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Abstract. In real world, most of the combinatorial optimization problems are multi-objective and it is difficult to optimize
them simultaneously. In the literature, some individual algorithms (ACO, GA, etc.) are available to solve such discrete
multi-objective optimization problems (MOOPs), particularly travelling salesman problems (TSPs) . Here a hybrid algorithm
combining ACO and GA with diversity is developed to solve discrete multi-objective TSPs and named MOACOGAD.
Generally in TSP, routes for travel are not considered as lengths of routes remain unaltered. In real life, there may be several
routes for travel from one destination to another and conditions of those routes may also be different such as good, rough,
bad, etc. In practical, travel costs and travel times are not defined precisely and represented by fuzzy data. When fuzzy
travel costs and fuzzy travel times per unit length are involved, the lengths and conditions of the routes along-with the types
of conveyances for travel become important. In some cases, risk of travel is also involved. In this paper a four dimensional
imprecise TSP including source, destination, conveyances and routes under some risk factors are formulated and solved by the
developed MOACOGAD. The model is illustrated numerically. As particular cases three and two dimensional multi-objective
imprecise TSPs are derived and solved.
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1. Introduction24

Travelling Salesman Problem (TSP) [3] is a NP-25

hard and also one of the most complex combinatorial26

optimization problem which cannot be solved exactly27

in polynomial time. Some investigations with respect28

to 2-dimensional TSP and 3-dimensional TSP or solid29

TSP are available in literature. The goal of TSPs is to30

find a shortest path, exactly once passing through each
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city in a given set of cities. When there is only one 31

route and one conveyance for travel between any two 32

cities are known as 2-dimensional TSP [17, 24]. 3- 33

dimensional TSP [10] could be termed when several 34

conveyances at each node/city are available. 35

Single objective classical TSPs [5, 14] can be 36

solved by Ant Colony Optimization (ACO) algorithm 37

which was introduced by Dorigo and Gambardella 38

[16], inspired by the behaviour of ants in finding paths 39

from nest to food. In 2012, Gaifang Dong et al.[14] 40

proposed a cooperative genetic ant system for solv- 41

ing TSP. In 2013, Bai et al. [5] proposed a model for 42

Asymmetric TSP which includes max-min ant colony 43

optimization. 44
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A B S T R A C T

In this research paper, Artificial Bee Colony algorithm is modified with multiple update rules and K-opt operation
to solve the Traveling Salesman Problem. Here the features of swap sequences and swap operations on the
sequence of cities (solution/path) of the problem are used to create different solution (path) update rules of the
algorithm. Eight different rules are proposed to update solutions in the algorithm. Updation of a solution by an
employed bee or by an onlooker bee is done by a randomly selected rule from the rule set using Roulette Wheel
selection process. In the scout bee phase of the algorithm, the perturbation technique, K-opt operation is applied
on any stagnant solution for a fixed number of times for the possible improvement of it. The K-opt operation is
again used at the end of the search process to improve the quality of the final solution (if possible). Proposed
method is tested with a set of benchmark test problems from TSPLIB and it is observed that the efficiency of the
algorithm is adequate with respect to the accuracy and the consistency for solving standard TSPs (Symmetric as
well as Asymmetric) compared to the existing algorithms in the literature.

1. Introduction

The Traveling Salesmen Problem (TSP) is one of the standard combi-
natorial discrete optimization problem. The problem consists of a set of
N vertices (nodes/cities) where the distance between any two vertices
is known. A salesman starts from a vertex, visits all the vertices exactly
once and returned to the starting vertex in such a way that the total
distance travelled is a minimum. So the goal of the problem is to find a
shortest possible tour through the set of vertices such that each vertex
is visited exactly once except for the starting vertex. It is a well known
NP-hard problem, can’t be solved exactly using any polynomial time
algorithm [1,2]. In a TSP, when the distance between any two vertices
xi and xj is equal to the distance between xj and xi then the problem is
called Symmetric TSP (STSP) [3,4]. On the other hand, if the distance
between the vertices xi and xj is not equal to the distance between xj
and xi, for at least one pair of vertices then the problem belongs to
Asymmetric TSP (ATSP) [5]. Generally, there are two approaches to
solve a TSP: exact methods and heuristic methods. The exact methods
require enormous time for larger N, thus the heuristic methods are typ-
ically used to solve a TSP. The exact methods include cutting plane
[6], LP relaxation [7], branch and bound [8], branch and cut [9], etc.
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Only small size TSPs can be solved by exact methods in a reasonable
time window. On the other hand, several TSPs have been solved using
heuristics or soft computing based techniques such as Ant Colony Opti-
mization (ACO) [3], local search [10], hybrid algorithm [11], Genetic
Algorithm (GA) [12], Particle Swarm Optimization (PSO) [4], Artificial
Bee Colony (ABC) [13], etc. There are several well established heuris-
tics for STSP. Wang et al. [4] used concepts of swap operator and swap
sequence, and redefined some operators of PSO on the basis of them to
solve TSP. Combing the features of PSO, ACO and 3-opt a hybrid algo-
rithm PSO-ACO-3-opt is presented by Mahi et al. [14] to solve standard
TSPs. Akhand et al. [15] proposed PSO with partial search algorithm
for solving TSPs. Akhand et al. [16] improved this algorithm to find
solution of the TSPs and named it velocity tentative PSO. Geng et al.
[17] proposed an effective local search algorithm based on Simulated
Annealing (SA) and greedy search techniques to solve the TSPs. Jolai
and Ghanbari [18] presented an improved Artificial Neural Network
(ANN) approach for solving the TSPs. Dorigo et al. [3] proposed an Ant
System to solve the TSPs. Dorigo and Gambardella [19] described an
ACO capable of solving the TSPs. Bontoux and Feillet [20] proposed
a hybrid algorithm to solve the TSPs. Beam-ACO algorithm, which is
a hybrid method combining ACO with beam search was used to solve
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Abstract: In this research work, an inventory model has been developed
under two-level trade credit policy with unfaithful customers. A percentage of
the total customers are treated as unfaithful customers. Demand is influenced
by customers’ credit period, credit amount and selling price. Due to the
vagueness of some parameters, the proposed model is formulated in both
the crisp and fuzzy environments. The main purpose of this research work
is to determine the optimal replenishment policy so that the total profit of
the retailer is maximised. The existence of a solution to the problem is
discussed theoretically and then some numerical experiments are undertaken.
To find the marketing decision of a generalised model (when the number of
variables increases) and for the fuzzy objectives, a soft computing technique
is used. Some sensitivity analyses are performed to provide some managerial
insights. Finally a conclusion is drawn and some future research directions
are proposed. [Received: 14 November 2017; Accepted: 2 January 2019]
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Abstract. In this article, the lead time on permissible delay in payments in an inventory model including lead

time crashing cost is discussed where lead time and business period are the decision variables. Also, the lead

time dependent credit period has been considered which has two parts one being fixed and other being dependent

upon lead time. Here supplier offers the credit period to the retailer only when supplier supplies the order before

the end of the business period. Here model has been considered in the parlance of infinite time horizon in such a

way that the system gets the maximum profit. There are two main cases of inventory models to be studied here.

Finally, three different illustrative examples have been added to determine the optimal policy of the model and

the sensitivity analysis of some parameters has been added in this model.
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1 Introduction

Lead time is the time that elapses between the placement of an order and the receipt of the
order into inventory. Lead time may influence customer service and impact inventory costs.
From the literature, it is known that productivity of the company and its competitive position
in the market depends on lead time. Traditionally, in an inventory models, minimization of total
cost or, maximization of total profit has been considered as an objective function from either the
supplier’s or manufacturer’s/retailer’s side. In 1975, Das (1975) stated the effect of lead time on
inventory and give a static analysis about it. Foote et al. (1988) presented a heuristic policies
for inventory ordering problems with long and randomly varying lead times. Ouyang and Wu
(1998) established a minimax distribution free procedure for mixed inventory model with variable
lead time. Ben-Daya and Raouf (1994) presented an inventory models involving lead time as
a decision variable. Glock (2012) discussed the inventory model in which customer service
and responsiveness to production schedule changes can be improved by reduced lead time and
reduction in safety stocks can be achieved. Hsiao (2008), He et al. (2005), Lan et al. (1999),
Yang et al. (2005), Pan et al. (2004) stated that fixed lead time is not always appropriate for
all inventory model in business, so they considered lead time as a decision variable. These
authors have presented models which can be used to determine the length of lead time that
minimizes the expected total relevant cost. Chopra et al. (2004) observed the effects of lead
time uncertainty on safety stocks. Ouyang et al. (2004), Chang et al. (2006), and Wu (2004)
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We present a high accuracy Monte Carlo simulation study of the uniaxial nematic (NU ) to isotropic (I) phase
transition of a lattice dispersion model of uniaxial nematics composed of biaxial molecules. The NU -I coexistence
curve terminating at the Landau critical point has been determined using the multiple histogram reweighting
technique. A close investigation reveals a sharp departure in the nature of the NU -I coexistence curve in the
temperature-biaxiality parameter phase diagram in comparison to the earlier theoretical (either mean-field or
computer simulation) predictions. The coexistence curve shows a change in curvature with increasing value of
the degree of molecular biaxiality.

DOI: 10.1103/PhysRevE.99.022703

I. INTRODUCTION

In recent years, a great deal of attention has been devoted
to investigations of the phase transformations in thermotropic
liquid crystals composed of bent-core molecules [1,2]. Such
molecules can be assumed to possess D2h symmetry and are
commonly referred to as biaxial molecules, in contrast to
the conventional uniaxial molecules having D∞h symmetry.
It is well known from Landau–de Gennes (LDG) [3] and
Maier-Saupe mean field (MF) theories that the isotropic to
nematic phase transition in thermotropic liquid crystals (LCs)
composed of cylindrically symmetric molecules is weakly
first order. This has been confirmed by experiments [4,5]
as well as by computer simulations [6,7]. In a more recent
experimental study, Wiant et al. [8] observed that the isotropic
(I) to the uniaxial nematic (NU ) transition for LCs composed
of biaxial (bent-core) molecules is notably weaker than con-
ventional thermotropic LCs formed from uniaxial molecules.
These authors observed [8] that for nematics composed of
bent-core molecules TNI − T − ≈ 0.4 ◦C, whereas for typical
calamitic (rod-shaped) liquid crystals TNI − T − � 1 ◦C. Here
TNI is the nematic-isotropic transition temperature and T − is
the supercooling limit of the nematic phase.

Bent-core molecules possess a high degree of molecular
biaxiality. The possible effects of molecular biaxiality on ne-
matic order have been studied theoretically using a number of
techniques. These include molecular field treatments [9–16],
computer simulation studies of lattice dispersion models
[17–20] and the off-lattice biaxial Gay-Berne model [21,22].
All these studies predict sequences of phase transitions, from
NU to I at a higher temperature and from biaxial nematic
(NB) to uniaxial nematic (NU ) at a lower temperature. Also a
direct NB to I transition is predicted at a particular molecular
geometry.

*Corresponding author: roy.soumenkumar@gmail.com

Apart from the above observations, molecular field studies
[14,16] have shown that the increase in degree of molecular
biaxiality influences the NU -I transition in a number of ways.
First, as the molecular biaxiality parameter λ (a measure of
the molecular biaxiality and to be defined later) increases, the
nematic order parameter S at the phase transition becomes
smaller and thus the jump in S at the NU -I transition decreases.
Second, the transition temperature TNI decreases monotoni-
cally with increase in λ. Third, the difference between the
NU -I transition temperature and the orientational spinodal
temperature (T −) decreases monotonically with increasing λ

and finally these two temperatures merge as λ approaches its
critical value λ = λC = 1/

√
6 = 0.40825.

More recently, a Monte Carlo (MC) simulation study [23]
based on a lattice dispersion model investigated the influ-
ences of molecular biaxiality on the NU -I transition using
the multiple histogram reweighting technique [24], and the
relevant part of the free energy was generated for two different
systems: one composed of uniaxial molecules and the other of
biaxial molecules. Although the work reported in Ref. [23]
emphasized the effect of an external field on uniaxial and
biaxial molecules, from free energy analysis it was pointed out
that molecular biaxiality weakens further the weak first-order
NU -I transition. The investigations presented in Ref. [23] were
limited to only two values of molecular biaxiality parameter (0
and 0.20) and also the aim of the study was different, namely
the effects of an external magnetic field on nematic order.

The fact that the increase in λ leads to weakening of NU -I
transition was also observed in a previous MC study [18]
from the plots of order parameter and heat capacity, where
the same dispersion model with three different values of λ

(0.2, 0.3, and 0.40825) was used. However, to explore the
effects of molecular biaxiality on the NU -I transition and the
associated pretransitional behavior, more accurate simulation
technique is necessary.

In this paper we present an MC study using the reweighting
technique [24] on a lattice dispersion model to investigate

2470-0045/2019/99(2)/022703(5) 022703-1 ©2019 American Physical Society
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FIG. 4. TNI vs λ phase diagram for the nematic-isotropic tran-
sition. The coexistence curve slopes downwards till λ = 0.3 and
then slopes upwards till λ = 1/

√
6. The dashed curve represents

orientational spinodal line. The error bars are smaller than the point
size.

ordinate on the right corresponds to the free energy vs energy
curve at T −. Figures are plotted for λ values 0, 0.25, 0.3,
and 0.325. We can see from the curves corresponding to TNI

that, as the value of biaxiality parameter increases, the depth
of the free energy well decreases, taking the transition closer
to being second order. For λ greater than 0.325 the depth of
the free energy well at transition becomes so small that the
structure of the well becomes nondiscernible from random
fluctuations.

Investigators have also used the Lee and Kosterlitz finite
size scaling method [34] to obtain the NU -I temperature for
λ = 0. Priezjev and Pelcovits [36] studied system sizes up
to 703 using the single histogram reweighting technique [24]
and obtained TNI = 1.1225 ± 0.0001 in the thermodynamic
limit. This result is very close to what we obtained in the
present study, namely TNI = 1.1226 ± 0.0001 for a system
size 643. More recently Shekhar et al. [37] reported TNI =
1.1229 ± 0.00015 in a study similar to that of Priezjev and
Pelcovits [36], but with relatively smaller system sizes (upto
403). Perhaps the use of smaller system sizes resulted in a
slightly different value of TNI obtained in this work. It may
also be noted that, besides the transition temperature, our
estimate of the depth in the free energy well (for λ = 0) is
in close agreement with the finding of Priezjev and Pelcovits
[36], namely of the order of 1.0ε.

Finally, in Fig. 4, we present the coexistence line and
the orientational spinodal line in the λ-T plane. We see that
both TNI and T − first decrease with increasing value of the
biaxiality parameter and then increase with increasing λ. This

TABLE I. N-I transition temperatures for different values of
the biaxiality parameter λ for the biaxial systems. Estimates of
orientational spinodal temperature T − are also listed for the systems
having lower λ. The estimated (jackknife) error in each temperature
is within ±0.0001.

λ TNI [from χ vs T ] TNI [from F (E ) vs T ] T −

0 1.1227 1.1226 1.1222
0.075 1.1215 1.1214 1.1211
0.150 1.1187 1.1186 1.1182
0.200 1.1163 1.1162 1.1158
0.250 1.1140 1.1139 1.1136
0.300 1.1130 1.1130 1.1128
0.325 1.1136 1.1135 1.1134
0.350 1.1151 1.1151 1.1150
0.375 1.1185 1.1186 1.1185
0.408 1.1224

observation deviates from the prediction of MF theory, which
shows a monotonic nature of the TNI vs λ curve, i.e., no
change of curvature. While earlier MC simulations show no
perceivable effect of molecular biaxiality upon TNI . It should
be noted that the exact nature of TNI vs λ curve is revealed
when TNI is computed with sufficiently high temperature
resolution Table I.

Another important observation is that the gap between
these curves decreases monotonically and finally vanishes as
λ approaches λC . A similar qualitative feature was found in
the molecular-field theory study of To et al. [16].

V. CONCLUSION

We have reported the results of a MC study of a uniaxial
nematic system composed of biaxial molecules. The tempera-
ture resolution used in this work is more than what is available
in previous MC studies. The peculiar nature manifested in the
change of curvature of the TNI -λ curve exhibited in Fig. 4,
to our knowledge not obtained in any previous MC work or
MF studies, is the main finding of our work and needs to be
explained by rigorous theoretical methods.
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Pressure-induced phase transitions in liquid crystals: A molecular field approach
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A rigorous microscopic treatment of a nematic fluid system based on a pairwise interaction potential is
immensely complex. For studying such systems molecular field theories are often the standard method of
choice. In this paper we have chosen a simple effective potential U = u4

v4 − u2
v2 − Au2

v2 〈P2〉P2(cos ϑ ) to study
an isothermal-isobaric ensemble describing a liquid crystalline system. Using this we have studied in particular
the pressure dependence of liquid crystalline phase transitions.

DOI: 10.1103/PhysRevE.98.022701

I. INTRODUCTION

Studies of phase transitions in liquid crystalline materials
are of extreme importance because of their various important
applications. For more than a century different experiments
and corresponding theoretical studies have established the
existence and behavior of different liquid crystalline phases.
These studies involve the measurement of variation of different
liquid crystalline properties such as orientational order param-
eter, dielectric constant, specific heat, isothermal compress-
ibility, isobaric expansivity, etc. with the temperature [1–3].
Most of these thermodynamic measurements have been done
on nematics at constant pressure, so that as temperature is
varied, the molar volume also varies as a result of thermal
expansion. The temperature dependence of orientational order
in a nematic liquid crystal at constant molar volume was
difficult to measure. This was first carried out by McColl
and Shih [4]. They published their results of the temperature
and volume variation of the orientational order parameter in
para-azoxyanisole (PAA).

One of the first experiments investigating the effect of
pressure on mesophase transitions were conducted by Hulett
in 1899 [5] just about a decade after the discovery of liquid
crystals. Most of the work involving pressure dependence had
been done during 1970s [4,6–9]. Then in 1975, Shashidhar and
Chandrashekhar [6] in their experimental work presented the
pressure variation of liquid crystalline materials in detail and
generated the phase diagrams, which clearly showed the liquid
crystalline phases and the appearance of tricritical points.
Horn [2,3], on the other hand, determined the dependence of
orientational order parameter with temperature by measuring
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‡soumyajit.pramanick@gmail.com
§ghoshaln@yahoo.co.in
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refractive index. Later Horn along with Faber explained these
experimental data using a mean-field approach [7]. Wallis and
Roy [8] again by the proton NMR spectrum study, studied
the line width of proton resonance as function of temperature
and pressure for the nematogens 5, 6, 7, and 8 CB and also
for some other nematogens including PAA. They showed
that the value of the orientational order parameter at the
nematic-isotropic transition decreases with increasing pressure
for 5, 7, and 8 CB but remained constant for 6 CB. The
pressure and temperature dependence of the orientational order
parameter for different sites in a mesogen were reported by
Emsley et al. [9]. They showed that the quadrupolar splitting
at the nematic isotropic transition temperatures is independent
of pressure for different sites of the alkyl chain. In 1980,
Luckhurst and Romano [10] considered an anisotropic part
of the intermolecular potential along with the isotropic part
and carried out computer simulation studies to find the phase
diagram for some liquid crystals, but they had not considered
any variation in pressure. In 1999, Hess and Su [11] used a
generalization of the Lennard-Jones potential to study both
the pressure and temperature variation of their liquid crystal
model with density and observed a pseudotricritical point.

The stability of the nematic liquid crystal phase arises
from the existence of strong interactions between pairs of
the constituent molecules. This interaction between molecules
leads to a long-range orientational order in the nematic phase.
In most realistic situations, a rigorous microscopic treatment of
a nematic fluid system based on a pairwise interaction potential
becomes immensely complex. For systems of comparable
complexity, mean-field theories are often the standard method
of choice. The celebrated Maier-Saupe molecular field theory
[12] (also referred to as mean-field theory; for a clarification
of the terminology being used here see Ref. [13]) of nematic
liquid crystals correctly predicts the existence of a first-order
phase transition between the nematic and isotropic liquid
states. However, there has been no significant molecular field
study of the pressure dependence of liquid crystalline phase
transitions to date. In the present paper we have presented a
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so that

eNf (v) = eNf (v∗ )eδ2f ′′(v∗ )/2

(
1 + f ′′′(v∗)

6
√

N
δ3 + · · ·

)

and hence

∫
eNf (v)dv = eNf (v∗ )

∫
eδ2f ′′(v∗ )/2

(
1+f ′′′(v∗)

6
√

N
δ3+ · · ·

)
dδ√
N

.

It is easy to see that this yields

ln

(∫
eNf (v)dv

)
≈ Nf (v∗) + ln

(√
2π

N |f ′′′(v∗)|

)
+ · · · .

Note that for very large values of N , the subleading term in
the above expression, which is of order ln N is completely
dominated by the leading term of order N so that we can
use

ln

(∫
eNf (v)dv

)
≈ Nf (v∗).
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Fluorescein derived Schiff base as fluorimetric zinc (II) sensor via ‘turn
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A novel Schiff base L composed of fluorescein hydrazine and a phenol functionalized moiety has been designed
and prepared via cost-effective condensation reaction. The L is utilized for selective sensing of Zn2+ over other
environmental and biological relevant metal ions in aqueous alcoholic solution under physiological pH range.
The binding of Zn2+ to the receptor L is found to causes ~23 fold fluorescence enhancement of L. The 1:1 binding
mode of the metal complex is established by combined UV–Vis, fluorescence, and HRMS (high-resolution mass
spectroscopy) spectroscopic methods. The binding constant (Ka) for complexation and the limit of detection
(LOD) of Zn2+ is calculated to be 2.86 × 104M−1 and 1.59 μM, respectively. Further photophysical investigations
including steady-state, time-resolved fluorescence analysis and spectral investigations including NMR (nuclear
magnetic resonance), IR (infrared spectroscopy) suggest introduction of CHEF (chelation enhance fluorescence)
with the suppression of C_N isomerization and PET (photo-induced electron transfer)mechanism for the strong
fluorescent response towards Zn2+. Finally, the sensor L is successfully employed to monitor a real-time detec-
tion of Zn2+ by means of TLC (thin layer chromatography) based paper strip. The L is used in the cell imaging
study using African green monkey kidney cells (Vero cells) for the determination of exogenous Zn2+ by Immu-
nofluorescence Assay (IFA) process.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Zn (II) ion, the secondmost abundant transitionmetal in the human
body plays a crucial role inmany biological processes. This includes nor-
mal human growth and development, an additional signaling role in the
central nervous system which contains high levels of zinc, gene tran-
scription, brain function, and mammalian reproduction, co-factor in
hundreds of enzymes [1,2]. Recent studies have identified labile zinc
as being critically involved in human pathophysiology and neurology
[3,4]. For instance, a failure in Zinc homeostasis is linked to development
of prostate cancer and Alzheimer's disease. Deficiency of micronutrient
zinc leads to impaired cognition, immune dysfunction, diarrhea, and
death, particularly in children under the age of 5 years [5]. The human
genome encodes two dozen Zn2+ specific transporters and many
metal-buffering proteins, which are expressed in a tissue-specific man-
ner [6]. Although Zn2+ is essential for cell function, accumulation of Zn2

+ to toxic levels leads to cell death [7–9]. These factors thus trigger us for
the detection and development of a new class of Zn (II) sensors. Schiff
bases play a crucial role in host-guest chemistry as chemosensors
being that the nitrogen atoms present exhibits a strong tendency to
bindmetal ions and implies its applications in recognition. Fluorescence
sensors are powerful tools in the detection of ions/small molecules, be-
cause of their high sensitivity, excellent selectivity, and quick response
speed. Such type of sensors normally contains two parts viz., a receptor
that specially interacts with the target and a fluorophore that translates
the molecular recognition to fluorescence signal. Fluorescent sensors
based on Schiff base attract special attention owing to their easy synthe-
sis, variable structures, and cheap raw materials. In recent years, the
fluorescein and its derivatives were used as excellent fluorescence
chemosensor for Zn2+ attract interest due to their short synthetic
routes, high water solubility, noticeable fluorescence quantum yield
and good photo-stability [10–18]. Out of the two distinctive form of
fluorescein-based Schiff bases, the spirolactam (close) form is colorless
and non-fluorescence. Some metal ions/species are capable to open up
the ring-form accompaniedwith a change of its spectroscopic properties
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ABSTRACT: We demonstrate a bioinspired assembly wherein
the specific interaction of polyamines with multivalent anions
allows the assembly of silica nanoparticles to generate hybrid
microsphere structures while this very phenomenon further
provides ways for the microspheres to adsorb oxyanions like
arsenate and chromate. In a typical method based on the
biomineralization of diatomaceous biosilica structure, thus
produced nanoparticle-assembled microspheres with a porous
structure and hybrid functionalities exhibit efficient adsorption
and separation of these toxic anions from water. The adsorption
follows Freundlich isotherm with an inference for stronger
interaction between adsorbate and adsorbent with nonuniform
distribution of adsorption affinities. The opportunities to tune the composition with respect to the multivalent anion and their
interaction with the polyamine, charge ratio, and so forth, illustrate the design of bioinspired robust structures with efficient
oxyanion-binding property and recyclability. The consequence of competing anions shows that the binding selectivity follows
the Hofmeister series of counterion interaction. Interestingly, in accordance with a molecular imprinting mechanism, the silica
nanoparticle-assembled structure stabilizes and preserves the polyamine-anion nanostructure creating cavities/voids
complementary to the adsorbing ions in shape, size, and functional groups. As a result, the polyamine with phosphate as
the multivalent anion exhibits efficient binding and removal of these toxic contaminants, which is better than most of the other
reported adsorbents.

KEYWORDS: biomimetic chemistry, self-assembly, nanostructures, anion-binding, ion-imprinting

■ INTRODUCTION

Despite the controversial conclusions that certain bacteria can
grow in the presence of arsenate instead of phosphate, there has
been continuous efforts to find biological or bioinspired
solutions for arsenic remediation.1,2 This includes investigations
using organisms like Microalgae (phytoplankton), which are
known to be the key contributors to arsenic cycling in themarine
environment.3 Other marine organisms, such as fish and
invertebrates, have also been shown to facilitate accumulation
of arsenic mainly in the form of organo-arsenicals. This
bioaccumulation by a number of marine organisms certainly
suggests that they have an affinity for the arsenic containing
compounds.4 Although the reason underlying this biological
process is still a matter of discussion, mimicking these hybrid
structures may provide clues not only for the phenomenon but
also for the fabrication of advanced materials for the removal of
these toxic anions from water.5 Therefore, in the present work
our focus is to explore the bioinspired structures, particularly
those based on the Diatoms, which represent a type of
microalgae that dominate the phytoplankton blooms. Via
biosilicification processes, these marine species produce shells
called frustules composed of silica and long-chain polyamine-

containing proteins (silaffin) assembled together generating
intricately designed structures. Thus, formed hybrid structure
provides controlled porosity, large surface area, and mechanical
protection.6−8 Many efforts have been made not only to
understand the biosilicification process but also to help develop
bioinspired methods for the synthesis of advanced materials for
various desirable applications.9−13

In the context of the groundwater contamination, the toxic
oxyanions like arsenate and chromate are known to affect
millions of people globally.14−16 According to WHO (World
Health Organization) guidelines, the maximum tolerable
concentrations of arsenic and chromium in drinking water are
<10 and <50 ppb, respectively. Both of arsenic and chromium
exist in water mainly in their tetrahedral oxyanionic form.17,18

Therefore, the removal of these oxyanions from drinking water
either through natural biogeochemical processes or engineered
approaches is imperative to mitigate its potential environmental
and health risk. Conventionally, it is done by absorbing the ions
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Abstract

The Census Authority of India usually provides data regarding the nature
of a few urbane characteristics for all the village units and thereby classifies
a place as Census Town, which is considered as the lowest unit of
urbanization. From the perspective of urbanization, regions of any state,
consisting of blocks can be classified as economically advanced or
economically backward on the basis of existence of Census Towns in it as
urban places are likely to bring more prosperity in terms of standard of
living. However, proper assessment of urbanization in a single measurement
scale, of all village units of a particular block is not done so far. An attempt
in that direction is made in this article through construction of a Generalized
Urbanization Index (GUI) for all the village units of some blocks, selected
through systematic-stratified sampling, from three major districts of Paschim
Medinipur, Bankura and Purulia, which are known as ‘so called’ backward
regions. The proposed GUI for a census-unit is constructed with two
components - the town criteria index and the amenities index and the
relative weights of both the component-indices and the underlying
dimension indices are determined through the application of Iterative
Average Correlation Method indicating some movement towards actuality
in comparison to prevailing two other methods of weight determination -
the Equal Weights Principle and the Principal Component Analysis.
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Table AT 4: Computation of AI for the Census-units in EWP, PCA and IACM
respectively, A Representative Picture with 25 Units under 3 Censuses

Serial 
No.

DISTRICTS 
AND 

BLOCKS

Block-
wise 
Serial 
No. in 
Census 
Years

NAME of the 
VILLAGE 
UNITS /                                                   

NON-
MUNICIPAL 

TOWNS / 
CENSUS 
TOWNS

AI 
(EWP)

AI 
(PCA)

AI 
(IACM)

1
Paschim 

Medinipur 
KGP 1

2011
1

ABHOYANAGAR 0.179 0.560 0.386

2 KGP 1 2 AGARPARA 0.061 0.170 0.134
3 KGP 1 3 AJABGAR 0.102 0.229 0.210
4 KGP 1 4 AJABPUR 0.106 0.310 0.224
5 KGP 1 5 AJODHYAGAR 0.153 0.548 0.369

6
Bankura 

BARJORA
2011

1
AMTHIA 0.062 0.160 0.128

7 BARJORA 2 ARJUNI 0.048 0.145 0.092
8 BARJORA 3 ASANSOLA 0.189 0.576 0.405

9 BARJORA 4
ASHURIA 

MADHABPUR
0.171 0.352 0.253

10 BARJORA 5 BAGULI 0.156 0.345 0.262

11
Purulia 

KASHIPUR
2011

1
ADALI 0.123 0.228 0.214

12 KASHIPUR 2 ADRA (CT) 0.446 0.726 0.700
13 KASHIPUR 3 AGARDI 0.155 0.209 0.201
14 KASHIPUR 4 AGRABAD 0.107 0.215 0.200
15 KASHIPUR 5 AGUIBAD 0.084 0.186 0.151

16
Paschim 

Medinipur 
KGP 1

2001
1

ABHOYANAGAR 0.120 0.216 0.201

17 KGP 1 2 AGARPARA 0.092 0.182 0.129
18 KGP 1 3 AJABGAR 0.048 0.056 0.074
19 KGP 1 4 AJABPUR 0.093 0.102 0.125
20 KGP 1 5 AJODHYAGAR 0.093 0.192 0.158

21
Paschim 

Medinipur 
KGP 1

1991
1

ABHOYANAGAR 0.055 0.058 0.097

22 KGP 1 2 AGARPARA 0.019 0.023 0.042
23 KGP 1 3 AJABGAR 0.036 0.035 0.055
24 KGP 1 4 AJABPUR 0.065 0.061 0.104
25 KGP 1 5 AJODHYAGAR 0.055 0.058 0.097

Source: Calculated by the Author on the basis of Selected Census Data
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Surface enhanced Raman scattering: Mechanism and 

suitable Nanomaterials for detection of trace molecules 

 
Joydeb Manna 

 
Abstract 
SERS is becoming an important tool for detection of molecules in ultra-trace level. In this review, an 
overview of SERS and different types of SERS active substances are presented. The excessive use of 
metal and/or metal supported nanostructured materials have been used for making the SERS active 
substances. Along with pure metal nanoparticles, core-shell or hybrid nanoparticles also made their way 
as SERS active platform. Notably, unusual shapes such as nanostars or nanoplates have used for such 
purposes. Further, SERS were used for intracellular detection of biomolecules in different types of cells. 

It is believed that this review would be useful to further development of advanced SERS platform for 
various applications especially physiological detection of trace molecules. 

 
Keywords: SERS, mechanism, Nanomaterials, intracellular, trace molecule 
 

1. Introduction  

Surface enhanced Raman spectroscopy (SERS) is a powerful vibrational spectroscopy 

technique that allows for highly sensitive structural detection of low concentration analytes 

through the amplification of electromagnetic fields generated by the excitation of localized 

surface plasmons [1]. SERS has progressed from studies of model systems on roughened 

electrodes to highly sophisticated studies, such as single molecule spectroscopy. We 
summarize the current state of knowledge concerning the mechanism of SERS and new 

substrate materials. We highlight recent applications of SERS including sensing, spectro- 

electrochemistry, single molecule SERS, and real-world applications. We also discuss 

contributions to the field from the Van Duyne group. This review concludes with a discussion 

of future directions for this field including biological probing with UV-SERS, tip-enhanced 

Raman spectroscopy, and ultrafast SERS [2]. A single metal nanoparticle typically offers SERS 

signal enhancements on the order of 102–106 [3]. However, when two nanoparticles are in close 

proximity, their dipoles can couple, leading to stronger overall field enhancements, reported to 

be as high as 1010–1014 [4]. As such, nanoparticle aggregates are often considered an optimum 

SERS substrate, even though they lack well-defined structure [5]. For intracellular SERS 

imaging, these nano- particles must self-assemble into aggregates within the cell, since the 
aggregates are often too large to penetrate the external membrane or wall of the cell. As we 

shall see, the cells inherently promote this aggregation due to their primary mechanism of 

nanoparticle uptake; however, this can limit the access that the nanoparticles have to specific 

regions of the intracellular matrix. 

In recent years, purposeful SERS applications have been performed by functionalizing the 

nanoparticles with antibodies or other bio molecules that have a special receptor [6]. The 

functionalized nanoparticles that also can be described as SERS targeting nanoprobes always 

contain Raman reporter molecules to highlight the positions of themselves by their high 

spectral specificity. More recently, this method has been successfully used in tumor detection 

on living animals [7]. However, the Raman reporter modified targeting nanoprobe provides 

only the signature of the reporters and tends to be an imaging instrument rather than a 

detection probe, like the role of a fluorescent reagent or quantum dot; the application of the 
latter in targeting research is already proving to be excellent. In fact, delivering molecular 

structural information from the target analyte is the most important characteristic or advantage 

of SERS, which until now has not been possible by any other technique.
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Sonia et al. synthesized triangular nano-plates and studied their SERS effect on 4-nitrobenzenethiol (4-NBT) (Fig. 6) [17]. 

 

  
 

Fig 6: (a) TEM images of Au decahedra synthesized at 80 oC in the presence of 0.8 mM T904, 30 mM citric acid 0.5 mM HAuCl4 and 1 mM 
HCl. (b) SERS spectra obtained at different concentrations of 4-NBT in the presence of Au triangular nanoplates (1, 3–6) and Au decahedra (2) 

upon excitation with a 785 nm laser line [17]. 
 

5. Intra-cellular detection 
There have been reports for intracellular studies using SERS 

activity [18, 19]. This study reports on the intracellular detection 

of cell constituents in mouse fibroblast cells using gold 

nanoshells. Gold nanoshells were acquired from Nanospectra 

Biosciences that are based on a silica dielectric core and an 

outer gold shell layer. They have the unique property of a 

tenable surface plasmon resonance wavelength from the 

visible through the near infrared which allows control of the 
electromagnetic field strength on its surface. Hence gold 

nanoshells can serve as SERS substrates with plasmonic 

properties that are not aggregation dependent and thus can be 

expected to overcome the reproducibility problem that is 

generally associated with aggregation based colloidal metal 

nanoparticles. These results represent the first steps in the 

development of a nano shell-based SERS probe to detect cell 

organelles and/or intracellular biochemicals with the goal of 

ultimately improving the ability to monitor intracellular 

biological processes in real time. 

 

6. Conclusions 

In this review, an overview of SERS and different types of 

SERS active substances are presented. The excessive use of 

metal and/or metal supported nanostructured materials have 

been used for making the SERS active substances. Notably, 

unusual shapes such as nanostars or nanoplates have used for 

such purposes. Further, SERS were used for intracellular 

detection of biomolecules in different types of cells. This 

review will make its use for further development of suitably 

functionalized SERS materials for detection of physiological 

trace molecules. 
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Abstract 

The inclination towards human flesh as part of a daily diet is an ‘unnatural’ phenomenon for 

a predatory animal like tiger and leopard. But during the British Raj, the number of man-

eaters was drastically increasing in the Kumaon and Garhwal regions of India. Strikingly, 

this was also the time when the rampant extraction of timber in the Terai forests saw the 

height of colonial exploitation. It is in this context that Stephen Alter has set his novel, In the 

Jungles of the Night (2016), which is included in this paper as the case-study. Alter’s novel is 

a fictional recounting of Jim Corbett, who is depicted here as a hunter with the impulse of a 

naturalist and conservationist. Taking Corbett’s experience in the account, as narrated by 

Alter in his novel, this paper would explore how man-eaters are not a natural selection, but a 

production of human experimentation and interference in the ecological system. How 

exploitation of the natural resources and encroachment in the vicinity of tigers and leopards 

threaten ecological balance, would also be the points of discussion for this paper. The paper 

would consider the colonial policies towards he wild life and investigate its role in the 

negative transformation of the ecosphere. Finally, the paper would draw its conclusion by 

reflecting upon the eco-literary consciousness in Alter’s novel, suggesting how human beings 

can still avert ecological crisis by preserving what is left in the bio-diversity.  

 

Keywords: Man-eater, extraction/ exploitation, encroachment, ecological crisis 

 

 

 In 1907 a man-eater commonly known as the Champawat tigress was shot dead by 

Jim Corbett. It was his first proclaimed hunting of a man-eater that had been terrorising the 
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Abstract
In this research work, a wholesaler-retailer-customer supply chain model for a deteriorating item is considered, where
the retailer’s warehouse in the market place has a limited capacity. The retailer can rent an additional warehouse
(rented warehouse) if needed, with a higher rent compared to the existing warehouse (own warehouse). The customers’
demand of the item is linearly influenced by the stock level and in case of shortages the base demand is partially
backlogged. Being the leader of the supply chain, the retailer introduces some promotional cost to boost the base
demand of the item. To participate in joint marketing decision, the wholesaler shares a compromise part of this
promotional cost. Goal of this research work is to maximize the individual profits (when the retailer is the leader and
the wholesaler is the follower) as well as the channel profit (when the retailer and the wholesaler jointly make marketing
decision) of the system. It is established that if the wholesaler shares a part of the promotional cost, then the channel
profit as well as the individual profits increase. The supply chain model is also considered in imprecise environment,
where different inventory parameters are fuzzy/rough in nature. In this case, the individual profits as well as the
channel profit become fuzzy/rough in nature. As optimization of fuzzy/rough objective is not well defined, following
credibility/trust measure of fuzzy/rough event, an approach is followed for comparison of fuzzy/rough objectives and a
Particle Swarm Optimization algorithm is implemented to find the marketing decisions. Efficiency of the algorithm in
solving the problem is statistically established. The existence of the joint marketing decision is established analytically
and numerically (with illustration) in crisp as well as in imprecise environments.

Keywords: Deteriorating inventory, two-warehouse model, promotional cost, credibility measure, trust measure, par-
ticle swarm optimization.

1 Introduction
The classical inventory models on deteriorating items are normally developed with the common assumption that the
capacity of the retailer’s outlet is sufficient, i.e., the outlet has sufficient space to store the order quantity [2, 5, 30, 37, 43,
44]. However, in several real-life problems, this assumption may not appropriate. There are a number of factors which
influence the marketing decisions in different ways. Sometimes these factors may force the retailer to buy more than
his/her own warehouse (OW) capacity. The retailer may overcome the situation using an additional rented warehouse
(RW), having sufficient capacity, normally with higher rent relative to the OW [8, 24].

Influence of displayed inventory level on the demand of any item is a well established phenomenon [12, 11]. Due
to this reason, a retailer normally uses a decorated outlet at the market place to attract the customers and uses
another storehouse near the outlet to stock the excess order quantity [23, 24, 29, 35]. Also inventory modelings of
the deteriorating items draw significant attention by the researchers [2, 3, 5, 21, 26, 30, 41, 44]. During last two
decades, several researchers on inventory control problems developed their models incorporating the above mentioned
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Abstract
Inventory control is one of the most widely recognized issues in the reality. This investigation manages the utilization of

fractional derivatives and integration on an inventory control problem. The memory of a dynamical model is a highly

concerned issue which is commonly neglected by the models described in terms of integer-order differential equation. The

memory capturing the power of fractional derivative (in Caputo’s sense) is utilized here to describe an economic pro-

duction quantity model with deterioration when the demand depends on price and stock and production is stock dependent.

Also, this study covers the integer-order model with the same assumptions as a memoryless model and a particular case of

the fractional model. Due to the complex nature of the model, numerical optimization with the help of a modified artificial

bee colony algorithm is done instead of the analytical approach of optimization. Finally, we have performed a sensitivity

analysis in order to make a fruitful conclusion.

Keywords Fractional-order differential equation · EPQ model · Laplace transformation · ABC algorithm

1 Introduction

Fractional calculus (FC) is a branch of mathematics which

old enough as the traditional integer-order calculus. In the

late seventeenth century, the foundation stone for the

establishment of FC was laid by the conversation between

two famous mathematicians L’Hospital and Liebnitz.

Liebnitz’s response to the question of L’Hospital on the

existence of derivative of 1
2
the order was “an apparent

paradox from which 1-day useful consequences will be

drawn”. Surprisingly, the application of FC in the practical

field of science and technology is neglected for decades

and centuries looking at the concept of FC as an abstract

and absurd almost. But, it is proved through recent progress

of the subject that the concept is not abstract. Rather, it can

describe more accurately the dynamical behaviour of pro-

cesses in nature and real world in comparison to integer-

order calculus. So, these days, global excitement for FC as

well as fractional-order system (FOS) has been seemingly

exponential. Due to the different nice results of fractional

derivatives, FC has attained much attention for modelling

of the image processes, various fields of mathematics,

economics, physics and engineering (Diethelm et al. 2012;
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A two-warehouse multi-item supply chain with stock dependent promotional
demand under joint replenishment policy: a mixed-mode ABC approach
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ABSTRACT
Amulti-item two-level supply chainmodel under promotional cost sharing is proposed and analysed
in this investigation. Here, it is assumed that a retailer purchases different items from a wholesaler
under joint replenishment policy and sells the items to its customers. Due to the scarcity of the mar-
ket place, the retailer uses two rentedwarehouses to run the business – onewithmoderate capacity
situated at the heart of the market place, namely RW1 and another with sufficiently large capac-
ity, a little away from the market place, namely RW2. Items are ordered jointly using basic period
(BP) policy, initially stored at RW2 and transferred jointly to RW1 for sale following another BP policy.
Demands of the items depend on displayed inventory levels, selling prices as well as the frequencies
of the advertisements. Total cost due to the reduced selling prices and the advertisements is consid-
ered as the promotional cost. The problem is formulated as a mixed-integer optimisation problem
in crisp as well in imprecise environments. To solve such real-life problems, here artificial bee colony
algorithm is modified, tested and used. Model is illustrated with some hypothetical test problems
and somemanagerial insights are outlined.
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1. Introduction

In any supply chain, profit of each party mostly depends
on the market demand of the items involved in the
chain. Though every item has some base demand in the
market, goal of every supply chain is to improve this
base demand to survive in the market. Displayed inven-
tory level always influences the customers and accord-
ingly retailers normally hire a showroom in the mar-
ket place to attracts the customers. This investment
is mainly done at the retailer level. Two other factors
which highly influence the demand are – advertisement
(Maiti & Maiti, 2006a; Manna et al., 2017) and selling
price (Maiti & Maiti, 2006a; Pakhira et al., 2017; Paul
et al., 2014; Wee, 1997). An item is supposed to be sold
in the maximum retail price printed on the packet, but
in reality it is observed that different retailers give dif-
ferent discounts to attract their customers. Sometimes
packaging is made with some extra amount which basi-
cally decreases the unit price. Free gift/extra amount
with a purchase is another approach of reducing the
selling price. Again different multinationals, as well as
small companies, use frequent advertisements to boost
the demand of their products to the customers. Though
this type of investment reduces the profit from per unit

CONTACT Nilesh Pakhira npakhira1@yahoo.com Department of Applied Mathematics with Oceanology and Computer Programming, Vidyasagar
University, Midnapore, Paschim-Medinipur, West Bengal 721102, India

sale, the resultant profit of each party increases, as total
demand improves significantly. But if only one party
invests this promotional cost, then, he/she will be the sole
decision maker (DM) of the system (Haseli et al., 2019),
whichmay not satisfy the other party’s interest. So a coor-
dination is highly required among all the parties in such a
manner that all the partieswill share the promotional cost
and take part in the marketing decision. Some research
articles have already been published incorporating pro-
motional cost sharing in supply chain (Cárdenas-Barrón
& Sana, 2015; Pakhira et al., 2018a, 2018b, 2019; Pra-
manik et al., 2017a). In all these studies, it is assumed
that a promotional effort influences the demand of an
item and promotional cost is a function of this promo-
tional effort. Thus, a research gap from these studies can
be identified as follows:

It is neither clear how promotional effort actually
improves the demand nor how the promotional cost
function is estimated. Moreover, none of these studies
considered the influence of displayed inventory on the
demand, specially for a supply chainmanagement (SCM)
system under retailer’s two-warehouse facility.

It has already been mentioned that the displayed
inventory has significant role in drawing attention to the

© 2020 Informa UK Limited, trading as Taylor & Francis Group

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/23302674.2020.1753127&domain=pdf&date_stamp=2020-04-20
mailto:npakhira1@yahoo.com


22 N. PAKHIRA ET AL.

Production Planning & Control, 8(5), 494–499. https://doi.
org/10.1080/095372897235073

Yang, H.-L. (2004). Two-warehouse inventory models for
deteriorating items with shortages under inflation. Euro-
pean Journal of Operational Research, 157(2), 344–356.
https://doi.org/10.1016/S0377-2217(03)00221-2

Zhou, Y.-W., & Yang, S.-L. (2005). A two-warehouse inven-
tory model for items with stock-level-dependent demand
rate. International Journal of Production Economics, 95(2),
215–228. https://doi.org/10.1016/j.ijpe.2003.12.007

Zimmermann, H.-J. (1996). Fuzzy set theory and its
applications. Springer Science+Business Media.

https://doi.org/10.1080/095372897235073
https://doi.org/10.1016/S0377-2217(03)00221-2
https://doi.org/10.1016/j.ijpe.2003.12.007


Journal of Intelligent & Fuzzy Systems 37 (2019) 565–581
DOI:10.3233/JIFS-16913
IOS Press

565
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with variable demand

Nilesh Pakhiraa,∗, Manas Kumar Maitib and Manoranjan Maitia
aDepartment of Applied Mathematics with Oceanology and Computer Programming, Vidyasagar University,
Midnapore, Paschim-Medinipur, West Bengal, India
bDepartment of Mathematics, Mahishadal Raj College, Mahishadal, Purba-Medinipur, West Bengal, India

Abstract. Here two-level supply chain model is considered for a deteriorating item where the retailer’s warehouse in the
market place has a limited capacity. Therefore the retailer can rent a warehouse (RW) if needed with a higher cost compared
to own warehouse (OW). This model includes one wholesaler and one retailer and our aim is to maximize the total profit.
The demand rate in retailer is stock-dependent and in case of any shortages, the demand is partially backlogged. Retailer
also introduces some promotional cost to boost the base demand of the item. It is established that if the wholesaler shares a
part of promotional cost then channel profit as well as individual profit increase. The supply chain model is also considered
for imprecise environment when different inventory parameters are fuzzy/rough in nature. In this case individual profits as
well as channel profit become fuzzy/rough in nature. As optimization of fuzzy/rough objective is not well defined, following
credibility/trust measure of fuzzy/rough event, an approach is proposed for comparison of fuzzy/rough objectives and a
Particle Swarm Optimization (PSO) algorithm is used to find marketing decisions. Models are illustrated with numerical
examples.

