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Aims:Toassessthenutritionalcontentinthebodywallofanunderutilizedseacucumberspecies:Holothuri
aatraandtoextractandcharacterizethepotentialcollagentypesfromthebodywallStudydesign:Thespeci
mensofseacucumberwereidentifiedbasedonmorphologyandthenutritionallyanalyzedwithrespecttolipi
dprofile,vitamins,minerals,andcarbohydrates.H.atrabodywallwasusedtoextractcollagenandlaterchar
acterized. 
PlaceandDurationofStudy:SampleswerecollectedatMannar,SriLanka.Studywasconducted at 
Department of Zoology, University of Sri Jayewardenepura, Sri Lanka during 1 
year.Methodology:Nutritionalcontentinthebodywall(proximateanalysis,lipidprofile,vitamins,minerals
,andcarbohydrates)wasanalyzedusingbiochemicalassays.Moreover,H.atrabodywallwasusedtoextra
ctcollagen,byacidsolublecollagenextractionandcharacterizedbyphysico-chemicalmethods. 
Results: 
TheresultsshowedthatbodywalltissuesofH.atracontainedhighmoisturelevel(83.2%),proteins (10.2%) 
and low levels of fat (2.0%) and carbohydrates (2.1%). Further, 
fleshcontains,0.4%saturatedfattyacids,0.4%unsaturatedfattyacids,considerableamountofCalcium, 
Magnesium and Sodium. Collagen yield from the body wall was recorded as 0.95% 
andfibrilsobservedasirregularanddensewithalooseandporousstructure.AttenuateTotalReflectance-
Fourier Transform Infrared Spectroscopy and Ultra Violet Vis spectroscopy 
indicatedthecollagenwasTypeI. 
Conclusion: Resultssuggestthatunderutilized,non-commercialHolothuriaatraisapotentialnutritional 
source and it contains type I collagen. Further studies are underway to increase thecollagen yield 
from H. atraand to develop a collagen membrane which can be used in futureindustrialapplications. 
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1 
2 1.INTRODUCTION 

 

3 Holothuriaatra(Lollyfish)isanon-commercialseacucumberspeciesavailableinSriLankancoast, 

4 especiallyalongtheNorth-Westregion[1].It has long beenconsumed in many regionsof the world 

5 asapotentialbiologicalsourceagainstaging,oxidation,inflammation,microbialactivity,woundsetc 

6 [2].H.atrafleshishigh in proteinand further,it containssignificant levelsof essential andnon- 

7 essentialaminoacids[3].Sea cucumbers are knownto offer remarkablenutritional profile and have 
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8 atractedtheattentioninbothculinaryandhealthperspective. Therefore,itisworthwhiletoinvestigate 

9 fullnutritionalprofileofnon-commercial,underutilizedseacucumberspecies,suchasH.atra.Recent 

10 research relatedtoisolating bioactivecompoundssuchas collagen,flavonoids,phenolic components, 

11 terpenoids,saponins,alkaloids,acidmucopolysaccharideandtriterpeneglycosidefromH.atrahas 

12 shownsufficientevidence forunique industrialvalues ofthisspecies [2]. 

 

13 Beinga  promisingoptionamong―bluematerials‖whichcansubstitutemammal-derivedcollagen, 

14 marine collagenhasmanyapplicationsinthefieldsofmedicine, cosmetics,pharmaceuticalsandfood 

15 industries[4].Further,theyarerichinantioxidantproperties,environmentallyfriendlyextraction 

16 procedures,lowmolecularweight,minorregulatoryandqualitycontrolproblems,anegligiblenumber 

17 of  biological  contaminants  and  toxins,  low  inflammatory  response  and  excellent  metabolic 

18 compatibility,freeofinfectiousdiseases,freeofallergiesandavoidingreligiousconcerns[4].Dueto 

19 itsuniquestructuralproperties,marinecollagenisbeingusedinfoodindustryasadditives,packaging 

20 material,dietarysupplement,functionalfood,confectioneryanddessertswhileusedasa 

21 multifunctionalbiomaterialintissueregeneration,wounddressing,etc[5].Bioactive propertiessuch 

22 asanti-agingandanti-wrinklingactivitiesenabletheuseofcollagentoformulatelotionsandgelswith 

23 highmoisturizing action with UV protective properties that areimportant in cosmetic industry [5]. 

 

24 Seacucumber-derivedcollagenfibrilsfrequentlyshowsymmetricalspindleshapeandshortlength[6]. 

25 Theyarebipolarmoleculeswithasurfaceassociatedwithproteoglycans[6].Covalentinternal 

26 crosslinksareverysimilartomammaliancollagensyetpermanentcrosslinksareabsentinthe 

27 structurewhichfacilitatesisolationofcollagen,avoidingmechanicaldamage.Moreover,absenceof 

28 permanentcrosslinkshelptoslidepassoneanotherinshorteningandlengtheningprocessamong 

29 fibrils[6].TypeI collagenisthe mostcommonand abundantcollagentypein marineinvertebrates 
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1 withtwoequivalentα1andoneα2polypeptidechainswhichcomposedof1.1×300nmsizecollagen 

2 molecules[7]. 

