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Abstract: This work aimed to explore the difference of quality among commercial ready-to-eat sea cucumber products. The
sensory, texture, chemical composition, nutritional quality and digestibility of four common commercial sea cucumber from
Dalian (sea cucumber with high moisture content (HW-DLS), seasoned sea cucumber with low moisture content (FLW-
DLS), sea cucumber with low moisture content (LW-DLS)) or Fujian (sea cucumber with high moisture content (HW-FJS))

were determined. Furthermore, principal component analysis (PCA) was applied to evaluate comprehensive quality of
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products. The results from sensory analysis revealed that the colour appearance of all sample were good. FLW-DLS had the

most acceptable taste characteristics. There was a difference of texture characteristics in samples. The ash, total carbo-
hydrate, and salt contents of FLW-DLS were significantly higher than those of other sea cucumbers (P<0.05), with 2.16%,
1.7%, and 1.3%, respectively. Protein content of FLW-DLS and LW-DLS was higher than that of other sea cucumbers. In

addition, all sea cucumber samples had the recommended essential amino acid/total amino acid, lysine/arginine, and n-6/n-3

ratio for good health status of humans and very low level of atherogenic and thrombogenic indices. FLW-DLS and LW-

DLS showed a significantly higher content in saponins with 8.64 mg/kg and 8.49 mg/kg, respectively. The highest content

of taurine and protein in in vitro digestion supernatant was also found in FLW-DLS with 2.28 mg/100 g and 33.58 g/100 g.

Moreover, principal component analysis based on nutritional indicators showed significant differences in nutritional
composition of samples, the nutritional value from high to low followed by FLW-DLS, HW-FJS, LW-DLS and HW-DLS.
In conclusion, the commercial ready-to-eat sea cucumber products had a nutritional value perfectly compatible with

nutritious and healthy diets. The seasoned sea cucumber with low moisture content possessed higher nutritional values and

better taste characteristics than other sea cucumber products.

Key words: sea cucumber; texture; nutrient composition; principal component analysis; comprehensive evaluation
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Fig.1 Sensory evaluation of four ready-to-eat sea cucumber
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Fig.2 TPA determination results of four ready-to-eat sea
cucumber
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Table 2 Proximate composition, contents of four ready-to-eat
sea cucumber

Eiztan HW-DLS FLW-DLS LW-DLS HW-FJS
K4y 94.97+0.36" 83.31+1.26° 86.45+1.07° 93.39+0.64*
HEH (%) 3.73+0.23° 10.27£0.79* 10.05+0.79" 4.93+0.48"
W5 (%) 0.20+£0.01¢ 2.16£0.21* 0.90+0.06" 0.39+0.10°
S (%) 0.24+0.05¢ 1.70+£0.20° 0.64+0.08" 0.41+0.07°

543 (%, LAY 0.03£0.00° 1.30+0.11° 0.67+0.06° 0.03+0.00°
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SRR AR IR (Glw) FlH & B2 (Gly) , 43518
11.26%~16.13%. 8.82%~12.03%, 1% 4% 5t 5 Haider
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Table 3 Contents of amino acids of four ready-to-eat sea

