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S O L I D - S TAT E  F E R M E N TAT I O N  S Y S T E M  

1.  FIELD OF THE INVENTION 

[0001]  The present  invent ion  re la tes  to  a  so l id-s ta te  fermenta t ion  technology,  

par t icu lar ly a  so l id-s ta te  fermenta t ion  sys tem us ing a  hor izonta l  agi ta t ing 

fermenta t ion  vesse l .  5 

2.  DESCRIPTION OF THE PRIOR ART 

[0002]  In  Sol id-S ta te  Fermenta t ion  (SSF) ,  the  cu l ture  medium has  lower  

water  conten t ,  essent ia l l y in  form of  powder  or  pe l le t s  and  dr ipping water  

whi le  kneaded .   At  present ,  SSF i s  ma inly appl ied  to  the  powdered  an imal  

food  indus t ry.  10 

[0003]  Humans  cannot  di rec t l y d iges t  f ib rous  p lan ts ,  such  as  per icarps  and  

barks .   However,  t he  f ib rous p lan ts  can  be  conver ted  in to ea tab le  fungal  

pro te in  i f  they a re  heated /agi ta ted  and  metabol ized/hydro lyz ed/ t ransformed 

in  a  sol id-s ta te  fermenta t ion  vesse l .  

[0004]  A sol id-s ta te  fermenta t ion  vesse l  may be  a  ver t ica l - t ype  one  or  a  15 

hor izonta l - t ype  one .   The mater ia l  may be  unevenly s t i r red  and  s tuck  to  the  

vesse l  wal l  dur ing  the  heat ing  and  agi ta t ing  process .   Bes ides ,  the  cu l ture  

medium and the  mater ia l  wi l l  g radual ly become s t icky f rom a  so l id  s ta te  

dur ing hydro lys i s  of  plan t  f iber,  which  wi l l  thus  resu l t  in  uneven  fermenta t ion .   

Fur ther,  the  bacte r ia  may be  k i l l ed  b y the  heat  genera t ed  in  hydro l ys i s .  20 
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SUMMARY OF THE INVENTION 

[0005]  In  order  to  so lve  the  abovement ioned  p roblems,  the  present  invent ion 

provides  a  so l id-s ta te  fermenta t ion  s ys tem,  which  i s  appl icab le  to  va r ious  

t ypes  of  mixtures ,  where in  the  mixing  blades  match  wi th  or  mesh  wi th the 

baff les  on  the  inner  wal l  o f  the  hor izonta l  fermenta t ion  vesse l  to  perform a  5 

funct ion  of  agi ta t ing,  b reaking,  dr ying or  smashing,  or  pe r form a  combinat ion 

of  the  aforement ioned  funct ions .  

[0006]  In  order  to  so lve  the  abovement ioned  p roblems,  the  present  invent ion 

provides  a  so l id-s ta te  fermenta t ion  s ys tem,  which  i s  appl icab le  to  va r ious  

t ypes  of  mix tures ,  where in  the  ro ta t ion  speeds  and  the  ro ta t ion  d i rec t ions  of  10 

the  hor izonta l  fermenta t ion  vesse l  and  the  mix ing assembly are  ad jus ted  to  

perform a  funct ion of  agi ta t ing,  b reaking,  drying or  smashing,  or  per form a  

combinat ion  of  the  aforement ioned  funct ions .  

[0007]  In  order  to  achieve  the  abovement ioned  objec t ives ,  the  present  

invent ion  provides  a  sol id-s ta te  fermenta t ion  sys tem,  which  inc ludes  a  15 

hor izonta l  fermenta t ion  vesse l ,  a  mix ing assembly,  a  f i r s t  ro ta t ion  assembly,  

and  a  second rota t ion  assembly.   The hor izonta l  fermenta t i on vesse l  inc ludes  

a  vesse l  bod y and  a  bot tom cover,  which  jo int ly def ine  a  f ermenta t ion  space  

inside  the  hor izonta l  fermenta t ion  vesse l .   A p lura l i t y o f  f i r s t  baff les  i s  

intermi t ten t ly d i sposed  on  the  inner  wal l  o f  the  vesse l  body and  pro t rudes  20 

into  the  f ermenta t ion  space .   The  mixing assembl y inc ludes  a  longi tudinal  

tubular  member,  a  p lura l i t y of  mix ing b lades ,  and  a  p lura l i t y  of  second baff les .   

The longi tudinal  tubular  member,  the  mix ing b lades  and  the  second ba ff les  

are  accommodated  in  the  fermenta t ion  space .   A f i rs t  end  of  each  mix ing  
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blade  i s  connected  wi th the  longi tudinal  tubular  member ;  one  of  the  second 

baff les  i s  d isposed  a t  a  second end  of  the  mix ing b lade  and  pro t rudes  toward  

the  inner  wal l .   A f i r s t  end  of  the  longi tudinal  tubular  member  i s  

accommodated  in  the  vesse l  body;  a  s econd end  of  the  longi tudinal  tubular  

member  penet ra tes  t h rough the  bot tom cover  to  the  ex ter ior  of  the  vesse l  body.   5 

The f i rs t  rota t ion  assembly i s  connect ed  wi th the  vesse l  body and  used  to  

ro ta te  the  vesse l  body.   The second ro ta t ion  assembly i s  connected  wi th the 

mix ing assembly and  used  to  ro ta te  the  longi tudinal  tubular  member.   Whi le 

a t  l eas t  one  of  the  vesse l  body and  the  mix ing assembly i s  ro ta t ing,  an y one  

of  the  second ba ff le s  s tays  between adj acent  two of  the  f i r s t  baff les  or  passes  10 

th rough adjacent  two of  the  f i r s t  baff le s .  