 

3 Fullnutritionalprofileofseacucumberscanbeinvestigatedusingwellestablishedprotocols. 

4 Collagenwhichisanpotentialproteinofseacucumberscanbeextractedusingconventionaland 

5 novelmethods. Characterization of extracted collagenis essential prior to investigatingon commercial 

6 applications.However,presentworkaimedtoanalysethefullnutritionalprofileofH.atra, 

7 underutilized  sea  cucumber  species  in  Sri  Lanka  and  obtain  collagen  to  examine  their 

8 physicochemicalcharacteristicsandstructure.Investigationsoncollagensextractedfromthesea 

9 cucumberarescanty,comparedtoothermarinespecies.Thereisgrowinginterestonthenon- 

10 commercialmarinespecieswithrespecttobioprospecting.Accordingly,thepresentstudyprovides 

11 thebasisfornutritional quality,extractionandcharacterizationofcollagensfromHolothuriaatra. 
 
 

12 2.MATERIALSANDMETHODS 

13 2.1Samplecollection 

 

14 LivespecimenofH.atrawereobtainedcommerciallyfromMannar,SriLankaandstoredinice.The 

15 visceraofseacucumbersampleswereimmediatelyremovedandthebodywallwasdicedandkept 

16 at−200Cuntilfurtheruse. 

 

17 2.2NutritionalcompositionanalysisofHolothuriaatra 

18 2.2.1 ProximatecompositionofHolothuriaatra 

19 ThedicedtissuesamplesofH.atrawereusedtotestproximatecomposition.The  moisture,ash, 

20 proteinandcrudefibercontentweredeterminedaccordingtothePearson'scompositionandanalysis 

21 offoods[8]. 

 

22 2.2.1.1Moisturecontent: 

23 Accurately,1gofsampleswereincubatedinpre-heatedovenat105°C.theweightwasmeasured 

24 after 3 hour of drying and the weight difference was calculated to obtain the moisture content. 

 

25 2.2.1.2Ashcontent: 

26 Accurately,1gofsamplewasincineratedinamufflefurnaceat550-600˚Cfor24hours.Theresulted 

27 ashwas weighed and the percentage was calculated. 
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%Fatinsample= x100 

1 2.2.1.3Totalproteincontent 
 

2 TheKjeldahlmethodwasperformedaccordingtomethod981.10oftheAOAC[9].Approximately 

3 50mgofrawmaterialwashydrolysedwith15mLconcentratedsulfuricacid(H2SO4)containingtwo 

4 coppercatalysttabletsinaheatblock(UDK149AutomaticKjeldahlNitrogenProteinAnalyzer)at420 

5 ◦Cfor2h.Aftercooling,distilledwaterwasaddedtothehydrolysatesbeforeneutralizationand 

6 titration.Theamountoftotalnitrogenintherawmaterialsweremultipliedwiththetraditional 

7 conversion factorof 6.25. 

 
(standardacidvolume-mlblank)xNofacidx1.4007 

 

weightofsample(g) 

 

9 CrudeProtein(%)=TotalN(%)xConversionfactor(6.25) 
 

10 2.2.1.4Totalfatcontent: 

11 Totalfatcontentwas determinedusingthe Werner-Schmidmethod byHill [10].Briefly,10gportionof 

12 thesampleunderwentdigestionwithHCltofacilitatethereleaseoffat.Thefatwassubsequently 

13 extractedusingpetroleumether.Followingtheevaporationoftheether,theremainingresiduewas 

14 weighedand calculatethe fatcontent byusing followingequation. 

 
Weightoffatinsample 

Weightofsampletaken(g) 

 

16 2.2.1.5Carbohydratecontent 

17 Carbohydratecontentwas calculatedby thedifference ofallother componentsmeasured [8]. 

 

18 %TotalCarbohydrate=[100−%(Protein +Fat+Moisture+Ash+Fiber)] 

 

19 2.2.2 LipidcompositionanalysisofHolothuriaatra 
 

20 Determinationofsaturated,monosaturated,andpolyunsaturatedfattyacidswithEicosapentaenoic 

21 acid(EPA),andDocosahexaenoicacid(DHA),contentoftheseacucumberfleshwasanalysedwitha 

22 Gaschromatograph  [11](GCMS-TQGCHeadspace/AutosamplerTrace1300Thermoscientific, 

23 Industrialtechnologyinstitute,SriLanka).Cholesterolcontentwasmeasuredbyfollowingthemethod 

24 ofAssociationofOfficialAnalyticalChemists(AOAC)994.10[12]withaGaschromatograph(GCMS- 

25 TQGCHeadspace/AutosamplerTrace1300Thermoscientific,Industrialtechnologyinstitute,Sri 

26 Lanka). 

Nitrogen(%)= 8 

1
5 
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1 2.2.3 VitaminsanalysisofHolothuriaatra 
 

