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Abstract. Composition of organic waste in Surabaya was 54.31% of the
total generated waste. One of the biodegradable organic waste is banana
peel and sawdust. There are a lack of processing banana peels and sawdust
into useful products. The variation of vermicompost materials in this
research were vegetable waste (27%), banana peels (27%), and sawdust
(46%). The physical characteristics of compost (temperature, moisture
content, texture, color, particle size of compost, shrinkage of compost
material and weight of L.lumberus worms) were analyzed. The results of
this study shown that the physical characteristics of compost in reactors 1
(no adding worms), 2 (adding 100gr worms/kg organic waste), and 3
(adding 250 gr worms/kg organic waste) (temperature, texture and color)
have met the standards (Indonesian National Standard number 7763:2018
and 19-7030-2004) but the moisture content did not meet the standards. R2
has a percentage of decreasing of worms about 16.4% of worms but the
worms in R3 increased up to 8.3% of worm weight. The shrinkage of
compost material in R1, R2, and R3 was 64.67%, 76.45%; and 71.01%,
respectively.

1 Introduction
Market waste that is not treated properly will result in environmental pollution. Most
traditional markets in Indonesia have not been able to manage waste so that waste
accumulates in final disposal sites. This causes the generation of waste to increase every
year. Vegetable waste is organic waste that can be used as raw material for manure because
it contains high macro and micro nutrients, and the speed of decomposition of compost is
high [1].
One of the organic waste that has not been utilized optimally is banana peel. Banana
peel is also one of the wastes generated from production activities in the home industry.
Banana peel waste is not utilized and only disposed of in a landfill. In addition, other
*
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organic wastes such as sawdust account for about 45% of the total waste generated in the
furniture industry. Bark and sawdust are generally burned and will cause environmental
pollution [2].
One alternative to the composting method of organic solid waste is the
vermicomposting method. Vermicomposting is a process of decomposing organic waste
with the help of earthworms which produces manure with high C/N ratio yields and is
superior to conventional composting [3,4]. Vermicomposting is a technology whose
operations require low costs and can reduce the generation of organic waste [5]. According
to [6], a good type of worm to use is a brightly color epigeic worm such as Lumbricuss
rubellus (L.lumberus) in the vermicomposting method. The waste that will be used for
composting is first sorted to separate non-biodegradable and biodegradable waste [7]. The
manure produced from the vermicomposting process contains nutrients for organic soil that
can add nutrients to the soil [8,9].
Banana plants are one of the organic wastes that can be composted using earthworms
because the content of N, P and K in the vermicomposting process is very high [10].
Banana peel is one of the waste parts of the banana plant. Banana peel has a high organic C
content so that it can create an ideal C/N ratio condition for the vermicomposting process.
The addition of sawdust affect to the growth of earthworm L. lumberus in the reactor
[11,12]. In addition, sawdust has a high organic C which can create an ideal and stable C/N
in the vermicomposting process [13]. Therefore, in this study the composition of the
compost material consisted of banana peel waste, vegetables and sawdust.
According to [14], vermicompost has a high main nutritional content consisting of
1.108% nitrogen, 0.669% phosphorus and 1.318% potassium. This research used 100 grams
of earthworms for every 2 kilograms of organic waste. In this study, the variation of worm
weight was 100gram/kg organic waste and 250gram/organic waste. This aims to determine
the physical characteristics of manure from variations in the addition of earthworm L.
lumberus in decomposing organic waste.

2 Material and methods
The research method were as follows:
2.1 Design of composter
The following were the steps in making a vermicomposting reactor
2.1.1 Measurement of the levels of C-Organic, N-Total and C/N ratio in each
banana peel and sawdust before composting was carried out.
The results of the initial C/N ratio measurement of each compost material to be
composted. C-organic measurement of material compost have used spectrophotometer wavelength
651 nm with a standard solution of 5000 ppm C. In addtion, N-total measurement of material
compost have used khjedahl flask titration with 0.05N . standard H2SO4 solution. Result of
measurement C/N ratio in material compost were 8 (vegetable waste), 82 (banana peel) and 110
(sawdust).

