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This study was conducted to investigate the effects of fishmeal replacement with acid-concentrated soybean meal
(ACSBM) on growth performance, blood biochemistry, and ingredient digestibility in juvenile olive flounder Para-
lichthys olivaceus. Six experimental diets were formulated to replace fishmeal protein with ACSBM at 0%, 20%,
30%, 40%, 50%, and 60% (designated ACSBMO, ACSBM20, ACSBM30, ACSBM40, ACSBM50, and ACSBM60,
respectively). Triplicate groups of fish (initial fish mean weight: 14.3+0.03 g) were fed the experimental diets to
apparent satiation (twice daily at 08:00 and 18:00 h). After a 12-week feeding trial, a total of 180 healthy fish were
randomly distributed into three Guelph system tanks at a density of 60 fish/tank (initial fish mean weight : 50.6+2.4
g) to test the apparent digestibility coefficients of the ingredients (ACSBM, fishmeal, and soybean meal). Although
negative effects were observed with ACSBM40, ACSBMS50 and ACSBMG60 after 12 weeks of feeding, up to 20% of
the fishmeal protein could be successfully replaced with ACSBM without significant growth depression. Hemoglobin
and hematocrit values of fish fed the ACSBMS50 and ACSBM60 diets were significantly lower than those of fish fed
the ACSBMO diet. Glucose values of fish fed the ACSBM60 diet were significantly higher than those of fish fed the
ACSBMO0 and ACSBM20 diets. Digestibility of protein in ACSBM and soybean meal was 85.9% and 82.5%, respec-
tively. Results indicated that at least 20% of fishmeal protein can be replaced by ACSBM in diets of juvenile olive
flounder without supplementation of limiting amino acids.
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707 deA ti(Storebakken et al., 2000; Leenhouwers et
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oli= A7 3= AL ek, o] ol (soy protein isolates,
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products) &2 & 71 QItH(Chou et al., 2004; Glencross et
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Table 1. Formulation and proximate composition of the experimental diets for olive flounder Paralichthys olivaceus

Ingredients Diets
ACSBMO ACSBM20 ACSBM30 ACSBM40 ACSBM50 ACSBM60

Fish meal 50.0 40.0 35.0 30.0 25.0 20.0
ACSBM' 0.0 10.0 15.0 20.0 25.0 30.0
Soybean meal 6.0 6.0 6.0 6.0 6.0 6.0
Corn gluten meal 6.0 6.2 6.4 6.6 6.7 6.9
Wheat flour 255 247 24.0 23.4 23.0 22.4
Fish oil 10.0 10.6 111 1.5 11.8 12.2
Mineral mix? 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin mix® 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
Proximate composition

Protein (% DM) 49.6 49.6 491 491 493 493
Lipid (% DM) 15.7 16.1 15.3 16.1 15.7 16.5
Ash (% DM) 9.5 8.1 7.6 6.8 6.3 5.6

'Acid-concentrated soybean meal (ACSBM) was provided by CJ CheilJedang Corp."MgSO,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0;
Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI,.6H,0, 0.15; Na,Se O,, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0.

273

3L-ascorbic acid, 121.2; DL-atocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,

36.4; Ca- -pantothenate, 12.7; myo-inositol, 181.8; -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.
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Table 2. Amino acid composition (% protein) of the experimental diets for olive flounder Paralichthys olivaceus

