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The Effects of Substituting Squid Meal and Macroalgae with Soybean
Meal in a Commercial Diet on Growth and Body Composition of
Juvenile Abalone Haliotis discus hannai

Byeng-Hak Kim', Hee Sung Kim and Sung Hwoan Cho*

ISouthwest Sea Fisheries Research Institute, National Fisheries Research and Development Institute, Yeosu 556-823, Korea
Division of Marine Bioscience, Korea Maritime and Ocean University, Busan 606-791, Korea

We examined the effect of substituting squid meal and macroalgae with soybean meal in a commercial diet on the
growth and body composition of juvenile abalone Haliotis discus hannai. We randomly distributed 2310 juvenile aba-
lone into 33 rectangular plastic containers and fed them five experimental diets in triplicate as follows. The control diet
(Con) consisted of 12% squid meal, 8% corn gluten and 20% soybean meal as protein source, wherein 10% o-starch,
20% wheat flour, and 5% dextrin were carbohydrate source. The experimental diets, 50% squid meal (SM50), 50%
squid meal and 50% macroalgae (SM50+MAS50), and 100% squid meal and 50% macroalgae (SM100+MAS50) were
substituted with the same respective amounts of soybean meal. The fifth experimental diet consisted of the control
diet plus 1% diatom powder (DP). We prepared two domestic (Domestic A and B) and two imported (China and
Japan) abalone feeds. Finally, we prepared Undaria and sea tangle. We found that the weight gain of abalone fed the
Con, DP, and China and Japan diets was significantly greater than that of abalone fed Undaria and sea tangle. We
conclude that the substituting squid meal and macroalgae with soybean meal in abalone feed has limited benefits, but
supplementing diets with 1% diatom powder is effective in improving weight gain.
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50%% 27t i Fat o 2 i Algh AF AR (SM100+MAS0) 2
g2t AlR O] 2 E 1% thAl ol 7F2F(Melosira nummuloi-
des$} Fragilariopsis sp.7} --8%) 1%%E 3713 AEALE(DP)
259100, o5 AR olshg A B U] SJ5to] 42l &
Al TAL= 2} 5 A5 extruded pelleter (Jyoda, Japan)2 A=
Shlch ARALR O] AFR O] 55 Blaslr] fI5ho] =ujoll A
Al AL Q= AAS- AJAL R 255 (Domestic A, Domestic
B)o} =9] -8 AlAb=E Q] F=4K(China)} U2-tH(Japan)
AtaE FH|EE o, AAAE 9ol ]l v (Undaria)¥}t ThA| I}
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S Sloll Agwoll tiet 7141 7-9] v Alitshelct.
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6 2 Z9FARS methylation A]71 &, capillary column (SP™.-
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Bellefonte, PA, USA)°] A2F¢ gas chromatograph (Truce
GC, Thermo, USA)Z Z|WJAF 2A]-S B4 514
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One-way ANOVA$} Duncan's multiple range test (Duncan
1955)= 4] SAS version 9.3 program (SAS Institute, Cary, NC,
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Table 1. Ingredients (%, DM basis) and nutrient composition of the experimental diets
Experimental diets

Con smso SYo0v SWO0*  pp  DomesticDomeste china  yapan  Undaria t;‘;ﬁe
Ingredient (%)
Squid meal 12 6 6 12
Corn gluten 8 8 8 8
Soybean meal 20 26 34 40 20
a-starch 10 10 10 10 10
Wheat flour 20 20 20 20 19
Spirulina 1 1 1 1 1
Dextrin 5 5 5 5 5 closed closed closed closed
Diatom powder" 1
Macroalgae mixture? 16 16 8 8 16
Squid liver oil 1 1 1 1 1
Soybean oil 1 1 1 1 1
Vitamin premix® 2 2 2 2 2
Mineral premix* 4 4 4 4 4
Nutrients (DM, %)
Dry matter 9.0 8.6 71 7.6 7.8 13.7 13.3 10.5 10.3 9.6 13.3
Crude protein 29.7 30.5 31.3 31.2 31.2 31.3 35.2 323 30.3 20.1 9.1
Crude lipid 1.8 1.7 1.8 1.7 1.8 1.6 44 1.8 1.7 0.1 0.1
Ash 8.7 8.8 7.5 6.8 8.5 12.7 15.0 14.2 17.6 25.6 17.0

'Diatom powder containing dominantly Melosira nummuloides and Fragilariopsis sp. was purchased from Asbicinter Co. Ltd., (Busan,

Korea).

