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Development of Practical Feed for the

Sea Cucumber Stichopus japonicus
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SUMMARY

Development of practical feed for the sea cucumber

1. Nutrients requirements for reference feed

1.1. Effects of dietary protein and lipid levels on growth and body
composition of juvenile sea cucumber

We investigated the proper dietary protein and lipid levels for growth
and body composition of juvenile sea cucumber Stichopus japonicus. Three
replicate groups of the sea cucumber (average weight of 1.1 g) were fed
the experimental diets containing different levels of protein (10, 20, 30 and
40%) and lipid (3, 7 and 11%) for 10 weeks. At the end of the feeding
trial, survival of each group was over 87%, and there was no significant
difference among the groups. Weight gain and specific growth rate (SGR)
of sea cucumber were significantly affected by dietary protein (P<0.005)
and lipid levels (P<0.001). The highest weight gain and SGR were
observed when sea cucumber fed the diet containing 30% protein with 3%
lipid (P<0.05). Weight gain and SGR of the sea cucumber fed the diet
containing 3% lipid were higher than the other groups at the same
protein level except for 40% protein group (P<0.05). Protein content of the
sea cucumber fed the diet containing 30% protein with 3% lipid was
significantly (P<0.05) higher than those fed 20% protein diets with 7% or
11% lipids and 10% protein diet with 7% lipid. Moisture, lipid and ash
contents of the whole body were not significantly different among the
groups. Fatty acid compositions such as linoleic acid, EPA (20:5n-3) and
DHA (22:6n-3) of the whole body were affected by those of dietary lipid

sources. The results of this study indicate that the diet containing 30%
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protein and 3% lipid is optimal for growth of juvenile sea cucumber.

1.2. The optimum dietary ascorbic acid level in sea cucumber

A 14-week feeding trial was carried out to evaluate the optimum dietary
ascorbic acid (AA) level in juvenile sea cucumber, Stichopus japonicus. Sea
cucumbers averaging 1.49+0.07 g (meantSD) were randomly distributed
into 18 rectangular plastic tanks of 20 liter capacity in a recirculating
system (20 animals per tank). Six semi-purified experimental diets were
formulated to contain 0 (AMPO0), 30 (AMP24), 60 (AMP48), 120 (AMP100),
240 (AMP206) and 1200 (AMP1045) mg AA/kg diet in the form of
L-ascorbyl-2-monophosphate (AMP) by using casein as the main protein
source. Sea cucumbers were fed each of the six experimental diets in
triplicate groups. At the end of 14 weeks of feeding trial, weight gain
(WG), specific growth rate (SGR) and feed efficiency (FE) of sea
cucumbers fed AMP100, AMP206 and AMP1045 were significantly (P<0.05)
higher than those of animals fed AMP0, AMP24 and AMP48. However,
there were no significant differences in WG, SGR and FE among sea
cucumbers fed AMP100, AMP206 and AMP1045, and among animals fed
AMPO, AMP24 and AMP48. Whole-body vitamin C concentration increased
with AA content of the diets. Broken line analysis of WG showed an
optimum dietary AA level of 1053 mg AA/kg diet in sea cucumber.
These results indicated that the optimum dietary vitamin C level in sea
cucumber in the form of L-ascorbyl-2-monophosphate could be greater

than 100 mg AA/kg diet but less than 1053 mg AA/kg diet.
1.3. Requirements of dietary vitamin B (Riboflavin) in juvenile sea

cucumber

This study was conducted to evaluate dietary vitamin B, requirements
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in juvenile sea cucumber, Stichopus japonicus that was initial averaging
1.49+0.07 g (meantSD). A 14-week feeding trial was conducted to
evaluate the dietary requirement of vitamin B, in sea cucumber. Fish
were fed semi-purified diets containing equivalent of 0, 5, 10, 20, 60, and
600 mg riboflavin/kg diet for 14 weeks. However, the final riboflavin
levels were 0, 4, 9, 18, 57 and 577 mg riboflavin/kg diet. Six
experimental diets were designated as B;-0, B»-4, B»-9, B»-18, B;-57 and
B,-577. Casein was used as the main protein sources in the semi-purified
experimental diets. Fish were distributed to each aquarium as a group of
20 fish, and fish were fed one of six experimental diets in triplicate
groups. Fish were fed once a day for the 14 weeks of experiment
periods. The water temperature maintained at 13+1°C. After 14 weeks of
the feeding trial, weight gain (WG), feed efficiency (FE) and specific
growth rate (SGR) of sea cucumber fed the control diet were
significantly lower than those of fish fed the vitamin B supplemented
diets in either form (P<0.05). There was no significant difference of WG,
FE, SGR among vitamin B; contained 9, 18, 57 and 577 mg riboflavin/kg
(P<0.05). However, sea cucumber fed the vitamin B;-4 mg riboflavin/kg
was significantly lower than vitamin B, contained 18, 57 and 577 mg
riboflavin/kg in WG and SGR (P<0.05). Broken line analysis of WG
indicated that the dietary vitamin B, requirement of sea cucumber is

10.7+1.22 mg riboflavin/kg diet.

1.4. The dietary a-tocopherol requirement in sea cucumber

This study was conducted to evaluate the dietary a-tocopherol (Vitamin
E) requirement in juvenile sea cucumber, Stichopus japonicus. Sea
cucumbers averaging 1.48t0.07 g (meantSD) were randomly distributed

into 18 rectangular plastic tanks of 20 capacity in are circulating system
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(20 animals per tank). Six semi-purified experimental diets with average
protein and crude lipid levels (dry matter) of 29.7+0.36% and 4.39+0.23%
(mean+SD), respectively were formulated to contain 0 (E4), 15 (E12), 30
(E23), 60 (E44), 120 (E77) and 600 (E378) mg a-tocopherol/kg diet,
supplied as dl-a-tocopheryl acetate. Diets were analyzed for a-tocopherol
content by HPLC and the a-tocopherol levels were 4.01, 12.4, 23.1, 443,
774 and 378 mg a-tocopherol/kg diet for E4, E12, E23, E44, E77 and E378
diets, respectively. Casein and defatted fish meal were used as the protein
sources in the diets while wheat flour was the carbohydrate source. Sea
cucumbers were fed each of the experimental diets in triplicate groups. At
the end of the 14-week feeding trial, weight gain (WG), specific growth
rate (SGR) and feed efficiency (FE) of sea cucumbers fed E23, E44, E77
and E378 diets were significantly (P<0.05) higher than those of animals
fed F4 and E12 diets. However, there were no significant differences in
WG, SGR and FE among sea cucumbers fed E23, E44, E77 and E378 diets
or among those fed E4 and E12 diets. Survival of sea cucumbers fed E44,
E77 and E378 diets were significantly higher than those of animals fed E4,
E12 and E23 diets. However, there were no significant differences among
sea cucumbers fed E4, E12 and E23 diets or among those fed E44 and
E77 diets. Whole-body vitamin E concentration increased with a-tocopherol
content of the diets. Broken line analysis of WG showed an optimum
dietary a-tocopherol requirement of 41 mg a-tocopherol/kg diet in sea
cucumber. These results indicated that the optimum dietary a-tocopherol
requirement in sea cucumber in the form of dl-a-tocopheryl acetate could
be higher than 23.1 mg a-tocopherol/kg diet but lower than 44 mg a
-tocopherol/kg diet.
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2. Optimum energy source and level for high quality feed

1.1. Effect of various protein source in practical diet on growth and body
composition of juvenile sea cucumber

A feeding trial was carried out to evaluate the utilization of various
protein sources for growth and body composition of juvenile sea
cucumber. Three replicate groups of the sea cucumber (average weight,
0.8+0.01 g) were fed one of seven diets containing white fish meal
(WEM), soybean meal (SM), wheat flour (WF), sesame residues (SR),
soybean-curd residues (SCR), Sargassum powder (SP) and mixture of six
sources (MIX) as a dietary protein sources for 8 weeks. After the feeding
trial, survival of each group was ranged from 74% to 87% and there was
no significant difference among the groups. Weight gain (WG) and specific
growth rate (SGR) of sea cucumber was significantly affected by dietary
protein source (P<0.05). The highest WG and SGR was observed when sea
cucumber fed the diet containing SP but there was no significant
difference from that of sea cucumber fed the diets containing SM and
MIX. Moisture, crude protein, crude lipid and ash contents of the whole
body were not significantly different among the groups. The results of
this study indicate that the SP, SM and MIX could be use to protein

sources in practical diets for juvenile sea cucumber.

2.2. Effect of various lipid source in practical diet on growth and body
composition of juvenile sea cucumber
This study as conducted to investigate the effects of dietary lipid
sources on survival, growth and body composition of juvenile sea
cucumber. Three replicate groups of the sea cucumber (average weight,

1.4+0.02 g) were fed one of four diets containing squid liver oil (SLO),
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soybean oil (SO) and linseed oil (LO) as a dietary lipid sources for 12
weeks. After the feeding trial, survival of each group was ranged from
74% to 83% and there was no significant difference among the groups.
The highest Weight gain (WG) was observed in sea cucumber fed the
SLO diet whereas WG of sea cucumber fed the SO diet was the lowest
among the groups (P<0.05). No significant difference were found in
moisture, crude protein, crude lipid and ash contents of the whole body
of sea cucumber fed the different diets (P>0.05). Contents of 20:5n-3 and
22:6n-3 such as n3-HUFA of sea cucumber fed the SLO diet was
significantly higher than those from sea cucumber fed the other diets. The
results of this study indicate that squid liver oil could be use to protein

sources in practical diets for juvenile sea cucumber.

2.3. Effects of dietary carbohydrate source and level on growth and body
composition of juvenile sea cucumber

A feeding trial of three dietary carbohydrate sources (wheat flour, a
-starch and sodium alginate) and two dietary carbohydrate levels (15%
and 30%) factorial design with three replications was conducted to
investigate the proper dietary carbohydrate source and its level on growth
of juvenile sea cucumber. In addition, sea cucumber fed the formulated
diets was compared with the sea cucumber fed the dried Sargassum
thunbergii. Juvenile sea cucumber (average body weight of 770 mg) were
fed the experimental diets once a day for 10 weeks. After feeding trial,
survival rate was not significantly different among the groups. Mean
weight gain was significantly affected by both dietary carbohydrate source
(P<0.01) and level (P<0.001), and tended to decrease as dietary
carbohydrate level increased. Mean weight gain of sea cucumber fed the

diet containing 15% wheat flour was highest, but not significantly different
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from those of sea cucumber fed the diet containing 15% sodium alginate
and Sargassum thunbergii (P>0.05). No significant difference was observed
in the contents of moisture, crude protein and crude lipid of the whole
body. Ash content was significantly affected by dietary carbohydrate
source (P<0.05), and ash content of sea cucumber fed the diet containing
30% a-starch significantly (P<0.05) higher than that of sea cucumber fed
the diets containing 15% and 30% sodium alginate. Based on the results
of this study, sea cucumber utilized wheat flour and sodium alginate
more efficiently than a-starch and a diet containing 25% carbohydrate is

recommended for growth juvenile sea cucumber.

24. Optimum dietary protein and lipid levels for growth of juvenile sea
cucumber

A feeding trial of three protein levels (20%, 30% and 40%) and two
lipid levels (2% and 10 %) factorial design was conducted to investigate
the proper dietary protein and lipid levels for the growth of juvenile sea
cucumber. Dietary protein content was adjusted by adding with different
levels of soybean meal and lipid content was adjusted by squid liver oil
and soybean oil. Three replicate groups of the sea cucumber (average
weight of 1.3 g) were fed the six experimental diets for 12 weeks. At the
end of the feeding trial, survival of each group was not difference among
the groups (P>0.05). Weight gain and specific growth rate of sea
cucumber was significantly affected by dietary protein (P<0.006) and lipid
levels (P<0.001). The highest weight gain and specific growth rate were
observed in sea cucumber fed the P20L2 diet (P<0.05). At the same
dietary protein levels, weight gain and specific growth rate of sea
cucumber fed the diet containing 2% lipid were higher those of sea

cucumber fed the 10% lipid diets (P<0.05). Apparent digestibility
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coefficients (ADCs) of dry matter, crude protein, nitrogen-free extract and
gross energy of sea cucumber fed the 2% lipid diets were significantly
higher those of the 10% lipid diets regardless of protein levels (P<0.05).
Moisture, crude protein, crude lipid and ash contents of the whole body
were not significantly different among the groups. The results of this
study indicate that the diet containing 20% protein with 2% lipid is

optimal for growth of juvenile sea cucumber.

3. The utilizations of feed ingredients for least cost feed formulation

3.1. Effect of Sargassum thunbergii meal in the formulated diet on growth
and body composition of juvenile sea cucumber

This study was conducted to investigate the effect and proper level of
Sargassum thunbergii meal in formulated diet for juvenile sea cucumber.
Three replicate groups of juvenile sea cucumber (averaging weight 1.1 g)
were fed one of five experimental diets containing 0% (S0), 20% (S20),
40% (S40), 60% (S560) and 100% (S100) dried S. thunbergii meal and
commercial feed (CF) for 12 weeks. After the feeding trial, survival was
over 83% and was not significantly different among the groups (P>0.05).
The best weight gain was obtained from sea cucumber fed the S20 diet
and weight gain of sea cucumber fed the 5100 was the lowest (’<0.05).
Weight gain of the top 30% sea cucumber fed the S60 diet was
significantly higher than that of sea cucumber fed the other diets (P<0.05)
but not significantly different from that of sea cucumber fed the S40 diet
(P>0.05). Apparent digestibility coefficients (ADCs) of dry matter, crude
protein, nitrogen-free extract and gross energy of sea cucumber was
decreased with increasing S. thunbergii meal in diet, whereas ADC of lipid

was not significantly different among the groups. Moisture, crude protein,
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crude lipid and ash contents of the whole body were not affected by
levels of S. thunbergii meal (P>0.05). The results of this study suggest that
the growth of juvenile sea cucumber may be improved by S. thunbergii

supplementation, and its optimum level is 40%.

3.2. Effect of various plant ingredients in the formulated diet on growth
and body composition of juvenile sea cucumber

A 10-week feeding trial was conducted to investigate the effects of
several plant ingredients in formulated diets on growth and body
composition of juvenile sea cucumber. Three replicates of juvenile sea
cucumber (averaging weight 1.5 g) were fed one of eight diets containing
Sargassum thunbergii (Sar), Undaria (Und), Laminaria (Lam), Cabbage (Cab),
Cheonggukjang (Che), Makgeolli dreg (Mak), rice straw (Ric) and
commercial feed (CF). At the end of feeding trial, survival was over 81%
and was not significantly different among the groups. Weight gain (WG)
and specific growth rate (SGR) of sea cucumber fed the Che diet were
significantly higher than those of sea cucumber fed the other diets but not
different from those of sea cucumber fed the Mak diet. The lowest WG
and SGR were observed in sea cucumber fed the Sar diet. Weight gain of
the top 15 sea cucumber fed the Che diet was the highest among the
groups (P<0.05) but not significantly different from that of sea cucumber
fed the Und, Mak and CF diets (P>0.05). No significant differences were
found in moisture, crude protein, crude lipid and ash contents of the
whole body of sea cucumber among the groups. The results of this study
suggest that dietary supplementation with Cheonggukjang and Makgeolli
dreg may improve the growth of juvenile sea cucumber, especially
Makgeolli dreg could be used as good ingredient for economical feed

formulation.
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3.3. Effect of Makkolli dreg in the formulated diet on growth and body
composition of juvenile sea cucumber

This study was conducted to investigate the effect and proper level of
Makkolli dreg in formulated diet for juvenile sea cucumber. Three
replicate groups of juvenile sea cucumber (averaging weight 1.6 g) were
fed one of five experimental diets containing 0% (MO0), 10% (M10), 20%
(M20), 30% (M30) and 40% (M40), and commercial feed (CF) for 12
weeks. After the feeding trial, survival was over 82% and was not
significantly different among the groups (P>0.05). The best weight gain
(WG) and specific growth rate (SGR) were obtained from sea cucumber
fed the M10 diet and WG and SGR of sea cucumber fed the M40 diet
was the lowest (P<0.05), but WG and SGR of sea cucumber fed the M10
diet did not differ from those of the sea cucumber fed the M20 diet
(P>0.05). Apparent digestibility coefficients (ADCs) of dry matter and
nitrogen-free extract of sea cucumber fed the M30 and M40 diets were
significantly higher than those of sea cucumber fed the MO, M10 and MZ20
diets, respectively (P<0.05). The highest moisture and ash contents were
observed in sea cucumber fed th CF diet (P<0.05). The results of this
study suggest that the growth of juvenile sea cucumber may be improved

by Makkolli dreg supplementation, and its optimum level is 20%.

3.4. Effect of various animal and plant by-products in the formulated diet
on growth and body composition of juvenile sea cucumber

A 12-week feeding trial was conducted to investigate the effects of

several animal and plant by-products in formulated diets on growth and

body composition of juvenile sea cucumber. Three replicates of juvenile

sea cucumber (averaging weight 1.5 g) were fed seven experimental diets
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replacing squid liver power (SLP), Sea star (SST), Sea urchin tunic (SUC),
sea squirt tunic (55Q), sesame seed meal (SSM) and Soybean cured
residue (SCR) at each 20% with substituting the Sargassum thunbergii
powder in the control diet (CON) and commercial feed (CF). At the end
of feeding trial, survival was over 83% and was not significantly different
among the groups. The best weight gain (WG) and specific growth rate
(SGR) were observed in sea cucumber fed the SLP diet (P<0.05) but not
significantly different from those of sea cucumber fed the SSQ diet
(P>0.05), whereas, the lowest WG and SGR were observed in sea
cucumber fed the CF diet but not significantly different from those of sea
cucumber fed the SCR diet. No significant differences were found in
moisture, crude protein, crude lipid and ash contents of the whole body
of sea cucumber among the groups. The results of this study suggest that
the all by-products of except for soybean cured residue may be replaced
with 20% of dietary Sargassum thunbergii powder without a reduction in
sea cucumber growth, especially squid liver powder could be used as

good ingredient for economical feed formulation.
4. The utilizations of feed additives for improvement of feed quality

4.1 Effects of supplemental makkolli dreg, sea star, sea squirt tunic,
licorice, mud, krill meal and chenggukjang in the diets on growth
and body composition of juvenile sea cucumber

A 8-week feeding trial was conducted to investigate the effects of
several additives in experimental diets on the growth and body
composition of juvenile sea cucumber. Three replicates of juveniles

(average weight 2.0£0.06 g) were fed one of eight experimental diets
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containing makkolli dreg, sea star, sea squirt tunic, licorice, mud, krill
meal and chenggukjang and commercial diet. Survival (84~89%) was not
affected by the different dietary additives (P>0.05). Weight gain and
specific growth rate of sea cucumber fed the sea star, sea squirt tunic and
licorice were significantly higher than those of sea cucumber fed the
commercial diet (P<0.05) but not significantly different from those of sea
cucumber fed the experimental diets except for commercial diet. The best
weight gain of the top 15 sea cucumber was found in sea cucumber fed
the diets containing sea squirt tunic. The results of this study suggest that
growth of juvenile sea cucumber may improved by sea squirt tunic

supplementation in diet.

5. Evaluation of formulated diets and rearing condition

5.1. Effect of shelter and sand in the rearing tank on growth and body
composition of juvenile sea cucumber

Three types of bottom substances (free-substrate, shelter and sand) were
prepared to find proper rearing condition for growth of the juvenile sea
cucumber. Three replicates of ten juveniles (average weight 3.6 g) were
fed commercial diet for 8 weeks. After feeding trial, survival was not
significantly different among the groups. Weight gain and specific growth
rate of sea cucumber in sand tank were significantly higher than those of
sea cucumber in free-substrate and shelter tanks. No significant difference
were found in contents of crude protein and lipid contents of the whole
body of sea cucumber. Ash content of sea cucumber in sand tank was
significantly higher than of sea cucumber in other tanks. The results of
this study suggest that growth of juvenile sea cucumber may improved

by set a shelter and sand in rearing tank
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5.2. Evaluation of experimental diets for growth of juvenile sea cucumber
in 1 ton tank

A 8-week feeding trial was conducted to investigate the effects of
formulated diets (D1, D2 and D3) and commercial diet (CF) on the
growth of juvenile sea cucumber in 1 ton tank. Four hundred juveniles
(average weight 3.0+0.08 g) were fed for 9 weeks. After feeding trial,
survival was observed from 65% to 69% all the treatments (CF- 69%, D1-
68%, D3- 67%, D2- 65%). Weight gain of sea cucumber showed ranging
from 234 to 63.4. The highest weight gain was observed in sea cucumber
fed the D2 diet, that of sea cucumber fed the CF diet was the lowest.
Based on the results from this study, the dietary formulation used in the

D2 can be applied in the practical diet for juvenile sea cucumber.
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Uthicke, 2004) 3j4Ho] JAFFEAA7I=e] 73 A F2d tigt B4 o
F7FE 3 ok 53 dEoAs 1980t RE 34 FEALC] S
© 1 (Zhang and Liu, 1998), $-&lugtoll = 19903t FHAY7|E0] A
Hol| wpet vid FEE At WHRst L Aok

A FG7EA] sjatel] B ATEE A L3HTanaka, 1958b), A 2] (Tanaka,
1958a), FA8AFE(Sui et al, 1986; Sui, 1989), THA}(Kato and Hirata, 1990;
Kashenko, 2000; Li et al., 2002) ¥ & & (Tian et al, 2005) 5 ¥4 E3HH &
Aol 2F& Fa APHAL, 4t FAo Do wiFARA B3 d7e
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of &gt A7 AL g7l W&ol s FAA AREHE FAEE Hole Ad
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oz dAvHolol g a#A £ A7 SdS AF FFe] va2A F
8 HEARIE ol E7site A AxAed FAE 9T AR
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PR 2y, AR 2 AL £48 Table 13 20] YRR
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4x3 factorial design®.E F 12 THY HIAEE Azt AdPAIRY
gl ddo g2 oBI caseing, AP R2E QANLFY HFRFE 2dx
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(@F AZ: 1.1:0.05 gy 7+ 50ufe]® 3utEo g fasigon], APAE

£ o9 34 AT 5%4 19 13(17:00 h) FF3EA 857 AMSAF 8t
Ak AFS4AR 717 B¢ 2 9.8+230C, BlFL 1.025%0
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AYFzol AEG RE oF e P

BN 2

to L op 3@

ABE FHote FZEAAZXY BAsiAth. AOAC (1990)2] el wat
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HZ 200CoA 230C7A 5C/min Z7AZAI, o]0}l 237C7A 05T
/min Z7FA1Z T olW injector %= 2507, detector (FID) &%=& 270C 2
Z+zy  AAstgen, #E AMAes 374 AW EFE(PUFA 37
Component FAME Mix, USA)S A}-&3} ot

..44_



Table 1. Ingredient and proximate composition of the experimental diets

for Stichopus japonicus

Diets
P10 P10 P10 P20 P20 P20 P30 P30 P30 P40 P40 P40
L3 L7 L11 L3 L7 111 L3 L7 111 L3 L7 L11

Ingredients (%)

Casein 30 30 30 60 60 60 90 90 90 120 120 120
White fish meal' 9.0 9.0 9.0 180 180 18.0 27.0 270 27.0 36.0 360 36.0
Dextrin 65.0 650 65.0 55.0 55.0 55.0 450 450 450 350 350 350
Squid liver oil 23 23 23 17 17 17 10 10 10 03 03 03
Soybean oil 4.0 8.0 4.0 80 40 8.0 40 80

Vitamin premix2 20 20 20 20 20 20 20 20 20 20 20 20
Mineral premix’ 3.0 30 30 30 30 30 30 30 30 30 30 30

Cellulose 155 115 75 141 101 61 128 88 48 115 75 35
Choline 02 02 02 02 02 02 02 02 02 02 02 02
Nutrient contents (% of dry matter)

Dry matter 923 933 920 963 943 89.6 949 93.7 925 948 96.8 94.8
Crude protein  10.0 11.1 104 194 196 20.0 275 279 269 363 36.2 37.1
Crude lipid 32 71 101 23 67 102 28 75 97 27 67 112
Crude fiber 246 199 160 275 174 16.6 245 197 154 222 176 139
Ash 30 30 31 43 43 45 55 57 58 76 71 71
N-free extract 592 589 604 464 520 487 39.7 391 424 312 323 30.7
Gross ener

(keal/g die%)y 40 42 44 40 42 44 40 42 44 40 42 44

! Provided by Fisheries Co-op Feeds Co., Ltd. Gyeongsangnam province, Korea.

? Vitamin premix, contained the following amount which were diluted in cellulose (g/kg mix):
L-ascorbic acid, 200; DL-a-tocopheryl acetate, 20; thiamin hydrochloride, 5; riboflavin, 8; pyridoxine
hydrochloride, 2; niacin, 40; Ca-D-pantothenate, 12; myo-inositol, 200; D-biotin, 0.4; folic acid, 1.5;
p-aminobenzoic acid, 20; menadione, 4, retinyl acetate, chloecalciferol, 0.003; cyanocobalamin, 0.003.

’ Mineral premix, contained the following ingredients (g/kg mix): NaCl, 7; MgSO, ‘ 7H.O, 105;
NaHPO; - 2H,O, 175; KHoPO,, 224; CaHy(POy)>-H2O, 140; Ferric citrate, 17.5; Ca-lactate, 21.8; ZnSO
4° 7H0, 2.8; ; Cudl, 0.2; AlCL - 6HO, 0.11; KIO3, 0.02; NasSe2Os, 0.007; MnSO:w.H:0, 1.4; CoCly -
6H,O, 0.07.
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Table 2. Fatty acid compositions (% of total fatty acid) of the experimental

diets for Stichopus japonicus

Diets

P10 P10 P10 P20 P20 P20 P30 P30 P30 P40 P40 P40
L3 L7 111 3 L7 111 L3 L7 11 L3 L7 L1l

Fatty acids (%)

14:0 60 23 15 51 24 17 41 22 17 39 24 15
15:0 06 02 02 07 03 02 07 04 03 07 04 03
16:0 215 161 154 208 169 161 216 182 179 225 195 16.2
16:1 69 28 26 56 25 18 37 21 15 31 18 12
17:0 05 02 02 05 03 02 06 04 03 06 04 03
18:0 49 44 40 54 48 45 64 56 56 71 62 52

18:1n-9 224 229 228 195 210 197 155 180 182 132 159 226
18:2n-6 70 360 404 63 326 392 75 295 366 60 266 337

18:3n-3 1.2 38 42 10 34 41 09 30 37 07 27 34

20:0 02 03 02 02 03 03 02 02 03 02 03 03
20:1 25 10 07 54 25 16 50 27 19 52 27 19
20:2 03 02 02 04 02 03 03 02 02 03 02 02

20:3n-3 02 01 01 02 01 00 02 01 00 02 00 00
20:4n-6 08 03 03 10 04 04 14 07 04 16 09 07
20:5n-3 98 36 25 82 35 25 63 32 21 53 30 19
22:5n-3 25 10 08 26 12 10 26 15 11 28 17 10
22:6n-3 128 49 39 171 77 65 230 120 83 265 151 98

n3HUFA' 253 95 73 281 125 100 322 168 115 349 198 127

! Highly unsaturated fatty acid (Cz20).

__46_



A

Aol FA A= SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) programe Al§3le] One-way ANOVA-test® AAg F,
Duncan’s multiple range test (Duncan, 1955)2 ¥ 7te] foA& AA A
o, Two-way ANOVA-testE T3 2% Algd @i ds A2 FaaA
£ ZAMSHAH.
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Atme] dulAn xd FEe] e 48 ARE T AF 11 g9 St
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(P>0.05). ST&F UL EL AR @l AE(P<0.005)% A2 (P<0.001) &

ol Zhzh Jkg wokth AFAEE P30L3 FFT/F o E AP T vl =
2 e VERN A THP<0.05). @A 10-30% FHAIRAME AE 3% HIT
AX FostA £ 549 AN FE S RPon(P<0.05), THld 10%9}

20% H7MFRAAE X AEeo] =718
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SeEs EAth

o318 4ol Yase F9E
(o]

=
.
ol We fold Ho] flo] Re
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Table 3. Weight gain and survival of sea cucumber Stichopus japonicus fed the

experimental diets for 8 weeks'

Initial mean

Final mean

Weight gain Specific growth

Diets . . Survival (%) o2 3
weight (g)  weight (g) (%) rate (%)
P10L3 1.11+0.001™ 1.27+0.025° 92+42™  143+224°  0.23+0.033°
P10L7 1.1040.003  1.01+0.032°®  97+1.3 -8.7+3.06™  -0.20+0.058%
P10L11 1.11+0.003  0.98+0.003° 94+1.2 11.6+027°  -0.20+0.001°°
P20L3 1.10+0.006  1.25+0.011%  93+0.7 13.6+0.64°  0.20£0.001%
P20L7 1.11+0.006  1.08+0.060°*  92+53 2745854 _0.67+0.133%
P20L11 1.11+0.010  0.99+0.045®  94+1.2 1114397 -0.23+0.088°
P30L3 1.11+0.006  1.43+0.011° 89+4.8 285+1.33°  047+0.033"
P30L7 1.11£0.006  1.12+0.055"¢  92+1.2 0.6+5.01"%  0.01+0.116™%*
P30L11 1.10+0.006  1.12+0.031™¢ 93413 0.8+3.00¢  0.01+0.058*>
P40L3 1.100.006  1.12+0.062™%  90+1.2 134559 0.03+0.088™
P40L7 1.12+0.006  1.21£0.047°°  87+2.4 8.9+422%  0.13+0.067°*
P40L11 111+0.006  1.10+0.047°*  97+1.8 -0.3+4.08"  .0.03+0.067°*
Two-way ANOVA
CP level P<0.6 P<0.005 P<0.005
CL level P<0.2 P<0.001 P<0.001
CPxCL P<0.4 P<0.005 P<0.005

! Values (mean*SEM of three replications) in the same column not sharing a comunon superscript are

significantly different (P<0.05).

