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Fecal Solid Feed from the Recirculating Aquaculture System of the
Renewable Sea Cucumber Apostichopus japonicus
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Pollution caused by fecal solids released from recirculating aquaculture systems (RAS) is a growing global concern
requiring immediate attention. Thus, this study investigated the physicochemical characteristics of fecal solid feed
from RASs used for eel and rainbow trout farming. The concentrations of proteins, lipids, crude ash, and moisture in
eel fecal solids were 10.9%, 1.2%, 85.8%, and 72.2%, respectively, while those in rainbow trout fecal solid feed were
20.5%, 3.2%, 70.9%, and 87.0%, respectively. The control group was fed a mixture of sea cucumber and dried sea
mud. The protein digestibilities of eel and rainbow trout fecal solids were 25.43% and 23.96%, respectively, while
the respective lipid digestibilities were 35.62% and 36.80%, respectively.

Key words: Fecal solids, Sea cucumber, Apostichopus japonicas, Recirculating aquaculture system, RAS

M OE

A AIA sl A o] Rl AL Q= ool &Rt pAkE AT
22 2 201 59k 17F 9,000t & o A HAE 1L 9lA]
Tk, ARl gt 8= E0] STkl @A 19] 53N &
of o]2a1 Q17| wj el T FEES At o ot Aite =
SEHA71AL IEH(FAO, 2010). FA] Ak Aol 23t Ak A
AP S/0] x| QFA T} 9Ee] 7hRe] FAle] &fste] o]
FOJR| AL QlTt. o] 5+ FAIFHS 7] st Bl e Hate|
o Agito] Eebskar Aejuty|, Al 2 xbgat
& Aoty o wAIE sk Qlck ol2et ZAIE s
5}7] 9sto] MEEE P ES A5 AR o AL, A
£ 9 g Z2 A E S5 5 e eSS
Al 2Hl(Recirculating Aquaculture Systems, RAS)o| 2=
2 =53l Qlrk(Aruety et al., 2016). ZL2|u} tREO] SAF
RAS A2 QIS AR S ARE-oto] AL e & PSS
Aisl7] wZel ol& AakA el oA AT 13 0=
Ael= 2@ ARl ZAE diF=al lth(Mirzoyan et al.,

2008). FAolA BiEE 1Y 252 ofF7F AAISHA] Hgt
roArbEoF A31E| 2] Jrgh UL R AR §71E ol
50-92% A}A|gc}(Piedrahita, 2003; Gebauer, 2004; Gebauer
and Eikebrokk, 2006). o151 kg2 AJAks17] $J51e] olgualed
At 1-2 kg Folsfiof sFaL 7L Fofl A 9F 36%= 1P 2= 3
e 2 v & E ch(Naylor et al., 2000). A Z7HA] A o] 7414
oA HiEE 1P eES Asty| SR Hte® [N R
2 AM&(Danaher et al., 2009), v}o] 27}A 2 2-8(Luo et al.,
2013), A=2H74E-21(Ghaly et al., 2005) 5 A| =351 A qFoF
A A-83k A ek Qlek T3 M PFeF LEE f7E
of shra| A 2ol A A 2)7t atetkd ERt ok 2(Mirzoyan
et al., 2008), 2016\ sk e o ofste] s
7F e A ¥ 7] wiizol| o]of thgt th o] Al Fskal A4 sttt
sll4H(Apostichopus japonicus)ye =2 Sty A AL, = vF
iRk, Ut Le]ar g Ajofe] e kAol A gty s 7ER] &
& HEY Aol o]2aL Qlom = S 1Pl 2ol
A SQ3t ARFA Al Eo|t(Slater and Carton, 2007). 34}
S AXEZA v E-E Fofl 4o Sl nAlRR, vt
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AR AREA SAEBolIFA Y

Hl2jot, ASAZRRE 120 AT 4L Bk $712
At F71QAE o= AAlste Ao ® dEA %E}(Paltzat
et al., 2008). Z|Lo] oAFto] o5t FALS HlEH|cH7lE] v
(Chlamys farreri), 3|%-7}2]H|(Argopecten irradians), 2712
H(Patinopecten yessoensis), 2= Carssostrea gigas), %%
83K (Perna canaliculus)®] B|/dE-g Ho|2 o]&3slo] AAlo]
Z9hth= AP ATV} B 1E| T 9) © #(Yuan et al., 2006; Zhou
et al., 2006), Neonardo et al. (2011) 2] Ao A = w7} A
ol ol v EE W i) Z olgkal A or A
Bt B %31 Qe T3k SARS tho] oFQl A ok A (Integrated
Multi-Trophic Aquaculture, IMTA)o A o2 A==2 8511

