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1. Introduction

All across the world, the management of solid waste 

generation is a major problem, which until now, it is still 

under major discussion globally [1].  Currently, it has 

become one of the most important environmental issues 

being discussed and Malaysia is no exception to this 

phenomenon.  Garden waste (GW) is considered as one 

of the types of municipal solid waste because of its 

biodegradable organic fraction.  Its generally consists tree 

trimmings, garden litter and trimmings, grass, leaves and 

other similar constituents [2]. 

During the dry season, the major component of GW 

is dry leaves.  Traditionally, communities from the 

suburban and rural areas often openly burn these dry 

leaves that significantly can cause health problem, as it 

may contain hazardous chemicals from incomplete 

combustion.  Besides that, another method to dispose of 

this GW waste was by deposited into landfill or 

incineration process.  However, it is undesirable practices 

because it occupies valuable agricultural land, produced 

large amount of greenhouse gases and landfill sites are 

being filling up at a very fast rate [3,4]. 

According to the open burning, limited landfill and 

greenhouse gases issue, other options are needed to 

dispose these organic waste materials.  The traditional 

methods like composting process is an environmentally 

acceptable way to dispose of garden waste [1,4,5]. 

However, about a months to years are required to 

generate mature compost from garden waste because of 

the lignin, cellulose and other polymers contain in green 

waste will inhibit biodegradation and slow down the 

decomposition process [1,6,7]. 

Composting process is seen as an environmentally 

acceptable method of waste treatment technology or in 

the handling of organic solid waste. It is an aerobic, 

biological process which uses naturally occurring 

microorganisms to transform biodegradable organic 

matter into a humus-like product [8]. The utilization of 

bulking agents usually used during composting process to 

improve the quality of compost produces.  Sawdust, 

cotton waste, peanut shells and risk husks has been used 

in previous study as bulking agents during the 

composting of green waste [9].  

An indigenous microorganism (IMO) is organisms 

that enrich the nutrient of soil quality and act as a reserve 

source for nutrient [10].  It contains beneficial 

microorganisms that play an important role in 

decomposition of organic matter.  There is no previous 

study that has been conducted to compost garden waste 

with indigenous microorganisms.  Thus, this study was 

conducted to evaluate the compost quality of IMO-

compost by composting the garden waste (dry leaves) 

with indigenous microorganisms (IMO) as an organic 

additive. 

2. Materials and Methods

Abstract: Garden waste (GW) is considered as one of the types of municipal solid waste because of its 

biodegradable organic fraction.  To avoid the disposal of green waste by open burning, incineration and landfill 

site, it can be manage by composting process.  The objective of this study was to evaluate the performance of 

composting garden waste (dry leaves) by using indigenous microorganisms in term of the compost quality (pH, 

temperature, moisture content, C:N ratio and nutrient content). The compost has 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 8-9, temperature 30-48°C, moisture content 36-65%, nitrogen 2- 7%, 

phosphorus 4-8%, potassium 12-18% and C:N ratio 6-12.  The result showed that all compost quality for IMO-

compost obtained in an acceptable range for final compost to establish. 

Keywords: Composting, green waste, indigenous microorganisms (IMO), compost quality 
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2.1 Indigenous Microorganisms (IMO) 

preparation 

A small plastic container (0.19 × 0.26 × 0.01m) 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 I 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 II will 

begin. 

Three grams of IMO II 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 III was produced after 5 days. 

IMO III was mixed with soil based on the ratio of 

1:1. About 1.0 kg of IMO III 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 using a 

thermometer. After 14 days, the fifth phase produced 

IMO V and this was used as an additive during the 

composting process. 

 

2.2 Collection of dry leaves and 

composting process 

Garden waste (GW) which consisted of fallen and 

dry leaves was collected from the School of 

Environmental Engineering, UniMAP. GW was dried 

under the sunlight for 3 days and then pulverized to the 

size of 3 mm using a shredder machine. The purpose of 

shredding the GW was to increase the rate of the 

composting process 

GW was analyzed for pH, 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 GW 

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 used. 

The composting process was carried out in plastic 

bin containers (0.385 m height x 0.42 m width) and 

covered with aluminium foil to enable the absorption of 

heat from the sun. GW was 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 ratios used for GW composting 

were: 

 

a) Ratio 1; 2:3:1 (2kg GW + 3kg IMO + 1kg CD)  

b) Ratio 2; 3:2:1 (3kg GW + 2kg IMO + 1kg CD)  

c) Ratio 3; 2:2:1 (2kg GW + 2kg IMO + 1kg CD) 

 

The temperature was measured by using a 

thermometer and pH value was done by mixing sample 

into distilled water and stirred vigorously for 2 to 5 

minutes and measured by using a pH meter.  The 

moisture content was determined by drying the sample in 

an oven at 105
o
C for 24 hours.  Total nitrogen was 

determined by using the CHONC Analyzer (Series II 

CHNS/O Analyzer 2400).  The Fluorescent Spectrometer 

(XRF) (XRF-PANalytical) was used to measure the 

phosphorus and potassium content.  The value of C:N 

ratio was calculated by dividing the value of total carbon 

to the value of total nitrogen. 

