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Abstract

Evaluation of a mixture of plant protein source as a partial fish meal replacement in
diets for juvenile olive flounder Paralichthys olivaceus

This study was conducted to examine a mixture of plant protein sources (soybean meal,
wheat gluten and soy protein concentrate) as a fish meal (FM) substitute. In trial 2-1, the
basal diets were formulated to contain 65% FM (FM65). Five other diets were formulated to
contain 59%, 55%, 52%, 49% and 46% FM, respectively (FM59, FM55, FM52, FM49 and
FM46). In trial 2-2, the basal diet was formulated to contain 60% FM (FM60). Five other
experimental diets were formulated to contain 54%, 51%, 48%, 45% and 42% FM,
respectively (FM54, FM51, FM48, FM45 and FM42). Three synthetic amino acids (lysine,
threonine and methionine) were added to the experimental diets. Groups of fish in trial 2-1
(6.76+0.03 g) and trial 2-2 (32.5+0.1 g) were fed one of the experimental diets for 7 and 9
weeks, respectively. Each experiment was carried out in triplicates. There were no
significant differences among groups in terms of growth performance, feed utilization,
survival or hematological parameters in both experiments. The results indicated that a
mixture of soybean meal, wheat gluten and soy protein concentrate, supplemented with three
synthetic amino acids, can be used to reduce FM up to 42-46% in diets for juvenile olive

flounder.
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Effects of fish meal replacement in extruded pellet diet on growth, feed utilization and
digestibility in olive flounder Paralichthys olivaceus

Trial 3-1 and 3-2 were investigated to examine effects of replacing fish meal (FM) with
a mixture of four protein sources (wheat gluten, soy protein concentrate, tankage meal, and
poultry by-product meal) in an extruded pellet (EP) diet for olive flounder Paralichthys
olivaceus. The basal diets were formulated to contain 65% FM (FMG65). Four other
experimental diets were formulated to contain 52%, 46%, 39% and 33% FM, respectively
(FM52, FM46, FM39 and FM33). Trial 3-3 and 3-4 were performed to reduce the cost of
trial 3-1 and 3-2 diets. Two experimental diets were formulated contain 46% and 39% FM,
respectively (FM46 and FM39). One experimental diet was formulated to contain 39% FM
with different ratio of the protein sources (FM39_2). Taurine and betaine were added as
attractants in the diets. Groups of fish in trial 3-1 (5.41+0.01 g), 3-2 (196%2 @), 3-3 (60.9+0.3
g) and 3-4 (247+4 g) were fed one of the respective experimental diets for 15 weeks, 6
months, 5 months and 6 months, respectively. Each experiment was carried out in triplicates.
There were no significant differences among groups in terms of growth performance, feed
utilization, survival, hematological parameters or histological parameters in the experiments.
In trial 3-2, dry matter and protein digestibility of FM 33 were significantly lower than those

of the FM65 at water temperatures below 18.5C at 4th and 6th month. In trial 3-2, protein

digestibility of FM46 and FM39 were significantly higher than those of the FM65. It shows
that a proper mixture of protein sources (wheat gluten, soy protein concentrate, tankage meal,
and poultry by-product meal) with taurine and betaine can be used to reduce FM up to 33%
level in diets. It also shows that up to 39% of fish meal could be safely used in EP diets

during periods of low water temperature.



Development of fish meal-free extruded pellet diet for olive flounder Paralichthys
olivaceus for olive flounder using a mixture of protein sources.

This study was investigated to examine the effects of replacing FM with a mixture of
five protein sources (wheat gluten, soy protein concentrate, tankage meal, poultry by-product
meal and tuna by-product meal) in an extruded pellet (EP) diet for olive flounder
Paralichthys olivaceus. The basal diets were formulated to contain 70% FM (FM70). Five
other experimental diets were formulated to contain 45%, 40%, 35%, 20% and 0% FM,
respectively (FM45, FM40, FM35, FM20 and FMO). Taurine, betaine and methionine were
added to the experimental diets. Triplicate groups of fish (150+1) were fed the diets to
apparent satiation. After 5 months of the feeding trial, no significantly differences were
found in the groups for survival, hematological parameters and histological parameters. Over
the course of a 3-month feeding trial, there were no significantly differences between the
groups for growth performance and feed utilization. However, the final results showed that
FM free diet (FM0) would have problems in growth performance, feed utilization or
digestibility compared to FM70. It shows that a proper mixture of the five protein sources
(wheat gluten, soy protein concentrate, tankage meal, poultry by-product meal and tuna by-
product meal) with taurine and betaine supplementation will allow a low FM diets, up to 20%

FM level, for olive flounder.
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Table 1. Dietary formulation and proximate composition of the experimental diets in

trial 2-1 (% of dry matter basis).

Diets

Trial 2-1

FM65 FM59 FMS55 FM52 FM49 FM46
Brown fish meal* 65.00 58.50 55.25 52.00 48.75 45.50
Soybean meal? 5.00 7.60 8.90 10.20 11.50 12.80
Wheat gluten® 0.00 1.95 2.925 3.90 4.875 5.85
Soy protein concentrate* 0.00 1.95 2.925 3.90 4.875 5.85
Corn gluten meal® 5.00 5.00 5.00 5.00 5.00 5.00
Wheat flour 19.00 17.50 16.70 16.10 15.40 14.80
Fish oil® 3.00 3.60 3.90 4.10 4.40 4.70
Lysine’ 0.00 0.20 0.30 0.40 0.50 0.50
Threonine’ 0.00 0.10 0.20 0.20 0.30 0.30
Methionine’ 0.00 0.10 0.20 0.20 0.20 0.30
Lecithin 0.50 0.50 0.50 0.50 0.50 0.50
Mono calcium phosphate 0.00 0.50 0.70 1.00 1.20 1.40
Mineral Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Choline 0.50 0.50 0.50 0.50 0.50 0.50

Proximate composition (% of dry matter)

Moisture 6.76 8.06 7.94 7.85 8.60 7.69
Crude protein 52.4 52.2 52.0 51.8 51.9 51.7
Crude lipid 10.8 10.9 10.7 11.0 10.5 10.8
Crude ash 11.9 114 11.0 10.7 10.7 10.5




'Brown fish meal (crude protein 68.0%, crude lipid 8.6%, crude ash 17.1%)
2Soybean meal (crude protein 52.7%, crude lipid 1.8%, crude ash 6.8%)

*Wheat gluten (crude protein 83.2%, crude lipid 3.49%, crude ash 1.3%)

“Soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, crude ash 7.1%)
>Corn gluten meal (crude protein 64.1%, crude lipid 3.5%, crude ash 0.6)

®Fish oil was by E-wha oil Co., Ltd., Busan, Korea.

