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A CP/MAS 13C STUDY OI RESIDUAL LIGHIH STRUCIvRt 
IM AUTOFIMIOLYSIS-RPLODED WOODS ARD M U S E  

Jocquelino A. H e n i n g u m *  
DSIR, Chemistry Division, 

RiV8tO Ikq, -tom, I- Z08laxld 

Robort ?.El. lkkkor 
CSIRO Divl8lon Of ChrmlCd d wood Tochnologg, 

Privrto Bag 10, Clayton, 3168, Victoria, Australia 

ABSRUCT 

Structural breakdown of tho lignin in ruto- 
hydrolysia-exploded pixitrs rrdirtr and mcalmtus re- 
wood md in susucm, baguse h u  beon u u i n e d  using 
cross polarization rrgic angle winning [cp/nr~) 1% IMR 
8poctroscopy. ?ha alkali- and mtonm-fnrolublo (i.0. 
residual) 3ignlna W r q o n o  .pb.tmtial cl- of 
the major (b-0-4) intorunit lialugr md u o  most likely 
rirturos of partly &polymerized &ad ropo1perir.d 
lignin trrgwnts. Cotrelrtionr k t u u n  remidual lignin 
structure, breakdown of tha lignocollulo~ structuro md 
.-tic dlmtibility of tho collulosic cUbohpdr8te 
aro propornod. 

INTRODUCTION 
Stem or autohydrolpris-urplosion procorns break 

down tho rtruature of mood d other li~ollulornic 
matori818 by hydrolprning tho horlcollulose c o ~ ~ ~ a o n t ,  
ClO8Ving lignin othor 1i-s m d  depolmrizing tb 

lignin componont, 8nd defibrrtion.1~2 This &em tho 
three major compononts - celluloao, lumicollulo~s and 
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230 HEMYINCSON AND D5CKER 

lignin separab10 8nd rccossiblo to onzym8tic convorsion 
procosses. The rolo of lignin in hlndoring bio- 
conweraion of tho imoluble collulosic cubohydrato to 
valuable products is therefore of conriderable intorest. 
Roant work rrrggrsts that lignln structure and location 
-0 1010 likely than llgnln contont, to be factors 
cawing hindrmce.3*4 
solublo in alkali and orgrnic eolvonts m d  tho insoluble 
traction, i.0. tho reddual lignin, could be inwolvod. 

In this paper, tho strtacturo of SOY rosidurl 
lignins is examined md corprrod with that of the tot81 
lignin (mlublo + tomidual) in the autohydrolysis- 
oxploded lignocellulosic matorial. !Chis work iu a 
continuation of tho cross polarization rrgic mglo 
spinning ( C P / W )  13C IMR 8- of 8UtohydrOlysiS- 
oxploded woods roportod in Reforenco 4 .  

hudwood, mc- I.QL).P.. and sugucuro brguso tmro 

w r o  e x u i n d  by CP/U 1% IIMR mtroscopy, both 
ktoro rad rftor rrlovrl of s o l u b i l i i d  lignin with ( 8 )  

alkali and (b) 8cetonm. X n  tho c u e  of pintm xadi8t8 
wood, tho offect of SO2 pretreat-nt prior to 
8utohydroly.i~-explosion w u  oxamid .  This 
pretrortwnt improves stroctrual brerlrdorm.6 
ROl8tlOMhipr ktuoen iignin StmctUO rad 0- 

acceu to the iDlolublo crrbohpdrrto of tho trorted 
UtOri8lS hrm been Oxplow. U U  OF 8 win-locking 
pulso to mpprorr signals fror prot-td carbon Illouod 
certain lignln signals to k studid without 
intorteronce.7 

Both the fraction of the lignin 

Two WOOdl, thm softwood, pinp. rdirtq and tho 

8Utohydr01V.~-.rphdOd 8 SItogplprr.5 ptodrrCtS 

RESULTS AND DISCUSSION 
mnt of Lianin Con tents 

Tho lignln contonts givon in T8ble 1 wero 
determinod by the lblR method descrikd provioumly (SH 
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AUMHYDROLYSIS-EXPLODED WOODS AND BAGASSE 231 