 

3. Results and Discussion 

In this study, no control was made. This is because 

the decomposition process of garden waste without any 

addition of bulking agents or additives will happen in a 

longer time.  All of these mixtures treatment was 

characterized for pH, temperature, moisture content, total 

nitrogen, carbon to nitrogen ratio, phosphorus and 

potassium.  IMO-compost of garden waste compost 

(GWC) matured after 60 days of composting period. 

 

3.1 Effect of pH during composting process 

Fig. 1. represents the changes in pH values of garden 

waste IMO-compost with the involvement of three 

different treatments from GWC1, GWC2 and GWC3. 

The pH value of the IMO-compost varied and fluctuated 

with time during the composting time. IMO-compost 

GWC2 showed a rise in pH value from 8.15 on day 3 to 

9.03 on day 60. 

The pH value for GWC1 increased from 8.25 on day 

3 to 9.09 on day 12 and 9.07 on day 18. After that, the pH 

value increased again on day 33 at 9.05. Then, it 

decreased to 8.51 at the end of the composting time. 

IMO-compost GWC3 starting with pH 8.55 on day 3. The 

pH value showed a rise on day 12 with 9.10; 9.09 on day 

30 and a pH of 9.06 on day 42. At the end of the process, 

the pH value decreased to 8.66 on day 60. 
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pH values are related to microbial activity and 

ammonia emissions, in which pH values obtained about 

or above 7.5 can cause a loss of nitrogen in the form of 

ammonia gas [11,12]. However, according to Sundberg et 

al. [13], the composting process was successful and fully 

developed at the pH values between 8.0 and 9.0. 

Microbial activities during the process produce ammonia 

during the ammonification and mineralization of organic 

nitrogen causes a rise in pH values for all the IMO-

compost [14].   

All the IMO-composts during this study were within 

the optimal pH range for the development of bacteria and 

fungi [15]. The function of these bacteria was to break 

down the complex organic waste to form humus or 

compost. These microorganisms also function in 

decomposition of organic matter and the production of 

organic and inorganic acids. Thus, it might also 

responsible for the decrease of pH [16].   
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Fig. 1 The changes of pH over composting period 

 

3.2 Effect of temperature during composting 

process 

As shown in Fig. 2, IMO-compost treatments of 

GWC1 and GWC2 entered the thermophilic phase on day 

12 and that lasted for 19 days with a range of temperature 

from 44
°
C to 42°C for both treatments. The GWC3 

required a longer time to reach thermophilic phase 

starting on day 15 with 42°C until day 24 with 44°C.  

This indicated an increase in microbial activity occurring 

in the compost pile.  IMO-compost GWC2 recorded the 

highest temperature during thermophilic phase, which 

was 48°C. The temperature was constant at 30°C starting 

from day 51 for GWC1, day 57 for GWC2 and day 54 for 

GWC3, respectively. 

The population of microorganisms, through their 

respiration and decomposition of sugar, starch and 

protein, was responsible for heat generated during the 

composting process causing an increase of temperature 

from 42°C to 48°C [17]. In addition, the high rates of 

decomposition of organic matter lead to the rise in 

temperature [18].  The higher temperature denoted greater 

microbial activities, as the rise in temperature is related to 

microbial activities in the compost pile. 

When the temperature of IMO-compost piles 

approached the cooling stage to an ambient level, the 

compost indicated a good degree of stability, in which all 

phases of temperature occurred during composting 

process [19]. The change from thermophilic to cooling 

stage causes a reduction in temperature. This situation 

occurred due to a decrease of oxygen, moisture content 

and easily decomposable organic matter in the IMO-

compost pile which affected by the slowdown in 

microbial activities [18]. 

The temperature is considered ideal between 55°C to 

65°C because at this temperature range, most weed seed 

and pathogens are killed [30]. However in this study, all 

IMO-compost treatments did not achieve that temperature 

although all piles reached thermophilic stages. This 

situation may have occurred due to low carbon to 

nitrogen ratio at the beginning of the composting process. 

Low carbon to nitrogen ratio will cause a scarcity of 

available carbon source and will have an effect on the 

growth and biological activity of microorganisms in the 

compost [18]. 

Almost all pathogens and seeds are killed at a higher 

temperature. According to Goyal et al., (2005) [21], the 

success of composting depends on the temperature 

reached during the process. 
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Fig. 2 The changes of temperature over composting 

period 

 

3.3 Effect of moisture content during 

composting process 

The moisture content of all the treatments throughout 

the composting process is indicated in Fig. 3. Usually, 

loss of moisture content during composting was caused 

by heat generated by the microorganisms. Moisture 

content is related to temperature, since moisture content 

will rise when temperature increases. 

The highest moisture content was recorded on day 18 

and 21 for IMO-compost GWC1 at 56.69% and 57.9%. 

IMO-compost GWC2 also recorded the highest moisture 

content on those days at 65.56% and 64.94%.  For IMO-

compost GWC3, the highest moisture content and 

temperature were respectively recorded on day 21 and 

day 24 at 61.12% and 55.6%. 

