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Substitution Effect of Fish Meal and Saccharina with Soybean Meal and
Rice Bran in the Extruded Pellet on Juvenile Abalone Haliotis discus
(Reeve 1846)
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Substitution effect of fish meal and Saccharina japonica with soybean and rice bran in extruded pellet (EP) on ju-
venile abalone was determined. Two thousand five hundred and twenty juvenile abalone were distributed into 36
plastic containers. Four EP were prepared and extruder-pelletized. Twenty percent fish meal, 12% soybean meal and
14% Saccharina japonicawere included in the Control diet. Fifty percent of fish meal, combined 50% of fish meal
and Saccharina japonica, and 100% of fish meal and Saccharina japonica were substituted with the same amount
of soybean meal, and combined soybean meals and rice brans, referred to as FS50, FS50+SS50 and FS100+SS100
diets, respectively. Four domestic and 3 imported commercial diets for abalone and salted Saccharina japonica were
prepared. The diets were fed to abalone once a day for 16 weeks. The highest survival was obtained in abalone fed
FS50+SS50 diet. Weight gain and SGR of abalone fed FS50+SS50 diet was higher than those of abalone fed the FS50
and FS100+SS100 diets. Proximates of abalone was affected by dietary nutrient composition. In conclusion, 50% fish
meal and combined 50% fish meal and Saccharina japonica could be replaced with the same amount of soybean meal
and combined soybean meal and rice bran in EP of abalone.
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2t T BHRH(45-55%)°] thE ol Blste] WA o
o, Lt ThE SE ol #5517] 91 lysine, tryptophan,
threonine, isoleucine, valine¥} Z+-& rolu| - Alo| S H5}o]

A& (Haliotis spp.)] =] A58 4ES 2000990+
20=0] St ot 20160l 12,346E 08 Z71519 2
o, AlA FAEAARS 20006 ofl = 2,540 0 Es19e
U 2015W 0= 139,5942.0 2 T4 Z7}5}] A|(FAO, 2017)

AEO] FARGFO RN FAME FORE N4 Ao
o AFEIT). ool g HiEHAIE AL ob et 212§ vighALEo] A
= BB T FF0 2 A of 2(fish meal) % W7 AL
w31 gick. ek ofste] 34 7hde] whd Al Gl 5
Aol 917] o] o] 5 o} B2 thAT 4= Gl AR A

2 g AEduudo s $asita Q4 Ee] ¢
tHEmmert and Baker, 1997; Storebakken et al., 2000; Kim
etal., 2012). 5852 d X|(Paralichthys olivaceus), F-X 7§
o}(Oncorhynchus mykiss), ®©](Seriola quinqueradiata), tin
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22 ohet o] F 9] vidAbEW o A H(Viyakamn et al.,
1992; Elangovan and Shim, 2000; Choi et al., 2004; Chou et
al., 2004; Heikkinen et al., 2006) 2.2 x| ¥ul opuj e} HE(H.
discus hannai)y-& B ALR Y 7FA|¢loL) o] B tjH Yo 2 A=
Q=3 Th R A(Uki et al., 1985; Lee et al., 1998; Cho, 2010)
olgfal A&l vl i} 3], Cho (2010)+= A& 2| uf|-8- vfjSFA}
2 ol ez A hseta} o Futo] B25}7] 418 me-
thionine®] 0.5% & thAA] AR H-7-5lo] 9= 35%
ofE-S A tiA| 7hsshrtar Harsheitt.

