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researches and teachers in their pursuit of knowledge. Let the outcome of these deliberations engender 

commendable results and kindle genuine spirit of enquiry and research. 
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A review on bioplastics from natural resources: 

Processing methods, applications, and biodegradation 

P. Shaiju 1, 2, 3 and Ramesh Babu P * 1, 2 

1     AMBER Centre, CRANN Institute, School of Physics, Trinity College Dublin, D02 PN40 Dublin, Ireland 

2     BiOrbic, Bioeconomy Research Centre, University College Dublin, Belfield, D04 V1W8 Dublin, Ireland 

3     PG & Research Department of Chemistry, Sree Narayana College, Kollam, Kerala – 691001 

*  Correspondence: babup@tcd.ie; Tel.: +35318962602 

Abstract: The current review focuses on the recent developments of bioplastics obtained 

from natural resources. Natural polymers have received enormous attention attributable to 

their ability to address the environmental threats resulting from petroleum-based 

polymers. This review describes the  different classifications of natural polymers, their 

blends, properties, and applications. The review also focuses on different processing 

methods, and finally discusses the future trends in plastic production using natural 

polymers. 

Keywords:  Natural  polymers,  nanocomposites,  processing,  applications, biodegradation  

of  natural polymers 

1. Introduction 

Plastics are becoming indispensable in our day-to-day life, primarily due to their extensive 

applications in different fields. Plastic materials are lightweight, flexible, moisture-

resistant, durable, and relatively inexpensive. Due to the enormous demand for these 

materials, there is an exponential growth in the plastic production over the years and 

reached approximately 400 million tonnes per year as shown in Figure 1[1,2]. 

 

Figure 1. Global plastic production, mega tonnes, 1917 to 2017 [1,2]. 
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The extensive production and consumption of plastic materials is a growing concern, as their 

waste management infrastructure often has not reached an appropriate processing rate to deal 

with their increasing levels of plastic waste. Shockingly, if the current trend of plastic 

production and waste management continues, the amount of plastic waste in the natural 

environment may reach approximately 12,000 million metric tons by 2050 [2]. In recent years 

the link between plastic waste, human health, and environment have been universally 

accepted, and there is a growing interest in tackling the environmental risks created by the 

fossil-based polymers. Micro plastics are another significant issue in plastic waste on 

ecosystems and human health due to their size [3,4]. Fossil-based plastic tends to degrade 

into micro-plastics over a period, and end up in our eco-system on both lands and in seas, 

by the action of UV light, acidity levels in land-fill, waves and winds. 

Since fossil-based plastic materials may take  500-1000 years to degrade [5], they remain as 

waste in the environment. Most plastics can act as an organic pollutants that may lead to 

food contamination and other serious health hazards. As a result, nondegradable plastic 

materials cause severe adverse impacts on the environment. The fragments and toxins 

released during photo-decomposition of such plastic debris can pollute the soil and water. It 

should be noted that only 14% of the total plastic packaging material is collected for recycling, 

whereas the remaining 86% is discarded into the natural environment. Apart from the 

pollution created by the nondegradability of such systems, the large scarcity of petroleum 

resources due to their extensive usage is also another serious concern. Most plastic waste, 

which leaches into the environment, finally ends up in the ocean carried via various water 

sources. A report launched at the 2016 World Economic Forum’s annual meeting in Davos, 

highlighted that 95% of the value of plastic packaging material (worth $80-120 billion 

annually) is lost to the economy due to improper management and infrastructure for 

collection of plastic waste. On the current track, it is expected that the total weight of plastic 

waste could be higher than the total weight of fish in the ocean by 2050 [6]. According to 

another study conducted by Eriksen et al. in 2014, around 5.25 trillion plastic particles 

weighing 268,940 tons are floating at sea. The results obtained from their study are 

summarized in Table 1. 

As already mentioned, global plastic production has increased twentyfold since 1960. It is 

expected that it may double again over the next 20 years. In Europe, about 1.5 million 

people are employed in the plastic industry and generated a turnover of EUR 340 billion in 

2015 [7]. Even though plastics production in Europe has been stable in recent years, the 

possibility of reuse and recycling of plastics is very low. In Europe, every year around 25.8 

million tonnes of plastic waste are generated. Of that 25.8 million tonnes, less than 30% is 

collected for recycling [7]. 

Recently Europe has adopted a strategy to address the challenges created by plastics. It 

involves the design and development of plastic materials by considering the importance of 

reuse and recycling. This approach should greatly help to reduce the adverse effect of plastic 
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materials on the environment. However, greater efforts and cooperation is required from the 

plastics producers to recyclers, retailers, and consumers for the successful implementation of 

the strategy. In 2017, the European Commission has decided to work towards the goal of 

making all plastic packaging recyclable by 2030 [7]. 

In recent years, the global socio-economic landscape has altered dramatically, making 

natural polymers worth consideration for many applications. The concern over the long-

term availability of oil and environmental considerations forced us to consider alternative, 

especially renewable, sources of materials. 

Table 1. Model results for the total particle count and weight of plastic floating in the world’s oceans[8]. 

 
Size 

(mm) 

North 

Pacific 

North 

Atlantic 

South 

Pacific 

South 

Atlantic 

Indian 

Ocean 

Mediterranean 

Sea 
Total 

Count 0.33–1.00 68.8 32.4 17.6 10.6 45.5 8.5 183.0 

 1.01–4.75 116.0 53.2 26.9 16.7 74.9 14.6 302.0 

 4.76–200 13.2 7.3 4.4 2.4 9.2 1.6 38.1 

 200 0.3 0.2 0.1 0.05 0.2 0.04 0.9 

 Total 199.0 93.0 49.1 29.7 130.0 24.7 525.0 

Weight 0.33-1.00 21.0 10.4 6.5 3.7 14.6 14.1 70.4 

 1.01–4.75 100.0 42.1 16.9 11.7 60.1 53.8 285.0 

 4.76–200 109.0 45.2 17.8 12.4 64.6 57.6 306.0 

 200 734.0 467.0 169.0 100.0 452.0 106.0 2028.0 

 Total 964.0 564.7 210.2 127.8 591.3 231.5 2689.4 

* Total count (n×1010 pieces), weight (g×108 g; or g×102 tons) of plastic in the ocean [9]. 

 

Natural polymers, thanks to their environmentally friendly properties such as 

biodegradability, low toxicity, low disposal costs, and renewability, are now gaining 

massive attention as one of the best solutions as an effective alternative to petroleum-based 

polymers. Natural polymers are mainly derived from plants and animals. Cellulose, 

hemicellulose, starch, pectin, etc. are obtained from plants, whereas chitin, alginates, 

psyllium, etc. are derived from animal origins [10]. Figure 2 presents the classification of 

natural polymers from various sources. 
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Figure 2. Classification of Natural polymers [11]. 

 

Natural polymers have found applications in several commercial sectors such as 

pharmaceuticals, chemical engineering, agriculture, biomedical, coatings, and food [10]. As 

observed in Figure 3, there is a significant increase in the number of total publications based 

on bioplastics in recent years, which highlights both the universal relevance of the topic and 

the increased funding in this field. 
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Figure 3. Total publications on bioplastics by year. (Source: Web of science) 

 

Natural polymers have a history of more than century-much longer than fossil-based 

plastics. They are biodegradable and renewable, and thus environmentally friendly. At the 

end of their useful product life, they can be easily disposed of without harming the 

environment. The challenge with natural polymers being employed for large-scale 

replacement plastic production is primarily due to the strong interaction of functional 
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groups [12]. This prospective provides an overview of the various natural polymers, 

material properties, processing challenges, applications, and future trends. 

2. Types of natural polymers including properties 

2.1 Cellulose 

 Cellulose, the principal constituent of the plant cell wall, is considered as one of the 

most abundant molecules derived from biomass. It was discovered in 1838 by a French 

chemist Anselme Payen. Cellulose is mainly extracted from kenaf, jute, cotton, wood, etc. It 

is highly crystalline, with a high molecular weight polymer. The general formula for 

cellulose is (C6H10O5)n, consisting of a linear homopolymer of glucose residues with β (1→4) 

linked D-glucose units. Inter and intramolecular hydrogen bonding make cellulose rigid  

and  water-insoluble. Even  though  the  structure  is  similar  to  starch,  cellulose  exhibits  

different properties [13,14]. 

 

Figure 4. Repeating unit of cellulose. 

2.2 Chitins 

Chitin is a linear polysaccharide consisting of 2-acetamido-2-deoxy-β-D-glucopyranose 

units, with β (1→4) linkage [15,16]. It is present in the exoskeleton and internal structure of 

invertebrates. The structure is similar to cellulose, but with an acetamide group 

(NHCOCH3) at the C2 position instead of the hydroxyl group (Figure 5). Chitin is the 

supporting material of molluscs, crustaceans, insects, etc. Chitin exists in their different 

crystal structures: , β, and γ. -chitin, which has a more compact structure, is generally 

obtained from the shell of crabs and shrimps. β-Chitin is obtained from the pen of loligo 

and squid. γ-chitin is a mixture of both  and β-chitin [17,18]. It is biodegradable and 

biocompatible. Chitin exhibits poor solubility in common organic solvents, and diluted 

aqueous solvents, which limits its practical, commercial applications. 

 

Figure 5. Structure of chitin 



Sree Narayana College, Kollam 

6 

2.3 Starch 

Starch is a polysaccharide, which contains glucose units joined together by glycosidic bonds. 

The natural abundance of starch is similar to that of cellulose and chitin. It mainly acts as the 

energy store in plants and is found in the roots, leaves, stems, etc. in granular forms with 

different shapes (spheres, polygon, ellipsoids, etc.). Rice, corn, wheat, sorghum, potato, etc. 

are some of the primary sources of starch. Generally, starch is composed of two molecules: 

amylose, which is the linear fraction, and its branched counterpart, amylopectin [19]. In 

amylose, glucose units are linked together by -1-4 glycosidic bonds, whereas amylopectin 

has additional -1-6 links [20,21]. The composition of amylose and amylopectin may vary 

depending on the type of starch. However, in general, the composition of amylose in starch is 

20-30% and amylopectin is 70-80% [20,21]. The structure of amylose and amylopectin are 

shown in Figure 6. Some of the main industrial applications of starch involve adhesives, 

paper, and clothing. Starch is used for making packaging films, overwraps, flushable 

sanitary products, mulch films, etc. 

 

Figure 6. Structures of amylose and amylopectin (two components of starch) 

2.4 Lignin 

Lignin is also considered as one of the most abundant biopolymers. It is regarded as the 

primary source of aromatic structures on earth. It is one of the main components in the cell 

wall along with cellulose and hemicellulose. Lignin adds strength and structure to the cell 

walls of woody plants.[22] The structure of lignin is based on three different cinnamyl 

alcohol precursors (monolignols): p-coumaryl alcohol, coniferyl alcohol, and sinapyl alcohol 

(Figure. 7) [23,24]. The radical polymerization of monolignols results in the formation of a 

complex three-dimensional molecular structure with a great variety of bonds [25,26]. The 

majority will be the -O-4 ether linkages (50%). Apart from that other linkages such as -O-4, 

4-O-5 also exist together with C–C bonds [27,28]. The reactivity and the degree of branching 

in the lignin are determined by the proportions of the three monomers [22]. 
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Figure 7. The three different alcohol precursors (monolignols) of lignin. 

3. Modification of natural polymers 

Natural polymers have received much more attention in recent years due to their 

environmental benefits. However, the performance of products made from the natural 

polymer is not similar to products produced from fossil-based counterparts due to the 

inherent properties of natural polymers.     Some of the approaches to upgrade the properties 

and improve the processability of natural polymers are given below: 

i)           Blending of polymers   ii)          Chemical modification 

iii)         Grafting of functional groups  iv)         The addition of nanoadditives 

Out  of  these  methods,  polymer  blending  and  the  creation  of  polymer  

nanocomposites  by  adding nanoadditives are the most preferred methods on an industrial 

scale mainly due to their adoptability on an industrial scale without invasive modification of 

current processing technologies. 

3.1 Blends of natural polymers 

3.1.1 Blends of Cellulose 

Nishio et al. prepared cellulose/poly(viny1 alcohol) (PVA) blend films from mixed 

solutions in N, N-dimethylacetamide (DMAc)-lithium chloride (LiC1) by solution-

coagulation method and analyzed using different characterization techniques. They noted 

that there is a significant decrease in the crystallinity of PVA with the addition of cellulose 

and no crystallization was observed when the cellulose content is above 70 wt. % [29]. The 

authors employed the same method to prepare the blends of cellulose with nylon 6 and 

poly(-caprolactone) (PCL) [30]. Similar to the result obtained in their previous study, the 

crystallinity of both nylon and PCL has been found to decrease with the increase in the 

cellulose content. However, the crystalline nature was retained even at a composition 

containing 90 wt. % cellulose. The level of miscibility of both the blends was found to be 

relatively low, but there was no indication of phase separation at any level above 

micrometer size. Miyamoto et al. prepared cellulose-starch blend films using the solution- 

coagulation method and investigated their structure and properties [31]. The blended films 

showed porous structures, and the average pore size was found to increase with increasing 

starch content. Such porous blend films displayed high water and oil absorbency. It was 
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observed that the oil absorbency of the blend film with 50 % starch was ten times higher than 

that of cellulose film. 

3.1.2 Blends of Starch 

Even though the compatibility of starch with synthetic polymers is weak, some efforts have 

been made to prepare starch/polymer blends,  especially  to  improve  the  degradability of  

commonly used  synthetic polymers. Modified starch was also used to enhance the 

miscibility and adhesion of starch in the blends [32]. Olivato et al. prepared starch/ 

poly(butylene adipate-co-terephthalate) blends with tartaric acid as an additive and 

investigated the mechanical, optical and structural properties. The result indicated that the 

addition of tartaric acid had improved the properties of the materials, which makes it 

suitable for food packaging applications [33]. It has been reported that the blending of 

commercial polyester Bionolle with starch has improved the rate of degradation of the 

Bionolle [34]. 

Tudorachi et al. investigated the biodegradation behavior of polyvinyl alcohol (PVA)/starch 

mixtures in the presence of some bacteria and fungi due to the better compatibility of PVA 

with starch. They observed that the microorganisms had consumed the starch along with the 

amorphous part of PVA [35]. 

Polyethylene is a commonly used thermoplastic polymer due to its wide range of 

applications. However, it is resistant to microbial breakdown [36]. It was reported that the 

addition of biodegradable compounds like starch could improve the degradation of 

polyethylene [37]. The degradation rate of starch/polyethylene blend was found to vary 

with the amount of starch as well as the environmental conditions [38]. To study the 

degradation of these starch/polyethylene blends in a natural environment, Johnson et al. 

investigated the chemical, photo, and biological degradation of 11 types of commercially 

produced degradable starch/polyethylene compost bags [39]. The oxygen tension on the 

surface of the film was found to have a substantial effect in controlling the degradation. The 

pro-oxidant additive (transition metal), has also played a significant role in controlling the 

degradation in the compost environment [39]. 

3.1.3 Blends of Chitin 

Chitin is often blended with other polymers mainly to overcome its poor solubility and 

reactivity.   Lee et al.  reported that  the  blends of  β-chitin and  poly(vinyl alcohol) (PVA)  

showed  improved mechanical properties [18]. Ramaprasad et al. used chitin–polyaniline 

blend for the construction of developing humidity sensors. They observed that the blends 

showed a significant improvement in the conductivity along with good thermal and 

environmental stability even after three years [40]. Mi et al developed chitin/poly(d,l- 

lactide-co-glycolide) and chitin/polylactide-based microspheres for protein delivery. They 

observed that the formulations of the blends might help in the controlled release of bovine 

serum albumin (BSA) [41]. Park et al. fabricated biodegradable nanostructured scaffolds 
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based on poly (glycolic acid) (PGA)/chitin blend for tissue engineering applications [42]. 

Based on the results, they concluded that the blend with 25% PGA and 75% chitin with 

bovine serum albumin coating could be used for making scaffolds for tissue engineering 

applications [42]. 

3.1.4 Blends of Lignin 

Lignin is an aromatic biopolymer that represents the second most abundant natural 

polymer other than cellulose. The abundance and aromatic structure would make it an ideal 

polymer for blending with various natural polymers to improve their properties. Lignin has 

been evaluated with different natural polymers to improve their performance and 

properties for various applications [43,44]. It has been reported that the grafting of starch 

films with lignin can improve the water resistance, which is one of the main drawbacks of 

starch-based packaging films [45]. Kaewtatip et al. studied the mechanical properties and 

the resistance to water absorption of thermoplastic starch (TPS) in the presence of kraft lignin 

(KL) and esterified lignin (EL). Both the blends showed improved mechanical properties 

compared to that of pure TPS. [43] Huang et al. prepared the blends of soy protein, which 

got the attention mainly due to its low‐cost and biodegradability, with alkaline lignin and 

investigated their properties with the help of different characterization techniques. The 

results indicated that the presence of alkaline lignin could enhance the thermal stability, 

tensile strength, Young's modulus and water resistivity of soy protein plastics, which helps 

in expanding their applications [46]. Mousavioun et al. investigated the thermal stability and 

miscibility of poly (hydroxybutyrate) and soda lignin blends. An improvement in the overall 

thermal stability was observed for the PHB/lignin blends compared to PHB over a wider 

temperature range [47]. Wu et al. studied the mechanical properties of bio- based composite 

films derived from cellulose, starch, and lignin. The mechanical properties of the composite 

films were found to improve significantly due to the combined effect of different 

components. Also, the thermal stability and gas permeability were found to be better for the 

composite films [48]. 

4. Natural Polymer Nanocomposites: 

The increasing use of natural polymers can lead to entirely novel materials with enhanced 

performance compared with traditional plastics. In recent years, innovations in the 

development of plastic products from natural polymers increasing due to awareness of 

problems associated with fossil plastics and breakthroughs in processing technologies. Thus, 

the use of natural polymers will help to reduce the use of fossil-based raw materials, which 

in turn reduces the volume of plastic waste. This will also help in the protection of the 

climate through the reduction in carbon dioxide released. Apart from biodegradability, 

natural polymers show some excellent properties, which are comparable with that of 

commodity plastics [10].     However, some of the properties like high gas permeability, low 

melt viscosity, higher processing temperatures, etc. restrict the use of natural polymers in 

different applications. The physical and chemical properties of natural polymers and their 
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synthetic counterparts can be quite different. The processing and development of products 

based on natural polymers are not always easy and cost-effective. Therefore, in the 

applications, the main focus is to capitalize on inherent bio-degradability and other unique 

properties of natural polymers and not to compete with the properties of conventional 

plastics. Even though the modification of biodegradable polymers is a challenging task, the 

nano-reinforcement of pristine polymers to prepare nanocomposite has already proven to 

be an effective way to concurrently improve these properties [49,50]. Therefore, from the 

preparation to the processing of natural polymer-based nanocomposites, that is, ‘green 

nanocomposites’ is leading the future drive to deliver more environmentally friendly 

materials for future generations. 

5. Polymer nanocomposite technology 

Natural polymers in their native form are unsuitable to be used in the same way as fossil 

plastics, requiring chemical, and thermal modification, blending with other polymers or 

reinforced with nano fillers to gain the technological usefulness of these polymers. In recent 

years, the use of nano additives such as nanoclays, 2-dimensional nanomaterials and other 

class fillers as additives to enhance the polymer performance has been well established. 

Various nano-reinforcements currently under investigation include nano clay (layered 

silicates), graphene, boron nitride, cellulose nanofibers, and carbon nanotubes. Polymer 

nanocomposites are of keen interest due to their significant enhancement of a large number 

of physical properties, including barrier, mechanical, flammability resistance, thermal and 

environmental stability, solvent uptake, and rate of biodegradability, relative to unmodified 

polymer resins [51,52]. It was observed that the improvement in different properties was 

obtained at a lower filler content (<5 wt %). This improvement in the properties of polymer 

nanocomposites is attributed to the strong interfacial interactions between the polymer 

matrix and the filler at the lower filler loading. Nanofillers generally consist of layer 

thicknesses in the order of 1 nm, and very high aspect ratios (e.g., 10–1000). A few weight 

percent of nano additive properly dispersed throughout the matrix can create a  much 

higher surface area for polymer-filler interactions than the conventional composites. 

Very few studies have explored natural polymer nanocomposites. Starch attracted 

widespread attention among natural polymers due to its low cost and abundance for 

packaging applications [53-61]. The studies reported that the addition of various types of 

nano additives resulted in significant improvement in tensile strength, modulus, elongation 

and barrier properties. Very recently, Jabier et al. reported the preparation of starch and 

chitosan nanocomposites reinforced with montmorillonite and bamboo nanofibers [53,62,63]. 

The results showed an increase in both tensile strength (by 50%), and elongation break (by 

66%) compared to starch and chitosan, due to strong hydrogen bonding between the fillers 

and polymers. 

Cellulose acetate (CA), which is obtained by the esterification of cellulose, has attracted 

attention due to its biodegradable nature, optical clarity, chemical resistance, and high 
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toughness. Park et al. first reported the preparation of biodegradable plasticized CA/clay 

hybrid nanocomposites [64]. Melt processing via extrusion-injection moulding is adopted in 

fabricating the nanocomposites from CA powder, eco-friendly triethyl citrate (TEC) 

plasticizer and organoclay. The results showed that the addition of TEC plasticizer at 20 

wt% exhibited the best intercalation and exfoliation of clays as well as the best physical and 

mechanical properties of the resulting nanocomposites. The tensile strength, modulus and 

heat deflection temperature were improved, and the water vapor permeability was reduced 

by a factor of two, but the impact strength was decreased. In their later work (Park et al., 

2004a) [65], they investigated the effect of compatibilizer maleic anhydride  grafted  cellulose  

acetate  butyrate  (CAB-g-MA) on  the  nanostructure of  the  biodegradable CA/organoclay 

nanocomposites. They reported that nanocomposite systems with 5wt% compatibilizer 

contents displayed a better-exfoliated structure than the counterpart without compatibilizer 

hybrid. Chitosan, a non-toxic natural polysaccharide, is compatible with living tissue and 

finds applications in packaging, wound healing, production of artificial skin, food 

preservation, cosmetics, and wastewater treatment [66]. Chitosan-based nanocomposites 

prepared using various nano additives were reported by Rhim et al. [67]. The tensile 

strength of the composites was increased by 7-16%, and moisture resistance increased  by  

25-30%  depending upon  the  type  of  nanoparticles evaluated.  Especially  chitosan-based 

composites with nano silver particles showed enhanced antimicrobial activity. Darder 

et al. reported chitosan-layered biopolymer  clay  nanocomposites  for  sensor  

applications  and  are  useful  for  anionic detection in aqueous media [68]. 

Despite the huge possibilities to deploy natural polymer-based nanocomposite materials in 

various applications, the low level of production, property limitations and high production 

costs restrict their use in a wide range of applications. Therefore, new improved processing 

technologies and economies of scale are all indispensable to produce a more favorable, 

global adoption of natural polymer solutions. 

6. Processing of natural polymers 

Polymer processing involves the conversion of raw polymeric materials into finished 

products with desired shapes and properties. Different processing methods have been 

developed depending on the chemistry and properties of the polymer and the end-use of the 

final product. Some of the main polymer processing techniques are briefly described below. 

6.1 Extrusion Moulding 

Extrusion is mainly used for moulding thermoplastic materials. Some of the natural 

polymers like starch, gelatin, etc. can be processed via melt processing [10,69]. The typical 

melt extrusion involves the pumping of raw materials through a barrel with a rotating 

screw, where it will be subjected to heat and pressure to achieve a product with uniformity 

[70,71]. Unwanted particles are removed with the help of a breaker plate and screen, and 

retained between the barrel and die. The final product is obtained after both sizing and 

cooling. Everyday products such as pipes, straws, films for packaging, etc. are produced via 
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extrusion moulding. In  the  pharmaceutical industry, especially in  the  drug  delivery 

systems, melt extrusion is preferred over the other methods [72-75]. 

 

Figure 8. Schematic representation of an extruder. 

Some of the natural polymers were also processed using the extrusion. Andreuccetti et al. 

used an extrusion process to prepare gelatin-based films and investigated the mechanical 

properties [69]. Starch, lipids, cellulose, etc. are some other examples of natural polymers, 

which were processed using extrusion [76-78]. 

6.2 Injection Moulding 

Injection moulding is one of the main processing techniques used for the mass production 

of plastic parts. Some of the advantages of the process include the quick cycle of 

production, material and color flexibility, design flexibility, etc. In the injection moulding, 

the polymer material is fed into the machine in the form of pellets through a hopper. The 

pellets were heated within a heated barrel, and the polymer melt was injected into a suitable 

mould, which is cooled under pressure. Around 33% of all the processed polymeric materials 

are made using injection moulding [10,79,80]. Even though the machine is similar to the 

extruder, there is a difference in the screw operation. In injection moulding, along with the 

rotation, the screw moves forward and backward as  per  the  steps of  the  molding cycle. 

Injection  moulding is  widely used  for  making automotive parts, bottle caps, parts for 

electronic applications, etc. It has also found applications in the biomedical area and the 

development of drug products [80,81]. Gomes et al. developed a new method based on the 

conventional injection moulding process to prepare biodegradable porous scaffolds from 

corn-starch- based polymers [81]. By following this method, they were able to prepare 

scaffolds with a porous core, which showed promising mechanical properties. In another 

report, native starch was processed in the presence of water using the injection molding [82]. 

Starch and gelatin capsules were also developed using the injection moulding process [83]. 
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Figure 9. Schematic representation of an injection moulding. 

