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Effects of extruded pellet size,
feeding frequency and water addition
on growth and body composition of

olive flounder Paralichthys olivaceus

reared in different water temperature
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ABSTRACT

Experiment I- 1 : Effects of extruded pellet size on growth and body
composition of juvenile flounder Paralichthys olivaceus

reared in the optimum water temperature.

This study was conducted to investigate the effects of extruded pellet
size on growth and body composition of juvenile flounder in the
optimum water temperature during the summer season. Four
isonitrogenous (50% crude protein) experimental diets were design to pellet
diets with several size of 3mm, 5mm, 6mm and 7.5mm-size. Olive flounder
averaging, 15 +.0.1g (mean + SD) were randomly distributed in 12 tanks
(1.8 ton each). Pellet diets were hand-fed to apparent satiation in three
replicate groups (30 fish per group) of fish twice a daily (09:00h, 17:00h) for 6
weeks. Average water temperature was 16.3 + 23C during the feeding
trial. Final weight, weight gain (WG), feed efficiency ratio' (FER) were
significantly higher in fish fed 7.5mm size pellet compared with those of
fish fed other size diets, whereas the lowest valuestwere observed in fish
fed 3mm size pellet. (P<0.05)." Crude. protein content in whole body of
fish fed 5mm and 6mm size pellet were significantly higher than that of
fish fed other size diets, but not significantly different among dietary
treatments (P<0.05). Crude lipid content in whole body of fish fed 6mm
size pellet was significantly higher than that of fish fed other size diets
(P<0.05). Based on the results of this study, optimum pellet size for
growth performance of juvenile Olive flounder (15~45g) in the optimum

water temperature (16.3 + 2.37C) could be determined as 11mm.
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Experiment I- 2 : Effects of extruded pellet size and feeding methods
on growth and body composition of grower flounder
Paralichthys olivaceus reared in the optimum water

temperature.

This study was conducted to evaluate the effects of extruded pellet size
and same volume on growth and body composition of commercial scale
farm feeding trial grower flounder, reared in the optimum water
temperature. Three replicated groups of fish (initial mean weight of (103
t 3g) were fed to apparent-satiation with two different size diet and
two different feeding method (A: 9mm-limit feeding, B: 6mm-limit
feeding, C: 9mm-full feeding, D: 6mm-full feeding) for eight weeks.

At the end of feeding trial, survival rate was not significantly different
according to the diet size and feeding method (P>0.05). Final weights of
fish fed diet A and C diets were significantly higher (P<0.05) than those
of fish fed B and D diet. But final weight of the fish in the top 30%
range was the highest in the fish fed C diet among dietary treatments
(p<0.05). And the final body weight of the fish in. the lower 10% range
was the lowest in-thefish .fed D diet .compares with others groups
(p<0.05). Feed efficiency in-fish fed-A"diet was significantly higher than
those of fish fed other diets (P<0.05). Moisture, crude protein and ash
contents of the liver were not significantly different after 8 weeks of
feeding in all groups. Content of lipid in liver appeared to be the
highest in the fish fed A diet (p<0.05). Based on the results of this
study, optimum pellet size for growth performance of grower Olive
flounder (103~264g) in the optimum water temperature (22 + 7C) could
be determined as 9mm and optimum limited feeding was more efficient

than satiation feeding.



Experiment II : Effects of extruded pellet size on growth and body
composition of grower flounder Paralichthys olivaceus

reared in the upper-optimum water temperature.

This study was conducted to investigate the effects of extruded pellet
size on growth and body composition of grower flounder in the
upper-optimum water temperature. Four isonitrogenous (50% crude protein)
experimental diets were design to different size pellet of 6mm, 7.5mm, 9mm
and 11mm. Olive flounder, averaging weight, 130 + 2g (mean * SD) were
randomly distributed in 12 tanks (1.8 ton.each). Each pellet diet was
hand-fed to apparent-satiation in three replicate groups (20 fish per group)
twice a daily (09:00h, 17:00h) for 6 weeks. Average water temperature was
224 + 457C during the feeding trial. ‘At the end of the feeding trial, no
significant differences were observed in the survival and feed efficiency
between dietary treatments (P>0.05). Final weight gain was the highest in
the fish fed the 11mm size diet, whereas the lowest value was observed
in the fish fed 6mm size diet (PP<0.05). Moisture content in liver of the
fish fed 6mm size diet was significantly higher than those of fishes fed
other diets, Fish fed the 11mm. size diet _showed higher lipid content in
liver compared with other size diets (P<0.05). Based on the results of
this study, optimum pellet size for the growth performance of grower
flounder (132~315g) in the upper-optimum water temperature (224 + 4.

