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Abstract
Background: In recent years, high attention has been given to the biological activities of natural 
compounds and their potential antimicrobial properties. 
Objective: In this study, the antibacterial properties of the extracts from tissue and peptides of 
Cerastoderma and Didacna were studied. 
Materials and Methods: samples of Cerastoderma and Didacna were collected and washed. 
Then, the soft tissues were cut and powdered, and concentrations of 16, 8, 4, 2, 1 and 0.5 
of chloroform, ethanol and methanol, and in addition extract of enzymatic hydrolysis were 
prepared, and their antibacterial activities against Staphylococcus aureus, Escherichia coli and 
Salmonella paratyphi were investigated. The disc diffusion method was used for the evaluation 
of strains susceptibility. Minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) were investigated for bacterial growth inhibition. 
Results: Methanolic and ethanolic extracts from Cerastoderma demonstrated higher growth 
inhibitory effects compared to those from Didacna on E. coli and S. paratyphi and exhibited 
similar activities against S. aureus at concentrations 16 and 8 ug/mL. In addition, chloroform 
extracts of Cerastoderma and Didacna displayed similar inhibitory effects on S. paratyphi and 
S. aureus at concentrations 16 and 8 ug/mL which was a suitable effect, and the extract from 
Cerastoderma was more effective. MIC and MBC of methanolic extracts were at the lowest level, 
especially against S. aureus. 
Conclusion: It was revealed that Cerastoderma and Didacna extracts were effective as 
antibacterial compounds on S. aureus, E. coli and S. paratyphi species as natural agents. 
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Background
Antibacterial and antifungal compounds isolated from 
marine organisms have been used for many years, 
however scientific investigations have been scarce in this 
regard.1 Antimicrobial investigations on soft tissues can 
elucidate the substantial information on the efficiency 
of new bioactive compounds. Difficulties in eradication 
of drug-resistant infections have been a critical issue in 
recent years.2-6 Great therapeutic properties of aquatic 
sources including sterols, peptides, terpenes and 
nitrogen compounds, macrolides, acid-fat derivatives, 
prostaglandins, and other alkaloids have been revealed.7 
Bacterial infections cause many deaths annually.5,8 

By the increasing the rate of antibiotics  uncontrolled 
consumption and resistance to them, the application of 
antimicrobial peptides seem proper strategy as alternative 
broad-spectrum antibiotics being produced in human body 
as primary antimicrobial compounds.9,10 Furthermore, 
marine organisms encompass approximately half of the 

biodiversity world and because of far sea history and 
vast volume, they can be deeply investigated as a gold 
opportunity.11 Creatures in the sea have compounds 
which possibly play a leading role as natural and novel 
therapeutic compounds. This study was performed to 
evaluate the antibacterial properties of extracts from 
Cerastoderma and Didacna, the sea creatures from the 
Persian Gulf.

 
Materials and Methods
Preparation of Extracts
After sample collection, oysters were crushed and their 
soft body tissues were separated and cut. The extracts 
were prepared as described by Sharma et al.12 Methanol, 
ethanol and chloroform (volumetric weight 1:1) solvents 
were used for the extraction of effective compounds. 

Enzymatic Hydrolysis 
An Alcalase 2.4 L enzyme (Hayyan Azma Co., Iran) 
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was used, an alkaline enzyme which has 2.4 Unite/g 
Anson enzymatic activity, and is obtained from Bacillus 
licheniformis. The enzyme was kept at 4°C until use in 
the experiment. After the enzymatic hydrolysis of tissues 
in phosphate buffer at pH 8.5, at 95°C, the samples 
were centrifuged at 8000 rpm for 20 minutes and the 
supernatant was collected.13

Antimicrobial Activity Measurement 
The disc diffusion method was used for antimicrobial 
evaluation of methanolic, ethanolic, and chloroform 
extracts, in addition to enzymatic hydrolysis of extract on 
the Mueller-Hinton agar (MHA) medium. Then, 10 mg 
of extract or enzymatic hydrolysis powder was inoculated 
on 1 mL of each solvent using 20 μL of each extract at 
concentrations 16, 8, 4, 2, 1 and 0.5 µg/mL. 

After drying each sterile medium at room temperature 
for 3 hours, the plates were incubated at 37°C for 24 
hours. The inhibitory zone diameters were measured by 
a caliper. 

