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©  A  process  for  producing  pulp  substantially  without  the  necessity  for  adding  a  nutrient  or  a  cellulose 
degradation  inhibitor,  which  comprises  treating  the  raw  material  in  the  pulping  step  with  a  microorganism  which 
grows  well  in  a  medium  containing  lignin  as  a  sole  carbon  source.  Since  the  addition  of  a  nutrient  or  a  cellulose 
degradation  inhibitor  is  indispensable  in  the  conventional  microbial  treatment,  the  present  invention  which  can 
dispense  with  the  addition  of  these  substances  can  achieve  a  remarkable  cost  reduction  as  well  as  an  energy 
saving  by  virtue  of  the  microbial  treatment. 
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Field  of  the  Invention 

This  invention  relates  to  methods  for  producing  pulp,  comprising  microbial  treatment,  in  either  or  both 
of  pulping  process  and  bleaching  process,  using  a  microorganism  which  grows  well  in  a  culture  medium 

5  containing  lignin  as  a  single  carbon  source. 
The  present  invention  relates  to  methods  for  producing  pulp,  comprising  microbial  treatment  substan- 

tially  without  adding  nutrients  or  inhibitors  of  cellulose  degradation  at  any  one  stage  of  the  process  of 
producing  pulp. 

The  present  invention  enables  to  produce  pulp  in  good  quality,  by  microbial  treatment  using  a 
io  microorganism  which  grows  well  in  a  culture  medium  containing  lignin  as  a  single  carbon  source  at  a 

process  for  producing  pulp,  thereby  suppressing  cellulose  degradation  to  the  minimum. 
The  present  invention  enables  pulping  or  bleaching,  substantially  without  adding  nutrients  or  inhibitors 

of  cellulose  degradation,  for  example  glucose,  at  a  process  of  producing  pulp,  by  using  a  microorganism 
with  excellent  lignin-degrading  activity  and  a  high  selectivity,  whereby  the  present  invention  can  provide 

75  economical  and  industrial  methods  for  producing  pulp  in  remarkably  energy-saving  manner. 

Prior  Art  and  Problems 

Since  considerably  early  days,  a  great  number  of  research  efforts  have  been  carried  out  on  pulping  or 
20  bleaching  for  the  process  of  producing  paper  and  pulp  by  using  microorganisms. 

The  Japanese  Patent  Laid-open  No.  46903/1975  proposes  a  method  for  producing  cellulose  pulp, 
comprising  degradation  of  lignin  under  the  condition  to  substantially  degrade  lignin,  by  using  a  microorgan- 
ism  having  a  production  potential  of  a  lignin-degrading  enzyme. 

However,  the  method  has  never  been  put  to  industrial  use,  because  the  degree  of  lignin  degradation  is 
25  so  low  due  to  the  extremely  low  lignin-degrading  activity  of  the  microorganism  used,  and  because  the 

addition  of  sugars  and  nitrogen  compounds  is  required  added  due  to  the  suppression  of  cellulose 
assimilation  by  the  microorganism. 

The  bleaching  of  pulp  with  Phanerochaete  chrysosporium  has  been  also  reported  (Biotechnol  Lett.,  1, 
347-353(1979)),  but  it  has  neither  been  practiced  industrially  because  of  the  low  lignin-degrading  activity 

30  and  the  use  of  the  large  amount  of  an  inhibitor  of  cellulose  degradation. 

Means  to  Solve  the  Problems 

The  present  inventors  have  investigated  intensively  in  order  to  develop  a  method  for  pulping  or 
35  bleaching  with  microbial  treatment,  without  causing  cellulose  degradation  and  adding  a  nutrient  and  inhibitor 

of  cellulose  degradation.  Consequently,  they  have  achieved  the  object  in  accordance  with  the  present 
invention. 

That  is,  in  accordance  with  the  present  invention,  it  is  the  use  of  a  microorganism  which  grows  well  in  a 
culture  medium  containing  lignin  as  a  single  carbon  source  that  realizes  pulping  and  bleaching  of  wood 

40  chips,  pulp  after  refining  and  unbleached  pulp,  substantially  without  adding  nutrients  or  inhibitors  of 
cellulose  degradation,  in  the  economical  and  tremendously  energy-saving  manner. 

