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ABSTRACT

The burden of obesity is increasing all over the world. Except for Orlistat, no effective anti-obesity drug is cur-
rently available. Therefore, a search for the new anti-obesity compound is need of time. This study demonstrates
macromolecular interaction and inhibitory effect of pentacyclic triterpenoids (PTT) on pancreatic lipase (PL). In
the present study PTTs from endophytic Colletotrichum gigasporum were found to show significant inhibitory ac-
tivity against PL with ICsq of 16.62 + 1.43 pg/mL. The PTT isolated through bioassay-guided isolation showed a
dose-dependent (R? = 0.915) inhibition against porcine PL and the results were comparable with the standard
(Orlistat). Based on inhibition kinetic data, the gradual increase in Ky, (app) With increasing PTT concentration in-
dicated that the mode of interaction of PTT with PL was a competitive type, and it directly competed with the sub-
strate (pNPB) for the active site of PL. In vivo studies in Wistar rats at the oral dose (100 mg/kg body weight) of
PTT significantly decreased (p < 0.05) incremental plasma triglyceride levels as compared to group B and TG ab-
sorption was down-regulated up to 49.18% vis a vis group D animals. The isolated PTT was identified as lupeol
based on chromatographic and spectral data. The endophytic isolate was identified as Colletotrichum gigasporum
based on morphology and ITS gene sequencing. The present study indicated that PTT had the potential to be used
as a natural PL inhibitor in the treatment of obesity and the isolated endophyte can be a valuable bioresource

for it.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Obesity has been a major health concern worldwide in recent de-
cades. Excessive energy intake, physical inactivity, and low energy ex-
penditure are important contributors leading to the accumulation of
fat in the body. Diverse gastrointestinal lipases including pancreatic li-
pase (PL) play important role in lipid digestion. Among all, PL is the
most important lipolytic enzyme in humans that carry out the hydroly-
sis and absorption of over 70% of total dietary fats [1]. Because of its key
role in lipid metabolism, PL has been the key target for synthetic anti-
obesity drugs including Orlistat. Several studies have been conducted
in the search of potent PL inhibitors of synthetic and natural origin com-
pounds in the past few decades [2].

However, prolonged application of synthetic drugs has various side
effects such as liver toxicity, oily stools, fecal urgency, flatulence, and ab-
dominal distention [3]. Therefore, there is a need to explore natural
products for new, effective, and safe anti-obesity compounds.

Natural products from ethnomedicinal plants and microorganisms
have provided effective therapeutic drugs and lead compounds for the
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treatment of many metabolic diseases. The World Health Organization
(WHO) estimates that 80% of the people of developing countries rely
on traditional medicines, mostly plant-derived drugs for their primary
health needs. Several studies have demonstrated that natural products
of plant and microbial origin hold the promise for new PL inhibitors
with minimum adverse effects. For example, inhibitors like platycodin
D from the fresh roots of Platycodon grandiflorum has shown potent PL
Inhibitory potential in an in vivo study [4]. PL inhibitors with various
scaffolds (such as flavonoids, panclicins, triterpenoids, phenolics, -
lactones, and triacylglycerol analogs) have been identified from micro-
bial, plants, and marine sources [5].

Medicinal plants harbor a hidden treasure of diverse microbial
communities- the endophytes in their internal tissues. Endophytes in-
clude both; fungi and bacteria but fungi being more ubiquitous, diverse,
versatile, and widespread microorganisms that colonize the plants
growing in various geo-climatic conditions [6]. The endophytic micro-
flora of medicinal plants is a cheap source of diverse bioactive com-
pounds with varied bioactivities [7]. Endophytes have the unique
property that they can produce the same and rare secondary metabo-
lites as their plant host. For example, the bark of Terminalia arjuna
(Combretaceae), a widely studied Indian medicinal plant known for
its antioxidant and cardioprotective role, was found to be rich in many
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Abstract

Bioconversion of three different agro-residues (groundnut shells, pigeon pea husk and wheat straw) was studied using
endophytic fungi with a view to increasing the nutritive value and to evaluate its feasibility as poultry feed. An endo-
phytic fungal isolate obtained from Celastrus paniculatus, effectively biotransformed selected agro-residues in solid
state fermentation. After 21 days incubation, isolate CPL-1significantly altered the nutritional values of all tested agro-
residues. Cellulose, hemicellulose, and lignin content were significantly reduced (P < 0.05) whereas, total carbohydrates
were significantly increased in the biotransformed waste as compared to untreated residues. Of the three agro-residues
studied, the groundnut shells were found to have maximum carbohydrate content (13.92+0.7 g/100 g) after the treat-
ment. Similarly, the total crude protein and total nitrogen contents of the treated waste were also significantly improved
(P<0.05) as a function of treatment with the isolate CPL-1 with their highest contents (24.95+ 1.4 and 15.53+1.2 g/100
g, respectively) recorded in the treated groundnut shells. The isolate CPL-1 was identified as Colletotrichum spp. based
on the morphology. The tannins and phytate contents were found to be significantly lower (P <0.05) in the processed
wastes. Application of treated agro-residues in poultry diets revealed that the biotransformed groundnut shells and
pigeon pea waste can be added up to 20 and 10%, respectively to the commercial poultry diet used in the study without
any adverse effects. The results showed that the treated residues of groundnut shells can be used as a partial substitute
to the conventional poultry diets as they are rich in enzyme phytase and other nutrients and have good digestibility.

Keywords Bioconversion - Agro-residues - Endophytic fungi - Crude protein - Poultry diet

1 Introduction

Feed is the most important factor in the poultry business
which constitutes around 70% of the total production
cost [1]. A number of ingredients are used to formulate
the poultry diet. It mainly uses maize and soybean meal as
the carbon and protein source, respectively. Several coun-
tries use other grains such as wheat, sorghum, canola and
sunflower meal as well as animal-derived protein ingre-
dients like fish and meat meal [2]. Mineral supplements
play a vital role in the development of poultry. Poultry,
being the monogastric animal, cannot fully assimilate the

inorganic supplements which are provided in the form of
calcium and phosphorus supplements that includes dical-
cium phosphate, rock phosphate and bone meal [3]. The
increasing cost and decreasing feed production are the
major hurdles in the progress of poultry industry in the
developing countries. Moreover, diversion of food grains
such as maize and sorghum from feed market to ethanol
production has dramatically increased their cost globally
[4, 5]. Therefore, there is the urgent need to use alterna-
tive feedstuffs and look into the possibilities of biocon-
version of agro-residues into feed in a sustainable way.
Globally, 140 billion metric tons of lignocellulose biomass
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Abstract

The present work is a report on phytosynthesis of silver nanoparticles (AgNPs) carried out using an aqueous extract of
the tuber of Eulophia herbacea Lindl. (Orchidaceae) and evaluation of its antimicrobial and catalytic potential. The extract
efficiently reduced aqueous silver ions and generated stable and bioactive nanoparticles. The maximum reduction of
AgNO; was achieved when 1 mM AgNO; was incubated with 2% w/v extract for 5 h. The biosynthesized AgNPs exhibited
surface plasma resonance at 447 nm. The zeta potential was — 15 mV. Scanning electron microscopy study showed that
the average particle size of the AgNPs was 11.70+2.43 nm and that they were non-agglomerated. An Energy Dispersive
X-ray study provided support for the presence of elemental silver. X-ray diffraction studies confirmed that the AgQNPs were
crystalline and had a face-centered cubic geometry. The AgNPs showed excellent antibacterial and antifungal activity
against common human pathogens. This activity was comparable with that of standard antibiotics. The catalytic potential
of the AgNPs was studied through the reduction of methylene blue and congo red. The results showed that the AgNPs
synthesized using the present method are biologically and catalytically active.

Keywords Eulophia herbacea - Silver nanoparticles - Antimicrobial activity - Antifungal activity - Synergistic effect - Dye

reduction

1 Introduction

There is growing interest in greener synthesis of metal
nanoparticles. Plant extracts have been used for nano-
particles synthesis as the process involved is simple,
eco-friendly and cost-effective. Moreover, this process is
reproducible and easily scaled up [1]. In comparison with
microbial synthesis, phytosynthesis is rapid. It does not
require aseptic conditions, and it yields stable nanopar-
ticles [2, 3].

Indian traditional systems of medicine recommend the
use of medicinal and aromatic plants for curing various
human illnesses. Plant extracts containing phytoconstitu-
ents are biologically and pharmacologically active. Plant
metabolites are known to be excellent reducing and

capping agents that can be used to synthesize nanoparti-
cles effectively within a short time [4-6].

The tubers of Curcuma longa [4, 7], sweet potato [8],
Dioscorea bulbifera, Dioscorea batatas, Dioscorea oppositi-
folia, etc. are rich with different reducing and capping
agents that generate stable metal nanoparticles [9-11].

Silver is known for its antimicrobial and medicinal prop-
erties [12, 13]. However, the antimicrobial effect of silver
ions and its salts is limited and of short duration. These
limitations can be overcome by using silver nanoforms,
which are inert, stable and act as antimicrobial agents
effectively [9, 14, 15].

Numerous mechanisms are involved in the microbicidal
effect of silver nanoparticles (AgNPs) [16]: (@) AgNPs produce
structural changes in the cell membrane by deposition on it
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ABSTRACT

An efficient halogen free ionic liquid (HFIL) N-methyl-2-pyrrolidonium methane sulfonate [HNMP]'[CH,SO;| catalyzed
Biginelli reaction is reported to synthesize naphthoquinone fused dihydropyrimidin-(1H)-ones (DHPM’s). Diversifying
this naphthoquinone constituent provides an access to new and interesting DHPM’s for pharmacological profiling. A
series of bifunctionalized naphthoquinone-dihydropyrimidin-(1H)-one conjugates (4a-41) were synthesized and evaluated
for their antimicrobial potential against selected bacterial and fungal pathogenic strains. The resulting naphthoquinone
fused dihydropyrimidin-(1H)-one hybrids showed significant activities against all the tested Gram positive (Staphylococcus
aureus, Bacillus subtilis) and Gram negative (Escherichia coli, Pseudomonas aeruginosa) bacterial pathogens and fungal strains of
Aspergillus niger and Aspergillus flavus. Among the series, the DHPM conjugate 4k>4j>4e>4h samples exhibited highest
activities against all the tested strains that proved to be important candidates in the drug development against various life
threatening diseases. Presently, one-pot, three-component methodology have been developed for the synthesis of
bifunctionalized naphthoquinone linked dihydropyrimidin-(1H)-one are being explored for bio-active asymmetric
Biginelli scaffolds.

Keywords: 3,4-dihydropyrimidin-2(1H)-ones, Naphthoquinone, Lawsone, Halogen Free Ionic Liquid (HFIL),

Antimicrobial.

1. INTRODUCTION dihydropyrimidine-2(1H)-ones have prominent bio-

The Italian chemist Pietro Biginelli reported, in 1893,
Biginelli reaction is a multiple-component one-pot acid
catalyzed cyclocondensation chemical reaction that
resulted 3,4-dihydropyrimidin-2-(1H)-ones (DHPM’s)
from easily-accessible starting materials, namely, active
methylene compound, an aryl aldehyde, and urea or
Thiourea [1]. DHPM and related compounds have
attracted considerable attention because of their
important pharmacological and biological properties
created renewal interest of the scientific community in
recent year [2, 3]. It has been reported that 3,4-

logical activities such as anti-tumour [4, 5], anti-viral [6,
7], anti-bacterial [8], anti-diabetic [9], antimalarial [10],
anti-fungal [11] and anti-oxidant properties [12].
Moreover, other biological activities of the dihydro-
pyrimidinone/thione moiety constitutes an active
backbone in exciting medications, e.g., Mona-strol
(anti-cancer agent) [13], SQ 32926, and SQ 32547
(anti-hypertensive drugs) [14, 15] shown in fig. 1.

Naphthoquinone (NQ) to a large extent have use in the
synthesis of heterocyclic intermediates, medicinal and
industrial applications as drugs [16, 17]. A large number

Journal of Advanced Scientific Research, 2021; 12 (4): Nov.-2021
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of naphthoquinone compounds occur naturally as plant
constituents, and in the past many of these have found
use as colorants and medicinal purposes. The two most
important representatives for natural colorants with
naphthoquinone structure are Lawsone (2-hydroxy-1,
4-naphthoquinone) and  juglone  (5-hydroxy-1,4-
naphthoquinone). The naturally occurring 2-hydroxy-1,
4-naphthoquinone is a mono-hydroxyl naphthoquinone
pigment extracted from henna plant [18, 19]. Lawsone
is a special naphthoquinone one of the most important
natural scaffold useful for many applications in various
scientific and technological fields [20, 21]. For over
4000 years or more, Lawsone was used as a dye hair,

skin (including body art) [22, 23], as well as in many
interesting pharmacological activities such as anti-
bacterial, anti-fungal [24, 25], anti-inflammatory [26],
anti-viral [27], antioxidant [28], anti-tumor, anti-
malarial, anti-proliferative, anti-inflammatory, anti-
protozoa], anti-trypanosomiasis, and anti-topoisomerase
activities, in addition to treatment of skin diseases
and a coloring agent for wool and silk [29-33].
Naphthoquinone’s are utilized in the synthesis of
polyfunctionalized heterocyclic compounds have been
noted as naturally occurring antibiotics, antibacterial,
fungicidal, antimalarial, anti-parasitic and anti-tumor

agents [34-37] shown in fig. 2.

SQ-32926

Monastrol

SQ-32547

Fig. 1: Biological active DHPM scaffold of Monastrol, SQ-32926, and SQ-32547

Pyro-1,4-naphthoquinone Lambertellin

Benzopyronaphthoquinone

WS-5995A

Fig. 2: Naphthoquinone fused biological active heterocycle

Keeping this point in view, in order to consideration of
DHPM and naphthoquinone derivatives diverse
pharmacological significance and their potentiality, we
have designed and synthesized bifunctionalized
naphthoquinone-dihydropyrimidin-(1H)-one  hybrids.
Our previous work summarizes the synthesis of
Biginelli  scaffolds ~ 4-phenyl-3,4-dihydrobenzo  [h]
quinazoline-2,5,10(1H)-trione in presence of halogen
free ionic liquid (HFIL) N-methyl-2-pyrrolidonium
hydrogen sulfate [HNMP][HSO,]". The resulted
DHPM skeleton derived from Lawsone showed good

tinctorial strength and dyeing properties on the fabrics
[38]. The National Cancer Institute (NIH, United State)
admitted the lawsone skeleton that contain the quinone
moiety as a precursor for clinically as cytotoxic
activity [1]. Benzo[g]quinonline-5, 10-dione and benzo
[g] quinazoline-5, 10-dione skeletons are important
pharmacophoric elements for cytotoxic activity and
anticancer activity [39]. In order to consideration of its
diverse pharmacological profile and their capabilities,
we have extended our previous research work in the
synthesis of diverse biologically relevant naphtha-

Journal of Advanced Scientific Research, 2021; 12 (4): Nov.-2021
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quinone fused 3, 4-dihydropyrimidin-2(1H)-ones in
presence of HFIL [HNMP][CH,SO,]. The present
research article accounts dealing with the pharma-

of
naphthoquinone fused 3, 4-dihydropyrimidin-2(1H)-

cological properties and wuses in medicine
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one hybrids (Scheme 1). Herein, green approaches
towards asymmetric Biginelli reaction are being
explored for bioactive chiral bifunctionalized naphtha-

quinone—dihydropyrirnidin—( 1H)-one hybrids .

CHO
X A
X +
| o HzN)J\NHz @(
<
) (2) 3)
(X=0,S) ic

-
.

[HNMP]*[CH3S O3]

-7 H Biologically active hybrids e

80 °C, 2- 3 hrs

# Halogen Free Ionic Liquids
! # One-pot three component reaction
# Mild reaction conditions

~
~

# Moderate to high yields

Scheme 1: Halogen Free Bronsted acid ionic liquid Catalyzed Biginelli reaction for synthesis of DHMP

conjugates 4a-41

2. EXPERIMENTAL

2.1. Material and instruments

The materials and solvents used in the present work
were pure and laboratory prepared. All the commercial
chemical reagents and spectroscopic grade solvents
were procured from S.D. Fine chemicals private limited
Mumbai. The solvents and reagents were used as
received without further purification. The reactions
were monitored on silica gel aluminum-based plates
kisel gel 60 F254 Merck, India. The melting points
were determined by using standard melting-point
apparatus and are uncorrected. The reaction was
monitored by TLC using 0.25-mm E-Merck silica-gel
60 F254 precoated plates, which were visualized with
ultraviolet light. Infrared (IR) spectra were recorded on
a Perkin Elmer 100 FT-IR spectrophotometer. The 'H
NMR spectra were recorded at a Bruker 400 (400
MHz) spectrometer with TMS as the internal standard.
Mass spectra were recorded on a mass spectrometer
operating at 70 eV.

