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ABSTRACT: Medicinal plants play an important role in protective our health and these plants are nature's 

gift to lead defensive life. India is one of the greatest ethanoculturally varied nations in the world, where the 

remedial plant area is part of a time privileged practice that is treasured even today. Pharmacologic research 

on the plant parts displays effective cytotoxic function, hypotensive effect, hypoglycemic activity, antiulcer 

activity, and antimicrobial activity. In this present study the antimicrobial activity of combinatorial studies 

of aqueous extract Polyalthia longifolia and chitosan (FCh) extracted from Aspergillus niger. The extracted 

FCh characterized by by using UV-visible spectroscopy, FT-IR, and SEM coupled with EDX analysis. 

Further, the antimicrobial activity of aqueous extract of P. longifolia and chitosan (FCh) was checked by 

using disc diffusion assay. Also the combinatorial antimicrobial activity studies of FCh and P. longifolia were 
studied. The results of FT-IR showed, the characteristic peaks of FCh shows at 3435 cm-1, 2924cm-1, 1645 cm-

1, 1412 cm-1and 1021 cm-1 attributing  towards  O-H strech, C-H strech, N-H bend C-H bend-C-N stretch. 

The characteristic peak at 191 nm obtained from spectrophotometric evaluation confirms the presence of 

Ch. The microscopic view of FCh was also observed through SEM coupled with EDX showed that FCh 

smooth surface. The antimicrobial action of aqueous extract of P. longifolia zone of inhibition was ranges 

from 10.6±0.1 to 12.6±0.3mm and FCh show 11.6±0.5 to 18.2±0.3 mm at 0.5 to 10mg/ml concentrations. The 

combinatorial studies FCh and P. longifolia showed highest percent mycelial inhibition against A. flavus and 

F. verticillioides. The percent mycelial inhibition of A. flvaus was 87.6±0.4 % and F. verticillioides 97.6±0.5% 

at 0.5 to 10mg/ml concentrations.  The obtained results confirms that the combinatorial studies FCh and P. 

longifolia could be used as alternative green strategy for the control of microbial activity.  

Keywords: Polyalthia longifolia, chitosan, characterization, antimicrobial activity, mycelial inhibition, 

combinatorial studies. 

 

INTRODUCTION 

In developing countries, infectious diseases are a 

significant cause of morbidity and mortality among the 

general population. According to the Centers for Disease 

Control and Prevention, food-borne pathogens leads to 

approximately 48 million people illness, 128,000 

hospitalizations and 3000 deaths annually (Severino et 

al., 2014).  A greater concern is the emergence of 

microbial pathogens not formerly associated with 

processed or raw products, which could further escalate 
the chances of food-borne illness and outbreaks. 

Furthermore, due to the overuse of antibiotics, there has 

been a global emergence of multidrug-resistant 

microorganisms, which reduces the efficacy of current 

antibiotic therapy and results in thousands of death.   

The drug resistance to human pathogenic bacteria 

commonly reported worldwide is members of the family 

Enterobacteriaceae (E. coli, Shigella spp., and 

Salmonella spp.) and other pathogens such as 

methicillin-resistant Staphylococcus aureus (MRSA), 

Streptococcus pneumoniae, Haemophilus influenzae, 

Campylobacter, Pseudomonas aeruginosa, 

Mycobacterium tuberculosis. However, this situation is 

alarming in developing countries due to indiscriminate 

use of antibiotics. The existence of multidrug-resistant 

(MDR) bacteria have also creates special problems in 

treating infections in immuno-compromised persons 

particularly cancer and AIDS patients (Exner et al., 

2017). Although treatment and management of microbial 

infections has improved by using efficient antibiotics 

during the last decades, the increase in antimicrobial 

resistance, the emergence of new pathogens and re-

emergence of known pathogens form a major threat for 

health systems worldwide (Zipfel et al., 2007; 

Hosseinnejad and Jafari 2016).   

