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Effect of Feeding Frequency of Extruded Pellet on Growth and Body
Composition of Juvenile Flounder, Paralichthys olivaceus
During the Winter Season

Gun-Up Kim, Hyun-Seok Jang', Joo-Young Seo' and Sang-Min Lee'*
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Faculty of Marine Bioscience and Technology, Kangnung National University, Gangneung 210-702, Korea

A feeding trial of two feeding rate (satiation and 80% satiation) x four feeding frequency (three meals a day, two
meals a day, one meal a day and one meal every two days) factorial design with three replications was carried out
to investigate the optimum feeding frequency and rate for growth of flounder during the winter season. Juvenile
flounder averaging 45 g were fed a extruded pellet for 60 days. Weight gain was affected by both feeding fre-
quency (P<0.001) and feeding rate (P<0.01). The best weight gain obtained from fish fed two meals a day with
satiation was not different from that of fish fed three meals a day with satiation and 80% satiation. Feed efficiency
and protein efficiency ratio of fish fed the diet three times daily were the highest among groups, but not different
to other groups of fish except for one meal every two days with satiation and 80% satiation feeding. Daily feed
intake was affected by both feeding frequency and feeding rate (P<0.001), these values of fish fed two and three
meals a day with satiation were the highest among the groups. Moisture, crude protein, crude lipid and ash contents
of fish were not affected by both feeding frequency and feeding rate (P>0.05). The results of this study indicate
that the optimum feeding frequency for the growth of juvenile flounder grown from 45 g to 53 g is two meals
a day with satiation feeding during the winter season.
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Table 1. Ingredients and nutrient contents of the experimental diet

EP
Ingredients (%)
Fish meals' 53.0
Meat meal 3.0
Wheat gluten 8.0
Soybean meal 9.0
Corn gluten meal 4.0
Wheat flour 18.0
Others 5.0
Nutrient contents
Dry matter (%) 93.0
Crude protein (%) 52.3
Crude lipid (%) 6.6
Ash (%) 10.7
Gross energy (kcal/g diet)? 4.8

'Mixture of mackerel fish, tuna and pollack fish meal.
*Based on 5.64 kcal/g protein, 9.44 kcal/g lipid and 4.11 kcal/g
carbohydrate.
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A DALE A F & (daily feed intake, %/day)=feed intakex100/
[(initial fish weight+final fish weight+dead fish weight)/2xdays fed].

Z% % (weight gain, g/fish)=final average fish weight-initial
average fish weight.

ALE F &(feed efficiency)=fish wet weight gainx100/feed
intake (dry matter).

@A § S(protein efficiency ratio)=fish wet weight gainx

100/protein intake.
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Two-way ANOVA

EE Satiation Feeding frequency P<0.001, Feeding satiation P<0.001

T 80% satiation

e
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Daily feed intake (%/day)

One meal/2 days QOne meal/day Two is/day Three is/day

Feeding frequency

Fig. 1. Daily feed intake (expressed as mean+S.E. of three replica-
tions) of flounder (average initial weight of 45.0+0.09 g) fed the
experimental diet at different feeding frequency with satiation and
80% satiation for 60 days. Values with different letter are signifi-
cantly different (P<0.05).
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Two-way ANOVA

Satiation Feeding frequency P<0 001, Feeding satiation P<0.01

[T 80% satiation
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Fig. 2. Weight gain (expressed as meanzS.E. of three replications) of
flounder (average initial weight of 45.0£0.09 g) fed the experimental
diet at different feeding frequency with satiation and 80% satiation for
60 days. Values with different letter are significantly different (P<0.05).
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Fig. 3. Feed efficiency (expressed as mean+S.E. of three replications) of
flounder (average initial weight of 45.0+0.09 g) fed the experimental
diet at different feeding frequency with satiation and 80% satiation for
60 days. Values with different letter are significantly different (P<0.05).
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Fig. 4. Protein efficiency ratio (expressed as mean=S.E. of three rep-
lications) of flounder (average initial weight of 45.0+0.09 g) fed the
experimental diet at different feeding frequency with satiation and
80% satiation for 60 days. Values with different letter are signifi-
cantly different (P<0.05).
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Table 2. Proximate composition (%) of flounder fed the experimental diet at different feeding frequency with satiation and 80% satiation

for 60 days'