¢l 0. (Paltzat et al., 2008; Zamora and Jeffs, 2011; Nelson
et al,, 2012), IMTAO| A EASE A &2 uldETIO & AR
717HA] AR ekl B E 3 Qlok(Yokoyama, 2013; Yu et
al, 2014). 0|5 QI sjito] thE AYEo] W4 E-S Eesto]
AR 4 Qi 7Fs A AAIBEL Slek, Dot S arlRp
ollA viEE 1y & Aesty] gt et 2 skl A &
ofgt A= AR W9k ofy el At R Aol A HilEH
AR ez it o]3telA S thsfiAl= gl vk A9
ek wWebA] st AR S B A Sl whFA ol A
HiEE 119 059 o]gksh EAS dobiaL, siatellAl o
sto] st R A R EA = A o] 87 d& 2l skarAt skl

THRE M3

YO A FHRE F7A Frho] 2afska g
Aol fA T R A o] AR B H izl AT 1
Jo2e 22t AFste] vERA o] Hot AE2E o ¥
Apste] A UE Lubsto] ALgshech
Uty 2N

AUk E BAo AOAC (199540l Zatg o, 8o
o) ZH o & 105C 2] dry ovenol| A 6A17F FoF di
& =A59t}, }_uﬁj;g B2 KjeldahlH 0.2 31101, A]
= Z21A| 9} SAHH ,SO)E 15mL Sl
wofekal a7t FRE /\]E'— 50 mL -8-EefAao] H&
3 512 Ale makith ohe g 4471Ee)A0 001 N H,SO,
10 mLE 93 SYAAS 3 e Bolmel Zula) Flc.
) | 8-5ko] A& Z0] N(B2)S v ZA]7) 2 uf
H Aarh A7hE SR 0.01 N NaOH-E-9& A
Sto] AAslo] ZAsRch AW BA4-& Choloroformt
Methanol& 2:1 &= Z35t oS &= 3t Bligh and
Dyer &1 (1959)0] =531t BIA | A= 5 g& F5to] Al
4} 7](homogenizer AM-12, Nihonseiki Kaisha Co. Ltd., To-
kyo, Japan)f| 4] 15,000 rpm= 587+ 245+ &, Chloroform}
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Methanol 2:12 &35t 2% 4|8 A|52] 2 g o 0}
£ =91 9F2) 3 ok chloroform ZRHS Be]517] 95t %
Zepaa Qo] Z7]1E £1, 1 $]o] Na,SO,S Hol A4 Ol
chloroform3-1t S| 7 st3ict. & S
2534537 (Rotavapor R-114, BUCHI)E AH&-351] 40T
olstofA] S Al SHAR 5, 5 T AWS 570
Ach 23182 2143|302 6007 3)TFR oAl 4417 B4t

& & Heste o, ehr3lE $HeRS- Choi et al. (1984)2] W
ol wheh S skgick

AR A, v, o, 71=s, 35, 2ol Hsf AF
FEET AT A Z D of| 231 AEEA O 2 AR]EHG O
o, AdlEE 24 91 AR AAEe AR 3 g FEe] 2
&l Seks=to] F{3E Fofl HNO,:H,0= 1 184 10 mLE 37}
o ARS —EcoHﬁ} | 9190 Fhstgon, B gk A7k
HNO, 8918 943 7184 7} Touowuk 237} ¢
28 A2EH0,8 uﬂ = A Hrteto] gl BajA et
017 Rallolg 5 mL A% B H7x 53 A7 F AHFo
2 ggsto] 717] 2Ae LB 2412 digestion tubeo]|