[0008]  In  one  embodiment ,  the  f i r s t  ba ff les  a re  in termit ten t ly f ixed  onto  the  

inner  wal l  in  a  para l le l  o r  ob l ique  way as  a  whole  with  respect  to  the  

longi tudinal  tubular  member.  

[0009]  In  one  embodiment ,  one  or  more  openings  a re  formed on  the  wal l  o f  15 

the  longi tudinal  tubular  member.  

[0010]  In  one  embodiment ,  the  longi tudinal  tubular  member  i s  a  ho l low 

s t ructure  having a  suppor t ing assembly there ins ide .  

 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0011]  Fig.1  i s  a  perspec t ive  v iew schemat ica l l y showing a  so l id-s ta te  

fermenta t ion  sys tem accord ing to  a  f i r s t  embodiment  of  the  p resent  invent ion .  

[0012]  Fig.2  i s  a  l a tera l  sec t ional  view schemat ica l l y showing a  por t ion  of  
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the  sol id-s ta te  fermenta t ion sys tem of  the  f i r s t  embodiment  in  a  f i r s t  s i tua t ion .  

[0013]  Fig.3  i s  a  cross  sec t ional  v iew schemat ica l l y showing a  por t ion of  the  

so l id-s ta te  fermenta t ion  sys tem of  the  f i r s t  embodiment  in  the  f i r s t  s i tua t ion .  

[0014]  Fig.4  i s  a  l a tera l  sec t ional  view schemat ica l l y showing a  por t ion  of  

the  so l id-s ta te  fe rmenta t ion  sys tem of  the  f i r s t  embod iment  in  a  second 5 

s i tua t ion .  

[0015]  Fig.5  i s  a  cross  sec t ional  v iew schemat ica l l y showing a  por t ion of  the  

so l id-s ta te  fermenta t ion sys tem of  the  f i r s t  embodiment  in  the  second 

s i tua t ion .  

[0016]  Fig.6  i s  a  spread  v iew schemat ica l l y showing a  por t ion  of  members  10 

of  the  so l id-s ta te  f ermenta t ion  sys tem accord ing to  the  f i r s t  embodiment  of  

the  present  invent ion .  

[0017]  Fig.7  i s  another  spread  v iew schematica l l y showing a  por t ion  of  

members  of  the  so l id-s ta te  fe rmenta t ion  s ys tem accord ing to  the  f i r s t  

embodiment  of  the  present  invent ion .  15 

[0018]  Fig.8  i s  a  spread  v iew schemat ica l l y showing a  por t ion  of  members  

of  the  so l id-s ta te  f ermenta t ion  sys tem accord ing to  another  embodiment  of  

the  present  invent ion .  

 

DESCRIPTION OF THE PREFERRED EMBODIMENT 20 

[0019]  Fig.1  i s  a  perspec t ive  v iew schemat ica l l y showing a  so l id-s ta te  

fermenta t ion  sys tem accord ing to  a  f i r s t  embodiment  of  the  p resent  invent ion .   

Fig.2  and  Fig.3  are  respect ive ly a  l a tera l  sec t ional  v iew and  a  cross  sec t ional  
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view schemat ica l l y showing a  por t ion  of  the  so l id-s ta te  fe rmenta t ion  s ys tem 

of  the  f i r s t  embodiment  in  a  f i r s t  s i tua t ion .   Refer  to  Figs .1-3 .   The so l id-

s ta te  fermenta t ion  sys tem 1  main l y inc ludes  a  hor izonta l  fe rmenta t ion  vessel  

2  and  a  mix ing assembly 3 .   A vesse l  body 20  and  a bot tom cover  11  are  

joined  togethe r  to  form the  appearance  of  the  hor izonta l  f ermenta t ion  vessel  5 

2.   The vesse l  body 20  ma y be  fo rmed by l aminat ing  mult ip le  l aye rs  of  

mater ia l s .   For  example ,  the  mul t ip le  l aye rs  of  mater ia l s  may inc lude  a  heat  

insu la t ion wal l  13 and a  s leeve  15 .   The s leeve  15  and  the  bot tom cover  11  

join t ly def ine  a  fe rmenta t ion  space  14  inside  the  hor izonta l  fermenta t ion 

vesse l  2 .   Sensors  (not  shown in  the  drawings)  ma y be  ins ta l led  on  the  bot tom 10 

cover  11  to  detec t  the  envi ronment ,  reac tan ts  or  products  ins ide  the 

fermenta t ion  space  14 .   In  the  f i r s t  embodiment ,  the  shape  of  the  vesse l  body 

