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Abstract

The general objective of the artificial feed production technology for harlequin
shrimp (Hymenocera picta) research programme was to formulate artificial feed to
substitute the use of live seastars as the diet used in harlequin shrimp cultivation. This
research programme was conducted over a 3-year period — a programme that consists of
one research plan and three projects. The title of the individual projects within this are: 1)
the nutrition in marine echinoderms: feed ingredient sources for harlequin shrimp (H.
picta); 2) pigment accumulation profiles in echinoderms; and, 3) the culture of harlequin
shrimp (H. picta) on artificial feed to substitute the use of live comet seastars (Linckia
multifora). According to the original research programme, the first two projects were
conducted during the first plan while the last project will be conducted over the
following two years. The research programme has achieved its primary objectives (P)
which were: 1) to provide basic knowledge on the nutritional content of the natural prey
items consumed by harlequin shrimp (H. picta); and, 2) to provide information on the
pigment profile of those natural food items. Key data obtained from these two projects
were then selected for further study. Information stemming from each project are as

follows:

From Project 1, the nutrient composition of ten species of sea star and four
species of sea cucumber were investigated. The study found significant differences
(p<0.05) in the protein, lipid and ash content between the species examined. Of the sea
stars examined, the highest content of ash was in the Protoreaster nodosus (AS2)
(52.46%), highest lipid (1.95%) in the Astropecten polyacanthus (GS2) and the greatest
protein (20.77%) content was found within Linckia laevigata (AS4).Among the sea
cucumber species analysed, Colochirus quadrangularis (GSC4) had the highest ash
(12.30%) and lipid (9.63%) content, while Holothuria [Mertensiothuria] leucospilota (GSC2)
had the highest amount of protein (42.94%). Among the seastar species, the blue seastar
Linckia laevigata (AS4), the sand star A. polyacanthus (GS2), the yellow seastar Linckia
ouildingi (AS5) and, the pin cushion seastar Culcita schmideliana (AS7) all had higher
protein contents than that of L. multiflora (AS1). Of the sea cucumber species, Stichopus
horrens (GSC1), H. leucospilota (GSC2) and Colochirus quadrangularis (GSC4) contained
protein in a greater amount than that determined in L. multiflora (AS1). In addition, the
sand seastar A. polyacanthus (GS2) had lipid levels (ie. 2%) higher than that of L.
multifora (AS1) whilst Anthenea pentagonula (GS1) and C. schmideliana (GSC4) had
similar amounts of lipid to that found in L. multiflora (i.e. 1%).

There were also significant differences (p<0.05) in the fatty acid (FA) profiles of
the ten 10 seastar species, notably in their total saturated FA (SFA), total monosaturated

FA (MUFA) and total polyunsaturated FA (PUFA) contents, and also in their concentrations

v



of the essential FAs linoleic acid (C18:2n6, LA), linolenic acid (C18:3n6, LNA), arachicdonic
acid (C20:4n6, ARA) and eicosapentaenoic acid (C20:5n3, EPA). Linckia guildingi (AS5)
contained high quantities of SFAs (57.51%) and MUFAs (10.85%), while Protoreaster
nodosus (AS2) contained the highest percentage of PUFAs (19.68%). The sea star Luidia
maculata (GS3) contained high amounts of ARA (14.51%; 423.82 mg/ ¢ dry wt), while A.
polyacanthus (GS2) contained high levels of EPA (9.48%, 422.87 mg/g dry wt). Of the
seastars examined, only L. maculata (GS3) and A. polyacanthus (GS2) contained minor
amounts of DHA (1-2 % TFA).

Among the sea cucumber species that were analysed, C. quadrangularis
contained the highest level of SFAs at approximately 26.95%. Cercodemas anceps had
the highest content of MUFAs (ca. 22.25%) and Holothuria [Mertensiothurial leucospilota
had the highest content of PUFAs at 24.27%, Stichopus horrens had high levels of ARA
(20.11%; 179.45 mg/g dry wt.) while specimens of C. quadrangularis contained high levels
of EPA (ca. 8.85%; 306.72 mg/g dry). All the sea cucumber species analysed contained
DHA at approximately 29-62 mg/g dry wt.

Regarding the amino acid content of the seastar species under investigation
within this study, the highest concentration of amino acids was found within Linckia
laevigata.

From Project 2, the objective of the study was to examine the carotenoids
(astaxanthin, beta-carotene, cantaxanthin, echineneone, zeaxanthin and lutein) and
anthocyanin compositions in a range of seastar and sea cucumber species. Astaxanthin,
zeaxanthin and lutein were the major components found in both seastars and in sea
cucumbers. Linckia laevigata (AS4) and Protoreaster nodosus (AS2) contained astaxanthin
in the amounts of 27,882 pg/g (wet wt.) and 1,801.57 pg/g (wet wt.) respectively which
was higher than that in the L. multiflora (AS1) (i.e. 1,156.70 pg/g wet wt.). Zeaxanthin and
lutein were found in the highest amount in L. multiflora (AS1) (approximately 41.74 ug/g
wet wt.). Anthocyanin was found in Culcita schmideliana (AS7) in concentrations of about
4.49 pg/g (wet wt.), but this pigment was not found in L. multiflora (AS1).

