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ThSs final report describes the research carried out on the conversion : 

of 1 ignocel I ulosic biomass to organic acids by microorganisms, and the 

subsequent conversion of the intermediate acids i nto ethanol or m i  crodial 

biomass. The research was carried cut i n  Guatemala by the Applied Research - 

Division of the Central American Research Institute for Industry (ICAfTI) 

under a grant f r o m  the Off ice  o f  Science, US-AID, contract No, 932-5542-6- 

00-2041-00 from "the Program i n Science and Techno1 ogy Cooperation (PSTC) , , 
-. 

1 

As instructed by t he  O f f i c e  of Science, a major emphasis was placed on the , - I 

~ h ~ s i  cA and cherni cal pretreatment o f  the 1 lgnocel lul cse t o  foster microbial 
- 

dqradation. Three ltgnoceflufosic substrates were chosen: EX-FERMented 

sugarcane, 1 emcn grass bagasse and ci tronef 1 a bagasse. 

- ,  

The F ina l  Report has been organized so that  the reader may obtain an 1 
overview o f  the results obtained i n  the research, recommendations which the , 

investigators feel are pertinent t o  the results obtained, a general description; *. ,; 

of the activities carried out,  a financial statement, and detailed descriptions 

o f  the research efforts in the form of scientifjc papers already published, , , 

accepted for publication, or submitted t o  leading scientific journals in 

t he  f i e l d  for publication. Such pubtfcations undergo peer review prior t o  
1 

publication and assure divu1ga:ion of the research on an international level . 

w i  t h  amp1 e credit being given to the generous support by AID'S Program i n  

Science and Techno1 ogy Cooperation. 

One f ina l  corment should be made address: ng the interest which this 

research has provoked international Ty, resul t i n g  in requests for additional 
L 







1.1 Pretreatment o f  EX-FERMented sugarcane improves. enzymeti t 

. digestibility, i 
I 

1.2 The convertional f o f i  soda cook gave the highest value ad 

digest ibi l  i ty ( IVDMED = 98%j, 5-1 times greatet than the untreated I 
control bagasse (IVDMED .= 39%). 

1.3 Of the  innovative pretreatments on EX-FERxYented sugarcane, highest 

d i  gest i  bi 1 i ty was achieved by the a1 kal  ? ae osganosol v pretreatment . 

(IVDMED = 90%) folfuwed by sol i d  s t a t e  sodium hydroxide ( f 2 X ) ,  

phenol extraction (69X),  steam explosion (57%), so l id  sta te  calcium ; 

hydroxide-sodium carbonate (33%), gaseous amcmia (3011, and 

gaseous sulfur dioxide (26%~. 

1.4 When the sugarcane samp! es were fermented ni t h  the anaerobic ,. 

bacteria, the co-cultures of rnesophific and of thermophi'fic 
' 

microorganisms degraded the fu7 1 soda cook s a ~ p f  e to the greatest 

extent ,  g i v i n g  80hweight 1 oss. 

1.5 The inccula from the natural sources gave highest digestion values j 
on the sol  i d  state ca7 cium hydroxide-sodium carbonate treated 

sample, giving 55-50% weight loss. 

1.6  Acid production by the mesophilic co-culture on the sugarcane 

substrates reached h i g h  levels when the alkaline organosalv, gaseous 

sulfur dioxide, sol  i d  s t a t e  sodium hydroxide, and untreated samples ' 

I 

were fermented; highest y i e l d s  o f  acid were 0.7 Q/g 'substrate, 

a ,  EX-FERMented sugarcane i s  the 1 i gnocel 1 u l  os ic residue 1 e f  tover after th& 
bioconversion of sucrose present in cane into ethanol by yeasts employing 
the EX-FERM ( s i ~ i l  taneous extract ion and fermentation) process. 
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1,7 Acid accumlation by the natural mixed inocula was lower, 

conversion t~ ~ethane .  

Pretreatment o f  ei tronel l a  and I emon grass bagasse 

2.1 Pretreatment of lemon grass bagasse improved enzynratic d i  

2.2 Prebeatment of c i  tronell a bagasse gave sirnil a r  , 

1 mer, resuf t s .  

2.3 Highest digest ib i l i ty  vat ue was observed i n  the a 

7 m n  grass, (TVDMED = 74x1, 5.3 times greater t 

bagasse, 

2.4 The a7 kal ine  organosulv treated c i  tronel 1 a gave a 

of 70%, 3.9 times greater than the untreated baga 

2.5 The a1 kal i ne organosol v pretreatment was fol 1 owed 

of decre~sing digestibil i t ieo)  : sol i d  state sodiu 

gaseous sulfur dioxide, steam explosion, gaseous a 

state cal cium hydroxide-sodium carbonate, The sam 

observed in both bagasses. 

2.6 When the lemon grass bagasse samples were fermente 

bacteria, the mixed natural inocula digested the siimples t 

extent, with highes ' t  digestion values observed in the soli 



loss) followed by gaseous sulfur dioxide treated samples [up 

to 58% weight 'loss). 

When the citronella bagasse samples were fermented by anaerobic - 

bacteria, the same tendencies held out: highest digestion i n  the.: - 
so2i.d state calcium hydroxide-sodium carbonate treated sample 

(up t o  73% weight loss), followed by the sulfur dioxide treated , 

sample (up to  58% weight 1 ass). 

S l i g h t l y  lower digestion -values were observed with the co-cultures 

in both substrates. 
_* 

Acid production on lemon grass was hjghest by the mesophflic 

co-cul ture, giving an average o f  0.7 g acid equivafents/g substrate. . 
.- . . 

- .. ,. .-,  , 
- - .-- 

The highest individual value o f  1.0 g/g was observed when the : 
- .  

mesophilic co-culture fermented t h e  untreated lemon grass bagasse. . - - . ., 

Similar but lower results were observed with citronella bagasse, 

w i t h  a maximum o f  0.7 g/g produced by the mesophil i c  co-cul ture on 

untreated c i  tronef 1 a bagasse. 

Again, acid accumulation by the natural mixed inocuf a was lower 

due to methane production. 

No Inhibition was observed due to  residual essential oils which : 

might have been present. 

: \" 



Biological del ignif ication 

3.1 Of the twelve white-rot fungi tested only one, Coriolus versicolar . 

impr .* d i  gesti b i  I i ty of EX-FERMented sugarcane. 

3.2 t i g n i n  and hemicell ulose were degraded t o  a greater degree #an - 

cel lulase. 

I 

3.3 In citronella and lemon grass bagasse, nine out of  the twelve 

same whi te-rot fungr' tested produced a residue with a higher 
w 

digestibil ity than the  origf nal bagasses, 

3.4 The best, Bondarzewia berkeleyi . increased .the diges t ib l  t'ty 

(IVDMED) of lemon grass to 22% and of  citronella t o  24%. - I 

3.5 Again hmicel lulose and 1 ign in  were preferentially degraded. 

Conversion o f  organic acids b ethanol and/or biomass 

4.1  The yeasts, Saccharcmyces cerevisiae and Candida utilis were not 

capable of convert ing t he  organic acids i n t o  ethanol. This may 

be due to  b i  oiogi  cat deficiencies or thermodynamic considerations, 

4.2 Both yeasts produced biomass from the organic acids, which included: 

acetic acid, propion ic  acid, lac t rc  acid,  and butyric acid. 

4.3 Aerobic growth was more efficient in terms o f  biomass production 

and substrate consumption. 



4.4 Butyric acid a1 one was not ised by S. cemvisiae under aerobic ! 

conditions. I t  was used by hndida ut l ' l i s .  

4,s Under anaerobic conditions, butyric acid appears t o  be inhibitory. 

Process consi demti ons 

5.1 Ultrasound f i e l d  enhances enzymatic saccharification of 1 ignoceIl~lose 

5.2 Lactic acid is an important acid-product i n  the femeiltatition of 

Tignocel lu f  osi cs by anaerobic microorganisms, When t h i s  acid is 

considered, to ta l  acid production is I g& or better when the 

mesophilic co-cul ture is used on any o f  the substrates. me same 

is not observed wi t h  the other inocul a sources. 

5.3 The use of monensin increased acid production by the mixed 

natural flora; however, methanogenesi s was not inhibited. 

5.4 Agi t a t ion  does n o t  improve digestion rate nor acidogenesis rate. "1 

5.5 Gas atmosphere, N2 or COZ, does not a f f e c t  digestion or acidogenesis, : 

as long as anaerobic conditions are maintained. 

5.6 With the ca-cul tures, 7 i ttl e or no methane production 
. . 

observed 





GEERAL DESCRIPTIOH OF ME PWECT ACfl[YffZES 

I. Char?scteJr'za ti on of I .r'gnocell ul  osic substrates 

Citronella bagasse and 'I mon grass bagasse are byproducts frm the 

essential oil industry, be? ng the fibrous residue rmai ni ng ~bter the oil  

is removed by steam s t r i p p i n g .  Recently steamed bagasse was collected in 

the Pacif-Ic piedmont area r-.F Guatemala, sun-dried i n  Guatemala C f t y ,  and 

evaluated with respect t o  composit*ion, -- i n  v i tro  digestibi~ity, and 

saccharificstion by enzmes. Untreated bagssses o f  bath grasses nere very 

similar with 11.0 - 11.1% liynin, 29.9 - 28.52 ceffuiose, 28.5 - 30% .. 
hemicel'lulose, and 11-0- 9.3Xash f cr lmungrassand ci"troel7a bagasse, , 

wsgective?y, -- f n v i t r o  enzyrnatjc dtgesti b'l i t i e s  were 13.8 and 18.2%- 

Sugarcane was obtained dt;:-in~ *do different havest seasons from three i 

sugar rn-r'f 1s- The carte was chopped in the I n s t i t u t e ,  EX-FERWented w i t h  

commerci~.l yeast t o  remove sugar and t o  producz ethanol ; t he  remainqng fiber : - . 

was washed, pressed and dried. The samples were analyzed w? t h  respect 

to compesitioa, -- i n  vitru dicest ib f  l i t y  and szccharif icatf on by enzjmes. 

C m r c i a l  sugarcane bagasse sarnpl es were o5iairred from the mi17 s in 

the Guatemalan Pacific piedmont, and analyzed as above t o  serve as contrclc 

for the EX-FERMented sanpl es . Sugarcane bagasse avenge .a7 ues were as 

. f3Ilows: 1 ignin, 13.9%; cellulose, 43.9%: hmicelluiose, 37.5%; ash 2.1%; 

and -- 3 n viars enzymatic digestibil i ty ,  16-91%. Li"i?e df fference wss observed 

among bagasse sarnples Srm different points -in the milling process, and sugar- 

cane w h m e  sugar had been extracted through feulsr.entation i n  I U I T I  using the 

EX-FEE? ~ W C Z S S .  



2. Pretreatment methods, physical an2 chemical 

fn order t o  enhance the degradation of the 1 ignacel lulosic substrates, 

they were pretreated using conventional and experimental chemical and 

physical methods. The pretreatments should make the cetlulose more availabie 

t o  enzyme attachment and attack. This i s  achieved by physically opening 

up the fibrous structure or by removal of components which restrszt the 

intimate contact or i n h i b i t  enzyme act iv i ty -  

The methods used in this project are: 

A1 kal ine pretreabents - sol i d  s t a t e  sodi ~m hydroxide 

solSd state mixture of sodium carbonate 
and calcfum hydroxide 

gaseous ammot~ia 

Acid pretreatment: 

Steam explosion 

Orgamsol v 

, - . , 

gaseous sui phur dioxide 
. . 

ethanol and water with sodium hydroxide 

ethanol and water w i t h  sodium hydroxide 
and anthraquinone 

P 
aqueous phenol 

Conventional soda pulp w i t h  15% sodium hydroxide. 

A1 7 sarnpl es were again analyzed with respect to  composition, in v i t m  

digesiibil i ty and sacchariff cat ion by enzymes. Details for the pretreatment 

methods, the yields obtained, the evaluation of the effectf viness, and results 

of the chemical analysis as we1 7 are found in papers I ,  2 and 5. 



3. Biological pretreatmest of tfie ligmellulosic substrates 

. Del i g n i f i c a t i o n  was sought through biological means employing white- 

rot fungi. This grwp o f  fungi is active i n  the natural decomposition 

of 1 ignocel 1 ulosic matter, degrading hof ocel l u l  ose and lignin t o  'lower 

mol ecul ar weight compounds. The fungi were obtai ned f rm international 

culture cof 1 ections. Mycel iar growth was inoculated on sterjf e moist 

substrate. Forced aeration through the-substrate each week fostered fungal 

growth, ' The samples were dr ied  and analyzed after four to s ix  weeks, when 

considerable fungal biomass had penetrated the substrate. A t  t b i s  time 

weight loss was determined as well as composition of the resulting 1:ass. 

- Detail s of the resuf ts as we1 1 as experimental technique are found i r 

papers 3 and 4. The fungal strains tested were: 

Phanerochaete crysosporium 

f schnode'rma ' resi nosum 

' Bondarrewia berRe7 eyi 

Cori O ~ U S  versi col or 

Agrocybe ' aegeri t a  
. - 

Dichoihi tus squal ens 
. . 

Fl amul i na vei u t ines 
. . 

Gahoderma appl  anaturn 
. . . . . . . . . . 

~Pycnoporus sangui neus 
. - . , .  . 

Coprinus- finetarius 
. . . .  . .  

' Pleurotus~flabellatus 



4. Fermentation of the 1 ignocellulosf c substrates with mixed natural flora 

Semi-continuous anaerobic digestors were init ial  fy innotulated with flora 

f r o m  rumen o f  beef cattle from a local sf aughter house, swamp muds from an 

area rich in decaying reeds, themophjf 1 i c  muds from a v9lcanic-actl've area 

i n  Guatemala, and the acidogenic muds from the first phase of a tuo-phase - 

biogas u n i t  developed for the production o f  methane from coffee pulp, Each 

u n j t  was fed weekly w i t h  ground sugarcane bagasse and rumen extract. 

Forthefermentationof thelignocelfufosicsubstrates, weighedportions . 

o f  the 'substrstes were fermented anaerobi cal ly w i t h  f i 1  t rates f r o m  the digestors 

described wi th  an appropriate buffer as the only additive, Samples were 

taken a t  5, f 5, and 30 days, with pH, gas vol umen and composition, substrate 

weight 1 oss, volatile acid production and composition determfned, and t h e  

respective yields calculated. Details of the research as well as t5e results 

can be found in papers 5 and 6. 



5. Ferrsentation o f  the lignocellulosic substrates w i t h  the mixture of pure 

cul ares 

Mesophill i c  anaerobes were used as a nixed culture for the degradation 

o f  the I igrrocel lulosic substrates. The strains,  obtained from international 

culture co7 1 ections, were: Rumi nococcus a1 bus (two strains), Bacteroides 

ruminico?a subs. brevis, and Bacteroides mminicola subs. rtrminicola. A 

. . second mixed cul ture of anaerobic thermophi 1 es was a1 so used, this mixture . . 

being composed o f  Cl ostridium thermoaceticum v?r L Jungdahl ; Clostridium - 
thennoaceti cum var. Wood, C1 ostridiurn' thermocel1 urn and Cl ostridum tbermo- 

saccharolytS cum. A standardized inucul urn o f  each microorganism was prepared 

i n  t h e  medium recumtended for i t s  growth, the cuTtures were mixed and added 

t o  a weighed portion of the lignocellulosic substrate, together w i t h  sterile 

basal medium. After 5, 15, and 30 days of incubation, the samples were tested 

for volatile acid production, gas production and composition, pH, and weight . 

loss or degradation of substrate. The results for these trials, as well as 

de ta i ls  for the procedures used are found in papers 5 and 6. 



6 Effect o f  mnensin on acidogenesis 

The acidogenesis of lignocellulose by bacteria i s  composed o f  many 

steps, the f i r s t  being degradation of the polymers to simp1 er compounds such 

as sugars. ' These are then converted to organic acids, and, i n  nature, the 

degradation i s  complete t o  carbon dioxide and methane according t o  the . 

! 

environment and flora present. In order to improve the yield of the organic 1 
acids in t h i s  project, the following approaches were tried: improved pH 

control using standardized buffer system w i t h  initial pH o f  near 8.0, and I 
addi tiun of monensin, and antibr'otic studied i n  ruminant nutrition for 

r'mproved feed utilization by blockage of methane production in the animal, 

The following eight substrates were included i n  t h i s  study: f u l l  soda cook 

sugarcane bagasse, sol i d  state alkal ine trated sugarcane bagasse w i t h  calcium 

hydroxide and sod urn carbonate, ammon? a treated ci tronel 7 a ,  steam wpl oded 

citronel l a ,  citronella treared i n  the sol i d  state with a mixture of caf cium 

hydroxide and sodium carbonate, lemon grass treated i n  the sol i d  state w i t h  

caf cium hydroxide and sodium carbonate, lemon grass treated wi l h  su1 phur 

dioxide, and organosolv plus anthraquinone treated lemon grass. The 

microorganisms used were the rnesophif i c  mixture o f  pure cu1 tures, the thermophii i c  

mixture o f  pure cultures, mixed flora from the reactor containing swamp mud, 

and mixed f l o r a  from the reactor containing thermal kuds. 

Substrate d i d  no t  a f f e c t  degree o f  digestion or acid production. V o l a t i l e  

fat ty  ac id  and l a c t i c  acid production were higher  when the mesophilic co-culture , 

was used. Monensin increased acid production only i n  the case of the swamp 

mud inoculurn, but  t h i s  increase was not correlated with inhibition o f  

methanogenesis. 



7. Kinetics of acidogenesis 

The rate of acid production was studied i n  order t o  establ ish the 

parameters which would ind icate  the direct ion t o  focus future opt iz izat ion and 

scale up a c t i v i t i e s .  Two sources of microorganisms were used, the mesophil i c  

swamp mud digestor, and the moesphilic mixture of pure cultures. Two 

substrates were included, the ful l  soda cook sugarcane bagasse and the solid 

state calcium hydroxide-sodium carbonate treated citronella bagasse. Two 

different gas atmospheres were used, carbon dioxide  and nitrogen, and t h e  

experimental . v i a l s  were either shaken or left stationary for 2, 4, 7, 9 ,  11, 1 
14,and 16 days. At t h a t  t i m e  they were analyzed for volatile fatty acids, 

weight loss, pH, gas production and composition. 

Analysis of the results showed t h a t  with the soda cooked sugarcane bagasse; 

an average o f  79.5% digestion was achieved with mixed f l  ova from swamp mud. 

Agitation had l i t t l e  effect on the results, as d i d  the gas atmosphere. The 

swamp muds produced a greater degree of digestion than the mesophilic co-cu! ture, 

and tended to produce higher 1 evels of methane earlier than the pure cultures, 

The treated sugarcane bagasse was digested more completely than the citronella : 

bagasse. Both substrate and inoculum had a significant e f f e c t  on digestion. 

Acid production was not significantly .affected by any of the parameters studied. 

Resul is of these t r i a l s  as we1 7 as detai 1 s of  experimental procedures 

employed are found i n  paper 8. 



8. hPQlction of  biomass and or at coho1 from v~latjle acids by ywsts 

~ n e  abi l  i ty  of Saccharomyces cerevi s i  ae and Candida u t i  I i s  t o  convert 

organjc acids t o  biomass or ethanol was studied using contSnuous fermentation 

techniques. Acetic, butyric, propionic and lactic acids alone or i n  mixture 

were used as carbon sources. Anaerobic conditions were used to foster ethanol 

production, and aeration 

i n  pH, acid utilization, 

production were measured 

was in$ t i  ated t o  foster biomass 

biomass produc-ion, v iable  cell 

. Tne results for these trials 

generation. Change . 

counts,. and ethanol 

are found in paper 9 .  . 



9. U!%-aswnd effect on enzymatic saccharifi cation 

An int lmate re1 ationship between active enzyme and r - ~ c t j v e  holocellulose 

is essential to enzymatic saccharification. For improved reaction rates, the 

adsorption-desorpti on mechanism must be functioning effective1 y. Otherwise 

the enzyme remains t ightly  bound to unreactive sites, thus l o s ing  i t s  

biocatalytic effectiveness. The use o f  an ultrasound f ield to facilitate : 

t h e  adsarption-desorption mechanism was evaluated w i t h  sugarcane bagasse a t  

the 1 abora tory 1 eve1 . 

Details are found in paper 11. 



The research carried o u t  in t h i s  project was accompanied by extensive 

1 i terature reviews. An i n t e r e s t i  ng area of research a t  the present moment i s  

the adsorption-desorpti on rnechani sms o f  the b i  ocatal yst w i  th respect t o  the 

hclocellulose substrate surface. C. Rolz prepared a brief but timely review 

o f  the var i  ws current concepts involved i n  the regulation of the halocellul olysis. . .  

Thjs interesting review has been included as paper 10. 





The results from the work carried out under the present grant have led 

the researchers t o  &e the following reComendations for inmediate application 

of the research, for further techno1 ogical evaluation, ar,d for future 

scientific .research. 

1. Pretreated bagasse as animal feed 

The excellent improvement i n  digestibil ity of the lignocellulose leads 

t o  the first and most imnediate application: use o f  the pretreated bagasse 

as animal feed. Great interest has been demonstrated by the sugar industry 

i n  Central America who i s  looking for a1 ternate sources on income t o  

supplement the depressed world sugar market. In this arza, feedlots for 

fattening beef cattle are being developed adjacent to  the sugar mills. The - 

mil l s are very interested i n  the pretreatment o f  the cane t o  provide a 

material which would be readily d i g e s t i b l e  by the animals. A1 kaf ine  treatments 

or steam explosion pretreatments appear t o  be highly appropriate for mmen 

nutrition. The r e s u l t s  f rom the EX-FEPMented sugarcane bagasse can be applied 

t o  sugarcane bagasse in general. A t  present, with the modernization o f  the 

sugar mill s and strict internal control w i t h  energy conservation, there i s  

s u r p l u s  o f  bagasse which i s  usually burned. For this application, forage 

acceptability and weight trials would be o f  I'nteresF and could be carried cut 

i n  the conjunction w i t h  the Department of Animal Husbandry a t  the  University 

o f  San Carlos, Guatemala, i f  funding were made available- 

2. Use of whiterot fiingi as animal feed 

Again in the area o f  animal feeding wi th  immediate application i s  the use 

of uhite-rot .fungi for bio logica l  del i g n i f i c a t i o n .  The results from th is  



research shun t h a t  whi te-rot fungal growth f mpraved digestibil i ty of lemon 

grass and citronef la bagasse. The material remaining a f t e r  fungal growth 

has been enriched due t o  the presence o f  the fungal mycel i a  and removal -of 

I fgnin .  A t  present, use of this approach on wheat straw i s  being studied i n  

ICAITf financed by the United Nations University. 

3, Rural tecknology: edible mushrooms and improved animal feed 

The development of t h i s  system appl ied  to a rural technology is 

extravefy attractive. A system can be envisioned whereby the fungal fruit ing 

bodies are consumed as edi bl e mushrooms. The by-product, the 1 i gnocef lu1 ose- 

myceliz! mat can also be comercia?+ized as animal feed. Here biological 

processes can be united w i t h  corranercial benefit a t  the wral level. The 

PI eurotus mushrooms among others, would be particularly suited to th is  process. 

The PI eurutus en joy such a great demand tha t  i m ~ d i a t e  comercial k a t i  on 

should be feasibf e,  It shou?d be pointed out that the excellent growth on the 

citronella and lemon grass bagasse was unexpected, showing no inhfbi t ion by 

the essential oi ls .  For commercial application yield of fruiting bodies on , . 

each substrate, as well as optjmization of aeration and humidity, wouf d be of 

interest. 

4. Use of organosalv i n  industrial cell uf ose processes 

The pretreabents studied have indicated tha t  the hol ocel Iu1 ose-I i gn in  

structure has been modified considerably. The organosolv pretreatment, i n  

particular, appears to be an attractive a1 ternative for preparing cellulose 

derivatives for other uses besides animal feeding and fermentation. A t  

present, the pulp and paper industry employs sulfur fo r  the purification of 



celluf ose i n  a process which leads to  considerable contamination o f  the 

envi rongent. Use of  the organosolv process wouf d provide qua1 i ty cef lulose 

with the possi bil i t y  o f  recovery of the sol vent and 7 ign in ,  tremendous1 y 

reducing the pol u t l o n  load i n  terms o f  both vol umen and concentration. 

5. Feasibility studies 

The information provided i n  the specific reports i s  presented with 
- 

sufficient detai l  so t h a t  interested researchers can carry out the prel iminary 

economic f e a s i b i l i t y  studies according to  each need. 
.. 

6 .  Specific recamendations for further scientific research 

She research carried out under this grant has i n d i c a t e d  new areas where' 

further research should be particularly fruitful, Among them, the following 

can be mentioned: 

- 6;1 Use o f  ul t rasound  f ie ld 

Ul trasound appears ' to  be very prumisi ng for enhancing b i  ocatal ysis 

o f  substrates . 

6.2 f ox ic .  e f f e c t  of accumulated acids 

Acidogenesis appears '-,n be 1 imited i n  part by an accumulation of 

acid or protons i n  the medium. A system could be developed which would permit 

gradual removal of the act ds whi l  e 1 eavi ng the  mi croargani sms . A1 ternatives 

such as semipermeable membranes, porous ceramic barrjer, etc. could be 

evaluated t o  separate the insoluble lignocellulcse and microorganisms fm the 

sol ubl e probuc ts , sugars and a d d s .  



5.3 Mechanism o f  holocellul olysis under anaerobic conditions 

How do the mi croorgani sms separate the hemi cell ul use from the 

f i gn in?  t i g n i n  and hemicellutose are present in intimate contact with one 

another. Does the lignin remain untouched? How do the microorganisms get 

at the hemicel lulose? 

6-4 Anaerobi c i nterac ti on 

In the natural mixed f f  ura digestors, a complex mixture o f  

microorganj sms was observed, including protozoa, bacteria and yeast-7 i k e  

fungi, "The jnteraction o f  these microorganisms, w i t h  a study o f  the contributf on 

of each t u  hol  ocell uf of ysi s wouf d provide important basic information wh3ch -could 

be used for control of the e ~ t i r e  process. 

6 -5 Micrabiol ogy of vof cani c envi ronrnents 

Tne microorganisms present i n  the volcanic ponds represent an 

untapped resource for germpl asm and bi  ocata'l ysts . characterization of the 

microorganisms fro% this thermophilfc source, and their interzctions, should 

be a most productive area of research. 

6.6 Osmotic effect o f  buffer system on actdogenesis 

The use o f  buffer systems t o  cushion the toxic effects of  the 

generation o f  acids can contribute to an enviraament whose osmotic pressure 

adversely affects the microbial metbbolism. In thJs study, t h e  ionic load o f  

the buffer systefn system was aumented $n same cases by the salts used for solid 

state and gaseous pretreatment. khat effect does t h i s  have on total acid 

production and t h e  profi 1 e o f  ind iv idua l  acids produced? 



6.7 Production of 1 ac t ic  ac id  

The unexpectedly high production o f  lactic acid under the conditions 

used 5n th is  study merits further investigation. Why was lactic acid 

produced and not the volatile fatty acids as expected? What controls the 

acid prof i 1 e and how can i t  be manipulated? 
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EFFECTS OF SCWE PHYSICAL AND CHEMICAL PHETREATMENTS ON THE 
COMPOSITION, ENZVM@TTC HYDRQLYSIS AND DIGESTIBILITY QF 
LIGNOGE-LULOSIC SUGhRCANE RESIDUE 

C Ralzl MC d e  A r r i c l  a, 3 V a l  1 adares and S de Cabrera 
Appl i ed Research Di v i  si on 
Central American Research Institute far Industry (ICAITII 
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SUMMARY 

The fu13owing p r e t r e a t r n e n t s  were done an sugarcane chips previausly . 
fermented w i t h  yeast accord ing  t o  the EX-FERM process: sodium 
hydroxide,-sodium carbonate plus calcium hydrox ide  gaseous ammania, : 
502, s t e a m  e x p l  asi on, al k a l  ine csrganusol v, aqueous-phenol  and a + 

full soda cook. Greater than 87% d e l i g n i f i c a t i o n  w a s  abtained i n  ' 
one a+ the o r g a n o s o l  v samples and t h e  aqueous-phencl pretreatment- 
Practically all h e m i  cel l ul oses t~er  e hydro1 yzed during : 
aqueous-phenol and steam explosion pretrcatments. In vitro dry 
matter enzymatic digestibilities were increased 4.7 and 3.6 f o l d  
-far one of the urganoc,alv and aqueous-phenol samples, The ra te  and , .  

e x t e n t  -of s w c r h a r i f i c a t i o n  was h i g h e r  for t h e  steam-e:-:ploded and,  
the non-washed arganasolv samples. The IVaMED values for the . 
alkaline p r e t r e a t e d  samples w e r e  cc r re la ted  with t h e  amount 0.;' : 
s n f u b l e  solids produced. O f  these the solid state sodium hydraxide : 
w a s  superior ta the sodium carbanate plus calcium hydroxide a n d ,  
ammonia pretreatments.  SU2 was i n f e r i o r  to NaaY7 steam-explosion 
or the a r g a n o s o l v  variants. 

INTRODUCTION 

The f ibracts residue remaining after juice e x t r a c t i o r !  + r a m  t h e  
sugarcane s t a l k  is cammonly referred as b a g a s s e ,  It c c n s i s t s  
mainly of t h e  lignacelfulosic polymer m a t r i x  and small amuunts cf: 
ash and  w a t e r  s o l u b l e  solids w h i c h  are mostly sucrose. I n  the 
sugar induskry mills m o s t  of the bagasse is used as f u e l ,  and 
although t h e  figure varies w i t h i n  each factory,  e n e r g y  efficient: 
units can have Zt of sctrpluc, bagasse on a dry 5 r 106t a + (  
f r e s h  cane p r o c e s s e d  (1)- In i n d e p e n d e n t  f u e l - e t h a n o l  distilleries 
p a r t  of this surplus; is used for  e t h a n o l  p ~ i r i f i c a t i o n  making the 
overall s y s t e m  net energy-positive, e i t h e r  f o r  mechanized or for, 
labor  intensive agriculture (2-51. Nevertheless, even here, a ,  
surplus is possible i f  a new demand for bagasse is developed,  
either by applying energy s a v i n g  opticns i n  the e t h a n a l  separation' 
Q r  new technologies are ernplayed -far processing cane chips directly 
into e thano l  like t h e  EX-FERM process 6 - 8 1  EX-FERM process: 
developed at ICAITI features the  simultaneous e x t r a c t i o n  and 
fermentation of  t h e .  sugars i n  chipped sugarcane to ethanol by  
Sarcharomyces cerevlsiae,  with t w o  end  products, the ethanol-rich 
beer and t h e  s p e n t  bagasse cr +ibraus residue. Specially important 
far bagasse use waul d be the h y d r - d y s i  s of t h e  hol  ace1 l u l  ase for 



m o n o m e r  pradtlction at- the separatian of lignin or 
lignin-derivatives. Henceforth the research efforts to make bagasse 
more susceptible f nr bio logica l  processing are wurth p~h-suing. It 
m u s t  be remembered t h a t  sugarcane h a s  h e e n  inproved by p l a n t  
breeding t e c h n i q u e s  far  ather purposes. f o r  e x a m p l c ,  hlgher sucrose 
c o n t e n t ,  F e s i s t a n r e  to pests, drought and a d v e r s e  soil c o n d i t i o n s  
without a major concern for  fiber c o n t e n t  and polymer 
characteristics. T h i s  causes t h e n  a large variatian in bagasse 
composition depending on cane variety and ecalagical canditians, a 
f a c t  t h a t  many warkers have not taken into account  and which is 
undoubtedly  t h e  source o f  much a+ the variatians i n  t h e  t echn ica l  
data sa f a r  r e p o r t e d  in the  literature. HenceSurth w e  should 
cons ider  sugarcane bagasse as a heterageneous r a w  material. 

Lignocel1wIosic biomass i n  general is relatively re-fractory to 
bi oconversi on and sugarcane bagasse is no except i nn, In natural 
so i l  ecosystems its biodegradation r a t e  and e x t e n t  of reac t iun  are 
l o w  (9-121- In ruminant nutrition, bagasse has b e e n  found to be a 
l a w  quality roughage ,  w i t h  its +ceding value Sitting i n  between 
w ~ a d  and the cerea l  straws (13) ; it will an1 y suppor t  cattle 
maintenance when +ed as whole-mature-chopped sugarcane i14? 151. 
Folysaccharide degradatiun i n  t h e  - r u m e n  takes place as t h e  result 
of t h e  action of a cunsortiurn af anaerobic bacteria,  protazoa and 
phpcosycete fungi and even so its biccanversion is Tar $ r a m  
complete (16, 17). 

Hence in order to increase t h e  r a t e  and e x t e n t  of kalocellulose 
h y d r o l y s i s  a p r e t r e a t m e n t  of  the  substrate is requi red  in order to . 
alter significantly t h e  structural  characteristics of t h e  
lignocel l u l m s i c  matrix. S ~ t c h  a pre t rea tment  m u s t  e n h a ~ c e  the close . 

con tac t  between  rnicr-obe and fibers to have an efficient enzyme 
action. There s e s m s  to b e  little docbt t h a t  the various 
p r e t r e a t m ' e n t s  t es ted  sa f a r ,  a lone or  in ccmbinatiun <in a recent 
r e v i e w  t h e r e  w a s  a list of 1 0  p h y s i c a l ,  18 chemical and one 
biological treatments? (18) enhance enzyme ~r micrabicalf y 
cataf y z e d  hof o r e l  1 ~ t l  ose br eakdattn ! 29-28] . There seems to be, 
however, o n l y  a limited understandiny a$ h o w  t h e s e  pretreatments 
e n h a n c e  biudegradatian. The made o+ holocellulolysis may be quite 
species-specific, both in t e r m s  of t h e  substrate 3nd the 
rnicruorgani s m .  It is also  an heterogeneous reactfzn and i t  is 
theref  are i n - f l  uenred by the  structtat-al f eatcw-es a+ t h e  substrate, 
t h e  i~teraction between m i c r o b e  and s u b s t r a t e  surface and the 
complexity of the associated enzymatic s y s t e m ,  M o s t  of  the research 
work done so far has  employed enzymatic p r e p a r a t i o n s  of  filamentous 
f ctngi grown in sctbmerged cul ture and temperate zone cereal straws 
as s u b s t r a t e s ,  It seems t h a t  t h e  rate and  extent  a+ hydrolysis 
depends  on the amount o i  substrate surface exposed, the  proper 
adsorption af the biaratalyst,the degree of p ~ i > ~ m e r i ~ a t i o n  of the 
poiysaccharide and a minimum lignin, phenolic a r i d  and acetyf 
c o n t e n t s  (29-471. 

The objective af the present w o r k  was to evaluate the ef fect  of 
same p h y s i c a l  and c h e m i c a l  p r e t r e a t m e n t s  on the compositicn; 
susceptibility to enzymatic hydrolysis and in v i t r o  enzymatic 
digestibilities of EX-FERMented sugarcane residue and discuss t h e  



results obtained i n  c o m p a r i s o n  to  data f o r  sugarcane bagasse 
published in the literature. 

MATERIALS 4ND METHQDS . Lignocellulosic substrate  

S u g a r c a n e  was sampled in three sugar mills in t h e  sauth coast of 
Guate~:ala located a r ~ u n d  -305) meters above sea level, dur ing the 
month of A p r i l  w h i c h  is the l a t t e r  part af the crop during the  dry 
season. The sugarcane sample cams Tram the r e c e i v i n g  yard and 
usually one or more cane varieties w e r e  b e i n g  processed on t h e  same 
day. The cane had been cut by hand and w a s  nut burned i n  t h e  
f i e l d .  Samples were also t a k e n  of cane which had been chapped in 
the sugar mill before  sugar extraction and of t h e  bagasse after 
sugar e x t r a c t i o n  by a tandem of raller mills. The bagasse samples 
were solar d r i e d  t o  a f i n a l  rnaisttire around 6-7%, milled in a pilot - - Fi tz M i  1 1  C o m r n i n u t ~ , -  :Thz r - ;  t z p a t r i c l i  Ca. 1 employing a 0.64 fim 
sieve a n d  packed in plastic bags. The whole and chopped sugarcane 
samples were chipped in a pilot wood c h i p p e r  (Type 9-72, OY 
Santsalo:. The chips w e r e  placed i n  7000 1 tanks, w a t e r  w a s  added 
t o  just  cover t h e m  and 2% of commercial baker ' s  y e a s t  w a s  mixed- 
The EX-FERM c y c l e  to canvert a11 t h e  sucrose into ethanol took 48h 
(6 -8 ) .  The Sermented c h i p s  w e r e  pressed in a ccinkinuaus 
screwpress (Model VP-6F, V i n c e n t  Corp.1, washed w i t h  water in a 
mechanically agi ta ted t a n k  and screw pressed again. They were 
finally sur, d r i e d  to a final moisture o f  around b-7:/. arrd packed i n  
plastic ventilated hags .  The CAST-I sample, s p e n t  EX-FERMented 
sugarcane chips prepared as described here, was used far 
pretreatments. The control-unpretseated samples w e r e  milled as 
i n d i c a t e d  above. A summary of the  varicus samples taken. their 
identification and description are given in Table  I. 

- Substrate p r e t r e a t m e n t s  

AIP a+ the t r e a t e d  samples c a m e  from CAST-1-  The following 
pretreatments were done: a) solid s ta te  sodium hy5r~xide: the 
amount of sodium hyd -o:.:irie added to t he  ground material w a s  80g 
k g - 1  of d ry  m a t t e r .  I t  w a s  added as a c o n c e n t r a t e d  solution i n  a 
1:4 solid to liquid r a t i o  and the arno~tnt 04 r,aw material u s e d  in 
all cases w a s  2509 d r y  m a t t e r .  The mixture was thraughly mixed i n  a 
ribbon b l e n d e r  and  p l a c e d  i n  a polyethylene bag  f o r  10 days at room 
tempera t~ l re .  Then it was solar  d r i e d  and stored again in t h e  same 
bag- The s a m p l e  was identified as CANI?; bl solid s t a t e  m?i : . : t c re  of  
sodi urn carbonate and cal ci urn hydro:< ide: the amuunt of bath 
chemicals added w a s  14bq p e r  k g  a f  d r y  matter of  which 73% w a s  
sodi urn carbonate. Due to chemical reaction the effective charge 
d~termined by an a s h  m a s s  balance w a s  809 per kg-The s a m e  procedure 
as in C&NA w a s  followedi The s a m p l e  w a s  Identi+ied as CACRNA; c) 
gaseocts ammonia: 250g bagasse  w a s  moistened with - w a t e r  using a 
solid to liquid ratio of 1:s: placed i n  a E~tchner Sunnel and a 
stream s+ gaseous NW3 was passed uctil saturation. Then the 
bagasse was transferred ta a polyethylene bag and maintained for  10 
days at r o o m  temperature. Then it was solar  d-ried and stored in 



the same bag. The amount af chemical used determined by weight 
difference of the substrate after treatment was 2 9 0 . 5 g  p e r  kg of 
d r y  m a t t e r .  However mast was lost during zitorage as the f i n a l  
r a t i o  w a s  21.7g N H g  per  kg dry matter. The sample w a s  identified as 
CAAM. The samples +allowing the alkaline pretreatment5 were milled 
as indicated befare. 

One gaseous pretreatment was done employing SQ2.  2509 of- dry 
material was moistened with water using a solid to liquid ratio of 
1: 3, p l a c e d  in a Buchner funnel and a s t r e a m  of ga~,eaus  502 was 
passed  t h r o a g k  the  sample f o r  15-20 min until satura t ion .  Then the 
material was placed in a sealed jar and maintained at 70C f o r  7 2 h ,  
after which it was salar d r i e d  and transferred  to a polyethylene 
bag. Th'e amount o f  chemical u s e d  determined b y  w e i g h t  diQference 
o f  t h e  substrate after treatment was 185.79 per kg of dry matter, 
Again,  m o s t  of it was lost dur ing  storage as t h e  final rat io  w a s  
36.4g 502 per kg of d r y  m a t t e r .  The  sample was identified as CASO, 
~ f t e r  t r e a t m e n t  it was milled as indicated before.  

O n e  2009 sample was steam e x p l o d e d  by Dr. J.N. Saddler of the 
Eastern Laboratory of Forintek Cana.da Carp, Ottawa. Their 
procedure consisted of an expasure to skearn at 2 4 0 C  fgr A O s  in a 
srn.313 s t e a m  explosion gun i481, The yield on dry basis w a s  77-87% 
and t h e  s t e a m  explosion w a s  dane on the  previously m i l  l e d  sample, 
It was i d e n t  i f 2 ed as CAEX. 

Various samples were p r e t r e a t e d  employing a modified ~ ~ g a n u s o l v  
process, in which a 60% ethanol-40% water a l k a l i n e  sulvent plus a 
catalyst w e r e  placed i n  cantsct  with a sample in a salid to liquid 
rat io  uf 1;6, caaked i n  a pressurized rotating d i g e s t o r  f o r  4h at 
175C, the l iq~~at-5  d r a i n e d  and t h e  solld.resibue w a t e r  washed, solar 
d r i e d ,  milled and stared in p o l y e t h y l e n e  bags. Four di+Serent  
s a m p l e s  w e r e  o b t a i n e d ,  L'ABK-1, A :  CAOA-1. and CAt3A-2 as 
described on Table IT. 

Another sample w a s  t r ea ted  by Dr. J.P.Sa'chetta .from Fattelle-Geneve ' 

employing an aqueous phenolic solvent (49). The yield o b t a i n e d  w a s  
42% an d r y  b a s i s ,  The sample was identified as CABG. 

Finally as a comparison a f ul 1 soda p u l p  w a s  obtained f r -am a sample 
of depithed sugarcane bagasse, employing 15% NaOH (as Na20 an bone 
d ry  bagasse) i n  a cooking cycle of 3h at 1&5C and a yield a+ 
50.60%. T h e  sample was identified a5 BCSODA. 

I n  s u m m a r y ,  t h e  identifications used w e r e :  sodium hydroxide, CANAj  
sodirtni carbonate p l u s  cal cium h y d r o x i d e ,  CACRNR; amnrunia, CAAM; 
sulfur d i o x i d e .  CASO: steam explasian, CAEX; a1 k a l  ine organosolv, 
CAOK-1, CAGK-2, CAOA-1 and CAOA-2; organosalv-phenol, CABG and full 
soda cook, BCSODA. 

