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SUMMARY 

T y r o m y c e s  s a m b u c e u s  w a s  c u l t i v a t e d  in  a s t i r r e d  t a n k  r e a c t o r  u n d e r  
s e m i c o n t i n u o u s  c o n d i t i o n s  f o r  70 d a y s .  O v e r  l o n g e r  p e r i o d s  of  t ime in 
s u b m e r s i o n ,  v a l u e s  of  220 a n d  330 m g . L  -1 o f  4 - d e c a n o l i d e  c o u l d  be  
m a i n t a i n e d ;  a f t e r  d i s p e r s i o n  of  t h e  h e a d s p a c e  myce l i a ,  a s i n g l e  p e a k  
p r o d u c t  c o n c e n t r a t i o n  of  880 rag. L ~ w a s  a t t a i n e d .  The  p r o d u c t i v i t y  w a s  
s u b j e c t  to  l a r g e  v a r i a t i o n s ,  p e a k  v a l u e s  w e r e  18 a n d  11 m g - L - i - h  -i. 
D e p e n d i n g  on  t h e  c u l t u r e  c o n d i t i o n s ,  s p e c i f i c  g r o w t h  r a t e s  of  u p  to  0.05 
h -1 w e r e  r e a c h e d .  

INTRODUCTION 

T h e  i n c r e a s i n g  d e m a n d  of  t h e  food  i n d u s t r y  f o r  n a t u r a l  a r o m a  s u b s t a n c e s  

c a n  no l o n g e r  b e  s a t i s f i e d  b y  t h e  e x t r a c t i v e  p r o c e s s i n g  of  p l a n t  

m a t e r i a l s  a lone .  F o r  t h i s  r e a s o n ,  t h e  b i o t e c h n o l o g i c a l  g e n e r a t i o n  of  

n a t u r a l  a r o m a  s u b s t a n c e s  is  a t t a i n i n g  i n c r e a s i n g  s i g n i f i c a n c e  ( U n g e r ,  

1980; S c h i n d l e r ,  1982}. Among  t h e  u t i l i z a b l e  o r g a n i s m s ,  b a s i d i o m y c e t e s  

a r e  k n o w n  p r o d u c e r s  of  n u m e r o u s  a r o m a  c o m p o u n d s .  I n  p a r t i c u l a r ,  

b a s i d i o m y c e t e s  of  t h e  o r d e r  A p h y l l o p h o r a l e s ,  w h i c h  i n c l u d e s  T y r o m y c e s  

s a m b u c e u s ,  h a v e  b e e n  d e m o n s t r a t e d  to  b e  s u i t a b l e  a s  p r o d u c e r s  o f  a r o m a  

s u b s t a n c e s  ( D r a w e r t  e t  al . ,  1983; B e r g e r  e t  a l . ,  1986). I n  a d d i t i o n  to  

several lactones, alcohols, and benzoid substances, Tyromyces sambuceus 

produces mainly 4-decanolide, a key component of some natural fruit 

aromas. For economical production of this aroma compound, the parameters 
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f o r  a l o n g - t e r m  c u l t i v a t i o n  a r e  of  p a r t i c u l a r  i n t e r e s t  ( J o u r d a i n  e t  al . ,  

1985}o With t h e  o b j e c t i v e  o f  i m p r o v i n g  t h e  y i e ld ,  we h a v e  t h e r e f o r e  

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

T y r o m y c e s  s a m b u c e u s  on  t h e  s ca l e  of  a 5 L - f e r m e n t e r .  

MATERIAL AND METHODS 

S t r a i n :  T y r o m y c e s  s a m b u c e u s  (L loyd)  I m a z e k i  CBS 492.76 N . H i r a t s u k a  CBS 
T y r o m y c e s  s.  w a s  p r e c u l t u r e d  in  s h a k i n g  f l a s k s  f o r  14 d a y s  f o r m i n g  
pe l l e t s .  ~ s  i n o c u l u m  60 g P e l l e t s  (wet  w e i g h t )  w e r e  u s e d  (1.5 v v m ) .  

