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Abstract— Power electronic devices are usually bulk in size 
due to the power management systems in them. In normal 
power electronic devices, the heat sink is used to reduce the 
temperature in the circuit. The heat sink used is normally 
larger in size and surface area because large heat sinks have 
higher convective heat transfer capability. The size reduction 
of the device is not possible with such large heat sinks; 
therefore, we need to avoid them. Here, we are trying to create 
a printed circuit board (PCB) that can also act as a heat sink. 
This approach will help to reduce device size by avoiding large 
heat sinks. In this paper, for making thermally conductive 
PCB, we need a thermally conductive base. Highly insulative 
Hexagonal boron nitride(h-BN) is thin filmed on a copper plate 
using RF sputtering. Then we determined the quality of 
different thickness of h-BN film by finding band gap energy 
using UV-Vis spectroscopy and also determined the resistance 
of the films. From the results, it is found that the RF sputtering 
is not critically affect the quality of h-BN film and the 
resistance of the layer increases with thickness. So, the h-BN 
coated copper sheet using RF sputtering can act as a good 
thermally conductive and electrically nonconductive PCB. In 
addition, it has very low cost and uses eco-friendly materials 
and fabrication process.

Keywords— Hexagonal boron nitride thin films, RF 
sputtering, printed circuit board, UV- Vis spectroscopy of h-BN 
films, thickness measurement of thin film h-BN using 
ellipsometry.

I. INTRODUCTION 

The electronics technology consists of active and passive 
components, conducting wires and Printed Circuit 
Boards(PCB)[1], [2]. A PCB mechanically supports and 
electrically connects the electronic components using 
conductive tracks and other features etched from copper 
sheet laminated onto a non-conductive substrate. The 
performance of the electronic device is depending up on the 
quality and fabrication method of the PCB[3]. In the high-
power application fields such as power electronics[4], [5],
the insulating strength of the PCB is very critical. Also, in 
the multilayer circuits, the individual insulating layer is very 
thin and it is susceptible to break down. So, a good 
insulating material is necessary for such kind of 
applications. The temperature withstanding ability of PCB is 
critical in the power electronic circuits. Ordinary power 
electronic circuits use heat sink or liquid cooling system to 
reduce the temperature of the power electronic parts. These 
systems are so much weighty and are bulk in size. There is 
another option to reduce the temperature by transferring the  

heat to the PCB first and then transfer it from PCB to the air. 
But in this case, PCB must be thermally conductive and 
electrically non-conductive. Normal PCB materials are not 
heat conductive, so we need to make PCBs using heat 
conductive materials. Copper is a heat conductive material 
and lower in cost but it is electrically conductive; so, we 
can’t build circuit on it. By creating a thin film electrically 
nonconductive and thermally conductive layer on the copper 
sheet, we can avoid this problem. Hexagonal Boron 
nitride(h-BN) is the most suitable material for this operation 
because it is highly thermal conductive and electrically non-
conductive.

In this paper, we are study about the hexagonal boron 
nitride (h-BN)[6] thin films[7], [8]with different thickness 
for PCBs in high power applications. Here, h-BN thin films 
of different thickness are prepared using physical vapour 
deposition. In this work, RF magnetron sputtering[9]–[12] is 
used to create h-BN thin film. The thickness of the film is 
measured using ellipsometry[13], [14]. The resistance of h-
BN layer is measured using source meter and the band gap is 
measured using UV absorbance value obtained from UV-Vis 
spectroscopy in different thickness of h-BN film.

II. METHOD OF STUDY

The h-BN films are deposited on the glass substrate and 
copper plate using RF magnetron sputtering instantaneously 
at the same time. Here, we used 5cm height between h-BN 
target and the substrate. The vacuum chamber initially 
pumps down to 10-5 bar pressure using diffusion pump and 
argon gas is introduced in the chamber. During deposition, 
the pressure of the chamber is kept at 0.007 bar. The RF 
power is kept at 200W during the process. The sputtering 
process is repeated for making different thickness of 
samples. The thickness of 92 nm, 586 nm, 842 nm, 2183 nm, 
and 2620 nm films are created. The ellipsometry technique is 
used to measure the thickness of the films on glass substrate. 
Because the ellipsometry can use only in transparent films 
and substrates. Here, the h-BN film on the glass substrate 
and copper substrate are created in a single sputtering 
process. So, the thickness of the film on the glass substrate is 
equal to the film on the copper substrate. The UV-Vis 
spectroscopy is used to measure the absorption spectrum of 
the sputtered h-BN film on the glass plate and similar glass 
substrate is used as a reference for UV-Vis spectroscopy. 
Figure 1(a) shows the h-BN film on a glass substrate. Also, 
842nm and 2183 nm thin film was created on a copper plate 
and measured the layer resistance. Figure 1(b) shows the h-
BN film on copper substrate. The h-BN film on copper is 
visible as a transparent film.
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Abstract Interest in biocontrol of plant pathogens has

increased in recent years due to agricultural trend

towards greater sustainability and public concern over

the use of hazardous pesticides. In the present study,

rhizobacteria isolated from Curcuma amada were

screened for their antifungal activity against phy-

topathogens. Among these, the isolate R51 was found to

have promising activity against selected phytopathogens

in dual culture. The antifungal compound containing

fraction was purified by column chromatography and

was identified by ultra violet spectrum (UV), infra-red

spectrum (FT-IR) and mass spectroscopic (LC–MS)

analyses as pyrrolnitrin. By scanning electron micro-

scopic (SEM) analysis, the isolate R51 was found to

cause vacuolation, swelling, distortion and lysis of

mycelia of the pathogenic fungi. R51 was identified as

Serratia plymuthica and was found to provide effective

protection to ginger rhizome from soft-rot caused by

Pythium myriotylum. Hence, the chemicobiological basis

of antifungal activity of Serratia plymuthica can be due

to pyrrolnitrin [3-chloro-4-(20-nitro-30-chlorophenyl)

pyrrole] production and is having significant agricultural

applications.

Keywords Serratia plymuthica � Rhizobacteria �
Antifungal mechanisms

Introduction

Plant-growth promoting rhizobacteria (PGPR) promote

plant growth through control of pathogens, production of

phytohormones or improvement of plant nutritional status

[1]. Since members of the genus Serratia are frequently

associated with plant roots, they are extensively studied

for their ability to control soil-borne fungal diseases. S.

plymuthica strain IC1270 from the rhizosphere of grapes

have been shown to have effective mechanisms to con-

trol damping-off of cotton caused by Rhizoctonia solani.

At the same time, S. plymuthica (G15) isolated from

roots of various plant species were identified to have

antagonism towards Botrytis cinerea, Gerlachia nivalis,

Rhizoctonia solani, Fusarium culmorum and Pythium sp.

These are indications of highly efficient mechanisms

present in S. plymuthica to act against diverse phy-

topathogens [2].

One of the mechanisms by which PGPR inhibit

pathogen is through production of antibiotic compounds.

Common antiphytopathogenic compounds produced by

rhizobacteria include 2,4 diacetyl phloroglucinol, phena-

zine-1-carboxyclic acid, phenazine-1-carboxamide,

pyoluteorin and pyrrolnitrin [3]. The antibiotics that

belong to phenylpyrrole group have received much

attention due to their broad-spectrum activity. Pyrrolni-

trin (PRN) of this group is a dichlorinated phenylpyrrole

and is produced by several fluorescent and

Electronic supplementary material The online version of this
article (doi:10.1007/s40011-017-0909-1) contains supplementary
material, which is available to authorized users.

Significance statement The broad spectrum antifungal activity
shown by rhizospheric Serratia sp. R51 in the study indicates need to
explore Western Ghats for microorganisms with immense biocontrol
potential.
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Abstract: Ginger residues left after the extraction of active ingredients from ginger rhizomes are
considered to be a bio-waste, available in abundance and very rarely used. Extraction and isolation
of natural nanofibers from the agro-waste is economical, environmentally benign, and an alternate
strategy to replace synthetic fibers. Here, we report, for the first time, the isolation of ginger nanofibers
(GNF) from ginger rhizomes spent by acid hydrolysis and followed by high-pressure homogenization.
Scanning electron microscopy was utilized to identify the surface morphology of the GNF and
the widths ranged between 130 to 200 nm. Structural analysis of GNF was identified by Fourier
transform infrared spectroscopy, Differential scanning calorimetry, and X-ray diffraction methods.
This GNF was used to make natural nanocomposites by the solvent-casting method reinforcement,
using potato starch (PS) and tapioca starch (TS), and was characterized through various methods.
These composites were prepared by the addition of 1, 3, 5, and 7 weight % of GNF with PS or TS.
Among these, 5% of the GNF composites of these starches showed very high mechanical properties.
The antibacterial test showed that the bionanocomposites with 5% GNF exhibited good antibacterial
activity against Bacillus cereus, Escherichia coli, Staphylococcus aureus, and Salmonella typhimurium, due
to the addition of GNF in the biopolymer matrices. The viable use of GNF from the unexploited ginger
agro-waste would create additional profit and it would help to diminish a large amount of waste
generation. Thus, the developed bio-composite could also be employed for development of packing
materials and be used in medical applications, such as wound healing pads and medical disposables.

Keywords: ginger nanofiber; starch; bionanocomposites; antimicrobial activity

1. Introduction

Synthetic polymers play an important role in modern research but the accumulation of
non-degradable waste is a major environmental concern [1]. Nanocomposites prepared by biopolymers,
such as cellulose and starch, attain much attention nowadays due to their versatile applications [2].
These biopolymers are abundant in nature, renewable, sustainable, and economical, when compared
with synthetic fibers, and are an alternative to non-degradable synthetic ones [3]. Starch-based
nanocomposites, cross-linked with cellulose nanofiber (CNF), would increase the mechanical and
barrier properties of starch which could be prepared from biomass residues, hence they could be
potential alternatives for fossil fuel-derived plastics, thus minimizing the creation of waste [4,5].

Fibers 2018, 6, 79; doi:10.3390/fib6040079 www.mdpi.com/journal/fibers
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Abstract—The rising costs of healthcare services have forced
many to undergo annual screening procedures to reduce the
incidence of chronic diseases. Diabetes being chronic in na-
ture is always screened in the so called “wellness programs”.
Data mining models involving clinical parameters obtained from
screening procedures have been successfully implemented for
disease prediction. This study sheds light on the use of some
novel non-clinical parameters to predict diabetes. This move
can be successfully implemented to reduce the screening cost of
patients for diseases. The proposed model gives the best results
with Random Forest classifier for diabetic prediction.

Index Terms—data mining, classification, non-clinical param-
eters, diabetes.

I. INTRODUCTION

Predictive medical analytics is a data mining activity, which
involves data analysis for finding out unexplored paths, pat-
terns, or associations to predict future outcomes and trends
[1]. It is a conglomeration of different disciplines such as
statistics, machine learning, game theory etc., for evaluation of
the present and past facts and thereby arriving at conclusions
so as to make predictions in the areas of interest [2]. Predictive
analytics has advantages, in terms of producing surprising
discoveries and associations that will be never suspected by
normal human brain. It can be used to predict infections after
a surgery, probability of contracting diseases, and even for the
disease prognosis of a patient. A typical predictive modelling
activity involves data collection, statistical model formulation
and making predictions. The proposed model is revised and
validated by supplementing it with more data. In clinical
aspects, retrieving, analysing and interpreting qualitative and
quantitative information is done on medical datasets [3]. The
objective of predictive analytics is to predict the unknown
with a higher degree of confidence. The over-abundance of
data and improvements in technical know-how, especially with
the onset of big data platforms have enhanced personalized
analytics in medicine. With the onset of medical predictive
analytics, there has been an increase in research outcomes
too. Disease management is the key to improving health
in populations with chronic conditions like diabetes, asthma

etc., but its cost-effectiveness is seldom analysed. Computer-
based prediction models are successfully proven to potentially
improve the cost-effectiveness of disease management [4],
[5]. Thus computerized prediction models are crucial for
disease management to be cost-effective, but the irony is that,
patients contracting new diseases are always on the rise. This
motivates us to think of alternative cost effective methods
for early diagnosis of diseases. This study is conducted on
a survey-collected data set to predict diabetes. The rest of the
paper is organized as follows. Section II deals with related
works; section III shows the architectural setup. In section IV,
experimental analysis is discussed; followed by conclusion in
section V.

II. LITERATURE SURVEY
A. Predictive Analytics for a Clinical Setting

Diabetes being chronic and critical in nature and difficult to
manage, has attracted the attention of researchers worldwide.
Ming Yan et al. developed an expert system that can diagnose
diabetes [6]. Han et al. used RapidMiner on PIMA dataset
to implement a classifier based on decision [7]. Jayalakshmi
et al. designed a system using Artificial Neural Network
for classification on the same dataset [8]. The efficiency of
different machine learning algorithms such as Bayes Network
classifier, REP tree, Random tree, J48 and Apriori was clas-
sified by Yasoda et al. [9]. Al Jarullah used Weka to design
a system for detecting diabetes by using decision tree [10].
Arora et al. made use of five different datasets and applied
J48 and Multilayer Perceptron algorithms for classification and
comparison [11]. In [12], Naı̈ve Bayes classifier was used to
classify diabetic data set with 72.3% accuracy. Similar work
has been done for skin diseases, cardiovascular diseases etc.,
for which promising results were obtained [13]. Data sets
used in the above works were obtained from University of
California, Irvine, data set for machine learning and intelligent
systems.

To meet the challenges of big data, the authors in [14]
provide a predictive algorithm based on Hadoop Map Reduce
framework. This system provides automated environment for
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An Image Encryption Technique using 

Logistic map and Z-order curve 

Abstract- Image encryption is an important field in multimedia 
security. This paper proposes a new encryption technique for 
gray scale images using Logistic map and Z-order curve. The key 
stream generated for this algorithm not only depends on the 
chaotic map but the original image. In this technique the original 
image is scrambled using Z-order curve. Then this scrambled 
image is encrypted using the random matrix generated using the 
logistic map. Experimental results and security analysis shows 
that the proposed method has high security and can resist 
various types of attacks.  

Keywords - Logistic map, Z-order curve, Image encryption, Security 
analysis. 

I. INTRODUCTION

Information security has become an important issue with 
the rapid development of communication networks. Since 
large amount of digital images are transmitted over the 
networks, it is necessary to ensure the confidentiality of 
images in order to protect them against unauthorized access. 
Image security is very important in almost all areas like 
military affairs, medical field and confidential business. 

Since digital images have bulk data capacity and high 
redundancy, the conventional encryption methods are not 
suitable for practical image encryption. To provide a better 
solution to image security problems, chaotic cryptosystems 
have been proposed. Chaotic encryption systems provide a 
good combination of speed and high security level. Among 
many new image encryption schemes, chaos-based approach 
shows exceptionally superior properties in aspects like 
security and complexity. 

Chaos has some good features such as unpredictability, 
ergodicity and sensitivity to initial conditions [1-2]. Many 
chaos based image encryption algorithms using different 
chaotic maps have been proposed in the literature [3-10]. In 
some chaos based encryption techniques digital image 
encryption is performed in pixel level or bit level. 

Various image encryption algorithms use different chaotic 
maps. In [11], a color image encryption is performed using 
enhanced chaotic tent map (CTM) and rectangular transform, 
while in [12-15] Piece wise linear chaotic map (PWLCM) is 
applied for image encryption. In [13], Piecewise linear chaotic 
map is used for performing bit level encryption where only 
higher order bits of each pixel is considered for encryption. 
Here encryptions are performed in bit level. A Modified  

978-1-5386-5744-7/18/$31.00©2018IEEE

PWLCM (MPWLCM) based on pixel level encryption is 
used in [14] for image encryption to ensure both confusion 
and diffusion process.  

The basic idea of the encryption scheme in [16] is for 
performing bit level permutation use Arnold cat map and to 
ensure diffusion use Logistic map. A new chaotic encryption 
technique using Josephus traversal and mixed chaotic maps is 
introduced in [17]. For diffusion process mixed chaotic maps 
like Logistic map, Chebyshev map, Sine map and Cosine map 
are employed. Josephus traversal is used to perform pixel 
permutation process. A 6-D hyper chaotic system and a 2-D 
discrete wavelet transform (DWT) are used for color image 
encryption in [18]. Here, using 2-D DWT the color image is 
divided in to four sub-image bands. A 6-D hyper chaotic 
system is used for key stream generation. Diffusion is 
performed on the shuffled image and key stream to get an 
encrypted image.  

The remaining sections of the paper are as follows. The 
basic idea about the proposed image scrambling and 
encryption technique is described in section 2. Section 3 
specifies various analysis of results after the encryption 
process. In final section, a brief conclusion about the proposed 
method is mentioned. 

II. THE PROPOSED METHOD

The proposed technique is a symmetric one, in such a 
manner that the source and the destination use the same secret 
key.  

A. Z-order Curve

SCAN methodology [19] specifies the way in which each and 
every element of an array can be accessed. Z-order curve is 
used as a scan pattern strategy [20] to scan every pixel of an 
image. In this paper, Z-order curve is used to scan the array 
elements to scramble the pixels of the plain image. Fig.1 
shows the Z-order curve of size 8×8 starting at top left and 
4×4 starting at bottom left of the square grid. 

B. Logistic Chaotic Map

The logistic map [21] is defined by 

𝑦𝑘+1  = 𝜇𝑦𝑘(1 − 𝑦𝑘)   (1) 
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Content growth of institutional
repositories in South India:

a status report
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Abstract
Purpose – The purpose of this study was to evaluate the content growth of institutional repositories (IR) in
South India and analyse the type-wise growth of items available in these IRs and also discuss the traits and
trends exposed by them.

Design/methodology/approach – With the help of Registry of Open Access Repositories and Directory
of Open Access Repositories (OpenDOAR), 39 repositories were located in south India. From these, Personal
websites, the IRs that are currently not working and the repositories used for journal archiving were excluded.
A total of 22 operational IRs at 21 institutions were identified for the study.Within a 15 month period, the data
were collected from the 22 IRs twice for monitoring content growth.

Findings – The content of nearly all IRs have grown over the 15 month period, and the overall content
growth rate was 7.82 per cent. Journal articles were the important content type of IRs, while thesis and
conference papers were the next common. Moreover, item monographs exhibited the highest growth rate.
Other categories, conference proceedings, and conference papers also exhibited a high growth rate. The
present study revealed that Indian repositories were actively engaged in data curation activities, depositing a
wide variety of items in their respective IRs. Overall, South Indian repositories exhibited a slow growth rate
and tended to become inactive. Most South Indian Universities had not constituted the IRs, which led to the
dominance of English language material in these IRs.
Research limitations/implications – The study was conducted only in South Indian IRs.
Originality/value – This is the first study in India, attempting to determine the type-wise growth of items
in IRs.

Keywords Institutional repository, Open access, Categorisation of item types, Content growth,
Institutional repository software, South India

Paper type Research paper

1. Introduction
The growth of institutional repositories (IRs) varies greatly among the world's nations.
According to Directory of Open Access Repositories (April 2018) and International
Association of Universities (2018), 19.05 per cent (389) institutions in the USA and 27.32
per cent (209) institutions in Japan possess repositories. The rate is really on the higher side
when it comes to the institutions in the UK (76.86 per cent [196]) and Spain (88.64 per cent
[117]). Germany with half of the institutions (46.18 per cent [163]) and France with 28.18
per cent (104) institutions established repositories is in the middle path. Italy has achieved a
very high 96.93 per cent deployment rate of repositories with 95 institutions. The
contribution to the deployment of IRs in developing nations is evidently very low compared
to developed nations, andmany reasons behind this low representation exist.

The economic and socio-political environment of developing countries has a considerable
influence on the formation and growth of IR. The initial cost required to establish IRs in
developing countries would not as low as in developed countries, which already possess a well-
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Mahatma Gandhi University Central Library has established an SSH-based VPN (Virtual Private Network) service to 
share e-resources with off-campus libraries. The VPN service ensures seamless access to e-resources to the academic 
community at off-campus departments and Study Centre libraries. Extension of e-resources access to off-campus has 
increased the usage of electronic resources subscribed by the university. The article presents the first-hand experience of 
establishing Open Source based VPN service in a university environment.  

