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Table 1. Ing,redients and proximate composition of the experimental diets

FM30 FM20 FMO
Ingredients (%o wet matter)
Anchovy meal 50.0 20.0 -
Soybean meal 11.0 19.0 16.0
Sov protein concentrate - 6.0 21.0
Corn gliten meal - 19.0 26.0
Knill meal - 2.0 3.0
Wheat flour 145 124 g8
Tapioca starch 5.0 50 50
Rice bran 7.5 - -
Fish oil 9.0 10.7 12.0
Taurine - 3 0.5
Ca(H,PO,), - 15 25
Vitamin mixture’ 20 2.0 20
Mineral mixture” 1.0 1.0 1.0
Others” - 1.1 22
Praximare compaosition

Protein (®o Dry matter) 49.1 50.0 48.7
Lipid (°0 Dry matter) 15.9 13.0 15.2
Moisture (%o) 203 20.8 23.0
Ash (%0 Drv matter) 10.4 7.8 6.5
Taurine (mg'g Dry matter) 1.76 4.17 545

1 Vitamin mixture composition (unit’kg mix): vitamin A, 1,000,000 IU; cholecalciferol,
125,000IU; satamin E, 10 g; menadione sodm bisulfite, 0.5 g; thiamin mitrate, 1.0 g;
riboflavin, 1.0 g; pyridoxine hydrochloride, 1.0 g; nicotinic acid, 1.29 g; calcium
pantothenate, 2.5 g; biotin, 0.05 g; folic acid, 0.25 g; cvanocobalamin, 0.02 g; inositol,
40 g; choline chloride, 250 g; sodium-calcium-L-ascorbic acid-2-phosphate ester,
1429¢

2 Mineral mixture composition (unit kg mix): copper sulfate exsiccated, 1.4 g; manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.05 g; calcium iodate,
0.29 g; alminum hydroxide, 0.49 g, magnecium sulfate, 96.9 g, ferrous fumarate, 39.6
g

3 Lysine (0.5-1.0%), Methionine (0.25-0.5%). Tryptophan (0.1-0.2%), Threonine
(0.25-0.5%)
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Table 2. Essential anino acid composition of the experimental diets
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FM30 FM20 FMO

Amino acid (mg'g dry matter)

Threonine 20.6 213 21.8

WValne 238 22, 203

Methionine 13.2 134 139

Isoleucine 20.3 19.7 183

Leucine 36.5 49.0 49.1

Phenylalnine 20.7 246 25.1

Histidine 14.7 12.8 11.2

Lysine 349 289 279

Tryptophan 6.1 59 6.5

Argnine 296 258 252
Table 3. Daily feed intake and growth performance of red sea bream in the experiment

FMS50 FM20 FMO

Initial weight (g) 107.9 £ 1229 *° 108.6 =+ 8.61 * 106.1 £ 16.94
Final weight (g) 1812 + 2548 196.9 =+ 2397 * 170.5 £ 48.72
Feed conversion ratio” 1.83 £ 0.02 @ 1.58 = 0.14 @ 1.59 =+ 0.05
Specific growth rate (%)’ 0.62 + 0.01 @ 0.73 £ 0.07 * 0.57 = 0.03
Growth rate (%)’ 68.0 + 1.57 @ 822 + 951 * 60.7 £ 3.52
Daily feed intake (%/day)4 1.12 + 0.01 * 1.10 = 0.01 * 0.89 =+ 0.01
Protein efficiency ratio® 089 £ 0.01 @ 1.01 = 0.09 * 1.00 = 0.03
Mortality (%)° 0.0 £ 0.00 *° 05 = 072 * 0.0 =+ 0.00

*Values (means+S.D. of duplicate groups) in a column not sharing the same superscript letters are significantly different (P

! Feed intake (dry matter)/weight gain.

2 100X (In final body weight-In initial body weight)/feeding days.
3100 % (final body weight- initial body weight)/initial body weight.

* Feed intake (dry matter) X 100/[(initial fish weight + final fish weight+ dead fish weight) X feeding days X 2].

> weight gain/protein intake (dry matter).
© 100 X dead fish number/initial fish number

Table 4. Hematocrit value and plasma components of red sea bream in the experiment

<0.05).

FM50 FM20 FMO
Hematocrit value (%) 372 + 179 * 36.8 + 249 * 322 + 8.04 *°
Plasma components
Total cholesterol (mg/dl) 229 + 50 132 + 27 ® 148 + 40 °
Total protein (g/dl) 35 =02 @ 34 &+ 04 ° 30 = 04 @
Triglyceride (mg/d!) 107 =+ 28 ° 117 + 43 2 112 + 17 2
Glucose (mg/dl) 486 =+ 374 ° 116 = 69 ° 148 = 70 °
Urea nitrogen (mg/d/ ) 45 += 09 ¢ 38 =05 @ 42 += 11 @

*Values (means=S.D. of 5 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).
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Table 1. Ingredients and proximate composition of the experimental diets

FMS50 FM25 FMO
Ingredients (g / 100 g wet matter)
Anchovy meal 50.00 25.00 -
Soybean meal 4.00 15.00 25.00
Soy protein concentrate - - -
Corn gluten meal 4.00 16.00 31.00
Poultry by-product meal - 8.00 7.00
Feather meal - 4.00 6.00
Wheat flour 9.00 8.00 3.30
Tapioca starch 7.00 7.00 7.00
Rice bran 12.00 - -
Fish oil 11.00 8.00 10.00
Palm oil - 3.00 2.00
Taurine - 0.50 1.00
Ca(H,POy,), - 1.50 2.70
Vitamine mixture' 2.00 2.00 2.00
Mineral mixture” 1.00 1.00 1.00
L-Lysine - 0.45 0.90
L-Methionine - 0.23 0.46
L-Threonine - 0.23 0.46
L-Tryptophan - 0.09 0.18
Externally added
Soybean oil (g/ 100g wet matter) - - -
Skipjack peptide’(g/ 100g wet matter) - 0.50 0.50
Enzyme complex*(g / 100g wet matter) - 0.20 0.20
Astaxanthin (ppm) - 40.00 40.00
Proximate composition
Protein (% Dry matter) 454 46.2 44.0
Lipid (% Dry matter) 15.8 16.1 14.8
Moisture (%) 7.3 7.6 6.6
Taurine (mg/ g Dry matter) 3.56 6.07 8.37
Cholesterol (mg / 100g Dry matter) 376.5 218.6 127.7

! See Takagi et al. (2005)

2 See Takagi et al. (2005)

3 Marubeni Nisshin Feed Co., Ltd.
4 Alltech.
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Table 2. Essential amino acid composition of the experimental diets

FM50 FM25 FMO
Amino acid (mg/g dry matter)

Threonine 14.1 13.6 13.0
Valine 18.1 14.0 12.4
Methionine 8.1 8.6 8.3
Isoleucine 11.7 8.5 7.5
Leucine 26.4 28.9 31.0
Phenylalanine 14.0 14.8 14.5
Histidine 10.5 7.8 5.3
Lysine 232 18.8 14.8
Tryptophan 1.9 2.4 24
Arginine 19.2 17.2 12.6

Table 3. Daily feed intake and growth performance of red sea bream in the experiment

FM50 FM25 FMO

Initial weight (g) 601 + 9.62 ° 623 + 537 ° 603 -+ 8.56 @
Final weight (g) 1207 + 2.19 °® 1295 + 6.65 @ 1165 + 10.68 °
Feed conversion ratio’ 171 + 002 ° 1.50 + 0.00 °® 1.68 + 001 @
Specific growth rate (%)? 062 + 002 ° 065 + 001 @ 059 =+ 000 ¢
Daily feed intake (%/day)’ 1.02 =+ 001 @ 094 =+ 001 ° 094 + 001 °
Protein efficiency ratio® 120 + 002 ¢ 133 + 000 @ 127 = 001 °
Mortality (%)’ 0.0 + 0.00 0.0 + 0.00 0.0 =+ 0.00

*Values (means+S.D. of duplicate groups) in a column not sharing the same superscript letters are significantly different (P < 0.05).
! Feed intake (dry matter)/weight gain.

2100 X (In final body weight- In initial body weight)/feeding days.

3 Feed intake (dry matter) X 100/[(initial fish weight - final fish weight+- dead fish weight) X feeding days X 2].

4 Weight gain/protein intake (dry matter).

5 100 X dead fish number/initial fish number

Table 4. Condition factor and relative weights of internal organs to body weights (%) in red sea bream fed the test diets in the experiment

FM50 FM25 FMO

Condition factor' 249 + 198 @ 243 + 128 @ 26 + 1.02 °
Viscerosomatic index® 126 + 1.63 * 114 + 180 *® 94 + 128 P
Hepatosomatic index’ 1.84 + 025 @ 152 + 016 ° 140 + 022 °

*Values (means+S.D. of 10 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).
! Body weight (g)/Fork length (cm)3 X 10°.

? Total weight of internal organs (g)/body weight (g) < 100.

3 Liver weight (g)/body weight (g) X 100.
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Table 5. Hematocrit value, hemoglobin content and plasma components of red sea bream in the experiment

48T 20234

FM50 FM25 FMO
Hematocrit value (%) 340 += 34 ¢ 331 £39 ¢ 325 £ 5.8
Hemoglobin content (g/dl ) 92 + 06 °* 91 =11 °* 9.0 £ 12
Plasma components
Total cholesterol (mg/d!) 191 += 27 a 140 =+ 22 b 126 + 26
Total protein (g/d! ) 43 = 03 ° 41 =03 @ 40 = 04
Albumin (g/dl) 08 =+ 0.09 @ 08 =+ 0.07 °*° 0.7 =+ 0.11
Triglyceride (mg/dl ) 139 =17 2 140 = 24 * 138 =+ 18
Glucose (mg/dl) 50 £ 53 @ 47 + 42 ¢ 51 £ 28
GOT (AST) (U/l) 49 =+ 37 * 27 £ 19 @ 46 =+ 53
GPT (ALT) (U/I) 33 10 * 3 = 1.1 ¢ 37 £ 24
Total bilirubin (mg/d! ) 0.1 = 0.00 * 0.1 £ 0.00 °* 0.1 =+ 0.03
Urea nitrogen (mg/d!) 31 £ 05 2 36 £ 04 ° 33 £ 1.0

*Values (means£S.D. of 10 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).
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Table 1. Ingredients and proximate composition of the experimental diets

