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Editorial

To write, learn and think must be a moto of each and every one of us to reach our
destination. Research and development remain as the strength of every society
and culture. From time immemorial human beings have been applying the
knowledge, experience and experiment for the advancement of society and
surrounding condition.

It was the advancement in research that led to the emergence of vaccination as a
preventive measure and made a breakthrough in the eradication of many
diseases. With the present scenario that the world is now facing, more researches
have to be done on the virus and disease, so that a post pandemic world can
become a dream come true. The Pandemic has underlined the importance of
investing in research and development to prepare for future pandemic shocks
and for increasing health and economic resilience.

Research and Development have always gone hand in hand with the latter
following the former. This Journal, Baselius Researcher is a biannual publication
of interdisciplinary research, will provide a space for the bright minds to develop
and realise their potential and lay out their ideas.

Regards,
Editors
Dr. Jyothimol P (Vice Principal) Dr. Jalaja J. Malayan

5-8-2020

82 | Vol. XX No. 02 July - December 2019 |



From the Principal’s Desk

The Higher Education Scenario is in a dynamic state of flux
asits objectives have shifted from the national to the global.
The world has come to our finger tips with the development
of technology. Technical advancements have also altered the
questions of originality and creativity.

The dynamics of higher education rests mainly on research.
Original thought and enquiry are the prerequisites of
research. Technology should not carry us unethically to
plagiarism and plunder.

Baselius College is releasing 2**issue of the 20" volume of its
research journal Baselius Researcher in August 2020. The lock
down period following the Covid-19 pandemic has allowed
us to keep in touch with our creative side.

I sincerely hope that Baselius Researcher would provide an
ethical platform for development of the spirit of enquiry and
the emergence of unique thoughts in the field of Humanities,
Commerce and Science.

Iwish this endeavor all success.

Dr. Biju Thomas
Principal

5-8-2020 Baselius College, Kottayam
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Phytochemical Investigation on the
Bark of Butea monosperma Plant and
its Antimicrobial activity

| MityThambi', Tom Cherian® |

ABSTRACT

Butea monosperma is a medium sized deciduoustree. In Sanskrit it is known
as Chamatawidely used for their fireritual. It has many biological properties
from the earlier reports.The bark of Butea monosperma plant collected from
Thrissur districtwere dried, powdered and extracted using ethylacetate. The
ethylacetate extract were analyzed using FT-IR and GC-MS. The anti-
microbial activity was studied using disc diffusion method.

Key Words: Butea monosperma, FT-IR, GC-MS analysis, Antimicrobial
activity, Disc diffusion method.

INTRODUCTION

Throughout the ages, Nature has provided humans with the means to cater for their
basic needs. Plants are perhaps one of the interesting and mysterious things of the universe.
Plants, since time immemorial, have continued to play an essential role in health care of
many cultures throughout the known civilization as a valuable, safe and natural source of
medicines and therapeutic, environmental and industrial applicability. Butea monosper ma
(Fabaceae), commonly known as‘ Flame of forest’ isamedium sized dry season- deciduous
tree, growing to 15 mtall. It isaslow growing tree, young trees have agrowth rate of afew
feet per year. In West Bengal, it is associated with spring, especially through the poems and
songs of Nobel Laureate Rabindranath Tagore, who likened its bright orange flame-like
flower to fire. The plant has lent its name to the town of Palashi, famous for the historic
Battle of Plassey fought there. It is said that the tree is aform of Agnidev, God of Fire. In
Hindi thistree is known by the name palas. In Keraa,thisiscalled ‘ plasu’ and’ chamata'.
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The decoction of the Butea monosperma stem bark is traditionally used in cold, cough,
fever, variousforms of hemorrhages, in menstrual disordersand in the preparation of tonics
and elixirs. The stem bark is reported to possess antitumor, antiulcer, antifungal and anti
diarrhoeal activities'2. It is also reported that the powder of the stem bark is used to apply
oninjury caused dueto an axe, thejuice of the stemisapplied on goiter of human beingsand
the paste of the stem bark is applied in case of body swellings®. The rootsare reported inthe
treatment of filariasis, night blindness, helmenthiasis, piles, ulcers, and tumors®. Itisreported
that the ethanolic extract of seeds of Butea monosperma, on oral administration showed
antifertility activity in mice and in rats®. Palsonin an active principle isolated from Butea
monosperma seeds and its piperzaine salt exhibited good anthelmintic activity in vitro on
Ascarislumbricoides and in vivo on Taxicaracanis’.The petroleum ether extract and
triterpeneisolated from flowers of Butea monosper ma exhibited anti convulsant activity”®.
It has been reported that the methanolic extract of stem bark of Butea monosper ma showed
anti-inflammatory and analgesic activity®. Theinvitro and invivo anti-inflammatory activity
of Butea monosperma stem bark extract were reported®®.From the literatures it is very
much evident that this plant has rich sources of a variety of chemica compounds with
exceptional attributes. Not many are thoroughly studied and thereis much moreto be explored
for their chemistry and biological activity. This makes the study of this plant interesting
andreasonable.

EXPERIMENTAL

Plant Material: The stem bark of Butea monosperma were collected from Nattika,
Thrissur district, Kerala. It was identified by Dr. A.K Pradeep, Department of Botany,
University of Calicut. A voucher specimen was deposited in the Herbarium, Department of
Botany, University of Calicut.

Extraction: The stem bark collected were shade dried. Coarsely powdered 500g of the
plant material was extracted with 3X2L of ethyl acetate. The extraction was carried out in
around bottom flask by boiling the material in the solvent with awater condenser, over a
water bath. Refluxed the material until the solvent started to boil and the hot content was
left standing overnight. Then filtered and collected the extract and added fresh solvent to
residue. The process is repeated three times to complete the extraction. The combined
extract collected was reduced to 20 ml.

I dentification: Thin-layer chromatography isconducted for the ethyl acetatefraction.IR
spectra (KBr) were taken on a JASCO FT-IR spectrometer. GC-M S analysis of this extract
was conducted to identify the components present in it. GC/M S analyses were carried out
using aPerkin EImer Clarus 500 GC equipped with a Clarus 500 mass spectrometer, capillary
column (0.32im film thickness). 1iL of each sample was diluted with 300iL of Et20 and
injected (0.5iL) in the “ split” mode (1:30) with acolumn temperature program of 40°C for
5 min, then increased to 250°C at 4°C/min and finally held at this temperature for 10min.
Injector and detector were set at 150 and 270°C, respectively, and the carrier gas was He
with a head pressure of 12.0psi. Mass spectra were acquired over 40-500amu range at
1scan/sec with ionizing electron energy 70eV, ion source 230°C. Thetransfer line was set at
250°C, while the carrier gas was He at1.0mL/min.

Biological study: The antibacterial screening of the extract was carried out by
determining the zone of inhibition using standard method. The extract was tested against
bacterial stains of organism by disc diffusion method™. Previously prepared paper discs
were dispensed onto the surface of the inoculated agar plate. Each disc was pressed down
firmly to ensure compl ete contact with the agar surface. Thediscswere placed on the medium

86 | Vol. XX No. 02 July - December 2019 |



Baselius Researcher ISSN 0975-8658

suitably apart and the plateswere incubated at 5°C for 1h to permit good diffusion and then
transferred to incubator at 37°C for 24h. After completion of 24h, the plates were inverted
and placed in an incubator set to 37°C for 24h.

RESULTSAND DISCUSSION

Theethyl acetate extract of Butea monosper ma shows characteristic IR peaksat 3490.53

cmri(alcohol - OH group), 2924.52 cm*(alkyl —CH group), 1803.12cm?, 1779.97 cm?,
1710.55 cm*(>C=0 group), 1675.84 cm?, 1563.02 cm?, 1464 cm?, 1377.89 cm?, 1260.25
cm}(C-O group). Large numbers of spotswere observed on TL C examination of thisextract
hence it was subjected to GC-MS analysis.

GC-MS analysis of extract in Table 1 shows aldehydes with 9,10,12 carbon atoms,
Pelaroic acid 0.86%, Methy Inonyl ketone0.91%, Capricacid5.31%, M ethyldecyl ketone0.56%,
Undecanoicacid5%, Lauricacid 2.71%, Myristinaldehyde 0.41%, &Acroneol 1.7%,
Kino tannic acid 2%, Gallic acidl.3%,Pyrocatechin 0.4%, Butrin 1.2%, Cyanidin
0.1%, Lupenone 2%, Lupeol 1.6%, Miroestrol 1.7%andAllophanic acid 0.8%.

Table 1: GC-MS analysis of Ethyl acetate extract

SLNo Compound %

1 Aldehyde C 9 0.3
2 Aldehyde C 10 1.2
3 Pelargonic acid 0.86
4 Methyl nonyl ketone 0.91
5 Capric acid 5.31
6 Methyl decyl ketone 0.56
7 Aldehyde C 12 0.4
8 Undecanoic acid 5

9 Lauric acid 2.71
10 Myristinaldehyde 0.41
11 o-Acroneol 1.7
12 Kino-tannic acid 2.0
13 Gallic acid 1.3
14 Pyrocatechin 0.4
15 Butrin 1.2
16 Cyanidin 0.1
17 Lupenone 2.0
18 Lupeol 1.6
19 Miroestrol 1.7
20 Allophanic acid 0.8
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The Butea monosperma ethyl acetate extract contains long chain aldehydes (Myristin
adehyde, aldehydes with carbon atoms C-9,10,12) ketones (Methyl nonyl ketone, Methyl
decyl ketone), different long chain acids (Pelargonic acid, Capric acid, Lauric acid), phenolic
acid like Gallic acid, alcohol (a-Acroneol) and triterpenoids such as L upenone and L upeol.
Miroestrol is atype of phytoestrogen, Allophanic acid is a carbamic acid and Kinotannic
acid isgum present in some plants.

