Journal of Aquaculture 11 (1) : 31~38 (1998)

HAE A5 |=F L spirulina H7} A5
°Vc}'“] l ’}f‘* . ‘E‘%‘%" . quﬂ-** o 5 xé***

AENRT ARG TR, *2PSA0EY
R AU opAlEs), reenloithn 2418k}

Effects of Supplemental Macroalgae and Spirulina in the Diets on
Growth Performance in Juvenile Abalone (Haliotis discus hannai)

Sang-Min Lee, Yong-Su Lim*, Young Bong Moo*, Sung Kyoo Yoo**
and Sum Rho***

Faculty of Marine Bioscience & Technology, Kangnung National University,
Kangnung 210-702, Korea
*National Fisheries Research and Development Institute, Pusan, 619-900 Korea
**Aquaculture Division, Pukyong National University, Pusan 608-737, Korea
***Dept. of Aquaculture, Cheju National University, Cheju 690-756, Korea

A 20-week growth trial was conducted in flow-through aquarium system to investigate the
effects of supplemental macroalgae and spirulina in the diets on growth and body composition
in juvenile abalone (Haliotis discus hannai). Four replicate groups of the abalone averaging
65 mg were fed one of ten isonitrogenous (34%) and isolipidic (7.5% ) diets containing 8.1%
Ulva, 7.5% Undaria, 11% Laminaria, 11% Sargassum, spirulina (5, 10 and 15% ), or dried
Undaria powder (10 and 20% ). In addition, these formulated diets were compared with natural
food (dried Undaria).

Survival rate of abalone were not significantly affected by the different dietary macroalgae
sources, spirulina or dried Undaria powder levels (P>0.05). Weight gain and soft body weight
of abalone fed the diet containing Sargassum was significantly higher (P<0.05) than those
of abalone fed diets containing Laminaria, 20% dried Undaria powder and natural food. Survival
rate, weight gain, soft body weight and shell length of abalone fed natural food were lowest
(P<0.05) among all diet. Moisture, protein and lipid contents of soft body were not influenced
by experimental diets except natural food. Lipid content of abalones fed natural food was signi-
ficantly lower than those of abalone fed other diets (P<0.05), These data indicate that abalone
can more efficiently utilize Sargassum than Ulva, Undaria, Laminaria or spirulina.

Key words . Abalone, Formulated diet, Macroalgae (Ulva, Undaria, Laminaria, Sargassum)
Spirulina.
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Table 1. Chemical composition (%) of the ingredients used for experimental diet

Ingredient Moisture Protein Lipid Ash
White fish meal 5.1 69.5 6.71 16.1
Soybean meal 9.5 48.5 1.80 6.21
Raw Ulva powder 94.6 2.05 0.16 1.65
Raw Undaria powder 95.2 0.95 0.06 1.84
Raw Laminaria powder 88.7 1.91 0.20 3.08
Raw Sargassum powder 88.5 2.34 0.18 2.93
Spirulina 5.8 52.8 1.26 10.6
Dried Undaria powder 124 19.7 1.68 264
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Table 2. Amino acids composition (% in protein) of the macroalgae and spirulina
Amino acids White fish Soybean

Ulva Undaria Laminaria Sargassum Spirulina

meal meal
Arginine 7.1 7.8 7.1 4.2 2.0 4.0 6.5
Histidine 1.7 1.9 1.2 1.8 1.1 1.5 0.3
Isoleucine 3.7 3.7 3.8 4.0 2.8 4.4 6.5
Leucine 8.1 8.1 6.5 7.2 5.5 7.3 9.4
Lysine 4.9 4.1 4.0 5.2 3.6 53 2.9
Methionine + Cystine 43 2.6 3.5 3.6 3.8 4.9 5.0
Phenylalanine + Tyrosine 7.9 8.8 8.3 7.7 5.8 8.3 6.4
Threonine 4.9 4.4 6.2 4.8 4.6 4.7 2.2
Tryptophan 1.3 0.6 1.6 1.6 1.6 1.4 ND
Valine 4.1 3.7 5.9 5.1 3.5 5.0 8.0
Total 48.0 45.7 48.1 45.2 343 46.8 47.2

ND ! not determined.

Table 3. Composition and nutrient content of experimental diet

Dietary additive sources

Ingredient Con Macroalgae Spirulina Undaria Dried
M-1 M2 M3 M4 S5 Si10  Si1s U10 U20 Unrdaria

White fish meal 250 250 250 250 25.0 220 190 16.0 220 19.0
Soybean meal 23.0 230 230 230 230 200 17.0 140 200 17.0
Raw Ulva power 150

