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India and abroad for internship, on-the-job training, proj
student/faculty exchange and collaborative research during the last five years

n this metric we inadvertently put 12 HEI inputs some of which did

As per DVV we accept that i
not continued more than one year, though it was not mentioned SOP. Among the 12 HEI inputs,
4 HEI inputs considered. We now claim 12 in this matric as

(2020-2023)

One (1) of such program claimed in SSR lasted more than four years

h Collaborations earlier not claimed in SSR is included with

(i)
(i)  Seven (7) Researc
necessary documents.
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MEMORANUM OF UNDERSTANDIG

This Memorandum of understanding (herein after called the MoU) is signed on the Ist Day of
August, 2017 betwéen DR. SUSANTA NATH, Associate Professor of Zoology, Government
General Degree College, Singur and DR. BIPLOB KUMAR MODAK, Professor of
Zoology, Sidho-Kanho-Birsha University, Purulia, West Bengal about Research
Collaborations in the field of Bio-ecology and Toxicology of Chironomus, a beneficial
insect as bioindicator of aquatic pollution and nutritious fish food.

Clauses of MoiJ: )

Both the signing parties will follow Research ethics, share ideas, cooperate in laboratory
based studies and will not show any conflict of interest while publishing any documents or
research articles.

Time period of Collaboration

This collaboration MoU will remain in vogue until one of the signing party wishes to
withdraw himself from the MoU by ertlng his unwillingness.

Sig nedm/l;\ J\/;ﬁ'

Fll’Sl Party :

Dr. Susanta Nath
Dr. Susanta Nath, WB.ES.

Associate Professor of.?o:; logy
Vest Bengal Education Service
G.G.D. College, & Singur
Hooghly-712409

2. Second Party:

fiolpds Kowan Madal

Dr. Biplob Kumar Modak

Professor
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Functionality of the MOU

Within the purview of the MOU signed between Dr.Susanta Nath, Associate Professor of
Zoology, Government General Degree College, Singur and Dr. Biplob Kumar Modak.
Professor of Zoology, Sidho-Kanho-Birsha University, Purulia, West Bengal the following
outcomes were obtained:

1. Six (06) Research Publications in Peer reviewed Journals (two with Impact Factor 4.996
and 0.96 respectively) during 2017- 2022 All journals are UGC approved. They also
published a book chapter jointly.

2. Mr. Rahul Poddér has awarded Ph.D. Degree under joint Supervision of Dr. Blplob Kumar
Modak and Dr. Susanta Nath.

3. They also presented their research works in many symposia jointly.

Signed:

Dated the 24th June, 2022

Copurmbs Nabi

1.Dr. Susanta Nath
Dr. Susanta Nath, WB.E.S.

Associare Professor ur’z_oo'ogy
West Bengal Education Servicg
G.C.D. College, Singus
.Hooghly-712409
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2. Dr. Biplob Kumar Modak

Bipiob Kumar Modak

Professor
Department of Zoology
dno-Kanho-Birsha Unlvey
anchi Roaaq, uruli
[ Hengal-
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www.nature.com/scientificreports

scientific reports

OPEN Tube length of chironomid larvae
as an indicator for dissolved oxygen
in water bodies

Rahul Podder(®?, Susanta Nath®?", Biplob Kumar Modak?, Lennart Weltje®? &
Biswanath Malakar*

Tube-building larvae of non-biting midges, or chironomids, are considered bioirfdicators of water
pollution. The larvae use benthic particles to make their tubes and create a respiratory currept with
the movement of their bodies inside the tubes. The tube length of the chironomid larvae varies
depending on several physicochemical properties of the aquatic medium. Here we study the role

of physicochemical parameters on the tube length from different field sites and in the Iaboratory.‘

It appears that among different physicochemical factors, dissolved oxygen (DO) has a major role in
determining the tube length of the larvae. A quantitative relationship between oxygen concentrat!on
and the tube length of larvae is presented here. Our study reveals a longer tube in aquatic media with
oxygen deficiency and a shorter tube in those with higher oxygen. This result may help to assess the
quality of water bodies and, in particular the status of DO.

Chironomids (Diptera: Chironomidae) play a major role in the aquatic food chain by maintaining a link between
producer and primary carnivores. They are also considered as important biological tools for environment assess-
ment. Chironomids are primary consumers and a source of food for the higher trophic levels'. Tube building
is an important characteristic feature of chironomid larvae and the tubes protect the larvae from the effects of
heavy metals and other pollutants to some extent’". Larvae make their tubes with salivary silk and sofi benthic
particles'. The composition of the tube of the larvae is similar (o the benthic particles of the surrounding medium.
The quality of building materials is more important than the size of particles, in upstream of lotic water". Tubes
help to collect food particles, assist larvae in producing respiratory currents, acl as a refuge from predators
and inhibit chemical toxicants® *. Halpern et. al. reported tubes of these larvae protect them from predation by
damselflies”. Tube building properties also can modify the quality of the substrate used for tube building'’. Asa
bio-indicator species, larvae are used to understand the quality of the aquatic body. Chironomus plumosus and
Polypedilum sp. have a great influence on de-nitrification and nitrogen turnover in lake deposits''. Different
physicochemical factors such as water temperature, alkalinity, and benthic soil organic carbon have been found
to influence the seasonal variation of body protein and the growth of chironomid larvae'’ ", At the same time,
some environmental parameters also influenced the tube-building ability of the chironomids. During the study,
a strong relation between the tube length and DO was observed. As well as this feature will help the person
who is involved in [reshwater aquaculture to measure the DO by a standard scale without using any expensive
instrument or titrimetric method. Keeping these features in mind, here an attempt has been made to find out

the relationship between tube length and dissolved oxygen (DO).The work seems to be unique and novel for
its own kind.

