
3  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 2 4   1  5 2  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80302646.7  ©  Int.  CI.3:  A  24  B  15/20 

©  Date  of  filing:  04.08.80 

©  Priority:  20.08.79  LU  81611  ©Applicant:  Fabriques  de  Tabac  Reunies,  S.A. 
25.02.80  LU  82199 
06.06.80  US  156910  CH-2003  Neuchatel(CH) 

©  Inventor:  Gaisch,  Helmut 
©  Date  of  publication  of  application:  LaPistoule68 

25.02.81  Bulletin  81/8  CH-2036  Cormondreche(CH) 

©  Designated  Contracting  States:  ©Inventor:  Krasna,  Beth 
BE  CH  DE  FR  GB  IT  LI  NL  Beauregard  42 

CH-2036  Cormondreche(CH) 

©  Inventor:  Schulthess,  Dieter 
Rue  de  Grise-Pierre  4 
CH-2003  Neuchatel(CH) 

©  Inventor:  Ruf,  Claude 
Chemin  de  I'Etoile 
CH-2053  Gorgier(CH) 

©  Representative:  Bass,  John  Henton  et  al, 
REDDIE  &  GROSE  16  Theobalds  Road 
London  WC1X  8PLIGB) 

54)  Continuous  method  of  denitrating  tobacco  extracts. 

An  improved  method  of  reducing  the  nitrate,  nitrite  and 
ammonium  compound  content  of  an  aqueous  tobacco  extract 
employing  microorganisms  is  described.  The  nitrates,  nitrites 
and  ammonium  compounds  are  eliminated  on  a  continuous 
basis  via  an  aerobic  assimilatory  metabolic  pathway  by  intro- 
ducing  aqueous  tobacco  extract  and  necessary  additives  into 
a work mixture, containing suitable microorganisms, at a dilu- 
tion  rate  which  does  not  exceed  the  growth  rate  of  the  mic- 
roorganisms  while  withdrawing  a  portion  of the  work  mixture 
at  a  rate  such  that  the  volume  of  the  work  mixture  remains 
contant.  Optionally  the  biomass  may  be  removed  from  the 

withdrawn  mixture. 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  a  c o n t i n u o u s   p r o c e s s   f o r  

r e d u c i n g   the  l e v e l s   of  c e r t a i n   n i t r o g e n - c o n t a i n i n g   compounds 
p r e s e n t   in  tobacco   m a t e r i a l s   using  m i c r o o r g a n i s m s .   S p e c i f i c -  

a l l y ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   for  r educ ing   t h e  

l e v e l s   of  n i t r a t e s ,   n i t r i t e s   and  ammonium  compounds  via  an  

a e r o b i c   a s s i m i l a t o r y   me tabo l i c   pathway  employing  c o n d i t i o n s  

s u c h   t h a t  c o n t i n u o u s ,   r a t h e r   than  ba t ch ,   o p e r a t i o n   is  p o s s i b l e .  

D e s c r i p t i o n   of  P r io r   A r t  

I t   is  g e n e r a l l y   r e cogn ized   t h a t   smoking  p r o d u c t s  

having  lowered  amounts  of  oxides  of  n i t r o g e n   p r e s e n t   in  smoke 

are  d e s i r a b l e .   T h e r e f o r e ,   a  number  of  methods  have  b e e n  

deve loped   to  reduce   the  d e l i v e r y   of  oxides   of  n i t r o g e n   by 

smoking  p r o d u c t s .   Among  these  t e c h n i q u e s   are  v a r i o u s   m e t h o d s  

where in   the  n i t r a t e   c o n t e n t   of  the  tobacco  is  a l t e r e d .   F o r  

example,   methods  i n v o l v i n g   m i c r o b i a l   t r e a t m e n t   of  tobacco  t o  

. a c c o m p l i s h   such  n i t r a t e   r e d u c t i o n   have  been  p r o p o s e d .  

S p e c i f i c a l l y   in  Gaisch  et   al .   Be lg ian   P a t e n t   8 8 6 , 4 4 5  

p u b l i s h e d   August   14,  1978  and  a s s igned   to  F a b r i q u e s   de  Tabac  

Reunies  S.A.  a  p roce s s   for  degrad ing   n i t r a t e s   and  n i t r i t e s   i n  

tobacco  to  n i t r o g e n   or  ammonia  compounds  by.means  of  m i c r o -  

o rgan i sms   which  would  normal ly   r e q u i r e   oxygen,  but  are  c a p a b l e  

of  a n a e r o b i c   d e n i t r a t i o n   is  d e c r i b e d .   Gaisch  et  a l .   German 

O f f e n l e g u n g s s c h r i f t   28  16427,  f i l e d   Apr i l   15,  1978  and  p u b l i s h e d  

November  9,  1978,  d e s c r i b e s   a  p rocess   for  m i c r o b i a l   d e g r a d a t i o n  

of  n i t r a t e ,   n i t r i t e   and  o ther   n i t r o g e n   c o n t a i n i n g   compounds  i n  

t obacco .   Accord ing   to  Gaisch  et  a l . ,   under  n i t r o g e n   d e f i c i e n c y  

or  oxygen  d e f i c i e n c y   c o n d i t i o n s ,   the  m ic roo rgan i sms   employed  

o b t a i n   t h e i r   n i t r o g e n   or  oxygen  r e q u i r e m e n t s   r e s p e c t i v e l y   f rom 



n i t r a t e   or  n i t r i t e   d e g r a d a t i o n .   The  m i c r o o r g a n i s m s   which  c a n  

be  used  in  t he se   two  p roces se s   may  be  s e l e c t e d   from  the  g e n u s  

A e r o b a c t e r ,   Pseudomonas,   Micrococcus  or  E s c h e r i c h i a ,   w i t h  

E n t e r o b a c t e r   a e rogenes   being  s p e c i f i c a l l y   employed  in  t h e  

.  e x a m p l e s .  

European  Pa ten t   A p p l i c a t i o n   79  300  706.3  p u b l i s h e d  

October   31,  1979,  d e s c r i b e s   a  p roce s s   for   m i c r o b i a l   r e d u c t i o n  

of  n i t r a t e s   in  tobacco  via  a  d i s s i m i l a t o r y   d e n i t r i f i c a t i o n  

p a t h w a y   whereby  n i t r o g e n   gas  is  the  end  p r o d u c t .   The  m i c r o -  

o rgan ism  s p e c i f i c a l l y   sugges ted   for  use  in  the  p r o c e s s   i s  

P a r a c o c c u s   d e n i t r i f i c a n s   or  Micrococcus  d e n i t r i f i c a n s .   S p e c i e s  

o f   the  g e n e r a  P s e u d o m o n a s ,   A l c a l i g e n e s ,   B a c i l l u s   a n d  

P r o p i o n i b a c t e r i u m  c a n   a lso  be  e m p l o y e d .  

F u r t h e r   U.S.  P a t e n t   3 ,845 ,774   to  Tso  et   a l .   d e s c r i b e s  

tobacco   t r e a t m e n t   methods  r e f e r r e d   to  as  homogenized  l e a f  

c u r i n g   where in   the  tobacco  is  homogenized  and  i n c u b a t e d   d u r i n g  

cu r ing   in  o rde r   to  r e g u l a t e   the  c o m p o s i t i o n   of  the  f i n a l   p r o d u c t .  

N i t r a t e - n i t r o g e n   and  t o t a l   n i t r o g e n   are  r educed   somewhat ;  

h o w e v e r ,   the  amount  of  r e d u c t i o n   is  not  a s  s i g n i f i c a n t   as  t h a t  

o f   the  p r e s e n t   p r o c e s s .   Although  Tso  et   a l .   a l l u d e   to  the  f a c t  

t h a t   t obacco   m o d i f i c a t i o n   can  be  a ccompl i shed   by  the  use  o f  

a d d i t i o n a l   t e c h n i q u e s   during  h o m o g e n i z a t i o n   and  i n c u b a t i o n ,  

s u c h   as  enzyme  and  m i c r o b i a l   a c t i o n ,   no  s p e c i f i c   methods  o r  

means  for   r e d u c i n g   n i t r a t e - n i t r o g e n   are  s u g g e s t e d .  

Gravely   et  a l . ,   U.S.  P a t e n t   3 ,747 ,608   r e l a t e s   to  a  

m e t h o d   for  a e r o b i c   m i c r o b i a l   d i g e s t i o n   of  p e c t i n - b o u n d   p l a n t  

m a t e r i a l ,   s p e c i f i c a l l y   tobacco  m a t e r i a l s .   Al though   the  i n v e n t i o n  

d e a l s   p r e d o m i n a n t l y   with  methods  for  f i b r i l a t i n g   t o b a c c o  

m a t e r i a l s   u s ing   p e c t o l y t i c   enzyme-produc ing   m i c r o o r g a n i s m s ,  

E x a m p l e s   11  and  13  d i s c l o s e   data   r e l a t e d   to  the  c o n c o m i t a n t  



d e n i t r a t i o n   of  tobacco  using  the  m ic roo rgan i sm  Erwinia  c a r o t o v o r a ,  

ATCC  495.  This  mic roorgan i sm  is  u n s u i t a b l e   for  use  in  t h e  

p r e s e n t   i n v e n t i o n   s ince   p e c t o l y t i c   enzyme-produc ing   m i c r o -  

o r g a n i s m s ,   such  as  Erwinia  c a r o t o v o r a ,   d e s t r o y   the  s t r u c t u r a l  

i n t e g r i t y   of  the  t o b a c c o .  

W.  O.  Atkinson  et  a l .   r e p o r t e d   a  r e d u c t i o n   in  v a r i o u s  

t o b a c c o   l ea f   components ,   i n c l u d i n g   n i t r a t e - n i t r o g e n ,   by  v a r y i n g  

h o m o g e n i z a t i o n   and  i n c u b a t i o n   t e c h n i q u e s   dur ing  c u r i n g .  

( A b s t r a c t   of  P roceed ings   of  the  U n i v e r s i t y   of  Kentucky  Tobacco  

a n d   Heal th   Research  I n s t i t u t e ,   Lex ing ton ,   Kentucky,  C o n f e r e n c e  

Report   4,  March  1973,  pages  8 2 9 - 3 3 . )  

D e n i t r a t i o n   by  means  of  m ic roo rgan i sms   is  a l so   known 

o u t s i d e   the  tobacco  a r t s .   R e p r e s e n t a t i v e   examples  are  U .S .  