Brief  Description  of  the  Drawings 

45  Fig.  1  shows  the  increase  in  brightness  (%)  after  the  microbial  treatment  for  1  to  5  days  in  Example  5. 
The  microorganism  to  be  used  in  the  present  invention  is  from  a  microbial  strain,  well  grown  by 

inoculation  and  culture  in  a  culture  medium  containing  lignin  as  a  single  carbon  source. 
As  the  culture  medium,  there  may  be  prepared  an  agar  medium  to  which  is  added  as  a  single  carbon 

source,  about  1  to  10%  of  lignin,  preferably  2  to  4%  of  lignin. 
50  An  isolating  source  collected  from  a  natural  source  is  dispersed  at  an  appropriate  concentration  in  the 

culture  medium,  and  cultured  at  25  to  35  °  C,  to  collect  a  colony  exhibiting  a  good  growth,  which  is  to  be  an 
effective  microorganism  to  be  used  in  the  present  invention. 

The  present  inventors  have  previously  isolated  the  strains  NK-1148  (FERM  BP-1859)  and  NK-729W 
(FERM  BP-1860),  which  are  among  the  microorganisms  very  effective  for  the  present  invention. 

55  The  mycological  characteristics  of  NK-1148  strain  (FERM  BP-1859)  are  shown  as  follows. 

(1)  State  of  Growth  in  Culture  Media 

3 
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Type  of  Medium  S t a t e   of  G r o w t h  

Mal t   e x t r a c t   aga r   medium  +++ 

P o t a t o - g l u c o s e   agar   medium  +++ 

C z a p e k ' s   aga r   medium  + 

S a b o u r a u d ' s   agar   medium  ++ 

S y n t h e s i z e d   mucor  agar   medium  ++ 

YpSs  agar   medium  +++ 

G l u c o s e -   d r i e d   y e a s t   a g a r   medium  +++ 

N o t e - 1   pH  of  the  medium:  5.0  ( b e f o r e   s t e r i l i z a t i o n   i n  

a u t o c l a v e )  

N o t e - 2   C u l t u r e   c o n d i t i o n s :   28  °C  x  7  d a y s  

N o t e - 3   S t a t e   of  g r o w t h  

weak  :  + 

medium  :  ++ 

a b u n d a n t   :  +++ 

(2)  Physiological  and  Morphological  Properties 

©  pH  range  for  the  growth  (Cultivation  in  a  potato-glucose  agar  medium  at  28  °  C  for  4  days) 
Grows  at  pH  near  3  -  9,  but  never  grows  at  pH  2  or  pH  10.  The  optimum  pH  is  near  4  to  6. 
©  Temperature  range  for  the  growth  (Cultivation  in  a  potato-glucose  agar  medium  at  pH  5  for  4  days) 
Grows  at  temperatures  near  10-45  °  C,  but  never  grows  at  50  °  C.  The  optimum  temperature  range 
near  28  -  37  °  C. 
©  Phenol  oxidase  reaction  (Cultivation  at  28  °  C  for  4  days) 
Shows  weak  or  negative  response. 
©  Morphology  of  colony  (Cultivation  in  a  potato-glucose  agar  medium  at  pH  5  at  28  °  C  for  4  days) 
White  and  felt-like. 
The  mycological  characteristics  of  NK-729W  strain  (FERM  BP-1860)  are  shown  as  follows. 

(1)  State  of  Growth  in  Culture  Media 
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Type  of  Medium  S t a t e   of  G r o w t h  

5  M a l t   e x t r a c t   a g a r   medium  +++ 

P o t a t o - g l u c o s e   a g a r   medium  +++ 

C z a p e k ' s   a g a r   medium  + 
w 

S a b o u r a u d ' s   a g a r   med ium  ++ 

S y n t h e s i z e d   mucor   a g a r   med ium  ++ 

'5  YpSs  a g a r   med ium  +++ 

G l u c o s e -   d r i e d   y e a s t   a g a r   med ium  +++  

20  . . . .  N o t e - 1   pH  of  t h e   med ium:   5 .0   ( b e f o r e   s t e r i l i z a t i o n   i n  

a u t o c l a v e )  

25  N o t e - 2   C u l t u r e   c o n d i t i o n s :   28  °C  x  7  d a y s   . 

N o t e - 3   S t a t e   of  g r o w t h  

35 

30  *  • weak  :  + 

med ium  :  ++ 

a b u n d a n t   :  +++ 
35 

(2)  Physiological  and  Morphological  properties 

40  ©  pH  range  for  the  growth  (Cultivation  in  a  potato-glucose  agar  medium  at  28  °  C  for  4  days) 
Grows  at  pH  near  3  -  7,  but  never  grows  at  pH  2  or  pH  8.  The  optimum  pH  is  near  4  to  5. 
©  Temperature  range  for  the  growth  (Cultivation  in  a  potato-glucose  agar  medium  at  pH  5  for  4  days) 
Grows  at  temperatures  near  10-32  °  C,  but  never  grows  at  37  °  C.  The  optimum  temperature  range  is 
near  20  -  30  °  C. 

