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Evaluation of Dietary Protein Sources for Abalone
(Haliotis discus hannai)
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An 18-week growth trial was conducted in flow-through aquarium system to evaluate the
practical dietary protein sources for juvenile abalone (Haliotis discus hannai). Three replicate
groups of the abalone averaging 0.11 g were fed one of ten diets containing casein, white
fish meal (WFM), meat meal (MM), feather meal (FM), blood meal (BM), soybean
meal (SM), corn gluten meal (CGM), cotton seed meal (CSM), Undaria powder (UP),
or wheat flour (WF) as a dietary protein source. In addition, these dietary protein sources
were compared with algae such as raw Undaria or dried Laminaria.

Weight gain of abalone fed the diets containing casein, WFM, SM, CSM or UP was
significantly higher (P{0.05) than those of abalone fed other diets, and this value of abalone
fed FM, BM, CGM, or algae was lower than other groups. Shell length, shell width, body
wt./shell length ratio, and body wt./shell width ratio of abalone fed casein, WFM, SM,
CSM, UP, and WF were also higher (P{0.05) than those of other groups. There were
no significant differences (P>0.05) in moisture and protein contents of soft body among
all diets. The data obtained in this study indicate that each of the casein, WFM, SM,
CSM or UP is good dietary protein source for juvenile abalone.
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Table 1. Composition (%) of experimental diets

Dietary protein sources

Ingredients CaseinWFM' MM? FM® BM* SM® CGM°CSM’ UP* WP Algae™ Algae"
Casein 31.0
White fish meal 40.0 10.0 10.0 10.0
Meat meal 36.0
Feather meal 33.0
Blood meal 29.0
Soybean meal 55.0
Corn gluten meal 39.0
Cotton seed meal 50.0
Undaria powder 55.0
Wheat flour 50.0
Dextrin 30,0 235 280 290 300 7.8 220 30 1.0 35
a-cellulose 1.0 1.0 1.0 1.0 3.0 02 1.0
Yeast 3.0 30 30 30 30 30 30 30 30 30
Squid liver oil 2.0 20 20 20 20 20 20 20 20 20
Soybean oil 3.0 0.5 20 30 20 30 20 20 1.5
Vitamin premix'? 3.0 30 30 30 30 30 30 30 30 30
Mineral premix'? 4.0 40 40 40 40 40 40 40 40 40
Sodium alginate 23.0 23.0 23.0 23.0 23.0 23.0 230 230 200 230
Proximate analysis (%)
Moisture 9.4 92 95 100 100 94 85 11.0 119 11.2 952 103
(Dry matter basis)
Protein 324 309 320 315 30.2 304 31.6 278 19.5 154 20.0 10.8
Lipid 5.0 54 55 54 52 54 55 54 56 54 1.3 0.5
Ash 1.2 19.1 141 123 128 148 12.0 156 299 145 38.7 354

'White fish meal. ‘Meat meal. *Feather meal. *Blood meal. *Soybean meal. *Corn gluten meal.
"Cotton seed meal. *Undaria powder. Wheat flour. *Raw Undaria. "Dried Laminaria. *Halver
(1957). “H-440 premix NO. 5 (mineral) (N.A.S. 1973).
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Fig. 1. Growth of abalone fed the different dietary
protein sources for 18 weeks.
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Table 2. Performance of abalone fed the diets containing different protein sources’

Dictarv proteins Weight gain Shell length Shell width Zﬁ‘:ﬂ Ktn(i 2‘1’1‘31 ”;‘lfl)l Shell length/
Y P (%) (cm) (cm) g shell width
(cm) (cm)
Casein 494+ 46.5° 170+ 0.04° 1.5+ 0.03° 0.38+0.02°F 0.53%0.02% 1.36% 0.0
White fish meal 577+72.4° 1.80+0.09° 1.31£0.078 041+0.02  056+0.02 1.37+0.02%
Meat meal 303+ 1675 1.50+0.03 11240.03' 029+0.01° 0.39+0.01° 134+ 0.01°
Feather meal  135+45.2% 1.24+0.01® 0.92+0.01° 0.21+0.04® 0.28+0.04* 1.35%0.01°
Blood meal 78+ 547°  1.19+40.13* 0.80+0.01° 0.6+ 0.05 0.24+0.06* 1.50+0.19°
Soybean meal  554+25.0° 1.76+0.01% 1.27+0.01% 0.39+0.01¢ 0.55+0.01° 1.39+0.01%
Corn gluten meal 155+ 162 1.30+0.04 0.97+0.02° 021+0.01® 0.28+0.02" 1.34+0.02°
Cotton seed meal 503+77.3% 1.69+0.02% 1.23+0.017 0.35+£0.01% 0.49+0.02% 1.37+0.02%
Undaria powder 495+ 39.4° 1.80+0.02° 1.30+0.02% 038+0.02% 0.52+0.01¢ 1.39+0.01°
Wheat flour 396+ 44.6° 1.67+0.10° 1214007 033+0.03° 0.45+0.04° 1374001
Raw Undaria 2214 663" 1.50+0.08° 1.03+0.07° 0.23+0.04° 0.34+0.04° 1.46+0.14"
Dried Laminaria 172+153° 1.34+0.06° 097+0.03% 022+0.01° 0.30+0.02° 1.39+0.02*

