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ABSTRACT: Antimicrobial efficiency of the butanol, methanol and chloroform extracts derived from the 

digestive gland, tube feet, spine and gonad of the starfish, Pentaceraster mammillatus were examined 

against three human pathogenic bacteria (Streptococcus mutans, Staphylococcus aureus and Klebsiella 

pneumoniae) three fish pathogenic bacteria (Vibrio harveyi, Proteus mirabilius and Aeromonous 

hydrphila) and three fungal pathogens (Aspergillus flavus, Aspergillus nigerand Rhizopus stolonifer). The 

antimicrobial activity was evaluated by measuring the zone of inhibition using disc diffusion method. The 

butanol extract of the digestive gland inhibited the growth of all the tested bacteria and a pathogenic fungus 

R. stolonifer, the tube feet arrested the growth of all the bacterial pathogen and two fungal pathogens A. 

flavus and R. stolonifer; the spine arrested the growth of  S. mutans and S. aureus and the gonad inhibited 

the growth of S. mutans and all the three fish pathogenic bacteria. The chloroform and methanol extract of 

all the tissues could inhibit the growth of only a few  pathogens compared tothat of the butanol extract.  

However, the chloroform extract of spineinhibited the growth of more number of pathogens than the 

butanol and methanol extract. 

 

KEYWORDS- Antimicrobial activity,fungal pathogen,bacterial pathogen,disc diffusion method,Zone  
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I. INTRODUCTION 

 Microbial populations in seawater and sediments may be as high as 106 and 109 per milliliter, 

respectively (Austin, 1988). Marine invertebrates are therefore constantly exposed to high concentrations 

of bacteria, fungi and viruses, many of which may be pathogenic. Echinoderms are benthic organisms, 

which are constantly exposed to relatively high concentrations of the pathogens which can be harmful to 

the organism (Haug et al, 2002). During the last decade, there has been an increase in research on marine 

crustaceans, molluscs and echinoderms, particularly on their secondary metabolites with desirable 

antimicrobial properties (Casas et al, 2010; Haug et al, 2002). Sea stars, the benthic free living echinoderm 

have evolved rich sources of bioactive metabolites such as steroidal glycosides, steroids, anthraquinones, 

alkaloids, glycolipids and phospholipids (de Marino et al, 1997; Palagiano et al, 1995; Pathirana and 

Andersen, 1986). Steroidal glycosides and related compounds are predominant metabolites in sea stars and 

have a broad variety of biological activities such as cytotoxic, hemolytic, ichthyotoxic, repellent, 

antineoplastic, antimicrobial, antifungal, antiviral and anti-inflammatory (Andersson et al, 1989; Chludil et 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1807190 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 232 

 

al, 2002; Ivanchina et al, 2000; Prokofeva et al, 2003; Wang et al, 2002; Wang et al, 2004). The 

antimicrobial peptides have been also found in the gastrointestinal organs, in the eggs and in the body wall 

(Hauget al,2002). The present work was designed and carried out to assess the potential antimicrobial 

activity in the starfish P. mammillatus against a few human and fishpathogens. 

II. MATERIALS AND METHODS  

2.1 Collection and maintenance of animal  

 The starfish P. mammillatus were collected from the Arabian Sea at Pallam, Kanyakumari District, 

Tamilnadu, India. They were transported to the laboratory in plastic bucket containing aerated sea water 

and fed with snail and small fishes. They were maintained at room temperature (30ºC). Digestive gland, 

tube feet, gonad and spines were carefully dissected. 

2.2 Preparation of tissueextract  

 Themodified method of Chellaramet al, (2004) is used for the process of extraction. 1gm of digestive 

gland/tube feet/gonad/spines samples were extracted with high polar solvent methanol, medium polar 

solvent butanol and chloroform separately in the ratio of 1:3 (w/v) for 24 hrs at normal room temperature 

(30ºC), then extracts were filtered by Whatman filter paper No.1 and the solvents were concentrated by 

rotary evaporator under reduced pressure and temperature (30ºC). The resultant residues were stored at -

4ºC for further analysis. 

