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Insight into Lignocellulosic
Biodegradation and Its
Potential for Enzyme Production
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n 2006, Malaysia was the second largest producer of palm oil with 15.88
million tonnes or 43% of the total woddsupply. In 2007, there were 4.3 million
hectares of productive oil palm plantations, a 3.4% increase from 4.2 million

hectares in 2006 (1).

Ar polm cil preduction increosed, thens wos
o comesponding increose in the comeunt of
resiciue genemted. One bectare of ol palm
plntoticn con producs obout 20-70 tonnes
of biormoee residue. 32 the oil palm industny B
curenth the oroest preducer of bicrmces in the
coeuntry. Of A0 milien tonnes, abedt 174 millicon
toennes come friem il polm empty fruit bunch
[DPEFEXfibre cndd 53,1 millken fonnes frerm polm
il mill effluent (2.

The use of OPEFE hoe been well exploed
in woricus industries such ce biccompost (3],
bisugnnd],  bicethoncl8]  ond  bBiooos(s).
However due to the presence of silico bodies
=n the sufoce of the OPEFE fibre . odditcnol
pre-trectment B oreguired in oder o cbtoin
rncEimurm uecioee of the OPEFE since the iercawol
of the silico bodies would increces the poncsity
ond Brecloige of the linocs lulceis motenol.

Sl bodier are in omicnic silico
pretruzsicn: embedded in the surfose of the
ZPEFE fibre, These are contained in their cown
cmten and soattered rondemly on the OPEFE
fibre suroc= (Figurs 1) Some eeorshes
chired thot the presencs of silioo bodies
centibute to the strenoth and dgidity of the
ZDIPEFE fibre(F]. In thie il we cbene the
reloticnzhip of the silico bodies with OPEFE
fibre, whizch includes the effect of silico
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bedy geometn, anectiphyfothotepy ond
debonding mechoanism.

A sfrese-stmiin curve of OPEFE fibee i
prezented in Figure 2 whers thers are three
rediere cbeered duing the onobeoie: Elestic
regicn, pleetic/debonding region cnd froctune
regicn. In the fiet egicn, the bonding of silioo
bodies with fibre wee tioht cond perdect while
ne filupes or Brecbooes wenre obeeried on the
interfoce of the silico bodies. In the plogtic/
debonding regen, the interdfoss of the silioo
bodies stoted o debond, cousing the curee o
devicte fiom elkstic line. Inthe finol regicen, the
debonding continued until complete foiluee or
bErecikoioe wios cbaenaed].

A 2D medel develprnent woe perfcmhed
uging Aboous sofhwone whene the sileo bedies
wene conesdered o filler and the OPEFE fibne
e rnetris. The effect of filer volume foctiore
(10%, 15% and 20%) wois performed using the
simuktion of 10epikee filer A contnel of ne
spiles (oinsulkor filker) wos oko componed.

The results showed thot the medek with
spiles wene alreest similkor with the circulkar filker.
The zoirme reeuft wios clecs cbicined for different
wielurne frocticons (Figunre 3) The effect of the
nurmber of spilkes (5, 10 and 200 on the silioo
bodies wos ako investiooted, using the simikr
volume fmction of 18% (Fioure 23 Due te the

i)

Fywe 10 SEMademgraph of siica bodies o EFE e araler 9000 & agniticadior (@), 2 000« & agedfcatior am
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Figure 2 Stess sia iv cunve of EFB fibre, indicating e lashic, plastic amd fackre region.
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Fgewe o Modeling mesults of 20 o dels for aligre d, mrdos and clestersd ama ngen ents of
silica bodies.

Iznogituding| amonoe ment of sikco bedies alono the fioe |, there wos o possibilty
of directicon-cependant behowvicur ionisstropy). The esulfs showed thot the
10repiles moece kb of anectropy A By = 2225 GPol andanisctiopy BEy = 1617
=Poiwerne not much different frem the models with circulartiller (no spikees)

The effect of silico bodies armnoe e nt wos oko investiooted in o 20 muki-
paticle model. The mode | oonsisted of 20 paticies epresenting the incrocne
silico bodies sumzunded by the fibre as motri:.

Ther wep three types of silicn body amonoements — alioned, clusteped
cnd roncom. Using zone oohesive moedeling (C2M), the debonding between
the silico bodies and the fibre sufose wos investiooted. Eqarly terminaticon (o
002 true stming) wos obeerved in all medek with doamoge, whilke all modek
without doamoge showed similor resufte with all tyvpes of armonge ments
(Fiouns 43,

The 20 mode | wos ko found to be more sensitve o criticol steees thon
silico bedies spiked gecretny . armingement of silicn bodies on the fibne
surfoice and oo hesive enemy. Notumill, the silico bodies wenre found 1o be



embedded halfwoy in the fiore surfoce. The domoge of silico bedies af the
crees-section of the fibre might be present.

A 2D devekbprent wos developed to investigobe the effect of silico
bedies on ekbsticity and domoge olong the croes-section of the fibre The
differnce in thickness of the fibre wos investigoted. The thickness of fibnre/
rncitrix wos voried frem 003 o 0.3 mmte obeeree the effect of fibre thickness
on the elosticiy of fibre-protrusicon system.

The numerncol results showed that the effect of silico bodies on the
elosticity of the fibre woe net significont when fibre thickness wos mcre hon
0.2 rom. el woll epening wos loter incorpemoted in the 30 moedel, whe e
the thickness of the o=l wall wos st at 0.008 mm and the cpening sEe wos
z=t ot 0.02 mm. Both modek showed similkr rieesults, indicoting thot different
rmechonisme of the fibre might e reespensible for the plostic regicn of stress-
st miin curee in additicn to the silico bodies and fibre inte foce domooge.

The effect of silico bedie: wos oke investigoted in lignine tic enzymes
preduction where the OPEFE fibre wos used o the substrote. A ool
polted fungus wos ussd in order e produces the ligninektic enzymes from
ZIPEFE fibne.

The PEFE fibres uzed wenre both row and chemicolly trected. The 10-
doy fermentotion results showed thot treocted OPEFE woe prefermed by
the lignin degroder to produce high lignine vtic enzymes. A 510% of the
increment in the lignin percxidose enzyme octivity woe cbeered. A simikr
cbeermtion wos ke found with mongoness percxidose and booose
preduction. This wos maink due to the removol of the silico bedies and o
censidemble amocunt of lignin wos ochiewved in the treoted SPEFE.

As menticned by Shameudin 5. et ol (81 the emowol of silico bodies
left hollow croters, exposing lorger surfoce arecs for the enzyme o
digest the lignocelluloes: maotericlz. The scome phencmencn wos ko
found by Horun MAF ef al. (9] These silico bodies wenre present to
prevent the fibre from microbiol ottock. The silico Bodies and woxy byer
on the cuter surfoce of the fibre oct together e an impermeab e loyer,
preventing the fibre from being oxidised and hyd e eed by cxvgen cond
rmicrecngonems. Bl
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