20  resembles  a  be l l .   The  top  of  the  vesse l  body 20  has  a  pro t rudent  f i r s t  

coupl ing par t  17 ,  which  i s  connected  with  a  f i r s t  ro ta t ion  assembly and  o ther  

members  tha t  a re  outs ide  the  hor izonta l  fermenta t ion  vesse l  2 .   In  one  15 

embodiment ,  a  f i r s t  longi tudinal  ro ta t ing shaf t  18  passes  t hrough a  mount ing 

member  4 and  connects  wi th  a  f i r s t  rotary jo in t  19 ,  and the  f i r s t  longi tudinal  

ro ta t ing shaf t  18 ,  the  mount ing member  4  and  the  f i r s t  ro tar y jo in t  19  

cons t i tu te  the  f i r s t  ro ta t ion assembly.   The bot tom cover  11  has  a  p la te- l ike 

s t ructure ;  the  bot tom cover  11 ,  and  the  heat  insu la t ion  wal l  13  and  the  s leeve  20 

15 are  jo ined  t igh t ly.  The bot tom cover  11  has  an  opening to  a l low the  mixing  

assembly 3  to  pass  through.   The s leeve  15  adheres  to  the  heat  insu la t ion 

wal l  13  and  funct ions  as  the  inner  wal l  o f  the  vesse l  body 20 .   A p lura l i t y of  

f i r s t  baff les  12  i s  i n termit ten t ly d i s t r ibu ted  on  the  inner  wal l .   A region  of  
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the  s leeve  15 ,  which  i s  corresponding to  the  f i r s t  coupl ing par t  17 ,  has  an 

accommodat ion member  connected  with  a  t e rminal  (a  f i r s t  end)  of  a  

longi tudinal  tubula r  member  33 .   The mix ing assembly 3  inc ludes  the 

longi tudinal  tubular  member  33 ,  a  p lura l i t y of  mix ing b lades  34 ,  and  a 

p lura l i t y of  second baff les  32 ,  where in  the  mix ing b lades  34 and  the  second 5 

baff les  32  a re  ar ranged  ins ide  the  fermenta t ion  space  14 .   A second end  of  

the  longi tudinal  tubular  member  33  penet ra tes  the  bot tom cover  11  and  

connects  wi th  a  second longi tudinal  rota t ing shaf t  38 ,  and  the  second 

longi tudinal  ro ta t ing shaf t  38  passes  through another  mount ing member  4  and  

then connects  wi th  a  second ro tary j o int  39 .   The second longi tudinal  10 

ro ta t ing shaf t  38 ,  another  mount ing member  4 and  the  second ro tar y jo in t  39 

cons t i tu te  a  second ro ta t ion assembly.   Two mount ing members  4  are  used  to  

suspend the  hor izonta l  fermenta t ion  vesse l  2 .   In  the  f i r s t  embodiment ,  the 

longi tudinal  tubular  member  33  i s  a  long and  hol low pipe  s t ructure ;  one  end  

of  the  longi tudinal  tubular  member  33  i s  accommodated  by the  15 

accommodat ion  member  of  the  s leeve  15;  another  end  o f  the  longi tudinal  

tubular  member  33  ex tends  through the  opening of  the  bot tom cover  11  to  the 

ex ter ior ;  one  or  more  f i r s t  per fora t ions  35  are  formed on  the  wal l  o f  the 

longi tudinal  tubular  member  33 .   A suppor t ing assembl y 31  i s  accommodated  

in  the  p ipe-shape  space  of  the  longi tudinal  tubular  member  33 .   The 20 

suppor t ing assembly 31  ma y have but  i s  no t  l imited  to  have  a i r  supply/ t r ansfer  

p iping and  water  supply/ t r ansfer  p ip ing .   Gas  or  l iqu id f rom the  suppor t ing 

assembly 31  ma y en ter  in to  fermenta t ion  space  14  v ia  the  f i r s t  per fora t ions  

35 .   A f i rs t  end  of  the  mix ing b lade  34  connects  wi th the  longi tudinal  tubular  
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member  33 ,  and  the  mix ing b lade  34  a lmos t  ver t ica l l y ex tends  f rom the  

longi tudinal  tubular  member  33  toward  the  fermenta t ion  space  14  to  reach  a  

region  approaching the  s leeve  15 .   A second end  of  the  mixing b lade  34  has  

the  second baff le  32  tha t  p ro t rudes  toward  the  s leeve  15  ( the  inner  wal l ) .   

The  pos i t ions  and  s ize  of  the  second baff les  32  match  the  posi t ions  and  s ize  5 

of  the  f i r s t  baff les  12 .   The suppor t ing assembl y 31  may fur the r  inc lude  

wi res ,  c i rcu i t  boards ,  and  power  supply e lements ,  which  are  connected  to  the 

second ro tar y jo in t  39 .   In  Fig.2 ,  the  hor izonta l  fermenta t ion  vesse l  2  or  the 

mix ing assembly 3  are  not  drawn or  merely sketched  s imply.   However,  i t  i s  

no t  to  l imit  the  present  invent ion  but  to  emphas ize  the  character i s t i cs  of  the 10 

present  invent ion .  

