Bl ODEGRADATI ON OF O L PALM FI BRE WASTE This invention relates to a nethod
for degradation of biomass, the product of that nethod, and use of that
product. In particular, this invention relates to a nmethod for

bi odegradation of oil palmfibre waste by verm conposting. DESCRI PTI ON OF
THE PRIOR ART O | palmis the main agricultural crop in Malaysia wth the
total planted area recorded in 2009 at 4.69 mllion hectares. Based on the
di stribution rate of BEPBRGBRADATIONQF Q1L PALM FIBREWASTE, bi omass (enpty
fruit bunch (EFB); oil palmtrunk (OPT) and oil pal mfronds (OPF))
availability was estimated at about 65.46 million tonnes (dry weight).

Agr o- wastTid invemtidmeratates palanmethdd Sor gegragajonOpTbiamasoRAe meduch ofdhaint i al
source faq val ye- terials. Ol palmbionmass is an agricultural
by- pr oducrf‘etﬁ(f?&\’ltwg #gﬁ?gﬂ%%%ﬁ@cgr uning and mlling processes of the palmoil
industry. This by-product is largely unutilized after the 25-year economc

life of the oil palmtrees and is often a cause of vi ronnent al _pol | uti on.
O 1 pal miAcRAECY, 1% INERHANLrSiatEs {8 eehFiodias BIREYRATY Hetbhaal fibrd o
produced \dtd By 9&nfikbipdstihgs i n | ocalized areas. Due to environnental air
pol lution control, incinerator burning of oil pal mwaste occurs |ess
frequently in recent tines. Palmoil mll effluents (POVE) and other mll
wast e byproducts such as ﬂﬁﬁéﬁiﬁ'l 6 FlE'PRIBR ARfVI re treatment, prior to
use as a biomass source for the production of new nmaterials. Conposting of
EFB, OPT, OPF, POME or decanter cake slurry could substantially reduce the

em ssi on t.hane a di_pxi Qul..spel |l . f i ste
ponds of ILP%W]OIF f%ﬁefmafnsé&%g%r\?ggp 8 grﬁ W&’g@ ﬁ'!gthp{%ségw: é %ﬁe%?%g% 2&8 gdnépeg unds
such as liera20p9nst 4l69 milidnheectareposBagadodticthe digtpbutivat rate offbisuads peroduct s
on agricyltural land is presently limted. Environmental |egislation
T ts. ¢ Hectieigtahal apim Pleries eoaty e sy (Eoik of Pa Fovkdeh s o
agri cul t Waph PERBURSPF)PNal&labMe MRS tdshithatdd 8t GBBGEBS 48t IniibnOtoriea (et al i n
t he conpost substrate is relatively high. This prevents conpliance with the
provi si or¥eight)t he | aw, and hence, the resultant conpost cannot be applied
to soil. The 2009 publication by Dyunita, Tengku Sabrina and Miusa, Mohaned

Hanafi and Tengku Muda Mbohaned, Mahnud and Abd Aziz, Nor Azwady in the
Conpost Sgretasteafinem Whé loil patn ivdudy (EEB, ,OPT7¢d OPp) @t-BFotential sbede for

"Ver m conpost i,n i | m I Ui C L{ t] [

suppl yi ng%ﬁaﬁl?%ﬁ&iedﬁmteﬁslap cgpg%@ﬁhg'o'ﬁgéscg:éﬁe%r%ﬁlgrhlst%"g'%’tdg%ré%rrér}s in
verhm' corrmaﬁticrixgg ﬁﬂfnim&i Fn@@hiﬂh@mrm’ashsc?ﬁthel malmfld)isirtdukt@]._mgf)lbv?amdmh,is t he
authors noted that only ope_species of eart rmwas Vviable for

o m comyUGEN HIBIZEE) 3o e 2aeR CCOraR e B DRl P DS R TRRR | oned
that onl yeabse fop&invIgnMaRaRBbIRItbA. SWIVHAM Wastd GOAMARADIE URG! hidtdiaf @5Mr | Si ng
oi | pal mby-products. This prior nethod necessitates addition of cow dung
as a foodewgfpﬂ deeaise] i§ isroreducad iedarge qHENEEES (1Y localizedaptragai MUgi B2 growt h
of the ; ; ; ' - [

dur at 1 on SEormaRabil pagieRARRLBY dcralor BIRRELL I PRRY SEsRRRRL, RS

pr e- conpdsaqupetly odracestutimesl iPaln lod rsilibaffluente (PAMENgnd oktmw il wastel brg
(acidic, undesirahle), This inventiaon thus, ains to alleviate the problens
ot e prBiels B2 gachited R SieBd et uht ot SR B LF o5 A PR Bstpost | ng
met hod aruicelfootheqiaductivn vEhéw ewng@tsd. product.  SUMVARY OF | NVENTI ON I n
accordance with an aspect of this invention, there is provided a nethod for
bi odegradati on of oil pal mwaste by verm conposting. The nethod conprises

t he st epscahposBh@-df M EF, | YT, ObPF, PROMEVGS HEcdnBerl &4k@ §liy Qedldagistartier i al ;
(i) addi ng effective mcrobes to the fibrous waste and subjecting the

wast e t o radysecthe simpissian efgmpthase; casben dioxide @nd dodsmatvisersnaeropigavaste
o oy copyRLES afBRREof il SRl pOE 19 L BELAR bEAT G0 fkn

sof bance materia
ver m conpgweavy nptals it theecompdstt fredunt xapplieation ofsiich prodedsion agridaltucal lamd st and
warm condi tion. In an enbodi nent, the pre-treatnment of step (i) may
conpri se 'SRISSAINETS 0i | palmwaste so as to reduce the waste to fibrous
material. The pre-treatnent may further conprise refining the shredded
fi brous waste by using a therno-nechanical refiner. The refined fibrous
waste material may conprise fine fiberg having a | ength of approxinmately
3.68 mmand a width of approximtely 165.45 pm



I n anot her enbodi nent, step (ii) may conprise adding three different
cultures of effective mcrobes to the fibrous waste material. The effective
m crobes of step (ii) nmay conprise microorganisnms cultured in a m xture of
verm | eachate, sugar or nolasses and ani nmal -derived additives. The
effective mcrobe culture may conprise lactic acid bacteria, photosynthetic
bacteria, yeast, organic acids and goat's mlk. The effective m crobe

cul ture rEYirewRetAKegisatigrclingits te heawpmatahiFe, s £8 GhtFd) canteataliowablechi cken
manur e, [ o | her ! - Ol N

Tt ur e o o uce, R o o e T RO crure
cont ent clonpestsibatraieds reatde@ds highe Thiscprevents semplipnag xiithrbe gprodsiens ¢fH) nay

be mai nt g{ ned at t emper at ur e of C...The pre-conposting

m xture g‘;bgiqvxér?nflﬁeg\c Q/e Beéwmtﬁ?@?ﬁ%\é&%ﬁm}%ﬁbg?é%’eﬁo\%en 6 to 8. According
to an enbodi ment, step (H ) may further conprise addi ng enhancenent
material co ising agricul tural _and/or. ani mal ste,, The angengnt

mat eri al -ﬁﬁy@@nﬁ? @ %EY QR ale”ﬂg‘é_lségré%ﬂn%ﬁﬁi%ﬁs MOBBWF&Q%(“@F' 3%t r opha
wast e or fagkl MudaMdHameas MahR0E/2AH AbAl AR, NORRERady FhthaSComipestlBaiencer goat
manure. According to another enbodinent, step (H ) may further conprise

dr ai ni ng &M Vidizetien deurpalodlde epdel-6hgntitady " \Gsmesivosiyla enoibpeiat emey
enbodi nent, j ) 3y : i j j by&i id i, aes such
e eqq sniy 2k i ke ptntel i Wates AT RLIR RSO0 crbRRF TR IS <1
an enbodiafeatthwoitmes ipavetrhigompestiof) of oé palfm by-pragagtsconpri se clitel | at ed wor ns.
I n anot her enbodi nent, the earthworns of step (iii) may conprise epigeic
worms. The earthworns of step (iii) may conprise Eisenia spp. worns. The

Ei seni a dpphiswsriorsputtigation, thesauthersfriotéd that ohlyeoreaspduissrofscanthwatrapvdsHi ) nmay

conprise Euydrilus eugeniae, In_yet apother enbodj mept, .th i, 0adsor bance
ot ori ol VA Bh eroomRgetgnr |Gk PRB0| Mesks MamEhs cHrvR Teie. TheY
clinoptilfédtioRed Thed ABOE kRrikis Rels BB thaURIv IR Edridddt Siietratd cdieprivern 0. 16
to 2.5 mMm According to an enbodi nent, the verm conposting m xture nay be

mai nt ai nedl RAMAY-REAdUGtD nABistPriea Matiipdhnerspsitatascadelionedft cowr dwis 9@ A0% t o
90% Acc i : r i ik QPRARLd ! re may be
mai nt ai nce%lgglta H‘??Q%@%@?J‘?%%@\%?ﬁé glgdc}f?(r)n%@% Accdﬁ%? WSP?‘E‘% a further
enbodi ment, the verm conposting m xture nmay be naintained at a pH of

bet ween 6.t 0 I.n._an i.ent [ NS i ny one
or nore g‘%“%?#%PWf?%F@%ﬁ@%?EG(‘EE@% ﬁ%'cﬁﬁ#%tlwo&#?st%%%éirﬁ&g% m t r unk
(OPT), arrhippdblicatidn disdibset fthbtugBhortd?@vEcompdsti gariod aksutedtih ehie siutstrates o
provided a vermifertilizer gr_odur(r:ded,qtg{ the nethod of this invention. The
ver ni f er thvinge o reRdinaRCigic, unsiesirgble)ont ent of at least 1 : 1 : 1,
between 1 : 1: 1 to 2 : 5: 5 o0or nore than 2 : 5 : 5. Further, the | eachate

produced in step (iii) of the method of claiml1l may be used as a pl ant
growt h mebilisifvention thus aims to alleviate the problems of the prior art and to provide an

eco-friendly, affordable vermicomposting method and a high quality vermicompost

product.



