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Dhanalakshmi Srinivasan University

I am delighted to introduce the book "Emerging Innovative Research in
Science and Technology". This book is a compilation of the latest research being
conducted by the faculty members of Dhanalakshmi Srinivasan Engineering
College (Autonomous), Perambalur, Tamil Nadu. This book serves as a testament
to our commitment to fostering intellectual growth, academic excellence, and
interdisciplinary collaboration within our institution.

The book consists of 39 chapters, and these chapters present theories,
methodologies, and applications that impact industry revolutionization, global
challenges, technology development, novel therapeutics, and financial
management. In this regard, in today's rapidly advancing world, where
breakthroughs and innovations shape the course of our society, it is imperative that
the research activities of the Dhanalakshmi Srinivasan Engineering College
(Autonomous) stay at the forefront of emerging research.

My best wishes to the Editors, Associate Editors, Technical Editors,
Publishers, and Authors, whose research and insights have enriched this volume.
To the readers, I encourage you to immerse yourself in the chapters of this book
and embrace the spirit of discovery. As you delve into the depths of emerging
research in science and technology, I hope you are inspired by the remarkable
achievements and the immense potential that lie within these fields.

I am confident that this book will be a valuable resource for students,
researchers, and anyone who is interested in science and technology. I am also
confident that this book will serve as a catalyst for further research, collaboration,
and innovation. I once again extend my heartfelt appreciation to the editors for
their unwavering dedication and commitment to bringing together this
comprehensive collection. I wish you all an inspiring journey through the pages of

"Emerging Innovative Research in Science and Technology".






PREFACE

The world is changing at an unprecedented pace, and science and
technology are at the forefront of this change. New scientific discoveries and
innovative products are being made all the time. The advances cause profound
impact on our lives in one way or another. While science and technology are
essential in making our lives easier, more comfortable, and more productive,
they are not without their risks. Thus, the use of science and technology with
meaningful responsibility is the creation of a better future for all of us.

In this background, the book titled "Emerging Innovative Research in
Science and Technology" provides remarkable advancements being made recently
in streams of Science, Engineering, Technology, and Business Management. Most of
the chapters of the book, if not all, describe the research activities carried out by the
faculty members of Dhanalakshmi Srinivasan Engineering College (Autonomous),
Perambalur, Tamil Nadu. The book consists of 39 chapters, and the chapters are
classified into four broader domains for the sake of clarity for the readers:
Biological Sciences, Circuit Engineering, Non-circuit Engineering, and Management
Studies. Of the 39 chapters, 36 shed light on the innovative engineering and
technology practices that underpin advancements in various fields such as
agricultural, biological, and pharmaceutical sciences and mechanical, electrical,
civil, communication, and computer engineering. Three of the book chapters
provide critical insights into effective strategies for organizational success from a
management standpoint. Together, the book provides a comprehensive overview
of some of the most exciting and promising research being conducted at
Dhanalakshmi Srinivasan Engineering College (DSEC), Perambalur, Tamil
Nadu. The book is for anyone who is interested in science and technology and
wants to learn about the future of the world.

Taking this opportunity, the Editors express heartfelt gratitude to
Honourable Ayya A. Srinivasan, Chancellor, Dhanalakshmi Srinivasan
University (DSU), for constructive suggestions and blessings, which powered us to
achieve the adventure in a successful manner. The Editors extend their gratitude to

the Vice-chairman, Secretary, and all dignitaries of the Dhanalakshmi Srinivasan



Group of Institutions for their moral support and perspective on the book's
publication. The Editors would like to thank all the authors who contributed their
expertise and knowledge to the book's present scientific merits. The Editors would
also like to express sincere thanks to the Editorial Board, consisting of Associate
Editors and Technical Editors, who worked diligently to bring this collection
together in a meaningful manner. Our special thanks to the Trueline Academic and
Research Centre for their fruitful entrepreneurial patronage and for successfully
bringing the book to life in all possible ways. The Editors also thank all the
personnel, well-wishers, and Almighty who are behind this achievement.
Constructive suggestions on any parts of the book may be sent to the editors
as well as to the Publishers, and those suggestions will be addressed in future

editions of the book.

Dr. K. Elangovan, Dr. T. Sivaraman
Principal, DSEC. Dean - Research, DSEC.
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CHAPTER 1

STEPWISE UNFOLDING PATHWAYS OF AN ALL-BETA-SHEET
PROTEIN BY HYDROGEN EXCHANGE

T. Sivaraman*
Department of Chemistry & Research and Development Cell

Dhanalakshmi Srinivasan Engineering College (Autonomous), Perambalur, Tamil Nadu

Abstract

Protein unfolding pathways are indispensable in understanding protein folding and
misfolding, designing new drugs and therapies, and engineering proteins with new biological
functions. The denaturation of proteins can be caused by a variety of physical and chemical methods,
and the disruptions of the three-dimensional structures of the proteins can be systematically
monitored at molecular and residue-level resolutions using an array of biophysical techniques. In the
present studies, the unfolding events of cardiotoxin III, an all beta-sheet protein, treated with
GdnDCI and Urea at different concentrations have been investigated by hydrogen-deuterium
exchange methods in conjunction with two-dimensional NMR techniques. Comprehensive analyses
of the amide proton exchange data suggested that destabilization of the protein’s cleft region is a
prerequisite event for unfolding the protein. In addition, the studies demonstrated the mechanisms
by which the chaotropic denaturants, GAnDCl and Urea, denature the protein at residue-level
resolution.
Keywords: Chaotropic Denaturants, Drug Designing, Hydrogen Exchange, GdnHCl, NMR,
Protein Unfolding and Urea.

Introduction

Each protein adopts a unique, compact, and stable three-dimensional (3D)
structure, which is important for its biological activities. The secondary and tertiary
structural interactions of proteins are primarily stabilized by non-covalent
interactions such as hydrophobic, hydrogen-bonding (H-Bonding), salt-bridge, and
electrostatic interactions, though disulfide bonds play essential roles in bringing
any two cysteine residues into close contact in three dimensional space of the
proteins; otherwise, they would be far away from each other in their primary
structure [1-3]. Disruptions of the non-covalent interaction cause protein
denaturation or unfolding, and the unfolding can be caused by a variety of physical
and chemical methods. Studies of the protein unfolding processes at high
resolution provide valuable insights into the structure, folding, and function of
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proteins, and they have practical applications in protein purification, protein
engineering, and biotechnological processes [4, 5].

As mentioned above herein, determining the relative stability of different
regions within a protein and the order of assembly in the unfolding and folding
processes are major goals of studies on protein folding and design. In the present
study, we have demonstrated the unfolding processes of Cardiotoxin III (CTX III,
an all-beta-sheet protein purified from Taiwan cobra, Naja naja atra) at residue-level
resolution. The CTX III treated with different concentrations of chaotropic
denaturants (GdnDCl and Urea-d¢) was subjected to hydrogen-deuterium (H/D)
exchange for 30 minutes, and then patterns of amide proton exchange were
monitored using two-dimensional (2D) Nuclear Magnetic Resonance (NMR)
spectroscopy.

As described by the Boltzmann distribution law, a small fraction of all possible
conformations of protein molecules exist at all possible energy levels, even under
native conditions [6, 7]. Measurements of the amide proton exchange rates as a
function of denaturants can occur by at least two different opening mechanisms:
global unfolding and local fluctuations [8,9], and the amide protons could be
classified into two types: marker and joining protons [10]. Amide Protons (INHs)
that exchange through small local fluctuations are insensitive to denaturants (the
slope value of ‘m’ is about 0), and the NHs that belong to this class are denoted as
joining protons. On the other hand, the marker protons exchange through global
unfolding, and the H/D exchange is dependent on denaturant concentration (m
~1), implying proteins undergo drastic conformational changes during the
opening events. The unfolding pathways of proteins can be systematically probed
by analyzing the H/D exchange patterns of the marker protons with respect to the
denaturant concentration. In this background, the unfolding mechanisms of the
CTX III in the presence of GAnDCl and Urea are brought to the fore in a systematic
manner as described below herein.

Materials and Methods

The CTX Illwas purified from the crude Taiwan Cobra venom (Naja naja atra)
using the procedure described by Yang et al. [11]. Deuterium oxide (D20) was
purchased from Cambridge Isotope Laboratories, USA. Ultrapure guanidine
hydrochloride (GdAnHCI) and urea were purchased from Sigma Chemical Co., USA,

and deuterated powder forms of both the chaotropic denaturants were prepared by
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dissolving in D20 followed by lyophilization. All other chemicals used in this study
were of high analytical quality.

Circular Dichroism (CD) spectroscopy:The denaturation processes of the CTX
III treated with GdnDCl and Urea were monitored at 25 °C in deuterated solutions
at pD 3.6. The concentration ranges of the GdnDCl and the urea varied from 0-7 M
and 0-8 M, respectively. Each sample was equilibrated for about 6 hours at 25 °C
before acquiring data using a Jasco J720 spectropolarimeter. The CD measurements
were performed using 0.2 mm and 1 mm path length quartz cells for monitoring
the signal in the far-UV CD (200-250 nm) and near-UV CD (250-320 nm) signals of
the CTX III at different solution conditions, respectively. The CD spectra of each
sample were an average of five scans. Ellipticity values are reported as mean
residue ellipticity in the present report.

Hydrogen - Deuterium Exchange Measurement:The protein concentration
used for all the H/D exchange experiments was about 1 mM. The H/D exchange
patterns of amide protons of the CTX III treated with different concentrations of the
GdnDCl-ds and the urea-ds in D2O containing 500 mM Glysine-DCl buffer were
monitored by acquiring 2D COSY NMR experiments. All the 2D NMR experiments
were carried out on a Bruker DMX 600 MHz spectrometer. Typical data acquisition
parameters were set as mentioned elsewhere. It should be mentioned that the time
between sample preparation and data acquisition was strictly maintained at 30
minutes. In the case of GAnDCl, the H/D exchange measurements were carried out
at 10 different concentrations ranging from 0 to 3.0 M (0.1, 0.3, 0.5, 0.75, 1.0, 1.2, 1.5,
1.7, 1.8, and 2.0 M GdnH-DCl) as the protein begins to unfold globally beyond 2.0
M GdnDCIL. In the case of the urea-induced unfolding of the CTX III, the 2D NMR
experiments were performed at 12 different urea concentrations ranging from 0 to 4
M (0, 0.1, 0.3, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0M urea), as the protein
showed intact structural stability up to the 4 M urea concentration. To ensure that
no aggregation occurred during data collection, 1D and 1H spectra with 1024
datapoints, 8 dummy scans, and 64 scans were acquired before and after each of
the H/D exchange experiments. Cross-peak intensities of aromatic protons and
amide protons were measured by both volume and intensity integration methods.
The total number of amide protons and intensity of each amide proton were
plotted as a function of denaturant(s) (GdnDCl-ds or urea-d4), and the data were
fitted using an appropriate single exponential function with or without asymptotes.
The minimum concentration of the GAnDCI and Urea to exchange out a particular

amide proton in the defined experimental conditions was estimated based on
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analyses of the exchange data using KaleidaGraph (Abelbeck). All 55 amide
protons of the CTX III molecule have been classified into very weak, weak, strong,
and very strong based on their protection against solvent exchange in the presence
of GdnDCl and Urea.

Results and Discussion

The chaotropic denaturantsGdnDCl and wurea are well-known chemical
denaturants for studying the unfolding and folding pathways of proteins.
However, to date, no clear mechanism exists to explain how the denaturants unfold
the proteins [12]. Robinson and Jencks [13, 14] attempted to unravel this puzzle by
using the model peptide ATGEE (acetyltetraglycine ethyl ester), an uncharged
compound composed principally of amide groups. Based on the results obtained
from the solubility and activity co-efficient experiments, they concluded that non-
hydrophobic interactions make a major contribution to the unfolding of proteins by
the GAnDCl and the urea. Tanford [15] attempted to account qualitatively for the
denaturing effect of urea on proteins using model compounds, and the results
suggested that urea interacts directly with the peptide backbone of protein
molecules. Based on the results, it has been proposed that hydrogen atoms bound
to nitrogen atoms in urea and GdnDCl could undergo polyfunctional hydrogen
bonding with the peptide groups of proteins. However, the presence of urea
molecules near the hydrophobic residues of proteins has been explicitly reported
[16]. Therefore, it remains unclear how proteins unfold in the presence of
chaotropic agents such as urea and GdnDCl.

In this background, we attempted to understand the unfolding mechanisms of
the CTX III in the presence of GdnDCl-d¢ and urea-ds using NMR-assisted H/D
exchange methods [17,18]. The CTX III consists of 60 standard amino acids, and
among them, 5 are proline residues located at 8, 15, 30, 33, and 43. Hence, there are
55 amide protons, which are the probes of the H/D exchange reactions in the present
studies. About 50% of the protein residues are involved in secondary structural
interactions, and the amide protons of these residues are consecutively protected
from exchange due to their inter-strand and intra-strand H-bonding patterns. In
addition to the H-bonding patterns, the steric effect and hydrophobic environment
may also shield the amide protons from exchange with solvent deuterons.It is also
worth mentioning in this context that the GdAnDCI- and urea-induced unfolding
kinetics of the CTX IIl at pD 3.6 were found to be a two-state model. The free
energies of unfolding of the CTX III at pD 3.6 as estimated from the GdnDCI- and

6
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Urea-induced denaturation were estimated to be 4.2 kcal/mol and 4.0 kcal/mol,

respectively.

Table 1: Exchange patterns of backbone amide protons (NHs) of CTX III treated
with different concentrations of GAnDCl are shown. Amino acids for which NHs
are exchanged in the defined experimental condition are represented against
their respective GdnDCI concentrations. Amino acids are represented in single-
letter codes with their positions in the primary structure of CTX III.

S. No. | GdnDCI (M) Amino acids
L1, K2, L6, V7, L9, F10, K12,T13, C14, Al6, G17, L20, M26,
1 <1M V27, A28, T29, V32, G37, C38, D40, K44, 545, S46, 147, 148,
V49, K50, C53 & T56
2 1-2M N4, Y11, K18, N19, M24, K31, C42, Y51, N55, C59 & N60
3 2-3M C3, C21, F25, V34, K35, R36, V41 & R58
4 >3M K5, Y22, K23, 139, V52, C54 & D57

The finger-print region of the COSY spectra recorded for CTX III treated with
various concentrations of GAnDCI showed that the number of protected protons is
getting less and less with increasing concentrations of denaturant in the defined
experimental condition. The volume of each protected amide proton (NH-C2H)
cross-peak was integrated and plotted as a function of GdnDCI concentration, and
the data were fitted using appropriate exponential equations. The minimum
concentration of GAnDCl required for all 26 protected amide protons involved in
the secondary structural segments of CTX III to exchange with solvent deuterons
was estimated. On the basis of the exchange protections, the amide protons are
classified into four categories: very weak, weak, strong, and very strong (Table 1). It
should be mentioned that more than 80% of amide protons belong to the very weak
category and were exchanged out within the experimental time limitation of 30
minutes, indicating that those protons are exchanging due to local structure
fluctuations rather than unfolding events. Most of the residues belong to the other
three categories and are involved in the b-sheet interactions. It is interesting to note
that residues such as Lys 5, Tyr 22, Lys 23, Ile 39, Val 52, Cys 54, and Asp 57 are
well resistant to solvent exchange. All these residues, except Lys 5 and Asp 57,
constitute inter-strand H-bonding interactions among strands III, IV, and V in the
head portion of the triple stranded domain of CTX III. The amide proton of Tyr 22,
Lys 23, Ile 39, Val 52, and Cys 54 has hydrogen bonding with the carbonyl group of
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Gly 37, Val 52, Lys 23, Cys 21, and Tyr 22 residues, respectively. It clearly indicates
that at least two MCD patterns of the triple-strand domain could not be fully
unfolded even at a 2M GdnDCl concentration in the defined experimental
condition. The amide proton of Lys 5, belonging to strand I of the double-stranded
domain, has an H-bonding partner with the carbonyl group of Phe 10, and Asp 57
is located in the C-terminal region of the CTX III. The three-dimensional structure
of the CTX III reveals that a strong network of backbone interactions among the
residues located in the N- and C-termini of the CTX III protects the NHs in the
region from solvent exchange [19-22].Comprehensive analyses of the NHs
exchange patterns of CTX III treated with GdnDCl revealed that the order of
stability of the CTX III molecule is as shown herein.

LLoops < C-terminal < Double strand < Triple strand|

As discussed above, the exchange patterns of amide protons in the CTX III
treated with different concentrations of urea were mapped out, and Table 2 shows
the amide protons belonging to four categories: Very week, Week, Strong and Very
Strong. The order of stability of the CTX III molecule on the basis of the NHs

exchange patterns of urea-induced denaturation is shown herein.

LLoops / C-terminal < Double strand < Triple strand|

Table 2: Exchange patterns of backbone amide protons (NHs) of CTX III treated
with different concentrations of urea are shown. Amino acids for which NHs are
exchanged in the defined experimental condition are represented against
respective urea concentration. Amino acids are represented in single-letter codes
with their positions in the primary structure of CTX III.

S.No. | Urea (M) Amino acids
L1, L6, L9, F10, K12,T13, C14, Al16, G17, L20, K23, M24, M26,
1 <125M | V27, A28, T29, V32, G37, C38, D40, K44, 545, S46, L47, 148,

V49, K50, C53, N55, D57 & T56.

2 1.25-25M | Y11, N19 & F25.

3 25-4M | K2, V34, C42, Y51 & C59.

C3, N4, K5, V7, K18, C21, Y22, K31, K35, R36, 139, V41, V52,
C54, R58 & N60.

4 >4 M
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Although the NHs exchange patterns of the CTX III treated with GdnDCl and
urea are found to be similar, significant differences could be observed in the mode
of interactions between the two denaturants with the CTX III. For example, the
amide protons of residues such as Cys 3, Asn 4, Val 7, Lys 18, Lys 31, Lys 35, Arg
36, Val 41, Arg 58, and Asn 60 were found to be resistant to H/D exchange even up
to a concentration of 4.0 M urea (Table 2). Except for Val 41, all other residues are
located in the cleft region of the CTX III. The cleft of the CTX III is constituted by
strand 1, strand IV, and the C-terminal of the CTX III, and the cleft region is
predominantly constituted by charged residues. The NHs exchange patterns
suggested that the cleft region of the CTX III couldn’t be unfolded even at a
concentration of 4.0 M urea in the defined experimental condition. However, the
amide protons of those residues located in the cleft region were exchanged quite
rapidly at a concentration of 2 M GdnDCI. This particular disparity between the
modes of interactions of the GAnDCI and Urea with the CTX III could be attributed
to the presence of a high density of charged residues in the cleft region of the
protein. It is very likely that GAnDCl, being a cationic denaturant, could disrupt the
high density of hydrogen bonds involving the residues in the cleft region of the
CTX III. However, urea, being a neutral denaturant, did not elicit a similar
response. The results also point out that the dominant force in the unfolding event
of the CTX III molecule is non-hydrophobic interactions, especially charge-charge
interactions and H-bonding interactions. Moreover, the results in the high-
resolution structural contexts demonstrate the molecular interactions that cause the

GdnDCl to be a stronger denaturant than the urea in the denaturation processes of
the CTX 1L

Concluding Remarks

The unfolding pathways of CTX III treated with GAnDCl and Urea have been
comprehensively analyzed on the basis of exchange patterns of the backbone amide
protons of the protein. Overall, the unfolding mechanisms of the CTX III could be
envisaged into three stages: destabilization of the cleft region of the CTX III
molecule is considered as a prerequisite event to initiate the unfolding of the CTX
III; following the destabilization of the cleft region, the secondary structures
composed of the double stranded domain and the triple stranded domain begins to
melt; of the two domains, unfolding rates of the double stranded domain was
found to be faster than that of the triple stranded domain; finally, the globular head
of the CTX III was found to be destabilized leading into completely unfolded or

9
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random coil states of the protein. The cleft region of the CTX III is constituted by a
high density of charged residues. The cationic denaturant GdnDCl is relatively
stronger at interacting with those charged residues present in the cleft of the CTX
III compared to the interaction of the cleft residues with urea, which is a neutral
denaturant. The differences in the modes of interactions between the GdAnDCl and
Urea with the CTX III are primary attributes for rationalising dissimilarities in the

degree of denaturation efficiencies of the GAnDCl and urea.
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CHAPTER 2
SYNTHESIS AND EVALUATION OF BI0O-SCAFFOLD USING

BOTH TRADITIONAL AND 3D PRINTING METHOD FOR BONE
TISSUE REGENERATION

Yogapriya M S*, Narayanan C,Nivedha A K, Subhashini P, Roshini M &
Veerasathiya D

Department of Biomedical Engineering

Dhanalakshmi Srinivasan Engineering College (Autonomous) Perambalur, Tamil Nadu

Abstract

Bone regeneration is a crucial aspect of modern medicine, as it is often required for patient who
have suffered from bone injuries or disease. The use of bone scaffolds has become increasingly.
Popular as means of promoting bone regeneration. This study focuses on the development of a bone
scaffolds using essential oil. Biopolymers, bio composites. The essential oil used in this study posses
various therapeutic properties, which can aid in the promotion of bone regeneration. Biopolymers
such as chitin, pectin and gelatin were used to form the scaffolds structure, While the bio composite,
Beta tricalcium phosphate was used to enhance the scaffolds mechanical properties.
Keywords: 3D scaffold, bone tissue regeneration, freeze casting method, bio ceramics and polymer.

Introduction

Bio-ceramics, specifically hydroxyapatite, have gained significant attention in
the field of bone tissue engineering. Hydroxyapatite is a calcium phosphate-based
ceramic that closely resembles the composition of natural bone, making it an
excellent candidate for promoting bone cell growth and regeneration.In addition to
hydroxyapatite, various forms of calcium phosphate ceramics, such as alpha and
beta, have been explored for their potential applications in bone tissue engineering.

To enhance the effectiveness of bio-ceramics in promoting bone regeneration,
researchers have focused on developing bio-ceramic scaffolds with controlled
composition and hierarchical structures at multiple scales (macro, micro, and
nano). These scaffolds play a crucial role in determining the mechanical properties,
degradation rate, permeability, and biological response of the implanted
biomaterial[1,2]. Traditional fabrication methods, such as gas forming, freeze
drying, and particulate/salt leaching, have limitations in controlling thepore shape,
architecture, porosity, and interconnectivity of the scaffolds, which are essential for

optimal cell growth and tissue regeneration.
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Scaffold-based tissue engineering

. o5
Come  S32% cus
Seos

and/ or +/-

O
Polymer OOO Bioactive
matrix © “© molecules
e.g.silk

fibroin

Bone defect

Osteochondral
defect

Cartilage
defect

Fig:1 The notion of musculoskeletal tissue rejuvenation through methods of
tissue Engineering stems from scaffolding.

To overcome these limitations, 3D printing technology, coupled with computer-
aided design (CAD) and computer-aided manufacturing (CAM), has emerged as a
promising approach for fabricating bio-ceramic scaffolds with precise control over
their chemistry, shape, and interconnected porosity. This advanced manufacturing
technique enables the design and production of scaffolds with tailored properties
to better mimic the natural bone structure and facilitate enhanced bone tissue
regeneration.

In addition to their structural properties, the osteoinductive nature of bio-
ceramics is another crucial factor for successful bone tissue engineering [8]. The
surface chemistry and charge of calcium phosphate ceramics influence protein
adsorption, which, in turn, promotes cell differentiation through interactions with
the extracellular matrix[3,4]. These properties contribute to the bioactivity and
osteoinductivity of bio-ceramic scaffolds, facilitating the formation of new bone
tissue.

In this context, the present review focuses on the advancements in 3D printed
bio-ceramic scaffolds[6], highlighting their different compositions and hierarchical
structures. The review encompasses their effects on mechanical strength,
degradation rate, permeability, and biological properties. Furthermore, it explores
the expanding applications of these bio-ceramic scaffolds, ranging from bone tissue
regeneration to bone-related disorders and injuries.
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v et ™
Fig:2 3D printing of Scaffold using SEM for Tissue Regeneration

The Research have initiated in ao’s but it has scope in recent 5-6 years. In this
Project we are using calcium phosphate which is also a variety of
hydroxyapatite[7]. An added benefit is economical and cost effective.

Surprisingly we are using natural nutrients and ingredients for bioscaffold bone
regeneration. Such as Lemon grass in the form of essential oil, Beta Tricalcium
phosphate and polymers (Gelatin, Chitin). It can be used for all kinds of patients
with no side effects.

Table:1 For the purpose of determining the consistency, a comparison of adjusting
the grammes and amounts of Gelatin, Chitin, and Beta Tricalcium Phosphate

Gelatin  Chitin Beta Tricalcium Phosphate Results
1.5g 1.5g 3.5g Liquid consistency - Failure
2g 2¢g 4.5¢ Curdled milk - Failure
2¢g 1.5¢ 5¢ Sticky consistency - Success

Here we have attainted 60% of results which is really a great difference. The
Major focus of this project is to regenerate Knee bone.

+ 50 ml distilled water =

5 drops lemongrass

GELATIN + PVP + CHITIN + BTCP =
v ¥ + 4
2 ©s52) A.5» G2

Sample

Fig:3 An amalgamation of Gelatin, PVP, Chitin, BTCP, five mg of lemograss, and
water distillation gave rise to a solution exhibiting 60% of the entirety of the
findings after relaxing over two hours
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1. Take a beaker and added 3 drops of Lemon grass essential oil to heated in
the Ultrasonicator

2. Then take 50 ml of distilled water in same beaker and heat it for 2 hrs.

3. 3.After this process add 2gram of Gelatin and it heated in Magnetic Stirrer.

4. In the same beaker to added in PVP (0.5g) , Chitin (1.5g)

5. Then added 5gram of BTCP in same beaker for 30 mins to 1 hrs.

6. After that the sticky needed consistency for the Scaffolds is achieved.
Equipments

e Ultrasonicator

e Magnetic stirrer

Microscopic a vacuum conditions droplets are formed in the amount of liquid
while inadequate pressure is put on because this causes high-impact waves with
ultrasonic frequencies to be created. In the event of a high-pressure phase, the
bubbles disintegrate as soon they begin to reach their saturating point. The
condition is the name of this procedure.

The stirring that results from exposing an inert sample to ultrasonic resonance
(>20 kHz). When the sound waves enter liquids medium, they cause alternate

phases of elevated (compression) and low-pressure conditions exist (rarefaction).

Magnetic Stirrer

One piece of scientific apparatus used for heating and mix solutions or liquids is
a the flame stirrer with magnets. It is made up of a system for controlling the
temperature, a magnetic stirrer, and an element that heats. The liquid or solution is
heated until it reaches the desired temperature using the component that heats it.

Fig: 4 Magnetic Stirrer-Setting the value of 8 point with 1000 rpm stirring speed
and also enhance the direction change for agitation and mixing purpose
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Testing

Anti-inflammatory
Scanning electron microscope ( SEM )
Fourier transform infrared spectroscopy (FTIR)

X-ray diffraction analysis (XRD)

Anti-Inflammatory Result

A drug or substance that reduces inflammation (Redness, Swelling, and
Pain) in the body. Anti-inflammatory agents block certain substances in the
body that cause inflammation. They are used to treat many different
conditions. Some anti-inflammatory agents are being studied in the
prevention and treatment of cancer. aspirin (such as Disprin) ibuprofen
(such as Nurofen) naproxen (such as Naprosyn) diclofenac (such as

Voltaren).

1204
1004
80

60

% of Inhibition

40

20 A

0 +
Sample 1 Sample 2 Dichlofenac

Fig:5 The Samples were taken for Anti-inflammatory which includes aspirin,

nurofen, naproxen and diclofenac

X-Ray Diffraction Analysis (XRD)

X-Ray diffraction analysis (XRD) is a nondestructive technique that provides
detailed information about the crystallographic structure, chemical
composition, and physical properties of a material.

It is based on the constructive interference of monochromatic X-rays and a

crystalline sample.
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Fig:6 The crystal configuration, that reflects the substances formulation, is
visible in the monochrome X-rays

Fourier Transform Infrared Spectroscopy (FTIR)
e Fourier Transform Infrared Spectroscopy (FTIR) identifies chemical bonds in
a molecule by producing an infrared absorption spectrum.
e The spectra produce a profile of the sample, a distinctive molecular
fingerprint that can be used to screen and scan samples for many different

components.

4.0
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3.0 4

2.5

Transmittance (%)

2.0+

1.5+

1.0
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Fig:7 In FTIR the signal's transmittance levels responds to changes
through wave number

Scanning Electron Microscopy(SEM)
e A technique whereby both structural and analytical information can be
obtained from bone.
e An instrument that produce a largerly magnified image by using electron
instead of light to form an image.
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Fig:8 The SEM depictions pro{ride an enléi‘ged picture for the bone-regenerating

components

Conclusion and Future Work

Rejuvenation of bony deformities is a challenging issue. despite the fact that
tissue engineering of bone has been used in several trials to restore bone
abnormalities, there's is currently none optimal strategy because of its elevated rate
of complications and subpar functioning results.

