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Development of High Efficiency Extruded Pellets with Tapioca Starch in
Olive Flounder Paralichthys olivaceus

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

Aquafeed Research Center, National Fisheries Research and Development Institute, Pohang 791-923, Korea
'Department of Marine Life Science, Jeju National University, Jeju 690-756, Korea

This study compared the effects of feeding diets consisting of an experimental extruded pellet with tapioca starch
(EEP), commercial extruded pellet (CEP), and raw-fish-based pellet (MP) on the growth, flesh quality, and apparent
digestibility coefficient of the olive flounder Paralichthys olivaceus. Two replicated groups of 4,000 fish each (initial
mean weight: 81.843.5 g) were fed one of the experimental diets for 5 months. After the feeding trial, the final mean
weight, weight gain, specific growth rate, and feed efficiency of fish fed the EEP was significantly higher than those
of fish fed the CEP and MP. Moisture content in the whole-body of fish fed MP was significantly higher than those of
fish fed other diets. However, the highest crude protein in the whole-body was found in fish groups fed the EEP. Sig-
nificantly higher contents of 24:1n-9, 20:5n-3, 22:6n-3 and lower 18:1n-7 was observed in fish fed the EEP compared
with fish fed the MP. The amino acid contents in the whole-body showed significant differences in the composition
depending on the feed, but the distribution of free amino acids showed similar patterns. Among amino acids, glutamic
acid showed the highest content in all the experimental groups, and the threonine, cysteine, and lysine contents were
significantly higher in the groups fed with EEP and CEP than in the group fed with MP. Digestibility of nutrients of
the EEP was significantly higher than that of fish fed the CEP. This suggests that extruded pellets can be used to feed
olive flounder without compromising growth and flesh quality in comparison to raw-fish-based moist pellets. Formu-
lation of the EEP could be used as a practical feed for olive flounder.
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e 9] T3t P v A= AR
= 5ol AUth. FolAta= Al 2T o A
Y=7H5(extruding) 9 A (steaming)S 33l A= 7] T
off BAES a2 A3E]7] A HIAIA 22| T3}
Fo T E3F AEARY A TR Tt R E A
wA A Ee) BT A2 E Sol7] 98] HE-e AL8a}
Qlth(Lee et al., 2013). wfefA] AES AWE Ho} 2.8 ok
ARg-SEo] & wlRhALR O] B A o A& FIAIA THEA
= A = Sl Ao = TeETH(Yoon, 2011).

Elu] @ 7}A 52 7} Ak (Manihot esculenta Crantz) 9] ¥ia| 2
wE 359 20, Fuobol, ozt nekd § A
ol A Al 77k a3t Aot ) @ 7F HE-S o F
Fol] AEOSZ amylose?} amylopectin®. 2 LAJE|of §lo
(Chee, 1986), T2 Ao Bl Shpehaeiaol sal thi 2ok
Fo| Wk EgF Zharrfo] A AL Auket Eokol| Ak A o]
=0} =27} F715= F=A|o|th(Kim et al., 2007; Mishra and
Rai 2006). E}5] 97158 4 40] 211 BAEslT £ 715
A& 7HAIH, 28 9 ST A= RO E AEAN 0l E
2] 0]l QItH(Song and Park 2000; Ahn, 2005).

B AT WA g wiEAlR S el o) A1l g vk
F(commercial extruded pellet, CEP)S] A2 242 vl&ro 2
AR o)) 97} S Mg Bto] & HestE gae) 3
g Fo|1 o] Ro| Feke Hust shlA whuldal XA

T S fAsES A4 W Axsgch
olgA AJAke Jx|-8 AFuigAE (Experimental extruded
pellet, EEP)E A8 viTALR(CEP) 2 S5Al= (moist pellet,
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e 2R S E e,
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Table 1. Formulation and proximate compositions of the experi-
mental diets'

