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This study was conducted to evaluate dietary hydrolyzed pig bristle meal (PBM) for juvenile olive flounder Parali-
chthys olivaceus. In Experiment 1 (EXP-1), six experimental diets were prepared to contain 0, 3, 6, 9, 12 and 15%
PBM (designated Con, PBM3, PBM6, PBM9, PBM12 and PBM 15, respectively). Triplicate groups of olive flounder
(initial body weight, 8.69 g) were fed the diets to apparent satiation for 8§ weeks during the optimal water temperature
season (20.5+2.12°C). All PBM supplemented groups except for PBM3 showed significantly lower growth perfor-
mance and feed utilization compared to the control group. The protein digestibility of PBM3, PBM6, and PBM9 diets
did not significantly differ from that of the control diet. In Experiment 2, 1% mono-calcium phosphate was added
into the experimental diets used in Exp-1. Triplicate groups of olive flounder (10.6 g) were fed the diets to apparent
satiation for 8 weeks during the low water temperature season (12.5£1.12°C). The growth performances and feed
utilization of fish fed all diets except for PBM15 diet did not significantly differ from those of the control diet. This
study indicates that hydrolyzed PBM can replace fish meal by up to 12% with limiting amino acids and mono-calcium
phosphate in diets for juvenile olive flounder.
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Table 1. Essential and non-essential amino acid composition of
PBM and fish meal which were used in experimental diets (% of

protein)
Protein sources
AAs PBM?® Fish meal
EAA'
Lysine 3.60 4.45
Methionine 1.20 2.20
Histidine 1.20 2.82
Arginine 5.50 3.67
Isoleucine 2.00 2.59
Leucine 7.80 4.27
Phenylalanine 3.30 237
Threonine 5.70 2.51
Valine 3.60 3.09
NEAA?
Alanine 7.00 3.92
Aspartic acid 7.50 6.11
Glycine 1.0 4.52
Glutamic acid 14.0 7.57
Serine 12.0 2.35
Tyrosine 3.00 1.63

'Essential amino acid. 2Non-essential amino acid. *Pig bristle meal.
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Table 2. Dietary formulation and proximate composition of the experimental diets for juvenile olive flounder Paralichthys olivaceus (% of

dry matter) (Exp-1)

Experimental diets

Ingredients
Con PBM3 PBM6 PBM9 PBM12 PBM15

Fish meal, sardine 48.0 44 4 40.8 37.2 33.6 30.0
PBM' - 3.01 6.02 9.03 12.04 15.05
Soybean meal 8.00 8.00 8.00 8.00 8.00 8.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour 27.5 275 275 27.5 27.5 27.5
Fish oil 4.00 4.40 4.80 5.20 5.60 6.00
Mineral premix? 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix® 1.00 1.00 1.00 1.00 1.00 1.00
Starch 2.00 2.01 2.02 2.03 2.04 2.05
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
Lysine - 0.10 0.20 0.30 0.40 0.50
Methionine - 0.03 0.06 0.09 0.12 0.15
Histidine - 0.05 0.10 0.15 0.20 0.25
Proximate composition

Phosphorus* 0.98 0.92 0.86 0.81 0.75 0.70

Crude protein 47.2 47.3 46.9 46.9 47.7 47.5

Crude lipid 9.56 9.57 9.41 10.1 10.5 1.1

Crude ash 1.5 1.0 11.0 10.8 10.5 10.2

'Pig Bristle Meal, Bestron Life Science. Co. Ltd., South Korea. *Mineral premix (g/kg" of mixture): MgSO,.7H,0, 80.0; NaH,PO,.2H,0,

370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICL,. 6H,0, 0.15; Na,Se,O

273

0.01; MnSO, H,0,

2.0; CoCl,.6H,0, 1.0. *Vitamin premix (g/kg" of mixture): 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-biotin, 0.27; folic acid,

0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003. “calculated phosphorus
content. Con, control; PBM3, 3% of pig bristle meal in diet; PBM6, 6% of pig bristle meal in diet; PBM9, 9% of pig bristle meal in diet;
PBM12, 12% of pig bristle meal in diet; PBM15, 15% of pig bristle meal in diet.