5TC) could be determined as 11mm.
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Experiment Il : Effects of extruded pellet size on growth and body
composition of commercial scale farm feeding trial
young adult flounder Paralichthys olivaceus reared in

the sub-optimum water temperature.

This study was conducted to investigate the effects of extruded pellet
size on growth and body composition of commercial scale farm feeding
trial young adult flounder reared in the sub-optimum water temperature.
Four isonitrogenous (50% crude protein) experimental diets were design to
different size pellet of 8mm, 11mm, 11mm with water and 15mm size. Olive
flounder, averaging -weight, 423 + 2¢g (mean = -SD) were randomly
distributed in 12 tanks (30m® 15 ton each). Each pellet diet was hand-fed
to apparent satiation in three teplicate groups (1000 fish per'group) of fish
twice a daily (08:00h, 16:00h) for 8 weeks. Average water temperature was 13
+ 4C during the feeding trial. At the end of the feeding trial, no
significant differences were observed in the survival (P>0.05) and final
weight among dietary treatments (P<0.05). Weight gain' (WG), feed
efficiency ratio (FER) were significantly higher in the fish' fed 15mm size
pellet than those of. fish fed:other size diets, whereas the lowest value
was observed in the fish-fed 8mm size pellet (PP<0.05). Based on the
results of this study, optimum pellet size for growth performance of
young adult flounder (421~546g) in the sub-optimum water temperature

(13 £ 47C) could be determined as 15mm.
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Experiment IV : Effect of feeding frequency and water addition of
extruded pellet on growth and body composition of
grower flounder Paralichthys olivaceus reared in the

optimum water temperature.

This study was conducted to evaluate the effect of feeding frequency
and water addition of extruded pellet on growth and body composition
of grower flounder reared in the optimum water temperature (22 + 7).
Two replicated groups of fish (initial mean weight of 84g) were fed to
apparent satiation with five different feeding frequencies and water
addition (A: three times per day without water, B: two times per day
without water, C: two times per day with water, D: one time in the
morning without water, E: one time in the afternoon without water) for
three months. Final weight and weight gain (WG) were | significantly
higher in the fish fed diet A than the fishes in other dietary treatments
(P<0.05). Survival rate and feed efficiency ratio (FER) were not
significantly different among dietary treatments (P>0.05). Crude protein
and lipid contents in.muscle, liver and intestine .were not significantly
affected by the dietary  treatments (P>0.05).m These data suggested that
optimum feeding frequency-is three-times feeding per day, and addition
of water into the pellet diet is not necessary for the growth performance
of grower flounder (84~305g) raising in the optimum water temperature

22 + 7).

- viil -



Experiment V : Effect of feeding frequency and water addition of
extruded pellet on growth and body composition of
young adult flounder Paralichthys olivaceus reared in

water with sub-optimum temperature.

This study was conducted to evaluate the effect of feeding frequency and
water addition of extruded pellet on growth and body composition of
young adult flounder reared in the sub-optimum water temperature (12
+ 37C). Two replicated groups of fish averaging 621 + 15g (mean + SD)
were fed to apparent satiation with four different feeding frequencies and
water addition (A: two times per day with water, B: two times per day
without water, C: one time per day with water, D: one time day without
water) for three months. Final weight, weight gain (WG), feed efficiency
ratio (FER) ‘and survival rate were mnot significantly different among
dietary treatments (P’>0.05). Crude protein content in dorsal muscle of
fish fed diet A was significantly higher than those of fish fed other
diets, but was not significantly affected by dietary treatments, except for
diet A (P<0.05)..Crude lipid content in dorsal muscle of the fish fed diet
C was significantly- higher “than those of.fish fed other diets (P<0.05).
Intestinal crude protein contents ‘of fish fed diet B, C and D were
significantly higher than those of fish fed diet A (P<0.05). Intestinal
crude lipid content of fish fed diet B was significantly higher than those
of fish fed other diets (P<0.05). Based on the results of this study, the
optimum feeding frequency is one time feeding per day for growth
performance of young adult flounder (621~722g) raised in the

sub-optimum water temperature (12 + 37C).
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Table 1. Domestic aquaculture production and prices

(unit: ton/million won)

