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Abstract— Municipal solid wastes usually contain the
component of organic solid waste like food waste that disposed
directly into the landfill. Direct disposal to landfill can cause
impacts to the environment. Composting of organic solid waste
is seen as a waste treatment method to avoid the waste from
being dumped at the landfill. The utilization of organic additives
towards composting process would produce an environmental
product of compost. The objective of this study was to evaluate
the performance of composting food waste by using indigenous
microorganisms in term of the compost quality (pH,
temperature, moisture content, C:N ratio and nutrient content).
The compost have been prepared from three different mixtures
of food waste for 30 days. IMO used as an organic additive
during composting were prepared according to the method from
previous study. The preparation of IMO consists of several
phases include phase I until V with a mixture of various
materials for each phase. During the composting process, all the
parameters of IMO-compost obtained in a range like; pH value
5-9, temperature 29-550C, moisture content 35-75%, nitrogen 1-
7%, phosphorus 4-15%, potassium 11-23% and C:N ratio 5-20.
The result showed that all compost quality for IMO-compost
obtained in an acceptable range for final compost to establish.
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I. INTRODUCTION

Municipal solid waste is suitable for composting
because the presence of a high percentage of biodegradable
organic matter, acceptable moisture content and carbon to
nitrogen ratio in the waste [1]. In Malaysia, food waste was a
larger average component of municipal solid waste produced.
Food waste is organic solid waste that mostly consists of
waste from food preparation and uneaten food, especially
from cafeteria, restaurant, and residences and also from
institutions. This waste usually sent directly to landfill as a
final disposal.

Presently, the only technique used in Malaysia for
the disposal of municipal solid waste is by landfilling.
Unfortunately, most of the landfill sites areas in Malaysia are
open dumping. Furthermore, this landfill is filling up at a
very fast speed day by day and become an issue since the
construction of new landfill required some consideration [2].
Landfill can cause negative impact to the environment and
social threats [3]. Improper landfill management causes
different  environmental  impacts include leachate
contamination, problem of pest and odor, land degradation
and also disturbs the residents near the landfill area in term of
their health hazard [2]
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Due to the excessive amount of waste at landfill that
being filled up very fast, the disposal of waste becomes a
serious problem. Food waste that contribute a larger
component in municipal solid waste is seen can be treated in
other ways instead of disposing in landfill. Recently, the
composting process gets an attention from researcher and
some entrepreneur to manage organic solid waste by return it
to the useable product known as compost. Composting is a
one of the waste treatment technology that facilitates the
reduction of waste need to dispose at landfill and produce a
beneficial product used in cultivated soils [4]. Kitchen and
food waste contain of high moisture content, a loose physical
structure and a high organics-to-ash ratio, the composting
process seems to be an ideal disposal method [5].

A composting process occurs naturally, but it takes a
long time for the decomposition of organic materials. Under
control conditions, the composting process can happen in a
short time, around a month or two months, depending on the
waste materials used with the addition of additives during the
process. The utilization of bulking agents has been studied by
researchers in composting of food waste. Rice husk, rice bran
and sawdust were used in composting of synthetic food waste
in order to adjust the moisture content and carbon to nitrogen
ratio of the compost mixtures [6]. Beside that, alginic chalk,
rock dust, rock phosphate, clay granulate and straw also been
used an additives to improve the compost [7]. However, to
obtain an environmentally product of compost, an organic
additives were more proposed to be used.

Usage of organic additives lately was seen to get an
attention from the researcher because of the time consuming.
It utilization not only improve the composting process, but
also help in producing an environmental product of compost.
An indigenous microorganism (IMO) is organisms that enrich
the nutrient of soil quality and act as a reserve source for
nutrient [8]. It contains beneficial microorganisms that play
an important role in decomposition of organic matter.
Organic additives can be prepared at home by self without the
need to obtain from the manufacturer, thus it reduces the cost.
This study was conducted to evaluate the compost quality of
IMO-compost by composting the food waste with indigenous
microorganisms (IMO) as an organic additive.
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Il. MATERIALS AND METHODS

Indigenous Microorganisms (IMO) Preparation

The method of indigenous microorganisms (IMO)
preparation was obtained from the Department of Agriculture
and from studies conducted by several researchers [9,10].

