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Abstract 

   
Sea cucumbers are seafood that provides potential therapeutic properties, impressive profile of valuable 

nutrients and unique biological and pharmacological activities (Ozer et al, 2004; Samonte, 2016; Shi et 

al.,2016).The proximate composition and cytotoxicity of selected sea cucumbers were determined using the sea 

cucumbers body wall in dry basis. Oven drying was utilized for moisture, ashing for ash, Soxhlet extraction for 

crude lipid, Kjeldahl for crude protein and by difference for carbohydrates content. Brine shrimp lethality test 

(BSLT) was used to test the cytotoxicity of the sea cucumbers extracts. Tests were done in triplicate, and an 

average of each test was noted and expressed in percentages.  Among the three sea cucumbers, B. graeffei had 

the highest moisture (6.00%) and crude lipid content (1.42%), B. graefffei showed lowest total ash content 

(33.49%) while A. lecanora had the highest ash content (50.06%) while H. fucopuntata had the highest crude 

protein (40.74%) and carbohydrates content (39.74%). Moisture content did not show any significant difference 

(p ˂0.05) among species while significant differences were observed among crude lipid, crude ash, crude protein 

and carbohydrates (p˂0.05).Holuthuria fuscopunctata extract exhibited the lowest lethal concentration (LC50) 

in BSLT which was 32.10 ppm. All samples showed high protein and low lipid levels, two sea cucumbers extracts 

exhibited median lethal concentration (LC50) in BSLT except A. lecanora extract (LC50>1000ppm). The study 

suggests that results could be linked to the presence of a wide array of bioactive compounds found in sea 

cucumbers.  
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Introduction 

Sea cucumbers (Holothuroidea) have been popular as 

a traditional food tonic (Chen et al., 2011), valued and 

prized as food and folk medicine in Asia (Mamelona 

et al., 2007). These marine invertebrates are usually 

processed into dried products in which the body wall 

are the main market demand, commercial value are 

graded as to the type of species, size, abundance, 

appearance, odor, color and thickness of the dried 

body wall (Wen, Hu, and Fan, 2010). Sea cucumber is 

one of the most expensive marine commodities in the 

world (Samonte, 2016). Traditionally, sea cucumbers 

are eaten raw , boiled or dried among the local folks 

(Ozer, Mol, &Varlik, 2004).These are exploited for 

drug development, bioactive compounds are 

extracted from them and have been used to cure 

impotence, joint pains, burns, and fatigue  (Samonte, 

2016). Several biological and pharmacological 

properties like anticancer, anticoagulant, 

antimicrobial, antioxidant and many more have been 

ascribed and isolated from sea cucumbers (Shi et al., 

2016). 

 

Chemical compounds of these benthic echinoderms 

are influenced in seasonal variations and feeding 

behavior (Wen, Hu and Han, 2010) or to individual or 

geographical variations (Chang-Lee et al., 1989). 

Handling procedures can also affect the chemical 

composition of sea cucumbers (O¨zer et al., 2004). 

Sea cucumbers are seafood with high protein and low 

fat levels (Wen et al., 2010), however the amino acid 

contents were similar but fatty acid profiles were 

different among species. Protein, lipid and 

carbohydrate each contribute to the total energy 

content of an organism while water and ash only 

contribute mass. A wide array of bioactives are found 

in sea cucumbers extract (Bordbar, Anwar and Saari; 

2011). Holothurins or triterpene glycosides (saponins) 

are abundant in sea cucumbers which exhibited 

cytotoxic activities to some animals including 

mammals (Sarhadizadeh et al., 2014). 

 

Sea cucumbers are found abundantly in almost all of 

the Philippine coastal waters, with more than 200 

species wherein 40 species are of high value 

(Samonte, 2016). Philippines is the second largest 

producer of sea cucumbers, second to Indonesia 

(Conand and Byrne, 1993). Unfortunately, in the 

Philippine setting, a little information on the studies 

of sea cucumbers bio-chemical characterization as to 

its bioactive properties and activities (SPC, 2000). 

Philippines considered as the hotspot of sea 

cucumbers in Asia due to massive commercial 

exploitation and exportation to other countries (Choo, 

2008) in which species are at risk to extinction. 