 

Keywords: e-Resources; Resource sharing; Virtual Private Network 
 
Introduction 

Information resources, especially scholarly 
literature, are vital for education, research and 
development activities. The expression of Isaac 
Newton, "If I have seen further, it is by standing on 
the shoulders of giants"1 confirm the significance of 
scholarly literature in on-going education, research 
and development activities. Providing seamless access 
to electronic resources (e-journals, e-books, 
bibliographic and full-text databases) to off-campus 
locations and users is an important task of the 
libraries. Accessing these electronic resources from 
off-campus locations is generally an issue and more 
so, where connectivity is poor. Education institutions 
make use of Virtual Private Network (VPN) service to 
enable access of the e-resources at off-campus 
locations.  

Universities and colleges in India access e-
resources mainly through e-ShodhSindhu consortium 
coordinated by UGC INFLIBNET. e-ShodhSindhu 
offers 15000 peer-reviewed journals and a number of 
bibliographic databases2. Universities and colleges 
receive e-ShodhSindhu services in campuses mainly 
through IP-based access. IP-based access is a 
convenient method to make available e-resources in 
campuses with well-connected Local Area Network.  

There are four study centre libraries located in as 
many colleges, in two districts that are away from the 

main campus where the Mahatma Gandhi University 
Library is located. In addition to these four study 
centre libraries, a few university study departments 
are also located outside the university campus. 
Athough the study centres and departments maintain 
their own network infrastructure and they were not in 
a position to access e-resources available in the main 
campus. The university library established the VPN 
service at off-campus centres to extend the access of 
e-resources. 

Mahatma Gandhi University Library team 
reviewed available technological solutions suitable for 
the delivery of e-resources to the off-campus study 
centre libraries and departments. The team found that 
the popular e-resources sharing methods such as 
proprietary VPN solutions and IP-based access 
followed by other higher education institutions are not 
feasible in terms of cost and technology adoption. As 
the Mahatma Gandhi University Library and study 
centre libraries own good IT infrastructure, in-house 
manpower and have the experience in managing open 
source software, it was decided that SSH-based VPN 
is suited for the sharing of e-resources in terms of cost 
and convenience in the context of Mahatma Gandhi 
University Library system. 

Mahatma Gandhi University Library 

Mahatma Gandhi University is a state university 
established in 1983 in Kottayam district of Kerala 
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Abstract
Fabricating novel materials for biomedical applications mostly require the use of biodegradable materials. In this work
biodegradable materials like polylactic acid (PLA) and chitosan (CHS) were used for designing electrospun mats. This work
reports the physical and chemical characterization of the PLA–CHS composite, prepared by the electrospinning technique
using a mixed solvent system. The addition of chitosan into PLA, offered decrease in fiber diameter in the composites with
uniformity in the distribution of fibers with an optimum at 0.4wt% CHS. The fiber formation and the reduction in fiber
diameter were confirmed by the SEM micrograph. The inverse gas chromatography and contact angle measurements
supported the increase of hydrophobicity of the composite membrane with increase of filler concentration. The weak
interaction between PLA and chitosan was confirmed by Fourier transform infrared spectroscopy and thermal analysis. The
stability of the composite was established by zeta potential measurements. Cytotoxicity studies of the membranes were also
carried out and found that up to 0.6% CHS the composite material was noncytotoxic. The current findings are very important
for the design and development of new materials based on polylactic acid-chitosan composites for environmental and
biomedical applications.
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Abstract

The studies in the field of marketing have shown that characteristics of the source will influence
persuasiveness of an advertisement. Attractiveness is one such celebrity characteristic that is
widely studied by researchers in the field of marketing. However, still, literature failed to explain
how attractiveness of celebrity endorsers influenced purchase intentions. This study tried to fill
this gap by modelling the influence of celebrity attractiveness on purchase intention. It also
evaluated the effect of respondents' gender on the model. The data collection for the study were
carried out during March - June 2017. The study found that the effect of celebrity attractiveness
on purchase intention was mediated by celebrity brand fit, attitude towards the advertisement,
and attitude towards the brand. The study also evaluated the moderating effect of respondents'
gender using chi- square analysis, which found no significant model difference among male and
female respondents. These findings indicated that celebrity attractiveness created purchase
intention in a mediated manner among the respondents, irrespective of their gender.
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Development and Modification of Cellulose Acetate/Carboxy
Methyl Cellulose Blend Films for Enhanced Adsorption of
Methylene Blue

Sreerag Gopi, Preetha Balakrishnan, Anitha Pius,* and Sabu Thomas*

Herein, we report polysaccharide blend film such as cellulose acetate/
carboxymethyl cellulose (CA/CMC) developed using acetic acid and water
mixture using solvent casting method. The material prepared here subse-
quently treated using potassium hydroxide solution in order to remove
acetate content from CA/CMC film to make them more active adsorbent.
FTIR analysis is carried out to understand the chemical moieties present in
CA/CMC films and to confirm the disappearance of acetate group from the
blend films. Morphological analysis revealed the surface changing due to the
addition of CMC on CA and the deacetylation of CA/CMC. Dye wastewater
treatment has been carried out using synthetic methylene blue water solution
and found that deacetylated film with higher amount of CMC has more
adsorption capacity compared to all other films displayed in this study.

1. Introduction

Among numerous industries, textile industry ranks first in
tradition of dyes for coloration offiber. At present,more than 9000
types of dyes have been introduced in the color index (dye1). Dyes
are low biodegradable and due to that the conventional biological
treatment procedure is less effective in treating dye wastewater
(dye1). Previously, adsorption on activated carbon has been found
to be an effective process for dye removal, but it is not cost effective
(dye 1).Consequentlynumerouscost effectivematerials havebeen
proposed including wood,[1] vermiculite,[2] sawdust,[3] peat,[4]

waste coir,[5] and banana pith.[6] There is need of cost effective,
efficient, biodegradable, and economical adsorbents have been
increased drastically. Cellulose acetate and carboxy methyl
cellulose are kind of biodegradable materials and easily available.
In this work, we developed blends of cellulose acetate and
carboxymethyl cellulose followed by chemical modification, and
their ability investigated using adsorption of methylene blue.

2. Experimental Section

2.1. Materials

Cellulose Acetate (CA, acetyl content of
39.8wt%, degree of substitution 2.5 with
average Mw�30 000 and Carboxymethyl
cellulose sodium salt (CMC) with low
viscosity were obtained from Sigma–
Aldrich, Slovenia. Analytical grades of
potassium hydroxide (KOH), methylene
blue and glacial acetic acid with a purity of
�99.7% were also purchased from Sigma–
Aldrich, Slovenia. The mixture of glacial
acetic acid and mill-Q water with a
resistivity of 18.2Ωm were used as solvent.

2.2. Preparation of Cellulose
Acetate/Carboxymethyl Cellulose Films

Glacial acetic acid and thewater in a ratio of 80:20were used as the
solventmixture formaking a homogeneous solution of CA/CMC.
A 1.00 and 3.00 g of CMC were added to three different 250mL
beakers and 100mL of solvent was transferred into it. Themixture
was thoroughlymixed followed by added 5 and 7wt% of CA into it
andstirred for12h inorder togethomogeneous solution.Later the
solutions were casted over a Petri dish and left for 24h to get films
of CA/CMC.

2.3. Deacetylation of Cellulose Acetate/Carboxymethyl
Cellulose Films

For the deacetylation of CA/CMC films, 6M potassium
hydroxide solution was used. The films were dipped in 6M
KOH solution at 90 �C for 3 h. Later the films were soaked and
washed in distilled water thoroughly. It was repeated for several
times and dried at room temperature. Based on deacetylation the
samples were named as CA (neat cellulose acetate), CMC (neat
carboxymethyl cellulose), CA1 (5wt% CMC), CA2 (7wt% CMC),
DAC1 and DCA2 (deacetylated samples of CA1 and CA2).

2.4. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR analysis was carried for all films using a PerkinElmer
SpectrumGX Series-73565 FTIR spectrometer at a scan range of
4000 to 400 cm�1. Prior to analysis, all the samples were dried in
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Cellulose Nanofiber vs Nanocrystals From Pineapple
Leaf Fiber: A Comparative Studies on Reinforcing
Efficiency on Starch Nanocomposites

Preetha Balakrishnan,* Sreerag Gopi, V. G. Geethamma, Nandakumar Kalarikkal,
and Sabu Thomas

Cellulose nanofibers (CNFs) and nanocrystals (CNCs) are nanoscale materials
obtained from nature by various physical and chemical treatments that has a
strong reinforcing ability. CNFs and CNCs have different size, shape,
viscosity, and other properties. This study focusses on comparative studies
on reinforcing effect of CNFs and CNCs on thermoplastic starch (TPS). The
nanocomposites with different weight percentage of reinforcing fillers are
fabricated via solvent casting. The transparent TPS/CNF and TPS/CNC films
are well characterized using dynamic mechanical analysis to study the effect
of filler loading on viscoelastic behavior. All the nanocomposite films has
better properties compared to neat TPS. But comparing the properties of
CNFs and CNCs on the starch matrix, at some point of time, TPS/CNC
composites are more transparent. But due to higher degree of entanglement,
strong intermolecular attraction between starch and nanofibers, TPS/CNF
composites are better, and the authors modeled the data with DMA and
found that the nanofibers have better reinforcing ability and stress transfer
character than CNCs. This type of comparative studies helps to find out the
proper criteria to reinforce bio-based material like starch for various
applications.

1. Introduction

Recently, lots of research has been carried out to the use of
biopolymers because of their inherent properties like biode-
gradability, non-toxicity, low cost, and ease in availability
especially in the field of packaging industry.[1,2] But major
problem associated with the use of biopolymer for several

applications are their low mechanical and
water barrier properties. This can be
overcome by various methods, like blend-
ing,[3,4] crosslinking,[5,6] and nanorein-
forcement. Reinforcing thermoplastic
starch with naturally derived nanomateri-
als like nanocellulose,[2,7] nanoclay,[8] nano-
chitin[9] etc is one of the best practices to
improve the properties of biopolymers by
conserving its biodegradability. Starch is
one of the promising biopolymer that can
be used as a matrix for preparation of
biocomposite films due to its film forming
ability. But starch as such are brittle in
nature and can be converted into thermo-
plastic starch by the addition of plasticizers
like glycerol,[10] citric acid,[11] sorbitol etc.

Nanocellulose is one of the most reliable
material for improving the properties of
starch such as mechanical, water sorption,
moisture sorption due to its high aspect
ratio, less weight, and biodegradability.[12–
15] Cellulose nanomaterial were typically
isolated from lignocellulosic plants like

sisal,[16] hemp,[17] jute,[18] bamboo,[19] pineapple leaf[20] etc by a
series of physical and chemical pre-treatments. Cellulose
nanofibers (CNF) prepared using mild acid hydrolysis (oxalic
acid) that could retain their fibrous structure. Cellulose nano-
fiber consists of alternating crystalline and amorphous part.
Cellulose nanocrystals were on contrary prepared via strong acid
hydrolysis using like sulphuric acid. Hydrolysis using strong
acid removes all the amorphous region leaving behind
crystalline regions. Furthermore, cellulose is also a polysaccha-
ride like starch which consisting of repeating units of glucose
units. Since both starch and cellulose are polysaccharide,
compatibility between filler and matrix is not an issue.

One of our previous work,[7] we studied the transport and
viscoelastic behavior of thermoplastic starch nanocomposite
reinforced with nanofibers from PALF. We could find that
increasing nanofiller up to 3wt.% improves mechanical
response of starch nanocomposite with improved reinforcing
efficiency and decreased water sorption. Haaj et al.[21] studies the
effect of starch nanocrystals on the final performance of starch
nanocomposite and found that inclusion of starch nanocrystals
to thermoplastic starch improves the property. In this work, we
try to compare the reinforcing efficiency and barrier
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Cellulose Nanomaterials in Biomedical, Food, and
Nutraceutical Applications: A Review

Augustine Amalraj, Sreeraj Gopi,* Sabu Thomas, and J�ozef T. Haponiuk

Nanotechnology with bionanomaterials have tremendous potential to en-
hance and utilize for nutrient and bioactive absorption, drug delivery systems,
pharmaceutical, and nutraceutical field through various applications. Cellu-
lose nanomaterials are green materials that are obtained from renewable
sources and possess exceptional mechanical strength and biocompatibility.
The associated unique physical and chemical properties have made various
nanocomposite materials an intriguing prospect for different application in
the biomedical, food, and nutraceutical industries. In this review, we have
discussed and provided a summary of the recent researches in the utilization
of cellulosic nanomaterials in applications related to food packaging, bone
tissue engineering, wound dressing, drug delivery, and nutraceutical research
area and industries.

1. Introduction

Biopolymers demonstrate elevated prospective to be utilized as a
preference to plastics and synthetic polymers as they are more
eco-friendly and are simple biodegradable and renewable
materials. The development of innovative technologies and
the growth of biological products decrease confidence on
synthetic polymers and plastic materials.[1] Natural world has
offered different natural biopolymers particularly polysacchar-
ides such as starch, chitosan, and cellulose; among them
cellulose based materials are the most feasible alternative for
fabricating green materials in the near future.

Cellulose is one of the most important and plentiful
biopolymers in nature, which is a linear syndiotactic homopoly-
mer of β-(1–4)-glycosidic bond linked D-anhydroglucopyranose.

Cellulose is generally known to be fibrillar
and semi-crystalline.[2] Rapid advancement
in the field of nanotechnology has opened
up prospects for cellulose, the most
abundant natural polymer on earth. Cellu-
lose has gained prominence in the form of
cellulose nanofibers (CNF) that can be used
as advance and novel biomaterial because
of its incredible qualities like biodegrad-
ability, biocompatibility, renewability, sus-
tainability, chemical stability, and
economy.[3–5]

Recently, CNF derived from agricultural
byproducts or wastes that are abundant
and cost effective have paid attention
greatly importance as an option to nano-
sized reinforcements in composite mate-
rials.[6,7] Generally, the CNF are isolated
from ligno-cellulosic plants have exact

distinctiveness predominantly high modulus and surface area.
It shows huge potential for utilizing as reinforcement in
biopolymer atmospheres.[8] CNF possesses a high crystalline
and they are the perfect fillers for various biomaterials,
polymeric materials, metal oxides, etc. due to their alike
chemical configurations which offer superior compatibility
between them through hydrogen bonding. CNF has gained
growing attention recently in the field of pharmacology and
medicinal applications because of their great potential to
improve the functional properties of drug delivery and
antimicrobial action.[9]

Recently, CNF have been utilized as a strengthening phase
in various nanocomposites. Cellulose nanomaterials repre-
sent the innovative generation of hybrid nanostructured
materials in the cutting edge between nanotechnology,
material science, and life science. Attempts have been
committed to the development of cellulose nanomaterials
through improved thermal, mechanical, and functional
properties due to the environment of nanofillers/nanocross
linkers.[1]

The focus of this review is to discuss the recent develop-
ments on the utilization of cellulose nanomaterials in the field
of food packaging materials, bone tissue engineering materials,
wound dressing materials, drug delivery systems, and
nutraceutical applications and the outline of this review is
also schematically represents in Figure 1. The review will
provide the readers with the recent trends and an in-depth
understanding of the role of cellulose nanomaterials matrix for
the immobilization of bioactive agents, use in the development
of food packaging solutions, tissue engineering, and drug
delivery systems.
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Biopolymers and Their Composites for Drug Delivery: A
Brief Review

Sreeraj Gopi,* Augustine Amalraj, Nimisha P. Sukumaran, J�ozef T. Haponiuk,
and Sabu Thomas

In recent years, excipient development has become a core area of research in
pharmaceutical drug delivery because it influences the formulation develop-
ment and drug delivery process in various ways. Polymeric drug delivery
systems have been of great interest for controlled delivery as they show the
great advantage in drug delivery systems because of optimized drug loading
and releasing property. Then, the side effects of synthetic polymers far exceed
that it leads to some difficulties like they impose dose reduction, treatment
delay, or the given therapy is not continuous. With this in mind and together
with the need for a protective delivery system for drugs, natural polymeric
substances such as biopolymers and their composites are the choice of
research as excipient because of their low toxicity, biodegradability, stability,
and renewable nature. Furthermore, they have a wide variety of structures,
different physiological functions and may provide a variety of biomedical
applications, owing to their distinctive properties. The present brief review
explores the concept of excipient delivery and the recent advances in both
the biopolymers and the methods in the pharmaceutical drug delivery
systems.

1. Introduction

Drug delivery system (DDS) refers to a biological system which
can be defined as a formulation or a device that enables the
transport of a therapeutic agent in the body through controlling
rate, time, place, and release of the drugs to the target site in the
body.[1] Thus, being an interface between the patient and the

drug, refinements in drug delivery will
facilitate the development of personalized
medicine, which includes pharmacoge-
nomics, pharmacometrics, and phar-
maco-proteomics. Consequently, a
suitable pharmaceutical formulation with
various components in addition to the
active pharmaceutical ingredients contrib-
utes to an improved delivery process.[1,2]

A drug therapy of any disease involves
the regimen of attaining desired thera-
peutic concentration of drug in plasma.
This is achieved in conventional drug
therapy through “particular drug dose at
particular interval,” which solely depends
upon the half-life period of the drug and
its therapeutic index. Generally, the
inevitable fluctuation can be observed
due to poor patient compliance or
missing the dose of a drug, or in the
case of under medication or over medi-
cation. Then, to achieve an effective
therapeutic drug concentration, a definite
drug release kinetics must follow, to

maintain dose, thus enabling the controlled release system
of drugs within the therapeutic window.[3] Further, bioavail-
ability of drugs greatly depends on its route of administration.
Different routes of administration namely, enteral (oral, nasal,
ocular, transmucosal) or parenteral (intravenous, intramus-
cular, and subcutaneous), could affect the bioavailability of
drugs by changing the number of biologic barriers a drug
must cross or by changing the exposure of drug to pumping
and metabolic mechanisms.[4,5] To overcome these limitations
effective and safe use of existing drug through concepts and
techniques of sustained/controlled and targeted drug delivery
systems are to be developed. Also, to triumph over the
downsides of conventional drug delivery systems where the
use of drugs is in the form of capsules, tablets which are
formed by compression, coating, and encapsulation of
bioactive drug molecules, several technical advancements
have led to the development of the improved drug delivery
system that could revolutionize methods of medication. In
such advancements, biopolymers play a versatile role, where
they serve as binding agents in capsules, film coating agents
in tablets and viscosity enhancers in emulsions and
suspensions with additional therapeutic benefits like multiple
dosing and single doses of sustained and controlled delivery
formulations.
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Abstract

Computational strategies have been employed to investigate the influence of the
nature of monomers and cross-linker in order to design three dimensional imprinted
polymers with selective recognition sites for L-phenylalanine benzyl ester (L-PABE)
molecule. Here, computational chemistry methods were applied to screen the molar
quantity of functional monomers that interact with one mole of the template molecule.
Effects of the nature of functional monomer, cross-linker, and molar ratio were
determined computationally using density functional calculations with B3LYP
functional and generic 6–31G basis set. Methacrylic acid (MAA) and ethylene glycol
dimethacrylate (EGDMA) were used as the functional monomer and crosslinking
agent, respectively. L-PABE imprinted polymer layered on multiwalled carbon
nanotube (MWCNT) and conventional bulk MIP were synthesised and characterized
as well. To investigate the influence of pre-organization of binding sites on the
selectivity of L-PABE, respective non-imprinted polymers were also synthesised.
MWCNT-MIPs and MIPs exhibited the highest adsorption capacity towards L-PABE.
The synthesized polymers revealed characteristic adsorption features and selectivity
towards L-PABE in comparison with those of its enantiomer analogues.
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a b s t r a c t

Background: The plant Rotula aquatica Lour. was traditionally well known due to its large number of
pharmacological action and medicinal uses. The plant is a necessary component of many Ayurvedic drug
preparations since historical times. It is widely used as a crucial ancient drug for kidney and bladder
stones.
Objectives: The main objective of the study was to evaluate the acute toxicity and anti inflammatory
efficacy of methanolic extract of R. aquatica Lour. in in vivo models.
Materials and methods: The qualitative phytochemical analysis and invitro antioxidant activity of the
roots of methanolic extract of R. aquatica Lour. (MERA) was evaluated. The acute toxicity effect of MERA
was evaluated with two different doses (550, 2000 mg/kg body weight), were administrated orally to
Wistar rats. The rats were observed for sign and symptoms of toxicity and mortality for 14 days. The
parameters measured including relative organ weight, blood, biochemical and histopathological pa-
rameters of hepatic and renal toxicity. The anti-inflammatory effect of MERA was also evaluated in
carrageenan and dextran-induced paw edema models.
Results: The phytochemical evaluation of MERA shows the presence of secondary metabolites like al-
kaloids, flavonoids, phenolics and tannins, phytosterols, reducing sugars, proteins and terpenoids. The
results of in-vitro antioxidant evaluation of MERA reveal its capability to scavenging free radical at a
lower concentration. The MERA did not show any visible signs of toxicity up to the dose of 2000 mg/kg
body weight. The results obtained from our carrageenan and dextran-induced paw edema model study
also proved the anti-inflammatory effect of MERA in rat model.
Conclusion: The result shows the potential of MERA as an anti-inflammatory drug to reduce the signs of
inflammation devoid of any toxic effect.
© 2018 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Around the world numerous native communities possess
knowledge, innovations and peculiar practices developed from
expertise gained over centuries and tailored to the native culture
and environment, such knowledge is categorized as traditional
knowledge. The biodiversity rich areas are also an abode of various
ethnic groups possessing a valuable reservoir of indigenous
knowledge system (IKS) acquired and developed over a long period
of time [1]. Within the indigenous system of medicine that

prevalent in India, R. aquatica Lour. is a controversial drug and is a
widely distributed shrub commonly found in the sandy soils and
rocky beds of streams and rivers throughout India. The plant has
been reported to be used for diabetes, treatment of piles, vineral
disease, cancer and also exhibited anthelmintic activity [2],
cardiotonic activity, antimitotic activity [2], antiurolithiatic activity
etc. Despite the increasing number of reports on the medicinal
benefits of the R. aquatica Lour., the in-vivo toxicological effect of
the MERA has not reported so far. It is therefore deemed necessary
to evaluate the acute toxicity of the MERA in a rat model. The
toxicity study would serve as a very important baseline for further
studies in developing this plant as a herbal medicine.