TABLE 1 

S u p l e  Lignln X Cellulo~ - Q~UCOSO 
content ( X )  Yield ( X )  24h 72h 

30. ( 2 8 )  * 
40 (37 )  
37 (35 )  
37 (ml 
52 (42)  
45 ( 3 4 )  
40 (10) 
26 (31) 
36 (38)  
11 (14) 

23 (24) 
34 (31) 

4 (11) 
20 (10) 

24 (10) 

100 
79 
69 
ND 
60 
4 1  
10 
100 
70 
53 
m 
100 
63 
41 
RD 

<1 
27 
<1 
w 

7 
nD 
<l 
73 
37 
HD 
16 
91 
29 
ND 

4a 

(1 
39 
HD 
UD 
62 
1s 
m 
(1 
91 
61 
10 

23 
100 

65 
RD 

PR plntu r u l i a t R ,  BR = Xucalvma -. B =  
bagun. U 1 the untreated material, AES m 
8Ut-1mim-hdOd, SO2 with SO2 m t m - n t ,  
AE = alkali extractod after AEE, 0 S t  acetone 
extracted after ARE. donotes llgnln contont by the 

content. m = not deterainrd. -tic hydrolysis 
umod 20 mu cellulue plum 26 ualts of b-glucosidru per 
g rubmtrato in pH 6.0 acetate buffer at 50%. 

Rw mathod of A.f. 4 ,  $ K l u ~ n  plum 8cid-~lUble llgnln 
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m r i w n t r l ) .  Kl-n plum acid-soluble lignin content8 
are 8houn in parenthemes. In most cases the lignin 
contents deterrid by the llMR method are within 2-3% of 
the Kluon plum ASL values. The feu camem of poor 
rgreemont do not affect the interpretation of the 
results dimcrrr8ed in this papr. The Klamon d IMR 
method. have recently bmmn compared for a range of woodm 

and mabutrates 8nd the latter is consldared to have 
advmtrgrs wtun comparing the lignin content8 of 
.ptohpdtoly=is-aspladod substrates.4~7 
1 Pinw R adiata 

The 150pp. regions of the spin-locked spectra of 
supl8s of 2. rdlata wood autohydrolye~is-exploded with 
and without SO2 pretreatrsnt (srrples PR(S02)AiU d 
PR.Atm) are gian in Pig. 1. They rhor 1 large decrease 
in intensity in the ai-1 region aarigned primarily to 
C-4 in guaiacyl units etheritid at this carbon atom: 
a -malt of autohydrolymi8-uplosion treatment (cf. 
Ref.4). The &crease is larger for tha PR(S02)AEX 
sample and thr intensities relrtiw to that in the 
original, tmtre8trd rood are 8bOUt onrthird and 
One-half re8pOCtiWly. This hldicrte8 that exteMiVe 
cleavage of the v j o r  (P-0-4) lignin fnterPnlt linkage 
ham t8k.n place in both CIHS md that it is promoted by 
SO2 pretreatment. A corresponding but suller increase 
in interuity in tha region containing aigaala from C-4 
in non-othorifiod units ir 81- oburved, .PppartiPg 
$-ether cleav8gs and the formation of free phenolic 
hydroxy-groups at C-4. E m o r .  it mhould k o o t d  t h t  
signals in this region are poorly resolved and therefore 
churgrr in intrnrity are urllrr and leas easily 
interpreted. It 8hould also be noted that usigamnt of 
mignalm C-3 md C-4 ham not been interchanged a8 
recently proposed,b but that interchange ahould not 
significaatly affect interpretation of the spectra. 
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AUTOHYDROLYSIS-EXPLODED UOODS AND BAGASSE 233 

ppm 1S3 140 ppm 153 u3 

FIGURE 

Extrrctlon (Al4)  of the alkali-soluble llgnln leavor 
a roaidarl lignin significantly moro othorifled at C-4 