2.2. Antimicrobial studies
The  Naphthoquinone-DHPM (4a-41)
synthesized above were evaluated for their antibacterial

conjugates

and antifungal activities against various pathogenic

bacterial and fungal strains. The pure cultures of Gram

positive (Staphylococcus aureus, Bacillus subtilis) and Gram
(Escherichia
bacterial pathogens and fungal strains of Aspergillus niger

negative coli, Pseudomonas aeruginosa)
and Aspergillus flavus were obtained from Department of
Microbiology, R. C. Patel Arts, Commerce and Science
College, Shirpur, India. The bacterial cultures were
maintained on Mueller-Hinton agar slants and fungal
cultures were maintained on Czapec dox agar slants at
4°C. The well diffusion method was employed for the
evaluation of antimicrobial activities of test compounds
(4a-41) [40]. The solvent DMSO was used as the
The

rejuvenated from stock cultures by transferring into

negative  control. microbial strains were
Mueller-Hinton and Czapec dox broths and incubated
at 37°C for 24 h. The sterile plates of Mueller-Hinton
agar and Czapec dox agar were prepared by using
routine microbiological techniques. The wells of 5 mm
diameter were prepared by using sterile cork borer.
The bacterial and fungal strains were spread on sterile
nutrient medium plates using spread plate technique
[41]. Then, 50 ul of the test compounds in two
different concentrations (25 and 50 ug/ml) were added
into the separate wells along with negative control of
DMSO. The plates of antibacterial activities were
incubated at 37°C for 24 h, whereas the plates of

antifungal activities were incubated at 37°C for 48 h.
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Upon incubation, the plates were observed for the
formation of zone of inhibition around the wells. All the
experiments were performed in triplicates.

2.3. Experimental Procedure

2.3.1. Preparation of halogen free ionic liquid N-
methyl-2-pyrrolidonium methane sulfonate
[HNMP|*[CH,SO;] ~

N-Methyl-2-pyrrolidone (10 mmol) was charged into a

250 ml three necked flask with magnetic stirrer. Then

equimolar concentrated methane sulfonic acid was

added dropwise slowly into the flask and then mixture

heated at 80°C for 2 h. The mixture was washed with

ether three times to remove non-ionic residues and

dried in vacuum by a rotary evaporator to obtain the
viscous clear [HNMP] [CH,SO;] (Scheme 2).

o]

o
~ M
N 4 CHSOH — = @ﬁ& CH,80,-

Scheme 2: Synthesis of HFIL N—methyl—Z—
pyrrolidonium methane sulfonate

2.3.2. Preparation of 4-phenyl-3, 4-dihydrobenzo

[g] quinazoline-2,5,10(1H)-trione derivatives
The mixture of aryl aldehyde (10 mmol), urea/thiourea
(10 mmol), and 2-hydroxy-1, 4-napthaquinone
(Lawsone) in presence of Bronsted acid ionic liquid
[HNMP]'[CH,SO,] (10 ml) was stirred and heated at
80°C for 2-3 hrs. The mixture became solid at the end
of reaction; product was crushed and poured into
crushed ice and stir for 15-20 min. The crude product
was isolated by filtration and that further purified by
recrystallisation with hot aqueous ethanol to afford pure
DHPM derivatives. The combined aqueous filtrate was
heated at 80°C under reduced pressure (10 mmHg) to
leave behind the ionic liquid in near complete recovery,
pure enough to recycle. The recovered ionic liquid
mixture was found to be equally effective for at least
four recycles in the synthesis of DHPM:s.

2.3.3. Spectral data for the representative molecules
of Naphthoquinone-DHPM conjugates
2.3.3.1. 4-Phenyl-3, 4-dihydrobenzo[g]quinazoline-2, 5,

10 (1H)-trione (4a)
Yellow powder; yield = 95%; melting point = 202-
204°C. FT-IR (KBr) cm ' = 3398, 3349, 3110, 2980,

1668, 1636, 1571, 1533, 1358, 1277, 950; 'H-NMR
(500 MHz, CDCl,) = 8/ppm 8.1 (4H, m), 8.5 (3H,
m), 8.9 (2H, dd), 7.2 (1H, s), 6.2 (2H, s); "C-NMR
(126 MHz, CDCL,) = 8/ppm 8 54.22, 123.43, 126.71,
128.54, 129.45, 132.28, 142.49, 147.94, 178.37,
181.76; MS (ES)m/z caled for CI18H12N203 =
304.29, found: 305.23 [M"+H]; UV-Vis: Amax (nm) [€
(M'em™)] 490 (19456.912) in DMF.,

2.3.3.2. 4-(2-Methoxyphenyl)-3, 4-dihydrobenzo [g] quina-
zoline-2, 5, 10(1H)-trione (4b)

Yellow powder; yield = 90%; melting point = 172-
174°C. FT-IR (KBr) cm ' = 3228, 3092, 2978, 1726,
1682, 1509, 1460, 1290, 868; 'H-NMR (500 MHz,
CDCl,) = 6/ppm 8.304-7.762 (8H, m), 5.15 (2H, s),
6.10 (1H, s), 3.31 (3H, s); "C-NMR (126 MHz,
CDCly) = 0/ppm 45.84, 57.03, 114.27, 120.87,
126.74, 127.76, 135.09, 149.25, 179.28, 184.15; MS
(ES)m/z caled for C19H14N204: 334.07, found:
335.36 [M"+H]; UV-Vis: Amax (nm) [¢ (M'cm )] 472
(12418.788) in DMF.

2.3.3.3.4, 4'-(1, 4-Phenylene)bis(3, 4-dihydrobenzo [g]

quinazoline-2, 5, 10 (1H)-trione) (4f)
Yellow powder; yield = 94%; melting point = >
300°C. FT-IR (KBr) cm™' =3420, 3246, 3102, 2980,
1698, 1644, 1457, 1284, 1083, 773; 'H-NMR (500
MHz, CDCL,) = &/ppm 8.0-7.8 (4H, m), 7.8-7.4 (4H,
m), 7.4-6.7 (4H, dd), 6.1 (4H, s), 5.2 (2H, s); "C-
NMR (126 MHz, CDCly) = 6/ppm 50.04, 121.04,
126.83, 134.14, 138.38, 151.67, 178.43, 184.34; MS
(ES)m/z caled for C30H18N406: 530.49, found:
531.26 [M"+H]; UV-Vis: Amax (nm) [¢ (M'em )] 460
(43991.06) in DMF.

3. RESULTS AND DISCUSSION

3.1. Chemistry

We are interested in studying Biginelli reaction with the
aim to develop an operationally simple method for the
synthesis of a large range of DHPMs. We started our
study of the one-pot three-component Biginelli reaction
examined by substituted benzaldehyde 1 was subjected
to Bronsted acid ionic liquid catalyzed with Lawsone 2
and urea/thiourea 3 as co-reactants (Scheme 1). The
corresponding  resulting  naphtha-quinone  linked
dihydropyrimidin-(1H)-one hybrids (4a-41) in excellent
yields shown in Chart 1. The mechanistic path way of
the reaction can be explained on the basis of recent
systemic study on reaction mechanism of multi

component reactions.
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Chart 1: Bifunctionalized naphthoquinone - DHPM conjugates (4a-1).
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3.2. Antimicrobial activity

The in vitro antimicrobial activities of bifunctionalized
Naphthoquinone-DHPM  conjugates ~ (4a-41)  were
studied by the well diffusion method against the Gram
positive (Staphylococcus aureus, Bacillus subtilis) and Gram
negative  (Escherichia  coli,  Pseudomonas  aeruginosa)
bacterial pathogens and fungal strains of Aspergillus niger
and Aspergillus flavus. The antimicrobial activities of
these compounds were measured as the zone of
inhibition around the well. The test compound under
investigation interferes with the growth and
reproduction of microbial cell that leads to the
inhibition of growth of microbes around the well; hence
the zone of inhibition appeared. The zones of inhibition
for the test compounds (4a-41) are depicted in table 1.
These results revealed a strong antimicrobial potential
of compounds under investigation against the selected
strains of bacteria and fungi. The conjugate 4k showed
maximum zone of inhibition against all the selected
strains of bacteria and fungi that indicated its extra
potential to kill or inhibit the growth of various

pathogenic microbes. The compounds 4j>4e>4h also
showed the significant antimicrobial activity against all
the tested strains. These conjugates can serve as the
potential candidates for the development of potent
drugs against various human diseases. Other conjugates
(4a, 4b, 4c, 4d, 4f, 4g, 4i, 41) were also showed
moderate activities against all the tested bacterial and
fungal strains. The antimicrobial activities of conjugates
(4a-41) against bacterial pathogens (S. aureus, B. subtilis,
E. coli and P. aeruginosa) and fungal pathogens (A. niger
and A. flavus) at 25 pg/ml (blue) and 50 pg/ml (red)
concentrations showed in fig.3 and fig.4 respectively.
The compounds (4k, 4j, and 4h) containing -Cl, -NO,,
-OMe and thione substituents, whereas compound 4e
contains -Cl and dione substituents/ chemical groups
respectively that showed more potent antimicrobial
activity against the bacterial and fungal strains. These
results signpost towards the major role of -Cl and
thione constituent in the inhibition of microbial
growth around the well by leaving the clear zone of
inhibition (no growth).
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Fig. 3: Antimicrobial activities of bifunctionalized Naphthoquinone—DHPM Conjugates (4a—4l) against
bacterial pathogens (8. aureus, B. subtilis, E. coli and P. aeruginosa) at 25 ng/ml (blue) and 50 pg/ml (red)
concentrations

Fig. 4: Antimicrobial activities of bifunctionalized Naphthoquinone-DHPM conjugates (4a-41) against
fungal pathogens (4. niger and A. flavus) at 25 ug/ml (blue) and 50 ug/ml (red) concentrations
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Table 1: Zones of inhibition of bifunctionalized naphthoquinone-DHPM conjugates (4a-41) against

selected bacterial and fungal pathogens

Zone of inhibition (mm)

Compound Conc. (ug/ml) [p—

B. subtilis E.coli P. aeruginosa A. niger A. flavus

da 25 8.0 8.1 8.6 8.3 8.0 8.2
50 10.2 11.0 11.2 10.4 10.2 10.4

4b 25 9.1 9.2 8.8 8.2 8.9 8.7
50 14.0 13.4 13.2 13.0 12.8 12.6

e 25 8.8 8.2 8.0 8.0 8.1 8.2
50 11.4 11.2 11.6 11.2 10.8 10.8

4d 25 8.1 8.4 8.7 8.2 8.0 8.0
50 12.0 12.2 12.4 12.0 11.8 11.8

de 25 11.4 11.6 11.4 11.6 11.6 11.0
50 18.6 18.4 18.0 17.8 16.6 16.8

Af 25 9.0 9.0 8.8 8.6 9.1 9.0
50 13.4 13.2 13.6 13.4 13.2 13.4

4 25 8.4 8.4 8.5 8.7 8.9 8.3
g 50 12.6 12.2 12.0 12.0 11.8 11.6
4h 25 13.1 13.0 12.8 12.6 11.2 11.0
50 18.2 18.0 17.4 17.2 15.8 15.6

4 25 10.2 10.0 9.8 9.8 9.2 9.0
50 14.2 14.0 13.8 13.6 13.6 13.4

4 25 12.0 12.0 12.2 11.8 11.8 12.4
50 19.0 18.8 18.2 18.8 17.2 17.0

Ak 25 12.4 12.2 12.4 12.0 12.8 12.6
50 19.5 19.0 18.5 19.8 17.6 17.3

4l 25 8.6 8.8 8.4 8.4 8.0 8.2
50 12.2 12.0 11.8 12.0 11.2 11.0

4. CONCLUSION
The present research work involved the synthesis of
naphthoquinone  fused  dihydropyrimidin-(1H)-one
hybrids (4a-41) to explore their antimicrobial activity.
We have described an expedient and convergent four-
component domino protocol for the regioselective
synthesis of a library of naphthoquinone fused
dihydropyrimidin-(1H)-one hybrids (4a-41) in good
yields from readily available simple starting materials.
The naphthoquinone fused dihydropyrimidin-(1H)- one
derivatives have been synthesized in presence
N-methyl-2-
{[HNMP]"
[CH;SO,] }as solvents-catalysts under conventional

of halogen free ionic liquid viz.

pyrrolidonium methane sulfonate
heating. Further, the synthesized derivatives have been
explored for their antimicrobial activity. The
synthesized compounds (4a-41) displayed proficient
antimicrobial properties against selected Gram positive
bacteria (S. aureus, B. subtilis), Gram negative bacteria
(E. coli, P. aeruginosa) and fungal strains of A. niger and 4.
flavus. The maximum antimicrobial activity was showed

by 4k>4j>4e>4h conjugates against all the selected

microbial pathogens. The naphthoquinone fused DHPM
having the wide range of medicinal applications. Hence,
it is concluded that there is ample scope for further
study in developing these conjugates as the lead
compounds for the treatment of bacterial as well as
fungal diseases. For the welfare of mankind further
evaluation needs to be carried out in order to explore
the practical clinical applications of naphthoquinone
fused DHPMs.
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ABSTRACT

The synthesis of Al;03-doped MnFe,04 nanocomposite (Al;03@MnFe304) for the adsorption of Cr(VI) ions from
an aqueous solution is reported. FE-SEM, EDAX, XRD and FTIR are performed to characterize the Al,O3@Mn-
Fep04 nanocomposite. The kinetic data were analyzed using pseudo-first and pseudo-second-order kinetic
models. The adsorption data is fitted well with the pseudo-second-order adsorption model for the adsorption of
Cr(VI) ions. This demonstrated that the equilibrium adsorption data is better fitted with the Langmuir isotherm
model when compared to the Freundlich model. The Quax value was found to be 158.73 mg/g. This mathe-
matical physics model was used to demonstrate the number of bound Cr(VI) ions and the saturated adsorption
potential at various temperatures. The orientation and significance of the proposed functional groups in the
nanocomposite during the adsorption of Cr(VI) ions, including their thermodynamic parameters, have been
defined using statistical physics models. For the Cr(IV)-Al,O3@MnFe;04 adsorption method, parameter n was
calculated and found to decrease (from 0.364 to 0.358), confirming its temperature-dependence. The estimation
of these parameters shows that all of the Cr(IV) ions on the adsorbent surface have a horizontal adsorption
orientation.

1. Introduction

Today, water contamination due to the discharge of a wide range of

amount of Cr(VI) in drinking water is 0.05 ppm [11-13]. However, a
survey conducted by the EPA in the United States of America has esti-
mated that the Cr(VI) ion concentration varies from 50 to 100 ppm in

toxic chemicals into water has become an ordinary practice in many
countries, which has resulted in adverse effects across the globe. At very
low concentrations, heavy metal ions are one of the most harmful water
toxins found in bio-systems, leading to cancer and some genetic disor-
ders in human beings and animals [1-3]. Hexavalent chromium [Cr(VI)]
has extreme radioactive characteristics in natural water sources [4-6]
and waste water from the mining industry [7-9]. It is also been shown
that the sorption process involves heterogeneous redox reactions in
which electron exchange takes place in groundwater aquifers [10]. Ac-
cording to the Environmental Protection Agency (EPA), an acceptable
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various wastewaters, which far exceeds the acceptable limit. Therefore,
a variety of traditional methods for the adsorption of Cr(VI) ions from
aqueous media have been developed, including reverse osmosis, elec-
trodialysis, ion exchange and adsorption. Moreover, adsorption is an
effective, efficient and inexpensive process of treating wastewater
[14-17]. Hu et al. (2004) [18] have developed a procedure combining
electrostatic and ligand exchange under different pH environments for
the adsorption of Cr(VI) ions using magnetite nanoparticles. Tuutijarvi
et al. (2009) and Hu et al. (2005) [19-22] have studied the removal of
arsenic and chromium using maghemite (g-Fe»03). Several researchers
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Abstract: The aim of the present study was to isolate keratinolytic
bacteria from chicken feathers, since it is rich in keratin. Microbial
keratinases have become biotechnologically important since they
target the hydrolysis of highly rigid, strongly cross-linked structural
polypeptide “Kkeratin” recalcitrant to the commonly known
proteolytic enzymes trypsin, pepsin and papain. The isolation of
keratinolytic bacteria performed by routinely used
microbiological techniques and all the 11 isolates were screened for
the keratinase production. The potent strain KP9 was characterized
and identified by 16S r-RNA gene sequencing as Bacillus
licheniformis KP9. The production of enzyme keratinase was studied
by submerged fermentation process. The production of enzyme was

was

optimized at various pH, temperature, incubation period and
inoculum size. The maximum Keratinase enzyme production by
Bacillus licheniformis KP9 was recorded at pH 7.0, temperature
35°C, 3% inoculum size and 48 h of incubation period.

Index Terms: Keratinase, Chicken
Optimization, Bacillus licheniformis.

feathers, Production,

I. INTRODUCTION

Microbial keratinase is the type of protease enzyme capable of
degrading the insoluble structural protein found in feathers, hair
and wool known as keratin. Keratin is a fibrous and insoluble
structural protein extensively cross linked with hydrogen,
disulphide and hydrophobic bonds. It forms a major component
of the epidermis and its appendages viz. hair, feathers, nails,
horns, hoofs, scales and wool (Anbu et al., 2007; Kim, 2007).This
protein is resistant to degradation by proteolytic enzymes such as
trypsin, pepsin, papain due to the composition and molecular
conformation of the amino acids found in keratin (Mukherjee et
al., 2008; Rai et al., 2010). Feathers are produced in large amounts

* Corresponding Author
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as a waste by-product at poultry processing plants, reaching
millions of tons per year worldwide. Feathers contain over 90%
crude protein in the form of keratin.

