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Baker's yeasts] f7Pjulokolla] 2] $83 A4S A5k Ka@tadeAS)) 371 394 7133l
ke Al ) a1 o] HMEE (1004 600 ipm)o} £7])<4%(1.0, 1.5, 2.0 vwm)E- {3 A7 |HA Kaghs 34
s, B7]|EEE 1.5vwmeE dAsHA A5k ZHzhe] a5 (300004 600 pm)ellA] F7HAul kS A A5 5=
£33 Qe zAlelgdth Kaghkd atgeel 714w vleste] w2A Zrlsieth. 7123 pattemn2- sigmoidal
g FFe] Ao vehtw, A9 & 7|ATFYT} AL Kaghel 2A 9Esig 2t 500 pmtEl = AT e
FAHA T, 88 Kagho| Z713tel mle} 97bg zhasles A viehlith 01718 molasses £ 71 213 mo-
lassestioll EAsh= A2t EA S wad i &4, 5o 7L, cell w2 F7F Foll A8 cell AL}
AaAREE7) Zhegt Ao g ALgs 3, £ 4E7|E 500004 600 pm F-ZellA A3 Zlo] A 270w wudEo)

Abstract— The effect of K;a (Oxygen Transfer Coefficient) and substrate feeding policy on the optimum cell yield and
productivity was investigated in the baker's yeast fed-batch cultivation. K;a was measured at various agitation speed (100 to
600 rpm) and aeration rate (1.0, 1.5, 2.0 vvm), and the cell yield and productivity of fed-batch cultivation was determined
at each agitation speeds (300 to 600 rpm) and constant aeration rate (1.5 vvm). K;a value was increased proportionally with
increasing agitation speeds and aeration rate. Substrate feeding pattern was optimum in sigmoidal feeding. The optimum total
fed-sugar and productivity was largely dependent on the K;a and did not change at above 500 rpm, and the cell yield was
decreased gradually as the Ka increased. It is considered that the increase of the accumulation of inhibitory substances in
the molasses by the increase of molasses feeding, the accumulation of fermentation metabolites, the viscosity and cell con-
centration of fermentation broth, and so forth was decreased the cell growth rate and oxygen transfer rate. So, the optimum
operation condition of this fermentor was estimated to near 500 to 600 rpm.
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Baker's yeast®] &-83¢l A4HS vl wA 2] WAoo}, 194
7] <} brewing} distilling industry2] by-product2x] JAtE &%
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19154114 19193 A}olel] 52 9] Dane, Soren Sak, 28] i Hayduck
o] ZA)of x| 2-¢ uH <l Z-method(EE Danish Method)S 7Hbsl=
9| A-Z3c}. o] Z-method(Zulauf process, Incremental feeding)y= &
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yeast AJAFS) 7| AHL4H T gJt}[2,3]. = el Baker's yeast
o] AL ZHA BEHog Frlh FFAtEE &3 A3k
wr 4], AE A $Egel g LEY Fol x5 AHELS
A| A A7)+ 9P [5], computer coupled fermentation system-2- 2] -8-3]
= up[6] So] RTH T, Baker's yeastw]FA] HHe| 71AE ¥
Z317] 93ke] wl7|7ks Fell 0, COZ E4 A RQAof o] 2]}
7}218 feedback controldl= HWHH[7-8], oz.e 717\ E Hatsle
alcohol 5 AJo]ol 23] 7]A-& feedback controldh= W [9] So
BEglw, SrRlere] =52 913 484 2%} computer
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ArRGAS] 2L Zo] FAA & BEE FIE T
1 AaTtaS TFele] £ FET) 00 HES T v o
A3} 52 Erlsle] A E RS WEHE %A 02 check3S
o}, Kazk 248 9148 A% bioreactori= agitated-aerated fermenter
(B. Braun, West Germany, Type Biostat U 30D)o) ¢l FHHEE=
100914 6001pm, E714EE 10, 1.5, 20vwmeo 2 W3R 7 A
A1¥stgdt}. DO probe(Ingold Ltd., West Germany)2] Sz X7k
& Kaghe AArslzdl =24 33 mIAA] ¢7] W' FAsk
o}, vl 2ol &g Aan]r) §lE S B5elx] SE4kae] s
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A -G o] AE)Z e Al TN baker's yeast, Saccharomyces
cerevisige TF2 B ¥ o) AR, el EHAJe4t cane molasses
2 ehxs) o7 ALe3le ). Molasses: 85 CAlA] 14]7F 4t steam
&AMl slgslgn fAlRE s BEES AR F e
7} 250 IR = H =E sAslgich A" d-E 101 A3z 274
o] ##ksle] peristaltic pumpS AR8-3}03 jar fermenterol] <40
2 323}¢dc). Bioreactor agitated-acrated fermenter(B. Braun, West
Germany, Type Biostat U 30D)E AH8-3}31 3 2%+ 30 °C, pHE 4.0
A 6.0810] 2 $Aslgth 714 EE 1.0, 1.5, 2.0 vwm o2 W3}
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Fig. 1. The experimental equipment for fed-batch cultivation.
1. Jar fermenter 5. Cooling water pump
2. Molasses reservoir 6. Refrigerator
3. Peristaltic pump 7. Alkali(Na,CO; saturated solution)
4. Air compressor 8. Antifoam agent(silicon defoamer)

