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ABSTRACT 

 
Chemical composition of compost is an important indicator that determines the quality of 

compost. This study compared the chemical composition of vermicompost resulting from 

the process of vermicomposting alone with combined vermicomposting and composting 

with addition of egg shells flour and fish meal. Organic wastes used were the mixture of 

spent mushrooms waste, coconut husks, cow dung, vegetables residue, and leaf litter. 

Lumbricus rubellus was the species of earthworm used in the vermicomposting process. In 

the composting process, egg shells flour and fish meal are added into the vermicompost as 

additives materials. The results indicate that the combined vermicomposting and 

composting process with addition the additives materials improves the chemical 

composition of vermicompost compared to using vermicomposting process alone. The 

change of chemical composition was indicated by a decrease in C-organic content and C/N 

ratio by 29% and 99%, respectively, while the content of N, P, K and S increased by 52%, 

67.5%, 29% and 25%, respectively due to the addition of additives material in the 

composting process. The largest increase of vermicompost nutrient content occurred in the 

Ca content by an average of up to 7-fold. While polyphenols, lignin and cellulose content 

of vermicompost decreased slightly. The treatment of two mixture (a) spent mushrooms 

waste, cow dung and vegetables residue, and (b) spent mushroom waste, cow dung, 

vegetables residue, and leaf litter gave the best chemical composition. However, to 

determine the quality, we need to test the product in a plant growth bioassay as a follow-up 

study. 

 

Keyword : vermicomposting, composting, organic waste, vermicompost, chemical 

composition 

 

 

INTRODUCTION 
Every year volume of waste in several Indonesian provinces has increased. According 

to the State Ministry of Environment (MoE) (2014), every Indonesian generates 0.76 kg/day 

of municipal solid waste (MSW). Thus, the total MSW produced in 2014 was over 70 million 

tons.  The large amount of waste would cause problems in waste disposal if they were not 

reused and recycled [1]. These MSW compose of both biodegradable and non-degradable 

waste. Biodegradable waste is generally in the form of organic waste. Other organic wastes 

were also found in traditional market, agriculture production, agribusiness of mushroom 

cultivation such as vegetables waste, coconut husk, harvest residue, cow dung, and spent 

mushroom waste.    
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One solution to reduce landfill of the organic waste was bioconversion of waste into 

usable product such as soil amendment. The importance of biological processes in waste 

management has been widely introduced. Biological processes commonly used by the waste 

management are composting and vermicomposting. Both of these processes are the most 

efficient for converting organic waste into valuable organic fertilizer [2].  Composting is a 

form of waste disposal where organic waste decomposed naturally under oxygen-rich 

condition.  Microorganisms found in the composting process are microorganisms that grow 

naturally in high temperature conditions, known as thermophilic bacteria. Therefore, the 

process referred to as thermophilic composting [3]. 

The major problems associated with thermophilic composting are the long duration of 

the process, loss of nutrients during the prolonged composting process and the frequency of 
turning of material [4]. However, traditional thermophilic composting give advantages can 

kill pathogens in the waste because it can take up to a temperature of 45
o
-65

o
C [5].  

Vermicomposting is a simple biotechnological process of composting in the certain species of 

earthworms which used to enhance the process of waste conversion and produce a better end 

product. Vermicomposting differs from composting in several ways [6].  It is a mesophilic 

process utilizing microorganisms and earthworm which is active at 10
o
-32

o
C. This indicates 

that the vermicomposting process temperature is not high enough to kill pathogenic 

organisms compared to thermophilic composting [4]. However, the vermicomposting provide 

another advantage in the process of decomposition of organic material. The earthworms 

break the organic waste substances; greatly stimulate microbial activity and increase rates of 

mineralization, rapidly converting the wastes into substances with a finer structure than 

compost [7,8,4]. The process is faster than composting, because the material passes through 

the earthworm gut. The process directly affected the decomposition rate of organic matter via 

the effects of ingestion, digestion and assimilation of the organic matter and microorganisms 

[9,10].  Earthworm subsequently released casts. The process gives indirect effects that are 

more closely associated with the presence of unworked material and to physical modification 

of the egested material [11]. The castings (worm manure) are rich in microbial activity and 

plant growth regulators [12]. The chemical composition of compost derived from municipal 

waste in a variety of sizes ranging from <0.2 - 5 mm, showed that the average content of C-

organic (11.24%), N (0.78%), P (0.32 %), K (1.04%), and pH (7.16)[13]. Khan and Ishaq 

(2011) compared the chemical composition of pit compost and vermicompost based on the 

content of the N-Nitrate (1506 vs. 1494 mg.L-1), K (1520 vs.1575 mg L-1), Ca (11 vs.15 mg 

L-1) and pH (8.66 vs. 8:41) [14]. These results indicate that the chemical composition of 

vermicompost relatively better than pit compost. 

