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ABSTRACT

Due to its unsuitability for construction and agriculture, peat
has been long considered as the worst soil compared to the
other soil types. Peat is formed from dead plant waste at
various stages of decay. The high organic and carbon content
combined with high levels of acidity and moisture content
make peat favourable only for certain crops. However, the
unique constituents and characteristics of peat can be used to
advantage with careful strategic planning. In the present
study, peat was used as a medium for composting plant-based
kitchen wastes, where the peat was intended as a source of
brown matter in the degradation process. The selection of
plant-based kitchen wastes included green cabbage, Chinese
white cabbage and banana peels, which served as the nitrogen
material in composting. Anaerobic and aerobic com-posting
procedures were implemented for comparison of the
peat-kitchen wastes biodegradation effectiveness. The key
parameters moni-tored were moisture content, temperature,
pH and C:N ratio. Left to compost for up to 6 weeks, it was
found that aerobic composting pro-duced better results,
though C:N monitoring suggested the need to optimize that
with moisture level in the compost to avoid long treatment
time or to counter low decomposition efficiency.

Key words: Aerobic, Anaerobic, Compost, Kitchen Waste,
Peat.

1. INTRODUCTION

Malaysia has the largest wetland (peat swamp forest) which
cov-ered about 75% of the country’s total. It is estimated that
1.54 mil-lion hectares of peat swamp forest is still remain.
Approximately 70% of peat swamp forest is located in
Sarawak, less than 20 % in Peninsular Malaysia and the
remaining 10% in Sabah [1]. Peat soil in Malaysia, especially
Johor, has the fourth largest distribution in Malaysia after
Sarawak with an area of 13,000 hectares of peat land. Most
wetland in western Johor is located in Pontian, Batu Pahat
and Muar, while in the eastern part of Johor, there are some in
the district of Mersing. While the soil is unfavourable for
construction, its nutrient-rich nature may make it a suitable
medium for compost.
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The disposal of food waste is a growing problem worldwide:
Japan recorded about 17 million metric tonnes of edible food
disposal annually [2], India had 30% of fruit and vegetable
produces dis-posed of due to poor cold storage facilities [3]
and China is experiencing a staggering rise in household
waste up to 70% [4]. In Malaysia, more than a decade ago, an
average of 800 g of waste is disposed by each individual
within a day in Malaysia [5]. This means that in one day the
garbage produced by all 28 million people can produce at least
30,000 tonnes per day, equivalent to 10,950,000 tonnes of
waste a year. Fast forward to 5 years ago, the amount of waste
produced by Malaysians could cover the entire state of Perlis
(area 821 km?) within 5 days if it was collected and flattened
[22]. In addition, food wastes are detrimental to the
environment via greenhouse gas emissions, both from
embedded emissions in the food production, processing,
transportation and retailing, as well as decomposition of the
organic substances once disposed of in landfills [6]. In short,
kitchen and food wastes which constituted most of the
household waste is a pressing issue requiring urgent attention
and actions.

An economical yet effective method is to compost these
materials for reuse as fertilizers. Composting is the
decomposition and stabilization of materials biological
organic under controlled conditions for the end product that is
beneficial to the soil [7]. Decomposition and stabilization of
the organic compounds occur under thermophilic conditions
with biologically produced heat [23]. Moreover, compositing
is established as an effective way to treat green and food
wastes, e.g. [8]. By products of the composting process can be
easily disposed of in landfill sites without negatively affecting
the environment. Composting effectively creates a more
humid, soil conditioner-quality organic matter applicable as
organic fertilizer for agricultural land as it is more easily
assimilated to plants [9]. Basically the process is
environmental-friendly, clean and typically low-toxic. It is an
alternative to conserve or re-use resources to produce
something useful, such as fertilizer for the agricultural
industry, considering that the compost produced is expected
to contain trace element such as nitrogen, phosphorus and
potassium that is suitable for plant growth. Nonetheless due to
safety concerns as well as competition from chemical
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fertilizers, the demand for fertilizers derived from composts
are remain low [10]-[12].

The present study explored the potential of co-composting
soil such as peat and plant-based kitchen waste such as
vegetables and fruits as brown and green matter respectively.
Much on the available literature on co-composting deals other
types of soil medium such as loam, sandy-loam and clay
[13],[14]. However, peat is high in nutrient as compared to
the other type of soil, hence peat was used in the study as
compost medium. The studied peat was obtained from Parit
Nipah in Johor, Malaysia. A total of 6 composting chambers
were set up for 6-week long experimental work, which
included aerobic and anaerobic composting conditions.
Measurements were taken regularly over the period on the
moisture content, temperature, pH as well as C: N ratio.

