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A 10-week feeding trial was conducted to investigate the effects of several yeasts with or without
chemical treatment (protoplasted) in formulated diets on growth and body composition of juvenile
abalone (Haliotis discus hannai). Three replicate groups of the abalone average weighing 210 mg were
fed one of eight isonitrogenous (30%) and isolipidic (4.4%) diets containing 3% Kluyveromyces fragilis,
protoplasted K. fragilis, Candida utilis, protoplasted C. utilis, Saccharomyces cerevisiae, protoplasted S.
cerevisiae or brewer’s yeast. In addition, these formulated diets were compared with commercial diet.

Survival rate and proximate analysis of soft whole body of abalone were not significantly affected
by the different dietary yeasts and commercial diet (P>0.05). Body weight gain and soft body weight
of abalone fed the diet containing protoplasted K. fragilis were higher than those of abalone fed the
control diet and diets containing S. cerevisiae or brewer’s yeast (P<0.05). Shell length of abalone fed
the diet containing protoplasted K. fragilis were higher than those of abalone fed the control, brewer’s
yeast and commercial diet (P<0.05). The results suggest that protoplasted K. fragilis as an additive in
this formulated diet can improve weight gain of abalone.

Key words : Abalone (Hdliotis discus hannai), Kluyveromyces fragilis, Candida utilis, Saccharonmyces cerevisiae,
Brewer’s yeast, Protoplast
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Aol A2E & 775 Kluyveromyces fragilis, Candida
utilis®} WA R (Saccharomyces cerevisiae) 24 YEPD agar
slantoll B3t - §-28lg 11, o] agar wiA] ] 242 2% dex-
trose, 0.5% yeast extract, 2% peptone % 2% agaro]ic}.
B 5F A agar plated] colonyZ23HE] HEs}te] 10 ml
tubeoll 4] wiokgt ¥, wlok®) F 2= 500 ml flaskE &
37°C, 180 rpmefi A 124 7+5<t viak=]l ) =1, K. fragilis
+ 25% fructose, 1% peptone, 0.5% yeast extractZ, C.
utilis= 2% dextose, 2.8 mM K,HPO;, 12.8 mM KH,POy,
75 mM NHCI, 11.5 mM NaSOs, 125 mM MgCl, 1.0
mM citric acid, 4 xg/1 bioting, S. cerevisizer= 2% dex-
trose, 0.5% yeast extract, 2% peptone®] v} 2A1-2 A&
it 324 ulg E flaskdbollA] late-log phase7bA] wl
%%l A2 E 1 L-fermenter® &7 600 ml working
volume 2 2 5% inoculum (30 ml)-§& AH&sle] AA) 5
t}. o]uf] pH, foam, 22|32 DO Labo Controllere]] 23}
ZAPEd], pHE 3 N-HCl Y 3 N-NaOHE AF-&3}0] A

% pHYl 5% fAsta, inkgol sl 4%l foame

A ST BFE

o1 - o3} - vhial

10% antifoam DB-110A% z=A3s}dvt. kst F9-
aerationd} agitation2 1.5 L min 7} 650 rpm& Al&H o
2 A8k

7t AR #FES log phase7lA] wllekgt 3, 5,000 rpm
oA 10870 A Relelol Ssmsto] A@AR A7
W 7AA] -80°Coll Hasldct. et 22 wwlo e wioksl
TFE2 A|EH-Z ethylenediaminetraacetic acid®} 2-
mercaptoethanol 2 3} st alslo] A&AZo) HrFE o)
7hA] -80°Cell Htstsict. AlEH o] shehxe] w2 30
ZA4 A 9] sonicationg £33l AR AEH AAE
AR HAHelE AAsksL, 5,000 rpmollA] P4l E-2lsled 2
2 Ao A5 FAE Aol F1 02M9) tris-buffer (pH
8)ell 1 M2 Nax- EDTAE kA3 5o qhE £-olo njg]
FAE Aol ARF Helsigict olu] x| LHF
He Aeo aRF FA7} 200 g wet yeasts/ mlo] 5
E5 Aelstglcl. VortexE slo] 3pebx|elAlet a771 &
4ol 3 * ulg 0.3 M2 2-mercaptoethanol-g 413
ohA] vortextt thS, Aol E HTE 0T ool ¥
o] 117k wiekdt ¥, 5000 rpmollA] 583+ A4 Eelsle]
A5l protoplasted yeast?h-g 3] Gs19d ).