2003 2004 2005 2006 2007 2008 2009

production 72,393 64,476 81,437 91,123 97,663 98,942 109,522

Total
price 639,004 613,673 723,205 798,376 802,348 764,456 982,169
production 34,533 32,141 40,075 43,852 41,171 46,329 54,674
flounder price 367,096 330,937 353,585 458,933 438,934 407,864 545,966
production 23,771 19,576 21297 27,517 35,564 32,977 32,996
rockfish
price 164,953 175,521 197,335 187,178 197,549 207,170 246,840
production ~ 4,093 3,596 55500 5,651 4,921 6,149 5,581
mullet
price 14376 15626 211610 24,668 21,251 27,592 31,678
production 4,417 3,988 5816 438 7213 7477 9,264
seabream

price 37,251 35,538 52,686 35,802 57,386 56,237 78,633

black production 1,084 1,379 2,671 2,705 2,841 1,588 1,692

porgy price 11,577 14,790 25,697 24,043 26418 16347 16978
seabream, Production 1287 1430 2048 1689 1,109 31 926
etc. price 14,647 716,530 25721 20464 16,625 433 12,773
rockfish, Production 167 132 339 496 415 263 280
ete. price 2,079 1,627 4281 6,134 5110 3,900 4,063
seg  Droduction 2778 1850 2,600 1,571 2361 2008 2393
bass price 22265 17,938 25,596 15349 22318 18,506 21,922
production 263 384 1,091 3256 2,068 2,120 1,726

etc.
price 4760 5166 16,694 25805 16,757 26407 23313

*E WA F R (AIGAAHEAl, 2010).



Table 2. production of commercial extruded pellet (unit: ton)
Species 2005 2006 2007 2008 2009
flounder** 15,816 16,508 17,169 17,064 18,411
rockfish** 17,785 21,062 13,987 16,209 15,563
zsﬁbrean” 6,188 5,195 3,871 5,734 8,540
Sea .
shrimp 7,954 6,585 5,733 4,500 4,776
fish
mullet 13,552 15,550 15,111 10,677 11,610
gizzard
2,632 8,563 6,107 1,062 1,340
shad
etc. 3,186 733 229 225 623
Subtotal 67,013 74,196 62,207 55,471 60,863
eel 4,157 4,657 6,952 8,059 10,920
trout 4,859 4,243 4,352 4,116 4,039
catfish 9,947 7,609 11,469 13,298 14,483
Fresh
fish weather
7,031 4,240 2,452 2,274 1,990
fish
river snail 2,475 3,269 5,592 4,208 5,070
etc 2,181 2,395 2,900 2,576 2,463
Subtotal 30,650 26,413 33,717 34,531 38,965
Total 97,663 100,609 95,924 90,002 99,828

L ARRIAL AAA(A, deAld, ZaE, FEY, O 9, A, Fokd, F3AE)
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Wt. gain (%) = (final wt. - initial wt.) x 100 / initial wt.
Feed efficiency (%) = (wet weight gain / dry feed intake) x 100

AE T8 T AP HojAle dnutgES EASAT oA AEEAS
1078 & AlEE AHste YR
H(25C)st Atk AEARE 2 AP FELS 105Cl A 6A1ZF Hx8}
=Hs9om, ZTHMAN%6.25)L  Auto - Kjeldahl -~ System  (Gerhardt
VAP500T/ TT125, Germany)s AH&s8te] w48ttt =AW 220
Z7](Velp SER148, Italy)E AF&3te] ether® FE3 § SA3GA oM, 23
w2 550C oA 4217 St 33t & ZA AT

ul, SA X

A7) FAAE = SPSS program= AHE-3tS] One-way ANOVA-testE 4
Al8td Duncan’s multiple range test (Duncan, 1955)2 1 119 F94&
AA kA



Table 3. Proximate composition of for juvenile flounder fed commercial

EP diet at the optimum water temperature

Experimental 3mm 5mm 6mm 75mm  Pooled SEM
group
Moisture 10.16° 8.59° 10.52° 10.09° 0.28
Crude protein  48.59° 50.46" 48.67° 49.14° 0.28
Crude lipid 9.49° 11.53 8.54° 11.63 0.50
Ash 11.82° 10.26° 11.52° 10.16* 0.28

B 28 ¢ &

Hx 15g9 WAS 6F ¢ A5 493 @5 Table 40 HERRRITH
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Table 4. Effects of juvenile flounder fed the different size extruded

pellets for 6 weeks at the optimum water tempera’cure1

Experiment group

Pooled
3mm 5mm 6mm 7.5mm SEM
Initial wt. (g) 15.0 15.0 15.0 15.0 0.11
Final wt. (g) 3549 411° 435° 45.4° 117
Wt. gain (%)? 1362 174° 190° 203 7.79
FE (DM) (%)’ 103 104° 110° 113° 1.43
Survival rate (%) 98 81 96 91 3.75

'Values are means from triplicate groups 'of fish where ‘the means in each row

with a different superscript are significantly different (P<0.05).

*Percent weight gain; (final wt. - initial wt.)' x 100 / initial wt.

*Feed efficiency ratio; (wet weight gain / dry feed intake)

Table 5. Proximate composition (%) of whole body for juvenile flounder

fed EP ‘diet-during 6 weeks at the optimum water temperature'

Experimental groups  3mm 5mm o6mm  75mm Pooled SEM
Moisture 7953 7667  7539%  7826° 0.60
Crude protein 1518°  1735%  17.64* 1585 0.42
Crude lipid 2448 263 299®  355° 0.16
Ash 336 370 337 336 0.11

'Values (mean *+ SE of three replications) in

superscript are significantly different (P<0.05).