0_>i

—s= =2

sample 50 mL & 2-2 5 HNO, (1+1) 1 mL, HCI (1+1) 0.5 mL
£ =3slo] Y, digestion tubeE heating blocko]] ¥ o] 95C
]/\1 25 mL7HA] A A 553 T tube cap2 Bl 3027¢
SHRAIZT SR A ae ARl & dAF e R 8kl 4
45 Al 29Y-& Perkin Elmer ICP/MS 6100 (Made in U.S.A)7|
7|5 o]-&35}o] HA513 o, RF power= 1,500 watts 2 551
t}. o|uj| Carrier gast= OF2H(Ar) 2.2 5192 H, Sample flow
ratex= 100 pL /minS 2 3}t
H|2s 242 913k Al& o] AR 2= ol Sehiao] A3
A& 5 g& Flokal S 80% A= HE=s %Er‘T—E E
< ok AAF 20 mLE o] Egste] A2oflA 1581 WA
e 32k 10 mLE g o] A 4]3] oFstA| 7+as}3ith b;E
Qo] 517 Aot A 30 mLA o] 7S A,
Fako] njgilo] 4 02 B v Hel2 gkl W
, o5 40 mLE 7Fste] o7 kA(S0,)9] & 171 7F
2 E U7 1 o 3 A SRR AR Al
A7 HE BAEF T} B4 digestion tube©] sample 50 mL
Y2 3 HNO,(1+1) I mL, HCI(1+1) 0.5 mLE Ega}o] ¥
11, digestion tubeE- heating blocko]] ¥ o] 95Cof| 4] 25 mL7}k
A ZHAA 553 5 tube capS Bl 3027 B A7 g
FH AR AR & AR o= 850, FEH A RdS
ICP-OES 2000DV (Perkin Elmer Co. Ltd., USA) 7| 7| & o]-%
3lo] EA3}19] o, RF power= 1,300 watts&2 331t} o] uf
Plasma Flow+ 15 L/min®.2 3}$.0.
1.5 mL/min® & 3}%ic}.
nm= SFIch

:\E

mlm

H

™, Sample Flow rate=
H]A9] =4 wavelengtht= 193.696
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o 2 7tEE 24 A% AR A= AA =Tl Al
=5 ge 4| Flsted, 500°T 2etzo] 48-72413t F<t 219}

S oF

Wolo] aefe] SREZ SES Hlof Enl7of Wil

1:1) 30 mL2 %7h o] oj2] sl Hlo] We o
safolo] alo] F u7h 7hed Heet  ojxl gl
A7 N o2 AE-5)3IT) digestion tubed] sample 50 mL-&
9.2 5 HNO, (1+1) 1 mL, HCI (1+1) 0.5 mLZ &§}3}o] &
1, digestion tubeS heating blocko]] ¥ ¢] 95°C || 4] 25 mL7}k
| A A 5231 & tube cap= Bl 3087 3HF AT 3
FE ARE A0 F QRO A8, HEH RS
ICP-OES 2000DV (Perkin Elmer Co. Ltd., USA) 7|7] & o|%
slo] B4351¢ ™, RF power= 1,300 watts= 313t} o] o
Plasma Flow+= 15 L/minZ 3}%.2.1, Sample Flow rate:= 1.5
mL/min® 2 3}k E3F Ho] =4 wavelength= 220.352
nmZ 7}I=52] wavelength+= 228.802 nmZ 3}t
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A e A 242 Aflatoxin B, Aflatoxin B,, Aflatoxin
G,, Aflatoxin G,, Ochratoxin A, Amoxixillin, ~L2]37Oxytet-
racycline 752 o= shich AR Aflatoxin B,
Aflatoxin B,, Aflatoxin G, Aflatoxin G,, ~L2]3ZOchratoxin A
= HPLCE ARE-35fo] 243191 2, Amoxixillin®} Oxytetra-
cycline= LC-MS/MSE AR50 45} t).
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of] AR5t sl4k(Apostichopus japonicus)2- 7374t}
le /\]'E/\] OJ/U HH okx]—oﬂ)\—] A}%%O] 74 o) /\]—%—6‘]-
oFA-42(60 x40 X 50 cm, 5 80 L)E AR&-3}
247} 200ke) 4 83900, 22k0) ARALRE o
o) {7l 3] W22 5 1800421 it )
Azak115+020go]0:h:} MARro gz 7p =
e WA F, % 22 ke st
of A 7A€ ‘{\‘%‘%}:‘é‘ =7 3to] SA|&(Weight gain, %), 44
J7-E(Specific growth rate, %/day) 1231 AJE-E(Survival
rate, %)< =455t
INEEESIN
Yol AR ARSI A = fAlE = sl Al
iEé. Zli/ﬂ A0 452 20 Tono.2 A2 A
ST 9.838)7/dolqal, ARSR] &R 2.55)7/Y
]‘21‘4—. Texde WZ7)(DA-3000W, Dae—ﬂ Inc., Korea)
¢} 3E|(HB-100, Periha Inc., China)E ©]-85f0] AR
18.0+£0.5C 2 A3tk &3 =dlE 24 skl 1
o u}r] 9} mo] A2 HE|(1 um X 3 inch)2 oJA|7] &
AAZ0f| ATl FFsth A= FRP AAE " =(2
mx2m 1.2 m, Fa5% 45) 270 & ARE-5Fo] UjFtof= H}o]
LIS 5cm 7HH 0 2 |5l o 4% HZ(PH-037M,
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Wilo Inc., Korea)E o|-&5}0] 91420 &2 431512 519t
HEYETL 32420 psu, pH 8.3+0.3 3|5}
A=
Ao ARSE Al WA A Lq 2= A NS0
FAIA VHPQE 12|31 )2 ARERIALE(Qingdao hi-
ford ecology technology Inc, China)= 3}%ith 118 25 Al&
L YFE 1§ 58S 2 A%7|(J-NDS-2, JISCO)ZE 60C
ol A 48A1ZF AEAIZ] & Bh57]| & Fafjsto] EU(SIB-250A,
Dongwon Science, Korea)2 A& 127 the &, &L
o]-85t0] 150-200 pmE 7}E-5FAT). Baye 18 08 ¢l
Cr,0, 1%, Cellulose 1% 12| 3L Sodium Alginte 0.5%%5 23}
OPC’% Hhﬁﬂ <, 7zt A7E P = P sto] ARg-shiTh
13)/d 2% 6*1011 AR Foistglon, gof A Aol o]
-oto] ull i d gl s4te] ME ARt 2 &, T4 A=AA &
A of] ARg-SHRA T
Cr,0,9 M
Cr,0,%] 574 Furukawa and Tsukahara (1966) %o &
sho] 245l Tk H48 A|&517] A Sodium molybdate 10 g
o] 54 150 mLE H7k5}3L H,80, 150 mLE A#3] 7}
of Wi A171 3 70% HCIO, 200 mL 4 A 7Vet Bl e Zn|a)
Ak AgZetazo] HNO, 10 mLo} A2E AR 1 g2 715}
1F J-2 W 7kR] 7}Oﬂtﬂ B 2831 AI7E o Hhlskl
A ol B2 15 mLS B 5 3 7S v
‘sz weh e, 3, Aoz walr] Al 30
sttt Aol 554 60 mLE H7tste] 5
HgAzZFE ek g0 $7] 3 H SO, 20 mLE H7tshe]
3ff 5 =] 3t X”LQ A2 g &
glo]Eof 150 LA %01 UV-Vis spectrometerg ©|-§-511 350
Bastelck B4 5 A7} gkt Y=0.2089
X+0.0032 (Y E%E, X=Cr,0, mg/100 mL) F41& o] 83
Cr,0,2he 2434,