th8n the total lignln in the NIX mug410 (Flg. 1), whllo 
extrrction (OSB) of the acotono-rolublo llgnln leaves 
r88ldU8l 11-h with etheriflC8tiOn lying in between 
that of tho lignin la tho AEI! and AII ruples. Tho 
llgnln contents of tho AE and OSX -lea u o  fairly 
rlmllar (Tab10 1). Thome remalts mtggost that thoro rry 
k 8 differenco in tho pother content of tho llgnin 
rmmP.4 by tho two rolvoats, or that tho AX procedure 
inltirtos rorctlonr in tho llgnln which rmmlt in an 
i n c r e d  contribution of signals to.this rogion. 
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234 HEnnINCSON AND DEKKER 

Althoum the r e s i b 1  1igniIlS 8Qpu to be lOrh 
etherifled rt C-4 than the tot81 lignin d, by 
inferencer tho soluble ligninm, the u t a t  of b-ether 
~1.r- still to t~ m~bst-tiai. It is 
estinted to k in the region of 35% md 45% for the 
P R . U  and P R . O S X  samples and 55% and 60% for the PR(SO2) 
AE d OSX auples, 1.e. to k not too dlffmrent from 
the estimate of rbaut 66% clerv8ge in rolsblt lignins 
Obt81.rud from this rutohy&olysis-explosion proceaa.9 
Therefore. the residual ligniru do not r p p o u  to be 
~ n r ~ 8 C t e d  lignia, arising rrolr inbmogmieciu8 stnacttzral 
breakdown. c r w d  by uneven steu ponetrrtion and 
herting of the d. Their l~lubllity ray b dUe in 
p u t  to repolyurizotion rerctioru (which involve 
formation of carbon-cubon 11nk1~)  spccesstPlly 
competing with the clervrge of ether linkages and 
depolymerizrtion rerctionr trLing place during 
rutohydtolyrls-explosion. The relative content of such 
repolywrized frrgwnts and large, putly depolyrarited 
fragnnts of th8 original lignin could in turn affect 
the location of the midrul llgnin in the 
ratohydrOlp.~S-exphded and the extent to which it 
hinders 8- rccoss to the wood emrbohydrate. For 
example, the repolywrired frag~ntr could be more 
aggregated md therefore cover less of the carbohydrate 
surfrce -8. 4gr.grtion of lignin ham been observed 
in mxtohydro1ysis-exploded wood rrrples.10 It 
-wed to take phce more rerdily in the hardwood th8n 
in the moftrrood 8pecies studied. Lignin repolymerizrtion 
wu rlro obrrrtted.10 

T h o  signal-to-noise rrtior in the 130 and 140 ppm 
regloas of the swctrr are too low to dotect m y  change 
in the content of non-protonrtod C-5 md C-6 aromatic 
cubon, arising from repolymerization rerctioar. 
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235 AIPfOllYDIIOLYSIS-UPLODED WOODS AND BAGASSE 

-2 metre 
Por tho thrw prirs of wqles, PR rad ~ ~ ( 3 0 2 )  m, 

AI and OSK, thm intamity of the signal for c-4 in 
etherffied uuit8 im coaridmrrbly higbrr in thm 
of SO2 pretreatwnt prior to 8utohybroly.is-uglosion. 
The intmnaity of the sign81 given by the samples uhich 
had the pretrertwnt is 60-80% of that given by the 

of $-ether clerv8ge ir greater in both the total lignin 
and the residual lignln with 302 pretreatrsnt. Zhe 
inrolabflfty of the residual lignin ruggrsts that this 
difference in $-ether clervqp may reflect 8 higher 
content of repolynrized fr.((unt8 and a lower content 
of p8rtly dopolynrized frrgwnts in the residual lignin 
of the SO2 pretrertd samples. If this is the c u o ,  ft 
may be a factor in the conmfderably kttrr enzymatic 
digestibility of the cellulosic carbohydrate of the SO2 

pretreated material, (Table l ) ,  in th8t e- accesr 
m y  k less restricted, 88 dimamsod 8bovr. It rhould be 
noted that the lignin content8 of the samples which had 
302 pretreatwnt are higher than, or cloee to, those of 
the samples which did not (Table 1 ) 8  i.e., 88 found 
previo\uly,4 there appears to be no correlation botween 
lfgnin content and enzymatic digestibility of the 
C ~ l l ~ l O ~ i C  cWbohydr8t.. 