2.3 Microorganisms used for screening 

 For screening, three human bacterialpathogens(Streptococcus mutans, Staphylococcus aureus and 

Klebsiella pneumoniae) three fish pathogenic bacteria (Vibrio harveyi, Proteus mirabilius and Aeromonous 

hydrophila) and three fungal pathogens (Aspergillus flavus,Aspergillus nigerand Rhizopus stolonifer) were 

used.  

2.4 Antimicrobial assay 

 The antimicrobial and antifungal effects were investigated using the standard protocols by disc 

diffusion method (Bauer et al, 1996). Pathogenic microbial strains were inoculated in sterile nutrient broth 

and incubated for 24 hrs at 37ºC. The pathogens were swabbed on the surface of Muller Hinton Agar and 

fungal strains were cultured using Saboroud Dextrose Agar. Discs impregnated with 25µl of the samples 

were placed on the surface of the agar plateandwere incubated at 37ºC. Antibiotics, steptomycin, amikacin 

and fluconazole were used as positive control for the antimicrobial assay.  
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III. RESULTS  

 Analysis of the antibacterial and antifungal activity of the butanol, methanol and chloroform extract 

of the digestive gland, tube feet, spines and gonad of the starfish P.mammillatus showed, that the butanol 

extract of the digestive gland inhibited the growth of all the tested bacteria and a pathogenic fungus R. 

stolonifer and that of the tube feet inhibited the growth of all the tested microbes except A. niger.  The 

maximum zone of inhibition   was observed (20 mm) forR. stolonifer in thebutanol extract of the digestive 

gland. Moderate activity was found (12-17 mm)in the butanol extract of digestive gland, tube feet and 

gonad against all the tested pathogenic bacteria except S. aureus. The butanol extract of the spine inhibited 

the growth S. aureus and S. mutans and no other tested pathogens. None of the extracts inhibit the growth 

of A. niger (Table 1; Plate 1). 

Depending on the number of pathogens inhibited the inhibitory potency of the chloroform extract of the 

tissues can be stated as spine > tube feet > digestive gland = gonad (Table 2; Plate 2).The methanol  extract 

of the digestive gland of P. mammillatus could inhibit the growth of S. mutans and R. stolonifer; spine 

could inhibit R. stolonifer and gonad could inhibit S. mutans and  S. aureus. The methanol extract of the 

tube feet failed to inhibit the growth of all the tested pathogens (Table 3; Plate 3). 

Table 3.1:Antimicrobial activity of butanol extract of starfish, P.mammillatus. 

 

Microbes tested  

Zone of inhibition (mm) 

Digestive gland   Tube feet Spine Gonad + control - control 

Human 

Bacterial 

Pathogen 

S. mutans 15 9 17 14 27 - 

S. aureus 7 8 10 - 28 - 

K. pneumoniae 12 14 - - 24 - 

Fish 

Bacterial 

Pathogen 

V. harveyi 13 12 - 12 25 - 

P. mirabilis 16 16 - 14 27 - 

A. hydrophila 16 12 - 13 18 - 

Fungal 

pathogen 

 

A. flavus - 7 - - 14 - 

A. niger - - - - 15 - 

R. stolonifer 20 9 - - 23 - 
 

Table3. 2: Antimicrobial activity of chloroform extract of starfish, P.mammillatus 

 

Microbes tested 

Zone of inhibition (mm) 

Digestive gland   Tube feet Spine Gonad + control - control 

Human 

Bacterial 

Pathogen 

S. mutans - - - - 23 - 

S. aureus - 7 10 9 27 - 

K. pneumoniae 15 9 10 - 21 - 

Fish 

Bacterial 

Pathogen 

V. harveyi - - 11 - 18 - 

P. mirabilis - - 10 - 18 - 

A. hydrophila - - - - 22 - 

Fungal 

pathogen 

 

A. flavus - - - - 14 - 

A. niger - - - - 16 - 

R. stolonifer 19 12 8 9 25 - 
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Table 3.3: Antimicrobial activity of methanol extract of starfish, P.mammillatus 

 

