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Chapter 13
“Biomedical Applications of Porphyrin
Nanohybrids”

K. Simi Pushpan and Ajalesh B. Nair

1 Introduction

In nature, porphyrinoids are ubiquitous pigments of life that perform a variety of
functions ranging fromphotosynthesis, electron transfer, oxygen transfer, and storage
to the destruction of cells. Porphyrins are heteroaromatic tetrapyrrolic macrocycles
linked to each other at a position by a methine bridge. It has 22 π electrons of which
18π electrons are involved in providing its extended aromaticity. Figure 1 represents
the basic unit of porphin scaffold.

Core and peripheral modification of porphyrins and related macrocycles like
phthalocyanine, calixarene rings have gradually developed as a stimulating subfield
of organic chemistry, which allows alteration of the molecular properties of these
macrocycles. Such a structural alteration of these macrocycles opened pathways
for studying novel reactivities and intriguing π-conjugation phenomena in these
macrocyclic systems.

Porphyrinoids act as an attractive ligand for coordination chemistry for a variety of
transition metals. The protonated form of these macrocycles can be tuned as specific
anion binding agents depending on their cavity size. The strong absorption in near-
infrared owing to extended conjugation and planarity allow these macrocycles to
exhibit exciting optoelectronic properties and are considered as the most powerful
building blocks for supramolecular assembly. They also exhibit interesting fluores-
cence behaviors and are clinically proven photosensitizers apart from their ability to
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Chapter 12 
 

Ruthenium Complexes in  

Dye-Sensitized Solar Cells:  

Experimental and Theoretical Perspectives 
 

 

Smitha Roy1, Bebeto G. Nair2  

and Aravind Krishnan2,* 
1Union Christian College, Aluva, Kerala, India 
2St. Berchmans College (Autonomous), Changanassery,  

Kottayam, Kerala, India 

 

 

Abstract 

 

“High efficiency with low-cost production” is the tag given to the 3rd 

generation of solar cells, viz. Dye Sensitized Solar Cells (DSSC). 

Ruthenium complexes serve as a major category belonging to the above 

class due to the advantages of high photostability and wide absorption 

range from visible to near IR. With the development of N3 dye, the 

godfather of ruthenium dyes, scientific research has developed 

remarkably in modifying the complexes with various functional groups. 

Improved binding of the dye to TiO2 nano-surface, decreased back 

electron transfer, high absorbtion coefficient, resistance to water induced 

dye desorption, reversibility of ruthenium III/II couple, high absorption 

near the red region are some of the prerequsites for the production of 

efficient ruthenium dyes. An overall power conversion efficieny of 11% 

have been achieved using ruthenium polypyridyl complexes under 

standard illumination. The experimental modification includes the 

introduction of donor and acceptor moieties in the polypyridy ligands 

which is seen to achieve the above-mentioned requirements. 
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Chapter 10

Sensory Analysis and Brain Imaging of Flavors and Fragrances

Ajalesh B Nair,* Simi Pushpan K, Neethumol Varghese, and Minu Joys

Post Graduate and Research Department of Chemistry, Union Christian College,
Aluva-683 102, Kerala, India

*Email: ajaleshbnair@uccollege.edu.in

Flavors are a mixture of volatile and non-volatile organic compounds which bear
pleasant odors and are extensively utilized in food and beverage industry. It is
perceived to be the most multimodal sensory skill comprising not just oral
somatosensory and gustatorial but also retro nasal olfactory signals. All sensory
signals arising from food before consumption are also possibly influenced by
prospects due to prior experience. Fragrance consists of volatile organic
compounds which can be perceived through olfactory system utilizing odor-object
encoding in peripheral and central processing stimuli in brain olfactory regions
consisting of several active olfactory receptor genes, having diverse protein
sequence. The physiological effects elicited by the sense of smell are intricately
connected to flavor analysis of brain and impact its cognitive functions. In this
chapter, we intend to discuss the mechanism of action of neurophysiological
effects of these two interconnected senses, flavors and fragrances, its brain imaging
and sensory analysis along with the future advancements in this area.

1. Introduction

The earliest accomplishments in the field of flavors were predominantly in the arena of “sweet”
flavor research. The investigators initiated their research in this area by introducing novel molecules
since 19th century. The vanillin was first crystallized by Nicolas-Theodore Gobley from vanilla beans
in 1958 and by 1872 its empirical formula was reported by Carles. Even though in 1874, Ferdinand
Tiemann and Wilhelm Haarmann reported the structure of vanillin, it was successfully synthesized
from guaiacolin by Reimer in 1876. Such efforts on the detection of a flavoring agent saw the
commencement of a booming endeavor that accomplished its apex in the 1970s, when several
molecular entities in significant products were recognized by Ivans Benz and Andreas Muheim
(1996).

