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At present, silver nanoparticles have found a distinctive place in the field of biomedicine due to their
unique antibacterial property. In the present study, chitosan a non toxic bioploymer extracted from
Portunus pelagicus crab shell wastes was used as a stabilizer and a reducing agent in the
biosynthesis of silver nanoparticles. Chitosan mediated silver nanoparticles was synthesized and the
antibacterial efficacy of both has been examined. Crab shell wastes were demineralized and
deproteinized to yield chitin and it was partially deacetylated to yield chitosan. Antibacterial activity
was conducted against two gram negative E.coli, Pseudomonas aeruginosa and two gram positive
Bacillus subtilis, Staphylococcus aureus bacterial strains using disc diffusion assay. Streptomycin
was used as positive control and acetic acid was used as negative control. Antibacterial activity of
chitosan mediated silver nanoparticles showed pronounced activity compared to chitosan. Thus it
can widely be used as good antimicrobial agent in biomedical and pharmaceutical industries.
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Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

Nanotechnology has become an apparent field in modern
material science fabricating nanoparticles (1-100 nm) with
wider applications. Recently the attention has been focussed
around the metallic nanoparticles such as silver (Sharma et al.,
2009; Atta et al., 2014), gold (Yeh et al., 2012) and zinc oxide
nanoparticles (Kavitha et al., 2017) etc. For many centuries,
silver is the metal of choice by humans and has been used an
effective antibiotic agent. Silver nanoparticles (AgNPs) have
emerged as an arch product owing to broad antibacterial
activity and low toxicity towards mammalian cells (Hien et al.,
2015). To avoid the adverse effects of silver nanoparticles in
medical field, researchers have turned towards green synthesis
protocols using microorganisms, yeast and plant extracts
(Mallikarjuna et al., 2011; Shah ef al., 2015). Synthesis of
AgNPs using plant extracts (Kuppusamy et al., 2016) have
popped up as a novel approach but their stability and dispersion
are very critical (Wang ef al. 2015). Nowadays, stabilizers like
natural polymers are gaining much interest among the scientific
community than the synthetic polymers derived from
petroleum oils as they are non-toxic and biodegradable
materials.

Chitin is a linear, un-branched biopolymer consists of N-acetyl
D-glucosamine units (Schiffman and Shauer, 2009) linked by 3
(1,4) glycosidic bonds. This polysaccharide is abundantly
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found in the exoskeleton of crabs, shrimps, prawns
(Mohanasrinivasan et al., 2013), in cuticle of insects (Oduor-
Odote et al., 2005) and in cell wall of fungi (Dhillon et al.,
2013). There are 3 forms namely a,fB,y chitin (Prabhu and
Natarajan, 2012). Applications of chitin has been restricted due
to its compact structure it is insoluble in most of the solvents
like water, acetone, dilute acids or dilute alkalines
(Subhapradha et al., 2013). In order to make it applicable,
chitin is partial deacetylated with 40% NaoH which yields
chitosan. Chitosan is a straight chain polymer consists of both
D-glcosamine and N-acetyl D- glcosamine (Lopez Mata et al.,
2015). It consists of more amine group and readily soluble in
acetic acid or formic acid. Thus it became highly biocompatible
with unique physical, chemical and biological properties
(Cheung et al, 2015). Molecular weight, degree of
deacetylation and source of raw material used are the main
factors in determining the physicochemical properties of
chitosan (Chaandumpai ef al., 2004). Being a polymer derived
from natural resource, it possesses antimicrobial, antioxidant,
antidiabetic, antitumor, hypocholesterolemic, haemostatic and
wound healing properties (Si Trung and Bao, 2015). In the
present study, antibacterial activity of chitosan and chitosan
mediated silver nanoparticles (AgNPs) were evaluated against
four human pathogenic bacterial strains namely FE.coli,
Pseudomonas aeruginosa (gram negative) and Bacillus subtilis,
Staphylococcus aureus (gram positive) bacterial strains.
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MATERIAL AND METHODS

Collection of raw material

Crab shell wastes were collected from a seafood company,
Palakkudi, Mimisal, Tamil Nadu and were brought to the
laboratory. The shells were washed thrice until the sand and
mud were removed. They were placed in Ziploc bags and
brought to the laboratory. Approximately, 1500 grams of shell
wastes were weighed and shade dried for 5 days. Then they
were crushed into smaller pieces. The samples were oven-dried
at 65°C until a constant weight was obtained. The dry weight
of the samples were determined and used for further analysis.