In general, the process of waste bio-conversion through two processes namely 

composting and vermicomposting has been proven to produce better quality compost [15,4]. 

This study tested the products of the two opposite processes with previous research namely 

vermicomposting and composting processes as compared with the vermicomposting process 

alone. The two processes vermicomposting and composting combined would be necessary to 

provide a high quality product with the addition of additive materials. The objective of this 

study is to compare the products qualities resulting from the process of vermicomposting 

alone with combined vermicomposting and composting of organic wastes material 

compositions. 
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MATERIAL AND METHODS 

Collection of waste 

The waste used as vermicompost materials composed of spent mushrooms waste, cow 

dung, vegetables residue, and leaf litter. They were collected from traditional market, around 

the campus of the University of Islam Malang, farmland, cattle farm and agroindustry of 

oyster mushrooms. The spent mushrooms waste made from sawdust. The spent mushroom 

waste and cow dung were dried and crushed. Leaf litter was chopped using grinder. The 

waste materials were collected 10 days before vermicomposting process. The vegetables 

residues were collected from traditional market two days before vermicomposting and 

chopped with a size of 5 cm. The vegetable residues were collected in a shorter time than 

waste materials, because it was a fresh material and quickly decompose. In addition, flour of 
eggs shells and fish meal used as additives materials derived from the waste of broiler 

breeding industry and fishing industry. 

 

Experimental set up 

The experiment was conducted in cylindrical plastic pots (top diameter = 47 cm, 

bottom diameter = 40 cm, and height = 32 cm). Capacity of each plastic pot is 12 kg of waste. 

Each plastic pot was perforated by 20 small holes at the bottom. Total 9 treatments from the 

composition of vermicompost material were tested, The composition were C1 = 6 kg spent 

mushrooms waste (SMW), 3 kg cow dung (CD) and 3 kg vegetables residue (VR), C2 =  6 kg 

coconut husk (CH), 3 kg CD, and 3 kg VR, C3 = 3 kg SMW,3 kg CH, 3 kg CD, and 3 kg VR, 

C4 = 6 kg SMW, 3 kg CD, and 3 kg leaf litter (LL), C5 = 6 kg CH, 3 kg CD, and 3 kg LL, C6 

=3 kg SMW, 3 kg CH, 3 kg CD, and 3 kg LL , C7 = 6 kg SMW, 2 kg CD, 2 kg LL, and 2 kg 

VR, C8 = 6 kg CH, 2 kg CD, 2 kg LL, and 2 kg VR and C9 = 3 kg SMW, 3 kg CH, 2 kg CD, 

2 kg LL, and 2 kg VR. Each treatment was replicated three times. Total plastic pots used as 

many as 27 plastic pots. Spent mushrooms waste and coconut husk serves as bedding of 

earthworm to provide a favorable environmental condition for the earthworm. The bedding 

material was placed at the bottom and top of the plastic pot. A mixture of cow dung, 

vegetables residue and leaf litter was placed at the middle. The materials were feed under 

earthworm treatment. The amount of bedding material needed for each of is equal 6 kg, while 

the organic material as much as 6 kg of feed worm. After that, 285 grams of healthy 

earthworms Lumbricus rubellus were introduced in each of plastic pots. According to 

Ndegwa et al., (1999), the worms feed requirements per day is 0.75 kg/kg worms/day [16]. 

The moisture content of 80% was maintained during vermicomposting. The plastic pots 

covered with black cloth to avoid the sunlight. The duration of experiments was four weeks 

for vermicomposting. After vermicomposting, 500 g of vermicompost was taken from each 

pot to analyze chemical composition. Furthermore, the materials of vermicompost were 

composted using porous sacks by adding fish meal and flour of eggshell. The duration of 

composting was two weeks. After composting, 500 g of vermicompost was taken from each 

sack to analyze chemical composition again. 