[0020]  Refer  to  Figs .1-3  again .   The hor izonta l  fermenta t ion  vesse l  2  and 

the  mix ing assembly 3  may be  respect ive ly dr iven  by d i fferen t  dr iv ing 

mechanisms/dr iv ing  assembl ies .   In  the  f i r s t  embodiment ,  a  f i r s t  motor  22  is  

connected  to  the  f i r s t  longi tudinal  ro ta t ing shaf t  10  through a  f i r s t  15 

t ransmiss ion  assembly 25 .   In  one  embodiment ,  the  f i r s t  t ransmiss ion 

assembly 25  ma y include  bel t s  and  pul leys .   In  opera t ion ,  the  f i r s t  motor  22  

dr ives  the  f i r s t  t ransmiss ion  assembly 25  to  ro ta te  the  f i r s t  longi tudinal  

ro ta t ing shaf t  18  and  then  dr ive  the  bot tom cover  11 ,  the  vesse l  body 20  and  

the  f i r s t  baff les  12  to  ro ta te  together( the  ro ta t ion  i s  indica ted  by Arrow A) .   20 

A second motor  24  i s  connected  to  the  mix ing assembl y 3  through a  second  

t ransmiss ion  assembly 23 .   The second motor  24  dr ives  the  second 

t ransmiss ion  assembly 23  to  ro ta te  the  second longi tudinal  ro ta t ing shaf t  38  

and  then dr ive  the  longi tudinal  tubular  member  33 ,  the  mixing b lades  34  and 
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the  second baff les  32  to  ro ta te  togethe r  ( the  ro ta t ion  i s  ind ica ted  by Arrow 

B) .   In  a  f i r s t  s i tua t ion ,  the  hor izonta l  fermenta t ion  vesse l  2  and  the  mixing  

assembly 3  are  respect ive ly d r iven  to  rota te  in  the  same d i rec t ion .   For  

example ,  Ar row A and  Ar row B a re  in  the  c lockwise  d i rec t ion .   Whi le  the  

hor izonta l  fermenta t ion  vesse l  2  and  the  mixing assembl y 3  ro ta te  in  the  same 5 

speed ,  the  f i r s t  baff les  12  match  and  engage wi th  the  second baff les  32  to  

form a  cont inual  s t ruc ture  a long  the  longi tudinal  l ength  L o f  the  fermenta t ion  

space ,  and  the  cont inual  s t ruc ture  ex is t s  pers i s ten t ly for  the  en t i re  per iod of  

the  ro ta t ions  a t  the  same speed  in  the  same d i rec t ion .   Thus ,  the  reactan ts ,  

the  products  or  o ther  mater ia l s  (no t  shown in the  drawings)  are  l ess  l ike ly to  10 

adhere  to  the  s leeve  15 .   Whi le  the  hor izonta l  fermenta t ion vesse l  2  and the  

mix ing assembl y 3  do  not  ro ta te  in  the  same speed ,  the  f i r s t  baff les  12  match  

and  engage wi th  the  second baff les  32  to  cons t i tu te  a  cont inual  s t ruc ture  a long 

the  longi tudinal  l ength  L of  the  fermenta t ion  space  a t  spec i f ied  t ime poin t s .   

Dur ing the  per iod  tha t  the  hor izonta l  fermenta t ion  vesse l  2  and  the  mix ing 15 

assembly 3  do  not  ro ta te  in  the  same speed ,  the  f i r s t  baff les  12  and  the  second 

baff les  32  wi l l  approach  each  o the r  gradual ly,  match  and  engage wi th  each  

o ther,  and  then  separa te  f rom each  o ther.   Thus ,  the  cont inual  s t ruc ture  and  

the  non-cont inual  s t ruc ture  appear  a l ternate ly in  the  hor izonta l  fermenta t ion 

vesse l  2 .   Wi th  the  var ia t ion  f rom approaching  each  o ther,  matching  and  20 

engaging wi th  each  o ther,  and  then  separa t ing  f rom each  o ther,  d i fferen t  

ac t ions  are  appl ied  to  the  mater ia l s  ins ide  the  fermenta t ion  space  14 .   Thus ,  

a  funct ion  of  agi ta t ing,  b reaking,  dr ying  or  smashing,  or  a  combinat ion  of  the 

aforement ioned  funct ions ,  i s  per formed on the  mater ia l s  ins ide  the  
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fermenta t ion  space  14 .  

[0021]  Fig.4  and  Fig.5  are  respect ive ly a  l a te ra l  sec t ional  v iew and  a  cross  

sec t ional  v iew of  a  por t ion  of  assembl i es  of  a  so l id-s ta te  f ermenta t ion  sys tem 

in a  second s i tua t ion accord ing to  a  second embodiment  of  the  present  

invent ion .   Refer  to  Figs .1-5  s imul taneous ly.   In  compar i son  with  the 5 

s i tua t ion  where  the  f i r s t  baff les  12  match  and  engage wi th  the  second ba ff les  

32  in  Fig.2 ,  Fig.4  shows a  s i tua t ion  where  the  f i r s t  baff l es  12  nei ther  match  

nor  engage wi th  the  second ba ff les  32 .   As  shown in  Fig .5 ,  the  hor izonta l  

fermenta t ion  vesse l  2  and  the  mix ing assembly 3  are  respect ive ly d r iven  to  

ro ta te  in  d i fferen t  d i rec t ions ,  where in  Arrow A ro ta tes  c lockwise  and  Arrow 10 

