
Biotechnology Letters Vol i0 No 5 369-372 (1988) 

Received as revised April 12 

BIOCONVERSION OF SUGARCANE BAGASSE WITH WHITE ROT FUNGI 

Neelam Kewalramani, D.N. Kamra, D. Lall and N.N. Pathak 
Animal Nutrition Oivision 

Indian Veterinary ~(esearch insti tute 
izatnagar-2t~3122, India 

SUMMARY 

Four cultures of wnite rot fungi were screened for their 
ability to degrade lignin and carbohydrates  of sugarcane bagasse and their 
e f fec t  on changes in in vitro digestibility. Potyporus hirsutus 534 degraded 
maximum lignin and carbohydrates  accompanied with the highest increase 
in dlgestibilit b but increase in nutr ient  availability was maximum with 
Pleurotus sajorcaju (Z-O due to lower dry mat ter  loss during the process 
of fungal t rea tment .  Aii the fungi tested except  Polyporus capera tus  berk. 
degraded lignin more select ively man the other components of sugarcane 
oagasse. 

IN TRODUCTION 

Agricultural byproducts like cereal  straws and sugarcane 
bagasse are rich in lignocellulose. Cereal  straws const i tute  a staple animal 
feed in india and ot~er developing countries ot the world, but sugarcane 
bagasse is very rarely utilized, it is readily available and is commonly 
used as fuel. tSagasse contains more than 60% of its dry mat ter  in the 
form of cellulose and hemicellulose (Sen et  al., 197g) but its digestibility 
is very poor. One of the main reasons for this depression in digestibility 
is the presence of lignm which si~ields carbohydrates  from at tack by the 
rumen microbes. White rot fungi are well known for their ability to degrade 
lignin (Kirk and ~Vioore, 1972, Zadrazil,  1980, Reade and McQueen, 1983 
and t~olz e t  al., 1986), but this may not increase the digestibility of fermen-  
ted lignocellulose, except  when the lignm is degraded more select ively 
man the other feed components.  Keeping this in view, various white rot 
fungi have been screened to assess their ef f ic iency in the process of bio- 
conversion. 

MATERIALS AND METHODS 

Pleurotus sajorcaju (Z-6) was procured from Dr. F. Zadrazil 
of me insti tut  fur t~odenbiologie, 15raunschweig, Federal  Republic of Ger-  
many; P__. sajorcaju. (Solan) f rom the Director ,  National Centre  for Mushroom 
Research and Training, Solan, Himachat Pradesh; Polyporus hirsutus 534 
from the Director~ Fores t  Research Insti tute and Colleges, Dehradun and 
P__. caperatus  tSerk, was isolated in our laboratory.  Cultures were maintained 
on solid medium containing: maltose l0 g., yeast  ex t r ac t  2.5 g, peptone 
8.0 g, agar 20 g, water  i000 ml, pH adjusted to 7.0. The same medium 
without agar was used for the preparat ion of liquid inocula Five day 
old cultures diluted four times with autoclaved physiological saline were 
used as inocula. 
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For screening,  10 g ot milled sugarcane  bagasse  (to pass 
i mm sieve) was taken  in 2)0 ml P_.rienmeyer f lasks  with 20 ml of tap 
wate r .  These flast<s were  au toc l aved  a t  121~ for  t~5 minutes  and a f t e r  
cooling 10 ml of di luted inocuium was added asep t i ca l ly  to each.  "Fhe t lasks  
were  incuba ted  a t  23~ and were  taken  out in t r ip l i ca t e  a f t e r  10, 207 
30 and #0 days of f e r m e n t a t i o n .  The samples  were  dried a t  g0~ for  4g 
h and loss in weight  was expressed  as dry m a t t e r  loss. *[he dried ma te r i a l  
was milled again and pooled ior  chemica l  analyses .  U n t r e a t e d  sugarcane  
bagasse  and the i e r m e n t e d  produc t  we re  analysed  Ior  celtulose~ hemice l lu -  
iose~ lignin~ and i n  vitr____s dry m a t t e r  d iges t ib i l i ty  (IVL)MD) accord ing  to 
the methods  descr ibed by Goering and Van Soes t  (1970). l~he change  in 
IVDM'D was expressed  as pos i t ive  or nega t ive  in compar i son  to the u n t r e a t e d  
sugarcane  bagasse  for  which the IVDivID was 30 p e r c e n t .  