45  ©  Phenol  oxidase  reaction  (Cultivation  at  28  °  C  for  4  days) 
Shows  positive  response. 
©  Morphology  of  colony  (Cultivation  in  a  potato-glucose  agar  medium  at  pH  5  at  28  °  C  for  4  days) 
White  and  hairy. 
©  Morphology  of  fruit  body 

50  Size  :  2-5  mm  diameter 
Shape  :  Inverted  cup  shape  (nose  shape) 
Edge  or  surface  :  Edge  turned  inwardly,  surface  color  of  yellow  black,  having  brown  fleece 

or  hair  over  the  entire  surface 
Surface  of  tubular  pore  :  Pale  white  gray,  recessed  in  an  upturned  dish  shape,  with  small  pore 

55  Texture  :  Soft  leather-like  texture,  substantially  white 
©  Spore  shape 
About  3  -  4  x  1u.m,  sausage-like  shape,  colorless  and  smooth. 
The  microorganism  to  be  used  in  the  present  invention  may  be  NK-1148  strain  or  NK-729W  strain 

5 
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isolated  by  the  present  inventors,  but  preferably  there  may  be  used  a  selectively  isolated  strain  growing 
well  using  lignin  as  a  single  carbon  source,  obtained  with  or  without  mutation  of  these  two  strains,  or  a  strain 
growing  well  using  lignin  as  a  single  carbon  source  and  having  been  isolated  from  nature. 

In  accordance  with  the  present  invention,  the  microorganism  growing  well  using  lignin  as  a  single 
5  carbon  source,  represents,  for  example,  a  microorganism  capable  of  bleaching  an  unbleached  kraft  pulp  up 

to  a  brightness  of  45  %  or  more,  preferably  50  %  or  more,  more  preferably  60  %  or  more,  with  no 
reduction  in  the  strength  of  the  pulp. 

The  microorganism  to  be  used  in  the  present  invention  can  be  cultured  in  any  one  of  a  culture  medium 
containing  lignin  as  a  single  carbon  source,  a  general  culture  medium  for  basidiomycetes  and  fungi  without 

io  containing  lignin,  and  a  culture  medium  containing  wood  powder,  wood  chips  and  pulp. 
The  type  of  pulp  is  generally  classified  in  the  following  three. 

©  Mechanical  pulp  fiberized  by  mechanical  treatment  of  wood. 
©  Semichemical  pulp  obtained  by  chemical  and  mechanical  treatments  in  combination. 
©  Chemical  pulp  with  most  of  lignin  removed  through  chemical  treatment. 

is  The  present  invention  is  to  produce  individual  pulp  corresponding  mechanical  pulp  (the  degree  of  lignin 
degradation  below  35  %),  semichemical  pulp  (the  degree  of  lignin  degradation  of  not  less  than  35%  to  less 
than  75  %),  and  chemical  pulp  (the  degree  of  lignin  degradation  of  not  less  than  75%),  by  replacing  a  part 
or  the  entire  part  of  the  chemical  treatment  or  mechanical  treatment  in  the  processes  of  producing  pulp  i.e., 

©  to  ©,  with  the  microbial  treatment  of  the  present  invention. 
20  That  is,  the  following  processes  are  fundamentally  included  in  the  present  invention. 

A:  Wood  chips  are  directly  treated  with  the  microorganism  of  the  present  invention,  to  degrade  the  lignin 
component  in  the  wood  chips  to  produce  unbleached  pulp. 
B:  Pulp  from  the  wood  chips  refined  at  a  light  degree  is  treated  with  the  microorganism  of  the  present 
invention,  to  degrade  the  lignin  component  in  the  pulp  to  produce  unbleached  pulp. 

