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

gh5=2] 52(3), 247-255, 2019

Original Article

Korean J Fish Aquat Sci 52(3),247-255,2019

AESHM et AlIR AR YXIT7IE =H-st HiEtAE7t X|017] EX
(Paralichthys olivaceus)2| Q&0 0|X|= H&t

= * o
_JF_EIISE ) ol%"l:— ) S "' Ood oo

FRULMIEY ALRATME BHSATISIY UAlp T}

SAIS . 0|2 - U - QAT . AHE

—_—

Effects of Extrusion Pressure and Feed Ingredient Particle Size on
Growth Performance in Olive Flounder Paralichthys olivaceus

Jeong-Hyeon Cho, Bong-Joo Lee*, Sang-Woo Hur, Seunghyung Lee, Kang-Woong Kim!, Sang-Gu

Lim and Maeng-Hyun Son

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Korea
' Aquaculture Management Division, National Institute of Fisheries Science, Busan 46083, Korea

This study was conducted to investigate the effects of extrusion pressure and particle size of feed ingredients on the
growth performance and plasma hormone activity in juvenile olive flounder Paralichthys olivaceus. Experimental
diets were prepared with extrusion pressure manipulated by screw speed [low pressure (LP), 885 rpm/min; high
pressure (HP), 708 rpm/min] and different dietary particle sizes [specific surface area: small (SS), 169.9 m*/kg; large
(LS), 67.4 m?/kg] in a two-level factorial design. Four experimental diets (LP+SS, LP+LS, HP+SS, and HP+LS)
were randomly assigned to 12 tanks (3 replicates) stocked with 20 fish (initial weight, 57 g) per tank. After a 4-week
feeding trial, the observable trends of the main effects of extrusion pressure and particle size on growth performance
showed that LP and SS enhanced fish weight gain. The plasma insulin-like growth factor-I level was significantly
higher in fish fed the LP+SS diet than in fish fed the HP+SS diet. These results indicate that manipulation of the
physical qualities of feed through adjustment of extrusion pressure and feed ingredient particle size may influence the
growth performance of juvenile olive flounder, which should be considered in feed manufacture.
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gteh 53], o AER T (extruder) 34 270 whek AR S =
2] 2] E4Jo] FEfA|w, o= i A o1Fe Alm 7134, Al
A W avheol 9= F7] vl FAlolFo A A
4bgdoll 217392191 Qlo] E 4= ¢lth(Behnke, 1996; Refstie et
al., 2006; Serensen et al., 2009, 2010, 2011; Glencross et al.,
2011a; Draganovic et al., 2011; Kraugerud and Svihus, 2011;
Kraugerud et al., 2011). JAEZE 9} HASH Al 34 U &
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Table 1. Formulation of the test diet and its nutrient composition

Diet
Ingredients (%)
Chilean anchovy meal 55.0
Krill meal 5.0
Defatted soybean meal 6.0
Wheat gluten 5.0
Wheat flour 214
Choline chloride 0.5
Stay-C 0.1
Mineral mixture' 20
Vitamin mixture? 2.0
Fish oil 3.0
Proximate composition (dry-matter)
Moisture 6.1
Crude protein 54.7
Crude lipid 9.1
Crude ash 14.6
Gross energy (kJ g7) 20.1

'Mineral premix contained the following ingredients (g/kg pre-
mix): NaCl, 43.3; MgSO,-7H,0, 136.5; NaH,PO,-2H,0, 86.9;
KH,PO,, 239; CaHPO,, 135.3; Ferric citrate, 29.6; ZnSO,-7H,0,
21.9; Ca-lactate, 304; CuCl, 0.2; AICI,-6H,0, 0.15; KI, 0.15;
MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0. *Vitamin premix contained the
following amount which were diluted in cellulose (g/ kg premix):
L-ascorbic acid, 121.2; DL-o-tocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-bi-
otin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione,
1.8; retinyl acetate, 0.73; cholecalciferol, 0.003.
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Table 2. Air classifier mill and extruder operating conditions of test diets
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LP+SS LP+LS HP+SS HP+LS
Air classifier mill conditions
Disk (rpm/min) 3000 1200 3000 1200
Blower (rpm/min) 3500 3500 3500 3500
Rotor (rpm/min) 1500 700 1500 700
Feeder (rpm/min) 180 180 180 180
Specific surface area (m?/kg) 169.9 67.4 169.9 67.4
Extruder conditions
Barrel temperature (°C) 115-130 115-130 115-130 115-130
Conditioner temperature (°C) 80 80 80 80
Steam (kg/h) 31.6 31.6 31.6 31.6
Feed rate (kg/h) 50 50 50 50
Screw speed (rpm/min) 885 885 708 708
LP, low pressure; HP, high pressure; SS, small size; LS, large size.
Table 3. Free amino acid contents of the test diets (g/100 g, dry- #e} 7ot

weight)