Flavor is crafted by nature and is constituted by aromatic chemicals that are biosynthesized
during the typical metabolic processes in living thing and can be subsequently refashioned by further
processing. The distinctive flavor of food signifies the complex influence by these aromatic factors
on the senses of odor and taste. Flavorings are synthesized from natural and/or synthetic aromatic

© 2022 American Chemical Society

D
ow

nl
oa

de
d 

vi
a 

Si
m

i P
us

hp
an

 o
n 

D
ec

em
be

r 
29

, 2
02

2 
at

 1
7:

31
:4

8 
(U

T
C

).
Se

e 
ht

tp
s:

//p
ub

s.
ac

s.
or

g/
sh

ar
in

gg
ui

de
lin

es
 f

or
 o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

 Balakrishnan and Gopi; Flavors and Fragrances in Food Processing: Preparation and Characterization Methods 
ACS Symposium Series; American Chemical Society: Washington, DC, 2022. 

mailto:ajaleshbnair@uccollege.edu.in


Focal Theme

Science, Technology & Innovation for Transition 
to a Knowledge Economy

ABSTRACTS

This volume contains the abstracts of pa-
pers that the researchers present during 
the 34th Kerala Science Congress- an an-
nual event of Kerala State Council for 
Science, Technology and Environment. 
Focal theme of the Science Congress is 
‘Science, Technology and Innovation 
for Transition to a Knowledge Econo-
my’. Presentations are grouped in 12 dif-
ferent subject areas viz. Agriculture & 
Food Sciences; Biotechnology; Chemical 
Sciences; Earth & Planetary Sciences; 
Engineering & Technology; Environmen-
tal Sciences, Forestry & Wildlife; Fisheries & 
Veterinary Sciences; Health Sciences; Life 
Sciences; Mathematical Sciences; Physical 
Sciences & Scientific Social Responsibility.



34th Kerala Science Congress 445

Ph
ys

ic
al

 S
ci

en
ce

s

continuous wave laser, it is observed 
that lower energy states become 
accessible.

Conclusion: This work shows the 
possibility to access energy levels 
of GaAsBi pin diode quantum well, 

which are otherwise inaccessible using 
a combination of optical and electrical 
pumping.

Keywords: Quantum well pindiode, 
photoluminescence, Electrolumines-
cence, GaAsBi
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Hydrothermally Synthesized Van Der Waal Layered  
Structure of 2D WS2 for TFT Application

Saranya Sasi1, Swathy B. Saseendran2, Christeena Thomas1, Asha A.S.2 and R. Reshmi 1

1Optoelectronic and Nanomaterial’s Research Laboratory, Department of  Physics,  
Union Christian College, Aluva, Kerala, India--683102 

2NEST Lab Department of  Physics, Cochin University of  Science and Technology,  
Kochi, Kerala, India -682022

Background: Beyond graphene, 2D 
transition metal dichalcogenides are 
widely investigated because of their 
layer-dependent tunable properties. 
Tungsten disulphide (WS2) being a 
promising material from this group, 
having potential application for next 
generation thin film transistors. The 
hydrothermal synthesis and subse-
quent post annealing to form van der 
waal layered structure has not been 
reported elsewhere.

Method: Typical  hydrothermal 
method was employed to synthesize 
WS2. Sodium tungstate, thiourea 
and oxalic acid were used as the 
precursors. The reaction carried out 

at a temperature of 1500C followed by 
the annealing in the atmosphere of 
sulphur and argon.

Results: Post annealing treatment 
induces better crystallinity and facil-
itated van der waal layered structure.

Conclusions: Hydrothermal process 
and subsequent annealing identified 
a simple route to achieve 2D vander 
waal structure with enhanced crystal-
linity for the fabrication of thin film 
transistors.