FMEO EMO FMOS
Ingredients (g / 100 g wert matter)
Anchovy meal 5000 - -
Sovbean meal 14.00 23.00 23.00
Sov protein concentrate - 20.00 20.00
Corn gloten meal - 26.00 26.00
Wheat flour 1300 9.00 0.00
Tapioca starch .00 .00 .00
Rice bran 9.00 - -
Fish oi 6.00 Q.30 Q.30
Taurine - 0.50 0.50
Ca(H,PO,)- - 250 250
Vitamine mixture’ 2.00 2.00 2.00
Mineral mixture’ 1.00 1.00 1.00
L-Lyvsine - 1.00 1.00
L-Methionine - 0.50 0.50
Exrermallv added
Sovbean oil (g / 100g wet matter) 3.00 3.00 3.00
Enzrvine I:Dmplex.'(g 100g wet matter) - - 0.13
FProximate composition
Protein (%o Drv matter) 473 477 481
Lipid (% Dry matter) 199 17.8 158
Moisture (%a) 3l 49 49
Taurine (mg / g Dry matter) 394 4.57 4.64

1 Vitamin mixture composition (unit’lcg mix): vitamin A, 1,000,000 IU; cholecaleiferol,
122 000IU; vitamin E, 10 g; menadione sodium bisulfite, 0.5 g; thiamin nitrate, 1.0 g;
riboflavin, 1.0 g; pyridoxine hvdrochloride, 1.0 g; nicotinic acid, 1.29 g; calcium pantothenate,
2.5 g biotin, 0.05 g; folic acid, 0.25 g; cvanocobalamin, 0.02 g; inositol, 40 g; choline
chloride, 250 g; sodium-calcium-L-ascorbic acid-2-phosphate ester, 1429 g

b

Mineral mixtire composition (unitlkg mix): copper sulfate exsiccated, 1.4 g manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.05 g; calcium iodate, 0.29 g;
alminium hyvdroxide, 0.49 g; magnecium sulfate, 96.9 g, ferrous fimarate, 39.6 g.

3 Alltech (SSF)
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Table 2. Essential amino acid composition of the experimental diets
FM50 FMO FMOS

Amino acid (mg/g dry matter)

Threonine 13.2 12.3 12.2

Valine 9.6 9.0 8.9

Methionine 4.6 7.2 7.1

Isoleucine 7.7 7.4 7.5

Leucine 21.2 353 35.0

Phenylalanine 12.6 18.3 17.7

Histidine 6.2 6.4 6.7

Lysine 20.1 21.2 21.5

Tryptophan 2.7 3.1 34

Arginine 22.1 18.1 18.3
Table 3. Daily feed intake and growth performance ofred sea bream in the experiment

FM50 FMO FMO0S

Initial weight (g) 620 + 148 2 615 + 035 @ 61.6 + 1.13 2
Final weight (g) 1702 + 523 @ 1328 + 283 1342 + 035 °
Feed conversion ratio” 1.65 + 0.09 @ 190 + 0.03 ° 182 + 0.00 @
Specific growth rate (%) 1.20 + 007 @ 092 + 003 ° 093 =+ 002 °
Daily feed intake (%/day)’ 1.83 = 0.02 * 1.66 + 0.03 ° 1.59 + 0.01 ¢
Protein efficiency ratio” 128 + 007 °® 1.12 + 0.02 ° 1.14 + 000 °
Mortality (%) 00 =+ 000 *° 0.0 + 000 * 40 + 566 2

*Values (means+S.D. of duplicate groups) in a column not sharing the same superscript letters are significantly different (P < 0.05).

' Feed intake (dry matter)/weight gain.

2100 ¥ (In final body weight-In initial body weight)/feeding days.
? Feed intake (dry matter) X 100/[(initial fish weight 1 final fish weight+ dead fish weight) X feeding days X 2].

4 Weight gain/protein intake (dry matter).
5100 X dead fish number/initial fish number

Table 4. Hematocrit value and plasma components of red sea bream in the experiment

FMS50 FMO FMOS
Hematocrit value (%) 386 £ 46 * 396 =25 ¢ 410 £ 54 ¢
Plasma components
Total cholesterol (mg/dl) 211 £ 56 * 131 +30 ° 173 + 34
Total protein (g/dl) 35 £ 09 ° 35 £ 04 ° 40 = 08 ?
Albumin (g/dl) 06 =02 °* 07 =00 °* 07 =02 °
Triglyceride (mg/dl) 197 = 54 * 295 + 150 * 339 + 181 @
Glucose (mg/dl) 34 1.7 ® 36 =50 @ 36 + 123 ¢
GOT (AST) (U/) 63 *+ 54 ? 62 + 25 @ 63 = 47 ?
GPT (ALT) (U/l) 30 £ 27 ° 25 19 ¢ 18 + 7 a
Total bilirubin (mg/d! ) 01 =00 ° 02 =01 °* 01 = 00 2
Urea nitrogen (mg/d! ) 32 =209 @ 38 =06 ? 33 =06 ?

*Values (means+S.D. of 5 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).
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Table 5. Proximate composition and essential amino acid composition of the whole body from the
fish at the end ofthe experiment 1*

FM50 FMO FMOS
Proximate composition
Protein (% wet matter) 18.2 18.3 18.7
Lipid (% wet matter) 15.7 11.5 11.1
Moisture (%) 61.7 64.7 64.7
Phosphorus (mg/g wet matter) 8.2 7.9 8.2
Taurine (mg/g wet matter) 7.80 11.92 11.14
Amino acid (mg/g Dry matter)
Threonine 16.2 18.2 18.2
Valine 11.3 13.0 12.3
Methionine 11.3 12.7 12.5
Isoleucine 9.2 10.5 9.7
Leucine 26.8 29.1 29.9
Phenylalanine 14.9 16.1 16.9
Histidine 8.4 9.7 9.8
Lysine 31.0 32.8 34.6
Tryptophan 4.7 4.2 5.7
Arginine 23.8 26.7 26.6

"A pooled sample of 5 fish, without replication.
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Table 1. Composition (%) , proximate composition, and phosphorus content in test diets
used for adult red sea bream

Daietary group

FMS0 FMO FMOS

Fish meal 50.00 - -
Sov protein concentrate - 21.00 21.00
Defatted sov bean meal 11.00 16.00 16.00
Corn ghiten meal - 26.00 26.00
Krill meal - 3.00 3.00
Wheat flour 14.50 8.80 8.80
Tapioca starch 5.00 5.00 5.00
Defatted rice bran 7.35 - -
Ca(H,PO,), - 2.50 2.50
L-lysine - 1.00 1.00
Methionine - 0.50 0.50
Trvptophan - 0.20 0.20
L-threonine - 0.50 0.50
Taurine - 0.50 0.50
Marigold powder 0.15 - -
Vitamin mixture’ 2.00 2.00 2.00
Mineral mixture” 1.00 1.00 1.00
Fish oil 9.00 12.00 12.00
SSE° - 0.00 0.05
Proximate composition

(Drv matter basis)

Crude protein (%) 46.7 469 46.5
Crude fat (%) 149 18.7 192
Crude ash (%) 113 6.1 6.0
Phosphotus (mg/g) 17.7 116 11.5

1 Vitamin mixture composition (unit’kg mix): vitamin A, 1,000,000 IU; cholecalciferol,
125.000IU; vitamin E, 10 g; menadione sodium bisulfite, 0.5 g; thiamin nitrate, 1.0 g;
riboflavin, 1.0 g; pvridoxine hvdrochloride, 1.0 g; nicotinic acid, 1.29 g; calciuim
pantothenate, 2.5 g; biotin, 0.05 g; folic acid. 0.25 g; cvanocobalamin, 0.02 g; inositol, 40
g; choline chloride, 250 g; sodium-caleium-L-ascorbic acid-2-phosphate ester, 1429 g

2 Mineral mixture composition (unit'kg mix): copper sulfate exsiccated, 1 4 g; manganese
sulfate, 11.3 g; zinc sulfate, 15.7 g; cobalt sulfate exsiccated, 0.0% g; calcun iodate, 0.29
g; almininm hvdroxide, 0.49 g magnecium sulfate, 96.9 g, ferrous fumarate, 39.6 g.

3 Alltach
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Table 2. Growth performeance of aduk red sea bream £d the experiment diets fr 12 weeks

. A bodv weight  Specifi Feedi . W
Dietary group TeragE pady e peerie eeldmg_ Dailv feed  Survival rate Ater
() growthrate  efficiency . o o temperanre
(D:] (DJ intake (EI_] (u_] CCJ
Initial Final - -
1-8 week (58 days feeding)
FMS0 101221 1282 0.41 17 1.06 97 248
FMO 063 @ 11%0° . 25 1.43 100 (?S_'-‘--'?EI %)
FMOS 950 ® 1279° 0.50 30 1.54 94 R
9-12 week (28 davs feeding)
FMA0 1282 % 1438°% 0.41 3o 1.15 100 199
FMO 1180¢ 13552 0.49 34 1.46 100 209 -18 8)
FMOS 1279 % 1438¢ 0.42 25 1.69 100 T i
Total feding period (36 davs Eeding)
FMs0 1012°  1438° 0.4l 37 0.94 97 g
: 558 77 7 s
MO 953 ) 13153 _ 0.40 2 1.26 100 (28.7-18.8)
FMBOS gsg ® 1438°% 0.48 29 1.34 96

*! Fioures in a row with different superscripts are sisnificantly diferent from each other (P <0.05) when
analyzed Fisher's PLSD test.

Table 3. Amino acid composition (%o in protein) of test diets used for
adult red sea bream

Daietarv group
FAME0 FMO FMOS

Essential amino acid (EAA)

Arginine 6.7 5.5 57
Lysine 80 58 6.6
Histidine 32 21 2.1
Phenylalanine 43 53 51
Leucine 7.7 10.9 10.0
Isoreucine 3.1 4.0 32
Methionine 27 2.7 29
Valine 3.6 412 31
Threonine 446 43 48
Trvptophan 0.9 0.7 0.8
Non-essential amino acid

Taurine 0.9 1.0 1.1
Crysteine 04 10 0.6
Cystathionine ND° ND ND
Alanine 10.0 6.9 8.3
Tyrosine 35 42 4.1
Glycine 6.2 3.5 36
Glutamic acid 159 188 19.1
Serine 49 5 55
Aspartic acid 10.1 84 8.0
Proline 32 55 ]

* "ND" means "not detected”.
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Table 4. Proximate composition (%0) and phosphorus content of whole body of adult red sea

bream fed the experimental diets

. Moistwre  Crude protein =~ Crude fat Crude ash phosphorus
Dietarv group

(*0) (*0) (*0) (*0) (mgz/g)
At 58th day
FME0 63.8 18.2 157 30 70
FMO 635 16.7 143 33 6.7
FMOS 634 18.2 146 33 69

At the end of feeding test

FMS0 61.6 182 126 4.6 86
EMO 60.8 19.2 14.0 38 835
FMOS 62.9 184 13.0 3.8 84

* Samples from 5 fish were pooled for analysis.