LP+SS LP+LS HP+SS HP+LS
Essential amino acids
Arginine 0.103 0.097 0.115 0.110
Lysine 0.097 0.092 0.099 0.104
Histidine 0.179 0.172 0.196 0.191
Phenylalanine 0.097 0.091 0.099 0.092
Leucine 0.216 0.221 0.237 0.220
Isoleucine 0.125 0.130 0.136 0.130
Methionine 0.009 0.006 0.009 0.007
Valine 0.203 0.212 0.221 0.214
Threonine 0.124 0.130 0.129 0.136
Tryptophan N/D' N/D N/D N/D
Non-essential amino acids
Taurine 0.928 0.852 0.895 0.828
Alanine 0.382 0.387 0.401 0.397
Tyrosine 0.084 0.078 0.084 0.081
Glycine 0.111 0.117 0.119 0.120
Glutamic acid 0.165 0.148 0.154 0.178
Serine 0.038 0.050 0.046 0.053
Aspartic acid N/D N/D N/D N/D
Proline 0.100 0.144 0.095 0.108
Total 2.961 2.907 3.035 2.969

'N/D, Not detected (detection limit: 0.01 g/100g, dry-matter). LP,
low pressure; HP, high pressure; SS, small size; LS, large size.
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Bulk density=weight of diet (g) in container (L)

Water absorption (%)=weight of diet in seawater per unit
min (g)/weight of diet (g) X 100
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Fig. 1. Correlation between bulk density and water absorption (left) and correlation between water absorption and final weight (right). LP,

low pressure; HP, high pressure; SS, small size; LS, large size.

WG (%)=[final wet weight (g)-initial wet weight (g)]
/initial wet weight (g) < 100

TGC=(final wet weight”® (g)-initial wet weight”* (g)
X (% degrees Celsius)' X 1000

FCR=dry feed intake (g)/wet weight gain (g)

Survival rate (%)=number of fish at 4" week/number of
fish at initial stocking density X 100

A=A 2 A HTHE (condition factor, CF), 54|
“*(hepatosomatic index, HSI), WA-5gFA]<(viscerosomatic
index, VSDE o2t o] A4ks}3iaL, Table 59 23} ghe
e,

CF=wet weight (g)/total length3 (cm) X 100
HSI (%)=wet weight of liver (g)/wet weight (g) X 100
VSI (%)=wet weight of viscera (g)/wet weight (g) X 100

JubgE RS AOAC (2000) B ol whe} Baatgr). 4=
T AU7FEA R (135°C, 2417, 2HHE 2 Auto Kjel-

Table 4. Physical characteristics of test diets

dahl System (Gerhardt VAP500T/TT125, KG, Germany) 2
2N X 6.25)% ARg-sto] 2418131, £3]6-2 550°C
ol A 6AIZF &3t 313} & &7 shqinh A HE 2AA F57]
(VELP SER 148 Solvent Extractors, Italy) S AF8-5}¢] ether=
2231 7, 275t0] 234 Table 5 Liehygick. §-2lofu]
AR Cho et al. (2011)9] EAHH-L 585191, 99% etha-
nol¥} 70% ethanol2 F=&3+ AR5 diethyl ether= EA]A]7]
3 b= 278 0] 88ty B2 319t = 3 lithium citrate
loading buffer®} 5-sulfosaliaylic acid hydrateE- 3 71510 o]
AR A5-E4 7] (Biochrom 30, Amersham Biosciences, Ltd.,
England)E ©]-§-5to] #4153tk

295 HHSEE 4

d3 fish growth hormone (GH)¥} fish insulin-like growth
factor-I (IGF-I) 24-¢ GH ELISA Kit (CSB-E1212Fh,
CUSABIO, Belgium)2} IGF-I ELISA Kit (CSB-E12122Fh,
CUSABIO, Belgium)©] Hr¥jo @ 54 319itt. GHS GH
pre-coated 96-well plate®]| standard®} 4 50 uL 37} &,
conjugateZ 50 pL H7}5}0], 37°C kg =4 hofl 1417k
AT o] SHREH wash buffer (1X)2 AZF o
HRP-aviding 50 pL #7}5lo], 37°C Wek-e- =4 sfoll 1417+