Ingredients Diets

EEP? CEP® MP*
Fish meal (Anchovy meal, Peru)® 74.0 67.0
Dehulled soybean meal® 2.0 2.0
Soy protein concentrates® 1.0 1.0
Wheat gluten meal® 1.0 1.0
Corn gluten meal® 1.0 1.0
Krill meal® 1.0 1.0
Squid meal® 1.0 1.0
Tapioca starch® 11.0 -
Wheat flour® - 19.0
Fish oil 5.0 4.0
Vitamin and mineral premix.” 0.3 0.3
Vitamin C (Stay-C) 0.1 0.1
Lechithin 1.0 1.0
MCP (monocalcium phosphate) 0.5 0.5
Choline chloride 0.2 0.2
Taurine 0.3 0.3
Methionine 0.3 0.3
B-glucan 0.3 0.3
Raw-fish 90
Powder feed 10
Proximate composition(%, DM)
Moisture 6.2 7.8 721
Crude protein 55.9 52.1 56.8
Crude lipid 12.4 10.5 13.8
Ash 121 10.6 1.9
Fiber 1.7 2.1 -

'Feed stuffs not mentioned here are the same feed stuffs as the
domestic aquaculture feed companies are using currently. ’EEP =
Experimental extruded pellet, *CEP=Commercial extruded pellet
pellet, “MP = Moist pellet. *Provided by Suhyup Feed Co., Kyong-
Nam, Korea.® Provided by Daebong Live Feed Co., Jeju Special
Self-Governing Province, Korea. 7 Vitamin and mineral 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.
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AESa AY 5, o7 T BAFAE Sk S
(weight gain), AFE 8 S(feed efficiency), 7HIA-E(specific
growth rate), TH 2 o]-& & -&(protein efficiency ratio) 2 A&
H(survival)e ALESEAT 2F FASE 5, 245 A8l 2
ot} 300124 Rkg]2 AT s1o] o3 §91(MS-222, 100
mg/L) 2.2 A7 370 YEalol] B 3 BAE ),

UHAE U OfLIR] 24

AR, dojAl ¥ 559 dvbdE £42 AOAC
(2000) el whep R a2 (125C, 3

B2 2R354 (550, 12 h) 082 245191, T E e A
Zthl B4 7] (Bunchi B-324/435/124, Switzerland; Metrohm
8-719/806, Switzerland)= £4 % % 2™, X% Folch et al.
(1959)9] "l of w2} Soxhlet =24 %] (Soxhlet heater system
C-SH6, Korea)Z: o|-g:310] A15]9ir. off i1 7] greke ek

A1 7](Parr-6200, Moline, IL, USA)E ARE-5F0] £-4431% T}

AAR AL ZE A HofA| Y F55 T AU %5k
B3t A& 3 gol ko] 48] chloroform : methanol 3}
L2 : 1, v/v)E 75| homogenizer® 257+ W HISE 5 o]
Fato] A2 o NG ZepAFo| Wil evaporator2 &S A
Asto] A &S F=3FUTt 53 A4 14% BF -methanol
(Sigma Chemical Co., USA) 2 mLE 7}3}aL 30571 859l
A ZFEAIZ] th2, At ether F=E510] A4 -AG Al 2=
ARSI TE GC #4272 HP-INNOWax capillary column
(30 m x0.32 mm i.d., film thickness 0.5 um, Hewlett-Packard,
USA)°] A2He gas chromatography (HP6890, USA)Z car-
rier gas+= helieum= AR5} Injector?} detector (FID) &
T2 717F 250°C, 270 C 2 S AL, oven 2=+ 170C
A 225°C7HA] 1°C/min Z7FA ZTh ZF A HPARS: £ 2 71 o] A]
A4 methyl ester mixture (Sigma Chemical Co., USA)
2} retention time H|W5}o] F745}3 o HFS ZF peak 2]
HA S A &= e Qi

