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ABSTRACT

In Chapter 1, study was conducted to evaluate the supplemental effects of tilapia
hydrolysate powder (THP) and linseed oil (LO) in diet for Atlantic bluefin tuna. A control diet
was formulated to contain 65% of an enzyme-treated fish meal (EFM) and 3% of DHA oil. The
THP diet was formulated to replace whole 65% of EFM with THP. The LO diet was formulated
to contain 1% linseed oil and 2% DHA oil instead of 3% DHA oil. In the feeding trial, juvenile
bluefin tuna (body weight 1.15 g) were randomly stocked into three experimental tanks (70
tons) and fed the diets for 13 days. Weight gain was the highest in the tuna fed LO diet (519%)
followed by EFM (444%) and THP (228%) diets. Survival rate and protein digestibility were
similar between EFM and LO groups, but lower in the THP group. Thus, this result indicates
that LO can be a good candidate for the replacement of approximately 33% DHA oil, however,
THP is not suitable to replace EFM in diets for juvenile bluefin tuna.

In Chapter 2, study was conducted to evaluate the appropriate content of sardine fish meal
and cod liver oil instead of enzyme-treated fish meal and DHA oil in the diet of Atlantic bluefin
tuan. A control diet was formulated as EFM diet same as chapter 1. The FM diet was formulated
to replace 50% of enzyme treated fishmeal and 100% of DHA oil and linseed oil. There was
no significant difference in growth performance, feed utilization, biological assessment of
digestive organs and condition factor. As a result of whole-body proximate composition, there
was no difference. However, in fatty acid analysis the content of arachidonic acid, EPA, and
DHA in the FM group was significantly higher. Thus, it was confirmed that it is possible to use

sardine fish meal and cod liver oil in bluefin tuna diet.
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CHAPTER 1

Utilization of tilapia hydrolysate powder and linseed oil in Diets for

Juvenile Atlantic Bluefin Tuna Thunnus thynnus
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Table 1. Information of protein sources for experimental diets (% of dry matter basis)

. Crude Crude . Price AMW!
Ingredients protein lipid Ash Moisture (kg/won) (Da)
EFM 70.2 12.0 8.50 2.30 4,500 3,000
THP 68.5 11.8 5.80 3.25 3,500 1,000

! Average molecular weight, EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder



Table 2. Amino acid composition of the experimental diets for juvenile Atlantic bluefin tuna

Thunnus thynnus (% of protein)

Amino acid EFM THP

Essential amino acid

Arginine 4.44 4.50
Histidine 2.00 2.06
Isoleucine 2.94 3.09
Leucine 4.71 5.17
Lysine 4.96 5.16
Phenylalanine 2.60 2.96
Threonine 2.76 2.67
Valine 3.35 3.45
Nonessential amino acid

Alanine 4.33 5.62
Aspartic acid 6.46 7.50
Glycine 5.72 7.39
Glutamic acid 9.27 10.5
Proline 3.85 4.90
Serine 2.78 2.65
Tyrosine 1.76 1.87

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder



Table 3. Fatty acid composition of protein and lipid sources in the experimental diets for

juvenile Atlantic bluefin tuna Thunnus thynnus (% of lipid)

DHA Cod liver Linseed

Fatty acid EFM THP oil oil oil
12:0 0.20 0.50 - 0.10 -
14:0 10.4 5.30 - 5.00 -
14:1 - - - - -
15:0 0.90 0.40 - 0.20 -
16:0 33.5 30.5 0.20 28.9 5.43
16:1 3.70 2.20 - 2.30 -
17:0 0.70 0.40 - 0.20 -
17:1 0.10 0.10 - - -
18:0 8.40 12.1 0.10 10.5 3.78
18:1n9(0A) 15.6 18.5 0.10 13.2 20.1
18:2n6(LA) 6.00 14.2 0.10 22.9 15.3
18:3n3(LNA) 2.70 7.70 - 8.60 55.4
18:3n6 0.10 0.10 - 0.30 -
20:0 0.60 0.60 - 0.60 -
20:1 4.50 1.70 - 1.60 -
20:3n6 0.10 0.40 - - -
20:3n3 0.20 0.60 - 0.10 -
20:4n6(AA) 0.50 0.30 0.60 0.10 -
20:5n3(EPA) 4.70 1.80 4.40 3.10 -
22:0 0.20 0.30 - 0.40 -
22:1n9 0.80 0.20 - 0.30 -
22:6n3(DHA) 5.40 2.00 94.5 1.40 -
DHA/EPA 1.15 1.20 21.5 0.45 0.00
y'n-3! 5.74 11.5 98.9 13.2 55.4
3 n-62 7.18 14.4 0.70 31.6 70.7
n-3/n-6 2.00 0.80 141 0.42 0.78

'$n-3: 18:3n3, 20:3n3, 20:5n3, 22:6n3
23n-6: 18:2n6, 18:3n6, 20n:3n6; 20:4n6

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder



Table 4. Dietary formulation and proximate composition of the experimental diets for juvenile

Atlantic bluefin tuna Thunnus thynnus (% of dry matter)

Ingredients EFM THP LO
Enzyme treated fish meal 65.0 - 65.0
Tilapia hydrolysate powder? - 65.0 -

Fish meal, sardine? 10.0 10.0 10.0
Soy protein concentrate® 8.00 8.00 8.00
DHA oil® 3.00 3.00 2.00
Linseed oil® - - 1.00
Cod liver oil’ 5.00 5.00 5.00
Mineral premix® 1.00 1.00 1.00
Vitamin premix’ 1.00 1.00 1.00
Taurine 1.50 1.50 1.50
Wheat flour 4.50 4.50 4.50
Lecithin 1.00 1.00 1.00

* Proximate composition
Crude Protein 63.2 62.7 63.3
Crude Lipid 20.7 21.1 19.7
Ash 6.49 6.52 7.21
Moisture 5.81 5.06 6.47
* Fatty acid composition

DHA (22:6n3) 5.00 5.74 3.92
EPA (20:5n3) 1.57 1.30 1.53
Oleic acid (18:1n9) 4.44 3.56 4.64
Linoleic acid (18:2n6) 1.71 2.32 1.88
Linolenic acid (18:3n3) 0.53 0.31 1.17

!CPSP, Sopropeche, France, 2Aquativ, France, *Orizon S. A, Chile, *Soyco-meal, Corp. Korea
flavor, Korea, SDHA Concentrate oil, corp. Comport, Korea, *Alligga™, Canada, "corp. E-wha
oil & fat Ind, Korea, EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO:

linseed oil



Table 5. Amino acid composition of the experimental diets for juvenile Atlantic bluefin tuna

Thunnus thynnus (% of protein)

