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Effects of Feed Particle Size, Stocklng Density, and Dissolved Oxygen
Concentration on the Growth of Olive Flounder Paralichthys olivaceus

Sung-Sam Kim, Jin-Hyuck Lee, Kang-Woong Kim, Kyoung-Duck Kim, Bong-Joo Lee
and Kyeong-Jun Lee?

Aquafeed Research Center, National Fisheries Research and Development Institute, Pohang 791-923, Korea
'Department of Marine Life Science, Jeju National University, Jeju 690-756, Korea

We performed three sets of feeding trials to establish the optimal feed size (Exp-I), stocking density (Exp-II), and dis-
solved oxygen level (DO) (Exp-III) for olive flounder Paralichthys olivaceus. In Exp-1, four replicate groups of fish
(53.6+0.9 g) were fed commercial diets with three particle sizes (small, medium, and large). In Exp-I1, fish (30.0+0.1
g) were reared at four stocking densities (1.8, 3.5, 5.3, and 7.1 kg/m?). In Exp-I1I, fish (187+1.48 g) were reared under
two different DO levels (2—-3 and 6—7 mg/L). In Exp-I, fish fed the large-particle diet gained significantly more weight
and had a lower feed conversion ratio than fish fed the small- and medium-particle diets. In Exp-II, fish reared at 1.8
and 3.5 kg/m? gained slightly more weight and had lower feed conversion ratios than fish reared at 5.3 and 7.1 kg/
m?, although these differences were not significant. In Exp-III, negative effects were observed in the low DO groups.
Therefore, under our experimental conditions, the optimal feed particle size, stocking density, and DO level for olive
flounder were 9-9.4 mm, 3.5 kg/m?, and 6-7 mg/L, respectively.
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Table 1. Proximate analysis of the commercial diets of the olive
flounder (Paralichthys olivaceus; % of dry matter basis)

Diets
Small Medium Large
Moisture (%) 8.0 7.2 9.7
Crude protein (%, DM) 55.0 56.0 56.2
Crude lipid (%, DM) 15.5 15.9 14.5
Crude ash (%, DM) 19.8 17.7 17.9
Size (mm) 3.0-3.2 5.0-5.3 9.0-94

!Commercial diets were purchased from Suhyup Feed Co. Ltd.,
Uiryeong, Korea.
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Table 2. Growth performance of olive flounder Paralichthys oliva-
ceus fed the commercial diets with different pellet size for 8 weeks
in Exp- ['!

Diets
Small Medium Large
Initial mean body 531426 546413 529431

weight (g/fish)
Final mean body
weight (g/fish)
Weight gain (%)? 198.0+2.12 206.8+2.22 245.6+24.7°
Feed conversion ratio® 0.98+0.012 0.95+0.03° 0.89+0.03°
1.88+0.05° 2.02+0.06°

158.4+8.8° 167.745.2* 182.5+5.2°

Protein efficiency ratio* 1.86+2.3?

Feed intake (g)° 95640 102.8¢58 101.1%4.7
Daily feed intake (%)°  1.64:0.03 1.670.05 1.600.04
Survival (%) 944+19 967400 922419

"Values are means from quadruplicate groups of fish where the
values in each row with different superscripts are significantly dif-
ferent (P<0.05). ?Weight gain (%) = (final weight - initial weight)
x 100 / initial weight. *Feed conversion ratio = dry feed fed/wet
weight gain. “Protein efficiency ratio = wet weight gain / total pro-
tein given. *Feed intake = consumed feed / fish. *Daily feed intake
= total dry feed intake x 100/{(initial total wt. + final total wt. +
dead fish wt.)/2} x days fed. "Survival = number of fish at end of
experiment / number of fish stocked x 100.

5% Hop E E 955 SaRleole &k AlrAdFlole
OFFR AIZF UERFA] T Ak 712 b0 = of 77t 7t
ol A F k= AR oFel Aol & ofufgith. 2 kol A e ALR
AFFY B9 19211 2ol HolA] G tANE Medium 9
Large A9 +7} Small A3+ Bt 2 AR FHES 230k
(Table 2). 2] ] #o] 45| sfel vjeto] JIe7F ALRE 3+
st Aokl Qle MR S AL vhA] vlg e = W7t
UhehA] AbAfo| =7} ALoH A H R #7) ffsf 2ot o
Ap F 2 ofof gk, SEA|NE o9} Bt = AbgAfe| =7} S B
o ghof] FEek = AFE 4= Qo] Fsdo] EolE7] Wi
off efuf ] &xB|7} GrobRint. wEkA] AL A7]7F 212 Small A
2(G%)et A4 37191 Optimum AFR(53) AEL7F 71 2
217191 Large (9%) A gl5toll vlsf Aol ojxl o]f+= gl
o dFE= AbR S| ol AdiAl ez A He B Al HE
98l EAdol 717 W= ek o] AtolA
= HAE de R A2, A 9 AeR) |
AREAE(RIO7], 5471 H Aol7DE gk 2710 o
T ATE AR A, s A A AAR AT 7 Aol FRF
= HRen, & AFATe BlSSHA Al A7 AR SR A
dEtt AFRAE0] SV 6 ATE HAITh E3F o] Alo] v
7] ks Alke ST A AR A7 AL S AR
SuAlgte]l EEE R A Lo AArA7E EEskL &