Antimicrobial activity: The extract whose chemical compoasition is known from GC-
MSanalysiswas analyzed for antimicrobial activity. Theantimicrobial activity of the extract
was carried out by disc diffusion technique. Thetest microorganismsaretotal coliform and
E.coli.

Theactivity of each compound against the microorganism under study can be concluded
from their respective zone of inhibition diameter whichisgivenin Table 2. It was observed
that the extract exhibit antimicrobial activity. This may be dueto the presence of individual
components. Usually the major components are responsiblefor the antimicrobial activity of
the extract but the minor components also play major role making the whole oil more
active.From the literatureit is evident that Capric acid shows biological activity*2.

Table 2: Antimicrobial screening of extract

24 hours zone of inhibition at 48 hours zone of inhibition at
sl Tested different concentrations different concentrations
No. | micro (Diameter in mm) ( Diameter in mm) Standard
* | organisms
1.0mg/ml | 25mg/ml | 5.0mg/ml | 1.0mg/ml | 2.5mg/ml | 5.0 mg/ml
1 Total 2 4 6 4 8 11 20
coliform
2 E.coli 3 5 7 6 9 12 20

Solvent: DM SO (Showedno effect against the microorganism) under test).
NI: Noinhibition, Standard: Ciprofloxacin 2ug/disc

CONCLUSION

From the literatures on Butea monosperma it is very much evident that they are rich
sources of a variety of chemical compounds with exceptional attributes. Not many are
thoroughly studied and thereis much moreto be explored for their chemistry and biological
activity. Thismakesthe study of this plant interesting and reasonable. From the above results
it may be concluded that the plant Butea monosperma which is growing in plenty in our
country. GC-M S analysis of ethyl acetate extract showsdifferent aldehydes, ketones, acids,
triterpeneoids, phenolic acids. Thisextract showsantimicrobial activity. Thisactivity isdue
to the compounds presentit.
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Theoretical and Experimental Sudy on
Third Order Nonlinear Optical Properties of
N-(2, 4-dinitrophenyl)naphthalen-1-amine

| Anju Linda Varghese', P.L. Maria Linsha? Ignatious Abraham and M. George|

ABSTRACT

Third-order nonlinear optical parameters of N-(2, 4-dinitrophenyl) naphthalen-
1-amine were measured using closed and open aperture Z-scan technique.
The Z-scan result confirms, the compound exhibits self-defocusing effect and
the sign of the refractive nonlinearity is negative. The third-order nonlinear
refractive index n,, nonlinear absorption coefficient & third order NLO
susceptibility +@ and second hyperpolarizability g are calculated. Quantum
chemical studieslikeoptimization, natural bond orbital analysis(NBO), molecular
electrostatic potential (MEP), natural and Mulliken charge analysiswere done
using DFT (B3LY P) method using 6-31++G(d,p)basis set. NL Opropertieswere
evaluated at CAMB3LY P/6-31 G++(d,p)level. The results indicated that N-
(2,4-dinitrophenyl)- naphthalen-1-amine have potential applications in
optoel ectronics and photonics.

Keywords: NLO, NBO, Z-scan, CAMB3LY P,Second Hyperpolarizability

INTRODUCTION

Nonlinear optical (NLO) materials play avital rolein nonlinear opticsand have a great
impact on information technology and industrial applications.Organic nonlinear optical
materials have potentially high nonlinearities and rapid responseto light**. They offer high
degree of synthetic flexibility to tune their optical properties through structural
modification®.Organic frameworkswith large del ocalized 8-systems have proven to be useful.
Thisisattributed to the fact that 0 -electrons are more easily affected by an external optical
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field asthey arerelatively loosely bound to the nucleus, and that the del ocalized orbitals may
be extended over the entire molecule giving large and fast polarization®®. The large value of
the second hyperpolarizability,g, which is a measure of the NLO activity, is attributed to
intramolecular charge transfer which occurs due to the movement of electron cloud from
electron donor to acceptor groups through a p-conjugated framework%-22,

2,4-Dinitroaniline is one of the simplest molecules having electron donor and acceptor
system connected by an aromatic ring and shows excellent NL O properties!**>. NLO studies
on N-substituted 2,4-dinitroaniline are being doneto improveits nonlinear response'®°.The
polarizability of organic frameworks containing naphthalene has been extensively studied
with different theoretical methods and is found to have good nonlinear response®2, An
efficient method to modul ate e ectron density distribution in 2,4-dinitroanilineisthe substitution
of naphthalene on itsamino terminal. To the best of our knowledge, the present study isthe
first ever DFT calculation of NLO properties of N-(2, 4-dinitrophenyl) naphthalen-1-amine
in which naphthal ene as the substituent on the amino group of 2,4-dinitroaniline.

In this work, we propose to perform Z-scan studies to measure the third order NLO
propertiesof N-(2, 4-dinitrophenyl) naphthalen-1-amine. To establish thestructural relationship
of the moleculewith NL O properties,an exhaustive theoretical investigation will be done at
B3LYP/6-31 G ++ (d,p) and CAMB3LY P/6-31 G ++ (d,p) level. The structure of N-(2, 4-
dinitrophenyl) naphthalen-1-amineisshownin Fig. 1.

NO,
H
N AN
O,;N

Fig 1. N-(2, 4-dinitrophenyl) naphthalen-1-amine

2.EXPERIMENTAL PROCEDURE

The experimental methods involve the synthesis, Z-scan studies and DFT
investigations on structural, electronic and third- order NLO properties of the compound.

2.1. Materials and Methods

The solvents and chemicals used were of AR grade purchased from Merck India Ltd.
Solvents were purified and dried according to standard procedures. 1-fluoro-2,4-dinitro
benzene and naphthylamine were used without further purification.

2.2. Z-scan Studies

Z-scan measurement was carriedout using Q-switched Nd- YA G laser having 5 ns pul ses
at arepletion rate of 10 Hz giving second harmonic at 532 nm. The laser beam was focused
by alensof 10 cmfocal length. In thistechnique sampleis mounted on the translation stage
and transl ating the sampl e between +Z and —Z position along Z-di regy’agom. heradiusof the
beam waist U, was cal cul ated to be 35um. The Rayleigh length, z, = was calcul ated
as 7.42 mm, is greater than the thickness of the sample cuvette (1n‘éﬁ), an essential
requirement for Z-scan experiments.
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Thethird- order nonlinear refractiveindex n, and nonlinear absorption coefficient 4, third
order NLO susceptibility +®, second hyperpolarlzablllty gof N-(2, 4-dinitrophenyl) naphthal en-
1-aminein acetonehaving 0.5 mM concentration and intensity at 1.08 GW/cm?were
evaluatedby the measurements of closed and open aperture Z-scan techniques.

2.3. Computational Details

Gaussian 09 for windows software package was used for DFT calculation. B3LYP
hybrid functional has provento bereliablefor calculating geometrical parameters, electronic
and vibrational wavenumbers®24 The ground state structure was optimized and frequency
calculationswere performed to ensure that the optimized structureisminimum in the potential
energy surfaceusing B3LY P/6-31++G (d,p) level. second hyperpolarizability,g, for thestudied
compound was calculated by DFT approach using CAM-B3LY P/6-31++G(d,p)which is
currently one of the ultimate procedures for obtaining numerically accurate NLO
responses®?.Gauss View 5 for windows software was used for generating the input files
and visualization of theresults.The Natural Bond Orbitals cal culations(NBO) were performed
at the B3LY Plevel in order to investigate the el ectroni ¢ structures of the optimized geometry
corresponding to theformation of N-H—O hydrogen bondsand intramol ecular chargetransfer
interaction. The NBO analysis is already proved to be an effective tool for chemical
interpretation of hyperconjugativeinteraction and electron density transfer from the filled
lone pair electron 2?8, The hyperconjugative interaction energy E(2),deduced from the
second-order perturbation approach.

EQ2 = AE, =g -0

where g, is the donor orbital occupancy, e, e are diagonal elements (orbital energies)
and F(i j) isthe off-diagonal NBO Fock matrix element.

2.4.Synthesisof N-(2, 4-dinitrophenyl) naphthalen-1-amine

N-(2,4-dinitrophenyl) naphthal en-1-amine was prepared by refluxing onemoleof 1- fluoro-
2,4-dinitrobenzene (2.04g), one mole of naphthylamine(1.45g) and a pinch of sodium
bicarbonatein acetonitrilefor six hours®.The reaction mixture was poured into i ce bath and
the precipitated orange col ored solid wascollected by filtration.The product was purified by
column chromatography.For this, the title compound is dissolved in dichloromethane and
completely transferred to silicagel column. It is eluted one time with pure hexane. Further
elution isdone with amixture of hexane and dichloromethane (9:1) till the entire compound
iscollected. Purity was checked by TLC and melting point determination. Melting pointis
170°c (DCM).

