KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gk5=%] 47(6), 801-809, 2014

Original Article

Kor J Fish Aquat Sci 47(6),801-809,2014

SHAMDEY YANBATME, BULATIS MBTat} YRS D SIS LY ShHto|2ALAK ST}

Comparative Evaluation of Extruded and Moist Pellets for Development
of High Efficiency Extruded Pellets in Olive Flounder
Paralichthys olivaceus

Kang-Woong Kim, Kyoung-Duck Kim, Bong-Joo Lee, Hyon-Sob Han, Cheul Min An', Kyeong-Jun
Lee?, Sungchul C. Bai® and Sung-Sam Kim*

Aquafeed Research Center, National Fisheries Research and Development Institute, Pohang 791-923, Korea
!Biotechnology Research Division, National Fisheries Research and Development Institute, Busan 619-902, Korea
’Department of Marine Life Science, Jeju National University, Jeju 690-756, Korea
‘Department of Marine Bio-Materials and Aquaculture, Pukyong National University, Busan 608-737, Korea

This study was conducted to compare an experimental extruded pellet (EP) and raw fish-based moist pellet (MP) on
growth performance, whole-body and dorsal muscle composition, and textural properties of dorsal muscle for olive
flounder Paralichthys olivaceus. Four groups of 8,000 fish (initial mean weight 27.1+0.05 g) per concrete tank (10x10
m) were fed the experimental diets for 16 months. After the feeding trial, no significant differences were observed in
final mean body weight, weight gain, specific growth rate, feed intake, survival, and condition factor between EP and
MP groups. However, feed efficiency of fish fed the EP was significantly higher than that of fish fed the MP. Mois-
ture content in the whole-body of fish fed the MP was significantly higher than that of fish fed the EP. Significantly
higher contents of polyunsaturated fatty acid (PUFA) in whole-body and dorsal muscle were observed in fish fed the
EP compared with fish fed the MP. Any notable differences in amino acid contents or textural properties of the dorsal
muscle were not observed in fish fed either the EP or the MP. The results of this study indicated that the EP could be
developed to replace MP for the market size of production in olive flounder without the adverse effects on growth
performance. Formulation of the EP could be used as a practical feed for olive flounder.
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188 WAL= (extruded pellet, EP)E 7HEs}7] 93t A=
o] A8 %] 17 QIth(Kim et al., 2005; Kim et al., 2006; Kim et al.,
2008; Kim et al., 2009; Kim et al., 2014). A9} o F-3522] o
5ol Aol o] F2 WA Z FolA AL 271 18
E3L lom, FE7] (1 kg o )7HA] 719-4] $5haL 1 kg vl
Thof| A FetE]o] 1d o) 717t AH AE2717H4] 71 %<
o] HRIALR S} AR} o w3k 2ol & HoleA]of gt A&
= Bt A4 oloh 3 A7 SAMRSF v kAR Bl &
T AT HH, 2]0)7], §/447], 407 To= U] AY
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ARE D 5 Q= A5 A ool =3t of g = )l e, A
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& Ho|1l QJck(Kim et al., 2009; Kim et al., 2014).
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Table 1. Formulation and proximate compositions of the experi-
mental diets'

Diets

EEP? MP?
Fish meal (Anchovy meal, Peru) 66.0
Fish soluble 5.0
Krill meal 1.0
Squid meal 1.0
Fermented soybean meal 2.0
Soy protein concentrates 1.0
Wheat gluten meal 2.0
Wheat flour 16.0
Fish oil 3.0
Vitamin and mineral premix.* 0.5
Vit-C(stay-C)° 0.1
Monocalcium phosphate® 0.5
Lecithin” 0.5
Taurine® 0.3
B-glucan® 0.3
Enzyme supplements'® 0.4
Probiotics™ 0.4
Raw-fish 90
Binder meal 10
Proximate composition(%, DM)
Moisture 8.7 69.3
Crude protein 54.6 54.0
Crude lipid 10.8 1.9
Ash 10.2 10.9

Feed stuffs not mentioned here are the same feed stuffs as the
domestic aquaculture feed companies are using currently. EEP =
Experimental extruded pellet; *MP = Moist pellet. “Vitamin and
mineral premix (mg/kg) : KI 250, MnSO, H,O 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.