B ro ta tes  counterc lockwise ,  and  where in  the  f i r s t  baff les  12  are  separa ted  

f rom the  second ba ff les  32  by 90  degrees  a t  speci f ied  t ime po int s .   I t  i s  eas i l y 

unders tood:  in  the  second type  of  ro ta t ion ,  the  f i r s t  baff les  12 and  the  second 

baff les  32  ma y a l so  approach  each  o the r,  match  and  engage  wi th  each  o ther,  

and  then  separa te  f rom each  o ther  a t  speci f ied  t ime poin t s .   Therefore ,  the  15 

cont inual  s t ruc ture  and  the  non-cont inual  s t ruc ture  a l so  appear  a l ternate l y in  

the hor izonta l  fermenta t ion  vesse l  2  dur ing the  second type  of  ro ta t ion .   

Thus ,  di ffe ren t  ac t i ons  are  appl ied  to  the  mater ia l s  ins ide  the  fermenta t ion  

space  14 ,  where in  a  funct ion  of  agi ta t ing,  b reaking,  dr ying or  smashing,  or  a  

combinat ion  of  the  aforement ioned  funct ions ,  i s  per formed on the  mater ia l s  20 

ins ide  the  fermenta t ion space  14 .   I t  i s  eas i l y unders tood:  one  of  the  

hor izonta l  fermenta t ion  vesse l  2  and  the  mix ing assembly 3  of  the  p resent  

invent ion  may be  se t  to  s tay s ta t ionary,  and  the  o ther  one  may be  se t  to  ro ta te .   

For  example ,  the hor izonta l  fermenta t ion vesse l  2  i s  kept  s t i l l ,  and  the  mix ing 
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assembly 3  i s  ro ta ted  c lockwise  or  coun terc lockwise .   In  such  a  se t t ing,  the  

re la t ive  pos i t ion  of  the  f i r s t  baff les  12  and  the  second baff les  32  ma y s t i l l  

have  the  aforement ioned  var ia t ion a t  speci f ied  t ime poin ts .   Accord ing to  the  

above descr ip t ion ,  whi le  the  mix ing assembly 3  ro ta tes  s ingly or  whi le  the 

hor izonta l  fermenta t ion  vesse l  2  and  the  mixing assembl y 3  ro ta te  in  the  same 5 

di rec t ion  but  a t  d i ff eren t  speeds ,  the  mixing b lades  34  and  the  second ba ff les  

32  of  the  s leeve  15  may match  each  o ther  or  engage wi th  each  o ther  a t  

speci f ied  t ime poin t s .   Whi le  the  hor i zonta l  fermenta t ion  vesse l  2  and  the  

mix ing assembly 3  ro ta te  in  the  same  d i rec t ion  and  a t  the  same speed ,  the 

mix ing b lades  34  and  the  second baff l es  32 of  the  s leeve  15  ma y a l so  match  10 

each  o ther  or  engage wi th  each  o ther.   The a forement ioned  opera t ion  

methods  ma y f l ip  and  f l ing the  mix tures  (mater ia l s  and  cu l ture  media)  to  

agi ta te  and  mix  them fu l ly.   While  the  hor izonta l  fermenta t ion  vesse l  2  and 

the  mix ing assembly 3  ro ta te  in  d i ffe ren t  d i rec t ions ,  they ma y perform a  

smashing funct ion .   Therefore ,  the  so l id-s ta te  fermenta t ion sys tem 1  of  the  15 

present  invent ion  may appl y to  var ious  t ypes  of  mixtures  and  ma y evenl y mix  

the  mater ia l s  fed  in to  the  hor izonta l  fe rmenta t ion  vesse l  2 ,  the  in termedia te  

products  of  fermenta t ion and  the  f ina l  p roducts  of  fermenta t ion .   The so l id-

s ta te  fermenta t ion  sys tem 1  of  the  present  invent ion  may appl y to  var ious  

t ypes  of  mix tures ,  such  as  sol id-s ta te  powders ,  s lur ry mater ia l s  and  dough-20 

l ike  mater ia l s .   Even  through the  mixtures  have  d i fferen t  forms in  the  

fermenta t ion  process ,  the  present  invent ion  can  s t i l l  agi t a te ,  b reak ,  dr y o r  

smash  them,  or  per form a  combinat ion  of  the  aforement ioned  funct ions  on 

them via  ad jus t ing the  speed  and  d i rec t i on  of  ro ta t ion .  
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[0022]  Fig.6  i s  a  spread  v iew schemat ica l l y showing a  por t ion  of  assemblies  

of  the  so l id-s ta te  f ermenta t ion  sys tem accord ing to  the  f i r s t  embodiment  of  

the  present  invent ion .   Refer  to  Figs .1-6  s imul taneous ly.   In  Fig.6 ,  the  

vesse l  body 20  i s  spread  onto  a  p lane ,  and  R denotes  the  ro ta t ing ax is  of  the  

vesse l  body and  the  mix ing assembly.   In  the  f i r s t  embodiment ,  a  p lura l i t y 5 

of  f i r s t  baff les  12  i s  a r ranged  in termi t ten t ly on  a  s ingle  v i r tua l  l ine  para l le l  

to  the  ro ta t ing ax is  R .   In  o ther  words ,  the  f i r s t  baff les  12  d i sposed  para l le l  

to  the  longi tudinal  tubular  member.   W hile  one  of  the vesse l  body 20  and  the 

mix ing assembl y 3  ro ta tes ,  the  second baff les  32  s ta y between the  f i r s t  baff les  