Microbes tested 

Zone of inhibition (mm) 

Digestive gland   Tube feet Spine Gonad + control - control 

Human 

Bacterial 

Pathogen 

S. mutans 8 - - 7 28 - 

S. aureus - - - 10 23 - 

K. pneumoniae - - - - 22 - 

Fish 

Bacterial 

Pathogen 

V. harveyi - - - - 26 - 

P. mirabilis - - - - 26 - 

A. hydrophila - - - - 20 - 

Fungal 

pathogen 

 

A. flavus - - - - 12 - 

A. niger - - - - 17 - 

R. stolonifer 18 - 11 - 24 - 
 

Plate - 3.1: Antimicrobial activity of butanol extracts of starfish P. mammillatus tissues. 
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B.G - Gonad 

B.D - Digestive gland 

B.T - Tube feet 

B.S - Spine 

 

Plate -3.2:Antimicrobial activity of chloroform extracts of starfish P. mammillatus tissues. 
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Plate - 3.3: Antimicrobial activity of methanol extracts of starfish P. mammillatus tissues. 
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IV.DISCUSSION 

 In the present investigation, antimicrobial efficacy of thebutanol, chloroform and methanol extract of 

thedigestive gland, tube feet, spine and gonad of the starfishP. mammillatus was studied by disc diffusion 

method. Antibacterial activity has previously been described in a wide range of echinoderm species 

(Anderson et al, 1983, 1989; Bryan et al, 1994; Ridzwan et al, 1995). The results of the present 
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investigation revealed, that the butanol and chloroform extract were highly efficient in inhibiting the 

growth of most of the pathogens when compared to the methanol extract.  

The butanol extract of the digestive gland and tube feetinhibited the growth of all the tested human and fish 

pathogenic bacteria and fungi R. stolonifer. The chloroform extract of the all the tissues were effective 

against the fungi R. stolonifer and all except that of the gonad was found to inhibit the growth of the 

bacteria K. pneumoniae.The differential inhibitory potential of the extracts with different solvents enabled 

us to determine the presence of antibacterial substances potentially in the lipid or the water-soluble 

fraction.The antimicrobial activity may be due to the antimicrobial compounds including steroidal 

glycosides, polyhydroxylated steroids, lysozymes, complement-like substances or antimicrobial peptides 

which have been reported from echinoderms (Beauregards, 2002; chludilet al,2002; Levinaet al, 2009; 

Kuwanaraet al, 2009). Since the antibacterial effects with organic solvents has been found, protein factors 

may be responsible for growth inhibition.  

Antimicrobial peptides (AMPs) are crucial immune effector molecules for invertebrates which lack a 

vertebrate-type adaptive immune system. Antimicrobial peptides (AMPs) are evolutionarily conserved 

small molecular weight proteins of the innate immune response, with a broad spectrum of antimicrobial 

activities against bacteria, viruses, and fungi (reviewed by Mookherjee and Hancock, 2007). AMPs appear 

naturally throughout all three domains of life from unicellular to multicellular organisms (Zasloff, 2002; 

Riley and Chavan, 2007; Wang et al, 2009).They do not only inactivate bacteria in vitro and in vivo 

thereby protecting host organisms against a variety of infections, but they also modulate immunity 

(Hancock and Diamond, 2000; Zasloff, 2002; Hancock et al, 2006).As activity has been demonstrated 

against human and fish pathogenic bacteria as well as against selected fungal pathogens, it may therefore 

be reasonable to assume that multiple factors are responsible for the antimicrobial activities detected. 

Further study is required to establish if this observed activity is attributable to proteinaceous (including 

lysozyme-like) or non-proteinaceous factors. 

V.CONCLUSION 

 Different solvent extracts of the digestive gland,tube feet, spine and gonad of the starfish, 

Pentaceraster mammillatus were screened for antimicrobial agents. The butanol extracts of  the digestive 

gland, tube feet, gonads and the chloroform extract of the spine showed strong antibacterial effect against 

the tested pathogens. The extracts should be further analyzed to isolate and purify as well as determine the 

chemical structure of the antibacterial compounds to use as novel antibiotics. 