 

6.3 Solvent Casting 

Solvent casting is considered the oldest technology for making plastic films. This technique 

can be effectively used for making films with uniform thickness, superior optical purity, 

and mechanical properties. The process involves the dissolution or dispersion of the 

polymer in a suitable solvent, which is coated onto a substrate and the solvent is removed 

later by drying [10,84]. Santos et al. attempted to understand the effect of cellulose whiskers 

on the physical properties of glycerol-plasticized tilapia gelatin films, which are prepared 

using solvent casting technique from solutions with different concentrations [85]. 

 

Figure 10. Different stages of solvent casting. 

6.4 Electrospinning 

In the electrospinning process, fine fibers from polymer solution are produced by using the 

electrostatic forces. The electrospinning setup consists of a high voltage power supply, a 

spinneret (e.g., a pipette tip) and a collecting plate. As shown in Figure 11, there are mainly 

two standard electrospinning setups: vertical and horizontal. Before the electrospinning 

process, the polymer is dissolved in a suitable solvent and then introduced into the 

capillary tube. Due to the surface tension of the polymer solution, it will be held at the end 

of the capillary, which is subjected to an electric field. Once the electric field reaches a 

critical value, it overcomes the surface tension, and the solution is electrically charged. The 

charged jet of solution is ejected from the capillary tip and fibres are formed on the collector 

plate after the evaporation of the solvent [86-88]. 
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Different factors such as voltage, polymer fluid properties, flow rate, the distance between 

the capillary tip and the collector plate, and dimensions of the needle tip can tune the 

properties of the electrospun [89]. In some reports, the electrospinning process has been 

used to prepare fibers of natural polymers such as chitosan and silk fibroin [90,91]. 

   

Figure 11. Schematic diagram of set up of electrospinning apparatus (a) typical vertical set up and (b) horizontal 

set up of electrospinning apparatus. [Reprinted with permission from ref [92]; Copyright © 2010 Elsevier Inc.] 

7. Applications of Natural Polymers 

Natural polymers have a wide range of applications in packaging, pharmaceuticals, 

textiles, cosmetics, adhesives, etc. Packaging materials made of natural polymers are of great 

interest since they can be degraded by the action of microorganisms. In the pharmaceutical 

industry, the natural polymers have been widely used for drug delivery applications. Two 

of the major applications of natural polymers are described below. 

7.1 In Packaging 

The packaging industry is considered one of the largest markets for the plastics due to their 

relatively low cost and ample availability [93,94]. Natural polymer-based packaging materials 

can enhance the food quality by preventing the external contamination and extending the 

shelf life. Derivatives of different natural polymers such as starch and cellulose have been 

used for making the packaging films [95-97]. Table 2 shows the various literature reports on 

the blends of natural polymers, mostly fossil-based polymers, which can be used in the 

packaging application. 
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Table 2.   Literature reports on the potential source of natural polymer blends that can be used in the packaging 

application. [Adapted with the permission from ref [98]; Copyright © Springer International Publishing 

Switzerland 2016] 

Title of paper Polyolefins Reference 

Electret-thermal  analysis  to  assess  biodegradation of 

polymer composites 
LDPE/starch blends [99] 

Effect  of  compatibilizer  on  the  biodegradation  and 

mechanical properties of high starch content/low-density 

polyethylene blends 

LDPE/starch blends [100] 

Photo biodegradation of low-density polyethylene/banana 

starch films 

LDPE/starch blends 
[101] 

Studies  on  biodegradability,  morphology  and  thermo 

mechanical properties of LDPE/modified starch blends 

LDPE/starch blends/starch phthalate 
[102] 

Soil  burial  of  Polyethylene  -g-  (Maleic  Anhydride) 

Compatibilized LLDPE/Soya powder blends 

LDPE/soya powder blends 
[103] 

Thermal degradation of biodegradable blends of 

polyethylene with cellulose and ethylcellulose 

LDPE/cellulose/ ethylcellulose 
[104] 

Linear  low-density  polyethylene/soya  powder  blends 

containing PE-g-MA copolymer as a compatibilizer 

LDPE/soya powder blends 
[105] 

A new approach for morphology control of poly(butylene 

adipate-co-terephthalate) and soy protein blends 

poly(butylene adipate- coterephthalate) 

(PBAT)/soy protein concentrate(SPC) 
[106] 

 

Even though LDPE, a fossil-based polymer, is often blended with starch to improve its 

properties for packaging applications, it has been reported that the addition of starch can 

improve the degradation of the LDPE/starch blends to some extent [107-109]. However, 

there is a growing interest in packaging materials made from natural polymers, mainly to 

tackle the environmental pollution created by petrochemical-based packaging materials 

[98,110,111]. 

7.2 In the Biomedical field: 

Natural  polymers  have  been  widely  used  in  the  biomedical  field  due  to  their  

biocompatibility and biodegradability [10,112]. Modified alginate is regularly employed for 

drug delivery applications [113-117]. For example, alginate-based mesalazine tablets were 

used for intestinal drug delivery [118]. George et al. designed pH-sensitive alginate–guar 

gum hydrogel crosslinked with glutaraldehyde for the controlled delivery of protein drugs 

[116]. El-Sherbiny et al. developed a series of sodium alginate-based pH-responsive hydrogel 

microspheres encapsulating poly(d,l-lactic-co-glycolic acid) nanoparticles. Their results 

indicated that the prepared particles could be effectively used as biodegradable carriers 
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with desirable sustained release profiles of silymarin in addition to enhancing the overall 

dissolution of silymarin and its oral bioavailability [119]. 

Table 3. Natural polymers used in fast dissolving tablets [120]. 

Sl. 

no. 
Natural polymer Marketed drug 

Disintegration 

time 

Concentration 

used 

1 Chitin and chitosan Cinnarizine 60 sec 3% w/w 

2 Guar gum Glipizide 30 sec 1% w/w 

3 Gum karaya 
Amlodipine, granisetron 

hydrochloride 
17.10 sec 4% w/w 

4 Agar and treated agar Theophylline 20 sec 1-2%w/w 

5 Fenugreek seed mucilage Metformin hydrochloride 15.6 sec 4%w/w 

6 Soy polysaccharide Lornoxicam 12 sec 8%w/w 

7 Gellan gum Metronidazole 155 sec 4% w/w 

8 Mango peel pectin Aceclofenac 11.59 sec 0.1–4%w/w 

9 Lepidium sativum mucilage Nimesulide 17 sec 5–15% w/w 

10 Plantago ovata seed mucilage Granisetron HCl 17.10 sec 5%w/w 

11 Aegle marmelos gum Aceclofenac 8–18 min 6% w/w 

12 Locust bean gum Nimesulide 13 sec 10% w/w 

13 Lepidium sativum Nimesulide 17 sec 10% w/w 

14 
Mangifera indica gum 

Metformin HCL, 

paracetamol 

 

3–8 min 

 

6% w/w 

15 Hibiscus rosa-sinensis mucilage Aceclofenac 20 sec 6%w/w 

16 Dehydrated banana powder 
Ondansetron 

HCl/propranolol, gabapentin 
15–36 sec 6%w/w 

 

Modified chitosan has also found applications in the drug delivery systems [121,122]. 

Chitosan succinate and chitosan phthalate were found to have the potential to serve as oral 

insulin carriers [123]. N-trimethyl chitosan was found to show enhanced transdermal 

permeation with different degrees of quaternization [124]. It was reported that the fluoride 

anion-modified gelatin nanogel system could act as an effective therapeutic technology 
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platform for the controlled drug delivery system for cancer and other diseases [125]. Table 3 

gives the details of natural polymers, which are used in fast-dissolving tablets. 

8. Biodegradation of natural polymers 

Biodegradation can be referred to as the chemical decomposition of polymers, which is 

triggered by the action of microorganisms. In the degradation process, first, the polymer is 

fragmented into lower molecular mass species by oxidation, photodegradation or 

hydrolysis, or biotic reactions, which is followed by the bioassimilation of polymer 

fragments by microorganisms and their mineralization. The decomposition of the polymer 

has a strong dependence on its chemical composition [126]. 

Several bacteria and fungi were reported to degrade cellulose. Cellulose can degrade under 

both aerobic and anaerobic conditions [127]. The β-1,4 glycosidic linkages in the cellulose 

are broken down by the enzyme called cellulase. Cellulases are divided into two classes: 

endoglucanases and cellobiohydrolases. Among these,  endoglucanases  hydrolyze  the  

internal  bonding  and  cellobiohydrolases act  on  the  existing  or endoglucanase-

generated chain  ends  [127,128].  Even  though  the  amorphous part  of  cellulose  can  be 

degraded by both endoglucanases and cellobiohydrolases, the crystalline portion is 

degraded only by the action  of  cellobiohydrolases. The  degradation of  lignin  is  very  

difficult  mainly  due  to  its  structural complexity and insolubility. The degradation can be 

carried out by extracellular, oxidative, and unspecific enzymes. Lignin from the wood can 

be degraded in the presence of white-rot fungi [127,129]. The enzymes involved here are 

peroxidases and laccases, which act as low-molecular weight mediators to carry out the 

degradation. Another way of lignin degradation is alkaline-based solubilization [130]. 

9. Challenges and Future trends in plastic production using natural polymers 

The natural polymer market is gaining growing attention majorly due to  its  medical 

and packaging applications. The growing demand for natural polymer-based materials has 

mainly arisen due to the concerns related to the environmental hazards created by the 

commonly used fossil-based plastic materials. However, a lack of information on the 

molecular properties of natural polymers and processing difficulties currently constrains the 

widespread use of natural polymers in various applications. For example, starch is an 

abundant natural polymer, but the molecular properties of the starch change from source to 

source and difficult to predict their molecular properties, which is critical for the processing 

and development of starch, based plastics. Therefore, there is a great need, and extensive 

investigation is required into the molecular structure of natural polymers for better 

materials design, processing, and property interpretation. Nevertheless, the penetration of 

natural polymer plastics into the market has been slow due to the high cost of composite 

materials. If the properties of natural polymers, such as strength, performance, and 

processability improve, our society will flourish with the uptake of products based on 

natural polymers. New applications for agricultural waste and byproducts of processing, as 
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well as recycling of natural polymers, promise to make more efficient use of our natural 

resources. 

10. Summary 

Natural polymer-based plastics are moving ever closer to commercial reality, and have 

great potential for diverse applications in many sectors. The commercialization of plastics 

based on natural polymers will continue to rise over the coming years, especially for single-

use plastic items. However, there are number of challenges that remain to be addressed 

regarding processing technologies that have the potential to modify the properties of natural 

polymers in an efficient and environmentally friendly manner. It is critical that intensive, 

commercially focused research is given priority so that natural polymer-based plastics can 

finally compete economically with synthetic plastics. 
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Abstract:- 

An academic management system is a software application that is specifically designed to assist with 

the organization and administration of educational institutions. This type of system can be used by 

schools, colleges, universities, and other educational organizations to manage a wide range of tasks 

and processes related to the operation of the institution. Some of the key features of an academic 

management system include student enrollment, class scheduling, grading, report generation, and 

communication tools for students and faculty. By providing a centralized platform for managing 

these and other tasks, an academic management system can greatly improve efficiency and 

productivity for educational institutions. 

INTRODUCTION 

Academic Institutions are moving toward IT in a faster manner. The academic management system is 

a comprehensive tool designed to streamline and optimize various processes and tasks related to the 

management of educational institutions. From scheduling and enrollment to grading and report 

generation, this system aims to provide a single, unified platform for all academic management 

needs. It is user-friendly and intuitive, making it easy for administrators, teachers, and students to 

access and utilize its various features. The system also includes robust security measures to protect 

sensitive information and data. Overall, the academic management system is a valuable resource for 

any educational institution looking to improve efficiency and productivity.  

Better care is exercised to make sure that all the conventional modules in an academic environment 

like Admin, HOD, Faculty, Student etc. are also made available in this project. 

The main advantage of this information system is that the students get academic updates on a regular 

manner. Consolidated reports are made possible in the tip of the finger. 

Students will get academic schedules in a faster way. The prediction module is an extension of AI 

where historic data (Previous student‟s data) is fed to the system for forecasting. For this purpose 

Google‟s Deep Learning framework called „Google Colab‟ is utilized. 

Academic alerts are always mandatory for students for timely submission of documents like online 

test, online assignment etc. These kinds of alerts are set by the faculty in their concerned modules. 

Publishing of results will get greater pace as the report module provide them in a nice presentation 

manner. 
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SYSTEM ANALYSIS 

The basic objective of the analysis stage is to develop the logical model of the system victimization 

tools like information, flowchart and elementary data description of the elementary algorithmic 

program. 

System analysis isn't an exact science. It is if truth be told a lot of associate art, power-assisted by 

scientific approach to search out definition and recording knowledge, gathering ancient structures is 

barely one a part of the system analysis, following step is to visualize the info, analyze the case and 

providing the alternatives. 

Existing System:- 

At present despite the fact that we tend to area unit flooded with innumerable tutorial system, they're 

not customizable to the requirement of an educational atmosphere. The various modules out there in 

these systems might not be necessary for all systems. Emerging technologies like Prediction, 

Graphical news etc. aren't out there to all or any such systems. Majority of the systems area unit 

developed in proprietary platforms. This poses nice licensing challenges. It puts additional burden 

upon the shoulder of the establishments through significant fee. 

Proposed system:- 

Proposed system bridges all problems connected with the present system. It provides custom-made 

modules applicable for an educational establishment. The computer code is developed in open supply 

technologies. Because the development is completed in PHP, there aren't any hidden prices within the 

method. Within the backend the system uses MySql information server. 

Proposed system mainly focus on the below given modules 

 

1. Admin 

2. Student 

3. Faculty 

4. HOD 
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Figure 1: Structure Chart 
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Figure 2: Menu Tree 



Proceedings of the Multi-disciplinary Seminar Series - AGORA 22 

 

32 

    

SYSTEM IMPLEMENTATION 

Implementation is the process of bringing developed system into operational use and turning it over 

to the user. Implementation includes all those activities that takes place to convert from old system to 

new one. Implementation is the phase, in which one has to be cautious, because the efforts 

undertaken during the project will be fruitful only if the software is properly implemented according 

to the plan made. The system implementation was carried out using five main aspects: 

 Transition planning 

 Training 

 Security 

 Protection 

 Quality control 

Implementation Planning:- 

Implementation of a system involves people from different departments and system analyst are 

confronted with the practical problems of controlling the activities of people outside their own data 

processing departments prior to this point in the project system, system analyst has interviewed 

department staffs with the permission of their respective managers. The implementation coordination 

committee should be responsible for a successful implementation. There should be at least one 

representative of each department affected by the changes and other members should be opted for 

discussion of specific topics. 

Training:- 

Training section must aim to give user staff the specific skills required in their new jobs. The training 

will be more successful if conducted by the supervisor with the system analyst is attendance to sort 

out any queries, new methods gain acceptable more quickly in this way. 

CONCLUSION 

The software we developed meets all the necessary requirements specified by the user. We have 

tested and confirmed that all the programs in the "Academic management system with sentiment 

analysis" are functioning properly. The system has been designed to be user-friendly and includes 

thorough documentation to facilitate smooth operation. The system, which was developed using 

PHP, aims to enhance user interactivity and minimize errors. Its primary goal is to serve as an 

information system for educational purposes, and it has successfully been implemented and tested. 

FUTURE ENHANCEMENT 

Since every application should expand and it should provide a way for updating the system have 

been developed. Every module in this system have been developed carefully such that future 

enhancement do no affect the basic performance of the system. Through the current system in suitable 

the customer can be eager to use the most recent available development the system is faster and better 

than the existing once. 
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In future, we can incorporate ‚ACADEMIC MANAGEMENT SYSTEM‛ with newer facility. So as to 

make it more attractive and ease to be used by the client. These may include artificial intelligence-

powered systems that can analyze data and make recommendations, or systems that use blockchain 

technology to securely store and manage student data. We can enhance these systems are more 

comprehensive and are used to manage all aspects of an educational institution, including finances, 

human resources, and operations. 

RESULTS 

HOME PAGE 

 

LOGIN 
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ADD SYLLABUS 

 

UPLOAD ASSIGNMENTS 

 



Proceedings of the Multi-disciplinary Seminar Series - AGORA 22 

 

35 

VIEW STUDENTS LIST 

 

 

 

FACULTY REGISTRATION 
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STUDENT REGISTRATION 

 

 

 

CHAT SECTION 
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ADD NEWCOURSE 
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Abstract 

Passive and Active Methods of noise controlling are relevant in this particular 

modern world of fast industrial and technological developments. Noise and 

vibration produced as a result of these developments adversely affect the living and 

nonliving world simultaneously. Low frequency noise below 500Hz is being 

efficiently controlled by Active noise controlling methods. The passive acoustic 

absorbers are less efficient in this low frequency region. In this article modelling of 

Micro Perforated Panel based passed passive acoustic absorbers is being done based 

on Maa’s theory. It is established through this modeling studies that they are 

efficient in controlling low frequency and high frequency noise simultaneously. The 

geometrical parameters of MPP plays a significant role in determining its 

performance. The main geometrical parameters of the MPP of importance are its 

peroration diameter, air cavity length, separation between the perforations and the 

thickness. The above parameters in suitable combination can be optimized for the 

efficient performance of the MPP in controlling the noise in the required frequency 

region of interest. Acoustic absorption coefficient close to 0.99 is achieved even at the 

very low frequency region close to 375Hz for the optimized values of geometrical 

parameters of the MPP. This modelling study clearly establishes that MPP can be 

used instead of the active noise controllers and the conventional porous acoustic 

absorbers.  Thus the MPP absorber is a challenging candidate for addressing the 

noise controlling problem. 

Key words: MPP,Passive Absorber,Activeabsorber,Acoustic Absorption Coefficient 
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ABSTRACT 

This study was carried out to detect the antioxidant activity and antibacterial activity 

of ethanol extract of leaves and flower of the medicinal tree species, A.occidentale and 

M.indica. DPPH free radical scavenging method and agar well diffusion method was used to 

assess the antioxidant activity and antibacterial activity respectively.  In comparison with 

other extracts, cashew leaves showed greater antioxidant potential. The antimicrobial 

activities of ethanolic extracts were also screened against some human pathogens such as 

Bacillus cereus; Escherichia coli and Staphylococcus aureus. Therefore ethanol extracts of various 

plant parts of  A.occidentale and M.indica can be used as a new potential source of natural 

antioxidants instead of synthetic ones and antimicrobial agent for pharmaceutical industries.  

 

Keywords: Anacardium occidentale, Mangifera indica, Antioxidant activity, Antibacterial 

activity, DPPH  
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INTRODUCTION     

 Nowadays herbal medicine attained global importance both as medicinal and 

economical. A.occidentale is a tropical tree belongs to the member of the family 

Anacardiaceae, indigenous to Brazil, which is now widely grown in other tropical countries 

like India and is a multi-purpose plant (Togun, 1977). Many parts of this tree are used in 

traditional medicine. Commercially important two parts are cashew nut for diet and the 

liquid from nut shell (CNSL) for various industrial and medical applications (Joseph 1990; 

Pillai et al., 1990). Anacardic acid is having very much demand in the international market 

(Rodrigues et al., 2006). Apart from this, a large number of other phenolic compounds are 

founds in very small quantities in the shell (Miraliakbari and Shahidi 2008). Phenol is seen 

throughout the plant system though it is mainly concentrated in the nut shell. The mango 

(Mangifera indica L.) is one of the plantation crops of tropical and sub-tropical regions of the 

world, especially in Asia. Its popularity and importance can easily be realized by the fact 

that it is often referred as ‘King of fruits’ in the tropical world (Singh et al., 1991). Mangiferin 

is one of the phenolic compounds present in mango leaves, bark, peels and kernels and is 

particularly seen high quantities in young leaves (Barreto et al., 2008). Mangiferin is also 

having biological activities such as anticancer, antimicrobial, anti-allergenic, anti-

inflammatory, analgesic, immunomodulatory and hypolipidemia, as well as antioxidant 

activity (Masibo and He 2008). 

 The various plant extracts can defend human and plant pathogenic bacteria, fungi 

and virus without any side effects and environmental hazards. In recent years, researches 

are going on to find out the plant products with antimicrobial properties intensified.  

Bacterial infections are the major reason for health problems, physical disabilities and 

mortalities around the world. The phytochemicals are more effective as compared to 

commercial antibiotics so that they are used as an alternate remedy for the treatment of 

various diseases. Alkaloids, tannins, flavonoids and phenolic compounds are the major 

bioactive constituents of plants. In view of the above, the present study has been made to 

investigate the antioxidant potential as well as the antimicrobial activities of a traditionally 

used medicinal tree plants such as A.occidentale L. and M.indica L. 

Materials and Methods 

Source of plant materials 

Plant materials (young leaves and flower) of A.occidentale and M.indica were 

procured from the mother stock trees grown at the Sree Narayana College Campus, Kollam, 

Kerala.  

Preparation of plant extracts 

Powdered samples were extracted with ethanol by maceration and kept it for a 

period of 24 hrs at room temperature at a ratio of 1:100 (g:ml). Homogenized samples were 

centrifuged at 10,000 rpm for 15 minutes and supernatants were pooled. The extracts were 
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filtered using Whatman No.1 filter papers and each extract was concentrated in a rotary 

evaporator to remove ethanol. The residue thus obtained was dissolved in ethanol and 

stored at 4-8ºC in a refrigerator for further analysis (Kumarasamy et al., 2007; Alzoreky and 

Nakahara 2003). 

Determination of antioxidant activity using DPPH free radical 

The 2,2-diphenyl-1-picryl-hydrazyl radical (DPPH) scavenging activity was 

measured (Bauer et al., 1996).  DPPH (20 mg) was dissolved in ethanol (250 ml) to obtain the 

concentration of 80 µg/ml.  The plant extract was prepared in ethanol. Dilutions were made 

to obtain concentration of 20,40,60,80 and 100 μg/ml. Ascorbic acid was used as standard in 

1-125 μg/ml concentration. 1 ml of the diluted plant extract was mixed with 1 ml of DPPH. 

After 30 minutes dark incubation at room temperature, spectrophotometric reading was 

taken at 517 nm.  

                
                

        
     

IC50 value is the concentration of sample required to scavenge 50% of DPPH free 

radical and was calculated from the % inhibition versus concentration sigmoidal curve, 

using a non-linear regression analysis. 

Determination of antibacterial activity 

The antibacterial activity of the ethanol extracts was screened against some human 

pathogenic bacteria; Bacillus cereus  (MTCC 2340); Escherichia coli (MTCC 56) and 

Staphylococcus aureus (MTCC 9760)  obtained from the Microbiology Laboratory of the 

Department of Biotechnology, Sree Narayana College, Kollam, Kerala. Antibacterial 

activities of the different plant extracts were investigated by the agar well diffusion method 

(Zhao et al., 2014; Jaiswal et al., 2012) using Mueller- Hinton agar plates previously 

inoculated with 18 hour old nutrient broth culture for the bacteria. The zone of inhibitions 

produced by inhibitory action of different plant extracts and control were taken as the 

antibacterial activity. 

Statistical analysis  

 Data were expressed as means ± standard deviation (SD) of three replicate 

determinations. All statistical analysis was carried out using a SPSS (Chicago, IL) statistical 

software package (SPSS for Windows, ver.17, 2008). To determine whether there were any 

differences among the means, one way analysis (ANOVA) and the Duncan’s New Multiple 

range test were applied to the result at 0.05 level of significance (p<0.05). 
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Results and Discussion 

Antioxidant activity  

 DPPH free radical scavenging activity of various ethanol extracts of A.occidentale and 

M.indica were determined.  The results of the present study showed that all the plant 

extracts such leaves and flower had antioxidant activity.  

It has been observed that the percentage of scavenging effect on the DPPH radical 

was increased with the increase in the concentration of all the extracts from 20 to 100 µg/ml. 

The ethanol extract of young leaves of A.occidentale showed the highest percent of inhibition 

from 43.44±0.58% at 20 µg/ml to 47.31±1.71% at 100 µg/ml while the flower extract of 

M.indica showed the least (13.6±0.54% at 20 µg/ml and 19.25±1.35% at 100 µg/ml), which is 

comparable to the free radical scavenging activity of standard ascorbic acid (46.88±0.36% at 

20 µg/ml and 50.18±1.33% at 100 µg/ml) (Table1). Studies have clarified the radical 

scavenging activities of plant phenolic compounds and also verified the relationship 

between phenolic compounds and antioxidant activity (Tan et al., 2014) and many 

researchers have affirmed that phenolic compounds are most adequate antioxidants in 

A.occidentale (Silva et al., 2016, Samba et al., 2018). Free radical scavenging activity of ethanol 

extract of flower, leaves and stem bark of A.occidentale were explored (Barreto et al., 2016).  

The antioxidant activity of young leaves, barks, roots and kernels of M.indica were also 

studied (Chbisika et al., 2014). Mangiferin is one of the major phenolics seen in mango 

leaves, bark, peels and kernels and is present in particularly high quantities in young leaves 

(Sujatha et al., 2011).  