Extraction of chitin and chitosan from crab shell wastes
Demineralization

20gm of sample powder was demineralised with 300ml of 2N
HCI for 24 hours with constant stirring and then filtered. The
filtrate was again washed with distilled water and filtered till
the liquid showed neutral pH. The filtrate was then dried in hot
air oven and weighed following the method of Takiguchi
(1991a).

Deproteinization

The sample (filterate obtained after demineralization) was then
deprotenized with 300ml of 1N NaOH at 80 °C for 24 h with
constant stirring. After 24 h the sample was filtered. The
sample filtrate was washed as before and dried. The weight was
noted (Takiguchi. 1991a).

Deacetylation (Conversion of Chitin into Chitosan)

Chitosan was extracted from crab chitin through deacetylation
process following the method of Takiguchi, 1991b. Briefly,
chitin was deacetylated with 40% NaOH, heated for 6 h at
110°C in constant stirring then 10% acetic acid was added to
the sample and stored for 12 h at room temperature with
constant stirring. The dissolved sample was reprecipitated by
adding 40% NaOH to pH 10. The sample was then dialyzed by
deionized water to a pH of 6.5 and centrifuged at 10,000 rpm
for 10 min and freeze dried.

Synthesis of Chitosan mediated silver nanoparticles

One step green synthesis of chitosan mediated AgNPs was
done following the method of Wei et al., 2009 with slight
modifications. 10 ml of 1% chitosan was mixed 4 ml of 52 mM
AgNO; and kept at 95° C in a water bath and allowed to stand
for 6 to 12 hours.

Antibacterial Activity
Bacterial strains

Two bacterial strains were tested for both chitosan and chitosan
mediated AgNPs antibacterial efficacy. Gram positive bacteria
Staphylocccus  aureus and Gram negative bacteria
Pseudomonas aeruginosa were purchased from CORX Life
Sciences and Pharmaceutical Private Limited, Trichy.

Inoculum preparation

Nutrient broth was prepared and sterilized in an autoclave at 15
pounds pressure for 15 minutes. All the bacterial strains were
individually inoculated in the sterilized nutrient broth and
incubated at 37°C for 24 hours.

Evaluation of antimicrobial activity

Antibacterial activity of the chitosan (extracted) and chitosan
mediated AgNPs was analyzed following the method of Bauer
et al., 1996. 1% chitosan in 1% acetic acid was used as stock
solution from which the desired working concentration was
prepared. Chitosan and chitosan mediated AgNPs samples
(100pg/ml) were tested for antibacterial activity using agar disc
diffusion assay. Media were prepared using nutrient Agar
(Himedia), poured on petridishes and inoculated with the test
organisms from the seeded broth using cotton swabs. Sterile
discs of six millimeter width had been impregnated with
different concentrations of samples and introduced onto the
upper layer of the seeded agar plate. The plates were incubated
overnight at 37°C. Antibacterial activity was assessed by
measuring the inhibition zone formed around the discs in
millimeters. Streptomycin was used as positive control and
acetic acid was used as negative control.

Statistical analysis

Results were expressed as mean + S.D for triplicates. The data
were subjected to analysis of variance (one way ANOVA) and
significant differences (if P < 0.05) between the means were
compared with Turkey’s post hoc test using PAST 3.09
version.

RESULTS
Synthesis of chitosan and chitosan mediated AgNPs

In the present study, chitin (Figure. 1A) was successfully
synthesized from crab shell wastes by demineralization and
deproteinization process. Chitin was partially deacetylated with
40% NaOH to obtain chitosan (Figure. 1B). Chitosan mediated
AgNPs were produced by green synthesis using AgNOs. In this
process, chitosan has acted as both a stabilizer and as a
reducing agent. The colourless solution changed into yellow
and finally yellowish brown which indicated the formation of
AgNPs (Figure 2A and B). This approach appeared to be cost
effective and an alternative to conventional methods of
assembling silver nanoparticles.