Amino acids Diets
ACSBMO ACSBM20 ACSBM30 ACSBM40 ACSBM50 ACSBM60

Arginine 6.07 6.53 6.21 6.08 6.52 5.94
Histidine 245 272 2.75 252 2.83 1.25
Isoleucine 4.61 4.97 4.71 4.77 5.27 444
Leucine 8.08 7.81 7.32 7.63 7.43 8.56
Lysine 5.40 5.00 5.06 4.71 4.42 5.59
Methionine 0.94 0.76 0.68 0.61 0.53 0.48
Phenylalanine 4.72 5.36 5.15 5.1 5.83 4.99
Threonine 4.60 472 4.62 4.46 4.84 3.67
Valine 5.02 4.95 4.61 4.77 4.72 4.73
Aspartic acid 9.83 9.30 9.02 9.17 9.44 1.0
Glutamic acid 13.9 12.9 12.8 13.4 13.1 17.7
Serine 4.91 4.61 4.69 4.97 4.85 5.37
Proline 12.6 13.7 17.5 16.4 15.6 12.2
Glycine 6.22 5.78 5.30 5.22 5.13 5.1
Alanine 7.07 6.67 6.19 6.26 6.03 5.78
Tyrosine 2.69 2.98 2.82 2.75 3.24 2.68
Cystine 0.86 1.13 0.55 1.17 0.21 0.53
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Table 3. Growth performance of olive flounder Paralichthys olivaceus fed the six experimental diets for 12 weeks!

Diets

ACSBMO ACSBM20 ACSBM30 ACSBM40 ACSBM50 ACSBM60
IBW (g)? 14.2+0.1 14.3+0.0 14.2+0.0 14.3+0.0 14.340.1 14.2+0.0
FBW (g)? 49.7+0.5° 49.4+1.1° 45.641.7% 44.7+0.9° 40.0+3.32 36.1+0.9°
WG (%)* 249+3¢ 24618 222+12%¢ 21316° 1801242 15372
FCR® 1.3540.03¢ 1.36+0.10%° 1.42+0.08% 1.45+0.042° 1.71£0.202 1.97+0.112
PERS 1.4840.04¢ 1.49+0.11¢ 1.44+0.08° 1.40+0.04 1.20£0.14¢2° 1.03+0.06°
SGR (%)’ 1.69+0.01° 1.66+0.02° 1.61+0.01° 1.54+0.02° 1.39+0.112 1.25+0.042
Fl (9)® 47.9+0.7° 47.7+2.4° 44 .5+1.6% 44.0+0.32 43.4+0.62 42.8+0.6°
Survival (%) 95.8+1.4 97.5+0.0 95.8+3.8 95.0+2.5 93.316.3 89.2+5.2

'Mean values of triplicate groups, values are presented as mean = SD. Values in the same row having different superscript letters are sig-
nificantly different (P<0.05). *Initial mean body weight. ’Final mean body weight. “Weight gain (%)=100%(final mean body weight — initial
mean body weight)/initial mean body weight. SFeed conversion ratio=dry feed fed/wet weight gain. *Protein efficiency ratio=wet weight
gain/total protein given. "Specific growth rate (%)=[(log, final body weight-log, initial body weight)/days]*100. *Feed intake (g) = dry feed

fed/fish.

1999) 2 Azt A tl(Senegalese sole, Aragio et al., 2003)2]
At U oS b E= FEA(40-75%) 02 HiAE 4= 9l
= A0 & Bt k|9 | 2| ¢} Turbotol| A Ak Wi SPC
o] oA vlE2 & A5 Avel FARE 25%2 iAo 2
o 718 & 4= QJith(Day et al., 2000; Deng et al., 2006).
AlEAJAFR YR 2] o] A B2 Agtofu] A (methionine,
lysine)2] %7} o} 5, AFALRRA A ofFof wet th=A
Bl 4= 9th(Deng et al., 2006). 2 $F-= Hx= o] Agtoln|
1-/Kmethionine)& F7}6HA] -2 AAAIRE ARE-Sto] AF
= X3gsiglom of B HlEo] F7iekel wet AFARR Y
methionine o] 7F4 5= AL &018 4= ¢l QItk(Table 2).
ol gt Aot Al FHEFO| W3tol| w2 ALR Y| 71 Hgo]
o141 20% oA thA|eFS ) gl Had Ao s wet
ot waba Ab 7l 5 R g2 Zlo] Abe U of
5 20%7HA] P8 A O 2 tf A & 4= 9l A O = whetE| ], A
gtotu] iz A methionine, lysine 5), &, ¢1, phytase 5 A7} Al
20% o]/e] o BehiAI7} s gkA] of thet =71 A-t7F Hash