“ PO Qj@

Fig 2.Synthesisof N-(2, 4-dinitrophenyl) naphthal en-1-amine
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3. RESULTS AND DISCUSSION
Third Order Nonlinear Optical Studies

Nonlinear absorption characteristics of N-(2, 4-dinitrophenyl) naphthal en-1-aminehave
been obtained from open aperture Z-scan plot. Fig. 3shows the open aperture (OA) Z-
scan curve of the compound at 0.5mM concentration in acetone and 1.08 GW/cm?intensity.
The curve shows excellent agreement with theoretical fit. The OA curve showsthe reverse
saturationbehavior, hence the absorption coefficient &s positive*3!. A materialwith reverse
saturable absorption property shows enhanced absorptionwith increase in laser intensity

1.00

0.95 +

= Experimental
Theoretical fit

0.90

Normalized Transmittance

8Ss+F¥¥—+—¥+——7+—
-80 -60 -40 -20 0 20 40 60 80

Z (mm)
Fig.3. Open Aperture (OA) Z-Scan Plot of N-(2, 4-dinitrophenyl) naphthalen-1-amine

The nonlinear refractive index of N-(2, 4-dinitrophenyl) naphthalen-1-aminehas been
investigated by recording the closed aperture(CA)Z-scan plot at 0.5 mM concentration and
1.08 GW/cm?intensity and is shown in Fig.4.

= Experimental
Theoretical fit

0.9

Normalized Transmittance
P
1

0.8

-80 ' -60 ' -40 ' -20 ' 0 ' 20 ' 40 ' 60 ' 80
Z, (mm)
Fig.4. Closed Aperture Z-Scan Plot of N-(2, 4-dinitrophenyl) naphthalen-1-amine
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The peak followed by a valley in the normalized transmittance obtained from the CA
curveindicatethat the sign of therefractive nonlinearity is negative dueto self-defocusing®?=.
Pure nonlinear refraction curves have beenobtained by division of CA databy OA data. The
normalized transmittance T(z) isgiven by

.
Tz00)=] (F +HOX* +1)

Where, A¢O isthe on axis nonlinear phase shift and x is ﬂzo. The nonlinear refractive
index n, and real part of third-order nonlinear susceptibility, Re +® were cal culated by
therelations

L __AgA
Y o2all,

22
Rey® =10 5%,
T

Theimaginary part of thethird order susceptibility (Im+®) was calculated from athrough
therelation

2.2
im0 =102 552 5

Where, & isthe permittivity of free space, cisthe velocity oflight in vacuum and n is
the linear refractive index.

The third-order nonlinear susceptibility, +© was calculated from the relation

2 Re 4@ F

The second order hyperpolarizability, g of the sampleisrelated to the third-order
susceptibilitythrough the equation

@)
4

B(n; +2)T N

}/:

Where, N isthe molecular number density in cm.
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Nonlinear absorption coefficient athird order nonlinear refractive index n,, third order
NL O susceptibility +® and second hyperpolarizability of N-(2, 4-dinitrophenyl) naphthalen-
1-aminein acetone evaluated by using closed and open aperture Z-scan techniques are
givenin Table 1.

Table 1. Third Order NLO Parameters of N-(2, 4-dinitrophenyl) naphthalen-1-amine

B n: Re x(s) Im 1(3) x(3) v
0 ™M m/W) [ (107 m* W)y | (10 %esu) | (10 esu) | (X10%esu) | (x 10%%esu)
4.5906 -5.6983 -4.3406 1.4542 11.8254 15.8894

The nonlinear absorption coefficient & (m/w) is of the order of 10**. The nonlinear
refractive index n,, is of the order 10" m?%/W.+® andgare in the order of 10"%esu and 10
*2egu, respectively.The third order NLO parameters forN-(2, 4-dinitrophenyl) naphthalen-
1-amineismuch higher than those of 2,4-dinitroanilinefor which third order NLO susceptibility
+® and second hyperpolarizability g is of the order 10-*° esu and 10**esu respectively*.
Electron delocalization and charge transfer from electron rich to electron deficient moiety
will lead to stronger excited state absorption, which will enhance the nonlinear optical
absorption resulting in enhanced third order NL O responses.

DFT Sudies

Influence of molecular structure on third- order NLO responses has been subjected to
DFT analysis. Two ground state conformations of N-(2,4-dinitrophenyl)naphthalen-1-
aminewereoptimized at B3LY P/6-31G++(d,p) level .In thelower energycisoidconformation
the NH hydrogen forms s H-bond with the O-atom of the NO, group as shown in Fig. 5.

28 1.797
' 25 22 135,0242
31 J b ) s
Y 26 & ‘ﬂ 5 .
- e
@ 23 21 - &
@ ¢ ¢ e
T Fig. 5.The cisoidconformations
8 of N-(2, 4-dinitrophenyl)
< naphthalen-1-amine.
£ Energy =-1081.32179180 a..
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The dihedral anglesC,- 0,,(6.38U) and C,- . (-174.110) show
thatthe nitro group (N,,) is coplanar Wlth ring. The hydrogen bond drstance isN,, H
0,,(1.796 AU) and NHO angle is (135.02404U). The selected dihedral angles H
C -C,is 128. 54288Ushow that the molecule exists as a non-planar molecule havmg no
center of symmetry, the requirements for a molecule to be NLO active.The energies of
Frontier Molecular orbitalsviz. HOMO and LUMO, are hel pful ininvestigating the electrical
and chemical properties of substrates*.Fig.7 shows the HOMO and LUMO orhitals of N-
(2, 4-dinitrophenyl) naphthalen-1-amine.

9 ',
,"..

HOMO LUMO

Fig.7.Frontier Molecular Orbitals of N-(2, 4-dinitrophenyl) naphthalen-1-amine

Electron population analysisreveal sthat HOM O extends over naphthal ene donor moiety,
whereas LUMO resides over dinitrophenyl part. Hence probable electron flow should be
from naphthyl donor to dinitrophenyl acceptor which are separated by p-orbitals of nitrogen
atom.Energies of HOMO and LUMO orbitals are -0.2139 and-0.0960 Hartrees and hence
the energy gap is3.21 eV.

Natural and Mulliken chargeanalysis

Thetotal atomic charge values are obtained by Mulliken population analysisand natural
charges are obtained by natural bond orbital analysis (NBO) and the charge plotisshownin
Fig. 8. Thetwo methods predict the sametendencies. Theresults show that all the hydrogen
atoms have anet positive charge and all oxygen atoms exhibit negative charges. Further the
analysisshow that C, C,, C,, C,,C ,C ,,C . N_.C, ,C,.C, show negative charges, while
C,C,C,.C,C,C,N,andN, exhibit positive charges. C, atom has maximum negative
charge valuesof about -0.1211 e (Mulliken) and -0.1727 e (Natural). The maximum positive
atomic charge obtained for C,, is 0.2451 e (Mulliken) and 0.2249 e (Natural). The charge
on H,, atom has the maximum magnitude of 0.287 e (Mulliken) and 0.4634 e (Natural)
among the hydrogen atoms present in the molecule. The presence of large negative charge
onN,,[-0.6893 e (Mulliken), -0.6864¢e (Natural)] and net positive charge on H19 atom may
suggest the formation of intramolecul ar interactions which resultsin NLO activity.
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Fig.8.Mulliken& Natural Charge Plot of N-(2,4-dinitrophenyl) naphthalen-1-amine
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Molecular Electrostatic Potential (M EP) analysis

The MEP isaplot of electrostatic potential mapped onto the constant electron density
surface provides amethod to study reactivity®.In MEP plot, the maximum negative region
with preferred site for electrophilic attack indicates as red color, and the maximum positive
region with preferred site for nucleophilic attack indicates as blue color, Fig.9. The plotshows
negative potential sitesaround the electron deficient nitropheny! part because of the presence
of electronegative oxygen atoms. The positiveregion isaround the hydrogen atoms of naphthyl
part.This leads the charge transfer interaction and increasing of the NLO activity of the
molecule.

as002

-2

Fig. 9. MEP plot of N-(2,4-dinitrophenyl) naphthalen-1-amine

Natural Bond Orbital analysis

Natural Bond Orbital(NBO) analysis has been performed on N-(2,4-dinitrophenyl)
naphthal en-1-amineto identify intramol ecular hydrogen bonding between N-H spacer group
and nitro group and to elucidate the intramolecular chargetransfer interaction. The calculated
values for some prominent interactions have been given in Table 2.
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Table 2. NBO Analysis of N-(2, 4-dinitrophenyl) naphthalen-1-amine

