BIODIVERSITAS
Volume 24, Number 9, September 2023
Pages: 4862-4869

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d240928

The cooperation of microorganisms, bacteria, mold, yeast, and
Actinomycetes consortium on decomposition of household organic waste
in lowering C/N ratio

LILIS PRIHASTINI*, ARI HANDONO RAMELAN!?Y, PRABANG SETYONO?® PRANOTO?*

1Doctoral Program of Environmental Science, School of Postgraduate, Universitas Sebelas Maret. JI. Ir. Sutami 36 A, Kentingan, Surakarta 57126,
Central Java, Indonesia

2Department of Physics, Faculty of Mathematics and Natural Science, Universitas Sebelas Maret. JI. Ir. Sutami 36 A, Kentingan, Surakarta, 57126,

Central Java, Indonesia. Tel./Fax.: +62895327051144, Yemail: aramelan@mipa.uns.ac.id
3Department of Environmental Science, Faculty of Mathematics and Natural Science, Universitas Sebelas Maret. JI. Ir. Sutami 36 A, Kentingan,
Surakarta 57126, Central Java, Indonesia
4Department of Chemistry, Faculty of Mathematics and Natural Science, Universitas Sebelas Maret. JI. Ir. Sutami 36 A, Kentingan, Surakarta 57126,

Central Java, Indonesia

Manuscript received: 8 December 2022. Revision accepted: 24 September 2023.

Abstract. Prihastini L, Ramelan AH, Setyono P, Pranoto. 2023. The cooperation of microorganisms, bacteria, mold, yeast, and
Actinomycetes consortium on decomposition of household organic waste in lowering C/N ratio. Biodiversitas 24: 4862-4869. This
study aimed to investigate the effective management of household waste that can lead to environmental pollution when not appropriately
managed. Composting has emerged as a promising, cost-effective, and sustainable solution to address the issue of organic waste
management. Furthermore, this study identified the best bioinoculants with the ability to lower the C/N ratio on the decomposition of
household organic waste. It was performed with Factorial Completely Randomized Design AxB, where the A factor was bioinoculant
formulas (16 formulas) and the B was the decomposition period (0, 1, 2, 3, and 4 weeks). The decomposition process was conducted at
the 0, 1%, 27, 39 and 4™ weeks with the C/N ratio examination. The collected data were subjected to ANOVA testing and further
analyzed using the Duncan test. The results showed the lowest C/N ratio with the addition of biocinoculant code Al4 (14.87) and the
highest C/N reduction percentage with the addition of bioinoculant code Al4 (82.7%). The best bioinoculant was treatment with Al4,
namely the combination of the mold consortium, yeast, and Actinomycetes. However, treatment with the addition of Al4 code
bioinoculant was no different from A13 code since both have the same lowercase code (i). The A13 code treatment was not significantly

different from A8 since both had the same lowercase code (h).
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INTRODUCTION

The high population density is directly proportional to
the volume of waste produced. According to Moya et al.
(2017), global municipal waste production is predicted to
reach 2.2 billion tonnes annually by 2025. In 2021,
Indonesia reported that national waste generation was
79,101.22 tons/day or 28,871,946.24 tons/year (SIPSN-
KLHK 2021). It is worth noting that the waste came from
households 40.96% and according to the type, 41.1% was
food. Subsequently, the waste is disposed of in landfills,
where more than 90% is disposed of in an unsanitary
manner (Atalia et al. 2015). The landfill is the world's most
widely used method of garbage disposal (El Barnossi et al.
2021). The landfill process is becoming problematic in
Brazil (Liikanen et al. 2018) leading to an increase in the
volume of waste piled up. More than 40% of urban waste is
organic (Atalia et al. 2015), with Makassar City, Indonesia,
producing 67.14% (Yunus et al. 2020). Meanwhile, in
2021, Madiun City produced household waste that was
dominated by food at 81% (SIPSN-KLHK 2021). In Iraq,
the composition of solid waste in religious activities is 57%
organic in the form of food (Abdulredha et al. 2017). Even