F e r m e n t a t i o n :  All e x p e r i m e n t s  w e r e  p e r f o r m e d  a t  27 ~ in  a 5L f e r m e n t e r  
B i o s t a t  Y ( B r a u n ,  M e l s u n g e n ,  FRG) wi th  a w o r k i n g  v o l u m e  of  4L. The  
f e r m e n t e r  was  p r o v i d e d  w i th  p a d d l e - s t i r r e r s  (450-500 l / r a in )  a n d  g l a s s  
e l e c t r o d e s  to  c o n t r o l  pH a n d  02. The  a i r  f low w a s  0.4 v v m .  At t ime 
i n t e r v a l s  o f  4 -6  d a y s  a f ixed  v o l u m e  (2 o r  4 L) o f  c u l t u r e  med ium p l u s  
s u s p e n d e d  m y c e l i u m  w a s  r e m o v e d  a n d  a n  e q u a l  v o l u m e  of  f r e s h  med ium w a s  
i m m e d i a t e l y  a d d e d  to  t h e  c u l t u r e .  In  a d d i t i o n  t h e  da i l y  t e s t  v o l u m e  (200 
ml) w a s  s u b s t i t u t e d  b y  200 ml f r e s h  medium.  

Medium: F e r m e n t a t i o n s  w e r e  c a r r i e d  o u t  in a mod i f i ed  SNL - med ium 
( S p r e c h e r ,  1959) c o n s i s t i n g  of  (g0 L-I):  g l u c o s e m o n o h y d r a t e  20.0, p e p t o n  
6.0, KH2PO4 1.5, MgSO4 0.5, t h i a m i n  0.002. In  a d d i t i o n  1L med ium 
c o n t a i n e d  20 ml c a s t o r  oil ( emu l s i f i ed  w i th  2 ml T w e e n  80) a n d  1 ml of  a 
s o l u t i o n  o f  t r a c e  e l e m e n t s  ( c o n c e n t r a t i o n s  in g - L - l :  FeC13.6H~O 0.4 
Zn~SO4*7H20 0.45, MgSO4.1H20 0.152, CuSO4-SH20 0.025, 
T i t r i p l e x  I I I  2.0). T h e  pH was  a d j u s t e d  to pH 6.0 wi th  1N NaOH. 

A n a l y s i s :  Cell c o n c e n t r a t i o n  w a s  e s t i m a t e d  b y  m e a s u r i n g  t h e  d r y  w e i g h t  
o f  t h e  m y c e l i u m  in 100 ml b r o t h .  A f t e r  f i l t r a t i o n  a n d  w a s h i n g  w i th  H20 
a n d  a c e t o n e  ( r e m o v i n g  t h e  r e m a i n d e r  of  c a s t o r  oil) t h e  m y c e l i u m  was  
d r i e d  a t  105 ~ to  c o n s t a n t  w e i g h t .  T h e  s p e c i f i c  g r o w t h  r a t e  was  
d e t e r m i n e d  u s i n g  t h e  s l ope  of  t h e  d r y  w e i g h t - v s . - t i m e  c u r v e  (Fenc l ,  
1966). 
The  4 - d e c a n o l i d e  c o n c e n t r a t i o n  in t h e  f e r m e n t a t i o n  b r o t h  w a s  e v a l u a t e d  
b y  m e a n s  of  c a p i l l a r y  g a s  c h r o m a t o g r a p h y .  A f t e r  a d d i n g  a n  i n t e r n a l  
s t a n d a r d  ( 1 - u n d e c a n o n )  100 ml b r o t h  w a s  s t e a m - d i s t i l l e d .  The  d i s t i l l a t e  
was  e x t r a c t e d  wi th  2 x 50 ml p e n t a n e / m e t h y l e n c h l o r i d e  (2:1). T h e  
e x t r a c t s  w e r e  d e s i c c a t e d  w i t h  Na2SO4, c o n c e n t r a t e d  to  a v o l u m e  of  
0.25 ml u s i n g  a V i g r e u x  co lumn ,  a n d  i n v e s t i g a t e d  b y  GLC a n d  GLC-MS. 
C a p i l l a r y  GLC w a s  c a r r i e d  o u t  u s i n g  a 23.5 m g l a s s  c a p i l l a r y  c o l u m n  
(0.25 mm i.d.} c o a t e d  w i th  SE 54 ( c h e m i c a l l y  b o u n d ,  c r o s s  l inked}  in a 
Y a r i a n  3700  u s i n g  a l i n e a r  t e m p e r a t u r e  p r o g r a m m e  f r o m  40"C to  220"C a t  3 
"C/rain. H y d r o g e n  w a s  u s e d  a s  t h e  c a r r i e r  g a s .  Q u a n t i t i e s  w e r e  o b t a i n e d  
b y  t h e  i n t e r n a l  s t a n d a r d  m e t h o d  u s i n g  1 - u n d e c a n o n  a s  t h e  s t a n d a r d  
c o m p o n e n t .  Mass  s p e c t r o m e t r y  w a s  p e r f o r m e d  on  a F i n n i g a n  1020 
( Q u a d r u p o l e ) ,  c o u p l e d  to  a S igma  I I I  g a s  c h r o m a t o g r a p h  ( P e r k i n - E l m e r ) .  
T h e  s y s t e m  w a s  e q u i p p e d  wi th  a 30m x 0.32 mm f u s e d  s i l i ca  c a p i l l a r y  
co lumn ,  SE 54. O p e r a t i o n  c o n d i t i o n s  w e r e :  t e m p e r a t u r e  p r o g r a m m e ,  5 rain 
i s o t h e r m a l  a t  6S'C, 6S - 220"C a t  2"C/rain; c a r r i e r  g a s  2 m l /min  He; 
i o n i z a t i o n  e n e r g y  70 eV. 
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RESULTS AND DISCUSSION 