The verm cast produced in step (H) of the nethod of this invention may

al so be used as a plant gromh nedium The object of this inventionis to
provi de a sustai nabl e approach to handling the conversion of oil palm
wastes into a useful recycl able product on site by way of an eco-friendly
and econom cal |l y sustai nable method. Verm conposting is a deconposition
process involving interactions between earthworns and m croorgani sns. The
ver m conposti ng met hod of this i nvention provides an econom cal, viable and
sust ai nabl e option for nmanagg m‘ Y?ﬁJl,FN is easily inplenmented
and operable and only |nvolves smal | otprlnt for the production of high
quality fertilizer. The mar ket for verm conpost in Malaysia is presently
still s due, to hi. roduction .casts.and,concerns .Legar di quality
of the' calpBSPeBPG iR R ARHaBe g 1GvrRE HEPRaS mpvEsr e Mebid 18 %l ove
for pr odLmddegradgﬁombfgdm pakalwdsye Bpuaratdongiostiid.or dabl e cost by utilizing
readily avail abl e bi onass waste. Addition of cultures of effective

m croorgani sms (EM during the pre-conposting phase (step ii) in the nethod
of this iTheeRdthed cORpiesthdstepost ened overal | conposting duration
(pre-conpost and vern conpost Addi tional |y, physico-chem cal changes
within tHB cerpbsatinguailRamtves sieeEm Bhravs veastst materiak i viti es of these EM

cul tures d oduct
(verm o] | P54l bREREFRTHECD ik Arilsile SiflbituF LR RaTBRTH RECC:

bi oadsor banceomaosimgadhasmcalndas zeolites dur| ng the ver m conpost phase (step

et al | conleneoRo cAEyaT kDHEokE Briatie ekt OF KEBLUTohd sABBRIA e

producti on omigumetord Verridomposting piedsel S appl icable on agricultural |and
Wi th substantially mnimzed (or no) harnful effect. Addition of

bi oadsor bance materials also aids in the reduction of ammoni a em ssi ons
during t Wbl@@&%?&én'cé'%a‘?ém%sﬁdelﬂto\ﬁﬁévQJﬁﬁ&fnY&éuﬁdj‘ﬁ'ﬁxthﬂ‘éearm padaEpaRce
mat eri al added al so serves as a bul king agent to increase verm sl udge
por osi t y,Mainiaitedvn pldarks maigtand warmesepeitioRmer at ure and noi sture of the
sludge i.e. inproved bio-environnent during verm conposting. The

bi oadsor bance materi al added al so acts as an enhancing material for the
ver m confdosin dmybmjirdérntgthewprbttretaheenﬁ of stepn) may tchephise shPeddikg the oibpalin t he

T st r abate 50 BhoBarrRaE PRmEad g BBl | B0T ARG dedmenp frayugper o 'S
ermbodi Mergomprisel eeﬁM|rtd1tHee§rﬁ‘émef‘ Broud A@stacts,oogiad i trhgrmbmch@ﬁcal meﬁnhir.c h:

Flgurellsagraph showi ng the trend of EFB cell Ios a with
and wi t hothe EAPefividrass V‘Q§'%p8’fat%rf?é @@\U@mtﬂﬂ?ea%ln@d %xag‘ﬁ 1 Fi gure

2 1s a graphxanfdlyed e RERdidth o%Epn%ﬁHdﬂéI?%Gng%hﬂdat' on (with and

wi t hout earthworns) as per the study detailed in the Exanple 1. Figure 3 is
a graph showing the trend of OPT cellul ose degradation (with and w thout
ear t hwor ng) e byap! oI u a graph
howi ng. tRCTERSEpOEY Ster EhGinaf okfbrsD kBT e MR hufles B2, B
as per tféfesm\wjmladMealﬂoe:ﬂelﬁh)rcbu:sew&ammﬂterial Tregeffestige imycrabeg afbi;tesk(o)m ng the

d of OPF Ii d. d nd h h
Loy qeut sarpred niCodnR] it 88 FhddRtbr SRMIBAIE) sgrPBL 4 o

OPT | i gnioldegs afd@bhiatal-detividd siddives.t hout eart hworns) as per the st udy
detailed in the Exanple 1. Figure 7 is a graph showing the trend of EFB
cel l ul ose degradation (with and w thout earthworns) as per the study
detail ed 3 ©ffectisamkrbe?: cuEbr@U'fr?ay8cbrﬁPﬁ’seg'I&BE‘ W%a@ﬂarlbh%hbfcﬁ‘ﬁ&h@ﬁc OPF
cel lul ose degradation (wth and wthout earthworns) as per the study
det ai | ed hasterineyeesh pganioacids apergoags milka graph showi ng the trend of OPT
cel l ul ose degradation (with and wi thout earthworns) as per the study
detailed in the Exanple 2.
The effective microbe culture may comprise a microbial component, waste material

such as chicken manure, soil and water.



Figure 10 is a graph showing the trend of EFB |lignin degradation (wth and
W t hout earthworns) as per the study detailed in the Exanple 2. Figure 11
is a graph showing the trend of OPF |ignin degradation (with and wi thout
earthworns) as per the study detailed in the Exanple 2. Figure 12 is a
graph showing the trend of OPT lignin degradation (with and w thout
earthworns) as per the study detailed in the Exanple 2. Figure 13Ais a

per spect ilDeY&t @RotHer erakadimente dhpr PEreagRosting vaixkre eefc sisPs (haayn®¢ be used
in the o\ TS G a TSN ' o L g g oand top
Vv, Qe gh EnyiRYRRRL Rivind o it Sl Benolt B0ty BHOR omi o o
THE EMBCODI MENTS A net hod for biodegradation of oil pal mwaste by

verm co sting and the result vermfertili . praoduct vicded as
ol Towe. 1B, Racker B LI Hise T el i o 48, e haB g &t g
met hod f dyetheapd®yCadaoP@n of oil pal mwaste by verm conposting according to
the present invention generally involves three nmain steps, nanely,
pre-treating oil palmwaste to formfibrous waste material; subjecting the
vast e to fhelr&c6APBRMliMidtupdasstep At Raintdited R P of BeRREs bad gnast e to
a verm conposting phaSe. Pre-treatnent of the oil pal mwaste The bi onass
substrate (oil pal mwaste) used in the verm conposting nethod of this

i nventio hew ot 0 dhi . te". A
m xed sug)‘sCtE?r g't tcdo?r?)rélagoeofgﬂgénr% E%egrgmoﬁag?@%%%ﬁém v%’gté eﬁglr%uéﬁnféegﬁérfzta oPT
and/ or PQOMEeridlvemprising fagrieutiural ypekor ahinl waptel rifhei enfasesenany naserid meyned i n

differing _ratios depending o I St oduct .
It was o%gg}p\r/'?:edagrﬁ Ut ?magtgﬁghggtrﬁis?\tgoﬁw%%%, %ﬁ%pﬁ%@gﬁeagfﬁr%%a&lr rgl[”i o of 1
: 1 resulwaste amd/er areimai Westé slichzar coof dyrgadrejoabhanagreal i ty. On the ot her hand,
a pure substrate conprises wholly EFB, OPF, OPT or POVE. It was observed
that a pure substrate conprising EFB resulted in a vermfertilizer of

pr ef er abl @csidlg £y - arfdkhe?r efnBodifteRBt @D Ofi) ehdynlirtiver MeerRprider dRdifiifg Sedstrat e,
the oil palmbiomass is pretreated to forma fibrous waste materr al

sui t abl e leashaigs Pradiieagh 8tiNchErMKERPOstt-s and OPTs may be subjected to any
form of size reduction processing such as chipping, mlling and/or
shredding to forma fibrous material. Screw pressed bi omass foll owed by

shr eddi ndni a farthearamsrodimérit, ptepd(iit evay furttd exdmiprise adding thoacivgjiadditivesom 5 t o

al'so-be GUE" o Pty e B AR St R he TresBRLH el rd®h b o a5 1o 10

cmsize. Preferably, the fibrous material may be refined to formloose fine

fibrous materigl using.a suitable devige such as a therpo- nechani cal

Lot ver MBanasihadBet el aroprnSof Sh i) BRY Renpes e R ot T zes
refining plates that rotate at up to 3,000 rpm Fi ber chips are digested at
a tenperature of between 100C to 160C in a digester tank prior to refining.
Mbst pr eflarcapthgr embediment the parthwerms of stepa@i) ey ¢PMREISE CRIJBIKAVOIBIS: 45 pm i n
wi dt h. The above reduction in size and refining pre-treatnment of the oil
pal mwaste increases the surface area of the fibres, hence, enhancing the
deconposiTheoeargwores sof ( gie -(Gid mpays tomprisen diseme rippomeoss.i nte. £/aiig ppds i n
enabling a reductg?og.i n. %%{adur ation of the process (pre-conposting and
vermconﬁ’éﬁ%rmsr{aﬁy § orr4e As (conventional nethod) to |less than 2 nonths.
Pre- conposti ng phase The fibrous waste material is then subjected to a
pre-conpasti ng phase. Self-cultured effective m crobes (EM -are added to

t he mat er g eartyyormss phstee (4] F‘PéF%’ﬁP”%euf‘t’%f/‘é%e‘(ﬂe”’éﬁﬂ can be used in the
pre-conposting phase. The EM may conprise mcroorganisns cultured in a

m xture of verm | eachate, sugar or nolasses and ani mal -derived additives.
Pr ef er abllp, yat nothar cambagireentc &g bicadsareansghinplieriabel stepi @) MRy cempdss i ve

m cr obe L e ONPL : t ' ] dactl o add
bacteri a%é@%%'oggﬁ?%og'?%akg’%tcg]?(%pg@%egaﬁéfz%%éa%?g “ﬁagéf% dé;/% %n rtg';éci)gtg Ikésﬁﬁn' | k or
a comrer dedlvégn @aitd 218 rmmmi xt ure, for exanple, conprising mcrobial
conponent, waste material such as chicken manure, soil and water.



