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Graphical Abstract Abstract

The abundance of empty fruit bunches (EFB) is a result of many palm oil industries
increasing their crude palm oil production. Composting is a good, environmentally
friendly alternative to overcome EFB. Two different ratios of EFB with biosludge of
pulp and paper of 1 : 1 and 3 : 2, respectively, were used in this composting. The
particle size of EFB was set into three different sizes of 0.5; 1.5 and 2.5 cm. The best
tfreatment that was obtained from this study was SRs where the EFB particle size was
1.5 cm, and the ratio between EFB and biosludge of pulp and paper was 3 : 2,
respectively. The nitrogen value of SR4 increased from 1.41% to 2.71%, and C/N ratio
decreased from 36.74 to 12.17 in 90 days. The population peak of bacteria of SR4 in
the thermopilic phase achieved about 33.67 x 100 cfu/g. These two treatment
combinations had shown an increase in EFB composting efficiency.
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Abstrak

Kelimpahan tandan buah kosong (EFB) adalah sebuah akibat yang timbul kerana
banyak industri minyak sawit meningkatkan pengeluaran minyak sawit mentah
mereka. Pengkomposan adalah sebuah alternatif yang baik untuk mengatasi EFB
dengan mesra alam. Dua nisbah yang berbeza antara EFB dengan bioenapcemar
pulpa dan kertas telah disusun dalam pengkomposan ini dan masing-masing terdiri
daripada 1 : 1 dan 3 : 2. Saiz EFB telah ditetapkan kepada tiga saiz berbeza yang
terdiri daripada 0.5; 1.5 dan 2.5 cm. Rawatan terbaik yang diperoleh dalam kajian
ini adalah SR4 di mana saiz EFB adalah 1.5 cm, dan nisbah antara EFB dan
bioenapcemar pulpa dan kertas masing-masing adalah 3 : 2. Nilai nifrogen SR
meningkat dari 1.41% kepada 2.71%, dan nisbah C/N menurun dari 36.74 hingga
12.71 pada 90 hari. Puncak bakteria SR4 dalam fasa termopilik mencapai 33.67 x
100 cfu/g. Dua kombinasi rawatan ini telah menunjukkan peningkatan dalam
kecekapan pengkomposan EFB.

Kata kunci: Tandan buah kosong, bioenapcemar pulpa dan kertas, saiz zarah,
pengkomposan
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1.0 INTRODUCTION

Indonesia is the biggest crude palm oil producer in
the world [1]. Nowadays, the palm oil industries are
more enterprising enhancing the production of crude
palm oil either by expanding the plantation area or
by improving plantation management. The
abundance of palm oil waste appears to be a
consequence of production enhancement activities.
Every one ton of crude palm oil (CPO) requires 5.8
tons of fresh fruit bunch (FFB) [1], and leaves behind
22.5% of empty fruit bunch (EFB) [2]. Some palm oil
mills in Indonesia are able to process approximately
1,000-1,300 tons of FFB per day, or 30,000-35,400 tons
per month with a production capacity of 60 tons per
hour, and duration of the milling process is 20 hours
per day [3], leaving behind an estimated EFB of
around 225-292.5 tons per day, or 6,750-8,775 tons per
month per mill. Commonly, each palm oil industry has
more than one processing plant, whilst there are
1,601 of palm oil industries in Indonesia [4]. Therefore,
safe management strategy for disposing agricultural
waste is still a global concern in the palm oil industry.

Most of the palm oil industries utilize the EFB for
mulching media. The discharged EFB is estimated to
be around 40-70 tons per ha [5]. The mulching
strategy can hold moisture and prevent erosion of soil
[6]. However, prolonged application in high
quantities can reduce soil nutrient and increase sail
toxicity due to its oil content. In addition, the EFB
application directly to the soil will take a longer
degradation time, and it also requires high
fransportation and distribution costs [7, 8].

Composting is one of the environmentally friendly
alternatives to overcome the waste problem.
Norhasmillah et al. [?] estimated that complete
degradation of EFB in the composting method could
save time by about 89% compared to the mulching
method [9]. The principal process of composting is to
convert organic matter info a more stable form
resembling humus. This conversion process involves
microorganism activity as decomposer. Various
attempts have been fried in EFB composting fo
improve EFB compost quality. Experiments have been
widely developed both in the supply aspect of
various nifrogen sources such as pouliry litter, chicken
manure, goat dung and cow dung, and in the
addition of microbial sources from palm oil mill
effluent (POME), decanter cake slurry and multi
fungal [10, 11,12, 13, 14,15, 16, 17].

