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ARTICLE INFO ABSTRACT

Industrial development and economic growth in this country have led to a significant
Received 30 November 2024 increase in solid waste, drivep by both population gr.owth ..amd higher consumption of
Received in revised form 7 December 2024 resources. Food waste constitutes about 45% of daily solid waste, exacerbating the
Accepted 15 December 2024 strain on existing landfills. To mitigate these challenges, composting food waste offers
Available online 25 December 2024 a solution by reducing landfill volume, promoting the use of organic fertilizers, and
improving soil quality. In this study, 3 types of composting treatments were carried
out, namely Treatment 1 (T1); organic waste and sawdust, Treatment 2 (T2); organic
waste, sawdust and active aeration, Treatment 3 (T3); organic waste and active
aeration and one Control Treatment (C); organic waste only. All treatment were
conducted for 30 days using a vertical reactor. During the composting period, physical,
chemical, and biological factors, including color, texture, odor, temperature, pH,
moisture content, and microbial population were monitored to compare the compost
produced by the different treatments. The results showed that the highest
temperature recorded was 47.50°C in Treatment T2, while pH values ranged from 6.62
to 7.25. The average moisture content in each treatment ranged from 54.40% to
73.93%, with microbial populations peaking in the first week of composting. Based on
this study, the T2 treatment produced the best compost yield based on the high GI
value of green beans and mustard seeds. Therefore, T2 compost can be applied as a
soil conditioner and organic fertilizer to create better soil conditions for plant growth.
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1. Introduction

Municipal solid waste demands urgent attention and prioritized action from authorities, as it has
been identified by the World Bank as one of the three primary contributors to environmental
degradation in Asian countries [1]. In 2021, it was projected that by 2022, 14 million tons of waste
would be collected annually. This upward trend is expected to persist, driven by a population growth
rate of 1.8%. Waste collection data from 2012-2022 indicates that approximately 39,936 tons of
waste were collected daily across Malaysia in 2022. Out of this, 45% of the total daily solid waste is
food waste, with 4,046 tons, or 24%, being avoidable through proper management for sustainable
waste practices [2]. Composting is one approach to addressing the growing issue of solid waste
accumulation. It involves the decomposition of organic waste through the action of microorganisms
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such as bacteria, fungi, and earthworms, transforming it into a nutrient-rich soil amendment known
as compost. This process is both environmentally sustainable and beneficial for waste management
and soil improvement. Composting offers several advantages, including reducing the volume of
waste sent to landfills, conserving valuable landfill space, and reducing harmful greenhouse gas
emissions. Instead, waste is converted into a useful product that can enhance soil quality and
promote plant growth [3]. Additionally, composting helps reduce the reliance on chemical fertilizers
and pesticides by providing essential nutrients and fostering healthy soil microbiology, ultimately
improving crop yields and minimizing the environmental impact of agriculture.

Effective composting involves the breakdown of organic waste in the presence of oxygen,
moisture, and microorganisms. Materials are typically shredded to accelerate decomposition and
then mixed in appropriate proportions to create an optimal environment for microbial activity.
Various composting methods can be employed, such as aerobic composting, anaerobic composting,
vermicomposting, and thermophilic composting. The choice of method depends on factors such as
the type and amount of waste, the desired end product, and available resources. Aerobic composting
is considered a cost-effective and simple technology for food waste management, making it suitable
for home, school, or university settings [4]. However, the stability and maturity of the compost are
crucial factors [5]. The rate of aeration is a key factor influencing the success of the composting
process [6]. Inadequate aeration leads to anaerobic conditions due to insufficient oxygen, while
excessive aeration can increase costs and slow down the composting process by causing the loss of
heat, moisture, and ammonia. The optimal aeration rate depends on factors such as the composition
of raw materials, the type of aeration employed [7] and the oxygen demand of microorganisms [8].
A study by Guo et al.,, [9] highlighted the importance of aeration rate in determining compost
stability.