a N e
Danor (i) ED (&) Acceptor (j) ED (e) (kffil_ N ](EISI)I;F:’(II:) (kif:ljl' N
Within naphthalene unit
7(C-Cy) 1.73297 T (Cs- Cy) 0.25204 74.3 761.3 170.6
(Cs- Cy) 1.53383 7 (Cs-Co) 0.25204 80.8 3038 262.5
7(Co-Ca) 1.53383 T (Cia-Cia) 0.31126 81.2 341.3 262.5
7(Cs-Cs) 1.73403 7 (Ch-Cy) 0.24643 7.7 761.3 168
(C10-Chs) 1.73464 T (Cia-Cia) 0.31126 764 735 170.6
(Cy;-Cra) 1.73877 T (Cp-Cis) 0.25487 70.2 813.8 168
Spacer interactions
6 (Ci-Cis) | 197667 | o*(Ci-Nyg) | 0.02966 19.7 2887.5 168
6 (Nig-Hyp) | 1.97463 | &*(Cpp-Cpy) | 0.02206 21.9 3045 183.8
G (Ci-Cn) | 197213 | o* (Nyg-Hy) | 0.05333 9.4 3045 120.8
LP (1) O 197242 | o™ (Nig-Hp) | 0.05333 21.1 3202.5 186.4
LP(2) Oy, 1.50853 | o™ (Mg-Hy) | 0.63353 694.3 2073.8 254.6
LP (1) N, 1.63860 T (Ciy-Cra) 0.31126 60.9 761.3 149.6
Within dinitrophenylunit
T(Ca2Cas) 1.66363 T(Ny-Oy) | 0.63353 129.2 393.8 1733
LP (2) O 1.41623 T (Ny-0y) | 0.64060 1630.2 52.5 233.6
LP (2) O 1.45446 T (Nye-Oy) | 0.64060 671 367.5 362.3
LP (2) Os 1.88791 | o™ (Nyp-Ou) | 0.06379 84 1758.8 275.6
LP (2) O 1.50853 T (Ny-Os) | 0.53353 554.3 393.8 346.5
3E (2) means energy of hyperconjugative interactions
® Energy difference between donor and acceptor i and j NBO orbitals.
¢ F(i,j) isthe Fock matrix element between i and j NBO orbitals.
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The highest stabilization energy E(2) associated with hyperconjugative interaction of LP
(2) O, and p'(N,-O,,) is1630.2 kJ/mol. NBO second-order perturbation estimates the
interaction energies between donor and acceptor NBOs and the result reveals that thereis
considerabl e resonance effect in the molecul e operating between its nitro group and phenyl
ring. The nitro group being coplanar with the phenyl ring increases conjugation between
them which supports electron delocalization from phenyl ring to the nitro group which is
revealed by the high value of the interaction energy (129.2kJmol) between p(C,,-C,.) and
p'(N 32'033) :

Strong intramolecular hyperconjugative interaction is observed in the title molecule.
Stabilization energy E(2) associated with hyperconjugativeinteraction of LP(2) O,, and 6*
(NgH,,) isobtained as 694.3 kJmol. Hydrogen bonding interaction leadsto an increasein
electron density (ED) of N-H antibonding orbital. Electron density on 6* (N,,-H,,) is0.6335
e.Thisincrease of populationin NH antibonding orbital weakensthe N-H bond whichisan
indicative of intramolecular hydrogen bonding.

Theintramolecular hyperconjugativeinteractionsareformed by the orbital overlap between
p(C-C) and p’(C-C) bond orbitals which results intramolecular charge transfer causing
stabilization of the system. Theseinteractionsare observed asan increasein electron density
inp’(C-C) orbital that weakens the respective bonds. The el ectron density at the conjugated
p bonds (1.52-1.72 e) and p* bonds (~0.25-0.31 e) of the naphthalene ring clearly
demonstrates charge delocalization of electron leading to stabilization of (~70-81 kJ/mol)
energy. These intramolecular charge transfers can aso cause large nonlinearity to the
molecule.

DFT Studieson the Second order hyperpolarizabilities

The second-order hyperpolarizabilitieswere calculated at CAM-B3LY Pat 6-31++G (d,p)
level using the equation 7. For the cal cul ationsin sol ution phase, CPCM model * was employed
whichis part of Gaussian 09.

(7) =5 P Vo # Ve 42 Fe #7472

Second order hyperpolarizability components and resultant values of N-(2, 4-dinitrophenyl)
naphthalen-1-aminein acetoneare listed in Table 3.

Table 3. Second order hyperpolarizability components and resultant values of N-(2, 4-
dinitrophenyl) naphthalen-1-amine

Pexxx Trvyy Yoz Yaxyy Yexz Yryz i
%10 esu | X102 esu | X107 esu | X10°% esu | 10 esu | X10 esu | X10? esu
18.57586 | 23.47726 17.0986 14.30523 | -2,92739 | 8.133955 | 15.84581

From Table 3, calculated g value is 15.8894x1032 esu. Theoretically predicted g value
of N-(2, 4-dinitrophenyl) naphthalen-1-amineis15.84581x10% esu using CAM-B3LYP
method. The theoretically predicted second order hyperpolarizability value is in good
agreement with the corresponding experimentally determined value.
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CONCLUSION

N-(2,4-dinitrophenyl) naphthalen-1-amine and N-substituted derivative of 2,4-
dinitroaniline,was synthesized and itsNL O propertieswereinvestigated by closed and open
aperture Z-scan technique. DFT calculations were performed to establish the relationship
between the measured NL O parameters of the compound with its structural features. The
compoundexhibit reverse saturation absorption. The peak followed by a valley in the
normalized transmittance obtained from the closed aperture indicates that the sign of the
refractive nonlinearity isnegative dueto self-defocusing. The nonlinear optical properties of
N-(2,4-dinitrophenyl) naphthalen-1-amine arefound to be much greater than 2,4-dinitroaniline.
These can be attributed to low HOMO-LUMO energy gaps, planarity, intermolecular
hydrogen bonding, intramolecular charge transfer interaction and polarization within the
mol ecules. Hence N-(2,4-dinitrophenyl) naphthal en-1-amineis having potential applications
in photovoltaic devicefabrication and optic limiting field.
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ABSTRACT

Stress has been a universal ailment among employees irrespective of the
nature of job, working hours or the amount of remuneration oneissubject to. It
takes significant effort from individual s to understand and cope with the level
of strain one undergoes from time to time. Jobs nowadays come with extreme
responsibility and minimal time resources. Increased competition and widened
business perimeter adds up its work burden upon the individuals within the
framework of business operations. Nothing can be taken away from the fact
that sufferingshas grossed up for each and every individual within the business
irrespective of the designation they hold, Understanding the degree of stress
and identifying methodsto counter it isan inevitable factor in moving forward.
The study tries to identify each of those responsible factors and the
countermeasures adopted to cope with it

Key Words. Stress management, Bank employees, Bank management, Job
stress

INTRODUCTION

Stress is an inevitable component in lives, whether personal or professional. A certain
degree of stressin soimportant that it determinesthelevel of mativation and efficiency one
has towards the work he undertake. Beyond such a point it turns out to be factor that
depletes the workmen efficiency. Given the time constraints and the limited allocation of
resources ,one has to drainout every bit of effort to achieve what is supposed from him.
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Workplace stress can be understood as a mismatch between the responsibilities and the
capabilitiesof anindividual. New eraof workmenship thereforeromp ahead in eliciting the
best out of individuals irrespective of the mental or physical crunch they undergo. It isa
universal fact that the Human resources are the integral units of any outfits and are never
accounted for, such isthe case with stresstoo , it do take a toll on the human resource but
arerarely taken care of. To get the best out of individualsit isimportant to account for the
stress and make ways to getover it. Successful entrepreneurs do recognise the need for
countering it and offers perks and benefits to hel p the workmen contribute positively to the
busi ness environment minimising exhaustion.

Stressin indeed universal but functions differently for each. It bears deliberating effects
on both employer and employee and moreover on the output as awhole. These conditions
which aretriggered by improper treatment of workforce arefairly manageabl e and treatable
to an extent. Effective management of stressis a basic necessity to achieve desired results
nowadays and the relevance of stress management concept existstill the day when human
resource are employed in the business environment.

STATEMENT OF THE PROBLEM

Organizational lifeisquite stressful. Work pressures, tight schedules, meetingsthat never
seem to end on time, unhelpful colleagues, critical bosses, incompetent subordinates and a
host of other irritating factors may all have acumulative effect in making the lives of modern-
day executives quite miserable. In this study the researcher tries to find out the opinion
regarding the job related stress among bank employees, the nature and causes of stress, the
precautionary measures adopted by bank.

OBJECTIVES OF THE STUDY

The main objectives of the study isto know whether the employees of banks are stressed
or not due to their complexities. The specific objectives are

1) To study and compare the job related causes of stress among employees.

2) To collect the opinion of bank employees regarding job related stress and the
strategies adopted by bank management to manage stress.

3) Toreview whether the level of stress and designation are related.
IMPORTANCE OF THE STUDY

Stressisanew areg; it isan inevitable part of today’sfast life. Now aday’s competition
among banks has increased. Employees outperform one another to reach at the top. All the
banks fix the target to their employees, and employees are asked to attain these targets, this
will create alot of stressin them. Bank employee’s deal with money and any laxity on their
part make the personally accountable. After theintroduction of VRS in public sector banks,
there is considerable shortage of staff in almost all banks branches. The response to VRS
exposed thelevel of frustration prevailing among the bank employees. In many bank branches;
two or three departments have been clubbed and are being handled by just a clerk and an
officer. The employees have to race against time to finish the day’s work. Unlike in most
government department, work cannot be kept pending in banks. Owing to this many
employees are compelled to work beyond their stipulated working hour without getting any
overtime alowance or salary hike. All these things lead to an increased stress to bank
employees.

The effect of stress on individualsis not encouraging sometimes; it may be responsible
for variety of ailment including high blood pressure, heart attacks, diabetics, and asthmaetc.
The cost of stressisimmense. Studies of stress among American workers reveal that, the
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cost of stressrelated absenteeism, lower productivity, rising health insurance cost, and other
individual expensesiscloseto $300 billion and rising. In thiscontext this study issupposed to
be very important source.

HYPOTHESIS OF THE STUDY
With the reference to the above objectives the following hypothesis were made.

HO: Thereisno significant relationship between respondent’s designation and job rel ated
stress

RESEARCH METHEDOLOGY
UNIVERSE

Universeisthewhole population in the specified research location. In thisresearch work
consumers in the Pala Municipality are considered as the universe for the research work.

SAMPLING SIZE

Sampling size refers to the number of sample units to be selected from the universe for
the data collection activity. The sample size should neither be too large nor too small, it
should be optimum. Here the sample size for the survey is 50.