Keywords: Deterioration, Two-warehouse model, Promotional Cost, Credibility/Trust measure, Particle Swarm Optimization

1. Introduction

In the classical inventory model for deteriorating
products, it is usually assumed that the warehouse
has no limits in the capacity. However, in the real-life
problem the situation is different. There are a number
of factors which influence the optimum solution in
different ways. Sometimes these factors may suggest
retailers to buy more than their own warehouse (OW)
capacity. In these situations, the retailers can benefit
from a rented warehouse (RW).

Today’s globalized and competitive markets drive
companies to become more efficient and cost-
effective. Usually, supply chain (SC) members

∗Corresponding author. Nilesh Pakhira, Department of Applied
Mathematics with Oceanology and Computer Programming,
Vidyasagar University, Midnapore, Paschim-Medinipur, West
Bengal, 721102, India. E-mail: npakhira1@yahoo.com.

optimize local decisions without considering the
impact of their decision on the other member’s per-
formance and on the overall performance of SC [33].
Thus, a coordination mechanism may be necessary
to motivate the members. SC members are dependent
on each other and these members need to be coordi-
nated efficiently by managing dependencies between
each other. Jaber and Osman [15] considered a two-
level supply chain with delay in payments and profit
sharing. The ordering and advertising policies for a
single-period commodity was presented by Chen [3]
in a two-level supply chain. Wang [32] considered
a two-level supply chain with multiple retailers and
stochastic demand. Dong et al. [6] developed a model
on multi-level supply chain.

Many researchers have discussed on inventory
models for deteriorating items. Bhunia and Maiti
[2] proposed a deterministic inventory model for
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Abstract. In the recently published paper [Gour Chandra Mahata and Su-

jit Kumar De, Supply chain inventory model for deteriorating items with

maximum lifetime and partial trade credit to credit-risk customers, Interna-
tional Journal of Management Science and Engineering Management, 2017,

DOI:10.1080/17509653.2015.1109482], a supplier-retailer supply chain model
of a deteriorating item with maximum lifetime and partial trade credit to

credit risk customers is studied. In their study, unfortunately the amount

of the payable bank interest due to the deteriorated units is omitted in the
retailer’s profit function for making the marketing decision. Some other un-

realistic studies are also found in the numerical section of the paper. In this

study those non-trivial flaws are identified and technically corrected. After cor-
rection, the theoretical existence of the optimal solutions of different scenarios

are established and the solutions are derived using a soft computing technique.

1. Introduction. In a real life business environment there are several products
such as fruits, vegetables, medicines, volatile liquids, blood in blood bank, high-
tech products etc., which deteriorate continuously due to evaporation, spoilage,
obsolescence, etc. In reality, it is not possible to prevent the deterioration of any
deteriorating item fully in any business sector. Due to this reason the maintenance
of inventory system of a deteriorating item is a crucial issue for the decision maker
of the system. To overcome this difficulty in 1963, Ghare and Schrader[10] first
explored an economic order quantity (EOQ) model for deteriorating items. After
the novel invention of Ghare and Schrader[10], the researchers and the practitioners
of inventory control system/ supply chain management developed various realistic
models for deteriorating items considering constant deterioration rate[1, 3, 6, 8, 11,

2010 Mathematics Subject Classification. Primary: 90B05; Secondary 91B60.
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A B S T R A C T

In this research work an inventory model of a deteriorating item is considered under two level partial trade
credit policy incorporating inflation and time value of money in a finite planning horizon. Here it is assumed
that a wholesaler offers a partial trade credit to a retailer i.e., trade credit period is offered on an portion
of the total purchase amount. In turn the retailer also offers a partial trade credit to its customers. Demand
of the item linearly decreases with time and influenced by unit selling price of the item. As selling price
is influenced by the inflation and time value of money, so the base demand depends on inflation and bank
interest rate also. The retailer also introduces some promotional cost to boost the demand of the item. Under
this circumstances, marketing decisions are made to maximize the present value of the total profit. On the other
hand combining the features of artificial bee colony (ABC) and genetic algorithm (GA), a hybrid algorithm,
artificial bee genetic algorithm (ABGA) has been developed to find the most appropriate business strategies
for the proposed model. Efficiency of this algorithm is tested and compared with some ABC variants using a
set of benchmark test functions. The model has been illustrated with several numerical examples and some
managerial insights are outlined.

1. Introduction and literature review

Due to huge and stiff competition among the business enterprises
in the local as well as in the global market, the business enterprises
adopt various tolls to sell their products efficiently. Trade credit policy
is one of the most effective promotional tools to push a product,
which indirectly reduce the selling price of the product. With the
novel invention of Goyal (1985), trade credit policy is heavily used
in inventory control systems. In Goyal (1985), it is assumed that a
supplier offers some delay period in payment to a retailer. From this
point of view the researchers and the practitioners of inventory control
systems developed various models (Aggarwal and Jaggi, 1995; Chung
and Liao, 2004; Huang, 2007a; Ouyang et al., 2009; Pramanik et al.,
2017c). From these studies it is seen that a supplier/wholesaler offers
a credit period to a retailer but in turn the retailer does not offer
any credit opportunity to his/her customers, which is an unrealistic
phenomenon. (Huang, 2003) first explore an inventory model under
two level trade credit policy, where a supplier offers a credit period for
payment to a retailer and in turn the retailer also offers a credit period
to the customers. From this point of view there are several research

✩ No author associated with this paper has disclosed any potential or pertinent conflicts which may be perceived to have impending conflict with this work.
For full disclosure statements refer to https://doi.org/10.1016/j.engappai.2019.06.013.
∗ Corresponding author.
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works developed with different circumstances to make the models more
realistic (Chung, 2011, 2013; Guchhait et al., 2014; Huang, 2006,
2007b; Lashgari and Taleizadeh, 2016; Maiti, 2011; Maiti and Maiti,
2007; Taleizadeh et al., 2016; Teng et al., 2013). Also to reduce the
default credit risk the researchers of inventory control system develop
their models (Huang and Hsu, 2008; Mahata, 2012; Ouyang et al.,
2009) with partial credit policy under two level credit policy, where
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Abstract
In this research work, an inventory model with fuzzy promotional effort induced dynamic demand under two level partial
trade credit policy has been developed in an imprecise planning horizon. Here, it is assumed that in the planning horizon a
retailer completed a finite number full cycles. In each of the retailer’s cycle, a wholesaler offers a credit period to the retailer
on the full purchased amount and in turn the retailer offers a credit period to its customers on a part of his/her purchased
amount. The imprecise marketing demand is influenced by the retailer’s fuzzy promotional effort, customers’ credit period,
customers’ credit amount and retail selling price. Goal of this study is to find the optimal business strategy for the retailer
with respect to his/her total fuzzy financial gain from the system. Due to imprecise nature of the demand, the problem is
mathematically represented following fuzzy differential equation and fuzzy Riemann integration and alpha-cut of the entire
fuzzy gain from the system is derived. Its graded mean integration representation is computed and optimized with respect
to customer’s credit amount credit period, and retailer’s order quantity for most appropriate marketing decision. Hence, the
problem reduced to a multivariate crisp optimization problem and a heuristic, multichoice artificial bee genetic algorithm
(MCABGA) has been proposed for it. The efficiency of MCABGA is tested against some other existing artificial bee colony
variants using a list of benchmark test functions available in the literature. The model is illustrated with some hypothetical
test problems and some managerial insights are outlined. Finally, a conclusion is drawn and some future research directions
are proposed.

Keywords Inventory · Imprecise variable demand · Fuzzy differential equation · Artificial bee colony (ABC) · Genetic
algorithm (GA)

1 Introduction

Trade credit policy is an important and effective promotional
tool to push a product efficiently. Initiative work on the mod-
elling of inventory problems incorporating trade credit option
was made by Goyal(1985) and then the researchers and the
practitioners of inventory problems proposed various mod-
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els (economic order quantity (EOQ)/economic production
quantity(EPQ)) incorporating trade credit options in different
levels (customers’ level, retailer level, wholesaler level, etc.)
of a business chain. Since last two decade, several inventory
models are developed by various researchers to maintain the
inventory most appropriately in various circumstances under
different trade credit policies, like, single level (wholesaler to
retailer) credit opportunity (Aggarwal and Jaggi 1995; Chung
and Liao 2004; Huang 2007; Ouyang et al. 2009; Pramanik
et al. 2017c), two levels of trade option (wholesaler to retailer
and retailer to customers) (Chung 2011, 2013; Guchhait et al.
2015; Huang 2003, 2006; Huang and Hsu 2008; Pramanik
and Maiti 2019b; Pramanik et al. 2019; Teng 2009) and three
levels of trade credit where credit opportunity exists for the
wholesaler also from the supplier(Pal et al. 2015; Pramanik
et al. 2017a, b). It is a real practice that in a business chain
under two level credit opportunity wholesaler offers a credit
period on full purchased amount to the retailer (named as
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In this study particle swarm optimization (PSO) is modified and hybridised with genetic

algorithm (GA) using one’s output as the other’s input to solve Traveling Salesman
Problem(TSP). Here multiple velocity update rules are introduced to modify the PSO

and at the time of the movement of a solution, one rule is selected depending on its

performances using roulette wheel selection process. Each velocity update rule and the
corresponding solution update rule are defined using swap sequence (SS) and swap

operation (SO). K-Opt operation is applied in a regular interval of iterations for the

movement of any stagnant solution. GA is applied on the final output swarm of the
PSO to search the optimal path of the large size TSPs. Roulette wheel selection process,
multi-point cyclic crossover and the K-opt operation for the mutation are used in the
GA phase. The algorithm is tested in crisp environment using different size benchmark

test problems available in the TSPLIB. In the crisp environment the algorithm gives

approximately 100% success rate for the test problems up to considerably large sizes.
Efficiency of the algorithm is tested with some other existing algorithms in the literature
using Friedman test. Some approaches are incorporated with this algorithm for finding

solutions of the TSPs in imprecise (fuzzy/rough) environment. Imprecise problems are
generated from the crisp problems randomly, solved and obtained results are discussed.

It is observed that the performance of the proposed algorithm is better compared to the
some other algorithms in the existing literature with respect to the accuracy and the
consistency for the symmetric TSPs as well as the Asymmetric TSPs.

Keywords: Traveling Salesmen Problem; particle swarm optimization; multiple velocity

update rules; genetic algorithm; K-Opt operation.
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Abstract
This paper develops an integrated imperfect production-inventory system consisting 
of a retailer and a manufacturer who produces breakable items. As breakable items 
are very sensitive to transport, in this paper, to stimulate the retailer, the manufac-
turer offers (1) free transportation subject to the condition that the retailer must have 
to order a minimum replenishment quantity specified by the manufacturer and (2) a 
credit period depending on the replenishment quantity. Moreover, malfunctioning of 
the production system increases due to several kinds of problem and consequently it 
produces a mixture of perfect and imperfect quality items. So, to maintain the reli-
ability of the production system, development cost has been incorporated. Also to 
aware the customer about the reliability of the production system, the manufacturer 
has paid attention to give a constant amount of advertisement regularly during his/
her production period. Henceforth, the advertisement dependent demand has been 
considered here. Under such circumstances, an integrated profit function has been 
developed and solved by branch and bound technique to obtain the optimum values 
of the system. From numerical studies, it is revealed that in case of incorporation of 
the advertisement, the retailer’s average profit, the manufacturer’s average profit and 
the average integrated profit are higher than that in the case without advertisement.

Keywords  Branch and bound technique · System reliability parameter · 
Replenishment quantity · Breakable rate · Credit period
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Original scientific paper 

Abstract: Most of the classical inventory control model assumes that all 
items received conform to quality characteristics. However, in practice, items 
may be damaged due to production conditions, transportation and 
environmental conditions. Modelling such real world problems involve 
various indeterminate phenomena which can be estimated through human 
beliefs. The uncertainty theory proposed by Liu (2015) is extensively 
regarded as an appropriate tool to deal with such uncertainty. This paper 
investigates the optimum production run time and optimum cost in an 
imperfect production process, where the rate of imperfect items are different 
in different states of the process. The process may be shifting from ‘in-control’ 
state to the ‘out-of-control’ state is an uncertain variable with certain 
uncertainty distribution. Some propositions are derived for the optimal 
production run time and optimized the expected total cost function per unit 
time. Finally, numerical examples have been illustrated to study the practical 
feasibility of the model. 

Keywords: Inventory, Imperfect production, Uncertain variables, Uncertain 
distribution, Expected value model. 

1.  Introduction 

In some real uncertain situation, we have to depend on domain experts to 
represent the belief degree when no samples are available to estimate a probability 
distribution. To deal with uncertainty in human belief, which is neither random nor 
fuzzy, Liu (2009), (2015), (2016) introduced uncertainty theory. It deals with 
modeling of uncertainty, based on normality, monotonicity, self-duality, countable 
sub-additivityand product measure axioms. Uncertain variable, uncertain set and 
uncertain measure are the basic tools to describe the uncertain phenomenon. 
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Sustainable recycling in an imperfect production system with

acceptance quality level dependent development cost and demand.

Abstract: This paper considers a closed-loop supply chain production inventory model

consisting of a virgin raw material supplier, a manufacturer, a retailer and a collector who

collects the used product from consumers at a return rate depending on acceptance qual-

ity level of the used product. Here, two types of products are produced : manufactured

product using virgin raw materials and remanufactured product using used manufactured

product. So, to make the model more realistic, here, the manufacturer incorporates two

separate remanufacturing and manufacturing infrastructures to process simultaneously to

produce remanufactured and manufactured items due to overcome the lost sale situation

arisen in several published model. Again, since the quality of a product from a remanufac-

turing process mostly depends upon the acceptance quality level of the used product, hence

an acceptance quality level dependent development cost has been considered in remanufac-

turing process. Also, both demand of the remanufactured products and procurement cost

of the used products from collector to manufacturer have been considered as a function of

acceptance quality level of returned items. Moreover, remanufacturing and manufacturing

processes produce some defective items which are reworked within the same cycle. With

these considerations, a mathematical model has been developed (i) to find out optimum

acceptance quality level of the used manufactured product for recycling, (ii) to overcome the

lost sale situation due to unsatisfied demand of remanufactured (manufactured) product at

the time of manufacturing (remanufacturing) process and (iii) to obtain optimum number of

deliveries from supplier to manufacturer, from manufacturer to retailer and from collector

to manufacturer that maximize total integrated profit. To get the optimum solutions of the

proposed model, sequential and global optimizations methods have been used. Finally, the

1
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Highlights: 

 

 An integrated closed-loop supply chain production inventory model has been 
developed.  

 The remanufacturing and manufacturing processes have been considered 
simultaneously to overcome the lost sale situation. 

 Acceptance quality level dependent development cost and demand has been 
constructed. 

 
 
 



242        Int. J. Mathematics in Operational Research, Vol. 15, No. 2, 2019

Effects of product reliability dependent demand in
an EPQ model considering partially imperfect
production

Barun Khara
Department of Applied Mathematics with Oceanology and
Computer Programming,
Vidyasagar University,
Midnapore-721102, W.B., India
Email: barunkhara1710@gmail.com

Jayanta Kumar Dey∗

Mahishadal Raj College,
Mahishadal-721628, W.B., India
Email: dey jaykum@yahoo.com
*Corresponding author

Shyamal Kumar Mondal
Department of Applied Mathematics with Oceanology and
Computer Programming,
Vidyasagar University,
Midnapore-721102, W.B., India
Email: shyamal 260180@yahoo.com

Abstract: In this article, an economic production quantity (EPQ) model
with partially imperfect production system has been considered where both
perfect and imperfect quality items are produced and demand of the product
has been assumed as a function of selling price, reliability of the product
and advertisement. Perfect quality items are ready for sale but imperfect
quality items are reworked at a cost to become perfect one. Reworking
cost, reliability of the product and reliability parameter of the manufacturing
system can be improved by introducing the time dependent development cost
and also by improving the quality of the raw material used in the production
system. Under such circumstances, a profit function has been developed
and maximised by optimising the reliability parameter of the manufacturing
system, reliability of the product and duration of production. Finally, the
model has been illustrated with some numerical examples.

Keywords: inventory; imperfect production; production time; reliability
parameter; product reliability; development cost; rework; screening cost; raw
material cost; advertisement; selling price.
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Abstract

In this paper, we give an overview of nonclassical effects, such as squeezing and sub-Poissonian states,
of an optical field in coherent anti-Stokes Raman scattering and coherent anti-Stokes hyper-Raman
scattering under the short time scale. We establish the coupled Heisenberg equations of motion of
quadrature operators in terms of real and imaginary parts. We investigate the photon statistics of
the pump mode in these processes and find that they are sub-Poissonian in nature. We demonstrate
that squeezing and sub-Poissonian photon statistics are greater in coherent anti-Stokes hyper-Raman
scattering (CAHRS) than in coherent anti-Stokes Raman scattering (CARS). The effect of the sub-
Poissonian nature of an optical field in terms of total noise is also incorporated. We show that the
depth of nonclassicality directly depends on the amount of total noise present in the system. This
suggests that the more squeezed the state, the greater its total noise in the system.

Keywords: nonclassical light, queezing of radiation, sub-Poissonian photon statistics, coherent anti-

Stokes Raman scattering, coherent anti-Stokes hyper-Raman scattering, photon number operator, total

noise.

1. Introduction

Squeezing [1–3] and sub-Poissonian [4–6] behavior of light has recently attracted considerable atten-

tion owing to its low-noise property [7–9] with applications in high-quality telecommunication [9,10] and

cryptography [11, 12]. Squeezing means that the fluctuation in one of the two conjugate components

(amplitude or phase) is suppressed while it is enhanced in the other. It is a purely quantum-mechanical
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Fig. 7. Variation of total noise T in the quantum state
with |βγ| and |α|2 = 2, 10 in CARS process at θ1 = π/4,
θ2 + θ3 = π/2, and |gt| = 10−4.

Fig. 8. Variation of total noise Tn in the quantum state
with |βγ| and |α|2 = 10, 20, 100 in the CAHRS process
at θ1 = π/4, θ2 + θ3 = π/2, and |gt| = 10−4.

statistics of light increase with increasing |α|2 and |βγ|, i.e., the increase is directly proportional to the

number of photons.

Comparing Figs. 5 and 6, we found that the depth of nonclassicality is greater in the CAHRS than in

the CARS. Thus, the degree of nonclassicality of light increases with the photon numbers in the Stokes

and anti-Stokes modes. This also confirms that the sub-Poissonian statistics are associated with a large

number of photons and with a higher degree of nonlinearity.

To study the variation of first-order squeezing in terms of the total noise with |α|2, we plot a graph

of Eqs. (32) and (59) versus T and Tn in Figs. 7 and 8 for CARS and CAHRS, respectively.

The steady increase in the curves shows that the total noise increases with increase in the number of

photons |α|2 and |βγ|. This infers that the depth of nonclassicality directly depends on the large number

of photons. This also suggests that the more squeezed the state, the greater its total noise. From Eqs. (33)

and (60), it is obvious that, for fixed 〈N〉, as [ΔN(t)]2 decreases, the total noise must increase; therefore,

as the state becomes more sub-Poissonian with decreasing (ΔN(t)/〈N〉), its total noise increases.

A comparison of Figs. 7 and 8 shows that the greater the total noise, the greater the squeezing having

the same number of photons in CAHRS than CARS processes. The results of the present study agree

with the result of Hillery [26] that a maximum total noise is available in higher-order squeezing.

5. Conclusions

In this study, we showed that the presence of squeezing is greater in the CAHRS due to higher

nonlinearity than the corresponding squeezing in the CARS. We observed that, when the value of the

Stokes and anti-Stokes modes is higher, the squeezing increases in the pump mode and lowers the depth

of classicality of the field amplitude. This fact confirmed that the degree of normal squeezing directly

depends upon the photon number in the pump, Stokes, and anti-Stokes modes. Also we found that the

sub-Poissonian statistics are associated with a large number of photons.

We conclude that the total noise increases with increase in the number of pump photons and with

the value of the Stokes and anti-Stokes modes. We show that the more squeezed the state, the greater

its total noise. Therefore, as the state becomes more sub-Poissonian, its total noise increases.
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Also we observed that a maximum total noise is available in higher-order squeezing. Hence it is

inferred that a higher photon absorption process is suitable for generating optimum squeezed light.

Our results suggest that the desired degree of squeezing, sub-Poissonian statistics, and total noise

are obtained using a short interaction time and having a number of photons present in the field before

initiating the interaction in the system. Hence, the total noise of a quantum state can be considered

as a measure of the depth of nonclassicality, i.e., a more nonclassical state (squeezing and the sub-

Poissonian condition) of the field in any system is observed. Finally, we conclude that the CARS and

CAHRS processes can be used for high-quality telecommunications and quantum cryptography owing to

the multiphoton version of the sub-Poissonian state.
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Abstract
This paper proposes a mobile healthcare framework based on edge-fog-cloud collaborative network. It uses edge and fog 
devices for parameterized health monitoring, and cloud for further health data analysis in case of abnormal health status. 
The continuous location change of users is a critical issue, and the connection interruption and delay in delivering health 
related data may be fatal in case of emergency. In this direction, in the proposed framework, mobility information of the 
users is considered and the users’ mobility pattern detection is performed inside the cloud for advising the user regarding 
nearby health centre. From the theoretical analysis, it is observed that the proposed framework reduces the delay and energy 
consumption of user device by ∼ 28% and ∼ 27% respectively than the cloud only health care model. The proposed healthcare 
framework has been implemented in the laboratory and health data of few student volunteers are analyzed to predict their 
health status. The experimental analysis also shows that the proposed mobility prediction model has better precision, recall 
value and time-efficiency than the existing models.

Keywords  Health monitoring · Edge-fog-cloud network · Mobility prediction · Internet of Health Things (IoHT)

1  Introduction

The rapid advances in sensor-based systems and Internet 
technologies have enabled a new dimension of health care 
technology namely Internet of Health Things (IoHT). IoHT 

is the exchange and processing of the data for health sta-
tus monitoring of individuals by integrating sensor or IoT 
devices with advanced mobile technologies (da Costa et al. 
2018). IoHT can become a demanding application for per-
sonalized health care leveraging on fog, edge and cloud 
computing. In a cloud based health care system, the health 
data are collected using body area network (BAN) or body 
sensor network (BSN) and then stored and processed inside 
the cloud servers. In BAN, there are several sensors attached 
with human body and varied health data e.g. body tempera-
ture, blood pressure etc are collected by these sensors.

With availability of several body sensors, it is pos-
sible to design and develop a low-cost wearable system 
to capture values of various health parameters of human 
body (e.g. blood pressure, heart/pulse rate, oxygen level, 
body temperature etc.) and to predict the health status of 
individuals based on the collected data and contextual 
information (e.g. atmospheric condition, user’s location, 
activity etc.). These sensor nodes collect health param-
eter values and transmit to the connected smart phone. 
Next, the data is processed and health status is predited by 
the smartphones. But smart phones are resource hungry. 
Therefore, the computationally complex applications are 
difficult to execute in the resource-limited smart phones. 
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A B S T R A C T

Geospatial data analysis is an emerging area of research today. Systems need to respond to user
requests in a timely manner. In this paper we have proposed a fog computing framework namely
Spatio-Fog, where the fog devices contain the geospatial data of their current region and process
geospatial queries using resources in the proximity. The geospatial query resolution is performed
by the fog device either itself or using cloud servers or fog device of other region depending on
the geographical region related to the geospatial query. We have performed both empirical study
and experimental analysis to demonstrate feasibility of our proposed approach. The empirical
study illustrates that the proposed architecture Spatio-Fog reduces the power consumption and
delay by approximately 43–47% and 47–83% respectively over the use of existing geospatial
query resolution system. The experimental analysis demonstrates that the proposed framework
reduces the power consumption and delay by 30–60% approximately than the existing geospatial
query resolution system.

1. Introduction

Geospatial information storage, processing, and query resolution is a promising research area [1]. There are several industrial
applications of geospatial data analysis such as mapping, telecom and network services, hot spot analysis, urban planning, transport
services, environmental impact analysis, health and human services, disaster management, resource management, geology. Google
Maps is a popular application of a web-based mapping solution on geospatial data, which is used for navigation services. Geospatial
data analysis also helps in road traffic management, transport and urban planning. For risk assessment and disaster management
geospatial data analysis also important. Usually, cloud servers are used to store and process the geospatial information [2]. However,
as geospatial information is related to geographical regions, storing and processing large volume geospatial data inside the remote
cloud servers can suffer from delay and energy consumption. Geospatial query processing involves geospatial data analysis along with
different geospatial services, which have been discussed later in Section 3. While mobile devices request for any geospatial in-
formation, then to process the respective geospatial queries geospatial big data analysis is required. However, accessing geospatial
data inside the remote cloud servers may degrade the quality of user experience by enhancing delay [3] and energy. Moreover,
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Abstract
Mobile cloud computing has introduced offloading to save the battery life of mobile 
devices. In mobile cloud computing optimization of power and delay for offloading has 
become a vital research scope. However, migration of the storage and computation from 
the mobile device to the remote cloud server enhances the delay and power consumption. 
To overcome this difficulty, cloudlet comes which is located nearby the mobile device. 
Since the cloudlet may not be able to fulfill all the offloading requests, sometimes remote 
public cloud server is used for the same. As a result the power and delay consumptions are 
increased. For solving this difficulty, private cloud server is used in our scheme along with 
the cloudlet and public cloud server. In this paper multilevel full and partial offloading 
strategies are proposed based on cloudlet, private and public cloud servers. The power and 
delay consumption in the proposed methods are determined and compared with the existing 
offloading methods. The theoretical and experimental analyses demonstrate that the pro‑
posed multilevel offloading methods are power and delay efficient. The simulation results 
show that the proposed multilevel full and partial offloading strategies reduce the power 
consumption by approximately 8–9% and 20% respectively than the existing methods.

Keywords  Cloudlet · Delay aware · Multilevel · Offloading · Power optimization · Private 
cloud · Public cloud
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A B S T R A C T

In mammals, interleukin 6 (IL-6) has an important function during ovulation, however, the
functions of IL-6 in fish have not been elucidated. In the present study, there was quantification
of de novo synthesis of ovarian IL-6 and tumor necrosis factor-alpha (TNFα) in control and hCG-
treated fish and results were compared with those from an in vitro study where there was eva-
luation of the regulatory functions of gonadotropins and TNFα of IL-6 secretions. Relatively
greater concentrations of ovarian IL-6 at the post-GVBD (post-germinal vesicle breakdown) stage
indicates IL-6 modulates ovulatory processes. The hCG-induced increase in relative abundance of
IL-6 (in vitro) mRNA transcript and secretion from the ovary were attenuated when there was
administration of the inhibitor of TNFα secreting enzyme, TAPI-I, which indicates TNFα mod-
ulates IL-6 secretion. Treatments with IL-6 induced a marked increase in ovulation rate in vitro
when there was induction of activating matrix metalloproteinase (MMP). Furthermore, treatment
with IL-6 resulted in production of prostaglandin as indicated by the IL-6 induced increase in the
abundance of ptgs2 mRNA transcript in the ovary of Anabas testudineus. Furthermore, results
indicate the source of IL-6 in the ovary is the granulosa cells with secretion of IL-6 being induced
by the additions of hCG and TNFα in the medium. There was also an IL-6-induced increase in
abundance of receptors (IL-6 Rα and gp130) to which it binds indicating IL-6 autoregulates this
population of receptors. Results from this study, for the first time, elucidate the reproductive
functions of IL-6 in a teleost fish.

1. Introduction

In teleost, the process of reproduction not only depends on the gonadotropins and steroids, but different cytokines also have
important functions in regulation of the ovarian functions (Hoek et al., 1998; Salmassi et al., 2001; Richards et al., 2008; Liu et al.,
2009; Sirotkin, 2011; Sauté et al., 2014; Stassi et al., 2017). It is well established that the ovulatory process is similar to the
inflammatory responses (Xu et al., 2010; Wissing et al., 2014; Liu et al., 2017) and in the ovary, gonadotropins are the primary
regulatory factors of ovulation (Richards et al., 2008; Smolikova et al., 2012). After the pre-ovulatory surge release of gonadotropins,
ovarian cytokines have important functions in cumulus oocyte complex (COC) expansion (Liu et al., 2009) or prostaglandin (PG)
production (Brannstrom and Norman, 1993).

https://doi.org/10.1016/j.anireprosci.2020.106528
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ABSTRACT

A preliminary survey of macrophytic plant species and water quality of Pahar 
Dighi wetland of Mahishadal Raj Garh area, Purba Medinipur, West Bengal 
is conducted. Altogether 38 plant species belonging to 27 families have been 
documented and different physico-chemical  parameters of water studied are 
reported.   

Key words:	Macrophytes diversity, Water characteristics, Pahar Dighi, Mahishadal.

INTRODUCTION

Mahishadal Raj Garh area is a place of historical importance and hence this 
preliminary work was undertaken to document macrophytic plant species and water 
characteristics of Pahar Dighi of Mahishadal Raj Garh area, Purba Medinipur, West 
Bengal in post monsoon season.

MATERIALS AND METHODS

Study site: Pahar Dighi situated in between 22.1814° N and 87.9898° E, is a 
manmade stagnant water body of about 0.137 ha in area, 162 ft. in length and 70 
ft. in diameter under the mouza Garkamalpur, created by King Satis Prasad Gargh. 
It is an extended part of central canal system (the Raj Parikha), isolated from the 
main water body. The water body is surrounded by Madha Hingli in south, Khagra 
in west, Jagannathpur in east and Basulya in the north (Fig. 1).

Study methods: Several field surveys have been conducted during September 
to December, 2019. The phyto-resources have been documented with field notes and 
the herbarium sheets made for identification following standard literature (Cook, 
1996; http//www.theplantlist.org; http://www.ipni.org) and kept in the Department of 
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Dighi wetland of Cooch Behar District, West Bengal. There are other important works 
Table 2. Water characteristics of Pahar 

Dighi, Mahishadal, West Bengal
Parameters Postmonsoon

pH 8.5
Dissolve oxygen (DO) 6.8 mg/lit.
CO2 content 44 mg/lit.
Hardness 150 mg/lit. in CaCo3
Alkalinity 140 mg/lit.
Ammonia 0.25 mg/lit.
Phosphate 2.5 mg/lit
Chloride 160 mg/lit
Nitrate 0.05 mg/lit
Nacl/Salinity 263.68 mg/lit.

on macrophytic composition of wetlands in 
different districts of West Bengal (Bala 
and Mukherjee in 2007, 2010; Palit and 
Mukherjee, 2012; Chowdhury and Das, 
2013; Gupta and Palit, 2014; Parveen et 
al., 2014; Singh and Rajan, 2015) 

The present wetland, Pahar Dighi, 
is an isolated part of the central canal 
system of Mahishadal Raj Garh (the Raj 
Parikha). The water source is limited 
here, but present throughout the year. 
However, being stagnant, the water quality 
parameters may need to be monitored for 
different bio-resource productive purposes. 
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Lost years of a nomad: Exploring Indian experience in Nuruddin Farah’s oeuvre 
Asis De

When he was a schoolboy, long before Somalia gained its political independence from Britain and Italy, Nuruddin 

Farah Hasan (1945–) dreamt of becoming a writer. He is now about to celebrate the golden jubilee of his career as 

a writer. To date, Farah has published fourteen novels, a non-fiction book and several plays. He was named after 
a prince in One Thousand and One Nights. When he was being interviewed by Ahmed I. Samatar in 2001, he revealed 

that he used to delight in cutting out the name “Nuruddin” from pages in One Thousand and One Nights and gluing the 

small pieces of paper onto the cover pages of his exercise books (Samatar 87). He also enjoyed giving the animal 
characters in his English language textbooks human names and attributes. His linguistic talent was evident from 
an early age. As is well known, Farah assisted his mother to compose buraanbur or Somali oral poetry that is sung 

during social celebrations and community rituals. By the time he was a teenager, he was able to converse equally 

well in five languages: Somali, Arabic, Amharic, Italian and English. However, Farah found the local education 
system disappointingly alien. He comments sadly that “the textbooks we were taught from, belonged in the mind 
and culture of other people” (“Why I Write” 3). Though the mind and culture of “other people” initially shaped 

the vision of Somalia’s first Anglophone writer, Farah has written about Somalia and Somali characters for most of 
his career. Several decades of diasporic separation have not weakened Farah’s bond with Somalia and its people, 
just as almost fifty years of being away from Indian soil has not dimmed his memory of the people there.
His time as a graduate student at the Government College of Panjab University might have gone unnoticed had 

he not written his debut novel during his stay on this campus and later become one of the leading African writers 

of his generation. Those who knew him at the time would probably not have guessed that he would return to the 
campus at the age of seventy-two to receive an honorary doctorate from Panjab University in 2017. His success as 

a writer is often ascribed to two ‘immature’ decisions that he made. The first decision concerns his choice to enroll 
at Panjab University in India rather than take up a scholarship to study at the University of Wisconsin-Madison 

Lost years of a nomad: Exploring Indian experience in Nuruddin Farah’s oeuvre                 
To honor Nuruddin Farah’s fifty-year-long writing journey, this article explores his time in India (1966—69) and the influence it had on 
making him a leading postcolonial writer. My approach is largely biographical. I begin with his decision to turn down a scholarship 
at an American University, which some critics view as immature or even eccentric. I challenge this view of his choice instead to 
enroll for a degree in philosophy, literature and sociology at the Government College of Panjab University at Chandigarh in 1966 and 
to make what was then a country of poverty and even famine his first diasporic destination. I argue that this was a well-thought-
out, politically correct and wise decision in the global context of international relationships in the 1960s. I also explore Farah’s brief 
association with Indian culture and the knowledge he acquired of Indian philosophy and literature to explain his decision to adopt 
a feminist perspective to write on injustice against women and the powerless and religious intolerance rather than focus on issues 
such as independence realpolitik like leading African writers at the time. His first manuscript, published in 1970 as From a Crooked 
Rib, was a Penguin modern classic by 2004. I argue that this novel was importantly shaped by his Indian experience. I also explore 
the influence of two novels on the young Farah, on his personal life, ideology and writing even before he went to India: W. Somerset 
Maugham’s novel The Razor’s Edge (1944) and Thakazhi Sivasankara Pillai’s classic Chemmeen (1956). This is the first substantial 
investigation of the effect of Farah’s Indian experience. Keywords: biographical criticism, Indian experience, nomad, cosmopolitan.
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I remember from university is that I was doing English literature at one point and taking a novel exam—there was a 
course […] ‘The English Novel’” (35).

2. An interesting similarity between Pillai and Farah: the story goes that the Indian novelist Pillai wrote Chemmeen in just 8 
days, while Farah took 28 days to write From a Crooked Rib, from 19 March to 15 April, 1968. (Vetticad)

3.  The “wooden comb” on the head of the ‘savant’ resembling “an Indian Sikh” in From a Crooked Rib is one of the five articles 
of faith (Five ‘K’s: Kesh [uncut hair], Kara [steel bracelet], Kanga [wooden comb], Kachera [cotton underwear] and Kirpan 
[ceremonious steel sword]) according to the religio-cultural practice of the Khalsa Sikhs in India.

4. When Farah was staying in India, the Fourth Five-Year Development Plan (1969–74) accelerated family planning efforts by 
establishing a separate Department of Family Planning within the Ministry of Health and Family Welfare. Naturally, new 
campaign strategies were adopted to bring the target of family planning to fruition. During my recent trip to Chandigarh 
in March, 2019, I visited the Chandigarh office of the All India Radio (now called Prasar Bharti), which purportedly had 
archival material on Farah’s works. To my astonishment, the responsible officer informed me that documents related to the 
production and broadcasting history of a time fifty years back were not there. The explanation given was that the papers, 
which dated back to a pre-cyber age, had been burnt as useless rubbish that was taking up office space. 

5. Padmini Ramachandran (1932–2006) was a famous Indian actress and dancer who performed in more than 250 Indian 
films. Later she settled in New Jersey with her physician husband and started a school of Indian classical dance known as 
the Padmini School of Fine Arts. 

6. Padmini Ramachandran (1932–2006) was a famous Indian actress and dancer who performed in more than 250 Indian 
films. Later she settled in New Jersey with her physician husband and started a school of Indian classical dance known as 
the Padmini School of Fine Arts. 

Works Cited

Alden, Patricia & Louis Tremaine. “How Can We Talk of Democracy? An Interview with Nuruddin Farah.” Emerging 
Perspectives on Nuruddin Farah, edited by Derek Wright. Africa World Press, 2002, pp. 25–46. 

Appiah, Kwame Anthony. “For Nuruddin Farah.” World Literature Today. vol. 72, no. 4, 1998. p. 703. DOI: https://doi.
org/10.2307/40154254. 

_____. “Princeton Professor K. Anthony Appiah interviewed African novelist Nuruddin Farah about his recently released 
novel, Knots.” YouTube. 21 Feb. 2007, www.youtube.com/watch?v=jY1Xh9hHK-E. Accessed 24 Apr. 2019.

Bardolph, Jacqueline. “Dreams and Identity in the Novels of Nuruddin Farah.” Research in African Literatures vol. 29, no. 1, 1998, 
pp. 163–73. 

Farah, Nuruddin. From a Crooked Rib. Penguin. 2006.
_____. Hiding in Plain Sight. Riverhead, 2014. 
_____. “Ibsen, In Other Words.” Nordlit vol. 34, 2015, pp. 15–22. DOI: https://doi.org/10.7557/13.3350. 
_____. “Why I Write”. Emerging Perspectives on Nuruddin Farah, edited by Derek Wright. Africa World Press, 2002. pp. 1–13.
Farah, Nuruddin & F. Fiona Moolla. “Reflecting back, projecting forward: A conversation with Nuruddin Farah.” Tydskrif vir 

Letterkunde vol. 57, no. 1, 2020, pp. 19–25.
Gray, Stephen. “Interview with Nuruddin Farah.” English in Africa vol. 27, no. 1, 2000, pp. 131–9. www.jstor.org/

stable/40238895.     
Jaggi, Maya. “Nuruddin Farah: A Life in Writing.” The Guardian. 21 Sep. 2012, https://www.theguardian.com/culture/2012/

sep/21/nuruddin-salah-life-in-writing. Accessed 24 Apr. 2019. 
Hawley, John C. “Nuruddin Farah—Tribalism, Orality, and Postcolonial Ultimate Reality and Meaning in Contemporary 

Somalia.” Ultimate Reality and Meaning vol. 19, no. 3, 1996, pp. 189–205. DOI: https://doi.org/10.3138/uram.19.3.189.  
Hitchcock, Peter. The Long Space: Transnationalism and Postcolonial Form. Stanford U P, 2010.
Metz, Helen Chapin. Somalia: A Country Study. Federal Research Division Library of Congress, 1993.   
Moolla, F. Fiona. Reading Nuruddin Farah: The Individual, the Novel & the Idea of Home. James Currey, 2014. 
Moore, Gerald. H. “Nomads and Feminists: The Novels of Nuruddin Farah.” The International Fiction Review vol. 11, no. 1, 1984, 

pp. 3–12.  
Samatar, Ahmed I. “Interview with Nuruddin Farah.” Bildhaan: An International Journal of Somali Studies vol. 1, 2001, pp. 87–106.  
Sethi, Rumina. “Rumina Sethi in conversation with Nurrudin Farah, Department of English, Panjab University.” YouTube. 27 

Apr. 2017. www.youtube.com/watch?v=lNxxpcDY0OA. Accessed 21 May 2019. 
Vettica, Anna M. M. “Golden milestone.” The Hindu BusinessLine. www.thehindubusinessline.com/blink/watch/golden-

milestone/article7899728.ece
Wright, Derek. “Parenting the Nation: Some Observations on Nuruddin Farah’s Maps.” College Literature vol. 19, no. 10, 1993, 

pp. 176–84. 



Indian Journal 
of 

Australian Studies

I   J   A   S
2019

Centre for Australian and New Zealand Studies
Himachal Pradesh University, Shimla

Volume 10

Special Issue 
on

MULTICULTURALISM

HPU



A Peer Reviewed Journal



I JAS

Volume  10

2019

Indian Journal of 
Australian Studies

EDITOR

Neelima Kanwar

Centre for Australian and New Zealand Studies
Himachal Pradesh University, Shimla

Special Issue 
on

MULTICULTURALISM

HPU



CONTENTS 

Dennis Haskell

Winthrop Professor of English &

Cultural Studies &

Chair, Literature Board of Australia

Council of Arts

University of Western Australia

Perth

Richard Nile

Professor of Australian Studies & Director,

Research Institute for Media, Creative Arts 

& IT

Murdoch University

Perth

David Carter

Professor of Australian Literature &

Cultural History

School of English, Media Studies & Art

History

The University of Queensland

St. Lucia QLD 4072

Robyn Murray

Creative Writer & Oral Historian

3 Salisbury Crescent

Launcestorn, Tasmania

Kirsty Murray

Creative Writer

14 Salisbury Ave, Ivanhoe

Melbourne

Bhim S. Dahiya

Former Vice Chancellor

Kurukshetra University

Kurukshetra

Pankaj K Singh

Professor of English (Former)

Himachal Pradesh University

Shimla

G.J.V. Prasad

Professor, Centre for English Studies,

School of Language, Literature & 

Cultural Studies, 

Jawaharlal Nehru University 

New Delhi

Editorial Advisory Board

From the Editor

Sholeh
Rashida Murphy

Multi-Voices: Multiculturalism in Australian Poetry
Ishmeet Kaur Chaudhry

From Migrant to the Multicultural: Reading 
Australia's Alien Son
 Supala Pandiarajan

Motherhood, Suicide and Survival: Exploring the Canonicalin 
Richard Flanagan's The Sound of One Hand Clapping
Hem Raj Bansal

Reading and Telling Stories: Rediscovering Culture in 
Patricia Grace's Potiki
Daisy Verma

Transnationality, Multiculturalism and 'New' Cosmopolitanism: 
Indo-Australian Interface in Of Sadhus and Spinners: 
Australian Encounters with India
Asis De

Dehumanization of Asylum Seekers and Refugees: 
The Politics of Fear and Paranoia in Two Brothers
Subhash Verma 

Imperially Controlled Settlement and Multicultural Policy:  
Reading Loss in Peter Carey's Oscar and Lucinda
Kuldeep Raj Sharma

Critiquing Cultural Constructs & Articulating the Self: 
A Reading of a Mother-daughter duo's Memoir
Aditya Singh Dulta

5

13

25

37

52

63

78

94

107

7



CONTENTS 

Dennis Haskell

Winthrop Professor of English &

Cultural Studies &

Chair, Literature Board of Australia

Council of Arts

University of Western Australia

Perth

Richard Nile

Professor of Australian Studies & Director,

Research Institute for Media, Creative Arts 

& IT

Murdoch University

Perth

David Carter

Professor of Australian Literature &

Cultural History

School of English, Media Studies & Art

History

The University of Queensland

St. Lucia QLD 4072

Robyn Murray

Creative Writer & Oral Historian

3 Salisbury Crescent

Launcestorn, Tasmania

Kirsty Murray

Creative Writer

14 Salisbury Ave, Ivanhoe

Melbourne

Bhim S. Dahiya

Former Vice Chancellor

Kurukshetra University

Kurukshetra

Pankaj K Singh

Professor of English (Former)

Himachal Pradesh University

Shimla

G.J.V. Prasad

Professor, Centre for English Studies,

School of Language, Literature & 

Cultural Studies, 

Jawaharlal Nehru University 

New Delhi

Editorial Advisory Board

From the Editor

Sholeh
Rashida Murphy

Multi-Voices: Multiculturalism in Australian Poetry
Ishmeet Kaur Chaudhry

From Migrant to the Multicultural: Reading 
Australia's Alien Son
 Supala Pandiarajan

Motherhood, Suicide and Survival: Exploring the Canonicalin 
Richard Flanagan's The Sound of One Hand Clapping
Hem Raj Bansal

Reading and Telling Stories: Rediscovering Culture in 
Patricia Grace's Potiki
Daisy Verma

Transnationality, Multiculturalism and 'New' Cosmopolitanism: 
Indo-Australian Interface in Of Sadhus and Spinners: 
Australian Encounters with India
Asis De

Dehumanization of Asylum Seekers and Refugees: 
The Politics of Fear and Paranoia in Two Brothers
Subhash Verma 

Imperially Controlled Settlement and Multicultural Policy:  
Reading Loss in Peter Carey's Oscar and Lucinda
Kuldeep Raj Sharma

Critiquing Cultural Constructs & Articulating the Self: 
A Reading of a Mother-daughter duo's Memoir
Aditya Singh Dulta

5

13

25

37

52

63

78

94

107

7



62

“M� ori Myths and Traditions.” An Encyclopedia of New Zealand. Edited 
by A.H.McLintock.

 1966. http:en.m.wikipedia.org/wiki/Patricia_Grace. Accesssed on 26 
Dec. 2018.

