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Multidisciplinary Interactions in Interplanetary Mission Design 

V. Adimurthy 
 

Former Associate Director, Vikram Sarabhai Space Centre 
Indian Space Research Organisation 

 
The infinite glory and beauty of the earth and space are a source of perennial curiosity and 
inspiration to humanity over the ages. This cosmic panorama of nature has led us to pursue 
outstanding scientific and technological innovations and also to diverse interpretations through 
art, literature, and management. The emergence and inspiration of the scientific spirit from the 
lives of leading thinkers and scientists are briefly described. The unforgiving complexity of 
space missions and nonlinear interactions of a multitude of engineering disciplines are 
discussed. With the path-breaking background of our Chandrayaan and Mangalyaan missions, 
the exciting future possibilities of space exploration in understanding the infinitude of the 
universe are projected. For the future missions to Mars involving landers, rovers and sample 
return experiments, the most important development needed is efficient aero-assist technology 
for descent. Despite the apparently harsh environment of Venus atmosphere, this planet offers 
excellent opportunities for atmospheric dynamics studies, and ballooning experiments to study 
super wind dynamics. There are also several exciting possibilities with regard to the outer 
planetary giants. However, increased space activities lead us to new issues, like the need to 
manage the detrimental effects of space debris. It is also recognized that there is a small but 
definite probability of large near-Earth asteroids (NEAs) impacting our planet. Today’s 
technology is mature enough for formulating suitable mitigation measures to avert a NEA 
impact catastrophe should such a need arise. This talk gives an overview of some of these 
exciting future technologies and scientific possibilities. These challenges are sure to inspire and 
occupy new generations of Indian students, scientists, engineers, educators, legal experts, and 
administrators. 

 
A Shock-capturing Meshless Geometric Conservation Weighted 

Least Square Method for Solving Shallow Water Equations 

S. Sundar, D. Satyaprasad and Soumendra Nath Kuiry 

Indian Institute of Technology Madras, Chennai, India 
 

The shallow water equations are numerically solved to simulate free surface flows in two- 
dimension (2D). The convective flux term in the shallow water equations needs to be 
discretized using a Riemann solver to capture shocks and discontinuity for certain flow 
situations such as hydraulic jump, dam-break wave propagation or bore wave propagation. 
The approximate Riemann solver can capture shocks and is popular for studying open 
channel flow problems with the traditional mesh-based methods. However, meshless methods 
can work on structured and unstructured grids and even for points irregularly distributed over 

 
PLENARY SPEAKERS 

34



a computational domain. Moreover, approximate Riemann solvers is not reported to be 
implemented within the framework of meshless methods for solving the shallow water 
equations. Therefore, we have proposed a numerical method, namely, a shock-capturing 
meshless solver for the shallow water equations for simulating 2D flows on a highly variable 
topography even in the presence of shocks and discontinuity. The HLL (Harten-Lax-Van 
Leer) Riemann solver in the proposed meshless method is used to evaluate convective flux. 
The spatial derivatives in the shallow water equations and the reconstruction of conservative 
variables to calculate flux terms are computed using a geometric conservation weighted least 
square (GC-WLS) approximation. The proposed meshless method is tested for a range of 
numerically challenging problems and laboratory experiments. 

 
The Dynamics of Contraction maps on the Real line 

V. Kannan 

Department of Mathematics 
SRM University, Andhra Pradesh, India 

 
Two trajectories are said to be of the same "orbit type" if there is an increasing bijection from 
R to R that takes one to the other, There are uncountably many order types in general, even 
for contraction maps. With the usual notation of "itineraries", here are seven among them: 

 
1. LLRRLLRR... 
2. LRRLRRLRR... 
3. RLLRLLRLL... 
4. LLLL... 
5. RRRR... 
6. LRLRLR... 
7. CCCC... 

 
We prove that every eventual orbit type is "equivalent to" exactly one of them. Here 
"equivalent to" means "forcing and forced by". This result is later used to prove that there are 
exactly eight packages of eventual orbit types for contraction maps on R. 
 

 

200 kVA, Roof top- Solar wind Hybrid Renewable Energy System 
with Battery Storage 

Sastry V Vedula 
 

Department of Electrical and Electronics Engineering 
                            Gayatri Vidya Parishad College of Engineering(A) Visakhapatnam 
 

Starting from the concept of a DC Micro grid towards a futuristic DC home, where one may 
not need AC power. The DC micro grid is contrasted with an AC micro grid with utility in 
the back plane. Solar - wind hybrid power systems with peak power kVAs such as 100 kVA, 
50 kVA and 50 kVA on the roof tops of the three engineering colleges: i.e., GVP College of 
Engineering (co- education), GVP College of Engineering for Women (Madhhurawada) and 
GVP Technical School at Rushikonda Campus. The details of such systems built over here as 
early as in 2016 with partial funding from MNRE (Ministry for New and Renewable Energy, 
New Delhi. are given in this seminar presentation. 
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PDEs with L1 Source term, Renormalized Solutions and 
Homogenization∗ 

A. K. Nandakumaran 

Department of Mathematics 
Indian Institute of Science, Bangalore- 560 012, India 

Email: nands@iisc.ac.in 
 

In PDEs, when the source term is weak, for example when f א L1, the standard weak 
formulation is not applicable. We give a brief introduction to the concept of renormalized 
solution when f א L1. In the later part of the talk, we present some recent results from the 
theory of homegenization with weak L1 data in an oscillatory domain. 

 
A Journey of Fixed Point Theory and Nonlinear Differential 

Equations 

Bapurao C. Dhage 

Kasubai, Gurukul Colony, Ahmedpur-413 515, Dist. Latur, 
Maharashtra, India 

 
The two fields of fixed point theory and nonlinear differential equations are closely related to 
each other and one is responsible for the multitude development of another. So, the above 
topic is an important and major part of the subject of nonlinear analysis. The reason and the 
origin of the initiation of fixed point theory lies in the nonlinear differential equations, 
however, fixed point theory is immensely used in the existence and qualitative study of 
nonlinear differential equations. It is now known that the three classical fixed point theorems 
of Banach, Schauder, and Tarski are three pillars and the fourth hybrid fixed point theorems 
of Krasnoselskii and Dhage form the fourth pillar of the building of nonlinear analysis. All 
the above fixed point theorems have been widely used in the theory of nonlinear differential 
equations under different situations and conditions on the nonlinearities involved in the 
equations, that is, for different types of nonlinear differential equations. 

In the present keynote address, we discuss some basic fixed-point theorems of algebra, 
analysis and topology from their original form to the latest generalized form applicable to 
nonlinear differential and integral equations. The merits and demerits of each fixed point 
theorem will be discussed and compared with other fixed point theorems with regard to 
applications to nonlinear differential and integral equations. Next, we give a brief history of 
hybrid fixed point theory and discuss some fundamental hybrid fixed point theorems with 
regard to applications to nonlinear hybrid differential and integral equations. Next, a brief 
survey of hybrid fixed point theory will be taken and some latest hybrid fixed point theorems 
will be mentioned with applications to nonlinear hybrid differential and integral equations. 
Finally, the address ends with a few open problems in both the areas of hybrid fixed point 
theory and nonlinear hybrid differential and integral equations. 
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Set Differential Equations: An overview, perspectives and Recent 
Developments 

Gnana Bhaskar Tenali 
College of Engineering and Science, Mathematics and Systems                       Engineering,  

Florida Institute of Technology, USA 
Email:gtenali@fit.edu 

 
The study of Set Differential Equations (SDEs) has connections to Fuzzy 
Differential Equations, multivalued differential equations, control problems and 
many others. Our focus centres on SDEs formulated through Hukuhara and Bede- 
Gal derivatives, as well as formulations involving their corresponding support 
functions. These formulations are in the setting of Kc(Rn   ) (the semi-linear space of 
all  compact,  convex subsets of the  Euclidean space  Rn),  endowed with  Hausdorff 
metric. In this talk, we navigate through the landscape of this intriguing study, 
shedding light on some of the pivotal contributions, and evolution of ideas and 
indicate a few open problems in certain directions. 

 
Numerical Solution of System of Fractional Diffusion Equations 

Gunvant A Birajdar 

Department of Mathematics, 
Institute of Chemical Technology, Mumbai-400 019 (MS). 

Email: ga.birajdar@ictmumbai.edu.in 
 

This paper attempts to obtain the numerical solution to the system of initial boundary value 
problem. This also discusses the stability as well as convergence of the method. At the end 
test problem is discussed for the verification of the same. 

 

 
Comparison of Harder Stability and Rus Stability of Mann 

Iteration Procedure 

G. V. Ravindranadh Babu 

Department of Mathematics, Andhra University, Visakhapatnam-530 003, India. 

 
We study the stability of Mann iteration procedure in two directions, namely one due to 
Harder and the second one due to Rus with respect to a map �:ܭ → ܭ where ܭ is a nonempty 
closed convex subset of a normed linear space � that satisfies the condition: there exist � א 

(0,1) and 0 ≤ ܮ such that 

 .ܭ א ݕ ,ݔ for all ‖ݔ� − ݔ‖ܮ + ‖ݕ − ݔ‖� ≥ ‖ݕ� − ݔ�‖
 

Also, we show that the Mann iteration procedure is stable in the sense of Rus may not imply 
that it is stable in the sense of Harder for weak contraction maps. Further, we compare and 
study the equivalence of these two stabilities and provide examples to illustrate our results. 
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Location, Separation and Approximation of Solutions to 
Nonlinear Generalized Hammerstein Integral Equations 

 
Lakshmi Narayan Mishra 

Department of Mathematics, School of Advanced Sciences, 
Vellore Institute of Technology, Vellore 632 014, Tamil Nadu, India 

E-mail: lakshminarayan.mishra@vit.ac.in, lakshminarayanmishra04@gmail.com 
 

From Newton's method, we construct a Newton-type iterative method that allows studying a 
class of nonlinear generalized Hammerstein-type integral equations. This method is reduced 
to Newton's method if the kernel of the integral equation is separable and, unlike Newton's 
method, can be applied to approximate a solution if the kernel is nonseparable. In addition, 
from an analysis of the global convergence of the method, we can locate and separate 
solutions of the nonlinear generalized Hammerstein-type integral equations involved. For this 
study of global convergence, we use auxiliary functions and obtain restricted global 
convergence domains that are usually balls. 
 
Keywords: Newton-type method, Global convergence, Hammerstein integral equation, Fixed 

point theorem, Measure of Noncompactness 
2020 Mathematics Subject Classification: 45M10, 45D05, 26A33, 65R20 
 

 

Dye-Sensitized Solar Cells: Past, Present and Future 

Lingamallu Giribabu 

Department of Polymers &amp; Functional Materials, CSIR-Indian Institute of Chemical 
Technology, Hyderabad, Telangana, India, Email: giribabu@iict.res.in 

 
The research on Dye-Sensitized Solar Cells (DSSCs) has intensified across the globe due to 
their easy-to-fabricate and environmentally benign. 1 DSSC was first invented by Gratzel and 
Co-workers with a device efficiency of 7.1% using Ru(II) polypyridyl complex as sensitizers, 
TiO 2 as semiconductor and I - /I 3 - as redox couple. 2 For a couple of decades, the device 
efficiency has crossed 14% under AM 1.5G. This has been achieved majorly due to the re-
design of various components of the device and also new fabrication aspects have been 
adopted. 3 Despite showing double-digit efficiency the technology has not been completely 
commercialized majorly due to the device's stability. The advantage of DSSC is that it works 
efficiently under artificial light conditions that will open small applications for this 
technology. Recently, a new concept has been introduced that DSSC under artificial/low-light 
conditions and the concept will be useful for the application of the Internet of Things (IoT) 
and there it opens new areas of applications. DSSC has crossed device efficiency of 35% 
using metal-free organic dyes with Cu(I/II) redox couple. 4 The detailed evolution of DSSC 
technology for the past couple of decades will be presented. 
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Recent Developments In The Applications Of 
Mathematics To Computer Science 

 P. S. Avadhani 

Professor of Computer Science & Former Principal of College of Engineering, 
Andhra University & Former Director, IIIT, Agartala 

 
The exponential growth in computer science opened new areas of research with mathematics 
providing the basic building block. Artificial intelligence, big-data analytics, bio-informatics, 
3D printing, and drones are some of the recent advance ments in that direction. We have 
already witnessed the applications of partitions in ATMs, primality testing in cyber security, 
evidence graphs in cyber forensics, algebraic geometry in computer graphics and many more. 
The main idea of this invited talk is to present some of these applications of mathematics 
which are being used extensively in many day-to-day applications. 

 

Hyper Geometric Type Extended Bivariate Zeta 
Function and Lidstone Polynomials 

M. A. Pathan 
 

Centre for Mathematical and Statistical Sciences, Peechi, Kerala, India 
Department of Mathematics, Aligarh Muslim University, Aligarh, India 

 
Based on the generalized extended beta function, we shall introduce and study a new 
hypergeometric-type extended zeta function together with related integral representations, 
differential relations, sums, and series expansions. Our hypergeometric type extended zeta 
function involves several known zeta functions including the Riemann, Hurwitz, Hurwitz- 
Lerch, and Barnes zeta functions as particular cases. Since our results of Hermite- Bernoulli 
polynomials can be connected to Riemann zeta functions, Bernoulli polynomials, Hermite 
number, Bernoulli-Hermite numbers and (p,q)-hypergeometric-Bernoulli polynomials, we 
can apply a connection of Lidstone polynomial and Bernoulli polynomials to obtain new 
results and connections of Hermite-Bernoulli polynomials and Lidstone polynomials. 

 

Practical Hydraulics-Applications in Free Surface and 
Pressurized Flows 

Dr Prasanth Reddy 

IIT Kharagpur, India 
 

This lecture discusses practical and innovative topics in open channel flow and closed 
pressure conduits with the details of hydraulic modeling. Topics such as unsteady flows in 
channels and pipes will be discussed. The topics include stormwater drains, compound 
channels, and sediment transport. Sub-topics are specific energy applications in open 
channels, losses in pipes and open channels, and unsteady flows in open channels and pipes. 
The development of numerical methods for the solutions to these problems will be outlined 
along with how boundary conditions are implemented. Finally, the lecture will also give a 
brief introduction to free available tools for practical unsteady flow computations.
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Physics-informed Machine Learning for Nonlinear PDEs 

Sivaram Ambikasaran 

Assistant Professor, Department of Mathematics, Indian Institute of Technology Madras, 
Chennai - 600 036 

 
With the rapid explosion in available data and computing power, coupled with advances in 
machine learning, solving nonlinear PDE using Machine Learning is becoming an attractive 
alternative to conventional techniques. In this talk, we will give an overview of Physics 
Informed Machine Learning and discuss the recent progress in this evolving area. 

 

 
A Review on the Mathematical Tools in the Evolution of 

Cryptography 

P. Anuradha Kameswari 

 

Department of Mathematics, Andhra University, Visakhapatnam 
Email: panuradhakameswari@yahoo.in 

 
Cryptography is a science developed for the protection of information and secure 
communication, through cryptosystems based on complex Mathematics. The security and 
efficiency aspects of a cryptosystem are the main reasons for the evolution of cryptography, 
from primitive cryptography to quantum cryptography. This review is focused on the 
exposition of the underlying Mathematics that is fundamental to symmetric cryptosystems, 
public key cryptosystems, like RSA cryptosystems, cryptosystems with Deffie Hellman 
protocol, cryptosystems with elliptic curves and the cryptosystems with Lattice-based 
protocols that withstand quantum attacks. 

Keywords: Cryptography, Public key cryptosystems. 
 
 

Behavior of Soil: Significance of Considering Non-Linearity 

Pradeep Kumar Dammala 
 

 Department of Civil and Infrastructure Engineering. ,                                              IIT Jodhpur, 
Rajasthan, 342037, pkdammala@iitj.ac.in 

 
The complexity of soil's mechanical response makes it a challenging material for engineers to 
work with, as it depends on numerous governing parameters. Despite this complexity, 
engineers often simplify soil behavior by assuming linearity when designing structures, 
which has resulted in various failures of foundations and structures subsequently. This work 
emphasizes the importance of accounting for soil non-linearity in real-world scenarios, 
especially under dynamic loads. 
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The presentation begins by examining field cases that illustrate the range of soil behaviors 
under dynamic loading, including linear, non-linear, and plastic responses. It then briefly 
discusses various physical modeling techniques for assessing soil dynamics. A 
comprehensive set of dynamic soil properties, including liquefaction potential, will be 
introduced. Following this, the presentation will demonstrate the application of these soil 
properties through case studies in three different real-world scenarios. This approach, termed 
"Seismic Requalification," will be applied to a public building and a major bridge situated in 
India's most active seismic zone, as well as a nuclear power plant in southern India. Overall, 
the objective of the lecture is to provide insight into the state-of-the-art understanding of soil 
non-linearity and its implications for critical infrastructure design under dynamic 
loading conditions. 

 
 

A Spectrum of Intelligent Tourist Destinations Ranking 
Information System 

Pankaj Srivastava 

MNNIT Allahabad, Prayagraj, India 
drpankajsrivastava@gmail.com, +919696030005 

 
In recent years tourism industry has grown on world worldwide scale. The growth of the 
tourism industry depends upon primary components such as an image of the destination, the 
satisfaction of tourists at the destination, perceived value of the services tourist loyalty and 
products at the destination, etc. Since the ancient period Indian, culture, crafts, knowledge, 
philosophy, devotion, and arts have grown, and been publicised by various visitors due to 
that, attracting admirers and devotees from different parts of the world. Varanasi is famous 
for culture and spirituality in India, it is also known as the city of Lord Shiva, and it has a 
bulging place in India's tourism industry. The Indian culture is deeply immersed in the history 
of Varanasi, which is why Varanasi has become the hub of tourist attraction. The city of 
Varanasi, situated in Uttar Pradesh, expands to the Ganges. As per the historical and 
mythological description of Varanasi, it is the ancient living city of the Earth, as well as the 
capital of culture and spirituality in India. Being the city of Lord Shiva, it is a hub of tourists 
and devotees from all over the world benefitting not only the Hindus but also attracting the 
Buddhists from Asian countries. The present talk is focused on the design and development 
of an intelligent tourist destination ranking information system, and the system reflects the 
influence of criteria for the selection of tourist destinations based on destination image 
features. The system is designed to capture tourists’ perception as per Soft Computing 
Intelligent Information System that may be influential in redesigning the decision-making 
criterion of tourists about the prefixed tourist destinations. 

41

mailto:drpankajsrivastava@gmail.com


Dynamic Response of Crystalline Metals under Impact-Shock: 
Multi-scale Modelling 

S Madhavan1   and M. Warr ier 2
 

1 Computational Analysis Division, Bhabha Atomic Research Centre, Visakhapatnam 
2. Homi Bhabha National Institute, BARC Township, Trombay, Mumbai. 

Dynamic-response of materials at high strain rates is being investigated using Molecular 
Dynamics (MD) to understand the underlying physical phenomena in a material under 
impact-shock-loading conditions. MD is used to obtain shock and fracture parameters data at 
the atomic length (10-100 nm) and time (1-100 ns) scales for the materials under high strain 
rates. This work is focused on the single-crystal and bi-crystals of metals and their response 
to high velocity impact. The highlight of this work is the application of the multi-scale 
method to obtain fracture parameters in single and polycrystalline metals. The multi-scale 
method involves sequential execution of (a) molecular dynamics, (b) multi-parameter 
optimization to obtain material-dependent fracture parameters and (c) one-dimensional 
hydrodynamic simulations to calculate the spall-fracture parameters. The problems 
investigated are: (i) impact-shock propagation in single and bi-crystals, and (ii) multi-scale 
method for single and bi-crystals, to calculate the spall fracture parameters. The results using 
the multi-scale method match experimental results of dynamic spall strength with an 
accuracy up to 95%. 

 

Artificial Neural Network Approach to Singular Matrix 
Differential Systems 

Venkata Sundaranand Putcha 
Department of Mathematics, Rayalasema University, Kurnool-518007(A.P), INDIA 

anand_putcha@yahoo.com 

It is an established fact that Initial Value Problems and Boundary Value Problems play an 
important role in many fields of human activity. Linear and Nonlinear Singular Matrix 
Differential systems which are also called Semi-State, Degenerate, Descriptor, Constrained, 
and Differential Algebraic Systems. These systems can be used to describe the behavior of 
systems in which a sudden change in structure or parameter values occurs. It is of great 
interest to solve the Initial Value Problems and Boundary Value Problems associated with 
Linear and Nonlinear Singular Matrix Differential Systems. Finding accurate Numerical 
Solutions for these problems is important since closed-form solutions will not exist because 
of their nonlinear nature. This paper introduces an adaptive neural network approach for 
solving Singular Matrix Differential Systems by using supervised learning. In the ANN 
approach selecting suitable Activation functions and Optimization algorithms is vital and is 
problem specific. Supervised learning is based on local error estimates and backpropagation. 
In this paper, by exploring the various choices of activating functions and Optimization 
Algorithms solutions of the Linear and Nonlinear Singular Matrix Differential Systems are 
obtained by minimizing the Loss function. The approach is substantiated by the examples. 

