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Valuation of the practical feeds and the dietary fish meal replacer in sea

cucumber({Apostichopus japonicus)

Liu Yi

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

The present study was conducted to determine effect of dietary protein
levels and the dietary fish meal replacer in juvenile sea cucumber,
Apostichopus japonicus. The first experiment was conducted to determine
the evaluation of the optimum  dietary protein level in juvenile sea
cucumber. The second experiment was conducted to determine the
evaluation of the optimum dietary fish meal replacer level in juvenile

sea cucumber.



Experiment 1: Evaluation of the practical feeds in sea cucumber

(Apostichopus japonicus)

This experiment was conducted to determine the evaluation of the optimum
dietary protein level for juvenile sea cucumber, Apostichopus japonicus. Juvenile
sea cucumber fed with 5 different diets: 2 commercial diets, commercial diet 1
(CD1) and commercial diet 2 (CD2); and 3 experimental diets: experimental
diet 1 (Ex1), experimental diet 2 (Ex2) and experimental diet 3 (Ex3). Three of
experimental diets have different crude protein (CP) levels, Ex1: CP20.7%, Ex2:
24.2%, Ex3: 28.7% and same crude lipid levels: 5%. Juvenile sea cucumber
averaging 0.75+ 0.01 g (mean # SD) were randomly distributed into aquaria
at 30 sea cucumber / aquarium, with three replicate aquaria for each
experimental diet. Sea cucumber was fed the diets (dry matter basis) one time
a day by 5% wet body weight. After 8weeks of the feeding trial, weight gain
(WG), specific growth rate (SGR) of sea cucumber fed the Ex1, Ex2. and Ex3.
diets had significant higher than did sea cucumber fed the CD1 and CD2
diets. Although, there is no significant difference among sea cucumber fed the
Ex1, Ex2 and Ex3. diets,“but Ex2 which contain CP24.2%, CL5.0% showed a
descending order of diet Ex2-> Ex3 > Ex1-Survival rate and whole body
composition of CP have no significant difference among sea cucumber fed
with the five diets.

These results indicated that the optimum dietary supplementation level of

crude protein could be 24% Based on the growth performance.



Experiment 2: Evaluation of the dietary fish meal replacer in sea cucumber

(Apostichopus japonicus)

8 weeks feeding trial was conducted to evaluate the potential use of pork
blood meal (BM) as a partial replacement for fish meal (FM) in the diet of
juvenile sea cucumber, Apostichopus japonicus. Five experimental diets were
formulated with pork blood meal replacing 0, 25, 50, 75, and 100% of the
fish meal protein (Cont., F25, F50, F75, and F100, respectively). Juvenile sea
cucumber averaging 0.75+ 0.01 g (mean + SD) were randomly distributed into
aquaria at 30 sea cucumber / aquarium, with three replicate aquaria for each
experimental diet. After 8weeks of the feeding trial, Weight gain (WG) of sea
cucumber fed Cont. diet,-were significantly higher than that of sea cucumber
fed F75 and F100 diets (’<0.05).  There were no significant differences in WG
among sea cucumber fed Cont., FM25 and FM50(P<0.05). And, there were no
significant differences in WG.among sea cucumber fed F75, and F100 diets
(P<0.05). In specific ‘growth rate (SGR) of sea cucumber fed Cont. diets, was
significantly higher than that of fish fed F75 and F100 diets (P<0.05). There
were no significant differences in SGR among sea cucumber fed Cont., F25,
and F50 diets. And there were no significant differences in SGR among those
fed F75 and FEM100 (P< 0.05).. The whole-body proximate composition showed
crude protein (CP) of sea cucumber fed Cont., F25, F50, F75 were significantly
higher than sea cucumber:fed FM100 (P<0.05). And-the whole-body proximate
composition showed crude lipid (CL) of sea ‘cucumber fed Cont.,, F25, and F50
diets were significantly higher—than sea cucumber fed F75 and F100 diets
(P<0.05). There was no significantly of the whole-body proximate composition
in ash and moisture, respectively.

