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Antibacterial Activity of Different Extracts of Prawn
Shell (Macrobrachium nipponense) Against Human Bacterial
Pathogens
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Aims: Bioactive compounds existing in crustacean shells have the potential to inhibit the growth of some pathogenic microorganism. The
purpose of this study is to evaluate the antibacterial effects of different extracts of prawn shells (Macrobrachium nipponense) on some
human pathogenic bacteria. Materials and Methods: Sampling (prawn) was conducted in summer 2014 from Anzali wetland in southern
coast of Caspian Sea. Then, the hydroalcoholic, methanolic, and acetone extracts of prawn shells were applied for this purpose. Two
Gram-positive (Bacillus subtilis Staphylococcus aureus) and three Gram-negative (Klebsiella pneumoniae, Vibrio cholerae, and Escherichia
coli) were used as test organisms. The antibacterial activity was determined by paper disk diffusion. Results: The prawn shell extracts showed
activity against pathogenic bacteria. The highest antibacterial activities were measured in B. subtilis, S. aureus, and V. cholerae with the
zone of inhibition being 12.12 + 0.32 mm, 12.51 + 0.14 mm, and 12.35 £ 0.27 mm, respectively. Among all the strains, S. aureus exhibits
a significant zone of inhibition against all extracts (P < 0.05). Conclusion: The findings of this research showed that different prawn shell
extracts, particularly hydroalcoholic, have bactericidal effect on B. subtilis, S. aureus, and V. cholerae species.
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Some studies were carried out on antibacterial, antioxidant,
and anticancer activities of crustacean shell extracts and
chitosan from aquatic resources.[*' These activate the defense
system of a host and prevent the invasion of pathogenic
microorganisms revealed by shell extracts.['*) In recent years,
human pathogenic microorganisms show antibiotic resistance
to a wide range of antibiotics. Moreover, as synthetic drugs
almost have some side effects, so finding alternative and secure
resources with therapeutic potentials is necessary.[''*!

INTRODUCTION

The aquatic environment, which has a high biodiversity, is known
as a huge resource for many natural products with medical,
pharmaceutical, and food industry applications.?) Many natural
products have been identified with potential pharmaceutical
origins from aquatic invertebrates such as tunicates, sponges,
corals, algae, and shells; they recognize that the capacity of
antibiotic, antioxidant, and anticancer of these activities for
these secondary metabolites among invertebrates.** The
crustacean shell has high potential of bioactive compounds
with antimicrobial, antioxidant, and antitumor activities.”!
The crustacean shell has a rich source of biological polymers,
chitin (20%-30%), protein, and lipid pigments such as
carotenoids and minerals.! Chitin is the most important natural

Aquatic natural compounds possess antimicrobial activity
against various human pathogenic microorganisms.!'¥
Therefore, by considering the importance of those products,
the purpose of this study is to evaluate the antibacterial effects

polymer which is converted to the nontoxic deacetylation form,
chitosan (poly-b-1,4-2-amino-2-dixie-b-D-glu-kopiranoz).
Recently, the role of extracted chitosan from different sources
of aquatic animals in the fields of medicine, food, nutrition,
and pharmaceuticals has received considerable attention.[”*!

Access this article online

Quick Response Code:
Website:
http://iahs.kaums.ac.ir

DOI:
10.4103/iahs.iahs_6_17

Address for correspondence: Dr. Katayoon Karimzadeh,

Department of Marine Biology, Lahijan Branch, Islamic Azad University,
Lahijan, Iran.

E-mail: karimzadehkathy@yahoo.co.uk

This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak,
and build upon the work non-commercially, as long as the author is credited and the new
creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Karimzadeh K, Pormehr M. Antibacterial activity
of different extracts of prawn shell (Macrobrachium nipponense) against

human bacterial pathogens. Int Arch Health Sci 2017;4:13-6.

.© 2017 International Archives of Health Sciences | Published by Wolters Kluwer - Medknow m




197ZIMNZ[DBPXZOBBAROATIAEIDYIASALLIAIPOOAEIEAHION/AD AU

MY TXOMADYOIAXZOHISABZIAYTCA+eyNIOITWNOTZTARY HIOSHAAUE AQ SUel/WOod Mm| sfeulnoly/:diy woly pspeojumoq

€202¢/8T/90 U0

Karimzadeh and Pormehr: Antibacterial activity of prawn shell extracts

of different prawn shell extractions on common pathogenic
bacteria.