Amino acid EFM THP LO

Essential amino acid

Arginine 4.21 4.03 4.33
Histidine 1.93 1.69 1.94
Isoleucine 2.46 2.69 2.70
Leucine 4.47 4.61 4.65
Lysine 4.77 4.57 4.83
Phenylalanine 2.60 2.68 2.69
Threonine 2.41 2.43 2.48
Valine 3.11 3.03 3.10
Nonessential amino acid

Alanine 4.29 4.57 4.59
Aspartic acid 6.62 6.38 6.86
Glycine 5.55 5.68 5.47
Glutamic acid 9.81 9.75 10.0
Proline 3.61 3.98 3.66
Serine 2.79 2.34 2.90
Tyrosine 1.74 1.75 1.85

EFM: enzyme treated fish meal, THP: tilapia hyrolysate powder, LO: linseed oil



Table 6. Fatty acid composition of the experimental diets for juvenile Atlantic bluefin tuna

Thunnus thynnus (% of lipid)

Fatty acid EFM THP LO
12:0 - - -
14:0 3.51 3.17 3.50
14:1 - - -
15:0 - - -
16:0 13.8 15.7 14.0
16:1 5.40 4.79 5.40
17:0 - - -
17:1 - - -
18:0 3.41 4.29 3.59
18:1n9(0A) 22.2 17.8 23.2
18:2n6(LA) 8.55 11.6 9.42
18:3n3(LNA) 2.65 1.53 5.86
18:3n6 - - -
20:0 - - -
20:1 4.76 3.20 4.82
20:3n6 - - -
20:3n3 - - -
20:4n6(AA) 0.81 1.10 0.77
20:5n3(EPA) 7.87 6.52 7.65
22:0 - - -
22:1n9 0.79 0.55 0.79
22:6n3(DHA) 25.0 28.7 19.6
DHA/EPA 3.18 4.40 2.56
Yn-3! 35.5 36.8 33.1
3 n-62 12.0 14.2 16.1
n-3/n-6 2.96 2.58 2.06

'$n-3: 18:3n3, 20:3n3, 20:5n3, 22:6n3
2¥n-6: 18:2n6, 18:3n6, 20n:3n6; 20:4n6
EFM: enzyme treated fish meal, THP: tilapia hyrdolysate powder, LO: linseed oil

10



Table 7. The vitamin requirements of fishes, and vitamin mixture formulation for bluefin tuna Thunnus thynnus

Requirement Mixture
Vitamins S(lil;g;;llo 3317";)2 1(313 ;;;;; I((;(?;;()? Average Modification 1% in diet 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
B1 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 0.00120  0.00800 NR NR 0.00460 0.01380 1.380 0.690
(Folate)
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

1Shimeno (1991) from Yellow tail, ?Halver (1972) from Pacific salmon, 3Barnett 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 (MgSo4.7H20) 0.60000 Rainbow trout  Shearer (1989) 0.60000 60.00 30.00
fﬁﬁﬁ%ﬁzﬁg) 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 (ZnSo4.7H20) 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
Todine (KI) 0.00085 Chinook Roche et al (1966) 0.00085 0.085 0.043
salmon

Selenium (Na2Se203) 0.00027 Rainbow trout  Hilton et al (1980) 0.00027 0.027 0.013
Manganese (MnSO4.H20) 0.01300 Rainbow trout  Ogino and Yang (1980) 0.01300 1.300 0.650
Cobalt (CoCl2.6H20) 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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o] FEols TR AHEte] d&5Edd v & AESHAY A3 AE 5 d
2 o A|(carcass)© LA o] AL&FH AT AFojo] JAAEF AlRg S A AL

E3 AAAS 053 2o A E(WG; weight gain, %) = 100 x (final mean body weight —
initial mean body weight) / initial mean body weight; ¥ 7Hd %5 (SGR; specific growth rate, %) =
[(log. final body weight-log. initial body weight) / days] x 100; A} 713+ d S(FCR; feed conversion
ratio) = dry feed fed / wet weight gain; T 2 o] -8 & & (PER; protein efficiency ratio) = wet weight

gain / total protein given; A}5=4] ©] %F(FI; feed intake, g) = dry feed fed / fish

Figure 4. Experimental tanks (water capacity: 70 tons) for juvenile Atlantic bluefin tuna
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7+-& %A 9=(HSI; hepato-somatic indexes) = (liver weight * 100) / fish body weight; %] = %] 4>(SSI;
stomah-somatic indexes) = (stomach weight * 100) / fish body weight; 5% %] 5>(ISI; intestine-

somatic indexes) = (intestine weight * 100) / fish body weight; H|TF%=(CF; condition factor, %) = (fish

body weight / fish body length®) x100

Agojo] Astr]d U F 57FA] &4 (pepsin, trypsin, chymotrypsin, amylase, lipase)©]
EAHAT. Adols 7ARF A4 5, dS5Ed 2o uAHEAN. nEHE Aol HR
5 Ailste] 1 9, FS AEslthFig 7). AEE e RS £ 5, 247 E
7|(tissue grinder) & ©]-8-3ko] A=At EE HEES A2 @ °C, 10,000 G, 15 min)F,

=
% M(supernatant)S W-2]5Fo] B2 o AFEE ST 2 AEo] A F(total protein)

Bradford, (1976)¢] el wel A4 = Q).
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Flgure 7. Dissection of fish organ and analysis of digestive enzyme activities

Pepsin &/ Worthington (1991)2] & el wz} 100 ul A=<l 0.0IN HCI®} 500 ul 4§
g

(2 % haemoglobin, 0.06 N HCl)= ¥ ] WF-3-(37°C, 10 min) A7l %, 5% TCA 1 mlE& Y]

(V)]

B2 w7 Tk A1 E2](12,000 G, 5 min)$- UV spectrometer (280 nm)= ©]-&3}o] 4

o

A3t Trypsin 242 Erlangeretal. (1961)2] ®WHo| whe} 25ul Aol 1.25ml BAPNA
solution (BAPNA 43.5 mg, DMSO 1 ml, 0.05M Tris-HCI)S 103-7H(37 °C) ¥FS-A1Z1 3 30 %
acetic acid 1 ml ¥ ©] UV spectrometer (410 nm)E ©]-83s}lo] &S =743}t Chymotrypsin
g4 2 Erlanger et al. (1961)2] ® ol w2l 0.59 ml ¥E-5-24(0.1 mM SAPNA, 50 mM Tris-HCl,
20 mM CaCl)°ll 10ul &S ¥il ¥H-&(25°C)AZ] § UV spectrometer (410 nm)E ©]-8-3}¢]
g4 43 Amylase /3> Worthington (1991)2] W Hel| wa} 0.5ml A= 0.5 ml
HE-S- 91 (1 9% starch solution, 20 mM sodium phosphate, 6.0 mM NaCl)S ¥ o] 3&7F vh-g-A]71 3
0.5 ml dinitrosalicylic acidE g3l 533t ¥H-5-A]7A UV spectrometer (540 nm)E ©]-8-3}o] &4
S 5435t} Lipase €42 1.0mle] AZ°l 1.5 mlemulsion olive 0il2} 1.5ml 0.1 M tris-HCI
bufferE Yl 6A17H37 °C) ¥H-5 $ 95 % ethyl alcohol= 3 ml ¥ T} 0.01 N NaOHS A A

