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Description 

[0001  ]  The  present  invention  relates  to  cyclodextrin  and,  more  specifically,  to  a  process  for  removal  of  residual  cyclo- 
dextrin  from  a  system.  The  process  of  the  present  invention  is  especially  applicable  to  food  systems.  In  recent  years 

5  cyclodextrin  has  been  used  to  remove  unwanted  substances  such  as  cholesterol  from  eggs  or  butter;  caffeine  from  tea 
and  coffee;  phenylalanine  from  protein  hydrolysates;  and  phenolic  compounds,  pigments  and  bitter  components  from 
fruit  juice.  Typically,  this  removal  process  entails  mixing  cyclodextrin  with  a  food  system  such  that  a  complex  forms  with 
the  unwanted  substance  and  the  cyclodextrin,  and  then  removing  the  complex  from  the  food  system.  One  of  the  prob- 
lems  associated  with  the  use  of  cyclodextrin  to  remove  unwanted  substances  from  food  systems  is  that  not  all  of  the 

10  cyclodextrin  is  removed  from  the  system  when  the  complex  is  separated  from  the  system.  It  is  known  that  the  complex- 
ation  process  is  an  equilibrium  reaction  wherein  an  excess  amount  of  cyclodextrin  is  added  to  the  system  to  push  the 
equilibrium  toward  complexation.  This  inevitably  means  that  a  certain  amount  of  cyclodextrin  is  in  the  uncomplexed 
state  when  the  complex  is  removed  from  the  system.  Another  source  of  uncomplexed  or  residual  cyclodextrin  left 
behind  after  removal  of  the  complex  is  unremoved  complex.  In  some  food  systems,  for  example  coffee,  the  complex  is 

15  removed  as  a  precipitate  from  solution.  Oftentimes  soluble  or  readily  suspendable  complexes  are  not  removed  from  the 
system.  In  other  cases,  such  as  butter,  the  complexes  are  removed  by  washing  the  butter  with  water.  In  these  instances, 
not  all  of  the  complexes  wash  away.  In  either  case,  washing  or  preciptation,  the  residual  complex  goes  through  an  equi- 
librium  reaction  wherein  the  guest  and  cyclodextrin  move  between  a  complexed  and  uncomplexed  state.  It  has  been 
suggested  that  the  residual  cyclodextrin  can  be  removed  from  the  food  system  by  incubating  the  food  system  with  an 

20  alpha  amylase  derived  from  the  microorganisms  of  the  group  Aspergillus  niger,  Aspergillus  oryzae,  Bacillus  polymyxa, 
Bacillus  coagulans,  Flavobacterium,  or  domestic  hog  pancreas  amylase  (US-A-4  980  180).  A  problem  associated  with 
some  alpha  amylases  which  have  been  used  to  hydrolyze  cyclodextrin  is  that  they  do  not  hydrolyze  all  cyclodextrin. 
Specifically,  it  has  been  found  that  they  do  not  hydrolyse  branched  cyclodextrin  and  they  do  not  hydrolyze  all  of  the 
alpha  cyclodextrin. 

25  [0002]  It  had  been  also  suggested,  that  residual  amounts  of  beta  cyclodextrin  can  be  removed  from  a  food  system  by 
enzymatically  decomposing  the  beta  cyclodextrin  using  alpha  amylase  and/or  CGTase  (AU-A  83413/91). 
[0003]  Furthermore,  it  has  also  been  suggested  to  use  an  enzyme  in  conjunction  with  cyclodextrin  and  a  maltose  in 
order  to  make  a  branched  cyclodextrin  (US-A-4,668,626). 
[0004]  It  is  an  object  of  this  advantion  to  provide  for  a  new  process  which  completely  removes  all  residual  cyclodextrin 

30  from  a  food  system. 
[0005]  In  accordance  with  the  invention,  a  process  for  removing  uncomplexed,  residual  cyclodextrin  from  a  system 
which  has  been  subjected  to  a  step  wherein  a  complex  of  cyclodextrin  as  been  removed  and  which  contains  other  mate- 
rial  besides  uncomplexed,  residual  cyclodextrin  and  water,  comprises  the  steps  of  treating  said  system  containing 
uncomplexed,  residual  cyclodextrin  and  water  with  at  least  three  distinct  enzymes,  a  CGTase,  an  amylase  and  a 