"Lysine, threonine and methionine were by Vixxol Co., Ltd., Gyeonggi, Korea.
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Table 2. Dietary formulation and proximate composition of the experimental diets in

trial 2-2 (% of dry matter basis).

Diets

Trial 2-2

FM65 FM59 FMS55 FM52 FM49 FM46
Brown fish meal* 60.00 54.00 51.00 48.00 45.00 42.00
Soybean meal? 5.00 7.40 8.60 9.80 11.00 12.20
Wheat gluten® 0.00 1.80 2.70 3.60 4.50 5.40
Soy protein concentrate* 0.00 1.80 2.70 3.60 4.50 5.40
Corn gluten meal® 5.00 5.00 5.00 5.00 5.00 5.00
Wheat flour 23.50 22.20 21.70 21.00 20.40 19.90
Fish oil® 3.50 4.00 4.20 4.50 4.70 5.00
Lysine’ 0.00 0.10 0.20 0.30 0.40 0.40
Threonine’ 0.00 0.10 0.10 0.10 0.20 0.20
Methionine’ 0.00 0.10 0.10 0.20 0.20 0.20
Lecithin 0.50 0.50 0.50 0.50 0.50 0.50
Mono calcium phosphate 0.00 0.50 0.70 0.90 1.10 1.30
Mineral Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Choline 0.50 0.50 0.50 0.50 0.50 0.50

Proximate composition (% of dry matter)

Moisture 5.97 5.67 6.26 5.39 5.33 5.18
Crude protein 49.3 494 49.3 49.5 49.7 49.6
Crude lipid 10.8 10.8 10.9 10.0 10.1 10.0
Crude ash 11.7 11.2 11.1 10.8 10.6 10.6
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'Brown fish meal (crude protein 68.0%, crude lipid 8.6%, crude ash 17.1%)
2Soybean meal (crude protein 52.7%, crude lipid 1.8%, crude ash 6.8%)

*Wheat gluten (crude protein 83.2%, crude lipid 3.49%, crude ash 1.3%)

“Soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, crude ash 7.1%)
>Corn gluten meal (crude protein 64.1%, crude lipid 3.5%, crude ash 0.6)

®Fish oil was by E-wha oil Co., Ltd., Busan, Korea.

"Lysine, threonine and methionine were by Vixxol Co., Ltd., Gyeonggi, Korea.
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S A S(weight gain, %), L3475 (specific growth rate, %), A543 %(feed
intake, g/fish), AF= %13 & & (feed conversion ratio), &2 2 o]-8 7 & (protein efficiency

ratio), A<= (survival, %)S ZASEA T AARAY 2 o3t 2t

- Weight gain (%) = 100 x (final mean body weight — initial mean body weight) / initial
mean body weight

- Specific growth rate (%) = [(log. final body weight — log, initial body weight) / days]
x 100

- Feed conversion ratio = dry feed fed / wet weight gain

- Protein efficiency ratio = wet weight gain / total protein given

- Feed intake (g/fish) = dry feed consumed (g)/fish

- Survival (%) = number of fish at end of feeding trial / number of fish stocked x 100

2.1.4. MEFH

gt

ANEH F, f7he] FxolA gulele] o) FE AR AEsh 4

il

21%lo}i=  2-phenoxyethanol £<4(100 ppm)< ©]&3te] wiFHAH oW, FAY]

ol

ojgsto] mFEFHA AHS A DA dutdoe] 20 pbA A H
1.5mL eppendorf tube ° 2 ©] hematocrit, hemoglobin % nitroblue tetrazolium (NBT)

activity= A ol AL-&5 A},

2.15. AUk E FX

Q85190

mlo

AOAC (2000) w2 wol wel AgAlz ] st dukgdi 4
T AA7rEddxzm125°C, 3417, 232> # 3]s (550°C, 4A17h o=
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XAt AWS Folch et al. (1957)¢] wWhol gl EAEQv whilgd e

A2 A B4 7] (Kejltec system 2300, Sweden) 2 2] =] L T}

2.1.6. B3}5H3 £4

Hematocrit> 2418 ¥ 2l & 7 B (micro-hematocrit capillary tubes)ol] 8 8-S A&
A #-2] 7] (Micro Hematocrit VS-12000, Vision Scientific, Korea)oll 4]
1027 A ste]  gtel SA AT Hemoglobin 242 AJdE L =
kitA] 2F 2} dE-SA171 & ol AIs}ShEA] 7] (Express plus system, Bayer, USA)E
o]-&3}o] end point oz AT AN A AHE A (NBT activity)>
Kumari and Sahoo (2006)2] +#XWHS WO =Z  respiratory  bursts St

%% (neutrophils)ell &gk Aks) el ko] A ko] S Tt

21.7. A ¥4

AYrtge] WA e A ZEA S (completely  randomized  design)S
AN, AE, AtERas, AEE 9 2 AIELS SPSS (version 12.0)
T23WE o] 831 one-way ANOVAZ FA #A At dlolg #he] folate
Tukey's HSD = i+ Fe]  FoA(P<0.05)S Hlwslglth  HolE =

Bkt EFH A (mean+SD) = UERAN S, WS do]ElE=  arcsine W
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2.2. A3}

[24 2-1]

77 AMSAE AF= Table 30 WERSITE FM59 A 7571 FM52, FM49,
FM46 Aol w8 AgEC] Eou folAl Aol Ut FM52
AT FM49 AFF7F e A@ Tl vlE| AbmAdol®Fe] Wkont fo% <l
Zpoli= ATh FMB9 AT AlmEEol Mg mokou A@AT Abeld
o)Al Aol AT AsEHA £ A= Table 40 UEHAAT. FM46

Hl& 7334 © 2 hemoglobin, hematocrit, NBT =% 7}

>
e
4
N
N
iy
rt
>
o
-
2

Aol mls sl =doed FoAl Aol glUvh. FM54, FMA45
A7 v Aol s AbRAIolFol kot FoHQl Aol fidt

FM54, FM45 Aed7F o2 Aol mlsl Almade] wWokow #olA<l
ZFoli= itk A e 4 A= Table 40 UEFUIQITE FM42 A7) ohE

218 7o B3] hemoglobin, hematocrit <=2] 7} wgkov} 97 ¢l xpo]= It}
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Table 3. Growth performance of olive flounder Paralichthys olivaceus fed experimental diets for trial 2-1 (7 weeks) and trial 2-2 (9 weeks)".