though microorganisms quickly decompose this type of
waste, improper management can lead to environmental
pollution (Zhao et al. 2017). Solid waste management
practices produce volumes of waste that pose a public
health and environmental threat (Abanyie et al. 2022). The
decomposition of organic waste results in gases such as
NH; and H.S, which can cause respiratory problems and air
pollution (Zhao et al. 2017). Piles of waste produce
leachate which has the potential to cause groundwater
contamination (Pande et al. 2015). Therefore, effective
organic waste management practices are needed to reduce
pollution and ensure a sustainable environment.
Composting is a viable alternative to conventional
methods of processing organic waste, as it offers a
promising, cost-effective, and sustainable solution to
managing waste both at the household and centralized
levels (Rastogi et al. 2020; lacovidou and Zorpas 2022).
This natural process, derived from microbial succession,
results in the degradation and stabilization of organic
matter (Rastogi et al. 2020). The conversion of solid waste
into organic compost is a natural way to solve the
escalating problem (Jain et al. 2017). However, the natural
decomposition process is often slow, taking around 3-4
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months to complete (Aminah et al. 2016). To expedite the
process, microorganisms play a crucial role in accelerating
waste degradation (Abdel-Rahman et al. 2016; Li et al.
2018). Adding microorganisms as bioinoculants can reduce
composting time to 30-36 days (Hidayanti et al. 2013;
Rastogi et al. 2020), making it an economical and
environmentally friendly solution to dealing with large
amounts of waste (Sharma et al. 2022).

Microorganisms such as bacteria and fungi are essential
to composting (Zhao et al. 2017). These microorganisms
secrete extracellular enzymes that aid in the degradation of
organic matter (Wang et al. 2020). In particular, bacteria
and fungi play crucial roles in litter decomposition (Ndibe
and Onwumere 2019). Microorganisms have a soil
ecosystem function, specifically in the decomposition of
organic matter and the turnover of nutrients (de Menezes et
al. 2017). Bacteria can accelerate substrate degradation and
are responsible for most of the decomposition and heat
generation in compost (Yu et al. 2019) and it is responsible
for most of the decomposition and heat generation in
compost (Ho et al. 2022). Fungi are microorganisms that
can shorten the length of composting (Thapa 2018) and are
the main players in the decomposition of waste (Voriskova
and Baldrian 2013; Kj and Thippeswamy 2013). They can
decompose lignin, cellulose, and hemicellulose in a litter
(Schneider et al. 2012; Abubacker and Prince 2012; Osono
2020).

This study focuses on household organic waste
management by using microorganisms as bioinoculants.
Microorganisms used are consortiums of bacteria, mold,
yeast, and Actinomycetes. Consortiums of microorganisms
are more effective than single strains inoculants (Greff et
al. 2022). This study employed 16 treatments with 16
bioinoculants isolated and identified from banana bunches.
The city of Madiun is renowned for its pecel rice, which is
delicately wrapped in banana leaves. As a result, the city
drew inspiration from this cultural heritage and employed
microorganisms derived from various parts of the banana
tree to facilitate waste decomposition. Specifically, banana
bunches were selected due to their exceptional durability
and firm texture, making them an ideal component of the
tree to tackle this endeavor. The texture of the banana
bunch stem skin was hard and impermeable, and possessed
certain strength and toughness that could protect the inner
tissue (Guo et al. 2021). Juariah (2008) reported that the
sap of Ambon banana bunches was able to inhibit the
growth of fungi and bacteria. Furthermore, Maryati et al.
(2020) reported that banana bunches have tannins, with
antibacterial properties. The decomposition process lasted
for 4 weeks, and the treatments were measured with 3C/N
ratios, repeated 5 times at weeks 0, 1%, 2", 3, and 4™, The
C/N ratio was used as an indicator of compost maturity
(Badan Standardisasi Nasional 2004; Gong et al. 2017).
This is also supported by other studies where the C/N ratio
was a parameter reflecting the level of compost stability (Li
et al. 2018; Yang et al. 2019). Therefore, this study aimed
to determine the best bioinoculant for reducing the C/N
ratio of household organic waste.
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MATERIALS AND METHODS

Materials

The samples of household organic waste were obtained
from communities in Banjarsari Village, Madiun District,
Madiun Regency, East Java Province, Indonesia. The waste
consisted of food and most leftover vegetable pieces and
leaves. Organic waste was collected and then cut into
pieces with a size of 1-3 cm and mixed.

Methods

This study was categorized as a true experimental
design, where the factorial completely randomized design
AxB was performed. The A factor explained the
bioinoculant formulas coded as AO: control (without
microorganism), Al: bacteria consortium, A2: mold
consortium, A3: yeast consortium, A4: Actinomycetes, Ab:
mixture of bacteria consortium and mold, A6: mixture of
bacteria consortium and yeast, A7: mixture of bacteria
consortium and Actinomycetes, A8: mixture of mold
consortium and yeast, A9: mixture of mold consortium and
Actinomycetes, A10: mixture of yeast consortium and
Actinomycetes, A11: mixture of bacteria consortium, mold,
and yeast, A12: mixture of bacteria consortium, mold, and
Actinomycetes, A13: mixture of bacteria consortium, yeast,
and Actinomycetes, Al4: mixture of mold consortium,
yeast, and Actinomycetes, and Al5: mixture of bacteria
consortium, mold, yeast, and Actinomycetes. The B factor
explained the decomposition period coded as BO: 0 weeks,
B1: 1 week, B2: 2 weeks, B3: 3 weeks, and B4: 4 weeks.