2Macroalgae mixture contained Undaria pinnatifida, Laminaria japonica and Sargassum fulvellum at a ratio 1:1:1.
3Vitamin and “mineral premixes were the same as Cho (2010)’ study.
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9 Val)e] gho] A1g-g whahaz o] ula) WA Liebgtth Table
2). =} AlZALE (Domestic A, Domestic B)of| A &= A| 235t 41
| A}E O} Q] A]FA}E(China, Japan)o] B|Elo] BE 4o}
oAl grepol Wokeh ABANRES] AL 4] Z3)(Table
3), n]¢ 3} thAlatol Al n-3 HUFA (highly unsaturated fatty
acid) H| &2 217} 25.96%2} 21.48% %2 LEFLFA TFE AFA}
5ol HIsA =7 vebgt o, mat chajutelA o 214 o
F(0.1%)°] th& AR E(1.6-4.4%)°] vlste] Wt7] wii
of m] &3} thAJmfof 4 €] n-3 HUFA @F- W2 2 o= UEky
t}. u] 3} chAlutof A1 9] eicosapentaenoic acid (EPA, 20:5n-
3) H]&-0] ZFZH1.76%%} 5.16%% e 24, docosahexae-
noic acid (DHA, 22:6n-3)+= A& S =] okt = AF¢

& AJHALE (Domestic A, Domestic B)2} =+9] AFY-8 AJTAL
(China, Japan)oi 4]+ gamma-linolenic acid (18:3n-6)7} &
& UpehbA] Qlsket. ] ol ch Aok ghld, B3] wsofal
Akt 24 Rhgo] A58 AbR U 8- (Uki et al., 1985a; Uki
etal., 1986a, 1986b)e- 5-EHAIATA] S517] tzof A&52] 4
ol 2A F3F= v A o= ek

ARAIRE 1657 B ABo] 4% ATH: Table 49} 2
o} A& AMEL(Survival) 77.6-100%2] ®H$jolglon,
Con, SM50, SM50+MAS50, SM100+MAS50, DP, China, Ja-
pan, ule} 8 ChAIUkE T AT S A ARl
1 Domestic A2} Domestic BE 353 A@ T 7242
2 02519 0 1(P<0.05), SM502 SM50+MAS0 AHRE 2
8 AR TOIA 71 S4stelh ) Al ARAIRE B
T Aol A o] EEo] ohE AF ol Ble ¥& A =
W A& AlEAER Y Dotu| it Sl 12 oA 7)<l
St Zl o 2 Azbelt) A E o] Hl3= Z7K(weight gain/individual)
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Table 2. Amino acid profiles (%, DM basis) of the experimental diets