Keywords: Transition metal dichal-
cogenides, Hydrothermal synthesis, 
post annealing 22 K
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Synthesis and Characterization of Mn-doped MoS2 for  
Electrochemical Sensing of Folic Acid

Christeena Thomas1, Saranya Sasi1, Asha A. S.2, Alex Mathew1, R. Reshmi1

1Optoelectronic and Nanomaterial’s Research Laboratory, Department of  Physics,  
Union Christian College, Aluva, Kerala, India- 683102 

2NEST Lab, Department of  Physics, Cochin University of  Science and Technology,  
Kochi, Kerala, India- 682022,

Background: Nowadays there is 
triggering interest in 2D materials 
like Transition Metal Dichalcogenides 
(TMD’s). Among TMD’s MoS2 has the 
most robust nature and its biosensing 
properties are still been explored. Folic 
Acid (FA) is an essential vitamin that 
is necessary for the proper growth and 
development of humans in every stage 
of growth. Also, manganese (Mn) is 
a catalyst with distinguishing prop-
erties. The FA sensing properties of 
Mn-doped MoS2 are not yet reported.

Method: Facile hydrothermal synthe-
sis method was used for the synthesis 
of Mn-doped MoS2. For that sodium 

molybdate dihydrate, thiourea, 
manganese acetate tetrahydrate 
were used as precursors. The reac-
tion was carried out at 2000C for 24 
hours.

Results: The Mn-doped MoS2 has 
shown a 42% increase in oxidation 
current than pure MoS2 in the pres-
ence of 1mM FA.

Conclusions: The synergetic effect 
of both Mn and MoS2 can effectively 
increase the sensing of FA.

Keywords: Transition Metal Dichal-
cogenides, manganese, Folic Acid, 
biosensing.
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Background: Nowadays there is 
triggering interest in 2D materials 
like Transition Metal Dichalcogenides 
(TMD’s). Among TMD’s MoS2 has the 
most robust nature and its biosensing 
properties are still been explored. Folic 
Acid (FA) is an essential vitamin that 
is necessary for the proper growth and 
development of humans in every stage 
of growth. Also, manganese (Mn) is 
a catalyst with distinguishing prop-
erties. The FA sensing properties of 
Mn-doped MoS2 are not yet reported.

Method: Facile hydrothermal synthe-
sis method was used for the synthesis 
of Mn-doped MoS2. For that sodium 

molybdate dihydrate, thiourea, 
manganese acetate tetrahydrate 
were used as precursors. The reac-
tion was carried out at 2000C for 24 
hours.

Results: The Mn-doped MoS2 has 
shown a 42% increase in oxidation 
current than pure MoS2 in the pres-
ence of 1mM FA.

Conclusions: The synergetic effect 
of both Mn and MoS2 can effectively 
increase the sensing of FA.
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Computational Exploration For Pandemic Challenges (BICPAC'22)  

quantified in this study. It contains vital components of such a diet. The carbohydrate 

content was much less whereas total protein and minerals were sufficient to fulfil  the 

metabolic needs. The essential amino acids screening depicted the presence of 

phenylalanine (0.95%) and glycine + threonine (0.93%) quantities at higher levels. 

Minerals are categorized as micronutrients that are essential in metabolism and fluid 

maintenance in  the  body.  The minerals such as boron (61ppm), iodine (38ppm) and 

manganese (20ppm) were  in  good  quantities  in  the  leaf.  This  content  will  help  to  

reduce individual risk factors including those related to cardiovascular diseases among 

humans and animals. The next major mineral in A. alnifolia was Zinc (13ppm) which is 

being involved in reduction of above risk factor and also helps to secrete insulin. Anti-

nutritional factors were allowing the vegetable to stand on the safest nutritional path 

where the trypsin inhibition property (0.0046± 0.01 TIU/mg Protein), nitrate (180± 

1.39 µg KNO3 eq/g sample) and phytate (0.645 ± 0.03 µg/g sample) quantities were 

within the acceptable range. Thus, the collection and consumption of wild edible plants 

has been a way of life to supplement dietary requirements for many rural populations 

throughout the world. This present study also suggested that further research is 

needed on cultivation and food processing techniques on this wild leafy vegetable to 

get potent nutrients.  

Keywords : phytate, degenerative diseases, cardiovascular diseases, edible plants  

 

O34: TAXONOMY AND WEB ARCHITECTURE OF CYRTOPHORA UNICOLOR 

DOLESCHALL, 1857 (ARANEAE, ARANEIDAE) FROM THE WESTERN 

GHATS  

Elizabeth V. Mathew and Niladevi K. N. Department of 

Zoology, Union Christian College, Aluva, Kerala.  

