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This study was performed to determine effects of dietary inclusion of various concentrations and sources of sea tan-
gle Laminaria japonica on growth, body composition and plasma chemistry of juvenile black porgy Acanthopagrus
schlegeli. Juvenile fish (N=810; average mass=8.9 g) were distributed among twenty-seven 200 L flow-through tanks
(30 fish per tank). Nine experimental diets were prepared: control (Con) without additives; sea tangle powder at 0.1%,
0.5%, 1%, 2%, 3% and 5%, (P-0.1, P-0.5, P-1, P-3 and P-5 diets, respectively); and fresh sea tangle (F-1); and 1% sea
tangle extract (E-1). Each powdered additive was substituted for an eqaul amount of wheat flour, and the extract was
substituted for an equal amount of water in the respective experiemtnal diets. Each diet was fed to triplicate groups of
fish. Weight gain and feed conversion ratio were not affected by the experimental diets. Feed consumption by fish fed
the P-1 diet was higher than that of fish fed the P-3 and P-5 diets. Moisture, crude protein, crude lipid, whole-body
ash content (excluding the liver), liver moisture, and crude protein and lipid contents of fish were not affected by the
experimental diets. None of the fish plasma criteria were affected by the experimental diets, with the exception of
plasma glucose. In conclusion, dietary inclusion of various concentrations and sources of sea tangle did not signifi-
cantly affect the growth, feed efficiency, body composition or plasma chemistry of juvenile black porgy.
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Table 1. Ingredients (%, DM basis) and nutrient composition of the experimental diets

Experimental diets

Con P-0.1 P-0.5 P-1 P-2 P-3 P-5 F-1 E-1
Ingredient
Fishmeal 48 48 48 48 48 48 48 48 48
Soybean meal 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5
Corn gluten 3 3 3 3 3 3 3 3 3
Wheat flour 28 27.9 275 27 26 25 23 27 28
Squid liver oil 1 1 1 1 1 1 1 1 1
Soybean oil 1 1 1 1 1 1 1 1 1
Vitamin premix’ 25 25 25 25 25 25 25 25 25
Mineral premix? 1 1 1 1 1 1 1 1 1
Sea tangle powder 0.1 0.5 1 2 3 5
Fresh sea tangle 1
Sea tangle extract 1
Nutrients ( %)
Dry matter 87.0 86.2 87.0 87.1 87.3 85.3 84.7 85.5 85.5
Crude protein 50.5 51.8 50.2 511 51.1 51.8 51.3 51.6 51.5
Crude lipid 8.3 8.3 8.0 8.7 8.3 8.5 7.8 7.9 8.6
Ash 9.5 9.7 10.0 9.8 10.3 10.7 10.8 9.7 9.9

Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-a-tocopheryl ac-

etate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol,

181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanoco-

balamin, 0.003.

*Mineral premix contained the following ingredients (g/kg mix): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KCI, 130.0; Ferric citrate,

40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI,-6H,0, 0.15; KI, 0.15; Na,Se,O

0.01; MnSO,H,0, 2.0; CoCl,:6H,0, 1.0.
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Table 2. Weight gain of fish (g/fish), feed intake (g/fish) and feed conversion ratio (FCR) of black porgy Acanthopagrus schlegeli fed the
diets containing various concentrations and sources of sea tangle Laminaria japonica for 9 weeks

Experimental diets Initial weight (g/fish)  Final weight (g/fish)  Weight gain (g/fish)  Feed intake (g/fish) FCR!
Con 8.910.03 34.5+0.25 25.6+0.23 30.3+0.73% 1.19+0.008
P-0.1 8.9+0.02 34.3+1.08 25.4+1.06 29.9+0.65% 1.1840.035
P-0.5 8.910.03 35.1+0.75 26.2+0.72 29.7+0.82% 1.17+£0.013
P-1 8.9+0.01 35.8+1.52 26.9+1.52 30.8+0.782 1.17+0.064
P-2 8.910.00 32.2+0.65 23.3+0.65 28.4+0.48%° 1.22+0.021
P-3 8.9+0.01 32.2+0.32 23.3+0.32 27.6+0.58> 1.29+0.063
P-5 8.910.01 32.8+1.73 23.9+1.73 26.9+0.43¢ 1.27+0.003
F-1 8.9+0.02 33.3+1.23 24.4+1.22 28.4+1.032e 1.21+0.051
E-1 8.9+0.02 32.7£1.18 23.8+1.17 29.1+0.83%° 1.23+0.031

Values (means of triplicate + SE) in the same column sharing the same superscript letter are not significantly different (P>0.05)
'Feed conversion ratio (FCR) = Total feed intake/(final weight of fish + dead weight of fish — initial weight of fish)
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Table 3. Proximate composition (%, wet weight basis) of the whole body excluding liver and liver in black porgy Acanthopagrus schlegeli
at the end of the 9-week feeding trial