Dietary

2 3 4 5 6 7 H

treatment FBW WG SGR Fl FCR PER Survival

Trial 2-1
FM65 27.0+0.5 2986 2.09+0.02 24.6+3.5 1.22+0.16 1.59+0.21 76.4+4.8
FM59 29.7+1.3 340+20 2.24+0.07 24.7+3.7 1.07+0.10 1.80+0.17 71.5+10.0
FM55 27.3+4.0 303158 2.10+0.22 25.8+4.6 1.27+0.19 1.53+0.22 80.0+16.7
FM52 24.8+2.3 265136 1.96+0.15 20.7+£2.2 1.17+0.25 1.68+0.36 81.8+4.8
FM49 25.1+2.2 274+33 1.99+0.14 20.0+1.8 1.10+0.17 1.77+0.26 80.6+6.9
FM46 25.1+0.8 272+12 1.99+0.05 24.5+0.1 1.33+0.06 1.44+0.07 87.8+1.0

Trial 2-2
FM60 155+2 378+8 2.48+0.02 131425 1.06+0.21 1.96+0.34 62.2+8.4
FM54 14145 332+15 2.32+0.06 140+19 1.35+0.27 1.55+0.30 42.2+12.6
FM51 152+14 366+42 2.44+0.14 132420 1.12+0.28 1.88+0.43 66.7+17.3
FM48 15245 367+15 2.45+0.05 126422 1.05+0.20 1.99+0.43 62.2+5.1
FM45 14645 349+17 2.38+0.06 143+24 1.26+0.20 1.64+0.25 57.8+18.4
FM42 152+5 367+14 2.45+0.05 133+28 1.11+0.19 1.88+0.34 55.6+9.6

"Values are mean of triplicates and presented as mean + SD. The lack of superscript letter indicates no significant differences among treatments.

’Final body weight (g)

*Weight gain (%)

*Specific growth rate (%)

*Feed intake (g/fish)

®Feed conversion ratio

"Protein efficiency ratio
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Table 4. Hematological parameters of olive flounder Paralichthys olivaceus fed

experimental diets for trial 2-1 (7 weeks) and trial 2-2 (9 weeks)".

Dietary

treatment Hb’ H NBT*
Trial 2-1
FM65 3.59+0.41 29.6+5.7 0.96+0.10
FM59 3.98+0.43 29.8+0.4 1.02+0.08
FM55 3.64+0.88 29.2+2.7 0.90+0.04
FM52 3.63£0.20 30.6+3.6 0.92+0.08
FM49 4.01+0.64 29.0£1.5 0.91+0.01
FMA46 3.30£0.19 25.214.4 0.85+0.08
Trial 2-2
FMG60 4.75+0.15 31.1+2.8 0.85+0.04
FM54 3.92+0.33 29.0£1.2 0.76+0.08
FM51 5.07+1.33 30.2+2.0 0.90+0.07
FM48 4.12+0.26 29.3+1.5 0.87+0.07
FMA45 4.41+0.19 29.9£2.0 0.97+0.02
FM42 3.76x0.34 25.7+2.4 0.89+0.13

"Values are mean of triplicates and presented as mean + SD. The lack of superscript letter
indicates no significant differences among treatments.

“Hemoglobin (g/dL).

*Hematocrit (%).

*Nitro blue tetrazolium activity (absorbance).

18



X

I

40%

[e)

=

=
=

A}

o
=]
fin

_]
=

73

SEER
2 ol

1

R

3 TH(Kim et al., 2000).

B

S

¢}

A

A

LA

o

[e)

=

=]

LN

Aol A 18.4% ©]

bol of
1

°
pud

°

°ol-&

o H 3 A oH(Kim et al., 2000; Deng et al., 2006).
o A

T

°
pul

25% o©|

[e)

o] ¥y
=

LN

=]

391 tH(Deng et al., 2006). 4t 7F13] H5 T

FSdar, 27.6% thA|sk A9 Alea &0l
[e)

IS

= of

Y

FSTH(Kim et al,, 2014a). Turbot (Scophthalmus maximus) A= W] ©f

o2 A

&0l 2
=
2]

<]

9

A

) A 8o =

7

=

[}

[e)
T

tohar Basglow, 1

)

ol %= 25%7+A] WAl 7k

o
-5

ki3

o=Z fiA

G
!
i
Ho
b

AR,

S (Gatlin et

77y 283
TH(Choi et al.,

=

}9tH(Day and Plascencia GonzA lez,
=]
20%%F o A &

°©

o]

18 39 obvl At

A

2

s}A]Z th(Deng et al., 2006). Senegalese sole

<

o

mj

—_
fie}

o eh Aol

1]

°©

7}

=
T

SR
=

ol it 3%

)
=

19

Aol A =

2

i

B ATHSilva et al, 2009).

(Solea senegalensis) Al=



el

ol 21714

N
-

X 3135t} (Cabral et al, 2011). =3} Kim et al. (2000)

kel
3T

15 b7t

NAE

Hge] olRiAlE AAY 5 9le Zoleh misteth. Kikuchi (1999)% TlFu,

40%7}A]

S
=

gR Al Ul of®

o]/
HH

ol
-,

H) &9 ol hA|7} o] Fo] vt ®irwdth Turbot (Psetta maxima) A& i

2L A TH(Fournier et

PN
T

<

50% ti

H o
=

@atel of

al., 2004). Atlantic salmon A}=<} rainbow trout Al= U]

o

=3 292 Y(spirulina),

=

24 A TH(Espe et al., 2006; Flores et al., 2012). & Ao %= o F-ojj A

30% tHA 3=l

o oE&

7] Wi

=
T

i

Az B

ol wet

A

@7l

Pedro et al., 2005).

z}o] 7} o (Murai et al.,, 1982; Lee et al., 1993b; Park et al., 1999). {X*|] Al U

o™, 50% o4 Al A9 iz

S

hemoglobin3} hematocrit =% 7} 74

fre) & o7 o]zt Wk(Kim et al., 2014a).

2] 7}

hemoglobin®} hematocrit <

PN
T

e

=
°©

o) i Th A &

ol M =

A

&

oAl

ol

20



b

S

F5) ATH(Lim et al., 2011; Shin et al., 2019).

&

W7t o

hemoglobin, hematocrit,

1
R

EX R (pig bristle meal)S o] &3t oA AollA

o

ol
oH

A= 4

£

2o 7} SAATHKIm et al, 2018).

SRR

NBT<]

EEE)

77} control

49

j
—L—DL_

NBT oA

hemoglobin, hematocrit,

SRR

30% th A5}k

H o
=

she] of

?]5‘:]]—

=

55 ay

HooAqgoa] AF 2229 HESELS thh uUkth AF 2-20]4 ¢

B

23.9C Ao

24°C o] tHOh et al., 2014). m]/do]7]

g

Fee olf

HA 68%= HigEnvl ATh(Kim et al., 2015a).

KeR
T

an AEs

}6]'

£ e

JTHKim et al., 2015b).