SAMPLING PROCEDURE

Convenient sampling isadopted for thisstudy asit attemptsto obtain asampleof convenient
elements. Often, respondents are selected because they happen to be in the right place at
theright time.

TOOLS FOR DATA COLLECTION

The analysisis conducted using statistical tools like Chi-Square test, Percentages;
LITERATURE REVIEW

Mrs. Caral Lopes, Ms. Dhara Kachalia, they have conducted a study in private and
public banks. They have shown that the technological growth has revolutionized the way
banking sector works and the competition is globalised now days because of the economic
condition. Thelevel of stressfaced by the employeesin banking sectors so growing rapidly.
The study found that there is a significant relationship between type of the banks, age,
gender and education, job, role, interpersonal relationship and |mpact of occupational stress.
So the banking sector employee should adopt new coping strategies for maintaining good
physical and mental condition toimprove productivity.

B.kishori & B.vinothini the authors have found that productivity of the work forceis
decisivefactor for the success of an organization. Inan age of highly dynamic and competitive
world, an employeeis exposed to all kinds of stressorsthat can affect them on all realms of
life. Theresearch intended to study theimpact of occupational stress on Nationalized Bank
employees.

Priyanka Dasl, Alok Kumar Srivastav they have identified that banks must manage
people at work to improve physical work environment, if the organizations enhance the
psychological well-being and health of the empl oyees, the organizational revenuewill increase
and therewill be employeeretention aswell. Because of A Healthy EmployeeisaProductive
Employee”. They concluded that the level of stress among the select public sector banks
arefoundtobelimitedandifthenecessaryacti ontakenbythemanagementthatwillhel ptorelievethe
stress of the employees and also help to impact more productive employees that will help
the banks to achieve greater heights.
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Ementa,Christiana Ngozi the study looked into the bank secretaries' perceived causes
of stress, itseffect on their performance and effective strategies for coping with stress. The
study showed that bank secretaries consider maost of the work functions as causes of stress
in the workplace, and these stressors has great effect on their performance, and have
considered a number of factors as effective strategies for coping with occupational stress.
This study concluded that bank secretaries experience alot of work stress asthey carry out
their administrative and clerical functionsin the bank. The study further reveal ed that gender;
work experience and marital status donot significantly affect respondents’ mean rating on
causes of stress, effect of the stressors to performance and effective coping strategies.
Sincestressisunavoidableinwork life, it isobviousthat bank secretaries must go through a
form of stressto accomplish office tasks, efforts towards eff ective management of stressis
paramount.

Dr. P.Kannan & Suma.U (2015) inorder to manage stress the organization has to
encourage employee development and embark on training interventions for employees.
Training specifically related to policiesand policy implementation isakey priority. Stressin
banking sectors mostly due to excess of work pressure and work life imbalance the
organization should support and encourage taking up roles that help them to balance work
and family.

TABLE 1 SYMPTOMS

Category No of Respondents Per centage
BEHAVIOURALSYMPTOMS 19 33
PHYSIOLOGICALSYMPTOMS 31 62
Total 50 100

Source: Primarydata

INTERPRETATION

Table 1 showthat out of 50 respondents 62% are subject to physiological symptoms of
stress and the remaining 38 % showed behavioural symptoms of stress.

TABLE 2 JOB RELATED STRESS

Category No of Respondents Percentage
YES 43 86.0
NO 7 14.0
Total 50 100

Source: Primary data

INTERPRETATION

Table 2 showsthe presence of stressinwork life. Out of 50 respondents 43 hasresponded
they are affected by job related stresswhereasaminority of 7 individual s responded against
it.
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TABLE 3 EFFECT OF STRESS ON PERFORMANCE

Category No of Respondents | Percentage
VERYOFTEN 16 37
OFTEN 12 28
SOMETIMES 5 12
RARELY 8 19
NOTAT ALL 2 4
Total 43 100.0

Source: Primary data

INTERPRETATION
Table3indicatestheeffect of sressonindividua performance. Out of the 43 respondents

who responded they are affected by stressinwork life 37%are very often affected by
stress, 28% are often affected, 12 % are of the opinionthey are sometimesaffected, 19%
arerarely affected and theremaining 4% responded stressdoes not affect their performance

TABLE 4 FFECT OF STRESS ON HEALTH

Category No of Respondents Percentage
ADVERSEEFFECT 16 37
NEGLIGIBLEEFFECT 21 49
NOEFFECT 6 14
Total 43 100.0
Source: Primarydata

INTERPRETATION
Table 4 denotes the effect of stress on health of respondents. 37% of respondents are

of the opinion that stress has adverse effect on their health. 49% responded the effect is
negligible and another 14% responded that it has no effect upon their health.

TABLE 5 MEASURES TO OVERCOME WORK RELATED PRESSURE

Category No of Respondents Per centage
SHORT

REST DURINGOFFICEHOURS 6 14
PRAYER 5 12
PLEASURETRIP 12 28
EXCERCISES 13 30
ANYOTHER 7 16

Total 43 100
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Source: Primarydata
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INTERPRETATION

Table.5 denotes various measures adopted by individuals to overcome stress. 30%of
respondentsrely upon exercises,28% adopts pleasure tripsto overcome pressure, 14%requires
short rest during work hours. Another 12 % depends upon prayerandtheremaining16%orelieson
various other means to overcome stress.

TABLE 6 EMPLOYER RECOGNITION TOWARDS STRESS AND
EMPLOYEE HEALTH

Category No of Respondents Per centage
YES 27 63
NO 16 37
Total 43 100

Source: Primarydata

INTERPRETATION

Table 6 shows whether the employer recognizes stress of employees.63% responded
yes and the remaining 37% responded their employer does not recognize their stress.

TABLE 7 MEASURES ADOPTED BY BANK TO REDUCE STRESS

Category No of Respondents Percentage
YOGATRAINING 2 7
SEMINARS/WORKSHOPS 5 19
RECREATIONALFACILITIES 5 19
HOLIDAYTRIPFACILITIES 3 n
MOTIVATION

FORACHEIVEMENT 9 33
ANYOTHER 3 n
Total 27 100.0

Source: Primary data

INTERPRETATION

Table 7 indicates the measures adopted by the employer bank to reduce stress .Out of
the 27 whose employer recognizes their stress, 33% responded achievement motivation
helps to reduce their stress, 19% each believes seminars and recreational facilities are
helpful. Another 11% responded in favour of holiday trips, 7% in favour of yoga practices
and another 11% relies on various other measures to counter stress.
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TABLE 8 SATISFACTION FROM MEASURES UNDERTAKEN BY

EMPLOYER
Category No of Respondents Percentage
HIGHLYSATISFIED 3 1
SATISFIED 18 67
NEUTRAL 2 7
NOTSATISFIED
HIGHLYDISSATISFIED 1 4

Total 27 100.0
Source: Primary data

INTERPRETATION

Table 8 indicates empl oyees sati sfaction towards measures adopted by the employer to
reduce stress. 11% out of 27 respondents are highly satisfied with their employers efforts,
67 % are satisfied, 7% are neutral with their opinion, 11% are not satisfied, and 4% are
highly dissatisfied

TESTING OF HYPOTHESIS

HO: Thereisno significant relationship between respondent’s designation and job rel ated
stress.

H1: Thereissignificant relationship between respondent’s designation and job related
stress.

TABLE 9 DESIGNATION AND JOB RELATED STRESS

JOB RELATED
STRESS Total
YES NO
MANAGER 3 3
DEPUTYMANAGER 8 8
COMPUTEROPERATOR 4 4
CASHIER 14 1 15
CLERK 13 3 16
DESIGNA
TION OTHERS 1 3 4
Total 43 7 50
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TABLE 10 Result of the Test
Chi - Square Tests

Calculated Level of Degree of Table value Accept/
value significance freedom rejectHO
2.8046 .05 1 3.84 AcceptHO

INTERPRETATION

The table shows that computed value is less than 3.84; hence the null hypothesis is
accepted. i.e. thereisno significant relationship between respondent’ s designation and job
related stress.

FINDINGS

> Fromthestudy, it can berealised that vast mgjority of the employeesare subject to
intense stressfrom work life, irrespective of their age, gender, educational qualificationsor
experience. From among them a smaller fraction constituting about 37% are very often
affected by stress and a much smaller fraction are not significantly affected by it.

> Thestudy takesinto account the impact of stress on employees health and ends up
stating almost 37% of those employees subject to stress have adverse effect from such a
work life and a mere 14% are not affected by it physically , even though it reduces their
work efficiency to an extent.

> It can be understood that stress management is the result of a combined effort
from both employer aswell asemployee. Adequate refreshments, pleasuretripsand physical
exercises are means to outdo the impact stress has on individuals.

> Thestudy triesto gaugethe level of awareness employers have upon stress and its
impact on employees. It getsto aconclusion that majority of employerswheretheir employees
are affected, derecognize the impact and take sublime measures to overcome it. Some
resort to giving pleasure trips while some prefers seminars and workshops more effective.
Apart from al these measures undertaken by employers, realizing employee's efforts and
giving due recognition and motivation hel ps overcome stressfor alarger sect of employees.
It also highlights that the majority workers are satisfied with measures taken by their
employersin helping them copewith it.

> Furtheritisconcluded that the designation or job role one playswithin the organisation
does not really have an effect on thelevel of stress he gets subjected to. Every designation
comes with responsibility and a certain degree of stress which aren’t totally indifferent
from one another.

