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ABSTRACT

In Chapter 2, study was conducted to estimate effects of dietary enzyme treated fish meal
(EFM) as a major protein source on growth, feed utilization and digestibility of bluefin tuna
Thunnus thynnus. In the first experiment (trial 1), juvenile bluefin tuna (initial body weight
0.68 g) were randomly stocked into two experimental tanks and fed two experimental diets
for 15 days. The two diets are EFM based diet (75 %) and sand lance (SL) as a raw fish feed.
At the end of feeding trial, weight gain was not significantly different between fish fed EFM
or SL. Feed intake was higher in fish fed SL diet than fish fed EFM. Feed conversion ratio
was higher in fish fed SL than fish fed EFM. The survival was higher in EFM group than SL
group. The pepsin and lipase activities were significantly higher in fish fed SL than fish fed
EFM. The contents of omega 3 and 6 of fish carcass were higher in fish fed EFM than fish
fed SL. In the second experiment (trial 2), juvenile bluefin tuna were randomly stocked into
two experimental tanks and fed two experimental diets for 14 days. The two diets are EFM
based diet (75 %) and sardine fish meal based diet (FM) (75 %). At the end of feeding trial,
weight gain was higher in fish fed EFM than fish fed SL. Feed intake was higher in fish fed
FM than fish fed EFM. Feed conversion ratio was higher in fish fed FM than fish fed EFM.
The pepsin activity was higher in fish fed EFM than fish fed FM.

Study in the chapter 3 was conducted to estimate optimum dietary DHA oil level and
replacement level of EFM by sardine fish meal for juvenile bluefin. The four diets are 1)
EFM75 in which 75 % EFM and 4 % DHA oil were applied, 2) EFM60 in which 60 % EFM
and 15 % sardine fish meal were included, 3) DHA 2 in which 2 % of DHA oil was included,
and 4) SL as a raw fish feed. In a feeding trial, juvenile bluefin tuna (initial body weight 31.0
g) were randomly stocked into four experimental tanks (water capacity: 57 tons) and fed the
experimental diets for 13 days. At the end of feeding trial, weight gain was higher in fish fed

EFM75 and SL groups than fish fed DHA2 and EFM60 groups. Feed conversion ratio was



lower in fish fed EFM75 and DHAZ2 groups than EFM60 and SL groups. Survival was higher
in fish fed the formulated diet groups (EFM75, EFM60 and DHAZ2) than fish fed SL. The
trypsin and amylase activities were higher in fish fed the formulated diets than fish fed SL.
Pepsin and lipase activities were significantly higher in fish fed SL than those fed other diets.

In Chapter 4, digestibility of the four diets in Chapter 3 were determined. Tuna feces
were collected by both methods (cage and dissection). In the cage methods, protein
digestibility was higher in fish fed SL than those of other groups, and the lowest protein
digestibility was observed in FM75. In the dissection methods, the protein digestibility was
higher in EFM75 than those of other groups, and the lowest was observed in EFM60. Protein
and dry matter of digestibility were higher in feces collected by cage than feces collected by
dissection. In vitro digestibility of pepsin was compared among nine protein sources for
screening of the major protein sources in tuna feed. In the protein digestibility, high values
were observed in EFM (92 %) followed by wheat gluten (90 %), and low values were
observed in sardine fish meal (57 %) followed by poultry meal (55 %) and soybean meal
(43 %).

In summary, the studies clearly indicate that (1) dietary EFM can effectively increase
growth and digestive enzyme activity (2) dietary sardine fish meal can be used up to 10 % in
diets and (3) optimum dietary DHA oil level would be approximately 3% in diets for juvenile
bluefin tuna. All the results in the studies indicated that EFM is an excellent protein source

that can be used for juvenile bulefin tuna.
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CHAPTER 1. A&

ke

FoEol(Thunuus  thynnus)= WA 374 ofFoz AT FHd 500
kg7hAl A &sHs 31571713 o] Fo]t(Collette and Nauen, 1983). Ftlagol= F=
o8 H3 ggE=d oAFAY BEE 98] ICCAT (International Commission for
the Conservation of Atlantic Tunas), IOTC (Indian Ocean Tuna Commission), WCPFC

(Western and Central Pacific Fisheries Commission), IATTC (Inter-American Tropical Tuna

Commission)o| Al A%t o] & &S JfA|stal JUTHFAO, 2011). F o=

Ho &M=l dRoA Fukslt Aty JFHUY Ao FriEo] A
B3 AFE 1970d %0 AlFEH o] 1979 Eo = zFIAl HojZFE )2
O ZA

HAZ Q) 9kAlo] A]ZE] ¢l tH(Miyashita et al., 2002). ©]

o
r>~
e
do
=8
1o,

BAA74S B 200290 2 E = bdgalo] 7584l ¥ vk (Sawada et al.,
2005). ¥ Aol oo AlAAA  F WAE FuEe] g
2F 3 THNFRDI, 2015). 12, A MAHo =z Frhgdo] wigAtsset #AE
Jokstza o= okl Ay x4 (Biswas et al., 2009a), EF=3}=(Biswas et al.,
2009b), vitamin C Q. 7-=F(Biswas et al., 2013) <]l v &3+ A Aot}

e xueEgEe] 60 - 75 %E  Fi FIgobutky DHA
(Docosahexaenoic  Acid), EPA (Eicosapentaenoic Acid)S H|%E3dF x| ubito]
ZR5m  w XA A (unknown growth factors)®  ¢la] olF AlR W F
gz oz ALE¥TH(Miles and Chapman, 2015). tl&olFe ool o3t
28tgo] e Aoz d#A QuHCarter et al., 1999). *oj7] Ftlo]
Aoz HaPy AFer] ool AlE Ul 53 % AlEE WFAIRE Fold
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AR AAES AANEREHHYE)T Eu fFYHeR wded 1 olf=
oo ThEEAAdA IAseE e wAgow Qg AstE Ashrt
Aol A" Ao 2 W1 tH(Takii et al., 2007a).

827 2]o] & (Enzyme-treated Fish Meal; EFM)S ol FZ 71aste Ao A
WAl El= FAME-S papain,  pepsin, trypsin 5o HAAZF A WESAIA
A ZE e et al., 2009; Hsu, 2010; Ngo et al., 2010). Az gjo]&o &4}
el o] FhEFo] Fol ofF AR W F2 ol&EES Hole ZoE dEA

A thH(Neklyudov et al., 2000; Chalamaiah et al., 2012). Ji et al. (2008) X]i7]

Chapter 2, 3°ll4 Fvpato]l Al ] a4A ol o] &7bsdS A&leta o
Lolrl ko] o] gaA ol F-EUA 7hs/del W] AFsEAT

DHA:= @fjitole] deApgitew offe] Ay AE&o] T3 84w
A A tH(Bell et al., 1986; Watanabe et al., 1989; Takeuchi et al., 1990; Teshima et al.,
1992). Fvheole] Aul DHARE tE ofFdl Hlal wud F2 o=
H 315 1tk (Hepburn et al., 1986; Aubourg et al., 1990; Sawada et al., 1993; Saito et al.,
1995). Ftigole] AHEE DHA S7FS A Ffo dwkyo=m
AhFgol& vt E o= DHA 3FFo] H& aL7ke] dojidf(salmon egg oil) <}
7Fob ol f-(bonito oil)7F XA Yo =2 ARSI THJi et al., 2008). #Tlole] Aye] A

=4S 318]5te] Chapter 29} 39 2dALE U] 12402 DHAR7F AHE-= Lot

rr

b DFE FEG FErs

ol
%

DHASE DHAZ 90 % o)A &
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Hlastel  oF 100M] AR W[ ZHAC] AdE e kel diEM AdIAR
ko] oF 70 %E AA| = o2 FAFE QAT Chapter 3914 & A2 AAAGS
A ste] xo]7] FupEo] Ab® W DHARS H4 A7MES A

A5 23E Hrte FAAELRE Aol oA M VxHela Fad
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11 54 g944

Aohgel AE Ul A4 wwAdng 3] 99 a7k R(ELA R 2%,
AeAdol, e4oli)E o Fuzew AAa JUs FFL BAFAY
(Fig. 1).

1) &EaAe
A

2) A<= g]o] % (Low Temperature fish meal; LT)
s AeA o] HwA e L6070 C)ollA AxE duE gulto]
(100 °C o]/l A Ax)ol gt v o] &5 Hol= Hrigojo A
A 54& nEste] dAsSA

3) Aol

A
»
o)
[
.
Z
D
=B
wn
=

Atk
9 471 A A3 Gojg] of B dwkA R Az 2 oln|w=4b
& A X = Table 1, Table 2, Table 3o Z+zF YeR ST 2k d $5F2 SMo] 88 %

2 7 =93, 2XA S EFM 2 7} 12.6 %= 7P =9t} "ol Atk

b %738 Table 40 YERAATE DHAS 342 EFM 27} 71 %2, EFM 1
FM, LT, SM &2 thebyith. Omega-3 Aike] 9hge SMol 265 %2 7Hd =

9tt}h. Omega-6 #|H4ke] ek EFM 27F 144 %2 7HE %2 38 Bt
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| Enzyme treated
fish meal - 1
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Figure 1. Protein sources (fish meal, enzyme-treated fish meal-1 & 2, low temperature fish
meal and squid meal: from top left to bottom right) for the main protein source in diet for

juvenile bluefin tuna Thunnus thynnus



Table 1. Proximate composition of EFM (enzyme treated fish meal), LT (low temperature

fish meal) and SM (squid meal) for juvenile bluefin tuna Thunnus thynnus (%, dry matter)

Ingredients Crude protein Crude lipid Ash Moisture
EFM 1 70.2 12.0 8.50 2.30
EFM 2 78.8 12.6 7.00 7.40
LT 78.0 9.60 13.7 9.30
SM 87.7 5.40 5.70 9.00




Table 2. Ingredient information of EFM (enzyme treated fish meal), LT (low temperature

fish meal) and SM (squid meal) for juvenile bluefin tuna Thunnus thynnus

Origin of Price

Ingredients Treatment type country (kg/won) Fish species
EFM 1 Hydrolysis Chile 4,500 Sardine
EFM 2 Hydrolysis Peru 6,000 Salmon
LT Heating (60 - 70 °C) Denmark 4,000 Sardine
SM Heating (100 °C) France 4,500 Squid




Table 3. Essential and non-essential amino acid composition of EFM (enzyme treated fish

meal), LT (low temperature fish meal) and SM (squid meal) for bluefin tuna Thunus thynnus

Protein sources

AAs EFM1 EFM2 LT SM FM
EAA!
Arginine 4.44 4.74 491 5.66 3.67
Histidine 2.00 2.35 2.25 3.63 2.82
Isoleucine 2.94 3.12 3.66 3.51 2.59
Leucine 471 5.08 5.89 5.76 4.27
Lysine 4.96 5.48 6.74 5.08 4.45
Phenylalanine 2.60 2.82 3.21 3.20 2.37
Threonine 2.76 3.18 3.34 3.48 2.51
Valine 3.35 3.88 4.07 3.42 3.09
NEAA?
Alanine 4.33 4.85 4.83 4.49 3.92
Aspartic acid 6.46 7.10 7.94 8.56 6.11
Glycine 5.72 6.86 4.73 6.20 4.52
Glutamic acid 9.27 9.82 10.9 10.5 7.57
Proline 3.85 4.07 3.52 4.74 3.09
Serine 2.78 3.03 3.05 3.33 2.35
Tyrosine 1.76 1.75 2.29 2.69 1.63
Total crude protein (%) 70.2 78.8 78.0 87.7 73.0

IEssential amino acid

ZNon-essential amino acid



Table 4. Fatty acid compositions of EFM (enzyme treated fish meal), LT (low temperature

fish meal) and SM (squid meal) for bluefin tuna Thunnus thynnus

Protein sources

Fatty acids EFM1 EFM2 LT SM FM
12:0 0.20 0.50 0.10 0.10 0.10
14:0 10.4 5.30 13.7 2.10 14.0
14:1 0.00 0.00 0.00 0.00 0.00
15:0 0.90 0.40 1.20 0.70 1.00
16:0 335 305 38.7 40.6 40.3
16:1 3.70 2.20 3.40 0.40 4.80
17:0 0.70 0.40 0.70 2.10 0.90
17:1 0.10 0.10 0.10 0.00 0.00
18:0 8.40 12.1 6.60 17.4 10.9
18:1n9(0A) 15.6 18.5 8.90 1.20 450
18:2n6(LA) 6.00 14.2 1.50 0.20 0.30
18:3n3(LNA) 2.70 7.70 1.30 0.00 0.30
18:3n6 0.10 0.10 0.10 0.00 0.10
20:0 0.60 0.60 0.40 0.10 0.30
20:1 4.50 1.70 4.60 5.70 0.30
20:3n3 0.10 0.40 0.00 0.00 0.10
20:3n6 0.20 0.60 0.10 0.80 0.00
20:4n6(AA) 0.50 0.30 0.40 1.70 1.00
20:5n3(EPA) 4.70 1.80 6.30 8.30 12.2
22:0 0.20 0.30 0.10 0.00 0.10
22:1n9 0.80 0.20 1.20 0.00 0.00
22:6n3(DHA) 5.40 2.00 9.60 18.2 7.90
DHA/EPA 1.10 1.20 1.50 2.20 0.60
yn-3* 12.9 115 17.3 26.5 20.4
Y'n-62 6.50 14.4 1.90 1.90 1.30
n-3/n-6 2.00 0.80 9.10 13.8 15.4
Total crude lipid (%) 12.0 12.6 9.60 5.40 7.60

