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 In recent years, the Indian Knowledge 

System (IKS) has emerged as a critical component 

of higher education reform in India. Far from being 

merely a cultural revival, the integration of IKS 

offers a framework for holistic, interdisciplinary, 

and sustainability-oriented education. The National 

Education Policy (NEP) 2020 emphasizes 

systematic inclusion of Indiaôs classical knowledge 

traditions, creating opportunities to bridge 

historical intellectual heritage with contemporary 

academic demands (National Education Policy, 

2020; Sharma, 2022). 

 IKS encompasses a broad spectrum of 

disciplines, including mathematics, astronomy, 

medicine, philosophy, linguistics, and governance, 

representing centuries of sophisticated scholarship 

(Mehta & Singh, 2021). Historically, institutions 

such as Takshashila and Nalanda exemplified 

global centers of learning, and their pedagogical 

principlesðmentorship, experiential learning, and 

ethical educationðremain relevant today (Joshi & 

Bansal, 2023). Embedding these traditions within 

modern curricula can nurture students who are 

academically competent, socially responsible, and 

culturally grounded. 

 A compelling justification for integrating 

IKS lies in its alignment with sustainable 

development principles. Traditional practices in 

agriculture, water management, and ecological 

conservation reflect deep insights into 

environmental stewardship, ethical living, and 

community well-being (Mehta & Singh, 2021). 

Concepts such as prakriti (nature), dharma (ethical 

duty), and lokasangraha (collective welfare) can 

inform contemporary education, particularly in 

environmental sciences, public policy, and 

management programs. 

Editorial 

 Pedagogically, IKS fosters critical 

thinking, problem-solving, and interdisciplinary 

inquiry. Experiential learning, mentorship models, 

and value-based education embedded within 

traditional systems resonate with modern student-

centered, project-based, and holistic learning 

approaches (Joshi & Bansal, 2023). Classical 

scientific texts also demonstrate advanced 

understanding in mathematics, astronomy, and 

medicine, challenging the notion that indigenous 

knowledge is incompatible with empirical science 

(Sharma, 2022). 

 However, meaningful integration requires 

careful design and academic rigor. Without 

structured curriculum frameworks, trained faculty, 

and standardized research methodologies, IKS risks 

superficial adoption or misrepresentation. It is 

essential to balance cultural revival with scholarly 

critique, ensuring that IKS complements rather than 

competes with contemporary global knowledge 

systems (Joshi & Bansal, 2023). 

 The potential for research-oriented 

initiatives within higher education is substantial. 

Interdisciplinary programs combining IKS with 

modern disciplines can enhance innovation in 

health sciences, environmental management, and 

technology. Institutional support for IKS-focused 

research, digital archiving of manuscripts, and 

collaborative projects can facilitate critical 

scholarship, increasing global relevance and 

visibility of Indian knowledge traditions (Mehta & 

Singh, 2021; Sharma, 2022). 

 In conclusion, integrating the Indian 

Knowledge System into higher education 

represents a transformative opportunity. By 

fostering interdisciplinary learning, ecological 

consciousness, and cultural rootedness, IKS can 
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contribute to producing graduates equipped to 

navigate global challenges responsibly and 

ethically. Institutionalizing these systems with 

academic rigor, critical engagement, and sustained 

policy support will create an educational model 

that honors Indiaôs intellectual heritage while 

addressing contemporary societal needs. 
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INTRODUCTION  

 Metabolomics is a dynamic and 

multidisciplinary area of research focusing on the 

identification and quantification of metabolites, 

small molecules produced within cells, biofluids, 

tissues or organisms as a result of metabolic 

processes (Clish 2015a). Through the analyses of 

metabolites, such as amino acids, sugars, and 

lipids, researchers can understand the valuable 

insights into an organism's metabolic state and its 

response to environmental and genetic changes 

(Rinschen et al. 2019). It is rapidly advancing area 

of scientific research that combines systems 

biology, biochemistry and analytical chemistry to 
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find out the intricate inter-relationship between 

metabolites and their surrounding (Piazza et al. 

2018; Manickam et al. 2023). The rise of 

metabolomics as a field has been driven by the 

advances in analytical technology. Various tools 

like gas chromatography-mass spectrometry (GC-

MS), liquid chromatography-mass spectrometry 

(LC-MS), nuclear magnetic resonance (NMR) 

spectroscopy, high-resolution mass spectrometry 

(HRMS), and matrix-assisted laser desorption/

ionization (MALDI) have unlocked new ways to 

study and understand the metabolites. These 

advanced techniques allow scientists to identify 

and quantify from extremely small molecules to 

large molecules in unprecedented detail, making it 

possible to explore the metabolic processes of 

living organisms more profoundly than ever before 

(Clish 2015b). This advanced approach allows 

scientists to detect and measure metabolites in 

complex samples such as tissue extracts, blood, 

serum, and urine etc. In the case of plant 

metabolomics, the focus is specifically on the 

metabolites found in plant cells and tissues. By 

analyzing these compounds, researchers can get a 

deeper understanding of how plant metabolites 

function, influencing growth, development, and 

the ability to respond to stresses. It helps to 

identify the important metabolites tied to specific 

traits, key metabolic pathways, and explains how 

plants can adapt to environmental and genetic 

changes (Manickam et al. 2023). Moreover, 

metabolomics in agricultural science investigates 

the metabolic pathways that facilitate crop growth 

and development. This also enables the 

identification of metabolites enhancing crop 

nutritional value and development of nutrient-

enriched crop varieties (Ibarra-Estrada et al. 2016). 

Depending on the research approaches, 

metabolomics can be divided into two primary 

categories: targeted and untargeted (Lelli et al., 

2021). Targeted metabolomics mainly involves in 

precise identification and quantification of a 

predefined set of well-characterized metabolites, 

typically those associated with a specific metabolic 

pathway or stress response mechanism (Roberts et 

al. 2012a). This utilizes the already established 

internal standards for semi-quantitative or 

quantitative analysis. In contrast, untargeted 

metabolomics deals with a discovery-driven 

approach, looking for comprehensively 

identification and quantification of all metabolites 

present in a biological sample, regardless of their 

known or unknown identity, function, or 

biological significance (Schrimpe-Rutledge et al., 

2016; Snart et al., 2015). This produces vast 

datasets, requiring advanced statistical tools like 

multivariate analysis to extract meaningful 

insights and simplify the data (Chen et al. 2022). 

