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Growth Performance and Digestive Characteristics of Starry Flounder
Platichthys stellatus on the Moist and Extruded Pellets

Pyong Kih Kim*
Department of Marine Bio-Science, Gangwon Provincial College, Gangneung 210-804, South Korea

A study was carried out to observe the effects of feed types on the growth, feed preference, and enteric feed tran-
sition rate of juvenile starry flounder, Platichthys stellatus for 45 days. Fifty fish (avg. 135 g) were stocked each
in replication, and fed a commercial extruded pellet diet (EP, 45% protein) and a moist pellet diet (MP, 65% raw
mackerel+35% feed powder in wet basis), respectively. The MP presented the higher performance than that of the
EP on the feed efficiency (68.3+0.9% for EP and 92.3+4.3% for MP) and the specific growth rate (1.07+0.07 for the
EP and 1.20+0.05% for the MP). In contrast, the EP showed the higher feed preference in terms of the daily feed
intake (1.57+£0.08% for the EP and 1.30+0.01 for the MP) and the ad libitum feeding rate after a fast of 72 hours
(1.73% for the EP and 1.35% for the MP). The feed transition rate through intestinal canals decreased exponentially
in both the EP and the MP, showing the faster transition rate with the EP. In the result, starry flounder appeared to
have the better feed preference to the EP, but have the higher feed efficiency and growth performance to the MP.

Key words: Starry flounder, Feeding, Digestive patterns, Moist pellet, Extruded pellet

N B ot AErhelts B4 ol Fol FalE siejolut A
sf¢he] Aed A o & A5 = e A= YE
W o] | X|(Paralichthys olivaceus) ¥4 442 20101 U}, Waljotol] B|5to] Ab Ao 2 oFAlAke] uFA o] A5} 5t
OF 4VHE(KAF, 2011) o202 o A AARES] oF 50%= A afjele] et EF o= weE|a 9Jr}. NFRDI (2008)¢]
ARGk w-9- BlF Gl ofFol At &2H|EAE flste] A= 21 Y| 2 v FEel gjrEo] | SFAIAL o] B AL H T
& FATAER] o] FAlE Aot a7] 0] A4-2o] oFa] HAPE WA, AETtelE S37] 4
ZyEth2|(Platichthys stellatus)= 3+ ¢1a1, Yol % 02T oAM= Yol & A star o] 7HsstaL, A7 5t 8l -2
shol, B2 AR SHo] fste] FAT ARM 15 o]5} 7|7to] 5670 o]AFel AL Zheksld S|4 B
Slof| A &= AEo] 7Hg5HH (Kim et al., 2009), A5=2(10T ©| o - S.a] 8} opAlE o]},
sholl At Aol 7hssto] FAlE thetet SHolA HAE o] 2 oFAlo|| Qo] A] okA] AiH| o] Myl o]AS 2|l AF
A = e 0T o= HESLL Qo Yot Frrie]= | FH|= YAIZIE o5l 223 @9lo]x|ut, zF AlRo| O
Alof] Bl8f iLtem A AHEPA) ROl LOVILE 323, A% gt ofokd Ay A nEaka] ok A AQ R oz A
= A5k S48 Texture= oF 1.74] EoF L-ejuet A= AFE(FRF : frozen raw fish)2} MPA}F& (moist pellet) 2] AH&-2
o] 71zof & grob AR At ofF OB AR T Asstn ook gy FEckels gk 2o SAF 4544
(NFRDI, 2008) W ARS WS 4 G, STl o A AE B
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Table 1. Proximate analysis of experimental diets
Diet Moisture Dry Matter Basis
1ets
(%) Crude protein (%) Crude lipid (%)  Crude ash (%) NFE'(%)  Estimated energy? (kcal/g)
EP 13.4%0.1 43.5+0.6 11.8+0.1 10.6+0.1 34.1 417
MP 42.5+1.4 455+1.6 23.540.7 9.1+0.8 22.0 4.81

'Nitrogen free extract.

