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TABLE 3. ANALYTICAL RESULTS FOR WHOLE SUGARCANE EMPLOYING THE DETERGENT SYSTEM 

Neutral detergent  Acid detergent K j e l  dahl Cel lular 
II  

Who1 e sugarcane f i b e r  residue f i b e r  tigndrr? Cel lulase Ash protein ~onstituents Hemjcel lulase 
- .  .- -L!Eb,- ( ADF) - - ------ -- LNx6.25) ( 1 0 0 - N a  -- BDF- -- XDF) -. 

1, Banda y Valdez 
( 1976) 54.1 33 , 3 ' 5.4 26.2 le1 45.9 20.7 
Mexico 

2, Viana e t  a l .  
(1970) 65.3 48.9 9.6 36.0 3.7 3 . 3  34.7 l6,4 
(Mexico) 
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data are wi th in  t he  values for  sugarcane bagasse repsrted i n  the literature 
(INIP, 1983; Jackson, 1977; Rsndei, 1972; Rexen, 1579; Han e t  a:. , 1553; 
Ibrahirn and Pearct, 1980, 13821. The -- in v i  t r o  dry m z t t e r  d i g ~ s t i b i j  i t y  
(IVDMD) of such product i s  relative!y low due t a  i ts  l i ~ n i n  ccntznt 2nd 
structural characteristics. However the reported values vary widely, n o t  
only because of the factors nention~d above, b u t  a!so due t o  analytical @if- 
ferences, f o r  exanple the us2 of r u w n  Tiquar cr ccmercizl e n r p e s  zo carry 
out t h e  hydrc'lysis. In t h e  sam EX-FE%~enteb sacp':e an TLGMD cf 13.S:; ?:as 
betemineb (empf oying ccmmrci  a1 enz,mesl, I n  t h e  l i terature vat  L~~ Setoesn 
9.2 and 51.5:: are  found (Eartin e t  z i . ,  1974; Cabello e t  a l . ,  1381; Dskker 
and Richards, 1972; Preston, 1325; Randel, 1972). 

During the S e s i g ~  of strategfes t c  separat2 the racroccxpc~~~ts si 
lignocellufosic rnzt?r?als for their further biotransfarzaticns, i t  ? s  nec2s- 
sary to rea:ize that their rates 05 ~raction nust be iccreased and bence pre- 
treatrcent operations aust be an integral  p a r t  o f  any precess scheme. It is 
well t c  remenber t h z t  there is no optimum genera7 pretrsat~ent, as t h i s  will 
depend on the process, the products, raw materials and microorganisms t o  be 
used subsequently. 

- One interesting a1 t e r n a t i v e  in cases where ethancl is ths   inn! prad- 
uct sought 7's the  d ~ l i ~ n i f i c a t i c r t  "Srgenosolv" prwess (Kleinert, 1974, 1575; 
Bowers and Apr i l ,  1377; $ . p r i i  e t  a 7 . ,  1379; Bauneister y Edei , 13225 Katzen 
e t  a t . ,  1983; Sarhznen, 198C; A;ril e t  a i . ,  1982; Green & Szdyer, 1982; Hanssn - ,- % April, 1982; !<arton & Graizov:, 1932; Averi~nos & Xang, i283~ Ns!!scn ~t a l . ,  
1983). YasScaf'y i n  t h i s  prac?ss I i g n i ~  Ss sepzrated Sy rnfxturss cf e:!?zno?- 
water act ing above atmos~heric pressure va!ues, Cellulose remains i n  the f i -  
brous residue anb usuaiiy h2rn ice~fu laszs  are hydrolyzed t o  ~entoses .  L i ~ n i n  
car, be s e ~ a r a t e d  eas i ly  f r c n  t h e  solvent. As thesolvent ethanol Ss m p f ~ y e d  
(which is a1 so the cain p r o d ~ c t  of t h e  process)  and not  a chenical derjvzd f r ~ q  
fossif resources, l ike  phenol which has been used successfully fsr the sane 
purpase i n  t h e  SATTELi-i-Genev? process ( a l t h o u g h  phenol can eventtially 53 05- 
t a i n e d  f r ~ m  the p y r o l y s i s  o f  the  separzted ligninj. l-iemiceiiul~se t z  h r o k ~ n  
to fernentab12 suS2t-s (pentoses) an4 cell~lore, s t S i f  as a polyzer, has bstn 
transforced t o  a more r e a c t f v e   for^. At ICAITI experiments have s ta r ted  mp7oy- 
ing ethanof-water aikzline mixtures w i t h  and wi thas t  the  a d d i t i o n  of a n t h r a -  

- T o y  quinone. W i t h  etha~a1:water f50:40? a t  113 , fcr  6 h a solids yield of 74% 
was obtairi2d w i t h  a Kappa 33. b e t x ~ e n  129 anti 139. By a d d i n g  2% NaOH and reduc- 
i n g  the r e a c t i o n  t ixe t o  4 h t h e  figurzs obtsined icere 56;= a ~ d  7 respect fve ty .  
And w i t h  anthraqui none the  values were 5OZ and 5.5. 