“Patricia Grace.” Wikipedia:The Free Encyclopedia. Wikipedia 
Foundation, Inc. 15 June 2019.
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Transnationality,  Multicultural ism and 'New' 
Cosmopolitanism: Indo-Australian Interface in of Sadhus 
and Spinners: Australian Encounters with India

Asis De

At the beginning of the final decade of the twentieth century, the world 
has witnessed two very significant events shaping the politico-economic 
environment both in the West and in the East: the end of the Cold War 
(1947-1991) and the introduction of Globalization, or, in other words, 
'economic liberalization'.In the post-Cold War era (following the 
collapse of the Soviet Union on 31 December 1991), precisely in the 
mid-nineties of the last century, Australia started adopting the policy of 
'Look West' with a particular interest in the Indian Ocean Region 
(IOR)—specifically with India and South Africa expecting a rapid 
development in the economic relationship. India complements this 
Australian policy by openingwindows for bilateral cooperation in the 
field of trade and investment, on the issue of military and political 
security, on collaborative educational activities and cultural exchangein 
the 1990s after adopting economic liberalization. On the issue of 
academic and cultural exchange, the formation of the Indian Association 
for the Study of Australia in the year 2000 is preciselyan important step 
towards making different “facets of Australian society including culture, 
humanities, social sciences, international studies, media and literature” 
(cf. Webpage of IASA) familiar to the people in India. The IASA and the 
AIC (Australia-India Council), working in close association with India's 
premier Universities like Jawaharlal Nehru University, IGNOU in 
Delhi, the University of Madras in Chennai, or even Mohanlal Sukhadia 
University in Udaipur, have taken crucial roles in shaping the forums for 
the discussion of the cultural and literary interrelationship between 
India and Australia. So, it is undeniable that in the last twenty-five years, 
the Indo-Australian interface has taken a remarkably positive turn and a 
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Sathya Sai Baba (1926-2011) whose principal teaching insists 
on enlightenment through the realization that human beings are 
incarnations of divinity. 

6. Before its inclusion inOf Sadhus and Spinners: Australian 
Encounters with India (2009), David Malouf's 'A Foot in the 
Stream' has been extracted from the collection entitledHotel 
Asia, originally published in1985. 

7. Satendra Nandan's short story 'The Guru' was initially 
published inEncounters, before its inclusion inOf Sadhus and 
Spinners (2009).  

8. Before its inclusion in Of Sadhus and Spinners (2009), 
ManikDatar's short story 'My Sister's Mother' was published 
inQuadrant(2000).

9. The 'learning processes' are vital in any materially conditioned 
multicultural society not just for any mutual understanding of 
cultural diversity, but also for “inter-group, inter-cultural and 
inter-civilizational communication and cooperation” (Strydom 
32).
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Abstract
A random-permutation technique and the features of the genetic algorithm (GA) are combined together to develop a novel 
heuristic for solving generalized travelling salesman problem. Here, the random-permutation technique is used to find the 
sequence of clusters of a probable solution in which a complete tour to be commenced. The features of GA are used to 
select the cities from different clusters of the sequence. The algorithm has the ability to solve the problems in both the crisp 
as well as in the imprecise environments. A fuzzy membership-based selection process is proposed to select a solution for 
the mating pool. A general comparison rule of the solutions is proposed to rank the potential solutions of the population in 
imprecise environments. In the crisp environment, the efficiency of the proposed approach is tested against a set of different 
benchmark test problems from GTSPLIB having sizes up to 226 cities with 26 clusters. It is observed from the experimental 
results that the algorithm produces 100% accurate results for all the benchmark test problems under consideration. Imprecise 
test problems are generated from different benchmark crisp test problems of TSPLIB and are used to test the algorithm in the 
imprecise environments. It is also observed from the experimental results that the proposed approach finds multiple optimal 
paths (i.e, more than one path), if exists, for the problems in the crisp as well as in the imprecise environments.

Keywords  Traveling salesmen problem · Genetic algorithm · Randomness · Triangular fuzzy number · Rough set

1  Introduction

A generalized form of the classical Traveling Salesman 
Problem (TSP), the generalized TSP (GTSP) was introduced 
by Henry-Labordere [11], Saksena [31], and Srivastava [33] 
in the context of computer record balancing and of visit 
sequencing through welfare agencies in 1960s. The problem 
consists of a set of n cities and a cost matrix (cij)n×n , where, 

cij is the cost of travelling from city i to city j. The n cities are 
grouped into several clusters- cl1, cl2,… , clk , where k is the 
number of clusters. Every city must belongs to at least one 
cluster. So, a city may belongs to more than one clusters. A 
salesman starts from a city of a cluster, visits one and only 
one city of every cluster and returns to the starting city with 
the minimum expenditure. So, the goal of the problem is to 
find the path/route of the salesman with the minimum cost 
covering all the clusters exactly once. There are several real-
life applications of GTSP, such as, mail delivery [17], wel-
fare agency routing [31], material flow system design [17], 
vehicle routing [17], and computer file sequencing [11], etc. 
The GTSP belongs to the class of NP-hard problems.

In most of the above-mentioned studies it is implicitly 
assumed that the travel cost, cij between any two cities i and 
j, is fixed and crisp in nature. But cij depends on the several 
factors, like, the quality of the vehicle used, condition of 
the roadways, duration of the travel, weather condition, etc. 
The travelling cost between any two cites mainly depends 
on the quality of transport used for the purpose. Sometimes 
it depends on the availability of the vehicle, condition of the 
road ways, etc., though its value normally lies in an interval. 
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Abstract
Using the concept of swap operation and swap sequence on the sequence of paths of a Traveling Salesman Problem(TSP)
Artificial Bee Colony (ABC) algorithm is modified to solve multi-objective TSP. The fitness of a solution is determined
using a rule following the dominance property of a multi-objective optimization problem. This fitness is used for the
selection process of the onlooker bee phase of the algorithm. A set of rules is used to improve the solutions in each phase
of the algorithm. Rules are selected according to their performance using the roulette wheel selection process. At the end
of each iteration, the parent solution set and the solution sets after each phase of the ABC algorithm are combined to select
a new solution set for the next iteration. The combined solution set is divided into different non-dominated fronts and then
a new solution set, having cardinality of parent solution set, is selected from the upper-level non-dominated fronts. When
some solutions are required to select from a particular front then crowding distances between the solutions of the front are
measured and the isolated solutions are selected for the preservation of diversity. Different standard performance metrics are
used to test the performance of the proposed approach. Different sizes standard benchmark test problems from TSPLIB are
used for the purpose. Test results show that the proposed approach is efficient enough to solve multi-objective TSP.

Keywords Multi-objective traveling salesmen problem · Artificial bee colony algorithm · Swap operation ·
Pareto optimal solution · Performance metric

1 Introduction

Most of the real-life problems involve multiple conflicting
goals, which leads to multi-objective optimizations, e.g.,
optimization of the profit of a company as well as the
customer satisfaction; optimization of transportation time
as well as transportation cost of a transport company; etc.
In a multi-objective optimization problem (MOOP), as the
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objective functions are generally conflicting in nature, the
concept of optimality does not hold; rather the concept
of pareto optimality takes place. Two solutions are called
pareto optimal if each solution is better than the other with
respect to at least one objective. One solution is said to be
better than another one if it is better or equal with respect
to all the objectives and strictly better with respect to at
least one objective. Different multi-objective evolutionary
algorithms (MOEAs) are proposed by several researchers
[7, 9, 12, 40, 48] in the past decades. For a complete survey
on MOEAs please see [44].

The Traveling Salesmen Problem (TSP) is one of the
standard combinatorial optimization problems and is a
familiar NP-hard problem [28, 29]. The problem consists
of a complete graph of n vertices (node/ cities) where each
edge is associated with a parameter having known value
(the distance /the travel time/ the travel risk etc., between
the associated nodes). The aim of the problem is to find
a Hamiltonian circuit having minimum value (the distance
/the travel time/ the travel risk etc.). When there is only
one parameter associated with each edge, then the problem
is called single-objective TSP (SOTSP) [24–26]. On the
other hand, when more than one parameters are associated
with each edge, the problem is called Multi-Objective
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This study investigated an economic order quantity (EOQ) model with complete
backorder for fixed lifetime perishable items under multiple advance and delayed
payments policies. Here, a new type of business policy is consideredwhere supplier
offers the retailer to pay a fraction of the purchasing cost before the order delivery
by multiple equal installments starting from the ordering time and the rest amount
after the delivery by multiple equal installments. Here, some theoretical results are
illustrated to determine the conditions of existence and uniqueness of the optimal
solutions. A closed form solution is determined to solve the proposed model under
approximation. Some numerical examples are provided to examine the validity of
the proposed model. Finally, sensitivity analyses are presented to obtain the effect
of optimal policy and provide some managerial insights of the model.

Keywords: inventory; perishable item; expiry date; advance payment; delayed
payment

1. Introduction
Payment policies of purchasing price for the items ordered and customer’s reaction
effect on out of stock of an item is the significant factor in the economic order quan-
tity model. In 1913, F.W. Harris developed an EOQ (Economic Order Quantity)
model, by considering with the assumption that the retailer or customer pays the
whole amount of purchasing the item just when received the items. After that,
many researcher and practitioners made their efforts to adjust the assumption to
more realistic in inventory management. Based on the nature of payment of the pur-
chase cost, there are three basic possibilities which are the following types: (i) payment
before the receiving of delivery of the order quantity which is known as advance
payment or prepayment. Several researchers, viz. Gupta, Bhunia, and Goyal
(2009), Taleizadeh, Pentico, Jabalameli, and Aryanezhad (2013), Teng, Cárdenas-
Barrón, Chang, Wu, and Hu (2016), Wu, Teng, and Chan (2017), Manna, Das,
and Tiwari (2020) and others were reported interesting works in this area. (ii)
payment just on the time of delivery (Ghosh, Manna, & Dey, 2017; Mallick,
Manna, & Mondal, 2018; Shah & Cárdenas-Barrón, 2015), (iii) payment after the
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AN IMPERFECT PRODUCTION INVENTORY MODEL WITH ADVANCE
PAYMENT AND CREDIT PERIOD IN A TWO-ECHELON SUPPLY CHAIN

MANAGEMENT

Barun Khara1, Shyamal Kumar Mondal1 and Jayanta Kumar Dey2,∗

Abstract. This paper presents an integrated imperfect production inventory model under two layer
supply chain management. To ensure the orders, manufacturer convinces the retailer to pay a percentage
of the purchasing cost prior to replenish the products and offers the facilities such as (i) delay in
payment on the remaining part of the purchasing cost and (ii) free transportation on the basis of
advance payment amount. Time dependent development cost is incurred to maintain the reliability of
the production system and as a result it reduces the imperfectness of the product during production.
Under such circumstances, an integrated profit function has been developed to find the optimum number
of production cycle, optimum number of replenishment cycle and hence reliability parameter of the
manufacturing system, replenishment quantity for the retailer which maximize the integrated profit.
Branch and Bound technique is used to obtain the integer solutions. Furthermore, we derived some
useful lemmas and algorithms to obtain the optimum solution. Finally, the model has been illustrated
with some numerical examples exploring the sensitivity analysis with respect to some parameters and
obtains some managerial insights.
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1. Introduction

In present’s competitive situation, supply chain management (SCM) plays a vital role in economy because
it makes an integrated networking system among supplier, manufacturer, retailer and customer and learns how
to survive in the present’s competitive market through the co-operation among supplier, manufacturer, retailer
and customer. It also co-ordinates a system of inter-related business process in order to procurement of raw
materials, transportation of raw-materials, production of items, transportation of the finished product to the
retailer for sale to satisfy their customers’ demand. Along this direction, some previous research works to build
an integrated SCM dates back to Bookbinder, Cachon and Zipkin [5], Agarwal et al. [1] and others. They
have presented a production, distribution and inventory (PDI) planning system that integrated three supply
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a b s t r a c t

In our world, pollution arising from various sources like factories and vehicles, threaten the very envi-
ronment we live in. We should become more and more aware of the products that pose a threat to our
environment because otherwise through our lack of awareness, we will ourselves contribute towards the
distractions of our beloved and beautiful world. In this paper, we have bought into focus an work
regarding making the supply chain of a product as green as we possibly can. We have developed a
strategy based on the manufacturer’s advanced payment policy as well as trade credit facility to the
retailer. We have assumed that for any particular retailer, the customers’ demand for his goods is a direct
consequence of how green the goods are, along with the selling price and the effort put into the envi-
ronment friendliness of a product. To this effect, the manufacturer also allows the retailer a credit period
for the goods as also a discount that can imposed on the selling price. We have provided a model that
optimizes the retailer’s sales effort, the wholesale price demanded by the manufacturer, the green level
of the product as well as the selling price effected by the retailers. This model is exemplified numerically
of its practicality. We also perform some sensitivity analyses of the model by varying market demand,
price elasticity coefficient, greening awareness level and sales effort and the corresponding performance
shown by the model are also recorded.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

In recent times most of the world is under a threat from envi-
ronmental pollution. Numerous researchers have dedicated their
research time on green supply chain system (GSCS) to reduce the
pollution in the environment. The concept of green supply chain
system (GSCS) has been derived from traditional supply chain
system (SCS) by embroilment of green activities in the supply chain.
The aim of GSCS is sustainability on environmental front from
suppliers to customer and manufacturer. Yadav and Pathak (2016)
reported that most of the young customers will buy green (eco-
friendly) products, which has been manufactured in an environ-
mentally friendly fashion, and to create minimum havoc on the
environment. To accommodate this situation manufacturers give

attention to producing green products. Recently, Sana (2020)
pointed out that the authorities in developed countries collects
lower tax from green product manufacturers than non-green
product manufacturers. He also considered green technology in-
vestment to reduce carbon emission of the firm. As such, many
researchers, viz. Chan and Lau (2002), Zhu et al. (2005), Zhang and
Liu (2013), Wood et al. (2016), Manna et al. (2017), Jamali and Rasti-
Barzoki (2018), Panja and Mondal (2019), Zhang et al. (2020) and
others have been working on green supply chain system (GSCS)
that reduce environment pollution and earn maximum profit for
the supply chain members.

In a competitive market, delay-in-payment scheme is a very
important strategy to run the business smoothly. Generally, the
supplier offers the retailer the opportunity for paying partial an
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EFFECT OF INSPECTION ERRORS ON IMPERFECT PRODUCTION
INVENTORY MODEL WITH WARRANTY AND PRICE DISCOUNT

DEPENDENT DEMAND RATE

Amalesh Kumar Manna1,∗, Jayanta Kumar Dey2 and Shyamal Kumar Mondal1

Abstract. This paper deals with selling price-discount and warranty period dependent demand in an
imperfect production inventory model under the consideration of inspection errors and time dependent
development cost. Normally, due to long-run, a production process deteriorates with time and here
we assume that the process shifts from “in-control” to “out-of-control” state at any random time. A
time dependent development cost has been constructed to increase the reliability of the production
system i.e., to decrease the deterioration of the system during the production process. As a result, a
few items are rejected. Here, two types of inspection errors such as Type-I error and Type-II error,
have been considered during the period of product inspection process. In Type-I error, an inspector
may choose falsely a defective item as non-defective and in Type-II error an inspector may choose
falsely a non-defective item as defective. Due to these phenomena, the inspection process would consist
of the following costs: cost of inspection, cost of inspection errors. The purpose of this paper is to
investigate the effects of time dependent development cost on the defective items, selling price-discount
and warranty policy on the market demand and finally optimize the expected average profit under
consideration of such inspection costs in infinite time horizon. Some numerical examples along with
graphical illustrations and sensitivity analysis are provided to test the feasibility of the model.
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1. Introduction

In a real manufacturing system, a long-run production process shifts from “in-control” to “out-of-control”
state due to different machinery problems, labor problems, etc. On the other hand, the production of defective
units is a natural phenomenon to be occurred due to different difficulties arisen in a long-run production
process. Normally, it is seen that a production process is initiated from “in-control” state, because every factors
associated with the system are in well condition. Then due to continuous running of system, these factors
gradually lose their perfectness. So, after some time, the production process may shift from “in-control” state
to “out-of-control” state. For this reason, some imperfect items along with perfect items are produced in every
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Abstract We investigated theoretically the squeezing,

sub-Poissonian, and total noise of a quantum state in

spontaneous and stimulated five-wave interaction process

under short-time approximation. It has been found that the

squeezing occurs in field amplitude, amplitude-squared in

the fundamental mode in the process. It is shown that

higher-order squeezing allows a much larger fractional

noise reduction than lower-order squeezing. We observed

that the squeezed states are associated with a large number

of photons. It is shown that squeezing is greater in the

stimulated interaction than the corresponding squeezing in

the spontaneous interaction. The photon statistics of the

fundamental mode in the process is investigated and found

to be sub-Poissonian in nature. The effect of the sub-

Poissonian nature of an optical field in terms of total noise

is also incorporated. We showed that the depth of non-

classicality directly depends on the amount of total noise

present in the system. This suggests that the more squeezed

the state is, the greater is its total noise in the system. It is

found that a higher multi-photon absorption process is

suitable for the generation of optimum squeezed light.

Keywords Multi-photon process � Squeezing � Sub-
poissonian � Photon number � Total noise

Introduction

The idea of squeezing of the electromagnetic field was

introduced by Hollenhorst [1] and Caves [2]. After that, D.

F. Walls [3] has given a detailed review of squeezed states

of light including the generation and detection of squeezed

states as well as proposed potential applications. The

concept of squeezing [4–10] in the quantized electromag-

netic field has gained a great deal of importance in view of

the possibility of reducing the noise of an optical signal

below the shot-noise limit. R. E. Slusher et al. [11] have

generated squeezed states of the electromagnetic field by

non-degenerate four-wave mixing process and have mea-

sured with a balanced homodyne detector. Ling-Au Wu

et al. [12] have generated squeezed states of light by

parametric down-conversion in an optical cavity. Garraway

et al. [13] have presented a simple scheme that allows the

generation and detection of nonclassical states of the

electromagnetic field with controllable photon number and

phase distributions. Squeezing of radiation is a purely

quantum mechanical phenomenon, and its low-noise

property [14–16] has many attractive applications such as

high-quality telecommunication [17] quantum cryptogra-

phy [18, 19], and so on. The experimental detections and

applications approve the importance of the theoretical

investigations into various nonlinear optical processes such

as Raman [20–22], Hyper-Raman [23], Harmonic Gener-

ation [24, 25], Multiwave-mixing processes [26–29], and

so on. A squeezed state may exhibit sub-Poissonian photon

statistics. The conversion of higher-order squeezed light

into nonclassical light with higher-order sub-Poissonian
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It is concluded that greater total noise and hence greater

squeezing exist in second order than in first order, having

the same number of photons. It is inferred that the more

squeezed the state is, the greater is its total noise in the

system. Therefore, as the state becomes more sub-Poisso-

nian, and its total noise increases.

These results suggest that the total noise of a quantum

state can be measured the depth of nonclassicality i.e. more

nonclassical state (squeezing and sub-Poissonian) of the

field in any system.
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A B S T R A C T   

The design and synthesis of red light-emitting multianalyte chemosensors have always been a challenging task 
because of its specific requirement of coordination pocket and selective fluorescence mechanism. Herein, we 
develop a chemosensor via “three birds, one stone” strategy in which we can detect three metal ions with one 
ligand. A highly sensitive new azo functionalized rhodamine based luminescent sensor is synthesized for se
lective fluorogenic recognition of Al3+, Cr3+, and chromogenic recognition of Cu2+ in ethanol : H2O medium in 
the red light-emitting zone. Among the guest metals, Cu2+ efficiently quenches the emission whereas Al3+ and 
Cr3+ induce increased luminescent 4.76 fold for Al3+ and 2.47 fold for Cr3+ through chelation-enhanced fluo
rescence (CHEF) and photo-induced electron transfer (PET) regulated mechanism with the formation of 1:1 
complex. The restricted imine isomerization through complex formation inhibits ongoing PET process with the 
instantaneous onset of CHEF. The mechanism is in good consonance with NMR (1H & 13C), FT-IR, elemental 
analysis, DFT, TCSPC, and pH-dependent studies. Micromolar range detection of 1.1 μM, 1.3 μM, and 1.5 μM for 
Cu2+, Al3+, and Cr3+ respectively, easy penetration into HLCs cells and higher imaging resolution increase its 
potentiality to assess Al3+ and Cr3+ in vitro. Moreover, paper strip application increases its viability as an onsite 
naked-eye portable solid probe.   

1. Introduction 

Besides natural sources, various industrial activities and anthropo
genic activity enrich the amount of Cu2+, Al3+, and Cr3+ in the envi
ronment. A living body requires a very low concentration of Cu2+. Its 
toxicity through excessive accumulation brings the loss of activity in 
various Cu-dependent enzymes viz. tyrosinase co-oxidase, cytochrome, 
and superoxide dismutase which is responsible for the generation of in 
vivo reactive oxygen regulation by iron and causes Menkes disease by 
disturbing the development of the brain [1]. Wilson’s disease, a Cu2+

related disease, is grown up by the excessive deposition of Cu2+ in the 
liver and brain through irregular transport [2]. Among the different 
oxidation state trace element chromium is less harmful in its trivalent 
(Cr3+) state [3]. Balance concentration of chromium regulates the 
metabolism of fat lipids and carbohydrates by activating certain en
zymes whereas insufficient dietary intake increases blood sugar by 
deactivating insulin, increases the risk of cardiovascular disease, and 
stops the formation of haemoglobin in the red blood cell [4]. Again 
diversified application of alumina includes not only industries like 
packaging, pharmaceuticals, food, and medicine but also in our daily life 
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Schiff bases as Al3+ sensors with high selectivity and sensitivity, and their 
bioimaging applications, Mater. Chem. Phys. 233 (2019) 89–101. 

[47] C. Yi, W. Tian, B. Song, Y. Zheng, Z. Qi, Q. Qi, Y. Sun, A new turn-off fluorescent 
chemosensor for iron (III) based on new diphenylfluorenes with phosphonic acid, 
J. Lumin. 141 (2013) 15–22. 

[48] J.Q. Wang, L. Huang, M. Xue, Y. Wang, L. Gao, J.H. Zhu, Z. Zou, Architecture of a 
hybrid mesoporous chemosensor for Fe3+ by covalent coupling bis-Schiff base 
PMBA onto the CPTES-functionalized SBA-15, J. Phys. Chem. C 112 (2008) 
5014–5022. 

[49] A.F. Zheng, J.L. Chen, G. Wu, G. Wu, Y.G. Zhang, H.P. Wei, A novel fluorescent 
distinguished probe for Cr (VI) in aqueous solution, Spectrochim. Acta – Part A 
Mol. Biomol. Spectrosc. 74 (2009) 265–270. 

[50] Y. Liang, L. Diao, R. Wang, N. Wang, S. Pu, A bifunctional probe for Al3+ and Zn2+

based on diarylethene with an ethylimidazo[2,1-b]thiazole-6-hydrazide unit, 
Tetrahedron Lett. 60 (2019) 106–112. 

[51] B. jie Pang, C. rui Li, Z. yin Yang, Design of a colorimetric and turn-on fluorescent 
probe for the detection of Al(III), J. Photochem. Photobiol. A: Chem. 356 (2018) 
159–165. 

[52] A. Sahana, A. Banerjee, S. Lohar, B. Sarkar, S.K. Mukhopadhyay, D. Das, 
Rhodamine-based fluorescent probe for Al3+ through time-dependent PET-CHEF- 
FRET processes and its cell staining application, Inorg. Chem. 52 (2013) 
3627–3633. 

[53] P. Mahato, S. Saha, E. Suresh, R. Di Liddo, P.P. Parnigotto, M.T. Conconi, M. 
K. Kesharwani, B. Ganguly, A. Das, Ratiometric detection of Cr3+ and Hg2+ by a 
naphthalimide-rhodamine based fluorescent probe, Inorg. Chem. 51 (2012) 
1769–1777. 

[54] T. Mistri, R. Alam, M. Dolai, S. Kumar Mandal, P. Guha, A. Rahman Khuda-Bukhsh, 
M. Ali, Rhodamine-based chromo-/fluorogenic dual signaling probe for selective 
recognition of HgII with potential applications for INHIBIT logic devices and cell- 
imaging studies, Eur. J. Inorg. Chem. (2013) 5854–5861. 

[55] S. Sinha, B. Chowdhury, P. Ghosh, A highly sensitive ESIPT-based ratiometric 
fluorescence sensor for selective detection of Al3+, Inorg. Chem. 55 (2016) 
9212–9220. 

[56] A. Dhara, A. Jana, S.K. Mandal, A.R. Khuda-Bukhsh, N. Guchhait, S.K. Kar, 
A unique rhodamine-based “off-on” molecular spy for selective detection of 
trivalent aluminum and chromium ions: synthesis, crystal structure, and 
spectroscopic properties along with living cell imaging, Inorganica Chim. Acta 423 
(2014) 454–461. 

[57] T. Mistri, R. Alam, R. Bhowmick, A. Katarkar, K. Chaudhuri, M. Ali, A rhodamine 
embedded bio-compatible smart molecule mimicking a combinatorial logic circuit 
and “key-pad lock” memory device for defending against information risk, New J. 
Chem. 40 (2016) 330–339. 

S. Mabhai et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0075
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0075
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0075
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0075
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0080
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0080
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0080
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0085
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0085
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0090
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0090
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0095
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0095
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0095
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0100
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0100
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0105
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0105
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0110
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0110
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0110
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0115
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0115
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0115
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0120
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0120
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0125
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0125
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0130
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0130
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0130
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0135
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0135
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0135
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0140
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0140
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0140
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0140
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0150
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0150
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0150
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0155
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0155
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0160
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0160
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0165
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0165
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0165
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0170
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0170
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0170
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0170
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0175
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0175
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0175
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0180
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0180
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0180
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0185
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0185
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0185
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0190
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0190
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0195
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0195
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0195
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0200
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0200
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0200
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0205
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0205
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0205
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0210
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0210
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0210
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0215
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0215
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0215
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0220
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0220
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0220
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0225
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0225
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0225
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0230
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0230
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0230
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0230
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0235
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0235
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0235
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0240
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0240
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0240
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0240
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0245
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0245
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0245
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0250
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0250
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0250
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0255
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0255
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0255
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0260
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0260
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0260
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0260
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0265
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0265
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0265
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0265
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0270
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0270
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0270
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0270
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0275
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0275
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0275
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0280
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0280
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0280
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0280
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0280
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0285
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0285
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0285
http://refhub.elsevier.com/S1010-6030(20)30686-9/sbref0285


Solvent-Regulated Fluorimetric Differentiation of Al3+ and Zn2+

Using an AIE-Active Single Sensor
Bhriguram Das, Malay Dolai, Anamika Dhara, Avijit Ghosh, Subhabrata Mabhai, Ajay Misra,*
Satyajit Dey,* and Atanu Jana*

Cite This: J. Phys. Chem. A 2021, 125, 1490−1504 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: The absence of d-orbital electrons or presence of full-filled d-orbital
electrons in metal ions is a well-known Achilles’ heel problem for the detection of
these metal ions by a simple UV-visible study. For this reason, detection of metal
ions such as Al3+ with no d-orbital electrons or Zn2+ with filled d-orbital electrons is
a challenging task. Herein, we report a 2-naphthol-based fluorescent probe [1-((E)-
((E)-(5-bromo-2-hydroxybenzylidene)hydrazono)methyl)naphthalen-2-ol] (H2L)
that has been used to sense and discriminate Al3+ and Zn2+ via solvent regulation.
The probe exhibits excellent selectivity and swift sensitivity toward Al3+ in MeOH−
water (9:1, v/v) and toward Zn2+ in dimethyl sulfoxide (DMSO)−water (9:1, v/v)
among various metal ions. The respective detection limit is found to be 9.78 and
3.65 μM. The sensing mechanism is attributed to multiple processes, viz., the
inhibition of photo-induced electron transfer (PET) along with the introduction of
chelation-enhanced emission (CHEF) and excited-state intramolecular proton
transfer (ESIPT) inhibition, which are experimentally well verified by UV−vis absorption spectroscopy, emission spectroscopy, and
NMR spectroscopy. The probe shows aggregation-induced emissive (AIE) response in ≥70% aqueous media as well as in the solid
state. The experimental results are well corroborated by time-resolved photoluminescence (TRPL) and density functional theory
(DFT) calculations. An advanced-level OR-AND-NOT logic gate has been constructed from a different chemical combinational
input and emission output. The reversible recognition of both Al3+ in MeOH−water (9:1, v/v) and Zn2+ in DMSO−water (9:1, v/v)
is also ascertained in the presence of Na2EDTA, enabling the construction of a molecular memory device. The probe H2L also
detects intracellular Al3+/Zn2+ ions in Hela cells. Altogether, our fundamental findings will pave the way for designing and synthesis
of unique chemosensors that could be used for cell imaging studies as well as constructing molecular logic gates.

■ INTRODUCTION

Multitasking application of materials is an important and
emerging field of science in the modern world. Such types of
materials make a product cheap and user-friendly, and the time
management issue provides an endeavor toward sustainable
development.1,2 A Schiff base is an example of such type of
materials due to its versatile application in different applied
fields of science including medicine and pharmacy (because of
its properties, viz., antitumor, antiviral, antifungal, antibacterial,
biocidal, and antimalarial properties), chemical synthesis and
analysis, modern technological imaging systems, molecular
memory storage, photochromic materials, and in colorimetric
and fluorimetric ion/molecule sensors.3−6 The sensing of ions/
small molecules by a Schiff base has useful applications in
several interdisciplinary sciences. Several analytical scientific
strategies including chromatography, spectrometry, titrimetry,
spectrophotometry, and electrochemical techniques have been
developed for the detection of metal ions.7,8 As the method
mentioned above is complicated and time- and cost-
consuming, simple but reliable methods for qualitative and
quantitative as well as rapid and sensitive detection of metal

ions are in extreme need. Among various strategies utilized,
fluorescence signaling is one of the first choices as it is simpler
and rapid, convenient, and profoundly sensitive for the
recognition of biologically and environmentally relevant
metal ions.9,10

The concentration of aluminum, which is the third most
abundant element present in the earth’s furthest layer, in soil or
water increases during rain, which is perilous for growing
plants.11,12 The far-reaching uses of aluminum in our everyday
life, for example, aluminum foil, vessels, and treat sheets;
medications; the paper industry; food additives; and
aluminum-based pharmaceutical antiperspirants, antiulcer
agents, and antacids, result in its exposure to the environ-
ment.13 Adverse effects of Al3+ influence the central nervous
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Abstract

Counter anion-triggered metal ion detection has been rarely reported by fluorimetric

method. To address this challenging issue, a fluorescent probe (H2L) has been synthe-

sized from bromo-salicylaldehyde and hydrazine hydrate, and structurally character-

ized by single crystal X-ray diffraction. The probe shows very weak fluorescence itself.

However, its emission intensity increases in the presence of Zn2+ over othermetal ions.

Surprisingly, the emission profile of this probe in presence of Zn2+ is augmented only

when acetate anion (OAcŕ) is present as counter anion, that allows for precise quan-

titative analysis by spectroscopic studies. The compositions and complexation among

the probe, Zn2+ ion, andOAcŕ are supported by ESI-MS, 1H-NMR, and Job’s plot. Based

on these studies, it is confirmed that the binding ratio between probe: metal is 1:2 and

the detection limit (LOD) for the Zn2+ is 2.18 μM. The probe is capable of recognizing

Zn2+ ion in the wide range of pH∼6.5-9.5, and it could be efficiently recycled by EDTA.

Furthermore, the combinatorial molecular logic gate and memory device have been

constructed from the fluorescent behavior ofH2Lwith Zn
2+, OAcŕ, and EDTA input as

based on NOT and AND gates. Interestingly, the aggregation-induced emission (AIEE)

phenomenon is also perceived with greater than 50% water content in organic water

mixtures, which are then useful for the detection of picric acid often used as explosive.

KEYWORDS

AIEE, counter anion, molecular logic gate, PET and CHEF, Picric acid, Schiff base, zinc sensor

1 INTRODUCTION

Performing multiple tasks useful material is a significant and develop-

ing field of science in the cutting edge world. Such kind of materials

makes an item modest, easy to use, and the time executives issue pro-
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vides an endeavor and influence towards sustainable developments.1,2

Schiff base is a reasonable example of such type of materials because

of its versatile application in different field of applied science includ-

ing medicine and pharmacy (viz., antifungal, antibacterial, biocidal,

antitumor, antiviral, and antimalarial properties), chemical synthesis
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cobalt oxides as an effective and non-precious cathode catalyst in 
air-cathode microbial fuel cells 

Farhan Papiya a, Prasanta Pattanayak a, Abul Kalam Biswas b, Patit Paban Kundu a,c,* 

a Advanced Polymer Laboratory, Department of Polymer Science & Technology, University of Calcutta, 92, A.P.C. Road, Kolkata 700 009, India 
b Department of Chemistry, Mahishadal Raj College, West Bengal 721628, India 
c Department of Chemical Engineering, Indian Institute of Technology, Roorkee 247667, India   

A R T I C L E  I N F O   

Editor: Dr. Zhang Xiwang  

Keywords: 
Single− chamber MFC 
Cathode catalyst 
Sulfonated graphene oxide, Mn− Co/ 
SGO− PAni nanocomposite 
Oxygen reduction reaction 

A B S T R A C T   

This study examines the feasibility of the use of nanocomposite of polyaniline (PAni) grafted sulfonated graphene 
oxide (SGO) supported manganese cobalt oxide as a novel and effective cathode catalyst for single chamber 
microbial fuel cell (SC-MFC). The graphene oxide (GO) was sulfonated to SGO for the development of a sig
nificant increase in the hydrophilicity of GO to enhance the nano− catalyst dispersion. The structural properties 
of the prepared nanocomposite were studied by X-ray diffraction, X-ray photoelectron spectroscopy, and Raman 
spectroscopy. Morphological studies of the nanocomposite revealed a wrinkled paper− like structure of SGO and 
a spherical type structure of Mn− Co. Both cyclic voltammetry and electrochemical impedance spectroscopy 
showed a reduction current value of − 1.04 mA, and charge-transfer resistance of 52.4 ohm, which exhibited a 
higher oxygen reduction reaction activity and good conductivity compared to Mn− Co/GO− PAni, Mn− Co/ 
rGO− PAni and Pt/C catalyst. Electrochemical tests also suggest that the Mn− Co/SGO− PAni nanocomposite 
exhibited excellent durability among the other three cathodes. Furthermore, the MFCs equipped with Mn− Co/ 
SGO− PAni nanocomposite modified electrode achieved power density of 1392.68 mW m− 2 which is 2.89 times 
higher than state-of-art Pt/C (481.3 mWm− 2). The Electrochemical studies also displayed a similar result. The 
significant increase in power generation with Mn− Co/SGO− PAni nanocomposite as a cathode catalyst indicates 
that it can be used as a promising, inexpensive electrocatalyst for the long-term operation for MFC.   

1. Introduction 

Microbial fuel cell (MFC) is a novel, environmentally friendly and 
promising alternative energy source that produces bioelectricity from 
wastewater or biomass in which bacteria are used as catalysts to oxidize 
organic matter [1,2]. The bacteria in anode chamber produce protons, 
electrons, and CO2 from the biodegradation of organic fuel by catabolic 
metabolism. The electron is transferred from the anode to the cathode 
through an external wire and then reduces oxygen in the air to form 
water and electric current [2,3]. The overall MFC performance is 
affected by several factors such as cell design, electrode materials, 
bacterial inoculum, substrate, and ion-selective membrane [4]. Unfor
tunately, the sluggish kinetics of the oxygen reduction reaction (ORR) 
has become the bottleneck of power generation in MFC. Hence, a 

number of studies have been employed to accelerate the sluggish ki
netics of the ORR at the cathode [5]. Generally, high surface area, 
excellent electrical conductivity, high catalytic activity, good stability, 
and low cost are very necessary to enhance the ORR kinetics. 

The most commonly employed cathode catalyst is platinum (Pt) and 
its alloys as they have good catalytic activity, stability, and resistance to 
corrosion [6–8]. Noble metal Pt is rare and expensive and has poor 
availability along with sensitivity to catalyst poisoning and these are the 
major hindrances to its commercial acceptance. Therefore, developing 
an alternative cost-effective non-platinum catalyst for ORR has stimu
lated wide research interests [9,10]. Several metal-based catalyst, i.e. 
CoOx/FePc [11], Spinel− type Cu/Co [12], Co/Fe/N [13], 
α− Fe2O3/polyaniline [14], Ni− Co/SPAni [15], Cu2O/RGO [16], 
Zn− Co/ZnO [17], V2O5/GO [18], δ− MnO2 [19] and SGO− TiO2–PAni 
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a b s t r a c t 

Internet of Health Things (IoHT) has become a demanding application of Internet of Things 

and cloud computing. In IoHT, the exchange and processing of health data are performed 

for monitoring the health status of patients. The health data collected using a body area 

network are stored and processed inside the cloud servers. The users can access the health 

data using their mobile devices as well as can receive health care advice. To reduce energy 

consumption and delay over the remote cloud servers, fog computing has been introduced. 

The health care system using fog computing is emerging due to the increasing need of 

energy and latency optimized health service provisioning. This article focuses on fog based 

Internet of Health Things for indoor as well as outdoor scenarios. In the proposed system 

the weighted majority game theory is used for selecting fog device in indoor and outdoor 

regions. Simulation results demonstrate that the proposed fog computing based system 

reduces the average delay, average jitter and energy consumption by approximately 15%, 

20% and 15% respectively than the existing cloud only health care system. 

© 2020 Elsevier B.V. All rights reserved. 

1. Introduction 

Electronic health (e-health) monitoring has become an emerging research field in the last few years [1] . The exponential 

growth in the number of smart phone users has made a remarkable change in the traditional e-health system and mobile 

health (m-health) monitoring has been introduced. Nowadays most of the smart phones have health related applications, 

which can detect user activity and predict health condition based on pulse rate, BMI etc. Samsung S Health, Apple Healthkit, 

Google Fit, Microsoft Health etc. are some of the popular applications. Health sensor devices are also available which can 

detect several health parameters like blood sugar level, pressure level, ECG etc. [1] . After collecting respective health pa- 

rameter values these sensor nodes transmit the same to the connected smart phone. The smart phone can process the data 

and predict the health status. However, execution of exhaustive applications for processing health data may not be possible 

inside the smart phones due to resource constraints. Mobile cloud computing may resolve these challenges [2] . By executing 
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a b s t r a c t

Frequency allocation in small cell-based green heterogeneous mobile networks is a demanding research
domain nowadays. Femtocells are the essential components of small cell networks. In this paper, we
propose a low power micro-femtocell network using the master–slave algorithm. In the master–slave
algorithm, the master node allocates work to the slave nodes. When a slave ends its task given by a
master node, it informs the master node, and it is being assigned a new workload. Slave nodes do not
communicate with each other. In our approach, the microcell is divided into three sectors, and each
sector is further categorized into three regions: inner region, outer region, and most-outer region.
Femtocells are allocated in these three regions. According to the duty cycle, several femtocells are
chosen as master femtocells. The rest of the femtocells are assigned under the supervision of the master
femtocells. These femtocells are referred to as slave femtocells. The master femtocells communicate
with the microcell, and the slave femtocells communicate with the corresponding master femtocell.
Frequency allocation for this micro-femtocell network is proposed based on Fractional Frequency Reuse
(FFR). The power consumption, signal-to-interference-plus-noise ratio (SINR), and spectral efficiency
for the proposed network are calculated. The simulation results exemplify that the proposed scheme
reduces the power consumption of the network by approximately 44%–80% than the conventional
heterogeneous network. The simulation results also demonstrate that the proposed network has better
SINR and spectral efficiency than the existing micro-femtocell network. For experimental analysis,
vector signal generator (VSG) and vector signal analyzer (VSA) are used. The experimental results also
show that the proposed network is greener compared to the existing micro-femtocell network.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The increasing use of smartphones has elevated the require-
ment of introducing new approaches for giving good signal
strength at the outdoor as well as an indoor area. Long Term
Evolution (LTE) network has come into the scenario to enhance
the speed of data communication and to boost the capability of
the mobile network [1]. For better, indoor and outdoor cover-
age LTE network is followed by LTE-Advanced (LTE-A) network.
LTE-A is primarily for small cell-based heterogeneous networks.
Small cell serves as a critical component for low power cellular
network [1–4]. Heterogeneous cellular network (HCN) or hetero-
geneous network (HetNet) is a combination of macrocell base

∗ Corresponding author at: Centre of Mobile Cloud Computing, Department
of Computer Science & Engineering, Maulana Abul Kalam Azad University of
Technology, West Bengal, Simhat, Haringhata Farm, West Bengal 741249, India.
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station (MBS), microcell base station (MiBS), picocell base station
(PBS) and femtocell base station (FBS) [2]. The HetNet is not only
for third and fourth generation mobile networks but for the fifth-
generation mobile network also. FBSs are allocated for giving
better signal strength in the indoor region. FBS is a small cell base
station, which can be deployed in a plug and play manner. The
transmission power of an MBS or an MiBS is higher than that of an
FBS. Deployment of several FBSs inside a macrocell or a microcell
improves coverage [1]. An MiBS has lower transmission power
than an MBS [4].

Hence, in this article, we use MiBS instead of MBS, where
FBSs are allocated inside the microcell based on the master–
slave algorithm. In the master–slave algorithm, the master node
allocates work to the slave nodes. When a slave ends its task
given by a master node, it informs the master node, and it is being
assigned a new workload. Slave nodes do not communicate with
each other. In our approach, FBSs are deployed under an MiBS.
From these FBSs based on duty cycle, master FBSs are chosen,
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existing micro-femtocell network. The results also demonstrate
that the proposed algorithms improve the spectral efficiency
and the SINR. Hence we can conclude that the master–slave
algorithm based proposed micro-femtocell network is a green
cellular network. In the future, we wish to extend our method
for micro-pico-femtocell based three-tier cellular networks.
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Abstract

Conventional chemical approaches for synthesizing nanoparticles (NPs) may restrict

their applicability as they are not eco-friendly, energetically efficient and often

involve toxic reducing/capping agents; but phytonanotechnology enabled the syn-

thesis of safe, inexpensive, highly biocompatible NPs. In this regard, thorough under-

standing of green components and the modulatory effects of different reaction

conditions on the physicochemical parameters of green synthesized NPs would be a

prerequisite, which is not depicted elsewhere. This review critically analyzes the rele-

vant reaction conditions from their mechanistic viewpoints in plant-based synthesis

of NPs arising fundamental issues which need to be determined carefully. The size,

stability and surface chemistry of phytogenic NPs may be fabricated as a function of

multiple interconnected reaction parameters and the plant species used. The thera-

peutic potential of phytogenic NPs may depend on the plant species used; and so the

meticulous understanding of physicochemical parameters and the family wise short-

ing of elite plant species may potentially benefit the theranostic future of plant-

based NPs.

K E YWORD S

green-synthesis, nanotechnology, phytochemicals, phytonanotechnology, plant-based
nanoparticles, reducing/capping agents

1 | INTRODUCTION

Cancer is an emerging health concern due to its high rate of global

occurrence in every year and associated therapeutic complications.1-4

The waned enhanced permeability and retention (EPR) effects of che-

motherapeutic agents, underdeveloped drug delivery systems for tis-

sue/organs/organelles specific targeting and the deficit of original

bioavailability would be the major technological limitations subduing

the therapeutic efficiency of chemotherapeutants.

The advent of nanotechnology has opened up a new horizon to

the treatment of many deadly ailments including cancer.5-7 The pre-

sent physical and chemical methods (including both top-down and

bottom-up approaches) for nanoparticles (NP) synthesis still have to

depend on the use of a lot of toxic and environmentally hazardous

reagents, which might impose severe detrimental effects on the envi-

ronment, ecosystem and public health; and are labor intensive, ener-

getically inefficient and expensive.8-15 These hurdles compelled

researchers to think another way and to make use of biomolecules for

NPs synthesis aiming to develop facile, inexpensive, energetically effi-

cient and eco-friendly technologies (green technology) for biocompat-

ible NPs synthesis (Figure 1).

The phytomining approach of NPs recovery depends on the

sequestration of biocompatible NPs from the plants which can

bioaccumulate the metals ions and are able to reduce them making

NPs in vivo; but this process is time consuming and cannot monitor the

size and shape of synthesized NPs.16 In this way, the in vitro approach

for plant-based synthesis of NPs (bottom-up approach) has been devel-

oped. The green synthesis of NPs involves the biomolecules of plants,
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Abstract Escalated production of plastic, their

worldwide distribution and persistent nature finally

results into their environmental accumulation causing

severe threats to the ecological environment and

biotic health. Thus, development of suitable measure-

ments for environmental remediation of plastic may

be an urgent issue in this plastic age. Some recent

reviews have categorized the microbial species able

to degrade different plastic polymers and the different

factors effecting bio-degradation of plastic are poorly

understood. This review comprehensively discusses

bio-degradation of traditional and biodegradable

plastic polymers both in natural and biological

environment (gut microbes and fungi) to understand

different factors regulating their degradation, and also

shows how degradation of plastic polymers under

abiotic factors influence subsequent biological degra-

dation. Different physicochemical modifications

like - breaking large polymers into small fragments

by pre-treatment, functional groups enrichment,

identifying potent microbial species (consortia) and

engineering microbial enzymes might be crucial for

bio-degradations of plastic. Effects of

micro/nanoplastic and other chemical intermediates,

formed during the bio-degradation of plastic, on

species composition, abundance, growth, metabolism

and enzymatic systems of microbes involved in the

bio-degradation of plastic should be determined in

future research.

Keywords Bio-degradation · Pre-treatment ·

Functional groups · Biotic-abiotic factors ·

Microbial enzymes · Composting

Introduction

Global production rate of plastic production is

increasing every year since 1950 s due to their wide

range of applications in different sectors such as

agriculture, packaging, construction, automotive

industry, biomedicine etc. Increasing annual produc-

tion of plastic and their improper waste management

collectively results in higher environmental accumu-

lation. The global production of plastic reached

368 million tons in 2019 and 51% of this total

production was contributed by Asia (Plastics—the

facts 2020 by Plastic Europe). Eriksen et al. (2014)

showed the improper waste management system to be

accounted for floating of [5 trillion plastic pieces
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Co-occurrence of co-contaminants: Cyanotoxins andmicroplastics, in soil
system and their health impacts on plant – A comprehensive review

Sukhendu Maity a, Rajkumar Guchhait a,b, Ankit Chatterjee a, Kousik Pramanick a,⁎
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H I G H L I G H T S

• Cyanotoxin andmicro/nanoplasticsmay
be emerging co-contaminants in soils.

• Phytotoxic effects of cyanotoxin and its
mixture are poorly understood.

• Co-occurrence in soil suggests sorption
of cyanotoxin onto micro/nanoplastics.

• Distinct lack of combined effects of
cyanotoxin & micro/nanoplastics.

• Ecotoxicity should be measured using
environmentally relevant doses.