Fungal Chitosan (FCh) is thought to have a higher 
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bioactivity than Chitosan (Ch) obtained from traditional 

sources (Jaworska and Konieczna 2001). Whereas 
fungal derived Ch has a medium-low molecular weight 

of 1-12 × 104 Da (Wibowo et al., 2007). Ch is a natural 

biopolymer obtained by deacetylation of chitin and is a 

non-toxic polymer (Wang et al., 2011). The Ch 

extraction of fungi is considered as a safe, there are 

several mycelium fungi, such as Mucor rouxii, Absidia 

glauca, Aspergillus niger, Gongronella butleri, 

Pleurotus sajor-caju, Rhizopus oryzae, Lentinus edodes, 

and Trichoderma reesei have been considered as possible 

sources of chitin and Ch due to their presence in the cell 

walls (Pochanavanich and Suntornsuk, 2002; 

Suntornsuk et al., 2002). The production of Ch from 
fungi and is recognized as safe and free from allergenic 

shrimp protein (Dhillon, 2013). The Ch has excellent 

biocompatibility and biodegradability, Ch is used as 

enzyme immobilization, emulsifying, thickening and 

stabilizing agent, packaging membrane, antioxidant, 

dietary, antimicrobial agent, drug-delivery systems, 

blood anticoagulants, gene therapy, occulants and 

chelating agent for metals (Ahmed et al., 2018).  

Polyalthia longifolia (commonly known as Ashoka tree) 

belongs to family Annonaceae. They consist of various 

components in different parts of plant such as clerodane, 
diterpenoids and alkaloids which are known for their 

medicinal effects (Katkar et al., 2010). P. longifolia has 

been observed to show resistance to pathogenic 

infections. In indigenous systems of medicine this plant 

has been used as an antipyretic agent. Traditionally this 

plant has been used as a medicine to treat various 

diseases such as fever, diabetes, hypertension, skin 

diseases and helminthiasis (Malairajan et al., 2008; 

Dasta and Aliahmadi, 2015). The plant extract and the 

number of biologically active compounds isolated from 

this plant have been studied for various biological 

activities such as cytotoxicity, antifungal and 
antibacterial (Nematolahi et al., 2015; Tan et al., 2015; 

Abdelghany et al., 2019; Nguyen et al., 2020; Konappa 

et al., 2018; 2019; 2020). Using a combination of active 

ingredients may increase antimicrobial activity (Nair and 

Chanda, 2005). In this study, an attempt has been made 

to analyze the antimicrobial activities of FCh and plant 

extract.  

MATERIAL AND METHODS  

A. Test microorganisms  

The four human pathogenic bacteria viz., Escherichia 

coli (NCIM 2065), Klebsiella pneumoniae (NCIM 

2957), Pseudomonas aeruginosa (NCIM 5031), and 

Staphylococcus aureus (2079) were procured from the 

National Collection of Industrial Microorganisms 

(NCIM), Pune (India). All the test bacteria were 

maintained on MHA (Hi-Media, India) and twenty-four 

hours old cultures were used for antibacterial activity 

assay. The seed borne fungi were isolated from maize 

seed samples A. flavus and F. verticillioides as field 

fungi.  

Collection of plant material and preparation of 

aqueous extract. Aqueous extracts of fresh plant 

materials were prepared following the procedure of 
Mohana and Raveesha (2006). The plant materials (50g) 

were separately macerated with 100 ml sterile distilled 

water in a warring blender, filtered through muslin cloth 

and then centrifuged at 4000g for 30 min. The 
supernatant was filtered through Whatman No. 1 filter 

paper and subjected to antifungal activity assay using 

poisoned food technique by amending SDA medium 

with 10% aqueous extract (Mohana and Raveesha, 

2006).  

Extraction and characterization of Chitosan from 

Aspergillus niger. The seven-day old culture of 

Aspergillus niger was inoculated in potato dextrose broth 

and incubated at 28±0.8 °C for 15 day. Mycelial growth 

harvested by centrifugation, washed with double 

distilled water and ho and then homogenized with 2N 

NaOH at 100 °C for 1 h. The alkali insoluble fraction 
was separated, washed and neutralized with 2% acetic 

acid (v/v). Subsequently it was washed with ethanol 

(95%) and finally with acetone. Lastly it was dried in 

vacuum oven at 50 °C and weighed (Nadarajah et al., 

2001). The obtained samples were subjected for 

characterization, UV Spectrophometer, FTIR analysis 

and SEM analysis used for the further antimicrobial 

assay.  

B. Characterization of fungal chitosan 

UV-Spectrophometer and Fourier transform 

infrared (FTIR) spectroscopy. The UV-visible 
spectrum of obtained sample was analyzed using UV– 

visible spectroscope (UV-1800, Shimadzu). FTIR 

analysis (Shimadzu IRAffinity-1S) was used to 

characterize the bonding characteristics of the fungal 

chitosan. Samples were mixed uniformly with potassium 

bromide in 1:10 proportion and spectral scanning was 

done in the range of 4000–400 cm−1. 