{as dry wt.) (8.1)
Raw Undaria power 150

(as dry wt.) (7.5)
Raw Laminaria power 100

(as dry wt) (11.0)
Raw Sargassum powder 100

(as dry wt.) (11.0)
Wheat flour 155 74 80 45 45 165 17.5 185 1.5 75
Spirulina 50 100 150
Dried Undaria powder 100 20.0
Dextrin 20 20 20 20 20 20 20 20 20 20
Squid liver oil 25 25 25 25 25 25 25 25 25 25
Soybean oil 25 25 25 25 25 25 25 25 25 25
Vitamin premix' 25 25 25 25 25 25 25 25 25 25
Mineral premix* 40 40 40 40 40 40 40 4.0 40 40
Sodium alginate 23.0 23.0 230 230 23.0 23.0  23.0 23.0 23.0 230
Proximate analysis (% in dry weight basis)
Protein 341 349 346 341 343 331 321 311 313 297 12.8
Lipid 89 79 76 71 17 72 13 74 72 72 1.0
Ash 128 152 158 150 16.2 129 126 127 152 172 36.2
Fiber 27 25 28 34 37 26 25 25 25 3.0

'Vitamin mix contained the following amount which were diluted in cellulose (g/kg mix) : ascor-
bic acid, 200 : a-tocopheryl acetate, 20 ; thiamin, 5 : riboflavin, 8 ; pyridoxine, 2 ; nicin, 40 ; Ca-
p-pantothenate, 12 ; myo-inositol, 200 ; p-biotin, 0.4 : folic acid, 1.5 ; p-amino benjoic acid, 20 ; K
3, 43 A, 1.5 D;, 0.003 5 choline chloride, 200 ; cyanocobalamin, 0.003.

*Mineral mix contained the following ingredients (g/kg mix) : NaCl, 10, MgSO, - 7H.0, 150 ;

NaH,PO, - 2H;0, 250 ; KH,PO,, 320 ; CaH.(PO.); - H,0, 200 ; Ferric citrate, 25 ; ZnSO, * 7H;0,
4 ; Ca-lactate, 38.5; CuCl, 0.3 ; AICI; * 6H.O, 0.15 ; KIO;, 0.03 : Na,;Se;0;, 0.01 ; MnSO. - H;O,
2 H COC12 * 6H20, 0.1.
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Fig. 1. Survival of abalone fed the diets containing
macroalgae and spirulina for 20 weeks.
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Table 4. Growth performance of abalone fed the diets containing macroalgae and spirulina for 20 weeks'

d Soft bod
. Final mean Weight gain Soft body Shell length Body oft bocy
Diets wt.(ma) (%)? wt.(me) (mm) wi.(g)/shell wt.(g)/body
e e length (cm)  wt. (g)
Con 331+23.7% 411+28.1*¢ 155£20.8%¢ 14.1£0.37> 0.21£0.02  0.50%£0.01
M-1 331+16.4> 408+43.2°¢ 150£14.1¢ 14,1£0.34>* 0.23+0.03 0.44+0.04
M-2 331+25.7% 404t54.3*¢ 150+£14.1%¢ 14.1£0.36>  0.20%0.01 0.49+0.02
M-3 297+£32.7°  341%£52,5°  132417.0° 13.6:0.18°  0.18+0.01 0.4910.02
M-4 370+16.0° 472+44.8° 172+ 9.5¢  14.7£0.51*  0.21£0.01 0.5240.03
S5 339£16.3°¢  439+41.3¢ 162+ 5.0 14.320.21¢ 0.22+0.02 0.49+0.06
S10 320+10.7> 416t13.4% 147+ 9.5 13.9£0.12* 0.21£0.02  0.47%0.07
S15 327+28.3%  413%43.8*¢ 152+17.0°¢ 14.0£0.46™ 0.21%0.01 0.49+0.06
uU10 331+23.3%  425+457¢ 150+14.1%¢ 13.9%£0.39> 0.21£0.01 0.51+0.02
U20 309+34.3>*  370+66.8” 135+12.9° 13.7£0.53> 0.21£0.04  0.46+0.07
Dried Undaria 117+ 8.2° 70+14.1° 47+ 5.0°  10.1£0.25*  0.29+0.40  0.48+0.06

'Values (meanzs.d. of four replications) in the same column not sharing a common superscript

are significantly different (P<0.05).

*(Final weight—initial weight) X 100/Initial weight.
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Fig. 2. Growth of abalone fed the diets containing
macroalgae and spirulina for 20 weeks.
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Table 5. Chemical compositions (%) of the soft

whole body'

Diets Moisture  Protein Lipid
Initial 73.4 17.3 1.0
Final :

Con 79.0+0.44 13.610.61 1.6+0.14°
M-1 78.0£0.49 14.2+0.87 1.5+0.15°
M-2 78.5+0.84 14.4+0.88 1.5+£0.20°
M-3 78.810.53 14.0+£0.38 1.7+0.11°
M-4 78.210.46 14.71£0.86 1.6+0.10°
S5 78.5+0.16 13.7+£0.27 1.6+0.15°
S10 78.2+0.87 13.9£0.48 1.7+0.21°
S15 78.3+0.57 14.2+0.96 1.6t0.11°
Ul10 78.610.41 14.110.44 1.6+0.13°
U20 78.5+1.11 14.1£0.94 1.5+0.13°
Dried - - 0.7+0.17*
Undaria

'Values (meants.d. of four replications) in the
same column not sharing a common supersc-
ript are significantly different (P<0.05).
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