As some amino acids have been found and used as feed attractants to various
aquatic animals, this research programme also investigated the amino acids profiles of
natural feeds (seastars) of harlequin shrimp and other main feed ingredients (flesh fish,
fish intestine algae etc.) used to formulate commercial shrimps diets. It was found that
glycine is the greatest component of all seastars followed by glutamic, proline, alanine,
aspartic and arginine while glutamic and aspartic acid are core components in seaweed,
Sargassum sp., and in good quality flesh and intestines of fish but glycine was detected
only in minor amounts. The differences of amino acids present in these samples will be

used for a further study on chemical cues presents to harlequin shrimp in Project 3.
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1 LHUIUITYLALIATINIGIY 3 LASINIT S28LIA1398 3 U L3urNN15I98UsuUsEuM 2559
UALLRYATDY 3 LATINIT AITAD

13993387 1Aauremnsludninzianquiealaluisy: wasingivemnsdmsuidnan
(Hymenocera picta) Usulszan 2559

a

159153387 2 UuUU Msazauansdvesdnivsianguionlaludsy Yauusean 2559

Y

lsams39e7 3 nsidesadanan (Hymenocera picta) #ee M dNSITUTINERTUNAUNY
NM5LEBIMBANILASTTIN (Licnkia multifora) Ysuusennal 2560-2561
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M50 1 wanavllanasunasinnvesiieg unmsakasUdmelanltnsinseiesausenaune
913 (asinsnl) wazansd (assnsi 2)

awu | Sud FoFI814 YoINYANENS WEIRIBE N
9819
1 AS1 AMWAY (Comet eastars) Linckia multiflora NzLadUANIIY

2 AS2 Amstadonlnuanty Protoreaster nodosus | MglasuaINy
(Chocolate Chip Seastars) (Linnaeus, 1758)

3 AS3 armelalulvey Pentaceraster gracilis | NEaduALiu
(Lutken, 1871)

4 AS4 AInzladin Linckia laevigata | Mzladunnii
(Linnaeus, 1758)
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A5 1 (M) wansrllalaziiasiunvesiiegennnglalasUameanldnsiiasiyviesausenau
ANAM9MS (1A5IN15911) wazansd (lAsenisi 2)

5 AS5 ANINLLAEND Linckia euildingi NLLADUANU
Gray, 1840 (AS5)
6 AS6 ATINELAFYL Linckia laevigata VLA UANIIY
(Linnaeus, 1758)
7 AST | amvweutnidiuvyn andgnazi Culcita NeLRIUATY
(Pin Cushin Seastar) schmideliana
o (Retzius, 1805)
8 GS1 ALY Anthenea nziaenlng
(Orange-coloured Cake Seastar) pentagonula UNEINT dnitu
(Lamarck, 1816) vays
9 GS2 Astropecten NglaeIlng
polyacanthus VAFYINN
53804
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AN5199 1 (619) WAMITUALAZLNAINUIVDIFIDENNAIINLLALAZURMELAN ITN1TIASIZITRIAUTEN DU

ANAIM9MS (1A5IN15911) wazansd (lAsenisi 2)

Troschel, 1843

10 GS3 ANILEID1TRNE Luidia maculata NLas1INe
(Eight-arms Seastar) (Muller & Troschel MAFYIAN
1842) YD
11 GSC1 Stichopus horrens | vzlag1alny
(Selenka, 1867) WENES AU
Yaus
12 GSC2 Uaasmunmdy Holothuria NzL@e3lng
(Mertensiothuria) | wauans dniiu
leucospilota “Uﬁ‘tﬁ
(Brandt, 1835)
13 GSC3 Cercodesma cf. nzlaenilny
anceps Selenka,
1867
14 GSCa Colochirus Nz@eIlng
quadrangularis




AN5197 2 hansriinmiag1aesgiinsaadluietiiunusenauldlulasanisi 3

aeu SEAF0E1 Yosoe19
1 SP1 awseniady @l Te)
2 P2 amseniady Fugou)
3 FF1 dovanan
q IFG alprznglulantanies (AanIng)
5 IFB aivzneluvartianies (Aunnlif)

NANISAMNWINULATINTTINEN 1 Vauuseum 2559

nmdevedasnsiiiulasinisfinwguaiaimsesAusenauansemng wu nsnluduuas
nsneedluludiegsdninsianguiealaluidsuiiiolfilutoyadniundnoimsdnsaguseuny
Aeluldaly namsaniiunisideveddasinisiden tlanadnsa muinguszasanaall Ao 39
2 o & Ay v g o & L v 2 g & au a
Wunadnsanladunadnsaludesdu (P Wuldmudivaungvedlasenis visllnanisided
a v QQIJ A
Teavidunlagaguisialuil A

nnsAnwUTualusiu ludu  Tudlegeanivza 10 sia wuandTuaan Tugdu
TUshunuiinnusanssiuegreiideddyneadn (0<0.05) lunisdnuil armesadidnuilsiu
seine 7-21%  anmziedundu Linckia laevigata (ASA)  SUSanaulusiugeanuszanm 21%
FOIAINIADANINTIY Astropecten polyacanthus  GS2 Usguad 20% A1INZLaANDY Linckia
guildingi (AS5) wazarueulnilunyn Culcita schmideliana (AST)  Uszuneas 15% A1Ivnzia
waniliTUsAusnnTInIIues Linckia multifloraszanas 14 %) Sadusrmsmanliideadstanan
Tunsinunilnameiaiilufusewing 0.1-2% a1amse A, polyacanthus (GS2) filusudszanas 2%
Beganilumnuneiifilugulszana 1% daueanimeiaddu Anthenea pentagonula (GS1) waga1
vueudnilunia Culcita schmideliana (AS7) filusulndlAesiuniung (Uszana 1%) Tuanamnzia
Fnuwanuindivunamutuussanm 42 - 71% SUSunandiussanm 27-53%  waziiuSunn
andlulainsnazaneluiin (nitrogen free extract, NFE) Uszunad 40-57% mamaﬁﬁmmﬁuqaqm
Ieurnnmmouiinudumsn Culcita schmideliana (AS7) Awzaiiiusunandn geanfeainzal
naj Protoreaster nodosus  (AS2) kagmmgLafiianslulemsnazatslutingeanfinainga
Linckia laevigata (AS 6) (il 3)