Nd 39

=} O
By

7FA1Z1tH(Choi et

al., 2009). ufgir Ag 22014 P AEH0]

A5 2-17 A9 229 A A, 9A AFE U] obn]i=4k(lysine, threonine,

7Fatel

g

methionine)<-

FM42)7}4]  t) A 3}

3096(FM486,

o7&

AT7F Barsa vk(Gu

s

A Sl o

-
- L

3

oA

Z

o

o] 3

- =
- O

gl

21



o

]

B!

p—

0
®

N
N
X

0
s

W
e

22



CHAPTER 3

FAEA 2 Ed EFES o]83F gX|(Paralichthys olivaceus)

AR W o RTAl hsA B

31 Als ¥ Wy

3.1.1. AdAE
AY 313 AF 320 AREHE AHPALE wiFH]= Table 50 WERYSIT
Agrtzad = 2 T/ oABFHAE, EA)o] AFEHAT UizAtE 4

52.0%, 45.5%, 39.0%, 32.5%7} %= AAHEJATHFM52, FM46, FM39, FM33).

HAlde AbR ghe] Sdd 2, =X, 9l 2SS 98 2UHE, ol
Aok gol ARGE AT oARWAl Atme VIEAd e fd HEHI

Bhp-dlo] H7hs T ddAtEs =4 71(ATX-2, Fesco, Korea) S ©]-8-3Fo] EP
Fej 2 A2 A

A3 3-37% AF 340 AMEE HIALE diH]= Table 60 ERAATH
zAlE W o3 dS 65%= ARG EHATHEME5). 259 AFALE U o

WEFd, FEEEE, S, bR 3RS olgetel 247 30w,
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Table 5. Dietary formulation and proximate composition of the experimental diets in

trial 3-1 and 3-2 (% of dry matter basis).

Diets
Trial 31 &3-2 FM65  FM52  FM46  FM39  FM33
Fish meal, sardine! 32.50 26.00 22.75 19.50 16.25
Fish meal, anchovy? 32.50 26.00 22.75 19.50 16.25
Soybean meal® 12.00 12.00 12.00 12.00 12.00
Wheat gluten* 1.00 3.50 4,50 5.50 6.50
Soy protein concentrate® 0.00 3.50 5.25 7.00 8.75
Tankage meal® 0.00 3.50 6.25 9.00 11.75
Poultry by-product meal’ 0.00 3.50 4.00 4.50 5.00
Wheat flour 14.85 12.85 12.95 12.55 12.55
Fish oil® 3.40 4.00 4.30 5.10 5.50
Mono calcium phosphate 0.50 0.50 0.50 0.50 0.50
Mineral mixture 1.00 1.00 1.00 1.00 1.00
Vitamin mixture 0.80 0.80 0.80 0.80 0.80
Vitamin C 0.30 0.30 0.30 0.30 0.30
Vitamin E 0.30 0.30 0.30 0.30 0.30
Betaine 0.00 1.00 1.00 1.00 1.00
Taurine 0.00 0.40 0.50 0.60 0.70
Choline 0.30 0.30 0.30 0.30 030
Lecithin 0.50 0.50 0.50 0.50 0.50
Anti-fungal agent 0.05 0.05 0.05 0.05 0.05
Proximate composition (% of dry matter)
Moisture 6.47 5.98 4.62 5.93 4.70
Crude protein 58.8 60.1 59.5 59.9 60.1
Crude lipid 13.2 131 12.8 135 134
Crude ash 13.0 11.7 10.9 10.5 9.7
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'Fish meal, sardine (crude protein 68.0%, crude lipid 8.6%, crude ash 17.1%)

2Fish meal, anchovy (crude protein 69.4%, crude lipid 8.3%, crude ash 17.8%)
3Soybean meal (crude protein 52.7%, crude lipid 1.8%, crude ash 6.8%)

*Wheat gluten (crude protein 83.2%, crude lipid 3.49%, crude ash 1.3%)

>Soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, crude ash 7.1%)
®Tankage meal (Crude protein 83.2%, crude lipid 3.69%, crude ash 7.5%)

"Poultry by-product meal (Crude protein 71.6%, crude lipid 13.5%, crude ash 10.5%)

8Fish oil was by E-wha oil Co., Ltd., Busan, Korea.
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Table 6. Dietary formulation and proximate composition of the experimental diets in
trial 3-3 and 3-4 (% of dry matter basis).

Diets

Trial 3-3 & 3-4

FM65 FM46 FM39 FM39_2
Fish meal, anchovy' 32.50 22.75 19.50 19.50
Fish meal, sardine® 32.50 22.75 19.50 19.50
Soybean meal® 12.00 12.00 12.00 5.00
Wheat gluten* 1.00 4.50 5.50 3.00
Soy protein concentrate® 0.00 5.25 7.00 7.00
Tankage meal® 0.00 6.25 9.00 13.00
Poultry by-product meal’ 0.00 4.00 4.50 5.00
Brewer’s yeast® 0.00 0.00 0.00 1.00
Wheat flour 14.90 13.00 12.60 17.70
Fish oil® 3.40 4.30 5.10 4.60
Mono calcium phosphate 0.50 0.50 0.50 0.50
Mineral mixture 1.00 1.00 1.00 1.00
Vitamin mixture 0.80 0.80 0.80 1.00
Vitamin C 0.30 0.30 0.30 0.10
Vitamin E 0.30 0.30 0.30 0.10
Betaine 0.00 1.00 1.00 0.60
Taurine 0.00 0.50 0.60 0.60
Choline 0.30 0.30 0.30 0.30
Lecithin 0.50 0.50 0.50 0.50

Proximate composition (% of dry matter)

Moisture 5.30 5.91 6.00 6.76
Crude protein 57.8 59.3 59.6 58.9
Crude lipid 10.1 10.6 11.3 11.2
Crude ash 12.8 10.9 10.3 10.3
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'Fish meal, sardine (crude protein 68.0%, crude lipid 8.6%, crude ash 17.1%)

?Fish meal, anchovy (crude protein 69.4%, crude lipid 8.3%, crude ash 17.8%)
3Soybean meal (crude protein 52.7%, crude lipid 1.8%, crude ash 6.8%)

*Wheat gluten (crude protein 83.2%, crude lipid 3.49%, crude ash 1.3%)

>Soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, crude ash 7.1%)
®Tankage meal (Crude protein 83.2%, crude lipid 3.69%, crude ash 7.5%)

"Poultry by-product meal (Crude protein 71.6%, crude lipid 13.5%, crude ash 10.5%)

8Fish oil was by E-wha oil Co., Ltd., Busan, Korea.
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< S A &(weight gain, %), €7+ 74E(specific growth rate, %), A=A =F(feed
intake, g/fish), A& %18l & & (feed conversion ratio), T+ 2 o] -8 7 S (protein efficiency
ratio), A<=8(survival, %), Y]9F=(condition factor), 7} F% #|57(hepatosomatic
index, %), & Z% A 4=(viscerosomatic index, %) = AT AXEA] L vL-3

