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An 18 week feeding trial was conducted to evaluate the impact of dietary wheat flour content (0, 7, 14, 21 and 28%)
on the growth performance and body composition of juvenile sea cucumbers. Sea cucumbers Apostichopus japoni-
cus (initial weight of 1.3 g) were randomly distributed into 15 tanks. Individual dietary treatments were conducted
in triplicate (stocking density of 40 individuals per tank) and maintained under an average water temperature of
17.4°C. After feeding trials over 18 weeks, the survival rates ranged from 98 to 100% across all experimental groups.
Although intermediate growth measurements in weeks 9 and 13 indicated no significant variation across treatments,
the final weights in week 18 were significantly influenced by the dietary wheat flour content (P<0.05). Notably, the
final weights of juvenile sea cucumbers that were fed the 21% wheat flour diet were significantly greater than those
of the 28% inclusion group (P<0.05), although they did not differ significantly from those of 0, 7, and 14% treat-
ment groups. Significant variation was observed in whole-body crude protein content among treatments (P<0.05).
Based on these results, we conclude that up to 21% wheat flour can be used in juvenile sea cucumber diets without
compromising survival and growth.
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3fl4t(sea cucumber Apostichopus japonicus)y2 7 A A4
2 R 449 F sholul, 5 Aolel 7154 B4
ZE & o] %l (chondroitin) 9! AR (saponin)S th EH-gt
o2 dHA Qth(Fredalina et al., 1999). 53] =, Y& U
=} Z-E ofAJof A Yol A Bk A8 E 75 B A
QA Rrol Bl A a7to] o= 4ol o sk = A4k
220240 1,672= 0], HiF2 of AAK(1,656-) 1 22t
Aol QI FH(16E)0] Ol8IAE AAHEITL Qlrk(Statstics
Korea, 2025). =7 4t oFA19] 722 A A o] 7l 5
AFe] FA §IF= o] FoI AL Qlek. tirh=e At Al A

= go 7HA o] F=rate] Bls) HIAA ARg-o] mu|EH T
EoF Ul siaf FA AP T Ak FA T1eAE g
so] 2-g-5h= 3to] g, ole2 710l AR RE S=At A
20} AR AR A HBoHE 202 W, FALg Al
2L SllAE i BEel Qo R AT P
AR o 44 AL A7 50] S Eofo} gt ajite] o
Qe 2 9 AR ol B 172 vl 9 A1 2
(Seoand Lee, 2011), A4 Y& F7H 0]84(Seo et al., 2010)
3 eroks o g% 994(Choi et al, 2009)9} s 25 F
9 o] 8A(Kimetal., 2018) 2 8 F %7} %3KKim et al.,
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2016)0l 3 ALE AR o]-§4 A0l Y= o] A girt.

EohE2 AR £ ofluA] Y F ShE ARGEH,
AR W A gheshE g2 T o] Aol AbeE 4= 9l
5 oA & Aot meleth shA|uh Alm W ghrshE
o] L= A9 A4 W ofluf x| &g AskE 2T 7sAol
k. WA, TheshE ghero] A kR Th WE ol A
2ago| Ashd 4= glo, Ale W AF o] erdkE v
2oy o] g4 W AR & THAS flste] F25tth(Wilson,
1994). £3] a4k Aol A F2 s 272} EA {712 A
Foh= e EA4Jo] Qlof HAgh eh=sha ko] T A
2O T2 allate] A A% fAol Bl 8 4R 28
o 4= qlrt

Choi et al. (2009) 2 Xia et al. (2015)2] ¢ Lol A BT
SheFo] 25% @ 40%, T=25-66%5 thEA H7let AlR 33
o] o]& sjjake] A 9 A 2 Aol v x| = Fge] thate] Hirg]
UAITE, AbR U] BhShE R 25% nIvkel AR R oY 3
ARE AR AT ATk vju|gE A Aot} e A B At &
W B Fheko] 0%, 7%, 14%, 21% 9 28% 7}H7] T2 Ale &
ol of el sfiAke] A&, AT W A=A wste] v 2] F3E
ZAFsL7] 918l =2 =] qlt.
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Table 1. Ingredients and nutrient contents of the experimental diets

AEARY) YR A 9 oA EHATHE Table 19] L}
R NP EREEPUEE PP AT RER
AR A2 mAlE Y 2AR] flote] £MES0,7,
14,21 5 28% 7Het 5550l AAEE WA 1 9
A FRARIRERE MSEY, i, - ER ALY 0 F
o7H 58 ALEBI%IT. oo} o] AAE 7 Alpiare) flm
5o & Egstar n| g} AFEE4) 7] (Pulverizer, ACM Pulver-
izer; KM Tech, Icheon, Korea)E ©|-8-5}o Ab= 4= 100 pm
ojste] i FHI= 4okl AR H A Aokt AL
20| QoPAE A ATk Eh RS 264-272%% 5 %
AR A2 27-33%R B APARAA AR e 1
sict.