- Analysis 

The samples were a n a l y z e d  -for Kjeldahl nitrogen and ash rantent and 



(50) for n e u t r a l  detergent f i bcr, a c i d  detergent fiber, 
permanqanate 3 ignin and  te l  lulose f ol lowing t h e  V a n  Soest 
t e c h n i q u e s  5 52). fn  v i t r o  d r y  organic matte6 enzymatic 
digestibilities IIVDMED), were d e t e r m i n e d  by  t h e  nethoda1agy 
suggested by Goto and Minson (53), Adegbala and Paladines (54), 
ffcLeod and Minson (55, 56)  and Dawman and Collins ( 5 7 ) .  briefly, 
200 mg of t h e  material were suspended in 20 ml of a 2 gl-1 pepsin 
solution (No. P-7125 Sigma Chemical Co.) i n  IN HC1 and incubated at 
40C fo r  48h. Samples w e r e  centri+uged, washed oncE w i t h  distilled 
water, c e n t r i f u g e d  and suspended in 20 ml o f ' a  2.5% by weight  
sol utf an af fungal cel lulase Onozuka FA (Maruzen Che, ,ical CC). Ltd -  1 
in O.TM acetate buffer pH 4.8 and incubated at 40r for 48h. The 
suspension was filtered in s i n t e r e d  glass crL,z:Lles, washed w i t h  
water and weighed. C o n t r o l s  were done with distil l e d  water and no 
enzyme. During incubatian the tubes were agitated twice a d a y .  
Results are expressed in % d r y  matter dig~atibility, 

- Susceptibility-ta enzymatic hydrolysis 

100 g of the material w e r p  suspended in ? m l  CI+ 0 . 2 M  acetate buf +er 
pH 4.8 containing I mg t h i m e r a s a l  per  100 in3 as preservative-One ml 
P+ a 1% by w e i g h t  s a l u t i c n  of cellulase Onomuka F A  in 0 . 2 M  acetate 
buffer pH 4.8 w a s  added and the sealed tubes were p l a c e d  in a 
r o t a r y  s h a k e r  ( N e w  E r c t n s w i c k  Go. 1 at 401 and 200 rpm. Samples were 
taken at 8, 24, 48 and 72h, the solids discarded and sugars 
determined in the liquid by the dinitrosalysilic acid method (58)  
C o n t r a f s  were done with distilled water and na enzyme. The +ilter 
paper activits af t h e  enzyme solution was 6.04 units per mg o f - .  
protein (59). Soluble pratein was d e t e r m i n e d  by the Luwry method 
I b O ) .  The results are expressed as % saccharification on the b a s i s  
o f  the i n i t i a l  amaunt  af cellulose plus hemicellulase p r e s e n t  i n  
e a c h  sample a f te r  pretreatment.  

RESULTS OND DISCUSSION 

Chemical Analysis The chemical analysis uf t h e  EX-FERMented 
whole and chopped-in-the mill sugarcane samples and t h 6  bagasse  
samples are shown in Table 1 II. A n  average for all samples shows 
that the lignocel lu lo s i c  substrate had 43.9% te l  lulose, 37.5% 
hemicelltrlase and 13.9% lignin. C e l l ~ t l o s e  and acid detergent fiber 
showed t h e  h i g h e s t  sample standard deviation values, follawed by 
lignin and neutral detergent +iber. IS one considers t 5 e  samples 
in the  b l o c k s  o n l y  and realizes t n a t  CAST, CPST and tiEST ar-e rca3l.y 
three different ~ ; a r r ~ p l e s  of the same cane v a r i e t y  o b t a i n e d  from 
d i f - f e r e n t  p a r t s  of t h e  sugar m i l l ,  an BNOVA analysis between 
samples 3 and 4 gives t h e  resu l ts  shown on Table I V .  They show 
that the only macracomponent statistically differsnt between 
samples 3 and 4 was lignin, assuming of course,  t ha t  na drastic 
ef+ec ts  on t h e  l i g n a c e l l u l a c , i c  compar;ents r ue re  cartsrd by crushing 
and heating in t h e  sugar mill, as shawn b y  G a r t s i d e  clt al Cbl)  - 
The average lignin value found a+ i3.9% is slightly higher than 
m u s t  cereal s t r a w s  ( 6 2 ,  & 3 ) .  The IVDMED of t h e  samples has been 
put in t h e  fast calrtrnn o f  Table I I I; an avers1 l value of 16.91- 
1.74% h a s  b e e n  obta ined-  T h i s  value is much lower than legumes, 
most common grasses and cereal straws which are around 70, 54 and 



29% respectively (64). Nevertheless it shauld increase i +  the 
digestibility is d e t e r m i n e d  by i n  vitra d r y  matter digestibility 
(IVDMED) pracedures based on t h e  Tilley and Terry. (651' t echnique  
(or similar ones employing rumen fluid ar the nylon bag technique)  
o r  i f  t h e  i n  v i v a  digestibility (IUD) i n  ruminants is measured- 
However t h e  repeatibility o f  t h e  XVDMED determination is superior 
(53, 57, 65) The IVDMED values between samples  3 and 4 were 
statistically the same as shown in Table  I V .  Th is  clearly shaws ,  
that fignin cantent, although important (33, 66-70), is n o t  the 
only major parameter affecting t h e  extent of enzymatic digestion. 
In T a b l e  V a summary af a comprehensive literature r e v i e w  an 
bagasse samples f r o m  many countries,  cane maturity and variety is 
given. From t h e s e  d a t a  the following per t inen t  abservations can be 
made: a) t h e  higher standard deviations w e r e  found for t h e  t w o  
biological tests: the in v i t r o  digestibilities; b )  of the  two, t h e  
enzymatic methad was b e t t e r ;  c )  the IVDMED data r e p o r t e d  i n  Table 
V I A  far  .the Guatemalan canes and bagasse fe31 t q i t h i n  t h e  con+ idence  
interval reported in Table V; d l  the IVDMD was on the average about 
9 units higher than IVDMED as was expected: el the data +or 
permanganate a K l  ason l ign in  showed t h e  lowest standard 
deviations; $ 1  the lignin aversge value shown on Table I11 -for the 
Guatemalan canes is sLighty higher than the repor ted  avfrage of 
Table V; g )  t h e r e  exists, however, a large d i s c r e p a n c y  between the 
permanganate  and K l a s o n  values, the latter being a b o u t  €3 u n i t s  
higher-  T h e r e  is no easy explanation far this f a c t .  Far esample,  
Har t ley  tiO9) menticned that, contrary  t o  what has b e e n  t h e  rase 
fcr suga rcane  bagasse ,  t h e  permanganate fignin valuez are sometimes 
higher t h a n  those from t h e  E l a s a n  method. Hawever a5 shown b y -  
Theander  and A m a n  ( 1 1 0 1  t h i s  is nut necessarly 50 fur a11 plant 
species; h) the hemicellulose average v a l u e  o S  26.2% is much l o w e r  
than t h e  an2 r e p o r t e d  f o r  the Guatemalan samples i n  T a b l e  1x1 w * ? i c h  
is equal to 37- 5%. &s shown by Theander and Aman ( 110) , Windhatn et 
a1 <121) 'and M c A l l a n  and G r i - f S i t h  (1121, the hernicellulase cantents 
ahtained by NDF-ADF usually are overestimated compared w i t h  t h e  
summation 0 4  hernicelln?ase ~ u n s t i t u e n t  sugars: i l  the presence of a 
l i g n i n - c a r b o h y d r a t e  temple?: (LCC) s t a b i l i z e d  by chemical linkages 
has been proven in w o a d  (113): in grarnineous plants t h i s  linkage 
m i g h t  involve phenolic a c i d s  such as ferulic and p-coumaric acids 
(114-118); t h e  e x i s t a n r e  o f  LCCs in sugarcane bagasse have been 
r e p o r t e d  (99, lU4? f 19, 120) and f i t sush i  et al (1011 reported i n  
detail t h e  isolation oC three f r a c t i o n s  different +ram each other  
in contents  cf lignin, carbohydrate ,  phenalic acids and molecular 
weight, Usually the tCCs are not recavered in t h e  acid detergent 
residue (1211, hence t h i s  could be an explanation of t h e  l a w  
permanganate  l i g n i n  values and t h e  overestimated hemicellulose 
figures; j) cellulose values ~ P > a w e d  a large standard deviation; k) 
the  cellulose c o n t e n t  r e ~ s r t e d  in Table 111 f o r  the Guatemalan 
canes and bagasse fell within t h e  confidence in te rva l  reported in 
Table V. 

. Changes  due to pretreatments 

With t h e  analytical data af the solid samples +ram each 
pret reatmef i t  and t h e  corresponding solid y i e l d s  a mass balance  a+ 
the lignacellulosir: f r a c t i o n  was made. The results are shown i n  



Figure i where they are expressed as % change w i t h  respect to t h e  
vaxues reported i n  Table 1 1 1  far the CAST-1 sample, which was the 
only one employed for pretreatment5 as explained ln t t ie Materials 
and Methods section, The data f o r  IVDMED are included. The 
digestibilities represent weight loss due to' enzymatic action in 
terms o f  -initial total  dry  matter, but t a k i n g  into account the 
weight loss a+ the control (no enzyme1 samples. Hence these 
figures represent t r u e  insaluble matter r e s i s t a n t  to enzyme a t t a c k .  
AIL the pretreaments were effective in increasing the IVDMED 
values; specially the arganosalv var iants,  sodium hydro:<ide,  the 
aqueous phenal and the steam exploded samples, L i g n i n  and 
hemiceflulose c o n t e n t s  decreased i n  a l l  samples; the + o r m e r  was 
higher f o r  the organosalv, aqueous phenol and steam exp loded  
samples. Hemicel l u l o s e  was f u l l y  hydro lyzed  i n  t h e  aqueous phenol 
and s t e a m  exploded samples. 

The e x p e c t e d  effects of the alkali treatments on the substrate w e r e  
td partially dissalve hemilzel lcrl oses and lignin w i t h  a parallel 
increase i n  their in v i t r 2  or in viva digestlbifities 162, 122, 
1231, The i m p c r t a n t  chemical reaction in t h i s  pretreatment s e e m s  
to be the. saponi+icatimn of esters of uranic acids associated with 
t h e  :iylan chains; ,  which  induces an .extensive swelling a+ the solid 
m a t r i w  1123: and promates the penetration of  nticroatcganisms and 
makes possible a mnre favorable enzyme-fiber ccntart. s9ere is 
recent esperi mental evi dence t h a t  both al k a l  i -1 abi 1 e and 
alkali-resistant lignin-carbohydrate b a n d s  e x i s t  and tha t  their 
r a t i o  in a particular plant material gavrrns t h e  d e c i s i o n  to use 
alkali as a pretreatnent to increase its digestibility (124)- The 
al k a l  i - l a b i  f e bands include the h e m i c e l  iulase-phenolic a r i d  and 
acetyl  c o r t s t i t u ~ n t s  of t h e  cell walls, (1091, b o t h  of which aS#ect  
hoi~cellulose hydrolysis I l f b ,  124-1261. 

In Table ' V I  t h e  data far CANA, CACANA and CAAM are campared w i t h  
values  reported in the literature. There is a widespread variation , 
in conditions u s e d  for  the .  pretreatment which makes d i f - f i c u l t  any 
quantitative comparison, n e v e r t h e l e s s  there are some general trends. 
worth camncnting on: a) our percent IVDMED increases $ar NaOH are 
higher than those usually r r p a r t e d ,  L - ~ i t h  exception of t h e  data o+ 
Cabel la et a1 ( 8 5 )  , A w a d  and Abel -Mottaleb (89) , C a b e l  Lo and Cande 
I l O f ) ,  and Isnail et al tICJ71, which are in the .same order of . 
magnitude; b) t h e  one obtained -For NH3 campares  well w i t h  thase 
repor ted  for NH3 and WH4UH p r e t r e a t m e n t s ?  w i t h  the exception of t h e  
data of A w a d  and Abdel-McttaaXeb (89) which is rathzr than high: c) 
our d a t a  f a r  Ca(OH!2+NaZC03 is P o w e r  than the L by  M a t e i  and 
PZayne I 9 8 ) ,  Playne (1033 and Martin st al (73) j d l  w e  dound 
higher digestibility values for  NaOH than COT NH3 and 
Ca <OH) 2 + N a 2 C 0 3 ,  which coincides w i t h  Ibrahim and Pearce (96) ; e) as 
shown by Cabel  lo et al 185) IVDiqED val~res are usually Icwer t h a n  
IVDMD values, as a m a t t e r  a3 +act  the authors report a linear 
r e l a t i o n s h i p  among the t w o ;  $ 1  there was only  one datum for in viva 
digestibility using wethers as testing animals and t h e s e  are l o w  
rnrnpared to in vitra values. Alkaline pretreatme~ts seem to induce 
a S a s t e r  rate o f  passage through t h e  digestive tract of ruminants - 
(1281 and the alkali increases osmotic pressure ~ h i c h  also reduces 
microbial a c t i v i t y  in the rumen (129). Hence the  lower value w a s  



not unexpected: g) our data on lignin losses +or NaOH w e r e  usually 
on the high s i d e ,  they compare o n l y  w i t h  the data of Dekker  and 
Hichardst741 +ar cane bagacillo ffines) and a+ ~llenrieder and 
Castilla (92) . For ammonia our  ~ a l u e  is w i t h i n  values reported by 
Ibrahim and Fearce (961 and Sot- calcium ours is higher; h) t h e  same 
comments are mare ar less are applicable to hemiceflulase ~ U S S ~ S .  

less are applicable to h e m i -  cellulose losses. 

Due to ammaniation :he nitrogen c o n t e n t  of CAST-1 (which was 0.12%) 
increased to 2.0% f C A A M ) ,  which is equivalent to a 941% 
increase- Chang et al (72) r e p a r t e d  707% and Hamad and El-Saied 
(1391 515% increases. The authors have shor~n t h a t  ammonia reacted 
mainly with hemicel luloses. 7be induced changes w e r e  typical of 
what has been +aund on cell walls af graminaceaus plants (1311. 

Cab~llo et al ( 85 )  found linear correlations between IVDMD and 
IVDMED and between IVDMD and soluble salicis +or bagasse pretreated 
w i t h  4,5,8 and IZg NaDH 100 g-1 dry sample, added as solutions 
employing a 1iquid:solid ratio a? 1: 2 ,  at 50C with no subsequent 
washing. Later the same authors reported similar results tl05) and 
bath sets  u+ data have been p r e s e n t e d  an Figure 2. The EVDMED and 
soluble solids have heen c a l c u l a t e d  on a relativz basis as a ratia 
between Pha pret reated and the unpretreated or c ~ n t r o l  sample. 
N o t e  that  there  are t w c  possible cot-relations one for each set o+ 
data. T h i s  might be e x p l a i n e d  as the different response of 
sugarcane varieties ta sodium hydrcxide pretreatrnents. 
Ccrrelatians of t h i s  type cauld be used tc select cane varieties 
m a r e  susceptible to alkaline pretreatments. e have included in - 

the f i g u r e  our data for CANA, CACANA and CAAM samples. It can also 
be observsd t h a t  the linear relationship holds for o n e  cane variety 
even i f  different alkalies a t  various concentrations are employed, 
Again m o r e  e: . :perimental  data &, e n e e d e d  ta see zf f h i s  conclusion 
hul ds.- 

Early work by  Millet et al . (21) at t h e  FF'L in Madiscn showed t h a t  
after pretreatment w i t h  gaseous 302 under  pressure f a r  2-31 at a 
t e m p e r a t u r e  oi about fZOC, samples of hardwcaas and softwoods 
increased t h s i r  enzymatic digestibility substantially. The Klason 
lignin values of the pretreated hardwmds decreased 67% f r o m  t h e  
i n i t i a l  c o n t e n t  and 27.50% f o r  the p r e t r e a t e d  s a f t w o q d s ,  indicating 
an extensive depolymeriration of the original Iignin, Conner <I321 
treated pure  cellulose and cot ton linters and found t h a t  'sulfur 
d i o x i d e  caused a dramatic decrease in t h e  degree af palyrnerization 
but did n o t  a+fect the enzymatic digestibility or the crystallinity 
of t h e  substrate. This might i n d i c a t e  t h a t  the pretreatment 
effects  were geared towards delignification, hemicelfulase 
hydrolysis and tCCs breakdown. In the CASO sample there w a s  a 23% 
lignin decrease and 5&% hemiceliulose decrease as shown in Figure 
1, The  IVDMED w a s  increased 1-39 times over the rontrai, f h i s  is 
equiva lent  to a 38% increase over t h ~  control as shawn in Figure 1, 
These results are ccmpared w i t h  tt~ase cbtained by  ather researchers 
e m p l  oyi ng bagasse and other l i gnocel l u l o s i  c residues an Table V f  1. 
O u r  data is in agreement with that repur ted  by scientists f r o m  the--  
V o f  rani C e n t ~ ? r  (153-1351 i n  Israel for  wheat rtra;.~, although they 
used abaut seven times less chemical pet- unit dry  weight o+ 



lignorellulosic residue. Zbrahim and Pearce (96-971 showed rather 
slight effects  o+ SO2 o n  bar ley  and pea  straws and cane bagasse. 
Although they t r i e d  several  temperatures and hold ing  tides it seems 
t h a t  they d i d  not use intermediate temperatures (about 7 0 C )  and 
large holding times (3  days), which are necessary ta induce t h e  

I required benefits. 

Steam pretreatelenfi was originally developed in 1925 and has been 
e x t e n s i v e l y  used in the manufacture of h a r d b o a r d  b y  the Masunite 
processes empluying wood. I n  t he  l a t e  seventies Ioiech Corp Lhd and 
S t a k e  T~chnolugy L t d  in Canada started using t h i s  process JOT t h e  
prnductian .A f e e d  for ruminants. T r e a t z e n t  of wood c h i p s  up t o ,  
18SC also is prac t i ced  rommerciafly in t h e  first stage a+ the 
rnanu-fact~rre aC dissolving pulp by t h e  preh+fdralyzed k r a f  t praress. 
Hence wood s t e a m  pretreatment studies have shown that t h e  
lignocellulasic matrix is modified drastically and t h a t  t h e  
rernai ning sol i d s  are m o r e  s s r s c e p t i b l e  to enzymatic hydrol-ysis. The  
stkuctural changes and c h e m i c a l  reactions taking place seem to b~ a 
f u n c t i o n  oi temperature and time a+ the pretreamenk. She fulfowing 
can b e  summarized: a) during a s h a r t  p r e h y d r c i l y s i ~  iabaut 30-60s) 
t a k i n g  place at t ~ m p e r a t u r ~ s  a+ 220-240C lignin was extensively 
depolymerized to low molecular w e i g h t  polymers t h a t  were soluble in 
aqueous alkali or ethanol-water solutions and a small amount 20 l a w  
molecular w i e g h t  phenol r-elzteb compautlds, althaugh rerondensatizn 
reactions could eventual f y t a k e  p lace  j b h e m i  cel f ufoses  w e r e  
easily hydrclyzsd into mana and oliqassccharid~5 af law molecular 
weights, in addition, sorne degradat ion p t - u d u ~ t s  W e r e  formed that  
apparently zandensed i h  lignin, thereby iccreasing t h e  lignin 
content 5 c 1 cellulose w a s  h e  1 e.as't: hydro! yzed component 
maintaining its crystallinity d e g r e e  b u t  reducing it5 deqree af 
p a l  ymerization, and r th..? r a p i d  steam decorr.pression ar  explasian - 

defibrated the cellu 3r structure anb caused a large increase in 
acres s3S i ' l i t y  US t h ~  cellcrlose to enzymatic h y d r o l y s i s  Cf%&-14S), 
The resc r l  t i n g  suli 2 5  L ~ n t a i r a e d  inhibitors which intsrferred z v i t h  
growth of rnitrcc -ganisms . a n d  anaerobic fermentations CL45-159). 
Washing the sol-ds kith w a t e r  o r  dilute alkali remaves the 
inhibitors, Hor*.?ver i t seems that a n a e r o b i c  m i x e d  tultLtres are 
less prone tu i : h i b i t i r  n, bath i n  in vitro systems (156:, as; also 
in v iva  ruminant - f e t d i n g  stuoies (84, 151-155?, Htlawever  the 
chemical nature of  t h e  , n h i h i t o t r s  is ~ n k n o w n  (156) , as also is any . 
detoxifying m e t c h a r t i s m  e x i s t i r r g  i n  mixed c c r f t u r e s  existing in mixed 
cultures of ana~robic bacteria. 

The sol id y i e l d  5 or cane bagasse a$ter stearn explosion a+ 240C 
(3.3SPlPa) and 6Os was about 78%. T h i s  Sigure w a s  w i t h i n  e x p e c t e d  
values: Cheong et al (257) found that y i e l d  decreased w i t h  
e x p o s u r e  t i m e  at fised pressure and w i t h  increasing pressure at a 
canstant expascrre time, mini;nurn y i e l d  was 70.7% at 0, id MFa 419BC), 
Hart et al i158) -found higher values, 92-952 at 2-07 MPa -for 5 m i n  
and 84-P?X at 2-76 WPa +or 0.5-1-5 nt in l  A r n i n i m u r n  yf e l d  of 79,2X 
has S e e n  repar ted  by Sanqneka r  et al. (91) f a r  60 m i n  at 0.88 MPa, - 
and he found the same y i e l d  dependence egli t h  t i i a e  and pressure, 
Mor j a n d +  et ai ( 159) e x p l  o r 4  vari aus steam prekreatment 
techniques;  t h e  y i e l d  was between  69 &Q 74% af ter  i h  aP 160-18QC. 



The solid f r a c t i o n  remaining w a s  treated for 5 m i n  at 208C and the 
corresponding y i e l d  w a s  87.6%. Hence a combined minimum yield of 
bO, 4% was ab t  ai ned.  Dekker and Wallis (360)  reported -a y i e l d  o-f 

a,GS2;ler a pretreatment of 4-20 min at 200C and 6.9 MPa obtained 3 i + d P ' -  
by 3itragen pressurization. The yield varied f r o m  63.5 to 71.9% by 
5 min at 200C and a pressure f r o m  3-45 ta 13.8 M P a  employing pure 
C02 or in mixtures with NZ (46, 1613. Lower y i e l d  values can b e  
o b t a i n e d  if an explosion soda pulping is employed, +at- e x a m p l e  
M a m e r s  et al (1621 repor ted  a figure of 52.5% for  5 n i n  at 3.4-13.8 
MFa w i t h  7% Na2Q. 

In F i g u r e  1 it is easily seen tha t  t h i s  pretreatment czused one af 
the l a r g e s t  decreases i n  hemicellulose and lignin f r o m  bagasse, 
95-9 and 64.5% af the o r i g i n a l  values respectivePy. The IVDMED 
increased aver  t h e  cantrol about 3 f o l d .  The e x t e n t  of 
h e m i c e l  luiore hydro1 y s i s  has been reported as 77% (at 6.88 HPa and 
6 0 - m i n )  ( ? I ) ,  34-59% (at 194-224C +or  I m i n )  (143) and;36% (14OC 
f o r  SO mini ( 7 0 )  - - In the case of lignin very small losses have - 

been found previously, 21% (19QC $or 90 minl (901 snd 3% (0.88 MFa 
and 60 minl (41). Hawever G h o s e  et al <I631 have reported a value : 
of 88% deligni-Fication w i t h  44% yield employing aqueous butanul 
with an unspecified aranatic acid catalyst .  In Table VITI are 
summarized the increase in i n  vitra digestibilities f o r  
steam-exploded bagasse sarnpl es. There have been a wide range d+ 
experiments' conditions explored  and there is also a large 
variation in the response o b t a i n e d .  O u r  data is comparable to t h e  
one by  Hart et al (1581 in terms af e x p e r i m e n t s 1  conditions used ' 

but our results are about 50% bet ter ,  Here the aspects of car.e 
varieties might be partly respansable for these differences.Soms 
d a t a  in t a b l e  VIII have been obtainsd d i t h  a combination a+ ' 

chemical and steam-explosion pretreatments; in a l l  cases t h e r e  has 
been an improvement over the ane o b t a i n e d  separately but nothing 
spectac~tl-ar, The digestibility improvement has been caused by a 
partial delignif i c a t i o n  (66-70) but  also p r o b a b l y  m o r e  important to 
a decrease in degree a+ palymerization a+ the celfufase (94) and an 
increase in surface area (142) caused b y  a physico-chemical 
disruption of the lignocellulasic matris. I t  is impartant  ta point 
o u t  t h a t  cellulose crystallinity remains unchanged during this 
process (94, 1641, althok-gh due t~ t h e  partial hemicePlulase and 
lignin (and probably LCCs)  h y d r o l y s i s  and loss of soluble m o n o m e r s  , 

caused by the acid medium generated due tu the cleavage a$ acetyl 
groups, t h e r e  is an actual crystallinity increase of the remaining 
solids. Hence it seems that, as Ghsrpuray et a1 (411 have  
suggested, t h e  enzymatic hydroXysis  is m a i n l y  affected by the 
substrate s u r f a c e  area,  lignin c o n t e n t  and cellulase crystallinits 
in that  order.  Although for ather chemical pretreatrnents 
crystallinity seems to be an important  parameter C331, and moreover 
recrystallization during pretreatment m i g h t  be a factor  Ci&5), 

T h e  modified orgznosa lv  pretreatments either w i t h  e t h a n o l  or phenal 
caused t h e  greatest d e l i g n i f i c a k i a n  of a l l  methods tested, 
accompanied w i t h  a substantial lass of hemic~lkulases as shswn i n  
f i g u r e  1, This  behavior  is typical in t h i s  process as clearly 
shown,  among a t h e r s ,  by Fhj. l l ips and Htta'r?phrey ( I S b ,  I&;;") f as pop1 ar 
in woad, in which regardless of t h e  treatment conditions used, The - 



lignin removal.  was always accompanied by hernicellulose remavkl i n  a 
linear c o r r e l a t i o n  among the  t w o .  The IVDHED increases were very 
high, from 3.2 t i m e s  far CAOK-1 ta 4.7 f o l d  for CAOA-2. .In t e r m s  af 
relative perrentual increases over the cont ro l  value, these figures 
carrespand ta 217% and 372% respectively. TheAsample treated with 
phenol (CAEGI r e s p o n d e d  similar ta CAQK-1 b u t  was 23% belaw t h e  
best  r e s p o n s e  o b t a i n e d  w i t h  a 4% NaOH:&O ETOH: 40 HZO:0.05 AQ 
m i x t u r e  (CAOK-2). 

The susceptibility of EX-FERMented chips ta the h y d r o l y s i s  by t h e  
fungal cellulase enzyme are presented in Figure 3. The data are 
expressed as percent saccharification of the holacellulose Sractian 
of each sample.  Similar in+orhation is presented fcr t h e  various 
bagasse samples and this is compared w i t h  data from the literature 
(87, I ,  1 168). The r e d u c i n g  sugars detected in the Liquid 
fraction oli the samples minus the ones in 2ne control (no enzyme) 
were empioyed t o  make the calculations, hence t h e s e  values . 
represent true products af enzyme hydrolysis and do not t a k e  into 
account the different soluble sugars residues present in the ~ 

variocts cane and bagasse EX-FERMented 1 s  The hydrol  ysis 
b e h a v i c r  .of the CAST samples is simi iar especial l y a+ ter t h e  f f rst 
ZOh w h e r e  t h e  variation between duplicates w a s  large. It seems 
that  the i n i t i a l  rates are different, CAST-1 and CAST-3 showing t h e  :. 

highest rates. The bagasse sample shown in f igure 4 showed ih 
general a higher i n i t i a l  ra te  of hydrolys i s  and a higher extent  of  
hydro lys i s  after 72h than t h e  corresponding =an@ chip sarnpl-, 
A l t h o u g h  it is tempting to say that these d i + - f e r e n c e s  might have , 

been caused by t h e  a c t i o n  of t h e  crushers and roller mills during 
sucrose e x t r a c t i o n ,  more samples would be needed  in order to - 
confirm it. The data af Dekker and Wallis (87, 160) obtained w i t h  
a cellulase pr-eparat ion  o b t a i n e d  f r o m  Trichoderma reesei RUT-C-30, ' 

and the  one by Rao et al ( 3 & 8 )  abtained w i t h  an enzyme from . 
Penic i - I l ium ftrriculaaum, fall n i c e l y  with the data +or EEST-2, 3 
acd 4. However t h e  data a+ Trevedi . and R a y  ( 106) employing a 
high-strength c ~ l  lulase + r a m  a mixed culture of Scytalidiun 
lignicola and Trichoderrna- l.~rtgibrachiaturn was far superior in 
e x t e n t  of hydralysis s S t e r  45h, However the di#ferences - m i g h t  be 
caused n o t  onl y d ~ r e  ta a dlf f erent  enzyme Out a1 so because. a+ a - 

d i $ f  erent cane variety. 

The percent  saccharification and the enzymatic digestibility data 
are not equal as they are  expressed on a different b a s i s  and have 
been obtained measuring unequal parameters and emplaying a 
different amount af enzyme. Nevertheless a cornparisan can be made 
at 72h between the two. On the  average the CAST samples showed a 
28% less saccharificatisn t h a n  the IVDMED values; the BEST samples 
showed the same average for t h e  two values. The S a c t  that t h e  
p e r c e n t  sacrharificatian w a s  l o w e r  in the unprocessed cane chips 
might reflect  indirectly t h e  hydrolyzing action af acid-pepsin i n  
t h e  two-enzyme digestibility assay. Bowman and Callins (57) 
c o m m e n t  that either the use a+ arid-pepsin or n e u t r a l  d e t e r g e n t  
solution is recommended be fo re  the  use a+ cellulases for  
determining forage digestibility, since in t h i s  way mnre insoluble- 
material, is hydro1 y z e d  by the . hoiorellulalytir: enzymes. The 
p r o t e i n  polymer night  protect  the halocellulosic fiber i n  sugarcane 



and this fact persists even after an EX-FERM process a+ sucrose 
conv~rsian ta ethanol. Cane crushing and pressing in the sugar 
m i l l ,  might alter t h i s  s i t ua t i on  and hence t h e r e  i.s na ' di+ference 
between the t w o  assays. A g a i n  more proof is n e e d e d  to reach a 
f i n a l  c o n c l u s i o n ,  specially since cane has on ly  abaut 1.2-2.6% 
protein compared with hardwood leaves, lucerne and ordinary grass 
hays which have in the range of 8 to 23% (110, 169) and a l so  cereal 
straws, 2.0-5.0% (1 10, 170) . 
T h e  data fo r  t he  p r e t r e a t e d  samples are presented-in Figures 5 to 
7. In Figure 5 t h e  alkaline pretreated samples are compared to 
CAST-I. ks expected a11 the pretreated samples w e r e  hydrolyzed 
faster and m o r e  completely. The sample m o s t  susceptible to 
hydrslysis w a s  the ~ a ~ n p l e  pretreated w i t h  NaUW under solid 
substrate  conditions. f h i s  sample was even better  t h a n  the one 
obtained with a full soda coak. f he ammun i a and Na2C03+Ca CUH) 2 
p r e t r e a t e d  samples shswed a similar behavior but w e r e  inferior to 
thb NaOH e f fec t ,  .as was f cund  for t h e  IVDMED data which w a s  shown 
in T a b l e  I .  If one compares the 48h e x t e n t  of hydrolysis, t h e  
relat ive  values i n  t e r m s  of t h e  CAST-I sample are 376, 128 and 66% 
increase. for  t h e  CANA, CACANA and CAAPl samples. These figures are 
b e t t e r  than the IVDMED relative increases. Rac e al (1k18) 
repar ted  a 312% increase at 48h fur a 4% NaOH p r e t r e a t e d  (and 
washed afterwards) bagasse sample. Trivedi and R a y  ClOb) +ound 
cnly a 8 6 X  e x t e n t  of h y d r a l y s i s  increase a S t e r  48h of 2-10% NaOH 
pretreatment (nikh washing and neutralization a+terwardsl- 

In Figure b the  data f c r  t h e  organosolv pretreated samples are 
given. A11 argan~solv treatments were ef+ectfve in increasing the 
i n i t i a l  r a t e  of hydrolysis and the e x t e n t  af hydrol  ysis a f t e r  48h, 
specially CADK-I and CAOA-2. A s  specified i n  Table 11, t h e  +irst 
one  w a s  nst w a t e r  washed a f te r  an alkaline ! I % )  organasolvj in t h e  
second one a h i g h e r  NaOH c o n t e n t  (4%) and anthraquinone as catalyst  
w e r e  employed and the sample was water washed. b!e d o  n o t  k n o w  iS . 
e ~ a + s h i n g  t h e  sanpl  e a+ter prekreament removed ~ a s i  1 y hydrol y z ~ d  
complexes f r o m  it. This is a possible explanatian fur the fact . 
t h a t  m a r e  carbohydrates were d e t e c t e d  in the l i q u i d  phasP in t h e  , 

C A W -  1 samp l e . The p h e n o l  pretreated sample gave a similar 
behavior as t h e  CRCIK-2 and CAOA-I samples, and a l l  of  them w e r e  
inferior to CAOE-I and CADA-2. These two gave hydro lys i s  values at 
48h which w e r e  4.7 f o l d  h i g h e r  than the untreated CAST-1 sample. 
Very similar increases w e r e  obtained Sar t h e  PVDMED values as  
ment ioned  before. 

Figure 7 c o m p a r e s  t h e  results fur t h e  steam-exploded sample (CAEX) 
and t h e  502 pret reated  sample (CGSO) w i t h  t he  untreated (CAST-1 1 
and t h e  best samples from Figures 5 and &. The CASO sample  shows a 
lower susceptibility to enzymatic hydrolysis than the NaOH and 

. organosol v samples. Hawever the . steam-exploded sample gave  the 
highest v a l u e s  far t h e  p e r c e n t  saccharif icatian, close to B5%, 
fhis is 5.5 times t h e  e x t e n t  0 h y d r o l y s i s  fa r  the untreated 
sanlp I E . fao  et a1 (168) r epo r t  a 3.1 increase after 
steam-explosion +or- %Q m i r i  at 0.68 MFa. Both o-f these values are- 
much hiqher than thase found fo- t h e  IVDMED parameter and 
summarized an Table VZII. Again these steam-exploded samples were 



not water washed after pretreatment and the pessibility a+ the 
generation during the steam-e~plosion of easily hydrolyzable 
carnplaxes m i g h t  e x p l a i n  these results. 
CUNCLUSIQNS The results reported i n  t h i s  ar t ic le  indicate t h e  
diCferent e f f e c t s  upan chemical campositiah, i n  vltro enmymatic 
digestibi%ity and susceptibility to enzymatic hydrolysis of 
EX-FERMcnted sugarcane chips subjected ta various pretreatments. 
A l l .  the pre t rea tmen t5  were effective i n  increasing the IVDMED, t h e  
initial rake  oC halorellulase h y d r o l y s i s  and t he  saecharification 
e x t e n t .  The b e s t  pretreatments were the organosolv variants,  t h e  
steam-expl osion, the sodi urn hydro:[ i d e  and the aqueaus-phenol . . 
L i g n i n  and h e r n i c e l ~ u l ~ s e  rantents decreased i n  a l l  samples, 
Dalignification was higher +or t h e  organasalv, aqueaus phenol and 
steam exploded samples, H e m i  cell ul ose w a s  f ul 1 y hydra1 yzed in the 
aqueaus phensl and steam-exploded samples. Extensive camparison 
w i t h  literature values and several, a l t h o u g h  limited, Guatemalan 
samples shawed qui te  a large variation in pretreatment e#-.Fects, It ' 

is- q u i t e  possible t h a t  an exp lanat ion  f a r  t h i s  fact might  be  the 
strrrctrs-al d i + f  erenccs r'sund in t he  l ignoc=ellulcrz;ic matrix of t he  , 

various cane varieties processed in the tropical sugarcane growing 
regions of the war3d. 
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- Table I .  Desirjption and identification- for sugarcane EX-FERMented ' 

chip samples used as control, ' 

for  i n  the mill chopped EX-FERMented chip samples and . 
for bagasse samples 

I den t i f i ca t i on  Description 

EAST I. Uhole sugar cane from Concepcidn Mill EX-FERMented in ICAITI,' 
without pretreatment. 

CAST2 Whole sugar cane from Concepcian Mil I EX-FERMented i n  ICAITI, 
yi  thout pretreatment. , 

'  CAST.^ Uhole sugar cane from Pantaleon Mill EX-FERMented - in  . ICAITI, . 

without pretreatment. 
C M  .4 Yhole sugar cane from Los Tarros -. bli l l  EX-FERMented in ICAITI, - 

without pretreatment. 

CPST 3 Sugar cane chopped in the sugar mill . (Pantale5n), E X - F E R M ~ ~ ~ ~ ~  . 

i n  ICAITZ, ~ i t h o u t  pretreatment, , 

CPSF 4 sugar cane chopped i n  t h e  sugar mill (Los ~arros),~*~-~ER~ented 
i n  XCALSI, w i  thoui pretreatment; 

BEST 2 Mhol e sugar cane bagasse, col 1 ected i n  the Concepcian N i l  1 , 
. 

without  pretreatment, 
BEST 3 %hole sugar cane bagasse, collected in,the Pantaleijn M111, 
C 

without pretreatment. 
BEST 4 Whole sugar cane bagasse, collected i n  the Los Tarros Mill, 

uS t h o u t  pretreatment. 
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Fjgure 4. Enzymatic hydrolysis o f  the hol ocell ulose 
from bagasse samples. See Table I for 

ident i f icat ion  
The % saccharification i s  based on the i n j t i a l  amount o f  

cellulose p l u s  hemicellulose.present in each sample. 
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FSgure 5. - Enzymatic hydro1 ysi s o f  the hol ocel l ul ose 
from alkaline pretreated EX-FERMented 

sugarcane ch ip  samples. 
C See t e x t  for sample i d ~ n t i f i c a t i o n .  

The % saccharlf i c a t i o n  i s  based on the i n j  t i a l  amount of 
cellulose p l u s  hemicellulose present i n  each sample. 
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EFFECTS OF 50ME PHYSICAL AND CHEMICAL FRETREfiTMENTS 
C€3MPOSXTLON AND ENZYMATIC HYDROLYSIS AND DIGESTIBLLETY 
GRGSS HND CITRONELLA BAGASSE 

C Ralz, MIC. dc Arr ia la ,  J Valladares and 8 de Cabrera 
Applied Research Division 
Central American Rese~rch Institute fo r  Industry CICAITI) 

THE 
LEMON 

P.O. Bax 1552, Guatemala C i t y s  Guatemala, C . R .  

ABSTRACT 
The effect o f  some physical and chemical pretreatments of 
grass and c i t rone l la  bagasse on the 
susceptibi liay to enzymatic hydrolysis an 
digestibiiities was evaluated. Three 
pr-etreatments w e r e  tested (NaOH, NaZCQ3 + Cat 
(5021 and t w o  physical. pretreatments ( s t e a m  explosio 
modified ~ r g a n o s o l v  employing alkaline ethanol-water m i x t u  
anthraquinone as catalyst) . The general 
pretreatments was similar with the t w o  bagasse 
observed improvements were greater +or l e  
ci t r a n e l  l a, suggesti ng than i mprovernent 
speci es-specif i r Hemire1 1 ul ose was hydro 
cellulose was chemically stable and hkghe 
U ~ ~ E T V P ~  fur the organosolv, the  sulfur d 
hydroxide methods. With the steam expludad, t 
NaOH and SO2 pretreated materials,  szccharif  
70% were a b t a i n e d  w i t h  ceilulase compared 
untreated materials. The i n  v i t r o  digestibilities w 
cel lul ase were h i g h e s t  f u r  the organosol v 
pretreatments, m a r e  than 5 times t h e  untreated  va 
grass and around 3.5 far c i t r o n e l l a .  

TNTRODUCTXON 

teman grass and citronella bagasse ar-e the lignocellu3usfc 
of steam distilling freshly cct lemon grass and citronell 
f sr the recovery of t h e  essential ai l s .  The plants  belong 
Er-amineae family and have b e e n  c lass i - f ied as Cymbopogan c 
and Cymbopaqon winterianus respectively. The essential oi 1 
is low, 0.3-0.7% b y  weight of f r e s h  grass, an 
complete. ASter steam d i s t i l  l a t i a n ,  the  bagasse is p a r t i a l l y  

. in the f i e l d s  and a f r a c t i o n  is burned to g 
stripping; t h e  rest is lef t  in the + 
biodegradat ion  takes p l a c e  (Euentber, 1950). 
+eed is limited due t o  a n i m a l  r e jec t ion  because o+ the 
ar-nma and flavar. Several attempts have been m a d e  t o  use 
source of  f i b e r  +or paper  and board products but  t h e  pro 
least i n  Guatemala, has anly been taken  to pilot plant tests 
grass o i l  production is around 1000 t per year, be ing prad 
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India, Guatemala, t h e  Republ ie of China and Sri Lanka. Citronella 
oi 1 production is around 3000 t p e r  year produced b y  Indonesia, S r i  
Lanka, the Republ ic of China, Taiwan, Guatemala and brazi f 
[Robbins, 1983). This means that there is a possible worldwide 
availability of about 200 000 t o f  dry  bagasse per year that  caul 
be used 'as a source a+ lignorellulosic biomass. The material ha 
been already subjected to a low pressure s t e a m  treatment which not 
only sterilizes it but  induces physical and chemical changes in the 
lignocellulosic matrix. 

In order to increase the rate and e x t e n t  of holccelluiose 
hydrolysis for production of sugars fo r  f errnentation or digestible 
fibre f o r  use as animal feed, a pretreatment o f  t h e  substrates is 
required i n  order t o  alter s i g n i f i c a n t l y  the structural 
characteristics of the lignocellulo5ic matrix. Such a p r e t r e a t m e n t  
m u s t  enhance the close contact between microbe and fibers to give 
an efficient enzyme ar t ion ,  There seems to be little doubt that 
the various pretreatments tested so fargalone or in combi 
enhance enzyme or microbial l y c a t a l y z e d  hol lacel lulase bre 
I n  a recent r e v i e w  there  was a list of 10 physical, 1 8  chemica 
one biological treatments [Fan et dl, 19-821. There seems t 
however, only a limited understanding cf how these pretreat 
enhance biudegradation. 
The m o d e  of ha1 locel lulolysis may be quite species-speci?ic, 
i n  t e r m s  of the substrate and the microorganism. 
tieterageneuus reaction and it i thereiure influenced by 
structural features of the substrate, the i n t e r a c t i o n  b e t w e  
microbe and s c i b s t r a t e  surface and the complexity o f  the associate 
enzymatic s y s t e m .  M o s t  u the research work done so +ar+ ha 
employed enzymatic prepat -at i  ons US f i lamentous fungi growh i 
submerged culture and temperate grown cereal straws as substrates 
It seems that the rate and extent of hydro1ys i . s  depends on the 
amount of substrate surface exposed, the prgper adsorption. of the 
biacatai yst,  t h e  degree of pol ymerizati on of the pol  ysaccharide a 
miminum Xignin, phenolic acid and acetyl contents ( C ~ w l i n g  an 
Brawn, 1969; Cowling, 1975: Cawling 3~ K i r k ,  1976; Tsau et al, 1978; 
Sasaki et al, 1979; Fan et al, 1980a,b; 1981a,b; L~syakova et al, 
1780; tee et al, 1982. 1983; Gharpuray et al, 1983; Sinitsyn & 
EXesov, 1982; L i n  et dl, 1981; Ryu t Lee, 1982; G i l h e r t  & Tsao, 
1983; Puri, 1984; Grethlein, 1984). v 

The objective of t h e  present work was to evaluate the e4fect u+ 
some p h y s i c a l  and chemical pretreatments on the camposition 
susceptibility t o  enzymatic h y d r o l y s i s  and i n  v i t r o  enzymatic 
digestibilities of Lemon grass and citronella bagasse and discuss 
the  results as these are, as far as we knaw, the first data 
pctbl i s h e d  for such l i gnocel  l ulosi c residues. 

