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ABSTRACT

The cultivation of C. favigena KIST 321, capable of utilizing cellulosic resources, was carried out in a
500 L fermentor by the batch process and the productivities of cellulosic SCP have been investigated by
establishing the optimal conditions and levels of cellulosic material and others as medium components.

The highest yield of the cell mass in the batch process was atttained under the conditions at 30°C, pH
7.4, 0.4~0.6 VVM of aeration and at 130 rpm of agitation.

According to the material balance of cellulosic SCP production using the pretreated rice straw as a carbon

source, more than 25 percent of rice straw on the base of drying weight was recovered in the form of cell

mass.
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Table 1. Medium Composition for Seed Culture in
Jar Fermentor and Seed Tank.

Jar Fermentor Seed Tank

Component (working volume (working volume
51) 501)

Rice straw 2.0% 2.0%
(NH) 2S04 0.4 0.4
KH,PO, 0.1 0.1
KoHPO, 0.1 0.1
MgSO,-7H,0 0.01 0.01
CaCIz' 2Hzo 0.01 0.01
NaCl 0.2 0.2
C.S. L. 0. 02 0. 02
Glucose 0.05 —
Peptone 0.01 -
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Fig.1. Seed Culture for Cellulosic SCP Production
in Jar Fermentor (51).
Operating condition :
pH. 7.4 Temp. 34°C
Agi, 200rpm  Air. 0.5VVM
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Fig. 2. Growth Curve of C. flavigena KIST 321
in Seed Tank (500). '
Operating condition :

pH 7.4
Agl. 200 rpm
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Table 2. Effect of Operating pH on Cellulosic SCP Production in 500/ Fermentor.

Pamameter " |70 7.2 7.4 7.6 8.0
Length of runs(hrs. ) 36 34 30 32 36
Percent rice straw digested 70.5 70.0 74. 8 74.2 64.8
Log phase mass doubling time (hrs. ) 6.3 5.8 5.2 5.5 5.8
Log phase growth rate constant (hr™1) 0.110 0.119 0.133 0.126 0.119
Max. celll density (g/I) 10.5 11.5 12.0 11.8 10.3
Volumetric production efficien 0. 201 0. 338 0. 400 0. 368 0. 286

Medium composition : Rice straw 4.0%, (NH)3S04 0.49%, KHPOs 0.15%, KH.PO4 0.15%,
M8S04:7Hz0 0.01%, CaCly-2H,0 0.019%, C.S.L. 0.02%

Operating condition : Temp. : 34°C,  Agi.

: 130 rpm,  Air.

:0.4VVM

Table. 3. Effect of Operating Temperature. evature on Cellulosic SCP Production in 500! Fermentor.

o _Temp. CO) ;t -

Parameter 30 32 34 .36
Length of runs (hrs.) 38 34 392 35
Percent rice straw digested 68.7 73.8 75.2 72.8
Log phase mass doubling time (hrs, ) 58 5.4 5.2 . 5.8
Log phase growth rate constant (hr1) 0.119 0.128 0.133 0.119
Max. cell density (g/l) 10. 8 11.7 12.1 11. 8
Volumetric production effeciency 0. 284 0. 365 0.378 0. 337

Medium composition : Rice straw 4.09%, (NH)2504 0.4%, KoHPOs 0.15%, KHoPO4 0.15%,
MgSO,-7H,0 0.01%, CaCly-2H,0 0.01%, C.S.L. 0.02%

Operating condition : pH : 7.4,  Agi. : 130 rpm,
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Table 4. Effect of Agitation and Airation on Cellulosic SCP Production in 500! Fermentor.