In this article, we have briefly discussed the 

workflow of untargeted plant metabolomic 

analysis, from sample preparation to data analysis. 

The protocols for targeted metabolomics have 

been detailed well by Roberts and team (Roberts 

et al. 2012b). 

 

1. Sample preparation 

 Sample preparation is critical in 

metabolomic studies, significantly impacting 

result reliability. Small variations in sample 

collection, metabolite extraction, or storage can 

compromise metabolite stability, leading to 

substantial changes in the observed results. To 

mitigate this, metabolomics samples must be 

collected uniformly and rapidly, considering the 

rapid enzymatic turnover rate of the metabolome 

(Salem et al. 2020). Plants parts like leaf, root, 

stems etc. can be used for metabolite extraction. 

Rapid freezing (flash-freezing) methods using 

liquid nitrogen (or dry ice) is strongly 

recommended for preserving fresh samples during 

harvesting to stop enzyme-induced metabolic 

changes. This immediate freezing step effectively 

halts metabolic activity, ensuring the integrity of 

the sample for subsequent metabolomics analysis 

(Sumner et al. 2007). The preparation of plant 

samples for metabolomics analysis typically 

encompasses four distinct phases: harvesting, 

drying (optional, fresh samples can also be used 

for extraction), extraction (if required), and sample 

preparation for analysis. Minor changes in sample 
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preparation is allowed depending on the analytical 

method and experimental design (Kim and 

Verpoorte 2010). Change in environmental 

condition induces variation in metabolome 

composition of the samples to be studied. 

Therefore, samples are generally grown under 

controlled environmental condition or collected 

from the same environment at the same time and 

condition to minimize the variation.  Post-harvest, 

immediate freezing is crucial to halt enzymatic 

reactions triggered by handling and wounding. 

The most effective method is to flash-freeze the 

samples in liquid nitrogen to preserve metabolite 

integrity and quenching (Sumner et al. 2007). In 

some cases, such as NMR analysis, drying is 

essential before extraction of the plant 

metabolome. Flash-frozen samples can be stored 

in -80  for a short period of time. Before 

metabolite extraction, samples can be lysed, 

lyophilized or homogenized according to the 

experimental requirement (Salem et al. 2020). 

 

2. Metabolite extraction 

Effective metabolite extraction is crucial for 

successful metabolomics experiments. For 

untargeted metabolomics, optimal extraction 

methods are vital to release a diverse spectrum of 

metabolites, ensuring comprehensive analysis and 

accurate representation of the sample's 

metabolome (Roberts et al. 2012b). An 

appropriate extraction solvent is chosen based on 

polarity, which governs metabolite solubility ('like

-dissolves-like' principle); selectivity, targeting 

specific metabolite classes and toxicity and 

inertness, ensuring safe and unbiased extraction. 

For novel, exploratory studies, a series of solvents 

may require to be tested for ensuring maximum 

metabolite extraction. For LC/MS based practices, 

methanol or acetonitrile acidified with 0.1% 

formic acid is widely used for untargeted 

metabolite extraction. For GC/MS, however, 

volatile organic solvents such as ethyl acetate, 

dichloromethane, toluene and hexane etc. are used 

(Gaylor et al. 2018). Derivatization, a chemical 

modification that enhances the separation and 

sensitivity of detection of analytes is mandatory in 

GC/MS based practices. A set of biological 

replicates and a pooled QC stock sample prepared 

by pooling a specific volume from each sample of 

the experiment is highly recommended. This 

increases the reproducibility of the experiment and 

helps in signal normalization and identification 

and annotation of unknown metabolite (Souza and 

Patti 2021). Plant tissues such as leaves, stems or 

roots are homogenized well using liquid nitrogen, 

vortexed, ultrasonicated and centrifuged in the 

extraction solvent and the supernatant is collected 

for analysis. 

 

3. Sample analysis 

Although untargeted metabolomics aims to 

identify the global metabolome in the studied 

sample, it faces limitations due to the diverse 

chemical properties of metabolites. Experimental 

conditions, such as solvents and instrumentation, 

affect which metabolites are detectable. In general, 

methods that are suitable for only a specific class 

or few are avoided as this decreases the global 

metabolome coverage of the sample. Liquid 

Chromatography/Mass Spectrometry (LC/MS) is 

the gold standard for untargeted metabolomic 

study due to its capability to detect numerous 

metabolites and highly sensitive nature (Souza and 

Patti 2021). A general untargeted plant 

metabolomic analysis starts with extracting the 

frozen plant tissue (e.g. 100 mg) in methanol/

water (80:20, v/v) using 10-minute ultrasonication 

and 13,000 rpm centrifugation for 10 minutes. The 

resulting supernatant is evaporated and 

reconstituted in LC-MS grade solvent (50% 

acetonitrile, 0.1% formic acid). For LC-MS-based 

metabolomics analysis, pre-filtering of the 

samples using 0.22 Õm nylon syringe filters is 

crucial for removing contaminants, preventing 

column clogging and to enhance the efficacy of 

the experiment. LC-MS analysis generally utilizes 

a reverse-phase C18 column with a 0-20 minute 

gradient elution (5-100% acetonitrile) at 0.3 mL/

min. Electrospray ionization mass spectrometry 

(ESI-MS) within a scanning range of 50-1000 m/z 
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in both positive and negative polarities is 

suggested (Want et al. 2013). 