 

Chemical Analysis 

The sample of vermicompost was collected from 27 plastic pots after 

vermicomposting and composting. The samples were analyzed for total organic carbon, total 

nitrogen, pH, lignin, polyphenol and cellulose content, P-available, K-exchangable, S-SO4, 

and Ca-exchangable. Total organic carbon was analyzed by Walkley-Black method using 

dichromate oxidation and titrimetric method. Total N was analyzed by micro-Kjeldahl 

titrimetric method using Kjeldahl apparatus. pH of vermicompost was determined by digital-
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pH meter using H2O extractant by shaking the fresh sample with distilled water at 1:5 w/v 

(dry weight basis) for 30 min at room temperature by filtration. The fresh extracts were 

subjected to pH measurements. P-available was analyzed by Olsen method using colorimetric 

and spectrophotometer [17]. K and Ca-exchangeable parameter were determined by 

extraction using 1.0 M NH4OAc at pH 7.0.  Potassium content was determined with a flame 

photometer [18]. The content of S-SO4 was determined by turbidimetric method using 0.15% 

CaCl2 as extractant [19]. Meanwhile lignin and cellulose content were determined by acid 

detergent solution method using cetyltrimethyl ammonium bromide (CTAB) as a surfactant 

[20]. 

 

Statistical Analysis  

The collected data was statistically analyzed using analysis of variance (F-Test) at 

level (P ≤ 0.05) and the differences of each treatment were adjudged by Tukey test (P ≤ 0.05) 

using Minitab Version 14.12. 

 

RESULTS AND DISCUSSION 

Vermicompost with vermicomposting and composting produced significantly lower 

total organic carbon (18.65%) in comparison to vermicompost with vermicomposting alone 

(24.15%) (Figure 1). Among the treatments using vermicomposting and composting, the 

mixture of 6 kg SMW, 3 kg CD, and 3 kg LL and the mixture of 6 kg SMW, 2 kg CD, 2 kg 

LL, and 2 kg VR had the lowest total organic carbon (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Total organic carbon  and total nitrogen in the treatment of vermicomposting alone 

(V) vs. combination of vermicomposting and composting (V+C) in various composition of 

vermicompost materials. 

 

The opposite result occurred on total N, i.e. a combination of vermicomposting and 

composting process increases the total N of vermicompost. The average total N in the 

treatment of vermicomposting alone by 0.83%, while the combination treatment of 

vermicomposting and composting by 1.24%. The highest total N of the treatment 

combination of vermicomposting and composting were found on the vermicompost media 

composition of 6 kg SMW, 3 kg CD, and 3 kg VR, 6 kg SMW, 3 kg CD, and 3 kg LL, 3 kg 

SMW, 3 kg CH, 3 kg CD, and 3 kg VR and 6 kg CH, 2 kg CD, 2 kg VR and 2 kg LL (Figure 

1). 

Vermicompost with vermicomposting and composting produced significantly lower C 

by N ratio of 15.3 in comparison to vermicompost with vermicomposting alone of 30.5 
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(Figure 2). Among the treatments of vermicomposting and composting, the mixture of 6 kg 

SMW, 3 kg CD, and 3 kg VR, 6 kg SMW, 3 kg CD, 3 kg LL, and 6 kg SMW, 2 kg CD, 2 kg 

VR, and 2 kg LL had the lowest C and N ratio (Figure 3). Vermicompost product produced in 

this study are presented in Figure 2. Hui et al. (2007) reported that compost made from the 

mixture spent mushroom waste with livestock manure, and soybean cake had a C/N ratio of 

30. The compost was produced through composting alone [21].  

 

 
Figure 2. Vermicompost derived from the mixture (A) SMW+CD+VR, (B) SMW+CD+LL, 

and (C) SMW+CD+VR+LL. 

 

Based on the results of statistical analysis, composition of vermicompost materials 

affected the total organic C, total N and C/N ratio of the vermicompost. A low quality organic 
matter such as spent mushrooms waste which initially has a C/N ratio of 78.5 after mixing 

with other organic materials and vermicomposting, had a lower C/N ratio which was found to 

be 30.5.  It showed that vermicomposting can lead to mineralization process which reduced C 

by N ratio of vermicompost. Our research was in line with previous report according to the 

research of Hui et al. (2007) [21]. Majlessi et al. (2012) reported that vermicomposting 

process due to the depletion of easily degradable carbon compounds and C losses as CO2[22], 

Lores et al. (2006) stated that the vermicomposting process involved the activity of 

earthworms which modify wastes physically and feces excreted by worms can increase the 

activity of the microorganisms so that the rate of mineralization to be faster [23]. 