 

This study highlight the proximate composition and 

cytotoxic effect of the sea cucumber extracts with a 

view of exploring their potential uses as functional 

food and a natural source of new and novel 

multifunctional drugs. The study might be of great 

help as to the utilization, management and 

preservation of marine resources most specifically on 

sea cucumbers and will recognize its potential value 

as to medicinal, nutritional and therapeutic 

properties.  

 

Materials and methods 

Prior to the tests, all materials used were washed and 

some were sterilized. All tests were done at the 

Chemistry laboratory of University of Science and 

Technology of Southern Philippines, Cagayan de Oro 

City. 

 

Materials 

Live specimen of sea cucumbers 

Holuthuriafuscopunctata (Fig.1.A), 

Bohahschiagraffei (Fig.1.B) and Actinopygalecanora 

(Fig.1.C) were collected from the seafloor of Barangay 

Goso-on and Vinapor, Carmen, Agusan del Norte, 

Philippines. Methanol and hexane solvents and other 

chemicals were obtained and purchased from Elmar 

Marketing, Iligan City. 

 

Sample preparation  

The body wall of selected sea cucumbers were washed 

with tap water, cut into cubes with a dimension of 

about 2 x 2 x2 cm. Dried in an oven with nitrogen 

blanketing until 10 % moisture or less was attained. 

The dried sample was homogenized and ground into 
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powder using a grinder. The powder was stored in a 

closed plastic bottle in a freezer which was used all 

throughout the different tests. 

 

Extraction procedure 

Each of the individual sample powder in a desired 

weight was soaked with 95% methanol for 48 hours. 

Then the filtrate was concentrated at a maximum 

temperature of 40 OC, using rotary evaporator to yield 

the crude extract.  The extract was diluted to a desired 

concentration for the test of toxicity. 

 

Proximate composition  

Moisture content: Moisture content of the sample was 

determined using the oven drying method. About 

5.00 g sample was carefully weighed using analytical 

balance. The weighed sample was then oven dried at a 

temperature of 110 OC for one hour. The sample was 

cooled in a desiccator for 30 minutes and after which, 

the sample was then remove from the desiccator and 

its weight was recorded until constant weight was 

attained. The moisture content was obtained by 

drying the samples to a constant weight. Percent 

moisture was calculated through dividing the 

difference of the weight of wet sample and weight of 

dry sample by the weight of the dry sample times 100. 

Percent moisture average will be calculated by getting 

the sum of percent (%) moisture in three trials per 

species. 

 

Ash content: The ash content was determined using 

dry ashing method. About 2.00 g of the sample was 

placed in a pre-weighed crucible. The sample was 

then charred; which was placed in a muffle furnace 

for about 30 minutes to an hour at a temperature of 

300 OC. As soon as the fumes ceased, the temperature 

was raised to 600 OC until all of the carbon has been 

oxidized. Ash content is calculated through dividing 

the recovered % ash by the mass of solids times 

100.Mass of the solid is calculated through dividing 

the difference of 100 and percent moisture (dry basis) 

by 100 and then multiplied by 100.  

 

Crude lipid: The crude lipid content was determined 

using the semi-continuous solvent extraction method 

or Soxhlet method. Before the extraction was 

conducted, all parts of the apparatus were rinsed with 

hexane solvent. About 15.00 g of the sample was 

placed in pre-weighed rolled Watt man filter paper 

which was placed in a beaker. The rolled filter paper 

with the sample was then placed in an extraction 

chamber suspended above a round bottom flask 

containing 400 mL of hexane below a condenser. The 

flask was heated vaporizing the solvent for six hours. 

The condensing units were then removed and allowed 

to cool. Then, all the solvents used in the extraction 

process were recovered and collected. The residue 

was then placed in an oven at a temperature of 110 OC 

until the remaining solvent was vaporized. After this, 

the residue was then placed again in the oven at a 

temperature of 110OC for an hour and cooled in the 

desiccator for 30 minutes, then, the sample’s weight 

was recorded.  Percent (%) lipid was calculated 

through dividing the % weight of extracted lipids by 

the difference of weight of the sample and the product 

of weight of sample and % moisture of the sample 

then multiplied by 100. 

 

Crude protein: Kjeldahl method ( Kjeldahl, 1883 ; 

Chow et al.,1980) was used to get the desired protein. 

