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Optimum Feeding Rate for Sub-adult Olive Flounder (384 g)
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We investigated the effects of feeding rate on the growth, blood components, and histology of sub-adult olive floun-
der Paralichthys olivaceus. Optimum feeding rate (initial fish mean weight : 384.2+5.91 g ) was determined under the
optimum water temperature. Two replicated groups of fish were fed a commercial diet at rates of 0%, 0.3%, 0.5%, and
0.7% body weight (BW) per day, and to satiation. The feeding trial was conducted using a flow-through system with
ten 1.2-metric ton aquaria receiving filtered seawater at 20-24.5°C for 3 weeks. After the feeding trial, the weight gain
(WQ) and specific growth rate (SGR) were significantly higher in fish fed at 0.7% BW/day and those fed to satiation
(0.9% BW/day) than in fish fed at other feeding rates or in the unfed fish. These parameters were negative and sig-
nificantly lower in the unfed fish than in those fed the experimental diet at all feeding rates. There were no significant
differences in WG and SGR among fish fed at 0.3 and 0.5% BW/day and among those fed at 0.7% BW/day and to
satiation. The histological changes in the hepatopancreas, kidney, and anterior intestine of fish fed at 0, 0.5, and 0.9
% BW/day did not differ much. Broken-line regression analysis of weight gain showed that the optimum feeding rate
of olive flounder weighing 384 g was 0.74% BW per day at the optimum water temperatures.
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(Kim et al., 2014; Lee et al., 2014). wha}A] 35 v ghAL= AR
S E Pl 2 AlolFol thet AT AE 9 28 ul
AR el et saZ= o] /s ojof & Zlo|tt.
A= 20134 7] S-efuel AA sfito] FAARE 73,108
£ F 36,944=0] A4 O SI%E AHAIShe T237F FAoF
o|t}(Statistics Korea, 2014). G]2] &3}37]+= Ul F& 1 kg
el ot 22 2 kg ool YA A 2 F3pr T
8] S7kekal Al FAloIth A5 7HA] HAo| A HarH S5
AFAE B o FE 2] o]7] @A (Choi et al., 2008; Kim et
al., 2010; Kim et al., 2011; Kim et al., 2014) = o] 54 11
7] 9 ALH #4-27](Kim et al., 2009; Kim et al., 2010)°]|
o] o] .01, 300 g o] 4] 7|0l A= AF-7F A TR A o]
o A 2 At AR e RO S SRk =
AR 384 g HAY] 2 A AR ¥ 9191 20-24.5T 20
A AR o] A sE T AR HE AR Alr R, 2
32 22l vl A= GRS GotE7] flsl = Sick
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AFAR Ol AR AR ol = Al Aol A Al
it &g s Ftebd At 2 e-E o 25 Fot Al ulet
ARE Fachis] AEgHEel A8 5 AdEsE SR
AEEEA ol ARE I dHARS: 3 AR ol (7] Bt
TA1:384.2+591 g)= 2 10719] 1,200 L ¥ 5=0] Z- =%
27 upE|4 FAre 2 AEisto] uij x| F it Alrsa A R
AR 2 HEAE Rl oH, Ak o sllaE AR5t
2-3 L/min o] 0] 35 ¥ =% 24, B Az
of §&4ta A9} AT AR kS ff5ke] olojAES

Table 1. Proximate analysis of the experimental diet of the olive
flounder (Paralichthys olivaceus; % of DM basis)
Experimental diet

Proximate composition

Dry matter (%) 4.5
Crude protein (%, DM) 58.1
Crude lipid (%, DM) 13.2
Crude ash (%, DM) 12.5
Gross energy (MJ/kg) 17.3

Size (mm) 13.0-13.4
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(weight gain), AFE & S(feed efficiency), 7HIA-E(specific
growth rate), T 2743k a E(protein efficiency ratio) 2 Aj
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Hematocrit djtzlo] AH2|H HA|EAEFE (Micro
Hematocrit Capillary Tubes)of| &2 A& t}3 11 F-TH(Wax
plates)ol] Al 3, B AH LA E2] 7] (Micro Hematocrit VS-
12000, Vision Scientific, Korea)ol| 4] 1057F QA1 22|50 gk
& 245150,