*Base on 4 kcal/g protein, 9 kcal/g lipid and 4 kcal/g carbohydrate (Cho et al., 1982).
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Table 2. Growth performance of starry flounder Platichthys stellatus fed moist and extruded commercial pellets for 45 days

= Exp. Diet 5 Significance
Initial mean weight (g) 136.0+1.6 130.4+1.3
Final mean weight (g) 220.2+4.3 224.7+5.9
Survival (%) 100 99.0+1.4
Mean weight gain (g/fish) 84.2+5.9 93.0+6.6
Feed efficiency (%)’ 68.3+0.9 92.3+4.3 P<0.05
Specific growth rate (%/day)’ 1.07+0.07 1.20£0.05
Daily feed intake (%/day)’ 1.57+0.08 1.30+0.01 P<0.05

' Fish wet weight gainx 100/feed intake (dry matter).
*(Ln final weight - Ln initial weight) x100/days.

*Feed intake (day matter)x100/[(initial fish weight+final fish weight+dead fish weight)xdays fed/2].

TCA) 10m(=E 7F5ke] upf3t 3 10,000 rpmof|A] 1027F Q4]
weste] At AHTALR Utro] 217 48401 584
A2 50 Kjeldahl 1 2.2 2145 eyalo] ] ws}gict
BT HEMAL HEl 5

AP I F AR ol mhE Zh ] o] widEdH|(gall-
bladder-somatic index)& AA|Z o2 AT Al23+
AOAIZD), Abmaa + 1,4, 8,16, 2

8 4
S A2 F AL S 9B LY NS 24
H

10.0 Z2 132 AFg3sto] ANOVAR A3 2 P<0.05 &=
Z0]| 4] Duncan’s multiple range test= --2]4 H| 2.5 5}t

7 2 m3

Y2 AR 7|24

Zerhe] o) Abwof whE ARAIE O] A= Table 29} 2t
A %27] °F 130 g =0 A717H 459 T 0F 220 g 0B
ARSI, BEES F AT 25 100%0] 7HEA =34
AR LS EP AFES} MP AR 7} 7F2F 68.3+0.9%9 92.3 +
43%=2 UERL} MPAFR 7} ] 9408199 31(P<0.05), Lrolrt A
2w s Yetls A7MAEE 242 1.07+0.07%, 1.20+
0.05%% LEFUIMPALR7F EPARR O] HIS| A A |5
71%) B e e A 02 UEsiT

gHE, AR 9] 7|3 AS wehe AR RS 247
1.57+0.08%, 1.30+0.01%= teh} EP AL& 7} MP Kt} 7]
SAdo] B EUTH 454710 A A TR T AFARE
T2AZ AAgE & AEAEE 13 whE 358 4= 47
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Fig. 1. Hepato-somatic index (HSI) of starry flounder Platichthys
stellatus fed diets with moist and extruded pellets for 45 days (% :
P<0.05).
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28kg47h golahn, X120 ekt 2zt 242 of 12%2
0.64 keallg % tob u]iwx] -80] e 150014 oA
o2 2 UgPS Ao ARHCNTable 1 42). T2} 2
Ao )i A2l 150014 AFSe At o4 4 0 2 EP
ARE Bl ARTFE A% 71202 AR 7|54 B
7F Ao AbR BT DIHIRE O] 22 oF 26%2F 10% 78
L7t daste 5 Ae o2 skl Faro & Aozt A
O AR ET

2e spelEele) 28 9 G4 712 e 4 Qi
A2 HAS=FRA| S (HSI) 7| 2 o] 8-HhH(Peres and Oliva-
Teles, 2002; Moreira et al., 2008). EPA= 2} MPAIRE 99l
Zdrecte] o HSIE AT A= Fig. 10 Yeh itk EPAL
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Fig. 2. Post prandial changes of stomach content in starry flounder Platichthys stellatus .
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0] A717F FASHA vt ek )L, Aol A ]
HASHE WAl F4o] HEE I o] A EP Alwof 239t
Ao eeslEdo] by oA Tk etlshE A
Folu, & A 15T F=O] ApoA Bt E AR
st = BhralE0] Asloll= & A o] gl Ao R ArhE 9]
on, 7k} Hth3k= ¢Jof & Ad&o] glycogen AE| & Ttofl 4
Fgo] AdE Autz ozt WAl A4 ke 9] 4
ol Ui A JokE vide Aoz AL E