Table 2. Proximate analysis of major ingredients used in the extruded pellet for olive flounder Paralichthys olivaceus

Ingredients Moisture (%)  Crude protein (%) Crude lipid (%)  Ash (%) Fiber (%)  Energy (cal/g)
Fish meal 9.7 68.3 7.3 12.7 0.73 4553
Fish soluble’ 4.6 745 21.7 4.8 nd® 5860
Squid meal’ 9.2 74.6 3.8 10.9 20 4533
Krill meal 12.1 59.1 1.4 9.4 5.6 4799
Fermented Soybean meal’ 10.9 55.2 0.3 7.0 7.0 4512
Soy protein concentrates’ 6.4 741 0.3 8.1 3.5 4912
Wheat gluten meal 6.7 83.7 1.0 0.5 2.8 4635

'Feed stuffs not mentioned here are the same ones as those used in domestic aquaculture feed companies.
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Table 3. Amino acid contents of major ingredients used in the extruded pellet for olive flounder Paralichthys olivaceus (% to total amino

acids)
Fish meal Fish soluble Squid meal Krill meal FSBM' SPC? WGM?3
Arg 5.6 6.5 71 6.4 6.6 8.6 1.7
His 3.0 2.7 21 2.7 1.3 1.7 1.7
lle 4.2 4.0 3.9 4.8 1.8 25 22
Leu 7.7 7.2 71 7.8 2.7 3.7 3.8
Lys 8.1 7.9 6.1 7.8 4.0 6.1 1.9
Met 34 1.3 2.8 3.1 0.5 0.7 1.0
Cys 1.1 1.5 1.7 0.6 0.7 0.7 1.6
Phe 45 3.9 3.6 4.7 21 29 3.3
Tyr 3.4 29 1.7 3.9 1.1 1.4 1.8
Thr 4.5 4.5 4.3 44 29 3.6 27
Val 6.1 4.9 4.7 4.9 4.0 52 4.9
Asp 9.5 9.9 9.8 10.8 6.6 8.6 2.8
Ser 3.9 3.6 4.1 4.2 4.1 55 5.7
Glu 13.6 13.6 14.0 14.6 9.9 13.9 30.1
Gly 6.1 7.8 5.8 4.7 3.6 4.6 4.5
Ala 6.5 5.3 5.9 5.9 22 2.8 2.0
'FSBM= fermented soybean meal. 2SPC = soy protein concentrates. *WGM = wheat gluten meal.
Table 4. Fatty acid composition (%) of major ingredients used in the extruded pellet for olive flounder Paralichthys olivaceus
Fish meal Fish soluble Squid meal Krill meal FSBM! SPC? WGM?
C14:0 4.6 3.9 1.8 6.7 1.1 nd* nd
C16:0 23.8 221 25.2 23.8 22.2 18.4 19.0
C16:1 55 0.4 1.5 4.9 0.2 nd nd
C18:0 5.7 2.8 8.0 1.2 54 4.6 1.4
C18:1n-9 12.9 18.8 55 16.0 15.1 13.0 12.8
C18:2n-6 0.7 26 0.2 22 47.3 55.8 63.9
C18:3n-3 0.3 1.4 0.4 1.1 4.9 7.8 3.0
C20:4n-6 0.8 1.4 0.9 0.9 nd nd nd
C20:5n-3 17.6 4.7 0.8 1.2 nd nd nd
C22:6n-3 16.8 1.7 27.5 13.7 nd nd nd

