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ABSTRACT

This project aims to investigate the effect of Effective Microorganisms (EM)
on the composting of oil palm empty fruit bunch (EFB) through organic matter
degradation with carbon (C) and nitrogen (N) mineralisation by comparing the
control sample (CTL) of EFB with no EM treatment and the EM-treated EFB sample
(ETC). The maximum C mineralisation for CTL and ETC was recorded as 671.4 +
86.55 mg CO2 Ckgld? on day one and 713.5 *+ 68.5mg CO. Ckg*d?! on day two
respectively. ETC had C mineralisation remained significantly higher than CTL
from day 28 until day 40 before falling on day 41 and became on par with CTL. The
total organic matter loss was 3.75 = 1.35% for CTL and 10.78 £+ 3.77% for ETC.
This resulted in a total mineralised C of 32.97 + 2.25% and 37.7 + 2.53% total
organic carbon for CTL and ETC, respectively. For N mineralisation, the presence
of NHs" in early stage followed by NOs dominance on later stage indicated
successful composting. CTL had final value of 0.1 and ETC had 0.04 for NH4*/NOs
ratio. For curve fitting, first order kinetic model and first order exponential model
were chosen as they were showed to better describe mineralization for recalcitrant
organic matter by other studies. The first order exponential model showed better fit
with p-value of 0.275 as compared to the first order model with p-value of 0.981 in
this work. First order kineitc model failed to describe the N mineralisation with a
high p-value of 0.989. The unfitness of models could be due to insufficient data
over limited experimental time and sampling error for heterogenous materials. This
study showed that both CTL and ETC were able to produce mature compost but ETC
had better performance on the efficiency of EFB composting based on organic matter
degradation, C and N mineralisation coupled with several others parameters (C/N,
temperature, pH and microbial profile).
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ABSTRAK

Projek ini bertujuan untuk menyiasat kesan Mikroorganisma Efektif (EM)
atas proses pengkomposan sisa tandan kosong buah kelapa sawit (EFB) melalui
pengunaan bahan organik dengan pemineralan karbon (C) dan nitrogen (N). Sampel
kawalan (CTL) yang tanpa tambahan EM manakala sampelETC ditambahkan dengan
EM.Pemineralan C maksimumadalah671.4+86.55mgCO.CKgd? pada hari
pertamabagi CTL dan 713.5+68mgC0O,CKg?*d? pada hari kedua bagi ETC. ETC
mempunyaipemineralan C yang lebih tinggi daripada CTL dari hari 28 hingga 40
sebelum ia menurun sehingga setanding dengan CTL pada hari41l. BagiCTL, jumlah
kehilangan bahan organik adalah 3.75£1.35% manakala ETC adalah
10.78+3.77%.Peratusan jumlah pemineralan C adalah 32.97+2.25% dan 37.7£2.53%
untuk CTL dan ETC masing-masing. Bagi pemineralan N, dominasi NH4" pada
peringkat awal dan NOs'pada peringkap seterusnya menunjukkan pengkomposan
yang berjaya. Nilai terakhir untuk nisbah NH4*/NO3™ adalah 0.1 bagi CTL dan 0.04
bagi ETC. Bagi penyuaian lengkung, model kinetic terbib pertama and model terbib
pertama eksponen dipilih kerana pengajian lain telah menunjukkan kesesuaian model
bagi mineralasi bahan organik yang tidak mudah dikomposkan. Model eksponen
dengan p-value 0.275 adalah lebih baik dari model tertib pertama dengan p-value
0.981. Model kinetic tertib pertama didapati tidak sesuai untuk mineralisasi N
dengan p-value rendah 0.989. Ketidaksesuaian model disebabkan oleh data yang
tidak mencukupi, masa ujikaji yang terhad dan kesilapan persampelan. Pengajian ini
menunjukkan CTL and ETC dapat menghasilkan kompos yang matang tetapi ETC
mempunyai prestasi yang lebih baik dalam pereputan bahan organik, peminralan C

dan N bersama-sama dengan parameter lain (C/N, suhu, pH dan profil mikrob).
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Oil palm (Elaeis guineensis) is one of the most versatile crops in tropical
countries and is the major type of plantation in the palm oil industry in Malaysia. To
date, Malaysia is one the world’s largest producer and exporter of palm oil,
contributing to 49.5% of total world production and 64.5% of world exports (MPOB,
2006). Around 13% of Malaysia total land bank, which is about 32.86 million hectar,
is dedicated to oil palms plantation (Yusoff and Hansen, 2007).