Fan=y

- Weight gain (%) = 100 x (final mean body weight — initial mean body weight) / initial
mean body weight
- Specific growth rate (%) = [(log. final body weight — log. initial body weight) / days]
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x 100
- Feed conversion ratio = dry feed fed / wet weight gain
- Protein efficiency ratio = wet weight gain / total protein given
- Feed intake (g / fish) = dry feed consumed (g) / fish
- Survival (%) = number of fish at end of feeding trial / number of fish stocked x 100
- Condition factor = fish weight x 100 / total body length®
- Hepatosomatic index (%) = 100 x (liver weight / body weight)

- Viscerosomatic index (%) = 100 x (visceral weight / body weight)

AASE F, 72 FxolA 8utEl ofFE TR Adsiit AdHE
A¥o]= 2-phenoxyethanol -&°(200 ppm)= ©]-83slo] wEFHAIH oW, FAE
o] g3ste] mFFHoA PSS AT AFH AL & lo] 20 uLH

212l ¥ 1.5mL eppendorf tubeol] 2] hematocrit, hemoglobin 2 nitroblue tetrazolium
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=
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ApE ekl BA 7 (Kejltec system 2300, Sweden) & 4] =] ¢l o}

3.1.6. B35y £4
Hematocrit> = A1 &3 21 & 5 X (micro-hematocrit capillary tubes)ol] & oS- |-
o5 aF¥H(wax plates)oll Al 5, o LA 7](Micro Hematocrit VS-
12000, Vision Scientific, Korea)olA] 10%-7F QA Egsle] o] A AT
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Table 7. Growth performance and morphological indexes of olive flounder Paralichthys olivaceus fed experimental diets for trial 3-1 (15 weeks),

trial 3-2 (6 months), trial 3-3 (5 months) and trial 3-4 (6 months).

Dietary FBW? WG? SGR* FI° FCR® PER’  Survival CF® HSI® VS
treatment
Trial 3-1
FM65 615+7.6  1135+134 2.35+0.11 456+14  0.82+¢0.13 2.10+0.34  88.0+0.0 - - -
FM52 66.245.9  1214+114 2.42+0.09 44.0+37  0.73+0.13 2.31+0.42 88.0+17.0 ; - -
FM46 702455 1300109 2.49+0.08 43.8+23  0.68+0.05 2.49+0.18 98.7+2.3 ; - -
FM39 58.0+2.2 109041  2.32+0.04 36.9+3.0  0.69+0.04 2.42+0.15 94.7+6.1 - - -
FM33 62.9+42  1164+71  2.38+0.06 37.8+6.2  0.66+0.09 2.56+0.39 93.3+6.1 ; - -
Trial 3-2
FM65 976429  393+18  0.83+0.02 723+80  0.93+0.06 1.84+0.12 64.2+12.8 120+0.16 2.37+0.47 4.74+1.11
FM52 991+11  399+12  0.83+0.01 639+60  0.81+0.07 2.07+0.16 78.3+58  1.36+0.18 2.36+0.30 5.72+0.37
FM46 984+40  407+26  0.84+0.03 642+133  0.81+0.18 2.14+053 75.8+1.4  121+0.06 2.86+0.67 5.36+0.31
FM39 944+42  383+23  0.82+0.02 706+60  0.94+0.03 1.77+0.05 78.3+8.0  1.19+0.00 2.31+059 5.04+0.40
FM33 938+95  386#47  0.82+0.05 661+11  0.90+0.13 1.88+026 67.5+25  1.20+0.06 2.42+0.83 5.33+1.24
Trial 3-3
FM65 520424  754+38  1.45+0.03 485+18  1.06+0.10 1.67+0.15 78.9+51  0.99+0.06 1.45+0.49 3.54+0.83
FM46 522+1 760+21  1.45+0.02 470+13  1.02+0.02 168+0.03 789484  108+0.17 1.38+0.12 3.03+0.01
FM39 522418  757+#25  1.45+0.02 460+34  1.00+0.08 1.73+0.13 77.8+8.4  099+0.04 1.30+0.13 2.74+0.08

FM39 2 507+18 7307 1.43+0.02 485+19 1.09+0.02 1.57+0.03 82.2+3.8 1.01+0.04 1.30+0.20 2.66+0.03
Trial 3-4

FM65 1130+20 3569 0.74+0.01 941+24 1.07+0.05 1.58+0.08 73.3+14.1 1.16+0.05 2.51+1.29 4.93+1.46
FM46 1244+110 406+46 0.79+0.05 931+12 0.94+0.12 1.74+0.22 65.0+7.1 1.17+0.07 2.23+0.40 4.28+0.22
FM39 1175+117 382+55 0.76+£0.03  903+84 0.97+0.02 1.68+0.04 71.7+7.1 1.11+0.06 1.77+0.51 4.06+0.82

FM39_2 1105+33 339+1 0.73+0.02  930+34 1.09+0.08 1.54+0.12 66.7+0.0 1.11+0.07 1.81+0.29 4.09+0.30
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"Values are mean of triplicates and presented as mean + SD. The lack of superscript letter indicates no significant differences among treatments.
?Final body weight (g)

*Weight gain (%)

*Specific growth rate (%)

*Feed intake (g/fish)

®Feed conversion ratio

"Protein efficiency ratio

8Condition factor

Hepatosomatic index (%)

YViscerosomatic index (%)
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Figure 2. Changes in mean body weight of olive flounder Paralichthys olivaceus (initial mean body weight: 5.41+0.01g) fed the experimental

diets for 15 weeks (trial 3-1).
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Figure 3. Changes in mean body weight of olive flounder Paralichthys olivaceus (initial body weight: 196+2g) fed the experimental diets for 6

months (trial 3-2).

42



500 - OFM65 BFM46 OFM39 BFM39_2

1 month 2 month 3 month 4 month 5 month
Feeding periods

Figure 4. Changes in mean body weight of olive flounder Paralichthys olivaceus (initial body weight: 60.9+0.3g) fed the experimental diets for 5
months (trial 3-3).
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Figure 5. Changes in mean body weight of olive flounder Paralichthys olivaceus (initial body weight: 247+4q) fed the experimental diets for 6
months (trial 3-4).
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Table 8. Hematological parameters of olive flounder Paralichthys olivaceus fed the
experimental diets for trial 3-1 (15 weeks), trial 3-2 (6 months), trial 3-3 (5 months) and

trial 3-4 (6 months).