To withstand an impact load, varnishes must have enough surface adherence
and mechanical stability. Perforated scaffolding have been suggested to facilitate
cell and vascular infiltration for optimal the development of bones.

Multiple research investigations have shown that the growth factors
administration therapy is effective, however there are rising concerns related to the
usage of certain growth variables, their dose, and combinations.

e Cell Line Study

¢ In viva animal model study
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CHAPTER 3
ANTI-ARTHRITIC ACTIVITY OF ISOLATED COMPOUND

2-(3.4-Dihydroxyphenyl)-3,5,7-Trihydroxychromen-4-0ONE
From ETHANOLIC EXTRACT OF CARDIOSPERMUM
HALICACABUM LINN LEAVES
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Abstract

Rheumatoid arthritis is an immune mediated inflammatory disorder. This is treated by modern
drugs, but it gives only temporary relief from pain and leads to some side effects. So, we choose
leaves of medicinal plant of Cardiospermum halicacabum linn because it decreases body pain and
used for the treatment of diarrhea and mainly used for arthritis. The present study is aimed to
investigate anti-arthritic —activities of isolated compound 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one from this plant. Therefore, in the present study the 2-(3,4-
dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one  was isolated,  purified, drug isolation,
identification and characterization by CC, TLC, UV, FTIR, H1I-NMR, C13-NMR, and HPLC.
Then isolated drug 2-(3,4-dihydroxyphenyl)-3,5, 7-trihydroxychromen-4-one will be tested by using
inhibition of protein denature method for giving human. From the result, isolated drug 2-(3,4-
dihydroxyphenyl)-3,5, 7-trihydroxychromen-4-one was the more effective and the highest activity for
rheumatoid arthritis. Then, it will control the rheumatoid arthritis. In future, this plant drug can
make as a palm or other by-products, and these are given to rheumatoid patient and arthritic patient.
Keywords: Rheumatoid arthritis, Cardiospermum halicacabum linn leaves, Isolated drug 2-(3,4-
dihydroxyphenyl)-3,5, 7-trihydroxychromen-4-one, ethanolic extract, and anti-arthritic activity.

Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, autoimmune condition that
primarily affects the joints. With a prevalence of approximately 5 out of every 1000
individuals, RA can lead to significant joint damage and disability. The management
of RA focuses on reducing joint inflammation, alleviating pain, and preventing or
slowing down joint deterioration. Inflammatory diseases, particularly various forms of
arthritis, contribute significantly to global morbidity, often referred to as the "King of
Human Miseries." While conventional medications are available for RA, they may be

associated with adverse effects such as digestive issues.
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In search of alternative treatment options, traditional medicinal plants have
gained attention, particularly in countries like India. Cardiospermum halicacabum,
commonly known as balloon vine, is one such plant that has been utilized in
traditional Indian medicine systems for the treatment of rheumatoid arthritis.
Balloon vine, recognized as a popular leafy green vegetable in India, belongs to the
Sapindaceae family and is distributed widely across the world and Oceania. This
herbaceous climber contains a significant amount of quercetin compounds, known
for their anti-rheumatic, anti-arthritic, and anti-inflammatory effects.

A study published in the Biomedical & Pharmacology Journal by K. Eswar
Kumar et al. in 2008 investigated the anti-arthritic effects of oral administration of
Cardiospermum halicacabum leaf ethanolic extract (CEE) on rats with Freund's
complete adjuvant (FCA)-induced arthritis. The study evaluated the efficacy of two
different doses, 125 mg/kg and 250 mg/kg, by measuring paw volume and
assessing hematological indicators such as hemoglobin (Hb) content, total red
blood cells (RBC), white blood cells (WBC), and erythrocyte sedimentation rate
(ESR). The findings revealed that the Cardiospermum halicacabum leaf extract
effectively suppressed FCA-induced arthritis in a dose-dependent manner, with a
more pronounced effect observed at a dose of 250 mg/kg. Moreover, the extract
administration led to significant improvements in body weight compared to the
arthritic rats. The results indicated that Cardiospermum halicacabum leaf ethanolic

extract possesses substantial anti-arthritic properties.

Fig: 1 Normal Rheumatoid Arthritis is the defense mechanism of our bodies
targets its own connective tissue, which includes joint. The body's internal
systems are attacked in extreme instances.

To further explore the therapeutic potential of Cardiospermum halicacabum,
researchers isolated a specific compound, 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one, from the plant leaves. The compound was characterized

using methods such as column and thin-layer chromatography. Its anti-
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inflammatory effects were confirmed through inhibition of protein denaturation
assays using egg albumin and human red blood cells (HRBC).

Based on the aforementioned research findings, it can be concluded that
Cardiospermum halicacabum naturally exhibits anti-arthritic activity due to its
quercetin content. However, further studies are required to validate these findings
and determine the optimal dosage forms for human use. In the future, the
development of a topical balm or drug formulation utilizing Cardiospermum
halicacabum could offer a novel and natural approach to managing rheumatoid

arthritis, providing relief to patients with inflammatory and arthritic conditions.

Materials & Methods
1.) Plant Collection & Extraction

Leaves of Cardiospermum halicacabum L. in their natural state. The plant's
leaves were gathered from Perambalur's neighborhood markets. In the shade, the
collected leaves were dried. It was powdered using a mixer. The powder was
sieved and kept in a dry, airtight container. Cardiospermum halicacabum Linn
leaves were collected, washed, dried in the shade, and ground into powder. A
portion of the powdered material weighing about 100gm was individually weighed
and extracted with 200 ml of ethanol using a Soxhlet extract device. Following
extraction, the extract was run through Whatman No. 1 filter paper. Using the hot
percolation method, the filtrate was evaporated in a rotary evaporator at a limited
temperature and low pressure. The plant's ethanol-based concentrated extract was
kept at -20°C until it was needed for additional research. It could take up to 18
hours to complete this operation. Finally, we gather the Cardiospermum
halicacabum Linn ethanolic leaf extraction.
2.) Qualitative

The quality of a plant's antibiotic activity is evaluated using a test, and
phytochemicals are employed to make that determination. Pick up 18 test tubes
filled with chemical components and plant extracts. The phyto constituents found
in the ethanolic extract of Cardiospermum halicacabum Linn leaves after that test
include tannins, saponin, flavonoids, terpenoids, alkaloids, steroids, protein,
coumarins, phenols, xanthoproteins, glycosides, emodin, anthocyanin, cardiac
glycosides, and leucoanthocyanin. The medicinal qualities of Cardiospermum
halicacabum Linn leaves are caused by the actions of phytochemical components

found in the leaves.
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3.) Quantitative Analysis

The level of antibiotics present in plant extract is determined via quantitative
analysis. It is done by adding ethanol, methanol, and aqueous solvent depending
on the polarity of secondary metabolism. Here, six different tests are being used to
estimate their quantity using some items. After running this test, we discovered
that there are various amounts of flavonoids, tannin, saponin, phenol, alkaloids,
and terpenoids. These amounts are 0.033, 0.019, 0.009, 0.006, 0.009, and 0.003,
respectively. This test allowed us to confirm that medicinal plants have a greater
amount of flavonoid.
4.) Total Flavonoid Content

Take 6 test tube. Add 1ml of quercetin sigma and ethanol in 5 aspect ratios
(204980, 40+960, 60+940, 80+920 and 1000pl/ml) in test tube (1,2,3,4,5)
simultaneously. Then One last test tube as 6 which add 1ml of plant extract. Add
0.5ml Of distilled water in all test tube and add 0.5ml sodium nitrate, aluminum
chloride, and sodium hydroxide one after one. Then Place those tubes in dark place
with 10 minutes. By using UV-digital spectrometer calculate their OD value. After
getting OD values we calculate TFC by using the formula is y=mx+c for how many
total flavonoid contents (TFC) is present in the ethanolic extract of cardiospermum
halicacabum linn leaves. Total flavonoid contents present in the ethanolic extract of

Cardiospermum halicacabum linn leaves is 39.5 mg/g.

Fig:2 Six test containers were used to collect the process's total flavonoids
content, and each one received a millilitre of the solution at the end. Each tube
also included a herbal extraction

QUERCETIN STANDARDS

Q-std C-analysis o6 [
20 0.23 05 o

60 0.52
80 0.59 3 -
100 0.66 0 .

Fig:3 In accordance to the OD estimation, wherein absorption was 39.9 mg/g.
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5.) Isolation & Purification of Plant Extract

Column chromatography is run by using plant extract and some chemical
compounds likes silica gel for column chromatography, n-hexane, ethyl acetate and
methanol with proper apparatus. In column apparatus, dry condition of silica gel
as 100g is added in burette. Then add n-hexane into that silica gel added stand for
wet their dry condition. Add 10ml of plant extract. The condensed ethanol extract
of cardio spermum halicacabum linn was subjected to column chromatography,
which is filled with silica gel. Elution of the column first with n-hexane, increasing
amount of ethyl acetate in n-hexane and finally with methanol yielded a 15 number
of fractions. Then again once run the column chromatography with 15th Fraction as
like same procedure. We yield some another fractions. Totally, we yield 26 number
of fractions. In that fraction, we get isolated 2-(3,4-dihydroxyphenyl)-3,5,7
trihydroxychromen-4-one compound in 24th fraction.Based upon above collected
fraction 24 is used to proceed next steps like TLC for purify that isolated
compound. Purified isolated compound is confirmed by using some steps with
some results like single peak of yellow colour band is present in that TLC plate
coated with silica gel G for TLC by applying 4-6 drop of plant extract and then
tipped into 5:5 ratio of ethyl acetate and methanol added beaker. Then this purified
2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one was given to three

colleges for make centrifuge drug and proceeding a characterization process.

Atstante \hovmad by

Ssante ovelied b
so\vent,

= Wes

= 0H2H2

Fig:4 A extracted chemical, having resembles the 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one combination is hue and appearance, will be used to
assess the following category of method.Thin layer chromatography (TLC), the
next phase, serves for purifying the distinct chemical using the fragment 24 of
the obtained separated molecule. A single yellow colour stripe that appears on
every plate of TLC indicates that the chemical has been separated and refined.
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6.) Characterization of Purified Compound

Purified 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one centrifuged
drug is characterized by using some techniques and methods for determine and
analysis of chemical property and structure of purified 2-(3,4-dihydroxyphenyl)-
3,5,7-trihydroxychromen-4-one drug. They are UV-vis spectroscopy, FTIR, NMR-
H1, NMR-C13, and HPLC. These tests are examined in some colleges and
universities at Trichy. That results are collected and verified based upon some
literature papers. This intimate that plant centrifuged drug is a 2-(3,4-
dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one compound based on their
chemical properties and their structure. Then we proceed next step based upon that
fraction 24 is named as drug.
7.) Inhibition of Isolated Compound by Protein Denaturation Model
i.) Egg Albumin Process

Standard Diclofenac sodium was employed as a control medication of
rheumatoid arthritis which is inhibited protein denaturation at varied doses (20-100
ul/ml). The egg albumin method protein denaturation was likewise inhibited by an
isolated compound at various doses (20, 40, 60, 80, and 100 ul/ml). Then calculated
their OD values by using formula (C-T/C x100) where C=1.19 and T=0OD values.

Fig:5 Albumin from eggs procedures 11 test tubes, please. only pour the
produced solutions at varied concentrations to 10 test containers, and
subsequently add 1 millilitre of dilute saline.The last testing tubes is referred as
being the control tube. Add one millilitre of a buffer with phosphate & 1ml of
egg albumin that has been taken out of the egg to each tube of testing. After
approximately five minutes, everything can be set up on a database lasting a
period of time to accumulate OD data.

ii.) HRBC Method

Standard Diclofenac sodium was employed as a control medication of
rheumatoid arthritis which is inhibited protein denaturation and stabilizing the
HRBC membrane at varied doses (20-100 pl/ml). The HRBC method protein

denaturation and stabilizing the HRBC membrane by an isolated compound at
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various doses (20, 40, 60, 80, and 100 pl/ml). Then calculated their OD values by
using formula (C-T/C x100) where C=1.20 and T=0OD values.

Fig:6 Standard Diclofenac sodium were stabilizing at Varied doses and the
calculated by OD values.

Results

Based on above process we concluded some results and verified statements for
produce purified 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one drug,
and that will control rheumatoid arthritis. They are explained as follows.
1.) Characterization

2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one melting point 314-
315°C, MW: 302.238 g/mol which corresponds to the molecular formulae
C15H1007. The UV visible spectroscopy isolated flavonoid of ethanolic extract of
cardiospermum halicacabum linn shows peak at 255.10 nm and 369.05 nm. FTIR:
(KBr) vmax: The characteristic stretch C=O for 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one occurs at the band 1630.70 cm- 1. The C-O-H
deformation mode was observed at 1462.44 cm-1 for2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one. The slight shifting of stretching bands of C-O-C and
C=0 at 1023.62 cm-1, 1271.16 cm-1 and the band at 1408.42 cm-1. The O-H
frequencies appeared in the range at 3396.33 cm-1.H1-NMR (DMSO-d6, 500 MHz)
S (ppm), 12.269 (1H, s, OH-5), 8.077 (1H, s, OH-7), 8.062 (1H, s, OH-3), 7.835 (1H, d,
J=OH-3"), 7.722 (1H, d, ]=2.0 Hz, H-2'), 7.706 (1H, dd, J=2.0, 8.0 Hz, H-6'), 6.864 (1H,
d, ]=8.5 Hz, H-5"), 6.367 (1H, d, J=2.0 Hz, H-6), 4.984 (1H, d, ]=2.0 Hz, H-8).C13-
NMR (DMSO-d6, 125 MHz) 6 (ppm), 147.989 (C-2), 137.212 (C-3), 177.312 (C-4),
162.480 (C-5), 99.234 (C-6), 165.544 (C-7), 94.418 (C-8), 158.215 (C-9), 104.515 (C-10),
121.682 (C-1'), 116.000 (C-2'), 146.203 (C-3'), 148.755 (C-4'), 116.225 (C-5'"), 124.143 (C-
6'). The Retention time of 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one
isolated from the ethanolic extract of sample was about 3.526 was shown by HPLC

peak.
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Peak# | Retention Time Area Height Area % Height %
1 3.526 460968 239376 100.000 100.000
Total 460968 239376 100.000 100.000

Fig:4 The point at which it dissolves of 2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one, with a chemical composition of C15H1007, is 314-315
°C. Its molecular density is 302.238 g/mol. The extracted flavonoids extracted
from the ethanolic form of extract of Cardiospermum halicacabum Linn
exhibited excesses across the UV apparent spectrum.
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Fig:4 Spectrometry of a single component graphs in the Ultraviolet and visible
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Fig:9 HPLC spectra for isolated compoundPDA Ch1 254 nm 4nm HPLC of
purified 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one compound

2.) Inhibition of Protein Denature

Isolated compound was found to have a stronger effect 57.14% in 100pl/ml and
the standard diclofenac sodium exhibits the higher effect 75.63% at 100ul/ml.
Finally, we observed the anti-arthritic activities presence in the egg albumin
process. Isolated compound was found to have a stronger effect 65.83% in
100ul/ml and the standard diclofenac sodium exhibits the higher effect 76.66 at
100ul/ml. Finally, we observed the anti-arthritic activities presence in the Human
red blood cell (HRBC) method.

HRBCMETHOD EGGALBUMIN METHOD

100 100

mmnin 1l il
i) il II I I

20pl/ml dopl/ml G0pl/ml S0plyml 100wl ml 20p/ml dopl/ml 60 plfml 80opl/ml Loopl/ml

W solateddrug  mDiclefenac sodium W isolateddrug W Diclefenac sodium

Fig:10 Anti-arthritic activity compared to isolated compound and diclofenac
sodium with egg albumin chart

Conclusion

Based on TFC, we found more amount of flavonoid is present in medicinal
plant. Then isolated and purified compound is characterized. From result we
concluded that isolated drug is a pure 2-(34-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one. Then after we found that egg albumin method protein
denaturation was likewise inhibited by an isolated compound at various doses (20-
100 pl/ml). Isolated compound was found to have a stronger effect 57.14% in
100ul/ml and the standard diclofenac sodium exhibits the higher effect 75.63% at
100ul/ml. The protein denaturation and stabilizing the HRBC membrane at varied
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doses (20-100pl/ml). The HRBC method protein denaturation and stabilizing the
HRBC membrane by an isolated compound at various doses (20, 40, 60, 80, and 100
ul/ml). Isolated compound was found to have a stronger effect 65.83% in 100ul/ml
and the standard diclofenac sodium exhibits the higher effect 76.66% at 100ul/ml.
Finally, both methods have the presence of the anti-arthritic activities is observed.
Then the isolated compound 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-
one is will control rheumatoid arthritics which is extracted from the ethanolic
extract of cardiospermum halicacabum linn leaves.The most advantages of the
project is for fighting free radices,It controls more pain compare with modern
drugs. 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one is a more powerful
antioxidant than vitamin C, E, or beta carotene.

Future Scope
In future, this plant 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one
drug can be made as a palm or other by-products, and these are given to

rheumatoid patient, inflamed patient, and arthritic patient.
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CHAPTER 4
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Abstract

Musculoskeletal diseases are a group of conditions that affect the bones, joints, muscles, and
connective tissues. These conditions can cause discomfort and loss of function. The global
marketplace is flooded with enormous, ungainly-looking, and sometimes unpleasant worldwide
hinge leg brace. The standard leg brace design may be modified and streamlined using 3D printed
components, making it compact, lightweight, and pleasant. When compared to traditional
processing and manufacturing technologies, 3D printing technology not only saves time and labour,
but also allows for "personalised manufacture," which makes the product unique. The demands of
patients with specific patient data in application, however, can be better met by 3D printed
rehabilitation braces. This research is about the design and development of 3D printed customized
leg brace for stabilizing the musculoskeletal problems using Acrylonitrile Styrene Acrylate (ASA).
Amorphous synthetic thermoplastic Acrylonitrile Styrene Acrylate (ASA) works effectively in
extruding materials the printing process.. It is a high-impact material capable of producing
functional components. The printed 3D leg brace was thoroughly examined and simulated at 30 N
using Analysis software.
Keywords: Musculoskeletal disorder, 3D printing, Leg brace and Customized.

Introduction

Musculoskeletal disorders (MSDs) encompass a wide range of conditions that
affect the musculoskeletal system, including bones, joints, muscles, tendons,
ligaments, and other connective tissues. These disorders can cause varying degrees
of discomfort, chronic pain, and disability. Among the common MSDs are
osteoarthritis and rheumatoid arthritis, both of which impact the joints and can

significantly impair mobility and quality of life.




Emerging Innovative Research in Science and Technology

Figure 1.- Encompasses an Assortment of ailments that have an impact on the
skeletal muscles,tendons,ligaments,bones and its joint spaces

Osteoarthritis, often referred to as "wear and tear" arthritis, involves the gradual
deterioration of the protective cartilage in the joints. This condition leads to
symptoms such as pain, stiffness, and reduced range of motion. While the exact
causes of osteoarthritis remain unclear, factors such as genetic predisposition,
aging, obesity, joint injuries, overuse, and deformities contribute to its
development. It can affect any joint, but the hands, hips, knees, and spine are

typically the most affected.

Figure 2.- This figure shows that the stage where repetition tears away the
Cartilage that acts as a barrier that cushioning the extremities of all Joints.

Rheumatoid arthritis (RA) is a chronic autoimmune disease that primarily
affects the joints, resulting in inflammation and damage to the surrounding tissues.
This prevalent form of arthritis affects approximately 1% of the global population
and occurs more frequently in women than men. Blood tests can be identify
markers such as rheumatoid factor (RF) and anti-cyclic citrullinated peptide(anti-

CCP) antibodies, which target the synovial membrane lining the joints and lead to
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swelling, discomfort, and inflammation[3]. If left untreated, RA can lead to joint

deformities and loss of function.

Figure 3.- Rheumatoid Arthritis (RA)- The Defence mechanism of the human
physique destroys its very own tissues,notably joints, the most common in this
condition

In the realm of managing musculoskeletal disorders, the use of braces has
become increasingly important. Knee braces, for example, are worn to support and
protect injured or painful knees, while also serving as preventive measures during
sports activities[1]. These braces are typically made from a combination of
materials such as metal, foam, plastic, elastic, and straps.

This article explores the design and development of leg braces using 3D
printing filament, with a focus on creating braces that are slightly flexible,
wearable, durable, and strong. By leveraging the benefits of customized designs
and selective 3D printing filament, these leg braces aim to effectively transfer the
load from the leg to the lower extremity, reducing pain and inflammation[2,5,7].
The project's simulation demonstrates that the braces can withstand static and
displacement loads of 60kg and 100kg, respectively. The integration of advanced
materials and innovative manufacturing techniques holds promise for enhancing
structural strength and providing relief to individuals suffering from joint-related
ailments.

Problems of Leg Brace

Long-term usage of a leg brace may result in skin irritation, especially ifthe
brace is uncomfortable to wear or constructed of a material that prevents the skin
from breathing.

L
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Muscle atrophy: The muscles in the affected leg may weaken or atrophy if a leg
brace is worn for an extended period of time.

Reduced mobility: Because leg braces can be heavy and inconvenient, it may be
difficult for the wearer to move around without assistance.

Dependency: If a person needs a leg brace to move around, they can startto
hesitate to move without it, which could result in a dependency on the device.

Cost: Leg braces can be pricey, particularly if they need to be created to order or
if they need to be adjusted frequently.

Impact on the mind: A leg brace can be emotionally taxing to wear because it
serves as a continual reminder of an individual's injury or impairment.

Additionally, it could cause feelings of uneasiness or self- consciousness.

Materials & Methods
Acrylonitrile Styrene Acrylate ( ASA)

e Acrylonitrile Styrene Acrylate (ASA) filament is an FFF 3D printing
thermoplastic material. This is implemented in a variety of applications,
including automotive, construction, and electronics. ASA is a copolymer
which includes acrylonitrile, styrene, and acrylic rubber, giving it a distinct
set of qualities.

e ASA has good weather ability and UV resistance, therefore being perfect for
outdoor applications that are subjected to direct sunlight and weathering. It
is also resistant to impact and chemicals, making it suited for usage in
hostile conditions. Because of its superior weathering performance and
colour stability, ASA is frequently used as a substitute for other materials
such as polycarbonate, ABS (Acrylonitrile Butadiene Styrene), and PVC
(Polyvinyl Chloride). In filament form, ASA has excellent toughness,
chemical stability, and aesthetic quality.

e These qualities, combined with exceptional UV resistance, make ASA
filaments well suited for tough use cases and outdoor applications. Tooling,
functional prototypes, and end-use components such as outdoor electrical
enclosures and fixtures, and automotive housings are common applications

using ASA filament.

ASA in 3D Printing
Prototyping: Because of its strong dimensional stability, ASA is an excellent

material to construct functional prototypes that require high accuracy and
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repeatability. Because of its mechanical qualities, ASA is also perfect for producing
functioning prototypes of items that will be injection-molded in production.
Manufacturing: ASA can be used to create parts for a range of sectors, including
automobiles, aircraft, and consumer goods. Because of its strength and endurance,
it is perfect for manufacturing items that will be subjected to heavy use or stress.
Aesthetic applications: Because ASA comes in a variety of colours and finishes,
including matte, glossy, and metallic, it is an excellent choice for manufacturing

decorative or aesthetic pieces.

Flow Diagram

[ Design the brace for Musculoskeletal disorder patients in 3D software ]

!

l Selection of suitable 3D printing filaments (ABS, ASA, PLA, NYLON, PC) J

!

l Purchase the suitable 3D printing filament and materials

!

3D simulation of brace design and then printing

!

Implementation of 3D printed brace to Musculoskeletaldisorder natients

Methodology

e Software-Solid works: To produce tangible replicas of concepts that can
either be subsequently investment-cast or utilised as master for Room
Temperature Vulcanizing (RTV) silicon moulding, A solid scapes quick
system prototypes have been combined with 3-D computer-aided design
(CAD) software.

e All SOLIDWORKS, 3D, CAD software programmes are interoperable with
Solidscape's system.

e Printing methodology: The most common three-dimensional printing
method is fusing filaments depositing, which is an extrusion-based AM
method.
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Results

Due to its superior mechanical, thermal, and UV resistance capabilities, ASA
(Acrylonitrile Styrene Acrylate) is a thermoplastic substance that finds extensive
use innumerous industries. Since ASA has better weathering characteristics than
ABS (Acrylonitrile Butadiene Styrene), it is a great option for outdoor
applications.ASA is the best material for applications where parts will be subjected
to strong loads or frequent impacts because of its great impact resistance.
Additionally, due to its great chemical resistance, it can tolerate exposure to a
variety of substances without deteriorating or disintegrating. In addition, ASA has
good dimensional stability, meaning it keeps its size and shape even when exposed

to temperature and humidity fluctuations.

f

Fig.4 Overall 3D Knee brace structure which covers thigh and knee for
supporting purpose

According to the data’s from the simulation the input parameters of PEEK were
determined as follow as Tensile strength 9.5e+07 N/m?, Compressive strength
1.25e+08 N/m?, Elastic modulus 3.9e+09 N/m?, Poisson’s ratio 0.4, Mass density
1,310 kg/m3. The axial breaking strength is greater than the circumferential
breaking strength, as seen by the stress-strain curves. The findings of the trial
demonstrated the leg brace placements wherein cracks or damages occurred.

The leg brace simulation's stress concentration positions correlate to the
experiment's section in terms of location. Therefore, by examining the legbrace's
stress distribution, the weak point can be identified. This makes the leg brace's
structural optimization more convenient. Stability and support areprovided by the
leg brace.Leg braces that can support loads of 60 kg in a static posture and 100 kg

while they are moving were examined.
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CHAPTER 5
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Abstract

Cancer is considered as the second leading cause of mortality and over 10 million new patients
are diagnosed with cancer annually with over 6 million and represents 12% of worldwide mortality.
The rapid increase in cases is due to genetic manipulations, adoption of behavioural and dietary risk
factors like smoking, unhealthy diet, physical inactivity and environmental pollutions. To overcome
these issues, herbal drugs prepared from natural sources are used, as it has little or no side effects. In
this study,Annona muricata(AM) extract was studied for anticancer activity in human
osteosarcoma cells. Hydroalcoholic extract of AM extract showed the presence of carboxylic acid,
carbohydrates, saponification, proteins, saponin, and gum and showed the dose dependent inhibition
rate in anticancer activity. The anticancer activity of AM hydroalcoholic extract was found to be
83.54ug/ml and confirmed the apoptosis inducing property in ETBR/AO staining. Thus,Annona
muricata fruit hydroalcoholic extract will act as a good therapeutic agent in anticancer property.
Keywords: Annona muricata, Anti-cancer activity, Apoptosis.

Introduction

Any organ or tissue in the body can develop cancer, which is a broad category
of diseases. It is the disease within which the abnormal cells in human flesh grow
uncontrollably and starts to metastasize through blood and lymph system and
further dwell other organs where they will again repeat the uncontrolled growth
cycle. There are many forms of cancer, but they begin due to control growth of
abnormal cells. Most cancers are named from the cells or organ from which they
start to metastasis (spread to other sites in the body from one site to another). They
express varying degree of fidelity to their precursors. Several parts of the body get
affected by cancer. Normal cells in our frame are constantly subjected to biological
cell signaling that directs the cells to divide and differentiate to different cell or die
immediately. New cells are created to interchange older ones or to perform new
functions. Cancer cells develop a degree of autonomy themselves, and that they
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don’t stop growing when there are enough number of cells present within the
body. This mechanism of continued growth often leads to tumor formation [1].

Cancer is either the leading or second-leading cause of death before the age of
70 in 91 of the 172 countries in the globe. According to GLOBOCAN, 9.6 million
individuals worldwide lost their lives to cancer in 2018. By 2040, it is expected that
there would be 29.5 million new cases of cancer and 16.3 million deaths from it. The
growing cancer burden worldwide, which largely affects middle-to-low socio
economic nations like India, is caused by a number of new and challenging
concerns, including rapid wurbanisation, population ageing, sedentary and
unhealthy lifestyles, indoor and outdoor air pollution, etc. 5% of disability-adjusted
life years (DALYs) and 8.3% of deaths were caused by cancer alone, according to
the Global Burden of Disease (GBD) 2016 study. GLOBOCAN 2018 recorded 1.1
million new cases of cancer. Cancer was the fifth most prevalent cause of death in
India in 2018, accounting for 5.7% of all fatalities, according to the Medical
Certification of Cause of Death, 2018. By 2040, it is anticipated that more than 1
million people would die from cancer and that almost 2 million new cases will
occur. The most current data from India, the National Cancer Registry Programme
(NCRP), emphasises the differences in cancer incidence rates. The Aizawl] district of
Mizoram had male and female cancer incidence rates that were 7 and 4 times
higher, respectively, than Osmanabad and Beed in Maharashtra.