The processing of oil palm fruits into palm oil produces an abundant volume
of organic waste. The solid wastes from the palm oil extraction are normally 23% of
empty fruit bunches (EFB), 7% of fruit bunches (FFB) and 13.5% of fiber. The EFB
shares similarities with other agricultural wastes such as rice stalk and wheat stalk
which are rich in cellulosic materials and are not readily biodegradable. For EFB
handling, they are generally packed into fuel cell to feed incinerator. Incomplete
incineration can lead to the production of unwanted gases such as hydrogen sulphide,
nitrous oxide, acid gases, methane and carbon monoxide. Due to the abundant
amount of EFB which can be produced yearly in Malaysia, it is worth to venture into

the new potential of EFB that result in less environmental concern.



Composting is a bio-conversion process which converts organic wastes into
an amorphous dark brown to black colloidal humus-like substance under conditions
of optimum temperature, moisture and aeration (Ahmad et al., 2007). It has gained
a lot of attention as it can provide plants and soils with rich nutrients. This promotes
better plant growth and development as well as replenishes soil nutrients, in which is
of critical importance in order to have a reproducible and sustainable agricultural

system.

Composting of EFB is not widely done due to the recalcitrant nature of EFB
against microbial attack. As composting process is a microbial driven process, the
type of microbes and the extend of microbial community present thus determine the
time needed for complete degradation of organic matter (OM), the quality of the final
composted product and the type of product released during composting process. The
‘Effective Microorganism’ is a commercialized microbial innoculant which was
developed by Prof Higa from Japan in 1991. EM is claimed to have more than 80
species of microbes living in synchronization in which is dominated by lactic acid
bacteria, photosynthetic bacteria, fungi, yeasts and actinomycetes (Higa and Parr,
1994).

It is rational to consider EM as a booster microbial inoculant to the
composting process as diverse microbial communities allow the utilization of wide
range of organic waste which speed up the composting process and offer a more
complete degradation of organic waste, especially the positive effect that EM could
exert on degradation of EFB, which consists more on recalcitrant carbon source.
Furthermore, the presence of different microbes also resembles the decomposition of
organic waste in actual environment where different microbes produce different

metabolites which has either synergetic or antagonistic effect on each other.



1.2 Problem Statement

The main objective for composting is to convert organic waste into value
added bioproduct such as biofertiliser. The application of compost as biofertiliser
can only be carried out by using mature compost. The maturity of the compost can
be evaluated via various parameters such as C/N ratio, temperature, pH, loss of
organic matter and phytotoxicity test. These parameters can also be used to monitor
the composting process in terms of microbial degradation. However, none of them is

capable to determine the maturity compost individually (Tonetti et al., 2007).

As mentioned, due to the extremely high content of recalcitrant C in EFB,
which is 44.7% cellulose, 33.5% hemicellulose and 20.4% lignin (Taherzadeh and
Karimi, 2007), EFB is not widely used as raw materials for composting and thus the

assessment of maturity for the EFB-based compost is also not well-established.

During composting, OM is being degraded by microbes into simpler form
which could be assimilated easily by microbes and plant, thus exerting the positive
effect on agricultural production of mature compost. During composting, organic C
is mineralized into CO2 or CH4 whereas organic N is mineralized into inorganic ions
such as ammonium (NHs"), nitrate (NOs3) and nitrite (NO2), mostly by
microorganisms (Khalil et al., 2005) via OM degradation.  This could thus reflect
more accurately on the intrinsic property of OM during composting which can be

used to monitor the progression of OM degradation and the maturation of compost.

However, in order to better capture the composting of EFB as well as for
better comparative measurements on the maturation and maturity presented by OM
degradation as well as C and N mineralisation, other common operational parameters
for compost maturity, including C/N ratio, temperature, pH and microbial count were

also monitored.



1.3 Objective

The main objective of this research is to investigate the effect of Effective
Microorganism (EM) on the composting of EFB with regards to OM degradation in

parallel with C and N mineralisation.

14 Scopes of Study

The following scopes are studied in order to achieve the objective:

1. To monitor the composting process and evaluate the maturity of compost based
on OM degradation coupled with C and N mineralisations in parallel with other

operational parameters (C/N ratio, temperature, pH and microbial count).

2. To investigate the inter-relationships among operational parameters for compost

monitoring and maturity.

3. To fit the obtained mineralised C and N data to available simple kinetic models as

a means to evaluate the extend of the composting process.
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