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Biapulping is 0 solid-substrate fermentation (SSF) procesS...here lignocellulosic mtlterials are pretreated with fungi to improve pulping. This
po per is Ihe second of IwO re.iew, on biopulping where Port I deolt with the biopulping 01 wood. In Ihis review, we e,omin. the progr"" in
the lield of non-wood pulping. becou,e it is evident that the diver<ily of pulping processesrequires developm.nt 01different SSF procm.. lor
optimal results. The global increo'. in Ulilisotion of lion-wood fibre has 01'0 led to increased int.rest in biopulping olthe,e libres. This revi,w
will focus on the biopulping of bagasse. beeaus. bogo". i, of natoble importance to the South African pulp industry.

INTRODUCT'ON
About 7 % of the:world pulp prOdll(;lionis from non-wool1
fibres [I], bllt non-wood fibre sonrces are becoming more
importaot in the $1Jpplyofp1ant fihre for pulp and paper productP:
[2]. AI present 330 mills worldwide, prodllee pilIp fT<>mnon-
wO<ld "hr. [3], with twO mills in South Africa thaI utilize
bagassc as raw material. Diopulping of bagasse is, therefore,
ofspt".cial significance to the South Afric::inpulping industry.

TIle fungal pretreatment of any lignoed1ulo~ie substrate for
pulping improvement is now described as biopulpiog [4],
althaugh this term has previously been IlSed only to describe
pretreatment wood. Biopulping afwood is 1ISIlOUyaccomplished
by treatment of chip~ \vith white~rot fungi that are able to
dcgrndc I1gnin. Ettccrive bioputping of wood has also been
achieved with Ophiu!J'lomapil~(e,'um, a fungus that does not
degrade lignin [5, 6]. Improvement ofpnlping by 0. pi/ifemnz
has heen a~cr1hed to the reduction of wood extractive~ to
improve penetration of pu1plng chemicals.

investigations afnon-wood biopulping have focussed only on
the modification or redllctio)) of lig"i". BiapuJping of these
fibres. therefore. utilised only white-rot fun!,.~. The biopulping
processes an: consequently intlucnccd by similar restricrions
to iliose of biopuJping of wood and will require special
engineering and management ,olutions [4, 7, 8]. The SSF by
fungi will require a ccnain measure of a.~is during inoculation.
as wen as controlled temperaturc, moisture and aeration for
growth [4, 8J. Tho implcmemation of biopnlping proce..", for
the treatment of wlferent types of non-wood fibre will require
specific solutions far each process.

B'OPULP'NG EXPER'ENCE
One of the hurdles to oVlm:omein the pulping of bagasse is
tbe seasonal aVIDlability of the ntWmaterial [9]. This necessitates
special storage practices. such as wet bulk storage, to pTe~eTve
the fibre rl 0]. However. the long periods of stomge (sometimes
more than one year) al,o offer an opportunity to pre-treat
bagasse to improve the pulping propenies.

Biopulping ofbaga.~!'.e cou1d hlivc Iinumber of advantages. A
large quantity ofwatcr is used for the preservation of fibre in
wet bulk storage of bagasse [9], BiOP\llping fungi would also
presenre the fibre and could be applied on baga."'scwith lower
moi.!t'tUrecontent. In a semi-arid c.ounrry such as South Africa,
the s~ving of wllLt..-"Twould be: u significant advantage. The
lignin CQIltcntof Hbre i\J~d»conE:eq1Jently~ in pulp could he
reduced [11). fibre discoloUfation and pith content could bc
reduced, resulting in improved wet depithing [9J. The rednecd
lignin and pith cunlenl could result in reduced chemical
consumption during pulping and in improved pulp quality [12],

Biopulping of bag a". is one of the rel<1tively unexplored fields
of biolcdmology reJating to the pulping industry, although
many considerationsmake sucb a procoduretheoretically
feasible. For examplc, bagasse is stored for lang periods [13],
al10wing enough time to treat raw matcri~l with fungi. Capital
and other resources. curTr:ntlylIsed for the preservation of
bagasse fl31 could be diverted to the biopulping processes.
Addhionally, the colonization of bagasse by fungi is favotJIed
by the residual sugars and the exposed SIlrfaooarea of the fibres
[14J.

Biopulping has becn applicd to severa! kinds of non-wood
fibrc1 but the literature covers only initinl trials where none of
the processes were commerciaUsed, A smalJ number of
publications deal with fungal pr~!teatmenT ofbagas~ [15. 16]
and do not refer to the soda pulping method that is widely used.
One techniqut c.ombin.::i;fungal ['Ire..treatrne:ntof bagasse with

the so-eaHed Cuba-9 process [16]. that is used 10 produce
newsprint with

"
modifi~d cold soda process prior to mechanical

renning. Other publi""tions deal with the fungal lreattnenl of
hnaf and jute prior to steam explosion and refin.ing (17],
gramineous plants prior to soch1 pulping [11] and biopulping
of wheat straw [18 J.