00|t B4

Aol HA S 2t AR Hof Rl S K18 5

RS

o

Az 2Rt AR 0.5 g2 Js] Fsto] Al o] Y
6 N-HCI 15mLE 7}5te] 7hdEst & 11070 2] dry oven©||
A 244]7F o)} &4 A7l Al Zi T Glass filter= 5l 2Y
= olyfelal A2 o NS 55T oA ASsS sho] A 25
23] SHAI7] Th, 555 Al 25 sodium citrate buffer (pH
2.20)% 25mL 8-t Tof A-85F0] 0.45 um membrane
filter2 o]} §F A] Zol-g ofu| At 215 E-4 7] (Biochrom 30,
Biochrom Ltd., England)& AMg-31o] o} 2 27402 &
A3} t}. Cation separation column (oxidised feedstuff col-
umn, 4.6 mm % 200 mm)= ARE-5}%11 0.2 M sodium citrate
buffer (pH 3.20, 4.25)¢} 1.2 M sodium citrate buffer (pH 6.45)
9 0.4 M sodium hydroxide solution 0|54 S 2 A8-5}%
t}. o] FAY] 42 0.42 mL/min, ninhydrin §942] 42
0.33 mL/min, column &%= 48-95C, HF-2=%= 135C =
siola afstelct,

2ztE Eot

AR PARE A Qe AEE FAFE(EEP)2}F A5
HISPAR(CEP) 2400l bl 27} Haah SRS 247t 0.5%
A 21 4EEEE(Cr0, )& 0.5%% 71kt Sof]| AdAtRE
AZHSAEF. Aol AMEE WAL HapolA] Sl
sl ALRATAIEI R ol $afe] 2518 Aol A8 st
A (Hd A 0 570+2.8 g)+=400 L & =3 AR| =20 ZF 4=
2 5 300}2 8 atele Aejstol v ekl ALga 13}
%oz o) oj7hEl S8 1Limine| §<efo] H|= 2 x4}
AT} A7 F)E AR 1k 20.5T H9IE e
of o}zahict. £ 5718 Sloh AFAR(ITS eI, A
P& g = o 19ARE Aol vHgga &, %0l '
S AR B ol =S 7 ko] Hastal = EeAIZIT L3
o] 2 409 AR5t o2 (10:00 b) B F25H:
A0 8 F 1097 & Akt S EAES oA

o|-gsto] Aol pEZ AAT £ 40T AR HEAL
of b5} olrh, B2 B 430] B3 AW S 27 (froerer
dryer)& o|-&35to] B3 FAAZ Al F Ao ARGl
AR} ol A AJAA| = AR-El chromium oxide o3
Divakaran et al. (2002)2] WS Edj& B4} A&
3|2F2(550C)0lA] 3 h F<¢E BSAX F Hojrl AlRE 4
o] AR&s}Stt. A chromium oxideE mono-chromate & Ef
2 AFSIA7]7] 9)8f A= 5-10 mgS Z3F5}o] glass test tubeo]]
70tk A2 717 glass test tubo] perchloric reagent 4 mLE
Z7}Fskt}. Perchloric reagents= 100 mL 2] 574 200 mL2]
AARS &35 &, WZEA) 7 o2 70% perchloric acid 200 mL
2 &3lslo] wH=t) Al=2¢} perchloric reagent”} 714 glass
test tube S 7}G o] W1 300 Cof| A 2027 7}E e & A2of
A BrIAIZIT A 2 7E B A2 50 mL -2 Sk
332 SRR 25 mL7t e ARtk I 5 RS
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335 A (Analyticjena, Germany)E ©]-8-51¢] 350 nmoj|
e E A0 S8 S e AREAT ol A
#|2] % Standard -89 © 2 5017 standard A1 0]-85
o] A]Z.2] Chromium oxide -2 AAFSFI T}
7t ojefae) £ S-S I 08 A RS U A1)