Table 5. Results of hemochemical examination in red sea bream fed the experimental diets

Daietary group
EMnED FAO EMBOS
Hb  (g/100 ml) 108 *p7° 90 * 12° 98 * pg*®
TCHO (mg/ 100 ml) 230 + 480° 141 + g5t 168 = 201%
TP (g/100 ml) 41 * ps° 34 * 06° 38 +03°2
TG (mg/ 100 ml) 197 = g12° 145 = 511° 142 £ 3572
BUN  (mg/ 100 ml) 20 = g2°® 19 = 01° 21 £901°
GLU  (mg/ 100 ml) 49 £ 153° 50 £ pstd 33 £ 134°
ALP (U 40 £ 1158° 95 £ 457° 70 £ 1547

* Mean T standard deviation (77 =3). Figures in a row with different superscripts are significantly
different from each other (P <0.05) when analvzed Tukev's multiple range test.
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Abstract

The effect of supplementation with an enzyme
complex (produced by solid state fermentation,
SSF) to a non-fish meal diet for adult red sea bream
was evaluated. The SSF complex contained protease,
amylase, xylanase, B-glucanase, pectinase, cellulase,
and phytase. A fish meal based diet (50% fish meal,
FM50) was used as the control diet, also a non-fish
meal diet (FMO) was used as the basal diet,
formulated with corn gluten meal, soy protein
concentrate, and defatted soybean meal. SSF
complex was supplemented to the non-fish meal
diet at a level of 0.13% (FMOS). Adult red sea
bream weighing 328.8 g on average, were fed the
experimental diets for 16 weeks. Depression of the
daily feed intake was observed in fish fed FMO diet
(P < 0.05), on the other hand, daily feed intake in
fish fed FMOS was improved to the same level as
FM50 group. Growth was highest in fish fed FMOS
diet. After feeding, the gastric evacuation rate and
plasma triglyceride level from fish fed FMOS
respectively were faster and higher than fish fed
FMO. These results suggested that supplementation
with SSF complex to a non-fish meal diet enhances

feed intake and growth in adult red sea bream.

Introduction

The necessity of reduction of the fish meal content
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in fish feeds is increasingly important due to
minimize the effects of oscillations in availability
and costs associated with fish meal. Therefore, low
or non-fish meal diets for red sea bream Pagrus
major, one of the main cultured fish in Japan, have
been tested in previous studies (Takagi et al. 1999;
Aoki et al. 2000a, 2000b; Takagi et al. 2000a, 2000b,
2000c, 2000d; Goto et al. 2001; Takagi et al. 2006).
However, effective utilization of plant protein
ingredients in fish diets is often limited because of
the presence of anti-nutritional factors such as
phytic acid, poor palatability, insufficiency of some
essential amino acids and other undesirable
characteristics which may negatively affect the
growth of fish (Fowler 1980). It is reported that
taurine synthesis ability is limited in red sea bream
(Matsunari et al. 2008), and that the green liver
appearance and inferior feed performances that
occur in red sea bream fed the low fish meal diet
without taurine supplementation are caused by
dietary taurine deficiency (Takagi et al. 2006). The
presence of phytic acid included in plant protein
sources is another problem associated with the use

fish feeds.

supplementation in diets containing plant protein

of plant proteins in Phytase
ingredients have been reported to improve the
utilization of plant phosphorus in juvenile red sea
bream diets (Biswas et al. 2007). Also, it is reported
that supplementing other enzymes can help reduce
the effects of anti-nutritional factors and improve
fish growth performance (Farhangi and Carter 2007;
Lin et al. 2007; Soltan 2009). The effect of feeding
low fish meal diets with enzyme supplementation
on the growth performance of juvenile red sea
bream has been demonstrated in the previous study
(Hanini et al. 2013). However, there are no
published reports on the effect of supplemental
enzymes with plant protein based diets for adult red
sea bream, and a non-fish meal diet viable for red

sea bream has not been developed yet. Therefore,
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the present study was conducted to investigate the
effect of feeding a non-fish meal diet supplemented
with an enzyme complex on the growth
performance (Experiment 1), gastric evacuation rate
(Experiment 2), and changes in plasma components

(Experiment 3) of adult red sea bream.

Materials and Methods

Feed formulation

Isonitrogenous control and two test diets were
prepared for this study (Table 1). The diets were
prepared as extruded pellets (5 mm in diameter)
using a large size twin screw extruder (Chubushiryo
Co., Ltd.). Anchovy meal was the main protein
source (50%) for the control diet (FMS50). In FMO
and FMOS, the combination of 26% corn gluten
meal, 21% soy protein concentrate and 16%
soybean meal were used to completely replace the
fish meal in the control diet (fish meal 0%). Control
and test diets were supplemented with vitamin
mixture, mineral mixture, and taurine at 2, 1 and
0.2-0.5%, respectively. Fish oil was added at 9-12%
to adjust the lipid level to approximately 14-16%.
After preparing the extruded pellets, FM50 diet was
supplemented with taurine (0.2%), water (20%) and
(3%),
supplemented with FM50 diet in order to equalize

soybean oil respectively. Taurine was
the levels in each experimental diets. FMO diet was
supplemented with water (20%) and soybean oil
(3%) after
respectively. FMOS diet was supplemented with
water (20%),

complex (liquid

preparing the extruded pellets,
soybean oil (3%) and enzyme
type, 1.25ml/kg diet) after
preparing extruded pellets, respectively. The
enzyme complex used in this experiment was
produced by solid state fermentation (SSF) using a
selected strain of (non-GMO) Aspergillus niger
(Alltech Inc, USA). This

complex contains protease, amylase, xylanase, (3

Kentucky, enzyme

-glucanase, pectinase, cellulase, and phytase. After
preparation, experimental diets were kept in freezer
(—20%C) until use.

The proximate composition and essential amino
acid (EAA) composition of the experimental diets
are shown in Tables 1 and 2. The crude protein
contents were 46.7-46.6% in the experimental diets.
The crude lipid level of the FM50 diet was 14.1%,
and was slightly lower than FM0O and FMOS diets
(15.8%). The crude ash content of FM50 diet was
higher than that of the other two diets. The EAA
composition in the experimental diets were similar

to each other (Table 2).

Culture conditions, fish and feeding

Expt. 1: 0 year old red sea bream were fed the
FM50, FMO, and FMOS diets for about 8 months in
order to settle into experimental diets before starting
the trial, were divided into 3 groups of 45 fish (1
year old, average weight 328.8 g) per net cage (3 m
X 3 m X 3 m) in duplicate manner. At the dividing
the fish, 40 fish (body weight over 200 g) were
selected and divided into the experimental net cage
which were compatible with the diet having been
fed for last 8 month, and 5 fish were added from the
group fed FM50 diet last 8 month. The fish were fed
4 days per week (once a day) to near satiation for 16
weeks. The water temperature ranged from 20.9 to
29.9°C (average 25.7°C).

Expt. 2: Before starting the experiment, 1 year old
red sea bream (average weight 89.1 -90.8 g) were
divided into 3 groups of 45 fish per net cage (1.5 m
X 1.5 m X 2 m), and they were fed the FM50, FMO
and FMOS diets 3 days per week (once a day) nearly
0.75% of body weight for 6 weeks in order to settle
into experimental diets. After 6 weeks feeding, they
(average weight 112.2 - 116.1 g) were kept in a
starved condition for about 3 days. The water
temperature ranged from 21.8 to 22.3°C at the

sampling.
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Expt. 3: Before starting the experiment, 1 year old
red sea bream (average weight 887.8 g) were
divided into 3 groups of 24 fish per net cage (3 m X
3 m X 3 m), and they were fed the FMO diet 2 days
per week (once a day) near satiation for 45 weeks in
order to settle into FMO diet. After 45 weeks
feeding, they (average weight 1458.7 g) were kept
in a starved condition for about 3 days. The water

temperature was 20.9°C at the sampling.

Sample collection and chemical analyses

Expt. 1: At the end of the feeding trial, all fish were
measured the body weight after 72 h fasting. 5 fish
were taken from each lot for determination of the
hematocrit value and concentration of plasma
components to evaluate the health condition of the
fish. Hematocrit value was analyzed by a hematocrit
centrifuge (HEMATOCRIT MC-201, Hitachi Koki
Co., Ltd. Tokyo, Japan). Plasma components were
analyzed by a clinical chemistry analyzer (FUJI
DRI-CHEM 7000i, Fujifilm Corp. Tokyo, Japan).

A pooled sample of five fish at the beginning and
the end of the feeding trial was stored at —20°C
for whole body analysis. Pooled samples were
minced using a centrifugal mill (Retsch ZM 2000,
Retsch GmbH, Haan, Germany) fitted with a 0.25
mm screen. The homogenate was stored at —20°C
for analysis. Analyses of crude protein, ash, and
moisture were determined by standard methods
(AOAC 1995). Total lipids were extracted from
samples using a mixture of chloroform and
methanol (2:1) and determined as described by
Folch et al. (1957). Phosphorus were analyzed using
a spectrophotometer (UV-2550, Shimadzu Corp,
Kyoto, Japan) at wavelength of 750 nm. EAA
composition were analyzed using a fully automated
amino acid analyzer (JLC500, JEOL Ltd. Tokyo,
Japan).

Expt. 2: After 0.5, 3, 6 and 24 hours of feeding
FM50, FMO and FMOS diets under an equivalent

feeding rate (1.4% of body weight), 5 fish were
taken from each lot and were stored at —20°C for
determination of changes in gastric and intestinal
contents. Weight of the gastric and intestinal
contents were assayed on a dry basis. Analyses of
crude moisture of the gastric and intestinal contents
were determined by standard method (AOAC
1995).

Expt. 3: Before and after 1.5, 3, 24, and 72 hours of
feeding the FM50, FMO and FMOS diets to near
satiation, 5 or 4 fish were taken from each lot for
determination changes in plasma triglyceride (TG)
and glucose (GLU). Plasma TG and GLU were
analyzed by a clinical chemistry analyzer (FUJI
DRI-CHEM 7000i, Fujifilm Corp. Tokyo, Japan).

Statistical analysis

Results of daily feed intake, growth performance,
hematocrit value, plasma components, gastric and
intestinal contents, plasma TG and plasma GLU
were analyzed by one-way ANOVA (Stat-view 5.0).
Differences between treatments were compared by
PLSD test.
significant at P < 0.05.

Fisher’s Values were considered

Results

Growth performance (Expt. 1)

The daily feed intake (DFI) and growth
performance of 1 year old red sea bream from
Expt.1 are shown in Table 3. The DFI was
depressed when fish were fed FMO (P < 0.05),
however, the DFI of FMOS increased reaching the
same level as fish fed FM50 without a significant
difference (P > 0.05). At the end of the 16 week
feeding, final body weight of the group fed FMOS
was significantly higher than FM50 and FMO (P <
0.05). The growth rate (GR) of the group fed FMO0S
was significantly higher than FMO (P < 0.05). On

the other hand, there was no significant difference
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between the group fed FM50 and FMO in GR (P >
0.05). The feed conversion ratio (FCR) of the group
fed FM50 was significantly higher than FMO and
FMOS (P < 0.05).