12  a t  a  speci f ied  t ime poin t  or  more  speci f ied  t ime point s  or  wi th in  a 10 

cont inuous  t ime in terval ,  whereb y the  f i r s t  baff les  12  and  the  second baff les  

32  join t ly form a  s t ra ight  l ine .   In  o ther  words ,  the  f i r s t  baff les  12  and  the  

second baff les  32  form a  cont inual  s t ruc ture .   I t  should  be par t icu lar l y 

expla ined:  the  f i r s t  baff les  12  and  the  second baff les  32 match  each  in  

s t ruc ture .   For  example ,  the  f i r s t  baff les  12  have  a  rec tangular  shape;  the 15 

second baff les  a l so  have  a  rec tangular  shape  or  have  a  s te reo  3-d imens ional  

s t ruc ture  wi th  a  rec tangular  bo t tom;  whi le  the  f i r s t  baff le  12  s ta ys  between  

the ad jacent  second  baff les  32 ,  the gaps therebetween are  e i ther  neglec tab le  

or  ver y smal l .   F ig.7  i s  another  spread  v iew schemat ica l l y showing a  por t ion  

of  assembl ies  of  the  so l id-s ta te  fermenta t ion  sys tem accord ing to  the  f i r s t  20 

embodiment  of  the  present  invent ion .   In  compar i son  with the  f i r s t  baff les  

12  in  Fig.6 ,  the  f i r s t  baff les  12  in  Fig.7  has  a  t rapezoidal  shape ,  where in  the  

larger  base  i s  f ixed  to  the  inner  wal l  o f  the vesse l  body,  and  the  smal ler  base  

pro t rudes  toward  the  fermenta t ion space .   Thus ,  the  second baff les  32 ,  which 
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match  the  f i r s t  baff les  12 ,  a l so  has  a  t rapezoidal  shape ,  where in  the  larger  

base  i s  near  the  inner  wal l  o f  the  vesse l  body,  and  the  smal ler  base  i s  

connected  wi th  the  mix ing b lade  (not  shown in the  drawing) ,  and  where in  the  

pro jec t ion area  of  the  larger  base  i s  equal  or  approximate  to  the  spacing of  

two adjacent  f i r s t  baff les  12 .    5 

[0023]  Fig.8  i s  a  spread  v iew schemat ica l l y showing a  por t ion  of  assemblies  

of  the  so l id-s ta te  f ermenta t ion  sys tem accord ing to  another  embodiment  of  

the  present  invent ion .   In  compar i son  wi th the  f i r s t  baff le s  12  in  Fig.6 ,  the  

f i r s t  baff les  12  in  Fig.8  are  f ixed  to  the  inner  wal l  in termi t ten t ly,  bu t  a  s ingle  

v i r tua l  l ine  wi th  respect  to  the  f i r s t  baff les  12  i s  no t  a  para l le l  l ine  but  a  skew 10 

l ine  to  the  ro ta t ing ax is  R .   In  the  embodiment  shown in  Fig.8 ,  a  p lura l i t y of  

mix ing b lades  i s  a r ranged  hel ica l l y wi th  respect  to  the  longi tudinal  tubular  

member  to  make the  s ta tus  shown in  Fig.8  appear  a t  some t ime point s  or  

pers i s t  for  a  per iod of  t ime dur ing ro ta t ion .   In  o ther  words ,  the  second 

baff les  32  and  the  f i r s t  baff les  12  form a  s t ra ight  l ine  in  pro jec t ion ,  where in  15 

the  s t ra ight  l ine  i s  skew to the  ro ta t ing ax is ,  and  whi le  the  s t ra ight  l ine  i s  an  

arc  l ine  in  rea l i t y when the  vesse l  body i s  a  be l l - l ike  cyl inder  in  rea l i t y.   

Accord ingl y,  the  f i r s t  baff les  12  are  f ixed  onto  the  inner  wal l  intermi t ten t l y 

in  a  para l le l  o r  ob l ique  wa y as  a  whole  with  respect  to  the  longi tudinal  tubular  

member.   The f i r s t  baff les  12  ma y be  f ixed  to  the  inner  wal l  o f  the  vessel  20 

body 12  in  an  appropr ia te  method,  such  as  a  weld ing method.   The present  

invent ion  does  not  cons t ra in  tha t  the  f i r s t  baff les  12  must  be  d i s t r ibuted  on 

the  inner  wal l  accord ing to  the  pat terns  shown in  the  a t tached  drawings .   In  

the  present  invent ion ,  the  quant i t y,  shape  and  ar rangement  o f  the  f i r s t  baff les  
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12 ma y be  ad jus ted  accord ing to  requi rement  as  long as  t he  quant i t y,  shape 

and  pos i t ions  of  the  second baff les  32  can  match  the  quant i t y,  shape  and  

ar rangement  of  the  f i r s t  baff les  12 .  