'FSBM= fermented soybean meal. 2SPC = soy protein concentrates. *WGM = wheat gluten meal. “nd = not detected.
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ARAE, FojA| W 552 AR 415 fl8 AOAC
(2000) o] wha} 2o Aoyt A X (125C, 3 h), 23]
2 AAS|FE (550, 12 h) o2 24811, il ale 25
ZHEA 7] (Bunchi B-324/435/124, Switzerland; Metrohm
8-719/806, Switzerland)= £4 % 2™, Z]=-2 Folch et al.
(1959)2] 1 o] whz} Soxhlet 2742 (Soxhlet heater system
C-SH6, Korea)E ©]-&-5}o] 141 =] qltt.

KA BN

ARpAE 242 ZF AbRE HojA| 9 552 sAAxs
Bt Al& 3 gof| ths}ted 4uj32] chloroform : methanol
sh2-ull(2:1, v/v)E 7151 homogenizer= 257+ wHESH &
offsto] A2 ofollg FepA 0] Wil evaporator= -GS Al
Asto] 2| A8E 553 FE3F A2 14% BF,-methanol
(Sigma Chemical Co., USA) 2 mLE 7}5}a1 30827+ 85C ol
A FHANZ THG, A4 ethers F3to] At B418 A=
2 AR A R4S HP-INNOWax capillary column (30
mXx0.32 mm id., film thickness 0.5 pum, Hewlett-Packard,
USA)o] A5 gas chromatography (HP6890, USA)Z 4]
310, carrier gasZ helieum AME-3}4 T, Injectore) de-
tector (FID) &=+ 212} 250°C, 270°C 2 A A3}, oven &
T=170CoNA 225C7HA] 1C/min S7FA T ZF A AR
A2 A A A methyl ester mixture (Sigma Chem-
ical Co., USA)®} retention timeS H| w3} 545150 sF
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fer (pH 2.20)2 25 mL A-g&ZkAF0)| ALsto] 045 pm
membrane filter2 o3} 3+ A|FHE ojn|Al A} A7)
(Biochrom 30, Biochrom Ltd., England)& A8-5}¢] 413141
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3.20, 4.25)¢} 1.2 M sodium citrate buffer (pH 6.45) & 0.4 M
sodium hydroxide solutions 0] 542 AME-3}SI L) o] 5A)
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acid, DHA)Q} 22 =& 3" AK(polyunsaturated fatty
acid, PUFA) gFo] =¢kom A4 7oA+ PUFAYL 4
SHA| et

HAE 1as AR E Es] s AdE didike
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e ]l Hz HatAlFol 27 gom 740] 16704 & H<tA|
F kg oA Agel9om, SRS A8 Wit A9
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afo] ol el 2ol wol woq%% 24182 wolr.
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Hot #A| vepth AR a2 EP A7 88.1% (’\h’E’n?&ﬂ
- 114H)E MP AE 19 79.3% (A]-Eﬁﬂ—.— 1.26) Bt =29
e Btk EP A3To] Histo] MP A3+-9] ¥ Al
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7(4 o] ;(]_o] EOIX] oLol—E]_ }\gz fe) Oﬂ 0101/\11_ EP /\15]:'1_7],
80.5%, MP A&7} 75.9%= AA Aoz o Q28-S |
Ak AY 713 5 2 WIS A Ed, 7P w2 ér%: 8
¥l 22.5+3.5T (12.0-26.0C)=Z LEFGOH, 7M7) e 2
©290] 10.2+0.38°C (9.5-10.7°C) T} 9-11Y0]| = 16-22°C
HAE GA] ARl ARt o] FAIE UL, 7-8oll= o
Aoz sl Y7t 2 242 A= LER 8-109 Alefof|
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PO Qg Yol A gl oy B O 2 20-25%2] HAE