Hematocrit value and plasma components (Expt. 1)

Hematocrit value of and plasma components of
the fish in Expt. 1 are shown in Table 4. Hematocrit
value from the fish fed FMO were significantly
higher than fish fed FM50 and FMOS (P > 0.05).
Plasma components except total protein (TP) and
TG were not significantly different in each group (P
> 0.05). TP from the fish fed FM0 was significantly
higher than FM50 (P < 0.05), on the other hand, TP
from FMOS was not
compared with FM50 (P > 0.05). TG from the fish
fed FM50 was significantly higher than FMO and
FMOS (P < 0.05).

significantly  different

Proximate composition and EAA composition (Expt.

1)

The proximate composition and EAA
composition of the whole body from fish in Expt. 1
are shown in Table 5. At the end of the 16 week
feeding, proximate composition except phosphorus
and taurine in the whole body were similar to each
other. The phosphorus content of the fish fed FM50
tended to be slightly higher than fish fed FMO and
FMOS. The taurine content of the fish fed FM50
tended to be lower than fish fed FM0 and FMOS.
The EAA composition in the fish sampled at the end

of 16 week feeding were similar to each other.

Growth performance (Expt.2)

The DFI and growth performance of 1 year old
red sea bream from Expt. 2 are shown in Table 6. At
the end of the 6 week feeding, there were no
significantly difference in final body weight. FCR
of the group fed FM50 was slightly lower than FMO
and FMOS. SGR, GR and protein efficiency ratio

(PER) of the group fed FM50 was slightly higher
than FMO and FMOS. FCR, GR and PER in the
group fed FMO and FMOS were similar to each

other.

Changes in gastric and intestinal contents (Expt. 2)
The changes in gastric and intestinal contents
from the fish in Expt. 2 are shown in Fig. 1. Gastric
contents did not show significant differences
between each group. However, gastric evacuation
from the fish fed FMOS tended to be faster than fish
fed FM50 and FMO after 0.5 to 6 hours from the
feeding. Gastric evacuation from the fish fed FMO
tended to be slower than fish fed FMS50 after 3 to 6
hours from the feeding. On the other hand, intestinal
contents in each group were constantly maintained
low levels relatively after 0.5 to 24 hours from the
feeding. Intestinal contents from the fish fed FMOS
after 6 hours from the feeding was significantly

lower than FM50 and FMO (P < 0.05).

Changes in plasma TG and GLU (Expt. 3)

The changes in plasma TG and GLU from the
fish in Expt. 3 are shown in Fig. 2. After 24 hours
from the feeding, plasma TG in the fish fed FMOS
was significantly higher than FM50 and FMO (P <
0.05). Plasma GLU in the fish fed FM50, FMO and
FMOS gradually increased after feeding, reaching a
plateau at 3 - 24 hours post-feeding. After 72 hours
from the feeding, plasma GLU in the fish fed FM50
was significantly lower than FM0O and FMOS (P <
0.05). On the other hand, there were similar changes
in plasma GLU from the fish fed FM0 and FMOS.

Discussion

In the Expt. 1, the depression of DFI was observed
in fish fed the FMO diet in which 100% of fish meal
was replaced by plant proteins. In previous studies,

depression of DFI has also been observed in adult
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red sea bream fed non-fish meal diet (Takagi et al.
2000a, 2000c). However, in this case, GR and FCR
in fish fed FMO were not inferior to the control diet
(FM50), and were not in line with that of previous
studies (Takagi et al. 1999, 2000a, 2000c). These
differences were probably due to supplementation
0.5% taurine and well-balanced plant protein source
components in diet FMO0. Previous studies found
that taurine is necessary for the growth of red sea
bream (Takagi et al. 2006; Matsunari et al. 2008).
Also, it is considered that the fish meal component
can be substituted by a combination of various
protein ingredients without ill effects because of
well-balanced amino acid composition and reducing
anti-nutritional factors (Aoki et al. 2000a, 2000b,
Takagi et al. 2000c). Whole body taurine content
and EAA content in fish fed FM0 and FMOS tended
to be equivalent or higher than FM50. It confirmed
that taurine and EAA were satisfied in fish fed FM0O
and FMOS.

FMOS significantly increased final body weight,
GR, and DFI compared fish fed FMO0. These results
were similar to the previous finding that
supplementing a low fish meal diet with an enzyme
complex and taurine in feed for red sea bream has a
positive effect on fish growth (Hanini et al. 2013),
and the addition of phytase at 1000 FTU/kg diet
enhanced the growth of red sea bream (Biswas et al.
2007). study, body
phosphorus content in fish fed FMOS was clearly

not higher than FMO at the end of the feeding. That

However, in this whole

is not in line with previous studies (Hanini et al.
2013; Biswas et al. 2007), and implies that phytase
in FMOS could not improve the utilization of
phosphorus in this study. FM0 and FMOS diets were
supplemented 2.5% Ca(H2PO4)2, on the other hand,
1.0% Ca(H2PO4)2 was supplemented with test
diets in previous study (Hanini et al. 2013). In this
study, it is considered that phosphorus in fish fed
FMO and FMOS were satisfied irrespective of the
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phytase supplementation.

Plasma components except TP and TG were
similar to each other groups. Hematocrit value and
plasma TP in fish fed FMO tended to be higher than
FM50 and FMOS, also, plasma TG in fish fed FM0O
and FMOS tended to be higher than FM50. However,
these were not markedly different among the groups
and previous studies (Takagi et al. 1999, 2000a,
2000b, 2000d). In yellowtail Seriola quinqueradiata,
it was reported that plasma cholesterol in fish fed
non-fish meal diet was significantly lower than in
control fish, and mortality due to a natural infection
with bacteria occurred among fish fed the non-fish
meal diet, but not among the control fish (Maita et
al. 1998). In this study, plasma cholesterol in fish
fed FMO and FMOS were not significantly different
compared with FMS50. Therefore, it was suggested
that fish fed the FMO and FMOS diets were not in a
poor health condition compared with FMS5O0.
However, the mechanism of increasing hematocrit
value, plasma TP and TG content in fish fed FMO is
unclear. Investigation into the cause of differences
in blood parameter and plasma components in red
sea bream fed non-fish meal diet should be the
subject of a future study.

Gastric evacuation in fish fed FMOS was faster
than FMS50 and FMO from 0.5 to 6 hours after the
feeding, and plasma TG in fish fed FMOS was
significantly higher than FM50 and FMO 24 hours
after the feeding. On the other hand, gastric
evacuation in fish fed FMO tended to be slower than
FM50 and FMOS from 0.5 to 6 hours after the
feeding. These indicate that the digestion in fish fed
FMO diet was slower than FM50, and SSF complex
in FMOS enhanced digestion of the diet and gastric
evacuation. In a previous study, it was found that
the daily feed

Epinephelus tauvina was closely related to the

intake of juvenile grouper,
amount of feed remaining in the stomach and

intestine (Thia-Eng and Seng-Keh 1978). Also, high
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apparent digestibilities and plasma TG of the red
sea bream were detected until 9 or 12 hours after
1997).
Therefore, it is considered that the depression of
DFI in fish fed FMO in the Expt. 1 were influenced

feeding in another study (Takii et al.

by slower digestion, and SSF complex in FMOS
promoted digestion of the test diet and feed intake
in adult red sea bream.

In the Expt. 2, GR, FCR and PER in fish fed FM0
and FMOS tended to be inferior to FM50. These are
not in line with Expt. 1. In previous studies, it is
considered that adult red sea bream is superior to
juvenile red sea bream in availability of the
substitute protein sources due to the improvement in
availability of the nutrient component, the
improvement in resistance against anti-nutritional
factor and the change in requirement of the EAA
(Takagi et al. 2000c). In the Expt. 2, 1 year old red
sea bream were fed the test diets, however, their
weight were more right (initial average weight: 89.1
- 90.1 g) compared to the fish in the Expt. 1 (initial
average weight: 328.8 g). The depression of growth
parameters in fish fed FMO and FMOS in Expt. 2
were probably due to the low availability of the

substitute protein sources in small red sea bream.

Growth parameters in fish fed FMOS was similar to

FMO, this is not in line with Expt. 1, too. In the Expt.

2, fish were fed the test diets 3 days per week (once
a day) nearly 0.75% of body weight, not near
satiation. It was considered that the growth
performance in fish fed FMOS was not different
from FMO in the Expt. 2 because of the controlled
feeding.

The results of the present study demonstrated that
the non-fish meal diet supplemented with taurine
satisfyingly with well-balanced plant protein
ingredients have the potential to grow adult red sea
bream as well as fish meal diets in right water
temperature condition for red sea bream (20 to

30°C). However, it was suggested that feed intake in

fish fed non-fish meal diet were depressed due to
the influence of feed remaining in the stomach and
intestine. Supplementing a non-fish meal diet with
SSF complex has a positive effect on feed intake
and fish growth in adult red sea bream. Therefore,
this non-fish meal diet could replace fish meal
based diets for adult red sea bream. However, in
present study, fish were settle into non-fish meal
diet for about 8 month before starting Expt. 1.
Better feeding method to settle into non-fish meal
diet is necessary from a practical application
perspective, and should be the subject of a future

study.
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Table 1. Ingredients and proximate composition of the experimental diets

FMED FMO FMOS
Ingredients (% wet matter)
Anchovy meal 50 - -
Sovbean meal 11 16 16
Sov protein concentrate - 21 21
Corn ghiten meal - 16 16
Krill meal - 3 3
Wheat flour 15 9 9
Tapioca starch 5 3 3
Rice bran 7 - -
Fish oil 9 12 12
Taurine - 1 1
Ca(H,PO,)- - 3 3
Vitamin mixture 2 2 2
Mineral mixture 1 1 1
Others * - 2 2
Exvrernally added (% wer marrer)
Water 20 20 20
Sovbean oil 3 3 3
Enzvme complex (SSF complex) - - 0.13
Taurine 02 - -
Proximate composition
Protein (% Drv matter) 467 476 473
Lipid (%o Drv matter) 141 158 158
Moisture (%a) 163 16.0 16.6
Ash (% Drv matter) 04 55 55
Phosphorus (mg'g Drv matter) 151 10. 105
Taurine (mg'g Dry matter) 556 65.83 6.59

* Others: Lysine (1.0%), Methionine (0.5%), Trvptophan (0.2%), Threonine (0.5%)
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Table 2. Essential amino acid composition of the experimental diets