P a t e n t s   3 ,709,364  to  Savage,  3 ,829 ,377   to  Hashimoto,  4 , 0 3 9 , 4 3 8  

t o   Anderson,   and  4 ,043,936  to  F r a n c i s   et  a l .   which  d e s c r i b e  

d e n i t r i f i c a t i o n   of  waste  water   using  a n a e r o b i c   b a c t e r i a   t o  

r e d u c e   the  n i t r a t e   to  n i t r o g e n   gas.   Members  of  the  T h i o b a c i l l u s ,  

 P seudomonas ,   Chromobacter ,   B a c i l l u s   and  C l o s t r i d i u m   genera   a r e  

among   the  mic roorgan i sms   which  may  be  employed.  In  t h e  

H a s h i m o t o   p a t e n t   the  use  of  p r e s s u r i z e d   systems  to  i n c r e a s e   t h e  

a m o u n t   of  methane  a v a i l a b l e   to  the  m i c r o o r g a n i s m s   and  t o  

f a c i l i t a t e   l i b e r a t i o n   of  the  n i t r o g e n   gas  by   ven t ing   are  s u g -  

g e s t e d .   The  Anderson  p a t e n t   s u g g e s t s   c o n d u c t i n g   the  p r o c e s s   a t  

a m b i e n t   or  a tmospher i c   p r e s s u r e .   In  the  F r a n c i s  p a t e n t   t h e  

n i t r o g e n   gas  passes   through  an  e x i t   out  of  the  system.  The 

S a v a g e   r e f e r e n c e   employs  p r e s s u r e   to  pass  the  e f f l u e n t   b e i n g  

t r e a t e d   through  the  f i l t e r   c o n t a i n i n g   the  m i c r o o r g a n i s m s .  

Microorganisms  have  a l so   been  used  to  modify  o t h e r  

tobacco   components .   For  example,  U.S.  P a t e n t s   4 ,037,609  and  

4 ,038 ,993   to  Geiss  et  a l .   d i s c l o s e   methods  for  reduc ing   t h e  



n i c o t i n e   c o n t e n t   of  tobacco  by  m i c r o b i a l   t r e a t m e n t   us ing  m i c r o -  

o r g a n i s m s   o b t a i n e d   from  tobacco ,   i n c l u d i n g   Pseudomonas  p u t i d a  

a n d   C e l l u l o m o n a s  s p .   Aerobic  f e r m e n t a t i o n   t e c h n i q u e s   a r e  

e m p l o y e d   where in   n i c o t i n e   is  degraded  via  m i c r o b i a l   a c t i o n   t o  

3 - s u c c i n o y l p y r i d i n e .   The  l a t t e r   m i c r o o r g a n i s m   is  c a p a b l e   o f  

r e d u c i n g   n i t r a t e   to  n i t r i t e   and  a c t i v e l y   p roduces   n i t r o g e n   g a s .  
S i m i l a r l y   d e g r a d a t i o n   of  n i c o t i n e   to  3 - s u c c i n o y l p y r i d i n e  

b y   means  of  the  same  mic roo rgan i sms   is  d e s c r i b e d   in  U.S.  P a t e n t  

4 , 0 1 1 , 1 4 1   
to  Gravely  et   a l .   Lippman  et  a l .   U.S.  P a t e n t   2 , 0 0 0 , 8 5 5  

d e s c r i b e s   m i c r o b i a l   d e n i c o t i n i z a t i o n   of  t obacco   by  f e r m e n t i n g  

m o i s t   t obacco   while   adding  acid  to  overcome  the  a l k a l i n e   c o n -  

d i t i o n   produced  by  f e r m e n t a t i o n .   A l t e r n a t i v e l y   the  p a t e n t  

s u g g e s t s   removal  of  v o l a t i l e   bases   by  s u p p l y i n g   an  a i r   c u r r e n t  

or  employing  s u c t i o n .   F e r m e n t a t i o n   was  used  to  improve  a roma 

a n d   mel lowness   in  U.S.  Pa t en t   2 ,644,462  to  F rankenburg   and  i n  

U . S .   P a t e n t  4 , 1 3 5 ,  5 2 1   to  Malan  et  a l .  

F u r t h e r ,   U.S.  Pa t en t   No.  2 ,149 ,179   r e l a t e s   to  a n  

a c c e l e r a t e d   aging  method  for  tobacco  where in   the  aging  i s  

e f f e c t e d   by  means  of  f e r m e n t a t i o n   with  e x c l u s i o n   of  o x y g e n  
e m p l o y i n g   m i c r o o r g a n i s m s   capab le   of  growing  in  the  absence   o f  

o x y g e n .   The  m ic roo rgan i sms   may  be  those   which  are  bred  on  

n o b l e   t obaccos   or  a n a e r o b i c   y e a s t s .   By means  of  the  p r o c e s s ,  
f e r m e n t a t i o n   t imes  of  only  days,  r a t h e r   than  months  are  r e q u i r e d .  

T h e   purpose   of  the  c la imed  f e r m e n t a t i o n   p r o c e s s   is  to  i m p r o v e  

the  bouquet   of  the  t obacco .   N i c o t i n e   c o n t e n t   in  the   tobacco   i s  

a l s o  r e d u c e d .   According  to  the  p a t e n t ,   a  p r i o r   p r o c e s s   o f  

S u c h s l a n d ,  w h i c h   used  mic roorgan i sms   to  decompose  complex  

o r g a n i c   s u b s t a n c e s   in  tobacco  in to   s imple r   compounds,  did  n o t  

prove  p r a c t i c a l   s ince   the  o x i d a t i o n   e f f e c t e d   by  oxygen  d u r i n g  

t h e   f e r m e n t a t i o n   was  i g n o r e d .  



We  have  now  u n e x p e c t e d l y   d i s c o v e r e d   t ha t   by  employ ing  

c a r e f u l l y   c o n t r o l l e d   c o n d i t i o n s ,   i t   is  p o s s i b l e   to  e f f e c t  

d e n i t r a t i o n   via  an  a e r o b i c   a s s i m i l a t o r y   me tabo l i c   pathway  on  a 

c o n t i n u o u s   b a s i s .   S p e c i f i c a l l y   i t   has  been  d i s c o v e r e d   tha t   by 

c o n t r o l l i n g   the  d e n i t r a t i o n   c o n d i t i o n s ,   i t   is  p o s s i b l e   t o  

c o o r d i n a t e   the  m i c r o o r g a n i s m s '   growth  r a t e   with  the  t o b a c c o  

e x t r a c t   t r e a t m e n t   r a t e ,   whereby  a  d e n i t r a t i o n   p rocess   is  p r o -  

v i d e d   which  is  e a s i l y   adap ted   to  o the r   con t inuous   t o b a c c o  

t r e a t m e n t   p r o c e s s e s ,   can  be  employed  on  a  con t inuous   bas i s   f o r  

'  ex tended   p e r i o d s   with  r e l a t i v e l y   l i t t l e   or  no  s u p e r v i s i o n   and 

p e r m i t s   t r e a t m e n t   of  g r e a t e r   amounts  of  tobacco  e x t r a c t   and 

r e s u l t s   in  a  h igher   p r o d u c t i o n   r a t e   r e l a t i v e   to  batch  p r o c e s s e s .  

T h a t  i s ,   the  p r e s e n t   p roces s   p r o v i d e s   a  method  whereby  n i t r a t e s ,  

n i t r i t e s  a n d   ammonium  compounds  can  be  e f f i c i e n t l y   e l i m i n a t e d  

f r o m   tobacco  via  a n  a s s i m i l a t o r y   m e t a b o l i c   p rocess   on  a  l a r g e ,  

t e c h n i c a l   s ca le   under  economical   c o n d i t i o n s ,   with  a  min ima l  

r e q u i r e m e n t   of  manpower  or  energy  and  minimal  a d d i t i o n   to  o r  

t r a n s f o r m a t i o n s   of  the  tobacco  e x t r a c t   components,   o ther   t h a n  

such  d e n i t r a t i o n .  

Br ief   D e s c r i p t i o n  o f   the  Drawings  

FIGURE  1  is  a  flow  diagram  of  a  tobacco  d e n i t r a t i o n  

s y s t e m   from  t h e  e x t r a c t i o n   of  tobacco  through  the  d e n i t r a t i o n  

s t e p s   of  the  p r e s e n t   i n v e n t i o n   up  to  the  r e a p p l i c a t i o n   o f  

t h e   d e n i t r a t e d   e x t r a c t   to  the  e x t r a c t e d   t o b a c c o .  

Summary  of  the  I n v e n t i o n  

A  con t inuous   method  for  d e n i t r a t i n g   an  aqueous  

t o b a c c o   e x t r a c t   which  compr i ses   c o n t a c t i n g   e x t r a c t   with  a  work 

m i x t u r e   c o n t a i n i n g   tobacco  e x t r a c t   and  m i c r o o r g a n i s m s ,   which  

a r e   capab le   of  m e t a b o l i c ,   a e r o b i c   a s s i m i l a t i o n   of  n i t r o g e n -  

c o n t a i n i n g   compounds  and  which  are  in  e x p o n e n t i a l   growth  p h a s e ,  



w h i l e   m a i n t a i n i n g   pH,  t e m p e r a t u r e   and  a e r a t i o n   at  l e v e l s   w h i c h  

promote  a e r o b i c   a s s i m i l a t i o n ,   by  adding  the  e x t r a c t   to  the  work  

m i x t u r e   at   a  d i l u t i o n   r a t e   which  does  not   exceed  the  g r o w t h  

r a t e   of  the  m i c r o o r g a n i s m s   while  a d d i t i o n a l l y   adding  p h o s p h a t e  

a n d   a  carbon  source   to  the  work  m i x t u r e ,   sa id   e x t r a c t ,   p h o s p h a t e  

a n d   c a r b o n  s o u r c e   being  s t e r i l e   when  added  and  being  added  i n  
a m o u n t s   

such  t h a t   the  o v e r a l l   a d d i t i o n   t h e r e o f   is  0 . 1 - 7 . 5   g 
n i t r a t e / 1   added,   1.0  to  10  g  PO43-/1  added  and  s u f f i c i e n t   c a r b o n  

source   to  p r o v i d e   at  l e a s t   16.5  a s s i m i l a t i v e   carbon  atoms  /NO3 

mo lecu l e   added,   whi le   wi thdrawing  a  p o r t i o n   of  the  work  m i x t u r e  

at   a  r a t e   such  t h a t   the  volume  of  work  m i x t u r e   remains  c o n s t a n t  