N

ARSAEE QA o8 A78gt ofd sl (HdAlF 1.3 g1
157119] L& 4=2(400 L)ol| 2t 40m}e] 4 Abz i 3HHEo =
450} Al o R 185 MBI AR 2 3
© gfo]Tg A5 00, AU o] T ekt 5

HiEo] Elpalo] ASWS HY] fitto] oA o]Esl=

5 ol Bk Qlet. g AR o] A E(shelter) & H o]
sato] 241 4= Q= 3 EH(Seo et al., 2009).

Diets
WFO0 WF7 WF14 WF21 WF28

Ingredients (%)

Undaria pinnatifida powder 35 35 35 35 35

Soybean meal 41.0 39.2 374 35.7 34.0

Wheat flour 7 14 21 28

a-Cellulose 21.0 15.8 10.6 53 -

Squid liver oil 1 1 1 1 1

Vitamin premix? 1 1 1 1 1

Mineral premix® 1 1 1 1 1
Proximate composition (%, dry matter basis)

Crude protein 26.4 27.2 271 271 26.9

Crude lipid 2.9 2.9 3.3 2.7 341

Ash 14.3 13.8 13.7 13.2 13.2

ISupplied by E-wha Oil and Fat Ind. Co., Busan, Korea. >Vitamin premix contained the following amount which were diluted in cellulose
(g/kg premix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride,
1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8;
retinyl acetate, 0.73; cholecalciferol, 0.003. *Mineral premix contained the following ingredients (g/kg premix): NaCl, 43.3; MgSO,-7H,0,
136.5;NaH,PO,-2H,0, 86.9; KH,PO,, 239; CaHPO,, 135.3; Ferric citrate, 29.6; ZnSO,-7H,0, 21.9; Ca-lactate, 304; CuCl, 0.2; AIC1,-6H,0,

0.15; K1, 0.15; MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0. WF, wheat flour.
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AFg2 AQISRE 108 Azt g 3te] a5 17A7]
B A4 AR 5, 7R RS S 2 ARERE FF5H
o), 7 o] £ 3 L 2Wsho] F45Hgiet 7 ol
37)@ing FFSHATE. 8717 0] Hit £-22 174C
(9:6-25.5C)3Th. 3 AFg20] AL Zeheh AHeAIA
o2 2N AFAFS AAHOH, ASTIKE T H L
SAF A sl AASHaL, 2200 18] 2 HAE A

ATk ARSI AlF AL B0 S Al D B Aol 24 A
48N1ZF AN 3, 7} ezl -8 slare] A SIS &

Astsiet.
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ARAALRSE i) ARMIR 5 S AATtEdERE e
2 135°CollA 2417+ A SholaL, AN X 6.25)
2 Auto Kjeldahl System (VAP500T/TT125; C. Gerhardt
GmbH & Co. KG, Konigswinter, Germany)-2 AR8-5}0] 54
stk 22 AL A -5%7|(SER 148; VELP Scientifica
Stl, Usmate, Italy)& AME-310] ether® F&3F & =431
o, 23|82 I3RS ARG 600°CollA] 6A17F F<t Hi2
% shsict.
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A3}-2] EA A 2]+ SPSS program (IBM SPSS Statistics ver
11.5; IBM Corp., Armonk, NY, USA)S A-8-5l] ANOVA-

testS A A]8t &, Duncan’s multiple range test (Duncan, 1955)
2 g 709 2 9(P<0.05) H ek

2 o

S AbRS] 2% AR s 2Ake] Sistol AmES

- uf7)gl

0%, 7%, 14%, 21% %L 28% H715t 5579 APARR
2 AF 1.3 g9 o ke 1857t AR A 9A3E A3 Table
200 Rl Ak 7IRE 185 &, AAEE2 He ARl
A 98-100%3 tre HRba 0 2 of oot AlE AkS B olnt

AR 95 BLI35 3§, of el silike] Bt AT deARER
fHelet Aol7k §lolet. e AR 185 7, ofRl sliate] 2%
AT, SAE B AP ES AbR W 22 Aol o)t
TS WO (P<0.05), 22 T 21% AH= S5 Bt
AL AUE A 0%, 7% B 14% A Seehs A4
A Aol7F Ao, AR e 28% At S Bk
5HA = ATHP<0.05).

AR E R AL ske] AR £ A IS Table 30 L
Bl lct. shire] Zehelaye: delitel frelet Alols
230m(P<0.05), AT P 28% ARR FHT7EHHE AW
ol Hlske] 2 THP<0.05). Silakof o, 2AE K 2818
FE Ao f-2fgk Aol 7k g9l
o E

B ATo]A] 1857 ARg & mE AT St AEge
98-100%%Th. o129k o] & L85 Hol, & Aol AR
HAEE AR ol sk ARSo] AnbE o R ARt Ao
et

ehrshE gekol] 25% B 40%< ALR R H 2 A5 0.7 g9 8
ARS 10327 AFS3E Choi et al. (2009)2] Aol A AEg-2
60-79%3 AA1olli= frol gt 2ko] 7} qlof whgha Fafol
T2 Afol= QAN & Al AR AR FRA S
98-100%°] W3} W& A3ts KTt of2{et AEE 2ol
AL B3] HE T = QA 7 Ao AR ARl AR
o olire] Az A, A2 2 AR 23 5o Aolol| 9
2 WIgHS Ao 2 ghrhEh