lunisfnwinuainisemistuvdmeia 4 sianudsunandn ladu Wsfunuliniy
wanenfuegefituddyniaada (p<0.05) Usualusiululdsfidnuniidnsewing 13-43% wu
lUsAugeanluudangiadan Holothuria (Mertensiothuria) leucospilota GSC2 (42.94%) U3una
losiuluvdmeafidnuidaisening 1-10% wulviunugsgaluddamesiavuinislididen ¢
quadrangularis Troschel (GSC4) (9.63%) Saﬂa&mﬁaﬂawzﬁLawumﬁﬂﬁ?{ww”mﬁaq C. anceps :
GSC3(3.5%) USmmanuty YsinanduasuSuaenslulamsaiiavanetiiluldmeaiidnuiien
¥ 70-93%, 4-19% uag 22-65% mua1au TuUasiunum Stichopus horrens Selenka, 1867
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(GSC1) TUsumAuTunugean TuuAmeanuiaialiffvuynies  Cercodemas  anceps
(Selenka, 1867) GSC3 fiduay NFE gaan Udmeiafidnuwmnviedlusiugeniinnuaseniiy
Vameianuansldffivuyndes C anceps (GSC3) druvameiaditllaguganitaniunsieUdmeta
mmﬁﬁlﬁﬁwwﬂmﬁaa C. anceps warUamzanunidlii@idenc. quadransularis (Al 4 )

FnnuAnA19 T lWsnat AT (Fasas)
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0.00

Ash [ Lipid Protein

AN 3 ANAINI9IMT (proximate analysis) Tunveia

UFnnnauA1emsluaetaldmeis (Geuay)
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NN 4 ALAINIINNT (proximate analysis) lutdmeia
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siawazUsuansalvdulunimzia

PmsaneaiauazUinansaluiuluamezanuintunansaluiudus (SFAs) nebui
LiBusudafion (MUFAs) nsaluiulaidudidadou (PUFAs) wagnsalusiudndu C18:2n6, C18:3n6,
C20:4n6 wag C20:5n3 1AMUWLANAIINUDE1NNTEAIAYNINEDF (p<0.05) A1INELadND L.
cuildingi (AS5) finsmlusiudusa (SFAs)  uaznsalasiulaidudidaien (MUFAs) geanusenn
57.51%TFA dry wt. Uag 10.85%TFA dry wt. anuanau anangialalvg P. nodosus (AS2) wunsm
lusfulaidusniGadon (PUFAs) geanuszanas 19.68%TFA anuasending L. maculata (GS3) fnsa
Tasudndu ARA (C20:4n6) USuned 14.51%TFA; 423.82 mg/ g dry wt. A1IN518 A. polyacanthus
(GS2) finsmlutiudilu EPA (C20:5n-3) asdn 9.48%TFA; 422.87mg/ g dry wtUanaIng lawiana
wae17nd L. maculata (GS3) waga1 sty A. polyacanthus (GS2) fifinsalususndu DHA Du
aafUsznouluUsin 12 % TFA. (1574t 3-7)

997 3 wieauazUSinansalasiuludiegnmnamza AST —AS5 (%TFA dry wt.)

Fatty acid AS1 AS2 AS3 AS4 AS5
C14:0 1.41+0.33 1.59+0.18 nd 2.04+0.47 nd

C16:0 8.74+2.27 11.94+1.38 | 20.21+3.00 | 9.43+0.07 24.18+1.04
C16:1n7 1.18+0.13 1.27+0.05 nd 0.59+0.03 nd

C17:0 5.87+0.62 4.08+2.80 12.00+2.10 | 0.88+0.01 15.80+1.50
C18:0 7.63+0.97 9.46+0.87 10.30+1.24 | 6.72+0.53 17.53+1.56
C18:1n9 3.42+0.32 6.32+1.32 nd 4.48+0.26 10.85+1.48
C18:2n6 1.49+0.18 0.86+0.02 nd 1.44+0.10 nd
C18:3n6 2.25+0.11 1.28+0.26 nd 1.67+0.09 nd
C18:3n3 nd nd nd 0.33+0.30 nd

C20:0 2.22+0.06 0.89+0.22 nd 0.81+0.63 nd
C20:4n6 9.08+0.35 12.98+0.68 | 9.73+1.26 5.70+1.73 nd
C20:5n3 1.49+0.09 4.56+0.22 nd 1.04+0.05 nd

C22:0 nd nd nd 0.79+0.05 nd

C24:0 nd nd nd 1.15+0.12 nd
C22:6n3 nd nd nd nd nd
C24:1n9 nd nd nd nd nd

SFAs 25.88+3.72 30.36+1.27 | 42.51+6.28 | 23.40+0.55 57.51+3.48
MUFAs 4.60+0.42 7.59+1.33 nd 6.10+0.99 10.85+1.48
PUFAs 14.31+0.14 19.68+0.69 | 9.73+£1.26 13.89+2.26 nd
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A15197 4 wawazUSinansalusiulufiegimianeia AS6-AST, GS1-GS3 (%TFA dry wt.)