and  t h e r e a f t e r   removing  the  m i c r o o r g a n i s m s   from  the  w i t h d r a w n  

m i x t u r e .   P r e f e r r e d   microorgan isms   for   use  in  the  p r e s e n t  

p r o c e s s   a r e  C a n d i d a   y e a s t s .   D e n i t r a t i o n   wi th   such  y e a s t s   may 

be  e f f e c t e d   c o n t i n u o u s l y   as  a b o v e  d e s c r i b e d   employing  a  d i l u t i o n  

and  w i t h d r a w a l   r a t e   of  0.1  to  0.35  l i t e r   of  a d d i t i v e s   and  

e x t r a c t   per  l i t e r   of  work  mix tu re   per  hour  while   m a i n t a i n i n g   a  

p H   of  3.5  to  7 . 2 ,   a  t e m p e r a t u r e   of  25°  to  37°C  and  an  a e r a t i o n  

r a t e   of  0.8  to  2.5  l i t e r s   a i r   per  l i t e r   work  mix tu re   p e r  

m i n u t e .   E n t e r o b a c t e r   aerogenes   may  a l so   be  used  in  the  p r e s e n t  

p r o c e s s .   D e n i t r a t i o n   with  such  m i c r o o r g a n i s m s   may  be  e f f e c t e d  

on  a  c o n t i n u o u s   b a s i s   employing  a  d i l u t i o n   and  w i thd rawa l   r a t e  

o f   0.1  t o  0 . 2 5   l i t e r   of  a d d i t i v e s   and  e x t r a c t   per  l i t e r   o f  

w o r k   m i x t u r e   per  hour  while  m a i n t a i n i n g   a  pH  of  5 .5 -8 ,   a  

t e m p e r a t u r e   of  30°-40°C  and  an  a e r a t i o n   r a t e   of  1 .0   to  3 

l i t e r s   a i r   per  l i t e r   work  mix tu re   per  m i n u t e .  

D e t a i l e d   D e s c r i p t i o n   of  the  I n v e n t i o n  .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  method  w h e r e b y  

d e n i t r a t i o n   of  tobacco  e x t r a c t s   may  be  e f f e c t e d   in  a  c o n t i n u o u s  

manner  employing  mic roorgan i sms   c apab l e   of  a e r o b i c   a s s i m i l a t i o n  



o f  n i t r a t e ,   sometimes  r e f e r r e d   to  as  n i t r a t e   a m m o n i f i c a t i o n .  

I t   is  p o s s i b l e   to  run  a  system  employing  the  d e n i t r a t i o n   method 

o f   the  i n v e n t i o n   for  ex tended  p e r i o d s   with  l i t t l e   or  no  s u p e r -  

v i s i o n .  

Cont inuous   a s s i m i l a t o r y   d e n i t r a t i o n   is  e f f e c t e d  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   by  i n t r o d u c i n g   m a t e r i a l   t o  

b e   t r e a t e d   into  a  f e r m e n t a t i o n   v e s s e l   while   w i thd rawing   t r e a t e d  

e x t r a c t   from  the  f e rmen to r   at  the  same  r a t e ,   such  tha t   t h e  

o v e r a l l   volume  of  m a t e r i a l   in  the  f e rmen to r ,   t h a t   is ,   the  work 

m i x t u r e ,   remains  c o n s t a n t .   Moreover,  the  r a t e   of  e x t r a c t  

i n t r o d u c t i o n   and  w i thd rawa l   and  the  p rocess   c o n d i t i o n s  a r e   such  

t h a t   t he re   is  no  need  to  r e p e a t e d l y   i n o c u l a t e   the  work  m i x t u r e ;  

r a t h e r   a f t e r   a  s i n g l e   i n o c u l a t i o n   a  system  employing  the  p r e s e n t  

d e n i t r a t i o n   p roces s   can  be  run  for  extended  p e r i o d s   w i t h o u t  

r e i n o c u l a t i o n .  

Broadly  s t a t e d   the  p r e s e n t   d e n i t r a t i o n   p rocess   c o m p r i s e s  

i n t r o d u c i n g   aqueous  tobacco  e x t r a c t   along  with  n e c e s s a r y  

a d d i t i v e s   in to   a  v e s s e l   in  which  is  a  mix ture   c o n t a i n i n g   s u i t -  

a b l e   mic roorgan i sms   whi le   s i m u l t a n e o u s l y   wi thdrawing   t r e a t e d  

e x t r a c t   from  the  v e s s e l .   By  c o n t r o l l i n g   the  flow  r a t e   o f  

e x t r a c t  i n t o   and  out  of  the  system,  the  components  wi th in   t h e  

system  and  the  c o n d i t i o n s   w i t h i n   the  v e s s e l ,   i t   is  p o s s i b l e   t o  

d e n i t r a t e   the  e x t r a c t   w i t h o u t  d e p l e t i o n   of  the  m i c r o o r g a n i s m s  

a n d   thus  to  e f f e c t   t r e a t m e n t   on  a  con t inuous   b a s i s .  

The  m e t a b o l i c   pathway  employed  in  a s s i m i l a t o r y  

d e n i t r a t i o n   can  be  r e p r e s e n t e d   as  f o l l o w s :  

Such  a s s i m i l a t o r y   d e n i t r a t i o n   thus  i nvo lves   the  use  of  n i t r a t e  

as  a  n i t r o g e n   source   to  b u i l d   up  c e l l   m a t e r i a l .  

In  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n ,   m i c r o -  



o r g a n i s m s   c a p a b l e   of  a s s i m i l a t o r y   d e n i t r a t i o n   must  be  emp loyed .  

Va r ious   y e a s t s ,   p a r t i c u l a r l y   Candida  y e a s t s ,   are  capab le   o f  

n i t r a t e   a s s i m i l a t i o n .   Among  the  Candida  y e a s t s ,  t h e   C a n d i d a  

u t i l i s   NCYC  707 ,  321   a n d  3 5 9  s t r a i n s ,   t h e  C a n d i d a  u t i l i s   DSM 

70167  s t r a i n ,   which  is  the  same  as  the  NCYC  359  s t r a i n ,   and 

the   Candida  b e r t h e t i i   CBS  5452  s t r a i n   have  been  found  p a r t i c -  

u l a r l y   e f f e c t i v e   in  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n .  

M i c r o o r g a n i s m s ,   such  as  E n t e r o b a c t e r   a e r o g e n e s ,   p a r t i c u l a r l y  

E h t e r o b a c t e r   ae rogenes   ATCC  13048,  which  is  the  same  as  the  ; 

D S M   
30053  s t r a i n ,   may  a lso   be  employed  in  the  p r a c t i c e   of  t h e  

p r e s e n t   i n v e n t i o n .  

These  c u l t u r e s   are  a v a i l a b l e   at  the  c u l t u r e   b a n k s  

i n d i c a t e d   by  the  a b b r e v i a t i o n s .   The  meaning  of  the  a b b r e v i a t i o n s  

i s   as  f o l l o w s :  i s   as  f o l l o w s :  

.  Tab les   I,  I I ,   I I I   are  d e s c r i p t i o n s   of  the  c u l t u r e s .  

The  C a n d i d a  y e a s t s   a n d  E n t e r o b a c t e r   a e rogenes   ATCC  , 
1 3 0 4 8   are  c h a r a c t e r i z e d   in  Tables   I - I I I .  

Table  I  

.  C h a r a c t e r i z a t i o n   of  Candida  Y e a s t s  

P l a s m o d i u m   or  p s e u d o p l a s m o d i u m - ;   m o t i l e   c e l l s - ;   b a l l i s t o s p o r e s - ;  

m o n o p o l a r   b u d d i n g - ;   n i p o l a r   budd ing - ;   budding  on  s t o l o n s - ;  

t r i a n g u l a r - s h a p e d   c e l l s - ;   t en i fo rm*  c e l l s - ;   sho r t   l i v e d   c e l l s  

w i t h   slow  growth-on   mal t   agar  and  s t r o n g   a c e t i c   acid   p r o d u c t i o n - ;  

f o r m a t i o n   of  t rue   mycel ium-;   f o r m a t i o n   of  p seudomyce l i a+ ;   r e d  

o r   o r a n g e - c o l o r e d   c u l t u r e s - .  





Table  I I I  

C h a r a c t e r i z a t i o n   of  E n t e r o b a c t e r  
ae rogenes   ATCC  13048 

C e l l f o r m  s h o r t   r ods ;   c i l i a   p e r i t r i c h o u s ;   m o t i l i t y + ;  

s p o r e f o r m a t i o n - ;   p i g m e n t a t i o n - ;   gram  r e a c t i o n - ;   a e r o b i c + ;  

a n a e r o b i c + ;   c a t a l a s e + ;   o x i d a s e - ;   n i t r i t e   f o r m a t i o n   f rom 

n i t r a t e + ;   i n d o l e - ;   methyl   r ed - ;   Vosqes  P roskaue r+ ;   c i t r a t e + ;  

H2S-:  u r e a s e - ;   g e l a t i n - ;   l y s i n e   d e c a r b o x y l a s e + ;   a r g i n i n e d e -  

h y d r o l a s e - ;   o r n i t h i n e d e c a r b o x y l a s e + ;   p h e n y l a l a n i n e d e s a m i n a s e - ;  

ma lona te+ ;   gas  from  g lucose+;   l a c t o s e + ;   s a c c h a r o s e + ;   m a n n i t o l + ;  

d u l c i t o l - ;   s a l i c i n + ;   a d o n i t o l + ;   i n o s i t o l + ;   s o r b i t o l + ;   a r a b i n o s e + ;  

r a f f i n o s e + ;   r h a m n o s e + .  

The  p roce s s   of  the  i n v e n t i o n   is  p r a c t i c e d   by  p r o v i d -  

i n g   a work  m i x t u r e   c o m p r i s i n g   tobacco  e x t r a c t ,   a d d i t i v e s ,   and  

m i c r o o r g a n i s m s   at  c o n d i t i o n s   s u i t a b l e   for  a s s i m i l a t i o n   o f  

n i t r o g e n - c o n t a i n i n g   compounds,  s p e c i f i c a l l y ,   n i t r i t e s ,   n i t r a t e s ,  

and  ammonium  compounds.  For  purposes   of  the  p r e s e n t   i n v e n t i o n ,  

r e f e r e n c e s   to  n i t r o g e n - c o n t a i n i n g   compounds  are  to  be  u n d e r -  

s tood  to  mean  n i t r o g e n - c o n t a i n i n g   compounds  which  are  a e r o b i c -  

a l l y   a s s i m i l a t e d   by  m i c r o o r g a n i s m s .   D e n i t r a t i o n   in  turn   is  t o  

b e  u n d e r s t o o d   as  r e f e r r i n g   to  removal  of  such  n i t r o g e n - c o n t a i n i n g  

c o m p o u n d s .  