T h e  f e r m e n t a t i o n  w a s  m a i n t a i n e d  f o r  70 d a y s  f r o m  i n o c u l a t i o n .  D u r i n g  

t h i s  p e r i o d  t h e  f u n g u s  p a s s e d  t h r o u g h  v a r i o u s  f e r m e n t a t i o n  p h a s e s  wh ich  

a r e  c h a r a c t e r i z e d  b y  c h a n g i n g  g r o w t h  r a t e s  a n d  p r o d u c t i v i t i e s  (Fig.1 a n d  

Fig.  2). C a r e  was  t a k e n  to  e n s u r e  t h a t  a n  e x c e s s  of  c a s t o r  oil w a s  

p r e s e n t  t h r o u g h o u t ;  r i c i n o l e i c  ac id  is  s u p p o s e d  to  b e  t h e  p r e c u r s o r  f o r  

t h e  f o r m a t i o n  o f  4 - d e c a n o l i d e  ( F a r b o o d  e t  al . ,  1985}. 

A f t e r  60 g of  T y r o m y c e s  s a m b u c e u s  (wet  we igh t}  h a d  b e e n  i n o c u l a t e d  i n t o  

t h e  r e a c t o r ,  t h e  f u n g u s ,  a s  e x p e c t e d ,  p a s s e d  t h r o u g h  a l ag  p h a s e  ( l s t  to  

7 th  day} c h a r a c t e r i z e d  b y  low f o r m a t i o n  of  4 - d e c a n o l i d e ,  s low g r o w t h ,  

a n d  a n  a c i d i f i c a t i o n  o f  t h e  m e d i u m  f r o m  pH 6.0 to  pH 1.9. At a s t i r r e r  

s p e e d  of  450-500 r p m ,  r e g u l a r  r o d - s h a p e d  p e l l e t s  (2 mm d i a m e t e r ,  5-7ram 

l e n g t h }  w e r e  f o r m e d .  F rom t h e  4 th  d a y  o n w a r d s ,  d i s c o l o r a t i o n  a n d  

d e c r e a s i n g  p r o d u c t  c o n c e n t r a t i o n  w a s  o b s e r v e d .  A r e m o v a l  o f  m e d i u m  h a d  

b e c o m e  n e c e s s a r y  whi le  r e t a i n i n g  a s u f f i c i e n t  m y c e l i u m  mass ;  2 L o f  t h e  

f e r m e n t a t i o n  b r o t h  w e r e  p u m p e d  o u t  o f  t h e  r e a c t o r  a n d  r e p l a c e d  b y  2 L of  

f r e s h  med ium.  As a r e s u l t  o f  t h i s  p r o c e d u r e ,  a n  i n c r e a s e  o f  t h e  pH v a l u e  

to  3.3 w a s  o b s e r v e d ;  t h e  d r y  w e i g h t  o f  t h e  m y c e l i u m  w a s  r e d u c e d  to  o n e  

h a l f  (3.3 g .  L -1) a n d  t h e  c o n t e n t  o f  4 - d e c a n o l i d e  in t h e  med ium a l so  

d e c r e a s e d  in  t h e  s ame  r a t i o  f r o m  220 m g . L  -1 to  110 m g . L - L  T h e s e  

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

f e r m e n t a t i o n s  (Quin lan ,  1986). T h e  e x c h a n g e  of  t h e  m e d i u m  p r o v e d  to  b e  a 

s u i t a b l e  m e t h o d  f o r  m a i n t a i n i n g  t h e  v i a b i l i t y  o f  t h e  f u n g u s .  