The a l k a l i  act ion on lignoce7lulase causss a swel!ing c f  the solid 
matrix wnich a i i ~ + : s  solvents,  chezScal reagents o r  Eio7cgica? catalysts t o  
penetrate f ~ r t h e r  within and sstzblish a much aetter contact  w i t h  the inzernal  
structure. I f  the o b j e c t i v e  of t h e  pretreatnznt does not  imply a f f g n i n  separa- 
t i on  o r  a he~icel?c?cse hydrolysis, an adfiquzte a ? t e r n s ~ i v e  i s  t 5e  sol id phas? 
alkalifie procsss. I n  t h i s  cass t k 2  liq~ocei3uiasic r e s i d ~ e  arrznged ;n a p i l e  
i s  sprayed wi th  a concentrat26 ~ l k ~ ? i n e  soigti3n, fo1:owed by a s to rqe  zt as- 
b i e n t  temperature ~ s u a l l y  f c r  352 xeek. The Cosls are  5~tween 3-5 :/I00 g gf . - dry matter  (Caoper e t  a] .  , 1977; Jackscn, 1 9 7 7  DoSie & \;a1 ker, iYf 7; E;'-'.' r ! i ~ t n S c c  
& GonzE:ez, 1975; Serger  e t  a'., 1979, 1950; S > z l z i ~ s n  sr a!., 1979; Arock ?r a; . ,  
1979; E a r r ~ t  e t  a l . ,  1979; C5urch 8 C h a ~ p s ,  1989; !~i i l f i s  2 t  a l . ,  1820; iesoinc - 
et a l . ,  1980; Ser9.8 Mietz ,  1950; Piasse e t  a l . ,  198C; Bengkeda'l ia et 51-, IG80, 
1981; Mjron & 8encheda;ia. 1951: Chessoz, ISSX: HicsSns. l9SL; J a y a s c j y a  & 
Perera, i"2). in t h i s  precess there are no e f f l uen ts  afid very little dry 

r 

-?-A 
n-lJ 



matter i s  lost .  Contrary when z l k a l i n e  process employing suspensions sre 
played, l i q u i d  e f f l u e n t s  are prodcced w5ich need some kind o f  proc2ssing. 

~ 

The a l k a l i  effects a r e  dramatic OR the  7 Sgnscelf ulosic res?due Sncreasing sab- 
stantially their  potential degree of hydrolysis. With 12% NaO8 on sugzrcan2: 
bagasse t h e  IVDblD and enzymatic so7ubS 1 ity incrsasod by 552 and 280% (Csbe!!d 
e t  a7., 19811. 

Sometimes the  502 treztment o f  the solfd residue is more ef fecLiv2 
than a1 kali. Dosis are a r o ~ n b  5 g/100 g dry matter, fo7 lowed by a s t o r a ~ e  fsr . 

three days a t  70°C. Exp~rimsnta7 data  an w k a t  straw have been pu5l?sheb by ' 
Ben-Ghedal i a and Niron (1981). 

Final ly  zrngng s o l i d  s t a t e  pretreatrnents the biological Frocesses m i s t  
be nentioned, either ~ i t h  bacteria (Deschamps e t  al . , 1981; Odier e t  a7 . , 1981; 
Janshekar & Fiechter, 1982) cr snpioying basidiamyretes (Sing 8 Rajarathnan, , 

1977; Z~iraz i l ,  1977, 1978, 1379, T9SGa-d; Eger, 1978, 1979; Chang, 1978; tin- . 
denfelser, e t  1979; R2,jarathcarn st a f . ,  1974; i i  & Eger-Hurrfief, 1979; 
Wicklaw e t  a l . ,  1983; Plstt e t  at., 198:; Chsng e t  a l . ,  1981). UsuaTlg t h e  f j ~ns i  
fructify ~ r 3 d u c i n g  an exce1ler;t: kitinan focd and a t  the sane tirrie a des-clructi~n o f  
L &he lignocel l u i ~ s i c  ~ a t r l s  t a k s  place 5ze t o  the intensiv? search For nitrsgzz 
by the fungi, s h i c h  esotoy very efficiently their enzymatic machinet-y, cne of 
the most potent Found t o  dat s  (Antheunisse, 1973, 1980, 1931). Fry natEsr bfo- 
mass i s  los t  by t h e  a c t i o n  s f  the  fungi; ceflui~se and hemicellul~se ai-e h y d ~ ~ -  - 

:yzed, lignin i s  usuzf Sy b r o k ~ n  t o  ssa'f er nolecu7es wiich i n  p r i n c i ~ f  e can Se 
f~r ther  biodegraded. Under op t i za l  t ~ n b < t i o n s  and w i t h  the proper fung i  t k  di -  
ges t i b i ! i t y  o f  t h s  residue czn increse 3y 130;;. 