Feeding frequency Feeding satiation Moisture Crude protein Crude lipid Ash

One meal/2 days Satiation 76.6:0.91 16.7£0.56 2.0+£0.50 3.6+0.20
80% satiation 75.9+0.24 17.5+0.21 2.0+0.14 3.5+0.15

One meal/day Satiation 76.4+0.85 17.4+0.54 2.3+0.24 3.8+0.05
80% satiation 75.8+0.19 17.0+0.03 2.1+0.72 3.7+0.07

Two meals/day Satiation 75.8+0.42 17.3+0.10 2.4+0.18 3.7+0.10
80% satiation 76.2+0.44 17.1+0.22 2.1+0.05 3.6+0.04

Three meals/day Satiation 75.6+0.32 17.5+0.29 2.3+0.10 3.7+0.13
80% satiation 75.7+0.68 17.1+0.22 2.2+0.33 3.620.16

Two-way ANOVA

Feeding frequency P<0.7 P<0.5 P<0.5 P<0.4

Feeding satiation P<0.2 P<0.6 P<0.1 P<0.7

Interaction P<0.8 P<0.4 P<0.8 P<0.9

'Values are mean+SE of three replications.

W ALRAHF] FoS ¥ ofe} AREE T ATiHon @ BN wE, ARTIS AYAS ol¥ew F/MIE

gt B AUIN A88 WAE ALH 10C AFAN e WA AR Y2 oA KPR FJo= At 2

ARG AREN7] WZ] AAANBAHFAEE AT 05% X FE F UTh deHoE A})o] Al FFE UL 0] 880

19 e 7S B2k o] e B Ao FHEs 2
Ho}p 52 F2o4 489 X (Lee et al., 2003) H =t
(Lee and Lee, 2004)2] AFSA4#€(1.01-1.14%)5 ch o9 &
#US & F Uk o] Aole EE oFe] 54 H oA
7] zpo] Wio)7| % SHIARE 2ol 93] Bo] HF o] &
2ol EHsith B AgolA g9 S5F =3 ddd e
2932 g 29, ol Yol A3 dast 3 AlsEE
o] 32-64%= R o= Hol AFOF g AW thAt
T 74 oz AdtHE)
£ A7l FFIF7E SHEEA dLAEAFH &) F7t
st o o] TUIsIA] ke A ofF ol WAIE i
oz "ol FF AA el A8 HAol= YERE O (Lee
et al.,, 1999), ZU| BT v=3 AL R HATHLee et al,
2000b). HoldFHFo| oJE ALEFF3lF oldelA o ol &
N e WAL olulm o olFe] AslRe] AlR 43
8- J3 MR 273 S o Fe) A¥E Zog 1l
T}(Lee and Putnam, 1973; Page and Andrews, 1973). ojA] &
% 9 ABo|8E 8] FY FFEY Y, VHETE AET
FIF7E FUNEFE Stksl 1Y 23] FEUEARE b
o), Al FFTFIME 1Y 38 3F7H OE FETEY
=2 S BT olg AL AA] o7} gk oy
A9 a9} #AAge) 9lS Aoz wgH) F, A% FFY
735 A7 A@dH oz FFEH avHE FFITIF B
Aol Fodt 443 AE o] 2&S Jehd 202 AE.
olu} ok AT (Lee et al., 2000a)°14 {& Xoje} 29 AL59
oluviz] et} Ats F-F3Fol uet A AlEAFHE] &