G R A P H I C A L A B S T R A C T
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Cyanotoxins (CTX) and micro/nanoplastics (M/NP) are ubiquitously distributed in every environmental com-
partment. But the distribution, abundance and associated ecological risks of CTX are still poorly understood in
soil system. On the other hand,M/NP could serve as vectors for persistent organic/inorganic pollutants in the nat-
ural environment through the sorption of pollutants onto them. Thus, co-occurrence of CTX and M/NP in soils
suggests the sorption of CTX onto M/NP. So, major aim of this review is to understand the relevance of CTX
and M/NP in soils as co-contaminants, possible interactions between them and ecological risks of CTX in terms
of phytotoxicity. In this study, we comprehensively discuss different sources and fate of CTX and the sorption
of CTX ontoM/NP in soil system, considering the partition coefficient of different phases of soil andmass balance.
Phytotoxicity of CTX, CTXmixture and co-contaminants has also been discussedwith insights on themechanism
of action. This study indicates the need for the evaluation of sorption between co-contaminants, especially CTX
and M/NP, and their phytotoxicity assessment using environmentally relevant concentrations.
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Two solvatochromic fluorescent azine derivative 1-((E)-((Z)-(4-(diethylamino)-2-hydroxybenzylidene)hydrazono)methyl)
naphthalen-2-ol (L1) and (E)-2-((4-(diethylamino)-2-hydroxybenzylidene)amino)-3,6-dihydroxyspiro[isoindoline-1,9-xanthen]-
3-one (L2) was synthesized via Schiff base condensation. The introduction of an electron-donating diethylamino group and
an electron-accepting fluorophore unit into the pi-conjugated system of L1 and L2 endowed a prominent solvatochromic emis-
sion property. In contrast with the very little changes of absorption spectra in the different solvents, the emission was strongly
dependent on the solvent polarity and could be tuned from blue region to red region by changing the solvent from less polar
tetrahydrofuran to highly polar water. Both the ligand L1 and L2 were able to binds Cu2+ ion selectively via fluorescence turn-
off process. The limit of detection (LOD) for Cu2+ was found to be 1.9 M and 1.62 M with L1 and L2, respectively. The
photophysical experimental results reveal that the Cu2+ ions quenched the intrinsic fluorescence of both L1 and L2 by form-
ing the ligand-metal complexes, but the quenching process different (static or dynamic) for the two probes. In addition, the
binding spontaneity was mainly entropy-driven. Again both ligands successfully detect Cu2+ by means of TLC paper as well
as simple filter paper based strips and hence, they would be very useful for onsite detection purpose.

Keywords: Solvato(fluoro)chromism, Cu2+ ion, quenching, LOD, thermodynamic spontaneity, paper strips.

Introduction
Luminescent materials derived from Schiff base com-

pounds have attracted great attention in the past few de-
cades owing to their potential applications in the fields of
organic electronics, optoelectronics, sensors and informa-
tional displays1. It is well known that the absorption and emis-
sion spectral responses of chemical compounds may be in-
fluenced by the surrounding medium and that medium can
bring about a change in the position, intensity, and shape of
absorption and/or emission  bands. Hantz schlater termed
this phenomenon solvatochromism2,3. The term often
solvatofluorchromism was defined for the emission position
change upon solvent polarity variation. Obviously, this phe-
nomenon is caused by differential solvation of the ground
and first excited state of the light-absorbing molecule (or its
chromophore). Differential solvation of these two states is

responsible for the solvent influence on emission spectra4.
In general, molecules with a large change in their permanent
dipole moment upon excitation exhibit a strong
solvatochromic behaviour5. Besides the dipole moment
change on excitation, the ability of a solute to donate or to
accept hydrogen bonds to or from surrounding solvent mol-
ecules in its ground and Franck-Condon excited state deter-
mines further the extent and sign of its solvatochromism4,6,7.

Fluorescent molecules possessing solvatochromic prop-
erties display different emission spectra depending on sol-
vent polarity whose fluorescence intensity, color, and wave-
length are sensitive to the environment5,8. The absolute value
of the red shift depends, usually linearly, on the solvent po-
larity. The more polar solvent with a higher static dipole mo-
ment polarizes molecules more strongly, the stronger the red
shift. Due to their sensitivity to polarity and hydration,
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for Cu2+ was found to be 1.9 M and 1.62 M with L1 and
L2, respectively. The thermodynamic parameter reveals the
binding of metal ion is associated with entropy favorable path.
The complete quenching of the emission intensity was ob-
served with Cu2+ ions in paper strips unravel the efficiency
of the probe L1 and L2 to detect Cu2+ ions as an onsite
sensor.
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Precambrian mafic magmatism is an important global episode which played a signifi-

cant role in the crustal evolution. In India, Singhbhum Craton being the oldest craton,

witnessed significant occurrences of Precambrian geological activity, marked by sev-

eral episodes of volcanism, plutonism, sedimentation spanning from Palaeoarchean to

Mesoproterozoic age. Here we present petrological and geochemical characteristics

of Precambrian mafic volcanic rocks (occurring in western Iron Ore Group (IOG),

Singhbhum Craton, eastern India) to evaluate their petrogenetic aspects, tectonic set-

ting, and magma generation. The mafic volcanic rocks are porphyritic in nature with

the phenocrysts of plagioclase and groundmass composed of clinopyroxene, plagio-

clase, ilmenite, and volcanic glass. These rocks are mostly tholeiitic, sometimes with a

transitional behaviour towards calc-alkaline nature and display basalt-basaltic andes-

ite affinity. These mafic volcanic rocks also preserve geochemical signatures (high

Nb/U, Nb/La, [Nb/Th]pm ratios) in support of Nb-enriched basalts and are classified

as Nb-enriched basalts (NEB; Nb > 7 ppm) and high-Nb basalts (HNB; Nb > 20 ppm)

on the basis of Nb concentrations and mantle normalized Nb/La ratios (>0.5). The

NEBs and HNBs are marked by lesser magnitude of negative Nb anomalies with high

(Nb/Th)pm, (Nb/La)pm, and Nb/U ratios as compared to normal arc basalts. Several

major element oxides, trace elements, and selected element ratios (like SiO2,

CaO/Al2O3, Y, V/Cr, Zr/Nb, and
P

REE) show systematic variations with MgO which

suggests role of magmatic fractionation. Chondrite-normalized REE patterns for NEB

and HNB rocks exhibit uniform LREE enrichment with distinct Eu negative anomalies

while primitive mantle-normalized incompatible trace element patterns reflect enrich-

ment in LILE and LREE with prominent Nb-Ta anomalies. Different HFSE ratios cor-

roborate a subduction related setting for magma generation formed by �10%–20%

melting in the domain of garnet lherzolite. Relative enrichment of LILE and LREE with

depleted HFSE characteristics attest a garnet-bearing mantle source and melt extrac-

tion with garnet in the residue. Geochemical signatures suggest that the genesis of

NEB and HNB is attributable to slab-melting and wedge hybridization processes
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Abstract: 

Kinship studies, a key area of anthropology since the late nineteenth century, implies human 

relationships based on consanguinity and biological affinity, where blood-relationships play an 

essential role in the social grouping of people and identity formation. The essentialist idea of kinship 

insists on a universal assumption—‘Blood is thicker than water’. However, this idea has been 

challenged by modern cultural anthropologists in the late twentieth century (David M. Schneider and 

Marilyn Strathern) and early twenty-first century (Janet Carsten) since it does not take into 

consideration multiple cultural factors in the formation of kinship in this modern age of transnational 

migration and dislocation. Setting the ‘blood-related’, ‘natural’ or biological kinship aside, they 

advocated for the ‘cultural’ dimensions of kinship configured by regional specificity, community, 

ethno-nationality, language, marriage and even diasporic dislocation. In this article, we attempt an 

exploration of transcultural kinship concerning diasporic individuals and their families constituted by 

members with different ethno-cultural identities. Taking Amitav Ghosh’s The Glass Palace (2000) as 

case-study, this essay would examine how dislocation beyond the familiar cultural space opens up 

avenues for re-imagining kinship beyond the bonds of community and often leads to the establishment 

of families across the “water” (metaphoric of diasporic mobility). We also attempt to investigate how 

cultural hybridity and transculturality reconfigure family-ties situating an individual in a newer 

pattern of kinship; how a relationship like close friendship or mentorship turns into strong kinship 

bonds resembling family-ties.    

Keywords: Migration, Dislocation, Identity, Borders, Negotiation, Kinship, Family-ties  

“The ideas of kinship, the kin-based society, the idiom of kinship, and the content of kinship are the 

received wisdom of today, as they have been almost from the beginnings of anthropology.” 

A Critique of the Study of Kinship (1984): David Murray Schneider 

-With this proposition, Schneider’s influential volume A Critique of the Study of Kinship (1984) 

initiates a relatively new way of looking at kinship studies beyond the formalist tradition, by 

attempting cross-cultural analyses of kinship only three decades back. The inception of kinship 

studies is attributed to Lewis Henry Morgan and his ‘magnum opus’ Systems of Consanguinity and 

Affinity of the Human Family (1871) which centres around the essentialist idea of kinship based on 

blood relationships and biological affinity. The propositions of Schneider’s new anthropology of 

kinship, which he finds as “the received wisdom of today” (3), rely heavily on nature/culture interplay 

than the biologically determined structuralist way of assessing kinship. The inclusion of ‘local’ 

culture/s and community history as no less essential determinants than the exclusive factors like 

progeny and ethnology in kinship studies, has allowed a broader and more fluid conceptualization of 



the eventual birth of Ilongo is a strong example of transcultural kinship in dislocation. The ending of 

the novel is significant since it shows how lack of wealth, homelessness and dislocation transform 

people. Despite their mutual antipathy, the redemptive love brings Rajkumar and Uma together to 

dissolve the borders between them. The crossing of borders not only liberates the ‘self’ from a 

confined space but also situates it in a global network of kinship that paves the way for re-imagining 

community and a home across the water.  

End Note: 

1. Ghosh’s narrator indulges in a fanciful reference to botanical kinship while reflecting over the 

relationship between teak and mint: “Teak is a relative of mint, tectona grandis, born of the same 

genus” (70), and “there was an unmistakable kinship, a palpably familial link” (71). 
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 The Question of Empowerment
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ABSTRACT The phenomenon of migration flows is not a new process in Darjeeling district.It has evolved time
and again with diversified patterns in terms of class, caste and gender specifics. Historical evidences addressed in hill
studies show that the pattern of migration from Darjeeling district was mainly dominant by the male migrants who
were migrating to the metropolitan cities to work in private sectors. But the recent trends in migration from this
region are of women migrating independently to work in informal sectors mostly as a domestic worker to countries
like Gulf countries, Middle East countries and South East Asian countries. They have become active economic
agents as well as inspiration for aspirant migrants in the home country. Thus, on the basis of this context,
exploratory research has been conducted in Darjeeling district in an attempt to study the patterns and impact of
women’s international migration and examine socio-cultural implications that caters towards the empowerment of
women in Darjeeling district.

INTRODUCTION

Migration is a universal phenomenon con-
cerning people’s movement from one place to
another for multiple reasons and having mani-
fold connotations. International Organisation for
Migration defines migration as, “the movement
of a person, whatever its length, composition
and causes, and it includes migration of refu-
gees, displaced persons, economic migrants and
persons moving for other purposes, including
family reunification” (Bhardwaj and Sawant
2015). Donald (1979) defines migration as a “ra-
tionally planned action, which is the result of
conscious decisions taken after a consideration
or calculation of the advantages and disadvan-
tages of moving and staying”. In the simplest
form, international migration can be defined as
the movement of people across borders and stay-
ing in the host country on a temporal or perma-
nent basis.

Conceptualising the historical trend of mi-
gration, the phrase “migrants” was used only as
a code for male migrants while women migrants
have always been linked with marriage and oth-
er associational reasons. While, with the oil boom
in Gulf countries, the emergence of newly in-
dustrialising economies, expansion of the ser-
vice economy, high demand of skilled and un-
skilled labour in the developed regions has in-
tensified a much broader pattern of internation-

al migration incorporating women migrants as
well. Apparently, females represent half of the
international migrants in developed regions
whereby “the phrase feminisation of migration”
is gaining prominence in the field of research
studies.

Of the above issues of significance, interna-
tional migration from Darjeeling District is a top-
ic worth studying. International migration from
this region is readily enforced and reshaped by
the radical changes in the demographic pattern
during the last one hundred and fifty years. The
structural changes of the region are concomi-
tant with the historic migration between and from
neighbouring countries with the resultant effect
of colonial regime during the early and mid- nine-
teenth century1. The widespread influx of Ne-
palese of Nepal has not only affected the socio-
economic profile of the region but also constant-
ly blurred their (Indian Nepalese) national iden-
tities and thwarted their protracted demand of
autonomy (Gorkhaland Movement), which has
been a controversial issue till date. By the time
of the second Census of India in 1881, the Ne-
palese formed the absolute majority not only in
the three hill sub-divisions but also in the whole
district of Darjeeling” (Dasgupta 1999).

Moreover, if one looks at the socio-econom-
ic profile of Darjeeling district, half of the popu-
lation is agriculturist and majority of them are
engaged in tea plantation works. Since its in-
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Abstract 

India, being a culturally diverse country, treasures numerous ethno-cultural communities. 

Santhal community is one of them, due to their sizeable population.  Santhals of Chotanagpur 

region, like any other tribal community believes in numerous myths and legends, often these 

beliefs consider ‘mysterious’ and beyond the border of reason, ‘dahni-bidya’ or witchcraft is 

one of them. This eerie knowledge of spirits is practiced by few Santhal women to gain 

benefit from others by causing them harm. The damaging nature of such knowledge made 

Santhals avoid those women who participate in it, thus making them socially marginalized in 

their own community. On the other hand Santhals have their own set of socio-cultural and 

religious practices which considered under-civilized by main-stream Indians, consequently 

making them unequal ‘other’ and marginalized.  

Both the socio-ethnic marginalization of the tribals due to cultural difference outside the 

border of the community, and the marginalization of the women empowered by the knowledge 

of witchcraft inside the community find sharp literary representation in Hansda Sowvendra 

Shekhar’s debut novel The Mysterious ailment of Rupi Baskey (2014). The present paper will 

focus on the portrayal of the Santhal women who are the victims and practitioners of ‘dahni-

bidya’ and marginalization as well as those who are benefitted by such practices. The paper 

will further convey how globalization has influenced the lives Santhals women and the future 

of ‘dahni-bidya’ in the age of ‘modern’ medical sciences as represented in the novel.  

 

Key words: Ethno-cultural difference, Tribal culture, Marginality, Transformation etc. 

 

 

 

Tribal culture treasures numerous myths, legends and folklores. Epistemologically, the socio-

cultural practices in tribal are often shaped by so-called ‗mysterious‘ beliefs which seem to be 

rooted beyond the border of logic and reason. People of the Santhal tribal community, like 
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issue of marginality becomes less severe as it was earlier. As Rupi, with the assurance of the 

ending of witchcraft over her family, curls up to sleep and then slips into a dream of wish 

fulfillment and prosperity, Hansda‘s narrative excels in creating a space where ailment could 

only be replaced by happiness and a dream of peace.  

------@@@------ 

Acronym used: 

MARB – The Mysterious Ailment of Rupi Baskey 

 

 

Works Cited: 

Bodding, P.O. Traditions and Institutions of the Santhals. Gyan Publishing House: New 

Delhi, 2016. Print.  

Chakraborty, Amitayu. ―Problematising ‗Indigeneity‘ through Hansda Sowvendra Shekhar‘s 

The Mysterious Ailment of Rupi Baskey‖. Rupkatha Journal on Interdisciplinary 

Studies in Humanities, Vol. 11, No. 3, October-December, 2019. 1-9. Doi: 

https://dx.doi.org/10.21659/rupkatha.v11n3.19 

De, Asis. ―Natural Supernaturalism and Tribal Eco-theology in Hansda Sowvendra Shekhar‘s 

The Mysterious Ailment of Rupi Baskey‖ in Rethinking Environment: Literature, 

Ethics and Praxis, Ed. Shruti Das, Delhi: Author Press: 2017. 235-242, Print.  

Hadder, Hans. ―Moving Identities: The Jadopatia, the Santals and Myth of Creation.‖ Web. 

Sept. 2015. 

https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopa

tia_the_Santals_and_the_Myth_of_Creation. 

Hansda, Sowvendra Shekhar. The Mysterious Ailment of Rupi Baskey. Aleph: New Delhi, 

2014. Print.  

Hansda, Sowvendra Shekhar. Interview by Anumeha Yadav. The Hindu, 28 Nov. 2014. 

https://www.thehindu.com/features/magazine/writer-hansda-sowvendra-shekar-talks-

to-anumeha-yadav/article6574437.ece 

Hembram, Ratan et al. ―A Visual Journey into Santhal Village Life‖. Web. Feb. 2016. 

http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-

into-Santhal-Village-Life-17-36.pdf 

Tambslyche, Marine Carrin. ―The Impact of Cultural Diversity and Globalization in 

Developing a Santhal Peer Culture in Middle India‖. Web. 2013. 

https://core.ac.uk/download/pdf/13322115.pdf 

 

https://dx.doi.org/10.21659/rupkatha.v11n3.19
https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopatia_the_Santals_and_the_Myth_of_Creation
https://www.researchgate.net/publication/282247501_Moving_Identities_The_Jadopatia_the_Santals_and_the_Myth_of_Creation
http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-into-Santhal-Village-Life-17-36.pdf
http://intangibleheritage.intach.org/wp-content/uploads/2016/07/2.-A-Visual-Journey-into-Santhal-Village-Life-17-36.pdf
https://core.ac.uk/download/pdf/13322115.pdf


www.TLHjournal.com                        Literary  Herald                         ISSN: 2454-3365 

 An International Refereed/Peer-reviewed English e-Journal 
Impact Factor: 4.727 (SJIF) 

 
 

 
 Vol. 6, Issue 3 (October 2020)   

Page 68 
                          Dr. Siddhartha Sharma 
                                 Editor-in-Chief 

  

The Sacred and the Secular: Post-Colonial Mythopoeia and Cultural Identity 

in R. K. Narayan’s The Man-eater of Malgudi 

          

                                                                     ABANTIKA CHAKRABORTY 

         State Aided College Teacher 

         Department of English (UG and PG) 

         Mahishadal Raj College 

                                                                                      (NAAC Accredited ‗A‘ Grade College) 

         West Bengal, India 

ABSTRACT 

In the post-colonial Indian Anglophone literary scenario, the urge to represent a distinctly Indian 

cultural identity is the effect of both modernist experimentation and a nationalist assertion. 

Mythopoeia, mainly a post-religious literary aesthetic, becomes a favourite trope for certain 

Indian litterateurs, as it conveys an intermediate perspective between the doctrinal sacred and the 

liberal secular. The retelling of ancient Indian myths in the context of contemporary post-

colonial reality becomes trendy in literary imagination and functional in asserting an Indian 

cultural identity in the second half of the previous century. To bring home the point, I would 

consider R.K. Narayan's The Man-eater of Malgudi as a case study, which, in the words of John 

Thieme, is the "most mythic novel" (120) among all the fourteen novels he has written. This 

paper would explore Narayan's dexterous and subtle use of religio-cultural references from 

ancient Indian mythology as found in the epics and the Puranas, and establish the point that 

Narayan‘s mythopoeic treatment is essentially secular. This paper attempts to challenge the 

superficial reception of the character of Vasu as archetypally ―demonic,‖ as Nataraj‘s assistant 

Sastri finds him. Even Vasu‘s death at the end of the novel, which Sastri finds resembling the 

destruction of the mythical Bhasmasura in the 'Shiva Purana', may be seen from a post-religious 

perspective: justifying the death of the despicable. This paper finally aims to establish that 

Narayan‘s representation of Indian cultural identity relies more on the minute delineation of the 

Malgudi society, its culture and people rather than on Nataraj‘s campaign of the ‗sacred‘. 

Keywords: Sacred, Secular, Mythopoeia, Post-colonial, Cultural Identity 
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Abstract
In this study, the ant colony optimization (ACO) algorithm is modified with the K-Opt operation to solve the covering salesman
problem (CSP) under one restriction in crisp and imprecise (fuzzy, rough) environments. A CSP involves two phases—the
division of cities into groups with the selection of the visiting cities and searching of the Hamiltonian circuit through the
visiting cities. But, none of the studies in the literature is made following the direct approach. Also, none of the studies in the
literature gives attention to reduce the total travel distance of the unvisited cities from the visited city of a group. Moreover,
there is no algorithm in the literature which provides the solution of a CSP with the specified coverage range r . Also, none has
introduced any algorithm to solve CSPs in imprecise environments. Though algorithms are available to solve the Traveling
Salesman Problems in the imprecise environments, the approach cannot deal with the problems involving fuzzy data with
nonlinear membership functions or the problems involving rough data where the rough estimation can not be done using
Lebesgue measure. The well-established algorithm for any routing problem is the ACO, but not much attention has been paid
to solve the CSP using ACOs. To overcome these limitations on the studies of the ACO on the CSPs, here, an algorithm is
proposed for the division of groups of the set of cities depending upon the maximum number of cities in a group and the total
number of groups. Then, ACO is used to find the shortest/minimum-cost path of the problem by selecting only one visiting
the city from each group without violating the restriction of the specified coverage range r of the location of the unvisited
cities. K-Opt operation is applied periodically at the end of ACO operation to improve the quality of the best found solution
so far by the ACO algorithm and to arrest any premature convergence. For the restricted problems, paths are searched in such
a manner that the total distance/travel cost of different unvisited cities of a group from the visited city of the group should not
exceed a predefined upper limit. To solve the problem in an imprecise environment, some approach is followed so that the
tour is searched without transferring the imprecise optimisation problem into an equivalent crisp optimisation problem. Also,
the simulation approaches in fuzzy and rough environments are proposed to deal with the CSPs with any type of estimation
of the imprecise data set. Algorithm is tested with the standard benchmark crisp problems available in the literature. To test
the algorithm in the imprecise environments, the imprecise instances are derived randomly from the standard crisp instances
using a specified rule. Test results imply that the proposed algorithm is efficient enough in solving the CSPs in the crisp as
well as in the imprecise environments.

Keywords Covering salesmen problem · Ant colony optimization · K-Opt operation · Fuzzy simulation · Rough simulation
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1 Introduction

A covering salesman problem (CSP) is a complete weighted
graph, consists of a set of vertices, called cities, and a weight
matrix, called distance (cost) matrix which consists of the
distance (travelling cost) between any two cities. The goal
of the problem is to find the different clusters (groups) of
the cities and then find a minimum cost Hamiltonian circuit
visiting only one city in each cluster so that each unvisited
city in a cluster should be located in a predefined cover-
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Abstract
Using the features of shuffle, re-generation, and 4-opt operation, a novel heuristic has been proposed based on the
decomposition approach for the multi-objective generalized traveling salesman problems. A three-layer solution updating
mechanism, namely, a shuffle layer, a layer for re-generation, and a layer for 4-opt operation, has been designed for the same.
The shuffle and re-generation operations are specially designed to solve this problem. The shuffle operation is applied to a
solution sequence (complete path/tour) to improve the corresponding objectives. The re-generation operation consists of two
phases- in the first phase, the objectives are improved by interchanging a few portions of the groups/clusters sequence, and
in the second phase, the same is done by replacing some cities from the corresponding groups. Finally, the solution and the
corresponding groups are rearranged using the 4-opt operation for the betterment of the same. Problems with varying sizes
from the generalized traveling salesman problem library are solved using the proposed approach to verify its performance
and for the illustration. Some widely used performance metrics for multi-objective solution methodologies have been applied
to the proposed heuristic to measure its performance. Various well-established heuristics have been modified according to
this problem and are implemented to compare the efficiency of the proposed heuristic. Based on the performance metrics
values of the computational outputs, a conclusion can be drawn that the proposed heuristic, named SR4-MOEA/D, is the
best compared to the other heuristics implemented for the same. Also, every test instance of the proposed algorithm provides
the best pareto optimal front, which is distributed over the whole true pareto front of the respective problem.

Keywords Multi-objective generalized traveling salesmen problem · Shuffle operation · Re-generation operation · 4-Opt
operation · Decomposition approach on multi-objective heuristics

1 Introduction

A significant portion of the research work on NP-hard
combinatorial optimization problems is captured by the
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Traveling Salesman Problem (TSP) due to its applicability
in the areas of applied sciences [22]. An extension of
TSP, the generalized traveling salesman problem (GTSP),
was proposed by Henry-Labordere [1], Saksena [36], and
Srivastava [40] in the 1960s and has received gradual
attention in the social welfare services, like, rural health
care, disaster management, rationing system, etc. A
standard GTSP involves a node set that is divided into
some disjoint subsets, and a weight is associated with
each pair of nodes. The objective of the problem is to
search a Hamiltonian circuit with minimum weight by
visiting one and only one node of each subset. Normally, a
node represents a destination or city, and weight represents
the travel length between the two associated cities. So,
a GTSP can be described as a complete weighted graph
(V, E, W), where a member of V = {1, 2, .., N} defines
a destination/city, the member eij ∈ E is associated with
the destination i and the destination j indicates the path
between the destination i and the destination j , the member
dij ∈ W = (dij )N×N is associated with eij and indicates
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Abstract
A random-permutation technique and the features of the genetic algorithm (GA) are combined together to develop a novel 
heuristic for solving generalized travelling salesman problem. Here, the random-permutation technique is used to find the 
sequence of clusters of a probable solution in which a complete tour to be commenced. The features of GA are used to 
select the cities from different clusters of the sequence. The algorithm has the ability to solve the problems in both the crisp 
as well as in the imprecise environments. A fuzzy membership-based selection process is proposed to select a solution for 
the mating pool. A general comparison rule of the solutions is proposed to rank the potential solutions of the population in 
imprecise environments. In the crisp environment, the efficiency of the proposed approach is tested against a set of different 
benchmark test problems from GTSPLIB having sizes up to 226 cities with 26 clusters. It is observed from the experimental 
results that the algorithm produces 100% accurate results for all the benchmark test problems under consideration. Imprecise 
test problems are generated from different benchmark crisp test problems of TSPLIB and are used to test the algorithm in the 
imprecise environments. It is also observed from the experimental results that the proposed approach finds multiple optimal 
paths (i.e, more than one path), if exists, for the problems in the crisp as well as in the imprecise environments.

Keywords  Traveling salesmen problem · Genetic algorithm · Randomness · Triangular fuzzy number · Rough set

1  Introduction

A generalized form of the classical Traveling Salesman 
Problem (TSP), the generalized TSP (GTSP) was introduced 
by Henry-Labordere [11], Saksena [31], and Srivastava [33] 
in the context of computer record balancing and of visit 
sequencing through welfare agencies in 1960s. The problem 
consists of a set of n cities and a cost matrix (cij)n×n , where, 

cij is the cost of travelling from city i to city j. The n cities are 
grouped into several clusters- cl1, cl2,… , clk , where k is the 
number of clusters. Every city must belongs to at least one 
cluster. So, a city may belongs to more than one clusters. A 
salesman starts from a city of a cluster, visits one and only 
one city of every cluster and returns to the starting city with 
the minimum expenditure. So, the goal of the problem is to 
find the path/route of the salesman with the minimum cost 
covering all the clusters exactly once. There are several real-
life applications of GTSP, such as, mail delivery [17], wel-
fare agency routing [31], material flow system design [17], 
vehicle routing [17], and computer file sequencing [11], etc. 
The GTSP belongs to the class of NP-hard problems.

In most of the above-mentioned studies it is implicitly 
assumed that the travel cost, cij between any two cities i and 
j, is fixed and crisp in nature. But cij depends on the several 
factors, like, the quality of the vehicle used, condition of 
the roadways, duration of the travel, weather condition, etc. 
The travelling cost between any two cites mainly depends 
on the quality of transport used for the purpose. Sometimes 
it depends on the availability of the vehicle, condition of the 
road ways, etc., though its value normally lies in an interval. 
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A MULTI-ITEM SUPPLY CHAIN WITH MULTI-LEVEL TRADE CREDIT POLICY

UNDER INFLATION: A MIXED MODE ABC APPROACH

Abstract. In this study, a multi-item supplier-wholesaler-retailer-customers supply chain with partial

trade credit policy at each level under inflationary effect for a fixed planning horizon is developed and

analysed. Here the wholesaler receives a partial credit period from the supplier, i.e., a credit period

on a portion of the amount of units purchased. Wholesaler also offers a partial credit period to its

retailer and in turn the retailer also offers a partial credit period to its customers to boost the base

demand of any item. Here, credit period induced base demand of any item decreases linearly with time.

Demand of the items are also influenced by the respective selling prices. The retailer introduces some

promotional cost against advertisement and price discount to improve the demand of the items. Here,

it is established that if the wholesaler shares a portion of this promotional cost then the profits of both

the retailer and the wholesaler improve. Model is formulated as a mixed-integer profit maximization

problem and is analysed in crisp as well as in imprecise (fuzzy/rough) environment and some managerial

insights are outlined. To find the marketing decision of such a real-life supply chain model, here, a new

variant of ABC is proposed for mixed-integer optimization problems. The algorithm is tested against

a set of benchmark test problems available in the literature and its efficiency to solve such problems is

well established.

Key words : Supply chain; Partial trade credit period; Inflation; Promotional cost sharing; Artificial

Bee Colony.

1. Introduction

In any supply chain, profit of each party mostly depends on the market demand of the items involved

in the chain, though, each party offers some sort of credit period to its purchaser to improve his/her sale

amount. In reality, sale of each party mainly depends on the base demand of the item to the customers.

This phenomenon as well as the credit opportunity from the wholesaler influences the retailer to offer

some sort of credit facility to its customers. But the customers are basically floating in nature and there is

no guarantee that all the customers will obey the business ethics. A portion of the customers may not pay

the credit amount at the end of the credit period. This credit risk forces the retailer to offer only partial

credit period to its customers, i.e., credit opportunity is offered on a portion of the amount purchased by

any customer. On the other hand, to improve the demand, the retailer uses some promotional activities,

like, local advertisement, offering price discount, free gift, etc., and the cost of these activities is known

as the promotional cost. During the last decade, several research papers have been published reflecting
1

REVISED Manuscript (text UNmarked)
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A DETERIORATING FOOD PRESERVATION SUPPLY CHAIN MODEL WITH
DOWNSTREAM DELAYED PAYMENT AND UPSTREAM PARTIAL

PREPAYMENT

Prasanta Kumar Ghosh1,4, Amalesh Kumar Manna2,
Jayanta Kumar Dey3 and Samarjit Kar1,*

Abstract. This paper investigates a food supply chain model consisting of the supplier, food producer
and multi-retailer of a deteriorating item under fully delay-in-payment and partial advance payment
scheme. The deterioration rate of raw material is dependent on temperature and other environmental
factors with respect to time. Here, the food producer prepares food after collecting the raw material
from the supplier and then storing it in cold storage. The refrigeration cost is dependent on the occupied
volume in the cold storage (where the products are preserved for freshness) and power consumption.
The supplier offers delay-in-payment to stimulate the food producer to buy more raw material (which
minimizes the holding cost and earns more revenues), whereas the food producer takes the partial
advance payment on purchase cost from the retailers to ensure the order quantity. A mathematical
model is developed to obtain optimal production time and the optimal number of deliveries so that the
average profit of the food producer is maximum. Finally, a numerical example and sensitivity analysis
of the key parameters are provided to illustrate and test the feasibility of the proposed model.

Mathematics Subject Classification. 90B05, 90B15, 90B25, 90B30, 90B50.

Received October 23, 2019. Accepted November 21, 2021.

1. Introduction

In this world, food deterioration is a common phenomenon in developing countries and may cause economic
loss. In many countries, food supply chain management affronts a huge challenge of food quality, food safety,
public health, demand, price variability and weather-related variability etc. On the other hand, perishable prod-
ucts are important in inventory management because customers strive for quality. According to Ferguson and
Katzenberg [11], 15% (approximately) of foods deteriorates in the food retailing sector. Also, more than 25%
of fruit and vegetables are deteriorated in China during transportation, at wholesale markets and in shops
(cf. [22]). Food products are the most delicate goods on the market due to insufficient storage, the wrong

Keywords. Supply chain, deteriorating items, delay-in-payment, advance payment.
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Abstract: In the inventory theory, to treat the uncertainty, the fuzzy set concept is used in order to
provide a feasible approach to deal with the uncertainty problem. In this research work, a fuzzy
economic production quantity model with interactive fuzzy demands is proposed. In a production
process, in the beginning, the system is assumed to be in a controlled state in which only perfect items
are manufactured. Later, the manufacturing production process shifts to be an out-of-control-state
system; producing both perfect and imperfect items simultaneously, this is considered as a fuzzy state.
The defective production rate is also taken into account as a fuzzy state. Here, the selection process
of produced items is realized during the production period. With the aim of studying the practical
feasibility of the fuzzy economic production inventory model along with a sensitivity analysis of
some parameters, different numerical examples are illustrated.

Keywords: fuzzy economic production quantity; fuzzy imperfect production process; fuzzy integral
method; fuzzy demand; fuzzy programming technique

1. Introduction

It is well known that the fuzzy set concept is applied into the inventory models
to treat the uncertainty. The fuzzy set theory was introduced by (Zadeh 1965) with the
aim of providing a feasible approach to deal with the fuzzy uncertainty problem. In the
literature, the fuzzy set theory, also known as uncertain sets, has attracted attention for
treating uncertainty in a variety of circumstances. For example, fuzzy inventory costs in
the economic order quantity model are used in (Park 1987; Priyan and Uthayakumar 2016).
Obtaining the economic production quantity when the quantity of demand is uncertain is
analyzed in (Chang 1999). To treat the inventory problem considering all the parameters
and variables being fuzzy numbers, a fuzzy economic production model is established
by (Chen and Hsieh 2000). Different types of production inventory models for fuzzy
environments are proposed by studies such as (Dey et al. 2005; Hsieh 2002; Lee and Yao
1998; Lin and Yao 2000; Manna et al. 2014, 2017a). Furthermore, other, different research
works solve uncertainty issues using fuzzy set theory, such as (Das et al. 2015; Soni and
Joshi 2015). Bera and Jana (2017) developed an imperfect production inventory model for
multi-items under bi-fuzzy environments. (Dey 2019) introduced an imperfect production
inventory problem under a fuzzy random environment. Recently, (Maiti 2021) incorporated
the demand-dependent production rate into an inventory model with imperfect production
process under a cloudy fuzzy environment.

Traditional economic production quantity (EPQ) models assume that in manufacturing
systems, all items are made of perfect quality. However, in the real world, due to many
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Abstract

We study higher-order antibunching of light and the possibility of observing it in all modes in two
and three-photon absorption seven-photon interaction processes. We solve the generalized interac-
tion Hamiltonian for several particular cases in the Heisenberg picture and investigate the possibility
of observing antibunching using the short-time approximation technique. We demonstrate that the
antibunching of light in the initial pump field is directly dependent on coupling of the field between
the modes and short-time interaction, as well as the quantity of photons. With the same number of
photons, we find that the third-order antibunching is more prominent, followed by the second-and-
first-order antibunching. In these systems, we discover that antibunching is not observed for the Stokes
and signal modes in this process. We show that a higher-multiphoton-absorption technique is the best
for producing optimum antibunched light.

Keywords: higher-order antibunching, seven-photon interaction process, photon number operator,

short-time approximation.

1. Introduction

A nonclassical phenomenon [1,2], such as photon antibunching [3–12] of the field, is currently of great

interest in the context of quantum teleportation [13, 14], quantum computation [15–19], and quantum

cryptography [20–22], using a single-photon source as unconditional security [23–25]. Single-photon

sources are light sources that emit light as single particles or photons and give rise to an effectively

one-photon number state, i.e., the probability of emitting a single photon is larger than the probability

of emitting two, three, four, or more photons simultaneously. The rate of simultaneous emission of two

or more photons is lower in the antibunched state than it is in the single-photon state, indicating that

the likelihood of detecting a single-photon source is larger than the probability of detecting a two or

more-photon source in a bunch. Antibunching arises in pump modes, which lose energy, while bunching

appears in signal modes, which absorb energy from the pump. In other words, as energy increases, more

noise increases, and vice versa, as energy decreases, noise decreases [26–29].
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As a result, we found that a higher multiphoton absorption method is the best for producing optimum

antibunched light.

6. Summary and Conclusions

In this paper, we investigated antibunching of light in two and three-photon absorption seven-photon

interaction processes.

The quantity of pump photons and the coupling of the field between the modes and interaction

time were demonstrated to be strongly related to the first, second, and third-order antibunching of light

of the initial pump field. As a result, the maximum degree of antibunching that can be achieved is

determined by the interaction time, which is limited by short interaction times. When comparing the

first, second, and third-order antibunching of light, we deduced that the third-order antibunching had

the most antibunching, followed by the second and first-order antibunching; all with the same amount of

pump photons. Higher-order antibunching (photon number squared and photon number cubed) is thought

to be more effective than ordinary antibunching in terms of achieving the depth of nonclassicality. We

showed that the number of photons present in the pump mode appeared to be a good way to regulate

the depth of nonclassicality.

It is inferred that in both two and three-photon absorption seven-photon interaction processes, ordi-

nary and higher-order antibunching of light is absent for the Stokes mode over the pump mode and for the

Stokes mode over the Stokes mode and the signal mode, respectively. We found that the three-photon

absorption seven-photon interaction process had more antibunching than the two-photon absorption

seven-photon interaction process, despite the fact that both processes had the same amount of photons.

As a result, it is clear that a higher multiphoton absorption technique is the best for producing optimum

antibunched light.

The findings of this paper are simple and straightforward to replicate in most physical systems in

laboratories, paving the way for the experimental observation of higher-order antibunching and the de-

velopment of suitable probabilistic single-photon sources for quantum teleportation and quantum cryp-

tography. Finally, in addition to these important conceptual and foundational aspects, the realization of

larger and better multiphoton nonclassical states should open up new possibilities and perspectives for

quantum optic realizations of quantum information and communication processes, which are currently

underexplored [39].
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A naphthalene-based azo armed molecular
framework for selective sensing of Al3+†

Subhabrata Mabhai,abc Malay Dolai, d Surya Kanta Dey,e Sujata Maiti Choudhury,e

Bhriguram Das, bf Satyajit Dey, *b Atanu Jana *g and Deb Ranjan Banerjee*c

An azo armed Schiff base chemosensor was synthesized based on a naphthalene fluorophore, which

transduces greenish-yellow emission by complexing with Al3+. It emits greenish-yellow fluorescence

through restricted CQN isomerization, chelation-enhanced fluorescence, and the photo-induced

electron transfer mechanism. The clear visible transformation of the achromatic ligand to a chromatic

ligand by the 1 : 1 complexation with Al3+ is substantiated by ESI-MS spectra. 1H NMR, 13C NMR, and FTIR

spectroscopies are used to characterize the HL. The selectivity of the HL for Al3+ in the presence of

other metal ions was investigated through absorbance and fluorescence spectroscopies. The average

lifetimes of HL and L–Al3+ have been evaluated using a time-resolved photoluminescence experiment

to explore the sensing mechanism. The Al3+ sensing mechanism was also established by density

functional theory calculations. A reversibility experiment was performed, demonstrating that Al3+ binding

to HL is reversible. The pH variation on luminescence affirms that the HL can survive in physiological

pH. Finally, the lower limit of detection of 5.4 � 10�7 and a good response in a cytotoxicity and cell

imaging study confirm the usability of the ligand as an indelible signature of an effective biosensor for

target Al3+.

Introduction

In supramolecular chemistry, one of the challenging areas of
development is developing a photochromic compound that can
detect ions under the influence of external stimuli via photo-
induced switching.1 Although there are many analytical tech-
niques for detecting ions, their operation demands skilled
operators, high equipment costs, and complex preparatory
processes.2–6 A transition metal is an integral part of an enzyme
that regulates biological activity, yet it can be detrimental to the
environment and human life; thus, it is a real paradox of the

environment.7 Aluminium, when absorbed in our body from
various sources such as aluminium-based utensils and medi-
cines, circulates to almost all tissue, reaches plasma through
iron-binding protein, and is stored in the brain. Alzheimer’s
disease due to aluminium-induced oxidative deterioration in
the CNS (central nervous system) can happen even with a
minimum dose of chronic exposure to aluminium from drink-
ing water.8 It is also believed to be the causative factor of
smoking-related diseases, bone softening, chronic renal failure,
and Parkinson’s disease.9 Therefore, to understand the mecha-
nism of aluminium-induced adverse effects and to determine
the concentration of Al3+ according to the WHO, researchers
have been spurred to track aluminium more efficiently.10

Because of their operational simplicity in detecting metal ions
via chromogenic and fluorogenic sensing, chemosensors based
on Schiff bases have piqued the interest of researchers in
environmental and biomedical fields.11 The most common
mode of sensing operation in a chemosensor is that the photon
interacting fluorophore site forms a communication with the
receptor site after being attached with a metal ion and produces
a ‘turn-on’ signal. Azomethine (CHQN) Schiff base derivatives
armed with a suitable fluorophore moiety are considered
classical ligands for detecting metal ions due to their elite
coordination toward target metal ions, and ease of synthesis in
combination with good photophysical properties.12,13 A large
number of sensory probes have been developed, taking
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a b s t r a c t

In this study, a novel rhodamine-phenolphthalein derivative (RBPF) was designed, synthesized, and char-
acterized. RBPF exhibited the selective and sensitive colorimetric detection of Cu2+ and Fe3+ and fluoro-
metric detection of Al3+ and Cr3+, thus functioning as a multiple-channel probe in MeOH-H2O (v/v = 9/1,
5 mM HEPES, pH 7.2) in the presence of other cations. A strong enhancement of the absorbance at around
555 nm was observed for the four mentioned cations. In contrast, in the presence of Al3+ and Cr3+, emis-
sions were intensified within the red region of the spectra (583 and 586 nm, respectively). The RBPF sen-
sor was found to bind to the metal ions at a 1:2 stoichiometric ratio. The proposed mechanism for the
observed sensing behavior is the opening of the spirolactam ring of the rhodamine core in the presence
of the four mentioned metal ions. The detection limits for Cu2+, Fe3+, Al3+, and Cr3+ were calculated to be
1.21 mM, 1.75 mM, 2.27 mM, and 1.29 mM, respectively. To test the practical use of the probe, TLC-based
paper strips were fabricated. In addition, cell-imaging analysis of Al3+ and Cr3+ ions in the A549 cancer
cell line produced promising concentration and time-dependent detection results.

� 2022 Elsevier B.V. All rights reserved.

1. Introduction

Ions are required for the development, growth, and functioning
of living systems [1,2], but the presence of high levels of non-
biodegradable ions can have deleterious effects [3]. For example,

when the ion balance in living cells is disturbed, the electrolytic
equilibrium is disrupted, individual organs can be damaged, and
essential enzymatic mechanisms are affected. Trivalent cations,
including Al3+, Cr3+, and Fe3+, and divalent Cu2+ have a particularly
strong impact on the body [4-7]. Al3+ is a common pollutant of
drinking water and at high levels is toxic to humans in the long
term. Aluminum damages the central nervous system (CNS) and
is known to cause Alzheimer’s disease, Parkinson’s disease, neu-
rodementia, encephalopathy, and breast cancer [8,9]. In contrast,
Fe3+ plays several crucial roles in processes such as cellular meta-
bolism and enzyme catalysis, including electron transfer reactions
[10,11]. Fe3+ also conjointly transports oxygen within all tissues via
haemoprotein [12,13]. However, Al3+ and Fe3+ interact competi-
tively, and iron-binding proteins can transfer Al3+ to the brain
and other organs, while the dysregulation of Fe3+ contributes to
Huntington’s disease [14,15]. In addition, although Cr3+ deficiency
is not biologically detrimental, it increases the risk of diabetes, car-
diovascular disease, and malignancy [16-18], while Cr toxicity in

https://doi.org/10.1016/j.molliq.2022.118824
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Abbreviations: P, Phenolphthalein; R, Rhodamine B; PF, Phenolphthalein-
dialdehyde; RBPF, Phenolphthalein-rhodamine dye derivative; WHO, World Health
Organization; CNS, Central Nervous System; TLC, Thin layer chromatography; PET,
Photoinduced electron transfer; ESIPT, Excited-state intramolecular proton trans-
fer; HEPES, (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid); LOD, Limit of
detection; AIEE, Aggregation-induced emission enhancement; DFT, Density func-
tional theory; TDDFT, Time-dependent density functional theory; EDTA, Ethelene
diamnine tetraaetic acid; TCSPC, Time-correlated single-photon counting; MTT,
Methyl thiazolyltetrazolium; FBS, Fetal bovine serum; DMEM, Dulbecco’s Modified
Eagle’s Medium.
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a b s t r a c t 

Monitoring of excess Al 3 + and its selective detection in biological and environmental samples are impor- 

tant tasks for researcher due to its harmful effects. Herein, we present a phenolphthalein-aminophenol 

derived sensor ( PFAP ) for the selective fluorescent response of Al 3 + in an "OFF-ON" mode over a pool of 

analytes including eighteen cations with striking greenish emission. It has a prominent limit of detection 

(LOD) value (1.5 μM), fast response time (10 s) for Al 3 + detection. The complexation properties of PFAP 

with Al 3 + ions were clarified by UV–vis, 1 H & 13 C NMR, HRMS, and FTIR spectroscopic experiments. The 

recognition mechanism of PFAP for Al 3+ working with chelation enhanced fluorescence (CHEF) and is ver- 

ified with two model compounds PF and PFAN in the light of UV–vis, PL, TRPL, and NMR experiment. To 

check its applicability, easily prepared test paper and TLC strip of PFAP was produced for rapid and selec- 

tive onsite detection of Al 3 + ions. Bio-imaging application of PFAP in human lung cancer cell lines A549 

demonstrated excellent results with negligible cytotoxicity and as an excellent marker to detect traces 

of Al 3 + ion in a time-dependent as well as concentration-dependent manner. Actual sample analysis for 

Al 3 + with the probe PFAP produces fruitful result. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

The sensing and recognition of cationic analytes have attracted 

much attention due to their environmental and biological impor- 

tant role [1–3] . Aluminum is imperatively a significant ion which 

assumes to play essential role in biochemical processes [4] . It is 

regularly found in nature as silicate, hydroxide, sulfate, and cry- 

LOD, Limit of detection; PET, Photoinduced elctron transfer; CHEF, Chela- 

tion enhanced fluorescence; ESIPT, Excited state intramolcular proton transfer; 

RET, Resonance energy transfer; ICT, Intermolecular charge transfer; AIE, Aggrega- 

tion induced emission enhancement; WHO, World health organisation; HEPES, 4- 

(2-hydroxyethyl)-1-piperazineethanesulfonic acid; DFT, Density functional theory; 

TDDFT, Time-dependent density functional theory; TRPL, Time-resolved photolumi- 

nescence; TLC, Thin layer chromatography; BODIPY, 4,4-difluoro-4-bora-3a,4a-diaza- 

s-indacene. 
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olite. It has the biggest offer after iron on the planet’s econ- 

omy. However, high quantities of aluminum can generate a va- 

riety of biological and environmental issues [5] . Central nervous 

system, skeletal-muscle system, and hematopoietic framework may 

go through harmfulness with over exposure to aluminum [6] . Par- 

ticularly, Alzheimer and Parkinson’s dementia are the case of alu- 

minum toxicity [ 5 , 7 , 8 ]. Aluminum-rich meals, foods stored in alu- 

minum containers, drinking water, and pharmaceutical products 

are the most common dietary sources of aluminum. Potable wa- 

ter is one of the most major uses for aluminum [9] . According to 

the World Health Organization (WHO), aluminum compounds used 

in drinking water treatment should be used in moderation and 

should not surpass 0.2 ppm after treatment [ 10 , 11 ]. Accordingly, 

the foundation of new strategies for the fast, simple, and precise 

monitoring of Al 3 + is profoundly significant for biological and eco- 
logical investigations. 