1 A 

A pretreated lignocellufosic sa ter ia?  is then more sesreptible f ~ r  i t s  - 
b io t rans fomat ion  t o  ethancl cr o t h e r  chemicals. the many a l t w n a t i v e s  propssed 
to da te  ca2 be classif ied Sn to  tim sroups: indirect and direct processes, in 
the fomer, the basic oSjecfive is t o  hy6rolyze the ho7iccelIulcse ( r e s i d u e  
that  remafns a f t 2 r  lignii: rezova't) to ncr,omeric irnits employing chemicais, enzFzs 
or both. Dnce t h i s  is done the  mononers ars later on transforxed i n t o  ethzne! 
(Rolz e t  a ] .  , 1983j. Gluccse from ce!IuTose is readi!y metabo7ized by br2v:er's 
and distiller's yeas t .  Hemic~liu3ose hydrolysis o r f g i n a t e  mainly pentoses and 
to dzte there are no micr~or~anSsms a v a i l a b l e  for the i r  r s p i d  conversfoz t o  a;- 
coho1 and i n  sufficient quantities. This i s  a a!sadvantage o f  this type ~f 
processes. 

I n  thz direct processes the conversion o f  hoil~ceilulose into ethanol 
takes p lace i n  oz iy  one s tep  avoid ing the prcdncticn ax! accumu!ation o f  xcncmrs. 
Recent work i n  the technical literatdre descr ibz experim.nts where ar,aerob!c 'bac- 
ter ia  have been zk7e t o  convert h o i l o c e i ~ i ; l o s ~  t o  a ssectrum o f  prinary ;!e-iabs- 
l i tes a 3 ~ 3  t b i ~ %  ethanol (Su, 1978; Ze i   us, 1933, 1983; R o s e n h ~ r g ,  1988; Uie9e; 
& t j u ~ g b z h l ,  1960; Flickicger, 1950; k v g e r i c c s  & Kans, 1930; V i i ! ~ ? ,  1981)- 
Present research deals >ti t h  the regui z i i o c  srld coctrs l  o f  pre2uct d i s x r i  b u t i m ,  

?. . 
g e n e t i c  rnani~u1z:ions and s e l e c t i o n  zr,d strafn s t a b l l j t y .  Gne or rhe :;air! prob- 
fens found hss been t k e  72ck sf t c ? ~ r z n c e  k;; t h e  k c x e r j z  t c  h i g h  ccnczntrs- 
t i o n s  of  tho products, rpzcizfiy CiostrfbSvn theracel lum (3zrrerc & E o ~ e z ,  i S O ,  
1981~ - 

Another alternative which  is being s t x i i e d  by ICkiTI scsea t f s t s  i s  the 
so cai  led ".i ntenzediate-acf  d". The i b ~ z  i s  t o  "Lr~sfcrs ho; 'icrce:':u;oss tc .-. volatile orgzcic sc ids ,  zair,iy a c e t f i  ac id,  2s i t  i s  done i f i  the rsqen. !ne 
acids wi7 1 then be biotransforzeo t o  ~t l :zno:  cnp;oyifig al tet-aaie biocheaical 
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pathways. Two industrial compsnies i n  the USA have  recently studied the zcidi-  
fication stage: Cynrtech (5anderson e t  a:. , 1978; Levy e t  a l . ,  ?98?j axd 
Exxon Research (Datta,  19812,~) .  The zcibification takes pla te  under anaerobic 
conbitfuns ueder nan-steril? conditions and i t s  ra te  i s  increased by afk2:ine 
p r e l r e a t ~ e n t s  o f  t h e  ~ignoce~lu!osic substrate. water-saluble t s m p ~ u ~ 2 s  
and hexiicel!uioses zre c o n v e r t ~ e  by 74-80% and ceiirj lase by 37%- 780 excej lent  
advantages are the non-s ter i ' l i ty  requirezent and the conversion o f  bcth !mi- 
cet?uidses and ceilu73ses t c  t h e  same final pr~buct. K3an and col7abarstors 
a t  NRC, Ottawa (Khan e t  ? I , ,  1977, 1978, 1979, 1981; Pate et a i , ,  1980; Saddler 
& Khan, 1531) have isolated a bacteria i d e c t i  f i ed  as Acetivibrio cel iulo~yticus - 
which t r ans f c rm x i t h  sgcd y ie lds  ce7Iulose t o  or3anic ac?$s. These ecids i z  
pr inc ip le  can be t r ans formd t o  ethano: . Lac t f  c acid can be oxidized t~ cytu- 
v i c  catalyzsd by lact ic dehycirogenase and t h e n  continue by known biochmical  
pathways t o  et&anol .  Corry f 1978) be l ieves  t h a t  this reaction takes place dcr- , 