? Weight gain (%) = (final body weight - initial body weight)x100 / initial body weight.

* Specific growth rate (%) = [In (final weight) - In (initial weight)] / days x 100.

umoz AR @Rd FFol FAANE IR 4ol T4

=2 o
2 28" ATHNRC, 1993). & AFNAME 3% AZTFNA AR
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o] 10%°lA 30%2 F7teel wet ofd sfjike] SF&ol Frtstdth 7l
A oAl o7 AW (Sun et al, 2004)0] 4 ALY B o] Zr}
E old iy Aol FHH 215% APTFAM g Fud AF
HAAGE, o592 AFoA Atgd FFE Hu A o] 21.5% A
T TRl AV AT B AFelME 30% S A el o] 7t
F F33 A= e, Sun et al. (2004)9] Il A HE 21.5% @A
< e a7 mAA RYSE & & Jdvk 2gan ARy dud ¢
Fol 30% o) FelMe ojd s Aol FAHA Fa L3 AT
H, o] @l de] #Joz gk 28 (Lee et al, 2002a) 0.2 Bt}
EE 20% APTAAM ALR A FghEo] Tkl wEt Aol

o m i
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=
e
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(e}
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Fadte AFES B od diite] A ol&A4ol e ¥ge & & Uk
Mae A AL fU1E5S AFSVIE sla s2fF7F A48 2 Hel) A
A A S 2F FAEC Y Rayris dAS siite] HAste SRR
of AAgo] wlf & Hoz wFo] ol it A o] & A o] B¥e
Wee A G 5 9w, B AT ARE o F4e Awdsm Yo o
R o2 YL QFFS AT o), gL Q7] RALEA kol GF
2 27 oE ARt RET A, AP AHEL AR 2 TFE
HFH o2 FA37E gt i AxPLe AE 7|FosE SAL 30%,
AAe 2% AFEE YR, Dong et al. (2006)9] AFNHE o9} A3
FEFE B 2 A7l 49 ddy A a3 vludt Ao da
EEREH, ofd E7I814e] A Adg duddae 30%0l AAEF
2 3%% #adg

B AT date] 228 RE AT WA B Fe nge
o, @A 10%9 20% APFANE Dol ZAeEA 288 Hzo
nla) AFol FasAY. ojag e del s 2AEE 4wE 4 3t
W, 98 59, ALY 717 B Fe FL(FF 98T)0 8 ko] ALEA
A7 gaskAL el o 44e FEE WRS Aos Wume
Yang et al. (2005} E7)ajate] AlmdFst Age]l tg AR o) 14—
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15Cetn Bustgch X AFEW d%ae] 4sAs, 5 dudd v
g Ao r ) %H“xwgl AR AG Fol A4S A3 AE
= Aok o WA E AF A 77 dasin.

At Ay Ad FFE FY B APRCA dFS T
(Garling and Wilson, 1976; Lee et al., 2002b). Z1&{1} &) do] nBlsj
o]l B& ALEE FFEW, tFARY ARAHATF] Fadt HrdY
A7F F83] FFHA RaAY, #AY AUAZE Aol FHH oA F
do] Astd F ok oA F ¥ Algrt FEEHWE ddo] dy|AE AL
455 vl&o] Frlste] gl gHlyl xedEnh o|A Y, RigE oA
FFe o]Fe wuld g7 dF¥E "F F UHCho and Kaushik,
1990; De Silva et al, 1991). ¥ AFolA o s G HFgsE W
o]A #UiL, thE olFY AT ZAFANME ol HIkF AFES HIATH(Lee
and Lim, 2005), o]€ A& o]§Ao] vt7] wjEo] Yeid 43z desth

AEAE T8 F, oW sty AR E 4 AHE Table 401 EAEA
ok o™ iAo 8, ANE ¢ 3E T AR duidd AT o
g AolE HolA ggtovt, dhuiddge APyt o AolE HAH
(P<0.05). P30L3 &gl @uld o] 7Hd =A Hebxen, P20L11 &
Foll A 7h gtk o] ¥ P30L3 AR FE-E A # obyg oY &

Fol A HNE AR AT Ao maldh

L)
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Table 4. Proximate composition (%) of the whole body in juvenile sea
cucumber Stichopus japonicus fed the diets containing different

protein and lipid levels for 8 weeks'

Diets Moisture Crude protein Crude lipid Ash
Initial 34 33.5 1.7 44.7
P10L3 4.0£0.69™ 32.9+0.38°4 3.0+0.85™  45.0+0.69™
P10L7 3.2+0.65 31.6+0.62°° 2.8+0.72 43.2+1.73
P10L11 4.4+1.67 33.4+0.33 1.7+0.97 45.5+0.49
P20L3 3.8+1.66 33.1+0.86" 3.3+0.87 45.6+0.36
P20L7 4.3+1.38 32.140.42° 3.3+0.51 43.4+1.14
P20L11 4.2+0.46 31.2+0.80° 3.3+0.46 42.4+0.50
P30L3 4.0+0.97 34.2+0.63° 1.6+0.88 44.1+0.76
P30L7 3.8+0.94 32.4+0.40%¢ 1.4+0.80 43.8+0.74
P30L11 4.2+0.29 33.0£1.19™ 1.2+0.74 45.8+0.80
P40L3 3.6£0.20 33.0+0.27%>¢ 2.1+0.72 46.2+0.89
P40L7 2.9+0.45 33.9+0.34 3.1+0.46 45.4+1.57
P40L11 3.9+1.50 33.4+0.21> 2.4+0.46 45.4+1.29
Two-way ANOVA

CP level P<0.9 P<0.06 P<0.03 P<0.2
CL level P<0.7 P<0.2 P<0.7 P<0.2
CPxCL P<1.0 P<0.2 P<1.0 P<0.3

! Values (mean+SEM of three replications) in the same column not sharing a common superscript are
significantly different (P<0.05).
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Aty oz Aty AA FF ET FFS U AE] A 24 o
S vtk BaEo] dthSilver et al, 1993; Geurden et al., 1997; Lee
and Lim, 2005). Table 5¢] Yetdl AAH, oA siike] A z4dA
16:0, 18:1n-9, 20:4n-6, 20:5n-3 L 22:6n-32] o] =A vty FLI A}
T3 9d gdFo A, AsY NAGFo] FrHEe] wEh 18:2n-67 18:3n-39
ke 74k Wb, 205n-33 22:6n-33 22 n-3HUFAS] &2 Yolx ).
ol# g A HAFAEY AAFFS Eol7] A 182n-60] Bo] FHH
wE ABRZ HolH, Lee et al. (2000)2] AFZAd}e} FAE
o]tk g B AfoA AW F AAFHF F 20:4n-69 FHo] 1%

Brstm o]d st 20:4n-6 e AT H

ft
ra
—
)
b
_tJ_,

9} fAbstth(Lee and Lim, 2005).
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Table 5. Fatty acid compositions (% of total fatty acid) of the whole body
in juvenile sea cucumber Stichopus japonicus fed the diets

containing different protein and lipid levels for 8 weeks'

Diets

Imitiq P10 P10 P10 P20 P20 P20 P30 P30 P30 P40 P40 PAD 0
mal g3 pyoom1 13 L7 L1113 17 11 13 L7 L1l

Fatty acids (%)

14:0 14 18 22 15 19 19 17 17 19 20 21 14 15 007
16:0 84 51 84 39 58 67 78 54 67 71 77 56 54 036
16:1 21 43 339 26" 39 31" 27 329 22® 21" 21° 21° 19 014
17:0 08 04 04 03 03 03 04 04 04 05 05 05 04 002
18:0 52 58° 48 39 57° 427 45® 49 47° 49° 58" 55 50 014
18:1n-9 143 186 176 158 171 153 167 168 146 142 136 162 153 041
18:2n-6 96 76 1687 215 62° 166 157 66" 128" 17.0¢ 47 151° 188 093
18:3n-3 14 08" 14% 15 06" 1.3% 119 06® 097 13¥ 05 08 1.0°% 006
20:0 22 19" 13 14" 1.9 14 150 17 18 1.9 235 23° 22 007
20:1 1.2 32% 2% 201%™ 29 19 16 27 16 170 170 27 1.9% 012
20:2 3.6 46> 59 720 37% 66 64% 40® 60 679 36 63° 679 022
20:3n-3 22 12 10 10 13 10 12 11 14 14 18 10 15 006
20:4n-6 241 152 156 175 177 168 169 169 193 181 216 163 166 055
20:5n-3 93 14.1™ 91% 104™ 127 11.2° 101" 163° 11.7°° 9.0 127 82 71* 060
22:6n-3 9.9 12.6™ 80° 73 1459 95° 93% 150 1117 9.8° 157 13.2* 125" 054

n3HUFA? 214 278% 182% 187" 2859 217 205 323% 242> 202 302¢ 224%™ 21.2% 084

Values (mean of three replications) in the same row not sharing a common superscript are
significantly different (P<0.05).

* Highly unsaturated fatty acid (C=20).

3 Standard error of the treatment mean calculated from the residual mean square in the analysis of

variance.
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Fig. 1. Transition of sea cucumber yield and product amount by year(<*

247147, 2004).
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e

EE #0Ad &8s o2 98y dwyow
=

Jok
=

al Z2 Stichopus japonicus= a4, 34k,
Ao, vt A oAf e iR EES X}X]o]— olt}. 3
3| )= }.g/\]- =l o];)\] 7]/\01 7~H HLQ‘H

TH
Mk Zo]m(Sui et al, 1986; Sui, 1989),

=
o
e o w2 orir

%2
2

AL A9 AW71EL 53], ¢
FHFARE A BAYAEY Aol J8) Az, ALHD e AGoloh
s dwelelcl A48, FE2F 2 FHESZRY Yot #71948E
of FAHAL 1D G {718AS JYVeZ HA8HAU(Zhang et al,
1995), e FEO H44Y T FeAolt WAE BE oz AgHT

(Yang et al.,, 2000; Yang et al., 2001).

Mitell M e d4F A3 Tanaka, 1958b), A2)(Sui et al, 1985;
Tanaka, 1958a), A3 A& (Sui et. al., 1986; Sui 1989), o1& afak(FizE) ol 4%
7 g %¢(Sun, 1988; Sun et al, 2004), 28]3 thA}(Kato and Hirata 1990;
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Kashenko, 2000; Li et al, 2002)o] #3%F thst A7 A3so] o). g
A

Uetoll o] sitel] gt Ave 1990dd F@ 54 FAEEAI R
ZAANTE AR AFos 200080 Soj9} EPFAANGANN EFRE
A, wid AfEo)7e AT dFFe FEE At wHFn AckF
2AN€A, 2004). 1V AFTAA siAke] FdA 27 Ut e AFE

] &3k A0 Z(Shiau and Hsu, 1994; Hsu and Shiau, 1997, 1998; Zhu et
al., 2002), |4 FAEBAXE MEFY AxEEAIR Estn U
(Yanagisawa, 1996, 1998).

Vitamin C& 8422 AEIH FENA  ascorbic acid (AA)9+
dehydroascorbic acid (DHAA)S F 7}A Fe|2 &gt Vitamin CE A
o AAH ABAYH ANEES s wE=A Hed d5 %L
(Tolbert, 1979)2 wFE ¢ FTEA= L-gulonolacton oxidase®] ¢]3l
D-glucose2 7B AollA Y ¢ AAT, FHAFFE H dFE ofF
AqME FAHA F7] Qi Alg R FHAE FoA AFEREH FH
Folok gthi(Wilson, 1973; Fracalossi et al., 2001; Shimeno, 1991; Poston,
1990, 1991). Vitamin C¥ collagen #Ado]l <83 hydroxyproline¥
hydroxylysine € #7338} cofactor (Sato et al., 1982)2 A2 Q1 Ao} 2 W
o] A, wWo &43E, AR #d, Y FFE =9 WEs AW
(Sandnes et al., 1990), ~E#H & HFg(Wedemeyer, 1969), tryptophan X
proline®] ¥AS A Ae] ELAAY Ztoast 280 B9, Vitamin E (a
-tocopherol)¢} selenium T #F7 FAFSAZ glutathione ¥ peroxidase
superoxide®] & & FA|3lH, o] 7 MAHA T Fag 28 (Sandnes et
al., 1984; Dabrowski and Ciereszko, 2001)2 3t= Zo2 &elA ot E,
7N 2 A ol e AW AYgA F717F channel catfish (Durve and
Lovell, 1982; Li and Lovell, 1985), Atlantic salmon (Hardie et al., 1991,
Waagbo et al., 1993), ZL8] 3l rainbow trout (Navarre and Halver, 1989)] 4|
HuE o

.8,
ox

A, o] F ol AojA AlE W Vitamin Co 4¥tEQ AP FAHo2s AF
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£ ASHLim and Lovewell, 1978; Dabrowski et al, 1990)& °¢}7]13}i, &
Aol wAgFAA A o8 HFI wAY #HFE FoJA= lordosistt
scoliosis @/©] channel catfish (Wilson and Poe., 1978), Indian major carp
(Agrawal and mahajan, 1980), Common carp (Dabrowski et al., 1988) %l
A B3 E9or, Japanese eelol X AFTAE FHHS mlEjof A= £
o] B35} (Arai et al, 1972). Vitamin C&= YU¥HH S F L-ascorbic acid®}
L-dehydroascorbic acid®] F 7}A] ejl2 EA3t=d, dutd oz A Fd e
4ol 73t L-ascorbic acid®] FE|Z FHo] Atk FEAHQ L-ascorbate
2-sulfate= AlE W 71Y9] L-ascorbic acidZ2HE dolFeo g3 fFAH=
ol A £2A AAFEF Vitamino|th. o] AFF Vitamind Z 9] tjAHF
8o g7 Vitamin L-ascorbic acid® Z$= o] o]&= 4 Urh

E AFdgME s Wl Vitamin CE FEEE H7bslo As4dde 44
s &, AE AIEERE, 0TS 2 AES 59 AEEe oA W
FR(ETHE L HFARE) 24 B/ e Hr 9 4Lsks Bt

st ARl FPE vl gE o A AlE U FA Vitamin C 37}
1

—_

O:. r}‘N
o2

il

Yo As R N

A s A

AR AHgE V1x AR A8, AR B ot £4E Table 13
39 242t Jepdd. 712AMEE ‘:’f‘ﬂ-ﬂ AP0 2 defatted fish meal¥} casein
S A8, @3B Ud o2 s wheat flour, AZYSZE AFE st
of Abg3tTt 2ela APALE Q) Vitamin C& 0 (control), 30, 60, 120, 240,
1200 mg L-Ascorbic acid/kg diet®] 6714 =& Az, APAIEE
vitamin C9] H7}&o] W& g Fole celluloseE ZA3IATH ALEAZR
¥, APAEYE Vitamin FFS FHE 23, 2447 0, 24, 48, 100, 206 12|31
1045 mg L-Ascorbic acid/kg®] X o™(Table. 2), A@THE AEH A}



BE AA-free, AMP-24, AMP-48, AMP-100, AMP-206, 12]3 AMP-1045%
AAEATE AR E pellete® AP F, 4t HolHH F49 5
7] 98t pelletingst AFEE FAl £33 F crumble Bl 80mesh
(180um)®] sieve2 Zo] wA Hll Y2 wEo] AP ALEsIAT. &
o] &2 Folch et al. (1957)¢] ol w2} chloroform : methanol (2 :
1, v/V)EF SWE AFd 37t Hrlstod 23] o] o] 23E AZ
& AAGeH, o]Z AXAIA 100 mel sieve® AP YAES 1=H 3
AHg-3F AT

Table 1. Composition and proximate analysis of the basial diet (% of dry

matter basis)

Ingredient %
Casein, vitamin free 15.0
Defatted fish meal 3.0
Wheat flour 70.0
Fish oil 3.0
Vitamin premix (Vitamin C free) 3.0
Mineral premix 3.0
Cellulose 3.0
Vitamin C 0.0

Proximate analysis (% of dry matter basis)

Moisture : 12.0
Crude protein 26.1
Crude lipid 41
Ash 2.7
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Table 2. Analyzed dietary concentration of ascorbic acid (AA, mg/kg)

from each source

Diets
AA-free AMP-24 AMP-48 AMP-100 AMP-206 AMP-1045

Amino acids

Added AA

30 60 120 240 1200
levels
Analyzed AA

24 48 100 206 1045
levels

Table 3. Proximate amino acid composition of the basial diet (% of DM

basis)l
Amino Acid %
Aspartic acid 1.44
Threonine 0.73
Serine 1.02
Glutamic acid 5.48
Glycine 0.55
Alanine 0.68
Valine 1.19
[soleucine 091
Leucine 1.72
Tyrosine 0.96
Phenylalanine 1.06
Histidine 0.65
Lysine 1.23
Arginine 0.80
Proline 2.09
Total AA 20.5

! Fatty acid were analyzed at Feeds & Foods Nutrition Research Center, Pukyong National University.
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Ao o] & L A AARE Jde M TE AN Fhst 23
AR HS 98] 28 9F FxoA fF540E AFAL oAuALS
stolvh. Hit FAl 14940.07g 1 0¥ sk AEste] 200 A7) AR
zo| ARF T 47 20vte]y 3R o ® WAoo, 74 dPFxe N
g oAFA e 7 1004 ¢ AAMFE Hrbete WHoE e A

gste] oo 2ES AXFHAOH, W9 SHE Agste] 13C
zdsdn. AR At AT s Foz
B(2F 7A)) 1457 FFFAT

et
— o o & o%

2
e

AP s APsas 4 sxdR suiey FANRE FEsto B A
AAE EAFHL™, AOAC (Association of Official Analytical Chemists,
20008l wet -2 FA o824 dx7|(CeraX, Korea)E o] &3dt] 4
H7FEHAZEHEA35C, 2A17he s, ZudldEde ol d B4 7|(Tecator  kjeltec
1030 analyzer, Sweden)& ©]-8-3}4 kjeldahl A4 HFH(INx6.25) 0.2, 23]&
& 33 2(Yj-8500D, Korea)E o]&3le] ZHg3siygoz BAstgct =AW
2 AES 12A T2 AE F, soxtec system 1046 (Tecator AB,
Sweden)S Al-83l4d soxhlet FEHOZE FAeAT. Al AWie GC
(Gas Chromatography, Thermo finnigan trace GC, USA)E °]-&-3}4 &4]3}
Fom, ofu|iihe ofu|=4t AR #4]7](Sykam amino acid analyer $433,
Germany)E ©]£3}4] Ninhydrin W o2 ¥4310}.

Vitamin C $%2& AOAC (1995) ¥iol wep B4Rk E4A8 1 g&
3] 43 F, HPO3 9 mlE ol 202 Ak WAzl §F, 4T 944
8 71(1000rpm) 2 FHAZ thE, FF A B8 ARR AREETE 19
i, W& 01IM KH2PO4, #742 254 nm, A5 FYZFS 20 ym= 3}
UV ZA7]7} €8 HPLC (Syknm, German)Z #233}$]t}.
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[e)

H(feces) M EL spuit®} micro-pipetteS ©]-&3t] F=H3AL 6714 A7
o] A wlA 2318 2HL 43 A E(Cr0s) W (Hanley, 1987)S AL
5.2 ™, Cho and Slinger (1979) 9} Sugiura et al. (1998)2] WHo 2 A4k
StAth &t Qdad Azg L FWHoE AREHY daE
(CrOye ol&ste] Aust 2o @Mde S3¢ F Ams 2o s
T Fe S48t tw 4o dste L3&s

ALEF 9] CraOs(%)

AE 28& = 100 -[100%( 55 Crou)
TS 12Js3( 70

A A

g Are FAAZE Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)E E4HEA(ANOVA test)S AAISIY HA #
o] X B(LSD: Least Significant Difference)2 2 Ha7te] f24(P<0.05)&
AgskHh 223, HA Vitamin C FHL SAFE AXZE broken-line
model (Robbins, 1986)= ©]&38} 343 ATHSAS procedure NLIN, 2002)

o 2% ¢ 23

1457ke] 4 2IE Table 49 YEMATH SH&WG), ALEE&(FE) ¥

AIPAZE(SGR)A U] AA-free, AMP-24 @ AMP-48S FE8 A3 17}
AA-free, AMP-206 2 AMP-1045% ¥ 338 AITET Fodog @A y
EFtTHP<0.05). 23y} AMP-100, AMP-206 % AMP-10458 F338 ¥ 37t
de FAH 2ozt el GATHP>0.05). AE ] ojME AMP-24
2 AMP-10455 F53 APF7F AMP-100S 353 AP vl&] /937
o2 A JeldATHP<0.05), AA-free, AMP-48, AMP-100 ¥ AMP-206%
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ofd
rlr

39 ABTRNAE FF ol7t UERIA QTHP>0.05)

Table 4. Effects of the five different dietary vitamin C levels in juvenile

sea cucumber, Stichopus japonicus for 14 weeks'

Diets WG? FE’ SGR* Survival
AA-free 86.7° 16.6° 0.64° 78.3%
AMP-24 92.5° 16.6° 0.67° 83.3°
AMP-48 101.8° 18.6° 0.72° 81.7°°
AMP-100 124.5° 21.6° 0.82° 73.3°
AMP-206 136.7° 23.6° 0.88° 81.7%°
AMP-1045 139.5° 23.4° 0.89° 83.3°
Pooled SEM” 5.60 1.54 0.02 1.37

! Values are means from triplicate groups of sea cucumber where the means in each column with a

different superscript are significantly different (P <0.05).
* Weight gain (%): (final weight - initial weight) x 100 / initial weight.
> Feed efficiency (%): wet weight gain x 100 / dry feed intake.
* Specific growth rate (%): (In final weight - In initial weight) / days x 100.

® Pooled standard error of mean: SD/+/n.

150

125

C-0 C-24 C-48 C-100 C-206 C-1045
Diets
Fig. 2. Weight gain (%) of sea cucumber fed different levels of vitamin C

during 14 weeks.
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HolA £4 A= Table 59 Ve ATt Thld gheFe] QlojA] AMP-24,
AMP-48 3 AMP-100& &H3 ZTT7F AA-freeE THFT AP Hld]
FelFog =A JeEhGoh(P<0.05). 224, AMP-206S FFF AP T
AA-free® TS AFTLAE FAF Aoyt UEhA 8o m(P>0.05),
AMP-10452 553 HITE AAfreeS TF3 AFTd vls Fozes
SA GERETHP<0.05). AN el slojdE AMP-483 AMP-100€ & &
3 AP 7L AA-free, AMP-24 2 AMP-10455 T AP0 vls] =
e THP<0.05). £3& Pl UAE AA-freedt AMP-10458 &5
A7 & EE AT vlE foFoz FA YER e m(P<0.05),
AMP-48, AMP-100 2 AMP-2065& 35 AFFele F43 o)zt vel
A 2 ktH(P>0.05). A ascorbic acid #F2 A A& ascorbic acid
o Hrtrgel LSS =4 ddgude AF¥E EAou, AMP-206 #
AMP-10458 53 AP F0oe F98 2ozt vehtA e gth(P>0.05).

>

—LJ

Table 5. Proximate composition (%) of the whole body of juvenile sea

cucumber fed the experimental diets for 14 weeks'

Diets Moisture Crude protein Crude lipid Ash  Vitamin C
AA-free 92.6 3234 2.98° 44.2° 0.04¢
AMP-24 2.1 37.9° 3.35° 38.7¢ 0.48%
AMP-48 921 35.8° 6.92° 421° 0.85™
AMP-100 92.4 33.6° 4.69° 42.1° 1.32°
AMP-206 92.6 33.5 3.47% 41.6° 2.21°
AMP-1045 93.4 30.1° 3.05° 479 2.63°
Pooled SEM’ 0.58 0.15 0.09 0.17 0.05

! Values are means from triplicate groups of sea cucumber where the means in each column with a
different superscript are significantly different (P <0.05).

2 Pooled standard error of mean: SD/+/n.
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Table 6°] WERE n#E9} o],
AMP-24, 48, 100, 2062 237t Alo]ojA]l F-2&Q R}o]E Ho

(P>0.05).

Aojale] amino acidE

—_—

Table 6. Whole body amino acid composition (mg /100 mg) of sea

cucumber fed experimental diets for 14 weeks (% of dry matter

basis)'
Diets Pooled
Amino Acid
AA-free AMP-24 AMP-48 AMP-100 AMP-206 AMP-1045 SEM?>

Aspartic acid 320 356"  334® 331" 346° 271 0.01
Threonine 147 158  152° 152° 158 136" 0.01
Serine 147° 164 1574 155 163 1.46° 0.01
Glutamic acid 450 5.12° 448 4717 492°° 435 0.02
Glycine 333 351° 320 3.00° 325" 278 0.02
Alanine 1.84°  2.14° 198 191 206® 188" 0.01
Valine 331" 321*  353° 313" 2.85° 3.45° 0.02
Isoleucine 1205  134° 131%™ 131%™ 139"  1.21% 0.01
Leucine 171 1.97° 1.91° 1.89%°  1.98° 1.72% 0.02
Tyrosine 099 114  1.09° 113 1168 1.01* 001
Phenylalanine 1.12°  130°  1.22° 123° 128° 1.12° 001
Histidine 050° 058 056° 058" 0.62° 057° 0.01
Lysine 139° 163 159" 163"  201° 164" 001
Arginine 203" 226 214 211" 233 226" 001
Proline 1.89* 215  1.84¢ 180 211* 1.61¢ 0.01
Total AA 28.0°  314* 296 291 313 278

1

different (P< 0.05).

2 Pooled standard error of mean: SD/+/n.
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siael o#d HWE 42FEE HAH 423% (AMP-24) HI 463%
(AMP-100)5 REQou, A AFF0AA FIHYA AolE& RolA] sttt
(P<0.05) (Table 7).

Table 7. Apparent dry matter digestibility (ADM) of juvenile sea

cucumber fed the experimental diets

Diets ADM (%)
AA-free 439
AMP-24 423
AMP-48 43.7
AMP-100 46.3
AMP-206 452
AMP-1045 424
Pooled SEM? 1.18

AP S (Tolbert, 1979) 2 hF-H9] FEAE L-gulonolacton oxidase®l
o8 D-glucoseZF-E AellA FAE ¢ AT, FHFFE 2 tfF-E9
olFdAe FAEA 7] Wi Al 2 H/MAE B34 RERYH IF
8] F=ojo} ItH(Wilson, 1973; Fracalossi et al., 2001; Shimeno, 1991; Poston,
1990, 1991). 18y} ¢ FHFFES] Vitamin &7 F] #F AFE o F
&3 2go]tiShiau and Hsu, 1994; Hsu and Shiau, 1997, 1998; Zhu et
al,, 2002).

A& W Vitamin Co] 7} 2] A&AHES AAlS 23 Vitamin C7}

=
2EE APRE siAelAl F FEede W, AAEd AdRe] o] FoAA
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e 2o Yent. & d7ddx 43713 ¢ e SGrRe ®e
0.64~089%/dayE eGSO, Zhou et al (2006)8] AFolAE
0.31%/day®] SGRE Rt A% ol Aol dPol A8 4 7
Al Zol(15, 161 g)9F AMFF9 ApoloA AT Aoz dAdsHY, £
%1% 13CE #A% w4, Zhou et al. (2006)2] ATolA= 5~19C< A
20 oEstl7] Mol vebd %2 B 5 Sk

B Aol 4ol AFE W Vitamin C9] Q7L 137.9+84 mg AA/kg2.
2 UEl}(Fig. 5), channel catfish (Mustin and Lovell, 1992), rainbow trout
(Cho and Cowey, 1993), hybrid striped bass (Sealey and Gatlin, 1999)%}
hybrid tilapia (Shiau and Hsu, 1999)¢] &7 %(10~25 mg AA/kg) ¥ NRC
(1993)o] A R.313d o]F-<] Vitamin C 87 %F ¥ 20~50 mg AA/kgRT} =
Al YJEFSEL, tilapia (Oreochromis spilurus) (100-200 mg AA/kg)®} parrot fish
(118 mg/kg diet) (Al-Amoudi et al, 1992; Wang et al, 2003)2}= H]23H5]
t}, o]9} Zo] AL U] Vitamin C9 ST e ozt UYeh}E olf& @@
of AL&E E7ke) Eolduinio] olel T WelNE ARole Zy)el AW
Ao wfolo] 7% Aoz AlzETh AR, 4A 53} 2L HF RHARE
ofel it ¥h-go] ofF =g]7] wjEo| Vitamin ALZ

™

-
F, azle] FA% wgshe Aol
o

f

F

re

2Ry
h=]
=

o

ol AoAge wet 25, ¥, Aa T3
S-S EA Hi, 53] Vitamin Ce FEAC|EZ, FAE FolEo] rle
* S FAYE F ¢S Ao|t(Hilton et al, 1977, Lovell and Lim, 1978;

Soliman et al., 1987).