  
Spider taxonomy has over the years been recognized as a demanding field of 

study due to the complex morphological and anatomical features of spiders and 

genitalic polymorphism. The spider genus Cyrtophora Simon,  

1864 belongs to family Araneidae Clerck, 1757 and subfamily  Cyrtophorinae Simon, 

1895. Cyrtophora unicolor, known as the “Red tent spider” appears reddish brown in 

color and builds large tent web, characteristic of subfamily Cyrtophorinae. After 

Pocock reported the species in 1900 from Sikkim, subsequent report came more than 

a century later, in 2014, from the  Western Ghats. This study describes the species and 

distinct web pattern. Morphological taxonomy gives a vivid description of the 

appearance of the species. The cephalothorax, abdomen and genitalia are explained 

and illustrated. The species is characterized by a pair of shoulder humps and numerous 

orange-brown sclerotized plates on the abdomen. Epigyne has a sinous rim and 

distinct sclerotized epigyne that has a pentagonal central part. Males are rarely found, 

due to extreme sexual dimorphism; they are much  smaller,  and  seldom  found  in  
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traditional medicinal values to treat gastrointestinal disorders, respiratory tract 

disorders including asthma, fever, hair loss and graying of hair, liver disorders 

including jaundice, skin disorders, spleen enlargement and cuts and wounds. The 

plant has several phytoconstituents like wedelolactone, eclalbasaponins, ursolic acid, 

oleanolic acid, luteolin and apigenin. Pharmacological activities of plant extracts and 

individual phytoconstituents have revealed anticancer, hepatoprotective, snake venom 

neutralizing, anti- inflammatory, and antimicrobial properties. Bimetallic Cu/Zn were 

synthesized utilizing leaves extract of Eclipta through green synthesis protocol. Green 

synthesized Cu-Zn nanoparticles 30-50nm in size possess  its parental Cu, Zn metal 

screened through SEM and EDAX  analysis.  Further synthesized Cu-ZnBNP possesses 

characteristic UV- Visible, FTIR, and XRD patterns. Cu-ZnBNP possess significant 

invitro antioxidant activity. Finally invitro  MTT assay results revealed that green 

synthesized Cu-ZnBNP possess  excellent  alveolar  anti-cancer  activity  when  

compares  with  their Eclipta prostrate plant extracts counterpart.  

Keywords: nanomaterials, phytoconstituents, SEM and EDAX analysis  

O47  FEEDING ASSOCIATED COOPERATIVE BEHAVIOUR OF  

DROSOPHILA LARVAE  

Nila Devi K.N*, Elizabeth V. Mathew and Anmariya Joy  
Department of Zoology, Union Christian College, Aluva, Kerala  

Drosophila melanogaster has emerged as a model organism for research on social 

interactions. They use vision, olfaction and gustation to recognize each other. The 

present study was focused on the dynamics of collective foraging decisions by the 

larvae of Drosophila including cluster formation, social digging and de-clustering in 

different food sources. Influence of different food sources in which the larvae were 

reared on the general food preference of larvae was also included in the study. Changes 

in the behavioural patterns of second instar Drosophila larvae on exposure to different 

food sources was assessed. Visual and mechanoreceptors play a major role in the 

cooperative behaviours while olfaction play major role in selection of food. The food 

source in which the larvae were grown had no influence on the general food preference 

of the larvae and among the various fruit sources tested, mango was found to be the 

most preferred food followed by pineapple. The time taken to reach the food source 

was found to be much less in the case of mango pulp as compared to other fruit sources. 

Same observation was made when larvae raised on other food sources were provided 

with mango pulp. The results suggested that the Drosophila larvae have specific food 

preferences irrespective of the source of food in which they were raised. The larvae use 

olfactory sensation for foraging while the presence of other larvae, detected mostly by 

the visual and  mechanoreception was found to be crucial in establishing feeding 

associated cooperative behaviours like cluster formation and digging. The behavioural 

pattern differed conspicuously while foraging on food kept at different depth, pointing 

to that adequate air supply is also a major factor in determining the cooperative 

behaviours such as sustenance of clusters  and  de-clustering.  The observations made 
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NATIONAL EDUCATION  
POLICY 2020 & NAI TALIM: 

EXPLORING THE  
(DIS)SIMILARITIES 

 

G GEETHIKA 
 
 
 
 

 
ducation is the process of receiving systematic instruction. 
Whether formal, informal or non-formal, it is an enlightening 

experience that transforms the individual in all respects. It is the 
basis for human capital, imperative for shaping a better society. Ac-
cording to Professor Aldous Huxley (1927), “a liberal education 
prepares young people for life by training their intellect.” Before 
him, John Henry Newman wrote, “it is the education which gives 
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THE NEED TO CONSUME TEN LEAFY 
VEGETABLES DURING MONSOON - A REVIEW 