The white-rotting fuugi are the organi!!imS most fi-equently used
forbiopulpingofnoll-wood tibre [11. 15. 16. 17. 18]. These
fun!,.~arc known to degrade all the wood componel1ts.but lignin
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isd£gl:adedin varying degrees of~ectivity [18}. The~
willi wbiob !i.u;Dinis de£l'lded, depend,. 00 specific .!miDB of
fungi 63 wen all the !lpeCifie t=a_ ccnditions [IS, 19J.
C llolase deficient i""l_ of P1umerochaete chrysuspnrium
11."., been uscd In

"""""""
~viIy [16]. bat: wild typ<>male.«

of P. drry<osporium and a hybrid stI8Jn of Pleurot>J.<"''''''ollIS
bave also been used [I S}.

Diffi:rent fungal species IuLvcbeen used to treat non.wood
fibrco otbeTthan bagasse. An isoJaI" of C. STlaw..rmi$p<>rabas
been IDocdfur biopuJping ofl=afundjute [17] und /'ki"""",
astnxm&rforwbeat_ [18].Phlebiorodiata.p~
~(JOTjum, Pleurolus oslr"flahu, P= ligrimLr, Phlebia
In!ntdlo.m aod C. subvenr#spora "'ere used to 1res1~ canary
grass and taU feooue prior 10ooda pulping [IIJ. I.enzite.f brmdina
[J 2J. Pleorotw aslreatUS and PAanervchaete chry$osporivm
[15, 16] have been used fur biopolpiDg of .uglltt:aIl<: bagasse.

The most sucreosful method for the production of wx:ulm" of
wbit<>-rot fungi for biopulping is Iu

"""
a pre-inoculum of

homogcni=! mycclium [12]. A pro-inoculum was also used
by JobnmK! ct aI. 1.16Jand inoculum was then produc<:d in a
f~r. By U3iog tilio metfIod. it was pos&ible to harvesl
inoculum afIe:r cigbt day&. Altbongh special media have be<:n
used [16], molagges can provide A convenk:nt llU1rialt SOIU'Ce,
as it CIIDbe nbtai1lcdkom IJCII1"bysugar nriIIs and is inexp<nsive
[12].

In small-S<:aJcexpcrim<:nts dried. depithcd bagas,e (60 % \0
70 % fibre) was soaked in water, after which moistme was
adjustOOto various levels between 50 % und 80 % [16]. The
moist bagasse wa.. Iben ,lmilizeo1 by autoclavIDg. inoculated
and then incubated at 28°C or 39 "C for 10 to 20 day..
Screening ""P""ments with bag:iK8e "., dOM willi as 1ittJc
as 2 g of bagasse in IOO-mlflasks, but bench scale treatmenbl
were doDein I-L flaW. or ]0 L cylinders [J6]. In these bench
.calc experiment>, reacton were flnshed wilh OXYgaIand
reJati'ge humidity controlled. Polyethylene bags til1cd with 1
kg stm1ized bagasse OJ:70 % to 75 % moistw-e have been u~
in SSF for d", produetion ofbiopolp and for the producticw of
enriched animal feed [15). Degrad;ttion WASeI1banecd by
oxygenation coznpaP:d to aeration, especially when it w3.,'i
applied intermittently [16]. Optimal condition. were
appn>JCimatcly 6' %1IIOistore and !IS % r001ativehutnidity [16].

Moisture of the substrate is one of the hy fioctors influencing
SSF. It is importmrt thal wilier is available only as thin film.
OIlthe bagasse wrn.cc to increa.<ethe .urfO!Ce-to-~oJumeratio
tor oxygen and carbon dioxide transfer [8. 20]. On the other
hand, low IDoistme increase. the risk of tIre [13] and Jimits
fungal growth [8]. Temperature i. onecfth" mo.t imponanl
physical J'!'t'3rtIC1fnand alllOthe mOS1.difficult 10control r2J].
Maintaining temperaturc as close as po""i"!c to tbe optimal

biopulping tC!II1pcratutefur Ihe .elected fungus decrease.
treatment lime and may give the fungus the r.ompetitive edge
over contamiuanlS [8].

lncub<l!Jon 11me plays an important roJe in the desradation of
Jigllc>celiuJosic materials. Aftcr bioplliping of wheat maw,
ligciu content. I % CI/",,!icsolubility, cellulose ond holoce1luJoioC
were detennined [181. This ""al~. sbowc-d that mo.t oftfIc
ligok W>iSdegJ:aded in the latter put of the lIeatment time.