1Omega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

2Omega-6 fatty acid: 18:2n6, 20:4n



1.2 EAX &

FaAYAES ofF 7k sAddA BAs= FAkEe] HA 43

Z}3gak 31 9l tH(Neklyudov et al., 2000; Chalamaiah et al., 2012;). &4 g o]&e
duko] 23 Hlawste]  H2 JhFe AET] w4 o] 314 (feeding

stimulants) 2 2% F7lE o] ALgHETE o] oFE o R 3 A oA

13 F0ge] Jgs 27
Agage] AEe A4S A FrhFe S fgew Q4R KA A4

[¢]

ool Algs W A ekl A(crude protein)¥ A Z (crude lipid) <]

e

Tl =
Qo] Z+7} 61.9 %9t 17.9 % ©|H, vitamin C= 1.2 %, ¥H<=3}=(carbohydrate)-<

12.8 %= ZA}E I th(Biswas et al., 2009a; 2009b; 2013).
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Figure 2. An enzymatic hydrolysis of fish protein to make enzyme-treated fish meal

(Kristinsson et al., 2000)
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Table 5. Molecular weight distribution of enzyme-treated fish meal (% of peptide)

(CPSP 90, sopropeche, France)

Molecular weight %
<500 Da 25.9
<2000 Da 66.0
<6000 Da 96.6
> 6000 Da 34
Average molecular weight 3000 Da

-12 -



1.4 DHA

DHAE= 3ttole] AeAitor ofFe] Ay A& Tag 4=
oA A th(Bell et al., 1986; Watanabe et al., 1989; Takeuchi et al., 1990; Theshima et al.,
1992). Fu#ele]l AWl DHA 2 e olFd  Plaste]  Fua
B 315 It (Hepburn et al., 1986; Aubourg et al., 1990; Sawada et al., 1993; Saito et al.,
1995). #thgole] AF¥3s DHA STFS fHEHA Yoy FHuol g
W gAtEol = DHA  E&Fo] =2 a7be]  dAojudkfi(salmon  egg  oil)<}

7Fehet o] f-(bonito oil) 7} A AP o= AF-8-# ti(Jiet al., 2008).

15 HgRlmv g E9=

A Ul WER YR EG RS Bridele] 4Ed avako] WAA kol

ol (vellow tail) 5 B} %9 2 73e Bolw Al%E o)
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Table 6. Fatty acid composition of three lipid sources (%, in lipid)

Protein sources

Fatty acids Cod liver oil Mixed oil* DHA oil
12:0 0.10 0.00 0.00
14:0 5.00 2.90 0.00
14:1 0.00 0.00 0.00
15:0 0.20 1.10 0.00
16:0 28.9 18.1 0.20
16:1 2.30 1.40 0.00
17:0 0.20 0.10 0.00
17:1 0.00 0.00 0.00
18:0 10.5 6.00 0.10
18:1n9(0A) 13.2 8.50 0.10
18:2n6(LA) 22.9 15.8 0.10
18:3n3(LNA) 8.60 5.20 0.00
18:3n6 0.30 0.20 0.00
20:0 0.60 0.30 0.00
20:1 1.60 0.80 0.00
20:3n3 0.00 0.00 0.00
20:3n6 0.10 0.00 0.00
20:4n6(AA) 0.10 0.30 0.60
20:5n3(EPA) 3.10 3.30 4.40
22:0 0.40 0.20 0.00
22:1n9 0.30 0.10 0.00
22:6n3(DHA) 1.40 36.6 94.5
DHA/EPA 0.40 11.2 215
yn-3? 13.1 45.1 98.9
S n-6° 22.9 16.1 0.70
n-3/n-6 0.60 2.80 135.2
Total crude lipid (%) 99.0 99.0 99.0

IMixed cod liver oil and DHA oil same ratio (1:1)
2Omega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

*Omega-6 fatty acid: 18:2n6, 20:4n6
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Table 7. The vitamin requirements of fishes, and vitamin mixture formulation for bluefin tuna Thunnus thynnus

Requirement Mixture

Vitamins S(qggi;'lo (ng'?";)ﬁ ?fgg‘z‘?)? 'ggg;())}/ Average Modification 1% indiet 2% in diet
g/kg g/kg g/kg g/kg g/kg g/kg g/kg g/kg

A 0.00568 NR NR NR 0.00568 0.01704 1.704 0.852
Bl 0.01120 0.01300 NR NR 0.01210 0.03630 3.630 1.815
B2 0.01100 0.02300 NR NR 0.01700 0.05100 5.100 2.550
B3 0.01200 0.17500 NR NR 0.09350 0.28050 28.05 14.03
B5 0.03590 0.04500 NR NR 0.04045 0.12135 12.14 6.068
B6 0.01170 0.01500 NR NR 0.01335 0.04005 4.005 2.003
B12 0.00005 0.00002 NR NR 0.00004 0.00011 0.011 0.006
C 0.12200 0.10000 NR NR 0.11100 1.11000 222.0 111.0
D NR NR 0.05000 NR 0.05000 0.05000 5.000 2.500
E 0.11900 0.04500 NR NR 0.08200 0.57400 114.8 57.40
K NR NR NR 0.00500 0.00500 0.01500 1.500 0.750
Biotin 0.00670 0.00113 NR NR 0.00391 0.00391 0.391 0.196
Folic acid (Folate) 0.00120 0.00800 NR NR 0.00460 0.01380 1.380 0.690
Myoinositol 0.42300 0.35000 NR NR 0.38650 1.15950 116.0 57.98
Choline 2.92000 0.70000 NR NR 1.81000 5.43000 5.430 2.715
Cellulose - - - - - - 484.3 742.2
Total 1000 1000

IShimeno (1991) from Yellow tail
Halver (1972) from Pacific salmon
%Barnett et al (1982) from Rainbow trout

* Krossoy et al (2009) from Atlantic salmon
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Table 8. The mineral requirements of fishes and mineral mixture formulation for bluefin tuna Thunnus thynnus

. Requirement Mixture
Minerals
g/kg Fish species reference Modification 1% in diet 2% in diet

Magnesium (MgSo,.7H,0) 0.60000 Rainbow trout Shearer (1989) 0.60000 60.00 30.00
Phosphoric acid (NaH,PO,.2H,0) 6.00000 Atlantic salmon Ketola (1975) 6.00000 390.0 195.0
Potassium (KCI) 2.50000 Hybrid tilapia Shiau and Hsieh (2001) 2.50000 207.5 103.8
Iron (Ferric citrate) 0.19900 Red sea bream Sakamoto and Yone (1987) 0.19900 19.90 9.950
Zinc (ZnSo04.7H,0) 0.03000 Rainbow trout Satoh et al (1987) 0.03000 3.000 1.500
Calcium (Ca-lactate) 6.50000 Blue tilapia Robinson et al (1984) 6.50000 318.5 159.3
Copper (CuCl) 0.00350 Rainbow trout Julshamn et al (1988) 0.00350 0.333 0.166
lodine (KI) 0.00085 Chinook salmon  Roche et al (1966) 0.00085 0.085 0.043
Selenium (Na,Se,05) 0.00027 Rainbow trout Hilton et al (1980) 0.00027 0.027 0.013
Manganese (MnSO4.H,0) 0.01300 Rainbow trout Ogino and Yang (1980) 0.01300 1.300 0.650
Cobalt (CoCl,.6H,0) 0.00053 Takeshi et al (1997) 0.00053 0.056 0.026
Cellulose 0.00000 0.000 500.3

Total 1000 1000
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CHAPTER 2.

Dietary utilization of enzyme-treated fish meal in diets for

juvenile bluefin tuna Thunnus thynnus

21 As E Uy
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Table 9. Dietary formulation and proximate composition of the experimental diets for

juvenile bluefin tuna Thunnus thynnus

Experimental diets

Ingredients

EFM FM SL*
Enzyme treated fish meal® 75.0 - -
Fish meal (sardine)® - 75.0 -
Soy protein concentrate® 8.00 8.00 -
Fish oil® 8.00 8.00 -
Vitamin premixture® 1.00 1.00 -
Mineral premixture’ 1.00 1.00 -
Taurine 1.50 1.50 -
Starch 4.50 4.50 -
Lecithin 1.00 1.00 -

* Proximate composition (% of dry matter)

Crude protein 58.5 58.4 65.2
Crude lipid 17.2 17.5 10.3
Ash 5.04 8.30 7.53
Moisture 5.17 4.58 77.9

ISand lance, China

2CPSP, Sopropeche, France

30Orizon S.A, Chile

4Corp. Korea flavor, Korea

*Mixed by DHA concentrate oil (corp. Comport, Korea) and cod liver oil (corp. E-wha oil & fat Ind ,Korea)
SvVitamin premix (g kg-* of mixture): dry vitamin A acetate, 1.704; thiamine hydrochloride, 3.630; riboflavin 5'-
phospahate sodium, 5.100; niacinamide, 28.05; calcium D-pantothenate, 12.14; pyridixine hydrochloride, 4.005,
vitamin B12 crystalline N, 0.011; ascorbic acid crystal, 222; dry vitamin D3, 5.000; dl-a-tocopherol, 114; Dry
vitamin k1, 1.500; biotin-d, 0.391; folic acid, 1.380; myoinositol, 115; cellulose, 484

"Mineral premix (g kg-! of mixture): MgS0Q,.7H,0, 60.0; NaH,P0O,.2H,0, 390; KCI, 207.5; Ferric citrate, 19.9;
ZnS0,.7TH,0, 3.00; Ca-lactate, 318.5; CuCl, 0.333; KI, 0.085; Na,Se,03, 0.27; MnSO,.H,0, 1.300; CoCl,.6H,0,

0.056
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Table 10. Essential and non-essential amino acid composition of the experimental diets for

juvenile bluefin tuna Thunnus thynnus (% of protein)

Experimental diets

AAs EFM FM SL

EAA!
Arginine 3.19 4.01 4.01
Histidine 2.26 1.42 2.51
Isoleucine 2.53 2.54 2.93
Leucine 4.14 3.86 4.92
Lysine 4.48 3.75 5.26
Phenylalanine 2.22 1.57 2.75
Threonine 241 0.62 2.82
Valine 2.93 2.82 3.32

NEAA®
Alanine 3.41 3.02 3.87
Aspartic acid 5.49 3.09 6.88
Glycine 3.20 2.42 3.76
Glutamic acid 7.54 3.96 9.24
Proline 2.82 0.72 2.78
Serine 2.21 0.58 2.68
Tyrosine 1.57 0.42 1.91

IEssential amino acid

2Non-essential amino acid
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Table 11. Fatty acid composition of experimental diets for juvenile bluefin tuna Thunnus

thynnus (% in lipid)

Experimental diets

Fatty acids EFM FM SL
12:0 0.10 0.10 0.20
14:0 7.30 8.25 10.6
14:1 - - )

15:0 0.40 0.70 1.70
16:0 27.5 27.2 40.8
16:1 2.60 4.15 5.50
17:0 0.30 0.35 0.90
17:1 - - 0.10
18:0 7.90 5.85 7.40
18:1n9(0A) 7.40 17.0 5.60
18:2n6(LA) 10.9 5.40 0.90
18:3n3(LNA) 3.10 2.15 0.90
18:3n6 0.10 0.10 0.10
20:0 0.30 0.30 0.20
20:1 1.00 5.01 1.80
20:3n3 - - -

20:3n6 - 0.19 0.10
20:4n6(AA) 0.30 0.40 0.30
20:5n3(EPA) 6.20 4.50 10.8
22:0 0.20 0.10 -

22:1n9 0.20 0.75 0.50
22:6n3(DHA) 23.7 15.9 10.9
DHA/EPA 3.80 3.53 1.00
Yn-3" 33.0 22.6 22.6
>'n-6 11.2 5.80 1.20
n-3/n-6 2.90 3.90 19.0

1Omega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

2Omega-6 fatty acid: 18:2n6, 20:4n6
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A FAIE ] s AT ek stika FAVIE AAsElaL, AF 7|
FoF FAAG RS 278 °C, &F A (dissolved oxygen)t 10.4 mg/L &2 X

otk AbEE 19 7 3](06:00, 08:00, 10:00, 12:00, 14:00, 16:00, 18:00 h)oll L}

[e)

=

Figure 3. Rearing tank (water capacity; 57 tons) for juvenile bluefin tuna Thunnus thynnus
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AE 2 (trial 2)°] AHEE FohEols F 2 7l AFSSE(57 tons)dll 15 vhE] A
F29l= Aeste]  wjAEAT AR T FAASTFES 256  °C,
£

AT 976 mg/l 22 FA] HALE AFEE 1

N
115/
e
[ERN

O
\'
Joh
~
o
(2]
o
o
o
o
o
o

10:00, 12:00, 14:00, 16:00, 18:00 h) &3 5] 21t}

213 A FASA

Agelsl FASHL AKUY FE T AANHATL, aslne £NES

A AREE AT A7 AE T2 o) A|(carcass)T Y RHI T4
AFEEQT AEojo] AAEY AR ES HH 2AEEY AL S oe ) 2Tk

745 (WG; weight gain, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight; & 7+ 745 (SGR; specific growth rate, %) = [(log. final
body weight-log. initial body weight)/days]x100; A}= 7 3}la &(FCR; feed conversion
ratio) = dry feed fed/wet weight gain; T = o] -& & & (PER; protein efficiency ratio) = wet

weight gain/total protein given; A}5=.4] o] = (FI; feed intake, g) = dry feed fed/fish.