(titration)3}o] S =A 3t}

Ae -, 6N HCl 15 mlE #7Fte] dry oven (110 °C, 24

M

AAE = AEE 0.5mm ©|3t=E
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hyoll 4 ¥k A AT H8]E A5 F 87| (water bath) (55 °C)S o] &-3lo] 23] 7ty A
71 %, 25 ml volumetric flask®] -8 3}
%t} 0.45 ul membrane filter= o3} F 3]A5}o] ofu:-2F F247](Sykam amino acid

analyzer S433, Germany)& ©|-&3l &2 & A Th(Fig. 8).

Figure 8. The amino acid (AA) analyzer (SyKam Amino Acid Analyzer S433) (left) and measurement

of sample weight for AA analysis (right)

2.2.8 A Ak

Aol tisk Ak 24 7492 GC (Gas Chromatography)E ©]-838}o] 4] ¥ St}
F=% A" 25mgS 0.5N NaOH methanol 1.5 mlE Y3l A4 F% % heating block (100°C,
6 min)7} 23} T} 14 % BF; methanol 2 ml= ¥l A4 53 5. heating block (100°C, 30 min)
7+ 3T 30 - 40°CE 23] 3 hexane 1 mlS 91 A4 3 3 30%7F BEUA dlo] =
Fetalt. 23 A ATE WL hexaneT o APARS shiHE IS o] &dte] FE

ATt FERN UEFS 2EF hexaneZ T B

O
o
i
o
o
2
_O|L
£
Q
@
3
7
>
a9
a
=4
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6890GC, Agilent, US.A)E ©]-&3}o] ¥4 % th(Fig. 9).

-

A7)

>

-
- -

Figure 9. Sample (left) and standard for analysis of fatty acid composition (right)
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He EYE AT FoJAls s d7AdA S4 A AdAs 2 & AES
3]3t = (550°C)0ll A 3AIF EF IFAIZ F Aol A|RE A AREsit WA
chromium oxideE mono-chromate FE| = 2FsEA]7]7] 9] AE 5-10mgS SH5H] glass
test tubeol] 1T AlE7F ©31 glass test tub®ll perchloric reagent (HClO4) 4mlE % 7|38k},
Perchloric reagent= 100ml2] <F{< 200mle A4S &3k o, WZAZ o3 70%
perchloric acid 200mlS- &£3}3lo] "HEUE Al 5.9} perchloric reagent”} 3 71 glass test tube S
7hd ol @il 300°Col A 204E7F 7FE g & ARl AT A Ed AES
50ml FelZetase &7 F 33 SHFE 25mL)t HEE AT O 5 EEse
(Beckman DU-730, USA)E ©]&3&}o] 350 nmol| A THEE SA30. =43 T3 -

Aap o]l Al FH|E standard §NO 2 TEOF standard WA S o] &35}

REERE

kil
A

Al 9] chromium oxide %S A4St FdAh 2 A5 gk 43S ALY S O

G A8k AlLHA]: 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)]
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Figure 12. Feces in tuna digestive organ and fecal of juvenile Atlantic bluefin tuna

2.2.12 BASHH A

2 A 3}= SPSS (Version 12.0) 2138 0] 8-3}%] One-way ANOVAZE F7] A%},
tole #te] oA Tukey HSDE AR&3to] B3k +91/d(P<0.05)5 Hlwekint
olH & B pt+ETFH X (mean=SD)E YEFU AT WS Ho|H & arcsine $1E o=

Arrete] EA 45kl

23 A%

139 7F 28 AMSA 3] A= Table 99} Fig. 1300 YERUATE A g o] HFTHA T

A LOT7F 7.12g0 2 71 943, EFMT7} 6.25g, THPT-7} 3.77g2 YElSt AFE
I A E =S Lo 7P A YER AL EFMT, LOT- 828 Uitk AR S

EES LOTY EFMT7F 0492 ki, THPT-7F 0732 =/ vErgth dmdo| 858
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< EFM77F 3.25%2 7F4 =983, LO7+(3.21), THP7(2.19) w82 Sott) AlEAlo|%2 LO
T7F 2.95g0 % 714 kAl EFM7}F 2.49g, THP1-7} 1.90gC 2 Y ERGT AEELS EFM
T-9F LOT7F 63-64%= =kaL, THP7F 37%2 Wokth Ado] x| g2 THPT
7} 034% =, T2 AEH(1.59-3.66%)° Hl&l o H o2 Wkth(Table 10, Fig. 14). L 9
A 233, TS GRS AolE HolA| Fskth ARl W A g
A= EFM77(6.51%)7F THP1-(4.38%) 9} H]ulako] 914 © 2 3 Qkti(Table 11, Fig. 15). &
o] FAl= EFMT(1.76%)7} TFE A3 7(0.58-0.92%)°ll Hlaf ooz Eghth A=
oA zpo]E HolA egkor}l THPH(1.44%)7F T2 AH o (2.21-2.35%)°] Hl&] @&

43S Btk A¥o]o HukE(condition factor)x THPT-(0.85)7F TFE A& 4(1.00-1.01)°]

we) folgow vekth Age] 25 ] EABAe BE YT §94Q) Aol
2 UEIA QaThTable 12, Fig 16). Fchdel Aoje] Alael 3 WAl FolAzt

(08:00)°l &t AolF T 37.3%, + WA AZH11:00)00 22.7%, Al HA A[7H(14:00)°]
17.5%, Yl HA A 7H17:00)0] 22.5%% A A tH(Table 13). Ftiato] x]o]o] o] A5 o
H] A o] %H(%)> Table 140 YERHRITE Ado]&F2 1.15go0 A 15.2%, 2.46g° 4 11.2%, 7.12g
NA 6.25%=, Aol AT Frtet A AFNA Faste AEFS vERAT A3
o opu At AL AT Alolol FolF AolE HolA & Skth(Table 15, Fig. 17). A3 o]
°] DHA $F2 LOT(6.6%), EFMT-(6.12%), THP-(6.08%) =S 2 SEQCH(Table 16, Fig. 18).
EPA 3% EFMT7} 1.49%= 7F4 =9k31, LOT+(1.02%), THP7(0.7%)c2o.2 UEF%

Linolenic acid®] 73-9-, LOT-(1.32%)° A vt AZ=Act. 2w 7b-3 A Wikel &S LOT7}
8.94%= 7} 9kal, EFM1+(7.61%), THPT-(6.78%)= S & Skt Wb o w|7}-6 A Wit