The  work  m i x t u r e   compr i ses   s u i t a b l e   m i c r o o r g a n i s m s  
i n   tobacco   e x t r a c t   under  c o n d i t i o n s   which  promote  a e r o b i c  

a s s i m i l a t i o n   of  n i t r o g e n - c o n t a i n i n g   compounds.  G e n e r a l l y ,   t o  

s t a r t   a s s i m i l a t i o n   30-100  g  of  s t a r t e r   c u l t u r e   mass  of  m i c r o -  

o r g a n i s m s   are  i n o c u l a t e d   per  l i t e r   of  t obacco   e x t r a c t   u n d e r  

c o n d i t i o n s   f a v o r a b l e   to  a e r o b i c   a s s i m i l a t i o n .  

For  optimum  r e s u l t s   and  to  avoid  lag  phase,   a  s t a r t e r  

c u l t u r e   which  is  in  e x p o n e n t i a l   growth  phase ,   and  p r e f e r a b l y  



l a t e   e x p o n e n t i a l   growth  phase,   and  which  has  been  pregrown  on 

t o b a c c o   e x t r a c t   is  employed.  Such  a  s t a r t e r   c u l t u r e   of  C a n d i d a  

yeas t   can  be  p r epa red   for  example  by   i n o c u l a t i n g   t o b a c c o  

e x t r a c t   wi th   2  loops  of  y e a s t ,   i n c u b a t i n g   the  i n o c u l a t e d   y e a s t  

for  9  hou r s ,   employing  10  ml  of  the  r e s u l t a n t   s o l u t i o n   as  an  

inoculum  for  200  ml  of  f r e s h   e x t r a c t   s u b s t r a t e   and  t h e r e a f t e r  

i n c u b a t i n g   for  15  hours .   T y p i c a l l y   the  amount  of  such  a  

s t a r t e r   c u l t u r e   used  to  i n o c u l a t e   the  work  mix tu re   is  s u f f i c i e n t  

t o   p roduce   a  f i n a l   c o n c e n t r a t i o n   of  c u l t u r e   in  mix tu re   of  a t  

l e a s t   0 . 5 - 1 % .  

C o n d i t i o n s   which  promote  e f f e c t i v e   a e r o b i c   a s s i m -  

i l a t i o n   are  m a i n t a i n e d   in  the  work  mixture   dur ing   the  p r a c t i c e  

o f  t h e   p r o c e s s .   Genera l ly   s u i t a b l e   c o n d i t i o n s   for  C a n d i d a  

y e a s t s   are  an  a e r a t i o n   r a t e   of  0.8  to  2.5  l i t e r s   a i r / l i t e r s  

w o r k   m i x t u r e / m i n u t e ,   a  pH  value   w i th in   the  range  of  3.5  to  7 . 2  

a n d   a  t e m p e r a t u r e   at  a  po in t   between  25°  and  37°C  which  i s  

( f a v o r a b l e   for  a  l a rge   p r o p o r t i o n   of  n i t r a t e   e l i m i n a t i o n   r e l a t i v e  

to  carbon  a d d e d  p l u s   adequate   a g i t a t i o n .  

In  the  con t inuous   o p e r a t i o n   of  the  p r o c e s s ,   a  s t e r i l e  

a d d i t i v e   m i x t u r e   made  up  of  tobacco  e x t r a c t   and  a d d i t i v e s   i s  

added  to  the  work  mix ture   at  a  d i l u t i o n   r a t e   which  does  n o t  

exceed  the  growth  r a t e   of  the  mic roorgan i sms   employed.  T h i s  

d i l u t i o n   r a t e   is  measured  as  l i t e r s   of  a d d i t i v e   s o l u t i o n   p e r  

l i t e r s  w o r k   mix tu re   per  hour.   G e n e r a l l y ,   d i l u t i o n   r a t e s   of  0 . 1  

to  0.35  1 / 1 / h r   are  a c c e p t a b l e .   S t e r i l i z a t i o n   of  the  a d d i t i v e  

m i x t u r e   can  be  accompl i shed   by  h e a t i n g .  

The  a d d i t i v e   mix ture   may be  added  as  a  s i n g l e   s o l u t i o n  

c o n t a i n i n g   the  tobacco  e x t r a c t   and  a d d i t i v e s   or  the  i n d i v i d u a l  

m a t e r i a l s   may  be  s e p a r a t e l y   i n t r o d u c e d   in to   the  work  m i x t u r e .  

O v e r a l l   the  t o t a l   a d d i t i o n s   to  the  work  mix tu re   comprise   0.1  t o  



7 . 5   grams  n i t r a t e / l i t e r   of  t o t a l   a d d i t i v e   mix tu re   depending  o n  

t h e   m i c r o o r g a n i s m   employed  and  1.0  to  10  grams  p h o s p h a t e / l i t e r  

of  t o t a l  a d d i t i v e   m i x t u r e ,   as  well  as  a  carbon  source   at  a  

c o n c e n t r a t i o n   s u f f i c i e n t   to  p rov ide   at  l e a s t   16.5  a s s i m i l a t i v e  

carbon  atoms  per  mo lecu l e   of  n i t r a t e   a d d e d .  

During  the  p r a c t i c e   of  the  p r o c e s s ,   a  p o r t i o n   of  t h e  

w o r k   
m ix tu re   is  c o n t i n u o u s l y   removed  at  a  r a t e   such  as  to  k e e p  

t h e   volume  of  the  work  m ix tu re   c o n s t a n t .   The  wi thdrawn  w o r k  

m i x t u r e   may  be  f u r t h e r   t r e a t e d   to  remove  the  biomass  t h e r e f r o m ,  

t h a t   i s ,   the  m i c r o o r g a n i s m s   are  removed,  whereby  d e n i t r a t e d  

e x t r a c t   is  o b t a i n e d   which  is  of  s u b s t a n t i a l l y   the  same  c o m p o s i -  

t i o n   as  the  o r i g i n a l   e x t r a c t   except   for  the  removal  of  t h e  

n i t r a t e .  

I t   is   p r e f e r a b l e   to  al low  the  s t a r t e r   c u l t u r e   t o  

r e a c h   the  e x p o n e n t i a l   growth  phase  in  the  work  m i x t u r e   p r i o r   t o  

c o m m e n c i n g   c o n t i n u o u s   o p e r a t i o n   of  the  p r o c e s s .   However,  a s i d e  

f r o m   the  o n e - t i m e   s t a r t i n g   phase,   whose  p r o d u c t s   can  be  d i s -  

c a r d e d ,   the  p r o c e s s   can  be  o p e r a t e d   on  a  c o n t i n u o u s   bas i s   w i t h  

m a i n t a i n a n c e   and  r e g u l a t i o n   of  c o n d i t i o n s   for  the  e f f e c t   d e s i r e d  

w i t h   l i t t l e   or  no  s u p e r v i s i o n .   In  c o n t r a s t ,   v a r i o u s   t r e a t m e n t  

p h a s e s   are  r e q u i r e d   in  a  n o n c o n t i n u i n g ,   charged ,   so  c a l l e d  

b a t c h   p r o c e s s   and  i f   m i s t a k e s   are  made  with  a  ba tch   p r o c e s s ,  

n e w   c o n d i t i o n s   for   a s s i m i l a t i o n  h a v e   to  be  a c h i e v e d ,   w h i c h  

c o u l d   t a k e  h o u r s .   P r o d u c t i o n   by  ba tch   t e c h n i q u e s   i s ,   t h u s ,  

c o s t l i e r   and  r e q u i r e s   more  p e r s o n n e l   than  with  the  p r o c e s s  

d e s c r i b e d   in  the  i n v e n t i o n .  

The   aqueous   tobacco   e x t r a c t   employed  in  the  p r o c e s s  

o f   the  i n v e n t i o n  m a y   be  o b t a i n e d   in  a  c o n v e n t i o n a l   m a n n e r .  

O n e   method  c o m p r i s e s   c o n t a c t i n g   tobacco  with  water   in  a  1 : 1 0  

r a t i o ,  c o m m o n l y   at  e l e v a t e d   t e m p e r a t u r e .   The  i n s o l u b l e   t o b a c c o  



r e s i d u e   is  t he reupon   s e p a r a t e d   from  the  aqueous  e x t r a c t   by 

s u i t a b l e   s o l i d / l i q u i d   s e p a r a t i o n   t e c h n i q u e s ,   such  a s  
c e n t r i f u g a t i o n ,   p r e s s i n g   or  the  l i k e .   The  i n s o l u b l e   r e s i d u e  

may  then  be  d r i ed   or  s u b j e c t e d   to  r e c o n s t i t u t i o n .   If  n e c e s s a r y  

the  c o n c e n t r a t i o n   of  n i t r a t e   is  a d j u s t e d   for  a d d i t i o n   t o  

t h e   w o r k  m i x t u r e  b y   e v a p o r a t i o n   or  d i l u t i o n   of  the  t o b a c c o  

e x t r a c t .  

In  c o n t r a s t  t o   ba tch   methods ,   wherein  the  p h o s p h a t e  

p r e s e n t   in  stem  pool  e x t r a c t s   is  s u f f i c i e n t ,   phospha te   must  be  

a d d e d  i n  t h e   p r a c t i c e   of  the  p r e s e n t   p rocess .   Thus  the  a d d i t i v e  

m i x t u r e   must  c o n t a i n   p h o s p h a t e s ,   as  well  as  a  carbon  source ,   i n  

a m o u n t s   s u f f i c i e n t   for  c e l l   growth  and  t o t a l   n i t r a t e   a b s o r p t i o n .  

T y p i c a l l y   
1.0  to  10  grams  of  p h o s p h a t e / l i t e r   of  a d d i t i v e  

m i x t u r e   
and  enough  carbon  source   to  p rov ide   at  l e a s t   1 6 . 5  

a s s i m i l a t i v e   carbon  a t o m s / m o l e c u l e   of  n i t r a t e   added  are  a d e q u a t e  

for  a d d i t i v e   mix tu res   c o n t a i n i n g   3-7.5  grams  n i t r a t e .   P r e f e r a b l y  

t h e   c o n c e n t r a t i o n s   of  carbon  source   and  phospha te   are  such  t h a t  

they  are  consumed  dur ing   a s s i m i l a t i o n   of  the  n i t r a t e   and  t h u s  
d o   n o t  r e a c h   the  f i n a l  d e n i t r a t e d   e x t r a c t .   However,  h i g h e r  

c o n c e n t r a t i o n s   of  these   m a t e r i a l s   can  be  t o l e r a t e d   in  t h e  

p r a c t i c e  o f   
the  p r e s e n t   i n v e n t i o n .  