Bae Bad vt o], oleie F4E S00F Sk ek ol

o
f

T o

i

v

FolA] (Lee et al., 1996), AF =] o]§=HA Reh 4o dY4
SE S5O METHY FEEYE SN B ol HY
2] oA = Aol A HEo 2 23] (Page and Andrews 1973; Lee
et al., 2000a; Lee et al., 2000c)=]o] oA} EHS AsA7|= 2
FE 2t RHIE AFEE R FEshke AL olRY
73S AAAT|BE tgol R adlsd 58 st A
Ao st PrFe] FLYAE T8t AR A28FE Y]
£ FHasTlE Ztol A AsFFAAE 2 Aolth
Wxlel AL, HAAF 1.5-4 g2 Xoj¢] A A5 FFIF
< 1Y 33] THE Fadhe Ao ulEA etk Bl oM (Lee
et al, 1999), BFAZ 3.5-15 g2l A-olE AR oA
ol met 1Y 28] B 1Y 33 Fuo] Ak HiEo
Ath(Lee et al., 2000a). £ Ao 8 AlF FHFENA
19 28] F517F 19 33 FF7E 2388 tha & &
TS Bl AlEE 1Y 33 viEoe Y HaE Qe
o2 e B3k B dre] AlRE 8 gl A g gelMn
12 28] THE FE77F P =2 ge 1l 1Y 33 A
FTaTot vt {23 xjo]lE KolR] ot AbR S 1Y 23]
THE-Eo] Atk A Bl F3 qdnh o|v) A€ 7]
&2 TS (Lee et al., 1999; Lee et al., 2000a)3} £ 372
& A3 zhe] Aole 322 oFolz AT AUl o3|
ole] HH &, 43l 4 4 St ded ¢ dvke A
ojulgitt, Yx|e} T fEviete] sjitol R £o A
B8] A% Ha 25 6-20 g2 A= 1Y 13,
-60 g2 Z719= 1Y 18] E= 2 18] FFsks Aol A
Ql SHoM F& Zlolgta BEo] Urh(Lee et al., 1996;
Lee et al., 2000b). 53t o), ojAle] A7), ALEM: FU¥E F

N

£o o I ox T
N

[\)
()

)



Harkee] ALd 38T 35

ok 3 F AR T oM E ojFe HuUAAS %
Atge] AR IS 28 £ Jui o) Aol B
= ATHWang et al., 1998; Lambert et al., 2001; Dwyer et al.,
2002; Riche et al., 2004). °[&]¢ AFA 3= oA 9] Z7]o] w}
2 ALs FFI7E ek ¢ Ao Ae 9u)Ey, ol =2
717 AXEA W 713EC) A ARNER ALE AFHF Aol
B ]2 = Al7H(gastric evacuation time)o] L2 A7) wfZo]
2} AZHET fof 22 ARER nFo] Kol Alge] HA F
Fre o] Folu 278 T=iskd dFske Zo] v}
g s} st

ol Fe] AFAEL TH, 598 AE FFITONA 0B
TaTe SEHo] Ag AT g =& A5 B9 Re
2 Hol WXz 29 E2(Lee, 1997)7 th2A Al E wHEo
B Fdhs Aol o Eg3oR Helth 138, 553 2 AR
FE&o) vHE AE FFENA 1Y 28] FEA SR A
o2 Wol, HHAF 45-53 go YAXo1E ALH AMSE ],
ALEH]E, =58 W A 58 sk B AP 2A0ME
ALRE 1Y 23] YHEo g FF3she Aol viEE & Fojgt &
o¥c)

