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ABSTRACT 

Antibacterial activity of both crude and fraction extract of sea cucumber Holothuria atra 

J. were detected against bacterial pathogen Escherichia coli ATCC 2592; AN 1964. Antibacterial 

activity was evaluated using disc – diffusion method. Considerable antibacterial activity was 

observed in chloroform extract of H. atra which had a comparable activity (32.27mm) as the 

amoxicillin (34.82mm). Antibacterial activity of extract fractions of H. atra has inhibitory effect 

against bacterial pathogen E. coli. Fractions 1, 2, and 3 yielded zone of inhibition with 24.79 

mm, 5.70 mm and 8.98 mm respectively. Subsequently, another trial was done and in the case 

that isolated fraction was combined. Results showed that combined fraction 1, 2 and 3 inhibit the 

growth of E. coli with 31.17 mm which would indicate synergistic effect of compounds. 
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INTRODUCTION 

Globally, the advancement of 

technology and the science of natural 

products are focused on sea floor diversity. 

Researchers want to increase their knowledge 

on the potential pharmacological functions 

and identify new bioactive metabolites in 

marine species with commercial values [1]. 

Some marine species produce 

substances for their defense. Aside from the 

nutritional value they posses, they can also 

be functional food. Example of bioactive 

molecule isolated from marine organism is a 

triterpene glycoside which exhibits 

anticarcinogenic, antifungal, and antibacterial 

activity [2]. Saponins were also identified in 

Holothuroids and Echinoderms with 

pharmacological value [3]. These bioactive 

metabolites were also reported present in 

sponges and starfishes which serve as their 

defense mechanism from the highly 

competitive environment [4]. 

Holothuroids, or sea cucumbers, are 

abundant and diverse group of marine 

invertebrates. Sea cucumbers are marine 

animals, which are important as human food 

source in some parts of Asia [5]. They are 

usually soft-bodied echinoderms comprising 

a diverse group of flexible, elongated, worm-

like organisms, with a leathery skin and 

gelatinous body, looking like a cucumber. 

Normally, they live on the sea floor in deep 

seas [6]. 

Holothuroids are able to produce 

toxins and various metabolites from 

lanosterol with pharmacological activity [7]. 

A number of biological and pharmacological 

activities by the Holothuroids include: anti-

angiogenic [8], anticancer [9], anticoagulant 

[10], anti-hypertension [11], anti-

inflammatory [12], antimicrobial [13], 

antioxidant [14], antithrombotic [15], 

antitumor [16], and wound healing [17]. The 

medicinal and health functions of sea 

cucumbers can be attributed to the presence 

of the bioactive molecules namely: triterpene 

glycosides (saponins) [18], chondroitin 

sulfates [19], glycosaminoglycan [20], 

sulfated polysaccharides [21], sterols 

(glycosides and sulfates) [22], phenolics [23], 

peptides [24], cerberosides [25] and lectins 

[26]. 

Along the coast of Barangay Diguisit, 

Baler, Aurora, not much is known about 

these organisms, but different species have 

been described. Due to the high demand, this 

species is about to become extinct which may 

cause an imbalance in natural populations. 

Only a limited study had been conducted on 

Holothuroids in the Philippines. Due to this 

gap, this study was conceptualized. This 
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research study determined the potential of 

sea cucumber as source of drugs. In order to 

determine the importance of this organism, 

the study aimed to evaluate the antibacterial 

and determined the presence of terpenes and 

steroids in H. atra. 

MATERIALS AND METHODS 

Collection and Sample Preparation 

Holothuria atra were collected along 

the intertidal zone of the coastal ecosystem of 

Barangay Diguisit, Baler Aurora. Collected 

samples were placed in an icebox and was 

immediately brought to the laboratory. 

Samples were washed thoroughly with 

running water and distilled water. The 

viscera were separated from the body wall. 

The body wall was placed on a steel screen 

away from light and heat. 

Extraction of Holothuroids 

The extraction procedure was adopted 

from Campagnuolo et al. [27], Van Dyck et 

al., [28] Garneau et al., [29] and Grassia et 

al., [30] with some modifications. One 

hundred fifty-six grams of dried sample were 

added with liquid nitrogen and fully crushed 

with porcelain mortar and pestle and 

extracted with chloroform. The crushed body 

wall was transferred into a flask and added 

with 300 milliliters of chloroform for 72 – 

hours. Then it was filtered using Whatman 

filter paper No.1. The filtrate was then 

concentrated at 45°C in a rotary evaporator. 

The extract was stored in sterile vial and 

refrigerated prior to use. 

