Kor J Fish Aquat Sci 43(4), 314-319 44, 43(4), 314-319, 2010

= o i=
LT DUEREE e R TN L DR S
FReabaetel AR AL, feelo] Aol ek sk

Evaluation of Dietary Squid Liver Powder-Soy
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This study determined the proper inclusion levels of squid liver powder (SLP) - soy protein concentrate
(SPC) premix as a fish meal (FM) substitute in the diet for juvenile olive flounder (Paralichthys olivaceus).
All the experimental diets were formulated to be isonitrogenous (50% crude protein) and isocaloric (17.1
kJ energy g'l diet). Five diets were formulated with SLP-(SPC) replacing 0, 25, 50, 75, and 100% of
the FM (SLP (SPC)o, SLP (SPC)s, SLP (SPC)so, SLP (SPC)7s, and SLP (SPC)i¢0, respectively). Triplicate
groups of 12 fish averaging 5.56+0.10 g (mean+SD) were fed one of the five experimental diets for 7
weeks. The weight gain (WG), specific growth rate (SGR), feed efficiency (FE), and protein efficiency
ratio (PER) of fish fed SLP (SPC), were significantly (P<0.05) higher than those of fish fed SLP (SPC)so,
SLP (SPC)7s and SLP (SPC)00, while those of fish fed SLP (SPC)y and SLP (SPC),s were similar. The
whole-body crude protein content of fish fed SLP (SPC), was significantly (P<0.05) lower than that of
fish fed SLP (SPC)so, SLP (SPC)7s, and SLP(SPC)i0, while those of fish fed SLP (SPC), and SLP (SPC)s
were similar. The whole-body crude lipid of fish fed SLP (SPC), was significantly (P<0.05) lower than
that of fish fed SLP (SPC)so and SLP (SPC)s, while those of fish fed SLP (SPC),, SLP (SPC)s and
SLP (SPC)ioo were similar. Based on the fish growth performance results obtained from this study, the
SLP (SPC) premix can substitute up to 25% of the FM in the diets of juvenile olive flounder.
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}\1 = (Médale et al., 1998; Mambrini et al., 1999; Kissil et al., 2000).

o) 57& 55 (Soy protein concentrate, SPC)> &4 Ul F-& S Ao ZH5- (Squid liver powder, SLP)S €. o] 9] 73114
dlo] 2 (Defatted soy flakes)ol] | EH-E Ei= HESS ©]-8-31 oA HAEW Ax, 9 7 AN 58 o] &ale] ksl
AatEl = Aow okl Skao] 65~70% (Lusas and Riaz, 517 98te] et B3R E] AAE = AlE o 2 M
1995)= ojFutell whd ghak d6%coll mlste] v ShEo]l  ojmio) mjsle] vl dlefo] ylo} Fukwl Al o & AFRE Y
A5 F2 Zlo] SAolty. EFL SPCE FFEIA po= ARy 5-10%rFo R Fu AHEAA D "o R
(Antinutritionals factor)t} 7}-8-4 &5388 I HAF4E AA AFEE a1 9= AA ot} SLP AL o F-Eo] ) FHFS- AL
AZIAY B 28 3E AZIAE, SRR (phytic acid)e] 85 sko = sLpe] zwbm dheko] 50% o] U|E §x]8ke] AbEu
= =843}t AI71A X (Bureau et al, 1998; Storebakken o] hul g gl o maje] dGo] o} L HEE Wor} o]
et al, 2000). of°ll whe} Ak B d ek SPCE o83l oS =g o) Zojel 7 Bobgow spAo] Al "rhd o] B
At = B2 A7 g FFA o] FolA skt S jalste] AREEE 4= glE Tl gl 3hu s} Al e Hleloh
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2 Ao A APALE ] Wi et YW Table
1o JeERRlow, e 500%, oluX] 17.1 kl/ge2 A 78}
Aot (Kim et al., 2009). AgALE o] T A0 2 fish meal,
corn gluten meal, wheat gluten meal, soybean meal, SLPE A}-&
skl om, XA O 2= salmon crude oilS EHFE3lEIO R
+ dextrin, wheat flourS AF&3FA . 1 9] cellulose, krill
meal, &3 HIEFRIA B £33} wU|EAE AFESIITE A
o ALg¥ SLPY] ARZAL AE 7|5 20 564%, ZA
18.4% % Z3|2 5.6%= AFAEE Control; FM 100%,
SLP(SPC),s5; FM 75%+SLP (SPC) 25%, SLP (SPC)s; FM
50%+SLP (SPC) 50%, SLP (SPC)ss; FM 25%+SLP (SPC) 75%,
SLP (SPC)i; SLP (SPC) 100%E 5 714 A3 Al2E AR S