CONCLUSION

Stressis something that happensour daily livesand isusually associated with aparticular
event such aswork, family and other responsibility. There are many situationsthat we can’t
control, but there are ways to control how we deal with certain situation. Effective stress
management is something that our lives can go alittle more smoothly. Stress management
isas simple astalking awalk. It has been proven that physical activities would improve a
person’smental health, help with depression and relive the side effect of stress. Thismakes
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aperson’sheart rateincreasesand will be affected by stress. It isvital that stress management
techniques areimplemented into our daily lives. Coping with stressisan individualized task
and one method over another may not be superior.

A person that is stress takes so much away from his or her health and performance

levels.

112

Employees at bank are too much stressed with their job with heavy work |oaded, so the
employees expect some refreshing eventsto add up in their work placelikefrequently tiein
working hours, tea breaks, entertainments etc. Accordingly the employees expect hike in
their salary from their worth performance. But even the employees are very cooperative
and have a very good high regard and respect towards the banks image and its future.
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Review on Annona Glabra-
An underutilised Mangrove Plant

Jinu Mathew and Mity Thambi

ABSTRACT

The genus Annona bel ongs to the family Annonaceae and includes several
speciesof tropical and subtropical crops characterized by their edible and exotic
fruits. Most species, however, are not marketable and remain underutilized,
and are often referred to as wild Annona species, but they are a valuable
source of bioactive compounds. The present review focuses on phytochemical
profile of underutilized Annonaglabra, aswell astheir biological activities.

INTRODUCTION

The genus Annona belongs to the Annonaceae family, which are native to Central
Americaand the West Indies, and includes severa tropical and subtropical crops, some of
which are of great socioeconomic importance globally.GenusAnnona L. is represented in
Keralawith one (A.glabra L.,Kattatha) in the wild and three species cultivated throughout
(A.muricata L., Areticulata L. and A.squamosa L.)There is evidence that stem bark, |eaf,
root, seed, peel, and pul p extracts obtained from different Annonaspecies have been used in
traditional medicineto treat different ailmentst.Annona glabra L. (Annonaceae), commonly
known aspond-apple, isatropical tree native to West Indies and Florida. They were spotted
growing in saltyswamps al ong withreeds, Acrostichumaureum (fern), Acanthus ilicifolius
andExcoecaria agallocha in marshy areasaround Kumarakam Lake, Kerala. They are
used intraditional medicine because of their bioactive compound profile. The major bioactive
compoundsinclude acetogenins, alkal oids,phenolic compounds, essential oils, cyclopeptides
etc. The composition of Annona phytochemicalsvariesgreatly betweenit’'sdifferent species.

DISCUSSION

V.Padmaja(1995)? reported the antimicrobial and antihelmintic properties of hexane extract
of stembark of A.glabra dueto the presence of kaur-16-en-19-oic acid as main constituent
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of crudeextract. Tian Jye Hseieh et.al.(2004)2 identified novel dioxoaporphine alkaloid along
with 38 known compounds from the fresh fruit and stem of A.glabra. A tea made of the
stem and leaf of A.glabraL. was consumed to eliminate flatworm and nematodesin Guyana.
Ahmed Abdel-lateff (2009) isolated and elucidated structure of 3 acetogenins from MeOH
extract of A.glabra and found to have cytotoxic activity against lung carcinoma A-549,
breast adenocarcinomaand glioblastomamultiforme.A.Jaya Jasmine(2018)° reviewed the
medicinal and traditional uses of important Annonafruits. Anisoquinoline backboneis major
structural alkaloid moiety and the isolated alkal oids showed antimicrobial activity against
staphylococcus epidermidisand antilarvicidal activity against Plasmodium falciparum.

Thealcoholic extract A.glabraleaf extract was studied non toxic to normal lymphocytes.
The bacterial property of ethanalic extract prepared from pond apple |eaves was reported
against gram negative bacteriathat commonly found ininfected burn wounds®. Later [toang
Le Son(2013) further studied the effect of A.glabraleaf extract loaded with alginate film on
burn wounds and found that leaf extract enhanced the rate of wound contraction’.

Thetherapeutic effectsof whole-plant extracts of A. glabrahave been evaluated in several
animal and cell models. Annonaglabraisapotential source of compoundsfor cancer therapy,
where an alcoholic seedextract has shown anticancer activity.Hien et.al. (2015) identified
new megatigmane glycoside from methanolic extract of A.glabrafruit and studied cytotoxic
effect onHL-60 cell line and showed significant activity on cell with the IC_value of
9.0+1.0imé.Although antimicrobial activities were previously reported forother Annona
species, littleis known on A. glabra ability to inhibitbacterial growth and/or viability. The
flavonoids obtained from hydroalcoholic leaf extract of A.glabra are found to be effective
against P.aeruginosa due totheir ability to interact with the bacterial cell wall®.

Inorder to incorporate the concept of green chemistry, using botanical extractsisasound
option to avoid the adverse effect of synthetic chemical insecticides.An interesting
advancement for the solely plant based insecticide is the development of plant mediated
nanobased products, as they can achieve their insecticidal efficiency at very low
concentration(d” 30mg/L).The aqueous leaf extract of A.glabra was used to synthesize
AgNPs and the synthesized AgNPs has a strong larvicidal activity against dengue vector
mosquito. Ae.aegypti and Ae.albopictus (2020)%°. Earlier insecticidal propertiesof A.glabra
leaf extract against Ae.albopictus and Ae.aegypti in SriLanka showed promising result*.
Application of essential oils in food preservation have been amplified in recent years as
flavorings, natural source of antimicrobialsfor food preservation. Themain chemical constituent
of essential oils are trepan compounds. Santos et.al. analysed the volatile constituents of
fruits of pond apple by GC/MS and the principal components are & pinene, limonene, &
phellandrene and (E)-&-ocimene'2. Thang et.al. (2012) studied the volatile content from
four species of Annona from Vietnam. The main component of A.glabra .L.were &
caryophyllene(21.5%) ,germacrene.D, & cadinol and & elememe®.

Acetylcholinsterase (AChE) inhibitors are a class of drugs used for the treatment of
Alzheimer’sdisease. Two potent AChE inhibitors(-)anolobine and (-)roemeroline have been
isolated from EtOH extract of the A.glabraleaves and showed anti-AChE 1C50 values of
22.4 and 26.3im respectively*. Also theactive EtOH extract of the stem also showed anti
AChE activity.
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CONCLUSION

Inrecent years, ethnomedicinal studiesreceived much attention asthisbringsto light the
numerous little known and unknown medicinal virtues especially of plant origin There are
severa classes of chemical compounds that are found in ailmost every part of A.glabra
plant such as Annonaceous acetogenins, alkal oi ds,cyclic peptides,essential oils, flavonoids
and steroids. Also they have many pharmacological effects that have been scientifically
proven such as antimicrobial, antimalarial, dengue vector control activity, anticancer and
antifungal activity. Though most of the reviews concentrate on other species of Annonacea
family very few are available on A.glabra. A systemic research and development work
should be undertaken for the conservation of A.glabra and development of products for
their better economic and therapeutic utilization.
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Microalgae as an Alternative Source
for Bio-Plastic Production: A Review

Neethu Elsa Thomas!, Devika R Balasubramaniant, Anamika G R?,
Rajeeb Singh?, A Anjana! and Dr Vimala R?

ABSTRACT

One of the developing worry in this century is the expansion of non-
degradable plastic. These non-degradabl e plastics are polluting the environment
inan aarming rate. An alternative solution for efficiently decreasing the use of
natural resourcesis by replacing the petro-plastic with degradable bio plastic
which is extracted from microalgae. Here in this review we discuss about
different culturing techniques of chlorellaand spirulinaand extraction of PHB
from these microal gae and devel op bio-plastic which is nontoxic, degradable
and eco- friendly. We have additionally referenced distinctive utilization of these
bio-plastic alongsidetheir favorable circumstances and weaknesses. This study
will give and outlook on the latest progressin the field of sustainable growth.

Keywords: Microagae, Bio-plastic, PHB, Biodegradable

INTRODUCTION

As the use of plastic is increasing endlessly the demand for production is more. This
excessive expansion of new technologies cause the increase in industries and production
unitsand that leadsto increase in harmful chemical whichin turn cause pollution. Discovery
of plastics made life much more at ease asit makestons of useful materials (Thiruchelvi R,
2020). Thishave made our atmosphere less attractive than it used to be because of pollution
due to thrown away plastic. Polystyrene is one of the extensively used material for plastic
production and yet slow in degradation. Plastic damagesthe environment asthey are extracted
from crude oil which eventually advanceto the reduction of natural resources, theincineration
discharges toxic chemicals and even after landfill they do not go through bacterial decay
and are unspoiled for centuries. Lots of renewable polymers are produced such as starch,
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cellulose, proteins and polysaccharides that can be decomposed to water, carbon dioxide or
organic molecules by microorganisms. Hence introduction to new biodegradable plastics
have brought much attention and mainly we are focusing on hio- plastics from
mi croal gaesources.

DISCUSSION

Biodegradable plastics can be produced from micro-algal biomassby using it directly or
its secondary metabolites. Asthe bio-plasticsincrease biodegradability and blending property
while some of main advantage of bio-plasticsover petro plasticsare that they are non-toxin,
recyclable, reduce fossil fuel consumption, and produce less amount of energy, renewable
and eco-friendly. Prime limitation of bio-plastic manufacture is that the biomass source
competes with food and feed application and these agro-crops consume large amount of
petroleum product in their life cycle (Zeller M A, 2013). As an aternative way for bio-
plastic production has been identified from microal gae. To synthesis plastic from microal gae
it should need good quality carbon substrate, controlled environment and extraction of polymer
should have high energy (Alam M A, 2020).

