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Maximum cellulase production was sought by comparing the activities of the cellulases pro- 
duced by different Trichoderma reesei strains andAspergillus niger. Trichoderrna reesei Rut- 
C30 showed higher cellulase activity than other Trichoderrna reesei strains and Aspergillus 
niger that  was isolated from soil. By optimizing the cultivation conditions during shake flask 
culture, higher cellulase production could be achieved. The FP (filter paper) activity of 3.7 U/ 
ml and CMCase (Carboxymethylcellulase) activity of 60 U/ml were obtained from shake 
flask culture. When it was grown in 2.5 L fermentor, where pH and DO levels are controlled, 
the enzyme activities were 133.35 U/ml (CMCase) and 11.67 U/ml (FP), respectively. Am- 
monium sulfate precipitation method was used to recover enzymes from fermentation broth. 
The dried cellulase powder showed 3074.9 U/g of CMCase activity and 166.7 U/g of FP ac- 
tivity with 83.5% CMCase recove~y. 
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INTRODUCTION 

Celluase have many industrial applications. The 
largest application is the hydrolysis of cellulose for the 
production of glucose, which can be used for fuel, food 
and chemical production. Other applications of 
cellulase can be found in many other fields, such as 
food, feed, textile, detergent, and pulp industries. 
Recently, one of the most important usage of cellulase 
is the application in enzymatic deinking process of 
waste paper in pulp and paper industry [1-3]. There 
has been many studies concerning cellulase production 
with Trichoderma species, especially with Trichoderma 
reesei. In  this  s tudy  three  Trichoderma reesei s t ra ins  
and  one Aspergillus niger were cul tured for cellulase 
production. The med ium opt imizat ion for the selected 
s t r a in  was carr ied out in flask culture. The  effect of 
m e d i u m  p H  c h a n g e  on ce l lu l a se  p r o d u c t i o n  w a s  
considered and  m ed i um  composit ion tha t  can alleviate 
th is  influence was suggested. When it was  grown in pH- 
c o n t r o l l e d  f e r m e n t o r ,  m u c h  h i g h e r  c e l l u l a s e  
product ion could be achieved. 

MATERIALS AND METHODS 

Microorganisms 

Tr ichoderma reesei QM9414  a n d  Trichoderma 
reesei Rut-Ca0  were  pu rchased  f rom KCTC (Korean 
Col lec t ion  for Type  Cul tures ) .  Trichoderma reesei 
QM-m is a U V - m u t a n t  ofTrichoderrna reesei QM9414, 
and  Aspergillus niger 6 was  isola ted f rom soil. All the  
s t r a in s  were  s tored  on pota to  dextrose  aga r  s lan t s  at  
4~ 
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Medium Composit ion and Cultivation 

Medium compositions were based on Mandels' 
medium [4]. Several modifications were made in 
medium composition to study the effect of medium 
composition on cellulase production (Table i). Fungal 
cultivations were performed using 250 ml Erlenmeyer 
flasks with 50 ml of medium and grown in a shaking 
incubator (KMC-8480SF, Vision Scientific Co.) at 200 
rpm at 28~ for 4 to 5 days. 

Fermentor Operation 

The product ion of cellulase by Trichoderma reesei 
Rut  C-30 was  carr ied out in a 2.5 L fe rmen to r  (KF- 
2.5L, Korea  F e r m e n t o r  Co.) wi th  an opera t ing  volume 
of 1.4 liter. T e m p e r a t u r e  was controlled a t  28~ and 
p H  was ma in t a ined  a t  4.0 by adding 2 N NH4OH. The 
agi ta t ion  speed (200-500 rpm)  and aera t ion  ra te  (1-2 L/ 
min) were  controlled to m a i n t a i n  sufficient dissolved 
oxygen  level .  A n t i f o a m i n g  a g e n t  ( A n t i f o a m  204, 
S igma  Chemica l  Co.) was  added  w h e n e v e r  it was  
necessary.  