Additionally, compost material size can be
modified to optimize the composting process. Bueno
et al. [18] confirmed that particle size is a parameter
of natural substrate, and it is one of factors controlling
the composting process [18]. A small substrate size
provides a large surface area for microorganism
activity, whereas a big substrate size creates a small
surface area. Most of the microbial activity in the
degradation process occurs on the particle surface
[19]. Moreover, Suhaimi and Ong [8] stated that the
small material size had a lot of pores space, so that

evaporation occurred in the material and caused
the moisture content of the material to reduce.
Therefore, wastewater from the pulp and paper
industry can be used in the EFB composting as a
substitute for water. This wastewater originates from
the biological wastewater freatment plant, and is
known as biosludge. The biosludge also contfains
several microorganisms consisting of bacteria,
protozoa, alga, fungi, and rofifer [20]. These
microorganisms function as degrading organic
maftters. The use of pulp and paper biosludge is
expected to optimize EFB composting process.
However, adding the proper proportion of biosludge
of pulp and paper should be considered, because
the quantity of moisture content, either too much or
too little, can interfere in the efficiency of
composting [21]. Hence, this study investigates the
effect of different EFB sizes with different ratio of
biosludge of pulp and paper on EFB composting.

2.0 METHODOLOGY

2.1 Raw Material Collection

EFB taken from the palm oil mill at PT. Asian Agri,
Pangkalan Kerinci, Pelalawan, Riau, Indonesia, was
chopped into three different sizes consisting of 0.5
cm; 1.5 cm and 2.5 cm (Table 1). Next, the chopped
EFB was separated manually using a wiremesh sieve.
Meanwhile, biosludge of pulp and paper was
collected from the pulp and paper industry at PT.
Riou Andalan Pulp and Paper, Pangkalan Kerinci,
Pelalawan, Riau, Indonesia.

Table 1 Treatment combination between EFB with biosludge
of pulp and paper

Code EFB Size Ratio EFB : Biosludge
SRy 0.5¢cm 1:1
SR2 0.5¢cm 3:2
SR3 1.5¢cm 1:1
SR4 1.5cm 3:2
SRs 2.5¢cm 1:1
SR¢ 2.5¢cm 3:2

2.2 Construction and Composting Procedure

A composter was designed using a plastic
container of 50 L capacity, 38 cm diameter and 40
cm height (Figure 1). On the inside of the composter,
perforated pipes, with diameter holes of about
0.7cm, were installed at the top, boftom and middle.
At the base of the composter, a few holes were
made to drain leachate during composting. Next,
compost material of EFB mixed with biosludge of pulp
and paper in two different ratios were placed in the
composter. Subsequently, the compost material was
closed and put under a roof. Turning process was
conducted every four days. The composting duration
lasted 90 days with three replications.
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Figure 1 Design for composter

2.3 Physical Analysis

Physical observation was conducted on EFB,
biosludge of pulp and paper and the resulted
compost. The physical analysis included texture,
colour, odour, and temperature. Observation of
texture, colour and odour was detected by the
finger, visual and smelling methods, respectively.
Meanwhile, temperature observation was done
during the composting process, and recorded at
09.00-10.00 am using digital measurement (AMT-300,
CV. Java Multi Mandiri, Indonesia). Temperature was
measured at three different points, and at three
different depths.

2.4 Laboratory Analysis and Sampling

Laboratory analysis was also carried out on EFB,
biosludge of pulp and paper and the resulted
compost. On EFB and biosludge of pulp and paper,
the analysis of laboratory which was conducted for
characterizing these raw materials consisted of
moisture content, pH, total organic carbon (TOC),
total nitrogen, C/N ratio, chemical oxygen demand
(COD)., and biological oxygen demand (BOD).
Meanwhile, the laboratory analysis on compost was
done every ten days to determine the nutrient
content during the composting process. This analysis
comprised of moisture content, bacteria
concenfration, total nitfrogen concentration, TOC
and C/N ratio. Sampling for compost was collected
randomly around 500 g at three different points.

