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Evaluation of Economical Feed Formulation for Abalone
(Haliotis discus hannai)

Sang-Min Lee

Faculty of Marine Bioscience & Technology, Kangnung National University,
Kangnung 210-702, Korea

This study was carried out to develop practical feed formulation for juvenile abalone (Haliotis
discus hannai). Three replicate groups of abalone averaging 120 mg were fed one of 7 isoproteic
(34%) and isolipidic (5.3%) diets containing various practical ingredients such as casein,
fish meal, soybean meal, cottonseed meal, Undaria powder, wheat flour, spirulina, starch, and/or
wheat germ meal for 4 months. The prices (5,000~800 won/kg diet) of these experimental
diets were adjusted by adding different levels and ratios of practical ingredients. In addition,
these experimental diets were compared with commercial feed or natural food (Undaria).

Weight gain, soft body weight and shell growth of abalone fed experimental diets with low
prices (2,500~800 won/kg diet) and commercial diet were significantly higher than those of
abalone fed experimental diet with high price (5,000 won/kg diet) and natural food (P<0.05).
The results indicate that our economic formulation (about 1,000 won/kg diet) can be useful
for juvenile abalone.

Key words : Abalone, Economical formulated diet, Natural diet.
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Table 1. Composition (%) of the experimental diets

Ingredients Experimental diets Commercial Natural
1 2 3 4 5 6 7 diet(C)  food(NF)
Casein 33.0 5.0 5.0 -Closed- Dried
White fish meal 41.0 200 15.0 200 100 Undaria
Soybean meal 20.0 23.0 23.0 30.0 400
Cottonseed meal 150 15.0
Undaria powder 100 10.0 5.0 5.0 5.0 3.0
Wheat flour 3.8 38 138 223 223 198 178
Spirulina 1.0 1.0 1.0 0.5 0.5
Wheat germ meal 5.0 5.0 10.0
%potato strach 170 120 16.0 7.0 7.0 11.0 7.0
Yeast 3.0 3.0 2.0 2.0 2.0 1.0
Squid liver oil 5.0 2.0 3.0 3.0 3.0 3.0 3.0
Lecithin 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Vitamin premix! 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Mineral premix’ 4.0 4.0 4.0 4.0 4.0 40 4.0
Sodium alginate 20.0 20.0 7.0 5.0 5.0

Enzyme mix® 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Nutrient contents(%) in dry matter
Crude protein 35.6 35.0 34.5 34.8 33.8 336 32.8 34.8 12.75
Crude lipid 5.3 5.2 5.2 5.5 5.8 5.0 5.2 2.2 1.0
N-free extract 47.7 423 476 459 457 471 456
Crude ash 104 16.5 10.7 10.2 11.1 8.5 7.1 15.8 36.2
Crude fiber 1.0 1.0 2.0 3.6 3.6 58 9.3
n-3HUFA® 1.1 1.3 1.1 1.0 1.1 0.8 0.6
Cost(won/kg®) 5023 2587 1911 1695 1330 908 773

'Vitamin mix contained the following amount which were diluted in cellulose (g/kg mix) : ascor-
bic acid, 200 ; *tocopheryl acetate, 20 ; thiamin, 5 : riboflavin, 8 ; pyridoxine, 2 ; niacin, 40 : Ca-
D-pantothenate, 12 ; myo-inositol, 200 ; D-biotin, 0.4 ; folic acid, 1.5 ; p-amino benzoic acid, 20 ;
K, 45 A, 1.5 D3, 0.003 : 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.«(POJ): - H;0, 200 ; Ferric citrate, 25 ; ZnSO, - 7H0,
4 ; Ca-lactate, 38.5 ; CuCl, 0.3 : AICl; * 6H:0, 0.15 ; KIO;, 0.03 : Na;Se,0;, 0.01 : MnSO, - H:0,
2 CoCl; - 6H,0, 0.1.

’Kemin Industries, Inc., Singapore.

*Nitrogen-free extract calculated by difference . 100 - (crude protein + crude lipid + crude ash
+ crude fiber).

*Highly unsaturated fatty acids (C=20).

®Cost of ingredients except for feed processing cost based on the price in 1996.

Gerhard) & ARgsle] 43¢z, 28 oAb o] 5(1996) |, AWAHE ©](1997)7}F
ether® ARgslo] FEagony, 82 105C9)  ARE3F whgog FEAsgict. H¥= SPSS for
dry ovenolld 4X7+ F3t Az ¥ ZHHrt.  Window (SPSS Inc., 1993) programS.&
=3}, 24+ Automatic analyzer (Fibertec, ANOVA-testE “4AJ¢te] Duncan’s multiple
Tecator) & ©|-88l5x, 2IF-L 550C9] 2|3}  range test (Duncan, 1955) 2 2] FHH7re)
2ol A 447 EF e ¥ AuFsdch Algel Fo4S 5% FdsEes HAsoh
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Table 2. Survival and body weight growth of abalone fed the different diets for 4 months'

