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* Bioengineering studies on biomass production
from methanol.—Monograph—Goto, S. (Central
Research Laboratories, Sanraku-Ocean Co., Ltd.,
Fujisawa, Kanagawa 251)

**Present address (Yatsushiro Factory, Sanraku-
Ocean Co., Ltd., Yatsushiro, Kumamoto 866)
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Fig. 1. Schematic diagram of continuous
enrichment culture system.

Table 1. Medium for isolation and flask exper-
iments.
Component Medium
A B

Methanol 58 208
(NH4+) 2SO0« 28 3g
KH:POq 18 28
K:HPO. 38 78
MgS04+7H20 0.58 0.58
Fe?* 2mg 2mg
Mn?* 2mg 2mg
Biotin 10 g 10 ug
Thiamine 100 pg 100 ug
Yeast ext. 0.18 0.18
Tap water 1, 000 ml 1, 000 ml

pH was adjusted to 7.0.

B2 oMELI.. COS0EBRIZA &/ —vdH BN AL
SV EFAFNT T RHE—DRFERE UTEREL,
77 st FRMETH 3EOEBPNRARS LU
—DHERZRFD, ET2ERLWEOEBENBE
2k b, 3T Methylomonas [Biz [B$ % D& &
ALz, ThGODEKDS L, HEREENRY
Methylomonas sp. C-1012 Bk »RIRL, LIEOBT
FICFER L.

(2) B #hE R Methylomonas sp. C-1012
BHRIRERTH A A &/ — VSN OBFEBRFEERP>E

MW BT 50%
Table 2. Isolation of methanol-assimilating
bacteria by continuous enrichment culture.
: Number of Number of
Run no. Area samples strains isolated
1 Izu, Hakone 420 10
2 Chiba 215 2
3 Odawara 85 8
4 Kyushu 300 7
5 Shikoku 450 5
Kyushu,
6 Amami 200 11
7 Kanto 100 5
8 Nagano 200 2
Total roeeererrearosaraennnns 1960 50
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Fig. 2. An example of continuous culture with
sudden changes of components in minimum
medium.

|«—>| : intervals during which the minimum
medium or the minimum medium supplement-
ed with the components shown was fed.
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Table 3. Comparison of medium compositions
relative to the concentration of methanol.

3. HEMERSACEXIREEFORES

This work }

Element Optimum _ Basal Other 22 Va7 g— A4 =D EBREERICISNT,
medium _ medium D, pH, R, BMFEHRI L OBIBZEEAD COx it

Methanol 100 100 100 ELEOBRIERT O Methylomonas sp. C-1012 DBk
N 0. 53* 7.95 4.87 IR, Hic SCP OBEMYTH 2 4 v s SH R,
K 1.08 143 47.89 B BVIIHEE RO (Qo) M52 5 HEI

IS) fg: ‘Zii zégg SNTHENTz. Yook U2 v s ok BAETS
Mg O: 2 O: £ 0: o5 iz D % 0.3hr™t, pH % 7.0, B % 40°C Tredg4
Fo 0. 045 0.032  0.0026  BREbD 1. MEAH L MAME E OBEAIHC
Mn 0.012 0. 0062 — B 5 EIARER T ICE A % B8 % Table4 ITRL 1Tz,
Zn 0.011 0. 0057 — HEBHET X, Yo, 230 EBVFHITEHOEMEL
Cu 0.0038 0.0032  — Boh, 2ho EWEAILT Qos b BUVIIREEH 2
Ca 0. 027 0.027 - HB (Qeoy) 12/8X ¢, SCP AEEEIC & - TEEAHT
Na 0. 0045 0.045 - B RIS L EWARARBERETH S C &SRB LT
Mo 0.00019 0.00019  — $10, HRWEOTE S L0y, EkOEEMLE

B 0-00066 0.00066  — B 5 £ £ A 513 259 nm @ ODH, 461 0%

(Yeast ext.) — — .77

XL HB © & 5 APS (anthrone-positive—
* Nitrogen was continuously supplied in substances) 2\ § EEAED GG <, ke
1IN NH(OH solution to control pH at 7. 0. B & BB BRAS B B & E A Hite. Table 5 il
B ET, CORBEEBOTNTORIRBEBLALE EBRERD~O HIBESHD CO: BED B8O T
FRCHBRLO2AINE LW FIENH 3. ARUTO 20, COREDEEIIZEAL 2, B

Table 4. Influence of carbon substrate and O: limitation on cell
structural constituents.