rUghS not pmtre8ted8 rrhich iIldiC8teS th8t tho extent 

A8 Will k d h - d  further k h W ,  it aQpO8r8 that 
the utmnt of 6-ethor cleavage in roaibru& ligninm, 
estintmd from intensity changes in the signal for C-4 

in  etherifid units, could k wed 88 8n indic8tor of 
tho extent of break- of tho wood structure. This is 
because th. autohpdrolymi8-uplosion process 
depolynrizes both tho hrmico1lulose and the lignin 
corponents. Thorefore, there should be a correlation 
ktmmn their rospctive brerlbormr and conmequentlp, 
bettam the breakdown or one urd thrt or tha m d  
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structure as a whole. If mo, in the CIW of p. rrbirt .Ic 
an wtiutod C l e m  in mxcwr of 50% moo- to k 
necessary for eLIJIw accu8 to the cellulosic 
crrbohydrrte to be signifiunt1y improvd. 

2. B u c r ~ t O .  R- 
In the came of har&moda, si&s for C-3 md C-5 in 

syringyl units etherified and aon-ethrrified at C-4 are 

well resolved and occur at 153 and 1 4 8  p p  respectively. 
Therefore, although thoy owrlrp the broad band for C-3 

m d  C-4 in guolr~y1 lreitr, they .haw dmagem in 
etherificrtion quite clearly. In contrast. the C-4 

133-139 ppm, which 8180 contains C-1 signrla.4 

- 2 .  FeananQ wood, as Is the content of guaiacyl units. 
This Is rhown by the we& dmulder on the intenre signal 
for C-3,s in ethmrified units, given by theae units in 
the 1 4 8  ppm rwion of the .pactnu (rig. 2 ) .  

of an inte- signal at 148 pgm for c-3,5 In 
non-ethmrified units, indirectly showing the formation 
of frme phen~lic hydroxy-groups. The Intenmity of this 

in etherified tmlts. m d  cleaorga of about 50% of the 
6 - 0 4  int8runit linkages is rstirrted to have t8ken 

aignrl8 for .pringYl UltS OC- in 8 broad brnd 8t 

The content of unit8 non-etheriffed at C-4 is low in 

Autohydrolysis-explosion rrrults in the production 

Signrl 18 about 1.6 ti-. that Of the sign81 for C-3,5 

Ql8Ce. 
As obaemm3 In the ca8e of the soitwood, removal of 

the alkali-roluble md acetone-eoluble llgnin leaves 
residual llgnip. which are more etherified thn the 
tot81 lignin in the 8utohydrolysis-exploded wood. 

Ecmewr,  8ther cleavage is rtlll extenrive d the 
changes in the interuity of the C-3,6 signals ILLdicate 
cleavage of &out 40% of p-0-4 llnlugH. The realdual 
lignin in tha acetone-extracted sample (.R.OSK) appears 
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AUTOHYDROLYSIS-EXPLODED WOODS AND BAGASSE 23 7 

FIGURE 2 Spin-locked Sp.Ctr8 Of p. r(IKmap.. 