Fatty acid AS6 AST GS1 GS2 GS3
C14:0 1.51+0.09 | 2.29+0.83 3.11+0.18 0.82+0.05 1.64+0.12
Cl4:1 nd nd nd nd nd

C16:0 8.80+0.05 | 11.02+0.97 | 12.35+0.31 6.00+0.16 7.82+0.44
c16:1n7 0.56+0.04 | 0.62+0.07 0.72+0.05 5.85+0.49 0.93+0.07
C17:0 0.94+0.05 | 1.11+0.06 1.09+0.01 0.70+0.04 0.97+0.09
C18:0 6.66+0.18 | 8.22+0.57 7.13+0.52 6.99+0.45 8.62+0.75
C18:1n9 4.45+0.35 | 6.98+0.65 0.97+0.50 5.30+0.48 3.24+0.55
C18:2n6 1.89+0.59 | 1.92+0.37 nd 0.31+0.01 0.26+0.01
C18:3n6 1.64+0.18 | 1.79+0.19 0.88+0.18 1.06+0.01 1.78+0.15
C18:3n3 0.81+0.28 | nd nd 0.16+0.04 nd

C20:0 1.12+0.70 | 0.90+0.32 0.78+0.11 1.75+0.07 1.60+0.36
C20:1n9 0.19+0.33 | 0.53+0.03 0.78+0.00 0.50+0.02 1.15+0.06
C20:2 4.69+0.56 | 0.71+0.22 0.63+0.59 0.54+0.03 1.66+0.08
C20:4n6 7.06+0.60 | 4.93+0.43 8.40+0.69 10.61+0.64 | 14.51+0.71
C20:5n3 1.09+0.08 | 1.70+0.09 2.60+0.08 9.48+0.23 6.38+0.44
C22:0 0.78+0.02 | 1.22+0.09 1.54+0.29 1.60+0.12 0.43+0.03
C24:0 1.18+0.07 | 1.38+0.12 nd 0.80+0.02 0.43+0.14
C22:6n3 nd nd nd 1.90+0.32 1.18+0.09
C24:1n9 nd nd nd nd nd

SFAs 22.60+1.24 | 27.99+3.23 | 29.23+0.84 20.29+0.95 | 22.45+0.95
MUFAs 6.40+1.72 | 8.47+1.05 3.02+0.82 14.23+0.20 | 6.11+0.50
PUFAs 17.18+2.30 | 11.05+1.30 | 12.51+1.26 24.07+0.38 | 25.76+1.35
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A5 5 wllanazUsinunsaluduludiegisnnimgia AS1-AS4 (mg/g )

Fatty acid AS1 AS2 AS3 AS4
C14:0 5.18+0.86 0.72+0.08 4.57+0.89 15.74+1.13
Cl4:1 nd nd nd nd
C16:0 13.79+0.28 2.30+0.13 10.56+0.78 37.93+3.58
c16:1n7 7.17+0.63 1.00+0.19 nd 15.20+1.54
C17:0 27.10+0.81 3.35+0.32 17.08+1.43 11.92+1.11
C18:0 19.18+0.67 2.68+0.16 8.37+0.64 34.41+2.20
C18:1n9 6.80+0.62 0.86+0.05 3.06+0.25 13.91+1.20
C18:2n6 17.39+1.20 0.75+0.13 nd 13.93+0.33
C18:3n6 12.59+0.59 0.90+0.03 nd 22.80+1.05
C18:3n3 nd nd nd nd
C20:0 6.46+0.32 0.48+0.07 nd 8.74+1.12
C20:1n9 nd nd nd nd
C20:2 nd nd nd 43.24+1.42
C20:4n6 46.09+0.46 8.92+0.21 17.01+1.46 78.25+3.68
C20:5n3 11.14+0.76 3.91+0.09 nd 15.78+1.57
C24:0 nd 0.70+0.13 nd 8.51+0.83
C22:6n3 nd nd nd nd
C24:1n9 nd nd nd nd
SFAs 71.71+0.98 10.93+0.97 40.57+3.61 145.19+8.28
MUFAs 13.97+1.17 1.86+0.23 3.06+0.25 36.59+2.19
PUFAs 87.21+1.89 14.47+0.44 17.01+1.46 174.00+5.52
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A5 6 vllanazUsununsalutuludegisnningia AS5-AST (mg/g )

Fatty acid AS5 AS6 AST
C14:0 nd 11.54+0.17 10.99+0.24
Cl4:1 nd nd nd
C16:0 6.70+0.77 37.74+2.59 35.36+1.27
c16:1n7 nd 16.25+0.63 12.11+1.12
C17:0 15.14+0.60 13.15+0.32 12.73+0.63
C18:0 6.85+1.43 41.91+1.94 41.45+1.21
C18:1n9 3.95+0.12 15.29+0.43 19.90+1.00
C18:2n6 nd 25.30+0.68 25.13+0.79
C18:3n6 nd 23.60+0.88 21.31+0.89
C18:3n3 nd 7.14+0.47 7.85+0.41
C20:0 nd 10.47+0.19 7.00+0.25
C20:1n9 nd nd 7.00+0.06
C20:2 nd 62.18+10.70 8.20+1.17
C20:4n6 nd 104.74+1.57 60.64+1.43
C20:5n3 nd 21.45+0.41 26.80+2.01
C22:0 nd 4.53+0.06 7.77+0.41
C24:0 nd 9.04+0.20 8.72+1.00
C22:6n3 nd nd nd
C24:1n9 nd nd nd
SFAs 28.69+2.80 152.19+6.57 144.69+5.91
MUFAs 3.95+0.12 38.03+1.81 45.90+2.25
PUFAs nd 244.42+14.71 149.92+6.70
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A5 7 vllanazUsununsalutiuludiegisaimeia GS1-GS3 ( me/g)

