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ACTION OF XYLANASES CN CHEMICAL PULP FIBERS 

PART I 1  : ENZYMATIC REATING 

P. tiof*, :. Chevalier*, F. I.?ora** and J.Comtat** 
*CEntt-e Technique de 1 ' Ind i i s t r ie  des Papier:, 

Cartcns r t  Cel luloses , 
L3.F. 711C - 3 P O X  Grenohle cedex (France) 

**Centre dt k r t e r c h c s  sur les Macrcnio16cules Vigetales,  C.N.R.S.  

E.P. 66 - 38SG2 Saint Pa r t in  d'HEres (FdP:: (F ra rce ) .  

ABSTRACT -- 

Two chercical bleached pulps were treatPd k i t h  a crude enzyme 
n ix tbre  ir: t k e  prwence G f  tlgC1, (1  n$,). Such t-reatment inhibitcd 
ecdo-cellGlases. Xylans were thbs subjected t o  s e l ec t ive  in-s i tu  
hydrolxsis. The enzyme-treated piilps car. be compared t o  s l i g h t l y  
beaten p u l p s .  The mcdifiec! f ibe r s  S h W  ert.erria1 f i b r i l l a t i c c  a n d  
reveal strong beatabil  i t y .  Therefore, a decrease i n  enersy demand 
c d n  be g d i t i e d  in the palwrs:ak.inc, prccess.  

A reduc?iar; o f  f i b e r  i n t r i n s i c  s t rength  i s ,  howver ,  observed 
riainly due t o  the  hydroiysis cf xylar macrornclecules w h i c h  
cbi-tTitr:ls t h e i r  inportant r c l e  i n  f i b e r  ria11 cohesion. 
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IhTRODUCTION 

NQE ET AL. 

The pulp dnd paper industry i s  concerr,ed i n  many respects 
with biotechnology research anc! development. According t o  Kirk , 
biepulpinq, biobleaching, and biotechnical improvesierit c f  p u l p  
have a pctentiiil  inpact on the  indus t r i a l  prcjcc-ssin; of the 
fut i ; re .  Kost works or? these sl:bj€cts deal with the  ac t ion  o f  fungi 
on K G O ~  and  niechaniral p u l p 2 ?  Jn z( recent wcrk, Paice ard 
Jurasek6 have u s e d  1:r; er:zyniatic ccrrplex enriched in xylanases t c i  

cbta in  a d i sso lv in?  pulp through a bic1c:gical process,  inst.ead o f  

t he  usua: extractior.  c f  xylans t,y u l t r a -ho t  a lka l ine  process ; b u t  
t h e  t a rye t  o f  d iges t i r5  a 7 1  b u t  2 % of the  t o t a l  p e r t o s a n s  cculd 
r l c t  be obtainer'. b s  car) be understccc! f r c r  these e raop l r s ,  
resei i i -ch i r  biotechcclcgg i s  devoted tc. replaciric enemy a n d  

cb t r , i Lh :  corsuvinlg prccesse5 by l e s s  cos t ly  irk more versa t i  ye 
eczymatic treatments.  

1 

Tc o u r  ki-wleage, refinirly c f  chemical pulFs i s  a f i e ; ( '  ekere 
biotecknuiuGj bas rlot y e t  beer: appl iec .  i t  ~ C J S  bper s h o w ,  
hcwver,  t h a t  the m o u n t  of t k c r e t i c i l  evergy needed tc; obtain a 
ronlplfle separation of the  mic ro f ib r i l s  i s  ocly about cr4e-tenth of 
t k  t c t a l  energy dewand , therefore ,  most o f  the  work i s  

d i s s ips t ed  as heat release? tr the  surroundiry f l u i d .  