25  C:  The  wood  chips  after  chemical  treatment  at  a  light  degree  are  treated  with  the  microorganism  of  the 
present  invention,  to  degrade  the  lignin  component  in  the  pulp  described  above  to  produce  unbleached 
pulp. 
D:  The  pulp  obtained  by  lightly  refining  wood  chips  is  chemically  treated  lightly,  and  then  are  treated 
with  the  microorganism  of  the  present  invention,  to  degrade  the  lignin  component  in  the  pulp  to  produce 

30  unbleached  pulp. 
E:  The  pulp  obtained  by  chemically  treating  wood  chips  lightly  and  refining  the  wood  chips  lightly  is 
treated  with  the  microorganism  of  the  present  invention,  to  degrade  the  lignin  component  in  the  pulp  to 
produce  unbleached  pulp. 
F:  The  unbleached  pulp  obtained  in  any  one  of  A  to  E  is  further  treated  by  a  light  chemical  treatment 

35  and/or  light  refining  to  produce  unbleached  pulp. 
In  the  microbial  treatment  in  the  processes  A  to  F,  there  may  be  used  the  microorganism  growing  well 

in  the  culture  medium  containing  lignin  as  a  single  carbon  source.  The  microorganism  can  selectively 
degrade  the  lignin  component  in  wood  and  uses  the  wood  lignin  as  a  nutrient.  It  is  therefore  possible  to 
carry  out  the  aforementioned  microbial  treatment  without  adding  an  inhibitor  of  cellulose  degradation. 

40  The  degree  of  the  chemical  treatment  to  a  light  degree  and  the  refining  treatment  to  a  light  degree  in 
the  processes  A  to  F  is  appropriately  determined  by  a  predetermined  lignin  content,  depending  on  the  type 
of  the  unbleached  pulp  including  mechanical  pulp,  semichemical  pulp  and  chemical  pulp,  or  in  any  type  of 
the  pulp. 

The  microorganism  to  be  used  in  the  present  invention  has  a  far  greater  lignin-degrading  activity  than 
45  the  lignin-degrading  microorganisms  conventionally  known.  Hence,  the  present  invention  enables  the 

substitution  of  all  stages  of  the  chemical  treatment  and  the  refining  in  the  conventional  processes  of 
producing  mechanical  pulp,  semichemical  pulp  and  chemical  pulp,  with  the  microbial  treatment,  along  with 
the  marked  decrease  in  the  degree  of  the  chemical  treatment  and  the  refining.  In  other  words,  the  process 
of  producing  pulp  in  accordance  with  the  present  invention  can  decrease  the  amount  of  chemicals,  and  is 

50  appropriate  for  production  of  high-quality  pulp  in  energy-saving  manner. 
As  the  fundamental  processes  in  the  process  of  producing  pulp  according  to  the  present  invention, 

there  have  been  described  herein  A  to  F.  But  they  are  just  representative,  so  it  is  possible  to  appropriately 
combine  the  microbial  treatment  with  the  microorganism  of  the  present  invention,  with  other  treatments. 

Intensely  colored  lignin  generally  remains  in  unbleached  chemical  pulp  and  unbleached  semichemical 
55  pulp.  In  case  of  using  these  unbleached  pulp  for  papers  for  the  use  requiring  a  higher  brightness,  therefore, 

the  pulp  is  transferred  to  the  bleaching  process  to  remove  the  remaining  lignin,  to  increase  the  brightness. 
In  such  case,  in  accordance  with  the  present  invention,  unbleached  pulp  is  treated  with  the  microorgan- 

ism  growing  well  in  a  culture  medium  containing  lignin  as  a  single  carbon  source,  to  degrade  and  remove 

6 



EP  0  464  221  A1 

the  remaining  lignin  in  the  unbleached  pulp,  for  the  bleaching  of  the  unbleached  pulp. 
The  unbleached  pulp  may  be  any  one  of  the  unbleached  chemical  pulp  and  unbleached  semichemical 

pulp  by  conventional  methods,  and  the  unbleached  pulp  corresponding  to  chemical  pulp  and  those 
corresponding  to  semichemical  pulp,  produced  with  the  microbial  treatment  of  the  present  invention.  The 

5  bleaching  of  the  present  invention  may  be  applied  to  the  unbleached  mechanical  pulp  by  the  conventional 
methods,  and  the  unbleached  pulp  corresponding  to  mechanical  pulp  produced  through  the  microbial 
treatment  of  the  present  invention.  However,  since  a  great  amount  of  chlorine-based  bleaching  agents  is 
used  for  bleaching  of  unbleached  chemical  and  semichemical  pulp,  the  present  bleaching  is  effectively 
applied  to  the  unbleached  pulp  corresponding  to  unbleached  chemical  and  semichemical  pulp,  from  the 

io  standpoint  of  pollution  control. 
In  accordance  with  the  present  invention,  the  bleaching  process  may  be  carried  out  entirely  as  the 

bleaching  with  the  use  of  the  microorganism,  but  a  combination  of  the  present  bleaching  with  other 
bleaching  methods  may  be  also  possible.  The  bleaching  of  the  present  invention  can  achieve  a  high 
standard  of  safety  due  to  its  microbial  treatment. 