o] &-3fo] A 23 T 20C PEarel BASAM I3k
o4 %4

oA SA4L A Tu §, AEES SH5] st 24/\1
7 A2 A 7130 MS-222 (100 ppm)E PFHA A AAFA =
Attt FA 54 & A& (WG, %), 4448 (SGR
%/day), TH A A B E & (PER) AVEE S (FE, %), W= (CF)
92 BEE (survival rate, %) ZAFEIAT § A FEE9]

Ak e vhest g,

Weight gain (WG, %) = (final wt. - initial wt.)x100/initial wt.
Feed efficiency (FE, %) = (wet weight gain / dry feed intake)x100
Specific growth rate (SGR, %)=(loge final wt.-loge initial
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wt.)x100/days
Protein efficiency ratio (PER) = (wet weight gain / protein intake)
Condition factor (CF) = [fish wt. (g)/(fish length (cm))3]X100

Table 1. Composition(% of dry matter basis) of the
experimental diets for juvenile olive flounder

Ingredient Diets

Control ~ SLP(SPCls  SLP(SPC  SLP(SPC)s  SLP(SPChino

Fish meal’ 40.0 300 20.0 10.0 0.0
SLP(SPCY’ 0.0 122 244 36.6 48.8
Wheat gluten mea® 171 1741 1741 1741 171
Wheat flour’ 15.0 125 10.0 75 50
Dextrin® 9.2 8.9 8.5 8.1 77
Com gluten meal’ 4.7 52 57 6.3 6.8
Soybean meal’ 5.0 5.0 5.0 5.0 5.0
Salmon crude oil’ 6.0 438 3.6 24 1.2
Vitamin premix.5 1.0 1.0 1.0 1.0 1.0
Mineral premix.6 1.0 1.0 1.0 1.0 1.0
Cellulose 0.0 13 27 4.0 54
Krill meal’ 1.0 1.0 1.0 1.0 1.0
Proximate analysis
Moisture 17.0 15.5 15.6 142 15.7
Crude protein 52.2 49.6 48.7 494 494
Crude lipid 1.7 1.6 1.3 1.8 11.6
Crude ash 72 6.6 5.7 52 39

l’3Suhyub feed Co. Ltd. Uiryeong, Korea.

2 CMP Plant, Seoul, Korea.

*Abank21 Co., Ltd., Busan, Korea.

*Contains (as mg/kg in diets) : Ascobic acid, 300; dl-Calcium
pantothenate, 150; Choline bitartrate, 3000; Inositol, 150;
Menadione, 6; Niacian, 150; Pyridoxine-HC], 15; Riboflavin,
30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201;
Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; Vit. By, 0.06.

®Contains (as mg/kg in 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.

A
ANbg S APAE S 7F FEEE suhE ) R E &
3] g HolHE AREE F43I%em, AOAC
(Association of Official Analytical Chemists, 2000)‘['”%4 o u}z}
T AATEAZRY (135, 2A1%)), 292 Kjeldahl
A (Nx6.25), 232 AR 3]sy, =402 &S
12A]17F &2 %3 & Soxtec system 1046 (Tacator AB,
Sweden) S AM&3}0] soxhlet FZH o= 77 BA it
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2] (hematocrit, PCV), 21875 (red blood cell, RBC) 2 & 44
% (hemoglobin, Hb)Z #A131ith A7) BA1S 93}
o] 3 GG 3L uA 7} e HA] Fo LA R B
2l A2 3023 WA § 3,000 rpmell A 1027 LA
glsto] W sk A 16A13F ojujol E4 skt I
& FelEA7] CH 100 (HdmH &, 3h=)& o] 8-8t] GOT
(glutamate oxaloacetate transaminase), GPT (glutamate pyruvate

