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Comparison of Extruded and Moist Pellets for Whole-body Proximate
Composition and Growth Performance of Olive Flounder
Paralichthys olivaceus

Kang-Woong Kim, Jin-Hyuck Lee, Ki-Min Bae, Kyoung-Duck Kim, Bong-Joo Lee, Hyon-Sob Han
and Sung-Sam Kim*

Aquafeed Research Center, National Fisheries Research and Development Institute, Pohang 791-923, Korea

Two consecutive feeding trials were conducted to evaluate the effects of extruded pellet (EP) and raw fish-based
moist pellet (MP) in the juvenile (experiment I) and sub-adult (experiment II) stages of olive flounder, Paralichthys
olivaceus. The fish were distributed randomly to three aquarium tanks, as a group of 1,200 fish (initial mean weight
13.5£1.76 g) in experiment I, and as a group of 390 fish (initial mean weight 385+15.3 g) in experiment II. In ex-
periment I, the weight gain, specific growth rate, feed efficiency, protein efficiency ratio, and survival of fish fed EP
were all significantly higher than those of fish fed MP. In experiment I, no significant differences were observed
in weight gain, specific growth rate and survival between the EP and MP groups. However, the feed efficiency and
protein efficiency ratios of fish fed EP were significantly higher than those of fish fed MP. The results of this study
indicate that EP could be developed to replace MP for market size production of olive flounder without any adverse
effects on the growth performance. The dietary formulation used in this study could be used as an appropriate feed
for olive flounder.
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vt g A Aol Ak (extruded pellet, EP)2} <5
Al&(moist pellet, MP)7} -85 0] ARE-E 1 9l on, 2013
AA| G2 AR AR 22533120014 91% o|AS HALE
7} A A|BFAL Q1= A o] th(Statistics Korea, 2014). 2 2] ©]
7]0ll= v AR S ARE-SFIL 100-300 g 7oA SAEE A
3HS 57| wiiZolth. o] F A HALR E Aesh= A2 o7 o]
7F UARE 7 2 A1 SAER T e AbR Kok Adrgo] whE
ThaL Q1487 wfjito|t}. whetba] Aol HAMR | FIRA] ¢
aa-g uiRtAbR O] ZH B #AY Bl AR o] e ofof gith

H2)9] ket uigibm A W Aol 7|27 He E

A Qe A A A9 (Alam et al., 2002; Kim et al., 2013)
Sol AT, 7|54 U WY S Sfet charet AR
H7IHA H7}e) W3 A7HKim et al., 2006¢; Kim et al., 2009;
Kim et al., 2010; Kim et al., 2011a; Kim et al., 2012; Kim et
al,, 2013) & thekgt A= 9] o]-84 H 4x3hs Hrhof #et A
T=0] 3= AH(Choi et al., 2004; Pham et al., 2007; Ye et
al, 2011). 0|22t 172 vlgro 2 1 E & WgHALR S 9
off thefet A MiFALRE Alxsto] AA] FAAGAA A
S35 9l AR W AHRIS WAk vl Alglo] S
¢th(Kim et al., 2005; Cho et al., 2005; Lee et al., 2005; Kim
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et al., 2006a, 2006b; Kim et al., 2008; An et al., 2011). o] &3t
A= v R Y] FAS A 5 Sl 7R AT E B8
2 = glom, Ao A ofdlo] AR BiFARESE AR
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3 i a4 4 ARdRe|EA] AT ELE HIR O R A
AALE S AA 9 Al xsto] {2 FFAlS 13.5 g<] Z]ofofA|
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Table 1. Ingredients and nutrient contents of the experimental diets

Diets

EP MP
Ingredients (%)’
Fish meal 68.0
Soybean meal 3.0
Corn gluten meal 3.0
Wheat flour 131
Squid liver oil 6.1
Krill meal 2.0
Kelp meal 1.0
Vitamin premix2 1.0
Mineral premix? 1.0
Others?® 1.8
Raw fish 80
Binder meal 20

Proximate analyses (% dry matter basis)

Moisture 8.5 68.2
Crude protein 54.5 61.8
Crude lipid 10.1 12.1
Crude ash 10.9 8.9

