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Effects on Growth and Body Composition in Juvenile Sea Cucumbers
Apostichopus japonicus of Including Corn Distillers Dried Grains with
Solubles, Squid Liver Meal and Brown Fish Meal in Practical Diets

Kyoung-Duck Kim*, Kang-Woong Kim', Bong-Joo Lee?, Hyon-Sob Han® and Ki-Min Bae*

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Republic of Korea
'Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 37517, Republic of Korea
*Kongju National University, Department of Smart Fisheries Resources, Yesan 32439, Republic of Korea

3Kunsan National University, Kunsan 54150, Republic of Korea

‘Gangwondo Coldsea Fisheries Resource Center, Goseong 24747, Republic of Korea

Two long-term feeding trials were conducted to compare the effects on survival and growth of juvenile sea cucumber
Apostichopus japonicus of experimental diets containing corn distillers dried grains with solubles, Squid Sepioteuthis
sepioidea liver meal, and brown fish meal with a commercial die. In both first and second trials, two experimental
diets and one commercial diet were assessed. After a 45-week feeding period in trial 1, survival did not differ signifi-
cantly among groups. The final mean weight of sea cucumbers fed either experimental diet was significantly higher
than that of sea cucumbers fed the commercial diet. After a 15-week feeding period in trial 2, survival and final mean
weight of sea cucumbers fed either experimental practical diets was significantly higher than that of sea cucumbers
fed the commercial diet. It was concluded that the experimental diets formulations can be used as a practical diet, and
inclusion of corn distillers dried grains with solubles, squid liver meal, and brown fish meal can improve the growth
of juvenile sea cucumbers.
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Table 1. Ingredients and nutrient contents of the experimental diets
(experiment 1)

Diets
ED1 ED2 CD
Ingredients (%)
Undaria pinnatifida powder’ 20 40
Ascophyllum nodosum powder’ 20
Soybean meal 20 22
Corn gluten meal 15
Corn DDGS? 0 20

Squid liver meal
Brown fish meal

Wheat flour 20 10

Squid liver oil 1 1

Vitamin premix® 1 1

Mineral premix* 1 1

Calcium lactate 1

Commercial sea cucumber feed® 50

Sargassum thunbergii powder® 23

Seaweed powder® 23

Additives® 4
Proximate composition (%, dry matter basis)

Crude protein 336 329 157

Crude lipid 1.8 29 0.9

Ash 149 145 437

ISupplied by E-wha Oil and Fat Ind. Co., Busan, Korea. *Distillers
dried grains with soluble (DDGS) is the co-product of ethanol pro-
duction using corn (crude protein 49.0%, crude lipid 4.0).3Vitamin
premix contained the following amount which were diluted in cel-
lulose (g/kg premix): L-ascorbic acid, 121.2; DL-a-tocopheryl ac-
etate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-
inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol,
0.003. “Mineral premix contained the following ingredients (g/kg
premix): NaCl, 43.3; MgSO,-7H,0, 136.5; NaH,PO,-2H,0, 86.9;
KH,PO,, 239; CaHPO,, 135.3; Ferric citrate, 29.6; ZnSO,-7H,0,
21.9; Ca-lactate, 304; CuCl, 0.2; AICI,-6H,0, 0.15; KI, 0.15;
MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0. *Imported from China (com-
mercial feed).
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Table 2. Ingredients and nutrient contents of the experimental diets

(experiment 2)
Diets
ED1 ED2 CD

Ingredients (%)

Undaria pinnatifida powder’ 40 30

Ascophyllum nodosum powder’ 10

Soybean meal 22 5

Corn gluten meal 5

Corn DDGS? 20 13

Squid liver powder 3 10

Brown fish meal 2 10

Wheat flour 10 15

Squid liver oil

Vitamin premix® 1 1

Mineral premix* 1 1

Commercial sea cucumber feed® 50

Sargassum thunbergii powder® 23

Seaweed powder® 23

Additives ® 4
Proximate composition (%, dry matter basis)