Dietary Hb? HE® AST* ALT® TP®  Glucose’
treatment

Trial 3-1

FM65 455+050 20.8+09  16.6+29  448+117 7.83:031 41.3+12
FM52 463+102 20.8+03 126+16 4.96:1.18 7.62+0.13 43.2+0.8
FM45 423031 19.9+22 141#21 3.53:057 7.66:0.47 41.2+0.8
FM38 4174023 205+24 156427  3.49+138 7.61+0.34 415:0.9
FM32 427038 20.9+02 15.0+430 4.65:0.82 8.33+0.24 43.6+12
Trial 3-2

FM65 576:0.17 345:21 154+44  6.14:045 8.82+0.96 30.6+0.3
FM52 557+144 300:2.8 183+75  6.30+375 8.45:058 37.2+45
FM45 6.026031 207+06 13.4+22  6.36:0.68 9.30+0.05 31.9+1.2
FM38 6.75:1.21 31.3+99 112436 556+117 8.97+0.64 33.7+4.0
FM32 553:0.08 28.3+15 148483  506+0.09 9.60+0.61 32.6+2.7
Trial 3-3

FM65 527039 29.9+25  33.9+131 6.67+153 0.79+011 38.6:0.4
FM46 586:079 29.8+24  321+125 584+232 0.86+0.06 37.3t2.9
FM39 564058 326+31 408+91  8.84+083 0.80+0.09 39.0+3.8
FM39 2 6.16+0.40 32.1+36 37.3+61  6.28+356 0.81+013 37.147.0
Trial 3-4

FM65 551+0.96 28.3+53 125423  7.26+249 1.02+0.09 19.9+2.7
FM46 548:092 28.8t54  87+03  644:011 103:001 21.7+16
FM39 530+129 27.0+35 133t43  853:004 0093:021 22.242.9

FM39_2 5.38+0.30 31.0+1.7 12.2+0.9 9.70+1.70 1.01+0.15 21.7+4.7

"Values are mean of triplicates and presented as mean + SD. The lack of superscript letter
indicates no significant differences among treatments.

’Hemoglobin (g/dL).

*Hematocrit (%).

*Aspartate aminotransferase (U/L)

*Alanine aminotransferase (U/L)

*Total protein (g/dL)

"Glucose (mg/dL)

45



Table 9. Whole-body composition (% of wet weight) of olive flounder Paralichthys
olivaceus fed the experimental diets for trial 3-1 (15 weeks), trial 3-2 (6 months), trial 3-

3 (5 months) and trial 3-4 (6 months)".

Erleez:?r%nt Moisture Crude protein Crude lipid Crude ash
Trial 3-1
FM65 74.4+0.8 18.7+£0.7 2.760.35 3.34+0.35
FM52 75.0£1.0 18.5£1.5 2.76x0.62 3.10+0.15
FM46 74.5+0.3 18.7+£0.8 2.35+0.05 3.00+£0.22
FM39 75.0+1.3 18.7+0.2 2.63+0.78 3.07+0.31
FM33 74.3+0.1 18.9+0.7 2.82+0.10 3.46+0.16
Trial 3-2
FM65 71.7+0.5 20.8+3.0 3.22+0.62 11.0+0.5
FM52 70.5+0.3 20.9+1.9 4.70+0.10 10.5£1.7
FM46 70.5+0.1 22.0£0.6 3.93+0.25 8.8+0.0
FM39 71.3+0.4 20.7£1.9 3.48+0.48 10.6£1.3
FM33 70.8+0.4 19.8+£0.2 3.93+0.25 9.3£1.7
Trial 3-3
FM65 68.8+0.1 21.9+0.5 5.17+0.13 3.31+0.47
FM46 71.5+0.6 22.3+0.6 5.57+0.22 2.81+0.20
FM39 71.6+0.8 21.4+0.3 5.63+0.23 3.06+0.48
FM39_2 71.8+1.1 21.3+0.3 5.25+0.48 3.19+0.43
Trial 3-4
FM65 71.2+0.8 21.5+0.4 4.89+0.30 3.47+0.16
FM46 70.1+0.5 21.1+1.9 5.33+1.18 3.65+0.42
FM39 68.4+0.7 21.4+0.5 5.56+0.87 3.97+0.04
FM39_2 70.6+1.3 20.8+0.7 5.02+0.16 3.33+0.60

"Values are mean of triplicates and presented as mean + SD. The lack of superscript letter

indicates no significant differences among treatments.
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Figure 6. Histological change of the anterior intestine of olive flounder Paralichthys olivaceus fed the experimental diets for trial 3-2 (5 months).
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Figure 7. Villus heights of olive flounder Paralichthys olivaceus fed the experimental

diets for trial 3-2 (5 months).

48



[FM65] [FM46]

[FM39] §

Figure 8. Histological change of the anterior intestine of olive flounder Paralichthys olivaceus fed the experimental diets (trial 3-4).
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Figure 9. Apparent digestibility coefficient of dry matter and protein in the

experimental diet (trial 3-2).
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18.5%, -F4- 18.8~26%, =R E 7.5~30%, ZX|H-AHE 20~30%, S HE 10~20% %

B 315 I tH(Kikuchi et al., 1994; Kim et al., 2008; Ye et al., 2011; Lee et al., 2012; Kim et
al., 2014b; Bae et al., 2015; Kim et al., 2018). o] ATA¥} t}tdt AgolA 7-
30%2] olEUlAl 7heAdel HuFHAEH, T Td ol dsa ois
A Agrelty vk, diFul, dAx SR, &, ZeTEEs EFeds
B, AR Wl ofs 46%7HA A 7hsstthal Bl A oh(Kikuchi, 1999).
9 5ol (Dicentrarchus labrax)S WA o=z 3y Ajo|r Z=Fu 9wi
s THste]l AFR W ofEs 50%7HA tHAl Zhsetrhal H a9l o (Scerra
et al., 2016), i, UFs=d, ZIFUE, Z=2Fd, AT SIEZE

82%7}#4] A 7Fsattka B % A tH(Torrecillas et al., 2017). ¥ Aol = 47}4]

meal)9] X3S 3l U Ym AFEAlY FESHA HE YA E AR Kt

AN7] W oS 40-50%(FM39, FM39 2, FM33)7FA] A gtoll &

2 2 3}cf(Lunger et al., 2007: Lim et al., 2013). 53], @XAt&E W E}$-Ho] o &F2
Bl o]Fo] nHla] wl$ ¥& 1520%2 HuEJrt (Park et al., 2001). o]E&

Aol we B RS 9] fsiM s el A e A7
deastt ®=3, gAAR W EeRle H7ME Ads AEE AFRRE0

ooz ggevta B s vk(Park et al., 2002; Kim et al., 2005). Choi et al.
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vrolZ t}(Apper-Bossard et al., 2013). 2] &4 wuld A5 W] & kolxlel <%
Xk Ba¥AtH(Krogdahl et al., 2010). ©]d <ol HXALE U

&
Y FEE o]l gt s 30% AT A5 deadhay GudasiEol

Z2=8k3ltH(Choi et al., 2004). W5 FHS o] §sto] oS 25% o WA
A5 AE, 9, opmnbastgo] frolHew 7FAsgth(Deng et al., 2006).
W, B Aol AbgE AEA waMd A8 F UIRde daa ol
Stal, AL ) ARSAl B glAte o Fakgo] wEEA e A G