Experimental diets

SM50+ SM100+

Domestic Domestic

Con SM50 MA50 MA50 DP A B China Japan  Undaria Seatangle
Ala 1.69 1.57 1.74 1.61 1.87 1.01 1.31 1.77 1.44 1.33 0.40
Arg 1.71 1.70 2.01 1.81 1.97 1.14 1.24 1.63 1.72 1.01 0.17
Asp 2.62 2.58 3.03 2.82 2.93 1.75 1.94 297 2.65 1.91 2.29
Cys 0.38 0.42 0.46 0.45 0.43 0.29 0.35 0.48 0.48 0.19 0.1
Glu 5.02 5.12 5.81 5.67 5.66 4.19 5.25 5.34 6.12 2.19 3.81
Gly 1.41 1.26 1.45 1.21 1.60 1.21 1.12 1.37 1.52 1.07 0.24
His 0.73 0.68 0.79 0.75 0.80 0.48 0.58 0.71 0.71 0.39 0.06
lle 1.44 1.28 147 1.44 147 0.80 1.16 1.51 1.24 0.91 0.16
Leu 2.85 2.55 2.89 2.97 3.03 1.42 2.19 292 221 1.61 0.30
Lys 1.57 1.41 1.03 1.50 1.68 1.05 1.25 1.92 1.75 1.13 0.23
Met 0.59 0.51 0.55 0.45 0.63 0.29 0.43 0.40 0.48 0.39 0.10
Phe 1.59 1.40 1.60 1.57 1.59 1.03 1.38 1.80 1.45 0.94 0.23
Pro 1.73 1.89 2.06 1.89 1.98 1.57 1.81 1.87 2.00 1.04 0.55
Ser 1.34 1.34 1.52 1.44 1.53 0.94 1.17 1.53 1.47 0.92 0.25
Thr 1.17 1.1 1.27 1.15 1.30 0.87 0.93 1.29 1.22 0.96 0.28
Tyr 1.02 0.82 0.93 0.92 1.01 0.51 0.84 1.02 0.99 0.55 0.08
Val 1.56 1.55 1.72 1.61 1.68 1.05 1.32 1.71 1.48 1.20 0.34

Con is the control diet. SM50, SM50+MAS50 and SM100+MAS50 diets are the diets substituting 50% squid meal, 50% squid meal and 50%
macroalgae mixture, and 100% squid meal and 50% macroalgae mixture with the same respective amounts of soybean meal. DP is the diet

containing 1% diatom powder in the control diet at the expense of 1% wheat flour.

= 9] A4 A|HAL=(China, Japan), Cond} 25 H7}F
A= Sl DP AR E 38t A7 e AlRE 3t AY
THEO FolA o2 #A UER e H(P<0.05), THAVEE S5
S Aol A 71 WA Ukttt o]ef f-AFSHA Viana et
al. (1993)2 casein®|y o5 $15=9] ulgtAl= 7} macroalgae
(Macrocystis pyrifera) 2.t 2 E(H. flugens)2] /370l ©f 9
3 ATZ BolthT BT 51910, Nie et al. (1986)= HHA}
27} Aok et AE(H. discus hannai) /370l S8t Anl=
Holohar B arsgit, gk AFAAR ol ¢l u] ) thAlnte] 7
- THAvEE 3Edt AR 1S S Aol A A
AT St A T o H50] Ho = A ThA
upETH= vl oo o 943k A1 0 7 AYZHE ) B A ket fAlst
Al AE-G siAR W Aml o] H7HA] AThAlmt ks Bl
o) o]7]+= stAINt AE(H. discus hannai)®] 47 7N &=
HAHLee et al., 1998Db).

&) Z1A(shell length)-> DP, China®} Japan Al& 5+
7t 7o} 012191 Zholi= R1LOLHP-0.05), THE AT
Hrj= fod 082 ArH(P<0.05) (Table 5). 1L} =+
¢} thE A3 34(SM50, SM50+MAS50 2 SM100+MAS50, Do-
mestic A, Domestic B, 7] 9 thAJuh)7tof 5914 Q1 xjo]=
QAQIT}. A E-2] ZFE(Shell width)- China AFR 3-57-0]l 4] 7}

2 =90 Japan, DP, tjZ2 &= SM50+MAS0 AMs 3+
9} ol Hel Aol glgiont the APLHLlE GoHo
2 ETHP<0.05). AAIFl thgt 7F4] 2] B](Edible portion/
total weight)= DP, China®} Japan AL2S 3535t A g Lol A
T2 AP S a3t Be AgET 9802 A vyt
THP<0.05). DPAFR S 353t A3 o4 2] Ad73o] SM50 ®
L SM50+MAS50 = SM100+MAS0 AR X oF 23
74 gl 7141 Ro) vl o] 8 A n]Ro] Ko} FERO| AR
7k B 4 A ATt s, B Akl Ak
Al A=W Spirulina 2% 47HA] AE2] 447 A At A afjzt
W) AN A7} E54A) HHE eHCho et al, 2006). 1]
U AE=g FALR Y SpirulingS o) TAI 0.2 5%, 10%
Bi= 15% H7HA] A5 QA A ke A fle Aer |
= ATHLee et al., 1998b). T o] A 48 AE(H.
discus hannai)ol| 7] $-214 725721 Caloneis schroderis &
R L L N PR ER EEE T
tH(Han and Hur, 2000).

