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ACTION OF XYLANASES ON CHEMICAL PULP FIBERS
PART 11 : ENZYMATIC BEATING

P. Noé*, . Chevalier*, F, Mora** and J.Comtat**
*Centre Technique de 1'Industrie des Papiers,
Cartons et Celluloses,

B.P. 711C - 38020 Grenoble cedex {France)

**Centre de Recherches sur les Macrcmolécules Végétales, C.M.R.S.

B.P, 68 - 384CZ Saint Martin d'Héres cedex (Frarce).

ABSTRACT

Two chemical bleached pulps were treatec with a crude enzyme
nixture in the presence of HgCl, (1 m¥). Such treatment inhibited
endo-cellulases. Xylans were thUs subjected tc selective in-situ
hydrclysis. The enzyme-treated pulps car be compared to slightly
beaten pulps. The mecdified fibers show external fibrillaticr and
reveal strong beatabjlity. Therefore, a decrease in energy demand
can be gained in the papermaking prccess.

A reduction of fiber intrinsic sirength is, however, observed
rmainly due to the hydroiysis cf xylar macromclecules which
cenfirms their important rele in fiber wall cohesion.

** laberatoire propre du C.N.R.S., associé & 1'Universite
Scientifique, Technologique et Médicale de GRENQBLE.
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INTRODUCT ION

The pulp and paper industry is councerrec in many respects
with biotechnolaogy research and cevelopment. According to Kirkl,
bicpulping, bicbleaching, and biotechnical improvement of pulp
have a potential dinpact on the industrial processin§ of the
future. Most works on these subjects deal with the action of fungi

on wcod and mechanical pu]pz's.

In a recent wcrk, Paice ard
Jurasek6 have used &n enzymatic ccrplex enriched in xylanases to
cbtain a dissolving pulp through a biclegical process, instead of
the usual extraction ¢f xylans ty ultra-hot alkaline process ; but
the target of digestirg ail but 2 % of the total pertosans coulg
rct te cbtained. As carn te understeed freorm these examples,
research ir biotechnclegy s devoted tc replacing  energy and
chemical  corsuming precesses by less costly ancd more versatile

enzymatic treatments.

Te cur knowleage, refining ¢f chemical pulps is & field where
biotechnolugy has not yet beer applied. It Fkos been shown,
hcwever, that the amount of thecretical erergy needed tc obtain a
conplete separation of the microfibrils is only about cre-tenth of
the total energy demand7, therefore, mest cof the work s
dissipated as heat released tc the surrounding fluid.

Beating and refining are papermaking precesses elaborated t¢
create desirable structural changes in the fiber cell wa118. The
visible aspect of fiber modifications is the external
fitriilaticn, but the delaminaticr. of internal cell wall layers,
or fiber swelling, is the most important feature for paper
strength, since it brings flexibility tc¢ fibers &and thereby
bending ability. That is why any mears cof lousening the internal
cchesion of the cell wall will decrease the fiber resistance to
swelling and help reduce the energy demard in beatirg.

9

As demonstrated in ¢ previous paper” (Part I), xylans car be

hydrolyzed inside the fiber wall, resulting in the formetion of
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micropores which increase the specific area of pulp. The wall
cchesicn must certainly be affected ;the present work is devoted
to the siudy of the expected wall Toosening in relation to
beatability and papermaking properties of the enzymatically
treated pulps.

MATERIALS

Enzymes and pulps (See Part I).

The crude ernzyratic mixture used throughout this werk is the
culture filtrate of the Basidiomycete Sporotrichum dimorphosporum.
Two chemicel puips received as dried sheets were used @ 3
bieached kreft pulp frem birchweed ard a2 bleached sulfite pulp
frem sprucewoec.They were acid hydrclyzed according to Saeman et
a].lo ard their neutrail sugar composition ras been previously

i 8
given”.

METHODS

The dry pulp was socaked overnight &t room temperature inr er
aquecus solution of 1 mM PgClp. It was then filtered, washed with
the 1 mM HgC12 solutiorn and stirred to obtain a pulp slurry. The
crude enzymatic ccmplex was shaken for 1% min in the 1 mM HgC]2
sclution and then poured into the siurry.The final volume wes 1L
and the pulp ccnsistency was 3 4. The crude enzyme concentration