NFRDI (2008)°]| ©]3}H 10-15em 27]2] ZErtels= 15T

ofgtof A= AbR BE0] 1L, TL o)/do] 2ol A= 2353 A
iﬁgOl o] vl EP— Hi19} Zho] Arete] o] a2 1 ¢

= 15T o3kl A& & &= glom, T 6.8 g2 Bt E A

04 Sl 1AZFARSA] XS] 1.06% v Aoe 1
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AR A O 2 et

3+, Kim et al. (2006)= H+t 15T F&= =204 2F 300 g
7)9] J2o| Al EPS} MPALRE 2 87) 9U7F A3 A} Al
£0] ZV7} 64-85%2} 47%= EPALR 7} $<=8lttal B 11slar
ol Zrthe] & o] 83t 2 AR} ohE F S HAlth T Lee
etal. (2005)% 43.5 g 2]2] G2 S AT 2 19-21T o4 8
Z7F ARS3E A3 EPAFRE S AFRA R L XU Al G882
MP AbR T} 92251 7 © & W 15} 9t} 0|9} Zhe At
FAE o] i BHAE o] g1t A Akso] Atz A MP
A= O] Bl 4o A | Aol E UMY Ao AR E, & AY
oA ATt AlF o8 MPAFRY} & The]E] o] 9-Alo] A9
SAH A A Y AR AR HL
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Table 3. Stomach transition rate of digesta in starry flounder
Platichthys stellatus after one time feeding with moist and
extruded pellets (unit : h)

. Exp. Diets
Transition rate* (%)
EP MP
25 1.5 4.8
50 6.7 1.5
75 15.6 23.0

*Stomach transition rate.

AUE =S| AL
9] -850 B3} feeding history= EAs} o]l A 4)5H= &
o) Batel s Fgske AEiehA dTtoll wol 28U, ¢4

AEoMe AR a3 3w SE A6k Alrel &
S gyl 4rko 2 who) 013—51 th(Jobling, 1986; Bromley,
1987). oA 9 Atmo] FFet Ao uheh $(H)ollA Lojrt
L 294 & 354 A= t27] mZol(Jobling,
1986), & Aol A= At 35 5 9I(H) We=2 44 W,
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H APESHA o] 8/ W 43} 9§l Frstltt.

9] 232 0] 423} AR WiAR(EP)9F SAHR(MP) =
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T 0]85to] 4hERE Aib= Table 33} o] uighita
(EP)7} AR (MP) Hr} A8kt 7} whic), 2= 7&
AFREE AR HS ol AR 72407
3] wkE FF519 3, EPALE W MPAMR A3 7”#

-

e

T 0

F>:-=



AL

AR B ] o) AT et 54 683

Table 4. Post prandial changes of the stomach digesta nitrogen fraction by the soluble and insoluble

Time (h) Stomach content (%) CP (%) mg N/g digesta Soluble N (%) Insoluble N (%)
1 1.62+0.31 45.3x1.4 725422 14.920.4° 85.1£0.4°
EP 4 1.3240.14 44.610.7° 71.4£1.2° 11.5+1.2° 88.5+1.2°
16 0.75+0.12 41.910.9 67.1£1.4 8.1£2.4° 91.9+2.4°
1 1.29+0.02 46.620.9 745814 19.0+2.5° 81.0+2.5°
MP 4 1.30+0.29 46.9+0.2° 75.0£0.3° 18.7+0.3° 81.3+0.2°
16 0.81£0.0 42.4x2.7 67.9+4.3 20.94+1.8° 79.121.8°

*Different superscripts express P value (P<0.05).