A3, FHEEE 300-600pm7HA] WSt Zch AEHL 5-10g/]
Ae 2 s}ed 1, 27) volumee 151, AXAE 20% siliconsEA) (3
2T (G), LS-300 A2 2EA)NE AHgstdch f7REE
< 9% AFAA = Fig. 1o ezl
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NRAFFHEE 7VATF pattenst 7AFFEEE AAIE T
7\AEF% 5 7IAE z8dsisich. 71435 pattern2- exponential, lin-
ear, sigmoidal §+ 37}%] 8elE H|wale] Bokw, F | AFHHE
) Zo] & P (total fed-sugan@-& 200g¥ F7HA171HA Y
shadch.
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Dry cell weightZ4-& sampled $752 AT F A4l =]
o Asole ¥ew AAEE oA FFLE washing3li, o] &
=g 39 ulEg F 100 Coll A 16417 AZAZ ). Dry cell weight
o gale] liters} g dry cell weight2A] Viehigich wha el o]
ethanol ¥ T34 AR [14]e AHE3I L, B Foll £
3% total reducing sugaryE= 50 % HCLE A7}ste] 70 ‘CellA 10
£ 7155318 ¥ Lane-Eynaner i [15]°-2 383t}
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3-1. MERS O} £7|&T} Kall O|X|= HE

EORRT|dA ArAddAse] S48 e dazdel £ &
T 30°CE AT IEEE 100904 600 pm7tA], F714
== 1.0vvmollA] 2.0vwm7ZHA] H3A At 2 A= Fig 29 vet
Wz, Tk we} 571557t Z71EGE Kagto] uleste] =
A 713kt

3-2. 7|35 pattern?| HE

71435 pattern-® Fig.30] YJepd A3 linear feeding, expo-
nential feeding, sigmoidal feeding 37} & A-4-3151 3, o] 5 feeding
patterng TA A7 F IHHEE 4001pm, $7]&% 1.5vvme] ZA
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Fig. 2. Effects of agitation and aeration on K,a in tap water.
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Fig. 3. Substrate feeding pattern(Agitation speed at 400 rpm, air flow
rate at 1.5 vvin).
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Fig. 4. The effects of substrate feeding pattern on the ethanol concen-

tration.
(agitation speed at 400 rpm, air flow rate 1.5 vvm)
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Fig. 5. The effects of substrate feeding pattern on the cell productivity.
(agitation at 400 rpm, air flow rate at 1.5 vvm)
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Fig. 6. The effects of substrate feeding pattern on the cell yield.
(agitation speed at 400 rpm, air flow rate at 1.5 vvm)

ol vIA& % vehd 21916 linear feeding?l 73-$- ol 8He- 1A
ol wiokzrlel A Fo1sle SAZE Al 044 vvIA]
3T 5417F o1 F-1-El= A 4319t} Exponential feeding®] 7
= wioF 10417 Wi E] olshE Aigke) B szt HEAl
HollA gk WAao] 096 vA%7HA] Eatsct. Sigmoidal feed-
ing®] 79 uijokAulel] AX 0.05vA% ©13HS §-2)3)5t}. Fig. 5=
7135 patterne] Aol ) x)= 3 8-& Jehd A<l linear feed-
ing?l 7-%- 2.10 g DCW/L-hr, sigmoidal feeding’l 7% 2.14 g DCW/
Lhr, exponential feeding<] 749~ 1.75 g DCW/-hrZ JJel)gic}. Fig. 6
ol 71435 patterne] 5g-l] vl F S eI linear feed-
ing?l 73-%- 0.44 g DCW/g total fed-sugar, sigmoidal feeding3] -3~ 0.47
g DCW/g total fed-sugar, exponential feedingsl % 0.38 g DCW/g
total fed-sugar®] 8- Jelligdch. 47)2] A7}= sigmoidal feed-
ing pattern©] 37H4] 5§ 7H¢ 29 71 FFuE L o 4= glok