FO

_O_1l=

2 A7 ALH YA ASA FF Ak 33 353
T FEFES DAY Y8 Hat AF 450 g WS 7 F
Zrit} 20 vl 3ukE O 2 peale] 60U7ZF ARSI AL
2 3EEre 1Y 33, 1 28, 19 13 2 2d 13)= A%
Els TEHFS T g RhE] 80%= AAsIH . Al
EEL BE AYT7oNA 96% ool e, 25 1Y 23]
THE FET 1Y 38 e 5AEC Aol glX T 7
% , 29 13 A% FEt 7P 22 A9E B
(P<0.05). 282 TUE FFJ oA T T A &
FTRY 22 A48 Bt dUAsdFeS W FET7
o} Ag FFF BT T S7HESE kst 1 2
3| TR ool M= FoE zlolvt Gl Al A S v
HE &L 1Y 33 A% T P =03 2d 18] Aj 2
HP7F S 3E HAO0M(P<0.05), A AFFE Afolo
© Fog xo|E HolR| gttt AR AE F3A] dojAlY
T, T A 9 SREEe BE Ay #2382}
o7} SIATh. o]t AHERE, HFAF 45-53 g2 YA X
E ASH AT ve FAIEE 1Y 28] siEog ¥
woh= Zlo] vigrd & Zlole} dekE).

d

Aol 2

£ A7 g USRS A Y
olg ZlolH, ofol A=t

mp
o

fE

AOAC, 1990. Official Methods of Analysis. 15th edition. Association
of Official Analytical Chemists. Arlington, Virginia, 1298 pp.
Brett, J. R. and D. A. Higgs, 1970. Effects of temperature on rate
of gastric digestion in fingerling sockeye salmon, Oncorhyn-

chus nerka. J. Fish. Res. Board Can., 27, 1767-1779.

Davis, K. B. and N. C. Parker, 1990. Physiological stress in striped
bass: effect of acclimation temperature. Aquaculture, 91, 349—
358.

De Silva, S. S. and T. A. Anderson, 1995. (In) Fish Nutrition in
Aquaculture, Chapman and Hall, New York, NY, pp. 32—42.

Duncan, D. B., 1955. Multiple-range and multiple F tests. Bio-
metrics, 11, 1-42.

Dwyer, K., J. Brown, C. Parrish and S. Lall, 2002. Feeding fre-
quency affects food consumption, feeding pattern and growth
of juvenile yellowtail flounder (Limanda ferruginea). Aquac-
ulture, 213, 279-292.

Gershanovich, A. D. and L. R. Taufik, 1992. Feeding dynamics of
sturgeon fingerlings (Acipenseridae) depending on food con-
centration and stocking density. J. Fish Biology, 41, 425-434,

Homing, W. B. and R. E. Pearson, 1973. Growth temperature
requirement and lower lethal temperature for juvenile small-
mouth bass (Micropterus dolomieui). J. Fish. Res. Bd. Can.,
30, 1226-1230.

Ishioka, H., 1980. Stress reactions in the marine fish-I. Stress reac-
tions induced by temperature chang. Bull. Jpn. Soc. Sci. Fish.,
46, 523-532.

Kim, Y. S, B. S. Kim, T. S. Moon and S.-M. Lee, 2000. Utilization
of defatted soybean meal as a substitute for fish meal in the
diet of juvenile flounder (Paralichthys olivaceus). J. Kor. Fish.
Soc., 33, 469-474.

Kim, K.-D. and S.-M. Lee, 2004. Requirement of dietary n-3
highly unsaturated fatty acids for juvenile flounder (Paralich-
thys olivaceus). Aquaculture, 229, 315-323.

Kim, S.M,, S.-M. Lee and B.-D. Yoon, 2003. Effect of fermented
food garbage in diet on growth and body composition of juve-
nile flounder (Paralichthys olivaceus). J. Fish. Sci, Tech., 6,
45-50.

Kim, K.-D., S.-M. Lee, H. G. Park, S. Bai and Y.-H. Lee, 2002.
Essentiality of dietary n-3 highly unsaturated fatty acids in
juvenile Japanese flounder Paralichthys olivaceus. J. World
Agquac. Soc., 33, 432—-440.