9} 1.35%= A3(AEF 712)5+ A9 93] 2] MP AR &
Szl o L3Et A(H) Sl HEwA L3Pt He Ao
Rt 2, EPARZOIMPARRE BQl ZErtelis 9] 2518
9] 50%7} St Aol A7E 247 6747 11.5417F
o, 75%7} sash=dl 212t 15.641713 234|3t0] 485 =
0.2 eI THTable 3). o] ={7t Ayk= ool A4 Aot &
o] MP Ab ARTolA 2o ARE WR(AEF /1F) 48
0| 2FESE Aol viEm F20] Aol FF o] Ao
o <517 e Ao Azt

AhES0l st

AFHR ARE FEne|7t o He AspsheA] otk
7] 15te] EPAMRSE MP AFR gl A Al g & ARt
A2 A U8E § 584 Aao 284 Ao Fa At
o] Table 4 Yebfi )let. 8/ d 40t 280840 vl &2
EPALR.2] 74-%- 8.1-14.9% vs 85.1-91.9%2, MPAL&2] 7
18.7-20.9% vs 79.1-81.3%% A& F7ol wet 584 2 . B
874 Aol s FofH o AlolE K30 (P<0.05),
MP At=E Hel 079 flashades 84 oo 4

H)7} 31, EPARRE 9l Aol A= MPARR Ad+2k=
&) ARE 7 tol] ek =8/ 0] W7} sk A7l
ST o|ef o] EPALRE Hl Fethel= ¢ 2%k §
T8940 Bl&o] MPALRARFEL o202 Hotd
AL o] 2ot 8l Fpoll 2A7F Sl AORE AR,

ol2j3t Aur} A= EP AtR A7 dideS Hae
AIE 2R Ao = doteEnh

SHE 9l W= 1 g A4 F72 EPARR A9
67.1-72.5 mg °]} 1, MPALR A= 67.9-75.0 mg 5
A0 R YEon, Te|al AR A atef mEt tra o] Sk
Ao AAH o R 7 FHo F a2 719 9
tf. o]e} o] A =, T ol AZHE ek gl
A AL HolM T viRet 54 dgaE A
2 o2 HUlA] of=rhal oA %I

9 W82 o A2 AR 3 1ARE 5 EPARESE MP
AFEOAA ZE2E 60%2} 63% 2 5212191 Zpo] 7} gl Ao & 1}
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ol jN oM,

[of
of
o me 3& P e Ho

_IZi—

Table 5. Post prandial changes of moist content in the stomach
digesta (unit : %)

. Exp. Diet o
Time Significance
EP MP
1 60.1+4.3 63.2+3.2 P>0.05
65.9+2.9 66.2+2.4 P>0.05
8 72.315.0 71.4+71 P>0.05
16 76.1£5.3 76.7£10.5 P>0.05
24 84.9+8.5 82.5+8.4 P>0.05
48 98.3+2.1 98.0+2.8 P>0.05
= 98% W ele 7| SUkske ddE EAth §f 2%k=

o) a1 el A7} A1 1 9} S(EDAIA 2

H] % A3HE(HCI, Pepsinogen etc)Z 1A H = H oA EP
AR ARTE WE SRR sokEe] Syl F7hst At
= A o2 MPAZE R e () & WA U=
Ao e,

o159 9] WeEel Bt us
] QA] Skth(Bromley, 1987). 181 } &
o) B3} Hrl QR 27], RS S8 G 5 AlRe] Wi}
&, AHS =2 5ol uhet Eebx]=d(Jobling, 1980; Hilton et
al., 1981), =& Z|4=%](exponential), 3" (square-root) ~1
2111 214 F(linear)Ql 745 Holth(Jobling, 1987). E3t, 4+
20| H=S4E(Brett and Higgs, 1970), Z12]1L & /(A L+=
(Garber, 1983) £} == wWE 702 H 1 E T Q) 3HH,

