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, SUMMARY 

The fungus Ceratocystlsfimbriataisknowntoproduceamongothersabanana-likearoma. 
Withafractionalfactorialexperimantaldesignaculturemediumwasoptimizedtoproducecha- 
r a c t e r i s t i c v o l a t i l e ~ t ~ o l i t e s o f t h i s a r o ~ . ~ L C w a s u s e d t o s e p a r a t e ~ d ~ ~ t i f y a o m e o ~  
themetabolites.This showedtheinfluenceofthecompositionofthebasalculturemediwn. It is  
notyetpossibletocorrelatetheseresultswithsensorialevaluation. 

INTRODUCTION 

The f l a v o u r  of many foods comes f r o m t h e  n a t u r a l  a c t i o n  of microorganisms 
and/or  enzymes. These produced aromas belong t o  w e l l  i d e n t i f i e d  chemical groups 
such a s  : aldehydes,  ketones,  l ac tones ,  t e rpenes ,  a l coho l s  and esters, a l l  cha- 
r a c t e r i z e d  by t h e i r  high v o l a t i l i t y .  

I n  t h i s  a r ea ,  f i lamentous fung i  d i s p l a y  an important  p o t e n t i a l  f o r  t h e  pro- 
d u c t i o n o f n a t u r a l a r o m a s .  Many havebeen s t u d i e d s i n c e t h e b e g i n n i n g o f t h e c e n -  
t u r y  (OMELIANSKI, 1922 : BADCOCK, 1939) .  More r ecen t ly ,  s e v e r a l  au tho r s  have 
shown t h a t  a gre/at d i v e r s i t y  of aromas can be produced by d i f f e r e n t  fungal  spe- 
c i e s  : coconut aroma by Trichoderma v i r i d e  (COLLINS and HALIM, 1972 ; YONG and 
LIM, 1986) , pine,  rose ,  f r u i t y  aromas by P e n i c i l l i u m  decumbens (HALIM and a l . ,  
1975) o r  t h e  c h a r a c t e r i s t i c  "mushroomll f l a v o u r  by A s p e r g i l l u s  oryzae (KAMINSKY 
and a l . ,  1980) .Due t o  i t s  economic i n t e r e s t ,  P e n i c i l l i u m  r o q u e f o r t i i  has  been 
s t u d i e d  (DESFARGES and a l . ,  1987; REVAH and LEBEAULT, 1989) f o r  t h e  product ion  of 
b lue  cheese aroma w h i c h i s  r e l a t e d t o t h e m e t h y l  ketones o b t a i n e d t h r o u g h  ß-oxi- 
d a t i o n  and decarboxyla t ion  of f a t t y  a d d s  (KINSELLA and HWANG, 1976) . The widely 
s t u d i e d  genus Cera tocys t i s '  produced a large d i v e r s i t y  of f r u i t - l i k e  a ro-  
mas:i .e.peach, banana, pear ,  ro se  o r  c i t r u s ,  depending on t h e  s t r a i n  and envi -  
r o n m e n t a l c o n d i t i o n s  (COLLINS andMORGAN, 1962 ; LANZAandPALMER, 1977 ; HANSSEN 
and SPRECHER, 1981) . Among t h i s  genus, C e r a t o c y s t i s  f i m b r i a t a  seems t o  be p a r t i -  
c u l a r l y  i n t e r e s t i n g  because of i t s  r e l a t i v e l y  r a p i d  growth, t h e  v a r i e t y  of a ro-  

and i t s  good a b i l i t y  f o r  spo re  product ion (SENEMAUD, 1988) .  

I n  t h i s  s tudy ,  growth and banana-l ike aroma product ion cond i t ions  were i n -  
ves t iga t ' ed  by opt imiz ing  a modif ied BEEVER m e d i u m  (BEEVER, 1969) a l r eady  em- 
ployed f o r  C e r a t o c y s t i s  c u l t u r e s  (HUBBAL and COLLINS, 1978) .  To opt imize t h e  
cu l turemediuma f r a c t i o n a l  f a c t o r i a l d e s i g n w a s  employed. An HPLCmethod, deve- 
l o p e d i n  t h i s  l abora to ry ,  allowed q u a n t i f i c a t i o n  of r e s i d u a l  glucose and of me- 
t a b o l i t e s  s imul taneous ly .  

