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Table 1
Ingredient and proximate compositon of experimental dicts
L xperimental diets

Ingredients (%) 1 2 3 4
Enzyme treated fisl 63.80 63.80 63.80 63.80
Fish oil = 8.00 8.00 8.00 9.43

a- starch 8.00 8.00 8.00 8.00
Vitamin mixture ° 5.00 5.00 5.00 5.00
Mineral mixture ° 5.00 5.00 5.00 5.00
Taurine 2.00 - 2.00 2.00
Feeding stimulants 0.50 0.50 - 0.50
Soybean lecithin 1.43 1.43 1.43 -
Cecllulose 3.85 5.85 4.35 3.85
Wheat gluten 2.26 2.26 2.26 2.26
APM 0.12 0.12 0.12 0.12
Vitamin E (ppm) 0.04 0.04 0.04 0.04
Proximate analysis (%6 of dry matter basis)

Crude Protein 49.64 £ 0.1 48.82+0.2 51.03+0.6 51.60+0.2
Crude Lipid 13.40+0.23 12.67 + 0.28 12.84+ 0.81 13.21+ 0.85
Ash 7.73 +0.07 7.98+ 0.15 7.98 £0.07 7.73+ 0.08
Crude sugar 9.08 +0.46 8.84 + 0.01 8.72 8.68
Encrgy (kJ/g) 21.05+0.21 21.68 + 0.06 20.97 + 0.09 20.67 + 0.13

Table 2
Fatty acid composition (%o of total fatty acid) of test dicts'
Experimental diets

Fatty acids 1 2 3 <4

14:0 32101 32:t01 32101 3.6+ 0.3
15:0 07100 07100 07100 0.8 0.0
16:0 16.2+ 0.2 16.1 +0.2 1591+ 0.2 163 + 0.4
16:1 43+ 0.0 4.3+0.1 4.2+0.1 4.7+ 0.2
17:0 0.6 +0.0 06+00 06100 0.7t0.0
17:1 03100 020100 03100 03:0.0
18:0 46+04 51+05 45+00 4.7+02
18:1n-9 16.1 + 0.4 157+ 0.4 16.0+ 0.2 16.5+ 0.2
18:1n-7 461 0.1 4.64+00 45101 1.7+ 0.0
18:2n-6 4.4+ 0.1 4.4+01 43+0.1 4.4+ 0.1
18:3n-3 1.31+00 1.3+0.0 1.3+00 1.4+0.0
20:1 0.7 1 0.0 0700 0.7:0.0 0.7L0.0
20:4n-6 51101 353100 51101 551 0.1
20:5n-3 6.7+10 72+05 75+03 7.1+03
22:5n-6 1.5 1 0.1 1.5+ 0.1 1.6+ 0.1 1.5+ 0.0
22:6n-3 21.2 107 206 +0.1 21.2+0.2 21.3+ 0.6

22:6n-3/20:5n-3 3.20 2.9 2.9 3

18:1n-9/22:6n-3 0.76 0.8 0.75 0.77
¥n-3° 20.2 29.1 30.0 29.8
~n-6° 11.0 11.2 11.0 11.4
n-3/n-6 2.7 2.6 2.7 2.6

' Values represent averages of triplicate samples from cach test diet.
?¥n-3: 18:3n-3. 20:5n-3. 22:6n-3
3 3¥n-6: 18:2n-6, 20:4n-6. 22:5n-6

SRUN s, ORI T B EER D IRz,

B FEO NI BEALL DUV TR D e, SL A
7=kl 4 0 18:1n-7 MO FAEHZ L ~TI - F LD IR TN DWW T IHDE, HIX 7,
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Table 3. Growth performances of juvenile bluefin tuna fed the experimental diets with different levels of a- starch

as a main source of carbohydrate. Values are means+SEM of 3 groups of fish (n=3) with 200 fish per group.
Experimental diets

Parameters Initial 1 2 3 4

Initial body wt (g) 0.34+0.49

Initial fork length (¢em) 3.21+0.26

Final body wt (g) 2.5940.06"  2.48:0.14™ 2.4+0.44™ 2.34+0.05"
Final fork length (cm) 6.11+0.06 6.1+0.11 6.02+0.33 5.96+0.06
SGR (%) 14.4940.16"  14.240.41™  13.96:0.11"  13.7840.16"
FCE (%0)* 70.8943.5" 65774196  66.40+1.9% 61.0442.9
Feed consumed (g)* 420.0£15.9 395.1:18.9 418.4+£10.7 411.1+£23.3
Daily feeding rate (o) 21.93+0.4 22.13+0.6 22.97+0.2 23.66+0.7
CF 1.14+0.02 1.09+0.01 1.10+0.01 1.1040.01
Survival rate (%0) 63.8313.21 60.67+0.76 66.00+0.5 63.00+5.57