SAXE

qé
0,9l

HE 217 SPSS 18.0 &2 1S o] 2-5ke] BARLA (one-
way ANOVA)S A A]5}4] Duncan's multiple range test (Dun-
can, 1955)2 H<#7+2] 7-9]43(P<0.05) 378 3}k3lch

Zn W o

WAl A AT Bl A Aol A 122
QuPAE $4] ATHs Table 10] LFER vhoh 2k, wigoler
S G 200 A5 L T22% 2
10.9%, A& 1.2%, B=3kE 2.1% 12|31 23)E 85.8% %

ul, T 7ol QFAAOlA AT nY2B0) A9 #—%@eﬁ
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Table 1. Proximate compositions of the fecal solids from RAS fish farm (%)
) Nutrient content
Sample Moisture - —
Protein Lipid Carbohydrate' Ash
Eels' fecal solids 72.2+0.6 10.9+0.2° 1.20.1° 2.1+0.2¢ 85.8+3.12
Rainbow trouts fecal 87.0£2.7 20.5:0.8° 3.240.20 5.4:0.5° 70.9:0.8°
Commercial feed 5.4+0.2 21.0£0.12 1.7£0.1° 36.3+0.12 41.0+0.2°

Nutrient content date were calculated on a dry matter basis. Data with different letters in the same column means significant difference
among different diet treatments (P<0.05). ! Carbohydrate=100-(crude protein+crude lipid+ash).