Application of the EMcultures aid in expediting the pre-conposting process
i.e. shortened pre-conposting phase. This will further aid in enabling a
reduction in the total duration of the process (pre-conposting and

verm conposting). In the nmethod of this invention, pre-conposting is
preferably carried out for about three weeks prior to verm conposting.
During that tinme, the e-conpost mxture is maintained in a dark, noist
and war mAgeerdingniveait emB@@m@ntaﬁhgfvemm@onm@tmnw@yte mRY Dereaintinediintai ned i n

N g M N S T

Ver m conposting phase After conpl etion of the pre corrpostl ng phase,

ear t hwor are dded re-c ost mxtu t he mxture |s then
Sub] ect et Ase i G Srioln gy, byt B eRel P

(i nocul andts)temiperadgrdes bé@\,etehamcm oy, Earthworns are generally known to
have a capacity to degrade various types of biomass During verm conposti ng,
earthworns ingest, grind and digest organic waste with the help of aerobic
and anaef&?b@r@l t%ré)mr@feﬁembbalhﬁn% ek rveﬁ#t:om?&'ﬁhérnﬁlkﬂmge hf2§ Beashiftditddo a
finer, humfti m crobially acti've materi a Cellulolysis occurs as a
resul t ofateheH ebbesivaeri6&eBi on of fungi and bacteria on the lignocellulosic
conponents of the bionass. During deconposition, earthworns act either
directly by cellulolytic activity of the cellul ose enzynes (species
dependentin alrremb@tilmentt, lthye biy palif eastermgayt tmnmﬁseumymre andotyefaampty fofit t he

it 1 ont > BRREE EEBR iR ekl Tol, PLERR AT, R, by o8 oTRBSEMenE i o

nmore sol ypbeiehor ne and made nore readily available to plants. Any species
of earthworm suitable for use as inoculants in verm conposting can be used
in the nethod of this invention. Preferably, epigeic earthworms (surface

dvel | er s)adgfitRndfe dheretis R, %@ﬂe@%%ﬂ#ﬁ@ﬂﬁ@&t preg6cedfl byE el RlethodOsfMEhid N t he
method of this invention aids in significantly hastenin 63 t he decorrpostl on

process adnEnEipBo Tf@svﬁrmy‘ertmzq;rrmaw@wﬁnd\i et t|<e¢0|'l§fti‘équt leastidos L. :

pr ef er abl ei,G r of I acgenus are used, in parti cuI ar

Ei seni a felet\f’&g‘lag Ilt 1@3@?”grérgﬁ%rgltﬁg?%ur?d%?hat &Seal 's spp. have

remar kabl e IlgnoceIIuIOS|c degradati on capablllty when used in the nmethod

of thi5| nt| rticularl Ei sepia. foet si ngl owed

Fermr kabl Y ERABF JeaFGRte 5 st BT of s REubrT of oL L Bt o

(cel lul os;gara;rgdomhgﬂemmmof EFB. A significant degradatl on rate of cellul ose
and lignin of EFB was observed. Euddl us eugeni ae were al so observed to have
good degradation capabilities. In a preferred enbodinent, clitellated worns
are used fp Jdifcabitbducelih %téps(uf}‘?ﬁ%@ﬁ\eﬂ{o& &rahls |ﬁ\?én‘ﬁbﬁ|ma%bé|§d be/ ub&y

col oni ze organic wastes, high'rate of consunption, digestion and

assi mi | atasenplant @“r)\ya'nm@dwmter, tol erance to wide range of environment al
factors; high reproductive rates; and endurance and tol erance of handli ng.
The ratio of wormto substrate used in the nethod of this invention is very
much depeTiadenbjeanof h‘es \rmjentrm asdio (mmidsiat sustaindble wpptoaal do awndiind tles t he

desired duration aqf . |t| exa m x sybstrate
about 5 FOOFEHBR R ebPBNETEL I 2 W TAGePE oBtkRL e Ry & § %000
kg (1 rretécbcfnérwm@:)d @éonmwrcaﬂwb@sttauaétﬂemw 50 kg of worms may be added (z 2
nont hs to deconpose). Also, bio-active additive such as egg shells and egg
casts may preferably be added to the verm conpost mixture to increase the
i fespan \phmiddf ‘69“% .sTfy Scldoh oEuﬁéﬁ“ brdc@sé “ﬁ(/&ﬁﬁ? .nt@fa@ﬁwltvétwen
(degradatl on ca aC|t the e rthworm; Preferabl'y, enhancenent nateri al
such as akprihewrms ramd mrnumrgaraﬁmml Thea yeemiceppestisg methed defd thie inveation

verm corrp i f the
resul t ant 8\/'??11;%%0%0@1?9‘3?3/% %@d@%&%ﬁf@ﬁffbﬂ fl%" Enaﬁ%glngj;(g?ﬁg'lé-n O%Stéri'or e. Any
type of suitable agricultural waste such as nushroom waste, |atropha waste

ani mal ok Al R mRScing” SRS aNR AL AG: AL Par IS gt HuRG BT gont

nmanur e.  Ashgdsdtioh 3P hRh\Riality ez, may be used in the verm conposting phase.
An exerrpl ary set-up conprising four reactors is shown in Figures 13A to

13C. It is preferred that the reactor 40 used in the nmethod of this
invention is provided with a drainage and coll ection system conpri sing
inner and outer collection pipes 11, 12 as well as an external collection
vessel 20 that enabl es draining of |eachates produced during this phase.
Leaches are produced due to the nmetabolic activity of the m croorganisns
and worns during the degradation of biomass. Draining of |eachates is
inportant to prevent saturation of the verm conposting substrate (bionass).



The zeolites may optionally be renoved fromthe verm conpost before its use
i.e. application to soil. It has been observed that the zeolite | eachates
contain very |ow concentration of netals. Hence, this is an option rather
than preferable step in the nethod of this invention. The worns and ot her
verm cast may be renoved fromthe verm conpost prior to its use i.e.
application to soil. The manner in which the worns and verm cast are
removed i Bheduprketiionversricaneosy b MaleysiF istphesestinstil seal duedio highapisHectior a

1, 000 kg t renoved
by usi ng éé)%ﬁgér?‘ \Freécf‘}‘e:w‘gwgér eag ﬁwéf&ughtgn%f h%gcrr(r)o n?tn gro\éﬁé s?a\%{neéwﬁe ‘wor s
may be sithpl memednmeaihnbymseremnngllovw:efon patpcin jof dugie tquility vempost oatpost
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avai |l abl e cul ture (froBREEE DESCRIBIEONQF THE DRAWINGS used. The mixtures

were then placed in 1.2 L rectangul ar plastic containers (length 14 cm
width 12 cm height 7 cm. These containers were maintained wth a noisture
cont ent oFhe8 b entidddss( NiTstpated,abltimougbt rot) limhedyuighdbe follovéng esaiptiPhasfe |11 :

Ver m conpost anal ysi dition of bioadsorbance material.in differing
ot ooy padtBe Y e S Teld e dh 4 SRR R DM Al Bkl £ osdda
wornms (live weight of each individual adult worm between 0.35 g to 1.90 g),

decanter cake slurry and zeolite were added to each container in the ratio
as st at ed94ie tdppgraphbowing thediend ©AFFR égw?%sﬁﬁa@ﬂﬁﬁ'%&v'&kﬁfﬁ Wit¥ar ed for

OPT and QRRh{oRh§Ss pePart SLAEHAGRIAHE Edm@E 1f eed Amount of zeolite VI EFB
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cake (20% 10% V4 EFB (70% + decanter cake (30% 15% V5 EFB (60% +
decant er Iﬁ&h’g 2(i€'%(@raph showing the trend of OPF cellulose degradation (with and without

earthworms) as per the study detailed in the Example 1.

Figure 3 is a graph showing the trend of OPT cellulose degradation (with and without

earthworms) as per the study detailed in the Example 1.

Figure 4 is a graph showing the trend of EFB lignin degradation (with and without

earthworms) as per the study detailed in the Example 1.

Figure 5 is a graph showing the trend of OPF lignin degradation (with and without

earthworms) as per the study detailed in the Example 1.

Figure 6 is a graph showing the trend of OPT lignin degradation (with and without

earthworms) as per the study detailed in the Example 1.

Figure 7 is a graph showing the trend of EFB cellulose degradation (with and without

earthworms) as per the study detailed in the Example 2.

Figure 8 is a graph showing the trend of OPF cellulose degradation (with and without

earthworms) as per the study detailed in the Example 2.

Figure 9 is a graph showing the trend of OPT cellulose degradation (with and without

earthworms) as per the study detailed in the Example 2.