Values in a row with different letters are significantly diftferent (2 ~<0.05)
* Dry basis

Table 4
Proximate composition, nutirent and energy retention efficiency (%o) in fish from difterent treatments.
Experimental diets

Parameters Initial D1 D2 D3 D4
Moisture 80.510.56 80.94+0.15° 81.12+0.63" 81.90+0.35™ 82.02+0.58"
Crude protein 13.3640.26 13.10:0.29" 13.7:10.25" 13.12:0.32" 13.31+0.56™
Crude lipid 1520011 1.23:0.07°  1.2540.19°  1.63+0.05" 1.26:0.14"
Crude ash 2.74+0.05  2.92:0.14™  3.0010.18" 2.81+0.14™ 2.75:0.08"
Energy (kJ/g) 19.43:0.17 20.11:0.64 20.2:0.76  20.31:0.61 20.33+0.89
Retention efficeiency

PRE 15.140.74"  15.0910.44" 13.86:0.40™ 12.9:0.61°
LRE 4.99:0.26"  4.97:0.16"  6.99+0.19"  4.51:0.24°
ERE 4751234 46.66:1.36  49.2:1.4  41.5912.01

Values are means=SEM of 3 groups of fish (n—3) with 10 fish per group.
Values in a row with different letters are significantly different (P 0.05)

Table 5
Biological measurements of the digestive organs in juvenile fish from different treatments.
Values are means+SEM of 3 groups of fish (n=3) with 3 fish per group.

Experimental diets

Treatments D1 D2 D3 D4
VSI 11.6+1.2 11.7+0.2 11.5+0.7 11.0+0.4
SSI 1.1+0.2 1.3+0.1 1.4+0.1 1.5+0.3
HSI 2.54+0.35 2.3+0).4 2.3+0.7 1.9+0.1
ISI 4.340.4 4.6+0.2 4.3+0.2 4.4+0.0
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Table 6

Fatty acid composition (%o0f total fatty acid) in lipid of tuna j uvenile!

Experimental diets

Fatty acids Initial 1 2 3 4
C14:0 1.4:03 09102 09:00 1.1:t0.1 09401
C15:0 0310.0 0.5:0.0 0.5+0.0 0.5t0.1 0.5+0.0
C16:0 21.710.6 18.510.5" 19.240.4™ 20.911.0" 20.3+0.5"
Cl16:1 3.410.1 24402 25100 2.5:t1.1 2.810.1
C17:0 0340.0  0.6+0.2 0.74+03  0.9+0.1 0.9+0.1
C17:1 0.310.0 0.310.1" 0.3+0.1" 0.510.0" 0.6+0.0"
C18:0 82:0.7 10.0£1.0 10.210.3 9.4+0.0 9.410.4
C18:1n-9 16.3+1.0 15.110.6° 15.710.2™ 16.910.1" 16.9+1.0°
C18:1n-7 4140.1  3.410.1" 3.3:0.2" 3.5:03" 1.1:0.1°
C18:2n-6 114100 1.8:0.1  1.9:0.1 2.0:01 1.810.1
C18:3n-3 0.3+0.1  0.310.0 0.210.0 03+0.0 0.3+0.1
C20:1 0.410.0  0.210.0 0.2¢0.0 03+0.0 0.2:0.0
C20:4n-6 44101 33100 3.1402 3.1+02 3.710.4
20:5n-3 7.710.0  10.0:0.9 10.501.4 10.141.5 9.4:1.3
22:5n-6 2.2:0.0  1.1:0.1° 1.000.0° 0.910.0° 1.0£0.0°
22:6n-3 22.540.5 23.741.1°22.310.2™ 20.510.4* 22.9+1.6™
22:6n-3/20:5n-. 2.9 2.3 2.1 2 2.4
18:1n-9/22:6n-. 0.7 0.6 0.7 0.8 0.7
*n-3 30.5 34 33 30.9 32.6
Tn-6 7.7 6.2 6 6 6.5
n-3/n-6 4.0 5.5 5.5 5.2 5.0

Values represent averages of triplicate samples from each dietary treatment.
18:3n-3. 20:5n-3. 22:6n-3

18:2n-6. 20:4n-6. 22:5n-6
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