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Optimum Dietary Lipid Level and Feeding Rates of Extruded Pellets in
Juvenile Flounder Paralichthys olivaceus during the Summer Season
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We evaluated the optimum dietary lipid level and feeding rates of extruded pellets (EP) in juvenile flounder
Paralichthys olivaceus during the summer season. The first experiment was conducted to determine the optimum
dietary lipid level in juvenile flounder. Five isonitrogenous EP (52% crude protein) with increasing dietary lipids
(6, 8, 10, 12 and 14%) were fed to satiety to triplicate groups of the juveniles (18.4+0.11g) twice a day for 6 weeks.
Weight gain (WG) of fish fed EP with 10% lipid was significantly higher than those of fish fed EP with 6 and
14% lipid (P<0.05). Broken line model analysis suggested that the optimum dietary lipid level could be
9.08+0.37% for the maximum WG in juvenile flounder. The second experiment was conducted to determine the
optimum feeding rate using experimental diet contained 10% lipid level that had the highest WG in first exper-
iment, The feed intake of triplicate groups of the juveniles (13.4+0.15g) was restricted to four different feeding
rates of 2.0, 2.5, 3.0 and 3.5% of their body weight day” and to satiation using experimental diets. WG and feed
efficiency (FE) of fish was affected by feeding rates. WG and specific growth rate of fish fed the diets increased
with increasing feeding rate, however no significant differences (P>0.05) in WG and specific growth rate were
observed between the fish fed 3.5% of their body weight day™' and to satiation. FE of fish fed 3.5% of their body
weight day™' was significantly higher than those of fish fed 2.0% of their body weight day™ and to satiation (P<0.05).
Broken line model analysis suggested that the optimum dietary feeding rate could be 3.56+0.06 % for the max-
imum WG in juvenile flounder. These results indicated that the optimum lipid level and feeding rate could be
9~10% (Energy: 4,774kcal and P/E ratio: 108mg protein/keal in diet) and 3.5% of their body weight day™ in juve-
nile flounder, respectively.
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Table 1. Composition, proximate analysis, energy and protein to energy ratio of the experimental diets for olive flounder

Ingredients Diets (%)

L6 L8 L10 L12 L14
White fish meal’ 61.0 61.0 61.0 61.0 61.0
Corn gluten meal® 8.00 8.00 8.00 8.00 8.00
Soybean meal® 4.00 4.00 4.00 4.00 4.00
Wheat flour’ 23.2 21.0 19.0 16.9 14.9
Squid liver oil® - 2.20 4.20 6.30 8.30
Vitamin mixture 1.20 1.20 1.20 1.20 1.20
Mineral mixture? 0.80 0.80 0.80 0.80 0.80
Lecithin® 0.80 0.80 0.80 0.80 0.80
Attractant? 1.00 1.00 1.00 1.00 1.00
Proximate analysis (%, dry matter basis)
Moisture 7.82 7.74 7.70 7.63 7.61
Crude protein 523 519 51.7 51.3 51.1
Crude fat 5.93 8.02 10.1 12.2 14.3
Crude ash 12.0 12.0 11.8 11.9 11.8
Energy & Protein to Energy ratio
Energy (kcal) 4,547 4,622 4,774 4,921 5,064
Protein/Energy(mg protein/kcal) 116 112 108 104 101

'L6, Dietary lipid level 6%; 1.8, Dietary lipid level 8%; L10, Dietary lipid level 10%; L12, Dietary lipid level 12%; L6, Dietary lipid
level 14%.
*Suhyup feeds Co., Ltd., Uiryeong, Korea.
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WG), Y7Hd7-E(specific growth rate, SGR), AF& F & (feed
efficiency, FE), T2 74% & & (protein efficiency ratio, PER),
Fe=A)(hepatosomatic index, HSI), H]2F= (condition factor,
CF) ¥ AE& (survival rate, %)= ZARIGLE 253455 ¢
o zh xR kY a5k 7 §AE ST
7] 53 552 AL vt 2

Weight gain (%) = (final weight —
weight

Specific growth rate (%/day)= (log. final weight —
weight) / days

Feed efficiency (%) = (wet weight gain / dry feed intake) x 100

Protein efficiency ratio = (wet weight gain / protein intake)

initial weight ) x 100 / initial

log. initial

Hepatosomatic index = (liver weight / body weight) x 100
Condition factor = [fish weight (g) / fish length (cm)*] x 100

