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This study was conducted in order to evaluate nutritive values of yeasts (Kluyveromyces fragilis and Candida utilis) according to
growth stages (early log phase, log phase, stationary phase and death phase) and chemical treatment of their cell wall. Proximate,
amino acids, fatty acids and nucleotides composition of the yeast samples was determined. Crude protein content was high in K.
fragilis (48-59%) compared to C. utilis (26-43%). Crude lipid and fiber contents of the yeasts were below than 1.6% and 3.3%,
respectively. Composition of aspartic acid, glycine, proline, leucine, lysine and valine of K. fragilis were higher than those of C. utilis,
and glutamic acid and arginine of C. utilis were higher than those of K. fragilis. Proximate and amino acids composition was not
significantly influenced by growth stage of the yeasts, Major fatty acids of the yeasts in all growth stages were Cious. Cisis cOntents
were relatively high in the early log or log phase and Ci.. contents were relatively high in the stationary or death phase. However,
n-3 highly unsaturated fatty acids (C=20) in the all growth stages were not observed. This result indicated that these yeast strains
could not be adequate as a dietary lipid source for marine fish. Composition of nucleotides and their related compounds (ATP, ADP,
AMP, IMP and inosine) in the early log phase yeasts were lower than those in the log, stationary and death phase yeasts.
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inosine

A E 2 o] Ag3e gk A% ojA% WA E Chlorella T
of ul3] #ol7t YA g s UEARAT Ze Y27 1Y
FA AR ol AFS A AL B4, 4, A9 2 W] HERZ I rotiferg AANA FF37] Aol Chlo-
AEFELE 7IEHoE T ok 3, o] FANE A5 ¥ rella 3% 2 AEHo A Eo|Y FUYAIAZ JYTHAA
oA7}7 443 28 € 4 v AAFHQ .U FLdg, F AH4H 2 9t} (Kitajima et al,, 1979; Watanabe et al., 1983; Fe-
G4 A dotel A8 AT wFol E w7 BEA o rnendez-Reiriz et al., 1993), WetM HEHo|FEol} AR E
A5l H3g AR ALTH FEL YeFo Y AR FEL YA + AT rotiferd] Ho] el #¢ AF7 Yo &
FolE, ojxe] Zvlel wel dAH, £3] AFE2) B &, A} - Aol HolZ rotifer th Hol BAY AlLsHE WY
I, 87 Hggo] ¥ 2 - Hof7] 9 HolYFo} v]PA AR AAEY FAE PR L FRANNY of AR
o AL FEANY AHE F$3 FAE FHAo] ot ¢ FR3A LeHojok 3o, el A wj} ALV UF A
z7) "ol Aot PR AT AHSHE Yoy dre d¥ TE 3 AT, b AR e Be Fo] FUYHL e AH o oA
7}, 2308, dF WS, TFY AR T 2 MEs oo} HRAAEY AR B A &8 a7 £ £
gt A ojd Aol7]e HOlMEER rotiferst 22 $EA Holop & Aot}

plankton®] & @& AF7 FYHof g, F2 P42 Z7] AE9oR §o| AMEHE ARE A7Vt 3, Ao %
2A rotifer] ¥ A7 AF WFH 9EF3e 23& FA  FRAM B grE 23R 25T Yo7 (Lawford et