Eakao] ot Yo 4% 317

URE GO AtRE T ote] THEAIY] AR Al 7|7 A
o) AR AR RSO $91 4 0% 8 3HS K olrkHeo,
2011). wheba] FA @A o A AR E 358 W= A 7Hs
St 9] HollAl & 2719 AFRE Swdte 2ol Ko a3 Y
Ao FEREE. kol 7k ARl el AR 2718 o
g7 WAISHE A =Y 4 U A o= ek sER| T o]
23t AR O] A A7) AL 2, W, AT, A 7]
= opolza W AR e whlo] et el % Qlon g of
ek 2o A vl A4S Bl HEEES HEoF & Aol

=710l o} 5] AZES B7h}] 915 WA A
5} 0w, 71 A= Table 3¢f UEF ¢}t Hematocrit, hemo-
globin, protein, glucose, AST Y ALT Aol A= HE Alg L
ol o142l Afo]7h otk Mgl 27]0] uhe Bl g
25 Azke] Wapl gl A0 2 wol wjghatRe] 7]k
%)o) Gohaha) 240 kS v A7) b A 0.2 Wekerh v}
eh 53183 g 7)) WA HgAL] = Bet Ty oR 2
RS Ao oAt 43k 8 of5 ] 2ol HA el
Qe vAA 9 053 £ ARS HET 5 A AL
2 e,

A 2= A 2[01(30.0£0.1 g)E WA= AUETFA
Aol )31 G obn 17} & 8577 AR AT S S5
™ 71 A 3}= Table 4o YEFH AT A3 AJ2FA] 30 g9 HAE
Ao g AR A7l 242 1.8,3.5,5.3, W 7.1 kg/m’7 H =S
sholom, 25 ATl 22100, 101, 89 2 88 g 0. = A%
SfRont BE AFTAA §)2el 2ol ol kst 5
Ak TUE TI5(7.1 kg/md)ol A= AL T5(1.8 kg/m?)o||
H] 3l oF 15%2] -2 AJA-Eo] BA= Sl AT AE T=
Al AU E 5 (1.8 2 3.5 kg/m®)ol| A 212} 236%2} 230%, 1L
W% 7253 2 7.1 kg/mP)ol A= 195%2} 192%4) 44513
th AIHdRE A AEET vk Ao R AREE 18

ox,
oL flo >

of

ftjo

Table 3. Hematological parameters olive flounder Paralichthys
olivaceus fed the commercial diets with different pellet size for 8
weeks in Exp- [ !

Diets
Small Medium Large
Hematocrit (%) 38.7+15  38.7+0.3  37.843.3

Hemiglobin (g/dL) 6.18:0.36 6.22:0.36 6.2840.56

Total protein (mg/dL) 4.84+0.79 5.46+0.61 4.82+0.35
Glucose (mg/dL) 16.7+0.9 18.545.1 15.1+2.5
ALT (U/LY 4.65+0.22 3.21+0.60 3.3710.94
AST (UL)? 16.4+26  17.1+28  18.3%1.2

'Values are means from quadruplicate groups; values are presented
as mean+SD. No significant differences were found between treat-
ment groups (P<0.05). 2ALT = Alanine aminotransferase, unit per
liter (U/L) is the amount of enzyme which oxidizes one pmol/L of
NADH per minute. ’AST = Aspartate aminotransferase.
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Table 4. Growth performance of olive flounder Paralichthys olivaceus reared in the four different densities for 8 weeks in Exp-II'!