ST 7] A B R AEA77HA] 437l Slel
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HQJ O Z X AhI3E Hof] A3 EMo] gli= A o= ettt
AR SAFR S S et HA1Y] HojA| H 559 ARt
32 24 A= Table 6] UERH Ik, A ofAof 2lojA] =gt
i 222 58S EP AS T 9 MP AF T 7k Zfo]E 1
o]A] koro} B O MP ALV} EP AlE AL Kok §o)H o
2 =0 ANE Wt} UNkA O 2 EPALR L 8-10% 8-S 3
3hsla 9l O MPAFRE = 65-75% 482 236}l gtk MP
A= O] Eglero] HojA o] Eeldel ke nX Zew
AtEET SEEo A AR AE A el F ] A}
o] Kol x| ghgltt.

Table 5. Growth performance of olive flounder Paralichthys oliva-
ceus fed the experimental diets'

EEP? MP3
Initial mean body weight (g/fish) 27.0+0.52  27.24+0.32
Final mean body weight (g/fish) 1,009+¢3.5  1,018+4.2
Weight gain (%)* 3671.3£10.2 3612.0+20.8
Specific growth rate (%)° 0.74+0.02  0.73£0.03
Feed efficiency (%)° 88.1+2.32  79.3%+1.3°
Feed intake (%)” 0.83+0.11  0.92+0.09
Survival (%)® 80.5+2.3 75.9£3.5
Condition factor 1.17+0.01 1.16+0.01

Values are means from four quadruplicate groups of fish where
the values in each row with different superscripts are significantly
different (P<0.05). *EEP = Experimental extruded pellet; *MP =
Moist pellet. “Weight 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). '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.

Table 6. Proximate composition (%) of the whole-body and dorsal muscle for olive flounder Paralichthys olivaceus fed the experimental

diets'

Samples Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
Whole-body

EEP? 70.4+0.58° 20.2+0.21 3.0£0.65 3.610.30
MP3 72.9+0.722 20.0+0.13 2.9+0.83 3.6+0.13
Dorsal muscle

EEP 74.4+0.12 22.8+0.34 0.6+0.04 nd
MP 75.810.43 22.7+0.02 0.7+0.03 nd

'Values are means from quadruplicate groups of fish where the values in each column with different superscripts are significantly different

(P<0.05).
’EEP = Experimental extruded pellet. *"MP = Moist pellet.
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HPAL 22 Table 70 LR ek, Aol A|e] EsbA b ksatu 9 F7] Skl ®1E]) 3 9lek(Lunt and Smith, 1991).
rated fatty acid, SFA) L. 2+= 354 0 2 palmitic acid (C16:0) A 589 =8 ARAHE HojA|9Q} F-AFSHA palmitic acid,

9] o] 71 wWekyl, B3 skx|H K unsaturated fatty acid) oleic acid ¥ docosahexaenoic acid”} 7} Wo] r-G-xlo] )
© 22 oleic acid (C18:1n-9)2} DHA (docosahexaenoic acid, Qcy. AAAer Jx 552 AojA e =27 MUFA
C22:6n-3)7} 71 Wol & o] ittt Oleic acide= T (monounsaurated fatty acid)eleF2 SFA X} AFd=F 3¢k
Exsixubabe 2 4] thek A % Aol YA 11, PUFA(polyunsaturated fatty acid)®] 352 A3+ &
HES S50 82A U4k 22 Aol folgt 2yt ottt AojA ol A= MP A7} EP A3+t Et} oleic acid

Table 7. Fatty acid composition (%) of the whole-body and dorsal muscle for olive flounder Paralichthys olivaceus fed the experimental
diets'