- 
* To whom a l l  correspond+nce should  be addressed .  
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MATERIALS AND METHODS 

and cul- r : C e r a t o c y s t i s  f i m b r i a t a  CBS 374-83 ( E L L I S  
and HALST.) donated by P r .  BENSOUSSAN (ENSBANA Dijon - FRANCE) w a s  p e r i o d i c a l l y  
transferedandkeptonpotatodextrose a g a r s l a n t s .  T h e b a s a l  growthmedium (BEE- 
VER, 1969) was modified t o  i n c r e a s e  t h e  "buf fer"  c a p a c i t y .  I t  c o n s i s t e d  of : g l u -  
cose  20 g/l; urea  o .  75 g / l  ; (NH4) 2S04 , 2.25 g/1 ; KH2P04 , 1 g / l  ; Ca (N03) 2 . 4  H 2 0  , 
O .5 g/l ; MgS04.7H20 , 0.5 911 ; t r a c e  element s o l u t i o n ,  2 d/l. The t r a c e  element 
s o l u t i o n  conta ined  t h e  fo l lowing  : F e  ( N 0 3 )  3. 9H20, 723.8 mq/l.; ZnS04. 7H20, 439.8 
mg/l ; MnS04.4H20, 203 m g / l .  The medium was supplemented wi th  chloramphenicol O .  5 
g/1 t o  i n h i b i t  b a c t e r i a l  contaminat ion  and t h e  pH a d j u s t e d t o  6 . 0  withNaOH 0 . 5  El 
befo re  au toc lav ing  a t  121'C d u r i n g  20 mn. 

Theinoculumwaspreparedbygrowingthe fungus o n p o t a t o d e x t r o s e  a g a r  i n 1 0 0 -  
m l  Erlenmeyer f l a s k s  f o r  4 days .  Spores were ha rves t ed  w i t h  d i s t i l l e d  water  
con ta in ing  a few drops of Tween 80 and some smal l  g l a s s  beads.  The inoculum was 
t h e n a s e p t i c a l l y  i n t r o d u c e d i n  a 2 5 0 - m l E r l e n m e y e r f l a s k c o n t a i n i n g 1 0 0 m l o f t h e  
b a s a l  medium. The volume of inoculum t r a n s f e r r e d  was c a l c u l a t e d  t o  r each  a ,  f i n a l  
concen t r a t ion  of 1 . 2  x l o 6  spores /ml  i n  t h e  c u l t u r e  medium, t y p i c a l l y  between 9 
a n d 1 0 m l .  The250-ml flasks w e r e t h e n i n c u b a t e d a t 3 0 ' C d u r i n g  5 d a y s  o n a  r o t a r y  
shaker  (150 rpm) . Each experiment  w a s  d u p l i c a t e d  and t h e  average  v a l u e s  a r e  re- 
po r t ed .  

. Growth de termina t ion  : Mycelia were c o l l e c t e d  a f t e r  c e n t r i f u g a t i o n  
( 5 0 0 0  rpmfor20mna tO 'C) .  T h e m y c e l i a w a s t h e n f i l t e r e d t h r o u g h W h a t m a n #  1 f i l -  
t e r  paper  and washed t w i c e  wi th  d i s t i l l e d  water.Biomass was measured by dry  
weight de te rmina t ion  (24 hours  i n  a d ry ing  oven a t  1 0 0 ' C ) .  

. Residual  g lucose  and m e t a b o l i t e s  produced : These  w e r e  de te rmined  by 
HPLCusinga Chromatem380 pump, a Jones  Chromatographyoven and two d e t e c t o r s  i n  
s e r i a l  : a Knauer r e f r ac tomete r  d e t e c t o r  and a Shimadzu W d e t e c t o r  (210 nm) . E- 
l u e n t  was 6 mmol. s u l p h u r i c  a c i d  wi th  a flow r a t e  of O .  8 ml/mn and oven tempera- 
t u r e  was 65'C. The s e p a r a t i o n  was made w i t h  an Aminex HPX 87H column (Bio- 
Rad) .The t o t a l  peak a r e a  of  m e t a b o l i t e s  (M) i s  expressed  a r b i t r a r i l y  i n  m i l l i -  
vo l t s . s econds  (Mv.s) i r r e s p e c t i v e  of me tabo l i t e  i d e n t i t i e s .  