The pH analysis was measured using a digital pH
meter (EUTECH PC 510, USA). The dilution exfract used
ratio of 1 : 10 of weight. Furthermore, 5 g of wet
samples were dried at 105°C for 7 hours to determine
moisture content. Calculation of moisture confent
follows equation 1.

—(wtv) y

Where MC is the percentage of moisture content, w
is the weight of crucible (g), v is the inifial weight of

sample (g), and y is the weight of oven dried sample
(9).

Measurement of total organic carbon and total
nitrogen was determined using inductively coupled
plasma (OES Optima 4300DV, Perkin Elmer, USA).
Meanwhile, COD and BOD were examined using the
APHA method [22]. Bacteria colonies were counted
using a colony counter machine (Funke Gerber
colony star 8500, Funke-Dr.N. Gerber Labortechnik
GmbH, Germany). The bacteria were incubated on
the nutrient agar for 24 hours. Microbial calculation
follows equation 2.

Total/ L

_ Petridish, 1

MCT = 1gsample Df (2)
Where MCT is total microbes concentration

(cfu/g) and Df is dilution factor.

2.5 Statistical Analysis

The influence of each treatment, and their
interactions was analyzed using Two-way ANOVA
(p<0.05). Mean values were compared using Duncan
multiple range test. Average values were reported as
the standard error. Pearson correlation analysis
(0<0.01) was not only used to determine the
relationship strength of the freatment, but also to find
the magnitude of the freatment influence.

3.0 RESULTS AND DISCUSSION
3.1 Raw Material Characterization

The properties of EFB and biosludge pulp and paper
as raw material in the composting composition are
shown in Table 2. The characteristic of EFB was strict
and rough fibrous, whereas the biosludge of pulp
and paper was thick liquid, colloidal slurry and brown
in colour. The moisture content of biosludge of pulp
and paper was higher than EFB. Therefore, mixing
biosludge of pulp and paper with EFB balanced
moisture content in starting the composting. The
nitrogen value of EFB was lower than biosludge of
pulp and paper. The addition of biosludge of pulp
and paper into EFB upgraded the nitrogen value of
EFB, and brought down the C/N ratio of EFB in the
initial stage of composting.

COD and BOD in biosludge of pulp and paper
were 31,000 mg/l and 4,650 mg/I, respectively. These
values indicated that biosludge of pulp and paper
had high organic matter. In comparison, the COD
value in this study was lower than the anaerobic
palm oil mill effluent that was obtained by Ahmad et
al. [23] where the COD valued 40,563 mg/l [23].
Meantime, the BOD value in this study was higher
than in Baharuddin et al. [10] which had a range
between 1,000-2,600 mg/I. Although the BOD in the
biosludge of pulp and paper had a high value, it
could be returned to the soil. This was confirmed by
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Okwute et al. [24] who reported that the wastewater
could be reused for land application when the BOD
value was below 5000 mg/I [24].

Table 2 Characterization of EFB and biosludge of pulp and
paper

Parameters Biosludge of

EFB

Pulp and Paper

Moisture (%) 43.00 £ 2.69 93.70 £ 2.40
pH 6.87 £0.05 7.09+0.16
TOC (%) 54.59 £0.13 33.30+£0.85
Total Nitrogen (%) 1.02+0.04 1.21 £0.04
C/N 53.57 £2.35 27.66 +1.52
BOD - 4,650
COD - 31,000

3.2 Quality of Compost Product

Texture of the compost at the beginning of
composting was very hard and rigid. After one month
of the composting process, the freatment of SRs and
SR¢ had begun to brittle and fracture, while other
freatments had started fo break down. At the end of
composting, the texture of all composts had
crumbled. Yeoh et al. [17] found that the mixture of
EFB, POME and some fungal resulted in fragile
compost texture at the end of composting.

During the composting process, compost material
underwent discolouration. Monitoring of odour and
colour during the composting was easily supervised
as an indicator of compost maturation process [25].
At the beginning of composting, all compost
materials were light brown. At 17 days of composting,
the compost colour of SRi, SR2, SRz and SR4 began to
change to dark brown, whereas the compost colour
of the other tfreatments was sfill brown. The compost
colour turned blackish brown after one month of
composting. At the end of composting, the colour of
all compost was a relatively uniform black. Khalil et
al. [26] stated that the compost colour gradually
changed from black to brownies black, and it could
be an indicatfion of compost maturity [26].