Scanning electron microscopy and energy dispersive 

X-ray analysis (EDX). The obtained FCh was 

determined using SEM (Hitachi). The lyophilized 

samples of small aliquots were mounted on metal stubs. 

The stub was then coated with conductive gold with a 
sputter coater attached to the instrument. The 

photographs were taken using a scanning electron 

microscope (SEM Hitachi SU 3500) under a 

magnification of 15000X and also analyzed by the 

elements present in the compounds. 

C. Antimicrobial assay 

Antibacterial assay. Antibacterial activity of FC and  P. 

longfolia  were determined by disc diffusion method on 

the Muller-Hinton agar (MHA) medium following the 

procedure of National Committee for Clinical 

Laboratory Standards (NCCLS, 2000). One hundred µL 

of each bacterial inoculum (108 CFU/mL) was spread 

separately on the MHA plates using sterile moistened 

swab. Then, disc of 5 mm diameter separately 

impregnated with FCh and P. longfolia (20 µg/ disc) 

were placed on the pre inoculated MHA plates and 

incubated at 37 °C for 24 hrs. The same amount of 

sterilized distilled tween 20 served as a control. The 

diameters of zone of inhibition (ZOI) around the wells 

were measured in millimeter (mm). For each treatment 

three replicates were maintained.  

Antifungal assay. Antifungal activity of FCh and P. 

longfolia solution was determined by poisoned food 
technique. The extracts were separately added to the 

sterile petri dishes contains PDA medium. After 
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complete solidification of the medium, 5mm disc of 7 

day old culture of the test fungi was placed at the center 
of agar surface. The experiment was carried out in three 

replicates. The petri dishes containing medium devoid of 

the extract served as control. The plates were incubated 

at 28±2°C for 7 days (Roshan et al., 2021). The fungi 

toxicity of the extract in terms of percentage inhibition 

of mycelial growth was calculated using the formula  

Percent mycelial inhibition (%) =
�����

��
× 100 

           

 Where, dC = average mycelial growth; dT = average 

mycelial growth in treatment. 

RESULTS AND DISCUSSION 

Chitosan synthesis involves the various chemical steps 

such as preparation of chitin from mycelial mat, there are 

removal of proteins in this shells followed by 

demineralization for the removal of the carbon and other 
salts present in the crude form which will be preceded by 

the deacetylation of the chitin that would result in 

chitosan.  In this present studies the extracted 

compounds was white in color and its average yield was 

0.986g/l after 13 days of incubation (Fig. 1). Similar 

studies were carried out by Maghsoodi et al. (2009) 
investigated the effect of different nitrogen sources and 

effect of glucose supplementation on chitosan produced 

by A. niger. 

The isolated Ch was subjected to identify the compounds 

using UV-visible spectroscopy, FT-IR, and SEM 

coupled with EDX analysis. The results showed that the 

FT-IR, the characteristic peaks of FCh  shows at 3435 

cm-1, 2924 cm-1, 1645 cm-1, 1412 cm-1and 1021 cm-1 

attributing  towards  O-H strech, C-H strech, N-H bend 

C-H bend-C-N strech. Due to some interaction between 

acetic acid and nitrogen donors of the Ch polymer the 

amine band has shifted to 1566 NH2-deformation 
(Kaneko, 1997). These signaling peaks confirm the 

extracted compound was Chitosan. Further, the 

characteristic peak at 191 nm obtained from 

spectrophotometric evaluation confirms the presence of 

Ch (Fig. 2 and 3). The microscopic view of FCh was also 

observed through SEM coupled with EDX was showed 

FCh was smooth surface (Fig. 4a and Fig. 4b). In case of 

previous data reports also represented that FCh has 

crystal structure and smooth surface (Johney et al., 2017; 

Tayel et al., 2010). 

 
Fig. 1. A. niger growth and mycelial mat formation on PDB broth. 

 

 
Fig.  2. Fourier transform infrared spectrum of fungal chitosan extracted from A. niger.    
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Fig. 3. UV-spectroscopic spectrum of FCh extracted from A. niger. 

 

Fig. 4 a. Scanning electron microscopy images of fungal Chitosan. b. Energy dispersive X-ray analysis of FCh. 

 

The antimicrobial activity of multidrug resistant bacteria 

and fungi received more considerable attention in recent 

years. The interaction with anionic groups on the cell 

surface, due to its polycationic nature, causes the 

formation of an impermeable layer around the cell, 
which prevents the transport of essential solutes. The 

antimicrobial action of aqueous extract of P. longifolia 

zone of inhibition was ranges from 10.6±0.1 to 

12.6±0.3mm at 0.5 to 10mg/ml concentrations. 

