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Effects of Substituting Fish Meal and Macroalgae for Tuna Byproduct
Meal and Rice Bran in Extruded Pellets Fed to Juvenile Abalone
Haliotis discus (Reeve 1846)
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We investigated the effect of replacing tuna byproduct meal (TBM) and rice bran (RB) with fish meal (FM) and
macroalgae (MA) in extruded pellets (EP) supplied as a diet to juvenile Abalone Haliotis duscus in aquaculture. In
total, 80,000 juvenile abalone were distributed among eight indoor raceways and supplied with one of four experi-
mental diets. The control diet consisted of FM, fermented soybean meal, corn gluten meal and shrimp meal as protein
sources, with wheat flour and dextrin as carbohydrate sources; the control diet also contained MA. In the FM50 diet,
TBM was replaced with 50% FM. In the MA 50 diet, RB was replaced with 50% MA. The final diet, FM50+MAS50,
included TMB and RB in place of 50% FM and 50% MA. Abalone were fed to satiation with little food leftover for 16
weeks. Weight gain and specific growth rate of abalone fed the control diet were greater than those of abalone fed the
FM50 and MAS5O0 diets, but not different from those of abalone fed FM50+MAS50 diet. The proximate composition of
abalone soft body did not vary according to experimental diets. Based on these results, it appears that the traditional
commercial diet for juvenile abalone, comprising FM and MA, could be replaced with one containing 50% TBM and
50% RB without any retardation of growth.
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Table 1. Ingredients of the experimental diets (%, DM basis)

Experimental diets
control FM50 MA50 FM50+MA50

Ingredient (%)
Fish meal 13 6.5 13 6.5
Tuna byproduct meal’ 8.5 8.5
Fermented soybean meal 23 23 23 23
Corn gluten meal 44 44 44 44
Shrimp meal 3 3 3 3
Wheat flour 26 24 26 24
Dextrin 4 4 4 4
Macroalgae (MA)? 23 23 1.5 1.5
Rice bran 1.5 1.5
Others 14 14 14 14
Vitamin premix® 0.2 0.2 0.2 0.2
Mineral premix* 2 2 2 2

Nutrients (%, DM)
Dry matter 86.1 914 857 90.5
Crude protein 334 334 332 33.8
Crude lipid 23 25 44 4.3
Ash 16.4 16.3 11.0 10.8

'Tuna byproduct meal was purchased from HIF Co., Ltd. (Chang-
won-si, Gyeongsangnam-do, Korea). Macroalgaec (MA) is the
mixture of Undaria pinnatifida and Hizikia fusiforme at a ratio of
1:1. *Vitamin premix contained the following amount which were
diluted in cellulose (g/kg mix): riboflavin, 23.8; pyridoxine, 4.7,
niacin, 95.2; Ca-pantothenate, 33.3; inositol, 476.9; folic acid, 1.5;
p-amino benzoic acid, 47.6; filler, 31.7. “Mineral premix contained
the following ingredients (g/kg mix): MgSO,, 140.8; NaH,PO,,
92.4; KH,PO,, 246; Ca(H,PO,),, 139.5; ZnSO,, 22.5; Ca-lactate,
310; AICL,, 0.15; K1, 0.15; MnSO,, 2; CoCl,, 1; filler, 45.5. FMS50,
50% fish meal was replaced with tuna byproduct meal in the diet;
FA50, 50% macroalgae was replaced with rice bran in the diet;
FM50+MAS0, 50% fish meal and 50% macroalgae was replaced
with tuna byproduct meal and rice bran in the diet.