These results indicated that based on growth performance, the pork blood

meal could replace up to 50% fish meal protein.
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Table 2. Composition of the commercial diet 2 for juvenile sea cucumber

(% dry matter basis)

AR & %

SR 5.54
zu9 20.1
Z X4} 0.53
Z3) 8 49.8

o3 AFEA oM, APAR S ohEi- ik EAAE 30



Table 3. Proximate amino acid composition of the commercial diets for

juvenile sea cucumber (% dry matter basis )

Name CD1 CD2
Asp. 0.76 1.66
Thr. 0.35 0.69
Ser. 0.36 0.74
Glu. 1.06 2.55
Pro. 0.30 0.70
Gly. 0.54 0.87
Ala 0.46 0:94
Val. 0.47 0.93

Ile. 0.32 0.71
Leu 0.53 1.19
Tyr. 0.11 0.53
Phe. 0.32 0.78
His. 048 0.60
Lys. 0.54 0.96
Arg. 0.54 1.23
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Table 4. Proximate fatty acid composition of the commercial diets for

juvenile sea cucumber (% dry matter basis )

Name CD1 CD2
C14:0 3.86 6.54
Cl14:1 0.09 0.28
C15:0 0.80 0.60
C15:1 0.08 041
C16:0 40.01 4242
Cl6:1 6.44 5.63
C17:0 0.15 0.67
C17:1 1.23 0.22
C18:0 11.61 4.35
C18:1 16.20 19.87
C18:2n9¢(n-6) 4.09 11.68
C18:2n9t 0.00 0.00
C18:3n6,9,12¢(n-6) 1.39 0.00
C18:3n9,12,15¢(n-3) 0.36 1.45
€20:0 2.23 0.68
C20:1 0.59 1.59
C20:2 1.24 0.00
C20:3 0.25 0.00
C20:4 0.43 143
C21:0 3.31 0.00
C20:5 0.44 1.44
C22:0 1.369 0.00
C22:1 0.48 0.00
C23:0 0.66 0.00
C24:0 2.01 0.00

C22:6 0.14 0.75




@R FAE A8 =T A
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Table 5. Composition of the experimental diets for juvenile sea cucumber

(% dry matter basis )

A& Ex1 Ex2 Ex3
ol & 7.5 10 12,5
ity 7.0 9.0 11.0
2R HE 4 6 7.5
LAANE 1.65 2.65 3.65
Z=27dd 4.0 4.0 4.0
A Zo] 7}F 3.0 3.0 3.0
7Nz BEE 2.0 2.0 2.0
oA o} 73 41.5 325 33.65
o 1.5 1.0 0.7
L 24.85 R 35 19.5
a8y 0.5 0.5 0.5
3 HER! 1.0 1.0 1.0
B3 my g’ 1.0 1.0 1.0
Ut HE
FE 18.0 15.8 15.0
Z a9z 20.7 242 28.7
Z AW 4.99 >0R 5.14
Z 3F 36.4 33.8 32.0

'Contains (as mg/kg in diets) : Ascorbic acid, 300; dI-Calcium pantothenate,

150 ; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; By 0.06

*Contains (as mg/kg in diets) : NaCl, 437.4; MgSO, - 7H;O. 1379.8; NaH,P; -
2H,O, 877.8; Ca(H2POu)2 - 2H20, 1366.7; KHoPOs, 2414; ZnSO,.7H.O, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSQO;, 0.016; FeSO., 0.0378;, CuSO,, 0.00033;
Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025



Mg i AbRe] opmgl 24 W S AOAC (1995)%H
s 47 £4 HReH, E4A= &6l HEAAH.
Table 6. Proximate amino acid composition of the experimental diets for

juvenile sea cucumber (% dry matter basis )

Name Ex1 Ex2 Ex3
Asp. 1.25 1.51 1.64
Thr. 0.56 0.68 0.73
Ser. 0.58 0.69 0.80
Glu. 2.53 3.03 3.36
Pro. 0.86 1.01 0.98
Gly. 0.79 0.92 1.03
Ala 0.71 0.85 0.98
Cys. 0.02 0.01 0.01
Val. 0.60 0.75 0.84
Met 0.08 0.08 0.07
Ile. 0.65 0.78 0.87
Leu 1.05 1.23 1.40
Tyr. 0.49 0.57 0.64
Phe. 0.64 0.76 0.85
His. 047 0.52 0.64
Lys. 0.56 0.71 0.78
Arg. 0.48 1.04 1.20

_10_
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Table 7. Proximate fatty acid composition of the experimental diets for

juvenile sea cucumber (% dry matter basis )