Lan¢ 120 mg.L'1 for Kraft birch and sulfite spruce

was 6C mg.Ll~
pulps respectively. The incubaticr wes perfcorred at 40°C urder
gentle stirring. No mechanical treatment causing breakage cor
camage toc the fiters was used at this stece of the experinent. The

treatrent time was varied from 2 to 54 h. The pulp was then
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filtered, washed, and sceked for 30 min at 25°C in a solution of
HC1 {0.05N) to stop the enzyme activities. The reference pulp was
chtaired by the same treatment except that no erzymes were used.
The tiltrate and the washings were collected and heated for 2C
min ir & boiling water bath. The soluble sugars were mezsured by
the reducing end-group determinaticnll, ard expressec  as
xylctriose, the most abundant scluble sugar. The percent mass less
was the ratic of the weight of xylotricose to the weight of initial

pulp.
Pulp and paper characterizaticns

Schopper Riegler and water retention values were measured for
both the control arcd the enzymatically treated pulps and
handsheets were formed cn a Rapid-KSthen sheet rachine. Density,
tersile strength and wet zero-spen tensile strength were
measurec, A part of the treated pulp was also beaten in a JCKRC
mill until 60°SR were reached. Sheets were formed after beating
and mecharically tested.

The Schopper Riecler values:°SR{ISC standard 5 267/1-1979)
measure the drainace ebility of a pulp related to its hydrophilic
properties, This index is mainly influenced by fiber fibrillaticn
end by the amcurt of fine elererts. It is used as a reasure of tre
beating prcgress.

The water retertion value (WRV) measures the amourt ¢f water
2201 s
correlated tc the extent of fiber swelling due to trhe internal

retained inside the fiber wall &fter centrifucaticns

fibrillation.

The fiber flexibility producing the strength of the fiber
retwork in the paper sheet was measured by the apparent dersity on
eight handsheets according to ISO standard 438-198C.

The tersile strength was registered cop  an Instron
Extensometer 1122(1S0 Standard 1924-1983) and breaking lencths
computed. The wet zerc-span tensile strength was measured on a
Pulrac zero-spar Tensile Tester (Model ZST-15). Wet samples were
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prepared by pressing betweer blotters a dry sheet after being
thorouchly soaked. The value obtained is assumed to be the
intrinsic fiber strength.

Pulp viscosities were measured in ctene according to TAPPI
rethod T 230.

A special test was set up to check the beatability of the
pulp : the time-to-reach 60° SR in the JOKRC mill. The JCKRC mill
was rur accoraing te standard conditions (IS0 Standara
£264/3-1579).

RESULTS

Irhibition efficiency.

From filtrate analyses and wmclecular weight distributicr
curves (See Fart 1), we have concluded that endc-cellulaces were
appropriately irhibited in the 1mM HgC12 medium. The ectivity cf
the enzymatic complex is thus directed towards hemicelluloses and
particuiarly towards xylars in the case of the hardwood pulp.

Erzymetic treatment effects on pulp characteristics.

Tables 1 arc¢ 2 collect the results related to the twe pulps.

The mass Tcss increases slightly, then remains constant at a
Tew level ever fcr long periods of attack.

The Schopper Riegler incex contipuously increases under
enzymatic treatment up to a value cf 32°SP ir the case of birch
pulp;a nore limited value of 1S°SP is obtaired for spruce pulp.
The erzymatic treatment yields externally fibrillated fibers. This
effect is clearly visitle on micrographs9 (Part I}. It had been
already cbserved by Bo]askils on cotten fibers treated with
cellulases.

HURV increases toc, showing a significant fiber swelling.
This modification occurs however to & lesser extent in the case of
spruce pulp when compared against birch pulp.



NOE ET AL.

172

094

¢

089

201

86°1
ot

871
[

6°¢

008

01

L€
059

§°o1
06°1
ve
L1
51

6V

088

61

'

§°¢

009

vel

091

0¢

vl
S1

9y

048

81

6P

8°¢

029

6°01

851

0¢
9°1

£9

068

02

8¢

8¢

084

121

0s°1

L1
1

1°6

006

SE

§'¢

£¢
089

t£°8

006

0s

9°6

rAA

084

L7561

o1't
81

(unf) ¥S,09 e buizesq uazye
yibuay buryeaug

¥S.09 3e bulleaq uazye
Am-s.mxv»¢_m:mn juadseddy

(urw) ¥$,09 Yoeau-o03-awy)

(uny) yabual bupyeaug
ueds-043z 313N

(wy) yzbuap buiyeaug

(g-w -by)
mg_m:mu m:w;maa<

(d2) A3Lsoasip

(;-5°6) Aym

x3pul 43|1b91y-aaddoyosg
(%) ssop ssey

(y) awry juswiesu)

1102 Alenuer Gz 87 €T

v pspeo [umog

*youLg woay dnd pPIIeaal=-aWAZUI 3yl 40 SILISL4dIdedey) dingd
1 378v1




173

II

ACTION OF XYLANASES.