,12,

each row not sharing a common
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Table 6. Proximate composition (%) of for grower flounder fed

commercial EP diet at optimum water temperature

Experimental 9mm mm

groups
Moisture 8.91 7.02
Crude protein 49.76 50.31
Crude lipid 13.05 13.91
Ash 9.92 9.95

6) 27 % uF
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Table 7. Effects of grower flounder fed the different size extruded pellets

for 8 weeks at the optimum water tempera’cure1

Experimental group

A-9mm B-6mm C-9mm D-6mm Pooled

(limit)  (limit) (full) (ful)  SEM
Initial wt. (g) 102 103 105 102 0.74
Final wt. (g) 226 211° 241 218° 356
Higher grou

sher §Totp 22 3774 4103 3636 -
(200g over, g)
Higher 30% wt. (g) 256" 226° 264 28" 553
Lower 10% wt. (g)  174° 159° 174° 134° 5.59
Wt. gain (%)’ 122 105 130° 114> 3,50
o/\3 b b b

FE(DM) (%) , "9 110 115 106 2.81
Survival rate (%) 98 98.5 99 99 0.19

'Values are means from triplicate’ groups of fish where the means in each row
with a different superscript are significantly different (I’<0.05).
*Percent weight gain; (final wt. - initial wt.) x 100 / initial wt.

*Feed efficiency ratio; (wet weight gain / dry feed intake)
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Table 8. Weight gain (%) of grower flounder fed the differential size

extruded pellets for 8 weeks at the optimum temperature'

Experimental group limit Full
9mm 122° 130°
6mm 105° 114°

'Values (mean *+ SD of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).

Table 9. Feed efficiency (%) of sub-adult flounder-fed the different size

extruded pellets for 8 weeks at the “optimum water

temperature1
Experimental group limit Full
9mm 1272 115°
6mm 110" 106°

Table 10. Survival rate (%) of grower flounder fed the differential size

extruded pellets for 8 weeks at the optimum water

tempera’cure1
Experimental group limit Full
9mm 98 99
6mm 98.5 99

'Values (mean + SE of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).
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Table 11. Proximate composition (%) of liver for grower flounder fed EP

diet during 8 weeks at the optimum water temperature'

9mm 6mm 9mm 6mm Pooled

E i tal
xperimental groups (Limit) (Limit) (Full) (Full) SEM

Moisture 7339° 7439 7439 7387 023
Crude protein 1703 18.01%°  1828*  17.76® 021
Crude lipid 5.00* 3.04° 418° 3.15° 031
Crude ash 3.07 3.39 3.13 3.53 0.10

'Values (mean * SD.of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).

Table 12. Changes of feeding rate water temperature (C) for grower

flounder fed commercial farm feeding at the optimum water

temperature.

Temperature (C) Feeding rate (%) Day DO'
20 1.6 14 5~6
21 14 2 5~6
22 11 6 5~6
23 1.4 25 5~6
24 1.0 5 3~4
25 0.9 9 3~4
26 1.0 1 3

"Dissolved oxygen
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Fig. 8. Changes of water temperature (C) for Experimental period.
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Fig. 9. Higher 30% final weight of grower flounder fed the experimental
group for 8 weeks in the commercial scale farm feeding trial at the

optimum water temperature.
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Fig. 11. Final weight of grower flounder fed the experimental group for 8
weeks in the commercial scale farm feeding trial at the optimum

water temperature.
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Fig. 14. Survival of grower flounder fed the experimental group for 8
weeks in the commercial scale farm feeding trial at the optimum

water temperature.
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Fig. 15. Crude lipid of grower flounder fed the experimental group for 8
weeks in the commercial scale farm feeding trial at the optimum

water temperature.
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B2 Fste] WEEA25T)SAT. AR 2 Aol FEL 105T
A 6AZE HAxse] SAsAeH, =EWME(Nx6.25)2 Auto  Kjeldahl
System (Gerhardt VAP500T/ TT125, Germany)2 AH&3te] B39tk =

A2 AW FZF7]|(Velp SER148, Ttaly)E AF&-31e] etherZ2 F=53 & =
Aot om, 23| 550T oA 4413 &<t 33t & S50

th. BAA

Aol FAAEYE SPSS programs AH8-31o] One-way ANOVA-testE A
Al8td Duncan’s multiple range test (Duncan, 1955)2 1 119 §94&
AR san.

Table 13. Proximate composition (%) of for grower flounder fed

commercial EP diet at the upper-optimum water, temperature.