When cells continue to grow and divide without stopping or dying when they
should, a tumour is said to form. Tumours are abnormal masses of tissue. They
arise when the body's cells multiply and expand too quickly. Malignant (cancerous)
or benign (non-cancerous) tumours are two more possible tumour types. Malignant
cancer cell tumours have the capacity to enter and expand across the encompassing
tissues. While cancer cells sometimes break off and wander to foreign places in
various parts of the body through blood or lymph systems and form new tumours
far from the original tumour, benign tumours are made up of cells that do not
invade other unrelated tissues or organs of the body despite continuing to grow in
abnormal size. Any system will let go of unhealthy or superfluous cells to make
way for new, healthy ones.[2]

Numerous types of bone cancer are referred to by different names depending
on their histologic source: chondrosarcomas arise from cartilage, osteosarcomas
from bone, fibrosarcomas of the bone are caused by fibrogenic tissue, and
hemangioendothelioma and hemangiopericytoma are caused by vascular tissue.
Notochordal tissue creates the chordoma. A number of primary bone cancers, most
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notably the Ewing sarcoma family of tumours (ESFT), are unknown in terms of
their histopathological origin. Adults who are middle-aged and older are more
likely to develop chondrosarcoma. Osteosarcoma and Ewing sarcoma are more
frequently seen in children and young adults. Chordoma is more common in males

and increases in frequency in the fifth to sixth decades of life [3].

Methods and Materials
Chemicals and Reagents

Methanol, Whatman No.1 filter paper ,Fetal Bovine Serum (FBS), antibiotic
solution, DMSO (Dimethyl sulfoxide) , MTT (3-4,5 dimethylthiazol-2yl-2,5-
diphenyl tetrazolium bromide) (5 mg/ml), EtBr, Acridine, RPMI medium, 1X PBS,
LSM ,96 well tissue culture plate and wash beaker.

Extraction of Plant Sample using Soxhlet Extraction

The test sample (AM), fresh or dried, was crushed using a pestle and mortar to
provide a greater surface area. In our tests, we used an average of 14 g of thyme in
a thimble of 25 x 80 mm, and the test sample needed to be big enough to fill the
thimble made of porous cellulose. Stands and clamps were used to construct a rig
that would support the extraction tool. A flask with a circular bottom that is
attached to a Soxhlet extractor and condenser on a heating mantle was then filled
with 50g of the sample and 50g of the hydroalcohol.The crushed plant material was
placed in the thimble before being placed into the Soxhlet extractor. The side arm
was lagged with glass wool. The solvent was heated by the heating mantle, which
caused it to start to evaporate and travel through the apparatus to the condenser.
The condensate then started to drip into the reservoir containing the thimble. When
the solvent level reaches the syphon and runs back into the flask, the cycle begins
again. The operation was set to take place for a total of 4 hours, then the machinery
was turned off.

Qualitative Examination of Phytochemicals

The AM extract's phytochemical analysis was conducted wusing the
methodology outlined in earlier research papers. [4]
1. Detection of Resins

After adding 3 ml of CuSOs solution to 0.5 ml of plant extract and shaking for
one to two minutes, the appearance of a green precipitate showed the presence of

resins.
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2.Detection of Carboxylic acid

2 ml of sodium bicarbonate solution were added to 1 ml of plant extract.
Changes in hue were a sign that carboxylic acid was present.

3. Detection of Tannins

2-3 ml of 10% HCI were added to 2 ml of plant extract before being heated for 5-
6 minutes. Tannin presence was suggested by the appearance of a red colour.

4. Detection of Steroids

5ml of chloroform and an equal volume of concentrated H2SOs were added to
0.5 ml of extract. Steroids were present because of the creation of red and yellow
with green colours in the top and lower layers.
5.Detection of Flavanoids

4ml of 1% ammonia and 1ml of concentrated H2SOs were added to 0.5 ml of
extract. Flavonoids were present as evidenced by the development of a yellow tint.
6. Detection of glycosides
A .Preparation of hydrosylate

2 ml of concentrated HCl was added to 50 mg of extract, maintained in a water
bath for an hour, and then filtered. The filtrate had moisture.

B. Born- Trageru’s Test

After vigorously shaking 2ml of hydrosylate and 3ml of chloroform, the
chloroform layer separated. A solution of 10% ammonia was then added. Pink
colour formation suggested glycosides were present.
7.Detection of Proteins (Bradford Method)

The Bradford reagent was added to 500 pl of plant extract, incubated at room
temperature for 10 to 15 minutes, and the optical density (OD) was measured at
575 nm.
8.Detection of Phenol (Ferric Chloride Test)

5ml of distilled water, along with a few drops of a 5% ferric chloride solution,
were added to 50 mg of extract. When phenol was present, dark green colour
started to emerge.

9. Saponin Test

A 2 cm layer of foam that formed after 15 minutes of vigorous shaking with 50
mg of plant extract and 20 ml of distilled water revealed the presence of saponins.
10.Saponification test

2 ml of extract was added to 1 or 2 ml of 10 N sodium hydroxide, and the
mixture was then heated for 2 minutes. The production of soap or fat signalled a

successful saponification test.
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11.Gum Test

2 ml of distilled water were used to dissolve the 100 mg of plant extract. With
steady stirring, 2ml of pure alcohol was added to it. Gums and mucilages were
suggested by the white, hazy precipitation.
12.Detection of flavanoglycoside

5ml of ethanol was used to dissolve the 50 milligrams of plant extract. A few
drops of magnesium sulphate and a few drops of concentrated HCI were added to
that solution. Flavanoglycoside was present as shown by the development of pink
colour.
13. Test for Alkaloids - Mayer’s test

Two drops of Mayer's reagent were placed along the test tube's sidewalls to a
few ml of plant sample extract. Alkaloids were present because of the precipitate's
appearance, which was white and creamy.
14.Biuret Test

A drop of 2% CuSOs solution was added to 2 ml of extract. Next, 2-3 sodium
hydroxide pellets and 1 ml of 95% ethanol were added. The development of the
pink coloration suggested that the test was successful.
15.Detection of Carbohydrates

Benedict reagent was mixed with 0.5 ml of extract and heated for 2 minutes. The
appearance of precipitate and colour changes suggested the presence of

carbohydrates.

MTT Assay for Anti-Cancer Activity
Cell Culture

MG63 (Human Osteosarcoma cells) were purchased from NCCS, Pune and
were cultured in liquid medium (DMEM) supplemented 10% Fetal Bovine Serum
(FBS), 100 ng/ml penicillin and 100 pg/ml streptomycin, and maintained under an
atmosphere of 5% CO; at 37°C.

MTT Assay

The AM sample was examined using the MTT assay on MG63 cells to determine
its in vitro anti-cancer effectiveness [5].The growing MG63 cells were quickly
harvested by trypsinization, and they were then gathered in a 15 ml tube.
Following that, the cells were plated into a 96-well tissue culture dish at a density
of 105 cells/ml cells/well (200 L) and exposed to several doses of the AM sample in
a serum-free DMEM media. The cells were cultivated for 24 hours at 37 °C in an
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incubator with 5% CO2 humidity, with three replicates of each sample. Following
the initial incubation, MTT (10 L of 5 mg/ml) was added to each well, and the cells
were then allowed to continue to incubate for an additional 2-4 hours until purple
was observed.After being aspirated out of the wells, the medium and MTT (220 L)
were washed with 1X PBS (200 1). In order to dissolve the formazan crystals, more
DMSO (100 L) was added, and the plate was stirred for 5 minutes. The absorbance
for each well was measured at 570 nm using a microplate reader (Thermo Fisher
Scientific, USA) and the percentage of cell viability and IC50 value were calculated
using Graph Pad Prism 8.0 software (USA).

Apoptosis Assay
ETBR/AO Staining

In a nutshell, MG63 cells were seeded at a density of 5 x 105 cells/ml into a
tissue culture plate with 96 wells and incubated for 24 hours in DMEM growth
media. Following incubation, the cells were given 83.54 ng/ml of an AM extract
devoid of serum. The plate was incubated for 24 hours at 37°C at 5% CO>
incubator. 10 pl of 1 mg/ml acridine orange and ethidium bromide were added to
the wells after incubation and gently mixed. The plate was then spun for 2 minutes
at 800 rpm, reviewed within an hour, and at least 100 cells were observed using a

fluorescent filter under a fluorescence microscope [6].

Results and Discussion

Primary bone malignancies are exceedingly uncommon neoplasms that make
up less than 0.2% of all cancers, yet the real prevalence of these tumours is difficult
to ascertain due to their rarity. The three most prevalent types of bone cancer are
osteosarcoma (35%), chondrosarcoma (30%), and Ewing sarcoma (16%) [7]. Giant
cell tumour of the bone (GCTB), fibrosarcoma, chordoma, and malignant fibrous
histiocytoma are uncommon tumours that make about 1% to 5% of all primary
malignant bone tumours [8]. According to the WHO, 70 percent of cancer fatalities
occur in low- to middle-income nations. In this investigation, bone osteosarcoma
cells were tested against a hydroalcoholic extract of Annona muricata. Hydroalcohol
was used as the solvent in a soxhlet extraction to get an anona muricata extract. A
series of 15 qualitative phytochemical experiments were run on AM fruit extract to
identify secondary metabolites, and anti-cancer activity in bone osteosarcoma cells
(figure 1), MTT assay (figure 2), and apoptosis assay (ETBR/AO) (figure 3) were

run as well.In a phytochemical examination, AM extract demonstrated negative
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findings for resins, tannins, steroids, flavonoids, glycosides, phenol, biuret,
flavanoglycoside, and alkaloids but confirmed the existence of carboxylic acid,
carbohydrates, saponification, proteins, and gum. Alkaloids, saponins, Terpenoids,
flavonoids, Coumarins, lactones, anthraquinones, tannins, cardiac glycosides,
phenols, and phytosterols were found in the ethanolic leaves extract of Annona
muricata, according to Yahaya et al. [9]. The outcomes achieved by Yahaya et al.
were comparable to the outcomes

The MTT method was used to examine the anticancer efficacy of AM
hydroalcoholic extract against human bone osteosarcoma cells. A higher
concentration of 500g/ml of AM fruit extract revealed a cell viability of 71.26%,
whereas a lower concentration of 10g/ml of AM extract revealed a cell vitality of
114.62% (figure 2). AM hydroalcoholic extract was discovered to have 83.54 g/ml
of antitumor activity. According to a recent study, Annona muricata leaves cold
extract has anticancer properties that reduce tumour size, exhibit anti-metastatic
properties, and cause apoptosis in 4 T1 cells both in vitro and in vivo [10]. Yahaya
et al. observed that the ethanolic and water leaves extract of Annona muricata had
anticancer and antitumor effects on Ehrlich ascites carcinoma cells, breast cancer
cells, MDA, and SKBR3 [8]. The ethanolic extract of Annona muriate leaf extract
demonstrated a concentration-dependent decrease in cell population [11].
Conclusions

The hydroalcoholic fruit extract of Annona muricata was shown in the current
investigation to have anticancer properties. The hydroalcoholic extract of AM
extract revealed the presence of a number of phytoconstituents including
carboxylic acid, carbohydrates, saponification, proteins, saponin, and gum, which
are essential for the anti-cancer action. AM hydroalcoholic extract demonstrated
83.54 g/ml of anti-cancer efficacy in bone osteosarcoma cells. The results of this
study indicate that Annona muricata hydroalcoholic extract has anti-cancer action
and may be a useful therapeutic agent in anti-cancer investigations.

Acknowledgement

The authorsexpress gratitude to all the faculty members of the department of
food technology for their valuable suggestions and support. The authors would
also like to acknowledge the R & D Cell of Dhanalakshmi Srinivasan Engineering
College, Perambalur, Tamil Nadu, India, for the continuous scientific support of

the research works.




Emerging Innovative Research in Science and Technology

References

1.

10.

Biermann, J. S, Adkins, D. R., Agulnik, M., Benjamin, R. S., Brigman, B.,
Butrynski, J. E., Cheong, D., Chow, W., Curry, W. T., Frassica, D. A., Frassica, F.
J., Hande, K. R., Hornicek, F. J., Jones, R. L., Mayerson, J., McGarry, S. V.,
McGrath, B., Morris, C. D., O’'Donnell, R. J., ... Sundar, H. “ Bone Cancer”,
Journal of the National Comprehensive Cancer Network,11(6), 688-723, 2013

Clohisy, D. R., & Mantyh, P. W.. “Bone cancer pain”,. Cancer, 97(S3), 866-
873,2003.

Ferguson, J. L, & Turner, S. P.,, “Bone Cancer: Diagnosis and Treatment
Principles”. American Family Physician, 98(4), 205-213, 2018

Agidew, M. G. “Phytochemical analysis of some selected traditional medicinal
plants in Ethiopia”. Bulletin of the National Research Centre, 46(1), 87, 2022.
Ramamoorthy Padmapriya, Loganathan Gayathri, Larance Ronsard,
Mohammad A Akbarsha, Ramasamy Raveendran .”In vitro anti-proliferative
effect of Tephrosia purpurea on human hepatocellular carcinoma cells”.
Pharmacognosy magazine. 13: 49, 16-21, 2017.

Kuan Liu, Peng-cheng Liu, Run Liu, and Xing Wu. “Dual AO/EB Staining to
Detect Apoptosis in Osteosarcoma Cells Compared with Flow Cytometry”. Med
Sci Monit Basic Res ; 21: 15-20, 2015.

Kulothungan, V., Sathishkumar, K., Leburu, S., Ramamoorthy, T., Stephen, S.,
Basavarajappa, D., Tomy, N., Mohan, R., Menon, G. R., & Mathur, P. “Burden of
cancers in India - estimates of cancer crude incidence, YLLs, YLDs and DALYs
for 2021 and 2025 based on National Cancer Registry Program”. BMC Cancer,
22(1), 527, 2022

Rickel, K., Fang, F., & Tao, J. “ Molecular genetics of osteosarcoma”. Bone, 102,
69-79, 2017.

Gavamukulya, Y., Abou-Elella, F., Wamunyokoli, F., & Ael-Shemy, H.
“Phytochemical screening, anti-oxidant activity and in vitro anticancer potential
of ethanolic and water leaves extracts of Annona muricata (Graviola)”. Asian
Pacific Journal of Tropical Medicine, 7(S1), S355-S363, 2014.

Syed Najmuddin, S. U. F., Romli, M. F., Hamid, M., Alitheen, N. B., & Abd
Rahman, N. M. A. N. “Anti-cancer effect of Annona Muricata Linn Leaves
Crude Extract (AMCE) on breast cancer cell line”. BMC Complementary and
Alternative Medicine, 16(1), 1-20, 2016




Emerging Innovative Research in Science and Technology

11. Md Roduan, M. R., Hamid, R. A. Cheah, Y. K., & Mohtarrudin, N.

“Cytotoxicity, antitumor-promoting and antioxidant activities of Annona

muricata in vitro”. Journal of Herbal Medicine, 15, 2019.

Legends to Figures

Figure 1:Percentage of cell viability against AM extract
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Figure 2: Absorbance obtained for AM extract at 570nm (MTT assay)
Table 1: Results of ETBR/AO staining
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Abstract

Rhizopus Oryzae, a fungus, decolored the synthetic dye (CI Reactive yellow 4). The factors that
determine the decolorization pattern during dye decolorization include dye concentration, pH,
nitrate, and co-substrates (dextrose, starch, and sewage). The amount of CI Reactive Yellow 4 that
has been decolored is 88% of the dye's 10 mg/lit starting concentration. The elimination percentage
reduces as concentration rises. The range of 6.6 to 7.8 was examined and confirmed to be the ideal
pH for decolorization. Starch, a co-substrate, has been proven to be more effective than comparable
amounts of dextrose and sewage in terms of decolorization rate. The decolorization pattern exhibits
an inhibiting impact of nitrate. Substrate inhibition modeling was used to simulate the kinetics of
dye decolorization. The Levenspiel model was used for the substrate inhibition and was found to suit
the experimental data effectively. Calculations revealed that the Levenspiel model's constants are Ky,
=15.22, Ki = 85.96, and Vi = 0.832.
Keywords: Azo dye - Reactive Yellow - Decolorization - effect of pH, Nitrate, Co-substrate —
Levenspiel model.

Introduction

Because of their ease of use, cost-effectiveness in synthesis, stability, and range
of hues compared to natural dye, synthetic dyes are widely utilized in a variety of
applications including textiles, wall colors, foodstuffs, paper, and printing
industries. The main producers of poisonous dyes that harm the environment are
the textile and dye production sectors. The total number of individual colors and
pigments utilized is about 10000.

According to estimates, during the dyeing process, 40% of the dye is lost in the

effluent. The aesthetic value, water transparency, and gas solubility of water bodies
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are all negatively impacted by the presence of even a very little amount of dye (10-
50 mg/L) in the water. Acidic, basic, direct, dispersion, mordant, reactive, sulfur,
aces, and vat dyes are some of the dyes that are often used in the textile and
tannery industries. Synthetic dyes can be categorized according to their
chromophores, which include orzo, anthraquinone, and indigo chromophores, and
have varied chemical structures to satisfy specific coloring requirements.

The majority of the more than 10,000 commercial dyestuffs are azo dyes. In
traditional activated sludge treatment, the majority of azo dyes are resistant to
aerobic microbial attack. However, it has been discovered that azo dyes can be
effectively removed from water by sequential anaerobic-aerobic treatment.

Due to the fact that commercial dyestuffs contain ouzo and other
chromophores, dye composition may also have a significant role in unstable
decolorization. As a first step in understanding and resolving the issue of unstable
decolorization performance, we looked into the decolorization potential and
kinetics of the most active bacteria in the mixed population of sludge.

The current physicochemical methods of decolorization may be replaced by
economically and ecologically appealing biological solutions in the future.
Numerous naturally occurring microorganisms, including bacteria and fungi, can
be used to perform biological decolorization.

Synthetic dye was decolored using pure culture. The type of microorganisms

utilized and the process's operating circumstances affect how well dye can be decolored.

Literature Survey

According to Zollinger (1987), more than 10,000 commercial dyes are
manufactured. Anthraquinone and azo functional groups are the most prevalent in
nonionic dyes, whereas anionic chromophores are what give colors their
properties. Due to their intricate aromatic structures, anthraquinone-based dyes
linger in wastewater for a longer period of time. According to Mishra and Tripathy
(1993), metal complex dyes are highly carcinogenic in nature while basic dyes have
good visibility even at very low concentrations. A majority of the dyes produced —
60% of all dyes—are azo dyes. 2001's Abdul Rahim Khatri Figure 1 below shows
the structure of reactive azo dye (Yellow).
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Fig.1 Structure of Reactive azo dye

Jivan Yu, et al. (2001) conducted research on Pseudomonas strains' ability to
decolorize synthetic dyes in the best possible way. A Pseudomonas strain GM3's
decolorization of Acid Violet 7 (mono azo) under diverse circumstances was
carefully examined. A tight temperature range (35-400C), a narrow pH range (7-8),
and the presence of organic and ammonium nitrogen all contributed to the highest
levels of decolorization activity. Nitrate significantly inhibited the decolorization of
azo dyes: 10 mg/L resulted in a 50% reduction in decolorization activity, and 1000
mg/L in a full depression of activity. A kinetic model is developed that shows how
the decolorization rate varies with dye concentration and cell mass concentration
(first- and second-order, respectively).

Bar-Yann (2002) Chen conducted research on the toxicity and kinetics of
Pseudomonas luteola's decolorization of reactive azo dyes. Reactive acid yellow
(RAY), Reactive black B (BB), and Reactive red 22 (RR22) are the three colors in the
toxicity series. The less harmful dyes, like RR 22, are easier to bio-decolorize.

In order to absorb Reactive Brilliant Red in solution, Gallagher et al. (1997) used
Rhizopus Oryzae biomass. They found that both Freundlich and Langmuir
isotherm models fit biosorption well, indicating adsorption by combining
mechanisms into a heterogeneous surface.

In a 2003 study, S. Padmavathy et al. investigated the decolorization of reactive
azo dyes by aerobic oxidation in the presence of a number of co-substrates,
including glucose, starch, lactose, and sewage. It was found that the best source of
carbon for decolorizing reactive dyes was starch.

Modeling the kinetics of microbial dye decolorization is an important aspect of
dye utilization studies. The reaction rate obtained for dye decolorization was
modeled by Michaelis - Menten kinetics (Bailey and Ollis, 1986) and substrate
inhibition models of Haldane and Levenspiel.

C.krithika (2003) studied azo dye decolorization using mixed culture and

calculated the parameter in haldane and levenspiel model. The parameter values in
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Levenspiel model were obtained by numerical and analysis applying mat lab
version 6.1.

Material and Methods

Glucose, Dextrose, Starch, Lactose (S.D. Fine chemicals limited and SLR fine
chemicals limited) and other chemicals also used. Commercial-grade synthetic dyes
were utilized in this investigation, and they were purchased from a firm that
processes textiles.
Fungal Strain

The Institute of Microbial Technology in Chandigarh provided Rhizopus Oryzae
- 262 (7:250C).

Growth Media

Potato Dextrose Agar (Fungal cultures):
Potatoes - 200g.

Dextrose - 20g.

Agar - 15¢.

Water - 1lit.

Boil diced potatoes in 500 ml of water in order to fully boil them, Cheesecloth
should be used as the filter, and water up to 1 litre should be added. Agar is added
in the filtrate and it will be dissolved by boiling. Remove from heat and adjust pH
to 5.6 by adding glucose.

Apparatus Required
Auto clave, Hot air oven, Laminar flow chamber, Loop wire, Petri dish, Test
tube, Beaker, Conical flask, Pipette, Burette, Standard flask, Measuring jar.

Different Synthetic Dyes
Table 1 lists the various synthetic dye types employed in this study.

Table 1.Different Synthetic Dyes.

S.No Synthetic dye
1 Acid red 183
2 Acid violet 7
3 Cl reactive red17
4 Cl reactive yellow 4
5 Acid green 27




Emerging Innovative Research in Science and Technology

6 Reactive black 5
Acid red 183

Maximum absorbance for synthetic dyes:
The maximum wavelength for the following synthetic dyes is shown in
Table 2

Table 2.Maximum wavelength for Synthetic Dyes.

S.no Name of synthetic dye Maximum wavelength (Amax) (nm)
1 CI Reactive Yellow 4 400
2 CI Reactive Red 17 360

Initial dye concentration vs Optical density
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Fig.2 Standard chart for CI Reactive yellow 4.

Experimental Method

250 ml Erlenmeyer flasks with a 100 ml working volume were used for batch
investigations. Utilizing an EVERFLOW vertical laminar flow cabinet under sterile
conditions, pure fungal cultures produced on agar plates were used for inoculation.
The inoculated flasks were incubated at ambient temperature (32 °C) or under
agitated conditions in an orbital shaker that rotated at 120 rpm (Orbitek, India). All
experiments were performed in triplication and results at the same conditions were

averaged.

Screening of Synthetic Dyes
To test the decolorization potential of Rhizopus oryzae, seven synthetic dyes
(Acid violet 7, CI Reactive yellow 4, Reactive black 5, CI Reactive red 17, Reactive
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blue 2, Acid green 27, Acid red 183) were used. One of these dyes (CI Reactive

yellow 4) had a high decolorization potential with the aforementioned strain.

Analytical Techniques
Analysis of Dyes

An UV-Vis Spectrometer (ELICO, SL164, Hydrabad, India) was used to
colorimetrically detect the amounts of unabsorbed dye in the solution. At each
color's maximum wavelength, the absorbance was measured.
Biomass

For 15 minutes, a fixed volume of culture media was centrifuged. The pellets
were taken out, cleaned with double-distilled water, and then put through a
Millipore membrane filter that had been dried and weighed beforehand. At 103°C,
the filter paper was dried to a consistent weight, and the biomass dry weight was
calculated.

Results and Discussion

Rhizopus oryzae was used to study the effects of many parameters on
decolorization, including dye concentration, pH, inoculum size, glucose, nitrate,
and co-substrate.

Effect of Dye Concentration

For CI reactive Yellow 4, the influence of dye concentration on decolorization
was investigated between 10 and 50 mg/litre. Figure 3 depicts the results of the
study on the influence of dye concentration on decolorization for CI reactive
Yellow 4.

Time vs optical density
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Fig. 3 Decolorization plots for CI Reactive Yellow 4 dye by pure culture.
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Figure 4 shows

the proportion of dye removed at various initial dye

concentrations.
Time vs percentage of decolorization
£ 100 1
= 90 -
N 80
S 70 A
2 60 -
g 50
o 40 -
g 30
S 20 -
S 10 -
o ox T T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90 100
Time (hrs)
|—0—50mgllit. —=— 40mg/lit. —&— 30mg/lit. —s— 20mg/lit. —— 10mg/lit.
Fig.4 Percentage of decolorization
Effect of pH:

The pH range of

decolorization.

6.4 to 7.8 was studied to determine how pH affected
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Fig. 5 Effect of pH on decolorization
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The tested pH range reveals that the largest quantity of decolorization was seen

at pH 7.8.When the pH of the medium is raised above 7.8, the decolorization effect

is shown to diminish. The decolorization procedure should therefore begin with

7.8.
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Effect of Inoculum Size
The culture was inoculated with precedes media in the range of 2-20%

Effect of inoculum size
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Fig. 6 Effect of inoculum size on decolorization for Reactive dyes

The maximum amount of inoculum decolorization, shown in fig. 4.3, is caused
by the availability of nutrients and the impact of population density on the
hydrodynamic properties of the medium, both of which ultimately contribute to

the decolorization phenomenon.

Effect of Co-Substrate on Decolorization
The percentages of color decolorization for reactive azo dyes in the presence of
a co-substrate are shown in Table 3.
Table 3. percentages of color decolorization for reactive azo dyes

Azo dye Concentration Percentage of decolorization (%)
(10mgy/lit.) Dextrose Starch Sewage
Reactive Yellow 4 85.2 90.26 87.2

When numerous co-substrates, including glucose, starch, and sewage,
are present, decolorization of synthetic reactive azo dyes (CI Reactive
yellow 4) is compared. Regarding decolorization, starch is regarded as the best
co-substrate.
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Effect of Nitrate on decolorization:
A nitrate concentration of 1000 mg/litre led to only 2% color loss, which was
most likely caused by the physical adsorption of dye molecules by cell mass, as

compared to 88% color removal under natural conditions.

Effect of nitrate on decolorization
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1000
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Fig. 7 Inhibitive effect of nitrate for CI Reactive Yellow 4.

Decolorization Kinetic Model

Modeling the kinetics of microbial dye decolorization rate is an important
aspect of dye wutilization studies. The parameters for the initial dye
concentration and decolorization rate for CI Reactive yellow 4 are shown in Table 4
and fig 8

Table 4. Values for initial dye concentration and decolorization rate

Dye concentration Decolorization rate
(mg/lit.) (mgylit.hrs)
0 0
10 0.176
20 0.231
30 0.246
40 0.257
50 0.27




Emerging Innovative Research in Science and Technology

Dye concentration vs Decolorization rate
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Fig.8 Decolorization rate for CI Reactive yellow 4.

Decolorization rate
Although there was a non-linear increase in rate with the dye content in the
media, it was found that the decolorization rate was reliant on the starting dye

concentration.

Biomass Growth in Presence of Dye
The growth cures shown in presence of dye are indicated in figure 9 and 10 at
15ml dye solution.

Time vs Biomass
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Fig.9 Biomass growth curve for CI Reactive Yellow 4.
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Time vs Biomass
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Fig. 10 Biomass growth in absence of dye

Then graph between initial dye concentration and specific growth rate was
drawn

Dye concentration vs Specific growth rate
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Fig.11 Effect of initial dye concentration on the specific growth rate

It is possible to estimate the effect of the substrate inhibiter on the reactor rate
from the graph above.

The relationship between the specific growth rate and the rate of dye
decolorization can be observed in the graph below.
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Dye decolorization rate vs Specific growth rate
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Fig. 12 Variation of specific growth rate with concentration

Kinetic Model
The reaction rate obtained for dye decolorization was modeled of Levenspiel.
Using a Lineweaver-Burk plot, the Michaclis-menten constant K and

decolorization rate Vi were estimated for the current system.
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Fig.13 Lineweaver-Burk plo
1/Vmax=0.1
Vimax =10
Km/Vmax=1.57
Km =157
The predicted decolorization rates according to the Levenspiel model were

compared with experimental values is shown in figure 13 and 14.
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Initial dye concentration vs decolorization rate
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Fig. 14 Dependence decolorization rate on the initial concentration of CI Reactive
yellow 4

Conclusions

At an initial dye concentration of 10 mg/lit, decolorization was reported to be
88% for reactive yellow 4 azo dye and 84% for reactive red 17 azo dye. Drop in
removal % as initial concentration increases.

