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Abstract: The management of organic waste, such as food scraps and straw, remains a 
challenge, particularly in residential areas that produce large amounts of waste but lack 
effective waste management systems. This study aimed to design and evaluate the 
performance of two types of aerobic composters: a conventional method and a modified 
method using a passive aeration system with perforated pipes. Six compost material 
variations were tested based on different ratios of food waste to straw and observed over 
an eight-week period using key parameters such as temperature, height, pH, moisture 
content, organic carbon, nitrogen content, and C/N ratio. The results showed that All 
compost variations met the compost quality standards of SNI 7763:2024. No significant 
difference was found between the conventional and modified methods based on ANOVA 
test results for the C/N ratio and pH. This study concluded that variation B6 was the most 
favorable, as it produced a C/N ratio closest to the standard value, met the quality standard 
criteria during the composting process, and reached acceptable pH and carbon levels 
more quickly than the other variations. Therefore, the compost quality of variation A2 and 
A3 was superior and reached maturity in a shorter time compared to the other treatments. 

Keywords: aerobic; composter; food waste; straw; waste management 

  

1. Introduction 
The organic waste produced by humans will always have an impact on the 

environment. Contamination from organic waste can affect the soil and air [1]. 

One of the main sources of organic waste comes from the agricultural and 

household sectors. A common example is straw, which is often burned for 

reasons of time and labor efficiency. Additionally, food waste from households 

and food processing industries contributes significantly to organic waste, which 

ultimately ends up in landfills [2]. 

Composting is an effective solution for reducing the environmental impact 

of organic waste. Composting is a biological process wherein microorganisms 

break down organic materials into compost, which can then be used as a 

medium to enhance soil fertility [3]. This process converts organic materials into 

simple compounds that can be reused in the environment [4]. Compost 

produced from food waste contained 15.83% carbon, 0.99% nitrogen, and a 

C/N ratio of 15.92 [5]. Straw serves as a carbon source that helps balance the 

C/N ratio in the compost [6]. The combination of straw and nitrogen-rich food 

waste is believed to produce higher-quality compost. 

Although there is already an awareness among the public about 

composting organic waste, more practical, efficient, and easy-to-implement 

methods are needed. Some studies have indicated that compost activators such 
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as EM4 and MOL can accelerate the decomposition of organic materials [7]. Additionally, the use of 

technologies such as bioactivators or specific microorganisms has also been proven to enhance the 

efficiency and quality of compost. Therefore, there is a need to develop a simple, fast, optimally aerated, 

and economical composting method, so that more people are willing to adopt the habit of composting, 

thereby reducing waste both locally and independently. This study aims to analyze the characteristics 

and quality of compost produced from the processing of food and agricultural waste, as well as to 

compare the results of compost from conventional methods and modified methods with various material 

compositions. 

2. Methods 

In this study, the equipment used included wooden boxes as composting containers, wire mesh for 

box covers, buckets, PVC pipes, rulers, thermometers, and soil pH meters for monitoring compost 

environmental conditions, and digital scales for measuring material mass. Additionally, laboratory 

equipment such as petri dishes, ovens, furnaces, analytical balances, block digesters, desilator units, 

Kjeldahl flasks, burettes, Erlenmeyer flasks, pipettes, ball pipettes, measuring flasks, and a laptop 

equipped with Microsoft Excel, Minitab, and OriginLab software for data processing were also used. The 

materials used in this study were divided into two categories: field materials and laboratory materials. 

The main materials used included food waste, straw, EM4 bioactivator, and molasses derived from 

sugarcane waste. The chemicals used in the laboratory include H₂SO₄, C₇H₆O₃, Na₂S₂O₃, H₃BO₃, 

indicator, NaOH, and deionized or distilled water as a solvent and for cleaning equipment. 