Ttk AbRe A9 B el FHRo] AR Relee
ek st oA Wl A oAl 0 = AR 4= 917] w<o]

Table 2. Growth performance of juvenile sea cucumber Apostichopus japonicus fed the diets containing different wheat flour for 18 weeks

Diets
MWT (°C)
WFO WF7 WF14 WF21 WF28
Initial 1.3£0.0" 1.320.0 1.320.0 1.320.0 1.320.0 -
) 9 week 4.610.2m 5.0£0.2 5.0£0.2 4.440.5 4.740.3 14.7+1.1
Body weight (g)
13 week 5.4+0.2" 5.9+0.1 5.5+0.6 6.0£0.6 5.5£0.5 20.8+1.1
18 week 8.410.1%° 8.5+1.0%® 8.5+0.6%® 10.0+0.6° 7.1+0.8° 18.612.8
Survival (%) 99£0.7" 98+1.5 9910.7 9910.7 100£0.0 -
Weight gain (%) 562+3.8%° 576+79.1% 5711442 703+47.6° 464164.7° -
Specific growth rate? 1.56£0.00®*  1.57+0.10%  1.57+0.05%®  1.7240.05° 1.42+0.09° -

I(final weight-initial weight)x100/initial weight. *[In(final body weight)-In(initial body weight)]x100/day. ns, Not significant (P>0.05);
MWT, Mean water temperature; WF, Wheat flour. Values (mean+SE of three replications) in each row with a different superscript are sig-

nificantly different (P<0.05).
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Table 3. Proximate composition (%) of whole body in juvenile sea cucumber Apostichopus japonicus fed the diets containing different

wheat flour for 18 weeks

Diets
WFO WF7 WF14 WF21 WF28
Moisture 90.0+0.06 89.4+0.12 89.8+0.37 90.0+0.26 89.6+0.18
Crude protein 4.6+0.092 4.9+0.072 4.9+0.092 4.9+0.122 5.2+0.09°
Crude lipid 0.3£0.06™ 0.3£0.03 0.4£0.03 0.4%0.03 0.4£0.03
Ash 3.240.06™ 3.240.03 3.2+0.11 3.240.09 3.240.03

ns, Not significant (P>0.05); WF, Wheat flour. Values (mean+SE of three replications) in each row with a different superscript are signifi-

cantly different (P<0.05).

EhI 918 okt 2 SIrk(Wilson, 1994). 3t E5Hale
TS B 4 A o] Hl3te] UNFAOE Fhzo] 4] uhie
oA thEol that oS4} 214 B THo] A AR
e wE S gt

= AT H ASAE B2 A, oY STe] BRAF
g 21% AT} 1Y B ghe BEOL 20E gy

0-14% A1 7H= § 01k Aol 7} §lo1AIh, £01E T 28%
Aol Blsl fr2lstAl =34tk Choi et al. (2009)] o]H 3
Al ATrol A e AR SEE 25% 7 AT AWE 40% 3
7 AZE o Blske] F-ooHA =& SAIFS Hof AR Wl =
& oo M E M7= ofdl sl AR A = s
Ao g2 gt

A= §shE 0]-849 F50l whebA Aol & Heltk
(NRC, 1993). o] &gt 2}o]= ofFH 4:317]3%9] Ao], AR
oo T 9 edhE el 9 vhe A dEA
Qlth(Bergot, 1979; Hutchins et al., 1998). % {(Cyprinus car-
pio), 20| 7| (Ictalurus punctatus) D e}u] oK Tilapia zillii)
oF & 24 24 W A "ol e dolRet 22 d
4 of5 Ul slttolsol Hlslo] A0 R EheElE O8]
20 Ao & olz|A 9ltWilson, 1994).

AR kS 35-60%= thEA| F7kste] Alxd AbR=
SHATHE71E AR Kim et al. (2010)9] oA = AR
o 45% ool A7t Abm ARl E of"l XAITEI
(Semisulcospira gottscher)®] “d7o] @A 3] a7+ A}
2 B gk, chA 1ol (Salmo salanel 4 AL 3R] 413
H7He A W AR 25188 g7l Ao BaE g
(Hemre et al., 1995).

=) 8 FA|0159] 2 ulE2)(Sebastes schlegelii) %15
ekpoHE ghao| th2 AL 2 ARS8t Lee and Kim (2009)2] ¢
TollAl 24-30% ks J7F Abm AT7E 6-18% Tt
& 371 Abe Aol vl A AR EEo] F-of8HA A4
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X7]= A 02 21159t Mohanta et al., 2009). wH}A] oF4]

g AbrY A Sl Btk Wb FAAEY J
o T AR B E 7S Sl F85HA aLed B et et
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