METHODS 



- Lignocel lulosic substrates 

Lemon grass and c i t rwne l  la bagasse were o b t a i n e d  i r  u l t t  pI antat ions 
lucated'fn the Guatemalan Pacific lowlands at 420 meters above sea ' 

l e v e l ,  i n  J u n e  a t  the s t a r t  of t h e  r a i n y  season and t h e  harvest of 
the leaves. They  were c o l l e c t e d  as they came o u t  of the essential 
oil  steam d i , s t . i l l e r y ?  sun d r i e d  t o  a final moisture araund 6-7% and 
packed in plastic ventilated b a g s .  The control samples were 
prepared by milling the  dried r a w  materials in a pilot Fitz M i l l  
C o m m i n u t c r  (The F i t z p a t r i c l :  Co.1 w i t h  a 0.84 mm s i e v e ,  The final 
powders obtained were packed in plastic bags. 

- Substrate pretreatments 

The f a1 lawing a1 k a l  ine pretreatrnents w e r e  done: a) salid state 
sodium hydra:.:ide: sodium hydroxide w a s  added ta the ground d r i e d  
material at BO g kg-1 of d r y  matter. I t  w a s  added as a 
concentrated solution in a 1:4 solid to liquid r a t i o  and the amount 
of raw material u s e d  in a l l  cases was 250 g dry m a t t e r .  The 
mixture Has thruughly mixed in a r ibban blender and placed i n  a , 

polyethylene bag Cur 1 0  days a t  r o a m  temgerature (25CJ.. Then it w a s  
solar dried a n d  s t o r e d  again  i n  the s a m e  bag. b )  sol id state a 

mixture of sodium carbonate and caf cium hydroxide: t h e  amount of 
both  chemicals added w a s  146 g kg-f oC dry matter of which 73% was 
sodium carbonate .  Due tu chemical r eac t ion  the edf ective charge 
determined b y  an ash mass balance was €30 g kg-1, The s a m e  
procedure as before  was SulXowed. cl gasenus a m m o n i a :  250 g o-t d r y  ' 

bagasse was moistened with w a t e r  to a solid to liquid r a t i a  o.F 1:3; 
p l a c e d  i n  a Bc,crrhn@r -funnel and a s f r r e a n h  of gaseous NH3 passed until 
saturatian. T h e n  the bagasse w a s  transSerred to a p o l y e t h y l e n e  bag 
and m a i ~ t a i n e d  f a r  10 d a y s  at r o o m  temperature (2SC). I t  was then 
solar d r i e d  and stared in t h e  same bag. The amount o+ chemical 
u s e d  d e t e r m i n e d  by weight difference of the substrate after- 
treatment w a s  290-5 g kg-l of  d r y  matter. However mast w a s  l ~ s t  
during s i t a r a y e  as the final ratio was 21.7 g NH3 k3-1 dry matter. 

C I e  - Dne  gaseous pretreatment was done employing SQZ. L C  g o f  dry 
material was f i ~o i s tened  w i t h  water using a -,slid to l i q u i d  ratia oS 
1:3, placed in a Euchner funnel and a stseam of  gaseous SO2 was 
passed fur 15-20 min u n t i l  s a t u r a t i o n .  Then the  m a t e r - i  a1 w a s  
p l a c e d  in a sealed jar and maintained a t  7 0 C  f o r  72 h ,  after which 
it was solar dried and t ransfer red  t o  a p o l y e t h y l e n e  bag. The 
amount o f  chemical u s e d  determined  by w?ight difference of the 
substrate d e t e r  treatment was 185-7 g kg-1 u-f d r y  matter, Again, 
nrost of it was lost dur ing  starage as the final r a t i o  was 36.4 g 
SO2 kg-1 dry matter. 

One set of  200 g samples was steam e ~ p l  oded by Dr J. N.. Saddler of 
the Eastern Laboratory of Forintek Canada Corp, O t t a w a .  T h e i r  
procedure i n c l  ~ t d e d  e:,:posure to steam at 24UC f o r  60s in a small 
steam e x p l o s i o n  gun (Saddler et al, 1982). The yiald.5  on dry basis 
were 75.4iX for 1 ctnon grass and 75.75% 5 n r  citronella. 



The fihal pretreatment emplayed was a modified organosolv process, 
in which the  materials were placed in contact i n  a solid to liquid 
ratio of 1:6 with a mixture of 60% ethanol-4{5%water by weight w i t h  
40 g of Na20 kg-1 o f  d r y  m a t e r i a l  and 0.05% of anthraquinone by 
weight o f  dry material. The m i x t ~ r r e  was cooked i n  a pressurized 
r o t a t i n g  digestor #or 4 h at 175C. A f t e r  that the liquors were 
drained, the solid material was washed with water, solar d r i e d  and 
stored in polyethylene bags. The yield was 55.66% f ~ r  lemon grass 
and 56.66% f o r  citronella. 

T h e  identifications used f a r  samples were: untreated lemon grass 
TEST4 untreated citronella G I S T ;  solid state sodium hydroxide 
treated lemon grass TENA, and citronella CINAj solid state sodium 
carbonate plus calcium hydroxide treated lemon grass TECANA, and 
citronella CICANA; gaseous a m m o n i a  treated lemon gra55 TEAM, and  
c r ' t r o n e l . l a ' C I ~ ~ r  gaseous sulfur dioxide treated lemon grass TESC, 
a n d  c i t rone l la  CISO; steam exploded lemon grass TEEX, and 
c i t r ~ n e l l a  CIEX;  and a1 kali ' organosalv treated lemon grass TEOA, 
and ri t rune l  la CIOA. 

- A n a l y s i s  

The samples were analyzed f a r  Kjeldahl nitrogen, ash cuntent and 
res idual .  essential oi 1 (AOAC, 1975) and f o r  neutral detergent 
f i b e r ,  acid detergent fiber, permanganate f i gnin and c e l l u l o s e  
fol2owing Gaering k Van Soest (1970) and Van Soest 8 R o b e r t s o n  
(1980). In vitra d r y  and organic m a t t e r  enzymatic digestibiliti~s 
were determined by following the methado logy  suggested by Goto EC 
Minson (1977) ;  Fldegbola & Paladines (15'$7)f McLeocl & Minsen I1978, 
198(1,: D o w m a n  Fk Callins (1982). In s u m m a r y ,  200 m g  of t h e  material 
w e r e  suspended in 20 ml of a 2 gl-i acid pepsin sclutian <No. 
P-7125 Sigma C h e m i c a l  CD. 1 and incubated a t  40C for 48h. Sample 
were centrifuged, washed once w i t h  distilled water, centrifuged an 
suspended in 20 ml o+ a 2.5% by weight ~ol~ttion oi: f u n g a l  cellulase 
Onozuka FA CMaruzen Chemicals Co. Ltd) i n  0 . 2 M  acetate buffer pH 
4.8 and incubated at 4 0 C  f o r  48h. The suspension was filtered in 
s i n t e r e d  glass crucibles, washed with water and weighed. Cmntro 
were done with distilled water and na enzyme. During incubati 
the tubes w e r e  agitated twice a day. 

- Enzyrnat i c hydro1 y s i  5 

XOO g of the material w e r e  suspended i t ?  9 m l  of 0. ZM acetate h u S C e r  
pH 4.8 containing 1 mg thimerosal 100 m l - 1  as preservat ive.  O n e  mZ 
af a 1% by weight s a l c r t i o n  o f  cellulase (Unozuka FA in O. ZM acetate 
b u f f e r  pH 4.8) w a s  a d d e d  and the s e a l e d  tubes were placed in a 
rotary shaker (New Brunswici:: Caf  at 44C and 400 rpnl. Samples were 
taken  at 8 ,  24, 48 and 72 h, t h e  solids discarded and sugars 
determined  in the l i q u i d  by the dinitrasa! i cy l . i c  ac id  method (Hadge 



& Hofrciter, 1962).  C a n t r t ~ 1 s  were done w i t h  distilled w a t e r  in 
place of enzyme. The f i l t er  paper  activity of the ensyme solution 
was 0.04 units m g - l  protein (Canevascici & Gattlen, 198i). Soluble  ' 

p r o t e i n  was determined  by the towry method 119511, 

I RESULTS 

The analyses of  t h e  raw bagasse .  samples are given i n  Tab ie  1. T 
t w o  Cymbapogon p lants  are  similar. The he1 lorel lulose 4racti 
amenabl e to en2 ymatir t ~ y d r a l y s i  s, was 58.4% far l e m o n g r a s s  
58.5% (dry w t .  1 +or c i  trunel la. The corresponding figures on a 
f r ze  basis were 65.2 and 64.1% respectively. 

With the analytical d a t a  of the . solid samples fro 
pretreatment and the carresponding solid yields a mass b a  
the 1 i q n o c e l l u l o s i c  fraction was made. The results are 
Figure 1 where they are expressed as % change w i t h  respec 
values reported in Table 1. There w a s  a s i m i l a r  general re 
to different pretreatments with the two bagasse samples CFi 
Most the pretreatrnents increased the water s o l u b l e  su 
s t t b s t a n t i a l  l y ,  the sodium hydroxide pretreatment k i n g  
ef fect ive .  The o n l y  exceptions were the orqanasalv samples. 
only these samples were water washed a f t e r  pretreatment. 
del i ~ n i f  ications w e r e  obszrved for t h e  at-ganosolv, t 
hydra?: i d e  the su1.f ur di a:.: idc and the ssdf urn carbonate-c 
hydroxide mixture treatments, w i t h  the highest val.ue a d e r r  
6 1 %  f a r  TEOA. P r - a r t i c a l l y  t h e  only pretreatment that pro 
5igniCicant decrease in the cel lu lase  +ract ion w a s  t 
explosion' terhni que in which 13-17% was hydrolyzed. W i t h  e;i 
of t h e  arnmoni urn and sodi urn carbonate-calei urn 
pretreatments, the pretreatment5 induced a rather 
hemicel l u l c s a  hydro1 ysls of above 50%; it was p r a c t i c a l l y  
+cr t h e  steam-explusion method. 

The results of the determinations ob fungal cellulase h 
are in Figures 2-5. T h e  data are expressed a s  pe 
saccharif ication uf the hollarel lulose fraction of each pre 
sample. The reducing sugars in t h e  enzyme digests fiincrs th 
the cnntrul (no enzyme1 were determined, h e n c e  the5 
represent t r u e  p r o d u c t s  of  ensyme hydrolysis and do not t 
account the soluble sugars pr-odueed during t h e  pretreatment 
Again, there were more similarities than di+ferenees in t h e  
of the  d i f fe rent  pretreatrnents on both substrates. 
pretreatments w e r e  effective in enhancing the enzymic hydro 
The s t e a m  exploded, the organosolv and the sodi urn h y d r o x i  
s u l f u r  dioxide pretreated m a t e r i  a1 s w e r e  m u s t  e x t e n s i  ve'l y a 
and i n  which above 70% sacchari.ficatfan values were obtained 
in t h e  digestion. 

The digestibilities in Table 2 represent weight lass  due 
enzymatic a c t i o n  i n  terms of initial total dry matter (IVDMED) an 
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i n i t i a l  total organic m a t t e r  (XVDMEU), bu t  taking inta account the 
w e i g h t  loss of the contral ina enzyme) samples. Hence, again these 
figures represent t r ue  digestible matter  suscepti b1.e to enzyme 
attack. A T 1  the  pretrratments were .again cffcctive; the observed 
changes f o r  leinon grass were superior t o  the ones f ~ r  citronella, 
prc3bablG due tc t h e  lower digestibility far t h e  untreated sarnple of  
t h e  former. However, in bath cases the  organosolv and sodium 
hydrox ide  treated samples shawed t h e  greater  increases i n  
digestibility: more than S t i m e s  Sar lemon grass and around 3.5 far 
citronella. 

The percent saccharificatiara and t h e  enzymatic digestibility d a t a  
are n o t  equal. Neverkheles~> it is easy to t rans farm one i n t a  t h e  
other .  I f  the percent saccharificatian data at 72 h Srum Figures 
2-5 a r e  coaver ted  into a digestibility, they are, an t h e  average, 
33% lower f o r  l e m o n  grass and 41% l o w e r  for citronella relative to 
t h e  IVDMD values of Table  2 ,  The  f a c t  t h a t  t h e y  are T o w e r  might 
re+lert the hydrolyzing a c t i o n  03  acid-pepsin i n  t h e  two-enzyme 
digestibility assay. Dawman & Call ins f 1982! comment that  t h e  . use 
a4 e i t h e r  a c i d - p e p s i n  or neutra: detergent s o l u t i o n  is recommended 
be+ ore t h e  use of cei  Xulases f gr determining f arage digestibi l i ty, 
s i n c e  in t h i s  way more insa3ub' l e  material is h y d r n l y r e d  by t h e  
enzymatic action and the results resemble m a r e  digestion in viva. 

* 

DISCUSSION 

The r e s c a r r h  dsscr ibed in t h i s  paper is par t  a+ an effort to 
conver t  lignacel l u 2 o s i c  residues to organic acids t h r o u g h  anasrobic 
f ermentati an. The resis tance uf t h e  untreated r e s i d u e s  tu a t t k c k  
by microorganisms and enzymes l e d  ta t h e  invest igat iorr of 
pretreatment methods, w i t h  the  resu:ts of the  work on l ~ m ~ n  grass 
and citr~nel la b a g a s s e  descr ibed here. The data in Tabie 1 are, t o  
our know1 edge, t h e  f i r s t  of its k i n d  reported f o r  these materiais, 
however they m u s t  be taken w i t h  caut inn as i n d i v i d u a l  camponents 
may Gary within Cyrnbcpegon species cultivated under di-F+erent 
ecosystems and o.f course w i t h  p l a n t  maturity. The results of. the 
cherni cal analysis sbaw simi 1 a r i  ty to the 1 eaves {sheath a n d  b l a d e )  
of common str-aws ( A m a n  $4 N~nrdt::vist ,  1913). I7 t e r m s  a6 t h e i r  NGF 
and ADF contents they shaw same similarit7 ta t h e  cumman s t r a w s  and 
they are o+ i n t e r m e d i a t e  lignin content, agalq being close to the 
straws and sugarcane bagasse ( J ~ c ~ s o R ? ,  1477: K1 up+ enstein, f981;  
Ohlde & Becker, 1982). 

I 

The eSfect  cf the al !::ali treatments an the chemical composition a+ 
t h e  bagasse a5 shown i n  F i g u r e  I was to dissolve hemi rrel lla235e and 
lignin, t o  drastically i n c r e a s e  t h e  sa l t - tb fe  solids and to slightly 
decrease cell ~ t l  use. The e-Ffects o+ sadium h y d r ~ ; + < d c  on t h e  in 
v i t r o  dry and organic m a t t e r  enzymatic d i g e s t i b i l i t - i e s  ~ 5 a w n  i n  
T a b l e  2 are  extremely f a v o r a b l e ,  an improvement r a t i o  a+ 2.7 to 4-8 
aver t h e  untreated sampl esi There i s exg~erimenf:af evid{.:)f~ce t h a t  
both alI:al i - l a b i l e  and a3 kal i - res i s tan t  lignin-carbohydrate bo-ds 
e x i s t  and that t h e i r  rat io  i n  a p a r t i c u l a r  p l a n t  material governs 

e 



/ 

the decision to use a l k a l i  as a pretreatment to increase its 
digestibility (Chesson, 1981). In lemon grass and catranella 
bagasse these bonds seemed quite labile to alkaline conditions; 
since w a t e r  soluble c o m p o m d s  increased drastically a5 shuwn i n  
F i g u r e  1, and also  t h e  NbF values decreased from 72.6 and 72.0 to 
48 ,2and  4 4 . 7 r e s p e c t i v e l y .  Recently Scalbert et a1 fl985) found  
far wheat s t y a w  that 4erulie a c i d  ethers cross-link betwen 
hemicelluloses and lignin. These are alkali labile and m i g h t  
e x p l a i n  the h i g h  s c r l t t b i i i t y  af s t r an  lfgnins in sada. It could 
a l so  be argued that the alkaline treatment modified the small 
amount of essential oils still present in the bagasse, hence 
remov ing  any inhibitory effects upon the enzymes. In order ta 
c h e c k  t h i s  matter bagasse samples w e r e  e x t r a c t e d  w i t h  ether f o r  
48h, removing 2-13 g 1 0 0  g-1 d r y  matter f o r  citronella and 1-34 g 
100 g-1 dry  m a t t e r  f o r  l e m o n  grass. The c o r r e s p o n d i n g  IVDMED and 
IVCIMEI) values were 19.45, 26.06 for c i t rone l . l a  and iC1.(36 and 22.28 
f a r  lemon grass respectively. These w e r e  n o t  s t a t i s t i c a l l y  
different so that the inhibition b y ~ s t h e s i s  seems n o t  valid. 

The e f fects  oC calcium hydroxide were of t h e  same general trend as 
sodium hydroxide, b u t  w e r e  less marked. Less suluhle solids w e r e  
produced and 1 ess l lgn i r l  and hemi ccX lulose were degraded- As shotin 
in Table 2 the  ZVDMED and IVOMED values w e r e  from 1.6 to 1 . 9  times 
less +or the calcium hydrox ide  pretreatments relatively to sodium 
hydroxide. 

Thp ammania pretreatment w e r e  also typical and d i d  nut  d i - f f z r  i n  
t h e i r  b a s i c  effects upon cell walls of grarninaceaus p l a n t s  as 
s ugges t ed  by Van Saecjt et a1 (1984) : .however it was different f o r  
b o t h  r a w  n ? z t t e r i a l r ; ,  i 1lustt a t i n q  a g a i n  w i t h  t h i s  t h e  variable  
response obtained w i t h  cliffererit stater-ials, A s  shown i n  F i g u r e  2, 
c ,o iuble  sol i dc, irlcrezsed much more in lemon grass (above 70%) than 
i n ci t r o n e J . 2  a: h e m i  cel  l ul ose was degraded about the s a m e  (around 
25%5, but llgnin luss was much higher in citronelf;; !about 20%). 
Madif i c a t i n n ,  i ncludiny h y d r o l t j s i s  o f  t h e  ligni n-palysaccharide 
bond has been s h o w n  to be t h e  m a j o r  r e s ~ i l t  a-f alkaline 
pretreatments iKlapfenst~in, 19781. The e x t e n t  of: saccharif ication 
obtained C a r  l e m o n  grass was five times the  control;  a similar 
figure S a r  cS trone3 la w a s  Sour times (Figures 2 and 3 ) .  

The res~ i l t s  for SG2 pre t rea ted  leman grass and ritl-onelXa are shown 
i n  Figure 1. C e l  l ul ase ramai ned unchanged, sol ubl c sol ids 
i ncrea~jed at t! .e expense o f  h e m i  cel l ul  cjse hydro2 ysi 5 :  permanganate 
1 i gnin decr ' eased  st-tbstant i a1 ? y, 25 to 4r:)X. The per c e n t  
sarchari5ication values shown in Figures 2 and 3 were among t h e  
hichest obtained comparable with the ones obtained with sodium 
hydraxide. Improvements i n  IVDMED and :VQMED were r e l a t i v e l y  h igh  
a s  shown i n  l a b i e  2. 

The nodi I i cd organasal v gretreatrr:c?ni caused the greatest  
d e l  ignif icatian oi a1 1 methods tested, accompanied w i t h  a 
substar t ia l  Ins?  o f  h e n i c e l l t r l o s e s ,  a5 shnwn in Figure . This  
behavior is typical in t h i s  process as clearly shown, among athers, 
by Phillips artd H~:mphrey [i?83a,b) f o r  pap1as waod,  in which 
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regardless of the treatment concitions used, the 1Fgnin r e m o v a l  w a s  
always  accompanied by  hemicel lu lose  removal in a linear correlat ion 
among the t w o -  In Figure 4 and 5 it i s  shown that fur .bath lemon 
grass and ci tronella-steam e x p l o s i o n  -sol ids were 100% enzyrnaticalIy 
sacchariSied, reflecting an impravement of iO times an the 
cellulose susceptibility to enzymatic action. It is easily seen on 
Table 2 that the in vitro enzymatic digestibilities were increased 
+ r a m  4 to 5 f o l d  f o r  lemon grass and from 3 to 4 f a l d  for 
citronella. -These figures are the highsst of ail pretreatments. 
Ta our knowledge there are na d a t a  401- t h i s  parameter for  other 
arqana5ulv pretreated 1 ignocel lc losic  materiais. 

Steam pretreatment  has been used w i t h  woad f o r  the production of 
hardboard and feed far ruminants. Studies with wood have shown 
that t h e  lignocel lulusic matrix is modified drastically and t h a t  
the remaining sol ids are mare susceptible to enzymatic hydro2 y s i s -  
The 5trurtural changes and chemical reactions taking place are 'a 
function of  tempera-ture and time of pretreatment. In Figure 1 it 
is easily seen that this pretreatment caused the Largest decrease 
o+ hemi cell ulases of a1 1 those tested, b e i n g  pr -ac t i ca l  ly iQO%, 
There were also lignin and cePlulose losses. !<a d a t a  Rave been 
reported te our knowledge  i n  the  t~chnical literature f o r  similar 
materials; Guggolz et a1 (1971 t r e s t e d  with s t e a m  without  
e x p l  asi  on nine grasses but no chemical cornpusi t i  an -changes were 
r e p o r t e d .  The solid yields o b t a i r - d  fur s t e a m  e x p l o d e d  lemon grass 
s n d  citronella at 240C (242 MF 2nd 60s were about 75%, within 
expected va lues .  Figures 4 ana ,- 3w sacchari f i cation values of 
100X +or  b a t h  citronella and IL.,ldn grass. Th~se resttlts can be 
attributed to t h e  cpening u+ the cellulose matrix, p e r r n i t i n g  f ree 
cantac t  by the  enzymes .  

The results o f  the pt-etreatrnents i n d i c z t t ~  t h a t  the organosolv 
p r e t r ~ a t m e n t  should b e  the m o s t  effective in prepar ing  the 
subrtratez Sot- fu r ther  enzymatic and biulogical degraaation,  not 
o n l y  because G; high degree uf deligni+ication but 3 . 1 ~ 0  due to t h e  
i n c r e a s e d  suscepti b i  l i t y  of ' ceL lulose to enzymatic hydra1 ysis, 
Steam e ~ p l  or,i UII and so l  i d  s t a t e  sodium hydra:.:ide also appear 
pr-cmi s i n g .  Lemon g r a s s  should b e  t h e  mare f av~rable starting 
rnaterxal. 

CONCLUSIQNS v 
The three alkaline pre t rea tmcnts ,  t h e  S02, steam explasian acd 
or-ganosolv Qractionatian were quite EC f ec t i ve  in inducing the 
necessary- physical and che5n ica l  changes i n  l e m o n  grass and 
C S  krone? la bagasse t ha t  substantial 1 y increased their 
susreptibkl ity ta enzymatic hydrolysis. The sol ids yiel cis were 
aro::nb 75% and 55% for skearn explosion and organosalv respectively. 
All the pretreatments increased th? w a t e r  s o l u b l e  substances, w i t h  
e x c e p t i o n  o# organosalv, w h i c h  hawever was the only water washed 
sample, Higher d e l  i g r 2 i f  icati o f 2 5  were a b s e r v e C  far organasalv, SO2 
and t b e  sodium hydraxide methh~ds, En most pretreatments a 50% loss 
a+ hemicelluloses w a s  observed; it was practically complete $or the , 

steam e x p f  u s i o n  methnb. The steam exploded, organasclv, NaDH and 
SO2 p r e t  ?at& nraterial~; tsere more ~ : i t e ~ f ; i v e l y .  attacked by 
enzymatic a c t i o n -  The  observed changes were i n  g e n e r a l  b e t t e r  fur 
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lemon grass than t h e  anes f o r  citronella. Results show that 
pretreatment e f+ec ts  are 5ndeed species-specific, and clearly p o i n t  
out that the enhancement t o  enzymatic hydrclysis is also not  only  
due to t h e  e ~ t e n t  af delignif ication of the r a w  material but a159 
to t h e  e+f e z t  on physical properties af t h e  hc l  locel lulose. 
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WHITE-ROT FUNGAL GROWTH ON SUGARCANE LIGNOCELtJJLOSfC HE 

C -  Rolz ,  R. de  Leon, M.C. de Arriuia, S ,  de Cabrera - 

Appl i ed Research 'Di vi si an 
Central American Research Institute +or Industry CICAI 
f . 0 .  Box 1552, Guatemala City, Guatemala 

B~nrmar y 

Twelve white-rat fungi were grown i n  sulid state c 
sugarcane chips previously C e r m e n t ~ 3  by yeast empl 
EX-FERM praress. The lignucellulosic sugarcane re  
12.5% perrnanganate Z igni n and 81.3% holarel  lulase. 
after f i v e  to s i x  weeks at 20C produced a salid res 
had a l o w e r  in v i t r a  dry matter enzyma 
t h e  original bag ass^, w i t h  the exceptian 
which showed a slight increase of s i x  un 
rakhsr  similar for  all Sungi t e s t e d ,  an 
af t h e  or-iginal value :-a= obtained. fib 
hemicell ul ase w a s  degraded ,  32.22%,- 
assmri ati cn hetween l i g n i  n and h e m i c  
bagasse prabably as a lignin-hemicellulose corn 

L showed a p r e f e r e n c e  for hemicellulase hydru lys  
t degradatian. The two fungi that shawed gre  

I act i vi ty were Sparatrichurn pulverulentum 
squalens. No apprsriaS1~ dry matter losses w 
Agracybe aergerita and Ffaminulina velutipes. T 

t were below a lass of  10% of t h ~  initial dry wei 
all w e r e  belew 17%. 

Introduction 

In natura l  decompasitian oi I :gnacellular 
and aerobic  bacteria p l a y  an i m p ~ r t a  
hulacellulose and lignin to lower rnalec 
some of which are then fur thsr  metah~fi 
&ligate anaerobic soil bacteria and a 
al, 1986: Sarensen, 1977; Maccubin and Hadson 
Sugarcane bagasse is no except ion { S c h m l  dt and W a X  t 
Sandhu and Sidho, 19803, Fungi are 
degraders, p a r t i c u l a r l y  t h e  so-caf Xed white ruts  
tampletel y metabolize t h e  complex polymer, e x h i b i t  the h 
reported ra tes  and have been the m o s t  s t u d i e d  ( K i r k  and 
1981; Crawfard  and Crawfor-d, 19841. M a s t  of t h e m ,  h 
have the enzymatic capacity to use cel lulase, h e m i c e 1  luXos 
other components of 1 i gnocel 1 ul asi r rn3tter as a sour 
carbon and energy; hence t o t a l  biomass br-sakdown usually o 
and lignin removal is accompanied by rem 
(Kirk and Moore, 1972); Under certain 
use lignin preferentially, opening 
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cellulose-hemicel l u l o s g  matrix, making the sol id m o r e  
susceptible to fur ther  enzymatic act ion  by other 
micraargani sms, rumen bacteria far exampl  em These condi t ians,  
are specific far +ungi-substrate combinations. Also same of 
the fungi produce fruiting bodies when growth occurs y d e r  
solid substrate conditions. These t w o  p o i n t s  make solid state 
fungal delignification an attractive alternative for converting , 

lignocellulase into human faad ( fruiting bodies af e d i b l e  
fungi) and animal f e e d  ( solid residue with imprbved 
digestibility). Recently an increase af research on thi,s 
subject has been reported cammented briefly by Rolz and 
Humphrey, 1982; and R o l m ,  1984 . Most a+ the wurk h a s  been done 
w i t h  cereal straws f ram temperate countries and very f e w  . 
t r a p i  cal l i g n a c e l  lulusi c res i  dues have been s t u d i e d .  Although 
the effects of tempera ture ,  pH, cavban and e n e r g y  sottrces, 
n i t r o g e n  and oxygen availability on the ligninulytic activity 
have been studied, there i s  n o  clear picture on how to enhance 
its ra te  or optimize a production system. Mareover fungal 
responses have varied tremendausly; there are reports of little i 

lignin degradation associated w i t h  a decrease in substrake 
digestibility a f t e r  treatment, There is still cantraversy i f  : 

fruiting of t h e  fung i  bene+its liqnin degradation. Fundamental 
reseaych i n  lignin dsgradatian has besn centred on attempts to 
identify the microbial catalysts involved in lijnin decay, haw , 

th2.y are expressed and regulated  and r-:hzt interactiarr5 exist 
w i t h  t h e  rarbahydrate hydro1 ytir enzymatic camp1 e x  ( E r i  kssan, 
ISE131. 

The fibrous residue remaining af te r  juice ext~action + r a m  the , 

sugarcane s t a l k  is commanl y r e f e r r e d  as bagasse.  in the sugar : 
mills m o s t  cf the  bagasse is used as S u e l ?  and aithaugh the 
figurs var ies  w i t h i n  each factory, energy efqicient u n i t s  can  , 

have 2 t a4 s u r p l u s  bagasse on dry bas - i s  for lOr> t ai -Fresh 
cane processed CFaturau, 1782) . Sn independent f u e l  -ethanol . 
distilleries part uf t h i s  surplus is used far ~ t h a n o l  , 

purification making the  overall system ~ i e t  energy-positive, 
e i t h e r  for mechanized a- +or labor intensive agriculture . 
(Hopi : : i  n s ~ n  and D a y ,  19861. Nevertheless, aven h e r s ,  a sttrpZus 
is possible i f  a new demand f a r  bagass2 is developed, either by i 
applying energy saving optiaqs in t?:e ethanc.1 separation or 
empi aying new teshnologie~ f o r  processing cane dir-ectly inko 
ethanol l i k e  the EX-FERN process (Rofz, 19811. 

The sugarcane 1 i gnocel L i t 1  osi c resi due X e f t  a+ ter sucrose . 
cunversion into ethanol by t h e  EX-FERN process will be re fer red 
here as EX-FERMented sugarcane c h i p s .  

In t e r m s  o f  macrocamponent~ t h e  EX-FERMented sugarcane c h i p s  
are very similar to sugarcane bagasse from industrial mi 11s; 
the average values for celluluse, hemicellulose and lignin f o r  
EX-FERMented chips irom four cane varieties wer-E 44-8, 37.7 and 
13.5% resp~,rively. 'The rorresp~nding f i yu?--es for  t h r e e  
bagassc samp:es Nere 42.1, 37.0 and 14,&% respectively. The 
lignin c o n t e n t  of the samples is slightly higher t h a n  mast 
cereal straws (Jackson, 19771, however digestibility is rather 
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1 o w ;  an extensive literature search on sirgarcane bagasse gave 
an in v i t r a  d r y  m a t t e r  enzymatic digestibility (IVDMED) af 17.2 
+ 4.5% and an i n  v i t r o  dry matter digestibility (IVUMD measured 
by employing ruminal fluid or the n y l o n  bag technique) o+ 26.0 
4.4% iRalz et al, 1$8&). Hence sugarcane l i gnoce l f  uf use is 

rather res is tant  t o  enzymat ic  hydrolysis-delignificatian. 

Ibrahim and Pearce (19861 studied the effects of eleven white 
r o t  fungi on the co inpos i t ion  and in v i t r u  digestibility of 
bagasse and found t h a t  greater delignificatipn and increased 
digestibility was obtained with Peniophara gigantea. Sengupta 
et a 1  (1984) tested Termitamyces cl ypeatus and Madan and 
tiisaria f l9B4) , Pleurotus' sajor-caju, Nigam and Prabhu 
i1965a, b l  i s 0 1  ated three basidi omycetes which sha~ted , 

d e l  i g n i - f i c a t i o n  va lues  'up ta 59%: u n f  or-,tunate:y cellitlase and 
hemi cel lul ose w a s  a1 so degraded e x t e n s i v e l y .  

In this contribution, w e  r e p o r t  solid state citlttrre o+ t w e l v e  
basi  diomycet&s on EX-FERMented cane chips and t h e i r  e-f-f ect on 
t he  chemical composition and TVDMEO va?cresI  None o f  , t he  ' 

basidiamyretes t e s t e d  were p r e ~ i c a s l ~  s t u d i e d  by L b r a h i m  and . 
F'earce 1 1980) . 

Materials and methods  

- Microorganisms. In Table 1 the t w e l v e  b a s i d i ~ m y z e t e s  are . 
identified and  s G u r c e  documented. They w e r e  k e p t  on PEA agar - 
plus 3% yeast extract.  . - " 

- Substrate. Sugarcane was sampled in a sugar sill i n  the 
S ~ c t t h .  C c l a s t  of Guatemala  lacated around -306 m e t e r - s  abr;)ve sea . 
level, during t h e  nonth a+ A p r i l  which w a s  w i t h i n  the la ter  
p a r t  of the crap dur-ing the d r y  seasoc. The s u g a t - c a ~ e  sample 
t a m e  f r o m  the r e c e i v i n g  yard and usually ane of- mGre cane 
varieties were Oelng pracessed on the same bay. T h e  cane had 
been cut by hand and w a s  not b ~ : r n e d  i n  t h e  f ielci. It w a s  , 
chipped i n a p i  1 at wocd c h i  ppe, (Type 7-72 OY Sar:tsaf u) T h e  , 

chips were placed i n  700U 1 t a n k s ,  $dater was added to j u s t  
cover t h e m  and 2% o f  romrnerciaI b a k e r "  s ysast w a s  added ,  Tne 
EX-FERM c y c l e  to canvcr t  all t h e  sucrose into ethanol tack  48 h 
(Rolz, 19P1). The fermented chips wsre pressed in a rontin~kuus.  
screwpress (Madel VF-GF,  V i n c e n t  Carp. 1 , washed w i  th w a t e r  i n  a , 

mechanically agitated tank and screwpressed a g ~ i n .  T h e y  were 
-Finally s u n  dried to a final moisture a+ around 6-7% and packed 
in p l a s t i c  ventilated bags. R chip s i r e  between 0-5 - 4 - a .  

L - A  cm 
was separated on circular hale screens (vibrating screen TNI - 
16-1). 

The chemical compositian an d r y  w e i g h t  basis w a s :  permanganate 
lignin X2.5%, cellcklnse 43.5%, hemicellulase 3E3.0%, ash 2.4% 
and p r o t e i n  1.2%. I t s  neutra l  detergent + i he r  value, NDF, or-- 
cell wall components ,  w 3 5  92.8. T h i s  value checks w i t h  t h e  s u m  
af t h e  individual contents f o r  lignin, hemicellulusP and 



cellulo5e. Its IVDMED w a s  19.04% and its saccharification rate 
at 8 h w a s  f -51 mg reducing sugar-s 1 The soluble solids 
determined i n  t h e  IVDMED t e s t  were .?. 18% o+ d r y  weight. 

- Inoculation and incubat ion.  A r e c e n t l  y i n o c u l a t e d  culture 
tube far each fungi  was left f a r  5 to 6 days at ambient 
temperature (20C). This w a s  t rans fer red  t o  a p e t r i  d i s h  w i t h  
t h e  same media. Usually i t  t o o k  9-10 days at ambient ' 

temperature to cover t he  whole surf ace. I f  the dish was free 
of any contaminant ,  as seen macrascspirall y ,  one s i x t h  sf its 
contents were used t o  i n o c u l a t e  a 700 rnl w i d e  m o t t t h  glass', jar ' 

wi th  metal cap, in which 50 g of  dr ied s~tbstrate p l u s  100' ml af ' 

water had been placed and s t e r i l i z e d  for 30 m i n  at 125C. ' 

Duplicate j a r s  fo r  each f u n g a l  culture w e r e  lef t  far f i v e  to 
s ix  w e e k s  a t  ambient temperattire until +ctngal g r o w t h  had 
campletsly covered the substrate  surf ace, The jars w e r e  , 

covered l o u s e l  y w i t h  t h e  metal caps and t h e y  w e r - e  oxygenated 
every week f o r  15 min by introducing a f l a w  of air through -a ' 
t u b e  connection installed within the metal cap.  The entire jar : 
c o n t e n t s  w e r e  dried a t  6OC i n  a forced a i r  labmratary dryer. 

- Chemical a n a l y s i s .  The dried samples w e r e  milled in 2 ' 

l abora tory  Wiley mill employing a 6.84 .mm sieve, The Sr~lLowing ' 
ana lys i s  were made: K j e l d a h l  nitrogen and ash c o n t e n t  :(AOAC, " 
1975) ; n e u t r a l  arrd acid d e t e r g e n t  f i b e r ,  perr~anganate lignin , 

and  cellulose fa1 lowing the Van Suest t e c h n i q u e s  IGoeri~g and 
Van Saest, 19705 Van Ss~st and Rub~rtscn, 1YaO). I n  v i t r a  d r y  
matter enzymat ic  digestibklities (IVDMED; w e r e  determined as ' 

suggested by Goto and M i n s o n  11'7771, Adeybola and Paladines 
C 1977) , ?lcLeod a n d  Mi nsan ( 1 9 7 S ,  1980) and D o n m a n  and C a l l  ins : . , 
(1982). Erief l y ,  206 rng of the material w e r e  siksp&nbed in 20 

m i  cf a 2 CJ 1-1 pepsin solutian (No. P-7125 Sigma Chemical Ca. 1 ' 
i n  IN HC? and inc9bated at 4C)C fu r  48 h. Ssmples were 
c~ntrifuged, washed ance with distilled w a t e r ,  centrifuged and : 

suspended i n  20 ml of a 2.5% by weight s c ~ l u t i c n  of Tungal ,' 

D n a z u k a  F A  cellulase (Maruzen  C h e m i c a l  Ca, Ltd. j in 0.ZM i 

acetate b ~ i f  fer pH 4.8 and incuba"cei? at $fX .fur 48 h.  The , 

suspensi on was Q i l tered i n a y l ass f i l ter c r u c i  b l  e, wazhsd w i  th 
w a t e i  dried and weighed. C u n t r o l s  used  distil led water instead 
of enzyme. During incubation t h e  tubes were agitated t w i c e  a 
d a y .  I n  order to o b t a i n  t h e  sacchari-f icatiun rate, l C - 4  mg (34 
cane lignacel ? . u l ~ ~ e  were suspended i11 c'3 ITIL a+ O. Z M  acetate 
buf+er at pH 4.8. One ml of  a 1.7. by weight solution of Onazuka 
F A  rel. ltrlase in 0 . 2 M  acetste buf+er pH 4.8 w a s  ad2ed and the : 
sealed t u b e s  were placed  in a r ~ t a r y  s h a k e r  ( N e w  Brunsnick Ca. 1 
at 40C and 300 rpm. A t  €3 h the sol i d s  were discarded and 
sugars detsrmined i n  the X i q u i d  b y  t h e  d i n i t l r c r s a l i r y l i c  acid 
method I M i i l ~ r ,  1959). C o n t r o l s  used bisti l led w a t e r  ins tead  . 
of enzyme. The filter paper a c t i v i t y  o-F t h e  enzyme s o l u t i o n  w a s  ' 

0.02 c r n i t s  m g - l  protein. Soluble p r o t e i n  w a s  d e t e r m i n e d  by the 
Luwry method ( L o w r y -  e,k. aaf , 1951) = The XVDMED v a l u e s  r e p r e s e n t  . 
w e i g h t  1055 due  t o  enzymatic ac t ion  i n  terins nf i n i t i a l  dry 
matter u# the sample but taking into account the weight loss af 
the cantral. sample, SBcchari f icati nn ra tes  measured reducing 
sugars  produced i n  8 h by er~zymat ic  action again taking into 
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account any reducing sugars present in t h e  cantrol sample. So ' 

both - parameters indicate net enzymatic act ion  upon the 
substrate. Qf course t h e  figur-esi can be converted f rom one  to 
the other, however n a t e  t ha t  IVDHED was measured af ter  72 k 
employing 25 times m a r e  enzyme per u n i t  weight af substrata. 

- Stat isti cal procedures. Analysis of  variance w a s  perf urmeo 
on t h e  IVDMED values using the F test .  Thase  signiSicant 
different f r o m  the ron t r -o l  at t h e  0.95 l e v e l  are indicated' in . 
the corresponding table. 