. Sensor i a l  eva lua t ion  : Apanelconsistingofthreemembers o f t h i s l a b o -  
r a t o r y c h a r a c t e r i z e d t h e  aroma o f t h e  fungal  c u l t u r e s .  The panelmembers were not  
restricted t o  any l ist  of d e s c r i p t i v e  terms. 

RESULTS AND DISCUSSION 

Two experimental  des igns  were performed: t h e  f i r s t  one t o  de te rmine  which 
components have a s i g n i f i c a n t  e f f e c t  on growth and aroma p roduc t ion  and t h e  se- 
c o n d t o i m p r o v e t h e m e d i u m c o m p o s i t i o G a n d t o t e s t t h e  i n f l u e n c e  of  o therparame-  
ters. 

I n  both  cases ,  a 27-4 exper imenta l  des ign  was performed ( D e  M E 0  and 
a l . ,  1985) , a l lowing  t h e  s tudy  of  t h e  i n f l u e n c e  of 7 parameters  w i t h  on ly  8 ex- 
per iments  (See  t h e  ma t r ix  of t h e  exper imenta l  des ign  i n  Table  1 ) .  The l e v e l  of 
each c o n s t i t u e n t  i n  each run  i s  g iven  i n  Table 2 .  For  each  expe r imen ta l  des ign ,  
c o e f f i c i e n t s  -Ex fo rb iomass  a n d B m f o r t h e m e t a b o l i t e s  produced-were c a l c u l a -  
t ed  i n  o rde r  t o  determine t h e  effect of each c o n s t i t u e n t :  I f  X i s  t h e  biomass 
produced and M t h e  a r e a  of t h e  peaks corresponding t o  t h e  m e t a b o l i t e s  detected, 
t h e  c o e f f i c i e n t s  Bx and Bm are g iven  by: 

Bxj = 1 / 4  . [ x*i..l A j  Xi] and Bmj = 1 / 4  . [ c81,1 A j  M i l  
w e r e  A j  i s  t h e  level of t h e  c o n s t i t u e n t  j (+ o r  - ) , X i  t h e  biomass and Mi t h e  t o -  
t a l  a r e a  of t h e  peaks for  t h e  run  i. expressed i n  m i l l i v o l t s . s e c o n d s  (Mv.s) .  
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RUN A B C D E F d 

RUN 
1 
2 

3 

4 
5 
6 
I 
8 

1 / 9  - - - + + + -  
2 / 1 0 +  - - - - + + 
3 / 1 1 -  + - - + - + 
4 / 1 2 +  t - t - - - 
5 / 1 3 -  - + 4- - - + 
6 / 1 4 t  - + - + - - 
7 / 1 5 -  + + - - + - 

[ G l u c . J i  pH f i n a l  X(q/l) M(mV.s) [Ethanol] (q/1) Aroma (a) I n t e n s i t y  (b) 
10 3.03 3.11 198 O banana + 
30 2.18 3.36 1032.3 6.33 banana ++ 
10 7.83 3.46 421.2 O ammonia + 
30 3.01 4.31 1075.6 5.92 banana +t+ 
10 2.81 2.81 131.4 O banana + 
30 2.16 3.98 1338.7 5.61 banana +++ 
10 8.15 3.04 561.8 O a m n i a  
30 3.06 3.79 1478.2 6.19 banana ++f 

+ 

Table 1 : Eight  run expe r imen ta l  
des ign  (ED)  f o r  t h e  o p t i m i z a t i o n .  

C o n s t i t u e n t  

BX 

Bm 

EXPERIMENTAL DESIGN N P 1  (ED 1) 

Glucose Urea (NH4) 2504 KH2P04 Ca (N03) 2 MgS04 Trace elements sol. 