is  Pulping  and/or  bleaching  can  be  carried  out  through  by  adding  the  cultured  microorganism  to  about 
1/10000  to  10/100  of  wood  chips  or  pulp,  and  culturing  the  mixture  at  about  20  to  35  °  C  for  3  to  90  days, 
without  adding  any  nutrient  or  inhibitor  of  cellulose  degradation  to  wood  chips  or  various  pulp.  Optional 
addition  of  a  small  amount  of  inhibitors  of  cellulose  degradation  may  be  done. 

20  Example  1 

The  culture  medium  containing  1.0  g  of  beech  wood  powder  (60  -  80  mesh)  and  2.5  mi  of  water, 
placed  in  a  50  mi  flask,  is  heated  and  sterilized  at  120  °  C  for  15  minutes,  into  which  is  inoculated  NK-1148 
strain  (FERM  BP-1859)  and  cultured  at  28  °  C  for  a  week.  The  resulting  mycelia  are  suspended  in  water. 

25  Alternatively,  the  culture  medium  containing  2.0  %  of  milled  wood  lignin  from  white  birch,  0.2  %  of 
NH4H2PCU  and  1.6  %  of  agar  is  heated  and  sterilized  at  120  °C  for  15  minutes,  which  is  then  aseptically 
divided  by  20  mi  each  into  petri  dishes  (90  mi  in  diameter). 

The  mycelia  in  suspension  were  added  to  the  culture  medium  and  cultured  at  28  °  C  for  two  weeks,  to 
isolate  a  strain  exhibiting  good  growth,  which  was  defined  an  isolated  strain  A.  The  isolated  strain  A  was 

30  designated  as  NK-1  148-3  strain  and  has  been  deposited  in  Fermentation  Research  Institure,  Agency  of 
Industrial  Science  and  Technology,  under  the  accession  number  of  FERM  BP-3220. 

Example  2 

35  The  isolated  strain  NK-1  148-3  obtained  in  Example  1  was  inoculated  into  the  culture  medium  containing 
1.2  %  of  potato-dextrose  broth  commercially  available  (DIFCO  Co.,  Ltd.)  after  sterilization  at  120  °C  for  15 
minutes,  and  cultured  at  28  °  C  for  a  week,  which  was  used  as  a  seed  culture. 

Example  3 
40 

In  the  process  of  producing  mechanical  pulp,  10  kg  of  pulp  obtained  through  a  first  refining  of  beech 
wood  chips  at  a  light  degree  was  mixed  with  24.5  I  of  water,  and  sterilized  at  120  °C  for  15  minutes,  to 
which  was  added  0.5  kg  of  the  seed  culture  obtained  in  Example  2  and  cultured  under  aeration  at  28  °  C  for 
a  week.  Subsequently  after  a  second  refining,  a  mechanical  pulp  with  a  high  strength  could  be  obtained  in 

45  an  extremely  energy-saving  manner.  The  properties  of  the  obtained  biomechanical  pulp  are  shown  in  the 
following  Table  1  . 

50 

55 
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T a b l e   1  P r o p e r t i e s   of  b i o m e c h a n i c a l   p u l p  

5 
Qual i ty   of  b leached  p u l p  

Ref in ing   e n e r g y  
.  ,  ,  JcPa.mVg  N*m/g  mN-m2/g 

(KWH/pulp  ( t ) )  
10  B u r s t   T e n s i l e   T e a r  

i n d e x   i n d e x   i n d e x  

Mechanical   2000  0.52  9.6  1 . 2 1  

75  PU1P 

Biomechanica l   710  1.15  20.3  2 . 5 3  

20  PUlp 

Example  4 
25 

NK-1148  strain  and  the  isolated  strain  NK-1  148-3,  obtained  in  Example  1,  were  separately  inoculated 
into  each  culture  medium  mixed  with  10  kg  of  an  unbleached  pulp  (eucalyptus)  and  25  I  of  water,  which 
medium  had  been  treated  and  sterilized  in  advance  at  120  °  C  for  15  minutes,  and 
cultured  under  aeration  at  28  °  C  for  two  weeks.  The  resulting  cultures  were  individually  used  as  a  seed 

30  culture. 