WA AR W =] oA 7Hs/d 87t 151

5ko] 1042 ¥H5- AlX1 3, A5 A 318k A] 7] (SLIM, SEAC Inc,
Florence, Italy)E o]-&5to] A= 3ict Held 42 59
ot A5 e HEA 7| E 0]-8-5Fo] AST, ALT &40 AR5 %1
o}, A A 32 &4 (NBT)-2 Anderson and Siwicki (1995)2] v

2 7|22 B4 E ) g2 Siwicki and Anderson (1993)2]
FEAuHH 0 2 lysozyme E4-2 Hultmark et al. (1980)2] W
57122 BEA T €4 U SOD 42 kit (Sigma-aldrich,
19160, St. Louis, USA)E 0]-8-3fo] A= 9]},
tyAstE £

askgAbRe AR AR ESE dAALRS AtstaE
(Cr,0,, Daejung)Z 1 % H7ksto] Al 2= leh A g o] o] E(fe-
ces)S 4382 (Guelph system)S o]-83F0] A=)
oh E203 150 5 2831 ofl AR olE 484171 o] %
A= ST AR 19] J 2] (27177, 120 g)i= 5 6712 &

SR8 2(52-85, 400 Lol 2+2F 50upe] ¥ F2ke] = ul
2= e AbSee 13 Refjojabd df=E 7HE A 2 E 7 A
2te] ofi}7] 5 SIAA 1 L/min®] f<pifo] HES 52| =9
th A7 7F FoF ARG 2-8 22-25C W R Ao 9
Zololct Bt T8 3, AAIRS 29 ARk o] B Y
%111, Divakaran et al. (2002)%] WS BT 2 AStT59] &
o] A E It AFAR | et Aol JFaidtES
Chat 2H2 Ao o] 8l Alate] SiTt.

Apparent Digestibility Coefficient (ADC) of nutrients in ex-
perimental diets (%)=100 x[100-(% Cr,0O, in diet/% Cr,0,
in feces) X (nutrient in feces/nutrient in diet)]

A7|ge] 225HE B Ho] Hulrgo] Uk

Table 3. Dietary formulation and proximate composition of the experimental diets for juvenile olive flounder Paralichthys olivaceus (% of
dry matter) (Exp-2)

Experimental diets

Ingredients
Con PBM3 PBM6 PBM9 PBM12 PBM15
Fish meal, sardine 48.0 444 40.8 37.2 33.6 30.0
PBM! - 3.01 6.02 9.03 12.04 15.05
Soybean meal 8.00 8.00 8.00 8.00 8.00 8.00
Corn gluten meal 8.00 8.00 8.00 8.00 8.00 8.00
Wheat flour 26.5 26.5 26.5 26.5 26.5 26.5
Fish oil 4.00 4.40 4.80 5.20 5.60 6.00
Mineral premix? 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix® 1.00 1.00 1.00 1.00 1.00 1.00
Starch 3.00 2.01 2.02 2.03 2.04 2.05
Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
Lysine - 0.10 0.20 0.30 0.40 0.50
Methionine - 0.03 0.06 0.09 0.12 0.15
Histidine - 0.05 0.10 0.15 0.20 0.25
MCP* - 1.00 1.00 1.00 1.00 1.00
Proximate composition
Phosphorus® 1.19 1.14 1.08 1.03 0.97 0.92
Crude protein 47.0 47.3 47.9 471 47.5 47.7
Crude lipid 9.40 9.60 9.80 9.90 10.1 10.3
Crude ash 10.7 10.5 10.7 10.4 10.4 10.5