 

4. Processing of raw files 

In untargeted plant metabolomics, raw LC-MS 

files are processed through a series of steps to 

extract meaningful information. Initially, raw files 

are imported into specialized software (e.g., 

Progenesis QI, MetaboAnalyst, XCMS, MZmine) 

for peak detection, alignment, and feature 

extraction. Noise, isotopes, and adducts are 

removed through data filtering, followed by 

normalization (e.g., total sum normalization) to 

correct for variability. A typical MS data 

processing workflow consists of importing the raw 

data file, mass detection, smoothing/filtering 

(optional), peak picking, deisotoping, alignment, 

gap filling, and annotation. Metabolite 

identification is performed using databases (e.g., 

KEGG, PlantCyc). Finally, pathway analysis is 

conducted to understand the overall metabolic 

network. Statistical analysis (e.g., PCA, ANOVA) 

is then applied to identify significant metabolites. 

MetaboAnalyst (Pang et al. 2024), MZmine 

(Schmid et al. 2023), XCMS (Tautenhahn et al. 

2012) are widely used user-friendly, open-source 

platforms that enable investigators to pre-process, 

analyse and visualize large metabolomic datasets 

easily. A graphic representation of the data-

processing workflow is given in Figure 1. All the 

tools follow almost the same operating protocol, 

from raw data processing to statistical analysis. 

Here, we have discussed briefly the steps followed 

in MZmine3.3.0. This tool supports .mzML, 

.mzXML, .imzML, .netCDF, and .aird file 

formats. Raw files can be converted to any of 

these formats utilizing msConvert, a command-

line utility for converting mass-spectrometry file 

format. msConvert enhances the quality of mass 

spectrometry data through peak picking, which 

extracts prominent peaks and minimizes noise and 

irrelevant information. This refined data facilitates 

accurate identification and quantification of target 

compounds by downstream analysis tools. 

Following conversion to .mzXML files, the data is 

imported into MZmine 3.3.0 software via the 

"Raw Data Import" tool under the "Raw Data 

Methods" tab. Once all files are selected, mass 

detection is performed by navigating to "Raw Data 

Methods" and accessing "Feature Detection" and 

then "Mass Detection", enabling comprehensive 

analysis. 

 In MZmine 3.3.0, the centroid mass 

detector processes raw mass spectrometry data to 

identify and extract individual peaks. This 

centroiding process converts complex mass 

spectra into discrete peaks representing single 

compounds or ions. For feature detection and 

chromatogram construction, the ADAP 

chromatogram builder module identifies target 

compounds' m/z values based on user-defined 

lists. It then extracts corresponding intensity 

values and constructs chromatograms. 

Adjustments can be made as needed to suit 

experimental requirements. Chromatogram 

resolution is achieved through the Local Minimum 

Resolver, accessible via Feature Detection > 

Chromatogram Resolving > Local Minimum 

Resolver. This critical feature-resolving step 

separates overlapping and co-eluting peaks, 

ensuring accurate data pre-processing. In this 

process, parameters like chromatographic 

threshold, minimum absolute height, peak 

duration range etc. are to be adjusted based on the 

experiment. To eliminate the repetitive features, 

for example, the ones generated due to the 

presence of isotopes, isotope filters is applied 

which removes the possible isotope signals. In 

mass spectrometry, ionization of a compound can 

generate multiple peaks representing different 

isotopes. For instance, a compound with one 

carbon and two nitrogen atoms (C1N2) may 

produce peaks at m/z 42, 43, and 44, 

corresponding to carbon-12, carbon-13, nitrogen-

14, and nitrogen-15 isotopes. The Isotope Pattern 

Finder tool, accessible via "Feature List Methods" 

> "Isotopes" > "Isotope Pattern Finder", identifies 

these isotopic peaks to confirm compound 

identity. Following isotopic analysis, the Join 

Aligner module aligns corresponding features 
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across samples based on mass, retention time, and 

user-defined tolerance ranges. This module is 

accessed through "Feature List Methods" > 

"Alignment" > "Join Aligner". To optimize the 

results, various parameters within the ñJoin 

Alignerò module can be adjusted according to the 

research objectives. 

 To improve the quality of the raw feature 

data, a "Feature List Filtering" step is used to 

remove low-quality or noisy features based on set 

criteria, ensuring that the dataset remains reliable. 

Further, the "Gap Filling" step is applied to address 

missing data, which could result from instrument 

errors, sample handling problems, or other 

limitations. This is an important step which helps 

in making the dataset more complete, enabling 

better statistical analysis and easier identification 

of unknown metabolites. Once this process is 

completed, the cleaned-up feature list is matched 

against the various databases like, KEGG database 

for molecular annotations. Lastly, the annotated 

results can be exported for further analysis and 

visualization, providing a more complete picture of 

the metabolomic findings. 

 

5. Statistical Analysis 

 Analyzing metabolomic data involves 

different statistical techniques based on the type of 

experiment being conducted. Researchers often use 

both the univariate and multivariate analyses. 

Univariate analysis provides a straightforward look 

at the data, making it easier to identify important 

conditions. For comparing two groups, methods 

such as t-tests, fold change analysis, and volcano 

plots are commonly used. When looking at 

multiple groups, one-way ANOVA is usually the 

go-to method, and researchers often follow up with 

post hoc tests and correlation analysis to dig deeper 

into the relationships between the variables 

(Cambiaghi et al. 2017). With many metabolites 

present in each sample, the risk of false positives 

may increases during multiple testing. To avoid 

this, researchers mostly uses the correction 

methods like Bonferroni adjustment and Benjamini

-Hochberg's False Discovery Rate (FDR) to refine 

p-values and minimizes false positives. 

Multivariate analyses play a crucial role in making 

sense of complex data by looking at several 

statistical variables at the same time. This 

approach gives researchers a clearer picture of the 

underlying patterns. These methods are 

particularly helpful when we are dealing with 

exploratory datasets, as they simplify large 

amounts of information into few and to more 

significant variables. The toolbox for multivariate 

analysis includes techniques like multiple 

regression, principal component analysis (PCA), 

factor analysis, ANOVA, and partial least squares 

discriminant analysis (PLS). Moreover, machine 

learning methods such as support vector machines 

(SVM) and random forests are also part of this 

toolkit. Cluster analysis adds another dimension 

by revealing hidden patterns and groupings within 

the data. By utilizing these advanced statistical 

techniques, researchers can uncover valuable 

insights from intricate datasets, paving the way for 

new discoveries and innovations (Chen et al. 