'Values (meants.d. of three replicate groups) 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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Table 3. Chemical compositions (%) of the soft whole body'

Dietary proteins Moisture Protein Lipid Ash

Initial 81.8 11.7 0.6 3.2

Final :
Casein 79.3+ (.85° 14.0+ 0.80° 1.0+ 0.23% 2.4+ 0.05*
White fish meal 78.6+ 1.20* 14.0+ 0.75° 1.4+ 0.26% 2.3+0.11°
Meat meal 78.5+0.32° 13.6+ 0.10° 1.3+ 0.23*¢ 2.5+ 0.05*®
Feather meal 78.9+ 0.36° 13.2+0.23® 1.5+ 0.25% 2.6+ 0.05¢
Blood meal 79.6+ 1.49° 13.9+ 0.35° 1.3+ 0.83% 2.8+ 0.05¢
Soybean meal 79.5+0.77* 13.9+ 0.55° 1.5+ 0.11% 2.4+ 0.05*
Corn gluten meal 79.2+ 0.80° 13.3+ 0.25° 1.3+ 0.05% 2.7+ 0.05%
Cotton seed meal 79.1+ 0.25° 14.1+ 0.11* 1.9+ 0.40° 2.5+ 0.05*
Undaria powder 79.1+ 0.26* 14,2+ 0.20° 1.2+ 0.28% 2.5+ 0.05%
Wheat flour 78.8+ 0.20° 13.2+ 0.45° 1.5+ 0.20> 2.5+ 0.05*
Raw Undaria 79.6+ 0.96* 13.8+ 0.52* 0.7+ 0.15* 2.6+ 0.15¢
Dried Laminaria 79.5+ 0.60* 13.6+ 0.41* 0.7+ 0.25" 2.7+ 0.10%

'Values (mean+s.d. of three replicate groups) in the same column not sharing a common

superscript are significantly different (P<0.05).

A, l 'E‘“aL gl 74A1Q) H7HFEo] 494~577
%2 e} AYFER} FoulA EAH(PC0.05).
JLog & % 77t 396% B £ AAE
Hlon, g8, 2L, ZFFH I HrtEel
78~155% 2 E} Froh g2 g kP
0.05). ZH3 g FAE wskel FARRE
Zdgkol ek, R}, ZHa ZHEof) thdh A F v
A 2 ZAgS Hlon, g i 7E o
vl FAETH W FEgE Bl g8 Hrkvt
M Ee g 2o

AY A2 gl FgA)9 A FAE 744
Fo YWt E E4A 7= Table 38 Zch A4¥
AR Bl A R 38 e A A2
Hls) F8A] 25 Zr4sids, chdds x4 3
B BF Fokslglch A F8A R oy
A gk 247 78.5~79.6% H 13.2~14.2% 2
Abgo chfAdol] A Ggg x| AAdHP)
0.05). A2 e Hgol i, K&, $2E, ¥E,

b, FEFY g, WA 2 v9E HWrbs
o] 1.2~1.9% 2 A& o237} 2(P)0.05),
FHAIQH A el ozt 7z chAju} AE
T7F 0.7~1.0% 2 & g Bk I8 IF
< 2, ¥, 259 g, Avjdy A= o
At ARF7 291, ol E, |8, U5 2

s
0
+
A

I-E.
5

SUE bRl WAz e ZRE By
z %

Alg thaz
ook A K

99e] YL Wgoizel U8y
, 2, D9, Uz, Biokuest 2
Yrgdos YJ3} A3Hgol
a2} Aol ZIHNRC, 1993). Ahg WA Y
ARell meislolol ¥ QQIFE 1 AR %
AR WA TR A, M, 134, 9%
AR, AESEAS A S 5 4 e,
2 Aol vmy 47 7Y%+ Y ol
AX BHAUEE Aol 0 wAE Hrbel
Aok A 7R, ol e, @A
Hlelie & dM3tos HAY AYFEel B
YTl uls) VAP L ARHE 250 w(P0.