SheFe THP 7} 8.36%% 7Fd #9kal, LOT(7.74%), EFMT(5.17%)s= 0.2 YEFSt AL

1>

@ A, L0Fe] 4ol EFMTSh FAH8 Aoz mel, Arhdel Al v olge] 7bs

@ Ao wawth gehvlol ARRABY A%, Aoly] Frkgeld 432 AsAA,
ARl o wmAdnE Agslel ofele dow ArE,
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374 @A R ek A Frheto] o] A3HE-S Table 18, Fig 19¢] YEH AT &

o,

M2 2318 EFM 77 83.2%= =931, LOT-7F 80.1%, THPT-7}F 68.1%= A LeEbsth

o~

E2882 EFM7(68.3%)2F LOT-(66.1%)7F THPT+(57.3%)9} Hlaulsle] fojd o= =gk

. "ebyo} rherdee 2 o Askgo] vtol, THP7-9] Aol & Aol Hls)
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Table 9. Growth performance, feed utilization and survival of juvenile Atlantic bluefin tuna

(initial mean body weight: 1.15 g) fed the experimental diets for 13 days

Treatment EFM THP LO
FBW! (g) 6.25 3.77 7.12
WG? (%) 444 228 519
SGR? (%) 11.3 7.92 12.2
FCR* 0.49 0.73 0.49
PER? 3.25 2.19 3.21
FI¢ 2.49 1.90 2.95
Survival (%) 64.3 36.7 62.7

'Final mean body weight

>Weight gain = [(final body weight - initial body weight) / initial body weight] x 100
3Specific growth rate = 100 x [In(final body weight) — In(initial body weight)] / days
“Feed conversion ratio = dry feed fed / wet weight gain

SProtein efficiency ratio = fish weight gain (g) / protein

®Feed Intake (g / fish) = dry feed consumed (g) / fish

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 10. Proximate composition of experimental fish carcass fed the experimental diets for

13 days (% of wet basis)

Treatment EFM THP LO

Crude protein 14.2+0.32 14.6+1.27 13.6+2.57
Crude lipid 1.59+£0.47* 0.34+0.11° 3.66+0.80?
Crude ash 1.40+£0.40 1.84+0.36 1.33+0.12
Moisture 80.2+0.24 81.2+0.37 80.6+1.03

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 11. Biological assessment of digestive organs and condition factor of Atlantic bluefin

tuna fed the experimental diets for 13 days

Treatment EFM THP LO

VSI'(%) 6.51£1.53% 4.38+0.79> 5.10+1.18%
HSI*(%) 2.35+0.99  1.44+58  2.21+0.90
SSI¥(%) 2.13+0.74 2.37+54  1.97+0.43
ISI*(%) 1.76+£0.78* 0.58+.44°>  0.92+0.60°
CF’ 1.01+0.10* 0.85+0.06° 1.00+0.08?

Viscerasomatic index = (viscera weight x 100) / fish body weight, 2Hepatosomatic index =
(liver weight x 100) / fish body weight, *Stomachsomatic 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®) x100, EFM: enzyme treated fish meal,
THP: tilapia hydrolysate powder, LO: linseed oil
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Table 12. Digestive enzyme activities of juvenile Atlantic bluefin tuna fed the experimental

diets for 13 days (U/mg protein)

Treatment EFM THP LO

Pepsin 0.78+0.15 0.76+0.15  0.71+0.09
Trypsin 1.3740.14 1.04+0.23  1.03+0.29
Chymotrypsin 0.24+0.08 0.27+0.02  0.28+0.06
Amylase 1.06+£0.04 0.86+0.10 0.85+0.12
Lipase 8.93+1.08 8.40+1.35 8.33+0.91

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 13. Feed consumption rate of juvenile Atlantic bluefin tuna fed the experimental diets

for 13 days (%)

Treatment EFM THP LO Average
08:00 38.1 39.8 33.9 37.3
11:00 21.1 22.7 24.4 22.7
14:00 19.1 15.0 18.4 17.5
17:00 21.6 22.6 23.3 22.5

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 14. Feed consumption rate of juvenile Atlantic bluefin tuna fed the LO experimental

diets for 13 days

Days Body weight (g) Feed intake! (%)
1 1.15 15.2
2 1.34 14.8
3 1.56 11.9
4 1.81 13.1
5 2.11 11.6
6 2.46 11.2
7 2.86 10.3
8 3.33 7.91
9 3.88 9.11
10 4.51 7.22
11 5.26 6.45
12 6.12 6.28
13 7.12 6.25

Ifeed intake (%) = (feed intake (g) / body weight (g))*100

30



Table 15. Amino acid composition of juvenile Atlantic bluefin tuna carcass fed the

experimental diets for 13 days (% of protein)

Amino acid EFM THP LO

Essential amino acid

Arginine 4.76 4.80 4.84
Histidine 3.77 3.28 3.52
Isoleucine 3.21 3.28 3.31
Leucine 5.56 5.56 5.60
Lysine 5.83 5.78 5.89
Phenylalanine 3.09 3.10 3.10
Threonine 2.97 2.88 2.89
Valine 3.79 3.78 3.87
Nonessential amino acid

Alanine 4.68 4.47 4.59
Aspartic acid 7.37 7.33 7.44
Glycine 4.65 4.45 4.38
Glutamic acid 10.3 10.4 10.5
Proline 3.45 3.29 3.31
Serine 2.92 2.78 2.79
Tyrosine 2.34 2.36 2.26

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 16. Fatty acid composition of juvenile bluefin tuna carcass fed the experimental diets for

13 days (% of lipid)

Fatty acid EFM THP LO
12:0 - - -
14:0 3.45 2.15 3.29
14:1 - - -
15:0 - - -
16:0 27.6 27.5 26.3
16:1 6.04 5.76 5.87
17:0 - - -
17:1 - - -
18:0 10.4 12.9 10.0
18:1n9(0A) 31.4 28.5 30.4
18:2n6(LA) 5.17 7.06 5.90
18:3n3(LNA) - - 1.32
18:3n6 - - -
20:0 - - -
20:1 5.20 4.90 4.99
20:3n6 - - -
20:3n3 - - -
20:4n6(AA) - 1.30 0.52
20:5n3(EPA) 1.49 0.70 1.02
22:0 - - -
22:1n9 1.06 0.70 1.02
22:6n3(DHA) 6.12 6.08 6.60
DHA/EPA 4.11 8.68 6.47
Yn-3! 7.61 6.78 8.94
3 n-62 5.17 8.36 7.74
n-3/n-6 1.47 0.81 1.16

' Yn-3: 18:3n-3, 20:3n-3, 20:5n-3, 22:6n-3
2 3n-6: 18:2n-6, 18:3n6, 20n:3n-6; 20:4n-6