'Pig bristle meal, Bestron Life Science. Co. Ltd., South Korea. *Mineral premix (g/kg" of mixture): MgSO,.7H,0, 80.0; NaH,PO,.2H,0,
370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICL. 6H,0, 0.15; Na,Se O, 0.01; MnSO_.H,0,
2.0; CoCl,.6H,0, 1.0. *Vitamin premix (g/kg" of mixture): 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-biotin, 0.27; folic acid,
0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003 “Mono-Calcium Phos-
phate (22% of phosphate). *calculated phosphorus content. Con, control; PBM3, 3% of pig bristle meal in diet; PBM6, 6% of pig bristle meal

in diet; PBM9, 9% of pig bristle meal in diet; PBM 12, 12% of pig bristle meal in diet; PBM15, 15% of pig bristle meal in diet.
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I EATHLim and Lee, 2008; Lee et al., 2010). =X E-2- o] &
AL ez ARG 79, AR W Q19 HER7 ke =R o]
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57,80 )8 iAo 2 o Re A plo R ERe AR v 717}
5,10, 15% H71_F AFALRQF th 2FAR (AR W o2 15%)
£ 6047t T Atoll A =R oS 100% A 7Hs
Stk B % ItH(Przybyt et al., 1999). YWtz o2 ZHA)A]
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ool Hlaf vla A w7] wjZof o B Al &0l =4 Yed
Ao AR E

Kikuchi et al. (1994)& A2 AF& U] 7}4Ha] 2550 & of
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Table 4. Growth performances of olive flounder Paralichthys olivaceus fed the experimental diets for 8 weeks (Exp-1 and Exp-2)

FBW! WG? FCR3 PER* Survival (%)

Exp-1. Olive flounder (Initial mean body weight, 8.69 g)
Con 36.1+1.912 316+22.22 0.77+0.05° 2.5940.07% 92.4+4.36
PBM3 34.9+0.862 301+8.84° 0.76x0.14° 2.70+0.16° 92.447.19
PBM6 30.241.50° 248+17.3° 0.93+0.03% 2.2140.71akc 89.5+15.7
PBM9 27.441.20° 216+14.9° 1.01£0.09° 1.9410.65°¢ 90.5+11.9
PBM12 27.1£1.40° 212+17.1° 1.060.08° 1.87+0.25% 95.2+1.65
PBM15 24.0+1.49¢ 175+£16.7¢ 1.32+0.08° 1.42+0.25° 89.5+5.95

Exp-2. Olive flounder (Initial mean body weight, 10.4 g)
Con 22.3+2.962 114+28.52 1.54+0.34° 1.37£0.332 92.2+10.7
PBM3 22.5+1.612 117£15.42 1.53x0.29° 1.36x0.23° 97.843.85
PBM6 22.0£0.822 11247.78° 1.54x0.172 1.32+0.15° 96.7+5.77
PBM9 20.24£0.16° 93.84£1.502 1.80+0.04° 1.11£0.02% 83.3£20.8
PBM12 19.6+0.122 89.0+1.112° 1.94+0.042 1.04+0.022° 100+0.00
PBM15 16.940.63° 63.04£5.94° 2.6940.16° 0.75£0.04° 93.3+5.77

'Final body weight (g). *Weight gain (%). *Feed conversion ratio. *Protein efficiency ratio. Mean values of triplicate groups are presented
as mean+SD. Values in the same columm having different superscript letters are significantly different (P<0.05). Con, control; PBM3, 3%
of pig bristle meal in diet; PBM6, 6% of pig bristle meal in diet; PBM9, 9% of pig bristle meal in diet; PBM12, 12% of pig bristle meal in

diet; PBM15, 15% of pig bristle meal in diet.
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1990; Hardy, 2000; Sevgili and Ertiirk, 2004). $-2L5-9] 742,
YA Atz W of et of oF 40%7HA] thAIS o qlekal B
I E A H(Kikuchi et al., 1994). 121}, Kikuchi et al. (1994)
O] th 2t AAAR W o T2 80%= & Aol A AMg-SH
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2 B A0 AFALR(2F 47%) Xt} 8% 71 =3kth. Kikuchi
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HAIA o oA 7FeHEo] A UEhd A o= et 7
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Table 5. Blood parameters of olive flounder Paralichthys olivaceus
fed the experimental diets for 8 weeks (Exp-1 and Exp-2)