However, there are limited studies exist on the optimal aeration rates for maximizing compost
stability and maturity in vertical reactor systems. Moreover, little is known about how these systems
compare to other composting methods in terms of efficiency, environmental sustainability, and
economic scalability. Additionally, current compost quality evaluations predominantly rely on seed
germination indices, leaving other important indicators like microbial diversity and potential
contaminants underexplored. Therefore, this study aims to compare composting processes for food
waste using active aeration versus no aeration. The composting system employed in this study will
use a vertical reactor, with physical and chemical properties monitored throughout the composting
period. Finally, compost quality will be evaluated using seed germination indices, helping to assess
the effectiveness of active aeration in the composting process.

2. Methodology
2.1 Experimental Design

The research methodology for composting organic waste consists of four main components
which are sampling, laboratory analysis, composting treatment, and final compost quality
assessment. The vertical reactor with dimension of 30 cm x 30 cmx 50 cm (length x width x height)
has two main components namely (1) 4 tubing running parallel for aeration and (2) the pump (Model
RESUN LP100 Low Noise Air Pump) to supply oxygen continuously to the system. An input for feeding
aeration to the system is supplied with four silicone tubing’s at the side of the vertical reactor that
connected to air pump. The air pump comes with outlet diameter 20 mm which suitable for larger
aerobic treatment systems (ATS). Figure 1 showed a clearer illustration of the active aeration
composting reactor used in this study.
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Fig. 1. (a) A compost reactor consist of (a) A mixing blades and arrangement of food waste and sawdust
in the reactor (b) Compost reactor with aeration connection

2.2 Composting Process

The food waste was pre-shredded to an average particle size ranging from 1 to 3 cm. A bulking
agent, specifically sawdust, was then added to each reactor at a ratio of 4:1 (food waste to sawdust
by weight), with each ratio corresponding to 2 kg of material. Four composting reactors (40 cm x 38.5
cm) were constructed for the composting process. The experimental treatments was conducted as
follows.

Table 1

Composting treatments applied in this study

No. Treatments Remarks

1. Control (C) Food waste only

2. Reactor 1 (T1) Food waste + sawdust

3. Reactor 2 (T2) Food waste + sawdust + aeration
4, Reactor 3 (T3) Food waste + aeration

2.3 Composting Process Monitoring

The composting material was turned once daily for 30 days treatment using the stirring handle
located on the reactor lid. This turning process is crucial for ensuring adequate aeration, which helps
to evenly distribute heat throughout the compost pile. The composting materials were mixed within
the reactor to enhances the composting process by promoting microbial activity and facilitating the
release of gases, as highlighted by Guo et al., [9]. The temperature and pH was measured daily for 1
minute in each compost reactor using a portable digital, at a depth of 15 cm at different points within
the reactor. For moisture content the percentage was calculated using equation (1). The fresh sample
was used for enumeration of microbial population by using serial dilution technique and calculated
using equation (2). For germination index (Gl), mung beans and mustard seeds was tested using a
compost solution to determine the maturity level of the compost. The following equations (3) were
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used to calculate the relative seed germination percentage (RSG), relative root growth (RRG), and
germination index (Gl), as proposed by Zahrim et al., [10].

Moisture content (%)= ((W2-W1)-(W3-W1))/((W2-W1))x100 (1)
Microbial population (CFU/mL)=(Total colony x dilution factor )/(Inoculumn factor) (2)
RSG (%)= (seed germination in sample)/(seed germination in control)x100 (3)

RRG (%)= (root length in sample)/(root length in control) x100
Gl (%)= (RSG xRRG)/100

2.4 Statistical Analysis

The mean values and standard deviations were calculated using Microsoft Excel. The standard
error was computed, and error bars were generated for the data. One-way ANOVA was performed
to determine the p-value for comparisons between the composting treatment types and the seed
germination index test.

3. Results and Discussion
3.1 Physical Changes in Compost throughout the Composting Process

The physicochemical properties of the compost generated over the 30-day composting period
were recorded. The data obtained on the physical changes in the compost—including color, odor,
texture, and weight reduction—were analyzed for the different treatments: Control (food waste
only), T1 (food waste and sawdust), T2 (food waste, sawdust, and active aeration), and T3 (food waste
and active aeration). These changes will be discussed in detail in sections 3.1.1 to 3.1.2.

