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Abstract: In order to provide reference for the comprehensive development and utilization, the nutritional function
components of wild sea cucumbers in different sea areas were explored. This study comprehensively analyzed the
nutritional composition of four wild sea cucumber species: Stichopus horrens, Stichopus chloronotus, Holothuria mammata,
and Cucumaria frondosa. The basic nutritional composition, amino acid, fatty acid, and mineral element contents of the
four sea cucumbers species were analyzed and evaluated. The results showed that the four species had high protein and low
fat in common. Holothuria mammata exhibited the highest protein and lowest fat content. Stichopus chloronotus was rich in
polysaccharides and ash content, while Cucumaria frondosa had notable saponin content. Each of the four sea cucumber
types contained a consistent array of 17 amino acids, boasting substantial quantities of both delectable and medicinal amino
acids. The essential amino acids accounted for a range of 13.78% to 20.27%, with Cucumaria frondosa displayed the most
elevated content. Through the assessment of amino acid scores (AAS) and chemical scores (CS), lysine emerges was the

predominant limiting amino acid across all four sea cucumber species. In terms of fatty acid composition, all species
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exhibited a spectrum of saturated fatty acids (SFA) within total fatty acids, with content varying from 23.84% to 36.24%.

Palmitic acid (C16:0) and stearic acid (C18:0) constituted the primary components of this SFA makeup. Notably,
polyunsaturated fatty acid (PUFA) content ranged from 56.39% to 72.93%, with Cucumaria frondosa displayed the highest
proportion. Among the major elements, calcium (Ca) content was relatively higher in all four samples, except for

Holothuria mammata. Among the trace elements, the highest content was iron (Fe). This comparative analysis showed that

wild sea cucumbers in different sea areas were rich in various nutrients that the human body needs, and had different edible

values and development utilization.

Key words: sea cucumber; nutritional composition; amino acid; fatty acid; mineral; different sea areas
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Table 1 Composition of basic nutrients (In dry basis, %)
WEfehs KBRS HEZS  HHEXZE  kGas
MEFH  76.25£0.53*  79.84+0.51°  87.95:0.44°  80.51+0.46°
HMUIEWT  2.35+0.16° 1.75+0.15° 1.10£0.11° 2.49+0.08°
WSLM 3.5240.16°  4.13£0.24¢ 2.3240.09° 1.4+0.21°
WSEAF 0.2240.04°  0.25£0.05°  0.08£0.015*  0.31£0.07°
Zix 9.52+0.28°  12.32+0.39°  4.48+0.36 4.74+0.44°

TE: [T PR AR/ING TR FoR 4 A #2252 (P<0.05)
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Table 2 Amino acid composition in body wall of sea cucumbers (In dry basis, %)
LR B 2 HES FHIOKIZ kB %
AR (Val) 2.29+0.02 2.66+0.01 2.61+0.01 3.44+0.03
AR (Met) 1.10+0.02 1.20+0.03 1.2140.02 1.49+0.01
SR (Leu) 2.69+0.02 3.07+0.03 2.83+0.04 3.99+0.02
W SR Ssea R (1le) 1.80+0.01 2.14+0.03 1.57+0.02 2.75+0.02
JRE R (Thr) 2.38+0.04 3.17+0.02 3.58+0.04 3.13+0.02
RN % (Phe) 1.75+0.01 1.93+0.01 1.96+0.00 2.55+0.02
#1542 (Lys) 1.78+0.02 1.68+0.03 1.66+0.01 2.93+0.02
LR \ ?ﬁi@(msi 0.62+0.03 0.76£0.01 0.71£0.01 1.24+0.02
R (Arg)™ 4.43+0.01 5.81+0.04 6.84+0.03 5.73+0.01
RIT&HR(Asp)™ 5.46+0.02 7.04+0.04 7.58+0.02 7.26+0.03
fi% 2482 (Tyr)® 1.34+0.01 1.59+0.01 1.53+0.03 2.24+0.02
22532 (Ser) 1.82+0.03 2.2040.02 2.58+0.01 3.14+0.02
T O AER(Glu)™ 8.41£0.02 10.88+0.03 11.69+0.02 10.4340.01
H&#R(Gly)* 8.98£0.02 12.85+0.04 15.37+0.04 9.70+0.02
WA (Ala)* 4.43+0.01 6.11£0.02 7.10£0.03 4.79+0.01
2EBEER (Cys) 1.49+0.03 0.76+0.04 1.0240.03 1.00+0.03
Jifi %2 (Pro) 4.38+0.02 6.12+0.01 7.22+0.02 4.69+0.03
AR K AR 0.40 0.29 0.24 0.51
EAA 13.78+0.14 15.84+0.16 15.4240.14 20.27+0.14
SEAA 5.06+0.04 6.57+0.05 7.55+0.04 6.97+0.03
NEAA 36.30+0.16 47.55+0.21 54.09+0.20 43.25+0.17
TAA 55.14+0.34 69.96:+0.42 77.06+0.38 70.49+0.34
EAA/TAA 24.99% 22.64% 20.01% 28.76%
fif PR 2 B 31.71+0.06 42.69+0.17 48.58+0.14 37.91+0.08
R R 28.62+0.08 38.17+0.16 43.01+0.14 35.36+0.09