Keywords: Singular Systems, Differential Equations, ANN, Activation functions, 
Neural Network 

(This is joint work with Praveen Kumar U M, Department of Mathematics, Rayalasema 
University, Kurnool-518007(A.P)) 
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Exploring Fractional Differential Equations: A 
Journey into Fractional Ordered Dynamical Systems 

Varsha Gejji 

Department of Scientific Computing, Modeling and Simulation 
Savitribai Phule Pune University, Pune – 411007, vsgejji@gmail.com 

 
Fractional calculus, a generalization of classical calculus, has capti- vated the minds of 
mathematicians and scientists for centuries. While the foundations of this field were laid as 
early as the late 17th century, it is only in recent decades that we have witnessed a resurgence 
of interest and groundbreaking developments in this area. The study of fractional calcu- lus 
has proven to be invaluable in describing and modeling the behavior of complex systems that 
exhibit memory effects and hereditary properties. In this talk, we will introduce the notions of 
fractional order derivative/integral and their calculus. We will review existence and 
uniqueness theorems for fractional differential equations along with their analysis. In recent 
decades, Fractional Order Dynamical Systems (FODS) have gained significant attention. We 
will illustrate, through some examples, how FODS differ from their integer-order 
counterparts. One striking difference is that two distinct trajectories in FODS can intersect 
each other within a finite time frame. Further, we will present some intriguing results about 
FODS and chaos, highlighting their potential for applications to real-world problems. Finally, 
we will discuss some analytical results about FODS, including the stable manifold theorem. 

 
Survey and Perspectives of Neural Computing 

With Super-human AI  Systems and Related Aspects 

Usha Sridhar 

UTS, NSW, 2000, Usha.sridhar@uts.edu.au, +61 470370498 
 

To obtain good applicability and generalization ability of a (neural) model, it is important to 
build into the (neural) network as much knowledge about the problem as possible. This 
requires adjusting the connections, learning, number of layers, weights and so on to optimize 
the architecture also. In the background of the Hopfield model with Hebbian learning in a 
linear associative memory network with randomised synaptic weights, the role of inhibitory 
neurons in memory retrieval is discussed. I will review and explore some recent research 
areas of massive interest. The so-called innovation into bio-fabrication or 3D bioprinting, that 
is “Creating whole organs in a lab” is in progress and is enticing many companies. New tools 
are being built using tactile and auditory stimuli to make coding accessible to visually 
impaired researchers, closing the gap. One such idea is CuriO, which has a multi-sensory 
approach to programming. Image manipulation and integrity are posing a rising issue for 
publishers of research papers. Advances in machine learning could be the key to detecting 
and repairing such issues. Some of the world's big data breaches & hacks and most common 
passwords are also visited from a mathematical point of view. It is also urgent to identify the 
role of ChatGPT-generated resources by students in high school and University assessments. 
Regarding gender disparities in research, evidence was found worldwide after the pandemic 
that, female academics’ publishing rate has been down relative to men’s and still has 

   recovered. More serious is the case with people of colour. Some generic directions and human-inclusive     
AI techniques are discussed in this context. 
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Nonlinear Vibration Features for Damage Assessment 
in Concrete Structures 

Srinivas Voggu 

Structural Health Monitoring Laboratory (SHML), 
CSIR-Structural Engineering Research Centre, CSIR Complex, Taramani, 

Chennai. E-mail:srinivas@serc.res.in, voggu.srinivas@gmail.com 
 

The traditional system identification techniques using modal analysis assume the system as 
linear which may not be valid in the case of structures exhibiting breathing crack behavior 
during the initial damage stage. Detection of nonlinearity in the case of weakly nonlinear 
structures is essential for the detection of incipient damages as well as the initiation- and 
propagation- of cracks. Time series analysis techniques are found to be effective in extracting 
the nonlinear features for the characterization of system dynamics for timely fore-warning of 
failures. Reinforced concrete (RC) structures respond in nonlinear manner under dynamic 
loads even at low levels of vibration. This causes softening in concrete which may results in 
the unstable vibration. By considering the nonlinearity, the effects of amplitude of vibration 
on the modal characteristics can be used to extract damage sensitive features. For effectively 
identifying the nonlinear damage features in RC structures from the frequency spectral 
information, an appropriate vibration testing procedure is formulated in the present study. 
Damage features are evaluated from the changes in vibration amplitude with frequency at 
different damage levels under various type of excitation and their force levels. Damage 
indicators based on basic signal statistics and nonlinearity in vibration responses are 
evaluated. Using the phase plane information obtained from various damage scenarios, 
nonlinear damage indices have been formulated. Another significant nonlinear damage 
feature has been identified by the occurrence of higher harmonics observed by analysing the 
spectral density functions obtained from the frequency domain decomposition. One of the 
promising features is the changes in phase space topology (derived from time-series 
information) for the detection of nonlinearity in dynamic responses of a damaged structure. In 
this paper, phase space topology is constructed using the acceleration-velocity-deflection 
responses obtained from controlled force excitation to a reinforced concrete bridge girder- 
deck structure at different stages of damage. Phase space trajectories from the intact and 
damaged structure (at different levels) are used to evaluate damage progression from the 
formulated dissimilarity methods. The integrity of the structure including the initial stage of 
damage is assessed based on dissimilarity features formulated by the change in the dynamics 
of the nonlinear system and determined through time-series based statistical shape analysis. 
The distortion in phase space topology is found to be an efficient nonlinear damage index 
feature and is very sensitive to damages of low magnitude, distinguishing the structural 
nonlinearity from material one. It can thus be an effective tool in identifying the damage 
initiation through nonlinear features which form the base for structural health monitoring of 
weakly nonlinear civil infrastructures. 
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Arbitrary Order Nonlinear Random Differential Equations 

Dr. B. D. Karande, K. D. Jagtap 

Department of Mathematics, Maharashtra Udaygiri College, Udgir 
Email: bdkarande@rediffmail.com & kalpanajagtap1387@gmail.com 

 
In this paper, we proved the existence and attractivity result of the solution for first, second 
and fractional order nonlinear random ordinary differential equation in separable Banach 
space using caratheodory and Lipschitz condition. The existence of extremal solutions is also 
proved under caratheodory and certain monotonicity condition. The results are illustrated 
with the aid of examples. 
Keywords: Fractional derivative and integration, fixed point theorem, fractional differential 

equation, nonlinear ordinary differential equation, the existence of a solution to 
ordinary differential equation. 

AMS (MOS) Subject Classification: 26A33, 37C25, 54H25, 55M20, 58C30, 34K37,      
34A34, 34A12 

 
 
 
 

Fixed point Theory on Fractional Order Differential Equations 

B. D. Karande 
 

Department of Mathematics 
Maharashtra Udayagiri Mahavidyalaya, Udgir-413517, Maharashtra, India 

E-mail: bdkarande@rediffmail.com 
 

In this Presentation, we discuss the existence theory on Fractional Order Equations in Banach 
Algebras under some mixed generalized Lipschitz and Caratheodory Condition. Moreover; 
we show that solutions of this equation are locally attractive. Our main tool is a Fixed Point 
Theorem. The existence theorems for extremal Solutions are also proved under Certain 
Monotonicity Conditions. Our results are illustrated by an example. 

 
Keywords: Fractional Order Equation, Fixed Point Theorem, Locally Attractive and 

Extremal Solutions, Banach Algebras 
AMS Classifications: 34K10, 34A12, 46B50 

40 MINUTE TALKS 
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Applications of Data in Quantum Computing 

Dr. Deena Sunil 
Department of Mathematics, Indira Gandhi National Tribal University, 

Lalpur, Amarkantak 484 887, M.P., India 
E-mail: sunil.deena007@gmail.com, deena.sunil@igntu.ac.in 

 
With the exponential growth in computing power with data, quantum computing is getting 
ready for its close up. Quantum computers are ideally suited to solving complex problems, 
which are hard for classical computers but are easy to factor on a quantum computer. Such an 
advancement creates a world of opportunities, across almost every aspect of modern life. In 
fact, Google has recently made headlines proclaiming the achievement of quantum 
supremacy, where its computers can perform a task that a conventional computer can’t. IBM 
is also making noise about their supercomputers, which are blazingly fast. However, we often 
wonder what these things actually do and what are its real-world applications? In this article, 
we are going to talk about some of the top quantum computing applications in the real world. 

 
 

Shear Strength Equation in Wide Beams across the Width 

G. Papa Rao 
 

Department of Civil Engineering 
Gayatri Vidya Parishad College of Engineering(A), Visakhapatnam 

 
A test programme of six reinforced concrete wide beams in two series together with their 
strength prediction is reported in this paper. Each series had different parameters of wide 
beams. In each series, specimens had identical in geometry, flexural reinforcement, amount 
of shear reinforcement per metre length of beam, material properties and test details. The 
only variable is vertical stirrup leg spacing across the beam width. The number of vertical 
stirrup legs in the beams across the width varied from zero to six. The shear strength of 
normal beams, with well distributed shear reinforcement along the length could be safely 
predicted by the IS: 456-2000 code. No guidance is available in any code for multiple stirrup 
legs across width in wide beams. Based on the experimental results, an equation was 
proposed to predict the shear strength of the wide beams with multiple stirrup legs. The 
accuracy of the proposed shear strength equation was evaluated against the experimental 
results; the predictions were conservative. 
 

 

Results on Weak Contractions via w-distances 

Koti N V V Vara Prasad 

Department of Mathematics, Guru Ghasidas Vishwavidyalaya (A Central University) 
Bilaspur (C.G.) 

In this paper, we deal with some innovative concepts of (τ, α)-weak contractive type 
mappings and establish several fixed point results without relying on conditions essential in 
prior works. 
Keywords: Complete metric space, b-metric space, weak contraction, fixed point,  
                     ((τ, α))- weak contractions. 
2020 Mathematics subject classifications (AMS): Primary 47H10, Secondary 54H25. 
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Computational Approaches to Time-Fractional Partial 
Differential Equations 

 
Aman Jhinga1 and Varsha Daftardar-Gejji 2 

1Department of Mathematics and Computer Science, West University of Timi¸Soara, 
Romania – 300223. Email: aman.jhinga89@e-uvt.ro 

2Department of Scientific Computing, Modeling and Simulation, Savitribai Phule Pune 
University, Pune 411007- India.  Email: vsgejji@gmail.com 

 
The non-local nature of fractional derivatives and integrals has proven useful for modeling 
real-world problems more accurately. These techniques have successfully been applied to 
model memory effects in various phenomena. In this work, we describe computationally 
efficient numerical methods for solving partial differential equations involving fractional 
derivatives in time. In particular, we address the time-fractional advection-dispersion 
equation, the time-fractional wave-diffusion equation, and the multi-term time-fractional 
wave-diffusion equation as illustrative examples. Our paper analyzes the stability and 
convergence of these new methods and demonstrates their effectiveness. A comparison of 
numerical errors with existing methods in the literature highlights that the new methods offer 
improved accuracy.  
 
Keywords: time-fractional partial differential equations, time-fractional wave-diffusion 

equation, Riemann-Liouville fractional derivative, Caputo fractional derivative, 
stability, convergence, numerical method. 

 
MSC 2010: 26A33, 35L05, 35R11, 65M22, 65M12, 65M15 

 

Advance Material for Solid-State Refrigeration Technology 
 

J Krishnamurty 

Department of Physics, NIT -Andhra Pradesh-534101, India 
 

Multiferroics are materials possessing more than one ferroic order, has also been mentioned 
as possible systems to enhance the caloric effects by taking advantage of coupling between 
long-range ferroic orders. For example, tuning the magnetic order with electric field or 
modification of ferroelectricity with magnetic field is called magnetoelectric (ME) coupling 
has received renewed research interest due to its importance in various applications. Solid- 
state refrigeration (SSR) has evolved as a climate-friendly technology in the past few 
decades. While comparing with the conventional vapor-based compression refrigeration 
technology, SSR eliminates the hazardous chemicals, compressors, and evaporators. The 
solid-state magnetic refrigeration has the potential to reduce energy use by 30% and requires 
no refrigerant. SSR uses caloric effects, i.e., temperature changes due to external stimuli like 
magnetic, electric, or mechanical influences. Magnetocaloric (MCE-magnetic field), 
electrocaloric (ECE-electric field), elastocaloric (ELCE-mechanical stress) and barocaloric 
(pressure) effects correspond to these stimuli. The caloric effects are characterized by the 
entropy change in an isothermal process (ΔS iso ) and by the temperature change in an 
adiabatic process (ΔT ad ) upon external field variation. In addition to refrigeration, 
multiferroic materials with ME coupling are also used in memory devices, sensors and 
actuators, catalytic activities and have some biological applications. In this presentation it 
will be discussed the importance of ME coupling in multiferroics with the illustration of some 
examples to enhance the total adiabatic temperature changes required for the low-temperature 
applications.
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Unravelling Mathematical Complexity: From Inverted 
Pendulums to Industrial Bioreactors 

 

Kavirayani Srikanth 
 

1 Department of Electrical and Electronics Engineering,  
Gayatri Vidya Parishad College of          Engineering(Autonomous), Visakhaptnam 

Email: kavirayanisrikanth@gvpce.ac.in 
 

This work is a culmination of over two decades of research on complex dynamic systems 
starting from a simple inverted pendulum control problem which is the basis for studies on 
stability and control as a basic model. A simple inverted pendulum with two degrees of 
freedom is the test bed in the family of inverted pendulums which is used for stringent testing 
studies on control parameters in classical control. As the complexity is intensified from single 
to double, triple and quadruple inverted pendulums, the control problem becomes more 
difficult in terms of stability as the parameters influencing the system dynamics increases 
manifold. With six degrees of freedom and the governing mathematical equations being 
represented in unified format as a matrix, the controller design would be of immense 
importance. Adding an extra dimension of time delay would further make the problem 
difficult. Extrapolating and extending the ideas developed for the system analysis from the 
test bed of inverted pendulum, there were some studies on various plant models on dynamics 
of under actuated ships to bioreactors of various orders which were analysed using 
differential equations formulated from Newtonian mechanics and or Euler-Lagrangian 
Equations which emphasise the need for better understanding of the fundamental need for 
reducing the higher order equations of all these systems to a lower first order system by 
decoupling the dependencies to have better control on the system under observation. This 
work gives a brief glimpse of the underlying methodologies involved in reducing the 
complexities involved. 
Keywords: Complex Dynamic Systems, Time delays, differential equations, inverted 
pendulums, ships, bioreactors. 
Subject classification:    93C95-Application    models    in    control     theory, 93C05-Linear 
systems in control theory, 93C10-Nonlinear systems in control theory, 93C15-Control 
systems governed by ordinary differential equations 
 

Sustainability Evaluation of Application of Graphene in 
Machining Inconel718 and Ti6AL4V Alloys 

M. Amrita 

 

              Dept. of Mechanical Engineering 
                     Gayatri Vidya Parishad College of Engineering (A), Visakhapatnam 

 
Novel materials, such as heat-resistant super alloys encompassing iron, nickel, and titanium 
alloys, are engineered for extreme environments. However, their inherent difficulty in 
machining presents challenges. Dry machining, limited in its applicability, often necessitates 
flood cooling, albeit posing environmental and health hazards. While Minimum Quantity 
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Lubrication (MQL) exhibits improvement, the adoption of nanofluids remains limited. This 
study targets sustainable machining of these formidable materials through two approaches: 
the development of self-lubricating cutting tools and the application of MQL with graphene- 
based cutting fluids. 

The research entails fabricating self-lubricating cutting tool inserts infused with graphene 
nanopowder within cemented carbide tools. Additionally, graphene-based cutting fluids are 
synthesized with varying concentrations. Comprehensive evaluation is performed for both 
methodologies in machining Nickel and Titanium alloys by measuring cutting forces, 
temperature, tool wear, and surface roughness across a spectrum of cutting speeds. The 
identification of the optimal machining environment is based on these performance metrics. 

Environmental sustainability is a driving force, aiming to minimize energy consumption 
throughout the manufacturing process to reduce carbon emissions. Despite extensive research 
on machining Nickel and Titanium alloys, environmental considerations have been largely 
overlooked. The study seeks to rectify this by investigating the energy-related environmental 
implications of machining these alloys, proposing strategies to mitigate their carbon footprint. 
A holistic carbon footprint analysis, encompassing all stages from production to disposal, 
helped in determination of the most environmentally sustainable machining practices. 

In parallel, economic viability is crucial for industrial adoption. Thus, an economic analysis is 
conducted to identify the most cost-effective machining strategies. By integrating machining 
performance evaluation, environmental impact assessment, and economic analysis, the study 
aims to ascertain the best sustainability machining environment for Nickel and Titanium 
alloys. 

 
 

Existence of Uniform Statistical Convergence for Integration and 
Differentiation of Series of Functions 

Kailas S. Ahire1* , Suryabhan A. Sangale2 

Department of Mathematics, 
M. S. G. College, Malegaon camp. Dist. Nashik, Pin- 423 105, India (M.S.) 

Email: 1.ksahire111@gmail.com/ 2. sangalesa@gmail.com 
 
 

A statistical convergence was introduced in connection with problems of series of functions. 
The concept of statistical convergence is directly connected to the convergence of such 
statistical characteristics as the mean and standard deviation. In this paper, we introduce a 
uniform statistical convergence for Integration and Differentiation of Series of Functions of 
real-valued functions. Also, examine the validity of some theorems on Uniform convergence 
of series of real-valued functions and uniform statistical convergence of series of real-valued 
functions. 

Keywords: Series of functions, Uniform Convergence, Statistical Convergence, Uniform 
Statistical Convergence 

49

mailto:ksahire111@gmail.com
mailto:sangalesa@gmail.com


Study of (θ, ∆θ)-Cyclic Codes over the Finite Ring and its 
Extension 

Dr. Om Prakash 

Department of Mathematics, Indian 
Institute of Technology Patna 

om@iitp.ac.in 

Let Fq be the finite field of order q = pm where p is a prime and m > 1 is a positive 
integer. In this talk, we focus our discussion on the structure of (θ, ∆θ)-cyclic 
codes over the ring R and the mixed alphabets FqR where R = Fq[u]/ۦu2 − uۧ. Here, 
we use the decomposition of the ring R to analyze the structural properties of 
these codes and determine their generator polynomials. Further, we introduce the 
concept of the Gray map over R and FqR to find the Gray images of FqR-linear (θ, 
∆θ)-cyclic codes over Fq. Finally, using our established results, we are able to 
produce several optimal and MDS codes. 

 
Keywords: Finite field, Linear codes, Skew polynomial rings, (θ, ∆θ)-cyclic codes, 

Gray map 
            Mathematics Subject Classification:12Y05, 16Z05, 94B05, 94B35, 94B15. 
 

 
Effect of Viscosity on Shock Wave Propagation in Non-ideal 

Magnetogasdynamics under the Influence of Heat 
Conduction and Radiation Heat Fluxes 

Narsimhulu Dunna1* and Athira K 2 

 
Department of Statistics and Applied Mathematics, School of Mathematics and 

Computer Sciences, Central University of Tamil Nadu, Neelakudi, Thiruvarur-610 005, 
Tamil Nadu State, India 

2 Research Scholar, Department of Statistics and Applied Mathematics, 
Central University of Tamil Nadu, Neelakudi, Thiruvarur-610 005, Tamil Nadu State, India. 

*Corresponding author: narsimhulu@cutn.ac.in 
 

In this paper, we study the effect of artificial viscosity on flow variables of shock wave 
problems in a magnetized environment of the generalised dusty gas equation of state (EoS) 
under the influence of heat conduction and radiation heat fluxes. Shock is assumed to be 
strong and propagate through a medium in a power law. The dusty gas medium 
combines natural gas and uniformly distributed micro-size solid particles. The flow’s 
equilibrium conditions are expected to be maintained in an optically thick gray gas model, 
and radiation is assumed to be of the diffusion type. The governing equations of one- 
dimensional compressible unsteady viscous magnetohydrodynamic flow are non-linear 
system of one- dimensional partial differential equations (PDEs) with quasi-hyperbolic type. 
With the aid of appropriate similarity transformations, these equations can be transformed 
into to a system of ordinary differential equations (ODEs). The solution of the considered 
problem is obtained numerically using MATLAB software and the effect of the Cowling 
number, the viscosity parameter on shock propagation is studied in detail. The results show 
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that for various values of non-idealness parameters in the presence of viscosity, the flow 
variables have distinct features in generalised dusty gas EoS with the effect of heat 
conduction and radiation heat fluxes. It is evident from the present work that artificial 
viscosity removes all discontinuities of the flow parameters and gives a smooth profile 
compared to the results obtained from the literature. Also, the influence of heat conduction 
and radiation heat fluxes on the flow variables with and without artificial viscosity is 
analysed. Also, the complete flow field depends upon the magnitude of the artificial viscosity 
parameter. All the analysis is presented pictorially in this paper. The work aims to better 
understand shock wave behavior in a magnetised   environment   of generalised   dusty 
gas (EoS) with viscosity under the influence of heat conduction and radiation heat fluxes. 

 

Keywords: Shock wave, Rankine-Hugoniot conditions, Magnetohydrodynamics, Artificial 
viscosity, Non-ideal dusty gas, Radiation heat flux, Numerical simulation. 

Mathematics Subject Classification: 76L05, 76M60, 76M20 
 

Fractional Order CVS Model with Baroreflex Control 

N. Selvaganesan 

Department of Avionics 
Indian Institute of Space Science and Technology, Thiruvananthapuram 

 
The Cardiovascular System (CVS) is an intricate and essential part of human physiology 
which maintains oxygen transport, blood flow and homeostasis throughout the body. 
Understanding the dynamics and regulation of the CVS is important in clinical medicine, 
biomedical research and healthcare innovation. Experimentation with the human body to 
understand physiology is a challenging research area in the modern world. The mechanisms 
postulated to explain the human system can be easily studied using mathematical expressions 
in computer simulation due to the extremely complex structure of the human system. These 
mathematical representations involve creating dynamical equations and computational. In this 
work, the Cardiovascular System (CVS) is modelled as lumped parameter using the pressure 
voltage analogy. The viscoelastic property is taken into consideration by including 
fractionality to the Windkessel and geometrical model of CVS. The fractionality in the model 
is obtained using different heuristic optimization algorithms. Baroreflex dysfunction is one of 
the common causes associated with the CVS. The buffering capability and baroreflex gain 
influences large variation in blood pressure for short term control. For regulating the blood 
pressure, an integrated fractional order CVS model with the baroreflex control is proposed to 
study the complex interactions between autonomic nervous system and CVS. Also, the 
proposed model is studied for different abnormality conditions like orthostatic intolerance, 
haemorrhage, atherosclerosis and arterial stiffness. 

