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THERMOPHILIC METHANOGENESIS FROM S U G b R  B E E T  PULP 

I B Y  A D.EFINED MIXED BACTERIAL CULTURE 
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S U f i M A R  Y 

Thermophilic degradation of sugar beet p u l p  was s t u d i e d  i n  batch 

cu l tures  a t  55°C by d i f f e ren t  associations o f  bacter ia ,  including 

Clostridium thermocellum, Methanobacterium sp.>andl Methanosarcina MP. 

C.thermocellum produced acetate ,  succinate, methanol, ethanol,  H2 and CO 

The coculture of C.thermocellum and Methanobacterium s p .  produced t race 
amounts of ethanol and succinate;  acetate  concentration was about three 

times higher Lhun i n  lhe  C. Lhur'tnocel luin monoculturc. 'l'lie associatior1 of t h i s  
cocullurc! w i L h  M C : L I W I W . ~ ~ C  i 1 1 . 1  MI' produccd 5.5 ilridu1 CI1 '/g dry weight  sugdr  

bcct p u l p .  
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Biogas  p r o d u c t i o n  froin a g r i c u l t q r a l  w a s t e s  h a s  g a i n e d  

i n c r e d s i n g  i n t e r e s t  o v e r  Lhe l a s t  d e c a d e ,  T h e  use o €  thermophi -  i ]  
l i c  a n a e r o b i c  d i g e s t i o n  h a s  been e x t e n s i v e l y  s t u d i e d  (Cooney 
and Vi se ,  1975; S h e l e i  -- eL a l . ,  1980) s i n c e  t h i s  p r o c e s s  o f f e r s  

s e v e r a l  a d v a n t a g e s  o v e r  m e s o p h i l i c  d i g e s t i o n  i n c l u d i n g  i n c r e a s e d  
I I  

, I  
' f e r m e n t a t i o n  r a t e s .  Few r e p o r ~ s  mentioned t h e  d e g r a d a t i o n  of  

c e l l u l o s i c  w a s t e s  qs compared t o  p u r e  c e l l u l o s e  b y  d e f i n e d  

me thanogen ic  mixed c u l t u r e s  o f  b a c t e r i a '  (Weimer and Z e i k u s ,  

1 9 7 7 ;  Khan, 1980 ;  Laube A n d  M a r t i n ,  1981;  Moun t fo r t  e., 

p l a n t  f i b r o u s  m a t e r i a l s  b y  t h e  c o c u l t u r e  o f  an  a n a e r o b i c  rumen 

f u n g u s  w i t h  M e t h a n o b r e v i b a c t e r  s p .  i n  t h e  a b s e n c e  and p r e s e n c e  
o f  M e t h a n o s a r c i n a  b e r k e r i .  
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p e c t i n  and p r o t e i n s  ( A r n t z  e t  a l . ,  1 9 8 5 ) .  Methane p r o d u c t i o 4  

from s u g a r  b e e t  p u l p  i s  g e n e r a l l y  s t u d i e d  b y  n a t u r a l  u n d e f i n e d  

mixed b a c t e r i a l  c u l t u r e s  ( L a b a t  e t  a l . ,  1984;  L e s c u r e  and B o u r l e t ,  
1984 ;  S toppok a n d  Buchholz ,  1 9 8 5 ) .  The pu rpose  of ou r  work was 

t o  s t u d y  t h e  f e r m e n t a t i o n  o f  t h i s  b y  p r o d u c t  b y  a d e f i n e ' d  m i x e d  
c u l t u r e  i n c l u d i r i g  t h e  c e l l u l o l y t i c  b a c t e r i u m  C l o s t r i d i u m  thermo- 

ce i lu in  and two  methanogenic  b a c t e r i a :  Methanobacter ium s p .  and 

M e t h a n o s a r c i n a  MP. The p a r t  p layed  b y  each  methanogenic  p a r t n e r  

i n  t h e  m i x e d  c u l t u r e  i s  d i s c u s s e d .  

MATI:RlALS A N D  METHODS 

Organisms. C l o s t r i d i u m  thermocellum NClB 10682 and Methanosarcina M P  

(Oll ivier  et  a l . ,  1084) were used.during t h i s  work. T h e  hydrogenophilic 

1 
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niethanogepic bacterium Mcthanobactbbium I I 
' I  

s p .  was isolated i n  our laboratory. 

Medium. The cul ture  medium contained 10 g dry weight of grounded sugar beet 

p u l p ;  i t s  coiilposition was: (Nli ) ,SO 

CaC12, O. 15 g ;  L-cysteine-HC1, 0.5 g; yeast extract  (Difco Lab. ,Baltimore), 

2.0 g ;  resazurin,  0.001 g ;  5 % reso4, 0.03 m l ;  d i s t i l l e d  water., 1,000 m l .  

Anaerobic niedia were pcepared' a s  previously described (Oll ivier  e t  a l . ,  

1985). 20 m l  iiictlia were dispensed iiico 60 m l  serum boltlcs. Aftep s t e r i l i z a -  

tiori, 0 . 2  m l  of 2 % Na2S.91I20 and b.9 ml of 10 2 NaHC03 were added to  each 

v i t i l .  N2-C02 (80-20 %) was the gas phusc .  

Expcri.menta1 cul tures '  were prepared by inoculating 0. 5 m l  of an 1-day 

culture of Motlia~~obacterium s p .  giown on H,-C02 (80-20 %) a t  60"C, 0.5 m l  of 
a 4-days cul ture  of C.~hermoccl1uni grown on cel lulose a t  60'C and 2 ml of a 
5-days cu l ture  of Methanosarcina MP a t  55°C. The mixed cul tures  were incubated 

a t  55OC. 1 

Produçt ana lys i s .  Average value of t r ipl ica ' te  vessel was reported. Cases, 

alcohols,  vo la t i l e  f a t ty  acids and organic acids were measured a s  previously 

described ((;ilTc i a  u t  ii I , ,  1482). Total carbohydrates were measured by anthrone . 