Table 1: Free radical scavenging activities of various extracts of A.occidentale 

and M.indica measured using the DPPH assay 

 

Test compound 

(Ethanol extract) 

DPPH radical scavenging activity (%) 

Concentration (µg/ml) 

20 40 60 80 100 

A.occidentale Young leaves 43.44±0.58 44.11±1.34 45.97±1.23 46.96±0.91 47.31±1.71 

Flower 17.03±0.81 19.31±1.71 21.19±1.63 23.4±1.47 25.01±1.57 

M.indica Young leaves 32.31±0.63 33.5±1.79 34.3±0.87 35.31±1.74 36.91±1.23 

Flower 13.6±0.54 14.52±1.21 15.96±0.96 16.7±1.33 19.25±1.35 

Control Ascorbic acid 46.88±0.36 46.43±1.97 48.15±0.98 49.1±0.86 50.18±1.33 

Results are expressed as means ± SD for triplicates 
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 The antioxidant activity of different plant part extracts of A.occidentale and M.indica 

were also expressed in terms of IC50 (µg/ml) values (Table 2) and it ranged from 

157.41±1.74µg/ml to 479.78±1.67µg/ml. The result revealed that flower of M.indica showed 

weak antioxidant activity, with IC50 value of 479.78±1.67µg/ml.. While the ethanol extract of 

young leaves of A.occidentale showed the highest antioxidant activity, with IC50 value of 

157.41±1.74µg/ml. The IC50 value for standard ascorbic acid was 97.34±1.33 µg/ml. The IC50 

value decreased with the increase of antioxidant activity of each explant type and vice versa. 

The result of the present study showed that the IC50 value differ significantly (p < 0.05) 

among the various extracts (Figure 1). 

 

 

Fig.1:  Antioxidant activity of investigated plant extracts of A.occidentale and M.indica  

Values with different letters are significantly different by Duncan’s multiple range test (p < 0.05), 

(n=3, error bars represent standard deviation ) 

Young leaves (A1), Flower (A2) - A.occidentale 

Young leaves (M1), Flower (M2) -  M.indica 

Control: Ascorbic acid 

Antimicrobial activity 

In the current study, various ethanol extracts of A.occidentale and M. indica were 

tested for its antibacterial activity against three human pathogenic bacterial strains of 

Bacillus cereus (MTCC 2340); Escherichia coli (MTCC 56) and Staphylococcus aureus (MTCC 

9760)  
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Fig.2:  Pure cultures of B.cereus; S.aureus and E.coli  on nutrient agar plate         

 All the plant extract of A.occidentale showed inhibitory action against B.cereus and 

E.coli whereas the ethanol extract of flower of A.occidentale and M.indica showed no 

inhibitory action against S.aureus as given in the Table 3. The control (ethanol) showed no 

zone of inhibition against three typical bacterial strains (Fig.3). 

Table 3: Zones of inhibition produced by ethanol extracts of A.occidentale and M.indica 

 

Test compound 

(Ethanol extract) 

Zone of inhibition (mm) 

Bacteria 

B.cereus E.coli S.aureus 

 

A.occidentale 

Young leaves 19 19 21 

Flower 19 19 - 

 

M.indica 

Young leaves 17 23 22 

Flower - 20 - 

Young leaves (A1), Flower (A2) - A.occidentale 

Young leaves (M1), Flower (M2) -  M.indica 
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Fig.3:  Zones of inhibitions revealed by various plant parts of  A.occidentale and M.indica 

against B.cereus, E.coli and S.aureus 

A1 (Young leaves), A2 (Flower) - A.occidentale 

M1 (Young leaves), M2 (Flower) -  M.indica: C-control 

 Among the two extracts of A.occidentale tested, flower showed maximum zone of 

inhibition (19mm) against B.cereus (Table 3 & Fig.3). It was observed that ethanol extract of 

young leaves showed the zone of inhibition of 12.5 mm and flower showed the zone of 

inhibition of 19 mm against B.cereus (Agedah et al., 2010). Thus the present study is in 

compliance with early reports.  The presence of a phenolic lipid known as anacardic acid 

and other chemical compounds such as tannins, flavonoids, phenols, alkaloids, saponins, 

steroids or triterpenes play a major role in the antibacterial activity of cashew tree (Sujatha et 

al., 2011; Poongothai and Rajan 2013) . 

Result of the present study also revealed that ethanol extract of young leaves and 

flower of M.indica showed zone of inhibition against E.coli. It also showed 22mm zone of 

inhibition against S.aureus, 17mm zone of inhibition against B.cereus (Table 3 & Fig.3).  

It was also observed that young leaf extract of M.indica showed maximum zone of 

inhibition (23mm) against E.coli compared to the young leaf extract of A.occidentale (19mm) 

(Table 3 & Fig.3). Young leaf extract of A.occidentlae showed zone of inhibition (21mm) 

against S.aureus (Table 3 & Fig.3). This study was also supported by early study; there the 

antibacterial activity of young leaves of M.indica against S.typhi was investigated (Zakaria et 

al., 2006). Antibacterial activities of plant extracts have the vast therapeutic potential to heal 
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many infectious diseases and are associated with lesser side effects compared to the 

synthetic drugs. 

Acknowledgements 

 The authors are thankful to Dept. of Biotechnology, Sree Narayana College, Kollam, 

Kerala, India for providing laboratory facilities to carry out this work.  

 

References 

1. Agedah CE, Bawo DD, Nyananyo BL (2010): Identification of antimicrobial 

properties of cashew, Anacardium occidentale L. (Family Anacardiaceae). J. Appl. Sci. 

Environ. Manage, Vol.14, No.3, pp.25-27. 

2. Alzoreky NS, Nakahara K (2003): Antibacterial activity of extracts from some edible 

plants commonly consumed in Asia. International Journal of Food Microbiology, Vol.80, 

pp.223-230. 

3. Barreto JC, Trevisan WE, Hull G, Spiegelhalder R, Owen R (2008): Characterization 

and  quantitation of polyphenolic compounds in bark, kernel, leaves, and peel of 

mango (Mangifera indica L.). Journal of Agricultural and Food Chemistry, Vol.56, 

pp.5599-5610. 

4. Barreto JC, Trevisan WE, Hull G, Spiegelhalder R, Owen R (2008): Characterization 

and  quantitation of polyphenolic compounds in bark, kernel, leaves, and peel of 

mango (Mangifera indica L.). Journal of Agricultural and Food Chemistry, Vol.56, 

pp.5599-5610. 

5. Bauer AW, Kirby WM, Sherris JC, Turck M (1996): Antibiotic susceptibility testing by 

standardized single disc method. Am.J.Clin Pathol, Vol.44: pp.493- 496. 

6. Chbisika K, Sina H, Adoukonu SH, Ahoton LE, Roko, GO, Saidou A, Adeoti K, 

Ahanchede A (2014): Antimicrobial activity of Anacardium occidentale L. leaves and 

barks extracts on pathogenic bacteria. African journal of microbiology research, Vol.8, 

No.25, pp.2458-2467. 

7. Jaiswal Y, Vinayak N, Pratima T, Satish G, Ashok V (2012): Pharmacognostic and 

preliminary phytochemical investigations of Anacardium occidentale (linn.) Leaves. 

International Journal of Pharmacy and Pharmaceutical Sciences, Vol.4, No.3, pp.625-631. 

8. Joseph KT (1975): Cashew nut. A valuable nutritive food product. Indian Cashew J, 

Vol.10, pp.5-6.  

9. Kumarasamy Y, Byres M, Cox PJ, Jasapars M, Nahar L, Sarker SD (2007): Screening 

seeds of some Scottish plants for free radical scavenging activity. Phytother.Res, 

Vol.21: pp.615-621. 



Sree Narayana College, Kollam 

48 

10. Masibo M, He Q (2008): Major mango polyphenols and their potential significance to 

human health. Comprehensive  Reviews  in  Food  Science and  Food Safety, Vol.7: 

pp.309-319.   

11. Miraliakbari H, Shahidi F (2008): Antioxidant activity of minor components of tree 

nut oils. Food Chem, Vol.111, pp.421-427. 

12. Pillai CKS, Prasad VS, Sudha JS, Bora SC, Menon AAR (1990): Polymeric resins from 

renewable resources. J. Applied Sci, Vol.4, pp.2487-2501.  

13. Poongothai P, Rajan S (2013): Antibacterial Properties of Mangifera indica flower 

extracts on Uropathogenic Escherichia coli. Int.J.Curr.Microbiol.App.Sci, Vo.2, No.12,  

pp.104-111. 

14. Rodrigues FHA, Feitosa JPA, Ricardo NMPS, de Franca FCF, Carioca JOB (2006): 

Antioxidant activity of cashew nut shell liquid (CNSL) derivatives on the thermal 

oxidation of synthetic cis-1, 4-polyisoprene. Journal of the Brazilian Chemical Society, 

Vol.17, pp.265-271. 

15. Samba FN, Didier F, Blandine A, Mbaye DD, Rokhaya SG (2018): Antioxidant and 

antiglycation properties of two mango (Mangifera indica L.) cultivars from Senegal. 

Asian Pacific Journal of Tropical Biomedicine, Vol.8, No.3, pp.137-143. 

16. Silva RA, Liberio SA, Amaral FM, Nascimento FRN, Torres LMB, Neto VM , Guerra 

RNM (2016): Antimicrobial and Antioxidant Activity of Anacardium occidentale L. 

Flowers in Comparison to Bark and Leaves Extracts. Journal of Biosciences and 

Medicines, Vol.4, pp.87-99. 

17. Singh SK, Sharma HC, Singh SP, Kishore PBK (1991): Callus induction and root 

initiation from explants of zygotic embryos in mango hybrids. Plant Tissue Culture 

and Biotechnology: emerging trends. Proceeding of Sym., pp.129-33. 

18. Sujatha S, Baby J, Antony ES (2011): Analysis of Phytochemical Composition and Bio-

activity Against Clinical Pathogens of Essential Oil from Anacardium occidentale (L.). 

Internet Journal of Food Safety, Vol.13, pp.150-156. 

19. Sujatha S, Baby J, Antony ES (2011): Analysis of Phytochemical Composition and Bio-

activity Against Clinical Pathogens of Essential Oil from Anacardium occidentale (L.). 

Internet Journal of Food Safety, Vol.13, pp.150-156 

20. Tan YP, Chiang CEW (2014): Antioxidant, antityrosinase and antibacterial properties 

of fresh and processed leaves of Anacardium occidentale and Piper betle. Food Bioscience, 

Vol.6, pp. 17-23. 

21. Togun A (1977): A review of the prospect of cashew industry. Cocoa Research 

Institute of Nigeria, pp.100-110. 



Proceedings of the Multi-disciplinary Seminar Series - AGORA 22 

49 

22. Zakaria ZA, Mat Jais AM, Sulaiman MR, Mohamed I, Riffin S (2006): The in vitro 

antibacterial activity of methanol and ethanol extracts of Carica papaya flowers and 

Magnifera indica leaves.  J. Pharmacol. Toxicol, Vol.1, pp. 278-83. 

23. Zhao H, Zhang H, Yang S (2014): Phenolic compounds and its antioxidant activities 

in ethanolic extracts from seven cultivars of Chinese jujube. Food Science and Human 

Wellness, Vol.3: pp.183-190. 

  



Sree Narayana College, Kollam 

50 

05 

Synthesis, Characterisation and Antibacterial Property 

of α-Mangostin-β-Cyclodextrin Inclusion Complex 
 

Chandran Pillai Lalithabai Lekshmi[a], Unnikrishna Pillai Swathy[a], 

Haleema Simimole[a], Sarojiniamma Sumalekshmy*[a] 
 

 

[a]  C. L. Lekshmi, U.S. Swathy, H. Simimole, S. Sumalekshmy 

Post Graduate and Research Department of Chemistry 

T. K. M. College of Arts and Science 

Karicode, Kollam, Kerala, India - 691005  

E-mail: suma@tkmcas.ac.in; sumees@gmail.com 
 
 
 

Abstract 

Xanthone compounds in mangosteen (Garcinia mangostana Linn.) fruit have 

received great attention in the current research scenario due to its outstanding 

pharmacological properties.  Of the various xanthones isolated from the pericarp of 

Garcinia mangostana Linn, α-Mangostin was found to be the major constituent. α-

Mangostin, a xanthone derivative with two isoprenyl groups was known to possess several 

biological properties. The objective of this study was to synthesize an inclusion complex of 

α-mangostin with β-cyclodextrin (MN-CD). The complex was characterized by Fourier 

transform infrared (FTIR) spectroscopy and the antibacterial effect of MN-CD complex was 

assayed by using the agar disc  diffusion method. The diameter of zone of inhibition was 

determined at concentrations of 10µl and 20µL of the samples and the formation of clear 

zone around the disc shows that MN-CD complex displayed an effective antibacterial 

activity against E coli. 

Introduction 

 

Plant based natural products have attained great interest in day today life owing to their 

numerous properties and applications in different areas 1,2, 3. They are highly diverse based 

on their chemical structure, composition, solubility and the methods by which they are 

synthesized4. Mangosteen (Garcinia mangostana Linn) is a tropical tree and cultivated for 

centuries in South East Asia rainforests and can be found in many countries worldwide. It is 

an erect slow growing tree with a pyramidal crown and can attain a height of 6–25 m. In 

India, Mangosteen was introduced in Nilgiri Hills, Tinnevelly district, Kanyakumari district 

and Kerala. The major bioactive compounds found in mangosteens are phenolic acid, 
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prenylated xanthone derivatives, anthocyanins and procyanidins. There is a renewed interest 

for the identification, isolation and utilization of the compound of  natural products f o r 

several applications. 

The pericarp of the mangosteen fruit contains large amounts of xanthones which are a group 

of oxygenated and heterocyclic compounds  with  a  wide  variety  of  pharmacological  

properties 

& considerable amounts of other bioactive compounds such as terpenes, anthocyanins, 

tannins, flavonoids and polyphenols.5 By far, the most studied xanthone in mangosteen tree 

is α-mangostin (MN) for which anti-oxidant, anti- proliferative, pro-apoptotic, anti-

inflammatory, anti-carcinogenic, and anti-microbial activities have been reported6. 

Eventhough a plenty of reports are available for the biological applications of MN, studies 

related with the synthetic modifications and complexes of MN are  limited. MN is a highly 

functionalized xanthone derivative with isoprenyl side chains, hydroxyl groups and 

methoxy group. Similar to curcumin, the molecule possess an enolic O, O- donor ligand. The 

reaction of enolic O, O-donor ligand in naturally occurring curcumin with different molecules 

resulted in the formation of various complexes and improved biological properties. 

Samikannu Prabu   etal7  reported the formation of supramolecular complex between the 

curcumin and β-cyclodextrin (LC) and the complex formation was confirmed using 

absorption and emission spectroscopy. The binding properties of probe LC with cations in 

water were observed for the first time via absorption and emission spectroscopies. The 

selectivity and sensitivity of fluorescence chemosensors have been studied using probe. The 

probe showed selective binding to Hg2+ and afforded new absorbance and fluorescence peaks 

at 379 nm and 502 nm, additionally to the prevailing bands of LC at 432nm and 535 nm. It 

additionally showed apparent colour change from yellow to colourlessness and strong 

fluorescent to weak fluorescent owing to selective binding of Hg2+ion, which was detected 

by naked eyes. No noticeable changes of colour and spectra were observed upon the 

addition of other metal cations such as [Ag+, K+, Na+, Cs, Ba2+, Fe2+, Mg2+, Pb2+, Mn2+, Ni2+, 

Cd2+, CO2+, Cr3+, Sn2+ and Zn2+. 

Owing to the resemblance in the ligand site of the curcumin, herein we have explored the 

synthesis and antibacterial property of the supramolecular complex between MN and β- 

cyclodextrin. (CD) 

Materials and methods 

Mangosteen is collected from one of the local market in our area. All reagents were procured 

from Aldrich, India. Deionised water was used throughout all experiments. The 1H NMR 

spectra were recorded on a Brucker AV 400 MHz and 13C NMR were recorded on a Brucker 

AV 100 MHz NMR system and chemical shift values are reported in parts per million (ppm) 

relative to tetramethylsilane (0.00 ppm). A diffused reflectance Fourier Transform Infrared 
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(FTIR) spectrum of the sample was taken on Perkin-Elmer Spectrum 100 FTIR 

spectrophotometer at room temperature. 

Isolation of MN 

Mangosteen pericarps collected were dried (1 Kg), cut in to small pieces and ground into 

powder form. Soxhlet extraction was carried out using ethyl acetate as the solvent.  The 

extract was collected and purified by column chromatography on silica gel (60-120 mesh) 

with the n-hexane – ethyl acetate as the solvent system.MN is obtained as yellow crystalline 

solid with >98% purity was confirmed by1H and 13C NMR. Characterization Data for MN: 

Yield 70%; Yellow solid; 1H NMR (400 MHz, Acetone - d6), δ 1.798 (s, 3H), 1.842 (s, 3H), 1.664, 

(s, 3H), 3.466 (d, J= 7 Hz, 2H), 4.144, (d, J= 7Hz, 2H), 5.28 (t, 1H) , 3.809 (s, 3H) 6.841 (s, 

OH), 9.675 (s, OH),   13.80 (s, OH). 13C NMR(100 MHz, Acetone - d6) δ 182.87, 162.98. 

161.73, 157.39, 156.24, 155.74, 144.50, 138.14. 131.42, 124.76, 123.46, 112.03, 111.09, 103.65, 

102.72, 93.17, 61.35, 30.35, 30.20, 25.91, 25.87,21.98, 18.27, 17.89. 

Synthesis of MN-CD inclusion complex 

The calculated amount of MN to be complexed was dissolved in a minimum volume of 

methanol at 60 °C and then added dropwise into the 2.5 equiv. of β-CD aqueous solution at 

60 °C with continuous, intensive stirring. The mixture solution was refluxed with vigorous 

agitation at 70 

°C for about 4 h. Then the reflux equipment was taken down and the solution was stirred 

for an additional hour at 70 °C to remove methanol. Then the system wascooled to room 

temperature. After stirring for 8 hour at ambient temperature, the reaction mixture was 

stored overnight at 4 °C and then filtered off on a sintered glass filter. The crystalline product 

was obtained and dried in a vacuum oven at an elevated temperature (50- 55 °C) 

 

Antibacterial Assay: Disc Diffusion Method 

The antibacterial effect of MN-CD complex was assayed by using the agar discdiffusion 

method described by Bauer etal.,1966 with some   modifications.15  Briefly, 100µL of a 

bacteria suspension was dispersed on Muller-Hington agar plates. Then, the sterilized paper 

disc (6mm in diameter) were impregnated with 20µL of the samples. The discs were placed 

on the surface of Muller-Hinton agar plates. Tetracycline and Chloramphenicol (10µL /disc) 

was used as a positive control. For diffusing the active compounds in the medium, the plates 

were kept at 4ºC for 2 hr. After that, all the plates were incubated at 37ºC for 24 hr. The 

antibacterial activity was then investigated by measuring the clear zones of inhibition to the 

nearest millimeter (mm). 
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Results and Discussion 

 

The  complex  formation  between  MN  and  CD  was  confirmed   by Fourier Transform 

Infrared (FTIR) spectroscopy. FTIR spectrum of the compound MN showed the 

characteristic absorption bands at 3400 (OH, broad), 1790 and 1735 cm-1  (carboxyl 

carbonyl groups) which confirms the xanthone skelton of MN. In the spectrum of the 

complex, the  shifts  in  the  peaks  of MN-CD confirms the complex formation between 

MN and CD. (Fig 1) 

 

Fig. 1: FTIR spectrum of MN, CD and MN-CD complex 

 

The synthesized MN-CD complex exhibit an effective antibacterial activity against gram- 

positive and gram-negative bacteria.The result suggests that the complex undergo an 

interaction with bacterial cell and displayed strong action against Escherichia coli. In this 

study different concentration of MN, CD and MN-CD complex was tested on Escherichia 

coli. The formation of clear zone around the disc is an indication of antibacterial activity. The 

diameter of zone of inhibition was determined at concentrations of 10µl and 20µL of the 

samples as shown in fig. 2 and table 1to 

3. From the findings, it was observed that the MN-CD complex showed antibacterial 

activity. Therefore, the MN-CD complex can serve as an antibacterial agent. 
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Fig .2: Antibacterial activity of a) MN b) CD and c) MN-CDcomplex on E coli bacteria 

Table1: Antibacterial activity of MN 

SL.NO Name of Bacteria 

Zone of inhibition in mm 

Positive 

control 

Negative 

control 
MN (10µL) MN (20µL) 

1. Escherichia coli 9mm Nil Nil Nil 

Table 2: Antibacterial activity of CD 

SL.NO Name ofBacteria 

Zone of inhibition in mm 

Positive 

control 

Negative 

control 
CD (10µL) CD (20µL) 

1. Escherichia coli 10mm Nil Nil Nil 

Table 3: Antibacterial activity of MN-CD complex 
 

SL.NO Name of Bacteria 

Zone of inhibition in mm 

Positive 

control 

Negative 

control 

MN-CD 

Complex 

(10µL) 

MN-CD 

Complex 

(20µL) 

1. Escherichia coli 10mm Nil 4mm 6mm 
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Conclusion 

α-Mangostin was isolated from the pericarp of mangosteen fruit and an inclusion complex 

of α-mangostin with β-cyclodextrin was synthesized. The complex was characterized by   

FTIR spectroscopy. On forming the inclusion complex, there occurs a shift in the peaks and 

the complex showed an excellent antibacterial property against E coli bacteria. 

 

References 

1.    P. B Drasar, V. A Khripach, Molecules, 2019, 18, 25 

2.    A. G. Atanasov, S. B. Zotchev, V. M. Dirsch, C. T. Supuran, The International Natural 

Product Sciences Taskforce & Nature Reviews Drug Discovery.,2021, 20, 200-216 

3.    S. ul-Islam, Plant-Based Natural Products: Derivatives and Applications,2017 

4.    S.Priya, P.K. Satheeshkumar, Functional and Preservative Properties ofPhytochemical., 

2020, 145-163. 

5.    E. B Walker, J Sep Sci, 2007,30, 1229-1234 

6.    G. Chen, Y. Li, W. Wang, L. Deng, Expert Opin Ther Pat, 2018, 28, 415-427. 

7.    S. Prabu ,S. Mohamad, Journal of Molecular Structure., 2020,15, 1204, 127528. 

  



Sree Narayana College, Kollam 

56 

06 

CAA-NPR-NRC- A MYTH OR REALITY 

Dr. Preetha G S 

Department of Political Sciences  

S. N.College, Kollam  

 

The Citizenship Amendment Act, 2019 (CAA) is an act that was passed in the Parliament on 

December 11, 2019. The 2019 CAA amended the Citizenship Act of 1955 allowing Indian 

citizenship for Hindu, Sikh, Buddhist, Jain, Parsi, and Christian religious minorities who fled 

from the neighbouring Muslim majority countries of Pakistan, Bangladesh and Afghanistan 

before December 2014 due to "religious persecution or fear of religious persecution". 

However, the Act excludes Muslims. Under CAA 2019 amendment, migrants who entered 

India by December 31, 2014, and had suffered "religious persecution or fear of religious 

persecution" in their country of origin, were made eligible for citizenship by the new law. 

These migrants, will be granted fast track Indian citizenship in six years. The amendment 

also relaxed the residence requirement for naturalization of these migrants from eleven 

years to five. 

There arise widespread protests across the country including the national capital region and 

north-eastern states against the CAA amendment. The protest in Assam and other north-

eastern states turned violent over fears that the move will cause a loss of their "political 

rights, culture and land rights" and motivate further migration from Bangladesh. The 

agitators say that new amendment in Citizenship Act discriminates against Muslims and 

violates the right to equality enshrined in the Constitution of the country. Sects like Shias 

and Ahmedis also face persecution in Muslim-majority countries like Pakistan but are not 

included in the CAA. Questions were also raised on the exclusion of persecuted religious 

minorities from other regions such as Tibet, Sri Lanka and Myanmar. 

INDIAN CITIZENSHIP AMENDMENT-HISTORY                       

Routes to Indian Citizenship 

The overall structure of India’s citizenship laws denotes a shift from Jus soli to Jus sanguine. 

Before the 2004 amendment, any person born in India after 26 January 1950 was an Indian 

citizen, irrespective of whether one or both of her parents were illegal migrants. After the 

2004 amendment, an individual born in India after 26 January 1950 but before 1 July 1987 is 

a citizen of India irrespective of whether one or both of her parents were illegal migrants. 

However, any person born in India on or after 1 July 1987 but before 3 December 2004 

would be a citizen only if both her parents are Indian citizens, or, if one parent is an Indian 
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citizen and the other is not an illegal migrant at the time of that person’s birth. The descent 

path to Indian citizenship is applicable to those who are not born in India. Complex rules 

regulate this path. Here, a person born outside India before 26 January 1950 can become a 

citizen if either of her parents was a citizen at the time of her birth. A person born outside 

India after 26 January 1950 but before 10 December 1992 is a citizen if her father was a 

citizen at the time of her birth. A person born outside India on or after 10 December 1992 can 

be regarded as a citizen if either of her parents was a citizen at the time of her birth. 

However, if the father or mother were Indian citizens by descent only, then either birth 

outside India had to be registered at an Indian consulate within a specific period of time or, 

the parent must have worked for the Indian government. After 3 December 2004 registration 

of a person as an Indian citizen by descent is not possible unless her birth is registered at an 

Indian consulate within a specified time. 

In general, the path of citizenship by registration is intended for persons of Indian origin 

and the spouses or children of citizens of India. Citizenship by naturalization is a route 

meant for those who have no ancestral relation to India. Also, if a new territory is 

incorporated into India, the central government has the power to specify who shall be 

Indian citizens by virtue of their connection to such a newly incorporated territory, by way 

of an order notified in the official gazette. 

It must also be noted that the 2004 amendment foreclosed any possibility of an ‘illegal 

migrant’ obtaining Indian citizenship by registration or naturalization. The term ‘illegal 

migrant’ has been defined to refer to a foreigner who enters or stays in India illegally, that is 

enters lacking valid travel documents or enters with valid travel documents but stays 

beyond the permitted time period. The CAA amends this complex legal regime on 

citizenship to carve out an exception for individuals belonging to select communities. 