This data is used to calculate the ideal composition of compost material (as seen as on
chapter 2.1.2) in the vermicomposting process.
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2.1.2 Calculation of the composition of the compost material based on the C/N ratio
of organic waste
In this study, the organic waste was composted of vegetable waste, banana peels and
sawdust. According to [13] the C/N ratio of organic waste was suggested at the beginning
of the vermicomposting process of 23-70. In this study, the initial C/N ratio of
vermicomposting used 82 because it was close to the C/N ratio value of 70.
The following was the calculation of the C/N ratio of compost raw materials in this
study [29, 30].

(1)

(2)
X = 1,68 kg

This showed that 1.68 kg of sawdust is mixed with 1 kg of vegetable waste and 1 kg of
banana peel waste so that the composition of waste that was composted is 46% sawdust,
27% vegetable waste and 27% banana peels. Table 1 presented that research variable in thi
study which R1 (no adding worms), R2 (adding 100 gr worms/kg organic waste) and R3
(adding 250 gr worms/kg organic waste). Composition in material compost consist of 46% sawdust,
27% vegetable waste and 27% banana peels with a dose of EM4 (30 ml/Kg organic waste.
Table 1. Research Variables
46% sawdust, 27%
vegetable waste and
27% banana peels with
a dose of EM4 (30
ml/Kg organic waste
R1 : Reactor 1
R2 : Reactor 2
R3 : Reactor 3

Addition of earthworm L. lumberus
No worms
Worms (100 gr/kg
worms (250 gr/kg
(0 g/kg organic waste)
organic waste)
organic waste)
R1

R2

R3

2.1.3 Calculation of the volume of compost material
In this study measurement of the density of the compost to calculate the volume of the
compost material. Measurement of the density of the compost mixture used the density
measurement method and waste generation [26]. Based on the results of the measurement
of the density of the compost m material, the density of the compost material in reactors 1,
2 and 3 were 474.5 kg/m3 respectively.
The formula for calculating the volume of the compost material.
(3)
Thus, the volume of compost material = 24000 cm3
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2.1.4 The calculation of the volume of the composter
The type of reactor in this study was a block shaped container with bed as seen as on
Figure 1. This reactor was made of wood and surrounded by sacks which function to
maintain air humidity and air circulation in the reactor.
The formula for calculating the volume of the composter:
Reactor volume = safety factor (30%) x volume of compost material + volume compost
material
= 31200 cm3
Thus, the reactor was a length, width and height of 30cmx30cmx 35cm, respectively.

Fig. 1. Design of Composter

2.2 Acclimatization by seeding sawdust for 48 hours in a composter
This acclimatization served as an adjustment of the earthworm L. lumberus to the new
environment. If the worms did not leave the reactor, the media in composting was suitable
as a habitat for the earthworm L. lumberus [14].
2.3 The vermicomposting process in this study is as follows:
Vermicomposting process in this study beginning cut organic waste as compost material
into 2-3 mm size. The smaller the size of the compost material would increase the surface
area so that microbes can easily decompose organic compounds. In addition, the smaller
size of the compost material could maintain air circulation in the composting process and
the compost material then would be mixed homogeneously [4]. After that, the compost
materials were mixed homogeneously so that the compost material decomposes evenly, and
the compost material have indeed into the composter. Then, it mixed EM4 liquid (with
doses 30ml/kg of compost material). In this study the mass of compost material was 12.24
kg so that the total volume of EM4 solution required for each reactor was 367.2 ml. The
last, earthworm L. lumberus were added to compost material was 100 gr worme/kg compost
material (R2) and 250 gr worms/kg compost material (R3). The mass of compost material
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in this study was 11.04 kg so that the total L. lumberus worms added in the reactor was 1.22
kg (R2) and the reactor was 2.76 kg (R3).