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Table 17. Dietary formulation of juvenile Atlantic bluefin tuna for investigation of digestibility

(% of dry matter)

Ingredients EFM THP LO
Enzyme treated fish meal 65.0 - 65.0
g(i)l\;s%i;z hydrolysate i 65.0 i

Fish meal, sardine? 10.0 10.0 10.0
Soy protein concentrate® 8.00 8.00 8.00
DHA oil® 3.00 3.00 2.00
Linseed oil® - - 1.00
Cod liver oil’ 5.00 5.00 5.00
Mineral premix® 1.00 1.00 1.00
Vitamin premix’ 1.00 1.00 1.00
Taurine 1.50 1.50 1.50
Wheat flour 4.50 4.50 4.50
Lecithin 1.00 1.00 1.00
Chromium oxide. Cr203 1.00 1.00 1.00
Crude Protein 63.2 62.7 63.3
Crude Lipid 20.7 21.1 19.7
Ash 6.49 6.52 7.21
Moisture 5.81 5.06 6.47

!CPSP, Sopropeche, France; 2Aquativ, France; *Orizon S. A, Chile; *Soyco-meal, Corp. Korea
flavor, Korea; "DHA Concentrate oil, corp. Comport, Korea; °Alligga™, Canada; “corp. E-wha
oil & fat Ind, Korea; *Mineral premixture (g/kg of mixture): MgSo4.7H20, 60; NaH2PO4.2H:0,
600; KCL, 250; ferric citrate, 19.90; ZnSo04.7H20, 3.00; Ca-lactate, 650; CuCl, 0.350; KI, 0.085;
Na2Se203, 0.0265; MnSO4.H20, 1.300; CoCl2.6H20, 0.0525; *Vitamin premixture (g/kg of
mixture): dry vitamin A acetate 325 SWS/A, 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 5% SD, 1.500; biotin-d, 0.391; folic acid,
1.380; myoinositol, 115; cellulose, 484 EFM: enzyme treated fish meal, THP: tilapia
hydrolysate powder, LO: linseed oil
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Table 18. Apparent digestibility coefficients (ADC) of the experimental diets for juvenile

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

Treatments EFM THP LO

Protein 83.2+0.91*  68.1+£3.23° 80.1+0.07°

Dry matter 68.3+2.13*  57.3+3.72° 66.1+0.52°

EFM: enzyme treated fish meal, THP: tilapia hydrolysate powder, LO: linseed oil
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Final body weight (g) Weight gain (%)

8.00 - 600 1
500 -
6.00 -
400 1
4.00 .] l 300 .
200 o
2.00 A
. 100 -
0.00 - 0 4
THP EFM THP LO
Treatments Treatments
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Figure 13. Growth performance, feed utilization and survival of juvenile Atlantic bluefin tuna

fed the experimental diets for 13 days
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Crude protein (%) Crude lipid (%)
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Figure 14. Proximate composition of juvenile Atlantic bluefin tuna fed the experimental diets

for 13 days
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Figure 15. Biological assessment of digestive organs and condition factor of juvenile bluefin

tuna fed the experimental diets
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Pepsin activity (U/mg protein) Trypsin activity (U/mg protein)
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Figure 16. The digestive enzyme activities of juvenile bluefin tuna fed the experimental diets

for 13 days
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Essential amino acid (% in protein)
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Val His
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I/ 79 —EFM
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LO
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Figure 17. Essential amino acid composition of Atlantic bluefin tuna carcass fed the

experimental diets for 13 days
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Omega-3 fatty acid (% in lipid)

7.00 -
5.00 EBTHP
BLO

4.00
3.00
2.00
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DHA EPA LNA

Figure 18. Omega-3 fatty acid contents of Atlantic bluefin tuna carcass fed the experimental

0.00

diets for 13 days (DHA; docosahexaenoic acid, EPA; eicosapentaenoic acid, LNA; linolenic

acid)
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ADC of protein (%) ADC of dry matter (%)
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Figure 19. Apparent digestibility coefficients (ADC) of protein (left) and dry matter (right) in
the experimental diets for juvenile Atlantic bluefin tuna by dissection fecal collection method

(% of ADC)
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CHAPTER 33

Dietary evaluation of sardine fish meal and cod liver oil in bluefin

tuna (Thunnus thynnus)

B3] 98l Mg FHoEol= ICCAT (International Commission for the

Fisheries Commission), @1 U}&o]= CCSBT(Commission for the Conservation of

Southern Bluefin Tuna)ol| A tho] o] o) &=k gfA|stal 9l h(Fig. 20).
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Figure 20. The global regulation of tuna catches by five commissions and the total annual wild-

caught of tuna in 2014
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A, ob]
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2ol 3=

AFE-= a1 ) Th(Fig. 21).

Figure 21. The sand lance as main feed in tuna aquaculture

o}7} F A= AMEEC] 80%cl

gae) ey st Al

. $-2)tel

brue A s ofof o

5]

[e]
= Skal 9lo]

]
™

)

A

il

E5 A TtA

"HH

skl

7OP

|

H}j%"

AR AHEEA

HERESES

= “21A

6(]:

wat obue}

i3 Abmn] o] Azt

719l

[e]
E=1

)=
R

Foi7} of

e

o] it} itk

[}
=3

44



:0.‘:‘
Y
0
ot
2
ﬂllﬂl
i
o
[o
fr
)
0%
2
(L
1=
i
ro,
1o,
9,
ofo
N
N
ofr
o,
o
o,
N
)
ol
ol
rlr
r2
4
N
)
™
ot

L 2
(T
olo
>
)
2

pepsin, trypsin &9 A3taA
ALAL e o] Sheko] ol o Al U

A3

45



32 Al € ¥

O
oL

3.2.1 A¥AS

3.22 A3AIR
Abs Y] @A el DHAS S tiAl 9o =x dRto]2} o fro] o] A&
Brbstazr Aol s g oz AMSAES AAEth ddAtss ddATE
3l A ETol ATH aXAHYAAEHERM, FojEh)E dxzTE AASA
AATFEM)E= 2T AR W EaAgoEs dWo]Eo=® 50% AL
DHA- &%} obRlFE EF WE{Hi(cod liver oil)Z A 5le] A 7|5} S] Th(Table

19). A g A}

o
2
o

B>
_?{_',

ot

rlo

Aopepole] okl A (62%) % =4 2(18%)°] &7

&

o

THA 71 =5 24 51 S th(Biswas et al., 2009). Vitamin?} mineral premixture= %+

i

kv
ot

olE oz 3 AyFATe FAR Qs Wol & siitolFel e 7l

HN

o= AA| Azpste] AREESITE AAAEE AMRE AR ol 4 dRE A
g 5, et 10mm AVIE AFEHAoH ddE AIAAEE FEEIA(-30°0)
B Ao AlgEtt) AFE AAlE o] WAl A4S Table20, Fig 22, 2 Al

o AREE T oA x5 AHE 242 Table 21, Figure 239 YER S

1>
ol
S
>
kl
1o
(L

7Hkg/Y)E Table 2201 VFER T

A S dETTE ARy AAsAolRel ¥ 7 WERS TR(Table 30. Fig
31). AbEA o] Apol7k YEhU = A9S 'A6HY] flE 27HA RS Al
A

A WA aaAol e kel e AtRfdadteln, = WA= DHAS S
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o] ko] W& A4 A9 AolE JHAs T AlE W] ko] MlaA Aar, A}
= AFHES °F 61%S AA S DHASSH+E A7 EFM-1 ALRE A28t
18Y (A3 50-6782) &< 7 o]3FS th(Table 19).