The 2019 Amendments 

The CAA seeks to amend the parent Citizenship Act 1955 to pave the way for extending 

Indian citizenship to illegal migrants belonging to Hindu, Sikh, Buddhist, Jain, Parsi and 

Christian faiths (notably excluding Islam), who escaped persecution from Pakistan, 

Bangladesh and Afghanistan and entered India before 31 December 2014. Section 2 of the 

CAA amends Section 2(1)(b) of the Citizenship Act 1955 by holding that illegal migrants (as 

defined above) would not be considered illegal migrants for the purposes of the 

Citizenship Act 1955. Illegal migrants belonging to select faiths from selected jurisdictions 

can now seek Indian citizenship by registration or naturalization. Prior to the CAA, a 

person classified as an illegal migrant had no scope for legal conferment of citizenship. In 

fact, the Indian Supreme Court has held that in respect of illegal migrants, the Government 

of India has unfettered and absolute powers of expulsion. But, by virtue of Section 2, the 

covered class of illegal migrants is governed by a different legal regime contained within 

Sections 3, 5 and 6 of CAA. Section 6 of CAA reduces the residence requirement for Indian 

citizenship by naturalization. An applicant for citizenship by naturalization, generally, 
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must reside in India for a twelve-month period before the date of her application. In 

addition to that, she must reside in India for at least eleven out of the fourteen years prior 

to the twelve- month period. The CAA reduces this residence requirement from eleven to 

five years for individuals covered by Section 2. This substantially eases the citizenship 

requirements for individuals who belong to one of the enumerated faiths, fled from the 

three specified jurisdictions and have migrated to India before the cut-off date. As per the 

Government, this bestowal of legislative largess was actuated by the desire to provide 

much needed sacessor to victims of persecution who had suffered at the hands of 

oppressive theocracies. 

The Constitutional Validity Dispute of the CAA 

The framers of the Constitution aimed to codify the ‘Indian dream’ in the groundnorm; 

highlighting the features of the kind of social system they resolved to build. They did this by 

myriad ways including protection for equality rights, particularly pertinent in a community 

life with caste and class, based discrimination; by guaranteeing secularism in a nation 

fraught with communal antagonism and violence; and placing responsibility on the State to 

promote education in a country having a literacy rate of approximately 18 percent at the 

time of independence. 

In light of that constitutional legacy, the CAA has been condemned for breaching the right to 

equality because of its use of invidious classifications and its assault on the secular character 

of Indian citizenship law. The strength of these claims can only be assessed with a clear 

picture of what the Constitution prescribes; it is imperative therefore, to probe the canons of 

equal protection and secularism, and then apply them to the CAA.  

Article 14 of the Constitution synthesizes Dicey’s conception of rule of law with the equal 

protection clause of the US. It guarantees every person in the territory of India the 

fundamental right of equality before law and equal protection of the law. This implies that 

non-citizens are entitled to rights under Article 14 if they are within Indian territory. A key 

component of this right is the entitlement of equal treatment for all those who are similarly 

situated; equals ought to be treated equally. Bearing that in mind, the Supreme Court has 

repeatedly held that judicial review of legislation and administrative action is a basic feature 

of the Constitution, including in the context of Fundamental Rights, it has developed a rich 

jurisprudence on the right to equality under Article 14 of the Constitution. As early as 1952, 

the Supreme Court started elucidating doctrinal tests for determining whether an impugned 

enactment survives the scrutiny of Article 14. It is now well settled that under Article 14, 

‘class legislation’ is verboten, but ‘reasonable classification’ for the purpose of achieving 

specific ends is not In State of West Bengal v Anwar Ali Sarkar, the Supreme Court held that 

equality mandates two inquiries to determine whether a classification contemplated by an 

impugned statute is reasonable. First, the Court must assess the existence of an ‘intelligible 

differentia’ or a yardstick that separates elements within the class from those outside the 

class. And second, the Court will scrutinize the presence of a rational nexus between the 
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yardstick of differentiation and the object that the statute seeks to achieve. This ‘nexus test’ 

has been applied and reiterated in numerous cases over the years. In 1960, however, the 

Supreme Court observed that the repetition of the test has become mechanical and 

hackneyed. The Court even wondered if ‘fanatical reverence’ to the test would decimate the 

‘glorious content’ of Article 14. 

In response to academic criticism on the narrowness of the nexus tests, in Ajay Hasia v 

Khalid Mujib the Court enlarged the contours of Article 14 by holding that arbitrariness 

strikes at the very heart of the right to equality. Since then, ‘protection against arbitrariness’ 

has become a basic part of the equality doctrine under Article 14. But jurisprudential 

advancement on the determining factors of judicial review through Article 14 did not cease. 

Two changes in recent history are a watershed in the development of constitutional equality. 

First, the Supreme Court in Nagpur Improvement Trust v Vithal Rao, held that establishing 

a rational nexus between the ‘differentia’ and the ‘object’ would not fetch judicial 

imprimatur if the object of the classification is itself discriminatory. This explicitly expanded 

the scope of Article 14’s enquiry beyond a mere nexus assessment to adjudicating on the 

constitutional repugnance of the legislature’s objective in enacting a law. Second, in Navtej 

Singh Johar v Union of India, the Supreme Court added yet another caveat to the nexus 

tests. In this case, the Court was determining the constitutionality of Section 377 which 

criminalized sexual intercourse between consenting homosexuals. The Court rejected such 

criminalization and reasoned that a law that discriminates on the basis of an ‘intrinsic and 

core trait of an individual’ cannot be said to represent ‘reasonable classification’.50 By this 

logic, the Court examined the ‘constitutional relevance’ or ‘reasonableness’ of a yardstick of 

classification, which in that case was sexual orientation, thereby holding that in case the 

yardstick is itself unreasonable, the impugned law would be contra legal. These two 

landmark developments signify an expansion in the scope of Article 14’s enquiry in the 

nature of widening the reach of the scrutiny from determining mere intelligibility of the 

classification, whether its yardstick is discernible/understandable, to reasonableness, an 

analysis of which also requires a determination of whether the basis of the classification is 

just as per Navtej. This doctrinal evolution has transformed Article 14 into a bulwark against 

governmental iniquitousness. 

The CAA’s framework of granting privileges is predicated on two explicit classifications: the 

faith classification, only illegal migrants belonging to the six faiths enumerated earlier are 

worthy of protection via the citizenship path; and the nation classification, an illegal migrant 

only from Afghanistan, Pakistan or Bangladesh can benefit from the CAA. Albeit, the 

government has tried to defend these classifications per its counter affidavit filed before the 

Supreme Court in response to the petitions challenging the law, but considered alongside 

the implicit premises of the CAA’s structure, a cogent argument against its incongruence 

with Article 14’s standards can be made. 
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       Granting citizenship in a secular nation, like India, therefore, is supposed to be a secular 

affair. When scrutinized against this backdrop, it is apparent that the CAA has perverted the 

secular character of India’s citizenship law. First, it has elevated religious persecution, out of 

a pool of myriad forms of persecution, to the pedestal of the only type of persecution that 

would be grave enough to warrant a claim to citizenship for an illegal migrant. This creates 

a classification where individuals who are persecuted on grounds other than religious 

beliefs are excluded. This implies that in the eyes of Indian law, persons who are persecuted 

on account of their political views, sexual orientation, race or ethnicity are less deserving of 

citizenship rights.  

Citizenship by descent 

Section 4 of the Citizenship Act divides citizenship by descent (jus sanguinis) into three 

categories: persons born outside India between 26 January 1950 and 10 December 1992 if the 

father was an Indian citizen at the time of birth; persons born outside India between 10 

December 1992 and 7 January 2004, if either of the parents is an Indian citizen at the time of 

birth; and children born after 7 January 2004 if either of the parents is an Indian citizen and 

the birth is registered at an Indian consulate within one year. Section 4 also requires births to 

be registered at an Indian consulate within one year and that the minor does not hold 

another nationality. This is aligned with Article 4 of the 1961 Convention, which requires 

states to grant nationality to persons born outside the country of his/her parents nationality, 

if (s)he would otherwise be stateless. In comparison to citizenship by descent described 

above, it becomes clear that Indian laws make it is easier for persons of Indian descent born 

outside of India to gain Indian citizenship than for persons born in India. 

CONCLUSION 

It is perhaps a first time in independent India's political history. The protest against 

citizenship Amendment Act 2019 was spread to every corner of the country, yet the reasons 

of the protest vary with geography. Some are protesting because the CAA allegedly violates 

the secular identity of the nation while other fear that it will endanger their linguistic and 

cultural identity. Yet others believe that the CAA itself is innocuous, combined with the 

proposed nationwide National register of citizens (NRC), an exercise that runs in the 

controversy in Assam, it will become a tool to exclude Muslim population of the country. 

That the union government has been hit hard by this allegation is evident from the fact that 

Prime Minister Narendra Modi has publicly contradicted Home minister Amit Shah's 

assertion that A nationwide NRC will be prepared by 2024. 

According to the citizenship Amendment Act 2019, Hindu, Christian, Buddhist, Jain, Sikh 

and Parsi migrants who have entered India illegally that is without a visa- on before 

December 31, 2014 from the Muslim majority countries of Pakistan, Afghanistan and 

Bangladesh and have stayed in the country for 5 years are eligible to apply for Indian 

citizenship. The union government claims that the people of these, six faith have faced 

persecution in these three Islamic countries Muslims haven't. It is therefore India’s moral 



Proceedings of the Multi-disciplinary Seminar Series - AGORA 22 

61 

obligation to provide them shelter. The government says that this is a time bound provision 

to provide relief to immigrants who have suffered in Islamic countries because India got 

divided on religious lines. India has from time to time provide at citizenship to immigrants 

of religions from different countries. Sri Lankan Tamil Hindus to where given citizenship in 

the 1970 and 80s.  

The Indian Constitution embeds the principle of secularism and send it entitles every person 

in India, not only citizens, to the equal protection of the law. Basic fundamental 

constitutional principles that any Indian law has to comply with. The principle of equal 

protection and treatment of law prohibits the government from distinguishing between two 

groups of people unless the distinction is reasonable and in non-arbitrary, and a clear 

purpose can be provided by the government for making the classification. The citizenship 

Amendment Act painfully contradicts this important constitutional principle. While certain 

groups of people from three countries are granted immunity from being deemed illegal 

migrants, and are given fast track to Indian citizenship, another group of from these 

countries will continue to be prosecuted as illegal migrants. 

In response to any potential challenges to the law before Indian Supreme Court, it is unclear 

what constitutionally adequate rationale the government will provide for treating the illegal 

migrants differently based on their religion. 

There is another dimension to the protesters across India – its implication for Indian citizens. 

Most centrally, protestors are worried about the combined effects of the CAA and 

governments controversial plant to create a national register of citizens (NRC). The basis for 

the NRC comes from both a 2003 amendment to the 1955 citizenship act and the rules issued 

in 2003 to operationalize the amendment. The NRC require every individual across India to 

demonstrate that they are Indian citizens through certain specified documents., the 

individuals will have to show proof of their residence and date and place of birth as well as 

citizenship of their and ancestors, going back to a cutoff date specified by the government. 

In large parts of India, the people are poor and illiterate and lack the kind of documents that 

will be required to prove citizenship. Those who are from poor and marginalized 

communities will disproportionately bear the burden of the implementation of the NRC. 

While there is no official link between the CAA and NRC there are concerns that the 

government is cloaking the CAA empathetic and inclusive legislation protecting those illegal 

migrants who have faced religious persecution but that it will in fact be strategic Lee used 

domestically to protect individuals from 10 vi non- Muslim religious who may be excluded 

from the Indian citizenship under the NRC. 
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Design And Characterisation of Poly Electrolyte Membrane’s 

(PEM’s) for Industrial Application 
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* email: pnikhilchandra@gmail.com 

Abstract 

Poly electrolyte membrane’s, PEM have a wide range of application over chemical, 

petrochemical industries, fuel cells, electrodialysis, ultrafiltration etc. This work is 

focusing on the design of polyelectrolyte membrane using Polyallylamine Hydrochloride, 

PAH and Polystyrene Sulphonate, PSS with Nylon 6,6 as supporting membrane by means 

of layer by layer,LBL method and characterisation of the multilayers with the assistance of 

analytical tools such as Scanning Electron Microscopy(SEM),Atomic Force Microscopy( 

AFM) , Fourier Transform Infrared spectroscopy (FTIR) and UV- Visible spectroscopy. 

Keywords: PAH – polyallylamine hydrochloride, PSS – Polystyrene Sulphonate, LBL 

method - Layer by Layer method, PEM – Polyelectrolyte multilayer membrane 

1.  Introduction 

Polyelectrolyte multi layer membranes can be prepared from a wide range of applicable 

substrates using layer-by-layer deposition method. These PEM’s are obtained by the self 

assembly method of cationic and anionic polyelectrolytes which undergo layer-by-layer 

deposition in the aqueous solution. PEM’s have many applications in the fields like bio 

optics, water purification, petrochemical industries, bio sensors, electrodialysis and so on. 

We are going to construct the polyelectrolyte multilayer membrane from Poly Allylamine 

Hydrochloride (PAH) and Poly Styrene Sulfonate using Nylon 6,6 as supporting membrane. 

PEMs are used in Tissue Engineering due to their ability to interact with the biological 

molecules such as proteins or nucleic acid and also their sensitivity to external stimuli. 

HUMIC ACID, CS, Sodium Alginate etc are natural PEMs used for this purpose. 

Khademhosseini et.al developed a bio compatible support based on PLL and HA. Multilayer 

consisting of two polyelectrolyte was deposited on a glass support and this was used to 

grow and differentiate two cell types like stem cells and fibroblasts. The result obtained 

showed that the cells were stable for about five days and also the viability of the support for 

the cell. 

The surface modified PEM’s show a wide range of application in the field of tissue 

engineering, bio sensors, removal of water pollution, environmental remediation. The 

modern energy conservation and storage systems are relying on these PEM’s. Due to their 
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long term stability and high performance other commercially available membranes were 

ruled out from the market. The objectives of the present styudy involves : Selection of 

appropriate supporting polymeric membrane for PEM, Selection of the promising 

polyelectrolyte for designing and developing PEM’s, Utilization of LBL method for the 

deposition of PEM’s, Characterization of newly designed PEM using analytical instruments, 

Proposal of the applications of newly designed and developed PEM’s. 

2. Materials and Methods 

2.1. Materials 

PAH, molecular weigt=65000 g/mol (0.5M), was purchased from Aldrich CO. and used 

without purification. PSS ,MW=70000 g/mol (0.5M), 30 weight percentage in water, 

purchased from Sigma Aldrich. 1M HCl to regulate pH, deionized water for rinsing and 

diluting the membrane, 250 mL beaker, spatula , Nylon-6,6 (no.4) as supporting 

membrane, 250 mL standard flask, glass rod, a pH meter. 

2.2.Method 

0.125g of PAH is weighed approximately then transferred to a 250 ml standard flask and 

made upto the mark. In another 250 mL standard flask 0.125g of PSS is made upto the 

mark. PAH being a weak electrolyte, it is pH dependent.1 M HCl is prepared to regulate 

the pH. 50 mL of each solution is transferred into 250mL beakers. A pH meter is immersed in 

PAH solution and its pH is adjusted to 6 by the addition of acid. The Nylon membrane is 

dipped in deionized water and keep it for 5 minutes. Then the membrane is dipped in the 

cationic electrolyte PAH for 15 minutes and then rinsed with deionized water. The 

washed membrane is then dipped into the anionic electrolyte PSS for 15 minutes and 

rinse it with deionized water. This procedure is repeated twice for 2 bilayers, 4 times for 

4 bilayers, 6 times for 6 bilayers and 8 times for 8 bilayers. 

2.3.Film Characterization 

For the characterization of the bare membrane and the multilayer deposited membranes we 

use the analytical techniques IR ,UV-Visible, AFM and SEM. 

3. Result And Discussion 

Successfully fabricated 2,4,6 and 8 bilayers of PAH/PSS polyelectrolyte membrane via 

LbL method. The membranes are characterized and the fabrication is confirmed by 

using microscopic analytical tools such as ATR-FTIR, UV-Visible Spectroscopy, AFM 

and SEM. The results of the bilayers are compared with the bare membrane results and 

between the membranes. 

3.1ATR-FTIR Analysis 

IR is a simple and effective technique for characterization. The IR of sulphonate peak made 

on the Nylon 6 6 membrane is shown in the figure. The absorbance of bare membrane is 
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shown in 0.00 cm-1. The sulphonate group shows peaks at a range of 1020-1040cm-1 over pH 

range of 

6. It is evident from the spectrum that the height of sulphonate peaks increases with increase 

in number of layers. The absorbance is exactly at 1034 cm-1 for the 8 bilayer membrane. 

The symmetric and antisymmetric deformation of NH3+ is usually shown in the region 

1400-1700 cm -1. 

 

Figure 3.1 IR of sulphonate peak 

3.2. UV-Visible Analysis 

The growth of multilayers are analysed using uv-visible spectroscopy. The absorption of 

films increases linearly with the number of bilayers which means that the amount of 

material absorbed are same are same in each deposition step. 

 

Figure 3.2 UV-Visible spectrum of synthesized bilayers 

 

3.3.AFM Analysis 

AFM gives globular morphological information and thickness of the bilayers on the surface 

of supporting membrane. All films present very smooth surface with root mean square 

roughness varying from 0.89 to 1.9 µm. The average thickness of PAH/PSS bilayers were 

found to be 2 µm. Usually is both are weak electrolyte, the bilayers are expected to be 

fully charged. But here PAH is weak and PSS is strong, so PAH is expected to be fully 

charged and pH dependent. AFM gives 3D image of the bilayers where the morphology 
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turns to be more and more globular and crowded when the number of bilayers are 

increased. 

 

Figure 3.3 AFM of bare layer 

 

     

(a) (b) 

 

     

(b) (d) 

Figure 3.4 AFM of (a) 2 bilayer (b) 4 bilayer (c) 6 bilayer and (d) 8 bilayer membranes 

 

3.4. SEM Analysis 

The formation of multilayers on the surface of Nylon 6,6 supporting membrane has 

been investigated using SEM. Figure 3.4.1 is the bare membrane surface and figure 3.4.2 

is the surface of 8 bilayer membrane. On examining the results we can see there is a slight 

decrease in the porous size of 8 bilayer membrane than the bare membrane. Which means as 

the number of bilayers increase , the sizes of the pores decreases proportionally. 
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 (c)    (b) 

Figure 3.5 SEM of (a) bare membrane (b) 8 bilayer membrane 

 

The fabricated PEM’s were effectively characterized and the designing was confirmed 

using the above characterization tools. This work can be extend for industrial 

applications such as tissue engineering, waste removal from water, bio sensing 

application and so on. 

4. Conclusion 

Successfully synthesized PEM membranes consisting various bilayers such as 2,4,6 and 8 using LBL 

method by the alternate deposition of PAH and PSS on Nylon 6,6. The developed bilayers were 

characterized by UV-Visible spectroscopy, ATR FTIR spectroscopy, AFM and SEM. The analysis 

result shows the surface modification has become more selective by the addition of bilayers and 

offers meaningful industrial applications like tissue engineering, bio sensing, waste disposal, 

chemical cleaning. 
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Abstract: 

The role of the Fire Force Management System with Fire Alarm is to take action depending on the anticipated fire 

scenario, building and use type, number and type of occupants, and criticality of Contents and mission, these 

systems can provide several main functions. First, they provide a means to identify a developing fire through 

either manual or automatic methods and second, they provide alerts and notifications. Another Common 

function is the transmission of an alarm notification Signal to the fire department of other emergency response 

organization. 

The first step to halt a fire is to properly recognize the incident, uplift the inhabitant alarm, after that notify 

accidents response professionals. This is often the function of the fire detection and alarm Systems. Here 

Artificial Intelligence and Machine learning are implemented for the scientist user. This user deals with the 

detection of fire based on the images generated with surveillance camera set across the state. The whole 

functionality is split to five users such as Admin, Fire Officer, Data Scientist, Public and Surveillance Camera. 

Keywords:- DFD,CFD, SURVEILLANCE CAMERA,MENU TREE 

INTRODUCTION 

A key aspect of fire force management system with fire alarms using Machine Learning techniques is to identify 

and develop fire emergencies in a timely manner, and to alert the fire emergency organizations. This is the role of 

the fire force management system with the fire alarm system. First, they Provide a means to identify a developing 

fire through either manual or automatic methods and second, they Provide alerts and notifications. Another 

Common function is the transmission of an alarm notification Signal to the fire department of other emergency 

response organization. They may also shut down electrical, air handling equipment or special process operations, 

and they may be used to initiate automatic Suppression systems. This section will describe the Basic aspects of 

fire detection and alarm system 

The first step to halt a fire is to properly recognize the incident, uplift the inhabitant alarm, after that notify 

accidents response professionals. This is often the function of the fire detection and alarm Systems. The public 

can register and add issues related to this department. Admin will be taking care of the overall administrations. 

Here Artificial Intelligence and Machine learning are implemented for the scientist user. This user deals with the 

detection of fire based on the images generated with surveillance camera set across the state. This proposed 

System ensures maximum security through various advanced methods in Artificial Intelligence. Admin, & Fire 

officer, Public, Data Scientist and Surveillance camera are the modules included in this work. 
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 Existing System:- 

The existing system is a manual entry for each user. so here each user needs to carried out in the hand written 

registers. It will be tedious job to maintain the record for the users. The human effort is more here. The retrievals 

of the information are not as easy as the records are maintained in the hand written registers. This application 

requires correct feed on input into the respective field suppose the wrong inputs are entered, the application 

resist to work. So, the user finds it if any error occurred. 

Proposed System:- 

To overcome limitation of this existing system, the proposed system is evolved. This project aims to reduce the 

paper work and saving time to generate accurate results for each user. The system provides good user interface. 

The best results can be generated by using this proposed system. As the development is done in PHP and Python 

there are no hidden costs in the process. In the backend the systems use MySQL database server. 

Context Level DFD (Level 0) 

 

 

 

 

 

 

Figure.1 Context Flow Diagram 
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Level 1 DFD – ADMIN 

 

 

 

 

 

 

 

 

Figure .2: Data Flow Diagram for Admin 
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 Level 1 DFD – DATA SCIENTIST 

 

 

 

 

 

 

 

Figure 3: Data Flow Diagram for Data Scientist 
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Level 1 DFD–FIRE OFFICER 

 

 

 

 

 

 

 

Figure 4: Data Flow Diagram for Fire Officer 
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Level 1 DFD – PUBLIC 

 

Figure 5: Data Flow Diagram for Public 

 

 

 

Level 1 DFD – SURVEILLANCE CAMERA 

 

 

 

 

Figure 6: Data Flow Diagram for surveillance camera 
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Figure 7: Structure Chart 
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                             Figure 8: Menu Tree 

      

      MODULE DESCRIPTION 

 

Modules 

The Fire force management system with fire alarm is divided into 5 modules. The 5 

modules included in this system are 

1. Admin Module 

 

2. Fire Officer Module 

 

3. Data Scientist Module 

 

4. Public Module 

 

5. Surveillance camera Module 
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Each module specifies the functional requirement of the system: 

 

1. Admin Module 

 Add Place 

 Reject Public 

 View Alerts 

 View Complaints 

 View Maps 

2. Fire Officer Module 

 View Alerts 

 Add News 

 Confirm Prediction 

 View Public Information 

 Add Activity 

3. Data Scientist Module 

 Send Alerts 

 View Images 

 Send & view student complaints 

 Upload Fire Detected Place 

 Make Predictions 

4. Public Module 

 Add Information 

 View Contact Information 

 Add Complaints 

 View Public Information 

5. Surveillance Camera Module 

 Upload Images
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CONCLUSION 

This work has been developed with much care and free of errors and at the same time it is efficient and less time 

consuming. The purpose of this work was to develop a web application for making fire force management easier 

and detecting fire in a faster and more efficient way. 

This work helped me in gaining valuable information and practical knowledge on several topics like designing 

web pages using html and CSS, usage of responsive templates and management of database using My SQL. The 

entire system is secured. Also, the work helped me understanding about the development phases of a software 

and the software development life cycle.  

There is a scope for further development in this work to a great extent. A number of features can be added to this 

system like real time monitoring of fire engines in an area. 

 

FUTURE ENHANCEMENT 

This website involves almost all the features needed for a fire force management system with fire alarm. The 

system is designed in such a way that future expansion or modification can be easily implemented. The future 

implementation will be providing a fire engine tracker which will be available all over the state. 

 

 

 

 
 

Camera Page 
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Officer page 

 

 

 

Scientist Page 

 

 
 

 User Registration 
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Fire Alert 
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“LIFE STYLE & CHRONIC DISEASES” 
Studies on the chemical components & Antioxidant properties of                     

Ceratopteris thalictroides (L.) Brongniart 

 

Fathimabeevi.S, Ambili S 

Ferns are much neglected group of plants, even though it is used for various purposes such 

as medicine, food, shelter and ornamentals. Ceratopteris species are aquatic pteridophytic 

ferns, generally found in tropical regions. It is a potential underwater plant used to treat 

wounds and is also used as a vegetable in certain parts of the world.  In The present study   

the medico-potentiality and chemical profile of this aquatic fern was looked into.  On GC-

MS analysis, nine compounds comprising 81.8% of the total volatile constituents were 

identified from the hexane extract of Ceratoptersis thalictroides. The plant possesses a 

characteristic odour and the rare aroma compounds mesitylene and trimenal may be the 

volatile compounds responsible for the peculiar odour of the plant. On phytochemical 

screening, it is found that, both methanolic as well as hexane extract contains steroids and 

not flavanoids and alkaloids.  The in vitro antioxidant assay of methanolic extract of 

Ceratopteris thalictroides showed a dose dependent activity.  Total phenolic content of 

methanolic extract of Ceratopteris thalictroides was studied. The plant contains 13.3497mg/g 

extract of phenolic compound in it.  A TLC profile of the methanolic extract was also done. 