7 

Eeating d n d  re f in ing  a re  papermaking precesses elaborated t c  

c rea t e  des i r2ble  s t ruc tu ra l  changes i v  the  f i b e r  c e l l  ne!l . T k  
v i s i b l e  aspect o f  f i b e r  mdi f i ca t io r t s  i s  the extErnal 
f i t r i i l a t i c , n ,  b u t  the delaniinaticr. o f  in te rna l  c e l l  wall l aye r s ,  
or f i b e r  swel:iny, i s  the most important t'eatl;re f o r  paper 
s t r eng th ,  sirlce it. brings f l e x i b i l i t y  t.u f i b e r s  and thrrehy 
bcndinc a b i l i t y .  T h a t  i s  why a n y  sear.s c f  loosening the  in?tr.r;al 
ci.besion o f  the ce l l  v4a11 w?11 decrease the f i b e r  res i s tance  t o  
swr::lirlg and help reduce t.he energy demrd in beatiric;. 

As derons t ra t td  ? t i  t. previous paper' ( P a r t  11, xylans car! be 
hydrolyzed ins ide  the  f i b e r  wel l ,  r e su l t i pg  i n  the forclstion o f  
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ACTION OF XYLANASES. I1 169 

nicropores wbich increase the spec i f i c  area of pulp. The wal! 
cchesicn niust ce r t a in ly  be affected ; the present work i s  devoted 
t o  the  stlrdq of the  expected w a l l  l c ,osenin~ in r e l a t ion  t o  
beatabil  i t y  a n d  papermaking proper t ies  o f  the enzymatically 
t r ea t ec  pulps. 

Enzymes a n d  p u l E  (See Part I ) .  

The crude er1zyc:atic niixture us& : h t . c ~ u s h o u t  t h i s  w r k  i: tl'e 
cu l ture  f f ?  tixite of the Basidiomycete Sporotrichus g$,!clIj)hosporum. 

Two chemiccal p i l p s  received as dried sheets were LisFd : O 

bieacI-,ed k re f t  p u l p  f r m  b i r c h w x d  arc1 e bleached s l r l f i t e  p b l p  
frcm sprucewoci.They were acid hydrclyzed according to Saeciar! e t  
a1 .'" ard t h e i r  i-~ecltra; su i a r  composition kas been previously 
Siven' .  

0 

NETHGDS 

The dry p u l p  was soaked overninht a t  room teniperaturc irl ?F 

aqueccs solutic,n o f  1 aY PcCl?. I t  was t h e n  f f l t e r e d ,  washed with 
:he 1 nib' FgC12 so lu t iop  ar.d s t i r r e d  t o  obtain a p u l p  s lur ry .  The 
crude enzymati 'r cciqlex war shaken f o r  15 niirl i n  the  1 nil4 tlgC12 
scluticjn and then poured intcj the s:urry.The f ina l  vo luar  w i s  11 

a n d  the  p u l p  ccnsistency was 3 I .  The crude enzym? concentration 
was 6C rrg.L-'and 120 rn9.L-l f o r  Kraft birch and s u l f i t e  sFruce 

pulps respec t ive ly .  The incl;baticr: w a s  perfcrrcd a t  40°C urder 
gent le  s t i r r i n g .  No rechanical treatnerlt  causing breakage c r  
damage t c  the  f:bers was used a t  t h i s  stege o f  the experiment. The 
treatr1er:t :ice was varied from 2 t o  54 h. The p u l p  was then 
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170 NOE ET AL.  

f i l t e r e d ,  washed, a n d  sctked f o r  30 n i i n  a t  25°C in a so lu t ion  of 
HCl (0.05N) t o  s top  the enzyme a c t i v i t i e s .  The reference pulp was 
cb ta i red  by the  sme ?r.mt,lr,ent except t h a t  nc erzpnes were us&. 
The f i l t r a t e  a n d  the  washings were co l lec ted  a n d  heated fo r  i C  

min ir a bo i l ing  water bath. The soluble sucjars w r e  nlt.;.sured ky 
the reducing end-grcup determinaticv , s r d  exprczscc as 
xy lc t r io se ,  the most abundant soluble sugar. The percpnt mass l c s s  
was the va t i c  of the weight o f  xylo t r iose  t o  the  weight of  i r l i t i a l  

11 

Pulp. 