Various methods such as titrimetry, voltammetry, chromatogra- 

phy, and electrochemistry have been developed for metal ions de- 
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Combined theoretical and experimental
investigation of a DNA interactive poly-hydroxyl
enamine tautomer exhibiting ‘‘turn on’’ sensing
for Zn2+ in pseudo-aqueous medium†‡

Urmila Saha, §a Subhabrata Mabhai,¶b Bhriguram Das, ¶c

Gopinatha Suresh Kumar, a Paula Brandão d and Malay Dolai *e

Crystallographically established (solid state structure at 150 K temperature) enamine ligand 2-((1,3-

dihydroxy-2-(hydroxymethyl)propan-2-ylamino)methyl)-4-bromo-6-methoxyphenol (H4L) was prepared,

which showed interconvertible equilibrium (DE = 7.37 kcal) of its tautomers and also found to exhibit DNA

binding activity at the minor groove of double-stranded (ds) DNA. Spectroscopic and calorimetric

methods were employed to explore the interaction of H4L with DNA. Further, the competitive Hoechst

33258 displacement assay indicated the specific binding site of H4L to be at the minor grooves of DNA.

Thermodynamic evaluation from isothermal titration calorimetry (ITC) experiments suggested the

association of H4L with DNA to be an enthalpy driven process with an equilibrium binding affinity (K) of

(2.50 � 0.11) � 104 M�1. Molecular docking studies were found to be in good agreement with the

experimental results of the DNA interaction of the probe in groove binding mode. The poor emission of

H4L in the excited state was due to excited state induced proton transfer (ESIPT), but in the presence of

Zn2+, the ESIPT was blocked an chelation-enhanced fluorescence (CHEF) was initiated to exhibit ‘turn on’

fluorescence upon the coordination of Zn2+. The H4L probe was found to detect Zn2+ selectively among

various metal ions and the LOD was calculated to be B1.13 mM. The coordination of the Zn(II) bound

complex and the relative stability of the tautomers of H4L were investigated in detail via spectroscopic and

computational studies.

Introduction

As a well-established phenomenon, the Schiff bases prepared
from salicylaldehydes and aromatic/aliphatic amines exist in
different tautomeric forms, i.e., (i) enamine or keto tautomer1

(ii) imine or enol2 and (iii) zwitterionic forms.3 However, it is
very difficult to consider the particular structures of Schiff base
adducts where they may exist in the enamine form in the solid
state and convert to the imine form in the solution state,
although the complication in assessing tautomeric structures can
be removed by knowing the exact structures of the compounds.
Many research studies have involved determining the structures of
the same compounds in recent years using 15N and 13C solid-state
nuclear magnetic resonance (NMR) spectroscopy.4 However, the
phase-to-phase inter-conversion of structures is so rapid that it
cannot be unequivocally determined in this way. Moreover, single-
crystal X-ray structures can give an accurate solution to the puzzling
problems in the solid state. Again, there is a possibility of the
temperature-dependent interconversion of tautomers in the solid
state, known as thermochromism,5 which adds some extra
complications in perfectly assigning structures in this context.
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A bio-compatible pyridine–pyrazole hydrazide
based compartmental receptor for Al3+ sensing and
its application in cell imaging†

Bhriguram Das, ab Malay Dolai, c Avijit Ghosh, d Anamika Dhara,e

Ananya Das Mahapatra,f Debprasad Chattopadhyay,fg Subhabrata Mabhai,h

Atanu Jana, *i Satyajit Dey *b and Ajay Misra *a

For practical applications, the development of bio-compatible organic molecules as p-block ion

chemosensors is critical. Herein, we report the single crystal (SC) of new pyridine–pyrazole derived Al3+

sensor H2PPC [(Z)-N'-(2,3-dihydroxybenzylidene)-5-methyl-1-(pyridin-2-yl)-1H-pyrazole-3-

carbohydrazide] as well as its Cu-complex SC. The probe exhibits an “off–on” fluorescence response

towards Al3+ ions, and this has been modulated with different solvents. For selective detection of Al3+

ions, a special coordination pocket in the structural backbone is advantageous. The chemosensor

exhibits a submicromolar detection level (LOD ¼ 4.78 mM) for Al3+. The density functional theory (DFT)

and time-dependent DFT (TD-DFT) calculations of H2PPC and [Al(HPP)2]
+ (1) reveal that a change of the

structural conformation of probe H2PPC upon complexation causes the pyrazole and pyridine units to

create a specific cavity to tether Al3+, and consequently H2PPC proves to be a promising molecule for

Al3+ detection. Furthermore, the probe has been successfully used to evaluate Al3+ as a low-cost kit

using filter paper strips, and the in situ Al3+ ion imaging in Vero cells as well as A549 cell lines shows the

sensor's nuclear envelope penetrability, indicating that it has great potential for biological and

environmental applications.

1. Introduction

Aluminum compounds are used in various items, including
household appliances, construction materials, transportation
systems, and communication, and advanced medical devices.1

Aluminum has a high level of exposure due to its widespread

use in everyday life. Aluminum is well-known to be highly
harmful to human health as well as the plant kingdom.2,3

Because of the possible connection to the brain, doctors refer to
Al3+ as the “silent killer” in the human body. Dementia,
myopathy, Alzheimer's disease, and Parkinson's disease are all
neurodegenerative disorders caused by it.4–8 Overexposure to
aluminum dust has a detrimental effect on dialysis encepha-
lopathy, lung functions, tumors, cough, and asthma in industry
staff.9 Due to aluminum toxicity, studies on aluminum (Al3+)
detection are crucial for controlling its concentration levels in
the biosphere and have attracted more attention from
researchers. In this context, sensitive and dependable uores-
cent molecular sensors appear to be the most appropriate tool,
as they have advantages in terms of selectivity, sensitivity,
response time, and cost, and thus have piqued the interest of
chemists.10–12 The non-transition metal ion Al3+ lacks spectro-
scopic characteristics because it lacks d electrons. As a result,
the d–d electronic transition for colorful, complex generation is
an ambiguous way to detect Al3+ ions with the naked eye.
Instead, an alternative route involving appropriate ligand
design that results in a successful LMCT (ligand–metal charge
transfer) will solve the problem. To t the coordination prefer-
ences of the metal ion, suitable donor atoms should be posi-
tioned at strategic positions in the ligand cavity. It should be
noted that, in comparison to other transition metal ions, Al3+
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AgriStick: An IoT-Enabled 
Agricultural Appliance to  

Measure Growth of Jackfruit  
Using 2-Axis JoyStick

Anirbit Sengupta, Anwesha Mukherjee, Abhijit Das, and Debashis De

I n the field of agriculture, growth monitoring and mea-
surement are two important factors used specifically 
to evaluate the influence of the environmental condi-

tions on productivity. The change of circumference of parts of 
plants like their trunks, branches and fruits is one way to mon-
itor plant growth. In this paper, we developed an Internet of 
Things (IoT)-based growth measurement and monitoring sys-
tem using a 2-Axis joystick. In the case study, we measured 
the growth of Jackfruit which is a tropical fruit and widely 
cultivated in tropical areas like India, Bangladesh, Thailand, 
Brazil, and Malaysia. The developed appliance is referred to as 
AgriStick. The IoT appliance utilizes a 16-bit ultra-low power 
consuming microcontroller. We used RS485 protocol to make 
our appliance work for long distance range. The sensor was 
utilized for the purpose of monitoring the growth of horticul-
ture crops as well as natural ecosystem plants.

Measuring Agricultural Indicators
Real-time information collection and analysis are essen-
tial in recent agricultural systems to properly use fertilizer, 
pesticide, water, etc. The growth rate monitoring or growth 
measurement is a significant attribute of the horticulture and 
regular ecosystem. The crop growth depends on various fac-
tors like environmental and physiological conditions and a 
plant’s genetic endowment. The growth monitoring is signif-
icant for timely harvesting of crops for better yield, from the 
economical perspective of the farmers. We generally use the 
radius-wise growth of stems or tree branches as pointers of the 
vigor of a plant, while the growth of fruit gives us an essential 
functional factor in gardening production. Usually, in growth 
measurement, strain gauges and Linear Variable Differential 
Transformers (LVDT) are used [1]. Though the LVDT-based 
systems are more expensive than the strain gauge-based sys-
tems, the former provide information with better accuracy and 
resolution.

The storage of growth-related information is also vital for 
analysis. In [2], multispectral images were collected for higher 
output phenotyping of tomato spot wither disease confronta-
tion among 20 peanut genotypes. For growth measurement of 

tree parts and fruits, there are tools like dendrometers [3], [4]. 
Though they offer benefits such as temperature compensa-
tion and fine resolution, there are few disadvantages such as 
cost, large size, and additional support required for the sen-
sors, and recalibration of the sensor when moved from one 
tree to another. The disadvantages led to the development of 
an alternative sensor which is an optoelectronic sensor-based 
measurement tool [5]. Practically, this appliance is cost-ef-
fective and has proven as an alternative solution for growth 
measurement. Our research is based on the development of an 
IoT-based appliance that can perform the monitoring and mea-
surement in an adjusting manner for both remote places and 
test areas using the Internet.

The authors in [6] have highlighted the use of IoT in smart 
precision agriculture and farming. The researchers have pro-
posed in [7], an IoT device for monitoring fruit growth. In [8], 
the authors have discussed the application of Radio Frequency 
Identification sensing technology in environmental monitor-
ing, soil monitoring, plant growth monitoring, and harvest 
quality monitoring. The use of IoT in growth monitoring has 
several advantages, such as the surveillance is continuous 
even in real-time, and the data fetched through the sensor node 
can be stored in the cloud for future use. Growth monitoring 
of crops is a significant area of research interest in the field of 
smart agriculture. In [9], the authors have developed a system 
to monitor the growth of apple plantations. In that work, the 
authors have used a deep learning-based edge network, and 
performed the remote estimation of apple size during the en-
tire growth period.

The existing growth measurement systems [1], [5] used the 
mouse or sensor as the sensing unit, Bluetooth as the commu-
nication protocol, and stored the collected data inside the SD 
card. However, there are two major issues: Bluetooth provides 
short-distance communication, and the SD card is not able to 
contain a huge volume of data. To deal with these challenges, 
a system is required that will be able to provide comparatively 
long-distance communication, and can store high volume of 
data for further analysis. In this paper, we propose an IoT-
based growth measurement system named as AgriStick, that 
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the cloud. This will help to reduce the network traffic and stor-
age overhead of the cloud. Blockchain plays an important role 
in agriculture and food supply chain management [12] and is 
especially for security purposes. In our system, we also could 
use blockchain for security purposes and in crop supply chain 
management. Therefore, the use of blockchain is another fu-
ture research scope of AgriStick.

Conclusions
We developed the Internet of Growth Measuring Things - 
AgriStick using a 2-Axis joystick and used it to measure and 
monitor the growth of Jackfruit. We installed the developed 
sensor node in the field for 24 days, during which time, the 
sensor node showed good performance, indicated with high 
accuracy of ~99%, with low power consumption and battery 
life of approximately two months. We use this IoT appli-
ance for monitoring and measurement of the radial growth of 
plants in the agricultural industry. The system will give a new 
dimension to the modern-day IoT-based precision agriculture. 
The developed system will help to understand the right time 
to harvest the fruit from the tree, depending upon the radial 
growth data analysis.
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Abstract
The outbreak of 2019 novel coronavirus (COVID-19) has triggered unprecedented challenges and put the whole world in a
parlous condition. The impacts of COVID-19 is a matter of grave concern in terms of fatality rate, socio-economical condition,
health infrastructure. It is obvious that only pharmaceutical solutions (vaccine) cannot eradicate this pandemic completely,
and effective strategies regarding lockdown measures, restricted mobility, emergency services to users—in brief data-driven
decision system is of utmost importance. This necessitates an efficient data analytics framework, data infrastructure to store,
manage pandemic related information, and distributed computing platform to support such data-driven operations. In the
past few decades, Internet of Things-based devices and applications have emerged significantly in various sectors including
healthcare and time-critical applications. To be specific, health-sensors help to accumulate health-related parameters at
different time-instances of a day, the movement sensors keep track of mobility traces of the user, and helps to assist them
in varied conditions. The smartphones are equipped with several such sensors and the ability of low-cost connected sensors
to cover large areas makes it the most useful component to combat pandemics such as COVID-19. However, analysing
and managing the huge amount of data generated by these sensors is a big challenge. In this paper we have proposed a
unified framework which has three major components: (i) Spatial Data Infrastructure to manage, store, analyse and share
spatio-temporal information with stakeholders efficiently, (ii) Cloud–Fog–Edge-based hierarchical architecture to support
preliminary diagnosis, monitoring patients’ mobility, health parameters and activities while they are in quarantine or home-
based treatment, and (iii) Assisting users in varied emergency situation leveraging efficient data-driven techniques at low-
latency and energy consumption. The mobility data analytics along with SDI is required to interpret the movement dynamics
of the region and correlate with COVID-19 hotspots. Further, Cloud–Fog–Edge-based system architecture is required to
provision healthcare services efficiently and in timely manner. The proposed framework yields encouraging results in taking
decisions based on the COVID-19 context and assisting users effectively by enhancing accuracy of detecting suspected
infected people by ∼24% and reducing delay by ∼55% compared to cloud-only system.

Keywords Health service provisioning · Health data analysis · Cloud–Fog–Edge framework · COVID-19
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1 Introduction

The widespread of infectious coronavirus disease (COVID-
19) due to Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) virus has affected more than 150 million
people (positive case) and resulting over 35,00,000 deaths
all over the world (as of last week of May, 2021). This pan-
demic has brought substantial changes in all aspects of our
lifestyle. The healthcare sector of all countries were sig-
nificantly affected and several strategies such as restricted
mobility, isolating regions, lockdown measures have been
adapted. All though these measures have reduced the spread
of the disease, however, there is a great impact on socio-
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Abstract
Recent computational analytics in the domain of the Internet of Things pro-
vides crowd-sourced reviews for decision assistance for innumerable aspects
of our living standards and socio-entertainments. However, one of the most
significant tasks for obtainable online music libraries and websites is the
demand for personalized and professionalized courses of action for music lis-
teners and composers to elect suitable musical performances. In this paper,
we illustrate a hybrid matrix factorization-based content-sensitive music rec-
ommender schema on the Internet of Music Things. Emerging orange com-
puting technology offers a harmonic fusion framework for psychological care
and happiness-concerned computing. We elucidate the projected music rec-
ommender paradigm in the domain of Internet of Music Things, titled as
OrangeMusic. The OrangeMusic schema differs from the earlier contributions
in the following aspects: (a) Orange computing-based information fusion frame-
work is applied on the Internet of Music Things; (b) Provided musical content
revisions can be exposed by listeners’ rating metrics and be exploited to amend
original listener-provided ratings; (c) Music listeners’ preferences and musical
items are incorporated into the standard matrix factorization mechanism. The
performance metrics flourish that our proposed OrangeMusic presents a profi-
cient rating prediction and intensifies the accuracy of content-sensitive music
recommendation expressively.

KEYWORD S

hybrid matrix factorization, internet of music things, music recommender system, Orange
computing

1 INTRODUCTION

Musicians can compose knowledge-basedmusic for listeners and can circulateworldwide through Internet-driven live-streamedperformances.
Internet of Things (IoT) in Music has provided an evolving schema that enables remotely accessible musicians, multiple instruments, and
music-making technologies into a solitary platform. In,1 the authors have provided the opportunistic crowdsensing-oriented Internet of Music
Things (IoMT) system architecture and evaluated the system performances in terms of the time for data transmission, power dissipation,
and energy consumption. IoMT has been elucidated in diverge contexts to fix music composition and generation perspectives, such as ubiq-
uitous music retrieval, remote performance monitoring, and auto-tuning of musical instruments. Acceptance of the IoT-inspired musical
performances depends on the audiences: how they feel according to their present emotion and recommend to the future listeners.2,3

Numerous strategies exist for movies recommendation, product recommendations, etc. In,4 the authors illustrated an Ensemble-based sys-
tem with the Particle Swarm Optimization that boosts towards intelligent recommendation frameworks. In,5 emerging Capsule Network and
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of EVS, MAE, and RMSE. The OrangeMusic has conceivable applications in the real world which comprise the wide-network interactive and
distributed music performances, wearable smart instruments, dynamic rhythmic tuning, and multi-user-based virtual music composition and
reconstruction systems. As Orange computing refers to a humanistic care-inspired framework, the association of Orange computing and Inter-
net of Music Things, that is, OrangeMusic has the potential impacts on the music-therapeutic applications. Music therapy is yet unscathed
by the emerging technologies of OrangeMusic. However, this schema recommends impressive capability for the devices that may perhaps be
concerned with the assistive-living consequences that offer a non-invasive, individually accustomed, outline of psychological and humanis-
tic treatment which is forever accessible. In future work, we shall try to incorporate multifaceted multiple intelligent computing strategies to
enhance the music recommendation efficiency and to design more humanized and personalized humanistic care frameworks in the contexts
of the IoT and Orange technology convergence.
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Abstract
Internet of Things (IoT) has a pivotal role in developing intelligent and compu-
tational solutions to facilitate varied real-life applications. To execute high-end
computations and data analytics, IoT and cloud-based solutions play the most
significant role. However, frequent communication with long distant cloud
servers is not a delay-aware and energy-efficient solution while providing
time-critical applications such as healthcare. This article explores the possibili-
ties and opportunities of integrating cloud technology with fog and edge-based
computing to provide healthcare services to users in exigency. Here, we propose
an end-to-end framework named RESCUE (enabling green healthcare services
using integrated iot-edge-fog-cloud computing environments), consisting effi-
cient spatio-temporal data analytics module for efficient information sharing,
spatio-temporal data analysis to predict the path for users to reach the desti-
nation (healthcare center or relief camps) with minimum delay in the time of
exigency (say, natural disaster). This module analyzes the collected information
through crowd-sourcing and assists the user by extracting optimal path post-
disaster when many regions are nonreachable. Our work is different from the
existing literature in varied aspects: it analyses the context and semantics by aug-
menting real-time volunteered geographical information (VGI) and refines it.
Furthermore, the novel path predictionmodule incorporates suchVGI instances
and predicts routes in emergencies avoiding all possible risks. Also, the design
of development of a latency-aware, power-aware data-driven analytics system
helps to resolve any spatio-temporal query more efficiently compared to the
existing works for any time-critical application. The experimental and simu-
lation results outperform the baselines in terms of accuracy, delay, and power
consumption.

KEYWORD S

cloud computing, edge computing, geospatial query processing, green computing, healthcare
service, internet of things, spatio-temporal data
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Abstract
This paper addresses three prime issues of fifth generation mobile network: frequency 
allocation, power efficiency and communication while computing. This paper proposes a 
power-efficient micro-femtolet/macro-femtolet network based on soft fractional frequency 
reuse. Macrocell/microcell base stations are used in the network, and for providing good 
signal strength and offloading facilities to indoor and edge region users’ femtolets are allo-
cated inside the macrocell/microcell. The power transmission in the proposed heterogene-
ous network (HetNet) is estimated. The analytical evaluation presents that use of SFFR 
reduces the power transmission of the network by 10.87% approximately. This is also 
observed that the signal-to-interference-plus-noise ratio (SINR) of the network is improved 
using the proposed strategy. For experimental evaluation we have used vector signal gen-
erator (VSG) and vector signal analyzer (VSA). The simulation analyses performed using 
network simulator Qualnet shows that femtolet provides ∼(2–34)% reduction in energy 
consumption than the cloud based offloading.

Keywords  Soft fractional frequency reuse · Femtolet based HetNet · Power reduction · 
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Abstract—GrowFruit is an Internet of Things 

(IoT)-based low-cost real-time radial growth-

rate measurement device for fruit or stem. The 

working principle is measuring the growth of 

multiple crops up to 128 different inputs 

utilizing a single Texas Instrument-based 32-bit 

ultra-low-power microcontroller. The system 

utilizes Flex sensors, each of 4.5 inches to 

measure the change of circumference of the 

crop. The bending angle of the Flex sensor 

generates voltage, and via Analog to Digital 

Converter (ADC), is fed to the microcontroller 

in the form of a digital signal. With the help of 

the Quectel M95 GSM modem, the 

microcontroller sends the signal to the cloud for 

storage and analysis of the growth rate data. As 

the system measures the perimeter changes of 

fruits or stems, more precise growth 

information is obtained.   

 

I. INTRODUCTION 

The recent agricultural aspects require a real-

time crop growth rate monitoring system. The crop 

growth rate depends on various factors such as the 

plant's genetic endowment and physiological and 

environmental conditions. The growth rate 

monitoring is an essential factor in plant studies for 

horticulture and natural ecosystem-grown crops. 

The growth measuring systems usually are 

supported by direct contact with the test sample 

and the mechanical structure that has to be updated 

depending on the size and shape of the sample [1]. 

In the growth measurement systems, Linear 

Variable Differential Transformers (LVDT) and 

strain gauges are used [1]. The strain gauge-based 

systems are economical compared to the LVDT-

based systems. However, the LVDT-based systems 

provide precise, accurate, and high-resolution 

information regarding growth rate, whereas in 

strain gauge-based systems, specific electronic 

circuitry and flexible frames are required. The crop 

growth-related information storage is also 

significant for proper monitoring. This paper aims 

to design a device that will collect growth-related 

information and store the collected data for better 

growth monitoring. Our research work has 

designed an IoT-based device that utilizes a 32-bit 

ultra-low-power-consuming microcontroller that 

will process up to 128 inputs. The device utilizes 

the RS485 protocol for long-distance 

communication. We have used 4.5-inch Flex 

sensors to monitor the growth of horticulture crops 

and natural ecosystem plants. The bending angle of 

the Flex sensor, which has an analog output, is fed 

to the microcontroller via ADC for processing the 

data. Our system stores the processed data inside 

the EPROM and, after every one hour, sends the 

data to the cloud using the Quectel M95 GSM 

modem and the Rest API protocol. We plot the 

data in the X-Y plane in the form of the day and 

circumference of the crop, trunk, or branches, 

measured using the sensor. The proposed system 

obtains the sleep mode through Real-Time Clock. 

The proposed low-power consuming system works 

in a 12V, 1A rating. We may deploy solar panels 

for natural ecosystem radial growth measurement 

to power the cell, thus, making it a green or 

energy-efficient device.  
 

II. RELATED WORK 

Improving the productivity and growth rate of 

fruits is an emerging and significant research trend. 

In [2], the authors have discussed a low-cost fruit 

diameter monitoring device. The authors have 

discussed on multi-color driving algorithm 

concerning Pulse Width Modulation duty cycles 

and spectral power distributions [2]. To optimize 

the color correlation temperature and index for 

color rendering, multi-colour plant-growing light 

signals can significantly exploit photosynthetic 

radiant effectiveness [2]. On the other hand, in [3], 

the authors have discussed fabrication, calibration, 
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A B S T R A C T

Many studies have investigated the negative impacts of microplastics on teleost fishes with very little or no evi-
dence of their mechanism of action. This scenario entreats us to investigate the toxicities of nanopolystyrene in
zebrafish oocyte with emphasis on the mechanism of action. In the present study, the cellular levels of mRNA
transcripts of different genetic markers (such as: sod, gpx, nrf2, inos, ucp2, and atp6 (redox-sensitive markers);
nfkβ, tnfα, il-10, ikβ, gdf9, and bmp15 (immune markers); gadd45, rad51, p53 and bcl2 (DNA damage and apop-
totic)) have been quantified by real-time PCR after 6 h of incubation of isolated oocyte with different doses of
nanopolystyrene viz. P0 (control i.e. no polystyrene in culture medium), P1 (100 ng/ml), and P2 (400 ng/ml).
Results showed that both the treatment concentrations of nanopolystyrene induce oxidative stress with %
DPPH = 30.75, 31.61, and 32.43% for P0, P1, and P2, respectively. Increase in oxidative stress in oocytes with
increasing doses of nanopolystyrene was also observed in TBARS assay with MDA content 0.12 and 0.21 μM for
P1 and P2, respectively as compaired to the control 0.08 μM. This increased oxidative stress can regulate the ex-
pression pattern (upregulation/downregulation) of selected genes leading to different toxic effects like – oxida-
tive stress, immunotoxicity, and apoptosis in oocytes, which suggests the impairment of reproductive functions
by nanopolystyrene.

1. Introduction

Plastic pollution represents a major global concern due to their ele-
vated production and environmental disposal with a low rate of recy-
cling. Regular monitoring of micro/nanoplastics into the environmen-
tal samples and their toxicity assessment is important for their environ-
mental risk assessment. Polyethylene (PE), polypropylene (PP), poly-
styrene (PS), polyethylene terephthalate (PET), and polyvinyl chloride
(PVC) are some most widely used forms of thermoplastics. Plastic waste
can impose severe negative impacts on the wildlife in an aquatic system
(Vegter et al., 2014). Micro/nanoplastics, formed by the biotic and abi-
otic degradation of large plastic waste, are ubiquitously distributed in
all ecosystems (Besseling et al. 2013; Obbard et al., 2014). The aquatic
system may serve as a large sink for the environmental accumulation of

nanoplastics, where they can induce severe toxicities to the aquatic or-
ganisms.

Recently, many studies have reported the negative impacts of mi-
croplastics in fishes such as - oxidative stress (Zhao et al. 2013, Brun et
al., 2019), reproductive impairments (Sharifinia et al., 2020;
Sarasamma et al., 2020; Yin et al., 2021), disrupted glucose metabolism
(Brun et al., 2019), neurotoxicity (Kim et al., 2021), DNA breakage, and
the increased mortality rate (Zhou et al. 2013). Microplastics can bio-
accumulate into different organs like - liver, kidney, gut, gills, brain,
and gonads. Different anti-oxidants provide the first line of defense
against oxidative stress (Jin et al., 2010) and therefore play a pivotal
role in the regulation of oxidative stress (Dong et al., 2018). Zhou et al.
(2013) reported the oxidative damage with increased SOD (superoxide

⁎ Corresponding author.
E-mail address: kousik.dbs@presiuniv.ac.in (K. Pramanick).

1 Joint first author.

https://doi.org/10.1016/j.scitotenv.2022.154796
Received 8 January 2022; Received in revised form 16 March 2022; Accepted 20 March 2022
0048-9697/© 20XX

Note: Low-resolution images were used to create this PDF. The original images will be used in the final composition.

https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796
https://www.sciencedirect.com/science/journal/00489697
https://www.elsevier.com/
mailto:kousik.dbs@presiuniv.ac.in
https://doi.org/10.1016/j.scitotenv.2022.154796
https://doi.org/10.1016/j.scitotenv.2022.154796


CO
RR

EC
TE

D
PR

OO
F

A. Chatterjee et al. Science of the Total Environment xxx (xxxx) 154796

the transcription of cell damage-related genes in zebrafish embryos. J. Appl. Toxicol.
32 (9), 654–661.

Kedare, S.B., Singh, R.P., 2011. Genesis and development of DPPH method of antioxidant
assay. J. Food Sci. Technol. 48 (4), 412–422.

Kim, J.H., Yu, Y.B., Choi, J.H., 2021. Toxic effects on bioaccumulation, hematological
parameters, oxidative stress, immune responses and neurotoxicity in fish exposed to
microplastics: a review. J. Hazard. Mater. 413, 125423.

Kondoh, H., Lleonart, M.E., Bernard, D., Gil, J., 2007. Protection from oxidative stress by
enhanced glycolysis; a possible mechanism of cellular immortalization. Histol.
Histopathol. 22 (1) 22 (1), 85–90.

Liebermann, D.A., Hoffman, B., 2008. Gadd45 in stress signaling. J. Mol. Signal. 3 (1),
1–8.

Lima, F.E.O., Bezerra, F.T.G., Souza, G.B., Matos, M.H.T., Van Den Hurk, R., Silva, J.R.V.,
2018. Influence of interleukin 1 beta and tumour necrosis factor alpha on the in vitro
growth, maturation and mitochondrial distribution of bovine oocytes from small
antral follicles. Zygote 26 (5), 381–387.

Liu, Y., Wang, J., Wei, Y., Zhang, H., Xu, M., Dai, J., 2008. Induction of time-dependent
oxidative stress and related transcriptional effects of perfluorododecanoic acid in
zebrafish liver. Aquat. Toxicol. 89 (4), 242–250.

Maity, S., Chatterjee, A., Guchhait, R., De, S., Pramanick, K., 2020. Cytogenotoxic
potential of a hazardous material, polystyrene microparticles on Allium cepa L. J.
Hazard. Mater. 385, 121560.

Mammalian Gene Collection (MGC) Program Team, 2002. Generation and initial analysis
of more than 15,000 full-length human and mouse cDNA sequences. Proc. Natl. Acad.
Sci. 99 (26), 16899–16903.

Moore, K.W., de Waal Malefyt, R., Coffman, R.L., O’Garra, A., 2001. Interleukin-10 and
the interleukin-10 receptor. Annu. Rev. Immunol. 19 (1), 683–765.

Niture, S.K., Jain, A.K., Jaiswal, A.K., 2009. Antioxidant-induced modification of INrf2
cysteine 151 and PKC-δ-mediated phosphorylation of Nrf2 serine 40 are both required
for stabilization and nuclear translocation of Nrf2 and increased drug resistance. J.
Cell Sci. 122 (24), 4452–4464.

Obbard, R.W., Sadri, S., Wong, Y.Q., Khitun, A.A., Baker, I., Thompson, R.C.C.E.F., 2014.
429 Global warming releases microplastic legacy frozen in Arctic Sea ice. Earth’s
Future 2 (6).

Otsuka, F., Yamamoto, S., Erickson, G.F., Shimasaki, S., 2001. Bone morphogenetic
protein-15 inhibits follicle-stimulating hormone (FSH) action by suppressing FSH
receptor expression. J. Biol. Chem. 276 (14), 11387–11392.

Pi, J., Zhang, Q., Woods, C.G., Wong, V., Collins, S., Andersen, M.E., 2008. Activation of
Nrf2-mediated oxidative stress response in macrophages by hypochlorous acid.
Toxicol. Appl. Pharmacol. 226 (3), 236–243.

Pramanick, K., Kundu, S., Paul, S., Mallick, B., Moulik, S.R., Pal, P., Mukherjee, D., 2014.
Steroid-induced oocyte maturation in indian shad Tenualosa ilisha (Hamilton, 1822)
is dependent on phosphatidylinositol 3 kinase but not MAP kinase activation. Mol.
Cell. Endocrinol. 390 (1–2), 26–33.

Qiang, L., Cheng, J., 2021. Exposure to polystyrene microplastics impairs gonads of
zebrafish (Danio rerio). Chemosphere 263, 128161.

Rao, X., Huang, X., Zhou, Z., Lin, X., 2013. An improvement of the 2ˆ (–delta delta CT)
method for quantitative real-time polymerase chain reaction data analysis. Biostat.
Bioinforma. Biomath. 3 (3), 71.

Sarasamma, S., Audira, G., Siregar, P., Malhotra, N., Lai, Y.H., Liang, S.T., Chen, J.R.,
Chen, K.H.C., Hsiao, C.D., 2020. Nanoplastics cause neurobehavioral impairments,
reproductive and oxidative damages, and biomarker responses in zebrafish: throwing
up alarms of wide spread health risk of exposure. Int. J. Mol. Sci. 21 (4), 1410.

Seo, B.B., Marella, M., Yagi, T., Matsuno-Yagi, A., 2006. The single subunit NADH
dehydrogenase reduces generation of reactive oxygen species from complex I. FEBS
Lett. 580 (26), 6105–6108.

Sharifinia, M., Bahmanbeigloo, Z.A., Keshavarzifard, M., Khanjani, M.H., Lyons, B.P.,
2020. Microplastic pollution as a grand challenge in marine research: a closer look at
their adverse impacts on the immune and reproductive systems. Ecotoxicol. Environ.
Saf. 204, 111109.

Sheikh, M.S., Fornace, Jr., A.J., 2000. Role of p53 family members in apoptosis. J. Cell.
Physiol. 182 (2), 171–181.

Shen, Q., Zhang, B., Xu, R., Wang, Y., Ding, X., Li, P., 2010. Antioxidant activity in vitro of
the selenium-contained protein from the se-enriched bifidobacterium animalis 01.
Anaerobe 16 (4), 380–386.

Shi, X., Zhou, B., 2010. The role of Nrf2 and MAPK pathways in PFOS-induced oxidative
stress in zebrafish embryos. Toxicol. Sci. 115 (2), 391–400.

Spence, R., Gerlach, G., Lawrence, C., Smith, C., 2008. The behaviour and ecology of the
zebrafish, Danio rerio. Biol. Rev. 83 (1), 13–34.

Sugiura, K., Eppig, J.J., 2005. Society for Reproductive Biology Founders’ Lecture 2005.
Control of metabolic cooperativity between oocytes and their companion granulosa
cells by mouse oocytes. Reprod. Fertil. Dev. 17 (7), 667–674.

Thisse, C., Degrave, A., Kryukov, G.V., Gladyshev, V.N., Obrecht-Pflumio, S., Krol, A.,
Thisse, B., Lescure, A., 2003. Spatial and temporal expression patterns of
selenoprotein genes during embryogenesis in zebrafish. Gene Expr. Patterns 3 (4),
525–532.

van Wijk, R.C., Krekels, E.H., Hankemeier, T., Spaink, H.P., van der Graaf, P.H., 2016.
Systems pharmacology of hepatic metabolism in zebrafish larvae. Drug Discov. Today
Dis. Model. 22, 27–34.

Vegter, A.C., Barletta, M., Beck, C., Borrero, J., Burton, H., Campbell, M.L., et al., 2014.
Global research priorities to mitigate plastic pollution impacts on marine wildlife.
Endang. Species Res. 25, 225–247.

Xu, H., Yang, M., Qiu, W., Pan, C., Wu, M., 2013. The impact of endocrine-disrupting
chemicals on oxidative stress and innate immune response in zebrafish embryos.
Environ. Toxicol. Chem. 32 (8), 1793–1799.

Yin, K., Wang, Y., Zhao, H., Wang, D., Guo, M., Mu, M., Liu, Y., Nie, X., Li, B., Li, J., Xing,
M., 2021. A comparative review of microplastics and nanoplastics: toxicity hazards on
digestive, reproductive and nervous system. Sci. Total Environ. 145758.

Zhang, D.C., Shao, Y.Q., Huang, Y.Q., Jiang, S.G., 2005. Cloning, characterization and
expression analysis of interleukin-10 from the zebrafish (Danio rerion). BMB Rep. 38
(5), 571–576.

Zhao, K., Huang, Z., Lu, H., Zhou, J., Wei, T., 2010. Induction of inducible nitric oxide
synthase increases the production of reactive oxygen species in RAW264. 7
macrophages. Biosci. Rep. 30 (4), 233–241.

Zhao, X., Wang, S., Wu, Y., You, H., Lv, L., 2013. Acute ZnO nanoparticles exposure
induces developmental toxicity, oxidative stress and DNA damage in embryo-larval
zebrafish. Aquat. Toxicol. 136, 49–59.

Zheng, J.L., Yuan, S.S., Wu, C.W., Lv, Z.M., 2016. Acute exposure to waterborne cadmium
induced oxidative stress and immunotoxicity in the brain, ovary and liver of zebrafish
(Danio rerio). Aquat. Toxicol. 180, 36–44.

Zheng, J.L., Yuan, S.S., Wu, C.W., Lv, Z.M., Zhu, A.Y., 2017. Circadian time-dependent
antioxidant and inflammatory responses to acute cadmium exposure in the brain of
zebrafish. Aquat. Toxicol. 182, 113–119.

Zou, J., Clark, M.S., Secombes, C.J., 2003. Characterisation, expression and promoter
analysis of an interleukin 10 homologue in the puffer fish, Fugu rubripes.
Immunogenetics 55 (5), 325–335.

8

View publication stats

http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232226324069
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232226324069
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239202600
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239202600
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239215791
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239215791
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239215791
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232226585785
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232226585785
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232226585785
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232227006867
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232227006867
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239227748
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239227748
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239227748
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239227748
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239231967
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239231967
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239231967
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239270669
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239270669
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239270669
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232227403561
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232227403561
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232227403561
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239273794
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239273794
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239309847
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239309847
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239309847
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239309847
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233052230
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233052230
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233052230
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239312816
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239312816
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239312816
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239365383
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239365383
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239365383
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233071149
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233071149
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233071149
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232233071149
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239366390
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239366390
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232236071534
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232236071534
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232236071534
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239376218
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239376218
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239376218
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239376218
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239395320
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239395320
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239395320
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239438212
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239438212
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239438212
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239438212
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232236085260
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232236085260
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239441025
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239441025
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239441025
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239452946
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239452946
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237254808
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237254808
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237483045
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237483045
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237483045
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239508013
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239508013
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239508013
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239508013
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237520332
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237520332
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232237520332
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239522853
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239522853
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239522853
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232241024443
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232241024443
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232241024443
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238197430
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238197430
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238197430
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239541201
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239541201
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239541201
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239574224
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239574224
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232239574224
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238245615
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238245615
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238245615
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240111551
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240111551
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240111551
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240048019
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240048019
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232240048019
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238307646
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238307646
http://refhub.elsevier.com/S0048-9697(22)01889-7/rf202203232238307646
https://www.researchgate.net/publication/359475283


Aquatic Toxicology 240 (2021) 105971

Available online 17 September 2021
0166-445X/© 2021 Elsevier B.V. All rights reserved.

Toxic effects of cyanotoxins in teleost fish: A comprehensive review 

Sambuddha Banerjee a,#, Sukhendu Maity a,#, Rajkumar Guchhait b, Ankit Chatterjee a, 
Chayan Biswas a, Madhuchhanda Adhikari a, Kousik Pramanick a,* 

a Integrative Biology Research Unit, Department of Life Sciences, Presidency University, 86/1, College Street, Kolkata 700073, India 
b P.G. Department of Zoology, Mahishadal Raj College, Garkamalpur, Purba Medinipur, India   

A R T I C L E  I N F O   

Keywords: 
Cyanobacteria 
Cyanotoxins 
Algal bloom 
Hepatotoxicity 
Neurotoxicity 
Reproductive toxicity 
Eutrophication 

A B S T R A C T   

The phenomenon of eutrophication leads to the global occurrence of algal blooms. Cyanotoxins as produced by 
many cyanobacterial species can lead to detrimental effects to the biome due to their stability and potential 
biomagnification along food webs. Therefore, understanding of the potential risks these toxins pose to the most 
susceptible organisms is an important prerequisite for ecological risks assessment of cyanobacteria blooms. 
Fishes are an important component of aquatic ecosystems that are prone to direct exposure to cyanotoxins. 
However, relatively few investigations have focused on measuring the toxic potentials of cyanotoxins in teleost 
fishes. This review comprehensively describes the major toxicological impacts (such as hepatotoxicity, neuro
toxicity, immune toxicity, reproductive toxicity and cytogenotoxicity) of commonly occurring cyanotoxins in 
teleost fishes. The present work encompasses recent research progresses with special emphasis on the basic 
molecular mechanisms by which different cyanotoxins impose their toxicities in teleost fishes. The major 
research areas, which need to be focused on in future scientific investigations, have also been highlighted. 
Protein kinase inhibition, transcriptional dysregulation, disruption of redox homeostasis and the induction of 
apoptotic pathways appear to be the key drivers of the toxicological effects of cyanotoxins in fish. Analyses also 
showed that the impacts of cyanotoxins on specific reproductive processes are relatively less described in teleosts 
in comparison to mammalian systems. In fact, as compared to other toxicological effects of cyanotoxins, their 
reproductive toxicity (such as impacts on oocyte development, maturation and their hormonal regulation) is 
poorly understood in fish, and thus requires further studies. Furthermore, additonal studies characterizing the 
molecular mechanisms responsible for the cellular uptake of cyanotoxins need to be investigated.   

Abbreviations: MC-LR, Microcystin LR; CYN, Cylindrospermopsin; NOD, Nodularin; ANTX-a, Anatoxin-a; ANTX-a(s), Anatoxin-a(s); BMAA, β-N-methylamino-L- 
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terminal Kinase; ROS, Reactive Oxygen Species; RNS, Reactive Nitrogen Species; sod/SOD, Superoxide Dismutase; cat/CAT, Catalase; gst/GST, Glutathione S- 
transferase; gpx/GPx, Glutathione Peroxidase; GSH, Reduced Glutathione; LPO, Lipid Peroxidation; MDA, Malondialdehyde; G6PDH, Glucose 6-Phosphate Dehy
drogenase; DW, Dry weight; LC-MS, Liquid Chromatography-Mass Spectroscopy; DPF, Days Post fertilization; BAF, Bioaccumulation Factor; ACh, Acetyl Choline; 
nAChR, Nicotinic Acetyl Choline Receptor; AChE, Acetyl Cholinesterase; elavl3, ELAV-like Protein 3; gap43, Growth Associated Protein 43; gfap, Glial Fibrillary Acidic 
Protein; syn2a, Synapsin IIa; shha, Sonic Hedgehog Protein A; nkx2.2a, NK2 Transcription Factor Related 2a; mbp, Myelin Basic Protein; ngn1, Neurogenin-1; bcl2, B- 
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Abstract

Some recent studies have reviewed the occurrence and phytotoxicity of micro/

nanoplastics, but their distribution in the soil environment, mechanisms of uptake by

roots and the mode of action are unclear. Thus, this review comprehensively re-

presents the relative abundance of micro/nanoplastics in different soil types and

their toxicities in plants with insights into their partitioning to different soil matrices,

uptake mechanisms, and the mode of action. Partitioning of micro/nanoplastics to

different soil matrices (like—soil particles, naturally occurring soil organic matters,

pore waters and soil fauna) could modify their bioavailability to plants. The small

micro/nanoplastic particles can be taken up by roots through the apoplastic and

symplastic pathways. In this regard, cellular endocytosis and aquaporin might play a

significant role. The shape of the polymers can also regulate their uptake, and the

polymers with spherical shapes are more easily absorbed by roots than the polymers

with other shapes. Bioaccumulation of micro/nanoplastic induces oxidative stress,

which, in turn, causes alterations of gene expressions and different metabolic

pathways responsible for plant growth, biomass production and synthesis of sec-

ondary metabolites.

K E YWORD S

bioavailability, oxidative stress, partitioning, plant uptake, toxicity

1 | INTRODUCTION

Since the 1950s, the worldwide production of different plastic

polymers has been increasing very rapidly. According to Plastic

Europe (2020), ~370million tonnes and ~58million tonnes of plastics

have been produced in 2019 as total global and European production,

respectively. Packaging, construction, building, and automotive in-

dustries are some of the important sectors heavily liable for the

consumption of a large fraction (viz. 39.6%, 20.4% and 9.6%, re-

spectively) of total European production. Polyethylene (PE), poly-

ethylene terephthalate (PET), polypropylene (PP), polystyrene (PS)

and polyvinylchloride (PVC) are the most common forms of ther-

moplastic to be used widely.

Based on the size of plastic particles, they can be categorised as

macroplastic (>25mm), mesoplastic (5–25mm), large microplastic

(1–5mm), small microplastic (1 μm–1mm), and nanoplastic (<1 μm)

(Kim et al., 2021). But it is generally accepted that the plastic particles

with diameter <5mm are microplastics and those with diameter

<100 nm are nanoplastics (He et al., 2018; Song et al., 2017). Plastics

in the environment can exist in various forms including fibres, films,

beads and foams. Micro/nanoplastics may have two types of origin in

the natural environment. Firstly, they can be directly released from

manufactured products (Guo et al., 2020); and secondly, different

environmental processes such as: photo‐oxidation (UV mediated),

thermo‐oxidation (temperature mediated), mechanical forces, biode-

gradation, and hydrolysis can break up the large plastic fragments
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Abstract
Interactions of plastic particles with different organic/inorganic pollutants including heavy metals impact their ecotoxicological
potential, and proper understanding in this regard is important for their ecological risk assessment. However, many studies have
reported the interactions between micro-/nanoplastics (MNPs) and heavy metals (HMs), but the most prevalent interactive forces
and factors monitoring their interactions are still not clear. So, the present review represents the mechanisms of interactions with
special emphasis on major interactive forces and biophysicochemical and environmental factors influencing trace element’s
adsorption onto the surface ofMNPs. Electrostatic interaction and pore-fillingmechanism can best explain the HMs adsorption to
MNPs. A number of biophysicochemical factors (such as biofilm, size, crystallinity, and surface charge) and environmental
factors (such as pH, salt, and temperature) act together for mediating interactions and ecotoxicities of MNPs and HMs in the real
environment. From a toxicological point of view, the synergistic mode of action may be more active in animals, whereas the
antagonistic activity may be prevalent in plants. Besides polymer density, biofilm formation and agglomeration property of
MNPs can control the vertical distribution of MNPs along the water column. Finally, the ecotoxicological potential of MNPs in
the natural environment can be considered as a function of spatiotemporal variation in abiotic (including MNPs and heavy
metals) and biotic components. This review will be helpful in the detail understanding of ecotoxicological risk assessment of
MNPs in relation to their interaction with heavy metals.

Keywords Micro-/nanoplastic . Interactions .Heavymetals .Ecotoxicity .Biophysicochemical factors .Spatiotemporalvariation

Introduction

Since last few decades, the concern of plastic pollution has
been growing up very rapidly (Browne et al. 2007; Eerkes-
Medrano et al. 2015; Galloway et al. 2017; Campanale et al.
2020) due to their scaled-up global production, inadequate

waste management, and toxic behaviors. The ubiquitous dis-
tribution of MNPs in every environmental compartment and
their trophic level transfer can impose threats to the ecosystem
and public health (Eerkes-Medrano et al. 2015; Thompson
2015; Vethaak and Leslie 2016; Horton et al. 2017; Chae
and An 2017; Hodson et al. 2017; Chae and An 2018;
Zhang and Liu 2018). Many studies have already reported
different toxicological effects of MNPs including develop-
mental toxicity, reproductive toxicity, neurotoxicity,
immunotoxici ty, cytotoxici ty, and phytotoxici ty
(Supplementary table 1). MNPs induce toxic effects by
disrupting redox homeostasis (oxidative stress) and modulat-
ing gene expression (Alomar et al. 2017; Espinosa et al. 2017;
Yu et al. 2018). The increased surface area of MNPs and
surface chemistry enable them to interact with organic/
inorganic pollutants (Turner and Holmes 2015; Wang et al.
2019; Tang et al. 2020; Mao et al. 2020; Singh et al. 2020).
Thus, MNPs can act as vectors for a large number of organic/
inorganic pollutants including HMs due to their sorption
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  Anorexia nervosa is a serious mental disorder with a characteristic appearance. It can affect people of all ages, genders, 

sexual orientations, races, and ethnicities, but it is especially dangerous for adolescent girls and young adult women. Anorexia is 

caused by a combination of psychological, societal, and biological variables, and there is no single cause. Anorexia nervosa 

affects about 0.5–1.0 percent of women over the world. Previous research suggested that anorexia nervosa is a condition that 

exclusively affects women in Western countries; however, recent research has showed that it is more common in boys than 

previously assumed.The higher rate of anorexia nervosa in western countries compared to non-western countries was explained 

by cultural differences, as western culture places a high priority on thinness in young women. Being skinny, on the other hand, is 

socially unacceptable in most non-western cultures. Although anorexia nervosa is primarily a problem in Western countries, 

current data suggests that it is spreading to non-Western countries in both genders. This phenomenon was explained by a number 

of factors, including Western media attention, social and parental pressure, genetic and biochemical variables, and other 

psychological problems including such sexual abuse and poor self are also contributors. 