2 Theconcentration  of  vitamin  A  was  determined  using  analytical  high-performance  liquid 

3 chromatography(HPLC)(Methanol:acetonitrile50:50phase)followingAOAC2001.13[13] method 

4 andVitaminCwasdetectedfollowingthemethodAOAC2012.22[14]at the Industrial technology 

5 Institute(ITI), Colombo,Sri Lanka. 

 

6 2.2.4 MineralCompositionanalysisofHolothuriaatra 
 

7 Minerals;calcium(Ca),magnesium(Mg),potassium(K),sodium(Na),zinc(Zn),selenium(Se), 

8 copper(Cu),iron(Fe),andmanganese(Mn)wereanalysedbyInductivelyCoupledPlasmaMass 

9 Spectroscopy(ICP-MS).Briefly,0.5gofsamplesweredigestedwithconc.HNO3(analagrade)at200 

10 0Cfor20minutesfollowedbyfilteringanddetectionbyICP-MassSpectrometer(Agilent7900ICP- 

11 MS,Residualanalysislaboratory,Industrialtechnologyinstitute,SriLanka). 

 

12 2.3ExtractionofcollagenfromHolothuriaatrabodywall 
 

13 Collagenextractionwascarriedoutaccordingtothemethoddescribedby YuniatiandSulardiano[15] 

14 withslightmodifications.Briefly,coarselygroundseacucumbersamples(PanasonicAC300,Japan) 

15 incubatedindistilledwater(1:10w/v)for30minuteswithstirring.Inthepre-treatmentprocess, 

16 samplesweremixedandstirredwith50%alcohol(1:2w/v)for30minutes,washedwithdistilled 

17 wateruntilthepHwasneutral.SampleswereimmersedinHCl0.1Mand4mMEDTA(1:10w/v)for 

18 24hoursstirringcontinuouslytomaintainstablepHandreduceminerals.Followedbywashingwith 

19 distilledwater,toeliminatenon-collagenousproteins,sampleswereaddedto0.1MNaOHsolution 

20 (1:10w/v)andkeptfor2days,changingtheNaOHsolutioninevery24hours.Sampleswere 

21 thoroughlyrinsedwithcolddistilledwateruntiltherinsedwaterbecomeneutral(pH7.0).Remaining 

22 pelletsweresubjectedtoisolationofcollagenbyincubatingin0.5Maceticacid(1:10w/v)for48 

23 hourswithcontinuousstring.Supernatantwasseparatedbycentrifugation(HERMLEZ306)at6000 

24 rpmfor20minutes.Thepelletswerere-extractedwith0.5Maceticacidfor24hours,both 

25 supernatantswerepooled,laterNaClwasaddedtosaltoutcollagenuntiltheNaClfinalconcentration 

26 of thesupernatantreaches1M.Precipitatedcollagen wasseparatedbycentrifugationat2000gfor 15 

27 minutesandfreeze-dried(ilShinBioBaseFDS8512freezedryer). 
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Yield(%)= x100 

1 2.3.1 CalculationofyieldofAcidSolubleCollagen(ASC) 
 

2 TheyieldofextractedASCwascalculatedbasedonthedryweightofstartingmaterialasper 

3 followingequation, 

 

Weightoflyophilizedcollagen(g)Weightof

initialdrysample(g) 

 

5 2.4Physico-chemicalcharacterizationofcollagen 

6 2.4.1 Determinationofmoisturecontent 
 

7 ThemoisturecontentwasdeterminedasperthemethodologybytheAssociationofOfficialAnalytical 

8 Chemists[16]bydrying1g ofASC at105°C untila constantweight wasobtained.The moisture 

9 contentwascalculatedbasedontheweightdifference. 

 

10 2.4.2 DeterminationofpH 
 

11 Approximately1gofcollagenwasdissolvedin70mlofdoubledistilledwaterandthepHwas 

12 measuredusing a pH meter (Consort C6010 Multi-parameter analyser) [15]. 

 

13 2.4.3 AttenuateTotalReflectance-FourierTransformInfraredSpectroscopy(ATR-FTIR) 
 

14 ASCsamplesweresubjectedtoATR-FTIRspectroscopyusingFTIRspectrometer(BrukerAlphaFT- 

15 IRspectrometer,DepartmentofMaterialScience,UniversityofMoratuwa).Thespectraintherange 

16 of600-4000cm-1withautomaticsignalgainwerecollectedin16scansataresolutionof4cm-1and 

17 wererationedagainstabackgroundspectrumrecordedfromthecleanemptycellat25°C.Analysis 

18 of spectraldata wascarriedout usingOMNICSpectaTMdatacollection softwareprogram. 