+0,73 +0,34 -0,16 +0,04 +0,2 -0,32 -0,26 

+903 +209 +195,8 -117,8 +158,8 t76,O -27,6 

C o n s t i t u e n t  

Glucose (A) 

Wrea (BI 
(NH4) 2S04 (C) 

KH2P04 (D) 

Ca(N03)2 (E) 

MgS04 (F) 
Trace e l e m .  
s o l .  (ml/ l )  (G) 

Concen t ra t ion  ( g / l )  a t  
t h e  l e v e l  

~~ 

1 0  

O ,  375 

1,125 

015 

o,  25 

O ,  25 

1 

+ 

3 

Table 2 : Experimental  f i e l d  f o r  ED 1. 

The concentrationofeachconstituentatlevel- a n d +  i s  g i v e n i n T a b l e 2 .  
A n  example of HPLC chromatograms ob ta ined  wi th  C. f i m b r i a t a  c u l t u r e  i s  given 
i n  F i g u r e  1. Three compounds were i d e n t i f i e d  on t h e  b a s i s  of t h e i r  r e t e n t i o n  
times : glucose,  a c e t i c  a c i d a n d e t h a n o l ,  bu t  o t h e r  compounds a r e  s t i l l u n i d e n t i -  
f i e d .  Nevertheless ,  a l l  peaks c o r r e s p o n d t o m e t a b o l i t e s  p r o d u c e d d u r i n g t h e  f e r -  
mentation s i n c e  only g l u c o s e  appeared on chromatograms of t h e  i n i t i a l  medium 
(See  F i g u r e l ) .  Although it c a n b e  s u p p o s e d t h a t  n o t  a l l  t h e m e t a b o l i t e s  were se- 

p a r a t e d  and de tec t ed ,  i t  has been assumed t h a t  t h e  measured compounds cou ld  be 

Table 3 d i s p l a y s t h e e x p e r i m e n t a l r e s u l t s  o f E D 1 a n d i n  Table  4 t h e B x a n d  
E m c o e f f i c i e n t s  a r e g i v e n . A t l o w g 1 u c o s e a n d h i g h u r e a c o n c e n t r a t i o n s  anunp lea -  
s a n t  ammonia s m e l l  was detected and f i n a l  pH was s l i g h t l y  a l k a l i n e  ( r u n s  3 & 7 ) . 
The o t h e r  runs were c h a r a c t e r i z e d  by a banana-like aroma and low f i n a l  pH. Etha- 
n o l ,  t o t a l .  m e t a b o l i t e s  p roduc t ion  and d e t e c t e d  aromas w e r e  more i n t e n s i v e  when 
glucose was p r e s e n t  a t  h igh  concen t r a t ion ;  t h i s  carbon s o u r c e  b e i n g  s t r i c t l y  u- 
sedforbiomassproductionwhen runs  wereperformedwith i n i t i a l  g lucose  concen- 
t r a t i o n  of 1 0  g / l . T h e  secondarymetabo l i smon lybeg ins  when t h e  c o n c e n t r a t i o n i s  
h ighe r  t han  1 0  g / l .  For  a l l  t h e  e i g h t  runs no r e s i d u a l  g l u c o s e  was detected. On 
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Figure  2,  t h e  r e s p e c t i v e  a r e a s  of each compound f o r  t h e  e i g h t  runs  i s  r ep resen -  
ted.  

Accord ing to  B x a n d h p r e s e n t e d i n  Table 4 ,  and a s s u m i n g t h a t t h e r e  i s  no 
interactionbetweeneachfactor s t u d i e d ,  it c a n b e  c o n c l u d e d f o r t h i s  f i r s t  expe- 
riment t h a t :  glucose,  u rea  and calcium n i t r a t e  had a p o s i t i v e  e f f e c t  on growth 
andproduc t ion .  Ammoniumsulphate had a p o s i t i v e  e f f e c t  on p r o d u c t i o n  a n d n e a r l y  
none on growth. Magnesium s u l p h a t e  had a s l i g h t l y  p o s i t i v e  i n f l u e n c e  on produc- 
t i o n  and s l i g h t l y  n e g a t i v e  on growth. Potassium phosphate  e x h i b i t e d  a nega t ive  
e f f e c t  on product ion and s l i g h t l y  p o s i t i v e  on growth. The t r a c e  element  s o l u t i o n  
had n e a r l y  no e f f e c t  on e i t h e r  growth or produc t ion .  