- ,  

Rssul ts and discussion 

The IVDMED and saccharificatian rates, dry w e i g h t ,  lignin, . . 
cellulase and hemiceilulmse losses and p r o d u c t i o n  of soluble 
s o l i d s  are given in Table 1. Individual component lasses are 
expressed as relat ive  v a l u e s  as % of the  original  va lue  in t h e  
contra1 and were obtained u s i n g  the  analytical data +or each . 
component, the solid y i e l d  and mass ba lance .  The p r a c ~ d u r e  w i l l  , 

be exemplified for the first fung i  in Table 1 P. ' 
- 1 

--I 

chrysospurium: i n i t i a l  lignin content: (50 q )  { O ,  125) = &-25 ' * / - ,  
4 

g; i n i t i a l  cellulos~ content: (50 g )  (0.4331 = 21-65 g; ,- -. 
i n i t i s l  hemicelluluse crrrr2ent: (50 g )  (.3F31 = 19.0 g ;  % lignin 1 
on residue after fungal grawth according to analysis = 4.8% dry 
weight; X rallulose an r e s i d u e  after fungal growth according to 
a n a l y s i s  = 42.0% d r y  weight; % henicelluluse sn r e ~ i d ~ k e  after t 
fungal growth according ta analysis = 4.274 dry  weight;  +indl  - r 

lignln carstent = (56 - 5-48! {Cl. i3E41 = --..74 gb. I-eletive amount - .  - -  - 
a$ liqnin lost  = ( ( k . 2 5  - 3..74? 16-75) IOr3 = -93. 15%: f inaz 

. . cel.f.ulase c o n t e n t  = (50 -- 5.46) (0.42) = 1E.7 g :  relative -. 

amount o-F cellulsse Lost = i(2i.S5 - 13.7!.:-21.65)10?3 = 1 3 . 6 3 X ;  
final hemicellulase c ~ n t e n t  = (SO - 3.48: 1,042) = 1-87 g $  
relative amaunt of hemicellulose lost = ( fiP - i .a73 /IS) IQO = , 

TC).I&%; r a t i o  o f  degr-aded h e m i c e l  l u l c s e  c v -  degraded lignin = ' 

A 3.74) = 6-82! ratic c f  degraded ? 1 9  - 1.€171i(6.25 
h e m i c e l l u l c s e  over d e g r a d e d  cellulose = (19 - lXG7)/i2i.65 - [ 
13.71 = 5.81. f7 colutnn has been included t h z t  giver for- each 
5afipl e a+ f ung i -degraded  sugarcane c h i p s ,  the d i  f f ~ r e n c e  Dekween , 

its NDF value and the s u m  o+ the analyzed vsIues af lignin, 
cell ul ose and h e m i  cell ulose. These f a r m  t h e  cel l w a l  l pol  y m e r s  
and s h o u l d  b e  c~lose  the2 ta the NDF value; the  difference heing : 
possibly neutrai detergent i n s u l u b l e  ash 2nd other  ~ u ~ n p u n e n t s .  
T h e  average d i f 4 e 1 - e n c e  was 7.03 which ir, an 8 X  a f  the average 
NDF valcte  fur ail samples, Note t h e  -Follawing points:  a) ali 
Sungi. t es ted  produced a solid r e s i d u e  which had a lawer TVDMEE " 
than  t h e  o r i g i n a l  bagas se ,  w i t h  t h e  exception of Corialus  1 

versicolor which showed a slight increase 0 5  0.65 units; b)  
there has no obvious  c o r r e l a t i o n  b e t k ~ e e n  IVCMEE? lcss an.d change A 

in soluble sulidc - r  between IVDMED and dry  weight, celiulase, ' 

hemicel lulase an-:/or l i g n i n  losses; c) all fungi tested 
produced a solid residue which had a l a w e t -  saccharificatian ' 
rate  than the c a n t r o l  sample .  The r e s i d u e  obtained a+-ter 
growth u+F Sporatrichum pulverulentum showed o n l y  (0.3611.51) 
106 = 23.8% of the saccharification suscsptibility af the 



original bagasse. T h i s  residue had the  greatest dry  w e i g h t  and 
cellulcse losses and was t h e  second in hemicellulose lass- The 
re lat ivs*  d r y  weight loss was (8,1.3/50.(:)0) fOC) = L6.31/,4 d l  the 
sacchar i f  i c a t i o n  rates were also low f o r  ~h*anerochaete 
chrysr~sparium, Ganoaerma appl anaturn and C .  versi ccrlor; el G. 
appl anaturn showed very  1 i t t le  weight and cel l ul cse lusses- 
H e n c e ' r ; ~  general pat te rns  emerge. The enzymatic susceptibility 
of the solid residues cannot  be predicted from t h e  chemical 
cornpasition o t h e  residues o n l y .  Undoubtedly the type of 
bonds hydrolyzed, the new compaunds synthesized b y  t h e  5ungl * 

and t h e  physical characteristics of  t h e  solid-residues p lay  a 
m a j o r  r o l e  in determining' the extent and r a t e  o f  further 
enzymatic hydro1 ysis. 

4 
T h e  lignin s w e r e  similar for a l l  fungi  t e s t z d .  Gn 
average lignin lass oS 58.64% was calculated. An average 
heaicellulose loss of  32.22% was abset-ved and o n l y  f. , 

chysospori urn showed almost to ta l  b e m i c e l l  uluse h y d r a l j . s i s .  In : 
absal u t e  t e r m s ,  hawever,  m o r e  hemi cel lulose w z i s  degraded than  
Xignin, as their content ratia in the original material was:  
36-0112-5 = 3.04. L i g n i n  ir n o t  o n l y  t h e  g lue inq  element gf the 
l i g n d ~ e l  lu lose  matrix, b u t  also part o+ the l ignin-rarbghvdrate ' 

c o m p l e x  (LCC) stabilized b y  phenalic acids such as ferulic and 
p-caumaric a c i d s  and acetyl constituents a+ t h e  cell w a l l s  
(Hart ley,  1972, 1973, 1981; Chesscn et a1, 1983; G o r d o n  ek al, 
198.5: Tanner and Marrisun, 1983). The existance cf LCC5 in 
sugarcane bagasse has been r e p o r t e d  (Naqaty  et al, 1382: 
Crosthwai te et a!, 1984; Atsushi et ai , i994: M a l  ina et al, . 
1984; dtr T c i  t et al, 1984) and at l ea- , t  kht-es d i . f  +erefit . 
+ractions have been i d e n t i - f i e d .  Hence it is nak i i f i e x p ~ c t ~ d  to ' 

have  cuncttrrent hemice l ' f  ~ i l o s e  and iignin bimdegt - sda t ian .  These 
LCCs are ~ t s ~ t a 1 7 y  m ~ d i  f i ed chemically d ~ t r i n g  microbial attack 
(Gaillard and R i c h a r d s ,  1975) and are n ~ t  recovered i n  t h e  acid . 
detergent t-esi due. 

In Table 2 w e  have -calcct!ated t h e  h y d r a l y s i s  ratins a+ i 

hemicei lulose: 1 igr?in and hemice l .  luiose: cel lul ass zamponents far 
the twelve fungal s t r a i n s .  The valtses fur t h e  f irfjt r a t i n  are 
close to t w o  w i t h  t he  e : . : cep t ian  n-F F.  chys~sporium~ which 
showed a h i g h  hemicellulose loss. The values are also within a , 

n a r r o w  range 1.30 to 2.91.  Qn the  other hand m o s t  fungi  showed - 

a preference fur heniicel l r k l c s e  hydro1 ysis over rel ltllase. V e r y  ' 

4 cel l ulose degraders w e r e  Agrorybe aergerita and C. , 

versicolor; t h e  b e s t  cel Xulol ytic fungi w e r e  5. pulverulentum 
and Dichamitus squalens.  In t h s  table w e  have included the 
resul ts  o f  a two-week solid sub st rat^ f e r m ~ n t a t i a n  by two . 
bas i  d i  amycetes i sulated b y  rlligant and Prabhti < 198Sa, b) and 
d e s i g n a t e d  Eki and BW1. They showed very similar losses 
between themselves, so t h e  average has bezn calculated, A 
lawer hemicellulose to lignin loss r a t i o  w a s  o b s e r v e d .  Both 
w e r e  very selective f o r  cel lu losc  h y d r ~ l  y s i s ,  hrwever, showing 
a rather active cel lulase enzyme comples produced in surnerged 
culture (Niqan and Pt-abhu, 1985a). 

K i r k  and Moore (1972) f i r s t  reported t h a t  lignin removal f r o m  



aspen and b i r c h  waoda b y  white-rot Cungi was always accompanied 
by removal of pol ysaccharides, a1 though n o t  necessar-i l y 
carrelated with removal a+ any p a r t i c u l a r  f r a c t i o n ,  In f a c t  
lignin degradatian by P.chrysospurium was stimulated by 
addi t i a n  of carbcs l iydrates  [Reid,- 1979). Woad p o l  yc,accharides 
prov ide  the energy required  for lignin a t t a c k  ( H a t t a k a  and 
Uusi-Rauva, 19831 , so previous to or during L i g n o l  y s i  s these , 

fungi show halucel I ul ose degradation. Et1 anchette (19841, 
employing s c a n n i n g  and transmzssion electran microscopy uf woad 
decayed b y  G. applanatum a n d  Ischnoderna resinusurn, showed that 
in delignified areas the m i d d l e  lamella was degraded caus ing  an 
ex tens ive  cell def i berizati an. Wood sugar analysis by HPLC 
demonstrated t h a t  h e m i  rel l ul ases were removed in preference to 
cel lulase. This seems to coincide ni t h  our obser-vations. 

Haars and H u t t ~ r m a n n  (238t:)) reported l ignin bi adegrada'tian by 
Fames annosus to follow an exa-mechanism w i t h  small molecules 
having  a molecular w e i g h t  below 1t:10!3 b e i n g  the f i r s t  
cleaved, This fact w a s  also observed by Leisola et al f 19841 
employing P. chrysosparium a n d  wheat straw as substrate ,  T h e  
same f u n g i  could degrade  lignin moncmers during primary and 
secondary mekabul i s m ,  h a w e v ~ r  d i zers and more ccmpl ex 
lignin-derived structures c ~ u l d  only .  be degraded dur ing t h e  ' 

secondary phase (finder et ax, 1983). This suggests  t h a t  lignin , 

biodegradatimt is n i  tragen inhibited (Keyser et al-? f 978; Eekd, I 

1979). Inarqanic and organic nitragen in t h e  substrate or 
medium r e  q u i c k l y  assimisated by the  St tngi  and - : 
free-intrarel f u l s r  gl utamate accumulates, repressing 
l f  g n i n o l y t i c  enzymes lFenn  and X i r k  1981f Fenn et 3 1 ,  19BZI 
Keducir~g ths  n i t rosen concentrat ion i n  t h e  aedium jr&tly 

tsheat enhanced d e g r . a d a t i o n  of  14.-C lignin labelled 
l i gnace l  lu lose  b y  P. chrysosporium, S .  pulverulentum and C.  
versicolar (McCartly et al, i984). A psrtial r - e g u l a t i a n  has 
b e e n  observed w i t h  Phaliota mutabilis, and ns r~gulatisn at a l l  
w i t h  P l e ~ t r o t u s  astreatus and Lenti nus edodes <Leathan an5 K i r k ,  

q"" 19E3) . S~qarcclne bagasse i4as r e l  at ivei  y 1-uw i r: p r a t e i  n ( 2 .  ~ 1 . 1  

and pr-abab? y t h i s  raussd the average l ig i - : in  Icss to be around 
40% of  t h e  ~ r j .  g i n a l  quanti.ky present. In?elrrni t en t  a e ! - a t i s n  , 

also pt-avi ded  the adequate  o x y g e n  conc~ntratian needed 4 n r  an 
e f f e c t i , , ~  l i g n i n ~ l ~ t i c  activity (Reid and Seifei-t,  1980j 
Far-Lev and K i r k ,  1981). 

tr 
Weight lasses f o r  f o u r  to six weeks shown i n  T a b l e  1 are 
s o m e w h a t  l o w ,  No appfeclable  weight 1055 c ~ i t l d  b e  detected , 

w i t h  A. aergerita and Flammulina velutipes. TF-. ee mat-= fungi ;' 
w e r e  b ~ l ~ w  a lass o f  1 0 %  of j n i t i a l  d r y  weight and the rest , 

were b e i a w  17%. To our I::nor~ledqe no m i  a data  have 'been . 
published an wsight losses o f  bagasse under  501id state 
fermentation b y  t h e s e  white rot f u n g i .  H i g h e r  weight losses 
h a v ~  b e e n  reported fur cereal strawz. In  1 7  weeks at  30C 
Strophari a rugosoannul ata and Pl euratus cornucopi ae degraded 
60-55% o f  wheat straw3 Pleurotus f lorida 45% and  - A. aergerita 
only 25% at 22-3C)C CZadrazil? 1977). I n  7 weeks at ZZC,  S. 
rugosoannul ata degraded 2&%, P. + l  o r i d a  2&, 3%, Fleurotus ' 

eryngii 10.~5%, L. edodes 12.7%, Kuehneromyces mutabifis i1.8%, 



6. applanatum 28.7%, F. velutj~es 5 .  I%, A, aergerita 11.4% , 

(Zadyaril and brunnert, 1980). S. pulverulentum at 35C - 
degraded 58 and 72% at 5 and 9 weeks and D, squalens 1 9 . 1  ar:d 
58.9% {Zadrazif and Erunnert,  1982).  Streeter et a1 (1982) 
found t h a t  P- ostreatus in mixed culture w i t h  Erwinia 
carotavora degraded +runt 28.8 to 55.9% uS w h e a t  s t r a w  in 8 
weeks, Hat taka (1985) tested 19 s t r a i n s  of white r a t s  for 4 
weeks at T8Ci those that degraded m a r e  biomass were Fames 
ignar ius  51.8%, Phlebia radiata 45.2%, Phanerachaete sordida 
42.3%, Pol ypor-us brumal i s .';8.5%, Pycnoporus cinnabari nus 35.6%, 
Lenzi tes b e t u l  i na 35.6% and C .  versicalcr 30.8%. 

With  o a t  straw Levonen-Munoz et al [IF?83) o b t a i n e d  with eleven " 

white r o t s  a rather w i d e  range af resu l t s ,  from 3-28% 0-f dry  I 

matter 1055. Ir; cattori straw, flavonoids present stimulated F. . 
+lorida growth and in 3 weeks it degraded 17% o$ d r y  m a t t e r ,  
compared to only 10.8% f o r  wheat I P l a t t  et al, 1983). 

The nine white  rots tes ted  by Ibrahim and Fearce CT?%rIrJ 
a t tacked very little the iignin i r o m  sugarcane bagasse, however 
the a u t h ~ r s  d i d  nat record dry  matter losses . None of  t h a s e  
white r o t s  were b e s t e d  b y  usc The t w o  basidiamycet~5 i s o l a t ~ d  , -  

by Nlqam and Prabhu 11985b3 degraded up ta 60% US cane bagasse 
lignin with high dry w e i g h t  lasses af up ta 58% ( N i g a m  and , 

Prabhu, 198Za). I n  subrn~rged culture Ibrahlm and Fsarce (1985 , 

a) ' reparted a 18.3% Zignin degradatinn by P. astreatus and . 
20.9% by C ,  versicalor. These f ~ J L I T E S  r-:ere inr t - ez s~r l  tc 2t5 and 
24.8% when peptone p:as a d d e d  to t h ~ ?  medium. A s  shown i n  Table 
I our d a t a  f o r  C. versicalar is h i g h e r ,  i .e. 38.59% 3ignin 
1055. The dif+erence is d i + S i c u ? t  to explain hut dif+erent . 
culture conditions, cat-IF vari eki es and f un9a1 s t r a i n s  mi gl-tt DE! , . 
reasons. C. versicolor ef f e r t i v ~ l  y degradezi l ignirt  + r a m  
grasses and hard and softwoods: A n t a i  a n d  C r a w f g r d  ti9821 i n  1 0  
k~eeI::s at 2F3C o b t a i n e d  valt-IPS of  & I .  6 ,  5 s - S  and A3.3:< ' * 

respectiv~l y .  T h e s e  values are higher  than a t rs  ir: absut  t i . t i c~  " 

the  incubatien tine. 

Afrer 3 weeks +our Fleurotus  stralns degraded C r a m  f O  up ta 56% 
of lignin in c o t t o n  straw 1F3.att et al, . 1?841. With eight ' 
rvhifre r o t  strains, Zadraril and ti:-unnert (19YC3't repar ted  froin : 
0% iF. velutipes) to 54.7% IP. flarida> lignin degradation i n  ' 

wheat s t r a w .  With  sunS1crwer h u l l s  and rice husks, S. 
rugosoann~;lata showed 46.8 and 42. i% d e g r a d a t i o n ;  P, f lorida 
brr. S and 21 .A%; P. rornucapiae 66. !. and 59. & X  and A. aergeri ta 
1.4 and 12.6% IZadrazil, 1$8tI? . I n  n i n e  weeks w i t h  wheat  
st-_rc3w, Zadrazi l and Erunnet-t (1?0"2) repart-ed v e r y  high 1 f g n i n  
degradation values, 60-70% with S. pulverulentum and up to 80% 
w i t h  D. squalens. About  t h e  same values wers o b t a i n e d  by 
Streeter et a1 t l C 8 2 1 ,  69% i n  eight weet::s employing P. 
ost rea tus  with E. carotovora. - 

The response of various fungi in dfSferent lignncellulosic 
substrates  is .sumwehat contradictory towards modifying 
susceptibility to enzymatic hydrulysis or in v l t r a  dry  m a t t e r  
enzymatic digestihi lity. Zadrazil (1977) was success fu l  i n  



increas ing  by 75% t h e  IVL.MED af w h e a t  straw a f t e r  17 weeks 
either at 25 or 30C w i t h  S. rugosoannulata, but only  50% at 22C 
w i t h  P. cornucopiae. In only 8 weeks Streeter  et a1 11982) d i d  
not improve the IVDMED of  wheat  s t r a w  e m p l r ~ y i n g  P.- astreatus; 
however it was increased b y  45.9% when a m i x e d  cu l ture  of PI 
ostreatus and E. carotovora were employed,' 

Hattaka (1983) was very surcess-ful in increasing the amount of 
carbohydrates produced in 72 h w i t h  an enzyme fr-urn frichodcrrna 
reesei f r o m  samples of r~heat s t r a w  tha t  had been incubated w i t h  
P. ostreatus (an incr-ea.se a+ 2.89 titnes the central), Pleurotus 
sp (an increase af 2.67 t i m e s ) ,  P cf nnabarinus (an incrzase of 
2.67 t imes)  a n d  Isthnoderma beneainum tan inrrease a+ 2-.94 

Zadrazil (1.SBO> repor ted  unsuccessful a t t e m p t s  a# irscreasing 
t h e  in v i t r o  dry  matter digestibility o f  r-ice h u s k s :  a 36, 64 
and 53% decrease 0 5  t h e  c o n t r o l  w i t h  S. rugasoannulata, P. 
f lorida and 6. aergerita, rcspertively. 

These b r i e f  comments an results obtained w i t h  other fungi and ' 1 
substrates  show i n  esr=,enc~ what w e  sa id  befat-13, t h s t  the  m a j o r  I 

parameters influencing t he  ex ten t  and ra te  a+ further  snzymatic 
h y d r o l y s i s  of saf i d  residucs obtained a S . t e r  the solid state a 

s~lbsjtrate growth aC bac, idiomycetes,  ar.g as yet not completely 
determined. The p r c d u r t i o n  of more w a t e r  soluble campounds or ' 
t h ~  e x t e n t  o i  1 ignin remsval dn have an inf l u e n c n  but are not 
the o n l y  causss.  In f a c t  contradict~ry r-est-tlts have been ' 

published i n  t h e  past and o u r  data w i t h  cane bagasse prove t h i s  
p a i n t .  

S o m e  fungi pt-ef er c e r t a i n  s u b s t r a t e s .  For exkmple Sengupta 2% 

ai C 1984) showed t h a t  b a g a s s e ,  ~ n : - i  rhec! w i  t5 m % o e r a l s ,  was 
digested with Ternitomyces clypeatus Tar one week at 5% and pi4 
5.6, T h i s  fungus sarch . - - i f  i e d  71% a f  the  carbohydrate  
contents. R a w e v e r  only 10% was saccharifi ~d fur wheat  bran and I 
3.3% fur g r e e n  coconut coir. No clues w e r e  g i v e n  by the 
authors ts explairt  t h e s e  d i f  4erences. 

I n  the l a s t  f e w  years b o t h  b a s i c  and applied research on 
microbial conversion and modif icatian af l i gnoce l  l ulosi c 
mater ia l s  have vastly &?.:paribsd as r e . . ~ i e w e b  bv Erj. k s s o n  (14)84), , 

hut ce r ta in1  y soit?e n e w  e x p e r i n i e n t a l  appr-aaches n e e d  to be 
d e v e l o p e d  i n  urder to b e t t e r  understand hob< w h i t e - r a t  enzymes 
interact w i t h  srrrface campc3nents and huw t h i s  activity is 
regulated.  
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EfIODELIGN1FICATION UF LEMON GRASS AND CITRONELLA BAGASSE 
EMPLOYING WHITE-RUT FUNGI 

C .  R a l z ,  H. de Leon, M.C. d e  Art-iala, and S .  d e  Cabr-era ' 

Applied Research D i v i s i o n  
C e n t r a l  American Research Institute for Industry ( XCAITL) 
F.O.  Eux 1552 
G u a t e m a l a  Clty, Guatemala, C.A. 

Twelve whi te-rot fungi w e r e  grown in sol id state cul  kure an 
lemon grass (Cymbopogon ci tratus) and ci trrcbnel ? a  (Cymbupogon 
winteri anus) bagasse.  The t w o  1 i gncce l  l ul osic  substra tes  had 
1 1 %  p e r ~ a n g a n a t e  lignin and a halocellulcse f r a c t i o n  of 58%. 
A C t w  five to s i x  weeks at 20C, 9 f u n g i  pradurad a - l i d  
residue from lemon grass with a higher IVUMEE than t h e  521-iginal - 

bagasse; 7 d i d  t h e  s a m e  S o r  ritrunella. The best fungus fur 
bath substrates w.35 Bondarzewia b e r k e l e y i  , i t  increased the 
IVDMED t i n  v i t r a  dry  matter enzyfie digestibility? f o r  lemon 
grass . t ~  22 pet-cent arid 24 percent +or r i z r u n ~ l 1 ~ ~  The 
incr-eases w e r e  correlated w i t h  weight l a s s  and lignin ioss- 
A I L  Sungi  decreased l i g n i n  ccntents, 36X c f  the  ~riginal valce 

l e m o n  grass aad 29% -fcr c i t r - o n s l  la. F'rt.z.ctii-al l . y  al J. -Ftrngi 
shut-:ei! a p i - e S e ~ e n r e  fur hemi cel l ulose over cel l ul. use. 

INTRODUCTION 

I n  n a t u r a l  d e c o i ! : p u s i t i ~ n  a4 l ignacel l i t los i :~  m a t t e r - ,  bath fungi 
and aerobic b a c t e r i a  play an i m p o r t a n t  - i n  degrading  
ha1 ocel f ul. ase and l i gnin tfi l owet- molecular *eight products, 
scme a+ which are  then fcti-kher metabolized by- facultative and 

.- 
ubl igate anaerobic S O ~  l backsri a and a c t i n ~ s y r e t e s  ( 5 ,  is, 381, 
Fungi arc usually faster l i g n i n  d e g r a d e r s ,  pa!-t icrt larl  y the 
so-cal led white-r-uts which campletel y metabolize the camplex 
p o l y m e r ,  e x h i b i t  the highest r e p c r t e d  rates and h s v e  been the 
ncst s t u d i s d  (2(:1,25). A 1 1  af t h e m  have the e n z y m a t i c  capacity, 
to use the  halocel lulase cumponents as a sQtit-te a+ rzt-%on and 
energy; hence t o t a l  biomass bieak:down ~i5;ual l .y  cccur-s and 1 i g n i n  
tremova3. 15 accompanri ed b y  resoval of p a l  ysacchat-i d e s  024) . 
Under c e r t a i n  c G l  t u re  conditians white t-ak5 ctse liynir! 
preferentially, producing soluble monomers, breaking up the 
te l  litlus;e-hemire3 1 u l 0 ~ 3 ~  matrix, making t h s  solid m o r e  
susceptible to Curther enzymatic action by ather 
mi rroargani sms,  ruirren bactei- i a fo r  e x  amp1 e. These conditions, 
hot+ever, remain as yet specific f o r  each .Fungus-substrate ' , 

conrbination. S a m e  sf the  -Fungi pruduce i r u i t i 1 7 g  bodies when 
growth occurs sn a s ~ l i d  s u b s t r a t e  . These t w o  points m a k e  %he 
so l  id s t a t e  f u n g a l  d e l  i yni iicati on precess an at.tracti  ve  . 
alternative f a r  converting lignocellulose intu human +ood ( t h e  
Q r ~ r i t i n g  tindien; a+ e d i b l e  fungi)  and animal f e e d  I t h e  solid 
residue w i t h  i . n c r e a s e d  d i  gestibi 1 ity) . 



Recent research r e p o r t e d  an t h i s  5 ~ t b j e c t  has b - e ~ n  brief 1)' 
commented (35, 3 6 ) .  Must o f  t h e  trori: has been dane with cereal 
straws f r a m  temperate countries; very  + e w  trcrpical 
1 ignacel1 u l  os ic  residttes h a v e  been studied. A 1  though the  
e f f e c t  of t ernpera tcure ,  pt-1, rar'bun and ertel--gy saurc:es, nitrogen 
and oxygen ava i  l a b i  l ities on t h e  l igninolytir a c t i v i t y  has been 
s t u d i e d ,  no clear p i c t u r e  on how t o  enfsance ra tes  cJr apt i rn ize  a 
product  i on system has been pr-esented. Eoreuverr f ~ r ~ l g a l  response 
var ies  tremendausly. Little lignin degradatian associated with 
decreased substrate digestibility har been r ~ p o r t e d .  There is 
sti 1 1  cantrover-sy iC fruiting oS the  f l-lngi be!-te-fits lignin 
deqradati on, 

Lenan g r a s s  and ritrenella bagasse are t he  lignscellulosic 
residues of s t e a m  d i s t l l l a t i c m  5f freshly cut lemon grass and 
r i t r c l n e l l a  leaves far ttse recttpera+,:irm a.f ths ' r e ~ , p e c t i v e  
essential a i l s .  T h e  p l a n t s  b e l o n g  t~ the  Graminea~ and have 
been cl ass1 f i ed as Cyrnbopagon ci t r a t u s  and Cyrnbapcgon -. . - winterianus, re.=pect ive l  y .  n ne essential c~ L conken+ f s Icn, 
0.5-1.3% by weight of  i r esh  grass, a n d  its recavery is n ~ t  
coiilplete. A e t e r  steam d l . c - ; , t i l l ' a t i ~ n ,  t h e  bagasse is partiall.:; 
dried i n  t h e  + i e l d s  and a Q r a c t i a n  is burned to generate stes,~~: 
f a r  the  st:- i p p i  ng; t he  r e s t  is lef t  ir: t h e  f F c P d s  ;,:he!-.e natt_tral 
biadegradation t a k e s  p i a r e .  I t s  use as a ruminant feed is 
limited due to animal r e j ~ z t i o n  hecause of t h e  residual ar-oma 
and f 2avfir-. iiccardl ng to recen t  irrSo:-rna'',i~r! i I-., essential. ai 1 
p r a d ~ ! ~ t j i j n  (34) t h e r e  is *,an estimated w c t - I d w i d e  a ~ . - a i l a b i l i + ~ #  * - 7  a$ - 

a b c j ~ t t  2v<> 000 t of d r y  bagasse per  year t h a t  croi~lri be ~*._l.sei: as a 
5 =sf-- .- L~ ~f f 4 Q R C ~ C P J  1 ~ i l ~ ~ i i  c bi ~ r i i ~ s 5 *  

i n  t . h i 5  c n n t r i E ! ~ t i o n  kje r e p a r t  the resul ts  o+ - , c l i G  stske 
~r-m-dth o f  twelvs  basiblomycstes on citronel ?a and 12s-:zn grass 
bagasse and its ef f zct rJn t;'i.? r h e ~ i  .. - cs.1 c s m p . z s i t i o n  anil in vitt-0 
d r y  m a t t e r  e n z y f i a t i c  dige~tibilities iIVDMEDS. 

MATERIALS AND METHODS 

- Fungi employed. The t w e l v e  white-rot f u n g i  at-:? d e s c r i b e d  in 
-a. Table I .  They w e r e  k e p t  Qn potato de: . : t ros~ agar -p lus  .3;: yeast 

e x t r a c t .  

T - Bagasse samples. I hese were abta ined f r-am plantatians 
l o c a t ~ d  i n  t h e  Gua tema lan  f'acii-ie l o w l a n d s  at 4-20 m e t e r - s  above 
sea level, at t he  s t a r t  of t h e  r a i n y  seascn and the h a r v e s t  o+ 
t h e  leaves. They here c o l l e c t e d  as they came out nf the  
e s s e n t i a l  ail stram distillery as 2-3 c m  pieces, sun dried ta a 
f i n a l  m a i s t u r e  aracnd A-7% and packed i n  plastic ventilated 
bags. A c o n t r o l  sample was analyzed. 

- Tnciibatinn procedure. A recently inuculated c u l t u r e  t ~ & e  fat- 
each Sunc;ur; was l e f t  f a r  5 to b days at ambient temperature? 
about 2 0 C .  T h i s  was t r -ansferred tu a p e t r i  d i s h  w i t h  the same 
medi~rrn. Usual 1.y it taal:: 7-10' d a y s  at ambient t empera tu re  to 
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cover t h e  whole s u r f a c e .  If t h e  d i s h  was free af a n y  
cantaminant a s  seen m a c r o s c a p i c a l l y ,  o n e  sixth of its cantents 
were u s e d  to inoculate a 7 m l  was m o u t h  qlass j a r  with a 
metai cap, in which 50 g oS d r i e d  subs t ra te  plus, 100 ml of 
w a t e r  had bee8 Sterilized f o r  30. min  a t  1212. Dr lp1 i r : a t e s  f o r  
eack) fungal culture were left for- + i v e  to six weeks at a-tbient  
temperature until f ttngaI grawth had cornple.tel y c c ~ v e ~ ~ ~ r l  t h e  
s u b s t r a t e  surf ace. Tkre j a r s  were cuvered loosely with the 
metal caps and they w e r e  ct:.:yyrnated e v e r y  weel.:  -for 25 niin by 
i n t r o d ~ ~ i n g  2. f l a w  o f  air through a t u b e  c c r n n e c r t i o n  Snstalled 
i n  t h e  m e t a l  cap. The entire j a r  ca- tents w e r e  d r i e d  at bOC in 
a f a r c e d  air  l a b o r a t o r y  dryer.  Cantrol units were ~tninoculated 
jars which had received the same sterilization and were 
incubated as described. 

- Chemical analysis. A f t e r  d r y i n g ,  all s a m p l e s  w e r e  !r!illecI in 
a laboratory WiLey mill e m p l ~ y i n g  a 0.84 mrn sieve. The 
f ol lcwing analysis were made: K j e l d a h l  nitragen and ash 
content  by startdard methcads; neutral. and a c i d  d e t e r - g e n t  iiber, 
permanqana te  l i g n i n  and ce3. lulase f ol lc::.:rng the Van Suest 
techniques (15, 421. IVDMEO w a s  detei -mined as suggested  b y  
Dot-:man and CoL l i ns 1 . 8r i ef l y, 2G0 rr!g o - F  t h e  m ~ . t e r i  al C . J ~ T F  

strsperrded i n  24:) ml of a 2 g 1 - 1  p e p s i n  s c r l ~ t 1 : f . c ; ~  iNa, P-7125 
Signa C P : ~ : n i c a l  C o ,  Ltd.  ? i n  0 . 2 M  acetate b u f f e r  pH 4.8 afid 
i n r u b s t s d  at 4 0 C  for 4El !>. Sampl es w e r e  ceritri S'u.gc~5~ washed 
cnce with  distilled w a t e r ,  c e r ~ t r i + t ! g e d  an<:! suc,per:ded in 20 m l  , . 

D+ a 2.5% by w e i g h t  s o l ! - i t i o n  a f  fr-1.ncja1 0nozuC::a F G  relluiase 
- - 

(Mart izen Ci i r -mi  ca l  Cc. t t d .  ! i n  (-1. :if.; ace-bate b ~ t f  +et- ppH 4. El and 
i n c ~ t b a t e d  ac;ain at 4 C E  foi- 48 h .  The  suzpensicn w a s  Giltered 
;ti 5j.rtter-e(ri 41~155 ct.-~ic.ibles? w a s h &  w l t h  wa-ker- a!ld t-~lreigh~d. 

Crsntrc!;;; u s e d  ijisti l l e d  L-jater (20 enz.;:.rle!. 2uritlg inct:bst ion 
t h e  tubes were agitated twice a day. The IVDMaED values 
represent  p e r c e n t  w e i g h t  l a s s  dt:e t o  ~ n r y r n a t i c  ac-kinr? i n  kerrrts 
2-f i n i t i a l .  d r y  matter af t h e  sample, a : :  i n k  account t h s  
w e i g h t  105s e f  the c s n t v " r ~ 1  z a r ~ p l e .  Sa . indicates net 
enr yatat i r ar t  i un tlprzrr Zlhu st- tbs-kt-ate .  

- Statistical p r r s c c d ~ t r e r , .  Analysic, a-f variarice was p e r f  01-tned, 
using t h e  F t e z t .  T r e a t m e = - t  ~ f S c x : t - s ,  -the de~;is.-tlisr-i csf: t .he  
treat,r!en-(l rnearl f t-oiz t h e  general  mean, w e r e  eval crated u s i  ng t h e  
F s t a t i t i c ,  and t h i x e  significant at t h e  0.95 level are 
indicated ic t h e  tables. c 

RESULTS AND DISCUSSION 

- Analytical data o-E. o r i g i n a l  bagasse.  The data a rp   giver^ i n  
T a b l e  2.  The t s o  Cynbopagon plants w e r e  si'rni 1ar. The  
haIacel l i i 3 o s ~  f r - a r t i o n ?  ameriable tu enzymatic h y d r ~ l y s j . 5  to 
~; impl i - ; .  sugars, i e p r e ~ e r r t e d  on d r y  basis  58.4% fc,r lernun g r a s s  
and 59.5% f o r  citronella, The cork-esprsncling + i y ~ i r ~ e s  on as11 



fre* basis were 65.2 and 64.1%. respectively. The crude p r o t e i n  
content was lower than values representative sf har-dwuod 
leaves, lucerne and ordinary grass hays? which usually are in 
the range o-F 8 to 23% (8, 41). Huwever it was h i g h e r  t h a n  t h a t  
sf c a m m o n  straws (8. 41) resembling instead the leavss Isheath 
and blade? of such materials ( 1 1 .  I n  terms ~i n e u t r a l  
detergent fibcr (NDF) and acid detergent .fiber (ADF) contents 
they shctwed sDme s i m i l a r i t y  to the cammon skraws a:id they were 
a i  intermediate lignin c o n t e n t .  ayain  being c?nsc ta the  strzws 
and sugarcane bagasse (22,  30). 

- Eigesti bi Z i ty af treated samples. The IVEIMEI! v a l  uec, o b t a i n e d  
f o r  t h e  t w s l v e  solid residues from l ~ r n s n  grass bagasse a f te r  
fungal growth are presented i n  Table 3 ,  and t h o s e  far lemon 
grass in Table 4. Note t h e  +allowing points:  a! M u s t  of t h e  
f u n g i  significantly increased the IVENED of  t h e  5 o l j . d  residues. 
For both substrates the  f u n g u s  t h a t  modified t h e  s u b s t r a t e  to 
be more susceptible to enzymatic hydrolysis was Eandarzewia 
b e r k e l e y i  , which increased lemon grass d i g e s t i b i  lit)) to 22 
percent and c i t r o n e l l a  digertibifity to 24 percent.  The Sive 
Sur,gi to mast imprave t h e  b a g a s s e  w e r p  t h e  ~ac-:e f ai both 
st~hstt;at~s, a l t h c t u g h  w i t h  scme c h a n g e s  in i n d f  vlcfi-ial ranking. 
Altf--1ocrgh all -Fungi i n t r e a ~ j e d  t h e  1VDWE.D fo r  l e r n a n  yrass, t h e  
di i fer -ences S a r  Ischnoderma r e s i n a s u r n ,  D lchorn i tus  squalens and 
Aqrocybe aegeri ta were nc~ t  signif irant. In the case 8 4  
ri t r ~ , 2 e l  la, S i ve ~f the fungi , Pycnaparus sanguineus, D. 
squalens, A. aegeri  ta, F l  amul ina velutipes and Ganaderma 
a p p l  anatun,  d i d  n a t  pt-duce I'd015ED v a l u e s  t h ~ t k  were 
sttkistical l y  different + r a m  the contra l .  b j  There w a s  a 
prap12rt i  anal cart-cl ation bctween t h e  increaz.e in IVCKED and the 
weight 1055- For a l i  s i g n i - F i c a n t  d a t a  ftzr l e : ~ o n  grass and 
titranella, the deta coc1l.d be cot-i-elate3 b y :  

I.'DMEE = -7.12 + 5 -47  ( w e i g [ ? t  i asr )  r 2  - c. 74 
weigh::  less 15% 
rl No direct re!atianship w a s  f a u n d  between IVZMED increase and 
~ 0 1 ~ t b l s  ~ ~ 7 j . d ~ i  cf thc- re-su l tGng residues. In p!pa: : t icalfy aX1 
cases s:2l u b l e  5i~l ids decreased b y  sne tk lr -d  to une k : a X f  the 

I I ~ r i g i r r a l  valuc. ~ e n c e  the  i n c y - e a s e  in IVDPIED v a l u e s  could 
cI ear f .j i nvoLve a ski-uctura!. pal ymeb- m d : i  t: i cati on a n d  
d e l  i g n i  f icati r m .  

- Biodeiignif ication. With the analytical d a t a  af the solid 
samples f r a m  es.ch treatment a n d  the rmt-respanding  sol i d  y i e l d s  
a mas5 balancs o-f t h e  lignocellulosir f i - a c t i o n  was m a d e .  The 
resulting data is zhuwn i n  Table 5 f o r  leman grass and Table b 
fur r i  t r a n e l  la, and is espressed i n  p e r c e n t a q s  change relative 
to t h ~  original s a m p l e  values.  The  fullawing paints can b? 
observed : a) a i l  f ~ t n g i  showed l i q n i n n l y t ~ r r  a c t i v i t y ,  an 
average of 3 3 %  far Xemun g r a s s  and only  2 E X  fnr citranella, In 
bsth substrates t he  f i.rngi s h o w i n g  t ~ i g h e r  1 ijnin losses were: 
5. bet- k e l  e y i  , C o r  i 01 us vers i  col or, Pl euratus f l a b e l  l atus and 
e'hanerochaetr chrysospari~trn (Sporotrichum p~ t l ve ru l e~ tu rn )  . The 
unes showing less: D. squaferis, A. aeqerita, F. velutipes and 



G. app%ana",m. b >  Practically ail fungi showed a preference to 
degrade hemicell ul use over cel luluse. The ratio of 
hemicel i u l o s e  to 1 ignin los4es and hemicel lulcse .Lo cel lulase 
lasses for- t he  average v a l u e s  w e r e :  +or l emon grass, 0.65 and 
i.4E; qar c i t r - n n e l l a ,  0.88 and 1.72. J i 
Comparing the IVDMED ~ z l ~ i e s  with respect to t h e  extent  uf .I 
biodeiignif i c a t i o n ,  
Tungi w e r e  o b t a i n e d :  

t h e  correlations far- the 

Lemon grass: 
IVDMED = -51.70 + 3-21 (3ignin loss) r2  = Q.7i? 

These curre la t ions  show t h a t  in ordsr ta o b t a i n  an IVDME3 
increase a 16-17% lignin loss w i t h  respect to the original 
content is r e q u f  red. I 

L iqn3.n  is rrot o n l y  
matrix, but also far 

the 
m 5  a 

g 1 ui ng' 
par t  of 

( L C C I  stabilized by p h e n o l  i< acid2 such a f e r c i l  ic and ; 3 

p-cclui~taric acids and acetyl sansti"i!~ier.~k-s ~4 t h e  re13 w a f  1s 17., 
I&!  18, 19, 39). Hence it i s n u t  tnr;E:-:pected to have the  + ~ t n g i  ' . .: 
d e g r a d e  a D a u t  t h e  saz je  amuunts cj+ h e m i  ce l l  u l u s e  and 1 ignin. 
T h e s e  LCCs are  us:-tal I. y c h e n t i  c a l l  y madi. + S. ed duri ng micrabial 1 
attack (!4) and a r e  nat recovered i n  t h e  j c i d  detergent 
residue. 

For lerncin qra~is t h e  r a t i u  of herniczllt.rlose t . ~  l i q n i f r  lass w a s  
b e l o w  one, ranging f r o m  Q.41 to 0.81, w i t h  the exreption uf G. 

L > 

applanatum,  which degraaed m o r e  henicellulose khan 1 4 9 n i n .  . - In 
cdse n i  citronel! a anly  e i g h t  runyi showed a r a t i a  ~E=;O:-: one ,  
rang ing  f rum practical iy rera ta . Faur- ciegradud nor 
h e m i c e l  ju f  Dse than 1 i g n l n ,  E. b e r k e l e y i  , P. f label l a tus ,  D. 
squalens and F. velutipes. 

- Compeir i  son !-~i. t h  1 i ter-a-kure va lues .  The t-ange ai e x p i ; r i : ~ i ~ n t a l  j - 
w e i g h t  lasses observed fo r  lemo? grass between 8 and 42%, and 
f o r  citranel la bagasse, between I .  ta %?:,i, i-~ei-e is g e n e r a l  . . 
s i l i g h t i  y lower  t h a n  what was e x p e c r d .  A n t a i  e:nb C r a s f u r d  IS1 
h a v e  shown, r i17sta1?ce? t h a t  in 10 weel.:s at 2 8 C ,  C. 
versicolor degraded m o r e  d r y  m a t t e r ,  6 3 - G X ,  in gr-asses t h a n  in , 

hard ar so+ t w a d s  ( a b o u t  40%). S o m e w h a t  higher kzeight lasses 
h a v e  been repor ted f o r  cerea l  straws and some s p e i ~ i f  ic w h i t e  . , 

ruts, For example  w i t h  w h e a t  s t r a w  t h e  +allowing data have : 
been t - a p s r t e d :  a1 17 weeks at 3tX, Strapharia rugu~aannula ta  
and F l e u r a t u s  cornucapias degraded &0-&5%, Fleuratus f20rida 
45% and A. aegerita o n l y  25% (43). b )  In 7 weeks at 22C, 
6. rugosoannulata d ~ g r a d e d  26%: P. f lcrida 26. SX, 
Fleurotus eryngi  i X O .  h%, Lentinus ~ d a d e s  12,7%, 
Kuehneramyces mutabilis l i . G % ,  G, applanatum 28.7%, 
F- v s l c t t i p e s 5 . 1 % ,  U. aegarita.11.4X (441. c f  S .  pulver-ulentum 
at 3 5 C  degraded  58 and 72% at 5 and Y weeks and D. s q u a l e n s  



19.1 and 58.9% ( 4 6 ) .  In 4 weeE.:s at 28C. Fomes fgniarius 
degr-aded 51. H X ,  Fhl ebia  radiata 45.2%, F'hanerachaete sordida 
42.3%, Pal  yporus bramal i 5 30 .5%,  F'ycnoparus ti nnabar inus 35. A%, 
Lenzi tes  b e t u l  ina 35. tr% and C. versicolor 3::). 6% ( 2 0 ) .  

L i g n i r i  losses shown in Tables S and t fall w i t h i n  expected 
Sigtrres. A f t e r  3 weeks Saur Pleurotus  s t r a i n s  degraded f r o i n  1 0  
up to 5&% o f  lignin p r - e s s n t  i n  co t ton  s t r a w  1 Employing 
e i g h t  nhi tr-rot s t r a i n s ,  Zadrazi l and B r u n n e r t  (45) repor ted  
practically z e r n  f o r  F.  velutipes and up' tu 54,7% f o r  P, 
f lot-ida i n  wheat straw. With  sun+ lowerr 1-ir-il l s and rice h ~ t ~ k ~ ,  
S. rugosoannulata  biodecraded 4A.8% and 42. I%,  P, f larida 60.3 
and 21.6%, P. carnucopi ae &ti. 1 and 59.6% and A. aegeri ta 13.4 .> 
and 12.6%, respectively (44).  Very high l i ~ n i n  l o s z ~ s  have alsa 
been repar ted  w i t h  w h e a t  straw i n  n ine  weeks, 60-70% emplaying 
S .  pulverulentum and up to 8U% w i t h  D. squalens (46). f2baut 

- t he  s a m e  value5 w e r e  obtained b y  Streetel-  et 1 C39) -59% i n  
e i g h t  weeks - ~ m p l o y i n g  a m i x e d  c u l t u r ~  of Fleurotus astreatus ' 

and E r w i  ni a caretuvora. 