XA

K. fragilis, protoplasted K. fragilis, C. utilis, proto-
plasted C. utilis, W& 5 4] wlF g o] AubAdR olu|y:
A AWA W SATHA T §Aelo] Table 1~30] &
Asisich. ZARS SAUCE o2, BA) vt
AWES 27} 15%, 25% 0 20% A7bsjo] whui datol
285% AF7t HEF AARGew, Axe Hrtass
ZA3%7] 18 K. fragilis, protoplasted K. fragilis, C.
utilis, protoplasted C. utilis, " &%, protoplasted W& =
g MFARE 77 3% dzAES] diFd o4l 4t
T AEE AAlsto] 2 8F72 APAEE Al=sh
(Table 4). AAYo 2 240} 248, HAAZ CMCst
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AAE wFArz 9 HARZA Kluyveromyces fragilis, Candida utilis, WEZ L 95

Table 1. Proximate and amino acids composition of dif-
ferent yeasts

Bake's
yeast yeast

Brewer's

K. fragilis C. utilis

Proximate analysis (% of dry matter)

Crude protein 525 26.0 38.0 43.0
Crude lipid 0.5 0.2 0.4 0.6
Crude fiber 27 2.3 0.7 1.1
Amino acids composition (% in protein)
Ala 7.6 7.6 6.9 6.7
Asp 10.0 8.8 9.6 124
Glu 141 16.0 173 16.0
Gly 75 43 47 48
Pro 5.1 3.2 5.6 39
Ser 55 49 5.6 5.4
Arg 5.9 16.1 53 54
His 24 22 22 24
Ile 45 4.0 47 49
Leu 7.2 6.1 74 7.5
Lys 9.1 7.3 6.2 8.7
Met 1.1 11 1.0 0.7
Cys 1.2 1.3 1.6 1.6
Phe 4.5 3.9 49 5.0
Tyr 31 3.0 3.6 33
Thr 52 5.3 5.1 5.5
Val 5.6 4.8 5.6 5.8

Table 2. Fatty acids composition (% area) of different

yeasts

Fatty K. C. Brewer’s Bake's

acids fragilis utilis yeast yeast
10:0 23.0 7.1 10.8 1.6
12:0 16.9 4.2 1.7 2.7
141 0.3 0.3 0.4 -
14:0 11 0.6 22 24
16:1 8.5 34 23.0 4.0
16:0 14.1 224 35.5 215
18:3n-3 - - 4.0 16.0
18:2n-6 155 299 8.5 14
181 124 20.8 04 126
18:0 25 41 116 348
20:0 24 2.7 - 0.7
22:0 14 2.7 05 1.0

- : not detected or trace amount (<0.2%).
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APAE 5 olAlg] LUAES AOAC (1990)2) W]
o] wil BEAgded, =uaA (Nx6.25)2 Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland)Z
Agsto] BAAT, ZALE etherS A8 F3eh
o, $8L 105T Y dry ovenel|A] 24 A7+ 5+ 7=
¥ 2A3lch. =382 550C 2 33tEolA 4 A F
ok el ¥ AFelsld. 183
alyzer (Fibertec, Tecator, Sweden)& 7}7} EA43}3ict.