MareriaLs AND METHODS

Collection of prawn shell (Macrobrachium nipponense)
Prawns were collected in summer 2014 from Anzali
wetlands in southern coast of Caspian Sea and transferred
to tanks containing sea water with aerator in the biology
laboratory (Lahijan Branch, Islamic Azad University). To
complete anesthesia, temperature was set to zero degree.
Afterward, the shells were removed from whole bodies
and washed with distilled water. The removed shells were
freeze-dried and grind to dried powder.['

Preparation of extracts of prawn shell (Macrobrachium
nipponense)

To prepare different extractions, 5 g of prawn powder dissolved
in 150 ml of different solvents (75% of hydroalcoholic,
acetone, and methanol) and were incubated for 48 h in a
dark place. Then, they were filtered through filter paper.['>1¢
The solvents were evaporated by the lyophilizator and the
obtained powders were weighed. Next, the consideration
dose (2 mg/ml) of each extract was prepared using saline to
resulting suspension.

Preparation of the bacteria test microorganisms

Staphylococcus aureus (ATCC 25923), Bacillus
subtilis (ATCC 465), Escherichia coli (ATCC 25922),
Klebsiella pneumoniae (ATCC 10031), and Vibrio
cholerae (ATCC 14035) provided by the Iranian Research
Organization for Science and Technology were used as the
bacterial tested organisms. Then, bacterial suspensions based
on standard 0.5 McFarland (1.5 x 108 CFU/ml) were prepared.

In vitro antibacterial activities of different extracts of prawn
shells were evaluated against five microbial stains using the
well-agar diffusion method.['>'"! Stock cultures were added
to Muller-Hinton broth on the day before experiment and
incubated for 24 h at 37°C. Different cultures of pathogenic
bacteria were swabbed on the Muller-Hinton agar plates.
Further, the filter paper discs (6 mm diameter) were
impregnated with exact amounts of each extract. Standard
antibiotic disks Gentamicin 10 and Erythromycin (Iran Daru
Company) were used as the positive control.

The plates were incubated at 37°C for 24 h. Afterward, the
inhibition zones formed on the media were measured.!'"” The
positive antimicrobial activities were recorded based on the
growth inhibition zone. All inhibition assays and controls were
carried out in triplicate.

Data analysis

All data were expressed as mean + standard deviation (SD), and
statistical analyses were performed with the SPSS 17 software
package (SPSS Inc., Chicago, USA). The significance of the
results was tested by an analysis of variance and Duncan’s
multiple range test. The significance of differences was defined
at P <0.05.

ResuLts

The antibacterial sensitivity results of three different extracts
of prawn shells against the five different bacterial strains are
shown in Figures 1-5.

The greatest action among different extracts was observed
in V. cholerae and S. aureus. The hydroalcoholic extract was
shown for the highest antibacterial activity against S. aureus
than the other extracts [Figure 1], and all the extracts revealed
significant action more than erythromycin (P < 0.05).

The maximum zone of inhibition (8.11 = 0.21 mm) was
exhibited against Ecoli in 1000 pg of the hydroalcoholic
extract [Figure 2]. There was no antibacterial effect in the
methanolic extract. There was a significant difference between
different extracts against E. coli.

In K. pneumoniae, the greatest antibacterial effect appeared
in hydroalcoholic and acetone extracts with 100 mg/ml
of concentration. The methanolic extract did not show
any antibacterial effect. The effects of hydroalcoholic
and acetone extracts against K. pneumoniae were less
than those of the gentamicin antibiotic and more than
erythromycin [Figure 3].

The highest antibacterial effect in B. subtilis was related to
hydroalcoholic and acetone extracts having zone of inhibition
11.25+0.18 mm (at dose 500) and 12.12 £+ 0.32 mm (at dose
1000) in hydroalcoholic and acetone, respectively [Figure 4].
Different extracts significantly showed various antibacterial
effects against B. subtilis (P < 0.05).