2.1.4 LuAJEEA

Atadd, AR, dojAel digh AR EA 2 AOAC (1995) ¥l ket

rlo
>
>
o
o
N

FE 2125 °C, 3 h), %32 25 33 ZH (550 °C, 6 h), Tt d&

s 2R 7] (Kjeltec System 2300, Sweden)® #2415 ¢l o™, X2 Folch et
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al. (1957)2] ol wa} Soxhlet 5% 7 *|(Soxhlet Heater System C-SH6, Korea)E

ol g5te] HAjaleT,
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A7 of&al nIvt=E AXlsth A AL L vad) 2
7F5 A 4=(HSI; hepatosomatic indexes) = (liver weight * 100)/fish body weight;

52 ~(SSI; stomahsomatic indexes) = (stomach weight * 100)/fish body weight;

A (ISI; intestinesomatic indexes) = (intestine weight * 100)/fish body weight;

H] 7k = (CF; condition factor, %) = (fish body weight / fish body length®) x 100

Aol 43713 W F 5 7FA] & AEAd (pepsin, trypsin, chymotrysin, amylase,

Azttt AEd F7le SR E3ste] 22 A 7 (tissue grinder) & ©]-8-3]
EHsteict. B8 A= JQAEY@  °C, 10000 G, 15 min)3to]

&% 9 (supernatant)= =2]ske] EA el AREEH AT G4 A dA AlE9
okl 2l E2k(total protein)S- Bradford, (1976)¢] Wl uwhgl F2 ¥t} Pepsin
skd2 Worthington (1991)©] wWHol w2} 100 ul A1Z<l 0.0IN HCl <} 500 ul
HH-3- <4 (2 % haemoglobin, 0.06 N HCI)& ¥ o] ®F3(37 °C, 10 min) A% %, 5% TCA 1
ml & o] 5 83k vkSA AT A E2](12,000 G, 5 min)$ UV spectrometer (280

nm)E o]&sle] &S AT Trypsin 242 Erlanger et al. (1961)2] W ol
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w2} 25 ul A=<l 1.25 ml BAPNA solution (BAPNA 43.5 mg, DMSO 1 ml, 0.05M Tris-
HCI)S 10 #3137 °C) ¥H-&-A1Z1 %, 30 % acetic acid 1 ml 2 ©] UV spectrometer (410

nm)E o|&3sto] A8 543} E Chymotrypsin &4 2 Erlanger et al. (1961)2]

AMZS Ya w325 °C)AZ1 ¥ UV spectrometer (410 nm)E ©|&3to] &AL

/\

rlo

Worthington (1991)] *Hell kgl 0.5 ml A=ol 0.5
ml 5+-§-94(1 % starch solution, 20 mM sodium phosphate, 6.0 mM NaCl)= o] 3 &3+
HHS-A1Z1 F, 0.5 ml dinitrosalicylic acid & €31 5 #3F WH-&A]# UV spectrometer

(540 nm)E o]&3sle] S SAHSAT Lipase &4 1.0 ml o] A1Zo 1.5 ml

o

emulsion olive oil 2} 1.5 ml 0.1 M tris-HCI buffer & Y31 6 A 737 °C) ¥H-g A7l

95 % ethyl alcohol = 3 ml Y2t} 0.01 N NaOH & 2 A(titration)s}o] <45

2.1.7 oju]| =4k

A2 E AJEZ 05 mm o]dt2 k3L 6N HCl 15 ml = H 7} % dry oven
(110 °C, 24 h)ollA] WH-gAIZTE 3%l A5+ water bath (55 °C)E ©]-&3}] 2 3
sE A1 3, 25 ml volumetric flask © -8 &3t} 0.45 ul membrane filter =

oy} & |AJsle] olu|i=Ak B4 7](Sykam amino acid analyzer S433, Germany)E

FZ% AW 25 mg S 0.5N NaOH methanol 1.5 ml = Y31 A4 £% 3 heating

block (100 °C, 30 min)= AF-&-3fo] 7}L&}ith 30-40°C & 23] 3 hexane 1 ml <
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Agilent, US.A)E ©]&3}3 o}

2.1.9 AHE

4
BN
-
=
rol
-
rlo

AEAE 7 B AFEAE &2k~ (dissolved oxygen:
DO)¢t FaolZAFPH)E 1 o 2 3] FA3st. 542 v 3] APFxY

93 YAl AyEAeW, DO ¢ pH = YSI 600QS (YSIHZE o]-&3}o]

i

F}= SPSS (Version 12.0) =2 13-& o]-&3le] One-way ANOVA =

|

A A skt dlely  #tel feAleE T-Test & AR&slo] HHTH
214 (P<0.05)2 W&}t HolH = Hit g+ X F=H 2 (meantSD) = Y ER AT

W3 g BlolE = arcsine Wa @O Ashe] EA R
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15 U7F AlSAE A3 Table 12 o YERAAT EFM 9} SL -9
HFHLTA, AGE, dUAFES & AolE Holx| gt AsHTda s
EFM 7} 077 2 SL 7-(1.44) Bt} @it} ddol &5 8-S EFM 7} 224 =2
SL +(1.10) ®ut} =gty AbgAdolske SL H(17.2 g)7F EFM +(8.87 g) Wt}

=tk AEES EFM T7F 56 %= SL (46 %) HUh =dth(Fig. 4). HojAl

BAAIE Table 13 of LRy dojAle] A, 244, IJRGHe T
AR AolE molA kth A7) AAL o] Age) vwE =4 A

Table 14 o] YeERAAT} 7HE5FA 5= EFM 7+(3.16)7F SL 7+(1.95) B T} f-2] 2 o
FA gt v EE S AP FYAQ Aol & HolA| gkokth
2317190 g4%4 B4 AxeE Table 15 o] YERHATE Pepsin 3} lipase

2424y SL +7F EFM T-9F Hlalsle] fojd o =& s YER I U(Fig. 6).

O

dolAle] ofwwmabzAdel g A A= Table 16 o YERASIT EE
gl A 7 AP FAH] AfolE HolA @skth HolAe] Atz
ek 4 A= Table 17 o YERHSITE SL 79 palmitic acid (C16:0)2F
palmitoleic acid (C16:1)= EFM 9} H|nlsle] fFoFow & kS HAL
EFM 2] myristic acid (C14:0), oleic acid (C18:1n9), EPA (C18:2n6), erucic acid
(C22:1n9), DHA (C22:6n3)% SL ¢} Hlw3dte] Fejdo=z =2 ks et
Omega-3 ¢} Omega-6 A|"WAHe=FS EFM 17} SL 79} Hlalsle] fFojdoz &

ae HERl
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[Trial 2]

14 A3+ AFGAE A= Table 12 o] YERAS. SHFAE HASHH 5 A=
EFM (28.5)7} FM -(20.1) Bt} A =9k, 4E ©3k EFM 7} 165 %=
FM (90 %) ®.t} 9kt AFE AT &S EFM +(1.21)7F SL 71(2.85)¢}F H] aL&}o]
vhort), wdol 88> EFM /b 142 2 SL H0.60)H Ut} =T
AFEA oS FM 77} 339 g & EFM (269 g)R.t} 9tk A& EFM 7}
87 %= FM (73 %)H.t} = UtH(Fig. 5). dutdE A digh 24 A= Table
13 o YERATE HoAe] xuMd, 244, swgdFS T AP7 zol s
Holx erskth. 47 AA™ v A4 e A= Table 14 o YERA AT
EF Aes= FMOT7F ERM reb Hlatske]  folAo R mokth 9,

FFFAFE T AGTH AAH AelT wold gurh MmE: %

HolA o] ofu At ek BAATE= Table 16 o] YEFY T FM T2 histidine
FF= EFM grof Hlalste] oA o R itk EFM 79 opu|ieqt R

FM ¢} Blalste] dAA o2 H& As Btk doqAe it
A A3 += Table 17 o YERITE FM = decanoci acid (C17:0), earic acid (C18:0),
linolenic acid (C18:3n3), erucic acid (C22:1n9)°l A F-olHo® =& 7S HAT
EFM - palmitic acid (C16:0), linoleic acid (C18:1n9), linoleic acid (C18:2n6)°ll A]

ToHoR =S fhe E3ATh Omega-3 AWite] &

e

o = &
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Table 12. Growth performance of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 15 (Trial 1) and 14 days (Trial 2)

Dietary treatment FBW" WG? SGR® FCR* PER® FI° Survival (%)
Trial 1
SL 12.7+4.70 1760 19.5 1.44 1.10 17.2 46.0
EFM 12.2+3.75 1691 19.2 0.77 2.24 8.87 56.0
Trial 2
FM 20.146.50 89.7 4.27 2.85 0.60 33.9 73.3
EFM 28.5%8.02 165.1 6.52 1.21 1.42 26.9 86.7

!Final mean body weight (g)
Weight gain (%)

3Specific growth rate (%)
*Feed conversion ratio
®Protein efficiency ratio

SFeed intake (g)

- 29 -



Table 13. Proximate composition of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 15 (Trial 1) and 14 days (Trial 2) (% in carcass)

Dietary treatment Crude protein Crude lipid Ash Moisture
Trial 1
SL 72.6£2.99 14.2+2.77 21.4+3.79 75.5£5.74
EFM 71.3+2.35 14.3+4.12 18.5+2.93 72.6+4.88
Trial 2
FM 69.3£1.40 14.8+1.03 14.4+1.03 75.0£1.46
EFM 72.2+2.37 15.2+0.17 15.2+0.17 75.9+2.98
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Table 14. Biological assessment of digestive organs of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 15 (Trial 1) and 14 days (Trial

2)
Dietary treatment HSI* SSI? ISI® CF*
Trial 1
SL 1.95+0.33" 4.59+2.03 1.44+0.97 9.88+0.53
EFM 3.16+0.83° 6.45+0.69 1.19+0.39 10.7+0.86
Trial 2
FM 8.00+1.57° 1.38+0.20 1.19+0.14 10.2+2.13
EFM 6.01+0.94° 1.03+£0.36 1.04+0.25 12.0+1.08

Values are presented as mean +SD. Values in the same column having different superscript letters are significantly different (P< 0.05)
'Hepatosomatic index = (liver weight x 100) / fish body weight

2Stomachsomatic index = (stomach weight x 100) / fish body weight

®Intestinesomatic index = (intestine weight x 100) / fish body weight

“Condition factor = (fish body weight / fish body length®) x 100
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Table 15. Digestive enzyme activities of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 15 (Trial 1) and 14 days (Trial 2) (U/mg

protein)

Dietary treatment Pepsin Trypsin Chymotrypsin Amylase Lipase
Trial 1
SL 1.72+0.14° 0.77+0.47 0.22+0.11 1.24+0.42 18.4+1.27°
EFM 1.14+0.24 1.11+0.42 0.28+0.09 2.28+0.84 15.7+1.15
Trial 2
FM 2.46+1.20° 3.19+1.53 0.68+0.27 0.33+0.18 23.9+6.17
EFM 5.70+0.85% 2.22+0.40 0.42+0.09 0.26+0.09 26.0£5.35

Values are presented as mean +SD. Values in the same column having different superscript letters are significantly different (P< 0.05)
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Table 16. Essential and non-essential amino acid composition of juvenile bluefin tuna

Thunnus thynnus fed the experimental diets for 15 (Trial 1) and 14 days (Trial 2) (% of

protein)
Trial 1 Trial 2

AAs SL EFM FM EFM

EAA!
Arginine 4.62 4.63 4.40 4.52
Histidine 3.55 3.12 4.14° 3.62°
Isoleucine 3.14 3.02 3.10 3.22
Leucine 5.05 4.89 4.98 5.32
Lysine 5.70 5.53 5.57 5.96
Phenylalanine 2.72 2.64 2.67 2.82
Threonine 3.04 2.95 2.94 3.25
Valine 3.61 3.52 3.54 3.73

NEAA?
Alanine 4.15 4.08 4.03 4.06
Aspartic acid 6.82 6.59 6.71 7.39
Glycine 431 4.25 421 4.67
Glutamic acid 9.47 9.06 9.16 9.92
Proline 3.15 3.00 291 3.13
Serine 2.76 2.68 2.62 2.94
Tyrosine 1.94 1.91 1.85 2.06

IEssential amino acid

ZNon-essential amino acid
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Table 17. Fatty acid composition of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 15 (Trial 1) and 14 days (Trial 2) (% in lipid)

Trial 1 Trial 2
Fatty acids SL EFM FM EFM
12:0 0.20 0.10 - 0.21
14:0 3.42° 4.35° 4.59 421
14:1 0.60 0.52 0.40 0.49
15:0 0.34 0.32 0.63 0.38
16:0 24.7° 17.2° 15.8" 17.6°
16:1 8.25° 5.96" 4.68 5.09
17:0 2.02 1.02 1.52° 1.15°
17:1 1.28 1.08 0.98 1.02
18:0 6.05 5.25 6.18° 5.15"
18:1n9(0A) 10.3° 17.2° 15.8" 17.5°
18:2n6(LA) 1.00° 6.24° 5.02° 6.08°
18:3n3(LNA) 2.12 1.05 2.15° 1.58"
18:3n6 1.02 1.08 0.98 0.85
20:0 0.20 0.32 0.60 0.52
20:1 0.92 1.06 1.21 1.12
20:3n3 0.31 0.10 0.21 0.23
20:3n6 0.23 0.12 0.23 0.12
20:4n6(AA) 0.80 0.97 0.38 0.58
20:5n3(EPA) 3.08° 5.18° 4.89 5.09
22:0 0.22 0.13 0.22 0.12
22:1n9 1.68" 5.06° 7.25° 5.89"
22:6n3(DHA) 14.2° 19.1° 21.0 20.5
DHA/EPA 461 3.68 4.89 5.09
y'n-3* 19.4° 25.3° 28.0 27.2
> 'n-62 3.60° 7.21° 5.40° 6.66°
n-3/n-6 5.39°% 3.50° 5.19% 4.08°

TOmega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

2Omega-6 fatty acid: 18:2n6, 20:4n6
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Figure 4. Growth performance of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 15 days (Trial 1)
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Figure 5. Growth performance of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 14 days (Trial 2)
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Figure 6. Digestive enzyme activities of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 15 days (Trial 1)
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Figure 7. Digestive enzyme activities of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 14 days (Trial 2)
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Hepatosomatic index (%) Stomachsomatic index (%)

5.00 - 8.00 -
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Figure 8. Biological assessment of digestive organs and condition factor for juvenile bluefin

tuna Thunnus thynnus fed the experimental diets for 15 days (Trial 1)
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Figure 9. Biological assessment of digestive organs and condition factor for juvenile bluefin

tuna Thunnus thynnus fed the experimental diets for 14 days (Trial 2)
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CHAPTER 3.