Item Unit ﬁ;ri'tt)g?iozubstrate limigztion

Air supplied //min 18 11
Dissolved O: PPmM 1.48 0
CHsOH in medium g/l 34.85 34.76
CH:OH in broth g/l <0.001 0. 0095
OD at 610 nm — 28.0 24.0
Dry cell weight g/l 14.99 12. 80
Growth yield % 43.0 36.8
Crude protein content % 72.1 66. 4
True protein content % 56.7 50.3
RNA content % 16.1 16.6
Soluble protein mg/! 318 265

OD at 259 nm — 3.61 2.88
APS* in whole broth g/l 2.27 2.46
APS* in broth sup. g/l 0.38 0.17
Qo, g+02/g-cell+hr 0.300 0.378
Qcoq g:COz/g+cell-hr 1. 50 1.90

* APS : anthrone-positive substance.
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Table 5.
structural constituents.

Influence of CO: concentrations in air supplied on . cell

CO:z conc. in air supplied (%)

Item Unit -
0.03(Air) 3.01 10. 47
CHsOH in medium g/l 34.36 34.71 34.68
CH3OH in broth g/l <0.001 <0.001 <0.001
OD at 610 nm — 28.0 29.0 28.0
Dry cell weight g/! 14. 46 15.51 15.09
Growth Yield % 42.1 44.7 43.5
Crude protein % 69.1 68.9 69.6
True protein % 58.3 58.7 58.7
RNA/X % 16. 47 15.79 16.95
DNA/X % 3.45 3.68 3.78
Soluble protein mg/! 303 280 330
OD at 259 nm — 3.10 2.64 3.48
APS* in whole broth g// 2.24 1.98 2.29
APS* in broth sup. g/l 0.13 0.15 0.27

* APS : anthrone-positive substance.
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Fig. 3. Influence of D, temperature and pH on crude protein (CP) and
true protein (TP) contents.
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ra=kea(p:— pc) =kra(ci—cr) (3)
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Influence of D, temperature and pH on RNA and DNA contents.
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Fig. 6. Schematic diagram of tower type

fermentor with two-fluid nozzle.
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Fig. 7. Details of three types of two-fluid

nozzle apparatus.

ri=rr=Krac*=KraHp,=kap, (6)
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72. &1, Methylomonas sp. C-1012 Bikkomdfsss
FOROERME b FRAIOR U, ERME S HEEE 13
R <=3, 5.65g-cell/l/hr DHFEYERE L 5 &3
& OTR & LT 8.65g Oo/l/hr, Kia fié LT3
LOTOhr A BETH 2. 35T, 10g-cell/l/hr O
HEMR 8L 5 &9 % ¢ 17.33g 0s/l/hr ® OTR,
2,140 hr ' D Kia DS B TH Y, BEOEREM2E2
TZHDIIZTD L S ICE OTR 253 2 KEEEB O
FEVARARTD 5.

(2) OTR B LU Kra ORIFE ik, X v %%
AUNEERBECO X, “k/ X oS (Fig.
D, RIGERI L UBRBRIMBOEE S K 4 CHEE
V—FRTOTRH» B3 VI Ka ER L, FEE»
Table TIZ/RUTz. HWiEBRDS2 L Vs 33.02 cm/sec
DE&ED Kra 3 145hr™! L EH I htz. ¢ DfE I
Kitai* O ZFRBUERBHHD Kie HE IR TH
-1z Fig. 81C Vs THBL &R 2 KA iIco T
DILDWTFA 52302 k 28 A TRUTz. A&
HED E Ka & 507% OTR O BIEFE 1 Fe %
Z U, ZHik Zv~OEIRZEGER 2R 23
2578W0hs, R/ X vAD BEYGAE (Pr) D%l
REKRTH-12. $12, ZWE/ I 24 712t 3
EEIZLAE o1, 3T, Bidor 2/ —18
{EYERHEY % e AEBE 9 2 DIC Mg Kia D #EEIC
WNT, 5.65g-cell/l/hr DAEW 5L > 43 &

Table 6. Estimations of oxygen demand for the growth of bacteria on
methanol and oxygen transfer rate required.

Experimental # Calculation of oxygen demand

Unit data and OTR coefficients required
Productivity o g cell///hr 5.65 (5.65 ) (8.0) (10.0)
' Yo g cell/g methanol  0.480 (0.480)  (0.45)  ( 0.45)
Oxygen demand g Os/g cell 1.54 1.53 1.73 1.73

o g Ow/g cell/hr 0.478 - —
OTR* g Os/l/hr 8.70 8.65 13.87 17.33

Km*; Uhe — 1070 1717 2141
1/min — 17.8 28.6 35.6
kgM O:/m'/hr/atm  — 1.28 2.06 2.57

Ba**® >
gM Oz/ml/min/atm —

21.4X107% 34.3X107% 42.8x10"¢

( ) : values inside parentheis were assumed.