35  debranching  enzyme  at  a  pH  of  about  4  to  about  6,  a  temperature  of  about  40  to  about  80°C,  for  a  period  of  time  of 
about  1  to  about  48  hours  to  hydrolyze  the  uncomplexed,  residual  cyclodextrin,  said  system  being  treated  with  said 
CGTase  and  amylase  simultaneously. 
[0006]  It  has  now  been  discovered  that  all  residual  cyclodextrin  can  be  removed  by  treating  a  system  containing  resid- 
ual  cyclodextrin  in  the  presence  of  water  with  a  combination  of  at  least  two  separate  enzymes  wherein  one  of  the 

40  enzymes  is  cyclodextrin  glycosyl  transferase  (CGTase)  and  another  enzyme  is  an  amylase.  In  a  preferred  embodiment 
of  the  present  invention,  the  system  containing  the  residual  cyclodextrin  is  also  treated  with  a  debranching  enzyme  in 
order  to  remove  the  branches  from  residual  branched  cyclodextrin.  Branched  cyclodextrin  is  more  resistant  to  hydroly- 
sis  by  the  CGTase/amylase  combination  of  the  present  invention  than  non-branched  cyclodextrin.  The  debranching 
enzyme  removes  the  branches  from  the  branched  cyclodextrin  and  makes  the  cyclodextrin  more  susceptible  to  hydrol- 

45  ysis  by  the  CGTase  and  amylase.  The  addition  of  the  debranching  enzyme  preferably  precedes  the  CGTase/amylase 
because  certain  amylases  such  as  glucoamylase  and  fungal  alpha-amylase,  will  work  on  to  a  decholesterolization  step 
wherein  beta  cyclodextrin  has  been  added  to  complex  with  the  cholesterol.  In  such  a  food  system,  the  process  of  the 
present  invention  is  employed  to  remove  residual  cyclodextrin  after  separation  of  the  complexed  cyclodextrin/choles- 
terol.  The  present  invention  works  not  only  on  cyclodextrin  and  branched  cyclodextrin,  but  also  on  modified  cyclodextrin 

so  with  low  degrees  of  substitution. 
[0007]  The  process  of  the  present  invention  has  also  been  found  to  be  useful  in  removing  residual  cyclodextrin  from 
maltodextrin  which  is  a  by-product  from  the  formation  of  cyclodextrin. 
[0008]  Suitable  sources  of  cyclodextrin  glycosyl  transferase  include  Bacillus  macerans.  Bacillus  meaaterium.  Bacillus 
circulans.  and  Bacillus  stearothermophilus.  Good  results  have  been  obtained  with  Bacillus  stearothermophilus. 

55  [0009]  Suitable  amylases  include  alpha-amylase,  beta-amylase,  and  glucoamylase.  The  preferred  amylase  is  a  glu- 
coamylase.  Suitable  sources  of  alpha  amylases  include  Bacillus  Licheniformis.  Bacillus  subtilus.  Aspergillus  niger.  and 
Aspergillus  oryzae.  Suitable  beta  amylases  are  obtained  from  Barley  malt,  soy  bean,  and  wheat.  Suitable  glucoamy- 
lases  are  obtained  from  Aspergillus  niger.  Aspergillus  oryzae.  Rhizopus  oryzae  and  Rhizopus  nivens.  The  preferred 
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glucoamylase  is  Aspergillus  niger  and  Aspergillus  oryzae. 
[0010]  Suitable  debranching  enzymes  are  pullulanase,  isoamylase  and  any  other  endo-enzymes  which  hydrolyze 
only  alpha  D-(1-6)  glucosidic  linkages  of  starch.  Preferably,  pullulanase  is  used  as  the  debranching  enzyme. 
[001  1  ]  The  amount  of  both  CGTase  and  amylase  added  to  the  food  system  to  remove  residual  cyclodextrins  depends 

5  substantially  upon  the  amount  of  residual  cyclodextrins  that  are  in  the  system.  Preferably,  about  0.005%  to  about  0.05% 
by  weight  CGTase  is  used;  and  about  0.005%  to  about  0.05%  by  weight  amylase  is  used.  The  amount  of  debranching 
enzyme  used  is  preferably  about  0.001%  to  about  0.05%  by  weight.  These  weight  percents  are  based  on  the  weight  of 
enzyme  to  weight  of  residual  cyclodextrin. 
[001  2]  Both  CGTase  and  amylase  must  be  present  in  the  system  at  the  same  time  in  order  to  remove  residual  cyclo- 