The method utilized 1 g of each sample and place in 

Kjeldahl flask, which then added by 10 g K2SO4, 0.7 g 

HgO and 20 mL concentrated H2SO4. The flask was 

placed in the digester and tilted at a certain angle. The 

mixture was brought to boil which was done until the 

solution is clear and it was continuously heated 30 

minutes more until foam disappear, and  it was 

cooled by adding gradually 90 mL distilled water or 

de-ionized water. When the mixture cooled, a 25 mL 

Na2SO4 solution was added and then stirred. The 

flask was kept tilted and the mixture was added with 

one glass bead and 80 mL of 40 % NaOH solution to 

form two layers. Then, the flask was quickly 

connected to the distillation unit and heated. A 50 mL 

of distillate was collected which contained ammonia 

in 50 mL of indicator solution. As the distillation 

ended, the receptor flask was removed, the end of the 

condenser was rinsed, and then the solution was 

titrated with the standard HCl solution. Percent 

protein in dried basis was calculated by dividing 
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percent protein by the percent of solids times 100. 

Percent of solids was calculated by the difference of 

100 minus percent moisture of a sample times 100 

then divided by 100.Crude protein percent (%) of the 

three specimens were calculated as to the quantity of 

nitrogen present in each sample multiplied by 

6.25.Carbohydrates content: Total carbohydrates 

content of each species of selected sea cucumbers was 

done by difference. Each trial of percent (%) ash, 

crude lipid and crude protein was sum up and 

subtracted from 100%, all in dry basis. 

 

Cytotoxicity 

Brine shrimp preparation: Brine shrimp eggs 

(Artemia salina cysts) were obtained from Butuan 

City, Agusandel Norte. Natural seawater from Aplaya, 

Jasaan, Misamis Oriental was used for hatching the 

shrimp eggs. The seawater was put in a hatching 

chamber, a small plastic container with a partition, 

the covered and light areas. Shrimp eggs were added 

into the dark side (covered) of the chamber while the 

lamp above the other side (light) to attract the 

hatched shrimp. Two days were allowed for the 

shrimp to hatch and mature as nauplii larva. After 

two days, when the shrimp larvae are ready, 4 mL of 

the natural sea water was added to each test tube and 

brine shrimps were introduced into each tube. Thus, 

there were a total of 30 shrimps per dilution. Then 

the volume was adjusted with natural seawater up to 

5mL per test tube. The test tube left uncovered under 

the lamp. The number of surviving shrimps were 

counted and recorded after 24 hours.  

 

Test for Toxicity: Toxicity assay of the crude extracts 

was conducted separately using Brine Shrimp 

Lethality Test (BSLT).  Prior to the test, methanolic 

extractions of the three dried sea cucumbers were 

done with the use of rotary evaporator to evaporate 

the methanol.  Then, stock solution (4,000 ppm) was 

prepared by dissolving 1 g of crude extract in 10 ml 

methanol and volume was raised to 100 ml with 

distilled water. From these different dilutions of 125 

ppm, 250 ppm, 500 ppm, 1000 ppm, 2000 ppm and 

4000 ppm were prepared in 200 mL deionized water 

in 250 ml beaker and 10 live and active larvae were 

released in it and mortality was noted after 24 hr. 

Results were compared to the positive control 

(concentration with dried methanol) and negative 

control (natural sea water).The beakers were kept in a 

temperature controlled room at 28°C ± 2°C. Each 

treatment was replicated three times. Percent larval 

mortality was calculated using Probit analysis 

technique (Finney, 1981), a software used to 

determine the lethal concentration. Percentage 

Mortality (%M) was calculated by dividing the 

number of dead nauplii by the total number nauplii 

used, and multiplied by 100. 

 

Statistical analysis 

Proximate composition: All treatments were 

replicated three times and results were reported as 

means. A one way analysis of variance (ANOVA) was 

performed using the general linear models procedure 

of MINITAB 13.30 (Minitab Inc., State College, PA., 

USA). The test was used to compare the average 

moisture, ash, fat, and protein content between the 

three species of selected sea cucumber. Tukey 

Pairwise Comparison was also utilized to compare the 

percent of the three selected cucumbers in terms of 

average moisture, ash, lipid, protein and 

carbohydrates content. Pairwise comparison among 

means with 0.05 significant level was used. 