A small plastic container with size 0.19 m height x
0.26 m width x 0.01 m thick was filled with 200 g of rice and
covered with white paper. Rubber bands were tied around the
top of the container to secure the white paper in place. The
box was then covered with a sheet of plastic to protect it from
rain before placing it under the bamboo clumps to avoid direct
sunlight. After 72 hours, the rice was covered with white
mould (mycelium) and the smell was mildly sour. During this
phase, indigenous microorganisms (IMO), IMO (I) were
obtained.

A hundred grams of IMO, | then was mixed with 0.1
kg of granulated brown sugar in the ratio of 1:1. This mixture
was then placed in a plastic container in a cool spot for 5 days
to allow the fermentation process to take place. After this
period, the second phase of IMO |1 will begin.

Three grams of IMO Il was then mixed with 3.0 kg
of rice bran and 0.75 L of fermented rice wash water until the
mixture appeared semi moist (about 65% moisture and
temperature of not exceeding 70°C). A mound of mixture was
placed above the sack and covered with 20 cm height of dried
leaves to protect it from rain. The third phase of IMO Ill was
produced after 5 days.

IMO 111 was mixed with soil based on the ratio of

1:1. About 1.0 kg of IMO 11l was mixed with 1.0 kg of soil
and 0.25 L fermented rice wash water was added into this
mixture. The mixture was kept at 65% moisture content and
temperature not exceeding 70°C for a period of 5 days. The
height of the mixture did not exceed 70 cm, and 20 cm height
of dried leaves were used to cover the mound from rain. IMO
IV was produced during this phase.
Based on a ratio of 10:1, 8.0 kg of dried goat dung were
mixed with 0.8 kg of IMO IV. 2.0 L of fermented rice wash
water was used to flush the mixture to maintain the moisture
level of 65%. The daily temperature was maintained at a
temperature not exceeding 70°C and the temperature was
measured daily using a thermometer. After 14 days, the fifth
phase produced IMO V and this was used as an additive
during the composting process.

Collection of Food Waste

Food waste (FW) used in this study was obtained
from several foods stalls and restaurants near the School of
Environmental Engineering, UniMAP. They contained waste
from the uneaten and preparation of food such as fish or
chicken bones, spoilt rice and vegetable remains. FW was
washed first with tap water before they were used in the
composting process. This process was required to remove the
excess oil that contained in the collected FW. The oil will
affect the activity of the microorganisms during the
composting process. All FW was blended to reduce its size
and accelerate the process.
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FW was analyzed for pH, temperature, moisture
content and C:N ratio before composting process was
performed. Dried chicken dung (CD) was used since it was
difficult to obtain fresh chicken dung. The CD was mixed
with organic waste and prepared IMO during the composting
process as a source of nitrogen. The CD was obtained from a
commercial chicken farm in Pauh, Perlis and it was
characterized for pH, moisture content and C:N ratio before
use.

Composting Process

The composting process was carried out in plastic
bin containers. The size of container was 0.29 m height x 0.25
m width, respectively. They were easily available,
inexpensive and can readily be used at home. The plastic bin
composter was covered with aluminium foil to enable the
absorption of heat from the sun. FW were the main materials
in the composting process with the inclusion of IMO as
additive and CD as a source of nitrogen based on a range of
different ratios. Water was added in the course of mixing
organic waste with IMO and CD to maintain the moisture
content at 40-60%.

The FW used to be on a wet weight basis; meanwhile
IMO and CD used for composting with FW were on dry
weight basis. All the proportions of mixing was in a semi
wet-dry weight for FW. The ratios for FW were:
a) Ratio 1; 2:4:1 (1 kg of FW + 2 kg IMO + 0.5 kg CD)
b) Ratio 2; 4:2:1 (2 kg FW + 1 kg IMO + 0.5 kg CD)
c) Ratio 3; 4:4:1 (2 kg FW + 2 kg IMO + 0.5 kg CD)

I1l. RESULTS AND DISCUSSIONS

In this study, no control was made. This is because
composting of food waste without any addition of bulking
agents or additives will not happen. All of these mixtures
treatment was characterized for pH, temperature, moisture
content, total nitrogen, carbon to nitrogen ratio, phosphorus
and potassium.