The Minimum Inhibitory and Bactericidal Concentrations 
The minimum inhibitory concentrations (MICs) and 
minimum bactericidal concentrations (MBCs) of 
methanolic and ethanolic extracts were evaluated using 
broth dilution test using 8 dilutions. After bacterial 
suspension preparation, an equal amount of MHA was 
added and 128 µg/mL of extract was added to the first 
tube and diluted. Afterward, they were incubated at 37°C 
for 24 hours. The first dilution without any growth was 
considered as MIC.14 

MBC was measured by culture of 10 μL of first tube 
with no growth, and incubation at 37°C for 24 hours. If 
no growth was observed on MHA, it was concluded as the 
MBC indicating inhibition of 99% of bacterial population. 

The Chemical Mixture 
The evaluation of protein, carbohydrate and lipid 

contents was confirmed following previous studies 
including Bergmann and Feeney,15 Peterson16 and DuBois 
et al,17 respectively. 

Data Analysis 
Kolmogorov-Smirnov method was applied for normal 
distribution and evaluation of the treatments and one-way 
ANOVA test and Duncan test were used, after testing the 
homogeneity of variances, to compare the group means.

Independent t test was used at the statistical level 99% 
as the statistical test between 2 groups. Excel 2007 and 
SPSS version 21.0 were used for data analyses. 

Results 
Effects of Methanolic Extract of Cerastoderma and 
Didacna 
The Cerastoderma and Didacna compounds exhibited 

significant differences in their effects on S. aureus, 
and Cerastoderma extract inhibited S. paratyphi more 
significantly compared to Didacna extract. In addition, 
the methanolic extract of Cerastoderma significantly 
inhibited the bacterial growth compared to gentamicin 
in dilutions 1 and 2 µg/mL, but such inhibition was not 
observed against S. paratyphi. 

Effects of Ethanolic Extracts of Cerastoderma and 
Didacna
Salmonella paratyphi inhibition by Cerastoderma and 
Didacna extracts was significantly different (df = 5, F = 
59.656, P = 0.00). Growth inhibition by Cerastoderma 
extract was significantly higher than that by gentamicin 
in dilutions 1 and 4, but it was lower regarding ethanolic 
extract of Didacna. 

In addition, effects of Cerastoderma and Didacna 
extracts on S. aureus was statistically significant (df = 4, F 
= 79.25, P = 0.00). The Cerastoderma extract in dilution 1 
exhibited significantly higher effect than methicillin. 

Effects of Chloroform extracts of Cerastoderma and 
Didacna
Effects of chloroform extracts of Cerastoderma and 
Didacna on S. paratyphi were statistically significant; 
as in dilution 1, Cerastoderma and Didacna extracts 
demonstrated significantly higher and lower effects than 
gentamicin, respectively. 

The effects of chloroform extracts of Cerastoderma 
and Didacna were significantly different on S. aureus (P 
= 0.003) and interestingly, in dilution 1 both compounds 
inhibited S. aureus significantly higher than methicillin. 

Effects of Enzymatic Hydrolysis Extracts of Cerastoderma 
and Didacna
Salmonella paratyphi and E. coli growth inhibition 
was significantly different in used dilutions of alcalase 
hydrolysis of Cerastoderma and Didacna (df = 6, F = 
160.352, P = 0.00); as Cerastoderma extract in dilution 
1 inhibited S. paratyphi significantly higher than 
gentamicin. 

Furthermore, their different effects on S. aureus was 
statistically significant (P = 0.000), as Cerastoderma and 
Didacna exhibited higher effects than methicillin. 

MIC and MBC Levels 
The MIC and MBC of methanolic extracts of Cerastoderma 
and Didacna against E. coli were 64 µg/mL and 128 µg/
mL, and against S. paratyphi were 128 µg/mL and >12 
µg/mL, respectively; but their MIC and MBC against S. 
aureus were 32 µg/mL and 64 µg/mL, respectively. 

In addition, the MIC and MBC of ethanolic extracts of 
Cerastoderma and Didacna against E. coli and S. paratyphi 
were both 128 µg/mL and >128 µg/mL, respectively, 
however their MIC and MBC against S. aureus were 64 
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µg/mL and 128 µg/mL, respectively.
Discussion 
In recent years, high attention has been given to the 
biological activities of natural products, especially 
antimicrobial potential of them. This is because of 
increasing and widespread resistance against antibiotics 
commonly prescribed by pathogens.7,18,19 Various 
researches have demonstrated a high level of antimicrobial 
activity conferred by mollusks and seaweed and have thus 
proposed these resources to be consumed to develop 
their pharmaceutical properties. Several previous 
studies have evaluated antibacterial activities conferred 
by bivalves mostly against Maerua edulis, Geukensia 
demissa, Mytilus galloprovicialis, Crassostrea gigas and 
Crassostrea verginica.12,20 Soft tissues of M. meretrix have 
been ​​widely consumed in China and India for the remedy 
of liver diseases such as hepatitis A and B and the Jaundice 
disease.9

In the  current study, the antimicrobial properties of 
methanolic, ethanolic, and chloroform extracts as well as 
alcala s e hydrolysis of Cerastoderma and Didacna were 
assessed against E. coli, S. paratyphi and S. aureus.