Inflammation is a major process involved in the pathophysi-
ology of several diseases like arthritis and cardiovascular disease
[3]. The anti-inflammatory drugs exert its anti-inflammatory
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actions by inhibiting cyclooxygenase (COX) which exists as two
isoforms: cyclooxygenase-1 (COX-1)and cyclooxygenase-2 COX-2
[4]. The COX-1 is constitutively expressed in most cells under
physiological conditions and helps in maintaining gastrointestinal
tract mucosal integrity, renal protection and normal homeostasis of
the body [5]. COX-2, the form induced by pro-inflammatory agents
such as tumor necrosis factor-alpha (TNF-a), lipopolysaccharide
(LPS) and tumor-promoting factors are associated with inflamma-
tion [6]. Current treatment strategies are mainly associated with
the usage of nonsteroidal anti-inflammatory drugs (NSAIDs) which
are the known inhibitors of COX isoforms [7]. The usage of such
kind of drugs causes serious side effects to human kind. For years,
research has been focused on developing COX-2 inhibitors but
recent investigation points out that COX-2 specific inhibitors are
associated with adverse renal effects like sodium, potassium and
water retention as well as decreases in renal function. The inhibi-
tion of COX-2 was associated with increase in production of leu-
kotrienes (LT) by 5-lipoxygenase (5-LOX). The 5-LOX inhibitors
possess protective effect but they lack inhibitor specificity,
bioavailability and also leads to serious abnormalities [8]. Such
complex side effects have limited COX and 5-LOX inhibitors for the
long-term treatment of inflammatory disorders. Now a day,
research has been focused on finding anti-inflammatory agents
with selective pharmacology and less toxicity. From the above
context, the study was designed to evaluate the anti-inflammatory
effect of MERA in in vivo model.

2. Materials and methods

2.1. Chemicals

All the chemicals used were high-quality analytical grade re-
agents. Indomethacin (Merck, Bangalore, India) and Carrageenan
(Sigma Chemicals, St. Louis, MO, USA) were procured from the
respective companies and were used in the study.

2.2. Plant materials

R. aquatica Lour. roots were collected during MarcheApril, 2016
from Meenachil river (Kalathukadavu area, 9.7�N, 76.78�E) in Kot-
tayam district, Kerala, India. The plant material was authenticated
by taxonomist Dr. Jomy Augustine, St. Thomas College, Palai, a
voucher specimen (SBSBRL.22) is maintained in the institute.

2.3. Preparation of MERA

Plant root powder (40 g) was extracted with 400 mL of 99%
methanol using a Soxhlet apparatus. The solvent was evaporated
under reduced pressure at 50 �C using a rotary evaporator to pro-
duce a yield of 4.28% of dry extract. The dried MERA was used for
further analysis.

2.4. Phytochemical analysis

The qualitative phytochemical analysis of MERAwas carried out
by the following methods proposed by Evans et al. [9]. The total
phenolic content was determined by spectrometry using
FolineCiocalteu reagent assay [10]. Total flavonoid content was
determined by a colorimetric assay using a method described by
Zhishen et al. [11].

2.5. In-vitro antioxidant assay

DPPH assay, ABTS assay and Superoxide scavenging assay were
carried out for the determination of antioxidant activity of MERA.

DPPH free radical scavenging activity of MERA was determined by
the method described by Sanchez-Moreno et al. [12]. For ABTS
assay, the procedure followed the method of Arnao et al. [13]. Su-
peroxide scavenging assay of MERA was done by Gulcin et al. [14].

2.6. Toxicity studies of MERA

The oral acute toxicity study of MERA was evaluated according
to Organization for Economic Cooperation and Development
(OECD) guideline 423 [15]. LD50 was determined by using Acute
Oral Toxicity Statistical Program (Version: 1.0).

2.6.1. Animals
Adult female Wistar rats (weighing 150 ± 10 g) were purchased

from small animal breeding station (SABS), Kerala Veterinary and
Animal Sciences University, Mannuthy, Thrissur, Kerala used for
this study. They were kept in a controlled environment for tem-
perature (24e26 �C), humidity (55e60%) and photoperiod (12:12 h
lightedark cycle). A commercial laboratory balanced diet (Amrut
Laboratory Animal Feeds, Maharashtra, India) and tap water were
provided ad libitum. The animals received humane care, in
compliance with the host institutional animal ethics guidelines.
Experiments were conducted as per the guidelines of Institutional
Animal Ethical Committee, School of Biosciences, Mahatma Gandhi
University (Reg. No. MGUSBS/IAEC/2016-B11042016/5) according
to Government of India accepted principles for laboratory animals'
use and care.

2.6.2. Experimental design for acute toxicity studies
Animals were categorized into three different groups with 6 rats

in each group. The group-I was treated as the control group
(received distilled water only). Group II (MERA was administered
orally at 550 mg/kg body weight) and group III (MERA was
administered orally at 2000 mg/kg body weight) served as test
groups. All the rats were fasted prior to oral gavage with MERA for
1e2 h. Individual body weights of animals were taken before
dosing. Food or water was withheld for 2 h after drug treatment.
The animals were closely monitored for initial 4 h after the
administration of MERA and then daily for 14 days to record any
signs of toxicity such as tremors, convulsions, salivation, hyperac-
tivity, diarrhea, lethargy, sleep, coma and mortality [16,17]. At the
end of the study, all the animals were sacrificed to analyze the ef-
fect of MERA on different organs of the rat.

2.6.3. Measurement of relative organ weight
After the experiment, organs like kidney, liver and heart were

taken and organ weight (absolute organ weight in g) was recorded.
The relative organ weight (ROW) of kidney, liver and heart were
calculated as per the method described by Pichika et al. [18].

2.6.4. Estimation of hepatic and renal toxicity markers
Alkaline phosphatase (ALP), Aspartate aminotransferase (AST),

Alanine aminotransferase (ALT), blood urea nitrogen (BUN),
Creatinine activity in serum and protein concentration were
assayed using commercial kits obtained from Span Diagnostics
Limited, India, and the absorbance was read in a UVeVis spectro-
photometer (U-5100, Hitachi High Technologies, America, Inc.).

2.6.5. Histopathological study
Small blocks of tissues were taken from the organs (kidney, liver

and heart) harvested from the rats and processed using an auto-
mated tissue processor. After processing, the tissues were sectioned
to a thickness of 5 mMusing a rotarymicrotome and dried overnight
in an oven at 37 �C. The sections were stained with hematoxylin
and eosin (H&E) and examinedmicroscopically for signs of toxicity.
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2.7. Anti-inflammatory studies

2.7.1. Carrageenan-induced paw edema
Adult female Wistar rats (weighing 150 ± 10 g) were used for the

study. An edema was induced on rat's right hind paw by subplantar
injection of 0.1 ml of 1% carrageenan in 0.9% saline. The experimental
groups consisted of 30 rats divided into five groupse Group I: control
(received saline only), Group II: carrageenan alone, Group III:
carrageenan þ indomethacin (3 mg/kg orally), Group IV:
carrageenan þ MERA-100 (100 mg/kg orally), Group V:
carrageenan þ MERA-200 (200 mg/kg orally). The MERA and refer-
ence drug were given 1 h before the injection of carrageenan. The
volume of the right paw was measured using a paw edema meter
(Marsap Pvt. Ltd., USA) before injection and 1st, 2nd, 3rd, 4th and 5th h
after induction of inflammation. The results were obtained by
measuring the volume difference before and after injection of the
right paw. The swelling degree of paw and inhibition rate of edema
wascalculated as follows:%edema inhibition¼ (Vc�Vt)�100/Vc;Vc
andVt are average edemavolumeof control and test, respectively [19].

2.7.2. Dextran-induced paw edema
The animals (Adult femaleWistar rats) were treated in amanner

similar to that of carrageenan-induced paw edema protocol,
differing only in the administration of the inflammatory stimulus,
which was induced by subplantar injection of 0.1 mL of 1.5% w/v
dextran. The edema was measured as mentioned earlier [19] at
hourly intervals for 5 h [20].

2.7.3. Histopathological analysis of paw tissue
The entire paw tissue sections (5 mm) fixed by immersion at

room temperature in 10% formalin solution. For histopathological
examinations, paraffin-embedded paw tissue sections were stained
with hematoxylineeosin (H&E) followed by examination and
photographed under a light microscope for observation of struc-
tural abnormality. The severity of paw tissue inflammation was
judged by two independent observers blinded to the experimental
protocol.

2.8. Statistical analysis

The results were expressed as mean ± SD where each value
represents a minimum of 6 rats (n ¼ 6). The data for relative
organ weights, hematology and serum biochemistry were tested
for one-way analysis of variance (ANOVA) followed by Dunnett's
multiple comparison tests in which the results were compared
with that of control rats. The results were considered statistically
significant at p � 0.05 level. GraphPad Prism© version 5.03 for
Windows (GraphPad Software, USA) was used for all statistical
analysis.

3. Results

3.1. Phytochemical analysis of MERA

Qualitative detection test for important phytochemicals present
in MERA revealed the presence of secondary metabolites like al-
kaloids, flavonoids, phenolics and tannins, phytosterols, reducing
sugars, proteins and terpenoids. The qualitative phytochemical
screening proved the presence of phenolic compounds as major
principle components. Total phenolic content was found to be
51.27 ± 0.68 mg of gallic acid/g Dry weight of the sample. Total
flavonoid content was found to be 16.59 ± 0.1 and expressed in mg
of quercetin/g Dry weight of the sample.

3.2. In-vitro antioxidant effect of MERA

In-vitro antioxidant effect of MERA was examined using three
different assays. The IC50 value of DPPH radical scavenging activity
of MERA was 14.71 ± 0.03 mg/mL. The IC50 value of ABTS�þ scav-
enging and superoxide scavenging activity of MERA were
12.82 ± 0.08; 36.02 ± 0.05 mg/mL respectively.

3.3. Acute toxicity study of MERA

Oral administration of MERA at a dose of 2000 mg/kg body
weight did not produce any mortality or adverse effects during the
14 days' period of study and also observed no abnormal clinical
signs. The body weight and food consumption were also remaining
unchanged, when compared to the untreated control group of
animals.

3.3.1. Measurement of relative organ weight
There was no significant change (p > 0.05) in the weight of liver,

kidney and heart of the treated and non-treated rats (Table 1). The
relative organ weight of the rats of treatment, as well as control
groups, also remained insignificant.

3.3.2. Estimation of hepatic and renal toxicity markers
The results of liver function markers (AST, ALT, ALP) used in the

acute toxicity study (Table 1) showed no significant change
(p > 0.05) between the control andMERA administered rats. Table 2
represents the results of renal function tests used to assess the
kidney function status during the acute toxicity study. The MERA
treated rats even in the highest concentration showed no signifi-
cant change in the levels of renal toxicity markers like BUN,
creatinine and total protein when compared with the control rats.
The WBC count also showed no significant change (p > 0.05) be-
tween the control and MERA administered rats (Table 2).

3.3.3. Histopathological study
Histopathological analysis of the vital organs such as liver, heart

and kidney of the MERA treated animals showed no altered his-
tology and signs of toxicity. The liver showed normal architecture
with a clear lumen of central vein and without any lesion or ne-
crosis. Heart tissue of MERA treated rat showed no signs of toxicity.
There was no renal injury evident in the histopathological evalua-
tion of MERA treated rats. The renal tissues were free from any
degeneration of Bowman's space, glomeruli, proximal and distal
tubules (Fig. 3).

3.4. Anti-inflammatory studies

3.4.1. Carrageenan-induced paw edema
The treatment with MERA-100, MERA-200, as well as indo-

methacin (3 mg/kg) inhibited significantly (p < 0.05) the
carrageenan-induced rat paw edema formation, which was
measured at the third hour of the experiment (peak of edema
formation) by 63.4%, 72.5% and 62.2% respectively (Fig. 1).

3.4.2. Dextran-induced paw edema
There was a significant reduction (p < 0.05) in dextran-induced

rat paw edema in all groups, at 1st, 2nd and 3rd hours of the
experiment. The treatment with MERA-100, MERA-200, as well as
indomethacin (3 mg/kg) inhibited significantly (p < 0.05) the
dextran-induced rat paw edema formation, which was measured at
the third hour of the experiment (peak of edema formation) by
58.4%, 69.5% and 62.2% respectively (Fig. 2).
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Table 1
Effect of MERA (Dose in mg/kg body weight) on biochemical parameters in acute oral toxicity study. Values are expressed as mean ± standard deviation (n ¼ 6 for each
group).

Relative organ weights Biochemical parameters

Liver Kidney Heart AST (U/L) ALP (U/L) ALT (U/L)

Control 3.76 ± 0.03 0.93 ± 0.12 0.63 ± 0.03 135.01 ± 0.51 141.7 ± 0.82 44.27 ± 0.39
MERA-550 3.65 ± 0.02 0.93 ± 0.06 0.61 ± 0.05 134.23 ± 0.84 141.1 ± 0.58 44.33 ± 0.85
MERA-2000 3.71 ± 0.03 0.94 ± 0.03 0.60 ± 0.02 133.9 ± 0.86 140.8 ± 0.63 45.04 ± 0.52

Table 2
Effect of MERA (Dose in mg/kg body weight) on renal parameters in acute oral toxicity study. Values are expressed as mean ± standard deviation (n ¼ 6 for each group).

Experimental groups BUN (mg/dl) Creatinine (mg/dl) WBC (Cells � 103/ml) Total protein (g/dL)

Control 20.6 ± 0.89 0.73 ± 0.02 5.11 ± 0.08 7.56 ± 0.06
MERA-550 20.91 ± 0.7 0.75 ± 0.01 5.13 ± 0.02 7.6 ± 0.01
MERA-2000 21.05 ± 0.8 0.74 ± 0.01 5.16 ± 0.08 7.65 ± 0.12
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Fig. 1. Effect of MERA on carrageenan-induced hind paw edema in rats. All data are expressed as mean ± S.D. (n ¼ 6).
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Fig. 2. Effect of MERA on dextran-induced hind paw edema in rats. All data are expressed as Mean ± SD. (n ¼ 6).
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3.4.3. Histopathological analysis of paw tissue
The histopathological analysis of paw tissue of both carrageenan

(Fig. 4) and dextran (Fig. 5) treated group shows massive inflam-
mation and edema formation compared to control rats. Inflam-
matory cell infiltration, proliferated epithelium, proliferated
collagen, epidermal edema was markedly suppressed by MERA-
100, MERA-200 and indomethacin administrated group as
compared to dextran and carrageenan-treated group.

4. Discussion

Natural therapeutic drugs have become universally popular in
primary aid, particularly in developing countries. According to the
World Health Organization, 80% of the remote area population rely
on traditional medicine and the history of medicinal plants used by
the human as a medicine is about 60,000 years old [21]. Bioactive
products from medicinal plants are likely to be safe without any
compromising health effect, and thus widely used as self-
medication [22]. However, the safety and toxicity assessment of

herbal medicines is rarely done before their human consumption as
they are considered to be inherently safe [23]. The clinical use of
herbal drugs without adequate scientific evidence has raised con-
cerns regarding their toxicity status [24]. Thus, toxicity evaluation
of herbal medicines is being carried out in various experimental
animal models to evaluate their safety for future human use
[25,26]. Therefore the current study is designed to evaluate the
safety assessment of MERA in an experimental rat model. The study
also aims to evaluate the anti-inflammatory effect of MERA in in-
vivo model.

R. aquatica belongs to the family Boraginaceae is represented by
about 100 genera and 2000 species. The plant is scattered
throughout Peninsular andWestern Ghats of India in the sandy and
rocky beds of streams and rivers often were occasionally sub-
merged in floods. It is also distributed in Sri Lanka, China, tropical
southeastern Asia, Africa, Brazil and Latin America. The plant is a
necessary component of many Ayurvedic drug preparations since
historical times. It is widely used as an crucial ancient drug for
kidney and bladder stones.

Fig. 3. Histopathology of liver (A,B,C), heart (D,E,F) and kidney (G,H,I) of control and MERA treated rats in the acute toxicity study for 14 days. A, D, G: Control rat; B, E, H:
MERA-550 mg/kg b.wt; C, F, I: MERA-2000 mg/kg b.wt.
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Phenols and flavonoids are the major natural bioactive sec-
ondary metabolites in plants. These compounds are widely used
all over the world to treat various diseases due to its biological
properties like antioxidant, anti-carcinogen, anti-aging, protection
from cardiovascular, immune/autoimmune diseases and brain
dysfunctions viz. Parkinson's, Alzheimer's, Huntington's diseases,
etc [27,28]. The phytochemical evaluation of MERA shows the
presence of secondary metabolites like alkaloids, flavonoids,
phenolics and tannins, phytosterols, reducing sugars, proteins and

terpenoids. The results of in-vitro antioxidant evaluation of MERA
reveal its capability to scavenging free radical at a lower
concentration.