Name Ex1 Ex2 Ex3
C14:0 5.95 5.54 511
Cl4:1 0.11 0.10 0.04
C15:.0 0.36 041 0.45
C16:0 15.07 16.53 17.53
Cl6:1 448 412 4.00
C17:.0 0.28 0.23 0.21
C17:1 0.25 0.29 0.35
C18:0 2.90 3.51 4.00
C18:1 27.00 26.95 26.63
C18:2n9¢(n-6) 9.67 11.18 12.16
C18:3n6,9,12c(n-6) 1.55 1.73 1.84
C18:3n9,12,15¢(n-3) 0.91 0.81 0.79
C20:0 8.52 6.59 421
C20:1 0.56 0.55 0.53
C20:2 2.75 2.74 2.67
C20:3 0.14 0.14 0.14
C20:4 0.20 0.24 0.25
C20:5 4.82 443 454
C22:0 6.95 5.23 451
C22:2 0.14 0.13 0.14
C23:0 0.30 041 048
C24:0 0.54 0.57 0.64

C22:6 6.54 7.60 8.76

_11_
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d. AA=

BE AE+E Computer Program Statistix 3.1 (Analytical
Software, St. Paul, MN. USA)Z ANOVA(Analysis of variance)

testE AAIBEY HA F2AA(LSD: Least Significant Difference)

© Y AR @9d a7F RS A A5 AFE AR

Weight gain (WG)# Specific growth rate(SGR)< Ex27} =
2 FALh AR B FY5HAl =] UEFS TH(P<0.05). SHA| R
Exl, Ex3 ¥ U 3 Fdat AR el #Fo’t atol7h Il
TH(P<0.05). ‘WG, SGR ¥ Survival ratet= 8ol eI

_16_



Table 8. WG, SGR and survival rate of juvenile sea cucumber fed

experimental diets and commercial diets for 8weeks.

diets
CD1 CD2 Ex1! Ex2’ Ex3®

Initial Weight(g) 5 0.75 0.75 0.75 0.75

Final Weight(g) 1.74 1.94 2.50 2.90 257

Weight gain(%)  1339°  159.8” 2339  2863"  2433%

Specific growth

T2 1.44° 1.8 2200 194"
rate(%)
Survival rate(%) 76.7 91.1 93.3 85.0 911
'Ex1(CP20%)
*Ex2(CP24%)
*Ex3(CP28%)

@ M Aol A E

4 T8 F =AY Ex1, Ex2, Ex3 o] wU 3 Fdah dA
n

AR BT Rl w7 degom SR, xuma 9 sEe

7
zoud, zA0 9 i BAATE woe Uehit.
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Table 9. Whole-body proximate composition of juvenile sea cucumbers fed

experimental diets and commercial diets for 8 weeks (% dry matter basis).

diets
CD1 CD2 Ex1 Ex2° Ex3°
Moisture(%) 91.0 91.7 95 915 92.0
Crude
37.3 39.9 37.0 35.5 38.0
Protein(%)
Crude b 5 . a a
3.2 31 5.1 45 4.8
Lipid(%)
Ash(%) 426 40.6 42.9 43.6 428
'Ex1(CP20%)
*Ex2(CP24%)
*Ex3(CP28%)

® A AR opumit =4

_18_



Table 10. Whole-body amino acid proximate composition of juvenile sea
cucumbers fed experimental diets and commercial diets for 8 weeks (%

dry matter basis).

Name CD1 CD2 Ex1 Ex2 Ex3

Asparagine  3.94 4.38 4.02 2.82 4.39
Threonine  1.63 1.90 1.73 1.88 1.94
Serine 1.55 1.71 1.53 1.65 1.70
Glutamine  5.48 6.12 5.83 5.76 6.28
Proline ) 2.79 2.69 243 2.38
Glycine 2.76 3.38 2.53 =7 3.01
Alanine 0.86 1.00 0.87 0.94 1.03
Valine 1.70 1.79 1.68 1.78 1.81
Isoleucine  1.28 1.48 1.36 143 1.44
Leucine 1.90 241 2.06 217 2.20

Tyrosine 0.94 1.02 0.94 1.11 1.07

Phenylalani
1.21 1.52 1.32 1.37 1.42
ne

Histidine 0.83 0.95 0.90 091 0.97
Lysine 3.73 207 2.01 1.98 2.10

Arginine 2.03 2.35 2.02 2.08 2.34

_19_
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(1) A= 5 T

© A Atsd A3

T

ARUALE &, S8 287, AxF AES ddsigen,
o] 59 NI AOAC (1995l ofa &4 =Hemw, 1 4
= Ei1el YERATH