K i r k  and Monre (24) f i r z t  r e p c r t e d  t h a t  lignin remavaf by 
w h i t e - r o t  f c t ng i  f r m  aspen - and bir-cb waods wss always 
accnmpanf ed by r-ernoval of p s l  ysacchari des, al though n0.k . 
neressar i  ly correlated w i  t h  remsval  of any particula!- f r - a r t i a n -  
ZG f a c t  lFgnin degradation by P. cht-ysosparium w a s  stimulated 
by abdi  tic^ cf r a r b ~ h y d r a t e s  (321. : h a d  p o i  y s a c c h  x i  bes 
prcjvided the energy requ i red  + ~ r  l i g n i ~  attzck (2L) so dt i r ing 
or - .  to ligninnlysis, a holncrel Iulos.e G e c j t - a d a t i ~ n  . 
activity is shswn. This phenomencn ,!-!as 9 2 ~ 2  s t u d i e d  by 
Elancbe t te  ( A 1  wha, employing sranninn + and k r a n ~ m i  s s i c n  e l e c t t - c n  
txirt-ot,rop;/ o i  w a d  decayed b y  G. applanatum a n d  I .  resinasurn, 
retsorted t h a t  i n  delignif i e d  areas t k a ~  m - d d l e  lamel 3 a was 
degr-aded far_tc,j. rsg an e;-:tei-tsi ve eel 1 d2.f ber-.i z a f i  sr:. sugar 
anaiysis by FlF'LC de:xunr,tratecl that I-ieir:i l ~ k . ' r o s e s  *?re remav~cj 
i n  p r e f  errnce  to ~ e i  l u l  asp. T h i s  ccincides with our 
observati ons. \ .  

Li gn i r: b i oflegradat  i an D y Fames annastrs was re~!cx- .f-~d by Haars 
and Huttermann (17) to f n l l c w  ar: e x a - m e r h s . . n i s m ,  srnaLl mccslecuies 
having a mol- l cu la r  : e i g h t  belsw IfTK!::] he:ir-!g r l .eav~.f !  f i r s t .  71tis . 

fac t  was al.50 cb-?erved by Leiscla  e k  s.1 ( 2 7 )  ampl.aying F'. 
chrysosporium an3 k~heat  strim as t h e  substrate. The s a m e  fungus 
could d e g r a d e  1 ignin m o n o m e r s  during p r i m a r y  a n d  serandnry 
metakiol ism: however di m e r s  and m o r e  ctxr~pl ex 1 igni n-deri ved 
5trrrctures c a u l  d o n l y  be degraded  d u r i n g  the secundat-y p h a s e  
( 2 ) .  . T h i s  .;cryges"L that  1 biaclr~gr-adaticn is n i  t ragen 
i r l h i b i t e d  (23 ,  321. I n o r g a n i c  and at-ganic nitrugen available 
in t h e  s u b s t r a t e  at- i nec l ium arc q u i c k l y  assimilatrd by the 
f unyus  and +r-ee-intracel l u l a r  glutamate accumulates, repressing 
l i g n i n o l y - t i c  ~ n z y ~ ~ u s  (12, 13). Reducing the nitrogen 
concentration i n  t h e  r r t e d i ~ i t n  greatly e n h a n c e d  degradatiort af 
14-C 1 ignit-1 l abe l  l e d  wheat 1 ignocel l i - i lo~e  by F. chrysosporium, 
S. pulverulentum and C. versicalar 1291. Al. t i ~ o u g h  a p a r t i a l  
r e y u l a t i n n  has been observed with Fholiota motabilis, no 



regulaticn at a31 caul d b e  shown w i t h  P. ostreatus and L. 
edades ( 2 . S ) .  Lemon grass and citrunglla, being higher in , 

nitrogen than wheat straw, have shown in these t e s t s  somewhat 
lower d e l i g n i f i . c a t i o n  values. Some organic nitragen i r t n i b i t i o n  
caul d have been present. 

Ink&-mi ttent aer.at.i on a1 so provided the  aiieqr-tate oxygen  
concentra t ion  needed f o r  an e f f e c t i v e  l i g n i n o l y t i c  activity (4, ".. 7 a.2) . 
The activity o+ various fungi in different lignacellulosic . 
s u b s t r a t e s  t o w a r d s  modifying the fur ther  extent  af enzymatic 
h y d r o l y s i s  ur i n  v i t r o  dry  matter enzymatic digestibility is 
5 0 n e ~ 5 d t  contradictory. radrazil ( 3 ~ )  i.js5 5 ~ - - 3 - r  L,L.LLk,s+~:l in 
increasing by 75% t he  IVDllEK! o f  wheat s t t - . w  aElSter 17 rdeeks 
either at 25 or 3 5 C  w i t h  S. rugosoannulata, b ~ t t  cn? y 567: at 22C i 
w i t h  P. cornucopiae. In unl y €3 wee!.:s, Streeker et al C39) did 
no t  improve t h e  IVDPiED of w h e a t  s t r - a w  emplaying P. ostreatusf , 
h o w e v e r  it w a s  increased by 45.9% w h e n  a mixed cultuipe a+ P. 
cstreatus and E. caratovora w a s  ernplcyed- Wata!:: ka (20 1 w a s  
very successful  in increasing t h e  saccharification crf samples , 

o f  w h e a t  straw t h a t  had b e e n  i n c u b a t e d  w i t h  F. astreatus (189% , 

increase), Pleuralus sp. !102%), P.. cinnabarinus C 1 & 2 X ?  and 
1s.thnaderma benzoi n u m  (1$4%1. Z3dp-a~ 5 3. 1442 r c p s r t ~ d  , 

uss~kr l ce~s -F~a l   attempt:^ w i t h  t-i ce huskr a -36% decr.ease w i t h  S,  
rcrgcsuannulata, - 4 ;  w i t h  P, .florida snd -53% w i t h  A. 
aeger i ta. 

- F i n a l  c o m m e n t s .  1'. is obvious  4rsm our data and frarr. data i 
found in t he  Literature t h a t  t h e  eSfects nf i e ~ h i t e  r a t  iungi 
upur! ti-te ? i g ~ o r e l  l :!I ass : r : a t r i x  is a cofipl ey: - ph-. - 7 q ~ ~ n s n ~ n  
c o n t r o l  l e d  by many var iables and t h s i r  i n t e r - r c t i o n s .  Tae 
respon5es o b s ~ r - v c d  so +ar see!% q u i ' t r ~  Q~\nqi tr= , - s~ - :bc , t r -~ t s  specific 
and hence it is h a r d  to de+ine a g e n e r a l  t r e n d -  T h e  IVEMED 
can~ la t  be p r e d i c t e d  o n l y  b y  the  c h s m i i - a :  c ampcs i t i a r~ .  o-F the 
1 5 U n i l f i u b t e d l y  -the t y p e  a+ bends k h y d t - ~ l y r e d ,  t h e  -' 

type ti+ nw! campounds synthesized by the  -Fur.qi azd the physical 
character- is t ics  o-f t h e  r e s i d u e  p1a.y a m a ; c ~ -  r u l e  i!-i determininq 
t h i ?  e x t e n t  and r a t e  uf fu r ther  enz :~o ia t i , e  i-;;.,.dru? ysis. 

Same fungi pret'er c e r t a i n  s i ~ b s t a n e e s i .  Far exampXe Sengi-tpta et -- al . ? s h a w e d  that diqest i u n  af sugsrca~ye k a g z - 3 ~ ~  e n r i c h e d  
w i t h  m i n e r a l s  w i t h  Termitomyces clypeatus fm- one week:. at 55C 
and pH 5.0, resulted i n  saccharifj.cati.r_117 af 71% OJ the 
carbohydrate contents. H~wevet- on1 y iQ% f a r  w h e a t  bran and - 
3.3% fat- green c c c u n u t  c o i r  was observed. Na clues w e r e  givsn 
b y  t h e  authors to e x p l a i n  these differ-cnces.  

I n  t h e  l a s t  f e w  years both  bas ic  and applied r e s e a ~ c h  on 
rr.!lcrobial c a n v e r s i o n  and rnixii-ficaticlns us l ignacel l u l o s i c  , 

materials have vastly e:.:;:anded, as r e v i e w e d  by EriCIssorr ( I l l ,  
- 

but certainly Sam.:, new e x p e r i m e n t a l  approaches need to b e  
d e v e l  aped in o r d e r  to understand better how whi te-rot enzymes 
i n t e r a c t  w i t h  surf ace carnpcmrnts a n d  how tf,is interaction is 
rt3rgul ated. 
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BIODEGRADATION O F  PRETREATED EX-FERMENTED SUGARCANE CHIPS BY 
FUNGAL ENZYMES AND MIXTURES OF ANAEROBIC BACTERIA - 

Carlos R a l z ,  Sheryl  de Cabrera, Mayra'J, Valdez ,  Maria d e l  
Carmen d e  ArriaLa and Jaime Valladares 

Central A m e r i c a n  Research I n s t i t u t e  for  I n d u s t r y  f ICAITI 1 ,  f .  0. . . . , 

Bax 1552, Guatemala C i t y ,  Guatemala 

Sugarcane 1 i g n o c e l  l u l  osi c residue lef t  a+ t e r  sucrose conversi an 
' 

into e t h a n o l  by the EX-FERM process was pre t rea ted  employing 
el even di f f erent techni ques and process condi ti ons. These 
substrates were then hydrolyzed in separate experiments by a 
commercial f trngal enzyme and by si: ci i f  f erent . inocula of 
n ix tu rss  cf zzaer-&ic Lac+r r l s .  I? v f  t r ~  dry m a t t e r  enzymatic 
digestibilities (IVDMED) and sarrharification rates w e r e  - 
measured in the first i n s t a n c e .  P e r c e n t  digestion, gas 
pradurt ian rat?, and volatile + a t t y  acid (VFA) y i e l d s  were ' 

dete6mined i i - i  t h e  ,:::perirnents t + t h  bacteria. IVDMED v a l ~ i e s  were ' . 
linearly c o r r e l a t e d  w i t h  the inverse of lignin rantent  uf each ; . 
s u b s t r a t e .  T h i s  correlation was nnt valid, however? far  t K e  

" * 

enzymatic sacchzrif i c a t i ~ n  rates and t he  th ree  f e r m e n t a t i o n  ; 
parameters measured w i t h  bacteria. These resclts are discussed 
i n  terms of what has been recently reported in the literature 
r e g a r d i n g  enzyme a d s o r p t i o n  and bacteria-surSacz interactians. . 
A 1  l::al i n e  pretreatments w i t h  sodic tm and calcium hydroxide and ', 

two of the ~ r g a n a s o l  v v a r i a n t s  tes ted  w e r e  t h e  m a s t  susc&t ib l  e 
to bacterial  a t t a c k .  t i igher VFA W e y e  o b t a i n e d  when 
c ~ s i n g  t h e  rnec~rrphi l i r  pure cul tu i -e  m i x t u r e  or the mixture o f  . 
anaerobic  b a c t e r i a  f r o m  t he  ciigestur- a n d  t h ~  s ~ d i u m  hydroxide 
and s o m e  a+ t h e  organnsal v pr-ctt-eatrrisn-k~. The organasial v 
pre t rea ted  substrates w e r e  the samples whi rh s h m ~ d  the h i g h e s t  
IVDMED values: ir! one of t h e m  i t  w a s  almusr 90%. 

Introduction 

LignoreX l u l m s i  t hiomass is r e l a t i v e l y  re+ractory to 
bioconversion,  in which a success ion  of fungi and aerobic and 
anaerobic bacteria in comple:.: inter-actions bring about the 
required  biochemical changes  in n a t u r e  l 5  21. ~ u ~ a r c a n e  
bagasse is no except ion < 3 , 4 ) .  

In order to increase t he  r a t e  and extent o f  halocellulase 
hyd~olysis,a substrate  pretreatment is a d v i s a b l e  ta favor close. 
contact  between microbe ar~c! .ii bers o.f the l i q n o c e l 1 ~ t l o s i c  
matris and to  secure e f f i c i e n t  enzyme a c t i o n .  There  is limited 
understandi ng of haw these pretreatment5 enhance 
biodegrarlati on, although there is little tloctbt t h a t  they, alone; 
or i n  cumbinakiarr, are e-ffective. A recent review (5! listed- 
1 0  p h y s i c a l ,  18 chcmical and I. biolmgical t reatment.  Hence the 
selection o+ t h e  mpst appropr iate treatment -far a particular 



situation is in most cases an empirical endeavor. 

The mode a+ ha1 ocell ul ol yc,i s may be qtti te ~ p e t i  e . l~ - -~spet l i  f iC, 
b a t h  in t e r m s  of t h e  substrate a n d  t he  micrc~or-ganlsm.  
Holoce l lu1olyc; i s  being defined as the etTz ymatic h y d r o l y s i s  of 
t h e  cell ul use and  hemi  cel l ul oSe p o l  yrners and any complex I 
e x i s t i n g  between t h e m  at- the lignin polymer. Eeing an 
heterogeneous reaction, the interactions between microbe and 
substr-ate surface and the c o m p l e x i t y  the associated 
e n z y f n a t i c  system are of  paramount i m p o r t a n c e .  They have become 
a b v l o u ~  ' in recent studies dealing with the s t r o n g  sur+ace 
i n t e rac t i ons  of rumen b a c t e r i a  (6-8) and o f  strict anaerobes 
l ike Clostridium therrnocel lum which p o s s e s s  m u 1  ti functional 
mul t i e n z y m e  curnplescs within particular bodies which i n t e r a c t  
clusely w i t h  the J i b ~ r ~ .  The micrnbodies have been called 
cellulosomes by L a m ~ d  et a1. (91, and cellular vesicles i n  rumen 
bacter ia .  An e:,:tracel l u l a r  matrix ha5 beer: ubserved i r - t  brawn 
rat f t ~ n g i  I101, which p r o b a b l y  cantains c y t o p l  asmatic 
o r g a n e l  l es 1 i k e  enzyme bags. The s a m e  s t r u c t u r e  is also  
present  in white rot fungi  bu t  its f u n c t i o n  here seems to be 

f attachment? nutrition and prnt~rtian I ~n any event, it 
seems t h a t  i n  n a t u r e 1  ecosystems w h e r e  l i g n o c e l  l~tlose if., being 
h y d r o l y z e 5 ,  the adsorption of t r u e  extracellular enzymes m i g h t  
occur, b u t  p r o b a b l y  t h e  adsorpti~n of  ry toplasrna t ic  micr -obod ie s  
containing n a t : . ~ r - a l l y  immobilized enzyrrres rniq'ht be a if n o t  
m a r e ,  f r e q u e n t  and i m p a r t a n t .  Any p r e t r e a t m e n t  td b e  effective 
must enhance the acceszi h i  1 i t y  2nd a d s o r p t i o n  o$ c,tirh eel l u l a r  
s t r u c t u r e s .  

The r a t e  and e::tent cl+ hydrolysis rniglit depend, then, an t h e  - 
amount ~f subs t ra te  surf a c ~  exposed, t h s  p r o p e r  adsarptian of 
t he  b i a t s t a ?  y ~ t ?  the degree  af c r y s t a l  l1rsit.j and polymer- izat iaf !  
of t he  heteropo l  ysaccharlde and the proparti un of p o t e n t i a l  
; n h i b i t . a r s  like Jignin, p h ~ n a l i c  arid and  a r e t y l  c n n t e n t s  
(12.- 17). 

I n  t he  p r e s e n t  work w e  present the e x p e r i m e n t a l  results 
ab.t . , ;~i  n r d  f c r  .the Di odegr-adat i  cn n+ EX-FERllented sugarcane ch ips  
pu-etrea'ted b y  v a r i u u e ,  -techni ques. Fi r-st , b i odrsg!-adat i on was 
measured by e r n p l a y i n g  a Trichoderma r e e ~ e i  romn~rrial e n r y m e  ta 
d e t e r m i r ~ e  t h c  in vitra d r y  m a t t e r  ~ n r y m a k i c  d l  y e s t i k ~ i l i t j . e s  and 
the saccharif i c a t i o n  rate. Then, employi t3q a c n m p l e x  mixture 
af anaernb j .~  b a c k e r - i a  isolated f r o c 1  f strr "dif f e r ~ r ? t  ec'osy5tems 
and t i a ~ a  mixtures sf lknawr.! anaerobic bac te r i a ,  t h e  pet-cenk d r y  
m a t t e r  digestion, t h e  y i k l d  of volatile f a t t y  acids, and gas 
p r o d ~ t c t i ~ n  r r ? t e ~  + a  gas and volatile -fatty a c i d s  were 
d e t e r m i n e c l ,  The resul ts  are discur;.;ed i n  t e r m s  u$ t h e  poszible 
ch~inges caused during substrate  pretreatments.  

Sugarcane and its pretreatment 

- S u b s t r a t e  characteristics 



Sugarcane w a s  rsamplerf + r n m  sugar mi 1 Is on t he  F'acif i c  c a a s t  of 
Guatemala fucatcd  a r o u n d  500 meters above sea l e v e l ,  dur ing the 
manth a$ G p r - i l ,  which is at the end of t h e  harvest,  during the 
dry season. The sample was chipped in a pifat wowd chipper 
:Type 9-72, OY Santsalo) , the  c h i p s  w e r e  placed in 7060 1 
tanks, w a t e r  was added to j u s t  cover them. and 2% of  commer.cial 
baker's yeast was mixed, The EX-FERM cycle (18-20) to convert _ I 
a11 sucrose present into e t h a n s l  tool.: 48 h, The  fermented 
chips w e r e  p r e s s e d  i n  a continuous s r rewpres~ .  (Model UP-&F, 
Vincent C o r p . ) ,  washed w i t h  w a t e r  in a mechanically a g i t a t e d  
t a n k ,  a r~d  screwpressrd aga in ,  They w e r e  finally sun-dr ied  ta a 
final m o i s t u r e  around 6-7% and p a c k e d  In ventilated plastic 
bags. The  sampl e was denonli nated CAST-!. 

The results af chemical a n a l y s i s  of  CAST-1 are shown i n  Figure  
1, c ~ m p a r c b  w i t h  data from s ~ v e r s l  c a n e  bagasse  samples 
o b t a i n e d  d i r e c t l y  f r o m  G u a t e m a l a n  sugar mills- Bath are 
practically the same: hence in t e r m s  of l iqnacellulosic 
macracamp=nents sugarcane b a g a s s e  and t h e  residue + r a m  the 
EX-FERM process are e q u a l .  T h i s  + a r t  was more or less 
e x p e c t e d ,  as the yeast ernplayed in EX-FERM only utilizes 
~ ~ u r r o s e  + r c m  ~ ~ t g a r c a r i e ,  O n  t h e  c ther  hand t h e  effects af 
crushing and hea,ting in t h e  ~ , u g a r  m i l l  upon t h e  l igt loccl lulusic  
cornpoi-ients seen to b e  negligible, 35 w a s  a l c , ~  s h a w n  by Gartside 
et al. ( 2 5 ) .  

The lignin r o r ~ t ~ n t  o f  sugarcane b a g a s s e  C12-?5%! i s  slightly 
higher  than m o s t  ce rea l  straws !24, 251. The in v i t r o  enzymatic 
dry matter digestibility (IVDMEDj of t h e  CAST-1 sample 
d c t e r n r i ~ e d  t h e  t k ~ a - e n z y m e  pt-ncedure iZS) ,  e:- i?ploy ing  p e p s i n  
i F-7225 Si qma L'hernical CD- 1 f al l o;-:ed by t h ~  f tingal Onclzttl.:a 
FA re1 l u l a s e  (lviart:zen C h e m ~  t a l  Co. Ltd.  ! , w a s  l'i.!:!4:/;- The 
aver-agt~ IVDIYED +or- t h e  hagassc? s z m p l e s  w i s  17-92?;. These 
v a l u e s  s!-low t h a t  - t h e  l i g n a c e l  lulosic rompanef lcs af sttgarrane 
ar  r quite resistant ta e n r y n ~ a - t i c  h y d r o l y s i s .  They are much 
l o w e r  thars those f uund +or l egumes?  ara~tnd 7(:1%, and most cam- 
mon g r a s s ~ s  and c e r e a l  straws, around 29% fZ7!.  

- S u b s t r - a t e  p r e t r e a t n e n t ~  

~ ! l l l l l l C 3 1  J In  T a b l e  1 a s-.--.---,- sf  t he  pre t re ,? tc t? .x t  c ~ ~ i t x  ti air:= szd t k z  
e x p e c t e d  e f f e c t s  is g i v e n  Cor each identiSied sample. Saiid- 
state t e c h n i q u e s  w e r e  employed for  t h e  NaOH, Na2C03+Ca(ClH)2, 
Nti3 and SO2 pretreatments. Solid s u s p e n s i o n s  and higher 
pressurrz; %ere used -fur t h e  a1 k a l  ine organasulv t r i a l s -  The 
aqueous-phenolic treatment w a s  done by Dr. J -  F. Sachetto from 
BATfELtE-Geneve and the s t e a m  explasiun by Dr-, J.N. Saddler o+ 
t h e  Eastern L a h n r a t a r y  u+ Furi n t e k  Canada Carp .  , nktawa. 

IVDMED and sarcharificatian rates employing fungal enzymes 
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I n  T a b l e  2 are  faund t h e  IVDMED v a l u e s  o b t a i n e d  as de ' scr ibed  
be+ore +or each pretreated sample. The lignin, celluiose, and 
h e m i c e l  lulose contents  and the saccharif ication r a t e  f o r  the 
samples are also given. This l a s t  parameter w a s  o h r a i n e d  after 
8 h of contact  at 40°C of f CIO g of material suspended i n  V m l  
of O.ZM ace ta te  b u f f e r , p H  4 . 8 , w i t h  1 m l  o f  a 1% by weight 
solution of f!nozu+a F A  cellulase in 0 . 2 M  acetate  buffer,  pH 
4.8. The  sealed tube was placed in a r o t a r y  shaker a n d  t h e  
sugars d e t e r m i n e d  by t h e  dini trasai icylic a c i d  methnd (4:). 

F i r s t  of all, it c a n  be noted t h a t  the p r ~ t r e a t m e n t s  were 

I 

effective i n  increasing t he  IVDMED and saccharifiration r a t e  
v a l u e s  of t h e  various samplks compared w i t h  t b c  untreated cane 
sample, CAST-L. The IVDMD increases faund f o r  CANA w e r e  w i t h i n  
k h s  same order of magnitude as those  repor ted previously by 
other workers (42-45). For CACANA our values w e r e  lower than 
t h 0 5 ~  b y  Matei and P l a y n e  (4t5!, Pf a y n e  (471, and Mart-in et a1 . 

- (48). The one f o r  CAAM compares w e l l  w i t h  athers (48, 47, 49). 
N o t e  t h a t  t h e  result i u r  CAN4 w a s  b e t t e r  t h a n  those f o r  CACANA 
ar CAAM- T h e  CASO data were in agreement with reported by 
scientists from t h e  Vulcani Center in Iz.raeZ 14!2!, 512, 511. Our 
data 'fur CAEX was r ~ m p a r a b l e  tu those by Hart et al. (523 i n  
t e r m s  of  e x p r r i  nental  c n n d i  t i dns used, but uur t-esul ts METE 

a b o ~ i t  50% better.  her^ the  aspects o f  cane varieties fitight be 
p a r t l y  respcns ib le  +cr the  df+ference found. Secondly, practi- 
cally a l l  t he  ZWMED increases w e r z  higher for- the organosolv 
samples, f r a m  3.2 times aver CAST-l f o r  CAOK-L tc 4 . 7 - 4 o f d  f o r  
GAGA-2, Thirdly, in t e r m s  o f  c h ~ m i c a l  c o m p o s i t i a n  all 
pretreatment5 did what was expected? -4.3 t h a t  .they c a r r i e d  ast 
mainly  a p a r t i a l  or almost t o t a l  delignification parallel tc a 
~ a r t i a l  ar  t o t a l  h y d r o l y s i s  o f  h e m i c e l  lu? ~ s e .  

In t e r m s  uf rates, CAOK-1 and CAEX gave  values 4.0 and 3.3 - times the v a l u s  f o r  CAST-1. th is  iz *best the sale improvement 
repor ted 9 n r  a s?ealir t r ea ted  sample by Rao ~ t t  al. (55) .  For 
CAN9 a 1.8-fsld increaie can be calculated frairr the data of 
Table 2 ,  a f i g u r s  which is close to t h e  one repartad b y  T r i v d i  
and  Ray (53), bu t  b o t h  are  low compared to a cLase ta 3-f o l d  
increase r e p c r t c d  b y  Mukhapadhyay et ai. (54) and R a o  et al, 
fS5). Again t h e  diife~ences m i g h t  be d u e  to t h e  cane variety 
and t h e  enzyme enplayed fat- t he  sarrcharifir3ticr:. This  is 
r e f  l eczed  more if r a t e s  are calculated on t h e  same b a s i s  as 
ours f rom t h e l r  data. V a l ~ r e c ,  oS 6.5, 2.2 and i:r. S mg h-% of 
reducing sugars, a n a l y z e d  a+ter 8, 24 and 4 h, respectiveiy, 
w e r e  o b t a i n e d  (55,55,54) i n  t h a t  order. 

A scare vaf id comparisur~ can be o b t a i n e d  ii t h e  rates are 
divided by the filter Fs.Fer units o f  t h e  enzymatic preparation 
employed- Mishra  et al, (55) give an i n i t i a l  r a t e  (value 
e x t r a p o l a t e d  to zero time) between IW2-180 m g  reducing sugar 
FF'U-1 h-1 and a final r a t e  l a S t e r  48 h l  betweerr (3.8-1 - 3 .  These 
data were o b t a i n e d  w i t h  an enzyme camples from Penicillum 
f uni cul osum and sadium hydroxide treated bagasse, O u r .  
corrcsp~nding data  #or CANA .is 19-2 mg reducing sugar FFU-1 
h-1,  wzl l within the p r e v i o u s  re ferenced  $igures. 

*: 



It is i n t e r e s t i n g  to confirm any correlation S e t w e e q  IVDMED and 
Ziqnin content af t he  pretreated samples. The  data .a+ Table 2 
are p f a t t e b  1 r 1  F'iyctre 2. where a 'linear inverse correlation is 
observed between these t w o  values, The sarnu doe.= not  h o l d  for 
t h e  initial saccharifrcation rate, as in Table 2 it ran be 
easily seen t h a t  there is no direct relationship between the 
t w o  variables. Before attempting to e x p l a i n  t h i s  fact it is 
impar tan ' t  to mention t h a t  i n  bath  en? yaatic measurements t h e  
w e i g h t  loss and reducing sugar-3 03  t h e  c a n t r z l  sample (nu 
enzyme a d d e d )  were taken into account when t h e  IVDMED and 
saccharification rates w e r e  calculated f o r  each p r e t r e a t e d  
sample, so both measurements reflect  t r u e  enzymatic action upan 
the sub5trate .  A l s o  it shuuld b e  puinted o u t  that t h e  
existence of lignin-carbohydrate e a m p l e x e s  ( L C C s j  has been , 

prcvi  ousl y repo r ted  i n  sugar-cane baga~s ie  <57-6QJ, and Atsushi 
et al. (61) described in detail t h e  i s o l a t i o n  af t h r e e  
palyrnerir  f r a c t i u n s  di+#erent frsm each o the r  in c a n t e n t s  c. 
l i g n i n ,  carbohydrates, phenolic acids, and m s l e c u l a r  weight. 
Various a u t h o r s  have prsviously repor ted  an iricrease in r a t e  
and e x t e n t  a+ digestian in partially o r  totally delkgnified 
a l f  a1 f a and orchardgrass f urages  ib2-b4? , and t w n  (65, 66) have 
precented an i n v e r s e  linear cor re l2 . t ion  hetween digeskible d r y  
matter anti 1Fgni9 ron ton t .  

R e c e n t l y  it has Seen pointed o u t  tha t  the t y p s  and e x t e n t  ~f 
l ignin-pal ysacchari de b o n d i n s  i n  L C C s  a+ter  pretreatments rauld 
af+ect digestian m o r e  than the amnunt of ligain per se ($5, 
63-703. Ir  was also r c p o r t e d  f o r  kraft-deligniCied hard- and 
softvaoods, ~n qeaeral that t h e  d i g ~ s t i b i l i t y  cf softwouds 
i n c r e a ~ e d  13ot-e s l a w l y  as lignin was removed than bib that of 
fiardb-rctods r 7 j ,  ) . Same be1  i eve .tt~?,l,t l i gni r? encrustation i I-t the  
2al y : ~ e r  matrix g ives  carbohydrate p a l  y m e r - 5  a p r a t c z t i v e  seal 
aga ins t  enzyltzaki r hydrn i  y s i  5. Ttj i  5 pi ckure, h.13~=~ever :, d k t ~ ~  not 
take xnto acccunt t h e  ex is tance  of L C C s  and t h e i r  codification 
due to the  action of diSSerent pre t r?a tc !en ts .  Some a?sa assign 
Iignin an i n h i b i t o r y  a c t i a v  upon enzymes, b u t  t h e  m e c t ~ a n i s m  has 
not been fully e l u c i d a t e d .  R e c e r ! t l y  H i d ~ t k 3  et 3 1 .  (723 shor-~ed 
t h a t  i lgnin f r a m  saf t- and hardwcx?c !s  markzbl y depressed 
ceXIobiose a c t i v i t y  v i  t he  enzymes arid t h e  accumttlated 
re1 1cbia:;e was causing a f eedbafk inhibiFicn. L lgn in  der ived 
conp~unds a l s o  have a m a r k e d  inhibition effect (73-751. 
Def l q n i C i c a t ! o i ~ .  on the  other hand, does indeed change t h e  
structural f e a t u r e s  a+ t h e  1 i g n o r e l 3 . u l a s e .  1: m i g h t  increase 
s~tr iace  area a r l u  might reduce cellulose crysta! iinity (15) or 
dzgree o f  sel luiose polymerization C36). Fard I761 has 
suggested f r o m  resu l ts  with pangola grass stems t ha t  1 ignin 
presence i s  !:tore i m p o r t a n t  for  h e m i c e l  lulose degradation than 
str~tctttral f eailures:,, r-)hi l e t h e  opposiee w a s  t r u e  far ce l  lulose, 

So i n  a sense it seems logical that t he  IVOMED data shauid be 
i n v e r s ~ l y  and l i n e a r l y  tarrelated with lignin cantent. It is 
the result a+ an e:-:tended con tac t  between enzyme and substrate, 
w h i c h  s h a ~ ~ s  n u t  o n l y  t h c  i n h i b i t o r y  e f f e c t  uf Iignin but  alsa 



the e f f e c t  of l ignin upon e x t e n t  u? erlzymr; penokr-at ion w i t h i n  
t h e  sol i d  m a t r i x  and adsorpt ion an e. f i -ect ive arlc! i n e f  f e c t l v e  
surf  are area 5jegment1?.  Bn t h e  other hand, ear ly  
sacrhari+icatiun r a t e s  fmr t h ~  maximum-initial ra tes  obtained 
e x t r a p o l a t i n g  to z e r a  t i m e )  5 h a ~  clearly t h a t  it i5 not a n l y  
l i g r i i n  par se tha t  counts, but hok-: ? ignir! is r u m p l ~ x ~ d  ta 
hernice11~tlose and h a w  these LCCs have been modified and 
translocated w i t h i n  the  5of id matrix by t h e  various 
pret reatments .  In ottr rase, CQOl:::-l and CFtEX (whicti  were . no t  
water-  ar al k a l  i-washed af t.er pretrzatment > showed hi yher ra tes  
than a1 must c o r c p 1 e t e l . j  d e l  i gnFf i e d  samples (ECSC3DA). 

The individual enzymes c a ~ p r i  s i n g  t he  7 .  recsei co:xpiex adsorb 
very fast to a l i r j r ~ ~ c e l ? u l c l s i c  smbc,trate like b a y a s s e  (77, 78). 
The e x t e n t  of a d s o r p t i o n  has been f o u n d  pr~particnal to t h e  
i n i t i a l  hydr-a!. y s i s  rate of  p u r e  c e ; . l u l u s e  o f  different 
~ ; t r uc tu ra l  parameters <79!. Hence it c o ~ t l d  be said t h a t  those 
pretreated bagasse szmpL es shuwi rig h igher  i n i t i a l  
saczhar l f ica t ic3n r a t e s  Table 2 a l s o  displayed a m o r e  
favorable adsorption aCfinity Car t h e  enzymes.  A l t h a u g ~  Ehsse 
and 8isaria (77) Caund less enr)*me adsorptisn affinity on t h ~  
prev iaus ly  h y d r o l y z e d  spent bags.sse i+:hich ccntained mare 
i iqnin, this was nat t h e  case wi *!-I by D~s!.tparide and E r i  E::sc,on 
(GO> ,' who clear1 y showed t ha t  tt?er-e was t h e  same anortnt aC 
adsarption on s+*an-exploded wheat s t r a w  and on the Ziqnir i -r ich  
r e s i d ~ t s .  T h i ~  f a c t  ccrnf irrr.5 aqair; %hat t h e  prcesurlce i35 1ign-n 
p e r  se is i?ot ac, i9pau-tartt as h o w  7_iq!-iii-i has becr! madi- i ied by 
the p r e t r e a t m e n t s  and hor-: it j. s cof.;::p2e:;ed L a  the hemice1 lu lase  
i r a c t i o n .  !4hy is it t h e n ,  t h a t  thnse prekreate3 samples that  
s h o w e d  t h e  higher i n i t i a ; .  rates :+pi.-e nc t  the  %2?cr3 shor=ling also 
t h e  h%gher in v i t r o  d r y  m a t t s t -  enz.y.mztic :2igestisi 1 ities? 
Unfortunateiy t h e  a d s c r p t i ~ n  pheynmens i ns>t as s i r n p l e  as i 

I 
a r i y i n a 1 . i ) ~  t h c u q h t .  Recenk findings S ~ : O W  t h a t  w i t h  I 

I iqnacel1 - ~ t j .  ~353. c sutlstr-ates (Sf ) , the  enzyt~tezi  ancs z-dsarbec! 
remained i f imobil  ired t-:i"i?in t h e  m m l e r u l a r  ai-:d s~_f-tprarr:oLscul,sr 
arqanl ~ 7 3  a . F  the stkbs'trate. W i t b i n  t h e  e i - t ~ . ; ; ~ f i . ~ ~ t F 7 ~  !=smple>: 
there are degrees of a d f a f p t i c n ,  t i q h t l y  - and 
t*oal.:l\i. ac!r;c:t-'bed corr:psnei~"c <i82!. Synef-y s:l-, of yz  i ng 
a c t i o n  w a s  a b s e r v e d  b e t w e e n  the twa gfauas uQ Egzynes i83). 
-I-h; ,.1.; nean-tha-t the en;cYne--; migt -a- ted or! the  sur-+ace at: t h e  

solid 1 . ~ 1 7 i . l ~  t r y i n g  to sart-#rate t h e i r -  adsor-ptiun and active 
c e n t e r s  3 .  A dynarilic adsar- pti or>-dez;srpti on mechani  srn plays 
a k p y  101 E. dt t r i r?g  t h e  h y t l ? r ~ l  Y S . ~  5 r--eact'ior?. *E~P t y p e  o f  
s u b s t r a t e  pretrearment  determine5 h o w  n~uct-i er?z  y m e  actual 1 y 
d s s a t - b s  at t h e  end o f  t he  reaction and h34.r much erazyice still is 
adsarbed but  is nu 1or:gsr eifective iS51,  There is a 
ccimpeei  ti VF ads~ ! rp t  i ura nodel wi-r i tit i ncrl udes a 5) rne rg i  stic 
mechanism of  action (561, w h i r h  c a n + i v . m s  m G r e  and m o r e  .that the 
r n z y w ~ s  produced b y  rn i c raa rgan i s rns  are ser-ialf  y a: igned i n  
c o m p l e > : e s  hor.rnd to csll c;;rrF~i-.s and which + a r m  a " l e c t i n "  t y p e  
bond w i t h  t h e  carbohydrate  p o l  ymsr-s 107) .  

Wertce a r a ~ i d  enzyme acfsr~r-pti:~n p r a d u c i n g  a k i g h  i n i t i a l  
saccharif icaticn r a t e  docs nat  me2.n t h a t  t h e r e  will be a hiqher 
e x t e n t .  u+ sacchar i f i cairi 01-1-  Enzymes m i  tgl.1.t t-each nori-ef +2f t  i ve 
and i m r n a b i i e  a d s a r - p t i o n  si?es, enzyaes m i g h t  d ~ s a r b  as reaction 



proceeds, and/or t h e y  mi yht be susceptible tu inhibition bXj 
substrate components or- r e a c t i o n  p~0dLAc:t~.  

D ~ t r  3VDitYtED and i n i t i a l  sacrhari -f 1 c a t i o n  r a t e s  w e r e  u b t a i  ned 
employing a p a r t i a l  1 y p1.w~ c o r n m ~ r r i  a l  cell. :.ti a5e and t h e y  s h o u l d  
be taken w i t h i n  t h a t  cunt:e:.:ts. F c ~ r  spec: .$  i. c s~-ibstraters there 
are various correlatiuns between t h e  i n  vi. t ro  digestibixity 
d e t e r m i n e d  by e n ~ * ~ ~ r n e s  or by  5 2 3 p l ~ t s  oC ruxen fluids. H o w e v e r  
t h e y  are  net to be emplayed as g e n e r a l  purpo$,e rort-elatiuns. 
Data taken w i t h  o ther m i c r ~ b i z l  cellula5es or a m i x t u r e  a+ 
m i c r o b e s  artd enzymes l i!::~ t h ~ y  e:-:ist in +he .Y-rImen f f uib m i g h t  
give or_;!er results as it l.!ill b e  showr-I i m m e d i z : t e l y  even for t h e  
same sttbstrates. 

Degradation w i t h  mixtures af anaerobic bacteria 

- A n a ~ r o b i c  Fur@ cultc:res and m i x e d  f ? c r a  

Two rnl  x t  ures c+ known ar-~aerabir bacteria i+m--e u s e d ,  on= 
mesopsi l i c, in w h i c h  a l l  t e s t s  - dnzns ar 37%, and ane 
thermcqhi l lc, m i c h  w d s  incubated at 60°C. The messphiiic 
cu? t i : t - *  r ~ n t a i n e d  t h e  43 :  l o w i n g  micr-cr-oanj.  -- s m s :  Ruminocucctt~ 

'i ' 7  =- " aLOus NCDD LLJV <~dari~>rtal U a 3 l e c t i e n  a+ E z i r y  Organisss? UK) , 
Ruminmroccus albus DSM ' 2?3455 ['R.-. . ~~=+.ts.che Samnl ~tng  von 

-r..-r Mi i::rcrarqani s:ner1? ?nu! , B a c t e t - c i d e s  runini col a s c : b s .  b r e v i  r, NCDD 
2%r:!6, ana Bacternides ruminicola subs. rurrrinicola NCEi3 2202, 
7't7g t f i e t t m ~ p f j i  1 i c cLil was rijalposrd a s +  Clostrldium - 
t h e r m o a c e t i r ~ i r n  var. LjunydahL , C, thermoaceticum var 1Ilacd (bath 
f rgm "Ls Cente r  for t i i o l a r g i  c a l  Res~cit-re 5:eiave:-;;, U n i v e ; - s i t y  of 
I < L . - . - . : - ~ ~  YLL*. -. 3 ) * C. thermacel i urn ~2 5 L - ~ . . ' ,  d .77-7 and C ,  

therrnasacrharul ti c u m  DSM 571. 

a d a i  ti an t h  i s\-~r:+hetic backer la :  fiiyk~..f-~z .l.escribpd 
above, f o u r  m i  ci. 3b i  af ' c~J:-:tut-es $1-a:?: natu:-.:.: rrllut-ces w e r e  
~ t ~ t c i i _  ed, T ~ F  Cder: !.ept j. rr j ar-5 o f  3.5 1 ,  tL>:-ez O+ thf-t~ at 3S°C 
arid ane e?+ 5 1 2 .  6t>O(=:, 21 ;$ fed 2vef-v w==e{: w i t h  '5% ';w!v) af 
grsund E X -  ,-ERfier:t d s u g a r c a n e  rnLps and 3CK! m l  sf t - u m ~ ?  -Flu:d.  
?-?I* f f i a i t . ~ l l  c? f OT he t h r e e  m e s o p h i  l ; :%ixtcrc>s c a m e  f ? - s m :  a) 
r ufi;f=n sh+,;,ized .*;r.u.~ a s l a u g h t ~ r h a , , s ~ ,  13: s ~ d i r ~ ~ e i - i t f ~  ~i a s w a m p  
cir:c.e ( ;g  f i m a t i  tla:-i, Z T : ~  c )  ",tie e+i l~err t  i:;'-~il! 317 aiiaet-chic 
aciduqegi c r-eactor operating k : i t h  co4f ee p u l p -  R . 3  E 

t h ~ r a k o p t ~ i  lir i r r c t : ! ? u m  canle frolrr s~adi:xe?nts f r o i n  a volazanir pond 
t l c ~ f ?  to Lake r?ma"ci"ila,i 2nd F'acaya volcana. 