Antibacterial activity of chitosan and chitosan mediated
AgNPs

Antibacterial activity of was tested chitosan and chitosan
mediated AgNPs against four bacterial strains two gram
negative E.coli (Fig. 3), Pseudomonas aeruginosa (Fig. 4) and
two gram positive Bacillus subtilus (Fig. 5) and
Staphylococcus aureus (Fig. 6) on nutrient agar plates. It is
concluded that chitosan mediated AgNPs showed higher
activity than chitosan against all the four bacterial strains using
disc diffusion method. The zone of inhibition is given in Table
1. Negative control acetic acid and positive control
Streptomycin is also maintained and zone of inhibition was
represented in Table.1.

Chitosan revealed highest antibacterial activity against E.coli
(15.23 mm) followed by Staphylococcus aureus (14.9 mm)
Pseudomonas aeruginosa (14.06 mm). The lowest antibacterial
activity was against Bacillus subtilus (13.7 mm). Chitosan
mediated AgNPs revealed highest antibacterial activity against
Staphylococcus aureus (36.1 mm) followed by Pseudomonas
aeruginosa (34.33 mm) and E.coli (33.83 mm). The lowest
antibacterial activity was against Bacillus subtilus (33.66 mm).
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Over all, Chitosan mediated AgNPs revealed highest
antibacterial activity when compared with chitosan with all the
four strains of bacteria.

Figure 1 A

Figure 1 B

Figure. 6

A-Chitosan (100 pg/ml); B- Chitosan AgNPs (100 pg/ml); C- Negative
Control (100 pg/ml); D-Streptomycin (100 pg/ml).
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Figure 3

Figure 7 Antibacterial activity of chitosan against four bacterial strains
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Table 1 Antibacterial activity of chitosan and chitosan

mediated AgNPs
Zone of Inhibition (mm)
Bacterial strains  Chitosan Chitosan Agnps Negative Positive
control control
Gram-negative
E.coli 1523+04 33.83 £0.61 28.26+0.87 18.53+0.45
Pseudomonas 4 061 04 3433:041  303:088 2214045
aeruginosa
Gram-positive
Bacillus subtilis  13.7+0.88  33.66 +0.61 263+0.51 28.33+0.85
Staphylococcus 14, 081 3614065 3113041 30.4+0.96
aureus
DISCUSSION

Disposal of enormous amount of seafood processing wastes in
the coastal areas has led to a serious environmental problem
(Blanco et al. 2007). All over the world, the amount of valuable
chitin biomass production per year by the exoskeleton of
crustaceans, molluscs, insects and fungi is estimated to be 100
billion tonnes (Bolat et al., 2010). The present study deals with
the synthesis of chitosan from the shell wastes of portunus
pelagicus collected from K.P.P seafood processing small scale
industry. Our studies on extraction of chitin and chitosan from
crab shell wastes are in accordance with Thirunavukkarasu and
Shanmugam et al., 2009; Das and Ganesh, 2010; Webster et
al.,2014.

Many reporters showed the antimicrobial activity of chitosan
against several strains of bacteria (Cruz Romero et al., 2013;
Mohanasrinivasan et al., 2011; No et al., 2003 and Liu et al.,
2006). Ganan et al., 2009 showed chitosan with a molecular
weight (120 kDa) was most active and highly sensitive against
campylobacter species and it showed loss in membrane
integrity of that species. Hafsa ef al., 2014 stated that chitosan
showed better antibacterial activity than chitosan ascorbate.
The mechanism behind antibacterial activity involves
interactions of positively charged chitosan molecules with
negatively charged constituents of microbial cell walls thus
results in interrupting normal cell metabolism of
microorganisms (Monarul Islam et al., 2011). Antibacterial
activity of chitosan is due to its polycationic nature (Raafat and
Sahl, 2009) and thus used as a natural food preservative in food
industries.