 

KEYWORDS: eating disorder, Western media attention, social and parental pressure, genetic and biochemical variables, 

Depression, anxiety 

1. INTRODUCTION 

Eating disorder is a psychological condition 

characterised by food avoidance, excessive 

consumption, or purging. It's also been stated that 

eating disorders are a form of dependency. Eating 

becomes a source of reliance, disrupting everyday life's 

equilibrium(Arceluset al., 2011). Others define eating 

disorders as a disease that leads to the adoption of 

unhealthy eating behaviours. Teenage girls and young 

women are more likely to suffer from these diseases. 

Psychologists define an eating disorder as a psychiatric 

condition that interferes with normal eating 

behaviour(Smith, 2012).  

Characteristics of Eating Disorder 

Extremes characterise this illness. It appears when a 

person's eating behaviour is severely disrupted, such as 

intense distress or concern over body weight or shape. 

Unlike hysteria, an eating disorder involves 

manipulating one's food intake and being obsessive 

about one's own body's shape and weight(Attia, 
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It is evident that luteinizing hormone (LH) secretion 

pattern slows down which ultimately leads to reduced 

ovarian stimulation, cessation of menstruation and 

amenorrhea(Steinhausen, 2002). 

Thus, patients having anorexia nervosa exhibits a wide 

range of symptoms, associated with hypothyroidism, 

cold intolerance, hypothermia, constipation, reduced 

basal metabolic rate (BMR), bradycardia, and 

hypercholesterolemia(Mitchell & Crow, 2006). 

 

3. CONCLUSIONS: 

Although, anorexia nervosa is the issue of 

Western-countries; however recent evidence suggests 

its spread in both gendersamong non-Western 

countries. Many factors explained this phenomenon, of 

which Westernmedia exposure, peer and family 

pressure,genetic and molecular factors and other 

psychological factors as sexual abuse and low 

self-steam. 
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Malnutrition and immunity: A review 

 
Anirban Pattanayak, Souvik Tewari, Mainak Sur and Titlee Majumder 

 
Abstract 
Malnutrition, which includes both lack and overnutrition, is a major cause of disease and mortality 

around the world. Malnutrition is caused by dietary absorption problems, but it is also marked by 

recurring infections and persistent inflammation, signaling an underlying immunological problem. 

Defects arise in the immunoepigenome of impoverished parents before birth, and these may lead to 

intergenerational malnutrition cycles. Immune dysfunction is both a cause and a consequence of 

starvation, according to this review, which includes major recent data from experimental animals, in vitro 

models, and human cohorts. We emphasize gaps in existing understanding of immune- physiological 

dysfunction in malnutrition, with the goal of therapeutically addressing immunological pathways as a 

novel strategy to reduce morbidity and death in children. 

 

Keywords: Immunoepigenome, low of protein diet, malnutrition cycles, immune dysfunction, dietary 

absorption 

 

Introduction 

Malnutrition as an Immunodeficiency Syndrome 

Malnutrition, which includes both under- and over-nutrition, causes a huge health burden 

worldwide (Rahman and Adjeroh, 2015; Black et al., 2013) [35, 6]. Nutritional aspects have 

always found to be very instrumental with the physiological attributes not only that various 

nutritional changes input various physiological changes projecting the deficiency and 

sufficiency of the key factors responsible for the particular nutrient markers. 

Despite being usually described as poor nutritional digestion, malnutrition is not solely caused 

by a lack of food intake. Obesity can develop without a poor diet and continue even if a 

healthy diet is adopted (Clemente et al., 2012; DeBoer et al., 2012; Godfrey et al., 2011; 

Gregor and Hotamisligil, 2011; van der Klaauw and Farooqi, 2015) [8, 11, 17, 19, 48], while 

intensive feeding therapies only marginally reduce stunting prevalence (Bhutta, 2008). Despite 

the fact that under- and overnutrition manifest as separate physical defects, several studies 

suggest that they share etiological pathways: early-life undernutrition increases the risk of 

obesity later in life (DeBoer et al., 2012; Roseboom, 2006) [11, 38], altered metabolism (Bartz et 

al., 2014; Kong et al., 2014; O’Keefe et al., 2015) [3, 24, 29], chronic inflammation (Kong et al., 

2014; Prendergast et al., 2014; Kosek et al., 2013) [24, 32, 25], and gut dysfunction (enteropathy) 

(Kong et al., 2014; O’Keefe et al., 2015; Subramanian et al., 2014) [24, 29, 46], in overweight 

people, excessive calorie and macronutrient intake is commonly linked to micronutrient 

deficiencies. Malnutrition is increasingly being recognized as a complex condition with 

overlapping and poorly understood comorbidities (Humphrey, 2009; Prendergast et al., 2014; 

Ahmed et al., 2014) [21, 33, 2]. In order to create novel therapeutic diet (Therapeutic diet is a diet 

which is given to the patient who is suffering from any type of disease condition (Tewari, 

2019) [47] to support international aims to increase nutrition, health, and well-being, 

pathogenesis across the malnutrition spectrum must be characterized. 

 

Malnutrition affects immunity 

A primary immunodeficiency is an immune system condition caused by a genetic or 

developmental defect. Secondary or acquired immunodeficiency is the loss of immunological 

function caused by a range of external factors. Although infection with the human 

immunodeficiency virus (HIV) is the most well-known cause of secondary immunodeficiency, 

acute malnutrition is the most prevalent cause of immunodeficiency worldwide, affecting up to 

50% of the population in some underprivileged communities (Geraix et al., 2008) [15]. Both 

innate and adaptive immunity are affected by immune system abnormalities. 
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Human/Non-human Interface and the Affective Uncanny in Amitav Ghosh’s Gun Island 

Asis Dei 

 

Abstract 
Postcolonial fiction depicting transnational human mobility across landscapes and cultural 

spaces often represents the variable “structure of feeling” in a human being with continuous 

‘de-’ and ‘re-territorialization’ (Grossberg 313) from the familiar space to the unfamiliar. 

Experiences of lived realities and relationships alter with time and space, simultaneously 

affecting human understanding of logic and thereby leaving a scope to interpret newer 

experiences on multiple levels such as the mysterious, uncanny, or the exotic. It is not just the 

fictional character/s in literary narratives but also the reader/s who feel affected by the 

relationality between the rational and the mysterious as emotional affect “arises in the midst of 

in-between-ness” (Seigworth and Gregg 1). The epistemic lens of affect theory has been used 

in this essay to explore the human/non-human relationships in Amitav Ghosh’s novel Gun 

Island (2019). I would show how, in Ghosh’s narrative, the human/non-human interface has 

been perceived by inventories of belonging and migration, and often represented with an 

interplay of the corporeal and the uncanny, mainly aiming at emotional affect sandwiched 

between anxiety and hope— both conditions of postcoloniality and ecological engagement. 

The representation of the human/non-human relationships in literary narratives depends 

heavily on imaginative correspondence, where the affective exceptional may find its easy 

place. Examining several episodes in the novel, I would discuss how the corporeality of a snake, 

spider, shipworm, or even a wildfire affects the incorporeal cognitive dimensions like trauma 

or anxiety in Dinanath— the central character, and reshapes his “structure of feeling.”  
 

Keywords 

human/non-human interface, affect, uncanny, corporeal, sensorial  

 

Introduction         

One of the exclusive twenty-first-century cultural phenomena is the ever-increasing use 

of digital and computational technology and devices, where space for the imaginative and the 

emotional requires, quite naturally, a new reconfiguration. The visible emergence of the 

interdisciplinary research network of affect studies in the last two decades can be seen as a part 

of this process of cultural reconfiguration. While the application of digital and computational 

technology demonstrates the relatedness of corporeal organic matters with logical and 

mathematical precision, the critical lens of Affect theory “accumulates across both relatedness 

and interruptions in relatedness” (Seigworth and Gregg 2). In the ‘Introduction’ to The Affect 
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Seigworth, Gregory J. and Melissa Gregg. “An Inventory of Shimmers.” The Affect Theory Reader, 

edited by Melissa Gregg and Gregory J. Seigworth, Duke University Press, 2010, pp. 1-25. 

Stewart, Kathleen. “Worlding Refrains,” The Affect Theory Reader, edited by Melissa Gregg and 

Gregory J. Seigworth, Duke University Press, 2010, pp. 339-353.   

Trigg, Dylan. The Memory of Place: A Phenomenology of the Uncanny. Ohio University Press, 2012. 

Williams, Raymond. Culture and Materialism (1980). Verso, 2005.  

 

Notes 

1 In the book launch event of Gun Island in Delhi on 19 June 2019, Ghosh admits that the novel is not just about 

climate change, it’s much more: “I wouldn’t say it’s climate change, it’s not just that…it’s something much more 

complicated, it’s the reality that we live in, and the reality that we live in today is so fractured, is so sort of strange 

that there’s something so uncanny about the way the world is changing.” See the full interview here: 

https://www.youtube.com/watch?v=r5RbdChKMv4 (accessed 25 January 2021).  

2 In both the post-publication book launch events in Delhi and Kolkata, Ghosh claims that in no way, Gun Island 

should be seen as the sequel of The Hungry Tide, which he wrote fifteen years back in 2004. However, there are 

some conceptual connections between the two novels. The Delhi book launch event could be accessed here: 

https://www.youtube.com/watch?v=r5RbdChKMv4 (accessed 25 January 2021); For the Kolkata event, see: 

https://www.youtube.com/watch?v=lr41o6qNl1g  (accessed 25 January 2021).  

3 In the medieval Bengali literature entitled Manasamangal Kāvya authored by Khemananda and in some other 

Bengali folkloric legends, one may notice such merchant figures that stand as powerful and ruthless men, mostly 

Shaivaites by religion and without any reverence for the “subaltern” deities like Manasa. Like the Gun Merchant 

in Ghosh’s Gun Island, the most well-known of such traders is Chandradhar or Chand Sadagar. See 
Manasamangal Kāvya for details.   
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Mahishadal Raj College (West Bengal), India. He specialises in cultural identity, diaspora and 
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and disability studies in Anglophone Asian, Caribbean, African, and Australian literatures. He 

has presented his research papers in conferences in India, Nepal, Egypt, South Africa, and in 

Europe (Belgium, Germany, England, France, Scotland, Switzerland, Italy, Spain, and 

Austria). His latest publications are Mapping South Asian Diaspora: Recent Responses and 

Ruminations (2018) (co-edited), “The lost years of a nomad: Exploring Indian experience in 

Nuruddin Farah’s literary oeuvre” in TYDSKRIF VIR LETTERKUNDE, 57(1) 2020, and 

“The Great Derangement” in The Literary Encyclopaedia. 05 April 2021. His forthcoming 

volume on Amitav Ghosh awaits publication by Brill in 2021. 
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SUBJECTIVITY, TRANSGRESSION AND RESISTANCE: RETHINKING THE IDEA OF FEMALE DOMESTIC SPACE 
OF INDEPENDENT BENGAL 

 
Shyamal Mondal 

Mahishdal Raj College 
West Bengal, India 

 
Abstract:  

Subjectivity, Transgression and resistance are the perpetual conditions in human existence. The construction of individual 
identity as a defense mechanism to get a space in patriarchal hegemony is vividly portrayed by Mahasweta Devi in her renowned seminal 
work Mother of 1084 (Hazard Churasir Maa). In this Independent system, Virginia Wolf’s A Room of One's Own has become ' No 
Room of One's Own' where any attempt to break it, challenge it, question it, or speak the truth against the status quo is violently 
suppressed, dominated and subdued.  Importantly Foucault’s idea of Transgression establishes a scenario for the analysis of the 
oppressive and transgressive women under a patriarchal hegemony in the literary text, Mother of 1084. Mahasweta Devi’s Mother of 
1084 sets the situation with transgression and its representation in theatrical performance and in Indian English literature. 
 
Keywords: Subjectivity, Transgression, Indigenous Identity, and Hegemony. 
 
Introduction 

“The history of men's opposition to women's emancipation is more interesting perhaps 
than the story of that emancipation itself.”.  (P- 46) 

 
      The modernist twentieth century prolific writer Virginia Wolf does not hesitate to talk about woman's emancipation in her seminal 
extended essay 'A Room of One's Own’.’ Actually the idea of uprising of the subjugated woman is crystal clearly portrayed in the 
writings from all over the world- in the writings of once colonized nations like Africa, the Carribeans, south east part of Asia and of 
colonizing nation’s like England (Virginia Wolf, Emily Bronte) France (Simon De Beauvoir) and America (Judith Butler). They have 
consistently showed through the lens of unimpeachable realism the status of woman as a questioning subjects. In this established power 
structure of gender  binary system, Virginia Wolf’s A Room Of One's Own has become a 'No Room Of One's Own' where any attempt 
to break it, challenge it, question it or speak against the status quo is violently suppressed, and dominated. The historical, social and 
existential questions of woman is represented not only in the western Culture and literature but in Indian/Bengali Literature as well. The 
works of Bankimchandra, Tagore, Sarat Chandra have established the convention of portraying woman in literature as a Self sacrificing 
Devi or ‘Other' and the witch or dinner. Asapurna Devi focuses on one the  common Indian phenomenon in the 19th century- widowhood. 
The Hindu window now occupies a crucial place in the canonical texts of modern Indian Literature. Similarly, Mahasweta Devi 
picturizes the Indian politics of domesticity and the social attitudes towards women with their extraordinary literary effort. In my paper 
I would like to reconceptualize the idea of Female Domestic space in Independent Bengal through Mahasweta Devi's watershed literary 
work Mother of 1084. 
 
      The issues of power, identity and the female domestic space and the history of gender injustice are efficiently expressed in 
Mahasweta Devi’s Mother of 1084. In September 1973 for the October issue of the Periodical ' Prasad' Devi wrote the first version of 
Hajar Churasir Maa (Mother of 1084). The narrative predominantly points out the psychological and emotional trauma of a mother who 
gets a horriable news in the morning that her beloved son Brati is lying dead in the police morgue, reduced to a mere number: corpse no 
-1084. This situation moves her to a journey of discovery in the course of which she tries to understand her Naxalite son's revolutionary 
commitment and her own alienation as a woman, wife and mother in the so called bourgeoisie ‘bhadralok’ society. 
 
      Women's subjectivity, Transgression and resistance are the perpetual condition in human existence. It is quite evident in the 
construction of individual identity as a defense mechanism to get a space in the patriarchal middle class society may be seen a beginning 
of a social revolution. In the story, Sujata Chatterjee, mother of Brati, is a traditional apolitical upper middle class educated lady. She 
starts the revolution by educating herself and pursuing B.A. degree in a conservative family. Interestingly the members of the family 
thinks that education benefits her marriage proposal and finally married to Dibyanath Chatterjee, a chartered accountant belonging to a 
'bhadralok' bourgeois Calcutta family. In the 34 years of marriage life, Sujata becomes mother of four children, two sons (Jyoti and 
Brati) and two daughters (Nipa and Tuli). So women in a domestic household of Independent Bengal is fit only for marriage and 
reproduction. The only aim of mother of a mother is to look after the household and bring up children efficiently. But after Brati's death, 
Sujata goes on to discover her life again with a vision of new Ideology. She emerges throwing all the pretensions to hypocritical social 
respectability and challenging the hegemonic notions of 'bhadralok’ domestic family and she claims a space for her own. According to 
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      As she returns from her day long Odyssey and confronts Dibyanath for the first time courageously breaking the silence, ' Her Words 
hit him like a whiplash. Dibyanath went out tamely wiping the nope of his neck”( P-16) . The idea of breaking the silence is reminiscent 
of a great Postcolonial writer’s canonical text, 'Can The Subaltern Speak'? where Spivak presents a complex concept of the subaltern 
woman who are unable to utter words for themselves. Here Sujata becomes brave enough to talk about her dead son and for herself. 
Nadini's political and ideological commitment and analytic understanding give her encourage to face the harsh reality of 'bhadralok’ 
consciousness. The ideas of rebellion, power, betrayal and also revolutionary optimism have become obvious to Sujata only because of 
another rebellious and transgressive woman, Nandini. In this context, it is necessary to mention Foucault's idea of Transgression in “ A 
Preface to Transgression” in the book Language, Counter-memory, Practice: Selected Essays and Interviews (1977). He writes,  
       “ Transgression is an action which involves the limit, that narrow zone of line where it  
        displays the flash of its passages, but perhaps also it’s entire trajectory, even it’s origin;      
        it is likely that Transgression has its entire space in the line it crosses…. Transgression  
       incessantly crosses and re-crosses a line which close up behind it in a short duration, and  
      thus. It is made to return one more right to horizon of the un-crossable”.(P-33-34) 
 
      Foucault points out that limit and Transgression are related to each other for if the limit was not crossable it would not be a 
transgressive act and vice versa. Transgression is an affirmation of the existence of limitless zone where an individual can get freedom 
to move ahead.  
 
      Yes, Sujata moves ahead to get her freedom of inner self. But unfortunately she loses all her hope to live a domestic life due to tragic 
death of Brati. She says, “Now Brati is dead, I too wouldn't like go on living.”(P-127 ) The moment she screams and collapses on the 
ground, Dibyanath simply says that her “ appendix has burst”( 128). It is the death that unites Sujata and Brati who stands against the 
complacent hypocritical bourgeois society and it’s rituals, customs, and thoughtless social tyranny. 
 
      Mahasweta Devi's social realism and observation of Sujata as She-hero is significantly noteworthy because she represents Sujata’s 
emancipation from a suppressed, marginalized and  mechanical woman in a domestic household to one who desires to have a voice 
amidst the silences of the voiceless women and their world. 
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Abstract: India, with its colonial history and 

contemporary postcolonial culture offers an 

elaborate arena for the interpretation of the 

Patachitra art form of different states- Odisha, Bihar, 

Jharkhand and most importantly west Bengal. 

Although through the rise of Edward Said’s 

“Orientalism”, it was India which first exercised 

literary influence on the west, similarly Indian Rural 

Cultures like patachitra, miniature painting, pottery 

and other crafts have spread on a global scale. 

Especially the patachitra of west Bengal with its 
ethnographic reflections is like to leave a permanent 

and positive mark on the world.In some historical 

narratives, miscellaneous studies are conceptualized 

to reveal the significance of the Patachitra art of 

Bengal, particularly the Patachitra of East and West 

Medinipur. 

Keywords: Postcolonial culture, ethnographic, 

orientalism and Patachitra 

 
“ Culture is a means of communication, 

language carries culture and culture carries , 

particularly through orature and literature, the entire 

body of values by which we come to perceive 

ourselves and places in the world.”( Thiongo P-16)         

The kenyan writer Ngugi wa Thiongo in 

his canonical essay ‘ Decolonising the Mind: the 

politics of Language in African Literature (1986) 

precisely explains the co-existence of language, 

culture and communication. Culture and language 

are intimately connected to each other. Patachitra art 
form is supposed to be the byproduct of the 

indistinguishable relationship of language and 

culture.Patachitratradition in Indian socio-cultural 

scenario is the most significant platform where 

various modes of communication have merged 

including visual messages, oral traditions and music. 

It portrays nature, society and culture with 

narratives of social transformation, migrations and 

socio-political and religious reflections through the 

folk songs. And their identity as Patausbelongs to 

one particular culture and ethnicity. In this discourse 
of identity formation, it is often associated with the 

idea of self conception and self perception. So the 

term cultural identity obviously refers to an 

individual sense of self derived from formal or 

informal membership in a group which transmit and 

inculcate knowledge, beliefs, values, attitudes and 

ways of life. 

In this perspective, it is noteworthy to 

mention the ideas expressed in “ Modernity An 

Introduction To Modern Societies” edited by the 

Jamaica-born British Marxist sociologist, cultural 

theorist  Stuart Hall who explores some questions 
about the cultural identity and a crisis of identities. 

Cultural identity is passing through some 

transformations. It is shifting from the individual 

consciousness to collective identity and social 

identity. The concept of collective identity was first 

introduced by Freud in his essay Group Psychology 

and the Analysis of the Ego(1921). Freud argues that 

the individual is always a part of a group. It is also 

important to note that when a given group is formed 

, no matter whether it is an ethnic group , a nation or 

just a crowd the individuals behave uniformly to 
tolerate the peculiarities of the members of the 

group and feel themselves to be equal. The 

difference between social and cultural identity could 

be made much easier, if the first is related to society 

while the second is used to refer to culture. So the 

artists of Patachitra art form consists of a collective 

identity of a specific culture in West Bengal. The 

‘Pataus’ together form a cultural identity that is 

highly significant to prove existence in the world of 

globalization and commercialization.  

Therefore, language as culture is the 

collective memory bank of a people’s experiences in 
history, values and aesthetics that is quite 

interestingly visible in the creative works of 

Paatachitra art form. The choice of language and the 

use of language is important to identify the 

definition in relation to the entire universe. Thiongo 



 

 

International Journal of Engineering, Management and Humanities (IJEMH) 
Volume 3, Issue 3, pp: 51-55                                                           www.ijemh.com                 

                                     

 

 

 

 

 

 

www.ijemh.com                                        Page 67 

_md7D8pc1spOZJUF0WZySEZQ&sig2=uA
IlMZORd0CrUP4slJo0Ng 

[16]. 2011. Oral traditions reaching beyond 

peripheries in modern era of mass 

communication- A case study of Radh region 

of West Bengal (India). In LOUKIK 

(bilingual journal in English and Bengali) – 

Volume- 4, Issue No. 1 & 2, 2011. Kolkata.   

 

 

Websites Only  
[1] http://www.thehindubusinessline.com/featur

es/dying-folk-art-of-patachitra-

getsdigitalised/article4286520.ece 

[2] PoojaSarkar ‘Deft strokes’. Business 

Standard, November 06, 2011   

[3] http://www.businessstandard.com/india/news

/deft-strokes/454636/ 

[4] http://www.theworld.org/2009/12/patua-

scroll-book/ 

 

 

 
 

 

http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.indianfolklore.org%2Fjournals%2Findex.php%2Ffofolk%2Farticle%2Fdownload%2F1159%2F1368&ei=8BLIUeHJNorsrAeViYGQAw&usg=AFQjCNGlFt_md7D8pc1spOZJUF0WZySEZQ&sig2=uAIlMZORd0CrUP4slJo0Ng
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.indianfolklore.org%2Fjournals%2Findex.php%2Ffofolk%2Farticle%2Fdownload%2F1159%2F1368&ei=8BLIUeHJNorsrAeViYGQAw&usg=AFQjCNGlFt_md7D8pc1spOZJUF0WZySEZQ&sig2=uAIlMZORd0CrUP4slJo0Ng
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.indianfolklore.org%2Fjournals%2Findex.php%2Ffofolk%2Farticle%2Fdownload%2F1159%2F1368&ei=8BLIUeHJNorsrAeViYGQAw&usg=AFQjCNGlFt_md7D8pc1spOZJUF0WZySEZQ&sig2=uAIlMZORd0CrUP4slJo0Ng
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.thehindubusinessline.com/features/dying-folk-art-of-patachitra-gets-digitalised/article4286520.ece
http://www.businessstandard.com/india/news/deft-strokes/454636/
http://www.businessstandard.com/india/news/deft-strokes/454636/
http://www.businessstandard.com/india/news/deft-strokes/454636/
http://www.businessstandard.com/india/news/deft-strokes/454636/
http://www.businessstandard.com/india/news/deft-strokes/454636/
http://www.theworld.org/2009/12/patua-scroll-book/
http://www.theworld.org/2009/12/patua-scroll-book/
http://www.theworld.org/2009/12/patua-scroll-book/
http://www.theworld.org/2009/12/patua-scroll-book/
http://www.theworld.org/2009/12/patua-scroll-book/
http://www.theworld.org/2009/12/patua-scroll-book/










Soft Computing (2023) 27:11603–11628
https://doi.org/10.1007/s00500-023-08204-x

SOFT COMPUTING IN DECIS ION MAKING AND IN MODEL ING IN ECONOMICS

Multi-dimensional transportation problems in multiple environments:
a simulation based heuristic approach

Sova Pal1 · Prasenjit Pramanik2 · Ajoy Kumar Maiti3 ·Manas Kumar Maiti4

Accepted: 27 March 2023 / Published online: 14 May 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Here, a general methodology is proposed to formulate and solve any multidimensional balanced/unbalanced, con-
strained/unconstrained transportation problems(TP) in different environments(crisp/fuzzy/rough). To understand the general
model easily, here, at first, a multi-item 5-dimensional fixed charge profit maximization TP under budget and time constraint is
presented. A potential solution of the problem is coded as a permutation of the different cells of the allocation matrix. A general
decoding rule is proposed to determine the actual allocation from this coded solution. A heuristic approach is applied on a set
of randomly generated coded solution of the target problem to determine the marketing decision. Applying swap operations
on the coded solutions, the perturbation rules of the heuristic Particle Swarm Optimization(PSO) are modified to solve the
problem. In a particular case, the problem is analysed as a bi-criteria decision making problem with the maximization of the
total profit as well as the minimization of the total shipment time under a budget constraint. The bi-criteria TP is formulated
as a single objective optimisation problem using a proposed rule and the same heuristic is run for a finite number of times to
determine the pareto optimal front. To formulate the problem in the fuzzy(rough) environment an approach is proposed using
credibility(trust) measure of fuzzy(rough) events. Proper fuzzy(rough) simulation algorithms are also proposed to solve the
problem for any type of fuzzy(rough) estimation. Using this approach no crisp equivalent of any imprecise parameters is used
for the marketing decision. Due the unavailability of the test data in the literature, different hypothetical data sets are used for
the illustration of the models.

Keywords Multi-dimensional profit maximization transportation problem · Imprecise environment · Swap sequence based
PSO · Fuzzy simulation · Rough simulation
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1 Introduction

Most of the supply chain systems involves transportation
operations where the company purchases different items at
different depots (sources) of the company distributed over
the country. The items are then transported to different out-
lets/franchises (demand points) using various conveyances,
e.g., motor vehicles, cargo flights, goods trains etc., through
different routes. Costs and times for the shipment of the units
of different items from different depots to the different outlets
through different vehicles through different routes are differ-
ent and known. This type of transportation problem belongs
to 5-dimensional transportation problem (TP). This is gen-
eralization of 2-dimensional(basic) (Hitchcock 1941; Schell
1955) TP and 3-dimensional(solid) (Haley 1962) TP. Ini-
tial impetus on multi-index TP was made by Haley (1962).
But he analysed the model for three indexes, i.e., for solid
transportation problem (STP). After that, extensive research
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Abstract
In this study, the basic grey wolf optimization (GWO) algorithm is modified along with K -bit
exchange, K -opt operation, and integrated with the structure of multi-objective evolutionary
algorithm with decomposition approach (MOEA/D) to solve multi-objective covering sales-
man problem(MOCSP). The algorithm is named a “multi-objective evolutionary algorithm
with decomposition using Grey Wolf optimization (MOEA/D-GWO).” The K -opt operation
with K = 3 and K = 4 is used to generate the initial solution set. The GWO algorithm is
modified with a set of newly introduced perturbation rules. A two-stage updating mechanism
has been introduced to improve the quality of a potential solution. The first sage of the process
is done by the modified GWO algorithm, and in the second stage, a perturbation technique
using K-bits exchange operation is applied. The MOEA/D-GWO algorithm is a two-phase
algorithm where in the first phase, the clustering/grouping of cities is done, and in the next
phase one city from each cluster/group is selected to search pareto-optimal Hamiltonian
cycles in such a way that each cycle maintains the pre-define covering distance. Here, for the
first time a heuristic approach is proposed for MOCSP. Different sizes of standard benchmark
MOCSP test instances are used to test the performance of the MOEA/D-GWO algorithm.
The instances are generated from TSPLIB. Different traditional multi-objective optimization
algorithms, like NSGA-II, SPEA2, MOEA/D, MR-ABCWCD, SMPSO, SR4-MOEA/D for
MOOP, have been modified according to MOCSP and implemented to compare the efficiency
of the proposed approach. Nine standard well-known performance metrics/indicators have
been used to analyse the performance of the MOEA/D-GWO algorithm for MOCSP. Differ-
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Abstract. In this study, Bat algorithm (BA) is modified along with K-opt operation and one newly proposed perturbation
approach to solve the well known covering salesman problem (CSP). Here, along with the restriction of the radial distances of
the unvisited cities from the visited cities another restriction is imposed where a priority is given to some cities for the inclusion
in the tour, i.e., some clusters to be created where the prioritised cities must be the visiting cities and the corresponding CSP
is named as Prioritised CSP (PCSP). In the algorithm, 3-opt and 4-opt operations are used for two different purposes. The
4-opt operation is applied for generating an initial solution set of CSP for the BA and the 3-opt operation generates some
perturbed solutions of a solution. A new perturbation approach is proposed for generating neighbour solutions of a potential
solution where the exchange of some cities in the tour is made and is named as K-bit exchange operation. The proposed
solution approach for the CSP and PCSP is named as the modified BA embedded with K-bit exchange and K-opt operation
(MBAKEKO). It is a two-stage algorithm where in the first stage of the algorithm the clustering of the cities is done with
respect to a fixed visiting city of each cluster in such a manner that the distances of the other cities of the cluster must lie with
in the fixed covering distance of the problem and in the second stage the BA is applied to find the minimum cost Hamiltonian
circuit by passing through the visiting cities of the clusters. MBAKEKO is tested with a set of benchmark test problems with
significantly large sizes from the TSPLIB. To measure the performance of MBAKEKO, its results are compared with the
results of different well-known approaches for CSPs available in the literature. It is observed from the comparison studies
that MBAKEKO searches the minimum cost tour for any of the considered instances compared to all other well-known
algorithms in the literature. It can be concluded from the numerical studies that the performance of MBAKEKO is better
with respect to the state-of-the-art algorithms available in the literature.

Keywords: Combinatorial optimization, covering salesmen problem, priority based covering salesman problem, K-bit
exchange operation, K-opt, Bat Algorithm
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1. Introduction

The covering salesman problem (CSP) [2] is a
complete weighted graph where the vertices are anal-
ogous to the cities, the edges are analogous to the
connecting path between the corresponding cities,
and the weights are analogous to the travel cost or

ISSN 1064-1246/$35.00 © 2023 – IOS Press. All rights reserved.

mailto:dutta1990@yahoo.com


A
U

TH
O

R
 C

O
P

Y

I. Khan et al. / A perturbation based modified BAT algorithm for priority based covering salesman problem 3849

[18] S. Lin and B.W. Kernighan, An effective heuristic algorithm
for the traveling-salesman problem, Oper Res 21(2) (1973),
498–516.

[19] Q. Luo, Y. Zhou, J. Xie, M. Ma and L. Li, Discrete bat
algorithm for optimal problem of permutation flow shop
scheduling, The Scientific World Journal, 2014, 2014.

[20] E. Osaba, X.-S. Yang, F. Diaz, P. Lopez-Garcia and R. Car-
balledo, An improved discrete bat algorithm for symmetric
and asymmetric traveling salesman problems, Engineering
Applications of Artificial Intelligence 48 (2016), 59–71.

[21] R.S. Parpinelli and H.S. Lopes, New inspirations in swarm
intelligence: a survey, International Journal of Bio-Inspired
Computation 3(1) (2011), 1–16.

[22] G. Reinelt, Tsplib—a traveling salesman problem library,
ORSA journal on computing 3(4) (1991), 376–384.

[23] Y. Saji, M.E. Riffi and B. Ahiod, Discrete bat-inspired
algorithm for travelling salesman problem, In 2014 Sec-
ond World Conference on Complex Systems (WCCS), pages
28–31. IEEE, 2014.

[24] M. Salari and Z. Naji-Azimi, An integer programming-
based local search for the covering salesman problem, Com-
puters & Operations Research 39(11) (2012), 2594–2602.

[25] M. Salari, M. Reihaneh and M.S. Sabbagh, Combining ant
colony optimization algorithm and dynamic programming
technique for solving the covering salesman problem, Com-
puters & Industrial Engineering 83 (2015), 244–251.

[26] R. Shuttleworth, B.L. Golden, S. Smith and E. Wasil,
Advances in meter reading: Heuristic solution of the close
enough traveling salesman problem over a street network,
In The Vehicle Routing Problem: Latest Advances and New
Challenges, pages 487–501. Springer, 2008.

[27] X.-S. Yang, A new metaheuristic bat-inspired algorithm,
In Nature inspired cooperative strategies for optimization
(NICSO 2010), pages 65–74. Springer, 2010.

[28] X.-S. Yang and A.H. Gandomi, Bat algorithm: a novel
approach for global engineering optimization, Engineering
Computations, 2012.

[29] X.-S. Yang and X. He, Bat algorithm: literature review and
applications, International Journal of Bio-Inspired Compu-
tation 5(3) (2013), 141–149.



Vol.:(0123456789)

OPSEARCH (2023) 60:571–615
https://doi.org/10.1007/s12597-023-00621-8

1 3

APPLICATION ARTICLE

Profit maximization fuzzy 4D‑TP with budget constraint 
for breakable substitute items: a swarm based optimization 
approach

Pravash Kumar Giri1 · Manas Kumar Maiti2 · Manoranjan Maiti3

Accepted: 10 January 2023 / Published online: 23 February 2023 
© The Author(s), under exclusive licence to Operational Research Society of India 2023

Abstract
The concept of breakable substitute items and budget constraints is to be used in 
decision-making problems. For demonstration, a fixed charge multi-item four-
dimensional transportation problem (4D-TP) with budget constraint as profit max-
imization, the problem for breakable substitute items is considered under a fuzzy 
environment. The items are purchased from distinct depots at different prices. The 
different types of breakable substitute items are supplied to separate destination 
points from a distinct type of supply points with a different type or capacity of vehi-
cles via a different road. The parameters of the transportation problem like direct 
transportation charges, fixed charges, market prices, procuring costs, sources of ori-
gins, requirements at destination points, conveyance’s volume, or size are assumed 
to be deterministic or imprecise. Budget restrictions are applied on-demand points 
where the available budget amounts are fuzzy. Requirement restrictions at desti-
nations are on the number of items having some minimum demands for each sub-
stitutable item. The imprecise constraints are reduced to equivalent deterministic 
constraints using credibility measures. The reduced fuzzy optimization problem 
under deterministic constraints is solved by swap-based particle swarm optimiza-
tion (SPSO) and credibility-based genetic algorithm (CBGA), where a comparison 
of fuzzy objectives is made using the credibility measure of fuzzy events. For deter-
ministic objectives, the same SPSO algorithm is used, where a simple comparison 
makes a comparison of an objective of deterministic numbers. The obtained results 
are compared using CBGA and SPSO for 4D-TP. As a particular demonstration, the 
results of solid transportation problems (3D-TPs) and conventional transportation 
problems (2D-TPs) are also presented in this paper. Statistical analysis is demon-
strated to analogize the algorithms.

Keywords  Fuzzy 4D-TP · Budget constraints · Breakable substitute items · 
Credibility measure · SPSO.
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CREDIT POLICY FOR AN INVENTORY MODEL OF A DETERIORATING ITEM1

HAVING VARIABLE DEMAND CONSIDERING DEFAULT RISK2

Rituparna Mondala, Prasenjit Pramanik b,∗, Ranjan Kumar Jana a, Manas Kumar Maiti c3
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Medinipur, West Bengal 721102, India.7
c Department of Mathematics, Mahishadal Raj College, Mahishadal, Purba-Medinipur, West Bengal 721628, India.8

Abstract. In this study, a supplier-retailer-customer supply chain has been proposed for a deteriorat-
ing item with expiration time and dynamic deterioration rate. Here, the supplier adopt full credit policy
for the retailer to enhance the retailer’s order volume. This facility influences the retailer to provide
some partial credit opportunity to the customers to boost the demand. For this credit policy, the retailer
always faces a risk due to defaulters, which is termed as default credit risk. The default credit risk is
considered in more realistic manner, which depends on the customers’ partial credit period and credit
amount. The market demand is influenced by customers’ credit amount, customers’ credit period and
retail price of the item. Optimal decision is searched by maximizing the average profit of the system.
For the search process, an artificial bee colony algorithm is implemented, tested and used. Illustration
of the model is done with some hypothetical examples.

Key words : Expiration time; Dynamic deterioration; Credit policy; Credit amount; Default credit risk.

1. Introduction9

In any supply chain, among different parameters, market demand is the key factor as revenue of the10

system fully comes from the sell revenue of the item. This phenomenon influences both the supplier and11

retailer to adopt different promotional activities to improve their sales. Trade credit is one of the impor-12

tant strategies to improve the demand of each player involved in the system. To increase the retailer’s13

order size, the supplier offers a credit period to the retailer. This opportunity promotes the retailer to14

adopt some credit policy for his/her customers. Pioneering work in this direction was made by Goyal[1]15

incorporating credit policy. Afterwards, there are several research works done incorporating full credit16

policy[2, 3, 4, 5, 6, 7] and partial credit policy[8, 9, 10, 11, 12, 13].17

18

Though credit policy is a good promotional tool for the enhancement of the market demand of any item,19

any credit policy involves credit risk. In fact, in any business transaction under trade credit policy, there20

are some business bonding between the supplier and the retailer, but there is no such bonding between21

the retailer and the customers. In reality customers are floating in nature and so some of the customers22

normally do not follow business ethics and move to another shop without paying the credit amount. For23

that, researchers developed their models[8, 12] considering partial credit policy in retailer-customers level24

to decrease the default credit risk. However, partial credit policy is an excellent attempt to decrease the25

credit risk, but still it is very critical to draw the optimal decision for the decision maker(DM) as the26

number of defaulters is not known. To overcome this difficulty, Pramanik et al.[14] considered a percentage27

of total customers as defaulters. But in reality, it is impossible to predict the amount of defaulters at the28

beginning. So it is more appropriate to consider the default credit risk as a function of customers’ credit29

period and credit amount as the number of defaulters increases/decreases with customers credit amount30

and credit period proportionally. According to the authors best knowledge, there is only one article[15],31

considered the default risk as a function of customers’ credit period. But number of defaulters may vary32

with the customers’ credit amount also. So default risk must be a function of credit amount and the33
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Abstract
In the business world, product warranty and insurance plays an important role by 
increasing the demand of the product to maximizing the average profit or mini-
mizing the average cost in a manufacturing system. Also, the customers’ demand 
depends on several factors, viz. quality, selling price, payment strategies, warranty 
and insurance of the product. This paper develops an imperfect production inven-
tory model with preventive machine maintenance, rework, warranty and insurance 
coverage on the accidentally damaged part(s) of the product. The concerned produc-
tion system can randomly shift from an in-control state to an out-of-control state at 
any time during a production run, and the time elapsed while the production process 
stays in the in-control state is assumed to be exponentially distributed. The rates of 
producing reworkable defective items in  the in-control state and out-control states 
are different. The demand rate of the customers is considered as the product’s selling 
price and warranty period dependent. To attract customers and increase the demand 
for the product, the manufacturer offers an insurance policy on the damageable 
part(s) of the product within the warranty period. The main aim of this study is to 
find the optimal production time, selling price for the different warranty periods of 
the product, which maximizes the profit per unit business period. To examine the 
validity of the proposed model, two numerical examples are considered and solved 
with the help of MATHEMATICA software. Finally, the effects of warranty and 
insurance policies on the products are analyzed, based on the numerical examples.

Keywords  Imperfect production · Reworked · Machine maintenance · Warranty · 
Insurance policy
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Abstract: In this manuscript, we studied two-mode difference-squeezing in coherent anti-Stokes Raman scattering

(CARS) and coherent anti-Stokes hyper Raman scattering (CAHRS) processes. We established that for uncorrelated

modes, the difference (higher-order) squeezing of the fundamental and Stokes fields can be turned into the normal

squeezing of the anti-Stokes field. We showed that the second-order (amplitude-squared) squeezing and the fourth-order

(amplitude fourth-power) squeezing of the fundamental (pump) mode are directly converted into the normal squeezing of

the anti-Stokes mode in CARS and CAHRS processes, respectively. We investigated that the difference-squeezing

responds nonlinearly to the number of pump photons and found it greater in the CAHRS process than in the CARS process.

We established the concept of detection of difference-squeezing and normal squeezing in these processes. It is inferred that

difference-squeezing exists only in certain domains of pump photons. We demonstrated that the multi-photon absorption

approach is ideal for the generation of optimal squeezed light, which results in a larger reduction of noise in any optical

system.

Keywords: Squeezed states; Second-order squeezing; Amplitude-squared; Fourth-order (amplitude fourth-power)

squeezing; Difference-squeezing; CARS; CAHRS; Multi-photon process; Photon number operator

1. Introduction

Squeezing of the electromagnetic field [1] is a special

feature of non-classical states of light. It has sparked

considerable interest in the possibility of reducing the

quantum noise of an optical signal below the vacuum limit

[2, 3], with potential applications in optical telecommuni-

cation [4, 5], quantum cryptography [6, 7], and the devel-

opment of techniques for performing higher-order

correlation measurements [8–13]. In their past research,

Prakash and Mishra have looked into higher-order

squeezing as a way to improve the performance of a

number of optical devices and networks [14–16]. Mishra

et al. [17] and Yadav et al. [18] have studied the

enhancement of higher-order squeezing with different

parameters using beam splitters. Garcia Fernandez et al.

[19] as well as Mishra et al. [20] have investigated higher-

order nonclassical states in single-mode and their utility in

detecting nonclassical light. Apart from the present work,

we [21, 22] have worked out in earlier times the possibil-

ities of co-existence of the higher-order squeezing with

lower-order squeezing in pumps, Stokes and anti-Stokes

modes, up to the interaction of second-order coupling of

the field in CARS and CAHRS processes. Later, Kumar

et al. [23] reported the existence of nonclassical nature and

enumerated total noise in CARS and CAHRS processes up

to first-order Hamiltonian interaction. In addition to the

possibilities for the enhanced sensitivity of the measure-

ments, there are several higher-order versions like higher-

order amplitude squeezing, sum-squeezing, difference-

squeezing, higher-order antibunching, and entanglement

that fulfil various aspects of quantum optics [24, 25]. Out

of these things, sum-and difference-squeezing is a multi-

mode non-classical state of light that was first proposed by

Hillery [26]. In the past few decades, many people have

been able to get sum-and-difference-squeezing states both

theoretically and experimentally in a number of nonlinear

optical processes [27–31]. To generalize, three modes [32]

as well as an arbitrary number of modes for sum and
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pump photons |a|2 increases. This confirms that the

squeezed states are associated with the large number of

pump photons [42, 43]. It also showed that the higher-order

squeezing is directly associated with the coupling of the

field and interaction time.

A comparison between Figs. 5 and 6 shows greater

noise reduction in the fourth-order (amplitude fourth-

power) squeezing in the CAHRS process than the second-

order squeezing in the CARS process, having the same

number of photons. Hence, fourth-order (amplitude fourth-

power) will produce more pronounced squeezed laser light

than second-order.

Now taking |gt|2 = 10–6 and draw Figs. 7 and 8 of

Eqs. (44) and (74) respectively by DS and DS0 with aj j2
having Stokes mode as constant value m2 = 4 and 9 (ar-

bitrary value taken).

Figures 7 and 8 show that the squeezing increases with

the increase in the number of pump photons |a|2 as well as
with the increase in the constant value of Stokes mode. It is

also inferred that squeezing occurs more in the CAHRS

process than in the corresponding CARS process.

6. Conclusions

In this manuscript, we observed that difference-squeezing

of optical fields can be converted into normal squeezing in

degenerate CARS and CAHRS processes. It is shown that

the difference-squeezing responds nonlinearly to the pump

photons and is found to be dependent on the coupling of the

field and short interaction time. It is found that the

squeezing increases with the increase in the number of

pump photons as well as with the increase in the constant

value of the Stokes mode. It is shown that squeezing is

more pronounced in the stimulated process than in the

spontaneous process having the same number of photons.

This also confirms that the squeezed states are associated

with a large number of photons [42, 43].

It is found that when the number of pump photons is

increasing, the degree of difference-squeezing gets more

negative until a critical value of pump photon is reached,

but subsequently, it decreases and finally disappears.

Hence, difference-squeezing exists only in certain domains

of pump photons. It is found that there is greater noise

reduction in fourth-order (amplitude fourth-power)

squeezing in the CAHRS process than in the second-order

(amplitude-squared) squeezing in the CARS process, hav-

ing the same number of photons. Hence, the fourth-order

(amplitude fourth-power) of the field amplitude results in

more pronounced squeezed laser light than the second-

order. It is inferred that difference-squeezing is more

prominent in the CAHRS process than in the CARS

process.

When an amplitude-squared (second-order) squeezing or

fourth-order (amplitude fourth-power) squeezing in the

fundamental mode propagates through a nonlinear med-

ium, then normal squeezing will be generated in the anti-

Stokes mode of the degenerate CARS process or CAHRS

process, respectively. Thus, it is inferred that a process that

absorbs more multiphotons produces the best squeezed

light.

Difference-squeezing, second-order (amplitude-squared)

squeezing, and fourth-order (amplitude fourth-power)

squeezing are the family of higher-order squeezing effects.

A nonlinear interaction that relates the relevant quadratic

variable to the amplitude of a mode can turn each member

of the family into a normal (lower-order) squeezing. As a

result, this family of higher-order squeezing effects may be

used to generate squeezing in CARS and CAHRS. They are

also of greater fundamental relevance since they are all

direct expressions of the electromagnetic field’s quantum–

mechanical nature. These findings suggest that processes

with higher-order nonlinearity are more suitable for the

generation of optimum squeezed light, and the results also

suggest ways of selecting suitable processes for obtaining

greater noise reduction in optical systems, which can be

useful in high-quality optical telecommunication [44].
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A B S T R A C T   

In this review, a discussion on renewable sources of energy with clear focus on solar cell applications is pre
sented. Especially, possible future directions for development of dye-sensitized solar cells (DSSCs) are discussed. 
Dye-sensitized solar cells have become an important topic of research due to its high importance in energy 
conversion. Current DSSCs are based on metal dye sensitizers, metal-free organic dyes or natural dyes. They have 
been extensively studied due to their low cost, simple preparation methodology, low toxicity, and ease of pro
duction. Still there is a need to find more abundant DSSC materials that at the same time exhibit long-term 
stability. Computational studies have been an important ally for developing/designing new dye sensitizers. 
They are reviewed here with a special emphasis on the benefit of such studies. The conceptual understanding of 
development and working principle of photoactive DSSC materials is the primary feature of the review followed 
by examples of studies on different dye sensitizers using scarce to abundant metal based dyes and metal free 
organic dyes with donor-π-acceptor geometries for both n- and p-type DSSCs. The proper choice of organic dyes 
including donor, spacer, or acceptor is discussed and a prospective on dual donor based dyes is presented.   