10  dextrins.  It  is  possible  that  they  be  added  at  different  times  so  long  as  both  are  present  and  active  in  the  system.  Pref- 
erably,  both  enzymes  are  added  to  the  system  at  the  same  time. 
[001  3]  The  addition  of  the  debranching  enzyme  to  the  system  is  preferably  done  prior  to  the  addition  of  the  CGTase 
and  amylase.  However,  the  debranching  enzyme  can  be  added  at  the  same  time  as  the  CGTase  and  amylase.  It  will  be 
appreciated  by  those  of  skill  in  the  art  that  most  commercial  sources  of  cyclodextrin  contain  a  small  portion  of  branched 

15  cyclodextrin. 
[0014]  Where  necessary,  the  enzymes  are  inactivated  after  treatment  either  by  adjusting  the  pH  or  by  heating.  Both 
means  for  inactivating  the  enzymes  are  done  in  a  conventional  manner  using  conventional  equipment. 
[0015]  These  and  other  aspects  of  the  present  invention  may  be  more  fully  understood  by  reference  to  the  following 
examples  wherein  Example  1  ,  run  16  and  Example  2,  run  5  represent  the  present  invention: 

20 
EXAMPLE  1 

[0016]  This  example  illustrates  the  present  invention  and  compares  the  present  invention  to  the  use  of  a  single 
enzyme,  acid,  or  two  enzymes. 

25  [001  7]  High  performance  liquid  chromatography  was  performed  to  detect  cyclodextrins.  The  dection  limit  of  cyclodex- 
trins  is  50  ppm.  The  different  enzymes  as  well  as  the  conditions  under  which  each  set  of  tests  were  performed  are  listed 
in  Table  1  below.  Each  system  contained  20%  of  15  DE  starch  hydrolysate  with  2%  residual  cyclodextrins.  The  starch 
hydrolysate  was  adjusted  to  the  pH  indicated  in  Table  1  and  0.01%  (w/w)  of  CGTase  and  0.005%  (w/w)  of  amylase  were 
added  to  the  solution  except  in  runs  No.  10  and  No.  16  where  0.0075%  (w/w)  amylase  was  used  and  0.0025%  (w/w)  of 

30  the  debranching  enzyme  was  used.  The  mixture  was  incubated  at  the  temperature  shown  in  the  table  with  constant  mix- 
ing.  Enough  acid  was  added  to  obtain  the  listed  pH  in  run  No.  1  ,  otherwise  the  pH  was  adjusted  in  a  conventional  man- 
ner  for  each  run. 

TABLE  1 

Conditions 

Run  Catalyst  pH  Temp.°C  Time  (hr.) 
1  Hydrochloric  acid  1.7  125  2/3 

2  CGTase  5.0  80  24 

3  BAA,  bs  6.0  80  24 

4  BAA,  bl  6.0  80  24 

5  FAA,  an  4.8  50  24 

6  FAA,  ao  4.8  50  24 

7  GA,  an  4.8  50  24 

8  GA,  ao  4.8  50  24 

9  Mase  6.0  60  24 

10  Pase/GA,  an  4.8  50  24 

11  CGTase/BAA,  b1  5.5  80  24 

12  CGTase/FAA,  an  4.8  50  24 

13  CGTase/FAA,  ao  4.8  50  24 

14  CGTase/GA,  an  4.8  50  24 

3 
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TABLE  1  (continued) 
Conditions 

Run  Catalyst  pH  Temp.°C  Time  (hr.) 
15  CGTase/GA,  ao  4.8  50  24 

16  CGTase/Pase/GA,  an  4.8  50  24 

The  enzymes  and  their  sources  as  abbreviated  in  Table  1  above  are  as  follows: 