Utilization of IMO rapidly increases the composting
process and odour emission will not occur during the process.
IMO-compost FWC1 and FWC3 treatments matured in 30
days of the composting period, whereas, FWC2 treatment
matured after 48 days. The different period of maturation
process occurred because of the different ratios used in the
composting process. FWCL1 has more amount of additive
used over food waste and FWC3 has the same amount of
additive used with food waste. FWC2, however, used lesser
additives during the process, which meant that the
decomposition process took a long time to be completed.

Effect of pH during composting process

Fig. 1. shows the pH value for all treatments of food
waste over a time period of 30 days for FWC1 and FWC3.
The composting process to complete for FWC2 was longer
where the time required was 48 days. The pH value for
FWC1, FWC2 and FWC3 were in an acidic condition to
alkaline. The pH for IMO-compost FWC1 was 6.31 on day 3
and 9.11 on day 30. IMO-compost FWC2 recorded a pH of
5.4 on day 3 and 9.32 on day 48. On day-3, 6.34 pH value
was obtained by IMO-compost FWC3 and 9.10 on day 30.
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The changes from acidic to alkaline conditions were
caused by the turning frequency during the composting
process. The production of a short-chain organic acid like
acetic acid and butyric acid caused acidic condition for all
IMO-compost at the beginning of the process [11,12]. These
organic acids were produced by the microorganic reaction
during the composting process.

However, after day 18 at pH 8.82 for FWC1 and pH
8.33 for FWC3 and day 27 at pH 8.07 for FWC2 until the end
of composting days, the IMO-compost was in alkaline
condition because of the release of proteins [13]. The source
of protein came from the mixture of vegetables remains used
during the composting process.

The sharp increase of pH to 9.0 also was caused by
the transformation of organic nitrogen into ammonium
hydrogen and followed by the decomposition of organic acids
[14]. During the last stage of composting process, the
emission of ammonium hydrogen continued although the
degradation of organic matter was completed with little acid
produced and this also contributed to the consistent rise in pH
values [15].

The ranges of pH values obtained during this study
of food waste composting was satisfactory and was the same
as those obtained in previous studies at the range of 5.0 to 9.0,
despite different materials being used and the difference in the
method of composting [16,17,18].

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Composting Time (Day)

—©~FWC1 -S5-FwC2 FWC3

Fig. 1. The changes of pH over composting period

Effect of temperature during composting process

The variation of the temperatures for FWCI, FWC2
and FWC3 of IMO-compost with days of composting times
are described in Fig. 2. The three stages of typical
degradation phases: mesophilic, thermophilic and cooling
stage occurred during the composting time.

IMO-compost entered thermophilic stage on day 9
for both FWC1 and FWC3 under the same temperature at
44°C. However, IMO-compost FWC2 began the thermophilic
stage on day 12 at 42°C, which lasted a longer time of 25 days
compared to the other treatments. This thermophilic phase
occurred because of the decomposition of easily available
carbon [19].

The highest temperature was recorded for IMO-
compost treatment FWC2 at 55°C around 3 days, on day 21
before falling to temperature of 53°C on day 24. Some
researcher [13], found that the increase of temperature from
mesophilic to thermophilic stages entirely depended on the
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method of aeration and the amount of the waste substrate.
Besides that, the rise in temperature during thermophilic
phase also was caused by microbial activity during the
composting process that resulted in the heat generation in the
compost pile [20]

The highest number of indigenous microorganisms
was attributed to the passage from mesophilic to thermophilic
phase [21]. The high content of available nutrients, relatively
small size of organic fraction particles and the readily
degradable compounds were attacked by theses indigenous
microorganisms during the transitional phase [22].

After that, at the end of the process, the cooling stage
took place starting on day 24 for FWC1 at 33°C, on day 45 for
FWC?2 at 32°C and on day 18 for FWC3 at 34°C. The cooling
stage occurred when the temperature drops to ambient
temperature. Due to the lower level of decomposition of
available organic matter, the microbial activity in the cooling
stage decreases. When the degradable available carbon was
exhausted, the microbial reaction during this phase also
stopped and entered the cooling phase [19,23]. This indicated
that the composting process was completed.