Materials and methods

The Kanchrapara wastewater canal (KWC) (22°93 N, 88°47 E) and Kanchrapara fish culturing pond (KFP)
(22°94 N, 88°45 E), Kanchrapara, North 24 Parganas, West Bengal, India, are chosen for this ;wpcruucm n
natural conditions (o study the relationship between the tube length of chironomid larvae and different phys

icachemical parameters of the aquatic bodies. The distance between two water bodies is approximately five
kilometres, and these water bodies may be an ideal model for (he urban aquatic ecosystem due to their different
quality of water. KWC is enriched with a high organic and nutritive content. Because of the fish culture in KFP,

'Department of Zaology, Sidho-Kanho-Birsha University, Purulia, West Bengal 723 104, India *Department
of Zoology, G‘uvernmem General Degree College Singur, (University of Burdwan), Hooghly, West Bengal 71
409, India 'BASF SE, Agricultural Solutions-Ecotoxicology, Speyerer Strasse 2, 67117 Limburgerhof

Germany. *Department of Anthropology, Government General D.
/ egree College Singur, (University of Burdwan)
Hooghly, West Bengal 712 409, india  email nathsusanta2012@gmail com : T e
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Ex-situ Evaluation of Chironomid Larvae as a Potential
Supplementary Food in Aquaculture

Sasanta Nath'@ - Shreya Samanta’ - Rahul Podder” - Lennart Weltje® -

Biplob Kumar Modak’®

Recerved: 18 July 2021 [ Revised: 10 Ociober 2021/ Accepred: 1S March 2022
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Gon, the demand for fish as dietary protein increases
globally. Though sez fishes are the main source of fish
protein, freshwater fishes also occupy a significant pant of
&mmma.meduwmmm-
wm«mm&mmmw
production. The present study investigates the role of chi-
sonomid farvae as zn alternate fish feed and their infiuence
o6 the mutnitional value of fish Experiments were con-
ducted with banded gourams (Trichogaster fasciata) fed on
farvae of the aguatic insect Chironomus sinatipennis (Fl
dic1). dry commescially availzble Tubifex (F2 diet), and
commercially available dry granular fish food (F3 diet).
cholesterol fevel is lower in fish fed on the F1 diet in
comparison 1o fish fed on other diets. Moreover, the fish
ﬂﬁhﬂ&amﬁalowermofﬁeefmy

fanty acids. Comparing the @603 and @3:06 ratios it

nutrition than fish fed on F2 and F3 diets, respectively. The
high amount of palmitoleic acid, DHA and EPA in fish fed
on the F1 diet, established C. striatipennis larvae as a
suitable food source for 7. fasciata culturing, as well as
ascertaining this fish species 10 be a nutritious food source
for humans.

Keywords Blood worm - Fish food - Protein - Farty acids -
Cholesterol

Introduction

In the life cycle of Chironomus sp., the larval stages,
commonly known as blood worm (4th instar), are spent in
the aquatic ecosystem. Due to benthic habitat. this insec-
lhummmlemtheuophicchainofwawbodies
bymzimainingalinkbctweendﬂﬁvomzndptimary
carnivores [1, 2]. The protein content of chironomid larvae
migh:varywithlocauonandmcnaumonhewambody
[3.4].0!imnomidlarvaemrichinprmcinandfaxand
alsongoodmucofironCalhfedonfrozenchirooomjd
lnvaeshmvedhighcomumpﬁonlbsorption.mdahigh
metabolic rate [5]. Chironomid larvae are considered a
good nutrient as these larvae contain lipids, proteins, fatty
acids, and vitamins, which are essential for the growth of
fingerlings and amino acids present in these larvae act as a
component for supporting juvenile fish
growth [6, 7). Trichogaster fusciata has the highest lipid
content in comparison to other small indigenous fishes
This fish is both commercially and ecologically important
It is sold in the market for food and omamental fish and
mdhdznquaﬁcsymfubio-conmlofnmquuo
larvae. This fish is popular for its palatability with high
nutnitional value. It has high demand in the local marke:
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Seasonal Trend of Body Protein and Growth of Chironomid

Larvae

Susanta Nath' - Rahul Podder’ * Biplob Kumar Modak”

Received: 20 November 2014/ Revised; 27 March 2015/ Accepted: 13 April 2015/Published online: 13 May 2015

© Zoological Society, Kolkata, India 2015

Abstract Chironomid midges technically named blood
worms are known as useful live food for higher aquatic
organism like fish. Present study deals with the seasonal
variations of total body protein and the growth rates of
chironomid larvae occurring in two water bodies of West
Bengal, India. Analysis of the data revealed that the
amount of body protein and the growth rate of larvae are
higher during summer and monsoon, Comparative analysis
of the data, indicates that the entire phenomenon depends
on nutrient cycle of the water bodies which is influenced by
. a number of factors such as water temperature, alkalinity
and soil organic carbon.

Keywords Chironomidae - Seasonal variation
Limnological factor - Body protein - Growth

Introduction

The benthic insects chironomids living in running and still
waters, play important role in the aquatic food web (Epler
2001; CheSalmah and Hassan 2002; Cranston 2004). Adult
Chironomids do not bite and avoid feeding during their
short life time (Armitage et al. 1997). Chironomid larvae
- are well known dietary resource in fisheries (Shaw and
Mark 1980) because of excellent source of protein (De La

i of Zoology, Bidhannagar College (Govt, of
EB.2, Salt Lake, Kolkata 700 064,

nt of Zoology. Sidho Kanho Birsha University,
‘est Bengal, India

Noue and Choubert 1985), lipid, vitamins and minerals
(Mclarney et al. 1974; Habib et al. 1997). The larval stages
of majority of chironomid species are benthic and utilize
detritus, suspended materials and sediment as resources for
nest building materials and food (Ashe et al.1987). Chi-
ronomids like other benthic insects of fresh water ecosys-
tem are dependent on sedimentation for their food supply
(Brinkhurst 1974), Seasonal changes in the food habit af-
fect physiological and biochemical parameter of chirono-
mids (Jonasson 1972). The immature stages of the
chironomid midges are abundant in wide range of lentic
and lotic habitats in West Bengal, India (Chaudhuri and
Guha 1987; Nandi et al. 2012). In this study an attempt has
been made to correlate the length of larval individuals in
respect to their body protein in relation to some limno-
logical parameters of two contrasting water bodies, one
being fresh water pond and the other is recognized as waste
water canal.

Materials and Methods
Study Area

The study was carried out in the waste water canal locating at
Kanchrapara (KWC), (22°56'18.6648"N, 88°28'10.0344"E)
and the fresh water pond locating at Beliaghata Road (BFP),
(22°33'40.9320”N, 88°24'16.8444"E) District North Twen-
ty four Parganas, West Bengal, India.