AAge o A ] wolint ofu] e} uiRtAbE Al Ao =
a]ofuf cpA|rke} 2 | 27 7h 2 WA AR AL 9o, o]
= MEFe A5G i bE AlRA] 7H Bl Y= (3,000-
4,0009/kg) 5 sfttoltt. 0§ 7Hs3t sf2Fo FFU 7H
of| whehA thas T2 7]5= sEANE ol A Al 25 AL Qle =W
b AEE viALR O] 7ol = oF 5-25% W ]9 s/t A
Hg AR Gt Teb o) 5 K RS
o4 e M2 AFR AR o] AAs] B agt Aol
Kim et al. (2016)2] A5+ Axtof =2 A 7HabAE(H. discus)
Z|wjj o] 7-9- v grALE W 20% ThAlut H7FA] ThAla} cfAle] 2F
= A=}l A (rice bran) o= A& HiA] 7sstA o, 5
5| thA[mke] 40%E A7k o 2 iAIA] 7 gk 5] A
2 ol

A AEE wiFALRY o3}t ohAnf thR o2 A B
dho|up Au)7e] Al 7ol oL Ak A viAbR
£ Alxsto] 3t AEo| 48] Aol x|ut o] H gt AvE A
& FAA Ao HGAIZI AU d-83HA717] flsliAl= EP
(extruded pellet)ol| A o] = thAl| P=2] 3} HFo] REA] A
sjE|ofo} gk, watA] 2 QoA tlF ek} A7) ofi
W chaol oA A 3§84 ABE ekt el
EP2] el 2 A| 25t A HSBLaLA} Sk, Rk o5 AR O &
5 oA Al A4S R dloll A 42 =] o] ARE-

53 G 35RO AEG 4¢) Azt ] wsigic

Age] o]gH 7S Aue AASFAFCEE AL Al
FE-AA|E)o A Festo] AT 2ol 257 H-5A]
Aow, -3 71t Fetolls Av)Y(Undariaye 19 13] A
%9] 2% A% ZFFrt 36709 70 LEetAE 428-7](120
cm % 36 cm)of| 22} 70uk2] 9] L X aj(A]2HA] ot £, 5.3
g/mtE)E 85193, 2702] 9& FH 2| E raceway (57, 3
E)oll 22} 18719 ZefrY 28715 #AF 83H3ct. o]l
TE s8]0 FESE O airs wHEbhe] Folow, Zeka
g $=87]9= shelters Wol 0] AE2] 2AAE Algsto]
FATE ARSAE 717 Bt A AR S T2 1Y 13](17:00)

S ¥ HolE FH(HAF Y 2-3%)3H3 o, T2 Ho]
s of Tk ARSAE 713 FeF Bt AR
18.440.99°C (16.7°C-21.8°C)°] 2121, race-
way F 2R 48.2 Limin 0] 1L, 9 AAYF7]5 whst
o}, A5 ARSAE 717 & 165270] Sl
A& AME H M= JHARO| gHEYE 2N

e AEE AR 24039t YRR 4] A= Table |
3} 2t o 2-H(Control) Aol = 20% o123} 12% thFehS

Thil 9] 0 3 FEELG] 0 m, 22% AWMET} 10% dextrin

< 8 westEY 9 2% 240 ek 1% HFAE 8
A A0 7 77k 33513t 3t ControlAb ol = 14%2] tf
Ak 718ttt ControlAbg ol 3781 0] 4#-9] 50%E i+
HFo 2 thAIgh A H(FS50)9F o 23} sjxFE 22 it
T} AYu)7Fo &2 50%4 23 tiAIgH A HFS50+SS50) o]
3 275 22 iRt e e s A 100%4] 23
A A H(FS100+SS100)E F3th. o5 45572 A AL
a2 @3k AE Aol o =ste] -8 AlTAlE e} 5 UsH
extruded pelleter (Jyoda, Japan) ©. = A 238}3i T}, E7T =1 of
A Az 45579 = Al3E AFE(DI, D2, D3, D4)9t 4=
JEo] A|TE L Q= 357 = AlFHE AL [Taiwan (T),
China (C), Japan ())]E <=Hlet3Ich AEE A= 84S
v 57| Qfste] AlEE M FAARY Aol A & A AME-
=3 s @S Fathke A E Rt BE AET
= 3WHELE Rl
A AR M= JHARO| dHtdE BA

o

1677k0) ALAIE 2 4] Zi7be] AdToln AET Hs
10n}] 2 & 52k9)2 A Balo] WERIHT0C) sloton, 7t
AE-9] ZpAu) 722 digital caliper (Mitutoyo Corporation,
Kawasaki, Japan)< o]-8-5to] 753102, a2 Adef %4
S Sloll Aol et 714179 vE Alitshlet.