2022). In untargeted plant metabolomics, PCA is a 

key tool for handling complex datasets. This 

powerful statistical method helps ensure data 

quality and consistency by identifying patterns, 

trends, outliers, and anomalies, which in turn 

validates both instrument performance and sample 

reliability. It also reduces its dimensionality, 

making it easier to visualize relationships between 

samples and metabolites. This allows researchers 

to uncover correlated metabolic networks and 

understanding the deeper scientific explorations. 

(Chen et al. 2022). 

 

6. Applications of untargeted plant metabolomics 

 As plant science continues to evolve, 

metabolomics has emerged as a powerful tool that 

offers profound insights into the complex cellular 

processes that underpin plant biology. The wide 

variety of metabolites produced by plants is 

essential for numerous functions, including 

regulating growth and development, producing 

vibrant pigments, creating aromatic compounds, 

and enhancing resilience against environmental 

stressors. Gaining a deeper understanding of these 

metabolites is crucial for unraveling how factors 
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like the environment and genetic traits influence 

plant physiology and biochemistry. By identifying 

and quantifying these metabolites, researchers can 

interpret the intricate language of plant 

metabolism, revealing how plants respond to 

stress, adapt to changing conditions, and improve 

their growth and productivity. This knowledge is 

vital for developing crops that are more resilient, 

sustainable, and high-yielding, ultimately 

supporting global food security and promoting 

environmental sustainability (Bozza et al. 2024). 

Scientists are exploring to understand how plants 

respond to different environmental stressors 

through metabolically, and aiming to understand 

what makes crops resilient. Exposing to challenges 

like extreme weather or pests, plants activate 

intricate defense strategies, adjusting their internal 

chemistry and producing special protective 

compounds (metabolites). Understanding these 

natural adaptations became the key to developing 

crops which can better endure climate change and 

resist to diseases (Litvinov et al. 2021). Untargeted 

metabolomics may also be utilized for rapid 

identification and quantification of phytonutrients 

(known as phytochemicals or antioxidants) (Girija 

et al. 2021). In recent years, it is extensively used 

to investigate biochemical changes occurring 

before and after the harvesting of various crops, 

including vegetables, fruits, grains and ornamental 

plants. 
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7. Conclusion 

 Plant metabolomics has emerged as a 

powerful tool of research in recent years because 

it provides a comprehensive view of the metabolic 

status of plant physiology and metabolism. 

However, the metabolomics analysis presents 

several challenges such as the complexity and 

diversity of the metabolome, a dynamic range of 

metabolite concentrations and variability in 

sample preparation. The cost of procuring the 

analytical instruments and high purity chemicals 

pose another challenge for the budding researchers 

or scientists. Knowledge on computational 

analysis and statistics is also an indispensable pre-

requisite. However, this has been substantially 

reduced through the development of several easy-

to-use, open-source, web-based or installable tools 

in the recent years. To be completely 

comprehended, untargeted metabolomic data must 

be combined and processed with other omic data. 

Nowadays, the most popular method is to perform 

integration analysis to extract structural and 

dynamic changes in the underlying biological 

network of interest while concurrently monitoring 

the levels of transcripts, proteins, and metabolites. 

In future, advances in technology and analytics 

will propel plant metabolomics forward, 

deepening our understanding of plant systems and 

unlocking innovative, sustainable solutions. 
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INRODUCTION 
 Millions of people are infected by 
different chronic diseases irrespective of sex, age, 
region or country. These diseases require accurate 
and timely diagnosis and treatment. With the 
advent of science and technology several newer 
medicines along with tools and techniques have 
been evolved over time providing high-quality 
healthcare services. The discovery of radioactivity 
by Henri Becquerel and Marie Curie in 20th 
century paved the path towards modern day novel 
health care system. Advancement in the use of 
radio-isotopes other than atomic energy production 
comes up as a savior to trace, diagnose and treat 

various chronic diseases. Isotopes are distinct 
nuclear species of the same chemical element that 
contain same number of protons but different 
number of neutrons in their nuclei. Isotopes are of 
stable and unstable type where the unstable 
isotopes are termed as radio isotopes which 
changes over time with the emission of alpha or 
beta particles to transform into more stable form. 
Moreover, all decaying process of radioisotopes 
emits gamma radiation. Radio-isotopes are 
effectively used in health-care, industrial 
applications, environmental studies etc. The use of 
radio-isotopes or radionuclides in health-care 
system is termed nuclear medicine (Cherry, 
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The increase of chronic diseases worldwide led to the development of various newer 
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Sorenson and Phelps, 2012). There are around 
hundred radio-isotopes are used as nuclear 
medicine based on its suitability in different 
organs of the body (Krane, 1955). Soon after the 
discovery of X-ray by Roentgen in 1895, medical 
science made use of this technology in diagnosis 
[Fig. 1}. Radiology techniques for repairing 
fractured bones result from X-rays' ability to pass 
through soft tissues with ease. X-rays are 
attenuated when they come into contact with 
bones. The radiopharmaceutical study commonly 
requires Positron Emission Tomography (PET) 
and Single Photon Emission Computed 
Tomography (SPECT) to trace the radioisotopes 
using emitted gamma radiations to form images 
for better visualization of internal organs at a 
molecular level (Kong, Zhu and Yang, 2024). The 
nuclear imaging gives images of both tissue and 
bone as well as provides their functions, unlike X-
rays which gives only the image of bone. The 
radioactive doses are given to the patient by 
injection, inhalation or orally and images are 
captured using gamma raysô detection cameras, 
Positron Emission Tomography (PET)/ 
computerized axial tomography (CAT) scanners, 
and other specialized equipment to provide 
information regarding variety of diseases. 