LP+SS LP+LS HP+SS HP+LS P -
Pressure Size Interaction
Bulk density (g/L) 397.5+1.9° 402.5+2.6° 436.7+3.9° 438.2+2.5° 0.000 0.262 0.542
Water absorption (%/min) 18.1£0.02 17.6£0.1° 15.240.1¢ 15.31£0.1¢ 0.009 0.321 0.663
Floating time (h) > 1 > 1 > 1 > 1 - - -

Values are means£SE of 10 replication (7=10). Values within the same row with different superscript letters are significantly different (Dun-
can, P<0.05). Pressure, low- and high-pressure; Size, small- and large-particle size (two-way ANOVA, P<0.05). LP, low pressure; HP, high

pressure; SS, small size; LS, large size.
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RES A ¥hg o] 225/ wash buffer (1X)2 A4 Fof
substrate A2} substrate BE 50 uL& A7} &, 37°Col| A oyt
£ 24 o] 158 ¥k8- 5, stop solutionS Z7}5}+0] 450 nm
oM BHTEE ZHT AU MRS ANt IGFI
2 IGF-I pre-coated 96-well plate®] standard®} &4 50 plL
A7} &, HRP-conjugate®} antibodyS 212} 50 puL d7}s)d,
37°CollA] BuRg- 271 Stol| 1A ¥hGAIF T Hhg-o] SR &
M wash buffer (1X)Z A 2|3t 30 substrate A2} substrate B
£ 50 LA 7%, 37°Col| A kg 24 Sfof] 154 Bhs- 5,
stop solutionZ 3 7}F5}0] 450 nmof| A S8 =5 S5 A gt
SRS R AT

SAH Xz

Avtghe] BA 5 AL IBM SPSS 19 software packageZ ©]
&sto] dYEAhEAl & Duncan®] W 02 ko] FA
2 §-2]48 A4 (Duncan, 1955; P<0.05), YAE(4
YA 2 AR (AU R a9k avke o] eEat
A& ARESEo] 95% oA AR FodS HA S
(P<0.05).

ARzl g 37] W o asny g0 dexae o
27 Sho] A £ ARPARE AU el G FA o

= A= UePgth(Table 1). ol 43 f-2l &317} Q= -2
o}u] 1=AKFyhn and Serigstad, 1987; Fyhn 1989)& o] &2] A}
7 AHEE 77 Ao g RuE QJAYKCho et al.,
2018), o] A7) o] Ab= Wf frejohu|ieAl fhge AALR 7t
2ol 7} 1312w (Table 3), AR Ad F5F Aol A e -2 2191 2}
o7} GIEH(P>0.05). Y= Aol oJgt A YAte}= Felofn]
Ak gHeFoll ke A ko, EAlof o3t Hol A5 /-2l
A= gle Aos wetdn) oo A e e uigdAtR o
YA} oF e 22 AFR O] il FFE vAA| g
Qg A o & A 27} b stk A AlARRIT

AlSIALR O] g2 50 119Fe AR (HP+SS, 436.7g/L; HP+LS,
438.2g/L)7} 7k AFR(LP+SS, 397.5¢/L; LP+LS, 402.5¢/L)
Hep FofstA UThP<0.05). 73] Wi AFR| /4
(floatability) 2 27 4= (sinking velocity) & 243+ 548
3t 24 £4 9 2 (Chevanan et al., 2007, 2009), &= 74
% AHE 2] A& (expansion) @t 217 A 1 3 4 o] Qlth(Glen-
cross et al., 2011b). A IR = JAAIR R 82450] Yo
o, BigALR O] §ASE td T2 Blolg Aol ke 2dol F
23}tk Glencross et al, 2011b). AHFA 02 wljgtAlmE= 525
g/L 0]5}2] 8404 FAFSHH(Glencross et al, 2011b). ©]
H ARoll AMEE HFARRS] 8452 397.5-438.2 g/LGl S
], FAAIRE E ARARR A TARE o)A o F/dst
L, AFARR 7FF-2JA QI Zpol= FIUTHP>0.05). L2{vt 5=
52T = A AR (LP+SS, 18.1%/min; LP+LS, 17.6%/

Table 5. Growth performance and proximate composition of carcass of juvenile olive flounder Paralichthys olivaceus fed the test diets for