In the acute toxicity study, amaximumdose of 2000mg/kg b.wt.
of the MERA caused neither signs of toxicity nor mortality during
the 14 days of the experiment. Throughout the 14 day periods, all
animals were found to be healthy with no changes in their skin and
fur, eyes and mucous membranes, and behavioral patterns. There-
fore, it is safe to propose that its oral LD50 value should be greater

Fig. 4. Histology of rat paw tissue (H&E stain 40£) in carrageenan-induced paw edema. Values expressed as average of 3 samples ± SEM in each group. a: Control; b:
Carrageenan; c: Indomethacin; d: MERA-100 mg/kg b.wt; e:MERA-200 mg/kg b.wt. a) Cross section of normal paw tissue shows keratin (KR), Sub epidermal layer (SEL), Sub
cutaneous layer (SC). b) Cross section of carrageenan induced rat paw tissue shows Massive influx of inflammatory cell infiltration (ICI), Hyper keratotic skin (HKS), Sub epidermal
edema (SEE). c) Cross section of tissue of carrageenanþ diclofenac sodium shows sub epidermal edema (SEE), Mild epithelial hyper plasia (EHP). d) Cross section of the paw tissue of
carrageenan þ MERA (100 mg/kg b.wt) shows Mild edema (ME) and Mild inflammation (MI). e) Cross section of paw tissue of carrageenan þ MERA (200 mg/kg b.wt) shows keratin
(KR), Mild epithelial hyper plasia (EHP), Mild Sub epidermal edema (MSEE).
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than 2000 mg/kg of body weight. The studies are performed ac-
cording to OECD guidelines 423 [15].

Decreases or increases in the body weights are associated with
toxic effects of chemicals and drugs. However, scientific evidence
confirmed that increases or decreases in the body weights are
accompanied by accumulation of fats and physiological adaptation
responses to the plant extracts. The toxic effect of plant materials
may leads to a decrease in appetite and lower the caloric intake by
animal [29]. The relative weight of the vital organs like liver, kidney

and heart were found normal indicating no toxic effect in both
control and treated group and was statistically non-significant
differences (P > 0.05). All hematological parameters of MERA-
extract supplemented rat were within the reference range and
were comparable to that of control rat.

Some phytochemicals found in meditative plants is known to
cause hepatotoxicity. This was evidenced by the presence of
elevated levels of liver injury marker enzymes in the blood. In this
light, plasma markers of hepatic damage such as AST, ALT and ALP

Fig. 5. Histology of rat paw tissue (H&E stain 40£) in dextran-induced paw edema. Values expressed as average of 3 samples ± SEM in each group. a: Control; b: Dextran; c:
Indomethacin; d: MERA-100 mg/kg b.wt; e:MERA-200 mg/kg b.wt. a) Cross section of normal paw tissue shows keratin (KR), Sub epidermal layer (SEL), Sub cutaneous layer (SC). b)
Cross section of dextran induced rat paw tissue shows Massive influx of inflammatory cell infiltration (ICI), Hyper keratotic skin (HKS), Sub epidermal edema (SEE). c) Cross section
of tissue of dextran þ diclofenac sodium shows sub epidermal edema (SEE), Mild epithelial hyper plasia (EHP). d) Cross section of the paw tissue of dextran þ MERA (100 mg/kg
b.wt) shows Mild edema (ME) and Mild inflammation (MI). e) Cross section of paw tissue of dextran þ MERA (200 mg/kg b.wt) shows keratin (KR), Mild epithelial hyper plasia
(EHP), Mild Sub epidermal edema (MSEE).
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were assayed to investigate the possible hepatotoxicity of MERA
extract. There was no significant alteration could be recorded for
AST, ALT, or ALP, suggesting no inflammatory or necrotic damage of
liver due toMERA extract. Histopathological observation of sections
of the liver of MERA-treated rat attests to the fact that, there is no
hepatic damage as marked by the normal looking integrity of
hepatocytes.

The kidney is a sensitive organ whose function is known to be
suffered from a number of factors such as drugs including phyto-
chemicals of plant origin that ultimately lead to renal failure [30].
Assessment of possible renal damage due to MERA extract was
made by assaying blood urea nitrogen (BUN), total protein and
creatinine levels. Results show no significant alteration in the
creatinine and BUN level due to MERA treatment. Histological
observation has showed no major toxic manifestation in the
cortical or medullary areas of the kidney. The histological archi-
tecture of glomeruli and tubules in control and MERA extract
treated rat being comparable, the nontoxic nature of MERA extract
stands validated.

Several experimental protocols of inflammation and pain are
used for evaluating the potency of drugs. In the present study, the
evaluation of anti-inflammatory effect was undertaken using an
animal model to fully investigate the potential of MERA to be used
in the treatment of inflammatory disorders.

The carrageenan-induced inflammatory processes are
biphasic [31]. The initial phase (first hour) is attributed to the
release of histamine and serotonin [32] and the second acceler-
ating phase of swelling is due to the release of prostaglandin,
bradykinin and lysozyme. The second phase of edema formation
was sensitive to both steroidal and non-steroidal agents [33]. In
the current study, edema inhibition by MERA was more promi-
nent at the second phase and it could be due to the inhibition
of prostaglandin production by MERA via exerts an anti-
inflammatory effect. Another mechanism of action by MERA
could be due to suppression of the release of histamine, serotonin
and bradykinin which are prominent mediators involved in the
primary and secondary phase of carrageenan-induced edema
formation [34]. Histopathological analysis of paw tissue of rat
shows the inhibition of inflammation and edema formation in
MERA treated group as compared to the carrageenan-treated
group. The paw tissue of the normal rats showed no signs of
inflammation (Fig. 4a) with normal keratin, Sub epidermal layer,
Sub cutaneous layer. In the rats treated with carrageenan shows
massive influx of inflammatory cell infiltration, Proliferated
collagen, Hyper keratotic skin, Sub epidermal edema (Fig. 4b).
Treatment with MERA showed marked improvement in the in-
flammatory signs. Keratinization was decreased and dermis and
hypodermis appeared to be normal. Mild sub epidermal edema,
mild epithelial hyper plasia and mild inflammation were also
observed in MERA treated group (Fig. 4dee).

Dextran is a polysaccharide of high molecular weight that in-
duces anaphylactic reaction. It was characterized by extravasation
and edema formation, as consequence of liberation of histamine
and serotonin from mast cells [35]. There was a significant reduc-
tion (p < 0.05) in dextran-induced rat paw edema in all groups, at
1st, 2nd and 3rd hours of the experiment at a concentration of
200 mg/kg.b.wt. Histopathology of paw tissue also reveals the
reduction of inflammation and edema formation in MERA treated
group as compared to the dextran treated group.

The histopathological findings also substantiate with the paw
edema analyses. Histopathological studies indicated that inflam-
matory cell infiltration, edema formation and hyperkeratinisation
were markedly suppressed in the rats treated with the MERA. This
evidence shows the efficacy of MERA as an anti-inflammatory
agent.

5. Conclusion

The present study confirms the anti-inflammatory effect of
MERA and its safety usage up to the dose of 2000 mg/kg of body
weight in an experimental rat. The further studies are needed to
reveal the exact mechanism of action of the MERA. A systemic
research is needed to produce a nutraceuticals drug from roots of R.
aquatica Lour. for treating various health problem of humankind.
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Introduction
Chilli (Capsicum annuum L.) is an important
vegetable crop due to its large scale consumption
as a seasoning vegetable in India and many other
countries as well. The crop suffers from many
diseases like damping off, foot rot, anthracnose,
dieback, fruit rot, wilt, leaf spots, powdery mildew
etc. Anthracnose caused by Colletotrichum sp. is a
major problem in India and results in both pre- and
post-harvest fruit decay with yield losses of up to
50% (Pakdeevaraporn et al., 2005). The different
species of Colletotrichum causing chilli anthracnose
reported from India include Colletotrichum
acutatum, C. capsici, C. coccodes, C. dematium, C.
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Abstract
Colletotrichum capsici Butler and Bisby, the causal agent of chilli anthracnose disease, sternly affects
chilli yield and quality worldwide. Biocontrol agents and resistance inducers could be a valid alternative to
chemical pesticides. The capability of two phosphate solubilizing Pseudomonas aeruginosa isolates viz.,
Ps 2 and Ps 3 (KR270346 and KR270347) against chilli anthracnose both under in vitro and in vivo conditions
was demonstrated. Pseudomonas aeruginosa Ps 2 showed maximum mycelial growth inhibition of 93.41%
and the isolate Ps 3 showed 72.5% inhibition of Colletotrichum capsici in dual culture inhibition assay
after 5 days of incubation. There was a greater reduction of anthracnose infection caused by C. capsici on
matured fruits in Pseudomonas aeruginosa treated plants when compared to untreated control. The strain
possessed chitinolytic and proteolytic activities, produced HCN, siderophores, and was able to produce
salicylic acid at a moderate level. The isolate produced amylase. However both of them are unable to
produce lipase. The isolates induced systemic resistance in chilli corroborated with increased levels of
phenylalanine ammonia lyase, peroxidase and polyphenol oxidase under greenhouse experiments. The
results indicate the potential of the indigenous Pseudomonas aeruginosa isolates as biocontrol agents
against chilli anthracnose.

Keywords: Bacterial antagonists, Biocontrol, Chilli, Colletotrichum capsici, Dual culture assay,
Siderophores.

gloeosporioides and C. siamense (Saini et al., 2016).
Economic losses caused by the disease are mainly
attributed to lower fruit quality. The fungus very
commonly occurs in chilli growing areas of India
resulting in disease incidence levels ranging
between 66% and 84%, and causing yield loss up
to 12-50% (Bagri et al., 2004; Sharma et al., 2005).
Typical anthracnose on chilli fruit include sunken
necrotic tissues, with concentric rings of acervuli
and fruits showing blemishes have reduced
marketability (Manandhar et al., 1995). Many
species of Colletotrichum are seed borne and they
may survive in soil on debris and may be spread by
water splash dispersal of conidia and transmission
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of ascospores through the air (Nicholson and
Moraes, 1980). They are capable of growing in and
on seeds as acervuli and micro sclerotia (Pernezny
et al., 2003). Chemicals are mainly used in the
control of chilli anthracnose and the fungicide
traditionally recommended for anthracnose
management in chilli is manganese ethyl-
enebisdithiocarbamate (Maneb) (Smith, 2000),
although it does not consistently control the severe
form of anthracnose on chilli fruit. Continuous use
of these chemicals led to new challenges like
development of pest resistance, food poisoning,
environmental pollution, negative effect on farmers
health, and increase in cost. To overcome the
undesirable effects of chemical usage, there is a need
to incorporate alternative control components that
are effective in the field.

The diversity of naturally occurring microorganisms
of the rhizosphere and phyllosphere and their
potential for biological control of plant pathogens
have been examined extensively (Jayraj et al.,
2007). Pseudomonads are considered to be
important rhizosphere microorganisms, and
considerable research is underway globally to
exploit their potential. A number of fluorescent
pseudomonads have been reported to have in vitro
and in vivo biocontrol potential against a wide range
of phytopathogens (Gupta et al., 2002; Kishore et
al., 2005; Mansoor et al., 2007).

The inhibition of growth of pathogenic
microorganisms is mostly due to the ability of
bacterial antagonists to synthesize antifungal
compounds, antibiotics, cyanide or siderophores. P.
aeruginosa strain produces numerous compounds
which are responsible for disease control. These
inhibitory compounds are siderophores, HCN,
degradative extracellular enzymes such as chitinase,
protease, cellulose, â -1, 3 glucanase and antibiotics
such as pyrrolnitrin, pyoluteorin, phenazine (Haas
and Defago, 2005; Deshwal et al., 2011) and
activation of plant disease resistance. Selected
strains of non-pathogenic microorganisms are able
to reduce plant disease through activation of a plant-

mediated defense mechanism known as induced
systemic resistance (ISR) (Van Loon, 2007).

ISR has been shown to provide protection against
different types of pathogens in several plant species
(Pieterse et al., 2002). After leaf and root treatment
with ISR-inducers, the resistance is systemically
activated in untreated tissues, extending to
aboveground plant parts, a disease protection
phenotypically similar to pathogen-induced
systemic acquired resistance (SAR). Biological
control using introduced microorganisms with the
capacity to elicit ISR against plant diseases has been
extensively studied under greenhouse and field
conditions (Akram et al.,  2015). Thus, in recent
years, the induction of systemic resistance has been
studied as a new potential measure for controlling
crop diseases in the field, and a number of
microorganisms and chemical inducers have been
examined in various plant–pathogen systems. The
present study was proposed with an objective to
evaluate the in vitro and in vivo antagonistic activity
of Pseudomonas aeruginosa isolates PS2 and PS3
against a phytopathogenic fungi C. capsici and to
elucidate the mechanism of antifungal activity.

Materials and methods

Materials
All the culture media were purchased from Hi
Media, Mumbai, India. Colloidal chitin was
obtained from Sigma Chemical Co., Bangalore. All
other chemicals used were of analytical grade.

Organisms
The pathogenic organism was isolated from the
infected fruits of C. annuum (Fig. 1) as a pure culture
on potato dextrose agar (PDA) medium. The fruit
specimens were washed with tap water, the
discoloured parts cut into small pieces (5 mm),
sterilized with 0.1% sodium hypochlorite (NaOCl)
for two min., rinsed three time in sterile water, and
dried between folds of sterilized filter paper. The
sterilized fruit pieces were transferred to sterilized
oat meal agar plates and incubated at room
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temperature for 5 days. Mycelial bits were
transferred to sterile petridishes containing oatmeal
agar medium; later it was purified by the hyphal tip
method and transferred to potato dextrose agar
(PDA) slants and pure cultures of the pathogens
were maintained for further studies.

Pseudomonas aeruginosa isolates were isolated
from the samples of chilli (Capsicum annuum L.),
fields around India by enrichment culture technique.
The isolates were morphologically and
biochemically characterized and identified using
16S rDNA sequencing technique and phylogenetic
analysis (Linu et al., 2009; Linu et al., 2017). Their
sequences were deposited in Genbank with
accession numbers KR270346 and KR270347 .The
cultures were maintained on Pikovskaya’s agar
slants at 6 °C in a refrigerator with regular
subculturing (Pikovaskaya, 1948).

Dual culture assay
To determine the potential antifungal activity of the
selected bacterial isolate in vitro, isolates were co-
cultured alongside the pathogenic fungus
Colletotrichum capsici. The fungal strains were
cultured on PDA plates for 5 days at 28 °C; bacterial
strains were grown in LB liquid medium for 24 h at
37 °C (Barhate et al., 2012). Competitive
interactions between the bacterial isolates and
Colletotrichum capsici were evaluated in dual-
culture experiments in 90-mm Petri dishes
containing 20 ml of PDA. Mycelial discs (5 mm in
diameter) from fungal colonies and 2 ìl of bacterial
suspension from the LB cultures were placed on
the agar surface, 30 mm apart. Control cultures were
inoculated with 2 ìl of distilled water instead of
bacteria. Immediately after inoculation, the plates
were sealed with plastic film and incubated at 28 °C
in the dark for 3–5 days. Visual observations on the
inhibition of growth of fungal pathogen were
recorded after 5 days of incubation in comparison
with the PDA plate simultaneously inoculated with
only the fungal pathogen. The percentage reduction
in growth was calculated following the formula

  

Where, C-diameter of fungal growth in control plate
T-diameter of fungal growth in test plate

In vitro antifungal bioassay

Production of volatile substance (HCN) and its effect
on growth of C. capsici
The screening of the isolates for the production of
hydrogen cyanide was done using the method
described by Shabana mol et al. (2017). Here, filter
paper strips soaked in .0.5% picric acid reagent were
placed in the lid of petri dish and the lids were
closed. The plates were sealed with parafilm and
incubated for 30±10ºC for 48 hrs. The colour change
of the filter paper pad was noted by a method
described by Lee et al. (2008). The inhibitory effect
of HCN on the growth of C.capsici was determined
by the ‘inverted plate technique’ where, the
pathogens was grown in PDA. The reduction in
growth of fungal pathogen was calculated using the
formula (Kazempour, 2004):

Non volatile organic compound production
In order to study the effect of nonvolatile
compounds, bacterial antagonists were grown on
King’s B broth and the pathogen was grown on PDA
plates. The culture filtrate after 7 days of incubation
was filtered through Millipore filters using vacuum
pump assembly. 5ml of the culture filtrate was
mixed with 20 ml PDA just before pouring into petri
dishes and after cooling, inoculated with 5 mm discs
of the pathogen. Pathogen inoculated without
culture filtrate served as control. The colony
diameters of the pathogen after 7 days were recorded
and compared with the control.

Chitinase bioassay
The isolates were inoculated on LB plates
supplemented with 0.5% colloidal chitin. Plates
were incubated at 30ºC for 3 days. Enzymatic
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activity was detected by the development of clear
halo zones around the bacterial spots (Basha and
Ulaganathan, 2002)

Detection of ammonia
Bacterial isolates were tested for the production of
ammonia in peptone water. Freshly grown cultures
were inoculated in 10 ml peptone water in each tube
and incubated for 48–72h at 36±2°C. Nessler’s
reagent (0.5 ml) was added in each tube.
Development of brown to yellow colour was a
positive test for ammonia production (Cappuccino
and Sherman, 1992).

Detection of hydrolytic enzyme activity
Production of hydrolytic enzyme was qualitatively
assayed in minimal medium containing gelatin,
starch, pectin and carboxy- methyl cellulose (CMC)
for protease, amylase, pectinase and cellulase. Plates
were incubated for 48 h at 30°C and the formation
of a clear zone around bacterial colonies was
interpreted as being positive (Kasana et al., 2008).

Siderophore production.
Chrome Azurol S (CAS) agar medium was prepared
as described by Schwyn and Neilands (1987) to
detect siderophore production. CAS agar (blue agar)
was inoculated at the center of the plate with 24-h-
old culture of isolates and kept for incubation at
30°C for 72 h. The change of blue colour of the
medium to orange or the presence of a yellow to
light orange halo zones surrounding the bacterial
colony indicated the production of siderophores.

Production of salicylic acid (SA)
To determine salicylic acid production of the
isolates, the strains were grown in the standard
succinate medium (SSM) at 28±2ºC for 48 hrs on a
shaker incubator at 180 rpm. Cells were harvested
by centrifugation at 10000 rpm for 5min and were
re suspended in 1ml of 0.1 M phosphate buffer. 4
ml of the cell free culture filtrate was acidified with
1N HCL to pH 2.0 and SA were extracted with equal
volume of chloroform. Four ml of water and 5 ml
of 2M ferric chloride were added to the pooled

chloroform phases. The absorbance  of the  purple
iron-SA  complex,  which  was  developed  in  the
aqueous  phase,  was  read  at  527  nm against
blank in UV- visible spectrophotometer. A standard
curve was prepared with SA in SSM and quantity
of SA produced was expressed as mg/50 ml.

ACC deaminase production
The isolates were screened for ACC deaminase
activity using the methods described by Dworkin
and Foster (1958). For this, the isolates were
inoculated on to DF minimal salt medium amended
with 2 g/L ammonium sulphate. The presence of
bacterial growth in the media after incubation was
considered as a positive result.

Pot culture experiment
Pot culture was conducted to evaluate the effect of
two selected Pseudomonas aeruginosa isolates PS
2 and PS 3 on control of chilli anthracnose under
greenhouse conditions at School of Biosciences,
MG University, Kottayam, Kerala, India. Chilli
seeds of crop variety Ujwala were obtained from
the Regional Agricultural Research Station,
Kumarakom, Kottayam.

The properties of the soil were checked in the soil
testing laboratory, Alappuzha. The soil (loamy
texture, pH- 6.5; electrical conductivity- 0.1x10-

3mhos/cm, organic carbon- 1.32%, organic nitrogen-
0.76 kg/ha, available phosphorus- 9.8 kg/ha,
available potassium- 48.8 kg/ha, dehydrogenase
activity- 0.75 µg TPF g -1soil/day, phosphatase
activity-3.25 µg PNPg-1soil, bacterial total plate
count-5.2×106cfu/ml, phosphate solubilizers-
2×106cfu/ml) was air dried and passed through 2
mm sieve. The recommended dose of fertilizers
(rock phosphate @ 60 kg P

2
0

5
ha-1, urea @ 75 kg N

ha-1 and muriate of potash @ 25 kg K
2
0ha-1) was

used for each pot.  Half of nitrogen, full phosphorus
and half of potash were mixed with the soil and
filled in earthen pots (30×30 cm) before
transplanting at the rate of 10 kg per pot. One fourth
of nitrogen and half of potash were applied 30 days
after planting and remaining quantity of N was
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applied two months after planting.