Enzyme Assays 

CMCase and filter paper (FP) activities were 
measured as recommended by IUPAC [5]. ~-gluco- 
sidase activity was determined by estimating the 
reducing sugar liberated from 1% of salicin (2- 
[hydroxymethyl]phenyl ~-D-glucopyranoside, Sigma 
Chemical Co.) suspended in 0.i M acetate buffer (pH 4. 
8) after i0 rain of reaction at 50~ The concentration of 
reducing sugar was determined by DNS (Dinitrosali- 
cylic acid) method by using glucose as a standard sugar. 
One unit of enzyme activity was defined as the amount 
of enzyme releasing 1 limol of reducing sugar per 
minute under above condition. 
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Tab le  1. Cellulase production medium 

Compounds medium medimn medium medium medium 
(gA) I H HI w v 

Wheat bran i0 I0 i0 i0 i0 
Avicel i0 i0 i0 20 30 
(NI~)2SO 4 1.5 1.5 1.5 2.5 6.0 
Peptone 1.5 3.0 3.0 3.0 2.5 
Yeast extract 0.2 0.5 0.5 0.5 0.5 
KI-I2PO 4 4.0 4.0 4.0 4.0 3.0 
I~I-IP04 3.0 3.0 
MgS04 " 7H20 0.3 0.3 0.3 0.3 0.3 
CaC122H20 0.3 0.3 0.3 0.3 0.3 
q~veen-80 1.0 1.0 1.0 1.0 1.0 

En z yme  Extract ion 

The fe rmenta t ion  broth  was  centrifuged at  4000 rpm 
for 10 min  to remove solid mate r ia l s  including fungal 
myce l ium.  The  clear s u p e r n a t a n t  was  t r ea t ed  with  
va r i ous  concen t r a t i ons  of e t hano l  and  a m m o n i u m  
s u l f a t e ,  r e s p e c t i v e l y .  T h e  w e t  c r u d e  e n z y m e  
prec ip i ta te  was collected by fi l t rat ion and  was vacuum 
d r i e d  a t  40~ for 24 hours .  C r u d e  ce l lu la se  was  
p r e p a r e d  as homogeneous fine powder by  grinding the 
dried powder.  

R E S U L T S  AND D I S C U S S I O N  

S t r a i n  Selec t ion  and Product ion  of  CeHulase i n  
S h a k e  F l a s k  C u l t u r e  

Mandels '  med iu m  [4] is a widely used  m ed ium for 
cellulase production. Mandels '  m ed i um  with  1% Solka 
Floc was  first  used for s t ra in  selection and cellulase 
product ion study. As the  concentrat ions of carbon and 
ni t rogen sources in Mandels '  m ed i um  are insufficient 
for  h igh  y ie ld  of e n z y m e  s y n t h e s i s ,  the  ce l lu lase  
product ion  was  re la t ively  low. I t  has  been repor ted  
t h a t  h igh concentra t ion of nu t r i en t  is necessary  for 
high cellulase product ivi ty [6, 7]. 

W h e a t  b r an  is a cheap agr icul tural  by-product.  I t  is a 
r ich  n u t r i e n t  and  it can s t i m u l a t e  fungal  growth.  
Avicel is one of the best  carbon sources for cellulase 
production.  I t  was  repor ted  tha t  combinat ion of Avicel 
wi th  whea t  b r an  can enhance  CMCase product ion [8]. 
When  Mandels '  med ium (trace e lement  solution was 
omit ted)  wi th  2% Avicel plus 1% whea t  b r an  was used 
(Table 2), CMCase product ivi ty was  improved much. 
However ,  it was  observed tha t  the  final pH decreased 
to 3.0. Dorval  [7] repor ted t ha t  the  drop of med ium pH 
below 3.0 caused inact ivat ion of cellulase and affected 
fungal  growth,  too. As low pH is a l imit ing factor for 
the  product ion of CMCase unde r  this condition, it is 
necessary  to main ta in  pH higher  t han  3.0. 