Experimental 6mm 7.5mm 9mm 11Imm Pooled
groups SEM
Moisture 7.94° 10.50° 9.2 10.61° 0.41
Crude protein'. 4957 46.95° 49.60 47.96° 0.43
Crude lipid 9.87° 10.44° 10.08° 9514 0.13
Ash 11.33% 10.88° 10.44° 11.27° 0.14
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Table 14. Effects of grower flounder fed the different size extruded

pellets for 6 weeks at the upper-optimum water tempera’cure1

Experiment groups Pooled
6mm 7.5mm 9mm 11Imm SEM
Initial wt. (g) 136 135 134 132 0.53
Final wt. (g) 254° 294" 293 3158 6.76
Wt. gain (%)? 88° 116° 119° 139° 569
FE (DM) (%)’ 106 107 116 117 2.24
Survival rate (%) 95 97 95 98 1.52

'Walues are means from triplicate groups 'of fish where ‘the means in each row
with a different superscript are significantly different (P<0.05).
*Percent weight gain; (final wt. - initial wt.) x 100 / initial wt.

*Feed efficiency ratio; (wet weight gain / dry feed intake).

Table 15. Proximate composition (%) of liver for grower flounder fed EP

diet during 6-weeks at the upper-optimum water temperature'

Pooled

Experimental groups 6mm 7.5mm 9mm 11Imm
SEM

Moisture 72155 6373°  6393° 644 1.46
Liver Crude protein  11.28 11.06 11.36 10.75 0.15

Crude lipid  1076°  1552°  1840°  1831*° 117

'Values (mean *+ SE of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).
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Table 16. Weight of experimental diets on feed size.

Diameter 6mm 7.5mm 9mm 11mm

Weight (g) 0.01 0.20 0.33 0.60

27 r

25 F

23 F

21 [

Temperawre(C)

19 L L L L L L L L

=] L =] I G T =] ] Sa
M = o - s W % 5] b
%ﬁb ﬂ.m‘” ﬁ:::w‘:’ W*:f” %,t:-f* qn‘* B,
T S

o A

Experimental period

Fig. 17. Changes of water temperature (C)-for experimental period.
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Fig. 18. Final weight of grower flounder fed the experimental group for 6

weeks feeding trial at upper-optimum water temperature.
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Fig. 19. Weight gain of grower flounder fed the experimental group for 6

weeks feeding trial at the upper-optimum water temperature.
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Fig. 20. Feed efficiency (DM) of grower flounder fed the experimental group

for 6 weeks feeding trial at the upper-optimum water temperature.
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Fig. 21. Survival rate of grower flounder fed the experimental diets for 6

weeks feeding trial at the upper-optimum water temperature.
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weeks feeding trial.
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Table 17. Proximate composition (%) of for young adult flounder fed

commercial EP diet at the sub-optimum water temperature'

11mm

Experimental groups 8mm 11mm (with water) 15mm
Moisture 9.53° 9.765" 24.92° 9.65°
Crude protein 499 49.75 49.78 49.61
Crude lipid 10.03 9.86 9.94 10.06
Ash 10.48 10.61 10.68 10.29

'Values (mean *+ SD of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).
@ 2% % 13

Hx W 423ge] 9AE 8F
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Table 18. Effects of young adult flounder fed the different size extruded

pellets for 6 weeks at the sub-optimum tempera’cure1

Experiment groups

” Pooled

mm

8mm 11mm . 15mm SEM
(with water)

Initial wt. (g) 424 423 424 21 025

Final wt. (g) 514° 532 530" 546" 457

Wt. gain (%) 21° 26° 25" 30° 118

FE (DM, %)° 66° 76" 72" 79 2.03

Hernia mortality 9 23 23 25 -

Survival rate (%) 96 93 98 92 1.09

'Walues are means from triplicate groups of fish where the means in each row
with a different superscript are significantly different (P<0.05).
*Percent weight gain; (final' wt. - initial wt.) x 100 / initial wt.

*Feed efficiency, ratio; (wet weight gain / dry feed intake)

Table 19. Proximate- composition (%) of liver for young adult flounder

fed EP diet during 8 weeks -at the sub-optimum water

tempera’cure1
11
Experimental groups  8mm 11mm ) mm 15mm  ooled
(with water) SEM
Moisture 69.58 69.46 67.68 71.58 0.73
. Crude
Liver ) 12.38 12.94 13.11 12.72 0.16
protein
Crude lipid 8.76 10.14 11.55 9.52 0.55

'Values (mean *+ SD of three replications) in each row not sharing a common

superscript are significantly different (P<0.05).
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Table 20. Weight of experimental diets on feed size.