 

19 2.4.4 UltraViolet(UV)–Visabsorptionspectraanalysis 
 

20 Collagensolution(5mg/mL)waspreparedbydissolvingcollagenin0.5Maceticacid.Baselinewas 

21 setwith0.5Maceticacid.UV-VisabsorptionspectraofASCsampleswererecordedusingUV-Vis 

22 spectrophotometer(ModelThermoScientificGENESYS10SSeriesUV-Visspectrophotometer, 

23 Instrument Centre, USJ)in the rangeof 190-600 nm. 

 

24 2.4.5 VisualizationofcollagenunderScanningElectronMicroscopy(SEM) 
 

25 TheinternalfibrearchitectureofextractedcollagenwasobservedunderSEM(CARLZEISSEVO18 

26 ScanningElectronMicroscope,DepartmentofMaterialSciences,UniversityofMoratuwa). 

4 
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1 3.RESULTSANDDISCUSSION 

2 3.2NutritionalcompositionofHolothuriaatra 

3 3.2.1 Proximateanalysis 

4 Accordingtothisstudy,proximateanalysiswascarriedoutforfreshseacucumbersamplescollected 

5 fromMannar,SriLankawhichrecordedforthefirsttime.Themoistureamountoffoodcomponent 

6 whichisaknownparameterisanindexofitswateractivity[17].Fresh bodywalls ofsea cucumberH. 

7 atraresultedhighermoistureas83.2%andfoundtobeinaccordancewiththepreviousworkwith 

8 severalseacucumberspecies,suchasHolothuriascabra(81.66%),Holothuriaspinifera(80.48%) 

9 Bohadschiasp.(86.48%),Bohadschiamarmorata(84.65%)(Nishanthanetal.,2018)andHolothuria 

10 leucospilota(84.52%)[18].Themoisturecontentcanbeinfluencedwithenvironmental,geographical 

11 variations,behaviour,feedingandthecollectiontimeoftheyear[3].However,relativelylargeamount 

12 ofmoistureindicatesthepotentialityofconcentratingthenutrientsthroughlossofwateror 

13 dehydrationwhichis importanttoincrease theshelf-life whencommercializing[19] . 

 

14 Ashcontentmaydependonthemineraldepositandotherorganicmatterinfleshwhichget 

15 influencedbytheenvironmentandspecies[20].The ashcontentof H.atraflesh wasmeasured as 

16 2.5%indicatingrelativelylowashcontentthanotherseacucumberspeciesreportedsuchas, 

17 Holothuriatubulosa(5.13%),Holothuriapolii(7.85%)andHolothuriamammata(5.13%)byAydınetal 

18 [21]. 

 

19 Theproteincontentisimportantforqualityandtextureofthemuscleofaquaticanimals.Theprotein 

20 contentoftheH.atrafleshwasrecordedas10.2%basedontheweightindicatingahighervalue 

21 comparedtootherspeciesasH.polii(8.66±1.2%),H.tubulosa(8.82±0.30%)andH.mammata 

22 (7.88±0.3%) byAydınetal.[21]. 

 

23 ItwasobservedthatbodywallofH.atrahas0.2%crudefibreand2.0%fatcontentshowsthatsea 

24 cucumberstendtohavelowcontentoflipid.Thefatcontentofseacucumbersmightbeinfluenced 

25 with  several  factors  such  as  species,  reproductivity,  feed  availability,  feeding  pattern  and 

26 environmentalconditionswhileittendstobehigherinconstanttemperaturesthanfluctuating 

27 temperatures.However,fatisanimportantfactortobeconsiderednutritionallyduetoitsimportance 

28 as anenergy sourceandrelevance formany otherimportant functionsin thehuman body[22]. 
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Table2:FattyacidprofileoffleshofH.atra 

1 ReportedCarbohydratecontent(2.1%)ofthestudywashigherthanseveralpreviousstudies(0.86% 

2 in Paracaudinaaustralis)[23], whilethe reportedenergy value ofH.atrawas 67kcal/100g. 
 
 

3   

4 
 

5 
 

 
Table1:Proximateanalysis(%wetweightbasis)offleshofH.atra 

 
Parameter Weight(%) 

 
MoistureContent 83.2 

 
Ash content 2.5 

 
ProteinContent 10.2 

 
Crude Fibre Content 0.2 

 
Fat Content 2.0 

 
CarbohydrateContent 2.1 

6   

7 
  

8 3.2.2 LipidprofileanalysisofHolothuriaatra 
 

9 Seacucumbersarebelievedtocontainbioactivesubstancesthat assistinmanyphysiological 
 

10 processessuchaswoundhealingastheyfeedonbottomsedimentsenrichedwithbranchedchain 

11 fattyacids[24].Therefore,thefatty acidscompositionof seacucumbers,especially PUFAwill beof 

12 hugeconcerned.Basedontheresearch,totalofsaturatedfattyacid(SFA)ismoreoverinsimilar 

13 rangewiththe totalof monosaturatedfatty acid(MUFA) andtotal ofpolyunsaturated fattyacid(PUFA). 

14 Asperthepreviousstudies,allmostofseacucumberhaveshownhigheramountofsaturatedfatty 

15 acidandMonosaturatedfattyacidandlowercontentofPolyunsaturatedfattyacid[25].Thisresults fit 

16 withRidzwanetal.[25] which showedthat saturatedfatty acids werefound dominated inH.scabra,H. 