Density (kg/m?)
1.8 35 53 71
Initial mean weight (g/fish) 29.9+0.1 30.6+1.0 30.0+0.2 30.0+0.1
Final mean weight (g/fish) 10049.6 101£14.0 89+10.0 88+9.0
Weight gain (%)? 236+31.0 230436.0 195+35.0 192429.0
Specific growth rate (%)? 2.24+0.17 2.21+0.19 1.99+0.23 1.98+0.19
Feed conversion ratio (%)* 1.3940.29 1.51+0.50 1.9310.06 2.56+0.25
Protein efficiency ratio® 1.3120.17 1.31+0.25 1.1940.03 1.07+0.16
Daily feed intake (%)? 2.11+£0.52 2.25+0.61 2.66+0.10 2.60+0.11
Survival (%)" 90.5+26.0 92.3+1.4 89.2+4.2 90.1+5.2

"Values are means from quadruplicate groups; values are presented as mean+SD. No significant differences were found between diets for
any growth parameter (P<0.05). *Weight gain (%) = (final weight - initial weight) x 100 / initial weight. *Specific growth rate (%) = [(In final
body weight — In initial body weight)/days] x 100. *Feed conversion ratio = dry feed fed/wet weight gain. *Protein efficiency ratio = wet
weight gain / total protein given. ‘Daily feed intake = total dry feed intake x 100/{(initial total wt. + final total wt. + dead fish wt.)/2} x days
fed. "Survival = number of fish at end of experiment / number of fish stocked x 100.
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Table 5. Hematological parameters olive flounder Paralichthys oli-

vaceus reared in the four different densities for 8 weeks in Exp-11'!

Density (kg/m?)

1.8

3.5 5.3 7.1

Hematocrit (%) 32.6+3.17
Hemiglobin (g/dL)  5.0+0.26
Total protein (mg/dL) 4.3+0.16 4.9+0.07 4.8+0.42 5.0+0.23
ALT (U/LY? 11.319.35
AST (UL) 16.616.30

37.4+1.68 36.2+3.27 35.8+3.18
5.420.12 5.3+0.63 5.4+£0.36

19.5+5.20 21.5+7.77 22.5+9.11
18.5+4.3921.1+1.10 22.2+2.35

'Values are means from quadruplicate groups; values are presented
as mean+SD. No significant differences were found between treat-
ment groups (P<0.05). 2ALT = Alanine aminotransferase, unit per
liter (U/L) is the amount of enzyme which oxidizes one pmol/L of
NADH per minute. 3AST = Aspartate aminotransferase.
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Table 6. Growth performance of olive flounder Paralichthys oliva-
ceus reared in the two different concentration of dissolved oxygen
(DO) for 5 weeks in Exp-III"'

DO concentrations

6-7 mg/L 2-3 mg/L
Initial mean body weight (g/fish) 187+5.0 187+4.0
Final mean body weight (g/fish) 329+12.0>  232+13.0°
Weight gain (%)? 76.247.6°  24.7+4.82
Feed conversion ratio® 1.19£0.11°>  1.72+0.43°
Protein efficiency ratio* 1.95£0.18> 1.41+0.402
Feed intake (g)° 152.1+2.4>  50.1£5.32
Daily feed intake (%)° 1.7610.04°>  0.70+0.06°
Survival (%)’ 97.541.9 80.0+16.3

"Values are means from quadruplicate groups of fish where the
values in each row with different superscripts are significantly dif-
ferent (P<0.05). *Weight gain (%) = (final weight - initial weight)
x 100 / initial weight. *Feed conversion ratio = dry feed fed/wet
weight gain. “Protein efficiency ratio = wet weight gain / total pro-
tein given. *Feed intake = consumed feed / fish. ¢Daily feed intake
= total dry feed intake x 100/{(initial total wt. + final total wt. +
dead fish wt.)/2} x days fed. "Survival = number of fish at end of
experiment / number of fish stocked x 100.
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1979; Neill and Bryan, 1991)5°| B 115} 2™, largemouth
bass (Stewart et al., 1967), common carp (Chiba, 1966), coho
salmon (Hermann et al., 1962), northern pike (Adelman and
Smith, 1970), brook trout (Whitworth, 1968) % channel cat-
fish (Buentello et al., 2000) 5 t}oFst o] £of A B E| Tt uf
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Table 7. Hematological parameters olive flounder Paralichthys oli-
vaceus reared in the two different concentration of dissolved oxy-
gen (DO) for 5 weeks in Exp-1II"

DO concentrations

6-7 mg/L 2-3 mg/L
Hematocrit (%) 33.340.63 31.54£3.51
Hemiglobin (g/dL) 6.5+0.25 6.0£0.24
Total protein (mg/dL) 4.74+0.4 4.75+0.76
Tryglyceride (mg/dL) 2.1+1.2 1.120.3
Cholesterol(mg/dL) 345.7+61.2° 282.5+29.72
ALT (U/LY 1.14+0.62 14.144.11°
AST (UL) 14.4+2.8 14.910.9

"Values are means from quadruplicate groups of fish where the
values in each row with different superscripts are significantly dif-
ferent (P<0.05).

2ALT = Alanine aminotransferase, unit per liter (U/L) is the amount
of enzyme which oxidizes one pmol/L of NADH per minute. *AST
= Aspartate aminotransferase.
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