mA;qhgx} =9

05), thgog AwR Hrlprl gudt A
23 olgid AT HUE AR iR

A7 1, 452 AE FEAAEY & Egol
9 Zew Agdch SN, YE, $EE, £
229 WL ol Ge e B B AR
F Yoz 2 At gl Aoz A
Zhgt,

2 Aol 4 AHSH AR YES F offol



o149 -

A AR S HFHTE A F, A E, 2
1 7}Z9] Zlo] casein A7IALESH vlssbAL
g Aoz veh} FAE kg9 FHu
A Qo] caseinol2tz X33 Uki et al
(1985b) 2] Azte} xolE Holi Qlrk ozt
ol Z+ Ado) 85 offe F2F ol
g ez A=Y 2 29 AE ZAoy
H-3ta] 59 xolollE aE|olop 3 Zlelxt,
B Ado4 Ags o 7HAez Azd
Hokojog 1 EHo| thE ojfHrt 433
Aoz 742l Viana et al.(1993)-2 A5(H.
fulgens) A9 ©Ahog o} % casein?
553 1S 7Rga ek oln AHHA
So| wighAlg 2AulE Hvh ZAFHoE A
sojob #}7] wifol] ¥ Ao AEH FHo
bl A2Ql caseino|y HUYojE-E 2 bt
ul#7) w ol o] £(1997) % AAsR%e| o5
HAE 5= Qe thAghi A e Atke] Hslrh
ABA Ao g A g ol AFHIL e

SFHke trypsin inhibitor®} T2 gAML
Z7} FgElo] Qo] whlA o84S FaAR
5 U ¥ ohg Metd Z Hopu|xitol
ofBoll nja) YAl gF=Eof glew, dFdt Fo
Q1 phytic acidell Zg=o] el 1 o] &4e]
g2 Ho|t(NRC, 1993). L4 B2 gatEol

>

VEL
gFuke] o] 84S Foly] HeiA ofu:ARE
B E(Murai et al,, 1982 Shiau et al., 19
88 ; Dabrowska and Wojno, 1977)8AY
Jokz] 8 AF Z+4(Wilson and Poe, 1985 ;
Viola et al., 1983) A17]& #hdS A8tz ok
919} o] wiFHbE Az whFfe g ARRe}
Lol g 7HA EAdol AAlso] YFeE
a3l B AgollAel o] HAHEL offolt} 7t
A FEA oA oiFuhe F olfIe AL

Vel A8 Algel $HS whiAde] 9
UL Aoy A, B Ao AEF o7k
gxekatstn std Ael® 22 E urease acti-
vity7} 0.012 £33 HololA 22 trypsin
inhibitor7} AA=Ho] AFUEE AHgE7]e=

Ho
¥

A

oL

-8

7hgol & ® Aoz aslch AR Uki et
al.(1985b) o] A& Ag A A 54t H7b+
£ FHAI1Q) H7RArE R Abo] H4l k2 Zlew
vel} B s 2ol & Mol gk ol A
£33 gFute] £A Ao] i AFE7Y x|z
A7l

AEA oY Z v Auk HIE casein
Hrhret AAaTel A Zol7t gle Z(Pr0.05)
o g Jeh} tifuta) Al mAdnke AEAlg e
£o iAol & Aoz ydHch ol
HAEke shgubfel) whel zxkda z2A4G9)
3reko] bzl E Aol A A3 ARkl
chil A Seke 36% 2 ulaE o Ho|w, Lys,
Met @ Thro] of¥ell Hls) AHHog HA
zA5o] Qlvk(ol - F, 1996). WAL FE
7hEe) A5 E o|&Fal glew, o] Agele
ol ALEER] ghed|, ole 2AF ol v
AEA e ol 55 ¥ ohid AE(go-
ssypol) o)2H= 5 30| $i-=lo] Y(NRC,
1993) A&l o Adgkg v)Ackn Husloigict
(Dorsa et al., 1982 ; Herman, 1970). & 4
Holl AHgxl wAnbe] HAE el 0.06% =
z2A49 Heog, old AN} FFHlo]
YLl Bslar B AdME wHAR At
Fo AAe] o, AL W diFu HrTe
S22 9lol(P)0.05) uhg £ 2L FXEe]
vl ¥ o] 3LAE
gt7| wif-o g bk}, ik

=
G
fepol 20% AEAA ]