17 leucospilotaandH.atraaswell.Further,therecordedlowEPAvalue(0.05g/100g)andabsenceof 

18 DHAaresimilarlyrecordedinthepreviousstudyof4seacucumberspecies;S.horrens,H. 

19 leucospilota,H.atraandH.scabra[25]. 
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Parameter Amount 
 

Saturatedfattyacid(g/100g) 0.4 

Monosaturatedfattyacid(g/100g) 0.3 

Polyunsaturatedfattyacid(g/100g) 0.1 

Eicosapentaenoicacid(EPA)(g/100g) 0.05 

Docosahexaenoicacid(DHA)(g/100g) Not 

detectedCholesterolcontent(mg/100g)  1.1 

1 

 
2 3.2.3 Vitamin(VitaminAandC)analysisofSeacucumberflesh 

3 VitaminAandCwerenotdetectedinH.atra.Nevertheless,VitC(3.19mg/100g)hasbeendetected 

4 inH.scabrawhichbelongtothesamegenus[26].Nutrient levelsolely dependson environmental 

5 factors, season, location,type and sizeof the seacucumber species. 

 

6 3.3MineralanalysisofHolothuriaatra 

7 EvaluationofmineralcompositionofH.atraispresentedintable3.Ithasbeenreportedinvarious 

8 studiesthatseacucumbersarealsoasourceofminerals,ingeneral,compositionisinfluencedbya 

9 numberoffactorssuchasphysiologicalfactors,environmentalconditions,habitatandlifecycle[27]. 

10 Sodium(Na)wasthelargestinthecompositionfollowedbycalcium(Ca),magnesium(Mg), 

11 potassium(K), zinc (Zn), iron (Fe), copper (Cu), selenium (Se) and manganese (Mn). 

 

12 Table3:MineralcompositionofH.atraflesh 
 

Mineral Amount(mg/kg) 

Calcium(Ca) 1200 

Magnesium(Mg) 1100 

Sodium(Na) 4200 

Potassium(K) 629 

Zinc (Zn) 5.9 

Selenium(Se) 2.1 

Copper(Cu) 4.0 

Iron(Fe) 5.3 
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Manganese(Mn) 1.7 
 

1 3.4CalculationofyieldofASC 

2 Acid-SolubilizedCollagen(ASC)extractionforthebodywallofseacucumbers(Holothuriaatra) 

3 resultedawhitecolourcottonwoollikesolidwithayieldof0.95%basedonthedryweightbasis.This 

4 ishigherthantheyieldrecorded(0.88%)inthepreviousstudyconductedonthesamespeciesby 

5 YuniatiandSulardiono[15].Aloweryieldcan beresultedduetocovalentcrosslinkinginthe peptide 

6 region,thusreducingthecollagensolubility,whilethelevelofcollagenyieldcanbeincreasedafter 

7 peptidedigestionusingpepsinenzymewhile improvingthecollagenextractionability[28]. 

 

8 3.5Physico-chemicalcharacterizationofcollagen 

9 3.5.1 DeterminationofmoisturecontentandpH 

10 ThemoisturecontentofthecollagenfromH.atrawasmeasuredas7.246%.Theaffinityofcollagen 

11 andwaterishighlyaffectedbycollagenorganization[29].Further, thepH valueplays acrucial rolein 

12 formulationofcollagen,especiallyforcommercializationpurposes[30].The pH of the H.atrain the 

13 currentstudywasmeasuredas3.95andthismightbeinfluencedbytheacidconcentrationusedin 

14 theextraction.Asimilarresulthasbeenreportedinapreviousstudyby[31],which usedPSC (Pepsin 

15 SolubleCollagen)extractionmethod.Asperpreviousstudies,thebestpHrangeofcommercial 

16 collagen for cosmeticswas reported between3.8 to4.7 [30]. 

 

17 3.5.2 AttenuateTotalReflectance-FourierTransformInfraredSpectroscopy(ATR-FTIR) 

 

18 TheFTIRspectraforextractedcollagensamplefromHolothuriaatraisillustratedinthefigure1. 

19 MajorfunctionalgroupsofcollagenswereidentifiedintheextractedH.atracollagensampleand 

20 confirmedbythepresenceofcharacteristicbands,amideA(3282.60cm-1),amideB(2900-3080cm-1), 

21 amideI(1631.75cm-1),amideII(1330-1545cm-1),amideIII(1075-1240cm-1).AmideAbandisresulted 

22 fromstretchingvibrationsofN–Hgroup.Therange3400to3440cm−1iscommonlyattributedtothe 

23 N–HstretchingvibrationandwhentheN–Hstretchingisinvolvedwithhydrogenbonds,theamideA 

24 peakisshiftedtolowerwavenumber[32].Therefore,theresulted peakofamideAcloseto 3300cm−1
 

25 inthisstudyindicatespresenceofH-bondsintheN–Hstretchingoftheextractedcollagensample. 