3.1.1 Color

Physical observations from this study indicate that all treatment samples exhibited a yellowish
color during the first week of the composting process. By the fourth week, compost mixed with
sawdust changed to a dark brown color (Figure 2 (b) and (c)), while compost without sawdust turned
black (Figure 2 (a) and (d)). The stability of compost can be assessed by observing color changes
during the composting process [11]. These color changes occur due to the decomposition of compost
materials by microbes, which are linked to pH alterations. As microbes degrade these materials, the
color shifts to dark brown or black due to the formation of humic substances, which are complex
organic molecules rich in carbon and nitrogen [12]. According to Mbuligwe et al., [11], color changes
during composting reflect both the aesthetic quality and the characteristics of the final compost,
indicating its stability. The results indicate that after 30 days of composting, the compost had turned
dark, which serves as an indicator of compost stability. The color changes during composting are
attributed to the presence of dissolved organic materials and particles. Dark-colored compost tends
to have high light absorption and low light reflectance (known as albedo). As a result, dark compost
heats up more quickly due to its high light absorption compared to lighter-colored compost [13].
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(a) (b) (c) (d)

Fig. 2. The color changes in compost after 30 days of composting period (a) Control treatment (b)
Treatment 1 (c) Treatment 2 and (d) Treatment 3

3.1.2 Compost texture and odor

The particle size of compost is related to its maturity level and the volume of material. As the
compost matures, the fiber content decreases, and the particle size becomes smaller [14].
Consequently, the weight of the compost also decreases. An effective composting process results in
a uniform texture that is easily disintegrated [14]. Based on the observations from this study, it was
found that the compost texture on the final day of composting in treatments T1 and T2 was light,
porous, moist, easily disintegrated, and uniform, which promoted good airflow, similar to the texture
of sawdust used in these treatments [15]. In contrast, the compost texture in the Control (C) and T3
treatments was wet, compact, and heavy. This was due to the absence of sawdust in these
treatments. Ultimately, the compost from treatments T1 and T2 can be categorized as mature and
stable, making it suitable for use as organic fertilizer [14]. For compost odor, ammonia is a primary
compound actively released from compost reactors [16], whereas no ammonia is emitted from
mature compost. In this study, treatments T1 and T2 did not produce foul odors at the end of the
composting process, while treatments C and T3 emitted a strong, unpleasant odor. The presence of
foul and unpleasant odors typically indicates anaerobic conditions within the compost pile [17]. This
is because, during the decomposition process, ammonia gas is generated. The oxidation reactions
involved produce water and heat, which can result in the development of foul odors in the compost
[14]. Meanwhile, the presence of an earthy smell in T1 and T2 suggests that the resulting compost
has stabilized and matured [17]. Similar findings were reported by Md Sabiani and Asaari [17] and
Petrick et al., [18], who also observed an earthy odor and the absence of foul smells in their compost
samples. Changes in odor characteristics during the composting process are useful indicators of
compost maturity and stability [14,17].

3.2 Chemical and Biological Factors Affecting the Composting Process

The composting process is influenced by several chemical and biological factors, including
temperature, pH, moisture content, and microbial population. Data obtained from monitoring over
the 30-day composting period were recorded and will be discussed in more detail in sections 3.2.1-
3.2.4.
3.2.1 Temperature

Figure 3 illustrates the temperature changes in each of the different composting treatments.