T A: BEEILR; a: ZHAUE LR, EAA: WTESILIR; SEAA: T4 ILIR; NEAA: JEUTFEE LR, TAA: EILM i,

B, PURREES O R A R L AR (R
S HHOKR 2 (0.24), Hak g i B2 AngE =, L
R B VKB LS R IrT AT, 2 HOR 2
HA B Z 04

i IR 22 PR T 7 i AR AT 1 XU, — e S 1
EAREIR . KA. HAMR . WEIR LI ERIX
JUAH fiE 52 B M R R i R 1) 2 22k 1R R D B IR 2 ik
PRI, DUBPIRES: i B R IR SR 53 OTE 31.71%~
48.58% = [a], Hirp - H-HOK R Z> 88 £ 2>0K 8 41
SR 2, NI, B HAKOR 2 53 A — Fhifg 25
ELFHXUR Ty T S B AT

B RE = N ) S = o R S I SR sy AN A U P
F SR LH A% S FAO/WHO &SRS brifE 4
XS FE R M B i) S SRR A T ER e, FET 10 H AR
2 AAS FII CS, 4553 3,

IS 3 A, PUFNAS [F] i 2 A0 BE (1) S FL R 4H il
FHIT, (H S IR A 255 RS LT 2 ik
BRIEST AAS TE 0.42~0.97 ZJa], Ab24¥53 CS 7E 0.33~
0.66 Z[a]; B £ XM AAS N 0.38~0.99, CS N 0.30~
0.84; +H-H KHI= AAS 5 0.34~1.02, CS N 0.27~
0.86; VKIZLTZ1 AAS N 0.66~0.99,CS & 0.52~0.83,
50 SCas AP s b g =119 AAS(0.30~1.02) Fil

2.3 SEREFITEN CS(0.17~0.87) yEFEIAHIT, FREHAELE R —IG B2
HEIBIT 53 (AAS) FLF T4 (CS) B T B FA LRIV B —30 . AR RIS B E
# 3 ARGESREE A SRR A T
Table 3 Evaluation of amino acid composition in body wall of different sea cucumbers
W RILR R (FAO) XSEEN ORI ARS) [ es)

Rz X% +HIDKIS kEas kil &5% 2HIDKS kaas

#i MR (Val) 50 66 0.60  0.67 0.59 0.86 0.45  0.50 0.45 0.65

HEAR (Met) FI2EBEZERR (Cys) 35 57 097  0.70 0.72 0.88 0.60  0.43" 0.45 0.54"

TR (Lew) 70 86 0.50%  0.55% 0.46 0.71%  041% 045 0.37 0.58

StseaE R (1le) 40 54 0.59  0.67 0.45" 0.85 044 0.0 0.33% 0.63

JRE AR (Thr) 40 47 0.78  0.99 1.02 0.97 0.66  0.84 0.86 0.83

TN Z R (Phe) A 282 (Tyr) 60 93 0.68 073 0.66 0.99 0.44 047 0.43 0.64

#iZ R (Lys) 55 70 0.42" 038" 0.34" 0.66" 033" 0.30" 0.27" 0.52"

