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Continuous glycerol production with yeast cells, Saccharomyces uvarum, immobilized with
agarose. KazunirRo YamaDE*, Osamu NAkKATA, and Susumu Fukusumma (Kansai
University, Department of Chemical Engineering, Faculty of Engineering, 3-3-35 Yamate-cho,
Suita, Osaka 564) Hakkokogaku 67: 167-172. 1989.

Continuous glycerol production was examined in a bioreactor packed with im-
mobilized yeast cells (Saccharomyces uvarum) with agarose. The optimum pH value was
8.0 for adding sodium sulfite in feed solution. When the ethanol concentration was
20-30 kg/m3, the maximum yield of glycerol from glucose was obtained.

Using a feed solution containing 180 kg/m3 of glucose and adding 100 kg/m3 of sodi-
um sulfite, 50 to 60 kg/m3 of glycerol and 23 to 28 kg/m3 of ethanol were obtained at the
residence time of 40 h and a temperature of 303 K. The simulated values from im-
mobilized yeast-cells properties, which were activity, and yields of ethanol and glycerol
from glucose in batch or continuous operation, almost agreed with the observed data

in continuous operation.
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2kg/m?, g~ /4 Voo (7K 2kg/md, If
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Flow diagram of continuous glycerol production with rhomboid bioreactor

containing yeast cells immobilized with agarose.
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&Y, n-Fa AT va— VEREEEYEE LT
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Fig. 2. Effects of pH values on relative activity of
glucose consumption rate in batch operation
(303 K). The glucose consumption rate was one
at pH 8.0.
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Fig. 3. Lineweaver-Burk plots of glucose consump-
tion rate and glucose concentration for yeast
cells (Saccharomyces uvarum) immobilized with
agarose.

(O:50kg/m? of sodium sulfite; A :100 kg/m?
of sodium sulfite)
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na—REED 180kg/md FTRRKE S EERKCE
BiR7sns, =& /7 —VBEED 62.6 kg/m3, fHia s
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HEERIECBNTY 77 4 —ROB s Vo —2BER
FZ—ETH -7 Kalle 5% 13, =2/ —VBEM
30kg/m? Pl k783 S HEEBSERICEDT 5700,
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Table 1. Effects of ethanol concentration on glycerol productivity.
Glucose Ethanol Glycerol Glycerol
concentration ol yeero. yCerol
. . concentration concentration roductivit
in feed solution R 3 P y
(kg/m?] [kg/m?®] [kg/m3] [kg/m3eh)
45 11.4 9.94 1.24
100 20.0 24.8 1.55
180 46,2 37.8 1,56
225 62.6 40.3 1.05
BEOBREANHERE Fig 4 ITRT. 7Y+ ) v s a0 45
IR ISR & AR TRIZIZAROMAETRL, T (% (% | o o o0 Py %
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Time (d}

Jra—2ABEH 225 kg/m® DA, =&/ —NVEBE
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Fig. 4. Effects of ethanol concentration on glycerol
yield (303 K, pH 8. 0).
(O : continuous operation; A : batch operation)