2. MATERIALS AND METHOD
2.1 Peat

Peat is generally loose with high organic matter content [15].
It is also high in humic substances (humus and humic acids)
that give a typically dark brown to black colour. Because of
the colour, peat or brown matter known as a carbon. In other
way compost is a break down organic waste into humus that
can be reused as a beneficial nutrient rich resource of organic
soil amendments.

Some key features of peat include pH ranging from 3.0-4.5,
organic carbon content of 30-40 %, and water content from
200-2000 %. The high natural water holding capacity of peat
is attributed to the soil structure characterized by organic
coarse particles (fibers), which can hold a considerable
amount of water since the soil fibers are very loose and
hollow. Properties of the peat used in the study is presented in
Table 1.

Table 1: Physical and chemical properties of peat

Properties Results
pH 4
sg (mg/m®) 1
Organic content (%) 49.72
Moisture content (%) 371
Temperature (°c) 24
Ammonia nitrogen, NH3-N 14
(%)

Phosporus, P (%) 0.76
Potassium, K (%) 5.15
Calcium, Ca (%) 4.87
Magnesium, Mg (%) 0.59
Carbon, C (%) 0.1

249

2.2 Organic kitchen wastes

The organic kitchen wastes such as produced by restaurants
and canteens form a major component of purifying organic
wastes. Kitchen waste is useful to compost because kitchen
waste contains green matter such as vegetables and fruits that
can be a source of nitrogen for the compost. The main
problems encountered with kitchen waste composting are its
high moisture content, need of bulking substrate and
constituents unacceptable for worms [16]. Fresh banana peel,
Chinese white cabbage and ordinary cabbage were used as
kitchen waste samples in the study.

2.3 Compost chamber

Composting was conducted in a 15-litre plastic water
dispenser, with the size of 290 mm long, 280 mm wide and
342 mm high such as in Figure 1. The raw materials were
placed in a basket and raised from the base of the chamber to
allow drainage and collection of the compost tea. The
chamber was kept covered to avoid direct sunlight.
Ventilation was provided by a number of 1.2 cm diameter
holes on the cover for aerobic condition composting.

Figure 1: Composting chamber setup; (a) cover, (b) raised
compost basket and (c) leachate collection trough

2.4 Composting procedures

Fresh banana peels, Chinese white cabbage and ordinary
cabbage were withered under natural atmospheric condition
for about 1 day, then chopped into small pieces of <1 cm
lengths. 250 g of the plant-based waste mixtures were then
thoroughly mix with 6 kg of peat to obtain following
formulations: peat + cabbage (PC), peat + Chinese white
cabbage (PS) and peat + banana peel (PB). Suffix of A and B
are used to represent aerobic and anaerobic conditions
respectively, e.g. PCA refers to peat + cabbage in aerobic
composting. A similar concept of study has been reported by
Awasthi et al. [17], by which the organic matter is degrade
into organic product known as compost.
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The peat-waste mixtures were placed in 6 compost chambers
to simulate aerobic and anaerobic composting. The chambers
were kept indoors at room temperature and away from direct
sunlight for a period 6 weeks. In the aerobic setup, the
compost was mixed manually every 2 days throughout the
composting period. The samples were tested for moisture
content, temperature, pH as well as C:N ratio over the 6-week
composting period.

3. RESULTS AND DISCUSSION

3.1 Moisture Content

The moisture content profiles for the different composting
conditions are illustrated in Figure 2. The peat-waste
mixtures had an initial water content of approximately 370 %
and all samples generally showed a slight rise in week 2
followed by continuous decline after that, regardless of the
aeration conditions. However, the fluctuations were more
significant for the aerobic chambers, where PBB underwent
the highest moisture loss, i.e. 40 % reduction. Clearly, with
access to ventilation decomposition of the banana peels were
well underway from beginning of the composting period.
Variations in the moisture loss in the anaerobic chambers
were less dramatic, suggesting lower rates of decomposition
under oxygen-deprived conditions. Note that high moisture
content could displace air from the voids between the particles
causing anaerobic conditions, while a relatively dry
composting condition deprives micro-organisms of the water
needed for metabolism, resulting in sluggish decomposition
of the organic matter.
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Figure 2: Moisture content changes with time

The suppressed oxygen transfer efficiency also contributed to
lower microbial activity in the presence of high moisture
level, accompanied by less remarkable rise in the temperature
which further slowed down the moisture depletion process.
Indeed, Liang, Das & McClendon [18] reported constant
temperature in aerobic composting at low moisture range, i.e.
57°C for 30-40 % moisture content, indicating the importance
of striking a balance between these key parameters in
achieving high composting efficiency. Nonetheless Guo et al.
[19] did not observe significant effect of moisture content on
the stability and quality of compost, in comparison with the
factors of aeration and C:N ratio
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3.2 Temperature