=(Cr,0,)& ol-gsto] Ak e} 9] Thul S
Bujo] 3 & 2gslel the Alo] ofste]
23485 ZAslIck

or o

- AE AFR(%)=100x (AHR F9 Cro, %R F9
CrZOS’%)
- YL ATR(%)FI00X (AFR F9 Cr0, %/ 59|

Cr,0,%) X (& 59 9%,

S7stx A

% | AR O] G, %)

AgAlR o] i 2] A EHE A 8 H(Completely random-
ized design)ol] wet AAISkGAL, 4 9 EAAT= SPSS
(Version 12.0) 21348 0|85} One-way ANOVAZ &
Al BRIt Ade] glolg el #-2JX]+= Duncan’s mul-
tiple test (P<0.05)= Y| L= Qlct. Hlo 8= Htak + WA}
(mean =+ SD)= U Sitt WE-E o] E <= arcsine W3 7t

O 2 Antsto] FA ZA4 = ek

aj
=

=k

7:IJ-|_|. i )

=

WA LR e e B o)
£ wgAlE 2A=(Experimental extruded pellet, EEP)Z} AF
A4S wlgAlE (commercial extruded pellet, CEP) W <5AM=
(moist pellet, MP)2] FA &AL AR-AIE Aik= Table 2¢f Y
B Qlch &2 e A4 98% o o= =3t 2
T B AT, A, ddRE E AHRRES EEP A
7F CEP % MP A9+ Bt fo4o s &2 g Hoy
(P<0.05), CEP ¥ MP A& Thofl= 2129l Zfo] & Ho|A]
QISth AHRAIF GOl MP 977 EEP A8 Bk §
ojxo@ & ghe Lhehiglon], CEP A8 Teks 942l
o] Ho| x| oFSit. vinke = EEP A g2} MP A&+ 1
ol elm 0% 3jol7} glelen], CEP AgTolA geldo
o 3hE Bl

2 AAANe} FARE ALR A E(CEP)Z A 9-8 vigAt=
£ Azt MP AL} Bl gt A AdEo] tiset Ak
oju] B2 o712 E5) K 115}¢ItH(Cho et al., 2005; Cho et al.,
2009; Kim et al., 2006). & & Lof| A= AW E-S Eln] @71 2
o2 ofg EEP A8/ CEP 817 3 MP A5 2e}
$olHo B AR otk ol AL AT 24E °
AR B4 dafollA & 4= ol AMEE B ert A
woz dalsto] 1 gake H4sk 1A ok W ojfio) g
2o 2ohst sjo] Ahe) e, A 9 ofujA] e 57} 8
TE ofu e} A9 adkgo] FAE Y] o2 HeEh

ARG ol g3 43

i =

¢

TEE AR A 821

Table 2. Growth performance of olive flounder Paralichthys oliva-
ceus fed the experimental diets'

EEP? CEP? MP*

Initial mean body 816421  818+19 828413
weight (g/fish) e e e

Finalmeanbody 575,580 56334357 560.344.7°
weight (g/fish)
Weight gain (%)°  619.3t9.1° 589.1+53¢ 577.146.6°
(S,,z;"iﬁc growthrate 4 35,0015 1.33£0.012  1.32£0.01°
Feed efficiency (%)’ 95.2+2.56° 88.8+2.84% 84.9+3.122
Feed intake (%) 139:003° 1474002 1.53£0.02°
Survival (%) 98.7+054 98.3+045 98.4+0.27
Condition factor® ~ 1.184#0.01° 1.1420.022 1.17+0.01°

'Values are means from two replicate groups of fish where the val-
ues in each row with different superscripts are significantly differ-
ent (P<0.05). 2EEP = Experimental extruded pellet; *CEP = Moist
pellet. *“MP = Commercial extruded pellet. "Weight gain (%) = (fi-
nal 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). *Condition
factor ={(fish wt. (g) /total length (cm)*}x100.