The experiments were conducted in a completely
randomized design (CRD) with five treatments each
having three replications. A standard culture of
Pseudomonas fluorescens which can efficiently
control chilli anthracnose was obtained from Tamil
Nadu Agricultural University (TNAU) to compare
the results with our test cultures.  The bacterial
isolates and the standard culture were inoculated
into Kings B broth and incubated at 27°C for 2 days
and 5ml of the resultant culture (5×109cfu/ml) was
used for pot study. The pathogen used in the in vivo
study, C. capsici, was isolated from the infected fruit
collected from the Agricultural College Vellayani,
Thiruvananthapuram. The pathogen was inoculated
on oatmeal agar plates and incubated at 28±2°C for
5 days. The resultant culture was used for the
induction of anthracnose disease in chilli plants
under in vivo study.

Inoculation of Pseudomonas aeruginosa in
greenhouse experiments
The chilli seeds were surface sterilized with 2%
sodium hypochlorite for three minutes and then
washed with sterile distilled water. The pots were
then sown with sterilized chilli seeds (10 seeds/pot).
Thinning was done after germination to retain four
seedlings in each pot. After one month the chilli
plants were subjected to foliar spray treatments. For
foliar spray treatment, the plants were sprayed with
5 ml of 48 hrs old culture (5×109cfu/ml) of
Pseudomonas aeruginosa Ps2, Pseudomonas
aeruginosa Ps 3 and the standard Pseudomonas spp.
Fresh seeds without any bacterial inoculum were
used in control and fungicide treated treatments.
Foliar application of the fungicide Mancozeb (0.2%)
was also done after 30 days. A booster dose of
cultures (5 ml of 48 hour old culture) was given
after 30 days of first treatment. Plants were grown
in greenhouse (average RH 78%, temperature 22 –
25 °C, natural day light) and watered regularly to
maintain optimum soil moisture regime. The control
plants did not receive any bacterial or fungicide
treatment at any stage of growth. The pot experiment

was conducted and repeated twice during 2014 –
2015 as Rabi crop.

 Disease induction
Chilli anthracnose disease was artificially
introduced by challenge inoculation of plants with
Colletotrichum capsici on the 45th day of plant
growth. Conidial suspension of Colletotrichum
capsici was prepared in sterilized distilled water by
harvesting acervuli from freshly sporulating cultures
by scraping the surface of OMA slants with
sterilized spatula. Serial dilutions of the spore
suspension were prepared and inoculum density was
adjusted to 5×105 spores /ml using a
haemocytometer and the resultant fungal suspension
was used to introduce anthracnose disease in the
chilli plants according to the method described by
Oh et al. (1999), with minor modifications. The
control plants were inoculated with sterilized water.

The leaves and fruits of all the plants were subjected
to examination of the development of anthracnose
symptoms. Disease incidence was calculated
according to the formula:
Percentage of disease incidence in leaves

=  No. of  leaves infected ÷ Total no. of leaves x 100

Percentage of disease incidence in fruits
=  No. of  fruits infected ÷ Total no. of fruits x 100

Effect of Pseudomonas aeruginosa in induction of
defense enzymes against Colletotrichum capsici
The ability of the Pseudomonas aeruginosa isolates
to induce systemic resistance in chilli plants was
assessed under greenhouse conditions. Plants and
plots were prepared as per the methods described
for biocontrol study and three replications were
maintained in each treatment. Four pots per
replication were maintained. After 45 days, the
plants were challenge inoculated with
Colletotrichum capsici. The plants neither treated
with biocontrol agents nor challenged with the
pathogen were kept as control. The experiments
were conducted using completely randomized
design (CRD).
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Chilli plants were carefully uprooted without
causing any damage to root tissues at different time
intervals (6, 12, 18 and 24 hours after the pathogen
inoculation) and used for enzyme extraction. Four
plants were sampled from each replication of the
treatment separately and maintained for biochemical
analysis. Leaf samples were washed under running
tap water and homogenized with liquid nitrogen in
a pre-chilled mortar and pestle and stored at 800 C
for further studies.

Estimation of phenylalanine ammonia lyase (PAL)
activity
Plant samples (1 g) were homogenized in 3ml of
ice cold 0.1M sodium borate buffer, pH 7.0
containing 1.4 mM of 2-mercaptoethanol and 0.1 g
of insoluble polyvinyl pyrrolidone. The extract was
filtered through cheese cloth and the filtrate was
centrifuged at 16,000 rpm for 15 minutes. The
supernatant was used as enzyme source. PAL
activity was determined as the rate of conversion
of l-phenylalanine to trans- cinnamic acid at 290
nm (Dickerson et al., 1984). Samples containing 0.4
ml of enzyme extract were incubated with 0.5 ml
of 0.1M borate buffer, pH 8.8 and 0.5 ml of 12 mM
phenylalanine in the same buffer for 30 min at
300 C. The amount of trans- cinnamic acid
synthesized was calculated (Dickerson et al., 1984).
Enzyme activity was expressed as n mol trans -
cinnamic acid min-1gm-1.

Assay of peroxidase (PO)
Leaf samples (1 g) were homogenized in 2 ml of
0.1M phosphate buffer, pH 7.0 at 40 C. The
homogenate was centrifuged at 16,000 g at 4ºC for
15 min and the supernatant was used as enzyme
source. The reaction mixture consisted of 1.5 ml of
0.05 M pyrogallol, 0.5 ml of enzyme extract and
0.5 ml of 1% H

2
O

2
. The reaction mixture was

incubated at room temperature (28 ± 2ºC). The
changes in absorbance at 420 nm were recorded.
The enzyme activity was expressed as changes in
the absorbance min-1 gm-1 (Hammerschmidt et al.,
1982).

Assay of polyphenol oxidase (PPO)
Leaf samples (1 g) were homogenized in 2 ml of
0.1M sodium phosphate buffer (pH 6.5) and
centrifuged at 16,000 g for 15 min at 4ºC. The
supernatant was used as enzyme source. The
reaction mixture consisted of 200 μl of the enzyme
extract and 1.5 ml of 0.1M sodium phosphate buffer
(pH 6.5). To start the reaction, 200 μl of 0.01M
catechol was added and the activity was expressed
as changes in absorbance at 495nm in
min-1gm-1(Mayer et al., 1965).

Estimation of total phenolic content
Chilli leaf tissues (1 g) were homogenized in 10ml
of 80 % aqueous methanol and agitated for 15 min
at 70ºC. Methanolic extract (1 ml) was added to 5
ml of distilled water containing 250 μl of Folin–
Ciocalteau reagent (1 N) and the solution was
incubated at 25ºC. The absorbance of the blue colour
developed was read using a spectrophotometer at
725 nm. Total phenolic content was calculated from
standard graph drawn from catechol and Folin
Ciocalteau reagent and expressed as catechol /g
fresh weight.

Statistical analysis
The statistical analysis for all the parameters were
performed using one way or two way analysis of
variance. The means were compared by Duncan’s
Multiple Range Test using the statistical package
SAS version 8.3 (SAS Institute Inc., Cary, NC,
USA). The differences among the LS MEANS were
analyzed by constructing diffogram (called the
mean-mean scatter plot by Hsu, 1996). The
diffogram produced by GLIMMIX is a two
dimensional plot with both the vertical and
horizontal axes of the same length and having the
same numerical range defined by the difference
between largest and smallest means (with a slightly
larger range needed to plot the confidence intervals
for the differences within the plotting area).
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Results and Discussion

Dual culture assay
The antagonistic effect of the selected two bacterial
isolates were tested against the chilli anthracnose
pathogen Colletotrichum capsici by the standard
dual culture method. Among the two isolates of
Pseudomonas aeruginosa, Ps 2 showed maximum
inhibition of 93.41% whereas the other isolate Ps 3
showed 72.5% of inhibition against Colletotrichum
capsici after 5 days of incubation (Fig.1).

Colletotrichum capsici whereas Ps 3 showed 35.55
% of inhibition (Table 1).

Both the isolates were capable of producing
siderophore and HCN. The two isolates of
Pseudomonas aeruginosa namely Ps 2 and 3 are
positive towards ammonia formation. Ammonia
production by the PGPB helps influence plant
growth indirectly. Both the isolates are catalase
positive because both of them showed the
development of effervescence on addition of
hydrogen peroxide to the bacterial culture. Among
the two isolates Ps 2 is pectinase and chitinase
positive but amylase, protease and lipase negative.
The other isolate Ps 3 is amylase, pectinase and
chitinase positive and protease and lipase negative.
Both the isolates have the ability to produce salicylic
acid. Production of salicylic acid by isolates 2 and
3 was found to be 11.3µg/ml and 14.1µg/ml,
respectively. In the present study both the isolates
showed positive results towards ACC deaminase
production (Table 2).

Mechanism of antifungal activity
Both the isolates were capable of producing volatile
organic compounds and thereby inhibiting the
growth of the pathogen. Among the two isolates,
Ps 2 showed maximum inhibition of 46.16%
whereas Ps 3 showed inhibition of 40.34% against
the growth of Colletotrichum capsici through the
production of volatile organic compounds.
Nonvolatile organic compound production showed
a decline of 44.85% by Ps 2 against the growth of

Figure 1. Antifungal activity Pseudomonas aeruginosa
isolates  against Colletotrichum capsici

Table 1. Growth reduction of Colletotrichum
capsici by organic acid production
Isolate % growth reduction of

Colletotrichum capsici
Volatile  Nonvolatile

organic acid*  organic acid*
PS 2 46.16±0.28 44.85±0.78
PS 3 40.34±0.29 35.55±0.67
*Values are means of three replications ± SD

Table 2. Secondary metabolite production and enzyme
activity of isolates
Metabolite production*   Isolates

Ps 2 Ps 3
Siderophore +ve +ve
HCN +ve +ve
Ammonia +ve +ve
salicylic acid (SA) +ve +ve
ACC deaminase production +ve +ve
Chitinase +ve +ve
Amylase -ve +ve
Pectinase +ve +ve
Protease -ve -ve
Cellulase -ve -ve
*Mean of five replicates

The results of the in vivo antifungal activity of the
selected Pseudomonas aeruginosa isolates viz., Ps
2 and 3 and the standard Pseudomonas culture
obtained from TNAU were recorded after 90 days
of pathogen inoculation when standard disease
symptoms appeared both on the fruits and leaves
(Tables 3 and 4). In control plant 100% of fruits
and 80.66% of the leaves were infected by the
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pathogen. Typical anthracnose symptoms appeared
in the fruits and leaves of control plants which had
not received any biocontrol and chemical fungicide
treatment. In the case of fungicide treated plants,
about 3.09 % of the leaves were infected, but disease
development in fruits was zero. There was no
disease incidence in the fruits of Pseudomonas
aeruginosa Ps 2 and Ps 3 treated plants, but 19.44%
of fruits were infected in standard treated plants.
The leaves of Pseudomonas aeruginosa Ps 3 treated
plants remained unaffected as where in
Pseudomonas aeruginosa Ps 2 and standard treated
plants 1.70 and 4.11% of the leaves were diseased
(Figs. 2 & 3).

The popularity and demand for chilli are providing
a boost to the chilli industry, but production is
increasingly constrained by the prevalence of plant
diseases. Among the diseases, anthracnose caused
by Colletotrichum capsici is the most important
disease. Under suitable weather conditions, the
disease may cause 12-15% loss in the crop (Suthin
et al., 2006; Suthin and John, 2008). In the present
study two Pseudomonas aeruginosa isolates namely

Ps 2 and 3 showed significant activity against
anthracnose fungi Colletotrichum capsici under in
vitro condition. In a study carried out by Shilpa and
Gokulapalan (2015), T. viride caused 55.5%

Table 3. In vivo antagonism of microbial antagonists Pseudomonas aeruginosa against anthracnose in chilli fruits
Sl.No. Treatments Total number Number of fruits % of disease

of fruits**  infected**  incidence in fruits
1 Control 1 1 100
2 Fungicide (Mancozeb 0.2%) 2 0 0
3 Pseudomonas aeruginosa Ps 2 6 0 0
4 Pseudomonas aeruginosa Ps 3 7.66 0 0
5 Pseudomonas fluorescens 3.66 0.66 19.44
*All values are means from two repeated experiments with three replications each with 4 plants (4 plants/pot)
** Values are per treatment i.e., for all the plants in all replications

Table 4. In vivo antagonism of Pseudomonas aeruginosa against anthracnose in chilli leaves.
Sl.No. Treatments Total number Number of leaves % of disease

of leaves**  infected**  incidence in leaves
1 Control 22.33 d 18 a 80.66
2 Fungicide (Mancozeb 0.2%) 34.33 c 1bc 3.09
3 Pseudomonas aeruginosaPS 2 77.33 b 1.33bc 1.70
4 Pseudomonas aeruginosaPS 3 91a0 c 0
5 Pseudomonas fluorescens 73 b3 b 4.11

*All values are means from two repeated experiments with three replications each with 4plants (4 plants/pot) and Means in a
column followed by the same letter(s) are not significantly different according to Duncan’s Multiple Range Test (P=0.05) at 5%
level of significance
** Values for all the plants in all replications

Figure 2. Induced disease suppression of anthracnose in
chilli treated with distilled water as a negative control or
Mancozeb 0.2% as a positive control or suspensions
of Pseudomonas aeruginosa isolates viz., Ps 2 and 3, the
standard Pseudomonas culture. All values are means
from two repeated experiments with three replications
each with 4 plants (4 plants/pot) under greenhouse
experiments.
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mycelial growth inhibition of Colletotrichum capsici
in dual culture. In the same study Pseudomonas
flourescens showed 90% of the radial growth
inhibition of Colletotrichum capsici. Similarly Kaur
et al (2006) noticed 53.0% inhibition of C.capsici
by T. viride and complete overgrowth by the
biocontrol agent. The formation of hyphal coils by
T. viride on pathogenic colonies was also noticed.
Of the various rhizospheric bacteria, the bacteria
belonging to Pseudomonas, which colonize roots
of a wide range of crop plants, are reported to be
antagonistic to soil borne plant pathogens
(Ehteshamul-Haque et al., 2007; Siddiqui et al.,
2000). The production of certain antibiotics (Levy
et al., 1992) and siderophores (De Meyer and Hofte,
1997; Buysens et al., 1996) by Pseudomonas
aeruginosa has been regarded as one of the
mechanisms involved in antagonism. In the present
investigation, the two isolates tested are siderophore
and HCN positive. The iron concentration in the
soil is low enough (10-7M) to limit the growth of

soil microorganisms (10-8 – 10-6 M) (Kloepper et
al., 2004). Rhizobacteria have to develop some
strategies to acquire iron. The major strategy is the
production and utilization of siderophores. The
rhizobacteria that can produce siderophores could
compete for iron with soil borne pathogens.
Competition for iron is also a possible mechanism
in agriculture to control the pathogenic fungi in the
soil. HCN, a volatile metabolite is thought to play a
major role in biological control of some soil borne
diseases (Siddiqui et al., 2006). In pseudomonad
species, HCN is released by the decarboxylation of
glycine (Wissing, 1975). Volatile and non volatile
organic acid production is also shown by the isolates
employed in the present study. Microbial degrading
enzymes of the cell wall of fungal pathogens have
been reported (Fridlender et al., 1999). Bacterial
strains showing catalase activity must be highly
resistant to environmental, mechanical and chemical
stress (Joseph et al., 2007). Here Ps 2 is pectinase
positive, whereas Ps 3 is amylase and pectinase
positive. The presence of these enzymes may be
the reason for the antifungal activity shown by these
isolates. The two isolates also produced salicylic
acid at a significant level, which may contribute to
the disease suppression ability of the isolates.
Hamada and Hashem (2003) found that soaking
wheat grains in SA before sowing significantly
reduced the values of mean disease rating caused
by Bipolaris sorokiniana, F. oxysporum or F.
graminearum. It was also reported that SA induced
plant resistance against pathogens and stimulated
plant growth (Vidhyasekaran, 1990).

The results of the greenhouse study showed that
the selected Pseudomonas aeruginosa isolates were
excellent biocontrol agents, since they exhibited
significant levels of antifungal activity against
Colletotrichum capsici. There are several studies on
biocontrol of chilli diseases by rhizosphere microbes
(Rini and Sulochana, 2006; Vasanthakumari and
Shivanna, 2013; Sudhir et al., 2014). Suthin and
John (2008) reported the ability of Trichoderma
harzianum to reduce Colletotrichum capsici fruit rot
in chilli. Sudhir et al., (2014) reported the control

Figure 3. Interaction plot for disease incidence in leaves
of different treatments under greenhouse
experiments.This plot confirms the results of the F test
on whether or not the interaction is significant. The points
for each appraiser average measurement per part are
connected to form k (number of appraisers) lines. The
way to interpret the graph is if the k lines are parallel
there is no interaction term. When the lines are
nonparallel, the interaction can be significant. Here the
lines are nearly parallel, indicating no significant
interaction. All values are means from two repeated
experiments with three replications each with 4 plants (4
plants/pot)
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of chilli anthracnose by endophytic Pseudomonas
aeruginosa isolated from chilli fruits.  Majority of
antagonistic bacteria are Gram negative and belong
to the group of fluorescent pseudomonads, which
are efficient biocontrol agents (Bloemberg and
Lugtenberg,  2001). Antagonistic activities were
also reported in Pseudomonas chlororaphis, P.
fluorescens, P. graminis, P. putida, P. tolaasii and
P.  veronii (Adhikari et al., 2001).

Induction of systemic resistance by Pseudomonas
aeruginosa against Colletotrichum  capsici under
greenhouse conditions
Activation of the plant’s own defense system with
the aid of biotic and abiotic inducer is a novel
technology in the management of plant diseases.
Microbial products have been considered as one of
the major groups of compounds that induce
systemic resistance. Biologically active compounds
present in biocontrol agents act as elicitors and
induce resistance in host plants resulting in
reduction of disease development. PGPR induced
systemic resistance (ISR) is similar to pathogen
induced systemic acquired resistance (SAR) in non-
infected parts and made plants more resistant to
pathogen infection and are effective against a wide
range of foliar and root pathogens (Zhang et al.,
2002)

Phenylalanine ammonia lyase is the first key
enzyme in the phenyl propanoid metabolism and
plays a significant role in the regulation of
biosynthesis of phenols in plants (Lawton and
Lamb, 1987). PAL catalyzes the conversion of
phenylalanine to trans-cinnamic acid, which
supplies the precursors for flavonoid pigments,
lignins and phytoalexins (Hahlbrock and Scheel,
1989). The activation of PAL and subsequent
increase in phenolic content in plants is a general
response associated with disease resistance
(Velazhahan and Vidhyasekaran, 1999). Inhibition
of PAL affects subsequent pathways of phenolic
compound synthesis.

Peroxidases are involved in phenyl propanoid

metabolism, regulation of plant cell elongation,
phenol oxidation, polysaccharide cross-linking, IAA
oxidation, cross-linking of monomers, oxidation of
hydroxyl cinnamyl alcohols into free radical
intermediates and wound healing (Vidhyasekaran
et al., 1997). Plant peroxidases are heme - proteins
that use H

2
O

2
 to oxidize a large variety of hydrogen

donors such as phenolic substances, amines,
ascorbic acid, indole and certain inorganic ions (Van
Huystee, 1987). In the present study, a significant
increase in peroxidase activity was noticed after 6
hrs of treatment and continued upto 24 hrs of
incubation in all the treatments including the control
plant (Fig. 4).