1. Introduction 

With the increase in the population and the advancement of the 
civilization, the demand of energy is escalating, raising major concerns 
for the adverse effects of conventional energy sources like natural gas, 
coal, fossil fuels etc. on the environment of the earth. Furthermore, the 
fast depletion of the natural resources like fossil fuels reserves is also an 
important motivation for many researchers worldwide to search for 
alternative and renewable sources of energy associated with no or low 
pollution of the environment. 

Renewable energy sources are sustainable and can be regarded to 
provide an endless source of energy. In recent years, a growing amount 
of important household demands such as electricity, air and water 
heating/cooling, transportation and rural (off-grid) energy services are 
being provided in many countries based on renewable energy sources. 
The most popular renewable energies are.  

a. Solar Energy  

b. Wind energy  
c. Hydro energy  
d. Tidal energy  
e. Geothermal energy  
f. Biomass energy 

According to a report of REN21 (Renewable Energy Policy Network 
for the 21st Century) in the years 2017, a total of 19.3% of the total 
energy consumed in the human population was provided from renew
able energy sources for the year 2015–2016. The total contribution is 
divided into 8.9% from traditional biomass; 4.2% from geothermal and 
solar energy sources, 3.9% from hydroelectricity and the remaining 
2.2% from wind, solar, geothermal. Investments and jobs associated 
with renewable energy are increasing every year, and the efficiency of 
its generation is also increasing along with a decrease in the cost. Out of 
the five different renewable systems as given in Fig. 1, the most abun
dant and freely and globally available source of energy is the sun 
providing solar energy. With respect to the other energies one can note 
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Abstract
Non-orthogonal multiple access (NOMA) is a key concept of the sixth generation 
(6G) mobile network. In the 6G paradigm, NOMA is a significant energy and spec-
tral efficiency technique, especially in the indoor region, to maintain the quality of 
service. multiple input multiple outputs (MIMO) base station serves as the main 
base station due to massive connectivity. In MIMO, spatial modulation (SM) gives a 
huge data rate and reduces inter-antenna interference. Beamforming permits a pro-
ficient intercell interference organization for short-distance data transmission. The 
prime concept in NOMA is to provide various end users with the same resource 
block based on a time frame, spreading code, or subcarrier successive interference 
cancellation. In this article, we propose a power-efficient 6G NOMA-beamforming-
based spectrum allocation scheme for the Internet of Things (IoT) devices in the 
indoor region. MIMO with SM transmits the signal to indoor next-generation node 
B (gNB). It is a 3GPP-complaint implementation of 5G/beyond 5G base stations. 
Various IoT devices are connected with those gNBs and share the communication 
resources. In this paper, we propose an IoT device-interoperability scheme based on 
the requirements of the IoT devices aiming at improving the network performance. 
The simulation results show that the proposed model diminishes power consumption 
and improves signal-to-interferences-plus-noise ratio.

Keywords  NOMA · Beamforming · 6G · Spectral efficiency · SINR · Power 
consumption
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Abstract
Mission-critical applications refer to the real-time applications, which require fast 
and secure service provisioning, such as defense sector and disaster management. 
This paper proposes a delay-aware and secure service provisioning model for such 
types of applications. As a use-case, we have considered the defense sector, which 
is a vital sector for a country’s all-round well-being including security, safety, soci-
ety, and economy. In the conventional sensor-cloud model, the sensor data is stored 
and processed in the cloud. However, the sensor nodes have small coverage and the 
use of the long distant cloud servers increases the delay. Therefore, the conventional 
sensor-cloud model may not be efficient for defense application. Moreover, data hid-
ing for security purposes is another important aspect of this field. To address these 
challenges, this paper proposes a mobility-aware sensor-fog paradigm for mission-
critical applications based on network coding and steganography, referred to as 
Mobi-Sense. In Mobi-Sense, steganography is used for hiding the data during trans-
mission. The theoretical results demonstrate that Mobi-Sense outperforms the exist-
ing frameworks with respect to delay and power consumption by ∼ (40 − 80) %. The 
simulation results present that Mobi-Sense reduces the delay by ∼ (18 − 40) % than 
the conventional sensor-cloud framework for mission-critical applications. An opti-
mal path finding algorithm based on deep learning has been deployed in the context 
of disaster scenario. The experimental analysis shows that the proposed optimal path 
finding method achieves precision and accuracy above 90%. This is observed that 
our proposed modules have outperformed existing baselines in terms of accuracy, 
delay, and power consumption.

Keywords  Mission-critical · Sensor-fog · Delay-aware · Power-aware · Data hiding · 
Path extraction
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Abstract
Crop productivity prediction and recommendation is a significant research area of 
smart agriculture. This paper proposes an Internet of Things (IoT) framework based 
on dew computing, edge computing, and federated learning, where soil parameters, 
environmental parameters, and weather data are analysed to predict the crop produc-
tivity of a land, and then recommend suitable crop for the land. The dew layer pre-
processes and accumulates the received sensor data, and forwards to the edge server. 
The edge server analyses the sensor data and the weather data, and then sends the 
result to the cloud along with the model characteristics and to the mobile device. 
The proposed framework is simulated in iFogSim. The theoretical analysis shows 
that the proposed framework has reduced the delay by 60–70% approximately and 
power consumption by 70–80% approximately than the conventional sensor-cloud 
framework. We also observe that the proposed framework has reduced the delay 
by 12–35% approximately and power consumption by 30–50% approximately than 
the edge-cloud framework. We compare four machine learning algorithms based 
on their performance in data analysis in terms of precision, recall, accuracy, and 
F-score. We observe that each classifier obtains more than 95% prediction accuracy. 
An Android application is also proposed for crop recommendation.

Keywords  Crop recommendation · Dew computing · Edge computing · Internet of 
agricultural things
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Abstract
The procreative statistical framework of musical note structures produces a crucial role in multimedia music classification
and reconstruction strategies. Another significant thing for harmonious music composition is the rhythmic structures that
transform musical performances into harmonic forms. Intelligent music computing paradigms try to establish human–machine
interaction phenomena for systematic music generations, compositions, and reconstructions. In the emergent internet era,
musical composition and reconstruction schema are largely dependent on the IoT-based paradigm where human beings can
arrange musical compositions through musical things, such as, remotely arranged singing and musical instruments, smart
rhythmic behaviours, and intelligent auto-tuning systems. Although it can possess substantial success, computers yet struggle
with comprehending several facets of computational musicology, that are challenging in formal characterization. Moreover,
most of the success is achieved for chord-based standardized western music compositions, whereas melodic Indian music is
composed through single-note structures. Low resource music computing is in dire need of tools and resources to overcome
the resource barrier such that probabilistic and intelligent IoT-based music formations can deliver more widespread benefits.
This paper illustrates (a) computational music speculation and associated characteristics to standardize what human beings
can assimilate, recall, and reconstruct musical items for sustaining intangible cultural heritage; (b) a stochastic model along
with probabilistic context-free music grammar to afford a syntactic outline of musical note arrangements; (c) state transition
analysis; (d) Petri net-based complex music composition framework along with the simulation-based reachability and system
efficiency for evaluating the effectiveness of event-driven music schema; (e) a systematized case study on low resource
Internet of Music Things for humanistic care computing, that we have named as the Internet of Humanitarian Musical Things
(IoHMT).

Keywords Computational musicology · Music automata · Music composition and reconstruction · Petri Nets · Markov
model · Reachability · Low resource environment · Internet of music things
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1 Introduction

Musical performances such as one of the intangible heritages
in entertainment that, regardless of its pervasive existence in
the human ethos, remain mostly insusceptible to compre-
hensive understanding. The statistical and structural pattern
recognition strategies are already active in the context of
musical heritage conservancy and manipulation. Although,
the specific issue is that the music information confined in
the digital music representation is not laid back to extract
musical background through the conventional paradigms [1].
With the advancements in computational paradigms, some
novel music composition and reconstruction frameworks
have been illustrated. Researchers have often visualized that
music projects a handy affinity to mathematical analysis and

123

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



S. Royet al.

things. Internet Technology Letters. e331. https://doi.org/10.1002/
itl2.331

29. Roy S, Biswas M, De D (2020) iMusic: a session-sensitive clustered
classical music recommender system using contextual representa-
tion learning. Multimedia Tools Appl 79:24119–24155. https://doi.
org/10.1007/s11042-020-09126-8

30. Mor B, Garhwal S, Kumar A (2020) A systematic literature review
on computational musicology. Archives Comput Methods Eng
27(3):923–937. https://doi.org/10.1007/s11831-019-09337-9

31. Ruiz-Rube I, Person T, Dodero JM, Mota JM, Sánchez-Jara JM
(2020) Applying static code analysis for domain-specific lan-
guages. Softw Syst Model 19(1):95–110. https://doi.org/10.1007/
s10270-019-00729-w

32. Baratè A, Haus G, Ludovico LA, Mauro DA (2018) Formalizing
Schoenberg’s Fundamentals of Musical Composition through Petri
Nets. In Sound and Music Computing Conference, SMC network,
pp 254-258. https://doi.org/10.5281/zenodo.1422578

33. Roy S, De D (2020) Data for: MusicHeritage: a probabilistic event-
sensitive computational framework for Indian music composition
and reconstruction (2020). https://doi.org/10.17632/8j7dgj9wbz.4.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

123

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



IE
EE P

ro
of

1 MCG: Mobility-Aware Computation Offloading
2 in Edge Using Weighted Majority Game
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5 Abstract—Edge computing plays a pivotal role in computation
6 offloading at low latency. However, selecting the appropriate node to
7 offload a computation is a challenge, especially when the user node is
8 mobile. The problem can be stated as follows: (i) a mobile device has
9 to offload a computation, and the user is moving, (ii) a set of edge/fog

10 devices is available nearby the mobile device, then to select the
11 suitable device to offload the computation. To address the challenge,
12 this paper proposes an end-to-end mobility-aware computation
13 offloading framework, MCG, which consists of: (i) a novel mobility
14 prediction module that finds the user mobility pattern, (ii) selection
15 of a set of edge/fog devices based on the predicted mobility and
16 user’s current location, (iii) selection of the high majority device
17 from the set of edge/fog devices based on the resource availability
18 and present load of the devices, and (iv) offloading the computation
19 to the selected high majority device. The experimental results
20 demonstrate that MCG outperforms existing mobility prediction
21 modules in terms of accuracy, precision, and recall measures. The
22 theoretical analysis and experimental results illustrate that MCG
23 reduces the latency and power consumption of mobile device during
24 offloading compared to existing offloading strategies.

25 Index Terms—Computation offloading, Game theory, Latency-
26 aware, Low power, Mobility analytics.

27 I. INTRODUCTION

28 THE explosive increase in the usage of smartphones for

29 accessing resource exhaustive applications has raised differ-

30 ent challenges, e.g. limited battery, increase in latency, high power

31 consumption, etc. To deal with them, mobile cloud computing

32 (MCC) comes [1], [2]. To overcome the problem of resource limi-

33 tation of the mobile devices, the offloading of data and computa-

34 tion has been introduced, where mobile devices store their data

35 and execute their computations inside the cloud, cloudlet, etc. [1],

36[3]. In computation offloading, a node requests another node to

37execute its computation. After execution, the serving node sends

38the result to the requesting node. However, offloading computa-

39tion from a mobile device to the remote cloud increases delay,

40and to overcome this problem edge and fog devices can be

41used [4], [5], [6]. Now, a situation may arise where multiple edge/

42fog devices are available in the vicinity of the mobile device. In

43such a scenario, the selection of the suitable edge/fog device for

44“green” offloading of the computation at low latency is a chal-

45lenge because user mobility can affect network connectivity.

46Here, the term “green” refers to low power consumption.

47Motivating scenario: Let a mobile device (say, D) has to

48offload a computation, and a set edge/fog devices is available

49nearby (say, Fpre ¼ fF1; F2; F3; F4; F5g) (refer to Fig. 1).

50Although, F1 is the nearest one with respect to the present

51location of the mobile user (say, u), as he moves he goes out

52of the coverage of F1. In such a case, offloading the computa-

53tion to F1 may not be fruitful. As a solution to this problem,

54the prediction of the destination and the probable path to be

55followed by u is highly desirable. Consequently, the edge/fog

56devices in the predicted path can be detected. Let in the pres-

57ent scenario, u is currently at location A and his destination is

58location B. The probable path to be followed by u to reach B
59is marked in blue colour in Fig. 1. The set of edge/fog devices

60in the predicted path is Fnex ¼ fF3; F4; F5; F6; F7; F8g (refer
61to Fig. 1). In this scenario, offloading to a device, which is

62presently nearby as well as present in the predicted path may

63be better compared to selecting the presently nearest device to

64offload the computation. Now, if more than one device belong

65to the set ðFnex \ FpreÞ, (here, fF3; F4; F5g), then finding the

66suitable device among them to offload the computation is a

67challenge. The use of game theory can provide a solution to

68this problem. Now, another situation may also arise, where D
69gets disconnected from the serving edge/fog device due to

70mobility. In such a case, prediction of the next location and

71delivery of the result to D through the probable connecting

72edge/fog node, can be fruitful. For instance, D offloads com-

73putation to F3, and gets disconnected before getting the result.

74When the result is ready to deliver,D is not present in the cov-

75erage of F3. In such a case, F3 sends the result to the cloud that

76forwards the result to the nearby connecting edge/fog device

77(say, F5) of u after predicting his next location, and F5 sends

78the result to D when it gets connected. Based on the discussed

79scenario, we can state that the objective of this work is to

80select the suitable edge/fog device for offloading a particular
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772 while using MCG. Consequently, the power consumption of

773 the requesting mobile device during the entire period is calcu-

774 lated. We have observed in Section V-B that the proposed

775 mobility analytics module has good prediction accuracy, pre-

776 cision, and recall. By using the mobility module, we are pre-

777 dicting the user’s probable visiting path. Based on the

778 predicted path and present location of the user, the edge/fog

779 devices are chosen. From these edge/fog devices, the under-

780 loaded one as well as fulfilling maximum satisfying resource

781 requirements, is selected as the high majority device. The

782 requested code is offloaded to the high majority device.

783 TheMCG not only considers user mobility, but also the resource

784 availability and current load of the participating edge/fog devi-

785 ces. Considering all these parameters the suitable edge/fog

786 device for offloading a computation is selected and offloading

787 takes place to that device, which results in the better perfor-

788 mance ofMCG than the existing offloading approaches.

789 VI. CONCLUSION

790 Computation offloading from a mobile device at low power

791 consumption and low latency is a promising research area. In

792 this paper, we propose a method for computation offloading at

793 the edge/fog device based on mobility analytics and weighted

794 majority game theory. Based on the user movement path and

795 the current location of the user, a set of edge/fog devices are

796 chosen. The current loads and resource availability of the cho-

797 sen edge/fog devices are considered as parameters in the

798 weighted majority game. The underloaded device fulfilling

799 maximum satisfying resource requirements for the requested

800 computation is selected as the high majority device for off-

801 loading the computation. The experimental results show that

802 the proposed mobility analytics module has more than 90%

803 accuracy, and it outperforms the existing mobility prediction

804 methods in terms of accuracy, precision, and recall measures.

805 The theoretical and experimental results demonstrate that the

806 proposed offloading method decreases the latency and power

807 consumption of mobile device during offloading than the

808 existing offloading schemes. In future, we wish to apply the

809 proposed method in various domains such as mobility-based

810 healthcare, and other time-critical applications.
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Abstract
Several global health incidents and evidences show the increasing likelihood
of pandemics (large-scale outbreaks of infectious disease), which has adversely
affected all aspects of human lives. It is essential to develop an analytics
framework by extracting and incorporating the knowledge of heterogeneous
data-sources to deliver insights for enhancing preparedness to combat the pan-
demic. Specifically, human mobility, travel history, and other transport statistics
have significantly impact on the spread of any infectious disease. This article
proposes a spatio-temporal knowledge mining framework, named STOPPAGE,
to model the impact of human mobility and other contextual information over
the large geographic areas in different temporal scales. The framework has
two key modules: (i) spatio-temporal data and computing infrastructure using
fog/edge based architecture; and (ii) spatio-temporal data analytics module to
efficiently extract knowledge from heterogeneous data sources. We created a
pandemic-knowledge graph to discover correlations among mobility informa-
tion and disease spread, a deep learning architecture to predict the next hotspot
zones. Further, we provide necessary support in home-health monitoring uti-
lizing Femtolet and fog/edge based solutions. The experimental evaluations
on real-life datasets related to COVID-19 in India illustrate the efficacy of the
proposed methods. STOPPAGE outperforms the existing works and baseline
methods in terms of accuracy by ≈(18–21)% in predicting hotspots and reduces
the power consumption of the smartphone significantly. The scalability study
yields that the STOPPAGE framework is flexible enough to analyze a huge
amount of spatio-temporal datasets and reduces the delay in predicting health
status compared to the existing studies.
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COVID-19, deep learning, healthcare, Internet of Spatial Things (IoST), knowledge graph,
pandemic, spatio-temporal data
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Abstract

Melatonin is an important biomolecule found in diverse groups of organisms.

Under different abiotic stresses, the synthesis of melatonin is markedly

increased suggesting pivotal roles of melatonin in plants enduring stresses.

Being an endogenous signaling molecule with antioxidant activity, melatonin

alters many physiological responses and is found to be involved in regulating

DNA damage responses. However, the molecular mechanisms of melatonin in

response to DNA damage have not yet been studied. The present review aims

to provide insights into the molecular mechanisms of melatonin in response to

DNA damage in plants. We propose that the MAP kinase pathway is involved

in regulating melatonin dependent response of plants under DNA damage

stress. Where melatonin might activate MAPK via H2O2 or Ca2+ dependent

pathways. The activated MAPK in turn might phosphorylate and activate

SOG1 and repressor type MYBs to mitigate DNA damage under abiotic stress.

KEYWORD S

abiotic stress, antioxidant, cyclin-CDK, DNA damage, MAP kinase, melatonin,
MYBs, SOG1

1 | INTRODUCTION

A number of biomolecules are produced by plants
in response to external stimuli, regulating different physi-
ological responses. Melatonin (MET) or N-acetyl-
5-methoxy tryptamine is such a biomolecule that is
widely distributed in both plants and animals.1 The pres-
ence of melatonin in diverse groups of organisms indi-
cates the conserved nature of its biosynthetic pathway in
different organisms. In both plants and animals, MET is
biosynthesized from the amino acid tryptophan (trp) in a
tryptophan-tryptamine-serotonin dependent pathway.1–3

Serotonin, the precursor of MET, is acetylated to N-
acetylserotonin which is then methylated to produce
MET by serotonin N-acetyl transferase (SNAT) and acetyl
serotonin methyl transferase (ASMT) or Caffeic acid O-
methyl transferase (COMT), respectively. Serotonin may
also form 5-methoxy tryptamine by ASMT/COMT.
Finally, SNAT catalyzes the formation of MET from
5-methoxy tryptamine. These SNAT and ASMT are the
key enzymes over-expression of which in plants are
known to be associated with increased stress tolerance.4–7

Different plant species have been reported to produce
melatonin (MET) with quantitative variations from

Abbreviations: Act-MYBs, activator MYBs; ASMT, acetyl serotonin methyl transferase; ATM, ataxia telangiectasia mutated; ATR, ataxia
telangiectasia and Rad3 related; CHK1, checkpoint-1 kinase; CHK2, checkpoint-2 kinase; CKI, CDK inhibitor (CKI); COMT, caffeic acid O-methyl
transferase; DSB, double stranded DNA breaks; HR, homologous recombination; MAPK, mitogen activated protein kinase; MDA, malondialdehyde;
MET, melatonin; Rep-MYBs, repressor MYBs; SMR, SIAMESE-related; SNAT, serotonin N-Acetyl transferase; SOG1, suppressor of gamma
response 1.

Received: 13 June 2022 Accepted: 20 July 2022

DOI: 10.1002/biof.1882

BioFactors. 2022;1–7. wileyonlinelibrary.com/journal/biof © 2022 International Union of Biochemistry and Molecular Biology. 1

https://orcid.org/0000-0003-1822-4646
mailto:kousik.dbs@presiuniv.ac.in
http://wileyonlinelibrary.com/journal/biof


52. Santoro R, Marani M, Blandino G, Muti P, Strano S. Melatonin
triggers p53Ser phosphorylation and prevents DNA damage
accumulation. Oncogene. 2012;31(24):2931–42.

53. Xia XJ, Wang YJ, Zhou YH, Tao Y, Mao WH, Shi K, et al. Reac-
tive oxygen species are involved in brassinosteroid-induced
stress tolerance in cucumber. Plant Physiol. 2009;150(2):
801–14.

54. Ge XM, Cai HL, Lei X, Zhou X, Yue M, He JM. Heterotrimeric
G protein mediates ethylene-induced stomatal closure via
hydrogen peroxide synthesis in Arabidopsis. Plant J. 2015;
82(1):138–50.

55. Wang P, Song CP. Guard-cell signalling for hydrogen peroxide
and abscisic acid. New Phytol. 2008;178(4):703–18.

56. Wang Y, Chen ZH, Zhang B, Hills A, Blatt MR. PYR/PYL/R-
CAR abscisic acid receptors regulate K+ and Cl� channels
through reactive oxygen species-mediated activation of Ca2+

channels at the plasma membrane of intact Arabidopsis guard
cells. Plant Physiol. 2013;163(2):566–77.

57. Wei J, Li DX, Zhang JR, Shan C, Rengel Z, Song ZB, et al. Phy-
tomelatonin receptor PMTR 1-mediated signaling regulates

stomatal closure in Arabidopsis thaliana. J Pineal Res. 2018;
65(2):e12500.

58. Chen Z, Gu Q, Yu X, Huang L, Xu S, Wang R, et al. Hydrogen
peroxide acts downstream of melatonin to induce lateral root
formation. Ann Bot. 2018;121(6):1127–36.

59. Xu L, Yue Q, Xiang G, Bian FE, Yao Y. Melatonin promotes
ripening of grape berry via increasing the levels of ABA, H2O2,
and particularly ethylene. Hortic Res. 2018;5:41.

60. Ahmad S, Muhammad I, Wang GY, Zeeshan M, Yang L, Ali I,
et al. Ameliorative effect of melatonin improves drought toler-
ance by regulating growth, photosynthetic traits and leaf ultra-
structure of maize seedlings. BMC Plant Biol. 2021;21(1):1–14.

How to cite this article: Maity S, Guchhait R,
Pramanick K. Melatonin mediated activation of
MAP kinase pathway may reduce DNA damage
stress in plants: A review. BioFactors. 2022. https://
doi.org/10.1002/biof.1882

MAITY ET AL. 7

View publication stats

https://doi.org/10.1002/biof.1882
https://doi.org/10.1002/biof.1882
https://www.researchgate.net/publication/362563013


Environmental Pollution 316 (2023) 120611

Available online 8 November 2022
0269-7491/© 2022 Elsevier Ltd. All rights reserved.

High doses of nano-polystyrene aggravate the oxidative stress, DNA 
damage, and the cell death in onions 
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A B S T R A C T   

Plastic pollution has been reported to negatively impact global biodiversity and ecosystem health. However, the 
molecular mechanisms of nano-plastics in plants are unidentified, especially their negative impacts on genomic 
stability. This study for the first time showed that nano-polystyrene leads to cell death in plants by subjugating 
the cellular antioxidant defence mechanisms through the aggravated production of ROS, which in turn could 
induce the DNA damage impairing the genetic regulation of the corresponding DNA repair pathway. To validate 
the proposed hypothesis, the DNA damage potential of nano-polystyrene and the expression levels of key genetic 
regulators of the DNA damage repair pathway (such as - CYCA/B, CDKA, SOG1, MYB transcription factors, and 
RAD51) have been assessed in onion roots after 72 h exposure with three ecologically relevant concentrations 
(25, 50, and 100 μg ml− 1) of 100 nm nano-polystyrene. In addition, imbalance in redox homeostasis (oxidative 
stress), cell viability, and nuclear aberrations such as – the frequency of micronucleus and bi-nucleate cells that 
are directly linked to the DNA damages have been checked to point out the cause and effect of nano-polystyrene- 
induced DNA damage. Results showed a significant increase in oxidative stress in each treatment concentrations 
of nano-polystyrene. However, ROS generated at 100 μg ml− 1 nano-polystyrene dose subdues the antioxidant 
defence system and induces cell death. These observations may be ascribed to the accumulation damaged DNA 
and the down-regulation of repair pathway-associated genes, as observed in this treatment group. Conversely, 
the observed DNA damage and the reduced expressions of genes would be a mere consequence of reduced 
cellular viability.   

1. Introduction 

Plastics are ubiquitously distributed in the environment due to their 
increasing global production with 367 Mt tons in the year - 2020, 
excluding recycled plastics (https://plasticseurope. 
org/wp-content/uploads/2021/12/Plastics-the-Facts-2021-web final. 
pdf). Among different plastic polymers, polystyrene (PS) is widely 
used in packaging, construction/building, fishing industries, electrical & 
electronic equipment, inner liner for fridges, eyeglasses frames, etc. 
(Boyle and Örmeci, 2020; https://plasticseurope.org/wp-content/uplo 
ads/2021/12/Plastics-the-Facts-2021-web-final.pdf). Besides, PS is 
used in manufacturing coffee cups, and plates with a high rate of envi
ronmental disposal at the end of their uses. Polystyrene may represent 
one of the dominant plastic polymers in the environment and is syn
thesised from styrene monomers – an “anticipated human carcinogen” 

and the un-polymerized residual styrene molecules can leach out of PS 
(Boyle and Örmeci, 2020). 

In the terrestrial system, the abundance of microplastics (MPs) is 
4–23 times higher than in the aquatic system (Horton et al., 2017). The 
annual emission of microplastics to European soils and North American 
soils through sludge application and other agricultural practices has 
been estimated to be 63 to 430 and 44 to 300 million tons, respectively 
(Nizzetto et al., 2016). Vollertsen and Hansen, 2017 quantified the mass 
concentration of microplastics in farmland soils with a maximum value 
of 224.3 mg kg− 1 of soil. The concentration micro-plastics in highly 
contaminated soils may range from 0.03% to 6.7% (w/w) in industrial 
areas (Pflugmacher et al., 2021). Therefore, micro/nano-plastics – an 
emerging global threat, may severely impact the plants health. The 
negative impacts of nano-plastics on biota are more severe than 
microplastics due to their small size (Boyle and Örmeci, 2020). 
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Abstract 

In India, chocolate is very famous mood freshening sweet food product specially for children. But high 

consumption of chocolate may be harmful for human health, because most of the chocolates contain high fat. This 

research has been done to increase the health benefits of chocolate by using cocoa and Galacto Oligosaccharides 

(GOS). Many researchers have shown their research that GOS is very beneficial for human health such as it helps 

to lower down the cholesterol levels in the blood, to prevent colon cancer, and helps to improve mineral absorption 

in human body. Basically, GOS is a type of prebiotic e.g., food for probiotic bacteria. Prebiotics are non-digestible 

ingredients that benefit the host by boosting the growth and activity of one or a few bacterial species that are 

already present in the colon. It was also studied by many researchers that cocoa powder contains a lot of caffeine, 

flavanols, which are polyphenolic compounds. Flavanols, particularly epicatechin monomer and oligomer cocoa 

flavanols have been linked to a number of health advantages, including boosting nitric oxide synthase, enhancing 

blood flow and arterial flexibility, lowering blood pressure and platelet aggregation, and reducing inflammation. 

The main objectives of this research are to develop the formulation of prebiotic chocolate and to evaluate the 

physicochemical parameters of the newly prepared chocolate. After physico-chemical analysis of carbohydrate, 

fat, crude fibre and pH, it was found that both the newly prepared prebiotic enriched chocolates (T1 and T2) were 

significantly different (p≤0.01) from control (T0) and after analysis of protein content, it was also found that both 

the newly prepared prebiotic enriched chocolates (T1 and T2) were insignificantly different (p≤0.01) from control 

(T0).  

Keywords: Cocoa, flavanols, Galacto Oligosaccharides, prebiotics, probiotic bacteria, polyphenolic 

compounds.  

1. INTRODUCTION:  

1.1. Background and History of the 

chocolates 

The Mayans were most likely the first 

people in South America to cultivate the 

cocoa plant, according to the history of 

chocolate. Chocolate, according to the 

Mayans, was a cocoa drink made with hot 

water and often flavored with cinnamon 

and pepper. "Drink of the Gods" was the 

name of the drink. Chocolate, derived from 

the seeds of the cocoa tree, was once 

thought to be the 'Food of Gods' (Verna, 

2013). The scientific name Theobroma 

cacao for the cocoa tree was derived from 

the Greek terms "theo" which means God 

and "broma" which means food, as a result 

of this link. T.L. (Dillinger et al., 2000). 

The term cocoa refers to the least processed 

and most natural form of the bean. The solid 

chocolate industry originated in the 19th 
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Field and petrographic studies on the Neoproterozoic 
Kadavur intrusive complex (10°35′N, 78°11′E) (located 
in the Southern Granulite Terrane of the Indian shield) 
reveal three distinct types: (i) earliest phase of deformed 
schistose gabbro-anorthosite; (ii) most dominant laye-
red gabbro-anorthosite, and (iii) locally developed 
pegmatoidal gabbro-anorthosite. A simple modal data-
based statistical analysis of layered gabbro-anorthosite 
type yields highly significant or significant correlation 
coefficients for different mineralogical parameters and 
strongly supports differentiation from a common magma. 
Typical dispositions of the mineralogical parameters 
(as depicted by isopleths patterns) suggest maintenance 
of a magmatic lineage in varying hydration ambience 
that developed several petrographic variants within 
the layered type.  
 
Keywords: Gabbro-anorthosite, isopleths map, miner-
alogical parameters, modal data, statistical analysis. 
 
MODAL analysis studies on gabbro-anorthosites have been 
useful to classify and characterize such rocks. For exam-
ple, Ashwal1 worked out the genesis of the Mount Marcy 
anorthosite massif (Adirondacks, New York, USA) with a 
particular focus on anorthositic rocks associated with the 
high-grade terrain2,3. Even for the Apollo-11 samples, 
modal analyses helped ascertain the heterogeneity in the 
lunar highland series4. However, in recent times, such 
modal analysis-based approaches for gabbro-anorthosites 
are lacking. In reality, modal data of igneous rocks repre-
sent the actual mineralogical composition and help in ac-
curate nomenclature. Nowadays, however, the emphasis 
has shifted to other domains, presumably because of the 
availability of major, trace and isotopic data5,6. Even in 
this scenario, in the recent past, modal data-based studies 
have helped resolve the long-standing controversy related 
to the accretion of gabbroic lower crust at the ridge axis7. 
In this context of the intrusive gabbro-anorthosite complex 
near Kadavur (10°35′N, 78°11′E), southern India (Figure 
1), the present study performs statistical analyses of seve-
ral mineralogical parameters to present a cogent petroge-
netic history. The Kadavur complex was initially reported 

from the Southern Granulite Terrane (SGT) of the Indian 
shield (Figure 1 a)8,9. However, during 1980s, the region 
(hosting the Kadavur complex) was known as the Eastern 
Ghats Belt10. Early studies on the Kadavur complex suggest 
that: (i) the intrusion represents a funnel-shaped concor-
dant body and (ii) the complex bears geological similarities 
with the Adirondack mountains11. However, later studies 
have argued against the similarities between the Kadavur 
complex and intrusive rocks in the Adirondack region12; 
on the contrary, it was compared with early Archean, laye-
red gabbro-anorthosite complex. It has been suggested 
that the Kadavur complex manifests multiple phases of 
magmatism with corresponding mappable attributes13,14. 
Recent workers suggest a tholeiitic parentage and an in-
ferred age of ~810 Ma for the anorthositic intrusions15,16. 
However, it is unclear whether the complex is a product of 
differentiation from common parent magma or corresponds 
to discrete and separate magmatic pulses. Hence, this study 
attempts to resolve this issue with the help of statistical 
analyses of modal data and relevant correlation characteri-
stics amongst mineralogical parameters.  
 The present work involves field studies, petrographic 
analyses and detailed statistical studies on modal variables 
that help throw light on the petrogenesis of the Kadavur  
 
 

 
 
Figure 1. a, Location of the study area (Kadavur complex) within the 
regional tectonic frame of the Southern Granulite Terrane9. The complex 
falls within the branch-out portions of the Palaghat–Cauvery shear zone8. 
b, Geological map of the Kadavur complex (by the present authors). 
Shaded portion represents the area where isopleths maps for different 
mineralogical parameters were constructed.  
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A recent petrological study on the lesser-known Sholayar alkaline syenite complex (10�17059.900N:
076�47026.300E) accommodated in the high-grade rocks of the Southern Granulite Terrane reveals the
presence of three distinct petrographic types namely leuco syenite, melanofelsic syenite and mela
syenite. The syenites, in general, have the following constituent minerals, namely alkali feldspar
(Or76.8Ab23.2–Or93.4Ab6.6), plagioclase (An4.1–An17.3), calcic amphibole (edenitic hornblende/ferroparg-
asitic hornblende), quad pyroxene (diopside–hedenbergite), biotite and opaque minerals (magnetite and
ilmenite). Mode-based statistical studies indicate that a highly significant correlation exists among cer-
tain mineralogical parameters including quartz%, total feldspar%, colour index, alteration index and
hydration index. Isopleth plots of these parameters strongly suggest maintenance of a magmatic regime
throughout, with increasing water content towards the end stage of crystallization. Several geothermo-
barometric methods point to shallow to moderate level emplacement (*9–23 km) of the alkaline/sub-
alkaline syenite magma which was facilitated by a ‘hydration event’. The steep change in water gradients
(in localized pockets) of the syenite intrusives has been corroborated by textural evidences.

Keywords. Mineral chemistry; geothermobarometry; equilibration depth; mode-based statistics;
Sholayar Complex; mineralogical parameters.

1. Introduction

The mineral chemistry of syenites and associated
rocks has received attention (though limited in
number) by petrologists for long. For the Klokken
syenite(-gabbro) complex, south Greenland based
on mineral-chemical evaluation, it has been docu-
mented (Parsons 1981) that the less fractionated

members of syenite probably crystallized with
PH2O less than Ptotal at temperature greater than
870�C where as more fractionated syenite had
PH2O similar to Ptotal with a different range of
crystallization-temperature. For this complex, the
fO2 condition of ambient melt could also be suc-
cessfully evaluated by Parsons (1981). Mineral
chemistry-based similar approach for the Mboutou

Supplementary material pertaining to this article is available on the Journal of Earth System Science website (http://www.ias.
ac.in/Journals/Journal˙of˙Earth˙System˙Science).
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Abstract: Long-whiskered catfish, Mystus gulio is one of the important estuarine as well as 

freshwater fish. It was distributed large geographical area.  Due to its delicious taste, it is 

very popular in eastern India and Bangladesh. Genetic variation was estimated among 29 

sequences of three populations of Mystus gulio i.e., Tamilnadu (n = 15), Bangladesh 

(n = 13), and West Bengal (n = 2) using COI gene sequencing.In population 1, the total 

alignment length was 696 base pairs (including sites with gaps /missing data) containing 577 

monomorphic and 45 polymorphic sites with eight haplotypes. In population 2, COI sequence 

total alignment length was 846 base pairs (including sites with gaps /missing data) 

containing 487 monomorphic and 21 polymorphic sites with nine haplotypes.Haplotype 

diversity (Hd) and nucleotide diversity (π) of population 1 were 0.8901±0.063 and 

0.02043±0.0062 respectively. Haplotype diversity (Hd) and nucleotide diversity (π) of 

population 2 were 0.8718±0.052 and 0.01023±0.0025 respectively. Genetic distances among 

the three populations were varying from 0.00 to 7.3%. The results of haplotype networks can 

help in conservation decisions and management of the fishery of this species. 

Keywords: Mystus gulio, COI, population structure, genetic diversity 

1. Introduction: 

Mystus gulio is also known as the long-whiskered catfish. It was reported that this fish dwells 

predominantly in brackish water but can also be found in freshwater (Talwar and Jhingran, 

1991). It was documented that they were also found in beels, haors, canals, oxbow lakes, 

rivers and estuaries of Bangladesh (Shafi and Quddus, 2001).  It has been reported that this 

fish is distributed in India, Sri Lanka, Indonesia, Bangladesh, Java, Pakistan, Nepal, 

Myanmar and Malaysia (Day, 1878; Talwar and Jhingran, 1991; Roberts, 1993; Jhingran, 

1997; Kottelat, 2001; Senarathne and Pathiratne, 2007; Weber and de Beaufort, 1913). Due to 

its delicious taste, it is very popular in eastern India and Bangladesh (Tripathi, 1996; Sarker 

et al., 2002). This fish is also reported as an ornamental fish (Ng, 2010; Gupta and Banerjee, 

2014).  

Analysis of genetic variability has been helpful for the proper conservation and management 

of any natural population (Mukhopadhyay and Bhattarcharjee, 2014). Measurement of 
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Abstract: Deiodination of styrene based vicinal iodohydrins with the hypobromous acid 

derived from acid activated bromate/bromide couple and simultaneous 1,2 migration of a 

phenyl group or hydrogen atom has been reported. The semipinacol rearrangements 

observed with styrene based vicinal iodohydrins are however dependent on the substrates 

examined. DFT study has been performed to investigate the semipinacol rearrangement 

processes of styrene based vicinal iodohydrins. The preference for the phenyl migration in 2-

iodo-1-phenylethanol (1a) and in other substrates 2a was predicted with B3LYP/6-31G* level 

of theory in both ground state and transition state calculations. The dramatic difference in 

the preference of migration of hydrogen atom of 3a was predicted with DFT calculations in 

agreement with the observed results. It is to note that the (RS) configuration of 3a showed the 

hydrogen migration is preferred over the phenyl migration. The preference of hydrogen 

migration over phenyl migration in this case is due to the intramolecular hydrogen bonding 

interaction between the hydroxyl group and the carbonyl oxygen of the ester moiety. 

However, the (RR) configuration of 3a showed the phenyl migration as observed with 

substrates 1a-2a. The DFT calculations shed the light on the importance of the configuration 

of substrates to achieve the desired products in such cases.  

Keywords: semipinacol rearrangement; iodohydrin; DFT calculations; migratory aptitude 

1. Introduction: 

The pinacol-pinacolone rearrangement is an important acid catalyzed process in 

organic synthesis.[1] It is used for the preparation of aldehydes or ketones from the 

rearrangement of vicinal-diols. This rearrangement process involves the formation of 

carbocations.[1] The structure, stability of such carbocations is important for the formation of 

rearranged products.[2] The formation of carbocation in the rearrangement process can 

compete with the migratory aptitudes of the groups. In general, it is found that the migratory 

aptitude is in the order Ph > Me3C > MeCH2 > Me > H. However, in the rearrangement of the 

compound 2-methyl-1,1-diphenylpropanediol [Ph2C(OH)C(OH)Me2], the less prior migratory 

aptitude methyl group migrates compared to the phenyl group, because the reaction is 

governed by the  formation of more  stable initial carbocation.[3] The disadvantages of this 

rearrangement process are the excess of Lewis acids required for the completion of the 

reaction,[4] poor regio- and dia-stereoselectivity and unpredictable side reactions.[5] To 
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configuration of 3a showed that the hydrogen migration is preferred over the phenyl 

migration in both the ground state and transition state calculations.  
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Abstract: Internet of Things (IoT) has become the key component of designing smart systems. 

In conventional IoT systems, the use of remote cloud servers for data storage and processing 

increases the service latency. As a solution, this paper focuses on the use of edge computing 

in IoT. The edge computing-based IoT architecture is illustrated in this paper. The edge 

device is used for pre-processing the collected sensor data. The pre-processed data is sent to 

the cloud for further analysis and storage. For data analysis, we use logistic regression in 

this paper. The simulation results present that the edge computing-based IoT system reduces 

the latency by approximately 55% than the cloud-only IoT system. As a case study, we have 

considered crop productivity prediction based on the soil, weather, and crop related dataset. 

The experimental results demonstrate that the logistic regression achieves the average 

accuracy of approximately 90%. Using edge computing, the response time is also reduced by 

approximately 67% than the cloud-only IoT system.  

Keywords: Edge computing, low latency, logistic regression, data analysis, Internet of 

Things. 

 

1. Introduction: 

In the world of contemporary wireless telecommunications, Internet of Things (IoT) is 

gaining ground quickly. IoT combines a number of technologies, including embedded 

systems, pervasive computing, actuators, ambient intelligence, sensors, communication 

technologies, etc. [1, 2]. It is an integration of various devices which communicate, sense, 

and interact with their internal and external states via the embedded system. It has emerged as 

a trend for next-generation technologies and the entire business spectrum with extended 

benefits such as increased connection of end devices, systems, and services. IoT provides 

appropriate solutions for a wide range of real-time applications, including smart health care, 

smart cities, smart retail, smart transport, and smart agriculture [3]. Along with the facilities 

of IoT, cloud computing is introduced in the field of modern research. In cloud computing, 

dynamically scalable and frequently virtualized resources are supplied through the Internet as 

a service. The enormous storage, processing, and service capabilities of cloud computing, 

combined with the information collection capability in IoT, create a network between people 
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Abstract: The Precambrian (~810Ma) gabbro-anorthosite Kadavur complex 

(10˚35ˊN:78˚11ˊE), Karur district, Tamil Nadu occurs as intrusive within the country rocks 

comprising quartzite, granitic gneiss and migmatites belonging to the Southern Granulite 

Terrain (SGT). The detailed field investigations reveal that Kadavur complex consists of 

three well defined types:  i) earlier deformation-controlled schistose (remnant) gabbro-

anorthosite, ii) well defined layered gabbro-anorthosite and iii) lensoid pegmatoidal gabbro-

anorthosite. Petrography of the layered gabbro-anorthosite type (as per IUGS classification) 

indicates several petrographic variants namely gabbro-norite, noritic-gabbro, gabbro, 

anorthositic norite, anorthosite, norite and anorthoitic gabbro, leucogabbro and rarely 

melagabbro and pyroxene hornblende gabbro norite. 

Keywords: SGT, Gabbro-anorthosite, Kadavur complex, Intrusive rock 

 

1. Introduction: 

The terrestrial anorthosite bodies do not have voluminous and widespread distribution over 

the world. Their restricted occurrences include Lac-Saint Jean complex, Quebec (Buddinton 

1939), Fiskenaesset, Greenland and Grenville of eastern Canadian Shield (Ashwal,   2000, 

2010; Ashwal and Myers, 1994), layered Bushveld Complex or Stillwater Complex 

(Cawthorn, 1996) and Superior Province of Canada (Polat et al. 2018). Terrestrial anorthosite 

occurrences may be divided into the following five types [Ashwal (1993)] which are: a) 

Archean anorthosite plutons b) Proterozoic “massif-type” anorthosite plutons c) centimeter to 

100m thick layers in layered mafic intrusions d) thin cumulate layers in ophiolites / oceanic 

crust and e) anorthosite xenoliths occuring in other rock types. So far as the Indian context is 

concerned, Southern Granulite Terrain (SGT) and Eastern Ghats Granulite Belts (EGB) are 

classical terrains of anorthosite occurrences of Precambrian time (Naqvi and Rogers, 1987; 

Radhakrishna, 1990, 1993). The common country rocks in the SGT accommodating the 

anorthosite represent high grade rocks (Ramakrishnan et al. 1978; Santosh et al.1992). In a 

recent review paper of the Southern Granulite Terrane, Santosh (2020) emphasized the 

important role of gabbro-anorthosite bodies in the sense that these bodies probably represent 
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Abstract: Climate change is one of the biggest threats to the world today. The climate 

change has not only caused danger to ecosystem or bio-diversity but has great impact on 

social, economic and political life of the people. The climate change has affected the 

economy, livelihood, health, migration pattern, socio- cultural life of the people and the 

community. Here arises the question of injustice. The poor, marginalised, vulnerable and the 

weaker section of the people are the most sufferer of climate change impact through they are 

least responsible or not responsible for the climate change. Not only the weaker section of the 

population, the under developed and poor states and even developing states of the south are 

the main victims of the climate change and they demanded climate justice. The paper is deal 

with the social impact of climate change and its relation with climate justice.  

Introduction:  

Climate change is one of the most significant threats facing the world today and it is 

the cause behind the biggest socio political and economic injustice of the contemporary 

world. From the late 60s of the last century, the human environment is one of the emerging 

issues in global politics. The problem of environmental pollution and global temperature rise 

have led to changes in the nature of global climate which lead to melting mountain glaciers, 

global sea levels rise, coastal erosion, increase in the intensity and frequency of extreme 

weather events. Such climate events result in impacts on socio- economic structure, human 

health, and political system and also affect vital systems, such as growing food and energy 

supplies. They may occur immediately following the event or have longer-term implications. 

Significantly, these calamities affect all the people irrespective of north south but those 

people who live in developing southern countries are the worst affected as they do not have 

the capacities to grapple or cope with the changes. The most vulnerable are often 

disproportionately impacted by the costs of addressing climate change. Thus, in the 

discussion on climate impact the question of justice is becoming the central notion. Injustice 

is in part due to the differential socio- political impacts of climate change and uneven patterns 

of social vulnerability. The impact of climate injustice is becoming hardest for vulnerable 
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ABSTRACT: A special food category known as "Super foods" has emerged as a result of the advancement 

of food within nutrition. Superfoods are particular food items that are able to express numerous 

advantageous effects like mitigate multiple complications, this type of foods convey strong immunity, have 

chief compounds such as polysaccharides, polyphenols, essential fatty acids. Apart from that, it carries 

macro & microminerals in enough quantity. In modern community, super foods are substantial regard 

which is caused of enhanced health awareness of people. It is a functional food that protects against liver 

illness by helping the liver to detoxify. This critical review's goal is to analyse the effects of superfoods on 

liver detoxification from a scientific perspective. 

Keywords: Superfoods, Brazil nuts, Hemp seeds, Garden cress seeds, Maca, Amla, Oats, Black rice, orange-

coloured fruits & vegetables, tomato & pink grape fruits. 