Hemoglobin, ALT, AST, total protein ¥ glucose &= 2+
7pe) Alokz} wFGA|7] 5 SOlYB}SHEA] | (Express plus sys-
tem, Bayer, USA)E o]-8-5Fo] £4151%Ict. ALTS} AST+= ki-
netic, hemoglobin, total protein ¥ glucose ¥ end point™
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AFARTS] #i2]= 2PAEA ) (Completely random-
ized design)oll whet AAIEFGAL, A 9 A AT SPSS
(Version 12.0) 271315 ©]-85}] One-way ANOVAR &
A BAwec 49 delel 2ol §2)3H Duncan's mul-
tiple test (P<0.05)Z H] L& T}, Hlo|E= Hot gtk + ESHA|;
(mean +SD)= LR It} ¥lE-E o] B|+= arcsine W% 7t
o7 Aiksto] A 4= ik

Zn}
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ulgol7] YA(384 B tIALO.R Moy iR atR B
< Qtopi] 9igk 35:qke] 41341 Ak Table 20] Liep
Sict. ATl UoIAE ARE BT g 0% ABT
oA olHE0] PATE AYE(13.9%) RO, st
o} 0.79 g ofAlEo] Aashict. FAE X A B NE
Aggdee] 7Kl ket 57451l 0.7% Wy AIE o]
A o0 A e A ES BT /14 4B S
W) 49 35 Bt of T2 g ARSI ATk AR S, T
T EREE PP EX RS RN
2 5ol §9tek. Kim etal. 2014)9] A4 % 2 ¢iep v
25174 97 g XS A2 21T 204 AR T AF
= AAIR AT AFRE S5t 92 F A FH(0%)0l14] ©f
Aol Hadhe AGE(-12.5%)S HALH, 517 °F0.7 g
ojA|Fol sk SAE W AIMIFE oM AR
Sugel S7Ftel wEh fol A o7 F7lsto] WHE A o o) A
TR0 R 2 AAES Ytk T3t Lee et al. (2014)2
2] (240 g) S thALS & 19-21C Lol A AlRgEa AES Al
Aokt AFRE FEHA o AAAETH(0%)o14] 2 A
T A} FALSHA o AlSo] HHashe AAEE(-8.1%)= E3l

o, ko] oF 0.4 g oJAI5o] skt SAE W ITH
FEONAE 2 AFALL} FABHA THEA R oA o)A o
2 %8 23S BYnt AF7P) BuE 43THE 472
£ 2H 97 g HA= skl o A415-9] 2.23%, 240 g H ]2 4
£ 1.09%, 317 g 4= 0.99%2 BAEich 2 oo A9
BAES7|2E BRI 42 53 n]/4dol7] 384 g 9 A
o) AHFFELS 0.74%2 BAEIT A7) 9] A AT S
B QU 02 AR AL ofH] 7] L AL ahet
thaw, of 77} el et FaES AaE e A0E Bl
Th(Schmittou et al., 1998; NRC, 2011). & Ao A &= o] <]
A2} Blasksle o P27 Al wet 3EES A
A 2L o 4 Qlolth ol HlEt AT ATH: ThE ol
o A= wro] B 31%¢ltH(De Silva et al., 1986; Hung and Lutes
1987; Adebayo et al., 2000; Ng et al., 2000; Mihelakakis et al.,
2002). webA] 384-453 g 1] 4o7] Y= ARAH 7} 7KsEt
Heloll A Arm7E S =R Al o AIF2] 0.74% 5 Swdte
Zo] A Ao 7 wohE )

AR SgEo] W29 @A ol A= Gk dob
7] §J8l) 2AFet 2ol 2] Zrh= Table 0] ek 21tk Hema-
tocrit, hemoglobin ¥ glucose $HFe H= A Lo A §-2]4]
ol Zpol2 Wo|x] ¢gkeh. ASTS] B 0.5% HBLoA 7+
8 A8 BYOL, BEAYTOHE 0142l Aol Hol
A oFoxeh. ALTe QlojAl= RHEAREA7E 0.5% A<} v
Wk fofAo g £ pAE HlHh Total protein oHd-2
0.5% ABTONN FolH 0 o e wolon] TR A
Fok= 9191 Aol 2 Wo|x] ket B AT vl% 35
= A2 7|17t Bt A E AN TR A oA o2 A
o} Blwato] =2 ALT 9 AST &8-S B itk ALT9 AST=
dubA o7 HFEoA 1+ 75 AHE YEtlE A%
2 AL E0] Qb0 2 & ALTOFASTE 1H /)50 44
E= oF31E ou]gttH(Pan et al., 2003). Wb A7 7F AR S