2 87.0%, A 20.5%, A& 3.2%, ©3E 5.4% 12
31282 T0.9%SIch AFARY S HYTE 5.4%, ZTh
21.0%, AA 1.7%, ©=3H= 36.3% 123l 23E 41.0%=
vebgeh BRTRA SRR AGEE AEARY 28
w2 gago] 21.0%2 FA GOl FAFE) 1Y 0B Hek
A FaPo] 20.5%2 HEARSE oI/ gl 202 ekt
(P<0.05). A 5ol pA o) M A3 1189 0 B0 9 ek
w3 gepo] 20.5%.0H, Wake] P 1Y T Zrhy
AL 10.9% FA NI PAF 1Y 0B ZTh G
2] 7 ekt ofat Aol F o o] Askgit A
2] Zo| Hrkl Folsts ARo| Fefol 4 71213t 2102 A}
2k FAGolp Aol Wy AR Folst
91, WP G AL MRS Folstach. TAAE
ofepAe] MY 0B Lol vt e HPARe ARt =
7] U] PG AT DT CHRF
o] Afol2 LIyl 0.2 AP Bt FA ol 1
G0 T ekl Apg S AEARY ZTND G
o 21%S} B2 ekl H SRAIREA Aol 87K
2 0% olEeh B3 WOl FA GNP 0B 49 82

1

-

S e AR R FUE N EGAAA 7]1E Ao
2 groEich IAERRAe) A7l0k AEL shte da
2 Abg 517 gl A8} A19) AR 272 A glet Aae
SHAbARS Aol Al slabAbR F Rl A Fasl FroloF 7]
ool a8 @] s23E o] Qe A RS U= A A=
ARA Bgo] 7Hsd A= Atm ) o] 9] A AdnEo
A BARARE W XA chal gheFol 18-24% A 7HE =2 A
AS Holtke A4t 417 R Qlok(Huiling et al. 2004;
Seo and Lee, 2011). o|fg A3h 22 7)40] 8.5 g
A glgo] 20.5%2 IR UREA AHo] 15T AoR
ARET E3 AL st e 2 e Gk oA S &
8402 o] §5H A|x B4E A5 gk B 9]
tl(Slater et al., 2009; Xia et al., 2015). whe}A] T2 740] %FA]
1 e EoA= e BlEo] 3.2%% o, Aolef
A 1 2moA= ErdkEd] BlEo] 2.1%E siAk
A19] 36.3%¢°] B4 EA|5] Hol 1P e=S AR dE
EARA o] & A5 TralE Yl Heto] ApA 0w o]

Wl AN goloAl el AHE 1Y 2ol

R4 [¢]
%24 0] & Table 201 Lpehl ule} 20, wifolofA % 3
FLEY A vlae HEEHA e, 252 39.404 ppm
© & 3-87]2%] 100 ppmo|5}gl.om, T 7.759 ppm O & 3
€714 10 ppmo|st= Uebgth B3t 22 HEEA ¢
gron, 7I=H-2 1.539 ppme & &-8-7|F%] 50 ppmO|3}A
31, A2 1.760 ppm 22 3]-87]% 2 ppmo] 3t LFERG T

AN S 1 250 B Hlas HEEHA ke
w, TE2 16.862 ppm 2 5]-8-7|F 100 ppmo| a3 1, -2
2238 ppmo.2 5-87]% 10 ppm olal oAt} Egt 408 A%
E)R] kgrom, 7t=H-2 0482 ppm o E 387|550 ppm
olatgl o, alE-S 0.338 ppm .2 3]-87|% 2 ppmo|5tE
Urebeh ol AT FATNS A FAY 1P 252 S
& AR A A e, 25, 9, 2, 7w LAl Al
BollA 3-871EA] olsk= UEHT o] 24 F+ A 12
EollA] B} 22 W HEEA] gton, W, 7t Ew, A
et 252 AEE AU AR W felEd o] el 9 58
714 olotE UePd o 2 st R d R B 2 A 080 7Hs
g Ao & vreph sEAIRE SRl FAR A3 2= 1
off Wl Al AL emol A HAF R HE w7t =%
d A2 v E AR S4E g 25o] A 2 E o
Uebe 7FsAdol e Ao & AR E|A|RE o]of gk ZpA|gt A

Table 2. Heavy metal of eels and rainbow trout's fecal solids
(PPM, parts per million)

Eels' fecal Rainbow trout's Commercial

Sample solids fecal solids feed
Arsenism N.D.! N.D. N.D.
Chromium 39.404 16.862 N.D.
Plumbum 7.759 2.238 N.D.
Hydrargyrum N.D. N.D. N.D.
Cadmium 1.539 0.482 N.D.
Selenium 1.760 0.338 N.D.