S 4ke] 43HE-2 Sun et al. (2004)°] ATAFH/} HIT 40~60%°] HAZ
e B Aol siae] AEEo] thE A7 (Kang et al, 2003; Zhou
et al, 2006)¢} Wl ste] Bl vl Yebd AL WA AR AIH A A}
g #ol &, alAKS. japonicus)®] AR AFHE HHstetr] 9fste 3~541% A
FA1ZL Aol 7190 Aem gdH

Vitamin C& AW WY & Fv d¢2dez2x 44 U
(Roberts et al., 1995, Anbarasu and Chandran, 2001). <2} 7oA
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Vitamin C= #Hgg]o} &3] 849 Lysozymeo &8, AM 3z 28 2 &
& 54(Li and Lovell, 1985; Navarre and Halver, 1989; Verlhac et al., 1998;
Ortuno et al,, 1999, 2001; Anbarasu and Chandran, 2001), 18|32 &=}
2Ed 20 dg W73 Durve and Lovell, 1982; Navarre and Halver,
1989, Montero et al, 1999) T2 W Ho| FF& F= 8AoEA IHA
Aoy, HE AFoAME oy WA aERE UeA Zevhi BHi
UTHBell et al., 1984; Mazik et al., 1987, Thompson et al, 1993). £ <A<
Aol WA A AHPFHQA AFL o|FoAXA o, Al: U
Vitamin®] 7} §Fo w2 Y& APFEE 2 AolE YehlA ol
atell e Wy Feaart gle Ae® FAHY a8y old #s| A
- AAHA A7t A Eelop & Ao g AR

Vitamin C¢} ZAol| 338}le, channel catfish 4&E A3HLim and
Lovewell, 1978; Dabrowski et al, 1990), Japanese eel® A&Z74E FHbgh
Hele} A=) Edo] B3I Bt YO (Arai et al, 1972), e 9] u)
A Aol A HFVF 3 AY FE FoJA = lordosisH scoliosis
#7/Fo] channel catfish (Wilson and Poe, 1978), Indian major carp (Agrawal
and mahajan, 1980), Common carp (Dabrowski et al., 1988)°lA X 115 3)

a1

ot B APFQA A2 Vitamin CE FHU7FSHA &2 7oA APe T
et AFe] Aolg Btk whH, Al® W] Vitamin CE #th3E 7HADP-1045)
e A7, FAAJ] BFA Slo] FHI Mol o] FF A4S HHE &
gLAth AFelle StHl #F oo AW A HAE WY HA|Holof &
Aow AlmH
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Fig. 3. Weight gain (%) and broken line analysis of sea cucumber fed

different levels of vitamin C during 14 weeks.
fl9] ZHES EUYE broken line analysisoll 93] FA4&& Az F74

3k sate] HAAAALS HE AR W) Vitamin C Q7% 137.9+84 mg AA/
kg diet® }EFSTH(Fig. 3).

_68._



4. o1& s4te] BlElY B, (Riboflavin) &7 %

7h M8

784 Vitamin¢l B,= flavin mononucleotide (FMN)$} flavin adenine

dinucleotide (FAD)Y] FARA2H AN kg« ddukgo]  digh
coenzyme’|s&  FHsted, AEY rEZZote] AxHEA A
flavoprotein %+ flavin dehydrogenase® a-ketonic acids, fatty acids %
amino acids®] THAFe] o]&H T 3 tryptophan®] nicotinic acid®Z ZH
B ®BEgol 31o] pyridoxinedt ¥ ##sH, wo ZAEta 2
o 3Fd m-¢ Fasth 9, gl FHFee s FHAL
e, oAFu ATl ol A9 AlEEZT 57 @ 3 (photophobia)
< FEH @A ARHIL e oFAIRAE 49 riboflavino] FfH
o]

= LS
A71 wEoll A A 2 APARE SAsiA dry powder HelE 3

o]F A} W Vitamin B, FAAKTHE, rainbow troutA 4.0 mg
riboflavin/kg (Takeuchi et al., 1980; Hughes et al., 1981, Woodward, 1985,
1994), common carp®l| 5 mg riboflavin/kg (Takeuchi et al., 1980), fingerling
channel catfisholl 6.0 mg riboflavin/kg (Zeitoun et al, 1976), fingerling
channel catfish 4.3 mg riboflavin/kg (Serrini et al., 1996)ol A FHAJZFS 1}
B} 9129, Pacific salmon (Leith et al, 1990)3} yellowtail (Shimeno, 1991)
& Z}Z} 73} 11 mg riboflavin/kgC & & QT %S HYrh

g, o)l $lolA riboflaving] ZYe] et LRt FHEE ARE
Akl A&EIE & F dom, & AL Fd¥ 44, photophobia
(Halver, 1957), 3]%24(Hosokawa, 1989), ¥ (Arai et al, 1972) 5% &9l
g3 QITHNRC, 1993). B AT7olHE AL2 U] Vitamin B, S 382 @7}

st} AMSAY 5, AFE AMRESE, d0ARE H AEE Y 4AES,

~



SR ER R

}é]

AALE

Aol AHEE 712 AR 9F, dVAEE 9 ofn|=4t A4S Table 19}
39 Z+Zt et} 712AlsE = 9 H Yo 2 defatted fish meal¥} casein
S AR, @S EY O 2 e wheat flour, AFYSZE AAFE H7Ms
of A 281 B, ¢ FEE 0 (control), 5 10, 20, 60, 600 mg
riboflavin/kg diet (B,-0, B»-5, Bo-10, B»-20, B-60 F B»-600) ©2}st] F 6%
Fo APARE AzIAY AEAZ F, AFAIEE Vitaming £43 4
3}, Vitamin B, H=7F 22 029, 422, 893, 179, 56.7 I18]i 577 mg
riboflavin/kg ©|1 2 ™ (Table 2). wetrx] APFE A& ALSE B0, B4,
B»-9, Bx-18, B2-57 18|31 B2-577% A&t Th.

TJ

K
ok HF FA 1.49:0.07g 01
Zo 437 T A2 2074 3ntE
oJxpalo g EHok 1004 2 Ads¢E
FFE st doj2ES AAstaeH, W4re s|lHE A3t 13T

&g -39 AR Foe ATY 05%F dFY BFOE UF
13 (&% 7A]) TR, A% 7S 14577 oAUt

01D A -
—l>°

o
-

d
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Table 1. Composition and proximate analysis of the basial diet (% of dry

matter basis)

Ingredient %

Casein, vitamin free 15.0
Defatted fish meal 3.0
Wheat flour 70.0
Fish oil 3.0
Vitamin premix (Vitamin B; free) 3.0
Mineral premix 3.0
Cellulose 3.0
Vitamin B 0.0
Proximate analysis

Moisture 12.0
Crude protein 26.1
Crude lipid 4.1
Ash 2.7

Table 2. Analyzed dietary concentration of riboflavin (mg/kg diet) from

each source

Diets
B,-0 B,-4 B.-9 B>-18  Bx-57 Bx-577

Amino acids

Added riboflavin levels 0 5 10 20 60 600
Analyzed riboflavin levels  0.29 4.22 8.93 17.9 56.7 577

Auafd 5 dEEY

dArtg et dEsge 4 U sutEy B4R FE3e dojAE
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5 o™, AOAC (Association of Official Analytical Chemists, 2000)*
Hol| upe} 8L A 84 HAZ7])(CeraX, Korea)E ]88t d7tEdd
ZHA3BT, 2A1Zheg, ZoWzae oz f A 7|(Tecator kjeltec 1030
analyzer, Sweden)E ©]-&3}9 kjeldahl A& FYP(Nx6.25)0.2, X3 E-L 3
3} 2(Yj-8500D, Korea)E ©]&3td P3| or A&t 22 A
E5 124137 &4 1E3 5, soxtec system 1046 (Tecator AB, Sweden)=
ALt soxhlet FEROE  EASAT AR AAE GC (Gas
Chromatography, Thermo finnigan trace GC, USA)E o] &3} E4I3t3
i, opm|=Abe opmi=gt 8 EA7|(Sykam amino acid analyer S$433,
Germany)& ©]8-3}¢] Ninhydrin W o2 A3t}

Vitamin By AOAC (1995) %ol ot ZEEA ok #4T A5 1 g
€ &3] FAT v, HPO; 9 miE ¥o] 208 A= WAl F, 89L& €
AE87] 1000 rpm 4TolA EA tE, AEHE E48 AEE AMESAT
Vitamin B4 UV #ZA|717F €8 HPLC (Syknm, German)® 43132
o, &= 01 M KH,PO,, 788 254 in, A& FHFE 20 mZ sHATH

- (feces) M EL spuit®} micro-pipetteS ©]8-3sld FRSIATH 6714 AR
o AN ©WA 28te Y A8tTE(Cr0s) W (Hanley, 1987)% AHE-
©9, Cho & Slinger (1979) ¢} Sugiura et al. (1998)¢] W o2 ALbst
7+ H]—lﬁ = X}i‘j 20 A}-g].ﬂi(crzog)

38
U4
N
o2
o2
9%
1o
By
ot
o
_![N'
r(o

AR T4 Cr05(%)
52 CrOs(%)

AE 23H& = 100 -[100x(
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SAA Y

2E A59 FAAZE Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z E4HE-4(ANOVA test)S AAlstd H4
X} B(LSD: Least Significant Difference)2. 2 i 7ko] {214 (P<0.05)<
AAsAT. 181, AH Vitamin B, Fe FAEFE AFEE broken-line

model (Robbins, 1986)< ©]-& 3} &3 THSAS procedure NLIN, 2002).

Table 3. Proximate amino acid composition of the basial diet (% of DM

basis)'
Amino Acid %
Aspartic acid 1.44
Threonine 0.73
Serine 1.02
Glutamic acid 548
Glycine 0.55
Alanine 0.68
Valine 1.19
Isoleucine 0.91
Leucine 1.72
Tyrosine 0.96
Phenylalanine 1.06
Histidine 0.65
Lysine 1.23
Arginine 0.80
Proline 2.09
Total AA 20.5

! Values of fatty acid were analyzed at Feeds & Foods Nutrition Research Center, Pukyong National

University.
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o 47 € 13

1457k A% 43P d7e Table 19 Yelddch SAEWG) T LA
&(SGR)°l UIA B-0S FF A¥F7F o2 B AP T vlstd {e
A PA e (P<0.05), B-18, Br-57 E B577S FHI APTE
Br4E FFT AP Mgt fFoHoR EA JEETHP<0.05). Ty
Br49} B9 THI AHIyele FA Aozt UEUA @gtowH
(P>0.05), B2-9, Bx-18, Bx-57 ¥ By-577% FTHE APFrE F2olg Aol
YepA] EthP>0.05). AFEE & oM e B-0E T A4¥F7 tE
e A@Fd vaste] frolHoz WA JUEh 0w (P<0.05), Br4E FFT
AEFE Br9, Br57 B By577¢] Hlmate] FoHoz WA ENT
05). &L oM E Brd E B577S TFE AP TE B-18S TH
Cia Nﬁ*%oﬂ Hlmste] fojdoz A e S ™(P<0.05), B0, B4, By-57
g B-5778 Fud A7 Nee K9 2olrt YehAl 8 tHP>0.05).

A
O ol
o

Table 4. Effects of the five different dietary vitamin B; levels in juvenile

sea cucumber, Stichopus japonicus for 14 weeks'

Diets WG FE’ SGR* Survival
B0 87.1° 14.5° 0.64° 70.0°
B,-4 110.6° 18.8° 0.76° 75.0°
B9 1274 22.6° 0.84 58.3
B»-18 132.2° 21.2%° 0.86° 53.3¢
B,-57 137.4° 22.8° 0.88° 70.0%
B»-577 140.1° 23.0° 0.89* 76.7°
Pooled SEM’ 4.93 2.27 0.03 2.69

' Values are means from triplicate groups of sea cucumber where the means in each column with a
different superscript are significantly different (P<0.05).
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* Weight gain (%): (final weight - initial weight) x 100 / initial weight.
® Feed efficiency (%): increase in biomass of x 100 / feed intake.

* Specific growth rate (%): (In final weight - In initial weight) / days x 100.

% Pooled standard error of mean: SD/+/n.

150

125

75

50

B2-0 B2-4 B2-8 B2-18 B2-57 B2-577

Diets

Fig. 1. Weight gain (%) of sea cucumber fed different levels of Vitamin
B> during 14 weeks.

A e
M_D%(P<005) By-0, By»-18, By57 B By577¢ TwE ATl
ZFol7b UEbEA] 2 thP>0.05). ZAW FraFol ojME

&7} By-0, Bo-18, Bx-57 2 Bp-5772 T3 ATl s f9
eSS M(P<0.05), B0, B»9 ¥ B-182 FTF3 AP F7rol&=
7F GERGA] e SETHP>0.05). 3| E kel glof

7 g e ATl mle felAHeg = Jeheen(P<
Bx18, B-57 3 Br57S FHIT APTE B0E TFT “64?011 Hﬁfﬁ e
Aoz EA YERSTHP<0.05). ol riboflavin ol loiME B-57 #
B-577& % AFTUE Br0& FES APl vlE fdHoE A
E} 5t 0. #(P<0.05), B4, By-9, Bx-18, Bx-57 % By-572 T FT AT = &

fu
Lok e T

&
S

ol o it

A4 o jo of i uy
il

o
)
G1

v
os]
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)3 2pol7} UERIA SRkTHP>0.05).

Table 5. Proximate composition (%) of the whole body of juvenile sea

cucumber fed the experimental diets for 14 weeks

Diets Moisture Crude protein Crude lipid Ash Vitamin B!
B»-0 91.8 31.9* 4.94% 37.3¢ 0.023°
B4 92.4 34.6° 3.35° 44.0° 0.037%
B>-9 93.6 34.3° 455" 47.2° 0.051*
B»-18 92.6 30.7* 6.36™ 41.5° 0.060°
B,-57 93.1 30.3° 7.80° 42.7% 0.073°
B,-577 2.5 31.7% 7.79° 425" 0.063
Pooled SEM®  0.61 0.14 0.10 0.18 0.01

! Whole body riboflavin concentration (mg riboflavin/kg body).

rin

2Y72b0] % o)z Y9 (Table 6).

LN

rlo

fatel dE 4shE

Table 6. Apparent dry matter digestibility (ADM) of juvenile sea cucumber

fed the experimental diets

Diets ADM (%)
B>-0 45.0
By-4 425
B>-9 43.8
B,-18 47.8
B-57 47.7
B,.-577 445
Pooled SEM® 1.96
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Vitamin B2 €&#A 3l riboflavine 1879 skim milk$} wheyoll A &
AFe 349 =84 dixz HuHJT Riboflaving NAD &
NADP-cytochrome reductasesE XEgste] AJAe] oz 71x] &4 BxE
AAZEA 245l 53] 443} - Fdubgo] #oste Ao BEJAZAM F
2 3}ltH(Austic and Scott, 1991). Riboflavin2 Tt F¢] ute|g]o}, &3],
Z254E 4 I5AEAAE Fdo] HuY a5 A Kt
e ARE %3}‘}1 FFsteop gt wepd B AELe AR
riboflavin®] %8 E F st WXe S Hrtetd Als W
A riboflavin£] J‘%L QLO 7] S1gted AAsHA T

-V O

it
o gN'
_[_4

[1

L 077}"4%%01 Hadts Aol 1/]'F)r"“:]r I‘Hd 73
o AFSA (i IRE) Ao A], riboflavin 2B -2 A&
Al 71™ (Austic and Scott, 1991), o] Wl oA & Tx4l

Aoz A UK Chung and Baker, 1990; White et al.,

1992) T3k Jof, Adul 7], FAMNEF] & kool A riboflavino] ZFE
AR E FEEIAE W AAAAs 2 A¥Y JatsE fddde Rk
Th(Takeuchi et al., 1980; Amezaga and Knoz, 1990; Soliman and Wilson,
1992; Giovanni et al, 1995). channel catfishell %1©] riboflavin©] Z3H A}
T THIAES W AR Y o8& Aol Astdds Rt e (Giovanni
et al, 1995), o] A¥= £ dPFAFHs} FASIAT. Giovanni et al. (1995)2
riboflavin®] AR ¥ AlEE 433} channel catfishollA] @As] *e Al a
&S HEPE o2 AlF o o] gAo] AstEo] FgEo] o ’“fﬂ:rLEC’ﬂ H]
St ol AHEarct. 1 9] ofFo A riboflavin ZHEAME F&
Abg, BAEE, 9 2 Azd Ax F3FH 5ol ET_F»]‘}l—‘/‘r(NRC
1993), & AFdM e S AT AFY Solgh T4 THHA sk
A9 T8 F NS Alxd 443, A5 W riboflavin o] Fbe
2 gfjate]l Aol riboflavin®l gako]l ZFrlste Aol vEhton, Alg W
riboflavin®] 57 mg riboflavin/kg diet ©]4 -FEHo] doje AW =2 gFe
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o ol FUhskA ESS FAE = AU olHF AHE Deng and
Wilson (2003)¥} Giovanni et al. (1995)°] Sunshine bass ¥ channel catfish
E e E A7s Ao dAAT w1 £ A A2 A dake] A
x4 A 73»} AW riboflavin E&o] 0.04 mg riboflavin/kg body A2, 14
F7F A48 & ALFE Y] riboflavin® 0 ¥ 4 mg riboflavin/kg diet® 353k 4
Fol o] 0.023 2 0.037 mg riboflavin/kg bodyZ A3 A& 2z H] 3]
A yehgd o] ZAite Ad4k Aajado] AWl 0.04 mg riboflavin/kg
bodyE &f3ttte Hie} FAFSITHEAE71= A, 2004).

2 A7 APAEY o]8ES Hrkstr] g WHOEHA 4sts 574
S FPstdt. AE 4238 H7MAT, 4524213%E Sun et al. (2004)°] X
g 40-60% <+ FAFSHAl e T 28 v o {4 Y 4%E 60-90% (Lim
et al., 2004; Yoo et al., 2005; Choi et al., 2006)¢} BInLstA ¢ 22 44
& vehl e, ols AFRREE 2 Aol offd His wr] dEd
Bt 23ts AtsETh

Riboflavin®] Q4 #& o] 3.6~4.6 mg riboflavin/kg diet, FA|7/]¥] 4
mg riboflavin/kg diet, Y ©] 5 mg riboflavin/kg diet, channel catfish % €<z}
jo}7} 6 mg riboflavin/kg diet2 Hi1H o] 1TH(Kim, 2001, Takeuchi et al.,
1980; Amezaga and Knoz, 1990; Soliman and Wilson, 1992, Giovanni et
al., 1995). £ AgAM e FTE&S WG 2E broken line analysisol] 93 &

TS FA3 A3, 10.7+1.2 mg riboflavin/kg diet2 sj4to] ThE olF &
7vEo] Hls] =A JERRTE olEg #4e thE off{ 9 JtEE] HHolg
A4og He JE ke &540] v|ofated Holg Hed Ae ARt

A
o] Aol riboflavin®] FF &&F&0°] HolH7] WE s ATd
B A glojA AR W) Vitamin B, 870 =2 =
W Vitamin B, &0l S7teel et sjade] SHER Stske FAE B
o, a7 =gsd dASHA vehe 4FE HIN, Vitamin B.E
7bebAl b2 tETok APzt Atole) 3T 4
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FAg e Hd 4FE& A% AFE U Vitamin B, 7% 10.7£1.22 ng
riboflavin/kg diet2 Y ERTH

150 |

L’/i//_//;

12s | *

e
»//
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Weght gain (4
[
-
-

T
£90 . . -

« ] 10 20 60 200 400 600
Dietmry  mbeflavin ~ levels

Fig. 2. Weight gain (%) and broken line analysis of weight gain of sea

cucumber fed different levels of Vitamin B during 14 weeks.
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5. o™ 34+e] HlEtYl E (a-Tocopherol) &7 %
7} A&

HIE}R] E¥ a-tocopherol®] A& &4 HAZ yehdd. oA &
A W 4709] tocopherols®}t 4709] tocotrienolsS EESTh 1E FoA d-a
-tocopherol2 7} &2 BIEY E 485 7EITHNRC 1993). HIEHRl E¢
free tocopherolFEl= <tlEl= geEjolA] EAdA3Ith. v  acetated}
succinate estersv A% ?3‘] QA o]l o]H esterFEH| = FASEA S 7R
JA & 2y 282 ﬁ}JJFLH ANA FA| 7t = o] free tocopherol

o AEFHO T FAFA , 1989). BIER] E& &4 3

/\

Y (Hung et a

stAloln, HE3}How lei.%ﬂr ol Ag Aibste] tigsie] HEshe
Ies vh AL SAY WY, AT §E i i ZAHY IF
A, A4 8L FAAZIG(Halver, 2002). Atz o Foll vlElwl EQ] HF

Z7le oF 4L FAAZIYn BaxEol 9l E}(Gathn et al., 1992;
Chaiyeapechara et al.,, 2003; Ruff et al., 2003).

Atg2d viElYl E 87 %2 Atlantic salmon, Salmo sala (Hamre and Lie,
1995a); Korean rockfish, Sebastes schlegeli (Bai and Lee, 1998); Argentine
red shrimp, Pleoticusmuelleri Bate (Fernandez Gimenez et al, 2004);
soft-shelled turtle, Pelodiscus sinensis (Huang and Lin, 2004); grass shrimp,
Penaeus monodon (Lee and Shiau, 2004) and grouper, Epinephelus malabaricus
(Lin and Shiau, 2005)8 Z&3 o2 FAolFolr BT o] a7FE
2 AFEW A (53], polyunsaturated fatty acid - PUFA) &3 22 o
8205 93] L h(Watanabe et al, 198la; Schwarz et al, 1988;
Hamre and Lie, 1995b; Shiau and Shiau, 2001). 22]3 ®lE}¥l Ex= @ F,
eyl C ¥ of~epztel ) Ao 2t8- 3}131(Kim et al, 2003), H]E}¥l E 8+
Fe B4AA 2dolyt ofFo A wet gokd o

HlElgl E¢] ARZAS  Chinook salmon, Oncorhynchus tshawytscha
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(Woodall et al, 1964); common carp, Cyprinus carpio (Watanabe et al,
1970, 1981a); channel catfish, Ictalurus punctatus (Murai and Andrews, 1974;
Lovell et al, 1984; Wilson et al, 1984); rainbow trout, Salmo gairdneri
(Cowey et al. 1981, 1983; Watanabe et al., 1981b) and yellowtail, Seriola
quingueradiata (Toyoda, 1985)8 FE33t o8] FlojFoA] Bt

s opalole] We Aelold Fog s4A9e2 sAo] WL D

AFOR F2 JIXE Adrh e de el dAAE, #2F 2 FHE
EE5H UoE FUIEAESC] FHIAAY HHE WY FUEHE U
o2 A stAHY(Zhang et al, 1995), ©& FE°] A3 Fo Fojio}

WA E 5= Ho]E AlE-3lti(Yang et al, 2000; Yang et al, 2001).

U@ sAiel ol HA WRel ThE FEF BFIAo] bsEin, B4
#Ae AAskA sta F7HHA AlRY FHE flolx: Aol Jhssit
(Ahlgren 1998; Mou et al. 2000; Kang et al. 2003; Michio et al. 2003; Pitt
et al. 2004; Zhou et al. 2006). sizxF 2 o]ujsiFo] MHEL 3|4t &2

S 93 "Holz2 FFE 4 UH(Yuan et al. 2006). ZHY 4L o} F7LA

u

FFa s7Fe] g UA &7 bz AR gle 2-olth
aEgE 2 ATde i AA a-tocopherol 8FHE BUtslr] H8) &
RR2P

AR R Py

A =

Ao AMEE 712 Al 8, d¥tdR ¥ oluAt 2AE Table 1
Hehl itk 71xAlg e @il A0 g defatted fish meald} casein® AFE-3}
R, Gr3ELCEE wheat flour, AZYOZE {5 Hruiste] A3}
Aok zEla HlERR] E9] H%E 0 (control), 5 10, 20, 60, 600 mg a
-tocopherol/kg (E4, E12, E23, E44, E77 and E378) 23l & 63/ 4

FrrrE Azsih AlRAE ¥, A¥ARY Vitaming F4E A3

7
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Vitamin E &%7} Z+7z} 4.0, 124, 231, 443, 774 and 3781 mg a
-tocopherol/kg ©lA o ™(Table 2), 2P AHEE ALEE B0, Br4, B9,
B:-18, B2-57 ¥ B2-577% A3t}

AP0 & AtSHe

Ao o] &H e A AAE Ae M FE AANAM FUA HY
Sl 2SS 3 28 98 FxAM fFFAoes dFA qHALS
sttt Mo A 148+0.07g 2 ol A AWt 200 =9 A
Zo} A¥T T 27 20mbe Y 3RbE- o2 Hix|Etg o, 7 A@dsxe v
g ARxoezg £ 1002 9 AAsFE Friste WHez XA b
& FaEE Ao do2Es A5t e, WAreh sHE A 13T
2 F2& HsAT AR Foe AT 05%E dFY BEFeE U
of Wi 135 (&% 7A) FFaAeH, AS A7 14T oA

AP RS} APfNS 7 F2EE svigd AR FEete 4% A
OAC (Association of Official Analytical Chemists,
2000y el wet FE2 A o84 Ddx7](CeraX, Korea)E ©]&3to] A
H7FEHEHA35TC, 2A7hHe s, xawWAs ohula B A 7] (Tecator kjeltec
1030 analyzer, Sweden)E& ©]8-3}] kjeldahl HAFH(Nx6.25) 0.2, Z3]&
< 3]3}E(Yj-8500D, Korea)E ©|-&3te] Aoz B3ttt AW
2 HMELE 1247 FZ BEF F, soxtec system 1046 (Tecator AB,
Sweden)2 AF&3l4] soxhlet FEHoz EA3IATh Al A4k GC
(Gas Chromatography, Thermo finnigan trace GC, USA)E ©]8-3}¢ #2413}
Fom, oful=ike olul=4t A8 4 7](Sykam amino acid analyer S$433,
Germany)E ©]-€3}% Ninhydrin ¥ 22 #4354t

AMZ 9] a-tocopherol’s =+ HPLCO 9l &4 31t

2
i—",
il
M
%
3_(_5
@ oM
o
=
>
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Table 1. Composition and proximate analysis of the basial diet

Ingredient

% of dry matter basis

Casein, vitamin free'
Defatted fish meal’
Wheat flour

Fish oil’

Vitamin premix (Vitamin E free)*
Mineral premix’
Cellulose'

Vitamin E°
Proximate analysis
Moisture

Crude protein
Crude lipid

Ash

15.0
3.0
70.0
3.0
3.0
3.0
3.0
0.0

12.0
26.1
4.06
2.65

1

United States Biochemical, Cleveland, Ohio 44122.

2 White fish meal, Kum Sung Feed Co. Ltd., Busan, Republic of Korea.

3

4

6

E-Wha Oil Co. Ltd., Busan, Republic of Korea.

Contains (as g/100g premix): dl-calcium pantothenate, 0.5; inositol, 0.5; menadione, 0.02; niacin, 0.5;

pyridoxine-HCL, 0.05; riboflavin, 0.1; thiamine mononitrate, 0.05; retinyl acetate, 0.02; biotin, 0.005;
folic acid, 0.018; B12, 0.0002; cholecalciferol, 0.008; alpha-cellulose, 98.18.
5 Contains (as mg/kg diet): Al, 1.2; Ca, 5000; CI, 100; Cu, 5.1; Co, 9.9; Na, 1280; Mg, 520; P, 5000; K,

4300; Zn, 27; Fe, 40.2; 1, 4.6; Se, 0.2, Mn, 9.1.

dl-a-tocopheryl acetate.
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Table 2. Analyzed dietary concentration of a-tocopherol (mg/kg diet) from

each source

Diets

E4 E12 E23 E44 E77 E378

Amino acids

Added a-tocopherol levels 0 15 30 60 120 600

Analyzed a-tocopherol levels 4.0 124 231 443 774 378

A

—l

2]

2E AR FAAT= Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z FAHZA(ANOVA test)s& AAlste HA #
9] 2 A (LSD: Least Significant Difference)©.2 T 7te] 94 (P<0.05)=
AAstATE 1831, 24 Vitamin E % broken-line model (Robbins,

1986)2 ©]8-3}) A3 A THSAS procedure NLIN, 2002).

3. 43}

o)

nZF

AtEW a-tocopherol®] §HFS @2l Frsted siate] AHA4ZI Table 39
Ueb ol siate] SF&, dUEFE H AIRR

AR THET E23, B4, E773 B378% TH T AP ToM fFostA wA v
WTHP<0.05). Z1#1} E23, F44, E77 2 E378 Fd 79 F49 E12 FF 7749
#9 3k Aol IUTh broken line analysisoll 28] A &L AxE F3
siate] HAAEE $% A8 W Vitamin E 87 %2 41 mg a-tocopherol/kg
o2 eyt oled Ade a4kl Ul a-tocopherol B4 FFiHE
A Rz sfite $F5&, dA4EE 2 AREEL AFRY HIET E

ES
gteFo] 23.1 mg a-tocopherol/kg7t A F71&42 784l ),
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Table 3. Effects of the six dietary vitamin E levels on growth performance
of juvenile sea cucumbers, Apostichopus japonicus, fed the

experimental diets

Diets WG FE’ SGR* Survival
E4 98° 16.9° 0.70° 66.7°
E12 106° 18.4° 0.74° 70.0°
E23 126 21.1° 0.83° 70.0
E44 133° 21.0° 0.86° 78.3°
E77 133° 21.9° 0.87° 80.0°°
E378 135° 21.2° 0.87° 85.0°
Pooled SEM’ 3.74 0.02 0.49 1.7

! Values are means from triplicate groups of sea cucumbers, where the means in each row with
different superscripts are significantly different (P<0.05).

? Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

: Specific growth rate (%/day) = (In final wt. - In initial wt.)/days.

* Feed Efficiency (%) = wet weight gain (g) * 100 / dry feed intake (g).