 

Recent Trends in Planar Harmonic Mappings 
 

S. B. Joshi 

Walchand College of Engineering, Sangli 416415, MS 
santosh.joshi@walchandsangli.ac.in 

 
In the present lecture, we aim at presenting systematically developments of planar harmonic 
mappings in complex planes. The Planar harmonic mapping was introduced by Clunie and 
Sheil-Small in 1984 and gave new directions for research. After this, seminal papers, many 
developments took place, such as introducing subclasses. We have first given an introduction 
and then presented our research work in this lecture. 
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A Hybrid Genetic Algorithm to the Multi-objective Multiple 

Travelling Salesman Problem 

Purusotham Singamsetty 

Department of Mathematics, School of Advanced Sciences, 
Vellore Institute Technology, 

Vellore, India 
The travelling salesman problem (TSP) and its variants have been studied extensively due to 
its wide range of real-world applications, yet there are challenges in providing efficient 
algorithms to deal with some of its variants. The multiple travelling salesman problems, 
(MTSP) is the generalization of TSP, aims to determine m-shortest routes for ‘m’ salesmen 
all of which start and end at a depot city such that they cover all the n-cities without 
intervening. This may lead to a disproportionate distribution of the number of cities to be 
covered by each salesman. This study deals with multiple objectives which include the 
minimization of service time, distance travelled, and the workload on the salesperson. The 
optimal solution to this problem may not be possible at one point as it involves a trade-off 
between two objectives. A hybrid Genetic Algorithm (GA) is proposed to obtain the efficient 
route plan for the m-salesmen. Firstly, the n-cities are proportionately distributed to m 
salesmen. Next, the initial solution is generated with the help of a simple greedy search 
algorithm fed into GA. Further, GA is designed by inducting different operators such as 
crossover, mutation and reverse operators to provide efficient Pareto routes. The experiments 
are carried out on different data sets, which are derived from the TSPLIB. The performance 
of GATS is compared with different genetic approaches and simulation results show that the 
proposed GATS obtained improved solutions on some of the benchmark instances. 

Keywords: Travelling Salesman Problem; Multiple Travelling Salesman Problem; Genetic 
Algorithm. 

 

On Componentwise Linearity of Edge Ideals of Weighted 
Oriented Graphs 

Ramakrishna Nanduri 

Indian Institute of Technology Kharagpur, E-mail: nanduri@maths.iitkgp.ac.in 

 
The study of ideals having linear resolution has paid lots of attention among researchers in 
Commutative Algebra. These ideals behave nicely and computationally simple than others. 
One of the remarkable results due to Eagon-Reiner says that the Stanley-Reisner ideal of a 
simplicial complex is Cohen-Macaulay if  and only if  its Alexander dual has a linear 
resolution. Componentwise linear ideals, which is a large class of ideals including the class of 
ideals having linear resolution, have become popular in the theory of Commutative Algebra 
since they enjoy various nice properties and algebraic interpretation. In 1990, Fr¨oberg 
established a significant result stating that the edge ideal of a simple graph G, denoted as 
I(G), has a linear resolution (or componentwise linear) if and only if the complement graph of 
G is chordal. In this talk, we discuss the componentwise linearity of edge ideals of weighted 
oriented graphs (WOGs). It is an open question that which weighted oriented graphs 
are componentwise linear? Can we characterize them combinatorially? We cannot simply 
generalize or extend characterizations of componentwise linear simple graphs to WOGs 
because edge ideals of WOGs are not square-free, not equigenerated and depend on the 
orientation and weights. We showed various combinatorial characterizations for the 
componentwise linearity of WOGs. This is a joint work with Manohar Kumar and Kamalesh 
Saha. 

 
52

mailto:nanduri@maths.iitkgp.ac.in


Quantitative Means of an Asymptotic Formula for a Family of 
Modified Linear Positive Operator 

Vishnu Narayan Mishra 
 

Department of Mathematics Indira Gandhi National Tribal University 
Amarkantak, Madhya Pradesh 484887 India 

Vnm@igntu.ac.in 
 

The key goal of this research article is to deal with the properties of the approximation family 
of linear positive operators, which is defined by Aratini O. Our main purpose is to obtain the 
Asymptotic formula for the proposed operators as well as quantitative means of 
Voronovskaya type theorem and GrussVoronovskaya theorem is established. Some graphical 
and numerical examples are given in support of the operators’ convergence to the function. 

 
Keywords: Szász-Mirakjan operators, Voronovskaya type theorem, Asymptotic formula 
AMS subject classifications: 41A25, 41A36, 47A58. 

 
   
 

Automated Surface Roughness Classification using Deep 
Learning and Robot Vision 

 Sanjay K. Darvekar 
 

Department of Mechanical Engineering 
Gayatri Vidya Parishad College of Engineering (A), Visakhapatnam 

A robot vision system is a technology that enables automatic inspection by using image 
processing. Robot vision inspection may be defined as a process of extracting, characterizing, 
and interpreting information from images of a three-dimensional world and comparing it with 
a known standard to generate a decision as an output. In this work, deep learning algorithms 
are trained through the transfer learning approach for classifying the images of the machined 
surfaces into four classes A, B, C, and D. The data set is prepared by capturing 8 pictures of 
each sample machined with different speed, feed, and depth of cut combinations as per the 
full factorial design of the experiments. A major portion of this data is used for training the 
algorithm, while the remaining data is used for validating and testing the algorithm. The 
surface roughness parameter of the samples is observed and analysed using a robot vision 
system. The robot vision system includes a 6 DoF Mitsubishi Articulated robot and the 
Cognex In-Sight 1.3 MP camera. The performance of data learning models was compared 
based on the average accuracy of the models. The developed system could be useful in 
analyzing the surface finish aspects of the machined components in industries with a high 
production rate and, hence, reducing labor costs, inspection cycle time, operator errors, and 
multiple setups, thereby increasing productivity and decreasing the overall production cost.
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A Numerical Scheme to a Nonlinear Mckendrick-Von Foerster 
Equation with Diffusion 

 
T. Suman Kumar 

School of Mathematics and Statistics, University of Hyderabad  
.Gachibowli, Hyderabad 

 
An implicit finite difference scheme is presented to approximate the solution to the 
McKendrick-Von Foerster equation with diffusion (M-V-D). The notions of upper, lower 
solutions are introduced and used effectively with the aid of discrete maximum principle to 
study the well-posedness, and stability of the numerical scheme. A relation between the 
numerical solutions to the M-V-D and the steady-state problem is established. 

 
 
 

On Componentwise Linearity of Edge Ideals of Weighted 
Oriented Graphs 

Ramakrishna Nanduri  
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mail: nanduri@maths.iitkgp.ac.in 

 
The study of ideals having linear resolution has paid lots of attention among researchers in 
Commutative Algebra. These ideals behave nicely and computationally simple than others. 
One of the remarkable results due to Eagon-Reiner says that the Stanley-Reisner ideal of a 
simplicial complex is Cohen-Macaulay if  and only if  its Alexander dual has a linear 
resolution. Componentwise linear ideals, which is a large class of ideals including the class of 
ideals having linear resolution, have become popular in the theory of Commutative Algebra 
since they enjoy various nice properties and algebraic interpretation. In 1990, Fr¨oberg 
established a significant result stating that the edge ideal of a simple graph G, denoted as 
I(G), has a linear resolution (or componentwise linear) if and only if the complement graph of 
G is chordal. In this talk, we discuss the componentwise linearity of edge ideals of weighted 
oriented graphs (WOGs). It is an open question that which weighted oriented graphs 
are componentwise linear? Can we characterize them combinatorially? We cannot simply 
generalize or extend characterizations of componentwise linear simple graphs to WOGs 
because edge ideals of WOGs are not square-free, not equigenerated and depend on the 
orientation and weights. We showed various combinatorial characterizations for the 
componentwise linearity of WOGs. This is a joint work with Manohar Kumar and Kamalesh 
Saha. 
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Turbulent Heat Transfer and Pressure Drop haracteristics of 

Al 2O3-Ethylene glycol and Al2O3-Water based Nanofluid in the 
Microfin Helically Coiled Tube: Numerical Study 

Anand Solanki 
 

Department of Mechanical Engineering 
Gayatri Vidya Parishad College of Engineering (A), Visakhapatnam 

Augmentation in the heat transfer rate of the working fluid in the tube can be achieved by 
modification of tubes, by improving the thermos physical properties of working fluid and 
changing the direction of fluid flow. For this, in this study, the numerical heat transfer and 
pressure  drop  characteristics  of  Al 2O3–water  and  Al 2O3–EG  nano  fluids  in  the  micro-fin 
helically coiled tubes are studied by using ANSYS FlUENT 19.2. In this case, the straight 
tube can be changed into a helical coiled tube, thereby, heat transfer is increased due to the 
centrifugal effect caused by the curvature of the tube. The realizable k−ε turbulence with 
enhanced wall treatment model was applied. Effects of solid volume fraction of nanofluid, 
Reynolds number, fin number, and coil diameter on Nusselt number and pressure drop are discussed. 
It is found that the heat transfer coefficient and pressure drop increase with the rise of solid 
volume fraction, and Reynolds number of nanofluid. Also, the comparison of the tubes and 
nano fluids are presented in this study. 

 
 

ANN Modeling of Laser Micro Drillin Process  

                                            P. P. S. Keerthi 
Department of Mechanical Engineering 

Gayatri Vidya Parishad College of Engineering (A), Visakhapatnam 
 

Laser micromachining(LMM) is a thermal energy based unconventional machining process 
that removes material by ablation. The versatility of the process makes it suitable to machine 
different materials. LMM finds its applications mainly in industries like aerospace, 
automobile, biomedical application etc. Nitinol, is a super alloy of Titanium and Nickel, and 
is unique for its properties like super elasticity and shape memory. Nitinol is a good choice 
for bio medical applications owing to its biocompatibility. The thermal dependent shape 
memory feature of Nitinol makes it difficult to machine by conventional means. In this 
work, Laser Micro drilling on Nitinol is performed using laser spot diameter, feed rate and 
sheet thickness as the process parameters. The quality of hole characteristics like Heat 
Affected Zone (HAZ) and Hole circularity for the drilled holes is investigated. Artificial 
Neural Networks are used to train the data and to predict the values of Heat Affected zone 
and hole circularity. Regression Analysis is also performed to obtain the relation between the 
parameters and the performance measures. The developed equation can be further used for 
the optimization of the process. understand the influence of the parameters on the Heat 
affected zone and the circularity of the drilled holes. 
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The Math behind the Mind: Mastering Calculus and Linear Algebra for 
Artificial Intelligence 

V. Madhu 

Sr. Manager, Miracle Software, Hyderabad 

In the ever-evolving landscape of artificial intelligence (AI), mathematical foundations play a 
pivotal role. This abstract delves into the critical components—Calculus and Linear 
Algebra—that form the bedrock of AI algorithms and models. 

1. Linear Algebra: The Backbone of AI 
Linear Algebra serves as the workhorse for AI practitioners, enabling them to manipulate 
data efficiently. Key concepts include: 

 Scalars: Fundamental single numbers (real or natural).  Vectors: Ordered lists of numbers representing points in space.  Matrices: Two-dimensional arrays with indexed elements.  Eigenvectors & Eigen values: Special vectors and their scalar counterparts.  Singular Value Decomposition: Matrix factorization with diverse applications. 
 Principal Component Analysis (PCA): Dimensionality reduction technique 
 

2. Calculus: Navigating Change and Optimization  Calculus provides tools to understand changes, approximations, and optimization. 
Key concepts include: 

 Derivatives: Rules (product, chain, etc.) and hyperbolic derivatives. 

 Partial Derivatives: Essential for multi-dimensional functions. 
 Integration: Fundamental for areas under curves and probability distributions. 

3. Deep Neural Networks: Where Math Meets AI 
    Deep neural networks, the heart of modern AI, rely heavily on these mathematical 

foundations. We explore theoretical directions, exemplary results, and open problems 
related to deep neural networks. Join us in unravelling the Math behind the Mind, 
empowering AI enthusiasts and researchers to master these mathematical tools and unlock 
the potential of artificial intelligence. 
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Subspace Clustering 

B. Jaya Lakshmi 
 

Department of Information Technology 
Gayatri Vidya Parishad College of Engineering (A), Visakhapatnam, India 

 
The data in most of the real-world applications is abundant and voluminous both in terms of 
objects and attributes. Such data need to be analyzed using suitable data mining technique for 
decision making. Cluster Analysis is one of the important functionality of data mining which 
groups similar data objects that share interesting patterns formed by combinations of 
attributes. Estimating the distance between objects in terms of complete set of attributes 
restricts the patterns to be defined in terms of all attributes whether they really characterize 
the group of data objects constituting a cluster. Hence, the conventional clustering methods 
fail to detect meaningful clusters in high-dimensional feature space as the distances between 
data objects become insignificant due to irrelevant attributes contributing noise to the 
distance estimation. 
Dimensionality reduction is applied as a preprocessing step to eliminate irrelevant and 
redundant attributes before applying conventional clustering methods in the reduced feature 
space referred to as subspace. This preprocessing approach is limited to identifying clusters 
of data objects that share interesting patterns in the reduced feature space which should be 
common for all possible groups. However, most of the high dimensional datasets contain 
different groups of data objects that share interesting patterns with varied combinations of 
attributes defined in multiple subspaces. In other words, an attribute may be irrelevant while 
defining the shared pattern of a cluster while the same attribute may be essential in defining 
the shared pattern of another cluster. A subspace is defined as a specific subset of attributes 
relevant for identifying groups of similar objects in a perspective. Subspace clustering is the 
process of identifying clusters in all possible subspaces of a given dataset. A subspace cluster 
is denoted with two dimensions <O, A> representing the set of objects grouped into the 
cluster and the set of attributes defining the subspace respectively. 

 

Privacy Preserving Data Publishing with Multiple Sensitive 
Attributes 

 N.V.S. Lakshmipathi Raju 

 
 Department of CSE, Gayatri Vidya Paris had College of Engineering 

(A), Visskahapatnam 
 

Data publishing plays an important role in the evaluation of economic models, identification 
of social trends and pursuit of the state-of-the-art in various fields. Privacy preservation has 
become one of the major issues in data publishing. It is desirable to preserve the individual's 
privacy on the released content without reducing the utility rate. Many of the existing privacy 
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preserving data publishing (PPDP) models concentrate on a single sensitive attribute. It is 
necessary to concentrate on PPDP with multiple sensitive attributes to obtain more 
meaningful associations from the published data. This session presents three different PPDP 
models with multiple sensitive attributes namely "KC i-slice" , "Novel KC i-slice" , "Optimal 
KC i-slice"   and “Distrib uted  KC i  –slice” to overcome the limitations of the existing PPDP 
models. 

These models are implemented based on the concepts of attribute sensitiveness and slicing. 
The  proposed  "KC i-slice"  model  finishes  the  data  publishing  process  in  two  phases.  It 
imposes  the  necessary  privacy  constraints  on  sensitive  attributes.  KCi-slice  model  uses  a 
"Semantic l-diversity" algorithm to perform bucketization of the tuples in order to prevent 
similarity attacks. KCi-slice model imposes the privacy constraints on all  the sensitive values 
of the buckets and also finds the correlation among the sensitive attributes, to partition the 
sensitive attributes into different sensitive tables using slicing technique. The proposed 
"Novel KC i-slice" model uses a new bucketization technique named as "Enhanced semantic 
l-diversity " technique to overcome the drawbacks of Semantic l-diversity. It is necessary to 
obtain various privacy levels on different sensitive values of a sensitive attribute. The 
previous two models give high priority even to low sensitive values of a sensitive attribute. 
Because of this, it is not possible to get optimal results from the published data. The proposed 
"Optimal KC i-slice"  model imposes various privacy thresholds on the sensitive values based 
on  their  sensitiveness.   The  Optimal  KCi-slice  model  prioritizes  the  sensitiveness  of  the 
sensitive values of a high threshold sensitive attribute while forming the buckets. All these 
three models works only on centralized data bases. A new model called as “Distrib uted KCi 

–slice” implemented for the distributed databases. Adult dataset from the University of 
California Irwin (UCI) machine learning repository is used to test all four proposed models. 

Keywords: Privacy preserving, Slicing, Data publishing, Bucketization. 
 

Advancements in Facial Expression Recognition: From 
Psychology to Technology 

B. Srinu 

Department of  Technology 
Gayatri Vidya Parishad College of Engineering 

Madhurawada, Visakhapatnam 
 

Facial Expression Recognition (FER) has been a significant research area since the early 
nineties, initially explored by psychologists to understand various facial emotions, including 
anger, disgust, fear, happiness, sadness, and surprise. This research identified Facial Action 
Units (FAUs), which are specific sets of facial muscle movements representing different 
expressions and forming the basis of the Facial Action Coding System (FACS). FAUs 
provide a standardized framework for expression recognition. In recent years, FER has 
gained traction due to advancements in related fields such as machine learning, computer 
vision, image processing, and cognitive science. However, achieving high accuracy in FER 
remains challenging, prompting ongoing dynamic investigations. FER finds applications 
across diverse fields, including next-generation human-computer interfaces (HCI), 
behavioural science, video games, robotics, psychology, music and television systems, 
telecommunications, animations, automobile safety, and educational software, enabling more 
efficient resource utilization. Facial features are typically categorized into appearance-based 
and geometric-based feature extraction methods in emotion recognition systems. Appearance- 
based techniques involve applying filters like Gabor wavelets to the entire face or specific 
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regions, as well as utilizing methods such as Local Ternary Pattern (LTP), Local Binary 
Pattern (LBP), Histograms of Oriented Gradients (HOG), Discrete Wavelet Transform 
(DWT), and Stationary Wavelet Transform (SWT) for feature extraction. On the other hand, 
geometric-based approaches focus on the location and shape of facial components such as 
eyes, eyebrows, nose, and mouth for feature representation. 

 

Multicriteria Decision Making through Analytic Hierarchy Process 

Dr  R. L. N. Pradeep Kumar 

Vishnu Institute of Technology, Bhimavaram, A.P., India 
Email: pradeepkumar.r@vishnu.edu.in 

 
Multicriteria Decision Making (MCDM) plays a vital role in numerous domains where decisions must 
consider multiple conflicting criteria. MCDM involves evaluating alternative courses of action against 
multiple criteria to determine the most suitable option. This process is often encountered in business, 
engineering, healthcare, and environmental management, among other fields. Traditional decision- 
making approaches often fail to capture the inherent complexity and interdependencies among 
criteria, leading to suboptimal outcomes. In contrast, MCDM methods aim to systematically analyze 
and prioritize alternatives based on a set of predefined criteria. 

The Analytic Hierarchy Process (AHP) is a widely adopted method for tackling MCDM problems due 
to its ability to handle complex decision scenarios. The AHP, introduced by Thomas L. Saaty, is a 
structured technique for decomposing complex decision problems into a hierarchical structure of 
criteria and alternatives. AHP facilitates pairwise comparisons between elements at each level of the 
hierarchy to derive preference weights, reflecting the relative importance of criteria and alternatives. 
These weights are then aggregated to generate a comprehensive ranking of alternatives, aiding 
decision-makers in selecting the most favorable option. 

The versatility of AHP enables its application across diverse decision contexts, ranging from project 
selection and resource allocation to supplier evaluation and strategic planning. Moreover, its intuitive 
framework and robust mathematical foundation make AHP accessible to practitioners and researchers 
alike. However, challenges such as subjective judgments, inconsistency in pairwise comparisons, and 
scalability issues necessitate careful consideration and validation in real-world applications. Future 
research may focus on advancing AHP methodologies, addressing practical challenges, and exploring 
innovative applications in emerging domains to further enhance decision-making capabilities. 

 
 

PBVP of an Integro Differential Equation 

Ch. V. Sreedhar 

Department of Mathematics, GVP-Prof. V. Lakshmikantham Institute for Advanced Studies, 
Gayatri Vidya Parishad College of Engineering (Autonomous), Visakhapatnam 

 

In this paper we first develop the method of generalized quasilinearization for initial value 
problem of an integro differential equation and then use it to develop quasilinearization for 
the PBVP of the integro differential equation by using the coupled lower and upper solutions 
of the considered problem. 
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Flow Characteristics of Micropolar Nanofluid Stuffed Between 
Viscous Nanofluids: Three-Layer Flow 

Prashant S Sutkar 
 

Post Graduate Department of Mathematics &amp; Applied Mathematics, 
NES Science College, Nanded, Maharashtra, India. 

E-mail: prashantsutkar@gmail.com 
 

An analysis of the micropolar nanofluid stuffed between purely viscous nanofluid in the 
upper and lower regions is presented. The channel walls are maintained at two different 
constant temperatures. The transport properties of the fluids in all the three regions are 
assumed to be constant. Exact analytical solutions are found and are evaluated numerically 
for the linear velocity, microrotation velocity and temperature. The influence of material 
parameter (0 ≤ 2.0 ≤ K), solid volume fraction (0 ≤ φ ≤ 0.5), Eckert number (0 ≤ Ec ≤ 2.0), 
cell rotation viscosity and various nanoparticles on the velocity, microrotation velocity, 
temperature, Nusselt values, skin friction and mass flow rate are presented in graphical and 
tabular form. It is found that the material parameter and solid volume fraction reduce the 
velocity and temperature. Eckert number develops the temperature field. The cell rotation 
viscosity reduces the velocity for any values of material parameter. The Nusselt values are 
not much varied for any of the nanoparticles. The mass flow rate decreases with increasing 
the concentration of nanoparticles and with material parameters. 