The e f f i c i ency  of a ~ungus was ca l cu la t ed  as follows: 

( i00  - DML) i) t 
N t = and AN = Nt  - No X IO0 

100 N 
0 

Where AN = Change  in nu t r i en t  ava i lab i l i ty  on fungal t r e a t m e n t .  

D t = In vi t ro  dry m a t t e r  d iges t ib i l i ty  of t r e a t e d  bagasse .  

'D o = In v i t ro  dry m a t t e r  d iges t ib i l i ty  of un t r ea t ed  bagasse .  

N t = Nut r i en t  ava i lab i l i ty  t r o m  treated bagasse. 

N ~ = Nut r i en t  ava i lab i l i ty  f r o m  u n t r e a t e d  bagasse  = 0 ~ 

OML : Dry matter loss during fungal t reatment 

AN will tell how much increased  or dec reased  nut r ien ts  are  ava i l ab le  
a f t e r  fungai  t r e a t m e n t  as com pa red  with un t r ea t ed  bagasse .  

RESULTS AND DISCUSSION 

Sugarcane  bagasse  conta ins  around 50% cel lulose ,  27.9% hemice l lu -  
lose, 9.8% lignin and I I .3% cell contents. Degradation ot various substrate 
f r ac t i ons  by the four  fungi and corresponding changes  in the 1VgMD of 
bagasse  are  p re sen ted  in i 'anle  I. Both s t ra ins  of P leuro tus  sa jorca ju  and 
Polyporus  hirsutus ~34 degraded  hemice l iu lose  and lignin more  se lec t ive ly  
than  cel lulose  and the re  was a s igni f icant  increase  in tne IVOMD. P_ �9 salor  _- 
c a ju  (Z-6) was also r epor t ed  to inc rease  the IVDML) ot whea t  s t raw ( K a m r a  
and Zadrazil~ 1996)~ but  m e  degrada t ion  of whea t  s t raw was shght iy  faster~ 
perhaps  because  oi the higher c rys t a l l in i ty  and l igni t ica t ion  of ,bagasse. 
P__. sa jorca ju  (Solan) showed s lmiiar  charac te r i s t i c s~  excep t  t ha t  the r a t e s  
oi degrada t ion  of dry mat ter~  cel lulose,  hemice i lu lose  and hgnin were  a 
l i t t le  i a s t e r .  The highest  increase  m IVDMD of bagasse  and the highest  
loss of lignin was observed  with Polyporus  hirsutus 53% but a s imul taneous  
hLgher loss of dry m a t t e r  (27.~%) makes  the process  of ~ iodel ignKica t ion  
uneconomica l .  P__. c a p e r a t u s  Berk. also degraded  a cons iderab le  amoun t  
oi lignin~ but ttle IVOivIU was not unproved  very  much. l h i s  might  be due 
to r e la t ive ly  higher loss ot c a r b o h y d r a t e  in compar i son  to lignin degrada t ion .  

tn all the  fungi tested~ t he r e  was a depress ion  in IVOMiJ during 
the  f i r s t  i0 days of t e r m e n t a t i o n  as c o m p a r e d  with u n t r e a t e d  bagasse~ 
and a f t e r w a r d s  the re  was a cons tan t  inc rease  in IVDMD as the f e r m e n t a t i o n  
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Table 1 : Fermentat ion oi  sugarcane bagasse with white  rot fungi 