Zolu| ke Ao A g E Fvhe] oF 50ufe] 6 N
HCI® 110°C sand bath4Foll 4] 24417F = ¢ Th R
F, A5 8He R FFLI R A= o 0.02
N sodium citrate buffer (pH 2.2)2 A -&3}ich ol A&
0.45 4 m membrane filter 2 o 1}3lt ohg, -30C AL
Aol Ta Aslel ALeteich obulic el Fae
Biochrome 202 (Pharmacia, USA) o}|x At Ag-E417

A

x] WAk 242 Folch et al. (1957)2] el wheb 214
& ZZ3le] 14% BFs-methanol (Sigma, USA)E A4k
< methylationA]7] ¥, capillary column HP20M (0.25 ;2
mx30m)o] A=E gas chromatography (HP-5890 II,
UsA)g2 B-Asledrl. A4l 2 12:0,13:0, 14:0,
14:1, 16:0, 16:1, 17:0, 17:1, 18:0, 18:1, 18:2n-6,
18:3n-6, 18:3n-3, 18:4n-3, 18 :4n-6, 20: 0, 20: 1, 20: 2n-
6, 20:3n-6, 20:4n-3, 20:5n-3, 22:0, 22:1, 22:4n-3, 22
:5n-3, 22:6n-3 B 24:1 (Sigma, USA)-& A8l Car-
A-g-s19l o, oven
L5 = 150°ClA 230C7A 2T /min Z7FA1Z 3, in-
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Table 3. Composition (mg/100g) of nucleotides and their related compounds in the different yeasts

Yeasts ATP ADP AMP IMP Inosine Hypoxanthine
K. fragilis 343 271 361 382 79 12
C. utilis 531 243 468 527 310 -
Brewer’s yeast - 254 959 309 90 126
Bake’s yeast 122 475 1222 427 80 103
- : not detected or trace amount (<0.5 mg/100 g).
Table 4. Composition (%) of the experimental diets
Diets no
Ingredients
1 2 3 4 5 6 7 8 9
White fish meal 15 15 15 15 15 15 15 15 Commercial
Soybean meal 25 22 22 22 22 22 22 22 diet
Undaria powder 5 5 5 5 5 5 5 5
Wheat flour 20 20 20 20 20 20 20 20
Carboxymethyl cellulose 5 5 5 5 5 5 5 5
Kluyveromyces fragilis 3
Protoplasted K. fragilis 3
Candida utilis 3
Protoplasted C. utilis 3
Saccharomyces cerevisiae 3
Protoplasted S. cerevisiae 3
Brewer’s yeast 3
Squid liver oil 3 3 3 3 3 3 3 3
Vitamin premix’ 25 25 25 25 25 25 25 25
Mineral premix' 4 4 4 4 4 4 4 4
Sodium alginate 20 20 20 20 20 20 20 20
Choline chloride 0.5 0.5 0.5 0.5 0.5 05 0.5 0.5
Nutrient content (%, dry basis)
Crude protein 30.7 30.3 29.2 281 311 29.7 29.2 29.7 42.8
Crude lipid 4.5 4.4 41 41 4.6 42 48 4.8 52
Crude ash 14.1 14.0 14.0 14.1 141 14.2 14.5 14.5 10.8

'Same as Lee et al. (1998b).

ATP g # 39HE2] A =2 Iwamoto et al. (1987)9]
Woll wek ATP & 319HE9] X85 ZAl|ste] 30T
o] Bkl &4 Aol] 0.45 ym membrane filter2 o] 7}
% HPLC (SYKNM, Germany)el] $¢+}¢dc}. Columne]
ol 42 1% triethylamine (pH 6.5)8 A&l on,
Nacalai Cosmosil 5Cis-AR 478 (Japan)o.2 &4 =
71L& A7 20 w, §<4 1 ml/min, column £5%=
40°C & 3ho] 254 nme) FabollA], EEEL Sigmarte) A
T Agske] BEAsqich

SAIA =
A3 EAxEl= ANOVA-testZ A A]s}od Duncan's

multiple range test (Duncan, 1955)& 7kl #4 &
SPSS (SPSS Inc., 1997) program-g Ah-£slod A stic).