20% V6 EFB (50% + decanter cake (50% 25% Table 1: EFB feed conposition
of verm conposters (wth and without worns) The containers were kept in

the dark and the noisture content, tenperature and pH of the substrate in
each container was maintained at 70 to 80% (MC portable neter), 26.3 0.39
OC (average tenperature recorded SE) and 6 to 8, respectively, throughout
this phase. The controls (w thout earthworns) were maintained under field
conditions and noi stened twice a week. Verm cast (top |ayer of container)
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earthworms) as per the study detailed in the Example 2.

Figure 12 is a graph showing the trend of OPT lignin degradation (with and without

earthworms) as per the study detailed in the Example 2.

Figure 13A is a perspective view of a set-up comprising four vermireactors that may

be used in the method of this invention.

Figures 13B and 13C are front and top views, respectively, of the set-up of Figure 13A.

DETAILED DESCRIPTION OF THE EMBODIMENTS

A method for biodegradation of oil palm waste by vermicomposting and the resultant

vermifertilizer product are provided as follows.

Method for biodegradation of oil palm waste by vermicomposting

A method for biodegradation of oil palm waste by vermicomposting according to the
present invention generally involves three main steps, namely, pre-treating oil palm
waste to form fibrous waste material; subjecting the waste to a pre-composting

phase; and subjecting the pre-composted waste to a vermicomposting phase.

Pre-treatment of the oil palm waste

The biomass substrate (oil palm waste) used in the vermicomposting method of this

invention may be in the form of a “mix substrate” or a “pure substrate”.
Y



178.10. 47 165.10. 30 125.22.8 100.64.80 75.90. 30 54.00.38 V2 114.51.50
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54.00.19 32.60.16 19.50.81 v4 73.10.31

A mixed substrate comprises a mixture of oil palm waste e.g. EFB, OPF, OPT and/or
POME. These different types of oil palm biomass may be combined in differing ratios
depending on the desired end use of the compost product. It was observed that a
mixed substrate of EFB and POME having a ratio of 1 : 1 resulted in a vermifertilizer of
preferable quality.

On the other hand, a pure substrate comprises wholly EFB, OPF, OPT or POME. It
was observed that a pure substrate comprising EFB resulted in a vermifertilizer of

preferable quality.

Prior to formation of either a mixed or pure substrate, the oil palm biomass is pre-

treated to form a fibrous waste material suitable for vermicomposting.

EFBs, OPFs and OPTs may be subjected to any form of size reduction processing such
as chipping, milling and/or shredding to form a fibrous material. Screw pressed
biomass followed by shredding in a hammer mill produces shredded fibers with
ranging from 5 to 10 cm in size having a moisture content of about 40 to 45%. The
biomass may also be cut using cutting standard knife mechanisms into chips of a 5 to

10 cm size.

Preferably, the fibrous material may be refined to form loose fine fibrous material
using a suitable device such as a thermo-mechanical refiner (by Andritz — 30.5 cm (12
inch) refiner segment) which utilizes refining plates that rotate at up to 3,000 rpm.
Fiber chips are digested at a temperature of between 100°C to 160°C in a digester
tank prior to refining. Most preferably, the fine fibers are = 3.68 mm in length and =
165.45 pm in width.

The above reduction in size and refining pre-treatment of the oil palm waste increases
the surface area of the fibres, hence, enhancing the decomposition process (pre-
composting and vermicomposting). This aids in enabling a reduction in the duration of
the process (pre-composting and vermicomposting) from 3 months (conventional

method) to less than 2 months.



56. 81. 20 46, 10. 95 36.90. 30 18.44.50 12.10.52 V5 123.11.50 79.30.09 61.60. 10
51.50.23 20.93.70 15.50.66 V5 38.60.30 28.20.38 22.41.10 20.61.60 17.02.80
10.50.05 Table 2: Variation in C/ N ratio during verm conposting (nean SE,
n= 3) The rate of cellulose and |lignin degradation was observed and the
results are shown in Figures 1 to 6.

Pre-composting phase

The fibrous waste material is then subjected to a pre-composting phase. Self-cultured
effective microbes (EM) are added to the material. Up to three different cultures of
EM can be used in the pre-composting phase. The EM may comprise microorganisms
cultured in a mixture of vermileachate, sugar or molasses and animal-derived
additives. Preferably, the EM cultures comprise mesophilic bacteria. The effective
microbe culture may comprise a laboratory derived mixture of lactic acid bacteria,
photosynthetic bacteria, yeast, organic acids and goat’s milk or a commercially
available mixture, for example, comprising microbial component, waste material such

as chicken manure, soil and water.

Application of the EM cultures aid in expediting the pre-composting process i.e.
shortened pre-composting phase. This will further aid in enabling a reduction in the

total duration of the process (pre-composting and vermicomposting).

In the method of this invention, pre-composting is preferably carried out for about
three weeks prior to vermicomposting. During that time, the pre-compost mixture is
maintained in a dark, moist and warm environment. Preferably, the pre-compost
mixture is maintained in an environment having a moisture content of between 80%
to 90%, at a temperature of between 30°C to 50°C and at a pH of between 6 to 8.

Vermicomposting phase

After completion of the pre-composting phase, earthworms are added to the pre-
compost mixture and the mixture is then subjected to the vermicomposting phase for

one week.

Earthworms (inoculants) are added to the mixture. Earthworms are generally known
to have a capacity to degrade various types of biomass. During vermicomposting,
earthworms ingest, grind and digest organic waste with the help of aerobic and
anaerobic microflora within their gut, converting the waste into a finer, humified,

microbially active material. Cellulolysis occurs as a result of the combined action of
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In order to conpare the advantage of having a pure versus a m x substrate,
si x verm conposters having the above worm and zeolite conpositions (as in
Table 1) were established having different ratios of EFB and POVE, foll owed
by OPF and OPT, respectively, and POVE, as stated in Table 3 bel ow

Ver m conposter Conposition of feed EFB (100% V2 EFB (90% + POVE (10% V3
EFB (80% + POVE (20% V4 EFB (70% + POVE (30% EFB ﬁq?o% + POMVE (40% V6
EEB ( 50%fungiPanE HasBylp oTathiee lignoceliosisu cemaneents xof s thes iamass c o BBt i on The
physi co- ¢ ] 2 char | SLIL.C : I A, b ' f t he

ver m conp%g%gg%'téoﬁ]hgegﬁ\ﬁ/&e'rgénl‘%%&steégh%g OEIJ%(?M Exétc?@slﬂ tcgggfr%gy s?ﬁgﬁ%\éla!\&d%bl e 4 on
t he fol | canizygepEepecies depEndert) oPlmdirecty heffediab thé atradticer arst dyramids ofni ti al

feed v ' ' ' -at i ]
er StHg r\ﬁlec%’giéioggp?uﬁtio%bw Hr]\e(ghg rv%%%{)%];gsrtf%gt mrlﬁar'e(.)s Pnfupc;r%%g ﬂéﬁg ures.
nutrients such as N, P, K, Ca and other micronutrients are converted into more soluble

forms and made more readily available to plants.

Any species of earthworm suitable for use as inoculants in vermicomposting can be
used in the method of this invention. Preferably, epigeic earthworms (surface
dwellers) are used. It has been observed that use of epigeic worms in the method of
this invention aids in significantly hastening the decompostion process and also results
in production of better quality compost. More preferably, epigeic worms of the Eisenia
genus are used, in particular, Eisenia foetida. It was surprisingly found that Eisenia
spp. have remarkable lignocellulosic degradation capability when used in the method
of this invention. Particularly, Eisenia foetida surprisingly showed remarkable
capability to degrade major lignocellulotic components (cellulose and lignin) of EFB. A
significant degradation rate of cellulose and lignin of EFB was observed. FEudrilus

eugeniae were also observed to have good degradation capabilities.

In a preferred embodiment, clitellated worms are used as inoculants. This is because
of their natural ability to colonize organic wastes, high rate of consumption, digestion
and assimilation of organic matter; tolerance to wide range of environmental factors;

high reproductive rates; and endurance and tolerance of handiing.

The ratio of worm to substrate used in the method of this invention is very much
dependent on the volume and composition of substrate as well as the desired duration
of decomposition. For example for an 80 g mix substrate about 5 g of worms may be
added (= 3 months to decompose) and for a 1,000 kg (1 metric tonne) of mix
substrate about 50 kg of worms may be added (= 2 months to decompose).

11




Feed m xtures pH TKN TP TK 1In tial physico-chem cal characteristics of
feed m xturesa 5.85 0.09 0.30 0.19 0.10 0.01 0.03

Also, bio-active additive such as egg shells and egg casts may preferably be added to
the vermicompost mixture to increase the lifespan of the worms. This will result in

increased “productivity” (degradation capacity) of the earthworms.

Preferably, enhancement material such as agricultural and/or animal waste may also
be added to the vermicompost mixture to aid in increasing the N : P : K content of the
resultant vermicompost from less than 1 : 1 : 1 to 2 : 5 : 5 or more. Any type of
suitable agricultural waste such as mushroom waste, jatropha waste or oil palm mill
waste (e.g. decanter cake slurry) may be used. Examples of animal waste that may

be used as enhancement material is cow dung or goat manure.

Any suitable vermireactor may be used in the vermicomposting phase. An exemplary
set-up comprising four reactors is shown in Figures 13A to 13C. It is preferred that
the reactor 10 used in the method of this invention is provided with a drainage and
collection system comprising inner and outer collection pipes 11, 12 as well as an
external collection vessel 20 that enables draining of leachates produced during this
phase. Leaches are produced due to the metabolic activity of the microorganisms and
worms during the degradation of biomass. Draining of leachates is important to

prevent saturation of the vermicomposting substrate (biomass).

