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Abstract. Organic waste is mainly categorized in recent days as 

household waste and city garbage. To meet eco-friendly waste 
management, incorrect composter or conventional composting 

methods do not fulfilling the demands even though sometimes the 

composting procedure is so lengthy. To speed up the composting 
process, our research team has developed an aerobic composter using 
microorganisms, e.g., Trichoderma, Effective Microorganism 4 (EM4), 

and a combination of Trichoderma. Three different aerobic rolling 

composters (ARC) were designed to speed up the composting process 
during the testing stage by employing EM4. It showed a greater 

reduction in waste height utilizing EM4 on the 15th day (3.8%-17.9%) 

than the conventional one (2%). In addition, inoculation of EM4 and 
Trichoderma in combination with EM4 caused a 45% reduction in 

weight. Thus, the composter (type 3) efficiently decomposes the waste 

with a shorter composting period.    
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1. Introduction 
Municipal Solid Waste (MSW), is produced in significant amounts each year. It has been noticed that 

Indonesia would generate more than 30 million tons of rubbish in 2021 despite a 15.6% annual 
reduction in waste [1]. Based on data from the Indonesian Ministry of Environment and Forestry, it 

was found that organic waste had the highest percentage, nearly 60% of the composition of Indonesian 
MSW, and the remaining from households (40%). The majority of this organic waste is made up of 

leftover food  [1]. Fruit or vegetable waste and other food waste can majorly contribute to 
environmental [2] issues, including air pollution, vector-borne disease transmission and greenhouse 

gas emissions [3]. Several strategies, including composting, are being used globally to reduce the 
burden of organic waste. 

Microorganisms play a crucial role in decomposing process of their capability for converting 
residual waste into soil organic matter following speed up or slowing down compost maturation. 

Trichoderma sp, producing cellulolytic and hemicellulolytic enzymes [4], as well as commercially 

effective microorganism 4 (EM4), which generates laccase and peroxidase enzymes that may digest 

and break down lignin [5], could be used in the composting process. 
In order to regulate the quality, stability, and effectiveness of the composting process, moisture 

content, temperature, pH, oxygen content, and coliform bacteria usually consider as the criteria [6-7]. 
The effectiveness of the composting process depends on the availability of water in the waste materials. 

Liang et al. (2003) revealed that temperature (20–60 °C) is a regulatory factor that affects microbial 
activity during the composting process, though it was less influential than moisture content [8]. The 

composting process reaches the thermophilic stage (65–70 °C) and is finished with a pathogen-free 
final product [9-11]. Aeration impact also helps to keep the oxygen level constant while regulating the 

temperature and moisture content [12]. Thus, a strong correlation among physical factors could 
significantly impact how well compost turns out in the end [13].  

To make nutrient-rich compost, it is important to find the composition of organic waste [14]. 
Based on composts' physical and chemical characteristics, Parveen et al. (2012) determined the 

composition of organic waste from household, farm, and market waste. It showed that compost made 
from cooked leftover food had higher nutrient contents and physiochemical characteristics than 
compost made from other wastes [15]. 

It has been reported that conventional aerobic and anaerobic decomposition processes can 
produce mature compost in a few months [16]. Takakura composter, a household composter, a 

recently created based on aerobic decomposition that shortened the composting period to around 
seven days employing EM4 [17-18]. However, the Takakura composter is less efficient due to the 

problems with trash mixing procedures. No such experiments were conducted using a low-capacity 
(20 L) rolling bucket composter for household waste to compost fruit and vegetable wastes mixed with 

the inoculum. Hence, this study aims to: (1) develop an aerobic rolling composter (ARC) using a 
second-hand bucket; (2) determine how the combined inoculum (Tricoderma, EM4, and EM4 

incorporated with Tricoderma Sp.) in composting of fruit and vegetable wastes. 