Tomography is an imaging technique which uses 

internally, inserted radio-isotopes or externally 

incident X-rays to image a specific slice of the 

body's interior anatomy. It has seen some of the 

most notable advancements in imaging techniques. 

These days, a lot of X-ray photons are passed 

across the area of interest to provide tomography 

images. Since the X-ray beam typically scans in a 

circle around the patient, a computer is required for 

these reconstructions, which is known as 

computerized axial tomography, or CAT. In PET 

isotopes such as 15O, 13N, 11C, and 18F having half-

lives 2 min, 10 min, 20 min, 110 min respectively 

are used. Since all of these isotopes have brief half-

lives, a cyclotron is required for their production, 

and one must be located near the diagnostic facility. 

PET has benefits over CAT. While PET scans of 

the brain can show dynamic effects like blood flow, 

CAT scans are static.  

 Nuclear Magnetic Resonance (NMR) 

imaging is the most recent advancement in the field 

of imaging. In nuclear magnetic resonance (NMR), 

a sizable static magnetic field and a time-varying 

radiofrequency (rf) field perpendicular to the static 

field are applied to the sample simultaneously. 

Protium (1H) an isotope of hydrogen is found 

abundantly in human body.  Resonance with 1H can 

be used for medical purposes for imaging. Other 

stable isotopes like 17O and 13C has an own 

resonance frequency because of its nuclear 

magnetic dipole moment. In NMR imaging the 

patient are not subjected to ionization radiation. 

Thus, NMR imaging approach offers advantage 

over gamma, X-ray and PET imaging modalities.  

Nuclear radiation is mostly used to destroy 

undesired or malfunctioning tissue within the body, 

such as an overactive thyroid gland or a malignant 

tumor. This impact stems from nuclear radiation's 

capacity to ionize. Radiopharmaceuticals are 

directed to the patient through inhalation, injection 

or ingestion (Ramamoorthy, 2018). The radioactive 

material travel to specific spot in the patientôs body 

and release gamma ray. The emitted gamma rays 

are then detected and recorded with the aid of 

gamma cameras. The concentration of radiative 

material and its distribution within the body is 
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Fig. 1: Representative image, RoentgenX-ray 
discharge tube (https://www.alamy.com/stock-
photo-wilhelm-conrad-roentgen-1845-1923-
german-experimental-physicist-and-

104020180.html) 
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obtained from the images obtained. Thus, nuclear 

medicine is used to evaluate blood flow to the 

heart muscle, bone cracks and to detect thyroid 

gland for any anomalies. It is used to detect blood 

clots or other conditions in the lungs, inflammation 

or infection in the body and to diagnose and 

monitor conditions like epilepsy, dementia, certain 

tumors and diseases like cancer. This study 

provides an overview of nuclear medicine while 

highlighting its evolution, mechanisms, challenges, 

and future potential. 

 

Mechanism of nuclear medicine scans 

 Nuclear medicine scans are irreplaceable 

for monitoring and diagnosis of diseases like 

cancer, thyroid disorder, neurological syndrome, 

heart ailment etc. This scan provides useful 

information that improves the results of other 

procedures when comes to patient treatment 

(Kong, Zhu and Yang, 2023). Nuclear medicine 

scan not only provides the images of the body but 

also delivers evidence concerning the functioning 

of the organs or the tissues involved (Anderson 

2019). The information collected through a nuclear 

medicine scan provides a comprehensive view of 

the patientôs well-being and also complements 

other imaging techniques used. The principle of its 

operation is to detect and measure gamma 

radiations emitted by radioactive elements known 

as radiopharmaceuticals which are introduced in 

the patientôs body. The schematic analysis of the 

mechanism of nuclear medicine scan is shown in 

Fig. 2 and the main components of Gamma 

camera which are responsible for image 

processing and display are depicted in Fig. 3. 

 The scanning technique's drawback is 

that it only measures a small percentage of the 

decaying activity at a time; the remainder is lost 

and adds to the patient's needless radiation 

exposure. 

 

Radiation Exposure 

 Medical imaging (Parker and Patton 

2013) is the key cause of radiation exposure. The 

absorbed dose of ionizing radiation in living 

tissues are quantified by means of units such as 

sieverts (Sv) and millisieverts (mSv). The 

radiation levels due to natural background can 

differ significantly and it is reliant on the area of 

living. For instance, some regions have higher 

radiation levels due to ecological factors while 

other may have low. The usual background 

radiation exposure from natural sources is 

typically about 1 to 3 mSv per year. During Chest 

X-ray the radiation exposure met by a patient is 

nearly 0.1 mSv per procedure. However, during 

CT scan of the abdomen or pelvis the exposure 
Fig.2: Mechanism of nuclear medicine scans 

Fig. 3: Components of Gamma Camera 

(https://accessmedicine.mhmedical.com/

content.aspx?bo/p]/pop-666666-2) 
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might range from 10 to 20 mSv depending on the 

explicit etiquette and part being scanned. For 

Breast cancer scanning the mammogram 

necessitates not more than 0.5 mSv per 

examination. For radiation workers the annual 

occupational exposure limit is usually set at 20 

mSv averaged over five years, with no year 

surpassing 50 mSv. This is followed in many 

nations. For the general public, the annual 

exposure limit is typically set at 1 mSv per year 

above background levels. In radiation therapy 

much higher dose is used compared to diagnostic 

procedures. Doses are carefully calculated and 

administered to the specific target inside the body 

which is affected by cancer. The doses used in 

radiation therapy are much higher than those used 

in diagnostic procedures. Dose is carefully 

calculated and directed to the target specific parts 

of the body which is affected by cancer. The total 

dose that can be administered in a body can range 

from a few grays to tens of grays (where 1 Gy = 

1000 mSv). While in most diagnostic procedures 

the dose ranges from 1 to 10 mSv. Nevertheless, 

there can be exclusions also depending on the 

definite radiopharmaceutical and the practice. If 

the radiation level overdoes 1 mSv above 

background levels, evacuation is typically 

considered in the instance of nuclear emergency. 