For t h e  fo l lowing  expe r imen ta l  des ign  (ED 2) , f i v e  pa rame te r s  were kept 
(glucose,  urea,  c a l c i u m n i t r a t e ,  ammoniumsulphate a n d p o t a s s i u m p h o s p h a t e ) w i t h  
i n c r e a s e d  c o n c e n t r a t i o n s .  Magnesium s u l f a t e  and t r a c e  e l emen t s  s o l u t i o n  were 
maintained cons t an t  a t  0,75 g / l  and 2 ml/l r e s p e c t i v e l y .  Consequently with t h e  
27-4 experimental  des ign  it i s  p o s s i b l e  t o  s tudy  t h e  i n f l u e n c e  of two new parame- 
ters.  I n o r d e r  t o  i n c r e a s e  b iomassp roduc t ion  and s u b s e q u e n t l y t h e  aroma produc- 
t i o n ,  t h e  i n f l u e n c e s  of t h i amin  and b i o t i n  w e r e  s t u d i e d .  

WeEFUMENTAL DESIGN N a 2  (ED 2) 
For ED 2, t h e  same m a t r i x  was employed (Table  1) .  The expe r imen ta l  f i e l d  

f o r  ED 2 i s  given i n  Tadle 5 .  T h e  temperature ,  pH and a g i t a t i o n  speed were kept 

RUN 
9 
10  
11 
i2 
13 
14 
15 
i6 

i d e n t i c a l  t o  t h o s e  used f o r  ED 1. 

C o n s t i t u e n t  Concen t r a t ion (g / l )  a t  t h e  l e v e l  Aroma (a) I n t e n s i t y  (b) 
ripebanana t+ 

banana/solvent tt 

fermented banana t++ 
banana / r a n c i d s m e l l  t+f 

banana +t+ 

banana / solvent ++t 
banana / solvent +St 

banana / r a n c i d s m e l l  t++ 

I - 
Glucose (A) 

Urea (BI 

(NH4) 2504 (C) 

KH2P04 (D) 

Ca(N03)2 (E) 

B i o t i n  (G) 

Thiamin (S)  

30 

1,125 

3,315 

o, 75 
o, 75 
5.10-5 
O 

5 0  

1,875 

5,625 

1,25 
15. 

1 o - ~  

Table 5 : Experimental  f i e l d  f o r  ED 2. - 
RUN 
9 

1 0  
11 
12 
13 
14 
15 
16 

- 

- 

E l u c . ] i  pH f i n a l  X (q/1) M (mV.s) [Ethanol] (g/1) [Aceticac.]  (q / l )  [ G l u c . ] r  
30 6.52 6.12 1456 8.38 0.2 0.3 
50 4.78 3.82 2195 19.23 O 0.5 
30 6.41 4.64 2132 8.64 2.16 0.19 
50 6.41 4.91 5381 16.86 , 1.15 O. 43 
30 6.16 4.98 1645 8.43 0.36 O. 45 
50 4.81 4.38 1913 11.1 O 0.5 
30 6.69 3.44 2434 8.52 2.26 0.49 
50 6-47 1.78 4423 11 1.87 0.52 

Table 6B : Experimental  r e s u l t s  f o r  ED 2 : I n s t r u m e n t a l  d e t e r m i n a t i o n  

The secondexper imen ta l  des ign  allowed a s i g n i f i c a n t  improvement i n  both 
biomass and m e t a b o l i t e s  p roduc t ion  i . e .  w i t h  X o  = 5,02 g / 1  and Mo = 2706 m V . s ,  an 
i n c r e a s e  of 4 4 %  f o r  biomass and 247% f o r  metabol i teS.As i n  ED 1, t h e  g lucose  was 
n e a r l y a l l c o n s u m e d .  A t  t h e  same t i m e ,  t h e  g l o b a l  s e n s o r i a l  determination‘showed 
an increasedaroma d e t e c t i o n  (Table  6 A ) .  A s  i n E D 1 ,  it c a n b e  o b s e r v e d t h e i m p o r -  
t a n c e  of i n i t i a l  g lucose  c o n c e n t r a t i o n  on primary and secondary metabolism 
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A 

(Table 6B). This effect is especially evident for ethanol production since the. 
average ethanol produced (by Pasteur effect or secondary metabolism) is far 
superior in this case (13 g/l) compared to that obtained in ED 1 (3 g/l). Moreo- 
ver, it can be pointed out that: . 

