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Study on Saccharification of Cellulosic Wastes
with Bench Scale Test Plant (4)
— Characteristics of the Culture Equipment

and Culture for Trichoderma reesei —

Noboru KASAI, Masao TAMADA, Minoru KUMAKURA
and Isao KAETSUh

Department of Develeopment
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watamuki-cho, Takasaki-shi, Gunma-ken

(Received November 2, 1988)

This report has described the characteristics of the culture
equipment and the results obtained on the study of culture condition
for Trichoderma reesei cells. The culture equipment iIs an unit process
of the bench scale test plant for saccharification of cellulosic wastes
that has been constructed in Mar., 1982, on the theme Development of
radiation utilization technique for saccharification and fermentation
of cellulosic wastes. This equipment is used to get cellulase enzyme
solution in the bach culture of the cells producing cellulase and the
continuous culture of the immobilized cells on bench scale test. 1In
this work, the authors have investigated the automatic operatlon tech-
nique of enzyme solution's sampling, elimination of dust particles with
clean bhooth, improvement for the contamination on the culture, effect
of stirring speed and amount of air supply on the culture, and then
have established a conventional operation technique method on the
continuous culture for long times without contamination in the clean
booth preventing contamination. It was found that the enzyme solution

was able automatically to get the enzyme solution on every sampling
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time without contamination of the culture vessels. It was clarified
that the enzyme solution with high enzyme activity was obtained on the
batch culture of the cells under conditions of stirring speed of 250

rpm and air flow rate of 4 1/min above.

Kevwords: Cellulosic Wastes, Culture, Trichoderma reesei, Cellulase,

Continuous Culture
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Table 1 Specification of automatic sampler.

1.Sampler (Komatsugawa Chemical Engineering Co.,Ltd.)
size : 500x435x866 mm
power : 100V,200W
sampling number : 4
sampling frequency : 12times/IlInumber
sampling volume : max 100 ml/lpiece
start timer : 1-24hr
interval timer : 1-24hr
sampling timer : 1-30sec
drain timer : 30sec—3min
2 .Refrigerator (Matsushita Eectric Industrial Co..Ltd.}
size : 500x435x550mm
power : 100V,150W
temperature : 1-10T
3.Roller pump
type : RP-N N-3(Furue Science Co.,Ltd.)
tube size : 5%x7%
flow : 20-200 ml/min

motor : 100V, 15W
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Table 2 Specification of clean booth,

Clean booth {(Air Tech Japan,Ltd.)
size
4000x1800x3000 mm
degree of purity
class 10,000
filter
pre—-tfilter:nonwoven materials by nylon
mainnfilfr:HEPA(High Efficiency Particulate
Air Filter)
air flow rate
over 26 m/min
circulation time
over 60 times/hr
materials
frame:square pipe, steel
filter unit:steel
ceiling:steel
curtain:vinyl plastic curtain
anti-staticelectricity type
(attached to chain on the lower part)
lighting
fluorescent light,dampproof type

40 W, 4number

~11-
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Table 3 Specification of culture vessel for intact
cells and instrument.

1.Culture vessel
type: jacketed vessel,pressure vessel
(Komatsugawa Chemical Engineering GCo.,Ltd.)
design pressure:2 kg/cm’G
volume:30 1
agitator:paddle double stairs
rotation speed:60-600 rpn
motor:1.5 KW
mechanical seal:T3-08942(Tanken Seiko Co.,Ltd.)
2.50ftener
type:FB-3(Fuji Boiler Co.,Ltd.)
jon exchange volume:6 1
max water volume:0.3 m7hr
pressure:1.5-5.0 kg/cm?
3.Boiler
type:EFB-120W({Fuji Boiler Co.,Ltd.)
evaporation volume:120 kg/hr
heat capacity:64700 kcal/hr
max pressure:? kgf/cm?
4 . Compressor
type:package bebicon PO-0.4p(Hitachi,Ltd.)
air tank volume:38 1
pressure: 5-17 kg/cm?
power:0.4 kw
5.Air drier
type:NL-5D({Shinko Kikai Co.,Ltd.)
volume of wind:0.3-0.5% m/min
power:0.13 kw
6.Thermo-regulator
type :PZAW,DIGIZET-A(Fuji Electric Co.,Ltd.}
Pt 10001
PID control

— 12—
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Table 4 Composition of culture medium.