=

¢
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transaminase)+= Kinetic "$'"H &2, T-P (total protein), glucose,
cholesterol End-Point ®'HS o]-&3le] 413150

Table 2. Weight gain (WG), specific growth rate (SGR), feed
efficiency (FE), protein efficiency ratio (PER) and survival
rate of juvenile olive flounder fed experimental diets for 7
weeks'

Diets’ Pooled
Control SLP(SPC)s SLP(SPCJsy SLP(SPC)s SLPISPC)oy SEM’
WG (%) 385 362 37 323 264" 133
SGR® 376° 3647 345 34% 307 007
FE (%)° " 107 97.1° %3 82.0° 3.34
PER’ 228 2147 194" 1.93° 164 007
CF® 083 077 079 080 0.76 0.01
Survival rate (%) 100 100 100 100 100

'Values are means of triplicate groups, and values in the
same row with different superscripts are significantly
different (P<0.05).

*Control; FM 100%+SLP 0%, SLP(SPC).s; FM 75%+SLP
25%, SLP(SPC)so; FM 50%+SLP 50%, SLP(SPC)7s; FM
25%+SLP 75%, SLP(SPC)i00; FM 0%+SLP 100%

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

“Weight gain (%) : [(final wt.(g)-initial wt.(g))/initial wt.(g)]x100.

5Speciﬁc growth rate : [log. (final wt.)-log. (initial wt.)/days]x100.

‘Feed efficiency (%) : (wet weight gain/dry feed intake)x100.

"Protein efficiency ratio : wet wt. gain / protein intake.

$Condition factor : [fish wt. (g) / (fish length (cm))*1x100.

’Survial rate (%) : (final fish / initial fish)x100.

Table 3. Whole body composition (% of dry matter ba51s)
of juvenile olive flounder fed experimental diets for 7 weeks'

Diets” Pooled

Composition 3

Control  SLP(SPChs  SLP(SPCls  SLP(SPCls  SLP(SPC)iy  SEM
Moisture 758 76.2 76.0 758 76.3 0.15
Crude protein ~ 625° 692" 706° 69.1° 736° 1.04
Crude lipid 102 126™ 134* 13¢° 116" 0.38
Crude ash 162 157 147 136° 129 0.36

'Values are means pooled SEM from triplicate groups of
five pooled fish. Means in each row with a different
superscript are significantly different (P<0.05).

*Control; FM 100%+SLP 0%, SLP(SPC).s; FM 75%+SLP
25%, SLP(SPC)so; FM 50%+SLP 50%, SLP(SPC)ss; FM
25%+SLP 75%, SLP(SPC)io; FM 0%+SLP 100%

*Pooled standard error of mean : SD/v/n.

o) FE o D UG WS

BE A59 FAA 2= Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)Z #4224 (ANOVA
test)S AAste] HARFx A (LSD: Least Significant
Difference) 2.2 B kS| 72144 (P<0.05)S A4

A
Z 77X SPC Ag-3te AJ4kgh SLPE dUldo 2 AN
929 4% AF}Z Table 20 LEFHATE WG, FE, SGR
2 PERY §lo] A SLP (SPC)yss &F3F A3 = thx 79
v ste] §-9)3k 2ol 2 Hol#] ¢ko}, SLP (SPC)so, SLP
(SPC);s 2 SLP (SPC)ipE F3 3 Aol oM =+
of nlste] folhA W& S YEMAT (P<0.05). 18|31
WG 2 SGRol| 9JoJ A+ SLP (SPC)sE 333 A8 F7} SLP
(SPC);s 2 SLP (SPC)ipE F3 3 AP} folslA =2
S YJERNITE (P<0.05). B3 FE 2 PER®] 91o] A& SLP
(SPC)sS 333 237} SLP (SPCipE a3 A3 H
ot Fosh A =L e JERISITH (P<0.05). CFoll AA &=
0.76~0.83= A FF3ko] fro]gk xfo] & KHolA| eFfon, A
EE (Survival rate, %) 22 A E 7o) 100%S LERAC
zto]l & HolA] gkt
77 &< SPCE ©]8-3}e] A4kgt SLPE o] &3l ALS3
1 230 W3} Table 39 YERASIT
o]l 9loJA] SLP (SPC)sy, SLP (SPC);s 2 SLP (SPC)io0 S
ek AP gzt vlste] frolshA & ks dER
© 1(P<0.05), SLP(SPC)25§ THe Aol o= o
Z79b f-28 2ol 5 HolX