Fatty acid GS1 GS2 GS3
C14:0 14.05+1.43 14.05+0.78 15.89+0.30
Cl4:1 nd nd nd
C16:0 30.53+0.99 61.33+2.93 56.14+1.45
c16:1n7 7.34+0.02 129.44+3.83 17.74+1.44
C17:0 9.95+0.52 22.10+1.61 18.41+2.27
C171 nd 58.26+2.85 8.11+0.26
C18:0 27.86+1.35 93.60+19.18 83.22+1.83
C18:1n9 19.03+0.65 46.47+2.66 17.69+0.38
C18:2n6 nd 11.56+0.66 7.41+1.18
C18:3n6 9.01+1.04 35.99+2.89 35.08+2.63
C18:3n3 nd 6.54+1.02 nd
C20:0 4.56+0.22 26.62+1.88 13.88+0.68
C20:1n9 7.68+0.23 16.30+1.02 12.36+1.47
C20:2 nd 5.88+0.32 6.56+0.28
C20:3n6 nd 15.75+1.26 9.89+1.72
C20:4n6 76.23+1.73 293.47+19.65 423.82+13.25
C20:5n3 30.26+1.87 422.87+11.09 183.39+2.60
C22:0 7.40+0.69 3.72+0.09 5.76+1.07
C24:0 9.54+0.15 13.56+0.71 6.03+1.41
C22:6n3 nd 73.30+3.87 12.08+0.25
C24:1n9 nd nd nd
SFAs 131.80+6.85 287.21+31.33 210.90+9.94
MUFAs 34.06+0.89 272.36+11.92 69.07+5.29
PUFAs 115.51+4.64 859.48+40.44 671.67+21.62

sRawazUsuansabudululdmeia

Tuvameianunsalusiudud (SFAs) nsaluiulidudndafen (MUFAs) nsnlutull
Bududedou (PUFAs) uaznsalutusnly C20:4n6 uaz C20:5n3 dmnuunnsnasuegiefiduddy
N19adR (p<0.05) YaameanuinAslididen C quadrangularis (GSC4) Sinsalutudus (SFAs) 1Hu
03AUsENOUgIARlUUTIIAL 26.95%TFA dry wt. Udmztanuiadslidvammios C anceps (GSC3)
finsalusiulsidudaidafon (MUFAs) 1ussdusznougeanluyiuna 22.25%TFA dry wt. Yaameia
#1 H. (Mertensiothuria) leucospilota (GSC2) finsalusiulidusntadau (PUFAs) iuasiusznau
geamlutiana 24.27%TFA Yasiiumuny S horrens (GSC1) Sinsalusiulsidusdnu ARA
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(C20:4n6) tWuaerusznougaantuu3un 20.11% TFA; 179.45 mg/ ¢ dry wt. uarUdmzianuin
Adldfdden ¢ quadrangularis (GSCA) nsaluiulddusisndu EPA (C20:5n3) Wussdusneu
geanluU3una 8.85% TFA; 306.72 me/ g dry wt. Uaanziafinsaludulddussndu DHA 29-62
mg/g dry wt. (57971 8-9)

51971 8 wflauazUSinansaluiulusiegnsudmea GSC1-GSCa (%TFA dry wt.)

Fatty acid GSC1 GSC2 GSC3 GSC4
C14:0 1.65+0.14 1.59+0.03 0.87+0.03 0.97+0.01
C16:0 7.34+0.11 7.08+0.22 9.93+0.51 9.69+0.13
C16:1n7 0.95+0.08 1.76+0.09 13.50+0.72 13.21+0.13
C18:0 5.12+0.19 4.00+0.05 9.98+0.52 11.70+0.10
C18:1n9 1.74+0.50 1.19+0.22 7.47+0.77 7.33+0.15
C18:2n6 nd nd nd nd
C18:3n6 0.45+0.77 nd 0.58+0.03 0.85+0.01
C18:3n3 nd 0.89+0.03 nd nd
C20:0 2.63+0.42 1.46+0.05 1.80+0.08 2.67+0.01
C20:1n9 nd 0.57+0.50 0.86+0.06 nd
C20:2 1.54+0.33 1.80+0.27 0.48+0.04 0.78+0.02
C20:4n6 20.11+0.71 17.27+0.69 3.76+0.19 3.11+0.08
C20:5n3 1.97+0.23 4.31+0.08 7.58+0.46 8.84+0.21
C22:0 nd nd 0.65+1.12 nd
C22:2 nd nd nd nd
C24:0 nd nd 0.31+0.03 nd
C22:6n3 nd nd 2.61+0.14 1.59+0.18
C24:1n9 nd nd nd nd
sum 47.76 48.20 62.88 63.09
SFAs 20.05 19.53 25.63 26.95
MUFAs 3.63 4.40 22.25 20.96
PUFAs 24.08 24.27 15.01 15.18
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a5197 9 wfiauazUSinansaluiulusiegnaudmea GSCGSCA (me/g)