T h e   carbon  source  may  be  any  m a t e r i a l   t h a t   w i l l  
p r o v i d e   

the  n e c e s s a r y   carbons   in  an  o rgan ic   form  usab le   by  t h e  

m i c r o o r g a n i s m   to  a s s i m i l a t e   n i t r a t e s ,   n i t r i t e s   and  the  l i k e .  

carbon  sources   have  been  found  s u i t a b l e   in  the  p r a c t i c e  Var ious   carbon  sources   have  been  found  s u i t a b l e   in  the  p r a c t i c e  

o f  t h e   i n v e n t i o n .   For  example,  g l ucose ,   d e x t r o s e   m o n o h y d r a t e  

a n d   beet   molasses   have  proven  s a t i s f a c t o r y .   The  carbon  may 

a l so   be  d e r i v e d   from  the  acid  employed  to  a d j u s t   the  pH  of  t h e  

work  m i x t u r e ,   for  example,  from  l a c t i c   ac id .   With  the  Cand ida  

y e a s t s   g l u c o s e ,   s u c r o s e ,   m a l t o s e ,   c e l l o b i o s e ,   e t h a n o l ,   g l y c e r i n  



o r  c i t r a t e   are  a l l   s u i t a b l e   carbon  s o u r c e s .   With  E n t e r o b a c t e r  

a e r o g e n e s ,   l a c t o s e   may  a d d i t i o n a l l y   be  employed .  

G e n e r a l l y ,   16.5  a s s i m i l a t i v e   ca rbons   are  r e q u i r e d   a s  

an  a b s o l u t e   minimum  for  a s s i m i l a t i o n   of  a  molecu le   of  n i t r a t e .  

On  the  o t h e r   hand,  the  amount  o f  c a r b o n   source   is  p r e f e r a b l y  

k e p t  a s   c lose   as  p o s s i b l e   to  the  t h r e s h o l d ,   s ince   any  e x c e s s  

w i l l  r e m a i n   in  the  f i n a l   d e n i t r a t e d   e x t r a c t .   The  t h r e s h o l d   i s  

g e n e r a l l y   about   20±5  c a r b o n s / n i t r a t e   m o l e c u l e .   With  good 

a e r a t i o n ,   a  maximum  of  about  6.2  g/1  NO3  can  be  a s s i m i l a t e d  

with  a  4%  g l u c o s e   s o l u t i o n .   In  g e n e r a l ,   with  n i t r a t e   l e v e l s   o f  

3-7.5  g/1  added  to  the  work  m ix tu r e ,   a  c o n c e n t r a t i o n   of  2 . 4 -  

6% glucose   is  r e q u i r e d   when  employing  Candida  y e a s t s .  

In  the  p r a c t i c e   of  the  i n v e n t i o n ,   t e m p e r a t u r e   a f f e c t s  

the  amount  of  carbon  r e q u i r e d .   At  t e m p e r a t u r e s   of  about  28-  

30°C,  min imal   amounts ,   i . e . ,   about   16.5  c a r b o n s ,   may  be  u s e d .  

Outs ide  t h i s   t e m p e r a t u r e   range,   the  amount  of  carbon  must  be  

i n c r e a s e d .   F u r t h e r   t e m p e r a t u r e   and  growth  r a t e   of  the  m i c r o -  

organisms  are  d i r e c t l y   r e l a t e d .   Thus  h ighe r   t e m p e r a t u r e s   f a v o r  

i n c r e a s e d   growth  of  m i c r o o r g a n i s m s .   However,  i n c r e a s e s   i n  

t e m p e r a t u r e   a l s o  i n c r e a s e   the  f e r m e n t a t i o n   r a t e ,   with  r e s u l t a n t  

a l c o h o l . f o r m a t i o n   r a t h e r   than  growth.  The  r a t e   of  f e r m e n t a t i o n  

may be  checked  by  measur ing   e t h a n o l   f o r m a t i o n   dur ing   the  p r o c e s s .  

T e m p e r a t u r e s  w h i c h   minimize  f e r m e n t a t i o n   whi le   m a x i m i z i n g  

g r o w t h  a r e   thus  p r e f e r r e d .  I n   the  case  of  Candida  u t i l i s ,   30°C 

is  the  p r e f e r r e d   t e m p e r a t u r e .  

To  r e g u l a t e   and  m a i n t a i n   pH,  a c id s   and /o r   b a s e s . a r e  

employed  in   the  work  m i x t u r e .   O r t h o - p h o s p h o r i c   ac id   a n d / o r  

p o t a s s i u m  h y d r o x i d e   are  p r e f e r r e d   for   t h i s   pu rpose .   The  a g e n t  

emp loyed  to   a d j u s t   pH  may  a l so   be  the  p h o s p h a t e   or  carbon  s o u r c e ,  

f o r  e x a m p l e ,   p h o s p h o r i c ,   l a c t i c   or  c i t r i c   acid   or  m ix tu re s   t h e r e o f .  



T h u s ,   where  p h o s p h o r i c   acid  is  employed  to  r e g u l a t e   pH,  no 

o the r   a d d i t i o n   of  phosphate   in  the  a d d i t i v e   mix ture   is  r e q u i r e d .  

A e r a t i o n   of  the  work  mix tu re   is  g e n e r a l l y   at  a  r a t e  

w h i c h   is  s u f f i c i e n t   to  avoid  f e r m e n t a t i o n   while   f a v o r i n g  

a s s i m i l a t i o n .   Gene ra l l y   a  r a t e   of  0.8  l i t e r s   a i r   per  l i t e r  

w o r k   m ix tu re   per  minute  is  the  t h r e s h o l d   a e r a t i o n   r a t e   r e q u i r e d  

t o   avoid  f e r m e n t a t i o n   where  maximum  carbon  l e v e l s   are  e m p l o y e d .  

O v e r a l l ,   a e r a t i o n   r a t e s   of  between  0.5  and  2.5  are  s u i t a b l e  

i n   the  p r a c t i c e   of  the  p rocess ,   with  r a t e s   of  1.0  to  2.0  b e i n g  

p a r t i c u l a r l y   e f f e c t i v e .  

In  o rde r   to  overcome  the  e f f e c t s   of  a i r   i n j e c t i o n ,  

i t   may  be  n e c e s s a r y   to  employ  a  mechan ica l   foam  b r eake r   o r  
a n t i f o a m   a g e n t .   Paracum  05/12A  and  24/sw  have  both  been  f o u n d  

s a t i s f a c t o r y .   Add i t i on   of  225  ppm  to  the  work  m ix tu re   i s  

a d e q u a t e   but  l e v e l s   of  250  ppm  are  p r e f e r r e d   to  ensure   t r o u b l e -  

f r e e   o p e r a t i o n .  

The  p r e c i s e   c o n d i t i o n s   employed  in  the  p r a c t i c e   o f  

t h e   p r e s e n t   i n v e n t i o n   wi l l   depend  upon  the  p r e c i s e   o r g a n i s m  

e m p l o y e d .   In  g e n e r a l ,   when  two  of  the  t h r e e   c o n d i t i o n s   f o r  

a e r o b i c   a s s i m i l a t i o n   are  op t imized ,   the  t h i r d   v a r i a b l e   can  be  

c h a n g e d   e m p i r i c a l l y .   Fu r the r ,   i t   should  be  noted  t h a t   s i n c e  

t h e   n i t r a t e   e x t r a c t s   being  t r e a t e d   are  s o l u t i o n s   of  n a t u r a l l y  

o c c u r r i n g   p r o d u c t s   whose  components  v a r y ,   optimum  c o n d i t i o n s  

a r e   not  always  the  same,  but  wi l l   vary  w i t h i n   the  r a n g e s  
i n d i c a t e d .   For  example,   in  the  case  of  Candida  u t i l i s   NCYC 

7 0 7 ,   optimum  c o n d i t i o n s   for  the  p r a c t i c e   of  the  i n v e n t i o n   i n  

t h e   t r e a t m e n t   of  some  e x t r a c t s   are  an  a e r a t i o n   r a t e   of  1 . 5  

1 / 1 / m i n . ,   a  t e m p e r a t u r e   of  30°C  and  a  pH  of  5.5.   Thus ,   v e r y  

g o o d   r e s u l t s   are  ob ta ined   with  an  a e r a t i o n   of  1.5  l i t e r s / l i t e r s  

/ m i n u t e ,   a  pH  value  of  5.5  and  a  t e m p e r a t u r e   between  26°  a n d  



3 7 ° C ;   wi th   an  a e r a t i o n   of  1.5  l i t e r s / l i t e r s /   m inu te ,   a  t e m p e r a t u r e  

o f  3 0 ° C   and  a  pH  between  3.9  and  5.5;  or  with  a  t e m p e r a t u r e   o f  

3 0 ° C ,   a  pH  of  5.5  and  a e r a t i o n   between  0 . 5 - 1 . 0   l i t e r s / l i t e r s /  

m i n u t e .  

A  d e n i t r a t i o n   system  employing  the  p r o c e s s   of  t h e  

i n v e n t i o n   is  d e p i c t e d   in  the  flow  diagram  of  FIGURE  1.  The 

r e f e r e n c e   numbers  r e f e r   to  the  d e n i t r a t i o n   s t a g e s   as  f o l l o w s :  

1 .   Tobacco  s u p p l y  

2.  Water  t a n k  

3.  Supply  for  a d d i t i v e s  

4.  Washer  with  p a r t i t i o n  

5.  M i x e r  

6 .   S t e r i l i z a t i o n   s e c t i o n  

7 .   S t e r i l i z a t i o n   s e c t i o n  

8.  M i x e r  

9 .   Dosage  pump 

10.  Work  c o n t a i n e r  ( p o s s i b l y   f e r m e n t o r )  

1 2 .   P a s t e u r i z a t i o n  

13.  C e n t r i f u g e  

14.  Trea tment   s e c t i o n  

15.  Device  fo r   r e add ing   of  m a t e r i a l s  

17.  pH  r e g u l a t o r .  