2% AFALE tig FEo Y AstES TAte] s HAFAIRE AlFS)
% TH(Table 23). &3t& 415 98] A A]Al(indicator)Z 4+3} =& (chromium oxide.
Cr203, DaelJung, siheung, Korea)©] AF&% %131, Ats W 1%7F H7HE =5 A A5 o
A2 EFHE S AL E A 2F7](SP-50, Gumgang Engineering, Daegu, Korea)S ©]-8-3}o] 2

A 1ommz ARG S ARALE FEUAE00) F, Aol A
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Table 19. Dietary formulation and proximate composition of the experimental diets for juvenile

Atlantic bluefin tuna Thunnus thynnus (% of dry matter)

Ingredients EFM EFM-1 FM
Enzyme treated fish meal, sardine' 65.0 65.0 37.5
Fish meal, sardine? 10.0 10.0 37.5
Soy protein concentrate’ 8.00 8.00 5.00
Wheat gluten 0.00 0.00 3.00
DHA oil* 2.00 0.00 0.00
Linseed oil’ 1.00 1.00 0.00
Cod liver oil® 5.00 7.00 8.00
Mineral premix’ 1.00 1.00 1.00
Vitamin premix® 1.00 1.00 1.00
Taurine 1.50 1.50 1.50
Wheat flour 4.50 4.50 4.50
Lecithin 1.00 1.00 1.00
* Proximate composition
Crude Protein 64.4 64.4 64.3
Crude Lipid 23.2 23.2 21.5
Ash 6.36 6.36 8.06

ICPSP, Sopropeche, France, *Orizon S.A. CO., Ltd., Chile, *SCP, Corp. Korea flavor, seoul,
Korea, “DHA Concentrate oil, corp. Chemport, jeonnam, Korea, *Textron, espana, spain, °E-
wha oil Co., Ltd., Busan, Korea, "Mineral premixture (g/kg of mixture): MgSo4.7H20, 60;
NaH2PO4.2H20, 600; KCL, 250; ferric citrate, 19.90; ZnSo4.7H20, 3.00; Ca-lactate, 650; CuCl,
0.350; KI, 0.085; Na2Se203, 0.0265; MnSO4+.H20, 1.300; CoCl2.6H20, 0.0525, 8Vitamin
premixture (g/kg of mixture): dry vitamin A acetate 325 SWS/A, 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 5% SD, 1.500; biotin-d,
0.391; folic acid, 1.380; myoinositol, 115; cellulose, 484, EFM: enzyme treated fish meal, FM:

fish meal
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Table 20. Fatty acid composition of the experimental diets.

Ingredients EFM EFM-1 FM
Cl4 4.51 4.64 3.83
Clé 15.0 18.6 16.1
Cl6:1 5.03 5.27 4.65
CI18 4.36 4.27 1.31
C18:1n9(0A) 19.6 20.6 30.3
C18:2n6(LA) 8.50 8.85 9.87
C18:3n3(LNA) 9.65 9.72 6.05
C20:4n6(ARA) 11.1 11.5 11.3
C20:5n3(EPA) 8.41 9.41 7.02
C22:6n3(DHA) 13.8 7.11 6.57

EFM: enzyme treated fish meal, FM: fish meal
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Table 21. Fatty acid composition of main protein source

Ingredients EFM M
Cl4 3.82 5.67
Cleé 16.3 28.6
Cle:1 5.69 6.42
CIl8 4.58 8.15
C18:1n9(0A) 28.8 14.7
C18:2n6(LA) 8.22 3.64
C18:3n3(LNA) 12.2 5.47
C20:4n6(ARA) 8.16 2.81
C20:5n3(EPA) 4.91 12.7
C22:6n3(DHA) 7.27 11.8

EFM: enzyme treated fish meal, FM: fish meal
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Table 22. The price of experimental diets (won/kg)

EFM FM
Ingredients (wl:)lg/clgg) o Price o Price
° (won/kg) ° (won/kg)

Enzyme treated fish meal 4,500 : 65.0 2,925 375 1,688
Fish meal 2,350 : 10.0 235 375 881
Soy protein concentrate 2,500 - 8.00 200 - 5.00 125
Wheat gluten 2,400 | 0.00 0 E 3.00 72
DHA oil 300,000 - 2.00 6,000 - 0.00 0
Linseed oil 5,500 | 1.00 55 E 0.00 0
Cod liver oil 3,000 : 5.00 150 : 8.00 240
Mineral premix 1,020 : 1.00 10: 1.00 10
Vitamin premix 659 : 1.00 6.6: 1.00 6.6
Taurine 5,200 : 1.50 78 ¢ 1.50 78
Wheat flour 450 : 4.50 20: 4.50 20
Lecithin 7,000 : 1.00 70 1.00 70

Total price 9,750 3,191
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Table 23. Dietary formulation and proximate composition of the experimental diets for juvenile

Atlantic bluefin tuna Thunnus thynnus (% of dry matter)

Ingredients EFM FM
Enzyme treated fish meal, sardine ! 65.0 37.5
Fish meal, sardine’ 10.0 37.5
Soy protein concentrate’ 3.00 5.00
Wheat gluten 0.00 3.00
DHA oil* 0.00 0.00
Linseed oil® 1.00 0.00
Cod liver oil® 7.00 8.00
Mineral premix’ 1.00 1.00
Vitamin premix® 1.00 1.00
Taurine 1.50 1.50
Wheat flour 4.50 4.50
Lecithin 1.00 1.00
Chromium oxide. Cr203 1.00 1.00

* Proximate composition

Crude protein 63.5 62.7
Crude lipid 20.8 19.8
Crude Ash 7.51 9.19

ICPSP, Sopropeche, France, *Orizon S.A. CO., Ltd., Chile, *SCP, Corp. Korea flavor, seoul,
Korea, “DHA Concentrate oil, corp. Chemport, jeonnam, Korea, *Textron, espana, spain, °E-

wha oil Co., Ltd., Busan, Korea
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322 A3 R ASEE