There  are several  ways to p revent  pH decrease too 
much.  First ,  by increasing the concentrat ion of KH2PO4 

in the  med ium,  buffer  capaci ty  of m e d i u m  could be 
enhanced.  In  this s tudy  the concentrat ion of KH2FO4 in 
the  m e d i u m  was increased from 0.2% to 0.4%, while 
the  concentrat ion of Avicel was  decreased f rom 2% to 
1% (medium I, Table  1). The resul ts  were  shown in 
Table  2. The final med ium pH was m a i n t a i n e d  higher  
and CMCase  activity increased. However,  p H  was  still 
nea r  3.0. As med ium pH was not ma in t a ined  a t  a value 
higher  t h a n  pH 3.0, it was  found tha t  increas ing  the 
concentra t ion  of KH2PO4 only in the m e d i u m  has  a 
l imit  in ma in t a in ing  med ium pH. 

The KH2PO4 and K2HPO4 buffer sys tem has  a larger  
capaci ty  t h a n  KH2PO4 buffer  system. In  m e d i u m  II  
bo th  KH2PO4 and K2HPO4 were  included in buffer  
so lu t ion  whi le  the  c o n c e n t r a t i o n  of n i t r o g e n  was  
sl ightly increased: 1% whea t  b ran  and 1% Avicel were  
used  as carbon sources and 0.4% KH2PO4 and 0.3% 
K2HPO4 were  used  (Table 1). In  th is  e x p e r i m e n t  the  
final p H  was  ma in ta ined  higher  and CMCase  activi ty 
increased a lot (Table 2). The CMCase act ivi ty  was 
m e a s u r e d  on v a r i o u s  m e d i u m  c o m p o s i t i o n s  for  
d i f f e r e n t  m i c r o o r g a n i s m s .  As s h o w n  in T a b l e  2, 
Trichoderma reesei Rut  C-30 was found to be the  best  
in CMCase production. As a result ,  Trichoderma reesei 
Rut  C-30 was  selected for fu r ther  study. 

I t  is known tha t  the  h igher  C/N rat io  of m e d i u m  
composi t ion resu l t s  in pH decrease  and  lower  C/N 
rat io  of med ium composition resul ts  in p H  increase.  
Consequen t ly ,  inc reas ing  n i t rogen concen t ra t ion  is 
a n o t h e r  w a y  to p r e v e n t  p H  decreas ing  d u r in g  cell 
cultivation. The influence of var ious peptone  concentr- 
a t i o n s  on C M C a s e  p r o d u c t i o n  w a s  i n v e s t i g a t e d .  
Medium III ,  which does not contain peptone,  was  used 
as a control and the resul t  was  shown in Table  3. I t  
shows t h a t  the pH increased with peptone concentr- 
ation. However,  0.3% peptone in med ium I I I  showed 
the highest  CMCase activity. 

Besides  pH, cellulase production was also s t rongly 
affected by culture t e m p e r a t u r e  and agi ta t ion speed. I t  
was  found tha t  cellulase product ion at  28~ (CMCase 
36.0 U/ml) was higher  t han  30~ (19.0 U/ml) and at  
ag i t a t i on  speed  150 r p m  (CMCase 56.2 U/ml) was  
h igher  t h a n  200 r p m  (38.2 U/ml). This  r e su l t  was  
cons i s t en t  w i th  Le jeune ' s  [9] and  Mer ivuor i ' s  [10] 
reports .  

Under  opt imal  cul ture condition for the product ion 
of cellulase (28~ 150 rpm), the  effect of m e d i u m  II, III ,  

Tab le  3. Effect of the concentration of peptone on cel- 
lulase production 

Concentration of 0.1 0.2 0.3 0.4 peptone (%) 

CMCase activity (U/ml) 18.3 31.8 36.8 36.0 
pH 2.6 2.7 3 3 

Trichoderma reesei Rut C-30 grown at 30~ at 200 rpm 

Tab le  2. CMCase production by different strains in various media compositions 

Mandels' medium Mandels' medium Medium I Medium II 
(1% Solka Floc) (1% wheat bran+2% Avicel) 