O O W O  (OSE). 
- (U), --A_- ( A E E ) ,  0000 (Ax), 

to be only *lightly leas etherifled than that in the 
8lhli-eXtr8Ctrd -10 (ER.m), but th0 lignin Content 
Of t& OSB .rrple is conridorrbly highor thn t h t  Of 
tho AE r u g l o  ( T a b l o  1). 

inrolubility of th. rrridurl lignins is likely to be due 
to their being 8 mlxture of repolywriud and lu-ge, 
pirtly depolywrized frrqwnts. In ddi t ion .  the 
high enzymatic digestibility of t& cellulosic 
Crrbohydrrte of this hardwood ( T a b l o  1) v t s  thatr 
in this c m r  r residual lignln with r $-other content 
.bout 60% of that of the lignin of the untrertod wood 

Therefore, u propoMd for 0. yrblatq, the 
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not SlgnifiCmtly hindor 0- ICCO8S. A h O ,  U 

p r o p o d  in tho c u o  of tho roftuood, it rhould be 
porsiblo to rue the osthtod utont of $-othor clorvrgo 
in residurl llgnina 8 m  8n indicator of the extent of 

furthor corrolrto it with frcilitrtion of enzyme acceas 
to tho m o d  cubohydrrto. Thew corrolation8 would 
8pply only within a given wood wi.8 and the dichotomy 
of tho structurally quit0 ditforont softwoods and 
budwood8 ir shown quit0 rnll by tho higher ortirrtod 
P-othor Cl.8-0 Of thr rOSidru1 1ignirU of tho PR(SO2) 
8amplos, cf. th8t of tho KR u l p l o s ,  but the 
significantly lower onryutic digertibilitp of the 
r o f t o d ' s  c o ~ l u l ~ ~ c  cubohydrrto (Tablo 1). Thero are, 
of courso, r h o  othor factors involvod in the 
facilitation md hindrurco of digestion. 

StmC-81 breakdown Of th8 Wood U 8 rrho10, and to 

Tho total lignin content of the highly dlgmstible E .  
F- ~utohydroly~i8-0xplodod wood 1s similar to thrt 
of t h m  poorly digortlblo -10 of p. radiata 
autohydrolysis-explodd W o o d ,  (SW Trbla l), which is 
furthor .upport for the rbronce of a correlrtion between 
tot81 lignin contont 8nd hindrurco of enzymatic 
digestion. 

3. S u u 8 r c 8 a e ~ n  

m~ mctr\p of a o u ~  is r i ~ i i ~  to t h t  
of tho brrcbood B. punaxm, in that the rlgnal tor C-3,5 
in mingy1  units mthorifiod at C-4 prdominrtor. 
Earrvrr, in contrut to tho hadwood. rigxulr in tho 14a 
ppm roglon of tho =trpr -0 m c h  wro intonmm (Fig. 
3). wst likoly rofloctlng highor guaiacyl unit 
content in tho grur ligaln. 

similar to thrt of tho KR.AmS ruplo,  in that tho 
Autohydrolymir-oxplorion r w l t S  in 8 s p r c t m  
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AUTOHYDROLYSXS-EXPLODED UOODS AND BAGASSE 239 

PIGmE 3 spin-locked lMll spoctrr of --me.- 
(U). ------ ( A m ) ,  0000 ( A l l ) ,  00.0 (OSX) .  

relrtivo iatonaitios of the two signrls at 140 and 133 
p p m  rempoctiwly aro in tho region of 3:2. With this 
submtrrto, tho mstiutmd extont of clorvage of b-othrr 
ii- 1. .bout 35%. 

Am fopnd with tho wood -108, tho -idrul ligninr 
in the oxtrutod 8upl .r  aro w r o  othmrified at C-4 than 
tho total lignin in tho &utohydrolp.i8-mxplodrd . u p l o .  
However, in contrut to tho &. r- mampl.8, tho B.AE 
. u p l o  rharr conri&rably l e m s  pother clorvagm thui tho 
B.OSB -10. The lignin contont of thr 11.U -10 is 
r h o  much lower thrn thrt of tho B.091 -10 ( T 8 b l .  l), 

SO it rpprars that alkali oxtrrction is rotmoving -1.0 of 
the uteri81 contributing mignals to the 148 p p ~  rogioa 
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of th. spctrum, 1.0. material with a high free phenolic 
hydr0Xy-v-p content 8t C-4 a d  8 high -lacy1 -It 
content. 