’ Pooled standard error of mean: SD/+/n

£ A7N4 ANOVA test?t 5% & 9] broken line #41o] &3k af4he] H]
EtYl E &7%FL o off % FHF TEdA Bud dFEd 9 AHA
el th He and Lawrence (1993)% shrimp, Penaeus vannamei®] AbEW 2
A vlEgY E 27%0°] 99 mg vitamin E/kgS & H135$ 11, Lee and Shiau
(2004)¢} Fernandez Gimenez et al. (2004)> grass shrimp, Penaeus monodon
9} Argentine red shrimp, Pleoticus muelleri ¢} 2174 HIE}R] E 870 247}
85-89¢} 1750 mg/kg® Hi1sldth. 12]al Soft-shelled turtle, Pelodiscus
sinensis> A4 A4 8l 88 IU/kgel WIEWIE ¢3S 27 dch(Huang
and Lin, 2004). o]5-o] 2lo] vlE}Rl E 832 Atlantic salmon, Salmo salar
©] 120 mg/kg diet (Hamre and Lie, 1995a), Korean rockfish, Sebastes
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schlegelio] 45 mg/kg diet (Bai and Lee, 1998), juvenile tilapia, Oreochromis
niloticusxO. aureus?t 40-66 mg/kg diet (Shiau and Shiau, 2001), mrigal,
Cirthinusmrigal©] 99 mg/kg diet (Paul et al, 2004) 183 rohu, Labeo
rohita®] 131.91 mg/kg diet (Sau et al, 2004)°.2 ThslA HiEo] ot
AFolA el HlEtl E 87 0] @& olfrE oA A7t zddA
siirel e et Az AR we AAFFA g3 ZHL F
ATt Roem et al. (1990)-2 blue tilapia, Oreochromis aureus®] BIE}Y] E<]
270 3% and 6%° SFFHE TRt U AR U A7 10%
25 mg a-tocopheryl acetate/kgel2til A3l 21, Fernandez Gimenez et
al. (2004), Paul et al. (2004) ¥ Sau et al. (2004) & A @A o] z+zt 132,
8.1, 3 848%Y " ©l ®thx Histith. Athrh, Shiau and Shiau (2001)&
juvenile tilapia, Oreochromis niloticus * O.aureus®] ALEU 27 BIEIY] E &
TEol Atge] AAFEF] 5% 12%A A7 42-44 mg/kgd  60-66
mg/kgolgtal R ustct a4k HEt E g7 Fo] diiHor e Flo]
AR AAGE e ol wE Aold s 7idd AU A e &
Al 283 7Ie oJHo. a2EE, 4 vlENl E 87 J%S v
T AE AR AT HY 22 HE 8UdEY 4 ZALs} 48
s},

AFSAE FE %, Y BEESL 75£7.28(meantSD)R 0., E3788 EFF
7o HEES F4, F12, BB ¥ B4 FF70) Hls) foHo® =9ka, B77
3 E378% TR AT FAAA Aol= AT )1 E449) E77 F
B kel AE.S B4 E12 ¥ BB FFTFERG FA5A =idh 28y
E4, E12 3 E23 FF79 E4et E77 FF7el fd xele fiddch
Kanazawa (1985)+ AbsW HIEFR! E9) 3 7}7} kuruma prawn, Marsupenaeus
japonicus FAe] AEES FINZE F Jue A& EAFArh He et al
(1992)2 BlElR] E 77} AL & 857t ¥+ ¢ whiteleg shrimp, Litopenaeus
vannamei®] AEEo] FoEA Ut Bt W E  Fernandez

Gimenez et al. (2004)< Argentine red shrimp, Pleoticusmuelleri®] 2§ &8 3}

or[.u:
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Atgd dlElRl E #3F Alole] A3 #AAVE gtk RuFth a-tocopherol©]
7P =4 S8 E3789 FH 2 A AEES FHAAA BT ol
o] A2 RE, siite] AEES AT AW HY ¥EY E FEFL 4 mg
a-tocopherol/kgo. 2 HTFETH

dlate]l YRigE B4 ZIE Table 39 Yellio. siie F8, 299
A, 244 2 & FFe 747 92.6+0.48(mean+SD), 32.1£3.33(mean * SD),
4.03+1.10(mean+SD) 18]3l 43.7+3.74 (meantSD)2.2 UEIGTH &
ATl FAHQJA AolZt ANeH, JE FFLS FIT AFE HolA
orortt sarel @A e E78 FFTE AT E AP 7o #9
g o7k AATh siate] AW A AT E239 B4 FHTUF E4, El12,
E77 2 E378 FF 7ol H&) FostA %o, E4, E12, E77 2 E378 FH
T e E233% E44 FF7el] f93 Aol gllth

o

Table 5. Proximate composition (%, dry matter) of the whole body of
juvenile sea cucumber  Apostichopus  japonicus, fed  the

experimental diets for 14 weeks'

Diets Moisture Crude protein Crude lipid Ash  Vitamin E
E4 92.6 29.9° 3.73 41.1° 5.5!
E12 92.9 29.1° 3.76" 46.4° 11.2°
E23 92.9 326" 5.16 47.8° 18.2¢
E44 92.5 32.6™ 5.34° 43.1% 25.1°
E77 92.6 32,7 2.80° + 395" 347
E378 92.1 32.8° 3.41° 43.9" 147.0°
Pooled SEM®  0.11 0.79 ' 0.26 0.88 11.8

! Values are means from triplicate groups of sea cucumbers where the means in each row with

different superscripts are significantly different (’<0.05).
? Whole body vitamin E content (g a-tocopherol/ kg body).
? Pooled standard error of mean: SD/+v/n.
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o]8)d d4E°] 443 a-tocopherol/kg diet ©]4Fe] FHFoAx= FEHA
ge Aoz Hol, g3tAQl a-tocopherol?] B3 EHE $3] E237 E44
g TF A AN ARFFo] SV AeR Bryje ot 2y £
ATFAA A AAIF F7H7F A a-tocopherol BEF HH WA 24
Atte AL FYdE Aoz Btk 22y Sau et al. (2004), Paul et al

(2004) 1¥]31 Huang and Huang (2004)< rohu, Labeo rohita; mrigal,
Cirrhinus mrigala®} hybridtilapia, Oreochromis niloticus *x O.aureus Z+Zto] 4|
A AZgFel glo] of| FoHd 2polrt giNT RuFP
A8 9] a-tocopherol F%=7} 7= 4 AU BIEY E
7retah. 2 Ao 2t fAbetA, olFok FEFEES 2H T
E}Yl E 3ol AR 9] a-tocopherol &&Fo] F7FstAA Frbstd vl B st
#THBai and Gatlin, 1993; Lin and Shiau, 2005; Huang and Huang, 2004).

olN

fo rlo
z

160 r=131.62
tin p B2 =0.9019 .
s
g 120 4
& 100 A \\
&
£ B0 o F=0.E807x+ 17.065
© R1=0EE46
B 60
o 399
20 f
o v y T '
o 100 200 3na +00

Analrzed stocopherel leoval v dist (mpikp dist)

Fig. 1. Weight gain (%) and broken line analysis of weight gain of sea

cucumber fed different levels of Vitamin E for 14 weeks.

AEZOE, ANOVA test& ZHE 319 Dl-a-tocopherolyl acetate®] & Ej
2 e HY 4ZS 91 AERW a-tocopherol®] HA HrbE2 o 231
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mg a-tocopherol/kg ], si4te]l BEES 9T HAA F/MEFES 4 mg a
-tocopherol/kg2. 2 UEFE AT, 55 8-2] broken line ¥4 A% & ugo g

3i4kel AA a-tocopherol &7 %2 41 mg a-tocopherol/kgel 2t FHH T}
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MFALE AL T oFo] APT YL ol 4EE P Y2 FFY 4
& 87Fe FESHE o] b WA AYsolol @k ol @ s1xH H
HE PO o] JYid FHL wFEA WFFo A 08T &
g ga 4R Hdn o84 T

7 M E

HAFeE AAHSRZ 1,1004F ol Bxstn lon, Fyetds 7]
8| A (Stichopus japonicus)©] FE 2§02 o1 vt HHL ARV}
S FFopr| it wulE o] FHE well-being BYFAFoE QP
B &=, T3, & B gAjol oA Hlnd ke #viE 3le B ok
g I 2% ETHSloan, 1984). 1@} Ho] FEES G893 AFH

So2 Qs si4 AtFEo] HAFro| uwEk(Chen, 2004; Conand, 2004;
Uthicke, 2004) 349l AFFBALM7IEe Sia g7 F2e g BAlol

s FAs] fEiAE AR Holg FFsloF stedl, vt siat
A I|GAN U FAel Fag WAt B3 A7 AY fle
Agolgr sat FAA AHEEe dAAE Hole AA} sixF EE(Sui
1988; Battaglene et al., 1999) =& 9|=tellA FUHE AR tiFE o]Es)
]

o 9tk HEFY A, AR Aol Am He B

y

_90_



QK

k)

]

[e)
il

a

Z_,

[e]
=

o &
Ak Fae sl BAol

o]
3

of At FAMES 7HAL

=

[¢]

A

AAHA A7 A3 gle] Az AEE

1

9]
g

2|3} gy

gl o
Y 1Y HFARE AL

Mo N~ T R T T MRS T HTE N N
%W@ﬂﬂﬂwéﬂ%%ﬂﬁ%d’l]% %E%
T T o wWwomoE oM T RN oo
o H oW o _— ™o LI
P 5 T W W S L a1 N o= T
T W RHE BT - do = of S o NroRT v L
al .I_._/l w o = xo m_._.c b o ™ o Z.o HT Qﬂ _._h_ To- q,._
W NS ]LtLevzu < o
! ! ® R A ~< )
T 9 R ol oG ol w/ o o - @ Wﬂ " g0 N o 1/ 0 [
T AT o T N WG W s s 5o g w W R
No of of i T o Nz XX g 0 0w oo _—=
%au R R £ o T oo Lo N F
wA..—‘lrL ‘IO_LmHTa X\mwlz_.ojvomaﬂ :AO_.EE
_t_«o,.rlaﬁa .tl..w_ouuwa S S s B0 —
ooonuzow_. ME o X o &3 m_,e._a._] < X
B o ™ ) Hin o] T o ol S\ A\%, o 1i: BN oy M8 -
m«&ﬁqmﬂ@wmnﬁ%mx,m%%%% wanumw
gurﬂouxoéﬁ%;%ﬂu%m,@o mmz G
~ N W oE ook o K4 A op WK A -
< gt RN g oo 2 m e
N o W 1 =) & ¢ ® T X i N o 5
drﬂ}auiﬂamam,aﬂmWMmﬁo%gﬁu AW.__L
mMuw4ﬂﬂ%mﬂW&4mmuuazaoo_a %a.:‘
AToMeEﬂa\rmﬂ\J = WUﬂweWﬁ,ma o B-
B o~ E R - N W o -
o XX E N T 8 = oo 2 N 3B ) !
2 B Ay D Py Y ogE T B
a T o= . o & S — g i = T
_Eiﬂo_sdﬂoﬂoBmﬁwWhWAommmﬂ o
Q) s ~ o~ - [—
podTw g ¥ _FLEET SN n g T
PR og T oo 0 L Pk T o uy B :
ﬁ%\z&%ui_&um9ﬂeﬂnﬁo_§ﬂﬂw¥ Ndﬂ«
TR Y Y - - T B GO
R G s A IO R LW
o T TR mm SR ) B 55 %44_5 A
A I A T AR S R
Ll VAR /.] JvH 1 1
R B T A T A
o E oL A Mo o e DK X N M T oo T /I

_91_

GRS =Y

o

At



Y. A2 2 3

APALE

Arg0] ALEE T g IR
ettt A3 ALEE Table 29 Yebd u}
Fuh, AME, AR, HA|, XFo] 2 ETFEF dEEY TS, AddeR
LA} UFERE 1Y @5 EYPOR dextring 247 AMESt 7
7t AMEslY F 7EFY APAEE AT oleh 2ol HAH HAAIE
o] A8EL F &£t &9 pellet AX7E AT F, 60T AZ7)NA
AZ2S g o s Hol 548 1este] £2(180 mesh) FE 2 3
AtgE 30CAA BB &EA FeA FFeac Az
olm)i=at ZAL Table 39 YERNQ.O T, B H7FA}
LEAERY wdon, qFu H/HAIE 2 MettCys

ik
o
i
=
H
3
B
oXx,
o
—
jab)
=
¢’}
—_
2

o

g‘g
38
Ke)
2,
BN
(i,
>
e

_92_



Table 1. Proximate

and

essential

amino

acid composition of the

ingredients used to experimental diets

Ingredients

WFEM' SM® WF  S$sM* SCR® STP° MIX
Proximate composition (%, dry matter)
Dry matter 90.9 91.5 89.6 99.9 975 971 94.5
Crude protein 789 54.8 16.2 49.0 219 12.6 37.1
Crude lipid 6.24 0.1 1.76 104 5.3 0.1 3.1
Ash 14.0 6.8 1.1 6.5 33 429 14.7
NFE? 09 384 80.9 34.1 69.5 44 .4 45.1
Essential amino acid composition (% in protein)
Arg 6.9 7.6 4.6 10.7 5.8 5.7 71
His 4.8 2.7 2.5 2.8 3.2 2.0 3.3
Ile 4.7 49 3.7 43 4.7 5.1 47
Leu 8.4 8.6 7.2 8.0 9.0 7.7 84
Lys 8.7 7.3 2.9 3.3 6.6 6.0 6.8
Met+Cys 3.1 0.4 1.2 1.0 0.9 1.3 1.2
Phe+Tyr 7.7 85 6.6 8.1 75 8.4 7.5
Thr 4.7 4.1 3.0 3.7 5.1 6.3 4.5
Val 55 53 4.8 5.6 6.0 6.8 55
Total 544 495 36.6 475 489 494 489

! White fish meal, produced by steam dry method, Chile.

? Soybean meal.

* Wheat flour.

* Sesame seed meal.

® Soybean-cure residue.
¢ Sargassum thunbergii.

7 . s .
Mixture of six protein sources.

¥ Nitrogen-free extract 100-(crude proteintcrude lipid+ash+crude fiber).
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Table 2. Ingredients and nutrient contents of the experimental diets

Diets

WEM SM WF SSM SCR STP MIX
Ingredients (%)
White fish meal 41.0 290 100 250 320 160
Soybean meal 59.0
Wheat flour 55.0
Sesame seed meal 50.0
Soybean-curd residues 55.0
Sargassum thunbergii 50.0
Mixture 50.0
Dextrin 460 260 30 310 100 50 210
Squid liver oil 4.0 2.0 0.3 1.0 2.0 2.0
Soybean oil 4.3 23 2.3 0.3 23 2.3
Vitamin premix’ 15 15 15 15 15 15 15
Mineral premix 20 20 20 20 20 20 20
Sodium alginate 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Choline 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Proximate analysis (%, dry matter basis)
Crude protein 308 318 323 320 318 305 323
Crude lipid 7.5 7.2 6.9 6.9 7.1 6.8 6.6
Ash 8.3 5.5 6.4 6.6 70 301 106
Crude fiber 1.0 6.1 14 157 115 47 1.6
NFE 524 494 531 387 426 279 489
Energy (kcal/ g diet) 4.5 4.6 4.5 4.4 44 3.4 4.4

Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix):
L-ascorbic acid, 200.0; DL-o-tocopheryl acetate, 20.0; thiamin hydrochloride, 5.0; riboflavin, 8.0;
pyridoxine hydrochloride, 2.0; niacin, 40.0; Ca-D-pantothenate, 12.0; myo-inositol, 200.0; D-biotin, 0.4;
folic acid, 1.5; p-amino benzoic acid, 20.0; menadione, 4.0; retinyl acetate, 1.5; cholecalciferol, 0.003;

cyanocobalamin, 0.003.

~

Mineral premix contained the following ingredients (g/kg mix): NaCl, 7.0; MgSOs7H.O, 105.0;
NaH-PO;-2H;0, 175.0; KH>POs;, 224.0; CaHy(PO4)-H:O, 140.0; Ferric citrate, 17.5; ZnSO47H.O, 2.8;
21.8; CuCl, 02; AlChL-6H.O, 0.11; KIO; 0.02; NaSe:O;, 0.007; MnSO;HO, 14;

CoClz-6H,0O, 0.07.

Ca-lactate,
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Table 3. Essential amino acid composition of the experimental diets

Diets
WFM SM WF SSM SCR STP MIX

Essential amino acid composition (% in protein)

Arg 6.3 7.3 5.8 9.3 6.1 6.1 6.6
His 39 2.7 41 3.0 4.0 3.2 3.7

Ile 48 5.0 4.6 44 49 48 49
Leu 8.5 8.7 8.3 8.1 8.7 8.2 8.5
Lys 8.9 7.0 7.0 44 7.7 8.1 7.1
Met+Cys 2.9 0.8 25 1.8 2.1 25 2.3
Phe+Tyr 6.5 7.9 6.7 7.4 7.1 6.9 6.8
Thr 47 42 43 4.0 49 4.7 46
Val 5.3 5.3 5.3 5.6 5.7 5.4 5.6
Total 518 489 486 480 512 499 501
s R ARG

A @59 Al FAFNM TR AYLE o e FAS BE 2
AYE FE F§& F AYE FANEE 19 18 FFHEA 2570 A4
Ak AASATEL & 209 $2(B04) dFHoT ARG oA H(HT
AF: 0.8+0.05 g)S 22k s50mtE] 4 3RO R gt on, APARE oY
it AFe] 5%4 19 13(17:00 h) FH3EA 873k A54H st &
FZUT aerations T AMnE FHEIALH, AURYAFJGAE Ao

AQSNFE 10/ming 2Ade] THFAT ASAF VINES Fee
10.4£2.10°C, BIZ& 1.026+£0.0007¢] At} 2} Fxd] & AlE AANE o&

slth AlolBog AANAT AR e AFAY AR FRAG 54

ARAA 2 48 2H
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N

Az AR BHELE =2 ofF @A 1007 E FANNE B2 F

on, A3 FRAAE 74 APFZd HEF EE o e AEEHS
AEZ FH3t FAAZY BRAsRth Ay, A3AE 2 oY e <
HRAE B4L2 AOAC (1990)8] ol met =E#A(Nx6.25)2  Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland)E A}-8-3t] #4181,
ZAT-L etherE AME-3lY FESFP o, ¢E2 105T9 dry ovenol A 64]
T G Az F ZASAT 2HEL 600T R AM 4xF FUA A
Z A 3Ath Fo A= adiabatic bomb calorimeter (Parr, USA)E ©]§
st Sttt 28a 4% 98, 4% Al B o ik otrx4t

28 olmabH 854 7] (L-8800, Hitachi, Column : Ion exchange, Injection

Al
o

i

Pump : Pressure 0-19.6Mpa, Flow Rate 0.05-0.99ml/min, Column Oven :
Electrothermal cooling (30-70°C), Reaction Unit : Reaction Column (135,
50C), Photometer : Wavelength 570nm, 440nm)E Ah&-3te] AFEA 31
o},

SAAE

Azl FAAEl= ANOVA-testE A8 Duncan’s multiple range test
(Duncan, 1955)& Y 7te] F9/4& SPSS (SPSS Inc., 1997) program< At
83t AA AT

% 2% g 23

Alg @AYo FEL gidFol 283 A5 FdL: FEY &
g g2 4 JOH(NRC, 1993), AlE 9] @ d S HAAS7] s e
A8 JAAHE, 7154, 714, 74 21 & b
oJof ghrh B AFPME olH 1S uete] o|n] thE o FE Wiy
oF &5 2
72 FHrtetdoh AFSAY F8 F, AEES EE ATl 74%-87% R

1o
r O
oX
o
e
o2
o2
N
2
‘0,
2
ol
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UATHP>0.05). A& |4 FFTEWE)FH &
H34&(SGR) AR o] Tl d Ao FostA dFS Bk o™(P<0.05), AF

=A JEwEI(95.7%, 1.20%) ©lojA tiFEk
(86.0%, 1.11%)= @%(81.3%, 1.06%) H7FFA AFo] H7FF Ho%
Zto] glo] <zt A4S HAth old wial, AFS Hrheh APT9 WGsH
SGRo] 7}4 wgtom, o] zhe olE(54.7%, 0.78%)7 3 A E(51.0%, 0.74%)
R e R K R P 74 h= S B A}fi«l 1% T
sake] Aol xpol7t e AL 2t
g9 dY%a 0¥, 288 2 WdF A4 F

3}
u}

et al. (2008) 34kl A welAm ko] 30% Axely Ris)
_Zr

r-\m

1
HARH FEAt FHR ALgH ] o (Kang, 1966), T
al

AEHTE 2
BA4S Ff32 doj(Khuang et al, 1995) ¥717HA7F & dl2F 59 &
Folrh. AZFole it FAdE Fo] o] §Ha e, i THEALL ofF

FEHTE SADGAANE b2 d5EY EHstd I
© YEE i3 YortEe Hd3xrt o a2y v goly tAjuket o
2] a Foll Ha Fdol o AFHL B o}
2, xR SEAY & FETHEF 0% AlE 9852 Had &
5 Foidths 938E& Adoh ofel] whsl, of 71k
Agsta e 9id g dFpolu s TRt glo] o]/ AlE 9
oA duwlAYgom wo O]%Qfﬂ. NeE YEEA P40l F(Jackson et
al., 1982; Smith, 1988; Viola et al., 1983, 1988; Wee and Shu, 1989) ¥ o}y
2} &)4ko]F(Shimeno et al, 1993; Reigh and Ellis, 1992; Cowey et al.,

o2 m
L o

fl
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1974)9} 742t (Lochmann et al, 1992)& Ui zn BL AF7F F3 5
Yok E3h Lee et al. (1998b)2 HAEo] ofoluvt 7HAIl EA &A W+F
S & o] g3ttt sttt oMY diFute £& o84S o7
BEE A8 T gton, WiIdAE AxAd Fo3 @9d 982
ALEE S T B ATA diFEks 371 AP Tet ASolE AU 4
Pzt F3 ARl E BolA 42 AL oY st widitge] @A
doz 5o ALE 7HeAe HoFE
stA g, i 5 Hol= trypsin inhibitor$} Z-2 Q%A 8l 8 & (anti-nutritoional
factor)7} FH o] Sloj @AY o]RAHS HAAA F Y& ¥ ol
Meto]\} Lysg-e FFofuimito] offol] Hia} @A e o] #53
ofvl:itez Q&) didFe Al AiE £ Udd RiFHo g
(Dabrowski and Kozak, 1979; Jackson et al., 1982). 18y} o Fulol] F.Z3}
Meto|u} Q1S At Bt Aol NAdE 4 Uth= Hil(Dabrowska
and Wojno, 1977; Murai et al.,, 1982; Shiau et al., 1988)7} S+ Hi@ o} ofn]
ZAbolu Q1S o #HE AR EFdtdr: WA aRTt gidts 47
B31% ti(Andrew and Page, 1974; Lim and Dominy, 1989). oA ¢ ti/
Folv thFut ojfol] EHE HREE A dFe] o84 Eetd
Atte AE BAFt E APdME 73] Meto| v Lys &2 o
€ o E dBe g ¥gten, ol FFH3F ofvjiihs HFE FA
71 e ddAtm el opn|=At e g Wkt shAIRh, tiFu %
3

7o 4Fgel vE 4P| mal gaHA Fe AOE Hol oA sfitol
°! 3
.]

¢

Froll lolx F4= ofmmito g HFHE Meto]u Lys &l

A A e Aoz ddEn. FF, oY siake ofr|iegt o] &) Al
A 7b R Fofof & Aot

il
B AFdA A3 AlFAC 08 g AF oW 3ite e E ASAY
< FisAoy, 48 FuA MY THS Ee AATolA 1.2~16 g0 &
Az @S A4S Btk oy e oY 7HA edER dHE +

e o
H, ARSAE 717 B B2 £ T 98T)er At AL

s

o)
rir
=
2
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i
i

BAFATE A2 RAY AR o] ol 4 %S AL Ae=
o Yang et al. (2005)2 E7Isi4te] AtmAF L Aol g
14~15TCex Biastieh. A AbS43 713t F£20 o

1)
T o =~
o Aol AedtEA ARAAT F/EHE S 2 & AR

o

be 4
o
L,

N,
b

Table 4. Survival, weight gain and specific growth rate of sea cucumber

fed the experimental diets containing different protein sources for

8 weeks'

Diets IMW? FMW? SUR* WG’ SGR®
WFM 0.8+0.01™ 134005  85+13™  547+751°  0.78+0.08%°
SM 0.840.01 1.5%0.08° 85+7.4 86.0+7.37°  1.11+0.07°
WF 0.840.01 1.2+0.03°° 82+1.8 51.03.78"°  0.740.05%
SSM 0.80.02 1.240.08° 87+5.8 453+8.69°  0.66+0.11°
SCR 0.8+0.01 1.4+0.08" 75+1.8 74.0+10.60™  0.98+0.10™
STP 0.80.02 1.6%0.05° 85+1.8 95.7+7.31°  1.20+0.07°
MIX 0.8+0.01 1.50.08° 74+8.7 8134536  1.06:0.05°

! Values are means from triplicate groups of fish where the means in each column with a different
superscript are significantly different (P<0.05).

? Initial mean weight.

® Final mean weight.

* Survival (%).

° Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

® Specific growth rate (%/day) = (In final wt. - In initial wt.)/days.

AR AolA S YWAE P ofplieAl FFS Table 59 etk ojdd
siatel Holdl B4, £2, zowi, 242 ¥ HP FFL AR @)
4980 FFL WA Gk by FFE Lys FFS AL 2E A
BN fel@ wol7}

Fol 7H¢ =k, A5
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Table 5. Proximate and essential amino acid composition of the whole
body in sea cucumber fed the experimental diets containing

different protein sources for 8 weeks'

Diets
WFM SM WF SR SCR SP MIX

Proximate analysis (%, dry matter basis)

Crude protein 33#0.6™ 32+1.0 33+0.8 32+05 32+03 3302 3206
Crude lipid = 2.0+0.80™ 1.3+0.45 1.3+0.32 21+0.11 21+0.30 2.0+0.53 1.6+0.37
Ash 45+04™ 46+0.6  46+0.3 46107 45405 45+1.1  46+05

Essential amino acid composition (% in protein)

Arg 754012 7.6015 7.6+0.07 7.4+019 7.4+0.03 7.5+012 7.6+0.17
His 1.9+0.03 1.9+0.01 1.9+0.01 1.8+0.03 1.9+0.01 1.9+0.01 2.0+0.03
Ile 414056 4.0£0.03 4.0£0.06 4.0:0.07 4.1+0.07 41+.0.03 4.1:0.20
Leu 6.6+0.01 6.6+0.06 6.5+0.10 6.4%0.09 6.7+0.10 6.7+0.03 6.6+0.03
Lys 6.40.07™ 6.4+0.06™ 6.3+0.07°° 6.1+0.09* 6.5£0.07™ 6.5+0.06° 6.3+0.07
Met+Cys 1.940.03 1.9£0.06 1.9+0.03 1.7+0.12 1.940.12 1.9+0.03 1.1+0.56
Phe+Tyr 744010 7.5+0.09 7.4%0.09 7.1+0.10 75015 7.5+0.06 7.4+0.07
Thr 56+0.03 55+0.01 5.6+0.03 54+0.09 57+0.03 5.6+0.03 5.6+0.09
Val 51+0.07 5.1+0.07 52+0.03 5.0+0.09 51+0.15 52+0.01 4.8+0.20
Total 46.5 46.5 46.4 44.9 46.8 46.9 455

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

ojde AH2HH, ¥ AFolM AHEE @AY FolM AFol EE,
b gl EFEL ofd At wigAlR Y g@idde g Agstddr F& A
2 #dHn, O FoME dFE2 AFols EFE Bl 73717t 4
7FA o]l Adsted AR @UbE B Hl: AeAHo® AMEE F ARCh
gt FF, o] d5ES vtHe R o oy i YL
g A77E Y Eolol & Aol
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2. olg s vlEALR e X 2AY FHr)

7 A&

QUs FAN AAL g} BrsERT qUAZI Eob gl
AE BAS A% S o, DR A4 wgue FFUos
¥ hgEel 43 ANl BEHA 4L 5

(NRC, 1993). 53] 7ol &3] AP = ofd A7)
T

£ el aehe ANNY R H4

(Sargent et al., 1989). olF & ol 0]
U dEE 53 22 A28 wel BEtNRC, 1993). g4o]Ee F-X)

MEolet detdoles AFAYACE 183n-37 182n-6S 742t 87351
(Castell et al, 1972a,b; Kanazawa et al., 1980), sjito]®/<Ql |

EPAS} 22 n3-HUFAZ} d5AWite s ol gHltta Hixo] Jrh(Kim et
al., 2002; Lee et al., 2003). Z1e§x &4 thdFo] a7ste AFAYLY £
%Sﬂr &?aﬂ T35t A 04%‘“—:—01 FeEo] gton, & tFFely

EE *é?fﬂﬁ% zif uﬂ-[— »6—,&6}1:},

& 7180 A (Stichopus japonicus)> Z 227} Wil Bolu]ieba) vyl Fol
ZR3 A7 AEo g QIARE =, 2, JE L g0} Sl 2L
2 olgsti 4ew, I F87} E7letn ltkSloan, 1984). T2} Hol
BEEE 333 340y Tog da) ik Wikl 7ag e whel(Chen,
2004; Conand, 2004; Uthicke, 2004) si4te] AAitek F71E S8l g2l dig
Biol S7HE R vk FAE AdMe WMBAEE TR Folok shed,
27 A el BWaw wiFAlEo] B ATE old A AR
A4 gy 24 FFo] 247 30%9F 3% A= RIE Z(Seo et al,
2008) ol&jol= A FHAHA Lt
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Wetd £ A7E oY ajael 49 WPARE AL A% FFaTol
Be A7) YBoz AR AAYo] o Al 43 ¥ Az v

= 9&e AL

U Az 2

At g AMgE AAYe] Aat £A4E Table 101 YERYATE Table 1
o Jebd AXY APAE) Fa gidde IA FYE A7EHE ug
o2 YFuE Ao, erlEdor AUES AMSElY BE AY
g Ay Aol ofd 4o A AR A 1”}%14(89,0
et al, 2008). g3 Ade] @& ofd 4] A LS
AAY ZHZMIE(CON), AW AdPoz ©Ao] 7H(SLO), HFH(S0)
2 olRIF(LOYE 22 2% HIME F 4T 7Y AF AEE 2ASAH
(Table 2). oje} Zo] AAE HEES & EFstH 29AV|E o) &3std 4¥
o Az F B (180 mesh)Z EH3te] 30 TollA B# A
JaAvith Fgstanh Az A8AEY AWaE 242 Table 39 WER
Ak
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Table 1. Fatty acid composition (% of total fatty acids) of the dietary lipid

sources

Fatty acids

Dietary lipid sources

Squid liver oil Soybean oil Linseed oil
C14:0 6.4
C15:0 0.6
C15:1 0.2
C16:0 22.3 114 52
Cle:1 0.2
C17:0 0.5
C18:0 1.0
C18:1n-9 31.6 30.3 23.0
C18:2n-6 0.3 51.4 17.6
C20:0 0.4 0.4
C18:3n-6 0.2 0.2
C20:1 0.1 0.5
C18:3n-3 1.8 0.8 54.1
C21:0 0.1 5.1
C20:2 2.0
C20:3n-6 0.2
C22:1 0.4
C20:3n-3 35
C20:4n-6 0.3
C23:0 0.8
C22:2 1.1
C20:5n-3 14.3
C22:6n-3 11.9
n-3 HUFA' 29.7

! Highly unsaturated fatty acid (C20).