Example  5 

For  bleaching  of  chemical  pulp,  10  kg  of  a  unbleached  kraft  pulp  (eucalyptus)  was  mixed  with  25  I  of 
35  water  and  sterilized  at  120  °C  for  15  minutes,  to  which  were  separately  added  1  kg  of  each  of  the  seed 

cultures  obtained  in  Example  4,  together  with  0.5  kg  of  glucose,  and  mixed  for  culture  under,  and  cultured 
under  aeration  at  28  °  C  for  1  to  5  days,  leading  to  the  production  of  a  bleached  kraft  pulp.  The 
enhancement  of  the  brightness  during  the  microbial  treatment  period  for  1  to  5  days  is  shown  in  Fig.  1. 

40  Claims 

1.  A  method  for  producing  pulp  from  wood  by  using  a  microorganism,  comprising  microbial  treatment,  in 
either  pulping  process  or  bleaching  process  or  both,  using  the  microorganism  which  grows  well  in  a 
culture  medium  containing  lignin  as  a  single  carbon  source. 

45 
2.  A  method  for  producing  unbleached  pulp,  comprising  degrading  at  least  partially  lignin  present  in  wood 

chips  by  using  a  microorganism  which  grows  well  in  a  culture  medium  containing  lignin  as  a  single 
carbon  source. 

50  3.  A  method  for  producing  unbleached  pulp,  comprising  refining  wood  chips  to  a  light  degree  to  produce 
pulp  and  degrading  at  least  partially  the  lignin  present  in  the  obtained  pulp  by  using  a  microorganism 
which  grows  well  in  a  culture  medium  containing  lignin  as  a  single  carbon  source. 

4.  A  method  for  producing  unbleached  pulp,  comprising  treating  wood  chips  with  a  chemical  to  a  light 
55  degree  and  degrading  at  least  partially  the  lignin  present  in  the  resulting  wood  chips  by  using  a 

microorganism  which  grows  well  in  a  culture  medium  containing  lignin  as  a  single  carbon  source. 

5.  A  method  for  producing  unbleached  pulp,  comprising  refining  wood  chips  to  a  light  degree  to  produce 

8 
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pulp,  treating  the  obtained  pulp  with  a  chemical  to  a  light  degree,  and  degrading  at  least  partially  the 
lignin  present  in  the  resulting  pulp  by  using  a  microorganism  which  grows  well  in  a  culture  medium 
containing  lignin  as  a  single  carbon  source. 

5  6.  A  method  for  producing  unbleached  pulp,  comprising  treating  wood  chips  with  a  chemical  to  a  light 
degree,  refining  the  resulting  wood  chips  to  produce  pulp,  and  degrading  at  least  partially  the  lignin 
present  in  the  obtained  pulp  by  using  a  microorganism  which  grows  well  in  a  culture  medium 
containing  lignin  as  a  single  carbon  source. 

io  7.  The  method  for  producing  pulp  according  to  claims  2  to  6,  wherein  the  unbleached  pulp  is  further 
treated  with  a  chemical  and/or  refined  after  the  microbial  treatment. 

8.  The  method  for  producing  pulp  according  to  claims  1  to  7,  wherein  the  microbial  treatmen  is  carried  out 
in  the  state  where  a  nutrient  or  inhibitor  of  cellulose  degradation  is  not  substantially  added. 

15 
9.  A  method  for  producing  bleached  pulp,  comprising  carrying  out  at  least  a  part  of  bleaching  treatment  of 

unbleached  pulp  in  bleaching  process,  using  a  microorganism  which  grows  well  in  a  culture  medium 
containing  lignin  as  a  single  carbon  source. 

20  10.  The  method  for  producing  bleached  pulp  according  to  claim  9,  wherein  the  bleaching  treatment  using 
the  microorganism  is  carried  out  in  the  state  where  a  nutrient  or  inhibitor  of  cellulose  degradation  is  not 
substantially  added. 

9 
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F I G .   1  

RELATIONSHIP  BETWEEN  TREATING 
TIME  PERIOD  AND  BRIGHTNESS 

70  i 
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3.  |  |  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to the  invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers: 

4.  |  |  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not invite  payment  of  any  additional  fee. 
Remark  on  Protest 

Q  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
|  |  No  protest  accompanied  the  payment  of  additional  search  fees 
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