Polyphenol oxidase is a copper containing enzyme,
which oxidizes phenolics to highly toxic quinones
and is involved in the terminal oxidation of diseased
plant tissues, which attributes for its role in disease
resistance. In the present study, polyphenol oxidase
activity was comparatively high in bacteria treated
leaf extracts as compared with the control.  There
was a significant increase in the PPO level with the
increase in time (Fig. 4). The increase in polyphenol
oxidase activity might be due to activation of latent
host enzyme, solubilisation of host polyphenol
which was normally particulate or even due to de
novo synthesis (Rao et al., 1988).

Phenolic compounds act as anti microbials (Jung et
al., 2004) and are critical to host defense in sensing
and defense-triggering in host pathogen interaction
(Beckman, 2000). Studies have demonstrated rapid
esterification of phenolic compounds into the plant
cell wall as a common and early response in the
expression of resistance (Nicholson and
Hammerschmidt, 1992). In the present study,
phenolic content was comparatively high in bacteria
treated plants compared to the untreated control.

The ability of the selected Pseudomonas aeruginosa
isolates to control chilli anthracnose was proved
under greenhouse studies. Management of plant
diseases by the application of biocontrol agents
provides one component in integrated disease
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( a)  PPO activity (b)  PO activity

                 (c)    PAL activity (d) Phenol content

Fig. 4. Diffogram of of defense enzyme production induced by Pseudomonas aeruginosa in chilli against Colletotrichum
capsici.under green house experiment. .A significant difference between pairs of ls means(i.e., the adjusted pvalue is
less than 0.05) occurs when the adjusted lower and upper endpoints of the confidence intervals are both positive or both
negative; that is, the solid lines sloping at -45 degrees fall completely above or below the line of equality. This line of
equality also identifies non-significant differences; when the line for the confidence interval intersects the diagonal
(shown with a dashed line), the value 0 is included within the confidence interval. The attributes are (a) polyphenol
oxidase (PPO) (b) peroxidase (PO) (c) phenylalanine ammonia lyase (PAL) (d) total phenolic content.
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management. Induction of defense enzymes viz,
Peroxidase (PO), Polyphenol oxidase (PPO) and
Phenylalanine ammonia lyase (PAL), is one of the
key factors in the suppression of pathogen and
disease development. Here the two Pseudomonas
aeruginosa isolates induced systemic resistance in
host plants. Hence, these biocontrol agents are
capable of reducing fungal disease in chilli and will
also help to reduce the usage of chemical fungicides
which will adversely affect the environment.
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Abstract. In the midst of strenuous efforts in fabricating materials for supercapacitors, lithium ion 
batteries, molecular sieves and catalysts, manganese dioxide plays a vital role due to their unique 
tunnel framework. Alpha phased manganese dioxide (α-MnO2) nanoparticles are synthesized using 
a low temperature coprecipitation method.  The structural and morphological characterization 
carried out by XRD, SEM and HRTEM techniques, confirms the formation of α-MnO2 

nanoparticles. The EDS results confirmed the non stoichiometry and the presence of K+ ions within 
the crystal lattice. The non stoichiometry is due to the large number of oxygen vacancies within the 
crystal. Rietveld refinement of XRD pattern was carried out to study in detail the role of K+ ions in 
maintaining the stability of the 2x2 tunnel framework of α-MnO2. The UV-Vis absorption and 
photoluminescence spectrum were studied for analyzing the energy band structure of MnO2. A 
direct band gap of 1.66 eV is obtained from the famous Taucs plot. The photoluminescence 
exhibits strong emission line in the visible region at 743 nm and defect related emission peaks at 
757 and 751 nm. The dielectric studies were carried out using dielectric spectroscopy. The 
temperature dependence of orientation polarization can be understood from the study of variation 
of dielectric constant and losses with temperature. Moreover, the phase purity of the sample and 
the Mn-O vibrational frequencies were analyzed using FTIR spectrum. 

1. Introduction 

Manganese dioxide (MnO2) is an important transition metal oxide which shows versatile 
properties due to their variable oxidation states. The different polymorphic states of MnO2 arise due to the 
difference the structural arrangement of the basic MnO6 octahedra. Among the different polymorphic 
states alpha phased MnO2 (α-MnO2) consists of a 2x2 and 1x1 tunnel structure formed by corner sharing 
and edge sharing of MnO6 octahedra. This unique structure is useful in lithium ion batteries and molecular 
sieves which can be applied to areas like long lasting battery technology and water harvesting technology. 
Various approaches have been used to fabricate manganese dioxide, such as self-reacting microemulsion 
[1], precipitation [2], room-temperature solid reaction [3], sonochemical [4], hydrothermal methods [5-8] 

http://creativecommons.org/licenses/by/3.0
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and co-preciptation [9]. In the present work alpha phased MnO2 (α-MnO2) nanaparticles were synthesized 
using a coprecipitation method. Here in order to study the role of K+ ions in maintaining the structural 
framework of the tunnel structure refinement was done with and without K+ ions. 

2. Experimental section 

 Potassium permanganate (98.5 %, E. Merck), and Manganese Nitrate (99 %, E. Merck) were used 
as received without further purification. Ultra-pure water was used for the preparation of all reagents 
solutions. Manganese Nitrate (Mn(No3)2 )and Potassium Permanganate (KMno4) were first dissolved in 
distilled water the appropriate molar ratio. The solution was heated at 60˚C for 5hrs with continuous 
stirring .The products were washed and dried. The sample were annealed at 70˚C  for 3hrs. 

 The X-ray diffraction (XRD) patterns were collected with a Bruker AXS D8 advance X-ray 
powder diffractometer equipped with a scintillation counter using Cu K� radiation (� = 1.5406Ao). Energy 
dispersive spectrum (EDS) spectrum was obtained from JEOL Model JED – 2300 instrument. 
Transmission electron microscopy (TEM) was carried out on a JEM-2100 transmission electron 
microscope operated at an accelerating voltage of 60-200 KV in 50 V steps. The band gap studies were 
carried out by a UV- Vis spectrometer (Varian, Cary 5000). The Fourier transform infrared spectroscopy 
(FTIR) and photoluminescence (PL) studies were done using Thermo Nicolet, Avatar and Perkin Elmer 
LS 45 spectrometers.  

3. Results and discussion 
 

The phase and purity of the products are first examined by XRD. Figure 1 shows the refined XRD 
pattern along with the crystal structure with and without potassium in the lattice. All the peaks in the XRD 
pattern can be indexed to a pure body-centered tetragonal α-MnO2 phase, with lattice constants of a = 9.72 
Ao, c = 2.86Ao, which are in agreement with the standard values of JCPDS 44-0141. With the aid of the 
famous Scherrer formula the average particle size of the nanoparticles are found to be 24 nm. Absence of 
additional peaks of other phases indicates the phase purity of the final product. The Rietveld refinement is 
carried out for a tetragonal unit cell having space group I 4/m using pseudo Voigt function. In MnO2, Mn 
is associated with Wykoff position 8h, oxygen at 8h and K+ ions at 2b. Refined unit cell parameters comes 
out to be a = 9.8165 Å and c = 2.8557Å.  A detailed study of the crystal  structures are required so as to 
analyze the importance of K+ ions in maintaining the structural framework of α-MnO2 [10]. The structural 
framework consists of basic MnO6 octahedra in an edge shared and corner shared fashion resulting in a 
(2x2) + (1x1) tunnel structure. It is the size of the tunnel that is capable of accommodating a K+ ion for 
structural stability. The potassium ions are distributed throughout the crystal structure.  The crystal 
structure obtained incorporating K+ ions with the refinement parameters matches well with the reported 
crypomelane architecture [10]. The 2 x 2 tunnel structure is capable of incorporating a K+ ion, whereas for 
the refinement procedure done without K+ ions the tunnel framework is completely disfigured. Also a 
collapse of the basic MnO6 octahedra which is the building block of the tunnel framework is observed. 
Hence the K+ ions which gets intercalated to the 2 x 2 tunnel space of the crystal structure is capable of 
holding the tunnel framework.  To gain better understanding of the nanoparticles, SEM and HRTEM 
images (Figure 2) of the sample is necessary. The SEM image clearly reveals that the synthesized 
nanoparticles have no defect or dislocation and also they are single crystalline. The particles obtained from 
HRTEM shows that the particle has a size distribution in the range 19nm – 35nm. These results are in 
good agreement with XRD result. 
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Figure 1. Rietveld refined XRD pattern of (a) without K+ ions (b) with K+ ions. Crystal structure of 
prepared sample (c) without K+ ions (d) with K+ ions 

The compositional constituency of the prepared sample can be analysed using Energy dispersive 
spectroscopy (EDS).  The EDS spectra (Figure 3 (a)), confirms the presence of Mn, O and K in the 
sample. The potassium ions stabilize the tunnel framework of the crystal structure. From the analysis it 
was found that the MnO2 nanoparticles are nonstoichiometric with a large number of oxygen vacancies.  
This results in an mixed oxidation state of Mn throughout the sample. Diffuse reflectance spectral studies 
in the UV- Vis region were used to estimate the optical band gap of the synthesized nanorods. The 
calculated band gap from the Tauc plot is 1.68 eV and is higher than the reported values for 
nanostructured MnO2 [11]. This high value may be attributed to better quantum confinement effect of 
MnO2. Figure 3 (c) shows the Pl spectra of MnO2 nanoparticles with an excitation wavelength of 500 nm.  
As indicated in the figure the spectrum exhibits prominent emission bands with peaks at 1.66 (743 nm), 
1.65 (751 nm) and 1.63 eV (757 nm).  

The intense emission peak at 1.66 eV corresponds to the band edge emission.  The peak at 1.63 eV 
may be assigned to the oxygen vacancy related defects.  MnO2 being a highly non stoichiometric material, 
is rich in oxygen vacancies. The EDS result also confirms the presence of oxygen vacancies. A weak peak 
at 1.65 eV may be assigned to the surface dangling bonds or surface defects. The phase purity of the 
sample can be analyzed using FTIR spectrum (Figure 3 (d)). The bands  around  3407, 1602 cm-1 and 1116 
cm-1 corresponds to the O-H vibration mode of traces of adsorbed water .The peak at 511 cm-1 is due to  
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Figure 2. (a) SEM images  and (b) HRTEM images of synthesised MnO2 nanoparticles. 
 

 

Figure 3. (a) EDS spectrum (b) Tauc plot (c) pl spectrum and (d) FTIR spectrum of α-MnO2 

nanoparticles. 
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displacement of oxygen anions relative to  Mn cation along the direction of octahedron chain, or we can 
say it is due to metal-oxygen (Mn-O) bending vibrations of [MnO6] octahedral in α-MnO2 nanoparticles. 

The net polarisability of a composite depends on several components namely, electronic, atomic, 
interfacial and orientation polarisability. All these contribute towards the dielectric constant of a given 
material. Only orientation polarisability depends directly on temperature. Figure 3 shows the variation of 
dielectric constant and dielectric loss with temperature. As the temperature increases the dielectric 
constant increases to a very high value at 800 C and then the values start to decrease.  When an electric 
field is applied on a polar material, the potential energy of the associated dipoles change. The orientations 
aligned with the field will have a lower potential energy compared to that of the orientations aligned 
against the field. Less amount of energy is required to get aligned with the applied electric field and more 
energy is required to get aligned the applied field. 

 

Figure 4. Variation of (a) dielectric constant and (b) dielectric loss with temperature. 

At room temperature conditions, only some of the molecules will have the required energy to 
align themselves with the applied field. On increasing the temperature from 300C to 800C the energy in the 
system is enough to increase the potential energy of the remaining orientations to that critical value where 
they get themselves aligned with the applied electric field resulting in a high net orientation polarization 
and hence an increase in dielectric constant values is observed. 

 On increasing temperature further above 800C, the dielectric constant values decreases. This is due 
to the reason that as temperature increases to higher values, the molecular vibrations of the molecules 
increases along with random thermal motion to such an extent that, the range of deviation from aligning 
itself to the applied electric field increases resulting in molecules less closely aligned to themselves and 
applied electric field (Figure 4).                                                                                      
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Figure 5. Effect of temperature on orientation polarization 

As temperature increases further the energy of the orientations becomes close to the critical 
potential energy required to align the dipoles or molecules against the applied electric field. Above all 
mentioned factors contribute to a decrease in net orientation polarisability and hence the dielectric 
constant values decreases. The same trend is seen in the case of loss factor also. As temperature increases 
the loss factor increases up to a particular temperature and then starts to decrease.  The increase in 
frequency causes a lag in orientation polarization which in turn results in lowering of the dielectric 
constant. From the graph it is obvious that at MHz frequency range the value of dielectric constant and 
dielectric loss of MnO2 nanoparticles becomes independent of temperature. 

 
4. Conclusion 

Manganese dioxide nanoparticles are synthesized using a coprecipitation technique.  The XRD pattern 
and Rietveld refinement confirms the phase and the crystal structure formed. The morphology of the 
sample and material composition has been identified by HRTEM and EDS, respectively. The role of K+ 

ions in maintaining the 2 x 2 tunnel framework is studied in detail. The band gap of the sample is found to 
be 1.68 eV larger than the reported values, which is due to quantum confinement effects. The 
photoluminescence spectrum throws light on the band structure of α-MnO2 nanoparticles. The intense 
emission peak at 1.66 eV corresponds to the band edge emission. The peak at 1.63 eV may be assigned to 
the oxygen vacancy related defects. A weak peak at 1.65 eV may be assigned to the surface dangling 
bonds or surface defects due to Mn interstitials. As temperature increases the dielectric constant increases 
and then decreases after attaining a particular temperature. The increase is due to the increase in mobility 
of permanent dipoles which leads to orientation polarization.  
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a b s t r a c t 

The aim of this research was to enhance the physicochemical properties of potato starch (PS), tapioca 

starch (TS) and chitosan (CS) based bionanocomposite films by incorporating with different levels of 

turmeric nanofiber (TNF). The TNF was prepared from turmeric spent by acid hydrolysis accompanied 

with high pressure homogenization. The morphology of the bionanocomposites was analyzed by SEM 

and it revealed their large aggregation cluster with dense structure through tightly packed TNF in the 

biocomposite films. The attainment of bionanocomposites due to the formation of fresh hydrogen bonds 

between the hydroxyl groups of PS, TS and CS with TNF authenticated by FT-IR spectroscopy. XRD re- 

sults exhibited the disappearances of peaks of TNF indicating the reinforcement of TNF in the prepared 

bionanocomposite matrixes. The tensile strength and Young’s modulus of the bionanocomposites were 

improved tremendously through increasing TNF concentration due to the formation of starch-TNF and 

chitosan-TNF network. DSC data indicated the addition of TNF significantly increased the onset tempera- 

ture, peak temperature and conclusion temperature of bionanocomposites; however, the enthalpy change 

values considerably decreased. The antibacterial test showed the bionanocomposites exhibited excellent 

antibacterial performance against Bacillus cereus, Escherichia coli, Staphylococcus aureus and Salmonella ty- 

phimurium due to the addition of TNF in the biopolymer matrixes. 

© 2019 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 

1. Introduction 

Biopolymers are defined as biologically degradable polymers 

which are produced by living organisms. They contain monomeric 

units that are covalently bonded to form larger structures which 

are generally sustainable and renewable materials, as they are 

made from living materials. Biopolymers have a surprising num- 

ber of responsibilities in our body based on various biomolecular 

sciences; they hold cells together to form tissues, provide intel- 

ligent chemical signals to the cells to guide their behavior, con- 

tribute to the hydration of skin and elasticity, lubricate joints and 

gastrointestinal tracts and protect against pathogens by assembling 

into the mucus gel that covers the eyes and respiratory tract. The 

chemical structures and compositions of biopolymers are very sim- 

ilar to the macromolecules of the native extracellular environment. 

Utilization of these materials in living systems would possibly re- 

duce the simulation of chronic inflammation or immunological 

∗ Corresponding author at: R&D Centre, Aurea Biolabs (P) Ltd, Kolenchery, Cochin 

682 311, Kerala, India. 

E-mail address: sreeraj.gopi@plantlipids.com (S. Gopi). 

reactions and toxicity which occur frequently when a synthetic 

polymer device is implanted into the host [1] . The biopolymers 

demonstrate an elevated prospective to be utilized as a preference 

to synthetic polymers and plastics, as they are more eco-friendly 

and are simple biodegradable and renewable materials. The de- 

velopment of innovative technologies and the growth of biological 

products decrease the confidence in synthetic polymers and plas- 

tic materials [2] . Moreover, modified biopolymers can provide the 

mechanical, thermal and electrical properties required for partic- 

ular applications. The molecular structures of biopolymers can be 

altered depending on the plant sources and processing treatments 

applied, which probably allowed targeted modification of biopoly- 

mer molecular structures to design plant based dispersions with 

tailored properties. Blending of biopolymers are used with the aim 

to extent their applications especially from natural resources for a 

wide range of applications like biodegradable, packing materials, 

automotive industries, agricultural and pharmaceutical industries 

[1,3] . 

The natural world has proffered various natural biopolymers 

particularly polysaccharides such as cellulose, starch and chitosan 

(CS) and has proven extremely feasible alternative to confect green 

https://doi.org/10.1016/j.jtice.2019.01.003 
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ABSTRACT: Rising sustainability demands the search of new
low-market-value sources of lignocellulosic biomass as raw
material for nanocellulose processing. In this paper, we
accordingly propose the isolation of nanocellulose from
Prosopis juliflora, an abundant but environmentally undesired
tree. P. juliflora wood was powered, refined by steam explosion
and bleaching, and subsequently used to isolate cellulose
nanocrystals and nanofibers by means of acid hydrolysis and
mechanical fibrillation. The derived nanocrystals had a rod-shaped structure with an average diameter of 20 nm and length of
150 nm, whereas the nanofibers had a diameter of 10 nm and length in micron size. Moreover, we report a simple method to
isolate nanolignocellulose by using partially bleached P. juliflora as feedstock. The presence of lignin provided antioxidant and
antimicrobial activity to nanocellulose, as well as hydrophobicity and increased thermal stability. The study demonstrates the
successful use of P. juliflora to extract functional nanomaterials, which compensate for its environmental concern and declining
market interest.

■ INTRODUCTION

Wood is considered one of the most successful engineering
materials on earth, which has sustained life, environment, and
human society for several centuries. The cell wall is rich in
cellulose, lignin, and hemicellulose, where cellulose is the load-
bearing entity, whereas lignin and hemicellulose act as the
polymer matrix. Nanocellulose, isolated through a top-down
approach, has generated great interest as a reinforcement and a
building block for functional nanomaterials due to its
renewability, biocompatibility, high specific surface area, low
density, and good mechanical properties.1,2 There is an
ongoing effort to produce nanocellulose more economically
and energy efficiently, for which waste biomaterials (agricul-
tural residues,3 industrial residues,4 sidestreams,5 etc.) are
being explored.
Prosopis juliflora is a woody, nitrogen-fixing plant that grows

to a height of 5−10 m and is native from South and Central
America. This plant can grow in semiarid regions and even
under harsh environmental conditions but has declining
market interest6−8 due to its invasive nature. P. juliflora has
invaded India and other regions throughout the world
including Saharan and southern Africa, the Middle Eaast,
Pakistan, and Hawaii,9 where it appears to suppress species
native to those regions, besides altering ecosystem services
such as water supply, hydrological functioning, grazing
potential, and soil quality.10 The chemical composition of P.

juliflora has been reported earlier as cellulose 40−45%,
hemicellulose 25−30%, lignin 11−28%, and extractives
(sugar, resins, volatile oils, fatty acids, tannins, alcohol, and
phenols) 3−15%.11,12 Multiple attempts to introduce a
potential application to P. juliflora have been previously
reported;13−16 however, there are no reports about the
extraction of nanocellulose from P. juliflora yet.
In this work, we explore P. juliflora as a source of cellulose

nanocrystals (CNCs) and nanofibers (CNFs) and also report
the isolation of nanolignocellulose (L-CNC and L-CNF) by
simply using partially bleached P. juliflora as feedstock. Lignin,
considered as a side product in the extraction of cellulose,
typically needs to be removed for most applications. However,
it has been previously proved that the presence of a certain
amount of residual lignin in nanocellulose can actually improve
the dispersion and compatibility of nanocellulose in hydro-
phobic polymeric matrices and nonpolar solvents (without
affecting intrinsic properties),2 as well as acting as an effective
free radical scavenger that stabilizes the reactions induced by
oxygen and its radical species.17−19 Moreover, the complete
removal of lignin from cellulose requires exhaustive bleaching
processes, which increases the commercial value of nano-
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Abstract Functionalisation is a viable route for

enhancing the interfacial interactions between a

hydrophobic polymer matrix and a hydrophilic rein-

forcement. One of the challenges in this strategy,

particularly for reinforcements similar to cellulose, is

the improvement in interfacial adhesion while not

sacrificing the key properties including biocompati-

bility. In this part of the present investigation,

cellulose nanoparticles were functionalised with

ethylene diamine to form aminodeoxy cellulose

nanoparticles and subsequently incorporated into

poly(ethylene-co-acrylic acid) to develop composites.