Table 3. Ingredients and proximate composition (%) of the experimental
diets
Diets
CON SLO SO LO
Ingredients (%)
Soybean meal 40.0 40.0 40.0 40.0
Wheat flour 44.8 42.8 42.8 428
Squid liver oil' 2.0
Soybean oil 2.0
Linseed oil’ 20
Sargassum thunbergii 10.0 10.0 10.0 10.0
Vitamin premix’ 2.0 2.0 2.0 2.0
Mineral premix’ 3.0 3.0 3.0 3.0
Choline salt 0.2 0.2 0.2 0.2
Proximate analysis (%, dry matter basis)
Crude protein 31.0 30.1 29.6 30.1
Crude lipid 1.6 3.6 3.8 3.6
Ash 9.1 9.1 9.6 9.6
Crude fiber 4.0 34 4.2 41
NFE’ 54.3 53.8 52.8 52.7
Gross energy (kcal/100 g diet) 4.2 4.3 43 4.3

w

.

3

2 Provided by E-wha Oil & Fat Ind. Co., Busan, Korea.

Vitamin premix, contained the following amount which were diluted in cellulose (g/kg mix):

L-ascorbic acid, 200; DL-a-tocopheryl acetate, 20; thiamin hydrochloride, 5; riboflavin, 8; pyridoxine

hydrochloride, 2; niacin, 40; Ca-D-pantothenate, 12; myo-inositol, 200; D-biotin, 0.4; folic acid, 1.5;

p-aminobenzoic acid, 20; menadione, 4, retinyl acetate, chloecalciferol, 0.003; cyanocobalamin, 0.003.

Mineral premix, contained the following ingredients (g/kg mix): NaCl, 7, MgSO, -+ 7HO, 105;
NaHzPOyq « 2H,O, 175; KH,PO,, 224; CaHy(POq)2-H2O, 140; Ferric citrate, 17.5; Ca-lactate, 21.8; ZnSO
4+ 7HO, 2.8; ; CuCl, 0.2; AlCl; - 6H,O, 0.11; KIO3, 0.02; NasSe;Os, 0.007; MnSO,.H.O, 1.4; CoCl, -

6H-O, 0.07.

Nitrogen-free extract 100-(crude protein+crude lipid+ash+crude fiber).
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Table 3. Fatty acid composition (% of total fatty acids) of the experimental

diets
Fatty acid Diets
CON SLO SO LO
C14:0 0.8 53 0.6 0.3
C16:0 58.6 445 425 22.0
Clée:1 0.4 0.4 0.1 0.1
C18:0 8.7 7.5 8.9 5.6
C18:1n-9 9.5 17.1 18.9 19.2
C18:2n-6 9.8 16.0 18.3 30.4
C18:3n-3 0.6 1.3 13 16.3
C20:0 1.1 0.7 0.9 0.5
C20:1 47 2.1 3.0 13
C20:2 0.7 1.4 1.4 0.7
C20:5n-3 0.0 0.3 0.0 0.2
C22:0 1.0 0.5 0.9 04
C22:2 1.4 1.1 14 14
C24:0 1.1 0.8 1.1 14
C22:6n-3 1.5 1.0 0.5 0.4
n-3 HUFA' 1.5 1.3 0.5 0.6
' Highly unsaturated fatty acid (C20).
Aol 3 ALS U
e 2 FR AAE oY e st dE FaE Fx
TEote AHE AFAIRE 19 13 THeHA] 273 H Az A8
o2 HFAZ 14 go) oY e 2 APFE(G04 AzFER)e) 500kl 4

, AR RS

AF9 5%4 19 13)(16:30 h) FF A

th AFSAE 71 B9 e 14.7+1.177C, HIEL 1.026+0.0007 ©]low
Zy FZvit}t aeration® 7 AREEE 14 /ming 2SS ST
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AV&717E F ol Bl & WY Alo]lZo g X E AL FU

AEANH 2 HAEEA

Hzx oJA9] JE EAELE 1007 E FHHAE XE FF 819 354
A AL Hsl 75T B 3tAth oA AL A3 AAAS FEAA
A@rzd F89 43F AAFAE FHsAoH, 48 FEA YT
EE OAE TR E4E A8 dTEA(-30T) . AOAC (1990)¢]
e weh ZdwAa (Nx6.25)2  Auto  Kjeldahl System  (Buchi

B-324/435/412, Switzerland)E Alg-3lo] #4819, ZA WL etherE Al
gt FE3I o, FR2 15T dry ovendlA 6413t ¢ Adx & 573
At 23 E2 600C 332 M 4AI1F T Bl F BH

f© Automatic analyzer (Velp Fiwe6, ltalia)& ©|83te £, Fo
U X & adiabatic bomb calorimeter (Parr, USA)E ©]-&3td FAsAT A
WA BAE 98] Folch et al. (1957)9] o] oJaf & Ad& FE3ho
14% BFs;-methanol® methylationA1Zl %, capillary column (OMEGWAX™
250, 30 m x 025 mm x 0.25 gm, USA)°] 2% gas chromatography
(HP-6890 PLUS GC, USA)Z AWAre 22819tk Carrier gasE 252 A}
£39oH, oven ==& HF 200TA 230T7HA] 5C/min F7HA1 73, ©]
oJA 237C7kA 0.5C/min S7FAFA T °olW injector 2%+ 250C, detector
(FID) &=+ 270CE Z4zt AAsten, 25 Aoz 3770 At £
E(PUFA 37 Component FAME Mix, USA)& A48} T},

o
R
lo
2
BN
o

TAAH

ZA1te] BAAEE ANOVA-testE® 4413t Duncan’s multiple range test
(Duncan, 1955)2 H47te] f24& SPSS (SPSS Inc., 1997) program< A}
&3t A48k
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Table 4. Initial average weight, survival and weight gain of juvenile sea
cucumber fed the experimental diets containing different lipid

1
sources for 12 weeks

Diets CON SLO SO LO

Initial mean weight
(g/ sea cucumber)

Survival (%) 74

Final mean weight
(g/ sea cucumber)

Weight gain (%) 236 + 65° 452 + 50° 38 + 14° 141 + 1.1%

14 + 001 14 +001 14 +001 14+ 001

5.0™ 81 + 24 77 + 18 83 £ 18

=+

1.8 + 0.10° 21 + 0065 15 + 0.03* 1.6 + 0.02*°

! Values are means from' triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

wt— Con —— Squtid —+— Soybean -t LinseedJ[
50

NOW &
[~} o o
' 0

Weight gain (%)

-
o

i

o e
s, s sy

0 & o ) t s 1
0 4 8 12

Weeks

Fig. 1. Changes of weight gain (%) in juvenile sea cucumber fed the

experimental diets containing different lipid sources for 12 weeks

AFAY A L FRA OY ikl QWYL RHAHE Tale 59
B oY ddel ¥, 9ud, A3 % JrFFe B
MBS A FR GTFL BA FUATHE005). FRIFL BE g

A Hzo Hls) Fasten, @A dFe i Frtske AEE B
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Table 5. Proximate compositions (%) of whole body in sea cucumber fed

the experimental diets containing different lipid sources for 12

weeks'
Diets Moisture Crude protein  Crude lipid Ash
Initial 923 3.1 0.3 3.6
CON 0.7+0.28"™ 4.0+0.18™ 0.6+0.50™ 3.5+0.12™
SLO 91.1+£0.14 3.7+0.06 0.2£0.10 3.4+0.04
SO 90.1£0.19 3.8+0.14 0.2+0.13 3.5+0.03
LO 91.0+0.75 3.7+0.07 0.4+0.03 3.5+0.03

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

dutzlo g Algd AA F/H BT FFE did AES AT 240 4
& vRitkar Barso] QJufSilver et al, 1993; Geurden et al., 1997; Lee
and Lim, 2005). & Q7oA = a4t ojxle] A4t 24L& AlEAA Y A
A Z2Ae 9GS wokth Table 60 YR AAH, o st xdbat
oAl APAtRE ] BASle] 18:1n9, 182n-6 F 20:4n-62] o] A& 3
A Yo w, 20:5n-39F 22:6n-37 22 n3-HUFA &2 Addo=z 2
of XHFE FH7IE A¥ Ut & A@F vsl fFoEA =4 JER
182n-6 FFS UIF/HE A7 4P ol 183n-3 FHL olvdlf{rE
o APFAM 242 71w S B o3 Ade AdAs Yot
AAYe] At 4o mE o]z moln, o)X ATADRS} fFAME A
o]t (Lee et al., 2000; Seo et al., 2008).

O
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Table 6. Fatty acid composition (% of total fatty acids) of whole body in
sea cucumber fed the experimental diets containing different

lipid sources for 12 weeks'

. Diets
Fatty acids —
Initial CON SLO SO LO

C14:0 0.8 1.2+0.03° 0.9+0.05° 0.9+0.03° 0.9+0.02°
C14:1 0.2 0.2+0.13™ 0.2+0.11 0.2+0.01 0.2+0.02
C16:0 3.7 4.8+0.28° 45+0.52° 3.1+0.05 3.5+0.19%
C16:1 25 2.8+0.20%° 3.4+0.04° 3.4+0.18° 2.9+0.04°
C18:0 6.8 3.8+0.15° 4.1+0.07° 3.2+0.06° 3.3+0.04°
C18:1n-9 45 133+0.09°  18.8+0.37  14.4+029°  15.3+0.30°
C18:2n-6 133 265+1.14°  20.7£0.15°  27.7+055°  23.5+0.58°
C18:3n-3 6.0 1.0+0.08° 0.7+0.32° 1.2+0.05° 5.5+0.61°
C20:1n-9 92 9.2+0.38™ 8.8+0.14 8.9+0.32 85+0.48
C20:2n-6 32 8.9+0.30° 7.1+0.11° 8.7+0.11° 7.7+0.31°
C20:4n-6 199  11.8+0.95° 9.2+0.42% 13.2+0.72°  12.6+0.20°
C20:5n-3 12.7 6.0£0.12° 10.840.19°  6.4+0.31° 6.2+0.08
C22:4n-6 11.1 8.0+0.81™ 6.8+0.55 8.2+0.30 7.840.13
C22:6n-3 6.1 2.5+0.86 4.2+0.04° 1.6+0.19% 1.9+0.47°
n-3 HUFA! 188  125+3.16™  124+274 10.2+3.98 8.2+0.65

! Values are means from triplicate groups of fish where the means in each raw with a different

superscript are significantly different (P<0.05).

ool AIygE Hol, HIE ofd s A& o]§Ao] vy fEoA H
FarE 240 o] Be Fe aTAE 2ATHSeo et al, 2008), AR A
24 WEF ollelf BobE ndHUFAZ 0% g450 g @
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3. old st widr s e BsEd E g

7F AE

SYEEE AT &ste slatbe obrlel At MAste 2Uld Fol
ot Aol A ke wtElEol, FE&F, AATE 2 uige] FHdE BAS
AT H2d e &5, T3, 48 2 Aol 17tz dvsn
A& ¥ oflel 2 2% Erh(Sloan, 1984) dl4te ZEE]r}t wa Piolw]
=47 mlE ol FR3E wellbeing YA EFSZ @Yt ME F2
2goF o]f Hi gtk a3y I FEEF FF¥3 d40Y Tog

A3 S ABAREFo]l 7A3te] whEl(Chen, 2004; Conand, 2004; Uthicke,
2004) ai4te] JAFFHEAAVIEY Sz A o sk Tl FriE T
1990 FHE ALz g wet vl F

_‘-L:: .
5 gt PRATL Aok AL A& A Uy Foz AW YE
ha

NA FUHE AR HRE o&E3tT }E]-.

FrstEe AT FES AT /P BAAYD A doleln, ofF
JofM e gestEe o]&A4L oFd mE W o7 ERITHNRC,
1993). o} ol g GF3E o] §4 L ME o8 AAFH g5ty -
g9 a3ty 3 AJAA FE9 HEAA 9t Zelst vEidth
(Walton and Cowey, 1982). At& 9] HIGH A o2 ¢Ye o]Fo] dujd ol
ST A dFE vAE T8I 240 (Lie at al, 1988), ¥ AT
AN duAdezAy ey duide]g& Hast st HY wigdy A oy
A Qo] S B 3% th(National Research Council 1993).X|F7}#] 3}
Aol B3 A== 23 43K (Tanaka, 1958b), A 2l(Tanaka, 1958a), &4
AbE(Sui et al, 1986; Sui, 1989), WHAKKato and Hirata, 1990; Kashenko,
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getler, 43 FaA AL
At APAFE R Ao

Ao dNHgELS AOAC (1990)9] el mel @A (Nx6.25)2 Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland; Metrohm 8-719/806,
Swizerland)S AM&8le] BEA&R T, AL etherE AFEsle] F&3190
, TES 105TY dry ovenoll A 6A17F Az ¥ FASAY £3)EL 60
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Table 1. Ingredients and nutrients contents of the experimental diets

Carbohydrate
Wheat flour a—Starch Sodium alginate
sources Aloae
Carbohydrate &
15 30 15 30 15 30
levels
Ingredients (%)
Soybean meal 480 435 524 524 524 524
Wheat flour 25.0 40.0 10.0 100 10.0 10.0
a—Starch - - 150  30.0 - -
Sodium alginate - - - - 15.0 30.0
a—Cellulose 19.6 9.3 15.0 - 15.0 - Sargassum
Squid liver oil 1.0 1.0 1.0 1.0 1.0 1.0 thunbergii
Soybean oil 1.2 1.0 1.4 1.4 14 14
Vitamin premix 2.0 20 2.0 20 20 20
Mineral premix 3.0 3.0 3.0 3.0 3.0 3.0
Choline salt 0.2 0.2 0.2 0.2 0.2 0.2
Nutrient composition
Dry matter 9208 929 929 913 88.5 84.5 96.6
Crude protein 322 316 31.0 318 30.9 322 13.3
Crude lipid 3.1 3.1 3.1 29 2.8 3.1 0.1
Ash 5.0 4.9 4.9 5.2 8.6 155 43.1
Crude Fiber 19.7 9.6 9.6 29 123 24 6.5
Phosphorous 090 090 090  0.88 0.90 0.95 1.12
Calcium 093 035 032 035 0.23 0.90 2.64
NFE' 40.0 508 46.0 572 42,6 46.8 37.0
Gross energy
. 5.3 57 57 59 5.0 59 2.2
(kcal/g diet)
E/P ratio
165 180 184 186 16.2 18.3 16.5

(kcal/g protein)

! Nitrogen-free extract 100-(crude protein+crude lipid+ash+crude fiber).
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A

A7 9] BA A= SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) program< A}-8-3t4 VOne-way ANOVA testg AAT F,
Duncan’s multiple range test (Duncan, 1955)2 H#7te] Fo4d& HAAsA
o™, Two-way ANOVA test& T3 Z Al59 @384 2 @538 &
Fol g FEAAE EHsAT

0FTS Y AAE A2 PRI AT Yol 4L Y ARz
g A

o] AEEL 595 %ollA 79.1%9oH /‘a‘f‘é?z}oﬂ vr,lx}L 13
THFig 1). 53 ©53EYU(P<0.01)3 FHP<0.001)0] F2lFH FgFS
worom, Atgl ©@3tE o) Fv ¥F4E PAde AF] YEET
(Fig 2). 15%¢] 42¥WEg FF3 AT 7FF A JebAR, 15% &
33 AFolg I8 A7 FYxes FAAJATHP>0.05). 15% 2] A9E,

=
xl%ol—g— THIE AET7E 30%e A9E, A AETEG F9

rﬂl
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Table 2. Growth performances of juvenile sea cucumber fed the diets
containing different carbohydrate sources and levels for 10

1
weeks’

. 5 Initial mean weight Final mean weight Mean weight gain .
Diets Survival (%)
(mg/sea cucumber) (mg/sea ucumber) (mg/sea ucumber)

WF 15 76412.5 1109+55.6° 345.1+53.1° 75.2+5.48"™
WE 30 758+4.4 749+61.9% -8.7+61.9" 59.5+16.53
ST 15 768+2.4 883+24.7° 114.94232%  67.6£3.43
ST 30 769+1.5 691+31.4° -77.9+32.6° 65.7+2.48
AG 15 764+4.9 1004+49.1™ 239.8+44.2°%  63.8+1.27
AG 30 77345 979+33.3" 20584305  60.8+5.79
Algae 766+1.1 1069+37.4° 303.3£36.9%  79.1:0.47

Two-way ANOVA

Carbohydrate source (CS) P<0.01 P<0.01 P<0.8
Carbohydrate level (CL) P<0.001 P<0.001 P<0.3
Cs x CL P<0.05 P<0.05 P<0.7

! Values (means * S.E. of three replications) in the same column not sharing a common superscript
are significantly different (P<0.05).

2 Wheat flour 15%, Wheat flour 30%, a—Starch 15%, a—Starch 15%, Sodium alginate 15%, Sodium
alginate 15%, Algae: Sargassum thunbergll.

® CS : Carbohydrate source.

* CL : Carbohydrate level.

o]d sjate]l IWtARE EHZAAE Table 30 JeERAITE ol st
T, Ad 2 did FFe AR %—,—5}% o] wWE xpo]E Ko

=]
=
of JFE RO (P<0.05),
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Table 3. Proximate compositions of whole body in juvenile sea cucumber
fed the diets containing different carbohydrate sources and levels

for 10 weeks"

Diets Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
Initial 923 3.1 0.3 3.6
WEF 15 91.4+0.09™ 3.4+0.06™ 0.27+0.023™  3.520.07%
WF 30 91.2+0.18 3.5+0.07 0.23+0.128 3.7+0.09°
ST 15 91.5+0.15 3.5+0.14 0.29+0.119 3.540.01%
ST 30 91.5+0.16 3.4+0.01 0.20+0.128 3.8+0.04°
AG 15 91.2+0.05 3.3+0.21 0.20+0.068 3.4+0.07°
AG 30 91.7+0.12 3.2+0.04 0.13+0.062 3.4£0.11°
Algae 91.8+0.07 3.5+0.16 0.20+0.052 3.6+0.15"

Two-way ANOVA

CS P<0.3 P<0.2 P<0.7 P<0.02
CL P<0.5 P<1.0 P<0.5 P<0.08
CS x CL P<0.1 P<04 P<1.0 P<0.2

! Values (means * S.E. of three replications) in the same column not sharing a common superscript
are significantly different (P<0.05).

> Wheat flour 15%, Wheat flour 30%, a—Starch 15%, a--Starch 15%, Sodium alginate 15%, Sodium
alginate 15%, Algae: Sargassum thunbergll.

™ Not significant (P>0.05).

ofd siite] A3t BE FFE Table 40 ebon, RE 2
oAl Aole YEhA] B THP>0.05).

o

7k &
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Table 4. The contents of phosphorous and calcium in juvenile sea
cucumber fed the diets containing different carbohydrate

sources and levels for 10 weeks'

Diets’ Phosphorous (%) Calcium (%)

Initial 0.060 0.164

WF 15 0.057+0.003™ 0.186+0.016™

WF 30 0.067+0.026 0.190+0.022

ST 15 0.057+0.019 0.160+0.011

ST 30 0.067+0.019 0.195+0.014

AG 15 0.067+0.003 0.159+0.009

AG 30 0.067+0.007 0.314+0.017

Algae 0.067+0.007 0.195+0.007
Two-way ANOVA

Cs P<1.0 P<0.7

CL P<0.7 P<0.5

CS x CL P<1.0 P<0.7

! Values (means * SE. of three replications) in the same column not sharing a common superscript
are significantly different (P<0.05).

? Wheat flour 15%, wheat flour 30%, a-starch 15%, a-starch 15%, sodium alginate 15%, sodium
alginate 15%, Algae: Sargassum thunbergii.

" Not significant (P>0.05).

AtaY gestEde W T A48T AR o]8&4
g a4 o|th(Wilson, 1994). £ AFolA o] siite] F
A

st SRl FdFS Lol 15%9] 2MES FFY AFFAAM 7 =4
Z
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AR 22 g53tEdo] os] JFS A g=thil(Lee et al, 1998a) 2 11
HAoH, d&r|: M2 T2 g@53tEde s 34EHR A7 4%
EL F(Lim et al, 2003) Eﬂ% o} olggk ofF7ke] Aolvp F
HEQAA ] daiME FEs] ¥ 3 7] W& tdolF, Alsd
AtezA, 23e T3 A a9l %94 #3 F o FAHJ] A7t
g =Fojof & o2 P} Rosenlund et al. (2004)h Also] ©@531&E
ol F7MEFE AREE FAHY TS vAda By s{th &g
ALRY BstEe SUbe i dU¥d 238S AT BuHHdn
(Hillestad et al., 1994; Aksnes, 1995, Hemre et al., 1995). £ A7l 3|4t
o] e AW gsEd T dFE wgtewn, vstE o] FUt

adte Aol UEkth o]AL otk E/P HIET #YEH e
Aoz gt 15% AWE, 15% 4 @ AFo] FFT9 E/P Hl &0

e

rjg

o
=
Ao

.>i
th

~

4»

t

d

|

(16.2-16.5 kecal/g) 30%<] A®E, 30% ¥32h 15% 2 30% HEo Hv&
(18.0-18.6 kcal/g)H Tt & & el ATh ofFel o] Szl nisg] o
HA Hgo] wA FHEE AMR AFAV Fadte 4 2 :} R R SRS
APog A% AAEo] Zadddm BIHYTH(Lovell 1989). T &%
AFo] % TFTAMNE FFF0] 52 g Hedded, AFel7t sy
o 4&e 9 AA E/P Hl&S FF stn e AeE dAgdHr 2B
2, side] A€ st =& AUATE FFE AlRe 28 A 25 A

oz gudd
dubdoz AlgUl Hdfras AFol 98 sieEs) IR $on(Hung et
al, 1989), &=L THY AHAfde & dLda2d ol84s FAaAIH
& FEFol ofF ol AgHont A A

(Anderson et al, 1984), MEZQ
Al 94 Fuia R1 HAchHHilton et al, 1983; Fynn-Aikins et al.,
1992). 18y} s 15% 2WE(HAEZ222 196%) 2 15% NMAER
222 123%) FHT7F g FF T viste] ST Pl & Fe B,
171& otrt oldd sj4te] AEetobAd] &Aolvt MEFAE ViFEs] &

9 Aoz weHw, oo U@ AHE A7t Bash

[*]

+r
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olgjgt AA=Z E w B AT ofd syt el Hag AA v
32 FFL 5% % BEA. Lee et al. (1998a)2 37 AEB #HA &
3HE FFol 20~25%k Rustgivh. dubAog Jojot Ze X AA ofF
o gstE AW FFLS 30~40%°lth FAA ofFol U #@FEE o84
2 A FAG oFY ol &4 Eoh WOT(NRC, 1993), vkl Ty
A a7Fe A FAAE ofFol vlisted aFo] 2 Holtk(Lie et
al., 1988; Ruohonen et al., 2003).

olFel A}z RE oY site] Aol AHEI A dxEde &Y

B3} @0Aoln B 25%Y AoE wHHE
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4 v dgoE hEEe S o sk MIALE

7F A&

aFe AAHSZ 1,1004F o EXstn Jon, fEudde &7
all ot (Stichopus japonicus)°] F2 A&7 ol&H gk e PRI}
3 ot wdld o] FHG wellbeing REFAFOE QAT
B &=, S5, 48 2 fAol T vaA nrtE AviEa gls ¥ oky
2t 1 F£8% ETHSloan, 1984). 12y H< FEES G834 SH4Y §
o= QA3 4t AabFo] TraFol] Wl (Chen, 2004; Conand, 2004; Uthicke,
2004) si4te] A SIS Sfsl FAol tE #Aol SUHEL i

AF7AA el B AFEE A 43 (Tanaka, 1958a), A4 (Sui et

, 1985), A AFS(Sui et al, 1986; Sui, 1989), thAl(Kashenko, 2000; Li et
, 2002) 2 FZE(Tian et al, 2005) 5 AEIFZF EAo 24L& F1 Iy
ol ¢S, dAe] dUA ol&Add B/ A7 uEE AAolF A
3 AR vl AR 7Ht“ﬂ<>1 AA &t olE ¥ olf 2, i FA
Al AAEEE FAE HolE AAAl S FF(Sui, 1988; Battaglene et al., 1999)
& F2 ARSI Utk shA, ‘L%t A wE FEirY Fo
sta1, AL &7 W& 1 FFo] B, 38 Hjgo] o] =& F
oz A ZAFE AU UTKE
, 2000). 2128 AL BH
22 Mdsle Aol st

Abe G AR S AEY AR ARHcR d9F # ot 989
7t4o] vixy] Wi AR @rlels &S vE 4 glthLovell, 1989). &
W g7 B AFELS WEAE] éJEH *é%% e Bag Ha 8
TEHE AR 2YE Fol d7Ed = gl A8 FolA A=A

Fernandez and Pergent, 1998, George et
FAe e AAA A AA WA

o{:
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2 FAAHE AAA AA I
22 ARY AES AAdEFe gl 58S FAAA o E daHdE 7
A& & Utk AA e @53 ER 22 v gud dquRded g &y

318 ¥} AHCho and Kaushik, 1990; De
Silver et al, 1991). Watd Atz wwAn 2 FgFe AR WFA Fa3)
A sieEojof & Ao 2 FAAH wMigAtE RS il AdeE AT
Hojof gt} o]d AFE T3 v e AA o] &0l ¥ wjdAtR
o] A dld FFo] 30% A=EE e & F ANSH(Seo et al., 2008),
ool Atg o] gl HrHERE T3l uiFde] st wiFAtR S wuA
AEZ AT F As AoE AJMHJY. FES ¥ E 2 7FH FL2
Alg e gulAde] wel g8 @ 4 AHKim et al, 2001; Tibbetts et al.,

oZ

o] o Ui} Awae] TP

-

o

gebd, E A7E GMAdos YRue] AgE i wgAze 3

4. A5 H Ud

A s

Table 191 e ZAAH, 3x2 factorial TAII o2 3 TR/ Gujd g
(20%, 30% 2 40%)% 2FF AAFLFR% L 10%)S FHAL e F
Tio APEAIRE AxsAT. A4dAtRY gFdde g gFuhe, A
2 oA EY PEHS a8 Eﬂr—rﬁ} do2 dextring Z4Z A48k
3, AFE S el da EPFe o] YR HEd " 2HEHIUAY 29
I AN Ui 238 F3S 46}04 ARELR A ES 0
At oo} o] AAE HYPAIES USES T EFdA 4 ¥ pe]let A
Z712 A8 &, B FeHE B8t 30T RaApsHA oA FF
ESe=g

?‘>-
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Table 1. Ingredients and proximate composition (%) of the experimental

diets
Protein levels (%) 20 30 40
Lipid levels (%) 2 10 2 10 2 10
Ingredients (%)
Soybean meal 340 340 520 520 700 700
Dextrin 452 383 294 225 136 68
Macro algae meal® 100 100 10.0 100 100  10.0
Squid liver oil 1.3 2.0 12 20 1.1 2.0
Soybean oil 1.3 7.5 12 73 1.1 7.0
Vitamin premix”’ 2.0 2.0 20 20 2.0 2.0
Mineral premix© 2.0 2.0 20 20 2.0 20
Alpha-cellulose 4.0 4.0 20 20 - -
Chromic oxide 0.5 0.5 05 05 0.5 0.5
Proximate analysis (%, dry matter basis)
Crude protein 198 202 306 294 385 391
Crude lipid 14 8.9 21 88 1.6 9.5
Crude fiber 11 29 25 29 2.2 2.7
Nitrogen-free extract 700 608 569 502 484 392
Ash 7.7 7.1 79 86 94 9.6
Gross energy (kcal/g diet) 3.4 4.0 35 40 3.6 4.0

* Sargassum thunbergii.

" Vitamin premix contained the following amount which were diluted in cellulose (g/ kg mix):
L-ascorbic acid, 200.0; DL-o-tocopheryl acetate, 20.0; thiamin hydrochloride, 5.0; riboflavin, 8.0;
pyridoxine hydrochloride, 2.0; niacin, 40.0; Ca-D-pantothenate, 12.0; myo-inositol, 200.0; D-biotin, 0.4;
folic acid, 1.5; p-amino benzoic acid, 20.0; menadione, 4.0; retinyl acetate, 1.5; cholecalciferol, 0.003;
cyanocobalamin, 0.003.