In the first application of biosludge of pulp and
paper on EFB, all compost material had a slightly
putrid smell. The unpleasant odour was found to
have originated from the biosludge of pulp and
paper which contained nitrogen. Nakasaki et al. [27]
pointed out that ammonia will be released into the
atmosphere when raw sludge contains a high
percentage of nitrogen [27]. The smell diminished
when the compost entered the thermophilic phase.
At the end of composting, all compost materials had
an earthy smell.

3.3 Temperature Fluctuation

Figure 2 shows the changes in temperature during
the composting process. Generally, the temperature
in all tfreatments increased quickly within the first 12
hours affer mixing biosludge of pulp and paper. This

lasted for 3 days, and ranged from 55°C to 60°C. The
highest temperature was found in the tfreatment of
SR4 on day 3 which reached 60°C, the temperature in
the treatment of SR1 and SR2 only reached 55°C. From
day 4 to day 23, the temperature decreased
gradually, and gained 40°C for the treatment of SRs,
SR4, SRs and SRs, whereas the freatment of SR1 and SR2
atftained it on day 18.

Although the composting temperature exhibited
a decline, it was still included in the thermophilic
phase. Mokhtari et al. [28] declared that the
thermophilic phase of the composting has a
temperature above 400C [28]. This phenomenon
assumed that there were activities of thermophilic
microorganism in degrading organic matter. Another
reason is the small particle size of FEB provides a large
space for microorganism in decomposing organic
matter.

Besides that, the increase in temperatfure is
associafted with oxygen consumption of
microorganism. Oxygen consumpfion for
microorganism will be more when the temperature
increases. Most of the microbial activity in degrading
organic matter occurs in the active phase or the
thermophilic phase, and that causes high oxygen
consumption by the microbes [29, 30, 31, 32].

A

n

Figure 2 Temperature performance during composting
process

Furthermore, the temperature showed piecemeal
reduction which indicates the start of the mesophilic
phase. The mesophilic phase in the treatment of SRs,
SR4, SRs and SR¢ started on day 24, and on day 19 for
freatment of SR1 and SR2. Ryckeboer et al. [33]
explained that the activity of thermophilic
microorganism had subsided which led to a drop in
temperature, and  mesophilic  microorganism
forwarded the decomposition process by re-
colonizing the substrate [33].

A slight decline in temperature was found in the
freatment of SRy and SR2. This occurrence was
probably induced by the size of EFB that was rather
small (0.5 cm), which generated compaction of the
compost pile. The effect of this condition created a
decrease of porosity in the compost pile. Thus, the air
flow in the compost pile became slightly constricted.
Nonetheless, the turning process on a regular
schedule was very useful to repair air flow condition
in the compost pile.
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The same support was provided by passive aeration
from the perforated pipe in the composter, and this
was helpful to expedite air circulation in the compost
pile. Ahmad et al. [23] had composted palm frond
with a size of 0.2 to 0.5 cm, and led compaction in
the compost pile structure, so that the performance
of microbial activity and air distribufion in compost
declined. Tanpanich ef al. [34] regarded installation
of twin horizontal perforated pipe as a provider of
passive aeration in a compost pile was a better
oxygen supply during the composting process [34].
At the end of composting, the temperature
movement revealed a constant rhythm. This event
surmised that the compost had matured. Razali et al.
[13] asserted that the stable temperature emitted at
the end of the composting, and the decomposition
rate of organic matter diminished.

3.4 Moisture Content Reduction

Moisture content is one of essential factors to support
a successful composting process, because the water
is used by the microorganism to decompose organic
matter [35]. At the beginning of the composting, the
moisture content of SR1, SR2, SRa, SR4, SRs and SRs was
75.9, 75.1, 73.5, 73.5, 70.0, and 60.2%, respectively
(see Figure 3). These moisture levels were still
regarded to be within a favourable range to initiate
composting.  Gajalakshmi and  Abbasi [30]
highlighted that the ideal moisture content at the
initial stage of composting was 60-70% and 50-60% at
the later stage of the composting process.
Ryckeboer et al. [33] revealed that the performance
of microbial activity would slow down when the
moisture content had a level below 30% or above
80%.