D Agi; (rpm) 130 0.6
Air. (VVM)

Parameter | 150 0.2 0.4 0-6 0.8 1.0 0.2 0.4
Length of run (hrs) 40 32 30 31 30 32 30 {
Percent straw digested 68. 2 72.5 75.2 73.0 75.2 74. 2 74.8 bED
Log phase mass doubling time(hrs) | 6.5 .3 5.2 5.3 5.2 5.2 5.6 é
](ﬁrg l)phase growth rate constant 0.107 0.131 0.133 0.131 0.133] 0.124 0.131 :

- @

>

Max. cell density(g/l) 10.3 1.8 120 1.5 1.8 |11.4 1L8 ‘,3
Volumetric production efficiency 0.258 0.369 0.400 0.370 0.939 | 0.356  0.393

Operating condition : pH 7.4, Temp. 34°C-

Table. 5. Effect of the Concentration of Rice Straw on Cellulosic SCP Production in 500/ Fermentor.

Parameter Rl—c iw 2 3 4 5
Length of runs (hrs) 24 27 32 35
Percent straw digested 83.5 78.8 74. 8 62.3
Log phase mass doubling time (hrs) 4.2 4.8 5.1 58
Log phase growth rate constant (hr~!) 0. 165 0.144 0.136 0.119
Max. cell density (g/l) 6.7 9.3 11.4 12.3
VPE 0.279 0.344 0. 356 0.351
Operating condition : pH 7.4, Agi. 130rpm, Temp. 34°C, Air. 0. 4VVM

Basal medium : (NHy4)2SOy4 0. 4%, KZHPO4 0.15%, KHPO4 0. 15%, MgSO,- -THO 0.01%,

CaCl,-2H,0 0.01%, C.S.L. 0.02%
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Table 6. Effect of Nitrogen Sources and Concentration of (NH,)sSO4 on Cellulosic SCP Production in

500 Fermentor.

M 16 18 19 20 21 22 23
(NH,)2504 (%) 0.4 0.05 0.1 0.2 0.8
NaNO; (%) 0.52
(NH,)2CO (%) 0.18
Length of run(hrs.) 32 30 34 48 40 34 30
Percent straw digested 74.8 73.2 70.6 52.5 60.8 69. 4 75.8
Log phase mass doubling time (hrs.) 5.1 51 5.2 6.8 6.3 5.3 5.0
Log phase growth rate constant (hr~1) 0.136 0.136 0.133 0.109 0.110 0.131 0.139
Max. Cell density (g/0) 1.4 121 12.0 83 9.2 123 124
VPE 0.356 0.403 0.352 0.173 0.230 0.361 0.413
Operating condition : pH7.4, Agi. 130rpm, Temp. 34°C, Air. 0.4VVM

Basal medium : Rice straw 4%, KoHPO4 0.15%, KHpPO4 0.15%, MgSOs-7H,0 0.01%,

CaClp-2H,0 0.01%, C.S.L. 0.02%

Table 7. Effect or Phosphate and NaCl Addition on Cellulosic SCP Production in 500 ! Fermentor.

prmrxperimental No-| gy 9526w 0 29 0 31 3@
K:HPO4(%) 0.05 0.10 0.15 0.20 0.05 0.05 0.10 0.05 0.10
KH,PO4(%) 0.06 0.10 0.15 0.20 0.05 0.05 0.05 0.10 0.10
NaCl 0.1 0.2 0.2 0.2 0.2
Length of run(hrs.) 40 37 34 28 36 34 32 32 31
Percent straw digested 50. 4 62.9 69.4 76.0 63.5 65. 6 70.6 71.2 73.6
Log phase mass doubling 8.6 5.8 5.3 5.1 5.8 5.6 52 5.1 5.1
time (hrs. )

Log phase growth rate 0.081 ©0.019 0.131 0.136 0.119 0.124 0.133 0.136 0.136
constant (hr1)

Max. cell density(g/L) 7.6 10.5 123 124 10.8 1.0 12.2 125 12.4
VPE 0.190 0.284 0.362 0.443 0.300 0.324 0.381 0.390 0.400

Operating condition : pH 7.4, Agi.