Collection of Chironomid
Twenty different places were selected randomly and

wooden squares (12" x 12") were placed on both sides of
canal (ten quadrats on each side, 10 x 2 = 20) and the
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An Approach to Measure the Biomass of Bloodworms (Diptera:
Chironomidae) in Different Nutrients

Rahul Podder’ - Susanta Nath’ @ - Biplob Kumar Modak'

Zoological Society, Kolkata, India 2019

Due to their rich nutrient content, late stage

onomus larvae or bloodworms are considered as the
ost preferred natural food source of cultured fish. How-
it is not popular due to its high cost and low avail-

ore harvested from nature. The objective of
% 10 achieve a cost-effective culture practice of
er laboratory conditions. For this experiment

commercial baker's yeast powder (F2), a
e ium (F3) and commercial fish food
g with a control culture medium. The
significant effect of diet on both wet mass
Fooy (3. 8] and biomass [F =
(3, 8)] of bloodworms. The biomass was
arvae were fed commercial fish food
ctively, but the mixed diet was more
rich source of both carbohydrates and

peived: 4 January 2018/ Revised: 19 June 2019/ Accepted: | July 2019/ Published online: 19 July 2019

Introduction

Natural food for fish is more advantageous than artificial
food due to its high water content, easy digestibility and
presence of digestible protein. Natural live food is mobile
and fishes are attracted to this type of food. Morcover
water becomes dinty due o rejected particles of artilicial
fish food, whereas, rejection rate of natural live food is
lesser in comparison (Bogut et al. 2007), Chironomus lar-
vae are considered as natural food for different freshwater
fishes (Medeiros and Arthington 200%; Broyer and Curtet
2011). This insect performs a significant role in aquatic
trophic chain by making connection between producers and
secondary consumers (Tokeshi 1995). Protein content in
laryae is more than hHifty percent and vanes with the phy-
sico-chemical parameters of water (Thipkonglars el ul
2010; Nath et al, 2017). As a fish food, though bloodworm
is very nutritious, the production of this worm s very
expensive so they are mainly harvested from nuture
(Sulistiyarto et al. 2014). It was reporied that fishes on
chironomus larvae were found to grow faster and spawned
carly. Moreover, larvae are used as live food for many
aquarium fishes and their artifcial culwre is a challenge in
the field of aquaculture (Kumar 2016; Failla et al 200 )
This insect has the ability 1o imcrease their numbers due 1o
high production rate. It 15 able (o compete with other
benthic organisms for shelier and food and has o high
tolerance of environmental changes (Kuvangkadilok 1001
Taenzler et al, 2007, Howarth and Oishi 201 1) S0l
researchers have tried 10 invent vanous cconomically
efficient techniques to culture this insect in luboratory s
well as for commercial purposes (Habib et al, 1997 Very
few studies were conducted (o measure the biomiss o
chironomid exposed to different food media. Considering
the importance of ¢hironomid as pood nutrient souce (or

@ Springes
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OMASS OF
ASTUDY ON THE GROWTH AND BI
CHIRONOMUS LARVAE IN DIFFERENT FOOD MEDIA

> 3
RAHUL PODDER', SUSANTA NATH", CATERINA FAGGIO

AND BIPLOB KUMAR MODAK' o
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ABSTRACT

Chironomid larvae, popularly known as bloodworm, are considered as
their high nuiritionsl content. However, due to less availability and hj
popular so far. Here, an attempt was made to increase the biomass as
Four culture media were prepared for Chironomus Striatapennis,
Bakery Yeast, mixture of Potato peel powder and Bakery yeast, und Commercial Fish Food. s '
with a Control medium containing natural pond soil and water, The study revealed that ‘r‘::(i. :n\ m-H. as along
and growth of bloodworms were higher in the mixed as well as in (he medium conmm:n vpl‘ ‘1 u'umn 2 h“:"“.\\
culture medium was considered better than the other three media as well as the g bish food. But, mixed
vegetable waste and bakery yeast are almost of no cost materal, v

larvae was concerned

preferred food for cultured fish due to
gh cost of production, such food is not
well as growth of this insect at low cost
using the following, Potato Peel Powder

control, As potato peel powder, a
ng high yield when biomass of chironomid

Reywords: Chironomus . body growth, biomass, culture medium; cost effectiy
: "

LLINTRODUCTION :

ﬂk‘dmbﬂ\ al the bottom mud communities in ponds
The genis Chironomia (Order: Diptera; Family ;’:h‘ln:'-‘;eu\d Play & major role in the squatic
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Chironomidae) is the most abundant and widesprend secondary m’:::::,:,:""' '-; link among §
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Response of Chironomus striatapennis Larvae
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ABSTRACT

In this experiment. estimation of LCs of Lead (Pb), Cadmium (Cd) and Mercury (Hg) was carried out
when Chironomus striatapennis was exposed to different freatment doses Chi square was used to
test for heterogeneity and the result was found to be significant (p<0 05) in all three metals Fourth
Instar larvae were collected from breeding aquarium under laboratory conditions and exposed for 96
hours to different doges of Pb. Cd and Hg for static bioassay to measure the LCs, Ten fourth instar
layvae were placed in 100 ml beaker with 50 ml of each test solution Larvae were exposed 10 six
different conoentrahqns. consisting of five trials A control was also maintained wherein organisms
:ere exposed to distilled water Larvae were not fed during the toxicity tests All beakers were free

om tube forming materials. Data of mortality were subjected to probit analysis Results showed that

sensitivity of larvae to metals was Hg> Cd >Pb C. striatapennis showed noticeable response in

LCyy su:dyh and was sensitive to low doses of heavy metals Several secondary consumers have
{Eefﬂﬂ’od s larva as their food So unplanned industrialization may increase the level of heavy

*Comeaponding suthor £ -mail susanta_neth@yahoo com



MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding (hereinafter called the MOU) is signed on the 12 Day
of March, 2018 between Dr. Monohar Hossain Mondal, WBES, Assistant Professor in
Chemistry, Govt. General Degree College, Singur, West Bengal, India-712409 and Prof.
Dr. Ajaya Bhattarai, Professor, Department of Chemistry, M.M.A.M.C. Tribhuvan
University, Biratnagar, Nepal-56613 about Research Collaborations in the field of Bio-
Inorganic and Homogenous Catalysis using Natural/Conventional Surfactants.

Clauses of the MOU

1. Both the signing parties will follow Research ethics, share ideas, co-operate in
laboratory based studies and will not show any conflict of interest while publishing
any documents or research articles.

2. Both the parties will utilise Research infrastructure/funds/grants whatsoever from any
sources available for the fulfilment of projects.

Time period of the Collaboration

This collaborating MOU will remain in vogue until one of the signing party wishes to
withdraw himself from the MOU.

Signed:
1. First Party:

Mawshor Hoaim Madab -

(Dr. Monohar Hossain Mondal)

Dr. Monohar “!nndal WBES
. i ro ,-'\}
gpariment < . mstry

Gowt. Ceieral Degree © - 'cge, Singur

2. Second Party:

ﬂ‘(m

R.S:Law\ fgt"“-ﬁ

(Prof. Dr. Ajaya Bhattarai)

Dr. Ajaya Bhattarai

Professor

Department of Chemistry
M.M.A.M.C, Tribhuvan University
Nepal -56613



FUNCTIONALITY OF THE MOU

Within the purview of the MOU signed between Dr. Monohar Hossain Mondal, WBES,
Assistant Professor in Chemistry, Govt. General Degree College, Singur, West Bengal,
India-712409 and Prof. Dr. Ajaya Bhattarai, Professor, Department of Chemistry,
M.M.A.M.C. Tribhuvan University, Biratnagar, Nepal-56613 about Research
Collaborations in the field of Bio-Inorganic and Homogenous Catalysis using
Natural/Conventional Surfactants, the following outcomes were obtained:

1. Six (06) Research articles in International Peer-Reviewed journals have been
published during 2018-2022 where few Research Fellows of Prof. Bhattarai are Co-
authors.