Crude protein 32.9 351 15.7

Crude lipid 29 5.7 0.9

Ash 14.5 12.8 43.7

ISupplied by E-wha Oil and Fat Ind. Co., Busan, Korea. Distill-
ers dried grains with soluble (DDGS) is the co-product of ethanol
production using corn. *Vitamin premix contained the following
amount which were diluted in cellulose (g/kg premix): L-ascorbic
acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride,
2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4;
Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic
acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl ac-
etate, 0.73; cholecalciferol, 0.003. “Mineral premix contained the
following ingredients (g/kg premix): NaCl, 43.3; MgSO,-7H,0,
136.5; NaH,PO,-2H,0, 86.9; KH,PO,, 239; CaHPO,, 135.3; Fer-
ric citrate, 29.6; ZnSO,-7H,0, 21.9; Ca-lactate, 304; CuCl, 0.2;
AlCI,-6H,0, 0.15; KI, 0.15; MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0.
SImported from China (commercial feed).
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Table 3. Growth performance of juvenile sea cucumber Apostichopus japonicus fed the experimental diets for 45 weeks (experiment 1)

Diets MWT
ED1 ED2 cD (°C)
Initial 1.3+0.00" 1.3£0.00 1.3+0.00
8 week 4.0+0.03 4.4+0.03° 3.2+0.15° 14.7
13 week 5.1+0.18" 6.0+0.73 4.640.12 20.8
18 week 8.2+0.69" 8.8+2.00 8.30.20 18.6
Body weight (g) 23 week 8.4+0.47" 9.4+1.10 7.8+0.22 23.6
28 week 8.3+0.122 10.0+0.44° 7.5+0.41° 21.8
34 week 15.6+1.21° 18.1+1.27° 11.740.85° 17.4
40 week 19.6+1.35° 23.3+1.23 14.1+0.88° 1.5
e ABweek 21.741.65° 28.0+1.82° 12720 61° 99
Survival (%) 90+1.4" 83t5.5 92+4.6

EP, Experimental diet; CD, Commercial dies; MWT, Mean water temperature; "“Not significant (P>0.05). Values (mean+SE of three replica-
tions) in each row with a different superscript are significantly different (P<0.05).

Table 4. Proximate composition (%) of whole body in juvenile sea
cucumber Apostichopus japonicas fed the experimental diets for
45 weeks (experiment 1)

Diets
ED1 ED2 CD
Moisture 88.610.2% 89.110.2° 88.310.22
Crude protein 5.7+0.12 5.5+0.12 6.3+0.2°
Crude lipid 0.82£0.09°  0.36+0.05*  0.26+0.022
Ash 3.2+£0.032 3.3+0.0° 3.6+0.05°

EP, Experimental diet; CD, Commercial dies. Values (mean+SE
of three replications) in each row with a different superscript are
significantly different (P<0.05).
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Table 5. Growth performance of juvenile sea cucumber Apostichopus japonicus fed the experimental diets for 15 weeks (experiment 2)

Diets MWT
ED1 ED2 CcD (°C)
Initial 1.0£0.0™ 1.0£0.0 1.0£0.0
Body weight () 5 week 1.540.1° 1.4£0.12 1.240.0° 15.6
10 week 2.4+0.1 2.5%0.1° 1.4+0.0° 18.8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 15week . 40£01* 45102 15400 189
Survival (%) 96+0.8° 95+1.4 76+4.42

EP, Experimental diet; CD, Commercial dies; MWT, Mean water temperature; “Not significant (P>0.05). Values (mean+SE of three replica-
tions) in each row with a different superscript are significantly different (P<0.05).
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Table 6. Proximate composition (%) of whole body in juvenile sea
cucumber Apostichopus japonicas fed the experimental diets for
15 weeks (experiment 2)

Diets
ED1 ED2 CD
Moisture 89.3+0.25™  88.3+0.42 89.3+0.18
Crude protein 4.1+0.112 4.4+0.06° 3.9+0.16°
Crude lipid 0.37+0.07 " 0.42+0.00  0.29+0.03
Ash 3.840.032 3.740.03° 4.1+0.16°

EP, Experimental diet; CD, Commercial dies; "Not significant
(P>0.05). Values (mean+SE of three replications) in each row with
a different superscript are significantly different (P<0.05).
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