IMO-compost treatment FWC2 was seen as a good
ratio for composting food waste with IMO due to the higher
temperature achieved, which was 55°C compared to the other

IMO-compost treatments. At this temperature, most

pathogens were killed.
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Fig. 2. The changes of temperature over composting period

Effect of moisture content over composting period

The moisture content of the IMO-compost for FWC1
and FWC2 over 30 days of composting time is presented in
Figure 4.12. The values of moisture content obtained in this
study are in the range of 40% to 75%. The highest value
achieved for FWC1 was on day 18 at 51.54 %, 75.62% on
days 21 for FWC2 and day 15 for FWC3 at 58.06%.

Temperature distribution during the composting
process affects the loss of moisture content. This is because
the loss of moisture content during the composting process
was caused by the heat generated from the microorganisms
such as bacteria and fungi [13]. Higher moisture content
occurred due to the bio degradation of organic materials. It
also indicated a maximum respiratory activity of the
organisms at that time [20].

Although the values of moisture content obtained in
the range was acceptable for finished compost, no leachate
was produced during the composting process as obtained in
previous studies [24]. The low moisture content of IMO
could be the reason for the non-production of leachate, thus
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becoming a good absorbent for food waste during the
composting process. The moisture content remained during
the process because of the water vapour produced from
decomposition process that condensed to the top of the cap
container of the bin composter.

If the moisture content rises above 60%, anaerobic
condition will take place. When the compost pile is
excessively wet, it becomes heavy and difficult to uniformly
apply [25]. However, in this study, IMO-compost treatment
FWC2 recorded the value of moisture content of more than
60% starting from day 6 until day 36 with the highest
temperature recorded at 75.62% on day 21. This is because
the amount of IMO used is lower than food waste during the
process. With high moisture content at this ratio, it required a
long decomposition time and low degradation efficiency
compared to the other IMO-compost treatment [26].

Although the moisture content for IMO-compost
treatment FWC2 was above 60%, no foul odour was released
during the decomposition process. This indicated that the
application of IMO, similar to effective microorganisms
(EM), was able to control the production of odour. The best
ratio of IMO-compost recommended based on moisture
content obtained were IMO-compost FWC1 and FWC3
because the moisture content was within the range of finished
compost.
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Fig. 3. The changes of moisture content over composting period

Effect of C:N ratio over composting period

The values of C:N ratio for all IMO-compost
treatments of FWC1, FWC2 and FWC3 also showed a
decrease relative to composting time, as indicated in Figure
4.13. The C:N ratio for all treatments was lower at the end of
the composting time compared to that in the earlier stage.
During the process, the increase in the degree of
humidification and organic matter decomposition were
reflected by the changes of C:N ratio [27].

The function of microorganisms in the process of
composting was to break down biodegradable components
and produce carbon dioxide (CO.), other small molecules and
water (H20). These microorganisms use carbon as a source of
energy and nitrogen for building cell structure during the C:N
ratio decomposition of organic matter.
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The lowering of C:N ratio at the end of the
composting time occurred when the rate of organic carbon
was higher than the rate of organic nitrogen mineralization
[19] and by the enhanced decomposition of organic matter.
As stated by [28], to reduce the amount of additives used
during the composting process, a low initial C:N ratio could
be applied. However, the time required for the decomposition
process will be longer than usual.

IMO-compost FWC2 required a longer time for
decomposition process because of the lower C:N ratio in the
initial days of composting compared to the other treatments.
Although the other IMO-compost treatments of FWC1 and
FWC3 showed a low initial C:N ratio, the IMO-compost
FWC2 was much lower in initial C:N ratio and lesser than
IMO ratio.

All IMO-compost treatments in this study have a
C:N ratio of between 7 and 10 at the end of the composting
process. This indicated that the compost has reached maturity
stage. The final C:N ratio of lower than 20 is as an indication
of proper compost maturity and is acceptable for maturity
indices, although, a ratio of 15 or less is much preferred. If
the compost reaches a value of 15, nitrogen immobilization
can be avoided when the finished compost is applied to the
soil [29,30].