Optimum dietary DHA oil level and replacement enzyme-
treated fish meal by sardine fish meal in diets for juvenile

bluefin tuna Thunnus thynnus

31 Alg £ WUy

311 A3Arts

AFALEE Ghgolio] 75 % XEIE ALZ(EFM75)SE EhA o] E S
ddtojF o2 20 %(AtE Wl 15 %) dHAgE AME(EFM60), DHA & 7159
4 %olA 2 %= 7HAAZ AFE(DHA2)S thxT= ARl 7hube](SL; sand
lance)”} AREE A THTable 18). HIEFW Y} wyE 23 &2 Mde=ws 7|22
sto]  ZpA AlFFste]  ARGSRdTh HARAANRES] F¥A FEFES AT

2aids 244 e7HS VxR AAdsigin. AdARe] Axs =

ol &3l AlRUS BHIiEte], AlEEAde wEk SFste] Z§sSITh
AL EE ALEAIZ7)(SP-50, Korea)S ©o]g3te] 2 ZFA A7|(2, 3 mm)E

AR AFE AYAlgE AZRU(24 h, 20 )l AR T AR FHF
A7kA] - 20 °C J&ae] R AHALR ] opu| Ak XA e

Table 19 ¥} 20 o Z}z} YERA QI
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Table 18. Formulation and proximate composition of the experimental diets for juvenile

bluefin tuna Thunnus thynnus

Experimental diets

Ingredients EFM75  EFM60  DHA2 sL!
Enzyme treated fish meal? 75.0 60.0 75.0 -
Fish meal® 0.00 15.0 - -
Soy protein concentrate® 8.00 8.00 8.00 -
DHA oil® 4.00 4.00 2.00 -
Cod liver oil 4.00 4.00 6.00 -
Vitamin premixture® 1.00 1.00 1.00 -
Mineral premixture’ 1.00 1.00 1.00 -
Taurine 1.00 1.00 1.00 -
Starch 1.50 1.50 1.50 -
Lecithin 4.50 4.50 4.50 -
* Proximate composition (% of dry matter)
Docosahexaenoic acid 2.18 3.10 2.00 1.36
Crude protein 57.7 58.9 57.7 65.2
Crude lipid 17.1 17.3 17.1 10.3
Ash 8.17 7.87 8.17 7.53
Moisture 4.94 5.15 3.95 77.9

1Sand lance, China

2CPSP, Sopropeche, France

30Orizon S.A, Chile

“Corp. Korea flavor, Korea

SDHA concentrate oil (corp. Comport, Korea)

Svitamin premix (g kg-! of mixture): dry vitamin A acetate, 1.704; thiamine hydrochloride, 3.630; riboflavin 5'-
phospahate sodium, 5.100; niacinamide, 28.05; calcium D-pantothenate, 12.14; pyridixine hydrochloride, 4.005,
vitamin B12 crystalline N, 0.011; ascorbic acid crystal, 222; dry vitamin D3, 5.000; dl-a-tocopherol, 114; Dry
vitamin k1, 1.500; biotin-d, 0.391; folic acid, 1.380; myoinositol, 115; cellulose, 484

"Mineral premix (g kg-1 of mixture): MgS0O,.7H,0, 60.0; NaH,P0O,.2H,0, 390; KClI, 207.5; Ferric citrate, 19.9;
ZnS0,.7TH,0, 3.00; Ca-lactate, 318.5; CuCl, 0.333; KI, 0.085; Na,Se,03, 0.27; MnSO,.H,0, 1.300; CoCl,.6H,0,

0.056

- 42 -



Table 19. Essential and non-essential amino acid composition of the experimental diets for

juvenile bluefin tuna Thunnus thynnus

AAs EFM75 EFM60 DHA2 SL

EAA!
Arginine 3.99 4.13 3.89 4.12
Histidine 1.66 1.80 1.62 2.31
Isoleucine 2.26 2.46 2.24 2.83
Leucine 3.80 4.13 3.75 4.72
Lysine 4.17 4.46 4.08 5.16
Phenylalanine 211 2.29 2.08 2.65
Threonine 242 2.57 2.35 2.92
Valine 2.62 2.84 2.57 3.12

NEAA®
Alanine 3.67 3.84 3.62 3.77
Aspartic acid 5.37 5.67 5.21 6.68
Glycine 5.18 5.12 5.10 3.66
Glutamic acid 8.26 8.68 8.09 9.34
Proline 3.03 3.21 3.09 2.88
Serine 2.63 2.73 2.57 2.88
Tyrosine 1.38 1.52 1.40 1.73

IEssential amino acid

ZNon-essential amino acid
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Table 20. Fatty acid composition of the experimental diets for juvenile bluefin tuna Thunnus

thynnus
Fatty acids EFM75 EFM60 DHA2 SL
12:0 0.10 0.10 0.10 0.10
14:0 8.26 8.76 9.14 7.10
14:1 0.10 0.10 0.10 0.00
15:0 0.70 0.60 0.70 0.30
16:0 27.3 27.4 28.5 26.3
16:1 4.16 4.24 4.65 2.30
17:0 0.40 0.40 0.40 0.20
17:1 0.10 0.10 0.10 0.00
18:0 5.97 5.79 6.27 7.70
18:1n9(0A) 17.2 15.4 16.7 10.0
18:2n6(LA) 5.45 4.75 5.20 1.15
18:3n3(LNA) 2.09 1.81 2.05 2.09
18:3n6 0.10 0.10 0.10 1.03
20:0 0.36 0.35 0.39 0.22
20:1 5.02 4.62 5.39 0.89
20:3n3 0.08 0.08 0.09 0.32
20:3n6 0.19 0.17 0.20 0.19
20:4n6(AA) 0.38 0.45 0.44 0.75
20:5n3(EPA) 4.80 5.57 5.68 3.02
22:0 0.14 0.12 0.13 0.19
22:1n9 0.75 0.72 0.87 1.12
22:6n3(DHA) 15.9 17.9 12.3 13.2
DHA/EPA 3.31 3.21 2.17 4.37
yn-3" 22.8 25.5 20.2 15.5
>'n-6 12.0 10.8 11.7 3.25
n-3/n-6 1.90 2.36 1.73 4.76

1Omega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

2Omega-6 fatty acid: 18:2n6, 20:4n6
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3.1.2 Ao

Aoaol(Z71HdEFA: 301 £ 153 g &= 4 Mo A
30 "R FAIR ekl A EQATHFig. 10). 73 Ul &5 X35
s AR TISE dsAbA FYUIE AXEa, Al@d7IzE Eet
H{ASF S 247 °C, &2k~ (dissolved oxygen):= 10.4 mg/L & 4 AT}
AbEE 1Y 4 3](08:00, 11:00, 14:00, 17:00 h)oll t+o] 13 U7+ wHiE-FF ¥ oh

A9 %k F 4 913 AA AR siphon & o §3e] ALgEx miere)

Figure 10. Rearing tank (water capacity; 57 tons) for juvenile bluefin tuna Thunnus thynnus
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313 A3 FASA

o~

10 vtele) Fogols 9= AdWlste] da= v AR §, 28 dE

745 (WG; weight gain, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight; < 7+ %% (SGR; specific growth rate, %) = [(log. final
body weight-log. initial body weight)/days]x100; A}= 7 3}a &(FCR; feed conversion
ratio) = dry feed fed/wet weight gain; 22 o]-8 & & (PER; protein efficiency ratio) = wet

weight gain/total protein given; A}5=.4] o] = (FI; feed intake, g) = dry feed fed/fish.

Figure 11. Installation of cage for catching the juvenile bluefin tuna Thunnus thynnus
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Figure 12. Measurement of fish weight (g) (top left) and total length (cm) (top right), and

dissection of the experimental fish (bottom left and right)

3.14 AW EEA

Chapter 2 ¢} 5L 3}A w8 =] At

3.15 7 §, 5% € nyx=

Chapter 2 ¢} 5L 3}A w8 =] At

3.1.6 484

Chapter 2 ¢} 5 U3HA %18 =] ATt
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3.1.7 ojv| =4k

Chapter 2 ¢} 5L 3tA 3= At

3.1.8 X"l

Chapter 2 ¢} 5L 3HA %18 =] AT,
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13907t AFANEE 5Pl

rot

HZG 5 A (FBW)= EFM757F 103 go. =2 7} 9k, SL (sand lance)”} 101 g,

DHA2 (85.9 g), EFM60 (71.3 g) =22 YW3lth S &(WG)> EFM75 7} 234 %=

N
oN

} 9kal, SL (202 %), DHA2 (177 %), EFM60 (130 %) <o & it}

Ry

]_
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oHl 2 4 8k § S (PER)S EFM757F 2.29% ki, DHA2 (1.68), EFM60 (1.34), SL
(1.31) 2 Utk AP o R (FI) 85.3 g2 7} =931, DHA2 (53.9 g), EFM75
(50.3 g), EFM60 (47.8 g) s=Oo= utth. AEE(survival)S EFM75¢ DHA27}
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Table 21. Growth performance of juvenile bluefin tuna Thunnus thynnus (initial mean body weight: 31.0 + 12.5 g) fed the experimental diets for 13 days

Dietary treatment FBW" WG? SGR® FCR* PER® FI° Survival (%)
EFM75 103+13.9 233 8.04 0.69 2.29 50.3 52.0
EFM60 71.3£15.3 130 5.55 1.19 1.34 47.8 48.0
DHA2 85.9+9.55 177 6.79 0.98 1.62 53.9 52.0
SL 101+20.9 226 7.89 1.21 1.31 85.3 36.0

!Final mean body weight (g)
Weight gain (%)

3Specific growth rate (%)
*Feed conversion ratio
SProtein efficiency ratio

SFeed intake (g)
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Table 22. Proximate composition of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 13 days

Dietary treatment Crude protein Crude lipid Ash Moisture
EFM75 18.9+0.45 3.60+£0.93 5.09+0.60 72.2+3.99
EFM60 19.0£0.75 3.62+0.39 5.20+0.35 73.4+4.35
DHA2 18.5+0.32 3.56+0.51 4.95+0.71 72.5+2.48
SL 18.3+0.63 3.50+0.42 5.03+0.83 73.5+5.10

Values are presented as mean +SD. Values in the same column having different superscript letters are significantly different (P< 0.05)
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Table 23. Biological assessment of digestive organs of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 13 days

Dietary treatment HSI* SSI? ISI3 CF*
EFM75 1.77+£0.40 1.37+0.10 0.64+0.04 1.36+0.09
EFM60 2.04+0.56 1.38+0.16 0.58+0.22 1.29+0.14
DHA2 2.44+0.55 1.37+£0.24 0.47+0.16 1.28+0.16
SL 2.44%0.40 1.27+£0.13 0.56x0.18 1.29+0.12

Values are presented as mean +SD. Values in the same column having different superscript letters are significantly different (P< 0.05)
"Hepatosomatic index = (liver weight x 100) / fish body weight

2Stomachsomatic index = (stomach weight x 100) / fish body weight

%Intestinesomatic index = (intestine weight x 100) / fish body weight

“Condition factor = (fish body weight / fish body length®) x 100
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Table 24. Digestive enzyme activities of juvenile bluefin tuna Thunnus thynnus fed the experimental diets for 13 days (U/mg protein)