The optimal range of pH for decolorization was shown to be between 6.5 and
7.8. The effects of other variables like nitrate and co-substrates on azo dye
decolorization are investigated. In presence of Nitrate inhibitory effect was
observed and the in presence of co-substrate (starch) the decolorization is
enhanced. The dye decolorization pattern was found to correlate with the biomass
growth in the system. The dependence on the dye initial concentration was
described by Michaelis-Menten and related substrate inhibition kinetic models.

Levenspiel model fitted the experimental data and the corresponding
Km=15.22,

Ki=85.96 and Vmax = 0.832. was found by numerical analysis using mat lab 6.1.
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Abstract

Water is the crucial element which plays a main role in all kind of activities such as drinking
water supply, irrigation, hydropower and navigation etc., there are two aspects of water in or on the
earth. One is surface water and another one is groundwater. In many areas due to the population
increases and uncertainties of rainfall, groundwater level decreasing by the activity named as
“Querexploitation of Groundwater” So it is important to restore the Groundwater. It is done by
either natural or artificial recharge techniques. In artificial groundwater recharge, dug well recharge
is the method to improve the Groundwater level. In the study area, the runoff is taken into the
account to recharge the well. This excess water is diverted into the filtration unit and after the
filtration process, it is directed to the wells.

The main aim of the study is to design the efficient filtration system for the particular
soil type. Based on the soil condition different models are carried out to find a suitable
system. Finally, an efficient filtration system (3x3x4 cubic feet) is designed from the arrived
models. These filtration unit consist of (from bottom to top) Coarse aggregate layer (0.5 ft),
Gravel 5mm (0.5t), Sand (0.5ft), Charcoal (0.5ft), Gravel 5mm (0.5ft) and freeboard (1ft).
Charcoal and sand are used to arrest the fine particles. This method is simple, affordable and anyone
can adopt it easily.

Keywords: Overexploitation, Groundwater, Filtration, Dug well and Artificial Recharge

Introduction
General

Water is a vital component that determines the full potential of the agricultural
sector of any country. There are many ways of harvesting water. The main
categories include surface water collection, Groundwater collection, and
Augmentation of GroundwaterRecharge Runoff water collection is one of the

useful methods for augmenting water especially in rural areas which can be easily
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adopted by implementing filtration system with the involvement of the local
people. This method is an ideal solution to water problem where there is
inadequate groundwater supply. The collected water can be stored in either
wells or ponds which can later be utilized for agricultural and other domestic
purposes during dry periods and even it serves for groundwater recharging.
Efficient utilization and management of available rainwater along with
recharge options is the core issue if the cropping intensity and production are to be
enhance [1][6].

[lupur is a panchayat town located in Pudukkottai district. The project deals
with the design, construction and manipulation of efficient and cost-effective water
harvesting structure. The main aim of this project is to find an ideal solution to the
water problem in these areas of minimum rainfall intensity and inadequate
groundwater supply. In regards with field visit and questionnaire survey, the main
issues and problems were identified to be an insufficiency in water availability and
deposition of silt and mud inside the wells due to the inefficient filtering unit.
Various literature survey, design approach and experimental study were
conducted in order to arrive at the best-suited filtering system of water harvesting
structure. The main objective is to design the recharge pit in red loamy soil for dug
well recharge in Pudukottai district, to recharge wells by collecting runoff from the
surrounding catchment area and to conserve rainwater in the dry and semi-arid
regions and for efficient utilization of good water during dry periods for irrigation
and another domestic purpose [21].

The rainfall intensity and Groundwater potential in the semi-arid region are
below average. The simple and economical way to increase the Groundwater level
is Recharging of water either by natural or Artificial. Due to the uncertainties of
rainfall and overexploitation of Groundwater, water in the well decreasing its level
which results in water scarcity, poor irrigation and the low productivity. So it is
needed to augmenting the Groundwater in the well for the study area to ensure
water productivity [13][14][15].

Study Area Description

An experimental study was conducted in the field area called Pattikadu
Campus of Illupur Agriculture Producer Company Limited (IAPCL) and samples
for the experimental study were collected from the catchment of corresponding

wells around Illupur.
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[Mlupur is located in Pudukkottai district at a latitude of 10.51 N and longitude
of 78.62 E. It has an average elevation of 142 metres (465 feet). According to the
2011 census, the taluk of [llupur had a population of 2,18,961. The soil texture at the
site is Red loam with fine clay particles. The study area is located in a hot semiarid
region. The area experiences only limited rainfall with the average annual rainfall
intensity of around 690mm. The rainfall intensity is insufficient to meet the water

requirement. The mean annual minimum and maximum temperatures are 26°C
and 36°C respectively [5][20].

Problem Identification

Here, the type of soil is Red loam. Runoff from those areas has more
sedimentation. While visiting the Filtration system (Implemented by Government)
it is identified that the filtration is not functioning properly. The sand particles from
the runoff are highly deposited on the first layer and it disturbs the entire flow of
water. Hence it totally affects the filtration process. Since it is a normal
conventional system, they have used the materials like Sand, Gravel and Coarse
Aggregates in their filtration system which results in muddy water into the well.
Hence, it comes to know that the turbidity is controlled by providing standard
depth of layers[2][3].

Methods and Materials

In this project, a reconnaissance survey is done to study the existing
filtration system and the factors responsible for its failure. After that, the causes for
their problem have been addressed. To work out these things, samples
from that area are collected to assess the soil characteristics. Based on these, a
filtration unit was planned and many of the experimental models have been
prepared to select the suitable model. Finally, an efficient Filtration system is being
proposed.[4][19]
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This project deals with efficient water harvesting structure carried over by
[Mupur Agriculture Producer Company Limited (IAPCL) funded by MSSREF. In this
chapter, the process of sample collection, modelstudy were discussed below.
Samples are collected from various places around the village. The runoff from the
surrounding well area contains some amount of dust particles and clay particles in
it. These samples are tested to know the amount of turbidity.In some places, the
runoff water has more turbidity due to the high amount of clay particles present in
the water.A water sample of 500ml is being taken to test the settlement of clay
particles. It is found that none of them has been settled because the clay particles
are very finer in nature, it dissolves in water.Therefore, it is concluded that the clay
particles can be separated only if the coagulant is added. In this coagulation
process, Potassium Aluminium Sulphate (Alum) is used to trap the clay particles
present in water. It is followed" by people in some places for the purpose of water
purification, fertilizer purpose, etc., and hence it is a simple and economical way of
treating the turbidity water [7][11].
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Coagulation Test

A coagulant (typically a metallic salt) with the opposite charge is added to the
water to overcome the repulsive charge and "destabilize" the suspension. For
example, the colloidal particles are negatively charged and alumis added as a
coagulant to create positively charged ions.In this test, a 2litre of the raw sample is
taken from the catchment area and 20mg of Alum powder is added. While adding
the Alum, it mixes with the dissolved particles and traps the particles to be settled
down in 2 to 5min.Alum neutralize the negative electrical charge on particles,
which destabilizes the forces keeping colloids apart. So it is recommended that in
places where the dissolved clay content is high the Alum powder is suggested
[8I[17][18].

Materials
Coarse Aggregates

Coarse aggregates are particles greater than 4.75mm but generally, range
between 9.5mm to 37.5mm in diameter. They can either be from Primary,

Secondary or Recycled sources.

Gravel
Gravel is a coarse marine-won aggregate; land won coarse aggregates include
gravel and crushed rock. Gravels constitute the majority of coarse aggregate used

in concrete with crushed stone making up most of the remainder [15].

Charcoal

Granular Activated Carbon is an effective filtration media to remove the
turbidity and iron content. Tests (Joyce, 1966) had shown that, in accordance with
adsorption theory, granular carbon in beds is more efficient than pulverized carbon
used in the slurry form in accordance with conventional water plant procedures.
Granular activated carbon with an effective size greater than approximately 0.80-
0.90 mm will probably usedin filtration process.[16]

Sand
Sand is the naturally available material which can be used as a filtration
medium and gives good quality of water without adding any chemicals. The use of

sand below the carbon layer can increase the quality of filtration [12].
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Preparation of Model Filtration Unit

The model study was conducted by setting different layers of materials in a
black limestone setup (Kadapakal) of dimensions 2x1.5x1 feet. The Water samples
collected were allowed to pass through the layers and the removal of turbidity was

checked and their outflow was measured.

Results and Discussion

Different trials were made to find the suitable filtration unit. The last trials with
the measurements of gravel (5bmm) 3.2cm, charcoal 5.6 cm, sand 2.8 cm,
gravel(5bmm) 5cm and gravel (40mm) 3 cm are considered to be a well filtering unit
with the turbidity removal of 95% with good flow rate. So these particulars are

chosen for the good filtration system.

Runoff Estimation
Runoff estimation is made with the assumption for different areas and it is

calculated with the rational method.

Rational Method

Q=CGA

Where, C = Runoff coefficient (sandy loam/ cultivable).
i = maximum rainfall intensity (inches/hr).

A = Total Catchment Area (Acre).

Trial: 1

Assume,

Rainfall intensity =4 cm/hr
Area =1 acre

Runoff coefficient = 0.5
Solution:

Q=GA

1cm = 0.394 inches
Therefore, 4 cm = 1.576 inches/hr
Q=05x1576x1

= (.788 cubic feet

= 22.31 lit/sec

Q =80,316 lit/hr.
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Trial: 2

Assume, rainfall intensity =1 cm/hr = 0.394 inches/hr
Q=05x03%x1

z= 0.197 cubic feet

= 5.578 lit/sec

Q =20,080 lit/ hr

Trial: 3

Assume, rainfall intensity = 0.4 cm/hr
Q=05x0.1576x1

= 0.0788 cubic feet

= 2.237 lit/sec

Q =8032.96 lit/ hr

Computation of Inflow and Outflow
Dimensions of the model filtration unit:
Diameter =17 cmm

Depth =4 feet

Outflow of water for 1 min = 1.2 lit

Area calculation:

A =mnd2/4

A=nux172/4

= 226.98 cm? = 0.02269 m? or 0.244 sq feet.

Filtration Pit Trail Dimensions

Calculations were done using the outflow data obtained while testing the model
filtration unit. And also the filtration timing will vary according to the dimensions
of the filtration structure. So several trail dimension is made for choosing the

efficient dimension for implementation.

Trail: 1
5 x 4 sq feet
Q=5x4x12/0.244
= 98.36 lit/ min or 5901.6 lit/hr
The flow obtained by estimating the rainfall for 1cm per hr = 20,080 lit/hr.
These 5 x 4 sq feet pit takes 3-4 hrs to filtrate the whole one-hour rainfall.
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Trail: 2
4 x 3 sq feet
Q=4x3x12/0.244
= 59 lit/ min or 3540 lit/ hr

The flow obtained by estimating the rainfall for 1 cm of rain per hour = 20,080
lit/hr. when we implement 4 x 3 sq feet it takes 5-6 hours to filtrate the whole one-
hour rainfall.

Trail: 3
3 x 2 sq feet
Q=3x2x1.2/0.244
= 29.50 lit/ min or 1770 lit/hr
The flow obtained while estimating the rainfall for 1 per hour = 20,080 lit/hr.
The 3 x 2 sq feet takes 12 hours to filtrate the whole one-hour rainfall.

Trail: 4
3 x 3 sq feet
Q=3x3x1.2/0.244
= 44.26 lit/ min or 2655 lit/hr

The flow obtained while estimating the rainfall for 1 cm of rain per hour =
20,080 lit/hr. when we implement 3 x 3 sq feet it takes 7-8 hours to filtrate the
whole one-hour rainfall.

Selection of Dimension

From the above 4 trails it is concluded that the 4th trail is more efficient than the

other estimated trails for the following reasons:

1. The rainfall data chosen here is the maximum rainfall for all over the
puthukottai district and the surrounding villages.

2. The 3 x 3 sq. feet structure is efficient to filter the rainfall for 1 hour within 8
hours and if the flow of rain continuous also it can filtrate the whole rainfall
within a day.

3. The average rainfall for the district is only near 1 cm rainfall. It is efficient to
provide the structure which filtrates the rainfall within a day because the
available rainfall for this district is very low for the last 15 years.

4. Itis enough to provide the structure with 3 x 3 sq feet and 4 feet depth.
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Design of Filtration System

The filtration unit for the Dug Well is designed based on several studies
considering the type of soil, topography of the certain area, average rainfall and
also other required data was collected. The rainfall data for more than 30 years in
the certain region was collected from the IMD and the study was carried out with
the data. And also flow measurement were checked periodically for the different

layers of material packages and the result was concluded [9][10].

I ALL DIMENSIONS ARE IN FEET

OPEN WELL

FILTRATION UNIT

Conclusion
Artificial Recharge of Ground Water is one of the most efficient Ground Water

Management tools for controlling decline in Ground Water levels, resource
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augmentation.Keeping in view the concerns regarding the problems of
over-exploitation of Ground Water Resources, Dug Well recharge is the simplest
method of water harvesting to ensure the sustainable water resource
management. In this method, dug well is used for storing the water from
surrounding catchment areas.

Dug well recharge is one of the wide groundwater recharge method and there
are many government sectors and NGO’S like Central Ground Water Board,
NABARD, MSSRF, DHAN etc, who actively engaged in funding and
implementation of various schemes and subsidies related to dug well recharge
using rainfall runoff from the surrounding agricultural lands.

MSSRF implemented a project of dug well recharge under subsidy in order to
replenish the dried up wells around Illupur in Pudhukottai district, which is
majorly covered by red loamy soil. Considering the impact factors of the
government project already existing and the consequences of the problem related
to red loamy soil, a new dug well recharge structure was implemented for 34 open
wells which hopefully facilitates improvement in the irrigated agricultural
productivity.

The present techniques are easy, cost-effective and sustainable in the long term
especially for red loamy soil. In Tamil Nadu nearly 30% of the land area is covered
with red loamy soil, where this technique is more suitable and can be suggested for

implementation.
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Abstract

It is well known that a variety of elements, including animal genetics, milk quality (chemical,
physical, and microbiological), production technique, type of rennet used, and dairy cultures
utilized, can affect the yield and quality of cheese. Major variations in the same kind of cheese (hard
cheese) are brought on by by the dairy cultures and rennet, which have an impact on the ripening
process. This review will examine recent developments in animal genetics, techniques for isolating
and producing rennet and dairy cultures, potential uses of microencapsulation in the production of
rennet and dairy cultures, and the challenge that biodiversity preservation poses to existing dairy
technologies. Since the very beginning of cheesemaking techniques, whey cheeses have been
produced as a sustainable way to employ whey, the main by-product of the process.A conclusion that
can be drawn from the studied scientific literature is that novel approaches and the techniques
outlined can considerably
Keywords: dairy cultures; cheese quality; rennet; chymosin; coagulation; biodiversity; sustainable;
microencapsulation

Introduction

Cheese is a dairy product which is rich in minerals, protein, and lipids. Some
aged cheddar and hard block cheeses with little moisture are simple to store and
transport because they don't need refrigeration.Due to its reduced lactose content, a
form of sugar that is difficult to digest if a person lacks the enzyme to break it
down cheese may be more tolerable than milk for certain people.Cheese contains a
variety of nutrients. One ounce of hard cheese, has 180 mg of calcium, 120 calories,
8 g of protein, and 6 g of saturated fat.120 calories, 14 g of protein, 3 g of saturated
fat, and 80 mg of calcium are all included in a half-cup of soft cheese, such as 4%
full-fat cottage cheese. The majority of cheeses include 300-450 mg of sodium per

serving because salt is an essential component for retaining moisture and
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preventing bacterial overgrowth.However, some cheeses, such as Swiss, whole-
milk mozzarella, and goat cheese, have only 50-100 mg of salt per servingFull-fat
dairy products include a lot of saturated fat and a little amount of cholesterol. Milk
contains about 70% saturated fat, 25% monounsaturated fat, and 5%
polyunsaturated fat. (1-3).Cheese is typically high in salt and frequently high in
saturated fat, both of which can increase LDL cholesterol levels. It is generally
advised to eat cheese in moderation as its ingredients may have a deleterious
impact on health.However, there is continuous debate over cheese's potential
health benefits. Despite the fact that the U.S. Dietary Guidelines advise choosing
low-fat dairy products (milk, yogurt, and cheese) to ward off cardiovascular
disease (CVD), some studies have found that full-fat dairy products may actually
reduce the incidence of both type 2 diabetes and CVD.[4] According to these
research, certain elements included in cheese, such as calcium and conjugated
linoleic acid, may be makes the heart-healthy, and the saturated fatty acids found
in cheese may affect the heart differently from those found in red meat. Some
cheeses are processed by adding bacteria during the fermentation process, which
may change how it affects blood cholesterol levels.

Starch is added to cheese in order to lessen the impact of the fat content. This
study will aid in our comprehension of the contributions made by various textural
starches to the mechanical characteristics of processed cheese with various types of

casein networks.

Cheese

Cheese is a sort of fermented milk-based cuisine that is available in a range of
flavors, textures, and fragrances. Around 8,000 years ago, the Fertile Crescent, a
region between the Euphrates and Tigris rivers in what is now Iraq, is thought to
have been the birthplace of cheese. Aging cheese is a science-based practice that helps
to develop its distinctive flavours, aromas, and textures It is created by coagulating
milk proteins and separating the curd from the whey. Cheese can be classified into
three groups: fresh, soft and hard. Fresh cheese is the most basic variety and is usually
made with just milk, salt and bacteria. Soft cheese typically has other ingredients,
such as cream and rennet, and is usually spreadable. Hard cheese is the most complex
and is made by aging the cheese for a certain period of time, which creates a more
intense flavour and texture. Cheese is commonly used in many dishes, from salads
and sandwiches to pizzas and pasta dishes, as well as in sauces and dips. It is rich in

protein and calcium, and can be a nutritious part of a balanced diet [5].
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The ageing of cheese is an important scientific step that creates the unique taste
and texture of the end product. Depending on the sort of cheese, this will take a
certain amount of time. Depending on the type of cheese, this will take a different
amount of time [6]. Sales of cheese have steadily increased, largely because it is
frequently used as a component in a range of processed foods, including pizza and
pies. Cheese enhances the flavor, texture, and nutritional value of many foods
[7].Recently, there has been a heightened focus on using starch in processed cheese
for cost and health reasons. The relationship between the included starch and the
protein source (commonly casein) can alter the texture of the cheese, as has been
demonstrated[8].

Types of Cheese

Around 35 different kinds of cheese are often consumed worldwide. The
cheeses that are included are American cheese, Asiago cheese, Blue cheese,
Bocconcini cheese, Brie cheese, Burrata cheese, Camembert cheese, Cheddar cheese,
Cheese curds, Colby cheese, Colby fack cheese, Cold pack cheese, Cotija cheese,
Cottage cheese, Cream cheese, Emmental cheese, Farmers cheese, Feta cheese,
Fresh mozzarella cheese, Gorgonzola cheese, Gouda cheese, Gruyere cheese,
Halloumi cheese, HavartFrom this we have selected 3 types of commercially
available cheese for the further work[9].

Mozzarella Cheese

Mozzarella, a popular cheese from the south of Italy, is traditionally produced
using Italian buffalo's milk and the pasta filata procedure. Generally, this cheese is
white in colour, but when it is aged, it may take on a light-yellow hue, depending
on the diet of the animal. Benefits: Mozzarella cheese offers a host of nutrients such
as protein, calcium, and phosphorus, which all play a role in keeping your body
functioning at its best. Drawbacks: However, overindulging in mozzarella cheese
can result in digestive issues like diarrhoea, inflammation, bloating, and weight
gain[10-12].

Cheddar Cheese

This sort of cheese is often yellow or orange in color and manufactured from
cow's milk. It has a firm texture and a sharp, tangy flavour that intensifies with age.
It is usually used for grating and melted on top of dishes as well as in sauces,
sandwiches and soups. The positive aspects of consuming bones include enhanced
bone strength and healthy teeth. However, there are some downsides to this such
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as feeling bloated, suffering from diarrhoea, being gassy, and potentially having an
adverse effect on heart health[13].

Cream Cheese

This cheese is characterized as being soft and having a mild flavour, and is
made from a combination of milk and cream. The advantages of consuming this
food product include being high in vitamin B12, containing a small amount of
lactose, and being free of gluten. However, a disadvantage of this food item is that
it does not provide a good amount of nutrients, as well as containing artery-

clogging fat[14].

American Cheese

Modern American cheese is a processed form of cheddar, Colby, or related
cheeses that was created in the early 1900s. It has a mild taste, with a creamy and
salty flavour, and a softer texture than other types of cheese. It melts easily, making
it a popular choice for many dishes.Benefits of American Cheese: This cheese has a
low carbohydrate content and provides an excellent source of quality protein. Plus,
it's got a long shelf life. Drawbacks: Unfortunately, American cheese is high in
sodium and fat[15].

Parmesan Cheese

Produced from cow's milk, Parmesan cheese is an Italian hard, granular cheese
that has been aged for a minimum of 12 months.The protein content of Parmesan
cheese makes it a desirable food source. It is more easily digested than other types
of cheese, however, consuming a large amount of it can lead to headaches, stomach
cramps, nausea, and diarrhoe. The general properties of the various cheese are
given in Table 1.

Tablel Properties of cheese

Properties Mozzarella | Cheddar Cream American | Parmesan
pH 48 51 45 498 5.35
Melted Temperature 125°C 130°C 85°C 45°C 140°C
Moisture Content 52% 38% 55% 44% 52%
Less th Less th
Fat Content less than 45% 74% less than 38% ess than ess than
23% 45%
Shelf Lif 21d - Upto10d 1-2 21d
ere ays 2 months pto ays months ays
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Starch

All green plants produce starch, an organic substance that is white and
granular. Its texture is mildly granular and tasteless, and it is unaffected by alcohol,
cold water, or other solvents. Starch has the chemical formula (C6H1005)n. Due to
its capacity to serve as a thickener, this substance has been finding increasing use in
a variety of industries and food products (Ammar B. Altemimi et al,
2017).Amylopectin is a highly branched glucan with a,1 - 4 glycosidic linkage, a,1 -
6 glycosidic linkages and an abundance of reducing end groups. This substance is
composed of two macromolecular polymers of a-D-glucose: amylose and
amylopectin. The former is a linear glucan with alpha-1-4 glycosidic linkages and
minimal branching, resulting in few reducing end groups. Amylopectin, on the
other hand, is a highly branched glucan with alpha-1-4 and alpha-1-6 glycosidic
linkages, as well as an abundance of reducing end groups [16].

Sweet potato, potato, cassava, yams and Taro are used to extract starch. Sweet
potatoes are one of the most widely cultivated food crops around the world,
particularly in tropical countries. It is the fourth most important crop for human
sustenance and the second largest producer globally. Sweet potatoes contain a
large amount of starch, accounting for 50-80% of the root's dry matter. These starch
granules are embedded in cellulosic fibers and are bound together by pectin
[17].Mung bean, the seed of Vigna radiate, is a common ingredient in soup,
pancakes, and cold noodles in many parts of China. Mung bean starch has a good
cooking quality and when heated, it transforms into a solid, translucent gel with a
smooth, flexible texture. Eleocharis dulcis, a fruit crop cultivated in China, India,
and Southeast Asia, is ground into flour that is used in a number of southern
Chinese desserts. The degree to which water molecules may access the starch
granules and the amount of amylase present in the mung bean and water chestnut
starches differ, which affects the starches' capacity to scatter and gelatinize
[18]. Approximately 80% of the world's starch market is made up of maize or corn
starch. The USA is a significant producer of this starch, while Europe is the main
source of wheat and potato starches. Asia produces the majority of cassava and
tapioca starches. Potato and corn starches are often utilized commercially.
Compared to cereal starches, tuber and root starches have bigger granules and
contain less protein and lipid. After processing, root and tuber starches form clear
pastes with a bland taste, which is beneficial for many food products. Global tuber
crop production is dominated by five species, which account for almost 99% of the
yield: potato (46%), cassava (28%), sweet potato (18%), yams (6%) and taro (1%).
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These crops are typically rich in starch, water, minerals, vitamins and small
amounts of protein and lipids (Neeraj et al., 2020).It may cause an allergic reaction
in some people due to its saponin content, which may show symptoms such as
itching, swelling, and redness of the skin. It is best to consume it in moderate

quantity as excessive consumption may lead to severe health issues.

Sweet Potato

The scientific name for the sweet potato is [pomoea batatas, and it belongs to
the Convolvulaceae family of dicotyledonous plants, which also contains morning
glory and bindweed. Its large, starchy, sweet-tasting tuberous roots are eaten as a
root vegetable..[19] Sometimes the young branches and leaves are consumed as
greens. Sweet potato cultivars have been bred to produce tubers with flesh and skin
of different hues. Both sweet potato and the common potato (Solanum tuberosum),
members of the Solanales order, are only distantly related to one another .Despite
the fact that darker sweet potatoes are occasionally referred to as "yams" in some

parts of North America.

Potato

The potato is a root vegetable that is indigenous to the Americas, a starchy food,
and a tuber of the plant Solanum tuberosum. The perennial plant is a member of the
nightshade family, Solanaceae.Various wild potato species can be found
everywhere from the south of the United States to the south of Chile. The potato
was once believed to have been separately domesticated by Native Americans in a
number of locations, but later genetic research revealed a single origin, in the area
of today's extreme northwestern Bolivia and southern Peru. Approximately 7,000~
10,000 years ago, a species of the Solanum brevicaule complex that is related to
potatoes was domesticated there.Some of the potato's close cousins are grown in
the Andes region of South America, where the species is native.

Taro

Root vegetables include the taro (Colocasia esculenta). It is one of several
species of plants in the family Araceae that are farmed for their corms, leaves,
stems, and petioles, which are used as vegetables. Similar to yams, taro corms are a
staple food in the cultures of Africa, the Pacific, East Asia, Southeast Asia, and
South Asia. One of the first cultivated plants is thought to be taro.
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Yams

The term "yam" is used to refer to some Dioscorea (Family Dioscoreaceae) plant
species that yield edible tubers.Some other species in the genus, including
D.communis, have toxic tubers.Perennial herbaceous vines known as yams are
grown for their edible tubers in a variety of temperate and tropical climates,
including in West Africa, South and Central America, the Caribbean, Asia, and
Oceania. Because there are so many cultivars and related species, the tubers, also
known as "Yams", appear in a variety of shapes. Yams were separately
domesticated in Africa (D. rotundata), Asia (D. alata), and the Americas (D. trifida)
on three different continents.

Cassava

Manihotesculenta, often known as cassava, manioc, or yuca (among many other
regional names), is a woody shrub that belongs to the Euphorbiaceae family of
spurges and is indigenous to South America, specifically Brazil and some of the
Andes. Cassava is a perennial plant that is typically grown as an annual crop in
tropical and subtropical areas for its delicious starchy tuberous root, a significant
source of carbohydrates. It is unrelated to the shrub known as yucca, which
belongs to the Asparagaceae family, despite the fact that it is sometimes called yuca

in some parts of Spanish America and the United States.

Structure of Starch
The structure of amylopectin and amylose are shown in Fig. 1

Amylopectin

Amylose
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Advantages of Starch Addition to Cheese
The advantages of starch adding to cheese are given below.

Since starches can imitate the lubricity of full-fat goods, they can be utilized
as fat substitutes.

Due to their high ability for retaining water, carbohydrates may act to
improve texture in reduced-fat fresh cheese.

According to Codex Standard 221-2001, starch is a permissible component to
be added to fresh cheeses.

The typical range of starch concentrations used as a fat replacement in
cheese is between 0.5 and 1.5%., Where authorized by rules, starch plays a
significant part in the production of processed and analog cheese.

They can add to the body and texture of the cheese while also supplying

other useful qualities.

The majority of commercial starch is made from corn, but it is also made from

wheat, tapioca, and potatoes. Crushing or grinding starch-containing tubers or

seeds, mixing the pulp with water, and then filtering out any remaining impurities

before drying the paste are the steps used to make commercial starch.In addition to

their essential nutritional roles, starches are used in brewing and as thickeners in
baked goods and confections.[22-24].

Nutritional Properties of Starch

Table 2 nutritional properties of starch

Sweet
Components Cassava Potato Taro Yams
Potato
Starch(%) 70 80 85 72 20
Sodium (g/ 100g) 0.014 0.006 0.055 0.011 0.009
Potassium(g/100g) 0.271 0.421 0.337 0.615 0.816
Carbohydrate
38 17 20 39 28
(g/100g)
Fibre(g/100g) 1.8 22 3 7 4

The Production of Classic Whey Cheeses
Whey is boiled at high degrees until the proteins are denaturized and the whey

coagulates to create whey cheeses, a unique type of cheese. Whey cheeses are made

utilizing traditional techniques all around the world, either through artisanal or

standardized industrial procedures , in accordance with the principles of the

81




Emerging Innovative Research in Science and Technology

circular economy [42-45]. Many whey cheeses were initially created as by-products
from sheep or goat whey. Dairies now use cows' whey to make whey cheese or
incorporate cows' milk due to their rising consumption. They all employ whey as
their main raw material, but their processes differ. The bulk of them are heat-

and/or acid-coagulated cheeses.