CGTase 
BAA,  bs 
BAA,  bl 
FAA,  an 
FAA,  ao 
GA,  an 
GA,  ao 
Mase 

20  Pase 

=  cyclodextrin  glycosyl  transferase  from  Bacillus  stearothermophilus. 
=  bacterial  alpha  amylase  from  Bacillus  subtilus. 
=  bacterial  alpha  amylase  from  Bacillus  licheniformis. 
=  fungal  alpha  amylase  from  Aspergillus  niger. 
=  fungal  alpha  amylase  from  Aspergillus  oryzae. 
=  glucoamylase  from  Aspergillus  niger. 
=  glucoamylase  from  Aspergillus  oryzae. 
=  a  form  of  maltogenic  alpha  amylase  obtained  from  Bacillus  subtilus  and  sold  by  Novo  Enzyme  Process 
Division,  Denmark,  under  the  name  MALTOGENASE. 
=  Pullulanase  from  Bacillus  sp. 

[001  8]  After  treating  each  of  the  starch  hydrolysates,  high  performance  liquid  chromatography  was  used  to  determine 
the  amount  of  cyclodextrin  remaining  in  solution.  From  these  tests  it  was  observed  that  cyclodextrin  still  remained  after 
runs  1-10.  It  was  specifically  noted  that  alpha  cyclodextrin  was  present  after  runs  5,  6  and  10.  No  cyclodextrins  were 

25  detected  after  runs  11-16. 

EXAMPLE  2 

[0019]  This  example  illustrates  the  removal  of  residual  cyclodextrin  from  decaffeinated  coffee. 
30  [0020]  Ten  (10)  grams  of  beta-cyclodextrin  were  added  to  one  hundred  (100)  milliliters  of  coffee  solution.  After  treat- 

ment  for  one  hour  at  60°C,  the  solution  was  allowed  to  cool  to  room  temperature  and  a  complex  of  caffeine  and  cyclo- 
dextrin  was  filtered  from  the  solution.  Next,  the  pH  of  the  filtrate,  decaffeinated  coffee  solution,  was  adjusted  to  5  and 
high  performance  liquid  chromatography  was  performed  to  determine  that  the  filtrate  contained  3.3%  by  weight  beta 
cyclodextrin.  The  detection  limit  on  the  high  performance  liquid  chromatography  for  cyclodextrin  was  50  ppm.  Then,  the 

35  filtrate  was  treated  as  described  in  Example  1  with  the  enzymes  as  listed  in  Table  2  below. 

TABLE  2 

Conditions 

Run  Catalyst  pH  Temp.°C  Time  (hr.) 
1  CGTase/BAA,  bl  5.0  80  24 

2  CGTase/FAA,  an  5.0  50  24 

3  CGTase/FAA,  ao  5.0  50  24 

4  CGTase/Mase  5.0  50  24 

5  CGTase/Pase/GA,  an  5.0  50  24 

50 
After  each  run,  it  was  noted  that  no  cyclodextrin  was  detected. 

EXAMPLE  3 

55  [0021  ]  This  example  refers  to  a  pharmaceutical  system. 
[0022]  Microbial  conversion  of  hydrocortisone  to  prednisolone  was  done  using  a  beta  cyclodextrin  complex  of  the 
hydrocortisone  to  solubilize  the  hydrocortisone  and  accelerate  the  rate  of  the  reaction.  The  prednisolone  complex  was 
recovered  from  the  reaction.  In  order  to  prepare  a  product  suitable  for  injection,  the  decomplexed  and  isolated  pred- 

4 
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nisolone  was  suspended  in  water  and  treated  with  a  mixture  of  CGTase  and  amylase  to  remove  any  traces  of  beta 
cyclodextrin. 

EXAMPLE  4 
5 

[0023]  This  example  refers  to  an  industrial  system,  a  cleaning  solution. 
[0024]  Beta  cyclodextrin  was  used  to  provide  an  enrichment  of  para  xylene  to  produce  a  special  cleaning  solvent. 
Removal  of  the  cyclodextrin  was  incomplete  and  a  residue  was  left  on  the  component  being  cleaned.  The  small  residue 
was  interfering  with  the  operation  of  the  component. 

10  [0025]  The  para  xylene  solvent  was  stirred  in  water  containing  a  mixture  of  CGTase  and  amylase  to  hydrolize  residual 
cyclodextrins.  The  hydrolysis  products  had  no  affinity  for  the  para  xylene  and  remained  in  the  aqueous  phase.  The 
enzyme  treated  para  xylene  left  no  interfering  residue  on  the  component  after  cleaning. 