ing putrefaction of living tissue. However 12ctate dahydrog2nation w i t h  hydro- 
gen as electron acceptor i s  them.odynamically unfavorzbie  and ccula take p ! z e  
under very tow hyd roge~  pressursr and w i t h o u t  AT? synthesis (fhauer e t  21 ., 
1977). Coriversi on of ace ta te  t o  e i h a n ~ l  4 s tbemodynamical ly more favorable 
and possibly havz acetyi  eo?nz:meA ss intzmediate.  

The f i rs t  react ion i 2  t h i s  chzin of bioevents sti!l I s  th2 hydr~lysis 
of hoiloce! lulose.  The most studied anaerobic c227 u701 ytic bacteria Ere the 
ones present in the rumen: Rminococcus - -  a l b u s ,  2. f iave fac iecs ,  - Eacteroides 
succin~genes, B u t y r i v i b r i o  fi3risclvex and Fssobzcter?m polysacchzrc?g~icm. - -- 
The ~nzynatic cmplex o f  t ha  f i rs1 t b r g e  h a s  been recently studied (Eallfwe?i 
% Bryant, 1953; L e ~ t h ~ r w ~ ~ d ,  1555; kjalker, 1967; Krishnzmurthi & Kitts, 1969; 
Smith e t  a ; . ,  1973; Francis  ~t z l . ,  1978; Gawtharne, 1979; 'fu & Hungtte, 1979; 
PeZtipher & Lathan, 1979; Groleau & Forsberg,  1381; Forsberg e t  a7 ., 19Ef). 
Other cel7~iloIytSc afiaerobes have also been studied: Acet:vibrfo celiuiolyticus, 
z-3 --+" lu~,ridium t k e m o c e l  12% 2nd - Ci . acetcbutyi ictirn {Lee & 67ackburn, 1975; Gordon 
e t  a f . ,  1333; Shimyo e t  a]., 1579; A i t  e t  a i . ,  1939; Mg e t  at,, i979; Rahma- 
tulizh e t  31., 1979; Khan, 19SO; Sad6ter d Khan, 1980, 1981; Garcia e t  z l . ,  1980; 
Kha~ e t  z f . ,  1481; Allccck & Koods, 1981; Ng X Zeikus, 1461; Johnscn et a l . ,  
1982; kckenzse  h Bi l3u,  1982). I n  a t i  cases the existance o f  a ccaplete extrz 
and intra:ell~tar c e l f ~ i i a s ~  cos;iplex has Seen derr,onstr.ated as also t h e  Swsence 
of hcmicell d l  ases . The e n d s  ar,d exo gl  czanases are  extrace7'lu:ar arid inciaqi= u ~ c  

cefo- and xilo-biohydrolaszs. Beta g f u c o s i d a z ~  usuai:y is cell  wa71 associate6. 
In *se microorganiszs there i s  a strong i n t e r a c t i o n  b2tvi'ezn bacterf a. and fjbei-. 
Several ~ o c h a n i s ~ s  nave been experimental iy found: a) st rong surface attache2nt 
of the  bacteria t o  the f i b e r ,  S f  existante of  enzyzes packed i n  vesic'es or 
satel 1 i tes detached frcm t h e  c27 7 ,  acci z) palymeric gei that rztains  the enzynes 

- 

between bacter iz  and f iber  (Leathernood, 1373; Costertcn e t  a i  . , i9TPa,b; Akin 
e t  a1 . , 1974; Dicsdal e e t  a1 . , 1978; Korri s & van G y l  swyk, 1980; F~rsber-3 n t  z! . , 
1981). There i s  no need f o r  aersazion as i s  reqcired w i t h  funsi and h i g h  ievels 
o f  mix'ng are  not  required as they seez unfavorzbte for hacterfa-Fiber inter- 
acti 03s. 

S u m a r i z f n g ,  t h e n ,  the "acid-inter%?diaten aft2rnzt;ve affers Eew 
elements for the conversio2 cf hclIcce?!:;ose t9 ethanaf (o r  9 t h -  groducts )  
through organic vo!atile zcids (acet ic) .  Hc;;ouer the  ideas s t i l l  need to be 
e x p l ~ r e d  i n  the  laboratory as a l s o  t5e pre t rea tcen t  qWimiratfon.  It is S~lieved 
t h a t  d i rec t  processes will event: ;~?7y be irssd i r ;  the ft~ti;re. 
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