T #2R 5 — BR PEEREIR; #m 5 — BRI PR
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Z . L HH KNS 09 AAS Fil CS KT K402,
RIHIK GO S IREEE T B A BS SR E. B
5 AAS Fil CS MIHRUE, PUFPIEEZS 25— R il P 2 J%
BRI A IR, 55 BRIITEE LR B E A R .
FEE PRV SR AR e iR . ik, e LRhiEZS0
In T B T AR P AT LA X SN & S i e R
PEE LRI HAL &R, LIFEESnE T,
2.4 BERRERLER AR

VU 2 e R R NG DT 1R 2 = A1, MR IR 1Y
A ILFE 4 7,

AR H AT, R R AN T S A A A

SR 10 Fh, BAAMFIARIT IR 6 Fh, Z AN FIAG T

P 8 Ffy 4 HHOR I S v i 2 9 B A FI R T IR,
6 PR ARG, O FhZ A FNNGITE; VK412
HR A 2 8 PR AIAR IR, 6 Fh AN FI AR I R A0
9 FhZ AR FNETER . AR FINE BT ER A ARG i R
535 5 B AETBR Y FL B BEHIZ 36.24% Fll 56.39%;
BEZ 31.15% Tl 57.18%; +H HKHIZ: 30.65% Fl
64.91%; VK412 23.84% Fl1 72.93%., AT LR HEL, AN
[V 3R A A AT T B A AN R BT B BT o LR A5 T

ANTE], Bt 1S BT e IR s T, M ANE e i o
LB B, AR AR TR T o Eb A8 T, 33X 5 1 58
SERLVIGEY 7 AL SR IR A AR LS 1
FEAE—2 .

DU Fh i 2 1 SFA 5 RIS D R 1 5 4 BO7E
23.84%~36.24% 2 [], ¥ LIkEAE iR (C16:0, Palmitic
acid, PA) A Ig % (C18:0, Stearic Acid) & 3. PA
BATPLR « FEARAREIEE . P55 00 1A 506 A =L
A G g A RO A IS P EL A AR I A% RN B ik A
1b . AR PELORAAR A B . AR R VR R =
B PA &5 b0 i 38 = THAL =FPig2(P<0.05), K=
N BEHOK 2 AR R R & B 3 T TR R S K
5212:(P<0.05), R & RIS 0T GE A B TREIG
R 236 AR AN S KAE AL . FHST O 1L A o

MUFA St Fnsh ¥y i i i S e e A, B
TR L MAAPSR (CVD) | IR MRS H . TPk
PERE W BT 56 (NAFLD) A1 2-B0% JR 9% (T2DM) 28]
SETNRL ., PURPYE S MUFA (5 S8 512 04 L9 7E
31.40%~38.24% = [a], Horp DA — - —451R (C20:1)
R, ST MUFA 53500 44%~52%, 5 E 2

* 4 IGSIREERNRITIRZL (%)

Table 4 Fatty acid composition in body wall of sea cucumbers (%)