o3 AEL2 AR R 45} 457} S=+=(Kaushik and Oliva
Teles, 1985) & VL7 &2 Ala7t 83 £=7F =41, 19
Al A AFE] 9] AR R TE =2 1(Moore et al., 1984), 1
2|11, Ak o] S7HEE T k= =0 Al=(Moore
ctal, 1984) 5 A 402 W Hafgo| At 7 A7t Eat
EL7b ROl Ao Husha glok e 2 A AT
o]elgt Qe AT Tha Aol ek Z, 4aAR
& X4:4|0] A|REP bR MPARE T sl ol w4 1
RIS Bais} e Ao 2AE . of2fat 2ol
= AFSL 23 % Sol oA et g4kl 4 ot B

sl ade & ¢

oz 9 yeE
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Fig. 3. Post prandial changes of gallbladder-somatic index(gallbladder wt. X 100/body wt.).

Table 6. Post prandial changes of bile pigment colors in starry flounder Platichthys stellatus fed moist and extruded commercial pellets for

45 days
Time EP (n=70) MP (n=70) Color rating Examples for rating
0 34105 35405 | -
1 3.8£0.7 2.740.7 | 'Y :
4 3.310.7 3.0£0.8 1 : transparency : :
2 : yellowish green ‘ ‘
8 25:0.8 1.841.0 3 Taht groen 9 .
16 1.5+0.5 1.2+0.4 4 : dark green
24 15£0.7 1.6£1.0 203 3
48 2.41+0.8 2.8+0.9
A MPARR O] B|Ske] Abm7} A arskar Faj 7} 22 Wi AR &, 23S SR AR E87E AlRE = Ao R dd
—’F#OI Aof oA WEkrb Ztom, Wi FAIZE A2l o] H1(Fig. 3), H=9 vz &=t oF 4847 e &
5ol a3 E *"—O] AOg2 AtrE) o]t A= QE= A O R Ui
EP/\}EJ AtR Ao AEo] MPALRET U9k, 9] 4 123 g A ax(bilirubin)= A 4] A7t whel ookt Az
SHEo) 8 d A HlEE OEH Aom A o= & = W71 wiZell A ol U Ak el EAshE o172 feeding
w31 Qo). historyt gut contentE Ie}sl=td] $Q3 X HZ = o]& &
iooi 25} AsRo thEAlol| Z5hE
ErbmaH| o} SHtALAO| b5} Ch(Talbot and Higgins, 1982). ©] 1‘ CRaE o)
S oo=a= O TS A ] AT 2] 4x(ZE2A 0] 21 A ) HBlo| A = LEFE
g (Gallbladder)] 74 4202 G4, sodium, po- o @S A wEAATE daseln, Aws Yt ©
tassium, bilirubin, biliverdin 5.0 8 SFZARS. 2]uFo] 9512k o EH|E A Ao Azt oL} FstA Msl=t, Al
S(EHAE k50| glo] 451E ZAs L, ]xyoﬂjﬂ g AFEol whef oL #e Yot Ak 2 Aol A= AbRAF
L lipaseS B3} A 7|1, A|HkARoILY, *Eﬂ/\Eﬂ a]ebul A, T IAZHRE H2Fo| A A4 s] @ofx]7] AlZsto] 16417k
DO} 712 El0] B2 EL 7|2 sy, Hu|g %l-ﬁ/\]-(blle oo 71 AAsHA E Uct7F ThA] 250 A o= W] A&}
acid)@] oF 95%:= Aol A ThA] B24=x]0] o] LETH(Kim, SEAL, AbRAL | 5 484K Fofl= | 22] 70-80% L2 3
1995). Hoh= 2 0 &2 UEFTHTable 6).
B AT A E AFRAZ T Ao IEAL 4 oko] 0.20-0.25% o]2] gt 2= Kim (1995)0] Hitt= A 7ol oAl 7]
SEE RAFAOT, 1 OIF B4 st opsagy R T ST I o030% et v sl
A5 oA S7bEE A0 Uehea, o] Azt olF ohge] M ARREF F 9124 £ HAglo R oA 2 ol
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