Dietary treatment Pepsin Trypsin Chymotrypsin Amylase Lipase
EFM75 28.5+2.32° 12.1+1.52° 6.30+1.68 3.92+0.39° 130+4.25°
EFM60 26.2+1.08° 13.1+2.02° 5.98+0.59 4.17+0.57% 120+6.05"
DHA2 27.242.02° 12.5+0.28° 5.53+0.23 4.09+0.55° 128+3.08"
SL 35.7+1.62° 9.15+1.46° 7.32+1.25 1.49+0.48" 149+7.48°

Values are presented as mean +SD. Values in the same column having different superscript letters are significantly different (P< 0.05)
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Table 25. Essential and non-essential amino acid composition of juvenile bluefin tuna

Thunnus thynnus fed the experimental diets for 13 days

AAs EFM75 EFM60 DHA2 SL

EAA!
Arginine 441 4.11 4.01 4.02
Histidine 4.12 3.55 3.50 3.40
Isoleucine 3.11 2.82 2.93 2.84
Leucine 4.94 4.49 4.55 4.39
Lysine 5.87 5.09 5.22 5.03
Phenylalanine 2.33 241 2.46 2.35
Threonine 3.11 2.81 2.79 2.69
Valine 3.60 3.27 3.39 3.28

NEAA®
Alanine 4.06 3.79 3.75 3.60
Aspartic acid 6.26 5.73 5.74 5.55
Glycine 4.18 3.97 3.78 3.60
Glutamic acid 9.31 8.54 8.50 8.26
Proline 3.10 3.06 2.94 3.00
Serine 2.65 2.42 2.33 2.23
Tyrosine 1.89 1.70 1.72 1.62

IEssential amino acid

ZNon-essential amino acid

- 54 -



Table 26. Fatty acid composition of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 13 days

Fatty acids EFM75 EFM60 DHA2 SL
12:0 0.10 0.10 0.10 0.10
14:0 4.35 4.01 4.12 7.10
14:1 0.52 0.21 0.53 0.00
15:0 0.32 0.15 0.25 0.30
16:0 17.2 16.2 16.7 26.3
16:1 5.96 5.02 4.95 2.30
17:0 1.02 0.92 1.52 0.20
17:1 1.08 1.12 0.98 0.00
18:0 5.25 5.05 4.25 7.70
18:1n9(0A) 17.0 15.7 15.0 10.0
18:2n6(LA) 6.10 5.00 4.92 1.15
18:3n3(LNA) 1.00 2.02 1.50 2.09
18:3n6 1.08 0.85 1.02 1.03
20:0 0.18 0.75 0.68 0.22
20:1 1.12 1.10 1.52 0.89
20:3n3 0.00 0.30 0.70 0.32
20:3n6 0.15 0.25 0.15 0.19
20:4n6(AA) 1.00 0.41 0.50 0.75
20:5n3(EPA) 5.02 412 458 3.02
22:0 0.20 0.21 0.12 0.19
22:1n9 5.12 7.12 5.18 1.12
22:6n3(DHA) 18.9 19.5 16.5 13.2
DHA/EPA 3.76 473 3.82 4.37
yn-3 20.0 21.7 16.8 15.5
> 'n-62 8.18 6.56 7.14 3.25
n-3/n-6 2.45 3.32 2.36 4.76

1Omega-3 fatty acid: 18:3n3, 20:5n3, 22:6n3

2Omega-6 fatty acid: 18:2n6, 20:4n6
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Figure 13. Growth performance of juvenile bluefin tuna Thunnus thynnus fed the

experimental diets for 13 days
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Figure 14. Biological assessment of digestive organs and condition factor for juvenile

bluefin tuna Thunnus thynnus fed the experimental diets

-57 -



40.0
30.0
20.0
10.0

10.00
8.00
6.00
4.00
2.00
0.00

Pepsin activity (u/mg protein)

Trypsin activity (u/mg protein)

150 1 a 7 a

b
10.0 4
5.‘0 - 1
0.0 A

EFMT75

EFM60

DHA2 _ Sand " EFM75 EFM60 DHA2  Sand

lance lance

Chymotrysin activity (u/mg protein)

Amylase activity (u/mg protein)
6.00

5.00 a a a

4.00

3.00

2.00 b

e -_
0.00

EFM75

EFM60

DHA2  Sand EFM75 EFM60 DHA2 :Sand
lance ance
Lipase (u/mg protein)
200
a
100 4
50 -
0 4

EFM75 EFM60 DHA2 Sand lance

Figure 15. Digestive enzyme activities for digestive organ of juvenile bluefin tuna Thunnus

thynnus fed the experimental diets for 13 days
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CHAPTER 4.

Apparent digestibility of diets and protein sources in juvenile bluefin
tuna Thunnus thynnus: in vivo and in vitro digestibility and digestive

enzyme activities

41 As 2 u9y
411 AdAR

& 5 7HA Akl uigh o] zoje] 43}

A glo]io] AFE U] 75 % (EFMT75), 60 % (EFM60), DHAS 2 % (DHA2), o] gl o] &
S 75% (FM75) Yol =438, Artse] dist &skg 545 918 7 (sand
lance, China)Z AM&3}% tH(Table 27). 42388 41317 913k %] A] A (indicator) &
chromium oxide (Cr,0; Daelung)S A5t o, AdAE 1.0 %7} ¥X3H ==

AASG QAR FYh FFE APl JYh LTHEVNA: AR

W 62 %, =X]4: 18 %) EU = 24T Mineral 3} vitamin premix+ 2} &2
o 8TFS Jxz A Agstel AT Ar) AxE AL F45

1_1

of FUHH WE F, AREAE te St EFHTh AFRAL)(SP-

50, Gumgang Engineering, Daegu, Korea) & °]-&3lo] 43 (27 2 mm) 313k 744

2= o] 15 %%t AAAl 1 %E =9ste] pellet FeE AP sGlth BE AFA

S5 -30°C Wi By § Ao ARE skt
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Table 27. Dietary formulation and proximate composition of the experimental diets for

juvenile bluefin tuna Thunnus thynnus (%, dry matter)

Experimental diets

Ingredients EFM75 EFM60  FM75  DHA2 sLt
Enzyme treated fish meal? 75.0 60.0 0.00 75.0 -
Fish meal® 0.00 15.0 75.0 0.00 15.0
Soy protein concentrate* 8.00 8.00 8.00 8.00 -
DHA oil® 4.00 4.00 4.00 2.00 -
Cod liver oil 4.00 4.00 4.00 6.00 -
Vitamin premix® 1.00 1.00 1.00 1.00 -
Mineral premix’ 1.00 1.00 1.00 1.00 -
Taurine 1.00 1.00 1.00 1.00 -
Starch 1.50 1.50 1.50 1.50 -
Lecithin 4.50 4.50 4.50 4.50 -
Chromium oxide 1.00 1.00 1.00 1.00 1.00
* Proximate composition (% of dry matter)
Crude protein 57.7 58.9 57.7 58.3 65.2
Crude lipid 17.1 17.3 17.1 16.9 10.3
Ash 8.17 7.87 8.17 8.30 7.53
Moisture 4.94 5.15 3.95 4.38 77.9

ISand lance, China

2CPSP, Sopropeche, France

30Orizon S.A, Chile

4Corp. Korea flavor, Korea

*DHA concentrate oil (corp. Comport, Korea)

SvVitamin premix (g kg-* of mixture): dry vitamin A acetate, 1.704; thiamine hydrochloride, 3.630; riboflavin 5'-
phospahate sodium, 5.100; niacinamide, 28.05; calcium D-pantothenate, 12.14; pyridixine hydrochloride, 4.005,
vitamin B12 crystalline N, 0.011; ascorbic acid crystal, 222; dry vitamin D3, 5.000; dl-a-tocopherol, 114; Dry
vitamin k1, 1.500; biotin-d, 0.391; folic acid, 1.380; myoinositol, 115; cellulose, 484

"Mineral premix (g kg-! of mixture): MgSO,.7H,0, 60.0; NaH,P0O,.2H,0, 390; KCI, 207.5; Ferric citrate, 19.9;
ZnS0,4.7H,0, 3.00; Ca-lactate, 318.5; CuCl, 0.333; KI, 0.085; Na,Se,03, 0.27; MnS0O,.H,0, 1.300; CoCl,.6H,0,

0.056
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4.1.2 A3

gl oA Ao7] FuFdole] Asprzhs ARl vl §HALE (EFMT5)
o AALRE(SL)E 242 wol & 5 2A3F 1A o= 2utE] o] FoelE d5=ol
Yol 71" A7l 3 $(stomach)®} Z(intestine) W FrEdls 22159 A4S 45}
A tHFig. 16).

¢ W #<+=E = (stomach contents weight / body weight)*100; & W] #&EE =

(intestine contents weight / body weight)*100

414 B3

A. Dissection (3 %-%)

L

23S 8 dEAEE B 57 5% A o4 8l wEFel @ F
&

2% Ad A G257 tons)oll

gow el & 4UAT. B ATL - 40 °C AL WEL By F A

B. Cage (772 4))
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bl bel vhetuel
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A (net) e} Alo] A (siphon) & ©]

KoNgn==4
Ty, 2

i
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=

—_
o

3ol T (Fig. 17).

z3te] Lo Mg

Figure 16. Feces in tuna intestine, and fecal collection for juvenile bluefin tuna Thunnus

thynnus by dissection
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Figure 17. The cage in rearing tank for fecal collection from juvenile bluefin tuna Thunnus

thynnus (left) and feces sample (right)

415 A3 =X
A A7 o oA o] A AR AFE-H chromium oxide &%F-S Divakaran et al.

(2002)¢] WWE EdZ AFuictn FoARgEFs AT 24 EAT

APAm 2 B AZS 33 E((5B50 °C)ollA A7 Hob FEAZ F dojR

Al8E Ao AMg3S . HA chromium  oxideZ mono-chromate & Ej=
AEstAl717] f1e] AE 5 - 10 mgs S5kl glass test tubeol] X1tk AlE7F HX
glass test tuboll perchloric reagent (HCIO,) 4 mlE % 7}gkt}. Perchloric reagent= 100
mle] SF5ell 200 mle] Aiks EFE 5, WZAIZ ok 70 % perchloric acid 200

mlS Egste] TkEth AlE9F perchloric reagent”} %7} glass test tubeE
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7ol Qi 300 °C oA 20%3F 7FEE § A2eA AT A7)
2 AZ2 50 ml FEEgtsaaed &1 F A SRR 25 muUt HES
Aersit), 1 % 233357 (Beckman DU-730, USA)E ©]83}e] 350 nmelA]
THEE S8 S8 FH e AEEAH R o] dA2 +9]¥ standard
fAog whEo standard WS o]83ste] A5 chromium oxide FFS
ArtetRqnt, Fda B AR E Lk AL et 2

AYAa A48k AL ADCs of nutrients in reference and test diets (%) = 100 x [1 — (% indicator in

diet/ % indicator in feces) x (nutrient concentration in feces / nutrient concentration in diet)]

416 & SAHEA

Chapter 29} -5 43tAl 13 =] ATt

4.1.7 Invitro 23H-&§-4]
9 7kA] e Az o] tidt invitro A8HE A2 Carter et al. (1999)2] ol
upet A 7 A8 FUAL TS Table 28 o YERHSITE Frhdo]

bl

r
Ol

GAhE FES7] Y8 24 A AN Adele] A7He A
AzE F71e SHTAg/5mhek &3 5 A4 3kel(4 °C, 10,000 G, 15 min)
e B, HEE Ve SHFFG EFsIY A E7(tissue
grinder) & ©]-&3l &8kt E4lE A5 Y424 °C, 10,000 G, 15 min)s}o]

&S N(supernatant) & 2|8k} LAl AREHAT BaRAd TACl oM AEe
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bath o4 12 A|7H25 °C) Wk& A|Z1 3, 14 % sulphosalicyclic acid = % 7}3}o]
20 W7F WAL AES YAIRE](20,000G, 4 °C, 5 min) & AT HS
SHT 30 m & ¥ oA A T ATHE HEe S F
4 3] wrEE It AMEZS millipore filter (0.7 ul)2 o] &3to] o3 & AXAA

AEEA g s BATE In vitro &3E AdE ey e

In vitro digestibility = protein in diet (g) — undigested protein (g) / protein in diet (g) *

100

4.1.8 b EE A

Chapter 29} -5 d3tAl 13 =] ATt

4.1.9 A £4

B2 A3b= SPSS (Version 12.0) 2135 o] &3}o] One-way ANOVAE %7
A Eoink dlolE kel folA= Tukey HSDE Hafghe]l 914 (P<0.05)&
Hlaskith, o= g+ A A (meantSD) 2 LFERQITE WS dlojE &=

arcsine W3 zro g Aalsie] £ 4819}
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Table 28. Proximate composition of feed ingredients for in vitro pepsin digestibility of juvenile bluefin tuna Thunnus thynnus (%, dry matter)

Ingredients Crude protein Crude lipid Ash Moisture
EFM (enzyme treated fish meal) 70.2 12.0 8.50 231
FM (sardine, fish meal) 68.0 8.60 17.1 9.01
LT (low temperature fish meal) 78.0 9.62 13.7 9.32
MM (meat meal) 80.3 12.9 6.82 2.72
FE (feather meal) 74.5 10.3 2.55 5.79
PM (poultry meal) 63.2 12.4 12.5 5.92
SM (soybean meal) 47.3 1.80 8.31 10.1
SPC (soy protein concentrate) 67.6 1.02 6.92 6.73
WG (wheat gluten) 65.7 2.40 1.03 125
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ool Aole] Aol mE A2 Table 290 YERHIIT wighA ==
Atz ol 10 AIRE - of Al el A3bE o] Wi ElaL, AAEE AR Eo] 4 A