Keratinases (EC.3.4.99.11) belong to the group of serine
proteases capable of degrading keratin. It is an extracellular
enzyme produced in a medium containing keratinous substrates
such as feathers and hair. Keratinases have applications in
traditional industrial sectors including feed, detergent, medicine,
cosmetics and leather manufacturers (Farag and Hassan, 2004),
they also find application in more recent fields such as prion
degradation for treatment of the dreaded mad cow disease
(Langeveld et al., 2003), biodegradable plastic manufacture and
feather meal production. Hence the present study focuses on the
production of enzyme keratinase. Because of the numerous
potential uses of keratinases, this study was undertaken to screen
a bacterium that produces a highly active keratinase.

II. MATERIALS AND METHODS

A. Isolation of microorganisms

Samples of chicken feathers were collected from local poultry
farms in Shirpur, India. The samples were inoculated for
enrichment into the Luria-Bertani broth for 24 h at 37 °C. After
the enrichment process, samples were plated on the Luria-Bertani
agar plates for the isolation of individual organisms. The plates
were incubated at 37 °C for 2 days until colonies appeared.
Representative colonies were selected based on their morphology
and colony colour. Selected colonies were isolated by transferring
them on to the fresh LB agar plates (Suntomsuk and Suntomsuk,
2003).
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Abstract: A one pot copolymerization technique was used to
synthesize copolymer Poly [(Thiophene-2, 5-diyl)-co-4-hydroxy
benzylidene]. In this technique we used catalyst phosphorous oxy
chloride and 1, 4 dioxane solvent for copolymerization of 4-hydroxy
benzaldehyde with thiophene. Synthesis was carried out at 70°C and
took 28 hours for completion. Reaction was monitored by thin layer
chromatography. Catalyst was removed using ammonia. Product
was obtained using menthol. Chemical structure was confirmed by
using spectral analysis like ultraviolet, infrared, nuclear magnetic
resonance as well as '3C nuclear magnetic spectroscopy. The
amorphous phase was confirmed using structural analysis. Regular
clusters with spherical shapes with approximately 0.5 pm sizes were
indicated by surface morphology. Copolymer is thermally stable up
to 363°C which was confirmed by thermo gravimetric analysis.
Optical absorption study proved band gap value 2.50 eV and
conductivity value is 5.54 x 10-7 S/cm measured by two probe
methods. Such copolymer can be used like semiconducting material
and energy storage in the field of conducting polymers.

Index Terms: Amorphous, Conjugated copolymer, Physical
properties, Polycondensation, Surface morphology.

1. INTRODUCTION

In recent years organic conjugated polymers have attracted
more attention due to their excellent electrical and optical
properties (Bura T., et al., 2016) Homopolymers like polypyrrole,
poly thiophene previously prepared by electrochemical method
are also now being synthesized by chemical polymerization
process which is low cost and product obtained in bulk amount
powdered form. All results showed the success in refining the
mechanical and physical properties of polypyrrole. However,
these synthetic methods contained many steps and firm condition,
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mail.com

leading to limited application of these copolymers ( Borole, D. et
al.,2006). Oxidative polymerization is one of the cleanest and
low-cost in polycondensation. Polycondensation
between two different monomers offers copolymerization which
modifies the properties of a homopolymer by the introduction of
appropriately selected second repeating unit (Larbi B. et
al.,2013). Several studies have been acceptable on conducting
copolymers on their applications over homopolymer for
conductivity, solubility and stability (Zerza G., et al.,2001; Pei, J.,
et al.,2000). The extended conjugation of the polymer chain

methods

backbone is also a major factor in creating new optical properties
(Patil, A., et al., 2002). Donor—acceptor polymers with donor and
acceptor moieties have extended particular attention during
current years as active components of organic electronics. By
submission of suitable subunits inside the conjugated backbone,
these polymers can be made either electron deficient or rich. It is
expected that in polymers with charge carrier motilities the
ordered domains are consistent by loose polymer chains that
ensure a charge transfer (Patil, A., et al., 2016; Noriega R.,2013).
Synthesis of polymers for a particular application may go for
selective polymerization method. Suzuki/Stile polycondensation
technique is mostly chosen for optoelectronic device applications
(Alessandro S.,2020; Murugesan V.,2012). Conjugated polymers
have been attracting more and more attention because they
acquire various electrical, magnetic and optical properties. In the
balanced state, conjugated polymers are utilized in electronic
devices such as photovoltaic cells, solar cells; light emitting
diodes (Burroughes J.et al.,1990) field effect transistors, nonlinear
optical devices, chemical, biochemical and thermal sensors
(Garnier, F., 1990). Conjugated polymers are light-weight as they
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Abstract: All feasible compositions of ZnxCdixS [0<x<1] were
prepared by flux method using Na:S as a flux. With the basic source
materials, the optimum conditions for preparing good quality
screen-printed thick films have been found. The optical band gap
(Eg) of the films has been studied by using reflection spectra in
wavelength range 350-600 nm. Increasing [Zn?*]/ [Cd?**] led to films
with higher band gap (Eg). Pure CdS has the least
photoluminescence intensity, whereas pure ZnS has the highest. The
high transmittance, widened band gap and low resistivity obtained
for ZnCdS thick films make them promising candidate for
photoluminiscent applications.

Index Terms: Flux technique, thick films, screen printing, band
gap, phosluminiscent materials.

L INTRODUCTION

Semiconductor nano-crystals have recently received much
interest due to their unique size dependent structural, electrical,
and optical characteristics. Researchers are particularly
interested in II-VI chalcogenide compound semiconductors
nano crystals (SNCs) because they have potential uses in solar
cells, optical sensors, light emitting diodes, and biological
labeling, among other things (Zia, R., et al.,2010; Jaiswal, J. et
al.,2003; Jang, E. et al.,2003; Jr, M.B, et al.1998).

The study of solid-state luminescence yields information on
the band structure and energy levels of impurities and defects,

as well as crucial steps in the photoconductivity mechanism.
In general, photoconductivity will be higher in phosphorescent

luminescent  materials than in  non-phosphorescent
luminescent materials (Gobrecht et al.,1953).

Becquerel's work in the nineteenth century marked the
beginning of the scientific study of luminescence. He
recognized two forms of phosphorescence decay processes:
exponential and hyperbolic, which he ascribed to
monomolecular and bimolecular decay mechanisms,

DOI: 10.37398/JSR.2021.650728

respectively. When impurities occupy substitutional positions,
the integration of either IB and VB or IIIB and VIIB elements
into IIB-VIB compounds is considered as creating an activator
or donor state, respectively (Bequerel E. et al.,1867)
Investigators have suggested many models for the
luminescence transition in ZnS type phosphors, including the
Schon-Klasens model (Schon M. et al.,1942). Lambe-Klick

model (Lambe J., et al.,1955) and Williams-Prener model
(Williams F., et al., Prener 1956). It's crucial to remember that
the properties of this sort of luminescence are highly complex,
and these basic models aren't always accurate enough to grasp
the nature of luminescence centers and radiative transitions.

Zinc and cadmium are two II-VI SNCs with appropriate
nanocrystals for solar applications due to their straight band
gap. The most widely researched substance for use as a window
layer is cadmium Sulphide (CdS). By combining CdS with
ZnS, the band gap of CdS may be widened. Because the band
gap and lattice characteristics of the Zn.Cdi«xS alloy
combination may be adjusted, it has a lot of potential (Olaseni
Let al.,2000). Yunchao et al. used a novel method to create
tunable Zn.Cd;«S alloyed SNCs with composition-dependent
structural and optical characteristics at low temperatures. As a
result, it's a viable option for usage in nano devices as light-
emitting materials (Kumar P., et al.,2000). Vacuum evaporation
(Singhal S.et al.,2009), chemical bath deposition (Khare, A., et
al.,2009) spray pyrolysis (Ilican, S., et al.,2007), thermal
evaporation (Sebastian, P., at al.,2004), dip-coating technique
(Rafea, M.et al.,2009), molecular beam epitaxial growth
(Telfer S., et al.,2000), e-beam evaporation (Kumar, P., et al.,
1998) have previously been used to create ZnxCd;«S thick
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films. However, there are just a few publications on the flux
technique of forming ZnxCd,.«S thick films.

The flux method is a straightforward approach for producing
high-quality homogenous solid solutions with up scaling
potential. The flux approach allows solid solutions to be
synthesized much below the melting point of the material (
Mughal M.,et al.,1996; Bidnaya D..et al.,1962; Scheel H.et
al.,1974; Patil L.,et al., 998; Patil L.,et al., 2001; Amalnerkar,
D.,1980). The use of Na,S, liquids as fluxes to manufacture
metallic sulphides has been described. The existence of a
common anion and little sodium incorporation into the
substance to be synthesized are two benefits of Na,S, solvents.
The needed basic and within most
laboratories economic capability.

To explore the photoluminescence characteristics of thick
films for functional applications, our efforts have been
undertaken to synthesize ZnxCd;«S solid solutions.

equipment is

11. MATERIALS AND METHODS

Preparation of Zn.Cd|.. Solid Solutions by Flux Method

Starting materials contained hydrated sodium Sulphide
(Na,S.9H.0), with high quality, and a suitable weight percent of
coarse zinc and cadmium powders. The following is the process
for preparing one of the compositions (x = 0.1).

Preparation of Zng.Cdy.sS

The 0.1 weight percent Zn, 0.9 weight percent Cd, and an
adequate amount of sulphur and Na»S.9H,0 were carefully mixed
together. The solution was poured into a platinum crucible. In a
kanthol wrapped muffle furnace, the crucible was put. Corundum
powder was used to fill the area surrounding and above the
crucible. The temperature of the furnace was raised to 600°C.
After then, the temperature was kept constant for an hour. After
that, the furnace was brought to normal temperature. Excess
sulphur evaporated, leaving behind residual oxygen and water in
the form of S02 and H2S. Double distilled water was used to wash
the product in the crucible. Sodium polysulphides dissolved in
water and were easily separated. The finished product has to be
dried. The additional components (x = 0.2 to 0.9) were
synthesized using the same technique. The same technique was
used to make CDs and ZnS granules.
Preparation of ZnyCd S Thick Films

Screen printing was used to create thick films of each mixture.
To ensure adequately fine particle size, the powder of a particular
composition produced using the procedure described above was
ball milled in ethanol for 24 hours. Fine solid solution powder was
mixed with a solution of ethyl cellulose (a temporary binder) in a
combination of organic solvents such as butyl cellulose, butyl
carbitol acetate, and terpineol to make the thixotropic paste [29].
When making the paste, the ratio of inorganic to organic parts was
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maintained at 75:25. The paste was screen printed in a pattern
appropriate for measurements on glass and alumina substrate. The
films were burned in air for 10 minutes at 550°C.
Structural Analysis of the Films

X-ray diffraction patterns of the films corresponding to each
composition were recorded using CuK radiations with a Ni filter
on a Phillips X-ray diffractometer Model PW-1730 (A 1.5418 A).
For comparison, all of the compositions' X-ray patterns were
grouped in a single figure. The lattice constants of each mixture
were calculated and visually displayed [30].

III. RESULTS

Photoluminescence measurement

Photoluminescence properties of thick films of ZnyCd;«S (0<
x <1) were studied using Perkin-Elmers luminescence
spectrometer.
Luminescence spectrometer

The model LS 50 luminescence spectrometer measures the
fluorescence, phosphorescence and chemical or bioluminescence
of samples either in a continuous scan over the wavelength range
of the instrument (or part of the range) or at pre-selected points
within the range. The excitation source is triggered at line
frequency (50 or 60 Hz) to produce an intense, short duration
excitation pulse of radiation. The optical system consists of two
reflection grating monochromators (excitation and emission), a
series of mirrors, the reference and sample, photo-multiplier
detectors. The signals from the detectors are processed by the
instrumental electronics, and can be displayed on a PC screen.
1. Excitation of phosphors
Phosphor under test was excited using excitation wavelengths
365nm. Excitation wavelength gave its own luminescence
spectrum for a particular sample.
2. Photoluminescence of ZnyCd,..S (0< x <1) thick films
The photoluminescence of CdS, Zn,Cdi«S (0.1< x <0.9), ZnS
thick films are shown in the Fig.2.1 to Fig.2.11 respectively.
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Fig. 2.1: PL of CdS
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Fig. 2.8: PL of Zn0,7Cdo,3S
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Fig. 2.11: PL of ZnS

The photoluminescence spectra of ZnyCdiS thick films
display a wide range of photoluminescence colors, ranging from
blue owing to ZnS to red due to CdS. These findings also show
that the energy gap between the emission center and the
conduction band changes depending on the energy gap of the
different ZnyCd,«S thick films. Intensity diminishes as CdS rises
in ZnS.

3. Superimposition of PL of Zn.Cd .S (0<x<0.5)
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Fig. 3a: PL of Zn,Cd;S (0<x<0.5)
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Fig. 3b: PL of ZnxCd,.«S (0.6<x<1)
4. The variation of peak intensity with wt % of Zn in Zn.Cd;«S
(0=x<1) as shown in Fig.4. The Figure shows as wt % of Zn
increases its peak intensity also increases.
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Fig.4: The variation of peak intensity with wt % of Zn
IV. DISCUSSION
Photoconductivity and photoluminescence were detected in all

ZnyCdixS (0<x<1) compositions.
required for good Iuminous

Rapid recombination is

materials, whereas delayed
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recombination is required for good photoconductors. The typical
material would satisfy these opposing demands if (i) both
luminescence and photoconductivity are associated with the
capture of the same type of carrier, either electron or hole, and (ii)
luminescence is associated with one type of carrier but
photoconductivity is associated with the capture of the other type
of carrier. In instance (i) the existence of excellent luminescence
emission indicates photoconductivity-friendly centres.

The existence of light emission might be due to a reduced density
of "large-cross-section centres." As a result, free charge carriers
will live for a long period before recombination. For example, in
instance (ii), a suitable luminous material requires centres with a
large cross section for minority carriers, which produce emission,
and a small cross section for the majority carrier, which produces
extended free life time for majority carriers, which produce
photoconductivity. In this paper, the materials examined are n-
type materials (ZnxCdi«S (0<x<l). These compounds should
have photo sensing and photoluminescent characteristics for the
reasons stated above.

V. CONCLUSION

Thick films of Zn,CdiS having large band gap (compared to
2.42 for CdS) have been created by flux method using distinct
formulations. The band gap of the film and the ratio Zn/Cd in the
film initially rise when the ratio [Zn?*]/ [Cd2"] is increased.
The photoluminescence peaks of pure CdS and pure ZnS are 547
nm and 385 nm, respectively. These peaks would be ascribed to
the individual materials edge emissions. The intensity of
photoluminescence increases as the wt. percent of Zn in ZnyCd,.
«S increases. In the case of pure CdS and compositions with a
higher wt. percent of CdS, the rates of rise and decay of
photoluminescence intensity are nearly symmetrical.

In compositions with wt. percent CdS ranging between 50 and
70 wt. percent CdS, the rate of rise in photoluminescence intensity
is considerably faster than the rate of decay. In the case of greater
ZnS compositions, the rate of rise in photoluminescence intensity
is quite fast compared to the rate of decay. In the case of pure ZnS,
the rate of growth of photoluminescence intensity is the fastest,
while the rate of decay (photoluminescence intensity) is the
slowest. As the wt percent of Zn in the ZnyCd; xS compositions
increases, the peaks of the spectra shift towards shorter
wavelengths (blue shifts).

VI. REFERENCES

Amalnerkar, D.P., Setty M.S, Pavaskar N.R. and. Sinha, A. B
(1980). Studies on thick films of photocunducting cadiuium
sulphide. Bull. Mater. Sci., 2(4) 251-264.

Bidnaya, D.S., Y.A. Obukhovskii and L.A. Sysoev, (1962).
Search for methods of growing cadmium sulphide single
crystals from solutions. Russ. J. Inorg. Chem., 7: 1391-1393.

Bequerel E, (1867)."La Lumiere, Ses causes et ses effects", Paris
Gauthier-Villars, Oxford University.

Williams, F.E. and Prener, J.S., (1956). Associated Donor-

Acceptor Luminescent Centers; Phys. Rev., 101 (4) 427-434.

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 7, 2021

Gobrecht, H., Hahn D., and Kosel, H., Z. Physik, Z., (1953). Die
Photoleitfahigkeit von Phosphoren mit verschiedenem
Leuchtmechanismus, Springer, 136 (2), 57-66.

Gobrecht, Hahn and Kosel, Z. Physik (1956). Die
Photoleitfdhigkeit von Phosphoren mit verschiedenem
Leuchtmechanismus.II; Springer,146, 87-94.

Ilican, S. Caglar, M. Caglar, Y. (2007), “The effect of deposition
parameters on the physical properties of CdxZn;«S films
deposited by spray pyrolysis method”, Journal of
Optoelectronics and Advanced Materials., 9(5), 1414-1417.

Lambe, J. and Klick, C.C. (1955)., Model for luminescence and
photoconductivity in the sulfides; Phys.Rev., 98, 909.

Prener J.S. and Williams, F.E., (1956), Theory of luminescence
centres of the associated Donor-acceptor type; J. Phys. Red.,
17(8-9), 667-672.

Jaiswal, J.K., Mattoussi, H., Mauro, J.M., Simon, S.M. (2003)
“Long—term multiple color imaging of live cell using
quantum dot bio conjugates”, Nat. Biotech., Vol. 21(1), 47-
51.

