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Optimum Feeding Rate for Growing Olive Flounder (317 g)
Paralichthys olivaceus Fed Practical Extruded Pellets at Optimum
Water Temperature (21-24°C)
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We investigated the effects of feeding rate on the growth performance, blood components, and histology of grow-
ing olive flounder Paralichthys olivaceus. Optimum feeding rate (initial fish mean weight : 316.7+6.18 g) was de-
termined under the optimum water temperature. Two replicated groups of fish were fed a commercial diet at rates
of 0%, 0.4%, 0.6%, and 0.8% of body weight (BW) per day, and to satiation. Feeding trial was conducted using a
flow-through system with 10 1.2-metric ton aquaria receiving filtered seawater at 21-24°C for 3 weeks. Weight gain
(WQ) and specific growth rate (SGR) were significantly higher in fish fed to satiation (1.0% BW/day) than in those
in other treatments. These parameters were negative and significantly lower in the starved fish than in fish fed the
experimental diet at all feeding rates. There were no significant differences in WG and SGR among fish fed at 0.4%,
0.6%, and 0.8% BW/day. Hematocrit and hemoglobin in fish fed to satiation were significantly lower than those in
other treatments. Histological changes of fish fed at 0.6% BW/day indicated that this group was in the best condition;
differences were not found in tissues of fish fed at 0%, 0.6% and 1.0% BW/day. Broken-line regression analysis of
weight gain showed that the optimum feeding rate of olive flounder weighing 317 g was 0.99% BW per day at the

optimum water temperature.
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(Weight gain), A28 &(Feed efficiency), €7H3A-E(Spe-
cific growth rate), THal 2l o]-8 & 8(Protein efficiency ratio) 2
ES(SurvivalyE AN} 2 BAZA ¥, Bolp g
Sfa) 7t sznie} 4nkel Ratelm Aldelo] ol EAlMS-
222, 100 mg/L) o2 wpFA|A suatel A 2|7} € FA]E AL
fslo] m|REmof| A HE3 & Hematocrit 2 Hemoglobin
ShRe 243 B4 & J-e P8 ALT (alanine amino-
transferase), AST (aspartate aminotransferase), Total protein
4 Glucose =412 8l YAE2]7](Micro 17TR, Hanil Sci-
ence, Korea)E ©]-8-5}04 5,000 rpm o2 1027F A4 E 2|51
Ao Halslelrt.

© AOAC (2000) o of et 4B

2 errdazyy 125°C, 3 h), £33 &‘@Qi}‘ﬁ(SSO C,
12 WO 2o, TS A ATHE A (Kejlie
system 2300, Sweden)Z 4%l o™, A= Folch et al.
(1959)9] "l of] w2} Soxhlet -.—%ZJZ] (Soxhlet heater system
C-SH6, Korea)E o]-g-5Fo] 24 =] Gl

Table 1. Proximate composition of the experimental diet for olive
flounder Paralichthys olivaceus (% of DM basis)

Proximate composition Content
Dry matter (%) 8.5
Crude protein (%, DM) 56.5
Crude lipid (%, DM) 14.6
Crude ash (%, DM) 13.2
Gross energy (MJ/kg) 17.4

Size (mm) 11.0-11.4




H4-27] 317 g YA o] WiTALR A THE 401

e

OHE A

[=]
L |

Hematocrit> sljatedo] A2|H RAIEEAEFE (Micro
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g e P,
SAEE 24

AAA RS Hj A= 2hHEHEA &R (Completely random-
ized design)oll wet AAIEFAL, A 9 A A= SPSS
(Version 12.0) 2 13- 0]83}0] One-way ANOVAZ &
Al A=A A9 dlolE ghe] f2J2= Duncan’s mul-
tiple test (P<0.05) ] 5] Qic}. Hlo]eli gk + E2HA}
(mean £ SD)= YERNITh 2L ¢|o]E+= arcsine HE 3F