_\3

it RS O‘OW—E SLP
(SPC),s & SLP (SPCyrs5 353 AP F7F djx7-o B3t
oAl =& 7S YR e (P<0.05), 1% SLP (SPC)s
2 SLp (SPC)IOO AP F= d2To HEte] folg Aol &
Holx| gkofr}, Z3| ol glo]A = SLP (SPC)ss, SLP (SPC)ss
2 SLP (SPCie AP T7F tZTol Hlgte] frofatA we
e YERRI o} (P<0.05), SLP (SPC)ys A& th1-9}
frol gk atol & Holx] kit

7T S AIAEE AFHT dAY g d I AR
W3}= Table 40 YeERd wie} 2o A pCVE SLP
(SPO)os v AP7F =R frolshA %2 @t
YUEFAT (P<0.05). &) Hbell 1o 4= SLP (SPC)so, SLP
(SPC);s & SLP (SPC)ipE =3 ATV =71} Fo
Al 2 #hs YERII S (P<0.05), SLP (SPC)sE &+ SF
APF7F gz Hlgto] {ogtA ws dhs JERITY
(P<0.05). 834 GOTl 2)eJA1+&= SLP (SPC)so, SLP (SPC)ss
9 SLP (SPCliwE &F e AE 7 =710} FrolstA =
ko™ (P<0.05), SLP (SPC)sZ T3 AdtE =9
o3k abo) 5 oA skt " GPTol QoA A9
Tl frol sk 2folE Bo|X| grgkt). 1t ¥ I RBCO
21014 = SLP (SPC)s & SLP (SPQ)i0oE &9 Ag+7}
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A o7] JA Abge] of & ti Al o= x o

Uzl Agtels fog atols Holx| &gkttt 3
Cholestrololl 21014+ SLP (SPC)seZ &3 A&7} th=+
off Hlglo] FoJ3tAl w2 #S YERA S (P<0.05), L
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Table 4. Serological characteristics of juvenile olive flounder
fed experimental diets for 7 weeks'

Diets®

Pooled

Control SLP(SM)s SLP(SM)sy SLP(SM)zs SLP(SPCioo SEM®

PCV (%)* 184° 233  250° 228 26.1° 057
Hb® 9.85° 935 110 10.8° 12.0° 0.36
GOT (luny 667° 667° 11.0° 11.0° 12.0° 0.52
GPT (luy’ 633 433 9.00 6.33 8.00 0.68
RBC (mg/d)® 253" 248" 285"  293° 3.00° 0.09
Chol (mg/dl)® 161°  166®  187° 173% 168% 276
TP (g/dl)” 237 217 2.33 213 247 0.04

Glucose (g/d) 28.7° 247°  36.7° 3174 337 0.65

'Values are means pooled SEM from triplicate groups of
three pooled blood. Means in each row with a different
superscript are significantly different (P<0.05).

*Control; FM 100%+SLP 0%, SLP(SPC).s; FM 75%+SLP
25%, SLP(SPC)so; FM 50%+SLP 50%, SLP(SPC)7s; FM
25%+SLP 75%, SLP(SPC)io0; FM 0%+SLP 100%.

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

*PCV (%) = Hematocrit.

*Hemoglobin.

’Glutamic oxaloacetic transaminase. One unit is defined as
the amount of enzyme causing the transamination of 1.0
umol of L-aspartate per minute at 25°C and pH 7.4.

’Glutamic pyruvic transaminase. One unit is defined as the
amount of enzyme causing the transamination of 1.0 umol
of L-alanine per minute at 25°C and pH 7.4.

*Red blood cell.

’Cholesterol.