cucumber
IR & (g/100g) HW-DLS FLW-DLS LW-DLS HW-FJS
KA R (Asp) 7.7240.12°  5.72+0.01° 7.50£0.10° 7.71%0.23°
J1a 2 (Thr) 3.94+0.06° 2.86+0.01° 3.74+0.05° 3.93+0.10°
2254 1% (Ser) 3.65+0.09" 2.74+0.04° 3.56+0.08" 3.64+0.07"
441 (Glu) 11.35+0.22" 16.13+£0.02* 11.86+0.19"° 11.26+0.30°
H4&m(Gly) 11.65+0.06° 8.82+0.02¢ 12.03+0.14* 10.85+0.16°
N (Ala) 4.99+0.07*  3.77+0.00° 5.09+0.08* 4.83+0.16"
#i5dR (Val) 3.03+0.04° 2.23+0.01° 2.86+0.04° 3.10+0.09°
Ssa iR (1le) 3.50£0.06" 1.80+£0.01° 2.33+0.04° 2.55:+0.06"
55442 (Leu) 2.00+0.01° 2.54+0.01¢ 3.24+0.04° 3.71+0.03°
ik SR (Tyr) 2.1940.03* 1.41+0.01° 1.84+0.01° 1.91+0.11°
AR (Phe) 2.48+0.03" 1.58+0.00° 1.99+0.03" 2.16+0.04°
21 & R (His) 1.77£0.01°  1.31£0.01 1.64+£0.01° 1.93+0.01°
iR (Lys) 2.5240.05° 1.87+0.00° 2.32+0.04° 2.78+0.06"
K2R (Arg) 5.65£0.06° 4.14+0.01" 5.62+0.08" 5.50+0.16"
Itz R (Pro) 5.83+0.06° 4.36+0.03" 5.95+0.06" 5.62+0.22°
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Table 4 Quantity of amino acids and fatty acids for the body wall of four ready-to-eat sea cucumbers from different brands

FE TAA(g/100g)  EAA/TAA  LYS/ARG SFA MUFA PUFA n-6/n-3 Al TI
HW-DLS 72.23+0.98" 0.24+0.00°  0.45£0.00°  1.1740.03°  1.35£0.04"  1.75+0.12°  0.42+0.05°  0.20+£0.01°  0.11+0.03"
FLW-DLS 61.23+0.17° 0.21£0.00°  0.45£0.00°  0.98+0.01°  1.68+0.01°  2.27+0.03*  0.2240.02°  0.16£0.00°  0.06+0.00°
LW-DLS 71.53+0.98° 0.23£0.00°  0.41+0.00°  0.84+0.02°  1.02+0.01°  1.80+0.01°  0.24%0.03®  0.18+0.00°  0.06+0.01°
HW-FIS 71.46+1.79* 0.26£0.00°  0.51+0.00°  0.97+0.06°  1.80£0.10°  1.64+0.11°  0.50£0.02*°  0.13+0.00°  0.10+0.00°
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Table 5 Fatty acid profiles (%) of four ready-to-eat sea

cucumber
X NRIIRR(%) HW-DLS  FLW-DLS  LW-DLS HW-FIS
C6:0 - - - 0.012:+.001°
C8:0 - 0.019:0.001° - -
C10:0 - 0.0130.000° - -
C12:0 - 0.010:£0.000° - -
C13:0 0.087+0.003* 0.038+£0.002° 0.052+0.000° 0.051+0.001°
C14:0 0.053+0.001° 0.101£0.002* 0.070+0.001° 0.0560.003°
C15:0 0.034+0.000* 0.092:0.001¢ 0.024+0.000° 0.015+0.001°

Cl16:0 0.042+0.001* 0.016+0.001" 0.026+0.000° 0.023+0.001°
C17:0 0.012+0.000* 0.010£0.000° 0.009+0.000° -

C18:0 0.416+0.011° 0.237+0.004" 0.236+0.004° 0.232+0.014°
C20:0 0.423+0.012° 0.656+0.010° 0.357+0.006° 0.307+0.018™
C21:0 0.058+0.002° 0.029+0.002* 0.041+0.001° 0.045+0.003"
C22:0 0.162+0.007* 0.103£0.001° 0.105+0.000" 0.088+0.003"
Cl4:1 0.314+0.010° 0.350+0.006" 0.281+0.007° 0.347+0.027°

Cl15:1 0.114+0.003* 0.225+0.008* 0.070+0.002" 0.613+0.038*
Cle:1 0.076+0.004° 0.046+0.001* 0.022+0.000° 0.1380.008°
Cl17:1 0.092+0.003* 0.075+0.000° 0.065+0.00° 0.107+0.009°
C18:1n9¢c 0.270£0.007° 0.208+0.007° 0.168+0.006° 0.232+0.019"
C20:1 0.089+0.002* 0.1500.003° 0.070+0.001° 0.321+0.019"
C22:1 0.0440.002" 0.070+0.001* 0.035+0.001° 0.051£0.004°
C24:1 0.067+0.000° 0.038+0.001° 0.036+0.00° 0.098+0.009"
C18:2n6c 0.060£0.002° 0.031+0.001° 0.034+0.001¢ 0.062+0.005"
C18:3n3 0.169+0.001° 0.149+0.015" 0.128+0.012° 0.205+0.004"