Aqtael A Ak ZAE Aol olgsidith. AFAde ATa W I

g ARFAIAEAAM AFHAT. Aol AGF2(HF 15 m, 500 ton)oll A AAFE
hdeEhE Felst AR E Frhgel(1.2-15kg) s o &8ttt & 257t Foll 12
nhEls WAIR E8ste] ZF JfAe] AR FAE SAT F E g dE o=
(FMT", A& 20m, 1000 ton)ol] }28k3lch. =2 F svie]s F29j= ddste] A
A % (PET guarder, tae chang, chungnam, korea)= ©}7v| F 7hEA| =2 m] AfHof o] 4]

ST 1 F Szl woldd A F sukEle st A%

(DO; dissolved oxygen)™ 9.6 mg/L= A = Att. AAAE= 19 23] (09:30, 16:30 h)
of o} wEEd Hod. Agole) ArdelRe 4y dAd W FFA
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Figure 24. Feeding of the experimental diets for experimental fish (left) and injecting a

microchip for Atlantic bluefin tuna (right)

3.2.3 Ago] FASA

AR TR S Ao FAE SABEAT 2 AdA R dE Auge]d
285S AR, Ao widES ST dlF-(dissection)E F3 A
AZALE = FJFdold ASAZhE a1 ete], T
A3 o= X% 5 2-phenoxyethanol 8 <H(200 ppm)-L
2 uEAZE g 2(F " FA S o]F Asbrvke] AEHJUG A
AZE 9, F& ofA(carcass)v= YR A o] AREE QAT Aol AET AL
Sa8 Hd 2AEET A ta 3 2 A E(WG; weight gain, %) = 100 x

(final mean body weight — initial mean body weight) / initial mean body weight; ¥ 7Hd &
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(SGR; specific growth rate, %) = [(loge final body weight—loge initial body weight) / days] x

100; A} 5713 & & (FCR; feed conversion ratio) = dry feed fed / wet weight gain; T4 2 o]

8- @ & (PER; protein efficiency ratio) = wet weight gain / total protein given; A}F&.43 ©] & (FI;

feed intake, g) = dry feed fed / fish

324 UEAE

Chapter 13} A 3A X3 = AT

3.2.6 A3}sty B4

Hematocrit< =A| & 3 2| & 7/ H (micro-hematocrit capillary tubes)ol] & NS 2|3 &,

S M2 4 F-2] 7] (Micro Hematocrit VS-12000, Vision Scientific, Korea)E ©] -85} ¢]
LA (10) I #E 5435 Hemoglobin A #E 31 )& Al ek wb&-
Al 71

121 &, A58 9 E4 7] (Fuji DRI-CHEM 7000i, Fujifilm, Japan) & ©]-&-3}o] 41319
T}. Glucose, cholesterol, total protein, triglyceride 2] Al &% 31 Q& kite} & A A s}

SH&A1 7] (Express plus system, Bayer, USA)E ©|-&-3lo] &A= AT A Wl lysozyme

fl

J-& Mohammed et al. (2018)2] WHo =2 WAS}SITE Myeloperoxidase 242

A48T Total immunoglobulin 32

Kumari and Sahoo (2005)%] o=
Siwicki and Anderson (1993)2] WH o 2 A 3}3 th(Fig. 25).
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02

Chapter 10t S 23tH & ALY
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Figure 27. Sample for analysis of fatty acid composition
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3.2.8 A4

Chapter 17} s atA X3 = A Th(Fig. 27).

ZF %272 bouin's solution (Sigma Aldrich, MO, USA)oll 24 A7+ HAe & 70%
ethanol oA H. T3} T} Paraffin block A ZFS 70% ethanol o H34E ZZA S
embedding & FIH Eol Hol F#H]|SF UL Paraffin block = A Z38}7] A 2} Z2] 9
paraffin (Sigma Aldrich, MO, USA)= H5FA]7]7] #13 embedding 374 = % 3§35}t

xHo]l F1l JHEE 70%-100% ethanol =M= 2F 1 AR 1A 8EaL, xylene &

2 SAZ ZF 1 AR A ve] 7bdEte] 52 paraffin & 2 SAE 7}
1 AIZHA X8+ U} paraffin block < A|2Fslsdch. =294 A A2 paraffin

block < microtome < ©]83t 5 mm FAR Zg Sgolto] F et
Xylene o] &£gtol=E HAA|A Eaetd A4S 21383, 100-70% ethanol ©
At sty S 33l th. Hematoxyline (Dako, CA, USA) A2 xZ 9
wel 90-110 %3+ FAeGla, 2= Eo| 44 F eosin (Sigma Aldrich, MO,

[®)
;(o’é‘

B=)

USA)oll 5 27+ A& ATt o]F  70-100% ethanol ©] FA|&lo] g2
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ARg8le] & skl th(Figure 27).

Figue 27. The process of hematoxylin & cosin stain

3.2.10 FATE F4

-2 A= SPSS (Version 24.0) 2132 0]-83}9] One-way ANOVAZ F7|
AMET "oy kel Foak= Ttests: AbE-sto]l ®atgho] 7214 (P<0.05)S HlaL
stAct. dlolElte FEA+E T A (meantSD)E  UER ST WEE  dlojE &

b

Ol

arcsine & o2 AAsle] FA FA

6743 XYE ASAFe Ay, Aol AAAES HAHF(56.1%)7F tlx=T

Tt 0.67%2, 2AHT(0.66%)St FrAHEHS

a
[@))
i

S
o

>
>

QL
¥
-
e
S
ox,
o
i
rlo
=
N

th AlEAZE S-S A T(1.62)7F HZT(2.06) BT 21% =4t AFgAdolake A

U_n_,
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(1331 g)7F tHZT(1551 g)HT} 14% Fdth T dol g8 AT 7} 09602
Z740.67) 2Tt 30% =AUt AEES A F(66.7%)7F dZ=T(38.5%) Hl&l =k
UH(Table 26, Fig28).

49U (HE 1-4994}) EeFo] AbmA]olRS thAT(823 g)7F A T(682 g) U] 18%
o] Adelatoith 18U(AE 50-67U ] At ol tlZE 74684 g)7F W T+(648 g)
tiB] 6% =ke]7} YEFRETH(Table 30, Fig 28).

Ao duidR(EAA, 2uMd, 23

b

e haTe AYT Ao]

Job
e
4
s

o ol 521 2ol 7k GKATHTable 27, Fig29). AMMAF e 4143 oleic acid®] FH-e:

HZT4(28.7%)7F A8 (25.4%)°l Hlsl] 24 02 34T} Arachidonic acid, EPA, DHA

Lo

S A TH6.85%, 6.41%, 12.4%)7F TZ=T(5.56%, 5.18%, 9.98%) K.t} o A o=

3 9 CH(Table 31, Fig 34).