The successful functionalisation was confirmed by

FTIR. TEM analysis showed that the reinforcement

particles retained their nanodimensions even after

functionalisation. The mechanical properties of

EAA films were found to be improved by the addition

of functionalised nanoparticles. Thermal stability of

the nanoparticles and composites was seen to be

improved by functionalisation. The functionalised

nanocellulose reinforced composites showed excellent

biocompatibility.

Keywords EAA � Chlorodeoxy cellulose �
Aminodeoxy cellulose � Biocomposite

Introduction

Chemical modification of cellulose was in practice and

was used commercially even before the structure of

cellulose was precisely determined. Cellulose nitrate

was the earliest known derivative of cellulose which

was used as an explosive. The other common deriva-

tives of cellulose include esters and ethers (Lonsdale

et al. 1965; Salsa et al. 1997; Grunert andWinter 2002;

Alizadeh and Rad 2016). The properties of these

derivatives can be modified by varying the degree of

polymerisation of cellulose as well as the degree of

functionalisation. Chemical modification provides a

route for an effective and better utilization of cellulose

as polymer reinforcement. Deoxycelluloses are the

cellulose derivatives in which the hydroxyl groups are

partially or completely replaced by other functional

groups (da Silva Filho et al. 2006). Halodeoxycellu-

loses are interesting compounds because of the ease of
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a b s t r a c t 

Present work reports the fabrication of elastomeric membrane based on ionic liquid functionalized mul- 

tiwalled carbon nanotubes ( f- MWCNT) incorporated Styrene butadiene rubber (SBR) for the separation 

of azeotropic composition of toluene and methanol. The fabricated membranes were characterized by 

morphological analysis using transmission electron microscopy and glass transition temperature and heat 

capacity measurements by differential scanning calorimetry. Composite membranes demonstrate impres- 

sive separation performance with preferential selectivity towards toluene and 5 phr f- MWCNT loaded 

membranes was found to show the best result with respect to toluene flux and selectivity. Optimal sep- 

aration performance with the permeation flux 225% of SBR control membrane and separation factor of 

128 (1.6 times of SBR control membrane) is obtained for this membrane. The concurrent optimization 

of the physical and chemical structures of toluene permeation path on f -MWCNT surface provides the 

membrane with high-efficiency toluene permeation. Ionic liquid on MWCNT surface confer aromatic pi- 

pi interaction with toluene molecules leading to greater toluene affinity and higher repellency against 

methanol. Pervaporation characteristics of the membranes were also strongly influenced by the feed mix- 

ture composition. The study confirmed that increasing toluene concentration improved the toluene flux 

but reduced the separation factor. The experimental pervaporation fluxes were compared with the calcu- 

lations based on modified Maxwell–Stefan equation. The model allows a good quantitative prediction of 

experimental flux values. 

© 2018 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 

1. Introduction 

Pervaporation (PV), the membrane based technique for the 

separation of azeotropes and close boiling mixtures of aromatic–

aliphatic hydrocarbons is a potential and preferential technique 

due to the benefits of energy efficacy, environmental friendly 

nature and easiness in procedure than distillation and extraction 

[1] . Relative permeability of components as well as relative chem- 

ical potential across the membrane is the two critical parameters 

which determine the passage of components in the solvent mix- 

ture. Applications of pervaporation include azeotropic mixtures, 

organic–organic mixtures and close boiling liquids separation, 

∗ Corresponding author. 
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George). 

extraction of aromatic compounds from dilute solutions, retrieval 

of dissolved constituents. High permeability, good selectivity and 

stability are the vital factors which regulate the performance of 

a pervaporation membrane [2] . The major difference between 

pervaporation and other separation technique is that former 

comprises a phase alteration of permeating species to the vapour 

state from liquid state. Amount of components transferred through 

PV membrane is based on a solution-diffusion mechanism, which 

contains three stages: ( 1 ) entry of permeating molecules from the 

feed solution to the membrane; ( 2 ) transport of the permeating 

molecule through the membrane; and ( 3 ) desorption of the per- 

meating molecule to the vapor phase on the downstream side of 

the membrane. The first two steps i.e. sorption and diffusion are 

identified as the rate-determining step of the mass transfer [3] . 

Since the mechanism behind the pervaporation process is 

sorption and diffusion, the relative solvent–membrane interaction 

https://doi.org/10.1016/j.jtice.2018.09.019 
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Abstract. Among the various metal catalysts, zinc salts have enormous potential due to their availability, low toxicity, 
eco-friendliness and inexpensive nature. Biologically Zn is an essential element in our daily lives and it possesses a wide 
range of applications in pharmaceutical as well as material sciences. In synthetic organic chemistry, the main role of zinc 
salts is as a Lewis acid catalyst. The importance of synthesis of heterocycles is attested by the vast number of 
applications of these compounds in chemical and pharmaceutical industries. The environmentally benign nature of Zn, 
its abundance and the Lewis acid character of most of its compounds make it a suitable catalyst for heterocycle synthesis. 
This isthe first review exclusively on Zn-catalyzed heterocycle synthesis and deals with the recent applications, 
especially using tandem/domino or one pot reaction strategies and covers the literature from 2008-2018.  

Keywords: Zn, Catalysis, Heterocycles, Synthesis 

 

 

 

1. Introduction 

Heterocycles have broad applications in 
pharmaceuticals, agrochemicals, dyes and many other 
areas.[1] Until today, even in industry the traditional 
and conventional transformations for the synthesis of 
heterocycles prevail, presumably due to reliability, 
robust nature and low cost of these reactions. 
However, it is also true that some of these reactions 
are accompanied with large amounts of by-products 
as waste. Organic chemists have shown much interest 
in this area and invested a great deal of efforts to 
produce these compounds more efficiently by 
developing new and cost effective synthetic 
procedures. Among the various synthetic procedures, 
in recent years a large emphasis was on transition-

metal-catalyzed reactions, which minimize waste 
production and can be more eco-friendly. Indeed, 
heterocycles having complicated structures with many 
labile functional groups can be synthesized often from 
rather simple starting materials through the sequential 
catalytic processes. 

Most of the catalytic reactions have been preceded 
by the use of palladium catalysts. In 2010, the Nobel 
Prize in chemistry was awarded jointly to Richard F. 
Heck, Ei-ichi Negishi and Akira Suzuki for their 
contributions in palladium-catalyzed cross-coupling 
reactions in organic synthesis.[2] However, the high 
cost and toxicology issues of palladium have limited 
its application in industrial organic synthesis. After 
the discovery of Pd in catalysis, other metals such as 
Zn, Fe, Cu, Co, Mn and Ni received much attention in 
the synthetic community as they are inexpensive, less 
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Abstract: This study aimed to compare the performance of fabricated microbially induced
precipitated calcium carbonate– (MB–CaCO3) based red seaweed (Kappaphycus alvarezii) bio-polymer
film and commercial calcium carbonate– (C–CaCO3) based red seaweed bio-film with the
conventional biodegradable mulch film. To the best of our knowledge, there has been limited
research on the application of commercial CaCO3 (C–CaCO3) and microbially induced CaCO3

(MB–CaCO3) as fillers for the preparation of films from seaweed bio-polymer and comparison with
biodegradable commercial plasticulture packaging. The results revealed that the mechanical, contact
angle, and biodegradability properties of the polymer composite films incorporated with C–CaCO3

and MB–CaCO3 fillers were comparable or even superior than the conventional biodegradable
mulch film. The seaweed polymer film incorporated with MB–CaCO3 showed the highest contact
angle of 100.94◦, whereas conventional biodegradable mulch film showed a contact angle of 90.25◦.
The enhanced contact angle of MB–CaCO3 resulted in high barrier properties, which is highly desired
in the current scenario for plasticulture packaging application. The water vapor permeability of
MB–CaCO3 based seaweed films was low (2.05 ± 1.06 g·m/m2·s·Pa) when compared to conventional
mulch film (2.68 ± 0.35 g·m/m2·s·Pa), which makes the fabricated film an ideal candidate for
plasticulture application. The highest tensile strength (TS) was achieved by seaweed-based film
filled with commercial CaCO3 (84.92% higher than conventional mulch film). SEM images of the
fractured surfaces of the fabricated films revealed the strong interaction between seaweed and fillers.
Furthermore, composite films incorporated with MB–CaCO3 promote brighter film, better water
barrier, hydrophobicity, and biodegradability compared to C–CaCO3 based seaweed polymer film
and conventional mulch film. From this demonstrated work, it can be concluded that the fabricated
MB–CaCO3 based seaweed biopolymer film will be a promising candidate for plasticulture and
agricultural application.

Keywords: bio-degradable polymer film; seaweed polymer; plasticulture application; conventional
film; calcium carbonate

Polymers 2019, 11, 210; doi:10.3390/polym11020210 www.mdpi.com/journal/polymers
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ABSTRACT: One of the most straightforward methods for the 
synthesis of diaryl sulfides is the transition metal catalyzed C-S 
coupling reaction. Herein we report a study on the iron-catalyzed 
protocol for cross-coupling reaction of aryl halides with thiols. 
Structurally diverse diaryl sulfides were prepared efficiently by 
using a catalyst system involving cheap and environment-friendly 
FeCl3 and non-toxic universal ligand L-Proline. The reaction 
mechanism for the iron-catalyzed C-S coupling reaction was 
investigated by means of density functional theory (DFT) 
methods on a model system. The calculations were performed 
using hybrid PBE1PBE functional in conjugation with the LANL-
2DZ basis set.  The key step involved in the mechanism is the 
formation of a reactant complex in which both reactants are 
electrostatically bound to Fe(III) proline complex catalyst.  The 
elimination of HI occurs with a much lower TS energy (20.0 
kcal/mol) than the uncatalyzed reaction (44.7 kcal/mol).

Transition metal catalyzed carbon-heteroatom cross-coupling 
reactions are very important in organic synthesis, as the products 
of these reactions serve as building blocks for various biologically 
active compounds.1-11 Over the years, many protocols have been 
developed for the C-N and C-O linkages, but C-S bond formation 
leading to substituted thioethers is less studied, despite the fact 

that these bonds are prevalent in many naturally occurring 
molecules, drugs and polymeric materials.12-22 This may be due to 
the undesired formation of disulfides and catalyst deactivation by 
binding with metals.23

The classical methods for the synthesis of thioethers involve 
some non-metal mediated routes such as  anti-Markovnikov 
addition of aryl thiols on alkenes, nucleophilic aromatic 
substitutions of activated aromatic halides, Leuckert thiophenol 
reaction of a potassium alkyl xanthate with aryl diazonium salt, 
Sandmeyer-type reaction of diazonium salts with thiolsand the 
reduction of sulfones or sulfoxides by DIBAL-H or LiAlH4 etc.24-

26 However, these methods suffer from some limitations such as 
the use of polar solvents like HMPA at high temperature (> 
200oC) and the lack of obtaining high regioselectivity and 
functional group tolerance.27

The use of transition metal complexes as catalysts has brought 
a dramatic revolution in this field and nowadays transition metal-
catalyzed cross-coupling reactions between thiols or disulfides 
and aryl halides are widely used for the rapid and efficient 
synthesis of aryl sulfides. In 1978, Migita and co-workers 
reported the first Pd-catalyzed coupling reaction of aryl halides 
with thiols.28 The high cost, low turnover numbers, and sensitivity 
to air are the limitations of Pd catalysts which restrict the 
application of these catalysts in large scale preparations. Thus 
considerable attention has been focused on exploring new 
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Recent advances and applications of
p-toluenesulfonylmethyl isocyanide (TosMIC)

Arun Divakar Mathiyazhagan a and Gopinathan Anilkumar *a,b

Since its introduction in 1972, TosMIC (p-toluenesulfonylmethyl isocyanide) has been recognised as an

important building block in organic synthesis and a wide range of reaction strategies have been reported.

This review article encompasses literature starting from 2011 and highlights the uniqueness of the TosMIC

reagent in an assortment of synthetic methodologies. The advances in classical methodologies involving

p-toluenesulfonylmethyl isocyanide which allow for the effortless synthesis of many simple/fused hetero-

cycles via cycloaddition, regio- and stereo-selective, cascade/domino/tandem multicomponent, and metal

catalyzed reactions and some natural products are presented in this review. This concise review provides a

brief introduction about the reagent and its synthetic importance and flexibility in various reactions.

1. Introduction

Isocyanides (R–NuC) have been crowned as versatile reagents
by organic chemists because of their wide range of synthetic
utilities and applications.1 The current findings add to the

growing body of literature on convertible isocyanides. In a nut-
shell, isocyanides could be called universally convertible frag-
ments owing to their application in more than one reaction
category. Among the aryl and alkyl isocyanides, p-toluenesulfo-
nylmethyl isocyanide, generally abbreviated as TosMIC, has
attracted researchers due to its impressive structural features,
stability and reactivity.2 Unlike other isocyanides, TosMIC is
odourless. The structural features of this versatile synthon are
of greater utility in synthesizing organic compounds and show
comprehensive chemistry with different functionalities. It con-
tains three different groups, namely the isocyanide functional-
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 Abstract—In a rectilinear route, a moving sink is restricted to 
travel either horizontally or vertically along the connecting edges. 
We present a new algorithm that finds the shortest round trip 
rectilinear route covering the specified nodes in a grid based 
Wireless Sensor Network.  The proposed algorithm determines the 
shortest round trip travelling salesman path in a two-dimensional 
grid graph. A special additional feature of the new path discovery 
technique is that it selects that path which has the least number of 
corners (bends) when more than one equal length shortest round 
trip paths are available. This feature makes the path more suitable 
for moving objects like Robots, drones and other types of vehicles 
which carry the moving sink. In the prosed scheme, the grid points 
are the vertices of the graph and the lines joining the grid points 
are the edges of the graph. The optimal edge set that forms the 
target path is determined using the binary integer programming. 

 
 Keywords—Minimum bend Shortest Paths, Travelling 
salesman problem, Binary integer programming, Edge orientation 
index, Vertex Bend Index, Vertex-Edge Incident Matrix 

I. INTRODUCTION 

 TRADITIONAL Wireless Sensor Network uses static sensor 
nodes and a static sink that collects data from the sensors 

over multi-hop transmission. But, when the sensors are sparsely 
distributed in a large geographic area, the network may not be 
fully connected because of the limited communication range of 
the sensor nodes. Then the sensors far away from the static sink 
may not be able to send their data to the sink. In such a scenario, 
a mobile sink is used to collect data from the sensors [1-5] by 
physically moving around the WSN. Here, it is assumed that the 
geographical region occupied by the sensors is suitable for the 
physical travel of the mobile sink and it can physically approach 
the area formed by the communication range of the individual 
sensors. In general the mobility and the scheduling of a mobile 
sink are deterministically controlled. The mobile sink provides 
a higher degree of flexibility for the efficient functioning of the 
WSN.   

A. Moving Sink Closed Path 

In general, the Mobile Sink (MS) starts from a home station, say, 
Base Station (BS), travels around the WSN visiting the sensors 
nodes, collects data and returns back to the home station. This 
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forms a round trip tour. This process is repeated periodically 
depending on the nature of the application. The travel of the MS 
that visits different sensor nodes is similar to that of a travelling 
Salesman visiting the specified cities. Therefore the round trip 
path of the MS should be the shortest one that covers all the 
specified sensors.  
Thus the determination of the Moving Sink Closed Path (MSCP) 
is same as solving the Travelling Salesman Problem (TSP). The 
TSP applied to the MS is called the Moving Sink Problem 
(MSP). 

B. Rectilinear Route 

In this paper, we consider a grid based WSN where the sensor 
nodes are placed at selected grid points. The main constraint for 
the MS is that it has to travel along the horizontal and vertical 
grid lines only and thus the MS path is a rectilinear route.  More 
detailed descriptions are given later. 

C. Minimum bend paths 

Bends or corners are unavoidable along the travel path due to 
the topological constraints. The presence of bends or corners 
along the path reduces the velocity of MS and increases the 
energy consumed by the MS. Therefore, the number of bends 
has to be minimized for efficient travel of the MS. 

D. Objective and methodology 

The objective is to solve the MSP with minimum number of 
bends along the rectilinear path as the additional constraint. We 
use the Binary Integer Programming to solve this bi-objective 
optimization problem.  

E. Organization of the paper 

Section II gives a brief discussion about the related work by 
other authors. Section III describes the system model and the 
deployment of sensor nodes on the grid graph. Section IV 
contains the details about the MS path selection problem. 
Section V describes the associated constraints and their 
algebraic formats. Section VI formulates the binary integer 
program to solve the MS optimal path problem. Section VII 
gives the simulation results. Section VIII gives comparison with 
other methods. Section IX contains the conclusion. 

II. RELATED WORK 

V. G. Deineko , B. Klinz , A. Tiskin , G. J. Woeginger [6] 
have solved the Travelling salesman problems by dynamic 
programming. It is a modified and improved version of 
exhaustive search. It’s time complexity is approximately 

Minimum Bend Shortest Rectilinear Route 
Discovery for a Moving Sink in a Grid Based 

Wireless Sensor Network 

Sanu Thomas, and Thomaskutty Mathew 
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Abstract Homegardens in traditional agroforestry

systems are considered as sustainable production

system with multiple functions. Indigenous knowl-

edge of tribal communities associated with their

homegardens always contributes in food security and

biodiversity conservation. The present study aims at

understanding the structural and floristic diversity of

the homegardens, and utilization of plant species by

the tribal communities in the Attappady valley of

Kerala, India. Overall 104 homegardens were sampled

randomly for assessing the diversity and the usage of

various plant species. Data on indigenous knowledge

was collected from tribal owners. Structurally, two

types of homegardens were identified from the study

area, which characterized by two and four layered

vertical canopy strata. A total of 182 plant species

belonging to 160 genera and 67 families were recorded

from the sample homegardens. Comparing the diver-

sity and distribution of plant species among the three

communities, highest was found in the homegardens

of Mudugas who are inhabiting the high and medium

rainfall zones (Shannon diversity index 2.18) and

observed its lowest value in the low rainfall zone

where Irula communities live (Shannon diversity

index 1.45). The homegardens of the study area has

rich diversity and home for many useful plants.

Considering the usage, 39% were edible, 24% were

ornamental and 25% were medicinal. Hence the study

indicates that the tribal homegardens are contributing

considerably to food security and livelihoods of tribal

communities in the Attappady valley.

Keywords Agroforestry � Homegardens � Tribal
homegardens � Attappady � Western Ghats � Plant
diversity

Introduction

Homegardens are a typical type of traditional agroe-

cosystems, being intensively managed lands situated

close to human dwellings (Ninez 1987; Hamilton and

Hamilton 2006; Peyre et al. 2006a). Homegardens can

be defined as an assemblage of plants, which may

include trees, shrubs and herbaceous plants, growing

in or adjacent to a homestead or home compound,

planted and maintained by members of the household,

and the products and services are intended primarily

for household consumption and ornamental value
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tains supplementary material, which is available to authorized
users.