 
2.1 Determination of Design and Variation of Compost Composition 

The compost bin design used is based on conventional and modified methods, but both use a 60-

litre container to maintain consistency in volume and composition of materials in each treatment, as 

shown in Figure 1. The 60-litre compost container was chosen because it aligns with the average daily 

organic waste production of small to medium-sized households, which is approximately 0.62–2 kg per 

day [8]. The conventional composter used a wooden box-shaped container with dimensions of 50 cm × 

30 cm × 40 cm. Meanwhile, the modified composter using a 60-litre plastic bucket with a lid, modified 

with the installation of 1 cm diameter PVC pipes. These pipes were arranged to form a network inside 

the container and perforated along their length to enhance air circulation during the composting process. 

Both types of containers were covered with wire mesh to prevent pest infestation and reduce the risk of 

contamination from the surrounding environment. 

                                                                
(a) 

           
(b) 

Figure 1. Compost Bin Design (a) Conventional and (b) Modified 
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The variations in this study consist of six variations in the two methods presented in Table 1. Each 

variation was given the same treatment and dosage of EM4 and molasses, in accordance with the 

recommendations on the EM4 bottle. The moisture content of the compost during the process was 

maintained by adding water, if necessary. The variation ratios were selected based on previous journal 

references and then converted using density data into weight to fill a 60 L container, where only 80% will 

be used, that is, 48 L. The density of the straw used is 0.06 kg/L, and the density of the food waste used 

is 0.6 kg/L. 

Table 1. Variations in Compost Composition 

Methods Variation Waste (kg) 

Food Waste Straw 

Conventional 

A1 1.25 2.50 

A2 3.45 2.30 

A3 6.00 2.00 

A4 7.40 1.85 

A5 9.60 1.60 

A6 11.20 1.40 

Modified 

B1 1.25 2.50 

B2 3.45 2.30 

B3 6.00 2.00 

B4 7.40 1.85 

B5 9.60 1.60 

B6 11.20 1.40 

Total  77.80 23.30 

2.2 Field Data Collection and Laboratory Testing Samples 

The physical characteristics observed in this study included temperature, pH, and compost pile 

height. The pH and temperature measurements were performed daily using measuring instruments. The 

temperature was measured by inserting a soil thermometer directly into the compost pile to obtain 

accurate internal temperature data. Meanwhile, other characteristics such as moisture content, carbon 

(C) content, nitrogen (N) content, and C/N ratio were analyzed through laboratory tests. Samples for 

carbon and nitrogen content analyses were collected weekly. Moisture content testing was conducted 

on the 3rd and 7th days of each week to monitor the changes in moisture content during the composting 

process. 

2.3 Moisture and Carbon Content Testing 

The moisture content of the compost was calculated based on SNI 7763:2024 [9] using the 

gravimetric method. The ground sample was weighed and placed in a porcelain dish of known weight. 

Next, it was placed in an oven and dried at 105 °C for 16 h to remove the moisture content. After the 

drying process was completed, it was cooled and weighed again to obtain the weight after drying. The 

moisture content calculation is presented in Equations (1) and (2). 

 

Moisture Content (%) = (
𝑊1−𝑊2

𝑊1
) × 100% (1) 

fk =
100

100−𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
 (2) 

Explanation: 

W1 = sample weight, expressed in g; 

W2 = sample weight after drying, expressed in g; 

fk = moisture content correction factor. 
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Carbon content (organic C) was calculated by incineration. After obtaining the dry weight, place the 

sample in a furnace and perform initial incineration at 300 °C for 1.5 hours, then increase the furnace 

temperature to the range of 550–600 °C and continue the incineration process for 2.5 hours until the 

residue is completely burned. After the process was complete, the temperature was allowed to cool 

naturally. The sample was then transferred to a desiccator for cooling. After cooling, the samples were 

weighed to obtain the final weight. The calculation of the carbon content is presented in Equations (3), 

(4), and (5). 

Ash Content (%) =
𝑊3

𝑊1
× 100% (3) 

Organic content (%) = 100% − (%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 + %𝑎𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡) 
(4) 

C-organic content (%) = %𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 × 0,58 × 𝑓𝑘 
(5) 

Explanation: 

W3 = ash weight, expressed in g; 

W1 = sample weight, expressed in g; 

0.58 = conversion factor for organic matter to organic carbon; 

fk = moisture content correction factor. 