Due to the absence of earth's shielding atmosphere 

astronauts traveling to the International Space 

Station (ISS) and out there are exposed to higher 

levels of radiation. This can range from a few mSv 

for a stay on the ISS to possibly several hundred 

mSv for deep space missions. 

 

Radiation hazards associated with nuclear 

medicine 

 There is a potential radiation hazards 

linked with nuclear medicine although it is 

cautiously regulated and used in controlled 

settings. In the procedures discoursed above the 

radioactive materials used expose patients and 

healthcare workers to radiation hazards, together 

with probable long-standing dangers such as 

cancer and genetic mutations. To minimalize the 

risk of radiation hazard and to ensure that the 

exposure remains inside safe limits, strict 

protocols and safety regulatory rules has to be 

maintained. The energy confined in ionizing 

radiation can be used to disrupt free electrons 

from atoms that are closely associated.  This 

might cause possible damage to living tissues and 

henceforth the main concern in nuclear medicine 

is the potential exposure of patients, healthcare 

workers, and the environment to ionizing radiation 

emitted by the radiopharmaceuticals. With time 

the radioactivity of the radiopharmaceuticals 

decreases i.e. the half-life of radiopharmaceuticals 

is particular. Nuclear medicine professionals 

follow strict protocols to lessen radiation 

exposure. This comprises using the minimum 

operative dose of radiopharmaceuticals and taking 

protections to safeguard and contain the 

radioactive material. For prenatal or breastfeeding 

patientsô different protection measures are set 

aside. During pregnancy unless absolutely 

essential nuclear medicine treatments are avoided 

but if done, breastfeeding is discontinued for a 

while. The risks connected with the prudent use of 

radioactive materials are generally balanced by 

the benefits of nuclear medicine in recognizing 

and treating certain medical conditions. Cautious 

adherence to legal necessities and safety measures 

is crucial to ensure that radiation risks are kept to 

the minutest. 

 

Disposal of Nuclear Medicine 
 Disposing of nuclear medicine waste is 

another serious aspect, demanding adherence to 

strict rules to avoid environmental contamination. 

The disposal of radiopharmaceuticals is carefully 

regulated to ensure the safety of both humans and 

the environment (IAEA, 2005). The general 

method of disposal includes decay-in-storage for 

short-lived isotopes, sewer removal of patient 

excretions, and transmission to certified services 

for longer-lived radioactive elements. Proper 

disposal helps to mitigate the risks associated with 

the use of radioactive substances in medical 

sceneries. The general steps and considerations for 

Singh et.al. 
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the disposal of nuclear medicine (Fig. 4) are 

discussed below: 

 

A)Identification and Segregation: Identification 

and Segregation is the primary phase in the disposal 

of nuclear medicine. Nuclear medicine constituents 

should be stored in a selected zone away from non-

radioactive materials. The zone of storing must be 

marked cautiously and entree to it should be 

provided only to the authorized employees. 

Labelling with specific identification and 

information is to be made in all packages, 

containers and vials containing the radioactive 

material. Details including the activity, date of 

preparation, and any required radiation warning 

symbols are to be provided on the labels. To 

visually differentiate containers of radioactive 

materials from non-radioactive oneôs stickers or 

color-coded labels may be used. This may help in 

preventing accidental mixing of materials. To store 

radioactive materials containers made of suitable 

shielding materials such as lead which is non-

reactive can be used. The lead containers are 

designed to prevent leakage and act as shield 

against emitted radiation. Detailed record and 

accuracy must be maintained for each batch of 

radiopharmaceuticals including relevant quality 

control tests. Geiger-Muller counters, scintillation 

detectors, or other radiation monitoring devices are 

used to verify the presence and level of radiation 

around containers and storage areas. Periodic 

inspections and audits of the storage area and 

containers help ensure that segregation and 

identification practices are being followed 

correctly. 

 

B) Radiopharmaceutical Decay: Radioactive 

nuclei are unstable. They stabilize themselves by 

emitting Ŭ particles, ɓ particles and ɔ radiations 

(Knoll, 2010, Martin, 2019, Serway and Jewett 

2018). In nuclear medicine, radiopharmaceutical 

decay is a natural process in which the radioactive 

elements decay over a particular period of time. 

The decay occurs due to the emission of ionization 

radiation from the unstable nuclei present in the 

radiopharmaceutical. The half-life (Tİ) of the 

radioactive element is the time required for half of 

the element to decay. It is a characteristic 

property of any radionuclide and may vary from 

fraction of a second to millions of years. With the 

decay of radionuclide, the total number of atoms 

present in the sample decrease resulting in the 

reduction of activity. The power of the released 

radiation also declines over time. So, in 

therapeutic nuclear medicine based on the wanted 

extent of treatment, the radio nuclides with 

precise half-lives are selected. Technetium-99m 

has a short half-life of approximately 06 hours 

and Iodine-131 has a comparatively long half-life 

of around 8 days which is why it is used in the 

treatment of thyroid cancer. Once a 

radiopharmaceutical has decayed to a harmless 

level, the resulting waste is managed according to 

conventional radioactive waste disposal measure. 

This guarantees that there is no damage to the 

environment or public health from the waste. The 

use and handling of radiopharmaceuticals in 

nuclear medicine are subject to strict regulatory 

oversight by organizations such as the Nuclear 

Regulatory Commission (NRC) in the United 

States (NRC, 2020). This ensures that safety 

protocols are followed for safe disposal. 

 

C) Authorized Radioactive Waste Disposal 

Facilities: There are authorized facilities well 

equipped to contain and handle radioactive 

materials safely (Ravichandran, Binukumar, 

Sreeram, and Arunkumar 2011). Disposal of 

radioactive waste, including outdated or unused 

radiopharmaceuticals, must be done appropriately 

through those authorized facilities. During 

transportation of radioactive waste to disposal 

facilities extreme care must be taken and certified 

transporters must be involved who are competent 

to handle radioactive materials. The disposal 

should be in accordance with local and national 

regulations. Radiopharmaceuticals should be 

securely packaged in containers that are designed 

to prevent leakage or breakage during transport. 