ARG AbR el A 7HARLY] AR 2242 AOAC (1990)
of) wpa} ekl Ale Kjeldahl method (Auto Kjeldahl System,
Buchi B-324/435/412, Switzerland)} Z AWM H| 2 &)
B om, 2382 550°C 3]3FE oA 447t Bt €
25191 AL, 4252 105°C dry ovenol|A] 24A17F AXA|
Asteich
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One-way ANOVA<} Duncan's multiple range test (Duncan,
1955)= 4] SAS version 9.3 program (SAS Institute, Cary, NC,
USAYS o] §:5t0] 2F 487719] 40142 By stsich
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9] /374 A 3= Table 29k 2ot A 50 AEE-273.3-92.7%
of wslolglon, AgTLe] §olel Aol7h ek, of
B3} ohA| ok dfEata Au) 7o 2 50%4 S5} tiA|et AbR
(FSS0+SSS0)E B3 ABTolA] 714 & AEEE 1Y
o, g|27(Contorl) AtRY ExE o] 2T} ThAULE 100%)
=3 HAIRE ARR(FS100+SS100)2k= 212191 2kl 7k 131
S1LHP>0.05), o1& 50%E thFEre® AR AL=(FS50)%

= G2|(P<0.05)0.Z =t DAXLEE Y-8 AT AL
(T, C, D&k o] 21 Q1 Zfol= A (P>0.05). DIA=E S 553t
ATFoA 7 S AESS HAh @ 9E 3aTt A
oA e DINERE 358 ATTE ARt o wighitz
Sarol vlsto] Blaa] W AEEo] I E T

&9 A5 Z7Hweight gain)et U AAA-E(SGR, specific
growth rate}> =} AR Q] JAHRS a7 ARollA 7H

Table 1. Ingredients of the experimental diets (%, DM basis)

Eon, I thgo g Sujal AJTALER] D49t D3 AR 9]
o9l oL, o]F 35FY] AtRZE] 223l Aol §lsict
(P>0.05). FS50+SS50A=E 33t A ollA AE2] Al
%7k SGRo| Control At F5-ek= 241 2to| 7} ¢
9L LHP>0.05), FS500|1}F FS100+SS100 At & 2335t A%
RS 9-0]F(P<0.05) 0. & 94519t} FS100+SS100, D1
At et QTS 355 APl A5 A5 S7tet
SGR-Z #9218l 2to]7} gIATHP>0.05). 71 S=2 A5 571
€} SGRo| D2AMRE 33t AF Lol Al k=] Sl
FS50+SS50At FaollAl A59] AE&d} (AT
SGR)2 Control A& Fg7-o] B]5}o] H]G-2] 2] o] x|ak 1=k
o1, FS500]t} FS100+SS100AFR o] H|ale] 9-o]2 o
2 g QS Bl Avbe A5E wigEY o S o
FHko 2 50% A 7R s AU T o] 23} thAulE o Fat

Experimental diets

FS50  FS100

Control FS50 +SS50 +SS100

. . Salted
D2 D3 D4 'awan China Japan g ..poring
(M (©) () Japonica

Fish meal

(CP:65.0%, CL:11.3%) 20 10 10
Chmssmol2ow 2 2 2
CPa0sh oty 4 M T
%%%?72/0, cL1g2%) 10 10 17 24
Wheat flour 22 22 22 22
Dextrin 10 10 10 10
Yeast 2 2
Squid liver oil 2 2 2 2
Soybean oil 1 1 1 1
Mineral premix’ 5 5
Vitamin premix? 2 2 2
Nutrients (%, DM)
Dry matter 95.5 95.9 95.3 99.7
Crude protein 28.7 26.5 27.0 23.8
Crude lipid 57 3.8 8.2 12.0
Ash 9.1 9.1 8.3 7.6