Pulp and paper c!- ,-a~acterizaticr~s _.  . 

Schopper R i q l e r  afid water re ten t icn  values were n.easured f o r  
both the control and the enzymatically t r ea t ed  pulps a ~ d  
handshefts were fomed cr, a Rapid-%then sheet r,iachine. eepc i ty ,  
t e r s i l e  s t rength  and wet zero-spsrt t e n s i l e  s t rength  were 
masurec .  k par t  o f  the t rea ted  p b l p  w a s  a l so  beaten i n  a JCKEC 
m i l l  un t i l  60'SR were reached. Sheets kcre l c m e d  a f t e r  beating 
and mechapically t e s t ed .  

The S c h o ~ ~ r r  Eiecler values : "SR( ISC standard 5 267/1-1979) 

r;!easure the atxiinace s b i l i t y  cf a p u l p  re la ted  to  i t s  hydrophilic 
proper+.itis. l h i s  index i s  mainly influenced by f i b e r  f i b r i l l a t i c a  
et le by the arrcur.t o f  t ine  e i e r e r t s .  I t  i s  used as a livasure of tke 
t. € 6  t i ng p rc s r e  s s . 

Tbe water re tea t iov  value ( W R V )  measures t h r  ac:olrr;t c:t water 
r e td ine l  ins ide  the  f i b e r  wall e f t e r  cen t r i fuca t i cns iL .  It. i s  

corre la ted  t c  ttlc extent of f i b e r  swelling d t e  t o  tPe i n t c r m l  
f i  b r i  1 1 a t  1 on. 

The f i b e r  f l e x i b i l i t y  producino the  s t rength  of the f i b e r  
fietwrk irt the  paper sheet was Irleaslrred by the aFpr'.rent drrssity on 
E i $ t  hanc'sheets dccordin9 t o  IS0 standard 43E?-19&?. 

The t e r 5 i l e  s t rength  was regist.eted on a n  Instron 
Extensorieter llZZ( IS0 Standard 1924-1983) and breaking lencths 
conlputed. The wet zeru-span t enz i l e  s t rength  was measured on a 
Pulr1i.c zero-spar Tensile Tester (Hodel ZST-15) .  Wet saniples were 
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ACTION OF XYLANASES. I1 171 

prepared by pressicg betweer, b l o t t e r s  a dry shee t  a f t e r  being 
thorouchly soaked. The value obtained i s  assumed t o  be the  
ir:t r i  nsi c f i bet- s t r e rg th  . 

Fulp v i scos i t i e s  were neascred in clrene accordin9 to  TAPPI 

A special t e s t  kias s e t  u p  t o  chcck the bea tab i l i t y  c f  the 
p u l p  : the time-to-reach 60" SR in the JGkKC m i l l .  The JCKRO mi11 
was  rlir: accordins t o  standarc: condition: ( I S 0  S t a c d a r d  

nethod T 23G. 

5264/3-1579).  

R ESlj L TS 

I r b i b i t i o n  ef f ic iency .  
Frop f l l t r z t e  analyses a n d  awltcblar w i g k t  d i s t r i h u t i c r  

cLrveS (See F a r t  ?;, tie have conclllced t h d t  endc-cellula:es were 
aprrcFridtE!y i r h i b i t d  in the l m C l  t1gCl2 mediiin. The ? c t i v i t y  c f  

the enzymatic cocplex i s  thus d i rec ted  towards hEnllcelluios€s ;nd 
par+icil larly tokards xylars i n  the case o f  thc harrfwcoc' pulp. 

Eczymtic tr_eatFeJ.t. e f f e c t s  OJ p u l p  ch-a_racter-istics. 