Lambert, Y. and J. Dutil, 2001. Food intake and growth of adult
Atlantic cod (Gadus morhua L.) reared under different condi-
tions of stocking density, feeding frequency and size-grading.
Aquaculture, 192, 233247,

Lee, D. J. and G. B. Putnam. 1973. The response of rainbow trout
to varying protein/energy ratios in a test diet. J. Nutr., 103,
916-922.

Lee, S.-M., 1997. Effects of feeding rates on growth, feed fre-
quency and body composition of the juvenile Korean rockfish
(Sebastes schlegeli). Kor. J. Anim. Nutr. Feed, 21, 327-334.

Lee, S.-M. and J.H. Lee, 2004. Effect of dietary glucose, dextrin
and starch on growth and body composition of juvenile starry



36 A2, AN, M5, ol

flounder Platichthys stellamus. Fish. Sci., 70, 53-58.

Lee, S-M., C. S. Park and I. C. Bang, 2002. Dietary protein
requirement of young Japanese flounder Paralichthys oliva-
ceus fed isocaloric diets. Fish. Sci., 68, 158-164.

Lee, S.-M., C. H. Seo and Y. S. Cho, 1999. Growth of the juvenile
olive flounder (Paralichthys olivaceus) fed the diets at differ-
ent feeding frequencies. J. Kor. Fish. Soc., 32, 18-21.

Lee, S.-M., K.-D., Kim and S. P. Lall, 2003. Utilization of glucose,
maltose, dextrin and cellulose by juvenile flounder (Paralich-
thys olivaceus). Aquaculture, 221, 427-438.

Lee, S.-M., S. H. Kim, L.G. Jeon, S. M. Kim and Y. J. Chang,
1996. Effects of feeding frequency on growth, feed efficiency
and body composition of juvenile Korean rockfish (Sebastes
schlegeli). J. Aquacult., 9, 385-394.

Lee, S.-M.,, S. H. Cho and D. J. Kim, 2000a. Effects of feeding
frequency and dietary energy level on growth and body com-
position of juvenile flounder, Paralichthys olivaceus (Tem-
minck & Schlegel). Aquac. Res., 31, 917-921.

Lee, S.-M., U.-G. Hwang and S. H. Cho, 2000b. Effects of feed-
ing frequency and dietary moisture content on growth, body
composition and gastric evacuation of juvenile Korean rock-
fish (Sebastes schlegeli). Aquaculture, 187, 399-409.

Lee, S.-M,, S. H. Cho and K.-D. Kim, 2000c. Effects of dietary
protein and energy levels on growth and body composition of

juvenile flounder Paralichthys olivaceus. J. World Aquac.
Soc., 31, 306-315.

Park, S.-U., M. G. Kwon, Y.-H. Lee, K.-D. Kim, L.-S. Shinand S.-
M. Lee, 2003. Effects of supplemental Undaria, Obosan and
wasabi in the diets on growth, body composition, blood chem-
istry and non-specific immune response of juvenile flounder,
Paralichthys olivaceus. J. Aquacult., 16, 210-215.

Riche, M. D., I. Haley, M. Oetker, S. Garbrecht and D. L.. Garling,
2004. Effect of feeding frequency on gastric evacuation and
the return of appetite in tilapia Oreochromis niloticus (L..).
Aquaculture, 234, 657-673.

Ryan, S. N., 1995. The effect of chronic heat stress on cortisol lev-
els in the Antartic fish, Pagothenia borchgrevinki. Experientia,
51, 768-774.

Page, J. W. and J. W. Andrews, 1973. Interaction of dietary levels
of protein and energy on channel catfish (Ictalurus punctatus).
J. Nutr,, 103, 1339~1346.

Wang, N., R. S. Hayward and D. B. Noltie, 1998. Effect of feed-
ing frequency on food consumption, growth, size variation,
and feeding pattern of age-0 hybrid sunfish. Aquaculture, 165,
261-267.

12004 129 28Y
220053 19 11Y