'Provided by Suhyup Feed Co., Kyong-Nam, Korea. *Premix (mg/
kg) : KI 250, MnSO,.H,0 2800, ZnSO,.H,0 2350, vitamin K
225, biotin (2%) 3500, niacin 4850, calcium pantothenate 11000,
folic acid 2000, vitamin B, 1500, vitamin B, 2000, vitamin B,
2000 and vitamin C 50000. *Anti-oxidant, glucan, gelatin, betaine,
choline, wheat flour, lecthin and enzyme.
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Fig. 1. Monthly changes of the water temperature for the experi-
ment [ and II.
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o] eIstul, gee] ¥y 2 -2 438 Aole] 30-50
vhe) 2 2 354 2 2439tk AR ES 24l
7] gJ5Fo] 24417k 4] 4171 % MS-222 (100 ppm) = u1514] 7
AAFAE Sttt A3 F=7 $ 44-E(weight gain), A}
F 38 &(feed efficiency), Y7HdA-E(specific growth rate), &
ui 2] o]-8- 8 S(protein efficiency ratio), Y7HAF=EAFE(daily
feed intake) Y AJEE(survival)= 574 sttt H 554 &
3, ARAR} HFlolo] 58 1 HolAo] YybyE 5
SJal 2t 2ol A Sueld Batelz A by
42 AOAC (AOAC, 2000) 0] e} 422 433l7}ei 7]
H(135°C, 2478, ZTH A S Kjeldahl 244 ZFH(N X 6.25),
2382 AFIFHU(550C, 4A7hH o= BASEGIT 2 A
2 Soxhlet F+=&H 2 2 B35} th(Soxtec system 1046, Taca-
tor AB, Sweden).
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7F1225.9%% WiEARE 35S @A SARE 35S
A Brh foF o wokth 2 AAnte} FARH thE A
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Table 2. Growth performance of olive flounder Paralichthys oliva-
ceus fed extruded pellet (EP) and moist pellet (MP)!

Diets

EP MP
Experiment |
Initial weight (g/fish) 13.520.01 13.520.01
Final weight (g/fish) 357.849.3 179.0£16.5
Weight gain? 2550.4+66.6° 1225.9+123.22
Specific growth rate® 1.79£0.01° 1.32+0.05%
Feed efficiency* 121.4£3.9° 89.1+7.12
Protein efficiency ratio® 2.21+0.02° 1.44+0.042
Daily feed intake® 0.77+0.032 0.95£0.08°
Survival (%)’ 97.3+0.53° 73.8+17.32
Experiment ||
Initial weight (g/fish) 384.9+5.20 385.0+5.11
Final weight (g/fish) 1154.2412.5 1144.9+43 4
Weight gain? 199.9+3.97 197.5+14.7
Specific growth rate® 0.49+0.01 0.48+0.02
Feed efficiency* 94.1+1.00° 77.4%3.56°
Protein efficiency ratio® 1.41£0.11° 1.17+0.05°
Daily feed intake® 0.48+0.012 0.58+0.01°
Survival (%)’ 93.841.33 94.6+2.04

"Values are means from triplicate groups of fish where the values
in each row with different superscripts are significantly different
(P<0.05). 2Weight gain (%) = (final weight - initial weight) x 100
/ initial weight. *Specific growth rate (%) = (log, final wt. - log,
initial wt.)/ days. ‘Feed efficiency (%) = wet weight gain (g) x 100
/ dry feed intake (g). *Protein efficiency ratio = wet weight gain
/ protein intake. *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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A9 v]do7] dale 2717 385 gofl A= AlAtst
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Als 329 g9 HAE /ARt viAtR ot SARRE 3w st
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Fig. 2. Monthly changes of the weight gain for juvenile olive
founder Paralichthys olivaceus fed the experimental diets in ex-
periment I.
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£ 3 ulgol7] YA A Ll QA2 39 S5t
o] 9Y7}7] 384.9 g, 391.3 g, 450.7 g, 555.3 g, 687.0 g, 829.9
g, 10102 g =08 207 AJAstglet. s 1097 of 4=
2(21.4°C)0] 9ol ]3| 2.3 dlhHA A3 Zo] ZopA]
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£ 33 gA A7t 1144.9 g0 2 8Yof|A] 9Y Afolof &
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Ao 2 =7 UERdth(P<0.05). Wt = A7 FEol =
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Fig. 3. Monthly changes of the weight gain for sub-adult olive
founder Paralichthys olivaceus fed the experimental diets in ex-
periment II.
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At a &7 chadol§- g gof uijAbRE Aol Al A Y
W AE SAERTE ol w1 dA o] oA vitAlE
of vls) At} oo r FAEE ol 7] tEol AlRaE
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B3 Ao A BE Y tH(Kim et al., 2006a, 2006b; Kim
et al., 2008; Kim et al., 2014a). u}2}A SAI=R O] ARS-2 AlR
o] fA= Qg pH oS oz o] of el |29 AlR
BEY TS a S-S A 4= 7] wiEol v AR 2
ke FAE] ST H 2o Aol mgo] 2 Ao AR
ok B3 o] W SANR O 5 TR 2 SRttt 5
tlete AR A 3E Gda ol viRAkm ol Hs) Wol Abm
587 g o] §&o] Wobdl 4+ glrka wekelw, ol
ol 7t Mol A  Euhe 1A seekE Al ) 4
o] ghapo] wet Qo o] FolSo] AREET Tl
ZAol-gago| YoRkltk= A5 Y|tk (Lee et al., 1999;
Kim et al., 2006; Kim et al., 2011b). Y7HAFE A F & A S5AF

