ISSN: 2621-4709 E-ISSN: 2621-2528 ]mTMm”

Journal of Applied Agricultural Science and Technology ®
Vol. 9 No. 2 (2025): 225-238 —

o=

Acceleration of Organic Waste Decomposition: A Comparative Study of ASEM-7
Decomposer Efficiency on Several Organic Wastes

Ana Khalisha®*, Dwi Novanda Sari ?, Stefina Liana Sari ¢, Rani Sukmadewi °, Adi Surya
Pradipta ¢, Astri Nur Istyami ¢

* Agrotechnopreneur Program, Vocational School, Universitas Padjadjaran, Jatinangor, Indonesia.
®Business Logistics Program, Vocational School, Universitas Padjadjaran, Jatinangor, Indonesia
“Department of Manufacturing Design Engineering, Politeknik Manufaktur Bandung, Bandung,

Indonesia
4 Department of Bioenergy Engineering and Chemurgy, Institut Teknologi Bandung, Bandung, Indonesia

Abstract. Effective organic waste decomposition is vital for sustainable waste management and
agricultural productivity. This study investigates the efficacy of ASEM-7—a newly developed
decomposer comprising a consortium of seven microorganisms—in accelerating the composting
process and enhancing compost quality across various types of organic waste. Five treatment
groups were evaluated: paddy straw, animal manure; fruit and vegetable waste; a mixture of fruit
and vegetable waste with straw; and a combination of fruit, vegetable waste, straw, and manure.
During the decomposition process, key physicochemical parameters— including pH, temperature,
moisture content, organic carbon (C-organic), total nitrogen (N-total), and the carbon-to-nitrogen
(C/N) ratio—were systematically monitored. The results demonstrated that ASEM-7 significantly
enhanced composting efficiency compared to both EM-4 and control (no-decomposer) treatments,
achieving optimal pH stabilization (7-8) at a faster rate. Additionally, ASEM-7 reduced moisture
content and C/N ratios more effectively, indicating a higher degree of compost maturity. Compost
treated with ASEM-7 also exhibited the lowest levels of organic carbon, reflecting superior
decomposition efficiency. Although temperature levels remained below the threshold required for
effective pathogen elimination, microbial activity successfully facilitated nutrient recycling. The
microbial consortium—comprising Bacillus sp., Lactobacillus sp., and Trichoderma sp.—
demonstrated high efficacy in degrading recalcitrant organic materials such as straw and manure,
thereby improving the compost's nutrient composition. By meeting key compost quality
standards—organic carbon (>15%), total nitrogen (=0.5%), and a C/N ratio of 15—25—ASEM-7
effectively converts organic waste into high-quality compost. These findings underscore the
importance of tailored microbial consortia in advancing sustainable waste management practices
and enhancing soil fertility.
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1. Introduction
Organic waste refers to biodegradable materials that can be decomposed by microbial
activity into simpler compounds. Common sources include household waste (e.g., vegetable and
fruit scraps), agricultural residues (e.g., straw and plant matter), and livestock waste (e.g., animal
manure) [1]. Improper management of organic waste can result in environmental contamination

and significant public health risks [2]. The accumulation of decomposing organic matter attracts
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pests—such as rodents and flies—that act as vectors for diseases including dysentery, cholera, and
typhoid fever [3—10]. Uncontrolled decomposition of organic waste results in the emission of
harmful gases—such as methane and ammonia [2]—which contribute to air pollution and
respiratory health problems. Therefore, proper management and treatment of organic waste are
imperative to mitigate these environmental and public health risks.

Organic waste possesses significant potential for utilization, particularly as organic fertilizer.
The conversion of organic waste into fertilizer occurs through microbial activity in a process
commonly referred to as composting [5-7,11]. The microorganisms involved in this process—
commonly termed decomposing microorganisms or bio-decomposers—are capable of degrading
organic and inorganic materials [6,8,9]. These decomposers, comprising fungi and bacteria, exhibit
catalytic activity during decomposition and function efficiently under both aerobic and anaerobic
conditions. In addition to decomposing waste into simpler compounds, decomposer
microorganisms enhance nutrient content in the resulting organic fertilizer through nitrogen
fixation, phosphorus solubilization, and cellulose degradation [10].

Microorganisms play a pivotal role in the decomposing organic matter by converting
complex compounds into simpler forms readily assimilable by plants [12]. Prominent fungal
decomposers include Humicola, Trichoderma, and Penicillium and aspergillus species, which
facilitate the degradation of lignocellulosic materials, thereby accelerating the composting process.
In addition to fungi, several bacterial species—such as Bacillus, Flavobacterium, Microbacterium,
and Pseudoxanthomonas—serve as effective decomposers [13—15]. These microorganisms act
synergistically to degrade organic waste, thereby enhancing the release of essential nutrients and
promoting soil microbial diversity.