Fatty acid Whole-body Pooled Dorsal muscle Pooled
EEP? MP3 SEM* EEP MP SEM
C14:0 2.950 3.21 0.12 0.96" 1.12 0.03
C15:0 0.35 0.42 0.01 0.25 0.31 0.01
C16:0 15.45 14.62 2.12 22.08 24.55 3.12
C17:0 0.80 0.92 0.02 0.54 0.75 0.09
C18:0 2.48 2.94 0.13 5.42 6.18 0.15
SFAS 22.76 22.68 29.34 32.83
C16:1n-7 5.50 6.42 0.83 1.63 1.40 0.02
C17:1n 0.44 0.44 0.01 0.28 0.31 0.03
C18:1n-7 2.70 2.30 0.11 1.62 2.03 0.02
C18:1n-9 13.78° 17.10° 1.51 7.69 8.26 1.23
C20:1n-9 2.88 3.58 0.21 1.30 1.20 0.01
C22:1n-9 0.40 0.35 0.02 0.05 0.06 0.00
C24:1n-9 0.23 0.16 0.01 0.00 0.00 0.00
MUFA® 25.93 30.35 12.54 13.26
C18:2n-6 6.49 5.82 0.35 4.23 2.14° 0.15
C18:3n-6 0.43 0.46 0.01 0.34 0.30 0.02
C18:3n-3 0.78 0.95 0.03 0.22 0.28 0.02
C18:4n-3 0.71 0.93 0.02 0.15 0.12 0.01
C20:2n-6 0.46 0.44 0.02 0.40 0.20 0.04
C20:3n-6 0.54 0.63 0.03 0.15 0.12 0.04
C20:4n-6 1.32 1.30 0.05 1.72 2.27 0.11
C20:3n-3 0.60 0.72 0.01 0.34 0.21 0.02
C20:5n-3 7.91 8.99 0.35 4.40 5.27 0.67
C22:2n-6 0.38 0.41 0.01 0.17 0.11 0.01
C22:4n-6 0.38 0.34 0.02 0.52 0.19 0.11
C22:3n-3 0.87 0.56 0.06 2.03 1.19 0.05
C22:5n-3 3.78 3.23 0.05 4.542 2.04° 0.29
C22:6n-3 25.03 20.30° 1.12 38.90 39.47 1.32
PUFA’ 49.712 45,08 58.112 53,73

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

2EEP = Experimental extruded pellet. *MP = Moist pellet. *Pooled standard error of means: SD/\n. SFA = saturated fatty acid. ‘"MUFA =
monounsaturated fatty acid. "PUFA = polyunsaturated fatty acid.



A% AR 2 AR v 7 807

(C18:1n-9) gtFo| f-o)A o7 =9F31 C22:6n-3 (DHA) 3=
2 YA o7 Holt), S5 ollAl= EP A7 MP A g+t
Bt} C18:2n-6 (linoleic acid) ¥ C22:5n-3 (DPA) &=o] 72
202 =2 35 KAtk o] 23t Afo+= Table 19] AR 2] 273
ARl A o 4= Qo] = AT Tl Alr YR FUAE
o] zpo] W& 0 & rtEth Kim et al. (2012)2 YA S tjAko
B A A = oS ekl S o, gAY ol A A
g0l Ao]7h Lk A& T4 Stk EP Aol MP
A7 1ol AFE 2 Aok glovt, EP AR 5
HUR olelo] o155 3% Tk 7S, S48 4
SH vk, 2] W Aol 5o AmmRE e 3
o}, olefe Az Aol ola) % AET 7o) 54 A
T o7k WAl A 0.2 BRItk o)) ATz AL 7]
25t B igrReh SAkR] et HolAe Sge
KAl 4 % PUFA Sefoll 4 EP A9 77 MP 1917 2
o frolA o R w2 2ls o o lsieh