2. Currently one Project on the “Studies on Organic dye-natural surfactants
interaction and probable remediation ”

3. More Research Projects are in discussion phase and projected to be done further.

Signed:

Dated the 27" June, 2022

(Dr. Monohar Hossain lgondal)

Monch:

Halry

s Gowt. | iefal Legres e, Singu
La—{-{-rﬁ'ﬂv

LA

(Prof. Dr. Ajaya Bhattarai)

Dr. Ajaya Bhattarai

Professor

Department of Chemistry
M.M.A.M.C, Tribhuvan University
Nepal -56613
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RSC Advances

W) Check for updates
sl R

Cite this: RSC Adv., 2021 11, 33004

Received 27th June 2021
Accepted 20th September 2021
DOl 10.1039/d1raD49680
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“Homogeneous Catalysis Laboratory, Department of Chemistry, The University of
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Scientific information about sugar-based
emulsifiers: a comprehensive review
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The instantaneous demand for foods, detergents, cosmetics, and personal care products that can be
commercialized with value-added benefits including natural origin, environmental friendliness, and
sustainability is increasing day by day. Accordingly, the associated industries are trying to identify
bicactive ingredients that may be natural alternatives to synthetic ones, This review article is mainly
aimed at the classification of natural saccharide-based emulsifiers (which are mainly bio-surfactants),
their methods of preparation and their various types of applications in daily life activities. Different routes
of production of mono and polysaccharide-based emulsifiers and their industrial advantages are
exclusively highlighted. The readers can get an approach on how sugar-based emulsifiers are
synthesized and used in the pharmaceutical, food, and personal care industries to contribute excellent
physicochemical properties and feature excellent functional characteristics. Many of the synthetic
procedures are assoclated with the use of natural ingredients to prepare emulsions concerning "eco-
friendly” selective materials. In this report, an endeavour has been made towards contextual examples for
the production methods of some saccharide-based emulsifiers and their advantages in various fields.

1. Introduction

The development of science and technology is mainly focused
on the security and safety of the environment, people, and eco-
system.! The diverse and conventional chemistry requires
convenient alterations that promote the applied aspect of ‘green
chemistry' in the daily life activities of our community. Natural
resources have been proved to be the most effective and
dependable alternatives to accelerate the ‘green chemistry’
worldwide. In this context, species having properties such as
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Abstract: Polysaccharides, polynucleotides, and polypeptides are basic natural polymers. They have
various applications based on their properties. This review mostly discusses the application of natural
polymers as emulsion stabilizers. Natural emulsion stabilizers are polymers of amino acid, nucleic
acid, carbohydrate, etc., which are derived from microorganisms, bacteria, and other organic materials.
Plant and animal proteins are basic sources of natural emulsion stabilizers. Pea protein-maltodextrin
and lentil protein feature entrapment capacity up to 88%, (1-10% concentrated), zein proteins feature
74-89% entrapment efficiency, soy proteins in various concentrations increase dissolution, retention,
and stability to the emulsion and whey proteins, egg proteins, and proteins from all other animals
are applicable in membrane formation and encapsulation to stabilize emulsion/nancemulsion. In
pharmaceutical industries, phospholipids, phosphatidyl choline (PC), phosphatidyl ethanol-amine
(PE), and phosphatidyl glycerol (PG)-based stabilizers are very effective as emulsion stabilizers.
Lecithin (a combination of phospholipids) is used in the cosmetics and food industries. Various
factors such as temperature, pH, droplets size, etc. destabilize the emulsion. Therefore, the emulsion
stabilizers are used to stabilize, preserve and safely deliver the formulated drugs, also as a preservative
in food and stabilizer in cosmetic products. Natural emulsion stabilizers offer great advantages
because they are naturally degradable, ecologically effective, non-toxic, easily available in nature,
non-carcinogenic, and not harmful to health.

Keywords: emulsion stabilizer; nanoemulsion; emulsion technology; biopolymer

1. Introduction

“Biopolymers are natural sources polymers which are obtained either synthesized
chemically from a biological material or biosynthesised entirely by living organisms” [1],
such as proteins (amino acid polymers), genetic material (nucleic acid polymers), glyco-
forms (carbohydrate polymers and glycosylated molecules), metabolites, and other struc-
tural molecules. These polymers can be incorporated in two different ways, depending
on whether they are surface-active (most proteins) or surface-inactive (most polysaccha-
rides) [2]. They perform several functions such as coating, packaging, and many other
mechanical functions, according to their properties. They are biodegradable and do not
accumulate like many other synthetic polymers, such as waste plastics [3].

The emulsification properties of polymers are based on their monomer units and are
used in a variety of ways depending on their basic features in different fields, such as food,
pharmaceuticals, cosmetics, pesticides, fertilizers, etc. The overall biopolymer tvpes are
listed in Figure 1.

Polymers 2022, 14, 127. https:/ /doi.org/10.3390/polym14010127
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This review contains up-to-date knowledge and recent advancements on the essentiality, sources, and
toxicological profile of nickel and its different compounds. Nickel is a recognized essential element for several
important biological processes like the healthy growth of plants, animals, and soil/water microbes; though an
excess amount of nickel intoxicates flora and fauna. Nickel is found to affect the photosynthetic function of
higher plants; it can severely degrade soil fertility and causes many chronic diseases in humans. Due to the
huge growth in the nickel industry and consumption of nickel-containing products, environmental pollution
has become inevitable by the element nickel and also varieties of its by-products through all the phases of
making, utilization and dumping. We have focused on the importance of agenda 2030 (UN 17 SDGs) during
the preparation of the write-up and have highlighted goals 3, 6, 8, 9, 11. 12, 13, 14, and 15 by elaborately
discussing associated points. The plausible molecular mechanism of nickel toxicity is presented in simple
diagrams. The article elaborates on possible methods for remediation of nickel toxicity and the treatment of
nickel dermatitis and nickel cancer. Recent advancements in the understanding of the dual aspects of nickel
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An imbalance in the relative abundance of a few metals in the
ecosystem can transform those elements into potential threats
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as beneficial and a carcinogen are the key subject of this article.