Diets Initial av. Final av. Survival Weight gain Soft body Soft body wt.(g)/
wt.(g) wt.(g) rate{ %) (%)? wt.(g) whole body wt.(g)
1 0.12£0.010 0.351£0.013* 90+ 3.3  196+25.5" 0.16910.0047° 0.54910.004*
2 0.12£0.014 0.50£0.029° 90+ 4.6  331+47.3°  0.255+0.0213° 0.595+0.008
3 0.12+£0.005 0.50+£0.036° 88+ 2.9  302+15.8** 0.261+0.0268" 0.598+0.008"
4 0.11£0.011 0.45%£0.034® 86+ 5.2 319+13.4*™ 0.2251£0.0083*  0.580+0.004*
5 0.131£0.027 0.52+0.045° 85+ 6.3 3224709  0.278+0.0261° 0.600+0.015°¢
6 0.11£0.013 0.45£0.037°"* 85+ 2.9  296t16.0** 0.23110.0243®  0.587+0.012%¢
7 0.11£0.026 0.45+£0.029°* 89+ 4.1  309+£55.2** (0.241+0.0887° 0.588+0.004%
C 0.11£0.013 0.48+0.008° 88+ 5.8  325£39.8" 0.244+0.0134° 0.58110.020°*
NF 0.12£0.020 0.35+0.048* 71£13.6 190+17.9* 0.171+£0.0309* 0.553+0.027*°

Values (meants.e. of three replications) in the same column not sharing a common superscript

are significantly different (P<0.05).

*(Final weight-initial weight) X 100/initial weight.

Table 3. Shell growth of abalone fed the different diets for 4 months'

Diets Shell length (mm) Shell width (mm) Body wt.(g)/shell length (cm)
1 13.6t0.17° 9.7£0.11* 0.23£0.005*®
2 14.9+0.32° 10.71£0.23° 0.29+0.013¢
3 14.81+0.26% 10.7£0.16" 0.29+0.021%
4 14.31+0.40% 10.4£0,32° 0.27£0.004°
5 15.110.49° 10.810.29° 0.31+£0.022¢
6 14.2+0.33%* 10.41£0.21%* 0.27+0.017¢
7 14.4+0.31% 10.4+0.17% 0.28+£0.007¢
C 14.5+0.03% 10.5£0.03*® 0.29+0.011°¢
NF 13.6£0.63* 9.710.43* 0.22+0.022°

'Values (meants.e. of three replications) in the same column not sharing a common superscript

are significantly different (P<0.05).
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Table 4. Chemical composition (%) of the soft whole body'

Diets Moisture Protein Lipid Ash
Initial : 81.44 13.82 0.97 2.92
Final :
1 74.95+£1.002 13.50£0.506° 1.78+0.205¢ 2.96+0.169
2 75.87+0.209 15.60+0.217° 1.5410.021 2.82+0.119
3 76.65+0.858 14.86+£0.657* 1.40+0.102°¢ 2.89+£0.156
4 76.1910.944 14,98+0.407¢° 1.36+0.079 2.9340.030
5 77.27+0.265 14.76£0.079 1.36+0.013 2.75+0.060
6 75.87+£1.295 14.72+0.622% 1.35+0.121% 3.061£0.258
7 75.82+0.746 15.21£0.369* 1.49+0.048 2.7610.045
C 74.67+0.786 15.56+0.452° 1.07£0.017° 2.861+0.112
NF 76.801£0.810 14.89£0.658% 0.73+0.065° 3.6410.020

'Values (meants.e. of three replications) in the same column not sharing a common superscript

are significantly different (P10.05).

NP2 H(P>0.05), T E ke ALE 1] 13.5
%2 7H4 dot Akg 2 9] 2|3 4°9)AkE 9] 15.6
% 2} 2}olF RIYrh(P<0.05). 3 x4 ke
Az vd7} 0.73% 2 M dgten A g 19]
1.78% 2 7} & gre g 459 cH(P<0.05).
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Table 5. Essential amino acids and A/E ratio' in the experimental formulated diets

. . Diets
Amino acids 1 2 3 3 5 3 7
Amino acids (% in protein)
Arg 4.7 6.7 6.6 6.5 6.8 7.8 8.1
His 3.2 1.7 2.0 2.0 1.8 2.0 2.0
Ile 4.6 3.7 38 3.7 3.6 3.6 3.6
Leu 8.1 7.9 8.0 7.8 7.8 7.7 7.5
Lys 5.9 4.7 4.6 4.4 4.2 4.0 39
Met + Cys 3.3 4.1 3.5 3.3 3.4 3.0 2.7
Phe + Tyr 12.2 7.8 8.7 8.7 8.0 8.4 8.5
Thr 4.4 4.8 4.5 44 4.4 4.3 4.1
Val 6.7 4.2 4.4 4.3 39 39 3.9
Total 53.2 45.5 46.1 45.3 44.0 44.6 44.3
A/E ratio'
Arg 89 147 144 144 155 176 184
His 61 37 43 45 41 44 46
Ile 86 81 83 83 82 80 80
Leu 152 174 173 173 177 172 170
Lys 111 104 99 98 96 89 88
Met + Cys 62 91 75 73 77 67 60
Phe + Tyr 230 171 190 192 182 189 192
Thr 83 105 98 97 100 95 92
Val 127 92 96 96 89 88 87

'(Each essential amino acid/total essential amino acid including Cys and Tyr) X 1000.

Table 6. Correlation coefficients between EAA in-
dex or total EAA in the formulated diets
and performance of abalone

Performance
Weight Soft body Shell
gain weight length
EAA! 0.56** 0.64** 0.53*
TEAA’ -0.56** -0.65** -0.53*

'Murai et al. (1986).

TEAA : total essential amino acids.
**Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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