(

B oA E Ao JEtiFig. 18 & 19). L £6) $4F 2o e

882 Table 300 vrERAQITE WA A4xslg sLo] wjEAtET-e} M aLste]
o

FolHoR Tk FUBAE AR W o FFo] FHUFS
o]

oty
o
flo
=
4
2
)
o
it
B>
o
o
k1
(92]
(I
—
)
=
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=l
—
fo
=
I=Jl

XL, AR U oie] FhEFe] FFESE Haedinh JHreAs Bl T
Fo] 7}48H&-S Table 319 YebAc @uld 714588 EFM757F fro3o=

7} 9kar, SL (73.2 %), DHA2 (67.2 %), EFM60 (64.2 %) <=0 2 fold oz gt
Uh(Fig. 20). A& 7FAstES EFM757F o8 o= 7Hd £9kal, SL (61.0 %),
DHAZ2 (58.3 %), EFM60 (55.4 %) s=O°.% Ykth(Fig. 21). & 97H4] @ a5 ol of

5 Foheo] o] 43173 W pepsing in vitro A3H&S Table 320 e ST

(e
=

Z

1‘>
l"O

32 @A o] (92 %)Y U =Fdll(wheat gluten, 91 %)°] ¥ 7S

B
32
3

, L HE A2 o] E(low temperature fish meal, 72 %), <%(meat meal,
65 %), 5= U] (soy protein concentrate, 62 %), -$-%.3-(feather meal, 60 %), *©]
2] o] B-(57 %), 7Fa3AHeE 5 (poultry meal, 55 %), TS5} (soybean meal, 43 %) <O &
etttk 4 9AE FAopge] Aoje] Ashrld W Astaagde Table 339]
e AT} Pepsin &7 (u / mg protein) -3} $ 30 1.52, 604l 17.4, 90 9l

285, 120l 40.2= YfEbRtvh F-3} - 30l M 60 Atolel of 118f 7l &

M~

717V F FE w8 S7FES Bt Trypsin 442 K3} 5 30900 1.11, 600l
6.27, 90 ol 12.1, 120¥ ol 25.52 YE}ST H-3} & 30U A 609 Alolel F 5.6

W F7kskel 713 = M =

rlo
N

7}EZS Bt} Chymotrypsin 842 H-3} 3
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3099 0.31, 600l 2.17, 90 o] 6.30, 1204 15% e B3 5 3093 60

e

o] Atele ¢k 7H) F7}ete]l A V|7 F M =S Z7HES BT Amylase &

Ao Hal 3 3090 1.29, 60U 3.27, 904l 3.92, 120 7.252 }EFWIL, 30
A3} 60U Alololl ¢k 2.5uf =789, 60€ T 90U AlololE & x}o]E HolX

eFokth mpxEo 2 lipase®] &/ -3} § 30l 19.0,60%€l 48.8, 90l 59.2,

o A

120 0) 67.1% EFSL, 30U 7} 60 Alolo] ok 2.5u) F7}skolt)
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Table 29. The feeds residues in the stomach and intestine of juvenile bluefin tuna Thunnus

thynnus (% of dry matter)

EFM75 SL
Time after feeding
Stomach Intestine Stomach Intestine

2h 2.52 - 2.17 1.50
4h 2.02 - 0.92 2.71
6h 1.29 0.30 - 0.75
8h 0.90 2.10 - -

10h 0.87 1.02 - -

12h - - - -
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Table 30. Apparent digestibility coefficients (ADC) of the experimental diets for juvenile

bluefin tuna Thunnus thynnus by cage fecal collection method (% of ADC)

Dietary treatment Crude protein Dry matter
EFM75 82.5+1.90° 72.5+1.68"
EFM60 76.5+2.15° 64.2+0.82°
FM75 57.2+0.27° 53.3+0.89°
DHA2 83.8+2.10° 70.1+1.09°
SL 89.2+1.12° 80.2+0.58°

Values are presented as mean +SD. Values in the same column having different superscript letters are

significantly different (P< 0.05)
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Table 31. Apparent digestibility coefficients (ADC) of experimental diets for juvenile

bluefin tuna Thunnus thynnus by dissection fecal collection method (% of ADC)

Dietary treatment Crude protein Dry matter
EFM75 75.2+1.82° 63.2+0.25%
EFM60 64.2+0.48" 55.4+0.68"
DHA2 67.2+0.15° 58.3+1.67°
SL 70.2+0.61° 61.0£0.89°

Values are presented as mean +SD. Values in the same column having different superscript letters are

significantly different (P< 0.05)
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Table 32. In vitro digestibility of protein ingredients for juvenile bluefin tuna Thunuus

thynnus (% of digestibility)

Ingredients Pepsin digestibility (%0)
EFM (enzyme treated fish meal)* 92.0+£0.56
FM (sardine, fish meal)? 56.7+1.56
LT (low temperature fish meal)® 72.1£2.10
MM (meat meal) 65.1+0.58
FE (feather meal) 60.2+2.58
PM (poultry meal) 55.2+1.25
SM (soybean meal) 43.0£1.25
SPC (soy protein concentrate)* 61.9+2.01
WG (wheat gluten) 90.5+£1.02

ICPSP, Sopropeche, France
20rizon S. A, Chile
3Skagen, Denmark

“Corp. Korea flavor, Korea
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Table 33. Digestive enzyme activities of juvenile bluefin tuna Thunnus thynnus fed EFM75

(U/mg protein)

DAH* Weight (g) Pepsin Trypsin (frhy)gg% Amylase Lipase

30 2.00 1.52+0.25 1.11+0.39 0.31+0.08 1.29+0.31 19.0£1.25
60 35.0 17.4+2.42 6.27£0.28 2.17+0.87 3.27+0.59 48.8+5.21
90 160 28.5+2.31 12.1+152 6.30£1.68 3.92+0.39 59.2+4.25
120 600 40.2+1.52 25.5+2.62 15.0+0.85 7.25+0.25 67.1+4.05

"Day after hatch
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Figure 18. The feeds residues in the stomach of juvenile bluefin tuna Thunnus thynnus fed

EFMT75 and SL (% of dry matter)
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Figure 19. The feeds residues in the intestine of juvenile bluefin tuna Thunnus thynnus fed

EFMT75 and SL (% of dry matter)
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ADC of protein (%) ADC of dry matter (%)
100 70 1

a c b

80 - a b 60 d
d ¢ 50 A
60 1 40
40 30 -+
20
20 -+ 10 4
0 - 0 4

EFM75 EFM60 DHA2 Sand lance EFM75 EFM60 DHA2 Sand lance

Figure 20. Apparent digestibility coefficients (ADC) of protein and dry matter of
experimental diets for juvenile bluefin tuna Thunnus thynnus by dissection fecal collection

method (% of ADC)

ADC of protein (%) ADC of dry matter (%)
100 - a 100 1
b b .
80 - H 80 { b b
d C

60 60 d
40 - 40 -
20 + 20 -

d 0 -

EFM75 EFM60 FM75 DHA2 Sand EFM75 EFM60 FM75 DHA2 Sand

lance lance

Figure 21. Apparent digestibility coefficients (ADC) of protein and dry matter of
experimental diets for juvenile bluefin tuna Thunnus thynnus by dissection fecal collection

method (% of ADC)
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In vitro digestibility (%)
100 -
90 A
B0 A
70 1
60 o
50 A
40 A
30 A
20 o
10+

EFM FM LT MM FE PM SM SPC WG

Figure 22. The in vitro pepsin digestibility of nine protein (EFM: enzyme treated fish meal,
FM: sardine fish meal, LT: low temperature fish meal, MM: meat meal, FE: feather meal,
PM: poultry meal, SM: soybean meal, SPC: soyprotein concentrate, WG: wheat gluten)

sources in diets for juvenile bluefin tuna Thunnus thynnus (% of pepsin digestibility)
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Utilization of enzyme-treated fish meal

W oATE EadeolRel Frigel WFAR v F Budon g b

Aoz d#A th(Aguila et al., 2007). ¥ Aol o] GAh A gloj R Algo uw}

o] 9Jo| = zof(Dicentrarchus labrax), %] 7l<©](Oncorhynchus mykiss),
th A kA of(Salmo salar) AFE M E o] &a&o] w2 Aow <& A Qlri(Langar,
1992; Gomes et al., 1995; Berge and Storebakken, 1996). A ¥}z o2 E Ao A4A
e 28RS W, EaA RS Xol7] ko] Alm W HA o dwAe]
o % AR Zhegto]l SIHEA. maA ol TR AT A A EHE o
Fof whz} vf§- c}ekatrl(Kristinsson et al., 2000). Ji et al. (2008)2 ol S that
ox aaAgddelolEy aiaAgdA o] JFrpEo] Als W F dEg
S 2 o] 8IS IS A3, aaA g gololEo]l aaiA e E X o]
H3) e o] 8ESS Holttn WIS F JHA] EAaATlRS A
o] HEAbdS aiA e 7ol (100 — 500 Da)o] AP EA o] E
o]

(5000Da)] Ml3} Witk AEE TANE WAL FTRAFE He5E
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Woll A A &stdnh & Aol AR maA ool FdEAES 3000
Daclith. A dr2ael & A7datE vFo] Boks wl, a4 ol

i
B FAE A A o] FuEole] Aol dFe = Ao dddn.

Utilization of fish meal

Chapter 20l4] R drko]it+-

o,
pIv
rlo
oX,
o
i
rlo
2
M
o,
e
ku)
ot
2
>,
il
=

e m$- e o] & EHS Hol= Aow A4l IUK(Takii et al., 2007a; 2007h)

Carter et al. (1999)> *|o]7] FthgolE Ot o= in vitro &3&S 43 2,
Aol = giAgdoinet of ol tiek aslgo] vty Hasiglh o9 o]

Aol g2 ojFd v ot xdkgo] W Aow deiA dut 3FA4
o] F<l Wol(yellow tail) = of el tigh o] &Eo] W Z1oF HIHTH(Takii et

al., 1998). ©]9} Ti&o] Chapter 204 e AnkojRo] dax o] iy
et al., 2009).

o]
317 oy e Aow Fudth thyh Chapter 39 AdE F3] dulojR e g4
U]

0% o)) A bs & Zlow wedd
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Efficiency of formulated feed
Chapter 29} 39 A}, Abs Aol AALET7E Fokou ARl G849
SRR AREE, Dol gas)e AR} Aolr] Arhge] Abge] mr

94 Aoz etk WAk AES WHoER WM@AEst YRS

ofr
fijo

AHEESE Mad ATdAE wiies AR g e SR

rlo

K THCho et al, 2005; Lee et al., 2005). 1oz} o] FollA] MALz ol FAlzk
WighAts tie] oF 38 Wi W aEATH(Hardy et al, 1993). AR Fol&
Az 5 B wE sHEAdE, By Ao o 2o, Aday 2
FHeYd S T B2 EAE oF7|gthKim et al., 2008). 53], AR
AFEFY £EAAE AR ET WEA ZAA YA B E ] o H(Kim et al.,

2014), AALES] BFL

rlo
>
Ho
N
=
-
Ho
il
X,
i
I
ro
Lo
i
o
o
=
%
<
=l
fz
)
N

- 58 O S7RA Y B EJACHKim at al., 2012). o] H AlEeo] a& <l

=ve mege W WEAEE AR wg Aoy prwel gl
7

Utilization of DHA oil

Chapter 2014 DHA §7} % A Agow ALd WEARE & AFESS

7HE (70 %) HlaEke] ol x|o7] FuEte] Alge] Hul g&Ho=
AbE7 s 8 Ao ddkeEth Chapter 39 AMFAES &35 AR U DHA 2
A7 vl& el wep Fopeold Aol Aty AS gl Als U

DHA 5 4% %719 2387 (ks W) DHA ¥ 21%)E DHA 5 2% 7139
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AET (R W DHA % 20 %R & AFE HRlAoR wFo] neks ),

N

A7 44 9% Aol7] Frigo] AR Ul DHA S A4 T 21% o)l

J

Aoz Atgdth 3f4d o]FQd Wolo] AR Wl DHA 7% 14 - 26 %=
3% 3 (Furuita et al., 1996a), —L 2] 342kl Fi(Pagrus major)e] 1.0 — 1.6 %

(Furuita et al., 1996b), == 77Jo|(Pseudocaranx dentex)”} 1.6 — 2.2 %=

o

H 1% QI tH(Takeuchi et al., 1996). g=gk Frjgdo]e] DHA S7%F 119

sl F7HdFe]l aTHET

Survival
ool 9RATd wztel wgate] the ofFel W) A

o
&S Holx AoR 2delAd drtH(Miyashita, 2002). TH|EAE E A9
=

A&

MY AEES ARV MRS By st dubH o Frsto
o] AHg Aol AMRZE S8 e wEA Eed wE AEVE HY A=
FAs]  Folx  FE<Q T (cannibalismyd@ Aol A wAET) o