Jang, E. Jun, S. Pu, L. (2003) “High quality CdSeS nanocrystals
synthesized by facile single injection process and their
electroluminescence”, Chem. Commun., Vol. 24, 2964-
2965.

Jr, M.B., Moronne, M.G.P., Weiss, S. and Alivisatos, A. (1998)
“Semiconductor nanocrystals as fluorescent biological
labels”, Science, 281(5385), 2013-2016.

Khare, A. (2009), “Effect of Zn concentration on electro-optical
properties of ZnyCdi«S films”, Chalcogenide Letters, Vol.
12, 661-671.

Kumar, P., Singh, V., Sharma, S.K., Sharma, T.P., (1998),
“Structural and optical properties of sintered Cd;xZnyS
films”, Optical Materials, Vol. 11(1), 29-34.

Kumar, P., Singh, V., Sharma, S.K., Sharma, T.P., (1998),
“Structural and optical properties of sintered Cdl-xZnxS
films”, Optical Materials, Vol. 11(1), 29-34.

Schon, M., Physik, Z.; Zum Leuchtmechanismus der
Kristallphosphore; Springer,119, 463 (1942).

Mughal, M.A., Zaheer, M.Y., Akram, M. and Naseem, S. (1996),
“Dependence of structural and optoelectrical properties on
the composition of electron beam evaporated ZnyCdi«S
Thin films.” J. Mater. Sci. Technol., Vol. 12(6), 413-416.

Oladeji, 1.0O., Chow, L., Ferekides, C.S., Viswanathan, V., and
Zhao, 7Y., (2000), “Metal/CdTe/CdS/Cd;.
ZnsS/TCO/glass: A new CdTe thin film solar cell
structure”, Solar Energy Materials and Solar Cells, Vol. 61,
230 —211.

Patil, L.A and P.A. Wani, (2001). Growth and morphology of CDs
crystals by flux method. Cryst. Res. Technology., 36: 371-
378.

Patil, L.A., P.A. Wani, K.B. Saraf and M.S. Wagh, (1998).
Investigation on flux grown cadmium sulphide crystals.
Cryst. Res. Technology., 33: 233-240.

133


https://journals.aps.org/pr/abstract/10.1103/PhysRev.98.909
https://journals.aps.org/pr/abstract/10.1103/PhysRev.98.909
https://jphysrad.journaldephysique.org/articles/jphysrad/abs/1956/08/jphysrad_1956__17_8-9_667_0/jphysrad_1956__17_8-9_667_0.html
https://jphysrad.journaldephysique.org/articles/jphysrad/abs/1956/08/jphysrad_1956__17_8-9_667_0/jphysrad_1956__17_8-9_667_0.html

Rafea, M.A., Farag, A.A.M., Roushdy N. (2009), “Structural and
optical characteristics of nano sized structure of
Zn0.5Cd0.5S thin films prepared by dip coating method”,
Journal of Alloys and Compounds, Vol. 485(1), 600-666.

Scheel, H.J., 1974, Crystallisation of sulphides from alkali
polysulphide fluxes. J. Crystal Growth, 24/25: 669-673.

Sebastian, P.J. (2004),” ZnCdS films for solar cell and
photodetector applications deposited by in situ chemical
doping of CdS with Zn”, Advanced Materials for Optics and
Electronics, Vol. 5(5), 269-275.

Singhal, S., Chawala, A.K., Gupta, H.O. (2009), “Effect of laser
flux density on Zn;«CdS thin films”, Thin Solid Films,
DOI: 10.1016/j.ts£.2009.09.115

Telfer, S.A., Tang, X., Morhain, C., Urbaszek, B., O’Donell, C.,
Tomasini, P., Balocchi, A., Cavenette, B.C. (2000) “Growth
of (Zn,Cd)S and (Zn,Mg)S containg structure on GaP”,
Journal of Crystal Growth, Vol. 227, 655-659.

Zia, R., Saleemi, F., and Naseem, S. (2010), “Dependence of
optical, structural and electrical properties of ZnxCd1-xS
thin films prepared by co-evaporation, on the composition
for x=0-1” International Journal of Material Research., Vol.
101(2), 316-320.

Zia, R., Saleemi, F., and Naseem, S. (2010), “Dependence of
optical, structural and electrical properties of ZnyCdiS thin
films prepared by co-evaporation, on the composition for
x=0-1" International Journal of Material Research., Vol.
101(2), 316-320.

Zia, R., Saleemi, F., and Naseem, S. (2010), “Dependence of
optical, structural and electrical properties of ZnxCd1-xS
thin films prepared by co-evaporation, on the composition
for x=0-1"" International Journal of Material Research.,
Vol. 101(2), 316-320.

skekok

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 7, 2021

134



Research Journal of Chemistry and Environment

Vol. 26 (1) January (2022)

Res. J. Chem. Environ.

Synthesis and characterization of copolymer
Poly [(Thiophene-2, 5-diyl)-co-para methoxy
benzylidene] doped with Cobalt acetate using

Oxidative polymerization

Mahashabde J.P."", Patel S.N.2, Patil A.M.? and Sonawane J.P.!
1. Department of Chemistry, R. C. Patel A.C.S. College, Shirpur, Dist.-Dhule 425405 (Maharashtra), INDIA
2. Department of Chemistry, S.P.D.M. College, Shirpur, Dist.-Dhule 425405 (Maharashtra), INDIA
3. Department of Physics, R. C. Patel A.C.S. College, Shirpur, Dist.-Dhule 425405 (Maharashtra), INDIA
*jyotimahashabde3@gmail.com

Abstract

A one pot oxidative polymerization technique is used to
synthesize copolymer Poly [(thiophene-2, 5-diyl)-co-
para methoxy benzylidene]. In this technique we used
catalyst POCl3 and 1, 4 dioxane solvent for
copolymerization of para methoxy benzaldehyde with
thiophene. One pot method takes around 24 hours.
Doped copolymer was synthesized in presence of 0.2gm
cobalt acetate. Catalyst is removed using ammonia.
Products are obtained using menthol. UV—-Vis, FTIR,
'"HNMR, "CNMR, XRD, FE-SEM, EDX, BET and TGA
are used to analyze physical properties of undoped and
doped copolymers. The polycrystalline phase is
confirmed using structural analysis. Interconnected
nonoporous  structure is indicated by surface
morphology. The nano crystalline sizes of undoped and
doped forms are 44 nm and 55 nm respectively.

The surface area changed due to cobalt doping of
copolymer from 3000 to 47900cm?/g. Both copolymers
are thermally stable up to 280°C confirmed by
thermogravimetric analysis. Optical absorption studies
proved that band gap changed from 2.93 to 2.83 eV
after doping and two-probe method was used to
calculate conductivity values as 1.34 x 10°to 7.54 x
10 S/em for undoped and doped copolymers. Both
undoped and doped copolymers have several uses like
semiconducting material and energy storage in the
field of conducting polymers.

Keywords: Copolymer, Oxidative polymerization, Physical
properties, Surface area, Porosity.

Introduction

Alternations of single and double bonds resulted in
conjugation in the organic compounds which is useful to
change the electronic and physical properties as well as
applications of the organic polymers. Copolymerization of
halogen containing aromatics and alkynyl arenes produced
conjugated porous polymers'3. Divinylbenzene,>* para
xylenedichloride* and chloromethyl ether!® yielding high
surface area polymer composites’ were developed with
linear polystyrene and hyper cross linked polymers. In

75

various applications, conjugated polymers were used due to
high porosity and excellent thermal stabilities. Certainly,
these polymers have been considered for separations and gas
storage,?837 encapsulation of chemicals,®’ heterogeneous
catalysis,3322 photoredox catalysis, !> light
emittance,>!%!173!  chemo sensing®!%23263¢ and energy
storage!6:18.25.27,

Mostly micro or macro porous polymers have been
synthesized by direct polymerization through coupling,
cyclization and  condensation  reactions’’*. In
polycondensation process, two monomers react to eliminate
small molecule like water to form new functional group. The
polycondensation process starts from condensation reaction
between the two functional groups that of aldehyde and
thiophene in case of typical polycondensation in presence of
mild dehydrating agent phosphorous oxychloride in neutral
solvent 1, 4 dioxane. There is basic need to search for new
precursors which are easily available in the laboratory to
form polymers with most modern physical properties using
simple chemical route and to study the effect of electron
withdrawing and electron donating para substituent on the
electronic and optical properties of the conjugated
polymers!!.

Many researchers wused substituted thiophene for
polymerization process. Chemical doping is an actual
strategy to alter the electronic structures of semiconductors
in addition to their physical properties, thus improving their
practices’3. Copolymer of thiophene and para chloro
benzaldehyde showed variations in their material properties
due to addition of cobalt sulphate. Thiophene with para
methoxy benzaldehyde copolymerization by oxidative
polymerization and characterization was studied to look at
materials and their application in various fields like
semiconducting material and energy storage?’.

Material and Methods

We have presented earlier the one pot synthesis of
copolymerization thiophene with p-chloro benzaldehyde
doped with cobalt sulphate?®. Copolymer of p-
bromobezaldehyde and thiophene was also reported in
presence of cobalt sulphate but time and temperature to
complete reactions were very high. Therefore, using same
method of polycondensation, we used thiophene with p-
methoxy benzaldehyde to synthesise conjugated copolymer.
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Introduction:
A financial system is a system through which money is the main financial instrument used to
complete financial transactions in an economy. These three factors are important to financial
traders. Transactions in the economy are carried out through households, firms, and governments.
Due to financial transactions, some have excess funds in the instrument of money. Some people
have a breakdown. The financial system acts as an intermediary between the two, banks and
financial institutions act to mobilize excess funds in the economy. Also, the collected funds are
invested through loans, borrowings, investments. If the financial system is developed in the
economy, the economic development of the economy is seen to be fast. Therefore, the development
of financial system is an indicator of economic development.
Objectives:
1) A study of the Indian financial system in recent times.
2) To study the knowledge of customers regarding reforms in banking sector.
3) To study the situation regarding Indian financial system and banking sector reforms.
4) To study the economic implications of changes in the Indian financial system and banking
sector reforms.
Hypotheses /hypotheses:
It is decided to test the following hypotheses for the research paper.
1) Have the reforms in the Indian financial system and banking sector reached the consumers in
the society?
2) Improvements in the Indian financial system and banking sector have improved the financial
situation of consumers.
3) There has been awareness about reforms in the Indian financial system and banking sector.
Research Method:

The researcher has decided to adopt descriptive research method for the present research
paper. This research paper is related to the present problem. Survey method in descriptive
research This research method will be used.

Financial of the system Meaning -

According to Ban Horn "a financial system is a system in which savings are collected and
distributed for consumption and investment." Whereas in financial market money market and
capital market provide short term and long term capital.
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Financial of the system work (Function of Financial System)

The functioning of the financial system is important in every country's economy to
increase the rate of economic development and economic growth.
Saving __ Function)-

Individuals, families, industrial organizations, business organizations, government etc. in
the economy. Current income wind is saving as a provision for the future. The financial system
does the work of collecting and mobilizing savings.
of cash Liquidity _ Function)- Savings provide a financial system for capital investment and
investment in real estate. When the savers need money, they prioritize making their savings
available immediately or within a certain period of time. By doing so, the creditor's property and
savings will not be damaged. The financial system takes care of this.
provided work (Payment Function)-

Numerous goods and services are bought and sold in the economy, such as cheques, credit
cards, debit cards, demand drafts, electronic fund transfers, e-banking, tele-backing, etc. The
function of providing money through the financial system is done.
risk work ( Risk ) -

Fire, Earthquake, Flood, Drought, Terrorism, Attacks, War etc. Disasters cause huge loss
of lives and finances. Insurance companies in the financial system act as risk takers.
Compensation for damages. Provides security to life and property.
of information work (Information Function)-

Demand, supply, prices of goods and services in the market, competitors in the market,
availability of raw materials, capital equipment etc. The function of providing contextual
information is done by the financial system.
of transfer work (Transfer Function)-

The financial system performs the function of transferring funds from one geographical
area to another geographical area. This leads to balanced development in the economy.
others work (other function)-

Preparation of project reports for industries and businesses, financial credit measurement,
project evaluation, capital raising etc. The work is supported through the financial system.
Financial of the system Important and : (Role & Importance of Financial System)

¢ Intermediaries between savers and investors

e Monitoring the performance of the company sector

e Risk taking, risk control

e Geographical transfer of financial instruments

¢ Guidance to Investors on Bond Collection (Portfolio).

e Maximum return from minimum cost/investment

e Encouraging entrepreneurs to raise capital

e Help to increase economic development and economic growth rate.
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banking in the field amendment - ( Reforms in Banking Sector)- Further reforms have been
made in the banking sector by accepting all the recommendations of the report of the Narasiham
Committee and 2.

Rate- The rate at which RBI lends to commercial banks is called Bank Rate. On 14 June 2014 the
rate was 9%.

Repo And Reserve Repo - RBI levies repo and reserve repo on short-term loans after
collateralization of securities. On 14 June 2014 the rate was 8% and 7% respectively.

principal And Aadhaar Interest Rate - In financial reforms, banks began to decide their
principal interest rate themselves. From December 31, 2010, the prime interest rate has been
replaced by the base interest rate. Banks are fixing this rate themselves.

Cash reserved funds quantity - ( Cash Reserve Ratio- CRR) - Before financial reforms CRR was
5%. In 2002 it was as low as 5%. Therefore, credit can be extended from it.

Statutory Savings Ratio — Earlier this ratio was 38.5%. In March 2014 it came up to 22%. This
leads to credit expansion.
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of interest rate Shila stripes (Interest Slabs) - Before 1994-95 interest rates were different. It
was brought up to 02. Interest rates on domestic fixed deposits deregulated Banks have started
keeping the prime and base interest rates separate. Interest rates on loans above 2 lakhs were
arbitrary. Interest rates of co-operative banks were deregulated.

somant Debt Convenience _ : This is a new tool used for short term liquidity management. First
used in May 2011. The aim is to reduce intra-day fluctuations in interbank rates. In May 2011 this
rate increased to 8.25%, in July 2013 to 10.25%. In June 2014 it was 9%.

of the bank Privatization - Bank privatization was started as per the recommendation of the
Narasimha Committee . State banks and public sector banks are raising capital by selling shares,
bonds in the market. RBI's shareholding in SBI was reduced from 99% to 67%.

Increasing number of private and foreign banks : During the period of economic reforms, many
private banks were established in the country. Allowed foreign investors to have up to 74% foreign
direct investment in Indian banks. Many branches of foreign banks have been opened in the
country.

Discreet Accounting norms - Reserve Bank started this norm from 1992-93 . Assessing Bank
Income, Non-Performing Assets (NPAs ) . Non-performing assets should not adversely affect the
functioning of the bank. Hence, provision of funds was made to manage NPAs.

loan Recovery - Non -recovery of loans given by banks will adversely affect the functioning of
banks. For that, Recovery of Debt due to Bank and Financial Institutions Act will be prepared in
1993. Also established Debt Recovery Tribuna's to resolve disputes.

Central Board to Investigate Bank Frauds - CBBF was set up by Ministry of Finance in 1997 to
take action and prevent fraud by bank employees, officers, private individuals/institutions Reserve
Bank set up 'Advisory Board of Bank Frauds' in February 1997 .

Capital Sufficiency ratio - ( Capital Adequacy Ratio (AR)) is a method of calculating capital.
Capital Adequacy Ratio is a method of measuring bank capital. In 1992, the ratio was 8% and
directed by RBI to achieve it by 1996. On January 1, 2013, RBI directed banks to implement
BASER-III norms on capital adequacy, but it was directed to do so by March 31, 2018.

Original rates system - (Base Rate System)- RBI on April 9, 2010 issued guidelines regarding
prime lending rate system and implemented BRS on July 1, 2010 to replace the earlier PLR. RBI
changed the policy to REPO & Reserve REPO and did not change BRS much. Banks have not
changed BRS much while fixing interest rates. Banks use BRS to determine interest rates.
MCLR by force Implementation — In order to enhance monetary policy, RBI adopted marginal
cost of borrowing interest rate determination on 1 April 2016. It is named as Marginal Cost of
Fund Based Learning Rate- MCLR. On April 1, 2016, Bankers India was forced to use MCRL
while fixing interest rates .

Immediately Corrective Proceedings - ( Prompt Corrective Action- PCA) Public sector banks
have been suffering huge losses in the last few years. The total accumulated loss widened to Rs
92,000 crore in the quarter from 2015-16 to 2017-18. Keeping this in mind, RBI took immediate
corrective action against 11 out of 21 public sector banks. Within the framework of immediate
corrective action three bases of classification are made. 1) Capital Adequacy Ratio 2 ) Net Non-
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Performing Assets (Net NPAS) 3) Return on Assets PCA does not come at bank level. A bank is
thrown out of PCA after NPA does not reach 6% and returns remain negative for 2 years. The
objective behind this is to improve the performance of the bank.
The rainbow Scheme - Government of India announced a seven point program in August 2015
and named it 'Indradhanushya Yojana' to improve the performance of public sector banks .
Seven point As follows - Managing Director (MD) & Non Executive Chairman (Non Executive
Chairman) should be appointed separately in some big public banks .
1. Establishment of Bank Board Bureau
Capitalization Plan
A solution to reduce pressure on bank passbook accounts
Empowerment of banks without government intervention
Key performance indicators
Creating a new paradigm for determining responsibility on the basis of
Creating a similar discussion environment with the bank etc.
Conclusion _:

It is important to emphasize the importance of consumer protection not only from an access
point of view but also in terms of stakeholder trust. The charges for the services are kept
reasonable. It is the trust of customers, the trust of investors that stakeholders are acting in their
collective best interest, and the ordered financial statements , that are fair and reasonable

A Al

evaluations of the company's operations. This is the trust of regulators, all of which make an
intangible but significant contribution to national savings and financial stability. The post-Lehman
affair in the financial markets in VS is a good and sobering example of what happens when
investors lose confidence, and indeed all regulators and supervisors should be proactive and protect
the consumer.