Microorganisms

The bioinoculants added was a consortium of
microorganisms, namely bacteria, mold, yeast, and
Actinomycetes. The bacteria consisted of 5 genera of 8
species, namely the genus Cellulomonas: C. cellulans,
genus Cellvibrio: C. mixtus, genus Bacillus includes B.
subtilis, B. licheniformis, B. polymyxa, genus
Pseudomonas: P. fluorescent, P. putida, genus
Micrococcus: M. luteus. The mold consisted of 5 genera of
10 species, namely Genus Aspergillus, including A. niger,
A. penicillioides, A. oryzae, genus Rhizopus was R.
nigricans, R. oryzae, genus Mucor: M. piriformis, genus
Fusarium: F. chlamydosporium, genus Penicillium: P.
citrinum, Penicillium chrysogenum, and Penicillium
expansum (Prihastini et al. 2021). The yeast consisted of 3
species, namely Candida krusei, Saccharomyces bisporus,
and Xeromyces bisporus. Meanwhile, Actinomycetes
included Streptomyces erythreus.

Bioinoculants

There were 16 bioinoculants used to decompose
household organic waste, namely codes A0, Al, A2, A,
A4, A5, A6, A7, A8, A9, Al0, All, Al2, A13, Al4, and
Al15. The dose of the microorganism consortium in all
treatments was similar, which was 1% of the weight of the
garbage. The sample size in each treatment was 5 kg of
household organic waste divided into 5 polybags. The
treatment was repeated 3 times, requiring 15 kg of
household organic waste. Furthermore, bioinoculants had
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also added molasses and diluting water. The calculation of
consortiums of microorganisms on the bioinoculants was
based on the species. The density of microbial cell count
was elaborated in Table 1, and the results of consortia are
presented in Table 2.

The number of microbial consortia present in the
bioinoculant formula was computed utilizing the isolate
organisms described in the equation below:

) ) ) Number of each or ganism isolate
Number of microorganism consortium (ml) = , — x 160ml
Total mumber of microorganism isolates

As an example, there were 8, 10, 3, and 1 isolate of
bacteria, mold, yeast, and Actinomycetes, respectively. The
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placed into 5 separate containers. Each container was then
mixed with 62.5 mL of the bioinoculant code A0 and
placed into a polybag labeled as AO while repeating the
process 3 times. In each container, a bioinoculant code Al
of 62.5 mL was added, and the mixture was placed in a
polybag coded Al while repeating the process 3 times.
After the completion of treatment, it would be continued
from the 3" to the 16™ similarly. Once the bioinoculants
had been mixed into all the completed treatments, the
decomposition process could commence.

Table 1. The density of the microorganism population

. Total PlateCount
Species

process of calculating the bioinoculant formula for code Colluiomonas cellulans (SZL)J(/TO%)
Ab, Whlch comprises a .blend of bacterial and mold Cellvibrio mixtus 5.8 x 10°
consortia, is outlined below: Bacillus subtilis 9.2 x 10°
Bacillus licheniformis 8,9 x 10°
Number of bacteria consortium = 8 x 150 ml = 67 ml Bacillus polymyxa 8,6 x 10°
18 Pseudomonas flourencens 8,8 x 10°
10 Pseudomonas putida 7,9 x10°
. Micrococcus luteus 8,1x10°
Number of mold consortium = 5 »x 150 ml = 83 ml Aspergillus niger 6.2 x 107
Aspergillus penicillioides 5,4 x 107
The process of bioinoculants mixing began with ézperglllus_or_yzae 4,9 x 10;
. . izopus nigricans 4,2x10
treatment 1, where a 1 kg sample was weighed 5 times and Rhizopus oryzae 36x 107
placed into 5 separate containers. Each container was then  pucor piriformis 4:1 x 107
mixed with 62.5 mL of the bioinoculant code A0 and  Fysarium chlamydosporium 4,1 x107
placed into a polybag labeled as AO. This process was  Penicillium citrinum 3,3x 107
repeated 3 times. The same process was repeated for  Penicilliun chrysogenum 3,8 x 107
treatment 2, whereas, 1 kg sample was weighed 5 times and ~ Penicillium expansum 4,1x107
placed into 5 separate containers. Candida krusei 71x10°
Saccharomyces bisporus 7,9x 108
Decomposition of organic waste Xeromyces bisporus 62x10°
S o Streptomyces erythreus 4,6 x 107
Bioinoculants mixing
The process of bioinoculants mixing began with
treatment 1, where a 1 kg sample was weighed 5 times and
Table 2. The number of consortiums of microorganisms on bioinoculants
- The consortium of microorganisms (mL) Molasses Water
Bioinoculants code B K Kh Act Amount (mL) Diluent (mL)
A0 0 0 0 0 0 37.5 900
Al 150 0 0 0 150 37.5 750
A2 0 150 0 0 150 37.5 750
A3 0 0 150 0 150 37.5 750
Ad 0 0 0 150 150 37.5 750
A5 67 83 0 0 150 37.5 750
A6 109 0 41 0 150 37.5 750
A7 133 0 0 17 150 37.5 750
A8 0 115 35 0 150 37.5 750
A9 0 136 0 14 150 37.5 750
Al10 0 0 113 37 150 37.5 750
All 57 71 22 0 150 37.5 750
Al2 63 79 0 8 150 37.5 750
Al3 100 0 37 13 150 37.5 750
Al4 0 107 32 11 150 37.5 750
Al5 55 68 20 7 150 37.5 750