C20:2 0.376+0.074° 0.323+0.021° 0.287+0.035° 0.307+0.007°

C20:4n6 0.947+0.031* 1.401+0.039* 1.08120.033" 0.543+0.045"

C20:5 0.164+0.007° 0.241£0.001* 0.164+0.005" 0.339+0.027¢

C22:6 0.200+0.005* 0.311£0.008"* 0.305+0.010° 0.229+0.018"
H: “=":<0.01%.

1.02%~1.80% = [a], 7E HW-FJS w1 3R A6 M AR A
fiR(C15:1), - HAGI & HE R Z 2R (C18:1n9¢) o
[%: HW-FJS #h, Higxy 3 tHiSA46 H 9 MUFA &85
EHII AR (C16:1), IZEE R S XIFE A AR
ZEIRBAR B, LSRRGS AT LI o R
FERRE A, Pf B v BERR AR kA AR O L e 1
ji€|£> 4[311O

R TR (EPA, C20:5) & 4 M EI IS
Hfr A n-3 PUFA, 2945 A n-3 PUFA & HY
50%~77%, 4€4= P04 g (C20:4n6) St B = E2AY n-6
PUFA, 295t & n-6 PUFA 14 57%~83%., — 1
HE R (EPA) AR A: DU g o T AL AR BTG EA
FHIEAEAP, R BRSPS (s R0, SR
EPA ] 7% i 38 AR 04 B s P 2H s, e 1 v AT
WEHE 7K % -

HW-DLS 21 HW-FJS Y n-6/n-3 LA 3
=T LW-DLS #1 FLW-DLS #2: (P<0.05) (£ 4) .,
Christina 2P JYWF5T F W, n-6/n-3 FL{E/NTF 10 Y
ST HA DA A7 MIZED I E SRR IS
&£ n-6/n-3 PUFA LUE T LIARHGED LA PN B2 4
Mo RE . 4 Fh BRI &g 277 0 0y LU (B 38 B AE 0.22~
0.50, Ui B RN ErviEZ = il i gl A Sk & —Fh L s N s iz

PR FER R

4 Fh RIS S KBRS AL (AD) AN A2
(TDISEAFAE 27 (R 4) . ARRNEFESr= 5 Al F850U7
# i E M5 (P<0.05), Hirh HW-DLS #2119 Al
FeRR =, S 0.20, HW-FJS 19 Al #550%A%, & 0.13,
TE T1 $8%4 7051, FLW-DLS ##2:F1 LW-DLS %21
TI F8HFHIT, 2 4 PGS ARME, 2928 0.06, %
ok HW-DLS 2, 2 0.11, &1 AIH S
TI BB AR T I B K™, A e gl B8 (% 1
i AI{E 294 1.10~1.30, TI{EH 29N 0.25~0.4009, E
MAE LA N ALF8ECH 0.45, TLHRECH 0.2777,
2.6 4 MHERREESERIINGEERS S

WS AR T R b, K Th BE P il 40 n 2
. AR ) i), S BAT RIS IRk
AR, BAGHE MU T 1, s, PLE w2
A2 BRAE FHES . FLW-DLS 5 LW-DLS & il
TR E R THE 2 Hi52(P<0.05), 4928 8.49~
8.64 mg/kg(F 6), UilH/K A i = AT BRI
PoE ™, XA S T IAFALAER (SIS, AR TR
S W AR LRI R R S IR, X PE RIS
IR A BYRRZE AR | R 5 ZRARPT B0 A5 I & e HAT
S EETR G TR, FLW-DLS 2 il 4= fitf
Mg & 2 B T B2 (P<0.05), 2978 2.28 mg/
100 g

6 DURMRNEIES ™ A DI RENE L
Table 6 Quantity of amino acids and fatty acids for the body
wall of four ready-to-eat sea cucumbers from different brands