 

Gaussian Process Regression-Based Expert System for Predicting 
Remaining Useful Life in Steel and Composite Structures 

Sathish Janjeti 
 

Department of Mathematics 
Gayatri Vidya Parishad College of Engineering (A) Visakhapatnam 

Leveraging recent advancements in sensor technology, this study presents an expert system for 
comprehensive structural health monitoring. The expert system utilizes various data points, 
including crack location, depth, first three natural frequencies, fatigue stress, and remaining 
useful life, to train a Gaussian process regression algorithm. This trained algorithm effectively 
detects, localizes, and assesses crack severity, while also predicting the remaining useful life of 
steel and composite structures. Numerical modal analysis of diverse cracked steel and 
composite plates under fixed-free and fixed-fixed conditions determines the first three natural 
frequencies. Experimental validation is achieved through impact hammer tests on these plates 
with varying crack configurations under the same conditions. The difference between 
experimental and numerical modal analyses is a mere 9.6%. Similarly, numerical fatigue 
analysis is conducted to estimate fatigue stress and remaining useful life for various cracked 
plates under both fixed-free and fixed-fixed conditions. Experimental validation for fatigue 
stress involves measuring it in cracked plates using a strain gauge circuit during induced 
random vibration from an electrodynamic shaker identical to the one used in numerical 
analysis. The deviation between experimental and numerical fatigue stress analyses is just 
4.31%. This comprehensive dataset, encompassing crack information, natural frequencies, 
fatigue stress, and remaining useful life obtained from both numerical and experimental 
analyses, is used to train the Gaussian process regression based expert system developed using 
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Python programming. The system's performance is evaluated using an R-squared score, 
achieving an impressive 98.7, demonstrating its high efficiency. Further thorough evaluation 
through experimental analysis on steel and composite structures confirms its accuracy, with an 
average error percentage of only 5.82% in predicting crack location, severity assessment, and 
remaining useful life estimation. 
Keywords: Composite plate, natural frequencies, fatigue stress, crack detection, crack 

localization, crack severity, residual life estimation, expert system, Gaussian 
process regression  algorithm 

 

Quasilinearization for Impulsive Fractional Differential 
Equations 

V. Radhika 

Department of Mathematics 
Gayatri Vidya Parishad College for                      Degree and PG Courses (A) Visakhapatnam 

My work focuses on the Impulsive Fractional Differential Equations with fixed moments of 
impulse using Caputo fractional derivative and the existence and uniqueness of solutions was 
studied through the technique of quasilinearization. The method of quasilinearization was 
extended which has been established for hybrid Caputo fractional differential equation to a 
set up where the function under consideration is a sum of two functions, one satisfying 
convexity like condition and the other satisfying concavity like condition. This method has 
been extended to obtain the unique solution of the periodic boundary value problem (PBVP) 
for hybrid Caputo fractional differential equation. This has been attained by the solutions of 
linear initial value problems (IVPs) of the corresponding PBVP. The generalized 
quasilinearization technique was enhanced for an initial value problem of hybrid Caputo 
fractional differential equation by using coupled lower and upper solution of type I. In order 
to develop this method the lower solution was fixed. 

Keywords: Quasilinearization, Impulsive Differential Equations, Fractional Differential 
Equations. 

AMS (MOS) subject classification: 34K07, 34A08 
 

A Note on Solving Cubics in the Context of an Equation-Oriented 
Approach for Process Optimization 

G. Srikanth1 and G. Sudheer2 
1 Gayatri Vidya Parishad College of Engineering, Visakhaptnam 

2 Gayatri Vidya Parishad College of Engineering for Women, Visakhaptnam 
 

The cubic equations of state (CEOS) are widely used in the chemical and petroleum 
industries for modelling, Simulation and Process Optimization. The handling of the solutions 
of CEOS in Equation Oriented (EO) optimization for calculation of the relevant 

thermodynamic properties in Vapor-Liquid equilibria calculations is the focus of the present 
work. An analysis about the calculation of the appropriate phase root of the cubic equation of 
state is presented and applied to the Peng-Robinson equation of state to bring out the 
reliability of the proposed method. 

Keywords: Cubic equation of state, root finding, cubic function, vapor-liquid, calculation 
phases 
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The process of conducting research is both an art and a science, requiring a delicate balance 
of creativity, methodology, and perseverance. This presentation explores the essential 
components of effective research, from formulating research questions to disseminating 
findings. Through a comprehensive examination of research design, data collection methods, 
analysis techniques, and ethical considerations, attendees will gain valuable insights into the 
intricacies of the research process. Practical tips, real-world examples, and best practices will 
equip participants with the tools and knowledge needed to embark on successful research 
endeavours in any discipline. Whether embarking on their interest for pursuing research or 
seeking to refine their existing skills, this presentation offers invaluable guidance for 
researchers at all levels. 

 

Existence of Solutions for Abstract Nonlinear Integrodifferential 
EquationVia S-Iteration Method 

Rupesh T. More1 and Haribhau L. Tidke2 

1 Department of Mathematics, Arts, Commerce and Science College, 
Bodwad, Jalgaon-425 310, India 

2 Department of Mathematics, School of Mathematical Science, 
Kavayitri Bahinabai ChaudhariNorth Maharashtra University, Jalgaon-425 001, India 

 
In this paper, we study the existence, uniqueness and other properties of solutions of abstract 
nonlinear Volterra integrodifferential equation with nonlocal condition. The tool employed in 
the analysis is based on application of S-iteration method. S-iteration method has equally 
important contribution to study various properties such as dependence on initial data, 
closeness of solutions and dependence on parameters and functions involved therein. 

 
Keywords: Existence, Continuous dependence, Closeness, Parameters, abstract 

integrodifferential equation; Normal S- iterative method 
 
 

Fixed Point Theorems on �� – Metric Spaces 

Ch. Srinivasa Rao 
Department of Mathematics  

Andhra University, Visakhapatnam 
 

Recently, �4 - metric spaces are introduced as a generalization of metric spaces. We 
introduce new contractive mappings on �4- metric spaces and investigate relationships 
among them. Examples and counter examples are provided as and when necessary addition, 
we obtain fixed point theorems for self-m �4-metric spaces. 
Keywords: Diameter, Fixed point theorem, Periodic point, S-metric space, �4- metric space. 
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Graph Neural Networks (GNNs) for NLP 

Dr R. V. V. Murali Krishna 

Department of Information Technology Gayatri Vidya Parishad 
College of Engineering, Visakhaptnam. 

 
Graphs have been used as an intermediate representation for text to solve Natural language 
processing problems. Graphs are found to be effective in capturing the semantic, syntactic, 
temporal and relational structure between words. Traditional graph based approaches are rule 
based and were effective for tasks such as keyword extraction and extractive summarization. 
Since the advent of deep learning techniques, Researchers have developed Graph Neural 
Networks (GNNs) that operate on graph-structured text. GNNs analyse graph-structured text 
at three levels, graph level, node level and edge level. Graph neural networks are more 
effective than traditional rule based approaches as they process multiple combinations of all 
the sub components of a graph to uncover hidden patters which are overlooked in rule based 
approaches. This paper provides an overview of various types of Graph Neural Networks and 
the key parameters involved. 

 
 

Advancing Truth Verification in Digital Media: A Novel 
Approach Leveraging AWD-LSTM and Multi-Stage Transfer 

Learning 

S. Kranthi Kiran 
 

Associate Professor, Dept. of Information Technology, 
GVP College of Engineering(Autonomous), Visakhapatnam 

 
In the era of digital communication, distinguishing between truth and falsehood has become 
increasingly complex due to the rapid dissemination of information across online platforms. 
This presentation introduces an innovative approach to addressing the challenge of fake news 
detection by employing a sophisticated AWD-LSTM network model enhanced through multi- 
stage transfer learning. Unlike conventional methods that heavily depend on the availability 
of user engagement data, the proposed work incorporates a strategy that emphasizes the 
utilization of auxiliary information, such as user comments, to assess the veracity of online 
content swiftly and accurately. By integrating user responses as critical input, the proposed 
model offers a dynamic solution to verify information authenticity, significantly reducing 
reliance on extensive labeled datasets. Through comprehensive evaluation on benchmark 
datasets including SemEval-2017 Task 8 and PHEME, the proposed method demonstrates 
superior performance in accuracy and efficiency compared to existing models. This 
presentation will delve into the architecture of the proposed system, highlighting its 
capability to adapt to the evolving nature of fake news and its potential to enhance the 
reliability of digital media. 
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The Effect of Vibration Produced from Underground Explosives: 
Implications for Structural Integrity 

Venkat Lute1, S. Ramakrishna2 and Edwin Vijay Kumar 3 
1Department of Civil Engineering; 2Department of Mechanical Engineering, 

3Department of Electrical and Electronics Engineering, GayatriVidya Parishad 
College of Engineering, Visakhapatnam 

The detonation of explosives in underwater operations generates significant vibrations that 
can have profound effects on both the surrounding geological structures and the environment. 
This study aims to investigate the characteristics of these vibrations, their propagation 
through various geological formations, and their potential impacts on nearby structures and 
ecosystems. Through comprehensive field measurements the vibration patterns generated by 
underground explosions will be analysed in terms of frequency, amplitude, and duration. The 
influence of factors such as explosive charge size, depth of water, and geological composition 
on the resulting vibrations will be examined to understand the mechanisms driving their 
propagation. Furthermore, the study will assess the structural response of nearby 
buildings,infrastructure. Advanced structural analysis techniques can be employed to evaluate 
the risk of damage or structural fatigue caused by repeated exposure to explosive-induced 
vibrations. Experiments were carried out in a 15m ×12m tank with the water depth of 10 m, 
under different explosive quantities (5g to 45g at the interval of 5g), and detonation depths of 
2m below the water. The shock wave dynamic response of experiment models was measured 
by configuring sensors of acceleration. 
 
Keywords: Underwater explosion, RCC building, Dynamic response, FFT analyser. 

 
Dynamics of Anisotropic Renyi Holographic Dark Energy Model 

 
Y. Aditya 

Department of Mathematics, GMR Institute of Technology, 
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aditya.y@gmrit.edu.in; yaditya2@gmail.com 
 

In the background of the Saez-Ballester (Physics Letters A: 113, 467, 1986) theory of 
gravitation, the manuscript presents the study of Rényi holographic dark energy determined 
through interaction and non-interaction in the anisotropic and spatially homogeneous Bianchi 
type-I space-time. I determine both non-interacting and interacting dark energy models by 
considering a correlation between the metric potentials to solve the field equations of the 
model. This results in a dynamical deceleration parameter which demonstrates a shift in the 
cosmic rate of acceleration from deceleration to acceleration, with a redshift z change that is 
compatible with observations. Despite assuming several values to parameters de close to -1 at 
z=0 (the present epoch) and in agreement with the most recent observations, the equation of 
state parameter de for the two Rényi holographic dark energy models display substantially 
different dynamic behaviour. Next, I discovered that the squared sound speed, vs2, is 
negative, implying instability against perturbations. The de-de’ plane is constructed to 
investigate the evolution of the models’ EoS parameter, which turned out to be in a freezing 
zone. As should be the case in an expanding universe, the strong energy conditions of the 
models are violated. Our models include the Chaplygin gas, CDM limit, and are inclined 
towards the steady-state model. Statefinders (r,s), and r-q planes were also examined. 
 
Keywords: Saez-Ballester theory of gravity, Bianchi type model, Renyi holographic dark 

energy, Cosmology, Dark energy 
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Solution of Partial Differential Equation Using Adomian 
Decomposition Method 

Bharat K. Pawar 1, Bhausaheb R. Sontakke 2 
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The Adomian Decomposition Method is one of the earliest Semi-analytic and numeric 
algorithms for finding approximate solutions to initial value problems for Partial Differential 
Equations. George Adomian introduced the Adomian Decomposition Method in the 1970s 
and it developed from the 1970s to 1990s to solve different kinds of differential equations 
and stochastic equations. Adomian Decomposition Method is one of the best methods and has 
a proper accuracy. In this paper, we solve some first-order and second-order Partial 
Differential Equations using the Adomian Decomposition Method and we compare solutions 
with some existing methods. It is observed that the solution obtained by the Adomian 
Decomposition Method is very easy. 

Keywords: Adomian Decomposition Method, initial value problem, Partial Differential 
Equation, linear Partial Differential Equation, non-homogeneous Partial 
Differential Equation. 

 
The Heat and Mass Transfer of a Hydro-Magnetic Free 

Convective Flow over an Infinite Vertical Plate Inserted in a 
Porous Medium 

Changdev B. Kothule 1, Tarachand L. Holambe 2, Satish G. Khavale 3, 
Bhausaheb S. Sontakke 4 

1,4 Department of Mathematics, Pratishthan Mahavidyalaya Paithan, Aurangabad 
2 Department of Mathematics, Kai. Shankarrao Gutte ACS College, Dharmapuri, Beed, 

(M.S.) 3Department of Engineering Science, Amrutvahini College of Engineering 
Sangamner, Ahmednagar, (M.S.) 

kothulepaƟl1995@gmail.com, tarachandholambe@gmail.com. khavalesaƟsh8@gmail.com 
 

The consideration for the effects of viscous dissipation and heat absorption, the current paper 
aims to analyse the effects of heat and mass transfer on an unsteady dimensional laminar 
mixed convective boundary layer flow of viscous, incompressible, electrically conducting 
fluid, alongside a vertical plate with suction, embedded in porous medium, in the presence of 
transverse magnetic field. The behaviour of temperature, concentration, and velocity has been 
investigated for changes within the governing parameters. In the presence of a uniform 
magnetic field and heat absorption, the issue that takes into account the impact of viscous 
dissipation on the flow of an incompressible viscous fluid over an infinite vertical flat plate 
embedded in a porous medium was successfully formulated. The formulae for the velocity, 
temperature, and concentration were determined by mathematically solving the governing 
equations of the flow field using the finite difference method. 

Keywords: Porous Medium, Fractional derivative, Heat conduction, Convective Flow, 
Vertical Plate 
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Philosophical Reflections on the Curiosity of the Universe 
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In 1930, Albert Einstein discussed the philosophical implications of his general theory of 
relativity for cosmology. In 1983, Stephen Hawking examined the philosophical implications 
of the cosmological constant and its role in cosmology. In 1986, Barrow and Tipler discussed 
the philosophical concept of the anthropic principle and its significance for understanding the 
universe. In 1997, Lee Smolin's book offers a philosophical exploration of cosmology, 
discussing the implications of the universe's evolution and the role of natural selection in 
cosmological theories. Many authors have discussed their philosophical and scientific 
approaches to cosmology. After examining their studies in the field of cosmology, one 
question arose in my mind: "Why are we curious about the Universe?" The answer to this 
question, which we obtained through a philosophical approach with some scientific evidence, 
is that we are a part of the Universe. We have correlated humans as part of the Earth through 
a comparative study of PruthviDhatu (Bones and muscles), Aap (liquid), Tej (heat), and 
Wayu (gases) in our body. Through these observations and evidences, we come to the 
conclusion that we are part of the Earth, and knowing that Earth is part of the Universe 
implies that we are part of the Universe. This article elaborates on how we are part of the 
universe. 

 

 
Method of Upper Lower Solutions for Nonlinear System of Hilfer 

Fractional Reaction-Diffusion Equations 

Pandurang D. Kundgar and Jagdish A.Nanware 
1,2Department of PG Studies and Research in Mathematics, Shrikrishana Mahavidyalaya, 

Gunjoti, Dist.Dharashiv-413606 
1Email: pandurang.kundgar30@gmail.com 

2Email: jag_skmg91@rediffmail.com 
 

The goal of this study is to provide a monotone approach to demonstrate the existence and 
uniqueness of the solution to the Hilfer fractional reaction diffusion equations nonlinear 
coupled system with beginning and boundary conditions. The Hilfer fractional reaction 
diffusion finite system was also covered by the approach. 
Keywords: Hilfer fractional derivative; Eigenfunction; Quasimonotone method; Mixed 

quasimonotone method 
   Mathematics Subject Classification (2020):26A48,26A33, 34A08 
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Numerical Investigation on Stress Behavioural Characteristics 
Prediction of Perforated Plates 

B. Anusha1, M. L. Pavan Kishore2*, B. Madhavi3, M. Avinash4 
1 Graduate Student, Department of Mechatronics Engineering, Faculty of Science and 

Technology, ICFAI Foundation for Higher Education, IFHE, Hyderabad-501203, India. 
2,3,4 Department of Mechanical Engineering, Faculty of Science and Technology, ICFAI 

Foundation for Higher Education, IFHE, Hyderabad-501203, India. 
*Email: kishoreml@ifheindia.org 

 
In the realm of structural engineering, thin-walled plates and panels serve as indispensable 
components for both straight-ward and intricate configurations. The plates featuring various 
cutout shapes play a pivot role, particularly in aerospace structures. Understanding the impact 
of the cutout on load-bearing capacity and stress concentration is paramount in designing 
complex structures. The part of the research work carried out in this paper delves into the 
stress analysis of plates with various central cutouts subjected to uniform pressure 
throughout. The primary objective of this research work is to showcase the precision and 
simplicity inherent in the present numerical solution for the stress analysis of composite 
plates. The investigation considers a spectrum of factors such as cutout geometry, material 
properties, and fibre angles. A critical facet of the investigation lies in comparing the results 
derived from the previously available literature with those obtained through analytical 
solution, experimental and finite element methods, aiming to validate the accuracy and 
efficacy of the present model. These considerations mirror the diverse scenarios encountered 
in the practical applications ensuring the applicability and robustness of the numerical model. 
The presented solution emerges not only as an accurate means of stress analysis but also as a 
testament to the potential for simplifying the intricate processes involved in designing and 
optimizing composite structures with central cutouts. 

Keywords: Ansys solver, Composites, Deformations, Finite Element Method, Plate, Stress 
analysis. 

 
 

Design and Simulation Study of Disk Brake Wheel using Metal 
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In the ever-evolving landscape of automotive technology, the optimization of critical 
components such as disk brake wheels is imperative for enhancing performance, durability, 
and overall safety. This research focuses on the integration of Metal Additive Manufacturing 
(MAM) techniques in the design and simulation of disk brake wheels to achieve superior 
mechanical properties and thermal performance. The study commences with a comprehensive 
exploration of various metal additive manufacturing processes, evaluating their suitability for 
fabricating disk brake wheels. A judicious selection of materials is crucial for meeting the 
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stringent requirements of load-bearing capacity, thermal conductivity, and wear resistance 
inherent in braking systems. The simulation study involves the evaluation of thermal 
dissipation, stress distribution, and deformation characteristics during braking events. Finite 
Element Analysis (FEA) is employed to simulate real-world scenarios, allowing for the 
identification of potential failure points and the refinement of the design accordingly. The 
research investigates the impact of various design parameters and manufacturing parameters 
on the performance of the disk brake wheel. The findings of this study contribute valuable 
insights into the feasibility and advantages of employing metal additive manufacturing 
techniques in the production of disk brake wheels. This research serves as a foundation for 
the integration of cutting-edge technologies in the automotive industry, fostering 
advancements in both design and manufacturing processes for critical safety components. 

Keywords: Additive Manufacturing, LPBF, Disk brake, DMLS 
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In this article, we define and prove the existence of a quarter-symmetric nonmetric ξ- 
connection on a class of Lorentzian almost paracontact metric manifolds namely Lorentzian 
para-Kenmotsu (briefly LP-Kenmotsu) manifolds Mn. Further, we obtain a relation between 
the curvature tensor of an LP-Kenmotsu manifold with respect to the semi-symmetric non- 
metric ξ-connection and the Levi-Civita connection and also derived several interesting 
results. We have shown that the Lorentzian para-Kenmotsu manifold equipped with non- ~ ~ ~ ~ 
metric ξ-connection is an Einstein space-time, if  it satisfies R. S  R. S  0 , where R and S 
are the curvature tensor and the Ricci tensor of Mn with respect to the non-metric ξ- 
connection  ̂.  At  the  end,  we  construct  an  example  of  a  4-  dimensional  Lorentzian  para- 
Kenmotsu manifold admitting non-metric ξ-connection which verifies the results discussed in 
the present work. 
Keywords: Lorentzian paracontact manifold, para-Kenmotsu manifolds, Non-metric ξ- 
connection, Levi-Civita connection, Curvature tensor, Einstein space time. 
AMS Subject Classification: 53C25, 53D10, 53D15 
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In this paper a couple of fixed point theorems for Banach and Kannan type contraction 
mappings are proved in an Euclidean space Rn via calculus method and using the max/mini 
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principle. It is shown that though our approach to Banach and Kannan mappings is different 
from the constructive one, however we are not far away from the usual method. Actually one 
can take an arbitrary point x0 א Rnand if we define a sequence {x n} of iterates of the mapping 
under consideration, and then it is shown that the sequence converges to a fixed point 
geometrically. Our abstract result is also illustrated with an example. 
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Ball bearings are the pillars for any mechanical rotary component. It acts as a support and 
load distributor. For this very reason, studies focus on improvising the properties of ball 
bearings, either by changing material, by design or by efficient manufacturing process. 
Stainless steel is the most common option for such components because of its high tensile 
strength and load-bearing capacities. This study focused on the design and simulation 
analysis of a single-row ball bearing in static and modal mode. The number of balls and the 
number of modes were taken to be the variable parameters for the overall simulation. A 
normal force on the outer race of the ball bearing was implemented for the static analysis. 
The maximum equivalent stress was found at Pressure 25MPa - 239.35 MPa in the ball 
bearing having six balls. The minimum equivalent stress was found at Pressure 20MPa - 
128.66 MPa with the number of balls being ten. These results concluded that as the pressure 
on the ball bearing increased, the equivalent stress increased while the converse was true for 
the number of balls. The total deformation was analysed in the modal analysis and the 
maximum deformation was found to be in mode 9 - 171.01 units with a frequency of 46330 
Hz and the number of balls being 10. The minimum deformation was found to be in mode 1 - 
30.749 units with frequency 8843.9 Hz and number of balls being 6. As modes increased, the 
deformation increased and the same was true for the increase in the number of balls. In case 
of higher stress concentration, the ball bearing design offers an additional development 
potential and can be enhanced further by different design modifications. 