26 TheasymmetricalshapeoftheamideApeakobservedfurtherrevealspresenceofsomeamountof 

27 waterinthecollagensample.AsperSusiandArd[33], absorptionband forboundwater shouldbe 

28 overlappedwithamideAillustratingalow-frequencyshiftof~100cm−1fortheH2Oabsorptionband. 
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1 TheobservedpeaksofAmideBwereidentifiedandattributedat3070.49cm−1forCH2asymmetric 

2 stretchingandat2931.85cm−1forCH2symmetricstretchingwhichwerereportedby AbeandKrimm 

3 [34] inthe similarrange.Thepeakappearing at1631.75 cm−1was assignedto amideI bandwhichis 

4 associatedwithstretchingvibrationsofthecarbonylgroup(C=Obond)alongthebackboneofthe 

5 polypeptidechain.TheamideIpeakisusuallyfoundintherangefrom1600to1700cm-1andthe 

6 lowersideshiftedfrequencyobservedwasduetothehighnumberofH-bondsofthecarbonylsofan 

7 amide group[32]. 

 

8 AmideIIpeakwasobservedat1545.45cm−1wasattributedtotheN-Hbendingvibrationstrongly 

9 coupledtotheC-Nstretchingvibrationofproteinamidegroupswhichareusuallyobservedinthe 

10 range1530-1550cm-1[35].AmideII minorbandsat lowerfrequencieswere alsoresultedin thestudy. 

11 Thepeakat1449.81cm−1wasattributedtoCH2bendingandthepeakat1385.50cm−1wasderived 

12 fromCOO-symmetricalstretching.Thepeakat1337.94cm-1  wasobservedwasattributedtothe 

13 waggingvibrationoftheprolinesidechainsfoundinthetypeIcollagenofbodytissues[35].Amide III 

14 peaksattributedtotheN-HbendingcoupledwithC-NstretchingandC-Ostretchingweredetectedat 

15 1237.00cm−1and1075.82cm−1respectively.Moreover,functionalgroupanalysiswithFTIRconfirm 

16 thepreservedtriplehelixstructureintheextractedcollagensamplefromHolothuriaatrawithamide 

17 III/IIratioof0.85whichisapproximatelyequalto1.0.Thesimilarresultswerereportedpreviously 

18 for Stichopusjaponicasand Holothuriaparva[28]. 

 
19 

 
20 

 
21 

 
22 

 
23 

 
 
 
 
 
 
 
Fig1.TheFTIRspectrumofacidsolublecollagensfromHolothuriaatra(ModelThermoScientificNicoletS10FT-
IRspectrometer,InstrumentCentre,USJ) 

 
25 

2
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232nm 

1 3.5.3 UV–Visabsorptionspectraanalysis 

2 TheUV-Visspectrophotometricanalysiswasconductedtodetermine collagen’stypeandpuritybased 

3 ontheabsorptionatapreidentifiedwavelength.TheUV-Visspectraofextractedcollagenfrom 

4 Holothuriaatra(Figure2)exhibitedamaximumabsorbanceat232nm.Aspertheobserved 

5 maximumabsorbanceat232nm,identifiedthepresenceoftype1collageninthetestedsample. 

6 Further,theabsorbancepeaksobservedbetween200-220nmwereattributedtothecollagenpeptide 

7 bonds.Thearomaticsidechainscontainedincollagenabsorblightinthe240-300nmregionresulting 

8 severalpeaksat280nm(tryptophan),275nm(tyrosine),258nm(histidine,andphenylalanine)[31]. 

9 However,thenoobviousabsorptionobservedataround250-280nmindicatingthefactthatthe 

10 extractedcollagenisinhighpurity. 

 
11 

 
12 

 
13 

 
14 
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16 

 
17 
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Fig2.TheultravioletabsorptionspectrumofACS(ModelThermoScientificGENESYS10SSeriesUV-
Visspectrophotometer,InstrumentalCentre,USJ) 

19 
 

20 3.5.4 ScanningElectronMicroscopy(SEM)analysis 

21 Figure3showsthescanningelectronmicroscope(SEM)imagesofcollagensfromHolothuriaatra.It 

22 showsbundlesofcircumferencefibrilsnetworks,havingirregularanddensepleatedappearancewith 

23 a loose andporous structure whichdescribed by Saallahet al. [31]. 
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1 

2 
Fig3.SEMimagesofASCfromHolothuriaatra.(A)5kx;(B)10kx;(C)25kx(D)15kx(CARLZEISSEVO18ScanningElectro
nMicroscope,Departmentofmaterialsciences,UniversityofMoratuwa) 

3 

 

4 4.CONCLUSION 
 

5 ThisstudypresentnutritionprofileandcollagencharacterizationofHolothuriaatrabodywallcollected 

6 fromNorth-westcoast,SriLankaforthefirsttime.Itisrichwithvariousnutrients.Further,Collagen 

7 wasextractedfromHolothuriaatrabodywallusingtheacidbaseextractionmethodwhichcanbe 

8 consideredasalowyield.However,thecollagenwascharacterizedastypeIcollagenwithaunique 

9 structure.ApplicationofcollagenfromHolothuriaatrainindustryisquestionableduetothelowyield 

10 thusanalternativeextractionmethodordevelopmentofaproductwithlowyieldisrequiredinthe 

11 futuredirections. 