Detailed records of the type, quantity, and 

Nuclear medicine and radiopharmaceuticals  
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disposal of radioactive waste should be maintained 

for regulatory compliance and auditing purposes. 

Before and after disposal, the disposal area should 

be monitored for any residual radiation to ensure 

that no contamination has occurred. As we have 

discussed earlier that there are specialized facilities 

equipped to handle radioactive materials, certain 

types of solid radioactive waste which are 

contaminated with low-level radioactive 

substances, may be burned in that case. Liquid 

radioactive waste may further undergo treatment 

processes to reduce its radioactivity or to separate 

the radioactive component for further processing or 

disposal. The Atomic Energy Regulatory Board 

(AERB) sets severe adherence to safety etiquettes 

and strategies during trials and disposal and directs 

the nuclear medicine procedures in India to tune 

with it. The main authority to monitor and 

supervise the usage of ionizing radiation, included 

in nuclear medicine trials is the AERB, under the 

Department of Atomic Energy (DAE). These trials 

are in position to confirm that both patients and 

healthcare specialists are exposed to the lowest 

possible levels of radiation while still gaining 

precise analytical data or therapeutic benefits. 

Nuclear medicine follows the principle of ALARA 

(As Low As Reasonably Achievable). This means 

that every single effort is made to curtail radiation 

exposure while still gaining the obligatory 

diagnostic or therapeutic statistics. 

 

Discussion and Conclusions 

 Scientific improvement and innovative 

paths of enduring research has vastly contributed 

to the field of nuclear medicine which is evolving 

incessantly. To further improve diagnostic 

precision and treatment efficacy new 

radiopharmaceuticals and imaging techniques are 

being developed. Nuclear medicine delivers 

thorough diagnostic evidence which is extremely 

accurate and which might not be obtained through 

other imaging modes. Nuclear medicine is vital for 

treating an extensive range of ailments, even 

outside diagnosis, including certain forms of 

cancer and hyperthyroidism. It is used to 

selectively mark and terminate abnormal cells. In 

conclusion, nuclear medicine is a vital constituent 

of contemporary healthcare, contribution a variety 

of diagnostic and therapeutic competences. Its 

importance in present-day medical practice is 

highlighted owing to its capability to deliver 

accurate information at the molecular level, 

Fig. 4: Schematic steps involved in the disposal of radioactive waste 
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coupled with improvements in treatment 

opportunities. Even though nuclear medicine has 

countless benefits, it also encounters challenges. It 

can be expensive, non-accessible and there are 

regulatory issues concerning the management and 

disposal of radioactive elements.  

 There is a need for a holistic approach 

from government agencies and professionals in 

implementing and following the standard norms in 

the utilization and scientific disposal of nuclear 

waste. The enduring technological improvements 

embrace promise for the future and potential 

leading to additional cheap, harmless, and 

accessible treatments that improve patient care 

even better. 
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INTRODUCTION 

Aquaculture ranks among the worldôs 

fastest-growing food production sectors, with its 

commodities expected to see rising demand and 

greater significance in the future (Pedini & 

Shehadeh, 1997; FAO, 2002; Delgado et al., 

2003). Asia has been the hub of global aquaculture 

production for decades, contributing over 90% of 

the total output, with China leading as the largest 

producer (Gangadhara et al., 2016). In India, water 

bodies such as ponds, lakes, and tanks suitable for 

fish farming cover approximately 2.34% of the 

countryôs total land area (Kumar et al., 2022). 

Integrated fish farming involves the 

combined management of aquaculture, agriculture, 

and livestock, where by-products from one sector 

become inputs for another (Kalita, 2017). For 

instance, fish waste can fertilize crops, while crop 

residues can be used as fish feed (Chandra et al., 

2023). Animal manure added to fish ponds 

supports the growth of photosynthetic organisms, 

enhancing productivity (Saikia et al., 2020). 

ABSTRACT 
This study explores the integration of pig-fish, duck-fish and paddy-fish farming systems with 
a focus on their economic and ecological sustainability. Conducted at two farms in Assam, 
India, the research evaluates the role of pig and duck manure in enhancing pond productivity 
through nutrient cycling. Data were collected through surveys, questionnaires, and personal 
interviews with farm staff and management. Key physico-chemical parameters such as pH, 
dissolved oxygen, alkalinity and turbidity were monitored to assess water quality. This study 
examines pre-stocking pond management for integrated farming systems (rice-fish, pig-fish, 
duck-fish). Pond preparation involved dewatering, fertilization with organic and inorganic 
fertilizers, and species selection based on compatibility, growth, and environmental tolerance. 
Duck and pig manure was used as organic fertilizer, with different application methods to 
enrich pond water. The rice-fish system enhanced soil fertility and controlled pests. Water 
quality parameters were monitored, indicating favorable conditions for fish. Fish species like 
Catla catla and Cyprinus carpio were used, promoting sustainable, productive integrated 
farming. The study concludes that integrated farming is a cost-effective, sustainable approach 
for rural agricultural development, with potential to enhance food security and farmer income 
when properly managed. 

 
Keywords: Aquaculture, Integrated fish farming, Bharaliporiya Kanyaka Bahumukhi Pam, 
Pabhoi greens 

ϝ/ƻǊǊŜǎǇƻƴŘƛƴƎ ŀǳǘƘƻǊΩǎ 9ƳŀƛƭΥ julibairagi@gmail.com мс 



Although commonly referred to as ñwaste,ò these 

by-products are better considered ñresources out of 

placeò (Taiganides, 1978). However, careful 

management is essential to prevent the 

introduction of antimicrobial-resistant bacteria 

through manure and excess feeding (Saikia et al., 

2020). Nutrients like nitrogen (N) and phosphorus 

(P) from livestock manure act as natural fertilizers, 

promoting aquatic food webs. While these 

elements enhance fish pond productivity, some 

farms also use slaughterhouse waste as fish feed 

for carnivorous species (Little & Edwards, 2003). 