Fatty acid GSC1 GSC2 GSC3 GSC4
C14:0 7.35+0.13 8.45+1.43 9.60+0.22 14.57+1.05
C16:0 18.05+0.73 19.91+5.08 61.72+7.93 84.46+7.16
clé6:1n7 8.51+0.48 15.45+3.95 240.41+5.49 339.16+28.09
C17:0 30.29+2.43 27.37+4.30 12.46+1.06 20.31+1.43
C18:0 18.16+0.73 16.73+3.89 97.18+0.52 140.18+1.73
C18:1n9 5.33+0.85 8.65+1.70 17.50+1.02 24.19+1.36
C18:2n6 nd 10.57+2.40 10.91+1.42 9.02+0.93
C18:3n6 nd nd 12.93+0.32 25.02+1.85
C18:3n3 nd 9.21+1.83 nd nd
C20:0 11.02+0.67 7.09+1.45 17.08+0.48 34.77+2.80
C20:1n9 nd nd 16.53+0.12 nd
C20:2 13.84+1.03 15.05+1.37 10.49+0.22 22.83+2.21
C20:3n6 21.37+1.53 10.74+0.77 17.26+1.50 23.66+1.27
C20:4n6 154.69+0.05 179.45+0.28 | 80.26+1.85 97.04+9.76
C20:5n3 22.22+1.87 37.45+2.68 193.32+1.79 306.72+3.78
C24:0 5.23+1.56 nd 4.45+0.21 nd
C22:6n3 29.24+2.16 36.04+0.46 62.23+1.73 57.04+2.55
C24:1n9 nd nd nd nd
SFAs 99.00+7.05 84.49+16.92 | 248.85+11.58 352.35+17.27
MUFAs 13.84+1.34 24.10+5.65 283.63+7.01 380.28+30.92
PUFAs 241.37+6.64 298.51+9.79 378.73+8.82 541.33+22.35

sRnwazUsIunsnallulunInga

USununsneziilu appartic serine glutamic glycine histidine arginine threonine alanine
proline cystine tyrosine valine methionine lysine isoleucine leucine phenylalanine wulua?
nzLedn@u Linckia laevigata (ASG) mnziadnes Linckia guildingi (AS5) aueulnidunye
Culcita schmideliana (AS7) lutBsnaigauarlunmeiafintu Llcevieata (ASA) wunsaadily
Aoutsgsnitlusiviinduq (amil 5)
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Aspartic acid

AS1 AS2 AS3 AS4 ASH ASB AST G51 GS3

Serine

=]

(=T

AS1 AS2 AS3 AS4 ASH AS6 AS7 GS1 G53

Glutamic Glycine
4 10
2 5
0 0
- ~N M S W W M~ = m N N M = N W~ A m
L T T ¥ T ¥ T 7 N s B Vs T 7 B ¥ | L T ¥ T 7 T ¥ T ¥ B ¥ I I T ) |
< 4 L 4 4 L <L O O < 4 L < L L < 0O Q0
Histidine Alanine
0.4 4
0.2 2
0 0
A DDA DB B A R R R R
L L L L L < < 00 L L L L L L < O O
Arginine Threonine
3 1
2
0.5
1
0 0
o N e o N O~ = om — N M = W W M~ = M
L T ¥ T ¥ ¥ T T 7 s T s I ¥ | L T 7 T 7 T ¥ T ¥ T s T 7 T s T ¥ |
L <L <L <L <L <L < O O L L L L L L L 00
Proline Cystine
4 0.1
2 0.05
0 0
N N M T N W M~ = m N Mmoo N0 M~ = m
L T T ¥ T 7 T ¥ T ¥ T 7 L I 7 | L T ¥ T 7 T T 7 T T 7 I 7 |
< < < < < < < OO < < << << < OO

ANA 5 siakarUsuia Amino Acid Tuanmeta (n53/100n5UUINTINKIAY)
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Tyrosine Methionine
0.6 0.8
0.4 0.6
0.4
0.2 02
0 0
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1 0.4
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Leucine Phenylalanine
0.6 0.3
0.4 0.2
0.2 01
0 0
N N M = WL W M~ o m
22 2 222288 AS1AS2 AS3AS4 AS5AS6 AS7 G51GS3

ANA 5 (19) ¥RAwazUSUIas Amino Acid Tusinegnanningia (nSu/100n5utNrInLAg)

nan1sALbuulasaIn1sIven 2 Yauussunn 2559

nsidevedlasinsitdulasinisinusuuuuvesansdlusogadninzianduioalaludsy
elfidudeyadimiundnemsdnioguveannuinddoluldnly wanisdndunsideves
Tassns1ded 2 IdnadnSamuinguszasdiioed Ao Fadunaduefildidunadusaludesdu (p)
Gulumutimnevedlasans sinamsidelineandenlasasdiwieluil Ao

