J. of Aquaculture
Vol. 18(4) : 231-235, 2005

RES I
Journal of Aquaculture
©Korean Aguaculture Society

= 3 S1 S = R R A P
o g4l |HX] 2o AR A FH3TF
A7, A7, AR, 278, 734
SRPA AR T

Optimum Feeding Frequency of Extruded Pellet for the Growth of Juvenile
Flounder, Paralichthys olivaceus During the Summer Season

Kyong-Min Kim*, Kyoung-Duck Kim, Se-Min Choi, Kang-Woong Kim and Yong Jin Kang
Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923, Korea

A 6-week feeding trial was conducted to determine optimum feeding frequency for growth of juvenile flounder
Paralichthys olivaceus during the summer season. Triplicate groups of fish (initial mean weight 3.7 g) were fed
a extruded pellet with 5 feeding frequencies (one meal every 2 days, one meal a day, two meals a day, three meals
a day and four meals a day) at 24.0+0.50°C (mean=SD). Survival of fish fed one meal every 2 days was sig-
nificantly (P<0.05) lower than that of the other groups. Weight gain, specific growth rate and daily feed intake
increased with increasing feeding frequency (P<0.05). However, no significant differences were observed in
weight gain, specific growth rate and daily feed intake of fish fed among two, three and four meals a day. Feed
efficiency and protein efficiency ratio were not affected by feeding frequency. Whole body contents of moisture,
crude protein, crude lipid and ash were not significantly affected by feeding frequency. These results indicate that
optimum feeding frequency is two meals a day for the optimum growth of juvenile flounder grown from 3.7 to

19.0 g under the experimental conditions.
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Table 1. Ingredients and proximate analysis of the experimental diet

Ingredients %
White fish meal 27.0
Dehulled soybean meal 28.7
Protorsan' 11.8
Blood meal 6.6
Corn gluten meal 37
Wheat flour 3.5
Corn starch 3.0
Sunoil-F? 9.6
Krill meal 2.0
Kelp meal 2.0
Vitamin mix.? 1.0
Mineral mix.* 1.0
Attractants' 0.1

Proximate analysis (% DM)
Crude protein 52.5
Crude lipid 11.3
Ash 8.4

'Dongsun industrial Inc, Seoul, Korea.

*Contains; fish oil, corn oil, soy lecithin, fat-soluble vitamins.

SContains (as mg/kg diet): ascorbic acid, 300; DL-calcium pan-
tothenate, 150; choline bitatrate, 3000; inositol, 150; menadione, 6; nia-
cin, 150; pyridoxine'HCl, 15; riboflavin, 30; thiamine mononitrate, 15;
DL-a-tocopherol acetate, 201; retinyl acetate, 6; biotin, 1.5; folic acid,
5.4; By, 0.06.

*Contains (as mg/kg dief): NaCl, 437.4; MgSO,7H,0. 1379.8, NaH,P:2H,0,
877.8; Ca(H,PO4),2H,0, 1366.7; KH POy, 2414; ZnSO.TH,0, 226.4;
Fe-Citrate, 299; Ca-lactate, 3004; MnSO,, 0.016; FeSO,, 0.0378; CuSOs,
0.00033; calcium iodate, 0.0006; MgQ, 0.00135; NaSeOs, 0.00025.
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Table 2. Growth performance of juvenile flounder fed diet with various feeding frequencies for 6 weeks'

Feeding frequencies Pooled

One meal in 2 days  One meal aday Two meal aday Three mealsaday Four mealsaday SEM?
Initial weight (g/fish) 3.75 3.65 3.63 3.65 3.60 0.01
Survival (%) 77.5° 93.2¢ 92.5° 91.3% 94 .6* 1.81
Weight gain (%)’ 184 300 395¢ 421 423 26.4
Specific growth rate (%)* 247 333 3.80" 3.93¢ 3.96° 0.16
Daily feed intake (%)’ 1.89° 2.40° 2.63* 2.78° 2.69%* 0.09
Feed efficiency (%)° 118 115 115 110 116 0.76
Protein efficiency ratio’ 2.24 2.19 2.19 2:10 2.21 0.01

'Values are means of triplicate groups values in the same row with different superscripts are significantly different (P<0.05).
“Pooled standard error of mean: SD/n, n=3 replicated tanks of fish per feeding frequency treatments.