t} (Ben-Amotz et al.,, 1987; Dendrions and Thorpe, 1987; Fu- al, 1979), WFA 37|17} &oidte] rotifers] Holu}h wl PAbuf §
rukawa and Hidaka., 1973; Hirayama and Funamoto, 1982; A 982 AL A £& Ao AZEY 19 FRHE
Hwang and Pyen, 1995; James and Abu-Rezeg, 1988; Lubzen FGol Tod, ARHSE LA ol ¥ AL TR
et al, 1989; Rezep and James, 1987; Watanabe et al, 1979, o HYie 7Y 2L A3g Fojh gtz oY ARE
1983; Whyte and Nagata, 1990; Yu et al., 1989). Rotifer 8} %ol mannoprotein® 2 o)A uPg%H glucano| o|Fe ¢E%F9
o] 389 Ho|Z ALRHE Chilorella 3 22 4 EY A& o]Z AXHg dAs 9lo] (Farkas, 1985), EEE Yol & e
S} a9, |t =F5F, Ade] g 2 20 FE YR FEAEFIAENY A Ao R iVt £83)7] ol ¢ EHE
%71 olg$ "ol gl wFFodA FRYMNEE Foj7tEe & AT Ytk (Couttean et al,, 1990), 2 238 Fo]7] 9%
AR FYol A& WERY /1R FEFAF 5L rotiferd] Fol Ex A¥Yy A2 W€ high-press homogenizationd ©| &
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& 7]AA W, proteaselt glucanaseE o] 43t A3 Az
¥, 282 353 Y Fol Aok (Moon et al, 1996).

Candida utilis®t Kluyveromyces fragilis &5< Moon et al.
(1996)°] A FF7} ofd HolWE2A AE 7HsAol ¥
Fo2 HyristdA diFu g 7hs4dS AASAT 181 4§
JHAZA C atilise SHEA W) lysined 2 YFobnkilo]
A Aoz A FH332 Lo HHHI (Lawford et al, 19
79, A% HolzA #2F Al 7HeAel A+ AU (Epifanio,
1979). =3, K. fragiliss T3S 2 F9 &R #F= F7F 2
F71% A4H7E SN F AGEZ ojF dFE % 3o
Z7190] AEE HEFGY, olE AYHIES ALY £ ¢
o] AAEAE o= Ax HAY & o =3 FYHES
o] §3t2 g & AEE AT = AT Foltt (Moon et al, 19
96). ol¢k Zo] AR MY 7HsAL AAHT YA, Argde
22X 443 M e $EHoE YriEA B wela 2
TFoAAE o] F FFE ALE H7HAY rotifer W F& o2 A 7}
A& Horshy) 8 A4 9AE 2 XYY 3F A g
FA7HE BBt v At

ME %

FIFFE Y

A¥e) ALH ERAFE Kluyveromyces fragilis (ATCC 36534),
Candida utilis (ATCC 9950)%} WA X (Saccharomyces cerevisiac) %
A YEPD agar slantd] B# - §A31, o] agar WA =45 &
2% dextrose, 0.5% yeast extract, 2% peptone ¥ 2% agar°] A}
(Moon and Kim, 1996). AX= A agar plated colonyZ3H
HEA4Y 10l wheol A I ¥, wjFd BT 5000 flaskS
$A 37C, 180 pmolA RAIZFEY WIFHAEH, K fragiliss
25% fructose, 1% peptone, 0.5% yeast extracts, C. utilisc 2% de-
xtose, 2.8 mM K,HPO, 128 mM KH,PO, 75 mM NH.Cl, 115
mM Na,S0,, 125 mM MgCl, 1.0 mM citric acid, 4 um/¢ biotin<,,
S. cerevisiaee 2% dextrose, 0.5% yeast extract, 2% peptone?] Hl
AzAE AT 384 FEE flask’dNA late-log phaseZtA]
wgE AR E | L-fermenterZ &7 600 working volume2 2 5%
inoculum (30m£) & AR&-sta]l AAISTh o)W pH, foam, L& i
DOE Labo Controllerd] 93] 2@ #+=1, pHe 3 N-HCl 2 3 N-
NaOQHE AH&-8te HA pHY 58 FASL, LaEWS o3) 4
A€ foam& 10% antifoam DB-110AZ 285t Wl F3te U
acration® agitation 1.5&/min¥ 650 pme A&HOE §A -
H3tdqt. Agitators 670 flatbladed HENQ) impellerd 2, £&
LA WY B ASFHLR 20% ol oA ¢l
gk wavt e s FEAN T (1,000X) ¢ T3 2.4
AEE FUHAL AFERY FALE (15T e A EH
I 9e Ao Y