Bioadsorbance material such as zeolites is added into the biomass substrate during the
vermicomposting phase. Preferably, zeolites are added, in particular zeolites having a
particle size of between 0.16 mm to 2.5 mm. The porous micro-structure of zeolites
enables adsorption of a variety of elements, and the diameter of the input channels
allows zeolites to act as a molecular sieve. More preferably, a natural zeolite such as

clinoptilolite is added.

It is generally known that vermicompost produced from oil palm waste has high heavy
metal content. The vermicompost produced with the method of this invention has
increased heavy metal content (in comparison to heavy metal content in biomass prior
to vermicompost), although still within the allowable range i.e. range i.e about 58%

for copper, 20% for ferum, 49% for zinc and 50% for manganese. It

12




0.01 V2 6.64 0.2 0.45 0.07 0.16 0.08 0.03 0.01 5.45 0.26 0.47 0.04
0.21 0.06 0.05 0.01 V4

was observed that addition of about 25% of zeolite during the vermicompsting phase
of the method of this invention results in an extraction efficiency of about 10 to 15%

for chromium, 28 to 45% for copper and 40 to 46% for nickel.

In addition to reducing heavy metal content, ammonia emissions were also observed

to be reduced by addition of bioadsorbance materials.

The inventors found that the bioadsorbance material (e.g. zeolite) added can also
serve as a bulking agent to increase vermisludge porosity, which will in turn influence

temperature and moisture of the sludge.

Further, addition of bioadsorbance materials such as zeolite also aid in increasing the

Na and K concentrations in the vermicompost through ion exchange.

The zeolites may optionally be removed from the vermicompost before its use i.e.
application to soil. It has been observed that the zeolite leachates contain very low
concentration of metals. Hence, this is an option rather than preferable step in the

method of this invention.

The worms and other vermicast may be removed from the vermicompost prior to its
use i.e. application to soil. The manner in which the worms and vermicast are
removed is dependent on the volume of the substrate. For example for a 1,000 kg (1
metric tonne) substrate, the worms and vermicast may be removed by using a
harvester, whereas for a small amount of substrate, the worms may be simply

removed by sieving.
Vermicompost product
The vermicompost product produced with the method of this invention is stable,

homogeneous, has desirable aesthetics (colour and odour) and reduced levels of

contaminants e.g. heavy metal content.

13



6.25 0.22 0.53 0.41 0.22 0.13 0.06 0.01 V5 6.26 0.12 0.61 0.32 0.25
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The product was also observed to have significantly decreased C/N ratio and increased
total Kjeldahl nitrogen, available phosphorous and potassium levels in comparison with
the untreated (prior to compost) biomass making it particularly suitable for use as

plant growth medium e.g. for vegetables and in oil palm nurseries or plantations.

The vermicompost product may be palletized to form vermifertilizers using any known
conventional process. The efficacy of the vermicompost product of the method of this
invention as a plant growth medium is comparable if not better than normal compost
fertilizers, chemical fertilizers as well as conventionally produced vermicompost
fertilizers. It was observed that a pure substrate of EFB fibre resulted in the best
quality vermicompost in comparison with that produced from either a pure or mixed
substrate comprising OPF, OPT and/or POME.

Advantageously, it has also been observed that foliar application of vermicast (top
layer of vermicompost mixture) and leachates from the vermicomposting phase of the

method of this invention resulted in improved growth, yield and quality of plants.

The chemical composition of leachate produced will mainly depend on the chemical
composition of the biomass substrate used for vermicomposting. Apart from high
nutrient content, the vermicompost leachate produced with the method of this
invention also contributes to plant development due to the presence of humic acid
which regulate many plant developmental processes including macro and

micronutrient absorption.
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0.19 1.20 0.60 0.28 0.03 0.09 0.01 Physico-chem cal characteristics of
final verm conpostb obtained (mean SE, n=3) 7.92 0.24 0.35 0.64 0.22
0.18 0.06 0.08 V2 8.05 0.06

EXAMPLE

The following Examples illustrate the various aspects and steps of the method for
biodegradation of oil palm waste by vermicomposting of this invention. These
Examples do not limit the invention, the scope of which is set out in the appended

claims.

Example 1: Comparison _of product obtained using the method of this invention

versus a conventional composting method

A study to compare the product obtained using the vermicomposting method of this
invention versus that obtained with a conventional composting method was conducted
by the Agro Product Unit, Engineering and Processing Division of the Malaysian Palm
Oil Board in Bangi, Selangor. |

The study was conducted in five phases as described below.

Phase I:  Physical and chemical analysis of oil palm biomass (EFB, OPF and OPT),
with and without addition of effective microorganisms (EM) bioadsorbance

material.
EFB, OPF and OPT fibres (length = 3.68 mm, width = 165.45 um) were selected.

For physical analysis, the length and width of each fibre was measured using Digital
Imaging Microscopy technique. The morphological structure of the EFB, OPF and OPT
before vermicomposting was observed with a Scanning Electron Microscope (SEM)
machine (Model Leica Cambridge S-360)

For chemical analysis, the fibre samples were submitted to Soxhlet extraction with
ethanol/benzene [1 : 2 (v/v)] for 6 hours to determine a-cellulose, holocellulose and

lignin.

The above procedures were performed according to the TAPPI Method T 2640m-88.
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Phase II: Three-week pre-composting phase (oil palm biomass + EM).

Pure and mixed substrates of the EFB, OPT and OPF fibres were prepared in triplicate,

with worms and without worms. Samples without worms were prepared as a control.

5 to 10 ml (diluted) of effective microorganisms (EM) was added to 150 g samples of
each substrate mixture. Both a laboratory derived culture comprising lactic acid
bacteria, photosynthetic bacteria, yeast, organic acids and goat’s milk as well as a
commercially available culture (from Dazzling Destiny Sdn Bhd) were used. The
mixtures were then placed in 1.2 L rectangular plastic containers (length 14 cm, width
12 cm, height 7 cm). These containers were maintained with a moisture content of
80% + 10% (MC portable meter) throughout this phase.

Phase III: Vermicompost analysis (addition of bioadsorbance material in differing

ratios).

In the vermicomposting phase, 5 g of clitellated adult £. foetida worms (live weight of
each individual adult worm between 0.35 g to 1.90 g), decanter cake slurry and zeolite
were added to each container in the ratio as stated in Table 1 below. Identical feed

compositions were prepared for OPT and OPF fibres.

Container Composition of feed Amount of zeolite
Vi EFB (100%) 0%
V, EFB (90%) + decanter cake (10%) , 5%
Vs EFB (80%) + decanter cake (20%) 10%
V4 EFB (70%) + decanter cake (30%) 15%
Vs EFB (60%) + decanter cake (40%) 20%
Vs EFB (50%) + decanter cake (50%) 25%

Table 1: EFB feed composition of vermicomposters (with and without worms)
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0.76 0.75 0.17 0.16 V5 8.25 0.10 1.02 0.96 0.90 0.08 0.23 0.18 V6
8.22 0.23 1.67 0.50 1.40 0.45

The containers were kept in the dark and the moisture content, temperature and pH
of the substrate in each container was maintained at 70 to 80% (MC portable meter),
26.3 + 0.39 °C (average temperature recorded £ SE) and 6 to 8, respectively,
throughout this phase. The controls (without earthworms) were maintained under

field conditions and moistened twice a week.

Vermicast (top layer of container) was collected every week for earthworm condition

analysis.
Biomass of the worms was determined by removing all worms from each container,
washing them in distilled water, and drying them on paper towels. The worms were

then weighed in a water-filled weighing boat using a Sartorius balance.

Variation in the C/N ratio of the biomass was observed and the results are provided in

Table 2 below.
Container C/N ratio
0 Days 15 Days 30 Days 45 Days 60 Days 84 Days

V, 178.1+£0.47 | 165.1+£0.30 | 125.2+2.8 | 100.6+4.80 | 75.9+0.30 | 54.0+0.38
Vs 114.5+1.50 | 88.5£1.30 | 79.6+£0.48 | 66.5+0.71 44.5+1.20 | 20.1£0.19
Vs 153.3+0.16 | 94.840.90 | 65.0+0.36 54.0+0.19 | 32.6+0.16 | 19.5%0.81
V, 73.1+0.31 56.8+£1.20 | 46.1£0.95 36.9+0.30 18.4+£4.50 | 12.1£0.52
Vs 123.1+£1.50 | 79.3£0.09 | 61.6+0.10 51.5+0.23 20.9£3.70 | 15.5+0.66
Vs 38.6+0.30 28.2+0.38 22.4%1.10 20.6+1.60 17.0£2.80 | 10.5%0.05

Table 2: Variation in C/N ratio during vermicomposting (mean + SE, n= 3)

The rate of cellulose and lignin degradation was observed and the results are shown in

Figures 1 to 6.
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0.45 0.39 alnitial physico-chem cal characteristic of feed cal cul ated
based on percentage of EFB and POVE. b Mean val ue fol |l owed by different
letters is statistically different (ANOVA, Tukey's test, P< 0.05). Unit of
all paraneters neasured is ng/kg except for pH value. TP = total phosphorus
TK = total potassium TKN = total Kjeldahl nitrogen The heavy netal content
of the initial biomss feed versus the verm conpost obtai ned was observed
and the results are shown in Table 5 on the follow ng page. The standard
range of {u ajined. r Qm;r#) [ on the
foll ow ngIHpé{Idg'e% %g@?gglteé%l-é%\}\?gta\régtgﬁ ﬁco ?d% \%ﬁ’%\é 9?’?5)(%%%?%’ fc’ ged

subst r at evereicempostersniavingptiet almdveawvorad ahdczeoEEB:omnéSNEns feeih Tableu)es Cu Fe
Zn M Heay re esEa%hshegr};[aelrr]\tgdf?ererﬂ rahos olI El?éjarrlg beM'iEe%llowe(? %y (ﬁ’F andléP 0 101

0.56 O.
respectively, and POME, as stated in Table 3 below.

Vermicomposter Composition of feed
Vi EFB (100%)
\Z3 EFB (90%) + POME (10%)
V3 EFB (80%) + POME (20%)
A EFB (70%) + POME (30%)
Vs EFB (60%) + POME (40%)
Ve EFB (50%) + POME (50%)

Table 3: EFB pure and mix substrate composition
The physico-chemical characteristics of the initial biomass feed versus the

vermicompost obtained were observed and the results are shown in Table 4 on the

following page.
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1.26 0.10 V2 0.18 0.15 18.23 2.29 0.59 0.13 1.49 0.18 V3 0.18 0.61
23.98 0.94 0.79 0.01 2.13 0.32 v4 0.19 0.14 23.64 0.61 0.78 0.21 2.34
0.30 V5 0.25 0.75 25.63 1.18 0.83 0.02 2.50 0.12 V6

Table 4: Physico-chemical characteristics of initial feed versus vermicompost

obtained from different ratios of feed mixtures.