-an increase ofinitialglucose concentration from30 gilt0 50 g/l cor- 
responds to an increase of approximately 100% of ethanol production. 

-a substantialimprovementofthe culture composition was reachedsince 
with the same initial glucose concentration (30 g/l), a higher biomass content 
and more metabolites production were obtained.,However, this increase was not 
correlated with aroma intensity. This might be explained by a partial evapora- 
tion during the fermentation. This hypothesis couldbe verifiedby carrying out 
the time course of the fermentative process. 

-a new secondarymetabolite (absentinED 1) was producedandidentified 
as adetic acid. 

These results canbepartlyexplainedby abetterpHstability (finalpH : 
6,5 except,for runs 10 and 14) improving the ambient conditions for khe fungus. 
This was probably duetothe global increase of urea andsalts concentation which 
increased the'buffering capacity of the medium. 

Constituent Glucose Urea (NH4)2S04 XH2P04 Ca(N03)2 Thiamin Biotin 
Bx to,44 +0,30 to, 26 t1, a9 +1,43 to,55 +o,sa 

Bm +1578 +111-l -3.14 i-1044 -419 -158 -214 

Table 7 : BxandBmcoefficients forED 2. (Average values : X0=5,02 ;MO =2706). 

According to Bx and Bm listed in table 7, it may be observed that: 
glucose, urea and potassium phosphate have an important and positive eff,ect on 
both primary and secondary metabolism . They should be maintained at the upper 
level. Ammoniumsulphate andcalciumnitrate do not have anevidenteffect (posi- 
tive for grbwth'and slightly negative for metabolite production) and for this 
reason shouldbe maintained at their intermediate value (i.e. 4,5 g/l and1 g/l 
respectively). Although thiamin and biotin do not have a positive influence on 
metabolitesproductidn, theystimulategrowth (Bxof 0,55,and0,58 respectively) 
so they will be incorporated in the medium at their upper level. 

CONCLUSION 
The initial Beevermediumwas improved for the production of banana-like' 

aroma using a 27-? factorial design.The composition of the optimizedmediumis 
the following : glukose 50 g/l; urea 1.9 g/l; (NH4)2S04, 4.5 g/l; KH2P64, 1 g/l; 
Ca(N03)2.4HZO, lg/l; MgS04.7H20, 0.75 g/l; trace.element solution (withidenti- 
cal composition) 2ml/l;thiamin150~g/l; biotinlOpg/l. Itshouldbeemphasized 
that:, except for glucose, urea and ammonium sulfate,the concentration of the 
constituents are rather closetotheinitialones, thisprobablymeansthatthese 
first three constituents areessentiallyinvolvedinthe aroma production, while 
all the constituents are involved in the grorjth of the fungus. 

Nevertheless, these results must be,completed by an evaluation of the 
interactions of the contituents by the determination of bij coefficient using . 
for example a surface-responsemethodandbymore substantive correlationofthe 
aroma characteristics with the level of individual metabolites. 

Currently, work is being continuedonthe identification andquantifica- 
tion of the metabolites (especially the peak detected by W with retention time 
of 16.7 mn) and in the study of the kinetics of both growth and production:. 
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1: Initial culture mediÙm 2:Fermentation broth after 5 days SI 

Figure 1: HPLC chromatograms.(A:Refractometer detector, B:UV detector). , i r  
fc Peaks l:glucose, 2:acetic acid, 3:ethanol. (Run 12 of ED 2). 
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Figure 2 : Metabolites produced by cultures of Ceratocystis fimbriata and sepa- 
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