Diameter 8mm 11mm 15mm
Diameter (g) 0.26 0.60 1.56
25 -
5 20 |
]
5 15 |
&
2 10}
E
e s

S [ 9%4,0 61@.&,@@@

N 7
P&&?’ *\9&’ w@q % m@q '@Qq *\9& ° @q *\5"""m

F_uperlmental period

Fig. 23. Changes of water temperature (C) for experimental period.
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Fig. 24. Final weight of young adult flounder fed the experimental group for
8 weeks in the commercial scale farm  feeding trial at the

sub-optimum water temperature,
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Fig. 25. Weight gain of young adult flounder fed the experimental
group for 8 weeks in the commercial scale farm feeding trial at

the sub-optimum water temperature.

,46,



100
20

&0
40
20

Q

T11mm W1 1mm 15mm

FE (DM, %)

Experimental group

Fig. 26. Feed efficiency (DM) of young adult flounder fed the experimental
group for 8 weeks.in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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Fig. 27. Survival of young adult flounder fed the experimental diets for 8
weeks in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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Fig. 28. experimental diets (extruded pellet)

,48,



Al 37 AArE R AFLdA wFAE

I

AN

Azl W

1. A &

]

pl

m

A

3

B R BA

AN

At wekA, o7

il

9
Lk

8

==
3

SFA AL

S

o

1o

A

Ha 34 71 =9

il = e

3

il

7}

=]
=1

o} FALRAA WEALE

g AE o] SRS

il

9
pal

R 7

A7F A

o}
=

=

AL B 1=

g]

,49,

=

[€)

ks

il
AT AE7}

Hsjo g o|lo]x gttt v A}

o}
gl

T

L

il

9
pal

].

AHkA o 2 v $ALE 9
[e)

=

- o
o]

T

o 29 % WERY

/Kg o] xﬂ

=
L

1

=

=]
HigA e 2 A

&2 Aol A

e
bl Al

3

!

[e)

R

©



,50,



2. Ad V. 34
1) AT+ER

oA dntsl ol = HIFALE(EP) &

B2k AR w ol

B

]
o

el

—_L
H

719l &

3|

P
=

3

Z] 0]
] L
v o
=

19]

o
1l

Y EFZE0m’, 155 )0l A

]

A
7} AR R As B

@ A=

W

F 1600712 A

S u oA A HIAL

HA

<)

457 4

84 £ 4g (mean *-SD)%

Ho

AN

ol

ﬂmwo

& o] =

st71 9

Mo

X

31.5~33.9%°l01, &E22(DO)E

Y A

0.14~0.19%(AE7I)Z2 1Y€ 23)(L3 84, &F 44])

3~6 mg/ ¢ HAAL.

A et

& 370 97H2009d 62 282 ~20099 10€ 29)

N

oo

lel, AETF A= wiFALE

,51,

[¢)

AR

L1\
=

Y

Ald AFALRE AR

U, 4344



oA 23, 19 38 B AET BE HPARS SRS WA @,
19 28 37, 487 Ce M@z 15%9) FES /A AL
23 3, 49T DE MEAR FES A 23, 19

=

—_
2
o u
=

ol o

jﬂ'
of
> ol
o
2 il

T8t F 5719 APFE FA5te] 29E o E AT dA AF
AHEE FFALE(EP)S] AW £ A7 Table 219 YeER It A AL
S 52%, £ALE 10~12% 2 AAFJACH, SALe] AFEFA EPAIE S At
&3t

t}h. oA &H

o7 24 19 Aoz AxFgon, AREE-=457] 95ta] 244

=
B
23

bt ddE=

ofr

o s X Aakglom, AOAC HH(1984)
of we} R FP7FRURHA05C, 4417, 2 AL Leldahl DA F
A
2)

soxhlet F=Ho 2 R399}

v, A A
2E A5Y FAAZY= Computer Program Statistix 3.1(Analytical
Software, St. Paul MN. USA)Z E4HE2(ANOVA test)S AAI3te] HAH
OJx} A (LSD: Least Significant Difference)S.2 H 7te] 9]/ (P<0.05)
<= ARSI

,52,



Table 21. Proximate composition (%) of for grower flounder fed EP and

dorsal muscle diets diet at the optimum water temperature

Diets Moisture  Crude protein Crude lipid Ash

EP 9.53 50.12 8.32 11.25
EP(with water) 2415 42.36 7.46 9.26
Dorsal muscle 75.35 21.23 0.42

@G 274 2 &

370E Eb AREEE d X ¢ 57%1 AdF9 44 A7E Table 220] e}
Atk Hx FAAT 84gel WA A0S 3L AT 2, HAFAT
15 T-A(B05g) 7t A€ B@275g), A&+ C(278g)°l Hls] fdHo=w =
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ME fHQ Folsh PE Ao tehl, B AP WgAEe] 5
o

