid was used as a 
standard and 4.77 μg/ml ascorbic acid was needed for 
50% inhibition (Fig 6). The IC50 value of the ETE and 
AQE were 13.97 mg/ml and 19.95 mg/ml respectively, 
which were lower than that of the standard. At 1 mg/ml, 
the percentage inhibition of the ETE and AQE was 17.92 
% and 2.05 % whereas at 200 μg/ml the percent inhibition 
of ascorbic acid was 47.8%.

Figure 6: Nitric oxide radical scavenging assay of ethanolic 
(ETE) and aqueous (AQE) extract of A. indica (6A) with 
ascorbic acid standard (μg/ml) (6B). The percentage 
inhibition was plotted against the concentration of samples.

B) Comparative study of in vitro antioxidant activity of 
the ethanolic extract of Alocasia indica, Amorphophallus 
campanulatus, Colocasia esculenta.
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IV. DISCUSSION AND CONCLUSION

Natural antioxidants that are present in herbs are responsible 
for inhibiting or preventing the deleterious consequences of 
oxidative stress. Herbs contain free radical scavengers like 
polyphenols, flavonoids and phenolic compounds. In the 
present study, we have evaluated the antioxidant potential 
of ethanolic and aqueous extracts of tuber of Alocasia indica 
in vivo. Results of the present study revealed that though 
the yield of dry extract was higher in water extract of A. 
indica, the protein and carbohydrate content was higher 
in ethanolic extract (Table 1). Phytoconstituents analysis 
showed same composition in both extracts (Table 2) as well 
as significant level of phenolic compounds is also present 
in both extracts of A. indica. The ethanolic extract had a 
higher concentration of total phenolic compounds than the 
aqueous extract (Fig. 1). The difference in their phenolic 
compounds may be due to their respective polarities. 
Flavonoids are a group of polyphenolic compounds with 
known properties which include free radical scavenging, 
inhibition of hydrolytic and oxidative enzymes and anti-
inflammatory action. Results of this study revealed that 
the flavonoid contents in terms of quercetin equivalent are 
much higher in ethanolic extract than the aqueous extract 
of A. indica (Fig. 2). So, flavonoids present in the ethanolic 
and aqueous extract of A. indica may help provide 
protection against different diseases by contributing 
along with antioxidant vitamins and enzymes, to the total 
antioxidant defense system of the human body. Our results 
showed total antioxidant activity was higher in ethanolic 
extract than the water extract (Fig. 3).
	 Free radicals are involved in many disorders 
like neurodegenerative diseases, cancer and AIDS. 
Antioxidants through their scavenging power are useful for 
the management of those diseases. Both, the aqueous and 
ethanolic extracts of A. indica were found to possess DPPH 
scavenging activity (Fig. 4). This suggests that the tuber of 
A. indica contains compounds that are capable of donating 
hydrogen to a free radical to remove odd electrons which is 
responsible for radical's reactivity. Hydroxyl radical is the 
most reactive among the ROS. The ethanolic extract of A. 
indica extracts showed higher hydroxyl radical scavenging 
activity when compared to the water extracts (Fig. 5). 
Nitric oxide is a free radical produced in mammalian 
cells, involved in the regulation of various physiological 
processes. However, excess production of NO is associated 
with several diseases. The results revealed that the ethanolic 
extract exhibited maximum inhibition as compared to 
aqueous extract (Fig. 6).
	 This research is a comparative analysis of the antioxidant 
activity contained in ethanolic extracts of Amorphophallus 
campanulatus, Alocasia indica, and Colocasia esculenta. 
The analysis was done according to their capacity to 
scavenge DPPH radicals and other reactive oxygen species 
including hydroxyl and superoxide radicals. The ethanolic 

extract of Amorphophallus campanulatus was the most 
active in scavenging free radicals among the three extracts 
and thus indicates its antioxidant activity indirectly.
	 Because all three tuber species are commonly eaten as 
a food crop, their robust antioxidant properties present a 
promising field for future pharmacognostic research. These 
findings could be part of the process of creating therapeutic
agents to be employed in the treatment of lifestyle-induced 
oxidative stress diseases.
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	 Student Multidisciplinary Team Innovation thrives at the intersection of diverse expertise. 
Our research initiative brings together students from across campus, creating a rich ecosystem 
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and implementing sustainable farming methods in lowlands for saffron saffron cultivation in 
lowlands Sustainable pest management solutions Soil conservation techniques industrial scale 
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