* OTR=oxygen transfer rate.

**m(OTR)=KLac*=kdpg:KLaHpg )
where p,=0.21 atm (in air) and H=1.2%X10"* g mole Oz/l/atm were assumed.
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Table 7. Measurement of Kia or oxygen transfer rate in tower fermentor with
three types of two-fluid nozzle.
Run  Type of . ff?tlf) " } illlf%?lllgt‘on, OTR Kia
no. nozzle 0 v, P, F P.
1 — 60.5 3.02 0.1 0 0 1.17 145
2 A 56.8 2.73 0.1 500 0.5 1.73 215
3 A 66.8 3.22 0.3 1000 0.6 5.04 625
4 A 77.0 3.71 0.5 1500 1.0 11.1 1380
5 A 86.8  4.18 0.7 2000 1.3 14.6 1810
6 A 100.0 4.81 0.4 1000 0.7 9.8 1220
7 A 121.5 5.85 0.7 1500 1.1 14.3 1770
8 A 129.0 6.21 0.8 2000 1.4 18.9 2450
9 A 134.0 6.45 0.3 500 0.6 7.20 893
10 A 164.0 7.90 0.6 1000 0.9 14.6 1810
11 A 194.0 9.34 0.9 1500 1.3 19.3 2390
12 A 214.0 10.30 1.1 2000 1.6 28.2 3500
13 B 60.9 2.93 0.3 1500 0.9 8.86 1100
14 B 105.0 5.06 0.5 1500 1.1 12.8 1590
15 B 150.0 7.22 0.6 1500 1.15 17.6 2180
16 B 219.0 10.5 0.8 1500 1.2 20.8 2500
17 B 70.2 3.38 0.5 2000 1.2 21.5 2670
18 B 120.0 5.78 0.7 2000 1.3 24.5 3040
19 C 72.5 3.49 0.5 1500 1.0 10.7 1330
20 C 124.0 5.97 0.7 1500 0.9 15.7 1950
21 C 180.0 8.67 0.8 1500 1.2 21.3 2710
22 C 84.0 4.04 0.7 2000 1.3 18.0 2230
23 C 139.0 6.69 0.9 2000 1.4 23.8 2950
24 C 210.0 10.1 1.1 2000 1.5 29.9 3710
25 C 98.0 4.72 1.0 2500 1.5 23.5 2920
26 C 165.0 7.94 1.2 2500 1.75 29.5 3660

€ : aeration rate (N//min), V,: air linear velocity (cm/sec), P, : air pressure
to the nozzle (kg/cm®G), F :flow rate of liquid circulation (//hr), P.: pre-

ssure of circulating liquid (kg/cm?G),

OTR : oxygen transfer rate (g Os/l/

hr) calculated as Kia ¢* (=KraHps) where H=1.2x10"* gM Oz/l/atm was
assumed, Kia : overall mass transfer coefficient (hr-1).

1,070 hr™! O Kia SN ETH 55, FZEBTIL S
@ Kia fEX LT 3,710 hr!, OTR & LT 29.9g Oq/
I/hr (L, TRuENRETHEbhbh -1z
F12, Kia OEBER Pr THRXER LiC/EBE 3 &
5E Fig. 90T ELsh, wAUTRTERLGS
Nt
Kia=y.P12
T, YVIIEHKT2,800 TH 5.
(3) MBIEFHE TR RV BRI 3 B

(8)

FREHEZ OV TOBRP OB 2 WIEROD S 5 B
BETNVUBTHL, WAMIC Fig. 10 1RLIZ. ©
DETMCDE, (IIBARENLTORBE L
VY388 (i )X Brid [A] — A B T continuous stirred
tank reactor (CSTR) & L T #5323 &1 5 KT
BRVTH—BIC O-BIRRMIC U —Y— % B x 104
TOBMHBTO F L~ —BE 2T T . L
— ¥ a VT RIT S 10 BB b L~ — B (O) 1z
DU TOYFIRX R % 7RT.
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Fig. 8. Effect of types of two-fluid nozzle and
flow rate of broth circulation on Kia com-
pared with other works.