to its flora and fauna."* We have many works of literature about
the toxicity of different metals; especially heavy metals (high-
density elements) which can cause toxicity even at a lower
concentration, making them one of the most significant envi-
ronmental pollutants. Unlike the heavy metals, there are also
some potential ‘light metal’ toxicants, which become a serious
threat to the environment and eco-systems when exposed at
elevated levels. Ni is one such metal. Ni and nickel-containing
compounds are naturally distributed on the Earth's crust,
ranking as the 24th most abundant element, and are constantly
released into the atmosphere through various natural
phenomena at modest levels.” It is a recognized essential
element for several important biological processes like the
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Comprehensive Review on Applications of Surfactants in Vaccine
Formulation, Therapeutic and Cosmetic Pharmacy and Prevention
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Abstract

Our world is under serious threat of environmental degradation, climate change and in association with this the out breaks
of diseases as pandemics. The devastating impact of the very recent COVID-19, The sharp increase in cases of Cancer,
Pulmonary failure, Heart health has triggered questions for the sustainable development of pharmaceutical and medical sci-
ences. In the search of inclusive and effective strategies to meet today’s demand, improvised methodologies and alternative
green chemical, bio-based precursors are being introduced by scientists around the globe. In this extensive review we have
presemgd the pot:entiality and Realtime applications of both synthetic and bio-based surfactants in bio-medical and phar-
maceutical fields. For their excellent unique amphoteric nature and ability to solubilise in both organic and inorganic drugs,
surfactants are one of the most potential candidates for bio-medicinal fields such as dermatology, drug delivery, anticancer
treatment, surfactant therapy, vaccine formulation, personal hygiene care and many more. The self-assembly property of sur-
factants is a very powerful function for drug delivery systems that increases the bic-availability of the poorly aqueous soluble
pharmaceutical products by influencing their solubility. Over the decades many researchers have reported the antimicrobial,
anti-adhesive, antibiofilm, anti-inflammatory, antioxidant activities of surfactants regarding its utility in medicinal purposes.
In some reports surfactants are found to have spermicidal and laxative activity too. This comprehensive report is targeted
to enlighten the versatile applications of Surfactants in drug delivery, vaccine formulation, Cancer Treatment, Therapeutic
and cosmetic Pharmaceutical Sciences and prevention of pulmonary failure due to COVID-19.

Keywords Surfactant - COVID-19 - Pulmonary failure - Vaccine formulation - Drug delivery - Anti-cancer

1 Introduction these the degradation of human health, epidemics and pan-

demics like most recent COVID-19, Making remedies for
The most dangerous global threats against modern science  the sustainable improvement of both human and environ-
are the fighting against climate change, environmental deg- ~ ment health are the master tasks for scientists around the
radation, ecological downfall and in association with all  globe. In connection to this, environmental scientists are
working on invention, discovery and development of sus-
tainable green methodologies to protect environment from
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Diverse utilization of surfactants in coal-floatation
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production and environmental safety: a review
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The rapidly increasing modern industrial world demands a huge uninterrupted energy supply, where high-
duahty coal (HQCQ) is one of the major sources of the required energy. In this regard, a gigantic amount of
:.;_cil'd waste including ash and toxic chemicals, such as heavy metals, nitrate and sulphur, gases including
NOx and SOx are emitted during the direct incineration process of low-rank coal. About 10 Gt of CO;
and about one-fifth of total greenhouse gases in the world are emitted each year due to coal
combustion in power plants, making it the single largest cause of climate change. The UN proposed that
OECD countries stop producing electricity from coal by 2030 and the rest of the world by 2040. Herein,
we discuss the development of modern technologies that can convert low-guality coal (LQC) into high-
guality coal (HQC) to minimize the impact of fossil fuel burn, climate change, premature death of
animals and all other related environmental hazards. Amongst the many established technologies,
flotation ‘pre-treatment is the most common and effective method used worldwide due to its lower
energy input than other methods. In this review, we attempt to present an up-to-date understanding of
the applications and utilities of surfactants in coal floating. We also demonstrate the possible
modernization of this surfactant chemistry and its prospects.

Received 6th May 2022
Accepted Sth August 2922

DOI' 10.1039/d2ra02861a

rsc.lifrsc-advances

This article 1s licensed under a Creative Commons Attnbution-NonCommercial 3,0 Unported Licence.
y

1. Introduction

e |

“Department of Chemistry, The University of Burdwan, Burdwan-713104, WB, India.
E-mail: b_saha3l@rediffmail.comy bsaha@chem buruniv.acin; Fax:  +91-342-
2530452; Tel: +919476341691; +91-342-2533913

*Chemical Sciences Laboratory, Government General Degree College, Singur, Hooghly-
712409, WB, India. E-mail: mmondal1 208@gmail.com; Tel: +919475337890; +91-33-
2630-0126

In coal-based thermal power stations, the most important input
is good-quality coal to generate electricity. Worldwide, a total of
about 8500 coal power stations with over 2000 gigawatt (GW)
capacity are producing one-third of the world's total consumed
electricity.! Coal is a combustible black or dark brown sedi-
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mentary organic rock, which consists of more than 50% weight
carbonaceous material. Due to earthquakes and other natural
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1 Introduction

Beverages (drinks) are liquids purposely formulated for human consumption. The
basic functionality of beverages is to make up the thirst and electrolytic balance
in the human body. From ancient times, beverages played important roles in different
cultures and ethnic groups. The importance of beverages is associated with the dehy-
dration of the human body, which is associated with the craving for fluids called
thirst. The hypothalamus of the brain system regulates the thirst in response 10 the
subtle changes in the body s electrolytic levels. The imbalance of electrolytes creates
dysfunction of blood circulation in the body system (thus creating oxygen crisis),
which may have fatal effects. To maintain a perfect balance of fluid and electrolytes,
beverages have profound applications [1,2]. The beverage is an inclusive term for
soft drinks, juices, milk derivatives, alcohols, beers, and warm beverages such as cof-
fee, tea, hot chocolate, caffeinated drinks, etc. In modern times, various other types
of beverages are also produced for purposes such as immunization, personal care,
partying. and social celebrations. Whether formulated for relaxing or nourishing,
indulging or energizing, beverages satisfy the desires of the customer with an
ever-expanding menu of choices. With the increase in the array of choices for bev-
erages, nuanced new needs are emerging. Consumers around the globe are looking
for drinks that are more sophisticated, more natural, and authentic. The definition of
new-generation beverage demands more bio-oriented and less synthetic foods for
consumption, which includes lowering of addition of sugars, synthetic flavors,
and chemicals. The demand for add-on benefits such as promotion of health, fitness,

Applications of Next Generation Biosurfactants in the Food Sector, hitps://del.org/ 10,101 6BY78-0- 1 2-824253-4.00002-2
Copyright ¢ 2023 Elevier Inc. All rights reserved.
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Abstract Within the framework of modified gravity model
namely Slotheon model, inspired by the theory of extra
dimensions, we explore the behaviour of Dark Energy and
the perturbations thereof. The Dark Energy and matter per-
turbations equations are then derived and solved numerically
by defining certain dimensionless variables and properly cho-
sen initial conditions. The results are compared with those for
standard quintessence model and ACDM model. The mat-
ter power spectrum is obtained and also compared with that
for ACDM model. It appears that Dark Energy in Slotheon
model is more akin to that for ACDM model than the stan-
dard quintessence model.