2.4 Monitoring the composting process
Physical parameters during the monitoring of composting process in this study consisted
of moisture content, texture, temperature, color and particle size of manure. The method
and frequency of measuring compost can be seen in Table 2.
Table 2. Method of measuring moisture content, texture, temperature, and color during the
composting process
Parameters
Temperature
Moisture content
Texture and Color
Particle size
Earthworm
L.lumberus weight
Weight of
compost

Measurement
method
In situ
Gravimetri
In situ
In situ
In situ
In situ

Measurement
Equipment
Soil meter 3 in 1
Oven at 1050C
Visual
Sieve
digital scales
digital scales

Measurement Period
Everyday
Every three days
Every three days
End of composting process
Strart and End of composting
process
Strart and End of composting
process

2.5 Weight of earthworm L. lumberus and manure
Measurement of the weight of earthworm L. lumberus and manure was carried out at the
end of composting process (21 days). This was done to determine the increase or decrease
in the weight of the earthworm L. lumberus and the percentage of mass shrinkage of the
compost material.

3 Result and Discussion
3.1 Temperature

Fig. 2. Change temperature in to temperature during vermicomposting
Noted: R1 (no adding worms), R2 (adding 100gram worms /kg organic waste), and R3 (adding 250
gram worms /kg organic waste)
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According to [11, 20], the composting temperature has 3 phases consisting of
mesophilic (10-40.50C), thermophilic (>40.50C), and psychophilic (<100C). The initial
temperature of composting is generally characterized by a mesophilic or psychophilic
phase. This depends on the ambient temperature and the temperature of the compost
material. Figure 2. showed that the composting temperature in reactors 1,2 and 3 is the most
extreme on day 1 to day 3 (above 30 0C). This indicates that the beginning of the
composting process in this study entered the mesophilic phase. According to [10], this
occurs because decomposition by microbes produces heat, causing high temperatures. At
high temperatures >160F (710C) can inhibit microbial activity. At a thermophilic
temperature (40.50C-710C) it is more effective and efficient in the composting process. In
this study, maturation of compost material in R1, R2, and R3 began to occur after the 8th
day (<300C). Temperatures below 300C were ground water temperatures that identify
mature compost [24]. The temperature fluctuation of compost in R1, R2, and R3 have not
significant occurs in vermicomposting process
3.2 Moisture Content

Fig. 3. Moisture content of manure during vermicomposting (dry basis)
Noted: R1 (no adding worms), R2 (adding 100gram worms /kg organic waste), and R3 (adding 250
gram worms /kg organic waste)

According to [18] moisture content is one of the parameters of composting process that
affects the microorganism activities such as distributing nutrients needed by microbial
metabolic processes. Figure 3. showed that in reactors 1, 2 and 3, the moisture content of
the composting waste decreased until the 12th day (below 50%). According to [1], moisture
content of composting process below 40% indicates microbial activity is decreasing
because organic matter has decomposed. Day 1 to day 12 moisture content decreased due to
microbial activity that produces heat (high temperature) [5]. The optimum moisture content
in the vermicomposting process is between 65-85% [1,8,17]. This indicates that the
optimum of moisture content for earthworm L.lumberus as a decomposer occurs on day 1 to
day 9. The moisture content fluctuation of compost in R1, R2, and R3 have no significant
occurs in vermicomposting process.
According to [25], the quality of manure if the moisture content of the manure is 8-25%
then the compost occurs mature. In this study, the moisture content in all reactors (R1, R2,
and R3) at the end of composting process (day -21) was 30-40%. The moisture content of
manure in all reactors (R1, R2, and R3) was not yet mature compared to compost’s
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moisture content [25]. However, vermicomposting was declared completed if the process
had lasted for 6 to 12 weeks [16]. In this study, the vermicomposting process took only
three weeks, but the texture and color were like manure. In order to make the moisture
content meet the standards, vermicomposting process should be done with a longer time.