'N.D.: Not Detected.
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Ho] QAT FER| GO Aol A A F R AL eme
A5 TSR L Table 300 LIERA vlok 2. Wolab
% 119 =9 749 Aflatoxin B,, Aflatoxin B,, Aflatoxin G,
“12]3L Aflatoxin G,= 25 HEEA| ¢4%hS™, Ochratoxin,
Amoxixillin 18] 37 Oxytetracycline’e I+ HEE]A] &kt
TN A 118 @ 52 749 Aflatoxin B,, Aflatoxin
B,, Aflatoxin G, “L2| 3L Aflatoxin G, &= B+ HEEA] 48ke
1, Ochratoxin, Amoxixillin 2] 17 Oxytetracycline = X5 73
SR ottt o] 24 wiAto oAt al SRl EofoF A oL
P E| AFFYEL L LE JLof|A] HEo] FA] oo} a4}
AU EY O 2 ARG Qo] XA A2 A7 E A] oF
& Ao g}, ofefat Ak 220 SFAAEA AL
o[ 4] eFol-& ujgtAtR o FAAE H7ISHA] -2 Aol A
HE A& Am T
sa=

HizFol QAL FA GO A 1y 0 5E o 85t St
ArS A3z Table 40f] UreRd BRel 2ok Ad 271 7HA19] 3
T+ FEHE 1150 g9 ik WAook 1Y eE 3
T, FARSOIFAR 1Y e T 19l
1

iy
h2TE=A] Al
Thg AFEAFR LA Z47F 2528 g, 24.98 g 71231 32.16 g©

A

Table 3. Antibiotic of eels Anguila japonica and rainbow trout's
Oncorhynchus mykiss fecal solids (PPB, parts per billion)

Eels' fecal Rainbow trout's Commercial

Sample solids fecal solids feed
Aflatoxin B, N.D.! N.D. N.D.
Aflatoxin B, N.D. N.D. N.D.
Aflatoxin G, N.D. N.D. N.D.
Aflatoxin G, N.D. N.D. N.D.
Ochratoxin A N.D. N.D. N.D.
Amoxixillin N.D. N.D. N.D.
Oxytetracycline N.D. N.D. N.D.

N.D.: Not Detected.

Z%=t - Anisuzzaman Md - Ho)| - 7HA4S

N
=

ofy mn J

2 A 2 H(P<0.05), SH%H(Weight gain, WG)S Z+
119.83%, 115.48% ~12]11 179.65%% LJEFTE LU AGAk
(Specific growth rate, SGR) Wi#o] 118 @&+, F2|7)
o] T QB 78] 1 AHEALR LA ZH2H0.5701, 0.5557 L
2]310.7444%] 01, o] o &L HE Lol A HARA|7F ¢
0] 100% A3t} o] A W] FA 1 E 2=k A7)
TP 17 252 sl A Fofshle f EAE el
v A A A UERRAIRH(P<0.05), /3782 2helgtol o
2} slatAtE fRY o RA o] 87 A= S E T shARE A
Ao] W Aol el Az Qs el Ra AR R Tk
o] G5 SR A2 Al o]2igh Jorslael BE g Heke o
che SRR A o] go] 715T AL

U
>
fu
)
T

o7} ¢l Ao & VRO H(P<0.05), TR AZAIRE S
40.96% % WAook A 11F 053t FA G FAY 1
&0 BlS|A A YERGTHP<0.05). B3 A A 451548
& Fig. 20| Lrebdl upe} Zho] wifoforalig 113 0 Eal 5.2) 7|
SofoFAlAt 11§ 0 Fof| A 212} 35.62%2} 36.80%= 20| 7} 9
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Protein digestibility (%)

Eels's fecal solids Rainbow trout's fecal solids Commercial feed

Fig. 1. Protein digestibility of eels Anguila japonica and rainbow
trout's Oncorhynchus mykiss fecal solids.

Table 4. Monthly changes in biometrics and other growth measurement of Apostichopus japonicus grown in the load different RASs for 8

weeks

Sample Initial mean weight g)  Final mean weight (g)  Weight Gain' (%) SGR? Survival® (%)
Eels' fecal solids 11.50£0.212 25.28+ 0.66° 119.83 0.5701° 100
Rainbow trout's fecal solids 11.50£0.192 24.98+ 0.62° 115.48 0.5557° 100
Commercial feed 11.50+0.20° 32.16+ 0.85° 179.65 0.7444- 100

'Weight Gain (%): [(final fish weight-initial fish weight)/initial fish weight]x100. >SGR (Specific growth rate, %/day)=[(loge final fish
weight-loge initial fish weight)/days]x100. *Survial rate (%): (final fish/initial fish)x100.
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Fig. 2. Lipid digestibility of eels Anguila japonica and rainbow
trout's Oncorhynchus mykiss fecal solids.
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