Hematocrit Hemoglobin
(%) (g/dL)

Exp-1. Olive flounder (Initial mean body weight, 8.69 g)

AST (UIL)" ALT (U/L)

Con 22.5+2.60 3.81£0.72 36.9+3.03 14.3+4.28
PBM3 26.2+3.79  4.81+2.03 41.3+1.06 13.9+0.85
PBM6 29.5+6.93 3.21+0.25 35.1£7.27 12.9+1.47
PBM9 23.8+4.07 3.61+0.70  33.5+1.97 11.4+1.42
PBM12 27.2+4.54  3.54+0.08 33.3+3.71 14.9+1.40
PBM15 25.2+3.82 3.07+0.60 30.8+6.27 14.2+3.62
Exp-2. Olive flounder (Initial mean body weight, 10.4 g)
Con 25.2+1.02 2.68+1.22 - -
PBM3 25.1+3.56  2.61+0.72 - -
PBM6 23.2+1.17  2.20+0.58 - -
PBM9 22.9+2.04 2.62+0.38 - -
PBM12 22.1+1.68  2.04+0.41 - -
PBM15 20.2+2.83  1.96+0.21 - -

'Aspartate aminotransferase (AST). 2Alanine aminotransfer-
ase (ALT). Mean values of triplicate groups are presented as
mean+SD. Values in the same column having different superscript
letters are significantly different (P<0.05). The lack of superscript
letter indicates no significant differences among treatments. Con,
control; PBM3, 3% of pig bristle meal in diet; PBM6, 6% of pig
bristle meal in diet; PBM9, 9% of pig bristle meal in diet; PBM12,
12% of pig bristle meal in diet; PBM15, 15% of pig bristle meal
in diet.

A SRR AYANGH S-S ZARE AFof|A SR E-E of i
Tl 2-S oF 30%7kA] thA| 7hsdttkal Bl ¢l ch(Bureau et
al., 2000). 1eut, SRS Zha b, i) 23sto] Ab
B g, of Bt o] oF 75%71R] = th A S 4= Qlrkar Bl
%9 thLu et al., 2015). Lee et al. (1996)-& %3] =2} Sebastes
schlegeliy: /0.2 3t Aol A 5 Aled Hal] E3Hl&
of whet A A7 thE A Urebsithal Barstiet &, of il
A A=l 7 A S o 2 AMESIGlS o) Hok= 7t
"5 EPsto] ARESIE W Hot 2 ol i AlES Atk
TS B0 2 ARESHA HH Y W G (Eor
0] Al FapA AL wvE, viEk 5) 9] 2t 52 A9 o
Eo] 3l (anti-nutritional factors)2 Q18+ As}&-2] 7+
27} UeRd 4= Qdth(Lee et al., 1996). 0] 2 S55}7] SJajAl=
chergt durt £ YRE ANt 7 dhl A s W 25

Table 6. Non-specific immune responses of juvenile olive floun-
der Paralichthys olivaceus fed the experimental diets for 8 weeks
(Exp-1 and Exp-2)
NBT' Lysozyme? Ig® SOD*
Exp-1. Olive flounder (Initial mean body weight, 8.69 g)
Con 0.684£0.13  34.4+13.3® 19.4+3.86°° 69.8+3.14
PBM3 0.80+0.27  31.8+14.4* 21.5+5.18® 70.14£26.0

PBM6 0.62+0.16  35.7£#11.92  22.1+1.62%° 70.9+21.8
PBM9 0.59+0.06  19.4+9.35° 23.8+1.67¢ 66.2+13.8
PBM12  0.59+0.04 18.9+1.27° 16.2+7.68* 65.4+15.4
PBM15 0.58+0.08 12.6+8.48° 13.9+4.29° 58.6+18.5