18.  Tempera tu re   r e g u l a t o r  

19.  A e r a t o r  

20.  S t i r r e r  

21 .   Device  for  adding  a n t i f o a m i n g   a g e n t  

22.  S e c t i o n   for  r e c o n s t i t u t i o n  

23.  D r i e r  

The  m a t e r i a l   to  be  t r e a t e d ,   for  example,   t o b a c c o  

s t e m s ,   is  added  from  tobacco  supply   1  and  mixed  with  w a t e r  



f r o m  w a t e r   tank  2  in  washer  4.  The  s o l u b l e   components  a r e  

s e p a r a t e d   from  the  i n s o l u b l e   tobacco  r e s i d u e .   The  i n s o l u b l e  

r e s i d u e   is  passed  to  d r i e r   23  or  r e c o n s t i t u t i o n   s tage  22.  The 

e x t r a c t e d   s o l u b l e   components  are  conveyed  to  6  where  s t e r i l i z a t i o n  

b y   h e a t i n g   and  t h e r e a f t e r   coo l ing   t akes   p l ace .   S p e c i f i c a l l y ,  

the  t r e a t m e n t   in  s t e r i l i z a t i o n   s e c t i o n s   6  and  7  may  c o n s i s t   o f  

p r e h e a t i n g   to  100°C,  s t e r i l i z a t i o n   of  110°C  for  over  40  m i n u t e s  

a n d   c o o l i n g   to  30°C.  

T h e   n e c e s s a r y   a d d i t i v e s ,   mos t ly   phosphate   and  g l u c o s e ,  

t r a v e l   from  supply  3  with  water   to  mixer  5  and  as  s o l u t i o n   t o  

s e c t i o n   7,  where  they  are  s t e r i l i z e d   by  h e a t i n g   and  t h e r e a f t e r  

c o o l e d .   The  s o l u t i o n s   from  the  two  t r e a t m e n t   s e c t i o n s   6  and  7 

are  mixed  in  mixer  8  and  are  by  way  of  dosage  p u m p   9  t r a n s f e r r e d  

i n t o   work  v e s s e l   10.  To  s t a r t ,   f e rmen to r   10  may  c o n t a i n   a 

w o r k   m i x t u r e ,   compr i s ing   the  p roduc t   s o l u t i o n   with  the  n e c e s s a r y  

a d d i t i v e s   and  an  inoculum  of  the  d e s i r e d   mic roorgan i sm,   f rom 

w h i c h   a l l   the  n i t r a t e s ,   n i t r i t e s   and  ammonium  compounds  w i l l  

g e n e r a l l y   be  e l i m i n a t e d   a f t e r   about  8-20  hours ,   whereupon  t h e  

c o n t i n u i n g   p rocess   can  be  s t a r t e d   by  the  dosage  pump  9  at  t h e  

r a t e   d e s i r e d   for  d i l u t i o n   and  r e g u l a t e d   in  such  a  way  as  t o  

keep  the  volume  of  the  work  mix tu re   in  f e rmen to r   10  c o n s t a n t .  

According  to  the  p roduc t s   and  mic roo rgan i sms   used,  the  w o r k i n g  

c o n d i t i o n s   are  r e g u l a t e d   in  such  a  way  as  to  t o t a l l y   e l i m i n a t e  

n i t r a t e s ,   n i t r i t e s   and  ammonium  compounds  con t a ined   in  t h e  

p r o d u c t   s o l u t i o n   and  to  comple t e ly   use  a l l   a d d i t i v e s   f rom 

mixer  5  dur ing  t h i s   a s s i m i l a t i o n .   The  t r e a t e d   work  mix ture   i n  

f e r m e n t o r   10  is  removed.  The  biomass A is  removed  from  t h e  

t r e a t e d   work  mix tu re   in  c e n t r i f u g e   13  and  may  be  saved  f o r  

f u r t h e r   usage.   If  n e c e s s a r y ,   the  t r e a t e d   work  mix tu re   may  be 

p a s t e u r i z e d   in  s e c t i o n   12  as  shown  in  FIGURE  1  or  p a s t e u r i z a t i o n  



of  the  l i q u i d   p o r t i o n   r e s u l t i n g   from  biomass  removal  in  s e c t i o n  

13  may  be  e f f e c t e d .   The  r ema in ing   t r e a t e d   l i q u i d   is  c o n v e y e d  

to  t r e a t m e n t   s e c t i o n   14  as  f i n a l   s o l u t i o n   for  c o n c e n t r a t i o n ,  

as  b y  e v a p o r a t i o n .   This  f i n a l   s o l u t i o n ,   c o n t a i n i n g   most  o f  

the  components   of  the  p roduc t   s o l u t i o n ,   except   the  n i t r a t e s ,  

n i t r i t e s   and  ammonium  compounds  may  now  be  used  in  any  way. 

The  s o l u t i o n   may  for  example,  be  sprayed   onto  the  d r i ed   o r  

r e c o n s t i t u t e d   tobacco  r e s i d u e   with  dev ice   15  for  r e a d d i n g  

m a t e r i a l s .   The  r e c o n s t i t u t e d   product  B resembles  tobacco  s h e e t s .  

In  a  p r e f e r r e d   mode  the  p r e s e n t   i n v e n t i o n   c o m p r i s e s  

e x t r a c t i n g   tobacco  with  water   employing  a  10:1  water   to  t o b a c c o  

r a t i o   at  90°C  for  60  minu te s .   The  e x t r a c t   thus  formed  i s  

s e p a r a t e d   from  the  i n s o l u b l e   t obacco   r e s i d u e .   If  n e c e s s a r y ,  

t h e   n i t r a t e   c o n c e n t r a t i o n   in  the  e x t r a c t   is  a d j u s t e d   to  t h e  

d e s i r e d   l e v e l   by  c o n v e n t i o n a l   means  such  as  d i l u t i o n   or  e v a p o r a -  

t i o n .   The  e x t r a c t   at  a  d i l u t i o n   of  3  to  7.5  g  N O 3 / l i t e r s ,   p r e f e r -  

a b l y   4 . 5 - 5 . 5   g / l   and  most  p r e f e r a b l y   5  g / l ,   is  t he reupon   combined  
w i t h   s u f f i c i e n t   K2HPO4  to  give  a  phospha te   c o n c e n t r a t i o n   o f  

1 . 1 - 1 . 5 ,   p r e f e r a b l y   1.25,   and  g l u c o s e   is  added  to  a  c o n c e n t r a t i o n  

of  4%,  along  with  250  ppm  a n t i f o a m ,   such  as  Paracum  2 4 / s w .  

The pH  is  a d j u s t e d   to  5.5  employing  KOH.  The  mix tu re   may  t h e n  

be  s t e r i l i z e d   at  110°C  for  f o r t y   m i n u t e s .   A l t e r n a t i v e l y ,   t h e  

e x t r a c t   and  a d d i t i v e s   may  be  s e p a r a t e l y   s t e r i l i z e d   p r i o r   t o  

m i x i n g .  

The  s t e r i l i z e d   e x t r a c t   s o l u t i o n   c o n t a i n i n g  t h e   a d d i t i v e s  

is  t he r eupon   i n t r o d u c e d   into  a  f e r m e n t a t i o n   v e s s e l   c o n t a i n i n g   a  

w o r k   m ix tu re   at   a  r a t e   of  0 . 1 8 - 0 . 2 2   1 / 1 / h r ,   p r e f e r a b l y   0 . 2  

1 / 1 / h r .   The  w o r k  m i x t u r e   c o n t a i n s   a  s u i t a b l e   m i c r o o r g a n i s m   a n d  

i s   p r e f e r a b l y   a  s t a r t e r   c u l t u r e   of  Candida  u t i l i s   NCYC  707 

y e a s t   in  e x p o n e n t i a l ,   most  p r e f e r a b l y   l a t e   e x p o n e n t i a l ,   g r o w t h  



p h a s e  w h i c h   has  been  b u i l t   up  as  above  d e s c r i b e d .   The  pH  of  t h e  

w o r k   m ix tu re   is  m a i n t a i n e d   at  about  5 .5 ±  0.3  p r e f e r a b l y   by  a d d i -  

t i o n   
of  a  mix tu re   of  9  p a r t s   l a c t i c   acid  to  1  pa r t   o - p h o s p h o r i c  

a c i d   and /o r   KOH.  The  t e m p e r a t u r e   of  the  mixture   is  m a i n t a i n e d  

a t   30  +  3°C.  The  v e s s e l   c o n t a i n i n g   the  work  mix ture   is  a e r a t e d  

a t   a  r a t e   of  1 . 4 -1 .6   and  p r e f e r a b l y   1.5  1 /1 /min .   and  the  m i x t u r e  
i s   

a g i t a t e d .   In  smal le r   v e s s e l s   i t   may  be  d e s i r a b l e   to  s h u t  

o f f   the  a i r   f o r  o n e   minute  every  two  hours,   whereby  the  p r e s s u r e  

i s  r e d u c e d   and  the  condenser   on  the  outgoing  a i r   is  p u r g e d .  

T h i s   can  be  accompl ished   by  means  of  an  e l e c t r o m a g n e t i c   v a l v e  

coupled  with  a  time  on  the  incoming  a i r .   Such  purging   a v o i d s  

w e t t i n g   of  the  s t e r i l e   f i l t e r .   Such  purging  is  g e n e r a l l y  

u n n e c e s s a r y   when  working  in  l a r g e r   f e r m e n t o r s ,   as  for   example ,  

when  a  500  1  work ing   volume  is  employed  in  a 750  1  f e r m e n t o r .  

S i m u l t a n e o u s l y   with  and  at  a  r a t e   equal  to  the  i n t r o -  

d u c t i o n   of  the  s t e r i l i z e d   s o l u t i o n ,   a  p o r t i o n   of  the  work  m i x t u r e ,  

i . e . ,   t r e a t e d   e x t r a c t   is  withdrawn  from  the  f e r m e n t a t i o n   v e s s e l  

so  t h a t   the  volume  of  work  mix tu re   remains  c o n s t a n t .   The 

t r e a t e d   e x t r a c t   is  t he reupon   p a s t e u r i z e d ,   s e p a r a t e d   from  t h e  

biomass  a n d  c o n c e n t r a t e d .   The  thus  d e n i t r a t e d ,   c o n c e n t r a t e d  

e x t r a c t   may  then  be  a p p l i e d   to  the  d r i ed   and/or   r e c o n s t i t u t e d  

i n s o l u b l e   tobacco  r e s i d u e .   Employing  the  above  p r o c e d u r e ,   t h e  

p r o c e s s   of  the  i n v e n t i o n   has  been  p r a c t i c e d   c o n t i n u o u s l y   for  f i v e  

w e e k s   with  p r o d u c t i o n   of  2400  l i t e r s   d e n i t r a t e d   e x t r a c t   per  day 

w h i c h   is  equal   to  o n e - f i f t h   of  the  volume  of  the  f e r m e n t o r   employed 

per  hour,   i . e . ,   100  l i t e r s  f e r m e n t e d   d e n i t r a t e d   e x t r a c t   per  h o u r .  