Temperature variation during composting in this study occurred through four degradation phases:
mesophilic, thermophilic, cooling, and maturation. The temperature increased rapidly in treatments
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T1 and T2, reaching a maximum on day 4, with average temperatures of 44.83°C and 47.50°C,
respectively. Treatment C reached its maximum average temperature on day 8, at 35.67°C, while
treatment T3 peaked on day 10, at 37.00°C. At the beginning of decomposition process, the
temperature range on the first day for each treatment was between 22.17°C and 24.17°C, which is
categorized as the mesophilic phase. This temperature range allows mesophilic microorganisms, such
as bacteria and fungi, to decompose lignin and cellulose present in the compost pile. During this
phase, mesophilic microbes use oxygen and easily degradable compounds, causing the temperature
of the compost pile to rise rapidly [19]. From day 2 to day 4, treatments T1 and T2 exhibited drastic
temperature changes, reaching the thermophilic phase. Thermophilic microorganisms are active
during this phase, and the rapid decomposition of organic material leads to a significant rise in
compost temperature as microbes utilize oxygen to break down organic matter into carbon dioxide,
water vapor, and heat [19]. In contrast, treatment C entered the thermophilic phase between days 7
and 8, while treatment T3 entered this phase between days 8 and 10. This delay was due to the
imbalance in the carbon-to-nitrogen ratio in these treatments, which caused the compost to take
longer to degrade [20]. As a result, the temperature increase was slower in these treatments during
composting, thereby slowing the degradation of organic material and nitrogen release [21]. In
conclusion, during the initial decomposition phase, the mesophilic phase occurred with temperatures
recorded between 22.17°C and 24.17°C, while the thermophilic phase temperatures ranged from
43.67°Cto 47.50°C. In the maturation phase, the average temperature range recorded for treatments
C, T1, T2, and T3 was between 30.17°C and 36.83°C. During this phase, the rate of decomposition
decreases as the organic material in the compost pile stabilizes, resulting in lower temperatures and
reduced microbial activity [22]. After day 5, treatments T1 and T2 began to show a temperature
decline, while for treatments C and T3, the temperature decrease occurred on days 11. After days 5
and 11, the temperature in all treatments continued to decrease until it reached ambient
temperature (30 = 3°C) on the final day of composting [10], due to the loss of biodegradable materials
and reduced microbial activity. By the end of the composting process, in the maturation phase, the
lower compost temperature indicated that microbial activity had diminished due to the reduction in
biodegradable compounds.
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Fig. 3. Temperature recorded for different treatments over the 30-day composting period

3.2.2 pH

Figure 4 shows the changes in pH across the different treatments during the 30-day composting
period. The results indicate that the initial pH of all compost treatments was acidic, with pH values
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of 6.00, 6.69, 5.77, and 6.49 for treatments C, T1, T2, and T3, respectively. However, the pH values
decreased from day 1 to day 10 due to the presence of organic acids in the food waste [23] and the
production of nitrogen, which is essential for pathogen and insect egg/nymph destruction [24]. As
the composting process progressed, the pH gradually increased, reaching the highest value on the
final day of composting: 7.25 for treatment T2, and 6.72, 6.89, and 6.62 for treatments C, T1, and T3,
respectively. The increase in pH during the composting process can be attributed to the production
of ammonia, which is closely related to the degradation of proteins in the sample and the breakdown
of organic acids [25], or the biochemical conversion of organic nitrogen into free ammonia [26].
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Fig. 4. pH values for different treatments over the 30-day composting period

According to Jain and Kalamdhad [27], the optimal pH range for composting is between 7 and
8.5, while Zahari et al., [28] state that the optimal pH range for microbial growth in composting is
between 5.5 and 9.5. Based on the findings of this study, it can be concluded that all treatments
achieved an optimal pH range for microbial growth, but only treatment T2 reached the optimal pH
range for compost maturity. The acidity or pH level is a critical factor for the growth of
microorganisms involved in the composting process. Monitoring the pH of compost serves as an
indicator of the decomposition process. Microbes typically thrive in neutral to slightly acidic
conditions, with a pH range of 6 to 8. During the decomposition phase, organic acids are formed,
leading to a drop in pH [23]. The subsequent phase involves the transformation of organic acids,
which are then utilized by other microbes, bringing the pH back to neutral, thereby facilitating
compost maturation. The increase in pH is potentially linked to the release of ammonia gas [23].

3.2.3 Moisture content

Figure 5 shows the comparison of the average moisture content across treatments C, T1, T2, and
T3. The graph indicates that the average moisture range for treatment T1 was between 65.75% and
72.96%, while for treatment T2, it ranged from 65.99% to 72.85% throughout the composting
process. Meanwhile, treatment C exhibited the highest average moisture range, from 73.93% to
82.31%, followed by treatment T3, which ranged from 54.40% to 81.45%.
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Fig. 5. Percentage of moisture content over the 30-day composting period

According to Li et al., [29], a higher initial moisture content (65%) is more suitable for higher
temperatures, longer high-temperature retention, and the production of more stable final compost,
even though the optimal initial moisture content for composting typically ranges from 55% to 65%.
Moisture levels are maintained at appropriate levels to ensure effective composting, as moisture has
a significant impact on microbial activity and temperature [22]. When compared to other studies by
Kalamdhad and Kazmi [30], and Villegas and Huilinir [31], the moisture content results are consistent
with the findings of this study, showing a gradual reduction in moisture content throughout the
composting process. The decrease in moisture content is due to the high heat generation during the
composting process, which leads to higher water loss. In this study, the moisture content across all
treatments ranged between 70% and 80%, providing a moist environment that is conducive to
microbial growth.