FEER sl FAE

gon, AOAC(Assoc1at10n of
Official Analytical Chemists, 2000y ol] w2} =52 744 <=
3 A 27)(CeraX, Korea)E o831 4714902 (135°C,
277, A E 22 7] (Tecator kjeltec 1030 analyzer,
Sweden)Z 8351 kjeldahl 2 A (N%6.25), Z3|H-2 3
3} (Yj-8500D, Korea)s ©]g3to] gd3|siyoz H-431%
o 2AALE AES 1241 T4 Ax3 $F, soxtec system
1046(Tecator AB, Sweden)S A28} soxhlet FEHOZE &
Aaigict, 58 ol Ak opn| At 78 #497](The Biochrom
30 series, England)Z ©]-83}°] Ninhydrini 22 #4310}
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HAAZTE 5, 558 A &7 SRR 4S8 st A
FoAE N3] A7HA] oF 2417 Bt HAAZT AHoiE
7t gy FAR 5% T d3)E FAPE ol %
sto] Ao} e v Hollx] GRS 2831 micro- hematocrit
2 (Brown, 1980)°l 23l 3lwHE 2] E (hematocrit, PCV)S
sl on, FAlel Drabkin’s &g A8t cyan-
methemoglobin ¥ (Sigma Chemical, St. Louis MO; total
hemoglobin procedure No. 525)2.% 3| &2 2% (hemoglobin,
HbyS S7d3I5it. AR £4S fjate] At dA e &
SIAZE HjHA] S AalEe el Wil el 3083t W
28k 2 3,000 rppmeliA] 1087+ A4liglslo] YR BEhEA
16413t ojufiel] EX3t5ir}. BAAE-2 dHEA7] CH 100(Hh
Folg sk o]83t%] GOT (glutamate oxaloacetate
transaminase), GPT (glutamate pyruvate transaminase)™ Kinetic
WO F TP (total protein), Glucose, T-G (triglyceride), Calcium,
Phosphorusi= End-Point S 0|83} £-43815ct.
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(ANOVA testy2 AA1$F ¥, Duncan’s multiple range test® 3
_,—.,L7}g] %g])ﬂ& 74x—]3]_od1;]_ j-a-]— ;H;Hx]g__]_ -8Lakg] }\-11'1_‘:2_
FAZFE A EZ broken-line model(Robbins et al., 1979y 9]
8310 S43ITHSAS procedure NLIN, 2002).
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Table 2. Growth performance of juvenile olive flounder fed dietary five lipid levels for 6 weeks'

Diets®
L6 L8 L10 L12 L14 Pooled SEM’
Initial weight (g/fish) 18.4 18.4 18.4 18.4 18.4 0.03
Final weight (g/fish) 48.7° 56.6° 59.0° 55.7% 52.8" 1.06
WG (%)* 165° 208? 220 203% 187° 5.67
SGR (%)’ 2.26¢ 2.69° 2.82° 2.65% 2.50° 0.06
FE (%)° 17° 126* 129° 124% 120 1.35
PER’ 2.25¢ 2.43° 2.49° 2.39% 230" 0.03
HSI® 1.43 1.54 1.49 1.55 1.60 0.03
CF° 1.01 1.03 1.08 1.05 1.02 0.01
Survival rate (%) 80.0 75.6 84.4 83.3 711 2.08

'"Values are means of triplicate groups values in the same row with different superscripts are significantly different (P<0.05) as deter-

mined by Duncan method.
Refer to table 1.

3Pooled standard error of mean: SD/¥vn , n = 3 replicated tanks of fish per.
fWeight gain (%) : [final wt. (g) — initial wt. (g) / initial wt. (g)] x 100.

Specific growth rate : [log. final wt. (g) —
®Feed efficiency (%) :
"Protein efficiency ratio : wet wt. gain / protein intake.

¥Hepatosomatic index : (liver wt. (g) / body wt. (g) x 100.

°Condition factor : [fish wt. (g) / fish length (cm)’] x 100.

log. initial wt. (g) / days] x 100.
(wet weight gain / dry feed intake) x 100.
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Fig. 1. Broken line analysis of weight gain (WG, %) to the dietary
lipid levels in juvenile olive flounder.
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Table 3. Proximate composition of whole body of juvenile olive flounder

. Diets (%)
Composition 73 T T3 0) T3 17 Pooled SEM?
Moisture 76.6 76.2 75.6 753 75.8 1.10
Crude protein 17.5 17.3 17.1 17.1 16.9 0.52
Crude fat 2.43° 2.86° 2.97% 3.16 37 0.23
Crude ash 3.82 3.86 3.81 3.91 3.93 0.30