2 Z o] THNRC, 2011; Tusche et al., 2012). Coho salmon (Oncorhychus kisutch), rainbow
trout, gilt head bream (Saparus aurata), Nile tilapia (Oreochromis niloticus), Atlantic cod
(Gadus morhua)s Wdo= AuAs&S SAS Ay d=FHlo] ol H|F
Ee A A3kSS Xt (Sugiura et al., 1997; Kissil and Lupatsch, 2004; Schneider
et al., 2004; Tibbetts et al., 2006). Storebakken et al. (2000)-> Atlantic salmon A}5. U
ofitg EFHIoE AT A AshEo] FgEral Bkt Herndndez et al.
(2010)= 7} HAMEE(CP: 64.9%)S AF8-3te] Nile tilapia AFE W o] &S 100%
Al Aol Ashgo] FhastA] &Esktiar Basgith A3 32004
aNdAE, e/fEA AskE SAHS AQEH oS 50% HA(FM33) sl =

23l glo} thzrek B AT Abelel #ol Al Apol7b uEhA] 9kt

otk ol Al AEE WITUN AFTPABES ASHYY) GRo) oS

HA Gl = askael Ashrh wAskH agkar, Aol mEs 23]

A AT BFUS olgstel AR W oRe 30% WAT BT

aghgol Zaskglon, wWEQlel x3E AHolEHxAE HUME A4S dzTet
2sHgol A Apol7t glolen, ofEa 20% WA AHR W H7FE A el



H & A3}&o] 5715 ATH(Choi et al., 2004). Cobia (Rachycentron canadum) A}o] &
oz 3t A= Ats W EF-US H7Eer A 9-o amylase, lipase, trypsin,
pepsin I & Astaiol &Ado] FUFeFSitH(Salze et al., 2012). & A=

HETE A BE A9 U MEAT o] ArhEgem, of Zo Aol

ofFeol AsES AT Ze AT Sol dFs wHEe T
Ao (Sullivan and Reigh, 1995), & LA} FFoR  FAHHA
2T} (McGoogan and Reigh, 1996). H X 9] HAALS 422 21~24Co]tH(Son et al.,

2006). A9 32014 670 o] =S54 A, Ll HHAE ¢ By

S HseS Yehgglon, 154T7HA F=o] Wzt AoR el

YT EHE, S AFRARES Edste] Al ] o] Fe] 50%(FM33)7HA

A7t 7ed Aom et

i
T
[P

3 AnE

R

A}

Hells o, A4-=(18.5T
=

olsholl = 40%(FM39)7HA] o417l 7Hsd Aoz v

!

o} TSk s

Hl&o] A7E wgH|E o] &3t E Ats Ul o] & 40%(FM_39)7h=] A&
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CHAPTER 4

Tl g8 EFES ]8T Fo &(fish meal-free)

d X (Paralichthys olivaceus) Al& 7S 1% A+

41 AE ¥ ¥y

411 48X s
AR 40 AHEE AAALE WiEHIE Table 100 WERUIITE tiRARE
T TFE 70%= HAHJTHEMT0). HFAE 55 Atm Ul ol £ ¥S 474

45%, 40%, 35%, 20%, 0% = A4 3}a1(FM45, FM40, FM35, FM20, FM0), 2 =51,

o
ot Al mE methionine 23S oW3t7] 913l FM40, FM35, FM30, FM20, FMO

A2 W methionine < H71ech AdAlEzle] =3 z2xd 2= 9l
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=
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o
-
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)
i
=
=
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Table 10. Dietary formulation and proximate composition of the experimental diets in

trial 4 (% of dry matter basis).

Diets

Trial 4

FM70 FM45 FM40 FM35 FM20 FMO
Fish meal, sardine 35.00 22.50 20.00 17.50 10.00 0.00
Fish meal, anchovy2 35.00 22.50 20.00 17.50 10.00 0.00
Soybean meal® 12.00 12.00 12.00 12.00 14.50 16.00
Wheat gluten* 0.00 450 450 450 4.90 5.30
Soy protein concentrate® 0.00 5.50 6.50 8.00 9.00 10.50
Tankage meal® 0.00 8.00 10.00 11.50 18.00 26.50
Poultry by-product meal’ 0.00 4.50 5.00 5.50 6.50 8.50
Tuna by-product meal® 0.00 0.00 1.00 2.00 5.00 10.00
Starch 4.00 3.80 3.50 3.25 240 1.90
Wheat flour 7.00 7.00 7.00 7.00 7.00 7.00
Fish oil® 3.30 4.30 4.40 4.60 4.90 5.20
Methionine™ 0.00 0.00 0.10 0.15 0.20 0.30

Mono calcium phosphate 0.50 0.70 0.90 1.10 1.40 1.70

Mineral Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin Mixture 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin C 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin E 0.10 0.10 0.10 0.10 0.10 0.10
Betaine 0.00 1.00 1.00 1.00 1.00 1.00
Taurine 0.00 0.50 0.70 0.80 1.10 1.40
Choline 0.50 0.50 0.60 0.70 0.90 1.10
Lecithin 0.50 0.50 0.60 0.70 1.00 1.40

Proximate composition (% of dry matter)

Moisture 3.67 3.65 2.39 3.24 6.91 6.55
Crude protein 57.7 58.0 58.3 58.1 55.8 56.0
Crude lipid 10.2 10.2 10.0 10.1 11.8 11.7
Crude ash 15.6 12.9 12.6 124 11.0 9.46
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'Fish meal, sardine (crude protein 68.0%, crude lipid 8.6%, crude ash 17.1%)

?Fish meal, anchovy (crude protein 69.4%, crude lipid 8.3%, crude ash 17.8%)
3Soybean meal (crude protein 52.7%, crude lipid 1.8%, crude ash 6.8%)

*Wheat gluten (crude protein 83.2%, crude lipid 3.49%, crude ash 1.3%)

>Soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, crude ash 7.1%)
®Tankage meal (Crude protein 83.2%, crude lipid 3.69%, crude ash 7.5%)

"Poultry by-product meal (Crude protein 71.6%, crude lipid 13.5%, crude ash 10.5%)
$Tuna by-product meal (Crude protein 60.2%, crude lipid 7.01%, crude ash 18.8)
°Fish oil was by E-wha oil Co., Ltd., Busan, Korea.