The significant activity of the hydroalcoholic extract was
observed against V. cholerae having zone of inhibition
12.35+0.27 mm at a dose of 1000 mg/ml, while the metanolic
extract did not show any antibacterial effect [Figure 5].
Different extracts exhibit significant differences against
V. cholerae (P < 0.05).

Discussion

Recently, there was more attention to natural products and
their application in pharmaceutical. The crustacean has been
considered as a good source for bioactive substances among
invertebrates.['>1¢

zone of inhibition (mm)
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Figure 1: Mean of inhibitory zone (mm) of different extractions dilutions
of prawn shell against Staphylococcus aureus. Different letters indicate
significant differences (P < 0.05)
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Figure 2: Mean of inhibitory zone (mm) of different extractions dilutions
of prawn shell against Escherichia coli. Different letters indicate significant
differences (P < 0.05)
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Figure 4: Mean of inhibitory zone (mm) of different extractions dilutions
of prawn shell against Bacillus subtilis. Different letters indicate significant
differences (P < 0.05)

The results of the present study indicated that prawn shell
extracts are more active against Gram-positive bacteria than
Gram-negative bacteria.

The different extracts from Macrobrachium nipponense
exhibited antibacterial activity against pathogenic bacteria
as depicted in Figures 1-5. Among these strains, B. subtilis,
S. aureus, and V. cholerae show the maximum zone of
inhibition (12.12 mm, 12.51 mm, and 12.35 mm), respectively.
Our results are comparable with the extracted chitosan from
some crustacean shells.l'®"! The zone of inhibition for the
bactericidal effect of the ethanolic extract of crab shell against
S. aureus and E. coli was reported about 13 mm and 10 mm
at a concentration of 1000 pg/ml, respectively.'1*) However,
there was no activity of crab shell (Portunus sanguinolentus)
extract found against S. aureus.['*2% Liu'¥) demonstrated
that antibacterial action of extracted chitosan in both
Gram-negative bacteria and Gram-positive were effective,
But it was more effective against gram-negative bacteria than
Gram-positive. The antibacterial effects of chitosan and shell
extracts on Gram-positive and Gram-negative bacteria are
rather contradictory.?!2* some studies reported that chitosan
has more powerful effects on Gram-positive bacteria rather
than on Gram-negatives, while others believe that high

zone of inhibition (mm)
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Figure 3: Mean of inhibitory zone (mm) of different extractions dilutions
of prawn shell against Klebsiella pneumoniae. Different letters indicate
significant differences (P < 0.05)
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Figure 5: Mean of inhibitory zone (mm) of different extractions dilutions
of prawn shell against Vibrio cholerae. Different letters indicate significant
differences (P < 0.05)

hydrophilic, which is observed in negative gram bacteria,
make them more permeable than Gram-positives.['*!721 [t
could be suggested that antimicrobial sensitively to chitosan
can be related to the type of pathogenic organism and
molecular weight of this polysaccharide.?2%

Hydrophilic solvents such as hydroalcoholic and acetone were
more effective than nonpolar solvents (methanol), and the
highest bacterial sensitivity was observed in the hydroalcoholic
extract. Therefore, the better solubility of the active substances
may be better soluble in polar solvents.!'”!32 Two mechanisms
are probably involved in the antibacterial activity of prawn
shells. First, the interaction of amino acid groups of prawn
shells with cell surface components of bacteria, thus inhibiting
their growth; and second, blocking the DNA replication by
absorbing chitosan occurred.['324%]

It seems that in the present study, the greatest antibacterial
effects of hydroalcoholic and acetone solvents, rather
than methanol, on Gram-negative bacteria can be due
to the solvents’ polarity. As a chitosan has polycationic
structure (pH <7), it destructs the bacteria membrane. The
proton releasing from the amine group of shell can interact
with the negative charge of the cell surface. This leads to the
destruction of the bacterial cell and determines the potential
of antibacterial activity.!*!52¢]

.International Archives of Health Sciences | Volume 4 | Issue 1 | January-March 2017
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CONCLUSIONS

The type of solvent can be involved in antibacterial effects
in such a way that the hydroalcoholic extract of prawn shells
is the most active extract against Gram-positive bacteria and
even Gram-negative bacteria. The bactericidal of prawn shell
extracts against pathogenic bacteria can be considered as an
alternative therapeutic agent.
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