a1t tAuE T AT OE AW ARRE 3
g AFET fol4 02 WA Ul th(P<0.05). Bautista-
Teruel et al. (2001)2> AFAAL Holof v|sto] Jefsha o & o
ol & s AEE AR s o, AJd 9 e

L e e )
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Table 3. Fatty acid profiles (% of total fatty acid) of the experimental diets
Experimental diets

Fatty acid Con SM50 Sl\yl:500+ Sm’,128+ DP Dom: stic Domée stic China Japan  Undaria tasneg? e
12:0 0.4
14:0 3.89 3.80 257 3.30 3.40 5.84 4.94 222 2.33 1.93 10.02
15:0 0.39 0.38 0.35 0.35 0.35
16:0 22.26 21.91 21.74 21.69 21.99 18.39 19.22 21.10 19.94 13.08 19.42
17:0 0.37 0.34 0.36 0.28
18:0 3.29 3.17 3.22 3.21 3.41 214 3.35 0.35 2.65 0.88
20:0 0.33 0.44 0.64
Y Saturates 30.20 29.60 27.53 28.55 29.51 26.37 28.87 2411 24.92 16.53 29.44
16:1n-7 3.67 3.72 248 3.59 3.31 21 3.61 217 2.96 0.39 232
17:1n-9 1.49
18:1n-9 17.47 18.15 17.17 17.63 17.63 25.29 22.38 17.90 12.75 5.68 20.94
18:1n-1 1.70 1.77 1.56 1.80 1.68 1.58 2.02 1.62 2.00
20:1n-9 1.1 0.67 0.86 0.37 1.15 0.55 0.69 1.38
24:1n-9 0.41
> Monoenes 23.95 24.31 22.07 23.39 23.77 28.98 28.56 22.79 19.09 7.56 23.26
18:2n-6 27.33 30.53 37.56 36.24 30.89 30.90 24.90 37.29 32.74 7.07 8.25
18:3n-3 4.41 4.70 4.72 4.97 4.30 3.68 3.01 4.82 3.80 10.02 2.69
18:3n-6 0.51 0.44 0.55 0.51 0.51 1.61 5.65
18:4n-3 1.86 1.73 1.12 1.18 1.47 0.81 0.89 0.61 1.67 21.50 6.20
20:2n-6 0.60 0.40
20:3n-3 1.93 1.55 1.14 0.73 1.42 297 1.91 1.29 1.35 13.01 16.32
20:3n-6 0.49
20:4n-3 0.70
20:5n-3 3.25 2.67 214 1.70 3.01 2.84 4.47 1.93 4.79 11.76 5.16
22:6n-3 2.93 1.92 214 0.84 3.15 1.72 4.41 2.27 4.94
>n-3 HUFA 8.11 6.14 5.42 3.27 7.58 8.13 11.19 5.49 11.08 25.96 21.48
Unknown 3.64 2.56 1.02 1.88 2.1 1.14 2.59 1.73 6.70 9.75 3.03

Abbreviation of Con, SM50, SM50+MAS50, SM100+MAS0, and DP diets are referring to footnotes of Table 2.
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Table 4. Survival (%) and weight gain (g/abalone) of juvenile abalone Haliotis discus hannai fed the experimental diets for 16 weeks