These microal gae contains high protein composition with Spirulinareaching 46% to 63%
protein in dry weight and Chlorella reaching 51% to 58% protein in dry weight (Becker
2007). Polyhydroxybutyrate (PHB) is a biopolymer which is extracted from prokaryotic
organism such as microalgae which is spread across the intracellular storage of the plant.
Asthismaterial is more resistant to water and can be completely degraded recommended
that this could be more suitable for plastic production and reduce the fossil fuel resources.
There are many species of blue-green algae which have the potential to accumulate
homopolymer PHB when they are photoautotrophic conditions. These microalgae also help
in reducing the waste by CO2 production to improve the growth of biomass. Bio-plastics
from these algal species will actually improve the sustainable production of plastics with
improving thewater supplies. Through thisreview paper wewould study the different methods
of bio-plastics production from algae that hasthe potential to help in saving the environment
and can be an aternative solution to reduce the petroleum based products and thereby
protecting Mother Nature.

CULTURING OF MICROALGAE

Microalgae are mainly used for bio-plastic production since it does not compete with
food sources, grows on waste resources, and it also high lipid accumulation. The use of
microalgaeis mainly increasing dueto its bio-economy. Following are the ways using which
thebiomassis cultured for bioplastic production.

1) CHLORELLA AND SPIRULINA

Chlorellais agreen agae in freshwater having 58% protein content. Due to the dense
cell wall and thermal stability, it isfound to have ahigher crack resistance than spirulina.

The culturing of chlorellaisdonein standard and alimited nitrogen medium. It is done
using BG11 medium containing minera salts (K2HPO4, MgS04, CaCl2, C6H11FeNO?7,
C10H14N2Na208, Na2CO3 and C6H807), and sodium bicarbonate (NaHCO3) as the
carbon source, and 1.5 g L* of sodium nitrate (NaNO3) as the nitrogen source. According
to (Costa, 2007), standard culture of Spirulina sp was carried out using Zarrouk medium
containing mineral salts (K2HPO4, K2S04, NaCl, MgS04, CaCl2, FeSO4, and EDTA),
16.8 g L* of sodium bicarbonate is used as the carbon source, and 2.5 g L of sodium
nitrate constitute the nitrogen source.
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The cultures were maintained for 20 days, from an initial cell concentration of
approximately

0.2 glL%, at28°Cinagrowth chamber under a12 h light / dark photoperiod. Stirring
was effected by compressed air injection. The cell growth was monitored every two days
by optical density using adigital spectrophotometer at awavelength of 570 nm for chlorella
and 670 nmfor spirulinasp (Costa,2007).

The samples are then centrifuged after which, pellet is re-suspended in methanol.
Chlorophyll isextracted with a24hrsincubation at 4 °C. Thefat, protein content and growth
rate isalso

measured. Itisfound that nitrogen limitation of microal gae decreases microalgal growth
and biomass production whileatering biomassbiochemical composition. Thisfurther indicates
changesin the metabolic pathways of these microalgae, sincethey are known to be actively
growing cells where energy is diverted to the synthesis of storage compounds, including
biopolymersand bioplastics.

Inthe microal gae cultivation, the most critical environmental conditionisthe pH, because
pH determines the solubility and availability of CO2 and nutrients and has a significant
influence on micro-algal metabolism. It is stated by (Vonshak, 1997), that the optimum pH
for microalgae rangesfrom pH 8.5to 10.5, with areduction in cell numbers occurring at pH
8.0 and below. For Spirulinacultivation, pH 9.5 and aboveis suitable. On the other hand, for
Chlorella, pH between 7.0 and 8.0 isideal for growth and its culturing.

According to (G Markou, 2017), when microalgae are deprived of nitrogen the synthesis
of biomoleculesrichin nitrogen (proteins, chlorophylls) isreduced and biomoleculesrichin
carbon (carbohydrates and/or lipids) are accumulated. In this manner, nutrient limitation,
particularly nitrogen, is often an effective strategy to increase specific target compoundsin
the biomass such as accumulation of lipids, carbohydrates, and carotenoids. Thus, by
decreasing the nitrogen level, the synthesis of bio-plastic polymerslike PHA isenhanced.

Based on the study by (Kornaras, 2017), nitrogen limitation not only enhancesthe lipid
productivity, but also improves the lipid profile for the production of bio-products such as
biopolymers, bio-plasticsand biodiesel. It aso reducesthe requirement for nitrogen addition,
and resultsin cost and energy savings.

Microalgae like chlorella and spirulina can also be cultured using open ponds or photo
bioreactorswhichisdepicted below inFig 1. Thisisfollowed by harvesting using techniques
like sedimentation, filtration, and fl otation centrifugation. Following this, there aretwo different
methodsto produce PHB. (RahmanA, 2015), reported that the first method isthe hydrolysis
of microalgae biomass after drying. Using thismethod, the dried microalgaeishydrolyzedto
produce fermentabl e sugars. Following this, the biomass can be used for E.coli fermentation
leading to the production of PHB. The second method isthe wet lipid extraction procedure
and it is way cheaper.

Thedifferent bioplastic production from microalgaeisgivenintheFig 1. There are some
additivesused in the process such as plasticizers, compatibilizers, and various chemicasare
also used as blending material to increase the quality of the final product. (Zeller M A,
2013), after comparing bioplastic production from 100% microal gae biomass and blends
containing additives and polymers reported that blending is necessary for commercial
applications. Examples of blended materials used are acetone, sodium sulfite and BPO.
With respect to plasticizers and compatibilizers, glycerol is the most used plasticizer in
bioplastic production using microalgae. It improves the availability of the macromolecules
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Fig 1: Bio-plastic production from microalgae (Rahman & C, 2017)

for thedegradation process, increasesflexibility of bioplasticsand also increasesitsextensibility
leading to phase rich products and improved elongation. KPO and DM SO are the
compatibilizer initiators used. It isused to increase the mechanical strength of biopolymers.
According to (Monshupanee T, 2016), CMC, (CHCI3) is used for PHB extraction from
Chlorellafritschii biomass. The other commonly used chemicalsto improve the composites
are ethanol, methanol and DCP.

METHODS FOR THE PRODUCTION OF BIOPLASTICS FROM CHLORELLA

Many methods are available for the production of bio-plastic from chlorellabut most of
them are performed in lab scale. We have listed some methods for production of bio-plastic
by chlorellabased polymer blends. The method prevalently used is by compress moulding.
In this method, mixture of biomass, polymers and additives are added in a mould and
compressed at high temperature and pressure for asmall interval of time. Thisresultsinthe
production of bio composites. The pressure, temperature and time intervals can be varied.
The mixture should be mixed properly before adding to mould and thisis be done in many
ways, by heating, or by using an internal mixer which was used by (Fabra M, 2018).Some
methods did not involve compress moulding like (Dianursanti & A, 2018) heated the melt
mixed mixturein ovenswithout compression to form their prototypes. The moulding technique
produced prototypes mostly in the form films. Other shapes include slabs, rectangular flex
bars etc. Main method used to produce films is solvent casting biomass and additives in
specific concentrations were dissolved in solvent and poured on surfaces and | eft to dry. In
theresearch conducted by (Khalis, 2018), PVA-chlorellathermopl astic blends was made by
ultrasonic homogenizer. Other methods which are more small scale like injection molding
and twin-screw extrusion were also used. The most prominent techniques are solvent casting
and compressionmoul ding.

Other waysto produce bioplasticisby extraction of PHB. Thisisanintracellular production
approach as PHB is produced naturally by chlorella. Before extraction of PHB, The algae
is cultured and algal growth is estimated for at least a week by three methods:
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¢ Haemocytometer is done to check cell count.
¢ Spectrophotometer is doneto check optical density of algalbroth.
¢ Chlorophyll isextracted and is subjected tospectrophotometry.

Thishelpsto check algal growth and hence helpsin the extraction of PHB (Polyhydroxy
butyrate). PHB is extracted when the algal growth is maximum or highest. Two methods
aremainly used for extraction of PHB, in thefirst method, the biomassisdried and hydrolyzed
whilein the other method involves procedure for extraction of wet lipid.

Someresearchersfocused on cultivation and parametersfor optimization like, in research
conducted by (RebeccaRobert and Priya, 2018), the PHB obtained was optimized by growing
Chlorellavulgarisby growingin different media. (Abdo SM, 2019) Explained the protocol
for the extraction of PHB from microalgae and compared the amount of PHB extracted
from many microalgae.

PRODUCTION OF BIOPLASTICS FROM SPIRULINA

Intheresearch study of (Zeller M A, 2013), Spirulinaspeciesisacyanobacteriatypicaly
found in high-alkaline freshwater conditions; consists of 57% protein. Spirulina platensis
isaspeciesof Spirulinawhich containsahigh concentration of protein. Several studieshave
been conducted to examinethe potential of Spirulinafor the production of bioplastic. Similar
to Chlorella, Spirulinahas a small cell size, which makesit attractive for bioplastic blend
production. By adding 6 wt. % of a compatibilizer to an S. platensis and PVA mixture, a
bioplastic film which hashigher tensile strength than commercia plastic bags can be produced.