Agole] WAFTHAFE AFT(G.87%)7F HET(6.5%)° HIsl 9.7% =kt

1o

(Table 28, Fig. 30). 2309 FFA T A T(4.40%)2F dE=T4.27%)A ool

o

o=l o)z giglch Aol AT FAFE FMT7E el s fof 4
= HETeh AT Abelel Fef A<l

H
W
pocs
i)
(1t
e
2
lo,
o,
of
ot
)
5
K
)
2
ki

Ir

o xA BFAN BAES} AE W A SAZS vud 23 gixqte A E
T Afolell fre] Al ZFoli= §1 TH(Table 32, Fig 35-43).

28lo] gl ] hematocrit (%) A7} 29.9%% HET(25.5%)°] M3 thi
=8 73S ®W Y UH(Table 29, Fig. 33). Hemoglobin (g/dL)e] &%= thZ7-(10.3)¢F A

A7(10.4)9 AF7E FARFATE Glucose (g/dL)®] ¥%=+= A T(100.1)7F gl
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(106.3)°] H]3l 5.8% 3kt}. Cholesterol (g/dL)e] F=+ ZE7(200.6)9 23+

(194.9)2 HZT7} 5.7 %%} Total protein (g/dL)e] F=E WET7F 4.68%, 23
T(4.75)9F FASFA T, Triglyceride (mg/dL)9] &=t WE77(240.2), A3 7(244.5) 2
2 A7V 43 =AU Lysozyme (ug/mL)S] &2 A7 74.12, 1 Z7(65.1)
o} vlauslo] 12% =k} Total immunoglobulin (mg/mL) €42 FMT-7F WlZ

(98.2)°l B]3] +o] A o2 FUTh
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Table 26. Growth performance, feed utilization and survival of juvenile Atlantic bluefin tuna

Thunnus thynnus fed the experimental diets for 67 days

Treatment EFM FM
FBW! (g) 2032 2283
WG? (%) 56.5 56.1
SGR? (%) 0.67 0.66
FCR* 2.06 1.62
PER® 0.76 0.96
FI®(g) 1508 1331
Survival (%) 38.5 66.7
IFinal body weight

2Weight gain = [(final body weight - initial body weight) / initial body weight] x 100
3Specific growth rate = 100 x [In(final body weight) — In(initial body weight)] / days
“Feed conversion ratio = dry feed fed / wet weight gain

SProtein efficiency ratio = fish weight gain (g) / protein

®Feed Intake (g / fish) = dry feed consumed (g) / fish

EFM: enzyme treated fish meal, FM: fish meal
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Table 27. Proximate composition of juvenile Atlantic bluefin tuna Thunnus thynnus fed the

experimental diets for 67 days (% of wet basis)

Treatment EFM FM

Crude protein 18.4+0.47 19.0+0.11
Crude lipid 10.2+0.39 10.4+0.47
Crude ash 2.24+0.15 2.46+0.39
Moisture 68.1+0.35 67.7+0.27

Values are mean of duplicate groups and presented as mean + SD. Values in the same column
having different letters are significantly different (T-test; P <0.05). The lack of superscript letter

indicates no significant differences among treatments.

EFM: enzyme treated fish meal, FM: fish meal
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Table 28. Biological assessment of digestive organs and condition factor of Atlantic bluefin

Thunnus thynnus tuna fed the experimental diets

Treatment EFM M

VSI'(%) 6.50+1.72  5.87+0.63
HSI*(%) 427+091  4.40+0.49
SSI3 (%) 1.63+0.83*  0.83+0.15°
ISI4(%) 0.43+0.12  0.43+0.11
CF> 1.510.16  1.41%0.08

Values are mean of duplicate groups and presented as mean = SD. Values in the same column
having different letters are significantly different (T-test; P <0.05). The lack of superscript letter
indicates no significant differences among treatments.

'Viscerasomatic index = (viscera weight x 100) / fish body weight

’Hepatosomatic index = (liver weight x 100) / fish body weight

3Stomachsomatic 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®)x100

EFM: enzyme treated fish meal, FM: fish meal
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Table 29. Hematological parameters and innate immune responses of juvenile Atlantic bluefin

tuna Thunnus thynnus fed the experimental diets for 67 days

Treatment EFM FM

Hematocrit (%) 25.5+0.71 29.9+4.56
Hemoglobin (g/dL) 10.3+1.10 10.4+3.55
Glucose (mg/dL) 106+23.9 100+20.5
Cholesterol (mg/dL) 201+46.3 1954222
Total protein (g/dL) 4.68+0.99 4.75+0.80
Triglyceride (mg/dL) 240+78.3 2454+91.9
Lysozyme (ng/mL) 65.1+12.0 74.1£23.7
Total immunoglobulin (mg/mL) 98.2+16.0° 126+23.17
Myeloperoxidase (absorbance) 1.65+0.00 1.65+0.01

Values are mean of duplicate groups and presented as mean = SD. Values in the same column
having different letters are significantly different (T-test; P < 0.05). The lack of superscript
letter indicates no significant differences among treatments.

EFM: enzyme treated fish meal, FM: fish meal
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Table 30. Feed intake of Atlantic bluefin tuna Thunnus thynnus fed the experimental diets for
49 days (Exp-1) and 18 days (Exp-2)

Treatment EFM FM
FI' of 49 days (g) 823 682
FI of 18 days (g) 684 648
EFM: enzyme treated fish meal, FM: fish meal
'Feed intake
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Table 31. Fatty acid composition of Atlantic bluefin tuna Thunnus thynnus carcass fed the

experimental diets for 67 days

Ingredients EFM FM

Cl4 2.65+0.04  2.84+0.09
Cl16 16.7+0.16 16.1+0.19
Cle:1 5.06+0.06 5.65+0.01
C18 6.64+0.49 5.58+0.13
C18:1n9(0A) 28.7+0.06*  25.4+0.14°
C18:2n6(LA) 9.40+0.36*  7.86+0.04°
C18:3n3(LNA) 10.1£0.02 10.9+0.15
C20:4n6(ARA)  5.56+0.13>  6.85+0.08°
C20:5n3(EPA) 5.18£0.07°  6.41+0.07*
C22:6n3(DHA)  9.98+0.36"  12.4+0.14°

EFM: enzyme treated fish meal, FM: fish meal
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Table 32. Hepatocyte and hepatocyte lipid droplet degree length of Atlantic bluefin tuna

Thunnus thynnus

Treatment EFM FM
Hepatocyte (um) 4.245+0.378 4.110+£0.438
Hepatocyte lipid droplet (um) 7.125+0.182 7.438+1.007

EFM: enzyme treated fish meal, FM: fish meal
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