3.2.4 Microbial population

Figure 6 shows the microbial population for different treatments over the 30-day composting
period. Throughout the composting process, the microbial population was higher in the treatments
containing sawdust, namely T1 and T2, compared to the other treatments, C and T3. Initially, the
microbial populations in the compost materials for all treatments (C, T1, T2, and T3) were similar on
day 1, with populations of 4.51 x 107, 5.82 x 107, 5.15 x 107, and 4.85 x 107 CFU/mL, respectively. This
similarity in initial microbial population can be attributed to the fact that the compost materials used
for all treatments were sourced from the same origin.
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Fig. 6. Microbial population in different treatments over the 30-day composting period
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The microbial population in T2 exhibited the highest value during week 1, as shown in Figure 4.6.
The data obtained is consistent with the study by Zhang and Sun [32], which indicated that microbial
populations were higher in treatments containing sawdust compared to those without sawdust. In
week 2, all treatments showed a decline in microbial population, and subsequently, the microbial
population decreased gradually until the end of the process in week 4. This decline indicates that
microbial activity in the composting process diminished as the compost product matured and
stabilized [32]. By the end of the composting period, microbial populations varied across the
treatments. For treatments C and T3, microbial populations were nearly identical, at 4.26 x 107 and
4.30 x 107 CFU/mL, respectively. In contrast, microbial populations in treatments T1 and T2 were 3.17
x 107 and 2.48 x 107 CFU/mL, respectively. An increase in microbial population accelerates the
decomposition of compost materials during the composting process [32]. The results of this study
suggest that the combination of food waste and sawdust effectively enhances microbial populations.
Sawdust possesses a macro-porous structure that provides a high surface area for microbial
attachment and reproduction, thus improving aeration and creating a favorable micro-physical
environment for microbial growth [33]. Additionally, sawdust serves as a carbon and nitrogen source
for microorganisms [34].

3.3 Seed Germination Index (Gl)

Before applying compost to the soil, it is crucial to assess its quality, including its stability and
maturity. The Seed Germination Index (Gl) is a sensitive parameter commonly used to evaluate the
toxicity of compost to seedlings and to assess its maturity [35]. According to Luo et al., [36], the Seed
Germination Index (GlI) has been widely adopted as a biological indicator for evaluating compost
phytotoxicity and maturity. Immature and unstable compost can negatively affect seed germination,
plant growth, and soil ecosystem balance [36]. This is typically due to a reduction in available oxygen
and nitrogen, or the presence of phytotoxic substances [37]. In this study, two types of seeds—mung
bean and mustard—were selected for the Gl test. Observations were made after 5 days of seed
sowing. According to Li et al., [38], compost maturity is classified into three categories based on the
Gl value: immature (<80%), mature (80-90%), and very mature (>90%). The results of the seed
germination index for mung bean and mustard are discussed in detail in section 3.3.1.

3.3.1 Mung bean and mustard seeds

The seed germination index (Gl) for mung bean and mustard seeds from different compost
treatments is shown in Figure 7 (c).
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Fig. 7. Histograms of calculated inputs for seed germination tests (a) Relative Seed Germination
Percentage (RSG)(b) Relative Root Growth Percentage (RRG) (c) Seed Germination Index (Gl)