Anw vlia war Usinaasdnquualsiivesd lua1imeiadiuiu 9 vl fie Comet seastars L.
multiflora (AS1), Chocolate chip seastars Protoreaster nodosus (AS2) m’amaﬁﬂwqj
Pentaceraster gracilis (AS3), Blue seastars Linckia laevigata (AS4), Yellow seastars Linckia
ouildingi  (AS5), Pink seastars Linckia laevigata (AS6), mmmau{lm%wgm Culcita
schmideliana (AST), Orange-coloured Cake seastars Anthenea pentagonula (GS1) kaza1?
Wee9ng Luidia maculata (GS3) wagluvdwmezia 3 wila AsUasiumun Stichopus horrens
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Selenka, 1867 (GSC1) Uawmelann Holothuria (Mertensiothuria) leucospilota (Brandt, 1835)
(GSC2) Uaamammﬁﬂlﬁﬁww“mﬁm Cercodemas anceps (Selenka, 1867) (GSC3) f8TzUU
Y99LA3S HPLC %aﬁmammgwmﬁw 6 e AB @15U1MIFIU Astaxanthin , Beta-carotene,
Canthaxanthin, Echinenone, Zeaxanthin itag Lutein

Tuanauna L. multiflora (AS1) fiansa Astaxanthin U3anas 1156.70 pg/g vesiminiden A
nzafidansd Astaxanthin wnniily L. multiflora (AS1) A®lu Linckia laevigata (AS4) USunu
27881.22 ug/g vesmtinden Tu Protoreaster nodosus (AS2) U3anas 1801.57 ug/e Yot
Wen Tu L. multiflora (AS1) U3anas 1156.70 pg/g vesimdnden (ams1adt 10)

Tuanaums L. multiflora (AS1) §lensa Beta-carotene Usunas 0.23 pe/s vosmedinden A
vziafiflansd Beta-carotene wnnly L. multiflora (AS1) Aeolu Culcita schmideliana (AST)
Uinas 0.68 /e vasmtinden lu Linckia laevigata (ASS) U3snas 0.64 pe/e vosiminiden
(157971 10 )

Tupmuns L. multiflora (AS1) a3 Cantaxanthin U3u1as 050 pg/e vesmiinden a1
vziafiflansd Cantaxanthin wnndily L. multiflora (AS1) felu Culcita schmideliana (AST)
U3l 0.69  pg/g yasmdnden (51971 ) dawdlu Linckia ouildingi (AS5) Wwag Linckia
laevieata (AS6) ldanunsonsraiamusunals (nseit 10)

Tuanums L. multiflora (AS1) @158 Zeaxanthin wag Lutein USunod 41.74 pg/g 89
‘13mﬁfﬂL?Jﬂﬂ?iaLﬁuﬂ%mmmaﬂiuivmwmwrvLaﬁﬁﬂmw%ﬁ Iummvﬁm’;ﬁuﬁmﬁlmﬁmiﬁ
Zeaxanthin way Lutein Usued 12.67-29.49 pg/e vosminiden snuiunnuaseoniindlsansad
Wes 2.84 ug/e Gumumumﬂsm (mi'mm 10)

Tunnauns L. multiflora (AS1) lsinuansa Echinenone aehslsfna lunsinwadeinuansa
Echinenone Tusnnziavinduuszanas 0.1-4.3% laglu Culcita schmideliana (AST) fiansa
Echinenone USunauunngauag Anthenea pentagonula (GS1) #a38 Echinenone Usunauoean
(37971 10)

lunsfnwasslinuinluldmeanfnwivnsiaivsunaasanquualsiiussatioanitlunm
uad L. multiflora (AS1) (115799 10)

TunsAnuUsunaensdueulnlesfusluammeadiuiy 9 wlalazUdmelia 3 win
fanannuatluanuas L. multiflora (AS1) wagluudeirunun Stichopus horrens (GSC1) lainwu
ansduoulvloeniuny  Tushedinrmziasazldmeiariaduiidnunuasduoulnloendusly
VSN 0.04-4.49 pg/g vasmnden Tnapnmueutnilunyn Culcita schmideliana (AST) il
ansdusulnlweniusiugsanuay Linckia laevigata (AS6) ansauoulnlesniusiutesan (e
11)
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A15197 10 wanIUsuNvesansawAlsiuasn vila Astaxanthin, Beta-carotene, Cathaxanthin,

Echinenone , Zeaxanthin kag Luetein Tua1mezia 9 yiawazUdmesa 3 vl

ylinvesdn Astaxanthin Beta-carotene Canthaxanthin Echinenone | Zeaxanthin and
pg/e (wet wt) | pg/g (wet wt.) pe/g (wet wt.) | pg/g (wet wt.) Lutein
pg/g (wet wt.)

ATINELAABILAY 1156.70 0.23 0.50 nd 41.74

(m1A9)

Linckia .multiflora

(AS1)

Chocolate chip 1801.57 0.11 0.25 0.33 26.69

seastars

P. nodosus

amzialulng 75.24 0.07 0.29 0.62 26.54

P. gracilis (AS3)

Blue seastars 27881.92 0.64 0.42 1.81 24.75

L. laevigata (AS4)

Yellow seastars 313.48 0.09 nd 0.16 12.67

L.guildingi (AS5)

Pink seastars 925.38 nd nd 0.98 19.18

L. Laevigata (AS6)

amseudnumyn 817.66 0.68 0.69 4.34 29.49

C. schmideliana

(AST)

AN LA 401.31 nd 0.29 0.07 27.15

A.pentagonula

(GS1)

ATLEIDNE 13.59 nd 0.10 1.43 2.84

L.maculata (GS3)

UaamzLandliiavay 167.51 nd 0.32 nd 2.58

C. anceps (GSC3)

Uastumuny 1.07 0.52 nd 0.03 1.23

S. horrens (GSC1)

Udamneiadnn 5.62 0.11 nd nd 1.35

H. leucospilota
(GSC2)
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Qll a a a o a a
AN5197 11 wansUsunaesansawoulnleeniu Tuanineadiuiu 9 wia  wazldme.a
FUIU 3 VU