A7 FAG1T g8 o= Aeey| MigArR FoleE
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O] A5 3587 °F 90 g AAgstglet. At Eg, el g
& W AEZOM = el 9l Abol S HelA] gigtth Kim et al.
(2014)2 9 2](240 g)& o2 1921°C 4=20] 4 vt
THE(0%, 0.5%, 0.75%, 1.0% 2 THE3)S AR A3},
APRS SEOHA] o2 EAAETH0%)0A] 2 A Aot #
ABHA| O1AIZ-0] ZHAdhe 4788 (-8.1%)& HYlaL ok ©f
AT °F 0.40 g Fashgithal Baskait. SAIE 5 Ay
oA Aol 7wl o 1.0% ddet &
SF Rl Aol 5 HolA] efotet. o]et HlsshA| Kim etal. (2012)
< HA(140 g5 HEOF 20-23 20l A 350 g 7FA] AbS
g AT} o] 90%R Al Satt A o R STt
Ao Hlaste] w8 s Bk 2u=Ee Aeoe
UH=9] 80% Aol A7 woldos Bal Hglov(Lee,
1997), o1 A iH2] 88%E Hofet A7k nhne] A
et ulaste] frelF ]l Apol7) glrkal ®BalsgIth(Cho et
al., 2001). SFA|RE & Aol A= WA 7 o2 AR
o FojH o R w2 AgES Bl AL o5 o7 A7|(
DA, 2, AR ZA 52 Zo|(Lee et al., 2000)= T

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% 0.4% 0.6% 0.8% S?
Initial weight (g/fish) 316.7 318.9 322.9 306.4 318.6 2.52
Final weight (g/fish) 279.5 348.6° 377.5° 355.0° 409.0° 14.53
Weight gain® -10.62 9.3° 16.9° 15.9° 28.4¢ 4.37
Specific growth rate* -0.66° 0.52° 0.91° 0.87° 147¢ 0.24
Feed efficiency® - 112.6 131.6 104.8 128.6 8.76
Protein efficiency ratio® - 213 2.48 1.98 243 0.17
Survival (%) 85.7 82.1 85.7 85.7 82.1 1.06

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

2S = Satiation (1.0%).

*Weight gain (%) = (final weight - initial weight) x 100 / initial weight.

*Specific growth rate (%) = (log, final wt. - log_ initial wt.)/ days.

SFeed efficiency (%) = wet weight gain (g) x 100 / dry feed intake (g).