T o  s t a n ~ j a t - - i z e  tho inocula + t h e  knawn ~ ~ ! 3 t u r e s ,  e x h  
aesophilic w a s  g r n w n  fa r  24 h &r)d eazh thw-mophilir S a r  72 h I n  
a recc i~:~:c~ndeb medza I G S j ,  and then each w a s  diluted to an 
absnrbance at 100 71% between 0 . 5  and 0 . 6 .  Tke t w c  m i x t u r e s  
contained eq:!al volumes of  each comgcnent.  3n szck test, 3.25 g 
05 s c t b s t r a t ~  w a s  sddecl "i u 550-rill v i a l ,  a + l a w  o f  a x y g ~ n - f r s e  
Ca2 was passed, artd t h e  v i a l  was soaled. Sal?re <;-E,i-Ict anaer-crbes- 
are  very  5!-is~ep.*cli?l.e ';a c3:;yqen henee i't was necesc,ar-y to adsarb  
any rezi d u a l  oxygen over a hot ceppc;r- pacl.:t -1 csl  u m n  cannected 



i n  t h e  COz gas line, Each vral Kas ; inceuEatzd w i t h  0 - 3  ml 
o.f the s t a n c l a r - b i z e d  inacrulu,m and ZQ i o+ prer-edu-ced steri?e 
basal ntedi~tm I8E3), yielding a (:I. 85% w / v  s u h s t r a  te suspension- 
The basa l  medium was r e d u c e d  w i t h  &It, 05:4 c y s t e l n c  ~ u ;  iide. The 
redox potential i~dicator Mas 0.03Z% rrsazurin. The i n i t i a l  pq 
was a d j u s t e d  to 7 by adding an 8%- sodium car-bonate c,olr_ttiarI. 
T h e .  v i a l s  containing t h e  mi:-:tures (sf trnkr-laws microarganfsrns 
w e r e  prepared by placinq 0.5 g a+ each substrate in a 125-ml 
v i a l  tagether w i t h  50 m2 f r o m  essh 3igeskor p a s s e d  thraugh 
cheesec~l 0th . A bit+ f er s o l ~ i t i o n  (883 was added so t h a t  its 
f i n a l  c a n c e n t r ~ t i u q  In the vial das 0 . $ 2 T M .  The initial pH was 
between 6.8-7-5. P i t r l r q  a l l  handling t h e  vials wcr-e  kept  under 
an ax)~gen-" i res  ni tragcr! atmosphere. A 1  l tes ts  w e r e  done  on 
triplicate. A Sour th  vial was used to checi.: the i n i t i a l  sol! d s  
cantent. 

Gas produc t  i on i n sack vi a? w a s  measured b y  1 i qui d di s p ~  acement 
(SEi. A f  terwards t h e  vial was opsned and the pH measursd. T e e  
c o n t e n t s  were centrifuged at 12 GO6 ;--p~x +or 15 min at I W C ,  T h e  
solid residue w a s  washed t ~d i ce  w i t h  distillad w a t e r  and 
oven-dr-i ed at Sf;-O5"i; unti l ranscant wei ght w a s  at ta ined ,  
Vnlaki le i a t t y  a c i d s  wer? Setermined  b y  gas chrom~toguaphy iS8: 
empi s y i n y  a H e w l e t t - - P a c k a r - d  303 chrmiat- graph w i t h  a 1 - 8 - m  
column 04 C h r o m a s o r b  W ~ i k h  10% e t h y l e v w  g l y c o l  su~c fna te .  

- Substrate d i g e s . t i ~ n  

r he e:.:perintental t-esu;ts obfr5.i ned e r e  giv-;-n in Table 3. Thsy 
shot-: t b c  1; dig~ztian a b t a i n ~ d  G a t -  each zukst i-ate  tesxzd w i t h  
.the six mi : . : t ~ ~ a s  c+ an~ :e t - -oh ic  batter-is a-Fter - 5  days of 
i n c u k ~ a t i o r !  at 35°C or- ax &QeCl I n  sowe ~ 2 5 ~ 7 5  dFer-z t h e  S--day 
sample w a s  I s s t ,  datz are given foe  15 at- 30 d * . ; , ~ .  I n  a f e n  
cases na data +:ere sbtained. 
The j i  qs.r-ticrn - values wet-.e c4terG mcrcr-i. Ic.c-~et- ti-ia.: tfts I'v'SPE23 data 

;7 - p r e v i c u s l  v p r e s e n t e d .  ,2.t1y CSCPNA 5 P : s w e d  m a r e  or f SGS t h e  sacs 
arncrmt e - F  d: yestion far a l l  r n i k t ~ i r e l . :  anct ;e+-v clsse to th? 
i of .33.43:,'- shown in Table 2. ?he digestibility 
fccrnd :-:it t h e  mf:.:tures of pui-e caltures &-*-?as t - ~ s c i ~ l l y  D e . t t e r  
t ~ a n  the one cbtained with the +our unknawn r ~ ' : i ~ t r _ t ~ ~ ~ .  

Fretreatments w s r e  ef f ecti va in iccreasing Ziqsstibi iity. 
. . CAN&, CACANA, CAOA-2 and CAG>..:-f p r ~ d a m i ~ a t e o  1 n higher values 

and should be cons ider -cd  the bs ! s t  pre.tr-Gstl?!~ntrs i n  order  tc 
c b t a i n  ma:eim:trr, values, At the end 0% 5 days t h e  p H  d the 
cultures had increased siightl y ,  0.2 units f u r  t h e  t w o  nistures 
o+ k n ~ w n  bacter-ia, 0.3 for  t h e  cud inuruiuix,  C1.4 +or t h e  rumen 
irroculurn and r-r,b far t h e  o the r -  t k a .  There w a s  nu digestibility 
j . n k i b i t i o n  due to any pH drop.  whicii i~ rumen bacteria is 
e x t r e m e l y  impov- tant  (89, 90). 

Przvi ous W O ~ - ~ : E T S  4 91 -72) a ~ b a w n  t h a t  about 40% . . 
d i  g e z t  isr! ui 1 ignocel1uI osic crrap t-es:aues ~ h o i l i d  be  espected 
i n  about  7 d a y s  by mixed cultures a+ rL:mer. micrbar~anisms ar 
pure cultures o+ rLt12en bacteria. D u r  r e s u l t s  s h o w  in Table 3 
are much posret-, and 4 t was oil1 y a f t e r  e:.;tenslve ~ ; u b s t r a t e  
pret reatment  t h a t  t h o ~ e  digestion v a i i ~ e s  wer-e obtained. 



Differences i digestibility may, in pbwt. be due to 
diSferences in the  i n i t i a l  microbial p o p u l a t i o n  i n i t i a l l y  used 
to inoculate the Sermentatiun. Hence it is difficult to 
compare resu l  ts. 
A1 though R. al bus s t r a i n s  quite e S f  ecti vel y degrade pctri f i ~ d  
and mechanically pretreated cel lulcse samples (33,  '34, 95), and 
P. rumirsicola is a l so  an eq-fiicient u t i l j - z e r  sf purified xy.lans 
(961 ,  t h e i r  behaviour  ~i th untreated  lignaceklulo~ic residues 
h a s  been m o r e  erratic and s t r -d in -dependent .  For e x a m p l e ,  R. 
albus degraded 2% of dewaxed c o t t o n  linters according ta 
H a l l i i v ~ l l  and Bryant (931,  only 4 ~ 5 %  according to Morris and 
van Gylswyk (971, arid practically z e r o  according to Wood et dl. 
I5.G)' .  A 1 5 0 ,  when using mixtures  o f  unknown r u m e n  
micraarganisms, the s a m p l e  preparation and cultur? e n r i c h ~ ~ e n t  
tec :hni  ques in+ luence t h e  hydro1 y r ing  activity. R ~ ~ e n t l y  A 1 7 - t ~ ~  

and A k i n  193) have shown that protszaa  rlzight cantribute w i t h  
50% oi the  t o t a l  aegradation of o r c h a r d  and caastal grsss 
Corages. T h i s  does n a t  rilean that  i n  all. s~tbstrates protazaa 
m i g h t  b e  responsible +or more t h a n  half a+ t h e  polymer 
degradation. A l s a  phycomyceke Qungi play a role i n  polymer 
breakdown I P O t I ,  102); hence it is n o t  s~rpristnq to have 
~i f f e rec t  r e s p o n s e s  w h e n  unknok!n m i x t u t - e s  ai rumen 
rnicruorga~isms are e m p l a y e d  as inucu la ;  

T3et-e  was nu obvious r a r r e i a t i u n  between % digestion and Lignin 
c ~ n t e n t  o+ t h e  p re t rea ted  substrates, Eauchap and Mountfort 
(101) r e p o r t e d  recent ly  t h a t  the  digesticn obkained by a 

m i x t t r r e  zf a rc tmen r'unqi and trira methancgen i t  b a r ' t e r i a  on k b r r e  
strbstratezi varied acczt-ding to 1 i 'gnin c a n t e n t .  The extent of 
d i g e s t f o r !  feund was $8, 76.2 and .36X -For ball-milled filter 
paper, sisal i i b e r  and b a r l e y  s t r a w ,  rezpcctively, which had 0, - -. and  7 . 4 X  lignin conter?ts. I? seems, hawever, t h a t  
pretr--eatrncnts on t h e  same substrate as shown in our d a t a  i n  
T a b l e  3 nf f e c t  di f f e r z n t l  y t h e  i nteracti ans b e t w e e n  m i c r o S e  and 
substrate s u r f  ace (0-8;. The i i  re;.!-:tent per se 3s no 
longer as i m p o r t a n t :  instead it seems t h a t  the t -erept lv i ty  3-F 

t h e  specific surface f o r  mlcrobi .%l  adsorptian is the key 
e l e m e n t  - H~zwaver  w e  an1 y G F ~  er it as a sugges t i f in  as w e  ~ 3 n n u t  
subst.arrti a te  t h i s  stat.emertt w i t h  experimentai f a!:rls? S u t  only 
w i t h  data f r o m  uthet- authcrs on the  pretreatment e++ects upcn 
the sureace c h a r a c t ~ r i  stics of  t h e  subc,trate.  
E3ur dirta f o r  the t h e r r n a p h i l e ~  repor ted  in Table 3 is lower than 
t h a t  fouqd in t h e  literature CL02-106!, were u n d e r  o p t i m u m  
conditions and a+ter m i c r o b e  manipulatian digestians, clase to 
PO% have been r e p o r t e d .  
Khan et ai, [I071 repcrted cellulsse d ' s q e s t i a n  values ai ter  7 
d=t' - Y =  - at 33% by a m i x e d  c u l t u r e  of anaerobic bacteria of 4 to 
1? .5X  on de2. i yn i  f i e b  wsod dczrived s u b s t r a t e s  l i k e  nebqsprint, 
cardboard, anb paper baqs. Far pretreated t a r n  staver under 
m i i d  a l k a l i n e  conciitiorrs and empluyir~g an inoculttm f r o m  a 
cnntinuotrs anaerobic diges . tor ,  Datta 1 104) found a 7'1% 
h e m 1  cel l ul ose canvzr-s i  on b u t  cn l  y a 36, $7; c r l  lulose convarsian- 
Levy et al. (::0) repor ted  conversions a+ 10, i h ,  and 29% f o r  
untreated ccrn stover, c a n e  bagasse, and ziSalSa: 45% f a r  



al k a l  ine-pretreated corn stover  and 40% f o r  steam-expl oded 
wood. Fartoc; e .  al. C 1 1 1 )  employed m i x e d  crnltures S r o m  
anaerabic sediments or mud f r o m  t e m p e r a t e  French  and tr~pical 
Canga envi r-onnients and f aund +or  ~lntt-eatecl bar 1 ey straw a 
degradation of  3.2 to 14%. Qfter an a1 k a l  i r t e  pretrea+:.~nt 
these figures i n c r e a s e d  to 17 to 26.5%. Eachman et al. (1121 
s t u d i e d  t he  biodegradatiun of  at straw by a mesophif ic mixture 
of  bacteria from an anaerobic digester and faund a 34 to 41% 
c ~ n v e r s i a n  a f t e r  30 days. These values were nut incre.ased 
after pure cultures af C. cel IuXalyti cum and/or- Methanosarcina 
b a r k e r i  w e r e  addecl- These ref ererice.; br i e-f l y show t:I.-~e large 
v a r i a t i o n s  +aund  in the  d e g r a d a t i o n  of n a t u r a l  or pretreated 
s u b s t r a t e s  by m i x e d  c u l t u r e s  of anderabic bacteria coming from 
q u i t e  different origins. 
- Gas p r a d u c t i o n  and volatile C a t t y  acid y i e l d s  

Ihe data +or the volume of g a s  produced pet- unit w e f  ght of 
substrate-day after 5 days f a r  t h e  s i x  i n a c ~ ! l a  and the eleven 
pre t rea ted  cane bagasse  samples w e r e  i n  t h e  r - a n g e  of  13 to 582 
r n l  per q uf d - i g e s t e d  d r y  matter--day. Table 4 gives the 
volatile f a t t y  a c i d  y x e l d s  after 30 days. The t w o  f e r m e n t a t i o n  
p a r a m e t e r s  d i d  nst show any t rend w i t h  respect ta the 31gnin 
content o+ t h e  substrates anzl yzed i n d i v i d f i z l  f y f o r  every 
i n c c u i  urn fir as an average f l gur-5 f o r  al l a+ them. Tt is w e 1  2 
k n n w n  tha t  in cnrnpLex ecosystems. microbial in5era=tionr, 
speci f ica'll )J i ntet-mi crobi 3 1  hydr'crgen tr-ans+er, have praf  ound 
e f+ec t s  on ths p a t t e r n  af f e r ~ e n t a t i ~ n  p r o d u c t s  Cl13, 114). 
Hence, i n  the  i n ~ c u l a  a+ mixtures af u n k n ~ w n  anaerobic bacteria 
w h e r e  methana~ens w s r e  c e r t s i n l y  p r ~ s e n t ,  m s r e  g a s  and acetate 
should have bsen produced.  !!ore uas :+as indeed pruul_re?d but  
the rate of scid proc lc tc t ian  tadas ' nst nece~ : , s a r j . l y  h e .  Xn 

, $act, a5 ~ h a t ~ r r  i.r! T a b l e  4, the  m e s t - p h i l i r  m i x t u r e  cansis-iring o-F 
H. albus and E. r ~ t n i n i r o l a  ar:d t h e  knPr!ar~n mi:-:-t t t!-e f r o m  i P g e  

,, especial i y  digzstur gave t h e  highs  st y i s l d s  mS volatile aci.d;- 
G n r  some a+ the  o r q a n r r ~ s o l  v arid al k:al i rie-r.* la s sf::-eatcd sa i~ lp l  esi, It 
ran be a s s u w e d  th2 . t  the acetate was ~ i s e d  fer  mktttane p r a d u r t i c m  
by t he  m i x e d  $1.ora +t-nin k h e  c l igss tar -5 ,  arid t!-terefo:-e 3 

a r c c t m t i l a t i  on of f a t t y  acids \-;as nnt o b s e r v e d  wj.  t h i n  the t i m e  
periods ccjvrred in t he  present  study. 

Mast af t h e  g a s  product icr i  data t'ar the  !?ti:-:ttr:-es af unkrrown . 
anaci-abic b a c t e r i a  were h i g h e r  t h a n  +;:s~se Sauncj try Khan et al, 
t l f S ,  1 l b )  which !-jere between 25 t c ~  1 1 8  m l  a+ biogas p e r  g 
celluiosu degraded--day. A l s r  they w s r e  higher In  tampar-ison to 
those f er4 selected ref er~ncres employing d e + i r r ~ d  m i x t r t r e s  of 
mic:r~organisrns 1 1  17-115'). For t h o s e  samples where the 
-subskr&.te digestion w a s  very l o w ,  a small ert.c?r i n  substrate 
lass m a k e s  a l a r g e  dif qet-ence in t h e  values o b t a i n e d  and t h u s  
cont r ibu tes  to auerrant -esults. In thase cases where 
substrate l o s s  was abuve 15--20X, the gas pr -aduc t  i o n  rates were 
as expected. 

Mate i  and FZayne 146) obtained V F A  y i e l d s  nf up ta 0.74 g of 
c x y a n i c  mat ter  digested o f  cane b a g a s s e .  T h i s  f i g u r e  wa2 quite  
corrstant f nr- d i f f e r e n t  pr etr  eatrrtan'i.!s. Hawsvcr, +or the 
cambi ned sodi urn and ammuni c:m hydt-o::i du tr-eaPioen"is, they 



r e p a r t e d  a l o w  value of 0.46. As shown in Table 4 our CAAM 
sample gave alsa one a+ tne  lowest yields. b j c i m e r  and Z e i  k u s  
(1201 cjive a y i e l d  a+ 0.3B f a r  C ,  thermocelPum and 0.78 f a r  a 
n t i x t u r ~ !  of C. thermocel l u m  and h. t:iermoautotruphicum, ~;huwiny 
c lear ly  the  s h i f t  to a c i d  f ormatian by interspecies hydrogen 
transfer .  Highest V F A  y i e l d s  were ~ r a d ~ t c e d  by the two mixtures 
af pure cultures and tne  f lora  S r o m  the acidogenic digestor 
w i t h  average y i e l d s  e x p r e s s ~ d  in y acid equivalents per g 
digested dry matter of 1.036, 0.506 and 0.745, respectively- 
The other  units produced m u r t ~  lower y i e l d s ,  p r o b a b l y  due to 
presence o-f methanoger35 and ccsnvev sion o f  acids to gas. A n  
average yield cr f  !:j.1337 w a s  reporked by Watta (Ic:)'?) from 
a1 k a i  ine-pret reated corn s.tavetr. Khan et al . (121) o b t a i n e d  
y i e l d s  oZ: 0.68 and 6.61  frnnl cardboard a!-id neb-:sprint. I..IisI~io 
et r7L - (122) repor ted a y i e l d  of (3.46 f r o m  untreated c i t r u s  
peel. 

The  interactions between anaerobic bacteria are  quite c o m p l e x ,  
and hence it is skill hard to predict the c u t c ~ m e  i n  p r ~ d u ~ t  
y i e l d  Corganic a c i d s )  a n d  subskrate cons.urnptiun (caLZuTuse and 
hemicclfulase) a4 a t y p i c a l  anaer-obic S e r r n ~ r ~ t a t i ~ n .  Far 
e:.:a~pf. e, t-l'han a n d  Hurl-a). (123) h a v e  s h m m  that- A, 
ceflulolyticus in pure c u l t ~ t r ~  degraded &?I q oi pure 
ce l Ju2ose  ~ q c i b d a l e n t s  a n d  pr-aduced 1276 g o f  t o t a l  arid5 iot- a 
y i e l d  ' 0 4  a n I y  1 . 9  when gr-own i n  cc-culture with a 
s a c c h a r ~ l  ytic bacteria, C. saccharalyticum, tmf y 5249 g o+ 
s u b s t r a t e  w e r e  cnnsumed, bu t  1E09 g 3-F to ta l  acids were 
pru5~tced,  fat- a y i e l d  of (2.34- If h=mrare"cgsenj.c bacteria are 
pressnt,  the acetic acid yields will increase g r - e a t l y .  Le ' 

R u y e t  ct ax. :I241 have shc&-~n  t h a t  co-cultures oS C. 
ihermocal l urn and Acetageniurn k i  vui CK? p m - s  r e l  l ul a5e IbJhatnan 
C C S I !  will p r n d u r e  a y i e l d  s 4  i . B &  t o t a l  volatile acids. This 
might e x p l a i n  t he  c o n s i s t e n t l y  h i g h  y i s l d s  found + o r  t h e  
unknawn mixture f ram the  acidoyenir d i  g ~ z t u r .  . 

Conclusions Al l t h e  p r e t r e a t m e ~ t s  tes ted  w e r e  very effective in 
maC:.ing t":e I iqnoce! i ~ [ I , o s i ~  f rac t inn  + sLtgarcane inure 
susceptiL?lt? tc d i r e c t  enzymatic h y d r ~ l v s i s  and ta m a r e  
favorable n i i rabe-f  i b e r  interactions wi t f ;  x taernb ic  bacteria.  
The nn t rea tec4  materi al was very t - c s i z t a n t  ta biahyu"rrnl y s i s .  
Pretreatrnenks w e r e  effective because ther-e w a s  a 
;lei iqni:f i c a k i a n  r e s t t i a n  ~ i - i r "  pgssik31 h y d r c ?  y s i s  of the 
I ignin-hem? c e i  i u l  ase bond- I n  some cases swell i n g  of the solid 
matrix or t - e d u c t i a n  i n  degree o f  p a l  ymcr- iza t io i~  w a s  suspec ted  
according to previaas r e f  er-ences, which made the substrate m a t - e  
a c c ~ s s i  b l c  far  ef f e r t i v e  s t - i r C a c e  attachment b y  enmyses in 
s n l u t i o n  or w i t h i n  the spher-e o f  influence af anaerobic 
mi croargani sms. 

IVDMEDs w 3 r e  l ineat- ly  currelated wf t h  t h e  inverse l i g ~ i n  
rantent  o f  t h e  pretreated  s u b s t r a t e s .  This was not s~ far t h e  
sacchat-5-f i rati ilrr ratses. R150, i t  war ;  ?at val"id f o r  micr-obial  
digest i rsn,  gas p r c d u c t i u n  r a t e s  or- VFA yie ld . ; .  



Une of t h e  organasolv s a r n p l ~ s ,  CAOA-2, qave an SVDMED close to 
9 3 % .  The lignin cantent h a d  decreased from 12.5 to 2.4%- 

Two organosalv samples, CAOA-2 and COOK:-1, and t w o  alkaline 
pretreated ones, CAN0 and CACANA, sh~t-:eb higher d i  jesti on 
values  by m i s : t c r r r s  u+ krtown ar  unl:nown anaerobic bacteria, 

G a s  praduc t . ion  rates and  V F A  y i e l d s  wsre comparable to 
l i t e ra tu re  values .  CANA and CAGI.::-I gave the higher average 
y i e l d s .  It seefl!~ then that. e i t h e r -  0 4  those isretreatments 
should be employed f a r  anaerobic VFA prcdurt ion. The 
mesophi l i c-pure cu3. tr-(re r r t i  x t ~ t r e  of anaercbi c b e ~ ~ t e r - z a  and t h e  
unknowr! i n ix tu re -  $ r a m  the digestor were p r a D a b I y  the b e s t  
i n o r r t l a  + ~ ( r  a c i d  produc t i t sn .  
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EIODEGRADATXON OF PRETREATED CITFiONELLA ANu LEMON SRASS BAGASSE BY 
N I XTURES O F  ANAEROE I C RAC'TER I A 

Sheryl d p  Cabrera, C a r l o s  Rolz, 'rlayra Valciez; Maria d e l  C a r m e n  de 
Arriola and 3aime V a l  ladares 
Applied Research D i v x s i o n  
Centra l  A m e r i c a n  Research Institute f a r  I n d ~ ~ s t r y  [IOAfTI) 
P. 0. an?: 1552, Guatemala C i t y ,  G u a t e m a Z z ,  C e n t r a l  America 

A3STRACT 
Bagasse Srorn ci t r o n e l  1 a (Cymhapaqcn w i n t e r i  anus) and lemon grass 
(Cyrnbapongan ci t ra tus )  , pret rshted  by x t eckn i  ques and process 
conditions, was digested by s i x  d l + +  e r e n t  mixtures of xnaer-obic 
bacte r ia .  P e r c e n t  digestion, gas production rate, and vol a t 1  lo 
f a t t y  a c k d  ( V F A )  : ; i e l d s  w e r e  d e t e r n r i n e d .  PI m i x i r u r - e  of p1:t-e cultures 
of mesaphilic anaerubic b a c t e r i a  gave t he  hi~hest y i e l d  o-f- VFA.  The 
source of  i n o c ~ t l u r n  d i d  not have a statistically significant e-r'fert 
oc digestion, but'pretreat:w?nt o f  t h e  s u b s t r a t e s  prnved to have an 
i m p o r t a n t  ~ z f # e c t  on digestion- The scrJ.id state p - e t r e a t m e n t  with 
sodium hydra:.:ide or a m i x t u r e  a+ sodium carbanate and c a l c i u m  ; 
hydroxide f o s t e r e d  m o r e  complete d i g e s t i o n  of the materials. The 
results are compared with t h o s e  o b . t a i n e d  +ram i n  v i t r o  enzymatic 
digeztion and rr:i t h  sugarcane tracjasse. 

1 N7 RODL!CIION 
Lemon gr ass and ci t . ronel  la bagasse a re  the  I ignocel lulosic r e s i d u e s  

t 

f r o m  steam d i s t i .  3 l a t i c n  of freshly c u t  lemon grass. azd c i t r ~ n e l l a  
leaves  dctr the t-eccivrry r: the essential oi3.s. The p l a r : t s  belong to - 
t h e  G r . a m i  neae ar3d hal.~e been cl azs l  + i e d  as Cymbopcngon ci tratus and 
Cymbopwgon winserianus respectivcl y. D i r e c t  u s e  a5 an animal  f e e d  
ir- nst p o s s i b l e  due t u  r e j e c t i o n  bera~rse  of t he  residual a r s m a  and 
f l a v ~ r .  U5e as a source of fiber f o r  paper a n d  b o a r d  h a s  been taken 
ui-:?y tb t he  pilot p i a n t  I r v e l  in G u s t e m a l a .  Lernun grass oil 
p r o d u c t i o n  l c ,  around I 1 )  t per  year-, being produced 55.' S r l d i a ,  
Guatemala, the Republic uf C h i n a  a n d  S r i  Lanka. Ci t r o n ~ l  la 
product ion is around .Y 300 t p e r  year ,  w i t h  I n d o n e s i a ?  Sri L a n k a ,  
t h e  Republic o$ C h i n a ,  T a i w a n ,  G : \ a t e m a l a  a n  Er-az i l  b ~ i n g  the  
pr- inc i  p a l  prgducer~:  <F:c!bblns, 1933!. Thf  s r - s p r e 5 e n t s i  a b c u t  200 008 
uS d r y  baqasc-E which coct ld  be available annuall;. as a srsurcs; of 
3 i g n o c e l  l u l c ~ i c  biaasss. 
I n  the preserst w o r k : ,  the  kydralysis o+ the hal .occ l lu lmz=,e  m a t e r - i a l  in 
the Dagazsc by anaerobic bacteriz. w a s  s t u d i e d .  I n  or-der to incresse 
the r a t e  and ex ten t  of holoccl l ul ose h.ydral  ysis, subs tra te  
pre t rea tment  was u5x.d i n  ap.der tu !nodif y t h e  1 i g n c l c e l l ~ : l a s i c  n t a t r i : ~ ,  
-Favurirrg close c o n t a c t  between microbe  and fibers, a1-1d e+f ieient 

TI' enzyme a c t i o n .  rne m o d e  of h o l o c e l 1 ~ 1 1 0 1 y s i s  may be  q u i t e  
spec~ies-specif  ic b a t h  i n  t e r m s  o f  the  substrate and the 
t ~ ~ i r r ~ o r g a n i s n s ,  influenced by the s t r u c t u r a l  +eatures of the 
substrate, t.he i n t e r a c t i o n  between microbe afld substrate surface, 
a n d  t h e  complex i ty  of t he  enzyme system.  The effect oq t h e  
p r ~ t r e a t m e n t s  on the i n  v i t r a  d i g e s t i b i l . i t y  has been reparted 
previously (Rolz et a l ,  1986a) f o r  these t w o  bagasses. A t  t h i s  time. 
a c~nrpar i son  b a t w o e n  the i n  v i t r a  results, and t h e  micrabial 
digestion w i l l  be made, as- well the  acidugenisis by anaerubir 
bacteria. Use of 1 ignncellulasic mater-ial as a substrate far 



sl-ganic a c i d  production by anaerobic: bacteria ::as b e e  repor ted  
(Khan ct al, 1981'; Taya et a:: 1979; Datta? 1SBia; D a t t a ,  1981b; 
N i s . h i o ,  XYB2; Ralz et al, 1986b) .  

MATERIALS AND METHODS 
Substrate 
G r a m i  neae bagasse was ob'tai ned f ronb p1 a n t a t i  ans 1 ocated i Q the 
Guatemalan P a c j  f ic l o w l a n d s  a t  420 meters above sea l e v e l ,  in June I _  

a t  t he  s ' ta r t  uf ti:e rainy season when the  l e a v e s  are harves ted .  
They w e r e  cal l ~ c t e d  as t h e y  came out of  the essential oil steam 
distillery, s u n  dried tu a f i n a l  maistirve af around 6-7% and packed ' 

i n  plastic v e n t i l . a t e d  bags. The i!.n,tr-f?ated samples were prepared by 
milling t h e  dried r a w  material. in a pilat ~ i t z  Mil l  C u r r i m i n u t o r  (The 
F i t . : p a t r i c k  Ca. i w i t h  a "84  m.Ti siev?. The f i n a l  p o ~ d e r s  w e r e  p a c k e d  
i n  p l a s t i c  bags, GIST being tire 1cient-i-Ej.catian for untreated 
ci trot-tel l a b a g a s s e  and TEST +or  untreated l emsn grass  bagasse. 
c h e m i c a l  anslysis f u r  t h e  subs tra te s  a re  f o u n d  i n  Table 1. 

I 
I 

Pretreatment5 - I  

D e t a i  l s of  t h e  pret.reatment procedc!res have been described k- 

prev i .c jus iy  l f i o l z  et 31, LCi86a). Frieily, the t : - e a t m e n t s  and  t h e  
respective i dent&+ icati ans w e r e  sol id state s o d i u m  hydroxide, CING 
+or c i t l r n n e l l a  and TENA S o r  l c r n c n  g!?ai=,.;; s o l i d  state mixture of  
sodl ur.i c d r b ~ r 7 a t e  and  ca%c; urn hydr'u:: i cfe, (SICR5lA C o r  citronel la and 
TECPNA f o r  leman grass ;  gaseous a m m o n i a ,  2XAM f o r  c i t r o n e l  la and I 

1 "EA~" i~or  lernun grzss; gaseous SC.12, CISC! dcr ci'tronel la and TE5U for 
lemu:; grasc,; s t e . s r n  e;:plosS on? C l E X  f o r  cit.ror:ella a n d  TEEX f u r  lemon . "  / 
grak;s: a n d  
'and TEgR 

i ed 
1 e m c  

r i t r a n e l l a  
d r y  matter . -- 

enzymp digestibilities IIVEMED! are given ~n ! a b l e  I -  See Rolz et 
al i 14'86af f cu. .anal yticaX t e c h n i  qt-tes. 

Mi crobi al C u l  t u r p s  
T w o  m i  x t c ~ r e s  o f  C::no~.;n a n a ~ r c r b i c  h a c t e r i  a w e r e  [.!szd. Thc m u s a p h i .  l. ic- -. 
mi r i r tc trbateci  st T I S ~ ~ C ,  ct3rl-k.ai ned t he  f al la+!-!rng mi rrnorganism~,: 
Run~cococcus a1 bus (strain NCDU 2.25C) f ran t h e  National Col l e c t i ~ n  uf 
Dairy Gr-ga 
Cett . tsche S 

r-a:; n 
Bact 

sss 
e r o i  

i fi-QC t h e  
ruminicala 

subs. b r c v i s  ( i -~rc -e iv~d  3% s t r - a : ~ n  NCDU PZr>b! ,  anci Barteraides 
ruislinicola 5:.d35. r u m i n i  cola I r e c e i v ~ d  as s t r a i n  NEE0 22021. The . 
thermuphi 1 'ir m i : . : ' k ~ ~ r e  w a s  k e p t  at &C)"C, aqd :qr:s c9mpuc;ed of . , 
C l o s t r i d i u r n  thermoaceticum var.  L~ungdshl ,  C. thermaaceticun var, ' 

Wood 150th f r n m  the Center  f o r  Eciuloyical. Resource R e c o v e r y ,  
University c!f Eeorgia!  , Clastridium ther rn~cel  lum f r e c r i v e d  as s t r a i n  
DSM 1237) a n d  Clastridium thermosarcharolyticcm ( received as DSM 
571). T h e  ccil t c r r ~ s  were n i a i n t a i n e d  as described b y  V a l  d e r  C iSE!cj). 
F ~ L I Y -  mi c r c b i  al n l i  x t  urrs  f ronr natur-a1 cuurce-s. w e r e  also used.  The 
i l - tacula  frjr the t h ree  mesophi l ir m i : . : - k u r ~ s  came +ram local. snurces: 
rumen cantents f r o m  a s laugh te rhouse ,  sediments af a swairp c l a s ~  tu , 

A m a t i  tlan 1-a!.:€?. and e.f f 1 uent f r o m  an anaerubicc ac l  dugeni c reactor  
operating b ~ i t h  c ~ i f  ee pulp j u i c e .  T!lw flora w a s  maintained i n  
r e a r t o r s  of 3.5 1 at SS-C and f e d  w e e k l y  t-:j t h  5% ground EX-FERMented 
sugarcane c-hi pf; a n d  2051 ml o f  r-crrr,cn e x t r a c t .  EX-FEF:Mentud r,ucJarcane 
ch ips  are d e f i ~ . l e c l  as whale c a n e  c h i p s ,  i n  which sucrrose a r . i g i n a l l y  
p r e s e n t  was transfor-med i n t o  ethanol by yeasts according to the  ; 



EX-FERM t e c h n i q u e  !RoXr et a1 , 19791. A f o u r t h  react+or, which had 
been charged w i t h  an incculum +ram s e d i m e n t s  from s volcanic pond 
close to Amatiklan Lake and Facaya Volcano, w a s  kept  at 6O-C and .Fed 
week1 y with ground s~lgarcane a n d  300 m l  of rumen extract. I n  all 
cases, tap water was added a5 necessary to make up valurne. The 
reactars had b e e n  operating cant in t . ca l l y  +or over  a year- at the t i m e  
this wnrk was dune. 

Methodology f o r  acidification and digestion tests 
7-a rtarrdarize the  i n o c ~ t l a  o+ the knukrn cultures, each mesophi l i c  
c t r a i n  was grown separately  f o r  24 h and e a c h  therniopt i i le  for 72 h 
i n  it5 respect ive  medium ( V a l d e z ,  1985). E a c h  cu l t u re  w a s  diluted 
to an absorbance at bUO n m  betk~een 0.5  ?.nd 6.6. Then the cultures 
w e r e  mixed ro c o n t a i n  equa l  volumes of  each componen t .  I n  ~ a c h  
t es t ,  0.25g of  substrate was added to a Z 6  r n l  vial, a flew c3-F 

asygen-free C 0 2  w a s  passed to displace a i r ,  dnd t h e  v i a l  was s e a l e d .  
Residcraf o x y g e n  w a s  trapped in a h o t  c a p p e r  pact::ecl co1u:nn alaced, i n  
the C 0 2  gas 1 ine. Each vial kJas t h ~ n  i n o c u l 3 t e d  with 0.5 r n l  oC the  
standardized i n o r ~ l l c r n !  and 30 ml steriii-? basal medium pre-r~cltuced 
w i t h  0.09'4 cysteine. Resazurin at O.G33% was used as redax 
potential indicator. 1 : n i t i a l  pH was a d j u s t e d  to 7 by adding 8% 
sndivm carbonate solution. 
The trs-t vials cunt?inir-19 the  rrlicrobial f l n r a  f ram natura l  5crurces 
r4ere p r e p a r e d  b y  p l a c i n g  (3.5 g o-F scrbstr-a.te in a 125 ml vial 
tagether  with 50 2t1  of digestor c o ~ t e n t s  w h i c h  has been f ilt~red 
through cheesecloth. A n  appt-opu-i ate buffer sol uti cn was added  so 
t h a t  its f i n a l  c a n ~ : e n t r a t i a n  in the  vial was 0 . 0 2 S M ,  znd the i n i t i a l  
pH b e t w e e n  6.8--7.5. Buf fer -  sal  *c r r ; ~  :-:t ures i 12cl ubed t:3-!2$Os, I\#-!-'Zc',H and 
.?laI-ICCIZ; KW2I"'Cr4, f<;-f4.Ql-l ancl Na2CC33i and F:iW2$04 a n d  iqaF-l#ZU.Z. D L ; ~  i ng aZ 1 
handling the  v l a l s  were k e p t  under an oxygen-qree ni t rogen 
a to rn~spher -e  - 
Eas pradi-kcti on in g?ach vi a1 was measured by l i qt!i d d i spFacemcr ; t .  
7-;7er? t h e  via l  w a s  opened and pH measured with a c a r n i r i g  It3 pH m e t e r .  
Ths contwits of the vial r ~ e r - e  centriruged at 12 OOtl! r p m  4c-jr- 13 m l n  
at I.DoC. Volatile f a t t y '  a c i d s  !VFA !  r e  rletei-rr~j.ned i n  t h e  
supernatant by GLC using a Yewlet t - -Pac i . :a rd  402 Chromatograph with a 
1 8 m col~filr7 packed with Chr-urnusart Id w i t h  IC):i,  etli;.f ene c ~ l y c f z 1  
succinate IHaldeman et al, 1$77), The solid residue w a s  washed 
t w i c e  k 3 . t l - i  distilled water and then dried at S O T  to constant 
w e i g h t .  Per rent d i g e s t i ~ n  w a s  c a l c u l a t e d  as pel- cent. w e i r , : l t  1055 
corr~cti ng f =r m c i  skure cor-itent a+ the  original ~~ tbs t t -a tes .  

Stati stical Methods 
analysis of v a r i a n c e  w a s  r a r r i e d  o u t  o n  blacks of  d a t ~ ,  groupf ng t h e  
ci t r o n e l  X a and 1 e m o n  grass subs-trates. The m i x t u r e s  ~ t :  

cr-11 tures KEre a n a l y z e d  separa te1  y + r a m  the n a t u r a l  f l o r a  f a r  t h e  
digest i un data, b u t  grouped f a r  VFA prodt lr t i  on. Si gni i i cance was 
d e t e r - m i n e d  by calculating the  F statistic and comparing it with t h e  
i respect i  ve t a b l e  values at 95%.   he treatnr3nt means were cuapared 
us ing  Tuckey" s method (Li , 1964). 

RESULTS AND DZZCUSSION 

Digestlan was ~ v a f  r-katerl at 5 ,  15 and 30 days of  incubation. 
Di gestioil by  the rni:ctt\res 0.6 pure cul  t~lres for- ci t r u r r e l l a  bagasse 



4 

are raund in Tahle  3. Table 5 presents the results for . -  lemon grasr;. 
The canditians which l e d  tu highest dogradat~an w e r e  the :n!ni:-;ture of 
thermophilic bacteria on CIEX at 3Ud of  incubatlan. A n a l y s i s  of 
v a r i a n c e  showed t h a t  substrate (ci tronell a versus lemon grass) is 
nut significant, nor was length of incubation. C f N A  and TENA proved 
ta be the  most d i g e s t e d ;  hawe\.der, there  w a s  no statistically 
significant d i f f  erencc between t h e m  and t h e  f oliowing p a i r s :  CICANA 
and.TECAbiA, CIS0 and TESO, and CIEX  and TEEX. The lawest values 
were given by KIST and TEST, the  untreated bagasse. 
When t h e  same s~hstrates  were fermented w i t h  t h e  natcr ra ' r  flora, the 
digestion was gseater "iar-I that ob5erved earl ier .  Result5 are in 
TaSXe 4 f ~ r  citronells artd T a b l e  5 S o r  lemon g r a s s .  Aga in  s p e c i e &  
of Cynbop~gon i s  r tnt  signiCicant2.y di+ferent? howsver, l e n g t h  uf 
incubat ion  and substrate pretreatment a re  s i z n i f  icant- 
substrate which pruvidsd t h e  greates t  digestion was CICAb!A and t h e  
l e a s t ,  TEDA.  Statistica11y, t h e  f o l 1 a r - ~ i n y  s h ~ w  n c d i f f e r e n c e :  
C 1 W N l i  and TECANA at 15, 3il and 5 days, CiSO and TESQ at '30 and 1'5 
days, CiAM and TE4bl at 30 and 19 days and CIEX arid TEEX at 30 days. 
V F A  production f o r  tbe citronella s u b s t r a t e s  i s  given i n  T a b l e  6 and  
Sar lemon grass in T a b l e  7.  Q c i d  p r a d ~ t c t i a n  is ~xpressed as g 
acetic acid  equivalents/y i n l t i a f  d ry  ash-frcr ~ubskrate.  
C c r r r e c t i  an -For ash w a s  made beca~t s .2  - t h e  sol i.-I state s~diurr: hydraxi  de 
and ttte cal ci urn h-t:/dro:; i .de - - sod i  urn carbanate sampX es had h j ash 
contents d u e  to t h e  pre t rea tment  (Table I!. The  sazples w e r e  
a n a l  ysed f a r  V F A  at 30 clays, en?. y. The mesapni l i c  cc>--c!-r3. t:tre gave 
t h e  h i  ghec,t vc-7l~:es f CT VFA in bath ~t tbs t ra tes , .  5tatkc,iica1.; y t he re  
was no dif+erence at t he  95% level between ~ u b ~ t r a t s s ?  car w a s  t he re  
a di f f erelice arnc?r;;l p r e t r - e a t m e n t s .  The mesaphi l ~c cg-culture w a s .  
statisti call y d i f  Seren t  +ram t h c  ~ e s t  c>+ the incra-ila. 
The : ~ h i c r . o k i a l  d i g e s t i o t - :  of  *he substt-z.tes car? b e  comrareo w i t h  the 
in vitro digestibility af the s a m e  s~ibstrstes.. TEPA and C10A at 74 ' 
and 7(?% r e q z a e c t i v ~ i y ?  have t h e  highest IVOMED (Tab le  1 )  and w e f E  
also those w h i c h  g a v e  high cri j .gestLon v a l u e s  at 3 7  days wi th  the 
rnes ;oph i l i c  m i : . : t t r r e s  af pure culkur~s, 53' and 57"- TENA and CINA 
w i e h  IVDtYED5 of: hb and 677:'/., +-I=IVE t-righ m i c r - n b i - 2 1  :?ip-<=.'iu!7s - .A -- also, 5 3 X  
and 5 1 . X ,  r~spectivel y .  W i t h  t h ~  n a t u r e  flora-, these t - e s c t l t s  are not  

Here TECANA and CIC2NA wi t h  TESa  and CIS3 g i v e  t h e  repeated. 
h i g h e s t  digestinn vaiues, ni t h  the  s a d i u n  carbonate-calcium 
hydroz:ide t rea ted  baga.zses giving goud di gesti ur! va l  c r z s  at: e';en 5 
days. 
The sol i i state a1 C::al i ne tr-eatrnent wi t t ' r  SU~:;. IJ!~: h).drr2:; 1 d e  i ~ c r ~ a s e d  
solcbl e 501 i d s  c c n s i  der -ab ly ,  C w h e n  con:par-ed to t h e  cti?treated 
substrates. A p ~ o n o ~ n c e d  increase was also shown by tf?c steam 
e:.:p3osion p r e t r r a t t n s t n t .  ; h ~ s  would faster rn icruOiaL growth and 
Sari litate hydrolysis uf holocellulnse. find the reductinn i n  lignin 
which occurs with the a1 kaline arganasalv t r e a t m e n t  should m a k e  the 
holocel l u l o s e  gtibstrate nlare avai l a b l e  to nritrobial attack:, St 
exFlssian opens t h e  holoce~lulose matrix, facilitating canta f t  
becwenn enzyme and substrate. For a m u r e  complete discussicn a4 
pretreatment e f f c c t s ,  see Ralz et al (1986a) - 
A c i d  p r a d u c t i a r ~  at 30 days; depended on inoculurn scitrce rather 'than 
substrate o r  pretreatment. Wlth such lanq timez, rates can n o t  be 
ralrttd ated, which could have irtdica.ted dii:f:erenct;s betweenA 
s~tb~tratecli .  Staati stical analys i s  .of pH change  and gas product 
were i n d e e d  h i g h l y  significant w i t h  respect to time i n  a l l  o f  t h e  



units studied. 
The differences among inacula can be explained by the +allowing 
comments. In t h e  d i g a s t o r - s  inoculated with natural flora, 
methacogens are pr-e5en-k . These corrvert t h e  ur-gani c acids to 
methane, . and, i ndeed,  analysis of  the a c : c c ~ m u l a t e d  g a s  d i d  show 
methane p r - o d u c t i o n ,  even unde r  thermaphilic conditions. By 30 days 

vel oped w h i c h  
arr-estd Curther biadegradati an. Da-tta ( i 9 8 1 b  1 u b s e r v e d  methane 
production a t  16 days o i  fermentat ion o f  corn stover, w i t h  a 
corresponding decrease i n  V F 6 .  R ~ l z  et a1 ( 1 9 S b b )  fuund that solid 
state soi durn hydrc3::i de pr-etreatnter~lr uf sugarcane bagasse resul1:ed in 

i 
tsigl-test 1 eve1 E. Q VFA product i on. nj.+f era-lt al !.:a1 ine organosolv 
treatments were also eqCective, 
Ldnen x h e  rni:.:tt-ires of p u r e  cu1tu.t-es ~ e r - e  used ,  tlie mesuphilic 
cc t - ru l t u r - e  proved 0 be a b e t t e r  a c i d  producer, in absence of 
methogenic  flora. T h i s  may be dce to increase acid t o l ~ ~ ~ a n c e  of t h e  
c u l t u r e s  at- CU2 ~ t t i l i z a t i o n  as discussed by Taya e't a1 (1974). C02 
f ixation crould accnurrt Sore some of the arid product lor?. 
I -  t h e  present  s t u d y ,  it can be  s e e n  that the anaerobic 
fermentation of zitranffla and lemon g r a s s  bagasse i s  feasible +or 
VFA p r u d u r t i ~ n .  Fu tu re  wark w j  l i be d i r e r t e d  at cont ra1  of methane 
production and a kinetic study of  t h e  process. 
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EFFECT OF MDNENSEN Obi ACIDOGENES3:S DF LIGr\tOCELLI.lLr)SIC i 3 I O M A S S  BY 
MI XED ANAEROELC CULTUt?ES 
5hery3 de Gabrera ,  C a r l a 5  R o l z ,  kayra k,1a3dez, S i l v i a  Plaria Sa:-avia, 
Fab ia l a  de Micheo, and Jaime VaZladares 
A p ~ l i z l i  Resear-ch D i v i s i o n ,  C i n r t t r a l  f i lnur ican  Research Inst~tute f o r  . . I 
lndustr-y  CICAITI) 
F. 0. 1552$ Gua tema la  C i t y ,  Guatemala, Cen t ra l  America < .  