910 977 919 931 921 919 943 35.6
341 181 393 342 335 327 341 7.6
25 14 39 06 1.9 1.6 0.9 1.2
126 323 160 1.4 155 298 20.1 65.5

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 in-
gredients (g/kg mix): MgSO,, 140.8; NaH,PO,, 92.4; KH,PO,, 246; Ca(H,PO,),, 139.5; ZnSO,, 22.5; Ca-lactate, 310; AICI,, 0.15; KI, 0.15;

MnSO,, 2; CoCl

20 1

1; filler, 45.5. FS50, 50% fish meal was substituted with the same amount of soybean meal; FS50+SS50, 50% fish meal

and 50% Saccharina japonica were substituted with the same amount of soybean meal and rice bran, respectively; FS100+SS100, 100% fish

meal and 100% Saccharina japonica were substituted with the same amount of soybean meal and rice bran, respectively; D1, domestic 1;

D2, domestic 2; D3, domestic 3; D4, domestic 4.
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I Au7ko 2 50%4 23t 7Hsshhe A ofu|sh, of
w3 thAekS iRk Ao 2 100%4 23 tiA] Al
= A5 Aol BFAA I GRS ks A gu)gitt &
5], FS50+SS50A = ol Al A E-0] A&7t A7 (H52} SGR)
o] FS50AF= ] H]ste] 7012 0 2 4t 2 F= thA[ute
Au)7g A atelAl 7]1ske A o= wekE e, o]2gt At
© AEE AR TAE AuEo g 40% HAIA] tix
T 0% AR B 93 S Byl o Anlade
2 100% thAA] chztol nlsko] H]f-of 2ol xnt Z&of 4
ol Hastglths AH(Kim et al., 2016) 22} U2]513ic},
T2t Uki et al. (1985)2 H=-8 vigAbRY chget $72
A o] &A] ZHAIQlE R iR E S A
E(H. discus hannai)®] /70| th& 79 TddS oF
AR S S A ERT 46kl o,
& e iR S S AR Aol of
AR S S AEE S45klttkal Rarsheict
gt Cho (2010)= A5 2|9 vidAbz Y o &S i
0.5% methionine®] &g thA|A| A gF thA| 7158} th= A
AT Aot 2 Aol A FSS0AHE F5A] HIFo 2o At 4
ARt M50 A FS100+SS100A R & 3k A5
oMo oAl A A nesh, AE-8 wighAkE Y of
g tFute s Awk thAsh] fleiA= tiFdkel £5517
4% methionine®] EF-olut B i Feh} FE4 A
o] 23t Al S 2= 1 iAol Zasf Helch Bautista-
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Teruel et al. (2003)% AE(H. asinina)& NFAIEY &7
SR 3 Al TR ) ERHE(O1 R, Al SRR
¥= Spirulina)o] AT A LS SR (EA N FE
Spirulina) 2.0} -3+ /3745 Helvkal H skl
FS100+SS100AFR 3ol A H5-2] Ad7H(#53 SGR) 7+
A oS iRt = A A gl whE A o o
Aot thautE An7k o' e tiA| gl whE Al U A
g F71e] B3R 8RlollA] 7|Qlgt Auta AYZtE T
g wb R S a 4 apeke 77t 2535% o
3-7%¢1 Ao 2 e 9l ©m(Mai et al., 1995a, 1995b; Flem-
ing et al., 1996; Bautista-Teruel et al., 2003), FS100+SS100
AP O] Tl Sheke A= thld g Alwko] Blglo] Yo
™, E3F A& FHFE gkl Hlsto] =qkth HE-2 prote-
ase, amylase, cellulose®} alginase?} Z-2 435} a4E t}afF
O 2 SHFSaL QoL lipases A~8Fa A Ffo] W7 o]
(Emerson, 1967; Gomez-Pinchetti and Garcia-Reina, 1993;
Britz et al., 1994; Garcia-Esquivel and Felbeck, 2006) o]\
AoRA AAurhs BHTEe F olgshs AoE o
24 Qlth(Britz et al., 1994; Monje and Viana, 1998; Thon-
grod et al., 2003). Yokoe and Yasumasu (1964)= 252] A=
(H. gigantea®} H. japonica)®] Al cellulases 2rASHS
11, Nakagawa and Nagayama (1988)+= Z1(Haliotis discus
hannai®} H. seibaldii)®] SZE0l| A 1843 9] xylanase®} car-
boxymethylcellulase S H75}o] s 2 5= 4-3H7|W