6V

048

0¢

§°¢

069
9° L1
€971
61
01
4

Ve

0s8

ac
L9
6°¢
019
G'61
851
61
80
o€

048

Ge
§°9
G°¢
c19

Z'61

Le’l
138
01
124

Sy

ov6

S¢

£y

v e

04§

L1

A

vl
6°0

046

G¢

§°§

0sS
9°L1
021

$1

$°0

L9

Q16

99
574
6°0
024

2782
00°%
£l

(wy) ¥S .09 3e Buiyeag
48140 yjbua{ bupieaug

4S .09 1e Burieag
a934e A3isusp juadeddy

(utw) Y$.09 yvead-o3-auwt|

(wy) yzbua| buryeauq
ueds-043z 394

(uy) yabuay Bupyesug
Am-E.me A1Lsuap juadeddy
(d2) A31s500s1Kp

AH-

xapul 43163ty-aaddoyog

6-6) AUM

(%) sso| ssey

(4) swr3 Juswyeas)

1102 Alenuer Gz 87 €T

Z 3gvl

v pspeo [umog

*youtg wouay dind pajead]-awhzuy 3yl 40 SOL3Is1Ad}dedRy) d(Nd




13: 28 25 January 2011

Downl oaded At:

174 NOE ET AL.
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FIGURE 1A. Correlation tetween WRV and sheet apparent density for
birch pulp. (&) Control pulp untreated, beaten in a
JOKRO miil.(A) Enzyme-treated pulp, unbeaten. The
figures beside the plots indicate °SR values.

Viscosity rapidly decreases then levels off at values of
10.5 and 18.0 ¢P for birch and spruce pulps respectively.
Hydrolysis of the polysaccharide chains seems to occur at the
beginning of the enzymatic attack and then stops. We know however
from the molecular weight distribution curves that cellulose is
not affected by this hydrolysis. The decrease in visccsity in
CUENE s thus solely due to hemicellulose chains rupturing.
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FTGURE 1B. Correlation between WRV and sheet apparent density for
spruce pulp.(O} Control pulp, untreated, beaten in a
JOKRO mill. (@) Enzyme-treated pulp, unbeaten. The
figures beside the plots indicate °SR values.

Enzymatic treatment effects on papermaking properties.

After treatment, a part of the pulp was used for handsheet
forming. Density, breaking length and zero-span breaking length
were measured.

The density, breaking length, and WRV of the enzymatically
treated pulps compare egqually to slightly beaten pulps.
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FIGURE 2A. Correlation tetween breaking length and sheet apparent

density for birch pulp. (A) Control pulp,untreated,
beaten in a JOKRO mill. (A) Enzyme-treated pulp,
unbeaten. (A 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 2B. Correlation between breaking length and sheet apparent

density for spruce pulp. (O) Control pulp, untreated,
beaten in a JOKRO mill. (@) 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 3A. 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 birch pulp.

The density increases, as expected from the increase in WRV
(Tables 1-2), the more flexible the fibers the more densely
packed sheets are created. Figs. 1A, 1B give the correlation
between density and WRV, they show higher WRV at equal density for
the enzyme-treated pulps than for control pulps. This can be
attributed to pores formation and to changes in the morphology of

km P
415.0
v {125
v Yho.o
@ ¢
O .
\
-~._._._._._._.Q._.._.ﬁ

2 6 ) 15 2 24 h
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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 NRV12 in

relation with higher °SR values.

Breaking length vs. density is plotted on Figs. 2A - 2B. The
increase in density as well as external fibrillaticn resulting
from enzyme-treatment only, without further beating, brings abcut
an improvement in bonding strength. The number of bcnds increases
owing to higher flexibility and to Targer bonded areas.
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The curves of the zero-span breaking length vs. treatment
time (Figs. 3A - 3B) bhave the same profile as that of the
viscosity curves,it may be observed a rapid fall and a subsequent
levelling-off. The paramount importance of carbohydrate chain
length for fiber intrinsic strength has been previously
demcnstratedl4, 3lthough, in that case, degradation cf all the
carbohydrates {inciuding cellulose) wes carried out, whereas in
the present work cnly hemicelluloses, mainly xylars, are severed
by the enzymatic hydrclysis.

Enzymatic_ treatment effects ¢n beatability and papermaking

properties.

The beatability of pulps was tested as the time-to-reach 60
°SR under standard conditicns in a JOKRC mill, Afterwards sheets
were formed on the sheet-machine and density and breaking length
measured (Tables 1-2).

The different times-tc-reach 60° SR were plotted vs.enzymatic
treatnent time. The curves show a continuous decrease (curve 1,
Figs. 3A and 3B), a bealing time as low as 5 min was measured for
birch pulp treated during 24 h . The cell wall loosening action of
the xylarnases that was found at this stage, was the most
impressive effect.

The sheet densities obtained after beating of the treated
pulps to 60°SR compare to thcse of the beaten control pulps,
except for birch pulp samples which were subjected to enzymatic
hydrolysis during the longest times and which were beaten during 5
min or 10 min only (Figs. ZA-28).