Refer table 1.
?pooled standard error of mean : SD/vn.
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Table 4. Serological characteristics of juvenile olive flounder fed five experimental diets for 6 weeks'

Diets*
6 3 L10 L2 Lia Pooled SEM’

PCV (%) 345 356 347 763 733 017
Hb’ 6.70 6.85 6.43 6.78 6.35 0.34
GOT (IU/L)’ 431 372 413 39.2 576 5.78
GPT (IULY 8.10 7.10 7.60 7.30 8.40 2.16
TG (mg/dL)* 332 3520 368% 387° 383° 295

T-Chol (mg/dL)’ 21 230 24 235 246 16.7

TP (¢/dL)" 435 442 443 438 437 0.13
Glucose (g/dL) 295 248 217 232 273 442

"Values are means pooled SEM from triplicate groups of three pooled blood. Means in each row with a different superscript are sig-

nificantly different (P<0.05).

’Refer table 1.

*Pooled standard error of mean : SD/Vvn.
*PCV (%) = Haematocrit.

*Hb (g/dl) = Hemoglobin.

“Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol of L-aspartate

per minute at 25°C and pH 7.4.

"Glutamic pyruvic transaminase, One unit is defined as the amount of
minute at 25°C and pH 74.

Triglyceride.

*Tota! cholesterol.

®Total protein.

Table 5. Growth performance of juvenile olive flounder fed dietary five lipid levels for 6 weeks

enzyme causing the transamination of 1.0 pmol of L-alanine per

1

Diets*
D20 D25 D30 D35 DS Pooled SEM’

Initial weight (g/fish) 13.4 13.4 13.4 134 13.5 0.04
Final weight (g/fish) 31.0¢ 38.4° 43,9 51.9° 52.6° 221
WG (%) 132¢ 187 229° 287° 290° 16.3

SGR (%) 2.34¢ 3.11¢ 3.60° 418 4.21° 0.19
FE (%)° 133° 144° 143%* 149° 132° 2.16
PER’ 1.81° 2.08° 2.09% 2.23° 1.97° 0.04
HSP? 1.49 1.66 1.47 1.60 1.60 0.04
CF’ 1.01 0.99 1.03 1.07 1.05 0.01
Survival rate (%) 97.8 944 96.7 95.6 944 1.00

'"Walues are means of triplicate groups values in the same row with different superscripts are significantly different (P<0.05) as deter-

mined by Duncan method.

’D2.0, Feeding rate 2.0%; D2.5, Feeding rate 2.5%; D3.0, Feeding rate 3.0%; D3.5, Feeding rate 3.5%; DS, Feeding satiatin rate.
’Pooled standard error of mean: SD/vvn , n = 3 replicated tanks of fish per.

*Weight gain (%) : [final wt. (g) — initial wt. (g) / initial wt. (g)] *
Specific growth rate : [log. final wt. (g) — log, initial wt. (g)/days]
*Feed efficiency (%) : (wet weight gain / dry feed intake) x 100.
’Protein efficiency ratio : wet wt. gain / protein intake.
¥Hepatosomatic index : (liver wt. (g) / body wt. {(g) x 100.
°Condition factor : [fish wt. (g) / fish length (cm)’] x 100.
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4] ¢k9)tH Table 5, 6). Broken line model 418 &3 At
43g A% oFH dA R o] WIFALE(CP: 52%, LP: 10%,
Energy: 4,774 kcal, P/E ratio: 108mg protein/kcal)®] 274 A}
HEFEE AF T 3.56£0.06%% VERITHFig. 2). Ao

o HOLT

100.
x 100.
Aol de] 8, 2, 224 W 22 BE 4IT

oA fol8Ql 2o]7} LehbA) Skkeh.
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ofFdedel ] Absl A AT F7He AolAle] A
Soll g vl 549 AT 2AE 5 Adw S}

(Cowey, 1993), AAEZS kst AT FY 5 Utk o
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Table 6. Proximate composition of whole body of juvenile olive flounder

.. Diets(%)" ,
Composition D30 D33 530 B33 DS Pooled SEM
Moisture 75.3 75.0 74.9 74.2 72.1 1.01
Crude protein 171 17.0 17.3 17.5 17.6 0.31
Crude fat 2.78 2.76 2.81 2.85 2.86 0.12
Crude ash 3.77 3.80 3.82 3.84 3.80 0.15

'Refer table 5.
2Pooled standard error of mean : SD/Vn.