33. & J|d3a2e g8
#A2] 7143 pattene] A s)3] 2% 1 feeding patternoll A} Ak
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Fig. 7. The feeding profile of total fed-sugar.
(®:2,300g 0:2,100g ¥ :1,900 g, Agitation speed at 400 rpm,
air flow rate at 1.5 vvm)
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Fig. 8. The effects of total fed-sugar on the ethanol concentration.
(agitation speed at 400 rpm, air flow rate at 1.5 vvm)

AGETE Hgo g o] 5 gle & 7|AFTFH] Ao}
g}l & 7)ATF2E molassestH o] £ tFF-F(total-fed sugar)ek o
2 7158 Ak Zo) /M AFsleg F JgFES 20028 37t
AFHA AHEETE 400mpm, E7]S5EE 1L5vwme g 7 A7)
SR uleke- Aslg 2, wlAZE mic} olekg WAERS HA]3e
o|grgo] whalsly] AA] F FFFHS A F /ATIHLE
A sl9ic). Fig. 7ol & F237E 1,900g, 2,100g, 2,300g2 2 A7
% sigmoidal§} feeding patternd YepeE o7t dAu]-&= £
w3}k feeding profileS vlelhlisic). Fig. 88 & FFFdol & gt
& BA=Ee Vel ZQlE 1,900 g3 2,100 gollA = ollghgo] LA
B1A] e¥gkont 2,300 goll A vloFA AHRE] ojsh-go] hAlsle] wiok
13X 7ol 045 vv%7tA] E23lsith. Fig. 9 & 33F3d w2
AL Vel ZAQlH & gl 1,900gd of A4S 1.99
g DCW/LhrE Vb9l T 2,100g%) o 2.14 gDCW/LhrS Vel
3 2,300g% @ 2.16 gDCW/LhrE viehuiglc}. Fig. 10& & 325
gol] wpE =88 el ZAH F FTFae] 1900g L o 0466 g
DCW/L-hr, 2,100g% @) 0471 g DCW/i-hr, 2,300g<] o) 0.427 g DCW/
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Fig. 9. The effects of total fed-sugar on the productivity.
(agitation at 400 rpm, air flow rate at 1.5 vvm)
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Fig. 10. The effects of total fed-sugar on the cell yield.
(agitation at 400 rpm, air flow rate at 1.5 vvm)

FhrE Yehiigich A1) Aol A2 2,300 o M =
& 28 el e} gella] 7hagh ubE, 2,100g9] A5 A
£ 2300gd = Ecoh ozt e ke JEhsl et 82 2,300
golA) Mok ¥ S8 Jed T ke s dgtonE
2 FEF9L 2,100g0] FAZYL 4 5 9} 22 b o2 300
pmelld FAe] £ EFaEe 1,100g, 400 pmellA] 2,100g, 500
rpmol|4] 2,900 g, 600 rpmel| 4] 3,000 g2 2 vielyir}.

3-4. K;aZ} 7 HESH| DIRl= HE

E7145E 1.5wmeg THAF| 2 TS WEA AT A
A7)oA] et A 1A -FF pattern, HAH 2] F FFFHS AHE-
slef fralml ke AAtsted Akt 58 BA%F A9E Fig 11
o viehiglel. A4kA L 300 pmellA] 1.12 g DCW/l-hr, 400 rpmei| A
+ 2.14g DCW/I-hr, 500 pmol|41+= 2.74 g DCW/l-hr, 600 tpmeollA] &
2.74g DCW/l-hr2 Jelge). 300 pmel) B]3] 400 rpmoll4] 91.1%,
500 rpmel|A] 144.6 % 271319151 500 pmo]Atell A= A 2] wislrt ¢l
At
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Fig. 11. Productivity, cell yield and optimal total fed-sugar at dif-
ferent agitation speeds.
(air flow rate at 1.5 vvm)
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Fig. 12. Relationship between agitation speed, cell yield, productivity,
K;a and total fed-sugar.
(air flow rate at 1.5 vvm)