Tables 1 L r c  2 ml l e r tY the  r e s u l t s  re la ted  t o  the  two pulps. 
The m a s s  less increases s l i c h t l y ,  then remains ccrlstant a t  a 

The SchopFer P i e s l e r  incer. continuously increases mder  
enzymatic treatntent ~ r p  t o  a value cf 3?"SF1 ir, the  case cf birch 
plr1p;a n,clre l imited value of 1S"SF i s  o b t a i r . e d  f o r  sprlrce pulp. 
The er,zynatic treatment y i e lds  exterrially f i b r i l l a t e d  f ibe r s .  This 
e f f e c t  i s  c l ea r ly  v i s i b l e  ar! ~ v i c r o g r a p h s ~  ( P a r t  I). I t  h a d  been 
already cbserved hy P.olzsli' '  011 cc t tcn  f i b e r s  t r ea t ed  k i th  
ce l l  u l  ases . 

l l R V  increases toc ,  showin9 a s iyn i f i can t  f i b e r  swellins.  
This modification occurs however t o  2 l e s se r  ex ten t  in the case of 

spruce p u l p  when compared against  birch p u l p .  

lcw level ever! f c r  lorig Feriods o f  a t t ack .  

1 "  
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174 NOE ET AL. 

919h 
2.5- 

2.0 - 

1.5 - 

WRV 

I I I I 1 dens i tL  
%n3 

600 700 800 900 

FIGURE 1A.  Correlation between W f i V  a n d  sheet apparent density f o r  
birch p u l p .  (a) Cont ro l  p u l p  un t rea ted ,  beaten in a 
JOKRO m i l l . ( r )  Enzyme-treated p u l p ,  unbeaten. The 
f igures  beside the  p lo ts  ind ica te  "SR values. 

Viscosity rapidly decreases then leve ls  o f f  a t  values o f  

10.5 and 18.0 CP f o r  birch and spruce pulps respec t ive ly .  
Hydrolysis o f  the  polysaccharide chains seems t o  occur a t  the 
beginning of the enzymatic a t tack  a n d  then s t o p s .  Re know however 
from the molecular weight d i s t r ibu t ion  curves t h a t  c e l lu lose  i s  
not a f fec ted  by t h i s  hydrolysis.  The decrease in v i sccs i ty  in 
C U E N E  i s  thus so le ly  due t o  hemicellulose chains rupturing. 
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ACTION OF XYLANASES. I1 175 

1 I I I I densitk 
600 70 0 800 900 

FIGURE 16.  Correlation between WRV and sheet apparent density for 
spruce pulp.(O) Control p u l p ,  untreated,  beaten in a 
JOKRO mi l l .  ( 0 )  Enzyme-treated p u l p ,  unbeaten. The 
f igures  beside the p lo t s  ind ica te  O S R  values. 

Enzymatic treatment e f f e c t s  on  papermaking proper t ies .  

After treatment,  a par t  o f  the  p u l p  was used f o r  handsheet 
forming. Density, breaking length and zero-span breaking length 
were measured. 

The dens i ty ,  breaking length,  and WRV of the enzymatically 
t r ea t ed  p u l p s  compare equally t o  s l i g h t l y  beaten pulps. 
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176 NOE ET AL. 

km breaking 
length t 

den sit y 

FIGURE Z A .  Correlation between breaking length and sheet apparent 
density for birch pulp. (a) Control pulp,untreated, 
beaten in a JOKRO mill. ( A )  Enzyme-treated pulp, 
unbeaten. (& Enzyme-treated pulp after beating at 
60"SR. The figures beside the plots indicate the time 
(min) to reach 60"SR. 
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FIGURE 28. Correlation between breaking length and  sheet apparent 
density f o r  spruce p u l p .  (0) Control p u l p ,  untreated,  
beaten in a JOKRO m i l l .  ( 0 )  Enzyme-treated p u l p ,  
unbeaten. (0) Enzyme-treated p u l p  a f t e r  beating a t  
60"SR. The figures beside the p lo ts  ind ica te  the time 
(min) t o  reach 60"SR. 
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\ 
\ 
\ 

FIGURE 3A. Influence o f  enzyme treatment time on : (1) 
time-to-reach 60"SR (min) , ( 2 )  wet zero-span breaking 
length ( K m ) ,  ( 3 )  p u l p  viscosity ( c P ) ,  fo r  birch p u l p .  