"Total protein.
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83 A9 FAE H AFRE S oA oS 25%7HA Al
7} FPsd Ao s AlmEolAn, B EJ’]"E Kim et al. (2009)2]
AT Ao} fALe S BT EE BT YA AR
Wl SLPE o] 88 A5 SAE AhEgOﬂH 10%7HA4] o] &
o A7F 7hed Aol Bzt dlth (Cho et al, 2005).

SLP= zg/_]-tﬂll fei3=13 ] 40%T] o2 E]_E =B r/]-ﬁuz]
AtaEo] vlste] 1 §heFo] vto} T2 felA| Bl 7154 T3
S 93 HAUHAR 8 =7F =) (Kim et al., 2009). 3}#|qk

FETYE o] goto] YA 2 gofhite] P} 317
& APl AHgH SPCE 0] 83 SLPE 57.8% (BT )=
7159 diFkS o] 88kl Ak SLPRTE k) gego] Eo
nE ol iAoz 8Tt & AOR ARdth

& ARl AR SPC= thFEel wlsl it A FA

A

| AZ7E A A= o] SLP LA ol AREE 79 o i iAo
2 O]&A 2 ] oS A F ds AR Alud
oh g SpCRt W o o] §A] HA A o 25% Tt
A A7) 7hsslth 3F AL (Deng et al., 2006), Ef 5ol A B3k
25%7HA A7F Zhsettkal s ojx] dth (Day and
Gonzilez, 2000). Z19] WA 8 (Berge et al., 1999), thA]
&k o] (Reftie et al., 2001), 4] (Escaffre et al., 1997), 2] 7}
%0] (Médale et al., 1998; Mambrini et al., 1999) % A|u|Z
FA (Aragdo et al., 2003)°1A 40~75% FE7HA] oS
oA & 5 doke E]_J—.7}- A ATt

kA RE o] SPCE ARY| AMS ?ﬂ} A5 AR THE
ol xlth= Birt o, AEo] fadths Bt 9l
(Kissil et al., 2000; Aragdo et al., 2003). Z=3F, A3 SPC]
A5 opm gt o] EF Aol g dIAE A
gorzg XMAgo] Aty ti= Bil7l 9t} (Francis et al.,
2001). SFAIRE 2 Ao AREH SPCE o AL AA 54
AFow ggel & F3& 71X Lm} Ao w Alm ¥

Sim et al. (1995)9] Ko w2 FXx|o Ao 24 gntE
A EFAE 21.543.7% 02 2 A3 9] 184~26.1%% FALEH
TS B o Alexis et al. (1985)2] FX|71 Sout 437
o, detyjolol Al SHZLE TS W kS YeRI &
VEIZESFRE oFHE Aol7t Y= o AR
Ak ANy s RIFEN S 9.35~12.0 d/ALE YEFGEH
o] Sim et al. (1995)7} H.i18ke} Yo A o] B-& 30%=
A g A7} 5.4840.06 d/dL FETE E A e dRbH o
2 A% o F FEFEN F2 10 ddL Axga B
(Post, 1983)8}aL glom, o} A &= o) Fol thate] A9l ghe
SHEA g k. 2y BFEFdae] 2 % o T
w2 AN S A el meks B WskE THAE
4 A} A TF (Murai et al., 1982; Cowey et al., 1983; Wilson
et al., 1984; Munkittrick and Leatheland, 1983; Eaton et al,
1984; Mosconi-Bac, 1987; Babin 1987a,b; Garrido et al., 1990).
g3 GOTS GPTY 749 gtojup ATAE Foll ®¥Eehe=
ofu) 7] AoRkg-S ZHvljstE a4 dFo R HAFA o
Fse7t AN A7 E4E G AR 4ol vE
g o AR PEEo] % F=T} %io}xlﬂl lﬂ‘ji k!
W ol 549 FFoR (KX &4 F7E gt

HI
M

A= A FE T 4 =4 (Gordon, 1968), ¥ *—EIQOH/\H g3
GOToll 1ojA o8 50% o] thAg APfN e =2

Baks YeEiglon®E 7t 75l 9 VA= AoR AR
A0, Kim et al. (2009)8] Hzol] w2 A&7k 7o)
JEFS 71X A 2 Aoz AlrE o] Rl wE g
S WA ke glow AlmHh
upebA, 2]0]7] |2 AbEd] SPCE &
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