Evaluation of Antibacterial Property 

Test Organisms 

Escherichia coli ATCC 2592; AN 

1964 were used as bacterial pathogens for the 

antibacterial potential of Holothuria atra 

species and were obtained from the 

Philippine National Collection of 

Microorganisms, University of the 

Philippines, Los Baños, Laguna. 

Preparation of Inoculum 

The method in the “Manual on 

Antimicrobial Susceptibility Testing” by 

Lalitha [31] was adopted in the preparation 

of the inoculum. Three to five well – isolated 

colonies of the same morphological type 

were selected from an agar plate culture. 

After 24 hours of incubation, the growth 

culture was transferred in prepared nutrient 

agar slants and incubated for 18 hours. A 

loopful of bacteria was transferred into 10 ml 

Mueller - Hinton broth and incubated at 37°C 

for 6 to 8 hours to obtain the turbidity for the 

0.5 McFarland standard with the density of 

1.5x108 cells /ml. 

The turbidity of the growing culture 

was adjusted with sterile broth to obtain 

turbidity comparable to that of 0.5 

McFarland standards. The comparison was 
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done visually against a white background and 

black lines under adequate light condition. 

Preparation of Assay Plates 

Thirty-eight grams of Mueller Hinton 

Agar was dissolved and melted in one – liter 

distilled water and sterilized in an autoclave 

at 121°C at 15psi. It was cooled down 

enough to maintain the liquid form and 

minimize moist inside the petri plates. It was 

poured on the sterilized petri plates and 

allowed to solidify. 

Preparation of Paper Discs 

Paper discs (Whattman No.1) 

measuring approximately 6 millimeters in 

diameter were prepared using a paper 

puncher. The paper discs were placed in a 

petri plate and sterilized in an autoclave. 

Antibacterial Assay 

Disk diffusion [32, 33] was used to 

study the antibacterial property of 

Holothuroids with minor modifications. The 

extract of Holothuroids was subjected to 

preliminary assessment. The plates were 

inoculated 100μL of bacterial culture and 

aseptically swab using a sterile bent rod and 

allowed to dry for a few minutes. Five to ten 

microliter was spotted on paper disc and 

allowed to dry the extract for 30 minutes. 

The plates were incubated at 37°C and zone 

of inhibitions measured and recorded in 

millimeters (mm) using a caliper after 8, 

16and 24 – hours. 

Separation and Identification of Terpenes 

and Steroids 

The methods of Bahrami et al., [34] 

and Dhinakaran and Lipton [35] were 

adopted with some modifications such as the 

use of different solvents and ratios as 

developing systems. 

Thin Layer Chromatography 

The chloroform extract of H. atra was 

loaded onto 7x1.5cm silica gel 60 F254 

sheets and developed with toluene: 

chloroform (4.5:5.5), toluene: acetone: 

chloroform (4:2.5:3.5), n – butanol: acetic 

acid: water (4:1:5), chloroform: acetic acid: 

water (5:4.5:5), chloroform: methanol (5:5), 

ethyl acetate: hexane (7:3), hexane: ethyl 

acetate (7:3), hexane: chloroform (3:7; 1:1; 

and 7:3), pure toluene, acetone and 

chloroform solvent system. The profile of 

separated compounds on the TLC plate was 

visualized under UV light and sprayed with 

vanillin- sulfuric acid for terpenes and acetic 

anhydride for the presence of steroids. The 

sprayed TLC plates were allowed to dry at 

100C for 10 minutes.  

The retention factor (Rf) was calculated 

as: 

Rf = distance of the spot on the TLC plate 

distance of the solvent front 
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RESULTS 

Table 1 presents the zone of 

inhibition of H. atra on Mueller – Hinton 

agar after 24- hours of incubation. The 

highest zone of inhibition (Figure 1) was 

recorded in amoxicillin (34.821.71) 

followed by H. atra with a mean of 

32.370.5 after 24 – hour of incubation. 

Significant differences were noted between 

negative control (chloroform and distilled 

water), amoxicillin and H. atra extract had 

similar zone of inhibition against E. coli. 

Thin Layer Chromatography Analysis 

The presence of terpenes in H. atra 

was detected in TLC and calculated using the 

standard formula as Rf = distance moved by 

spot/distance moved by solvent front.  

Out of thirteen solvent system, three 

of these elicited separation of spots namely 

toluene: acetone: chloroform, toluene: 

chloroform and chloroform.  