G r u s  llgninr contrin clnrullc acids, which may be 
incorporated into the lignln and linked to both lignin 
and carbohydr8te.11r12 
h8Ve 8 high content Of CinnrliC 8Cid8, prrticulorly Of 
p-cowic.11 
8dditioMl linkage8 by tho rlkaliru extraction procedure 

-80 llgnin 18 reported to 

?heir promeace d perhaps cleavage of 

m y  k 8 re88on for t b  greater ~ l ~ b i l l t p  of this 
8UtOh~Ol~lS-utplO8iOn llgnin 8lkali. 

Thl8 8UtOhpdrO1p.l8-~xploded mbrtrrte IS highly 
digortible (Table 1). Theretore, 8 pother content in 
the re8id-l 11- of the AE u r p l m  corplrrble to (or 
in the case ot thr OSI -10, about 7 S t  of) the content 
of gpriacyl md non-ether1fi.d syrlngyl unit8 indic8tes 
th8t thr extat ot 8trUCtut81 breakdown i8 rdsquate for 

8CC088. It 8hoUld a180 b0 Xl0t.d that, in C0ntr-t 
to the UXtr08tOd Wood.,  untreated brg- i8 p-tly 
digestible. 

4.  The Role8 of Extrrctrble and Re8idual Llmin 
In all  ca0-8, thr -1 of 80lobl0 lignin 

decreu08 the .-tic digr*tibilitp of th. CO1hfO8fC 
CUbOhpbr8tO. (Trble 1). W h i h  tot81 (rO8ibprl + 
soluble) llgnln content r ~ p o u s  to k an unimportant 
factor in hinrC.ring dlgomticm. Tlmma ob-morvmtionr 

hlndrrace to digmation. They may 8180 be (albeit rather 
indirect) #upport for tho aggrogation ot roluble md 

repolywrizod lignin 8ud tor my lignin hindrrnce of 
enzyw 8ccemm being dru more to the content d location 
ot luge, partly dopolymrlzed, remibprl lignin 
fr-ntr, rrther than to coadenaod or repolymerized 
trrgrwnts t o d  from 8olubiliz.d Ugnin. 

-8t thrt th. 801Ub10 1i-h 18 M t  8 
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Them 18 81- LLO wideace for 8 -18timhip k t u e e n  
residual lignin content and slgmmtibility within r 
species, rlthough gross differences ktweon spmcies rry 
have so= effect. Conversely, there is no evidence 
rgrinrt, 8nd mow for, the 8trrrcture rad hence 
properties .nd location of residual lignin having 8 role 
in digestibility differences both within m d  betwmen 
species. Recent work indicate8 th8t decreues in 
digestibility 8re bmtrght 8bOUt decreues in pore 
s i t e  8nd rccmuible 8urfrce u e 8  of the cellulo8lc 
mb8trate.3 Ikcreues in the- could be brought .bout 
by the extraction procedures tor rerovrl of moltable 
lignin and concomitant changes in the locrtlon md 

interaction8 of residurl liqnin. 

S m  
1. With a11 the specie8 stubled. thr wfhrood, the 

lignin is comprind of putlp brpolymorizmd plus putly 
repolymerized lignin, ratbr thrn ot unrertod lignin, 

hudrood md th. W r U ,  it r p l n u 8  that th. r88fdual 

and it i8 8uggr8trd a t  t b  putly d.polpwritrd 
frrgrr~ts are l i l u l y  to be r greater hlndr8nce to 8- 

repolywritod fragmmnts, which are 1-1~ to k more 
8qgregrt.d. 