5 o](Dicentrachus  labrax), Wl5-(Gadus morhua), ™| ”|(Clarias  gariepinus),

—_

Wol(Anguilla anguilla)S iAoz 3 AP H= Als FF & FEAIZL

K

Z7k wet 747 3% (chasing behavior)¥} &2 &Aool F7lsict
1 315 ¢l thH(Degani and Levanon., 1983; Hecht and Appelbaum., 1988; Katavic et al., 1989;
Folkvord., 1991; Sakakura and Tsukamoto., 1998). AAl& & HIFAIZH T W=7
23tE 7] wEel wFALRE FEd YRl Aojdl Hla] wE ARE S
TEAS Bedor FAANY NES F7MA7])E Ao ® FdE ) Kondo et al.
(2016)> FHHolE oz wWigAtRe AR AW AstAREE A4S

A3, AAIE7F wiEgAtEHETE wmEA 2FEcta Basgich B ATt
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2 THSimpson, 2000). 5°](Dicentrarchus labrax), <5 (Oreochromis niloticus),
%Jol(Cyprinus carpio)e] 243} 7] Wl protease T T ALES
S 7HA1Z1 53l B 31% Q) 51 (Manjappa et al.,, 2002; Tibaldi et al., 2006; Lin and Lou.,
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F
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an st A wek A& Fsks
o] (Thunnus albacares), & (Sparus aurata)= tio= 3t
ATAAE &3t 73 Ul ga4g4L2 AT F7tet gEe Frhgta
R 15 ¢ tH(Moyano et al., 1996; Buentello et al., 2011). o] A H o]F<] a4
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713 Ao Yol AlR U] Ho|ER AV HEE H7FE Ui et al., 2008; Biswas et al.,
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F2 W &2 2o #(Enzyme-treated Fish Meal,

EFM)] st SRS AFete]l AAHeln V1A Folg AR

1 2 AF(Chapter 2)9lME Hoj7] Frigols oz Am W
A ES & dddor ALgH At gk AlSas gelslax}

2 Zdle] ASAES Aok ARSAE L(trial 1) WE2T= AAFE(SL; sand

lance) S AM&St 3, HFFA 068 g Wl AHoly] FrtelE

o

2 N

FE(F2E% 57 holl zt 50 vl TR e ste] 15 Az WAH A

L

FRETAL T ART 2 Ao B ol ehrh AFAR 2rial 2014

= el F guddon ASE WEAEFish Meal, FM)E

£ 2
BN
-

27 Agagth Agdde Awial 107 g Welel Aoj7] Addels F
o

57 tons)ell Z} 15 wiel® FAelE wjA|sie] 14 AXE

A

N
rlo

olg] g o FeHc)

2 2 A¥(Chapter 3)= A|o)7] Hudols ulido=
A7kek DHA {19 ARE HlEol wWE AMgase gdstua AASAES
APty HAArtms aaAdolEel 75 % EE AFR(EFMT5)%
EaA ol dukfitor 20 B(AtE Ul 15 %) UlFE  ALE(EFM6O),
DHA #5 719 4 %A 2 %= HAaAIZ] AFE(DHA2)9F tixT=2 AAES

7hbe](Sand Lance; SL)S AF&3lTh AFRA &S i HA 31 g Hele o7

-84 -



FAdFolS F 4 | FER(EGFE: 57 tons)oll ZF 50 vhEA T2 R v ] 5o
13 A3t AMFARS JAAHAT oA HTHATFAE EFM75 (103 g)¢}
SL 7-(101 g)7} AFsFiaL, DHA2 (85.9 g), EFM60 (71.3 g) <o & it
Aledstg &S BE A¥T T EFM75 71(0.69)7F 7Fd wEkil, DHA2 (0.98),
EFM60 (1.19), SL (1.21)o = =ohth AEES WA S A 771 48 — 52 %=
SL 7 (36 %)o Huste] w2 AEFS HTE Xoly] Fue] Als W AA
DHA 9] H7} v & J45S aglste] 3% odow Ayzdr

3 2+ A3 (Chapter 4)& Ao7] FopFols tioz Ats o dRkolda}
DHA 9 Z7F uvlgol] w& Ast&s XA s 2 7FA WRi(cage,
dissection)S o] &3l vl =S S-F8A ) sl H-(dissection)E F3l 35 Ho
gl Ad JhasEe SL 7F 7P 93, DHA2, EFM75, EFM60, FM75 <0 &

shoreh WAL Ul AR Ul dwolie] mlgo]l F7l Wim vl

tastge YolAE AEgE Bt 7HFE(cage)E  ©]-8-35H] 13 &9
g 71438 EFM75 7F 71 3=9kaL, SL (73 %), DHA2 (67 %), EFM60 (64 %)

sog7 Yyt gwmAdge  didk  in vitro  pepsin A 3H&

rlo

aaAgo]wE92 %) EFFEO0 %)ol  =kal,  AojgolE¥ (57 %)}
o F8H43 %) 0] W AHes Bt
u}

Arigols] ¥ &

ol
onl
I
e
)
o

2staa & (pepsin, trypsin, chymotrypsin, amylase, lipase)oll o3l &A1&}t 2

Hol= H31 5 73U (DAH; day after hatch)oll w2} & 53](DAH 30, 60, 90, 120,

d

150) 23b719S A& 57b astEa BYES PRAS Aol we AL
A4 Sk A9e Rt WETU 5o 424 ARt ¥& A8 Kol
G5 maAol R @ HEHOR Ag A5 Aole AnHt



AnEw

Aguila J, Cuzon G, Pascual C, Domingues PM, Gaxiola G, Sanchez A and Rosas C. 2007.
The effects of fish hydrolysate (CPSP) level on Octopus maya (Voss and Solis) diet:
digestive enzyme activity, blood metabolites, and energy balance. Aquaculture, 273(4),

641-655.

Allan GL, Parkinson S, Booth MA, Stone DA. J. Rowland SJ, Frances J and Warner-Smith R.
2000. Replacement of fish meal in diets for Australian silver perch, Bidyanus bidyanus:

I. Digestibility of alternative ingredients. Aquaculture 186, 293— 310.

AOAC (Association of official analytical chemists). 2000. Official methods of analysis. 17th

edition. Washington, DC, U.S.A.

Aubourg SP, Sotelo CG and Gallardo JM. 1990. Changes in flesh lipids and fill oils of
albacore (Thunnus alalunga) during canning and storage. Journal of agricultural and

food chemistry, 38(3), 809-812.

Barnett BJ, Cho CY and Slinger SJ. 1982. Relative biopotency of dietary ergocalciferol and
cholecalciferol and the role of and requirement for vitamin D in rainbow trout (Salmo

gairdneri). The Journal of nutrition, 112(11), 2011-2019.

Bell MV, Henderson RJ, Sargent JR. 1986. The role of polyunsaturated fatty acids in fish.

Comp Biochem Physiol 83B 711-719.

Berge GM and Storebakken T. 1996. Fish protein hydrolyzate in starter diets for Atlantic

salmon (Salmo salar) fry. Aquaculture, 145(1), 205-212.

- 86 -



Biswas A, Biswas BK, Ito J, Takaoka O, Yagi N, Itoh S and Takii K. 2011. Soybean meal
can partially replace enzyme-treated fish meal in the diet of juvenile Pacific bluefin tuna

Thunnus orientalis. Fisheries Science, 77, 615-621.

Biswas BK, Biswas A, Junichi I, Kim YS and Takii K. 2013. The optimal dietary level of
ascorbic acid for juvenile Pacific bluefin tuna, Thunnus orientalis. Aquaculture

International, 21, 327-336.

Biswas BK, Ji SC, Biswas AK, Seoka M, Kim YS and Takii K. 2009b. A suitable dietary

sugar level for juvenile Pacific bluefin tuna, Thunnus orientalis. Aquaculture Science.

Biswas BK, Ji SC, Biswas AK, Seoka M, Kim YS, Kawasaki Kl and Takii K. 2009a. Dietary
protein and lipid requirements for the Pacific bluefin tuna Thunnus orientalis juvenile.

Agquaculture, 288, 114-119.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem. 72:

248-254.

Buentello JA, Pohlenz C, Margulies D, Scholey VP, Wexler JB, Tovar-Ramirez D and
Gatlin DM. 2011. A preliminary study of digestive enzyme activities and amino acid
composition of early juvenile yellowfin tuna (Thunnus albacares). Aquaculture, 312(1),

205-211.

Carter CG, Bransden MP, Van Barneveld RJ and Clarke SM. 1999. Alternative methods for
nutrition research on the southern bluefin tuna, Thunnus maccoyii: in vitro digestibility.

Aguaculture, 179, 57-70.

-87 -



Chalamaiah M, Hemalatha R and Jyothirmayi T. 2012. Fish protein hydrolysates: proximate
composition, amino acid composition, antioxidant activities and applications: a review.

Food Chemistry, 135, 3020-3038.

Cho SH, Lee SM and Lee JH. 2005. Effects of the extruded pellets and raw fish-based moist
pellet on growth and body composition of flounder Paralichthys olivaceus L. for 10

months. J. Aquacult, 18, 60-65.

Collette BB and Nauen CE. 1983. FAO species catalogue. Vol 2: Scombrids of theworld.

FAOQ Fish. Synopsis 125, 90-92.

Degani G and Levanon D. 1983. The influence of low density on food adaptation,

cannibalism and growth of eels (Anguilla anguilla(L.)). Bamidgeh, 35, 53~60.

Deng J, Mai K, Chen L, Mi H and Zhang L. 2015. Effects of replacing soybean meal with
rubber seed meal on growth, antioxidant capacity, non-specific immune response, and
resistance to Aeromonas hydrophila in tilapia (Oreochromis niloticus x O. aureus). Fish

& shellfish immunology, 44(2), 436-444.

Divakaran S, Obaldo, LG and Forster IP. 2002. Note on the methods for determination of
chromic oxide in shrimp feeds. Journal of agricultural and food chemistry, 50(3), 464-

467.

Erlanger B, Kokowsky N, Cohen W. 1961. The preparation and properties of two new

chromogenic substrates of trypsin. Arch. Biochem. Biophys. 95: 271-278.

FAO (Food and agriculture organization of the united nations). 2011. Review of the state of

world marine fishery resources. Fisheries and aquaculture technical paper. 569.

- 88 -



Folch J, Lee M and Sloane-Stanley GH. 1957. A simple method for the isolation and

purification of total lipids from animal tissues. J Biol Chem 226, 497-509.

Folkvord A. 1991. Growth, survival and cannibalism of cod juveniles (Gadus morhua):

effects of feed type, starvation and fish size. Aquaculture, 97, 41~59.

Furuita H, Takeuchi T, Toyota M and Watanabe T. 1996. EPA and DHA requirements in
early juvenile red sea bream using HUFA enriched Artemia nauplii. Fisheries science,

62(2), 246-251.

Furuita H, Takeuchi T, Watanabe T, Fujimoto H, Sekiya S and Imaizumi K. 1996a.
Requirements of larval yellowtail for eicosapentaenoic acid, docosahexaenoic acid, and

n-3 highly unsaturated fatty acid. Fisheries science, 62(3), 372-379.

Gildberg A, Bagwald J, Johansen A and Stenberg E. 1996. Isolation of acid peptide fractions
from a fish protein hydrolysate with strong stimulatory effect on Atlantic salmon
(Salmo salar) head kidney leucocytes. Comparative Biochemistry and Physiology Part

B: Biochemistry and Molecular Biology, 114, 97-101.

Gomes EF, Rema P, Gouveia A and Oliva-Teles A. 1995. Replacement of fish meal by plant
proteins in diets for rainbow trout Oncorhynchus mykiss: effect of the quality of the
fishmeal based control diets on digestibility and nutrient balances. Water. Sci. Technol.

31, 205-211.

Halver JE. 1972. The vitamins. Pp. 29-103 in Fish Nutrition, J. E. Halver, ed New York:

Academic Press.

Hardy RW, Fairgrieve WT and Scott TM. 1993. Periodic feeding of low-phosphorus diet and
phosphorus retention in rainbow trout (Oncorhynchus mykiss). Fish nutrition in practice,

424-271991403412.
-89 -



Hecht T and Pienaar AG. 1993. A review of cannibalism and its implications in fish larvae

culture. Journal of the World Aquaculture Society, 24, 246~261.

Hepburn FN, Exler J, Weihrauch JL. 1986. Provisional tables on the content of omega-3 fatty

acids and other fat components of selected foods. J Am Diet Assoc 86 788—793.

Hilton JW, Hodson PV and Slinger SJ. 1980. The requirement and toxicity of selenium in

rainbow trout (Salmo gairdneri). The Journal of nutrition, 110(12), 2527-2535.

Hsu KC. 2010. Purification of antioxidative peptides prepared from enzymatic hydrolysates

of tuna dark muscle by-product. Food Chemistry, 122, 42-48.

Je JY, Lee KH., Lee MH and Ahn CB. 2009. Antioxidant and antihypertensive protein
hydrolysates produced from tuna liver by enzymatic hydrolysis. Food Research

International, 42, 1266-1272.

Ji SC, Takaoka O, Biswas AK, Seoka M, Ozaki K, Kohbara J and Takii K. 2008. Dietary
utility of enzyme-treated fish meal for juvenile Pacific bluefin tuna Thunnus orientalis.

Fisheries science, 74, 54-61.