The inhibition zone diameter of concentrations 1, 2, 4, 
8, and 16 µg/mL of methanolic extract of Cerastoderma 
was si g nificantly higher than those concentrations 
of Did a cna extract. Similar to our results, Defer and 
colleagues’21 investigation on 2 gastropods and 3 bivalve 
species demonstrated the highest antimicrobial properties 
of Cerastoderma edule. Methods of preparation, various 
concen t rations of extracts used for the evaluation of 
antimi c robial activities and bacterial species seem to 
be the most important factors interfering in the activity 
levels.

Statis t ical analysis in this study elucidated that the 
extrac t s used for antimicrobial evaluation showed the 
highest growth-inhibitory effect against S. aureus, which 
is a gram-positive species and possibly because of the cell 
wall differences of the bacterium. 

In general, the mean of no-growth inhibition zone for 
the me t hanolic, ethanolic, chloroform, and hydrolysis 
extracts of Cerastoderma and Didacna against S. aureus 
at dilutions of 16 and 8 µg/mL was significantly higher 
than that measured for methicillin disk.

In add i tion, the mean diameter of the S. paratyphi 
growth inhibition zone for dilutions of 16, 8, and 4 µg/mL 
of ethanolic extract from Cerastoderma was significantly 
higher  than that of gentamicin disk, while methanolic 
and ethanolic extracts of Didacna had significantly lower 
effect than the disk. The mean diameter of the S. paratyphi 
growth  inhibition zone, in the chloroform extract of 
Cerastoderma and Didacna, at a dilution of 8 µg/mL had 
a func t ion similar to the gentamicin. Furthermore, the 
mean diameter of the S. paratyphi growth inhibition zone 
for the enzymatic hydrolysis extract of Cerastoderma and 
Didacna, at dilutions of 16 and 8 µg/mL, were significantly 

higher than gentamicin. 
Conclusion 
In thi s  study, the mean diameter of growth inhibition 
zone f o r E. coli, regarding the methanolic extract of 
Cerast o derma, was observed in dilution of 16 mg/mL, 
and al c alase hydrolysis of Cerastoderma at dilutions 
16 and  8 µg/mL significantly demonstrated higher 
effect  than gentamicin. The results of the present study 
emphas i zed that soft tissue extracts of Cerastoderma 
and Di d acna contain several effective compounds 
exhibi t ing antimicrobial properties. The antimicrobial 
characteristics of these extracts could be influenced by the 
method of extraction and nature of solvents applied. The 
results demonstrated the potential of these extracts, and 
their possible potential to be useful for clinical purposes 
as antibacterial agents can be verified by further surveys. 

Authors’ Contributions
Study design and laboratory work: FN and AG; Data analysis: HRV 
and ZN.

Ethical Approval 
This s t udy was approved by Shahrekord University of Medical 
Sciences.

Conflict of Interest Disclosures 
The authors declare that they have no conflict of interests.

Financial Support
This study was supported by AJA University of Medical Sciences, 
Tehran, Iran.

References
1.	 Chandran B, Rameskumar G, Ravichadren S. Antimicrobial 

activity from the gill extraction of Perna viridis (Linnaeus, 
1758). Glob J Biotech Biochem. 2009;4(2):88-92.

2.	 Davodian E, Sadeghifard N, Ghasemian A, Noorbakhsh S. 
Molecular Detection of bla VEB-1 Beta-lactamase encoding 
gene among extended spectrum B-lactamase positive wound 
isolates of Pseudomonas aeruginosa. Arch Pediatr Infect Dis. 
2015;3(4):e26362. doi:10.5812/pedinfect.26362

3.	 Ghasemian A, Najar Peerayeh S, Bakhshi B, Mirzaee M. The 
microbial surface components recognizing adhesive matrix 
molecules (MSCRAMMs) genes among clinical isolates of 
Staphylococcus aureus from hospitalized children. Iran J 
Pathol. 2015;10(4):258-264.