¢ Mineral premix contained the following ingredients (g/kg mix): NaCl, 7.0, MgSO;7H.O, 105.0;
NaH,PO,;-2H.O, 175.0; KHPO,, 224.0; CaHy(PO,)-H,O, 140.0; Ferric citrate, 17.5; ZnSO,-7H,0O, 2.8;
Ca-lactate, 21.8; CuCl, 0.2; AlCly6HO, 0.11; KIOs, 0.02; NaySe:0s, 0.007; MnSOy-H20, 1.4; CoCla:6H0,
0.07.
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Table 2. Major fatty acid composition (% of total fatty acid) of the

experimental diets

Protein levels (%)

20 30 40
Lipid levels (%)

2 10 2 10 2 10

Fatty acids
16:0 13.0 12.8 14.2 13.3 16.4 13.2
16:1 2.1 1.3 2.1 14 2.0 1.3
18:0 3.6 4.4 3.9 44 45 4.4
18:1n-9 18.3 226 19.5 222 203 21.7
18:2n-6 31.1 44.7 36.3 440 405 456
18:3n-3 43 6.0 4.9 5.8 5.2 6.0
18:3n-6 0.1 0.2 0.1 0.4 0.6 0.2
20:3n-6 0.9 0.5 0.9 0.6 0.8 0.5
20:4n-6 0.5 0.2 0.4 - 0.3 0.2
20:5n-3 9.0 2.0 5.7 2.5 2.6 2.1
22:6n-3 12.6 1.7 7.4 2.6 2.2 1.9
n-3HUFA' 21.6 3.7 13.1 5.1 48 4.0

! Highly unsaturated fatty acid (Cz20).

L9

o]
A9% 2 Mg

U

43 33
B A AHgE sk S ety il G2l
HaS FYsted, FHeEFHRY A

498 ABAEE 19 13 FFIEA
MY 504 ArZ FZ(FEHF 402)0] 4FF
F: 131002 g)& Z Fxo 60 vield wtEos &3 F HAIAEE
A i A5 5%4 24 13 (1630 h) FFsH 1253 ATk AbeA
g 7)17 T £28 12.3+255T, HlE2 1.025:0.0006 1o Z+ FZujr}
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aeration® ¥7] AHs4FE 1¢/minE ZAs EHFYD AMSIIL F
o MAe A AASIeH, o]Ed § WA AojFor Fx

FATh 23 AASAE 717EG AR 4FET ZE R A
s4te] FAE SA A

4a3ts 54

423tE 4L A8 AMSAE F5 257 AR APAEE FHSH] 1A%
Aol e APFzodA ofd djite] & Ao]ELE FH 75T A
TARE slflon, A4¥FE ¥ F3E B2 $214% 3o RS B
Attt 18]35 Furukawa and Tsukahara (1966)9] wWiel uwiel AHAIR
2 Eo AslaE e SHACH, A8, I 2 AUAY B &
& o9 T 9t ALE S

AE 23E (%) = 100 — (AFEF 9] Cr203 / 59 Cr203) x 100

o2 # oA 28kE (%)

(1 A8 Z9] Cr0; BZ YA e Ay HA | 100
= —_— X X

HZ=20l Cr0; AIREFY U e dyA
Agaly 2 JEEY

ES =
Hx A2 #4822 Hx o9 siit 1000 & FEAE 28 F

oH, 49 FEAde 4 dPFxd HE2FT EE oY s YEEHE
ABZ FH3t 75T A H#3FHATH AOAC (1990)] Wil wel g

(N%6.25)2 Auto Kjeldahl System (Buchi B-324/435/412, Switzerland)& A}

&t EHFAL, AL etherE A3 FEsleH, £E& 105C

9] dry oven©ll 4 67\]{ ¢ dx F A8 IE2 600T IR oA

AN ZE Bt B ¥ A% 39 3, 24HFE Automatic analyzer (Velp

B

- 125 -



Fiwe6, Italia)E ©]§3led EA3Hom, FAUA= adiabatic bomb
calorimeter (Parr, USA)E 0]% sty EA3Ao. A4 E4E 93] Folch
et al. (1957)¢] Rl o3 F A& FE3to] 14% BF:-MeOH (Sigma,
Chemical Co., USA)Z methylationA]Z] ¥, capillary column (SP™ —2560,
100 m x 0.25 mm i.d., film thickness 0.20 ym, Hewlett-Packard, USA)°] %
Z+¥l gas chromatography (HP-6890 PLUS, Hewlett-Packard, USA)Z A|*4F
& A3t Carrier gast FFE AHE3IR L™, oven &5 HFE 140T
oAl 240C7+A 4C/min F7FAIFHTE ©oJW injector 2%+ 2507C, detector
(FID) €5 260C2 77 BAsgon, ¥5 Aoz 377 Aga 2%
E(PUFA 37 Component FAME Mix, USA)<& A}-8-3th

AR

Ao FA A= SPSS Version 12.0 (SPSS, Michigan Avenue, Chicago,
IL, USA) program< A}&-3l9 One-way ANOVA-test® AAIS ¥,
Duncan’s multiple range test (Duncan, 1955)% BH7re] $oA4S AAsY
o™, Two-way ANOVA-testE 53l A3 Algd @A} Ao 337
g ZAbstA o

o 23 % A

g gulAs A o] e AF A2 BE AF 1.3 g9 HAe
12537 AMSAE S AE Table 39 YA BEES AP FAA 86%
oz AgFe 93 Aole AJTHP>0.05). BMM %‘—%Eﬂr Uzt
&S AFE Y] O A FE(P<0.006)7 A A FFEH(P<0.001) T Y W
kO W (P<0.05), 2% AA%FNA 20%<F 40% TSHALE FFT *‘ﬂ%ﬂw
1 EL % BRATHP<0.05). 5Ud gl A 2% 1173 THTY
T5E€Y Y FEC] 10% AR FEFTEG FoA3HAl ERTHP<0.05). 1
I AEAY FE F FYS Fxd #88 ddY 27 2 FAVE geFst

O
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Table 3. Growth performance of juvenile sea cucumber fed the diets

containing different protein and lipid levels for 12 weeks'

Protein Lipid Initial Final
Survival ) ;3 20-WG
levels levels average average %) WG (%)" SGR (%) (%)*
(%) (%)  weight (g) weight ()
20 2 1.3+0.02™ 2.0+0.01% 92+1.5™ 57+279  054+0.04% 221+4.9¢
10 1.3+0.01  1.4#0.01° 95+1.2  1320.1°  0.15+0.01° 99+5.0%
30 2 1.3+0.01  1.840.06° 91+0.7  39+5.9°  0.39+0.09° 190+7.8°
10 1.3+0.01  1.4+0.03° 86+3.0  10+21°  0.11+0.04° 104+6.8°
40 2 1.3+0.01  2.0+0.03% 94+1.3 55+1.3%9  0.52+0.01¢ 238+6.4¢
10 1.3+0.01 1.2+0.03° 87+46  -3+1.0°  -0.04+0.02° 78+10.1°
Two-way ANOVA
Protein level (PL) P<0.01 P<0.2 P<0.006 P<0.003 P<0.2
Lipid level (LL) P<0.001  P<0.2 P<0.001 P<0.001  P<0.001
PLxLL P<0.004 P<0.2 P<0.001 P<0.001  P<0.001

! Values are means from triplicate groups of fish where the means in each column with a different
superscript are significantly different (P<0.05).

* Weight gain (%) = (final body weight - initial body weight)*100/initial body weight.

® Specific growth rate (%) = [In (final weight)-In (initial weight)]/days>100.
4 Weight gain (%) of the top 20 sea cucumber.

™ Not significant (P>0.05).
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g 4t dWMAE EAZAFE Table 40 el oA s £
o gdd, A4 2 37 gF 25 AP g fo4F Aok g
(P>0.05)

Table 4. Proximate composition (%) of whole body in juvenile sea
cucumber fed the diets containing different protein and lipid

levels for 12 weeks'

Protein Lipid . Crude Crude
levels (%) levels (%) Moisture protein lipid Ash
Initial ~ 92.2 1.6 0.1 3.8
20 2 91.6+0.2™  2.2+0.2™ 0.3£0.1™ 3.5£0.1™
10 91.40.2 23101 0.3+0.2 3.5+0.1
30 2 91.4+0.2 24+0.1 0.3+0.1 3.4+0.1
10 91.8+0.2 2.2+0.1 0.3£0.1 3.5+0.1
40 2 91.6x0.2 24x0.3 0.3£0.1 3.5£0.2

10 91.6+0.2 2.2+0.2 0.2+0.1 3.5+0.1
Two-way ANOVA

Protein level (PL) P<0.9 P<1.0 P<0.9 P<0.9
Lipid level (LL) P<1.0 P<0.5 P<0.4 P<0.7
PLxLL P<0.5 P<0.6 P<0.9 P<0.8

' Values are means from triplicate groups of fish where the means in each column with a different
superscript are significantly different (P<0.05).

Table 59 YEbH AAH, o sfare] AWk ZA oA 18:1n-9, 18:2n-6
2 205039 Fako] TR AWk ekl wis] %A Ut B ATdA
NEe) AFFFE 161, 180 L 22:6n3 o]9e] A x4 AgL 1A
A eroreh mEln wulA gk A0, 10% AE ARE TIFH Aty
180 TS 2% AA ARE FTFE AMRG FASA Fe e BT
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Table 5. Major fatty acid compositions (% of total fatty acid) of whole
body in juvenile sea cucumber fed the diets containing different

protein and lipid levels for 12 weeks'

Protein levels (%) 20 30 40

Initial SEM?
Lipid levels (%) 2 10 2 10 2 10
Fatty acids
C16:0 19 28 24 29 23 32 23 011
C16:1 0.6 1.9 14® 22° 13 20" 15" 010
C17:0 83 44 51 46 49 47 50 013
C18:0 32 34" 29 33* 28  32° 27° 007
C18:1n-9 80 146 145 142 146 141 142 025
C18:2n-6 64 212 23 231 236 236 219 041
C18:3n-6 69 52 50 49 49 50 52 0.09
C20:2 49 73 69 70 70 73 72 015
C20:4n-6 167 70 85 65 75 64 82 025
C22:2 94 65 72 57 68 60 71 021
C20:5n-3 181 100 96 98 93 94 97 012
C22:6n-3 57  37° 32® 35 31° 32" 31 006
n3-HUFA’ 238 123 114 117 109 111 114 016

! Values are means from triplicate groups of fish where the means in each row with a different
superscript are significantly different (P<0.05).

? Standard error of the treatment mean calculated from the residual mean square in the analysis of
variance.

* Highly unsaturated fatty acid (Cz20).

g, @4, A, NFE B oy e] 9j3#4d 2318< Table 69 UEhf
Atk B A72AH, 20% 40% SHE FFA BRE gL 2582 AR
o NAGF FFS WROoW(P<0.02), 2% AA FFT A, o9,
NFE % oA &3t&e 10% Ad FFTFRG FAstA it a=x
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40% THE A 2% AA FF7 AA A3ELS 10% AF FFTFHR

o oAl Bt ol (P<0.05), 20%} 30% T A FFolM= Alse XA
ol & A FATHP>0.05).
Table 6. Apparent digestibility coefficients (%) for dry matter, crude

protein, lipid, NFE (nitrogen-free extract) and gross energy of
diets containing different protein and lipid levels for juvenile

1
sea cucumber

Protein  Lipid Dry Crude Crude NFE Gross
levels (%) levels (%) matter protein  lipid energy
20 2 60£13° 86435  93:23" 77:18%  82:0.6°
10 44+16° 72418 96+0.6™ 6527  74+0.7°
30 2 53:1.2  86+1.1°  96+0.8™ 69+1.6°  82+04°
10 49+1.8°  82+19™ 99:0.1°  63+1.6°  82+2.8°
40 2 53x08%  85+09° 91+29*  70+05°  810.3"
10 36+1.5° 76431  97+1.0°  49+27°  72+0.7°
Two-way ANOVA
Protein level (PL)  P<0.005 P<0.2 P<0.2 P<0.001  P<0.01
Lipid level (LL) P<0.001 P<0.001 P<0.02  P<0.001 P<0.001
PLXLL P<0.005 P<0.2 P<0.6 P<0.001  P<0.01

1 Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

Ao g, FAFY AL A5 JdA FHol
W, Alsd gwd gepo] Frlges Aol F4E ¢ Ak B A
2% A A A 20%SF 40% T Ao FHH AIEE F
7 Fzsta. =

l‘l

SHAI

- 131 -



w9 Tl ws 454 @A vebdth oY 30% wud ARE
TS AN B oolfE ARSI 4BY FE 9A, ol

F8o| B2 o
o

# Qo] AAG A TA AP FEAC 4 RN HE a4k

& a4 FAE AFI] SAHE + 3
AbRe] Tl ke JFS wHA e 2
siarel 4S s 29Y ¥ ofyEr @A YHlE oprd & Ut H
o], ate] AAe Atz AAFe] G wgon, v ko]
Aglo], %2 AAFFANAM o F2 A4FE B

B AT AR s A 9l a4 2E siko](Helland
and Grisdale-Helland, 1998; Lee et al, 2000) ¥ H](Ogino and Saito,
1970; Garling and Wilson, 1976; Takeuchi et al, 1979)E.t} Rgtort, x|
A FHF FEQ t&7l, Semisulcospira gottschei (Lee and Lim, 2005)¢} A
¥, Haliotis discushannai (Uki et al., 1986)o] i3] R ® ¥=Fa vlud vt
stch o)A E B ATt o] AFE AtoldlA Al @A ke wE
Agaol7E JEtbe AL ol FEF, Holgd 2 AHA T wE A
o] WjEolgt B & Qv WA T AN e FAA FE9 duAdd
AA o] &AL A TEEY @& v, @53E 9 o] 8o Eth(Lie et
al., 1988; Ruohonen et al., 2003). 3l 2=
Fol 20% olste] 4L 7HA= A HA
= FE o LAHste FAES HHAT
| AtEY AAE F 0|8 + glon, o
Tihe 244 &9 MHte RAs 2

AR @A Uy TS ddFES 4EH ArdFHd dFE v
At} (Garling and Wilson, 1976; Lee et al., 2002). @ do] vls] o=
Fol 2 AR E TFEIE, T AERAFAZC] Fadstd FFdgs

1 FEHA A, #de A|AZE Al FHE] oA F2

A 5y
s =y

O

E>3
i

ol

5

N
-
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o] Astd F Utk VAL W Atgrt FFHE Gl de] U ALE
He Hlgo] FUlste] & @yt e Hoh

AT, A A7 §43E ge vawd quxde HAY g
quAdez AHgHE RS H4d & £ JOB(NRC, 1993), @2 Heof
75 71HE 4 AHDe Silva et al. 1991; Lee et al, 2002). ZHE &, A}
2

o guaz quAue 48 FEE AAGE RS YAEY 4% B

N

22 NS Sl Fasith 2eu, B AT AW @]
5 e ARe  #HadEed, odd e HFE AR
Caceres-Martinez et al, 1984) =¥ FE £H3l= AANA Hia=HAo
Kennedy et al., 2007). o]23 @3 sfi4e] A o] &4 o] wl-¢ ks A
= 9grlat, ofd sS4 widAtE AzA AE Fvbe 2A2HA 18 EHY
oF 3t}

NEFe FFa ol 882 28E /L T BrHE & Atk £ A7
Al #ake]l HWE ii}%%(%—é()%) old AT ZAAe} FASIY L H(Sun et al.,
oA, A L3tes ALt e IG¢LE LshEL
2% AE AMRE FE AR 10% AF AARE FFE AF el vl
O =4tk oy dde AR AATFHFS FTHIIE Aol dite] Fd
& oA dadE & & e e YUt FEY L& AR
FEa 24 wet gEtd 4 ATH(Strorebakken et al, 1998). Abimorad
and Carneiro (2007)= pacu, Piaractus mesopotamicus®] T A o= A
sh-&-o] AtgRe] AFSHFo] F/EFE FasATh EIstom, Seo et
al. (2005)2 AAgFo| & AARE FFI WX, Paralichthys olivaceus®] 7
s, SrskE B ooURA] Agbgo] nddAE Alg FFTRET ) 9ot B
&tk ol Alge] AHo] F FHA FFES HAE AR HQl
THSmith, 1989).

Atg o] AAGGEFL oA YRR B AR 24 S PYa B
15o] A} (Geurden et al, 1997; Lee et al, 2002). A}548 8 &, siit
o} 18:1n-99 182n-6 FHF2 F7tet ot 20:5n-37 22:6n-3 TS A3}

i

K
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ATtk ol#3 AL HAPALE Y 18:1n99 182n-6 FHo] =RV HELE
AZEY, & A7E7e} FAEH(Lee and Lim, 2005). 183 20:4n-6
o] 03%(0%-05%) =2 A IFE AIRE FFHULA= EFst, st
9] 204n-63Fo] EA(6.5%-85%) BEEHATE oldd AFHe ofd s4te]l o

gxsl APAORNEH 04n6T FAT 5 U FEL AT Yok 3

N
(o]
RE
nu
Z
P,
&
No
2
X
X,
o
i
do
ol
of
K
s
rir
>
>
il
N
)
2
ne)
2
o
o,
o,
o
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o)
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AgAtEE A% 37 =5 ¥ ol 7Hdo] Aa kAL FFol 9]

A 3 234 BHEAIY] HEiAE AlRYEY AA T o8
A 7 HaAeth AlR AR BWrbke oy JhA WRie] e, ¥

29 FHe o] i oFY 87 dniy FFE F Us

&b g o] &HEVE ARSI HF

5 1 ol8AS Eolw Aot 1

B Foe oA A14E & e 4% d8E5ES 7S, dd3

, oo wet ke Agste AlRdEEAM o] JheA

flo
i)
frid
o
~

st FoNA E718lAt(Stichopus japonicus)
| 353 well-being HFAFoZ gk, o

2 o]&Ha gt siitel WE Foe AEKHLE Frheal 3l
(Sloan, 1984), H+ FEES 87 40 T2 135 siit Aol
Zagol uhgl(Chen, 2004; Conand, 2004; Uthicke, 2004) %F2lol o3l ¥4
o] F7tHx vk AF7A el B AT7E= AAFA 423H(Tanaka,
1958b), 42| (Tanaka, 1958a), A AH5(Sui et al., 1986; Sui, 1989), thAk(Kato
and Hirata, 1990; Kashenko, 2000; Li et al, 2002) ¥ $%&(Tian et al,
2005) & *gaﬂﬁ S 24 732 WYY, ik FA ag wiw
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Battaglene et al.,, 1999).

AL ZzR FTollA A Fol(Sargassum  thunbergii) s =
ZzRe dFox fEyst A Akl 22X AMdste FRT SR,
ot A2 YE&oE o]gHY F2 FIAY HUE AL
Choi, 2004). °l&lgt A Fole Ze FFol ¥, g 4=V o
(Choi et al, 2006), F&HdMe GAELY AFE JAste FAEAH] &
#50] loj(Khuang et al, 1995) B7I7Fx7F & sizF $9 3 Fo|t}h
g FHAZANM= dE xRl vls] FFolMY FALEEV =dve
olFE #FA4 B oYl siie Holz AFolE ARt lom, FHAL %
Zldl= AFole 5 AM FFUF FADGA M AT € @5
S8 FAsAY & 289} dojz gt FF} AT

M E oY didte] SAd o] & BF ATl AFo] ol
AR £ d@fiddos AMEE F e 238 Bt a2y, A

i
<
e
&
2
3
o}
o)
Q.

371 AAAE 2L FEFFS AAN Folof 7] RRe] AxEBe 7}

P B8#ge SHFANI7E 4A 4o olgF

Agolg NEARE AE A%, BAFB wet A 24 2 Wt 2
Bd # glomz AFols MY AFE 2AE A77 Bas,

Folo 7t BB S 2T

s S5k

4. A8 R Y

A

Table 1] Ve AAE, AFAEE F8 gdulAdoz tlFate AL83}
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gor, B4EUoR 29Pe, AdUeR 2HATRS) WFRE 47
AgStTh ARl AFole) ol§42 Ay 98 tiEuks auEe) g
A, Aol 20%, 40% % 0%z A4 s }oq %Mﬂr 4

HAted 30 CellH B }”“1 8 ’\] CRERdp e 11]35% 43
MR, ATl BE H AYE FUAMEY dWHEE 2 o A4S
Table 29 YW ATh AFo] L2 Arg? His ¥ ARG Y8
At wls] wgkow, HAIARS A Fo] HFIFFO] FIHESFF Ile, Ley,
K

Thr 2 Val &§ZF2 SVl

Table 1. Ingredients and proximate composition of the experimental diets

Diets
S0 S20 $40 S60 S100 CF!

Ingredients (%) closed
White fish meal 3.0 9.0 15.0
Soybean meal 45.0 35.0 25.0 15.0
Wheat flour 47.0 37.0 27.0 17.0
Sargassum thunbergii - 20.0 40.0 60.0 100
Squid liver oil 1.0 1.0 1.0 1.0
Soybean oil 1.3 1.3 1.3 1.3
Vitamin premix 2.0 2.0 2.0 2.0
Mineral premix 3.0 3.0 3.0 3.0
Choline 0.2 0.2 0.2 0.2
Cr20s 0.5 0.5 0.5 0.5

! Commercial feed.
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Table 2. Proximate and essential - amino acid composition of the

experimental diets

Diets
- S0 520 S$40 S60 S$100 CF

Proximate analysis (%, dry matter basis)
Crude protein 32.6 30.5 28.5 27.8 14.1 39.2

Crude lipid 22 2.6 2.7 3.0 239 2.7
Ash 53 12.0 18.3 239 40.5 21.2
NFE' 59.9 54.9 50.5 45.3 453 36.9

Gross energy
(kcal/100 g diet)
Essential amino acid (%, dry matter basis)

3.7 3.5 3.3 3.0 22 2.7

Arg 6.7 6.8 6.5 6.4 5.2 6.3
His 24 2.5 2.6 2.6 1.3 2.8
Ile 4.6 4.8 5.0 5.0 6.9 54
Leu 7.8 8.1 8.3 8.2 8.5 8.6
Lys 5.4 59 6.5 6.8 54 7.2
Met+Cys 3.2 3.4 3.0 3.8 3.7 2.6
Phe+Tyr 9.1 94 9.0 9.2 10.6 8.4
Thr 3.7 3.9 4.2 43 49 4.6
Val 4.5 4.8 5.0 51 54 53
Total 474 49.6 50.1 51.4 51.9 51.2

! Nitrogen-free extract 100-(crude. protein+crude lipid+ash+crude fiber).

Ao 2 Alsuy

9 Elete] FRFatA FE AMNE oY S TYE F
HE FFo F83t AHE FFARE 29 13 FFEHEA 2F
Atk A&7 B¢ od siteAe 29 13 49E& FUYAERE
Aok AEAFL F 18 A FRE04 AMASFE), SFBAHS
ofd sishEE T AF: 112005 g)& &4 £l 60 wEH 3RIEo R
Z AYPARE oY &4 AFY 5%% 2¥ 13 (1630 h) FF35H
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o
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)
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AR AL )7 B9 28 123+255T, HIE LS 1.025:0.0006 ©]
Hom 7z} Fxulth aeration? A AFJEFE 14 /minE 2H}S EHF
ATk AFE7IE F S5 Al i AASIR e, olFd & MY Alo]ES
FAh 28 A5tE S3S S8 AASEY T8 257 A

A AYrze £& AolEos 38

_12: M
M
o 1%

fo7 od 4t 1007t E sampledtRor, 23 F5A
e zt APz AET od it EFE HAEEAHNELE sampledtd]
75T E#sATE AOAC (1990)¢] wWrel] ma} 2T¥a (Nx6.25)2 Auto
Kjeldahl System (Buchi B- 324/435/ 412, Switzerland)E A}t 233131,
AL etherE AE-3tY FEsI9 o™, 582 1056T Y dry ovenoll A 64
L FEd Ax F A HEL 600T IR AA 447 T

A &
AF R, FoAYAE adiabatic bomb calorimeter (Parr, USA)E ©]&
st ZHsinh 292 A% DR AR op¥lwa EAL ofm=i

4847 (L-8800, Hitachi, Column : Ion exchange, Injection Pump
Pressure 0-19.6Mpa, Flow Rate 0.05-0.99 ml/min, Column Oven
Electrothermal cooling (30-70C), Reaction Unit : Reaction Column (135T,
50C), Photometer : Wavelength 570 nm, 440 nm)E AF&-3t] A HE 4
Aot Furukawa and Tsukahara (1966)¢] ol we} AgAls 9 Fo 2
saES BN, 2582 tEe] I ot ALEE A

ol
-

AL 238 (%) = 100 — AHEFS Cr0s / 59 Cnos) x 100

WL B oAdA 258 (%)

ANEZ9 Cro;s BF9 Ada £ U
(o]

[e)
= 1 — X
( 539 0y AEZ0 994 Ee ouA
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FAAE

A7 FAAHEE ANOVA-testE A A5t Duncan’s multiple range test
(Duncan, 1955)2 7+ f+24& SPSS (SPSS Inc., 1997) program= Ab
83t At

—

AMEAE TR F RE ARFRAA oY it AAE 719 FA A
ol7} thekstAl el ThFig 1). ¥ dATfAE BE AY

e AAFAE FAHAT &, FAY BEEE X 1
of AES oY sia AARG FAE 334 Fig. 191 Yerd

ZE AFFAA 1.0 g olate] oA sate] 50% oldolen, 1 FelA A
o|(74%)%F AL FTUAIE(68%) FF TN =A BEIFAG. 1

= il A
o7k H7HE AR FH -?L-E 4.0 g o1&el WAZE 17~24% 2 ZAMH U ©]
2e @42 AA g FoAME FRAN olF SATA NN Yy

2 slom, A s Aelz A A AT AR BE AR
o AFIFL ¢4 S Aok olHE @yl WASE ofE A
3 1 ¥

Aol gt AAMolZ Azte

Ol
L

Ofr
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Table 1. Initial mean weight, survival and weight gain of juvenile sea
cucumber fed the diets containing different Sargassum thunbergii

levels 12 weeks'

Diets S0 $20 540 560 S100 CF
IAW? 1.1+0.03™ 1.1+0.04 1.1+0.03 1.1+0.02 1.1:0.02 1.1+0.02
EAW® 1.740.17° 2.1+0.16* 1.6+0.12°™ 1.6+0.13* 1.2+0.08° 1.3+1.56™
WG’ 58+19.8™ 93+9.5° 45+15.0° 47+14.6° 7+37° 12+12.2°

Survival (%) 86t23"™ 8747 9623 9447  98+15 9721
FAW-20"  332033" 45:042° 57+0.15° 59:0.46° 29+0.09° 3.1+0.23"

WG-20 (%)° 207+40.0" 303+32.3° 415+30.4° 430+534° 159+4.1° 176+18.0°

! Values are means from triplicate groups of fish where the means in each raw with a different
superscript are significantly different (P<0.05).
? Initial average weight (g /sea cucumber).

* Final average weight (g /sea cucumber).

* Final average weight (g /sea cucumber) of the top 20 sea cucumber.
® Weight gain (%) of the top 20 sea cucumber.

"™ Not significant (P>0.05).

48717 52 o7 UA22 290 FFE UNE Fg 20 UL
SR 4FAAE BE BTN AFE Hol @gon, AFols
V& FYNE BFTE 4Y TRAMA P 24 Qo SA,
2 o) AYTES 47 ol RE Aol FASYOM, A%l 0%t 60% A
Ao Al 8% olFRE Al Wsbrt AUAR, Aol 0% YT

o] FlAT. ASAY 4F F FUEY 2B
Aakel Aol FHEA e AL ARAY 6774 %S $2(FF 10170)

=(
o2 skl ARHHIE FLEFAAY HALE 0] Yol AR JFE WA

l"%

j)i,
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Table 2. Proximate compositions (%) of whole body in sea cucumber fed
the experimental diets containing different Sargassum thunbergii

levels for 12 weeks'

Diets Moisture Crude protein  Crude lipid Ash

Initial 92.2 1.6 0.1 3.8
S0 91+0.1™ 2.3+0.29° 0.29+0.08™ 3.7+0.1°
520 92+0.1 2.3+0.25 0.22+0.06 3.7+0.1°
540 91+0.2 2.4+0.27° 0.22+0.09 3.8+0.1°
S60 92+0.3 2.6+0.19° 0.23+0.08 3.6+0.1°
S100 92+0.1 1.7+0.03 0.08+0.03 4.2+40.2°
CF 92+0.1 1.8+0.08" 0.16+0.02 3.9+0.1%

! Values are means from triplicate groups of fish where the means in each raw with a different

superscript are significantly different (P<0.05).

g AFALE(D0-D60)S] AL, B, AF, NFE & o|J=e 9

A 23182 Table 39 UehAST A%, @z, NFE 2 dux e 43}
2 gopgon, AFe] THL ART

, 60% H7F AFFAA 7 FATHP<0.05). A2 43S

uldEe d%a o)88L astE S T BkE F JH & A
oA ojd site] AE A& RE APFoA 3456%° WAZ e

] E 438 HA9 FASIR M (Sun et al, 2004), o} A3
A At E o] A %Hﬁzﬁ_ﬂ A FFE 2AE A ATFEARAE FALE
HAE Bk A Ashgo] Atgel 24 weEtA 2eEE e
A, ARE EH"’*S’_E 60-90%(Lim et al, 2004; Yoo et al, 2005, Choi et
al, 2006)2] WHE BRyud Ay} Hwsld ofd ite] HE ALzl @

- 144 -



quo
2
3
2
E
%
XS
iy

E
TEE oY 3 H“A Xﬁﬂ TTEC VM FEF BHE B AeE
& =

ml2olg u, Aol AFolE BAFoE

jd
e
3Q
N
2
M
=2
2
ru
R
N
=2
X
rlu
=
24
f
%
SO
ol
4,
X
N
o =
o
o

Table 3. Apparent digestibility coefficients (%) for dry matter, crude
protein, lipid, NFE and gross energy of experimental diets in

juvenile sea cucumber fed the experimental diets for 12 weeks'

Diets Dry matter Crude protein Crude lipid NFE Gross
energy

S0 56+1.0° 90+0.9° 97+1.5™ 70+5.0° 76+1.5%

520 51+2.5° 88+0.5° 96+0.5 61+1.3° 7341.1°
$40 41+3.7° 81+1.1° 96+0.5 41+2.3° 65+1.0°
S60 34+3.1° 75+1.7% 94+1.3 55+2.9°% 58+0.9%

’ Values are means from triplicate groups of fish where the means in each raw with a different
superscript are significantly different (P<0.05).