 

2. Experimental Section 

2.1. Composting Material 
This study uses garbage from traditional markets and juice vendors, including rice husk, vegetables 

(carrots, spinach, and cabbage), and fruit (orange and apple peel) peels. The rice husk, fruit and 
vegetable waste were collected from Lubuk Buaya Traditional Market and Tabing rice mill located in 
Padang Municipality, West Sumatera, Indonesia. A waste crusher reduced fruit and vegetable waste 

size into particles smaller than 50 mm. 
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2.2. Composting Process 
The composting process lasted for 15 days, and the composts underwent physical analysis. Regarding 

biodegradable waste (BW), soil, rice husk, fruit peel, and vegetable peel comprised 20%, 20%, 12%, 
and 48% of the total. Compost compositions (EM4, Tricoderma sp., and EM4+Tricoderma sp.) were 

produced by adding microorganisms. Brown sugar, commercial EM4, and water were combined in a 
ratio of 1:10:10 to create the EM4 inoculant. Tricoderma sp. and water were combined in a ratio of 1:40 

to create the Tricoderma sp. inoculant. Tricoderma sp. and EM4 were combined at a 1:1 ratio. All of the 

inoculants were homogeneously mixed. 
 

 
Figure 1. Composting pile set 

 

 
Figure 2. Research method flow chart 

 

2. 3. Aerobic Rolling Composter Specifications 
ARCs were constructed using a leftover bucket and wood stand. ARC-1 had a hole for aeration on the 
pipe, while ARC-2 and ARC-3 had holes in the line and bucket (Figure 2). 
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Figure 3. Construction of aerobic rolling composter type-1, -2, and -3. Aeration on pipe only, 

on the pipe and middle bucket, on the line, and on all side buckets are shown in 
ARC-1, ARC-2, and ARC-3, respectively. 

 

3. Results and Discussion 
Temperature is the most important element in controlling of the composting reaction due to its impact 

on microbial metabolic rate [19]. The microbial populations grew as the temperature rose until they 
reached a peak [20]. Each composter's maximum temperature was induced for the first 5-7 days of the 

composting process, and it started to fall around 29–30°C (Figure 4a). The capacity of bacteria to break 
down organic waste and the amount of moisture in the composter affects how well the garbage is 

reduced [7]. As the composting period lengthens, the height of the pile falls daily. The highest waste 
reduction is shown on ARC-3 (Figure 4b). 

 

 
Figure 4. Physical parameters of compost in three different composters. Mixed BW, EM4 and 

soil were composted using EM4 as a bio activator for 14 days. a) temperature and 
b) height of BW 

The ARC-3's numerous holes make oxygen, carbon dioxide, and moisture simple to move both 

within and outside the composter. Ge, et.al (2020) showed that the activity of cellulase, urease, 

alkaline, and acid phosphatases were all raised by high aeration rates, but invertase and catalase were 
lowered [7]. Fruit peel and vegetable waste (BW) contains a lot of water. The potential for 

biodegradation is decreased by the more extensive water content, reducing oxygen uptake [21]. This 
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outcome is in line with studies by and Murugesan (2020) [16] that identify the Effect of temperature 

on composting. Taken together, increasing aeration and lowering water content are both done to 
maximize the composting process. Therefore, the bulking agent rice husk and ARC-3 were used with 

BW to lessen the moisture content effect in the next experiment. 
This study showed that Tricoderma sp. hastened the pH neutralization process and reduced 

temperature, but the it had no discernible impact on the breakdown of waste compared with other bio 
activators (Figure 5). Tricoderma sp. and EM4 ini with Tricoderma sp. employing layer combination 

was able to lower the waste height (over 40%) more than EM4 alone (Figure 5d, e, f; sets A and C), 
however, the process was slowed down when waste and bioactivators were mixed (Figure 5 d, e, f; set 

B). 
 

 
Figure 5. Physical parameters of compost in ARC-3 in different formulations. Mixed BWs 

were composted using EM4 a), d), g), Tricoderma sp. b), e), h) and Tricoderma sp.    

+ EM4 c), f), i) as bio activator for 14 days. 