K P Y W O ~ ~ S :  . m e t h a n e ,  l ignocef l u l  ose,  p r e t r e a t n r n t ,  acidagenesi 5 ,  + 

l a c t i c  arid, vclati le + a r t y  a c i d s ,  m u n e ~ s i n ,  f e r r n e ~ t a t i u n ,  I 

d i  yestion, ?rapionic acid. I 
GB57-99CT 
T ~ E  e f f e c t  .o-# the addi tion nf nrcnerrsin an acidugenesis by anaerabic 
zt:1 ? I U T E ~ ~  on p ~ e t ~ e a t e d  b a g a s c ~  e,arrplec ~ 2 5  ~~ttidisd. Facir inac t t l z  
~ J e r e  used: a rrtesnphi?lic R~~irrinocacrus and  Hacteraides ro-culture, a , - 

rn~.tci ,  a n d  t . t l~rrnopti5 1. i r voi rar?i c pcfid c,c 
<sugarcar-be, l e a : a n  grass and citrm-tef la) had b 
coo:::, a1 kal I. 501 S.d  tat:?, stearri e;cpln",i.on, ga 
sndi:.tin ciiclx icte ar GI-gailastslv. Suirtstl-atc did 

1 digpsrion or acir! pr.oGc.ct ian.  Volatile f a t t y  acid (VFA!  and  -lactic 
a s d  pruduc l t i r ;~  w e r e  h i q h e r  w h e n  the m g s c p t i i  l ic c : o - ~ u l  tt.tr'e &.!as used. 
Monensin intr-eascd a c i d  p r c d u c t i a n  u n l y  i n  t h e  case C J ~  t b . ~  
iss~culurr~,  b u t  this ii-]crease w a s  n o t  carrel e 
methan~genesi  s. 

A c i  dcgenesi s f r-om 1 i gnc>ce.l1 cr3 051 c 51 oaas;,5 b y  anae 
m i r r ~ c ~ r g a n ~ s m s  pose5 an interesting al!_erFnative f n r  the  uttliz 
of these materials. f r: our- l abaratory,  acid ~roductian 
5ugarcane bagasse, l e m o n  grass b a g a s s e  and 
been s t u d i e d  1 -  "- ". Sugarcane bagasst? has 

- 

and Flayne 4, w h i  le Datta " r e p o r t e d  w u r k  an corn  s tover ,  Levv et 
a1 on w a t z r  1 i l y ,  N i s h i o  e-t a1 on tt~andav.in orange p e e l ,  and Khan  
zt al "? sn newspaper and ather p r -oce s sed  cel l u l  asi  c material , to 
mention a f e w .  

I .  i -  1 
F r e t r e a t m e n t  of the l i gnocel lul n s i  c substrats improves 
digestibility, as Cabelln et a1 lo; Cabcllo and Cande I f ,  Playne 
and Rolz et a1 I reported previous1 y fur sugarcane bagasse, and Rolz 
et a1 x 3  r e c e n t l y  shov:ed fur lenon grass and citrcnella bagasse. 
The rnechani zm Tor impravement v a r i e s  w i t h  each pretreatment, but a1 1 
f nster enzyme-substrate cantac.t., either. by  r e m o v a l  a+ interf .st-ing 
l i g n i n  or  by m u d i f  i c a t i a n  oC t h e  crystalline cellulose structure. 
Pretreatment rrray a l s o  improve v n l a t i  le f a t t y  acid product i  an as has 



been shown by R o l z  et a! I .for cug2rcanc bagasse, and D a t t a  cs for  
cor-n s t a v ~ r .  Cabrer'a et a1 did n o t  ahserve any ~mprqvc:rnent with 
p r e t r e a t e d  citronella and  lemon grass b a y a s s e s .  nor d i d  Matei and 
PI ayne wi t h ammon i a or 59d i i-tfn hydro,: i trle t reate: j  sugar cane tag asse- 

2egradation uf: i i g n o c e l  lulc~e and a c i d o g e n c z i i  s b y  co-cul ttires or 
m i x e d  natural flora generally t e n d s  to be more cainplrte than that 
r e a l i ~ e d  by pure cultttr-es alans, probab1.y d u e  to the cor i lp l~x  enzyme 
system intervening i n  the hydrolysis of t h e  t-~alocel l u l o s ~ ?  and 
posterior formation of a variety of volatile and f k k e d  acids such as 
acetic, prop ion i c ,  b u t y r i c  and Z a r t l c :  acj.ds. In nature, the pr-ocess 
c a r i t i n u ~ s  eventually to methane a n d  carbon dioxide, and a 
nun-degradabl e residue. 

In order to m a x i m i z e  acid  p r - o d u c t ~  0 1 - r  a n d  hiurnass clegradat i  on, 
.sever-a1 st ra tcg i  es have been o+f  ered: pH con-hrol or- ii-tcrea.=,ecl 
buf-i'w-i ng crapaci ty *"-  I = ,  ther-mophi  l i c: +etnpey.;ltur-es L A ,  use a+ 
ccrmpat ih l  e ca-cul t u r e s  which d o  not include nlethanogens 17-"" and 
addition of an iril-l ibi tor o f  m e t h a n ~ g e n e s i s ,  such as monensir! 211"6. 

Monenciin is ccrnrnonly uc:ec:  as an adrl i t i .ve f o r  the r a t i a n s  G# +eedIuk 
c a t t l e ,  ~ , i t f ?  a c a ~ a c i - k y  t n  improve  r e e d  e+-ficienc.;- It is an 
anti hi n t i  c der i ved  f rzrn Strep tun~yces  cinnanone~si s, Monensirl acts 
selectively an d i - f i e r e n t  firembers n 4  t h ~  rumcn  f iar-a, r e t a r d i n g  
Rumini corcuc;, f a r  e:.:arr;pl e. V F A  acc~!;:iul at inn i 3 nbscrveci a5 s. r-ec-ult  
c;+ t!:e h l a c k i  nc; f o r m a t j . u n  af - f - ~ r m a t e  and thus ,;leth*nr?. 

In the present study, 55igh.t ~ e l . e c t ~ d  ~ubstrates were f e r m 5 n t e b  b y  , 

fi3~r O$ i i-:nc~.:l a? twa t l - termgphi  1 : e a!-[# t i ~ r ~  : ~ > e 5 w ~ i - ~ i  1 ic. !-!i t h  and . . 
I -  mnnc* !ns i  n. A c i d  p ~ ~ u d t r c t i ~ n ,  c-deicrh-k loss of  insal:ctble  

subst ratc-,  g s s  prcduc.lsi  on a n d  3~-esence 0 3  met!-:a~-ie p e r - e  deter-mi r;ed  it 
seven and fifteen days, 

HATEE T ALS ANE PiE7-!-!ODE$ 
Tt;e Sasasse 5,t.an:pl es i~22r-e processec! a r c g : - d i  r ~ g  to t h ~  i n-for-:na'-;l r:n in - 
Table 5 .  F u r t h e r -  dk..-'tai!s cal-i be +nctnd i.n Fia,!Lz rt a1 . f c j r  st tgsrcane 

A l  l a n d  i n  Rolz et al '" -Fur le rnon grass  and t . l t rui- ie! la tlaga5.se. 
were gr-ound ts !:I-84 mm befar'e u . t i l i z r s t i r n  a%  s sub st rare f o r  micr-abfa l  
at'tar:k:, C ~ r c p ~ . ~ ; i t i ~ n  af t h r 3  ~ ~ . ( t r ~ , t r ~ , t s ~  1 5  qivec i n  'T;zb?E? 2 -  

The m i x t u r e  nf anaercbic rnesaph i l i c  purc cul !:ur-er i n c l ~ t d e d  
Huninocaccus a l b t t s  ICAlTI i!63, r ece ived  as Nl iCO 2250, Barteraides + 

r u m i  n i  r a l  a sahsp. br-evi s ICGII .1  t3f l2? received as N&Q 2206, and 
Erarterai des rcrmi ni cgla subsp. runinirnl a I c lATYI :  t:)t:13, rereix.zed. as l 

NCDO 2202, a l l  f r o m  th? National Collection of  Eait-y O r g ~ . n i s m s ,  UK, 
and Rumi nicaccus al but. ICGITI r:184, m y - i  gj n a l  l y rece ived as l j S M  2Q41.55 
Crank the  Deu"ische Samml::ng von M i l : r a o r y a n i s m e n ,  FSF. The mi : . : t t l r e  af 
a n a e r  ubic thermo;shi 1 ic: pure c c t l  t t i res i n c l i l d e d  Clostridium 
therrnaactici.rm var Ljungdahl , I C f l I ? .  008, C l o s f  r idium thermoacticum 
vat- Wood ICRITI Or:rF, both - f r o m  the  Centel- f a r  Eiolcqiral Resource 
Recavery? Uiii  v c r s i  ty of Georgia, arld C l o s t r i d i ~ k m  thermacellum ICAITI 
1 :  rece ived ariginall y as DSM 1237 and Clo~tridium . 
thermosaccharolyticum ICAITI 0 1 1 ,  rcceived originally as DSM 571 
f ran  t Ire C e u t  r f -~e Samrnl ~ t n g  ./on N i  l : : ru~rganj. smen , FI=:G. 

I n  addition to the ewa co-eult,ttres d e s c r ~ b e d  above, t w o  groups of 

, /  



f l o r a  f r r m  natural saurces were alsa u s e d ,  one ccc3rni.ng f r n m  sediment 
of a sbvarnp close tu Fr:natitlar? Lake . i n  Gtiat-.ernala, drtd another.  +ram 
sediments from a v a l c a n i c  pnncl cXusfi~ to F'acaya Volcano an.(? Amatitlan 
Lake i n  Guatemala. Tt ie  rnesophilic swamp nib:tt;re was kep t  rn  a 3.5 L 
r e a r t o r  at 35°C and +ec; week1 y with hX y+-ot-~?d EX-Ffi-F?~nt~cl S;iyarcar:e 
chips and ZOO n r i  r u m e n  ex t r ac t .  The t h e r - r a o p h i l i c  mi:.:ture was k e p t  
at 60°C in a 9 1 reactor and -fed w e e k l y  w i t h  5% g r - ~ ~ n d  EX-FERl'lented 
sttgarcane c h i p s  and 300 m l  r u n e n  e:~: t r a c t .  Tap water was added as 
needed to i e p i a c e  water ahzch had evaporated. A t  the t i m e  t h i s  
rosearch b e g a n ,  t he  reac tu r s  had been f u n r t i ~ z ~ n g  f a r  over t w o  y e a r 5  
in a stable  fashion. 

D e t a l  l s for-  r nocttl a prepar 'a t i  a r ~  and s + a n d a r ~ i x ; ~ t i  nn are $mind i n  
Cabrera  e k  z:.i . Ziiriefly? t he  pure c ~ t l t u r e s  were standardized ta 
the sane opt ica l  d e n s i t y ,  and equal volumes were ufed tc make up the 
inoculum f o r  t h e  rractiu!'? vials- The r eac to r  cuntenks Mere C i i t e r c d  
kh r~ug l?  rhecsecloCh k?e-Fure a d d i n g  to the r e a c t i ~ n  v i z l s .  
Prscauts or:s to mai n t a i  r? anaero i ; . i  c r n r l d i  t i  on5 v4ere used throitgl-!cut. 

Thz v ia ; . s  w h e r e  tf-r~? co-cultures were i n c c t h a t e d  with t h a  t es t  
s ~ i b s t r a t e  w z r e  ~ r e p 2 r e d  by fi.rc,t a d d i n g  C.25 y 0 4  c,utctratle tu each 
50 m? vial ctnder a strec.m c f  oxygen- . f ree  rs rbun Oin:.:ide. T'he-on t h e  
v i a l  c, eere sealed,  and 36 r n l  of s i z e r i l e  p r e ~ e d u c e d  basal med jun weye 
added ac ,~pt ira l l . : f  i r ; s i . d e  an anaercttl: =: chamber, fallowed b y  0.5 m i '  a+ 
t h e  co--r;il t u re .  T i l e  b a s a l  rnedi  air1 h a s  the f o l  lcjc-:ino camcasitian G e r -  
liter: -Lr=,~nti.~ 7 1 -  d I g e ~ - , t j c  a+ case i .n ,  f q j  yeast  ext rac t ,  5 g5 1 '  I -  I 
(Nki412SG4, rS.9 9 :  k:!-42f'J-?, 0.9 95 N;,..i=l, 9 gj Cz. C12, 0.02 g ;  
M g C l 2 .  bH2::Iq 0.02 , g; Plr:C1z:1..-";!"20, 0 ,  g ;  C Q C ? - ~ .  &!42C3, + . Q L  q; 
FeS'U4.71120, i:,.C!l. g ;  r e ~ ~ a z t i r i n ,  ~5.39 gj rune?  + l ~ : i r l ?  rIJ.1 m l i  acetic 
acid, 1.7 m l i  rys2:eit-le, 2.5% za l c t t i i~ r . ?  20 mlj Na2CD3, EX ssluticn, 
c - .-I(-8 ml, p H  was a d j u s t e d  to S - 8 .  : 

, - 

The t e s h  vials whet-e t h e  na tu ra l  f l o r a  w a s  used w e r e  prepa rec i  by 
- f i r  sst actdina 9-25  of the  ~ ! z ~ j i - . c ? ~ 3 r i a t e  scrbs.trate. tf-en 25 31 cf t h e  

-7 q b'rc,estor' + i l  kt-.:kt* .rnd L- ml. c . F  a huf.fe!- composed r?f a md.::-kure a f  
t:H2FU4, N H 4 C I  ar!d Na:ZCC)3, r e ~ ~ ! I . t i . r ~ ~  an i n i t i a l  pH o i  
appra:.:irnatel y 8 and a csnrersLirzitj an rs+' ::I. 025Pi. 1 - was dune . 
under a f* l CE+ of a:.: yqerr-+ree n i  tt-.ogen. 

Manensin Ipre ,zared  a5 the s o d i u m  salt f r - ~ r n  SIGMA) ~ a 5  addec' on the i l 
t h i r  =i day uf ~ n c t ~ t r s t i a ~ ~  50 t h a k  the  concer?trat ign i n  t h e  vials u o ~ t l d  i 
J G A .-- L L L J  I..& * 

A t  the  e n d  of t h e  respec t ive  incubation p e r i o d ,  7 o r  15 days, g a s  
p radu r t  i on was ~ e a s u r e d  by l i quid d i  spi a r e m e n t  u s i n g  an aqueous 
ac id - i  f i ed sa tu ra ted  bat'l sal t t t i  on. Gas compasj. ticn r+as determined 
by @LC using a V a r i a n  Aeraqraph Chrornatugraph. Piode? 31(1!i3, e q u i p e d  
wI t h  a t t i e r n ! a i  c c ~ n d u c t i v i  ty detec tor .  The stainless steel calcrnn C &  
=t :< 1/8  i n  I D ;  was p a c k e d  w i t h  Psvapak N(06-100 m e s h ) ,  arld helium 
w a r ,  used a5 ca-i-ier- g a s  at 3G 311 m i n  ---I . De-tector temperature was 
set at 190°C ccl u m n  tcmpur-atur e at SO%, and + i  l a m z n t  t ernpsrature 
at ZO*C. fi m j  x t u r e  of carbon d i a : - : i d e  arrd methane, 51-9 and 48,1% 
r L 3 , . , C k I _ L . L L , F  I.C.J C.d.-U C . 2  d-C, . , - . , . , ,  U -  

The v i a l s  were a p ~ n e d  and the cf in tents centrifuged at 10 (:100 rpm, . 



and was 10°C for  20 m i n .  The supernatant 
d e t e r m i ? a t i o n s .  T h e  residue was washed and ccri . trif-c~cjed t w i c e  with 
S ~ E T ~ ! E  distilled water, and t h e n  dr-ied k u  c ~ n s t s n t  weiqht  at 60°C. 
Digestion was calculated as the percent r-erjuct.ion i r - !  w e i g h t .  V F A s  
w e r - e  determined by GLC aczor-cling to Holdenan et al "I:'. 

I 

Statistical e v a l c l a t i o n  of t h e  d a t a  was carried o u t  us;ng a n a l y s i s  of 
variance w i t h  t h e  appropriate F statistic at 75%. Treatment meal;s 
w e r e  c n m p a r ~ c !  ~ i 5 . i  ng Tuckey' s nethad, F ' a i r e d  contpari  e;nn t r c h r l i  que 
was usecl ta eval. wake  t h e  e+Cect of' munensin 

RESIILTS AND II L SCrjSQ I ON 
Tee d i  ge5t  i nn (34 the sstbsirra%erz by the d l  -f +er-enk ~anacrabi c i nccul a 
is pt -esen ted  in Tab le  5.  T h e  mi xed na'lrl-rral f l ov-a d i  gest :ed tha  
substrates mure complete1 y t h ~ n  d i d  t h e  pure c u l  tcres, w i t h  u v e r a l  l 
average vslues being 1.3. Y% for- fihe mesophi i i r  ca--rc.!l t ~ ~ r e s ,  15% f o r  
the. t th~r{ : rcph:  l i c ca-c-ul t t trer;,  42.0% fur thz swamp mud d l  g e c , t a r ~ ?  and t 

37. G% +or t he  thermaphi I i ( ~  dj. ~ ? s t u r  .. The GI. +f el-enc:e het\-~een the  
ro-cul. :::-ire a,r-rct t h e  m i x e d  f lor-a d i g e s t a r s i  w a s  statistically I 

signif f cant-  In tbre case uf t h e  cu-culturt?s, t h e r e  wa5 a slightly 
better-  d i c j ~ " ~ t i ~ ? n  ak 7 ciayc, than at 15 days. w h i l I=. I.-! i t 1-1 t 1-1 e n-I i x ed 
f L c?ra d i  geskc~rc, the  u p p o s i  te :das t r u e *  I-!awevet-, t h e  di++erence , 
betkreer~ 7 and 15 d a y s  was not sj .qr l i f  i c a n t .  C a S r e r a  et al had 
cbse!-\fed i l - ~ t r ~ a s e d  digest;, an by the rn ixec!  f 10ra cornpa:-eo r q i t h  
CD-L-ul ~ L L ~ C C ~  cn l e f n o n  c;r.af;s and ci tr-oriel. la snbstrates. Hor.:rvor, w i t h  
pretreat .ed zugar-cane suDstra.kes,  RoLz et al " nSse rued  better 
p e r f ~ r r n a n c e  by th? l:;ia~wn ~ : c r - ~ ~ l t ~ r ~ ~ ,  L 

I .  

T h i s  NG c i i f  f erer~ce wa5 ii:ou:7d 3n!rJng T h e  eig!':P d i f  f er-ent 5::S5tr-s.t.s5. 
k.:as ir!deeb i ~r7e : . :g )~ '~ . t i ld ,  5 i n c e  .the i n  vitro rjr-S: m:l=ltt!zr- ~ . ! 7 ~ \ i ' m ~ t F c  
d i g e . j t i  
T h e  EC 

very 
been 

c a n  be 
t~pazatrse 

seer-; i. 
c+ - 

ca:i:plete c!el  i .gr!iCic:ation .and h i  ah T.VGMED. c!r:Ly ifi .t!.:e u+ 
, . , ; h p cj  :i a -*. -- .'. ' swamp mud k nucul. at 1% i*i th r r : ~ r ~ ~ ~ ~ - > ~ -  r=,=;rl or-: ~a 

r?ear t h o s e  t h a t  !?ad heen e , : ;~~c- ted .  

T h e  a d c i i t i o n  c f  rnonensir'l d ~ d  r-:o.lr R a v ~  a cisr:i.-'rj.cai-?t ei+e:-ct urt 

or-tecl 
sr.~bs 

i r; the  presence cji- monet-lsi n. C n l  y +ern!- - .n ta t i  on pr-~3dt~t:t5 and ani n l a l  
grot.:th rff ici e n c y  w e r e  a1 terecl. fienderson e.tr a1 "" .Found that the 
eSfec t  of maner:c,in an r u m e n  f 3 ora  was s p e c i e s  ~Jependent, r.ri th 
Facteraides rctrr!inic:ola not  a.ffectc?d by t h e  levels used ir! the  
p r e s e n t  sttidy. Rt_:mini?=crccus a l b u s  a r t i t t i t y  un rellubiose becreased.  
In v i t r o  digestibility t r i a l s  with r u m e n  contents showed c~ r r~p i e t e  
i n h i u i t i o i - ,  nf digrztiun cf cuttar) Cibers and bar ley  straw i n  the 
presencE! 5.): rnunertr,i ? h i  di g~stion o f  d r i e d  gracJs.?c, and powdered f i 1 t e r  
p a p e r  w a s  reducedt 

va7 rc.:es . f r r  v.=;l a+..i.Xe f a t t * j  acid CVFA) pr-crdur-tiun ar-e giver1 in Table 
A .  The  data has; been expressed as a r e t i c  acid ~ i l u i v a l e n t s  0.F- VFA . . 
per  g of n r i g i n a l  dr-y ash-Sree (R,rZiF) subs-tr-,-.-te in at-der t o  t ake  i n t o  
accottnt. t h e  d i f f  ?rent a s h  1eve l . s  0.f the prstre:\ted !s~tbstr-ates. See , 

D j t t a  A for .F~tr't:trer di'tc:~1s~ilun' an th15 techrriqiie far- h ~ i : ~ l l  ing data. 
There was nu sigr.1i.f icani: d i f  f er'ence betweerr t h e  v a l u e s  far  7 days 



2 .  

and f o r  15 bays, as had been observed e a r - l i r r  fa r  t h e  digestion 
data .  And a g a i n ,  n o  ' s i g n i f i c a n t  d i f f e r e n c e  w a s  iound among 
substrates. A c r ~ f  f erenc:e d o e s  exist aniuny inocula. TI-re . masophi? i ( z  
co-cul, tcre proved to be the  auperinr- a r i d  pr-c~dt..tcer. 5j nce digestion 
was paor- for  t h i s  ~nacml~in), the  +cr--.entables i r ' r  the basal medium 
w e r p  t h ~ i q h t  to ne the  p r e f e r r ~ d  substrate.  l"here is n o  significant 
d i  i ferenr:e between t h e  bel-lavi unr  of the rrlesophi 1 ic ca-cul ture and 
t h e  swrrnp m u d  digestor, b a t  a d i - f fe rence d o ~ s  exist between the 
mesophi 1 ic c~:c~tl't~~r-e a ~ d  the  two thermuphi ' l i c  inocula. 

The addition of m a n e n s i n  did have an e++ect art VTA p r a d u ~ t i s n .  
Increased V F A  p r t x l u c t i o r t  w a s  observed w i t h  t h o  swarrip m u d  digestor 
i n s c u l u m  i n  t h e  presence a+ monensin, a responEr similar to t h a t  
r - e p u r t e d  in t f r e  1 . i . t e r a t u r e  fur runren - f l u i d  " ' .=  2"- z4. ~dsherct the 
p r o d u c t i o n  of ti2 and for -mate a n d  thus methane 1 I The 
t h e r r n a p h i  l ic cu--cc.rl tmre was a si gni+ ical-rtl y bz-tter VFI': producer in 
t h e  absence ~i monensin. No r e p a r t  nn t h e  e+-Fert of monensin an ' the  
t t s e r m o p h i  1 i c C1 a s t r i  tiium cuX tt:r.rr-es r.;hicb roi~lpac,ed the co-c~t l ture  
ce~.:ld be found. The on3.y r e p o r t  o f  use of manensin 2.t t h e r m c r p h i l i c  
temperatures w a s  t h a t  of V a r e i  and f-lashi m o t  - "" who &set-ved 
mcmensin ef fectc, at 55'T s i m i l a r -  to those at: 35°C- t ha t  is ta say 
increase in VFCi a n d  pH drop,  coupled wi th  zevere i n h j . b i t i o n  of 
m e t i s a n e  praducti an. 

Lkhen the presence c?+ lactic acid in the  -Fcr~:er-~ted br-uth was s tud i ' ed ,  
t h e  co-cul kurat, C, I -~CJWP~ ca:-lsiderable pr r?duck ic~~-?  2.5 can be S ~ R  in 
Table 5. . I n  .factr 1actj.c acid prudi- tc t ian 4s greater  khzn VFG 
pr-odr .~ct ior i  for the  c13-CC~! t~trsr;,? represeni13 rig 6 :  % artd 55% oC: tl-12 
t o - h a ! .  acid p r c r c l ~ r r r t i  UP -For n~esupkii l ic an@ t/-1er:xr3phi l i c c13-ti~lttc1~e~ 
r espec t i  \,<el ) t ,  w h r n  a l l  d a t a  e;.:~r-t?sfr;ed as a t ~ t i r  acid 
equi\/a?tl3uts.  I n  the case a f  t h e  ir~cc-il?a froin fiat!-:ral f l o r a ,  the 
p r a p c r k i i o  decreased c a n s i . d e r a b l  y ,  ta 4-:/, e:nd i5X f c t -  t i - q e  sb;.jamp n?t;d 
and t h e r m n p t r i l  i c digec,tolF i r?ocula ,  r e s p s c t i v e l y ,  Lac tLr- acid is a 
k n o w n  end pr 'udur l  cf thc  f e r - ~ e n t a t i u r :  0 - F  rr-.l~xl.ar=,e a n d  r=,t:qa+-s. gf t h e  
b a c t e r i  a t + ~ h i c h  clornpose t h e  t w a  cu-cu:l. tures =" ancl pi-aD.=7t: 1.; serves as 
a f l n a l  e i z r t r c n  acceptor.  117 the m i i c e d  f Xut-a iilocule, t h e  

. - 
d i v e r s i t y  ol' micrcj9lnt-a leads ta mt-rlt ip1.e S T S ~  prr?d~.ci;s; , ,  i n c i u d i r r g  
methar!ep a s  elec tran acceptor .  See Tab1.e 7 ,  a l so .  

The fnesnphi 1 i r cc-ci.rltttt-e of Huminucocctrr; and  Pacteroides pruciuced 
sign2 f i can t1  j' n ; w r e  l a c t i c  a c i d  t l~ai - t  the c;?the:> three j.c:ac+-\l a, a n d  
l a c t i c  arid pr-oduct?on t:y . t h i s  co-- -cul ture  wa:5 . ; ; i g r : i f i c a n t l y  higher 
i n  t h e  absence o+ manerisin. -1 he m e s u p h i  l i c s w z m ?  mud i nocul urn 
produced higher luvcls of lactic acid when r n ~ n c n s i n  k~a5 pr~senk. 
The t w o  t h e r m a p h i l  i c  i n a c u l a  shuwed  no significant diif erence in 
l a c t i c  acid procluctran w i t h  or- wi.thnu.t monens.in, The substrate d i d  
n o t  i n f  l u e n r e  significantly l a c t i c  a c i d  ~raduction. The  efiect af  
nlorsensi 17 or1 X c i~ t i  c acid pruduct.iuri and 'the preventi i3n o+ i artic 
acidusis w a s  studied by f i e n n i s  rt al "?', who futrnd the  aatibiotic 
e+f ecti v e  i n  l o w e r i r l g  l ac ta te  p r o d ~ t c t i ~ n  by rumen f 1. ckid on strgar-c, 
and starch. They a t t r i b u t e d  t h e  r e u u c t i o n  'Lo inhib i - t i - :?n  o f  l a c t i c  
acid pruducing m e m b e r s  af t h e  rumcn f l o r a ,  such as Streptococcus 
bovis.  klersderson et a1 "h. observed reduced plrariitc.t j on o.F l cacti c 
acid by Ruminncoccus albus on cei2ubiose in the  p r n s e n c e  of 
m o n e n s i n .  Wheri Jouany ancl Senaud "" s t u c f i e d  the  ,use o f  manensin i n  - : 



ovine d i e t s ,  they observed h i q h e r  levcls a6 l a c t i c  acid p r a d u r t i a n ,  , 
w i t h  a' change i n  t he  rbrnen ecosysjtcrn. Her-e, t h e  d'iCfer erlcc in 
~ u b ~ j t r a t ~ ?  and i f7ac~: lum (nust a c c o u n t  +nr t h e  d i . - f f e r - w i t  r.~+spon.=,e. 

When l a c t i c  a c l d  was c:onvcrhed ta acetic acid equivalents and added 
to t t - r ~  VFA values, t h e  mesophi I. r c: ca--ct.tl t c r r e  p r o v e d  ta be an 
excel l e n t  a r i d  producer-, s i g n i - F i c a n t l  y bc.S:-ker- than .trhe atheir three 
i n o c u l  a. There is nn d i f  f:erenss amany substraters. Thel-e 'is a 
si y n i  f j , c an t  e f f e c t  tuwdr-c!s grea te r  acid p roduc r t i  on i rr t h e  swamp m u d  
diqr?s.tcr when monensi rj i s  a d d e d .  T h e  d i f  .i:er-ence is not  signif icrant 
with t k . e  r-est o T  the inocu!a. 

Thc ef 4:ec.t of ( ~ t ~ r 7 e n ~ j . n  nr1 t t ie  rat1.a r:f p r o p i : s n i r  a c i d  to t h e  other . 
V F A s  w a r ,  u v a l u a t e d ,  s ince  the literature "I- "" h a d  shnlrrr-t a tenclency ' 

' rw~~ards  accurnsl ation oJ: p r o p i  unir acid f r n m  tile c l~rar -br~>:y l  a t i  nrt of 
s~ccc in ic  acid. F'rdpioriic a c i d  pr- r?d t~c t i  3 ~ 7  was grea te s t  in t h ~  trials 
i-;.;i f :-I the swamp-mud i riorul urn and the d i  f f er i :nc~!  f ror;~ t h e  other 

: ir?aci[ia 5 i g r r i . i i c a n ' t .  Hcwever, t h r  r-atia u S  p r o p i c m i c  ac i c i  to 
to ta l .  V F A  is sj.gni +i.can'tl .  y grea-ti?r w i t h o u t  m o i l e n s i n .  C:cac,par et a1 

repcr tec l  t h a t .  rnon~risi n did r lat  i~cr-ease  t h e  y i e l d  of jsr-apfonirs 
acid by Fr-ap ian ihar trr ium,  and in f a c t  Ldac q~tj .L.3 i n h i t ? i t ~ ~ - . j  ta t h e  
cs! .t~!.rr-$:. .Adapta t  i o n  o":.he e u l  t l ! ires a i l  r1s-k j-rnprcvt-. y i e l d  either. 
S~tt?stra.t-.ez d?.cl have an c+?'.ect on prupj s r - t i c  ac id  pr - tx !~ :c t i rn7 ,  w i t h  ; 
TESO be ing  signit i c a n t . 1  y S ~ t t e r  than C I A M ,  CZCANA, CZEX, TECLlNA, 
E(i;ScDA3 arrd CACANA, TFrer.e $-:as nu ~i g ~ i i  f i ~ 3 ~ 7 . k  i .F~C~-ET:<:& b&:-;~en 7 
and 15 bays. Ths r a - t i s  af prspionj . r  ar5.d to . total v F ~  is g i v e n  in 
T a b l e  6 .  

Si nc:e pr inc ipa l .  berlef i t  of a!or:ensi :-: ap?G?;la!-s .kc> b.2 r.ep! 'esskon of 
m e t : ~ a n e  product  i a;!, t t ~ ?  pr-t.-es.,cnce n-f rcetisar?e 7 . : : .  
d ~ f t J t y - , t ;  fied. R c ~ u ~  ';:; arp  qj. ven j. r: ?-ah e N;j ;?71ztls~::;?e ?.;as =,!ekect& 
at 7 bays i 11 any \.si al - A't  15 days? m e t h a f i e  ~ -4~s  ~ - j t + t $ ? ~ t e r . !  in the 
m i  xed e:-tl tur- e d i  qestok s a-t t-el ;ti v ~ !  y l. ~w X e= 21.5. :'.lo..;:r:.ns-;in s a ~  no 
api>zrent ef f ec.!- c.rl ! n e t ! i a r ! ~  prmduc.k ion ir; ?:!-!F. prrr .~tn ' t  c;rctly. 
and ( x J ~ ; ? f n  2'3 

. . h;:d r-pp.~!-..ted ear.Xipr t.'l<:?. j i > < > j - ! L : j - ; ~ ~ i ~ , ~ - c ~ t = i ~ T ~ . ~ = r ~ l ~ t ~  zk i - . a ins  
dev~*lu!3c9,  ar?d Va!-~l a:-:d ! - l az ; , i ' ~ ima tc? !  '" Iiad s l - t o w n  PA ~ . f ~ l ~ : . j - y  j17 the !  r3)riset 1 
0.f nt.thar?e- pr-a:li;rtjon n n d e r  batch conc'it:ot-15- f:nt nc; charrge i n  total  
rne.tharre prcorlac:.t i uri . 
In conct t-tsi on, ttse mi x e d  Sl ura drorn  the  digers.tors w r ? r e  :;llor-e active 
i n  diq?sting t h e  p r e t r e a t e d  lignacell u l o s j  c: stibstr-zj.(lec,, TI-lt-r-e W ~ E ,  : 

fsn :ti f f er-ertru 3non9 su5skr-a tes, nur d i  c l  t!-:e aclbi. t r ur: ~'i: m ~ ~ e r : s i n  
appear to a$ f-ect d5. y e s t i  cn . VIzA prectuct i .  an xar; hi.ghur- nilen k1-1~ , 
knuw-1 mesophi 1 i c EIO-CUI t t i ~ e  w a s  ~ 5 ~ d .  T'he z d d i  t i  r lr i  a-f mc~t39n5i n 
i nct-eased VF4 p l -od~ rc t i  un in t he  I:aFi';p o-F k1-1~. i nuclul UITI f r i j m  the s w a m p  
mud r i i  gcstctr , ht:t decreased V F A  prc7duc:ti on by the t h e ! - m o p h i  1 i r  
CC-.CLII t~tr-e.  I'he arrraunt r3.f l a c t i c  arid  prudueelr;' b y  the co-cu l tc t res  
$-,as u n e : : ~ .  f?rgh, and wi-lei1 the total acFcl prodrrctini-: was taken : 
i n k 3  accaunt, VF'A plus lactic acid, t h e  r n ~ z i a p h i l t i c  C Q - c u l t ~ t r e  proved . 
to be si gr-ri f i caa t l  y t 3 e t t ~ r  t t 3 . m  t.1-163 ukher- t h r - e e  i nocul a. Scrl3r;kra-t~ . 
d i d  n o t  have an affect. Manensin a ~ a i n  improved  tctaf acid  
p r u d c r c t i a n  in the ccic;;e c!+ t he  swarap mud inuculirm. Hndever, t h i s  
increase >;as not  c a r r e l  ated w i t h  i n h i  bition sf methanugenesis. 

ACI.,hll3PILE9GEP1ENN1- 

Lt -2 i 3 .  
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KINETICS OF LIGNCICELLUiaSIC DEGRAOfiTION AND ACIDOGENESTS BY 
RESOPH I L IC ANAERUB l C PCSCTEF.'f A ON ALkhN, I TREATED SUGARCANE BUGfASSE 

t Sheryl de Cabrara, Carlos Rulz, Sklvia M a r i a  Saravia, Mayra Valdez, . - - -  - . . > .  . 

I l n d u s t r y  (ICAITI), P. 0- 1552, Guatemala C i t y ,  G u a t e m a l a  - 

I & S b V U *  .J A .J 

1 Acid p r a d u c t i a n  and 1 ignceelluiose digestion rates w e r e  calculated 
and cornpared w:-ten a 9ull sada cook: sugarcane bagac,sc and citronella 
baqasse p : - e t r ~ a t e r !  i n  t h e  solid s ta te  w i t h  Ca(OH1, and NazCOs k4ere 

significant e C f  cct on acidugcnisiq. T h 2  acidogcnssis r a t e  c o n s t a n t ,  -I 

fiND LEMON GRASS BAGRSSE 

ana baarola ee nrcneo  
Appl ied Research D i v l  si an, C e n t r a l  A m e r - i c a n  Research Institute f o r  

Key words: Acidac~er~esi s, vul  a t i  l c f a t  k y  acids,  anaerobi c bacteria,  
lignocel lulose, a: kali pr-etreatmenfis, d i q e s t i  on, kinetics, 
atnrasphere, sugarearre bagasse, 

CVhl$7C*C 7 C 

. fermentcc!  w i  t h  t w o  sourcss 0 . F  anaerobic nicronrganisms, a. nti>:tur€? of 
pure  culture^ 1ncLudinq 2 strains of Ruminiroccus albus and two 
s t r a i n s  uf Rumi ni cocccrs rurni rricola, arid a n a t u r a l  m i  xed culture C r a m  
swamp mud,  E i t h e r  CC'z or NZ was ~tsed a5 atinospheru, snd t h e  
e x p e r i m r n t a i  viais czre shakert or L @ + t  s t a t i o n a r y .  I nocttl urn 
campasiti on and substrate in+ l uenced digestion, w i t h  average 
digestibility of 79.5% by the s w a m p  mud inocufum an t h e  treated 
sugarcane bagasse.  T h e  digestion rate cunstant, K a ?  w a s  0.28 day-=. 
Nel the:.- subst:- at^ - 3 i nacc , l  urn, atmot=,pbtet-e nor agi -La, i ilsn e x e r c i s e d  a 

K f i 3  f o r  t h e  mesophilic ro--culture was 0.23 dayw1, w i t h  values of 
0.14. !.ad 9-15 day -' +or the  other substrate-inoculum combinations. 

1NTRljDtfC-r I Oi\J 
The canver-.;i ori o-f l i g n a c e l  Icrlclsi c w c , s t e s  ta f - i iq f i~r  value orqznic 
~ornpciunds through f er-rnentati.cn by anaerobi c bacteria has been a 
5 ~ b j r ~ t  O$ ~ ~ ~ ~ ~ i d e t - a b l e  i n t e ~ e s t  I n  . the  ].ask d e c a d e .  I n  C e n t r a l  
A m e r i c a ,  sugar cape b a ~ s s s e  is c r f  K G t i r s E  a r .  avsi I a b I e  
st~bstrate-  Citranc! la bagasse  is t h e  resid~1.e refnaining +ram steam 
distil l a k i c n  of citronel 1s (Cymbnpzgen winterianus; fur the 
obtent~on aF essential a i l .  

<De ia Tor-re dnrl a ,  arrlorlg uthur-ti) . Hawever, d u e  to the 
d i P + j  c ~ k 1 t i ~ s . s  onrnu::tered i n  handling ~nsoZuSLe ::~l--lst!~ates, little is 

1 i gnocel1 u l  osi  c f e r - m e r r t a t i  ens. In a paiFtici:.larly detailed study, 
Taya ct alZ= es'tiinatcd acid product ion kind subs%rate cfegradatian by 
measuring gas production over a r e l a t i v e l y  s h o r t  period of t i m e .  

K i  n e t i e  stctdj. ~5 on aci d o g e r l e ~ i  f; have b e e n  carried ou-t u s i  ntg r=,ugarrs 

f ultnd in t i 12  3 i t ~ r ' a t u r - c  rt7r;ardi t!g k i r ~ e t i  f s Cur*. p r e t r e a t e d  

Earcay and Ha?,hirnotn5 developed s i m p l e  f i r s t  order equations to 
describe t h e  ac5doyenic f e rmenta t i cm of af Laline t rca tzd  straw, . A 

117 the p r e s e n t  stttdy w c  have at.tc;ap.ted .ta carnoai.e ar.i d ~ . r o d c r r t i o n  
ra tes  and iignocel l u l c s e  digestion w h e n  t w a  d i f  C e r e n  substrates are 
used ,  a f ril l soda conk: sctcJ~arcane bagasse, and i - i t runel  la bagasse 
pretreated i n  t h e  solid state w i t h  CaiQH!= and Na2COTs w i t h  t w u  
sources af mrsaphilic anaerobic flora, and L t n G f r  e i t h ~ r  carbon 
d i  o:.: i c f c  or nitrogen atmuspheres ia:i th and c;i thoctt agj."cttiat:. In 



2 

I 

1 ~ r e v i  ous work4- '  both subs tra te s  and inocul a provided more complete t 1 digestion and grea te r  volatile f a t t y  acid p r o d t i c t i a n .  Interest in 
defining t h e  r e l e v a n t  parameters neces5jat-y fur s c a l e  up of the  1 process l e d  to the present s t u d y .  