H7VAZ K. fragilis, C. utilis, WHLE 3 MFgY
ZF 3%+ A7t wld A SR FFAF 210 mg A ¥
A Fo AAEINE Fig. 1
82~90%HAZ A5e] &

AL NG 1087 A%
3 20 EASheT
%5 2 oHielol
zlo] 7} glgich (P>0.05). #5552 protop-

52

AR

A% g =

=z .o
AEEL

)3 Aol gigowd, 4

lasted K. fragilis 27}17} 173 mgo & =7, waga 5]
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Survival rate (%)

Diet no

Fig. 1. Survival and weight gain of abalone fed the diets
different superscripts are significantly different (P<0.05).

Shell length {mm)

Diet no

Weight gain (mg/abalone)

Diet no

containing different yeasts for 10 week. Values with

240 A

220

200 -

180 -

Soft body weight (mg/abalone)

160

140 -

Diet no

Fig. 2. Shell length and soft body weight of abalone fed the diets containing different yeasts for 10 week.
Values with different superscripts are significantly different (P<0.05).

HFEERE AelTte] 97~118 mghrl fojsiA 23k B
ow] (P<005), 2 23 YTl Aol7h glaieh (P>
0.05). & 3 Z-A-2 protoplasted K. fragilis X 7}77}
147 mmzZ =+ WEar 9 AEA 59 135~139
mmie} §2l8A] 2 k& vehdiglen (P<0.05), 1
5| AYTES HolE Holx ghaieh (P>0.05). B 744
B S%E ZF5ko] w3l wlsslA protoplasted K.
fragilis 7V 77} 217 mgo.2 b =2 7he Hol, AR
FAZEF) 2, HER g WEER HrhrEe] 161
~172 mgHv} folsbA] 2 s B} (P<0.05).

7HA Ro] dul AR widl= Table 50 EA)s}sl =),
T8 e 2T} 76.8%, AE A8} 76.7%, AR A
7tHEEC] 753~77.7%2] AR veht RE Y7t
of Feldk Xpol= glgdrt (P>0.05). xhlA 3k 143~
16.1%, A& g2k 1.13~1.57%, 3] B3+eko 28~31% 5
veht ATl f-olXe slich (P>0.05).

o

K. fragilis, C. utilis & Wk 22] A 92 33} 2]
& AYTE Aol A elA gt AATER &
o3k 2ol g RolA) ghob (P>0.05), AIE el AHele
2 o7t 9% Ao AZgrh B K. fragilis ¥ x
2 7ROl S48 HelelA) g AT foAt
DA, HEE HohelA e UZT, wEE £
FEE TR Folsbl £ ATE Bl K. fragili
HE FRE ARARY WA ASY A% oIt

iy

Aelshe Aol Axg vl MARAE F & Aoz A
b wegt, Coutilis, WhE R = WE g o] XHylyl A
x| g MAAFNA Eshe A

EE H7HE A5 As Hr1d e ole Ao
Heloh

B Aol Mtz AARE C outilis®} K. fragilis T
Fv Yol AEEA MY 7ol B8 Fo2 FHriew

Atk 7HsAd o] AlAE At (Epifanio, 1979; Law-
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Table 5. Chemical composition (%) of the soft whole body fed the different dietary yeasts for 10 weeks

Diets Moisture Protein Lipid Ash

Initial: 73.6 17.0 1.2 29

Final:
1 76.8+1.00™ 15.4+0.94™ 1.320.09" 3.0120.06™
2 77.0+1.10 16.1+0.93 14+0.32 31x0.06
3 7771023 15.60.45 1.2+0.23 29+0.15
4 77.0£0.95 154*0.75 1.3£0.23 29+0.12
5 75.3+1.77 1611091 1.610.23 3.0*0.03
6 76.9+0.60 14.3£0.82 14+0.20 3.1+0.09
7 76.510.94 15.910.78 1.3£0.20 3.0+0.09
8 7711044 15.6+0.58 1.2+0.20 30013
9 76.7+0.52 15.5+043 1.4+0.18 28+0.12

Values are meants.e. of three replications.
"Not significant (P>0.05).