Symbol Type of:ozzle F.({/hr)

O A 500
O A 1000
S A 1500
€ A 2000
A B 1500
A B 2000
| C 1500
1 | C 2000
| C 2500

1: Yoshida et a/. (Ref. 30) Bubble column
of 7cm dia.

2 : Odawara et al. (Ref. 31) Column with
perforated plate cylinder of 50 cm dia.
3:Kitai et al. (Ref. 26) Perforated plate

column of 14.5cm dia.
: Kuraishi et al. (Ref. 32) Column with
draft tube of 45 cm dia.

>
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I EDBYMOHRRE V-0 28T LY
a8 .~ &~ (IBM, Call, TSS) ZH T @ L
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006 Ol 02 04 06081 2
Qo8
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Fig. 9. Relationship between overall mass
transfer coefficient, K:a, and air pre-
ssure of two-fluid nozzle, P».
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F

Fig. 10. Schematic flow diagram of 3-stage
tower type fermentor with two-fluid nozzle
in back flow model with liquid circulation.

1oRER % Fig. 11 WKRL1I:.

ZIRBUE A AR S BT 2 B THRI N
IERBEETH 505, bk, XV U B RIER
O MEEYEEIL Fe 284 & & CSTR O B
HBICE S S Edibd 2. —ffic, EFGREECD
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Theorstical curve of CSTR ( C3=SR - )
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Fig. 11. Flow characteristic simulation on the

outlet steam from the tower type fermentor
with two-fluid nozzle operated with various
flow rates of liquid circulation.

TRALRE & B U s WORBAEY, P2 EyiEmE
D& D I ZRABMEMNCII B Bodif i L, Bk
F I BB AR &8 U T A B A RE I 13 B
FEEPBE LTS L EBBBEITIN TS
WEERAENE2B8L5 9 5E OTR 2E Lsidh
786730085, HlA Kuae % 1,000hr! BLl-&3 2
2Ok Fe % 1,000 /hr BAELL LW Th bH, C
D & 5 IRV Tk 4258131312 CSTR L LT#
REL, WRBIRHED S d BEAEEORBEE LTELT
WhrEELZLNB.

4) HEGETE  AEBERHOTA 2/ - VB
B4, Methylomonas sp. C-1012 D@k %
I, 6 DOERIREBIERE, 4% Table 8 1L/RL
72, D %3+ X, DX, Ye & 8AL, D=0.350

hr! TZhHDMEIR FA LY, DX=6.93g-cell/
//hr, Y¢=0.445 g-cell/g-methanol & >3 ELMEDS
Bon, CORY, b BAMHE 0.340g-cell/g-O: &
o1 F10, WHEYOWRELD 6RO I EHERT
O OTR(rr) 1%z DFE U EEBHRIEEMCIS T 2 R
V= ZRp 5RO OTR DR 1/2 O¥AETH Y, 5
BERTOMKOBHII HIM ALY — 4 ¥ Wit~ T
1/2 L7352 Edbh o1z, 3610, BNOKLBOE
(KRBT BRI CRE URER TR L, HEEHO
Yialb—vg VORREL KU 5T, Ak
B EOEBRB MY 23 5 B - LT
BREL, BROHEGEECHETIRBIETH A C b8
EREINn.

5. BMABICLIERIBE Y YA HILiEHS

A5 = VEALYEMIE ORI % A 8 TR 2 1
W B5—, SCP AT v b BERAEZED &7
W2HRNE LUTARKZ YY1 2 0T 38 RDR®E
JIEIL DWW THES L7c. Fig. 12 (T ERIEB O »
MU, BRAREEBIC BER 2 A4, Ne AT 3.0
kg/em® DIEN %201 TAHBU IR E D BAERK & BB
BE DY % Fig. 13 1R LT, BREEOREIL
1710 &7z, BARE (OD) 1249 10 I i X 1,
POREEBH O B2 oy T NTEREI N,
SCP APEEDHID 5 W HHEMTH 2 &b -
72,3040 =7, BRBIZEAI L BAA, REMYE
BIUREM 2 Lo 2 BT, BN

Table 8. Continuous culture of Methylomonas sp. C-1012 in tower type fermentor

with two-fluid nozzle.