 

Toxicity: Using Probit analysis, software developed by 

Finney (1981) and adopted by Raj (2016), the lethality 

concentration (LC50) was assessed at 0.05 

significance level (Olowa and Nuñeza, 2013). The 

percentage mortality (%M) was also calculated by 

dividing the number of dead nauplii by the total 

number, and then multiplied by 100%. This is to 

ensure that the death (mortality) of the napulii is 

attributed to the bioactive compounds present in sea 

cucumber extract. All measurements were carried out 

in triplicate. 

 

Results and discussion 

Proximate composition 

The averages value (Table 1), indicated that B. 

graeffei had the highest moisture content (6%) 

followed by H. fuscopuntata (5.51%) and A. lecanora 
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showed the lowest (4.51%). On the other hand, A. 

lecanoraash content (50.06%) was more than H. 

fuscopunctata (36.29%) and B. graeffei (33.49%). 

Among the three species, B. graeffei shows high crude 

lipid content (1.46%), A. lecanora comes next 

(0.86%), and H. fuscopunctata has the very least 

crude lipid content (0.42%), this may be attributed 

since B. graeffei contains cuevarian tubules among 

other species; these are clusters of fine tube located at 

the base of respiratory tree, a white sticky substance, 

which can be discharged through the anus and serves 

as their defense mechanism.  

 

Table 1. Proximate composition content (%) of selected sea cucumbers.  

Sea Cucumbers Moisture Ash Lipid Protein Carbohydrates 

H. fuscopunctata 5. 51±1.03 36.29±1.13 0.42±0.07 40.74±0.44 39.74±1.38 

B. graeffei 6.00±0.73 33.49±0.92 1.46±0.11 21.92±1.10 21.91±0.79 

A. lecanora 4.51±1.25 50.06±1.21 0.86±0.11 18.97±0.71 18.96±1.07 

Values are expressed as means±SD. Values are calculated based on the dry weight of sea cucumber body wall. 

The crude lipid of   A. lecanora may be attributed to 

the juvenility of species, small in size, thin body walls, 

unlike the other two species of sea cucumbers, which 

were matured and large in size. Furthermore, B. 

graeffei had the highest crude protein (40.74%), 

while A. lecanora has the very least protein content 

(18.97%). A least carbohydrates content (18.96%) 

showed of the species A. lecanora while H. 

fuscopunctata gave the highest carbohydrate content 

(39.74%).

 

Table 2. One-Way ANOVA of proximate composition of selected sea cucumbers. 

Values Moisture Ash Lipid Protein Carbohydrates 

F-value1.65 189.99 87.54 87.54 459.05 310.92 

p-value0.268 0.000* 0.000* 0.000* 0.000* 0.000* 

Values with (*) are significantly different at p˂0.05. 

For the purpose of comparison with literature values, 

results of the moisture content among sea cucumbers 

were very similar to the study of Chang-Lee and 

Lampila (1989) where dried sea cucumber contained 

between 2-6 % moisture and it varies differently to 

the moisture content in fresh sea cucumber as 

reported by Chang-Lee et al. (1989) which ranged 

between 89-91% moisture which moisture dropped 

about 85% in dried basis. Results of this study on 

moisture content was negated to the result of Chen 

(2003) on the dried various species of sea cucumber 

in which moisture profile has a minimum and 

maximum moisture content of 8.25% and 21.55%, 

respectively.  Ash content in the present study was 

more than the range reported by Chang-Lee et 

al.(1989 ) which ranged from 16% to 24%, but it was 

similar to the result of the study of Wen et al. (2010) 

which ranged from 15.4% to 39.6%  and to the study 

of Reid et al.(2006) on the processed H. scabra which 

was determined to be 17.9 – 44.5% ash but  

differently comparable to the result of Chen (2003) 

were ash content ranged between 7.56% and 21.09 % 

The data in Table 1 on crude lipid content  (0.4 -1.4  

%) in dried formed were less than the range reported 

by Chang-Lee et al.( 1989) which is 2-3%, but it is 

closely similar to the study of Reid et al.(2006) and 

Chen (2003) which ranged 1.2 – 2.4% and 0.55 – 

3.70%, respectively. Moreover, crude protein content 

which ranged from 24.15 – 42.42% (Table 1) is 

comparable to the study of Wen et al. (2010) which 

was determined between 40.7% to 63.3% but lower 

than to the report Chang-Lee et al.(1989) on were 

content ranged between 61-70% protein, all were in 

dried form. Similarly, report Chang-Lee et al.(1989) 

was supported by the study of Chen (2003) were the 

highest protein content in sea cucumbers was 

reported as 69.72% and the lowest content was 

55.51%. Results negated the study of Chang-Lee 
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&Lampila (1989) were dried sea cucumbers contained 

2-3% carbohydrates which were too small compared 

to 18-40%.  