The study shows that this plant is a good candidate for carrying out further work for its 

medicinal properties. 
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Abstract 

Mosquitoes are the most important vector among arthropods that transmit diseases such as 

Malaria, Filariasis, Chikungunya (CG), Dengue Fever (DF), Yellow Fever, Japanese 

Encephalitis (JE) etc. Forest fringe associated rubber plantation areas are more prone to the 

spread of zoonotic diseases to rural and urban areas. In view of this, a study was conducted 

to assess the species composition and density of mosquitoes in the urban and rural areas of 

rubber plantation sectors of Kottayam district. Two villages from forest fringe associated 

rubber plantation areas and two wards from urban areas of Kottayam district were selected 

for the study. Immature and adult mosquitoes were collected based on WHO standard 

procedures. A total of 14 mosquito species were recorded in the present study in which five 

species belong to the Aedeine group.  Aedes albopictus was the predominant vector species in 

the study areas.  Aedes albopictus was found to be abundant in the urban areas while 

Armigeres subalbatus was recorded as the prevalent species in the rural areas. Per man hour 

density of mosquitoes were found maximum during June and July and density of Aedes 

albopictus found maximum during the month of May. Water storage containers were 

observed to be the major breeding habitat for Ae.albopictus in urban areas and discarded or 

unused rubber latex collection containers were found to be the main breeding source for Ae. 

albopictus in rural areas. Since Aedes transmitted diseases such as dengue and chikungunya 

are being reported in the study area entomological surveillance and its significance can be 

used to halt the outbreak as shown in this study. 

Key words: Rubber plantations, vector mosquitoes, Ae.albopictus, Dengue, Chikungunya 

1. Introduction 

Among arthropod vectors, mosquitoes are the most important vector that transmit diseases 

such as Malaria, Filariasis, Chikungunya (CG), Dengue Fever (DF), Yellow Fever, Japanese 

Encephalitis (JE) etc. Rubber plantations are very much similar to manmade forests with 

lower temperatures and higher humidity under the canopy which provide suitable 

conditions for the mosquito vectors of dengue, chikungunya, malaria etc. Kerala state has 

the largest rubber plantations in the country to the tune of about 5.45 lakh ha. In Kerala, the 

forest fringe associated rubber plantations are located at the foothills of Western Ghats on 

the western coast of India. Forest fringe areas and associated rubber plantations are more 
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prone to zoonotic diseases from where it spread to rural and urban areas1. During  2007 

Chikungunya outbreak in India, 55.8% of suspected cases  were reported from Kerala and 

was the worst affected state in the country2. In Kerala, Kottayam and Pathanamthitta were  

the worst affected districts contributing  44.33% and 14.37% of the total CHIKV cases, 

respectively2.Also dengue fever cases has shown an increasing trend in Kerala since 2006. 

More than 13.1% of dengue cases were reported from Kerala during the dengue outbreak 

happened in India during the year 2017. All the four serotypes of dengue virus (DENV-1, 

DENV-2, DENV-3 and DENV-4) were reported in Kerala3.The first case of dengue in Kerala 

was reported during 1997 from the forest fringe areas of Kottayam District4 and continues to 

contribute the maximum number of dengue cases next to Trivandrum District in the state 

every year.  

Topographically, Kottayam district has abundant rubber plantations (109, 582 ha) which 

support profuse breeding of Aedes albopictus, the main vector of Dengue and Chikungunya 

infection.  Rainwater that accumulates in the latex collection containers during the monsoon 

season are the major breeding habitat of this species2,4. Massive deforestation, development 

of human settlements along forest fringe areas, transportation through different modes are 

the important human activity related to the spread of this vector species in Kerala5. As the 

cases of mosquito borne diseases are being reported frequently in Kottayam district a 

preliminary survey was carried out to understand the species composition and prevalence 

rate of mosquitoes in the urban and rural areas of Kottayam district. 

2. Materials and Methods 

Two villages in the forest fringe associated rubber plantation areas, Kootikal and Koruthode 

of Kanjirappally taluk and two wards in urban areas, Pallom (ward 13) and Puthuppally 

(ward 22) of Kottayam district were selected(Fig.1.1). Fortnightly survey were carried out in 

the 4 areas from May 2021 to November 2021.  Larvae were collected using WHO standard 

methods. Outdoor resting mosquitoes were collected using sweep nets on man hour basis6. 

For larval survey all breeding sources or sites in and around 10 households covering an area 

of about 0.5Sq.Km were enlisted and checked for vector breeding both in urban and rural 

areas. Immatures collected from the positive sites were kept for emergence in the laboratory 

and emerged  species were identified using Keys7,8.  
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Fig.1.1 Study area showing sampling stations 

3. Results 

In the present study a total of 14 species of mosquitoes were recorded in the urban and rural 

areas of Kottayam district (Table 1.1). Five species belong to the genus Aedes have been 

recorded.  Aedes albopictus, the secondary vector of dengue virus were found to be abundant 

in both urban and rural areas. Other non-vector species recorded under Aedes include Aedes 

crysolineatus, Aedes vittatus, Aedes pseudotaeniatus and Aedes cogilli.  Under the genus Culex 3 

species were recorded Culex uniformis, Culex quinquefasciatus and Culex gelidus. Anopheles 

stephansi and Anopheles subpictus are the species recorded under genus Anopheles. Non vector 

species such as Armigeres subalbatus, Toxorhynchites splendens, Heizmannia discrepens were also 

collected from the study sites. 
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Table 1.1 Species composition and prevalence rate of mosquitoes in the study areas 

Sl. 

no 
Species 

Kootikal 

(Rural) 

Koruthode 

(Rural) 

Pallom 

(Urban) 

Puthuppally 

(Urban) 

N % N % N % N % 

1 Aedes albopictus 443 27.6 565 36.0 791 80.5 983 78.50 

2 Aedes chrysolineatus 259 16.1 212 13.51 5 0.5 23 1.84 

3 Aedes vittatus 0 0 4 0.25 3 0.3 21 1.67 

4 Aedes cogilli 3 0.2 11 0.70 0 0 1 0.1 

5 Aedes pseudotaeniatus 7 0.43 3 0.20 0 0 0 0 

6 Culex uniformis 195 12.1 183 11.7 13 1.32 50 4.0 

7 Culex gelidus 8 0.46 0 0 0 0 2 0.12 

8 Culex quinquefasciatus 2 0.12 0 0 4 0.4 5 0.40 

9 Anopheles subpictus 0 0 0 0 1 0.1 3 0.24 

10 Anopheles stephensi 0 0 0 0 0 0 2 0.12 

11 Heizmannia discrepens 0 0 3 0.2 0 0 1 0.1 

12 Mansonia uniformis 0 0 0 0 1 0.1 1 0.1 

13 Toxorhynchites splendens 2 0.12 2 0.12 0 0 1 0.1 

14 Armigeres subalbatus 686 42.8 587 37.4 165 16.8 160 12.8 

 Total 1605 100 1570 100 983 100 1253 100 

N=Number of mosquitoes collected 

Most prevalent species in both urban and rural area was Aedes albopictus and Armigeres 

subalbatus. Other species recorded were not much prevalent in both areas.  In the rural areas 

of Kootikal and Koruthode, the most prevalent species recorded was Armigeres subalbatus 

(37.4% to 42.8%) followed by Aedes albopictus (27.6 % to 36.0%), Ae. crysolineatus (13.51% to 

16.1%) and Cx. uniformis (11.7%to12.1%) (fig1.2and 1.3). In the urban areas of Pallom and 

puthuppally the most prevalent species recorded was Aedes albopictus (78.50% to 80.5%) 

followed by Armigeres subalbatus (12.8% to 16.8%), Culex uniformis (1.32% to 4.0%) and so on 

(fig.1.4 and 1.5). 
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Fig.1.2 Species composition of mosquitoes in Rural areas of Kootikal 

 

Fig.1.3 Species composition of mosquitoes in Rural areas of Koruthode 
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Fig. 1.4 Species composition of mosquitoes in urban areas of Pallom 

 

 

Fig. 1.5 Species composition of mosquitoes in urban areas of Puthuppally 

Man hour density of total mosquitoes vary in different months both in rural and urban areas 

(fig.1.6 and 1.7). However there is no significant difference observed in the per man hour 

density of mosquitoes between rural and urban areas (t=1.43, p=0.178).When comparing 

different months total mosquito density was found to be high during the month of June and 

July while density of Aedes albopictus was found to be high during the month of May both in 

urban areas and rural areas. Also man hour density of Ae. albopictus was found to be high in 

urban areas compared to rural areas. 
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Fig. 1.6 Per man hour density of mosquitoes in the rural areas of Kottayam district 

 

Fig. 1.7 Per man hour density of mosquitoes in the urban areas of Kottayam district 

 

4. Discussion 

Mosquito fauna of 14 species belonging to 7 genera were recorded in the study area and all 

the species were already reported from different parts of Kerala9,10.Out of the 14 species of 

mosquitoes recorded in the present study, 8  were reported as  vectors of various diseases in 

different parts of the world. Among the Aedes species collected from the study area  Aedes 

albopictus was reported as the secondary vector of dengue and chikungunya11.  The primary 

vector Aedes aegypti was not reported in any of the study area in the present study. Ae. 

aegypti was reported in urban areas of Thiruvananthapuram district of Kerala in an earlier 

study12. In the absence of the principal vector Ae. aegypti, Aedes albopictus is effectively 

transmitting dengue virus in the study area. In several south-east Asian countries Aedes 
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albopictus has incriminated with dengue virus13. In Kerala Ae. albopictus was recognized as 

the primary vector for the transmission of Dengue and Chikungunya 14,15. The prevalence of 

Ae. albopictus was maximum in urban areas compared to rural areas. Peridomestic water 

storage containers were found to be the major breeding source for Ae. albopictus in urban 

areas. Cement tanks, Plastic drums and cisterns were used to store water in these areas. 

Significant presence of unused or discarded latex collection containers were responsible for 

the profuse breeding of Ae. albopictus in rural areas. Man hour density of total mosquitoes 

were found to be maximum during the monsoon month of June and July as rainfall 

positively influence the density mosquitoes16. However density of Ae. albopictus were found 

to be maximum during the premonsoon month of May as the intermittent rainfall during the 

month of May provide water filled peridomestic containers suitable for breeding of this 

species.  Heavy and continuous rainfall during the monsoon months cause flooding of 

containers which prevent the breeding of immatures in containers12. 

Armigeres subalbatus was found to be the most prevalent species in the rural areas of 

Kottayam district. This species is commonly found close to human dwellings with potential 

breeding habitat of poor sanitation that include polluted water such as septic tanks17 and has 

been reported to be a vector of Japanese encephalitis virus18. In India, it has also been 

reported to be a vector of filarial worm Wuchereria bancrofti19. Ae. vittatus was identified as 

the main vector of yellow fever in many parts of the world20. Ae. crysolineatus, Ae. 

psudotaeniatus and Ae. cogilli have no vector status. Of the three Culex species collected from 

the study sites Cx. quinquifasciatus is primary vector of bancroftian filariasis and suspected 

vector of Japanese encephalitis21.Cx. gelidus is also incriminated as vector of JE and Cx. 

uniformis is a non-vector mosquito species. Genus Mansonia was represented by only one 

species, Mn. uniformis and was incriminated as secondary vector of JE in Kerala22,23and also 

have been implicated as vector of Brugian filariasis24.Of the two Anopheles species collected 

An.stephensi is the primary vector  of Malaria and An.subpictus is a suspected vector of 

Malaria in India. Also Japanese encephalitis virus was isolated from An. subpictus during the 

JE outbreak in Kerala in the year 199622.Species such as Hz.discripens, Tx.splendens are 

generally considered as non-vector species. 

Species such as Ae. albopictus, Ar. subalbatus, Cx. crysolineatus, Cx. uniformis constituted more 

than 75% of the total mosquito species collected from the study area. Species such as 

Anopheles stephensi, Anopheles subpictus, Mansonia uniformis were least abundant one as only 

few specimens were obtained during the study. In forest fringe areas rubber plantation 

associated latex collection containers and peridomestic discarded containers were found to 

be the key breeding habitat for Ae.albopictus. During rainy season rainwater collected in the 

latex collection cup forms the main breeding habitat for Ae.albopictus4. Small and large scale 

rubber plantation is common and interspersed in the forest fringe areas.  
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5. Conclusion 

Even though different vector and non-vector mosquito species were being reported in the 

forest fringe areas of Kottayam district, the most prevalent species recorded was Ae. 

albopictus especially in the urban areas. Extensive cultivation of rubber plants provide 

suitable situation for proliferation of Aedes albopictus. Since Aedes transmitted diseases such 

as dengue and chikungunya are being reported in the study area entomological surveillance 

and its significance can be used to halt the outbreak as shown in this study. 
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Abstract 

Cerium dioxide (CeO2) nanoparticles have gained huge attention owing to their use in diverse 

applications. Current synthesis methods for CeO2 nanoparticles including hydrothermal and 

chemical precipitation are time-consuming and require chemical organic reagents. In order to 

minimize the reaction time and avoid the use of organic reagents, a new method for 

CeO2 nanoparticles were used, which provided an easy, efficient, and continuous bulk phase 

synthesis at room temperature. In the present study, ammonium cerium nitrate and 

ammonium hydroxide were used as precursors, and nitric acid was added as a stabilizer to 

separate the nucleation and growth processes of the nanoparticles to prevent their 

aggregation. The products were characterized by X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FTIR), transmission electron microscopy (TEM), scanning electron 

microscopy (SEM), and UV-Vis spectrophotometer. XRD pattern showed the cubic fluorite 

structure of the cerium oxide nanoparticles. The surface morphological studies from SEM and 

TEM depicted non homogeneous agglomerated spherical nanoparticles and the sizes of as 

synthesized CeO2 NPs are between 20±5. The sharp peaks in FTIR spectrum determined the 

existence of Ce-O stretching vibration and the absorbance peak of UV-Vis spectrum showed 

the bandgap energy of 3.02 eV. 

Keywords: Cerium oxide, Nanoparticles, bulk phase method, simple sol -gel synthesis, Spherical 

particles. 

Introduction 

Nanomaterial’s have attracted extensive interest worldwide for their unique size and shape 

dependent chemical and physical properties1 compared to bulk materials, owing to the 

enhanced surface area to volume ratio2, quantum confinement, as well as their potential self-

assembly for device applications3. Cerium dioxide based materials have been extensively 

studied and used in a variety of applications over the last two decades, including oxygen 

storage capacitors4, catalysts5,6,UV blockers7,8, gas sensors9,10, solid oxide fuel cells11, and in 

chemical mechanical planarization12. Numerous methods have been reported to produce 

CeO2 nanoparticles with promising control of size and properties. Among various chemical 

methods for producing metal oxide nanoparticles, sol-gel process proves advantageous over 
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the other methods for its better homogeneity, controlled stoichiometry, high-purity and 

phase-pure powders at a lower temperature. 

In recent years, the aqueous synthetic method has been intensively studied, modified, and 

improved to find simple and environmental friendly synthesis for fabrication of controlled 

metal oxide nanostructures13. Chemical precipitation methods are largely investigated for 

the industrial scale synthesis of CeO2 nanocrystals. Hydrothermal treatments have been 

successfully used for shape-controlled synthesis of CeO2 nanomaterials, such as 

nanopolyhedra14, nanowires15, and nanotubes16. All of these investigations highlighted the 

possibility of a convenient aqueous synthetic route to highly controlled CeO2 nanocrystals, 

but all these methods need more time and require organic reagents. 

For this, we have adopted the simple environmental friendly sol-gel method for the bulk 

phase preparation of CeO2 NPs. Ammonium cerium nitrate was used as a precursor for the 

cerium oxide nanoparticle synthesis. In this paper, the crystalline nano cerium oxide 

nanoparticles were successfully synthesized by a facile sol-gel method and the formation of 

CeO2 nanoparticles were investigated. This method has novel features which are of 

considerable interest due to its low cost, easy preparation and industrial viability. The 

structural, morphological and optical properties of the experimentally derived CeO2 NPs 

have been analyzed with XRD, FTIR, SEM and TEM, UV-Vis characterization tools. 

Experimental Section 

Materials  

Ammonium cerium nitrate [(NH4)2Ce(NO3)6] is purchased from E-Merck with 99% purity 

and all other reagents supplied by Rankem.Ltd. 

Sol-gel Synthesis of Cerium Dioxide Nanoparticles 

 2.17g of Ammonium cerium nitrate ((NH4)2Ce(NO3)6) was weighed accurately and it is 

precipitated with 10% NH3, until an yellow precipitate of Ce(OH)4 is obtained. The formed 

supernatant solution is decanted off and precipitate is washed with double distilled water 

and centrifuged for 10 minutes at a speed of 3000 rpm. This is done at least 5 times. Then the 

residue is re-dissolved in 500 ml double distilled water using a magnetic stirrer. Then the pH 

of the solution is adjusted to 2 (acidic range) by adding 10% HNO3. The acid addition is 

continued (drop wise) till a stable sol is obtained. The sol is then dried in an air oven at 100 

°C. The dried sol is then calcined in a muffle furnace at 600 °C for 3 hours. The yellow CeO2 

NPs were kept in air-tight containers. 

Sample preparation and characterization methods 

The crystallinity and size of the obtained CeO2 NPs was studied using a X-ray diffractometer 

(XRD Rigaku miniflex, Japan) employing CuKα radiation and the data was recorded over 

the range 20–80 in increments, at an angle 2θ. The size and morphology of formed CeO2 NPs 

were studied using a Transmission electron microscope (JEOL JEM 1200 EX II, Japan) and 
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Scanning electron microscope (JEOL 5200, Japan). FT-IR analysis were noted in the range of 

400-4000 cm-1 by using a FTIR spectrometer (Schimadzu IR  Affinity,Japan). The UV-Vis 

spectra of CeO2 nanoparticles were measured between 200 to 800 nm using UV-visible 

spectrophotometer (Schimadzu , Japan).  

 

 Results and Discussion 

Characterization studies on cerium oxide nanoparticles 

The X-ray diffraction analyses of CeO2 NPs were carried out and the results were compared 

with the standard International Centre of Diffraction Data (ICDD) and presented in Figure 1. 

The XRD peaks located at (2θ) angles 28.8, 33.1, 47.46 and 56.04 corresponds to the  (111), 

(200), (220) and(311) planes, respectively, which indicate the cubic fluorite structure of CeO2 

NPs (JCPDS file no: 75-0076, of CeO2).The average crystallite size D of the sample is 

calculated using Debye-Scherrer's formula, average crystallite size = 0.9λ/βcosɵ, where λ is 

the wavelength of X-ray used (1.5405 A), β is the angular peak width at half maximum in 

radians and θ is the Bragg’s diffraction angle. From the equation, the average crystalline size 

was calculated as 12 nm. 

 

Figure1.  Powder X-ray diffraction patterns of CeO2 NPs. 

 

The FTIR spectra of as prepared CeO2 NPs were carried out and it is given in figure 2. The 

absorption peak at around 1630 cm-1 can be assigned to the OH bending vibration of water 

molecules. The bands located at around 1051 cm-1 can be attributed to the C-O stretching 

vibration. An intensive band at 2335 cm-1 is due to atmospheric CO2. The intense band at 438 

cm-1   corresponds to Ce-O stretching vibration. 
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Figure 2. FTIR spectra of prepared CeO2 NPs. 

The UV-Vis absorption spectra of CeO2 NPs are provided in Figure 3. The absorption peak 

found at 375 nm can be assigned to the excitation of electrons from the valence band to the 

conduction band of CeO2 NPs in the presence of light. The band gap energy of CeO2 NPs can 

be calculated from the equation, 

Eg = hc / λ 

Where h is the Planck’s constant, c is the speed of light and λ is the wavelength. The small 

band gap energy value was measured to be 3.02 eV. From the analysis it can be confirmed 

that the obtained CeO2 nanoparticles are highly transparent in the Visible region. 

 

Figure3.  UV- Vis absorption spectrum of CeO2 NPs. 
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SEM and TEM analysis were carried out in order to find the size and shape of as-prepared 

CeO2 nanoparticles. Figure 4(a) depicts SEM images of CeO2 nanoparticles obtained using 

the present controlled sol- gel technique. The presence of strongly agglomerated non-

homogeneous cerium oxide particles was confirmed by SEM analysis. From the TEM (Figure 

4(b)) analysis, the studies indicated that the as prepared cerium oxide nanoparticles are 

constituted of spherical cerium dioxide nanoparticles.  

 

                  Figure 4: a) SEM images of CeO2 NPs, b) TEM images of CeO2 NPs. 

 

Conclusions 

Nanocrystalline CeO2 NPs were successfully prepared from ammonium cerium nitrate by 

using simple controlled sol gel synthesis. The SEM and TEM images showed that obtained 

CeO2 NPs are highly agglomerated nonhomogeneous spherical and smaller in size 

(20±5nm). XRD studies confirmed that the resultant crystalline nanosized cerium oxide have 

cubic fluorite structure. UV-Vis spectra confirmed that the prepared CeO2 NPs are 

transparent in the visible region. The present method can be used for simple bulk scale 

production of cerium dioxide nanoparticles.   
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Abstract 

Human rights are rights inherent to all human beings, regarding of race, sex, nationality, 

ethnicity, language, religion or any other status. Human rights include the right to life and 

liberty, freedom from slavery and torture, freedom of opinion and expression, the right to 

work and education, and many more. Everyone is entitled to these rights, without 

discrimination. These rights are interrelated, inter dependent and indivisible. It means that 

the improvement of one right facilitate the advancement of other rights. Also, human rights 

are inalienable; they should not be taken away, except specific situations and according to 

the procedure established by law. The present study focused on the Socio economic status of 

fisher women and the problems faced by them in Kerala. 

Key words: Fisher folk, Marginalisation 

Introduction 

The human rights are those minimal rights which are available to every human being. 

Women and girls rights are human rights. They cover every aspect of life-health, education, 

political participation, economic well-being and freedom from violence, among many others. 

Women and girls are entitled to the full and equal enjoyment of all their human rights and 

to be free from all forms of discrimination- this is fundamental to achieve human rights, 

peace and security, and sustainable development. The protection and promotion of human 

rights is the first responsibility of governments. Achieving gender equality and empowering 

all women and girls is one of the sustainable goals of the United Nations (UN) Sustainable 

Development Goal 5 (SDG 5). The UN recognizes ending discrimination against women as 

not only a basic human right but as a necessary condition for a sustainable future. It is very 

evident that significant progress toward gender equality and women’s empowerment has 

happened in the past four decades. However, as a global community, we are still far away 

from being a gender-equal world. India is ranked 140th among 156 countries in the World 

Economic Forum’s Global Gender Gap Report 2021. Further, the Gender Inequality Index 

(GII) also offers a picture of gender disparities in India in sectors such as health, 

empowerment and the labour market. As per the 2011 census, the ratio of women to men for 

Kerala is 1,084, which is high compared to the national figure of 940. Women constitute 52 

per cent of the total population in Kerala. Children aged 0-14 years represent 23.44 per cent 
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of the total population in Kerala, 48.91 per cent of whom are girls. In contrast to the national 

average of 11 per cent, 22 per cent of all households in Kerala are female-headed. In recent 

years there was an increase in women’s employment in Departments such as Police and 

Excise. In 2017, 605 police constables were recruited (including a police battalion of women, 

commanded by a woman commandant) and another 154 were recruited in 2018. In Excise 

Department, 133 women were inducted for patrolling in 2018. After the pandemic 

substantial recruitment of health workers has been occurred, large number of the new health 

workforce being women. 

Objectives 

To study the status of Fisher women and the problems faced by them in Kerala 

To identifies socio-economic background of fisher women in the study area 

Methodology 

The study has made use of empirical and analytical approaches. Both quantitative and 

qualitative techniques were used in the collection and analysis of data. Information had been 

gathered from secondary sources and primary sources and by interviewing the target 

groups. The secondary data comprises books, journals, articles, government publications 

and websites. Primary data collected from 290 fisherwomen from Thiruvananthapuram 

district. Out of this 190 samples were selected from Anchuthengu, and 100 samples from 

Vettukad in Thiruvananthapuram District. Simple random sampling techniques were used 

for collecting data. 

Development economists discovered that despite a common national strategy for the 

development of the whole economy, India was witnessing differential development at the 

regional levels. In this matter the case of Kerala has been unique. This was a state which 

achieved a high physical quality of life as reflected in birth rate, death rate, infant mortality 

rate expectation of life at birth, literacy rate, sex ratio and infrastructural development (Nair, 

1993). Kerala baffled development economists with its high quality of life coexisting with 

low per capita income, high level of unemployment, a virtually stagnant production base 

and a level of nutrition/calories intake much lower than the standard norms prescribed by 

the Indian Council of Medical Research. 