 

2.4 Nitrogen Content Testing 

The nitrogen (N-total) content was determined based on SNI 7763:2024. Weigh 0.5 g of ground 

compost sample was weighed and placed in a Kjeldahl flask. Add 10 ml of salicylic acid sulfuric acid 

solution, then leave it overnight. Add Na₂S₂O₃, then heat at a low temperature until the bubbles disappear. 

The temperature was gradually increased to 300 °C (approximately 2–3 h) and then allowed to cool. 

Distil the 100 ml mark with the addition of 10 ml of NaOH solution, 20 ml of H₃BO₃ solution, and three 

drops of Conway indicator. Titrate with 0.05 N H₂SO₄ solution until the endpoint of titration (the green 

colour of the solution turns pink) and record the final volume (V1), then repeat the same procedure for 

the blank solution (V2). The calculation of the nitrogen content is presented in Equation (6). 

N-Total content (%) =
(𝑉1−𝑉2)×𝑁×14,008×100×𝑓𝑘

𝑊
× 100% (6) 

Explanation: 

V1 = volume of H₂SO₄ solution used for titration of sample (ml)  

V2 = volume of H₂SO₄ solution used for titration of blank (ml)  

N = normality of H₂SO₄ solution 

14.008 = atomic weight of nitrogen  

fk = moisture content correction factor 

W = weight of compost sample (mg) 

 

The C/N ratio can be determined based on SNI 7763:2024 using the ratio of carbon and nitrogen 

content in compost. The calculation of the C/N ratio is presented in Equation (7). 

C/N ratio =
% 𝐶−𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑐𝑜𝑛𝑡𝑒𝑛𝑡

% 𝑁−𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
 (7) 

2.5 Data Analysis 

Compost data from field observations and laboratory test results will be used to determine the best 

method for producing compost from food and agricultural waste in the form of straw. In addition to 

comparing the compost results with quality standards based on SNI 7763:2024, as presented in Table 

2, statistical data analysis will also be conducted using ANOVA testing with the assistance of Minitab 
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software to determine the significance of the methods used. The data used included parameters such 

as the C/N ratio, compost height reduction, and compost moisture content, averaged over an 8-week 

period. 

Table 2. Compost Quality Standards (SNI 7763:2024) 

No Description     Unit     Requirements 

1 Moisture % 8-25 
2 C-Organic % Minimal 15 
3 C/N Ratio - Maximal 25 
4 pH - 4-9 

 
3. Result and Discussion 

3.1 Field Observation Results 

Documentation of the final composting results is shown in Figure 2. Documentation was performed 

at the end of composting to determine the physical form of compost. The results of the observations of 

compost temperature are shown in Figure 3. At the start of composting, the temperature for all variations 

was the same at approximately 30°C. During the first few days, there was a significant increase in 

temperature for each variation, with peak temperatures recorded between 42°C and 45°C on H-7. This 

increase in temperature was also influenced by a decrease in the pH and C/N ratio, which decreased 

because microorganisms used carbon as a fuel for decomposition, which generated heat. Variation A6 

showed the highest temperature, reaching almost 46°C, which occurred because its composition was 

very high in nitrogen, while variations A1 and A2 showed lower peak temperatures of approximately 41°C. 

The higher the compost temperature, the more oxygen is consumed by microorganisms, as more 

intensive microbial activity increases their metabolic rate, producing more heat [10]. After reaching the 

peak temperature, all variations experienced a significant temperature drop, stabilizing at approximately 

30°C until the end. The method used in this study was aerobic and was conducted in an open 

environment; the compost temperature influenced by the surrounding environmental temperature. 