Keywords: Model analysis, Static analysis, Tensile strength 
 

Existence Results for Fuzzy Fractional Delay Differential 
Equations 
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In this article, it is primarily focused on the existence and uniqueness of a fuzzy 
fractional delay differential equation (FFDE). By employing the Banach Contraction 
Principle, the result is established. The fractional derivatives are considered in the 
Atangana Baleanu sense. The continuous dependence on initial conditions of the FFDE 
is also studied. 

Keywords: Fuzzy Fractional Delay Differential Equation, Banach Contraction 
Principle, Continuous dependence. 
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One well-known linear programming approach for networks is the fuzzy transportation 
algorithm. Issue that arises from frequent use of supply chains and logistics to lower the 
expenses. Because of unpredictable circumstances, the specific variables of a transportation 
problem may not always be known in real-life scenarios. This article discusses the best 
estimated solution to a unique kind of optimization model called the fuzzy transportation 
model, which uses LR-pentagonal fuzzy numbers to represent supply, demand, and costs. 
Given this, there are two distinct methods used to solve the fuzzy transportation model: 1) 
Four transportation solutions are derived from the fuzzy transportation model and solved 
using standard transportation fundamental techniques.2) The best answer is found by 
applying the recommended ranking function to convert the fuzzy transportation model into a 
crisp value. The strategies that are recommended yield an effective outcome and are based on 
the estimating procedure. The model is validated using illustrative cases and contrasted with a 
few other methods that are currently in use. In practical situations, the suggested approaches 
are simpler and mathematically more successful. 

 
 
 

Dynamic Analysis of Turbocharger Rotor-Bearing System Under 
Different Operating Conditions 
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The paper delves into dynamic simulations conducted on a high-speed turbocharger (TC) 
system supported by linear bearings. The three-dimensional model of the turbocharger is 
developed in FUSION 360 and the simulations are carried out in ANSYS. First, the modal 
analysis of the TC is carried out and the natural frequencies and the mode shapes of the rotor- 
linear bearing system are identified. Further, the harmonic analysis of the system is carried 
out by considering the appropriate boundary conditions. Two main parameters influencing 
the system’s response i.e., unbalanced mass and bearing stiffness are considered. These 
parametric studies are carried out to analyse the system’s dynamic response. The critical 
speeds of the rotor system are also identified. 
 
Keywords: Turbocharger, Rotor Dynamics, Modal analysis, Harmonic analysis, Linear 

Bearings 
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Class of Paracompactness In  Fuzzy Topological Spaces 

Somashekhar C. Desai 
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Paracompactness is a natural generalization of compactness in topological space. 
Paracompactness and its associated tools have played a crucial role in the development of 
many areas of topology and analysis. The class of topological spaces such as countable 
paracompact, weakly and strongly paracompac, nearly paracompac, nearly weakly and 
nearly strongly paracompact has been investigated by many researchers. In this paper we 
introduced and studied the class of countable α-paracompact, nearly α-paracompact, 
strongly α-paracompact, nearly weakly and nearly strongly α-paracompact in fuzzy 
topological spaces. Also, some of its properties like hereditary property, invariance under F 
- continuous, F - open surjection of classes are proved. 

 
Keywords: α-paracompactness, countable α-paracompact, nearly α-paracompactness, nearly 

strongly α-paracompactness, F - continuous, F - open surjection. 
 
 

Existence and Uniqueness of Solution of Fractional Order 
Boundary Value Problem with Mixed Boundary Condition via a 

New Three-Step Iteration Process 

Gajanan S. Patil and Haribhau L. Tidke 
The present paper discusses the existence and uniqueness of a nonlinear differential equation 
of fractional order involving the Caputo fractional derivative with the mixed boundary 
condition using a new three-step iteration process. Furthermore, the study of various 
properties such as dependence on boundary data, the closeness of solutions, and dependence 
on parameters and functions. In the last part, an example is used to demonstrate each of the 
results. 

 
 
 

Existence and Extremal Solution for Fractional Order 
Differential Equation in Partial Ordered Normed Linear Space 

by using Fixed Point Theorem 

P D Bhosale and Dr  S S Bellale 

Mathematics Research Centre, 
Dayanand Science College, Latur, Maharashtra, India 

 
In this paper, we study the existence and extremal solutions for fractional order differential 
equation in Partial ordered normed linear space under mixed Lipschitz and caratheodory 
conditions by using hybrid fixed point theorem. The results are illustrated by a concrete 
example. 
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Damage detection in a structure is crucial for ensuring safety, structural integrity, and cost- 
effective maintenance. Early identification of damage, such as cracks or defects prevents 
catastrophic failures, reduces repair costs, extends the lifespan of the structure, and such 
proactive action ensures the well-being of occupants and the surrounding environment. In this 
paper, a simply supported steel beam is considered for damage detection. Simulation is done 
with finite element software. to extract the acceleration data and then the Fast Fourier 
Transform (FFT) is applied to get the frequency responses in the beam. An experimental 
analysis has been carried out to extract the frequencies and mode shapes. Based on the 
frequencies and mode shapes the damage has been identified and localized. After the 
laboratory model, in order to find the damage in the actual bridge structure the dynamic 
parameters need to be extracted from a bridge with ambient conditions of moving vehicles. 
This scenario is modelled using Ansys on a simply supported beam with a known weight 
having a certain speed frequency and acceleration at all elements is obtained. 

Keywords: Steel Structure, Natural Frequency, Mode Shape, Damage Detection, 
Dynamic parameters 
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Conversational Recommender Systems (CoRS) are acquiring higher contemplation in the 
recent years. They are characterized by the capability of constituting a multi-turn dialogues 
with the end user. Since those systems typically work in a cold-start situation, almost all the 
conversations are devoted to the preference-elicitation step. On the other-hand, in order to 
develop good recommendations, the end user profile must be as rich as feasible, which 
requires great user effort. To achieve it, we try applying the Active Learning techniques to 
improve the preference elicitation in a CoRS. In a Conversational Recommender Systems, the 
users may interact with system dynamically to communicate through natural language 
interactions, which provide anomalous opportunities to specifically obtain the exact 
preference from users and give Appropriate Recommendations. 
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In this paper, we study the existence, uniqueness and other properties of solutions of abstract 
integrodifferential equation with nonlocal condition. The tool employed in the analysis is 
based on application of S-iteration method. S-iteration method has an equally important 
contribution to study various properties such as dependence on initial data, closeness of 
solutions and dependence on parameters and functions involved therein. 
Keywords: Existence ,uniqueness and continuous dependence; abstract integrodifferential 

equation; Normal S- iterative method; Continuous dependence; Closeness; 
Parameters 
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The purpose of this paper is to establish the existence and uniqueness of solutions to the 
differential equations of order m 

 
 ,[0,1] א � , 0 = ((�)ݓ ,�)(�) + (�)(݉)

 

satisfying the integral boundary conditions 
݉ , … ,0,1,2 = � ,0 = (0)(�)ݓ 1  ,�  = ߞ�(ߞ)(݊)ݓ(ߞ)݃ ∫ ߟ − (1)(݊)ݓ ,2 − 

0 

where n � {1,2, … , ݉  − 2 } but fixed, m ≥ 3 and ߟ is a positive real number, � א 

(0, ∞) is a parameter and ݂: [0,1] × ℝ → ℝ is a continuous function. By using finer 
bounds on the integral of kernel, the Banach and Rus fixed point theorems on metric spaces 
are utilized to prove the existence and uniqueness of solutions to the problem. 

Keywords: Differential equation, three-point non-homogeneous conditions, kernel, existence 
results, fixed point theorem. 
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In this paper, we establish certain findings regarding the existence and uniqueness of 

solutions for a generalized katugompola fractional differential problem. Our approach relies 
on utilizing the notion of measure of noncompactness and Monch’s fixed point theorem. 
Additionally, we provide results on Ulam-Hyers stability. Furthermore, we delve into an 
example to elucidate our primary findings. 
Keywords: Generalized fractional derivative, Monch’s fixed point 
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The ALU, a crucial component of the Microprocessor, carries out various arithmetic and 
logic operations that require significant power. There has been a significant rise in power 
consumption in many digital applications. Research throughout the paper, compares the 
structure of various ALU’s with three different approaches which include CMOS, PTL, and 
GDI. An effective Arithmetic Logic Unit (ALU) architecture has been designed with a full 
adder. Initially, a full adder and logical gates with CMOS logic are implemented and 
observed output is in full swing mode. As the transistor count is more, power consumption is 
increased. To reduce the transistor count, full adder and logical gates with pass transistor 
logic are implemented. But there was degradation observed in the output. To get full swing 
and low power GDI technique is implemented in two different ways and compared. The 
performance of any VLSI design is dependent on chip size, power consumption, and logic 
delay. ALU design in CADENCE VIRTUOSO using SPECTRE simulator is described in this 
paper. ALU Design uses 45nm technology. 
Keywords: ALU, Adder, Power, XOR, CMOS, PTL, GDI 
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Fractional calculus (F.C.) has attracted engineers with its way of generalizing the notion of 
derivative to non-integer order. This paper investigates the applications of FC in engineering 
mathematics. To be precise although significant work has been done in the area of periodic 
motions, the proposed models and algorithms remain in the early stages of development. The 
analysis of periodic motion using FC is covered in this paper. 

Keywords: Fractional differential equation; Simple Harmonic Oscillator; Damping 
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The article proposes a quantum-resistant, non-abelian semigroup-based key exchange system. 
To do this, we combine two hard problems: the discrete logarithm problem (DLP) and the 
equivalent decomposition problem (EDP) in order to produce a shared secret key via semi 
direct product operation in groups. The suggested protocol anti-attack capabilities were 
verified using two methods: brute force and algebraic attacks. Users of our protocol are 
making use of public element in secret polynomials to improve the suggested protocol 

security. It proves that the suggested protocol achieves positive security by drawing solid 
mathematical conclusions. 

Keywords: Diffie-Hellman Key Exchange, Discrete Logarithm Problem, Decomposition 
Problem, Public Key Cryptography, Semi direct Product etc. 
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In the present study, we reported the calculation of the average crystallite size of undoped and 
Harmethod. The synthesised NPs were characterised by X-ray diffraction analysis. X-ray 
diffraction analysis revealed that the ZnO and the Mn-doped ZnO thin films were crystallized 
in the wurtzite phase with the crystallites preferentially oriented towards the (002) direction 
parallel to the c-axis. The crystallite size of the prepared NPs was synthesised from 
Williamson-Hall (W-H) analysis by assuming a uniform deformation model (UDM), uniform 
stress deformation model (USDM) and uniform deformation energy density model 
(UDEDM). The result obtained showed that the average crystallite size of undoped and Mn- 
doped ZnO NPs estimated from the Scherrer and W-H analysis methods were intercorrelated. 
Keywords: Mn-ZnO NPs, Scherrer formula, and Williamson-Hall (W-H) analysis. 
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In this paper, we first develop the generalized quasilinearization technique of MDE for an 
IVP by using coupled lower and upper solution of type I and use it to obtain the unique 
solution of a PBVP. In order to develop the method of quasilinearization in this set up, we fix 
either the lower solution or the upper solution. Further, using the method developed for IVP 
for MDEs, we obtain the generalized quasilinearization technique for PBVP and prove the 
existence of a unique solution under certain criteria. 

Keywords: Coupled lower and upper solutions, Matrix differential equation, 
Quasilinearization technique, Periodic boundary value problem, existence and 
unique solution. 
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This paper presents an exponential B-spline method for singularly perturbed differential 
difference equations. Taylor's series expansion is employed on mixed shifts to transform the 
equation to a singularly perturbed differential equation. A three term recurrence relation is 
obtained by implementing exponential B-spline method. The approximate solution of the 
equation is obtained by using invariant embedded algorithm. The convergence analysis of the 
proposed method is discussed. The results are compared with the available literature and we 
observe better results. 
Keywords: Exponential B-spline, Mixed shift, Invariant embedded algorithm, Tridiagonal 

system, Boundary layer. 
Subject Classication : Primary 65L11 ; Secondary 65L1 
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Simulation tools have been instrumental in improving engineering systems since the mid- 
twentieth century, evolving alongside advancements in computing technology. Recently, 
computing power has surged, delivering better performance at lower costs. As a result, 
simulation tools have seen significant performance improvements while becoming more 
affordable. Today, even researchers and engineers outside of major corporations can access 
these powerful tools. This presentation will discuss the latest developments in real-time 
modelling and validation. 
Keywords: Engineering Systems, Real-Time, Simulation tools 
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Difference equations are the dynamical systems involving discrete time variable. In this 
work, we consider the fractional order generalized logistic map(GLM) x(t) = x(0) + 1 Γ(α) Xt 
j=1 Γ(t − j + α) Γ(t − j + 1) (f(x(j − 1)) − x(j − 1)). where f(x) = 4µx(1−x) 1+4(µ2−1)x(1−x) , 
0 < α < 1 and µ א R. We provide the stability conditions for various values of fractional order 
α. The bifurcation analysis will be provided with the parameter µ. We also search for the 
chaotic behavior. 
Keywords: Fractional Order Difference Operators; Logistic Map; Stability; Bifurcations; 

Chaos 
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ABSTRACT 

This research covers the polyphagous pests known as the cabbage moth (Mamestra brassicae) and the bright-line 
brown-eyes moth (Mamestra oleracea), which have not been thoroughly examined in Slovenia up until now. The 
more widespread cabbage moth predominately feeds on Brassica plants, especially cabbage, where its 
caterpillars can cause significant damage. The morphology, distribution, and monitoring techniques for pest 
populations, as well as the management of these populations, are all topics that are covered in this study. The 
use of chemical insecticides is a significant component of the strategy for preventing these two pests from 
damaging vegetable crops. When it comes to controlling pest populations, natural predators and parasitoids, as 
well as other agrotechnical measures, can play a substantial influence in population reduction. Even during times 
of peak pest activity, farmers may still be able to harvest food that is nutritious and of good quality if they 
combine several tactics. 

Keywords: cabbage moth, Mamestra brassicae, bright-line brown-eyes moth,  

INTRODUCTION 

The cabbage moth (Mamestra brassicae [L.]) and the bright-line brown-eyes moth (Mamestra/Lacanobia 
oleracea [L.]) are both classified as members of the Noctuidae family, which includes owlet moths and 
underwings, as well as the Lepidoptera order, which includes butterflies, moths, and skippers. The aboveground 
parts of plants are consumed by the larvae of both pests during the night and the early morning hours. Caterpillars 
spend their days tucked away in the shade of leaves and other above-ground plant components that are located 
close to the surface of the soil. On horticultural plants, the damage to the leaves and flowers is the most 
noticeable, but there may also be damage to the fruits. Although the bright-line brown-eyes moth favors feeding 
on tomato and lettuce, the cabbage moth is commonly regarded as one of the most severe pests that can affect 
Brassica plants. Caterpillars of both sorts can occasionally cause extensive harm to tobacco plants. Caterpillars 
feed on the leaves of tobacco plants. According to Sannino (2005), infestations are more prevalent in regions 
that do not make use of herbicides or that deliberately stimulate the growth of weeds. In recent years, Slovenia 
has seen a period of rainy and mild summers, which has coincided with an increase in the number of caterpillars 
belonging to the genus Mamestra. Between the years 2008 and 2009, pheromone traps were installed in two 
distinct locations with the purpose of gaining additional knowledge regarding the bioeconomics and 
representative ratio of the two species. The results of male captures will be used in the preparation of their control 
plan. The current research presents both pest species and procedures for their monitoring and management if a 
potential outbreak in the near future occurs, and the results of male captures will be used in this preparation. 

THE CABBAGEWORM  
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Morphology 

The forewings are brown with white dots and streaks, and the stigma is white with a broken subterminal line. 
Additionally, the subterminal line of the stigma is broken. The back wings have a dull gray color, and they get 
darker as they move closer to the tips. This particular species' wing span can range anywhere from 34 mm to 50 
mm in length. To be more specific, a diagnostic spur that is located on the tibia of the foreleg (Pollini, 2006). 

 

Figure 2: The several stages of the cabbage moth's caterpillar (Mamestra brassicae [L.])  

Eggs have a form that is slightly oblong and are ridged all the way along their length. The center of the yellow 
of the egg has a patch that is a rusty brown color. Eggs typically have a diameter of 1.2 millimeters on average. 
A caterpillar in its first instar will have the appearance of a yellow-green body with three sets of legs on the 
thorax, a pair of appendages (anal prolegs) at the posterior end, and one to four sets of abdominal prolegs in 
between. The heads of the first five instar caterpillars are coppery, and their abdomens are pale green with a 
white stripe that continues above the stigmata. These caterpillars are in the first five instars. The dorsal side of 
the sixth-instar caterpillar, which is 40 millimeters in length, is colored brown, and the ventral side is colored 
yellow. The color of the skull, which was coppery before, has not changed (Figure 2). According to Pollini 
(2006), the pupae are 20 millimeters in length and have a rusty brown appearance. 

Dispersion and harm 

According to Pollini (2006), the cabbage moth can be found over much of Europe as well as Asia. It thrives best 
on the leaves of sugar beets, tobacco plants, sunflowers, and cereals, among other plants and edibles. Other 
vegetables and fruits, such as spinach, tomatoes, potatoes, mangolds, lettuce, and peppers, are harmed as well. 
According to studies conducted by Metspalu et al. (2004), the leaves of white cabbage (Brassica oleracea convar. 
capitata var. alba) and red cabbage (Brassica oleracea var. capitata var. rubra) are the most likely food source for 
the larvae of the aforementioned pest. Borecole, also known as Brassica oleracea convar. acephala var. sabellica, 
is only second to cabbage in terms of its susceptibility to damage caused by caterpillars. On the other hand, 
oilseed rape, also known as Brassica napus L. subsp. napus, is the Brassica plant that caterpillars are less 
interested in. 

According to Shimizu and Yagi (1983), insects modify the amount of time that passes between meals as well as 
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the quantity of food that they consume dependent on these criteria. According to Ulland (2007), plants emit more 
than a thousand distinct substances into the surrounding environment in an effort to entice other forms of life. 
The presence of volatile components can have both direct and indirect impacts on organisms, with the latter 
having an important part to play in the process of drawing natural predators of pests. 

The effects of the cabbage moth's toxicity on peach fruits are examined by Sannino and Espinoza (1998) as well 
as by Pollini (2006). According to Corvi and Nardi (1998), caterpillars can induce round bores in fruit once they 
have reached the lower branches of the tree. Laboratory research carried out by Sannino and Espinoza (1998) 
revealed that moths also fed on meadow plants like ribwort plantain (Plantago lanceolata L.) and common 
sowthistle (Sonchus oleraceus L.). Both of these species are classified as ribwort plantains. Caterpillars are 
nocturnal eaters that inflict the most harm in the fall due to the fact that their primary diet consists of the leaves 
of vegetables. 

According to Pelosini (1999), caterpillars not only inflict material damage to crops but also lower crop quality 
by excreting on blooms and leaves of plants that they feed on. According to research published in 1998 by Corvi 
and Nardi, pathogenic fungus and bacteria can move from sick plants to other plants. 

 

Figure 1: Left: Mamestra caterpillar damage to outer leaves of cabbage plant; right: caterpillar damage 
to cabbage head  

 

 

The Brown-Eyed Blinker Moth (Mamestra/Lacanobia oleracea [L.]) 

Morphology 

The forewings are brown and spotted, and they have a white stigma that is edged with white and a white 
subterminal line that is broken. Between 30 and 50 millimeters is the length of the forewings when they are fully 
stretched. On each wing there is a yellow speck in the middle of a brown area. Wings that have a grayish hue to 
them. The hue of the thorax and the abdomen is similar to that of a light brown. According to INRA (2008), 
there is no hook at the end of the tibia where it meets the fibula. 

Eggs laid by the brilliant-line brown-eyes moth have a brilliant green hue, hemispherical in shape, and laid in a 
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manner that is flatter than normal. They measure exactly 0.7 millimeters in length. Caterpillars are a dark green 
color with a brown head and lines that are bright yellowish white and run across their body. As the larvae get 
closer to becoming pupae, the stripes on their bodies become less obvious. They only reach a length of 35–40 
mm once they have reached their full maturity (INRA, 2008). After five stages of development, the pupa stage 
takes place. The caterpillar larvae typically gather close to the egg mass in order to consume their food. The 
older caterpillars migrate from plant to plant, which contributes to the species's distribution. Caterpillars feed 
intensively for a period ranging from 10 to 18 days before tunneling underground to pupate. They have 16 real 
legs and two sets of artificial ones in total. The pupa begins its life as a yellowish green tint, eventually transforms 
into a dark brown color, and grows to be between 16 and 19 mm in length. Pupation takes place in a silken 
cocoon that is buried two to six centimeters below the surface of the soil. The entirety of the developmental cycle 
takes place over the period of a month. 

Distribution and damage 

The Bright-line brown-eyes moth can be found across the continents of Europe, Asia, and North Africa in its 
natural habitat. This polyphagous beetle may feed on vegetables such as tomato, lettuce, cabbage, root and petiole 
celery, and mangold. Other probable food sources include celery. In addition to eating trees like the willow and 
the elm, it also consumes crops such as soybeans, tobacco, sugar beets, and a number of other types of food. 
According to Pollini (2006), apple and peach trees are the most common types of trees that are attacked by pests. 

When caterpillars are young, they only do minor harm to the underside of leaves; nevertheless, by the time they 
have reached their full size, they are able to consume the entire leaf. In large orchards, particularly those that use 
fewer insecticides, caterpillars can be a problem for other fruit trees as well, including apples and peaches 
(Pollini, 2006). Caterpillars can cause harm to other fruit trees. 