FME0 FMD FMOS
Amine acid (mg'eg div matter)

Threonine 215 6.5 245
Valine 202 204 18.8
Methionine 6.9 8.7 8.5
Isoleucine 173 18.0 173
Leucine 36.0 533 334
Phenvlalanine 225 282 285
Histidine 104 9.0 92
Lysine 362 328 320
Trvptophan 28 22 29
Arginine 233 244 237

Table 3. Daily feed intake and growth performance ofred sea bream in Experiment 1*

FM50 FMO FMOS
Initial weight (g) 3280 =+ 7.15 @ 3287 + 589 @ 3255 + 692 °®
Final weight (g) 6522 + 497 @ 650.7 =+ 859 @ 686.9 =+ 1230 °
Feed conversion ratio’ 1.92 + 0.06 * 176 + 0.05 ° 1.77 + 002 °
Speciﬁcgrowthrate(%/day)2 0.60 =+ 0.01 * 0.60 =+ 0.03 * 0.66 + 0.01 2
Growth rate (%) 98.8 =+ 282 @ 98.0 =+ 6.16 *° 111.1 =+ 071 °
Daily feed intake (%/day)* 1.11 + 001 ° 1.00 + 0.00 @ 1.12 + 001 °
Protein efficiency ratio’ 1.12 =+ 0.03 @ 121 =+ 0.04 @ 1.19 + 002 *
Mortality (%)° 0.0 += 0.00 * 1.1 =+ 156 @ 0.0 = 0.00 °®

*Values (means+S.D. of duplicate groups) in a column not sharing the same superscript letters are significantly different (P < 0.05).
! Feed intake (dry matter)/weight gain.

2100 ¥ (In final body weight-In initial body weight)/feeding days.

3 100 X (final body weight-initial body weight)/initial body weight.

* Feed intake (dry matter) X 100/[(initial fish weight+ final fish weight + dead fish weight) X feeding days X 2].

> weight gain/protein intake (dry matter).

%100 X dead fish number/initial fish number
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Table 4. Hematocrit value and content of plasma components of red sea bream in Experiment 1*

FM50 FMO FMOS

Hematocrit value (%) 322 £ 164 * 402 + 370 ° 334 + 1.82 ¢
Plasma components

Total cholesterol (mg/d!) 181 =+ 26 2 170 =+ 23 4 157 =+ 32 2

Total protein (g/d! ) 37 £ 05 @ 50 =07 ° 42 + 04

Triglyceride (mg/d!) 80 + 32 @ 136 += 47 ° 131 =32 °

Glucose (mg/dl) 364 £ 57 °*° 325 + 274 * 422 + 40 *

Urea nitrogen (mg/d! ) 40 =+ 1.05 * 36 + 023 ¢ 45 + 1.04 *

*Values (means£S.D. of 5 fish) in a column not sharing the same superscript letters are significantly different (P < 0.05).

Table 5. Proximate composition and essential amino acid composition of the whole body from
the fish at the end of Experiment 1%

ENED FMO EMOS
Proximate composition
Protein (%0 wet matter) 196 19.1 19.1
Lipid (%o wet matter) 147 133 144
Moisture (%) 395 61.9 61.0
Ash (% wet matter) 52 57 48
Phosphorus (mg'g wet matter) 101 86 87
Taurine (mg'z wet matter) 7.5 941 9 88
Amino acid (mgle Dy marter)
Threonine 196 199 205
Waline 172 16.5 186
Methionine 107 117 117
Isoleucine 146 13.5 158
Leucine 321 313 333
Phenvlalanine 183 18.1 187
Histidine 84 87 85
Lvsine 382 376 394
Trvptophan 32 3.0 1.9
Arginine 154 286 229

YA pooled sample of 5 fish, without replication.
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Table 6. Dailv feed intake and growth performance of red sea bream in Experiment 2°

EMED EMD EMOS
Initial weight (2) 90 4 89 1 90 8
Final weight (2) 116.1 1122 1126
Feed conversion ratio” 1.28 142 1.51
Specific growth rate (%4)° 0.58 054 0.50
Growth rate (%) 28 4 25.9 24.0
Daily feed intake (%o/day)’ 0.74 0.76 0.75
Protein efficiency ratio” 1.68 1.48 1.40
Mortaity (%)° 0.0 0.0 0.0

* Feed intake (drv matter)/weight gain.

100 (In final body weight-In initial body weight)feeding dawvs.

100 (final body weight-initial body weight)/initial body weight.

* Feed intake (drv matter) > 100/ [{initial fish weight +final fish weight + dead fish
weight) > feeding days > 21].

. weight gain'‘protein intake (dry matter).

® 100  dead fish number/initial fish number



Rl FOKEABRG ORI E  H48% 20234

300 -
OFMS0 EFMO0 BFMOS
250 -
25
=2/ 200 4 _L
2
[= )
8% 15 A
9 B
—
% 2 100 A
A
© <
< 050 4
0.00
05h 3h 6h 24h
Time

Fig. 1a. Changes in gastric contents in the fish fed FM50, FM0 and FMOS diets in Experiment 2. Values are
mean * SD of 5 fish. Values in a column not sharing the same superscript letters are significantly different

(P <0.05).
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Fig. 1b. Changes in intestinal contents in the fish fed FM50, FMO and FMOS diets in Experiment 2. Values
are mean = SD of 5 fish. Values in a column not sharing the same superscript letters are significantly

different (P < 0.05).
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£3E
D Edwardsiella tarda|Zxtd Bt

RS AL FE R I N Lige i TV B — 5
THBOAEFERITRADERICH Y, AR OFG
FAEE L TWD, 20X ) RN s, H
NOEERBIHN G CTH D~ X A Pagrus
major “TIIFHAEEIFEIOF HVEIZ B3 2 0F5E
PTONTEY, ZORE, EiKa s N7
B, KU, a—r 77—, Fxv
T I VERREEEE LTHED
EEZBHITWD (Aoki et al. 2000a, 2000b, &
A5 1999, 2000a, 2000b, 2000c, 2000d), = 512
~ XA 1 FRATE, ThAO6EEA L TUHET
J R ERET S bz Ly, fakthicE &
DD 90~100%% 4T X 2 AIREMEDV R
2 X TW 5 (Aoki et al. 2000b, A 5, 2000d)
F 7o, RO Z M TERE CRE LTS
HBlZF~Z A THE TV U RBIC X DRAFIED
FIELT=bOD, N2 T ) v EiRT 5 2
ETCEOERPLUEB LI Z EARES AT
% (Takagi et al. 2006) ,

K - MEL AR CRE L7220 T, AR
R & IZHURMEDNME T I 2 ATaetE R fe i S
THEY, REMWMEOHYIEREZ EREE L
R CEA R T LS AI, 7 Tk
FEETEMFEa L 2T — EOEK TFTE IO
Lactococcus garvieae WK DT F D b5
(Maita et al. 2006) , ~ & A Tl fil G HH +H DI
U EALHMERERIEEDIRT (LT, 2013),
=T~ A TCIENTERAR O 2 (REF S 2012,
A D 2010) BWHELNTNWD, £ED—FT,
WIEICE ARG S TV A KA M Th
IR A () ORI (L L2nZ & (&
W 2013), IR EE~OT A& X P F D
BAIC LD~ H A OREHMFOECENA
BlogeEshzZ e (IWF 2013) e
TWb,

ZO X, K - EAKREECHE LAaD
PURMEIZ BE S 2 S I TEEAF T 508, Bk

=/,

FAREAE & [F 5 OB R 2~ L2 AR - Sk
FREHT DWW T, RO BCRER I L 0 3 L
THFENIFRO BT, WIEEZEX DO A
O - AL CRE Lo~ ¥ A OFuRtE
IITRAETH 5,

Z ZCAMFETTIE, Ak EARETE & R Ok
RAR UK - BEKHEEHZIOWT, T bR
~ XA OHURTEIC RIZ T E L, RO FZ
PRD 1 DThHDHT FU VT TRED IR
Edwardsiella tarda % F\ N7z 2 [B] OB EBEEER |12
DRET L7 (EBR1BLU2),

MREIUVHE

HERER R

FER 1 B L O 2 ITH W =& Br Ak O fc AFE
B O3 2o W B & Table 1, 28R 1 IZHW
7o K RERETEL O MR T X BEFLAR O 53 BT A
% Table 2 |2/~ 9, ikBRETEH O R 1% 50%,
20%, 0% F7213M8 50%, 25%, 0% D% 3
FREEE L, B S~6mm DT A hL—F v K
Akl (BP) Z Moo Bt ORGSR, RER 1
(W= 50%ER RO ML G B2 K 20%35
L OH 0%EAEHZ LR TRREmVMEE R LT
25, FRERG B LIS O — R o7 1A R TR o
EE/R Lz, EBR 1 BLO2 THOW MK 50%
fAEtO U U EEIE, ) 20%, 25%, 0%EEHT
WRTEWEEZ R LTz, $£72, FEHR1 THWE
8 20%8 L Oy 0%EIEHC & SN b MET
2 JEROEE, K S0%EEHI I TRI% £ 72
TENLL EDEER LT,

HABB L UFRAT

EER 1

R R A K ERBR O 3 mX3 mX3 mAEH
3MIC, v &A1 X CESERE ) % 45 2
FTOWAEL, 201444 H 23 HS 61 HIEOT
REAE 21T o7z, TREE I, BAKED 0.7
~0.8%FR % % H 22|12 & B AR E 4 06 3 H OB
THEETOWKE L, THEABTZIIEEEID
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fakfa 19 B9 o&@H L CERE 112~116
g), MEKEE o4 HM, F&ES500 LOME
K 3 EECRE L (BB, BB+
FEARETE LT, BRKIET (KR 241~
24.3°C) TN EWE K DU KEE 21T > 72,
EER 2

R AR A K ERBRY; D 3 mX3mX3 mAEH
3MEIC, XA 1 ¥ CEIRE 398 g) % 25
BPHOINEL, 201548 H 1 H22H 81 HMD
THEABE 21T o7, TREAETIE, HRAKED
0.8% R 2 H &\ R UBREE A4 08 3 H OB T
HETOME L, THREAFTZIISEZE» LM
A 20 BT o &) L CEBIIRE 630~665 g),
MK E T 1 A, 55 500 L O MJEKE
3 ETHE Lo, BIBHIMFITEREE S LT,
HARKIL T (KR 23.1°C) TEEAMRAREHEAK D
KB 21T o7,

HE Bk
HEERERRIZIT 2012 AFICRIFIRNOFEGE~ 2
A 543 EE S AUT- E. tarda Ns12 sousuil2 #£ % H
Wiz, ZALD OB BRIT R OR AR & iR 1%,
1.5%NaCl 7L A v "—hAfba— g T8
RKEgH (HKERIER) TH#E%, 1.5%NaCl 7' L
AN —hrA vt a— g ViRIKE IR
L, 25CT 48 KFMIE L 2853 Lz b 0 2 fiik
EiRE LT,