Claims 
15 

1.  A  process  for  removing  uncomplexed,  residual  cyclodextrin  from  a  system  which  has  been  subjected  to  a  step 
wherein  a  complex  of  cyclodextrin  has  been  removed  and  which  contains  other  material  besides  uncomplexed, 
residual  cyclodextrin  and  water,  said  process  comprising  The  steps  of  treating  said  system  containing  uncom- 
plexed,  residual  cyclodextrin  and  water  with  at  least  three  distinct  enzymes,  a  CGTase,  an  amylase  and  a 

20  debranching  enzyme,  at  a  pH  of  about  4  to  about  6,  a  temperature  of  about  40  to  about  80°C,  for  a  period  of  time 
of  about  1  to  about  48  hours  to  hydrolyze  the  uncomplexed,  residual  cyclodextrin,  said  system  being  treated  with 
said  CGTase  and  amylase  simultaneously. 

2.  The  process  of  claim  1  wherein  the  amylase  is  selected  from  the  group  consisting  of  alpha  amylase,  beta  amylase 
25  and  glucoamylase. 

3.  The  process  of  claim  1  or  2  wherein  the  system  is  a  food  system  selected  from  the  group  consisting  of  eggs,  dairy, 
meat,  suet,  lard,  fruit  juice,  coffee  and  tea. 

30  4.  The  process  of  claim  1  or  2  wherein  The  system  is  a  starch  hydrolysate  or  a  protein  hydrolysate. 

5.  The  process  of  claim  1  or  2  wherein  first  The  system  is  treated  with  said  debranching  enzyme  at  a  pH  of  about  4  to 
about  6,  at  a  temperature  of  about  40°C  to  about  80°C  and  for  a  period  of  time  of  about  1  to  about  48  hours  and, 
subsequently,  the  system  is  treated  with  said  CGTase  and  amylase. 

35 
6.  The  process  of  claim  1  or  2  wherein  the  debranching  enzyme  is  used  to  treat  the  system  simultaneously  with  the 

CGTase  and  the  amylase. 

7.  The  process  of  claims  1  or  2  wherein  the  amylase  is  a  bacterial  alpha  amylase,  a  fungal  alpha  amylase  or  a  glu- 
40  coamylase. 

8.  The  process  of  claim  1  or  2  wherein  the  debranching  enzyme  is  used  to  treat  the  system  simultaneously  with  the 
CGTase  and  the  amylase,  and  the  amylase  is  a  glucoamylase. 

45  Patentanspruche 

1  .  Verfahren  zum  Entfernen  von  nicht  gebundenen  Cyclodextrinresten  aus  einem  System,  welches  einem  Verfahrens- 
schritt  unterzogen  wurde,  in  dem  ein  Cyclodextrin-Komplex  entfernt  wurde,  und  welches  andere  Materialien 
zusatzlich  zu  nicht  gebundenen  Cyclodextrinresten  und  Wasser  enthalt,  wobei  das  Verfahren  folgende  Verfahrens- 

50  schritte  aufweist: 

Behandlung  des  ungebundenen  Cyclodextrinreste  und  Wasser  enthaltenden  Systems  mit  wenigstens  drei 
speziellen  Enzymen,  mit  einem  CGTase-,  einen  Amylase-  und  einem  Entzweigungs-Enzym  oder  aufschlie- 
Benden  Enzym  bewirkenden  Enzym  bei  einem  pH-Wert  von  ungefahr  4  bis  ungefahr  6,  bei  einer  Temperatur 

55  von  ungefahr  40  bis  ungefahr  80°C  und  uber  eine  Zeitdauer  von  ungefahr  einer  bis  ungefahr  48  Stunden,  urn 
den  nicht  gebundenen  Cyclodextrinrest  zu  hydrolysieren,  wobei  das  System  mit  dem  CGTase-  und  dem 
Amylase-Enzym  gleichzeitig  behandelt  wird. 

5 
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2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  das  Amylase-Enzym  gewahlt  ist  aus  der  Gruppe  beste- 
hend  aus  Alpha-Amylase,  Beta-Amylase  und  Gluco-Amylase. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  das  System  ein  Nahrungsmittelsystem  ist,  und 
5  zwar  ausgewahlt  aus  der  Gruppe  Eier,  Milch  und  Milchprodukte,  Fleisch,  Fett,  tierisches  Fett,  Fruchtsaft,  Kaffee 

und  Tee. 