oL ol

Table 2. Survival (%), weight gain (g/abalone) and specific growth rate (SGR, %/day) of juvenile abalone Haliotis discus fed the experi-

mental diets for 16 weeks

Experimental et (Glabtlont) _(giabalon) 00y (gsdione) (i)

Control 5.3£0.00 7.2+0.12 88.043.06%° 1.940.12 0.2740.015%
FS50 5.3+0.01 7.1£0.03 85.3+0.67° 1.8+0.02¢ 0.26+0.003¢
FS50+SS50 5.3+0.00 7.5+0.18 92.7+1.332 2.2+0.18 0.31£0.021
FS100+SS100 5.3+0.00 6.4+0.17 87.3+1.76%¢ 1.120.17¢ 0.17+0.024¢
D1 5.3+0.00 6.3+0.11 73.3+0.67¢ 1.0+0.11¢ 0.16+0.016°
D2 5.3+0.00 6.0+£0.16 81.3+3.71« 0.7+0.15f 0.11£0.023
D3 5.3+0.00 8.4+0.11 83.341.33« 3.1£0.112 0.41+0.0112
D4 5.3110.01 8.5+0.07 86.0+1.15%cd 3.2+0.06° 0.42+0.006°
T 5.3+0.01 7.3+0.05 92.0+0.00% 2.0£0.04 0.29+0.005%
C 5.3+0.01 7.840.15 84.04£2.31« 2.5+0.15° 0.3410.017°
J 5.3+0.01 8.6+0.07 88.0+2.003* 3.3+0.072 0.43+0.007°
Salted Saccharina japonica 5.3+0.00 6.5+0.07 79.3+2.91¢ 1.24£0.07¢ 0.1840.010¢

ISpecific growth rate (SGR, %/day)=[(Ln(Wf)-Ln(Wi)/days of feeding]*100, 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. FS50, 50% fish meal was substituted with the same amount of soybean

meal; FS50+SS50, 50% fish meal and 50% Saccharina japonica were substituted with the same amount of soybean meal and rice bran,

respectively; FS100+SS100, 100% fish meal and 100% Saccharina japonica were substituted with the same amount of soybean meal and

rice bran, respectively; D1, domestic 1; D2, domestic 2; D3, domestic 3; D4, domestic 4; T, Taiwan; C, China; J, Japan. Values (means of

triplicate+SE) in the same column sharing a common superscript are not significantly different (P>0.05).
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polysaccharidases] 3= Ho| LHA17 weo] Qlrfal il genan®} cellulose?] 4315 5=t T4 ufeba] A&
5FQick. E3H Erasmus et al. (1997)% HE(H. midae) 7H4% & HitAtE W ThAekek 2 g s iAoz A 5
ol A alginate lyase, carboxymethylcellulase, laminarinase, 2z 7|10 BtrdlE dhFo| w2 YR ol AR A
agarase®} carragenase S H2FSFG] 0., M E50] 437 of| Q= £ iR Y 2F APz A o]g 75 3k Aoz Azt
bacteria7} Ho|u] g4 alginate, laminarin, agarose, carra- =t} Reyes and Fermin (2003)2 22| Ao A] a4 2(