ford et al, 1979; Moon et al,, 1996). ¥*t&t, Lee et al.
(1999c) £ Aol AL AR #5552 AU 7t
& Aristo] AR AAD oz FAGslw, Dol
Ab 2 oA, iR AR fUEE T
aejstel HAARA FAAEY S MR Ao
2 71dstdet. shARk olu] AFsllRel B ARelA
protoplasted K. fragilis ¢]ofl= AAMNA a7t gt
B Aol Agd tzAae] 242 Lee (199)7} AR
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A3t e Aoz vehyrl oY ARl ¥t At
7b gl A B AgoA AAR dzAge] 24l A
HA2 xR Aot B e whFe] A8EQl wigh]
7} 2 2o g J|=ch ol9}k Al £ A= A
A A Zoll 3% dholl Edehx) ekst] wiell = WAE
#H7} vk g JHFAE & Zlolrt Rumsey et al
(1991a)2 MEFTE Ago) 0, 25, 50 B 75%4 ARl
Arfsto] FA MG oA FFe A, 25% ol A7
ML AT WA dobitkn Raetgict ole)
@ AEE Aeksol Uy FAE, A7bES, A7hi el

£ AAA & nested AE A7t s olof &

of, & el K. fragilis 22l 72
£ MAsEle Aol diAdE Bl 2 olfE & e

|k, ol ejHxe| 2 QIgh £3Hgo] HAFT] Wit
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o} & Zo|t}. YnH o g F Fi= mannoprotein® 2 o] F
oA wlgZa} glucano] o] F+= AFF2 o]F MEHE

B AJs}ar 9lo] (Farkas, 1985), o] 9] 749 A2 AlE
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Mg 43317 old]e S A A Qlrk aEA] Al
& oy 714 o 33t Hejste] £%ES =Y T
9 Aoz 7|hslm (Coutteau et al., 1990; Rumsey et

al., 1991b), B Alglell4 3ekxg]®l F<== mannoprotein
23} glucan Zo] 25 5% Zolch. gloll4 AT
23 APNSIE A AR Age] 24U A
g, 559 £3hgell o EAT G2 A4 43t
- o 2 A 2 gyt 9okt AA-Ele) Coutteau et al.
(1990)-& Artemia ®o] £4] A|XHo] slehxjeld WaR
= g 23tgol MAE 5 gichy Baslgl=dl, Artemia
7} wkg 2 A E= 2] mannoprotein & &3¢ ¢ ¢
Fholl 24& Fovh olElgh el Erpd, 244
AR Ho| glucanased Fulgtc} st mannonase”}
A aolol & 4= glar, B Age] A o]k Fdl
A AR QA7 Al Flojok & Aol
okol & WG E AR AFellA 7Ha gl A&
iR Arlans B A4 A gle Aoz
vebgon, b ZRFF FoRE A X4
o vha ¥ Ao vehyrh £ AdeA Agd A
B.o A A|Fo] 210 mgel L, AH57]7ke] 1057 0|3
ok B Age] uigAs 243 Zpo|7t A, HgolE,
b RS gl o 3k wighAg st WFE
B2 3% H7hg eigAE R HF 65 mgl HAE XA
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A A L K frugzlzs, C. utilis 8] W85
S 7 3%4 i Argel Hrtstel HFAE 210 mg A
Fo BAE NG 1057 4% AYY A7, 42 gL
Age) 2 5 W ojuAelel B2 fo13 Aol 3l
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9 7MALE F2ke protoplasted K. fragilis 7} o)
T, AR g WEER A BH‘EB} frelsiAl =2 %k
< Bglow (P<0.05), 2 2] A TEL A7 Xfol
7F ek (P>0.05). % HF
fragilis 247447 =, W a R W AFAE R fo8)
A w2 & vetiilen) (P<0.05), 2 9] AETES
Aol & HolA ofghrt. 7HAR-o] 41, child, 214 4l 3]
B ke ARTel folxe glale (P> 0.05).
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