The application of organic fertilizer derived from decomposed waste represents a sustainable
strategy to enhance soil fertility and mitigate the detrimental impacts of excessive synthetic
fertilizer use. Prolonged use of chemical fertilizers has been linked to soil degradation, nutrient
imbalances, and diminished microbial biodiversity, contributing to long-term soil infertility
[16,17]. Studies have demonstrated that the incorporation of decomposer microorganisms into
organic fertilizers not only enhances soil fertility but also indirectly promotes crop productivity by
improving nutrient availability and soil structure [ 18-21]. This approach supports environmentally
sustainable agricultural practices and reduces reliance on synthetic fertilizers, presenting a viable
solution for long-term sustainable farming systems.

Although commercial decomposer products such as EM-4 are available, many existing bio-
decomposers remain limited in terms of efficiency, microbial stability, and decomposition rate.
The effectiveness of a decomposer is largely influenced by microbial diversity [22], population

density, and the specificity of the microorganisms in degrading complex organic substrates [23].
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ASEM-7 is an advanced decomposer formulation designed with a high microbial load and
selective bacterial strains capable of accelerating the decomposition of organic waste more
efficiently than conventional decomposers. Moreover, ASEM-7 is engineered to maintain
microbial viability over time, addressing a prevalent limitation of commercial decomposers, which
often lose efficacy due to microbial decline during storage.

This study evaluated the effectiveness of ASEM-7 on various types of organic waste.
ASEM-7 is a newly developed decomposer formulated from a consortium of seven distinct
microbial strains. It is designed to enhance composting efficiency and produce high-quality
compost. This study utilized various types of organic waste, including paddy straw, animal
manure, fruit and vegetable residues, a mixture of fruit and vegetable waste with straw, and a

combination of fruit, vegetable, straw, and manure.

2. Materials and Methods
2.1. Experimental setup

The study was conducted in a controlled greenhouse environment at the Faculty of
Agriculture, Universitas Padjadjaran, to minimize external variables. The experimental period
spanned two months, encompassing all stages from material preparation to the completion of the
decomposition process. To evaluate the effects of two treatment factors, the study employed a
factorial design nested within a Randomized Complete Block Design (RCBD). The RCBD was
selected to control for environmental variability among experimental blocks within the greenhouse
setting.

The experiment involved two treatment factors. The first factor was the type of decomposer,
with three levels: D1 = ASEM-7, D2 = EM-4, and D3 = no decomposer. The second factor was
the type of organic waste, comprising five levels: L1 = paddy straw, L2 = animal manure, L3 =
fruit and vegetable waste, L4 = a mixture of fruit and vegetable waste with paddy straw, and L5 =
a mixture of fruit and vegetable waste, paddy straw, and animal manure. Each treatment
combination was replicated three times, resulting in a total of 45 experimental units. The units
were randomly arranged within the greenhouse to minimize positional bias.

The observed parameters included a preliminary analysis of the decomposers prior to
application to assess the initial characteristics of ASEM-7 and EM-4, with a focus on their
microbial composition. The physical parameters measured during the study included pH,
monitored weekly with a pH meter to track acidity changes during fermentation; temperature,
recorded daily using a thermometer to evaluate microbial activity; and moisture content, measured
using a moisture meter to maintain optimal fermentation conditions. The chemical parameters

analyzed comprised total nitrogen (N-total), determined by the Kjeldahl method; moisture content,
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measured gravimetrically; organic carbon (C-Organic), analyzed via the Walkley-Black method;
and the carbon-to-nitrogen (C/N) ratio, calculated from the C-Organic and N-Total values as an
indicator of compost maturity.
2.2. Material and Equipment Preparation

The materials used in this study included organic waste (paddy straw, animal manure, and
fruit and vegetable waste), decomposers (ASEM-7 and EM4), and water. Organic waste was
collected from the surrounding area and finely chopped to a maximum size of approximately 1 cm
to ensure material homogeneity and increase the surface area for microbial activity. The equipment
used included airtight plastic buckets, a pH meter (Hanna Basic pH/ORP Benchtop Meter - PH21-
02), a soil tester (Aventru 4 in 1) to measure temperature and moisture, an analytical balance, and
laboratory instruments for chemical analysis, such as the Kjeldahl method for nitrogen
determination, the Walkley-Black method for organic carbon determination, and an oven
(Memmert series-902619) for gravimetric moisture content analysis. The organic waste was
separated according to the treatment combinations, with mixed treatments prepared in specific
ratios to ensure consistency. The waste materials were placed into 10-liter fermentation containers
for each experimental unit.
2.3. Application of Decomposers