1 Introduction

In modern cosmology one of the most challenging prob-
lems is to explain the late time acceleration of the Universe.
The distance measurements of Supernova Type la (standard
candle) observations [1,2] revealed in 1998 that the expan-
sion of the Universe is accelerating. Since then several other
observations such as Cosmic Microwave Background Radi-
ation observations (CMBR) [3-7], baryon acoustic oscilla-
tions measurements in galaxy power spectrum [8,9], large
scale structure studies [10—12] have also indicated this phe-
nomenon of late time acceleration of the Universe. The gen-
eral consensus is that a mysterious component called Dark
Energy with negative pressure (opposite to gravity) is caus-
ing the late time acceleration of the Universe. The CMBR
anisotropy measurements suggest that the Dark Energy
accounts for about 68.5% of the mass energy content of the
present Universe.

As mentioned, the pressure acts opposite to that of gravity
so as to accelerate the Universe in opposition to the tendency
of an eventual gravitational collapse due to the mass present

#e-mail: upala.mukhopadhyay @saha.ac.in (corresponding author)

in the Universe. Several theoretical models have since been
proposed for explaining the origin and nature of the mysteri-
ous Dark Energy and the consequent late time acceleration.
There are attempts to interpret this Dark Energy by a cosmo-
logical constant A introduced in the Einstein’s equations and
the Friedmann equations that follows for FRW cosmology
[13-18] with Einstein equations. However from the point of
view of particle physics the cosmological constant naturally
arises as an energy density of the vacuum, but in such scenario
one has to make a fine tuning of the theoretical result of order
10'2! [13,19]. Cosmological constant A is also associated
with another theoretical problem, namely the cosmic coinci-
dence problem [20]. The quintessence Dark Energy [21] is
generally realized by considering a scalar field ¢ in a poten-
tial V (¢) [22] and as time progresses ¢ changes very slowly
(slow roll). Various scalar field Dark Energy models have
been studied in detail in literature [23—82]. Other attempts
to explain this late time acceleration includes modification
of Einstein’s gravity in the large scale in the framework of
theories of extra dimensions [83—87]. There are various pro-
posals in the literature of higher dimensional models [88-93]
to explain recent cosmic acceleration.

The Dark Energy and the inhomogeneities in the Dark
Energy field are addressed by studying the Dark Energy per-
turbations [94,95]. This is related to the perturbations of
space time [96-98] as also the perturbations of the scalar
field that may be considered to account for the Dark Energy.
The study of cosmological perturbations is also important
because the matter and other perturbations that are derived
from a proposed theory have direct consequences in account-
ing for the matter power spectrum.

In the present work we investigate the late time accelera-
tion by a scalar field namely Slotheon [99-101] field inspired
by extra dimensional models. A Slotheon field arises out of
the Dvali, Gabadadze and Porrati (DGP) [102] model related
to brane world. The mechanism of the DGP model is such
that gravity can be localised in a 4-dimensional brane and at

@ Springer
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Chapter 131 )
Dark Energy Perturbation and Power e
Spectrum in Slotheon Model

Upala Mukhopadhyay, Debasish Majumdar, and Debabrata Adak

Abstract We explore the perturbationsn in Dark Energy by taking the Slotheon field
model. The Slotheon field model follows from the extra-dimensional DGP (Dvali,
Gabadadze, and Porrati) model and based on the Galileon transformation in curved
space time. In this model a scalar field = in DGP theory is subjected to a shift
symmetry in such a way that the final theory is invariant under this shift symmetry in
curved space time. We consider that the accelerated expansion and Dark Energy are
driven by the scalar field 7 with a potential V (7). Then we explore the Dark Energy
perturbations within the framework of this Slotheon model. Using these perturbations
we compute the matter power spectrum.

131.1 Introduction

In this work we consider a scalar field model inspired by a model in theories of extra
dimensions as an alternative way to explain the late time acceleration of the universe.
At the limit when M, — oo and r. — oo where Mp, denotes reduced Planck mass
and r. is the cross over scale for transition from 4d to 5d, the Dvali Gabadadze
Poratti (DGP) [1] model (an extra-dimensional model) in Minkowski spacetime
can be described by a scalar field [2] which obey the Galileon shift symmetry 7 —
™+ a + b,x". A suitable scalar field m which respects this symmetry when extended
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Abstract In this current study, our main focus is on model-
ing the specific charged compact star SAX J 1808.4-3658 (M
=0.88 Mg, R = 8.9 km) within the framework of f(R, T)
modified gravity theory using the metric potentials proposed
by Tolman—Kuchowicz (Tolman in Phys Rev 55:364, 1939;
Kuchowicz in Acta Phys Pol 33:541, 1968) and the interior
spacetime is matched to the exterior Reissner—Nordstrom
line element at the surface of the star. Tolman—Kuchowicz
metric potentials provide a singularity-free solution which
satisfies the stability criteria. Here we have used the sim-
plified phenomenological MIT bag model equation of state
(EoS) to solve the Einstein—-Maxwell field equations where
the density profile (p) is related to the radial pressure (p;)
as p;(r) = (p — 4By)/3. Furthermore, to derive the val-
ues of the unknown constants a, b, B, C and the bag con-
stant By, we match our interior spacetime to the exterior
Reissner—Nordstrom line element at the surface of stellar sys-
tem. In addition, to check the physical validity and stability of
our suggested model we evaluate some important properties,
such as effective energy density, effective pressures, radial
and transverse sound velocities, relativistic adiabatic index,
all energy conditions, compactness factor and surface red-
shift. It is depicted from our current study that all our derived
results lie within the physically accepted regime which shows
the viability of our present model in the context of f(R, T)
modified gravity.