HERZE

A BRI, B SO0L (328 1 : 3.65X106
CFU/mL, %B% 2 :1.13X107 CFU/mL) % Ai7-
MRS 1 (BUEBEKRE, %258 1000 L) OH1IZ
MUy MEOMER S (BE 1.5 cm
X1.5cm) 3EEHEL, HTN~EXDO~ LA
BRI IS R, 1 FFRRIET 2IRIAE S
L7, 72d, BRIEFIIEELZ £ —%—T25CIZ
IR L, KA O EIRIREE ) —I1272 5 & 9 7

<R LT,

HWERBROAT

MR DO~ X A 13h 2T L KB K
(500 L FITEKEE, 1 KH8/X) ~BEhL, =
% SR S THRIB KN A~IE LT, BUBKAE
3 5 R B ARFE N~ OB ENZ 7300 2 IR 134 X
30 FITHE— LTz, 7033, SEBR 1 Tl & K~
DB I OB 21T DR Do 1208, FR
2 TlE, B ORERENE BEHRFICAIZ
ELHAVEOHEHERRENWEEZZ LN
b, BEEEHEIZ 0.05%D 2-7 = ) F LT H ) —
JUCIRRBMLE 21T\, KB BRI~ L7,
B RKE~OBEIR, FROVZ AT —&—
CHNE L 72 #8850 B K T OWKETE (7 L/
7)) EAToT, TRk, WEL OB FITELGEE
L, FEBr1TIX22 B, FEBR2 TIiE29 HH
DRIBBIEE AT o 7o, FEEBRMIM T OKIEZ, #
Bk 1 T 24.7~253C, FEBR 2 TIiX23.1~243CT
HeRE L7,

REABLUVEERAORKRE

FEERWIM A U b, iR osEs
J W O LA MR LT7=1%, Bl 5 SS %
KEEHIZEHSBEAZ 1T, E. tarda DOSBEDHEZR
SNTREREICLDETCE Lz, £z, Ehk
TIRHCAER L TV 10 BEERIL, M
IR R, BRERBLOEEDO X L, (KROIE,
g OREER/ A RO EAZFHE LT, b,
PE LI AEERAD S D, EBR 1 TIEE 10 &,
FEE 2 TIIK 4 BI2HOWT, MSERER S I
Tz, B, AOEDEHZISWTIE, &
Wiz BB 2 M2 2 HIEIC L 0iToTm, —5,
AEFRFAD B R O PR R d KOV B % e R
THERE, K VMFEICEZSEET 57201,
gk 2 BEREALER U 7= 12\ oy B 2 AT o 72

HEtnE

TR B TRICBIT 2K OFEEERES X
OB EE 1, Fisher ¢ PLSD JEIC K D BE&1T
STz, FEERETRHIZEBIT 28 X0 RBFEET R,
TR D MIRIREE R, MRAEREE, KROA L
BROWEE, BEoORSEE N3 A MBI,
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Fisher D EZMHERFIEIEIC L DMEEIT o712,

EER 1

KX H B EE R L OB RS 2 Table 3
W, PBRERTEL O KR AR B OV 1T
16.7C~22.8 COMTHRE L (£ 204°C), &
TORBRX T RU VT IIEORIER L UL
CHRITRO Lo iz, FXO6H GE %
Table 3 |27~ 9, AREREDEL DG EHARFHE T IRF DI
PIRER L ORI, SRECHEERADL
nginolz (P>0.05), HREMEERT, 5XMH
ZIEFRE DM Z R LTz, $RREIIHAG 50%
X :1.28, £k 20%X : 1.35, FHy 0%X : 1.42
Th Y, FEORBHIBEIZENPR0m < 72
DM Z R LT, MBSO EBRK T ETO
MBI 2K XKD ROHER % Fig. 112,
FERAE TR T 2 & KO RFE R, kM
O MlECR B F, SR, Rk X OMED X
Vﬁﬁ#,%%®ﬁfﬁﬁ$,m AN
MMﬁ4%ﬁMijﬂ‘%%%Tﬁ®+&%
R, FB 50%IX 1 15.8%, Fk) 20%[X :26.3%,
R 0%X : 158% %~ L, XM CTHEZENA
%n@mok(PMmﬂ ¥, éf@%tﬁ
ZIIAREB L OED A L, KEDEIENED
ZYL, B> 6 E. tarda D355EEI LT, Eﬁfﬁ'
IIERBRBLIOREO A L REGRO LT, M
PREEIE, ) 50%X B LT 20%X : 70%, £
3 0%[X 1 60% %~ L, & XM THEENA LI
2otz (P>0.05), F7, AFFAICBIT 5K
FOEBEHBLE R K ORI IRE R/ BB
RIZHEXBTHEZENALNLT (P>0.05),
JE 2R P ALKy 50%X : 3.77 log CFU/g, £
20%IX. : 3.20 log CFU/g, faky 0%X : 3.59 log
CFU/g TH Y, {FXTHR%EDOMEEZR LT (P>
0.05),

5RER 2
AR AR D K EE AR B oY KRR, 27.7C~

23.0COMTHERS L (14 25.57C), by 25%IX
TIERTCLER, £2TCoBX Tt Ry Y=
FTIEDFRIE TR LR o T2, BHXOEHB
& % Table 5 \ZR, AREREEL O FA EH R F & T E
DONENREIL, EXBCHEEENALIL -
7= (P>0.05), IR, f£H 50%X : 22.0,

R 25%X 1 21.8, £k 0%X : 212 7R L, f
By 0%X 38y 50% KA~ THE IR MEE
AL (P<0.05), HREEERTE, M5 25%X
WEEY 50% X35 LUK 0%XIZHATRORE
VAT D, By 50%X & AR 0% X IHIEIE
] %5 DA A 7~ L7z, # ARSI ISR 50%1X: 1.40,
Ky 25%[X 1 1.29, ffy 0%[X 1 1.44 TH Y, £
By 25% X3k 50% X3 LUK 0%XIZH~
TRORENNME M &R Uz, BB D & SR
TETOHMIZBIT OEXORETROHER %
Fig. 2 12, FEBRK TR T 28X O R T
K, AFRMAOMIRRESR, MBAERE, KRB
FOFED A U HIBLE, (REOESEHEBE, Bk
FEEIRR/ N S HBIE & Table 6 (2859, EBRFE T
IF D RFEAE 1 2RI, k) 50%X:0.0%, Fak 25%
X :5.0%, ff 0%X : 0.0%%xx L, Mk
¥ 25%X D 1 B2 Thotz, faky 25%X TAE
C72EARIEARRICA LB T ONEENRD S,
B & E. tarda D3BES LTz, AR
KBLMEOA L NELRBOLINT, MisirEHE
LIk, A 50%X : 60%, AFy 25%XKE LT 0%
X :70%% "L, KXMETHEENAZDILRD
S72 (P>0.05), £/, AEAICBITHERD
TE5 B2 ds L OB gt ik /s B s BRI

LEXBTHRBRZERALNLT (P>0.05), Mg
AHBUT K 50%[X : 4.47 log CFU/g, Ky 25%
[X. : 4.35log CFU/g, £ty 0%[X : 4.57 log CFU/g
ThHV, FXTRFEOHEAZ R LI (P>0.05),

5 =
SR 1 OFRERTIE, SR Ok 2 B

ISP AR S K O RO S B 1
AR LR, ORI bTNTHY, R
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SRR O AG AR AR B AL TREIC I 1T D R AE B
F O EICHE R G BRI A DR -
7= (P>0.05), B2 TiX, Mk 25%X o A
RS KOS AR ER DS AR 50% X 38 L Ok
0% XA AR TRORENL DI 27~ L, ff 50%
X LK 0% X DM TIEEN L OIEA BFE%ED
2R Uiz, F28r 2 OFBRETEHG TR B R T
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RTHEIEWMEEZ R LA (P<0.05), Z
DTGNS <, AR EITITHGIR A
BEBALNRNST- (P>0.05), LEDZ &
N, EBR1BIO20WFIZBNT, K- 5
BRI CERE Lo~ & A 1 FflL, TR
fAh & R TR AR VR EEZ R LT
LT E T, mARS (2000d) 13X, 195 HIFIZ
K SEBRBROFERN S, VHET I B E
ERELUTCKREMWE, a—y 77—, F
FUI—NVEFEORKEFY AN IEERAT D
LIZEY, &A1 FRIZBW TR oM
s KIgHI CE 5 2 L 2R LTS, £
7z, Aokietal. (2000b) 1%, 87 HHDfEFHER
OFER, KRG, =—r 717y I—n, F
XU —NEOREY N EEREEG L, YAE
T BEAME LT EAHEE TIEy XA O
R L OMERDIR BRI A KT S eno
Tl eaWE LTS, RERTHNWAK -
LmEEHT, TROOMAESE L LT, Ka
MR Oa—r 7T I—n, iR
MRGL L RI7RFF I =L HEALTH
Do I, MBHIEICHEWRERNBRESND
VOVBIOATA=VEOMET X ) RE
EL, ~ZAIZBWTHEND OBROLE
MDA S TWDH F v U (Takagi et al. 2006,
Matsunari et al. 2008) ORI HIT->TVWD, T D
X9z, RWFE0ER 1 BLO2 THWZK -
AN E, SRAE Y X7 RS L OW
HT X BEORGMRICER &2 - 5% E
THY, FRER 1 TIX, RBREEIOSH DR
B, VAT I VBEBIOX ) vENHE
(KRR RS EOEEZ R LI &b, K-

IEADETEIX O~ & A 1 F sl EIREEHX
B WEREREE R LD EEZ LI
Do

KRWFFETIE, X AICBITHZ RU YT TIE
DRAER LIRS T <, EREGE L LT
L TWD & W S 72 RIERR RIS X 5 MBS
WA ITo7 (BES 2008), P45 (2014)
%, = RUTZIIEA BRIEW LTz~ ¥ A Dl
RICHOND/PNERNAFEETHD Z &5
LM LT BT, BEHOEE~DORIZRIC X D
HE A BE CIXAZEEAN D E. tarda %+ 53257 BET
T, MRE L TEDEERMET T 2R 5
LT LEMERLTND, TOMAESEZXT,
FEBR 1 BLO2 T, MIBCRE R LR T DR
(Mo 2 B R U7 ECH R T o 2, FEBR 1
BELO2 TOMREIZIBT D E. tarda PRERNPE
X 60~70%% 1~ L, FERICIEROIEL S LU
TROFEEIRE NAREZ LI C O LT D E tarda DR
B2 iEdk (M S 1977, %k 1977, &K 5
1982) BB &G, ARFZETIE,
I HBER SR <AThbnltbnsE
bbb,