However, several researchers considered that the
value of C:N ratio of less than 20 as stabilized [31]. The
complete decomposition of compost at the end of the process
should have a C:N ratio between 16 and 20 [23].

IMO-compost treatment FWC3 had the best ratio
recommended based on the end value of C:N ratio achieved
during the process. IMO-compost treatment FWC2 is not
recommended because it achieved the lowest end value of
C:N ratio, although it recorded the highest value of
temperature during the thermophilic phases.
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—-FWC1 -5-FWC2 FWC3

Fig. 4. The changes of C:N ratio over composting period

Effect of total nitrogen over composting period

The total nitrogen content of IMO-compost for all
treatments of food waste had shown increases during the
decomposition process. The continuous increase of total
nitrogen in the composting stages has reduced the dry mass
because of the degradation of organic compounds and loss of
ammonia volatilization [32]. According to [33], higher
degradation and concentration effects also cause an increase
in total nitrogen during the whole composting process. The
total nitrogen obtained during the FW composting was within
a range of 2% to 6%.
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Total Nitrogen (%)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Composting Time (Day)

——FWC1 -S-FWC2 FWC3

Fig. 5. The changes of total nitrogen over composting period

Effect of total phosphorus over composting period

As shown in Fig. 6, total phosphorus increased as
decomposition progresses. The value of total phosphorus was
in a range of 8% to 15%. Huang et al., (2004) indicated that
the increase of total phosphorus at the later stages of
composting time was due to the net loss of dry mass. More
mineralization due to the higher microbial activity during the
process which also contributed to the higher total phosphorus
content [34].
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Fig. 6. The changes of total phosphorus over composting period

Effect of total potassium over composting period

Similar to total nitrogen and total phosphorus, the
value of total potassium obtained during the FW composting
process increased as well. The total potassium obtained was
within a range of 16% to 25%. The role of microorganisms in
solubilising insoluble potassium during the decomposition
process has produced an acid that affects the amount of total
potassium in the later stage [35]. Besides that, the increase
was caused by the higher mineralization rate due to higher
microbial activity [36].
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Fig. 7. The changes of total potassium over composting period

CONCLUSION

Composting of organic waste with IMO resulted in
the maturity and stability of compost after 60 days for garden
waste and 30 to 48 days for food waste. The pH obtained
during the composting process was in the range of 8.0 to 9.0
for IMO-compost GW and 5.0 to 9.0 for IMO-compost FW.
The temperature recorded for IMO-compost GW was in the
range of 30°C to 48°C and 29°C to 55°C for IMO-compost
FW. IMO-compost GW showed moisture content to be in the
range of 36% to 65%, whereas 50% to 75% moisture content
was recorded by IMO-compost FW. The NPK values for
IMO-compost GW were in the range of 2% to 7%, 4% to 8%
and 12% to 18%. The C:N ratios for all treatment of IMO-
compost GW showed a value of 6 to 12. For IMO-compost
FW, 1-5%, 7-15% and 15-25% were obtained for NPK values
during the decomposition process. The range of C:N ratio of
IMO-compost FW was 7-15.

The best ratios recommended to be used, based on
this study during the composting process with three different
ratios for each garden and food waste, were IMO-compost
GWC2 and FWC3. This is because, IMO-compost GWC2
and FWC3 recorded a respectively higher temperature of
48°C and 55°C during the 60 days and 30 days of composting
period. Beside that, the end C:N ratio of 12 and 15 also
recorded during the process was the highest among the other
ratios.

The utilization of IMO as organic additives during
the composting of organic waste has accelerated the rate of
the decomposition process. IMO is seen as a good absorbent
during food waste composting with low moisture content,
which was proven when no leachate was produced during the
composting process. Besides that, no foul odour was released
during the process indicating that the application of IMO
allowed the control of odour production.

The quality, stability and maturity of finished
composts depended on the composition of raw materials used
for compost production. Different organic waste and types of
substrate used will give rise to different quality of finished

compost, different characteristic and different potential
markets.
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