Much progress was made in maintaining a stable financial system. However, as we have
seen the fiscal horizons are constantly changing and new challenges are emerging, the process will
evolve successfully if the RBI continuously deploys the strategic and supervisory framework to
accommodate such scenarios. To ensure this, IBA Members and other stakeholders should become
active partners.
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Abstract

In this study, we present one pot synthesis and
characterization of undoped copolymer and cobalt
doped polymer composite, Poly [(Thiophene-2, 5-diyl)-
co-p-bromo  benzylidene]. Both polymers were
synthesized in the laboratory at normal conditions at
very low cost by polycondensation of thiophene with p-
bromo aldehyde. Thiophene (0.02 mmoles) and p-
bromo benzaldehyde (0.02 mmoles) were refluxed
electrically in paraffin oil bath at 87°C for 24 hours in
15 ml neutral solvent 1, 4 dioxan and in presence of
catalyst (0.02 mmoles) POCIl3 which is dehydrating
agent.

The reaction was monitored by TLC. After the
completion of reaction, 100 ml methanol was added in
order to obtain the undoped product. Synthesis of
doped polymer was carried out by similar method but
after completion of reaction 0.1 gm cobalt sulphate as
a dopant was added in the reaction flask and refluxed
further for two hours. Cobalt sulphate (0.1gm) was
used as a dopant to obtain doped polymer. After
completion of the reaction, 100 ml methanol was added
to obtain the doped polymer. Then undoped and doped
fine dark brown powders obtained were further
purified using methanol and finally dried at room
temperature for 24 hours. Doping effect on the polymer
was also analyzed using different characterization
techniques such as: UV-Vis, FTIR, 'HNMR, 3CNMR,
XRD, FE-SEM, EDX and BET in order to investigate
the physical properties.

Keywords: Polymer composite, Polycondensation, Doping,
Characterization, Physical properties.

Introduction

Polymers are the most used materials in the modern world.
Their uses and applications are valid from containers to
clothing. They are used to coat metal wires to prevent
electric shocks. The field of conjugated polymers is a fast-
developing area of research because of the extended range
of their applications, due to their organic light emitting
diodes'>*> photovoltaic cells?>** and also unique optical,
electrical and mechanical properties®. A wide range of
porous organic polymer networks has been introduced in the
past two decades such as crystalline covalent organic
frameworks (COFs)!!?% and various amorphous networks

such as hypercrosslinked polymers (HCPs)!'®3!, covalent
triazine  frameworks  (CTFs),>!2  porous  aromatic
frameworks (PAFs)’® and conjugated microporous
polymers (CMPs).!327

Polythiophene and thiophene-based functional polymers
have been extensively investigated and interest has been
focused on low band gap materials.'>?> An important
condition for low band gap materials is the presence of
quinoid contributions in the electronic ground state of the
polymer backbone. In this respect, some poly thienylene
methines with alternating aromatic and quinoid segments in
the main polymer chain have been prepared. Several
approaches have been taken to improve processability of
conducting polymers."!” To improve the effectiveness and
excellent processability of conventional insulating
polymers, a simple method is to introduce conjugated
polymeric matrices into them.>?3

This can be achieved by combination, composite formation
or copolymerization. In addition to the variation of co-
monomers, the copolymer microstructure compatibly plays
a large role on the properties. Copolymerization could be a
necessary way because the chemical linkage between the
insulating matrix and the conjugated polymer can improve
the chemical stability of the polymer*.

The resulting copolymers with new functional groups
showed different properties from  polythiophene
homopolymer, which probably widens the applications of
conducting polymer’. In the present work, we synthesized
Poly [(Thiophene-2, 5-diyl)-co-p-bromo benzylidene] in one
step namely by the oxidative polycondensation of thiophene
and p-bromo benzaldehyde in 1, 4 dioxane as a solvent
catalyzed under normal conditions. Doping of the same
polymer composite with 0.1 cobalt sulphate was carried out
which showed remarkable structural changes by increasing
porosity.

Material and Methods

Polycondensation between p-bromo benzaldehyde and
thiophene was carried out to obtained methine type
conjugated polymer. Para bromo benzaldehyde reacts with
phosphorous oxychloride to form carbocation which reacts
with active sites (a, o’-position) of thiophene. The bromine
group present at para position to benzaldehyde is an
electron-withdrawing group to form stable carbocation. The
lone pair of electron on sulphure of thiophene attacks the
carbocation to form a complex. The alternating electron
acceptor and donor arrangement will provide a pull-push
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electronic structure and give rise to materials with attractive
photonic properties.

Materials: Thiophene was purchased from Aldrich
Chemical Co. and distilled under reduced pressure. 1, 4
dioxane and p-Bromo benzaldehyde were used as received.
Phosphorous oxychloride was used as mild dehydrating
agent and 1, 4 dioxan was used as solvent for the reaction.

Synthesis of Poly [(thiophene-2, 5-diyl)-co-para-bromo
benzylidene]: The synthesis of conjugated polymer [Poly
[(thiophene-2, 5-diyl)-co-p-bromo benzylidene] was derived
from thiophene and para bromo benzaldehyde. Reaction is a
single step polymerization through a simple condensation. In

POC13
1,4-Dioxane
24 Hr Reflux

Instrumentation

The UV-Visible spectrum of samples in CH>Cl, was taken
using UV-Vis Shimadzu 2450 unit in the wavelength range
of 200-800 nm to investigate conjugation. The UV-Vis
spectroscopy is also used to know the optical properties of
the material as well as for estimation of optical band gap.
The FTIR spectrum of samples was taken using FTIR, IR
Affinity 1 Shimadzu unit with DRS sampling technique in
the range of 4000-400 cm’'. X-ray diffraction (XRD)
measurements were carried out by using Bruker D8 Advance
diffractometer having CuKa incident beam with A = 1.5406
A in 20 range from 20 to 80 degrees. The surface
morphology of the samples was characterized by using field
emission scanning electron microscopy (FE-SEM, S-4800,
Hitachi and 15 kV) unit. Surface area of the each sample was
measured by Brunauer-Emmett-Teller (BET) method by
using ASAP-2010 Micrometrics.

Results and Discussion

Optical Absorption Studies: Fig.1 shows the variation in
optical  absorbance of polymer composite in
dichloromethane before and after doping of cobalt in bromo
polymer respectively as a function of wave length. After
doping of cobalt, the optical absorption spectra of polymer
showed higher absorption than undoped polymer for bromo
sample. It can be seen that the absorption is shifted towards
shorter wavelength which confirmed increase in optical band
gap value for doped bromo polymer. In the present case, both
the polymers represent the direct band gap with the exponent
n=1/2 and is measured by plotting (cthv)? versus hv. The
extrapolation of the straight line in the graph to (a¢hv)? = 0

Res. J. Chem. Environ.

100 ml round bottom flask, 0.02mmoles of thiophene and
0.02mmoles p-bromo benzaldehyde were condensed in 1, 4
dioxan solvent using catalyst phosphorous oxychloride
which is mild dehydrating agent. Then reaction mixture was
refluxed in oil bath using heating mantle maintained at 87°C
for 24 hours.

The reaction was monitored by TLC. Reaction mixture was
added in methanol and fine dark black powder obtained was
washed several times by methanol and finally dried at room
temperature for 24 hours. After drying, the fine product was
purified using column chromatography. The scheme 1
shows the formation of methine bridge polymer.

/
N\

Br Br

gives the value of the energy band gap (inset). The value of
band gap obtained was 2.10 eV for undoped and cobalt
doped material 2.36 eV respectively®.

Spectral data

FTIR: Fourier Transform Infrared (FTIR) spectroscopy of
undoped and cobalt doped Poly [(Thiophene-2, 5-diyl)-co-
p-bromo benzylidene] material is shown in figure (a) and (b)
respectively. In both undoped and doped samples, C=0O
frequency is absent which confirmed the absence of the
starting aldehyde carbonyl group and completion of the
condensation reaction. The values for standard and observed
frequencies for corresponding functional groups are given
below. It is observed that the C-Co group in the range 500-
550 cm! is present only in doped samples.

FTIR For undoped sample: 1597cm™! (C=C),1074cm™!(C-
S-C),3024cm™! (Aromatic C-H), 802 cm'(C-Br).

THNMR-(For undoped sample) (BRUKER ADVANCE)
(CDCl3):  7.74-7.768(dd)=(m)2H,7.61-7.635(dd)=(m)2H,
7.68-7.725(d), 1H, 7.17-7.198(dd)=(m), 1H,7.30-7.435(d)
(1H), 6.35--6.375(d)(1H), 5.805(dd)=(m)(1H), 3.315(s,q)
1H.

IBCNMR (For undoped sample): 24.40, 36.51, 46.12,
76.70, 120.11, 126.01, 121.02, 124.25, 125.73, 127.76,
129.77, 130.20, 130.72, 139.11.

FTIR for doped sample: 1070 cm™' (C-S-C),2924 cm’!
(aromatic C-H) 800 cm™!' (C-Br),551 cm™ (C-Co).
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Fig. 1: Optical absorption spectra of the synthesized undoped and cobalt doped polymer in
dichloromethane as a function of wavelength. Inset shows corresponding plots of (¢hv)?vs photon energy (hv)
for p-bromo polymer solutions

THNMR-(For doped sample): 7.48-7.508(dd)=(m)2H,
7.24-7.298(dd)=(m)2H, 7.58-7.720(d), 1H,7.15-7.175(dd)=
(m), 1H, 7.34-7.368(d)(1H), 6.22-6.398(d)(1H), 5.69-
5.800(dd)=(m)(1H), 3.30-3.365(s,q)1 H.

I3CNMR-(For doped sample): 24.43, 36.58, 47.12, 76.81,
121.18, 123.09, 124.10, 126.25, 126.73, 127.86, 129.99,
130.12, 131.70, 139.38.

Structural Studies

X-Ray Diffraction: The structural properties of bromo
undoped and doped polymer were studied using X-ray
diffraction (XRD) patterns. Fig. 2 shows the XRD pattern of
(a) undoped and (b) doped for bromo polymer. The
synthesized materials showed amorphous nature for doped
sample and intense peak indicating crystalline nature for
undoped  poly  [(Thiophene-2,  5-diyl)-co-p-bromo
benzylidene]. In the polymers, the value of crystallinity is
about 72.5% and 48.1% for undoped and doped which
indicated that the crystallinity decreased after doping of
cobalt in polymer composite material'.

A very weak cobalt peak is observed in polymer composite
at 44.22° confirmed from JCPDS card number 89-4307
which changed the structural property of doped composite
material. The crystallite size was found to be around 127 nm
for undoped and 45 nm for doped sample calculated by using
well known Scherrer's equation along peak at 28.5°.

Surface Morphological Studies, EDX, Surface Area
Measurement: The FE-SEM images of powder undoped
and doped polymer were taken on the carbon tap mounted
on sample holder. Fig. 3 (a) and (b) showed the surface
morphology for undoped and doped bromo polymer at lower
magnification while (c) and (d) were at higher magnification
respectively. The elemental composition of the samples was

measured by EDX analysis as shown in figure (e) and (f) for
undoped and doped respectively. It confirmed the insertion
of cobalt in the polymer matrix.

The surface morphology of undoped polymer showed the
smaller size spheres which are interconnected with each
other while RBC shaped corpuscles'® with low crystalline
nature are observed in doped polymer. FE-SEM images
showed that as prepared materials are uniform and
interconnected with each other with porous structure®®.
Surface area is being measured by the quantity of adsorbed
and de-adsorbed gas from the surface of the sample with
respect to the change in the thermal conductivity of the
mixture of nitrogen and helium gas. The obtained surface
areas of undoped and doped polymers are 2200 cm?/g and
8800 cm?/g respectively>!°.

Thermal stability

Thermogravimetric Analysis: Thermogram of Poly
[(Thiophene-2, 5-diyl)-co-p-bromo benzylidene] doped
polymer sample has shown interesting four step
decomposition pattern as in fig. 4. The first step attributed to
negligible loss of weight 10% from temperature 259 °C to
294 °C. In second step, decomposition with 27% weight loss
is observed from 294 °C t0358 °C. Third step decomposition
starts from 358 °C to 439 °C with major weight loss 69 %
due to break down of polymer backbone and finally in the
fourth step, polymer matrix decomposes totally 440 °C to
492 °C with 21 % loss in weight. From TGA it is confirmed
that doped sample is thermally stable up to 250 °C>.

On the other hand undoped polymer is thermally less stable
to small range of temperature. There is continuous weight
loss and  decomposition is  observed  during
thermogravimetric analysis.
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Fig. 2: XRD patterns of Poly [(Thiophene-2, 5-diyl)-co-p-bromo benzylidene] powder sample
(a) undoped and (b) doped

Fig. 3: Surface morphology of (a) undoped and (b) doped Poly [(Thiophene-2, 5-diyl)-co-p-bromo benzylidene] at
lower magnification and (c) and (d) at higher magnification. The EDX patterns are (¢) undoped and (f) doped Poly
[(Thiophene-2, 5-diyl)-co-p-bromo benzylidene]
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Fig. 4: Poly [(Thiophene-2, 5-diyl)-co-p-bromo benzylidene]
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Conclusion

The properties of many conventional materials may change
when formed from nanoparticles. This is typically because
nanoparticles have a greater surface area per weight than
larger particles which cause them to be more reactive to
some other molecules. We have synthesized [(Thiophene-2,
5-diyl)-co-p-bromo benzylidene] by chemical oxidative
method. The formation of nanocomposites was confirmed
by UV-Vis spectroscopy, FTIR, XRD, SEM, EDX and
surface area measurements. The XRD patterns indicated the
semi crystalline phase of cobalt doped polymer. SEM
analysis showed that the uniform dispersion of
nanocomposites appears like RBC shaped corpuscles in the
polymer composites. EDX analysis confirmed the insertion
of cobalt in the polymer matrix.

In this particular polymer, thermal stability, porosity as well
as the surface area increased but band gap increased after
cobalt doping which resulted in decrease in conductivity of
the doped polymer composite. This synthesized
nanocomposite porous materials can be used or being
evaluated for use in many fields such as gas storage, CO-
capture'* and semiconducting material.
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Abstract: A one pot copolymerization technique was used to
synthesize copolymer Poly [(Thiophene-2, 5-diyl)-co-4-hydroxy
benzylidene]. In this technique we used catalyst phosphorous oxy
chloride and 1, 4 dioxane solvent for copolymerization of 4-hydroxy
benzaldehyde with thiophene. Synthesis was carried out at 70°C and
took 28 hours for completion. Reaction was monitored by thin layer
chromatography. Catalyst was removed using ammonia. Product
was obtained using menthol. Chemical structure was confirmed by
using spectral analysis like ultraviolet, infrared, nuclear magnetic
resonance as well as '3C nuclear magnetic spectroscopy. The
amorphous phase was confirmed using structural analysis. Regular
clusters with spherical shapes with approximately 0.5 pm sizes were
indicated by surface morphology. Copolymer is thermally stable up
to 363°C which was confirmed by thermo gravimetric analysis.
Optical absorption study proved band gap value 2.50 eV and
conductivity value is 5.54 x 10-7 S/cm measured by two probe
methods. Such copolymer can be used like semiconducting material
and energy storage in the field of conducting polymers.

Index Terms: Amorphous, Conjugated copolymer, Physical
properties, Polycondensation, Surface morphology.