378 got - 4% - %
of A9 3%2 0 B AU o AFgItelTh AulE 26%

of el e 7 4%2 B45HE €0 2 A§ 31T, control k2]
=0 25 1 £UE Ee sl RTS8 23% 7t
S}3ITh. ControlAbE ol 9H- of i3} sl 2 a3 A FA
SR Au|7E o 2 50%4] 217 tiAIgE FMS02 MASOAL =&
AAsHA Egt of 23t sl 25 S-S A0l Z2H2 50%4)
YA FM50+MASOAR S AAIHI e AdAE = 9
4 Qe ZEsteE AASFATHUKI et al., 1986a; Mai
et al., 1995a, b). EP e 2] A7 AZE sl ALRI|AL
(Ewha Oil and Fat Industry Co. Ltd., Busan, Korea)®l 2] &5}
of A= E Al £85I

sl M3 &7

16557] AR AY FRA| AES A5 A 42 AR
dhg] A (oPL-E S: vitamin C 10%, citric acid 10%) 16 g 10 L
<=l 34 gl E Sl A 0 ' o] g-sto] 7b7ke] A
ol A 2 2= A Ee 2000}e] HE-o] AAFS S48
on, o]F 50mte]= EAAIZA] WE(-70T) Rkl 7t
2, 242 9 7+ = digital caliper (Mitutoyo Corporation, Ka-
wasaki, Japan) o]-&35o] 243111, JUTHA ALE| A|E

o 1

Table 2. Amino acid composition of the experimental diets (% of
the diet)

Experimental diets

control  FM50 MA50 FM50+MAS50
Alanine 1.81 1.85 1.92 1.82
Arginine 1.96 1.99 212 212
Aspartic acid 3.08 3.17 3.16 3.24
Cystine 0.41 0.41 0.44 0.48
Glutamic acid 5.71 5.67 5.89 6.03
Glycine 1.71 1.74 1.91 1.70
Histidine 0.73 0.78 0.76 0.78
Isoleucine 1.39 1.41 1.41 1.42
Leucine 2.66 2.68 2.72 2.71
Lysine 1.68 1.72 1.75 1.67
Methionine 0.58 0.56 0.60 0.56
Phenylalanine 1.58 1.59 1.61 1.65
Proline 1.85 1.84 1.90 1.89
Serine 1.52 1.52 1.60 1.61
Threonine 1.28 1.30 1.32 1.30
Tyrosine 1.1 1.14 1.15 1.20
Valine 1.55 1.57 1.60 1.60
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One-way ANOVA<} Duncan's multiple range test (Duncan,

Table 3. Fatty acid composition of the experimental diets (% of
total fatty acid)

Experimental diets

control  FM50 MA50 FM50+MAS50

C14:0 2.90 3.16 1.35 0.88
C16:0 1966 21.06 18.38 18.16
C18:0 2.88 4.16 2.30 227
C20:0 0.28 0.37 0.40
C22:0 0.29 0.29 0.34
C24:0 0.28 0.42 0.46
> Saturates 2542  29.23 23.11 22.51
C16:1n-7 3.32 3.70 1.75 1.1
C18:1n-9 2170  20.91 29.42 30.14
C20:1n-9 2.94 245 1.72 1.26
C22:1n-9 1.98 1.24 0.85 0.54
C24:1n-9 0.34 0.35

> Monoenes 30.28 28.65 33.74 33.05
C18:2n-6 30.31 27.87  35.06 39.12
C18:3n-3 2.81 2.65 2.33 2.56
C18:4n-3 0.67 0.63 0.38

C20:3n-3 1.04 1.16 0.31

C20:5n-3 4.26 3.60 2.25 1.37
C22:5n-3 0.76 0.62 0.40

C22:6n-3 3.94 4.59 2.41 1.40
>n-3 HUFA 10.00 9.97 5.37 277
Unknown 0.49 0.99

FMS50, 50% fish meal was replaced with tuna byproduct meal in
the diet; FAS50, 50% macroalgae was replaced with rice bran in
the diet; FM50+MAS0, 50% fish meal and 50% macroalgae was
replaced with tuna byproduct meal and rice bran in the diet.