4 weeks
LP+SS LP+LS HP+SS HP+LS P -
Pressure Size Interaction
Growth performance
WG (%)’ 52.7+13.3 44.7+3.0 36.6+10.6 37.719.2 0.275 0.736 0.655
TGC? 16.2+4.1 13.7+0.9 11.2+3.2 11.6+2.8 0.275 0.741 0.655
FCR3 1.30+0.24 1.3840.14 1.41+0.23 1.3240.18 0.740 1.000 0.621
Survival (%) 78.3t4 .4 69.548.7 83.316.7 75.647.2 0.444 0.264 0.937
CF# 0.90+0.03 0.91+0.01 0.93+0.01 0.94+0.02 0.580 0.580 0.580
HSI (%)° 1.77+0.16 1.8510.05 2.0240.20 1.7840.09 0.584 0.741 0.335
VSI (%)° 2.82+0.07 3.26+0.10 3.37+0.33 3.23+0.37 0.338 0.542 0.338
Proximate composition (%, wet matter)
Moisture 74.0£0.1 74.7+0.1 73.5+0.7 73.54£0.2 0.064 0.416 0.416
Crude protein 17.4+0.1 17.1£0.2 17.4+0.2 18.0+0.3 0.069 0.444 0.054
Crude lipid 3.410.1 3.440.2 3.110.5 3.410.1 0.696 0.696 0.696
Crude ash 3.740.120 3.440.1° 4.1+0.22 3.8%0.1%° 0.022 0.094 0.818

Values are means+SE of 3 groups of fish (n=3). Values within the same row with different letter are significantly different (Duncan, P<0.05).
Pressure, low- and high-pressure; Size, small- and large-particle size (two-way ANOVA, P<0.05). 'WG, Weight gain. ’TGC, Thermo-
growth coefficient. *FCR, Feed conversion ratio. *CF, Condition factor. HSI, Hepatosomatic index. ®*VSI, Viscerosomatic index. LP, low

pressure; HP, high pressure; SS, small size; LS, large size.
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Fig. 2. Main effects means of WG in response to extrusion pressure and ingredient’s particle size in juvenile olive flounder Paralichthys
olivaceus fed the test diets for 4 weeks. Data was expressed as mean+SE. WG, weight gain; LP, low pressure; HP, high pressure; SS, small

size; LS, large size.
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Fig. 3. Interaction effect means of plasma IGF-I and GH levels in response to extrusion pressure and ingredient’s particle size in juvenile

olive flounder Paralichthys olivaceus fed the test diets for 4 weeks. Data was expressed as meantSE. Left, P-value of two-way ANOVA

analysis on plasma IGF-I levels as extrusion pressure=0.005, ingredient’s particle size=0.378 and interaction = 0.053. Right, P-value of

two-way ANOVA analysis on plasma GH levels as extrusion pressure=0.058, ingredient’s particle size=0.503 and interaction=0.619. IGF-I,

insulin-like growth factor-I; GH, growth hormone; LP, low pressure; HP, high pressure; SS, small size; LS, large size.

min)7} 7192 /\}E(HP+SS 15.2%/min; HP+LS, 15.3%/min)
Hrop folA 0 &2 =2 7hS B oth(Fig. 1, P<0.05).
AR o 2AL SASH S ESAE F AEEA
A FaFe viHou, dAkar] 288 AlREAdol I
= TA Y= 202 et Table 4, P<0.05). 53] @A A=
o] g5 0] W= (LP+SS U LP+LS) Atz o 2 siE
A7k S7F6AAL, SAS T RS2 gl A el
£ R ¢rHTable 4 9 Fig. 1A). JAERT AR 3|H&E
7ol w2 vigAbE Y] Y 7FAet U ASk= Lee (2011)
2 Kim et al. (2014)2] Ao A B 19l o, o] Algle] A
T A= o] &} fAlet ATFE B Glck wheba], AL O] 8452

SHRBATCE 2SS Q) ) Qolojn, JAERY A

7o I A& EE 28t §AFS FAALFE S ESAE
£ S7HA 4= ¢l Aoz .

45:710) AR ARl o] uh2 %) 9] A S Table 5o LiER
At SA& 9 QA= AP oA Aol B
O|A] 3t ot, ke ALR(LP+SS Bl LPLS)E A3t A9
o FE 1P ALR(HP+SS % HP+LS)E A F3t A g0l &
O =2 A0l B Ee Ho] EPARR S| 242 o] 4%l
AS A 4= QlE 20107 AR EItK(Table 5 2 Fig. 2). &
3] AR 5L AU ALRHLPHSS)NA 71 2 At
S 31T S AT AR AT E GAE W o] 5] Pk
HE2] R A © & LRI TH Table 5). 0|9} GARE A= d%
LR A= e o (Fig. 3), A9 Atatol

F'
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Hu)2 Z]_J-g],_]_ EEdut Q@A HALY] =R E o]k 52
.0 2 4(Greenwood and Landon, 1966; Ranabir and Reetu,
2011), A4 ¥ IGF-1+= T A o] 48 3% 5} (Bornfeldt et
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