=t HW-DLS FLW-DLS LW-DLS HW-FIS
B (mg/kg) 3.19+0.30° 8.64+0.77* 8.49+0.80° 6.80+0.60°
ETR (mg/100 g)  0.18+0.01°  2.28+0.14"  0.62+0.15° 0.61£0.07°

27 A MmERRES~RITANELESR
HALR P TR S ORI I R E A R
LEYIRI IR NSRRI 2 24U B i A

40r Bb = ik
itk
Bb 77 Bb
30 F 7 % 7
o0 Ba
S 7
@ 20 }
b Ac Ad
< Ab
10k Aa
0

HW-DLS FLW-DLS LW-DLS HW-FJS
3 U E SR E I A5 AT T R
Fig.3 Four ready-to-eat sea cucumber simulated the protein
content after gastrointestinal digestion
T ANFIRE 7 )37 A RV R AN [ T A b P 2 [R] HAT 25
PE2E 585 AN R)/ING T REFR AN RIAE it A [ A Ak 31 22 ] 2 AT
BEME2ER(P<0.05).
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FiEENE 3, BSAEMEAETEEEREA SR
Waon, AN [RS8 e 2 [ 28 7E A R e iR A i 3 —
O EHHZRMEARSEENE ZFrEZER(P<
0.05). Z&BIHMEE A& &AM HW-FIS,
290 14.64 g/100 g. &M iH ik 5 HW-DLS. FLW-
DLS #1 HW-FJS (4 7] % 1 8E H & EAH L, 49K
31.67~33.58 g/100 g, H:H" FLW-DLS =478 )s
PR AR & s s, S 33.58 g/100 g, RBHAEN]
TEAE 7 T FLW-DLS M2 2B Y R R 200 T35
B 3 FRRIEES,
2.8 4 MHERRSETRINERIEFFEXMES T
FIH Pearson 3-HTiEXT 16 FEFRTs R A TAH S
PESFHT IR BAH SRR E] . A&l 4 BoR, JKR G55
AE TR AT Z RISAS SR B G AH OC, b, AR5 S5 H1 R
I RSy B oy 2 Ta] 2 80 25 0 AH 56 45 A E TR Ak,
Sy Ta] 52 B 35 IEAH G R, BRaKSrFh 45 A8 72k
435 TAA. EAA/TAA H2Z A2 W B ZE A, 5
PUFA & W IEAHZG, 16 FE ISR Z AITE7E
BB AR, nTE—E At PCA SRAFSFIPENT 4 Ff
T RV EEZ 5 3% 00T .

X 000000 e0®Do e 0O ©
HEH 090 ®c®c 0000 00 @6 :p (s
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Fig.4 Correlation analysis of nutritional indexes of four ready-
to-eat sea cucumbers

e 7" RN B BB A (P<0.05), 21 (503 B IEAH G
T, W OACREA e,

29 4 MHERRESTRNERS T

2.9.1 FHSFHITEEL  OBF 4 FhiESAES, B REAN S R
AT RS HEE A KAy, BbE. iR . BF), &
R FEFR(TAA . EAA/TAA. LYS/ARG), JENi s 18
¥R (SFA. MUFA . PUFA . n-6/n-3 18 ) X 0] {4 1k 4%
SR T RS AR . B IR R b
AiLHe IS PREUT 3 A~ FE ST IARIEIE X BRI DTk
e 7 Wias . — MR, M ERUTREE R T 1 A
B 2E TR R T 85% B, AT LA AR ) 32
Sy RN AR AR B i FEFAF A, g 7 AT
1, B/ 3 A ERSTARIEEIA T 1 H R THTTEeR
ik F] 97.23%(PC1 Jr 22 BTk 58.66%+PC2 J52£ 5T

MK 29.29%+PC3 FZTTHEE 9.28%), BLAHIX 3 4~
AT HAS ] LA T ) S AR B AR, T AR
X205 FE RS TR G PP, B PCL DTSR
o, BRAHES AW RFEERE . FASHrE
& 5 . BT RBIRERGESTE 3 PP LY
Sy ATTEDL, T WA R SR S IR S i 25 54
FREE .
2T FROTRAEE R Tk