The pH will decrease because fatty acids, CO2, and nitrification are produced early in the aerobic 
breakdown process. However, it will increase once microorganisms break down organic materials. It 

has been suggested that Low pH in the first phases of composting is due to high concentrations of 
lactic acid bacteria [22]. A pH between 7.5 and 8.5 is thought to assist the microbial breakdown of 

organic waste during the composting process. More effective aeration was obtained to raise pH values 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


97 
 

Assessing the Potential of Aerobic Rolling Composter to Hasten Vegetable and Fruit Waste 

ISSN : 1411 3724 Eksakta : Berkala Ilmiah Bidang MIPA 

and prevent the emergence of anaerobic conditions since a low pH. The appearance of unwelcome 

aromas caused by the production of fermentation products indicate the need for oxygen [23]. 
Consistent with our data, neutral pH composted the BW higher than low pH in both EM4, and 

Tricoderma sp. and EM4 ini with Tricoderma sp (Figure 5a, b, c, d, e, f). 

Cellulose (50%), lignin (25–30%), silica (15–20%), and moisture (10–15%) make up the rice husk 

[17] [24] [25]. In the dry matter of selected plant samples, the percentage of crude fibre NDF fraction 
(hemicelluloses, celluloses, and lignin) was 18.23% for carrot, 19.77% for tomato, 24.97% for 

cucumber, and 17.22% for apple pomaces [26]. As a result, composting rice straw is far more 
challenging than composting fruits and vegetables. On the other hand, the bioactivator composed 

vegetable and fruit waste effectively due to separating the rice husk layer. As a result, the compost 
maturation induced by bio activators in ARC-3 Set A and C is the most potent and effective among 

the other sets. 

 

4. Conclusion 
In conclusion, using an ARC-3 cultured seed inoculum of EM4 and Tricoderma sp., the traditional 

composting time was significantly reduced for the aerobic composting process. Although rice husk is 
crucial for lowering water content, it should also be considered the amount of Rice husk in the waste. 

The chemical properties and fungus or bacterial population may need to be determined through 
additional studies to be useful for the ensuing composting. 

 

5. Acknowledgement 

The authors would like to thank Lembaga Penelitian dan Pengabdian Masyarakat Universitas 
Negeri Padang for funding this work with a contract number: 1277/UN35.13/PM/2022.  
 

References 
[1] KLKH. (2022). Capaian Kinerja Pengolahan Sampah.  https://sipsn.menlhk.go.id/sipsn/  

[2] G. V. Nevárez-Moorillón, Z. A. Zakaria, L. A. Prado-Barragán, and C. N. Aguilar. (2022). 

Editorial: New Trends in Food Processing: Reducing Food Loss, Waste, and the 
Environmental Impact. Frontiers in Sustainable Food Systems, vol. 6.  

[3] H. Kumar et al. (2022). Fruit and Vegetable Peel Waste: Applications in Food and 

Environmental Industries BT  - Fruits and Vegetable Wastes  : Valorization to Bioproducts 

and Platform Chemicals. R. C. Ray, Ed. Singapore: Springer Nature Singapore, pp. 259–287.  

[4] N. D. Organo, S. M. J. M. Granada, H. G. S. Pineda, J. M. Sandro, V. H. Nguyen, and M. 
Gummert. (2022). Publisher Correction: Assessing the potential of a Trichoderma-based 

compost activator to hasten the decomposition of incorporated rice straw. Sci. Rep., vol. 12, no. 

1, p. 1647. 

[5] E. Mirwandono et al. (2018). Nutrition quality test of fermented waste vegetables by 

bioactivator local microorganisms (MOL) and effective microorganism (EM4). IOP Conf. Ser. 

Earth Environ. Sci., vol. 122. 

[6] N. Miguel, A. López, S. D. Jojoa-Sierra, J. Fernández, J. Gómez, and M. P. Ormad. (2022). 
Physico-Chemical and Microbiological Control of the Composting Process of the Organic 

Fraction of Municipal Solid Waste: A Pilot-Scale Experience. International Journal of 

Environmental Research and Public Health, vol. 19, no. 23.  

[7] M. Ge et al. (2020). Effect of aeration rates on enzymatic activity and bacterial community 

succession during cattle manure composting. Bioresour. Technol., vol. 304, p. 122928. 

[8] C. Liang, K. C. Das, and R. W. McClendon. (2003). The influence of temperature and moisture 
contents regimes on the aerobic microbial activity of a biosolids composting blend. Bioresour. 

Technol., vol. 86, no. 2, pp. 131–137. 



98 
 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta 

Fitri Amelia, Eka Yusmaita, et al. 