Ao A,

Aol ARkARl AZEE dotry] 3t e &
A A3= Table 49 YelY 9t Hematocrit #4123} AC-
SBM20, ACSBM30 @ ACSBM40 A3+ ACSBMO Al
ALt FoA QI AolE HolA] ¢hgkot ACSBM50} AC-
SBM60 A9 +1= ASBMO A glto] vlal] §-014 0 2 248}
%t} Hemoglobin 2] ¢ ACSBM202} ACSBM30 Al 3 G- =
ACSBMO Agltel g-o)z o] zo]7} ¢l o, ACSBMA40,
ACSBM50 9 ACSBM60 A3l-= ACSBMO A& to] H]
3 fojz o 743k Glucose %]+ ACSBM60 A&
TF7F ACSBMOY}F ACSBM20 A3l 7Lo] |3l G-2] & 02 =9F
t}h. ALT, AST, protein 2= %= A 3ol A 9431 Z}o]
2 molx] ot} BolgR Hae ojse] 77kwsk A
ARE Yot 7] 95k AR ARGETH ACSBMOE of 4]
geFo] Z7F8k=% hematocrit, hemoglobin 4%]= -] 0.
2 fasiglom, o]ok vt 2 glucose FHeg-2 o] Bl o=
o] S7I3tel wet f-oA o7 Fbskgih ACSBMOZ o

Table 4. Serological characteristics of olive flounder Paralichthys olivaceus fed the six experimental diets for 12 weeks!'

Diets

ACSBMO ACSBM20 ACSBM30 ACSBM40 ACSBM50 ACSBM60
Hematocrit (%) 21.340.6° 20.1+£1.2° 21.34£2.1° 19.1+0.2% 16.8+0.72° 15.741.23
Hemoglobin (g/dL)  4.54+0.03¢ 4.6040.20° 4.4610.29° 4.29+0.35% 3.7410.21% 3.52+0.352
ALT (U/L) 32.945.5 34.3+3.6 41.0+8.4 38.247.7 34.048.7 29.746.4
AST (U/L) 11.5£1.8 13.0¢1.4 12.6+1.1 10.1£1.5 10.541.3 10.7+3.3
Protein (g/dL) 4.23+0.12 3.7614.08 4.08+0.46 4.20+0.91 4.76+0.25 4.49+0.23
Glucose (mg/dL) 18.5+0.72 18.741.52 22.844.7% 22.612.6% 26.813.5%® 29.516.6°

'Mean values of triplicate groups, values are presented as mean + SD. Values in the same row having different superscript letters are signifi-

cantly different (P< 0.05).



Table 5. Formulation of the reference diet for digestibility test (%
of DM basis)

Ingredients Contents
White fish meal 425
Soybean meal 6.0
Corn gluten meal 6.0
Wheat flour 30.0
Mineral mix' 1.0
Vitamin mix? 1.0
Yeast 1.0
Fish oil 10.0
Choline chloride 0.5
CMC 1.0
Chromium oxide® 1.0
Test ingredient 0

‘MgSO4.7HZO, 80.0; NaH,PO,2H,0, 370.0; KCl, 130.0; Fer-
ric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AlCI,.6H,0, 0.15; Na SezO3,001 MnSO,.H,0, 2.0; CoCl,.6H,0,
1.0.

2L-ascorbic acid, 121.2; DL-atocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca- -pantothenate, 12.7; myo-inositol, 181.8; -bio-
tin, 0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione,
1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003.
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Table 6. Apparent digestibility coefficient (%, ADC) of dry matter
and protein in the test ingredient determined by fecal collection
method (Guelph system) for olive flounder Paralichthys olivaceus'

Test ingredient Acid-concentrated Fish meal Soybean
soybean meal meal

ADC of test

ingredients

Dry matter (%) 57.748.0° 82.0+14.6° 58.3+17.6°

Protein (%) 85.9+1.3 91.5+¢7.7 82.5+7.8

'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).
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