£ FE AU AR E T ATl vlsl £
S S ghS ol A 4bo] W ALR U o A ale
o ui At el Blsl @7 wfZolet TetEH, o FE o=
AR A3t A= f ol U] o] Fadaes AlRA]FFo]
S7Fh= & & = lth(Lee et al., 1999). 2]017] Yl w|/d o]
7] g2 o] - AR B AR AE T B AR
20 W2 RS W S W 4= 9% o, ARSE2-9] A
stofl wet AR S sttt A7 AR S SaT 9 R
o} Aol o WolAA &= AS e 4= SIStk 53] A
Aol 2107] 2ol A SARE 5t AEtelA & A
SHE T 4= U9, o] Mgt Aihs 23t e H A9
HolH e M3l fiimel A o= wekenh o] A A 4=
20| ol A =W 4ot a 0] B 9 thakgo] ZrAsto] A
gaFlEol AojR|aL, o] st Al E ] Stz A
23] Z7Rektta B H I th(Kim et al., 2005; Kim et
al., 2010). 912} 22 A5 Bl 0] HolAl= Ao |
2] o] ApEAl T o] A oJ A A =W 472 gFFo] wof 5%t
Al EFo] vl Fdaret oA o] W HARE SRt
HR 9] AgAo] WigtAt RS Faet Aol vls) Wojxicka
et =20 Wato] whE Jx| o AT AAeseE
9] Aol W2 L5 Ea) vk A th(Kim et al., 2007; Choi et
al., 2008 Kim et al., 2014b; Kim et al., 2014c; Lee et al., 2014;
Oh etal., 2014). Kim et al. (2011b)2] AT-o] A 2] o]7] 2] <]
ALH WA E T AT 1.97%, ol5doll= oA
9] 4.83%etaL HarEglon, nlidol7] P AA] L2138t
of whet s o] Fehirtal Harw Iek(Kim et al., 2010). w
2ha] 2o]7] 9 u)/do]7] o thgt G A= 429
Hsto] whet Aol EEtAlE AE Eelstlon, 53] e
719] oA 54T} A 4279 AgHoll= SARES T Eo= AR
o} AR S Sk o] AT o E T Aol A Bt

247(5])1;]' . o]%_f_ . 6‘}-%A‘] « Z1 AR

Zolakal FeE

A TIHIT &) ZJof7] 9l mjido}7] {2 Hofaof thgt UX
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of thet HofA| Y& 4 Ao o7, AT L =
Bl2ol A = AR 7ol 92121 ZFel 7} gl e (P>0.05),
Zohai g FheFoll A= vigAbE A7 AR AP Bt
AR £ gk HYTHP<0.05). A T2 w]/dol7] |
Zof gt HojA| YuHdE A AifollA = S, 2EE
A 235 hgol A = AR bl F-olA 8l Zfol7E gl e
LH(P>0.05), A% gFgoll A= vigibe A7 SAMR A
AT Hoh oo R =& g HATHP<0.05). A 121
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N

Table 3. Proximate composition (%) of whole body for olive floun-
der Paralichthys olivaceus fed the extruded pellet (EP) and moist
pellet (MP)!

Diets
EP MP

Experiment |

Moisture 70.0+2.35 74.8+1.21
Crude protein 19.0+0.05° 17.7£0.15°
Crude lipid 6.50.02 6.7+0.05
Crude ash 3.410.03 3.74¢0.11
Experiment ||

Moisture 69.1+1.21 71.7£1.35
Crude protein 18.410.05 18.8+0.03
Crude lipid 7.5+0.02° 5.6+0.082
Crude ash 3.410.08 3.0£0.06

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

Table 4. Proximate composition (%) of dorsal muscle for olive
flounder Paralichthys olivaceus fed the extruded pellet (EP) and
moist pellet (MP)!

Diets

EP MP
Experiment |
Moisture 75.1£0.19 74.5£0.42
Crude protein 24.2+0.17 24.2+0.15
Crude lipid 0.68+0.04 0.60+0.03
Experiment Il
Moisture 75.120.25 76.7+0.45
Crude protein 24.2+0.12° 21.4+0.142
Crude lipid 0.45+0.06 0.50+0.05
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