In a comparative study of antibacterial activity between
chitosan and chitosan AgNPs, chitosan AgNPs showed higher
activity than raw chitosan (Wei et al., 2009; Shameli et al.,
2010). According to Hien et al., (2015) the antibacterial
efficiency of chitosan AgNPs in cotton fabrics tested against S.
aureus showed highly antibacterial efficiency. Venkatesham et
al., (2014) also proved that the increased antibacterial efficacy
of chitosan AgNPs against E.coli and Micrococcus luteus
species. According to Akmaz et al., (2013), antibacterial
activity of chitosan AgNPs increased with the increasing
concentration of AgNO; used during the synthesis process.
AgNPs penetrated into the cell membrane of bacteria and
brought about cell death (Nyugen et al., 2014). It was evident
from the present study, chitosan mediated AgNPs showed
higher antibacterial activity when compared to chitosan as
growth inhibitors of bacterial strains.

CONCLUSION

In the present study, simple, easy, eco-friendly procedure has
been carried out to synthesis silver nanoparticles using
chitosan, a natural polymer. In this method, chitosan has
reduced and stabilized the dispersion of nanoparticles without
any chemicals and requirement of high temperature or pressure.
Being a natural compound and non toxic, it can be
recommended to be widely used in food, pharmaceutical and
biomedical field.

References

1. Akmaz, S., Ad Jguzel, D.E., Yasar, M., Erguven, O.
2013. The Effect of Ag Content of the Chitosan-Silver
Nanoparticle Composite Material on the Structure and
Antibacterial Activity. Advances in Materials Science
and Engineering., 1-6.

2. Atta, AM., Al-Lohedan, H.A., Ezzat, O. (2014).
Synthesis of Silver Nanoparticles by Green Method
Stabilized to Synthetic Human Stomach Fluid.
Molecules., 19: 6737-6753.

3. Bauer, A.W., Kirby.,, W.M., Sherris, J.C. Jurck, M.
(1996). Antibiotic susceptibility testing by a standard
single disc method. American Journal of Clinical
Pathology., 451: 493-496.

4. Blanco, M., Sotelo, C.G., Chapela, M.J., Pérez-Martin,
R.I. (2007). Towards sustainable and efficient use of
fishery resources; present and future trends. Trends in
Food Science and Technology., 18: 29-36.

5. Bolat, Y., Bilgin, S., Giinlii, A., Izci, L., Bahadir Koca,
S., Cetinkaya, S., Ugur Koca, H. (2010). Chitin-
Chitosan Yield of Freshwater Crab (Potamon potamios,
Olivier 1804) Shell. Pakistan Vetrinary Journal., 30(4):
227-231.

6. Chamdumpai, A., Singhpibulporn, N., Faroongsarng, D.,
Sornprasit, P. (2004). Preparation and physico-chemical
characterization of chitin and chitosan from the pens of
the squid  species, Loligo  lessoniana and Loligo
formosana., 58: 467-474.

7. Cheung, F., Ng, T.B., Wong, J.H., Chan, W.Y. (2015),
Chitosan: An Update on Potential Biomedical and
Pharmaceutical Applications. Marine Drugs., 13(8):
5156-5186.

8. Cruz-Romero, M.C., Murphy, T., Morris, M., Cummins,
E., Kerry, J.P. (2013). Antimicrobial activity of chitosan,
organic acids and nano-sized solubilisates for potential
use in smart antimicrobially-active packaging for
potential food applications. Food Control., 34: 393-397

9. Das, S. and E. Ganesh, A.E. (2010). Extraction of Chitin
from Trash Crabs (Podophthalmus vigil) by an Eccentric
Method. Current Research Journal of Biological
Sciences., 2(1): 72-75.

10. Dhillon, G.S., Kaur, S., Brar, S.K., Verma, M. (2013).
Green synthesis approach: extraction of chitosan from
fungus mycelia. eviews Critical Reviews in
Biotechnology., 33(4): 379-403.

11. Ganan, M., Carrascosa, A.V., Martinez-Rodriguez, A.J.
(2009). Antimicrobial activity of chitosan against
Camplobacter spp. And other microorganisms and its
mechanism of action. Journal of Food Protection.,
72(8): 1735-1738.

24936 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 2(D), pp. 24933-24938, March, 2018

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hafsa, J., Charfeddine, B., Smach, M.A., Limem, K.,
Majdoub, H., Sonia, R. (2014). Synthesis,
Characterization,  Antioxidant and  Antibacterial
properties of chitosan ascorbate. International Journal
of Pharmaceutical, Chemical and Biological Sciences.,
4(4): 1072-1081.