The density increases, as expected from the increase in WRV 

(Tab'les 1 - Z ) ,  the more f lexible  the f ibers  the more densely 
packed sheets are  created. F i g s .  l A ,  18 give the correlation 
between density a n d  WRV, they show higher WRV a t  equal density f c r  
the enzyme-treated pulps t h a n  fo r  control pulps. This car! be 
a t t r ibuted t o  pores formation and t o  changes in the morphology o f  

0 
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FIGURE 38. Influence of enzyme treatment time on : (1) 
time-to-reach 60'SR (min), (2) wet zero-span breaking 
length (Km), ( 3 )  pulp viscosity (cP) ,  for spruce pulp. 

the outer part of the fiber, the so-called extra-fiber WRV" in 
relation with higher "SR values. 

Breaking length VS. density i s  plotted on Figs. 2A - 2B. The 
increase in density a s  well as external fibrillaticn resulting 
f r o m  enzyne-treatsept only,  biithout further beatins, brings abcu: 
an improvement in bonding strength. The number of b m d s  increases 
owing to higher flexibility and t o  larger bonded areas. 
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180 NOE ET A L .  

The curves o f  the  zero-span breaking length vs. treatment 
time (Figs.  3A - 35) bave rhe same p r o f i l e  as t h a t  of the  
v iscos i ty  cu rves , i t  may be observed a rapid f a l l  and a subsequent 
level 1 ins -of f .  The paramount importance o f  carbohydrate chain 
length f o r  f i b e r  i n t r i n s i c  s t rength  has been previous l j  
d e m c n ~ t r s t t ! c ! ~ ~ ,  altholrgh, i n  t h a t  case ,  degradation c f  a l l  the 
carbohydrates (including ce l lu lose )  w s  ca r r i ed  e u t ,  whereas in 
the present work cnly hemicelluloses, mainly xylans,  a r e  severed 
by the enzyma t i c hyd rc l  ys i s . 

Enzynat jc t rea tment  e f fec ts .  crJ&atabil i ty aPd papermakin2 
p rope r t i e s .  

The bea tab i l i t y  of pulps was t e s t ed  as the time-to-reach 6G 
'SR under standard conditicns in a JOKRC mil 1 .  Afterwards shee ts  
were fowled OF the sheet-niachine a n d  dens i ty  and breakinc lepath 
measured (Tables 1-2 ) .  

The d i f f e r e n t  times-tc-reach 60" SR here p lo t ted  vs.enzymatic 
t r e a t n w t  time. The curves show a continuous decrease (curve 1, 

Figs. 3 A  a n d  3 B ) ,  a kzltirtg t i n e  as low as 5 min was measured f o r  
birch pulp t r ea t ed  d u r i n g  24 h . The c e l l  wall loosening ac t ion  o f  

the xylanases t h a t  was fourid a t  t h i s  s t a g e ,  was the  most 
impressive e f f e c t .  

The  sheet dens i t i e s  obtained a f t e r  beating o f  the t rea ted  
pulps t o  60'SR compare t o  thcse o f  t he  beaten control pulps, 
except. f o r  birch pulp samples which were subjected t o  enzymatic 
hydrolysis d u r i n g  the longest time: and  which kere  beaten during 5 
min or 10 a i n  only (Figs.  2A-2E).  