Where  E n t e r o b a c t e r   ae rogenes   ATCC  13048,  or  o t h e r  

b a c t e r i u m ,   is  employed  the  c o n d i t i o n s   of  the  work  m ix tu re   a r e  

a d j u s t e d   to  a  pH  of  5 . 5 - 8 . 0 ,   p r e f e r a b l y   7.0,  and  a  t e m p e r a t u r e  

of  30°-40°C,  p r e f e r a b l y   37°C,  and  the  p rocess   is  o p e r a t e d   a t  



an  a e r a t i o n   r a t e   of  1 . 0 - 3 ,   p r e f e r a b l y   2  1 / 1 / m i n . ,   a  d i l u t i o n  

r a t e   of  0 . 1 - 0 . 2 5 ,   p r e f e r a b l y   0.2  1 / 1 / h r . ,   with  the  a d d i t i o n  

m i x t u r e   c o n t a i n i n g   0 . 1 - 7 . 5   g  n i t r a t e / l ,   p r e f e r a b l y   5  g / l .  

The  i n v e n t i o n   is  p r e f e r a b l y   used  in  t r e a t m e n t   o f  

t obacco   e x t r a c t s ,   but  is  not  l i m i t e d   to  t h a t   usage.   E l i m i n -  

a t i o n   of  n i t r a t e s ,   n i t r i t e s   and  ammonium  compounds  from  f o o d s  

a n d   o t h e r   consumer  i tems  may  a l so   b e  d e s i r a b l e .   Where  t h e s e  

m a t e r i a l s   are  in  l i q u i d   form,  they  may  be  used  as  the  n i t r a t e  

s o l u t i o n   for  t r e a t m e n t   in  the  p r a c t i c e   of  the  i n v e n t i o n .  

O t h e r w i s e   an  aqueous  s o l u t i o n   can  be  ob ta ined   by  w a s h i n g ,  

which  s o l u t i o n ,   f o l l o w i n g   d e n i t r a t i o n ,   may  be  recombined  w i t h  

t h e   i n s o l u b l e   f r a c t i o n  o f   the  m a t e r i a l   to  form  the  f i n a l  

d e n i t r a t e d   p r o d u c t .  

I n   the  case  of  t obacco ,   the  work  c o n d i t i o n s   can  be  

g a u g e d   by  the  n i t r a t e   c o n c e n t r a t i o n   of  the  p roduc t   s o l u t i o n .  

T o   d e t e r m i n e   working  c o n d i t i o n s   for  foods  and  o t h e r   consumer  

i t ems ,   t h e  c o n c e n t r a t i o n   of  the   sum  of  a l l   compounds  to  b e  

e l i m i n a t e d ,   i . e . ,   n i t r a t e s   and  n i t r i t e s   and  ammonium  compounds 

should   be  c o n s i d e r e d .   This  t o t a l   c o n c e n t r a t i o n   of  t h e s e  

m a t e r i a l s   in  the  o v e r a l l   a d d i t i v e   mix tu re   should  be  between  3 

a n d   7.5  g / l i t e r .   The  r e m a i n i n g   p a r a m e t e r s   may  be  the  same  a s  

in  t r e a t m e n t   of  t o b a c c o .   Thus,  a l t hough   the  i n v e n t i o n   h a s  

b e e n   d e s c r i b e d   in  terms  of  i t s   a p p l i c a t i o n   to  t obacco ,   i t  

m a y - - a p a r t   from  the  l i m i t a t i o n s   d e s c r i b e d   b e f o r e - - j u s t   as  w e l l  

b e   a p p l i e d   in  t h e  t r e a t m e n t   of  foods  and  o the r   consumer  g o o d s .  

The  f o l l o w i n g   examples  are  i l l u s t r a t i v e   of  the  i n v e n t i o n .  

Examples  1 - 1 0  

Tobacco  stems  were  e x t r a c t e d   with  water   and  t h e  

r e s u l t a n t   e x t r a c t s   were  t r e a t e d   with  Candida  u t i l i s   NCYC  707 

a c c o r d i n g   to  the  p r o c e s s   of  the   i n v e n t i o n   us ing  the  c o n d i t i o n s  



s p e c i f i e d   in  Table  IV.  The  r e s u l t s   are  set   f o r t h   in  Table  IV. 

" 0 "   i n d i c a t e s   an  amount,  which  is  not  d e t e c t a b l e   using  normal  

a n a l y s i s   c o n d i t i o n s ;   i t   is  sma l l e r   than  10  ppm  in  the  case  o f  

c a r b o n   and  phospha te   and  is  l e s s   than  1  ppm  for  n i t r a t e s ,  

n i t r i t e s   and  ammonium  compounds .  





Example  11 

Seven  tobacco  e x t r a c t s   were  p repared   by  s e p a r a t e l y  

washing  tobacco   stems  and  b y - p r o d u c t s   with  water  at  a  1 : 1 0  

tobacco  to  water   r a t i o   and  combining  a  stem  e x t r a c t   with  a 

b y - p r o d u c t   e x t r a c t .   With  a p p r o p r i a t e   i n s t a l l a t i o n s ,   i t   would  

be  p o s s i b l e   to  e f f e c t   the  e x t r a c t i o n ,   as  well  as  the  d e n i t r a t i o n ,  

on  a  c o n t i n u o u s   b a s i s .   The  n i t r a t e   l e v e l s   of  each  t o b a c c o  

e x t r a c t   are  se t   f o r t h   in  Table  V.  To  each  tobacco  e x t r a c t   were  

added  g l u c o s e ,   KH2PO4  and  Paracum  24/sw  an t i foam  as  i n d i c a t e d  

in  Table  V.  The  ph  was  a d j u s t e d   to  5.5  with  KOH.  The  e x t r a c t  

and  a d d i t i v e s   were  s t e r i l i z e d   at  110°C  for  40  min .  

The  work  mix ture   comprised  Candida  U t i l i s   707,  l a c t i c  

ac id ,   KOH  and  Paracum-24/sw  and  had  a  pH  of  5.5.  The  14  1  f e r -  

m e n t o r ,   which  was  employed,  was  equipped  with  an  e l e c t r o m a g n e t i c  

v a l v e   on  the  incoming  a i r   coupled  with  a  t imer .   The  i n c o m i n g  

a i r   was  shut  off   for  1  min.  every  two  hours  to  thus  purge  t h e  

c o n d e n s e r   on  the  outgoing   a i r .  

About  1700  1  of  e x t r a c t   were  d e n i t r a t e d   on  a  c o n t i n u o u s  

b a s i s   excep t   for  the  f i r s t   two  weekends  where  the  system  was 

cooled  down  with  a g i t a t i o n  r e d u c e d   to  300  rpm  and  a i r   f l o w  

r e d u c e d   to  30%.  Af te r   the  f i r s t   week  t h e r e   was  no  s u p e r v i s i o n  

o v e r  t h e   weekends  or  dur ing  the  n i g h t s .   Except  for  a  p r o b l e m  

w i t h   the  we igh t   c o n t r o l   system,  which  r e s u l t e d   in  the  f e r m e n t o r ' s  

b e i n g   empty  one  morning,  the  o p e r a t i o n   ran  s m o o t h l y .  

During  d e n i t r a t i o n   200  ml  of  l a c t i c   acid  were  consumed 

per  3  kg  of  e x t r a c t .   T h i s  i s   p robab ly   e x p l a i n e d   by  the  f a c t  

t h a t   the  ac id   was  being  used  by  the  m ic roo rgan i sms   as  a  c a r b o n  

s o u r c e .  

The  biomass  was  removed  from  the  d e n i t r a t e d   e x t r a c t  

by  c e n t r i f u g a t i o n .   The  r e s u l t i n g   1478  g  of  e x t r a c t   c o n t a i n i n g  



3%  tobacco   s o l u b l e s   was  the reupon   c o n c e n t r a t e d   to  give  an  

average   c o n c e n t r a t i o n   of  39.06  tobacco  s o l u b l e s   and  r e a p p l i e d  

to  d r i e d   tobacco  s t e m s .  

The  ave rage   va lue s   of  the  c o m p o s i t i o n   of  s e v e r a l  

s a m p l e s  w e r e  m e a s u r e d   a f t e r   e x t r a c t i o n ,   a f t e r   s t e r i l i z a t i o n   o f  

the  combined  e x t r a c t   and  a d d i t i v e s   and  f o l l o w i n g   c o n c e n t r a t i o n  

of  the  d e n i t r a t e d   e x t r a c t .   These  va lue s   are  s e t   f o r t h   i n  

Table  V I .  





Example  12 

A  c o n t i n u o u s   one  week  p i l o t   p l a n t   t r i a l   was  c a r r i e d  

o u t   in  a  750  1  f e r m e n t o r   (working  volume  500  1)  with  t o b a c c o  

s t e m   e x t r a c t .   O p e r a t i n g   c o n d i t i o n s   are  given  in  Table  V I I .  

The  stems  were  c o n t i n u o u s l y   washed  in  a  s c r e w  

e x t r a c t o r   at   a  stem  to  water   r a t i o   of  1:10.   The  e x t r a c t i o n  

w a s   c a r r i e d   out  at  90°C  and  the  tobacco   e x t r a c t   (out  of  t h e  

e x t r a c t o r )   to  wate r   ( in to   the  e x t r a c t o r )   r a t i o   was  0.74.  The 
t o b a c c o   e x t r a c t   was  then  s t e r i l i z e d   by  pumping  i t   th rough  3 

heat   e x c h a n g e r s :   the  f i r s t   to  p r e - h e a t   i t   to  110°C,  the  s e c o n d  

t o   hold  i t  a t   t h a t   t e m p e r a t u r e   for   40  minutes   and  the  t h i r d  

t o   cool  i t   down  to  room  t e m p e r a t u r e .   A n a l y t i c a l   va lues   a r e  



given  in  Table  V I I I .  