AfIyr 20 days ofiocuba1iOll ofOOg8sse uDdtroptimal eOl\ditiaDS,
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2,5 % weiglu: loss and 8,7 % lignin \0&; Were aclricved and no
discoIonrntion was apparent[l6]. Delgado etal. [IS) sbowed
9,6 % lignin decrease aftm- II day. of_em willi a hybrid
p. uslnalu8 and 14.7 % decrease afIe:r 35 days. The h~
P. oaTreoOOwas able to modifY bagasse more selectivcly than
a cellulase deficient strain of P. chry.o.''1J()rillm~

Some =earchem bypo1hc:8i»O!batreduction o(lignin <:anlead
In ","vingl>in cooswnplion of puJpiug chcuDeals [18, 22].
Optimization of paranletcrs for the kraft pulpiog of fungal
treaIcl wmdhassbown Ibisnot to be1ruc l23l. The COWUIDpIion
of chemicals by fungalblycelil1m has been investigated by
Johnsrud et al. [16], who showed that the increase in NaOH
C011KUJJJ)1tionw"" due to tfIc dissolUtion of 1Ilyce1inm.. This
point is open to debate, as increased chemiCAl constmIptioa
was previOU8ly,,",,"Oedto the lower-molecularwcigbt products
of decay (24]. Tbe effect of fungal treatment on pith OOIItent
is unknown ODdmigbt even teduce ebcmi=l <:on8II1IIptionby
degt'Rding pith that generally causes increased chemical
comumption [12, 25J.

..

Fungal treatment used in combination with !he Cuba-9 process
ir1<=8Sed tfIe beatsbility of bagasoe pulp and pmdueed hand
sheeto ",ith stnmgth properties similar to Ihooe obtained from
reference pulp [16]. On: kenaf aud jute, the fungoJ lrealmen1
improved strength proparries [17). Soda pulping of fuugal
treated reed canary grass produced fine paper (furnish
composition of 40 % grass, 40 % softwood ""d 20 % talc) with
bettI!r printing and strengtb properties [11].

COfIC&fMIOIIS
The inaease in the demand for non-wood fibre [1] will focus
rescmcli on the OOv<Ilopment ofbiopulping processes spo:cifu:aUy

for non-woody snbsttatc8. Apparently, white.f"Otl\mg; with
selective lignin degrading potential will be the InO$tsuitable
mganisms for application in these procBSSes. The diversity of
raw materials that = used fur pulping ha/Jresulted in different
handling and storage practices 8. well as pulping proce5BCS.
Specific biopolping processes will e<m>cquartly be designed
to provide optimal benefit to exillting oporntions, but some
adapf3tionsto the currmtprocedmcs to .~"""""ate biopulping
win also Ix:ne"",,""')'.
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"r

the CX3nge FI'!!C St::ltc_
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~r\ ln, ~f'I. :1:\.1\9. TSfJPi Prc:.'>!I,At1nntn, USA

25th Foh 2000 Xortbem Re2ion Ladies Evening
Venue lo be advl~ed

15th March 2000 Northern Region Technical Mcetine
"Future Trends in Paper Surface Technology"

Venue to be advised

17-19 March 2000 Drnken~berg Conference -Champagne Sports
"Opttm1sing Resources+!

March 2000 Technical joint Meeting with IPSA
Date IIIIdVenue 1.0be ad\;sed

19th April 2000 Northern Region AGM
Venue to be advisoo

Southern Region AGM + New Speakers Event
and TAPPSA Nannnal AGM

Venue -Univer.ity of Stellenbo.eb

Northern ReCion ("...,IfDay
Dct.,ii. to be advi.ed

17 - 18 May 2000

26th May 2000

14th July 2000 Northern Region Technical Meeting
Topic and Venue to he advl~ed -

.--
16-20 October 2000 TAPPSA's 10th Biennial

Illternational Conference and E1b.ibition
.. Mrican Pulp and Paper Week 2000"

at the Ice Durban

Ncrthom Susann Piettaa, - SA Paper Chemicals
Oil 922 1668

~pien~sapc.co.za

Northern Bob Heimann - KC En.tra
0113607210

bhcimann@kc.co.za

Eastern Roland Streatfield -TAPPSA
0828507347

roland-s@iafiiea.oorn

Southern Prof. Giinter Gcrischer -Stellcnbos<:b
021 8083320

grtg@matje~.sutl,ac.za
-- -

Norlhem Bob Heimann. KC E..tra
0113607210

bbeimann@ke.co.za

Southern
&

National

Chris Macdonald - TAPPSA
031204 2123

ehrism@umfolozi.ntech.ac.za

Attie du Plooy - Sappi
011 3600273

AttieD@za.sappi.com

Northern

Nonhern Bob Heimann - KC En.tra
all 3607210

bheimann@kc.co.za

Roland Streatfield - TAPPSA
082 850 7347

roland-.@)atiica.eom

National

This programme will be updated regularly to ensure that you arc kept informed of what is going On Natior1aUy,
Tfyon would like Lo add to the list or comment,. plca.o,;c cOntact the National OrganiSl."T~ Roland Streatfield,

by phone 01'1082 8507347, fax on 031 764 2494, or e-mail roland-s@ialfica.com .
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