Each experimental unit was treated with decomposers at a standard dosage recommended by
the manufacturer, 20 ml per liter (ASEM-7 and EM-4). The decomposer was evenly mixed with
the organic waste using a manual stirrer. The fermentation containers were then sealed and stored
in a greenhouse under controlled environmental conditions.
2.4. Maintenance and Monitoring

During the fermentation process, the contents of each container were stirred twice a week to
ensure the uniform distribution of the decomposers. Physical parameters, including temperature,
moisture content, and pH, were monitored to observe changes throughout the decomposition
process. This methodology ensured reliable data collection for evaluating the effectiveness of

ASEM-7 compared to EM4 on different types of organic waste.

3. Results and Discussion
Several factors, including particle size, pH, temperature, moisture content, and the carbon-
to-nitrogen ratio (C/N ratio) of organic waste, significantly impact the composting process [24].
This study observed a wide range of initial pH values [5-7,9,10] among different organic waste
materials (Fig. 1). The use of ASEM-7 effectively increased the pH of the organic waste from the
second day onwards, stabilizing between 7 and 8 in subsequent observations. Both ASEM-7 and

the treatment without decomposers stabilized the pH within the 7-8 range from day 27, followed
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by EM-4 on day 37. The lowest final pH was observed in the treatment without decomposers,

while treatments with decomposers achieved higher final pH values (above 8). According to prior

research by Zhou et al. [25], monitoring pH changes during composting can provide valuable

insight into the progression of the process. Generally, the initial and cooling phases are

characterized by slightly acidic pH, whereas the heating and thermophilic phases exhibit an

increase in pH. The composting rate is significantly influenced by pH, with alkaline conditions

generally being most favorable. In contrast, acidic conditions can inhibit composting by adversely

affecting microbial activity [2].
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Fig. 1. Changes in pH of organic waste during composting

As composting is an aerobic process, proper aeration and adequate moisture are crucial

factors [26]. Moisture plays a critical factor in decomposition, significantly impacting oxygen

uptake, temperature, and microbial activity [27]. In this study, organic waste materials derived
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from animal manure and paddy straw exhibited high moisture content at the end of the observation
period, with an increase observed from day 27 onward (Fig. 2). This elevated moisture content
may have slowed down the composting process for these materials. According to Mohammad et
al. [28], increased moisture content can reduce the rate of gas diffusion, potentially limiting oxygen
availability and shifting the process towards anaerobic conditions due to restricted microbial
activity. This is likely because paddy straw and animal manure contain more recalcitrant (i.e.,
resistant to decomposition) components compared to fruit and vegetable waste, which decomposes
more readily.

Paddy straw primarily comprises cellulose, hemicellulose, and lignin [29,30], making it
more resistant to decomposition. The texture of manure also impacts its degradability, with
excessively liquid manure posing challenges for aerobic decomposition. Generally, moisture
content decreases throughout the composting process, which includes the mesophilic,

thermophilic, cooling, and maturation stages [25].
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Fig. 2. Changes in moisture content of organic waste during composting
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Temperature is a crucial factor in the composting process, which is typically divided into
mesophilic, thermophilic, cooling, and maturation stages [26]. The temperature of organic waste
treated with various decomposers exhibited significant fluctuations throughout the observation
period (day 7 to 45) (Fig. 3), reflecting variations in microbial activity and the degradation of
organic matter [31]. High temperatures generally occur during the thermophilic stage, driven by
the activity of heat-loving (thermophilic) microorganisms. Conversely, lower temperatures are
generally observed during the initial (mesophilic) and maturation stages, where different microbial
communities (mesophilic microorganisms) are active.

The highest average temperature (31°C) was observed in the ASEM-7 and EM-4 treatments,
while the treatment without decomposers reached a maximum temperature of 30°C. The ASEM-
7 treatment maintained the highest final temperature (31°C), followed by EM-4 and the treatment
without decomposers (28-29°C). However, this temperature range does not align with several

studies reporting a suitable composting temperature range of 40-65°C [32].
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Fig. 3. Changes in temperature of organic waste during composting
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Additionally, temperatures below 55°C are insufficient to eliminate parasites and pathogens,
which is crucial for ensuring optimal sanitary conditions [33]. Nevertheless, other research
suggests that sometimes composting temperatures may not always reach 45°C; studies have shown
that pathogens can be eliminated even at lower temperatures due to factors such as nutrient
depletion and the activity of competitive organisms that produce enzymes capable of destroying

them [2].