FMS50, 50% fish meal was replaced with tuna byproduct meal in
the diet; FAS50, 50% macroalgae was replaced with rice bran in
the diet; FM50+MAS0, 50% fish meal and 50% macroalgae was
replaced with tuna byproduct meal and rice bran in the diet.
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Table 4. Survival (%), weight gain (g/abalone) and specific growth rate (SGR, %/day) of juvenile abalone Haliotis discus fed the experimen-
tal diets substituting fish meal and macroalgae with tuna byproduct meal and rice bran, respectively for 16 weeks

Experimental diets

Initial weight (g/abalone) Final weight (g/abalone)

Survival (%) Weight gain (g/abalone) SGR' (%/day)

control 1.9+0.01 5.0+0.01
FM50 1.910.01 4.410.01
MA50 1.910.01 4.910.01
FM50+MA50 1.940.00 5.0£0.01

87.8+0.072 3.2£0.01° 0.90£0.0012
82.9+1.73° 2.5+0.02° 0.78+0.003¢
86.9+0.05° 3.0£0.01° 0.87+0.002°
85.2+1.28° 3.1+0.01° 0.90£0.002°

ISpecific growth rate (SGR, %/day)=[(Ln(Wf)-Ln(Wi)/days of feeding]x100, where Ln (Wf)=natural log of the final mean weight of aba-
lone and Ln (Wi)=natural log of the initial mean weight of abalone. FM50, 50% fish meal was replaced with tuna byproduct meal in the
diet; FAS0, 50% macroalgae was replaced with rice bran in the diet; FM50+MAS0, 50% fish meal and 50% macroalgae was replaced with
tuna byproduct meal and rice bran in the diet. Values (means of duplicate+SE) in the same column sharing a common superscript are not

significantly different (P>0.05).
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Table 5. Shell length, shell width, shell height, soft body weight and the ratio of soft body weight to total weight of abalone Haliotis discus
fed the experimental diets substituting fish meal and macroalgae with tuna byproduct meal and rice bran, respectively for 16 weeks

Experimental diets  Shell length (mm)  Shell width (mm)  Shell height (mm) Soft body weight (g) Soft body weight/total weight

control 33.5+£0.012 22.7+0.112 6.1+0.022 2.4+0.05° 0.62+0.0012
FM50 31.8+£0.50° 21.7£0.342 5.8+0.00° 2.0+0.05° 0.60+0.000°
MAS50 33.0£0.192 22.510.04° 6.1x0.10° 2.2+0.032 0.62+0.005°
FM50+MA50 33.340.00° 22.7+0.012 6.3+0.05° 2.3+0.01° 0.62+0.000°

FM50, 50% fish meal was replaced with tuna byproduct meal in the diet; FASO, 50% macroalgae was replaced with rice bran in the diet;
FM50+MAS0, 50% fish meal and 50% macroalgae was replaced with tuna byproduct meal and rice bran in the diet. Values (means of
duplicate+SE) in the same column sharing a common superscript are not significantly different (P>0.05).

Table 6. Chemical composition (%) of the soft body of juvenile abalone Haliotis discus at the end of 16-week feeding trial

Experimental diets Moisture Crude protein Crude lipid Ash

control 75.4+0.652 17.240.822 2.1+0.00° 2.7+0.122
FM50 73.0+2.942 16.3+0.042 2.1+0.042 2.7+0.082
MA50 71.8+1.592 16.3+0.242 2.0+0.00? 3.0£0.04°
FM50+MA50 76.8+0.002 18.340.042 2.1+0.042 2.5+0.082

FM50, 50% fish meal was replaced with tuna byproduct meal in the diet; FAS0, 50% macroalgae was replaced with rice bran in the diet;
FM50+MAS50, 50% fish meal and 50% macroalgae was replaced with tuna byproduct meal and rice bran in the diet. Values (means of
duplicate+SE) in the same column sharing a common superscript are not significantly different (P>0.05).
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