The breaking lefigth of each pblp a f t e r  beating a t  6C"SR i s  

smaller thap t h a t  f o r  t he  ccntrol sample (Tables 1 -2 ) .  This i s  due 

t o  lower i n t r i n s i c  f i b e r  s t rength .  Breaking length,  as well as 
zero-span breaking length and  v i scos i ty ,  f a l l s  a t  t he  beginning cf 
the treatment then levels-off a t  4 .2  a n d  4.9 km f o r  enzyme-treated 
birch acd spruce pulps respectively.  
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The action cn p u l p s  c;f the crude enzymatic con;plex in which 
endo-cellulases were inb ik i ted  can be sumar ized  i n  terms of 
external arid in te rna l  f i b r i l l a t i o n .  These e f f e c t s  a r e  des i rab le  
f c r  paFC-m.akin$ Frcper t ies .  Freaking lengths a s  higb as 4 k a  are  
obtainec' with b i r c h  a v d  spruce p u l p s  a f t e r  the erizynatic treatn4er:t 
on ly .  However, t h i s  value remains lcwer than thcse obtained with 
the ccptrol pulps which a r e  sliShtTy beaten, f o r  e x a q l e  a 10 n l i v  

t e z t ing  t r e a t r e n t  gives 5 a n d  6 k m  f o r  spruce and  birch p u l p s  

respectively.  !t cal l  be concluded t h a t  the enzymatic treatmert  , by 
i t s e l f ,  i s  not s u f f i c i e v t  t o  c red te  the  necessar;/ locseting o f  the 
ce l l  w e 1 1  s t ruc tu re  and the  f i b e r  swellinc sLi tab ie  fc.? ~ c c c !  f i b e r  
f l e x i b i l i t y  and hish bo i id ' q  s t rength ,  

The f ibr i l l i i t . i c r :  seem favcred, es[.t.c;ally f o r  birch pulp,  
s in re  2: v a l w  .is high 85 ?2"58 was cbtaineci a f t e r  a 24  h enzyr:e 
treatn:ent.Thk t x r t i n ?  of enzynle-tr.eated F I U ~ ~ S  car be pcrfclr.nietl 

?r :  vetq shor t  t i r e s  e s  f a r  as "SR i s  concerned. In t h i s  respec t ,  
i t  t iss  been denwst ra ted  t h a t  beatabil  i ty was grea t ly  enhaiiced by 
the emymatic treatment. however, dens i t i e s  c f  such beaten plr lps 

are  lower t h a r i  those of the  ccntrol pulps a t  the  same "SR.  Sicce 
decsity measures t h e  an;our,t of t he  spec i f i c  re f in ing  e n e r y 1 5 ,  
t h i s  irdex has to be taken in t c  account when economic assessment 
i s  desired. Or) t he  t ' a s i s  of equal dens i ty ,  i t  can be deduced froo! 
these r e s u l t s  t h a t  the energy der;zr.c i s  reducet about th ree- fo ld .  

A patent16 hss  been taker! cirt following the r e s u l t s  of the 
se l ec t ive  ac t ion  of xylznases clli pulps. Under the  running t i t l e  
"Enzyratic Beating", i t  concerns the use of xylanases i n  

papermaking prccedures and the pulps sc obtained. 

Two fea tures  re la ted  t o  the xylan "in s i t u "  hydrolysis a r e  
in t e re s t ing  and  need more discussion : the improved bea tab i l i t y  of 
pulps and  the  reduction of f i b e r  i n t r i n s i c  s t rength .  The zero-span 
breaking lecgth vs.enzyme-treatment time shows a rapid 
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182 NaE ET AL. 

decrpar.e, then a levelling-off. This behavicr i s  c l ea r ly  

cor re la ted  with the v i scos i ty  o f  the  cissolved pulps. Since 
v iscos i ty  involves e s sen t i a l lq  high molecular weight 
molecules o f  c e l l u l o s e ,  hydrolysis of xylan car i  continue without 
heir;!, f u r t h e r  detected by v i sccs i ty .  Thus, assunling tha t  the 
cecrezse o f  xylan w l e c u l a r  rreizbts cccurs throuGhout the e n t i r c  
eniqr!atic a t t a c k ,  chain ends a r e  continohsly produced, which 
improves r;at.cr. a c c e s s i b i l i t y ,  f iber,  wall loosening and f i b e r  
swpllins. Furthermore, t h i s  ipcreasing re lease  ins ide  ce l l  ~ o l l  
o f  hydrophi1 ic. hqdrclysis Frc tuc ts  frcri xylari echarces 
bea tab i l i t y  . 