Aeration condition
Run 7@ Vs P, OTR* F. Sr

Sr X DX 7 ¥* Ye¢ Yo

" (ain) (560) () () @m0 em e i carm (8,) (82 (St ) (2.l
1 107 5.15 0.9 24.8 2000 44.8 0.161 <0.001 14.3 2.29 14.5 0.319 0.158
2 203 9.77 1.1 28.5 2000 43.7 0.203 <0.001 14.2 2.88 15.6 0.325 0.185
3 218 10.49 1.1 29.0 2000 45.2 0.273 <0.001 15.9 4.34 14.7 0.418 0.295
4 105 5.05 0.9 27.0 2500 44.7 0.318 <0.001 18.7 5.95 18.0 0.445 0.331
5 165 7.94 1.2 35.6 2500 44.5 0.350 0.054 19.8 6.93 20.3 0.445 0. 340
6 180 8.66 1.2 38.3 2500 43.0 0.412 3.3 19.8 0.377

16.2 6.67

* OTR : Oxygen transfer rate calculated as Krac* (=KiaHp,).
**y, : oxygen uptake rate by microorganisms (=OTR in culture system).

0.337

F. : flow rate of broth circulation, Sr: methanol concentration in supply medium, Sk : residual

methanol concentration in broth.
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HEEL¥ #5908

Air

Effluent broth
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1

i

__________________________

Ultra-Filtration
Model MC-4

Fig. 12. Schematic continuous culture system
with recycled UF filtrate.

Culture Broth

Volume T 710ml
oD 13.2
Total dry matter i246g

I nsoluble dry matter 634g

Soluble dry matter  6.12g
\/ﬁ>y;%EE
Volume 70mi Volume 640 m!
D 144.4 oD o]
Total dry matter 6.71g || Total dry matter ~ 5.75g

| nsoluble dry matter O
Soluble dry matter 5.75g
Soluble protein 0

| nsoluble dry matter 5,75g
Soluble dry matter 09429
Soluble protein 0.924g

Fig. 13. Mass balance on membrane filtration.

Fresh Fresh medium80% Fresh Freshmedium50%  Fresh
medium only _ Filtrate 20% medium only _ Filtrate 30% medium onty

W-oo-Wo—O@o-Ow—O-O—o
G-TO
o

[ Botch cuture

2 / Continuous culture

Or'v 1 1 1 1 3 1 i) 1 1.

(o] 10 20 30 40 50 60 70 80 90 100
Time (hr}

Optical density (=)

Fig. 14. Continuous culture with filtrate
recycled.

METHYH, 2R EASREBBYETH-12. O
BRBIIEBEOA LGB LRV EPLEE AL/
—VERBAOBRBERZMT LI BE2RULTY Y
4 2 VERTAHABRELTOD Y 414 2 VEEERITV,
ZORR % Fig. 14 TR LT, ERREEOE BIREEIC
BOTEBE250% ) 44 2 VLT ERREMERE

UF unit

Reservoi},\wﬁ_
@ g

Filtrate

Heat Exchanger

Fig. 15. Scheme of bench-scale ultrafiltration
unit.

® : pressure gauge, (D : thermometer

600 ‘
400—m ]
~ m l l &
€ 200f——1—
= O O ]
:
b 100
S 80 8
o 60 /
c [ )
:_"'-’ 40
°
& 20 4
10 4%&
8_
IRy
4
| 2 4 6810 20
Re x 10-4
Fig. 16. Influence of Reynolds number and
pressure on filtration rate.
ﬁ—Symbol Fluid Pressure(kg/cm?G)
| Water 1
1 ] Water 2
] Water 3
O Broth 1
€] Broth 2
o Broth 3

FEWEL, P L BEBRBE0% ) Y4 s s
AT EMNTE, FHRE U TOBEEER OB
PRI ni. wic, Fig. 15 RERMICRLIZ~RY
F R — VORI BEE P IO THEER O A BH
Rk BELUTRIEL, Rk TENKEL
w7y v 5L, Fig. 16 DCE &P B85 2 — 2
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— LT AEMRBERVE LN KOABEE (Fw) i 72 M OBRRABEOCATOBBE2ENE LT Y ¥4 2

Ro iCHBIRIZ Pt U C —EMERR LI, HF%WR
DHERFIPRFNUTIRIZEA L EERZTT, R
RESEERTY, R DT ELBEENKELD,
2kg/cm® DENT R 3105 D & &, HEEFEIFOD ABHE
f& (Fs) i 807/m®*/hr Tdh »7z. Fig. 16 DEREIR
5 Fo s kU Fw OEBRRIZZTHThRRD T &L
’2A.

KOBE -

Fw=Fk ROP°T5 (12)
BBBOBE

Fy=Fk" R}-2P0.15 (13)

LI, ky K IZEKRTH A.