Problems faced by Women in Kerala 

India is a country where women are given the status of a goddess. However, the problems 

they have to face just show the opposite of this concept. On hand they worship them as 

goddessesand on the other; they abuse them endlessly and consider them inferior. Indian 

women always had some problem or the other to face in society. People evolved and so did 

the problems; they did not go away but changed from one to another In the early days there 

were severe issues like the Sati, no widow remarriage, devadasi system and more. While 

most of them are not prevalent now, there are new issues that women face. They may be not 

the same but they are still as severe as the early ones. They hinder the growth of a country 
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and make the women feel inferior. Violence against women is a very grave issue faced by 

women in Kerala. It is happening almost every day in various forms. People turn a blind eye 

to it instead of doing something. Domestic violence happens more than that. There is also 

dowry related harassment, marital rape, genital mutilation and more. There is the issues of 

gender discrimination. Women are not considered equal to men. They face discrimination in 

almost every place whether at the work place or at home. 

Gender Disparity 

Many studies reveal that both professional and non-professional women experience heavy 

stress due to gender bias. Although women have proved the best of their abilities in various 

fields of work at par with men, they still continue to have a grip over their household 

responsibilities. In spite of their hard work, women have been given second importance in 

their field of work. Patriarchy and gender inequality in society is the main cause of women’s 

deprivation by way of health, food and nutrition, more susceptible to mortality and 

contributing to unbalanced male female ratio as well as in the sphere of education, 

employment, wages and that of political representation. Women are treated by men only as 

consumers, sex objects or reproductive machines as a result of which their status in the 

family and society has been demoted. Subsequently this has led to increasing violence and 

denial of human rights, liberty, equality, justice. The patriarchal family system that prevails 

in India gives more rights and authority to the male enabling them to enjoy more power 

over the female in the family. Women are considered inferior, secondary individuals to men. 

So they are suppressed, oppressed, harassed, subjugated and deprived of even their basic 

rights till date. Atrocities and crimes are committed against them by their own family 

members. They used to face innumerable problems in their post married life for their family 

in different dimensions such as a bride due to no or less dowry, as a wife not bearing a male 

child, as a widow responsible for her husband’s death. Above all if they are working 

women, they are expected to accomplish all the activities from dawn to dusk to satisfy needs 

of all family members. So though women play a key role in the socio economic development 

of a country yet they are discriminated against almost in every walk of life right from the 

very earliest stage. 

Dual Responsibility 

Women’s attitude towards their stereotyped (traditional) role is rapidly changing and their 

participation in different job sectors is increasing alarmingly due to low economic condition 

of family, advancement in the field of women education, granting of more liberty, rights and 

privileges to women. Managing both the family and job responsibility on the part of the 

women today are quite tough and challenging. It is very difficult for them to carry dual 

responsibilities at home and the workplace. It creates psycho-socio problems both in the 

family and professional field; despite the fact that it provides economic security. Thereby it 

had done more harm than good for which women are experiencing stress and frustration in 

life. 
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Illiteracy and Traditional Belief 

Illiteracy and traditional beliefs and practices of family have prevented a great majority of 

women from access to health care and knowledge about their rights and privileges resulting 

high rate of maternal mortality and morbidity. In our society male members of the family 

are supposedto eat fresh and nutrition’s food in comparison to women because either they 

are the earning member or head of the family or they are supposed to be more important 

than female members. The high mortality rates among women as revealed by maternal 

death due to anemia, toxemia, hemorrhage and abortions indicate that women health in 

general and reproductive health in particular are neglected due to her illiteracy and 

ignorance about her health and balanced diet. Healthy women produces healthy child but 

from analysis of data of various studies it is observed that nutrient intake is significantly less 

among illiterate pregnant women. Illiteracy limits women’s ability to earn money and 

participation in decision making in the male dominated families. Statistics shows that higher 

the female literacy level, lower is the fertility rate and birth rate. Maternal mortality are 

normally higher in states with a low literacy. Illiteracy and low educational status result in 

lack of information, knowledge. There is a saying that if you educate a boy you educate an 

individual but if you educate a girl you educate a family. 

Social Stigma and Poverty Condition 

Crime and violence against women are on the rise. This is only due to social stigma that 

women are weaker section of society. Poverty condition compels the poor women to sell 

their minor girl like commodity and give away their grown-up daughter into slavery to 

another family to perform household activities. They are subject to victim of STD. (Sexual 

Transmitted Disease) AIDS due to unprotected sex as they are able to protest. Due to 

financial constraints and acute poverty, young girls are often lured away by middle men and 

brokers with a false promise of being offered alluring jobs. In the process they are after 

cheated with sexual harassment which ultimately ends up in dubious condition. Lack of 

family and society support and consciousness of moral values create problems with the in-

laws, dowry and torture for women. Lack of self confidence is the main cause of women 

problem. Women themselves are willing to aberrate the female sex. They are interested to 

participate in obscene picture and advertisement and wearing indecent and provocative 

clothes. They are quarrelling with parents for the dowry. They are creating conflict with in-

laws instead of co-operating with them. The feeling of helplessness and frustration in 

women regarding their own problems must be taken care of without delay. Both the family 

and society should work together to eliminate such problems and give a woman the much 

needed self confidence and self respect. However during these few decades, 

industrialization, urbanization, westernization and spread of women education have 

brought about drastic changes in women’s, lives but still they are facing multifarious and 

multidimensional problems. Despite so much hue and cry in the whole world for equal 
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treatment of-both men and women in every aspect of life we are still lagging behind in 

achieving the goal. 

Marginalized sections are a group which has remained for long totally excluded from the 

mainstream population and isolated and deprived of opportunities and facilities of life, right 

from ancient times. Fisher folk, being an occupational category belong to the marginalized 

group, steeped in illiteracy and living far removed from the mainstream population. 

Fisheries sector is an informal sector, fisheries plays a crucial role in the economic 

development fishing occupies an important role in Indian economy as it is a source of food 

protein, its major revenue of employment, and recent years, it’s become a major export 

industry. The role that women play in developing societies in preserving the social and 

cultural ethos intact can hardly be overemphasized. The responsibility of providing stable 

sustenance rests primarily with womenfolk. While men usually work outside the home as 

bread winners, women are considered the homemakers even if circumstances and 

opportunities warrant that they work outside the home for a living (Kurien, 2000). We 

intend to highlight the differing roles played by women in the fishing households and 

women in the fish consuming households in Kerala. Both play crucial roles in livelihood and 

food security. 

Women in Fishing Communities 

Women play an indispensable crucial role in maintaining the social and cultural foundations 

of the fishing communities in Kerala. In a multi-caste, multi-religious society these roles take 

varying socio-economic and cultural expressions. One common and strong taboo relates to 

women’s involvement in actual fishing. This is considered to be ‚polluting‛ and consequently 

women in the fishing households never go to sea. The closest they may get to it will be for 

gathering shells and cockles on sea fronts with rocky fringes (Kurien,2000). The women of the 

Muslim Mappila fishing communities of the northern region are largely confined to their roles 

as mothers and providers of the basic needs of the family within the four walls of the home. 

Very gradually, with increasing education and greater socialization they do involve, to a 

limited extent, in some post-harvest activities in the villages (Mathur, 1977). The Hindu Araya 

fisher folk and the Christian Mukkuva fisher folk permit their women participate in the 

economic activities relating to fish processing, buying and selling in distant markets (Ram, 

1991). 

The fisherwomen play an important role in the terms of their involvement in fish related 

activities such as fish vending, fish drying, prawn peeling, sorting, grading, packing and net 

making. About 46.35 per cent of women are involved in marine fishing activities and 49 per 

cent of them are involved in inland fishing activities. 

Socio-Economic Profile 

Kerala which has a high number of fishermen population, is a state in which all the three 

major religions have significant presence. Fishing is considered in Kerala an occupation of 
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backward communities. The family characteristics of the samples in the study areas may 

now be examined. Family background is an important variable determining the income 

earning capacity and the consumption pattern of households. They have also an important 

place in determining the standard of living, educational level and health status of the 

population. Family size has an important determinant of the health status of an individual. 

The study reveals that there exists joint family system among the Coastal population. How 

many persons can be accommodated under a roof is a legitimate question to address in the 

case of marine fishermen community, the housing conditions of whom are reported as 

alarmingly congested. Marine Census of CMFRI in2005 and HRDC report 2009 reveals that 

the household size of coastal population is higher than the total population. 

The higher household size of fisher folk implies two things. One, the possibility of higher 

birthrate or fertility rate than the state’s total population: and two, due to the non 

availability of land for new houses within stipulated distance from the shore and also 

because of financial reasons to build new houses, the congestion in already existing houses 

go on increase with family formation. 

Educational Status 

Education plays an important role in every phase of life as it enhances informed choices 

regarding issues in life especially health seeking. Education to women has a major impact on 

health and nutrition. This is a common say, ‚if you educate a man, you educate an 

individual, if you educate a woman, you educate a family‛. Studies reveal that literacy has a 

direct impact on nutritional status of women. The main dietary intake of food and nutrients 

increased with increasing educational level. Ignorance is the most important factor 

underlying malnutrition. The level of education affects the status of women. Literacy of 

women plays an important role in reducing fertility and child mortality. Literate women 

tend to marry at higher age and thus the age of marriage increases. Thus education of 

women has significant impact on demographic process. Kerala’s effort in making basic 

education facilities accessible to large majority of the people is well known. Primary and 

even upper primary schools exist in close proximity to all the fishing villages. Literacy 

movements in Kerala shows an increase in literacy rate of the general population 

Occupational Profile 

The economic condition of a household mainly depends on the occupation, level of 

employment and income of the working members of the household etc Poor quality of life is 

a reflection of low and unsteady income and nature of work. There is a reciprocal 

relationship between health and wealth. Financial difficulties foster poor health. Expenses 

involved in meeting treatment make the lower income group to forego treatment. The 

income stated by the fisher women need not be accurate. There is a tendency among women, 

especially the poor, to high light their poverty. However by cross checking with the amount 

they spend on food, medicine, etc, the approximate income was derived at. It was revealed 

that 79.1per cent of them had an average monthly income of more than Rs.12000. 
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Conclusion 

Fish vending is a traditional occupation that has been a means of livelihood for thousands in 

India, with the majority of fish vendors being women. Fish vendors engage in their trade in 

various ways: they procure their fish directly from landing centers, where they participate in 

daily auctions of the catch; they buy from traders and merchants; or they buy from the 

wholesale markets of resale at retail/local markets. Vendors also carry out value addition by 

sorting, grading, cleaning and icing the fish. Women are thus the primary players in 

processing, marketing and selling the catch. After the fish has landed, it is the women who 

take charge of the catch and sell the fish for money and food, contributing to household 

incomes and food security, and to the local economy. Their labour is, however, often not 

recognized. Fish vendors operate as an important link between producers and the final 

consumers, making fish available to consumers, making fish available to consumers in urban 

and remote rural areas, and enhancing food security in tangible, but unrecognized ways. 

Women have always played an important role in the fishing industry by way of taking care 

of many of the shore based activities after the fish is landed. These include handling of fish; 

salting, drying, marketing etc. increasing entrepreneurial activities in post harvest segment 

of fisheries for women may provide more and more employment opportunities. Women fish 

vendors also play an important role in the development of the economy. Fisherwomen 

should be provided adequate knowledge and training on awareness of natural disaster and 

its management. If India’s fisheries sector to be satisfactory sustained then fisherwomen 

empowerment, both socially and economically is essential. Hence skills and use of 

appropriate technology will enable them to empower socially and economically. 
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Abstract: Ca (II) and Ce(III) complexes of curcumin have been prepared from the metal 

chloride salts and commercially available curcumin in presence of pyridine catalyst. The 

prepared complexes were characterized using Infrared and UV spectroscopy. Anti-bacterial 

study of the synthesized complexes indicated that all the complexes possess antibacterial 

activity and particularly the Ce (III) complexes possess better anti-bacterial activity than the 

pure ligand against the gram negative bacteria Salmonella typhimurium. 

Introduction:  Curcumin, a major constituent of turmeric exhibits great promise as a 

therapeutic agent, and is currently in human clinical trials for a variety of conditions, 

including multiple myeloma, pancreatic cancer, myelodysplastic syndromes, colon cancer, 

psoriasis and Alzheimer's disease. The unique charge and bonding characteristics facilitate 

penetration into the blood brain barrier superior to other known non-steroidal anti- 

inflammatory drug (NSAID). Curcumin is a free radical scavenger and hydrogen donor, and 

exhibits both pro- and antioxidant activity [1].  

Under physiological conditions (pH > 7.2),∼90% of curcumin degrades within 30 min into 

several products, namely, trans-6-(4′-hydroxy-3′- methoxyphenyl)-2,4-dioxo-5-hexanal, 

ferulic acid, feruloylmethane, and vanillin. It is also susceptible to degradation on exposure 

to light. Curcumin also suffers from its poor bioavailability besides being susceptible to 

degradation in light. A more facile and convenient way to enhance the solution stability 

without compromising its therapeutic efficacy is binding to a metal ion. Binding of 

Curcumin to a metal ion via its β-diketone moiety significantly reduces the tendency of a 

Curcumin to undergo hydrolyses in aqueous medium, which could result in an improved 

therapeutic efficacy. By the suitable choice of the metal and the ancillary ligands in a ternary 

structure, the complex can be directed to targeting cancer cells without effecting the normal 

cells [2]. 

Antimicrobial studies of few metal complexes of Curcumin were already reported. A copper 

Curcumin  was  found  to  be  useful  for  the  development  of  a  vaginal gel against viral 

infection. Also notable is an early report  the  inhibition  of  an HIV-1 and HIV-2 proteases 

and several Curcumin boron complexes. Antiarthritic/antirheumatic activity has been 

reported for vanadyl and gold complexes of curcumin. Reports were available on synthesis 
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of Fe (II),  Zn(II),  Ni(II),  Cu(II),  Co(II)  and  Mn(II) complexes of curcumin and their 

extended applications [3].  

Literature review suggests that there is great scope in curcumin metal complexes study in 

biomedical field. Based on the above mentioned literature review, we have selected Ca(II) 

and Ce (III) as the metal ions for complexation with the commercially available curcumin. 

The prepared complexes were characterised using FT-IR and UV spectral analysis. Also 

antibacterial studies of the prepared complexes were done against the gram negative 

bacterium Salmonella Typhimurium as the pathogen. An attempt was also made to correlate 

the various characterisation results with the antibacterial activity. 

Experimental procedure: 

Materials: Commercial curcumin (96%) was purchased from Sreekumar Laboratory  

Supplies,  Kollam. DPPH was purchased from Sigma-Aldrich . The  metal  salts,  used  for  

the synthesis of curcumin metal complexes are Calcium chloride (CaCl2),  silver  nitrate 

(AgNO3) and cerium chlorideheptahydrate(CeCl3.7H2O) were purchased from S.D. Fine 

Chem. Ltd,.Pyridine(Analytical Grade, Merck)is used in catalytic amount during the 

synthesis. Solvents were purchased from S.D. Fine Chem. Ltd. 

Synthesis of curcumin metal compexes: 

Preparation of Curcumin-Ca Complex: The complex was synthesized by mixing curcumin 

with calcium chloride at a molar ratio of 1:1 in ethanolic solution. The ethanol solution of 

curcumin(0.54 m mol) and  the  metal  salt  of  CaCl2  (0.54 m mol)  were  prepared 

separately and  to  the  curcumin  solution  catalytic amount  of  pyridine  was  added 

followed by metal salt  solution  with  constant  stirring  on  a  magnetic  stirrer. Stirring was 

continued for 4 hours. The metal complex  precipitated  was filtered  and  washed several 

times with cold ethanol to remove the residual reactant and dried. The complex was also 

synthesized by mixing curcumin with calcium chloride at a molar ratio 3:1 in ethanolic 

solution.  Following similar procedure Curcumin-Ce complex was also prepared.  

Antibacterial assay of curcumin and metal complexes: The  disc  diffusion  technique  or  

Kirby-  Bauer method was followed in the present investigation which is  the  most  

preferred  to  follow antibacterial activity against rapidly growing organism. These studies 

were performed in CEPC, Kollam. Culture of Gram negative bacteria Salmonella 

Typhimurium was obtained from CEPC , Kollam. Detailed  procedure  is provided below. 

1. Test organisms : Test organisms were collected from Institute  of  Microbial  

Technology, Microbial Type Culture Collection Centre, (IMTECH), Chandigarh. The 

bacterial stains were maintained on their respective medium in the slants at 2-80C. 

2.    Preparation  of  Muller  Hinton   Agar   (MHA) :   Muller   Hinton   Agar (MHI) 

medium was  used  for  bacterial  culture. MHA  was  prepared  and   sterilized   at   

1210C for  15 minutes.  After  sterilization,  required  volume  of   the   medium   (20ml)   
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was poured in a sterile petri dishes and allowed to solidified. 

3. Inoculam preparation : Use pure culture  as  inoculam.  Selected  3-4  similar  colonies  

and transferred them in to about 5ml of  suitable  broth  such  as  Tryptone Soya Broth  

(TSB), incubate at 370C for 2-8 hours till light to moderate turbidity develops. 

4. Method of Inoculation : Filter paper disc diffusion technique was  applied  for 

determining antibacterial activity. Dipped a  sterile  non-toxic  swab  on  a  wooden  

applicator into the standardized inoculam  and  rotated  the  soacked  swab  firmly  

against  the upper side wall of the tube to express  the  excess  fluid. Streaked  the  

entire  agar  surface of the plate with the swab three  times,  turning  the  plates  at  60  

angle  between each streaking. Allowed the inoculam to dry for 5-15 minutes with lid 

in place. 

5. Drug (5 mg)(curcumin and its complexes) was dissolved in 10 mL DMSO (1%) to make 

concentrations of 0.5 mg/mL. Apply the disc (Hi media  sterile  6mm  disc)  impregnated with 

the  sample,  approximately  30µl,  using  aseptic  technique. Then  placed  the  disc  with 

centres at least 24mm apart. 

6. Incubated immediately at  370C  and  examined  after  16-18  hours  or  later  if  

necessary. Measure the zone showing  complete  inhibition  and  record  the  diameters  

of  the zones to the nearest millimetre. 

Results and Discussions:  

Curcumin metal complexes of Ce and Ca (1:1 and 3:1) prepared were characterized using 

FT-IR spectroscopy. Antibacterial studies were also performed with the prepared complexes. 

Observed colour and yield of the complexes calculated based on the amount of metal 

precursor taken is presented in table 1. 

Table 1: Observed colour and Yield of the prepared complexes 

 

Ligand: 

Metal Ratio 
Colour 

Yield 

(%) 

Cur-Ce1:1 Red 80 

Cur-Ce3:1 Red 78 

Cur-Ca1:1 Yellow 85 

Cur-Ca 3:1 Yellow 81 
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Optical photographs of the complexes were shown in Fig. 2. Both the complexes were found 

to be completely soluble in organic solvents like DMSO, DMF etc. 

-  

Fig.2 Optical photographs of A) Cur-Ce and B) Cur-Ca 

 

FT-IR Spectra 

The infrared (IR) spectra of curcumin show a strong band at 1619 cm -1 and a broad band in 

the range 2800 – 3500 cm -1 due to the stretching of the chelated carbonyl and the 

intramolecularly hydrogen-bonded enol functions, respectively. The absence of any band 

assignable to a normal α , β –unsaturated carbonyl group in the region 1640 – 1740 cm -1 

indicates the existence of the compound entirely in the enolic form [4,6]. 

 

 

Fig.3 FT-IR spectrum of Curcumin-Ce complex 

A representative FT-IR spectrum of Curcumin -Ce complex is provided in Fig.3. In the IR 

spectra of the metal complexes, the band at 1619 cm -1 of the ligand shifted to lower 

frequency 1595 cm-1. However, spectra of both Ce and Ca the complexes exhibited bands at 

~3400 cm -1slightly reduced in intensity due to the stretching of the OH group in the phenyl 
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ring. This reduced intensity may be due to the replacement enolic proton by metal cation. 

This suggests that only the enol proton is replaced by metal ion and the phenolic OH is 

excluded from co-ordination. 

Antibacterial activity 

The results of antibacterial activity of commercial curcumin and their complexes are 

represented in Table 2. All the compounds were taken in the concentration 5mg/ml in 

DMSO. Results are compared with that of standard drug reported in literature [7]. The 

activity is expressed as diameter of zone of inhibition in mm. 

Table 2- Inhibition zone distance of samples measured in mm 

Sample Zone of inhibition distance in (mm) 

Salmonella Typhimurium 

Cur-Ce1:1 complex 8 mm 

Cur-Ce3:1 complex 9 mm 

Cur-Ca1:1 complex No zone 

Cur-Ca3:1 complex 6 mm 

Curcumin 6 mm 

Amikacin [40] 21 mm 

DMSO No zone 

 

The results of the antibacterial activity of curcumin and their complexes revealed that the 

ligands and their complexes possess slightly less antibacterial activity to that of standard 

drug Amikacin [7]. Metal complexes possess better antibacterial activity than that of ligands, 

except in the case of Curcumin-Ca complex. Though we expected better antibacterial activity 

with Ca based complex based on literature (8), the result was disappointing only 6 mm 

inhibition zone distance was observed with 3:1 complex. Exact reason is not known. 

Comparing the ligands, Curcumin-Ce (3:1) complex showed greater zone of inhibition(9 

mm) towards Salmonella typhimurium. A high concentration of curcumin in the complex 

may have a higher antimicrobial effect (8).  
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Fig 6 Inhibition zone against screened bacteria from disc diffusion method. A) and B) 

Salmonella typhimurium. a b, c, d, e, f and g corresponds to disc impregnated with DMSO 

solutions of Ce 1:1 complex, Ce 3:1 complex, Ca 1:1 complex, Ca 3:1 complex, disc which is 

impregnated with DMSO as solvent, control and curcumin respectively. 

Mean while, the antibacterial ability of free curcumin was not higher than that of their 

complexes. This could be explained that complex curcumin released more slowly than the 

free form, so the possibility of oxidation was slower. So, the antibacterial activity of the 

complexes was higher than that of free curcumin (8).  

 

Conclusion:  

Curcumin metal complexes of Ce (III) and Ca (II) were prepared from respective metal 

nitrate precursors and curcumin. The complexes were characterized using FT-IR 

spectroscopy and the study revealed that the complexation of ligand to metal is via the 

enolic proton. Antibacterial studies were done via disc diffusion method. A common finding 

in antibacterial studies was that the studied metal curcumin complexes except Curcumin –

Calcium complex exhibited a better activity(9 mm) against Salmonella Typhimurium than 

the free ligand (6 mm). Clearly, however, much more work is needed to establish more 

general trends and the most effective metal–ligand combinations. Extension of the present 

study towards preparation of composites of  biomedical applications incorporating the 

prepared complexes is on the way. 
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ISSUES AND CHALLENGES OF LOKPAL AND 
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Introduction 

 The Lokpal is the first institution of its kind in independent India, established under 

the Lokpal and Lokayuktas Act 2013 to make inquiries and investigate into allegations of 

corruption against public functionaries who fall within the scope and domain of the above 

Act. The Lokpal of India is devoted to address concerns and aspirations of the citizens of 

India for clean governance. It shall make all efforts within its jurisdiction to serve the public 

interest and shall endeavor to use the powers vested in it to eliminate corruption in public 

life. 

 The Lokayukta is an authority at state level which deals with corruption and 

maladministration complaints prepared by the general public. This authority is constituted for a 

quicker redressed of public grievances. The concept of Lokayukta traces back to the ombudsman in 

Scandinavian countries. The Lokayukta is put into power when the Lokayukta act is approved in the 

state and works for the State governments and addresses the complaints of the people living in the 

state. The complaints can be against the integrity and effectiveness of the government or its 

administration which includes the people working in the government sector. The complaints can also 

be concerning any corruption faced by the people from the government administration. 

 Corruption is more or less man kind of symptom similar to the chaotic personality of 

a child who did not receive a proper moral upbringing. It reflects the sick health of a 

disorderly society .India’s parliament has been steadily engaged in passing legislation, 

commencing with the extension of powers granted to the war time special staff in 1924 till 

the enactment, in 2014, of the lokpal and lokayukta act. 

Lokpal and Lokayukta Act 

 Lokpal was one among the longest unfinished bills within the parliamentary history 

of India. Ever since the primary lokpal bill was presented in the fourth loksabha in the year 

1968, number of times the different version of the lokpal bills were presented, however all 

these efforts went in vain. Apart from the public appeal, various governmental bodies and 

commissions in its reports had expressed the need to have the institution of lokpal. There 

were certain issues in the lokpal bill 2011 due to which this bill was referred to Department-
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Related Parliamentary standing committee on personnel, public grievances, law and justice 

for examination and report. Some of the key problems in the bill were 

 

 The Lokpal bill provided that the lokpal had the jurisdiction to investigate group ‚A‛ 

offices. However, these offices at that time fell within the purview of Central Vigilance 

Commission, hereinafter referred to as CVC therefore; there would have been issue of dual 

jurisdiction over these officers.  

 The bill created and investigation wing under the lokpal. An earlier standing 

committee, in its report on Central Bureau of investigation, hereinafter referred to as CBI, 

had recommended against creating additional investigate agencies to tackle corruption, 

transnational terrorism or organized crimes. 

 The bill expanded the definition of public servant to include certain private persons 

under the lokpal, this provision differed from provisions under several other acts. 

 There were certain flaws in the prosecution and inquiring process. The lokpal could 

not prosecute any private persons who abet corruption. The seven year constraint on filling 

grievances may stop action of a two term Prime Minister, hereinafter referred to as PM, in 

the early years of his term. The punishment set for false and frivolous grievances is 

dissimilar from other alike laws and bills.  

 The Lokpal bill will be selected by a committee comprising, inter alia, the Chief 

Justice of India. It will be essentially an administrative committee, a part of the executive. 