The xylai! ciolEculat. wicjht seem a l s c  t o  L E  o f  yt-ezt 
impc.rl.ai,ce f o r  f i b e r  < i i t r i r ; s < c  s t rength .  P.ctually,  the  f i b p r  i s  
described 6 s  P con8pc;s.it.r svttl.r9a11', rr,cCfb o f  a Cramework 
( c ~ l l u l c s e  rh ic rof ibr i l s )  ;rd a n.atrix (her r ice l iu loses) .  kher: a 
:.tress i s  applied to crF f i b e r ,  the  load i s  ci,tripr! by b o t h  

c:crr~lpc.nwts. F,s xylan chairls k r E  cleaved, they dl; r ~ o ?  ccntribti te 
any r ; ( ; r x *  t o  f i b e r  s t rength .  Then, the level 1 i r l y - o f f  v??i r t *  o f  the 
i r l t r i a s i r  s t rength  siust involve the ce l lu l c se  mic ro f ib r i l s  
s t rength  only. Indeed, t h e  1 i t t l  e exo-cel l u l a se  
(ce i lob ichydrc lase)  i c t i v i t y  which can i r r f lwnce  b e a t a b i l i t y ,  
w.r.v. arid perhaps reduces the f i b e r  i n t r i n s i c  s t rength  t o  a 
s l i g h t  ex ten t ,  cannct accourt for the ic~portarit rmc!ificaticvls f J f  

+he pulp proper t ies .  T h u s ,  we ccjnclbct t h a t  the  hydrolysis of 
xylzr8s i s  the main cause of the otserved chances i n  p u l p  anc 
papermski ncj p roper t ies .  

17 

CONCLUSION 

This work i s  concerried w i t h  the  r o . 2  ~f xylans in ce 1 w a l l  

cohesion and papermaking proper t ies .  The use of a crude Enzymatic 
m i x t b r e  i n  which endc-cellulases have been inh ib i ted  b a s  allohed 
an inipcrtant a t t a c k  c f  the  x.ylav chains i r l s ide  the  f i b e r  
rell-wall  , yie ld ing  cnly l i t t l e  mass los s .  
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183 ACTION OF XYLANASES. I1 

Enzyne-treated pulps have Shawn enhanced beatabi1it.y ar id  
b e t t e r  b0ndi r .c  a b i l i t y  due t o  increased f i b e r  f l e x i b i l i t y .  P 

lesseriing of f i b e r  i n t r i n s i c  st.rength has a l s o  occured, pointing 
out the  impcrtance of xylans h a v i n g  chains with a h i g h  degree o f  
polqmtri  za t  i cn f o r  f i be r  niechani cal res i s tance .  

These r e s u l t s  a r e  promising a r d  deserve a t ten t ion  from the  
technalogis t s .  Furthermove. i f  t h e  inh ib i t ion  with HgCl? i s  
t o t a l l y  un rea l i s t i c  in indus t r ia l  processes,  a so lu t icn  can  be 
t ea1izt.d by continued research in the biott.clir:c.logical 
development o f  ce l lu l a se - l e s s  nutar:ts in fungi" c,r by ?he 
prccuction of Lure xylanases by gene t ica l ly  mcdified bac ter ia  . 
Al te r r z t ive ly ,  re a r e  presently investicjating a very simple 
t r ea t sen t  which tlrings about the tot.al s e l ec t ive  elimindtiori o f  

ce l lu l a se  a c t i v i t i e s  from a crude enzymt ic  mixture i n  a hay which 
would d v o i d  pollution. 

i;O 
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This vicrk h a s  suppc r te t i  by a ccnt rac t  f r m  the Crouperent 
Scicn t i f i  qhe Cell ul ose-papier ( C  .F!. P . S. ) . 
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