1. INTRODUCTION

In recent years organic conjugated polymers have attracted
more attention due to their excellent electrical and optical
properties (Bura T., et al., 2016) Homopolymers like polypyrrole,
poly thiophene previously prepared by electrochemical method
are also now being synthesized by chemical polymerization
process which is low cost and product obtained in bulk amount
powdered form. All results showed the success in refining the
mechanical and physical properties of polypyrrole. However,
these synthetic methods contained many steps and firm condition,
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leading to limited application of these copolymers ( Borole, D. et
al.,2006). Oxidative polymerization is one of the cleanest and
low-cost in polycondensation. Polycondensation
between two different monomers offers copolymerization which
modifies the properties of a homopolymer by the introduction of
appropriately selected second repeating unit (Larbi B. et
al.,2013). Several studies have been acceptable on conducting
copolymers on their applications over homopolymer for
conductivity, solubility and stability (Zerza G., et al.,2001; Pei, J.,
et al.,2000). The extended conjugation of the polymer chain

methods

backbone is also a major factor in creating new optical properties
(Patil, A., et al., 2002). Donor—acceptor polymers with donor and
acceptor moieties have extended particular attention during
current years as active components of organic electronics. By
submission of suitable subunits inside the conjugated backbone,
these polymers can be made either electron deficient or rich. It is
expected that in polymers with charge carrier motilities the
ordered domains are consistent by loose polymer chains that
ensure a charge transfer (Patil, A., et al., 2016; Noriega R.,2013).
Synthesis of polymers for a particular application may go for
selective polymerization method. Suzuki/Stile polycondensation
technique is mostly chosen for optoelectronic device applications
(Alessandro S.,2020; Murugesan V.,2012). Conjugated polymers
have been attracting more and more attention because they
acquire various electrical, magnetic and optical properties. In the
balanced state, conjugated polymers are utilized in electronic
devices such as photovoltaic cells, solar cells; light emitting
diodes (Burroughes J.et al.,1990) field effect transistors, nonlinear
optical devices, chemical, biochemical and thermal sensors
(Garnier, F., 1990). Conjugated polymers are light-weight as they
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are organic in nature and can be made-up into flexible, bendable
appliances. Due to the property of electrical conductivity of these
polymers; they are called as conducting polymers. Conjugated
polymers contain m electrons responsible for electrical
conductivity (Abdelkarim R., et al.,2011; Liao L., et al., 2007).
There are a lot of possibilities to modify the chemical structures
of conjugated polymers to change their physical properties. The
technique of copolymerization has been widely used as a way to
obtain materials with properties intermediate between those of the

individual homopolymers (Oliver R.., et al.,2006; Bundgaard
E.,2006). Thus, physical and chemical properties of the final
material can be controlled through the appropriate choice of
monomers that form the polymer chain. There is basic need to
search for new precursors which are easily available in the
laboratory to form polymers with new physical properties using
simple chemical route and to study the effect of electron
withdrawing and electron donating para substituent on the
electronic and optical properties of the conjugated polymers
([Innami Y., et al., 2012). Alternations of single and double bonds
resulted conjugation in the organic compounds which is useful to
change the electronic and physical properties as well as
applications of the organic polymers. In this paper we used
substituted aldehyde 4-hydroxy benzaldehyde having electron
donating group. Copolymer of thiophene and para choro
(Mahashabde J., et al., 2018) para methyl (Mahashabde J., et al.,
2018) showed variations in their material properties due to
different substituent present at para position of benzaldehyde. A
similar approach was taken to synthesize copolymer of Thiophene
with 4-hydroxy benzaldehyde by polycondensation and
characterization studied to look at material and its application in
various fields like semiconducting material and energy storage.
Copolymerization could be a necessary way because the chemical
linkage between the insulating matrix and the conjugated polymer
can improve the chemical stability of the polymer (Baik D, et al.,
1999). The resulting copolymers with new functional groups
showed different properties from Polythiophene homopolymer,
which probably widen the application of conducting polymer
(Rajasekhar M., et al., 2009). The objective of this chemical
synthesis was to study unique characteristics of copolymers
synthesized by chemical polymerization having applications in
the various fields of conducting polymers (Jadoun S., et al., 2019).

In this paper brief synthesis of Copolymer Poly [(Thiophene-
2,5-diyl)-co-4-hydroxy benzylidene] derived from thiophene with
4-hydroxy benzaldehyde, characterization of copolymer and
studied physical properties conjugated
semiconducting material.

II. MATERIALS AND METHODS

The authors have presented the one step synthesis of conjugated
polymer of thiophene with 4- hydroxy benzaldehyde. The same
method of polycondensation was used to synthesize conjugated
copolymer of thiophene and 4-methoxy benzaldehyde. Here
substituted aldehyde 4- hydroxy benzaldehyde is used for
investigation which is different from previous work.

Thiophene, 4-hydroxy benzaldehyde were used as received
obtained from Aldrich Chemical Co. Dehydrating agent POCl;
used as catalyst and reaction was carried out in 1, 4-dioxane.

copolymer as
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Ammonia and methanol are used to obtain the product from

reaction mixture.
CHO

(\ addition of NH;

28 hrs.

Crude Copolymer

HExtraction with Methanol

Pure Copolymer
A. Scheme for copolymer synthesis.
III. INSTRUMENTATION

The UV-Visible spectrum of samples in CH,Cl, was taken
using UV-Vis SHIMADZU 2450 unit in the wavelength range of
200-800 nm to investigate conjugation. The UV-Vis spectroscopy
is also used to know the optical properties of the material as well
as for estimation of optical band gap. The FTIR spectrum of
samples was taken using FTIR, IR Affinity 1 SHIMADZU unit
with DRS sampling technique in the range of 4000-400 cm™'. X-
ray diffraction (XRD) measurements were carried out by using
BrukerD8 Advance diffractometer having CuKa incident beam
with L= 1.5406 A in 20 range from 20 to 80 degrees. The surface
morphology of the samples was characterized by using field
emission scanning electron microscopy (FE-SEM, S-4800,
Hitachi, and 15 kV) unit. The thermo gravimetric analysis was
carried out using thermal analyzer (TGA 50) under the stream of
nitrogen gas (flow rate 50ml/min) was monitored around the
sample chamber to minimize heat dissipation during
measurements. The % weight loss is plotted as function of
temperature to get thermogram.

IV. RESULTS AND DISCUSSION

A. Optical Absorption and Conductivity Measurement

An optical property of the copolymer prepared was
investigated by using UV visible spectroscopy. From optical
study, it is found that the polymer material prepared by using
polycondensation method has conducting properties. Variation in
optical absorbance of copolymer solutions in dichloromethane as
a function of wavelength was studied and results are showed in
figure 2. Optical absorption spectra showed two major
absorptions bands. The band in range of 280 - 300 nm is assigned
to the m - w* transition of the aromatic heterocyclic since it
corresponds to the same band as its precursor, and the band in the
range of 490 to 510 nm is assigned to the m - n* band gap
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transition.

Band gap is calculated by equation Band gap = 1240/A where
A is wavelength in nanometers. From optical absorption spectra
maximum wavelength responsible for band gap 495 nm. Which
confirmed band gap value 2.50 eV. Conductivity of copolymer
was measured at room temperature using two probe method value
obtained 5.54 x 10-S/cm.

|
|

L

Fig. 1: Optical absorption spectra of copolymer

B. Functional Group Determination by Infrared Spectroscopy
FTIR is a powerful technique to determine changes in the
functional groups that occur during synthesis. Figure 2 showed
functional group changes during the synthesis. In Table 1 I R
values for corresponding functional groups are observed. During
polycondensation process a small molecule like water eliminated
and C=C double bond is formed with disappearing C=0O
frequency of 4-methoxy benzaldehyde.

45_, .........................................................................................
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Fig. 2: FTIR spectra of copolymer
Table 1: LR. functional groups wave numbers observed in copolymer
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Functional Standard IR Observed IR
Groups frequencies frequencies
Ar (C=C) 1500-1600 cm™! 1604 cm!
C-S Thiophene 1010-1100 cm™! 1084 cm’!
Ar (C-H) 2900-3000 cm! 3092 cm’!
C-OH 3200-3600 cm™! 3500 cm!
C. NMR data

"HNuclear Magnetic Resonance (BRUKER ADVANCE)
(CDCls):
8.68(3H,s),6.978(2H,m)dd,7.298(2H,m)dd,7.335(1H,d),7.178
(1H,m)dd,7.338(d,1H),6.2258(1H,d),4.448(1H,m)dd,5.208(1H,q
).

3CNuclear Magnetic Resonance: (BRUKER ADVANCE)
(CDCls):

24.33, 36.52, 42.74, 55.23,
129.38,131.57,147.6,157.7.

113.78, 123.03, 126.50,

D. Structural Studies
A structural property of copolymer was determined by X-ray
diffraction. Figure 3 indicated the XRD pattern of the copolymer
sample. The XRD specified that copolymer was amorphous.
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E. Surface Morphology of copolymers

Figure 4 showed field emission scanning electron microscopy
of copolymer. Surface morphology copolymer is shown in
figure 5 at lower magnification. Surface morphology shown by
the copolymer is smooth regular interconnected cluster with
spherical shapes with approximately 0.5 um sizes.
F. Thermo gravimetric Analysis
In order the check the thermal stability, copolymer sample was
also characterized by thermo gravimetric analysis as shown in
figure 5. The curves did not show the sharp peak in the range 90
to 100 °C confirmed the absence of moisture. The melting started
at 363.45 °C (onset) and finished at 427.92°C (end set). From
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TGA it is confirmed that the sample is thermally stable at high
temperature.

Fig. 4: Surface morphology of copolymer

TGA
%

100.0C-

Mid Point 389.45C
Onset 347.50C
Endset 445.67C

50.0¢ Weight Loss ~ -4.681mg
-60.3459%  Onset 363.45C

386.99C

Mid Point

Endset 421.92C
Weight Loss -3.244mg

-41.820%

600.0C

500.0C

300.0C  400.0C

Temp [C

100.0C  200.0C

Fig. 5: TGA of copolymer

CONCLUSION

Copolymer synthesis by polycondensation of thiophene with 4-
hydroxy benzaldehyde in presence of phosphorous oxychloride is
cost effective and possible under normal laboratory condition.
Resultant copolymer having intermediate properties between
those of the individual homo polymers. Copolymer obtained is in
the powder form and can allows easy processing. This conjugated
copolymer is amorphous, interconnected regular clusters with
spherical shapes approximately 0.5 um sizes even more stable up
to 363°C temperature having band gap 2.50 eV. In the field of
conducting polymers, the surface morphology, thermal stability,
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and structural characteristics are notably unique and can be
applied as semiconducting materials.
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Abstract: The aim of the present study was to isolate keratinolytic
bacteria from chicken feathers, since it is rich in keratin. Microbial
keratinases have become biotechnologically important since they
target the hydrolysis of highly rigid, strongly cross-linked structural
polypeptide “Kkeratin” recalcitrant to the commonly known
proteolytic enzymes trypsin, pepsin and papain. The isolation of
keratinolytic bacteria performed by routinely used
microbiological techniques and all the 11 isolates were screened for
the keratinase production. The potent strain KP9 was characterized
and identified by 16S r-RNA gene sequencing as Bacillus
licheniformis KP9. The production of enzyme keratinase was studied
by submerged fermentation process. The production of enzyme was

was

optimized at various pH, temperature, incubation period and
inoculum size. The maximum Keratinase enzyme production by
Bacillus licheniformis KP9 was recorded at pH 7.0, temperature
35°C, 3% inoculum size and 48 h of incubation period.

Index Terms: Keratinase, Chicken
Optimization, Bacillus licheniformis.

feathers, Production,

I. INTRODUCTION

Microbial keratinase is the type of protease enzyme capable of
degrading the insoluble structural protein found in feathers, hair
and wool known as keratin. Keratin is a fibrous and insoluble
structural protein extensively cross linked with hydrogen,
disulphide and hydrophobic bonds. It forms a major component
of the epidermis and its appendages viz. hair, feathers, nails,
horns, hoofs, scales and wool (Anbu et al., 2007; Kim, 2007).This
protein is resistant to degradation by proteolytic enzymes such as
trypsin, pepsin, papain due to the composition and molecular
conformation of the amino acids found in keratin (Mukherjee et
al., 2008; Rai et al., 2010). Feathers are produced in large amounts
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as a waste by-product at poultry processing plants, reaching
millions of tons per year worldwide. Feathers contain over 90%
crude protein in the form of keratin.

Keratinases (EC.3.4.99.11) belong to the group of serine
proteases capable of degrading keratin. It is an extracellular
enzyme produced in a medium containing keratinous substrates
such as feathers and hair. Keratinases have applications in
traditional industrial sectors including feed, detergent, medicine,
cosmetics and leather manufacturers (Farag and Hassan, 2004),
they also find application in more recent fields such as prion
degradation for treatment of the dreaded mad cow disease
(Langeveld et al., 2003), biodegradable plastic manufacture and
feather meal production. Hence the present study focuses on the
production of enzyme keratinase. Because of the numerous
potential uses of keratinases, this study was undertaken to screen
a bacterium that produces a highly active keratinase.

II. MATERIALS AND METHODS

A. Isolation of microorganisms

Samples of chicken feathers were collected from local poultry
farms in Shirpur, India. The samples were inoculated for
enrichment into the Luria-Bertani broth for 24 h at 37 °C. After
the enrichment process, samples were plated on the Luria-Bertani
agar plates for the isolation of individual organisms. The plates
were incubated at 37 °C for 2 days until colonies appeared.
Representative colonies were selected based on their morphology
and colony colour. Selected colonies were isolated by transferring
them on to the fresh LB agar plates (Suntomsuk and Suntomsuk,
2003).
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B. Screening for the keratinase production

The isolates were screened for the production of extracellular
keratinase. Eleven morphologically different bacterial colonies
were streaked onto a sterile feather meal agar plate. The plates
were then incubated at 37°C for 48 h. The strain that shows
highest zone of clearance was selected (KP9) and it was sub
cultured. The strain was further inoculated in nutrient broth
containing feather meal and kept for incubation at 37°C for 4 days
on shaking incubator at 180 rpm. Then the culture supernatant was
assayed for keratinolytic activity (Yamamura et al., 2002;
Williams et al., 1990).
C. Characterization and identification of potent isolate

The strain (KP9), which degrade keratin effectively, was
characterized. Morphological, Biochemical characterization was
carried out by performing Gram Staining, spore staining, motility
test, IMVIC test, urease test, catalase test, starch hydrolysis test
and casein hydrolysis test (Manczinger et al., 2003; Yu et al.,
1968). The strain was further identified by 16S r-RNA gene
amplification and nucleotide sequencing performed at the
National Center for Cell Science (NCCS-NCMR), Pune, India.
D. Production of enzyme keratinase

The isolated potent strain (KP9) was transferred to 25 ml of the
seed medium containing (g/L) peptone, 5; yeast extract, 1.5; beef
extract, 1.5 and sodium chloride, 5; (pH 7 = 0.2) and incubated at
37°C on rotary shaker at 180 rpm for 24 h. This was used as the
inoculum for the keratinase enzyme production process.
Submerged fermentation process was carried out by inoculating
pure culture of potent isolate into the production medium
(Suntomsuk and Suntomsuk, 2003). The production medium
contains (g/L) Feather meal, 10; Yeast extract, 0.1; MgSO4, 0.1;
NH4CI, 0.5; K2HPO4, 0.3; KH2PO4, 0.3; NaCl, 0.5. Initial pH of
the medium was adjusted to 7.2 + 0.2 with Tris—HCI buffer. The
medium was sterilized in an autoclave for 15 min at 121°C. The
production medium was inoculated with 5% (v/v) of 24 h old
inoculum culture of potent isolate containing approximately
2x106 cells/ml. The flasks were incubated on a rotary shaker at
37°C and 180 rpm for 4 days. The 10 ml fermented broth was
centrifuged at 10,000 rpm for 20 min and the supernatant was used
as crude enzyme.
E. Keratinase enzyme assay

The keratinase enzyme activity was assayed by taking 1.0 ml
of crude enzyme properly diluted in Phosphate buffer (0.05 M of
pH 7.0) was incubated with 1 ml of keratin solution at 50 °C in a
water bath for 10 min, and the reaction was ceased by the addition
2.0 ml 0.4 M Trichloroacetic acid (TCA). The resulted precipitate
was removed by centrifugation at 10000 rpm for 20 min. The
absorbance of the supernatant was determined at 280 nm against
a control. The control was prepared by incubating the enzyme
solution with 2.0 ml TCA without the addition of keratin solution.
One unit (U/ml) of keratinase enzyme activity was defined as an
increase of corrected absorbance of 280 nm (Gradisar et al., 2005)
with the control for 0.01 per minute under the conditions
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described above.

F. Optimization of keratinase enzyme production

1) Effect of pH

To investigate the effect of pH on enzyme production, the basal
medium containing 1% feather meal was prepared. The medium
was adjusted to the different pH values such as 3, 5, 7 and 9. The
potent isolate KP9 was inoculated in to the medium. Production
process was conducted and samples were assayed for enzyme
activity (Priya et al., 2011).
2) Effect of temperature

To study the effect of temperature on enzyme production, the
basal medium containing 1% feather meal was prepared. The
potent isolate KP9 was inoculated in to the medium. The medium
was incubated at different temperatures like 5°C, 20°C, 35°C and
50°C. Production process was conducted and samples were
assayed for enzyme activity (Puri et al., 2002).

G. Effect of inoculum size

To study the effect of inoculum size on enzyme production, the
basal medium containing 1% feather meal was prepared. The
potent isolate KP9 was inoculated in different inoculum size such
as 1%, 2%, 3% and 5% into the production medium. Production
process was conducted and samples were assayed for enzyme
activity (Ramnani and Gupta, 2004).

H. Effect of incubation period

To study the effect of incubation period on enzyme production,
the basal medium containing 1% feather meal was prepared. The
potent isolate KP9 was inoculated in to the medium. The medium
was incubated at 37°C for different incubation periods like 24h,
48h, 60h and 72h. Production process was conducted and samples
were assayed for enzyme activity (Sen and Satyanarayana, 1993).