 
Abstract 
 

Leaves can reduce the acidity in the 
body and make it alkaline, which prevents 
several diseases. The consumption of a 
combination of leaves of ten medicinal plants 
(pathila)which are available from our 
surroundings has immense health benefits 
during the month of Karkidaka , June- July in 
south India.  
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APPLICATIONS OF PLANT-DERIVED 

POLYSACCHARIDES WITH SPECIAL  

EMPHASIS ON MUCILAGE 
 

Abstract 

 

The recent advancements in scientific 

knowledge and its diverse applications made 

us recognize the importance and need of 

some old practices. The use of synthetic 

materials, especially polymers with many 

side effects, also prompted human kind to 

switch on to plant-derived products. Among 

the various unavoidable substances in our 

daily lives, polymers are of prime 

importance. They may be natural, semi-

synthetic and artificial. Natural polymers are 

biocompatible, biodegradable and less toxic 

than artificial polymers. Among various 

natural polymers, plant derived 

polysaccharides such as mucilage, gums and 

starch. Mucilage is utilized in tablet 

formulations, drug delivery systems and 

waste water purification by removing dyes 

and heavy metals. It shows pharmacological 

properties such as antioxidant, antibacterial 

and anti-inflammatory. This chapter reviews 

the importance and applications of plant 

mucilage with special reference to its 

pharmaceutical, pharmacological and 

bioremediation perspectives.  
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Identification, charcterization and comparison of seasonal calcium oxalate crystal load in 

Amaranthus dubius 


Renu Rajan1* and Justin R. Nayagam1

1Department of Botany, Union Christian College, Aluva- 2, Kerala, India 683102


*Email: renumarychacko@gmail.com


Calcium oxalate is a very important antinutrient present generally in all plant parts from 

embryo to mature plant, which reaches the human body through food and raw plant-based drugs. 

Though calcium oxalate crystals in plants are useful for them in many ways, it can contribute to an 

increase in the oxalate levels in humans and animals consuming them raw as food or drugs, which 

can in turn precipitate nephrolithiasis and renal failure. Hence the identification, characterization 

and comparison of CaOx load in vegetables consumed as food and herbal drugs are crucial in 

managing a low oxalate diet for patients suffering from renal ailments and to those prone to 

hyperoxaluria. The present study aims at generating new knowledge on the seasonal oxalate load of 

common leafy vegetable purple Amaranthus at its various stages of maturity such as young leaf and 

mature leaf, in its life cycle. Young leaves exhibit a greater number of small druse crystals whereas 

mature leaves show a lesser number of big druse crystals in Amaranthus dubius. The crystal load 

can be plotted as mature leaf>young leaf.  The crystal load in young leaves is 6% less than that of 

mature leaves. The future prospect of the study lies on the biotechnological intervention to 

genetically engineered plants with less oxalate content by identifying the genes responsible for 

ergastic crystal formation in plants. 
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Lasiodiplodia theobromae infection on Myristica malabarica seeds: Threat in artificial 

regeneration


Saira George1 and Justin R. Nayagam1

1Department of Botany, Union Christian College, Aluva, Kerala, India.


Lasiodiplodia theobromae (Pat.) Griffon and Maubl. was found associated with seeds of 

several tropical tree species, which eventually proved decline in regeneration potential in many 

forest  tree species. Germination studies on seeds of Myristica malabarica for artificial regeneration 

recorded incidence of the ascomycetic fungal pathogen in stored Myristica seeds. Seeds were 

collected from the natural stands during the months of February - March for four consecutive years 

of study 2018 to 2021, from Mullaringad forest range in South India with coordinates of 10°1’4” N 

and 76°47’10” E. Seeds stored in containers detected fungal infection after one month of storage. 

Mean incidence percentage of 28.75% was recorded in stored seeds collected during 2018. Infection 

appeared as fluffy, cottony, grayish white patches. Germination characteristics of fresh and stored 

seeds were evaluated by ANOVA. Fresh seeds recorded a mean germination percentage of 31% and 

that of infected seed lot was 4.5%. Seed borne fungi L. theobromae is a threat in plantation practices 

of M. malabarica. The disease incidence is random in seed lots but has a significant impact in 

reducing germination. Since M. malabarica is listed as vulnerable in IUCN, its propagation requires 

high consideration.
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