Exp-2. Olive flounder (Initial mean body weight, 10.4 g)

Con 0.46+0.15 65.1£9.21®* 15.3+2.86  1.79+0.37
PBM3 0.40+0.10  62.247.70®® 20.5+1.76  2.13+0.34
PBM6 0.49£0.12  70.7¥2.03* 17.9+1.31 1.30£0.41
PBM9 0.49+0.15  73.3#547¢ 15.0+#5.04 1.22+0.38
PBM12  0.44+0.10 71445972 15.5+2.21 1.47+0.41
PBM15 0.50+0.15 51.1+11.1* 15.842.39  1.39+0.60

'Nitro blue-tetrazolium activity (absorbance). *ug/mL". *Immuno-
globulin (mg/mL"! protein). *Superoxide dismutase (% of inhibi-
tion). Mean values of triplicate groups are presented as mean+SD.
Values in the same column having different superscript letters are
significantly different (P<0.05). Con, control; PBM3, 3% of pig
bristle meal in diet; PBM6, 6% of pig bristle meal in diet; PBMY,
9% of pig bristle meal in diet; PBM12, 12% of pig bristle meal in
diet; PBM15, 15% of pig bristle meal in diet.
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ko] obtE Aol E Kol ] AhQtTH(Table 5). AFR2] 2442
o] 79| JFATEol AFH R Ao 917 wioll o]F9
A7k ol WS #A 71 9tk ASTRF ALT: 2 7ha) A1
off w35t oA W ofu|ieAbe] tjAte] Tofsh= A Ao|Th
ol F9] 73k Aol Zel 4 52 Akl A4S dE ¢
o F7ksh= Aoz AA Qlof ol 7o WA EE A= A
H 2 ARE-HH(Kristoffersson et al., 1974). A24 02 Al& U
=REO A= PR Y A=l falet Y-S 7AA] g
Ao & AtmEth

AR 1329 g 2] Folf f HehA] 424 3= Table 6] L+
e it Ae 13} 29] 739, HE Aol A 2419} v
wsko] {0421 Zpo| & Kol A] et whehA 7124 %1 A%
T gk oh et Yx] o] v Eol A HYHE Ale Y EHEO
7holl &JalAl= P A b3 A S & AR ETh

QA AT B4 A 3 Table 7), Thil 2l 43180l A PBMI2,
15 A7) i 2+tet vlalste] o4 o8 vhe Aus H el
o, EREO M7t o] SIS, tAAasEo]
Sk Ao UERh 919 d=aske AR 79
2Rl ztol 7t RAAAIRE, EHE2] 7} o] FrteeE 4%}
o] st A Uetilth a3ks 2498 Sofl =R ES
2 of Zeh A of oF 22.5% (PBM 9)71A] thA 3= 747, B Al
20 9] Akgol= & AL s AR Ko, L oAk o
AAoll = T A ashgof £AZ ] k2 718 = U= Ao
2 gtdth YA E e 2 g Aol A o & gFo]70%%]
2t} QRO 2 o] BS100% thA|et AgAR o AR
= Hlugh A}, APAR Y] 4%ke T} chil o]l 8 a &2 tf
Z7ko] vlsl frojA o wekrhal BarE glek(Kikuchi et al.,
1994). A& o & g & thE Aol A e 259 7t

iy

50

Table 7. Apparent digestibility coefficients (% of ADC) of dry mat-
ter and protein of the experimental diets for juvenile olive flounder
Paralichthys olivaceus (Exp-1)

ADCd' ADCp?
Con 78.4+3.53 93.1£1.13¢
PBM3 77.0£5.28 92.411.74%
PBM6 76.3+1.63 91.5+0.58%°
PBM9 75.5¢1.10 91.3+0.39%°
PBM12 72.5¢4.43 90.6+1.52%
PBM15 73.4+2.62 89.7+1.02°