Microorganisms require nitrogen (N), carbon (C), and potassium (K) nutrients during
composting to break down organic matter. Furthermore, they produce these nutrients as a
byproduct of organic matter decomposition [34]. Laboratory analysis (Table 1) revealed that the
D1 (ASEM-7) treatment resulted in lower organic C content compared to the EM4 decomposer
and no decomposer treatments, with the lowest value reaching 18.95%. The highest value was
observed in the D2 (EM4) treatment, particularly in L5 (a combination of paddy straw, animal
manure, and fruit and vegetable waste), which reached 32.38%. The highest average C-organic

content was found in D2 (EM4) at 30.17%, followed by D3 (no decomposer) at 31.88%.

Table 1.Effect of decomposers on several organic waste

Organic waste

Decomposer Average
L1 L2 L3 L4 L5
C-organic (%)
DI 28.01£0.45 £ 2597+0.12 ¢  18.9540.34 5 22234029 pe 21.61+0.22 1 23.35
D2 31.4240.67 , 28.66£1.10 ¢  18.07+1.88 4 23.32+1.05 o4 23.812091 4 30.17
D3 30.06+0.30 o 38.59+0.57 28.30+0.87 30.08+0.38 o 32.38+0.51 p 31.88
Average 29.83 31.07 25.18 27.46 28.79 )
N-Total (%)
D1 1.43+0.01 b 1.65+0.03 d 1.54+0.03 ¢ 1.88+0.03 f 1.54+0.02 ¢ 1.61
D2 1.5320.02 ¢ 2.31+£0.03 h 1.74+0.03 e 1.99+0.03 ¢ 2.51+£0.03 i 2.02
D3 1.17+£0.04 a 1.62+0.03 d 1.64+0.01 d 1.92+0.03 f 1.89+0.05 f 1.65
Average 1.38 1.86 1.64 1.93 1.98 (+)
C/N Ratio
D1 19.59+£0.46 j 15.77£0.25 h 10.62+1.00 b 11.73+0.18 cd 13.46%1.11 ef 12.06
D2 18.34+0.51 i  11.23+£0.11 bc 10.91+£0.17 bc  11.20+0.22 bc 8.60+0.16 a 14.23
D3 26.94+0.94 k 14.93£0.58 gh  11.06+1.19 bc 14.38+0.81 fg 12.61+£0.69 de 15.98
Average 21.62 13.98 10.86 12.44 11.56 )
Water Content (%)
D1 31.57£0.57 a 33.66+x1.74 b 39.33+0.87 e 37.19+0.80 cd 36.18+0.44 cd 35.59
D2 32.43+1.74 ab 33.97+1.19 b  41.41+0.70 f  37.62+0.90 d 35.96+130 ¢ 36.08
D3 33.97+1.15 b 39.76+0.69 e 43.28+1.01 g 43.03+1.14 g 44.12+0.62 g 40.83
Average 32.66 35.80 41.34 39.28 38.75 (+)

Note: Values within the same column followed by the same letter are not statistically different according to the DMRT
test at the 5% significance level. D1 = ASEM-7, D2 = EM4, D3 = no decomposer. L1 = paddy straw, L2 = animal
manure, L3 = fruit and vegetable waste, L4 = L1+L3, L5 = L1+L2+L3.
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This observation suggests an inverse relationship between the effectiveness of organic waste
decomposition and organic carbon content. The persistently high organic carbon content after
decomposition indicates that the decomposer's activity was not fully effective. An efficient
decomposition process should reduce organic carbon content, as decomposers convert carbon into
simpler compounds, such as carbon dioxide (CO»), which is released into the atmosphere. This
result aligns with the findings of Zhu et al. [35], who reported an 8% reduction in total organic
carbon by the 49th day of the composting process. The results also show that the treatment without
decomposers had the highest water content in almost all types of waste, with the highest level
observed in L5 waste at 44.12%. In contrast, paddy straw waste treated with ASEM-7 had the
lowest water content, at 31.57%. Based on the average values, the best performance was
demonstrated by the ASEM7 decomposer, which reduced water content by the greatest amount,
specifically 35.59%.