o = B

BN X2

177 - gE7

Log phaseZtA W43 &4 £8 FFES 5,000 rpmoA 108
AR Ee H43tm, AR AXY AA AFFHA Ao
H3 8 (Moon et al, 1996) ethylenediaminetraacetic acid%} 2-me-
rcaptocthanols AHE-3te] Al X8 & &t WA, 3024
A A9 sonications B3 ARTY AXY AAE 43 BAEE
AASIL, 5000 rpmoiA AH3te R FEe AR FAE A
£33 02 M tris-buffer (pH 8)9) 1 M8 NayEDTAS ¢33
=o nE L4 vjg ZAE AE ERT AHIAAL oY
AA 49F 22 JH9 AR FAY 200g wet yeasts/nfo]
HEE AYHHh VortexE 3t AR AR/} F 49
EE 3 F uZ 03 M9 2-mercaptoethanold 43 4] vortex
3 o, et el AR E 30T wjgrle Yol 1Az w3
5,000 rpmell A SE YAE 83t HJE protoplasted yeastsHs
334tk Protoplasted yeasts] A RS gotB 7] H3) 3tg
A d TFEL methylene blueZ G4 ¥ &P H L o] &
34 1,0008 w&A BRI

MEEN

A4 dAE (early log phase, log phase, stationary phase %
death phase) 2 SR 15 (K. fragilis, C. utilis) & %3] 44
223 F 80T B@gtr AFEZE ARANU Fo FE,

a3
B2 AF MH¥3Z, amino acid, fatty acid, HAHAIED TS £
2
x

[+)

At z7]9ele] YYUtE V€Y ER (HEE, AR 3
WFER), o, 34 Chlorella ellipsoidea (KMMCC-C-C-21) %
rotifer (Brachionus plicatilis)$} ¥ 23Hth dH4E& AOAC
(1990)9) el el A3, 2282 (NX625)L Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland)& AH&-3}¢
N8R, 2AME Soxhlet FEWOLE, FEE 105CY dry
ovenoll A 24417t § A= F FAHT 2HEL 550CY 3
2 A 4A17 BT B F AFHAT. 2832 24 FE Auto-
matic analyzer (Fibertec, Tecator, Sweden) & Zt2t 24340},

Fobulx e A FY ANEE Hstd o 5049 6 N HCIZ
110C sand bathdellA 24Xt B9t 7heEs s ¥, Ag448
JARNZTFE7N 2 2¢AZT & 002 N sodium citrate buffer
(pH 2202 A &35t o] AL 045 um membrane filter2 o F}&

&, —30C B4n0 AR T AP AHE3H o
Aot A e Biochrome 202 (Pharmacia, USA) ©Fo|x4t A5
A712 #4354,

Ak 2L Folch et al (1957)9] By ot 1AL #3
39 14% BF;-methanol (Sigma, USA)2 A"4HE methylation
A2 #F, capillary column HP20M (0.25 pmX 30 m)°} F28 gas
chromatography (HP-5890 II, USA)2 ¥4 3¢t EEA IS
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, 20:4
n-3, 20:5n-3, 22:0, 22:1, 22:4n-3, 22:5n-3, 22:6n-3 L 24:1 (Sigma,
USA) & AH&-3tH T}, Carrier gase helieum (30 mé/min)& A3
o, oven =& (50T A 230C7HA] 2C/min S7FAIAE, in-
jector®] &L 250T, detector (FID) &E& 270CE AR
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ATP 2 #d 3889 HFLE Iwamoto et al. (1987)2) Wl
nel ATP B4 SE9 MRS ZAS —30Te) 2By
2 e 045 um membrane filter® 3 ¥ HPLC (SYKNM,
Germany) ol F93At}. Columnd ©)F4E 1% triethylamine
(pH 65)E AH$-3t99.2™, Nacalai Cosmosil 5C18-AR S4Z%
(Japan) 2.2 ZA2AL ANEFYF 2044, $% 104/min, co-
lumn ¥EE 40CE 39 254nm9] FAA, FEEL
o AFE AHEY EAEHAG,