 

                                                            
(a)                                                                                (b) 

Figure 2. Final Results Compost (a) Conventional and (b) Modified 
 

 
(a)                                                       (b)  

Figure 3. Compost Temperature (a) Conventional and (b) Modified 
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(a)                                                       (b)  

Figure 4. Compost pH Comparison Chart (a) Conventional and (b) Modified 

Figure 5 shows a gradual decrease in the compost pile height during the composting period. This 

decrease in compost pile height confirms the degradation of organic material, where the initially porous 

structure of the compost components undergoes compaction as a result of microbiological decomposition 

[11]. Each variation experienced a decrease in height with a similar pattern, although at different rates. 

Variation A1, which had the smallest decrease at the end of the composting period, only experienced a 

decrease of approximately 14.29%. Meanwhile, variation A6 recorded the highest decrease, reaching 

38.1%. The modified method graph shows a similar pattern in terms of the decrease in the compost pile 

height. However, there were some differences in the rate of decrease between the variations. Variation 

B1 showed the slowest decrease, with the decrease becoming noticeable on day 22. Over time, variation 

B1 experienced a smaller decrease compared to the other variations, only approximately 15.79%. 

Conversely, variations B5 and B6 had faster and more stable decreases (22.22% and 28%, respectively). 

The faster decrease in these variations indicates that the higher organic matter content in these 

variations is more easily decomposed by microorganisms.  

 

   
(a)                                                (b)  

Figure 5. Compost Height Comparison Chart (a) Conventional and (b) Modified 

3.2 Moisture Content Test Results 

Moisture content testing of the compost showed a downward trend in moisture content during the 

composting process, as shown in Figure 6. The graph shows that in the early weeks, the moisture 

content of the compost was still relatively high. However, over time, the moisture content tended to 

decrease simultaneously, although the decrease was not significant. Some composition variations, such 

as A1 and A6, showed moisture contents within the standard quality range, that is, 8–25%. By the end 

of the composting period, most variations stabilized at a moisture content of approximately 30% to 40%, 

with lower fluctuations compared to the beginning of the period. Some composition variations, such as 
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A1, A2, A3, A5, A6, and B3, showed moisture contents already within the standard quality range, that is 

8–25%. These variations met the quality standards set for mature compost. 

 

 
(a)                                                       (b)  

Figure 6. Moisture Content Testing Graph (a) Conventional and (b) Modified 

3.3 C/N Ratio Test Results 

The results of the carbon content testing are shown in Figure 7. The carbon content graph shows a 

gradual downward trend each week, with results ranging from 38% to 45%. This decrease indicates that 

carbon-rich organic materials, such as straw, undergo gradual decomposition during the composting 

process. Although decreasing, all variations remain above the minimum threshold according to the 

quality standards, which is 15%; therefore, they are still considered acceptable. 

Nitrogen is an element that is very much needed by microorganisms to form enzymes and proteins 

that are needed in the process of decomposing organic materials [12][13]. For nitrogen levels, as shown 

in Figure 8, the graph shows a relatively stagnant pattern, ranging from 1 to 4%. Some variations showed 

a slight increase or remained stable from week to week. These values indicate that the nitrogen content, 

which typically originates from food waste and bioactivators, remains stable throughout the composting 

process. This consistency is important because sufficient nitrogen levels are required to maintain a 

balanced C/N ratio and support the decomposition process.  

 

 
(a)                                                       (b)  

Figure 7. Carbon Content Testing (a) Conventional and (b) Modified 

The C/N ratio, calculated from the ratio of carbon to nitrogen, is shown in Figure 9. The graph shows 

a gradual decrease in the C/N ratio over time during composting. This decrease reflects the active 

decomposition of the organic material, where carbon continues to decrease at a faster rate than nitrogen. 