FEER L, 2 & BT, MERENDERETET
ORI T 2 BREL TR, EBRK TR
LAERMAOPIRREFEL LOERRIS, &KX
TENH NIRRTz, TOZ LD, K5
T 7e < &b EGEE 22~29 HEOWIRIZE
W, K - AR CRE Lo~ 4 A ORE
R LOE. tarda (2T 2P, £ E
BERIX RS CThHoT=Z LRI, 7
U T, EEREE OGN X BN E T
fE, L. garvieae Xt HHPUEME T L2 Z
L, XUV ORI aimndESnizz
ENHE I TS (Maita et al. 2006), F7-,
IR (2013) 11X, ~& A Zxtg e Lok - B
By REHC X D ERBROF R, fEhoflh &
DIEWEEZ RU TV TIEFITLDIETEN
R LR, R EE~D T X 2 X4 F
DEIMZ LV ECTEPAFEICLEINTZ L
EFRELTWD, Z0X9IT, K- HEap e
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THRIEAZEFHET 25128V TYH, RET5
Wy EmMe sz Eicky, PuRttodEL]
BTHDLIENRBEINTWVD, £, IEHE
DMENWN~ X AL E. tarda DR R 5 < 72 H1EH
mznRL, TORKNE L THoeREZ BT
ETCWRNZ ERHEREEINTVD (FE - BX
2015), A AWK - S0 EEEHX, %7
VEBIRI VY, ATFA=VEORRT I B
L, Sk EEREE L LT O B
FOMAT I VBORREDAELRNE IR
ARAVE= R S AT AR TN A NRE o = R /ol w G (
FEN720, AFZETIIAENTER D D%
B DRENAECITS WEHETH -T2 &
Ex o, WBREE OGS E TICRIT DK -
I EELHX O~ 7 A O E RGE X0 E R
fAktX & RIS OBIEE R LTZ, LLEDZ 2k,
+ 43 70 e 3% A FEEUATBE C & 5 i 1 2R Bl A FL AR
DAL - A ERENE, ~ %A D E. tarda \ 2%
HEPUEICE LWEREL RIT S RN &M
R I,

B 1 TlX, 2 TORMATHRRL LOEED A
LR HNT=DITHR L, ARAITZENDDIE
KRB N2> Tz, ZDOZEmn, 5
Bl T, ARBICEEDA LI~ Z A DAL
WCREREBEE 22 LRSS, E
tarda DFa~DIR AL, BHESCHZ T TR
<HEFELEDNTWSZ & (Ling et al. 2001),
AEBITREEBEICLVMEKELZ T2 &
No, RELFEH L THEMRA LI ATREMEN S
2B, ZOB, BRERBIVEOENREOREA
ERLIZZEDRHEREIND,

FBR 2 TIX, M, AFRAOHGIZBWT,
BRREBIOEEOEN 2L RBO NPT, Z
DZEND, EBR1 & 2B DIRER L OE
OEOHBIFEOE WL, MEROKBEEZICE
F A BRI D TTEOEWIC LD AT
ZENHEREIND, £/, EBR2 T, FUAE
FEE AW CHEIROIRENERR 1 1ITHARTO0ME
Mol BB LT, BEETRIT 0.0~5.0%
EFEBR L IZHARTRWEZ R L., ZOJRK &

LClE, WBZIZBTH2RRB LOEOEOH
e, A ORER JOWEME OEV (FE5R 1
EEIRE 112~116 g - BT : 20.8~21.1, 2Bk
2 EHIRE 630~665 g+ I 21.2~22.0),
FEZEDOW BT NEZ LD, AFFEORER
TIXZDOREBERITAHATH 2, PAES (2015)
%, FBEBEORI E-IIBEHECKI N E
tarda JEGEMNE ~ 2 A ORERICADEEL 5
ZHMACH D Z EaHmE L TWD, 5%IL,
EKFKIB L OEDIEOHEN~ ¥ A O E. tarda 1=
KT DB T T HBIZHONWT, B DR
FNRBELEZEZ BND,
AWFFETIE, AR - EAKEE CRE L, Mk
FAREE S FEOFREBEREE R LI~ &A 1 F
FIZ DWW, E tarda W8 22~29 AZRIZET S
PRPELE, PR EEL L OEREE 2R
T-AE 5, BERECBUT D E. tarda (2R DB
DR EI2FBNIRD e o7, E. tarda 13,
BREMIENICIRYIAENTZHZE THEFAET
bHZENHMBNTEY (Miyazaki and Kaige
1985), BIEAGIZB N TH XA DEHICHR
L, JERYLMmt A DR A E D% D RFEFETH
ICREREELZRITTZENRBEINTND
(PAE - BAR 2015), £, v XA I2ON T,
KRG SRIFURE & F U 7= by BB ER B O fG 8RS
£0, FlRoZERE (RE 5 2012), AMERE
BHEDILT (LT 2013) HORENEUF
Bl b HE SN TS, AAFFETIE, AT
ME XA MERERREIC DWW TRRFTE23,
K - MAMETEIOEIIC L0 2 6 OFERA
U726, EMMICHTE. tarda (23 20T
PEICADORELZ 52 5t b e S5, L
7203 -7TC, E. tarda %PRE L7T-1%IZIK - AR
AR CREMIFAE Lo~ ¥4 ORIEIZRT 5 K
PUEIZ DWW TIE, FERIICRET L7273 RV
BThbLEZLND,

#  #
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IKFEFFEFTRIEKEMREDFEARFRER, &
0% U R ROK PERF R AT K BERFSE & > # — D IL
AR, BMOKE - B 5 EERITRET S
ORILEB K, B IERALEERE S K ERF R
FT OB K EZFTR, HALRFRKFEREO A8
BRI A IR S 2 W o T, ek s
o R &S KICITRBRER O 2 V272
Wo, FEBRAOERES, AFROIMICHIZ-
TIEHRINBETR, WARBER, HEAET
K& D RIFERAGKERRGRE OSKIZS
KT hEW-oiz, £iz, KOOI,
EMIKER RO EERIN S5 m [ RAMOKE
¥EDOHFIIHAIN R SR FEE] O TR (Fhk 26
2T H) TiToTo, THHOBFREDI # I
%L, ZOHEEY THEHN-ZLET,
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Table 1

Insredients and proximate ¢ omposition of the experim ental diets

4875

20234

Experimert 1

Experimert 2

FMNGD FM20 END EM30 FM23 END
Ingrediens (g /100 g wet matter)
Anchovy meal 50,040 20,00 - 50.00 2300 -
Sovbean meal 14.00 23.00 23.00 4.00 15.00 23.00
Soy protei concentrate - - 20.00 - - -
Comm ghiten meal - 26.00 26.00 4.00 16.00 31.00
P outry brproduct meal - - - - 8.00 7.00
Feather meal - 4.00 6.4
Wheat flour 13.00 12.45 2.00 2.00 5.00 3.30
Tapioca starch 5.00 5.00 5.00 7.00 1.0 7.00
Rice bran .00 - - 12.00 - -
Fishoil 6.00 8.00 2.50 11.00 8.00 10.00
Paln oil - 3.0 2.00
Taurine - 0.30 0.50 - 0.30 1.00
CaH POk - 1.50 2.50 - 1.50 2.70
Vitamine mixture! 200 200 2.00 - - -
Vitamine mixture - - - 2.00 2.00 2.00
Mineral mixtre’ 1.00 1.00 1.00 - - -
Mineral mixture® - - - 1.00 1.00 1.00
L-Lysite - 0.50 1.00 - 0.43 0.90
L -Methiordne - 0.23 0.30 - 0.23 0.44
L-Threonine - - - - 0.23 0.44
L-Tryptophan - - - - 0.09 0.18
Eviernally added
Sovbean ol {g/ 100z wet matter) 3.00 300 3.00 - - -
Skipjack peptide”(z / 1002 wet matter) 0.50 0.30
Enryme complex™ g/ 100g wet matter) 0.20 0.20
Astaxanthin { ppm) 40.00 40.04
FProxinate composition
Protew (%o Dry matter) 473 48.1 477 434 44.2 44.0
Lipid {%s Dry matter) 19.6 16.4 15.3 15.8 16.1 14.5
Mloisture (o) 3l 6.8 49 1.3 1.6 6.6
Phospherus (mg 2 Dy matter) 193 1210 123 18.1 14.7 1.2

I Chubushiryo Co, Ltd.

 See Takagi et al (2005)

3 Chubushiryo Co., Ltd.

4 See Takagi et al (2005)
 Marubers Nisshin Feed Co., Ltd
¢ Alttech
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Table 2
Essential amino acid composition of the experimental diet in Experiment 1
FM30 FM20 FMO

img ./ g Dy matter)

Threonine 13.2 16.7 123

Valine 9.6 11.3 S0

Methionine 4.6 6.4 7.2

Isoleucine 7.7 9.5 74

Leucine 21.2 358 353

Phenvlalanine 12.6 17.2 18.3

Histidine 6.2 6.6 6.4

Lysine 201 18.0 212

Trvptophan 2.7 1.5 3.1

Arginine 221 192 18.1
Table 3
Daily feed intake and growth performance of red sea bream in Experiment 1"

Fish meal 50% Fish meal 20% Fish meal 0%

Initial weight (g) 90.4 =+ 9.0 @ 89.7 =+ 109 =*? 89.1 =+ 11.1 @
Final weight (g) 116.1 =+ 11.8 *# 1140 =+ 129 =*° 112.2 =+ 221 @2
Condition factor ! 21.1 += 1.4 a 20.8 =+ 1.1 a 21.1 =+ 1.5 a
Feed conversion ratio > 1.28 1.35 1.42
Specific growth rate (%) ° 0.58 0.56 0.54
Daily feed intake (% / day) * 0.74 0.75 0.76
Mortality (%) ° 0.0 0.0 0.0

*Values (means+S.D. of 45 fish) in a column not sharing the same superscript letters are significantly different (£ <0.05).

' 1000 X [g individual body weight/(cm individual fork length)’].

? Feed intake (dry matter)/weight gain.
3 100 X (In final body weight— In initial body weight)/feeding

days.

* Feed intake (dry matter) X 100/[(initial fish weight—+ final fish weight+ dead fish weight) X feeding days < 2].