SigmaAt

=t

Zn 9 o3

a

K. fragilis, C. utilis, 9FEE, X EX 2 Haro] dulydy
& 243 ZHE Table 19] FAEQ. 229 d ¥ K fra-
gilis7t 482~585% 2 C. utilis® 259~434% 8% ¥& AEE
BRm, 4% dded de ol QAT C wtilise) gHA 3
FL & AFAR TE FARSY FAG AT BA 24
U EFE FAERY 154% Yo K fragilis, C. utilis, 4FEE
R WERE BF 01~16%2 Wg FE FEoIAt. 2HFY F
FEEE ERAA 06~33%9 HHYE Fe FEUNH, 9
& 3T AT protoplasted ER 9 ZAF FFL i PopAE

Z4& EME ZAE Table 20] EAFYL AR F7 et
ofpj=At ZAo] ttAd AolE B e, Alav AE FH o
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& Aolg EolA GRA, Asp, Gly, Pro, Leu, Lys 2 Val& K
fragilis7t C. utilis® T 7L F3F0) ko, Glu ¥ Arge C uti-
Ik AdAeg o 52 A%E Btk 53] Ffopuxdll
Argd] %L C utilisN N 109~176% 2 K fragilis®) 5.6~61%
2o o ¢ g ¥ ohvz 7@ WFERY WERY 53~54
%R 84 ghon off9 70%RU% %t T3, ¥ A}
B9 AU Pohr At Lysd #%F L K fragilis| A 8.7~

99% 2 C. utilis®] 12~79% 5} £& ¥ oz} off9 55%1

0 52 B¥E HAou, Leut Metdt 2& FFopx=42

Table 1. Proximate analysis (% of dry matter) of yeasts

Early log phase  55.67 025 056
Kluyveromyces Log. phase 55.15 024 226
fragilis Stationary phase  49.15 0.81 313
Death phase 58.49 054 186
Protoplasted 48.21 0.36 1.67
Early log phase  43.40 162 181
Log phase 35.13 006 093
Candida utilis  Stationary phase  25.89 013 330
Death phase 26.29 023 136
Protoplasted 36.47 018 086
Brewer's yeast' 38.04 042 068
aryeast 3395 1542 123
Baker’s yeast' 43.01 063 108

'Provided by E-Hwa Oil & Fat Co., Pusan, Korea.

Table 2. Amino acids composition (% in protein) of yeasts and white fish meal

Kluyveromyces fragilis

Candida utilis

Amino - - Brewer's @  Baker's White fish
wids Doty log Log Safonany Death Buoto,  Bady log Log Siaonary Death Proo “yeast yeust yeast  meal
Ala 72 75 7.7 83 6.9 9.5 84 69 83 10.1 69 73 6.7 6.5
Asp 9.4 9.7 103 9.2 10.1 8.7 9.1 84 94 8.8 9.6 108 124 99
Glu 13.6 14.1 14.1 14.3 13.4 15.0 164 157 14.5 129 173 164 160 149
Gly 8.2 7.7 74 79 57 43 43 43 44 40 47 49 48 69
Pro 54 52 5.1 5.8 4.7 32 32 32 33 33 5.6 3.8 39 6.9
Ser 53 55 55 5.6 5.5 5.1 49 49 52 49 56 54 54 5.1
Arg 6.7 6.2 5.6 6.6 57 122 142 17.6 13.8 109 53 55 54 70
His 26 25 24 2.7 2.8 20 22 22 2.1 2.1 22 24 24 19
Ile 45 45 46 42 5.1 45 4.1 40 44 48 47 52 49 40
Leu 7.1 72 73 6.6 8.0 6.9 6.3 59 6.6 7.0 74 76 75. 8.1
Lys 93 92 9.0 8.7 99 76 74 72 79 71 6.2 8.6 8.7 55
Met 13 13 1.0 1.5 1.0 1.3 1.1 12 038 1.8 10 1.1 0.7 23
Cys 13 12 12 1.6 14 1.5 15 12 1.1 22 1.6 14 1.6 12
Phe 44 44 47 40 438 43 4.0 3.9 44 45 49 5.1 50 43
Tyr 30 3.0 32 3.0 3.1 29 3.0 3.0 3.0 33 3.6 34 33 37
Thr 53 52 52 4.6 5.5 5.6 5.1 55 58 56 5.1 54 55 438
Val 54 56 5.7 52 6.3 53 5.0 4.7 5.0 6.2 56 58 58 49
m 509 50.3 499 437 53.6 54.1 539 56.4 549 56.1 476 515 508 417