[0024]  The subs t ra tes  su i tab le  for  the  so l id-s ta te  fermenta t ion  (SSF)  s ys tem 

include  s tarch y subs t ra tes ,  subst ra tes  wi th  prote in ,  ce l lu los ic /  l ignocel lu losic 5 

subst ra tes ,  subs t ra tes  wi th so lvable  sugar,  def ined  media  and  iner t  car r ier,  

and  combinat ions  of  a t  l eas t  two of  the  aforement ioned  subs t ra tes .   The 

s tarchy subs t ra te  may be  but  i s  no t  l imited  to  be  r ice ,  bar ley,  oa t s ,  cassava ,  

wheat  bran ,  cassava  meal ,  corn  meal ,  bean  dregs ,  sweet  pota to  res idues ,  

banana peel ,  o r  a  combinat ion  of  a t  l eas t  two of  the  aforement ioned  s tarch y 10 

subst ra tes .   The s tarch y subs t ra tes ,  be ing r ich  in  carbohydrates  ( impor tan t  

carbon source  in  many microbia l  fe rmenta t ion  processes ) ,  a re  h ydro lyzed  to  

produce  s imple  sugars  tha t  can  be  consumed eas i l y b y microorganisms .   Food 

and  agr icu l tura l - indus t ry b y-p roducts ,  such  as  oi l  cakes ,  a re  ideal  sources  of  

pro te inaceous  nut r ien ts .   Thei r  use  as  a  so l id  subst ra te  i s  h ighly favored  in  15 

SSF.   Oi l  cakes ,  be ing r ich  in  pro te ins  ( impor tan t  ni t rogen sources  in  man y 

microbia l  fe rmenta t ion)  and  suppor ted  by o the r  nu t r ien ts  such  as  

carboh ydrates  and  minera l s ,  o ffer  a  wide  range of  a l ternat ive  subst ra tes  in  

SSF for  the  product ion of  var ious  enz ymes  ( for  example  pro teases ,  l ipases ,  

e tc . )  and  offer  a  wide  spect rum of  secondary metabol i tes ,  b iomass ,  o rganic  20 

acids  and  biofer t i l i zers  in  other  uses .   Oi l  cake- t ype  food  and agr icu l tura l -

indus t ry b y-products  inc lude  pumpkin o i l  cake  (63 .52%),  soybean  o i l  cake  

(51 .8%),  sesame o i l  cake  (48 .2%),  groundnut  o i l  cake  (45 .6%),  saff lower  o i l  

cake  (44 .0%),  rapeseed  meal  oi l  cake  (42 .8%),  co t tonseed  o i l  cake  (41 .0%),  
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mustard  o i l  cake  (38 .5%),  sunf lower  o i l  cake  (34 .1%),  canola  oi l  cake  (33 .9%),  

l inseed  o i l  cake  (32 -36%),  coconut  o i l  cake  (25 .2%),  copra  o i l  cake  (23 .11%),  

pa lm kernel  o i l  cake  (20 .4%),  and  o l ive  o i l  cake  (4 .77%),  which  are  the  mos t  

abundant  agr i cu l ture  by-p roducts .  

[0025]  Most  agr icu l tura l  res idues  conta in h igh  levels  of  ce l lu lose  or  5 

l ignocel lu lose ,  which  have  the  poten t ia l  to  be  used  as  so l id  subst ra tes  in  SSF.   

The agr icu l tura l  res idues  conta in ing h igh  levels  of  ce l lu lose  or  l ignocel lu lose  

inc lude  sugarcane  bagasse ,  soybean  hul l s ,  wheat  bran ,  r i ce  hul l s ,  r i ce  s tover,  

corn  cob ,  bar ley husk ,  sugar  beet  pu lp ,  wheat  s t raw,  bar ley s t raw,  and  wood.   

In  th i s  case ,  ce l lu lo lyt ic  fungi ,  such  as  Tr ichoderma,  Tr ichoderma v i r ide ,  10 

Aspergi l lus  n iger,  C los t r id ium ce l lu lo lyt icum and  Rhizopus  sp .   

S t rep tomyces  sp . ,  and  l ign inolyt ic  fungi ,  such  as  whi te- ro t  fungi ,  a re  ab le  to  

degrade  complex  ce l lu lose  and  l ignocel lulose  to  produce  s imple  sugars .  

[0026]  Sol id subs t ra tes  conta ining s igni f icant  amount  of  soluble  sugars  ma y 

be  obta ined  f rom f ru i t  p rocess ing,  such  as  molasses ,  grape  pomace,  apple  15 

pomace,  k iwi  pomace,  l emon peel ,  l emon pulp ,  peach  pomace,  p ineapple  

was te ,  sweet  sorghum, fodder  and  sugar  beet s ,  sugar  beet  pulp ,  carob  pods ,  

and  coffee  pulp .   There  are  var ious  iner t  car r iers  tha t  can  be  used to  s imula te 

the  condi t ions  of  typ ica l  SSF.   These  iner t  car r ie rs  inc lude  vermicul i t e ,  

per l i t e ,  c lay granules ,  pozzolana  par t ic les  (volcanic  mater ia l ) ,  hemp,  20 

amber l i t e ,  po lyure thane  foam (PUF)  and polys tyrene .   The iner t  car r i er  i s  

f i l l ed  wi th  chemical ly def ined  l iqu id  media .  