 

INTRODUCTION 

For millions of years ago, with advanced study, foods 

&its constituent have positive influence on human 

health. People discrimination regarding foods has 

altered substantially. Aside from gratifying 

considerable requirement by adequate nutrition, 

consumer think that, foods have incredible power to 

maintain good health status by inhibiting ailments & 

increasing mental & physical health. This idea has 

remarkable point authorised by Hippocrates- ‘Let food 

be thy medicine and medicine be thy food’. Foods that 

upgrade health status &decreases completely 

manifestation & also applicable for improving 

symptoms of disorders which is defined as ‘Functional 

foods’. The expenditure of this term was proposed for 

first time before 30 years in Japan. Now it has been 

conceded all over the world. In modern community, 

super foods are the habitual term applied for functional 

foods. super foods are composed of antioxidant, 

polysaccharides, essential fatty acids. Moreover, super 

foods are considered as nutritious particularly as well as 

it is very much friendly to keep good wellbeing 

(Meyerding et al., 2018). 

Super foods are considered as nutrient dense foods that 

promote good effects for establishing better health 

being, it also contains antioxidant which is functioned 

actively along with promote good bioavailability as it 

contains bioactive products. Moreover, superfoods 

establish good immunity. Noteworthy, Superfoods can 

be described as it constitutes all kind of natural sources 

of vitamin, minerals & other nutrients that helps for 

living healthy life with enormous health benefits 

(Jagdale et al., 2021). The phrase ‘Super foods’ was 

utilised for functional foods. it is contemplated to be an 

umbrella term for understanding the nature of foods. 

Furthermore, it’s nutritional constituents provide 

advantageous effects for improving health condition 

(Lunn, 2006).  

Additionally, superfoods are traditional food stuffs 

which escalates good functional properties through 

many processing applications than gene alteration 

(Hefferon, 2012). Super foods or functional foods 

promote healthy effects in body & stable macro or 

micro nutrients composition these are referred as 

functional foods which is processed negligibly & 

available in nature, also highlight that, distinct property 
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Abstract 
Increased levels of uric acid in the blood cause gout, a chronic and progressive disease. This causes 

urate crystals to develop in our joints, which causes inflammation and encourages gout attacks. Gout, a 

form of arthritis, results in painful, joint stiffness and decrement of joint space. Strengthening of 

muscles along with the biomechanical correction as much as possible, also maintenance and improving 

the joint range of motion reducing joint pain, increasing the mobility which are the benefits of 

physiotherapy. The act of walking may be painful or challenging in some cases of acute or, chronic 

joint discomfort. There are four stages that gout can go through. Asymptomatic hyperuricemia is the 

first stage, followed by acute gout, inter-critical gout, and chronic tophaceous gout as the fourth stage. 

Complex carbohydrate, low protein, low fat (mainly from MUFA and PUFA), high fibre, suitable 

vitamins, minerals, and adequate hydration intake are recommended for patients who are having gout-

related symptoms. On the other hand, physiotherapy is essential in the treatment of gout in addition to 

diet. In this review article, the effectiveness of diet and physiotherapy in reducing gout-related 

symptoms is reviewed. 

 

Keywords: Arthritis, cryotherapy, diet, PUFA, MUFA, hydrotherapy 

 

Introduction 

An inflammatory arthritis known as gout develops when monosodium urate crystals 

accumulate in synovial joints (Beyl et al., 2016) [5]. It is a typical inflammatory arthritis 

whose prevalence has grown in recent years. Gout typically develops as a result of the 

interplay of risk factors from the environment, constitution, and genes. Men and older 

persons are more likely to experience it. The extent to which uric acid levels are raised over 

the saturation point as a result of urate crystal formation, which is mostly brought on by 

ineffective renal urate excretion, is a key determinant (Doherty, 2009) [9]. 

As stated in the definition of gout, it is "a disease characterized by recurrent episodes of 

violent arthritis associated with the presence of monosodium urate monohydrate crystals in 

the synovial fluid, and in many cases, the eventual appearance of gross uratic deposits (tophi) 

in and around the joints, in the kidneys, and in certain subcutaneous sites" (Kwan et al., 

2013) [16]. 

Gout is a type of chronic and progressive disease occurred due to increased level of uric acid 

in the blood. This results formation of urate crystals in our joint, leading to inflammation and 

promotes gout attack. Gout may progress through four stages. First stage is asymptomatic 

hyperuricemia, second stage acute gout, third stage inter-critical gout, and fourth stage is 

chronic tophaceous gout (Nuki and Simkin, 2006) [17]. 

Bardin and Richette (2014) [2] reported that there are several factors that contribute gout 

attack. These are high protein rich diet, fructose rich drinking beverages, over weight/ 

obesity, diabetes, heart disease, hypertension, alcohol consumption, family history, certain 

drugs and medications, surgery, trauma, dehydration. The sign and symptoms of gout 

include intense joint pain, tenderness, swelling, redness, stiffness, burning sensation. 

Generally, gout attacks our big toe, but gradually the inflammation spreads heels, knees, 

ankles, fingers and elbows  

The first gouty arthritis attack typically affects just one joint. The metatarsophalangeal 

(MTP) joint at the base of the big toe is where gout most frequently manifests itself. 90% of 

gout sufferers will eventually have discomfort in the MTP joint. Knee joints, ankle joints, 

heels, and mid-foot joints are additional joints that are frequently impacted. Gout can also 

occur in the elbows, wrists, and fingers less frequently (Roddy, 2011) [22]. 
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Abstract 

Indian blackberry, also known as Java plum, black plum, jambolan, or jamun, is a tropical evergreen tree in the 

Myrtaceae genus of flowering plants. It is mostly used for conventional treatment of diarrhoea, ulcers, 

inflammation, and diabetes mellitus. It is a good source of anthocyanin, which is useful against analgesic 

characteristics, and it has medicinal benefits. Additionally, it possesses antineoplastic, radioprotective, and 

chemopreventive qualities. The information about the therapeutic benefits of Indian blackberries for human 

health is briefly described in the current article. 

 

Keywords: Indian blackberry, medicinal value, human health, chemo preventive qualities, ulcers, 

inflammation 

Introduction 

Syzygium cumini, a member of the Myrtaceae family, is also known as Eugenia cumini and Syzygium jamunum. 

Other names for Indian blackberry include Jambul, Black Plum, Java Plum, Jamblang, and Jamun (Tewari et al., 

2021) [16, 17]. The tree only bears fruit once a year, and the taste of the berries is sweetish-sour. The ripe fruits are 

used to produce wine, squash, jellies, and health beverages. All components of the tree, but most significantly 

the seeds, are used to manage diabetes mellitus in connection with its nutritional usage. Jamun has antioxidant, 

anti-inflammatory, anti-HIV, an-tileishmanial and antifugal, nitric oxide scavenging, free radical scavenging, 

anorexigenic, gastroprotective, anti-ulcerogenic, and redio-protective effects (Baliga et al., 2011) [3]. 

 

Nutritional composition of Indian blackberries 

 

Table 1: Nutritional composition of Indian Blackberry 
 

Java Plum, raw - Nutritional value per 100 g 

Energy 60 kcal 

Carbohydrates 15.56 g 

Fat 0.23 g 

Protein 0.72 g 

Water 83.13 g 

Vitamin A 3 IU 

Thiamine (vit. B1) 0.006 mg (1%) 

Riboflavin (vit. B2) 0.012 mg (1%) 

Niacin (vit. B3) 0.260 mg (2%) 

Pantothenic acid (B5) 0.160 mg (3%) 

Vitamin B6 0.038 mg (3%) 

Vitamin C 14.3 mg (17%) 

Calcium 19 mg (2%) 

Iron 0.19 mg (1%) 

Magnesium 15 mg (4%) 

Phosphorus 17 mg (2%) 

Potassium 79 mg (2%) 

Sodium 14 mg (1%) 

Source: USDA Nutrient Database 
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Abstract 
Refugees exist throughout human history, though it is after the British imperial collapse 

that the term ‘refugee’ finds currency in South Asia. This paper shows how refugee 

solidarity finds different expressions in the face of resistance and securitization in two of 

Amitav Ghosh’s novels ˗ from the state-sponsored genocide of refugees in the regime of 

a left-wing government in The Hungry Tide, to the right-wing resistance denying the 

entry of immigrants stranded on the Italian coastline of the Mediterranean in Gun Island. 

This paper also unfolds how politicization of issues like sheltering and socializing the 

refugees affects the idea of solidarity: the indifference of civic society to state-sponsored 

atrocities against the refugees in The Hungry Tide stands in contrast with the support 

extended to illegal immigrants by the human rights activists despite the opposition of 

“right-wing, anti-immigrant groups” in Gun Island. Finally, the paper reflects how, in 

this age of economic globalization, digital media appears more powerful than any 

doctrinaire ideology of the ‘dispossessed’ in managing refugees’ solidarity.  

Keywords: Refugees, immigrants, sociality, resistance, refugee solidarity  

 

Introduction  
“The refugee question is, of course, the most visible form of the current 

planetary crisis. Ten years ago if somebody had suggested that the movement of 

a relatively small number of people would fundamentally destabilize the political 

systems of Europe and North America nobody would have believed them–but 

that is exactly what has happened. But I think it is vital to point out that the 

current migrations cannot be reduced simply to “climate change”; they are the 

product of many interesting factors.” ˗ Amitav Ghosh2 

 

                                                           
1Copyright 2023 © The Author(s). This work is licensed under a Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0) License. 

 
2 In reply to a question put by Asis De (one of the authors of this article) in an interview, Amitav 

Ghosh’s statement quoted above appears quite significant. For details, please see: Amitav Ghosh’s 

Culture Chromosome, eds. Asis De and Alessandro Vescovi (Leiden and Boston: Brill, 2022), 

336.   

The Outlook: Journal of English Studies 
[A Peer-Reviewed, Open Access Journal; Indexed in NepJOL] 

ISSN: 2565-4748 (Print); ISSN: 2773-8124 (Online); JPPS Star-Ranked Journal 

Published by Department of English, Prithvi Narayan Campus 

Tribhuvan University, Pokhara, Nepal 

http://ejournals.pncampus.edu.np/ejournals/outlook/  

https://orcid.org/0000-0002-8018-4940
https://orcid.org/0000-0003-2282-7220
mailto:ademrc@gmail.com
https://doi.org/10.3126/ojes.v14i1.56659
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://ejournals.pncampus.edu.np/ejournals/outlook/


From Bastuhara to Immigrati: Resistance and Refugee Solidarity in Amitav Gosh 

The Outlook: Journal of English Studies, Vol. 14, July 2023 [pp. 71-82]  82 

 

---. Gun Island: A Novel. Hamish Hamilton, Penguin, 2019. 

---. “A Few Words from Amitav Ghosh on Gun Island.” Interview by Asis De 

             and Alessandro Vescovi, Amitav Ghosh’s Culture Chromosome, edited by Asis 

De and Alessandro Vescovi Brill, 2022, p. 336. 

Hoydis, Julia. “Tackling the Morality of History”: Ethics and Storytelling in the Works  

 of Amitav Ghosh. Winter Universitätsverlag, 2011. 

Mehta, Rini Bhattacharya and Debali Mookerjea-Leonard. “Introduction.” The Indian  

 Partition in Literature and Films: History, Politics, and Aesthetics, edited by Rini 

 Bhattacharya Mehta and Debali Mookerjea-Leonard. Routledge, 2015. 

Mondal, Anshuman A. Amitav Ghosh. Manchester UP, 2007. 

Murshid, Navine. The Politics of Refugees in South Asia: Identity, Resistance, 

            Manipulation. Routledge, 2014. 

Porta, Donatella della. “Contentious Moves: Mobilising for Refugees’ Rights.” 

Solidarity Mobilizations in the ‘Refugee Crisis’: Contentious Moves, edited by 

Donatella della Porta. Palgrave Macmillan, 2018, pp. 1-38.    

UN General Assembly. “Convention Relating to the Status of Refugees.” United 

Nations, Treaty Series 189, 1951, pp. 153. 

https://www.refworld.org/docid/3be01b964.html   

Zamponi, Lorenzo. “From Border to Border: Refugee Solidarity Activism in Italy  

 across Space, Time, and Practices.” Solidarity Mobilizations in the ‘Refugee  

 Crisis’: Contentious Moves, edited by Donatella della Porta. Palgrave  

 Macmillan, 2018, pp. 99-123. 

https://www.refworld.org/docid/3be01b964.html


 
JMRC/V3/I1/2023/ISSN 2349-9257 

 
 

94 
 

রবীģ-দশƳন 
Ĵভাসকুমার রায়* 

 
বাংলা িবভাগ, মিহষাদল রাজ কেলজ 

মিহষাদল, পিŮমব¿, ৭২১৬২৮, ভারত। 

*Email: prabhas62roy@gmail.com  
 

 
 রবীģনাথ এক িবų-বী¢া। তাঁর জীবেনর সóার সে¿ িমেশ আেছ িবų-মনƅতার ছাপ। তাঁর িচĜন ও 

মনন কখেনাই Ʊকবল বাঙািলেüর সীমার মেধ� সীমাবĆ িছল না; এমনকী তাঁর িচĜার আেলাকেজ�ািত 

ভারতবেষƳর মািট ছািড়েয় সম² িবেųর মানব-কল�ােণ ছিড়েয় পেড়িছল। িতিন িছেলন এক িবų-মানবতাবাদী 

কিব। সারাজীবন িতিন িবেųর মানুষেক ভােলােবেসেছন, তাঁেদর দুঃেখ তাঁর অĜরা÷া Ʊকঁেদ উেঠেছ। তাঁর 

Ʊলখনীেত িবųেলােকর ম¿লবাতƳা ĕিনত হেয়েছ বেলই িতিন হেয় উেঠেছন সকেলর ‘িবųকিব’। িতিন Ʊকবল 

একজন িবেųর ƱŴŽ কিব তা নন, িবųবাসীর আশা-আকা¼া ও Ĵােণর সুরও তাঁর কাব�-গীিতর মধ� িদেয় 

বাের বাের Ʊবেজ উেঠেছ। তাঁর এই িবų-মনƅতা, িবų-মানব ƱĴম, পিরপূণƳ মনুষ�üেবাধ ও ঋিষকŧ িচĜা-

ভাবনার উৎস-মুখ িনিহত রেয়েছ তাঁর জীবন-দশƳেনর মেধ�। তাঁর এই জীবন-দশƳেনর  িভত একিদেন গেড় 

ওেঠিন, তা গেড় উেঠেছ সম² জীবন-চযƳার সাধনায়। রবীģ-জীবন-দশƳন িবųােসর গভীর িশকড় Ʊথেক উিõত। 

তাই সত�-দশƳনই রবীģ- দশƳন। 

 রবীģনােথর Ʊয িবų-মানিবক জীবন-দশƳন, তা তাঁর অধ�া÷-Ʊচতনা Ʊথেক উৎসািরত। আর িতিন এই  

অধ�া÷-ƱĴরণা Ʊপেয়েছন তাঁর িপতা মহিষƳ Ʊদেবģনােথর কাছ Ʊথেক এবং পরবতƳী কােল তা আরও Ʊবিশ 

গভীর ও ব�ািĮলাভ কের উপিনষদ ও Ʋবžব-ভাবাদেশƳর Ĵভােব। ঠাকুরবািড়র পিরেবশ ও কালচার রবীģ-

জীবন-দশƳন গঠেন িবেশষ ভূিমকা িনেয়িছল। Ʊদেবģনাথ জিমদার হেয়ও তাঁর সĜানেদর িবলািসতার মধ� িদেয় 

মানুষ কেরনিন। তাই সাধারণ মানুষেদর মত কŻ-সিহžুতা আয়ó কেরিছেলন রবীģনাথ। ƅুেলর ধরা-বাধা 

িনয়েমর পড়াŭনা না করেলও তার জন� Ʊদেবģনাথ িচিĜত হনিন; Ʊকননা বািড়েত িবিভĨ িবষেয় িনয়িমত গৃহ-

িশ¢েকর কােছ পড়ােশানা করেতন রবীģনাথ। ŭধু তাই নয়, শরীরেক িঠক রাখার জন� Ʊভাের উেঠ ধুেলা-

কাদার মেধ� খািল গােয় কুিƌ িশখেত হত। এভােবই রবীģনােথর Ʊছেলেবলা Ʊকেটেছ ছেĢ-বাধা śিটন ধের। 
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িদেয় তাঁর িবų-মনƅতার মেনাভাব Ʊদ�ািতত হেয়িছল। আবার মানুষেক ভােলাবাসার মধ� িদেয়ই িতিন ঈųরেক 

Ʊপেত Ʊচেয়িছেলন,—‘জীেব ƱĴম কের Ʊযইজন/েসইজন Ʊসিবেছ ঈųর’ – িবেবকানেĢর এই মমƳবাণী 

রবীģনাথ িনেজর জীবেন পালন করেতন। এভােবই রবীģনােথর পিরপূণƳ মনুষ�üেবাধ, িবų-মানবতােবাধ ও 

অধ�া÷-িচĜা ‘বেড়া আিম’র জগৎ Ʊথেকই আেলার দু�িতর মেতা উৎসািরত হেয়েছ। সারাজীবন ‘বেড়া আিম’র 

সাধনা কেরিছেলন বেলই তাঁর জীবনখািনও হেয় উেঠিছল সুĢর ও ছেĢাময়। এŜপ ছেĢাময় জীবন আয়ó 

কেরিছেলন বেলই িতিন একটাই জীবেন পাহাড় Ĵমাণ সািহত�-িনদশƳন রাখেত Ʊপেরেছন। তাঁর সািহত�সাম²ী 

Ʊযমন উৎকৃŻ, Ʊতমিন তাঁর জীবন ও জীবন-দশƳনও মিহমময়। 

 রবীģনাথ িছেলন পুণ� Ʊজ�ািতমƳয়ƗŜপ এক িবųমনƅ আĜজািতƳক ব�ি�ü। তাঁর নųরেদহ আর Ʊনই; 

িকĝ আেছ তাঁর কীিতƳ, আেছ জীবন-দশƳন। তাঁর সািহত� আমােদর অবসাদ-ি Ż মেনর শািĜর উৎস, তাঁর 

জীবন-দশƳন আমােদর ল¢�হীন অĥকার জীবেনর আেলার িদশারী। দুঃখ-জজƳর হতাশা²ƌ বাঙািলেক যথাথƳ 

মনুষ�üেবােধ উóীণƳ হেত ƱĴরণা জাগােত পাের রবীģ–দশƳন। Ʊকননা রবীģনাথ আমােদর Ʊদিখেয়েছন—

‘কীভােব আমরা বাঁচেবা।’ িতিন িশিখেয়েছন কীভােব জীবনেক ছেĢাময় কের তুলেত হয়। িতিন আমােদর 

িশিখেয়েছন, কীভােব মৃতু�-Ʊশাকেক ভুেল থাকেত হয়, কীভােব িনরাস� ও িনেলƳাভ হেত হয়, কীভােব সºীণƳ 

ƗােথƳর ঊেĕƳ উেঠ মানুষেক ভােলাবাসেত হয়, কীভােব ঈųেরর সাধনা করেত হয় এবং সেবƳাপির িতিন 

িশিখেয়েছন কীভােব শািĜেত ভােলা থাকা যায়। তাই রবীģ-জীবন-দশƳনই হেয় উঠুক আমােদর সকেলর 

পােথয়। 

তথ�সূø:   

১ । ১ নং ƱŸাক। ২০১২। ঈেশাপিনষদ। তুলসী Ĵকাশনী। পৃŽা ২১।   

২ । রবীģনাথ ঠাকুর। ১৩৯৫ ব¿াŀ। ‘মুি�’ কিবতা। Ʋনেবদ�। িবųভারতী। পৃŽা ৩৮ ।  

৩ । রবীģনাথ ঠাকুর। ১৩৯৫ ব¿াŀ। ‘Ĵাণ’ কিবতা। কিড় ও Ʊকামল। িবųভারতী। পৃŽা ৩৬।  
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Rejuvenating the Voiceless Women Entities: Re-writing 

Mahasweta Devi’s Draupadi and Toni Morrison’s Beloved 

Shyamal Mondal* 
 

Department of English, Mahishadal Raj College 

 

*Email: mondalshyamal336@gmail.com 

 

Abstract: The issues of culture, identity and representation are significant to reflect 

analytically on tribal and black women’s identity , culture, and their condition of being 

voiceless  in Indian and American English texts with the reference to Stuart Hall’s canonical 

essay ‘Cultural Identity and Diaspora’ which states identity and identification can be seen as 

a process never completed, thus always changing. In the definition of cultural identity, he 

popularizes a term called an essentialist identity which emphasizes the similarities among a 

group of people. Interestingly the said definition can and does inspire feminist, anti-colonial 

and anti –racist art and activism. Some prominent Indian and American fiction writers like 

Mahasweta Devi and Toni Morrison highlight the activism on behalf of indigenous tribal and 

black women and lead us to think about the voice for the voiceless tribal and black women’s 

identity, existence and resistance. 

Keywords: Cultural Identity, Representation, Activism and Resistance. 

                                                

“I see a voice” (Shakespeare, 1998/5.1). In ‘A Midsummer Night’s Dream’ Bottom 

playing the role of Pyramus rightly pronounces this meaningful and significant maxim. 

Actually it might express the experience of the reader who can see voices on the page. The 

French writer Pascal Quignard argues that in a literary text the writer tries to present silence 

and then perceive some lost voice in the socio-economic structure of the society and reflect 

the lost voice efficiently in their narratives to be a eloquent voice for the community. As 

Homi K. Bhabha justifiably says in his The Locations of Culture, ‘there is a conspiracy of 

silence around the colonial truth. (Bhabha, 2004). My objective in this article is to illustrate  

how Draupadi Mehjen in Mahasweta’s Draupadi and Sethe in Toni Morrison’s Beloved 

break this shackle of silence of colonial truth and emerges as voice for socially, economically 

politically exploited and oppressed people in the postcolonial world. These prominent Indian 

and American fiction writers like Mahasweta Devi and Toni Morrison highlight the activism 

on behalf of indigenous tribal and black women and lead us to think about the voice for the 

voiceless tribal and black women’s identity, existence and resistance. 
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কিব িবনয় মজুমদার : জীবন ও সৃিŻ 

(িনবƳািচত কিবতার আেলাƱক) 

অিমত কুমার দাস* 
বাংলা িবভাগ, মিহষাদল রাজ কেলজ 

মিহষাদল, পিŮমব¿, ৭২১৬২৮, ভারত। 
* Email: amittrayy@yahoo.com 

 

            ‘আিম তার উেপ¢ার ভাষা আিম তার ঘৃণার আে�াশ’—ƱĴেম এমিন িবপযƳােসর ছিব এঁেকিছেলন 

কিব জীবনানĢ দাশ। ‘Ʊয ন¢ø ন¢েøর Ʊদাষ’ কিবর ƱĴেমর পেথ বাধা হেয় উেঠিছল, িতিন িনেজও তােক 

ভুেল িগেয়িছেলন—এমনটাই Ɨীকােরাি� ŭিন। িকĝ এই উেপ¢া, ঘৃণা যখন ƱĴমেক ছািড়েয় একজন কিবর 

জীবেনর সকল উপাĜেক ²াস কের Ʊফেল—আর ব�ি� যিদ তােক কখেনাই ভুলেত না পােরন— যিদ ভুলেত 

Ʊদওয়া না হয়—তাহেল জীবেনর গান কীভােব জীবেনর গদ� হেয় ওেঠ? আজীবন আªেনর Ʊসঁক Ʊচেয় Ʊচেয়  

হাঙেরর Ʊঢউেয় লুেটাপুিট খাওয়া এমিন একিট জীবনেক যিদ ‘পাগল’ িবেশষেণ িচিƠত কের অিনবার িবĆ 

করা হয়, পাগলাগারেদ আটেক Ʊরেখ এক ƱŴণীর মানুষ যিদ আেখর Ʊগাছােত চায়— তেব Ʊসই Ʊসই 

অবমূল�ায়েনর নাম Ʊদওয়া Ʊযেত পাের  কিব িবনয় মজুমদার।  

            আজীবন িছĨমূল, আজীবন ছĨছাড়া, আজীবন উেপি¢ত, আজীবন চ�ােĜর িশকার হওয়া এক 

িনিজƳত মানুষ যিদও বা কখেনা Ĵিতেরােধ িহংƙ হেয় ওেঠন, আর হাসপাতােল িনেয় িগেয় আঠােরাবার 

ইেলকিÞেকর শক Ʊদওয়া হয়—তাহেলই বুিঝ তাঁর মেধ�কার কিবেüর যত বাſ উেব যায়? হাসপােতেল Ʊথেক 

িকংবা Ʊসখান Ʊথেক িফের এেসও Ʊয মানুষিট Ʊলখনীর অনায়াস শি�েত িজেত Ʊনন ‘রবীģপুরƅার’ িকংবা 

‘সািহত� অ�াকােডিম’র মেতা মহাঘƳ পুরƅার—তাঁেক যাঁরা ‘পাগল কিব’র Ʊলেবল Ʊসঁেট িদেয় িনেজেদর িদƹগজ 

Ĵমাণ করার ƱচŻা কেরন—তাঁেদর জন� উপহার িহেসেব রইল কিব ƱĴেমģ িমেøর কিবতার িনেŏা� 

চরণক’িট— 

“ Ʊছাট  ভীś হাত িদেয় 

জীবেনর মাপ িনেয় যারা 
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৩৯. তেদব। 

৪০. িবনয় মজুমদার। ২০১৪। মানুেষর আেলা। আমােদর বাগােন। কাব�সম², ২য় খë। Ĵিতভাস। পৃ: ৮২। 

৪১. রবীģনাথ ঠাকুর। ১৪২১। বষƳেশষ। কŧনা। িবųভারতী। পৃ: ৪৭।  

৪২. রবীģনাথ ঠাকুর। ১৪২১। গীতিবতান ১ম খë। পূজা পযƳায়। িবųভারতী। পৃ: ৫০। 

৪৩. িবনয় মজুমদার। ২০১৪। মানুেষর আেলা। আমােদর বাগােন। কাব�সম², ২য়খë। Ĵিতভাস। পৃ:৮২। 

৪৪. দীেপģনাথ বেĢ�াপাধ�ায়। ২০১২। অųেমেধর Ʊঘাড়া। দীেপģনাথ বেĢ�াপাধ�ায় গŧসম²। একুশ শতক। পৃ: ২৫১। 

৪৫. সনাতন পাঠক। জানুয়ারী ২০০৬। একিট অসাধারণ কিবতার বই। িবনয় মজুমদােরর ডােয়ির ( সŐা. অজয় নাগ, কমল  

     মুেখাপাধ�ায়)। িশলীħ Ĵকাশন। পৃ: ১৪৫।  
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পািণনীয় বেণƳাÄারণ-িশ¢া বনাম িবদ�াসাগরীয়-বণƳপিরচয়  
অসীম সুĢর িমŴ * 

সংƅৃত-িবভাগ, মিহষাদল রাজ কেলজ  

*Email: asimmishra887@gmail.com 
 

সারসংে¢প:- মনুষ�  ভাষার  মাধ�েম  পরƒেরর  মেধ�  ভাব  ব�� কের থােক ।  পৃিথবীেত  যিদ  
ভাষার  মেতা  Ʊকান  বƍর অিƌü ই   না  থাকেতা,  Ʊবাধ  হয় Ʊকান  শŀই  হত না ।  কিব  দëীর  
কথায় - ``বাণী  িবনা  সংসােরর  কাযƳ  অচল  হত ।  আর  যিদ শŀ নামক Ʊজ�ািত জগ ৎ Ʊক Ĵকািশত না 
করƱতা  তাহেল  সŐূণƳ  জগ ৎ  অিবদ�াŜপী  অĥকাের ব�াĮ হেতা ।”  তাই  ভাষা  হল  ব��  বাণী  অথƳা 
ৎ  যার ďারা  বেণƳর  সুƒŻ  উÄারণ  সŕব  হয় । আমরা কথা  বলার  সময় উÄারেণর Ĵিত ধ�ান  িদই  
না ।    িকĝ  অধ�য়ন-অধ�াপেনর  সময়  উÄারেণর  Ĵিত  ধ�ান  Ʊদওয়া   উিচ ৎ।    িবেশষ   কের  
পূেজা-অচƳনা  বা  যÑীয়  আচার-অনুŽােনর  সুƒŻ  Ŝেপ   বেণƳর  উÄারণ  করা বা×নীয়   হেয় যায় ।   
কারণ  উÄারেণর  ùিটর ফেল অথƳ  অনেথƳ  পিরণত   হেয়  যায় এবং অযািচত  ফলĴািĮর  সŕাবনা  
Ʊথেক যায় । এŜপ ঘটনা  যােত  না  ঘিটত  হয়, তারজন�  আচাযƳ পািণিন  “বেণƳাÄারণ-িশ¢া”  শােƎ 
বেণƳর  যথাƐান  উÄারণ  ĴদিশƳত  কেরেছন ।    যােত  িশŭরা  Ĵথম  Ʊথেকই  Ʊসই  িশ¢া  ²হণ  
করেত  সমথƳ  হয় এবং পরবতƳীকােল  উÄারেণর  Ʊদােষ অথƳ অনেথƳ পিরণত না হেয় িবতরীত ফললাভও না 
হয় ।   
 অনুŜপভােব পিëত ঈųরচģ িবদ�াসাগর মহাশয়ও “বণƳপিরচয়” এর মাধ�েম বাংলায়  িশŭ-িশ¢ার   
উপর  Ʊজার  িদেয়িছেলন ।  যােত  বাংলার িশŭরা   বণƳ িশ¢া  ²হণ কের  উÄিশ¢ায়  িশি¢ত  হেত  
পাের ।  তাই  প. মহাশয় ďারা বাংলা “বণƳমালােক” নতুন Ŝপ Ĵদান কের বণƳপিরচয় রচনা করা িছল  
যুগাĜকারী  ঘটনা ।  যার ফল সমােজ পিরলি¢ত  হেয়িছল ।       
 

শŀসংেকত -     

   ভাষা, সুƒŻ-উÄারণ, যÑীয়-অনুŽান, ফললাভ, িশŭ-িশ¢া,Ʊদাষমু� ।  

ভূিমকা: - 

  সংƅৃত-ব�াকরণ শােƎর অমর Ʊজ�ািত-ƗŜপ Ʊদদীপ�মান আচাযƳ� পািণিনর সময় িবষেয় পযƳাĮ  

মত পাথƳক�  Ʊদখা িগেয়েছ । তবুও Ĵামািণক িবďানেদর ďারা উনার সময় আনুমািনক 450-400 ¨ী:পূ: মধ� 

ভাগ িনধƳািরত করা হেয়েছ । আচাযƳ� পািণিনর পূবƳজ শালাতুর(বতƳমান-লােহৗর, পািকƌান) ²ােমর িনবাসী 

িছেলন, তাই িতিন শালাতুরীয় নােম পিরিচত িছেলন ।  

 প. ঈųরচģ িবদ�াসাগর মহাশয় িছেলন ঊনিবংশ শতেকর এমনই এক ব�াি�ü; িযিন িছেলন িবিশŻ 

িশ¢ািবদ, সংƅৃতÑ, সািহত�Ñ ও সমাজ-সংƅারক । কারণ Ʊসসময় Ʊদেশ Ĵচিলত  িছল নানা কুরীিত  ও 

কুĴথা । Ʊসই কুরীিত ও কুĴথার িবśেĆ Ʊজানািকর মেতা আেলা Óািলেয় সংঘষƳরত িছেলন সামান� িকছু 
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8 . অŻা.  1/3/2  

9 . উÄারণǏ । কুত এতǆ ? িদিশśÄারণমি�য়: । বৃিóসমবায়ােথƳা বণƳানামুপেদশ: । (উÄারযƳ িহ  বণƳানাহ-``উপিদŻা ইেম 

বণƳা’’ ইিত) মহা.ভা.-বা.16   

10 . বণƳপিরচয় -ঈųরচģ িবদ�াসাগর ।  

11 . মহা.  ভা.  - 1/1/5  

12 . ঐ    - 1/2/1  

13 . ঐ  

14 . ঐ 

15 . ঋে¶দ Ĵািতশাখ� - উবটভাষ�Ǐ  

16 . সম² ব�া.  Ʊকৗ.  -  ঈųরচģ িবদ�াসাগর, পৃ. 2    

17 . ম. ভা  - 1/1/2  

18 . বেণƳাÄারণ-িশ¢া, পৃ. 5    

19 .  বণƳপিরচয় রচনা ও Ĵকাশনার ইিতহাস ।    

20 . বণƳ. র. Ĵ. ইিতহাস ।  

21 . স. ব�া. Ʊকৗ, পৃ.- 5    

22 . স. ব�া. Ʊকৗ, পৃ.- 7    

23.  স. ব�া. Ʊকৗ, পৃ.- 5     

24 . বণƳপিরচয় (Ĵথম-ভাগ) ।    

25 . অ ই উ ǅ  - সূø ব�াখ�া  Ĵস¿ ।    
 

সĢভƳ-²Ġসূচী:- 

1. ŵমăয়ানĢ সরƗতী কৃত ব�াখ�া সিহত, 2009, বেণƳাÄারণ-িশ¢া(পািণিন-মুিন-Ĵিণতা), রামলাল কপূর ÞাƉ, Ʊসানীপত ।  

2. ŵ ঈųরচģ িবদ�াসাগর, সং-1931,বণƳপিরচয়(Ĵথম-ভাগ), কিলকাতা । 

3. ড. িďেবদী কিপলেদব,1983, লঘুিসĆাĜ Ʊকৗমুদী, িবųিবদ�ালয় Ĵকাশন, বারাণসী । 

4. ড. কর গ¿াধর ন�ায়াচাযƳ�, 2002  মহাভাষ�Ǐ  সংƅৃত বুক িডেপা, 28/1 িবধান সরণী, Ʊকালকাতা ।  

5. দুগƳাচরণ সাংখ�-ƱবদাĜ তীথƳ , jun-2009, ,  সম² ব�াকরণ Ʊকৗমুদী (ঈųরচģ িবদ�াসাগর ),  ŵঅśণ কুমার 

মজুমদার,Ʊদব সািহত� কুটীর Ĵা.িল.21, কিলকাতা । 

6. ƱĴা. পােëয়  Ʊগাপালদó , 1992, অŻাধ�ায়ী, ƱচৗখŔা  সুরভারতী Ĵকাশন, বারাণসী  ।  

7. ড. িøপাঠী রমাকাĜ, 2008,রঘুবংশǏ , ƱচৗখŔা Ĵকাশন, বারাণসী ।  

8. ড. বেĢ�াপাধ�ায় অিসত, 2005, বাংলা সািহেত� িবদ�াসাগর, Ʊদজ পাবিলিশং, Ʊকালকাতা ।    

-------------- 
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মনুসংিহতা ও অথƳশােƎর িদশায় ƗাƐ� সেচতনতা 
অØনা Ʊসনাপিত* 

সংƅৃত-িবভাগ, মিহষাদল রাজ কেলজ  

*Email: anjanasenapati4@gmail.com 
 

সারসংে¢প : ডারউইেনর 'িববতƳনবাদ অনুযায়ী অিভেযাজনই Ĵাকৃিতক িনবƳাচেনর চািবকািঠ। অথƳাৎ Ĵকৃিতর 
দরবাের সবল জীেবরই লড়াই কের িটেক থাকার  সŕাবনা Ʊবিশ৷এই সŕাবনাময় জীবন যুেĆ  ƱŴŽ জীব 
িহসােব মানবজািত তাই সৃিŻর উষাল° Ʊথেক নানা উĉাবনী উপােয় জীবনযাøার মােনাĨয়েনর ĴেচŻা চািলেয় 
যােÅ। Ʊসই উÄাকা¾া Ʊথেকই মানুষ অত�াধুিনক Ĵযুি� ও উĉাবনীিবদ�ার মাধ�েম তার ƲদনিĢন 
জীবনৈশলীেত  নানা পিরবতƳন আনেত স¢ম হেয়েছ৷ তেব এই উĨিত করেত িগেয় Ĵকৃিতেত অত�ািধক মানব 
হƌে¢প,মানুেষর অিত ƗাথƳিĴয়তা  দুরােরাগ� ব�ািধর ĴƱকাপ, Ĵকৃিতর হঠাৎ হঠাৎ ĕংসলীলায় Ʊমেত ওঠা 
Ĵভৃিত পিরিƐিতর কারণ হেয় উঠেছ। িবিভĨ শতাŀীেত এবং সőিতও আমরা Ʊসইরকম পিরিȻহিতর (কেরানা 
ভাইরােসর ĴাদুভƳাব , আমফান, যশ Ĵভৃিত ঘূণƳঝড়) সŗুখীন হেয়িছ। Ʊসখান Ʊথেক আজও আমরা সŐূণƳভােব 

িনŹৃিত পাইিন। সম² িবেųর িবÑািন Ʊথেক ŭś কের Ĵকৃিতিবদ,ƗাƐ�িবেশষÑরা এর মুি�র পথ অনুসĥােন 
িনরলস ƱচŻা চািলেয় যােÅন।এই ধরেণর পিরিƐিতেত ƗাƐ�সেচতনতা কথািট বারবার উেঠ আেস আমােদর 
সামেন ৷ আমরা খঁুজেত থািক সŐূণƳভােব সুƗাƐ� বজায় রাখার িবিভĨ পথ ৷ িফের Ʊদিখ ভারতীয় Ĵাচীন 
সভ�তা, সংƅৃিত,Ĵাচীন শাƎªিল ,যিদ Ʊকান মুি�র  সĥান পাওয়া যায় ৷ আর সুƗােƐ�র  এই উপায় সĥান 
করেত িগেয়  ভারতীয় সংƅৃত সািহেত�র Ĵাচীন দুই ²Ġ অথƳশাƎ ও মনুসংিহতার ƗাƐ� সŐিকƳত 
সƱচতনামূলক ভাবনা ও িবধানªিলর যুি�²াহ�তা আমােদর িবিƘত কের বাের বাের ৷  আেলাচ� Ĵবেĥ এই 
দুই ²েĠর ƗাƐ� সŐিকƳত সেচতনতামূলক িবষয়ªিলর িকছু অংশ িবেŸিষত হেয়েছ ৷ িবেশষত ƗাƐ� 
সেচতনতার Ʊ¢েø িনত�কমƳ,খাদ�াভ�াস, আচার আচারণ Ĵভৃিত িবষেয় িক ধরেণর সেচতনতা অবলŔন করেল 
সুƐ থাকা যায় Ĵভৃিত িবষয় িনেয় সূ¢া িতসু¤ভােব আেলাচনা করা হেয়েছ। 

শŀ সংেকত:  

ধমƳশাƎ, অথƳশাƎ, ƗাƐ�সেচতনতা, িনত�কেমƳ, খাদ�াভ�ােস, আচার আচরেণ ƗাƐ� সেচতনতা ৷ 

ভূিমকা - সুĴাচীনকাল Ʊথেক ভারতীয় সমাজব�বƐা, িশ¢া, সংƅৃিত মূলত ধেমƳর উপর িভিó কের দাঁিড়েয় 

আেছ। িĒয়েত Ʊলােকাহেনন  ধরিত Ʊলাকং বা ইিত ধমƳঃ (ধৃ + মǊ) ৷অথƳাৎ যার ďারা বা যা Ʊলাক সমূেহর 

ধারক তাই ধমƳ। জীবেনর Ĵিত পদে¢েপ িনয়মানুবিতƳতা,কতƳব�তা, সতকƳতার বাতƳা িদেয় মানবচিরেøেক 

মিহমািīত কের Ʊতালাই হল ধমƳ। এই ধেমƳর িনেদƳশক ²Ġেক বলা হয় ধমƳশাƎ৷ভগবান মনু রিচত মনুসংিহতা 

²Ġিট মানবিহতকর কল�ােণর িবধােন সমুÏল ধমƳ²Ġ৷ Ʊসখােন মনু Ʊকবল Ʊবদিবিহত ধমƳিবধােনর িনেদƳশ 

Ʊদনিন, পিরেবশ ও ƗাƐ�সŐেকƳও মানবকুলেক সেচতন করেছন যা বতƳমান পিরিȻহিতর ƱĴি¢েতও যুি�যু�৷ 

ধমƳশােƎর একিট অ¿ রাżনীিত বা রাজধমƳ ৷ সকল ধমƳ আবার রাজধেমƳর উপর িনভƳরশীল। তাই মহাভারেত 



 
JMRC/V3/I1/2023/ISSN 2349-9257 

 

153 
 

1 . ম. ভা  - 1/1/2  

1 . বেণƳাÄারণ-িশ¢া, পৃ. 5    

1 .  বণƳপিরচয় রচনা ও Ĵকাশনার ইিতহাস ।    

1 . বণƳ. র. Ĵ. ইিতহাস ।  

1 . স. ব�া. Ʊকৗ, পৃ.- 5    

1 . স. ব�া. Ʊকৗ, পৃ.- 7    

1.  স. ব�া. Ʊকৗ, পৃ.- 5     

1 . বণƳপিরচয় (Ĵথম-ভাগ) ।    

1 . অ ই উ ǅ  - সূø ব�াখ�া  Ĵস¿ ।    

 

সĢভƳ-²Ġসূচী - 

1. ŵমăয়ানĢ সরƗতী কৃত ব�াখ�া সিহত, 2009, বেণƳাÄারণ-িশ¢া(পািণিন-মুিন-Ĵিণতা), রামলাল কপূর ÞাƉ, Ʊসানীপত ।  

2. ŵ ঈųরচģ িবদ�াসাগর, সং-1931,বণƳপিরচয়(Ĵথম-ভাগ), কিলকাতা । 

3. ড. িďেবদী কিপলেদব,1983, লঘুিসĆাĜ Ʊকৗমুদী, িবųিবদ�ালয় Ĵকাশন, বারাণসী । 

4. ড. কর গ¿াধর ন�ায়াচাযƳ�, 2002  মহাভাষ�Ǐ  সংƅৃত বুক িডেপা, 28/1 িবধান সরণী, Ʊকালকাতা ।  

5. দুগƳাচরণ সাংখ�-ƱবদাĜ তীথƳ , jun-2009, ,  সম² ব�াকরণ Ʊকৗমুদী (ঈųরচģ িবদ�াসাগর ),  ŵঅśণ কুমার 

মজুমদার,Ʊদব সািহত� কুটীর Ĵা.িল.21, কিলকাতা । 

6. ƱĴা. পােëয়  Ʊগাপালদó , 1992, অŻাধ�ায়ী, ƱচৗখŔা  সুরভারতী Ĵকাশন, বারাণসী  ।  

7. ড. িøপাঠী রমাকাĜ, 2008,রঘুবংশǏ , ƱচৗখŔা Ĵকাশন, বারাণসী ।  

8. ড. বেĢ�াপাধ�ায় অিসত, 2005, বাংলা সািহেত� িবদ�াসাগর, Ʊদজ পাবিলিশং, Ʊকালকাতা ।    

 

 

 

 

 



 
JMRC/V3/I1/2023/ISSN 2349-9257 

 

67 
 

To Study the Relationship between Emotional Intelligence 

and Learning Style among Adolecent School Students of 

Paschim Medinipur District 

Somnath Bhattacharya1*, Soumita Bhattacharya2  

 

1Department of Education, Swami Vivekananda University, Kolkata 

2Department of Education, Mahishadal Raj College 

 

*Email:somnathrbu16@gmail.com 

 

Abstract:  This research studies the relationship between learning styles and emotional 

intelligence school going adolecent student’s in govt aided/govt sponsored schools in  

paschim medinipur district of West Bengal.students with  higher levels of emotional 

intelligence are managing better than themselves and others around them.It helps them in 

many ways like sub scales of emotional intelligence: self-awareness,self-

motivations,empthy,internal motivation etc,emotional intelligence not only influences one’s 

emotionas but also their learning styles.If a students lacks emotional intelligence ,then their 

environment,psychological,physiological characteristics and process are affected which in 

term affects their learning styles and education.Learning styles differ from one student to 

anather.This examines the relationship between learning styles and emotional intelligence 

among adolecents students and find out the significant difference in learning styles between 

Girl’s and Boy’s students and their significant differ in emotional intelligence too. 

Keywords:  Emotional Intelligence, Learning style, Adolecents. 

 

 

1. Introductions: 

Education is the continuous process to all round development of the student and enrichment 

of high and better quality of life. Education is now become a successful passport for the 

development of a nation in general and of a person in particular. Success in life can be 

achieved through education. Today our educational systems mainly focus on student 

academic achievement. But not interested to know causes of unsatisfactory academic 

performance of their children and how to find out the causes of the psycho-social and 

emotional problem of school -going adolescents. 

The present study research has been an attempt to study the relationship to emotional 

intelligence and learning style of school going adolescents of paschim medinipur district. 
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Abstract: India’s cement industry plays a vital role in economy.This industry provides 

employment to more than a million of people directly and indirectly.Cement Industry mainly 

engaged in housing, infrastructure, commercial and industrial. Indian cement industry is the 

largest producer of cement is the world just behind china. 

The study mainly deals with financial performance of Ambuja Cement Limited. The primary 

objective is to study the financial performance and the secondary objectives are to evaluate 

the profitability and liquidity position as well as operational position of the industry. The 

researcher has used only secondary data. Ratio analysis, paired correlation and regression 

analysis have been used for analysing the data. The results indicate that the liquidity position 

of the company is satisfactory. The researcher does not find out any significant relationship 

between liquidity and profitability.  

Keywords: Liquidity, Profitability, Paired Correlation and Regression Analysis 

 

1. Introduction: 

Cement is a very essential commodity which is manufactured by local plants. There are 

twenty companies in cement industry. India is a developing country so there is a large scope 

to expand the cement industry. Development is synonymous with industrialization and 

industry mainly concentrating to the basic goods of steel and machinery. 

Liquidity has an important relationship with profitability. If we have enough liquid resources 

then we may be able to get benefit of cash discount on purchases and as well as increasing 

profits. If we cannot pay the creditors in the given period then we have to pay interest. Thus, 

shortage of liquid resources will show the low cash discount and payment of interest. Both 

the losses will certainly decrease profits. Stock is also an important factor because if we are 

not able to keep sufficient stock due to shortage of liquid resources, then the production cycle 

may not be continued and that will result in heavy losses. Financial analysis is a depth study 

of a firm's financial position (i.e., capital, assets and liabilities of a firm at a point of time) 

and its financial performance (i.e., income, profitability, solvency, earnings per share, 

dividend payout etc.,) over a period. 

2. Objectives of the study: 

The study was conducted to achieve the following objectives- 
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In India the cement sector is one of the most important manufacturing industries. Cement 

companies make a significant contribution to India's economy. These businesses have created 

employment opportunities.  Liquidity position of the company was satisfactory during the 

study period. The result of profitability shows the satisfactory results of the concern. The 

correlation between liquidity and profitability was highest in the company which shows a 

high degree of positive correlation but liquidity has no impact on profitability. 
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