T h e  fo l l owing  17 d a y s  o f  c u l t i v a t i o n  a r e  d i v i d e d  i n t o  t h r e e  p e r i o d s  

c h a r a c t e r i z e d  b y  r e g u l a r l y  r e p e a t i n g  c o u r s e s  of  t h e  c u r v e s  f o r  g r o w t h ,  

p r o d u c t  f o r m a t i o n ,  a n d  a c i d i f i c a t i o n .  D u r i n g  t h e  f i r s t  p e r i o d  (8 th  to  

12th  d a y ) ,  a p e r i o d  of  a d a p t a t i o n  w a s  fo l lowed  b y  a p e r i o d  of  v i g o r o u s  

p r o d u c t  f o r m a t i o n  w h e r e b y  a v a l u e  of  300 mg .L -1 of  4 - d e c a n o l i d e  w a s  

r e a c h e d .  In  p a r a l l e l ,  t h e  d r y  w e i g h t  o f  t h e  m y c e l i u m  i n c r e a s e d  to  7.9 

g .  L -1 ( a v e r a g e  g r o w t h  r a t e  of  a p p r o x i m a t e l y  0.92 g . L - l . d - 1 ) .  S ince  

t h e  o d o u r  of  t h e  a i r  a b o v e  t h e  med ium b e c a m e  more  u n p l e a s a n t  f r o m  t h e  

l l t h  d a y  o n w a r d s ,  a f u r t h e r  50T, of  t h e  m e d i u m  w a s  e x c h a n g e d  o n  t h e  12th  

d a y .  T h e  s u b s e q u e n t  s e c o n d  p e r i o d  (13 th  to  18th  d a y )  p r o c e e d e d  

a n a l o g o u s l y  to  t h e  f i r s t  p e r i o d .  With a n  a v e r a g e  g r o w t h  r a t e  o f  1.02 

g .  L -1 �9 d -1, d r y  w e i g h t  d e v e l o p e d  u p  to  9.1 g , L  -1 a n d ,  o n  t h e  14th  
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d a y ,  a p e a k  v a l u e  o f  372 mg.  L -l o f  4 - d e c a n o l i d e  w a s  r e a c h e d ,  w h i c h  

s u b s e q u e n t l y  d e c l i n e d .  T h e  m ed i um was  o n c e  m o r e  e x c h a n g e d  on  t h e  18th 

d a y .  T h e  t h i r d  p e r i o d  (19 th  to 24 th  d a y )  a g a i n  p r o c e e d e d  w i t h  s imi l a r  

p r o d u c t  f o r m a t i o n  a n d  pH c o u r s e s .  

As a r e s u l t  o f  t h e  l o n g  d u r a t i o n  of  t h e  c u l t u r e ,  c o n s i d e r a b l e  a m o u n t s  of  

f u n g a l  m y c e l i a  a c c u m u l a t e d  in  t h e  h e a d s p a c e  of  t h e  f e r m e n t e r .  F rom t h e  

30 th  d a y  o n w a r d s ,  in  p a r t i c u l a r ,  t h e  m y c e l i a  in t h e  h e a d s p a c e  h a d  f o r m e d  

a c o m p a c t  m a s s  a n d  cou ld  no  l o n g e r  b e  w a s h e d  d o w n  i n t o  t h e  r e a c t o r  e v e n  

b y  s h o r t  d u r a t i o n  i n c r e a s e s  o f  t h e  s t i r r e r  s p e e d .  A d h e s i o n s  on  t h e  wal l s  

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

c u l t i v a t i o n  of  b a s i d i o m y c e t e s  ( G e r m e r d o n k  e t  al . ,  1987}. T h e  r e a c t o r  w a s  

o p e n e d  u n d e r  s t e r i l e  c o n d i t i o n s ,  t h e  wall  a d h e s i o n s  w e r e  r e m o v e d  f r o m  

t h e  h e a d s p a c e ,  a n d  d i s p e r s e d  in t h e  r e s i d u a l  c u l t u r e  b r o t h  (48 th  d a y ) .  A 

s a m p l e  of  t h e  b r o t h  t a k e n  i m m e d i a t e l y  g a v e  a 4 - d e c a n o l i d e  c o n t e n t  o f  880 

m g � 9  L -~. O b v i o u s l y  a l a r g e  e n r i c h m e n t  o f  t h e  l a c t o n e  in  t h e  h e a d s p a c e  

m y c e l i a  h a d  o c c u r r e d ;  d e t e r m i n a t i o n  of  t h e  d r y  w e i g h t  g a v e  t h e  h i g h  

value of 35.6 g.L -I. As a result, the medium had become highly viscous 

and on the same day, shortly after the sample had been taken, 50~ of the 

medium had to be exchanged. 