, The kinetic parameters f o r  t h e  results  o b t a i n e d  in this  s t u d y  are 
compared with those calculated f r o m  data f r a m  t h e  literature. 

: MATERIALS AND METIJQDS 
, Experimental Fr'ocedure: sugar can^? bagasse was - prepared with a 

t r a d i t i o n a l  full soda cook, 15% Na2U far 3 h at 165°C as described 
by Rulz et a l E .  Citronella bagasse was p ~ ~ e t r - e a t e d  by a n ~ t h e r  

I a1 k a l i n e  process, a sol  id state m i x t u r e  af NaxCU3+Cs iOH) previously 
repor ted  in Rolr et d l . *  Composj. t ian is +!2uwn i n  '1-able I. B a t h  &.?ere 

I grsund to 0.84 gem before utilization as s u b s t r a t e  f o r  m i c r o b i a l  
1 attack. 

The m i x t u t - e  of anaernhic mesuphi l ic pure c u l t u r e s  i n c l u d e d  
Ruminocaccus a lbus  ICAITT 083, receivexi  as NCEO 225l:3, Pacterof des 
ruminico'la subsp. brevf c, XCAiTI Q Q 2 ,  t - e re ived  as NED13 22C!6, and 
Bacteroides ruminicola subsp. ruminicala ICf i ITI  00S, ~ e c e i v e d  as 
i+CDCr 2202, al: from t h e  t;.!sticrnal. C o l  l e s t i o n  crf D a i r y  CSY-ganisms, UK, 
snri R u m i r ~ i  cnccus al bus 3.CAETI 684, original l y  lrecel ved as DSiY 2(>455 
f rota t h e  Ceutsche Sammlur;g vor: M i  kronrgani=!nen, FF:G. 

Preparatf an nf i nocula has been desrri bed previously by Cabrera et 
al." The maintenance media were those rucumended by the  N a t i c n & l  
Coll ectl an of t l a i r y  U r g a n i s n i s .  T h e  basal m e d i u m  f o r  t h e  duqradation 
tests h a d  t h e  f a l l o w i n g  co rnpas i t ion  per l i t e r :  t r y p t i c  digest of 
casein, 5 gj y e a s t  e?:tr-act, 5 g ;  CNd4) -,SU4, (:I.? g j  KH2FIS4, 0.9  g ;  
N a C 1 ,  0.9 g; CSC'~ZZ ,  0.02 g; MgClz.6H2Up r1.02 g ;  MnC12.-1Wzijl 0,61. g ;  
CcrClz .  dHzC!, O. 0r:;I g ;  rZeS0+. 71i20, 0 . C 1 1  q j resarurin, ?I). 33 5:: rumen  
f l u i d ,  0 -  1 ml; aretic acid, 1.7 m l ;  r y s t e i n ~ ,  20 m l  af 2.5% 
r;olc.ttion; NazCDs, Sf:) m i  of a n  6r-i s u l u t i o n -  PC-! w a s  adj!^re,ted ts 6-8. 
7 - h e  culturr via7.5 where t h e  m i x t u r e  of er!ual. p o r t i o n s  0 4  each o f  t h e  
f cur micr - aa rgan i  s m s  were incubated with the  test s ~ i b s t r a t e  w e r e  
prepared  by f lrst a d d i n g  0.25 g of substrate to each 3 3  m l  vial 
urrder a s t r e a m  of: the appropt-ia-he gas, COX or i The13 - the  via15 
w e r e  s e a i . e d ,  afid 30 m l  af s t e r i  le p r ~ r e d u c e d  basal m c d i u r ? :  ;:ras added 
aseptically inside an anaerobic rf'rzrnb~!-, foSlawed G';; Q.5 ml a.71' the 
cm--c~11 tcrre. 

The mixed n a t u r a l  Clur-a came f i digestor which had been 
i n u c u l a t ~ d  i n i t i a l l y  with swamp mud, z n d  had been f e d  w e e k l y  far 
over t w o  years w i t h  milled EX-FEHMented sugarcane bagasse and runen 
e x t r a c t .  Inoculum fo r  t h e  t es t  v i a l s  w a s  prepared by s t r a i n i n g  
digestor contents through chrcsecloth under a f l a w  oC i n e r t  gas. 
Then 25 m l  of t h e  +iltrate was a d d e d  to each vial which contained 
0.25 g of the  a p p r o p r i a t e  s u S s t r a t e  and required akamasphere  of  
c a r b n n  d i o x i d e  or ni t ragen.  Then 25 ml of a bu+fer composed of a 
m i x t u r e  of  KI -bFO4,  N H L l  and NazCQs b;a:z added,  resulting in zn 
i r ; i t i a I  pH af &ppt-rl?:irnatuly 8 and a ccncentration of 0.025 M. The 
ga5es f o r  a1 i of the  z x p u r i m e n t s  had beep rendered oxygen-Sree by 
usiny a  at reduced cupper pitcked column i n  t he  gas line. 

-- 



The v i a l s  were i n c u b a t e d  at 3SeC, w i t h  t h e  agitation pr-avic?@d i n  a 
r o t a t o r y  i n c u b a t o r  shaker at 100 r V i a l s  w e r e  removed at 0, 2, 
4, 7, 9 1 1  14 and 16 d a y s  f a r  a n a l y s i s .  Gas product ion was 
measur-ed by  1 i qu id  d i  splacemenl: u s i n g  an aqueoue, acipj.f ied saturated 
NaCl sol L I ~ ? :  a:,!. Gas compr3si t i c i n  was d e t e r m i  rred tly G t C  using a Vari an 
Aercgraph Chrnmatograph, Model 3100, e q u i p e d  w i t h  a t h e r m a l  
ccnductivity detec tor .  The stainless steel column ( &  f t  x 1/8" I D) 
was packed with F'orapak-N, E30-I(:)(:) mesh,  and helium at 36 rnl m i n - z  
was used as c a r r - i e r  gas. Detector- temper-atur-e was set at 1YOaC, 
col uarn t r r ~ p e r a t u r - e  at 5(5"C and -f i l ament temperature at Z1O"C. A 
rn i x . t~ ! re  a+ 702 and methane, 51.9% and  48.1% respectivel..j, was used 
as standard. 

The vials were ziperred and f he content$; cen.ttP.i f uged a?: I!:;, 000 rptn, 
4%, f o r  20 m i n .  l"1.1e s~tper17atar1.t: was usc+d f a r  pr-1 and VFA 
deter -minat ions.  The residue w a s  washed and centr-i +t :ged  twice with 
sterile d i s t - i l i e d  w a t e r  arid tl.se~-r d r i e d  ta c o n s t a ~ t  w e i g h t  at &OPC. 
Digestion w a r  calculated as t h e  p e r c e n t  r e d u c t i o n  i r !  v ~ e i g h ' t ,  wi th  
the original w e i g h t  carrectc?d for  rnolstrtr-c. V F A s  w e r e  d e t e r m i n e d  by 
GLC accord ing  kn  Woldeman et a1 . 

Statistical Evaluation: The ma?: imum values indicated in the tables 
w e r - e  cornpa: -~d  as a +actor:al design, w i t h  separatinn a f  the 
t r c a t m e n k  r -~m o+ s ~ c : F ~ T . ~ s .  dc1r each tre~tt :?ient.  ArzaL y s i s  af  variance 
c.f: t h e  data c o m p a r e d  c a l c c r l a t e d  F values w i t h  t h ~  F st-at ist fc  at 

CIS. 

Rates  and Yiel d5 0 4  Acidogenesis and Digec3tlon: Fi-urr; Baccay ar?d 
tiasl-timata?" t h e  f c . l ? ~ w i n q  ec;uati~lns f o r  rate and y i e l d  a+ 
aci d u ~ e n e s i  s were obtsinea: 

w h e r e  d V / d t  is the  r a t e  incrcase n d  V F A  y i e l d  ( g i g  d a y ?  ? V, ici t h e  
app.larent :tl.trirr)ate V F 4  yj a l c i  ! g i ~ ; ) :  V is . the V F A  y1ej.d at a n y  t i m e ;  
and Km i s  t h e  a c i d ~ a < ? i - ~ i c :  !-ate cr~nstsnt  <day.-1 1 .  I n t e g r a ' t  i a n  9 9  *ha 
equakion? a g a i n  C r c m  Baccay afid t i a 5 h i m c ? t c ~ ,  =s y i e l d e d .  

Similar?y, t h e  f o l l o w i n g  e q u a t i o n  w a s  developed f o r  rate sf 
digestion: 

w h e r e  d C i d t  is t he  r a t e  o f  increase of  percent  digestion ( ~ I a y - ~ l ,  D, 
is the appar-ent ultimate percent  c l i g e s t i c n ,  D is the perctlnt 
digostian at any time? and k~ is the  d i s e s t i o n  !,-ate constant 



1 The dioestiurl r s e r c e n t w n ~  w a s  calculated 2%: ' . i  

I 

A g a i n ,  integrat. icm of  equation (3)  y i e l d e d  

! I n  (D,-D) - I n  D, = - k o t  (41 

RESL LTS i .  

Dige - , t ion  t 

The r ~ ~ ~ t , . t ~ j  far d i a e s t i o n  oC pretreated bariasse are frrrctnd in Table 2 

- - - 
swamp orud dj. gestur contents w e r e  i.lsed as i nrxt!l  uiri, ' ? -here  is no 
aaoarent ef +ec-t: dtie 5 0  ani.tat iorr ar stmasohere.  

4 

(day-+). 

- - 4 % - - - - - - - - - - - - - I - 

D = g-~dgg~ggd-gg~~e~psg * 100 
g i n i t i a l  ce" ' 

f o r  ESSCILIR and ~ a b l e  3 for C ~ C A N R .  The v a l u e s  used 5s highest are 
u n d ~ r i  i n e d .  H i g h e s t  digest ion  vzl ues w e r e  mbta i  n ~ d  L I C , : . ~ ~  s w a m p  mud 
as  th- Inoculuni source and BCSCfCA as subs tra te ,  with ari ave r  age 
digest i b i  : i ty o f  73.5% +or t h i s  i n o c c t l  urn i ' r ~  sugarcarie bagasse, 
These t-rsclts approach t h e  It 'UPtED reported i n  Tab le  ? f o r  BCSODA. 
Digestion by t h e  mesophilic cu-culture was much 3 e ~ s  coaplete, 
reaching a n  ave rage  of an1 y 43.5%- G r - e a t e r  digestion wss osserved 
w h e n  t h e  CDn atmasphm-e w a s  used. Agitation or no sgitation have n o  
e f f e c t .  

Lcwer r ) igps- t i  on v;::i ~ t s s  w e r e  obser-ved w i t h  CIC:UNR, w i t h  ar? overai Z 
aLrfzrage c ~ f  43.3'7. (Tabie 3 )  . l!csw~.t.jer-, th i s  %as t!igheu than the 
IVDMED repo r - t~ !d  in Tab le  1. 1-hn cal cuX ar i 025 f a r  r n ~  c r a b i a l  
d i g ~ s t i m  w e r e  nat cor rec ted  f a r  t h e  non-Uiges~ible ash cofi-:portent, 
but only f o r  s o l . c r b i e ~  at i t  days;. It can b e  assucizd t h a t  a p a r t  of 
t h i s  a s h  is soluble NaUW; h o w e v e r ,  a portiun is cfmnosed cf m i n e r a l s  
in insul .  uts le  - F o r m s .  lli qhest c 1 i q e ~ t - i  on w a r .  again ob.r,eiFved when t he  

- F b J 

S1:atistical evaluation ctxnparing the highest digestion v a l u e s  in 
both Tables 2 and -3 indicated t h a t  i n o r r ~ t l  a arid suSs%r-a.t:e were 

-9-A UUYEIICZLA =) 

Volatile f a t t y  a c i d  production data are presented in Table 4 f o r  
BCSOOA and Tab1 e 5 t a r  CICANA. Maximum values for  each treatment 
a r e  irldicated. The avei-sge v a l u e s  for. BTJSCIEA, 0.566 g i g  DAF 
s u b s t r a t e ,  w i t h  a r i d  e:.:pr-essed as acetic acf d equivalants? is very 
similar tu that d a r -  CZCGN:>, r3 .529  g/y. Highest valiies were 0.72 g i g  

- 

car-hon dioside atausphere, not agitated using PCSDOA as substrate- 
Satistical a n a x v s i  ~j c o n ~ ~ a r i n n  the tsiahest v a ? ~ t ~ s  f r a i n  'Tables 4 and 

- c  - 
to irioct;l crm, s u f ; s t r . a t e ?  gas atmasphcre ar agi kat iun ,  

s i g r ~ i f i c a r ~ t  at 95%. F values for. a g i t a t i u r r  and gas envirot lment t.rer-e 
not  s ign i . - i  icari't. 

w i t h  swamp m u d  inoculttm i n  n i t rogen  a t m o s p h e r e ,  n o t  agi tat&, ~tsirnq i 

CICGNA as substrate, a n d  f:),74 q/g w i t h  *be mesuphif ic c u - c u l t u r e  in 



The i . t i?Ld~;  are q u i t e  low, w i t h  values near 1 g / g  e:.:pecf-ed. The 
rsrtve: . . - : I  of  volatile acids to ntethanr was i n v e z t i . g a t c d ,  and i n  
Tab les  4 and 5, the  samples where methane was c l e t ec trd  i n  vial 
headspace at levels greater than 1% are  indicated. Methane 
p r o c i ~ r c t i a n  ic; more C r - ~ s ~ t e n t  in t h e  pr-csence o.F the c;w%rr~p rnud 
i n a c ~ t l  urn, a natura l  suur-ce cr f  methanogens. 

Kinetic Stub f 
T a b l e  h givr rs  t h e  k i n e t i c  p a r a n w t e r - s  $01- the  data described* V a l u e s  
for KD and 1 : : : ~  w e r e  e a l c t ~ l a t e d  as clescr- ibed i n  the me-thuds section 
empluyirtg equations 2 and 4 and a linear. l e a s t  s q u a r e s  fit 
cr-i  trri on. The: di ge.;;t i 011 data  were yrauped w i t h  respect  to 
s u b s t r a t e  and incrculcrnr, since a y j .  tati.on and gas atn- :asphere  d i d  n o t  
prove to have a sigr- l i f : j .cant  e, f fect  on the d j .gest ian.  The 
acidogenesis da ta  were c~7lc:t.r1aZ:ed i n  t h e  5arr:e marrner, Bpgarent 
mar: i rnctrr! va? ues, V, and were ral .  cul a-tecl f  om the maxi mum values 
indicated in Tables 9 and 3 ,  a17r:i wergt l ted w!-!en neccssar-y to r e d u c e  
t b ~ ?  standard dev i  air ion. Max irnutn d i q ~ s t i o t i  t i  crrc?s d i  c! not  coit-lciae 
w i t h  ma:.:imiirr: C F f i  p r o d u c t i . o n  t i m e s ,  Tt-te lower i<, values +fwr the 
swamp mtd inc?c~.:lum c o i n c i d e  ~ i t b  d iv r : r r s i on  a+ the VFA to nlethanr in 
t h e s e  ct.%l tt.tr?~. 

a I: sruss I ox 
ECQect of Agitation 
F'rair: ti-:e :-:ark of c ~ t h + z ~ -  inve5t.i ~~~~~~5, agi tati c~n  w a s  c ~ n s i  dered to be 

. . benef  ici a1 -to ciigestj.nn and a c i d o g e r ! i s l s ,  t::!-t a 2  13 5tcru'+{i ng 
a n a ~ i - . = h i  c d e g r - a d a t  j. un af cel l ill ose by  sewac_t.=? sl udge ,  o b s e r v e d  ",at 
i n  .:; 1 +errxrei-l.i-<;r-s agi+-"'- , c t ~ i c ~ n  xa~ i  needed to I::ee;j .the fiaterial 
di.sper.sed, 2nd tc achieve degradation, However, sti rrinq: -:-:+tes -- - - 
abcve -:.(-)(> P-pri! ap~r~ .er i  a b l  y 1 a w e r e t r l  dctgi-.acfat i an o+ cel 1 ul r?sz? pr-ababl c 
by interfering w i t h  t h e  f o r m a t i n n  of + i b e r - - b a c T r r i a  complex 
r>erssr:.ar-y +ijy ; ; t t tac i ; .  Bhadra ~t al alsa  +ound t h a t  mechanical 
re-cti~:;ppi'-5ii3n Q+ t h e  I. a r g r  suf:~s. t rate s g q r u g a t e c ;  er~~?a~?ce.z' acid 
p r a d ~ c t i c m .  E l ~ n c ' i n g  ir-! N;? at.rn~>sphe:-t-; wa;r cumpar-.ed wi- th  b l c ~ n i ! ~ : - ~ g  in 
air, and a c e r t a i n  inhibi:tiut-i 09 t!-?eic-. ca1tur -e  by ~ k i r -  i - 2 2 5  ub~cr-~>et l .  
T h e s e  air"~c;--.j: car-r-ie:j c l t i t  t he  ~ ~ e c l j . ~ ~ e ~ ~ ; j ~ l r ~  c3:7 a i+ei>!.::ly b a s i s -  The 
smai I. -scai  e u-f t h e  e x p ~ l - j .  n ? e ~ - ? t  al t r ! - l i  ts u'ezcr- i hed j. n t b : i  s p a p e r  as 
t q e l  1 as r - e i  a t i  v e l  y X or.; r;trbstrate rr1r- lcer i t rat . i i2r i  m a y  t?a\-.e redttced the 

. . 
need d m -  m l x l r ; g .  

Ef f e r t  oC CO, E n v i  i - u n m c n t  
S i n c e  t h e r e  are i n d i  r a t i o n s  o-f CQ2 f iz:a.[:iun by some anae-c;bir 
mcsophi 3 esV and t h a t  a car-bsn df o:,::i de--cat--barlate bc:f f el- system 1s 

r e c u i ? ! ~ : ~ ? ~ r l ~ d  +c,r the  p c r r e  r ru l t u re  uf a n a ~ ! t - c j k s , ~  a d i - f i e r - e n r e  was 
expectecl b e t w e e n  t h e  t w c r  gas atnnc-pheres, L'O, and N5:.?. l - k l e  f a c t  t h a t  
t h i s  d i d  not Fr-rJve to be s i g n i f  rcant i n d i c r a t e d  that t h e  .;.,.jsteil?~ used 
pr.c)vicle sc r f i i c r i e r - r t  b ~ t f + r - . r  capacity, alrd t h a t  t h e  mi:.:::??d c~ t l t u r - es  w e r e  
capab le  af ~ t ~ j . f ~ y  the or-gari ic carbon prese1.1';. 

D i g e s t  i a:? 
G r e a t e r  digestion of tiCSC3DA over- CICQN:'?L c o u l d  br"? e x p e c t e d  from 
IVDMED ciata in 7 " ~ 3 5 ? e  1. F'reviuuc, work w i t h  bo th  subs+r-a-fiez; ". 6. 7. 
= "  shcwod a .;imi?ar beftaviar- by hotkt w i t h  n l a x i m u m  diyzskiun o+ 
EiCSODfi fit 78% wi t h  t h e  m e s g p t k i  1 ic cu--ct.tl't.trre, -/ ar.rd 7 f ' i .  wi t i . 3  swamp 



mud inoculum4; and 53% digestion of  CICRNA w i t h  t h e  mesophilir 
co-culture, and 73% with t h e  swamp mud i nocu l r tm."  Bath treatrnsnts 
are alkal~ne, similar ta t h o s e  used by Dattax* f o r  r a r n  stover, 

I where digestion valurls were n o t  given.  a n d  by Matei a n d  P 1 ~ y n e ~ "  an 
Ca (UH) =+-Na=CCl3 t r e a t e d  bega~ise who uh~ser'vzd 76% di g e c , t i  un 
i n s o l u b l e  DAF s u b s t r a t e  in 66 h by rumen f l u i d .  

The e f f e c t  sf irroc~rluin ir?dirating greater- digestion by .the si+amp mud 
i n o c u l  urn i s  p r ~ b a t r l  y due t c ~  t h e  cornple:.: 3.nterar::tians hetvreerl the 
dif-ferent m e m b e r - s  n,? t h e  runsor t ium.  Cabrera at al l o  : - e p ~ r t e d  "i. 
digecjt ior~ v a l ~ r e s  2.5 times g r e a t e r  u s i n g  s w a m p  mi id  j . n o c ~ t l ~ ~ m  compared 

h t h e  mesc:phi 3. ic CQ-cul, ture when t h e  same t w o  rsubstr-a-tes are 
campared .  Val r.'rerY obtai ned sr,ipc.rior digest i u r :  j t~ifrh s w a m p  m u d  
z nncrtil urn cn CI CAI*,JA, 73% verscle, 59:< far the mesophi 3. ic ra-ctil -l-ure; 
h a w c v e r  the reverse w a s  ob ta i  ned L J ~ .  t t 7  BCSGYJA, 7?:/. f o r .  t h e  mesophi 1 ic: 
r o - c u l t u r e  against 3% +or t h e  s w a m p  mud. 

T h e  k i n k t i c  eva l ca t i nn  ti+ the da t a  found i n  Table 7 shuwed similar 
rat~: .c ,  f o r  "Lh +our  c a m b i n a t i o n s ,  w i t l - r  the  h i g h ~ s t  being t h r  C::,=.3,2? 
d l L  .fur- ECSOCfi wi. t h  t f i f ;  mezophi l ic c . ~ - - c L ! ~  ~ L L ~ - E ? , .  V a l ~ t u s  far I& 
cslculsteci + r  nrn 'rhe d a t a  avai lab!e j.n the  ? i tera"tur-e rarjSe . f r o m  (3. 3.8 
h-' fa r -  di g c ~ t i  an G +  ti SSL~E? paper D y  al-I ar?;:erc_sl.iic: di.cqus'tur i rlficcrlum 
as repcrked by t:3-tarixx to an e > : t r r m e l y  rapi::! d ~ g e s t : ! c ~ - :  o+ a 4.5%- 
f;lu!--ry uf prl:--e re1 ! ~.rl use by a mi::eci cu? t u r c  r7-f Rcimi  nacccrztts a1 bus 
a n d  Ruminacotcus flavefaciens r e p u r t c d  5y Tay.:; st ~ 1 , ' ~  which gave 
q71/ (jig- ..' 

L ,- c ~ ~ C i n n  if: 3 . 8  d,:ys p j j t h  3 Ku ~f !I!.iJO d - ' - l .  M . 3 + - e i  and f=':iaynez2 
al sa c ~ b t a i  net:? I-api  d di c j e s t i e n  o f  arnmar!iated su..r;arcai-re ,> bagasse by 
rurrien coni;ent-=, ,  t - ~ i t h  a Kn c?S 0,7& c l - - x .  The a c c i v i - t y  a*; the pure 
cultures o f  CL4i~ilianc~ et a l x q  should b e  po in ted  out s i n c e  t h e  
substrate L.~sF:~ u n t r e z t e d  c n t t m n  + i  her, a crA:;sta!. 2. i r 3 e  f ' o r m  o*; - -  
CEI? I CII asp. I he data r-ep(3r";t-r.c: i n  f t i i  s papcr are .Lak:er tl7ar; the  
m a  j c.r t y 1 i s.t:eb in Tab? e 7; i m p ; - . g . . t e ~ f : ~ f i - k  ~:a:-il c! Liz .i - . ,  rsvest igated 
tht-c)~.tgi? i j i ~ ~ . ~ a ; 7 ~ i  1 eve1 5 075 i naci-t? L.IIT~ ~ i ~ e t r j  CII !~: : t3~. t r -5.k~ BS S L ! C ~ ~ P S ~ ~ C ~ !  

by E a r c a p  and H a ~ h i m n t o . ~  

Rci d ~ g e n e s i  s 
A c i  c! p r ' c ~ d u c t i  ai-: k:as n!:;t f c~und ta br-? s i  g n i  -f f eant3. y 3-F-F.?r-:-ked by any c - F  

+:, ,-. tr.eatr;:eni:~; t l ~ ~ d  i n  t h i s  study. . , . w a r - k  i-:i.th bo2h 
s~lbscratc.;  r-cp(:,r tec[ 0.; f ~ ~ b ~ - - e r = ~  ~ t :  LC' 

. . qave ~;r :%I 1 ilrc i d p:-12d:":cti a n  
d z t a ,  vri.211-: ave!-,ages G-F (3.47-g/g for -  t!-?e :xesa lpki l ic :  co---cnlt i- ire in 
CZCfiN6i, C 1 . 4 t ;  g/y f a r -  'the same inocul~-c in  j.n BCS3TiG, f.1.:39 giq for the 

T -- 5t4a:~;p mt:d intscu].~.t~.ri in Cl fAi ' JA  and 0.28 g i g  i r :  B.SSUD!'ri. . . I ,  ths-t study, 
c o n s i  derab l c amot.!nt s of' l ,:~cf-. i c a c i d  w e r - e  proc!-lced. L 7 ~ l  y LJFAs were 
s t c r d i e d  ir, t h e  pr-csent workG Initial 1. p' kriaf-!~r pH and j.mproved 
bu,$$.c;lr- systerrl C~~LII  d ~ < t c 0 k ( r i t  $ 4 2 ~  ; acj r:!nq~:-:t~i 5 1 ~ ? a d i  ng 
pre+%i-znc'ia?. l y to !,7ct.l c acicf. F r c v i  stls w o r k  r - e p o r t e d  h y  V a l  dez7 
gsvs. .5 g a u c t i  c a r i  r j  aqui val e n t s / g  wi. t h  the moscaphj. 1 i c co--rul t u . r - ~ -  
,3n BCSC5.Q. I-inwevet- thn same iriact 9crrn gave3 ~ & I : J ~ s  QT I .  0 g / g  f o r  
c t h e r  s u b s t r a t e s ,  s:.trh as ~.\:-t'tr-ea-tecl I. eni~r i  gr-a5:,s hagii155e. In 
g~inr-I-al , the s:.rartlp ~:, IE! !. ~c;c:I? ~ l n t  gave puc3!;.- ac id  pr-cdc.tc t i o n  d u e  to 
canvet-sinn t a m e t l 3 a n e .  L-PSS O F  r;i:-bun thruirg!~ r.\athar:e had been 
absi3rvpd by c)ther- r?vec;ti gat:cl*-sM ". 1% 

LaJhe:, !::i neti r-s ~ J , F  a r i d  product  i c;n ar-c co::lpared wi t 1 - 1  l i t e r - a t u r e  data, 
t he  valt.tcsi ii--I Table  E3 a rc  u;3%;:ined. -f'!-re data  i n  ttle pr-e~.ei".t stutly 



are sirnil ar  ta t h o s e  o b t a i n e d  by ~ t h e r - .  Two gene ra l  comments  
should be made. F i r s t  of all, l a w  ars assaciated w i t h  methane 
production as commented ~ a r l l e r . ~ *  Second, the V, values fur the 
work by  H a t e i  snd Playner2 a r e  n u t  comparable  because their d a t a  is 
expresses as mM VFA, and t h e  exact  a c i d  p r o f  i! e was not given which 
would have made cor~ver-sinl-1 to acetic acid equivalents possible. 
A l s n ,  these authors d i d  n ~ t  t a k c  into account the  fermentable 
canpaitrids c a n t r i b u t e d  by t h z  inucula and t h e  iliecliurn which c o n t a i n e d  
yesst e x  kr -ar  t . 
CONCLUSIONS 
Digestiun and aridagenesis by ar:aeroblt. mic-,rua!*,ganisrns i 5 in+luz?red 
by inaculitn; coiopc>si t i o n  a n d  st~bstrate.  Future w o r k  shsul d 
investigate cnncentr-atxon of substrate and inacul un to improve 
rates. P s i k i c u l a r - l y  interesting sho: t ld  be - k h u  r-~t~exrcf? i n  area of 
i r l ocu l  urn tornpasi  .';ion, ci ther- el i n l i  n a t i n g  methai3cgc;rts fr-0:~: t h e  swamp 
mud digestfir- fir- arjtjirlg more ef f i r i e n t  c e l . u l . u l y t i t  m j  cr-uurgar.isrr?.-; ko 
t h e  ca-culture. 

VFA 
I VDt=jED 
DAF 

A c i  dogeni r  rate constan.k [day-l! 
Tiae i n  days 
VFM y i e l c l  at a n y  ki ixe < g d f g ?  
Ap?s..-ent u l t i m a k ~  l o r  m a x i i ~ ~ t . i m ?  V F A  yield 
{J at t = 9 

e.. .-. Apparent u l t i m a t e  d l g e z t i ~ ? n  ,q - ren tage  
US. gesti on p e r - c e n t a g e  at 25:: t i  r*r!e, rs;.lc~~la"Ld a.s 
: g  di yes ted  cellu?ose/g i n i t i a l  cei lulos8)*18C> 

D i  y p r , t i  ofi r - a t p  c y ~ s t a : ? P  (davm-'l ) 

~ . . d  w i " r ?  a +till ss.3da took Sttgarcsr!e S,.%gassc ? rea t -  
Ci t r o n e l  la bagasse krea.te% with Ca (DH> a d  
Na~Ctl,: it-: t h e  .sol i d  z t 3 - k ~  
Volati 12 f a.kt)> 
In v i  i-,f-a d r y  r;jattg-:r- cnz yma-i ; i  f d i  ges-t : i .  a i  2 j t y  
Dry ash f r e e  
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t h e  gas chromatog:-aphic: method o# Holdeman et al (31. 
The utilization of the organic acids by  S. cer 
was evaluated in terms o i  di s appearance  of t h e  
biomass pruduction and ethanol production. 
only in the presence of qlucoss by 8.  cerevis  
anaercbic c a n c l i k i ~ n s . ~  as was expected. fhermodynanric res ' t ra i  
prevented its p r o d u c t i o n  +ram other substrates b y  this yeast.  
Candida utilis s t r a i n  used in t h i s  study is n o t  a known eth 
producer- 
Xn Table  1, t h e  aerobic behavior  o f  S.  cerzvf 
a c i d  alone i s  n o t  : . t t i l i z e d .  Propionic a 
however, in m i s t u r e s  with acetic acid o r  la 
acids are preferred, Biomass piuduction as well as cell count 
highest far the glucose-containing media, a1 t h ~ u g h  lactic 
permi t ted  a higher level csf c e l 1 ~  i n  t h e  . f e r m e n t o r .  Wi 
consumptian t h e  ptt alsc rase as w a s  e::p.*ct.ed. 
7 the resu l ts  e i  anaerabic growth far  t h e  s a m  
T a b l e  2. A l t h a u g h  tendences are similar 
substrate utilization and biorrtasr r a n c e n t r a t ' i  
Tab le  3 provides the data +or- aerobic growth aS C. utiIi 
c t ! l t u r e  proved to be c a p a b l e  cif redircing t h e  cor r rcn t ra t i~n  0 
o+ t h e  acids to less t h a n  15% of the. o r i g i n a l  level 
b u t y r i c  acid in t h e  presence sf lactic arid w h e r e  p r e  
g i v e n  to t h e  l a c t i c  stid. Here the highest Le 
w e r e  ohserved alzz .  
A3aerabi.c condi t inns qreatXy reduced acid  ti lizztian bb 
a l s c a s  c a n b s  s e e n i n  T a S l e 4 .  Farticuia 
i n h i b i t i o n  of cell nunbers by bukyric acid a n d ,  t 
p i - a p i c n i c  i d .  Utilization nf lactic ac id  
t-ed~tced; t.tFn%ssis p r o d ~ : c t i c n  w a s  qui t e  l o b 4  in a 
It m u s t  be assumed i n  these s t u d i e s  t h a t  k!te 
n s d i u m  provided carbcn $or cell mzintenan~e an 
t h e  ~ a r b ~ h y d r z i e  cr- % m i n u  acid ca:~rpc7nents, T 
have been l i n;i  ti ng, becat!se u n d ~ r  aer -ch i  c c 
cartton sa~trces were ut i 1 i zed r+f ecki %,,el:.; by 
anaerabi c candi ticns t h e  yeast were n o t  capable 
a r i d ,  and use of ~ t h e r s  was reduced, perhaps d 
el ect ron  acceptnl-s? therrnod)~nan!ic rnnsicr;er a t iu : ; s  Qi- a b  
active trsnc-art -'t- syste~a +or enter ing  the 
O r g a n i c  acids in u n c ! i s s o c i a t e b  f a r r r t  peneti-ate 
intact cell a n d  ac i tvr  t r a n s p o r t  c";nir;lns m a y  take p 
aerobic c o n d i t i a n ~  1 8 ) .  I n  the run:en, t?rtt);r- 
nctaballzed d u r i n g  passage through the t-umen 
canverted to E-.hydro:: y b u t y r a t e  and t h e  l a ter  to su~c!. nx:: 
D a t t a  and Zeikus (2), have de~anstra 
acetabutylicun is capable  o+ taking up b 
increased when t he  metabolism of t h i s  m i c r  
with  carbon monaxide; this e S f e r t  is ohserved  d u r i n g  the 
a+ the  f e r m r n t a t i u n .  The acid apparerrtly acts as a n  ele 
Ohyama and f iara (71 showed that bukyr ic  acid 
an silage under aerobic candikinns, w ! , i l e  pr 
e f f e c t i v e  i n  r e t a r d i n g  yeast g r o w t h  at the 
concrntraticns. Lower pH w a s  alsa effective i n  i n h i b i  
Interesting w u r k  reccntl y repor ted  by B r u i n e n b e r g  et a 
use of  f or rna t~  as Priergy SOLIPCS t t n d ~ i -  aerobi ns 
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ycocatyx - bacterial polysac- 
aside-containing structures 

Gram-negative ceits and the 

j capsules composed of a 
jrous matrix a t  the cell sur- 
ce which may vary  in thick- 

L?!~us ,  a polysaccharidc cap- 

~:lliuio!yt ic enzymes. In i!~' m a e -  
L+urmophil~:, C,Ymstri:iit!m /i:t:~-- 

Earn, a ccllufose-biridir1.p factcir is 

:;: a 'c:eiiulnsorn~'~~-'~ . An extra- 
31- matrix of sheari~s f1at.e been 

Iytic enzymes exist in mtiltiplc fijrrns 
associated with r e l l u i ~  stnlctures. 
which in sonic cases scrve to enhance 
the contact betwcen the rnicrohe and 
the surface. These siruzturcs also 
probabiy give enzymes stability and 
protcct ion against c:atabulite re- 
prmsicn arlcl they could also pruvidc 
natuszl en:zapr.x~ent in order to avoid 
exTeL.c; .. ,+...; - V~ ;, icsses ~f enzymes by riif- 
b~i::~. 

1: is ir~turesting to note that two 
semctttrai gcacs coding for two direr- 
ent. e:;do-l,g,P-glucanases were identi- 
fied in C. tf~ermuucllt~m and were 
characterized and expressed in Es- 
cf1ericl1ia c~li'~.". t'nfortuna~ely the 
authors recc?vt:rc:ii the periplasrnic and 
cell l v a l  associated enzymes from 
osmoticaiiy shocked and sonicatcd 
cuils m d  .iio evidence was sought for 
the fornlation of 'celluiosornes' irt E. 
coii. 

Therefore, one can specdate that 
microbes use subcdlular structures or 
'celIulosomes' to pack 2nd stabilize 
holocclIulo~~.tic rneybc other 
bydi~lyticj enzymcs. These then ad- 
sorb into Eber surfaces and act as 
biocatalysts if the site is producrive. 
The microhc would tl~npioy various 
rsechanis~ns to contro~ ar?d regrrhte 
the adsoipLion-desorj1ti3n mccilarl- 
ism. One of h e m  could bc vibration- 
induced !oca!izd s:reming and 
microti~rbu!znce. M'c believe that 
studics ir? r?~oist solid systc~ns employ- 
ing fixed ceiis or fixed active sub- 
cellui;tr stru6iures n-ill confirm, reject 
C:T rnoclify this picture. 
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ULTRASOUND EFFECT Oh ENZYMATI C SACCHARI F 
Carlos Rolz 

Head, Applied Research Div is ion  
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P.O.  Box 1552, Guatemala City, Guatemala, C.A. 

SUMMARY 

An ultrasound fie1 d during enzymatic saccharif  
rate  and extent o f  reaction o f  sugarcane bagasse th 
1y pretreated inducing a matrix swelling and partial delignif 

INTRODUCTIO8 

Lignocef 1 ulosic bimass i s  relatfvely refract 
In order to  !ncreare the rate and e x t e n t  of. hofoce 
substrate pretr2atment i s  required to induce the st 
o f  the lignoce?lulasic m a t r i x  and favor  the close contact betw 
crobe and fibers to  secure an e f f i c i e n t  enzyme action. In a re 
(Fan e t  a t ,  1982) there was a list of 10 phys-ical, 16 chemical 
biological  pretreatments. Any pretreatment t o  be e 
the accesibility and adsorption of t rue extracellu 
complexes assocSated within cell uf ar structures ( D i  
AkS n, 1980; Fcrsberg e t  a1 , 1981; Lamed e t  a1 , 1983; 
1984). 

A dynamic adsorption-desorption nechani sm play 
hydrolysis reac t ion  and the type of substrate pretr 
much biocatafyst actually desorbs a t  the end o f  the 
renains adsorbed t i g h t l y  bound t o  the substrate, but usually no lon 
e f f e c t i v e  (Lee e t  a l ,  1982; Ryu e t  al, 1984). 

I n  t he  orzsent work we pravide experimental e 
sound f i e l d  d w i n g  enzynatic hydrolysis favors t h e  
the substrate surface has been pretreated. 

EXPERIKENTAL METHODS 

Substrate. Sugarcane was sampled from sugarm 
o f  euatemaia. The sample was chipped in a p i l o t  wo 
OY Santsalo) and the chips were EX-FER%ented in ord 
crose present into ethanol i n  a 48 h cycle (Rolr e 
ed chips were pressed i n  a continuous screwpress ( 
washed ~ 5 t h  water i n  a mechanically a g i t a t e d  tank a 
They were sundried to a f i n a l  moisture of around 6-7% and trlilled in 
F i t z  Mill Cominutor (The Fitzpatrick Ca. ] employing a 0.84 m sieve 
chemic~l composition on dry weight b a s i s  of this sample N ~ S :  perman 
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l i g n i n  12.52, cellulose 43.3%, hemicellulose 38,0%, as 
1.2%- I ts  2 v i t r o  dry matter enzymatic digestibflity 
determined fol-g *,he recommendations o f  Doman and 

Pretreatments. One sample was pretreated employifig tk+ organo 
procedure using a mixture o f  etnanol:water, 60:40 and 1% of Na20 fo 
a t  17%. The so l ids  were water washed extensively a f t e  
sample was t reated w i t h  80 g NaOH kg-1 dry matter i n  solid state for 
days at room temperature, 20C. 

Hydrolysis. 0.5 g o f  substrate were suspended i 
buffer 0.2M at pH 4.8 and 40C. A sample was taken to 
solution by the dinitrosalicylic a c i d  method (Miller, 1 
5 ml of a I% by weight solution c f  Onozuka FA cel'lulase 
Go-) were added. The contents were agitated constsnt fy  
u n t i l  one half  hour 1 rnf sasples  were taken f o r  sugar ana 
substrate was tested a t  feast  3 times, 

A series of t e s t s  were done with  a substrate tha 
wi th  ultrasound f o r  30 m i n  a t  40C in the s e t  up described 
szch treatnent the enzyme was added and the same procedur 
f el l owed. 

Simultaneous hydro lys j s  and ul  trasoucd treatment, An 
t e s t s  were done maintaining an  ultrasound field i n  the r e a  
above during t he  30 min of  enzymatic reaction. 

The ultrasound was generated with a Branson Scnifie 
son Sonic Fower Ca.) adapted w i t h  a tapered microtip, op 
tinuous mode and p rov id i ng  32 watts  o f  output poHer. 

RESULTS AND DISCUSSION 

The experine~tal data obtained i s  given i n  Tables 1, 2 
tables the second column g ives  t he  t o t a l  sugars produced 
enzym. The sugars produced by enzymatic hydro lyz i s  of the s u b  
previously wit!-, ul t rasound a r e  g i v e n  i n  t h e  t h f r d  column 
gives the anount of sugars produced i n  a simultaneous us 
ing enzymatic ac t ion .  

Note t h z t  f o r  the  untreated sugarcane bagasse (Table  
prodtgced in the three d i f f e r e n t  tests were not statistically d i f f  
30 nin t h e  amount o f  holocel lulose hydrolyzed was low, barely abo 
eqcilibrium v a l ~ e  or IVDMED f o r  t h i s  material (a f te r  72 h contact 
40C) was only 19% as s a i d  before .  

In Table 2, the hydrolysis data i s  presented fo r  t h  
pretreated sample. Note t h a t  there i s  no slatisticalfy significan 
between the data fo r  only enzyme and the subs t r a t e  t r ea t ed  prev iou  
ul t rasound .  However bo th  were d i f f e r e n t  compared t o  the data resu 
the enzyme ac t ion  w i t h i n  an u i t r a s o u n a  f i e l d .  The highest  saccharif 
extent  was 132 o f - t h e  h o l o c e l l u l o s e  present.  T h i s  sampl 
64.08%. 

The data  for  the a1 kal ine pretreated bagasse i s  presented in T 
The same results were obtained, h ~ w e ~ e r  the d i f fe rences  here had a s t a  
l y  lower p r o b a b i i i t y .  The h i g h e s t  r a c c h a r i f i c a t i o n  extent was almos 
of the  holocellulose present. This sample had an IVDMED of 72-20?;. 

Why does u i  t rasound a f f e f  t enzyme catalysis? The 
ultrasound on t h e  rate of chenical reacticns has been 
varjety of s i t u a t i o n s .  Fur exanple Kristol e t  a1 ( i 3  
acid  hydrolysis o f  dext tan was improved by 369 under ultrasound. I t  i s  



well known t h a t  the mechanical perturbations caused by ultrasound act o 
the physical structure and in tegr i ty  o f  the cells and, dependjng on the 
ultrasound intensity,  can reversibly disrupt and k i l t  , or completely de 
sintegrate and homogefiize cell ular contents (Mi 1 l e r ,  1983). Under 
control 1f.d condi tj orcs however, i t  can induce small -seal e acoustic streamin 
causing cavitation which might affect local surface phenomena. 

Prevously, Clemente e t  a1 (1984) had pretreated rice husks with ul t 
sound a t  different amp1 i tudes  and i t s  e f f e c t  on the resulting IYDMED was 
similar to the one obtained with steam, but lower than t h e  effect  o f  NaO 

or smllen matrix and a partial del ign i f icat ion.  

possible t h a t  micr 
complexes adsorption into salid surfaces, 
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