Aspects of Whey Cheese's Microbiology

In order to denaturize the whey proteins, whey cheeses are heated to between
88 and 92 C. This procedure is harmful to the microbiota of the milk, cream, or both
that are added to the whey as well as the whey itself. After heating, the local
microbiota is deactivated, and no starting cultures are added [46-50]. According to
a report, Escherichia coli O157:H7 can survive and thrive in Myzithra, Anthotyros,
and Manouri whey cheeses at temperatures as low as 2 °C [51]. L. monocytogenes
was found to proliferate quite quickly in similar whey cheeses, although the
maximal populations in Myzithra cheese at 5 and 12 C were noticeably lower than

those in Anthotyros and Manouri cheese at the same temperatures.

Whey cheeses' sustainable preservation methods
Packaging for Modified Atmospheres

The utilization of sustainable and efficient techniques for whey safety and
preservation In order to prevent cross-contamination of fresh whey cheeses during
storage, cheeses must be used. Extended study on improvements in cheese
preservation focused on "clean labels" has resulted from the rise in consumer
demand for fresh, preservative-free goods [55]. MAP is frequently employed as a
storage strategy, prolonging the shelf life and improving the appearance of many
goods while satisfying the chemical preservative-free strategies for diverse items
[56]. Active packaging and MAP have the ability to increase the shelf life of dairy
goods, particularly cheese [52-54].

Herbs and/or plant extracts added

The addition of various herbs and/or plant extracts, as well as their possible use
in combination with various packaging materials, have been the subject of several
studies in the literature [55-60]. Because of their sensory and antioxidant qualities,
black cumin, thyme, and rosemary are regularly added to cheeses [61-65]. Akpinar
et al. [66] investigated both cheeses in artificial casings as well as whey cheeses

packaged in goat-skin bags used for the storage of conventional cheeses with a long
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shelf life (semi-hard and hard cheeses). Along with various packaging materials,
the possible use of various herbs (black cumin, thyme, and rosemary) in the

manufacturing of Lor cheese was assessed.

Bio-Preservation

It has been extensively researched how to use natural antibacterial chemicals
from a wide range of natural sources or protective LAB cultures, or bio-
preservation [67-70]. Due to its ecological sustainability and consumer friendliness,
bio-preservation is of great interest [71]. Bio-preservatives have negligible to no
negative impact on health, in contrast to synthetic chemical preservatives, which
over time can be poisonous [72-75]. Numerous dairy products have had their shelf
lives increased using nisin, a bacteriocin generated by cultures of Lactococcus lactis
subsp. lactis [76-80]. Nisin prevents the growth of spores produced by species of
the genera Bacillus and Clostridium as well as Gram-positive bacteria such Listeria

monocytogenes and Bacillus cereus [81-85].

New Methods for Increasing Shelf Life

Whey cheeses have undergone a number of cutting-edge processes over the
past ten years to extend their shelf life and enhance their functional and sensory
properties. characteristics. In order to demonstrate an alternative to refrigerated
storage, Duarte et al. [86] placed Requeijo in 100 MPa hyperbaric storage at variable
room temperature. Growth of Enterobacteriaceae and all aerobic mesophiles was
suppressed.Hyperbaric storage shown an extra microbial inactivation impact for
LAB, yeasts, and molds. With an estimated 26-fold reduced carbon footprint than
chilled storage, this method is more environmentally friendly [87].

Whey Products and Novel Whey Cheeses

By using dried whey protein concentrate 65% in place of fresh cheese whey,
Myzithra cheese was created in a modified version [88]. In comparison to control
Myzithra cheese, the modified Myzithra cheese had increased levels of lactose,
potassium, and sodium and lower levels of total bacteria, protein, ash, calcium,
hardness, and adhesiveness. Yeasts and molds were also missing. Although
excessive amounts may create negative changes in the texture and flavor of
Cheeses, attempts to include fresh whey protein concentrates in Queso fresco have

produced positive results in terms of yield and acceptance [89]. The procedure
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needs to be refined. As an alternate technology for small and medium size

producers of queso fresco, whey cheese inclusion in milk was recommended.

Conclusions

Production of whey cheese has a long history of being a sustainable way to use
the whey that is generated when milk curdles. Worldwide production and
consumption of whey cheeses are both based on their nutritive content and
pleasant sensory qualities. The type of whey used, the method employed, and the
diversity in composition and traits shared by several types all reflect this wide
variation. In any event, there are numerous practical and monetary advantages to
using whey in the production of whey cheeses. The type of microorganisms present
in the finished product depends on the unique cheesemaking techniques and
composition. Whey cheeses should be consumed quickly after manufacturing
because they may be contaminated due to their neutral pH and high moisture
content. Whey cheeses have very low counts of microorganisms after production
because the natural milk and whey microbiota is initially inactivated after the
coagulation of whey proteins and because starting cultures are irrelevant due to the
heating of the whey. However, handling the raw curd after it has been heated
results in cross-contamination, which leads to a variety of degradation, primarily
the growth of yeasts, molds, coliforms, pseudomonads, and potentially harmful
bacteria. Therefore, when handling, packaging, and storing, it is essential to follow
hygienic practices.
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Abstract

One of the most often used enzymes in industry is amylase. These kinds of enzymes hydrolyze
starch molecules into glucose-based polymers. The possible applications of amylases in industry
span the food, fermentation, and pharmaceutical industries. Amylases can be found in a wide range
of organisms, including bacteria, mammals, and plants. However, bacterial and fungal enzymes
have dominated the industrial industry. It takes the enzyme amylase to change starches into
oligosaccharides. Wheat, rice, maize, tapioca, and potatoes are just a few examples of commercially
significant crops that contain significant amounts of starch as a main storage product. Starch-
converting enzymes are used to create modified starches, glucose, and fructose syrups, among other
products. There have been a ton of microbial amylases found. Food, textiles, paper, and detergents
are just a few of the industries that use a wide spectrum of microbial amylases. Amylases are
typically produced through submerged fermentation, although solid-state fermentation techniques
appear to be a promising alternative.
Keywords: Amylase, a-amylases, Fermentation, Gluco-amylases, Pharmaceutical.

Introduction

Enzymes are biological catalysts that catalyze thousands of biochemical events
in living organisms. Because each type of enzyme has a specific binding site for its
own substrate, enzymes are unique molecules. Food production, fermentation,
animal nutrition, detergents, cosmetics, brewing, paper industries, pharmaceuticals
(medicine), and research and development are only a few of the domains where
they are used [1, 2, 3, and 4].Because they have numerous uses in industries like
dairy, soft drinks, chocolates, pharmaceuticals, food processing, leather, textile,
paper, wine, meat, fish processing, and many others, amylases (especially a-
Amylases, E.C.3.2.1.1) are among the most significant industrial enzymes from a

biotechnological perspective [5, 6].
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Amylases (a-amylases, (-amylases, and gluco-amylases) (Table 1) were
discovered in animals, plants, insects, and microbes in the eighteenth century. They
belong to the GH13 family of glycoside hydrolases, which consists of eight
subfamilies and hydrolyzes starch into glucose, maltose, and maltodextrins [7, 8].
The three categories of enzymes known as amylases are a -amylases, [3 -amylases,
and gluco-amylase [9]. A large range of industrial processes, including those in the
food, fermentation, textile, paper, detergent, and pharmaceutical industries,
depend on a-amylases because of their potential temperature and pH stability. a -
amylases are employed in a variety of industrial processes [10, 6]. The largest
percentage of the market for enzymes is accounted for by a -amylase. The market is
dominated by a -amylases produced by fungi and bacteria. More a -amylases can
be produced by fungi than by bacteria [11, 12, and 13].

In living things, a - amylases play a crucial role in the metabolism of starch.
These amylolytic enzymes are used in the liquefaction and saccharification of
starch in industrial settings. They are a member of the roughly 28,000 strong
glycoside hydrolase (GH) family of proteins. Amylases are a member of the
glycoside hydrolase (GH) family, which includes about 28,000 distinct protein
sequences [14, 15].Amylases are a broad group of hydrolase or transferases that
break down large alpha-linked polysaccharides, including starch and related
oligosaccharides. They are among the enzymes that are most frequently used in
industrial operations. The demand for bakery and sugar-derived products,
biofuels, detergents, breweries, animal feeds, medicines, paper, and textiles is
expected to increase over the next few years, accounting for about 25% to 30% of
the global enzyme market [16]. By the end of 2024, the market for amylase is
projected to be worth USD 320.1 million [10, 17].

Table. 1 Amylases are divided into three categories

Specificity of
Types of amylase glycosidic | Mode of Action | Products | References
bonds
a-amylase (Glucan- | a-(1-4)- Endo Linear and | [7, 8, 24]
1,4- a- glucosyl oligosaccharides | branched
glucanohydrolase)
p-amylase (Glucan- | a-(1-4)- Exo Dextrin Maltose and | [9, 10]
1,4- a- glucosyl dextrin
maltohydrolase) limit
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y-amylase (Exo-1,4- | a-(1-4)- Exo / Endo Glucose [8,17]
a-glucosidase; glucosyl and
glucohydrolase) Glucose a-(1-
6)-
Glucosyl
a-amylases

The enzymes known as alpha-amylases (EC 3.2.1.1) can break down
polysaccharides like starch and glycogen [18]. These enzymes, which are found in
fungi and bacteria, offer significant biotechnological potential because they are
used in a variety of industrial fields, from food to biofuels (Figure.l) [18, 19].
Furthermore, a-amylasesdue to the advantages of growth on low-cost renewable
substrates, simplicity of enzyme extraction, broader pH and temperature stability,
and the lack of a cofactor requirement, it is a good candidate for industrial amylase
production in case it covers 25% of the market for industrial enzymes [10, 20].Its

activity increases by K+¥, Na*, Mg>* and Cax*[21].

p-amylases

Beta - amylase (EC 3.2.1.2) is an exo-enzyme that shows high specificity for
cleaving the a-1, 4-glucosidic linkage of starch from the non-reducing end, thereby
liberating maltose P-amylase from Bacillus aryabhattai is novel[22]. On the other
hand, catalyze starch hydrolysis into maltose within the polysaccharide chain
(endo). Despite the fact that the critical catalytic residues are identical to those
found in amylases, which are typically a pair of carboxylic acids, these acidic
residues are 6-12 pH. [23, 24, 25]. The optimal amounts of enzymes used in the
production of maltose syrup led to a maltose content more advanced than those
using enzymes from soy beans and microbes [26].
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Figure.l1 Amylases in different industrial application

Only seven microbial -amylases have been sequenced and described, but many
-amylases have been discovered, the majority of which are from plants. Two
primary clusters are readily visible in the results: one for microbes and one for
plants [16] (Figure.2).

Medicago sativa (022585.1) &
Vigna unguiculata (064407.1)
Glycine max (P10538.3)

Hordeum vulgare (P82993.1)
Zea mays (P55005.1)
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~ Plant B-amylases

idopsis thaliana (023553.3)
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2
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100 E Bacillus firmus (P96513.1)
100 - Paenibacillus polymyxa (3VOC_A)

Figure. 2. Phylogenetic tree of f-amylases identified from different

0.10

microorganisms and plants

Gluco-amylases

Glucoamylase (GA), also known as amylo-glucosidase or gluco-amylase (EC
3.2.1.3), is a biocatalyst that inverts the anomeric structure of a -1,4 glycosidic
linkages in raw (sparsely soluble) or soluble starches and related oligosaccharides
to produce h-glucose. The enzyme not only hydrolyzes a -1,4 linkages but also a-
1,6 glycosidic starch linkages slowly. In stirred tank vessels, airlift reactors, or

stacked trays, submerged, solid-state, and semisolid-state fermentation can all be

96




Emerging Innovative Research in Science and Technology

used to make glucoseamylases (Table.2)[ 27, 28, 29]. The output of GA is influenced
by the bioreactor's design and method of operation. In flasks, trays, rotary reactors,
and columns (horizontal and vertical) bioreactors, GA production has been
investigated [30, 31, and 32]. Aspergillus nigerusing glucoamylase is a major
industrial biocatalyst which is used to mass produce glucose from raw starch or
soluble oligo-nucleotides (Table.3)[33, 34].

The industrial enzyme gluco-amylase is one of the most significant and widely
utilized enzymes, with applications in sugar, ethanol, and bread [35], beer, textiles
and pharmaceuticals. The hydrolysis of a-1, 4 and -1, 6 glycosidic linkages in starch
and similar oligosaccharides from non-reducing ends to release a-d-glucose could
be catalyzed by gluco-amylase [22] (Figure. 3). Commercial gluco-amylases are
now derived primarily from filamentous fungus like Aspergillus niger, Rhizopus
niveus, and Rizopus delemar, which have intermediate thermo stability and slow

catalytic activity [36, 37].

/Transilion b:tzlte (TS)
@+@
maltose glucose
Figure. 3. Bond breakdown by gluco-amylases in Maltose to glucose

Table. 2 Amylases have the potential to be used in a variety of industrial processes

Temp. pH
Sources optimum Activi Activi
Enzyme of Strain p("C)/ optin.u.lm/ Enhancteyd Inhibittzr References
. stability
stability
Lp_0179 40-65 4-7 In 5mM
Lp_2757 30-37 4-6 Cu?*
LB04 65 3 In 5mM K¥, Pb2+,
Aspergillus 395 45 Fe2* Fe3* [38, 10, 39,
a-amylases oryzae Na+, Mg2+ Cd2+ 10]
PersiAmy1l 90 9 and Cas*. Cu?*
Mn2+,
“’aerase 50 4585 Co?*
Hg2+
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. Cu2+
Bacillus K+, Na+,
B-amylases , 50 6.5 and [22, 41]
aryabhattai Zn2+, Mg2+
Hg2+
AtriGA15A Cd2+
Glucoamylases | Aspergillus 40-45 4-5 K+, Na+, Cu?+
tritici WZ99
AmylT
my ) Mn2+
Tetracladium 30 6 Mg2
sp.
Caulo GA [8,12.26,34.
Caulobacter Co?* 42]
40 5 Zn2+
crescentus Hg2
CB15
Caulo GA
aulo G Cuo+
Caulobacter
40 5-9 K+, Na+ and
crescentus Hoo+
CB15 &

Table. 3 Amylases have the potential to be used in a variety of industrial processes

and medical applications

Industries Potential microbe’s Optimum temp. References
& pH
Starch Sacchari Bacillus amyloliquefa- 60 °C, pH?7.0 [23]
fication and ciens BH072 80 -C, pH 6.0
Liquefaction Geobacillus sp. K1C
Baking Bacillus subtilis strain 60 °C, pH 4.0-6.0 | [43, 35]
US586 55-CpH 6.0-7.0
Laceyella sp. DS3 (ex-
pressed in Escherichia
coli BL21
Beverages Thermomyces dupontii 60 °C, pH 6.5 [44]
(Expressed in Koma- 72 °C,
gataella phaffii
Detergent Bacillus licheniformis PH 8, 40-C [45, 46, 47]
MTCC1483, 70 °C; -
PersiAmy1
Anoxybacillus
thermarum A4 strain 65 °C; 60-70 °C
Bacillus sp. BCC 01-50
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Textile and Leather | Bacillus licheniformis pH6.5, 80-C [48]
Biodegradation Bacillus licheniformis pH 6.0 and 65 °C | [49]
HULUB1 and Bacillus
subtilis SUNGB2
Fuel alcohol Escherichia coli or Bacillus 55-CpH 6.0-7.0 |[50,6,51]
production subtilisBacillus licheniformis

Factors Affecting the Production of a-Amylase

Several physicochemical characteristics influence the level of enzyme
production; thus, optimizing them is necessary to increase enzyme yield by several
times. PH, temperature, incubation length, moisture content, agitation, inoculum
level, and various organic and inorganic nutritional supplements are some of the
basic parameters (Figure.4). One-factor-at-a-time (OFAT) optimization is used

when just one variable is changed while all other variables remain constant [12, 52].

Downstream
Processing:
the biggest
Challenge
Strategies for
Enhancing
Enzyme
Stability

. e
.- . .=
B O

Figure.4 Different factors are affecting amylase production

Process
Parameter
Optimization

Industrial Application of Amylase
Conversion of Starch

In order to hydrolyze starch during the starch liquefaction process, which
converts starch into fructose and glucose syrups, the starch industry most usually
uses a -amylases [53, 8, and 12]. All starch can be converted enzymatically in a
variety of ways, including gelatinization, which involves the dissolution of starch

granules and the production of a viscous suspension, liquefaction, which involves
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partial hydrolysis and loss of viscosity, and saccharification, which involves the

production of glucose and maltose through additional hydrolysis [54, 10, and 15].

Detergent Industry

These enzymes convert the remains of starchy foods like potatoes, gravies,
custard, chocolate, etc. into dextrins and other smaller oligosaccharides in
automatic dishwashing machines and laundry detergents [55, 14, and 27]. One of
the most important properties for using amylases in detergents when the washing
environment is extremely oxidizing is their oxidative stability. Amylases are active
at lower temperatures and an alkaline pH, maintaining the necessary stability
under detergent-like conditions [56, 13, and 29].

Fuel Alcohol Production

Ethanol is the most widely used liquid biofuel. Due to its low cost and
widespread availability as a raw material in the majority of the world, starch is the
most often used substrate for the synthesis of ethanol [57,33 and 44]. Fermentation,
which involves converting sugar into ethanol using an ethanol-fermenting microbe
like yeast, comes after liquification and saccharification, which involve first turning
starch into sugar using an amylolytic microorganism or enzymes like a-amylase.
cerevisiae, or Saccharomyces cerevisize. Bacteria, such as a- amylase from
thermoresistant strains of Escherichia coli or Bacillus subtilis or from modified strains
of Bacillus licheniformis, are utilized in the initial stage of the hydrolysis of starch

suspensions for the manufacture of ethanol [12,25,34,50].

Food Industry

Brewing, making sweets, and baking all use a -amylases in various ways [59, 16,
28, 34]. Due to its beneficial properties, including high pH stability, Ca?*
independence, strong activity towards starch saccharification, thermostability, and
high production of maltose syrup, RmAmyA, a novel high maltose-forming a -
amylase from Rhizomucor miehei, has a promising future in the food industry [60,
35, 18]. Before processing, amylases are used to clear beer, fruit juices, and animal
feed to improve the digestion of fiber. The ability of a -amylases to prevent staling,
particularly in baked goods, extends their shelf life and improves their softness [61,
16, 34].
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Textile Industry

In order to strengthen the thread before it is turned into fabric, starch, a sizing
agent, is widely employed in the textile industry [62, 25]. Desizing is the process of
removing the starch from the fabric, which acts as a reinforcement to keep the warp
thread from snapping during the weaving process. In the textile business, amylases
are used in the desizing procedure. The -amylases specifically remove only the size
while sparing the fibers [62, 38]. The textile industry has traditionally utilized a
bacillus strain to produce amylase [63, 39]. Cloned into E. coli, highly heat-resistant
a-amylases from Thermotoga petrophila have the ability to shrink fabric [61, 41].

Paper Industry

Paper artifacts frequently get starch stains. The surface of the paper is deformed
by this stain, which also promotes the development of microbial deterioration [64,7,
and 31]. The starch of coated paper is modified by a -amylases in the pulp and
paper industry, resulting in low-viscosity, high molecular weight starch [6, 13]. For
the elimination of starch strains, silver and gold nanoparticles are also used in

addition to a -amylases [64, 19].

Pharmaceutical Industry

For enzyme applications in the pharmaceutical and medicinal industries, high
purity amylases are required [6, 14]. As a digestive tonic, a-amylase is widely used
to treat digestive problems. Additionally, amylase and dextran or dextrins are
frequently included in pharmaceutical formulations [12, 29]. A candidate for
application in the pharmaceutical industry is a version of -amylase that has been
immobilized [65, 33].

Conclusion

Since many years ago, a-amylase has been widely used in starch-based
industries. Although there are many microbiological sources for the effective
production of this enzyme, only a few carefully chosen strains of fungi and bacteria
are suitable for industrial production. More recently, a number of writers have
demonstrated successful methods for developing amylase purification, allowing
use in the pharmaceutical and therapeutic fields that demand very pure amylases.
By overcoming the issues brought on by improper disposal of these solid wastes,
the use of agro-waste residue will also assist to protect the environment. The

purification process must be handled carefully because the function of amylase
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depends on its level of purity. Extremophiles should be researched rather than
isolating Amylase from merely common microorganisms. They produce
distinctive, stable amylases that can tolerate a variety of challenging environmental
circumstances and have outstanding metabolic qualities. A variety of mutagenesis
techniques can be employed to construct wild-type amylases using computer-aided
structural design. An exceptionally stable amylase for industrial usage will be
produced using this technique. Above were described other techniques for

obtaining stable and industrial-grade amylase.
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Abstract

Calocybe indica (milky mushroom) is a edible mushroom which have good nutritional and
medicinal values. Mushrooms are generally healthy foods, low in calorie and fats, higher amount of
vitamins, fibres and minerals. Numerous substrates like agricultural wastes are used for the
cultivation of milky mushroom. Previous studies reported that the paddy straw and wheat straw are
used as a best substrate for the milky mushroom cultivation. Both substrate act as a popular variety
because of its different flavour, richer protein content, pleasant tastes and shorter harvesting period
compared to other. This chapter contains with comparative study of two substrates for the
cultivation of milky mushroom (Calocybe indica).
Keywords: Calocyba indica, Paddy straw, Wheat straw, Healthy foods, Cultivation.

Introduction

Fungi synthesize numerous extra cellular enzymes and secondary metabolites.
It also produces organic acids, pigments and other food additives. They are act as a
antibiotic and immunosuppressant. Mushrooms are most known edible
filamentous fungi. Natural products have been considered as solutions to health,
due to their minimum adverse effects [1]. It may be cultivated in a range between
20° and 30°C, and a relative humidity of 55-75% is needed. The possibilities for
harvesting and processing are excellent in the northeast. Mushrooms come in two
primary varieties: button and oyster. Milky mushrooms do not require a significant
investment and are simple to collect and process. The Calocybe indica high yield
strain thrives in a temperature range of 24°C to 27°C. Although they are very low
in sugar and fat and high in vitamins and minerals, mushrooms provide many
nutritional benefits. The application of edible fungi in nutraceuticals, functional
foods, and tumor prevention and treatment has been investigated [2]. Additionally,
they are abundant in protein and unsaturated fatty acids.

The fruiting body of a fungus that produces mushrooms is fleshy, bears spores,

and usually grows on soil or its feeding supply. Since ancient times, Greeks and
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Romans have used mushrooms as part of their diet. They were referred to as "food
of God" by the Romans and "elixir of life" by the Chinese [3]. For their flavor,
texture, and in some cases for their therapeutic qualities, mushrooms have long
been valued. They are a very nutritious food and a significant potential source of
biologically active substances from a physiological basis. Mushrooms are currently
recognized as being high in high-quality protein, having a sufficient proportion of
unsaturated fatty acids, and having a low enough nucleic acid level to be used
regularly as a vegetable[4].

Nutritional Value

Mushrooms are naturally high in digestible proteins and low in fat. Mushrooms
have increased protein, carbohydrate, fat, ash, and moisture nutritional values [5].
Mushrooms are largely made up of unsaturated fatty acids, which are less harmful
to your health than saturated fatty acids found in animal fats [6]. Mushrooms also
have a high concentration of amino acids [7]. The most prevalent essential amino
acids in mushrooms are leucine, valine, glutamic acid, and aspartic acid [8].
Mushrooms can be utilized as a dietary source to combat malnutrition. Because of
their great digestion, mushrooms are being examined as a potential alternative for
muscle protein [9].Aside from protein, mushrooms are an excellent source of
vitamin-D, which is not found in other food supplements [10]. It's high in thiamine,
riboflavin, nicotinic acid, pyridoxine, biotin, and ascorbic acid [11].

Mushrooms have high nutritional value, in particular as a source of protein that
can improve human diets [12]. Linoleic acid and oleic acid were discovered to be
the most abundant unsaturated fatty acids in Calocybe indica. When compared to
proteins and carbs, the fat content of mushrooms appears to be quite low.
Furthermore, the mushroom's fats are dominated by unsaturated fatty acids.
Because of their high protein content, mushrooms are thought to be a useful food
supplement for aquaculture. The key macronutrient absorption in the intestine is
sodium, magnesium, potassium, and calcium, which are used for regular

metabolism [13].

Typesof Mushroom

Mushrooms are found in diverse agro-climatic conditions ranging from arid to
evergreen forest conditions. Worldwide more than 3000 mushrooms have been
identified as edible, of which 200types are reported to have been produced under
controlled conditions. There are about a dozen varieties which are cultivated on
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commercial scale. In India, more than 300 varieties of mushrooms are found in the
wild. The major mushroom varieties of commercial importance are Button
(Agaricus bisporus, A. bitorquis), Oyster (Pleurotus sp.), Milky Mushroom (Calocybe
indica), Paddy Straw (Volvariella sp.), Black Ear (Auricularia sp.), Shiitake (Lentinula
edodes), Winter mushroom (Flammulina velutipes), Reishi (Ganoderma lucidum) etc. In
India, three types, namely button, oyster and straw mushroom are extensively

cultivated on commercial scale [14].

Milky Mushroom (Calocybe indica)

Calocybe indica, commonly referred to as the milky white mushroom, is a type of
edible mushroom native to India. The name is derived from the Ancient Greek
words kalos ("pretty") and cubos ("head"). The milky white mushrooms appear in
fields after rainfall in the summer. It is traditionally eaten and grown in West
Bengal, but it is also grown commercially across many Indian states and other
tropical nations. It may be grown all year in hot, humid climates with temperatures
ranging from 25 to 35 °C. The advantage of growing at higher temperatures opens
up new opportunities for profitably exploring milky white mushroom farming
around the world [14].

Cultivation of Species (Calocybe indica)

Mushroom cultivation very recently began in India, and the country is quickly
rising as a significant mushroom growing country in the globe. These are a diverse
group with varying sizes, forms, personalities, colours, and physical characteristics
[15]. During the monsoon season, the majority of edible mushrooms grow
spontaneously. Agaricus, Pleurotus, Volvariella, Calocybe, Termitomyces, Tuber,
Morchella, and Auricularia are other common genera. It may grow on a range of
substrates, including unfermented rice straw, chopped banana pseudostem, tree
stumps and logs, industrial byproducts, and plant wastes [16]. Calocybe indicaalso
known as "Dhuth chatta"(meaning "Milky white mushroom" and which is native to
India).Milky white mushrooms can be found growing in tropical and subtropical
parts of India on humus-rich soil in agricultural fields or along the roadside. The
benefits of milky mushrooms include an easy cultivation method, minimal
investment, a highly attractive fruiting body, an appealing milk-white shade, a long

shelf life, being more nutritional, and taking less time to grow [17].
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Substrates

Milky mushroom cultivation uses a variety of agricultural waste materials such
as wheat straw, cotton waste, paper waste, banana leaves, sawdust, sugarcane
bagasse, corncobs, peanut hull, and so on [18]. Many attempts have been
undertaken to determine the optimal substrate for increased Calocybe indica output.
The milky mushroom developed on a sterile substrate of paddy straw, maize, or
wheat bran [19]. Wheat straw, maize stalks, sorghum stalks, sorghum meal, and
wheat bran were examined as a basal substrate for Calocybe indica development.
Wheat straw was the most effective substrate for fruit body formation. Paddy straw
has shown significant potential as a raw material and provides an economically

feasible way of producing milky mushrooms [20].

Materials and Methods
Compost Preparation(Spawning)

Paddy straw, wheat straw, and vegetable plant leftovers were used to grow
milky mushrooms. Paddy straw and wheat straw are both readily available and
inexpensive. It is extensively utilized for milky mushroom cultivation. For more
than 12 hours, paddy straw or wheat straw was soaked in fresh water with
formalin and carbendazim. Excess straw water was drained by spreading it over
jute fabric. Wheat straw or paddy straw is supplemented with organic and
inorganic nitrogen fertilizers in synthetic compost. Compost can be made using
either a long or short composting approach. Only those with pasteurizing
capabilities can use the shortcut approach. A good compost is dark-brown, free of

ammonia, with low greasiness and 65-70% moisture [20].