M. V. George (&) � G. Christopher
Advanced Centre of Environmental Studies and

Sustainable Development (ACESSD), Mahatma Gandhi

University, Priyadarsini Hills, Kottayam, Kerala 686 560,

India

e-mail: george.veena@gmail.com

123

Agroforest Syst

https://doi.org/10.1007/s10457-019-00393-5(0123456789().,-volV)( 0123456789().,-volV)



11/13/2019 Strategically Placed Trifluoromethyl Substituent in the Realm of Antitubercular Drug Design | Bentham Science

https://www.eurekaselect.com/node/165165/article/strategically-placed-trifluoromethyl-substituent-in-the-realm-of-antitubercular-drug-design 1/2

(/)

Search in: All Article Chapter eBook

 Search Advanced Search (/search/aws_search.php)

(https://www.linkedin.com/company/benthamscience)  

(https://www.facebook.com/BenthamSciencePublishers)  

(https://www.youtube.com/c/benthamsciencepublisher)  

(https://twitter.com/BenthamScienceP)  

(https://benthamsciencepublishers.wordpress.com/)   (/142284/kudos)

Purchase PDF

Review Article

Strategically Placed Trifluoromethyl Substituent in the
Realm of Antitubercular Drug Design
Author(s): Sidhartha S. Kar, Cinu A. Thomas*.

Affiliation: Department of Pharmacy, Mahatma Gandhi University, Kottayam, India

Journal Name: Current Drug Therapy

Volume 14 , Issue 2 , 2019 DOI : 10.2174/1574885513666180906101732 (http

s://doi.org/10.2174/1574885513666180906101732)

   Journal Home (/node/591)

(http://www.eurekaselect.com/node/591/current-drug-therapy/become-

ebm-form/eabm)

(http://www.eurekaselect.com/node/591/current-drug-therapy/become-

ebm-form/reviewer) 

Graphical Abstract:

Abstract:

Background: Fluorinated substituents have played, and continue to play an important role in antitubercular drug design. Nonetheless, previous

works have indicated that organofluorines like –F, CF3, -OCF3, and CHF2 etc have been used to modulate the pharmacodynamic and

pharmacokinetic behaviour of antitubercular agents. Among the fluorinated groups, trifluoromethyl (-CF3) substituent is a very familiar

pharmacophore used widely in antitubercular research.

Objective: This review assesses the development of selected trifluoromethyl group bearing antitubercular agents that are either in treatment or

considered to be potential. The prime objective of the present investigation was to provide initial evidences for the hypothesis that addition of

trifluoromethyl group to antiTB agents could improve their potency. We also aimed to contribute to a better understanding of the role of

trifluoromethyl group on drug-likeness antitubercular activity.

Methods: In this review, we first brief out the possible effect of –CF3 substituent on pharmacodynamic and pharmacokinetic properties of drugs.

Next, we turn to emphasize on the effect of trifluoromethyl substituent on different antitubercular scaffolds. Finally, we open the topic for the

researchers to design potential antitubercular agents suitably substituted with fluorinated groups.

Results: This review suggests that the replacement of –CF3 group in heterocyclic as well as phenyl ring led to the improvement in
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Abstract: Presently, the distributed Resource Description Framework (RDF) partition the data across several 
computer nodes. In that, many existing RDF systems results in expensive query evaluation and high start-up cost. To 
address these issues, a new optimization algorithm: modified Grey Wolf Optimization (GWO) has been developed in 
this research paper. In conventional GWO algorithm, after finding the best values of 𝐺𝛼 ,𝐺𝛽 and 𝐺𝛿 , stopping criteria 
is accomplished. In modified GWO algorithm, after finding the best values of 𝐺𝛼 ,𝐺𝛽 and 𝐺𝛿 , the alpha 𝛼 value once 
again encircles the possible solutions for obtaining an optimal solution. In RDF data, query optimization is a 
challenging task, which has been effectively handled by modified GWO algorithm. In the experimental phase, 
modified GWO showed good performance in terms of execution time and memory usage as compared to the existing 
methodologies:  Partial Evaluation and Centralized Assembly (PECA), Partial Evaluation and Distributed Assembly 
(PEDA), RDF-3X, Graph-Based SPARQL Query Engine (gStore), and Legato on Lehigh University Benchmark 
(LUBM) 10000 and DOREMUS 2017 datasets. Compared to these existing systems, the proposed system reduced 
the execution time around 2-5 minutes, and improves the precision, recall, and f-measure around 2-7%. 

Keywords: Grey wolf optimization, Lehigh university benchmark dataset, resource description framework, 
structural query language, web query optimization. 

 

 

1. Introduction 

In recent decades, the large quantity of available 
data sources makes the data representation and 
classification as a complex process, so it is essential 
to represent the data in a semantically structured 
way that mainly relied on the RDF data model [1]. 
Presently, the data representation in RDF data model 
constantly growing in size, so querying and storing 
the RDF graphs becomes a very challenging task [2, 
3]. Several approaches developed for increasing the 
efficiency of query retrieval. Most of the present 
approaches use map SPARQL queries and database 
management systems to structural query language 
for query retrieval [4, 5]. In addition, a few more 
approaches like RDF-3x, Jena, sesame, etc. 
developed for single node machines in the 
distributed environment [6]. These existing methods 
increase the storage space and delivers parallel 

query execution capabilities for managing the huge 
datasets [7]. The distributed environmental system 
utilizes a few Hadoop techniques: S2RDF, sempala 
on top of impala, rya on top of apache accumulo, 
SPARQLGX on top of apache spark, etc. [8]. These 
existing Hadoop systems optimized for a specific 
query pattern that may marginally improve the 
query performance.  

So, there is a need for distributed RDF store with 
better performance on an extensive range of query 
types without renouncing a rapid loading phase. 
Generally, the computational time of the query 
depends on the optimization algorithm and query 
path. The size of the query path increases with the 
size of queries, so it consumes less time to optimize 
the query path [9, 10]. Presently, numerous soft 
computing methodologies utilized to reduce the time 
consumption and query path optimization. In this 
research study, an effective methodology developed 
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Abstract 

Superparamagnetic iron oxide nanoparticles have always been a topic of significance in biomedical research due to their 
tremendous range of applications. The present study reports the synthesis of superparamagnetic Fe2O3 nanoparticles by a simple 
NaBH4-reduction, stabilised by supramolecular inclusion host β-cyclodextrin. The crystallite size was calculated from X-ray 
diffraction studies using Debye Scherrer equation and found to be in the range 14-23 nm. The antibacterial activity of the sample 
was studied against Vibrio cholerae and Clostridium botulinum using disc diffusion method. Antifungal activity was monitored 
against three fungal strains Candida auris, Trichophyton rubrum and Cryptococcus gatti using well diffusion method. 
 
© 2018 Elsevier Ltd. All rights reserved. 
Selection and/or Peer-review under responsibility of International Multi- Conference on Computing, Communication, Electrical & 
Nanotechnology: Materials Science. 
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Abstract Coagulase Negative Staphylococci (CoNS) are

remarkable for the heterogeneity in the chemical compo-

sition and structural architecture of its biofilm. The present

study was aimed to investigate the impact of various fac-

tors on biofilm structure and composition of clinically

isolated CoNS. Here, comparative microscopic analysis on

CoNS biofilm was carried out under various physiological

conditions. Quantitative and electron microscopic analysis

of biofilm was conducted in the presence of different

concentrations of glucose, NaCl, plasma and serum. From

this, different CoNS strains were found to form its own

pattern of biofilm in the presence of glucose or NaCl and

also with respect to the biofilm-associated genes present.

The growth conditions used in the study for the CoNS were

shown to induce biofilm formation with the structural

features designed by its genotype. The study gave insight

into the fine modulation of CoNS biofilm structure in

accordance with species, genetic basis and environmental

conditions. Hence, the results can have clinical

significance.

Keywords Biofilm � PIA � ica independent � SEM �
TEM

Introduction

High-frequency isolation of Coagulase Negative Staphy-

lococci (CoNS) from clinical samples has identified their

role in various biomedical related infections like vascular

graft infection, neurosurgical shunt infection and infection

of prosthetic and orthopedic devices [1]. The clinical sig-

nificance of CoNS has been identified to be enhanced with

the increased use of advanced invasive procedures and also

with frequent use of medical implants and catheters [2].

Due to the presence of an array of highly specialized

attachment factors, CoNS are able to form biofilm possibly

on any surface. Their seeding and colonization on medical

devices during the surgical procedures have been reported

to favor biofilm formation with subsequent device failure

[3]. As the biofilm is also associated with multidrug

resistance, even the antimicrobial therapy has limited

application to control CoNS infection [4].

Biofilm provides an ideal environment for the intercel-

lular communication, creation of nutrient gradient, and

exchange of genes and resistance plasmids to protect the

cells from environmental threat [5]. In the biofilm mode of

life, CoNS have been suggested to form highly ordered and

multilayered sessile bacterial aggregates which are less

accessible to the host defense system and antimicrobial

agents [6]. Variety of protein and non-protein factors are

identified to be involved in the adherence, accumulation,

maturation and dissemination stages of CoNS biofilm.

Initial bacterial attachment and intercellular adhesion are

mediated through cell-wall-anchored proteins like Bhp,

AtlE and Fbe [7]. CoNS have also been reported to use

staphylococcal surface proteins 1 and 2 (Ssp 1 and Ssp 2

lipase GehD) and collagen binding factor (SdrF) for pri-

mary attachment [8]. The accumulative and maturation

stages of biofilm formation involve the production of

Significance Statement Biofilm architecture of clinically isolated
Coagulase Negative Staphylococci was found to get modulated by
various factors.
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A Novel Video Genre Classification
Algorithm by Keyframe Relevance

Jina Varghese and K. N. Ramachandran Nair

Abstract Video classification is one of the challenging areas in the current world. It

is a necessary tool for systematic organization and efficient retrieval of videos from

repositories. Generally, video classification is a complex operation since video is a

composite media with different components. Here, we propose a novel and simple

probabilistic approach to classify the videos, broadly into three major domains news,

sports, and entertainment. The existence measures of respective scene types in video

genres are the prominent factor used in the proposed approach for video classifica-

tion. We have tested our work on some test videos like football, wedding, and news

discussion videos and results sound well . . . .

Keywords SBD (shot boundary detection) ⋅ Key frame extraction ⋅ Scene

classification ⋅ Video classification

1 Introduction

Multimedia has been a recent field of communication and several tools have emerged

to process it in the last decade. Videos are the most popular and useful type of mul-

timedia. Repositories in online and off-line media hold massive amount of videos

through archives; and the growth rate of the digital video is increasing exponen-

tially. These repositories are struggling to manage the huge amount of data. The

difficulty in managing video repository is due to the presence of composite types

of events/videos present in any videos. An authentic rule about the event types for

a specific video category is not at hand. The broad categories of events and their
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Cost Evaluation of Virtual Machine Live
Migration Through Bandwidth Analysis

V. R. Anu and Elizabeth Sherly

Abstract Live migration permits to transfer constantly running Virtual Machine
from source host to destination host. This is an unavoidable process in data centre
in various scenarios such as load balancing, server maintenance and power manage-
ment. Now, live migration performance optimization is an active area of research
since performance degradation and energy overhead caused by live migration can-
not be neglected in modern data centres; particularly if critical business goals and
plans are to be satisfied. This work analyses the effect of proper bandwidth alloca-
tion during cost-aware live migration. Here, we design a cost function model based
on network bandwidth between live migration process and service based on queu-
ing theory. From experimental analysis, we infer that link bandwidth is a critical
parameter in determining VM live migration cost.

Keywords Bandwidth · Cloud computing · Downtime · Live migration
Virtualization

1 Introduction

Virtual machines are widely used in data centres with the evolution of virtualization
technology. It furnishes a steady isolation and remarkably increases the physical
resources utilization. Live migration is a process of copying VM operating system
from source machine to destination machine, while the OS in running mode. It is an
inevitable process across physical servers and is a great help for administrators of
data centres. It provides power management, fault tolerance, load balancing, server
consolidation and low-level system maintenance. But live migration can result in VM
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An innovative and efficient method for Twitter 
sentiment analysis 
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Abstract: The research in sentiment analysis is one of the most accomplished 
fields in data mining area. Specifically, sentiment analysis centres on analysing 
attitudes and opinions relating a particular topic of interest using machine 
learning approaches, lexicon-based approaches or hybrid approaches. Users are 
purposive to develop an automated system that could identify and classify 
sentiments in the related text. An efficient approach for predicting sentiments 
would allow us to bring out opinions from the web contents and to predict 
online public choices, which could prove valuable for ameliorating changes in 
the sentiment of Twitter users. This paper presents a proposed model to analyse 
the brand impact using the real data gathered from the micro blog, Twitter 
collected over a period of 14 months and also discusses the review covering the 
existing methods and approaches in sentiment analysis. Twitter-based 
information gathering techniques enable collecting direct responses from the 
target audience; it provides valuable understanding into public sentiments in the 
prediction of an opinion of a particular product. The experimental result shows 
that the proposed method for Twitter sentiment analysis is the best, with an 
unrivalled accuracy of 86.8%. 

Keywords: sentiment analysis; machine learning approach; lexicon-based 
approach; supervised learning. 
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IALM: Interference Aware Live
Migration Strategy for Virtual Machines
in Cloud Data Centres

V. R. Anu and Sherly Elizabeth

Abstract In IT industry most of the real-time online services are cloud based.
Large data centres have been widely used to allocate and establish these services
through virtual machines (VM) in physical servers. Live migration is a mandatory
feature of all modern hypervisors in these cloud data centres for implementing key
services like load balancing, server consolidation, high availability, etc. without
much delay. Performance optimization of live migration is an active are of research
now. But there has been little attention given by research community on the area
named VM migration interference or resource contention among co-located VMs as
a by-product of live migration, which cause performance degradation and may lead
to SLA violation. Here we present an interference aware VM live migration strategy
IALM which manages effectively the issue generated by VM interference while live
migration. Extensive experiments and large scale simulation are done with CPU
intensive and network intensive workloads on Xen platform to feature out perfor-
mance gain in terms of network throughput and CPU consumption. VM migration
interference like nature of workloads, system properties, characteristics including
intensity and length of interference are also analysed in this work.

Keywords Cloud computing � Live migration � Performance interference
Virtualization
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Abstract The study focused on the analysis of efficiency

of curcumin and nanocurcumin (NC) against biofilm-

forming methicillin-resistant clinical isolates of Staphylo-

coccus epidermidis and Staphylococcus haemolyticus.

Antibacterial, minimum inhibitory concentration and anti-

biofilm activities of both curcumin and NC were carried

out, and the specific changes were analyzed by transmis-

sion electron microscopy (TEM). Surface modifying effect

of NC was further analyzed by coating it onto nasogastric

polyvinyl chloride (PVC) tubes followed by challenging it

with selected pathogens, and the results were visualized by

scanning electron microscopy. Curcumin and NC were

found to have antibacterial effects at a concentration of 100

and 10 lg mL-1, respectively. Also 250 and 500 lg mL-1

concentrations of NC were found to have 99% inhibition

on biofilm formation of S. epidermidis and S. haemolyticus.

TEM analysis of NC-treated coagulase-negative staphylo-

cocci (CoNS) samples showed remarkable inhibition of

biofilm formation with the complete lysis of bacterial cell.

NC functionalization showed excellent preventive effect on

bacterial adhesion and biofilm formation on nasogastric

PVC catheters and hence has the promises to be used as

alternative chemotherapeutic agents. The current study

forms the first report on detailed investigation on potential

of NC as an effective agent against CoNS, which is well

known for biomedical infection.

Keywords Antibiofilm � MRCoNS � Nanocurcumin �
Ryle’s tube � Surface modification

Introduction

Curcumin is a natural polyphenolic flavonoid present in the

rhizome of Curcuma longa L. This has been used from

ancient times in Ayurvedic medicines due to its antioxidant

and free radical scavenging properties [1, 2]. Curcumin has

wide range of applications as anti-inflammatory, antioxi-

dant, anticarcinogenic, antimutagenic, antidiabetic,

antibacterial, antifungal, antiprotozoal, antifibrotic, antiul-

cer and hypocholesterolemic agent [3]. Antibacterial

effects of curcumin on both Gram-positive and Gram-

negative bacteria of clinical significance have already been

demonstrated in various studies [4]. Also many reports are

there on its antibiofilm activity against S. aureus, E. coli,

Pseudomonas spp., S. mutans and H. pylori [5]. Apart from

all these multidisciplinary beneficial effects, therapeutic

use of curcumin is limited due to its poor solubility,

metabolism, rapid elimination and less bioavailability [6].

Nanomised curcumin particles called nanocurcumin

have been suggested to have enhanced bioactivity due to its

high surface area-to-volume ratio [7]. The excellent

physicochemical features of nanocurcumin have also

resulted in its improved solubility, bioavailability,

enhanced absorbance and reduced medicinal doses with an

Significance statement Nanocurumin functionalization on
nasogastric catheter prevented adhesion and biofilm formation by
coagulase-negative staphylococci.
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Molecular transport of aromatic solvents through oil palm 
micro fiber filled nitrile rubber composites 
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Abstract 

The cellulose micro fiber reinforced nitrile rubber biocomposites were prepared. The effect of chemical treatment on 
the fiber surface morphology and fiber–rubber interface was investigated using scanning electron microscopy. The 
transport property through the bio-composites was investigated using aromatic solvents. The effect of chemical 
treatments on fiber, influence on fiber loading, penetrant size and temperature on the solvent uptake through bio-
composites was analyzed. The transport coefficients such as diffusion, permeation and sorption coefficients were 
estimated by using the van’t Hoff relationship and hence the thermodynamic parameters was determined. The first 
order kinetic rate constant was evaluated and finally the experimental results of diffusion properties were compared 
with theoretical predictions. 
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1. Introduction 

The natural fiber reinforced composites have an important position among the conventional composite materials 

because of its simplicity of processing, fast production cycle and economic value. Nowadays, the biocomposites get 

enough space to use this material for automobile and electrical applications [1]. The development of biodegradable 

materials in the composite industry is very significant during last few years because of the strong environmental 

regulations and increased interest in the proper utilization of renewable natural resources [2]. The compatibility of 

the fibers with polymeric matrices and resistance to moisture plays an important role in the selection of fibers. The 

interfacial bond strength between the fibers and matrix is the important factor that determines the material 

performance [3]. The matrix layer near to the fiber surface has different properties from the bulk polymer matrix 

because of fiber/polymer interactions. This mainly happen due to the immobilization of polymer chains, electrostatic 

forces or chemical bonds, voids or micro cranks formed in the interlayer [4].  
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Abstract
Identification of basic factors of pilgrim satisfaction is essential to responsive 
authorities for effective implementation of devotee welfare programmes. The deter-
minants of satisfaction in a particular location are comprised of environmental, eco-
nomic and sociocultural activities. The Sabarimala hill temple is one of the major 
Sastha temples in India. Every year, about 25 million pilgrims visit the temple from 
all parts of the country and abroad. The present study analyzes devotee satisfac-
tion according to their demographic profile and identifies key factors that affect the 
overall satisfaction of pilgrims visiting the temple at the Sabarimala mass gathering 
destination. A total of 526 visitors were contacted with a prestructured, field tested 
questionnaire. This was analyzed using the Statistical Package for Social Sciences. 
Factor analysis, regression analysis and two-step cluster analysis were used to eluci-
date satisfaction parameters. The identified factor groupings for pilgrim satisfaction 
at Sabarimala destination are food and accommodation, safety and security, health 
and sanitation, ecology and environment and and communication and transporta-
tion. From the analysis of various results of the present study, it is evident that the 
mass pilgrimage of Sabarimala destination exhibits the signs of a secular experience 
and its visitors are mainly motivated by spiritual aspects.

Keywords Pilgrim satisfaction · Sabarimala · Factor analysis · Mass gathering · 
Religiosity

Introduction

Pilgrimages are the basic forms of human movement and can be found in all major 
world religions (Collins 2010) with millions across the globe taking part (Black-
well 2007; Swatos and Tomasi 2002). Those who visit sacred places are referred to 
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