The results indicate the relative seed germination percentage (RSG) for mung bean in Figure 7 (a)
as follows: 100.00% for treatment C, 125.00% for T1, 125.00% for T2, and 112.50% for T3. For
mustard seeds, the RSG percentage for C was 0%, 55.56% for T1, 66.67% for T2, and 55.56% for T3.
As shown in Figure 7 (b), the relative root growth (RRG) percentage for mung bean was 24.29% for
C, 148.00% for T1, 226.86% for T2, and 28.86% for T3. For mustard seeds, the RRG percentage was
0% for C, 64.71% for T1, 120.59% for T2, and 23.53% for T3. Treatment T2 recorded the highest Gl
value, with 283.56% for mung bean and 80.39% for mustard seeds, followed by T1 with 185.00% for
mung bean and 35.95% for mustard seeds. Meanwhile, treatments C and T3 showed values of 24.29%
for mung bean and 0% for mustard seeds, and 32.47% for mung bean and 33.63% for mustard seeds,
respectively. According to Li et al., [38] a Gl value exceeding 90% indicates very mature compost. The
increase in Gl values suggests a reduction in phytotoxic content during the decomposition of toxic
substances in the composting process [39]. The reduction in phytotoxicity in the compost is likely due
to the breakdown of fatty materials, soluble phenolic compounds, and changes in organic acid levels
[40]. In this study, the Gl values for the compost exceeded 80%, indicating that the compost was
mature and free of phytotoxic compounds. Therefore, it can be concluded that the compost products
from treatments T1 and T2 are phytotoxic-free and very mature, while treatments C and T3 contain
phytotoxic compounds and are not mature. Figures 8 (a - €) and Figure 9 (a - e) show the germination
of mung bean and mustard seeds after 5 days using compost dissolved in distilled water at a 1:10
ratio from the different treatments.
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Fig. 8. Germination of mung bean seeds (a) Treatment C (b) Treatment T1 (c) Treatment T2 (d) Treatment T3
(e) Control

Fig. 9. Germination of mustard seeds (a) Treatment C (b) Treatment T1 (c) Treatment T2 (d) Treatment
T3 (e) Control.

3.4 Statistical Analysis (Comparison between different composting treatments and seed germination
index)

The germination index percentages for green bean and mustard seeds for each treatment were
obtained. An analysis was performed using ANOVA: Single Factor to determine the comparison
between different composting treatments and the seed germination index. 2 and 3 present the data
obtained for the comparison of different composting treatments with seed germination index.

Table 2
Results of the ANOVA: Single Factor analysis for different composting treatments with

the green bean germination index

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 355.185 3 118.395  65.518 1.18x104 2.866
Within Groups 65.054 36 1.807
Total 420.239 39

Table 3

Results of the ANOVA: Single Factor analysis for different composting treatments
with the mustard seed germination index

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 3.875 3 1.292 6.546 0.001 2.866
Within Groups 7.104 36 0.197

Total 10.979 39
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Based on Tables 2 and 3, the germination of mung bean and mustard seeds showed a highly
significant comparison between the different composting treatments with respect to the seed
germination index. The p-value for mung bean was P = 0.000 (P < 0.05); F = 65.518, while the p-value
for mustard seed was P = 0.001 (P < 0.05); F = 6.546. Therefore, these results confirm that there are
significant differences in the compost produced by each type of composting treatment.

4. Conclusions

In this study, the composting of organic waste over a 30-day period demonstrated that Treatment
T2 produced the best compost compared to the other treatments. This was evidenced by changes in
the color, texture, and odor of the compost, which serve as indicators of compost maturity. Seed
germination index (Gl) tests on mung bean and mustard seeds showed that the compost produced
was mature, with a Gl value exceeding 90% after the composting period. Based on the findings of this
study, Treatment T2, which involved the use of organic waste, sawdust, and the application of active
aeration in the reactor, produced compost of high quality and maturity.

4. Limitation and Future Research Direction

This study on biocomposting of organic waste using a vertical reactor with different treatments
(control, sawdust, aeration, and their combinations) faces several limitations. This include the limited
diversity of raw materials (focused primarily on food waste and sawdust), small-scale
experimentation that may not translate to larger systems, and the study's primary focus on physical
and chemical parameters without delving into microbial diversity or safety aspects like heavy metal
content. Additionally, the environmental impact, such as greenhouse gas emissions, and economic
feasibility were not evaluated comprehensively. The study also uses a single aeration mode, leaving
potential for optimization unexplored.

Future research should integrate diverse organic waste types, optimize aeration rates and modes,
and analyze microbial diversity to enhance the composting process. Additionally, studies should
guantify greenhouse gas emissions, test scalability for larger systems, and evaluate long-term effects
of the compost on soil and agriculture. Addressing safety concerns, including pathogen and
contaminant presence, alongside a cost-benefit analysis, will support real-world adoption and
sustainability of the system. These steps can make composting with vertical reactors more effective,
scalable, and environmentally beneficial.
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