3.3 Texture, color and particle size
The vermicomposting process in this study lasted for 21 days. At the start of
composting, compost raw materials still produce odors because there is no waste
decomposition process by worms. Reactor 1, 2 and 3 produce no odor at day 12, 9 and 6,
respectively. Due to the fact that the worms in reactor 3 can decompose the waste properly,
the odor in reactor 3 disappeared faster than that of reactors 1 and 2.
On the first day of composting, the texture of the waste on R1, R2, and R3 was still in
the form of vegetable pieces. On the third day, there was a change in the texture of the
waste in the vermicomposting process. The grain size of manure on the third day at R1, R2,
and R3 was 20%, 10% and 60%, respectively. On day 21, there was a significant increase
in grain size in all reactors, in which the increased reached up to 90% at R1 and R2, and
95% at R3. Regarding solid organic fertilizers [25], the quality requirements for grain size
(2-4.75 mm) in compost are at least 75%. Therefore, results obtained from these three
reactors have met the standards of compost based on the grain size [25]. On the first day of
composting, the waste was still brightly colored in the three reactors. Color changes in the
three reactors began to occur on the sixth day. At R1 and R2, the color of the compost
changed to brown while at R3 the color of the manure changed to blackish brown. If the
color of the compost is similar to the soil, it can be stated that the compost is completed and
it can be used.
3.4 Weight of earthworm L. lumberus
Figure 4 described that weight of the worms analysis in this study was the weight of the
worms in reactor 2 and reactor 3. The weight of the initial worms used in reactor 2 was not
the same asn the weight of the initial worms in reactor 3. The weight of the initial worms
used in reactor 2 was 1.22 kg while the initial worm weight used in reactor 2 was 2.76 kg.

Fig. 4. Changes in mass of worm before and after vermicomposting process
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Noted: R2 (adding 100gram worms /kg organic waste), and R3 (adding 250 gram worms /kg organic
waste)

After undergoing the vermicomposting process, there was a change in the weight of the
worms in both reactor 2 and reactor 3. In reactor 2, there was a decrease in the weight of the
worms from 1.22 kg to 1.02 kg or 16.4% shrinkage. In contrast, the weight of the worms in
Reactor 3 increased from 2.76 kg to 3.01 kg (8.3%). According to [3], the average weight
of an adult worm is 2.3 grams, while that of a young worm is 0.8 kg. According to research
[16], worm biomass decreased from 6 to 12 weeks. In this study, vermicomposting lasted
for 3 weeks, so that worm biomass decreased due to the formation of worm pupae. In
reactor 3, worm biomass increased due to the presence of worms and the birth of new
worms.
3.5 Composting mass shrinkage
Figure 5 presented that mass of manure before and after composting proocess for 21 days.
Mass of manure decreased after 21 days composting because organic waste have
degradated by microorganism.

Fig. 5. Changes in mass of compost material before and after vermicomposting process
Noted: R1 (no adding worms), R2 (adding 100gram worms /kg organic waste), and R3 (adding 250
gram worms /kg organic waste)

The initial weight of the waste used in reactors 1, 2, and 3 were 11.04 kg. Reactor 1 did
not use worms in composting, while reactors 2 and 3 use worms in composting. The results
showed that the compost material shrinkage in reactors 2 and 3 was greater than in reactor 1
(Figure 5). The compost formed in reactors 1, 2, and 3 were 3.9 kg, 2.6 kg; and 3.2 kg,
respectively. In addition, the percentage of compost material shrinkage in reactors 1, 2, and
3 were 64.67%, 76.45%; and 71.01%, respectively.

4 Conclusion
The characteristics of manure at R1 (no adding worms), R2 (adding 100gram worms /kg
organic waste), and R3 (adding 250 gram worms /kg organic waste) were moisture
contentof manure (30-40%), and temperature (below 300C). In additon, at R1 and R2, the
color of the compost changed to brown while at R3 the color of the manure changed to
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blackish brown. While, the shrinkage of worm weight that occurred in reactor 2 was 16.4%.
The weight gain of the worms in reactor 3 was 8.3%. The particle size of the 21st day
compost (2-4.75 mm) at R1, R2, and R3 were 90%, 90%, and 95% respectively The
percentage of compost material shrinkage in reactors 1, 2, and 3 were 64.67%, 76.45%; and
71.01%, respectively
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