Just as the executive cannot encroach on the judicial domain, similarly the judiciary should 

not be inducted into executive functioning. If judges of the Supreme Court were to be 

members of administrative committees, a very anomalous situation may arise. The Lokpal’s 

jurisdiction is restricted to cases of disproportionate assets amassed by public figures. The 

act is redundant as the prevention of corruption act is adequate to serve the same purpose. 

Lokpal does not cover day to day corruption. 

 The provision in the Lokpal Act fixing the age of retirement at 70 has the potential 

for misuse. It could prove to be too tempting a prize for some retiring members of the higher 

judiciary to resist, as the appointment of the Lokpal will be in the hands of the executive. It 

is settled law that he judiciary has no role in the investigation of offences. 

 The Lokpal has been granted unlimited discretion to delegate his powers, which 

include raids, search and seizure to any ‘officer or employee’. Such a provision is in violation 

of administrative law whereby a power delegated cannot be sub-delegated. He will be 

authorised to attach ‚proceeds of corruption‛, an expression whi8ch is vague and 

undefined. It is bad in law to empower an executive authority to do so, which is the lawful 

junction of an independent court of law, after examining all evidence. The whole Lokpal 

issue warrants a serious rethink. 
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 The anti-corruption agitations in the year 2011 forced the government of India to 

hurriedly pass the Lokpal and Lokayukta Act in 2013, but, it turned out to be a law which 

could potentially discourage individuals forum associating themselves with charitable 

organisations. The Lokpal and Lokayukta Act, 2013 is an act intended to regulate and 

control corruption in public institutions. Unfortunately, NGO’s and charitable institutions 

which are voluntary organisations for public purpose and public good have also been 

included within the purview of this law. 

Many charitable institutions receive funds from foreign sources and have high net worth 

individuals on their board and these individuals are reluctant to disclose their personal 

assets and make themselves vulnerable and exposed to extortionists and other anti-social 

elements, merely because of their involvement with a charitable institution in a purely 

honorary capacity. Several charitable institutions are ‘partly financed’ by the Central 

Government and the term partly financed is neither defined explained where this particular 

sub-clause is concerned.  

 There was a lot of lobbying against the implementation of this law and currently, due 

to the amendment made to section 44 of the Lokpal Act by the Lokpal and Lokayukta 

(Amendment) Act, 2016, the public servants (furnishing of information and annual return of 

filling returns) Rules, 2014 and all the amendments made there to have become redundant. 

At present there is no requirement for public servant to file declarations of their assets and 

liabilities. 

 The high-decibel protests put a scare in the congress led United Progressive Alliance 

(UPA) government at the centre and resulted in the Lokpal and Lokayukta Act 2013. The 

legislation came into force on January 16, 2014, but before the UPA could appoint a Lokpal, 

it was unseated by the Bharatiya Janata Party led National Democratic Alliance (NDA) in 

the general election four months later. The NDA is now six months later. The NDA is now 

six months away from completing its own term, but there is now Lokpal. The 2014 act also 

called upon states to appoint a Lokayukta within a year of its coming to force. But now 13 

temporary vacancies, seven states haven’t ever had a Lokayukta. 

 The act defined public servant to include current and former Prime Ministers, union 

ministers, members of parliament, government employees and employees of public sector 

undertakings, and key employees of non-governmental organisations receiving more than 

Rs 10 lakh a year in foreign contributions, among others. Current public servants will also 

have to publicly declare their assets and liabilities and those of their spouse and dependent 

children India rank a lowly 81 out of 18countries and territories on transparency. 

International’s corruption perception Index. An anti-corruption plank was key to Narendra 

Modi’s 2014 campaign, but the delay in appointing a Lokpal has given short shrift to it. 

 The amendment was regressive. ‚It’s impossible to catch people red handed taking 

bribes. One of the ways is through assets disproportionate to their known sources of income 

which are in the names of spouses and dependent children‛, says Anjali Bhardwaj, an 
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activist. Hazare says the government is scared of the Lokpal since it could investigate 

complaints of corruption. 

 Lokayuktas in different states do not all enjoy the same powers. For instance, the 

Maharashtra Lokayukta does not have a police wing under it to investigate graft complaints, 

unlike in Karnataka. There is widely held perception that Lokayuktas are not empowered 

enough and state Eurasia governments try to weaken them. 

 In 2016, Karnataka set up on an Anti-Corruption Bureau (ACB), which has been 

challenged by private petitioners in Court on the premise that it eats into the powers of the 

Lokayukta, which has joined the case as a respondent .The ACB was created under the 

condition that it shall not investigate officers and politicians holding certain officers unless 

prior sanction is given by the government. 

 The West Bengal Lokayukta law has reportedly been amended to exclude the CM 

from its purview for bureaucratic and police appointments. Moreover, the efficacy of 

Lokayukta in tackling corruption has been questioned in the contest of very few complaints 

being filled in the first place. Venkatesh Nayak of the commonwealth Human Rights 

initiative says most complaints made to the Lokayukta are to do with maladministration and 

non-availability of government services rather than corruption. People’s aversion to filling 

corruption complaints is not limited to Lokayukta alone. The Lokayukta institution, as has 

existed in several states mostly remains a toothless tiger. A report well summed up.‚The 

institution of lokpal is still born while that of the Lokayukta in states are ineffective‛.  

 In short, Corruption is a sinister epidemic that has a wide range of caustic effects on 

societies. It undermines democracy and the rule of law, leads to violations of human rights, 

distorts markets, erodes the quality of life and allows organized crime, terrorism and other 

threats to human security to flourish. This evil phenomenon is found in all countries – big 

and small, rich and poor – but it is in the developing world that its effects are most 

destructive. Corruption hurts the poor disproportionately by diverting funds intended for 

development, undermining a Government’s ability to provide basic services, feeding 

inequality and injustice and dispiriting foreign aid and investment. Corruption is a key 

element in economic deficit and a major obstacle to poverty alleviation and development. 

*** 

Notes 

 The word "Lokpal" is derived from the Sanskrit word "loka" meaning people and 

"pala" meaning protector or caretaker. Together it means "protector of people". 

 The aim of passing such a law is it to eradicate corruption at all levels of the Indian 

polity 

 The word "Lokpal" is derived from the Sanskrit word "loka" meaning people and 

"pala" meaning protector or caretaker. Together it means "protector of people". 

 The aim of passing such a law is it to eradicate corruption at all levels of the Indian 
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polity 

 The word "Lokpal" is derived from the Sanskrit word "loka" meaning people and 

"pala" meaning protector or caretaker. Together it means "protector of people". 

 The aim of passing such a law is it to eradicate corruption at all levels of the Indian 

polity 

 Lokapal - the word ‚Lokpal‛ has been derived from the Sanskrit word ‚loka‛ which   

means people, and ‚pala‛ meaning protector—ergo, ‚protector of the people‛. 

 Lokayukta may investigate any action taken by the public servant if it is referred by 

the state government. It is tasked with speedy redressal of public grievances. The 

complaint will not be taken up if there is any alternate remedy. The procedure of 

investigation, etc, is the same as that of the Lokpal. 

 Ombudsman is a Scandinavian word. It means an officer or commissioner. In its 

special sense, it means a commissioner who has the duty of investigating and 

reporting to Parliament on citizens‟ complaints against the Government. An 

Ombudsman has no legal powers except power of inquiry. In simple words, 

Ombudsman is an officer of Parliament whose main function is to investigate the 

complaints or allegations against the administration. The main object of the 

institution of Ombudsman is to safeguard the citizens against misuse of the powers 

of the administration. 
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Abstract 
 

E-Governance or electronic governance can be defined as the delivery of government 

services and information to the public using electronic means. Such means of delivering 

information is often referred to as Information Technology or IT in short forms. Use of IT in 

government facilitates, an efficient, speedy and transparent process for disseminating 

information to the public and other agencies, and for performing government administrative 

activities. E-Governance is not only about introducing the use of technological tools, it is 

fundamentally about a change in mindset and work culture by serving variety of ends, 

better delivery of government services to citizens, improved government interactions with 

business and industry, citizen empowerment through access to information and 

participation for decision making and more efficient government management. Although 

the term ‘e-Governance’ has gained currency in recent years, there is no standard definition 

of this term. Different governments and organizations define this term to suit their own aims 

and objectives. Sometimes, the term ‘e-government’ is also used instead of ‘e-Governance’. 

 

The goal of e-Government is not merely to computerize all the governmental records, but to 

transform the government in such a way, where each and every citizen can access the 

government services through a website where all forms, laws, news and other information 

will be available. It also intends to create a cooperative structure between the government 

and the people; and to seek help and advice from the people, to make the government aware 

of the problems of the people. E-Governance improves the country’s information and 

communication technology and electronic media, with the aim of strengthening the 

country’s economy by keeping governments, people and businesses in tune with the 

modern world.  

 

The successful use of ICT is to strengthen the governance structure and provide better 

services to the people. In India e-governance is regarded as a high priority policy, as it is 

considered as the only way to take IT to the common public. The use of internet offers 

services more efficiently, but it also brings more accountability between the government and 

people. The government as already initiated various electronic governance mechanisms, 

some among which are already launched. 
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BIOCHEMICAL AND CYTOLOGICAL 

CHARACTERIZATION OF GYMNEMA SYLVESTRE (R.Br) 

ACCESSIONS 
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Abstract 

Genetic diversity assessment is very important to identify groups with similar genotypes 

and to conserve, evaluate and utilize the genetic resources. During the last twenty years, the 

classical methods to evaluate genetic diversity have been complemented by molecular 

techniques. Molecular markers are more promising tools to study genetic variation as any 

change in the protein sequence would be brought about by a mutation in its DNA sequence. 

Protein electrophoresis is increasingly being utilized as an additional approach for species 

identification and as a useful tool for tracing back the evolution of various groups of plants. 

For analyzing the genetic diversity and interrelationships among the different accessions of 

G. sylvestre, molecular marker systems involving SDS - PAGE protein polymorphism was 

employed. The total protein content of different accessions of G.sylvestre clearly indicates 

that protein concentration varied with accessions. The activities of polypehenol oxidase and 

peroxidase enzymes were also found varied in different accessions. The cytotoxicity studies 

revealed that increasing concentration of the plant extract and consequently increasing 

toxicity there was an inhibitory effect on cell division leading to chromosomal abnormalities. 

 

Keywords: Genetic Diversity, Molecular Marker, Gymnema sylvestre, Protein Content, 

Cytotoxicity. 
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Introduction 

Plants represent unlimited sources of natural products. Biologically active compounds are 

accumulated in plants especially as secondary metabolites that have been used as a source of 

major phytopharmaceuticals ranging from anticancer activity, phosphodiesterase inhibition 

to cytotoxicity against HIV infected cells. There has been an explosive demand for herbal 

plants and extracts which can be used to improve human health and well being. In recent 

times focus on plant research has increased all over the world and a large body of evidence 

has collected to show immense potential of medicinal plants used in various traditional 

systems. The extraction cost of metabolites influences the market value of metabolite based 

drugs. Hence there is a need for identification and characterisation of elite genotypes with 

quality and yield. In the present scenerio, the assessment of genetic and chemical diversity is 

the most eminent approach for identification and characterisation of chemotypes. Molecular 

markers have provided a powerful approach to analyze genetic diversity and evolutionary 

relationships among and within germplasm accessions in many crop species. Molecular 

markers assisted genetic analysis provides a means to locate and select genes controlling 

important agronomic, pest resistance, stress tolerance, and food quality traits 

.Electrophoretic analysis of proteins offers an efficient and cost effective method towards 

cultivar identification (Sammour, 1999). Protein polymorphism serves as genetic markers as 

they are direct products of active genes and are quite polymorphic and generally heritable. 

The polymorphism observed in the protein profiles reflects the changes in the active part of 

the genome. 

Biochemical markers such as proteins and isozymes have served as an important tool to 

detect genetic relationships in plants (Mukhlesur et al., 2004). Isozymes are good estimators 

for elucidating the possible mechanisms leading to the formation of genetic variability in 

plant populations (Zeidler, 2000). It is widely used in the studies of inter and intra-specific 

variation. They also show lower levels of polymorphism in a population where the 

expression of various isozymes differs both temporally and spatially which can correctly 

identify several levels of taxa, accessions and individuals since the assumption of homology 

can be more accurate than for same genomic DNA markers (Smila et al., 2007). 

The present study conducted in various accession of Gymnema sylvestre. (Plate -1 fig 1) It is a 

slow growing large perennial and medicinal woody climber distributes throughout in India. 

G. sylvestre is a potent antidiabetic plant and used in folk, ayurvedic and homeopathic 

systems of medicine. It is also used in the treatment of asthma, eye complaints, family 

planning, snakebite, urinary complaints, stomach problems, piles, chronic cough, breathing 

troubles, colic pain, cardiopathy, constipation, dyspepsia and hemorrhoids, 

hepatosplenomegally. In addition, it also possesses antimicrobial, antihypercholesterolemic, 

anti- inflammatory and sweet suppressing activities and it also acts as feeding deterrents to 

caterpillar.(Potawale et.al,2008).The present study was conducted to assess the genetic 

diversity in Gymnema accssions using polypetide markers and to quantify the protein 
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content Another goal of this study is the isolation and assay of isozymes(polyphenol oxidase 

and peroxidase) as well as to evaluate the cytotoxicity of the plant extract. 

Materials and methods 

Plant material 

Three different accessions of Gymnema were collected from three different districts of 

Kerala state, Thiruvanthanapuram, Kollam and Alappuzha. The plant was taxonomically 

identified by referring to standard flora (Gamble, 1967; Sasidharan, 2004). The collected 

plants were grown initially in pots and maintained under identical growth conditions at 

green house of botanical garden in SN College ,Kollam. 

1) Estimation of total Protein 

Estimation of total protein in the leaf by Bradford method. 

2) Protein profiling 

To study the protein profile from young leaf blades from tillering or flowering stage, well 

known SDS-PAGE (Sodium dodecyl Sulphate Polyacrylamide Gel Electophoresis) system 

was used.  

Data analysis 

Relative molecular weight of polypeptide bands were calculated by comparing bands of the 

protein molecular weight marker. 

3) Isozyme analysis 

Fresh leaf extract is used for this analysis. 

Isolation and assay of peroxidase 

Guaiacol is used as the substrate for the assay of peroxidase. The rate of formation of 

guaiacol dehydrogenation product is the measure of the peroxidase activity and can be 

assayed at 436nm.1gm of plant tissue is weighed and grinded in 20ml of 0. 1M Phosphate 

buffer pH 6. Homogenate was filtered through a cheese cloth and centrifuged at 10000rpm 

for 10minutes supernatent was collected from centrifugation tube. For assay, 2 ml of 0.1M 

Phosphate buffer of pH 7, 1ml of 20mM Guaiacol, 0-5 ml of 10mM Hydrogen peroxide and 

0.5 ml enzyme from fridge is used as the test solution. 3 M1,1M Phosphate buffer of pH 7 

and 0. 5 ml enzyme is used as the blank solution. OD is measured. 

Isolation and assay of polyphenol oxidase 

Phenol oxidases are copper containing enzymes which catalyze the oxidation of certain 

phenolic substrate to quinones, which are autoxidized dark brown pigments. Polyphenol 

oxidase is very stable at low temperature. 0. 1M Citrate phosphate buffer was prepared by 

dissolving 4.2g of 0.2M citric acid in 100ml distilled water and 3.56g of 0.2M dibasic sodium 
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phosphate in 100ml distilled water. 0.5% catechol prepared by dissolving 50mg in 10ml 

phosphate buffer. 

Isolation of enzyme 

1 g of fresh leaf tissue grinded in 10ml chilled 0. 1M Citrate phosphate buffer of pH 7. 

Homogenate filtered through a cheese cloth and centrifuged at 10000 rpm for 20 minutes at 

5°C. Supernatent was collected and stored in refrigerator.for assay, 2.5 ml 

0.1 M citrate phosphate buffer, 1 ml catechol (0.5%) and 0. 5 ml of enzyme is the test 

solution. 3 ml citrate phosphate buffer and 1 ml of catechol is the blank solution. OD is 

measured at 420nm. 

4) Cytological studies 

Extracts of Gymnema leaves were prepared using a homogenizer and diluted various 

concentrations as needed and stored in labeled bottles. The locally available Onion bulbs 

(Allium cepa, 2n=16) of equal size were chosen as the test material. The bulbs were grown in 

pots containing sand and sufficient water was given. When fresh roots came out and 

developed up to 2-3 cm long, the bulbs were taken out, washed and kept in bottles 

containing different concentrations of Gymnema sylvestre leaf extract (25%, 50%, and 

100%).Distilled water was used as the control.Cytological preparations weremade according 

to haematoxylin squash technique devised by Marimuthu and Subramanyam (1960) & 

mitotic index was calculated. 

Results and discussion 

Estimation of protein 

The amount of total proteins varied in different accessions and ranged from 13.405 to10.98 

mg /gm tissue. The highest total protein content was detected in accession collected from 

Thiruvananthapuram and the lowest in accession from Kollam (Table.1). 

Locations Protein content (mg/gm tissue) 

Trivandrum 13.405 

Kollam 10.071 

alappuzha 10.98 

 

Polypeptide polymorphism 

The total foliar proteins resolved on SDS-PAGE showed blue coloured bands with distinct 

qualitative and quantitative variations at intra specific level in terms of number, protein and 

band intensity. A total of 34 bands were scored among the three Gymnema sylvestre 
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accessions studied. Of these 34 bands, 32 were polymorphic and 2 were monomorphic. 

94.11% polymorphism was observed in the protein profile. Each region expressed different 

proteins which act as representative of the expression of a particular gene of the studied 

Gymnema species. Among the three accessions of Gymnema, that from Trivandrum showed 

maximum number of protein bands and accession from Alappuzha showed minimum 

number (9) of protein bands. (fig: 2).Unique banding patterns observed among the three 

accession of Gymnema species acts as fingerprint of the selected accessions. Such finger 

printing is useful in differentiating the accessions and act as biochemical markers for 

identifying the accessions. These banding profiles will also facilitate the identification of the 

medicinally important Gymnema accessions in plant systematic studies. Similar to the 

present study, the similarity and variation among the plant species using SDS-PAGE have 

been carried out by many researchers (Smila et al., 2007; Johnson et al.,2009; Babu Nanthini 

et al., 2011; Johnson et al., 2012).The present study explores the existing polymorphic 

proteins through SDS-PAGE to facilitate the characterization of Gymnema sylvestre. Bands 

that consistently show up on each samples are very likely representative of the 

polypeptides, that characterize the plant. Additional bands are occurring due to change in 

environmental conditions of the different locations from which the samples were collected. 

Gardiner et al (1986) and Gardiner and Ford (1987) stated that electrophoresis can also be 

used to compare plants of different geographical origin and also to provide taxonomically 

useful descriptors that are substantially free from environmental influence. In the present 

investigation, the total protein polymorphism across three accessions is comparatively low. 

Isolation and assay of isozymes 

Peroxidase enzyme activity 

Guaiacol is used as substrate for the assay. The accession from Thiruvananthapuram 

showed highest activity, reaching up to 0.28 Eu/gm tissue. The activity of the remaining 

accessions was 0.16 Eu/gm tissue (Kollam) and 0.08 Eu/gm tissue (Alappuzha).Result 

indicated that peroxidase activity were varied in different accessions used. (Fig. 3). An 

increase in peroxidase activity has been reported as an early response to different stresses 

and may provide cells with resistance against formation of H₂O₂ which is formed when 

plants are exposed to stress factors and so cause change in plant metabolism (Castillo, 1992). 

Peroxidase is also involved in a large number of biochemical and physiological processes 

and may change quantitatively and qualitatively during growth and development (Zhi, 

2003). In biotechnology and associated research areas (enzymology, biochemistry, medicine, 

genetic, physiology, histo-and -cytochemistry), peroxidase have conquered a prominent 

position and it remains the major enzyme used to evaluate the heat processing of plants 

(Adams JB, 1977). The investigation of this enzyme may be interest not only for its negative 

effects on color and flavour degradation of pigme but has a positive impact on its medicinal 

value. Despite the variety of pl peroxides sources, there is no previous work on peroxidase 

from Gymnema sylve leaves. 
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Polyphenol oxidase 

The polyphenol oxidase activities in the accessions were found between 0.12 - 0.8 gm tissue. 

The highest activities of polyphenol oxidase was found in Thiruvananthapuram accession 

whereas the lowest activity of the enzyme was fo in the accession collected from Kollam 

(Fig.4). Polyphenol oxidase, a co r containing enzyme, oxidized phenolics to highly toxic 

quinines and is involved in terminal oxidation of diseased plant tissue and is attributed for 

its role in dise s resistance. (Barilli, 2010). The enzyme has been shown to exist in multiple 

and i r convertible forms and is widely distributed in plant kingdom. It is well known that 

the enzyme plays an important role in the browning reaction in fruits and vegetables. It has 

been suggested that the polyphenol oxidase enzyme might be associated with many 

important physiological functions such as growth and differentiation (Nitesh et al., 2010). 

PLATE-1 

 

PLATE -1: Figure 1- Habit of Gymnema sylvestre, Figure 2- SDS-PAGE profiling of foliar 

proteins in Gymnema sylvestre. figure legends: M-Marker protein,1,2 and 3- Accessions of G. 

Sylvestre from Kollam, Alapuzha and Trivandrum. Figure 3- Graphical representation of 

peroxidase in accessions collected from different locations. Figure 4- Graphical 

representation of poly phenol oxidase activity in accessions collected from different 

locations 
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Cytotoxicity studies 

Disturbances of mitosis 

Good root growth was achieved in the control. At tested concentrations, root growth was 

highest at the 1% concentration of all the extracts while it was least at 50%. Inhibition of root 

growth was concentration dependent. In the entire samples restricted root growth implying 

toxicity was noted. All the tested extracts induced disturbances of the mitotic spindle 

disturbances at various concentrations. In the control roots, besides typical stages of mitosis, 

stickiness, abnormal metaphase and polyploidy occurred. The lowest (25%) concentration 

induced three additional types of mitotic disturbances, including chromasomal bridges, 

polyploidy and c-mitosis (Fig. 7). Delayed anaphase and C-mitosis were the most common 

effects followed by chromasomal breaks and bridges. On the other hand, 50% concentration 

caused as much as four mitotic abnormalities that were not observed in the control (Fig. 6) 

that is sticky metaphase (Fig. 6. 3 & 6. 7), fragmentation (Fig 6. 4), laggard chromosome (Fig. 

6. 5), delayed progression of prophase to metaphase (Fig. 6. 2 & 6. 8). The maximum 

abnormalities was observed after the treatment with higher concentration of leaf extract, 

mostly due to high number of chromosome bridges and sticky chromosomes, as well as 

appearance of irregular anaphase (Fig. 5. 1 & 5.4), laggards (Fig. 5.7), vagrant chromosomes 

(Fig. 5. 5, 5. 9 & 5. 11) 

The stickiness of the chromosome observed in here may due to any upset in the spindle 

formation (Borah and JantaTalukar, 2002). However Onyenwe (1983) opined that stickiness 

may result from DNA depolymerization, partial dissolution of nucleoprotein, breakage and 

exchange of folded units of chromatids and the stripping off of the protein coat of DNA. 

Single, double and multiple chromatin bridges were found. Chromosomal bridge formations 

have been attributed to chromosome breakage, stickiness and reunion of broke ends. The 

stickiness in turn ensured gluing together of chromosomal ends, leading to the formation of 

connecting bridges (Bada et al., 1992). Such chromosomal bridges eventually result in 

inhibition of cytokinesis causing mitotic arrest. In the roots treated with 100 percentage 

extract increase in the number of all mitotic abnormalities was mainly the result of huge c-

metaphases enhancement and moderate number of chromosome bridges (Fig.5). 
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PLATE-2  Figure 5: 1) Irregular anaphase 2) Chromosome fragmentation 3) Sticky metaphase 4) 

Delayed anaphase 5, 9 & 11) Vagrant chromosomes 6) Abnormal metaphase 7) 

Laggards 8) Abnormal spiralization 10) Chromosome stickiness 12)Chromosome 

bridge. 

Figure 6: 1) Chromosomal Bridge 2&8)Delayed progression of prophase to metaphase 3&7)Sticky 

metaphase 4)Fragmentation 5) C-mitosis 6)Laggard chromosome 9)Abnormal 

metaphase.  

Figure 7:1)  Abnormal Metaphaseic 20Thickiness 3)Chromosomal Bridge 4)Polyploidy 5)Disrupted 

Metaphase 6) C- Mitosis 

Mitotic index 

Leaf extract treatment induced progressive decrease in mitotic index as function of increased 

concentration. All the tested concentration of the extract diminished the number of dividing 

cells in A. cepa root meristem. The most pronounced effect was noticed in low (25%) 

concentration, while the least after incubation in high (100%) concentration. Additionally, 

proportion of mitotic phases (mainly prophases and telophases) in MI value changed with 

concentration. The highest mitotic index value in treated group was 10.36 at very low 

concentration (25%) whereas the lowest value (6.95) was found in the highest concentration. 

The results shows in table 2. 

Table 3: Mitotic index at different concentration 

Concentration (%) Mitotic index 

25 10.36 

50 7.65 

100 6.95 
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Conclusion 

In this particular study, the protein profiles revealed a greater number of polymorphic 

markers; the variability generated using polypeptide profile was high. In the result of total 

protein content it clearly indicates variation in different accessions.in the case of peroxidase 

and polyphenol ,the results also varied with different accessions. Finally the cytotoxicity 

studies shows that with increasing concentration of the plant extract and consequently 

increasing toxicity and also the result indicates the presence of various types of 

chromosomal abnormalities. 
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ABSTRACT 

The present work includes the synthesis and characterization of complexes of (E)-4-((2,6-

dihydroxyphenyl) diazenyl) benzoic acid with metal ions Mn(II), Cu(II) and Zn(II) and 

characterized by elemental analysis, spectroscopic data including FT-IR, 1H-NMR and 

Electronic spectra. It has been found that the azodye behaves as a neutral bidentate N, O 

donor which chelates with the metal ions Cu(II) and Mn(II) in 1:2 and with Zn(II) in 1:1  

stoichiometry. Magnetic moment and electrolytic conductance data confirms this. The 

azodyes and complexes were screened for antimicrobial activity. The ligand and the 

complexes show better antimicrobial activity.  