The breaking length of each pulp after beating at 6C°SR is
smaller than that for the centrol sample (Tables 1-2). This is due
te lower intrinsic fiber strength., Breaking length, as well as
zero-span breaking length and viscosity, falls at the beginning of
the treatment then levels-off at 4.2 and 4.9 km for enzyme-treated
birch and spruce pulps respectively.
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DISCUSSTON

The action cn pulps of the crude enzymatic complex in which
endo-cellulases were irhibited can be summarized in terms of
external &and internal fibrillaticon., These effects are desirable
for pepernaking properties. Breaking lengths as high as 4 km are
obtained with birch and spruce pulps after the erzymatic treatnent
only. However, this value remains lcwer than thcse obtained with
the centrol pulps which are slightly beaten, for example a 10 min
beating treatrent gives & ard 6 km for spruce and birch pulps
respectively. Tt can be concluded that the enzymatic treatmert, by
itself, is not sufficient to create the necessary lecsering of the
cell well structure anc the fiber swellinc suitabie for geed fiber
flexitility anc high bonding strength,

The fibrillaticn seems favered, especially for birch pulp,
since e value &s high ac 22°SR was cbtained after a 24 h enzyre
treatrent.The Lezting of enzyme-treated pulps car be performed

ir very short times es far as °SR is concerred, In this respect,
it has been demorstrated that beatability was greatly enhanced by
the enzvmatic treatment. However, densities cf such beaten pulps
are lower than those of the ccntrol pulps at the same °SR. Sirce
dernsity measures the amount of the specific refining energyls,
this irdex has to be taken intc account when economic assessment
is desired. Cn the basis of equal density, it can be deduced from
these results that the energy derard is reduced about three-fold.

A patent16 hes been taken cut following the results of the
selective action of xylanases on pulps. Under the running title
"Enzyrmatic Beating”, it concerns the use of xylarases in
papermeking procedures and the pulps s¢ obtained.

Two features related to the xylan "in situ" hydrolysis are
interesting and need more discussion : the improved beatability of
pulps and the reduction of fiber intrinsic strength. The zero-span
breaking length vs.enzyme-treatment time shows a rapid
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decrease, then a levelling-off, This behavier is clearly
correlated with the viscesity of the cissolved pulps. Since

viscosity involves essentially kigh molecular weight
motecules of cellulose, hydrelysis of xylan can continue without
beirg further detected by viscesity. Thus, assuming that the
decrease of xylan molecular weichts cccurs throughout the entire
enzymatic attack, chain ends are continously produced, which
improves water accessitility, fiber wall Joosening anc fiber
swelling., Furthernore, this increasing release inside cell wall
of  hydrophilic hydrcelysis  precucts froem xylan  erharces
beatabilityl’.

The xylan molecular weight seems &lsce to bte of great
impertance for fiter intrinsic sirength. Actually, the fiber is
described as a compusite materialls, mece  of a  framework
(celTulcse microfitrils) érd a natrix (hemicelluleses). Wher a
stress is applied to cre fiber, the load is cerried by both
conporents. As xylan chains ere cleaved, they du net centribute
any nore to fiber strength. Then, the levelling-off velue of the
intrinsic strencth must involve the cellulese microfibrils
strength only. Indeed, the little exo-cellulase
{cellobichydrelase) activity which carn influence beatability,
w.r.v. and perhaps reduces the fiber intrinsic strength to a
slight extent, carnnct accourt for the fivportant wmcdifications of
the pulp properties. Thus, we concluce that the hydrolysis of
xylers is the main cause of the obtserved charges in pulp anc
papermeking properties.

CONCLUSION

This work is concerned with the role of xylans in cell wall
cchesion and papermaking properties. The use of a crude enzymatic
mixture in which endc-celluleses have been inhibited has allowed
an impcrtant attsck of the xylar chains insicde the fiber
cell-wall, yielding cnly 1little mass loss.
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Enzyme-treasted pulps have shcwn enhanced beatability and
better bondir¢ ability due to increased fiber flexibitity, A
Jessening cf fiber intrinsic strencth has also occured, peointing
out the impertance of xylans having chains with a high degree of
polymerizaticn for fiber mechanical resistarce.

These results are promising and deserve attention from the
technelogists., Furthermore, if the inhibition with HgC]2 is
totally unrealistic in industrial processes, a soluticn can be
realized by continued research in  the biotechrglogical
development c¢f cellulase-less mutants in fungilg cr by the
precuction of pure xylanazses by genetically mcdified bacteriazo.
Alterretively, we are presently investigating a very simple
treatrent which brings about the total selective elimination of
cellulase activities from a crude enzymatic mixture in a way which
would avoid pollution.
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