(Table 1, 6).
HojR|o] WA B4 AT Table 30 el gick. &gt
W BEP 977} CEP 9 MP Agtict fejgoa &
© Ferg Uehyglon], CEP 9 MP A3 7= 3.9 2]¢l Kol
7 @191k 85wl 9ol A= MP @77} EEP % CEP A
7wk ol oR £ ke wolth o A AR 24
T 9 UNPIE B Aol A oF 4 Q0] AuE-S B 97}
R0z thAlshHA of & B of-f-o] eHakE i3} stof Al
O] Foa W Fga askeo] FAE W] YEow HrhE
MP A %17-9] 7-9- EEP A 3l +- Bt Ao Abz o] v dokare
EAE HofA o] chul o] froldor v g Hel
ol

, AR U] ol AL oo whet Al RAlEe] B

oo

flo

Table 3. Proximate composition (%) of whole-body for olive
flounder Paralichthys olivaceus fed the experimental diets'

Diets Moisture  Crude protein  Crude lipid Ash
(%) (%) (%) (%)
EEP? 71.1£0.582  22.1+0.21° 3.2¢0.05 3.6+0.12
CEP® 71.5+0.58°  21.6+0.27° 3.1£0.15  3.8+0.36
MP*  72.1+0.72°  21.440.23° 3.3:0.09  3.240.23

'Values are means from three replicate groups of fish where the
values in each column with different superscripts are signifi-
cantly different (P<0.05). >EEP=Experimental extruded pellet.
3CEP=Commercial extruded pellet. “‘MP = Moist pellet.
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Table 4. Fatty acid composition (%) of the whole-body for
olive flounder Paralichthys olivaceus fed the experimental
diets!

Fatty acid Diets Pooled
EEP? CEP? MP* SEM®

14:0 2.85 2.90 3.12 0.12
16:0 15.34 15.55 16.26 1.08
18:0 2.38° 2.58% 2.85° 0.06
SFAS 20.57 21.03 22.23

16:1n-7 5.60 5.55 6.36 1.10
18:1n-7 13.88° 13.75¢ 16.500 0.68
20:1n-9 2.88 2.88 3.58 0.20
24:1n-9 0.23° 0.212 0.16° 0.03
MUFA’ 22.59 22.39 26.60

18:2n-6 6.29 6.19 5.82 0.68
18:3n-6 0.43 0.45 0.46 0.09
18:3n-3 0.88° 0.79° 0.89° 0.02
20:4n-6 1.32 1.32 1.30 0.03
20:5n-3 8.91° 8.12 8.79° 0.05
22:4n-6 0.37 0.39 0.35 0.03
22:5n-3 3.49 3.78 3.23 0.16
22:6n-3 2713 25.23% 22.30° 1.32
PUFA® 48.82 46.27 43.14

Values are means from two replicate groups of fish where
the values in each row with different superscripts are signifi-
cantly different (P<0.05).

*EEP=Experimental extruded pellet. *\CEP=Commercial
extruded pellet. “MP=Moist pellet. *Pooled stan-

dard error of means: SD/+/n. °SFA=saturated

fatty acid. ' MUFA=monounsaturated fatty acid.
SPUFA=polyunsaturated fatty acid.

AR AL F] e Bl Az A F5Fo] EEP 9 CEP A ¥ Bt o
7l g ek 24 9 2012 s Aol A
o)A g1atol & Koz At

ol A| o] AHbal 242 Table 40| LreF¢ich EEP, CEP Y
MP A=2E 3F33E GA] AojA Q] L3} WK saturated fatty
acid, SFA) .2 = 354 0 & palmitic acid (16:0)2] gHFo] 7}
Al ko1, &3 $1AWAK(unsaturated fatty acid) 2=+ vacce-
nic acid (18:1n-7)2} docosahexaenoic acid (22:6n-3)7} 714+
ol F4Elo] ot HAIRS BHI AT EsA At
9] stearic acid (18:0) $F5Fo] EEP A3+ Bt} foxo g =
A eh oLt CEP A8 7eH= Ao} glgl o), el s}
2|44 vaceenic acid (18:1n-7) EFek-2 EEP 2 CEP A3
s} 9]0 2 9kt}, uhrlo] EEP @7 CEP AgT

ol -

A

o

A4 - o)