Table 11. Composition of the pork blood meal, food west, seaweed

products(% dry matter basis )

TEG%)  =oaEA%) =AF(%) EE(%)
b 6.96 98.0 0.40 140
e

16.8 21.9 125 129
2 ¢ 7]
=5
Lo 16.8 6.30 4.10 20.5
FAbE
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Table 12. Proximate amino acid composition of pork blood meal and fish

meal(% dry dry matter basis )

& (%) T4 A& (%)
Arginine 3.7 4.2
Histidine 6.3 1.3
Lysine 8.6 4.5
Leucine 124 4.5
Isoleucine 0.5 2y
Methionine 1.0 "V
Phynylalanine 6.8 2.3
Threonine 3.6 2.6
Trypthophan 1.5 0.6
Valine 9.2 3.0
Tyrosine 2.1 1.9
Cysteine i 7 0.8

o [e)

& 5
o3 BRustgEt. @8 o o nE AuFH oz dfoln 4kl
arginine, isoleucine, methionine©] A &#3t3 AR T, histidine,

lysine, leucine, phenylalanine, valine2 ©]&ol B3] ®o] FF3taL

_21_
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® SAAY

+ A5+ Computer Program Statistix 3.1 (Analytical
USA)= ANOVA(Analysis of variance)

§(LSD: Least Significant Difference)

=
Software, St. Paul, MN.
testE ATt HA FAHEA

o2 BF o] Fe4e YA

2 23

=

® AR GRS HFE Aury
ARE FARE % 5AZ AL HYH,
Agate], ofi v Ae oA 54
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Table 13. Composition of the experimental diets for juvenile sea cucumber

(% dry matter basis )

AE Cont. F25 F50 F75 F100
o & 10.0 7.5 5.0 25 0
R 0.00 1.55 3.10 4.65 6.20
o 58} 9.0 9.0 9.0 9.0 9.0
270 7HE 6.0 6.0 6.0 6.0 6.0
RS R 2.65 2.65 2.65 2.65 2.65
ZZ7dd 4.00 3.87 3.84 3.81 3.78
Xl %01 7+F 3.0 3.0 3.0 3.0 3.0
I ZNEAE 2.0 2.0 2.0 2.0 2.0
Al v} 7 37.5 3833 3915 39.90 40.70
oA 1.00 1.25 141 1.64 1.82
) 2235 2235.. 2235 22.35 2235
iaw 0.5 0.5 0.5 0.5 0.5
B3 mghat 1.0 1.0 1.0 1.0 1.0
23} oy =& 1.0 1.0 1.0 1.0 1.0
duk JE
TE 8.66 8.48 9.05 8.73 8.90
Zz 993 24,21 24.27 23.98 2418 24.07
Z A 5.02 4.98 5:14 4.87 5.08
z 3E 33.80. 34.80 33.96 33.16 32.30

'Contains (as mg/kg in diets) : Ascorbic acid, 300; dI-Calcium pantothenate,
150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;
Pyridoxine - HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol
acetate, 201; Retinyl acetate,6; Biotin, 1.5; Folic acid, 5.4; By 0.06

*Contains (as mg/kg in diets) : NaCl, 437.4; MgSO, - 7H,O. 1379.8; NaH,P; -
2H,O, 877.8; Ca(HyPOu) - 2H,O, 1366.7; KHoPO4 2414; ZnSO,.7H,O, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSQO;, 0.016; FeSO., 0.0378;, CuSO,, 0.00033;
Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025

_25_
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Table 14. Proximate amino acid composition of the experimental diets for

juvenile sea cucumber (% dry matter basis )

Name Cont. F25 F50 F75 F100
Asp. 1.51 1.75 1.66 1.56 1.71
Thr. 0.68 0.78 0.70 0.65 0.75
Ser. 0.69 0.88 0.81 0.7 0.94
Glu. 3.03 3.85 3.50 3.24 4.76
Pro. 1.01 0.92 0.77 0.76 0.91
Gly. 0.92 0.99 0.92 0.80 0.85
Ala 0.85 1.09 1.06 0.96 1.07
Val. 0.75 0.91 0.90 0.81 1.04