Integrated fish farming offers economic and 

environmental advantages, being cost-effective, 

climate-resilient, and requiring minimal initial 

capital (Chandra et al., 2023). 

The integrated fish farming systems 

combining rice, ducks, and pigs have proven to be 

effective and sustainable agricultural practices, 

particularly in regions of Southeast Asia and parts 

of India. These systems offer multiple benefits, 

such as enhanced fish production and improved 

soil fertility, by using animal manure as fertilizer. 

For example, ducks contribute by controlling pests 

like aquatic weeds and mosquito larvae, while 

their droppings serve as an important organic 

fertilizer for fish ponds, promoting better growth 

of fish and aquatic plants (Gebru, 2021). 

In Assam, integrated fish farming has 

gained widespread popularity. Bharaliporiya 

Kanyaka Pam emerged as a transformative 

initiative addressing regional brain drain while 

fostering local self-reliance. This visionary project, 

spearheaded by Shri Padma Hazarika, reflects a 

deep commitment to community development and 

sustainable agriculture (kanyakapam.com). 

Similarly, Pabhoi Greens, also known as 

Lakshmi Agriculture Multipurpose Project, 

operates as a certified organic farm in Biswanath, 

Assam. Founded by Mr. Neelam Dutta, it boasts 

an extensive integrated fish farming system 

covering half its farmland. The farm breeds carp, 

catfish, and anabas while ensuring genetic purity 

through selective and single-breeding practices. 

With eco-hatcheries and organic fish feed 

production, Pabhoi Greens produces 8,000 kg of 

mature fish, 8.5 million spawn, and 600,000 fish 

fry and fingerlings annually (pabhoigreens.com). 

Despite their success, systematic studies 

on these farms' operations remain limited. This 

research aimed to explore integrated fish farming 

practices at Bharaliporiya Kanyaka Bahumukhi 

Pam and Pabhoi Greens, focusing on the role of 

pig manure, duck droppings, and paddy cultivation 

in enhancing fish growth and pond productivity. 

 

MATERIALS AND METHODS 

Study Area 

The study was conducted from March to 

June, 2024 at two sites in the Sonitpur district of 

Assam, selected for their distinct agro-climatic 

conditions: Jamugurihat and Biswanath. 

Site 1: Bharaliporiya Kanyaka Bahumukhi Pam 

Located at latitude 26.6770ęN and 

longitude 92.6984ęE, about 8 km from 

Jamugurihat's main town, Bharaliporiya Kanyaka 

Bahumukhi Pam spans 800 bighas of water bodies 

dedicated to integrated fish farming involving 

ducks and pigs. The farm also operates a large 

dairy producing curd, milk, cream, ghee, butter, 

and sweets. A mini dairy plant established in 2021 

improved transparency and fairness in operations. 

Extensive rice and vegetable cultivation 

further supports fish farming, with rice waste 

repurposed as fish feed. The farm includes 26 

large ponds, two hatching pools, and 26 nursery 

tanks. Under the leadership of MLA Shri Padma 

Hazarika, the farm has grown into a community-

driven enterprise supported by stakeholders, 

consumers, and well-wishers. In addition, a 

poultry project launched to produce 20,000 eggs 

daily aims to create jobs and position Jamugurihat 

as a leading egg producer in Assam. 

Site 2: Pabhoi Greens 

Situated at latitude 26.8518ęN and 

longitude 93.3389ęE, approximately 18 km from 

Biswanath's main town, Pabhoi Greens operates as 

a certified organic farm promoting agro-tourism 

and farm stays. The farm produces organic seeds 

and provides free training on organic seed 

production to local farmers. 

Pabhoi Greens maintains a gene pool of 
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RESULTS 

Pre-stocking Pond Management 

 At both farms, fishery ponds were 

prepared by reinforcing and trimming the dykes. 

Planning for integrated farming systemsðrice-

fish, pig-fish, and duck-fishðwas based on pond 

size. To enhance pond fertility and remove 

unwanted fish species, ponds were dewatered 

before stocking. 

Fertilization involved both organic and 

inorganic methods. Organic fertilizer, specifically 

cow dung, was applied one week after dewatering. 

Inorganic fertilizers, including urea, super 

phosphate, and potash, were added 7-15 days after 

the organic fertilizer application. Fish were 

introduced into the pond water 7-15 days after the 

inorganic fertilizer application. 

 

Selection of Fish Species 

Specific criteria guided the selection of fish 

species: 

¶ Compatibility: Selected species needed to 

coexist well with one another. 

¶ Growth Rate: Fast-growing species were 

prioritized. 

¶ Feed and Stocking Ratio: Species 

combinations were adjusted according to 

available feed resources. 

¶ Disease Resistance: Fish species resistant to 

common diseases and parasites were 

preferred. 

108 indigenous rice varieties from India and 

Southeast Asia, producing commercial rice types 

such as Joha, black rice, sticky gum rice, and soft 

rice. Half of the farm's land supports fish breeding, 

featuring species like carp, catfish, and anabas. 

The farm has eight nursery tanks, ten rearing 

tanks, nine stocking tanks, six brood tanks, and eco

-hatcheries. 

Integrated fish farming methods include 

rice-fish and duck-fish systems. The farmôs 38 

cows and 50 ducks play essential roles in organic 

milk production, vermicomposting, and bio-

pesticide creation, with duck waste also 

contributing to the fish farming system. 

 

Survey Method 

To conduct the study, formal permission 

was secured from the owners of both farms. Data 

collection was carried out using a combination of 

standard questionnaires and in-depth personal 

interviews with farm staff and management. This 

dual approach ensured a comprehensive 

understanding of farm operations, management 

practices, and integrated farming techniques. 

Structured questionnaires helped gather 

quantifiable data on farm productivity, pond 

management, and species selection, while personal 

interviews provided qualitative insights into 

farming challenges, manure management 

strategies, and ecological sustainability.  
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Fig. 1: Detection of male and female in fishes Fig. 2: Injection of breeding hormone                   