 

Method used and sample preparation are some 

factors that contribute to the differences of results 

(Ozer et al., 2004). Consequently, chemical 

compounds of these benthic echinoderms are 

influenced in seasonal variations and feeding 

behavior (Wen et al., 2010) or to individual or 

geographical variations (Chang-Lee et al., 1989).

 

Table 3. Tukey-Pairwise comparison - proximate composition of selected sea cucumbers.  

Sea Cucumbers  Moisture Moisture Ash Lipid Protein Carbohydrates 

H. fuscopunctata 5.51/A 36.29/B* 0.42/C* 40.74/A* 39.74/A* 

B. graeffei 6.00/A 33.49/C* 1.46/A* 21.92/B* 21.91/B* 

A. lecanora 4.51/A 50.06/A* 0.86/B* 18.97/C* 18.96/C* 

Values are expressed as means/grouping. *Means of different letter are significantly different. 

To compare the significant difference among other 

species, data were tested using One Way ANOVA at p-

values less than 0.05 (p˂0.05).Table 2 indicated that 

among other proximate composition only moisture 

content did not show significant difference while a 

significant difference was showed between ash, crude 

lipid, crude protein and carbohydrates at p˂0.05. 

 

The collected data were further subjected to Tukey 

Pairwise Comparison as indicated in Table 3, 

grouping information using the Tukey Method at 95% 

level of confidence to compare of which among the 

proximate compositions, moisture content, ash, crude 

lipid, crude protein and carbohydrates in their result 

mean in all species confirm significant difference. 

 

Cytotoxicity 

All tested concentrations exhibited different levels of 

lethality against Artemia sp nauplii. Table 4 showed 

the values of LC50 which H. fuscopunctata and B. 

graeffei exhibited LC50 lower than 1000 ppm.H. 

fuscopunctata exhibited highly toxic concentration 

with the LC50 of 35. 10 mg/L, moderately toxic for B. 

graeffei while no value of LC50 exhibited for A. 

lecanora which means non-toxic.  

 

As reported, the effectiveness or the concentration-

mortality relationship of each concentration does not 

produce death in half; consequently, LC50 is usually 

expressed as a median lethal concentration (Finney, 

1981). The mortality of the nauplii in shrimp lethality 

test is attributed to the bioactive compounds present 

in the sample (Rivera and Uy, 2011).  

 

This result is supported by the study of Meyer et al. 

(1982) and others on the index of toxicity, LC50 value 

of less than 1000 µg/mL is toxic while LC50 value 

greater than 1000 µg/mL is non-toxic. Clarkson’s 

toxicity criterion for the toxicity assessment 

mentioned that extracts with LC50 above 1000µg/mL 

are non-toxic, LC50 of 500-1000 µg/mL are low toxic 

(least toxic), extracts with LC50 of 100-500µg/mL are 

medium toxic (moderately toxic), while extracts with 

LC50 of 0-100 µg/mL are highly toxic (Clarkson et al. 

2004). Olawa and Nuñeza (2013) emphasized that 

LC50 of less than 1000 ppm will be considered as 

potent (active). Specimens withLC50 less than 1000 

ppm indicates the presence of potent cytotoxic and 

probably antitumor and anticancer components 

(Rivera  and Uy, 2011). The more toxic the sample, 

the more potent or active it is (Meyer et al., 1982), as 

it contains biologically-active compounds and as 

mentioned by the study of Omron (2013) that 

functional food that contains biologically-active 

compounds is an important source for prevention, 

management and treatment of chronic diseases. Since 

sea cucumbers served as dietary delicacies among 

Asian countries (FAO, 2008), eaten raw, boiled or 

dried as food for human consumption in many 

tropical and subtropical countries (Subasinghe, 1992), 

it is therefore considered as potential functional food 

(Bhakuni and Rawat, 2005). 
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Table 4. Cytotoxic activity of methanolic extracts of the three selected sea cucumbers. 