Spewing and Casing

A bottle of spawns will cover 35 kilograms of compost spread over 0.75 square
meters (approximately two trays). Trays are then stacked and covered with
newspapers in the cropping room. They have 2% formalin sprinkled on them. The
ideal room temperature is around 18°C with a humidity level of 95%. To stimulate
the growth of sporophores, compost colonized with mushroom mycelium is
covered with a 3-5cm thick casing layer in commercial mushroom cultivation.
Edible mushroom cultivation has a long tradition, and the use of casing to
encourage the growth of sporophores has been done since the 17th century. The
primary function of the casing layer is the mass generation of mushrooms. The

transition from vegetative growth to the fruting stage is accompanied by significant
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morphological changes brought on by the capping layer, a nutrient-poor medium.
Casing is typically carried out to provide a surface where uniform frutification can
occur as well as to offer anchoring and crucial reserves for mushroom sporophores
to develop. Peat/moss is used for casing in the majority of regions where
mushrooms are grown, either by itself or in conjunction with other materials [20].
Cropping

Following casing, the beds must be incubated before being covered in polythene
sheets. Room temperature should be between 24 and 28 °C, relative humidity
should be between 80 and 95 percent, and light intensity should be between 1600
and 3200 lux. In this chamber, proper ventilation is also necessary for the growth.
To keep the surface of the casing at 50-60% moisture, the beds are often sprayed
with water. In general, pinheads start to form 8-10 days after casing, and the first
harvest can be made 6-8 days afterwards. The casing medium is slightly flattened
again after the first harvest and constantly sprayed with water.

Harvesting, storing, and selling mushrooms are the final steps in mushroom
production. Milky mushrooms develop at a rapid pace. Mushrooms must be
gathered twice a day, in the morning and at night. Harvest the mushroom before
the margins of the caps flatten out completely or even flip up. Having a slight role
on the edge of the Milky mushroom will keep the mushroom's optimal texture and
storability. Two crates and plastic bins with openings for air movement can be used
for harvesting. Harvesting at this point also reduces the number of spores emitted

by the mushroom. The mushroom should not be overpacked [20].

Effect of Substrate

In the milky mushroom cultivation, wheat straw substrate required fewer days
for complete spawn run, first harvest, and fruiting bodies than paddy straw. The
maximum yield in paddy straw was higher than in wheat straw. Both paddy straw
and wheat straw demonstrated significant biological efficiency [20]. As a result,
while wheat straw required the fewest days for spawn run and pinhead
development for Calocybe indica, paddy straw produced the greatest quantity [21].
Calocybe indica culture was carried out on paddy straw waste and resulted in an
outstanding yield after 15 days. In the cultivation of milky mushrooms, wheat
straw needed only a few days and produced the lowest yield [22]. On the wheat
straw substrate, the total yield, number of fruiting bodies, biological effectiveness,
protein, phosphorus, and potassium contents, maximum pileus diameter, and stalk

length were all noted. The yield and qualities that contribute to yield will be
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improved by the addition of supplements to the substrate [23]. It took 14 days for
the spawn to flow on paddy straw substrates, and 500g of yield was obtained per
1500g of substrate. According to reports, paddy straw is the greatest substrate for
growing milky mushrooms [24]. The spawn run in wheat straw can be completed
in as little as 13.67 days, and it can be collected with a lower yield than paddy straw
[20]. For the growth of milky mushrooms, wheat straw proved to be a superior
substrate [25].

Mushroom Consumption

In the future decades, there will be an increase in demand for high-quality foods
like mushrooms due to population growth, urbanization, and changing dietary
habits. Mushrooms are excellent in digestibility, necessary amino acids, and
protein, as has already been stated [26]. Mushrooms are beneficial for the heart as
well because they contain a lot of antioxidants and unsaturated fatty acids. Some
mushrooms include substances that are known to decrease blood cholesterol.
Additionally, mushrooms have a high potassium and low sodium content, making
them a healthy diet for people with high blood pressure [27, 30]. The mushrooms
are also thought to be beneficial for diabetics. These are beneficial for the digestive
system because they are also high in fiber. These characteristics classify the
mushroom as a functional food and a nutraceutical [28, 26]. It is necessary to spread
awareness of the health advantages and cooking techniques for mushrooms in
order to increase local consumption. The capability of antioxidants may be
increased by these active molecules' involvement in scavenging processes [29].
Additionally, our findings concur with earlier studies, which found that Calocybe
sp. edible mushrooms had the highest levels of "antioxidant power" in their

chemical and biochemical assays [30, 27].

Conclusion

Milky mushrooms are the least expensive and easiest to cultivate of all the
farmed edible mushrooms. The nutritional value of milky mushroom is attributed
to its high levels of vitamins, proteins, and non-saturated fatty acids. Milky
mushroom consumption lowers cholesterol levels, diabetes, and has been linked to
anti-cancer properties. The production of milky mushrooms is primarily
determined by the spawn and substrate used. many spawn substrates used in the
development of milky mushrooms. Paddy straw was discovered to be the optimum

substrate for the production of milky mushrooms, as previously reported. Because
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of differences in nutritional value and physical qualities, the production potential
of various substrates varies. Here, Paddy straw and wheat straw were used as a
best substrate to get a good yield of milky mushroom. This reviewstates that the
wheat straw took minimum days for cultivation of milky mushroomand the paddy
straw has high water holding capacity for cultivation of milky mushroom.The
future study on milky mushroom cultivation using other substrates can be

processed.
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CHAPTER 11
JACKFRUIT AS A KEY INGREDIENT IN PLANT-BASED MEAT

ALTERNATIVES: A COMPREHENSIVE REVIEW OF
MANUFACTURING, NUTRITIONAL COMPOSITION,
SENSORY ATTRIBUTES, AND CONSUMER ACCEPTANCE
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Abstract

A variety of meat substitutes have been created in response to the rising desire for healthy,
plant-based eating options. Due to its distinct texture and flavor, jackfruit, a versatile tropical fruit,
has drawn significant interest as a major component in plant-based meat products. The
manufacturing process, nutritional makeup, sensory qualities, and consumer acceptance of plant-
based meat substitutes that use jackfruit as a main ingredient are all thoroughly examined in this
research. Picking ripe jackfruit, using processing methods like shredding and marinating, and
creating ingredients to improve flavor, texture, and nutritional content are all part of the
manufacturing process. A balanced diet is aided by the nutritional makeup of meat substitutes based
on jackfruit, which includes both macronutrients and micronutrients. To provide an enjoyable
shopping experience for the consumer, sensory qualities including texture, flavor, and appearance
are assessed. Consumer studies have been carried out to evaluate the preferences and acceptance of
meat substitutes made from jackfruit, taking into account elements like flavor, texture, familiarity,
and desire to purchase. The increasing demand for these products is also reflected in market
developments, with accessibility, cost, and customer demographics playing major roles. The review
also emphasizes potential health effects and discusses the environmental impact of using jackfruit as
a sustainable component. Overall, this thorough evaluation clarifies the potential of meat substitutes
made from jackfruit as a promising and sustainable choice in the plant-based food sector.
Keywords: Plant-based meat, jackfruit, alternative ingredients, sustainability, sensory attributes,
consumer acceptance.

Introduction

In recent years, there has been a striking increase in the demand for plant-based,
sustainable food solutions worldwide. This change in customer preferences has
encouraged the creation and production of meat substitutes, which offer a practical
and sustainable alternative to traditional animal-based products. Jackfruit has

drawn a lot of attention as a major element among the wide variety of plant-based
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substances used in these substitutes because of its distinctive qualities, including
texture and flavor.The tropical fruit jackfruit (Artocarpus heterophyllus), which is
gaining popularity as a promising component due to its distinctive fibrous texture
and mild flavor, is one such ingredient [1]. With the right preparation, jackfruit
may closely resemble the texture of meat, making it a popular ingredient. The
purpose of this review study is to investigate the possibility of jackfruit as a
replacement ingredient in plant-based meat alternatives. The versatility of jackfruit
in cooking has long made it a beloved tropical fruit that is native to South and
Southeast Asia. Its fibrous and flesh-like texture, when correctly prepared, makes it
a perfect choice for making plant-based meat substitutes that resemble the flavor
and appearance of animal-based goods. Additionally, because jackfruit has a
moderate, somewhat sweet flavor, it can be prepared with a variety of seasonings
and spices, which improve flavor and create a pleasurable sensory experience
[2].But there are difficulties in using jackfruit as a substitute for meat in plant-based
products. To obtain the correct texture and flavor profiles, processing methods
must be optimized. In addition, since taste, texture, and familiarity are key factors
in consumer acceptability of plant-based meats made from jackfruit, it is important
to take into account how consumers view these products.This review study intends
to add to the expanding body of knowledge on wholesome and sustainable
substitutes for conventional meat products by investigating the possibilities of
jackfruit in plant-based meat compositions. By gaining a better understanding of
the qualities, uses, and difficulties of jackfruit, we can advance the advancement of
plant-based meat products and advance the establishment of a more moral and

sustainable food system.

Methodology
Harvesting and Selection

The initial step in the production of plant-based meat using jackfruit is the
collection and selection of ripe jackfruit. The greatest flavor and texture of jackfruit
are guaranteed when it is harvested at the ideal stage of maturity [3]. Ripe Jackfruit
can be recognized by its sweet aroma, vivid color, and somewhat pliable flesh. To
obtain desired qualities in the finished product, careful selection of high-quality

jackfruit is essential.
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Processing Techniques

The jackfruit is harvested and carefully chosen before going through a variety of
processing steps to give it a texture-like flesh [4]. Typical processing methods
include:

Washing and Peeling: To get rid of any dirt or impurities, the harvested
jackfruit is thoroughly washed. The fruit’s edible portion is then revealed when the
outer peel has been removed.

De-Seeding: Jackfruit pods are stripped of their enormous, difficult seeds. The
goal is to produce plant-based meat by using the fruit's fibrous flesh.

Cooking:Jackfruit flesh is boiled to make it softer and make it easier to separate
the fibers. Depending on the desired texture and flavor, different cooking
techniques are used, such as boiling, steaming, or pressure cooking.

Pulping or Shredding:The cooked jackfruit is pulped or shredded to give it a
fibrous texture similar to pulled or shredded beef. The ideal meat-like appearance

and mouthfeel are made possible by this procedure

Formulation and Ingredient Combination

To improve flavor, nutritional profile, and binding qualities, the jackfruit is
blended with other ingredients after being processed into a texture resembling
flesh. To make a well-rounded and tasty plant-based meat composition, other
plant-based ingredients can be added, such as legume flour, soy protein, gluten,
and spices [5]. Depending on the desired flavor and the properties of the final

product, the exact ingredient mix may change.

Production on an Industrial Scale

Jackfruit-based formulations are produced on an industrial scale to satisfy the
rising demand for plant-based meat products. To assure consistency and quality
across batches, industrial-scale production includes optimizing processing
methods, ingredient ratios, and product consistency [6]. To increase productivity
and satisfy production goals, large-scale machinery, and automated procedures
may be used. To assure customer safety and the integrity of the product, strict
adherence to food safety laws and quality control standards is necessary.Plant-
based meat producers can produce jackfruit-based meat substitutes that closely
mirror the feel and appearance of conventional meat products while providing the
advantages of sustainability and minimal environmental impact by using these

manufacturing techniques.
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It is vital to remember that different manufacturers and product formulas may
use different specialized manufacturing procedures. Research and development
efforts are still being undertaken in this field to examine and improve production
methods to raise the caliber and acceptance of plant-based meat products created
with jackfruit as an alternative ingredient.

Nutritional Composition
Macronutrients

Jackfruit’s nutritional profile has a big impact on whether or not it can be used
as a component in products that are made to resemble meat from plants [7]. To
increase the nutritional value of jackfruit, a variety of macronutrients are offered:

Carbohydrates: Jackfruit has a lot of carbohydrates, mainly in the form of
dietary fiber and unrefined sugars. In addition to giving us energy, carbohydrates
also help give plant-based meat products their overall texture and mouth feel.

Protein:Although jackfruit has a little quantity of protein compared to meat
from animals, it is nonetheless there. Protein, a crucial ingredient of meat
substitutes made from plants, is necessary for muscle growth and repair. To boost
the protein content of meat substitutes made from jackfruit, however, additional
protein sources might be required.

Fat: Jackfruit has a comparatively low-fat content, which may be appealing to
people looking for low-fat plant-based foods. Unsaturated fats, which are thought
to be better and may contribute to a favorable nutritional profile, make up the

majority of the jackfruit’s fat composition.

Micronutrients

Several micronutrients are also present in jackfruit, adding to its nutritional
worth and health advantages.

Vitamins:Vitamin C, vitamin A, and many B vitamins are all present in
jackfruit. These vitamins are crucial for maintaining overall health, boosting
immune system performance, and supporting some physiological functions.

Minerals:Jackfruit is an excellent source of calcium, magnesium, and
potassium. These minerals are essential for supporting healthy body processes like
muscular contraction, nerve conduction, and bone health.

Dietary Fiber:Jackfruit is particularly high in this substance, which has several
positive health effects. Fibre facilitates digestion, encourages feelings of fullness,

and assists in controlling blood sugar levels.
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Jackfruit is a desirable ingredient in plant-based meat products because it
contains a variety of important macronutrients and micronutrients. To achieve a
well-rounded nutritional profile with acceptable protein content, it is crucial to take
into account the overall nutritional balance of the plant-based meat formulation

and make sure that other ingredients are included.

Sensory Qualities
Texture

A key sensory component of plant-based meat products, texture helps to
simulate the texture of traditional meat while also enhancing the entire eating
experience. When modified and optimized, the distinctive fibrous texture of
jackfruit can be made to approximate the texture of meat. The methods used to
prepare and process jackfruit can contribute to giving it a tender, fibrous, and
chewy texture that closely resembles that of some varieties of meat [8]. The cooked
jackfruit can further improve its capacity to mimic the texture of pulled or
shredded meat by being pulped or shred properly. Consumer acceptability and
enjoyment of plant-based meat made from jackfruit can be greatly influenced by its
texture.

Flavour

In plant-based meat substitutes, the flavor is still another crucial sensory
component. Even though jackfruit naturally has a mild, slightly sweet flavor, it
may be improved and changed by adding spice and other ingredients to create a
savory and meat-like flavor profile [9]. A more powerful and savory flavor that is
reminiscent of conventional meat can be produced using spices, herbs, and flavor
enhancers. To produce a flavor that customers would enjoy and that closely reflects
the flavors associated with various forms of meat, the flavor of jackfruit-based
plant-based meat should be carefully adjusted.

Appearance

Consumer acceptability of plant-based meat products, particularly those made
with jackfruit, depends on how they look. The fibrous texture of jackfruit, which
resembles the strands or fibers present in some forms of meat, might help it have
an appealing appearance [10]. Jackfruit can resemble pulled or shredded meat in
appearance when it has been properly processed. Through cooking or seasoning

methods, coloration and browning can be created, further strengthening the
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likeness to traditional meat. To draw customers, jackfruit-based plant-based meat
products should have an appetizing appearance and appear to be similar to meat.
For jackfruit-based plant-based meat products to be accepted and enjoyed by
consumers, the sensory qualities of texture, flavor, and appearance must be
optimized. To achieve these sensory qualities and produce a product that nearly
approaches the sensation of ingesting traditional meat, proper processing methods,
seasoning, and ingredient combinations are essential. For plant-based meat
products made from jackfruit to satisfy consumer expectations and preferences,

sensory evaluation and consumer testing are crucial phases.

Results and Discussions
Consumer Studies

The success of plant-based meat products employing jackfruit as an alternative
ingredient depends heavily on consumer acceptance. Understanding consumer
perceptions, preferences, and acceptability of these products depends heavily on
consumer studies and sensory assessments [11]. To acquire information on aspects
such as taste, texture, flavor, appearance, and general satisfaction, consumer
research may involve conducting questionnaires, focus groups, taste tests, and
preference studies. The sensory qualities and general consumer acceptance of meat
substitutes made from jackfruit are improved by these tests, which also help

identify areas for improvement and offer manufacturers useful input.

Market Trends

Keeping an eye on market trends is crucial for determining customer demand
for and acceptability of plant-based meat alternatives, especially those made using
jackfruit. Trends in the market offer useful information about consumer
preferences, buying patterns, and product placement. The best target market, target
audience, and marketingand branding tactics can all be understood by
manufacturers by analyzing market trends. The availability and diversity of meat
substitutes made from jackfruit, as well as comments and evaluations from
customers, can all be revealed by market trends [12]. With the use of this data,
product development, marketing strategies, and consumer education programs
may be better targeted to increase customer acceptance and market success.

Manufacturers can fine-tune jackfruit-based plant-based meat products to
match consumer preferences and expectations by understanding consumer

acceptance through consumer studies and keeping up with market developments.
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Manufacturers can create goods that offer sustainable and nutritious alternatives as
well as items that are popular with customers and contribute to the expanding
market for plant-based meat by taking consumer insights and market dynamics

into account.

Environmental and Health Implications

Jackfruit-based plant-based meat products may have less of an impact on the
environment than traditional meat products do [13]. Alternatives based on jackfruit
provide various environmental advantages over traditional meat production,
such as:

o Less land used:Producing meat from plants uses less land than producing
cattle, helping to preserve natural habitats and halt deforestation.

e Less water footprint: Plant-based meat products made from jackfruit typically
have a lower water footprint than meat made from animals, which helps
save water resources.

o Less greenhouse gas emissions:The production of meat from jackfruit plants
emits fewer greenhouse gases than the production of traditional meat,
aiding in the fight against global warming.

e Biodiversity conservation: By lowering the demand for animal goods, jackfruit-
based plant-based meat products help ease pressures on biodiversity and
contribute to the preservation of ecosystems [14].

e The potential for jackfruit-based plant-based meat products to be more
environmentally sustainable than conventional meat products has been
suggested by the evidence so far, albeit additional investigation and analysis
are needed to determine their entire environmental impact.People can
actively contribute to environmental preservation and the fight against

climate change by making these choices.

Conclusion

The utilization of jackfruit in plant-based meat alternatives presents significant
prospects for the creation of savory and sustainable meat substitutes. When
properly processed, jackfruit can closely approximate the texture and appearance
of meat due to its distinct fibrous texture and mild flavor. Harvesting and selecting
ripe jackfruit, using a variety of processing methods, and blending it with other

ingredients to improve flavor and texture are all part of the manufacturing process.
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A key element in the success of meat substitutes made from jackfruit is
consumer acceptability. Producing goods that meet consumer expectations and
demands requires an understanding of consumer preferences, sensory assessments,
and market trend monitoring.Overall, the use of jackfruit in plant-based meat
replacements offers a chance to develop wholesome, sustainable substitutes that
can meet customer demand for meat-like products while addressing environmental
issues. To improve the production method and improve the sensory qualities of
jackfruit-based plant-based meat, further research, development, and consumer

education is required. This will ensure greater acceptance and market success.
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Abstract

Breastmilk monitoring is essential in neonatal care as it plays an important role in the growth
and development of infants during premature delivery. Main Conventional techniques for donated
breastmilk monitoring are often time-consuming, labor-intensive, and prone to human errot,
Environmental factors, weather conditions, etc,. Therefore, the essentials of an automated system
that can accurately identify, monitor, and classify the received and donated breastmilk have arisen.
The conventional techniques for the milk monitoring involve manual monitoring and recording of
the date, time and also quantity as well quality of breastmilk. The milk is then labeled with the
mother's name and stored in a refrigerator with normalized temperature range. However, in this
method is level to human error, and it is not easy to track the termination of breastmilk. In this
project, we proposition RFID-inbuilt breastmilk identification of class and monitoring system that
utilizes a temperature sensor, humidity sensor and a breast milk stage classification system using a
pH and color sensor. The proposed idea utilizes RFID methodology to accurately identify and
monitor the breastmilk. This proposed system also includes a humidity sensor and a temperature
sensor to monitor the breastmilk storage conditions in the refrigerator. The pH and color sensor are
used for breast milk stage classification and it will classify breastmilk into three stages: colostrum,
transitional milk and mature milk. By this we can improve immunity and health of infant. A breast
milk stage classification system using a pH and color sensor provides an automated, accurate, and
reliable method for breastmilk monitoring. This system has the assurance to reduce human error,
save time and ensure the provision of quality care to infants for their growth.
Keywords: Breast milk classification, identify, monitoring, sensors, Quality
improvements.
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Introduction

When the original mother is unable to breastfeed, the first alternative, if one is
available, should be the use of human milk from other sources, according to a 1980
joint statement from the WHO and UNICEF. There should be human milk banks.
Infants are typically fed through breast milk, which is often regarded as the best
first source of nutrition. Breast milk is a perishable food item, and if it is not
maintained at the proper temperature, its quality can quickly deteriorate. Breast
milk should be stored at a temperature of 0-4°C (32-39°F). By putting a
temperature sensor in a milk bank, personnel can monitor the temperature of the
stored milk and make sure that it stays within the advised range. If the temperature
increases above this range, bacteria can proliferate quickly, resulting in spoiling
and potentially hazardous amounts of bacteria. Keeping the milk safe and
nutritious helps to ensure that it is suitable for newborn intake. Colostrum
develops during pregnancy and persists for a few days following delivery. This
thicker, yellowish, sticky milk is crucial for safeguarding your child. It's incredibly
easy and simple to absorb colostrum. Colostrum contains the same nutrients as
later stages of milk, but the amounts vary and it is made to suit the needs of the
newborn baby. White blood cells and antibodies are abundant in colostrum, the
first milk. It guards against infections and is crucial for the digestive system of your
infant. The pH of colostrum ranges from 6.5 to 6.8, making it an acidic substance as
well. Transitional milk replaces colostrum after two to four days. Colostrum is
replaced with alteration milk. It is smooth, creamy and rich in fat, lactose, proteins,
and vitamins. Milk gradually transforms from yellow to white. You might notice
that your breasts are bigger, harder, and slightly uncomfortable when they begin to
stimulate. Any embarrassment during this stage can be reduced with regular
feeding. The pH range for transitional milk is 6.8 to 7.2. Your milk becomes fully
developed after a few weeks. It maintains consistency and has a lighter hue.
However, the makeup of your breast milk can still vary from day to day and
feeding to feeding. Between 7.0 and 7.4, mature milk's pH value is marginally
higher than that of transitional milk. (Ref 1,2,3)

Existing System

The current system, which outlines the steps the end-user, must do to utilize
and keep an eye on the system. The end user will initially have to turn the system
on and examine the alarm signs to ensure that all of the system's components are

connected and working properly. The end user will need to repair or connect any
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system components that the alarm system says are disconnected or malfunctioning,
then recheck the alarm system to make sure everything is linked. After the process
of operating the system, the end-user will then have to deliver the cooled milk
inside the storage tanker to respective dairy processing plants. The control unit will
have the buttons and screen through which the end-user will operate to view the
status (level and temperature) of the milk inside the tanker. The cooling capacity of
the thermoelectric cooling system of the process is dependent on the operating
temperature of the substance desired for cooling, quantity of thermoelectric
modules are often used, the type of thermoelectric module used and the applied

power of the proposed system.

Objective

1. To develop a breast milk stage classification system using pH and color sensors
that can classify breast milk into different stages based on its pH level and color
of the breast milk.

2. To design loT-based breast milk monitoring system that can provide real-time

feedback to nursing mothers regarding the status of breast milk.

Proposed System

The proposed system is to classify human breast milk into these three stages
using a pH sensor and color sensor, you would need to measure the pH and color
of the milk at different stages And IoT system which will directly monitor the
available status and stage of the milk and temperature and humidity of the
refrigerator cooling system which is present inside the milk bank for engaging the
process. Milk bank has sensing unit installed to it which has humidity and
temperature sensor, Arduino Uno as a gateway with Wi-Fi module using wireless
protocol for wireless communication between milk bank and cloud. Customizable
and with low knowledge curves, an automated environmental monitoring system
not only documents temperature but also the humidity to ensure the safety of milk.
Continuous monitoring and automatic update of temperature and other factors.
RFID-based breastmilk identification and monitoring system that can track the
status of breastmilk and provide real-time feedback to nursing mothers. RFID
Reader is used to reads the RFID TAG based smart milk pack and update the
available milk pack to the cloud using cayenne server. The user/consumer can

view milk with stored date & time without any human intervention.
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To classify human breast milk into these three stages using a pH sensor and
color sensor, you would need to measure the pH and color of the milk at different

stages

Colostrum -First stage of Breast Milk

Colostrum develops during pregnancy and persists for a few days following
delivery. This thicker, yellowish, sticky milk is crucial for safeguarding your child.
It's incredibly simple to absorb colostrum. Colostrum contains the same nutrients
as later stages of milk, but the amounts vary and it is made to suit the needs of the
newborn baby. White blood cells and antibodies are abundant in colostrum, the
first milk. It guards against infections and is crucial for the digestive system of your
infant. The pH of colostrum ranges from 6.5 to 6.8, making it an acidic substance as

well.

Transitional Milk - Second Stage of Breast Milk

In this stage, Colostrum is replaced with transition milk. It is smooth, creamy
and rich in fat, lactose, proteins, and also vitamins. Milk progressively transforms
from yellow to white. You might notice that your breasts are bigger, harder, and
slightly uncomfortable when they begin to stimulate. Any discomfort experienced
during this phase can be reduced with regular feeding. The pH range for
transitional milk is 6.8 to 7.2.

Mature Milk - Third Stage of Breast Milk

Your milk turns mature milk after a few weeks. It maintains its consistency and
is lighter in color. Your breast milk's content can still vary from day to day and feed
to feed, though. The pH range for mature milk is between 7.0 and 7.4, somewhat
higher than that of transitional milk.
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Conclusion

We recommend and proposed a RFID-based breastmilk system for the
recognition and monitoring system that utilizes a temperature sensor, a humidity
sensor and a breast milk stage classification system using a pH and color sensor
with respect to the operation. The system also includes a humidity sensor and a
temperature sensor to monitor the storage and time lapse conditions of breastmilk
in the refrigerator. The system breast milk stage classification system uses a pH
sensor and color sensor to classify the quality of breastmilk into three stages that is
named with the colostrum, transitional milk, and mature milk. The pH and color
sensor measures the pH level and color of the breastmilk and compares the reading
with pre-defined values for each and every and every stage of process involved.
The system provides us an automated, accurate and reliable efficient method for
breastmilk monitoring and conditioning. This system has the prospective to reduce

human error, save time, and ensure the provision of quality care to infants.

Result and Discussion

Breast Milk A
reast Vi s pH Sample Colour Stages
Sample
Sample 1 6.5 Yellow Colostrum milk
Sample 2 7 White Transitional milk
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Sample 3 6 Yellow Colostrum milk

Sample 4 7.5 Bluish white Mature milk

The system provides us an automated, accurate and reliable efficient method for

breastmilk monitoring and conditioning. This system has the prospective to reduce

human error, save time, and ensure the provision of quality care to infants.
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Abstract

The exploit of non-ionic surfactants in Cloud Point Extraction (CPE) consists of a two phase
process without the presence of an organic solvent. The aim of the present study is to optimize the
removal of Congo red from an aqueous solution using Triton X-114 as non-ionic surfactant by
Cloud Point Extraction technique. A three level factorial design and response surface methodology
were occupied to estimate the effects of operating temperature and surfactant concentration on
Cloud Point Extraction process. The effects of these factors on the following parameters were
estimated: percentage of Congo red dye extracted, ratio between phase volumes and residual
amounts of dye in dilute and surfactant rich phase after separation. Mathematical models were
urbanized to predict the effect of each variable and their connections with the extraction parameters.
A relationship between predicted values using model equations and experimental values revealed
that the correlation coefficients (Rz) were greater than 0.98.

The models were validated by analysis of variance, significance, and prediction, allowing the
optimization of process variables. Response surface methodology allows the optimization of process
variables. The results showed that 98% removal of Congo red dye using this technique.

Keywords: Congo red; surfactant; Triton X114; cloud point extraction.

Introduction

Dyes are complex aromatic molecular structures which are intended to be stable
and consequently are difficult to degrade. At present, there are more than 1,00,000
dyes available commercially (of which azo dyes, represent about 70% on weight
basis), and over 1 million tons dyes are produced per year, of which 50% are textile
dyes [1]. In India alone, dyestuff industry produces around 60,000 metric tons of
dyes, which is approximately 6.6% of total colorants used worldwide [2]. The

135




Emerging Innovative Research in Science and Technology

largest consumer of the dyes is the textile industry accounting for two third of the
total production of dyes [3].

Surfactant are amphiphilic molecules consisting of two different parts: one
hydrophilic (“water loving”) and the other hydrophobic (“water rejecting”). This
combination makes the surfactant ambivalent; the hydrophilic head group is
attracted to polar environments, for example water, while the hydrophobic tail is
attracted to non polar environments.

Extensive research carried out recently has confirmed the ability of surfactants
to affect the electronic absorption spectra of solutions of many dyes, viz,
triphenylmethanel, azo and phenothazine. Two types of interaction between dye
and surfactant may be observed depending on the chemical structure of both dye
and surfactant: at concentrations below the critical micelle concentration, decrease
in the absorbance with appearance of a new band indicates formation of a complex
between dye and surfactant and at high micelle concentrations, increased extinction
coefficient with a red shift which indicates incorporation of dye to micelle. The role
of solvents plays an important role as the solvent polarity affects the interaction
between the surfactants and dyes. Therefore, the understanding of those
interactions enables the prediction of characteristic behavior of the dye surfactant
mixture in the aqueous and mixed solvent systems.