III. RESULTS AND DISCUSSION

A. Isolation, screening and identification of potent isolate

A total of eleven different bacterial strains were isolated from
chicken feather sample collected from local poultry farm at
Shirpur, India. These all the 11 isolates were screened for the
keratinase production on basal agar medium plates containing 1%
keratin. It was found that the strain KP9 shows highest zone of
clearance, indicates its ability to produce enzyme keratinase
(Fig.1). The strain KP9 was selected and sub cultured for further
study. The strain KP9 appeared singly and was a straight rod,
Gram positive and endospore forming organism. It was aerobic,
motile, and catalase positive. Additional morphological,
physiological and biochemical characteristics were checked as
shown in Table-1. On the basis of the results of morphological,
physiological and biochemical tests the strain was belongs to
Bacillus sp. After performing 16S r-RNA gene sequencing and
phylogenetic studies by using MEGAG®, it was confirmed that, the
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strain KP9 was identified as Bacillus licheniformis KP9.

A. Isolation on LB agar

plate

Fig. 1. Isolation of potent isolate KP9 on Luria-Bertani agar medium

Table-1. Morphological and biochemical characteristics of Bacillus

B. Potent isolate KP9

Journal of Scientific Research, Volume 65, Issue 7, 2021

Fig. 2 Submerged production of enzyme keratinase

licheniformis KP9
Characteristics/Test Results
Shape Rod

Gram character

Gram positive

Acid fastness

Non-acid fast

Endospore staining

Spore forming

1) Effect of pH
pH value Enz(yIIJlll:il :1)ct1v1ty
3 43+1.2
5 77+£2.1
7 263 +0.9
9 141+1.3

Motility test Motile
Indole production Negative
Methyl red test Negative
Vogus-Proskauer test Positive
Citrate utilization Positive
Catalase activity Positive
Oxidase activity Negative
Starch hydrolysis Positive
Casein hydrolysis Positive
Urease activity Negative
Nitrate reduction Positive
Hydrogen sulphide Negative

B. Production of enzyme keratinase

Production of enzyme keratinase by wusing Bacillus
licheniformis KP9 isolated from chicken feathers was studied by
submerged fermentation process (Fig.2). The production studies
were carried out at 37°C, for 24 h on rotary shaker at 180 rpm.
The 10 ml fermented broth was centrifuged at 10,000 rpm for 20
min and the supernatant was used as crude enzyme. This crude
enzyme was assayed spectrophotometrically at 280 nm.
Production of enzyme keratinase was optimized at various pH,
temperature, inoculum size and incubation period.
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Fig. 3A. Effect of pH on enzyme activity
2) Effect of Temperature

Temperature Enzyme activity
(°O) (U/ml)
5 13+£1.4
20 55+1.1
35 210+0.9
50 130+0.8




Fig. 3B. Effect of temperature on enzyme activity
4) Effect of Inoculum size

Inoculum Enzyme activity
size (%) (U/ml)

1 74+1.3

2 101 £1.8

3 195+1.6

5 150+ 1.4

Fig. 3C. Effect of inoculum size on enzyme activity

5) Incubation period
Incubation Enzyme activity
period (h) (U/ml)
24 187+1.3
48 239+1.7
60 86+1.2
72 47+14

Fig. 3D. Effect of incubation period on enzyme activity

Maximum enzyme production (263 + 0.9 U/ml) was observed
at pH 7.0 i.e. at neutral pH, whereas the minimum enzyme activity
(43 +£1.2 U/ml) was seen at pH 3.0 (Fig. 3A) (Hossain et al., 2007,
Najafa, 2006). In the optimization of temperature for the
keratinase enzyme production, maximum activity (210 = 0.9
U/ml) was recorded at 35°C (Fig. 3B) (Cheng et al., 1995).
Incubation period for the maximum enzyme production was
recorded as 48 h. After 48 h of incubation period the keratinase
enzyme production was decreased (Fig. 3D) (Lin et al., 1992). The
size of inoculum at which Bacillus licheniformis KP9 showed
maximum enzyme production is 3% (Fig. 3C) (Nilegaonkar et al.,
2007).
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CONCLUSION

The objective of the present study was to isolate the keratinase
producing bacteria from chicken feathers, since it is rich in
keratin. The production of enzyme keratinase and optimization of
various parameters for the enzyme production were studied. This
novel keratinolytic Bacillus licheniformis KP9 could be a
potential candidate for the degradation of feather keratin and also
in dehairing process in leather industry. This isolate could be used
to produce keratinase for biotechnological applications and
effectively used in the large scale production of enzyme for
commercial purposes.
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ABSTRACT - Obstetricians commonly utilize cardiotocography (CTG) to assess the corporal state of an
infant during childbirth because it offers information on the fetal heartbeat and vaginal cramps, which takes
into account whether or not the fetus is malignant. Based on signal analysis and computer engineering, there
are numerous approaches for interpreting conventional cardiotocography data. Machine learning is now
commonly used to solve a wide range of problems in branches of science and healthcaredue to its rapid
development. For fetal state classification, we apply additive logistic regression (Logiboost), k-NN and
random space classifiers to analyze CTG data; Logiboost outperforms k-NN and random subspace in process
of reaching accuracy in classifying specific varieties of fetuses up to 92.16 on training and testing set. Both

Logiboost and random subspace performs equally and outperform K-NN in feature selection.

Keywords -cardiotocography machine learning, splitting. Accuracy,Fetal Health.

I INTRODUCTION

In the field of medicine, novel engineering
solutions have shown to be quite useful in assisting
doctors in achieving their intended objectives.
Without engineering technology assistance, the
medical sector cannot function efficiently, live, or
improve its existence, as can be seen if one goes back
far enough. Clinical research aims to better
comprehend the inner workings of the human
body[1].

Reduced child mortality is an important
indicator of human progress, and it is reflected in
several of the United Nations' Development Agenda.
The UN expects countries to have eliminated
preventable deaths of newborns and kids under the
age of five by 2030, with all countries aiming to
reduce under-five mortality towards less than 25 per
infant mortality rate.

Infant mortality, which accounts for million
adult American deaths during and after pregnancy and
childbirth, is related to child mortality (as of 2017).
The vast majority of these deaths (94%) transpired in
low-resource areas, and the overwhelming majority
could have been prevented.

Cardiotocograms (CTGs) are a simple and
inexpensive way for healthcare providers to examine
fetal health and take measures to reduce infant and
maternal mortality. The machine sends ultrasound
pulses and reads the response, providing information
on the fetal heart rate (FHR), fetal movements, uterine
contractions, and more.

As per World Federation of Obstetricians
and Gynecologists (FIGO) recommendations, a
cardiotocograph (CTG) should be described and
evaluated as a uncertain or abnormal based on fetal
heart, heart rate fluctuations, accelerations and
decelerations, Knowledgeable medical professionals
can bring out such a perception (e.g., osteopathic
physicians) or machine learning software. Because the
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Abstract

The main objective of this study is to see how far machine translation in Indian languages has advanced. The three
types of machine translation methodologies examined in the survey are rule, empirical, and hybrid-based
approaches. It has a set of benefits and drawbacks all of its own. The primary purpose of machine translation is to
bridge the linguistic divide between two people, companies, or countries by converting one natural language into a
new one using automated computing tools. Machine translation (MT) is difficult because it entails a variety of
difficult subtasks, such as ambiguous language, linguistic intricacies, and differences between source and target
languages. The aim of the research is to give a general overview of machine translation in Indian languages. The

current condition of machine translation on a nationwide scale was investigated in this study.

Keywords

Machine Translation, National Language Machine Translation, International Machine Translation, Indian

language

1. INTRODUCTION

Language is a powerful and systematic way of communication that allows people to convey their thoughts, feelings,
wishes, and other emotions. According to [1] the world has around 6,800 living languages. As a result, We must
create tools for translating information from one language to another in order to access information given in another.
The process of changing the meaning of a text from one language to another for a new relationship is known as

"translation."

Machine conversion research began in the 17th century with the purpose of using dictionaries to bridge linguistic
divides across different parts of the world. Studies in India began a little later, nearly two decades ago. Due to their
morphological variation and dozens of dialects, machine translation for Indian languages is a little more complex
than for other languages due to machine translation. In the corporate world, the language issue is a stumbling block
to the expansion of international business deals. It's difficult to get into worldwide trade since global audiences try to

read and speak in their native tongues. To begin with, human translators were used, but they couldn't keep up with
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NONLINEAR GENERALIZED FRACTIONAL MIXED
INTEGRODIFFERENTIAL EQUATION WITH NONLOCAL
CONDITION

H. L. TIDKE, R. P. MAHAJAN, AND V. V. KHARAT

ABSTRACT. The aim of this paper is to study a nonlocal Cauchy problem
for nonlinear generalized mixed fractional integrodifferential equations with
Katugampola derivative. Some new existence results of solutions for the
given equations are obtained by using the fixed point theorems. Examples
are presented to demonstrate the usefulness of our main results.

1. Introduction

The differential equations of fractional order are generalizations of classical
differential equations of integer order. The history of fractional calculus dates
back to the 17th century. So many mathematicians define the most used fractional
derivatives, Riemann-Liouville in 1832, Hadamard in 1891 and Caputo in 1997
[15, 21]. Fractional calculus plays a very important role in several fields such as
physics, chemical technology, economics, biology; see [6, 7, 8, 11, 12, 18, 20] and
the basic theory of fractional calculus can be found in [1, 2, 5, 16, 19] references
therein.

In 2011, Katugampola introduced a derivative that is a generalization of the
Riemann-Liouville fractional operators and the fractional integral of Hadamard in
a single form [13, 14]. The integrals are special cases when a parameter is defined
at various values; when p — 0, the Riemann-Liouville operators are obtained;
when p — 1, the Hadamard operators are obtained.

Further, in [3], the authors studied the fractional differential equations with
Stieltjes and fractional integral boundary conditions using the generalized deriva-
tives of the form

PDy(t) = f(W(t)), t€10,T],

_ T o Ca- sPi=104(5)
sO=0. [ yane = o5 [ T

where, » D — generalized fractional derivative and H —continuous function.

2000 Mathematics Subject Classification. 26A33, 34A08, 34B10, 47H10.
Key words and phrases. Fractional mixed integrodifferential equation, Existence of solution,
Fixed point theorem, Katugampola fractional derivative.
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Abstract

The second of the 19th century was immensely important in the history of India since it brought the nation
in the limelight of modern world. It was a kind engulfing the medieval nature of Indian culture and
shaping it with the modern guise. The British rule which was rooted in India with the unsuccessful
endeavor in the form of 1857 up rise, expanded Pan India soon after. Apart from the economic exploitation
of natives, the British rule ushered in the prospect of self-awakening for them. Indians’ encounter with the
modern European world and English world helped them to shake off the centuries old lethargy. The
modern education and the East- West Encounter brought the enlightenment that is called as Indian
Renaissance. There were numerous stalwart personalities who emerged as the children of Indian
renaissance. One of them was Rabindranath Tagore.

Keywords: Indian Renaissance, Enlightenment, Pioneer, Age, Culture, Literature and Arts.

Introduction

British rule in India initiated from Bengal. It was the first Indian province which came directly under the
British rule early. Obviously, Bengal was first one which was intimated with the English language,
literature and education. As a result, a numerous social, political, literary, cultural and religious activities
were steered up and a kind of galvanization came in the Bengal society. Later on the galvanization turned
into a kind of enlightenment of the Bengal people. These activities played a pivotal role in the historical
process through which an Indian renaissance spread all over the nation. Significance of Indian renaissance
was that Indian people got formed into a nation or a people.

The changes which ushered in the Bengal and later in Indian society were neither accidental nor enforced.
They came out from within. Basically, Indian has its own identity as a complex where the culture and
tradition have been playing the vital influencing role. Indian society had and still has a unique structure
that is governed by the caste-system, religious diversity, different faiths-beliefs, traditions, and class - race
distinctions. There were several social — religious practices which were not only ill but the inhuman to the
great extent. First time, educated Indians started analyzing their own culture through the vision which was
shaped by the modern knowledge. They became aware of the evil traditions in their own society and
approaching dominance Western Culture and Christianity. Raja Rammohan Ray, Debendranath Tagore,
Keshav Chandra Sen initiated the movement of awareness in Bengal through the Brahm Samaj and
Tatwabodhini Sabha. Similar efforts were made by Dr. Atmaram Pandurang, M.G. Ranade through
Prarthana Samaj in Maharashtra. Arya Samaj established by Dayanand Saraswati stated spreading Vedic
values. Theosophical Society made the Indians to understand their glorious traditions. Ramkrishna
Paramahansa and Vivekanand revitalized the Indian religious traditions while Satya Shodhak Samaj tried
to eradicate the evil social practices. These activities were simply the outcome of the Indian renaissance
that was resulted due to the India’s encounter with the Western culture.

The Indian renaissance exemplified through the several social, political, religious and culture activities and
through the contribution of various personalities. One of them was Rabindranath Tagore. He was not only
a child of Indian renaissance but the pioneer of Indian renaissance. Actually he is a renaissance man.

Rabindranath Tagore: An Influencing Personality

It is historical fact that India was a colony of British Empire since 1857. Even before that the East India
Company was ruling a larger geographical area of India. This was a colonial period. India had lost its
dignity and the people were in a static state. But India’s encounter with the Western world, knowledge,
science and political philosophy brought in the new era in the country. India, though slowly, started
gaining a kind of
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Abstract

In this study, we have investigated the effect of Lactobacillus helveticus CD6 on weight gain, lipid profile, liver function
biomarkers (ALT: alanine aminotransferase; and AST: aspartate aminotransferase) and liver histopathology in high-fat
diet fed Swiss albino mice. Twenty-four healthy male Swiss albino mice with an average body weight of 25.94 +0.33 g
(35 days old) were acclimatized and equally distributed into four groups treated with different diets. The treatment groups
were control (control diet), HFD (high-fat diet), HFD +LH (high-fat diet+ L. helveticus CD6), and HFD + Gemf (high-fat
diet+ Gemfibrozil). After 12 weeks, L. helveticus CD6 treatment significantly reduced HFD-induced weight gain, the levels
of serum total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), ALT and AST, and elevated serum high-
density lipoprotein (HDL) levels. In addition, L. helveticus CD6 treatment maintained satiety and normal liver histology as
compared to HFD group. Besides this, the results observed with L. helveticus CD6 treatment were comparable with lipid
lowering drug gemfibrozil, except TG levels and body weight gain. In conclusion, it was found that L. helveticus CD6 could
effectively reduce HFD-induced hyperlipidemia and weight gain and maintained normal liver histology. Moreover, the strain

could be used to develop functional foods for individuals with dyslipidemia after appropriate human studies.

Keywords Lactobacillus helveticus CD6 - Probiotic - Lipid profile - Liver function - Weight gain - Gemfibrozil

Introduction

Cardiovascular diseases (CVDs) are the leading cause of
deaths with mortality rate of 31% (17.9 million deaths per
year) of all deaths worldwide (Virani et al. 2020). Dys-
lipidemia is one of the major contributing factors for the
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development and progression of CVDs (Stein et al. 2019).
The elevated levels of serum total cholesterol (TC), low-
density lipoprotein (LDL), triglycerides (TG), or a decreased
serum high-density lipoprotein (HDL) are the indicators of
dyslipidemia (Stein et al. 2019). It has been reported that
dyslipidemia can be inherited and or triggered as a result of
lifestyle or medical conditions (obesity, alcoholism, diabe-
tes, hypothyroidism, hypercortisolism, metabolic syndrome,
polycystic ovary syndrome, inflammatory bowel disease,
severe infections and gut microbiota dysbiosis) (Karantas
et al. 2020). Current drug therapies are effective in control-
ling dyslipidemia, but are expensive and associated with
several side effects (Kreisberg and Oberman 2003). There-
fore, the development of alternative management strategies
using dietary constituents and supplements are necessary to
control and manage dyslipidemia.

Probiotics are live microorganisms which when adminis-
tered in adequate amounts confer a health benefit on the host
(FAO/WHO 2002). To date, several probiotic strains were
documented for their health benefits and ability to allevi-
ate metabolic diseases (Khaleshi et al. 2019; Madempudi
et al. 2019a, b; Tenorio-Jimenez et al. 2020). Lactobacillus
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helveticus is an industrially important starter culture for the
production of fermented milk and various types of cheese
(Giraffa 2014). Like other lactobacilli, some strains of L.
helveticus possess probiotic features and are known to pre-
vent gastrointestinal infections, stabilize gut microbiota
dysbiosis and modulate the immune system (Slattery et al.
2010; Giraffa 2014; Fontana et al. 2019). Moreover, selected
strains of this species have shown potential to produce ther-
apeutically active peptides, remove allergens or undesired
molecules from food, and enhance nutrient bioavailability
(Jauhiainen et al. 2005; Taverniti and Guglielmetti 2012;
Giraffa 2014; Fontana et al. 2019). However, the strain-spe-
cific cholesterol lowering effects of L. helveticus have rarely
been investigated. Damodharan et al. (2016) showed that L.
helveticus strain KII13 significantly reduced serum choles-
terol and LDL levels in atherogenic diet-induced hypercho-
lesterolemic mice. Recently, Lee et al. (2020) showed the
in vivo cholesterol lowering and anti-inflammatory effects
of sour milk isolate L. helveticus.