At the end of the composting process, most of the variations met the C/N ratio quality standards based 

on SNI 7763:2024, which are below 40. However, two variations, A1 and B1, still showed high ratios, 

remaining at approximately 40, indicating that the carbon decomposition process was not yet optimal. A 

C/N ratio within the range of 25–35 is known to enhance composting efficiency [14][15]; therefore, 

variations in ratios within this range indicate better compost quality. 
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(a)                                                       (b)  

Figure 8. Nitrogen Content Testing (a) Conventional and (b) Modified 

 
(a)                                                       (b)  

Figure 9. C/N Ratio (a) Conventional and (b) Modified 

3.4 Comparison of Composting Methods 

A comparison between the conventional method (A) and the modified method (B) showed that 

neither method produced a significant difference in the final composting results. Based on the ANOVA 

test results, the p-values for C/N ratio, moisture content, and compost height were 0.144, 0.028, and 

0.864, respectively. Based on the significance level of p < 0.05, the C/N ratio and compost height were 

not significantly different, whereas the moisture content showed a significant difference. The mean and 

standard deviation of both methods are presented in Figure 10. This indicates that, statistically, there is 

no significant difference between the two methods. In other words, both conventional and modified 

methods are equally suitable for use and do not negatively impact quality standards. 

 

 
(a)                                     (b)                                  (c) 

Figure 10. ANOVA Test Barchart (a) C/N Ratio (b) Moisture Content (c) Height Reduction  

3.5 Comparison of Composting Composition Variations 

During the eight-week composting process, the compost quality parameters were evaluated based 

on SNI 7763:2024, which includes pH, moisture content, carbon content (organic C), and C/N ratio, as 
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described in Figure 11. The results showed that in terms of pH, variation B6 was the fastest to reach the 

standard range of 4–9. This indicates that the compost in this variation achieved acidity stability earlier, 

reflecting optimal microbiological activity. For moisture content, which should be within the standard 

range of 8–25%, only variations A2 and A3 successfully reached this value at exactly week 8. Meanwhile, 

for organic carbon content, all variations met the quality standard threshold from the beginning and 

remained within the appropriate range until the end of the period. As for the best composition, as seen 

in the table, A2 and A3 are the best compositions. This is because, from the best method, no significant 

differences were found; therefore, the conventional method is more cost-effective and easier to use. The 

moisture contents of variations A2 and A3 also reached the quality standards the fastest. Additionally, 

both variations met all the quality standards set by the SNI. Therefore, it can be concluded that variations 

A2 and A3 excel at the best compost composition. 

 

 
Figure 11. Characteristics of the Best Compost Composition Variations 

4. Conclusion 

Based on the results of this study, it can be concluded that compost produced from agricultural and 

food waste with the addition of the EM4 bioactivator has good characteristics and quality. During the 

composting process, the temperature increased to 40–45°C in the first week, indicating the activity of 

microorganisms in breaking down organic matter. The initial high pH value gradually decreased and 

stabilized in the neutral range, between 7 and 8, which meets the compost quality standards according 

to SNI 7763:2024. Additionally, a decrease in the height of the compost pile indicates gradual 

degradation of organic material. The moisture content also decreased, although not all variations 

reached the ideal standard (8–25%). The C/N ratio in most variations successfully decreased to the 

range of 25–35, indicating that decomposition is proceeding optimally, and the compost can be 

categorized as suitable. When comparing composting methods, the conventional and modified methods 

did not show significant differences in the final compost results. The moisture content of the compost 

showed significant differences when examining the ANOVA test results, with the conventional method 

being closer to the quality standard. Variations A2 and A3 produced C/N ratios closest to the quality 

standard and met the quality standard during the composting period. Additionally, pH, moisture content, 

and carbon content met the quality standard faster than other variations, resulting in superior compost 

quality and a shorter maturation time compared to other variations. 

Based on the results of this study, it is recommended that further research be conducted with a 

broader scope. This includes variations in the materials used in the composting process and the design 

of composters. Additionally, modifications to the composter design, such as the addition of an active 

aeration system, temperature control system, and humidity controller, can significantly impact 

composting efficiency. However, with the increasing use of compost as an alternative organic fertilizer 

for plant growth, it is important to test the macro-and micronutrient content of the compost produced. 

This test aims to assess its impact on plant growth, ensuring that the compost produced is truly effective 

and meets the needs of the plants. 
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