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Abstract: Six kinds of ready-to-eat sea cucumbers (S1-S6) were chosen as the study objects. The contents of water,
crude protein, ash, total sugar, collagen and saponin as well as the compositions of fatty acids and amino acids were
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determined. The taste characteristics, microstructure, thermal stability and TPA (Texture Profile Analysis) features were
analyzed, and sensory evaluation was conducted. The results showed significant differences in nutritional quality among
the six kinds of ready-to-eat sea cucumbers, with the water content being 75.42%~94.68%, crude protein content being
55.77%~69.91%, ash content being 4.80%~11.94%, total sugar content being 10.52%~15.78%, collagen content being
22.00%~30.18%, and saponin content being 0.31%~1.21%. The contents of unsaturated fatty acids and polyunsaturated fatty
acids were 12.28~22.65 mg/g and 7.94~14.05 mg/g, respectively. The total content of amino acids was 54.83~65.38 g/100 g
with abundant glycine, glutamic acid and aspartic acid. The taste characteristics of S2, S3, S4 and S5 analyzed by e-tongue
were similar. The six kinds of ready-to-eat sea cucumbers differed significantly in microstructure. The thermal stability of
S1 was the best. There were significant differences in elasticity, cohesion and resilience among different groups. The highest
sensory score was 82.40 (with S1), whilst the lowest was 74.30 (with S3), indicating the overall sensory acceptability with
all the sea cucumbers. The least squares regression and Pearson correlation analysis showed that the flavor was positively
correlated with sour taste, astringent sensation, bitter aftertaste, astringent aftertaste, richness and saltiness (P<0.01),
and mouthfeel was positively correlated with elasticity, cohesiveness, sour taste, astringent sensation, bitter aftertaste,
astringent aftertaste, richness and saltiness (P<0.01). The above results can provide certain theoretical basis for the product
development, quality classification and standard establishment of ready-to-eat sea cucumber products.
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Table 2 Sensory scoring criteria of ready-to-eat sea cucumber
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Table 3 Content of essential nutrients and functional components in different ready-to-eat sea cucumbers (dry mass, %)

5 S1 S2 S4 S5 S6
HEE 55.77+2.05°  63.66%0.16" 64.28+0.17° 6526+025" 6530+0.10° 69.91 +0.08"
Ha 11.94+0.28  4.80+0.03"  559+0.07° 4.99%0.10° 569=0.18  9.56+0.03
BB 1529+0.08" 1578 £0.11° 14.99+0.10' 10.52+0.02° 11.73%0.05" 12.09 +0.05
23 0.58+0.06°  1.03£0.09° 1.21+0.12°  0.63+0.11°  0.67%0.03"°  0.31£0.04
B a 22.00+0.05° 26.89+0.06° 25.93+045 30.18+0.69" 28.94+038  29.73 +0.38"

E: NEBFHRRREARAESZE EZFEE (P<0.05), FTH.
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Table 4 Fatty acids composition and content in different ready-to-eat sea cucumbers (dry mass, mg/g)

R o BR Y K S1 S2 S3 S4 S5 S6
C14:0 0.54+0.02°  039+0.02° 027+0.01° 0.65+0.03"  025+0.01°  0.60*0.02"
Cl4:1 046+0.00°  0.18+0.01°  0.14+0.01° 026%0.00° 0.13+£0.01°  031£0.02°
C15:0 0.04£0.00°  0.04%0.00°  0.03+0.00°  0.05+0.00°  0.03+0.00°  0.05+0.01°
C16:0 1.88+0.12°  2.75+024° 228+0.12°  1.77+£0.02  132+0.03° 283+021°

C16:1n7 434+025  413+027°  1.08+0.01°  3.42+0.09°  1.99+0.18  4.64+0.42"
C17:0 0.29+0.00°  022+0.00° 024%0.01"  0.16+0.01° 020+0.02° 027 +0.00"
C18:0 298+0.10°  2.60%0.05°  1.74+0.06° 221+0.05°  153+0.05° 2.54+0.18

C18:1n9 121+0.12° 2.13 %0.06° 3.22+£0.06 0.62 +0.02° 0.79 £0.05° 1.58 £0.06°
C18:2n6 0.15 £0.00° 1.18 £0.02° 4.05+0.03" 0.12 £0.00° 0.23+0.01° 0.69 £0.03°
C18:3n3 0.14 0.00° 0.18 £0.02° 0.24 £0.00°" 0.07 £0.00° 0.09 £ 0.00° 0.24 £0.02°