&2 300 rpmeil 4] 0.466 g DCW/g total fed-sugar, 400 rpmoi}A]
0471 g DCW/g total fed-sugar, 500 pmei}4] 0.450 g DCW/g total fed-
sugar, 600 rpmoi|4] 0.430g DCW/g total fed-sugar® WHIEE71 =

sfefEet R3TA H1S 19994 23

7Vel wel 71 ghashe A gS Jebych gade HAe) &
FEFeke] 713t wel vlEsle] Folste ot 82 s
ZAe 2 Bol molassesFU ] F71E Q3] cell A o] Ae2HE-2
e 7o 2 Abg ot Fig 129 1.5vwm®] §7]&xellA] A7) a
T o2 A, 8, Ka, A4 F 33338 AT A
oldl Kagke anErsr Z715te ue} vldA o' Frkste ot
A FA e F FFFHE IEE} S g2t 71e7]
7} 4 Zrasiclrl 500 pmyEE YA FAEHS A B4
AL, FEE UM Zhrdhe AS B 5 qlvk A4kde] 500 pme]
Aol A o] o)A} F7}31R] & o]-fin= molassestijol] thakel A s)A}
4 EAE0) EA37) wl&ell molasses F)o] F71ETF cellol
gk Aaakgol Frlsle cell AAEE} 2HAasA HiL, o] A3
ZHge AAFLERAE] o FE oA FHH=NS Wl F43]
cell AALEE 7k4:417]7] wigel] o] F=7F 500 pmy-Zof|412]
molasses =¥ o] 5}y A}, w31 HE AA A 2] Ka
£ celllyxo} Hxe] ZUl Q3] oA B} 4bhe] 3= K,
(liquid side oxygen transfer coefficient)gko] 7+43}7] wlell K.a g
o] ztasHAl Hz, Kaghel #xstd A & F3-73= Has)
7] W gl A3l YA E Fhashe A o2 ALgRch 2 A9

% o]2id o= 71X B3bHQ dALE Q3] 500 pm-Tol|A]
AArAd o] Hdizgh-E viehiigl s, 2 2hE 7] 5004014 600 rpmF-Zol]
A EAse Aol Fdx7 02 wddrt.
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Baker's yeast®] -f7juofol| A 2A o] YA} 442 91314
Ka(iaddA )0} 3714 94 71-A3ge] vixe= 99 =
Arsted Bgkel. 7|9 Kaghd 3R (10004 600 pm)2} &
F%E (10, 15, 20vwmph Z7Habol aie} vlalsiod Z7behaict. 7]
A FF pattern sigmoidaldt FFo]| o2 Jepgcl Ao &
713 EF5-2 300 rpmei| 4] 1,100 g, 400 rpme 4] 2,100 g, 500 rpmel|
Al 2,900 g, 600 rpmollA] 3,000 g2 2 viepyte}. AL 300 rpme|
A 1.12g DCW/l-hr, 400 rpmel}4]% 2.14 g DCW/l-hr, 500 rpmeilA]
+ 2.74g DCW/l-hr, 600 pmol| 4]+ 2.74 g DCW/I-hr2 300 rpm H]
3 400 rpmolA] 91.1 %, 500 rpmeilx] 144.6 % Z7}8151 3L 500 rpm
olabell = A 2] Wik} glglch -8-2 300 pmellA] 0.466 g DCW/
g total fed-sugar, 400 rpmol|4] 0.471 g DCW/g total fed-sugar, 500
rpmof| 4] 0.450 g DCW/g total fed-sugar, 600 rpme| 4] 0.430 g DCW/
g total fed-sugar®. M7} 2713kl mhet oHY Zhashe A%
< veldr}. o)A -2 molassses £ 2 Z7}oll 2)]F molassestol] &
Aehe AsFEEAS AT E LTS 34, =) Z7, ool
T2 71 Soll 23 cell 4L} A GE T} 2FA4F Ao
E ARS8 HE7)E 500004 600 pm F-Fel|l A A FH= 7o)
HAzA o2 Atsc}.
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