 

 
Figure3. C/N ratio in the treatment of vermicomposting alone (V) vs. combination of 

vermicomposting and composting (V+C) in various composition of vermicompost materials. 
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measuring compost maturity [22]. Reseachers have suggested various ideal C/N ratios 

ranging from >12 to <25 [25,26,27].  According to Gomez-Brandon et al. (2008) the 

stabilized compost has a C/N ratio from 10 to 15 [28].  Majlessi et al. (2012) showed that to 

produce a stable vermicompost of food waste needed 7 weeks of the process duration. The 

vermicomposting duration in our research was four weeks and then continued by composting 

for two weeks [22]. Domiguez (2011) reported that the decaying organic in vermicomposting 

system is a spatially and temporally heterogeneous matrix of organic resources with 

contrasting qualities that result from the different rates of degradation, occur during 

decomposition [29]. This means that the vermicompost still needs the composting process. To 

improve the quality of generated vermicompost, the systematic study of composting process 

and the addition of additives material such as fish meal and egg shell flour was conducted.  
After the composting process, the quality of vermicompost increased which marked by a 

lower C/N ratio of vermicompost (average 15.3). The decrease in C/N ratio was caused by 

the decomposition process of microorganisms during the composting process. During 

decomposition process, soil microorganisms burn carbon as a source of energy, but not all of 

the carbon remains in its body; a certain amount is lost as carbon dioxide during 

respiration.[30].The decrease in C/N ratio of compost improve the compost quality. 

Frankenberger and Abdelmagid (1985) states that the organic matter with a value of C/N ratio 

lower than 20 include high quality of organic matter and will undergo mineralization in the 

soil [31]. Majlessi et al. (2012) stated that the vermicompost with low C/N ratio (14-30) 

indicate a mature and stable vermicompost [22]. 
Polyphenols and lignin concentration of vermicompost which was generated through 

a vermicomposting and composting process were not significantly different from the 

vermicompost which was produced from the vermicomposting alone, while the cellulose 

content decreased after the composting process. However, among the treatments of 

vermicompost media composition tested, the treatments of vermicomposting and combination 

of vermicomposting and composting showed significant differences. The mixture of 6 kg 

SMW, 3 kg CD, 3 kg LL and the mixture of 6 kg SMW, 2 kg CD, 2 kg LL, and 2 kg VE have 

the lowest polyphenols and lignin, but this treatment had relatively high cellulose content 

(Table 1). Sawdust or spent mushroom waste made primarily of lignin and cellulose [32].  

The spent mushroom waste made from sawdust may be difficult to produce high quality 

compost because it contains low nitrogen so that difficult to supply sufficient inorganic N for 

plant growth [32]. Igbokwe et al. (2015) showed that the mixing sawdust with the other 

organic waste in composting process can increase N content of the organic fertilizer [33].  

The mixing sawdust with cow dung increase N content. Increase in N content lower the C/N 

ratio.  

The quality of organic matter is determined by nutrient content, C/N ratio, 

composition of organic matter especially lignin, polyphenols and cellulose concentrations. 

Organic matter with higher concentration of nutrients and lower concentrations of lignin, 

polyphenols and cellulose decompose more rapidly and net mineralization begin earlier [34; 

35]. The vermicompost materials did not significantly affect the pH of vermicompost on the 

treatment of vermicomposting alone before composting, but after composting, the 

vermicompost materials significantly affected the pH of vermicompost (average pH 6.8). 

Among the treatments of vermicomposting and composting, the mixture of 6 kg SMW, 3 kg 

CD, and 6 kg LL, 6 kg SMW, 2 kg CD, 2 kg LL, and 2 kg VR, 6 kg husk, 2 kg CD, 2 kg LL, 

2 kg VR and 3 kg SMW, 3 kg CH, 2 kg CD, 2 kg LL, 2 kg VR had the highest pH (average 

pH 7.05) (Table 1). Darlington (2007) stated that most compost has a pH between 6 and 8. A 

low pH is an indication of poor composting which result in the formation of potentially toxic 
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organic acids [36]. Ideally, the pH of compost product should be neutral to slightly acid (6.0 

– 7.5) and if it exceeds about 8.5, so it need some efforts to control it [37]. A pH in the 6 to 8 

pH range indicates more mature compost [38]. 

 

Table 1. Polyphenol, lignin, cellulose content and pH of vermicompost in the treatments of 

vermicomposting alone vs. combination of vermicomposting and composting in various 

composition of vermicompost materials. 