A EZa% 3o AdHAn. AFHd s 2 AFY BaEs
22 203C WeHon, AF77t F 799 FFF2L 183TCHLH, 8, 9
29 HHFFLe 2~237CE Ve
Agole] 525, 1 E U dwrAdRE B4 An 9 UNFIFAF, B
W A2 =4 A%E Table 23 % 249 7}z YePf A S (dorsal

muscle)ol] QJolA F8, 2uwld ZAAe RE AL FIrA o ZFH <l 2

o]2 Ho|A LUTHP>0.05). Zr(liver)el YoIME FE, FuwmA A,

EE FEN 98 Folrb YA (P>0.05), IHE

(abdomined organs except liver)ell loix= ZFdWde wE A3 7

oA atel7t AL H (P>0.05), ZAEL AFT-D/F /MY =S A4S

BT, e AdTzrdE 949 2ol7t YATHPL0.05). 7HE kA5
]_

A<l
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Table 22. Effects of grower flounder fed the extruded pellets for 3

months at optimum water temperature1

Experimental groups

A B C D E ngll\‘j[d

Initial wt. (g) 84 83 87 84 85 0.28
Final wt. (g) 305" 275" 278" 261°  253° 622
Wt. gain (%)? 263 231° 219° 211° 198  7.91
FE(DM) (%)’ 125 116 117 126 130 2.00
Hernia mortality 28 30 17 3 12 -

Hernia mortality(%) 7 5 4 1 2 -

Survival rate (%) 87 80 87 86 84 1.20

'Values are means from triplicate groups of fish where the means in each row
with a different superscript are significantly different (P<0.05).

*Percent weight gain (final wt. - initial wt) x 100 / initial wt.

*Feed efficiency, (Fish wet weight gain x 100 / dry feed intake)

A: three times per day without-water.

two times per day without water.

: two times per day with water.

: one time in the morning without water.

m g Q0 =

one time in the afternoon without water.
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Table 23. Proximate composition (%) of dorsal muscle and liver for
grower flounder fed EP diet during 3 months at the optimum

1
water temperature

' Pooled
Diets A B C D
SEM
Dorsal muscle
Moisture 74.05 73.84 73.79 73.79 73.78 0.16

Crude protein  24.17 22.83 23.38 22.38 22.22 0.31
Crude lipid 0.65 ey 0.60 0.64 0.71 0.03
Liver
Moisture 62.61 61.675 62.5 58.03 5A23 1.22
Crude protein ~ 11.18 10.93 10.98 11.44 11.02 0.17
Crude lipid 21.89 21.33 20.24 20.65 20.51 0.50
Intestine’
Crude protein~  11.14 10.53 10.07 9.23 9.96 0.27

Crude lipid 084" 21.05° © 103’ 161 114> 009

'Values (mean *+ SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).
*abdomined organs except liver.
A: three times per day without water.
two times per day without water.
: two times per day with water.

: one time in the morning without water.

M g Q0 =

one time in the afternoon without water.
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Table 24. Proximate composition (%) of intestinal organs for grower

flounder fed EP diets during 3 months at the optimum water

tempera’cure1
' Pooled
Diets A B C D E
SEM
HSI 1.83 1.76 1.55 1.53 1.58 0.05
IPF 3.31 3.39 3.53 3.21 3.13 0.01
Hepatosomatic index; (liver weight / body weight) x 100.
Intra perioneal fat.
A: three times per day without water.
B: two times per day without water.
C: two times per day with water.
D: one time in the morning without water.
E: one time in the afternoon without water.
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Fig. 29. Changes of water temperature (C) for experimental period.
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Fig 30. Final weight of grower oliver flounder fed the experimental
group for 3 months in the commercial scale farm feeding trial at

the optimum water temperature,
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Fig. 31. Weight gain of grower oliver flounder fed the experimental
group for 3 months in the commercial scale farm feeding trial

at the optimum water temperature.
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Fig. 32. Feed efficiency (DM) of grower oliver flounder fed the experimental

group for 3 months_in the commercial scale farm feeding trial at

the optimum water temperature.
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Fig. 33. Survival rate of grower oliver flounder fed the experimental diets

for 3 months in the commercial scale farm feeding trial at the

optimum water temperature.
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Table 25. Proximate composition (%) of for young adult flounder fed EP

and dorsal muscle diets at the sub-optimum water temperature

Experimental ) . ..
Moisture ~ Crude protein Crude lipid Ash
groups
EP 9.57 50.17 8.51 11.56
EP(with water) 23.53 42.60 7.86 9.73
Dorsal muscle 77.35 21.47 0.30

B 28 ¢ n&F

3ME7e] Yx ALS AR A AHE Table 260 YERIATH HAFAF

(Final wt.), & &(wt. gain, %), ALZEE&(DM %) L AJEE(Survival rate)