Hien, N.Q., Van Phu, D., Duy, N.N., Quoc, A.Q., Kim
Lan, N.T., Dong Quy, H.T., Hong Van, H.T., Nu Diem,
P.H., 3, Hoa, T.T. (2015). Influence of Chitosan Binder
on the Adhesion of Silver Nanoparticles on Cotton
Fabric and Evaluation of Antibacterial Activity.
Advances in Nanoparticles., 4: 98-106.

Kavitha, S., Dhamodaran, M., Prasad, R., Ganesan, M.
(2017). Synthesis and characterisation of zinc oxide
nanoparticles using terpenoid fractions
of Andrographis  paniculata leaves.  International
Nanscale Letters., 7(2): 141-147.

Kuppusamy, P., Yusoff, M.M., Maniam, G.P. (2016).
Biosynthesis of metallic nanoparticles using plant
derivatives and their new avenues in pharmacological
applications - An updated report. Saudi Pharmaceutical
Journal., 24: 473-484.

Liu, N., Chen, X.G., Park, H.J., Liu, C.G., Liu, C.S,,
Meng, X.H., Yu, L.J. (2006). Effect of MW and
concentration of chitosan on antibacterial activity of
Escherichia coli. Carbohydrate Polymers., 64: 60-65.
Lopez-Mata, M.A., Ruiz-Cruz, S., Silva-Beltran, N.P.,
Ornelas-Paz, J.J., Ocafio-Higuera, V.M., Félix, F.R,,
Cira-Chavez,L.C., Del-Toro-Sanchez, C.L., Shirai, K.
(2015). Physicochemical and Antioxidant Properties of
Chitosan Films Incorporated with Cinnamon Oil.
International Journal of Polymer Science., Hindawi
Publishing Corporation, 1-8.

Mallikarjuna, K., Narasimha, G., Dillip, G.R., Praveen,
B., Shreedhar, B., Sree Lakshmi, C., Reddy, B.V.S,,
Deva Prasad Raju, B. (2011). Green synthesis of silver
nanoparticles using Ocimum leaf extract and their
characterization. Digest Journal of Nanomaterials and
Biostructures., 6 (1): 181-186.

Mohanasrinivasan, V., Mishra, M., Paliwal, J., Singh, S.,
Selvarajan, E., Suganthi, V. and Subathra Devi, C.
(2013). Studies on heavy metal removal efficiency and
antibacterial activity of chitosan prepared from shrimp
shell waste. 3 Biotech., 4(2): 167-175.

Monarul Islam, M.D., Masum, M.S.D., Mahbub, K.R.
(2011). In vitro antibacterial activity of shrimp chitosan
against Salmonella paratyphi and Staphylococcus
aureus. Journal of Bangladesh Chemical Society., 24(2):
185-190.

Nguyen, V.Q., Ishihara, M., Kinoda, J., Hattori, H.,
Nakamura, S., Ono, T., Miyahira, Y., Matsui, T. (2012).
Development of antimicrobial biomaterials produced
from  chitin-nanofiber  sheet/silver = nanoparticle
composites. Journal of Nanobiotechnology., 12:(49): 1-
9.

No, HK., Lee, S.H., Park, N.Y., Meyer, S.P. (2003).
Comparison of Physicochemical, Binding, and
Antibacterial Properties of Chitosans Prepared without
and with Deproteinization Process. Journal of
Agricultural and Food Chemistry., 51(26): 7659-7663.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Oduor-Odote, P.M., Struszczyk, M.H., Peter, M.G.
2005. Characterisation of Chitosan from Blowfly Larvae
and Some Crustacean Species from Kenyan Marine
Waters Prepared Under Different Conditions. Western
Indian Ocean Journal of Marine Sciences., 4(1): 99-107.
Prabu, K. and Natarajan. E. (2012). In vitro
antimicrobial and antioxidant activity of chitosan
isolated from Podophthalmus vigil. Journal of Applied
Pharmaceutical Science., 2(9): 075-082.

Raafat, D. and Sahl, H.G. (2009). Chitosan and its
antimicrobial potential-a critical literature survey.
Microbial Biotechnology., 2(2): 186-201.

Schiffman, J.D. and Schauer, C.L. (2009). Solid state
characterization of a-chitin from Vanessa cardui
Linnaeus wings. Materials Science and Engineering C.,
29 (2009) 1370-1374.