™ Not significant (p<0.05).

o] o] AMEFE], wigAIE W AFole Hules od sty A T
14 4 glom, A d s age] 4% 13T o, A8 20%E H
7bskeE Aol £ Roz AztEY. ady, 27 BS 9T AFI1R A
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2. o 4t wigAlRC HEA d8e H7E &7

7k A&

At Aol Zag wigatsd #I AT= A gl ol st &
A AMEEE FAE Yol AdY dxF BEe 9 Ev TS ¥
FoF ATHSui, 1988; Battaglene et al., 1999). s 3 HHEEH F7]
=2 AFAS7IE AR wdida KA o] @2 xRE A o]
e YolgAd wWiEel, sl AA o] &AL ¥ar, §44 ofR vls] &y
2 g%l HokSeo et al, 2008) EAAol 7Hgth dA FdE dA
H7HAEAA o sjakel AFo] o]&4e] ErhE A& RAFAL AR,
E4F AEF B AN FRFAE AL 43 AUS As) FA 9T
I BuEo] Qo™ (Yuan et al, 2006), ¥A FHEH AFAAME AFo] BF
e FHEI AETVE Aot AUbE RE AQAR IETEG e 47
& Bt olAL ¢FF i £82 od e F2 Holrl E 4 8l
on, & d8EF EFet HigAIRRE FFH ok o]0l Eold F
Aths g Yujdnh. oM d oY a4t sidtolfde gy x40l %
stal @ ds A o] g4l | dZe Widrts 488 o8} 22 §
24 4BEY e dBd dE Hrrd o] o)Folxer gk

NzF FoAA BANG &l A Fol(Sargassum thunbergii)= -] 1he}
A oAgtell A4 AAste TR FaAAdoly, EHE JbEEtd welste
Fol gl7] wiol wlHort thAlul EEe vl HoHS FHAT7] oHH
MEARE AMEHE o] AE 5 ok ofo W, vl et st

F AR F& dEE AEE & glon, AEHdEE BEHoER U}
st e Q7] wiiEel A 78 & Aok AR YAt g ghee}
2o 2R/ Hte oAFY AE VivHd AREES AT By
o} 2lom™(Nakagawa, 1985; Nakagawa and Kasahara, 1986; Satoh et al.,
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1987), HlEZ H7t2 it Fol A AEaEe] MAdE -
1% tH(Yone et al., 1986b; Yi and Chang, 1994). 12|31 34t
M Y Hol &8 Eol7] A dMxF £ES ARE TaA
T3 =, Yuan et al. (2006)2 2EAZ] SEF &

= 98l F2 Holrk € & il Rusiglen, A4 dge 2 o
T vEeld d@adwea AW AYHS FHY 4 dve Hix 3y
(Ashida et al., 2002; Ashida and Okimau, 2005; Ashida et al, 2006). ]z
& FHAA FHFHAM A 7 F e A=A HAY bacillus
subtillis 3o o3 FEAS2A 553 &g 7 glem, I, I
2 s EA4E 7EAAL Ylol(Kim et al, 1999; Youn et al, 2001; Lee et
al., 2005; Mine et al, 2005) 2 AlE 987} € % 3\th(Pham and Lee,
2007). 28 HEYE AxsEAM dS F e G2y PAE £2F 2ad

e B doAE YBEA I =t HAY g9 AlRE o)8HA

L

B3 5 O 484 429 B/ ol A 43 2 Az
= 9 ]

A3 5 sk,

NYPALE

NPAE 9B AN P olulieil AL Table 19 vhehigich A
WAtge] 922 AHE A%, vld B g S9 sERE FB PP,
Fui 32} W F -2 Nitrogen-free extract &#o], Ax37 vtde] RAEL ©
WA AARF 27t JEHE FolA 27 TRl ek 1T Table
2] EAIG uhe} gol WRARE SR WRuS ALgsgon, o
sHEdo2 AHEL APUoR oA WERE A2 AL,
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a8y g ATFE AFAE ulgo g UlFAIRdE A Fo] BEUS 40% Hst
sdgod, Atz XFo] FFe FoldA vy, tAn}, YulF, H=A,
A BAE @ WA S AEA d2g Hrisd 9w A Xl*é ol
Zvzt 30%$F 3% AFQ 7
stk aeln A ddah 23hg
A2 8e 05%4 A7FEtATk ojgh o] AAE AAlse] dsEg @
38t 423 dalr®2 4383 T, 22 FE)(180 mesh)2 E#3lo] 30T
oA BstEA BeAeith FFSGT APYAIRS of=it 24S Table

39 YeEbf AT
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Table 1. Proximate and amino acids composition of the ingredients used

to experimental diets

Test ingredients
Sar® Und® Lam® Cab® Che® Mak Ric8
Proximate analysis (% in dry matter)
Crude protein 123 23.7 9.6 8.9 457 44.3 42

Crude lipid 0.1 2.6 1.6 1.1 234 12.2 1.3
Ash 38.0 28.0 25.6 52 6.3 1.6 115
Crude fiber 4.7 71 6.5 4.8 6.5 - 241
NFE" 40.7 40.7 56.8 80.0 18.1 419 58.9

Gross energy
(kcal/100 g)

Essential amino acids (% in protein)

24 3.4 3.0 3.8 5.7 54 3.9

Arg 52 55 2.8 6.3 6.5 5.7 51
His 1.3 2.0 1.0 25 2.6 2.0 2.5
Ile 6.9 54 34 47 48 52 5.0
Leu 8.5 9.3 5.7 8.0 8.0 9.2 10.3
Lys 54 6.6 3.3 47 6.4 2.3 4.8
Met+Cys 3.7 3.1 3.3 27 3.0 5.8 3.9
Phe+Tyr 10.6 8.8 6.8 8.9 9.5 10.8 10.1
Threonine 49 54 3.1 4.5 4.0 4.5 4.3
Val 54 6.4 3.2 4.5 5.0 6.0 5.0

* Sargassum thunbergii.

® Undaria.

¢ Laminaria.

¢ Cabbage.

¢ Cheonggukjang (Fermented soybean).

f Makkolli dreg.

& Rice straw.

" Nitrogen-free extract = 100-(crude proteintcrude lipid+ash+crude fiber).
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Table 2. Ingredients and proximate composition (%) of the experimental

diets
‘ Diets
Sar Und Lam Cab Che Mak Ric CF
Ingredients (%) closed
Soybean meal 430 380 440 440 340 350 46.0
Wheat flour 88 144 82 81 198 181 6.1
Squid liver oil 05 05 05 05 05 05 05
Soybean oil 20 14 16 17 0.7 17
Vitamin premix’ 20 20 20 20 20 20 20
Mineral premix’ 30 30 30 30 30 30 30

Sargassum thunbergii  40.0 20.0 200 20.0 300 300 20.0
Undaria 20.0

Laminaria 20.0

Cabbage 20.0

chenggukjang 10.0

Makkolli dreg’ 10.0

Rice straw 20.0
Choline 0.2 0.2 0.2 0.2 02 02 0.2

Cr03 0.5 05 0.5 0.5 0.5 0.5 0.5
Proximate analysis (%, dry matter basis)

Crude protein 313 297 295 293 304 298 286 1638
Crude lipid 29 3.1 3.1 27 34 34 2.8 0.3
Ash 197 176 174 138 170 161 149 302
Crude fiber 4.5 4.3 47 27 20 1.3 5.7 2.9
NFE 585 537 573 488 529 534 519 503

Gross energy
(kcal/100 g diet)

" 2 Same as Seo et al. (2008).

38 39 39 40 40 39 40 28

? Produced by Gangneung Makkolli factory, Gangneung, Korea.
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Table 3. Essential amino acid composition (%) of the experimental diets

Diets

Sar Und Lam  Cab Che Mak Ric CF

Essential amino acids (% in protein)

Arg 6.8 6.6 6.7 61 6.7 6.6 6.7 51
His 23 23 23 2.2 23 22 23 25
Ile 49 5.0 49 53 51 53 51 5.0
Leu 8.2 8.4 8.1 9.0 8.4 8.9 8.7 10.3
Lys 5.6 5.7 5.5 3.8 53 4.1 4.5 4.8
Met+Cys 29 2.8 29 29 3.0 3.1 2.6 3.9
Phe+Tyr 9.2 9.0 9.2 9.8 9.6 9.8 9.3 10.1
Thr 41 42 40 43 4.0 43 4.2 4.3
Val 49 54 4.9 52 49 51 51 5.0

o} FEAMY QA ERE od NS
¥ ZIAYE Fx #%é‘}c’% 28 FANEE 2¢ 18] FF %}t&»ﬂ 237
AR A AE L F 249 Al 2G04 AAER),
A3 old ET AF: 1.5+0.05 g)= zZF =0 3074 3
g 5, APARE o WA AT 5%4 1Y 13)(16:30 h) FF3HH 1053k
Fatdth AASAE 717 B9 22 16.1+£247T, ¥1E-E 1.025£0.0006 ©]
Rem 7} Fxuith aeration¥ A AFANFE 14 /minE A3 T
Rk AHS71E F F2 AAe WY AAFALH, o]Eed g ¥ Alo]ES
2 F%2E Aod) FAY 28 L3E FHS W ASAEE $8 2% A
=l

1A 7 Ao APFLFH e BS Alo]Zo g =359}

>~

I‘\

-LI

¢
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oj& &4 1007 E FAH = E% —%—%3}%1_%1,
A4 TEAdE 4 ddaexel AEP e 0" side

70CoA FEEA AT €5, 4348 2 ofd Y é&f‘é% 42
AOAC (1990)9] ®iiol wat T E(Nx6.25)2 Auto Kjeldahl System
(Buchi B-324/435/412, Switzerland)E Al&-3t] &X3tH i1, AW ether
& A3t FE3gen, 82 15T dry ovendlA 6A17F &< Ax
T SASAT. ZIEL 600T 32 A 441 T B F BF sATH
ZFA A= adiabatic bomb calorimeter (Parr, USA)E o] &3t SA3Ach
aElm AE 98, 48 Alg 2 old 4t ofuiit AL opn| ik

o

i437] (L-8800, Hitachi, Column : Ion exchange, Injection Pump : Pressure
0-19.6Mpa, Flow Rate 0.05-0.99 ml/min, Column Oven : Electrothermal
cooling (30-70C), Reaction Unit : Reaction Column (135TC, 507T),
Photometer : Wavelength 570 nm, 440 nm)& AF8-3t A FEA 3t ch

Furukawa and Tsukahara (1966)2] ®H o] wigl APAlg 2 F9 Asl=a
e THsAeH, 2382 tFo 40 ot ALHI.

AE 28E (%) =100 — (AFEFY Crn0s /| £59Y Cn0s) x 100
AL 2 YA AskE (%)

_AEF 0 #F9 9% EE oA
259 Cn0;,  ARZFY 9¥x EE ddA

]
S
o
o
(e}

A=

Aol BAAEE SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) programe ARE3te] One-way ANOVA-testE AAZ F,
Duncan’s multiple range test (Duncan, 1955)2 #H437te] f24& HASA
=2
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1976; Moriarty, 1982; Zhang et al, 1995) #& A& g ol& o] EUH
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9249 94y 37 AY9TE A9e Aund
sho] olo] AF WA FYAR

A sate AR B AFAME
49 10vele] &S WE ARG
7ot FAMSHAl Che FF TN 713 =
, Che, Und, Mak ¥ CF ¥F77

-

Lm

I, Sar FFTANA T ke
o3t zFol& L ATHP>0.05).

Table 3. Weight gain, specific growth rate and survival of juvenile sea

cucumber fed the experimental diets for 10 weeks'

Pooled
SEM’

IMW? 1.5 15 1.5 1.5 1.6 1.5 1.5 1.5 0.01

Diets Sar Und Lam Cab Che Mak Ric CF

FMW? 170 239 20 21* 25 24 19 21 006
WG’ 10 46 34> 3™ 67 56* 25" 38* 38
SGR* 014 053 041" 039™ 073° 064% 032" 046> 004
WG-10° 70 176 143 130> 212° 164 111 164 9.6

SUR® 83™ 86 86 89 86 81 85 86 0.9

! Values are means from triplicate groups of fish where the means in each raw with a different

superscript are significantly different (P<0.05).

? Initial (final) mean weight (g/ sea cucumber).

? Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

* Specific growth rate (%): ( In final weight - In initial weight ) / days x 100.
® Weight gain (%) of the top 10 sea cucumber.

% Survival (%).

7 Pooled standard error of mean: SD/+/n.

ns

Not significant.
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Table 4. Proximate compositions (%) of whole body in sea cucumber fed
the experimental diets containing different Sargassum thunbergii

levels for 10 weeks'

Diets Moisture Crude protein  Crude lipid Ash
Initial 922 1.6 0.1 3.8

Sar 90.4+0.07™ 3.5+0.67™ 0.1+0.03™ 2.7+0.39"™
Und 91.240.30 2.0+0.44 0.1+0.04 2.8+0.48
Lam 91.0+0.24 2.2+0.35 0.1+0.03 2.7+0.39
Cab 90.7+0.39 3.2+0.48 0.1+0.02 2.7+0.49
Che 91.1+0.19 2.8+0.26 0.1+0.01 3.0£0.47
Mak 91.1+0.19 3.0+0.21 0.1+0.01 3.1+0.42
Ric 90.8+0.05 3.4+0.52 0.2+0.12 3.1+0.40
CF 91.4+0.07 2.9+0.33 0.1+0.02 2.9+0.34

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

HAPAls e AE, @A, XE, NFE € oAl 9#d 4£3H&S Table
5o YeEbSITE oY siqte] AE, AFE, NFE 2 oyA] 4£31&L Lam ¥
7ol A 7M =%, Ric FEFTAA 7HE @A YERATHP<0.05). Lam ¥
77 B, dF 238§ Cab, Che ¥ Mak 37379 XA 2382 Che
7 Mak 879 2831 NFE 431&-2 Und, Cab ¥ Mak FFT9 Ztz}
o8 AolE Holz UITHP>0.05). Gl F 238L Sar FFTANA M

i, Ric FF7NA 718 28 3k Bilon, Sard Lam FF 7ol
g zole g

2 AFdA oY s AE A58 A HI26%)E ALY BE
AE TN 41-50%F Sun et al. (2004)¢] H1F Aol FA HAAoH,
SM FE d7dHes FARIAT ke e Al REXY cellulase
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o] &A4o] A9 ¢l7] wEol(Yingst, 1976) THE YR Ed HlE HH4aE o
F Rt e HAS AUte d¥E T PE 4gE0] UUY AeE @
SET AE 23S HES 02 d¥%A 2 duyA AgdAE HE F
7o &dbgo] 7HE dsted, olEd 23 g A Afa FFd 9
3 71" ZAoE Holw, AX HA HrFddA AzIYd LT E 9

N
i
Sl Ny

Fe PIHE Aoer A2 :
Table 5. Apparent digestibility coefficients (%) for dry matter, crude
protein, lipid, NFE and gross energy of experimental diets in juvenile sea

cucumber fed the experimental diets for 10 weeks'

Gross energy

Diets Dry matter Crude protein Crude lipid NFE
(kcal/100 g)

Sar  41+1.9° 76+0.8° 97.9+0.09° 49+0.9° 61+1.3%
Und 42+2.1° 69+0.7> 98.0+0.09 55+1.6™ 63+1.3°
Lam  50+0.6° 74+0.6% 98.3+0.03¢ 60+0.8° 70+0.4°
Cab  46+15™ 65+0.9%° 97.9+0.10° 56+3.6™ 63+1.0°
Che  44+2.6™ 70+0.7% 98.3+0.17< 48+3.8° 61+1.8%

Mak  44+33%  69+26% 98.3+0.20 52+3.3% 63+2.2°
Ric  26+2.3 60+3.6% 97.3+0.15° 37+2.0° 57+1.4°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

oldel Az FE, AW FFHF wdy BAES AFol EEU
A1 10% H7bshe Aol oY skl 47 AR o8-S FINE F Ue
Aeg HW 53], 9859 9rtE 1T w, 92 FAELS FAAHY
s HigAtRE Azshed o] H&HQ U8R AMEE F e o=
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o]§3t7] AN E L FEITHS AAS Folof sy wjEe] AXELY
7Aool Mida st sty % BaFdE FFAYVE 4R vk o
ghA] AARG7HE 957 YsiA Aol EEE HAT £ e AARYEY
Mol dasich A FAE AT e RAEY JIG Ede) O
g ol a4t ol 8ol Eskow, BFA IR AFo] BT FEAQ O
ALER A18E = side 298 Bt F 98 25 Azxgge taA
B g olgtes FEAS JHRTh shxgh, whdE] BARE] HE] A=A
LY B, Mol v o HrtE AS Algwrivl A5 5 slerns
ANELEEAN 2% HME AN 98 BE AL 229, oF Hries
AgstA g Aom melth dAg, whdy] Rage ubdy 2 g3 AR
TRAA A B dEAAE Fo wEAE FHYE A=y GAAE
AAZN2A HAAAY G ] F 7t AIER ol g5y glon, o
A AAgFe] w3 opvesgt FFo] FHIA FHEH o] AEYPER
ol g4l EL ARtk oo B AFdMe oA i wFAIRY AF
ol B giAdozA wdE BAE %S A, wigAEe] oy
R AA AUgFS A6 f8 A
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Y. s 2 3y

HdE] RAE
BAdg e Ax AL FEB)S FVE A &) oA FEFR

olE FFd FRES TEYLE A(FhHATIE el AFEHY, 7]
ERE FEstY &3 AR S AXA "ok o] W, ®rEE Ayl
ol AAVIE B2 IFHAE(EDNAE 443%, =AF 122%)E IRt
Aow, HIAY HA] 5o JFEAIRR o]§H 3 Utk 2 AT AHEdE 2
Al FAAELS FUE A% &A1 928 Az AlFel 60T A
71 AZ:AZ F, B471E Bt ARYERE AMSSIATH
@;A}i

Frtg o] AL Table 10 Yebd AAH Fo diiddos diras
*}9-'3}212“1 gsEdon 4MEe, AUy Aoz T RE
74zt AlgEte] BE APALEY U FFol o sty AFd A=
5 AASAT(Seo et al, 2008). 12| TP FAbE e o] &AdE EAEHT]
A8 HZAFEMO)S] tFuta A Folo TS FolwA, HHEy FAES
10%(M10), 20%(M20), 30%(M30) % 40%(M40) H7}3t] thzALEE EE3H

TR HPAERE ﬂlié‘}"i\:}. a9 % 23E FHe
Al AXEZE AgAES 7+ Atsrith 05%4 H7bskdch. oleh o] A
A APAE] d8ES F EF8aL, 47 HAVE FEAFT F, 60T
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30 ColA B 3dA BeA 29t a8 AUe ARE 15y
AP RS} Bludd sk

S % S B
2w dslel A FAReld TR ALY old e FU

i
=
ol

- 160 -



Ho

s

SAAT. HL]

<)

8

=

o
bl 2ol

M Aol ES

5

b

1o

=]
1.025+0.0003 ©]

A G| FE 14 /minE 24

;ﬂ.

[

T

o]

=

=

tRew, o

16.1£247°C, ¥lF
[

hm}

I AZF9 3%% 1¢€ 13)(17:00 h) &
3}

0

T AF: 1.6410.02 g)= 7+ =) 50 ut=l¥ 3
k=l

=

=2
Zvultl aeration}

AT AFF7IZE & F2 AAE e AA

P

49
-

&
T

o 2t

)

3|
A

R
A

(o2 ]

B2
Ni-

fils}

<

X
]

A

FSA Tt

- 161 -



Table 1. Ingredients and proximate composition (%) of the experimental

diets
Diets

MO  M10 M20 M30 M40 CF
Ingredients (%) Closed
Soybean meal 40.0 35.0 30.0 25.0 20.0
Wheat flour 14.8 20.8 26.8 31.8 36.8
Sargassum thunbergii ~ 40.0 30.0 20.0 10.0
Makkolli dreg’ 100 200 300 400
Squid liver oil 05 05 0.5 05 05
Soybean oil 2.0 1.0
Vitamin premix’ 1.0 1.0 1.0 1.0 1.0
Mineral premix’ 1.0 1.0 1.0 1.0 1.0
Choline 0.2 0.2 0.2 0.2 0.2
Cr0s 0.5 05 05 0.5 0.5
Proximate analysis (%, dry matter basis)
Crude protein 28.1 29.6 28.6 27.8 269 17.2
Crude lipid 3.6 3.4 31 42 4.5 1.5
Crude fiber 4.7 4.7 21 2.7 34 6.7
Ash 20.0 159 11.9 8.0 3.7 30.2
NFE' 483 511 565 600 648 510
Gross energy

4.2 4.0 42 44 4.6 28
(kcal/100 g diet) »

Produced by Gangneung Makkolli factory, Gangneung, Korea.
" Same as Seo et al. (2008).

1
2
* Nitrogen-free extract 100-(crude protein+crude lipid+ash+crude fiber).

5 .
Commercial feed.
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EZE ANEE -70CA 52 RAsITh AOAC (1990)9] W] uwgl =g
M (Nx6.25)2 Auto Kjeldahl System (Buchi B-324/435/412, Switzerland)
E AMESte] EA48t9a, ZAWN-E etherg AH§3le] FEPon, FE2
105C 9] dry ovendll Al 6A1ZF Bt Ax F Z33Ach =382 600C 33}
ZoA 441 F B F AF st w23, =4
(Velp Fiwe6, Italia)E ©o]&3ted EMHJT, FAUA|+= adiabatic bomb
calorimeter (Parr, USA)E ©] &3l A3t

Furukawa and Tsukahara (1966)2 of wtg} dPAtE ¢ Eo g3

T2 wAsden, 2382 t4Ee T4 st ALtEHAH.

+ Automatic analyzer

Ho

I
z
3

AE &8HE (%) =100 — AFEFEY Cn0s / 59 Cr0s) x 100

FE2 F AIA 288 (%)

AYEF 9] Cr0; 59 944 e duyA
x
%9 Cr0; AMETY YL Ee dyA

A

2E AR FA HEle SPSS Version 12 (SPSS, Michigan Avenue,
Chicago, IL, USA) program= A}-8-3}¢] One-way ANOVA-testE AA|gH ¥,
Duncan’s multiple range test (Duncan, 1955)& B 7t f94<& #AsA

Bdeg] FiEo] 447 o o g HIIG 5 T/ APAES A4S
3t ZA3E Table 19 YelSIt BES
&l zolzb YA THP>0.05). FF &3}

rlo

i
e
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S

34&E AtadY =E FAE AU FFe d¥FS Lken(P<0.05), W4
g FAHE 10% 7Ol 7P w3, 40% H7brlAM TP We fte B
ok 28y, ZEE FAE FHIEES 20% H7F A@TAA 747 Ao
E T ASAE F8 F, EE sl od s 49 15tk E
ez F53&E AR 2n, A4 FF&FH AT AFE BieH,
10% F7FrolA 7 E3RaL, 40% F7HAA 7P wgked, 10% HIk e
T}, 20%, 30% B FUAR FFTE FroAd Aol HolA|

—

Table 2. Survival and growth of juvenile sea cucumber fed the diets

containing different Makkolli- dreg levels for 12 weeks'

Diets MO M10 M20 M30 M40 CF

IMW?  17+#0.01™  1.6+0.01  1.6+0.01  1.6+001 16001  1.6+0.01
FMW?  13#013%  1.7+0.01° 1.6+0.19° 13%0.09° 08012 1.3+0.07°
SUR* 88+1.12™ 82346  85:581  83%570  87+352  91+1.76
WG 79.8+7.26° 103.6+3.21° 94.8411.25™ 78.4+45.03° 487+6.71° 77.3+527°
SGR® 0.840.06° 1.01£0.02° 0.95+0.08™ 0.83:0.04" 0.56+0.06° 0.82+0.04"

WG-15 314207 337+18.7° 313+124%° 308+23.6°° 263+20.9° 297+14.5%

! Values are means from triplicate groups of fish- where the means in each raw with a different

superscript are significantly different (P<0.05).

? Initial mean weight (g/ sea cucumber).

? Final mean weight (g/ sea cucumber).

* Survival (%).

> Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

® Specific growth rate (%): ( In final weight - In initial weight ) / days x 100.
7 Weight gain (%) of the top 15 sea cucumber.

Aael YUARE BAAY, &8, zuvd, 243 @ 92 gEe 497

ol f-9 8 ZFo]7t §IATHP>0.05).
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Table 3. Proximate compositions (%) of whole body in sea cucumber fed

the experimental diets for 12 weeks'

Diets Moisture Crude protein  Crude lipid Ash
Initial 92.0 3.2 0.1 3.7

MO 91.3+0.17* 2.6+0.03™ 0.05+0.02" 3.3+0.08"™
M10 91.4£0.06 2.7+0.08 0.02+0.01 3.3+0.11
M20 91.6+0.17 2.6+0.07 0.08+0.04 3.4+£0.07
M30 91.7+0.08 2.7+0.08 0.08+0.03 3.3+0.02
M40 91.7£0.17 2.6+0.02 0.18+0.04 3.2+0.06
CF 92.1£0.12 2.4+0.14 0.09+0.07 3.7£0.05

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

APAIR Y HE, @9, A, NFE 2 ouvxe] #d &348E Table
3 et AT 23E EA4ZEY, BED NFE &3h&2 Ats5d 22z 34t
9] ol F/ESFE FUtete AFES HolWA 30%< 40% FH7FET 0,
10 2 20% H7Foll Bls) FostA =A JEtETth(P<0.05). ©Hd, A 9
A=A A3h&e AlEY 2R RAE AUk S BA GFATHP>0.05).
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Table " 5. Apparent digestibility coefficients (%) for dry matter, crude
protein, lipid, NFE and gross energy of experimental diets in

juvenile sea cucumber fed the experimental diets for 12 weeks

Diets Dry matter Crude protein Crude lipid NFE  Gross energy

MO 44+0.9% 79+1.4"™ 95+1.4™ 39+0.1° 67+0.1™
M10 47+0.5% | 80%0.2 93+2.3 45+0.8" 66+0.2
M20 46+0.6" 78+1.9 92+3.2 45+1.6° 6410.8
M30 53+1.1° 79+0.8 95+2.3 54+2.0° 68+1.1
M40 53+1.6° 78+0.2 96x1.4 54+20° 67+1.1

! Values are means from triplicate groups of fish where the means in each raw with a different

superscript are significantly different (<0.05).

13 AR RE, WgARY H2
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2005) 59 &%°] A48 AFES B3 FHR v lon, o] AH
g FA7 Fojo A @ AR sfA(Lee et al, 1994a, 1994b, 1996), 27}
Alg] FEE0 9% z2FEge) AY F7(Park et al, 2007) 18] A A
Ao 23 ArdAe] FANH EF(Kim et al, 2002) 5 °lEHI FEA P
Eo #8] 2 A7E°] A gtk 13 A EAY FAEEE VEE R
T dojAe AT FH AxHAAN FAEE dojA= HA Fo] o
™, olul ofRfe wHiAtE WS8R ol&rlsAo] FTHE uh AT

(Mukhopadhyay and Ray, 1995; Lee at al., 2003b)
gebd 2 Ao E wEARd 5
kel A = Az wA=

47 3
o Wrte 22 5 9 H54e AEdG

e

. A8 2 3y

AP R

AAAIESY 982 AHEE Tdd FAES AR B dfou|iedt X
A& Table 10] YEb At} Table 20 LEbA vRs} o] AgPAtgE o FH
& F uuAdoz Agsdon, d5sEdoR &
Aoz oA 7H49) UEHE 247 A RE APARY d%a B
ZFo] ofd siite] Ao A E F L
et al, 2008). TF¥3F FAHE S HMEHRE XA 95t tiEALE(CON)
o] AFo] T thAl Ao FHE(SLP), EIFAME] E(SST), AA HAAEZ
(SUC), §-H4e] ¥ 223 HlR|(SCR)E 20%% 713l

A AdL: 23E FHS st AFAEY AREAY

ABAES 05%8 HAAstAT ©] AYAg Y8ES
Etstd 48 YU A8 F £ Fu 2 E5to 30T 23}
wA oA FFEstgrh. 283 94 ARAIE(CHE FHlste] A@AL
o} RiuAdy st
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Table 1. Proximate and amino acids composition (%) of the by-products

used to experimental diets

Test ingredients
SLP! SST? suc® ssQ*  ssM®  SCR®

Proximate analysis (% in dry matter)

Crude protein 463 26.9 8.8 39.4 486 19.4
Crude lipid 21.3 2.2 0.1 0.02 6.2 0.4
Ash 6.3 57.0 83.0 20.6 8.0 35
Crude fiber 4.2 0.4 0.7 26.0 27.3 189
NFE’ 21.9 13.6 7.4 14.0 938 57.8

Gross energy

(kcal/100 g)
Essential amino acids (% in protein)

5.6 2.0 1.0 3.7 51 4.7

Arg 7.8 8.7 7.8 7.4 11.2 6.8
His 2.2 1.3 1.8 2.0 2.6 3.0
lle 52 3.7 4.6 5.0 45 5.1
Leu 8.4 5.2 7.1 5.0 7.9 91
Lys 6.5 52 6.6 74 21 59
Met+Cys 29 2.5 0.4 6.3 2.0 21
Phe+Tyr 8.9 57 6.7 10.7 9.9 8.4
Thr 4.6 4.7 5.3 5.8 3.7 5.5
Val 5.6 4.3 5.7 6.0 6.5 6.4

! Squid liver powder.