130 rpm, Temp. 34°C, Air. 0.4VVM

Basal medium : Rice straw 4%, (NH)250s 0.2%, MgSOs-7H:0 0.01%, CaCly-2H,0 0.01% C.S.L.
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Rice straw powder 100 kg
| NeOH 5 kg
Alkali treatment

!
Washed out(1%)
1kg 99‘ kg

l
Fermentation (99%)

Non~fermentable
Residue (30%)
29.6 kg

lignin
ash

resin

1!
Fermentable fraction(70%)
69.4 kg

(NH4)2SO4 0. 5kg
K HPO, 0. 25
KH,PO, 0.125

«| NaCl 0.5
MgS0,-7H;0 0. 025
CaC12-2H20 0.025
C.S.L. 0.050

1
Fermentable residue(20%)
(undigested) 14.0kg

i
Metabolic energy

l
Fermented (80 %)
55. '4 kg

Cell mass

27.4kg 28 kg

Fig. 3. Material Balance of Cellulosic SCP Production from Rice Straw.

gt 2 AFE Table7 3 R}, AB DA}
7ro] Qg e AA4EL 0.3%F 2o NaCl &
0.2% oz Artstezd 44" J49e F
T2 0.15% 5oz S5 A ol AEst ¢l
<& & 4 vk w24 A g 25 A4
Q Mg ma e = AW NaCl & 0.2%F
o8 A EE QA9 FEE 0.3%1A 0.15
%= ALgge) felditE AE2E 4 F dth

3. §Q¢Il (Material balance)

"2 100kg & FA% F <] A3y 514
Z Agstd AzFAsE deid W AAL AT
g2 Asipd Fig. 33 Aot Fudg 47#A
gt F4AA 1%4 =9 “AYF o] Sz
lignin, ash, (3]4&) 5 =4 E°] |42 + gl &
B3} ol & A% R HaAAFE AXE £
| 24 = “E‘rﬁr A AAZ FotdA = v
Zo] 9ot o] &H BEF o 5%¥AEE Al
YAz A4H3 d5e Fdch Addez wg
100 kg ol Al 25~30kg 2] TA PAH A=+ of
= w3 AA7 FAYA Lol 25~30%] %3
= 9es B3k A44E A= 3 dAEg
AR BSE TAFE] BT o 100%3
2o wdld Ad2AY Z&L driz By A
23 uho}b o] AAHAA LB AHNY] WE
o FA7 HA gErh

r—{}l_é!.n

2 o

Afra FAZ A QPP AFE A3t
o pilot plant 72 AYFF 7% FPa4ge
w2 ASE gorshd thew el

D AZFFAIA TAARE 98 A4 208
pH 7.4, &% 34°C, mutek 130 rpm, E712F 0.4
~0.6 VVM o] gt}

2) HAw G 27l A AH 2L A3
24 Bde] 4%, (NHy),SO04 0.2%, KHPO, 0.
05%, KHoPO, 0.10%, NaCl 0.2%, MgSO4-7H,0
0.01%, CaCly-2H,0 0.01%, C.S.L. 0.02%9c}.

i

g 18

1) Bae, M., B.H. Kim and A.S. Yun : Kor. J.
Appl. Microbiol. Bioeng., 1(1), 31 (1973).

2) Bae, M. and B.H. Kim: Kor. J. Appl. Mi-
crobiol. Bioeng., 2(1), 1 (1974).

3) Bae, M. and B.H. Kim: Kor. J. Appl. Mi.
crobiol. Bioeng., 2(2), 79 (1974).

4) Bae, M., K.]J. Lee and Y.H. Kho : Kor. J.
Appl. Microbiol. Bioeng., 4(3), 99 (1976).

5) Bae, M. and Y.H. Kyo: Kor. J. Appl. Mi-

— 124 —



crobiol. Bioeng., 5(1), 18 (1977). 7 S, 293, &4, olAlE, ol H¥ 1 KIST
6) Bae, M., K.J. Lee and Y.H. Kho : Kor. J. B34, BS E230-847-5, p.141 (1976).
Appl. Microbiol. Bioeng., 5(2), 30 (1977). 8) ¥, W% :KIST B34, R-73-37 (1973).

— 125 —