Sea Cucumber Concentration % Lethality LC50 24 h* 

 (ppm) (24 h) Toxicity (ppm) 

 4000 

2000 

90.0 

100.0 

 

H.fuscopunctata 1000 93.3 32.10 ±1.37 

 500 83.3 (highly toxic) 

 250 80.0  

 125 63.3  

 

 4000 

2000 

100.0 

100.0 

 

B. graeffei 1000 93.3 384.80 ±4.08 

 500 83.3 (moderately toxic) 

 250 20.0  

 125 13.3  

 4000 

2000 

40.0 

26.7 

 

A. lecanora 1000 23.3 > 1000 

 500 36.7 non-toxic 

 250 30.0  

 125 3.3  

*mean ± standard deviation, n =3. 

Furthermore, result might be attributed of the type of 

chemical components present in the specimen in 

which LC50 can be attained in a certain concentrations 

and since A. lecanora is eaten raw among the local 

folks, then therefore the toxicity level might be 

tolerable and negligible to Artemia sp. at a certain 

concentrations while H.fuscopunctata which is less 

graded in the local market, eaten boiled or dried, 

exhibited very toxic (Table 4)  and this possibly due to 

the substances release of the species which is itchy, 

especially when it comes contact to skin. 

 

According to studies that,  a high toxicity of 

methanolic extract probably contributed to the 

presence of saponins of sea cucumber (Chanley et al., 

1955: Kelly 2005), and as reported, saponins or 

triterpene glycoside or also known as holothurins are 

poisonous, and this chemical component is also 

responsible for antifungal activity against tested 

fungus (Habermehl et al.,1990).  

 

Saponins are one of the major isolated products from 

sea cucumber and these compounds attributed to 

cytotoxic activities of sea cucumbers (Bhakuni and 

Rawat, 2005).  Holothurins from sea cucumber are 

considered to have good pharmacological potential as 

neuromuscular and anticancer agents, since the 

biological action of holothurins was vested in the 

steroid moiety of the molecule and it is hoped that 

one may find some useful chemotherapeutic agents 

from sea cucumbers species ( Erickson et al., 2009).  

 

Furthermore, as mentioned in several studies, that 

results of bioassay may vary from one place to 

another. Sea cucumbers of the same species but in 

different geographical regions provide discriminative 

functions in medical applications (Zao et al., 2008; 

Wang et al., 2009). 

 

Variation holothurin content is due to the changes in 

ecological conditions (Habermehl et al., 1990).  

 

Chemical compounds may be subjected to seasonal 

variations and feeding behavior of sea cucumbers 

(Chang-Lee, et al., 1989) or to individual or 

geographical variations (Ginger et al., 2001).
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Fig. 1. Selected specimen of sea cucumbers collected from Goso-on and Vinapor, Carmen. A, 

Holuthuriafuscopunctata;  B,Bohadschiagraeffei; C, Actinopygalecanora. 

Acknowledgements 

The authors wish to acknowledge Governor Maria 

Angelica Rosedell Amante-Matba of Agusan del Norte 

for the financial support and Prof. Romeo M. Del 

Rosario of the University of Science and Technology 

for his scientific assistances. The implementation of 

this project has been supported by Hon. Danilo 

Pepito of Barangay Goso-on and Hon. Richard 

Palang-at of Barangay Vinapor, Carmen, Agusan del 

Norte, Philippines. 

 

References 

Bordbar S, Anwar F, Saari N. 2011. High-value 

components and bioactives from sea cucumbers for 

functional foods – A review. Marine Drugs 9, 1761–

1805.  

https://doi.org/10.3390/md9101761 

 

Bhakuni DS, Rawat DS. 2005. Bioactive 

metabolites of marine algae, fungi and bacteria. In: 

Bioactive marine natural products. Co-published by 

Anamaya Publishers and  Springer, New Delhi, p 1-

25.  

https://doi.org/10.1007/1-4020-3484-9_1 

 

Chang‐Lee MV, Price RJ, Lampila LE. 1989. 