On t h e  52nd d a y ,  o n l y  o n e - t e n t h  of  t h e  p e a k  v a l u e  of  880 m g . L  -1 c o u l d  

b e  m e a s u r e d .  A d e c r e a s e  in t h e  m y c e l i u m  d r y  w e i g h t  to  11.3 g - L  -1 h a d  

o c c u r r e d  in p a r a l l e l  to  t h e  d e c r e a s e  of  t h e  4 - d e c a n o l i d e  c o n c e n t r a t i o n .  

T h i s  m a y  b e  a t t r i b u t e d  to  a d e s t r u c t i o n  of  t h e  h y p h a e  a s  a r e s u l t  o f  t h e  

i n c r e a s e d  s h e a r  s t r e s s .  An i n c r e a s e d  l e a k a g e  of  f u n g u s  ce l l s  i s  to  b e  

e x p e c t e d  e v e n  a t  s t i r r e r  s p e e d s  o f  a b o v e  120 rain -1 ( G e r m e r d o n k  e t  al . ,  

1987). T h u s ,  a d e g r a d a t i o n  of  4 - d e c a n o l i d e  b y  r e l e a s e d  e n z y m e  s y s t e m s  

c a n  b e  t a k e n  in to  c o n s i d e r a t i o n .  I n  t h i s  c o n t e x t ,  t h e  ~mycel ium d r y  

w e i g h t  o f  10-11 g . L  -1 a p p a r e n t l y  r e p r e s e n t s  t h e  l im i t i ng  c o n c e n t r a t i o n  

f o r  t h e  s t i r r e r  s p e e d  (450-500 min- l ) .  At t h i s  mycel iurn  c o n c e n t r a t i o n ,  

i t  i s  d i f f i c u l t  to  m a i n t a i n  a s u f f i c i e n t  s u p p l y  of  02 (KSnig e t  al . ,  

1981), a n d  t h i s  a l so  h a s  a h i g h l y  d e l e t e r i o u s  e f f e c t  on  t h e  r a t e  o f  

p r o d u c t  f o r m a t i o n .  The  p e a k  p r o d u c t i v i t y  v a l u e  of  18.3 m g - L - l . h  -x, 

w h i c h  w a s  o n l y  a c h i e v e d  a f t e r  d i s s o l u t i o n  of  t h e  h e a d s p a c e  myce l i a ,  i s  

no t  t y p i c a l  f o r  t h e  l o n g - t e r m  s u b m e r s e d  c u l t i v a t i o n  of  T y r o m y c e s  

s a m b u c e u s .  H o w e v e r ,  a u t i l i z a t i o n  of  t h i s  e f f e c t  m u s t  b e  s o u g h t  a f t e r .  
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In the  con t inua t ion  of the f e rmen ta t ion  (62nd to 7Oth day) ,  we a t t emp ted  

to s u b j e c t  bo th  g rowth  and lac tone  p r o d u c t i o n  to s tab le  condi t ions  by  

r e d u c i n g  the  time be tween  the  medium exchanges .  Medium exchanges  were  

p e r f o r m e d  daily w h e r e b y  0.5 L of c u l t u r e  b r o t h  was removed  and r ep l aced  

by  0.5 L of f r e s h  medium. A s tabi l i sa t ion  of lac tone p r o d u c t i o n  o v e r  

s e v e r a l  days  of the  c u l t u r e  was a t ta ined .  Both the  c h a n g e s  of t h e  

mycelium d r y  weight  and of t he  pH c u r v e s  were  h igh ly  r egu l a r .  However,  

the  spec i f ic  g rowth  r a t e  was only  approx imate ly  0.008 h -1 and the  

p r o d u c t i v i t y  was 1 m g . L - l . h  -l. The o b j e c t i v e  of f u r t h e r  expe r imen t s  

will be " to  s tabi l ize  the  f e rmen ta t i on  a t  h i g h e r  p r o d u c t i v i t y  levels .  

From the  w o r k - u p  of the  combined exchanged  medium within the  70 days ,  

the  r e c o v e r y  of a to ta l  6270 mg of 4 -decano l ide  was possible .  A total  

of 34 L of medium for  a total  mycelium d r y  weight  of 381 g were  

r e q u i r e d .  
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