5100 X dead fish number/initial fish number.
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Table 4
Cumulative mortality, carrier rate and symptoms of red sea bream in experiment 1
Fish meal 50% Fish meal 20% Fish meal 0%
Investigation of dead fish in challenge test
Cumulative mortality (%) " 15.8 (3/19) @ 26.3 (5/19) @ 15.8 (3/19) *
Observation and dissection of dead fish?
Scuff (body surface or fin, %) 100.0 (3/3) 100.0 (5/5) 100.0 (3/3)
Ulcerative lesion (body surface, %) 100.0 (3/3) 100.0 (5/5) 100.0 (3/3)
Tubercle like white spot (kidney) 333 (1/3) 100.0 (5/5) 66.6 (2/3)
Investigation of survived fish after challenge test
Carrier rate (%) ° 70.0 (7/10) *® 70.0 (7/10) @ 60.0 (6/10) *
Number of viable cells (log/g) * 3.77° 3.20° 3.59°
Observation and dissection of survived fish >
Scuff (body surface or fin, %) 0.0 (0/10) @ 0.0 (0/10) ® 0.0 (0/10) *
Ulcerative lesion (body surface, %) 10.0 (1/10) * 20.0 (2/10) * 30.0 (3/10) @
Tubercle like white spot (kidney, %) 40.0 (4/10) @ 30.0 (3/10) ® 20.0 (2/10) *

" Fish were immersed in a bacterial susupension at 3.65 X 10° CFU/mL for 1.0 hour.

1 Figures represant percentages of cumulative mortality. Figures in the parenthesis represant no. of dead fish/no. of fish tested.

2 Figures represant percentages of scuff or symptoms positive fish to the dead fish. Figures in the parenthesis represent no. of
scuff or symptoms positive fish/no. of dead fish.

3 Figures represant percentages of E. tarda positive fish to the fish survived. Figures in the parenthesis represent no. of E. tarda
positive fish/no. of fish survived (n=10).

4 Figures represant means of fish survived (n=10).

5 Figures represant percentages of scuff or symptoms positive fish to the fish survived. Figures in the parenthesis represent no. of
scuff or symptoms positive fish/no. of fish survived (n=10).

o Fish meal 50% =@=Tish meal 20% egy=TFish meal 0%
100

90

80

70

60
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40

30
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Days after infection

Fig. 1 Cumulative mortality of red sea bream challenged with E. tarda in experiment 1.



AR~ 5 A AR IR EE O A 2P RE & AR MR _EICBE 42 BF5E

Table 5
Daily feed intake and growth performance of red sea bream in Experiment 2"

Fish meal 50% Fish meal 25% Fish meal 0%
Initial weight (g) 409.6 + 69.6 *° 3968 + 719 =@ 3872 =+ 56.1 @
Final weight (g) 6584 =+ 750 @ 6654 =+ 91.7 @ 6304 =+ 653 @
Condition factor ! 220 + 1.1 =@ 21.8 £ 09 @ 212 £ 1.0 °
Feed conversion ratio > 1.40 1.29 1.44
Specific growth rate (%) * 0.59 0.64 0.60
Daily feed intake (% / day) * 0.81 0.81 0.85
Mortality (%) ° 0.0 0.0 0.0

*Values (means£S.D. of 25 fish) in a column not sharing the same superscript letters are significantly different (P <0.05).
11000 ¥ [g individual body weight/(cm individual fork length)3].

% Feed intake (dry matter)/weight gain.

3 100X (In final body weight —In initial body weight)/feeding days.

* Feed intake (dry matter) X 100/[(initial fish weight+ final fish weight+ dead fish weight) X feeding days X 2].

® 100X dead fish number/initial fish number.

Table 6
Cumulative mortality, carrier rate and symptoms of red sea bream in experiment 2
Fish meal 50% Fish meal 25% Fish meal 0%
Investigation of dead fish in challenge test
Cumulative mortality (%) ' 0.0 (0220) @ 5.0 (1/20) @ 0.0 (0/20) 2
Observation and dissection of dead fish >
Scuff (body surface or fin, %) - (0/0) 0.0 (0/1) - (0/0)
Ulcerative lesion (body surface, %) - (0/0) 100.0 (1/1) - (0/0)
Tubercle like white spot (kidney) - (0/0) 100.0 (1/1) - (0/0)
Investigation of survived fish after challenge test
Carrier rate (%) 60.0 (6/10) * 70.0 (7/10) *° 70.0 (7/10) @
Number of viable cells (log/g) * 4.47° 435° 457°
Observation and dissection of survived fish’
Scuff (body surface or fin, %) 0.0 (0/10) @ 0.0 (0/10) 2 0.0 (0/10) @
Ulcerative lesion (body surface, %) 100.0 (10/10) » 100.0 (10/10) @ 90.0 (9/10) @
Tubercle like white spot (kidney) 30.0 (3/10) ® 40.0 (410) * 40.0 (4/10) *

" Fish were immersed in a bacterial susupension at 1.13x10” CFU/mL for 1.0 hour.

1 Figures represant percentages of cumulative mortality. Figures in the parenthesis represant no. of dead fish/no. of fish tested.

2 Figures represant percentages of scuff or symptoms positive fish to the dead fish. Figures in the parenthesis represent no. of scuff
or symptoms positive fish/no. of dead fish.

3 Figures represant percentages of E. tarda positive fish to the fish survived. Figures in the parenthesis represent no. of E. tarda
positive fish/no. of fish survived (n=10).

4 Figures represant means of fish survived (n=4).

5 Figures represant percentages of scuff or symptoms positive fish to the fish survived. Figures in the parenthesis represent no. of
scuff or symptoms positive fish/no. of fish survived (n=10).
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Fig. 2 Cumulative mortality of red sea bream challenged with E. rarda in experiment 2.
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FRZ AR TE L Z LW LN E N
TW5 (FHAR 2009), & A HEEFCIZRKE
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T2 (Aoki et al. 2000, A5 2000a),
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MHREIUVAE

AEREAR

AR AR OB AR ES L V%A 47 & Table
1IZRT, ABFSE T, KK BP Skl (k&
25%) & il EP fll (Fofy i 40%) o 2 FifE
OfAEHE VY, ZNZENOFEE X A KA X R
FOHIREREHX & Uz, IR ERHTIE, &k
SO & X7 IR E LCREMH (LT,

SBM) % 20%, a2—> 277 —L (LT,
CGM) % 25%EiE L7z, FREIRE L Cidfim
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VHAVF =+ NV T RN T U b R bhE
7 X BIREY, # UV v, BEHEEDE (H
TEAKLER R, BV AT F V), BERA

(Alltech, SSF), 7 AXXH o F U ZEr2TMNL
7o REREIEHIWVT S BIEIALEEHE R 1
WCTH 0, maRBREE O EAIL 6~8mm & LT,
RO RESITE LIz A X0kt H L
7o AR R & THIRERRI O &7 Ry B E &
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B30

AL, RGFRFE T O~ ¥ A Bhfky;
il BB 2 FEhE U 7o, AR X I T AR R X &
BHXO 2 RERE L, #2015 4 7
H8 H25H 201641 H 29 HETD 206 HiH &
Lo, s, ROBROMEEAEEEENOA
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Table 1. Ihgredients and proximate composition ofthe expenimental diets

Commercial diet Low fish meal diet

Ingradients (g/ 100 g wet matter)

Fish meal 40.0 25.0
Sovbean medl 200
Corn ghiten meal 250
Wheat flour - 50
Starch E -
Vitamine mixture’ 3 23
Mineral miture” B
Fish oil = 8.0
Palm ol 2 40
Calcium phosphate = 15
Amino acid mixnre’ E 1.0
Taurine E 05
Slapjack peptde - 03
Enzyme complex’ 02
Astaxarthin 40 ppm
Proximate composition
Protein (% Dry matter) 419 462
Lipid (%% Drv matter) 16.5 16.1
Moisture (%a) 7.6 76
Ash (% / g Drv matter) 108 8.1

1 Mamben Nisshin Feed Co., Ltd.

2 Namben Nisshin Feed Co., Ltd.

3 Lys 0%, Met035% Thr05% Tip 02%
4 Allkech (SSF)
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Table 2. Dailv feed intake and growth performance of red sea bream in the experiment

Commercial diet Low fish meal diet
Initial weight (g)* 567 @ 519 *®
Final weight (g)* 1251 ® 1326 *
Feed conversion ratio” 238 2.02
Growth rate (%o/day)” 120.1 155.1
Daily feed intake (%6/day)’ 0.87 0.85
Protein efficiency ratio” 1.00 1.18
Mortality (%)’ 0.3 0.2

*Values (means of 50 fish) in a cohunn not sharing the same superscript letters are
significantly different (P < 0.05).

' Feed intake (drv matter) weight gain.

100 (weight gain‘initial body weight).

* Feed intake (drv matter) < 100/[(initial fish weight + final fish weight + dead fish weight) ><
feeding davs > 2].

+ Weight gain'protein intake (drv matter).

7 100 < dead fish mumber initial fish number

Table 3. Condition fictor and relative weights of iternal organs to body weights (%) i red sea bream
fed the commercial and low fish meal diets in the exp eriment.

Commercial diet Low fish meal diet
Conditon factor 245 £+ 15 * 44 + 106 3
Viscerosomatic index™ 106 =16 ¢ 93 + 08 °®
Hepatosomatic index 108 028 = 1.12 + 019 =

*alues (means=5 1. of 10 fish) i a column not shanng the same superscript letters are simnificantly

differert (P < 0.05).
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Table 4. Hematocrit value and content ofplasma comp onents of red sea bream n the exp eniment

Commercial diet Low fish meal diet
Hematocnit valie (%) 95 + 47 =# 372 4+ 45 ¢
Plasma components
Total cholesterol (mg'al ) 157 + 29 2 128 + 23 e
Total protein (g'al ) 37 04 = 37 + 04 =
Trigveeride (mg/al ) 116 = 28 2 131 = 40 2
Glucose (mg'al) 47 4+ 87 @ 47 + 72 @
GOT (AST) (U 12+ 26 ¢ 32 + 17 @
GPT (ALT) (U/) 1 +0 = 1 +0
Total bilirubin (mg/dl) 01 + 00 = 01 + 01 =
Utrea nitrogen (mg'al) 35 05 =® 31 + 04 =

*Walues (means=S.D. of 10 fish) m a column not shanng the same superscopt letters are significantly
different (P < 0.03).

Table 5. Eesults of proximate comp osifion anabvsis of dorsal nuscle (%6) from red sea bream fed the
control and low- fish meal diets in the experimert.

Diet Commercial diet Low fish meal diet

Mostre 730 +02 ¢ 726 + 08 ¢
Crude protein 219 =02 * 220 =04 ¢
Crude lipid 46 + 02 ® 49 + 11 2

*Values (means=S D. of 5 fish) in a colurmn not sharing the same superscript letters are significantly
different (P < 0.05).

(g)
1400 -
1300 -
1200 -
1100 -
1000 -
900 -
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Fig. 1 Growth curves of red sea bream fed the control and low fish meal diets in the experiment.
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