‘Protein efficiency ratio = wet weight gain / protein intake.
7Pooled standard error of means: SD/Vn.
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i EALR Froleko] Ya9] el mlA|= Faks ot
7] Y8l 2AVeE P A A ut= Table 30 YER STk AST 2
Glucose ko]l QlolA= HE Ao A Fo]2Ql 2ol & K
o]z ¥k}, 31X 9 Hematocrit 2 Hemoglobin 4]+ WHz
A7t e e} vste] fojFlor BE ANE B
AUtk 2 A= BF 300k A2 717 o 3 = QA TE RE
EAE oA f-o] 4 02 Y2 Hematocrit 2! Hemoglobin
A= o] 70) A7wo] ot g ke 7|8 4 18-S olulghet. ALT
Ao A= HAAAEH0%)NA FHom 2 duE 1
Atk Kim et al. (2011) g 3] 2|0} Aoz 748 ol 31
L0 AlrFol5e g 51992 1] Glutamic oxaloacetic
transaminase (GOP) =2 & H-A41gt A3}, A=27]0fl= 24
AL 9l 1.5% Ao A 2.0%, 2.25%, 2.5% 2 THEAS
T ufoldon £& 2318 nou], BRANTR AR
TojEFo| Sl wel GOT 4=2]7} Hadhe 43 H ot
A7 A A4=27] 9} H|S=8HA] Abr3581(0%, 3.0%,
3.5%, 4.0%, 4.25%, 4.5%, 4.75% 9 wHE-ghyo] Z7F5tol| uf
2} GOP =] 7} gavdhs 4ok B el o, AAAH(0%)7F
AR A TeF Blaste] fojH o R w& ANE Helr
ALT9} AST= dRbA 02 HIFgo4 1] 7|52t AHE
UMl 2] E2A] ARSE|u] ouba 0 2 =0 ATTO} AST
7t 7152 £AF E= oFshE o] u]$HoH(Pan et al., 2003). ¥ <1+
ol Al AAAET(0%)S] ALT 527} 9] 4 0.2 =& 2 A}
TE5 AFBHA] Zol ARl A ARz} o] o A A] Sk
7] wiEo = ek @4of| 4] Total proteing: =A% A,
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0.8% A7 0.4% A Hep fojH e s 7} =2 gk
How, thE Aedeh= F9 2101 Aol & Kol otk o
HHA| 0. =2 o] Fof| A AR R o 2 525 3w EH U= 7
< @4 W Total protein gt x}o| 5 & o] 2] ¢=r}. Kim et al.
(2009)& A5 o 2 Tl A Rhe(35-55%) = Eelsto]
THE 0 2 FolalglS uf s A9 @7 W Total protein 4t
O] Zpo]7} ¢lolrt. wheka] 0.4% A H -7} Total protein 410 W
Al U2 A& AtR o] F25] 3u A 9 Aite ek
o]} H|SSHA| ALz o] F-E5] 3 EA] 92 H A Aol A
Apo| 5 Hol A b2 AL A o] 77 AL E AFsHA Fal 4
A GETARE o] Fo] A A] 317 tlE o ® TehETh
Kim etal., 2014) 240 g Y22 thAko 2 ZFE(0%, 0.5%,
0.75%, 1.0% % RHE3)S Deote] ARt A}, dAAY
Toll Al #2 Total protein =X & Eo, 2 AFAe} &
ARHA] 713 o 3 aFel 0.5% AP oA Gz oz e
Total protein =25 X3t} o]0 AHANE Fgaf| HH,
ubE ol = & o) U Hematocrit 2 Hemoglobin 52| S 74 A
714, AR GH(0%)= ALT 527 57H= of of 79 A% =
of A &2 FFZ 71X = A G 4= AT Ht o Hegt
AU S-S Tpetstr] fleiAl= A7 AR RS 53 H7 )
o|Foj Ao & A O & FEHE T
AtEEo S Eefsto] ARSEE Adloo] HojA 4 At
+ Table 40 LR It HojA| o] EgHgol A= e AE
TollA oAl Aol & HoA] ottt Tl ke 0.8%
2 RHEAR oA fofA o g e ke Helon, 0.6% 4
ol A Ao R w2 g Hloh A 0.8% 4
AFollA FojAer 7HE =2 dhe BYlom, 0.6% A+
oA FojH o g 7H e ghE Hlrt 3 EekE A
TollA A ® 7HY 8 g Bolon, A oA
a0 o
o] th2 AR E ST oA EH HofA| o] dub/diel I3

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% 0.4% 0.6% 0.8% S?

Hematocrit (%) 23.5° 254> 23.8° 25.6° 22.12 0.60
Hemoglobin (g/dL) 6.63° 6.17° 6.36° 7.49° 3.532 0.48
AST (U/L) 22.5 25.3 27.8 28.9 13.1 2.79
ALT (UL)* 69.5° 22.8% 17.42 7.0° 11.520 9.18
Glucose (mg/dL) 14.8 257 19.5 10.6 19.1 2.88
Total protein (mg/dL) 2.94%® 2.06? 3.04% 4.80° 3.59% 0.34

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

2S = Satiation (1.0%).

3AST=Aspartate aminotransferase, Unit per liter (U/L) is the amount of enzyme which oxidizes one pmol/L of NADH per minute.

4ALT=Alanine aminotransferase.
5Pooled standard error of means: SD/vn.
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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% 0.4% 0.6% 0.8% S?

Moisture 72.0 737 74.3 7.7 721 0.43
Crude protein 68.2° 68.1° 70.3¢ 65.4° 66.6° 0.57
Crude lipid 20.7¢ 20.9¢ 15.92 22.6¢ 19.6° 0.74
Crude ash 9.92 11.2% 13.3¢ 11.9° 14.2¢ 0.53

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

2S = Satiation (1.0%).
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, and G: anterior intestine); B, E and H: 0.6% group (B: hepato-
pancreas, E: kidney, and H: anterior intestine); C, F and I: S (satiation, 1.0%) group (C: hepatopancreas, F: kidney, and I: anterior intestine).

30

25

20

Weight gain (%)

15 | .
10

0.3 0.4 0.5 0.6 0.7 0.8

Feeding rate (body weight/day, %)

Fig. 2. Broken-line regression analysis of weight gain (%) accord-
ing to feeding rate. Each point represents the average of two groups
of fish. The optimum feeding rate for weight gain was 0.99% body
weight/day.
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