[0027]  The embodiments  descr ibed  above are  to  demons t ra te  the  technica l  

thought  and  charac ter i s t i cs  of  the  present  invent ion  to  enable  the  persons  
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sk i l l ed  in  the  ar t  to  unders tand ,  make,  and  use  the  present  invent ion .   

However,  these  embodiments  are  only to  exempli fy the  present  invent ion but  

no t  to  l imi t  the  scope of  the  present  invent ion.   Any equivalen t  modi f ica t ion 

or  var ia t ion accord ing to  the  spi r i t  o f  the  present  invent ion i s  to  be  a l so 

inc luded  by the  scope of  the  present  invent ion.  5 
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CLAIMS 

What  i s  c la imed i s :  

1.  A sol id-s ta te  fermenta t ion  sys tem,  compris ing:  

a  hor izonta l  fermen ta t ion  vesse l  inc luding a  vesse l  body and  a  

bot tom cover,  where in  the  vesse l  body and  the  bot tom cover  jo in t ly def ine  5 

a  fermenta t ion  space  inside  the  hor izonta l  fermenta t ion  vesse l ,  and  a  

p lura l i t y of  f i r s t  baff les  i s  intermi t ten t ly d i sposed  on  an  inner  wal l  o f  the  

vesse l  body and  pro t rudes  into  the  fermenta t ion  space;  

a  mixing assembl y inc luding a  longi tudinal  tubular  member,  a  

p lura l i t y of  mixing b lades  and  a  p lura l i t y of  second ba ff les ,  where in  the  10 

longi tudinal  tubular  member,  the  mix ing b lades  and  the  second baff les  are  

accommodated  in  the  fermenta t ion  space ,  and  where in   

a  f i r s t  end  of  each  o f  the  mixing b lades  i s  connected  wi th  the  

longi tudinal  tubular  member ;  one  of  the  second baff les  i s  d i sposed  a t  a  

second end  of  each  of  the  mix ing b lades  and  pro t rudes  toward  the  inner  15 

wal l ;  and  

a  f i r s t  end  of  the  longi tudinal  tubular  member  i s  

accommodated  in  the  vesse l  body;  a  second end  of  the  longi tudinal  

tubular  member  penet ra tes  th rough the  bot tom cover  to  ex ter ior  of  the  

vesse l  body;  20 

a  f i r s t  ro ta t ion  assembly connected  wi th  the  vesse l  body and  used  to  

ro ta te  the  vesse l  body;  and  

a  second ro ta t ion  assembly connected  with  the  mixing assembly and  

used  to  rota te  the  longi tudinal  tubular  member,  where in  whi le  a t  l eas t  one  
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of  the  vesse l  body and  the  mix ing assembly ro ta tes ,  any one  of  the  second 

baff les  s ta ys  between adjacent  two of  the  f i r s t  baff les  or  passes  through 

adjacent  two of  the  f i r s t  baff les .  

2 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  where in  the  

f i r s t  baff les  are  f ixed  onto  the  inner  wal l  in termi t ten t ly in  a  para l le l  o r  5 

obl ique  wa y as  a  whole  with  respect  to  the  longi tudinal  tubular  member.  

3 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  where in  one  or  

more  perfora t ions  a re  formed on  a  wal l  o f  the  longi tudinal  tubular  

member.  

4 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  where in  the  10 

longi tudinal  tubular  member  i s  a  hol low s t ructure  having a  suppor t ing 

assembly there ins ide .  

5 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  where in  the  

f i r s t  ro ta t ion  assembly inc ludes  a  f i r s t  longi tudinal  ro ta t ing shaf t  

connected  wi th  the  vesse l  body,  and  a  f i r s t  ro tar y jo in t  i s  connected  wi th  15 

the  f i r s t  longi tudinal  ro ta t ing shaf t .  

6 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 5 ,  fur ther  

compris ing a  f i r s t  t ransmiss ion  assembly connected  wi th  the  f i r s t  

longi tudinal  ro ta t ing shaf t ,  and  a  f i r s t  motor  ro ta t ing the  vesse l  body v ia  

the  f i r s t  t ransmiss ion  assembly.  20 

7.  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  where in  the  

second ro ta t ion  assembly inc ludes  a  second longi tudinal  ro ta t ing sha f t  

connected  wi th  the  longi tudinal  tubular  member,  and  a  second ro tary jo in t  

i s  connected  wi th  the  second longi tudinal  ro ta t ing shaf t .  
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8.  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 7 ,  fur ther  

compris ing a  second t ransmiss ion  assembly connected  wi th  the  second 

longi tudinal  ro ta t ing shaf t ,  and  a  second motor  ro ta t ing the  longi tudinal  

tubular  member  v ia  the  second t ransmiss ion  assembly.  

9 .  The so l id-s ta te  fermenta t ion  sys tem accord ing to  c la im 1 ,  fur ther  5 

compris ing two mount ing members  r espect ive ly connected  wi th  the  f i r s t  

ro ta t ion assembly and  the  second ro ta t i on  assembly for  suspending the  

hor izonta l  fermenta t ion  vesse l .  