 

 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1807190 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 238 

 

REFERENCES 

[1]Anderson, L, Lidgren, G, BohlinMagni L, Ogren, S. and Afzelius, L. 1983. Studies of Swedish marine 

organisms. I. Screening of biological activity. ActaPharmaceuticaSuecia, 20: 401–414. 

 

[2] Andersson, L, Bohlin, L, Iorizzi, M, Ricco, R, Minale, L. and Moreno Lopez. W. 1989. Biological 

activity of saponins and saponin-like compounds from starfish and brittle-stars. Journal of the International 

Society on Toxinology, 27: 179-188. 

Austin, B. Marine microbiology. 1988. Cambridge University Press, London, 222. 

[3] Bauer, AW, Kirby, WWM. andSherris, JC. 1996. Antibiotic susceptibility testing by a single disc 

method, American Journal of Clinical Pathology, 45: 493. 

 

[4] Brogden, KA. 2005. Antimicrobial peptides: poreformores or metabolic inhibitors in bacteria? Nature 

Reviews Microbilogy, 3: 238-250. 

 

[5] Beauregard, KA, Truong, NT, Zhang, H, Lin, W. and Beck, G. 2001. The detection and isolation of a 

novel antimicrobial peptide from the echinoderm, Cucumaria frondosa, Advances in Experimental 

Medicine and Biology, 484: 55-62. 

 

[6] Bryan, PJ, McClintock, JB, Watts, SA, Marion, KR. and Hopkins, TS. 1994. Antimicrobial activity of 

ethanolic extracts of echinoderms from the northern Gulf of Mexico. In: David B, Guille A, Feral J-P and 

Roux M (Eds.), Echinoderms Through Time. Balkema, Rotterdam,  17–23. 

 

[7] Casas, SM, Comesana, P, Cao, A. and Villalb., A. 2011. Comparison of antibacterial activity in the 

hemolymph of marine bivalves from Galicia (NW Spain). Journal of Invertebrate Pathology, 106: 343–

345. 

 

[8]Chamundeeswar,i K, Saranya, S. and Rajagopal, S. 2012. Exploration of potential antimicrobial activity 

of sea star Astropecten indicus, Journal of Applied Pharmaceutical Science, 2(7): 1-4. 

 

[9] Chellaram, C, Mary Elizabeth Gnanambal. and Patterson Edward. JK. 2004. Antibacterial activity of 

the winged oyster Pteria chinensis (Pterioida: Pteridae), Indian Journal of Marine Science, 33(4): 369- 372. 

 

[10] Chludil, HD, Seldes, AM. and Maier. MS. 2002. Antifungal steroidal glycosides from the Patagonian 

starfish Anasteriasminuta: Structureactivity correlations, Journal of Natural Product, 65: 153-157. 

 

[11] Choi, H, Shin, S. and Park, IK. 1999. Characterization of antimicrobial agents extracted from 

Asterinapectinifera, International Journal of Antimicrobial Agents, 11: 65-68. 

 

[12] de Marino, S, Iorizz,i M,  Zollo, F, Minale, L, Amsler, CD, Baker, BJ. and McClintock. JB.  1997. 

Isolation, structure elucidation, and biological activity of the steroid oligoglycosides and 

polyhydroxysteroids from an Antarctic starfish Acodontaster conspiccus. Journal of Natural Product, 60: 

959-966. 

 

[13] Hancock, RE, Brown, KL. andMookherjee, N. 2006. Host defense peptides from invertebrates 

emerging antimicrobial strategies.Immunobiology, 211: 315-322, 2006.  

 

[14] Hancock, RE. Diamond, G. 2000.The role of cationic antimicrobial peptides in innate host defenses. 

Journal of Trends in Microbiology, 8: 402-410. 

 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1807190 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 239 

 

[15] Haug, T, Kjuul, AK, Styrvold, OB, Sandsdalen, E, Olsen, MO. and Stensvag. K. 2002. Antibacterial 

activity in Strongylocentrotusdroebachiensis (Echinoidea), Cucumariafrondosa (Holothuroidea) and 

Asteriasrubens (Asteroidea). Journal of Invertebrate Pathology, 81: 94–102. 