Similarly, Thenmozhi and Sivaraj (2010) stated that the 

antibacterial activity of P. longifolia. Further, the 

antimicrobial studies of FCh show 11.6±0.5 to 

18.2±0.3mm (Fig. 5).  

In our study the antimicrobial action of combinatorial 

studies FCh and P. longifolia encouraging results against 

bacteria and fungi at 0.5 to 10mg/ml concentrations. The 
zone of inhibition was ranged between 15.6±0.2 to 

21.3±0.4 mm (Table 1). The highest zone of inhibition 

was observed P. aeuroginosa, K. pneumonia when 

compared with the E. coli and S. aureus (Johney et al., 

2016).   

Table 1: Antibacterial activity against some human pathogens. 

Test Bacteria  ZOI (mm) 

P. longifolia FCh P. longifolia + FCh 

E. coli 10.6±0.1 11.6±0.5 15.6±0.2 

S. aureus 11.3±0.1 12.3±0.4 16.3±0.4 

K. peunominae 12.0±0.4 15.6±0.5 21.6±0.5 

P. aerugenosa 12.6±0.3 18.2±0.3 21.3±0.4 

Note: ZOI- Zone of inhibition values are expressed in mg/ml. P. longifolia- Aqueous extract of P. longifolia. FCh- Fungal chitosan, 

P. longifolia + FCh- Aqueous extract of Polyalthia longifolia+ fungal chitosan. Data given are the mean values of three replicates 

mean ± standard error (p ≤ 0.05) 
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The combinatorial studies FCh and P. longifolia showed 

highest percent mycelilal inhibition against A. flavus and 

F. verticillioides. The percent mycelial inhibition of A. 

flvaus was 87.6±0.4 % and F. verticillioides 97.6±0.5% 

at 0.5 to 10mg/ml concentrations (Table 2; Fig. 6). 

 

 

Fig. 5. Antibacterial activity of A1 & A2 represents Fch and B1 & B2 P. longifolia and FCh. 

Table 2: Antifungal activity against A. flavus and F. verticillioides. 

 

 

 

 

 

 

 
Note: %MI-percent mycelial inhibition values are expressed in mg/ ml. P. longifolia- Aqueous extract of P. longifolia. FCh- Fungal 
chitosan, P. longifolia + FCh- Aqueous extract of P. longifolia + fungal chitosan. Data given are the mean values of three replicates 

mean ± standard error (p ≤ 0.05).  

 

Fig. 6 Antifungal activities of F. verticillioides (P. longfolia + FCh). 

 

CONCLUSION  

In this study the chitosan was extracted from A. niger. 

The yield after 13th day of incubation. The UV-visible 

spectrophotometer, FTIR, SEM coupled with EDX also 

confirmed that chitosan. The extracted fungal chitosan 

was subjected to antimicrobial activity, and it was found 

the fungal chitosan were active against the bacteria and 

fungi. Our finding suggests that the A. niger is the 
potential candidate to produce eco-friendly chitosan in 

the development of drugs and food industries. Future 

prospective of the study may be extended in the 

following future directions. Apart from aqueous extract 

of P. lonifolia, the major components and its combition 

of FCh used as antimicrobial agent. Further, the 

preparation of fungal chitosan and its combination of P. 

lonifolia can be evaluated at nanolevel. The FCh and its 

combination of other plant extracts, their components 
can be studied at nanolevel used as antimicrobial agent.  

 

 

Test fungi  

 Percent of mycelial inhibition(%MI) 

P. longifolia FCh P. longifolia + FCh 

A.  flavus 38.3±0.3 74.3±0.4 87.6±0.4 

F. verticillioides 
40.3±0.4 80.3±0.4 97.6±0.5 



Shankara   et al.,               Biological Forum – An International Journal     15(2): 836-842(2023)                                        841 

Declaration of competing interest. No conflicts of reports 
were reported by the authors.  

Acknowledgment. The authors would like to acknowledge the 
facilities provided by the Department of Microbiology and 
Biotechnology, Bangalore University, Bengaluru and also 

authors would extend thanks to the Department of 
Microbiology, Nrupathuga University. 