4.	 Nojoomi F, Ghasemian A, Eslami M, Khodaparast S. Antibiotic 
susceptibility profile, ESBL production and blaCTX-M1, 
blaSHV and blaTEM types among Escherichia coli blood 
isolates. Int J Enteric Pathog. 2017;5(1):9-12. doi:10.15171/
ijep.2017.03

5.	 Nojoomi F, Ghasemian A. Effect of overgrowth or decrease in 
gut microbiota on health and disease. Arch Pediatr Infect Dis. 
2016;4(2):e34558. doi:10.5812/pedinfect.34558

6.	 Ghasemian A, Najar Peerayeh S, Bakhshi B, Mirzaee M. 
Comparison of biofilm formation between methicillin-resistant 
and methicillin-susceptible isolates of Staphylococcus aureus. 
Iran Biomed J. 2016;20(3):175-181.

7.	 Blunt JW, Copp BR, Keyzers RA, Munro MH, Prinsep MR. 
Marine natural products. Nat Prod Rep. 2014;31(2):160-258. 
doi:10.1039/C3NP70117D

8.	 Zasloff M. Antimicrobial peptides in health and disease. N Engl 



 International Journal of Enteric Pathogens  Volume 6, Issue 3, August 201878

Ghasemian et al

J Med. 2002;347(15):1199-1200. doi:10.1056/NEJMe020106
9.	 Debbab A, Aly AH, Lin WH, Proksch P. Bioactive compounds 

from marine bacteria and fungi. Microb Biotechnol. 
2010;3(5):544-563. doi:10.1111/j.1751-7915.2010.00179.x

10.	 Yu D, Sheng Z, Xu X, et al. A novel antimicrobial peptide 
from salivary glands of the hard tick, Ixodes sinensis. Peptides. 
2006;27(1):31-35. doi:10.1016/j.peptides.2005.06.020

11.	 Hancock RE, Sahl HG. Antimicrobial and host-defense 
peptides as new anti-infective therapeutic strategies. Nat 
Biotechnol. 2006;24(12):1551-1557. doi:10.1038/nbt1267

12.	 Sharma S, Chatterji A, Das P. Effect of different extraction 
procedures on antimicrobial activity of marine bivalves: a 
comparison. Pertanika J Trop Agric Sci. 2009;32(1):77-83.

13.	 Ovissipour M, Abedian A, Motamedzadegan A, Rasco B, 
Safari R, Shahiri H. The effect of enzymatic hydrolysis time 
and temperature on the properties of protein hydrolysates from 
Persian sturgeon (Acipenser persicus) viscera. Food Chem. 
2009;115(1):238-242. doi:10.1016/j.foodchem.2008.12.013

14.	 Wiegand I, Hilpert K, Hancock RE. Agar and broth dilution 
methods to determine the minimal inhibitory concentration 
(MIC) of antimicrobial substances. Nat Protoc. 2008;3(2):163-
175. doi:10.1038/nprot.2007.521

15.	 Bergmann W, Feeney RJ. Contributions to the Study of Marine 

Products. XXXII. The nucleosides of sponges. I. J Org Chem. 
1951;16(6):981-987. doi:10.1021/jo01146a023

16.	 Peterson GL. A simplification of the protein assay method 
of Lowry et al. which is more generally applicable. Anal 
Biochem. 1977;83(2):346-356.

17.	 DuBois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. 
Colorimetric method for determination of sugars and related 
substances. Anal Chem. 1956;28(3):350-356. doi:10.1021/
ac60111a017

18.	 World Health Organization. Antimicrobial resistance: global 
report on surveillance. World Health Organization; 2014.

19.	 Leal MC, Munro MH, Blunt JW, et al. Biogeography and 
biodiscovery hotspots of macroalgal marine natural products. 
Nat Prod Rep. 2013;30(11):1380-1390. doi:10.1039/
c3np70057g

20.	 Estari M, Satyanarayana J, Kumar BS, Bikshapati T, Reddy 
AS, Venkanna L. In vitro study of antimicrobial activity in 
freshwater mussel (Lamellidens marginalis) extracts. Biol Med. 
2011;3(2):191-195.

21.	 Defer D, Bourgougnon N, Fleury Y. Screening for antibacterial 
and antiviral activities in three bivalve and two gastropod 
marine molluscs. Aquaculture. 2009;293(1-2):1-7. 
doi:10.1016/j.aquaculture.2009.03.047