C20:0 0.630.01°  0.68=0.04° 045=0.01° 038+0.00“  034%0.00° 0.43*0.00"
C20:1 122+0.07°  127+0.03"  147+0.02°  0.68+0.04°  0.60+0.01°  1.07+0.02°
C20:2n6 021+0.00° 046+0.01"  1.01+0.02° 020%0.01° 023+0.01°  0.29+0.02°
C21:0 0.14+0.01°  0.18+0.02°  0.18+0.00°  0.16+0.00°  0.17+0.01°  0.11 +0.00°

C20:3n6 0.03+0.00°  0.08+0.00°  0.12+0.00°  0.03+0.00°  0.05+0.00°  0.08+0.01°
C20:4n6 297+0.06°  2.65+0.03"  435+0.09° 284+0.05  273+0.14"  2.66+0.16°
C20:3n3 0.05+0.00°  0.02+0.00°  0.03=0.00°  0.03+0.00°  0.02=0.00°  0.03*0.00"
C20:5n3 7.81+0.13"  338+0.01° 239+0.04"° 497+024° 3.75+021° 3.76+0.32°

€22:0 0.15+0.00°  025+0.00°  026+0.01" 0.13+0.01° 0.16+0.01°  0.16=0.01°
C22:1n9 0.34+0.01"  048+0.04° 039+0.03°  0.18+0.01° 026+0.00°  0.30*0.03"
C22:6n3 2.680.09"°  097=0.04" 1.30%0.07° 1.11+0.07° 085%0.01° 1.15%0.10™
C24:1n9 1.03+0.04°  0.80+0.04°  0.70+0.01" 040+0.01°  0.55+0.04° 0.45+0.01

XSFA 6.65 7.11 5.44 5.52 4.01 6.99
YUFA 22.65 17.91 20.49 14.92 12.28 17.24
~MUFA 8.60 8.99 7.00 5.57 4.34 8.35
XPUFA 14.05 8.92 13.49 9.35 7.94 8.89
EPA+DHA 10.49 4.35 3.69 6.08 4.60 4.90

7E: SFA 404af8 B85 ; UFA T48Fefig 82, MUFA 3 R a4 f§ B85 ; PUFA % T Aefe s e,
*5 AENEESEREBRAEARNESE ( THKRE, 9/1004g)

Table 5 Amino acids composition and content in different ready-to-eat sea cucumbers (dry mass, g/100 g)

RABAP £ S1 S2 S3 S4 S5 S6
Asp ( RARIR) 5.62+0.04° 625+0.08" 6.54%0.02" 6.64+0.06° 6.21+0.05" 6.44%0.06"
Thr ( R &# ) 2.93+0.09° 3.23+0.10° 3.43+0.02° 3.42+0.00° 3.36+0.04° 3.29+0.04°
Ser ( £ R ) 2.80£0.09° 3.16+0.03° 3.28+0.02° 337+0.01° 3.47+0.05" 3.27+0.02°
Glu (528 ) 8.04=0.13% 8.74=0.09° 9.40=0.05° 9.72+0.07° 10.45+0.11" 9.59+0.10°
Pro ( FH &R ) 4.04+0.04° 423+0.07° 446%0.06° 4.64%0.04 437+0.10° 4.37+0.04°
Gly (H## ) 8.09+0.02° 9.13+0.09° 9.39+0.06° 10.43+0.01° 10.52+0.00" 10.58 +0.11°
Ala ( HAEL) 376 +0.08° 4.21+0.09" 4.38+0.04" 4.73+0.02"° 4.65+0.05 4.67*0.07"
Cys (LA ) 0.29+0.03* 0.33+0.03° 036+0.00° 034+0.01° 0.32+0.02° 0.31+0.02°
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RABAT £ S1 S2 S3 S4 S5 S6
Val (428 ) 242+0.00° 2.66+0.02" 2.78+0.00° 2.72+0.02" 2.65+0.01° 2.63*0.03"
Met (&#H ) 1.09£0.03° 1.26+0.10° 1.35+0.01° 128+0.05° 1.22+0.00° 124+0.01°
lle (F7AMR) 2.02+0.06" 2.39%0.02" 253+0.01° 245+0.03" 2.38+0.00° 2.34+0.03"
Leu ( ZAB) 2.88+0.08" 3.26*0.06" 3.46+0.01" 331%0.05" 325%0.02" 3.09+0.02°
Tyr (B&&E ) 1.79+0.08" 2.02+0.06° 2.13+0.00° 2.09+0.05° 2.08+0.00° 1.97+0.02°