1 Introduction

Einstein’s General Relativity (GR) has continued to with-
stand the test of time in its predictions of physical phenom-

4 e-mail: pramitrej @ gmail.com (corresponding author)

b e-mail: piyalibhar90 @ gmail.com

¢ e-mail: megandhreng @dut.ac.za

Published online: 13 April 2021

ena within the realms of astrophysics and cosmology. From
the classical predictions of the precession of Mercury’s orbit
and the deflection of starlight by a massive gravitating body
to present day detection of gravitational waves and observa-
tions of black holes GR has triumphed. Early attempts seek-
ing solutions of the Einstein field equations which describe
stellar objects were crude and for most part unrealistic. The
first exact solution of the Einstein field equations describing a
self-gravitating sphere was obtained by Schwarzschild. The
so-called interior Schwarzschild solution which described a
constant density sphere suffered from various pathologies,
the most notable being that the propagation speed for any
signals within the fluid sphere was noncausal [1]. A survey
of exact solutions appearing in the literature describing stel-
lar objects by Delgaty and Lake [2] revealed that only a small
subset of solutions meet the rigorous tests for physical via-
bility, regularity and stability of fluid spheres.

The search for more realistic stellar models within GR
required researchers to connect the macroscopic properties
of stars determined through observations to the microphysics.
A new era of stellar modeling was born, which went beyond
the mathematical excursion of the Einstein field equations
where ad hoc assumptions were made just to generate a
toy model. Standard approaches which included assump-
tions on the metric function, density profiles, pressure pro-
files, anisotropy parameter and even the matter content which
allowed for the system of equations to be integrated gave
way to well-motivated techniques intrinsically connected to
physics which include an equation of state (EoS), mass pro-
files linked to surface redshift and compactness of typical
stellar structures. The linear EoS which links the radial pres-
sure to the energy density has been generalized to include
the microphysics (at least on a phenomenological level) via
the so-called MIT bag model. The departure from pressure
isotropy makes the modeling of stellar objects mathemati-
cally tractable. Imposing a barotropic EoS of the form p, =

@ Springer
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INSIGHTS INTO THE STRUCTURE AND DYNAMICS
OF SHIGELLA INVASION PROTEINS FOR USE AS
POTENTIAL DRUG TARGETS
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ABSTRACT

The Gram-negative bacteria, Shigella spp. has always been a pathogen of concern
in the context of global burden of diarrheal diseases, with recent surveys taking
the annual incidence of shigellosis to roughly 125 million cases worldwide. The
scenario has been further worsened by the frequent reports on isolation of
multi drug resistant (MDR) Shigella strains, showing resistance against potent
antibiotics including the 3 generation cephalosporins as well. With the recent
years witnessing a growing interest in the discovery of novel drugs, this work
has scrutinized the structural mitty-gritty of the predominant virulence factors
mm Shigella, viz. the invasion plasmid anftigens IpaA IpaB, IpaC and IpaD, that
are evidenced to have multifaceted role in the pathogenesis cascade, to explore
their potential as promising therapeutic targets. In this work we report the
3D models of the different invasion proteins using comparative modeling and a
comprehensive structural evaluation protocol for evaluating their stability as drug
targets. Our data suggest significant potential of these invasion proteins to serve
as future drug targets, thus opening up the avenue for further investigations.

Rey words: Shigella, Invasion profeins, Structural analysis, Drug targets, In-
stlico.

INTRODUCTION

Shigella species are Gram-negative enteric pathogens, routinely sequestered from
patients with acute intestinal infections, often with extra intestinal manifestations.
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Abstract: Multiple serotvpes of Shigells and swrfacing of anfimicrobial
resistant strams pose a senous threat in treating shipellosiz. A sigmificant
proporfion of the Shigella flexmeri genome (13%) codes for Hypothetical
Protems (HPs), which mav be involved in key cellular and signalling pathways,
that play decisive role m pathogen swrvival and dissemination. Thes work
emplovs a computational workflow to determine the famuly, domamm sub-
cellular localisation and possible interacting partners of these unannotated
proteins. The imrestigation could successfully assign funchons to 432 HPs fiom
Shigella flexneri genome and classified them into 20 dufferent groups m
accordance with their functions. Enzymes being the mest prevalent group, were
further categorised mnto several classes depending on the reaction 1t catalyses.
This werk should serve as a reference pipeline for anneotation of other HP: from
pathogemic orgamisms and detailed expermmental mveshgations of these
annotated proteins should help us to 1dentify novel therapeutic targets for future
drug dizcovery.

Kevwords: Shigella sp; shigellosis; lnvpothetical proteins: in-silico; therapeutic
targets.
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FUNCTIONAL ANNOTATION OF PATHOGENESIS
PROTEINS IN SHIGELLA FLEXNERI USING
COMPARATIVE GENOMICS

Sarmishta Mukhopadhyay', Sayak Ganguli’ and Santanu Chakrabarti*
Department of Zoology, Government General Depree College, Singur, West Bengal
“Department of Biotechnology, St. Xavier's College, Kolkata- 700016.
*Corresponding author: Santanu Chakrabarti, Email: sewbes@email com

ABSTRACT

The Gram-negative bacteria, Shigella species, is a predominant diarrheal
pathogen and itself accounts for 15% of the diarrheal episodes ocowrring globally.
Shigella enters the human body through ingestion of contaminated food and
water and on reaching the intestine, dismantles the epithelial barrier, generating
symptoms varying from mild to severe bloody diarrhea. Widespread diversity
of Shigella species and the emergence of multi-drug resistant strains in recent
years has made it extremely enigmatic to design a successful drug to combat
shigellosis. This work focusses on comparative genomics methods to identify
and annotate hypothetical proteins from the Shigella flexneri genome in quest
of identifying novel druggable targets.

Rey words: Shigellosis, hypothetical profeins, comparative genomics, drug
targets.

INTRODUCTION

The genome of Shigella flexneri includes a significant proportion (18%) of encoded
proteins whose functions are yet to be deciphered (Jin et ol., 2002). The functional
characterization of these hypothetical proteins (HPs) will provide us with important
insights into their cellular functions and involvement in metabolic pathways. Most
of these proteins are thought to play a pivotal role in the cell and their annotation
can lead to the discovery of novel drug targets(Chakrabarti and Ganguli, 2011).
Bioinformaties has equipped us with a vast array of tools that facilitate the
characterization of these non-elucidated proteins using in in-silico approaches. The
purpose of this work is to assign oecupation to these HPs that may unveil potential
therapeutic targets for future drug discovery.
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Shigella pathogenesis: molecular and computational insights
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Abstract: Shigellosis, characterized by inflammation and ulceration of the large intestine, is caused
by mfection with Shigella species. It 1s a major public health problem in developing countnies where
filthy sanitation practices and restricted access to clean water encourage the spread of the disease.
Shugellosis is spread by means of fecal-oral route. It is one of the most common disorders specially
affecting children m West Bengal, India. Disease from Shigella species accounts for 165 mullion
cases of diarrhoea culminating in one millien deaths annually werldwide. Severe dysentery 1s treated
still with anftibiotics, with limited success because of the continuous development of mult drug
resistance by the bactenia. WHO has identified Shigella as a potential target pathogen against which
new drugs need to be formulated and in silico approach has the potential to identify dmg targets.
Molecular modeling of Shigells invasion proteins using computational tools may divulge novel
therapeutic targets that can be used for future pharmacological mfervention. Detailed annotabion of
previously unknown Hypoethetical Proteins using an in-silico pipeline can identify emucial proteins in
pathogenesis cascade, which can be explored firther as effective dmg targets, which may evenmually
enable us to combat the menace of shigellosis.