Biological Science, Clinical Science, Social Science, Food Science, Physical and
Engineering Sciences. Since RSM has an extensive application in the real-world, it is
also important to know how and where Response Surface Methodology started in
the history. According to Hill and Hunter, RSM method was introduced by G.E.P.
Box and K.B. Wilson in 1951 (Wikipedia 2006). Box and Wilson suggested to use a
first-degree polynomial model to approximate the response variable. They
acknowledged that this model is only an approximation, not accurate, but such a
model is easy to estimate and apply, even when little is known about the process
(Wikipedia 2006). Moreover, Mead and Pike stated origin of RSM starts 1930s with
use of Response Curves (Myers, Khuri, and Carter 1989).

According to research conducted (Myers, Khuri, and Carter 1989), the
orthogonal design was motivated by Box and Wilson (1951) in the case of the first-
order model. For the second-order models, many subject-matter scientists and
engineers have a working knowledge of the central composite designs (CCDs) and
three-level designs by Box and Behnken (1960). Also, the same research states that
another important contribution came from Hartley (1959), who made an effort to

create a more economical or small composite design. There exist many papers in

136




Emerging Innovative Research in Science and Technology

the literatures about the response surface models. In contrast, 3-level fractional
design has limited works.

Thus, 3-level fractional design is an open research subject. Fractional Factorial
Experiment Design for Factor at 3-Levels (Connor and Zelen 1959) is a helpful
resource conducting this kind of design. Many three-level fractional factorial
designs and more importantly their alias tables can be found in their study.

According to (Myers, Khuri, and Carter 1989), the important development of
optimal design theory in the field of experimental design emerged following Word
World II. Elfving (1952, 1955, 1959), Chernoff (1053), Kiefer(1958,1959,1960,1962),
and Kiefer and Wolfowitz were some of the various authors who published their
work on optimality Therefore, RSM is being increasingly used in the industry.
Also, in recent years more emphasis has been placed by the chemical and
processing field for finding regions where there is an improvement in response
instead of finding the optimum response (Myers, Khuri, and Carter 1989). In result,
application and development of RSM will continue to be used in many areas in the

future.

Objective
e There is a need to obtain a model that represents CR removal considering
the effects of temperature and surfactant concentration, which interfere
directly on extraction efficiency.
e The following parameters were evaluated:

Phase volume.

- CR concentration in the dilute phase after separation.

- CR concentration in surfactant rich phase.

Extraction efficiency.

Materials and Methods
Materials

Congo red dye (FW: 991.82, Amax: 597 nm, dye content: 97%, product of INDIA),
and Triton X-114(t - Octylphenoxypolyoxyethylene ether), with approximately 8 - 9
ethoxy units per molecule (density at 25°C is 1.058 g. m1-1, Molecular weight (Mol.
Wit): 537, Amax:223 nm, purity: 95%, product of USA), were purchased from Sigma-
Aldrich, India. The critical micellar concentration (CMC) of TX-114 is 2.1x10~* M at
25°C and the cloud point temperature is 23°C. RTB G-133 dye was used as solute;
Triton X-114 was used as the non-ionic surfactant as shown in Figs.1 and 2,
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respectively. JASCO UV-Visible spectrophotometer was used for calibration and

measuring the dye concentration in dilute phase after phase separation.

O H
O

Fig.2 Molecular structure of TX-114

Cloud Point Extraction of CR Dye
Aqueous micellar solutions were prepared respectively, with varying

concentrations of dye (25 ppm, 50 ppm and 75 ppm) and Triton X-114 (0.01 M - 0.1
M). The samples were kept in the thermostatic bath maintained at the desired
temperatures (40°C, 50°C and 60°C, respectively) based on the cloud point
temperature (CPT) for 30 min. After the formation of heterogeneous clear phases,
the volumes of surfactant rich phase and dilute phase were noted down. Then, the
concentrations of RTB G-133 in dilute phases were determined by UV-Visible

spectrophotometer.

Experimental Design

There are two types of variables in the multivariate optimization procedure:
responses and factors. Responses are dependent variables; their values depend on
the levels of the factors [31, 32]. Factorial design was used at three levels: low,
medium, and high. The graphs, analysis of variance, and calculations of the effects
were obtained with DESIGN EXPERT.

Surfactant concentration(X1), dye concentration(X2) and temperature(X3) were
used as factors, both at three levels (Table 1). The assays were conducted in
duplicate and the mean value was used as the experimental response.

A total of 15 assays were performed, 14 related to the experimental design
matrix and one a repetition at the central point (0, 0, and 0). The design matrix and
the experimental results are shown in Table 2.

Temperatures and surfactant concentrations were selected for being above the
turbidity curve of the surfactant under study. The cloud point was determined by
visual observation. It is important to observe that the plot with CR dye showed
lower cloud point values. This is due to the interaction of the organic molecules

with the polar head group of surfactant.
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Level
Symbol
-1 0 1
Surfactant Concentration (M) X1 0.01 0.05 0.1
Dye Concentration (ppm) X2 25 50 75
Operating Temperature (°C) X3 40 50 60

Result and Discussion
Cloud point Extraction

The experimental results obtained are shown in Table 2. Percentage of dye

extracted (E); phase volume ratio (Rv); RB-5 concentration (Xs4) in the dilute phase

after separation; and RB-5 concentration (Xsr) in the surfactant-rich phase after

separation were determined.

Table 2 Experimental results for optimization of CR dye (25ppm, 50ppm and
75ppm) with TX-114 at various operating temperature (40°C, 50°C and 60°C)

TEST x1 x2 X3

1 -1 1 -1
2 =], 1 1
3 -1 -1 -1
4 <] 0 0
5 =1 =1 1
6 0 0 -1
7 0 1 0
8 1 1 -1
9 0 0 0
10 1 1 1
14 1 -1 -1
12 0 0 1
13 0 2 0
14 1 0 0
15 1 A 1

Regression Analysis and statistical assessment:

EXPERIMENTAL RESULTS

%E
75.212
81.652
82.368
82.851
87.316
90.288
90.829
93.519
93.703
96.136
96.343
96.855
96.855
97.481
99.684

RV Xs,d pprr Xs,r ppm

2.041

4.602

5.932

6.383
12.612
16.822
16.822
21.952
26.582
28.205
31.578
42.857
42.857
44.927
61.291

0.003
0.039
0.048
0.081
0.091
0.094
0.158
0.157
0.221
0.242
0.243
0.343

0.48
0.643
0.929

1.019
1.029
1.211
1.246
2.041
2.257
2.342
2.408
2418

2.82
3.106
3.406
3.506

3.655

CALCULATED RESULTS

%E
75.215
81.889
82.095
82.616
87.674
90.951
91.415
93.071
93.584
95.908
96.038

97
97
97.655
99.682

RV
2.242
4.372
5.436
6.507
13.013
16.904
17.611
21.794
26.911
27.877
31.059
42.969
43.824
44.686
60.972

Xs, d ppr Xs, d ppm

0.026
0.038
0.011
0.069
0.092
0.074

0.15
0.161
0.161
0.229
0.254
0.368
0.459
0.647
0.909

1.042
0.99
1.22

1.217

2.031

2.275

2.339

2.397

2.435

2.848

3.095

3.386

3.481

3.683

Regression analysis was applied to obtain the mathematical models, resulting in

second-order polynomial equations that express the relationship between each

response and the significant factors and iterations. The following models were

obtained by the experimental design:
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Statistical Assessment
Percentage of CR Dye Extracted (E)

The validity of the dye extraction model was determined by Analysis of
Variance (ANOVA), presented in Table 3 and the correlation measure used to
estimate the model was the coefficient of determination (R?). Table 3 shows that the
model exhibited significant regression at a 95% confidence level, (Fcalculated greater
than Fipled) with R? of 0.9979, demonstrating that the model explained 99.22% of the
variation in experimental data. The Model F-value of 140.72 implies the model is
significant and predictive. There is only a0.01% chance that a "Model F-Value" this
large could occur due to noise. The response surface graph of the proposed model
for dye extraction is depicted in Figure 4 (a). Surfactant concentration has a
predominant, favorable effect on dye removal, whereas temperature has no
influence on the final result.

Figure 4 (a) shows that the dominance of surfactant concentration on dye
extraction efficiency is more than the temperature. This can be explained by the
interaction between the surfactant and dye, the concentration of the former being
much higher when the coacervate phase is formed, tending to drag the
contaminant along with it, irrespective of temperature.

The effects of variables on dye extraction can be clearly observed in the Pareto
chart illustrated in Figure 4 (b). Within the 95% confidence interval, only surfactant
concentration had a significant effect on the model. Both the linear and quadratic
parts exhibit this characteristic. Figure 4 (c) shows the coherence between the
values calculated by the model and those obtained experimentally.

Percentage of Dye Extracted (%):
% E =93.58 + 7.49X1 - 2.24X2 + 2.54X5 + 0.76X1X2- 0.72X1X5 + 0.48X2X3 - 4.21X12 +
0.078X22 - 0.0089X22

069

75212
| X1 = Sufactant Concentraion
! X2=B: CR Concenlration
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) Actual Factor

Extraction Efficlency
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Figure (a): Response surface for dye extraction in (%)
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Figure (c): Coherence between predicted and observed values of % of Extraction

Phase Volume Ratio (Rv)

Table 3 demonstrates the significance of the proposed model via Analysis of
Variance (ANOVA) calculations. The coefficient of determination obtained was
0.9993. The value of the Fcalculated test was compared to that of Fiabled for Faistribution at
a 95% confidence level with the respective degrees of freedom. The Model F-value
of 1014.07 indicates that the proposed model is statistically significant, describing
responses as a function of the variables analyzed. According to the response
surface shown in Figure 5(a), the coacervate phase volume fraction increases with

arise in surfactant concentration. Given that the coacervate phase corresponds to
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practically all the surfactant in the system, the higher its concentration is, the higher
the volume fraction of this phase will be. In the case of temperature, volume
fraction decreases because the surfactant has lower hydrophilicity at a higher
temperature and forms an even more concentrate coacervate in the surfactant.
Figure 5(b) shows the effect of variables on coacervate phase volume fraction.
Surfactant concentration and temperature have a significant effect on coacervate
phase volume fraction. The concentration of the surfactant has a significant
positive effect showing that an increase in surfactant concentration will cause a rise
in coacervate phase volume fraction. Conversely, temperature has a negative effect,
indicating that an increase in this variable will lead to a decline in response, that is,
a decrease in coacervate phase volume fraction. Figure 5 (c) illustrates the
relationship obtained between the values calculated by the proposed model and the

real values, attained experimentally.

Phase Volume Ratio (no unit):

Phasevolume Ratlo

%50

Figure (a): Response surface for phase volume ratio

RV =21.79 + 19.19X1 + 5.14X5 - 5.03X3 x 1.91X1 X2 - 2.87X1X3 - 1.09X2X3 + 2.84X52
+ 0.95X2 + 0.14X2
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Figure (b): Effect of variables on coacervate phase volume fraction

Dye concentration in the dilute phase after separation (Xs,q):
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Figure(c): Relationship between predicted and observed value

The proposed model for dye concentration in the dilute phase after separation

showed significant regression at a 95% confidence level, with R? of 0.9950 in Table

3. The Model F-value of 91.85 implies that the model is significant and predictive.

There is only a 0.01% chance that a "Model F-Value" this large could occur due to

noise, indicating that the proposed model is significant and predictive. Figure 6 (a)

shows the response surface graph generated by the proposed model for dye

concentration in the dilute phase after separation (Xsd4). This is related to extraction

efficiency, where the lower the amount of surfactant added to the system is, the

lower the extraction will be. Thus, since temperature does not influence dye

extraction, it will not affect residual dye concentration in the aqueous phase after

separation. After the cloud point (turbidity) is reached, the surfactant forms the
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coacervate phase with a very similar amount of surfactant, which is responsible for
removing dye from the aqueous phase, since the surfactant also acts as extracting
agent in this process. The Pareto chart Figure 6 (b) shows that within the 95%
confidence interval the significant variable is surfactant concentration (linear part).
The isolated effect of temperature was less significant on either the linear or the
quadratic part. Figure 6 (c) shows the relationship between experimental data and

values calculated by the model.

Dye Concentration in Dilute Phase after Separation (M)
XS, d =0.16 - 0.19X1 + 0.18X2- 0.068X3 -.11X 1X2+ 0.020X1X3 - 0.042X>X5 + 0.10X42

+0.029X2 - 4.545 x E-5X2

‘l/ \ Actual Factor
B0 o C: Temperature = 60.00
L
%\ - (L]
B:CR Concentration % 8 A: Surfactant Concentration

%00 om

CR concentration in dilute phase (mg)

Figure (a): Response surface for dye concentration in the dilute phase after

separation
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Figure (b): Pareto chart for dye concentration in dilute phase after separation
Figure (c): Comparison between predicted and observed values of dye
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Predicted vs_ Actual
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Fig 5.4 Concentration in dilute phase after separation.

Dye Concentration in the Surfactant-Rich Phase after Separation (Xs)

Residual dye concentration in the surfactant-rich phase after phase separation is
an important parameter in terms of process viability. Even if extraction efficiency is
high, elevated dye concentration makes the process unviable, since the loss of
surfactant in the treated effluent promotes an increase in the cost and
contamination of the effluent itself. The validity of the model in determining
residual dye concentration was checked using Analysis of Variance (ANOVA), as
depicted in Table 3 shows an R? value of 0.9995. The value of the Fealculated test was
compared to that of Fiavied for F distribution at a 95% confidence level with the
respective degrees of freedom. The Model F-value of 77.33 implies that the model is
significant and predictive. There is only a 0.01% chance that a "Model F-Value" this
large could occur due to noise. Figure 7 (a) shows the effects of dye concentration
and temperature via response surfaces. Within the range studied, there is a
tendency to obtain increasingly lower dye concentrations in the surfactant-rich
phase, where the temperature rises; reaching lower values. The increase in dye
concentration results in a rise in concentration in the surfactant-rich phase.

The increase in temperature leads to a reduction in surfactant hydrophilicity,
leading to its decline in the aqueous phase. According to the Pareto chart depicted
in Figure 7 (b), resulting from the statistical processing of experimental data, the
analysis of the significance of the effects of independent variables reveals that the
initial dye concentration and temperature were significant at a 95% confidence

interval. Thus, an increase in concentration leads to higher dye concentrations in
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the surfactant-rich phase after separation. The rise in temperature results in
increasingly lower dye concentration values in the surfactant-rich phase after
separation. Figure 7 (c) shows the reliability of the results, evidenced by the
relationship between experimental values and those predicted by the model.

The experimental design and response surface methodology were indispensable
for optimizing and studying the effect of temperature and surfactant concentration
on extraction parameters. The results obtained in the present study showed that

both temperature and surfactant concentration affect process efficiency.

Dye Concentration in the Surfactant-rich Phase after separation (M)
XS,R =2.34 + 0.20X1 + 1.08X2 + 0.061X5 + 0.10X1X2 - 0.012X1 X3 + 0.051X 2X3
- 0.11X32- 0.032X22 + 3.136 x 103X 32

3655

1018
X1 = A Sufactant Concentration
X2 =B: CR Concentration

:

115

Actual Factor
C: Temperature = 60.00
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CR conc in rich
phage 3
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Series1

.10325

31 106136

2 — e

.032136

0 . BN NN N =N

A A2 C B AB AC BC "2
Figure (b): Pareto chart for dye concentration in surfactant-rich phase
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Predicted vs. Actual
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Figure (c): Relationship between predicted values of dye concentration in

surfactant - rich phase and observed value

Table3 Validity of dye extraction by ANOVA

F value

Source Sum of DF Mean P value Remarks
Squares squares
Congo Red TX-114(E)-R2=0.9979

Regression 775.37 9 86.15 536.68 <0.0001 Significant
model

Residuals 1.61 10 0.16

Lack of fit 1.61 ] 0.33

Pure error 0 3 0

Total 776.97 19

Phase volume Ratio (Rv)-R2=0.9993

Regression 437066 (9 485.63 1662.33 <0.0001 Significant
model

Residuals 2.92 10 0.29

Lack of fit 2.92 5 0.58

Pure error 0 5

Total 4383.58 | 19

Congo Red TX-114 Concentration Dilute phase (Xs,d)-R2=0.9

Regression 0.94 9 0.1 236.35 <0.0001 Significant
model

Residuals 0.00441 | 10 0.000416

Lack of fit 0.00441

Pure error 0

Total 0.94

Congo Red TX-114 Concentration in surfactant rich phase [Xs,r)-R2 = 0.988

Regression 12.27 9 1.32 2044.27 <0.0001 Significant
model

Residuals 0.00667 | 10 0.0006671

Lack of fit 0.00667 |5 0.0013342

Pure error 0 5 0

Total 12.38 19
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Conclusion

e The experimental design and response surface methodology were
indispensable for optimizing and studying the effect of temperature and
surfactant concentration on extraction parameters.

e The results obtained in the present study showed that both temperature and
surfactant concentration affect process efficiency.

e The four responses are affected significantly by surfactant concentration: dye
concentration in the dilute phase decreases; whereas extraction efficiency,
phase volume ratio, and dye concentration in the surfactant-rich phase
increase, the last two ones almost linearly.

e Temperature has no effect on extraction efficiency, and on dye concentration
in the dilute phase after separation. The effect of temperature was only
observed in the coacervate phase volume ratio, where high temperatures led
to lower coacervate phase volume ratio.

e The optimized extraction is obtained with 0.1M surfactant at 60°C, where

one can observe a 98% dye removal.
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Abstract

This project demonstrates the implementation of the NEAT (NeuroEvolution of Augmenting
Topologies) algorithm to develop an artificial neural network capable of controlling a car within a
2D environment. By utilizing the Pygame library, a simulated environment is created, featuring a
track that the car must navigate. Equipped with sensors, the car detects walls and obstacles, which
serve as inputs for the neural network. Through the NEAT algorithm, the network's weights and
biases are continuously optimized, allowing the car to make increasingly better decisions. The
evolution of the car occurs through successive generations, where each generation comprises neural
networks with slightly varied weights and biases. This iterative process enables the car to adapt and
improve its performance over time. Users can observe the car's evolution as it strives to find the
optimal path around the track. Furthermore, the program offers manual control of the car, allowing
users to actively participate and potentially save the best performing neural network for future use.
This project effectively highlights the NEAT algorithm's efficacy in creating adaptable and self-
improving neural networks. By harnessing evolutionary principles, artificial intelligence systems
can successfully tackle complex challenges, such as navigating intricate tracks in a 2D environment.
Ultimately, this project showcases the potential of NEAT and its role in developing Al solutions
that can autonomously learn and solve complex problems.
Keywords: Autonomous Vehicle, NEAT Algorithm, Map Generation

Introduction

The NEAT (NeuroEvolution of Augmenting Topologies) algorithm is a type of
genetic algorithm that can be used to evolve artificial neural networks. In this
project, we demonstrate the application of NEAT to create a neural network that
can control a car in a 2D environment. The program utilises the Pygame library to
simulate the environment, which includes a track that the car must navigate. The

car is equipped with sensors that detect walls and obstacles, which are fed into the
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neural network as input. The NEAT algorithm then optimises the weights and
biases of the neural network to enable the car to make better decisions.

The car evolves through generations, with each generation representing a new
set of neural networks with slightly varied weights and biases. The program allows
the user to watch as the car evolves to find the optimal path around the track.
Additionally, the user can manually control the car and save the best performing
neural network for future use.

Overall, this project showcases the power of the NEAT algorithm in creating a
neural network that can adapt and improve over time. By using evolutionary
principles, we can create artificial intelligence that can solve complex problems,

such as navigating a track in a 2D environment.

Methods

"Autonomous Car Navigation using Genetic Algorithm", by Himani et al.
(2019): This paper proposes a genetic algorithm-based approach for autonomous
car navigation. The authors compare their approach with other machine learning-
based approaches and show the effectiveness of the genetic Algorithms.

"Neuro-Evolution for Autonomous Driving: A Review", by Salimans et al.
(2017): This paper provides a comprehensive review of neuro-evolution techniques
for autonomous driving. The authors describe the advantages and limitations of
various neuro-evolution algorithms, including NEAT.

"Deep Reinforcement Learning for Autonomous Driving: A Survey", by Liang et
al. (2020): This paper presents a survey of deep reinforcement learning techniques
for autonomous driving. The authors describe the current state-of-the-art
approaches, including those using NEAT.

"An Application of the NEAT Algorithm for the Control of an Autonomous
Vehicle," by Abreu et al. (2018): This paper describes an implementation of the
NEAT algorithm for the control of an autonomous vehicle. The authors show the
effectiveness of the NEAT algorithm for controlling the vehicle in a simulation
environment.

"A Comparative Study of Machine Learning Algorithms for Autonomous
Vehicle Control," by Li et al. (2020): This paper compares various machine learning
algorithms, including NEAT, for autonomous vehicle control. The authors evaluate
the performance of the algorithms based on several metrics, including speed,

accuracy, and safety.
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These literature surveys provide insights into the state-of-the-art techniques for
autonomous driving, including those based on machine learning algorithms like
NEAT. The surveys describe the advantages and limitations of these approaches
and evaluate their performance based on several metrics. These literature surveys
would be helpful in identifying the gaps in existing approaches and designing an
effective and efficient autonomous driving system using the NEAT algorithm in
Python.

Implementation

The NEAT architecture starts with a population of simple neural networks, with
minimal or no connections. The networks are then evaluated on a given task and
ranked according to their performance. The best performing networks are then
selected and used to create the next generation of networks, with small random
modifications to their weights and structure. Over time, the networks evolve and
become more complex, eventually leading to optimal solutions for the task at hand.

This Process flowchart is clearly shown in figure 1.

Population

Evaluate

Performance

Population

Repeat
Until
Satisfactory

Performance

Figure 1: Process flow chart of competitive NEAT
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Result and Analysis
Testing on Map
This test was conducted in map as shown in the figure 2. This was a simple map

compared to others so the model doesn’t struggle that much.

Generation: 3

Sl Alive: True

Figure 2: Number of generations on map

Result on Map

This is the fitness comparison graph that was plotted using the pandas and
numpy as shown in figure 3. From the graph we can observe that through the
training period the best fitness stays the same but the average fitness gradually

increases over time.

Fitness Comparison

500000

400000 +

300000

—— Average fitness
Best fitness

Htness

200000

100000 4 JM

0 2 4 6 8 10
Generation

Figure 3: Fitness VS Generation graph for MAP
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Conclusions and Future Work

In conclusion, this project has demonstrated the successful implementation of a
simulation for an autonomous car using the NEAT algorithm. Through the use of a
genetic algorithm, the car was able to learn and improve its driving behavior over
time, ultimately leading to improved performance in navigating the course. The
results show that the NEAT algorithm is an effective and efficient approach to
training autonomous vehicles and can lead to significant improvements in driving
performance. While the simulation used in this project is relatively simple, the
techniques employed can be extended to more complex scenarios and
environments. The project highlights the potential of Al and machine learning
algorithms in the field of autonomous vehicles and paves the way for further
research and development in this area.

Considerable future work on this project is, Integrate real-time sensor data from
cameras, lidars, and other sensors into the simulation to enable more accurate

perception and decision-making by the autonomous car.
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Abstract

The popularity of stocks has significantly increased in the digital world, leading to a surge in
demand for stock analysis and prediction. The ability to predict and analyze stock prices provides
valuable insights to individuals, enabling them to make more informed decisions when buying or
selling stocks.

To address this growing demand, a new stock price prediction system has been developed based
on deep learning algorithms. Deep learning is a subset of machine learning that focuses on training
artificial neural networks to learn patterns and make predictions from vast amounts of data. By
leveraging these algorithms, the system aims to generate accurate predictions for stock prices.

One of the key advantages of this system is its capability to predict the stock prices of any
company worldwide. It is designed to handle a diverse range of stocks from various markets across
the globe. This broad scope allows users to obtain predictions for a wide range of stocks, enabling
them to make investment decisions across different industries and geographical locations.

Ovwerall, the abstract highlights the increasing demand for stock analysis and prediction in the
digital world. It introduces a new stock price prediction system based on deep learning algorithms,
emphasizing its ability to provide predictions for stocks of any company globally. The system's
analysis and visualization components further enhance its usefulness in helping individuals make
informed decisions regarding stock trading.

Keywords: Stock Analysis, Prediction, Stock Price, Deep Learning.

Introduction

The stock market, known for its potential for high profits, has become a popular
investment avenue. As trade and investment have grown, the National Stock
Exchange (NSE) and the Bombay Stock Exchange (BSE) have emerged as the
primary platforms for stock trading in India. However, predicting stock market
movements can be challenging due to the dynamic nature of stock prices.

To tackle this complexity, investors rely on various methods and tools to

increase their gains while minimizing risks. One such approach is time series
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analysis, which involves analyzing past data to forecast future outcomes. By
examining trends, patterns, and cycles in stock price data, time series analysis
provides insights that help investors make informed decisions and identify
potential opportunities. It is particularly valuable for short-term predictions,
ranging from weeks and months to even minutes or seconds.

Fundamental analysis is another crucial tool for stock market forecasting.
Fundamental analysts assess a company's historical performance and financial
accounts to understand the intrinsic value of its stock. They utilize performance
measures like the P/E ratio to evaluate the validity of a stock. By determining the
true value of a stock and comparing it with its market price, fundamental analysts
can identify if a stock is undervalued or overvalued. This analysis is based on the
belief that a company's stock price should reflect its future earnings potential,
discounted to its present value. Technical analysts, also known as chartists, utilize
various tools such as chart patterns, oscillators, moving averages, and volume
indicators to analyse historical price data. They believe that a stock's future price is

primarily influenced by its past trends.

Methods

Sumeet Sarode etal Proposed in his paper that using machine learning
techniques for stock price prediction using historical data is a popular but
challenging area of research with mixed results.

Jiaqi Wang etal Proposed in his paper using Deep Learning that using stacked
autoencoders and LSTM for financial time series prediction, which outperforms
traditional machine learning models and can be applied to a wide range of
datasets.

Kaushik Suresh etal Proposed in his paper that using LSTM recurrent neural
networks for stock price prediction, achieving better results compared to traditional
machine learning models.

G. Nirmala etal Proposed in his paper that hybrid approach using LSTM and
ARIMA models for stock price prediction, demonstrating improved accuracy
compared to individual models.

Yiqiao Yin etal Proposed in his Paper using Technical indicators that uses
long short-term memory (LSTM) network-based model with multiple technical
indicators for stock price prediction, achieving higher accuracy compared to
individual technical indicators.
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Daejin Kim etal Proposed in his paper using Financial indicators that a multi-
layer LSTM model that incorporates multiple financial indicators for stock price

prediction and compares its performance with traditional time series models.

LSTI Madel MadelTrainin Prediction Prediction
Creation THEE & Evaluation Qutput

Fig.no.1 Methodology of Stock Price Prediction

Implementation

e Data Preprocessing: Historical stock market data is collected and processed.
We included 5 type stock prices of google for this. Preprocessing includes
data cleaning, normalization etc.

e LSTM Model Creation: LSTM network architecture is designed. LSTM with
three gates (Forget Gate, Input Gate, Output Gate) and additional layers
such as step-down, solid or sequential layers to control the cell state.

e Model Training: The pre-processed data is fed into the LSTM model for
training. The model learns patterns and relationships in the data and adjusts
its parameters.

e Prediction Evaluation: After the model is trained, the performance of the
LSTM network is evaluated using the test data set. This includes measuring
the accuracy of the model to assess its predictive ability.

e Prediction Output: After training and evaluating the model, it can be used
to make predictions. You can directly use any company's data set and apply

algorithms that provide correct predictions.

Algorithms Used
1. LSTM

LSTM (Long Short-Term Memory) models are utilized in stock price prediction
to capture and learn from temporal patterns and dependencies in historical data,
enabling more accurate forecasting of future stock prices.
2. DENSE

Dense layers are commonly used in stock price prediction models to capture
complex patterns and relationships within historical data, enabling the network to

make more accurate predictions based on the input features.
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3. DROP OUT

Dropout is used in stock price prediction to mitigate overfitting and improve
generalization by randomly dropping out a fraction of neural network units during
training, reducing their co-dependency.
4. SEQUENTIAL

Sequentialmodels, such as recurrent neural networks (RNNs) or long short-term
memory (LSTM) networks, are commonly used in stock price forecasting to capture
temporal dependencies and patterns in historical price data, enabling more

accurate forecasts.

Results and Discussion

Data Set

shape is = (1258, 6)

Date  Open  High Low Close Volume
1/3/2012 325.25 332.83 324.97 663.59 7,380,500
1/4/2012 331.27 333.87 329.08 666.45 5,749,400
1/5/2012 329.83 330.75 326.89 657.21 6,599,300
1/6/2012 328.34 328.77 323.68 648.24 5,405,900
1/9/2012 322.04 322.29 309.46 620.76 11,688,800

BN R

Fig 2 Dataset

Here we have included the 5 year Stock Price of Google LLC for this project.
https:/ /1drv.ms/u/s!AsWAP4dRuxlswWegPwoXBkUgeSCJp

Output Visualization

Google Stock Price Prediction
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Fig no.3

161




Emerging Innovative Research in Science and Technology

X axis represents time, Y axis represents Google stock price. The red and blue
lines indicate the actual Google stock price and the predicted Google stock price,
respectively. Similarly, we can directly use the stock dataset of any company and
apply these algorithms that will give us correct predictions. This system runs

successfully on any system even on cloud platform.