Currently tested strain, Lactobacillus helveticus CD6
(MCC 2036) was previously isolated and characterized by
Ahire (2012). The experimental history demonstrated that
strain CD6 possesses commonly recognized probiotic fea-
tures, folate production ability, antioxidant activity, copper
tolerance, and ability to lower cholesterol by assimilation
and or biotransformation (Ahire 2012; Ahire et al. 2012,
2013, 2014; Paradeshi et al. 2018). Recently, Ahire et al.
(2019) have shown that 14 week dietary supplementation of
L. helveticus CD6 to Goldfish (Carassius auratus) improved
health and reduced mortalities regardless of the composition
of the diet. In this study, we report the effect of L. helveticus
CD6 on weight gain, serum lipid profile, indicators of liver
function and liver histopathology in high-fat diet fed Swiss
albino mice.

Materials and methods
Bacterial strain and growth conditions

Lactobacillus helveticus CD6 (MCC 2036) was obtained
from the National Centre for Microbial Resource (NCMR),
Pune, India. The purity of culture was checked on De Man
Rogosa Sharpe (MRS) agar plates by using routine micro-
biological procedures. A single colony was cultivated in
10 ml MRS broth and incubated overnight under aerobic
conditions at 37 °C. The 1% (v/v) inoculum of L. helveticus
CD6 was transferred to 100 ml MRS broth and incubated
aerobically at 37 °C for 24 h. The cell pellets were harvested
by centrifugation at 10,000 g for 5 min at 4 °C and washed
twice with sterile phosphate buffer saline (PBS, pH 7.3).
The cell pellets were diluted to 1 x 10® colony forming units
(cfu) per ml in 0.9% (w/v) NaCl. Lactobacillus helveticus
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CD6 strain was freshly prepared daily during the 12-week
experiment.

Animals, diet, and experimental design

Twenty-four healthy male Swiss albino mice with an average
body weight of 25.94 +0.33 g (35 days old) were obtained
from Central Animal House Facility, R.C. Patel Institute of
Pharmaceutical Education and Research, Shirpur, India. The
mice were housed in cages under controlled laboratory con-
ditions (temperature, 23 +2 °C; humidity, 50+ 10%; 12 h
light/12 h dark cycle), with ad libitum feeding of standard
diet and water for 7 days to acclimate before the start of the
experiment. The study protocol was examined and approved
by the Institutional Animal Ethics Committee (Reg. No. 651/
PO/ReBi/S/02/CPCSEA) established under the guidelines of
Committee for the Purpose of Control and Supervision of
Experiments of Animals (CPCSEA), Government of India.

The standard diet [chow diet % (w/w): starch, 19; casein,
20; refined soybean oil, 7; vitamin mixture, 1; methionine,
0.3; cholesterol, 0.5; dextrose, 13.2; sucrose, 5; cellulose, 5;
L-cysteine, 0.35; choline bitartrate, 0.25; mineral mixture,
3.5] was purchased from Nutrivet Life Sciences, Pune. The
high-fat diet (HFD) was prepared as per Reeves (1997). In
brief, 17.5 g lard (purchased from local pig slaughterhouse)
was added in the 82.5 g standard diet and mixed uniformly.
The HFD was prepared at every 4th day and stored at 4 °C.

After 7 days of acclimatization (with the standard diet),
the mice were randomly divided into four groups with six
individuals per group. The groups included a standard
diet group (control), high-fat diet (HFD), high-fat diet+ L.
helveticus (HFD + LH), and high-fat diet + Gemfibrozil
(HFD + Gemf) group. The mice in respective groups were
fed with assigned diet for 12 weeks. In brief, the control
group mice were fed a standard diet, the HFD group mice
were fed a high-fat diet, HFD 4+ LH group mice were fed
a high-fat diet and gavaged with 0.2 ml of L. helveticus
(1x 108 cfu mI~!) suspension, and the HFD + Gemf group
mice were fed a high-fat diet and administered with aqueous
solution of gemfibrozil (5 mg kg™! body weight) daily for
12 weeks. The doses of bacteria and drug were transformed
from the recommended human dose using the body surface
area normalization method (Reagan-Shaw et al. 2008). Dur-
ing the trial, mice had free access to water and their group-
specific diet.

Body weight and food intake

The body weight and food intake were measured weekly
using a digital scale. The weight gain was reported as a
change in weight from week O to end of the treatment (week
12) (Hoffman et al. 2002). The food intake was determined
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by measuring the difference between the leftover food and
the served food (Hoffman et al. 2002).

Blood sampling

At the end of the treatment (12 week), the mice were fasted
overnight and blood from retro-orbital sinus was collected
in heparinized microfuge tubes. The serum was obtained
by centrifugation at 1500xg for 10 min at 4 °C and stored
at — 80 °C until use.

Determination of lipid profile and liver enzymes
in serum

The fasting total cholesterol (TC), triglycerides (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
alanine aminotransferase (ALT), and aspartate aminotrans-
ferase (AST) levels in serum were determined by enzymatic
methods using Erba Mannheim auto analyzer XL-640 (Erba
Diagnostics Mannheim, Germany). TC, TG, HDL, and LDL
level were reported as millimoles per liter (mmol 17!) and
ALT, and AST levels were reported as micro-katal per liter

(ukat 171,
Liver histopathology

The mice were euthanized at the end of the treatment by
cervical dislocation. The liver was removed, washed with
0.9% (w/v) saline and fixed in 10% (v/v) neutral buffered
formalin. After fixation, samples were embedded in paraf-
fin and thin (3 um) sections were prepared using microtome
(Leica RM 2125, Germany). The sections were fixed on the

Fig. 1 Effect of Lactobacillus helveticus CD6 on, a weight gain and,
b average feed consumption. Control control group, HFD high-fat
diet group, HFD + LH high-fat diet+ L. helveticus CD6 group, and

glass slides, stained with hematoxylin—eosin, and examined
under light microscope. The images were processed using
ImagelJ software (Scion Corporation, USA).

Statistical analysis

The results are expressed as the mean + standard deviation
(SD). An one-way analysis of variance (ANOVA) and Dun-
nett’s multiple comparisons test were used to determine sig-
nificant differences between HFD and other groups. Besides
this, Tukey’s multiple comparisons test was performed to
determine significant differences between groups. GraphPad
Prism (GraphPad Software Inc., USA) version 6.01 was used
for all analysis. p value < 0.05 was considered statistically
significant.

Results

The initial body weight of mice in assigned groups was com-
parable. At the end of the trial (12 weeks), the mice in HFD
group had significantly higher weight gain (22.08 +0.87 g)
as compared to control group (18.17+1.52 g; p<0.001),
HFD+LH (19.16 +1.28 g; p<0.01), and HFD + Gemf
(1.42+1.14 g; p<0.0001) treatment groups. The weight gain
difference recorded between HFD + LH and HFD + Gemf
group differed significantly (p <0.001). Besides this, no
significant (p > 0.05) difference was recorded between
HFD + LH and control (Fig. 1a) groups.

The average feed consumption of HFD group
(5.46+0.55 g) was significantly higher (» <0.0001) as com-
pared to control (4.10+£0.56 g), HFD+LH (4.81+0.77 g)

HFD + Gemf high-fat diet+ Gemfibrozil group. All data are repre-
sented as mean +SD. **p<0.01, ***p <0.001, ****p <0.0001: sig-
nificant difference compared with mice in the HFD group
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and HFD + Gemf groups (4.62+0.51 g). The average feed
consumption difference recorded between HFD + LH and
HFD + Gemf groups did not significantly differ (p >0.05)
(Fig. 1b).

Serum lipid analysis

The serum lipid levels of the four groups of mice are
shown in Fig. 2. Mice fed a high-fat diet showed a
significant (p <0.0001) increase in total serum cho-
lesterol (TC: 4.98 +0.24 mmol 171), triglycerides
(TG: 1.99+0.16 mmol 17!, and LDL cholesterol
(3.25+0.37 mmol 17!) when compared with control (TC:
1.97+0.46; TG: 1.08+0.18; LDL: 0.18 +0.61 mmol I7!),
HFD +LH (TC: 2.18+0.33; TG: 1.35+0.10; LDL:
0.27 +0.48 mmol 1_1), and HFD + Gemf (TC: 1.92 +0.27;

Fig.2 Effect of Lactobacillus helveticus CD6 on serum lipid pro-
file. a Total cholesterol (TC); b triglyceride (TG); ¢ high-density
lipoproteins (HDL); and d low-density lipoproteins (LDL). Control
control group, HFD high-fat diet group, HFD + LH high-fat diet+ L.
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TG: 1.10+0.05; LDL: 0.18 +0.38 mmol 17!) (Fig. 2a, b
and d) groups. In addition, serum HDL levels were sig-
nificantly decreased in HDF group (0.82+0.14 mmol 171
as compared to control (1.30+0.19 mmol 171),
HFD+LH (1.30+0.26 mmol 17!), and HFD + Gemf
(1.16+0.21 mmol 171 (Fig. 2c) groups. The differences
recorded in TC, LDL, and HDL levels between HFD + LH
and HFD + Gemf group were statistically insignificant
(p>0.05). However, the levels of TG were significantly
(p <0.05) lower in HFD + Gemf as compared to HFD +LH

group.
Serum liver enzyme analysis

Serum ALT and AST levels were measured as indicators for
evaluating liver function. ALT levels detected in HFD group

helveticus CD6 group, and HFD + Gemf high-fat diet+ Gemfibrozil
group. All data are represented as mean=+SD. *p<0.05, *¥*p<0.01,
*#%%p <0.0001: significant difference compared with mice in the
HFD group
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(1.17+0.13 pkat 17!) were higher as compared to control
(0.82+0.14 pkat 17!; p<0.001), HFD +LH (0.93+0.11
ukat I7!; p <0.01) and HFD + Gemf (0.81 +0.13 pkat 17!
p <0.001) groups (Fig. 3a). No statistically significant
(p>0.05) difference was recorded between HFD + LH and
HFD + Gemf groups.

Besides this, the HFD group showed significantly
(» <0.0001) higher levels of AST in serum (3.66+0.51
ukat 171 when compared with control (2.14 +0.21 pkat 17"),
HFD +LH (2.27 +0.25 pkat 17') and HFD 4 Gemf groups
(2.10+0.20 pkat 17!) (Fig. 3b). No statistically significant
(p>0.05) difference was recorded between HFD + LH and
HFD + Gemf groups.

Liver histopathology

The liver sections from mice fed with standard diet (con-
trol group) showed typical morphology of sinusoids and

Fig.3 Effect of Lactobacillus helveticus CD6 on liver function. a
Serum alanine aminotransferase (ALT) level; and b serum aspartate
aminotransferase (AST) level. Control control group, HFD high-fat
diet group, HFD + LH high-fat diet+L. helveticus CD6 group, and

Fig.4 Effect of Lactobacillus helveticus CD6 on liver histopathology.
a Control, control group; b HFD, high-fat diet group; ¢ HFD+LH,
high-fat diet+L. helveticus CD6 group; and d HFD+ Gemf, high-

hepatocytes with normal architecture (Fig. 4a). However,
the mice fed with HFD showed signs of increased neutro-
phil infiltration, fibrosis, hepatocytes with peripheral nuclei
or absence of nucleus, and few or invisible vascular chan-
nels (sinusoids) (Fig. 4b). Moreover, no lipid droplets were
observed (Fig. 4b). The hepatocyte morphology and sinu-
soid architecture appeared normal in the liver sections from
HFD +LH and HFD + Gemf groups mice (Fig. 4c and d).

Discussion

In this study, we demonstrated that the daily supplementa-
tion of L. helveticus CD6 for 12 weeks significantly reduced
weight gain, improved serum TC, TG, HDL, LDL, ALT, and
AST levels, and maintained normal liver histology in high-
fat diet fed Swiss albino mice.

HFD + Gemf high-fat diet+Gemfibrozil group. All data are repre-
sented as mean+SD. *¥p <0.01, ***p <0.001, ****p <(0.0001: sig-
nificant difference when compared with mice in the HFD group

fat diet+ Gemfibrozil group. Arrow indicates hepatocytes (H), sinu-
soids (S), neutrophils infiltration, and peripheral nuclei or absence of
nucleus (1). Images are of x40 magnification
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The consumption of high-fat diet is one of the contribut-
ing factors for the prevalence of obesity and related meta-
bolic disorders (Liu et al. 2020). The recent studies have
suggested that probiotic administration could mitigate
high-fat diet induced conditions like obesity, diabetes, dys-
lipidemia, and high blood pressure (Tenorio-Jimenez et al.
2020). In this study, the administration of L. helveticus CD6
for 12 weeks significantly reduced weight gain in HFD + LH
group as compared to HFD group. Interestingly, the weight
gain difference recorded between HFD + LH and control
group was comparable. These results indicate that L. hel-
veticus CD6 may reverse the dysbiosis induced by high-fat
diet and resume the normal energy homeostasis to suppress
high-fat diet induced body weight gain. L. helveticus strains
are known to exert beneficial effects on the host by positively
affecting microbiota composition (Taverniti and Gugliel-
metti 2012). Liang et al. (2015) have shown weight-reducing
effect of L. helveticus NS8 in chronic restraint stress depres-
sion induced Sprague Dawley rats. However, the administra-
tion of L. helveticus LAT 179 along with other lactobacilli
caused an increase in body weight of broiler chickens (Cap-
carova et al. 2011). Interestingly, the same strain CD6 has
recently been reported for the induction of body weight in
gold fish (Ahire et al. 2019). Hence, beyond the strain-spe-
cific actions of probiotic lactobacilli, the beneficial effects
may also depend on strain—host interactions.

Gemfibrozil is a medication used to treat dyslipidemia. In
this study, we observed that gemfibrozil treatment in high-
fat fed mice resulted in slight weight gain from the base-
line, indicative of the drug ability to prevent weight gain.
These results are in agreement that gemfibrozil is associ-
ated with a progressively greater frequency of weight loss
(Robins et al. 2008). In rodents, the feed consumption is
controlled by their homeostatic hunger- and hedonic reward
systems (Saper et al. 2002). Licholai et al. (2018) suggested
that high-fat diet induced overeating and weight gain are the
results of hedonic hunger in mice. In this study, the mice fed
with high-fat diet showed significantly higher consumption
of feed compared to the control. Besides this, the treatment
of L. helveticus CD6 and gemfibrozil effectively controlled
the high-fat diet induced overeating, thus may prevent obe-
sity and related complications.

Elevated serum TC, TG, and LDL cholesterol levels are
strongly associated with an increased risk of CVDs. The cur-
rent drug therapies are effective in controlling dyslipidemia,
but are expensive and associated with several side effects
(Kreisberg and Oberman 2003). Thus, it is utmost crucial to
control dyslipidemia by using a natural remedy. Lactic acid
bacteria and their fermented products have a safe and long
history to reduce serum cholesterol and have attracted much
attention (Sivamaruthi et al. 2019). A recent meta-analysis
showed that more than 6 weeks of probiotic intervention
significantly reduce TC and LDL cholesterol levels from
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the baseline (Jiang et al. 2020). However, the mechanisms
by which probiotic bacteria lower cholesterol is controver-
sial and substantial evidence is lacking. Bile salt hydrolase,
assimilation of cholesterol, production of short-chain fatty
acids, and antioxidant activities are the proposed choles-
terol lowering mechanisms in probiotic bacteria (Kumar
et al. 2012). In the present investigation, the 12 weeks sup-
plementation of L. helveticus CD6 to high-fat diet fed mice
significantly improved the levels of TC, TG, HDL, and LDL
cholesterol as compared to HFD group. These results are
well comparable with the activity of gemfibrozil, except the
TG levels were significantly lower in HFD + Gemf group as
compared to HFD + LH group. The mechanisms by which
L. helveticus lower cholesterol are under reported. Damod-
haran et al. (2016) showed that L. helveticus KI113 has low-
ered cholesterol by increasing the expression of LDLR and
SREBF?2 genes in liver and by the production of short-chain
fatty acids. In our previous in vitro study, we have shown
cholesterol lowering effects of L. helveticus CD6 are due
to the cholesterol assimilation and intracellular degradation
(Ahire et al. 2012). Overall, based on the results of the pre-
sent investigation, we hypothesized that L. helveticus CD6
lower cholesterol by assimilation and intracellular degra-
dation or reversing the metabolic dysfunctions induced by
high-fat diet.

Elevated ALT and AST levels are the indicators of hepa-
tocellular injury or necrosis. In this study, the mice fed with
high-fat diet showed elevated levels of serum ALT and
AST, indicated the high-fat diet induced liver injury and
or metabolic dysfunction. The signs of inflammation and
necrosis observed in liver sections of HFD group further
confirmed the finding. The administration of L. helveticus
CD6 to high-fat fed mice significantly reduced the levels of
ALT and AST and maintained the normal histology of liver
compared to HFD group. This suggested that L. helveticus
CD6 may attenuate the metabolic dysfunction caused by
high-fat diet. These results are in agreement with Li et al.
(2018), who reported L. helveticus KLDS1.8701 mediated
reduction of ALT and AST levels in specific-pathogen-free
(SPF) male BALB/c mice. Wang et al. (2019) suggested that
L. helveticus R0O052 is a promising probiotic for alleviating
acute liver injury. Moreover, serum ALT and AST levels of
HFD +LH, HFD + Gemf, and control groups were compa-
rable with normal liver histology.

In conclusion, it was found that Lactobacillus helveticus
CD6 could effectively reduce high-fat-induced hyperlipi-
demia and weight gain and maintained normal liver histol-
ogy. Moreover, the strain could be used to develop functional
foods for individuals with dyslipidemia after appropriate
human studies.
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