Quantity per liter of

Component distilled water
KH,PO, 10, Og
(NH4) 2SOy 3, Og‘
NaNOQO; 3. 0¢g
MgS50,4+ TH:0 0. beg
Peptone*! 3. 0¢g
Cellulose*? 10, Og
Tween 8290 2. 0Onml

¥*1 Difeco
¥2 Celluleoese powder E (Toyo Roshi Co., Ltd.)
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Table 5 Specification of equipment unit for culture
of immobilized growing cells,

1.Medium storage vessel
type:jacketéd vessel,pressure vessel
{Komatsugawa Chemical Engineering Co.,Ltd.)
design pressure:2 kg/cm*G
volume:60 1
agitator:paddle stairs
rotation speed:200-600 rpm
motor:1.5 KW
mechanical seal:T3-08942{Tanken Seiko Co.,Ltd.)
cooling medium:water
2.Culture vessel for immobilized growing cells
type: jacketed vessel,pressure vessel
(Komatsugawa Chemical Engineering Co.,Ltd.)
design pressure:2 kg/cm® G
volume:30 1
agitator:turbine stairs
rotation speed:200-600 rpm
motor:1.5 KW
mechanical seal:T3-08942(Tanken Seiko Co.,Ltd.)
thermo-regulator :PZAW,DIGIZET-A{Fuji Electric Co.,Ltd.)
Pt100 ,PID control
3.S5torage tank
volume:60 1

4 .Medium pump

type:glass pump MODEL-GM(Tokyo Rikakikai Co.,Ltd.)

5.Culture sclution pump

type:roller pump,RP-N N-3(Furue Science Co.,Ltd.)

— 147
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Sterilization of culture vessel by steam
Sterilization of air filter by steam —=» Drying by air

\

Addition of culture medium to culture vessel

Sterilization of culture medium by steam
Sterilization of mechanical seal by steam

\

Aeration

\

Temperature control
Incculation €««———Seed culture
(start of culture)

y

Sampling
End of batch culture

Fig. 1 Culture process of cells.
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L————_- equipment unit for culture of

immobilized growing cells

jv=— =ink - -

automatic sampler

| .—air drier
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equipment unit for

culture of intact cells

Fig. 2 Layout of equipment.
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Fig. 3 Sketch of automatic sampler.
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light hole

air outlet pressure gauge

inoculation port

peep window

Q
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=i
gg/baffle plate
V

Jacket
sparger
| parge
mechanical seal ﬁgi\\

Fig. 5 Sketch of culture vessel for intact cells.
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00—
\ water
o Ly
<
, M A:air filter
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drier M:motor
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cCOompressor

Fig. 6 Connection between culture vessel and various

equipments.
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Culture time(day)

Fig. 8 Test of culture for intact cells.
(9) normal cells and (®) contaminated cells.
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9 Flow sheet of continuous culture.
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Fig. 10 Sketch of culture for immobilized cells.
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Fig. 11 Sketch of medium storage vessel.
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steam

(medium storage vessel) l, (culture vessel for immobilized growing cells)

A:air filter
E:air pot
B:mechanical seal pot
T .T:thermo-regulator

M:imotor

dried air

Fig. 12 Diagram of culture vessel for immobilized cells and
medium storage vessel.
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Fig. 13 Working condition on medium pump and culture
solution pump.
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supply of new medium

l start of continuous culture
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Fig. 14 Long-term culture with intact cells.
Culture condition : stirring speed, 250 rpm;
aeration rate, 4 1/min.
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O 1 | | | 1 |
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Culture time (day)
Fig. 15 Influence of aeration air flow rate.

Aeration rate: ©, 2 1/min; 2, 4 1/min; O, 8 1/min.
Stirring speed : 250 rpm.
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a 1.0F o0
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Culture time (day)
Fig. 16 Influence of stirring speed.

Stirring speed: ©, 250 rpm; ®, 500 rpm.
Aeration rate : 4 1/min.
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