Effect Of Processing On Proximate Composition And 

Mineral Content Of Sea Cucumbers (Parastichopus 

Spp.). Journal of Food Science 54(3), 567-568.   

https://doi.org/10.1111/j.1365-2621.1989.tb04653.x 

Chanley JD, Kohn SK, Nigreli RF, Sobotka H. 

1955. Further chemical analysis of holothurin, the 

saponin-like steroid from sea cucumber. Zoologica 

40, 99 

 

Chen J. 2003. Overview of sea cucumber farming 

and ranching practices in China. Beche-de-mer 

Information Bulletin 18, 18-23.   

 

Chen S, Xue C, Yin L, Tang Q, Yu G, Chai W. 

2011. Comparison of structures and anticoagulant 

activities of fucosylated chondroitin sulfates from 

different sea cucumbers. Carbohydrate Polymer 83, 

688–696. 

https://doi.org/10.1016/j.carbol.2010.08.040 

 

Choo PS. 2008. Population status, fisheries and 

trade of sea cucumbers in Asia. FAO fisheries and 

aquaculture technical paper. InToral-Granda et 

al.(Ed). Sea Cucumbers in a global review of the 

fisheries and trade. FAO Fisheries and Acquaculture 

Technical Paper 516, p 81-118. 

 

Clarkson C, Maharaj VJ, Crouch NR, Grace 

OM, Pillay P, Matsabisa MG, Bhagwandin N, 

Smith PJ, Folb PI. 2004. In vitro antiplasmodial 

activity of medicinal plants native to or naturalized in 

South Africa. Journal of Ethno pharmacology 2, 177-

191.  

https://doi.org/10.1016/j.jep.2004.02.011 

https://doi.org/10.3390/md9101761
https://doi.org/10.1007/1-4020-3484-9_1
https://doi.org/10.1111/j.1365-2621.1989.tb04653.x
https://doi.org/10.1016/j.carbol.2010.08.040
https://doi.org/10.1016/j.jep.2004.02.011


 

43 Layaog et al. 

 

Int. J. Biosci. 2019 

Conand C, Byrne M. 1993. A review of recent 

developments in the world sea cucumber fisheries. 

Marine Fisheries Review 55(4), 1-13.  

http://aquaticcommons.org/id/eprint/9859 

 

Erickson KL, Macko SA, Van Dover. 2009. 

Evidence for a chemoautotrophic ally based food web 

at an inactive hydrothermal vents (Manus basin). 

Deep Sea Research Part II: Tropical Studies in 

Oceanography 56(19-20), 1577-1585.  

https://doi.org/10.1016/j.dsr2.2009.05.002 

 

Finney DJ. 1981. Probit analysis, 3rd edition. 

Cambridge, United Kingdom: Cambridge University 

Press. 

 

Ginger ML, Billett DSM, Mackenzie KL. 2001. 

Organic matter assimilation and selective feeding by 

holothurians in the deep sea; some observation and 

comments. Progress in Oceanography 50, 407-42.  

https://doi.org/10.1016/S0079-6611(01)00063-5 

 

Habermehl G, Volkwein G. 1971. Aglycones of 

the toxins from the Cuvierian organs of Holothuria 

forskali and a new nomenclature for the aglycones  

form Holothurioideae. Toxicon 9, 319–326.  

https://doi.org/10.1016/0041-0101(71)90128-0 

 

Habermelh GG, Krebs HC. 1990 Toxins of 

Echinoderms. In: Atta-ur Rahman, Ed., Studies in 

Natural Products Chemistry,Elsiever, Amsterdam 7, 

256-316.  

 

Kelly MS. 2005.  Echinoderms:  their culture and   

bioactive compounds.  Progress in Molecular and   

Subcellular Biology  39, 139165.  

https://doi.org/10.1007/3-540-27683-1_7 

 

Kjeldahl J. 1883. New Method for the 

Determination of Nitrogen in Organic Substances 22 

(1), 366-383 

 

Mamelona JE, Pelletier K, Girard-Lalancette 

J, Legaut S, Karbourne S, Kermasha 

O. 2007. Quantification of phenolic contents and 

antioxidant capacity of Atlantic sea cucumber. 