SN

o} w3 Al AWAR] linolenic acid (18:3n-3), EPA (20:5n-3)
2 DHA (22:6n-3) gFFo] =7 Uebglth. ol«= EEP A9+7}
CEP A&+ Ko A 3Ha 2% A o 2A HAA e
B A5 APGAR o] obA 8RS FEU o RA A E
AtR Ao ARIA T} Qe AR AL E T

HofA| o] G/ obu| 4t A A M= Table 5o LreF Qlct. &2
= AT e FEHoR YA HojA o] ot At Fof A
lysine®] 2o 714 59k m, Aot Ak 2% 2}7]
313l Q& A2 glutamic acid, aspartic acid, lysine, leucine <
o]3ict. EEP W CEP A& o] A]+= threonine, cysteine 2 ly-
sine o] MP A3 Hr} f-o2 o s #3a1, MP A3+
o A= proline W glycine 20| EEPS} CEP A7 Wr} &
o]” o g =9kth AA| A o & EEP AE17} CEP @ MP A3
T mr} obn)ie Ak glao] i S et 2L HolA|e] o
Sl o) of ] o) obvliedl S5 ARRAT} 91 A
2 AlgFch

Table 62 EEP W CEP A7 9] A3kg H7} 27E HolF

Table 5. Amino acid contents of the whole-body for olive flounder
Paralichthys olivaceus fed the experimental diets (% to total amino
acid)!

) ) Diets Pooled
Amino acid — CEP> VP SEMS
e 1024  10.03 9.50 0.35
Threonine 4.66° 4.62° 4.402 0.06
Serine 4.27 4.39 4.32 0.02
Sltamic 1539 1519 14.85 0.65
Proline 1.18° 1.18° 2.60° 0.22
Glycine 6.962 6.90° 8.20° 0.06
Alanine 6.69 6.53 6.60 0.12
Cystine 0.78° 0.79° 0.522 0.01
Valine 5.35 5.14 5.20 0.06
Methionine 2.79 2.74 2.70 0.08
Isoleucine 4.66 4.51 415 0.04
Leucine 7.89 7.84 7.40 0.14
Tyrosine 3.41 3.22 3.15 0.03
Phenylala-4ag 4120 395 0.02
Histidine 2.49 2.35 2.44 0.02
Lysine 9.49° 9.37° 8.892 0.06
Arginine 6.48 6.36 6.41 0.04

'Values are means from four replicate groups of fish where the val-
ues in each row with different superscripts are significantly differ-
ent (P<0.05).

*EEP=Experimental extruded pellet. *CEP=Commercial extruded
pellet. *MP=Moist pellet. SPooled standard error of means: SD/Vn.



Table 6. Apparent digestibility coefficient (%, ADC) of dry matter,
crude protein, nitrogen-free and energy in the experimental diets
determined by fecal collection method (Guelph system) for olive
flounder Paralichthys olivaceus’

Nutrients EEP?2 CEP?

Dry matter (%) 78.0£3.12 72.5+0.61
Protein (%) 90.6+1.24° 84.9+0.972
Lipid (%) 88.9+1.31° 85.1+£2.112
NFE (%) 84.8+1.52° 66.7+0.702
Energy (%) 87.0+£2.25° 79.7+0.182

'Mean values of triplicate groups, values are presented as mean =
SD. Values in the same row having different superscript letters are
significantly different (P< 0.05).

*EEP = Experimental extruded pellet. *CEP = Commercial extrud-
ed pellet.
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