Fig.5. Course of continuous glycerol production
with rhomboid bioreactor containing yeast cells
immobilized with agarose (100 kg/m? of glucose,
50 kg/m?® of sodium sulfite, residence time 16h,
303K, pH 8.0).
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Fig.6. Course of continuous glycerol production
with rhomboid bioreactor containing yeast cells
immobilized with agarose (180 kg/m3 of glucose,
50 kg/m3 of sodium sulfite, residence time 24 h,
303K, pH 8.0).
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W UcEBOREREE Fig 6 [KRT. 7)) 2 VBED
36~38kg/m3, x &/ — LR 40~50kg/md, B
7ova — RBEED 4~8kg/m? L3, EAS v —
ABEH 100 kg/m3 DEFAICHNRT, KO EBEDOA
EEZ308 L kR 5 sTE . EHIZQ), @),
3) NI EIFRIEL D EBONI Ves=0.26, Yess=
0.21 BXU Vmax & £n ZRAL, BONIHEHE
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oL, ENREICBTZ M Sva— 2 BEN
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BB 303K, REM/ b O HER408 M TEb
EZfT-7c. ZD#ER%E Fig. 7 1WRd. 7)€ ) VB
EEAS 50~60 kg/md, = 2/ — VBEEAHS 23~28 kg/m?,
By va—2BED 4~10kg/m® OEKERIEE20H
RADI L& 2 C & MT &7, AEMIR 1.40kg/ms:h
EMRDBIEDHAE 7 V3 — RBEEDHS 225 kg/m3 jCB
NRTBIFEHERSES NI EHTQ), (2), @)Ric
B BIETEONI. YVes=0.14, Vgs=0.31 XU
FEHEEF LY v LOBEL 100kg/m® D& XD Viax
& K ZRALTEONIHEBETDH D, EREEIZ
IZBBAT A T LS TE .

NS DEFRIECHERBEGIIEREF LY v 4
25 S0kg/md G, S/ v —RBEH 100 kg/m?
DA, 105~107 cells/ml T 1, 180 kg/m? DIBE,
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Fig. 7. Course of continuous glycerol production
with rhomboid bioreactor containing yeast cells
immobilized with agarose (180 kg/m3 of glucose,
100 kg/m?® of sodium sulfite, residence time 40 h,
303K, pH 8.0).

BEAS 100 kg/m3 o b~NT 180kg/m3 OBz &/
—VIBENEW YD, BEOEBEISMZ ShicbDL
ZZoh5b. Kalle 5% i3z %/ —BEDN 30 kg/m?
PIEICiE s &, BRBOEFEBBLTE EHELTY
. Fio, HEHEES L) 04538100 kg/m® THHE S v
a—ZBEH 180kg/m3 DIEL, T &/ —IVIEBEDS
23~28kg/m® L HBAYEVRE TS » T bSEEEEA
HRIEEREETRAETELNVEREL 7. BED
BRI & /) — IO TIR S EREEF Y v LADBE
EEB L TWAEEZ ONAS. Bisping and Rehm?®
1I57REFS D EISMHEEICBNT, =4 / —VBEH14.3
kg/me &3 EVBEE IC &t b3 AN
3.1Xx107 cells/ml 25 5.5%108 cells/ml b T 5
LEELTVAS.

¥ 1, REFREICBOTT Vo —-28EEE/E
BoORBI3EL, BEbRLAEE L.

NEEE DL Bisping and Rehm® (34
5 R W EEE(L LT Saccharomyces cerevisiae % F
WS T TOESERIEICENT, v —EED
100kg/m® T ) &) YEEH 29.5kg/m?, AEH
i3 0.7kg/m3h EWSEEHE LTS, HEH,
BELELERBROFELE->TWE. i, BERER
FEELLTOE®D, AHID SEERBEDMEL,
BBz Dy v — A BEREBEN D EE
Z b 4. Vijaikishore and Karanth® (3 «-7 5 F —
+ v TEEL Ul Pickia farinosa R WIIFRT T
DEFBRIEET>TNT, s a—EEH 100kg/
m?® T/ &Y VEEH 13.5kg/m?, EEMIT 2. Tkg/
mih LWIRENH L. TORETENTERTD
HEEESTE-TOWIERE LTRIFSETTERELT
WRIHBATLD S va—RBEEEEDPSKELUL -
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BEBEVORESICEEYHNOBERICERISER
NIEDdoTcicdEEZ 5N SE. Kalle and Naik® |3
cane molasses ZEElE LT, TheBoEIcBEL
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FREROWIEE7 ) ) VBER 96.0kg/m? & AR
= LBl > T3, HEEMR 0.66kg/m3h &AREHD
EAPITOETH -7z, TOEA, BHEEERNT
VB OARRE O ERBEMMBEN T OEERIEL S
27t EEZONS.
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