The temperature profiles for the compost samples are
illustrated in Figure 3. The initial temperature was about
26-28 °c and constantly increased for both test conditions,
though the aerobic samples showed relatively unchanged
temperature within the first 2 weeks. This is indicative of a
sluggish start to the peat-waste degradation process, probably
attributed to ventilation aiding in heat dissipation at the early
stage of composting.
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AEROBIC

Figure 3: Temperature changes with time

Normally, the temperature of the compost is expected to rise
in the first week (mesophilic stage) and reaches the maximum
in 4 weeks (thermophilic stage) before stabilizing to the
ambient temperature thereafter. As none of the plots reach a
plateau, it was postulated that 6 weeks was not sufficiently
long for the completion of the thermophilic composting stage.
Nonetheless both composting conditions produced very
similar temperature rise from week 2 onwards, i.e.
approximately 0.38 °c per week, with a seeming continuous
increment trend beyond 6 weeks. In addition, Koyama et al.
[20] reported a shift in the dominant bacterial group of the
compost with temperature change, resulting in possible rise of
the composting rate.

33 pH

Figure 4 summarizes the pH variation of the samples. All
samples remained in the acidic pH range (<4) within the
6-week composting period, and recorded similar decline in
the first 2 weeks, a relative plateau between week 2 and 4,
followed by a gradual climb entering the second month of the
composting period, likely due to ammonia volatilization and
increase in the concentration of water-soluble base cations
with organic matter decomposition. The generally low pH of
the compost was due to admixing with peat, a naturally acidic
highly organic soil.
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Figure 4: pH changes with time
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Anaerobic conditions appeared to have the same effect on the
composting samples regardless of the mixtures, as shown by
the close layout of the plots. Aerobic composting, on the other
hand, caused more variations in the pH changes, where both
PSB and PCB showed more significant fluctuations in pH
compared to PBB. However, the pH values for all cases
appeared to stabilize at about 3.4 and 3.3 for the anaerobic
and aerobic conditions respectively after 6 weeks of
composting. The subsequent rise in pH for all samples in
week 4-6 (and seemingly beyond) could be attributed to the
conversion of organic nitrogen to ammonium nitrogen [21].

3.4 CJ/N ratio

Figure 5 shows the C/N ratio in both anaerobic and aerobic
composting conditions. It is interesting to note the rather
varied C:N ratio trends recorded for each sample over the
6-week composting period. In the anaerobic chamber, PCB
showed a dramatic rise in week 2 followed by an equally sharp
after that before stabilizing to about 0.7. The other 2 samples
showed far less fluctuations in C:N ratio over the 1.5 months,
especially for PSB. Under aerobic conditions, PCB underwent
asharp decline in C:N ratio before climbing consistently form
week 2 onwards to reach 1.55. PSB demonstrated a decrease
in C:N ratio between week 2-4, while remaining relatively
unchanged between week 0-2 and 4-6, recording a final
reading of 0.60.

ANAEROEIC

Figure 5: C/N ratio changes with time

In comparison, PBB which showed rather constant C:N
readings throughout the 6 weeks in anaerobic condition
demonstrated a nota-ble C:N increase in the aerobic chamber
for the first 2 weeks before levelling off after that. It is
suggestive that ventilation had a marked effect on the
decomposition processes and rates, though only PCB showed
promising signs of attaining higher C:N ratio. According to
Darwaty [24], a matured compost would appear blackish in
colour with a strong earthy smell and C:N ratio in the range of
10-20: 1. Apparently none of the samples in the current study
reached the high C:N ratio, suggesting unsuitable composting
materials and/or inadequate composting period to reach
maturity. Overall, increasing C:N ratio corresponded with
decreasing moisture content, especially for samples PCB and
PBB (Figures 2 & 5).
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4. CONCLUSIONS

The peat-waste compost samples showed more dramatic
moisture content changes in the aerobic condition with PBB
undergoing the highest moisture loss, while temperature
monitoring revealed the 6-week composting period to be
inadequate for completion of the mesophilic stage, hence
absence of the constant temperature attainment in all cases.
pH was found to decrease initially and remained constant
between week 2 and 4, before gradually climbing after that to
reach a common acidity (3.3-3.4) for all cases. None of the
compost samples reached C:N ratios greater than 2,
suggesting incompatible composting materials and/or
inadequate composting period. Also, excessive moisture
coupled with low C:N ratio would result in sluggish
degradation process. Hence, it is recommended to use a
suitable composting material and prolong the composting
period in the future study. All in all, peat-kitchen waste
showed potential for co-composting in an economical manner
for small households especially where the quantity of
disposed materials is comparatively low.
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