 
12 



16 

16 

 

 

 
 

1 5.REFERENCE 

2 [1] D.C.T.Dissanayake,G.Stefansson,Abundanceanddistributionofcommercialseacucumber 

3 speciesinthecoastalwatersofSriLanka,Aquat.LivingResour.23(2010)303–313. 
 

4 [2] D.I.Dhinakaran,A.P.Lipton,BioactivecompoundsfromHolothuriaatraofIndianocean, 

16 Springerplus.3(2014)1–10. 

 

17 [3] M.VCHANG-LEE,R.J.Price, L.E.LAMPILA,Effectofprocessing onproximatecomposition 

18 andmineralcontentofseacucumbers(Parastichopusspp.),J.FoodSci.54(1989)567–568. 
 

19 [4] J.Jayathilake,N.D.Wimalagunarathna,K.V.K.Gunathilake,Utilizationanddevelopmentof 

20 productsfrom marinecollagen inAsiaPacific region-Current status,AsianJ. Pharm. 

21 Pharmacol.8(2022)26–35. 

 

22 [5] D.Coppola,M. Oliviero,G.A. Vitale,C. Lauritano,I. D’Ambra,S. Iannace,D. dePascale, 

23 Marinecollagenfromalternativeand sustainablesources:Extraction,processingand 

24 applications,Mar.Drugs.18(2020)214. 
 

25 [6] J.A.Trotter,G.Lyons-Levy,K.Chino,T.J.Koob,D.R.Keene,M.A.L.Atkinson,Collagenfibril 

26 aggregation-inhibitorfromseacucumberdermis,MatrixBiol.18(1999)569–578. 
 

27 [7] D.Toroian,J.E.Lim,P.A.Price,ThesizeexclusioncharacteristicsoftypeIcollagen: 



17 

17 

 

 

1 implicationsfortherole ofnoncollagenousboneconstituents inmineralization,J.Biol. Chem. 

2 282(2007)22437–22447. 

 

3 [8] G.Birch,Pearson’s compositionand analysisoffoods 9thedn: ByRS KirkandR. Sawyer. 

4 Longman,UK, 1991.x+ 708 pp.ISBN 0-582-409101. Price:£49.00,(1993). 

 

5 [9] H.K.Mæhre,L.Dalheim,G.K. Edvinsen,E.O.Elvevoll,I.-J.Jensen, Protein 

6 determination—methodmatters,Foods.7(2018)5. 
 

7 [10] T.EustaceáHill,TheWerner-Schmidmethodofmilkanalysis,Analyst.16(1891)67–73. 
 

8 [11] E.N.ISO,5509:AnimalandVegetableFatsandOils--PreparationofMethylEstersofFatty 

9 Acids,ISO Geneva,Switz. (2000). 
 

10 [12] AOAC,OfficialMethod994.12,Amin.AcidsFeed.(2016). 
 

11 [13] AOAC,AOACOfficialMethod2001.13VitaminA(Retinol)inFoodsLiquidChromatography, 

12 (2011) 1–3.https://moam.info/45134-aoac-of-fi-cial-method-200113-vi-ta-min- 

13 a_59caa9501723dd066cb9d9b8.html. 

 

14 [14] AOAC,VitaminCininfantformulaandadult/pediatricnutritionalformulabyultra-performance 

15 liquid chromatography with ultraviolet detection: First action 2012.22, J.AOAC Int. 96 (2013) 

16 1065–1067.https://doi.org/10.5740/jaoacint.13-141. 

 

17 [15] R.Yuniati,B.Sulardiono,Explorationofthecollagenofnoncommercialseacucumber 

18 Holothuriaatraand commercialsea cucumberstichopusvastus inthe KarimunjawaIslands, 

19 Indonesia,Indo Pacific J. Ocean Life. 3(2019). 
 

20 [16] H.W.AOAC,InternationalA:officialmethodsofanalysisoftheAOACinternational,Assoc. 

21 Arlingt.County,VA,USA.(2000). 
 

22 [17] R.D.B.Fraser,T.P.MacRae,E.Suzuki,Chainconformationinthecollagenmolecule,J.Mol. 

23 Biol.129(1979)463–481. 

 

24 [18] U.Ketharani,K.Sivashanthini,Nutritional compositionofselectedspecies ofseacucumbers 

25 fromwaters aroundJaffna Peninsula,Sri Lanka,(2016). 
 

26 [19] A.Taheri,NooraBarzkar,GilanAttaranFariman,Env.Sci.24(2017)18907–18911. 
 