In their study, Liang et al. [36] concluded that the
minimum  requirement of moisture content to
increase microbial activity during the composting
process was 50%, and the range of moisture content
of 60-70% could provide maximum microbial activity
[36]. The moisture content experienced reduction
until the end of the composting. Moisture content
values achieved were 69.05, 68.00, 64.00, 62.00, 55.28
and 52.00 % of SRi, SR2, SRs, SR4, SRs and SRe
respectively. Reduction of moisture content during
the composting process can be contributed by the
evaporation process, and leachate process from the
perforated pipe [37].

Both freatment and composting time had a
significant difference on the reduction of moisture
content at a significance level of 5%. Duncan
multiple range tfest (p<0.05) described that treatment
of SRy and SR2 had a low average moisture content
reduction compared with treatment of SR3, SR4, SRs
and SRs. It was suspected that the addition of
biosludge of pulp and paper info EFB which had a
size of 0.5 cm created pore spaces of EFB filled with
water.
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Figure 3 Performance of moisture content reduction

Under the same condifion, the furning process
should be done routinely to maintain a favourable
porosity for microorganism activity in the compost
pile. The frequency of the turning process should
often be undertaken when the moisture content
reaches a high level, so that anaerobic condition in
the pile can be minimized. Hong et al. [38]
investigated the furning process, which was carried
out every 4 days that resulted in a higher moisture
content reduction than the turning process carried
out every 2 days [38].

3.5 Bacteria Concentration

Al the beginning of composting, the total bacteria of
SR1, SR2, SRs, SR4, SRs and SRs was 13.10, 12.50, 12.93,
12.23,12.47 and 12.30 x 109 cfu/g respectively (Figure
4). The number of bacteria in this study was higher
than in Baharuddin et al.’s [10] who obtained 6 x
10'0cfu/g. This predicted that biosludge of pulp and
paper was not only rich in nufrient, but also in
microbes. The bacteria throve swiftly in days 3 and 5,
and achieved 15.10, 23.83, 25.73, 33.67, 29.83 and
30.83 x 1070 cfu/g of SRi, SRz, SRa, SR4, SRs and SR,
respectively. This phenomenon was caused by the
small size of EFB that were easily digested by the
microbes.

35.00
30.00 -

25.00

entration (cfu/g)

——sR1
£ 2000 - —ESR2
S —#— SR3
——SR4
—¥— SRS

SR6

15.00 £

Total Bacteria C

10.00 &

5.00

0 3 5 10 20 30 40 50 60 70 80 90

Figure 4 Bacteria concentration during composting process
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In the thermophilic phase of this study, the population
of microbe colony was lower than that found in
Ahmad et al.’s study [23] which obtained a microbial
population of around 66 x 100 cfu/g, and then
subsided to 9.0 x 100 cfu/g on 60 days of the
composting.  The  decrease in  composting
temperature was followed by a decrease in the
number of bacteria. The group of bacteria in this
phase was suspected to be mesophilic bacteria that
were active in degradation activities.

At the end of composting, the number of
bacteria of SR1, SR2, SRs, SR4, SRs and SR¢ was 7.07,
6.93, 8.57, 10.53, 8.07 and 8.57 x 100 cfu/g,
respectively. Thambirajah ef al. [14] explained that
the changes of temperature of the composting
would affect the number of mesophilic and
thermophilic bacteria. During the composting
process, the highest number of bacteria was found
on the treatment of SR4. This phenomenon indicated
that the biosludge of pulp and paper ratio was
suitable for EFB of 1.5 cm as bacteria activities thrived
at optimal condition. In spite of the fluctuation in
bacteria quantity from the beginning fo the end of
composting, the number of bacteria estimated was
sfill included into the population standard of the
composting. Ryckeboer et al. [33] noted that the
least quantity of bacteria in the compost was around
108 to 1013 cfu/g.

3.6 Total Nitrogen Concentration

Nitfrogen is required by microorganism fo establish
their new cell material through the process of protein
synthesis [39]. Oviasogie et al. [40] and Rasapoor et
al., [41] summarized that organic nitrogen was
fransformed into inorganic nifrogen by
microorganism known as the nitrification process [40,
41]. At the beginning of the composting, total
nitrogen of SR1, SR2, SR3, SR4, SRs and SRs was 1.25,
1.25, 1.38, 1.41, 1.40 and 1.39%, respectively. These
variations of nitrogen levels were probably caused by
ratio differences of biosludge of pulp and paper that
were augmented into EFB. Epstein [19] found that the
amount of nitrogen in waste varied, and it depended
on the type of waste.