BIR B = HES +HILK IS KA %
Cl14:0 1.97+0.16° 1.410.11° 0.98+0.13° 0.51+0.09¢
C15:0 0.11£0.01° 0.09+0.01" ND ND
C16:0 14.35+0.18" 12.98+0.71° 10.57+0.13° 8.95+0.18°
C17:0 0.235+0.002° 0.392+0.003" 0.663+0.002° 0.64+0.005"
C18:0 10.5420.10° 8.48+0.08" 9.95:+0.04° 7.9240.11°
C20:0 4.37+0.05° 5.05+0.08" 3.62+0.11° 3.40+0.21°
C21:0 2.53+0.12° 1.37+0.15° 2.79+0.09° 1.39+0.22°
C22:0 1.05+0.10° 0.87+0.05° 1.73+0.06" 0.90+0.11°
C23:0 0.32+0.11* 0.04+0.08° 0.18+0.07° 0.13+0.05°
C24:0 0.76+0.02° 0.47+0.01° 0.17£0.01° ND
HFRITZSFA 36.24 31.15 30.65 23.84
Cl4:1 ND ND ND ND
Clé6:1 6.28+0.25" 4.43+0.13° 3.68+0.05° 4.18+0.12°
Cl18:1 3.26+0.08° 5.79+0.06" 4.85+0.05" 5.73+0.08*
Cl18:1t 0.027+0.004¢ 0.365+0.101° 0.012+0.002¢ 0.064+0.009"
C20:1 17.70+0.86° 14.26+0.91° 15.64+0.54° 18.47+1.01°
C22:1 3.48+0.35" 3.75+0.29° 5.95+0.38" 5.20+£0.51°
C24:1 3.03+0.06° 2.81+0.05¢ 4.8140.04° 4.59+0.09°
HRM ARG ERMUFA 33.78 31.40 34.94 38.24
Cl18:2 0.16£0.04° 0.10+0.03" 0.95+0.03" 1.11£0.05"
C18:3(GLA) 0.74+0.03" 0.59+0.02° 0.22+0.04° 0.25+0.03°
C18:3(ALA) 0.510.01° 0.42+0.02° 0.21+0.01¢ 0.25+0.01°
Cl18:2t 0.079+0.007* 0.026+0.002" 0.016+0.001° 0.075+0.004*
C20:2 2.16+0.02° 3.97+0.03* 3.16£0.05° 3.08+0.06°
C20:3 ND ND 0.16+0.03" 0.39+0.02°
C20:4(ARA) 7.92+40.11° 9.29+0.16° 10.29+0.21° 9.34+0.11°
C20:5(EPA) 6.93+0.09° 6.38+0.19¢ 8.93+0.21° 11.41+0.28"
C22:6(DHA) 4.13+0.05¢ 5.01+0.13° 6.03+0.11° 8.79+0.16"
Z A FIRE TR PUFA Bt 22.61 25.78 29.97 34.69
N 56.39 57.18 64.91 72.93

T R B R R o AR

TR 5 et A3 B LUAEL 14T AR AR NS SRR A 35 22 57 (P<0.05); NDFRR AR, #5[A]
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W§ 2 (44.90%) FILRE IE 2 (54.45%) B 1 & 45 #l =
45.49% ) FIEE 53012 (43.92% ) P AH L.

PUFA TEPUE . PUIAE | SEUER M & & A O
I &5 45 7 T HAT T 28 D50, puFpieE214 PUFA
i RB B B4 R R A BUEE 22.61%~34.69% Z ], 75
HERE S UK 212, HaRk Ok + HEHOR I 2, Rifil] 2
/b, (B E T AERIZ(15.10%) . HEEZS:(15.40%) FlI
% F2:(5.10%)PY, 7E PUPA th, S L& &E
N ARA. EPA Fll DHA 4% ., ARA( AL 4B DU 4% %2,
C20:4n-6), J& N 1 — PSRRI R, 244
FEE T AR . HohAE K AT Ui, XHR
AR IR IR A —E YRR, A
FFAEBE I & T B2, EPA ke — ok Tk
iR, J& T -3 NMEFIEIIRE, BARHEER AT . &K
A% . BARH Y =18 (TG) FIE & 25 BE SR 14 I %]
B (non-HDL-C) 7K FHlBIT /U Al 45955005 25 FAE4
DHA, T RISIGIR, RN 85 4, WE F -3 A~
AR RS B B A B, SR R Gge it
T AR —Fh FEFLICER, S IR R 5 14 T T2 A4

SIVTER, X FI R K B B E TP, AR 4 vh

A, SRR SR ARA &R, IR K
LIS E S, ARA 3= BARA ke fl 25 EPA I
DHA #r it i W vk 212, Hak ol = HHCK )
2, Wi, B KIS LS8+ B HK 2] e xT &
HE | O MBI 5T — i A E o
25 HHIREENH

X PUFPAS [R] I SAARE (Y JURI R B0 2 Moo
FEUATINRE, L5513 5 PR,

K5 OMSREET YIS (LT )

Table 5 Mineral composition in body wall of sea cucumbers
(In dry basis)