350
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Fig 2. Broken line analysis of weight gain (WG, %) to the dietary
feeding rates in juvenile olive flounder.
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2 oA Ael mi7IE Ay A AR St o}
2} Al SR AS B, o3 Ao |l (Kikuchi
et al., 2000) % E}E-(Regost et al., 2001)o4 9} ARSI 71
g1 gxleflA] x| de] Algel B FFEAS B¢ FAEARA
it oy} 2k S5 XA 9] o] Tkl AR #
A7} e 4 Qe Aoz By vl loj(Sato, 1998), AME
g g Aol Fo)sllok & H a7} 3t Broken line model £4
< 53 Ho 4ES % 45H g9xAX] wrES AF
A2 TR 9.08+0.37%= YEFTE

oJF2] el FES nA = T2 FHJAAR] T=2TH(Brett
et al,, 1969), AFE.2] FoFsrAQl ofjuix| g AlgFH3el 9
8kS wX|X 2 (Cho and Bureau, 1998), AlE FolAAE &8
Aoz feElsh] Asixe A R B ot ofef]
= AR T RS A Aol st Ay @A 52%
ofl XA 10%E /3 ALRZ(P/E ratio; 108mg protein/kcal)
67 THE A3 F5E U YIVIFES AR T EE) ol
ol met 7T oAlE 9§ 3.5% 2 I AT eIAF
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G 4.0% TE)eIAE BAHEE A4S 2. o9} 2 Al
FEY AN EE LS AR T EH wt Skt ZAt
Hashe AEs Bk AAAF T 2.5~3.5% AETFHNA 7t
4 Eokom 20% 9 WHETE Al ESo] WA Uehdt. o]
2ldt A= o], FANEC], Aol 5 ofg] oFolM e Axt
2} FA18I3HCho and Bureau, 1998; Eroldogan et al., 2004).
Broken line model #-4]5 &gt ] 434S {s 54 o
A 52%, A2 10% (Energy: 4,774 kcal, P/E ratio; 108 mg protein/
keal)E $H3F Hx]xo] Wigr bR AA AR TFEE AT
F 3.56+0.06%2 2 LJERGTE

wEbA, & ATE Fok] 45d gX1X]01(10~50 g) HIFEA
59 AAR)A 2 9-10%(P/E ratio; 108 mg protein/kcal)
g, o] Al=el tidt APALE IHZE AT F 3.5% U9
7} 9 Ao Algdn}

(=) (=] 3
il =

0,@ e

B A7E A5 gA Ao vigritae] FY A Aske
3 AR FESS sk o 230 gt} A4 2|13
APoM APrEE AlEY] DRATERL 52%E FUSHA 2
Z31 XA 6 8,10, 12, 14%7} HEZ A7 sigich. HTF
FA 184£0.11 g (mean=SD)R! HA] X|AE 300 L Alzkrzol
3onkely g3k Zh AP o7 677 Arslsion,
AR B B 522 2125°cgnh A8 258, 9
AFE, AlERES 9 A8 a &2 AE AAg0] A}
T 2|2 ko] 89%(L8) D 10%(L10)2] ABTF7} 6, 14%S)
ARGHT FoA 02 F3om(P<0.05), ALEU A o)
12%] APTeh= FA3Q o)zt veRbA] ¢ttt Broken
line model #4-5 S8 o] 43S A 52 dx1x]o uj
LR A A L 9.08+0.37%F AlEE). BA T
& Aol 27 AATF Al At 7HE 3
d L10& ARS8l Alm33%E oAl F 9 20, 25, 3.0, 3.5%
T8y PEEFoR o7 677 At Aol 3
TFFA 13.4£0.15 g (mean+SD)R! W] X5 300 L A%
of] 2z} 30mEly Sg3to] ZF AP 3RO R XS L
o, 48717 F FHF 22 21-25°CH T A AlRT I
ARA, TF5E, QIIFEL AlETFH] T7ESE 79
Ao 7 A JeRFATHP<0.05), AR EFe0] oA1E o 3.5%
9} g AAFOIAFE F 4.0% Ty AR xlojr} Vel
U4} 933FTH(Table 6). Broken line model ¥-4-S £3t Fth A
2e A% 954 A 52%, 22 10% (P/E ratio; 108 mg
proteinkcal)& 33t GX|X]o] wizirlEe] Y AlRTHES
AxF T 3.56:0.062 AtR ) Wb, £ ATE 53] 3
A GX|X]01(10~50 g) BiEALE 2] 444 Bk 9~10% (Energy:
4,774 keal, P/E ratio; 108 mg protein/kcal)L] <], ojol] thdt 2 A}
BZFHL oAE F 3.5% WUt 2 Ao Algdrt.

—
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