The total amount of nitrogen on all tfreatments
increased during the composting process (see Figure
5). Despite this, a decrease in total nitrogen was
discovered occasionally occurring on all freatments.
This phenomenon was perhaps due to the presence
of ammonia in the compost pile as a result of the
volatilization process. However, the ammonia
volatilization could be minimized because the
compost pile had been formed closed.

Moreover, the use of perforated pipe as an air
supplier in the passive aeration method had been
designed intfo the composter in order to avoid high
ammonia volatilization. Sommer [42] concluded that
the composting of caftle deep litter covered by a
porous farpaulin had succeeded in reducing the
gaseous emission of nifrogen [42]. The study by
Tanpanich et al., [34] proved that the twin horizontal

perforated pipe in the compost pile had suppressed
loss of nitfrogen. Solano et al. [43] suggested that
passive aeration system was a suitable system to be
used in the composting for small farms because it
had the lowest nitfrogen loss [43].
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Figure 5 Performance of total nitrogen

At the end of composting, total nitrogen of SRi,
SR2, SR3, SR4, SRsand SRs wass 2.23, 2.29, 2.49,2.71, 2.59
and 2.58%, respectively. Generally, the nitrogen
values in this study exhibited a rise from the beginning
of the composting, even though the composting
process experienced a curing phase. Caceres ef al.
[29] observed that the nitrate-N concenfration of
solid fraction of the cattle manure increased during
the curing phase. Most of the nitrification process
takes place in the mesophilic phase that has a
temperature between 20°C and 35°C [44]. Although
SRs (EFB of 1.5 cm) had a small surface area
compared to SR1 and SRz (EFB of 0.5 cm), it had the
highest fotal nitfrogen value. This phenomenon
showed that the mixture ratio between EFB and
biosludge of pulp and paper (3:2) had created
suitable conditions for bacteria growth so that the
conversion of organic nitrogen to inorganic nifrogen
could run optimally.

The total nitrogen in this study was higher than in
Yahya et al’'s [16] study, which carried out
composting of EFB with POME and decanter cake
slurry, and total nitrogen achieved 2.54%. The same
research was undertaken by Baharuddin et al. [10]
where EFB composted with POME, had raised total
nitrogen from 1.0% to 2.2%.

3.7 Total Organic Carbon Concentration

At the beginning of composting, the concentration
of total organic carbon on all freatments was
relatively the same, and the range of organic carbon
value was approximately 52% (see Figure 6).
Furthermore, organic carbon went down until the
end of the composting, and reached 36.5, 36.3, 36.2,
32.8, 34.9 and 35.8% of SR1, SR2, SR3, SR4, SRs and SR,
respectively. The declining carbon content was due
to the consumption of carbon by microbes as their
energy source, and released heat as an effect of
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their  activifies. In metabolic activities  of
microorganism, 69-70% of organic compound are
converted into carbon dioxide and water, whilst the
remaining is utilized for their bodies as cellular
component [45].

=4 SR1
—— SR2
~&— SR3
== SR4
—¥=SR5

SR6

Total Organic Carbon Concentration (%)

33.00

30.00 T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90
Days

Figure 6 Performance of total organic carbon

Anova analysis (a<0.05) demonstrated that not
only does composting time and treatment have a
significant  effect on carbon reduction, their
interactions also showed it. The average reduction
on fotal carbon of SRs was higher than other
freatments, whereas treatment of SR1 and SR2 had
the lowest average reduction (a<0.05). This
occurrence had created a compatible condition for
the growth of microorganism in degrading organic
matter.

3.8 C/N Ratio

The C/N ratio in compost is one of the markers that
can indicate the stabilization of the composting
process. Kim et al. [46] explained that the ratio of
carbon to nitrogen was used as a index of compost
maturity before the compost was applied to the sail
[46]. At the beginning of the composting, the C/N
ratio of SR1, SR2, SR3, SR4, SRs, and SR¢ was 41.73, 42.67,
37.70, 36.74, 38.63 and 38.14, respectively (see Figure
7). These values were still regarded effective to start
the composting process.