“Methionine was by Vixxol Co., Ltd., Gyeonggi, Korea.
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Figure 11. Experimental diets for trial 4

4.1.2. 230 & A5#E

Ag 4o AEH Aol AFE AAXAC AT YFGAtel A
TUH A A3l Uik 45S Al ARHE AL wAEE T35
FAHAT, HEFA 150+81g o @XES F 187 2000 ¥9& FRP X%

sonhels gk om WA Stk ASAEE Y B ATk APARE

191 28](08:30, 17:30) W FF AUk A wejolstsl RS ALgshe] 2530

Umin o el Hw% zangith oy $AE s F5stelme] UV

BF7h AAAAY. 4 ARFE U AR w80 §ENE §4F 915
e

o o] ~Eo] AR A} AL

5 =& (weight gain, %), U7+Al -5 (specific growth rate, %), AlFEA] 3] & (feed
intake, g/fish), A= %13} & & (feed conversion ratio), T2 o] -8 7 & (protein efficiency
ratio), AY<=H-(survival, %), H]9F%(condition factor), 7+ F%F | ~(hepatosomatic

index, %), & Z% A 4=(viscerosomatic index, %) = ZAFSIATH ArAlS thg3)
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b
®

- Weight gain (%) = 100 x (final mean body weight — initial mean body weight) / initial
mean body weight

- Specific growth rate (%) = [(log. final body weight — log. initial body weight) / days]
x 100

- Feed conversion ratio = dry feed fed / wet weight gain

- Protein efficiency ratio = wet weight gain / total protein given

- Feed intake (g / fish) = dry feed consumed (g) / fish

- Survival (%) = number of fish at end of feeding trial / number of fish stocked x 100

- Condition factor = fish weight x 100 / total body length®

- Hepatosomatic index (%) = 100 x (liver weight / body weight)

- Viscerosomatic index (%) = 100 x (visceral weight / body weight)

4.1.4. BEFF

AASA F, ZA7el FxoA grtg]e] ofFE FAHE AEscin. Addd
Alglo]= 2-phenoxyethanol £<4(200 ppm)S ©|&3le] ulFHA|H oW, FAE
ol-gsto] mFFHlolA AMAS HAAEth A A2 Slo]l 20 uLA
4125 1.5mL eppendorf tubeo] % ©] hematocrit, hemoglobin 7ol A& At}
3 Z(plasma)-> alanine aminotransferase (ALT), aspartate aminotransferase (AST), glucose,

total protein 218 €8 oA YAHAEZ (4T, 5000 rpm, 10min; Micro 17TR, Hanil

Science) o] WEHI(-70°C) HAUTh AFojAe SEGol dE UnukdE
2AS fd HFE Vlee® A= 2em, 7tE 8em o TEFE TS

W 1 7(-50°C) AT}
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Table 11. Growth performance and morphological indexes of olive flounder Paralichthys olivaceus fed the experimental diets for trial 5 (20

weeks).

3'ee;fr;ﬁnt FBW? WG* SGR* FIS FCR® PER’ Survival CF® HSI® VS|
Trial 4

FM70 782+427%  417+21%  0.96+0.04° 599+9 0.95+0.03® 1.81+0.06® 92.7+5.0 1.16+0.03 1.68+0.23  3.57+0.11
FM45 830+39°  450+30° 0.99+0.03° 618+19 0.91+0.03° 1.96+0.05%° 82.7+4.2 1.24+0.01 2.25+0.24 4.18+0.29
FM40 75444 40542 0.95+0.01° 584+13 0.97+0.02%®° 1.83+0.04% 84.0+7.2 1.18+0.01 1.94+0.24 4.15+0.44
FM35 764+27®°  409+14%®  0.95+0.00° 566+58 0.92+0.06° 1.91+0.13* 89.3+6.4 1.19+0.07 1.82+0.15 3.89+0.22
FM20 728+2 384+2™ 0.93+0.00® 597+18 1.03+0.04> 1.69+0.06™ 80.0+25.5 1.23+0.04 1.90+0.35 4.14+0.33
FMO 657+19°  337+12° 0.87+0.02° 561+21 1.11+0.04° 1.60+0.06° 98.0+2.0 1.17+0.11 1.93+0.48 4.16+0.40
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"Values are mean of triplicates and presented as mean + SD. Values with different superscripts in the same row are significantly different (P<0.05). The
lack of superscript letter indicates no significant differences among treatments.

?Final body weight (g)

*Weight gain (%)

*Specific growth rate (%)

*Feed intake (g/fish)

®Feed conversion ratio

"Protein efficiency ratio

®Condition factor

Hepatosomatic index (%)

Viscerosomatic index (%)
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Figure 12. Changes in mean body weight of olive flounder Paralichthys olivaceus (initial body weight: 150+3g) fed the experimental diets for

trial 4 (5 months).
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Table 12. Hematological parameters of olive flounder Paralichthys olivaceus fed the

experimental diets for trial 4 (5 months)".

Eee;fr%nt Hb? Ht® AST* ALT® TP®  Glucose’
Trial 4

FM70 545:048 338450 11.8+04  4.17+170 471+053 26.7+6.4
FM45 6.24+035 36.2¢37  9.70+1.07 271071 464079 26.5:25
FM40 554:0.86 31.9+7.2 10.7+13  3.15:096 5.00:022 305:9.1
FM35 596:0.65 34.7+58  10.6+1.6  3.48:t076 4.89t0.33 23.956
FM20 570:0.36 34.7+3.0 10.2¢1.0 3.85:138 5.49+035 30.8+135
FMO 560:0.10 350453 117426 3.71+162 4.63t059 351+115

"Values are mean of triplicates and presented as mean = SD. The lack of superscript letter
indicates no significant differences among treatments.

’Hemoglobin (g/dL).

*Hematocrit (%).

*Aspartate aminotransferase (U/L).

*Alanine aminotransferase (U/L).

®Total protein (g/dL).

'Glucose (mg/dL).
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Table 13. Muscle composition (% of wet basis) of olive flounder Paralichthys olivaceus

fed the experimental diets for trial 4 (5 months)*.

Dietary

treatment Moisture Crude protein Crude lipid Crude ash
Trial 4
FM70 75.2+1.8 21.6x1.4 0.88+0.20 1.05+0.33
FMA45 74.8£0.5 22.7+0.8 0.82+0.28 1.13+0.10
FM40 74.7£0.9 23.1+0.6 0.78+£0.24 1.21+0.06
FM35 74.4+0.6 21.9+1.1 0.86x0.09 1.28+0.13
FM20 74.4+1.7 22.7+0.2 0.88+0.15 1.04+0.19
FMO 75.2+0.2 22.4+1.7 0.80+0.42 1.11+0.22

"Values are mean of triplicates and presented as mean = SD. The lack of superscript letter

indicates no significant differences among treatments.
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[FM45]

Figure 13. Histological change of the anterior intestine of olive flounder Paralichthys olivaceus fed the experimental diets (trial 4).
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Figure 14. Apparent digestibility coefficient of dry matter and protein in the

experimental diet (trial 4).
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