 

[16] Ivanchina, NV, Kicha, AA, Kalinovsky, AI, Dmitrenok, PS, Stonik, VA, Riguera, R. and Jimenez. C. 

2000. Hemolytic polar steroidal constituents of the starfish Aphelasterias japonica, Journal of Natural 

Product, 63: 1178-1181. 

 

[17] Kuwahara, R, Hatate, H, Yuki, T, Murata, H, Tanaka, R. and Hama, Y. 2009. Antioxidant 

property of polyhydroxylatednaphthoquinone pigments from shells of purple sea urchin 

Anthocidariscrassispina,LWT - Food Science and Technology, 42: 1296-1300. 

 

[18] Levina, EV, Kalinovsky, AI. andDmitrenok, PV. 2009. Steroid compounds from two pacific starfish 

of the genus Evasterias, Russian Journal of Bioorganic Chemistry, 35(1): 134-141. 

 

[19] Mookherjee, N. and Hancock, RE. 2007. Cationic host defense peptides: innate immune regulatory 

peptides as a novel approach for treating infection, Cell and Molecular Life Sciences, 64(7-8): 922-933. 

 

[20] Palagiano, E, de Marino, S, Minale, L, Riccio, R, Zollo, F. and Ptilomycalin. A. 1995. crambescidin 

800 and related new highly cytotoxic guanidine alkaloids from the starfishes Fromiamonilis and 

Celerinaheffernani. Tetrahedran.. 3675-3682. 

 

[21] Pathirana, C and Andersen. AJ. 1986. Imbricatine, anususualbenzyltetrahyolorisoquinoline alkaloid 

isolation from the starfish Dermasteriasimbricata. Journal of American Chemical Society, 108: 8288-89. 

 

[22] Prokofeva, NG, Chikina, EL, Kicha, AA. andIvanchina. NV. 2003. Biological activities of steroid 

glycosides from starfish, Comparative Biochemistry and Physiology, B, 134: 695-701. 

 

[23] Ridzwan, BH, Kaswandi, MA, Azman, Y. and Fuad, M. 1995. Screening for antibacterial agents in 

three species of sea cucumbers from coastal areas of Sabah. Journal of General Pharmacology, 26: 1539–

1543. 

 

[24] Riley, MAR. andChavan, MA. 2007. Bacteriocins: ecology and evolution. Chapter 5, Peptide and 

protein antibiotics from the domain Archaea: Halocins and sulfolobicins, 93-109. 

 

[25] Sri kumaran, N, Bragadeeswaran, S, and Thangaraj, S. 2011. Antimicrobial activities in star fishes 

Protoreasterlincki (Blainville, 1830) and Pentacerasterregulus(Muller &Troschel, 1842) against isolated 

human, fish pathogenic and biofilm microorganisms, Journal of Applied Science Research, 7(6): 818-825. 

 

[26] Wang, W, R. Li, N. Alam, Y. Liu, C.-O.Lee, J. Hong, C.K. Lee, K.S Im and J.H. Jung, 2002. New 

saponins from the starfish Certonardoasemiregularis. Journal of Natural Product, 65;1649-1656. 

 

[27] Wang, W, Hong, J, Lee C-O, Im, KS. and Jung. JH. 2004. Cytotoxic sterols and saponins from the 

starfish Certonardoasemiregularis, Journal of Natural Product, 67: 584-591. 

 

[28] Wang, G, Li, X. and Wang, Z. 2009. APD2: the updated antimicrobial peptide database and its 

application in peptide design, Journal of  Nucleic Acids Research, 37: D933-937. 

 

[29] Yount, NY, Bayer, AS, Xiong, YQ. andYeaman, MR. 2006. Advances in antimicrobial peptide 

immunology, 84: 435-458. 

  

[30] Zasloff, M.  2002. Antimicrobial peptides of multicellular organisms, Nature, 415: 389-395. 

 

http://www.jetir.org/