Bionomics 

The second half of April is when butterflies first emerge, and they will continue to fly throughout May and June. 
Butterflies are most active at night. In the same manner as cabbage moth females, bright-line brown-eyes moth 
females deposit their eggs on the undersides of leaves in clusters ranging from 200 to 800 in number. The 
development of an embryo is finished between 5 and 10 days after it was first fertilized. Caterpillar larvae emerge 
from their nests in groups at first, but they eventually become more independent. Once their development is 
complete, caterpillars go into a stage called the pupation stage, which takes place 10 cm underground. The 
second-generation adults take to the skies beginning at the end of July and continuing until the beginning of 
August. They continued to fly frequently throughout the entire month of September and into the early part of 
October. According to Vacchi and Cioni (2006), the second generation of caterpillars reaches maturity around 
the second part of October and then enters a condition of hibernation in order to survive the winter. 

GENUS MOTH WATCHING Mamestra 

Controlling moths (family Noctuidae) typically involves the use of chemical insecticides. When plants are treated 
early, while caterpillars are still young and feeding just on the outer leaves, and at least 10–15 percent of the leaf 
area has been injured, the treatment is more acceptable and effective. When treating plants that have been injured, 
it is easiest to do it in the evenings and mornings, when caterpillars are most active. 

For insecticides to be effective against cabbage moth larvae, their length must be less than 12 millimeters at the 
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time of application. Caterpillars that have matured and grown in size have improved camouflage capabilities, 
allowing them to avoid being killed by insecticides. The rosette-like form of iceberg salad is an excellent 
illustration of this point because it offers protection from the bright-line brown-eyes moth. 

Because the growth of cabbage moth and bright-line brown-eyes moth larvae is mostly dependent on the 
temperature of their surrounding environment, it is difficult to correctly forecast the time of treatment that will 
be required for a particular location. For this reason, it is absolutely necessary to keep a close eye on the cyclical 
changes that occur within butterfly populations. There is a wide range of options available for monitoring the 
activities of adults. Pheromone traps are a tried-and-true method of detection that has proven to be successful. 
We are able to lure males with this method while simultaneously discouraging them from mating. With the 
assistance of the trap, one is able to determine when the optimal moment is to spray insecticides. According to 
Pop et al. (1999), the addition of ethers to pheromone traps, which are utilized to control and monitor butterfly 
populations, causes the traps to become more efficient while simultaneously lowering their associated costs. 
Pheromone traps are helpful for following the population trend of a pest, but evaluating the degree of the damage 
caused by it requires knowledge of oviposition and relevant egg development (Corvi and Nardi, 1998). 
Pheromone traps are a valuable tool for tracking the population trend of a pest. 

Insect light traps that contain mercury lamps with a wavelength of up to 400 nm can be used to monitor moths 
and their movements. Similar traps, on the other hand, are used in studies of environmental abundance for a wide 
variety of potentially harmful, useful, and neutral species (Dodok, 2003). This is due to the fact that these traps 
do not exhibit selectivity. Johansen (1996) developed a mathematical model to anticipate the prevalence of the 
cabbage moth in Norway by factoring in the average daily temperature in that country. The data for the model 
came from an experiment that took place over the course of three years and involved the use of pheromone traps 
to count butterflies. 

The amount of cabbage and bright-line brown-eyes moths that are consumed by butterflies is probably minimal 
when weighed against the potential damage that can be caused by caterpillars. According to Campagna (2005), 
this could be due to the fact that the bugs in question are omnivores. 

CONTROL  

Chemical control 

There is still a significant amount of use for organic phosphorus esters in the prevention of leaf moths. According 
to Pelosini (1999), some examples of active compounds that belong into this group are acephate, chlorine pirifos-
methil, and phenitrotion. Pyrethroids (cypermethrin, deltamethrin, lambda-cyhalothrin, beta- cyfluthrin, and 
tefluthrin) are another method that can be used to reach the desired level of effectiveness in this scenario. In 
order to battle cabbage moth, Slovenia has authorized the use of products from the pyrethroid family, a product 
based on pyrethrin, a substance that is chemically similar to oxadiazine, and a product from the insect 
development inhibitors (IRI) family. All of these products can be found in Slovenia. Fastac 10% SC (alfa-
cypermethrin) and Karate Zeon 5 CS (lambda-cyhalothrin) are the pyrethroids that are approved for use in 
Slovenia. No other insecticides now available on the market are effective enough to remove the bright-line 
brown-eyes moth. 

Pyrethrin, which is sold under the brand name Spruzit powder, and indoxacarb, which is sold under the brand 
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name Steward, are two other medications that are utilized for the control of cabbage moths. The active component 
known as indoxacarb can be found in the advanced oxadiazines. Insecticides that belong to the class of 
oxadiazines are able to block the sodium channels that are found in nerve fibers. Insects are rendered incapable 
of eating, continue to remain paralyzed, and ultimately perish. Product Steward is compatible with lean 
production and works well with it. 

According to Corvi and Nardi (1998), chitinase inhibitors are safe for human consumption because it is highly 
improbable that they will cause any harm to people. According to Pelosini (1999), active chemicals that inhibit 
the growth of insects fall under the category of growth inhibitors. These compounds include teflubenzuron, 
esaflumuron, and lufenuron. This final one is a legitimate part of a Match 050 EC that was manufactured in 
Slovenia, and it displays the registration number on its surface. 

If caterpillars are found on the ground at any point of their life cycle, Corvi and Nardi (1998) recommend treating 
the area with pyretroids or carbamates in order to eradicate the pests. Both categories of pesticides are 
neurotoxins, which means they kill insects either by direct contact or by entering their digestive systems. The 
authors advocate the use of organic phosphorus esters, which function through the respiratory system, for the 
management of additional plant pest species. These esters may be found at most health food stores. 

When it comes to controlling cabbage moths on cauliflower (Brassica oleracea var. botrytis), Corvi and Nardi 
(1998) recommend using a combination of synthetic insecticides (pyretroids, carbamates, organic phosphorus 
esters, and growth regulators) and at least spraying with microbiological products based on Bacillus thuringiensis 
var. kurstaki in the fall. 

Crop protection with natural products 

Alongside the use of chemical insecticides, more and more integrated and biological farming practices are 
turning to the use of insecticides that come from natural sources (Gengotti in Censi, 2004). It has been found 
that the bacteria Baccilus thuringiensis var. kurstaki, which produces naturally occurring molecules that are very 
similar to those found in chemical pesticides, can successfully take their place. In addition, the results of several 
tests demonstrated that azadirachtin, rotenone, and natural pyrethrin were successful in warding off cabbage 
moths and bright-line brown-eyes moths. 

The seeds of the tropical plant Azadirachta indica A. Juss. contain a natural insecticide that is effective against 
a wide variety of pests. One of its defining characteristics is that it has a low risk of poisoning to animals. Its 
systemic effects are brought about due to the fact that it is taken up by the plant's roots and leaves. After that, it 
is transported to various locations throughout the facility. Although it has a wide range of efficacy, azadirachtin 
does not kill insects immediately; rather, it interrupts the normal life-cycle activities of insects to the point that 
they are unable to absorb food, reproduce, or transition into a new stage of life. This results in their death. 
According to research published by Gengotti and Censi (2004), the azadirachtin medicines are intended for 
preventative therapies and have a short withholding time. 

Bacillus thuringiensis is an example of an aerobic bacteria that produces a toxin. This toxin does not begin to 
exercise its toxic effects until it has been consumed by the creature that is its target. Caterpillars that have been 
fed on parts of treated plants may cease eating and die of starvation in just a few short days if they have been 
exposed to the treatment. There are four subspecies of the bacterium: kurstaki, aizawai, tenebrionis, and 
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israelensis. The kurstaki and aizawai subspecies are useful for controlling Lepidoptera larvae, and the tenebrionis 
and israelensis subspecies are excellent insecticides against pests in the Coleoptera and Diptera orders, 
respectively. Products containing the active component Bacillus thuringiensis var. kurstaki have the benefit over 
other products used against cabbage moth and bright-line brown-eyes moth in that they are not harmful to 
vertebrates and do not kill beneficial insects. Because of leaching and photolability, it is necessary to apply the 
insecticide in question on a consistent basis through spraying. 

Pyrethrins are produced by the maceration of the flowers of the plant Chrysanthemum cinerariaefolium Vis., and 
these pyrethrins are safe for mammalian consumption. Because they are not selective and have a low persistence 
on plants, even though their control spectrum is broad, pests are able to quickly reappear after being eliminated 
(Gengotti in Censi, 2004). To make products last longer on the shelf, man-made and naturally occurring 
compounds like piperonil butoxide (PBO), for example, are frequently used. 

The tropical legume known as Derris elliptica (Wallich) Benth is the source of the chemical known as rotenone. 
When employed as insecticides, the chemical that was just mentioned is exceedingly harmful to mammals as 
well as insects that feed on other insects. According to one study (Gengotti in Censi, 2004), it has a withholding 
period that is longer than that of the majority of pesticides (up to 10 days), and it is effective against harmful 
organisms in a short amount of time. 

CONCLUSIONS 

There are two common instances of owlet moths (Noctuidae) that can cause severe damage to cole crops and 
vegetable gardens. These insects are called the cabbage moth and the bright-line brown-eyes moth, respectively. 
Natural products that are less detrimental to the environment are utilized in addition to chemical insecticides in 
order to reduce the amount of damage caused by these pests. When it comes to cultivating vegetables, soil culture 
is a vital component to think about in addition to the research and development of new insecticides. Examples 
of the latter include deep fall cultivation with the intention of killing overwintering pupae, as well as the use of 
interseeding, intercropping, and cover crops. Alongside the aforementioned strategies, an increased emphasis is 
placed on natural enemies of the species that are considered pests. They are dangerous and will annihilate moth 
eggs and larvae in their entirety. Because of the high expectations placed on their efficacy, their usage in 
hydroponics agriculture, particularly in greenhouses, is strongly encouraged. Parasitoid moths such as 
Trichogramma evanescens have the potential to significantly improve future plant protection efforts while also 
lowering the negative influence that humans have on the environment. It is necessary for us to commit a greater 
amount of resources to hunting for species belonging to the genus Trichogramma on the territory of Slovenia 
because we do not currently know anything about the prevalence of species belonging to this genus there. Once 
their domestic status has been determined, they might be able to be incorporated into food production systems. 
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ABSTRACT

According to the general appearance and macroscopic observations of ovary, oocyte diameter ad histology
of ovarian tissues four different stages of ovarian development were found viz., Immature, Maturing, Mature
and Spent. The distinction of different stages of the oocyte depends upon their cytoplasmic content, changes
in the nucleus and size of the oocytes which can be classified as, Oogonia which are small spherical cell
with round nuclei which lack stainable yolk material. The average cell diameter was (24.02 µ), nuclear
diameter (17.4 µ) and cell volume (7416.955 µ). Pre-vitellogenic oocytes - These oocytes increase in volume
and acquire a large amount of basophilic cytoplasm with devoid of yolk material. Oocytes measures (38.16
µ), (24.48) and (29080.61 µ) in cell diameter, nuclear diameter and cell volume respectively. Vitellogenic
oocytes - The oocytes enter a synthetic phase resulting in the formation of yolk. The appearance of follicle
cells is noticed in these oocytes. The nucleus, nucleolus, ooplasm and follicular cells undergo marked changes
in their cytology viz., Vitellogenic-I oocytes which measured (60.24 µ), (11.28 µ) and (114401.9 µ) in cell
diameter, nuclear diameter and cell volume respectively. Vitellogenic-II oocytes measures about (94.51 µ),
(34.32 µ), (216482.13 µ) in cell diameter, nuclear diameter and cell volume respectively. Vitellogenic-III
oocytes measures about (156.96 µ), (27.84 µ), (2023696.3 µ) in cell diameter, nuclear diameter and cell volume
respectively. Whereas, degenerating oocytes are almost of the same size as tertiary vitellogenic oocytes and
can be located by disintegration of the nucleus and appearance of vacuoles.

Key words: Ovarian maturation, Histology, Ovarian colour, Macrobrachium rosenbergii.

Introduction

In marine and freshwater invertebrates, the annual
reproductive cycle may be assessed by various
methods like observations of spawning, percentage
of ovigerous female against time and presence of
ripe gametes in gonad, occurrence of larvae in the
plankton etc. Three standard methods for determi-
nation of the reproductive cycle in crustacean deca-
pods were used; gonadosomatic index (GSI), oocyte
diameter and proportion of ovigerous females.

Analysis of the histological sections of each ovary
determined the morphological characteristics, size
and frequency of different oocyte types and the ob-
servation of visual features coupled with histologi-
cal characteristic was found to represent a reliable
procedure to evaluate the ovarian maturation
(Peixoto et al., 2003; Lin Wang et al., 2020). The mor-
phological aspects of the gonads and germ cells
used by most workers to determine the stage of
sexual maturity, especially in the more economically
important crustacean species. Visual observation of

DOI No.: http://doi.org/10.53550/EEC.2023.v29i05s.049
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females, like shape and color of their ovaries, has
been routinely used to assess the phase of matura-
tion of penaeids. In captivity, exact identification of
ovarian development is essential in order to avoid
excessive handling stress and waste of fertile
spawns into the tanks (Browdy, 1992). Histological
analysis has been widely used to describe ovarian
maturation stages of penaeids but there is lack of
information showing its relationship with visual
changes during ovarian development (Tan Fermin
and Pudadera, 1989; Quinitio et al., 1993). The clas-
sification of gonadal stages vary from author to au-
thor. In penaied shrimp, Tan Fermin and Pudadera
(1989) have recognized three to eight stages. First
and the last stages are generally termed “immature
and spent” (out spawn). The intermediate phases
are variously named development, inactive, pre-
maturation, near mature, maturing, active and ma-
ture. Peixoto et al., (2003) reported the description of
the ovarian development of F. paulensis connecting
histological sections and photographic features us-
ing a chromatic scale. The knowledge of reproduc-
tive biology, reproductive cycle, ovarian maturity
stages and the timing of breeding, are required for
both marine and freshwater commercially impor-
tant crustaceans is used in the stock assessment, de-
veloping, and evaluating strategies for fisheries
management.  The present study describes the ova-
rian development stages of freshwater female
prawn, M. rosenbergii through the combined obser-
vations of histological and visual characteristics.

Materials and Methods

Freshwater prawns, M. rosenbergii were collected
monthly from the “Girna Dam”, Tq. Malegaon Dist.
Nasik, Maharashtra State, for period of two consecu-
tive years. Collected animals were brought in the
laboratory in the first week of every month on fixed
date and time to avoid fluctuations if any. Other
parameters like temperature, pH, salinity, and pho-
toperiod etc. were not considered. From the collec-
tion, only healthy female prawns were selected and
immediately sacrificed to record the
histomorphological observations of ovary.  For his-
tological studies of ovaries were dissected out and
fixed in bouin’s fluid. After 24hrs fixation, the tis-
sues were kept under running tap water with the
help of muslin cloth for removal of bouin’s fluid.
Then tissues were passed through different alcoholic
grades for dehydration, followed by cold impregna-

tion, hot impregnation and embedded in the paraf-
fin wax (m.p. 58-60 °C). The tissues embedded in the
paraffin wax were trimmed and sectioned at 8µ and
6µ for gonads. Sections of the ovaries were stained
with Delafield’s haematoxylin-eosin stain. Aspects
such as gonad colouration and stages of maturity
were registered by macroscopic observation of the
ovary.  The stained sections of ovary were observed
under microscope at different magnifications for his-
tological studies. Measurements of oocytes were re-
corded with stage occularmicrometer.

Results and Discussion

In crustaceans, the ovarian maturation assessed by
various methods like observations of spawning, the
percentage of ovigerous female against time and
presence of ripe gametes in gonad, occurrence of
larvae in the plankton etc. Three standard methods
for determination of the reproductive cycle in crus-
tacean decapods were used; (1) gonadosomatic in-
dex (GSI), (2) oocyte diameter and (3) proportion of
ovigerous females. Based on the visual changes in
colour, position, and microscopical examination of
ovary four maturity stages were recognized, imma-
ture, maturing, mature and spent. Colour change in
the ovary during maturation is well known for crus-
taceans; mainly for shrimps (Dall et al., 1990).
Sethuramalingum et al., (1982) identified on the ba-
sis of colour of ovary and suggested three stages of
ovarian development (immature, mature and spent)
in Portunus sinipes and in Thalamitachaptali. In
present study the ovarian development were also
grouped in four stages viz., Immature – in this slight
development of the ovaries with slender anterior
and posterior lobes were restricted to the body cav-
ity. Ovaries were white, translucent, and difficult to
distinguish from surrounding muscles, maturing –
in this stage ovaries were grown in volume, showing
light yellow in colour and the organ appears dis-
tended, firm to touch, indicating increase of germ
cells suggesting early stage of vitellogenesis. Mature
– in this stage gonad was fully developed occupying
all available space in the body cavity. It became
more sinuos and extended up to the second abdomi-
nal segment. The colour observed was orange or
reddish. Spent - after ovulation oocytes and other
cells resorbed by the ovaries, the gonads become
flaccide with pigmented areas and empty spaces
internally. At this stage of ovary, colour and size
was more similar like in the immature stage, and the
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gonad of spwaned prawn was newer entirely re-
stored to the condition of original maturity. In the
present study histological studies showed that the
ovarian wall in M. rosenbergii is covered with two
membranes, an outer most epithelial layer and inner
layer of germinative epithelium (Fig. 2). The ovarian
wall is continuous with ovarian stroma and is
thicker during post spawning period but becomes
thin at maturing and mature stages of the ovary. A
germinal zone is restricted only to medioventral
portions of the ovarian lobes. This portion is distin-
guished by the presence of compact mass of oogonia
and small oocytes. During primary stages of matu-
ration, the germinal zone consists of oogonia and
pre-vitellogenic oocytes whereas; the developing
oocytes are displaced towards the marginal region
of the ovary (Fig. 3). A few primary or residual oo-
gonia, which occur throughout the year in the ger-
minal zone, divide mitotically shortly after ovula-
tion and give rise to additional oogonia for further
growth of ovary. Oogonia are a small spherical cell
with round nuclei surrounded by a thin rim of
poorly basophilic oocortex, which lacked stainable
yolk material (Fig. 2). Oogonia develop into pre-
vitellogenic oocytes but a few remain undifferenti-
ated (residual oogonia) until the ovulation. The av-
erage cell diameter was (24.02) and nuclear diameter
(17.4) with (7416.955) cell volume (Table 1, Fig. 2). In
pre-vitellogenic oocytes the oocytes increase in vol-
ume and acquire a large amount of basophilic cyto-
plasm with devoid of yolk material. The nucleus
appears vesicular containing peripherically ar-
ranged chromatin clumps and 2-3 nucleoli, which
appear solid and stained black with heamatoxylin.
There is no yolk formation and oocytes measures
(38.16), (24.48) and (29080.61) in cell diameter,
nuclear diameter and cell volume respectively. Cy-
toplasmic volume (21403.23) increased compared
with oogonia (4660.0026) (Table 1, Fig. 3). In

Table 1. Changes in the size of oocytes during oogenesis in M. rosenbergii

Oocyte stage Cell Nuclear Cell Nuclear Cytoplasmic Nucleo-
diameter diameter volume volume volume cytoplasmic

(µ) (µ) (µ)3 (µ)3 (µ)3 ratio N/C

Oogonia 24.02 17.4 7416.955 2756.93 4660.0026 0.591616
Previtellogenic 38.16 24.48 29080.61 7677.37 21403.23 0.3587014
Vitellogenic-I 60.24 11.28 114401.9 751.11 113650.79 0.0066
Vitellogenic-II 94.51 34.32 216482.13 21155.34 195326.19 0.1083
Vitellogenic- III 156.96 27.84 2023696.3 11292.39 2012404.01 0.00559

Cell Volume = 4/3r3, Nuclear Volume = 4/3r3, Cytoplasmic Volume = Cell Volume – Nuclear Volume

Fig. 2. Photomicrograph of the ovary showing immature
stage of M. rosenbergii. Haematoxylin- eosin X 100.
VO-I : Vitellogenic oocyte-I PVO: Previtellogenic
oocyte N : Nucleus OG : Oogonia PZ : Proliferat-
ing Zone

Fig. 3. Photomicrograph of the ovary showing maturing
stage of M. rosenbergii. Haematoxylin-eosin X 100.
N: Nucleus, OG: Oogonia, PVO: Previtellogenic
oocyte VO-I: Vitellogenic oocyte-I YM: Yolk mate-
rial
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vitellogenic oocytes the oocytes enter a synthetic
phase resulting in the formation of yolk. The appear-
ance of follicle cells was noticed in these oocytes.
The nucleus, nucleolus, ooplasm and follicular cells
undergo marked changes in their cytology as de-
scribed as; Vitellogenic-I oocytes - Increase in
amount of ooplasm and the appearance of small
yolk droplets in peripheral ooplasm takes place.
Yolk droplets stain purple to black with
haematoxylin. Nucleus is solid central in position.
Thin layer follicular cells, which are small, found
around the oocytes. Increase in oocyte diameter is
accompanied by increase in amount of yolk drop-
lets, which progressively extends towards the peri-
nuclear region (Table 1, Fig. 3). These oocytes mea-
sured (60.24), (11.28), (114401.9), in cell diameter,
nuclear diameter and cell volume respectively.
Nuclear volume and cytoplasmic volume increased
compared with oogonia and pre-vitellogenic oo-
cytes. Vitellogenic-II oocytes - These oocytes are
characterized by the synchronous growth to large
size and the unstainable vacuoles increase in num-
ber. Vacuoles merged with each other and finally
form large unstainable yolk vesicles, initially in mar-
ginal ooplasm. This is followed by the arrival of
small eosinophilic yolk granules in the extra vesicu-
lar ooplasm. The follicular cells are same as in the
primary vitellogenic oocytes. These oocytes measure
about (94.51), (34.32), (216482.13) in cell diameter,
nuclear diameter and cell volume respectively

Fig. 5. Photomicrograph showing spent stage of the
ovary. Haematoxylin-eosin × 100.