I 

1.3 g; K211PO4, 0.3  g ;  MgCl2.6Ii20, 1.0 g; 4 2 4 '  

- ,  
' 

' 

. reaction (Ilanson arid P h i l i p p s ;  1981). 

KESUL'I'S A N D  DLSCLISSIO*N 

Mixed c u l t u r e s  o f  C .  therniocel  l u m ,  M e t h a n o b ~ ~ c t e r i u m  s p .  and 

M e t h a n o s a r c i n a  MP c o n v e r t e d  75  % o f  t o t a l  c a r b o h y d r a t e s  c o n t a i -  

ned i n  bee t  p u l p  ( T a b l e  1 )  main ly  t o  methane ( F i g . 1 ) .  The r e s u l t s  
s u g g e s t  t h a t  t h i s  t r i c u l t u r e  may be u s e f u l  i n  a t h e r m o p h i l i c  

b i o c o n v e r s i o n .  A l l  methane was produced  i n  t h e   ric culture a f t e r  

4 * .  
' 1 0  d a y s  o f  i n c u b a t i o n  ( F i g . 1 ) .  ' ,  

I '  .. 
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T a b l e  1 . EffecL of difl 'erent associations of C.Lhernloccllum w i t h  

metharloyenic bacteria OJI the degradation of carbohydrates contained i n  
sugar beet p u l p  and on the f ina l  cul ture  pH 

C.thermocellum C.therm9Cbllum 

c. thermoce11u'9 + Methunob&;crium s p .  + Methanobacterium sp.  + Methanosarcina MP 
I 

% 

carbohydrates 64 ' 81 75 
f ina l  culture 

PH 5.9 ' 5.6 
6.5 
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Fig.1 . Products of sugar beet p u l p  
fermentation by the t r i cu l tu re  

C.thermocellum-Methanobacterium sp.- ,  

. Methanosarcina MP. Results a re  
expressed i n  p o l  per 20 d'medium. 

As 'shown i n  T a b l e  1 ,  t h e  f i n a l  pH was s ignif icat ively higher when 

M e t h a n o s a r c i n a  was p r e s e n t ,  p r o b a b l y  because  o f  t h e  u t i l i z a t i o n  

of a c e t a t e  b y  t h i s  mc thanogen ic  b a c t e r i u m .  The C. thermocel lurn 

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

from s u g a r  b e e t  p u l p  ( F i g . 2 ) .  S u c c i n a t e  was t h e  o n l y  non v o l a t i l e  

o r g a n i c  a c i d  d e t e c t e d .  I n  c o n t r a s t ,  when grown on  p u r e  c e l l u l o s e ,  

C . the rmoce l lum produced  l a c t a t e  a s  t h e  major  n o n  v o l a t i l e  o r g a n i c  

a c i d , a r r d  s u c c i n a t e  was produced  i n  t r a c e  q u a n t i t i e s  (Weimer and 
* .  

.i- 
, Z e i k u s ,  1 9 7 7 ) .  
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H and ethanol were other product's of the fermentation of  
2 

sugar beet pulp by C.thermocellum. The production of  methanol, 
a mejor end pqoduct of  pectin metabolism (Schink and Zeikus; 
1980), indicated that C.thermoce1lum was probably pectinolytic, 
although this had never *been reported for this Clostrid'ium 
species. Figure 3 il1ustrate.s the rate of product formation 
duriny,sugar beet pulp fermentation by the coculture of 
C.thermocellum with Methanobactcrium s p . :  no free H 2  was detected 
i n  the caculture, since H 2  w i s  used by Methanobacterium t o  

reduce CO2 into C H 4 .  This interspecies H 2 transfer resulted in 
the production of higher amounts of acetale. Only trace amounts 
of  ethanol and succinaqe were detected. The use of H2 by metha- 
nogenic bacteria'caused a ,'qualitativ'e and quantitative shift 
in the products farmed by C.thermocellum. Similar results were 
reported fro.ni the C.thermocellum-Methanobacterium coculture 
grown on pure cellulose (Weimer and Zeikus, 1 9 7 7 ) .  

DAYS 

Fig.2 . Products of sugar beet. ' 

pulp fermentation by C.thermocellum 
Fig.3 . Products of sugar beet 
pulp fermentation by the coculture 
C.thermocellum-Methanobacterium. s p .  

Hesults are expressed in p o l  per 20 ml medium 

Conversion of sugar beet pulp by the triculture of 
C. thermoccllunl, MeLhanobac teriuni sp. and Methanosarcina MP led 
to highest yields in methane production since H2-C02 and 

. acAtate produced were converted into methane by Methanobacterium 
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sp. and Methanosarcina MP respectively (Fig.1). Furthermore, 
methanol was a l s o  degraded via methanogenesis by the meLhylo- 
trophic Methanosarcina, so that the triculture finally produce'd 
5 . 5  mmol CH4 per g dry weight sugar beet pulp. However small 

amounts of acetate and ethanol. were detected. The use of acetate 

by Methanosarcina MP did not change the products of sugar beet 
pulp f,ermentation b y  C.thermocellum in the triculture. 

t o  convert carbohydrates and also pectin contained in sugar 
beet pulp into methane. Experiments could be undertaken to 
know if this triculture can degrade other cellulosic waste 
materials at rates comparable to those for sugar beet pulp. 

i 
1 

I 

The studied triculture was a defined mixed culture capable 
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