Experimental diets Initial weight (g/individual) Final weight (g/individual) Survival (%) Weight gain (g/individual)
Con 0.98+0.004 3.3+0.02 99.0£0.95° 2.3+0.022
SM50 0.98+0.004 3.2+0.01 100.0£0.00? 2.240.02°
SM50+MA50 0.98+0.003 3.1£0.02 100.0£0.00? 2.1£0.02°
SM100+MA50 0.98+0.003 2.8+0.03 99.0£0.48° 1.8+0.03¢
DP 0.97+0.001 3.410.01 97.6+0.95% 2.4+0.022
Domestic A 0.98+0.001 3.240.11 77.642.90° 2.240.11°
Domestic B 0.98+0.001 3.0£0.05 86.7+0.48° 2.0£0.05°
China 0.98+0.007 3.540.01 97.6+1.262 2.5+0.012
Japan 0.98+0.003 3.4+0.07 99.04£0.482 2.4+0.08°
Undaria 0.98+0.004 3.1£2.96 98.0+1.26° 2.1+0.01°
Sea tangle 0.98+0.000 2.7+0.01 96.2+0.95° 1.7£0.09¢

Values (means of triplicate+-SE) in the same column sharing a common superscript are not significantly different (P>0.05). Abbreviation of
Con, SM50, SM50+MAS50, SM100+MAS50, and DP diets are referring to footnotes of Table 2.

Table 5. Shell length (mm), shell width (mm) and the ratio of edible portion to total biomass of juvenile abalone Haliotis discus hannai fed
experimental diets for 16 weeks

Experimental diets Shell length (mm) Shell width (mm) Edible portion/total biomass
Con 28.610.48% 20.4£0.233>* 70.1£0.34°
SM50 27.540.32° 18.710.47« 66.2+0.32°
SM50+MA50 27.840.73° 20.140.2587c 66.5£0.10°
SM100+MA50 27.7+0.18° 19.1+0.10 65.8+0.31¢
DP 30.4£0.552 20.940.23% 72.5+0.222
Domestic A 28.0+0.86° 18.7+0.60% 65.1+£0.61<
Domestic B 27.3+1.71° 18.5+1.214 64.7+1.00¢
China 30.8£0.512 21.240.742 72.910.402
Japan 30.6+0.352 20.9+0.172 72.4+0.172
Undaria 27.6+0.09° 19.4+0.64° 63.0£0.65°
Sea tangle 27.4+0.59° 19.1+0.02% 59.4+0.09'

Values (means of triplicate£SE) in the same column sharing a common superscript are not significantly different (P>0.05). Abbreviation of
Con, SM50, SM50+MA50, SM100+MAS50, and DP diets are referring to footnotes of Table 2.

Table 6. Chemical composition (%) of edible portion of juvenile abalone Haliotis discus hannai fed experimental diets for 16 weeks

Experimental diets Moisture Crude protein Crude lipid Ash

Con 78.2+0.25> 18.5+0.10%° 1.1+0.03° 2.1£0.03¢f
SM50 75.7+0.79¢ 18.8+0.12° 1.1£0.06° 3.31+0.122
SM50+MA50 78.9+0.62%° 18.9+0.09° 1.5+0.032 2.0£0.06°
SM100+MA50 78.2+0.21%° 17.940.09¢ 0.840.00¢ 3.0£0.12°
DP 78.2+0.03 18.9+0.10° 1.5+0.032 2.5+0.09¢
Domestic A 80.0+0.27% 17.8+0.07¢ 1.1+0.03° 2.8+0.07°¢
Domestic B 80.3+0.382 18.0£0.07¢ 1.04£0.03¢ 2.4+0.06¢
China 78.7+0.20%° 20.6+0.202 1.1£0.00°° 2.0£0.09¢f
Japan 79.041.09%¢ 17.2+0.12¢ 1.5+0.002 2.2+0.07¢
Undaria 79.4+1.09% 18.6+0.21%° 1.5+£0.032 2.0+0.00¢f
Sea tangle 77.0£0.74% 18.3+0.23% 1.1£0.10%° 1.910.06

Values (means of triplicate=SE) in the same column sharing a common superscript are not significantly different (P>0.05). Abbreviation of
Con, SM50, SM50+MAS50, SM100+MAS0, and DP diets are referring to footnotes of Table 2.
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