Table 2. Effects of feeding rate on the growth performance of olive flounder Paralichthys olivaceus fed the experimental diet for 3 weeks'

Diets
Pooled SEM”
0% 0.3% 0.5% 0.7% S?
Initial weight (g/fish) 392.0 388.9 380.7 378.5 380.7 2.84
Final weight (g/fish) 337.52 411.7° 414.5° 447 5¢ 452.8° 13.94
Weight gain® -13.92 5.9 8.9b 18.2¢ 18.9¢ 4.01
Specific growth rate* -0.792 0.3° 0.44v 0.88° 0.91° 0.21
Feed efficiency® - 85.0 73.0 119.9 99.0 9.66
Protein efficiency ratio® - 1.52 1.31 2.14 1.77 0.17
Survival (%) 88.9 88.9 85.2 85.2 92.6 2.53

"Values are means from duplicate groups of fish; values in each row with different superscripts are significantly different (P<0.05).
*S = Satiation (0.9%). *Weight gain (%) = (final weight - initial weight) x 100 / initial weight. *Specific growth rate (%) = (log, final wt. - log,
initial wt.)/ days. *Feed efficiency (%) = wet weight gain (g) x 100/ dry feed intake (g). *Protein efficiency ratio = wet weight gain / protein

intake. "Pooled standard error of means: SD/n.
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Table 3. Effects of feeding rate on the serological characteristics of olive flounder Paralichthys olivaceus fed the experimental diet for 3

weeks!
Diets
Pooled SEM?®
0% 0.3% 0.5% 0.7% SE

Hematocrit (%) 34.9 394 34.8 344 34.8 1.07
Hemaoglobin (g/dL) 6.5 6.3 6.2 6.0 5.7 0.12
AST (U/L)? 13.612 14.952 22.58° 13.822 19.86%° 1.37
ALT (U/L)* 7.48% 8.80% 713 7.77%® 9.30° 0.33
Glucose (mg/dL) 34.4 66.9 925 46.7 88.9 9.51
Total protein (mg/dL) 4.78 4.78 6.2b 4.3 5.41ab 0.24

'Values are means from duplicate groups of fish; values in each row with different superscripts are significantly different (P<0.05).

2S = Satiation (0.9%). *AST=Aspartate aminotransferase, Unit per liter (U/L) is the amount of enzyme which oxidizes one umol/L of NADH

per minute. *ALT=Alanine aminotransferase. Pooled standard error of means: SD/Vn.

Aol A
& 712 5 918 ACE Hek o] 1| ATOIAE PHEAIF T
4] hematocrit @ hemoglobin =] 7} 74 %] ¢] 2 1(Kim et al.,
2014, Oh et al., 2014), AST®] $Hefo] G040 2 =0 A=
RHYHKim et al., 2014). BT IR Q] JHE-T3-2 AAoll= &
7t QLo 35t AR 71Xkl e Etetal S A Aat
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Table 4. Effects of feeding rate on the whole-body composition of olive flounder Paralichthys olivaceus fed the experimental diet for 3

weeks (%)
Diets
Pooled SEM?
0% 0.3% 0.5% 0.7% S?

Moisture 73.8 721 72.9 72.8 74.0 0.36
Crude protein 68.22 68.42 68.52 68.62 72.2° 0.52
Crude lipid 15.0° 19.14 17 .4¢ 19.64 13.52 0.79
Crude ash 15.1¢ 11.6% 12.9° 11.22 11.920 0.48

"Values are means from duplicate groups of fish; values in each row with different superscripts are significantly different (P<0.05).

2§ = Satiation (0.9%). 3Pooled standard error of means: SD/vn.
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Fig. 1. Histological changes of the hepatopancreas, kidney and anterior intestine of olive flounder Paralichthys olivaceus fed the experimen-
tal diet for 3 weeks. A, D and G: 0% group (A, hepatopancreas; D, kidney; G, anterior intestine), B, E and H: 0.5% group (B, hepatopan-
creas; E, kidney; H, anterior intestine), C, F and I: S (satiation, 0.9%) group (C, hepatopancreas; F, kidney; I, anterior intestine).
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Fig. 2. Broken-line regression analysis of weight gain (%) ac-
cording to feeding rate. Each point represents the average of two
groups of fish. The optimum feeding rate for weight gain was 0.74
% body weight/day.
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