EM4 produces a higher N-total content in almost all types of waste, especially in L5, with
the highest value of 2.51%. The no decomposer and ASEM-7 treatments produce lower N content,
although ASEM-7 shows fairly good results in L1 (paddy straw) and L2 (animal manure). The
highest average N-total content is found in EM4, at 2.02%. The no decomposer treatment has the
highest C/N ratio in almost all types of waste, indicating that carbon remains more dominant than
nitrogen in these wastes. EM4 produces a lower C/N ratio, especially in L5, with a ratio of 8.60,
indicating a better balance between carbon and nitrogen. ASEM-7 provides a higher C/N ratio
compared to EM4, but still lower than the treatment without decomposer. The highest average C/N
ratio was observed in the no decomposer treatment, with a value of 21.62, while EM4 showed the
lowest C/N ratio. However, a good C/N ratio is not necessarily the lowest; there is an acceptable
range. According to the Ministry of Agriculture of Indonesia, high-quality compost should have a
C/N ratio between 15 and 25%. Based on this range, the lowest C/N ratio of 8.60, produced by
EM4, is considered too low. Treatments that result in C/N ratios within the acceptable range
include ASEM-7 with L1 and L2 waste, and EM4 with L1 waste.

The C/N ratio, representing the ratio of total organic carbon to total organic nitrogen, is a
critical factor in nutrient availability during composting. Carbon serves as the primary energy
source for microorganisms, while nitrogen is essential for cell structure [26,36]. Consequently,
nitrogen deficiency limits microbial growth and slows down carbon decomposition [37].
Conversely, excessive nitrogen can cause other issues. Optimal C/N ratios for composting are
generally reported to be around 20-30 [38]. A low C/N ratio can result in the release of ammonia
gas, causing unpleasant odors, and the accumulation of soluble basic salts, which can adversely
affect soil conditions and hinder plant growth [39]. In contrast, a high C/N ratio indicates

insufficient nitrogen for microbial growth, slowing the composting process [26]. The judicious
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combination of composting materials is crucial to optimize the C/N ratio, thereby ensuring
efficient and effective microbial decomposition.

Based on the analysis (Table 1), all treatments met the minimum requirements for C-organic
(>15%) and N-total (>0.5%) as stipulated by the Indonesian Ministry of Agriculture, with C-
organic ranging from 18.95% (ASEM-7 + fresh fruit and vegetable waste) to 38.59% (EM4 +
animal manure), and N-total ranging from 1.17% (EM4 + animal manure) to 2.51% (EM4 + mixed
waste of fruit, vegetables, straw, and animal manure). However, only some treatments achieved a
C/N ratio within the standard range (15-25), while others, such as EM4 + mixed waste, exhibited
low C/N ratios (8.60), indicating that the compost was not fully matured. Additionally, the water
content in all treatments exceeded the maximum allowable limit (<25%), ranging from 31.57%
(ASEM-7 + straw) to 44.12% (EM4 + complete mixed waste). These indicate that ASEM-7
exhibited better performance than EM4 in producing well-matured compost with more efficient
decomposition, as evidenced by lower C/N ratios and more optimal water content.

The use of specific decomposing agents has been widely demonstrated to improve
composting effectiveness. A study from Lasmini et al. [40] revealed that applying decomposers
containing Trichoderma sp. in the composting of goat manure and vegetable waste significantly
improved compost quality, as evidenced by changes in C content, N content, C/N ratio [41],
temperature [42], and pH [43]. Furthermore, variations in decomposing agents affected C-organic
content in cattle manure compost [9], N-total content, and the C/N ratio [44], which are critical
indicators of compost maturity and quality. Another study [45] showed that inoculation with an
effective microbial consortium (Bacillus sp., Actinomycetes sp., Lactobacillus sp., Saccharomyces
sp., and Trichoderma sp.) enhanced the nutrient content of the compost. Research Monica et al.
[46] also found that an effective microbial consortium consisting of Lactobacillus, Pseudomonas,
Aspergillus, Saccharomyces, and Streptomyces, isolated from various sources, significantly

improved waste treatment efficiency.

4. Conclusions

In conclusion, ASEM-7, a newly formulated decomposer containing seven different
microbes, significantly improved the composting process by optimizing key factors such as pH
stabilization, moisture content reduction, and C/N ratio. Compared to EM-4 and no-decomposer
treatments, ASEM-7 demonstrated superior performance in promoting efficient decomposition,
which is crucial for producing high-quality compost. These findings suggest that ASEM-7 has the
potential to enhance the composting process and produce compost that meets quality standards,
including C-organic >15%, N-total >0.5%, and a final C/N ratio of 15-25%, in accordance with

the criteria of the Ministry of Agriculture of Indonesia.
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