Strains CMCase pH CMCase pH CMCase pH CMCase pH 
IQM9414 1.84 3.64 9.18 2.60 19.14 2.91 32.0 6.48 
2QM-m i.II 2.70 9.13 2.69 11.04 2.72 27.9 5.17 
3Rut C-30 0.30 7.22 8.05 2.69 22.35 3.01 37.7 5.63 
4Asp 6 0.75 3.32 4.41 3.90 4.61 2.88 1.17 2.56 

1.2,,~: Trichoderma reesei, 4: Aspergillus niger 
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Fig. 1. CMCase production by Trichoderma reesei Rut C- 
30 on various media. (EZ) CMCase, (N) pH. 
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and IV were compared again (Fig. 1). Under  optimal 
cellulase product ion  condit ion for t e m p e r a t u r e  and 
agi tat ion speed, medium III was the best  in cellulase 
production: 60 U/ml of CMCase and 3.7 U/ml of FP 
activities were obtained. 

Cel lu lase  P r o d u c t i o n  in  2.5 L F e r m e n t o r  

In the fermentor  equipped with pH controller, buffer 
solution is not necessary.  2 N NHnOH was used to 
control the  pH above 3.0 and also used as a nitrogen 
source .  M u c h  g r e a t e r  c e l l u l a s e  p r o d u c t i o n  was  
ach ieved  in the  f e r m e n t o r  when  h ighe r  cel lulose 
concentrat ion was used. In the fermentor  experiment,  
Avicel concent ra t ion  was increased to 3%, KH2PO4 
concentra t ion was decreased to 0.3% (medium V in 
Table 1). The resul t  was shown in Fig. 2. After two 
days cellulase was synthesized rapidly. The concen- 
t ra t ion  of product  cellulase was much higher  than  tha t  
obta ined from shake flask culture. After 130.5 hours of 
cultivation, CMCase activity was 133.35 U/ml and FP 
ac t iv i ty  was 11.67 U/ml.  However ,  ~-glucosidase 
a c t i v i t y  was  v e r y  low. The  lower  a c t i v i t y  of ~- 
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Fig. 2. Cellulase production by Trichoderma reesei Rut C- 
30 in 2.5 L fermentor. (El) CMCase, (�9 FP, (A) 13-glu- 
cosidase, (~) Reducing sugar. 
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Fig. 3. Ethanol precipitation curve. (O) Supernatant  
CMCase, (O) Recovery. 

glucosidase compared to o ther  enzyme components  
has  been reported as a common feature  of Trichoderma 
strains [11, 12]. 

C e l l u l a s e  R e c o v e r y  

Genera l ly  an organic solvent or a salt is used to 
ext rac t  enzymes from enzyme containing solution. In 
th i s  s t u d y  e t h a n o l  and  a m m o n i u m  su l fa t e  were  
applied respectively to precipi tate  cellulases. Ethanol  
precipitation curve was shown in Fig. 3. The maximum 
recovery  of CMCase was 84.8% at  e thanol  concen- 
t ra t ion of 80% (v/v). (NH4)2SO4 precipitation curve was 
shown in Fig. 4. The maximum recovery of CMCase 
was 99.8% at  60% (w/v) ammonium sulfate. As a result, 
(NH4)2SO4 precipi tat ion method was used to extract  
ce l lu la se  f rom f e r m e n t a t i o n  b ro th .  Af t e r  cen t r i -  
fugation, 875 ml of clear broth (CMCase activity 133.35 
U/ml, FP activity 11.67 U/ml, J3-glucosidase activity 
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0.34 U/ml) was collected from 1400 mL of fermentation 
broth. Cellulase powder (31.7 g) was obtained by 
(NH4)2SO4 precipitation followed by vacuum drying. 
The act iv i t ies  of p repared  powder  was CMCase 
activity of 3074.9 U/g and FP activity of 166.7 U/g. The 
recovery of CMCase and FP activities were 83.5% and 
51.9% respectively. The cellulase powder has light 
yellow color and it was soluble in water. 
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