Keywords: dmg design; in silico; Shigella pathogenesis; Shigellosis; T355 effectors

1. Imtroduction

Diarrheal diseases have always been a threat to growing human pepulation all over the world,
with mcreased meidence i developing couninies like India, China, Bangladesh, etc. Shigella spp. 13
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In this article, we have discussed Morris and Thorne (MT) wormhole solutions in a
modified theory of gravity that admits conformal motion. Here, we explore the wormhole
solutions in f(R, T') gravity, which is a function of the Ricci scalar (R) and the trace
of the stress—energy tensor (7). To study wormhole geometries, we make assumption of
spherical symmetric static spacetime and the existence of conformal Killing symmetry
to get more acceptable astrophysical outcomes. To do this, we choose the expression
of f(R, T) as f(R,T) = R + 29T. Here, we employ the phantom energy EoS relating
to radial pressure and density given by p, = wp with w < —1 to constrain our model.
Following a discussion of wormhole geometry and behavior of shape function, the study
moves on to the computation of proper radial distance, active mass function, the nature
of total gravitational energy and a discussion on the violation of energy conditions. We
have shown that the wormhole solutions exist for positive as well as negative values of
the coupling constant . From our analysis, we see that no wormhole solution exists for
v = —4m, —m(3 + w). All the physical parameters have been drawn by employing the
values of v as v = —0.3, —0.2, —0.1, 0, 0.1 and 0.2, where v = 0 corresponds to general
relativity (GR) case. It is found that for our proposed model, a realistic wormhole
solution satisfying all the properties can be obtained.

Keywords: Wormhole; phantom energy; exotic matter; modified gravity.
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Abstract

®

CrossMark

In this article, we have presented the anisotropic stars by taking a modified polytropic equation of
state (p, = k pl“/ " — o, where k and « are constants) in the framework of the Korkina-Orlyanskii
spacetime. In this study, we have discussed four different models as: (A) n = 1 (Bose—Einstein
Condensate (BEC) neutron liquid), (B) n = 2, (C) n = 3/2 (Non-relativistic neutron gas, (D) n = 3
(Ultra relativistic Fermi-gas). Moreover, we have tested several physical properties for each model. To
compare the stiffness of these four models, we have plotted the M — R curves, M — I curves and
compression modulus. As per the M — R curves, the equation of state can hold maximum mass when
the polytropic index in 2 and minimum mass when n = 1 (BEC neutron liquid). Further, the ultra
relativistic Fermi gas (n = 3) can also hold more M,,,, than its non-relativistic counter part (n = 3/2).
These results are further supported by the compression modulus. Lastly, to show its physical validity
we have fitted six well known compact stars in M — R curve within their observational error bars.

Keywords: compact star, equation of state, general relativity

(Some figures may appear in colour only in the online journal)

1. Introduction

The polytropic equation of state (EoS) was successfully used
by several astrophysicists in describing the physical proper-
ties of main sequence stars. This EoS was forwarded by Lane,
Ritter, Kelvin, Emden, and Fowler. To describe a star under
hydrostatic equilibrium, one needs to solve the Lane-Emden
equation with the assumption of an EoS. With the assumption
of polytropic EoS i.e. p = kp' = kp”l/ " the Lane-Emden
equation can be solve exactly only for n = 0, 1 and 5. For
polytropic indices 0 and 1 the solutions has finite boundaries
whereas for n = 5 the boundary is at infinity. Therefore, only
the first two solutions can represent physical stars. It is also
shown that n > 5 polytropes can’t represent physical stars.

* Author to whom any correspondence should be addressed.

0031-8949,/20,/115301+-16$33.00

For the case of white dwarfs (WD), the pressure sup-
porting the stars is due to degenerate electron gas. For non-
relativistic electron gas the polytropic index is 3/2 (I' = 5/3)
and for relativistic electron gas n = 3 (I' = 4/3). Using the
relativistic case, Chandraseskhar [1] first shown that the
maximum mass of WD is independent of its central density
and is equal to 1.46M,. If the mass of the WD is more than
the Chandrasekhar limit by any physical process (either the
initial mass is very massive or due to accretion) it will trigger
a gravitational instability resulting into a collapse. Depend
upon the initial mass or the rate of accretion the collapsing
star may form a neutron star or a black hole. Both these
compact objects acquired very high surface gravity and
therefore incorporating general relativity is a must.

Oppenheimer and Volkoff [2] first used general relativity
with the assumption that NSs are supported by degenerate

© 2020 IOP Publishing Ltd  Printed in the UK
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We present an exact solution that could describe compact star composed of color-flavor
locked (CFL) phase. Einstein’s field equations were solved through CFL equation of
state (EoS) along with a specific form of g, metric potential. Further, to explore a
generalized solution we have also included pressure anisotropy. The solution is then
analyzed by varying the color superconducting gap § and its effects on the physical
parameters. The stability of the solution through various criteria is also analyzed. To
show the physical validity of the obtained solution we have generated the M — R curve
and fitted three well-known compact stars. This work shows that the anisotropy of the
pressure at the interior increases with the color superconducting gap leading to decrease
in adiabatic index closer to the critical limit. Further, the fluctuating range of mass due
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To whom it may concern

Dr. Amrit Krishna Mitra from Government General Degree College, Singur, Hooghly has been a
resource person for the Indian Chemistry Olympiad Program since February 2020.

The Indian Chemistry Olympiad is a National programme of Government of India conducted by
Homi Bhabha Centre for Science Education (HBCSE, TIFR) that leads to the selection of the Indian
team for the International Chemistry Olympiad every year. An important feature of the program are
challenging theoretical and experimental problems that can help students of chemistry see the
relevance of various concepts taught in the subject.

The resource persons play an important role in the program by bringing diversity in ideas and
implementation to the program. Dr. Mitra has been helping with various aspects of the program for
the last four years in the domain of Organic Chemistry.

We sincerely thank him for his contributions to the program in the past and look forward to his
continued association.

Sincerely,

Pl

Ankush Gupta
Academic Coordinator
Indian National Chemistry Olympiad
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