Shah, M., Fawcett, D., Sharma, S., Tripathy, S.K.
(2015). Green Synthesis of Metallic Nanoparticles via
Biological Entities. Materials, 8: 7278-7308.

Shameli, K., Ahmad, M.B., Wan Yunus, W.M.B.,
Rustaiyan, A., Ibrahim, N.A., Zargar, M., Abdollahi, Y.
(2010). Green synthesis of silver/montmorillonite/
chitosan bionanocomposites using the UV irradiation
method and evaluation of antibacterial activity.
International Journal of Nanomedicine., 5: 875-887.
Sharma, V.K., Yngard, R.A., Lin, Y. (2009). Silver
nanoparticles: Green synthesis and their antimicrobial
activities. Advances in Colloid and Interface Science. ,
145: 83-96.

Si Trung T. and Bao, H.N.D. (2015). Physicochemical
Properties and Antioxidant Activity of Chitin and
Chitosan Prepared from Pacific White Shrimp Waste.
International Journal of Carbohydrate Chemistry., 1-6.
Subhapradha, N., Ramasamy, P., Shanmugam, v.,
Madeswaran, P., Srinivasan, A., Shanmugam, A. (2013).
Physicochemical characterisation of b-chitosan from
Sepioteuthis lessoniana gladius., Food Chemistry., 141:
907-913.

Takiguchi, Y. (1991a). Physical properties of chitinous
materials. In R. H. Chen & H.C. Chen (Eds.), Advances
in chitin science. Proceeding from the third Asia Pacific
Chitin, chitosan jikken manual (Vol. 3, pp. 1-7). Japan:
Gihodou Shupan Kabushki Kasisha.

Takiguchi, Y. (1991b). Preparation of chitosan and
partially deacetylated chitin. In A. Otakara & M. Yabuki
(Eds.), Chitin, chitosan - Jikken manual (chapter 2, pp.
9-17). Japan: Gihodou Shupan Kabushki Kasisha.
Thirunavukkarasu, N. and Shanmugam, A. (2009).
Extraction of chitin and chitosan from mud crab Scylla
tranquebarica (Fabricius, 1798). International Journal
on Applied Bioengineering., 4(2): 31-33.

Venkatesham, M., Ayodhya, D., Madhusudhan, A,
Babu, N.V., Veerabhadram, G. (2014). A novel green
one-step synthesis of silver nanoparticles using chitosan:
catalytic activity and antimicrobial studies. Applied
Nanosciences., 4:113-119.

Wang, L.S., Wang, C.H., Yang, C.H., Hsiech, C.L,,
Chen, S.Y., Shen, C.Y., Wang, J.J., Huang, K.S. (2015).
Synthesis and anti-fungal effect of silver nanoparticles-
chitosan composite particles. International Journal of
Nanomedicine., 10: 2685-2696.

24937 |Page



Vigneshwari S and Gokula V., Antibacterial Efficacy of Chitosan And Its Mediated Silver Nanoparticles From Shell Wastes of Portunus Pelagicus

37. Webster, C., Onokpise, O., Abazinge, M., Muchovej, J.,
Johnson, E., Louime, L. (2014). Turing waste into
usable products: A case study of extracting chitosan

from blue crab. American Journal of Environmental
Sciences., 10 (4): 357-362, 2014

38.

39.

Wei, D., Sun, W., Qian, W., Ye, Y., Ma, X. (2009). The
synthesis of chitosan-based silver nanoparticles and their
antibacterial activity. Carbohydrate Research 344:
2375-2382.

Yeh, Y.C., Creran, B., Rotello, R.M. (2012). Gold
Nanoparticles: Preparation, Properties, and Applications
in Bionanotechnology. Nanoscale., 4(6): 1871-1880.

How to cite this article:

Vigneshwari S and Gokula V.2018, Antibacterial Efficacy of Chitosan and Its Mediated Silver Nanoparticles from Shell Wastes
of Portunus Pelagicus. Int J Recent Sci Res. 9(3), pp. 24933-24938. DOI: http://dx.doi.org/10.24327/ijrsr.2018.0903.1756

sk sk skoke sk

24938 |Page