Feed mixtures pH TKN TP TK
Initial physico-chemical characteristics of feed mixtures®
Vi 5.85 £ 0.09 0.30 + 0.19 0.10 + 0.01 0.03 £ 0.01
V, 6.64 + 0.2 0.45 + 0.07 0.16 = 0.08 0.03 £ 0.01
V3 5.45 + 0.26 0.47 £ 0.04 0.21 £ 0.06 0.05 £ 0.01
Va 6.25 + 0.22 0.53 £ 0.41 0.22 £ 0.13 0.06 + 0.01
Vs 6.26 £ 0.12 0.61 +0.32 0.25 + 0.05 0.07 £ 0.01
Ve 6.32 £ 0.19 1.20 + 0.60 0.28 + 0.03 0.09 + 0.01
Physico-chemical characteristics of final vermicompost” obtained (mean + SE, n=3)
V, 7.92 £ 0.24 0.35 + 0.64 0.22 £ 0.18 0.06 + 0.08
V> 8.05 * 0.06 0.63 + 0.20 0.43 £0.30 0.07 £ 0.01
V3 8.10 £ 0.1 0.70 £ 0.09 0.70 £ 0.39 0.13 £ 0.01
Vs 8.50 + 0.16 0.79 £ 0.48 0.76 £0.75 0.17 £ 0.16
Vs 8.25 + 0.10 1.02 £ 0.96 0.90 + 0.08 0.23 £ 0.18
Ve 8.22 +£ 0.23 1.67 £ 0.50 1.40 £ 0.45 0.45 £ 0.39

®Initial physico-chemical characteristic of feed calculated based on percentage of EFB and POME.
® Mean value followed by different letters is statistically different (ANOVA; Tukey’s test, P< 0.05).

Unit of all parameters measured is mg/kg except for pH value.

TP = total phosphorus
TK = total potassium

TKN = total Kjeldahi nitrogen

The heavy metal content of the initial biomass feed versus the vermicompost obtained

was observed and the results are shown in Table 5 on the following page.

The standard range of nutrients contained in vermicompost is provided on Table 6 on

the following page.
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0.42 0.15 23.88 0.98 1.08 0.08 2.65 0.27 Heavy netal content in final
verm conpostb obtained (mean SE n=3) V1 0.07 0.39 22.79 1.38 0.69 0.19
2.01 0.54 Vv2 0.46 0.33 27.17 1.02 1.39 0.26 2.82 0.90 V3 0.77 0.45
27.90 1.85 1.74 0.38 3.55 0.64 v4 0.80 0.18

Table 5: Heavy metal content (mg/kg) in initial feed substrate versus

vermicompost obtained from EFB + POME

Feed mixtures Cu Fe Zn Mn
Heavy metal content in initial feed mixtures
A 0.03 £ 0.03 15.60 + 1.01 0.56 + 0.02 1.26 £ 0.10
Vs 0.18 + 0.15 18.23 + 2.29 0.59 + 0.13 1.49 + 0.18
V3 0.18 £ 0.61 23.98 + 0.94 0.79 £ 0.01 2.13 £ 0.32
Vy 0.19 £0.14 23.64 £+ 0.61 0.78 + 0.21 2.34 £ 0.30
Vs 0.25 £ 0.75 25.63 + 1.18 0.83 £ 0.02 2.50 £ 0.12
Ve 0.42 £ 0.15 23.88 + 0.98 1.08 + 0.08 2.65 + 0.27
Heavy metal content in final vermicompost” obtained (mean + SE, n=3)
A 0.07 £ 0.39 22.79 + 1.38 0.69 £ 0.19 2.01 £ 0.54
V, 0.46 + 0.33 27.17 £1.02 1.39 £ 0.26 2.82 £ 0.90
V3 0.77 £ 0.45 27.90 + 1.85 1.74 £ 0.38 3.55 + 0.64
A 0.80 + 0.18 28.68 + 0.97 1.83 £ 0.57 4.13 £ 0.49
Vs 0.82 + 0.19 29.46 + 0.82 2.01 £0.35 4.77 £ 0.37
Ve 1.01 +£0.28 29.79 + 0.95 2.13+0.38 5.37 + 1.64

® Mean value followed by different letters is statistically different (ANOVA; Tukey’s test, P< 0.05).

Table 6: Standard range of nutrients in vermicompost (Kale, 1994)

Calcium and magnesium (meq/100g) 22.67-47.60
Copper (ppm) 2.00-9.50
Iron (ppm) 2.00-9.30
Zinc (ppm) 5.70-11.50
Available sulphur (ppm) 128.00-548.00
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28.68 0.97 1.83 0.57 4.13 0.49 Vs 0.82 0.19 29.46 0.82 2.01 0.35 4.77
0.37 V6 1.01 0.28 29.79 0.95 2.13 0.38 5.37 1.64 Mean val ue foll owed
by different letters is statistically different (ANOVA, Tukey s test, P<
0.05). Table 6: Standard range of nutrients in verm conpost (Kale, 1994)
Cal ci um and magnesi um (neg/ 100g) 22.67-47.60 Copper (ppm 2.00-9.50 Iron
(ppm 2.00-9.30

Phase IV: Application of vermifertilizer to vegetable plants and observation on the

growth of those plants.

Three types of vegetables were used in phase IV of this example, namely, eggplant,
chilly and tomato.

Tomato, eggplant and chilly seedlings were removed at random from seedling trays
and transplanted into small pots measuring 10 cm (4 inches) in diameter. Each pot
was filled with soilless plant growth medium (five replicate pots per treatment) and
vermicompost. All pots were watered once every day for forty days. The seedlings
were then transplanted into larger pots measuring 40 cm (15.7 inches) in diameter
and watered with deionized water or the appropriate dose of a range of vermicompost
tea (mixture of vermicompost and water at varying ratios, e.g. between 5% (1:20)
and 20% (1:5) solid vermicompost to water). Thirty days after the final transplant,
the tomatoes, eggplants and chillies were harvested. The number and weight of fruits
for each plant was recorded. The fruits were harvested for 20 days after the first
fruits were taken, after which the shoots of all plants were removed from the potting
mixtures, oven-dried at 55°C (131°F) for 8 days, and the mean shoot dry-weight and
leaf areas were recorded. Leaf tissues were analyzed for nutrient content. Roots were
washed, dried at 55°C (131°F) for 5 days, and weighed.

About 15 to 25g of vermifertilizer were added to each type of vegetable once a month.

After three months, all the vegetables were observed to be growing well with

improved foliar growth, fruit colour, vibrancy, size and height.

Phase V: Statistical data analysis

One-way ANOVA test was used to analyze the significant difference between different

vermireactors for the observed parameters.
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Zinc (ppm 5.70-11.50 Avail abl e sul phur (ppm 128.00-548.00 Phase IV:
Application of vermfertilizer to vegetable plants and observation on the
grow h of those plants. Three types of vegetables were used in phase IV of
this exanple, namely, eggplant, chilly and tomato. Tomato, eggpl ant and
chilly seedlings were renoved at random from seedling trays and
transplanted into small pots neasuring 10 cm (4 inches) in dianeter. Each
pot was filled with soilless plant growh nmedium (five replicate pots per

t r eat ment \ 1,60 (o} I e or forty
days. The%uggg I#%%cgh é/\‘s/eé‘gé)ﬁ %@%ﬂérd al%s'gérétﬁ?éﬁe \iﬁgingé‘lg%ro gggﬁﬁoiﬁg{%e%g%tﬁsng 40 cm
(15. 7 i nchethe differdntactehecal prapeviies enddavihivorm grawthzadametersri.coearthnerm
appropriate dose of a range of . verm conpost tea (m xture of verm conpost
and wat erw%{g&)gﬂrw%cch?ri\ 85‘),du8t.'c6‘.' bet ween 5% (1: 20) and 20% (1:5) solid
verm conpost to water). Thirty days after the final transplant, the

t omat oes, _eggpl ants and chillies were harvested. The nunmber and wei ght of
fruits fofhegdebabiity avelsased fx statiskcal sigaifieanse werguar O-mifor 8ethelgstor 20 days
after the first fruits were taken, after which the shoots of all plants
were renmoved fromthe potti oven-dried at 55C (131F) for 8
days, andExahplena: Nigompelstingw hea riaethedh f of this sinvientionr using d&udi/vs af

ti ssues were anal y&jﬁl] Lor nutrient content. Roots were washed, dried at 55C
(131F) for 5 days,—gng—wei ghed. About 15 to 25g of vermfertilizer were
added to each type of vegetable once a nonth. After three nonths, all the
veget abl es wer.e observed to b rowin I ,.th. improved folja r owm h,
rort col bypmiaAng Exatraett 1ingdhg it b i<n G 85 EsdBierPinal ysi s
One-way ANSMGré BRJdudBEnitiSEdireeridd) ahd PRocebing DETIdN 6k Mldysiheruha diet ween
different_vermreactors for the observed paraneters. Tukey's t-test was

al so per fRAaRRH BAi $8RNEPY t he honpbgeneous type of the reactors for the
different chem cal properties and earthworm growh paraneters i.e earthworm
wei ght gai n and cocoon production. The probability |evels used for

st ati st i cHle epghmenioweceonducted il IBsepas drscribadisttxampleahpl e 2:

Ver m conoosting wth the nethod of this invention using Euddl us euqi nae A
ver m conposti ng experinment using the nethod of this invention was conducted
by the Adgthas®l and Ehaddril werd-oqridactediimgn idedtiél owessi agblaimilsiion of t he

Mal aysian Palm Q1 Board in Bangi, Selangor. The experinment was conducted
in five phases as described in Exanple 1. Phase | and Phase || were

conduct edrgrPhage iIﬂﬁ@Pth@thﬁﬁm@tha@@, Bxpariglldted RAult Paaskes kliinae worms
as

(verm conposti ng phase), of clitellated adult Eudn7us eugi nae wormns
commonl y eRuuenhaknewe aafthe Arcay Yisht Erameeflive weightnelh gah Beivicvehadylli vi dual
adul t wor WReen0 o] I dded to
each cont\gal)rﬂgﬁb I'n tnh(e)%rga itg géeya?%dd%%#%?ﬁglgﬁgt‘g?@@ ({)egptv)fggd?o
Exanpl e Icontadnasriin dhewationes stathdein Tabla habovnt As reppesedSionfraaile 1t eedfkmse |1 |
in Exa”pl\ﬁas]hottar&?eﬂ’ﬂh%iéﬁﬁfqﬁw re kept in the dark and the noisture
content, tenperature and pH of 't he substrate in each contai ner was

mai ntai ned at 70 to 800k (MC portable nmeter), 26.3 0.39 0C (average

t ture. d . and 6 to 8, tivel h hoyt _t hi hase.
The cont rouatioss At Bite iarit) DulliesCrfRers: v kenhdh %7 SRHK abhefs Pone:
and noi stapickiré Vdohtend Wefjeratlii® drat @HOLf GRE | Ubesgteand chtt) ioRtaitRgr @eat i on

was observed and the results are shown in Figures 7 to 12.
maintained at 70 to 80% (MC portable meter), 26.3 = 0.39 °C (average temperature

recorded + SE) and 6 to 8, respectively, throughout this phase. The controls (without

earthworms) were maintained under field conditions and moistened twice a week.

The rate of cellulose and lignin degradation was observed and the results are shown in

Figures 7 to 12,
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The physi co-chem cal characteristics of the verm conpost obtained from EFB
over an 84-day period were observed and the results are shown in Table 7
bel ow. The heavy netal content of the verm conpost obtained fromEFB after
an 84-day period is shown in Table 8 below. Table 6: Chem cal anal ysis of
verm conpost prepared fromEFB at different tinme period. Days pH TP TK O
6.5 0.10.2 Ix le 2x10-2 1.2 x 10-3 14 6.7 0.2 0.5 Ix 10-2
4x10-21.1x103 28 7.2 0.3 0.6 1 x 10-3 5 x 10-2 4.0 x 10-3 42 7.3 0.1

The physico-chemical characteristics of the vermicompost obtained from EFB over an

84-day period were observed and the results are shown in Table 7 below.

The heavy metal content of the vermicompost obtained from EFB after an 84-day

period is shown in Table 8 below.

Table 6: Chemical analysis of vermicompost prepared from EFB at different time

period.
Days pH TP TK
0 6.5 + 0.1 02+1x10% | 2x10%+1.2x 1073
14 6.7 0.2 05+1x102 | 4x10%+1.1x10°
28 7.2 +0.3 06+1x10° | 5x10%+4.0x107
42 7.3+0.1 09+2x102 | 8x10%+2.0x1073
56 7.4 £0.1 0.9 +1x10? 0.2 £ 1.0 x 107
70 7.5+0.3 1.0 +1x10? 0.2 £3.0x 10?
84 7.5+ 0.1 1.1+ 1x102 0.3 +1.0x10?

All values are the mean and standard deviation of three replicates; all values are given in

percentage except for pH.
TP = total phosphorus

TK = total potassium

Table 7: Heavy metal content (mg/kg) in vermicompost obtained from EFB

Cu

Fe Zn Mn

5.58 + 0.29 3.29 + 1.64 3.56 + 0.08 18.75 £ 0.75

All values are the mean and standard deviation of three replicates

Phase IV and Phase V were conducted in an identical manner as Example 1.
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0.9 2 x 10-2 8 x 10-2 2.0 x 10-3 56 7.4 0.1 0.9 1Ix 102 0.2 1.0 x 10-2
70 7.5 0.31.0 1%x 10-2 0.2 3.0x 10-2 84 7.5 0.1 1.1 Ix 10-2 0.3 1.0
x 102 Al values are the nean and standard devi ation of three replicates;
all values are given 'n percentage except for pH TP = total phosphorus TK
= total potassium Table 7: Heavy netal content (ng/kg) in verm conpost
obtained fromEFB Cu

Conclusion

Microbial decomposition of plant material resulted in an overall loss of cellulose and
carbon and an increase in nitrogen content. These changes, which resulted from
microbial activity on the cellulosic substrate and nitrogen from the decanter slurry,

increased microbial protein and humic substances.

For Example 1; as the amount of added natural zeolite increased in the compost pile,
the concentration of heavy metals in the final compost decreased. By using 15 to
25% of clinoptilolite during the composting process 100% of Cd, 28 to 45% of Cu, 10
to 15% of Cr, 41 to 47% of Fe, 9 to 24% of Mh, 50 to 55% of Ni and Pb, and 40 to
46% of Zn was taken up by the zeolite. Clinoptilolite readily took up the metal

content bound in exchangeable and carbonate fractions.

For Example 2, even without addition of zeolite to the vermicompost, the heavy metal
content of the final compost were still within the allowable limits (Table 6). Hence, it
is postulated that addition of zeolite to a vermicompost utilizing Eudrilus euginae
would provide similarly positive results vis & vis heavy metal content, as that utilizing
E. foetida.

As will be readily apparent to those skilled in the art, the present invention may easily
be produced in other specific forms without departing from its scope or essential
characteristics. The present embodiments are, therefore, to be considered as merely
illustrative and not restrictive, the scope of the invention being indicated by the claims
rather than the foregoing description, and all changes which come within therefore
intended to be embraced therein.

24



Fe Zn Wh 5.58 0.29 3.29 1.64 3.56 0.08 18.75 0.75 Al values are the
mean and standard devi ation of three replicates Phase |V and Phase V were
conducted in an identical manner as Exanple 1. Concl usion M crobi al
deconposition of plant material resulted in an overall |oss of cellul ose
and carbon and an increase in nitrogen content. These changes, which
resulted frommcrobial activity on the cellulosic substrate and nitrogen
fromthe decanter slurry, increasedChlMobial protein and hum ¢ substances.
For Exanple 1, as the anount of added natural zeolite increased in the
conpost pile, the concentration of heavy netals in the final conpost
decreasedl. By Ajshetgodlﬁort OIQZiEQﬁadiatlcm iofiayilt palml Wastedby i vegmichmpaostimgp skidng
process 100% of 28 to éﬁ? 10 to 15%of Cr, 41 to 47%of Fe, 9 to
24% of M, 50 T¢ 8@@9%?”$P9 and 40 to 46% of Zn was taken up by the

zeolite. Oi nqpt i Ipaé-tﬁe@tmgeadpém Was@é(tmrmh@rdtstvadst@mateeuat bound in
exchangeabl e and carbonate fractions. For nmple 2, e¥en W t hgut addi tion

of zeolite to (ihe a@é#”ﬁleéféﬁtb@sm'crqbﬁét%éad@ﬁbrr?é'ﬁé\{as Jesting frRid yaste

conpost were still oW&r@cBmPB&m@'dh@g@té'n@ limts (Table 6). Hence, it is
postul ated that a d|t|on of zelOlite to a verm conpost uti I|Z|2(g Eudri | us

eugi nae woul d (B O\Add@gsﬁﬁﬁt'n\&@m’}ﬁ possaid vierercemppsted vvasts of sstereally ansk al
content, as that %hbieh&dd;& el todé‘v 'ﬁﬁm%,#és“’h’igﬁﬁd' | y apparent to those
F eSen y

skilled in the art T EVenti on be produced in other
specific for rrBNImrelhdwnadd@'pamctel matefialdmarded tcx:squxévelmmmmstmgimlxture and
characteristics nt s therefore, to be considered
as nerely ill lf?fdrrglel{fg 'sarﬁ'ﬂ'n%ﬁﬁ erarbasat(im%tmqé aqdh\gargbg%lgltgp the invention
bei ng indicated by the clains rather than the foregoing description, and
all changes which come within therefore intended to be enbraced th reln

The method as claimed in claim 1 wherein said pre-treatment of step

comprises shredding said oil palm waste so as to reduce said waste to fibrous

material.