? Sea star powder.

? Sea urchin tunic powder.
* Sea squirt tunic.

® Sesame seed meal.

® Soybean curd residue.

7 Nitrogen free extract = 100-(crude protein + crude lipid +crude fiber +ash).
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Table 2. Ingredients composition (%) of the experimental diets

Diets
"CON SLP SST SUC SSQ SSM SCR CF

Ingredients (%) Closed
Soybean meal 33.0 260 300 350 240 180 330

Wheat flour 180 258 214 159 270 338 180

Squid liver oil 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Soybean oil 0.8 0.4 0.9 0.8 0.8
Vitamin premix1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix” 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Sargassum thunbergii 300 100 100 100 100 100 100
Undaria 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Makkolli dreg’ 100 100 100 100 100 100 10.0

Squid liver powder* 20

Sea star powder’ 20

Sea urchin tunic® 20

Sea squirt tunic” 20

Sesame seed meal 20

Soybean cured residue 20
Choline 0.2 0.2 02 02 0.2 0.2 0.2

Cr:03 0.5 0.5 0.5 05 0.5 0.5 0.5

% Same as Seo et al. (2008).

® Produced by Gangneung Makkolli factory, Gangneung, Korea.
* Produced by Dongwoo Industrial Co. Ltd. Pohang, Korea.

5 Asterias amurens.

® Halocynthia roretzi.

7 Strongylocentrotus intermedius.

¥ Commercial feed.
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Table 3. Proximate and essential amino acid composition (%) of the

experimental diets

Diets
CON SLP SST SUC SsQ SSM SCR CF

Proximate analysis (% in dry matter)

Crude protein 281 325 298 281 283 293 291 1638
Crude lipid 31 6.5 34 32 31 4.7 5.0 0.3
Crude fiber 42 3.3 3.1 3.8 8.9 6.9 7.0 6.7
Ash 163 101 203 255 133 99 9.6  30.2
NFE 524 509 465 431 554 562 563 460
iﬁj 1%‘5825}' 42 48 40 38 43 46 46 28
Essential amino acids (% in protein)

Arg 7.2 74 7.3 6.9 7.8 7.3 6.9 7.5
His 23 2.2 2.3 23 23 24 24 2.6
Ile 5.3 5.0 5.2 5.1 4.9 5.2 5.2 4.8
Leu 8.8 8.1 8.4 7.7 8.3 8.7 8.6 9.0
Lys 52 51 53 5.6 3.7 5.0 5.5 57
Met+Cys 3.2 3.4 3.1 3.6 3.5 31 3.0 2.9
Phe+Tyr 8.9 8.5 9.0 9.3 9.3 9.1 8.9 8.5
Thr 4.6 4.6 45 49 42 4.5 4.7 51
Val 58 55 57 5.8 5.8 5.8 5.8 6.6
a3 AR

A dae Y FAZAA TE ANE oY HAE THs Wy &
FYE Fxd FE&F FFAHEE 1Y 13 FFHEA 270 HIAAT
ASAEe F wAY XG0 AHdez)d) @dHor ARF oY it

(B A 1.610.03 g)= 27 50¢kelH 3wk o2 483
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E ofd 4 AFY 5%4 19 18(17:00 h) FF3HAA 12577 AMSAE &
Atk AFSAR 717 B9 Fe 161+247T, HIFL 1.025+0.0003 ©] Lo
Zy Fz2vit) aerationd A AT E 1/ /minZE 6‘}031 EHFAT
A7 T FL MAE WY AAALH, ol 3 W fo]Eo 2
25 Had FAoh 28 L3E S3E 93 /‘}%"e]ﬁq B 25 AHH
AR 3 AggzUe & AolESE s

SEE R IREL R

Hzx i HAE BAELR 1000 E FASIE B2 FEstgen, 4
4 FEANAdE 4 dA+xd AEF EE AE sampled)
Mg #s) 75T Easinh. d@ALEe HojAle dwtdES AOAC
(1990)9] Wl o =TWA (Nx6.25)2 Auto Kjeldahl System (Buchi
B-324/435/412, Switzerland)E AFM&-3te] 43R 3, AL etherg AME-
ato] FE3oH, FE2 105C2 dry ovendlA 6417 &< A= & 54
st 23E-2 600C FSFEoA 4A12F FF Bl & AF ATt £
Z4 1= Automatic analyzer (Velp Fiwe6, Italia)E ©]-&3te] EAHUL,
Z3FL 600Te 3ol 4 A7 Bt e & AFsAR. FollvA=
adiabatic bomb calorimeter (Parr, USA)E ©|-&3to] SH3AT. 28 4
ARG U89 obvt FAe opr|:=ARA8E 4 7)(L-8800, Hitachi),

_EL
o
o
ox
M
S A

Column : Ion exchange, Injection Pump : Pressure 0-19.6Mpa, Flow Rate
0.05-0.99 ml/min, Column Oven : Electrothermal cooling (30-707C),
Reaction Unit : Reaction Column(135C, 50C), Photometer : Wavelength
570 nm, 440 nm)E AH&3t] FEEA S

Furukawa and Tsukahara (1966)2] WHol wie}l APAlsg & 2o A3l=
e Yo, 288 e T4 ot AdHAG.
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7&% ii}% (%) 100 — (/‘]‘5'6‘4 CT’zO3 / 25(‘-/} CTzO3) x 100

DL E Ay A &3k (%)

AtEF2] Cr0; BT 42 Ex yA
e]

= ]_ —_ X
( 2% no; | ARZ9 9%k EE duA

SAAY

Ao FA AHeE SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) programs AF&-3t One-way ANOVA-testE A F,
Duncan’s multiple range test (Duncan, 1955)2 H3te] #9A4L ZAASIA
t}.

. A3 @ 23

HaAZF 1.6 g oA s 125 ¢ AISAYE 3 ZAHE Table 49
et Ao AFSAEE 5 5, AEEL 83% © e

o] Al ztol7b FAATHP>0.05). W] FF&H HAEFES SLP FF T
A 7V e %E B, CF 9 /Mg Wk e m(P<0.05). SCR¥ CF ¥
T2 fold Aole YUATHP>0.05). 181 SLP FF T A EE
SSQ FH TS Fod Aol HolA itk AMSAE T8 2
Tl BES o sjiite] JfAE Tﬂlﬂ 72‘017} ttdatAl vetem, o
< st 49 15989 &
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Table 4. Initial average weight, survival and weight gain of juvenile sea

cucumber fed the experimental diets 12 weeks'

Initial mean Final mean Survival Weight

Specific

Diets . ) . growth rate WG-15°
weight (g) weight (g) (%) gain (%) (%)
CON 1.6£0.02™ 3.7+0.16* 88+3.1™ 125+7.7° 1.15+0.05° 310+22.1%
SLP 1.6:0.01  5.0:0.06  83+37 203t1.2° 158+0.01¢ 394+4.7°
SST 1.6:0.02  4.2+0.25% 89+0.7 158+15.0" 1.35+0.08° 343+31.5%
SUC 1.6+0.02  3.6:024™ 85:0.7 120:125™ 1.12+0.09°  262+7.4™
SSQ 1.6+0.02  4.4+024° 88412 171+13.9% 1.42+0.07¢ 387+34.0°
SSM 1.6£0.02  3.7£0.12° 89+0.7 126+7.4° 1.16:0.05° 296+22.7*
SCR 1.6+0.02  3.1:0.02°° 86+1.3 9429 0.95+0.02° 233+14.0°
CF 1.6+0.02  29+0.06° 91+1.8 77+2.8 0.81+0.02° 196+9.8°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

* Weight gain (%) of the top 15 sea cucumber.

EAE3E Table 59 Yeblidch &,

ATl F7o @ AFolzk gl THP>0.05).
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Table 5. Proximate compositions (%) of whole body in sea cucumber fed

the experimental diets for 12 weeks'

Diets Moisture - Crude protein  Crude lipid Ash
Initial 92.0 3.2 01 3.7
CON 92.0+0.22" 2.6+0.06™ 0.09+0.04™ 3.5+3.32"™
SLP 92.4+0.19 2.4+0.03 0.13+0.07 3.4+3.19
SST 91.9:0.03 2.7+0.09 0.29+0.18 3.5+£3.25
suC 91.3+0.37 2.8+0.06 0.30+0.12 3.6+£3.36
SSQ 91.9+0.15 2.5+0.05 0.36+0.13 3.4£3.05
SSM 91.5+0.24 2.6+0.03 0.17+0.08 3.4+3.19
SCR 92.4+0.41 2.7+0.12 0.12+0.09 3.5+3.25
CF 92.1+0.12 2.4+0.14 0.09+0.07 3.7+3.43

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

APAEY AE, 9¥id, Ad, NFE 2 oy iy &818S Table
6o YERST SCRe T&T o™l siite] AE &30l M w8 @S
al

o] E HolA Skth(P>0.05). ©ldE Aslg&-e CON, SLP, SST, SUC ¥

d 23hE2 SSQ%F SSM FHT Buh frosiAl =tth
Ad &3pEL SLP FF 7oA /M =:9kal, SUC FFFAA 7H8 @e 3
< HYon, SLP9 SSQ, SSM ! SCR FFF7ro] #23 Aole ATt
(P>0.05). oA 4882 SUCY SCR FFFANAM & #e nygoen, SLP
¢} SSM FF T wA vERT
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Table 6. Apparent digestibility coefficients (%) for dry matter, crude
protein, lipid, NFE and gross energy of experimental diets in

juvenile sea cucumber fed the experimental for 12 weeks'

Nitrogen free

Diets = Dry matterh Crude protein Crude lipid extract Gross energy
CON  42:£27%° 80+0.8 89425 39+1.7%° 64+1.3%
SLP  40+2.8° 80+0.1° 96+1.2° 31+1.7° 63+1.9°
SST 464377  85+1.3° 90+1.8"  38:4.6™ 69+2.2
SUC  49+2.0 85+1.3" 84+3.0° 42+25° 74+1.0°
SSQ  47+14°™  72416° 92+1.7% 46+2.8™ 64+1.5™
SSM 4709  71%29° 92+2.4" 4420 63+1.4°
SCR  53+2.2° 84+2.3° 95+1.6™ 52+3.5° 73+2.4°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

olAtel Az B ul, o]y a4t ujgALE ) vlAE A Y3

L Al
Fol #ue) 20% WALLE BT L AT nolH, 2 F
9ol 2 %
[o}

d

s 2
1

2

T F7he o9 e 42 FATIe | R F2 dE
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A4 A oY A MR F2 e 9 A7

1. ofd s wigAtgel =2 FibE, E7habE, %340)

A4, 4x, AY, 28 2 3FF A7} av

7} A&

)i

7k old e QYL &7F 3 YR o84 #F
A AR 2N dTEJY A O 2A4RE
FA T A% 2 FEES AL AT AFES FH A 2
g S 95k AlE olojxer & Aol gjal 42

FRANNAY AH e FAS A= 47 A3
°f 44 T& uHdte] el AHTE = =4

z ﬁﬂﬂﬂt d8E Arleel 4%, ARES 2 o
iR Eo] ofFE Udeg FFE3] F3xo] $om(Hirano
Suyama, 1983; Lee et al, 2000), 3+ o]F <] AL 75 AsE ¢
s 7 FHUMAY &%Fo] &RAMHIA Uth(Nagakawa and Kasahara 1986;
Satoh et al., 1987).

AbR H7HAY e oFoluy AlRxA 9 ARFE T nEA e
I QL E=(Lindsay et al, 1984; Kono et al, 1987, Shiau and Yu, 1999),
H7HA AHEAlell s RE=A] ofo] tfgk 17}t jlojof drh F, Fdo] 43
3LFA Fel &dte dYday B4 SES] FRHE ArE HUHA 4
AL AAEE wE O 558 23R 28 5 vhLee et al, 2000). E
g, Aol At siA HIHAY sxE AHA TF ol AR A F
A 9] FHol meEba 23] FAEe]l vElE £ 3129 (Shiau and Yu,
1999), 1ol W& AAZAQ Eoles 2T AHolth wetA FA tFEF
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3, 4 2 49 308 YL & 9E B9 Exe Al &R

}\g O =4 ’}T\“ =4 _'{3_%‘—
H'.H of me Y Wat 5 nss AFEolol & Aol
a9

agA B AT e 71E d 3t
AHES EUE FARE A FUHAEA 22E FAAE, £
Y, +84d0] AAE, #xE, AE, 2EE B AT Bl od s
27 2 Az viAe 9¥S 2ASH] Ad FA AT

. AR 2 B

AR

Table 1o} YeEld vlo} o], APAge] F gldgoz fjFug, gF
FEdeR AWMES AMRSGlon, AAYdeR V|E AESAY Ao
69 BFES i 2o MRS RE AR 10%4 H7sle] AFALE <)
FEa ol o s el HES=F HASHATHSeo et al, 2008).
g FAE(Mak), E7HA el B2 (Sst), 8ol FHEE(Ssq), #HEE(Lic),
AEMud), ZEEKri) 2 F=57 EU(Che)d H7IEHE &A}aw 23t
218 (Con)el 4£9E il ol I8ES 7447 5%% HUtsle #F 8% F
o] 4P 8 E A H(Table 1). 283 A 44 238k& Xé% 9

sto] A }i"ﬂ A EE é“i’l AstEEE 05%4 Hrbstdoh olgh o] 4
H APAEY d8ES & st 4% UV HA¥E F 22 IHE
waste] 30T A i»‘ro}“ﬂ/ﬂ oA TFSAT. 293 FHE FAAE
(CHE FHIste] dAAtg s} vadd stk
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Table 1. Ingredients and proximate composition of the experimental diets

Diets

Ingredients (%) - - .

Con Mak Sst  Ssq Lic Mud Kri Che CF
Soybean meal 420 420 420 420 420 420 420 420 Closed
Wheat flour 255 205 205 205 .205 205 205 205
Vitamin premix” 10 10 10 10 10 10 10 10
Mineral premix’ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Sargassum thumnbergii 10.0 . 10.0 100 100 100 100 100 10.0
Undaria 100 100 100 100 100 100 100 100
Makkolli dreg* 5.0
Squid liver powder” 100 100 100 100 100 100 100 100
Sea star 5.0
Sea squirt tunic 5.0
Licorice® 5.0
Mud’ 5.0
Krill meal® 5.0
Chenggukjang 5.0
Cr0; 05 05 05 05 05 05 05 05

Nutrient contents (%, dry matter basis)

Crude protein (%) 324 326 330 340 331 314 358 347 168

Crude lipid (%) 36 36 31 27 26 32 33 33 0.3
Ash (%) 112 117 136 132 110 163 117 116 302
NFE (%)8 528 521 503 501 533 491 492 496 460

Gross energy

42 43 35 42 42 40 43 43 28
(cal/100 g diet)

! Commercial feed.

%3 Same as Seo et al. (2008).

* Produced by Gangneung Makkolli factory, Gangneung, Korea.

® Produced by Dongwoo Industrial Co. Ltd. Pohang, Korea.

® Provided by Fisheries Co-op Feeds Co., Ltd. Gyeongsangnam province, Korea.
7 Nambhae, Gyeongsangnam province, Korea.

§ Nitrogen-free extract 100-(crude protein+crude lipid+ash).
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om_ e 29 259 A FARNN Fhet ¥ TAPE G2
1 13) FFEA 277 AR A5

i
Z 2709 FEGB0L AHTFz)dl ABHCR AT oY AT A
F: 20006 g)& 74zt 500ty 3WkE-o 2 gEtHoen, AFPAIRE ¥
A AZFe] 1.5%% 19 13)(17:00 h) FF3FHEA 877 ALSFAE st Al

=] = =
SAE 717 B L8 13.0£214C, HIF S 1.025:0.001 ojem ZF X
utth aeration® A AFFE 14 /min2 A EHFAG AFF7IZE
T FL A Y AAFGLH, o]Ee] g HA Ao]ESZ F2E HL
3 Aok 283 AskE SAS A ASAE 5 27 ARH AR TH
A ARFzUY ] & Alo]Eo g 3t

TREAdE & APz AET BE 7H7'<ﬂ€ sampleé‘]'oq et 'Ev"%
A8 75T T2 H#AsiAth APAES HolAle dRAEL2 AOAC
(1990)2] Wl wal AW ANx6.25)2 Auto Kjeldahl System (Buchi
B-324/435/412, Switzerland)E A}8-3te] BA8}9 51, ZA WL ether& AlE-
sty FE3F o, 2 105T9 dry ovenoll A 6413 Bt Ax & &4
Atk X3EL 600C 3|3pZ A 4417 Ft B F FF Ak =,
%z’ Automatic analyzer (Velp Fiwe6, Italia)E ©]83te] EA=9lx,
Z3)EL 600TY 3)st2oA 4 A7F B B & ARG FAUAE
adiabatic bomb calorimeter (Parr, USA)E ©]-&3}o] =H 39t}

SAAE

Azl FA A= SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) programs AH&3te] One-way ANOVA-test® AHAIZ F,
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Table 2. Survival and weight gain of juvenile sea cucumber fed the

experimental diets for 8 weeks'

Initial Final ,
Survival Weight gain Specific growth 15-Weight

(%) (%) rate (%) gain (%)

Diets average  average
weight (g) weight (g)
Con 2.0+0.01"™ 3.4+0.07" 89+24™ 68+3.1% 0.74+0.03% 267+10.9%¢

Mak 2.0+0.01 3.4+0.19 88+1.2 66+84% 0.72+0.07°° 250+8.2°

Sst  2.0£0.05 3.6+0.10° 87+24  78+0.8° 0.82+0.01° 290+14.5%
Ssq  2.0+0.03 35:011° 87+13  80+4.3" 0.84+0.03° 302+7.7°
Lic  2.0+0.01 3.6+0.06° 87+18 75+2.0° 0.80+0.02° 286+11.5"

Mud 2.0+0.04 3.4+0.09° 8612 68+7.4™ 10.74+0.06°° 2554535
Kri  2.0£0.04 34+0.14%° 84423 71+6.6% 0.76+0.06™ 277+14.7>¢
Che 2.0+0.05 3.4%0.19° 87+07 66+8.6™ 0.72+0.08° 255+11.5™

CF 2.0+0.03  3.0£0.17° 84+2.0 52+11.2° 0.59+0.10° 213+13.2°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

* Weight gain (%) of the top 15 sea cucumber.
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Table 3. Proximate compositions- (%) of whole body in sea cucumber fed

the experimental diets for 8 weeks'

Diets Moisture Crude protein  Crude lipid Ash
Initial 91.9 3.1 0.1 3.8
Con 91.0+0.26™ 29+0.18™ 0.15+0.04™ 3.4+0.10™
Mak 91.1£0.24 3.1+0.11 0.09+0.02 3.3+0.05
Sst 91.7+0.05 3.0+0.10 0.05£0.03 3.3£0.05
Ssq 91.4+0.47 3.3+0.19 0.14+0.09 3.4+ 0.06
Lic 92.2+0.14 2.8+0.21 0.28+0.24 3.3£0.09
Mud 91.5+0.50 3.2+0.08 0.30+0.26 3.3+0.19
Kri 91.3+0.39 3.310.24 0.38+0.29 3.3+0.15
Che 91.0+0.34 3.3+0.20 0.07+0.02 3.3+0.10
CF 92.6+1.45 2.9+0.16 0.03+0.01 3.5+0.19

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (’<0.05).
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Table 4. Apparent digestibility coefficients (%) for dry matter, crude
protein, lipid, NFE and gross energy of experimental diets in

juvenile sea cucumber fed the experimental for 8 weeks'

Nitrogen free

Diets Dry matter Crude protein Crude lipid extract Gross energy
Con  33+15% 80+0.8™ 87+1.5™ 41+08™¢ 66205
Mak  41+41° 80+2.7 90+2.6 47+1.4° 69+2.9°
Sst 30+1.2° 78+1.8 87+2.6 3420.7°° 58+0.8°
Ssq  42+1.6° 80+2.4 94+2.4 4421 71+1.3°
Lic 32+1.8° 7823 90+4.4 40429 66:22°
Mud  40£1.9% 81+1.2 89+4.4 42+2.0%¢ 69+0.8"
Kri 31+39°  79:21 89+1.3 37+4.7% 68+2.0°
Che  32+21° 80+1.0 95+1.8 32+4.6° 69+1.2°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).
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AHE 2AE] fEl AMS Tz AdEe RHAE EA €AW (Con) 4E]
(Shelter)9t E | (Sand)E Z7 WolFo] Al&Fxo A& 2E|stth(Fig
1). AFAELS F 919 A F2G0s AHGER)d HEAF 3.6 go od
A 10 vy 3urE o 2 $g8te] Y] FUALE(CP 168%, CL 03%)
E o A AFY 5%4 29 13(16:30 h) FF3tH 857 A4 E &
o} ARSAE 717 B & 1584238T, BIEFS 1.025:0.0002 ©] .o
7} zvith aerationd 7 AFH}AFE 1/ /minE ZH3t EHFUTH

A1 F F2 AAe Wl AAsHeH, olEd § HY Alo]Eog &

J
==

2 Hx oY 34t 1078l & sampledtdled, A48 F

Az AES od s EFE HEENESE sampled)
o ZE AEE -70CAA T2 2#sIth AOAC (1990)9] Wio) ulgt A
Arts 2 sfake] 2ddAE (Nx6.25)2 Auto Kjeldahl System (Buchi
B-324/435/412, Switzerland)E A}-8-3l] B389 3, AW L etherE A&
ste] FEtPom, 8L 1056T9 dry ovendllA 6AI1ZF & AR ¥ &3
sttt =3 E2 600C 3320l 4212 Ft B2 F FF sk EE,
ZAfr£ Automatic analyzer (Velp Fiwe6, Italia

Vg
Z oA & adiabatic bomb calorimeter (Parr, USA)E ©] &3} =43}t

EAIA

Ao} FA HelE SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) program® A}83}] One-way ANOVA-test® AAZ ¥,
Duncan’s multiple range test (Duncan, 1955)2 B9 #9448 A3
ot
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Table 1. Initial average weight, survival and weight gain . of juvenile sea
cucumber fed the commercial feed at different rearing condition

levels for 8 weeks'

Diets IMW? FMW? SUR (%)° WG (%) SGR (%)’

Con 3.6+0.06™ 3.8+0.09° 80+0.1™ 8.9+2.65" 0.12+0.35
Sand 3.6+0.07 45+0.15° 83+3.3 63.8+5.77° 0.70+0.49°

Shelter  3.7+0.06 45+0.19° 80+5.8 413+2.66°  0.49+0.27°

! Values are means from triplicate groups of fish where the means in each column with a different
superscript are significantly different (P<0.05).

? Initial (final) mean weight (g/ sea cucumber).

* Survival (%).

* Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

% Specific growth rate (%): ( In final weight - In initial weight ) / days x 100.
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Table 2. Proximate compositions (%) of whole body in sea cucumber fed

the commercial feed at different rearing condition levels for 8

weeks'
Diets Moisture Crude protein  Crude lipid Ash
Initial 922 1.6 0.1 38
Con 90.5+0.21™ 3.1+0.2° 0.2+0.01° 3.8+0.11°
~ Sand 88.7+0.67 2.4+0.22° 0.1+0.03 6.2+0.72°
Shelter 89.9+0.94 2.8+0.11% 0.1+0.03° 3.5:0.97°

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

o]del A#E Hol, ofd Y F48 Fxo shelterd} EE HolF
= Zlo] & Zeg fadn. 22 X9 shelterdt EHE A WolF
A5 AAsk FUAT, F UHAY 20E AEdd o 83 Hol
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Table 1. Ingredients and proximate composition of the experimental diets

Diets

Ingredients (%) -

D1 D2 D3 CF
Soybean meal 42.0 42.0 42.0 Closed
Wheat flour 26.0 21.0 21.0
Vitamin premix 1.0 1.0 1.0
Mineral premix’ 1.0 1.0 1.0
Sargassum thunbergii 10.0 10.0 10.0
Undaria 10.0 10.0 10.0
Makkolli dreg’ 5.0
Squid liver powder’ 10.0 10.0 10.0
Sea star 5.0
Nutrient content (%, dry matter basis)
Crude protein (%) 32.4 32.6 33.0 16.8
Crude lipid (%) 3.6 3.6 31 0.3
NFE (%)° 112 11.7 13.6 302
Ash (%) 52.8 52.1 50.3 46.0
Gross energy (cal/100 g diet) 4.2 4.3 3.5 2.8

' Commercial feed.

* 3 Same as Seo et al. (2008).

* Produced by Gangneung Makkolli factory, Gangneung, Korea.
® Produced by Dongwoo Industrial Co. Ltd. Pohang, Korea.

® Nitrogen-free extract 100-(crude proteint+crude lipid+ash+crude fiber).
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Table 2. Initial average weight, survival and weight gain of juvenile sea

cucumber fed the experimental diets at large tank (1 ton) for 9

weeks'

Initial Final , Specific
) Survival Weight 120-weight
Diets average average ) growth .

. . (%) gain (%) gain (%)

weight (g) weight (g) rate (%)
D1 3.0 4.22 68 42.9 0.51 123
D2 29 4.66 65 63.4 0.70 141
D3 3.1 448 67 46.9 0.55 120
CF 3.0 3.64 69 234 0.30 97

! Values are means from triplicate groups of fish where the means in each column with a different

superscript are significantly different (P<0.05).

|ate] AR BEXAHE Table 39 VeIt R3S 899%~
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Table 3. Proximate compositions (%) of whole body in juvenile sea

cucumber fed the experimental diets at large tank (1 ton) for 9

weeks
Diets Moisture Crude protein  Crude lipid Ash
Initial 91.9 3.1 0.1 3.8
D1 90.2 3.5 0.1 3.4
D2 89.9 4.0 0.4 3.7
D3 90.9 3.3 0.7 34
D4 90.1 3.6 0.6 3.4
e AUse B Aol AgE UYAEREL YL FYNEE ¥
3 AT + Ate A& Beln, APAE FolME D2& FFdhE 3o
o4 e Ao 4L 93 [PY Aoz udn

- 193 -



<sa WAt R e AAA Bob

3dzte] dX AF" ATE

B7kekz) A8 A 1 kg SFA7e0 2

o, AlBAtE S} 2F £TE A EFee] wugrt okﬁt}
FA, s HeldH & e

2 AtgE TR 3] WEd FEAM fFAHE AERTE AEI

717F o8l 9] AtlRE S

cEE LI
zd) Ae7l GolgR grE o s 29 3%8 FTIFLFL dAFIHe
B, 457k B AT S FAC wel AR 3FES WA FU
o AY FE F 4 FxRUT £F 443 AN o e A
Fe 2493, o] e AREEE Fahed Agstar

W, 7hgul, 4 182 Halel AR HE Wizt
A2" 5 A AW, 4= @t el 48 H% Z7) 8o t@ 4Eol
A9 o] WgL 500908 AAAY B F, 4R Wrel Hatel Y WP
AEe HE ARV} HEE AU s%a%t%. Jel3 olejd A4 e
& AN, ARA, ABER, AR 71T Y, AA, ARBE 5 Ful
250 we} ta Aozt A & Y] W FuARZ ALSH e

>

| B3 Aol Ae 4 A wF AAST FEstoio} @k

Table 1& A 3 & 4782 49ls) A7oN AL88 APARSY FUAE A}

29 E%S HaZ7] A3 AL 1 kg FHAVEH LaHE AlRuE
A% R0l FAARE WEE

A5 HJE2PE ALde ZaAT, &

- 194 -



I Az 5oz HlFol B o xHF FPol oF Hrtd AR FHHH,
Bz} A o] 350091/ kgl 2 999~12609/ kg BF-
ot wls] w-g- Wi stAde & F Uk 283 xR EEREF &
ol A, dA ARH e v 9y thajute] @7t
Hg2 Este 7= ¢F 13009/ kg A=ERS
Hla] ok =AY FAREEAS E3 4E 1 kg S5A4
Hlgo o] WiFAIRE 1334904 3986Q 02 ALR

don FAlREE 102549091 SIE2E B2ue 24309

HU
L
Au)
u
112
o
i
=
fu

—94‘?‘«:&:&“‘\’“
%Erlrd
__‘V,_‘.Elﬂ.,
o%@ﬂm
off ko =
Ergl‘”%

>
L o>
oo 2

Table 1. A% 16 g 12 N3 $AL02 WPALR, ANBAE B zh ¥
o] AAZD &3 vlul (37“%)

Feed price’ Feed efficiency (Gx100 Production cost . Relative

Diets (won/kg feed, DM) /feed intake, DM) / kg sea cucumber  cost
CON 1260 51 2452 100
SLP 1174 82 1439 59
SST 1017 76 1334 54
SUC 1021 45 2251 92
SSQ 1010 71 1424 58
SSM 1005 43 2320 95
SCR 999 25 3986 163
CF 3500 34 10254 418
Algae 1300 54" 2430 99
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