A  d e x t r o s e   s o l u t i o n   was  p repa red   b a t c h w i s e ,   but  t h e n  

c o n t i n u o u s l y   pumped  through  a  second  l i ne   of  3  heat   e x c h a n g e r s  

for  s t e r i l i z a t i o n   using  the  above  c o n d i t i o n s .   The  two  f l o w s ,  

i . e . ,   sugar   s o l u t i o n   and  tobacco  e x t r a c t ,   were  then  r e g u l a t e d  

t o   the  d e s i r e d   sugar  c o n c e n t r a t i o n   in  the  tobacco  e x t r a c t   and 

t h e n   pumped  in to   the  f e rmen to r .   N i t r a t e   and  sugar  va lues   a r e  

given  in  Table  V I I I .  

Before  the  s t a r t   of  con t inuous   o p e r a t i o n ,   t h e  

f e r m e n t o r   was  f i l l e d   with  480  kg  of  tobacco  e x t r a c t ,   20.2  kg 

o f   d e x t r o s e ,   2.4  kg  of  KH2PO4  and  120  ml  of  an  a n t i f o a m i n g  

a g e n t ,   and  then  s t e r i l i z e d   at  120°C  for  40  minu tes .   A f t e r  

the  f e r m e n t o r   had  been  cooled  down,  i t   was  i n o c u l a t e d   w i t h  

13  1  of  a  s t a r t e r   c u l t u r e   of  Candida  U t i l i s   707  grown  in  t o b a c c o  

e x t r a c t .   A f t e r   12  hours  the re   was  no  more  sugar  or  n i t r a t e  

in  the  ba tch   and  the  y e a s t s   were  in  the  e x p o n e n t i a l   p h a s e .  

At  t h i s   p o i n t   c o n t i n u o u s   o p e r a t i o n   was  s t a r t e d .   The  o p e r a t i n g  

c o n d i t i o n s   are  given  in  Table  VII.  The  pH  r e g u l a t i o n   was 

done  w i t h  p h o s p h o r i c   acid  at  25%.  The  f e rmen to r   was  e q u i p p e d  

with  a  m e c h a n i c a l   foam  s e p a r a t o r ,   a  t u r b i n e   a e r a t i o n / a g i t a t i o n  

system,   and  a  weight   c o n t r o l   s y s t e m .  

The  con t inuous   s tream  of  fermented  e x t r a c t   l e a v i n g  

t h e  f e r m e n t o r   was  c e n t r i f u g e d   to  remove  the  biomass  and  t h e n  

p a s t e u r i z e d   be fo re   being  c o n c e n t r a t e d .  

A l l  t h e s e   o p e r a t i o n s   except   for  p r e p a r a t i o n   of  t h e  

s u g a r   s o l u t i o n   were  c a r r i e d   out  c o n t i n u o u s l y .  







1.  A  m e t h o d   f o r   d e n i t r a t i n g   an  a q u e o u s  

t o b a c c o   e x t r a c t   by  m e a n s   o f   m i c r o o r g a n i s m s   w h i c h   a r e  

c a p a b l e   o f   m e t a b o l i c ,   a e r o b i c   a s s i m i l a t i o n   of   n i t r o g e n -  

c o n t a i n i n g   c o m p o u n d s , c h a r a c t e r i z e d   i n  t h a t   t h e   e x t r a c t  

i s   a d d e d   to   a  w o r k   m i x t u r e   c o n t a i n i n g   t o b a c c o   e x t r a c t  

and  t h e   m i c r o o r g a n i s m s   in   e x p o n e n t i a l   g r o w t h   p h a s e ,   a t  

a  d i l u t i o n   r a t e   w h i c h   d o e s   n o t   e x c e e d   t h e   g r o w t h   r a t e  

of   t h e   m i c r o o r g a n i s m s ,   w h i l e   t h e   pH,  t e m p e r a t u r e   a n d  

a e r a t i o n   a r e   m a i n t a i n e d   a t   l e v e l s   w h i c h   p r o m o t e   a e r o b i c  

a s s i m i l a t i o n   and   p h o s p h a t e   and  a  c a r b o n   s o u r c e   a r e  

a d d e d   to   t h e   w o r k   m i x t u r e ,   t h e   s a i d   e x t r a c t ,   p h o s p h a t e  

and   c a r b o n   s o u r c e   b e i n g   s t e r i l e   when   a d d e d   and   b e i n g  

a d d e d   in   a m o u n t s   s u c h   t h a t   t h e   o v e r a l l   a d d i t i o n   t h e r e o f  

i s   0 . 1 - 7 . 5   g  n i t r a t e / 1   a d d e d ,   1 . 0   to   10  g  P 0 4 / l   a d d e d  

and  s u f f i c i e n t   c a r b o n   s o u r c e   to   p r o v i d e   a t   l e a s t   1 6 . 5  

a s s i m i l a t i v e   c a r b o n   a t o m s   /NO3  m o l e c u l e   a d d e d ,   and  t h e  

work   m i x t u r e   i s   w i t h d r a w n   a t   a  r a t e   s u c h   t h a t   t h e   v o l u m e  

of   work   m i x t u r e   r e m a i n s   c o n s t a n t .  

2.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   1  c h a r a c t e r i z e d   i n  

t h a t   t h e   m i c r o o r g a n i s m s   a r e   r e m o v e d   f r o m   t h e   w i t h d r a w n  

m i x t u r e .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1  c h a r a c t e r i z e d   i n  

t h a t   t h e   m i c r o o r g a n i s m   i s   C a n d i d a   u t i l i s   NCYC  707,   3 2 1  

or   359 ,   o r   C a n d i d a   B e r t h e t i i   CBS  5452  y e a s t .  



4.  A  m e t h o d   a c c o r d i n g   to   C l a i m   3  w h e r e i n   t he   pH  i s  

m a i n t a i n e d   b e t w e e n   3 .5   and  7 . 2 .  

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   3  or  4  c h a r a c t e r i z e d  

in   t h a t   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d   b e t w e e n   25°  a n d  

3 7 0 C .  

6.  A  m e t h o d   a c c o r d i n g   to  C l a i m   3,  4  or   5  c h a r a c t e r -  

i z e d   in  t h a t   t he   d i l u t i o n   r a t e   i s   b e t w e e n   0 . 1   and  0 . 3 5  

1 / 1 / h r .  

7.  A  m e t h o d   a c c o r d i n g   to   any  o f   c l a i m s   3  to  6 

c h a r a c t e r i z e d   in  t h a t   t h e   a e r a t i o n   r a t e   i s   b e t w e e n   0 . 5  

and  2 .5   1 / 1 / m i n ,   p r e f e r a b l y   1 . 0  -   2 . 0   1 / 1 / m i n .  

8.  A  m e t h o d   a c c o r d i n g   to   any  of   c l a i m s   3  to  7 

c h a r a c t e r i z e d   in   t h a t   t h e   o v e r a l l   n i t r a t e   a d d i t i o n   i s  

3 - 7 . 5   g  n i t r a t e / l   a d d e d ,   p r e f e r a b l y   4 .5   to  5 .5   g / l i t e r  

a d d e d ,   e s p e c i a l l y   5 . 0 .  

9.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  or  2  c h a r a c t e r i z e d  

in  t h a t   t h e   m i c r o o r g a n i s m   i s   E n t e r o b a c t e r   a e r o g e n e s ,  

p r e f e r a b l y   E n t e r o b a c t e r   a e r o g e n e s   ATCC  1 3 0 4 8 .  

10.  A  m e t h o d   a c c o r d i n g   to   C l a i m   9  c h a r a c t e r i z e d   i n  

t h a t   t he   pH  i s   m a i n t a i n e d   b e t w e e n   5 . 5  -   8 . 0 ,   p r e f e r a b l y  

7 . 0 .  



1 1 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   9  o r   10  c h a r a c t e r -  

i z e d   in   t h a t   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d   b e t w e e n   3 0 °  

and   4 0 ° C ,   p r e f e r a b l y   a t   3 7 ° C .  

12 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   9,   10  o r   1 1  

c h a r a c t e r i z e d   in   t h a t   t h e   d i l u t i o n   r a t e   i s   b e t w e e n   0 . 1  

and   0 . 2 5   1 / 1 / h r ,   p r e f e r a b l y   0 . 2   1 / 1 / h r .  

13 .   A  m e t h o d   a c c o r d i n g   to   any  o f   C l a i m s   9  t o   1 2  

c h a r a c t e r i z e d   in   t h a t   t h e   o v e r a l l   n i t r a t e   a d d i t i o n   i s  

5 . 0   g / l .  

14 .   A  m e t h o d   a c c o r d i n g   to   any  o f   C l a i m s   9  to   13  

c h a r a c t e r i z e d   in   t h a t   t h e   a e r a t i o n   r a t e   i s   b e t w e e n   1 . 0  

and   3 . 0   1 / 1 / m i n ,   p r e f e r a b l y   2 . 0   1 / 1 / m i n .  

15 .   A  m e t h o d   a c c o r d i n g   t o   any  o f   C l a i m s   1  to   1 4  

c h a r a c t e r i z e d   in   t h a t   t h e   c a r b o n   s o u r c e   i s   one   o r   m o r e  

o f   g l u c o s e ,   d e x t r o s e ,   s u c r o s e ,   m a l t o s e ,   c e l l o b i o s e ,  

l a c t o s e ,   e t h a n o l ,   g l y c e r o l   and   c i t r a t e .  

16 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   15  c h a r a c t e r i z e d   i n  

t h a t   t h e   c a r b o n   s o u r c e   i s   g l u c o s e   a d d e d   a t   a  c o n c e n t -  

r a t i o n   o f   2 . 4 - 6 % ,   p r e f e r a b l y   4 % .  

17 .   A  m e t h o d   a c c o r d i n g   to   any   o f   C l a i m s   1  to   16  

c h a r a c t e r i z e d   in   t h a t   t h e   o v e r a l l   p h o s p h a t e   a d d i t i o n   i s  

1 . 1  -   1 . 5   g / l i t e r   a d d e d ,   p r e f e r a b l y   1 . 2 5   g / l i t e r   a d d e d .  



18.   A  m e t h o d   a c c o r d i n g   to  any  of   C l a i m s   1  to   17 

c h a r a c t e r i z e d   in  t h a t   a n t i f o a m  i s   a d d e d   to   t he   w o r k  

m i x t u r e ,   p r e f e r a b l y   a t   a  l e v e l   of   a t   l e a s t   250  p p m .  
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