‘Provided by E-Hwa Oil & Fat Co., Pusan, Korea.

*Produced by steam dry method (Han Chang Fish Meal Co., Pusan, Korea).

EAA: essential amino acid.
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ol RT B & Ak, £& K fragilis$ C. utilis®) 4% @
A ot 2L EWF W AFe] AL, *1]5‘. 94
2] g protoplasted K. fragilis$} C. utilis9 Glu, Gly ¥ Arg2
A du oA e &I, Leu, Phe B VaH gFe i
#old 22 eyt Protoplasted K. fragilis R C. ut111s‘-] %
GropueAt FFE HFEAE WAT R oRET ¥& FHE
BHYD, AEYE AgsiA g2 889 Z$E BFaTY o
B F Aol ko] & & dETh ojg 2o
Fiel wetA ofplAt 24 o] AfolE HYow, oldd &
g o] g3to AlRYLE ASY o 43 EEH EF F&
2t AH3 &Y HNE ¢ A Ao YA
K. fragilis, C. utilis, #F &%, WER C ellipsoidea 2 rotifer
(B. plicatilis)®] A¥t Z24& Table 391 EA3A=H, HA&
BE A% K fragilis, C. utilis, 3FEE 2 HART Y APite
A& Cl8 olate] T3t T BI IR FAH PG K
fragilis R C. utilis®) AP} 242 4% 9A £& 94=A9 o
Ho wz} WA=, F2 Cms——l Z]H}A]'at‘ early log £
log phase?l A death phase® 4%, protoplastedell Al Yo}
A ¥del Cppdt 2L AF 1] 7tete AEE BY
o o]A g AEgAd we A *9—] Hile ol ERV}
Ao det Auel Yoz 3= AWt FH{7 @33 £
+& AABtL Yok 53] o AYTE X]““"—J gagrt
Ao ¥ AL AP AgA Vs GUAA o]
¥ Aoz BddY. o) d AES 1Y ?“] o] ARES
ol A&E delz 2V 4% vAY RS

m\n \-
L o rir
o{N

or ¥o ofL -

o
=
Z_-}
g

A8 - 927

- 9g7]

WA & oz At o8 £o) K fragilis, C. utilis, 9§35
R 9 BERE rotifertt FAAF (Lee et al, 1993 a, b: Lee
et al,, 1994; Kalogeropoulos et al., 1992; Leger et al,, 1979; Wata-
nabe et al, 1989)¢] ¥2 % EPA (eicosapentaenoic acid) 2
DHA (docosahexaenoic acid)®t Z-& n-3HUFA (highly unsatu-
rated fatty acids)7t AEHA &ton, 44 GAEE AolE B
A, Y F4o] (Kanazawa et al, 1980; Takeuchi et al., 1980,
1983; Takeuchi and Watanabe, 1977; Watanabe et al, 1989)2]
ARl 18:20-6 (linoleic acid)S A& WA o) d
ARES rotifertt Aol 7o) ALEHOE AgAldlE BFAEE
9 &4 € 4 & AoE wody,
B4 AAH ol Ho|2 AMEHE rotifertt FIRAAIRAE 2