More spots were visible in toluene: 

acetone: chloroform (Figure 2 and 3). Thin 

layer chromatography resulted in separation 

of spots with Rf values of 0.08, 0.51, and 

0.74. Visible spots in the crude extract of H. 

atra had terpenoid and steroidal group of 

metabolites. Red – violet spot (Rf 0.08) 

indicated the presence of terpenoids. Rf value 

of 0.51 with strong blue – violet color 

revealed the presence of steroids while the Rf 

value of 0.74 had the combination of 

terpenoids and steroids which was blue to red 

violet color.  

Antibacterial activity of the extract 

fraction, Holothuria atra 

Antibacterial activity of extract 

fractions of H. atra was assessed by disc – 

diffusion method on Mueller – Hinton agar 

(MHA). Wide range of secondary 

metabolites had been isolated from sea 

cucumbers which have large and diverse 

group of organisms. Some of these 

compounds possess biological activity such 

as toxicity, antibacterial, antifungal, antiviral, 

antitumor and other specific activities [36], 

[37], [38], [39]. In this study, the 

antibacterial effect of extract fractions of H. 

atra was assessed and the results are 

presented in Table 2. 

The highest zone of inhibition (Figure 

4) was observed in positive control 

(amoxicillin) with 30.772.63 mm zone of 

inhibition which is not significantly different 

to fraction 1 ((0.08; terpenes) with a mean 

zone of inhibition of 24.794.70 mm but 

statistically different to fraction 2 (0.51; 

steroids) and fraction 3 (0.74; terpenes and 

steroids) with zone of inhibition of 5.708.05 

mm and 8.9812.69 mm respectively. No 

zone of inhibition was observed at negative 

control (0.000.00). 
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Table 3 presents the data on the zone 

of inhibition of combined extract fractions 

using thin layer chromatographic method. 

Highest zone of inhibition was observed at 

positive control (amoxicillin) 34.281.27 

mm after 24-hours of incubation. Zone of 

inhibition of combined fraction 1,2, and 3 

was 31.170.97 mm . In these results, the 

data gathered were significantly different 

from each other because the p – value is 0.00 

which was less than the level of significance 

of 0.05 indicated that the antibacterial 

activity of combined fraction of H. atra had 

different means and not all equal. 

The first trial of antibacterial potential 

of extract fractions of H. atra (Table 2) 

showed that fraction 1 (terpenes) was 

comparable to positive control but not to 

fraction 2 (steroids) and fraction 3 (terpenes 

and steroids). Subsequently, another trial was 

done and the separated extract fractions were 

combined. Results showed that zone of 

inhibition of combined extract fractions 1, 2 

and 3 (combination of terpenes and steroids) 

were significantly different from the positive 

control (Figure 5). Despite the statistical 

analysis that data were significantly different, 

interesting results showed that combination 

of extract fractions is a proof of concept that 

the isolates delivered synergistic combination 

of bioactive metabolites such as terpenes and 

steroids. Inasmuch that the synergetic action 

combination of bioactive metabolites could 

not be supported and justified; it seems more 

probable that the combination of three 

isolates had inhibited the bacteria than a state 

of isolated one fraction. 

 
 

 
 

Table 1: Zone of inhibition (mm) of different treatments by disc – diffusion method 

TREATMENTS DIAMETER ZONE OF INHIBITION AFTER 

 8 – hour 16 – hour 24 – hour 

Chloroform 0.000.00b 0.000.00c 0.000.00b 

Distilled water 0.000.00b 0.000.00c 0.000.00b 

Amoxicillin 30.280.62a 30.530.62a 34.821.71a 

Holothuria atra 22.337.95a 28.100.96b 32.370.59a 

Values presented are means and standard deviation 

Treatments means in each source with the same letter of superscript in each column are not significantly different from 

each other at 5% level of significance using DMRT. 
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Figure 1: Antibacterial test for E. coli after 24 – hours of incubation. (a) Amoxiciilin(b) distilled water (c) H. atra 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Thin layer chromatography of chloroform extract, H. atra using toluene:acetone: chloroform solvent system 
and vanillin – sulfuric spray reagent 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Thin layer chromatography of chloroform extract, H. atra using toluene: acetone: chloroform solvent system 

and acetic anhydride spray reagent 
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Table 2: Zone of inhibition (mm) of different treatments of active fractions by disc diffusion method 
TREATMENTS DIAMETER ZONE OF INHIBITION AFTER 