Key words: 4-amino benzoic acid, resorcinol, antimicobialactivity NMR spectra 

 

Introduction 

Many of the metal complexes are deeply colored and are used as dye and pigment before 

they were recognized as co-ordination compounds.1 The structure and constitution of metal 

complexes of azo dyes are extensively studied by co-ordination chemists. It was Morgan and 

his students, who made significant contribution on the importance of co-ordination 

chemistry in dyeing technology. Variation in color or shade, resulting from changes in metal 

ion present in the bath, as on the fiber during dyeing supports the formation of co-

ordination compounds.2,3  

The azo dyes having a donor group in the ortho position to the azo group, are generally 

chelating agents. Stability and unstability refers to the position of equilibrium, ie, to the 

equilibrium constant. This constant is a measure of enthalpy and entropy changes and hence 

a thermodynamic property. The thermodynamic stability of metal chelates is influenced by 

the basicity of the ligand , chelate ring size, number of chelate rings per ligand and nature of 

metal. The stability of metal complexes increases with increase in basic strength.4 It is found 

that the chelate ligands form stable complexes than those formed by their mono-dentate 
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analogues. The chelate stability arises largely from favorable entropy changes.5 In this work 

we have prepared an azo dye from resorcinol and 4-amino benzoic acid; (RABA). The 

complexes of Zn(II), Mn(II) and Cu(II) were prepared using RABA.  

EXPERIMENTAL 

PREPARATION OF LIGAND 

The ligand used for the present study is resorcinol azo benzoic acid [RABA]. 3.425g of 4-

aminobenzoic acid was dissolved in 14ml 1:1 HCl. Then it is cooled. This solution was 

diazotized by using a cooled solution of 1.725g of NaNO2 in 10ml of water. This solution 

was filtered and cooled. Prepared another solution by dissolving 2.75g of resorcinol in 

22.5ml 2%NaOH. Into this the diazotized mixture was added with constant stirring. The red 

precipitate obtained was allowed to attain room temperature. It was suction filtered and 

dried over anhydrous CaCl2 in a decicator. 

 PREPARATION OF COMPLEXES 

The complexes are synthesized by a general method. Methanolic solution of the metal 

salt(0.01mol) and ligand(0.01mol) are mixed. The ligand solution is added gradually in small 

portions with good stirring to the metal salt solution when sudden color change was 

occurred indicating the complex formation. Then it was kept under reflux for 2-3 hours, on a 

water bath for completion of reaction. Afterwards, the solid complexes formed were filtered, 

washed with ethanol to remove excess ligands. It was then dried in vacuum decicator. 

Materials and methods 

All the chemicals used are of analytical grade and purchased from Merck.  The complexes 

were analyzed for metal and halide content by standard methods [8]. The electrical 

conductance of the complexes in methanol and DMF (10-3 m solution) were measured at 

room temperature using a Systronics direct reading conductivity meter. The Infrared spectra 

of the ligands and complexes were recorded in the range of 4000-400 cm-1 on a Perkin Elmer 

spectrum 65 IR spectrophotometer. Electronic spectra of the ligands and the complexes in 

methanol were measured in the range 200-900 nm on Perkin Elmer Lamda 25 UV-Visible 

spectrophotometer. The Elemental analyses (C, H, N) were carried out on a Vario EL-III 

CHN Elemental analyzer at the SAIF, Cochin University of Science and Technology. The 

magnetic moments were measured at room temperature on a Sherwood Scientific magnetic 

susceptibility meter.. The proton NMR spectrum of the ligand and zinc complex was 

recorded in Brucker, AscendTM 400 NMR spectrometer at 400MHz.  

Results and discussion 

The complexes reported here are stable, colored and non-hygroscopic amorphous solids. 

They are partially soluble in acetone and methanol, and completely soluble in DMSO, but 

insoluble in water, chloroform and ethanol. 
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The microanalytical data are shown in the table 1 given below. The experimental values are 

in good agreement with the theoretical values. Based on the elemental analysis , the 

empirical formulae of Zn(II), Mn(II) and Cu(II) complexes can be formulated as 

[Zn(RABA)(H2O)2]CH3COO-, [Mn(RABA)2(H2O)2] and [Cu(RABA)2] respectively. 

Table 1 

Compound 

Carbon % Hydrogen% Nitrogen % Oxygen % Metal % 

Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs 

         RABA 60.47 60.54 3.88 3.81 10.85 10.91 24.81 23.5    -   - 

[Zn(RABA)(H2O)2] 

CH3COO- 

43.53 43.57 3.63 3.67 7.81 7.78 26.79 26.71 18.24 18.27 

[Mn(RABA)2(H2O)2] 51.58 51.52 3.64 3.61 9.26 9.30 26.45 26.47 9.08 10.01 

[Cu(RABA)2] 54.03 54.10 3.12 3.08 9.70 9.63 22.16 22.21 11.00 10.98 

The magnetic moment value calculated for Mn(II) and Cu(II) complexes are 6.12 BM 

and 1.81 BM respectively. The magnetic moment value supports octahedral structure 

for Mn(II) complex and square planar structure for Cu(II) complex.The molar 

conductance of the complexes (10-3 molar concentration) were carried out in DMSO 

indicated that Mn and Cu complexes are non-electrolytes6.  But Zn(II) comples act as 

1:1 electrolyte.The values are presented in the table 2 below.  

 

Table 2 

 

  

Complex 
Molar Conductance in DMSO 

(ohm-1cm2mol-1) 
Assignment 

[Zn(RABA)(H2O)2]CH3COO- 

[Mn(RABA)2(H2O)2] 

[Cu(RABA)2] 

65 

27 

32 

1:1electrolyte 

Non-electrolyte 

Non-electrolyte 
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UV-Visible Spectra 

Table 3 

Compound λmax (nm) Assignment 

RABA 
393 

259 

n→π* 

π→π* 

[Mn(RABA)2(H2O)2] 

394 

259 

648 

n→π* 

π→π* 

d→d transition 

        [Cu(RABA)2] 390 

259 

597 

684 

n→π* 

π→π* 

2B1g→2Eg 

2B1g→2B2g  

  Table 3 shows The ligand is characterized by two absorption bands in the UV 

region. A high intensity band at 393nm is attributed to n→π*transition and low 

intensity band at 259nm is attributed to π→π* transition of azo group. The 

absorption bands in the complexes are shifted and new bands are appeared due to 

d→d transition. The band at 648nm in Mn(II) complex suggests an octahedral 

geometry to the complex. The bands at 597nm and 684nm in Cu(II) complex suggests 

a square planar geometry to the complex.7  

FT-IR Spectra  

 The IR spectral data of the ligand RABA and complexes with Zn(II), Mn(II) 

and Cu(II) are in agreement with an expected range. The band at 1477cm-1 in the 

ligand is attributed to azo group. This is shifted to 1417cm-1in Zn complex, 1412cm-1 

in manganese complex and 1420cm-1 in copper complex suggesting a coordination of 

metal ion to nitrogen of azo group. The band at 1242cm-1 in the ligand is attributed to 

C-O stretching. This is shifted to 1236cm-1 in Zn complex, 1241cm-1 in manganese 

complex and 1229cm-1 in copper complex. The carbonyl absorption of ligand and 

complexes are given by the bands at 1602cm-1 (in ligand), 1597cm-1 (in Zn complex), 

1596cm-1(in Mn complex) and at 1601cm-1( in Cu complex).  
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Table 4 

RABA 

(ῡ cm-1) 

Zn(RABA)(H2O)2]CH

3COO_       (ῡ cm-1) 

[Mn(RABA)2(H2O)2] 

(ῡ cm-1) 

[Cu(RABA)2] 

(ῡ cm-1) 

Assignment 

(ῡ cm-1) 

1477 

1242 

1602 

_ 

_ 

1417 

1236 

1597 

778 

690 

1412 

1241 

1596 

728 

667 

1420 

1229 

1601 

768 

653 

ῡN=N 

ῡC-O(chelated) 

ῡC=O(free) 

ῡM-N 

ῡM-O 

 

 NMR Spectra  

Proton NMR spectra of the ligand RABA shows the following signals: Multiplet of aromatic 

proton of the benzoic acid part at 7.6 -8.1 ppm. Multiplet of aromatic proton of the resorcinol 

part at 6.3 -6.6 ppm. Singlet signal due to –OH of –COOH group at 12.39 ppm. Singlet signal 

due to –OH of resorcinol part at 10.89 ppm. 
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Fig: 1 NMR Spectrum of zinc complex,[Zn(RABA)(H2O)2]CH3COO- Fig:1NMR Spectrum of ligand (RABA) 

The Proton NMR spectrum of the Zn(II) complex shows the following signals: Multiplet of 

aromatic proton of the benzoic acid part at 7.6 -8.1 ppm.  Aromatic proton of the resorcinol 

part  shows a multiplet at 6.3 -6.5 ppm. Singlet obtained  due to –OH of –COOH group at 

12.57 ppm. Singlet signal of –OH ( resorcinol part) is obtained at 10.79 ppm. From the 

spectra of the ligand and the complex we can confirm that one of the –OH group in the 

resorcinol is coordinated to the metal. The less intense peak at 10.78 ppm indicates the 

second –OH group of the resorcinol remain unchanged in its position. It is not coordinated 

to the metal.  

On the basis of these observations and discussions it can be suggested that RABA is acting 

as a bidentate ligand. The Zn(II) and Cu(II) complexes have co-ordination number four and 
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assumes tetrahedral and square planar geometry respectively and Mn(II) complex has co-

ordination number six and assume octahedral geometry.  

The proposed structures for the complexes are shown in Fig. 3 ,4 and 5. 

 

Fig:3 Proposed structure for [Mn(RABA)2(H2O)2]        Fig:4  Proposed structure for [Cu(RABA)2] 

CH3COO- 

 

Fig:5 Proposed structure for [Zn(RABA)(H2O)2]CH3COO- Fig: 

ANTIBACTERIAL ACTIVITY  

The invitro biological screening effect of the investigated compounds were tested againt the 

bacteria Staphylococcus aureus by using Agar-well diffusion method by taking DMSO as 

solvent. The result indicates that the [Mn(RABA)2(H2O)2] shows greater antibacterial activity 

than RABA against Staphylococcus aureus. Stock concentration 10mg/ml. 
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Organism: Staphylococcus aureus 

Sample Concentration (μg/mL) Zone of inhibition (cm) 

Ligand 

RABA 

Streptomycin (10µg) 3.5 

250 Nil 

500 Nil 

1000 1.0 

 

Sample Concentration (μg/mL) Zone of inhibition(cm) 

Mn complex 

[Mn(RABA)2(H2O)2] 

Streptomycin (10µg) 3.5 

250 Nil 

500 Nil 

1000 1.3 

 

ANTIFUNGAL ACTIVITY  

The antifungal activity was determined by Agar well diffusion method. Concentration of 

Stock: 10mg/ml  

Organism: Candida albicans 

Sample Concentration 

(μg/mL) 

Zone of inhibition       

(cm) 

Ligand 

RABA 

Clotrimazole 1.5 

250 Nil 

500 Nil 

1000 1.0 

 

Sample Concentration 

(μg/mL) 

Zone of inhibition       

(cm) 

Mn complex 

[Mn(RABA)2(H2O)2] 

Clotrimazole 1.5 

250 Nil 

500 Nil 

1000 1.3 
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The result indicates that the [Mn(RABA)2(H2O)2] shows greater antifungal activity than 

RABA against Candida albicans.  

                                          
Antibacterial activity of ligand (RABA)                                                                           Antibacterial activity of [Mn(RABA)2(H2O)2] 

 
Antifungal activity of ligand (RABA)                                                Antifungal activity of [Mn(RABA)2(H2O)2] 

Conclusion 

An azo dye is prepared from resorcinol and 4-amino benzoic acid; (RABA). The complexes 

of Zn(II), Mn(II) and Cu(II) were prepared using RABA. Characterization of the ligand and 

complexes has been done on the basis of analytical and physico chemical methods. From 

their spectral and magnetic data it is concluded that the manganese complex possess 

octahedral geometry having the formula [Mn(RABA)2(H2O)2] and copper complex possess 

square planar geometry having formula [Cu(RABA)2]. Tetrahedral geometry is assigned for 

the zinc complex [Zn(RABA)(H2O)2] on the basis of conductance measurements, IR and 

NMR spectral studies. The ligand and metal complexes were screened for their biological 

activities against Staphylococcus aureus and Candida albicans. The ligand and the 

complexes show better antimicrobial activity.  
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ABSTRACT 

Malvaceae family member Sida rhombifolia is frequently used in Ayurvedic medicine to treat 

infectious infections, fever, diarrhoea, and as a diuretic. It has been discovered that the plant 

contains a number of bioactive chemicals with therapeutic properties. Today's medications 

used to treat a variety of disorders are often based on plants and plant-based products. 

Many species of Sida, also referred to as "Bala," are known to have analgesic, anti-

inflammatory, hypoglycemic, and hepatoprotective properties. In the current study, Sida 

rhombifolia leaves were subjected to phytochemical screening utilising six different solvents, 

including acetone, alcohol, chloroform, petroleum ether, and benzene. Standard techniques 

were used to screen the qualitative phytochemical content of the extracts made from 

powdered plant components. phytochemicals examined were discovered in different solvent 

extracts of Sida rhombifolia L. This research proved that the chosen plant species is a potent 

source of helpful medicines. However, additional research in this area is necessary for a full 

investigation, including qualitative, to characterize its chemical structure and evaluate its 

biological activities. 

Introduction 

In the Family Malvaceae, Sida rhombifolia, often known as arrowleaf sida, is a perennial or 

occasionally annual plant that is indigenous to the tropics and subtropics of the Old World. 

For the treatment of infectious infections, fever, diarrhoea, and diuretics is frequently used 

in Ayurvedic medicine. S. rhombifolia is a woody, variable-year or perennial bush that grows 

to a height of about 1.5 metres. It has symmetrical hairs and sharp branches. The leaves have 

a short petiole, are rhomboid-lanceolate to pointy, unpleasant at the top and bottom, and 

measure up to 5 mm by 18 mm in size. According to reports, the plant has a number of 

bioactive chemicals with therapeutic properties. Particularly in warmer locations, it is a 

global species. It is a little shrub or woody herbaceous plant with stems that are upright. It is 
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employed as an emollient and demulcent for conditions affecting the stomach, including as 

discomfort, indigestion, flatulence, and gastritis. It has also been demonstrated to have 

hepatoprotective and restorative properties (CSIR,1999 and ICMR 2005). Different S. 

rhombifolia morphological components have been the subject of numerous biological activity 

studies. When hyper bilirubinemic rats were given aqueous extract of the leaves, this plant's 

potential as a source of novel medications for those with the condition was demonstrated 

(Mohd FF 2012). It is said that Sida rhombifolia can treat a variety of diseases, including 

rheumatism, seminal weakness, and diarrhoea (Rainsford KD, 1980). 

Materials and Methods 

Collection of plant material 

Five separate places throughout Kollam were used to collect the Sida rombifolia, L. Plant 

pieces were collected and dried in the shade for ten days. To prevent microbiological 

contamination, there was continuous monitoring. To create a fine powder, the dried plant 

material was taken and pounded in a mortar and pestle. To obtain finer particles, the 

powder was again run through a 2 mm screen. The powdered samples were kept in a clean 

glassware container and kept at a low temperature until analysis was required. (Das et al., 

2010). 

Preparation of plant extracts 

A sample weighing 5 grammes was obtained, dried and pulverised. It was put in acetone, 

petroleum ether, chloroform, ethyl alcohol, benzene, and distilled water individually. 24 

hours of continuous stirring while the mixture was mixed and extracted on a stirrer. The 

extracts were centrifuged for clarity after extraction, filtered through Whatman No. 1 filter 

paper, and then kept for additional phytochemical research. (Das et al., 2010). 

Qualitative test for phytochemical detection 

Numerous phytochemical components, including carbohydrates, alkaloids, saponins, 

phytosterols, glycosides, phenols, tannins, flavonoids, steroids, and terpenoids were 

analysed using the protocols outlined below (Harborne, 1998). 

A. Test for Carbohydrates    

Benedict’s test: - In order to confirm the presence of carbohydrates, the test solution was 

combined with a few drops of Benedict's reagent (an alkaline solution containing cupric 

citrate complex) and heated in a water bath. The production of a reddish-brown precipitate 

was then seen. 

Fehling’s Test: - Filtrates were heated with Fehling's A & B solutions after being hydrolysed 

with dilute HCl, neutralised with alkali, and hydrolysed presence of reducing sugars is 

shown by the precipitation of red colour. 

Molisch’s Test: - Two drops of an alcoholic -naphthol solution were applied to filtrates in a 

test tube. The violet ring that forms at the junction denotes the presence of carbohydrates. 
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B. Test for Alkaloids    

Wagner’s Test: - A portion of the extract was subjected to 3–5 drops of Wagner's reagent, 

which is a solution of 1.27g of iodine and 2g of potassium iodide in 100ml of water, to detect 

the presence of alkaloids by looking for the development of a reddish-brown precipitate (or 

coloration). 

Mayer’s Test: - Mayer's reagent was used to process the filtrates (Potassium Mercuric 

Iodide). Alkaloids are present when a precipitate with a yellow hue form. 

C. Test for Saponins  

Foam Test: - A test solution and water mixture were agitated to create froth, which should 

remain stable for 15 minutes. This outcome suggests that saponins are present. 

Froth Test: - Using 20ml of distilled water as a dilution, the extracts were shaken in a 

graduated cylinder for 15 minutes. Saponins are present when a layer of foam measuring 1 

cm thick forms. 

D. Test for Phytosterols 

Salkowski’s Test: - Chloroform was used to process and filter the extracts. Conc. Sulphuric 

acid was added to the filtrates in little amounts, agitated, and left to stand. Triterpenes are 

present if they have a golden yellow appearance. 

E. Test for Glycosides 

Liebermann’s test: - 2ml of acetic acid and 2ml of chloroform were combined with the crude 

extract. Ice was used to chill the concoction. A carefully diluted H2SO4 solution was added. 

The presence of the steroidal nucleus, which is the glycine part of the glycoside, was shown 

by a colour shift from violet to blue to green. 

Salkowski’s test: - Two millilitres of chloroform were combined with crude extract. 

Afterward, 2ml of concentrated H2SO4 was cautiously added and gently shaken. The glycone 

part of the steroidal ring, which gives the substance its reddish-brown colour, was present. 

Keller Killiani Test :- A few drops of glacial acetic acid and ferric chloride solution were 

added to the test solution before being blended. Concentrated sulfuric acid was applied, and 

the development of two layers was watched. A positive test for glycosides would show a 

lower layer that is reddish brown and an upper layer that is acetic acid that turns bluish 

green. 

Tannins, alkaloids, sugars, terpenoids, steroids, and flavonoids are some of the chemical 

compounds found in medicinal plants that have defined physiological effects on humans. 

Medicinal plants contain some organic compounds which provide definite physiological 

action on the human body and these bioactive substances include tannins, alkaloids, 

carbohydrates, terpenoids, steroids and flavonoids (Edoga, 2005; Mann, 1978). 
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The primary or more accurately secondary metabolism of living things produces these 

chemicals. Secondary metabolites are incredibly diverse chemically and taxonomically and 

have unknown purposes. They are extensively employed in a variety of fields, including 

veterinary medicine, agriculture, scientific research, and numerous others (Vasu, 2009). 

F. Test for Phenols 

Ferric Chloride Test: - Three to four drops of a ferric chloride solution were added to the 

extracts. Phenols are present when a bluish black colour forms. 

G. Test for Tannins  

Gelatin Test: - A sodium chloride-containing 1% gelatin solution was added to the extract. 

The presence of tannins is shown by the formation of white precipitate. 

Braymer’s test: - 10% alcoholic ferric chloride solution was used to treat 2ml of the extract. 

Tannins can be detected by the formation of blue or greenish coloured solutions. 

H. Test for Flavonoids 

Shinoda test: - A small amount of magnesium ribbon pieces was combined with crude 

extract. HCl was added drop by drop. After a little while, a pink scarlet colour emerged, 

indicating the presence of flavonoids. 

Alkaline reagent test: - 2% NaOH solution was dissolved in 2ml of crude extract. When a 

few drops of diluted acid were added, a bright yellow colour that had formed went 

colourless, indicating the presence of flavonoids. 

I. Test for Steroids 

Liebermann Burchard test: - A few drops of acetic anhydride were added to the crude 

extract before it was heated and cooled. Then, concentrated sulfuric acid was introduced 

from the test tube's sides, and the development of a brown ring at the intersection of two 

layers was watched for. Positive results for steroids are indicated by the upper layer's green 

colouring. 

J. Test for Phlobatannins 

Precipitate test: The presence of phlobatannins was determined by the formation of a red 

precipitate after boiling 2 mls of extract with 1 ml of 1% aqueous hydrochloric acid. 

K. Test for Quinones  

HCl Test: - The production of a yellow precipitate was monitored after a little amount of 

extract was treated with concentrated HCL. 

L. Test for Oxalate 

Acid Test: - There were a few drops of glacial ethanoic acid added to the 3ml portion of the 

extracts. Oxalates are present when there is a greenish black colour. 
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Results and Discussion 

Phytochemical screening in the extracts of distilled water, alcohol, chloroform, petroleum 

ether, and benzene, but they were completely absent from the acetone extract. 

Phytochemicals were screened qualitatively in several Sida rhombifolia , with the following 

findings. Alkaloids were absent from other extracts and only present in the petroleum ether 

extract. Contains phenols in all five extracts excluding extract of chloroform. acetone, 

distilled water, and alcohol extracts all contain tannins. All other extracts lack flavonoids, 

while they are found in distilled water, alcohol, and chloroform extracts. Only extracts of 

alcohol and chloroform reveal the presence of steroids. phytochemicals such phytosterols, 

glycosides, phlobatannins, and quinones and oxalate weren't present in any of the extracts. 

Alkaloids were remarkably present in petroleum ether and benzene extracts, but not in any 

other extracts, according to the data. Alcohol extract demonstrated the presence of steroids. 

Alkaloids, steroids, flavonoids, and phenols were found in the extracts of Sida rhombifolia, L., 

according to phytochemical analysis. In petroleum ether and benzene extracts, alkaloids are 

also present that have some metabolic functions and regulate growth in biological systems. 

Particularly the steroidal alkaloids, they have a role in animal defence mechanisms and are 

utilised as medicines. 

Conclusion 

Carbohydrates were detected by phytochemical screening in the extracts of distilled water, 

alcohol, chloroform, petroleum ether, and benzene, but they were completely absent from 

the acetone extract. The qualitative phytochemical study has revealed that the extract is 

positive for saponins, flavonoids, alkaloids, phenols, and the same extract tests negative for 

glucose, tannins, glycosides, cardiac glycosides, terpenoids, steroid and phytosteroids, 

phlobatanins, and anthraquinones. The assessment of flavonoid, tannin, and total phenol 

concentration is part of the quantitative analysis of phytochemicals. The findings imply that 

Sida rhombifolia leaf extract has a significant number of phytochemicals useful in the 

complementary and alternative medicine and pharmaceutical industries. 
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Phytochemicals 
Distilled 

Water 
Acetone Alcohol Chloroform 

Petroleum 

ether 
Benzene 

Carbohydrates 

1.Benedict’s test 

+ - + + + + 

2.Molisch’s Test + - + + + + 

3. Fehling’s Test + - + + + + 

Alkaloids 

1.Wagner’s Test 

- - - - + - 

2. Mayer’s Test - - - - - - 

Saponins 

1. Foam Test 

+ - - - + + 

2. Froth Test + - - - - + 

Phytosterols 

1. Salkowski’s Test 

- - - - - - 

Glycosides 

1. Liebermann’s 

Test 

- - - - - - 

2. Salkowski’s test - - - - - - 

3. Keller Killiani 

Test 

- - - - - - 

Phenols 

1. Ferric Chloride 

Test 

+ + + - + + 

Tannins 

1. Gelatin Test 

+ + + - - - 

2. Braymer’s test + + + - - - 

Flavonoids 

1. Shinoda test 

+ - + + - - 

2. Alkaline reagent test + - + + - - 

Steroids 

1. Liebermann 

Burchard test 

- - + + - - 

Phlobatannins 

1. Precipitate test 

- - - - - - 

Quinones 

1. HCl Test 

- - - - - - 

Oxalate 

1. Acid Test 

- - - - - - 

Table 1. Result of phytochemical screening of Sida rombifolia , L. 
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Conclusion 

The introduction of innovative, biologically safe, and efficient pharmaceuticals is essential 

for living an eco-friendly lifestyle. The presence of phytochemicals in Sida rhombifolia L., 

raises the possibility that the plant may be a source of ideas that could result in the creation 

of novel therapies. To characterise the chemical structure, assess the biological activities, and 

conduct a full analysis that includes qualitative or semi-qualitative analysis, further research 

is still required in this field. For this valuable plant species to be used effectively in medicine 

and pharmaceutical sciences, its full potential must be explored. 
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