Whole body of fish excluding liver

Experimental diets

Moisture Crude protein Crude lipid Ash
Con 68.1+0.40 19.0£0.10 8.310.60 4.5+0.15
P-0.1 69.4+0.22 19.1£0.21 8.4+0.58 4.5+0.15
P-0.5 68.1+0.26 18.2+0.19 7.9+0.42 4.1+0.15
P-1 67.5+0.46 19.0+0.29 8.1+0.50 3.9+0.13
P-2 68.7+0.15 19.3+£0.30 7.7£0.05 4.0£0.20
P-3 68.0+0.91 19.1£0.12 8.5+0.09 4.2+0.15
P-5 67.9+0.48 19.2+0.22 8.1+0.23 3.8+0.07
F-1 67.4+0.18 18.9+0.03 8.2+0.42 4.3+0.03
E-1 67.4+0.30 18.7+0.12 7.9+0.47 4.0+0.18
Liver
Moisture Crude protein Crude lipid
Con 66.7+1.75 12.6+0.50 12.9+0.35
P-0.1 65.2+1.33 12.4+0.78 13.8+0.31
P-0.5 68.9+1.14 12.5+£0.40 13.1£0.31
P-1 69.2+0.17 12.9+0.38 13.2+0.38
P-2 70.3+0.60 12.8+0.05 13.1£0.00
P-3 66.4+0.23 13.6+£0.19 13.4+0.17
P-5 69.9+1.24 13.5+0.21 13.4+0.17
F-1 66.8+2.20 12.2+0.33 13.0£0.09
E-1 68.7+1.36 14.1+0.44 12.9+0.12

Values (means of triplicate + SE) in the same column sharing the same superscript letter are not significantly different (P>0.05)

Kalla et al., (2008)= At W 7] 5% A7}= 2H=0] A 744 2= 97k o]Z(fish species), 2T HA7HAQ 5, dlxH
ARG of g} AlR o] 8% FoA o2 AT B 7M1 Fel(FE W), AR YL T e AR
st o, E9k thAF - Gadus morhua) -0l A= At ol whebA oEA Yeh7] diEe] A o8 AR

T o] &S 70 & 30%7HA] AT 4= Qlokar HarE Bf gt WA= 1S AlQlet dojAle 7he] dRbgdEiia] Aaf, A

(Walker et al., 2009). 23| Z2}of| 7] v]& B2t 5% H71A] 43 O A| o] (67.4-69.4%), 2T 2 (18.2-19.3%), A (7.7-
M &7 JERFTH(Yi and Chang 1994). S|ZR2 ARH7F 8.5%), 3]54(3.8-4.5%) 2 7+0] 221(65.2-70.3%), Zkaal
AR ool FEA QoM AT TR AT S (122-14.1%)0F 2AA(129-13.8%) TFS APALRe| 0

2R A Aol SHote] FHUN Wt L AIF R A9F9l o] S Ho|A] YGkTHP-0.05). B AR Auket 4
817 ke 797k R0l GOk, Anetal. 2012)9] AN AR AR 7 7P BE 289 AMAE WSt g
A 0o 222 e A A=) TFA olF e Aol £ uXx) ekrh(Kalla etal., 2008). Z12) 31 ol (Seriola quin-
vh RISl ol ofF ETkA e A o2 eIk olelRt ol quemdiata)®] 9 AU 7 A7k Aol AR o]g4el
AR SR HIPA iRl Aol AR o 84 Fell v 9aEE mIX) 4| RSkAIR ol A XA chAbe] S kS

Table 4. Plasma chemistry of black porgy Acanthopagrus schlegeli fed the diets containing various concentrations and sources of sea tangle
Laminaria japonica for 9 weeks

Experimental iets  Total protein (g/dL) Glucose (mg/dL) GOT (IU/L) Triglyceride (mg/dL) Total cholesterol (mg/dL)

Con 4.0£0.21 178.0£27.22% 57.0£10.82 362.7£119.35 327.7+36.02
P-0.1 4.0+£0.56 104.7+20.21¢ 30.7+6.03 384.0+200.92 292.3+43.52
P-0.5 4.0£0.32 123.3434.65 51.3+26.10 435.0+112.58 331.3£67.93
P-1 3.6+0.06 122.3£10.60% 22.7+6.66 385.3£102.16 302.0+£47.70
P-2 3.7+0.21 128.3+21.50° 35.7+29.67 349.0+25.24 286.0+28.00
P-3 3.7+0.31 165.0£67.91%° 22.0+8.00 402.0+89.06 305.7+35.25
P-5 3.5+0.46 192.7+17.01° 30.3£12.70 383.3£104.84 289.3+84.68
F-1 4.0£0.44 137.3£14.19° 48.3+29.74 466.3+58.31 340.0+£58.64
E-1 3.6+0.51 128.7+2.89°% 40.7+17.79 453.7+80.25 294.0+65.96

Values (means of triplicate + SE) in the same column sharing the same superscript letter are not significantly different (P>0.05)
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