3. The method as claimed in claim 2 wherein said pre-treatment of step (i)
further comprises refining said shredded fibrous waste by using a thermo-

mechanical refiner.

4. The method as claimed in claim 3 wherein the refined fibrous waste material
comprises fine fibers having a length of approximately 3.68 mm and a width of

approximately 165.45 um.

5. The method as claimed in any one of the preceding claims wherein step (ii)
comprises adding three different cultures of effective microbes to said fibrous

waste material.
6. The method as claimed in any one of the preceding claims wherein the

effective microbes of step (ii) comprises microorganisms cultured in a mixture

of vermileachate, sugar or molasses and animal-derived additives.
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CLAIM5 1. A nethod for biodegradation of oil pal mwaste by verm conposti ng,
said nethod conprising the steps of: (i) pre-treating oil pal mwaste to
formfibrous waste material; (ii) adding effective mcrobes to said fibrous
wast e and subjecting said waste to a pre-conposting phase; and (iii) adding
earthworns to said pre-conposted waste of step (ii) and subjecting the

m xture to a verm conposting phase; wherein bi oadsorbance material is added

to sai d Verni cloepasthodgasidamed iandaigabdwhereinuitle ieffeaiivenmigrole) culurg dar k,
noi st and war 1L an. j i tnke YR Hign sai d
pre-treatnent r@g& %@%%b%%ac@oﬁﬁrgzéﬁgﬁ?@ghﬁ iﬁgﬂaggeﬂ% %a%ﬂ’%gqgr%kwasteﬂgo as to
reduce sai d wagbts nikfi brous material. 3. The nethod as clained in claim?2
wherein said pre-treatnent of step (i) further conprises refining said
shredded fibrous waste by using a thernomechanical refiner. 4.The nmethod as
clainmed ig) cl ahe mevher as rdimed rief dlaied 6f vbeeus tha siffectimt etficrabe calprel ses
fine fibers having a |l ength of approxi rratelé_ies. 68 mMm and a w dth of

appr oxi mat el y PBWEE HRICrePigh{OMAONARg WastednaleralFurh ag A)icknemapure el
precedi ng cl aijwgy wiisrein step (H) conprises adding three different cultures
of effective mcrobes to said fibrous waste material. 6.The nethod as
clainmed in any one of the preceding clains wherein the effective m crobes
of step (di) Gﬁﬁpﬁ’q' eld i ] i A X . ;

ver m | eachiat e, suggtr?‘%gra@nﬁ"ggéggggi?%cg?'hélﬂ e? im@gﬁel@“gélﬁt\?r\@/ecgﬁwpos]t!ng_rhe

met hod as cl aimitlré of stepi(i) I8 mdietamied in be eafif@umdnt dawing robeistud content
conprises |acti cid hactepia, photosynthetic bacteria, yeast, organic
aci ds and goatOféeﬁ?q%.ME%hg%net hod as clained in claim®6 wherein the
effective mcrobe culture conprises a mcrobial conponent, waste nmateri al
such as chi cken manure, soil and water. 9. The nethod as clained in any

pr ecedi ngloc! ai 1he WA .Pgi% Ci)ao\'inﬁdﬂi? é%@ﬁ%&gﬁ%arwgﬁ‘%ﬁ%”ﬁ? whegshn E?'a)pr?"s

mai ntai ned in QmhRYHY HMTERL 0N 3bNG) s MRIRAKES N té@hbertiurd F WReRed0% t 0
90% 10. The nethod as clainmed in any one of the preceding clains wherein
sai d pre-conpo¥Chig5AiGt ure of step (H) is maintained at a tenperature of
bet ween 30C to 50C.

11.  The method as claimed in any one of the preceding claims wherein said pre-

composting mixture of step (i) is maintained at a pH of between 6 to 8.

12.  The method as claimed in any one of the preceding claims wherein step (iii)
further comprises adding enhancement material comprising agricultural and/or

animal waste.
13. The method as claimed in claim 12 wherein said enhancement material
comprises agricultural waste such as mushroom waste, jatropha waste or palm

oil mill waste.

14. The method as claimed in claim 12 wherein said enhancement material

comprises animal waste such as cow dung or goat manure.

15.  The method as claimed in any one of the preceding claims wherein step (iii)

further comprises draining of leachates produced during vermicomposting.
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11. The method as clained in any one of the preceding clainms wherein said
pre-conposting m xture of step (ii) is maintained at a pH of between 6 to
8. 12. The method as clained in any one of the preceding clains wherein
step (H) further conprises addi ng enhancenent nmaterial conprising
agricultural and/or animl waste. 13. The nethod as clained in claim 12
wherein said enhancenent material conprises agricultural waste such as
mushr oom Mast elhej methogras deiged inanyshmadithe preceding slaims wherem stapetiilod as
clainmed in cl g i i [ terial i i mal
veot e such as NFRoEE S foRdNE RERE IR Slod R SRR one
of the precediingeadegthatifeaperr af qaidseathwioring. f urt her conpri ses drai ni ng of

| eachat es produced during verm conposting. 16. The nmethod as clained in
any one of the preceding clains wherein step (iii) further conprises addi ng
bi oact i vei7additHeV BfetifddC s afaiReg ifhaly dn@rofedd prSéding Qldims Neigseint e

| ifespan of said earthworns. 17. The nethod as clained in any one of the
precedi ng cl ai SeEthWRETRS Phste §ileamnizg clitsliaied WOoBPS-(iii) conprise clitel | ated
worns. 18. The nethod as clainmed in any one of the preceding clains wherein

the earthworns of step (Hi) conprise epigeic worns. 19. The nethod as
cl ai med 8. anyThengediod: ke qaimeddhnegnycione d tiee pesiceding eclaimp t wheseinsthef st ep

(H) conprise Ei [a. - od as clained in claim19
wherein t he Ei%@%F@%g)&%m%&%gi?@gﬁiVg%h‘{gé foetida. 21. The method as
claimed in any one of clains 1 to 18 wherein the earthworns of step (H)
conpri se Fudniys eugenj ae. . 22. The net hod .ag clainmed in.any one. of the

pr ecedi ngl%cl ai Wﬁg?(’é ﬁstcthér_nﬁfj 09d%¥dt 85?1095( ﬁ@t B'Feicg‘f?ﬁn%o%mﬁsvéger@@oﬁet e. 23.
The nethod as &kawdRAs bfstep &iieotaprisB iRy dpewsesd.i te added is

clinoptilolite. 24. The nethod as clainmed 1n any one of claim22 or claim
23 wherein the zeolite used has a particle size of between 0.16 to 2.5 mn

25. The %.hOdTr%smEﬂh%H%_ctléhﬂe&rﬂ%/cBWﬁ 19fwidh&in RhE ¥85HhR0s 5. foPs Whapgidn said

verm conposting mxture is naintained in an environment having a noisture
content of betkieeswe M@Ya.0 90% 26. The nethod as claimed in any one of the
precedi ng clainms wherein said verm conposting mxture is nmaintained at a
tenperature of between 25C to 27C. 27. The nethod as clainmed in any one of
t he precedi.ng THeamsthodtesradimed dn dny eneriof olajpest itad 8nvhdreinghe sarthwortnas ned at

a pH of bet me#é?%@})gf’ﬁ‘%géﬁ @%(./rret hod.as clained in any one of the

precedi ng cl ai S 4 Gast e conpri ses any one or nore of
enpty fruit bunches (EFB), oil palmfibres (OPF), oil palmtrunk (OPT), and
palmoil mll effluent (POVE). 29. A vermfertilizer produced by the nethod

of clai m2Z2. 30TheTmethad g5 rdaied | ineanya9ne| &fi Hisy Praceding; ¢#ivs wheehgthh N : P
K content ofp@lich@Afte rhateridf comprises zeolite.

23.  The method as claimed in claim 22 wherein the zeolite added is clinoptilolite.

24.  The method as claimed in any one of claim 22 or claim 23 wherein the zeolite

used has a particle size of between 0.16 to 2.5 mm.
25. The method as claimed in any one of the preceding claims wherein said

vermicomposting mixture is maintained in an environment having a moisture
content of between 70% to 90%.

27



31. The vermfertilizer as claimed in claim?29 having an N: P : K content
of between 1 : 1 : 1to 2 : 5: 5 32. The vermfertilizer as clainmed in
claim?29 having an N: P : K content of nore than 2 : 5 : 5. 33. Use of the
| eachat e produced during step (iii) of the method of claim1l as a plant
grow nmedi um 34. Use of the verm cast produced during step (iii) of the

met hod of claim1 as a plant grow nedi um ) ) ) )
26. The method as claimeéd in any one of the preceding claims wherein said

vermicomposting mixture is maintained at a temperature of between 25°C to
27°C.

27. The method as claimed in any one of the preceding claims wherein said

vermicomposting mixture is maintained at a pH of between 6 to 8.

28.  The method as claimed in any one of the preceding claims wherein said oil
palm waste comprises any one or more of empty fruit bunches (EFB), oil palm
fibres (OPF), oil palm trunk (OPT), and palm oil mill effluent (POME).

29. A vermifertilizer produced by the method of claim 1.

30.  The vermifertilizer as claimed in claim 29 having an N : P : K content of at least
1:1:1.

31.  The vermifertilizer as claimed in claim 29 having an N : P : K content of
between1:1:1t02:5:5.

32.  The vermifertilizer as claimed in claim 29 having an N : P : K content of more
than2:5: 5.

33. Use of the leachate produced during step (iii) of the method of claim 1 as a

plant grow medium.

34. Use of the vermicast produced during step (iii) of the method of claim 1 as a

plant grow medium.
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