Treatments 
Vermicomposting Vermicomposting + Composting 

Polyphenol 

(%) 

Lignin 

(%) 

Cellulose 

(%) 

pH Polyphenol 

(%) 

Lignin 

(%) 

Cellulose 

(%) 

pH 

C1 0.49 a 17.74 a 37.21 d 6.57 0.45 a 17.71 a 34.29 d 6.63 b 

C2 1.07 c 23.53 b 28.67 a 6.33 0.69 a 23.36 b 25.99 ab 6.33 a 

C3 0.98 c 24.01 b 35.19 bc 6.43 0.97 ab 23.63 b 30.66 bc 6.63 b 

C4 0.47 a 17.55 a 35.34 bcd 6.77 0.46 a 16.59 a 30.94 c 6.97 cd 

C5 1.52 d 28.87 d 33.53 b 6.83 1.45 b 27.44 c 30.11 bc 6.53 ab 

C6 0.94 c 24.49 b 36.46 cd 6.33 0.89 ab 23.93 b 31.75 cd 7.20 d 

C7 0,45 a 18.16 a 34.00 b 6.50 0.45 a 17.33 a 30,20 bc 6.93 c 

C8 1.68 d 27.14 c 29.46 a 6.57 1.64 c 26.47 c 24.81 a 7.00 cd 

C9 0.67 b 24.17 b 35.50 bcd 6.50 0.64 a 23.88 b 28.34 b 7.03 cd 

HSD  5% 0.21 1.37 2.01 ns 0.57 1.87 2.58 0.26 

Remark : Means followed by different letters in the same column for each treatment are statistically significant 

different at Tukey- test (P<0.05). 

 

Vermicompost with vermicomposting and composting produced significantly higher 

nutrient content in comparison to vermicompost with vermicomposting alone (Figure3 and 

4).  The average increase in the content of available P, exchangeable K, exchangeable Ca, 

and SO4
2-

 concentrations was 67.5%, 29%, 700% and 25%, respectively. Among the 

treatments of vermicomposting and composting, the mixture of 6 kg SMW, 3 kg CD, and 3 

kg VR, 6 kg SMW, 3 kg CD, and 3 kg LL, 6 kg SMW, and the mixture of 2 kg CD, 2 kg LL, 

and 2 kg VR had the highest P-available content. The highest exchangeable K content was 

found on the mixture of 6 kg CH, 3 kg CD, and 3 kg VR, 3 kg SMW, 3 kg CH, 3 kg CD, and 

3 kg VR and the mixture of 6 kg CH, 3 kg CD, and 3 kg LL (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. P-available and K-exchangeable  in the treatment of vermicomposting alone (V) vs. 

combination of vermicomposting and composting (V+C) in various composition of 

vermicompost materials. 
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Figure 4. Ca-exchangeable and  SO4
2-

 content in the treatment of vermicomposting alone (V) 

vs. combination of vermicomposting and composting (V+C) in various composition of 

vermicompost materials. 

 

This suggests that vermicompost materials composed of coconut husk contains a high 

K-exchangeable. The highest Ca content was found in the mixture of 3 kg SMW, 3 kg CH, 2 

kg CD, 2 kg LL, and 2 kg VR. The addition of egg shell flour increase the Ca content of 

vermicompost up to 7 fold. The calcium content of eggshell meal was 35.2 % [34]. Yashothai 

and Kavithaa (2014) reported that egg shell is highly rich in calcium (90%) with little 

percentage (less than 5%) of phosphorus [39].   Khan et al. (2012) reported that fish meal 

contains a high crude protein by 60% and a crude lipid ranged from 9.9% to 29.5%. One of 

the crude lipids is a phospholipid containing phosphor [40]. Ponce and Gernat (2002) stated 

that fish meal is rich in protein, calcium, phosphorus and iron. The sulfur content in the 

compost was more influenced by the rate of mineralization of compost material [41]. The 

mixture of 6 kg SMW, 2 kg CD, 2 kg VR, 2 kg VR and the mixture of 3 kg SMW, 3 kg CH, 

2 kg CD, 2 kg VR and 2 kg LL have the highest content of SO4
2-

. This is due to the quality of 

vermicompost materials support the faster rate of mineralization. 

 

CONCLUSION 

According to the present results, it was found that the combined vermicomposting and 

composting process improves the vermicompost quality when compared to using 

vermicomposting process alone. Vermicompost produced by the combined vermicomposting 

and composting process showed higher contents of nutrients and lower total organic carbon 

and C/N ratio compared to that of the vermicomposting process alone. Meanwhile, 

polyphenols, lignin and cellulose content decreased slightly. It suggest that the combined 

vermicomposting and composting process is a process of making vermicompost more 

appropriate and produce a better quality of vermicompost. The best quality of vermicompost 

was found in the treatment of mixture of 6 kg spent mushroom waste, 3 kg cow dung and 3 

kg vegetable residue and the mixture of 6 kg spent mushroom waste, 2 kg cow dung, 2 kg 

VR, and 2 kg LL. 
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