L=
Aluboll = 24

(el - 7,

1996), £ Ao wAnt HArype] 244 ko]
11%2 FABL o 59 AT U=

odekg WhA ok Zog FgHch ofFd
M Al o] &40l thslAE F32 Fel(Jackson
et al.,, 1982; El-Sayed, 1990 : Herman, 19
70 ; Fowler 1980 ; Dorsa et al., 1982 ; Robi-
nson et al., 1984)9} ali4toiql zujE2}(o] - 7,
1996)% 4oz dArsiged, ofdd4l HAd
vhg Abgoll MY A¢ o A7z 15~30
% 7} 7Hs8 Ao g wasle] glrk E A¥elA



Fa% Anel A P2}

ulg o]l ¥R wigAge] ARAAAI} o ¥4
B HIRE Aoz vl Hddo|dl wgE
TE ok U5 A widsim A ol
el & Zeg AL, 2z ogiTe
b7 wiska Sl gefol i) wlioll Mt
AzA2 HA H7AF 5 olol tiF FAHQA
AEZH FHvtelol & Zlojr}. nbHdl Hedno|ql
Aulgolu} Az ohA|nl FFTLEY AL ca-
sein, Hgold, diFu, wAEl A5 9 n|
AET ok ¥4 U ghs Hol, A%
o] HrkE wigAlsHY o A ¢
€ & F Sk o9} o] M olr} wig
Atg R 2 537} el dFEE ov] Bad
v} 9l3L(Mai et al., 1995 ; Viana et al., 1993),
o] (1991 % ol FAR AHAE odo] A4
Holo] ook F¥o| miAE R £4 R3S
A A8k

FEA AN SRR AU (RE,

SRB)EH TIFY 2 W) Adade
HadnolQl Aujgolu} Az chAlnl FFFHEE
o 9% e Bl FAE g F hEdd
L2AE 2 7R 9E Aoz AZ4Hd, olsh
Zo] €, $2E 9 7 U 7 Ag9
el U] el AruArt Y
g AdAEst vz Eida Az
AR ZHE B 2L ol& Yae ol
24, 7134 9 &3+ So) ohE dakr} Y4y
ez AzZgcl AP ERE ATl 2
o] WA mfsleio} ¥ AL 2 s IEH
olu]=XH(EAA, essential amino acids)9 #
A, Yol we} ol F7Fe] EAATH B5
#7] dZoll(NRC, 1993), A& 2 de of
dolFel 873E EAATL $55o] FHE o
F2 vl wet 2 FZo] HrHE + Sich
g didelFe] EAA 87| F3Eo] A
&S dole FED el I 0% HojA =&

Table 4. Essential amino acids and A/E ratio' in the experimental formulated diets

Dietary protein sources

Amino acids Casein WFM MM FM BM SM CGM CSM UP WF
Amino acids (% in protein)
Arg 48 70 82 66 43 77 30 104 46 54
His 34 17 12 13 32 19 13 23 15 18
Tle 47 37 23 39 05 37 28 35 34 33
Leu 83 81 62 82 141 81 157 71 65 75
Lys 62 49 32 17 60 41 12 39 43 33
Met+Cys 33 42 25 43 13 26 37 31 33 35
Phe + Tyr 1290 79 59 74 114 88 108 88 68 7.5
Thr 45 49 34 50 51 44 33 41 42 40
Val 70 41 35 52 66 37 32 45 41 38
Total 551 46.6 364 435 526 451 450 47.6 38.6 40.3
A/E ratio!

Arg 87 150 224 152 83 170 67 219 120 134
His 62 37 34 30 61 42 30 48 40 45
Tle 85 80 63 90 9 8 61 74 8 83
Leu 150 173 170 188 269 179 349 149 169 187
Lys 112 104 8 39 114 91 27 83 111 82
Met+Cys 60 91 70 98 25 58 82 64 8 87
Phe + Tyr 234 170 163 169 216 195 240 184 175 186
Thr 82 105 93 115 97 98 73 8 109 100
Val 127 89 95 119 126 8 71 94 106 95

!(Each essential amino acid/total essential amino acid including Cys and Tyr) X 1000.
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Table 5. Correlation coefficients between various
EAA indexes in the formulated diets and
performance of abalone

Dietary EAA Performance
index Weight gain Shell length
Arg 0.35* 0.31
His 0.11 0.09
Ile 0.59*%* 0.60**
Leu —0.68** —0.66**
Lys 0.50** 0.51%*
Met+Cys 0.18 0.23
Phe +Tyr —0.25 —0.28
Thr 0.06 0.09
Val —0.23 —0.24
EAATI 0.81** 0.82%*
TEAA® —0.03 —0.13

"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.

/9 EAA 243 {8 £Fo2 As8E
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