*(Final weight-initial weight)>100/initial weight.
*(log. final weight-log, initial weight)x100/days.

*Feed intake (dry matter)x100/(initial fish wt.+final fish wt.+dead fish wt.)/2xdays fed.

(Wet weight gain/dry feed intake)x100.
"Wet weight gain/protein fed.

Table 3. Whole body proximate composition of juvenile flounder fed diet with various feeding frequencies for 6 weeks'

Feeding frequencies Pooled

One meal in 2 days One meal aday Twomeal aday Three mealsaday Four meals a day SEM*
Moisture (%) 76.5 78.1 77.9 77.5 76.7 0.34
Crude protein (%) 153 15.1 14.8 14.9 15.4 0.03
Crude lipid (%) 3.0 2.6 2.7 3.3 3.0 0.19
Ash (%) 3.0 2.7 2.8 2.8 2.8 0.17

'Values are means of triplicate groups.

*Pooled standard error of mean: SD/v n, n=3 replicated tanks of fish per feeding frequency treatments.

T 24°C)00 FA] HofellM Al o] FFF7} Hobd
TE dArEAHEC] Tk AT Bilon 1Y 23] o
AollMe= O ol F7FekA] @Skt oleldt Aohs B Aol v
B e 7291 16°ColA] AEE 1.6~4g WXI(Lee et al,, 1999),
21°CelM AEH 3.4~18 g X (Lee et al., 2000) 2 10.7°Col|4]

AdH 45-53 g GR|(Kim et al., 2005)F iAo 2 3t A747}
oF FARH VEbT) ol ol BAIge) AlR T3 Y
2t ol

REF o1gE ZASPA Ao)7] FAe] AaHAE

7k e e ke, 9312 Thohe ARTHIE
LT ARBYNTL T 902 QAU T, ofF

2373 A AR 38 © oux] 27 8k0] AE-Ho]
, oA Z717F Sl whebA] X ol ik AleAlHE
Zashe Aow deA dtkLee and Putnam, 1973). 32 2
9] dLMNEALAE o)HT} S £ 1.6-4 g FH(Lee
et al, 1999)5 o= & A3 A3H0.84~2.65%)°l HIal] =A
YVERGEH, ol olA Y] 2719 28 AE A3 e Rolx 9l
AARE 53], & Aol ofsf AR AdFH &) Bk AeE
EY wepr] pdd mE ARAITE AlR *ém%%«l Ao
UL Zostty Al g Tl B Aol Al Eg it
71l Wt A8 % AFES SIIAA, }E L
9 A TS S HFE B FE3d gl ZE
Agrol A Zol7t veERA] e HE uHsle] & u), 2

N

@ o Hofr

wx i

AZgo) 71 F8.3F A4k ABkel A= 223
Lee et al. (2000) 2 Seo et al. (ZOOSH AP

N ANexd Q%‘v LQZ]A AlE g8 A3k \ A 1 s

07 0}04 AEAFH ST } J H ‘ﬂe
A7 VERA] S T 9
et al., 1998; Dwyer et al., 2002)
A3l ol o2 At AlRFFE oAl S H= A
S F7A oH Y FAS Azt A F e AR B
}(Page and Anderws, 1973; Lee et al., 2000). 3}4]

SEIG FAGe] oA £, W,
%k% T AT FoHd Aol7) veh
. ARALES) T High oy
13171 whizol Ak, 14 28] ool Fadlelr= At
&l K}OV} vehtA] gk dliEel Zlos AbEE
HeZRZA] $80] yoldfbE ASlEA &
2 A& ol %L stA = A 9H(Finge & Grove, 1979;
Fauconneau et al., 1983), o|9} vl &= 843 &0 22 A5
o] o] Agith ojFe] Astgie] &4 9 YAt F7t

Zog AlgH D}(Ruohonen

05

o
-

o]
AR
Agen

Lo

DY

T,
o rlns
¥ ya
o
o H o
oo
e
o
Ho
fr

2§
2
ol

N
—_

(e mr
ﬂ:

ot
3
B
fr

o,



>4 A7, A7E, 249, A7, 83

[e)