 8 – hour 16 – hour 24 – hour 

Chloroform 0.000.00c 0.000.00c 0.000.00c 

Distilled water 0.000.00c 0.000.00c 0.000.00c 

Amoxicillin 27.131.81a 29.443.50a 30.772.63a 

Fraction 1 (0.08; terpenes) 21.664.52ab 22.543.93ab 24.794.70ab 

Fraction 2 (0.51; steroids) 6.429.07bc 6.118.64bc 5.708.05c 

Fraction 3 (0.74; terpenes and steroids) 8.2311.63bc 8.7412.36bc 8.9812.69bc 

Values presented are means and standard deviation. 
Treatments means in each source with the same letter of superscript in each column are not significantly different from 

each other at 5% level of significance using DMRT. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 4: Antibacterial test for E. coli after 24 – hours of incubation. (a) Amoxiciilin(b) distilled water (c) terpenes (d) 
steroids (e) terpenes and steroids 

 
Table 3: Zone of inhibition (mm) of different treatments of active fractions by disc –diffusion method 

TREATMENTS DIAMETER ZONE OF INHIBITION AFTER 
 8 – hour 16 – hour 24 – hour 

Chloroform 0.000.00c 0.000.00c 0.000.00c 
Distilled water 0.000.00c 0.000.00c 0.000.00c 

Amoxicillin 30.833.71a 31.982.21a 34.21.27a 

Fraction 1,2 and 3 (combination of 
terpenes and steroids) 

25.481.16b 26.740.95b 31.170.97b 

Values presented are means and standard deviation 
Treatments means in each source with the same letter of superscript in each column are not significantly different from 

each other at 5% level of significance using DMRT. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Antibacterial test for E. coli after 24 – hours of incubation. (a) Amoxiciilin(b) distilled water (c) combined 

extract fractions of H. atra 
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DISCUSSION 

The crude extracts of both coelomic 

fluid and flesh of H. scabra, H. leucospilota 

and H. atra produced antagonistic effect 

against S. aureus ATCC 6538, P. aeruginosa 

ATCC 8739, V. damsela, S. faecalis and E. 

coli [40]. Similar to results of Shakouri et al., 

[41] aqueous methanol extract had an 

inhibitory effect on E. coli and A. niger. 

Moreover, H. scabra and A. miliaris extracts 

showed higher degree of antibacterial activity 

followed by H. atra [42].  

Furthermore, the findings from the 

TLC analysis were further supported by 

Abraham et al., [42] concluding that the 

highest ethanolic soluble fraction was in A. 

miliaris followed by H. atra, A. echinites 

resulted in the isolation of spots with Rf 

values of 0.73, 0.47, 0.67 and 0.65 and 0.77 

respectively. The visible spots of H. atra 

indicated a positive result for some 

compound of triterpenes with a blue – violet 

to violet coloration. Terpenoids had been 

isolated from a variety of marine organisms 

such as echinoderms, sponges and corals 

[43].Another study concluded that triterpene 

glycosides were the predominant secondary 

metabolites of sea cucumber [44]. Although 

this study focused on the triterpenes, it can be 

occurring as free triterpenes and several 

components of steroid as triterpene 

glycosides [45]. Several reports that marine 

steroidal and triterpene glycosides had 

mainly been reported from echinoderms, 

specifically from the Asteroidea (sea stars), 

which possessed steroidal glycosides, and the 

Holothuroidea (sea cucumbers), which 

possessed triterpene glycosides [46]. 

Although it had been suggested that these 

compounds play a defensive role in 

echinoderms, experimental evidence is 

inconclusive and mostly related to seasonal 

fluctuations in metabolite levels and varying 

concentrations in different echinoderm 

tissues [46, 47]. Also, Seigler [48] reported 

that triterpenes had been found in many plant 

species and in some marine animals [49]. 

The presence of bioactive compounds 

and some various biological activities in 

methanol extract of H. atra to E. coli showed 

less effect at 50% and 60% of fractions (100 

μl concentration) which showed the zone 

diameter range of 2 and 3mm [50]. In another 

study, Ridzwan et al. [51] evaluated the 

antibacterial activity of the extracts from sea 

cucumbers harvested from coastal areas of 

Sabah (Malaysia) using in vitro tests. 

According to their results, the extracts, the 

lipid fraction and methanol fraction, derived 

from sea cucumber species, Holothuria 

scabra, Holothuria atra and Bohadshia 

argus did not show considerable antibacterial 
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action. Findings of Stonik et al., [52] 

suggested that sea cucumbers produce water 

– soluble glycosides and other secondary 

metabolites such as the flavonoids, phenolic 

components, terpenoids, saponins and 

alkaloids that elicited their antimicrobial 

properties. Moreover, one of the important 

factors that could cause the antibacterial 

activity of the sea cucumber extracts is 

secondary metabolites such as triterpene 

glycosides [53]. 
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