DGO : Degenerating oocyte VO-I : Vitellogenic oocyte-I
OT : Ovarian tissue V : Vesicle OG: Oogonia ,OW
: Ovarian wall

Fig. 4. Photomicrograph of the ovary showing mature
stage of M. rosenbergii. Haematoxylin-eosin × 100.
DGO: Degenerating oocyte VO-I:Vitellogenic oo-
cyte-I, VO-I I:Vitellogenic oocyte-II VO-III:
Vitellogenic oocyte-III
FC: Follicular cell YM: Yolk material, YV: Yolk
vesicle

(Table 1, Fig. 3).  Vitellogenic-III oocytes - With fur-
ther growth of oocytes, the amount of yolk globules
increases. Yolk droplets are absent because of their
alteration into yolk vesicles. Ooplasm thus becomes
entirely acidophilic. Yolk globules occupy most of
ooplasm including the perinuclear region. Follicle
cells appears in round to oval with spindle shapes
nuclei. These oocytes measure about (156.96),
(27.84), (2023696.3) in cell diameter, nuclear diam-
eter and cell volume respectively. Highest   nuclear
volume and cytoplasmic volume observed for
vitellogenic-III oocytes with rest of stages of oocytes
(Table 1, Fig. 4). Degenerating oocytes - In M.
rosenbergii, the process of degeneration (oosorption
or resorbtion) may be simultaneous with oocyte
growth. The gathering and competition among the
oocytes rendered some of them in a degenerating
stage. During favorable conditions, the mature oo-
cytes undergo ovulation. Degenerating oocytes are
almost of the same size as tertiary vitellogenic oo-
cytes and can be located by disintegration of the
nucleus and appearance of vacuoles. The degenerat-
ing ova are surrounded by nutritive phagocytes and
some of them enter in to the ova (Fig. 5). Ovarian
maturation of several species has been described
according to the external appearance of the ovary
(King, 1948; Crocos and Kerr, 1983; Pexioto et al.,
2003). Ovarian size and colours were related to his-
tological changes in Callinectes sapidus and Geryon
quinquedens (Sigana, 2002). Pillay and Ono (1978)
grouped the developing ovaries of grapsid crabs
based on colour and size of the ovaries.  The results
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from histological study of ovarian tissue showed
that changes in colour and shape of the ovaries
match very well with development of oocytes. The
classification of the ovarian maturation stages using
the colour scale and histological analysis described
here may be used practically for the management of
M. rosenbergii female maturation in captivity.
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A B S T R A C T   

Environmental toxins have the potential to disrupt the animal gut microbiome (AGM), which can lead to various 
gut-associated diseases such as inlammatory bowel disease (IBD) and colorectal cancer. In this review, we 
provide an overview of environmental toxins, their sources, and exposure routes. We also discuss the importance 
of AGM in maintaining human health and the effects of environmental toxins on AGM, including dysbiosis, al-
terations in diversity, and microbial metabolism. We present evidence linking environmental toxins exposure to 
gut-associated diseases and mechanisms by which environmental toxins affect AGM. We also highlight factors 
that inluence the effects of environmental toxins on AGM, such as dose, duration, and individual susceptibility. 
Finally, we discuss strategies to mitigate the effects of environmental toxins on AGM, including prebiotics, 
probiotics, and dietary interventions, as well as regulatory aspects of environmental toxins, including safety 
thresholds, exposure limits, and risk assessment. We conclude by discussing future research directions and the 
potential for personalized approaches, targeted detoxiication, and ecological restoration of AGM to prevent and 
treat gut-associated diseases.   

Introduction 

Environmental toxins are substances that are harmful to living or-
ganisms and their surrounding environment. These toxins can be found 
naturally in the environment, or they can be man-made chemicals that 
are introduced into the environment through various sources (Nalage 
et al., 2023; Patil et al., 2023c). Some examples of natural sources of 
environmental toxins include volcanic eruptions, wildires, and certain 
plant and animal species that produce toxic substances. Anthropogenic 
sources of environmental toxins can include industrial pollution, agri-
cultural runoff, transportation emissions, and household chemicals 
(Landrigan & Landrigan, 2018). 

Exposure to environmental toxins (Fig. 1) can occur through various 
routes, including inhalation, ingestion, and skin contact. Inhalation of 
toxins can occur through breathing in polluted air, while ingestion can 
occur through contaminated food and water. Skin contact can occur 

through direct contact with toxic substances, such as handling chemicals 
without proper protective equipment. It is important to note that 
exposure to environmental toxins can have negative effects on human 
health, including the disruption of AGM. As such, it is important to be 
aware of potential sources of environmental toxins and take steps to 
minimize exposure in order to protect human health and the environ-
ment (Patil et al., 2023b; Rovira et al., 2015). 

AGM and human health 

AGM is an ecosystem of microorganisms, including bacteria, viruses, 
fungi, and other microbes, that live within the gastrointestinal tract of 
humans and animals (Patil et al., 2023a). This complex ecosystem plays 
a crucial role in maintaining human health and well-being. AGM is 
involved in various physiological processes, including digestion, 
nutrient absorption, and immune system function. It also plays role in 

Abbreviations: AGM, animal gut microbiome; IBD, inlammatory bowel disease. 
* Corresponding author. 

E-mail address: dineshnalage@gmail.com (D. Nalage).  

Contents lists available at ScienceDirect 

Food Chemistry Advances 
journal homepage: www.elsevier.com/locate/focha 

https://doi.org/10.1016/j.focha.2023.100497 
Received 5 June 2023; Received in revised form 19 September 2023; Accepted 16 October 2023   

mailto:dineshnalage@gmail.com
www.sciencedirect.com/science/journal/2772753X
https://www.elsevier.com/locate/focha
https://doi.org/10.1016/j.focha.2023.100497
https://doi.org/10.1016/j.focha.2023.100497
https://doi.org/10.1016/j.focha.2023.100497
http://crossmark.crossref.org/dialog/?doi=10.1016/j.focha.2023.100497&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Food Chemistry Advances 3 (2023) 100497

2

the development and maturation of the immune system, helping to 
shape immune responses and protect against infections (Sontakke et al., 
2022). 

In addition, AGM is involved in the production of important meta-
bolic compounds, including short-chain fatty acids and vitamins such as 
vitamin K and B vitamins (Nalage et al., 2022). These compounds have a 
wide range of functions in the body, including energy metabolism, 
hormone regulation, and DNA synthesis. The composition of AGM can 
vary widely between individuals, inluenced by factors such as diet, age, 
genetics, and environmental exposures. A diverse and balanced AGM is 
thought to be important for maintaining optimal health, while disrup-
tions in the microbiome, such as dysbiosis, have been linked to a range of 
diseases, including IBD, obesity, and metabolic disorders. In general, 
AGM is a sophisticated and signiicant ecosystem that is essential to 
preserving human health and wellbeing. To create methods to 
encourage and preserve a healthy biome, it is crucial to comprehend its 
makeup and functions (Rodríguez et al., 2015). 

Environmental exposures 

Environmental exposure to various xenobiotics such as heavy metals, 
pesticides, and food additives can induce gut microbiome toxicity and 
contribute to the development or exacerbation of human diseases. This 
toxicity can occur through direct or indirect impacts on the gut bacteria, 
resulting in altered microbial diversity and metabolism. The selection of 
resistant bacteria upon exposure to certain xenobiotics can lead to an 
unbalanced gut ecosystem. Representative xenobiotics such as antibi-
otics, heavy metals, pesticides, and artiicial sweeteners are highlighted 
for their signiicant functional alterations on the gut microbiome. 
However, the mechanistic basis underlying these effects remains un-
clear. Here, we reviewed effects of environmental chemical exposure on 
the gut microbiome, speciically focusing on the inluence of bisphenols, 
phthalates, heavy metals, and pesticides (Fig. 2). 

Bisphenols 

Bisphenols, including Bisphenol A (BPA), have been thoroughly 
examined for their impact on the gut microbiome. Exposure to bisphe-
nols can result in changes in microbial diversity, shifts in bacterial 
abundance, and dysbiosis. Moreover, bisphenols have the potential to 
disrupt essential microbial metabolic processes, potentially affecting 
nutrient absorption, immune function, and gut barrier integrity 
(Table 1) (Chen et al., 2018a; DeLuca et al., 2018; Diamante et al., 2021; 
Feng et al., 2020; Javurek et al., 2016; Kaur et al., 2020; Malaisé et al., 
2017; Reddivari et al., 2017). 

Phthalates 

Phthalates, commonly found in plastics and consumer products, are 
associated with disturbances in the gut microbiome. Studies suggest that 
exposure to phthalates can lead to shifts in microbial composition and 
diversity, alongside alterations in microbial gene expression. These 
changes may contribute to adverse health outcomes, including meta-
bolic disorders and immune dysregulation (Table 2) (Buerger et al., 
2020; Fu et al., 2021; Hu et al., 2016; Kolb et al., 2019; Lei et al., 2019; 
Wang et al., 2019; Xiong et al., 2020; Yang et al., 2019). 

Heavy metals 

Environmental contaminants like lead, mercury, and arsenic, known 
as heavy metals, have detrimental effects on human health. Recent ev-
idence suggests that heavy metal exposure can impact the gut micro-
biome. Heavy metals can alter microbial diversity, potentially leading to 
dysbiosis. These changes may contribute to the development of gastro-
intestinal disorders and systemic health issues. (Table 3)(Chen et al., 
2018b; Dechartres et al., 2019; Fang et al., 2018; Gao et al., 2017, 2019; 
Jin et al., 2017, 2018; Rouzé et al., 2019). 

Fig. 1. Factors which impact on AGM.  

D. Nalage et al.                                                                                                                                                                                                                                  
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Pesticides 

Pesticides, commonly utilized in agriculture to manage pests and 
enhance crop yield, have been associated with disruptions in the gut 
microbiome. Exposure to pesticides can result in alterations in microbial 
composition, changes in microbial gene expression, and disturbances in 
microbial metabolic processes. These disturbances may lead to adverse 
health effects, including gastrointestinal disorders and immune system 
dysregulation. (Table 4) (Breton et al., 2013; Chang et al., 2019; Dheer 
et al., 2015; Gaulke et al., 2018; Liu et al., 2019; Ruan et al., 2019; Wu 
et al., 2019; Zhang et al., 2015). 

Impact of environmental toxins on AGM 
Environmental toxins can have signiicant effects on AGM, leading to 

dysbiosis, alterations in microbial diversity, and changes in microbial 
metabolism (Chiu et al., 2020). 

Dysbiosis refers to an imbalance in the composition of the gut 
microbiome, which can lead to changes in the microbial community’s 
function and behavior. Exposure to environmental toxins can lead to 
changes in AGM by altering the microbial populations, leading to a 
reduction in beneicial bacteria and an increase in harmful bacteria. This 
shift can result in alterations in the microbial metabolism, including the 
production of short-chain fatty acids, amino acids, and other compounds 
that are important for human health (Fan et al., 2021). 

In addition to changes in the microbial populations, environmental 
toxins can also impact the diversity of AGM. Studies have shown that 
exposure to certain toxins, such as heavy metals and pesticides, can 
reduce microbial diversity, leading to a less resilient microbial 

community that is less able to protect against disease and infection. 
Environmental contaminants can also interfere with AGM’s metabolic 
activities, changing how key substances like SCFAs and other metabo-
lites that are crucial for sustaining gut health are produced. AGM can be 
signiicantly impacted by contact with environmental contaminants, 
which can result in dysbiosis, changes to the microbial community, and 
adjustments to the microbial metabolism. These modiications may have 
negative effects on human health, raising the risk of infection and 
illness. To create plans to safeguard and maintain a healthy microbiome, 
it is essential to comprehend the mechanisms through which environ-
mental contaminants affect the gut microbiota (Chiu et al., 2020). 

Evidence linking environmental toxins exposure to gut-associated diseases 
Exposure to environmental toxins has been linked to the develop-

ment of several gut-associated diseases, including IBD, colorectal can-
cer, and other gastrointestinal disorders. There is a growing body of 
evidence that suggests that exposure to environmental toxins can in-
crease the risk of these diseases and contribute to their development. 
Crohn’s disease and ulcerative colitis are two examples of the chronic 
inlammatory gastrointestinal disorders known IBD (Vasei et al., 2020). 
Studies have shown that exposure to environmental toxins, such as 
heavy metals and pesticides, can contribute to the development of IBD. 
For example, exposure to arsenic has been linked to an increased risk of 
developing ulcerative colitis, while exposure to pesticides has been 
associated with an increased risk of developing Crohn’s disease (Pánico 
et al., 2022). Colorectal cancer is another gut-associated disease that has 
been linked to environmental toxin exposure. Environmental toxins, 
such as polycyclic aromatic hydrocarbons and dioxins, have been shown 

Fig. 2. Impact of environmental chemicals on AGM.  

D. Nalage et al.                                                                                                                                                                                                                                  
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to be carcinogenic and are known to contribute to the development of 
colorectal cancer (Fan et al., 2021). In addition, exposure to heavy 
metals such as cadmium and lead has also been linked to an increased 
risk of developing colorectal cancer (Vitale & Gutovitz, 2023). Other 
gastrointestinal disorders, such as irritable bowel syndrome, have also 
been linked to environmental toxin exposure. Studies have shown that 
exposure to pollutants and toxins, such as benzene and toluene, can lead 
to gastrointestinal symptoms and contribute to the development of IBS 
(Järup, 2003). Overall, the evidence linking environmental toxin 
exposure to gut-associated diseases such as IBD, colorectal cancer, and 
others is growing. It is crucial to better understand the mechanisms by 
which environmental toxins impact gut health and to develop strategies 
to reduce exposure in order to protect against the development of these 
diseases. 

Table 1 
Effect of Bisphenols on AGM ( - increase in abundance; - decrease in 
abundance)  

BPA 
Effect on Animals Gut / Health Dose Studied Animal 

model 
References 

1. Bacteroides, Prevotellaceae, 
Erysipelotrichaceae, 
Akkermansia, 
Methanobrevibacter  

2. Increased risk of IBD, colorectal 
cancer and development of 
metabolic disorders 

50 g/kg 
feed 
Weight  

California 
mice 
(Peromyscus 
californicus) 

Javurek 
et al. (2016) 

1. Oscillospira and 
Ruminococcaceae 
2. Reduced levels of SCFA and 
increased 

levels of systemic LPS 

200 g of 
BPA/kg 
body 
weight/ 
day 

Rabbit 
offspring’s 

Reddivari 
et al. (2017) 

1. Biidobacteria, Firmicutes 
and Clostridium spp. 
2. Decrease in faecal 
antimicrobial and 

lysozyme activity 

50 g/kg C3H/HeN 
mice 

Malaisé 
et al. (2017) 

1. Dominance of Proteobacteria, 
Actinobacteria and 
Hyphomicrobium 
2. Decrease in body weight and 
serotonin levels 

0, 2 and 20 
µg/l 

Zebra ish 
(Danio rerio) 

Chen et al. 
(2018a) 

1. Reduced levels of tryptophan 
and other metabolites that 
decreased colonic inlammation 

50 µg/kg 
body 
weight/ 
day 

C57BL/6 mice Deluca et al. 
(2018) 

1. Akkermansia and 
Proteobacteria 
2. Increase in intestinal 
permeability, 

endotoxins and inlammatory 
cytokines 

50 µg/kg 
body 
weight/ 
day 

CD1 mice Feng et al. 
(2020) 

1. Clostridiales, Dehalobacterium, 
Oscillospira, Ruminococcus, 
Clostridiales and decrease in 
levels of Odoribacter 
Alphaproteobacteria, 
Coprococcus, etc. 
2. Effect on gut-brain axis 

5 mg/kg 
and 50 
mg/kg 
feed 
weight 

California 
mice 
(Peromyscus 
californicus) 

Kaur et al. 
(2020) 

1. Signiicant increase in 
Oscillospira, Prevotella, 
Lachnospiraceae, Lactobacillus, 
Streptococcus, 
Dehalobacterium 
2. Effect on oxidative 
phosphorylation, PPAR 
signalling, fatty acid 
metabolism 

5 µg/kg/ 
day 

C57BL/6J 
Mice 

Diamante 
et al. (2021)  

Table 2 
Effect of Phthalates on AGM (- increase in abundance; - decrease in 
abundance)  

Phthalates 
Effect on Animals Gut / 
Health 

Dose Studied Animal model References 

3. Firmicutes (Bacilli) 
in PND 62 

Bacteroidetes 
(Prevotella), 
Elusimicrobia in PND 
62  

4. birth to 
adolescence (PND 62) in 
rats modiied the gut 
microbiota 

0.1735, 
0.105, and 
0.05 mg/kg/ 
day 

Sprague Dawley rats Hu et al. 
(2016) 

1. Biidobacteria, 
Firmicutes and 

Clostridium spp.  

2. Decrease in faecal 
antimicrobial and 
lysozyme activity 

500 mg/l Asian carp species 
silver 
(Hypophthalmichthys 
molitrix) and bighead 
(Hypophthalmichthys 
Nobilis) 

Kolb et al. 
(2019) 

1. Lachnoclostridium 
(in vivo) 

Alistipes, Paenibacillus, 
and Lachnoclostridium 
(in vitro cultured cecal 
microbiota)  

2. Akkermansia, 
Odoribacter, and 
Clostridium sensu stricto 
(in vivo) 
3. Decreased butyrate 
synthesis in 7-day 
exposure of 100 µM 
DEHP 

0, 10, or 100 
µM DEHP in 
cecal contents 
(in vitro) 

C57Bl/6 mice 
(6- to 8-week-old) 

Lei et al. 
(2019) 

3. Firmicutes; 
Intestinimonas, 
Holdemanella, 
Coprobacter, and 
Parasutterella 
4. 

Verrucomicrobia; 
Akkermansia, 
Tannerella, and 
Alloprevotella genus 
5. induced adipocyte 
hypertrophy and 
cholesterol 
overloading, 
deposition, and 
transportation 

0 or 0.05 mg/ 
kg MEHP 
with normal 
diet or high- 
fat diet 

C57Bl/6 mice (4- 
week-old) 

Wang 
et al. 
(2019) 

2. Rothia spp. and 
Biidobacterium 
longum 
3. decreased 
β-diversity, which 
may change immune 
responses in later life 

Newborns 
who did not 
receive 
intravenous 
infusion 
(control) vs 
distress given 
intravenous 
infusions 

Newborn infants Yang et al. 
(2019) 

1. Presence of Rothia, 
Adhaeribacter and 
Novosphingobium 
2. Increased obesity 
due to increased 
biosynthesis of 
unsaturated fatty 
acids 

20 mg DEHP/ 
day 

Zebra Fish 
(Danio rerio) 

Buerger 
et al. 
(2020) 

3. Prevotella 
Firmicutes and 
αproteobacteria 

500 mg/l C57Bl/6 mice Xiong 
et al. 
(2020) 

(continued on next page) 
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Mechanisms and factors inluenced by environmental toxins 
Both direct and indirect mechanisms can have an impact on the gut 

microbiota when environmental toxins are present (Mendes et al., 
2019). The gut microbiota is exposed to toxins directly through the 
direct channel, whereas the indirect pathway involves systemic effects 
on the host that may have an inluence on AGM (Legan et al., 2022). By 
consumption of tainted food or water, inhalation of hazardous com-
pounds, or skin absorption, the gut microbiota can be directly exposed to 
environmental contaminants. The exposure to different toxins, such as 
heavy metals, pesticides, and medications, can have an effect on the gut 
microbiota since it is in close touch with the outside world. Dysbiosis 
and changes in microbial metabolism can result from these toxins’ 

ability to affect microbial populations (Chiu et al., 2020). Toxins from 
the environment can have indirect impacts on the gut microbiota by 
having a systemic impact on the host. Toxin exposure can alter the im-
mune system and cause oxidative stress, inlammation, and other con-
ditions that can have an effect on the gut lora. For instance, exposure to 
heavy metals can induce oxidative stress, which can change the pop-
ulations of bacteria in the gut and decrease microbial diversity. Addi-
tionally, alterations in the host’s food and way of life brought on by 
exposure to environmental contaminants might have an indirect effect 
on the gut microbiota. For instance, pesticide exposure may cause the 
variety of AGM to decline, which may affect the host’s capacity to break 
down and absorb nutrients from food (Chen, 2021). 

The effects of environmental toxins on AGM can be inluenced by 
several factors, including the dose and duration of exposure, as well as 
individual susceptibility (Chiu et al., 2020). Dose and duration of 
exposure are important factors that can determine the extent of damage 
caused by environmental toxins on AGM. Higher doses of toxins over 
longer periods can lead to more severe dysbiosis and alterations in mi-
crobial metabolism. For instance, long-term exposure to heavy metals 
such as lead and cadmium can lead to signiicant changes in AGM, 
including a reduction in microbial diversity and alterations in microbial 
metabolism (Balali-Mood et al., 2021). Another signiicant aspect that 
may affect how environmental toxins affect the gut lora is individual 
vulnerability. Based on genetic and environmental variables, different 
people may have various degrees of vulnerability to the negative effects 

of toxins (Khan & Wang, 2020). Those who have genetic variants in 
genes that are involved in detoxiication pathways, for example, may be 
more vulnerable to the negative effects of environmental contaminants 
(Santos et al., 2022). Apart from personal vulnerability, variables like 
age, sex, and underlying medical problems can also affect how envi-
ronmental chemicals affect the gut lora. For instance, those with 
weakened immune systems and older adults may be more vulnerable to 
the negative effects of environmental pollutants on the gut lora (Claus 
et al., 2016). Furthermore, the type of environmental toxin and its 
speciic mechanism of action can also impact its effects on AGM. Anti-
biotics, for instance, can speciically target certain microbial pop-
ulations, altering their diversity and metabolism. In contrast, oxidative 
stress and alterations in the host’s immune system caused by heavy 

Table 2 (continued ) 
Phthalates 
Effect on Animals Gut / 
Health 

Dose Studied Animal model References 

Desulfovibrio, 
Sutterella 
4. 