o] 873 WHA A EPAY DHAS 22 n-3HUFA (Fer-
nendez-Reiriz et al,, 1993; Kitajima et al, 1979; Watanabe et al,
1983)7F 2&5 o] lojof gt £3), rotiferd] HolZ A5 A
HE BARGE n-3HUFAZE 9o 2 493 717 27 49
£l HARZ rotifer® WY¥E Folt n-3HUFAZL 58 34
Chlorella\} 312 59 JUBSAZ 34 zole At
& B33 FE o] Ykl Pelct T3, BARY o
93¢ Beaty) 918 n-3HUFAZL 3¢ oil2 "F}EEE A
wyeast (FAER)7F AFLZ ABHD giv) 2 £ ¥4
A ENE B9 AF FaEFo] 1% o]Fo]ER o] n-3HUFA
7t A4 o} SHTAE n-3HUFA 33922 AHgdrlde
A o] YF wy] g & FHL gl§ Ao B ot
BA K fragilisSt C. utilisg€ n-3HUFA FH92Z rotifert}

Table 3. Fatty acids composition (% area) of yeasts, Chlorella and rotifer

Kluyveromyces fragilis Candida utilis .
Fatty " Lo Sot Death Prot T St Dot Pro Brewer's @  Bakers Chlorella Brachionus
acids Ez;)r}ll);seog pha%c ph(zir.;emy plsgse pIargted E?)Ililyaseog pl}fa.%e ph(;r;cary phase plgted yeast'  yeast' yeast' ellipsoidea plicatii’

100 230 178 288 280 462 146 - 141 303 194 108 03 16 - 11
120 140 125 214 218 283 80 03 81 201 278 17 05 27 03 11
14:1 08 06 - 03 12 03 03 03 08 - 04 - - - 04
140 12 12 09 06 10 04 07 06 09 182 22 59 24 42 29
16:1 144 92 78 94 12 29 11 56 19 - 230 81 40 190 189
160 118 167 116 126 69 124 214 234 120 111 355 27 25 243 122
18:3n-3 - - - - - - - - - - 40 30 160 - -
182n-6 199 197 113 111 20 358 363 25 107 65 85 21 14 57 47
18:1 85 142 97 103 19 203 237 169 137 76 04 56 126 102 192
180 23 36 135 17 10 21 38 43 21 17 116 35 348 06 51
20:5n-3 -~ - - - - - - - - - - 96 - 192 208
20:4n-6 - - - - - - - - - - - 11 - 31 -
202n-6 ~ - - - - - -~ - - - - 87 - - -
20:1 - - - - - - - - - - - 10 - - 34
20:0 18 24 25 22 36 08 46 07 11 26 - 05 07 - 03
22:6n-3 - - - - - - - - - - - 95 - - 76
22:4n-3 - - - - - - - - - - - 88 - - -
2:1 - - - - - - - - - - 05 79 - - 08
20 03 12 1.7 03 23 14 43 10 18 29 — — 10 — —

‘Provided by E-Hwa Oil & Fat Co., Pusan, Korea.
2Cultured at 26C with Chlorella elllpsotdea
* not detected or trace amount (<0.2%).
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ol BANEDLE AHEE7] Y8ME n-3HUFA7L %
ARQF EFHT AAY aREF AHE FASEE Y 5ol
2% Aoz #oET 9 Zo| opnx=Aba} A 24S
ot B, ARE AIZQOE ASE de AF FFdes
Boe gdd FF4eEA 1de Aol o vy ¥ Ao
Holm 1 oz & ¥} Zo] 9= A F 43&L A
A AY 1A o FAR1A FFY AARA B A E 43t
s,