REFERENCES 

Abdelghany, A. M., Menazea, A. A., Ismail, A. M. (2019). 
Synthesis, characterization and antimicrobial activity 

of Chitosan/Polyvinyl Alcohol blend doped with 
Hibiscus sabdariffa L. extract. Journal of Molecular 

Structure, 1197, 603–609. 

Ahmed, R., Tariq, M., Ali, I., Asghar, R., Khanam, P. N., 
Augustine, R., Hasan, A. (2018). Novel electrospun 

chitosan/polyvinyl alcohol/zinc oxide nanofibrous mats 
with antibacterial and antioxidant properties for 

diabetic wound healing. International Journal of 

Biological Macromolecules, 120, 385– 393.  
Dhillon, G. S., Kaur, S., Brar, S. K. and Verma, M. (2013). 

Green synthesis approach: extraction of chitosan from 
fungus mycelia. Critical Reviews in Biotechnology, 

33(4), 379-403. 
Dastan, D. and Aliahmadi, A. (2015). Antioxidant and 

antibacterial studies on different extracts of 

Ornithogalum cuspidatum Bertol from Iran. Biological 

Forum-An International Journal, Research Trend, 7(2), 

1072.  
Dhillon, G. S., Kaur, S., Brar, S. K. and Verma, M. (2013). 

Green synthesis approach: extraction of chitosan from 

fungus mycelia. Critical Reviews in Biotechnology, 
33(4), 379-403. 

Exner, M., Bhattacharya, S., Christiansen, B., Gebel, J., 

Goroncy-Bermes, P., Hartemann, P and Trautmann, M. 

(2017). Antibiotic resistance: What is so special about 
multidrug-resistant Gram-negative bacteria?. GMS 

hygiene and infection control, 12. 

Hosseinnejad, M., Jafari, S. M. (2016). Evaluation of different 
factors affecting antimicrobial properties of chitosan. 

International Journal of Biological Macromolecules, 
85, 467–475. 

Jaworska, M. and Konieczna, E. (2001). The influence of 

supplemental components in nutrient medium on 
chitosan formation by the fungus Absidia 

orchidis. Applied Microbiology and 

Biotechnology, 56(1), 220-224. 

Johney, J., Eagappan, K. A. N. N. A. N. and Ragunathan, R. R. 
(2017). Microbial extraction of chitin and chitosan 
from Pleurotus spp, its characterization and 

antimicrobial activity. International Journal of Current 

Pharmaceutical Research, 9(1), 88-93. 

Kaneko, J. J., Harvey, J. W. and Bruss, M. (1997). Appendices. 
In: Kaneko, J. J., Harvey, J. W., Bruss, M. (Eds.), 
Clinical Biochemistry of Domestic Animals. 5th ed. 

Academic Press, San Diego, pp. 885–905.  
Katkar, K. V., Suthar, A. C. and Chauhan, V. S. (2010). The 

chemistry, pharmacologic, and therapeutic applications 
of Polyalthia longifolia. Pharmacognosy Reviews, 4, 

62. 

Konappa, N., Arakere, C Udayashankar, Soumya, K., 
Chamanalli, K.P., Srinivas, C., Sudisha, J. (2020). GC–

MS analysis of phytoconstituents from Amomum 

nilgiricum and molecular docking interactions of 

bioactive serverogenin acetate with target proteins. 
Scientific Reports, 10, 16438.  

Konappa, N. M., Siddaiah, C. N., Krishnamurthy, S., Singh, B., 

& Ramachandrappa, N. S. (2017). Phytochemical 
screening and antimicrobial activity of leaf extracts of 

Amomum nilgiricum (Thomas)(Zingiberaceae) from 

Western Ghats, India. Journal of Biologically Active 

Products from Nature, 7(4), 311-330. 

Konappa, N., Soumya, K., Srinivas, C., and Niranjana S.R. 
(2019). Phytochemistry and antimicrobial activity of 
rhizome extracts of Amomum nilgiricum from the 

Western Ghats, India. Journal of Herbs, Spices and 

Medicinal Plants, 25(2), 141–157.  

Maghsoodi, V., Razavi, J. and Yaghmaei, S. (2009). Solid state 
fermentation for production of Chitosan by Aspergillus 

niger. Journal of Transactions B: Appl., 22(1), 1105-
1109. 

Malairajan, P., Gopalakrishnan, G., Narasimhan, S., and Veni, 

K. J. K. (2008). Evaluation of anti-ulcer activity of 
Polyalthia longifolia (Sonn.) Thwaites in experimental 

animals. Indian Journal of Pharmacology, 40, 126. 