Verrucomicrobia, 
of 

Oscillospira, 
Bacteroidetes, 
Parabacteroides 
Odoribacter, 
Akkermansia, and 
Helicobacter 
3. Firmicutes, 

Bacteroidetes, 
Verrucomicrobia, 
Turicibacter, 
Actinobacteria, and 
Epsilonbacteraeota  

4. Pathways of tyrosine, 
ubiquinone, amino 
acids, carbohydrates, 
steroids, nucleotides, 
tryptophan, etc. were 
signiicantly affected. 
Female reproductive 
toxicity   

500 and 1500 
mg/kg body 
weight 

Mice Fu et al. 
(2021)  

Table 3 
Effect of Heavy metals on AGM( - increase in abundance; - decrease in 
abundance)  

Pesticides 
Effect on Animals Gut / 
Health 

Dose Studied 
Animal 
model 

References 

1. Burkholderiales, 
Bacteroidetes (male) 
2. Lachnospiraceae 
(both),Firmicutes (male), 
3. Ruminococcaceae, 
Clostridiaceae, and 
Erysipelotrichaceae 
(female) 

4 mg/l in drinking 
water for 13 weeks 
(Diazinon) 

C57Bl/6 
mice (4- 
week-old) 

Gao et al. 
(2017b) 

1. Acinetobacter (females) 
Capnocytophaga (males and 
females)  

2. Streptococcus 
(females) 

1.0 µg/l atrazine 
dose (0.42 µg/l 
measured) 

Zebra Fish 
(Danio 
rerio) 

Chen et al. 
(2018b) 

4. Olsenella, Clostridium 
sensu stricto 1, 
Amphibacillus, 
Enterorhabdus, and 
Alloprevotella (high-fat 
diet) 
5. Aerococcus, 
Brevundimonas, 
Trichococcus (normal 
diet) 

0.3 or 3 mg/kg by 
gavage daily 
(Chlorpyrifos) 

Wistar rats Fang et al. 
(2018) 

6. Actinobacteria, 
Bacteroidetes 
7. Verrucomicrobia, 
Proteobacteria 

0.2–5 mg/kg orally 
(Carbendazim) 

Mice Jin et al. 
(2018) 

4. Bacteroidetes 
5. Firmicutes, 
Butyricicoccus 

5 mg/kg/day oral 
dose (Glyphosate) 

Sprague 
Dawley rats 

Dechartres 
et al. (2019) 

6. Erysipelotrichaceae, 
Clostridium 
7. Christensenellaceae, 
Coriobacteriaceae, 
Bacillales, Anaerostipes, 
Roseburia 

2 ppm 
(approximately 0.3 
mg/kg bw/day) in 
drinking water for 
13 weeks beginning 
at 8 weeks of age 
(Aldicarb) 

C57BL/6 
mice 

Gao et al. 
(2019) 

3. Gilliamella apicola, 
Snodgrassella alvi 
4. Lactobacillus, 
Biidobacterium 

0.25 or 1.0 µg/kg in 
sugar syrup for 
24–34 h (Fipronil) 

Honeybees Rouzé et al. 
(2019) 

1. Fusobacteria, Firmicutes 
2. Proteobacteria, 
Bacteroidetes, Alistipes, 
Akkermansia   

100 or 1000 µg/l for 
1, 7, or 21 days 
(Imazalil) 

Zebraish Xiong et al. 
(2020)  
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metals like arsenic can have an indirect effect on the gut microbiota (Jin 
et al., 2017). 

Identifying environmental toxins with a high potential for AGM disruption 
Identifying environmental toxins with a high potential for AGM 

disruption involves considering various factors, including the chemical 
structure of the toxin, bioaccumulation, and biomagniication. The 
chemical structure of a toxin plays a crucial role in determining its po-
tential to disrupt AGM. Some toxins, such as heavy metals, are known to 
have a high afinity for microbial cells and can directly bind to and 
disrupt cellular functions. Other toxins, such as pesticides, may not 
directly target microbial cells but can indirectly impact AGM through 
their effects on the host (Galleher et al., 2020; Galmiche & Rassow, 
2010). Toxins that accumulate over time in the tissues of living things 
are said to have undergone bioaccumulation. When creatures ingest 
polluted food or water, some pollutants, like persistent organic pollut-
ants, have a high potential for bioaccumulation and can build up in their 
tissues. As a way, the body may be subjected to more toxins over time, 
which may cause the gut microbiota to be seriously disrupted. The 
process by which poisons accumulate in higher concentrations as they 
move through food chains is called as biomagniication. In contrast to 
organisms further down in the food chain, organisms at the top of the 
food chain, such as carnivorous ish, may have greater quantities of 
toxins in their tissues. As a result, consuming these organisms can lead to 
increased exposure to toxins and potentially more signiicant disrup-
tions in AGM (Bertheau, 2011). Identifying environmental toxins with a 
high potential for AGM disruption is crucial for developing strategies to 
protect against their harmful effects. This involves not only considering 
the chemical structure of the toxin but also understanding the potential 
for bioaccumulation and biomagniication. Additionally, it is important 
to consider the pathways of exposure to these toxins, such as through 
food, water, or air, in order to identify the most effective strategies for 

reducing exposure and mitigating their effects on AGM (Du et al., 2023; 
Lee et al., 2023). 

Biomarkers and assessment of AGM toxicity 

The assessment of AGM toxicity and the development of speciic 
biomarkers are necessary. An integration of animal models and meta- 
omics toolkit has been used to assess AGM toxicity, which mainly fo-
cuses on functional changes induced by exposure to various environ-
mental chemicals. Developing biomarkers on a case-by-case basis is 
required, and these can be bacterial species, genes, or metabolites, and 
combinations of these markers. Signature changes in the gut micro-
biome upon exposure to certain chemicals could be used to indicate 
exposure to speciic xenobiotics and the effect of these on human health. 
Recent studies have shown the potential for changes in gut microbial 
proiles to serve as biomarkers for gut microbiome toxicity associated 
with speciic chemical exposures. Moreover, distinctive changes in 
functional proiles such as key metabolites and metabolic pathways 
could serve as more relevant biomarkers because alterations in func-
tional proiles directly inluence the host. 

Strategies to mitigate the effects of environmental toxins on AGM 
Prebiotics, probiotics, and dietary changes are just a few of the 

methods used to reduce the impact of environmental contaminants on 
the gut lora. Prebiotics are non-digestible ibers that selectively pro-
mote the growth and activity of beneicial gut microbes. By providing a 
food source for beneicial microbes, prebiotics can help to restore and 
maintain a healthy AGM (Nalage et al., 2016). Additionally, prebiotics 
can help to counteract the effects of environmental toxins by supporting 
the growth of beneicial microbes that can help to metabolize and 
eliminate toxins from the body (Hitch et al., 2022). Probiotics are living 
microbes that, when taken in suficient quantities, can help the host’s 

Table 4 
Effect of Pesticides on AGM( - increase in abundance; - decrease in abundance)  

Pesticides 
Effect on Animals Gut / Health Dose Studied Animal 

model 
References 

4. Lactobacillaceae and Erysipelotrichaceae Within Erysipelotrichaceae family, 
Turicibacter, Blautia, Barnesiella, and Alistipes were higher in treatment group compared 
with control 
5. Genus diversity in treatment group than control 
6. Lachnospiraceae 

100 and 500 ppm for 8 weeks in drinking 
water (Lead) 

Mice Breton et al. 
(2013) 

3. Bacteroidetes, Clostridia 
4. Firmicutes, Bacteroides 

0, 10, or 250 ppb arsenite As(III) for 2, 5, or 
10 weeks 

Mice Dheer et al. 
(2015)  

6. Quantity of Firmicutes decreased signiicantly in the cecum contents after 10 weeks of Cd 
exposure) 
7. Relative abundance of Firmicutes and γ-Proteobacteria 

10 ppm in drinking water for 10 weeks 
(Cadmium) 

C57Bl/6 mice (4- 
week-old) 

Zhang et al. 
(2015b) 

8. Bacteroidetes and Firmicutes shifted in response to Pb exposure 
9. Male and female Pb exposure was highly correlated with increased adult body weight in 
male, but not female offspring 

32 ppm until 40 weeks of age in maternal 
drinking water (Lead) 

Mice Wu et al. 
(2016) 

8. Shewanella, Rheinheimera, and Biidobacterium 
9. Herpetosiphonales 

Zinc restriction and 0, 50, 500 ppb 
inorganic arsenic in drinking water for 6 
weeks 

Mice Gaulke et al. 
(2018) 

1. Firmicutes 
2. Fusobacteria, Cetobacterium, and Akkermansia muciniphila 

0, 50, and 500 µg Cd/l in drinking water 
for 4 weeks(Cadmium) 

Cyprinus carpio Chang et al. 
(2019) 

5. Firmicutes in MeHg treatment groups compared with control; Bacteroidetes in MeHg +
sodium selenite compared with MeHg 
6. Cyanobacteria and Bacteroidetes in MeHg treatment groups compared with control; 
Firmicutes in MeHg + sodium selenite compared with MeHg group 

0 or 4 mg/kg bw MeHg Sprague Dawley 
rats 

Liu et al. 
(2019) 

3. Butyricimonas, Dehalobacterium, Coprococcus, Oscillospira, and Bilophila 
4. Sporosarcina, Jeotgalicoccus, Staphylococcus, and Acinetobacter   

0 or 2 mg/kg bw HgCl2 for 90 days 
(Mercuric chloride) 

Kunming mice Ruan et al. 
(2019)  
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health. Probiotics can assist in restoring the balance of AGM and 
reducing the negative effects of environmental toxins by introducing 
healthy bacteria into the gut. Certain probiotics have been demonstrated 
to have particular detoxiication properties that can aid in the body’s 
metabolization and elimination of pollutants (Plaza-Diaz et al., 2019). 
The impact of environmental pollutants on the gut microbiota can be 
lessened by dietary changes. A diet high in plant-based foods, for 
instance, can serve as a source of antioxidants and other nutrients that 
can assist to defend against the negative effects of pollutants. Also, 
eating foods high in iber can stimulate the development of advanta-
geous gut microorganisms and enhance gut health. Consuming fer-
mented foods and avoiding processed and packaged foods that can 
include hazardous chemicals and preservatives are two other dietary 
treatments that may be useful in reducing the impact of environmental 
toxins on the gut lora (Deng et al., 2021). Prebiotics, probiotics, and 
dietary changes are all part of a multifaceted strategy used to lessen the 
impact of environmental contaminants on the gut lora. These measures 
can assist to mitigate the negative impacts of environmental pollutants 
and enhance general health and wellbeing by encouraging a healthy gut 
lora. 

Regulatory aspects of environmental toxins 
Regulatory aspects of environmental toxins are essential in ensuring 

public safety and minimizing the risks associated with exposure. These 
regulations involve the establishment of safety thresholds, exposure 
limits, and risk assessments to identify potential hazards and limit 
exposure to harmful toxins (Breton et al., 2014). Safety thresholds are 
established by regulatory agencies to identify the maximum level of 
exposure to a particular toxin that is considered safe for human health. 
These thresholds take into account various factors such as age, gender, 
and overall health status to ensure that vulnerable populations are 
adequately protected (Kleinbeck et al., 2011). 

Exposure limits are established by regulatory agencies to limit the 
amount of exposure to a particular toxin that is deemed acceptable. 
These limits can be based on a range of factors, including the toxicity of 
the toxin, the route of exposure, and the potential for bioaccumulation 
and biomagniication. Risk assessments are conducted to identify po-
tential hazards associated with exposure to environmental toxins. These 
assessments take into account factors such as the toxicity of the toxin, 
the level and duration of exposure, and the vulnerability of the exposed 
population. Based on these assessments, regulatory agencies can estab-
lish exposure limits and safety thresholds to protect public health. 
Regulatory agencies such as the Environmental Protection Agency and 
the Food and Drug Administration play a crucial role in ensuring the 
safety of the public with regard to exposure to environmental toxins. 
These agencies establish and enforce regulations to limit exposure to 
harmful toxins and promote public health and safety (Zaleski et al., 
2016). 

Future research directions and potential for therapeutic interventions 
Future research on the impact of environmental toxins on AGM has 

the potential to identify new therapeutic interventions for gut-associated 
diseases. Personalized approaches to gut health are likely to be a key 
focus of future research, as individual variations in AGM can inluence 
susceptibility to environmental toxins and the development of disease. 
These approaches may involve the use of precision medicine to identify 
speciic microbial imbalances and targeted interventions to restore a 
healthy AGM (Song et al., 2018). 

Targeted detoxiication strategies may also become an area of focus 
for future research. These interventions may involve the use of speciic 
dietary compounds or probiotics that can help to metabolize and elim-
inate toxins from the body. Additionally, novel approaches to toxin 
removal, such as the use of engineered bacteria, may become a prom-
ising area of research in the future. 

Ecological restoration of AGM may also hold signiicant potential for 
therapeutic interventions. Approaches that aim to restore the natural 

diversity and composition of AGM, such as fecal microbiota trans-
plantation, may be effective in mitigating the effects of environmental 
toxins on AGM. Additionally, approaches that focus on promoting a 
healthy gut environment through dietary interventions and lifestyle 
modiications may help to promote a more resilient AGM that is better 
able to withstand exposure to environmental toxins. 

Charting the future: exploring key frontiers in gut microbiome research 

Identifying and highlighting gaps in current research is crucial for 
advancing our understanding of the gut microbiome (AGM) and paving 
the way for future investigations. Here are some key areas where 
research on AGM may have gaps and future research needs:  

1. Long-term effects: Most studies focus on short-term impacts of 
factors like diet, medication, or environmental toxins on AGM. 
There’s a need for more long-term studies to understand how 
these factors shape AGM over time and their lasting effects on 
health.  

2. Interactions: AGM doesn’t exist in isolation; it interacts with 
various systems in the body, including the immune system, ner-
vous system, and endocrine system. Future research should delve 
into these complex interactions to uncover how AGM inluences 
and is inluenced by other bodily systems. 

3. Human variation: Research on AGM often lacks diversity, pri-
marily focusing on Western populations. Future studies should 
encompass a wider range of demographics and ethnicities to 
understand how AGM varies across different human populations.  

4. Functional analysis: While many studies examine the composition 
of AGM, there’s a need for more functional analysis. Under-
standing what these microbes are doing and how they contribute 
to health or disease is critical. 

5. Aging: The aging process can signiicantly impact AGM. Investi-
gating how AGM changes with age and its implications for age- 
related diseases is an essential avenue for future research.  

6. Disease-speciic studies: More research should be directed toward 
speciic diseases and disorders, such as irritable bowel syndrome 
(IBS), obesity, or autoimmune conditions, to determine the role of 
AGM in their development and progression. 

7. Interventions: While some studies explore interventions like pro-
biotics and dietary changes, more rigorous clinical trials are 
needed to establish the effectiveness of these interventions in 
modulating AGM and improving health outcomes.  

8. Technological advances: Advancements in sequencing and 
analytical techniques continue to emerge. Researchers should 
leverage these technologies to gain deeper insights into AGM.  

9. Ethical considerations: As research on AGM progresses, ethical 
considerations regarding interventions and the manipulation of 
AGM should be addressed.  

10. Data sharing: Encouraging data sharing and collaboration among 
researchers is crucial to accumulate a more comprehensive un-
derstanding of AGM. 

11. Microbiome-host signaling: Understanding how AGM communi-
cates with the host and how these signals impact health and 
disease is an exciting area for future exploration.  

12. Therapeutic applications: Investigate the potential of AGM-based 
therapies, including fecal microbiota transplantation, for 
various diseases. 

Conclusion 

The AGM plays a crucial role in maintaining human health, and 
exposure to environmental toxins can disrupt this delicate balance, 
resulting in gut-associated diseases. Several mechanisms through which 
environmental toxins affect AGM have been identiied, and factors 
inluencing their impact on AGM have been highlighted. Strategies like 
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prebiotics, probiotics, and dietary interventions can help mitigate the 
effects of these toxins. Regulatory aspects, such as establishing safety 
thresholds, deining exposure limits, and conducting risk assessments, 
are vital for managing environmental toxins. Future research directions, 
including personalized approaches, targeted detoxiication methods, 
and ecological restoration of AGM, hold promise for preventing and 
treating gut-related diseases. A deeper understanding of how environ-
mental toxins affect AGM can lead to the development of effective in-
terventions that promote gut health and overall wellbeing. While 
substantial progress has been made in comprehending AGM’s role in 
human health, several gaps and unexplored areas remain. Future 
research endeavors should focus on addressing these gaps to unlock 
AGM’s full potential in enhancing human health and wellbeing. 
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Abstract 

The present study deals with the survey of two Piscean cestode parasites viz. Senga sp. 

and Lytocestus sp.collected from the intestine of Mastacemelus armatus at different collection 

sites of Nasik district (M.S.) India during June, 2016 to May, 2017. The high incidence of 

infection of  these species Senga sp. and Lytocestus sp. were recorded in summer season(75.00 

%,  & 65.00 % respectively) followed by winter season (45.83 %, &50.00 %respectively) whereas 

Infection was low in monsoon season (22.72%, & 31.81 % respectively).The results of present 

study clearly indicate that environmental factors, quality and quantity of water effect on the 

seasonality of parasitic infection. 
 

Keywords Cestode Parasites, Mastacembelus armatus, Senga sp. Lytocestus sp., Nasik. 
 

Introduction 

Fishes are important components of ecosystem from ecological, medicinal, nutritional and 

economical point of view. These fishes are parasitized by helminth parasites, which reduce the 

food value of host fish. Study of helminth parasites is therefore an important needs of nowdays. 

Helminth infections are very common in people who consume improperly cooked meat, 

unhygienic habits and poor sanitation. These helminthic infection leads to various disorders. No 

work has been done on cestodes parasites of freshwater fishes in Nasik district, M.S. India. 

Population investigation is necessary to provide data for the prediction of integrated 

methods to achieve the regulation of numbers of harmful parasites (Kennedy, 1974) Notable 

contribution made by Dobson (1994), Dogiel et al. (1935, 1958), Anderson (1976). Results of 

present study, therefore, are expected to be helpful for future research on piscian cestodes in this 

region. Keeping in view, the importance of these Piscean cestode parasites, present study was 

undertaken to investigate and evaluate prevalence of cestode parasites of freshwater fish 

Mastacembelus armatus and distribution of two Piscean cestodes of genus Senga sp. and 

Lytocestus sp. collected during annual cycle June, 2016 to May, 2017. 
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Materials and Methods 

 Study area 

Study was conducted in different collection sites of Nasik district.  

In the present study, intestines of Mastacembelus armatus were examined for cestode infection 

during the period of June, 2016 to May, 2017 from Nasik Region, M. S. India. Cestodes were 

collected, preserved in 4% formalin, dehydrated in various alcoholic grades, stained with Borax 

carmine, cleared in xylene and mounted in D.P.X. These Cestodes were identified by standard 

methods (Yamaguti, S.). On taxonomic observations the Cestodes are identified as Senga sp. and 

Lytocestus sp. The data obtained throughout year were recorded; processed to derive biological 

parameter incidence for study of seasonal variation by using following formula. 

   

                       The % incidence of infection = Infected Host× 100 

      Total Host Examined  
 

Results and Discussion 

Results of the present study on prevalence of fish cestodes are presented in Table 01 and 

02. Two species of cestode parasites was recorded as Senga sp. and Lytocestus sp. It was found 

that, high incidence of infection of all these species were recorded in summer (75.00% &65.00%) 

followed by winter (45.83% &50.00%) whereas infection was low in monsoon season (22.72% & 

31.81%). According to the Kennedy (1971, 1975 and 1977) and Rodhe (1993) the temp, humidity 

and rainfall, feeding habits of host, availability of infective host and parasite maturation, such 

factors are responsible for influencing the parasitic infections. 
 

 

Table 1: Prevalence of Senga sp. of Mastacembelus armatus during June, 2016 to May, 2017. 

 

Seasons 
No. of Host 

Examined 

No. of Host 

Infected 

No. of Parasites 

Collected 
Incidence 

Mansoon(June 2016-Sept. 2016) 22 05 07 22.72 

Winter (Oct. 2016-Jan. 2017) 24 11 15 45.83 

Summer (Feb. 2017-May 2017) 20 15 19 75 
 

Table 2: Prevalence of Lytocestus sp. of Mastacembelus armatus during June, 2016 to May, 

2017. 

Seasons 
No. of Host 

Examined 

No. of Host 

Infected 

No. of Parasites 

Collected 
Incidence 

Mansoon (June 2016-Sept. 2016) 22 07 08 31.81 

Winter (Oct. 2016-Jan. 2017) 24 12 14 50 

Summer (Feb. 2017-May 2017) 20 13 17 65 
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Graph showing prevalence of Senga sp. and Lytocestus sp. from Mastacembelus armatus.  

0.00%

20.00%

40.00%

60.00%

80.00%

P
r
e
v
a
le
n
c
e

Seasons

Senga sp. Lytocestus sp.
 

Conclusion 

In the present research study, recorded data shows high incidence of infections of these two 

cestode species were recorded in summer (Feb., 2017-May, 2017) followed by winter (Oct., 2016- 

Jan., 2016) where as low in monsoon season (June, 2016 –Sept., 2016). The results of present 

study clearly indicated that the environmental factors, quality and quantity of water effect on the 

seasonality of parasitic infection. 
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