4.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  das  System  ein  Starkehydrolysat  oder  ein  Pro- 
tein-Hydrolysat  ist. 
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5.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  das  System  zunachst  mit  den  Entzweigungsen- 

zym  bei  einem  pH-Wert  von  ungefahr  4  bis  ungefahr  6,  bei  einer  Temperatur  von  ungefahr  40°C  bis  ungefahr  80°C 
und  uber  eine  Zeitdauer  von  ungefahr  1  bis  ungefahr  48  Stunden  behandelt  wird,  und  daB  das  System  anschlie- 
Bend  mit  der  erwahnten  CGTase  und  Amylase  behandelt  wird. 

15 
6.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  das  Entzweigungs-Enzym  oder  aufschlieBende 

Enzym  dazu  verwendet  wird,  urn  das  System  gleichzeitig  mit  der  CGTase  und  der  Amylase  zu  behandeln. 

7.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  die  Amylase  eine  bakterielle  Alpha-Amylase, 
20  eine  Pilz-Alpha-Amylase  oder  eine  Gluco-Amylase  ist. 

8.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  das  Entzweigungs-Enzym  oder  aufschlieBende 
Enzym  dazu  verwendet  wird,  urn  das  System  gleichzeitig  mit  der  CGTase  und  der  Amylase  zu  behandeln,  wobei 
die  Amylase  eine  Glucoamylase  ist. 

25 
Revendications 

1.  Procede  d'elimination  d'une  cyclodextrine  residuelle  non  complexee  d'un  systeme  qui  a  ete  soumis  a  une  etape 
dans  laquelle  un  complexe  de  cyclodextrine  a  ete  elimine  et  qui  contient  un  autre  materiau  en  dehors  de  la  cyclo- 

30  dextrine  residuelle  non  complexee  et  de  I'eau,  ledit  procede  comprenant  les  etapes  consistant  a  traiter  ledit  sys- 
teme  contenant  la  cyclodextrine  residuelle  non  complexee  et  de  I'eau  avec  au  moins  trois  enzymes  distincts,  une 
CGTase,  une  amylase  et  un  enzyme  de  deramification,  a  un  pH  d'environ  4  a  environ  6,  une  temperature  d'environ 
40  a  environ  80°C,  pendant  une  periode  de  temps  d'environ  1  a  environ  48  heures,  pour  hydrolyser  la  cyclodextrine 
residuelle  non  complexee,  ledit  systeme  etant  traite  avec  ladite  CGTase  et  ladite  amylase  simultanement. 

35 
2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'amylase  est  choisie  dans  le  groupe  constitue  de  I'alpha-amylase, 

de  la  beta-amylase  et  de  la  glucoamylase. 

3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  le  systeme  est  un  systeme  alimentaire  choisi  dans  le  groupe 
40  constitue  des  oeufs,  des  produits  laitiers,  de  la  viande,  de  la  graisse  de  rognon,  du  lard,  des  jus  de  fruits,  du  cafe 

et  du  the. 

4.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  le  systeme  est  un  hydrolysat  d'amidon  ou  un  hydrolysat  de  pro- 
teine. 

45 
5.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  le  systeme  est  tout  d'abord  traite  avec  ledit  enzyme  de  derami- 

f  ication  a  un  pH  d'environ  4  a  environ  6,  a  une  temperature  d'environ  40°C  a  environ  80°C,  et  pendant  une  periode 
de  temps  d'environ  1  a  environ  48  heures  et,  periode  de  temps  d'environ  1  a  environ  48  heures  et,  ensuite,  le  sys- 
teme  est  traite  avec  ladite  CGTase  et  ladite  amylase. 

50 
6.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'enzyme  de  deramification  est  utilise  pour  traiter  le  systeme 

simultanement  avec  la  CGTase  et  I'amylase. 

7.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'amylase  est  une  alpha-amylase  bacterienne,  une  alpha-amy- 
55  lase  fongique  ou  une  glucoamylase. 

8.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'enzyme  de  deramification  est  utilise  pour  traiter  le  systeme 
simultanement  avec  la  CGTase  et  I'amylase,  et  I'amylase  est  une  glucoamylase. 
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