'Apparent digestibility coefficient of dry matter. 2Apparent digest-
ibility coefficient of protein. Con, control; PBM3, 3% of pig bristle
meal in diet; PBM6, 6% of pig bristle meal in diet; PBM9, 9% of
pig bristle meal in diet; PBM12, 12% of pig bristle meal in diet;
PBM15, 15% of pig bristle meal in diet. Mean values of triplicate
groups are presented as mean+SD. Values in the same column hav-
ing different superscript letters are significantly different (P<0.05).

oladl - 4

TR 4R - A - o] dE
Fol S7rdrS SAEC] faste e Hilen, 1ol
=2 O

& LR o Askg wjiel Aow W sle ti(Kikuchi
et al,, 1994). Indian carpE o2 oJES $HEFEO=E 25,
50,75, 100% chAIgH Aol A1, 25% thA 7HA] = T A A 5hg
ofl A thz-e} R0 2 Q1 Ato] 7k IAAINE 50% o)/ thAl =
= ax8heo] o4 ez haghttal Ba1E glek(Robinson,
2001). 7FFabe2 A4, B, dadhd Ao kel =
o =t o] 3 YR AMEE7] Hio] ol A4S
o AF, W 2ske S Hole A o= dEA Qleh SR &
Aol AR =R 13} 7l H f=o] 7] wiitol H A
oA ok 23% (PBMO)7IA] o] 2.8 th el el ehie Al o] A%
3} A 5 HE ol Gol gIglE 2O Amett,

AR29] BtE, WASEAS, A, & A
(goblet cell)2] <= Table 8o UERULE. WAFHA 4=
PBMO, 15431417} th -9} vl alsto] -0 2] o & Yoty wl
AAIAEL] == PBMY, 12, 154817} t 241, PBM6A & -2}
Bl sko] -0 2] 0 = WSkt u A 2= T2 Aol w2,
AT 2R Hulhad] Polgho N o F.9 2818 F41A)
75 28719 BESHE ofehS Beka SelA gIeHMar-
chetti et al., 2006; Cerezuela et al., 2013). Gilthead seabream
(Sparus auratayS /0= XI3YH o] B A-tollA Abw W
AT AU Fepo] F7HE4E AL St ghast
Yot B 1A thi(Martinez-Llorens et al., 2012).

A2A 02 G AR U ERRo] 44U R Algop]
AR A7F A9, Aa271001A4 3% (2] 7.5%), A]
27 (Agtobn| Ak A RIAFEE H7FANOIA 12% (o3
9] 30%)= Az ek, A A 29 AP Bt

b

o

Table 8. Visceral parameters and goblet cell of juvenile olive
flounder Paralichthys olivaceus fed the six experimental diets for
8 weeks (Exp-2)

CF' VSI? HSI? GC*
Con 0.83+0.10  4.80+0.55° 0.85%0.24  28%7.02°
PBM3 0.80+0.05 5.73+0.66°® 0.74+0.15 21+2.12%
PBM6 0.86+0.06  5.25+0.40°° 0.9410.42  27+5.59°
PBM9 0.93£0.08 5.98+0.59° 1.16+0.20 15+2.65°
PBM12  0.85%0.06 5.59+0.47® 0.95£0.32  12+1.00°
PBM15 0.85+0.16  5.78+0.53* 1.02+0.26  10+2.65°

!Conditional factor=(fish weight/fish length®)x100 (g/cm=). 2Vis-
cera index=(viscera weight/fish weight)x100. *Hepatosomatic
index=(liver weight/ fish weight)x100. ‘Goblet cell. Con, control;
PBM3, 3% of pig bristle meal in diet; PBM6, 6% of pig bristle
meal in diet; PBM9, 9% of pig bristle meal in diet; PBM12, 12%
of pig bristle meal in diet; PBM15, 15% of pig bristle meal in diet.
Mean values of triplicate groups are presented as mean+SD. Val-
ues in the same column having different superscript letters are sig-
nificantly different (P<0.05).
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