axde o AFF AHH vA AFUAAY AHRAER
of IfH e ALz d#A Ak HARYELE 487 g
4 #E2EE B4y Table 491 EAFAG S4FAER
HFe AR FFEE, A GAYE ZolE A, K fragilis
2 C utilis® early log phase A= ATP &%o| AEHA 4%t
Awt 2 3 @A (log - death phase)ol A &z Z713le AL
B4t} 183 protoplasted FEH NN F TF EF ATP/F A
257 gged, ole ARt 43T W AX%e ATP7} 2%
T AT,

ADP #3& K fragilis?l A early log phase °|F QA RE
7het g, A X =S A2 protoplasted FHANAE & F
FASAAR, C. utilis] AS-v 470l AR H wzt i
g Hgon, protoplasteddl M= 1 F o] Holx= A3
Btk AMP %2 ¥ #F EF carly log phasecl A #& §
FolAA, 1 ¥ AN 2 FFE FA}ALH, protop-
lasteddl® AEHA &tk IMP #FE F FTF EF log
phasedl A 71% ¥ S 2o, protoplasted] e R &
< 2Ych

Inosine F%F K fragilis®] 47e] AR wz} 32~210 mg/
100gS} WM F7HEAE, C utilis® A€ 200~300 mg/100 g9
WAZ K fragilisE ot ¥& Z %A, log phase] A HUF &
B4, &3, protoplasted FE 9] inosine &L K. fragilis7}
116 mg/100 g, C. utilis7} 62 mg/100 g& 2 et} Hypoxan-

A

o%k oy =~
tlo rir wo ofn

thine® K. fragilis®] log phase®l A} 24 mg/100 g, C. utilis®] ea-
rly log phase?l X 3 mg/100 g&2 W] $ $L & BYL, 1 9
dANME A&HA G 43 DAER olgY YUVUE
A9 L& F FF EF carly log phasedld 7}F #& &S
BAT 7 A4 QGARE K fragilist C. utilisEot & &
F 28929, protoplasted FE NN C. utilis7t O £ &
Ve gt

ol# g AP EZ L ATP->ADP->AMP->IMP->inosine->
hypoxanthine® 2 332§ ZA HAHED. ¥4 AR Yo
ERE F2 rotifery Holu} MiFAE AVIAZ AMSH I 1o,
WALE HA7HAZ AHEE de 2 Fo $58 vAY FF9
A AHARAEA Qg ZAFE B7] g8Aojch o fe HFH
$UAEA L 2 amino acids, betaine, IMP, inosine 50| & A
%27 (NRC, 1993), A/ FHE F&3) %8 de =20 & 4
oA HFAFAdEA2 ¢2A IMPSY inosined] FFE &R F
ol wet, 4% Aed gt g Aoz ey, C uilis7}
K fragilisB.0} 71 $%Fo] A2 Ekth 53], C utilis¥) inosine
ko] 7|2 HEEFR WEERT P4 L FS B ¥
AR AR 1 %S ATE 287 g3 444
th, 28X ARE rotifer HolL} o]F AIRYLE A LT W AR
Axde 234 EAV A ged, £ 74N F &F
EF AXYE 334 protoplasted TFE IMP L o}
A3, inosined] ¥ K. fragilisB e C. utilis$] protoplasted o] A
AaAez o ¥ g Ho AA AsdeF o]g¥ e o
A AEY A7t At duiy Tgo] X AT HA
ol Ha g Aojt}

ol4e] AAERRE K fragilis? C. utilis® rotifer®] Ho|2 A
£ doe AFAMY BE 5o Wte] Bo¥ A0 AdEH,
AAFAEZ N HAY AAAA 59 £34E A7) H8 gt
2 vYAAEY 982 T 9L uFAEY AMAR AR
< R daiMe AF 4 77t FASH o} & Fold.