in thm content of units ethorifid at ttn C-4 cubon 
atom, i.e. esmentirlly, In th8 content of 8-a-4 ethmr 
linlugrs, CIP k correlated with the extent of 
structrl bror)tdorm of the lfgnocell~lor~c rrterirl 8nd 

with Srcilitrtion of enzymatic digortion of the 

ICC.98 to th. CellUlO8iC cubhydrate thrn t b  

2. It i8 a180 propond tbt, for -h m i - ,  C- 

CellUlO8iC carbohydrate. 
3. There is no evidence for correlationr k-en 
-tic digestibility .ad lignin content, total, 
~ ~ l u b l o  or residual, but .oy r\rpgort for tho rtructore, 
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proportier uad location of rmmidual 11- hvlng r 
role in di~tlblllty differences. - 

Pintas a i m 8  and E u c r w  f- mawdwt, urd 
magarcum bmgamee w e r e  pretreated by rutahydroly8ir- 
uplorion in 1 'Siropulprr' u dracri- elaeuhere.2*5 
Autohydrolysia 1u CUt1.d out 8t 2OO.C a d  6.9 m8 
applied I2 gu prammure tor S i i n . w i t h  h g r u e  and 
- Ic. p m  u wdwt, rod for 10 mln.rith p. gadl rtq 
.ardrut. Heating u u  by direct a t e u  injection, which 
took r h t  6 rin. to reach 200.C. Polloring 
rutohydrolyris, tha mSiropulp.r" content. umre rrpidly 
discharged through 8 multiple-bar nozzle. -1-d to 
achieve -1- defibrrtion.2*5 The exploded rrterial 
w u  presaed to remve thm rutohydrolymim liquor 8nd the 

pulp u u  mmmhmd thoroughly with -tor. 

SO2 gaa through a 1 4 ample of the rarrhut rt ubleat 

tmmpmraturm md p-• for 10 r ln .  Tha amount of gu 
rbrorbed (4.44%(w/u)) wam dotezalrud by weight. The 
uudust umm thon trmrferred to tho mSiropulperm and 
8UtOhybrOl~d for 10 =la., U dr8crlM rboa. 

Tho alkali-utrrctmd -lea umre prrprrod by 

E .  m a t i  n w & m t  vmm treated w i t &  SO2 by passing 

treating the 8utohpdrolp.im-expl~ nterlrl with 0.125 
U qtamoua moditam hydroxide at 70.C tor 2 h. The 
~cetontoxtrutod sup108 amre premed by extracting 
the ARE rrterirl with 90% rcetone/H20 (3x),  removing the 
solvent by tiltrrtion 8nd ruhlng the rrridue with 
water. 

prmviotuly.2 The uccharificrtion of each ample u u  
evalrutod wing friclmdmrn r w  -1 C-30 cellulum (20 
m), 2s p - g l u c o r l a  (b.p.raIllua a) unit. and 10% 
(Wv) mub8trrte concentrrtiolu, rt 50.C ( p H  5.0) for 24 

Enzymatic digmmtloru were performed m a  &scribed 
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d 72 h. Olucome m determined by tho glue- oxidue 
mthod.2 

CP/W 1 3 ~  spactra -re run on varirn XL-200 
spectrometer oporrting at 50.3 #Ir u dmscribd 

sequence to suppress signrlr from protoarted cubon is 
demcribed In Refelunce 7 ,  8a is the -1ution 
enhmcewnt curled out on the 8 p i n - h ~ k e d  spectra of p. 
radi8ta 8ampl.e. Lignin contents wmre determined by the 
IWR wthod described yreviously,with minor correctioM 
atid& tor weak spinning sldetmnda falling in the 150 ppm 
rrgion.4-7 
either re.olution en&aacrsent or spin-locking. Kl-n 
p l w  acid-soluble lignin contents *.re also determined 
as described previously.2 

p r W f 0 ~ 8 l Y , ~  r r h i h  the USe Of 8 .piP-locking PpIU 

Spectra for thim rthod mre run without 

The authors gr8tefully rcknowl.dge Dr K.R. Morgan 
(Chemistry Division, DSIR) for running the 13C NUR 
spectra, D r  8. Hamars (CSIRO) for w e  of the 
'Slroptr1p.r' and M i s s  H. Kuagmrge (CSIRO) for expart 
technical assistance. 
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