Cucumariafrondosa. Food Chemistry 104, 1040–

1047.  

https://doi.org/10.1016/j.foodchem.2007.01.016 

 

Meyer BN, Ferrigni NR, Putnam JE, Jacobson 

IB, Nichols DE, Melaughlin JL. 1982. Brine 

shrimp: A convenient general bioassay for active 

plant constituents. Plants Medicine 45, 31-34.  

https://doi.org/10.1055/s-2007-971236 

 

MINITAB 13.30 (Minitab Inc., State College, PA., 

USA). 

 

Mokhlesi A, Saeidnia S, Gohari AR,  Shahverdi 

AR,  Nasrolahi A, Farahani F, Khoshnood R, 

Es`haghi N. 2012. Biological Activities of the Sea 

Cucumber Holothurialeucospilota. Asian Journal of 

Animal and Veterinary Advances 7, 249. 

https://doi.org/:10.3923/ajava.2012.243.249 

 

Olawa LF, Nuñeza OM. 2013. Brine shrimp 

lethality assay of the ethanolic extracts of three 

selected species of medicinal plants from Iligan City, 

Philippines. International Research Journal of  

Biological Sciences 2(11), 74-77. 

 

O’zer NP, Mol S, Varlik C. 2004. Effect of the 

procedures on the chemical composition of sea 

cucumber. Turkish Journal of Fisheries and Aquatic 

Sciences 4, 71–74.  

 

Raj Alpha M. 2016. Calculation of LD50 or LC50 

Using Probit Analysis. 

alpharajm@gmail.com 

 

Reid LM, O’Donnell CP, Downey G. 2006. 

Recent technological advances for determination of 

food authenticity. Trends in Food Science and 

Technology 17, 344-353.  

https://doi.org/10.1016/j.tifs.2006.01.006 

 

Rivera AP, Uy MM. 2011.In vitro Antioxidant and 

Cytotoxic Activities of Some Marine Sponges 

http://aquaticcommons.org/id/eprint/9859
https://doi.org/10.1016/j.dsr2.2009.05.002
https://doi.org/10.1016/S0079-6611(01)00063-5
https://doi.org/10.1016/0041-0101(71)90128-0
https://doi.org/10.1007/3-540-27683-1_7
https://doi.org/10.1016/j.foodchem.2007.01.016
https://doi.org/10.1055/s-2007-971236
https://doi.org/:10.3923/ajava.2012.243.249
mailto:alpharajm@gmail.com
https://doi.org/10.1016/j.tifs.2006.01.006


 

44 Layaog et al. 

 

Int. J. Biosci. 2019 

Collected off Misamis Oriental Coast, Philippines 

9(1), 354-458.  

https://dx.doi.org/10.1155/2012/506046 

 

Samonte PA.  2016. Reviving the Sea Cucumber 

Industry in the Philippines, Marine Research 

Division, Department of Science and Technology - 

Philippine Council for Agriculture, Aquatic and 

Natural Resources Research and Development of the 

Department of Science and Technology (DOST-

PCAARRD). 

 

Sarhadizadeh N, Afkhami M, Ehsanpour M. 

2014 Evaluation bioactivity of Sea cucumber, 

Stichopushermanni from Persian Gulf. Journal Food 

Science 67(4), 1319–1322. 

 

Shi S, Feng W, Hu S, Liang S, An N, Mao Y. 

2016.Bioactive compounds of sea cucumbers and 

their therapeutic effects 34(3), P. 549-558.  

https://doi.org/10.1007/s00343-016-4334-8 

SPC. 2000. Beche-de-mer Information Bulletin 32, 

60–61. 

 

Subasinghe S. 1992.Shark fin, sea cucumber and  

jellyfish. A Processor’s Guide. Info fish Technical 

Handbook 6, 11-22. 

 

Wang H, Lu X, Yao H, Feng J, Liu R. 2009. 

Research progress on application of coumarin and 

its derivatives. Chemical Industry Times 23(8), 40-

3. 

 

Wen J, Hu C, Fan S. 2010. Chemical composition 

and nutritional quality of sea cucumbers. Journal of 

Science and Food Agriculture 90, 2469–2474. 

https://doi.org/10.1002/jsfa.4108 

 

Zao Q, Wang JF, Xue Y, Gao S, Lei M, Xue 

CHH. 2008 Journal of Fishery Sciences of China 15, 

154-159. 

 

 

https://dx.doi.org/10.1155/2012/506046
https://doi.org/10.1007/s00343-016-4334-8
https://doi.org/10.1002/jsfa.4108