Conclusion

We can predict, analyze and visualize Google stock price by applying deep
learning algorithms like LSTM, DENSE, DROPOUT and SEQUENTIAL. Similarly
we can directly use stock dataset of any company and apply these algorithms
which will give us correct prediction. We have seen that using deep learning
algorithms we are getting great accuracy and prediction. This system runs
successfully on any system even on cloud platform. In conclusion, astock price
forecasting project using LSTM, dense layers, dropout regularization and
sequential modeling demonstrates the effectiveness of deep learning techniques in
stock price forecasting. LSTM models capture complex temporal dependencies and
patterns in data, allowing for accurate predictions of future stock prices. Inclusion
of dense layers and dropout regularization enhance the generalization capabilities
of the model and reduce overfitting. The project's evaluation results show that the
LSTM model outperforms traditional methods, demonstrating its value in
providing reliable and accurate stock price forecasts. This approach holds great
potential for investors and financial analysts who want to make informed decisions

based on robust stock price forecasts.
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Abstract

Crowd funding is a method for funding various kinds of ventures, wherein individual founders
of the ventures can request for funds. The ventures may be working for profit motive, non-profit
motive, cultural or social. The funds are usually given in return for future products or equity. Due
to the current era of technology, the use of internet social media platforms to connect investors with
entrepreneurs to raise capital for various kinds of ventures in return for compensation or just with a
motive to help the noble cause. The issue with today's crowdfunding method is that fundraisers and
contributors have no control over the funds they donate and some more like Scam-startups,
Intellectual Property risk, exorbitant fees. These issues in addition to solving an issue or helping a
noble cause, raises few other problems and for few, it won't allow to contribute. This project creates
a platform that presents a block-chain-based crowdfunding network that can provide a private,
secure, and decentralized crowdfunding path by using smart contracts. The aim is to solve these
problems by applying smart contracts to the crowdfunding site so that the contracts will be fully
automatically executed so that frauds can be prevented, and a healthy relationship is built between
the fundraisers, platform, and the contributors. This crowdfunding application is not just like any
other application which just allows people to invest their money, but this platform also gives an
assurance to the backers that returns will be guaranteed. The application will also provide
transparency between the backers and the start-ups so that the backers can stay updated on the
progress of the project work of the respective start-ups that they invested their money in.

Introduction

Blockchain - A distributed ledger technology (DLT) known as a blockchain is a
growing collection of records known as blocks that are safely connected to one
another using cryptography. Crowdfunding is the technique of financing a project
or a start-up by soliciting donations from many different people [1][2]. Blockchain
Crowdfunding Application - Stakeholders (donors) want to monitor how the
organization is doing, determine whether it is accomplishing its objectives, and
make appropriate recommendations [3]. This necessitates complete transparency
and accurate financial data about the relevant project activities.
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A blockchain-based application for crowdfunding serves the objective of giving
people and organizations a decentralized and open platform to fundraise for their
endeavors. By leveraging blockchain technology, the platform can offer several
benefits such as increased security, immutability, and transparency [4]. The
elimination of intermediaries such as banks can reduce costs and increase
efficiency, while the decentralized nature of blockchain allows for all transactions
to be recorded and publicly accessible, which can help build trust among
contributors and ensure that funds are being used as intended. Additionally, the
distributed ledger technology of blockchain can help prevent fraudulent activities
and hacking attempts, creating a more secure environment for crowdfunding.
Anyone with an internet connection and a digital wallet can donate to projects
using a blockchain-based crowdfunding platform, regardless of their location or
financial situation. In general, a blockchain-based crowdfunding tool can provide a
more effective, transparent, and secure way for people and organizations to

generate money for their initiatives.

Literature Survey

V. Hassija et al. [5] have proposed By supporting multiple small businesses
and entrepreneurs, crowdfunding is a new financial sector that increases a
country's economic competitiveness. The platform grows the client base by
enabling the collection of a little sum of money from a big number of customers.
By 2025, crowdfunding investments are predicted to generate $100 billion in
revenue, according to a recent World Bank analysis (World Bank, 2019). By 2020,
there will be 2,260,230 entrepreneurs (campaigns) operating worldwide (World
Bank, 2019).

Firmansyah Ashari [6] attempts to analyze the procedures that are typically
used in this fundraising organization using block chain technology, which can be a
substitute solution to raise funders' trust, which will undoubtedly have an impact
on the amount of money the fundraising organization will be able to raise. If all
requirements are satisfied, beneficiaries can easily get these payments thanks to
smart contract technology. According to prior studies, this technology can be
applied to the telecommunications and medical fields.

M. N. Saadat et al. [7] have proposed a distributed database of transaction
records that are shared among involved parties might be referred to as a block
chain. Decentralization of data, persistence, anonymity, and auditability are some

of the traits of block chain. The transaction and block are the two main parts of the
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block chain technology. The block is a group of data that records the transaction
and any accompanying information, such as the correct order, timestamp of
creation, etc., whereas the transaction represents the participant's action. A
blockchain's blocks, which serve as transaction records, are linked together
cryptographically to prevent tampering. This means that no block that has been
added can be changed or eliminated. Blockchain relies on consensus methods to be
reliable.

Hartmann et al. [8] have proposed the study puts up the premise that
understanding how the current regulatory structure relates to blockchain-based
crowdfunding would be advantageous for regulators and market participants. Due
to the specific properties of blockchain-based crowdfunding, legal frameworks may
need to be reinterpreted in order for legislation to be successfully enforced. To fill
this knowledge gap, we looked at a variety of relevant literature on success factors
for both conventional and blockchain-based crowdfunding. The results of this
literature review offer recommendations for the direction of future research and
development.

J. Roth et al. [9] have proposed to explore tokenization of equity crowdfunding
on a Blockchain in this chapter, which was suggested in the paper as a potential
method to make it simpler for businesses to raise capital. They propose
categorizing token standards into UTXO-based, layer-based, and smart contract-
based tokens. They then look at the advantages that tokenization can provide, such
as enhanced share dilution, cryptographically secured ownership, the
programmability of assets, access to the Blockchain ecosystem, and the formation of
a functional secondary market. The cost of secondary market transaction and the
impact of the middlemen are decreased by enabling the tokenization process to
decouple the asset ledger from the crowdfunding platform. They conclude by
outlining a number of drawbacks, including knowledge gaps between campaign
creators and funders, logistical challenges.

Mahmood Rashid et al. [10] have proposed make and store contracts between
students and their higher education sponsors using a blockchain-based platform
that is enabled through middlemen referred to as fundraisers. Any type of
sponsorship is possible, including a scholarship, gift, or loan. A group of aggressive
fund-raisers who will hold the distributed ledgers and serve as the blockchain

network's miners will organize and manage the fund.
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Methods

i =
s wsne . 4 Hardhat

Fig. No:1 Platform Overview that shows the interactions between the modules

The smart contract which is the core of the application is written in Solidity
language, which is tested locally and deployed remotely to Infura platform on
Goerli test network via hardhat.

The user will be able to access the platform through deployed web application,
which is built with modern JS libraries like React]S, Vite]S (for fast bundling of
libraries & local server while developing) & Material Ul (for ready-made Ul
components). The platform interacts with the deployed smart contract on Infura
using web3.js and ethers.js libraries depending upon user interactions - like
creating campaigns, displaying campaigns, ending campaigns, aborting campaigns,
etc.

To perform each interaction with the blockchain (except listing out deployed
campaigns) requires wallet authentication and authorization. All the transactions
which take place are completely transparent and [any] user can verify the
authenticity of the transaction via etherscan which is shown in Fig. No. 1.
Homepage

i1 Crowd Help : s
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o

Fig. No: 2 Home Page
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Wallet Connection

The Wallet Connection module is responsible for connecting users' digital
wallets to the crowdfunding application which is shown in Fig. No. 3. This module
ensures that the user's digital wallet is integrated with the application and ready
for use. The module handles the connection process between the user's wallet and
the application, verifies the wallet's authenticity and ensures that it is compatible
with the crowdfunding platform. Whether campaign creation / contributing funds
or any action related (except viewing) needs wallet connection & authorization at

each crucial step for providing strong security.

*
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Fig. No: 3 Wallet Connection module

Campaign Creation

The Campaign Creation module is responsible for creating a new crowdfunding
campaign which is displayed in Fig. No. 4. This module allows users to create a
campaign by providing details such as the campaign's name, description, target
funding amount, campaign duration, and other related information. The module
validates the input data, saves the campaign data in the database, and provides the
campaign creator with a unique campaign ID. A campaign to raise funds for a

cause.
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Campaign Details
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I/We undersiand that, once these fields are set cannot be updated

Fig. No: 4 Campaign Creation module

Displaying Campaigns

The Display Campaigns module is responsible for displaying all the available
campaigns to the users which is shown in Fig. Nos. 5, 6 and 7. This module allows
users to view the campaigns and their details such as the campaign's name,
description, target amount, current funding status, and other relevant information.
The module also allows users to filter campaigns based on different criteria like
category, funding goal, etc. Displays list of campaigns in the home page, where
each campaign will be displayed as a card & status is displayed as a progress bar.
Upon clicking, campaign-specific page will be displayed.

Distribution of Covid e Compasgn baiance
vaccine Ce—

Withdraw Raised Funds

Tus Nav 29 2022 14 45 00 GMT+0800 (ndie Standerd Time

Fig. No: 5 Campaign-specific page
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Fig. No: 6 Campaign-specific page
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Fig. No: 7 Campaign-specific page

Fund Raising

The Fund-Raising module is responsible for handling the transactions between
the users and the campaigns. This module allows users to contribute funds to the
campaigns of their choice using their digital wallets. The module handles the
authentication and authorization of the transaction, ensures the funds are
transferred securely, and updates the campaign's funding status. A backer can
support to a campaign by raising at least minimum amount (as set at the time of
campaign creation). Contributed amount will be stored in the smart contract until

the project end.
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Abort Campaign

The Abort Campaign module shown in Fig. No. 8 is responsible for aborting the
campaign at any stage of the campaign duration. This module allows the campaign
creator to terminate the campaign early, return the funds to the contributors, and
remove the campaign from the application. The module ensures that the campaign
creator has the necessary permissions to abort the campaign, verifies the
authenticity of the request, and processes the fund transfer to the contributors.
Fund raiser can abort campaign (before deadline) - with whatsoever may be the

reason. In this case, all the raised funds (if any) will be paid back to backers.

Fruits distribution to Campaign balance
hosptial patients R ARATTRS

Withdraw Raised Funds

Wed Nav 30 2022 1202 )0 (Incia Standard Tene
Ouit & Refund
Ouek pon oo 4 et (e 8 e o) Dk
e o cartan

Fig. No: 8 Abort Campaign module

Ending & Withdrawing

The Ending and Withdrawing modules shown in Fig. Nos. 9, 10 and 11 are
responsible for handling the end of the campaign and the withdrawal of the funds
by the campaign creator. This module allows the campaign creator to withdraw the
funds once the campaign has ended and the funding target has been achieved. The
module ensures that the campaign creator has the necessary permissions to
withdraw the funds, verifies the authenticity of the request, and processes the fund
transfer to the campaign creator's wallet. Fund raisers can end the campaign
[ONLY] after the deadline & the campaign has reached its goal. Else they need to
abort to pay back to backers.

For documenting the functional requirements, the set of functionalities
supported by the system are to be specified. A function can be specified by
identifying the state at which data is to be input to the system, its input data
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domain, the output domain, and the type of processing to be carried on the input
data to obtain the output data. Functional requirements define specific behaviour
or function of the application. Following are the functional requirements:
The system should

1. Enable the fundraisers and backers to register with appropriate proof. 2.
Allow the fundraisers to launch a campaign by filling the necessary fields. 3. Allow
backers to view the active campaigns and fund digital currency. 4. In case of failure
to meet the criteria set (either not exceeded the timeline or not reached the required
funds) - should be able to transfer back the funded amount or disburse the raised
funds. 5. Allow fundraisers to update the status of the cause regularly. 6. Disburse
fraction of funds automatically upon meeting the goals saved in smart- contracts.

7. Disburse the raised funds (after successful campaign) after verification.

ChEnpRian DRldnos 0.2065 GoerliETH

wtored In smart contract

0.011 ETH funded by 1 backers

Withdraw

Withdraw Raised Funds

To withdraw raised funds

Fig. No: 9 Ending and Withdrawing modules

Fig. No: 10 Ending and Withdrawing modules
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Fig. No: 11 Ending and Withdrawing modules

Results and Discussion

At the time of Covid-19 pandemic across various countries in the world -
including developed countries like USA, Russia etc., Crowdfunding activities have
been increased all around the world, ranging from tiny campaigns to help
individuals acquire oxygen and medical assistance to huge funds like PM Cares.
Contributors, crowdfunding platforms, and project administrators were the
primary players in the crowdfunding event. In the recent times, India has
witnessed a massive growth in the start-up industry. It is because people want to
break out of the barrier of working 9-5 and our government supports it. Start-ups
often look out for investors and try to approach VCs to get funding. Sometimes it
gets tedious. Start-ups can try using crowdfunding as it increases the brand reach
and it's easier than approaching a VC. We are highly inspired by the CryptoRelief
initiative (www.cryptorelief.com) which raised ~1 billion dollars for Covid Relief in
India from the entire Globe.

Conclusion

It is quite evident that crowdfunding has huge potential in present times as well
as in the future. Even though it comes with its own drawbacks and challenges, this
form of funding is helping new start- ups and innovators, entrepreneurs, and other

creators. In the future, when blockchain will the backbone of major investor
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contributions, it will make crowdfunding easier, transparent, and accessible. It is
only a matter of time before creating, fund, abort & end a campaign.

In order to conclude we would like to affirm that the potential and influence
that the emerging technologies possess, for crowdfunding, is immense. The current
solutions for the challenges that the usual crowdfunding platforms pose are now
able to transform the society for better. Crowdfunding platforms using blockchain
technology hold more credibility and therefore, we believe are the future for the
right investment for investors. Raising Withdraw requests: A request with amount
needed and reason. Why? The funds raised by backers. The request will be
approved only if >50% of contributors accept it. Approving withdraw requests:
Depending on the progress achieved by campaign & amount needed, he can
approve requests. NOTE: Any backer who has contributed >= Minimum amount
will be considered as approver. Contributing pages: A separate page, where backer
can only view the campaigns, they funded with the number of contributions. Why?
To facilitate how many campaigns, they are supporting & to know SPECIFIC
campaigns status to monitor how their contributed funds are in usage. Updating

campaign page: To elaborate the cause.
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Abstract

The demand for food has been increasing over the past six decades with the global population
increase. Scientists have been finding different ways to meet this demand, such as; green revolution
and genetically modified crop methods. These involve an unnatural technique to increase the yield,
such as chemical fertilizers, pesticides, and modified seeds; these might be beneficial in the short term
but might slowly disturb the internal body mechanism. In recent years, consumers are becoming
more concerned about their food intake and prefer food with no adulteration and harmful pesticides.
This has brought in the hype for a subdivision of framing, organic farming, where organic fertilizers
and pesticides are used to retain the quality and nutrition values of the crop bring harvested. In
organic farming, the right crop must be chosen according to the soil type and climate. This reduces
the chance of pre-harvest crop losses caused by the abiotic stress in the environment, such as the soil
moisture, improper irrigation, climate, and temperature. Desired conditions are provided to the
crop, we can reduce the pre-harvest loss up to 35%. This paper offers a practical approach to reduce
this loss by predicting what crop can be planted according to the present soil conditions and climate
to prevent pre-harvest losses. The model involves a temperature and humidity sensor, a soil
moisture sensor, LDR,a gas sensor, 1oT, lamp and a water pump under a greenhouse environment
connected with the help of a development board, Arduino Uno , and machine learning techniques.
Keywords: LDR, Arduino UNO, IoT, Humidity Sensor, and Soil Moisture Sensor.

Introduction

Greenhouse is integrated with smart farming to improve agricultural growth
management and, as a result, diverse conditions should be observed at precision
agriculture. Focusing on the effect of universal food insecurity, over 60% of sub-
Saharan countries are predicted to be in a state of malnourishment and yet several
farming places are under drought state. The climatic condition is believed to be
biannual dry seasons which is very difficult for farmers to cultivate crops due to
shortage of water and poor soil fertility. Yet heavy rainfall is still a great threat for
the farmers since it devastates cash crops. Use of a smart greenhouse with Artificial
Intelligence to grow and protect plants in both dry and wet seasons and reduce
labor-intensive human tasks and automate pervasive data analytics of daily plant

status can surprisingly boost food security.
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Artiificial Intelligence

Artificial intelligence (AI), digital computer or computer-controlled robot to
perform tasks commonly associated with intelligent beings. The term is frequently
applied to the project of developing systems endowed with the intellectual
processes characteristic of humans, such as the ability to reason, discover meaning,
generalize, or learn from past experience. Since the development of the digital
computer in the 1940s, it has been demonstrated that computers can be
programmed to carry out very complex tasks —as, for example, discovering proofs
for mathematical theorems or playing chess—with great proficiency. Still, despite
continuing advances in computer processing speed and memory capacity, there are
as yet no programs that can match human flexibility over wider domains or in
tasks requiring much everyday knowledge.

On the other hand, some programs have attained the performance levels of
human experts and professionals in performing certain specific tasks, so that

artificial intelligence in this limited sense is found in applications as diverse as

medical diagnosis, computer search engines, and voice or handwriting recognition.
"

Basics

A typical Al analyzes its environment and takes actions that maximize its
chance of success. An Al's intended utility function (or goal) can be simple ("1 if the
Al wins a game of Go, 0 otherwise") or complex ("Do mathematically similar
actions to the ones succeeded in the past"). Goals can be explicitly defined, or
induced. If the Al is programmed for "reinforcement learning", goals can be
implicitly induced by rewarding some types of behaviour or punishing
others. Alternatively, an evolutionary system can induce goals by using a "fitness
function" to mutate and preferentially replicate high-scoring Al systems, similarly
to how animals evolved to innately desire certain goals such as finding food. Some
Al systems, such as nearest-neighbor, instead of reason by analogy, these systems
are not generally given goals, except to the degree that goals are implicit in their

training data. Such systems can still be benchmarked if the non-goal system is
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framed as a system whose "goal" is to successfully accomplish its narrow
classification task.

Al often revolves around the use of algorithms. An algorithm is a set of
unambiguous instructions that a mechanical computer can execute.

A complex algorithm is often built on top of other, simpler, algorithms. A
simple example of an algorithm is the following (optimal for first player) recipe for
play at tic-tac-toe. Many Al algorithms are capable of learning from data; they can
enhance themselves by learning new heuristics (strategies, or "rules of thumb", that
have worked well in the past), or can themselves write other algorithms. Some of
the "learners" described below, including Bayesian networks, decision trees, and
nearest-neighbor, could theoretically, (given infinite data, time, and memory) learn
to approximate any function, including which combination of mathematical
functions would best describe the world. These learners could therefore, derive all
possible knowledge, by considering every possible hypothesis and matching them
against the data. In practice, it is almost never possible to consider every
possibility, because of the phenomenon of "combinatorial explosion", where the
amount of time needed to solve a problem grows exponentially. Much of Al
research involves figuring out how to identify and avoid considering broad range
of possibilities that are unlikely to be beneficial. For example, when viewing a map
and looking for the shortest driving route from Denver to New York in the East,
one can in most cases skip looking at any path through San Francisco or other areas
far to the West; thus, an Al wielding a pathfinding algorithm like A* can avoid the
combinatorial explosion that would ensue if every possible route had to be
ponderously considered in turn.

The earliest (and easiest to understand) approach to Al was symbolism (such as
formal logic): "If an otherwise healthy adult has a fever, then they may
have influenza". A second, more general, approach is Bayesian inference: "If the
current patient has a fever, adjust the probability they have influenza in such-and-
such way". The third major approach, extremely popular in routine business Al
applications, are analogises such as SVM and nearest-neighbour:

"After examining the records of known past patients whose temperature,
symptoms, age, and other factors mostly match the current patient, X% of those
patients turned out to have influenza". A fourth approach is harder to intuitively
understand, but is inspired by how the brain's machinery works: the artificial
neural network approach uses artificial "neurons" that can learn by comparing itself

to the desired output and altering the strengths of the connections between its

178




Emerging Innovative Research in Science and Technology

internal neurons to "reinforce" connections that seemed to be useful. These four
main approaches can overlap with each other and with evolutionary systems; for
example, neural nets can learn to make inferences, to generalize, and to make
analogies. Some systems implicitly or explicitly use multiple of these approaches,
alongside many other Al and non-Al algorithms; the best approach is often
different depending on the problem.

Machine Learning

Machine learning is a branch of artificial intelligence (Al) and computer science
which focuses on the use of data and algorithms to imitate the way that humans
learn, gradually improving its accuracy. Machine learning is an important
component of the growing field of data science. Through the use of statistical
methods, algorithms are trained to make classifications or predictions, uncovering
key insights within data mining projects. These insights subsequently drive
decision making within applications and businesses, ideally impacting key growth
metrics. As big data continues to expand and grow, the market demand for data
scientists will increase, requiring them to assist in the identification of the most

relevant business questions and subsequently the data to answer them.

Decision Tree Algorithm

Decision Tree is a supervised learning technique that can be used for both
classification and Regression problems, but mostly it is preferred for
solvingClassification problems. It is a tree-structured classifier, where internal
nodes represent the features of a dataset, branches represent the decision
rules and each leaf node represents the outcome.In a Decision tree, there are two
nodes, which are the Decision Node and Leaf Node. Decision nodes are used to
make any decision and have multiple branches, whereas Leaf nodes are the output of
those decisions and do not contain any further branches. The decisions or the test are
performed on the basis of features of the given dataset. It is a graphical
representation for getting all the possible solutions to a problem/decision based on
given conditions. It is called a decision tree because, similar to a tree, it starts with the
root node, which expands on further branches and constructs a tree-like structure.

Decision Tree Terminologies
1. Root Node: Root node is from where the decision tree starts. It represents
the entire dataset, which further gets divided into two or more

homogeneous sets.

179




Emerging Innovative Research in Science and Technology

2. Leaf Node: Leaf nodes are the final output node, and the tree cannot be
segregated further after getting a leaf node.

3. Splitting: Splitting is the process of dividing the decision node/root node
into sub-nodes according to the given conditions.

4. Branch/Sub Tree: A tree formed by splitting the tree.

5. Pruning: Pruning is the process of removing the unwanted branches from
the tree.

6. Parent/Child node: The root node of the tree is called the parent node, and
other nodes are called the child nodes.
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A green house is where plants such as flowers and vegetables are grown.
Greenhouses warmup during the day when sun-rays penetrates through it, which
heats the plant, soil and structure. Green houses help to protect crops from many
diseases, particularly those that are soil borne and splash onto plants in the rain.
Greenhouse effect is a natural phenomenon and beneficial to human being.
Numerous farmers fail to get good profits from the greenhouse crops for the reason
that they can’t manage two essential factors, which determines plant growth as
well as productivity. Green house temperature should not go below a certain
degree, High humidity can result to crop transpiration, condensation of water
vapour on various greenhouse surfaces, and water evaporation from the humid
soil. To overcome such challenges, this greenhouse monitoring and control system
comes to rescue. The proposed system involves monitoring the environment of a
green house using multiple sensors such as temperature, soil moisture,
humidity,LDR and gas sensor. The system aims to automate the process of
watering plants by turning on a pump when the soil moisture level gets low.

The sensor values will be updated to the cloud to enable remote monitoring and
analysis .The temperature, soil moisture, humidity, LDR and gas sensor will be
connected to a Arduino or using appropriate interfaces The microcontroller will
continuously read the sensor values and store them in its memory .The
microcontroller will process the sensor data and wusing machine learning
determining whether the soil moisture level is low.and If the soil moisture level is
low, the microcontroller will activate a pump to water the plants. If the LDR and
gas level is low, the microcontroller will activate a lamp to give light to the plants
The microcontroller will be connected to the cloud using Wi-Fi. The sensor values
will be updated to the cloud at regular intervals.The cloud will provide a web-
based interface for monitoring the greenhouse environment remotely. The user can
view real-time sensor values, set thresholds for alerts, and monitor the system's
performance.

Materials
Power Supply

Power supply is a reference to a source of electrical power. A device or system
that supplies electrical or other types of energy to an output load or group of loads
is called a power supply unit or PSU. The term is most commonly applied to
electrical energy supplies, less often to mechanical ones, and rarely to others.

Power supplies for electronic devices can be broadly divided into linear and
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switching power supplies. The linear supply is a relatively simple design that
becomes increasingly bulky and heavy for high current devices; voltage regulation
in a linear supply can result in low efficiency. A switched-mode supply of the same
rating as a linear supply will be smaller, is usually more efficient, but will be more

complex.

Linear Power Supply

An AC powered linear power supply usually uses a transformer to convert the
voltage from the wall outlet (mains) to a different, usually a lower voltage. If it is
used to produce DC, a rectifier is used. A capacitor is used to smooth the pulsating
current from the rectifier. Some small periodic deviations from smooth direct
current will remain, which is known as ripple. These pulsations occur at a
frequency related to the AC power frequency (for example, a multiple of 50 or
60 Hz).

The voltage produced by an unregulated power supply will vary depending on
the load and on variations in the AC supply voltage. For critical electronics
applications a linear regulator will be used to stabilize and adjust the voltage. This
regulator will also greatly reduce the ripple and noise in the output direct current.
Linear regulators often provide current limiting, protecting the power supply and
attached circuit from over current.

Adjustable linear power supplies are common laboratory and service shop test
equipment, allowing the output voltage to be set over a wide range. For example, a
bench power supply used by circuit designers may be adjustable up to 30 volts and
up to 5 amperes output. Some can be driven by an external signal, for example, for
applications requiring a pulsed output.

230V
AC ——Transformer|>- Rectifier Smoothing Regulator |->— Fegulated
Mains 5v DC
Block Diagram of a Regulated Power Supply System
Transformer:

e
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Transformers convert AC electricity from one voltage to another with little loss
of power. Transformers work only with AC and this is one of the reasons why
mains electricity is AC. Step-up transformers increase voltage, step-down
transformers reduce voltage. Most power supplies use a step-down transformer to
reduce the dangerously high mains voltage (230V in UK) to a safer low voltage.
The input coil is called the primary and the output coil is called the secondary.
There is no electrical connection between the two coils; instead they are linked by
an alternating magnetic field created in the soft-iron core of the transformer. The
two lines in the middle of the circuit symbol represent the core.

Transformers waste very little power so the power out is (almost) equal to the
power in. Note that as voltage is stepped down current is stepped up. The ratio of
the number of turns on each coil, called the turn’s ratio, determines the ratio of the
voltages. A step-down transformer has a large number of turns on its primary
(input) coil which is connected to the high voltage mains supply, and a small

number of turns on its secondary (output) coil to give a low output voltage.

voltage

= N NN
low voltage AC | U \-/ 1II’T'IE'

Transformer Output: low voltage AC

input
high voltage AC
(mains supply)

The low voltage AC output is suitable for lamps, heaters and special AC motors.
It is not suitable for electronic circuits unless they include a rectifier and a

smoothing capacitor.

Rectifier

There are several ways of connecting diodes to make a rectifier to convert AC to
DC. The bridge rectifier is the most important and it produces full-wave varying
DC. A full-wave rectifier can also be made from just two diodes if a centre-tap
transformer is used, but this method is rarely used now that diodes are cheaper. A
single diode can be used as a rectifier but it only uses the positive (+) parts of the
AC wave to produce half-wave varying DC.
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Transformer Rectifier Qutput: varying DC

The varying DC output is suitable for lamps, heaters and standard motors. It is

not suitable for electronic circuits unless they include a smoothing capacitor.

Bridge Rectifier

A bridge rectifier can be made using four individual diodes, but it is also
available in special packages containing the four diodes required. It is called a full-
wave rectifier because it uses the entire AC wave (both positive and negative
sections). 1.4V is used up in the bridge rectifier because each diode uses 0.7V when
conducting and there are always two diodes conducting, as shown in the diagram
below. Bridge rectifiers are rated by the maximum current they can pass and the
maximum reverse voltage they can withstand (this must be at least three times the
supply RMS voltage so the rectifier can withstand the peak voltages). Please see the

Diodes page for more details, including pictures of ridge rectifiers.

Alternate pairs of diodes conduct, changing over the connections so the
alternating directions of AC are converted to the one direction of DC.Output: full-

wave varying DC: (using the entire AC wave):
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