[9] M. S. Jain, M. Daga, and A. S. Kalamdhad. (2019). Variation in the key indicators during 

composting of municipal solid organic wastes. Sustain. Environ. Res., vol. 29, no. 1, p. 9. 

[10] M. Papale et al. (2021). Prokaryotic Diversity of the Composting Thermophilic Phase: The Case 

of Ground Coffee Compost. Microorganisms, vol. 9, no. 2.  

[11] T. T. K. Ho et al. (2022). Compost to improve sustainable soil cultivation and crop productivity. 

Case Stud. Chem. Environ. Eng., vol. 6, p. 100211. 

[12] J. Yuan et al. (2016). Effects of aeration rate on maturity and gaseous emissions during sewage 

sludge composting. Waste Manag., vol. 56, pp. 403–410. 

[13] M. S. Jain, S. Paul, and A. S. Kalamdhad. (2020). Kinetics and physics during composting of 

various organic wastes: Statistical approach to interpret compost application feasibility. J. 

Clean. Prod., vol. 255, p. 120324. 

[14] P. Parihar and R. Choudhary. (2020). Influence of Organic Waste on Nutrient Composition of 
Compost and the Impact of Sawdust on Composting Process. TI2 - Current World 

Environment, no. 0973–4929.  
[15] D. D. Olani, H. Sulaiman, and S. Leta. (2012). Evaluation of Composting and the Quality of 

Compost from the Source Separated Municipal Solid Waste. vol. 16, pp. 5–10. 
[16] V. Murugesan and D. J. Amarnath. (2020). Bio-process performance, evaluation of enzyme 

and non-enzyme mediated composting of vegetable market complex waste. Sci. Rep., vol. 10, 

no. 1, p. 19801. 

[17] Y. Dewilda, R. Aziz, and R. A. Handayani. (2019). The effect of additional vegetables and 
fruits waste on the quality of compost of cassava chip industry solid waste on takakura 

composter. IOP Conf. Ser. Mater. Sci. Eng., vol. 602, no. 1, p. 12060. 

[18] S. Aslanzadeh, K. Kho, and I. B. B. Sitepu. (2020). An Evaluation of the Effect of Takakura 

and Effective Microorganisms (EM) as Bio Activators on the Final Compost Quality. IOP Conf. 

Ser. Mater. Sci. Eng., vol. 742. 

[19] Lkarimiah.  (2019). Effects Of Technical Factors Towards Achieving The Thermophilic 

Temperature Stage In Composting Process And The Benefits Of Closed Rector System 
Compared To Conventional Method – A Mini Review. 2019. 

[20] P. Noll, L. Lilge, R. Hausmann, and M. Henkel. (2020). Modeling and Exploiting Microbial 
Temperature Response. Processes, vol. 8, no. 1. 

[21] A. S. Kalamdhad and A. A. Kazmi. (2009). Rotary drum composting of different organic waste 
mixtures. Waste Manag. Res.  J. Int. Solid Wastes  Public Clean. Assoc. ISWA, vol. 27, no. 2, pp. 

129–137. 
[22] C. Sundberg et al. (2013). Effects of pH and microbial composition on odour in food waste 

composting. Waste Manag., vol. 33, pp. 204–211. 

[23] C. Ghinea and A. Leahu. (2020). Monitoring of Fruit and Vegetable Waste Composting 

Process: Relationship between Microorganisms and Physico-Chemical Parameters. Processes. 

[24] R. Fathurahman and A. Surjosatyo. (2022). Utilization of rice husks as a fuel for gasification – 
A review. IOP Conf. Ser. Earth Environ. Sci., vol. 1034, no. 1, p. 12065. 

[25] M. Singh, A. Gupta, V. Pal, R. K. Seth, A. Kulshreshtha, and S. R. Dhakate. (2022). Rice husk 
biomass torrefied without carrier gas: influence on physico-thermal properties as co-combusted 

renewable fuel. Biomass Convers. Biorefinery, 2022. 

[26] M. Szymańska-Chargot, M. Chylińska, K. Gdula, A. Kozioł, and A. Zdunek. (2017). Isolation 

and Characterization of Cellulose from Different Fruit and Vegetable  Pomaces. Polymers 

(Basel)., vol. 9, no. 10 

 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