SWERIDES FUAADE19 Total anthocyanin

ug/e vasthuinden
AS1 AMINTLALUADILAY (ANUAY) Linckia multiflora nd
AS2 Chocolate chip seastars Protoreaster nodosus 0.50
AS3 mamaﬁﬂmﬁ Pentaceraster gracilis 0.73
ASa anmzeaindu Linckia laevigata 0.30
AS5 AINTLEAND Linckia suildingi 0.98
AS6 m’meaﬁﬁzme Linckia laevigata 0.04
AST avueutndiuvn Culcita schmideliana 4.49
GS1 Orange-Coloued Cake seastars 1.39

Anthenea pentagonula

GS3 ANEN817RE Luidia maculata 0.86
GSC1 Udatununu Stichopus horrens 1.58
GSC2 UaamzLade nd

Holothuria (Mertensiothuria) leucospilota

GSC3 Udmzianuanialdduunmvies 0.26

Cercodemas anceps

NANTISA LU ULELWIdEa lrUsE lewlulasansh 3 Tauuseunas 2559

Ysinaanududuaselinnsaedily (Hindley,  1975) e a1slulawmsanguusaailse
(Anrakuet al,2001 $15lng Archdale andAnraku, 2005) \uansiediidnalunisnsedulide iy
nesAuDIEanTATe S wwunselenssinsneilulunmeie ludlevanan Tuetezmely
Uanaunmialy ¥sizmeluvaiaunmlild uarluavieedadiiiefioziinsgimensunndg
vossdnnsneflufiiussdusznovlugregianand lumsAnwidnuiinsnedluluniuns L.
multiflora (AS1) ﬁL“ﬁJuaﬁmiﬁﬁsuﬁmaﬁuaqﬁqéf’maﬂLLaﬂummmamﬁmﬁuq insnodilu  glycine
glutamic proline alanine aspartic arginine Wussruszneundn waziinsaeiilu serine threonine
valine lysine leucine tyrosine methionine isoleucine phenylalanine histidine Wag cystine
WuesrusenevlulSunudesnin wWisuifisuseninansaeiily 6 ¥landn (glycine glutamic
proline alanine aspartic arginine) 7iluasdusznaulunmziannudanuitnngaynuiiadingne
flu  glycine glutamic proline WussAuszneuuSunasnnuagdl aspartic alanine arginine Tu
Winareuiriosninsneiluiingu luvariinsmeiluiidvesiuszneuiiovanan evavaelu
yoslaauAmALaravssefaty (ewnsfidsinanlifiu) wuindingmedily slutamic uaz
aspartic LJupsAUsznoundnuariinsneiilu  clycine Yussrusznauties uwroteazaielulan
Qmmwlziﬁ(ﬁﬂ?iumﬂ nuilnseefily slutamic WussAusenaundniuiu uaziinsmeily elycine

26



proline alanine TulSunusesasuuaiinsaeilu  aspartic TuuSuatles (A9l 6-8) Gapu
wanansvesrilnnazUSunansaefiluiilussruseneuluemsiandagilu@nwniseensuems
warnswanemnsdnsasuisinantulasenisi 3 sely

3 5
B | multiflora (AS1) WP nodosus (A52)
4 4
3 3
2 2
1 1
[ 0 J_,_-,-I—J—,-—_,_._,_-,-.-,-I-,_,_-_,_-_,_-_r-_,_-,_-_,_—_‘
] Al . b & N & & & & & &
IR T P . & 2 & T8 B B T T g \vo\v\(\ o
éesé\o Q@ "‘P{‘ ‘55‘*\ & § e .§° ”&a\s @00 {}9\#@ & _@ gﬁ F \&@6‘ o \é«b & &00‘ v& & & & 49\ & & \ﬁ & ﬁb&
=y A ot LW & & 2 [} [ o ‘,
?,HQ & ¢ Q'gs &«‘\@ v ¢ Q“ & \‘P AF Q‘& v,,}q A ks Q‘\e}‘
5 6
B P. graciis (A53) WL loevigata [AS4)

& e

‘\('

& & & & &

d & & & ¢ & @ g & & & & & & .
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& & ¢ & § v;%l\\“@p F o Q\ »(’o\z“ N 6&\'» Q'b‘nb '17' @) A v&\@ o & \,\@e‘ K. c\
¥ q‘@ W @ &
5 5
B L guildingi [A55) B L. lgevigata [A56)

D.LLIJTL_LLLL-T-TL-TL-J%

) ¢ CRRCRC R SRR R b & fFf s S R

& R & 0 I S R T . 5 §F oo SO

i (a B \ & & & FFFFFy & & 0 & o7 & & F 8
csw\“,w\ ‘@&@"d‘f PSS W E SR & (,\&co“‘,\sv&&“&‘e‘d’*“‘a“"c\ff@

Qfa A & & & I & A &

¥ & q L &

il 6 afianazUSinanseedluiiduesiusznouresnniveia L. multiflora (AS1) a1zLa P.
nodosus(AS2) angka P. eracilis (AS3) a1Inzsa Linckia laevieata (AS4) A1INeLa
Linckia guildingi (AS5) mmeLa Linckia laevigata (AS6)
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W C.schmideliona [AS7)
W A pentagonula (G51)
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B L. maculata (G53)
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