Time Loss (% DM) Changes  in 
IVDMD 

(Days) Dry Cel lulose Hemi  Lignin (Dr - Do) 
m a t t e r  cel lulose  

Pl__eurotus s a ]o rca ju (Z-6 )  

0 0 0 0 0 +8 
10 / 6 1# 0 -3 
20 [0 2 35 9 +15 
30 E1 8 30 8 +19 
#0 12 6 31 14 +17 

P leuro tus  saiorcaiu (Solan) 

10 10 9 18 0 -5 
20 10 10 20 5 +10 
30 10 9 28 15 +15 
40 17 12 42 26 +19 

Poiy2orus  hirsutus 534 

10 3 2 14 0 -7 
20 i6 15 38 7 +6 
40 28 21 51 28 +23 

P o l y p o r u s c a p e r a t u s  Berk. 

I0 # 6 8 0 +I 
20 10 16 9 9 -1 
30 13 17 20 9 +3 
#0 i7 19 26 10 +3 

p roceeded .  A similar  t rend was also found by Zadraz i l  (1977) and K am ra  
and Zadrazi l  (198~) in f e r m e n t a t i o n  of whea t  s t raw with whi te  ro t  fungi.  
Dry m a t t e r  loss s t a r t s  f rom the very  f i rs t  day of inocula t ion,  whereas  
lignin degrada t ion  s ta r t s  a t  a l a te r  s tage .  The fungus ut i l izes  soluble ca rbo-  
hydra tes  in the initial  s tages ,  as a resul t  of which the IVDMD of sugarcane  
bagasse  decreases .  Af te r  priz-nary growth  of fungus lignin degrada t ion  s ta r t s  
and cel lulose  is f r eed  f rom l ignocel lulosic  complex and the digest ibi l i ty  
increases  cont inuously .  

Yhe e i f i c i e n c y  of a fungus can be assessed only when we consider  
the i m p r o v e m e n t  in IVDMD of feed ,  along with the losses tha t  occur  during 
the  process  of fungal  t r e a t m e n t .  Keeping the same f a c t  in view a fo rmula  
for  ca lcu la t ion  of change in nu t r ien t  avai labi l i ty  is suggested  which tel ls  
how much addi t ional  nu t r ien t s  will be avai lable  on t r e a t m e n t  with fungi.  
Maximum degrada t ion  of lignin and increase  in IVDMD of bagasse is obser-  
ved with Polyporus  hirsutus 53#, but  the i m p r o v e m e n t  in nu t r i en t  avai labi l i ty  
is not as good as with P__. sa jorcaju  (Z-6) or P__. sa jo rca ju  (Solan) (Table 2). 
Fungi which show p r e f e r e n c e  ~or hemice l lu iose  anti iignin degrada t ion  are  
able to increase  the nu t r i en t  avai labi l i ty  f rom the f e r m e n t e d  p roduc t  a s  
also r epor t ed  by Rolz e t  al. (1986). The re fo re ,  only those  cu l tu res  s h o u l d  
be se l ec t ed  for fu r the r  studies which are  able to inc rease  the nu t r i en t  
avai labi l i ty  to  the  maximum possible ex t en t .  
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Table 2 

Comparison of white rot fungi for improvement in nutrient availability 

Fungus Dry matter  L/C loss 1 H/C loss 2 6N 3 
loss (96) ratio ratio 

Pieurotus 12.1 # 2.2/ 6.0# 37.90 
sajorcaju (Z-6) 

P_. sajorcaju 17.02 2.20 3.51 3#.t~3 
(Soian) 

Poiyporus 27.5~ 1.31 2.#0 27.i7 
hirsutus ~35 

P. caperatus 17.03 0.52 1.34 -g.O0 
Berk. 

l 2 percent lignin loss divided by percent celtulose loss, percent  hemi- 

cellulose loss divided oy percent ceilulose loss, 3change in nutrient 

availability. 
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