Ile. 0.78 3 0.69 0.59 0.64
Leu 1.23 1.48 1.45 1.38 1.73
Tyr. 0.57 0.68 0.54 0.47 0.60
Phe. 0.76 0.37 0.88 0.85 1.13
His. 0.52 0.51 0.52 0.49 0.64
Lys. 0.71 1.01 0.99 0.89 1.03
Arg. 0.48 1.01 0.98 0.85 0.97

_26_
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Table 15. Proximate fatty acid composition of the experimental diets for

juvenile sea cucumber (% dry matter basis )

Name Cont. F25 F50 F75 F100
C14:0 548 5.60 5.75 5.97 6.35
Cl4:1 004 0043 0.03 0.03 0.08
C15:0 0.41 0.36 0.31 0.27 0.21
C15:1 0.23 0.19 0.20 0.20 0.21
C16:0 1560 1498 1418 1349 1261
Clée:1 4.30 4.39 417 4.33 4.46
C17:0 325 OR& ] A 262, 022 0.21
C17:1 0.31 0.36 0.38 042 0.48
C18:0 3.29 3.10 281 2.54 1.78
C18:1 2668 2595 2648 2668 2659
C18:2n9¢(n-6) 979 10.09 1068 1050 1227

C18:3n6,9,12¢(n-6) 1.66 1.63 1.71 1.67 1.58
C18:3n9,12,15¢(n-3) .97 0.97 0.97 0.99 1.01

C20:0 6.68 8.13 o 9.67 10.92
C20:1 0.62 0.62 0.66 0.67 0.27
C20:2 2.70 2.54 2.65 259 2.59
C20:3 019 0.18 021 0.20 0.22
C20:4 0.27 0.26 0.24 0.24 0.21
C21:0 5.23 518 5.02 5.20 4.96
C20:5 5.18 6.39 6.73 7.54 8.90
C22:0 0.07 0.08 0.08 0.09 0.09
221 0.19 0.21 0.20 0.21 0.22
C22:2 0.63 0.56 0.50 0.40 0.29
C23:0 0.67 0.62 0.51 0.46 0.32
C24:0 8.46 731 6.46 5.31 3.07
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Table 16. WG, SGR and survival rate of juvenile sea cucumbers fed

experimental diets for 8 weeks.

diet
o Pooled
E25 E50 E75 E100 SEM
Initial
] 0.75 0.75 0.75 0.75 0.75 0.00
Weight(g)

Final Weight(g) 3.65 332 (1836 266 290 014

a ab ab C bc
Weight gain(%) 3914" 18456 8468 26207 280.0% 54

Specific growth~ 266" ~247° 251°° . 2005 221

0.21
rate(%)
Survival
911 911 95.0 85.6 83.3 6.38
rate(%)
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Table 17. Whole-body proximate composition of juvenile sea cucumber fed

experimental diets for 8 weeks (% dry matter basis).

diets Pooled
Cont. F25 F50 F75 F100 SEM

Moisture(%) 914 91.0 914 91.% 91.2 0.11

Crude a a a a b
379 o e 374 379 30.0 0.25
Protein(%)
Crude A . A b b
o 55 5.7 51 3.5 4.2 0.29
Lipid(%)
Ash(%) 41.8 415 43.3 40.8 41.7 0.40
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Table 18. Whole-body proximate amino acid composition of sea cucumber

fed experimental diets for 8 weeks (% dry matter basis )

Cont. F25 F50 F75 F100
Asparagine 4.26 443 4.39 413 4.14
Threonine 1.88 1.95 1.86 1.85 1.77
Serine 1.69 1.77 1.75 1.80 1.65
Glutamine 6.34 6.41 6.34 6.35 6.03
Proline 213 1.99 1.87 2.23 2.25
Glycine 297 2.80 2.85 2.65 293
Alanine 0.95 1.05 0.85 0.98 0.97
Valine 1.77 1.91 1.80 1.80 1.61
Isoleucine 1.49 1.52 141 1.44 1.23
Leucine 227 2.32 217 2.30 1.93
Tyrosine 111 1.22 112 1.20 0.99
Phenylalani 1.45 1.54 1.39 1.38 1.24
ne
Histidine 0.97 1.00 0.90 1.02 0.95
Llysine 2.07 2.26 2.05 2.34 1.91
Arginine 2.20 2.34 2.29 219 211
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