AR AATFE A% A7) 49, B AFEY B2
F291 16°ColH AP 1.6~4¢ A9 A ALBTH s
1Y 33](Lee et al., 1999), 10.7°CollA] 2 H 45~53 g X2 3
A NEFTF A5E 19 23], 21000 AFE 3.5-15 g B9
Ae 192 23] == 1Y 33)(Kim et al., 2005) 92 FFsh= A
o] 4% B AIRESY $2 A2 BT 285 21°C
A AER 3.4~18 g WXl sloiMe AlEeldA] kel wlet 1
d 23] EE 1Y 33 FFo] AAsI BrEal TH(Lee et
al,, 2000). & APNNE I5H IF7]24°CellA] i =E
1Y 23] o) wHE T 49 4 L AAREE) oA A
o7} YERIR] Gtrh o) Fol| oM A5 e FEIATE
oA =] 2 Al B4 5o 8 gt = UAATH(Brett
et al,, 1969; Brett & Higgs, 1970), 71&2] 745 & B A3
o] 275 EUZ st B o), A X]of7]e] SlojA] AP AlR
THIFE 1Y 28] B 1Y 33Y AoE ARy, 23]
F2-9] gk o3t ARFAIZIE ALBAFE, F MBI FERl A
Ao o & 9L viXe A= HoHnh o] AR E
o, 3.7~19.0 g&] X|o}7] FX|9] EH(F2 24°C) vFALE Y
A AARETF e AT AL 2 HlE T A4 53
& FHAE W 1Y 28] vHE FFEske o] AT zlew
ALEEH, oju] ALEAHES 2.63~2.78%7F AFE RO
ezi=

)

2 ¢

B e Xo7] YA J54 A AlEdF J4E AL
sl7] 913l BFFEA 3.7 g9 APAE 3007 R 7 2
Z goutEH 3uHE o2 7] wixlste] AlREH JITE ©
st 657+ ARSI AR S 29 13(09:00), 19 1
3](09:00), 12 23(09:00, 18:00), 1¥ 33](09:00, 13:00, 18:00)
212 43](09:00, 12:00, 15:00, 18:00)= A3 0, W3] 2
o7t Hg Wi7px] v Btk AEEL 29 13 Al F
F7F 7P BA e e, 19 13] oo AlEFFI
M FoA0 Aot veREA] gttt FAE 3 A tEA
A2 ANETFIFTE S7H) ek F71elAIRE, 19 23]

A AR E FF3 AP TE ol el gt 2ol 7t giiv) AL

A ABEgS AEFTIFIF Foe e 2
7| gdo} BE Aol Aol7t T ASAR FE &, A
ojF o] &, Tl A A SRS BE ATl fo
Al zlol7t eh Al gt} ol de] AxnE & o, 3.7~19.0 ¢
Hx] ®o] A)7)9] A2 (G 24°C) AR Y] AATF 35
£ AREE A7 9 HlE 5 AAZ AL 7HENS W |1
o 28] ZoF ALEEY, ofuf ALEAHES 2.63~2.78%7F A
2e Ho s AET

HAtel =

B A7E T Eitels) A8adas A, Re-
2005-AQ-010)2] Aol 2]s) FEHUFIT

m
o

k)

AOAC, 1990. Official methods of analysis. 16th ed. Association
of Official Analytical Chemists. Arlington, Virginia. 1298 pp.

Azzaydi, M., F. J. Martines, S. Zamora, Sanchez-Valzquez and J.
A. Madrid, 2000. The influence of nocturnal vs. diurnal feed-
ing condition under winter condition on growth and feed con-
version of European sea bass (Dicentrarchus labrax L.)
Aquaculture, 182, 329-338.

Brett, J. R. and D. A. Higgis, 1970. Effects of temperature on rate
of gastric digestion in fingerling sockeye salmon (Oncorhyn-
chus nerka) J. Fish. Res. Bd. Can., 27, 1767-1779.

Brett, J. R., J. E. Shelborn and C. T. Shoop, 1969. Growth rate and
body composition of fingerling sockeye salmon (Onchorhyn-
chus nerka) in relation to temperature and ration size. J. fish..
Res. Bd, Can., 26, 2363-2394.