EXTRACTION OF BIOPLASTICS

Like chlorella, the most common method to produce S.platensis-polymer blendsis also
compression molding. Other than compression molding, another method i sthermo- mechanical
molding. Thermo-mechanical molding and hybrid blends of Spirulina platensis was
performed on a 24-ton bench-top press with electrically heated and water cooled platens.
To form either asingle dogbone or two small rectangular flexbars, the stainless steel molds
were custom madefor DMA analysis. All data presented in this contribution were produced
from compression molded samples. Done by using a20 min cook timeat 150°C followed by
a 10 min cooling period (Zeller M A, 2013). The 100% algae-based bioplastics and the
thermoplastic blendsof S. platensis, polyethylene and glycerol, were madein small batches
of 5 g by hand-mixing. Using an Ohaus Precision Standard balance, a standard weight of
1.5 g for DMA flexbars and 5.0 g for dogbones were made and filled in the mold cavity.
Each formulation of microalgae and glycerol was blended thoroughly and polyethylene was
added for hybrid materials. It isfollowed by further mixing. After cooling the samplesfor 10
min under pressure, the pressure was released and the samples were removed. And bio-
plastics are separated.

Cyanobacterium, Spirulina platensis sample were collected and cultivated in Zarrouk
medium at small and large-scale level (N. Uma Maheswari, 2011).

DURING LARGE-SCALE LEVEL DETERMINATION:

PHB content was measured at 235 nm using UV spectrophotometer against sulphuric
acid blank after converting the PHB crystalsto crotonic acid (BonartsevaG A & Myshkina
V, 1985). The percentage of PHB produced by the organisms was cal culated from the cell
dry weightandPHBcontent. TheSpirulinabiopl asti cingredients,Sorbitol 2.25g,Gel atin2.25g,
S platensis 2.25g, Glycerol solution 180ml of 1%, Water 24 ml are mixed well and heated
at 95°C. Stirred the mixture while heating, and onceit is at the right temperature, removed
the heat and keep stirring. Poured the mixtureinto adried pan, and spread it out to let it dry.
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The time required for separation of plastic is depend on temperature of the room, it may
take severa days. After complete drying the bioplastic separated from the pan. The Chlorella
showed better bioplastic behaviour than Spirulinaand in the case of blending performance,
Spirulinashowed better blending properties. (N. UmaMaheswari, 2011). Examples of biomass

species, and the corresponding type of product derived is given below in table 1.

and compared the amount of PHB
extracted from many microalgae

Biomass species Type of product References

C. vulgaris Chlorella/PV A composites Dianursanti et al(2018)

C. vulgaris 100% algac-based plastics and | Zeller MLA et al(2013)
hybrid blends with PE andglycerol

Chlorella PP from Chlorella and MPP(maleic | Zhang F et al(2000)
anhydride modified polypropylene)

Chlorella PV A-chlorella thermoplastic blends | Khals et al{2018)

Chlorella PHB extracted optimized by [ Rebecca Robert et al(2018)
growing microalgae in different
media

C. vulgaris Extraction of PHB from microalgae | Abdo S M et al(2019)

S. platensis

Bioplastic biofilm

Windiani L(2019)

Spirulina Compatibilized bioplastic Wang, K(2014)
Spirulina Blend of Spirulina with UHMW-PE | Wang, K(2014)
S. platensis 100% algae-based plastics Zeller MLA et al(2013)
Hybrid blends with PE
and glycerol

Table 1: Biomass species of chlorella and spirulina with their products (Senem Onen
Cinar, 2020).

APPLICATIONS, ADVANTAGES AND DISADVANTAGES OF BIO-PLASTICS
1. Applications of Chlorella and Spirulina based bioplastics:

Bioplasticshave greater water vapour permeability dueto whichit can be used in packaging
of food, in pharmaceutical applications, and in cosmetics. These can be made clearer and
moretransparent so it can be used in making bagsfor compost, agricultural foils, horticultural
products, nursery products. Bioplastics haveimproved printability, the ability to print ahighly
legible text or image on the plastic, so it is used in painting toys and it is resistant to water
and hydrocarbons, which provides good thermal and mechanical propertiessoitisusedin
textiles. They are also effectivein theremoval of xenobiotics such as bisphenol, oseltamivir
and atrazine and iswidely used in bioplastic moving bed biofilm. Biomatesis made of calcium
carbonate (CaCO3) and bio resin as carrier and is used in bio filler, 100% algae-based
plastics and a so as PBS/Spirulinacomposites etc. The bio-economic process of bioplasticis
giveninFig2.
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Fig 2: A possible sustainable bio-economic process in bio-plastic production from
microalgae (Alam M A, 2020).

1. Advantages of Bioplastics:

It is potentially a much lower carbon footprint i.e lower emission of greenhouse gases
Jower energy costs in manufacturing than the conventional plastics, Bioplastics does use
scarce crude oil whereas in the case of conventional plastics, these typically requires 20
kilowatt hours of energy to manufacture. Bioplasticsalso provideareductioninlitter and it
a so hasimproved compostability,thusit isfound to be easily degradabl e in the environment
and hence do not create any pollution, These haveimproved printability,and al so savesfossil
resources by not consuming any petroleum based products. Bioplasticsare also eco-friendly
and user friendly, thereby giving apositiveimage among consumers, and also lessemission
of GHG (Green House Gases) unlike conventional plastics. It also increasestheland fertility.

2. Disadvantages of Bioplastics:

The another side of using biodegradable plastics are, to turn them into composts, but
there will be aneed for industrial composters and availability of the equipment for thisin
some countries can be aproblem. Compared to conventional plastics, inthe present scenario,
low oil pricesare makingit difficult for bioplasticsto achieve competitive pricing levels. The
increasing use of bioplastics creates a competition for food sources. These plastics cannot
be mixed with non-biodegradable plastics when thrown in garbage bins. Because when
these two types of plastics are mixed together, these bioplastics become contaminated and
cannot be used after. Bioplastics are also more expensive than fossil based plastics.
Bioplasticswill break down into non-toxic components. But, degradation of these plasticsin
alandfill requiresaspecific set of conditions, which are not alwaysavailable, to bein place.

CONCLUSION

Through thisreview study we were able to understand different culturing process of the
chlorella and spirulina. The cultivation of microalgae depends mostly on the pH of the
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water. Nitrogen impediment help inimproving thelipid profilein the production of bioplastic,
biodiesel, biopolymer and so forth. Some additives such as plasticizer, compatibilizer and
other several chemicalswhich enhancethe activity of thefinal product. Studiesalso showed
that glycerol addition helpsin the degrading process of these plastics. The diverse extraction
study of PHB was done from both Chlorella and Spirulina. The chlorella showed far more
bio-plastic characteristics compared to spirulinaand in case of blending property, the spirulina
was found to be more effective than chlorella. The application of these are exceptionally
enormous and will help in diminishing the carbon emission and contamination generally.

Despite the fact that there are numerous favourable circumstances to it actually have

numerous other burdenstoo. A careful use of algal biomass through enhancing the value of

it alone can make the microalgal innovation areality sooner rather than | ater.
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Molecular Docking - A Review

| Jeethu George |

ABSTRACT

Docking methodology aimsto predict the experimental binding modesand
affinities of small-scale molecules within the binding site of certain receptor
targets and is currently used as a standard computational tool mainly in drug
design areasfor compound optimisation andin virtual screening studiesto find
novel biologically activemolecules. Alsoit isan attempt to find the best matching
between two molecules. The basic tools of a docking methodology include a
search algorithm and an energy scoring function for generating and eval uating
ligand poses. Molecular docking generates different possible candidate
structures, which are ranked and grouped together using scoring function in
the software of molecular docking tool. Various computational aspects of
molecular docking with respect to its approaches and applications are presented
inthisarticle.

INTRODUCTION

Molecular docking isacomputational procedurethat aimsto predict thefavored orientation
of aligand to its macromolecular target (receptor), when these are bound to each other to
form a stable complex. Although each docking program operates slightly differently, they
share common features that involve ligand and receptor, sampling and scoring.

DISCUSSION

The synergistic use of these methodologies has enabled the determination of the 3D
structures of many hiological macromolecules along with the accurate characterization of
their binding sitefeatures, such as steric and el ectrostatic properties. Subsequently, promising
compounds are commercially purchased or synthesized, followed by experimental evaluation
of potency, affinity, and selectivity against theinvestigated receptor.
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Molecular docking can be divided into two distinct steps: exploration of the ligand
conformational spacewithin the binding cavity and estimation of the binding energy for each
predicted conformation. It can be performed online of freeware servers using just a web
browser or it can be fully parameterized on avirtual machine on a cloud supercomputer for
high resolution calculation.

Difficultiesin molecul ar docking arelargely dueto the high number of degreesof freedom
characterizing a protein- ligand system, and this increases the computational cost of the
calculations. Thus, severa approximations concerning theflexibility statesmay beintroduced
in molecular docking experiments. Low energies indicate better, more stable interactions.
Docking outcomes can besignificantly improved if combined with knowledge from experiment.
For example, Glide docking led to improved prediction of binding affinity of nicotinicligands
docked to nicotinic acetylcholine receptors.

CONCLUSION

Dockingisaresearch field onthe move. The main direction isaway from approximations
and towards a holistic description of the binding process. This progressis possible because
of the step changesint the available computational power and a gorithminnovations. However,
thereisstill away to go in developing and implementing the underpinning science. Mol ecular
docking givesthe promising contributionsto i dentification and optimization of ligand in modern
drug discovery. The combination of the chemical information of natural productswith docking
based virtual screening will play animportant rolein drug discovery in the post-genomic era.
Itisaninexpensive, safe and easy to usetool. Limited to theincomplete molecular structure
and the shortcomings of the scoring function, current docking applications are not accurate
enough to predict the binding affinity. However, we could improve the current molecular
docking technique by integrating the big biological datainto scoring function.
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