S EE Ao Fost Aeols BelA L%th.(P>0.05). AR T FHFS

FTFISTE HlE FF28 FE0] B FS ALY, 4= 7

A ztel7h gle AR vYE FH18FE0] Blal FF23FE50] AR

T4 Fo] Bdd AoE #uHATh B AP HaFeS 12CHIA
X

E ol #olAQ zole 1A (P<0.05), 2AFDLE C(FEH7), TF13) A
3 | vl E=A debsta, b8 APFE e 793
QA el 7h Yl TH(P<0.05). FH(liver)o] A AT NN FE3 T dgFe
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AEFEA ¥ =4 dEsoH
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Table 26. Effects of young adult flounder fed the extruded pellets for 3

months at the sub-optimum water tempera’cure1

Experimental groups

A B C D ngll\‘j[d
Initial wt. (g) 625 624 620 626 0.27
Final wt. (g) 722 713 712 722 537
Wt. gain (%)? 15.5 143 14.8 15.3 1.36
FE(DM) (%)’ 50 48 59 58 3.83
Survival rate (%) 99 99.4 99.3 99.5 0.18

! Values are means from triplicate groups of fish where the means in each row
with a different superscript are significantly different-(’<0.05).

? Percent weight gain; (final wt: - initial wt.) ¥ 100 / initial wt.

® Feed efficiency, (Fish wet weight gain x 100/ dry feed intake)

A: two times per day with water.

B: two times per day without water.

C: one time per day with water.

D: one time day without water.
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Table 27. Final weight(g, Two way anova) for young adult flounder fed

EP diet during 3 months at the sub-optimum water

temperature
Experimental group with water without water
One time per day 712 722
Two times per day 722 713

Table 28. Weight gain(%, Two way anova) for young adult flounder fed

EP diet ~during 3 months at the “sub-optimum water

temperature
Experimental group with water without water
One time per, day 14.8 153
Two times per day 155 14.3

Table 29. Feed efficiency(%,-Two way, anova) for young adult flounder

fed EP diet during- 3 months—at the sub-optimum water

temperature
Experimental group with water without water
One time per day 59 58
Two times per day 50 48
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Table 30. Feeding rate for young adult flounder fed EP diet during 3

months at the sub-optimum water temperature

Experimental group Feeding rate(%)
A (two times per day with water) 0.18~0.19
B (two times per day without water) 0.15~0.18
C (one time per day with water) 0.14~0.15
D (one time day without water) 0.14~0.16
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Table 31. Proximate composition (%) of dorsal muscle, liver and intestine
for young adult flounder fed EP diet during 3 months at the

sub-optimum water tempera’cure1

Experimental groups A B C Fooled
SEM
Dorsal muscle
Moisture 72.96 7427 7449 7357 028
Crude protein 2410° 22500 2257 2182 032
Crude lipid 0.57° 0.31° 1.20% 062> 013
Liver
Moisture 5894°  6096°  7452*  5517° 287
Crude protein 11.80°  10.78%. 1468° 10.07° 0.9
Crude lipid 17.86° 2030 W57 299 251
Intestine’
Moisture
Crude protein 8.22° 10.49° 9.42% 9.71% 0.33
Crude lipid 1.40° 1.99° 0.93" 087° 018

'Values (mean *+ SD of three teplications) in—each row not sharing a common
superscript are significantly different (P<0.05).

*abdomined organs except liver.

A: two times per day with water.

B: two times per day without water.

C: one time per day with water.

D: one time day without water.
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Table 32. Intestinal organs for young adult flounder fed EP diets during

3 months at the sub-optimum temperature'

Experimental Pooled
A B C D

groups SEM

HSI? 1.62 1.71 1.48 1.77 0.13

IPF’ 3.39 2.52 3.08 3.39 0.43

4 b ab a a
MR 6.45 8.53 10.11 9.56 0.60
! Values (mean *+ SD of three replications)-in_each row not sharing a common

superscript are significantly different (P<0.05).

? Hepatosomatic index = (liver weight/body weight) * 100.
* Intra perioneal fat.

* Muscle ratio.

A: two times per day with water.

B: two times per day without water.

C: one time per day with water.

D: one time day without water.
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Fig. 34. Changes of water temperature (C) for experimental period.
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Fig. 35. Final weight of young adult flounder fed the experimental group for
3 months in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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Fig. 36. Weight gain-of young adult flounder fed the experimental group for
3 months in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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Fig. 37. Feed efficiency (DM) of young adult flounder fed the experimental
group for 3 months in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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Fig. 38. Survival rate of young adult flounder fed the experimental diets for
3 months in the commercial scale farm feeding trial at the

sub-optimum water temperature.
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