Mohana, D. C. and Raveesha, K. A. (2006). Anti-bacterial 
activity of Caesalpinia coriaria (Jacq.) Willd. against 

plant pathogenic Xanthomonas pathovars: an eco-
friendly approach. Journal of Agricultural Technology, 

2(2), 317-327. 
Nadarajah, K., Kader, J., Mazmira, M. and Paul, D. C. (2001). 

Production of chitosan by fungi. Pakistan Journal of 

Biological Sciences, 4(3), 263-265. 

 Nair, R. and Chanda, S. (2006). Activity of some medicinal 

plants against certain pathogenic bacterial strains. 
Indian Journal of Pharmacology, 38(2), 142. 

Nematolahi, O., Mortazaeinezhad, F. and Radnezhad, H. 
(2015). Evaluation of secondary metabolites contents in 
different explants of galbanum medicinal plant in vitro 

culture. Biological Forum-An International Journal, 
Research Trend, 7(2), 86-93.  

NCCLS (2000). Performance standards for antimicrobial 
susceptibility testing; ninth informational supplement. 
NCCLS document M100– S10. Wayne, PA: NCCLS. 

Nguyen, T. T., Thi Dao, U. T., Thi Bui, Q. P., Bach, G. L., Ha 
Thuc, C. N., Ha Thuc, H. (2020). Enhanced 

antimicrobial activities and physiochemical properties 
of edible film based on chitosan incorporated with 

Sonneratia caseolaris (L.) Engl. leaf extract. Prog Org 

Coat. 140, 105487. 

Pochanavanich, P. and Suntornsuk, W. (2002). Fungal chitosan 

production and its characterization. Letters in applied 

microbiology, 35, 17-21. 

Roshan, A. B., Venkatesh, H. N. and Mohana, D. C. (2021). 
Chemical Characterization of Schefflera actinophylla 
(Endl.) Harms Essential Oil: Antifungal and 

Antimycotoxin Activities for Safe Storage of Food 
Grains. Journal of Biologically Active Products from 

Nature, 11(1), 60-69. 
Severino, R., Vu, K. D., Donsì, F., Salmieri, S., Ferrari, G., and 

Lacroix, M. (2014). Antibacterial and physical effects 

of modified chitosan based-coating containing 
nanoemulsion of mandarin essential oil and three non-

thermal treatments against Listeria innocua in green 
beans. International Journal of Food 

Microbiology, 191, 82-88. 

Suntornsuk, W., Pochanavanich, P., Suntornsuk, L. (2002). 
Fungal chitosan production on food processing by-

products. Process Biochemistry, 37, 727–729. 
Tan, Y. M., Lim, S. H., Tay, B. Y., Lee, M. W. and Thian, E. S. 

(2015). Functional chitosan-based grapefruit seed 
extract composite films for applications in food 
packaging technology. Mater Res Bull., 69, 142–146. 

Tayel, A. A., Moussa, S., Opwis, K., Knittel, D., Schollmeyer, 

E. and Nickisch-Hartfiel, A. (2010). Inhibition of 

microbial pathogens by fungal chitosan. International 

Journal of Biological Macromolecules, 47(1), 10-14. 
Thenmozhi, M. and Rajeshwari, S. (2010). Phytochemical 

analysis and antimicrobial activity of Polyalthia 

longifolia. International Journal of Pharma and Bio 



Shankara   et al.,               Biological Forum – An International Journal     15(2): 836-842(2023)                                        842 

Sciences, 1(3), 6288-6299. 
Wang, X., Strand, S. P., Du, Y., Varum, K. M. (2010). Chitosan-

DNA-rectorite nanocomposites: Effect of chitosan 
chain length and glycosylation. Carbohydrate 

Polymers, 79, 590–596.  

Wibowo, S., Velazquez, G., Savant, V., Torres, J.A. (2007). 
Effect of chitosan type on protein and water recovery 

efficiency from surimi wash water treated with 
chitosan-alginate complexes. Bioresource Technology, 

98, 539–545.  
Zipfel, P. F., Würzner, R., and Skerka, C. (2007). Complement 

evasion of pathogens: common strategies are shared by 

diverse organisms. Molecular Immunology, 44(16), 
3850-3857. 

 
How to cite this article: Shankara S., Srinivasulu M.V., Roshan A. and Narasimha Murthy K. (2023). Antimicrobial activity 
of Polyalthia longifolia, extract fungal chitosan and its combinatorial studies. Biological Forum – An International Journal, 

15(2): 836-842. 

  