1.98 £0.03° 2.30+0.01°
2.13%0.05° 2.20 =0.06"
0.67 +0.02" 0.72 +0.06"
432+0.01° 4.68+0.03"

Phe (RAAH)
Lys (#1208 )
His (2008 )
Arg CH 2B )

EAA (267F 2888 ) 15.44 17.30
TAA (RIABREE) 54.83 60.79
EAA/TAA 28.15% 28.46%

240£0.02° 2.19%£0.05° 224+0.02 2.17%0.00°
2.69%0.05" 2.19%£0.04° 2.13£0.01™ 2.30£0.02°

0.92+0.13° 0.69+£0.01° 0.70£0.00° 0.77 +£0.09°
488+0.05" 5.18+0.01° 5.09+0.02° 5.10%0.07°
18.64 17.56 17.23 17.07
64.37 65.38 65.11 64.13
28.95% 26.85% 26.46% 26.61%

& 6 FRERAIBSEKIEE

Table 6 Taste response value of different ready-to-eat sea cucumbers

Bk FTek Bk UREIR RCREIR Sk FEKE AR Ak
Tk B -13 0 0 0 0 0 0 -6 0

S1 —24.54 21.37 3.09 5.08 0.98 5.69 1.19 -2.84 4.65
S2 -31.04 14.45 -1.29 0.76 0.14 6.37 0.58 -16.01 22.84
S3 -34.18 17.92 0.21 1.24 0.16 7.61 0.51 -15.41 20.11
S4 -33.66 15.91 -0.67 1.33 0.20 8.03 0.60 -14.81 21.07
S5 -32.29 13.86 -0.89 0.80 0.20 6.76 0.63 -15.47 22.41
S6 —26.05 9.86 1.01 1.69 0.26 6.08 0.88 -3.56 4.88

Er RGOAR S T AR B AL B Sk A 58 R T pteRiE .
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Fig.1 Radar map of the taste of different ready-to-eat

sea cucumbers

S.l Legend of Analysis Data O [
LN v S4 4r S3
®S2  «S5 L b S
AS3  »S6 S4
L 1 1 1 ray 1 ! ]
8 20 -15 -10 -5 v 5 szf 10
~ -2}
S5
_4 -
S6
E 6r
_8 L
PC1

B 2 REHRiES#EK PCA ZHHE
Fig.2 PCA two-dimensional diagram of the taste of different

ready-to-eat sea cucumbers

B 3 AEMEESMULEMES ( x1500)

Fig.3 Microstructure differences of different ready-to-eat

sea cucumbers (X1 500)
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Table 7 TPA analysis of different ready-to-eat sea cucumbers

o R g P /mm AR/ Y% IR Zb /N w7 1 /m] =2k
S1 560.07 + 34.88" 0.90 +0.02*  0.93 +0.01" 518.31 +31.02° 465.55 + 15.66 0.66 +0.01°
S2 674.63 £101.16" 0.83+0.01°  0.77%0.03° 516.18 +82.04° 42827 +71.52° 0.56 = 0.03"
S3  7055.74+1803.96° 0.87+0.01° 0.82+0.02° 5796.43+1436.56" 5052.88+1294.53"  0.66*0.01°
S4  2062.90%634.11°  0.94+0.01° 091+0.02"  1874.02+561.99° 1766.07 =538.16°  0.81 +0.02°
S5 263827%703.78°  0.90+0.01° 0.85%0.03"  2266.95*674.80° 204329 +619.02°  0.72+0.03°
S6 989.81 * 156.17" 0.92+0.02"  0.92+0.02° 914.61 = 137.81 843.72 +117.91° 0.74 +0.02°

2.8 REIFM
*8 TENREBESRETSER
Table 8 Sensory scoring results of different

ready-to-eat sea cucumbers

BE BF S RH EARrk R
SI 1680 17.80 1290 17.60  17.30  82.40
S2 1720 1830 1540 1380  12.50  77.20
S3 1440 1540 1650  16.00  12.00 74.30
S4 1530 13.40 1540 1540 1520 74.70
S5 1760 13.80 1720 1530  14.50  78.40
S6 1410 1370 16.80 1640  17.30  78.30
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Fig.5 PLSR diagram of relevant indicators and sensory

evaluation indicators of different ready-to-eat sea cucumbers
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