27 [20] S.AlAzad,S.R. Muhamad Shaleh,S. Siddiquee, Comparisonof fatty acidand proximate 



18 

18 

 

 

1 compositionbetweenHolothuriaedulisandHolothuriascabra collectedfromcoastalwaterof 

2 Sabah,Malaysia,Adv.Biosci.Biotechnol.8(2017)91–103. 
 

3 [21] M.Ayd\in,H.Sevgili,B.Tufan,Y.Emre,S.Köse,Proximatecompositionandfattyacidprofile 

4 ofthreedifferentfreshanddriedcommercialseacucumbersfromTurkey,Int.J.FoodSci.\& 

5 Technol.46(2011)500–508. 

 

6 [22] M.-H.Lee,Y.-K.Kim,H.S.Moon,K.-D.Kim,G.-G.Kim,H.-A.Cho,N.Y.Yoon,K.B.Sim,H.-Y. 

7 Park,D.-S.Lee, others,Comparisonon proximatecomposition andnutritionalprofile ofred 

8 andblack seacucumbers (Apostichopusjaponicus) from Ulleungdo(Island) andDokdo 

9 (Island),Korea,FoodSci.Biotechnol.21(2012)1285–1291. 
 

10 [23] M.Zaenuri,S.Anggoro,H.P.S.Kusumaningrum,others,Nutritionalvalueofseacucumber 

11 [Paracaudinaaustralis(Semper,1868)],Aquat.Procedia.7(2016)271–276. 
 

12 [24] J.R.Sargent,C.C.E.Hopkins,J.VSeiring,A.Youngson,Partialcharacterizationoforganic 

13 materialinsurfacesedimentsfromBalsfjorden,northernNorway,inrelationtoitsoriginand 

14 nutritionalvalueforsediment-ingestinganimals,Mar.Biol.76(1983)87–94. 
 

15 [25] B.H.Ridzwan,M.H.Hanita,M.Nurzafirah,M.P.S.Norshuhadaa,Z.F.Hanis,Freefattyacids 

16 compositionin lipid extracts of several sea cucumbers speciesfrom Malaysia, Int. J. Biosci. 

17 Biochem.Bioinforma.4 (2014)204. 
 

18 [26] M.Sroyraya,P.J.Hanna,T.Siangcham,R.Tinikul,P.Jattujan,T.Poomtong,P.Sobhon, 

19 Nutritionalcomponents ofthe sea cucumberHolothuriascabra, Funct.Foods Heal. Dis.7 

20 (2017)168–181. 

 

21 [27] G.S.Diniz, E.Barbarino, S.O.Lourenço,On thechemical profileof marineorganisms from 

22 coastalsubtropicalenvironments:grosscompositionandnitrogen-to-proteinconversion 

23 factors,Oceanography.14(2012)297–320. 
 

24 [28] S.Lin,Y.-P.Xue,E.San,T.C.Keong,L.Chen,Y.-G.Zheng,Extractionandcharacterizationof 

25 pepsinsoluble collagenfrom thebody wall ofsea cucumberAcaudinaleucoprocta, J.Aquat. 

26 FoodProd.Technol.26(2017)502–515. 

 

27 [29] M.P.McGee,M.Morykwas,J.Shelton,L.Argenta,Collagenunfoldingaccelerateswaterinflux, 

28 determininghydrationintheinterstitialmatrix,Biophys.J.103(2012)2157–2166. 



19 

19 

 

 

1 [30] Y.Peng,V.Glattauer,J.A.Werkmeister,J.A.M.Ramshaw,Evaluationforcollagenproductsfor 

2 cosmeticapplication, Int. J. Cosmet. Sci. 26(2004) 313. 
 

3 [31] S.Saallah,J.Roslan,F.S.Julius,S.Saallah,U.H.MohamadRazali,W.Pindi,M.R.Sulaiman, 

4 K.F.Pa’ee,S.M.MustapaKamal,Comparativestudyoftheyieldandphysicochemical 

5 propertiesof collagenfrom sea cucumber(Holothuriascabra), obtainedthrough dialysis and 

6 theultrafiltrationmembrane,Molecules.26(2021)2564. 
 

7 [32] B.B.Doyle,E.G.Bendit,E.R.Blout, Infraredspectroscopyofcollagenandcollagen-like 

8 polypeptides,Biopolym.Orig.Res.Biomol.14(1975)937–957. 
 

9 [33] H. Susi, J.S.Ard, R.J. Carroll,The infrared spectrum and water binding of collagen asa 

10 functionofrelativehumidity,Biopolym.Orig.Res.Biomol.10(1971)1597–1604. 
 

11 [34] Y.Abe,S.Krimm,NormalvibrationsofcrystallinepolyglycineI,Biopolym.Orig.Res.Biomol. 

12 11(1972)1817–1839. 

 

13 [35] M.Jackson,P.H.Watson,W.C.Halliday,H.H.Mantsch,others,Bewareofconnectivetissue 

14 proteins:assignmentand implicationsofcollagen absorptionsin infraredspectraof human 

15 tissues,Biochim.Biophys.Acta(BBA)-MolecularBasisDis.1270(1995)1–6. 

 

16 