Table 4. Composition (mg/100 g) of nucleotides and their related compounds in the yeasts

Yeasts ATP ADP AMP IMP Inosine Hypoxanthine  Total
Early log phase - 79.0 175.5 1164 31.6 - 402.5
Log phase 438.8 3111 432.8 540.5 75.1 239 18222
Kluyveromyces fragilis Stationary phase 2481 2309 2898 224.1 82.9 - 10758
Death phase 4237 3349 488.5 94.5 209.5 - 1551.1
Protoplasted - 379.8 - 49.3 1164 - 545.5
Total 1110.6 13357 1386.6 1024.8 515.5 239 5397.1
Early log phase - 3527 208.8 245.1 265.3 30 10749
Log phase 5345 2517 4281 600.0 399.9 - 22202
Candida utilis Stationary phase 526.2 2286 508.7 453.8 220.8 - 1938.1
Death phase 560.9 1934 4195 426.7 199.5 - 1800.0
Protoplasted - 92.3 - 192 62.0 - 173.5
Total 16216 11247 1565.1 1744.8 1147.5 3.0 7206.7
Brewer's yeast' - 2540 958.6 308.7 90.2 1259 17374
a-yeast' - 1789 936.4 4445 979 585 17162
Baker's yeast' 1219 4752 12224 426.7 79.9 103.0 2429.1

'Provided by E-Hwa Oil & Fat Co., Pusan, Korea.
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Kluyveromyces fragilis (ATCC 36534)$} Candida utilis (ATCC
9950) FFE AR HIIA G rotifer ol ZA IS Hr}Es]
3 4% 2AE 2 AEY ez WE dPtE £43y
vladtgeh, 299A dF2 K fragilis7} 482~585% 2 C. uti-
lis¥ 259~434% 5 & A% BJL, 2A% §FL K fra-
gilis B C. utilis 25 01~16%2 % ¥ $Fo|Att 244
o FFEe F AN 06~33%9 HHAZ I FFo|gen,
protoplasted %9 Z$E A RolAe AL BYY %
i wet obuliid Aol thh AolE EUEH, Asp, Gly,
Pro, Leu, Lys 2 Val& K fragilis?} C. utilis®t} 1 §&o| =
om Glu € Arge C utilis7t 4oz o 5 AFL 1
Aot A% AE opml et 2L SHF W3 Ao glllen,
M 9¥-& X2l protoplasted K. fragilis® C. utilis®) Glu, Gly
2 Arg2 HYARD PopAE A Fo)YUR, Leu, Phe L Vald
dFe o gobd ez Jegth K fragilis R C. utilis9)
AP QFE Cp 039 X3 EE BXIMN0Z FAHo
ARed, F2 Cippd] AAEL carly log T log phases Al
death phase2 Z5, 121 protoplastll Al RolAE wHd) C
vt B2 AT AWAEL Fhtee AEE B9tk K fragilis
2 C utilis®] early log phasel A& ATP #aFo] A&HA &3t
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Bt ADP &332 K. fragilis®l A early log phase ol & @7
B b3, X2 X2l protoplast FE N E L &
= FAFYAT, C wilisd A 4% APF) wel 7
e AFE Yo, protoplast AE M€ I §Fo] RoA]
A%E B4 AMP 3L T ¥F EF carly log phasedl A
R FEUAT, 2 F gAldNE w2 §FE FANNLH,
protoplast Aol AEEA &dch IMP FFL F #F EF
log phasedl X 714 ¥ #t& H$2w, protoplast oA E
Fe %& BAY Inosine $F S K fragilis®] 4740 #Pgd
et SHERE, C utilisIME K fragilisB o & A2
%, log phasedl Al Hdighe B 4% SAME o5 4t
BHEHY FFE F 7F EF early log phasedld 714 @2
& Bgon & A dAYR K fragilis7t C. wtilisEoh &
& FAE M, protoplast FHANM= C utilis7h o B @S
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