§A) Aol W 580 Aot Al 42 231 Table 8
of pehglet. QubA oz opnjiAte] Ffolt Herobn)w
Ak(threonine, valine, methionine, isoleucine, leucine, phenyl-
alanine, histidine, lysine, arginine), 3+ #% o} AK glutamic
acid), 7r0]7| ofu]=AHthreonine, serine, glycine, alanine), 3

o) o offl
%0 op o wx o= |

ko) iz AH(methionine, cysting) 2 W&k ofu]=Ak(phe-
nylalanine, tyrosine)S & = Ut} WAL=} SAIR AL
= 354 0® g2 HolA| ¥ 59| ottt Fofl A
lysine®] gHo] 714 =9k ow, /g ofm| i 4ho] th 25 24|
31l Q&= A2 aspartic acid, glutamic acid, leucine 2 lysine
ol At YA 55 5 W W= o4k threonine, ser-
ine & glycine®] S MP AlE TR EP Al# 7oA tha
7} leb] btk Wb} AR Bl M Y
2] HofA| 9 59 FAdofm] Ak fteFoll= Aol 7} §1S1T

AR O SARE 3adt B4 559 £4% 7 At
Table 9 LFEFH SITE EEP 9 MP A3+ Ttoll S-34d, A%,
73 Y F2 S HIReE Aat 501240 Apo] & Kol x| gttt
Ui AR O AR O] B4 7 ke AN}l 7| 3 oF 50 7
T Zboll AR A= fiSiTh ol el Hare At AE
At EH, Lee and Lee (1997)= A4t H 4| Bk FA14EE A
7} 7 weF st Aol oA o= wrhal Bl 644l o m, Kim et
al. 010)2 jRAFESL 4K S T U7t Fofato] BAHI
£ AR AT 2 AFA e} FARSHA = Al 7kl 914
Q1 Aol & &S 4= ¢l

ool AT AIE Sl HH, 2 AtollA ohefet T
5 9 JA7AE 235t AT AR = SARRSE B

Table 8. Amino acid contents of the whole-body and dorsal muscle for olive flounder Paralichthys olivaceus fed the experimental diets (%

to total amino acid)"

. i Whole-body Pooled Dorsal muscle Pooled
Amino acid EEP? MP? SEM?* EEP MP SEM
Aspartic acid 10.04 9.60 0.12 10.52 10.52 0.05
Threonine 4.60 4.48 0.04 4.76 4.78 0.02
Serine 4.37 4.30 0.02 4.24 4.15 0.03
Glutamic acid 15.09 14.75 0.03 15.89 16.15 0.13
Proline 0.97 2.57 0.22 1.10 1.03 0.10
Glycine 6.95 8.24 0.06 4.53 4.30 0.07
Alanine 6.49 6.72 0.12 5.89 5.80 0.08
Cystine 0.72 0.52 0.03 0.44 0.33 0.02
Valine 5.26 5.00 0.02 5.45 5.54 0.06
Methionine 2.70 274 0.03 3.1 3.05 0.07
Isoleucine 4.53 4.10 0.04 4.86 4.98 0.04
Leucine 7.81 7.47 0.16 8.46 8.50 0.06
Tyrosine 3.32 3.17 0.04 3.65 3.62 0.02
Phenylalanine 4.01 3.90 0.08 4.16 4.23 0.03
Histidine 2.46 2.32 0.01 2.50 252 0.02
Lysine 9.37 8.88 0.06 10.05 10.08 0.12
Arginine 6.24 6.43 0.03 6.05 5.99 0.02

'Values are means from quadruplicate groups of fish where the values in each row with different superscripts are significantly different

(P<0.05).

2EEP = Experimental extruded pellet. *MP = Moist pellet. *Pooled standard error of means: SD/\n.
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Table 9. Textural properties of the dorsal muscle for olive flounder
Paralichthys olivaceus
fed the experimental diets'

EEP? MP®
30.7¢0.38  41.8+7.58
2309:88.4 2179:195.4
18694487.7 1795+149.8

Adhesiveness (g) 40.3£22.21 26.0+12.46
"Values are means from quadruplicate groups of fish where the

Textures

Cohesiveness (%)
Hardness (g/cm?)
Strength (g/cm?)

values in each row with different superscripts are significantly dif-
ferent (P<0.05).
“EEP = Experimental extruded pellet. *"MP = Moist pellet.
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