Epstein [19] claimed that the C/N ratio of 27 to 30
was the ideal level to initiate the composting
process, but the carbon to nitrogen ratio of 22 to 44
was steadfastly presumed effective. Microbes utilize

C/N ratio
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w
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o
15}

N
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approximately 30 parts of carbon and one part of
nifrogen [47]. Subsequently, Li et al. [48] emphasized
that the low carbon to nitrogen ratio at the
beginning of the composting would generate
ammonia and strew odour as a result of nitrogen
volatilization [48]. Besides that, the C/N rafio
surpasses the level of 50:1, which leads to a slow
composting process.
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Figure 7 C/N ratio reduction during the composting process

At the end of the composting, C/N ratio of SRy,
SR2, SR3, SR4, SRsand SRewas 16.39, 16.09, 14.61, 12.17,
13.71 and 13.92, respectively. In general, the C/N
ratio was observed to be going down on all
freatments. The mineralization of organic matter is
the cause of reduction in C/N ratio. C/N ratio values
in this study were assumed as mature compost, and
the compost could be applied as organic fertilizer on
the soil.

Erhart and Burian [49] affiimed that the ideal
mature compost had carbon to nitrogen ratio of 15,
but a value of C/N ratio below 20 was still safe [49].
The level of C/N ratio in this study for all freatments
was lower than Vakili et al.’s [15] who had tried the
composting of EFB with poultry litter, and had
mitigated the C/N ratio from 21.91 to 17.6 in 80 days.
In addition, Mohammad et al. [12] had attempted
the composting of EFB with POME and some the
fungal, and had lowered the C/N ratio to about 17
within 60 days.

Table 3 Correlation coefficient between composting time with tfreatment on parameters

Types of Vehicle CT SR R R2 F Coefficient
Constant T SR
MC -0.448** -0.772** 0.893 0.797 465.326 83.053 -0.112 -3.234
™ 0.797** 0.388** 0.887 0.787 215.524 1.149 0.11 0.094
TOC -0.864** -0.280** 0.908 0.824 274.080 56.353 -0.173 -0.941
C/N -0.847** -0.340** 0.912 0.832 289.680 40.720 -0.238 -1.608

** Significant correlation af the 0.01 level (2-tailed)

CT, SR, MC, TN and TOC are composting time, freatments, moisture content, total nifrogen and total organic carbon
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Table 4 Total of vehicles for each enfrance

Parameters MC TN TOC C/N
MC 1.00
™ -0.599** 1.00
OoC 0.557** -0.846** 1.00
C/N 0.570** -0.968** 0.868** 1.00

** Significant correlation at the 0.01 level (2-tailed)
MC, TN and TOC are moisture content, total nitrogen and total organic carbon

3.9 Correlation

The correlation level (p<0.01) between composting
time and treatment is depicted by the reliability index
(see Table 3). Both treatment and composting time
had a negative correlation to moisture content, total
organic carbon, and C/N ratio. In contrast, total
nifrogen showed a posifive correlation on composting
time and treatment. The reliability index value
between composting time and treatment on moisture
content, total nitrogen, organic carbon, and C/N ratio
were 0.89, 0.88, 0.90 and 0.91, respectively. These
values denote that there is a strong relationship
between composting time and treatment application
on the parameters.

The contribution level between freatment and
composting time on a decrease of moisture content,
organic carbon and C/N ratio was 63.52, 67.89 and
69.22%, respectively. Meanwhile, the confribution level
between composting time and freatment on
increment of nitrogen was about 61.93%. Each
parameter exhibited the results of different correlation,
and is in Table 4. C/N ratio correlated positive with
organic carbon and moisture content, while it
correlated negative with total nitrogen

4.0 CONCLUSION

The study concluded that the particle size of compost
material had a significant effect in improving the
composting of empty fruit bunches. The EFB size of 1.5
cm had exhibited good performance when
compared with EFB sizes of 0.5 cm and 2.5 cm. The
addition of biosludge from the pulp and paper industry
had been used in the EFB composting as nitrogen
source and microbial source to enhance the quality of
EFB compost. The best freatment combination was
found on SR4. In the thermophilic phase, SRs4 had
reached an optimal temperature of 60°C with the
highest concentration of bacteria as much as 33.67 x
10'0 cfu/g. The mature compost had been achieved in
90 days with a C/N ratio of 12.17.
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