Julshamn K, Andersen KJ, Ringdal O and Brenna J. 1988. Effect of dietary copper on the
hepatic concentration and subcellular distribution of copper and zinc in the rainbow

trout (Salmo gairdneri). Aquaculture, 73(1-4), 143-155.

Katavi¢ 1, Jug-Dujakovi¢ J and Glamuzina B. 1989. Cannibalism as a factor affecting the
survival of intensively cultured sea bass (Dicentrarchus labrax) fingerlings.

Agquaculture, 77, 135~143.

Ketola HG. 1975. Requirement of Atlantic salmon for dietary phosphorus. Transactions of

the American Fisheries Society, 104(3), 548-551.

-90 -



Kim KD, Kang YJ, Lee JY, Nam MM, Kim KW, Jang MS and Lee SM. 2008. Evaluation of
extruded pellets and raw fish-based moist pellet for growth of sub-adult flounder

Paralichthys olivaceus. Journal of Aquaculture, 21, 102-106.

Kim KW, Kim KD, An CM, Son MH, Lee BJ and Han HS. 2012. Effects of a commercial
extruded pellet on growth performance and water quality in growing olive flounder

Paralichthys olivaceus. J Fish Mar Sci Edu 24, 602-608.

Kim SS, Kim KW, Kim KD, Lee BJ, Lee JH, Han HS and Lee KJ. 2014. Comparison of
extruded and moist pellets for growth performance, water quality and histology of olive
flounder Paralichthys olivaceus in Jeju fish farm. Journal of Fisheries and Marine

Sciences Education, 26(3), 667-675.

Kondo F, Iwai T, Miura C, Sakata J, Ohta T, Ido A and Miura T. 2016. Analysis of feeding
effects of EP on growth and digestion in cultured bluefin tuna. Nippon suisan gakkaishi,

82, 923-933.

Kristinsson HG and Rasco BA. 2000. Fish protein hydrolysates: production, biochemical,

and functional properties. Critical reviews in food science and nutrition, 40, 43-81.

Krossgy C, Waagbg R, FJELLDAL PG, Wargelius A, Lock EJ, Graff IE and @ rnsrud R.
2009. Dietary menadione nicotinamide bisulphite (vitamin K3) does not affect growth
or bone health in first-feeding fry of Atlantic salmon (Salmo salar L.). Aquaculture

nutrition, 15(6), 638-649.

La Roche G, Johnson CL and Woodall AN. 1966. lodine metabolism in young chinook
salmon (Oncorhynchus tschawytscha, Walbaum): I. Thyroidal impairment with the use

of 131I. General and comparative endocrinology, 7(3), 512-524.

Langar H. 1992. Effects physiologiques et metaboliques de la qualite nutritionnelle des

-91 -



proteines chez lejeune alevin de bas _Dicentrarchus labrax.. The’se de Doctorat,

Universite” de Bretagne Occidentale, 136 pp.

Lee SM, Seo JY, Lee YW, Kim KD, Lee JH and Jang HS. 2005. Evaluation of experimental
extruded pellet, commercial pellet and raw fish-based moist pellet for growing flounder,

Paralichthys olivaceus. Journal of Aquaculture, 18, 287-292.

Lee SM. 2002. Apparent digestibility coefficients of various feed ingredients for juvenile and

grower rockfish (Sebastes schlegeli). Aquaculture 207, 79-95.

Li Y, Ai Q, Mai K, Xu W, Deng J and Cheng Z. 2014. Comparison of high-protein soybean
meal and commercial soybean meal partly replacing fish meal on the activities of
digestive enzymes and aminotransferases in juvenile Japanese seabass, Lateolabrax

japonicus (Cuvier, 1828). Aquaculture Research, 45(6), 1051-1060.

Liaset B, Lied E and Espe M. 2000. Enzymatic hydrolysis of by-products from the fish-
filleting industry; chemical characterisation and nutritional evaluation. Journal of the

Science of Food and Agriculture 80, 581-589.

Lin S and Luo L. 2011. Effects of different levels of soybean meal inclusion in replacement
for fish meal on growth, digestive enzymes and transaminase activities in practical diets
for juvenile tilapia, Oreochromis niloticusx O. aureus. Animal Feed Science and

Technology, 168(1), 80-87.

Manjappa K, Keshavanath P and Gangadhara B. 2002. Growth performance of common carp,
Cyprinus carpio fed varying lipid levels through low protein diet, with a note on carcass

composition and digestive enzyme activity.

Miles RD and Chapman. 2015. University of Florida-Fish meal is recognized by nutritionists

as a high-quality, very digestible feed ingredient that is favored for addition to the diet
-92 -



of most farm animals, especially fish and shrimp. Retrieved from http://edis.ifas.ufl.edu.

Miyashita S. 2002. Studies on the seedling production of the Pacific bluefin tuna, Thunnus

thynnus orientalis. Bull. Fish. Lab. Kinki Univ, 8, 1-171.

Moyano FJ, Diaz M, Alarcon FJ and Sarasquete MC. 1996. Characterization of digestive
enzyme activity during larval development of gilthead seabream (Sparus aurata). Fish

Physiology and Biochemistry, 15(2), 121-130.

Neklyudov AD, Ivankin and Berdutina AV. 2000. Properties and uses of protein

hydrolysates. Applied Biochemistry and Microbiology, 36, 452-459.

NFRDI (National institute of fisheries science). 2015. Best of 10 performances at 2015,

Retrieved from http:// http://www.nifs.go.kr/page?id=10bestlist 2015 01.

Ngo DH, Qian ZJ, Ryu B, Park JW and Kim SK. 2010. In vitro antioxidant activity of a
peptide isolated from Nile tilapia (Oreochromis niloticus) scale gelatin in free radical-

mediated oxidative systems. Journal of Functional Foods, 2, 107-117.

Ogino C and Yang GY. 1980. Requirements of carp and rainbow trout for dietary manganese

and copper. Bulletin of the Japanese society of scientific fisheries, 46(4), 455-458.

Parra AM, Rosas A, Lazo JP and Viana MT. 2007. Partial characterization of the digestive
enzymes of Pacific bluefin tuna Thunnus orientalis under culture conditions. Fish

physiology and biochemistry, 33(3), 223-231.

Refstie S, Olli JJ and Standal H. 2004. Feed intake, growth, and protein utilisation by post-
smolt Atlantic salmon (Salmo salar) in response to graded levels of fish protein

hydrolysate in the diet. Aquaculture, 239, 331-349.

- 03 -


http://edis.ifas.ufl.edu/
http://www.nifs.go.kr/page?id=10bestlist_2015_01

Robinson EH, Rawles SD, Yette HE and Greene LW. 1984. An estimate of the dietary
calcium requirement of fingerling Tilapia aurea reared in calcium-free water.

Agquaculture, 41(4), 389-393.

Saito H, Watanabe T and Murase T. 1995. The fatty acid composition characteristic of a
highly migratory fish, with seasonal variation of docosahexaenoic acid content in lipid
of bonito (Euthynnus pelamis). Bioscience, biotechnology, and biochemistry, 59(11),

2186-2188.

Sakakura Y and Tsukamoto K. 1998. Effects of density, starvation and size difference on
aggressive behaviour in juvenile yellowtails (Seriola quinquevadiata). Journal of

Applied Ichthyology, 14(1-2), 9-13.

Sakamoto S and Yone Y. 1978. Requirement of red sea bream for dietary iron-11. Nippon

Suisan Gakkaishi, 44, 223-225.

Satoh S, Tabata K, Izume K, Takeuchi T and Watanabe T. 1987. Effect of dietary tricalcium
phosphate on availability of zinc to rainbow trout [Salmo gairdnerii]. Bulletin of the

Japanese Society of Scientific Fisheries (Japan).

Sawada T, Takahashi K and Hatano M. 1993. Triglyceride composition of tuna and bonito

orbital fats. Bulletin of the Japanese Society of Scientific Fisheries (Japan).

Shearer KD. 1989. Whole body magnesium concentration as an indicator of magnesium

status in rainbow trout (Salmo gairdneri). Aquaculture, 77(2-3), 201-210.

Shiau SY and Hsieh JF. 2001. Quantifying the dietary potassium requirement of juvenile
hybrid tilapia (Oreochromis niloticusx O. aureus). British Journal of Nutrition, 85(2),

213-218.

-94 -



Shimeno S. Yellowtail, Seriola quinqueradiata. Pp. 181-191 in Handbbok of Nutrition

Requirements of Finfish, R. P. Wilson, ed. Boca Raton, FL: CRC Press.

Takeuchi T, Masuda R, Ishizaki Y, Watanabe T, Kanematsu, M, Imaizumi K and Tsukamoto
K. 1996. Determination of the requirement of larval striped jack for eicosapentaenoic
acid and docosahexaenoic acid using enriched Artemia nauplii. Fisheries science, 62(5),

760-765.

Takeuchi T, Toyota M, Satoh S and Watanabe T. 1990. Requirement of juvenile red
seabream Pagrus major for eicosapentaenoic and docosahexaenoic acids. Nippon

Suisan Gakkaishi 56 1263—-1269.

Takii K, Seoka M, Izumi M, Hosokawa H, Shimeno S, Ukawa M and Kohbara J. 2007a.
Apparent digestibility coefficient and energy partition of juvenile Pacific bluefin tuna,
Thunnus orientalis and chub mackerel, Scomber japonicus. Aquaculture Science, 55,

571-577.

Takii K, Seoka M, Ohara N, Nasu T, Oda S, Miyashita S and Hosokawa H. 2007b. Dietary
utility of Chilean fish meal and pollack liver oil for juvenile Pacific bluefin tuna.

Aquaculture Science.

Teshima S, Kanazawa A and Koshio S. 1992. Ability for bioconversion of n-3 fatty acids in

fish and crustaceans. Océanis 18 67—75.

Tibaldi E, Hakim Y, Uni Z, Tulli F, de Francesco M, Luzzana U and Harpaz S. 2006. Effects
of the partial substitution of dietary fish meal by differently processed soybean meals on
growth performance, nutrient digestibility and activity of intestinal brush border
enzymes in the European sea bass (Dicentrarchus labrax). Aquaculture, 261(1), 182-

193.

-905 -



Watanabe T, Arakawa T, Takeuchi T and Sato S. 1989. Comparison between
eicosapentaenoic and docosahexaenoic acids in terms of essential fatty acid efficiency

in juvenile striped jack Pseudocaranx dentex. Nippon Suisan Gakkaishi 55 1989-1995

Worthington CC. 1991. Worthigton enzyme manual related Biochemical. 3rd Edition. Free

hold. New Jersey, pp.38-42.

-96 -



ARk 2

oj

Pl
il

Zo] F41

°|

we A=

3)
5)

=
=

A

g

th Al sk At

E’_]__

]

A

=
T

1.

Il
=

B
B

b~
a%]

AAE

A AL QA =Py,

ay!

E

N
Tw

—_—

"
=

T
e

=12
=)

0!

WA, SPAREE b AAbay

Ao
e

El
rJ

<

O

1239 7]

O
R

X

e

:AO

A|m

ofell Al -t vt

% b |

AAAA e Lol
Ao R AF7HA

il
il
W)
i

Huieh ¥

ob4l ol &

ji Xe)
e T

H

S

2 by

Aol Al

%5k,

A

K
file)

T

]_

r
H

row A9}

20183 01€ 05¢

-97 -

shvl AAFUT A B RE 2

S

4



	ABSTRACT
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER 1. 서론
	1.1 적정 단백질원
	1.2 효소처리어분
	1.3 참다랑어 영양소 요구량
	1.4 DHA
	1.5 비타민∙미네랄 혼합물

	CHAPTER 2. Dietary utilization of enzyme-treated fish meal in diets for juvenile bluefin tuna  Thunnus thynnus
	2.1 재료 및 방법
	2.2 결과

	CHAPTER 3. Optimum dietary DHA oil level and replacement enzyme-treated fish meal by sardine fish meal in diets for juvenile bluefin tuna Thunnus thynnus
	3.1 재료 및 방법
	3.2 결과

	CHAPTER 4. Apparent digestibility of diets and protein sources in juvenile bluefin tuna Thunnus thynnus: in vivo and in vitro digestibility and digestive enzyme activities
	4.1 재료 및 방법
	4.2 결과

	결론
	요 약 문
	참고문헌
	감사의 글


<startpage>15
ABSTRACT ⅲ
LIST OF FIGURES ⅴ
LIST OF TABLES ⅷ
CHAPTER 1. 서론 1
 1.1 적정 단백질원 4
 1.2 효소처리어분 10
 1.3 참다랑어 영양소 요구량 10
 1.4 DHA 13
 1.5 비타민∙미네랄 혼합물 13
CHAPTER 2. Dietary utilization of enzyme-treated fish meal in diets for juvenile bluefin tuna  Thunnus thynnus 17
 2.1 재료 및 방법 17
 2.2 결과 26
CHAPTER 3. Optimum dietary DHA oil level and replacement enzyme-treated fish meal by sardine fish meal in diets for juvenile bluefin tuna Thunnus thynnus 41
 3.1 재료 및 방법 41
 3.2 결과 48
CHAPTER 4. Apparent digestibility of diets and protein sources in juvenile bluefin tuna Thunnus thynnus: in vivo and in vitro digestibility and digestive enzyme activities 59
 4.1 재료 및 방법 59
 4.2 결과 67
결론 78
요 약 문 84
참고문헌 86
감사의 글 97
</body>