Table 7 Eigen values and cumulative contribution of the
principal components

F s PCI PC2 PC3
FEIE(E 8.21 4.10 1.30
Ty 2 TR (%) 58.66 29.29 9.28
B ok (%) 58.66 87.95 97.23

« FLW-DLS
« HW-DLS
* HW-FJS
o LW-DLS

LW-DLS-2

PC3 (9.3%)

HW—D.LS—Z FLW-DLS-1

HW-DLS-1

Bl s F o i A 48 14

Fig.5 Factor load diagram of principal component

2.9.2 PRECIIERST REFATFH IS E RIS bR AH G
HERERFIE M B W3R 8 s, PCL HHZEFH . K55
BB ZRAR . S & PUFA B REEK, R HAE
PC1 I TTHR R % 5 PC2 P2 F & & . LYS/ARG
{H . MUFA M AT IHARPESS SR DTTRRRER; PC3 H g

8 AF T P EIRIEAR AL )
Table 8 Eigenvectors of nutritional indices in different
principal components

Eidtay PCI1 PC2 PC3
Ko -0.33 0.13 -0.12
HEA 0.31 -0.21 0.18
VZix 0.34 0.05 0.02
psdiis 0.26 0.22 -0.14
AR 0.33 0.16 0.06
AP 0.25 0.31 0.27
TAA -0.32 -0.19 0.08
EAA/TAA -0.33 0.07 0.22
LYS/ARG -0.11 0.41 0.41
SFA -0.14 0.27 —0.63
MUFA 0.04 0.47 0.26
PUFA 0.32 0.09 —0.25
n-6/n-3 -0.29 0.24 0.13
IR EA T -0.06 0.45 -0.30
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T . LYS/ARG. MUFA & EAA/TAA {H /9 51 sk R
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LABGA 22 343 T %5 B BRI T 22 DTkl
TP EE B TR ARRY, B

F=0.587F ,+0.293F,+0.093F

Hoi FRgE G154, F. Fy. Fy 535818 A4
1. 2. 3 1555 THALRANER 9 i, FLW-DLS £
R —F RS S-Sy HW-FIS AR5 — FE Rk
4y b 18 53 B 25, FLW-DLS 2H 15 43 &I T HW-
FJS #H; HW-DLS 7E55 = F 4y FrIiS s . M
LA PRS- E, FLW-DLS BY45843 R IE(H, 2t T H:
T A, DER G SL5 G Tt MOE SR E I &

i

fEn

o

29 4T EI IS E R A
Table 9 Nutrient composition scores and comprehensive
evaluation of four sea cucumbers

\ ERAMES \
BES A
F] FZ F3
HW-DLS -0.90 0.13 -1.37 -0.62 4
FLW-DLS 1.49 0.64 -0.24 1.04 1
LW-DLS 0.15 -1.59 0.38 -0.34 3
HW-FJS -0.75 0.82 1.22 -0.06 2

3 #ig

BEEAY 4 FhoRK AR . JRR AR B RN U ke Y b,
HA 22 5000 WLRD g2 0k 1 g 2s = 0 W, HE
& FLW-DLS>LW-DLS>HW-DLS~HW-FJS, i #4J
FEPRAR PR | R . PSRRI BT a2
5S¢, 4 PRV S8 3 R DRe o FE il TR
A ASFVFRBE IS, AR B 8 R E SR B, mT
DIAVE R BAR A FRANFERIE . X 4 Pl 5182008
FEFEHRIEA T AT 30T, RS LR AR BRI 745
GV, EIRMELSE G HETF 45 R 2y FLW-DLS>HW-
FIS>LW-DLS>HW-DLS, iX—&5 5 Wt i & R
BiS 2 SHE, SR 24T, w i e
FEPMEATPHAIRD B2 AL 45 0ARYE . BTAadserE
FE FEFR R 2 BRIV 56 o B 19 B 2 7 A,
A YE S RV E v 27 TobR o 1 S BRI, 1 A il 2 A
HEPR RS
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