BEEBD AREEDS R iCKEEEIN, R-D1.2
FICHMT 2 C LkOBAE LBy, BERDOE
2 OVENRBEI TREZ2ELA1DTH B EEL
55,

6. & H b (C

AR =B FEREG 5 SCP AL, T2/l
PRE LI SCP 8y o+ 2D BRS¢ &% B
BELT, EPILFETEN 7 7 o —F %2 ERICHSe %
fTotc. FF, TEARICHET 2 4 2 7 — VBIbEM
H2@2HNT, FCTEN S 22 ES U "B
PERTRE R R B WE U TOMERTTY, BB DS <,
BEHANEY R, o0 CRBRETEAZ /) —LE
{L¥EREES, Methylomonas sp. C-1012 Btk %182
EDT I AEOBRBLIL, BADOHRRS I
e & 2 TSI T BN b % 36402 U CEIRINE:
PRALT AREMMER P IE Uiz, AR IE
A2/ = VAN OFBERER2E TS, BEALORK
DFRBRURINDIIDEHENTH 2 Lok, BRI
BROZTEROEBLEOAMIBB I N 2 F A2
5. 15, KEICOWTHE2 2BRERTOBEEERR
NEEAZEBRFT~I. RIT, * & 7 — VBILER
HIOBEGIEAERICET AR E LT, ik, <
WVRHEHE LI TIREE R RAE L, TR Y — 4V
FRTO OTR J{IE, MEEHD T 21—V 3L
VRS ERBR 2T - 12, AERIE OTR 2385
H, BEAREICHT 5 BUEEEE - U TREL,
HEWHOENREETH 3 L EBBRBINT. BRIC,
KW b DEBEDDIBEIC OV TIEA B 2L,
MER CEAPBEIN, »OBRKIT SCP &7

WIHALEWTE, VWHW 2 BBRD SCP HpEds
AL LA THAS T E b o1r.

B

a« :interfacial area of bubbles, cm?

¢ :tracer concentration

C :dimensionless concentration, ¢/Cno

¢i :dissolved oxygen concentration at the gas-
liquid interface, g O3//

cL :dissolved oxygen concentration in the fluid
bulk, g Oz/!/

¢m :dry cell weight, g cell//

Cno : tracer concentration at n-th stage at #=0

Cio @ dimensionless concentration at #n-th stage
at =0

D : dilution rate, hr!

F :flow rate of liquid supply, //hr

F’ : back-flow rate of liquid through plate holes,
I/hr

Fy : filtration rate of the culture broth, l/m?/hr

F. : flow rate of liquid circulation, //hr

Fw : filtration rate of water, //m?/hr

H : Henry’s law constant, g Oz///atm

ks : volumetric oxygen transfer coefficient,
g Oz/!/hr/atm

ke :gas film mass transfer coefficient, g 02/
hr/cm?/atm

k. :liquid film mass transfer coefficient, 1/hr/
cm?

k- :specific oxygen uptake rate by microorgan-
isms, g Oz/hr/g cell

Kia

bc : partial pressure of oxygen in the gas bulk,

: overall mass transfer coefficient, hr-!

atm

bi : partial pressure of oxygen at the gas-liquid
interface, atm

P, :air pressure to the nozzle, kg/cm?

P : pressure of membrane filtration, kg/cm?

r @ back-flow ratio defined as F’/F, —

ri :oxygen transfer rate, g Oz///hr

7 :oxygen uptake rate by microorganisms from
liquid, g Os2/!/hr

R :liquid circulation ratio defined as F./F, —
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R. : Reynolds number, —

t :time, hr

V  :liquid volume, /

Vs : synthesis rate of true protein, g///hr

: synthesis rate of RNA, g///hr

V. :air linear velocity, cm/sec

X :cell concentration, g cell//

. growth yield, g cell/g methanol
:oxygen yield, g cell/g O:

0 :dimensionless time defined as #/(Va./F)
2, 3=1st, 2nd and 3rd stages,

respectively

subscripts : 1,

KMRELETTHEHz - C, HEARRETCLHOET
ZRA -V v WRRRF, BALETER, LRI E
MER, MBHARIE, REREEL, LBRBIUEER
MREBIAILIAVRTHVELZOTHELEREL T
T, BLOPR BN TS, TWREABOEL
LB REHEE, KIFBEBEE, Z%A—V v v IR
AIAEY, BESGFEREATSE, BARIBEGE L, &8
SUFRAEAREARE L, /-, BAHERLET F A4 2
FBOFEL-REEL, SomdbHE B SR Lk
g ET.
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