TR ks ¥ES  FHILKHZ Kkbaz
HNa 11.424043 9.65+0.36  7.09+0.63  6.08+0.22

wirz WK 0612005  038£0.03  028£0.02  0.35+0.05

(gkg)  4ECa 17275021 28.51:032  4.4420.15 7.23+0.24
BEMg  4.66+0.12  5.54+0.15  2.29+0.09  2.81+0.07
kFe 73.56+0.86 92.98+0.63 101.93+0.91  94.70+0.68

P BEZn 34314041 26.67+031  31.89+0.23  89.10+£0.46

W THE o

(mgke) fiMn  5.89+0.06  5.89+0.03 2.5+0.05 4.29+0.03
fifiSe  1.75£0.01 2.27+0.03  2.13£0.02  2.05+0.01
HiCu ND ND ND 1.99+0.02

e 5 Wi, wEIUFES IR EonE H, R H
HoRHIZ AN, gy = Fphifg S h 3 R85t R & ik
=, RN, B, o, B5 8 BN B SR S>
VK LT S>> = HOK IS SR8 o RS>0 E 5>
T HHOKHZ> VK B 212 B & B K/ NSRS 85
FEE N, BT E=EEICE SR ST
o Fh 4R S B Y 96.73%~98.86%. [KlIMt, F5EE & &
A R /IS i 3 55 U RO 2 00 K 43 & R el 2 —
ESGON

TEWRE TR I, &S R EROTR . PRt
ARG ASTT D TEER Z— 0 NRNIER 72% LA
MELTHEH | 3% DILLEH . 0.2 DI ELGYIEX
TEAE, AT MEE R, A0 25%. SRFEES 55 miE
i AEAE, BT LM EAE KR T, B X g Hht
3, B AINGY T RISRAER TS A2 PORmEEZnY
BRIGE S RAE 73.56~101.93 mg/kg Z[A], & fE 4w
TR FLEES W RS T2 M £ R S IOt R
P58 (31.24~33.50 mg/kg), W T HE e o5 5500 5T
AL . BRFLS M SR AT S Ot R & &
(16.3~24.1 mg/kg), FELRBERIER BRI L TN
BIRER, SR EE S LH RS, Be A R
PR IR 195 0, S SR i S ohae, SAEKER .
BIIRE  Em R VISR aAhiE 2 b i
JCE T EAE 26.67~89.10 mg/kg Z ], Hir & b
FEPE EHEA

fifi TG ER S AT FE AR A P ZH SURIAR TR T, A Bl =
TSN AR FERE T, I AT R s, S IR T
SECT . SUERMIAMEREE TR IR . RS A A, iE
AT LA S A UA G ERE T, TR A o i 1 5 1
RAEPS . PURR IS T AT R T ER AT
R, Al e X U AR AT IR SR SRR TR Y
YEH.

3 g

I LT FE 3 A AT RN, DU A [R) S A T 2
HAw L ARNE DT e, HAARE (19 BEAE IR o
L1 RAFAEAR] i 35 25 5 (P<0.05), FIMS S
A P B3 v T AN [R) VR Y [R] 2T 2 sl TR 2
T2 AN [) TS, 10 8 U 2 e WA, 72 22BN
WSS R LAY . PURMEEZ 2 AR 2H L
PEARARALL, 25— FR i PR 2 FEmR A4 fif 2R s DU A g2
HRE AT —E AR IR S LR N A58 FER, Hoh - H-
KRR ZAE B IR S Rt 807 T S 23 . A
7] A A 2 T BRI 1Y 2 2 S, sl =14
T FIARIVIIR & B T HAL =APEEZ, TTvKELLZ 1A
AR IR BA B = T 50 4 =R, 3X T BRERIG S T
TR A —E MR . PUFhEShoH —
FE M H R ITE IR TTER, ST AR S
VAR . FtenT i, PUAPEES: Bl T AR AN ]
M SPEOHE IR T 22 53, (BRS04 HAs
FRE SRR R, TR IR AN S5 PR BT i P B
KRN DAL B AR YR, 7R n] S Hos (BRI &2 )
H, TFEASFEI S REM R P L EE S35
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