Cho, C. Y., J. D. Hynes, K. R. Wood and H. K. Yoshida, 1991.
Quantitation of fish culture wastes by biological (nutritional)
and chemical (limnological) methods; the development of high
nutrient dence (HND) diets. (in) Cowey, C. B. and C. Y. Cho,
(ed.), Nutritional Strategies and Aquaculture Waste. Proceed-
ing of the First International Symposium on Nutritional Strat-
egies in Management of Aquaculture Waste, University of
Guelph, Ontario, Canada, pp. 37-50.

Cho, C. Y, J. D. Hynes, K. R. Wood and H. K. Yoshida, 1994.
Development of high nutrient dence, low pollution diet and
prediction of aquaculture waste using biological approaches.
Aquaculture, 124, 293-305.

Choi, S. M., 2004. Development of the low pollution diets for
growing olive flounder, (Paralichthys olivaceus). Ph. D thesis,
Pukyong National University, Busan, Korea, 111 pp.

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

Finge, R. and D. Grove, 1979. Digestion. (in) W. S. Hoar (ed.),
Fish physiology, Vol. VIII, Academic Press, New York, pp.
161-261.

Fauconneau, B., G. Choubert, D. Blanc, J. Breque and P. Luquet,
1983. Influence of environmental temperature on flow rate of
foodstuffs through the gastrointestinal tract of rainbow trout.
Aquaculture, 34, 27-39.

Hardy, R. W., W. T. Fairgrieve and T. W. Scott, 1993. Periodic
feeding of low-phosphorus diet and phosphorus retention in
rainbow trout. (in) S. J. Kaushik and P. Luquet (ed.), Fish
Nutrition in Practice. INRA Press, Paris, pp. 403—412.

Kim, G U, H. S. Jang, Y. S. Joo and S.-M. Lee, 2005. Effects of
feeding frequency of extruded pellet on growth and body com-
position of juvenile flounder, Paralichthys olivaceus during



dd2de) Yxx|o) wjdhilEe] A4 2334 .

the winter season. J. Aquaculture, 18, 31-36.

Lall, S. P., 1991. Digestibility metabolism and excretion of phos-
phorus in fish. (in) Cowey, C. B. and C. Y. Cho (ed.), Nutri-
tional Strategies and Aquaculture Waste. Proceeding of the
First International Symposium on Nutritional Strategies in
Management of Aquaculture Waste, University of Guelph,
Ontario, Canada, pp. 21-36.

Lee, D. J., and G. B. Putnam, 1973. The response of rainbow trout
to varying protein/energy ratios in a test diet. J, Nutr 10, 916~
922.

Lee, S.-M., S. H. Cho and D. J. Kim, 2000. Effects of feeding fre-
quency and dietary energy level on growth and body compo-
sition of juvenile flounder (Paralichthys olivaceus). Aquacult.
Res., 31, 917-921.

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.

Liu, F. G and C. 1. Liao, 1999. Effect of feeding regimen on the
food consumption, growth and body composition in hybrid
striped bass Morone saxitilis * M. chrysops. Fish Sci., 64,
513-519.

MOMAF (Ministry of Maritime Affairs and fisheries in Korea),
2002. Direction of less pollution diet development for sustain-

able marine fish farming, MOMAF, Seoul, 248 pp.

NRC (National Research Council), 1993. Nutrient Requirements
of Fish. National Academy Press, Washington DC, 114 pp.

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

Phillips, M. J., R. Clarke and A. Mowat, 1993. Phosphorus leach-
ing from Atlantic salmon diets. Aquaculture engineering, 12,
47-54.

Ruohonen, K., J. C. Vielma and D. J. Grove, 1998. Effects of
feeding frequency on growth and food utilisation of rainbow
trout (Onchrhynchus mykiss). Aquaculture, 165, 111-121.

Seo, J. Y., H.-S. Jang, K.-D. Kim, G. U. Kim and S.-M. Lee, 2005.
Effects of dietary composition, feeding satiation rate and feed-
ing frequency of extruded pellets on growth and body com-
position of flounder Paralichthys olivaceus. J. of Aquaculture,
18, 98-106.

Tsevis, N., S. Klaoudatos and A. Conides, 1992. Food conversion
budget in sea bass Dicentrarchus labrax, fingerlings under two
different feeding frequency patterns. Aquaculture, 101, 293-304.

AuF4 200593 54 12¢
FAR R g 120059 109 14