Table 3. 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 for 16 weeks

Experimental diets Shell length (mm)  Shell width (mm) Shell height (mm) Soft body weight (g) Soft bog\)’e\%ﬂ?humtal
Control 43.310.41° 29.5+0.212 7.9+0.072 4.740.112 0.63+0.0022
FS50 43.1+0.85 28.8+0.85° 7.7+0.25% 4.6+0.402 0.60+0.009?
FS50+SS50 42.9+0.60% 29.1+0.212 7.910.122 4.8+0.06° 0.63+0.0022
FS100+SS100 41.4+0.50% 28.0+0.332 7.610.092 3.620.072 0.59+0.0052
D1 43.5+0.57° 29.6+0.332 8.00.162 4.5+0.162 0.64+0.0062
D2 40.5+0.97¢ 27.2+0.722 7.310.432 3.410.332 0.59+0.0112
D3 45.8+0.312 31.5+0.082 7.90.022 5.5+0.132 0.64+0.0072
D4 45.0+0.48% 30.7+0.392 8.0+0.132 5.5+0.212 0.63+0.0082
T 44.3+0.34% 29.8+0.15° 7.90.072 4.6+0.042 0.61+0.002?
C 45.0+0.31% 30.5+0.282 8.1+0.182 5.3+0.152 0.61+0.002?
J 46.0+0.822 31.1+0.492 8.1+0.222 5.7+0.182 0.65+0.005?
Salted Saccharina japonica 41.4+0.25% 27.5+0.112 7.4+0.082 3.9+0.122 0.58+0.0032

FS50, 50% fish meal was substituted with the same amount of soybean meal; FS50+SS50, 50% fish meal and 50% Saccharina japonica
were substituted with the same amount of soybean meal and rice bran, respectively; FS100+SS100, 100% fish meal and 100% Saccharina
japonica were substituted with the same amount of soybean meal and rice bran, respectively; D1, domestic 1; D2, domestic 2; D3, domestic
3; D4, domestic 4; T, Taiwan; C, China; J, Japan. Values (means of triplicate+SE) in the same column sharing a common superscript are not
significantly different (P>0.05).

Table 4. Chemical composition (%) of the soft body of juvenile abalone Haliotis discus fed experimental diets for 16 weeks

Experimental diets Moisture Crude protein Crude lipid Ash

Control 74.1+0.56° 16.8+0.06° 2.2+0.00° 2.0+0.00¢f
FS50 75.340.82% 16.4+0.10% 2.0£0.03¢ 2.0£0.00¢f
FS50+SS50 74.1+ 0.06% 16.620.19¢ 2.440.03° 1.940.03f
FS100+SS100 75.740.60%% 16.1+0.03¢ 2.840.09° 2.0£0.03¢
D1 77.840.52% 18.10.06° 1.8+0.03° 2.3+0.00¢
D2 78.1£0.092 15.7£0.10" 1.420.09 3.0£0.03°
D3 74.140.71¢ 19.0+0.09° 2.1£0.03¢ 2.5+0.03°
D4 72.310.709 18.1£0.18° 1.1£0.039 2.0+0.03¢
T 77.1+0.7280¢ 17.620.13¢ 1.7£0.03¢ 2.5+0.03°
C 72.9£0.45% 17.30.03¢ 1.1+£0.03¢ 2.6+0.03°
J 76.4+0.12° 18.2+0.03° 1.4 +£0.00 2.6+0.03°
Salted Saccharina japonica 75.34£0.19% 15.7+0.00" 1.4 +£0.00 3.0+0.00°

FS50, 50% fish meal was substituted with the same amount of soybean meal; FS50+SS50, 50% fish meal and 50% Saccharina japonica
were substituted with the same amount of soybean meal and rice bran, respectively; FS100+SS100, 100% fish meal and 100% Saccharina
Japonica were substituted with the same amount of soybean meal and rice bran, respectively; D1, domestic 1; D2, domestic 2; D3, domestic
3; D4, domestic 4; T, Taiwan; C, China; J, Japan. Values (means of triplicate=SE) in the same column sharing a common superscript are not
significantly different (P>0.05).
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