As mentioned previously, moisture content is related 

to temperature. It affects microbial activity and the rate of 

decomposition process [22]. During the decomposition 

process, water loss through evaporation is smaller than 

water released through microbial activity. The higher 

temperature in the compost pile was caused by an 
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increase in microbial activity. Thus, in this study, higher 

moisture content was recorded at high temperature. 

Geroge [20], stated that the ideal moisture content 

should be maintained between 40% and 60% during the 

composting process. This rate of moisture content needs 

to support the growth of microorganisms that involved 

during the composting process. When the moisture 

content falls below 40%, the composting process may be 

inhibited and slowed down [12].  If the compost pile is 

too dry, it will become dusty and irrigating work. 

IMO-compost treatment GWC2 showed the moisture 

content falling below 40% in the first 3 days during the 

composting process. However, the moisture content 

started to increase until the optimum moisture content 

was achieved in the range of 40% to 65% starting from 

day 6. The optimal moisture content for successful 

composting process varies depending on the physical 

state and size of the particles and depending on the 

methods used for composting. 
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Fig. 3 The changes of moisture content over composting 

period 

 

3.4. Effect of C:N ratio during composting 

process 

Fig. 4 below demonstrates the trend of C:N ratio for 

four treatments of IMO-compost; GWC1, GWC2 and 

GWC3. The values of C:N ratio obtained during this 

study fluctuated and finally decreased at the end of the 

process for all treatments with an increase in composting 

time. The stabilization process and decomposition of 

organic matter were reflected by the changes in C:N ratio 

[23].  

During the decomposition process, the carbon 

content of the compostable materials decreased with time 

because carbon is released as carbon dioxide. Meanwhile, 

the nitrogen content per unit increased. Thus, as 

composting proceed, the C:N ratio gradually decreases 

until the end of the composting period [28]. 

According to Jusoh et al. [7], a C:N ratio of less than 

20 can be considered as mature compost, and it can be 

used widely without any restriction. The initial C:N ratio 

for all IMO-compost treatments in this study was in a 

range of 11-19.  The value of the final compost was in a 

range of 6-12. IMO-compost GWC3 showed a poorer 

decomposition process because of a smaller decrease of 

C:N ratio at the end of the composting time [18]. 

Bernal et al. [15], discovered that a C:N ratio of less 

than 12 can be considered as stabilized. The stability 

stage is a condition at which the microbial activity at the 

end of the product is reduced to an insignificant level. 
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Fig. 4 The changes of C/N ratio over composting period 

 

3.5. Effect of total nitrogen during 

composting process 

The nitrogen content values started to increase until 

the end of the composting period over 60 days as shown 

in Fig. 5.  The increment occurred due to the nitrogen 

fixing bacteria activity and the dry mass net loss as the 

loss of organic carbon as CO2 during composting [14,17].  

Microorganisms present in the compost use nitrogen 

during the process to build up cells which caused the 

depletion in amount of nitrogen in the early stages of the 

composting process. During the process of building up 

cells, some of these organisms die and are recycled as 

nitrogen. Thus, this contributes to the increase of nitrogen 

content due to the stored source of nitrogen [17,25]. 

Besides, an increase in nitrogen content is caused by an 

increase in inorganic nitrogen because of the 

concentration effect as a consequence of strong 

degradation of organic carbon compound [26]. 
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Fig. 5 The changes of total nitrogen over composting 

period 

 

3.6. Effect of total phosphorus during 

composting process 

Fig. 6 indicates the increase in total phosphorus 

content throughout the composting process. Lee [27] 

stated that the increases were caused by available 

phosphorus content in organic waste that was released 

through the mineralization process. Phosphorus 
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solubilising microorganisms also contribute to the further 

release of this phosphorus content. Due to the richness of 

microbial populations in compost piles, the availability of 

phosphorus also increases [28]. 
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Fig. 6 The changes of total phosphorus over composting 

period 

 

3.7. Effect of total potassium during 

composting process 

Total potassium for all IMO-compost treatment of 

garden waste also increases during the decomposition 

process as illustrated in Fig. 7.  The increase was due to 

the higher microbial activity in IMO-compost treatment 

which consequently caused a higher rate of 

mineralization [29]. 
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Fig. 7 The changes of total potassium over composting 

period 

 

4. Summary 

Composting of organic waste with IMO resulted in 

the maturity and stability of compost after 60 days for 

garden waste. The pH obtained during the composting 

process was in the range of 8.0 to 9.0 and the temperature 

recorded was in the range of 30 to 48°C.  IMO-compost 

GW showed moisture content to be in the range of 36 to 

65%.  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.  

The best ratios recommended to be used, based on 

this study during the composting process with three 

different ratios for each garden was IMO-compost 

GWC2. This is because, IMO-compost GWC2 recorded a 

respectively higher temperature of 48°C during the 60 

days composting period. Besides that, the end C:N ratio 

of 12 recorded during the process was the highest among 

the other ratios. 

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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