Note: B: consortium of bacteria, K: consortium of molds, Kh: consortium of yeast, Act: Actinomycetes
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Decomposition process

The decomposition process was carried out for 4 weeks.
To control the optimally running decomposition,
temperature, pH, and humidity measurements were
examined every 2 days, starting from the 0™, 2", 4™ and
up to 4 weeks. During the process, moisture was
maintained at around 40-60% by stirring and sprinkling
water.

C/N ratio check

The C/N check was carried out at week O (zero), the
beginning of the decomposition process, weeks 1%, 2", 31,
and 4™, For the examination of the C/N ratio, the C analysis
was conducted using the Ooxyidmetry/Gravimetric method
while the N was performed using the Kjeldahl method.

Measurement of temperature, pH, and humidity

Temperature, pH, and humidity were checked once
every 2 days during the decomposition process. The tools
used for temperature measurement were an analog soil
thermometer, while the pH and humidity were soil pH and
moisture tester DM-15, Takemura Electric Works, LTD,
Tokyo-Japan. A thermometer was inserted for a duration of
3 to 5 minutes, and the temperature was read from the scale
of the. Furthermore, pH and humidity were measured using
a soil tester by inserting the tool into the sample for 3 to 5
minutes, and the values were determined by observing the
position of the needle.

Statistical analysis

The study on the decomposition of household organic
waste was analyzed using ANOVA 2 factorials, where
bioinoculants codes A0, Al, A2, A3, A4, A5, A6, A7, A8,
A9, Al10, All, A12, Al13, Al4, and Al5 were factors A
and the decomposition period (weeks) were factors B. The
ANOVA test demonstrated a significant difference, and
subsequently, the Duncan Test (DMRT: Duncan's Multiple
Range Test) was conducted at a confidence level of 95% to
determine the degree of significance.

RESULTS AND DISCUSSION

C/N ratio

The decomposition results of household organic waste
in the last week is shown in Figure 1. The analysis of the
C/N ratio has become a widely recognized indicator of
compost maturity. In this study, the examination of the C/N
ratio concerning the decomposition of household organic
waste showed that the treatment containing bioinoculant
code AO (without microorganisms as control) had the
highest average during the 0 to 4" weeks. However, the
group with the lowest average. According to Kepmentan
(2019), solid organic fertilizer requires a C/N ratio
parameter of 25. Table 3 indicates that during weeks 0 to 2,
the average C/N ratio value in all treatments needs to meet
the qualification criteria. During week 3, all treatments met
the average C/N ratio value qualification criteria except for
those with bioinoculant codes A0, Al, A6, A7, A10, and
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All, where the average C/N ratio value exceeds 25. At
week 4, the treatment with the addition of bioinoculant
code AQ was not eligible, while other treatments met the
criteria. The compost maturity is indicated by an average
C/N ratio value of 10-20 (Badan Standarisasi Nasional
2004). Therefore, in week 3, only the treatment with the
addition of bioinoculant code A13 is eligible. At week 4,
the treatment becomes eligible by adding bioinoculant
codes A3, A8, A9, Al12, Al13, Al4, and Al5. The price of
the C/N land ratio is 10-12, hence, materials with a C/N
ratio can be directly used (Damanhuri and Padmi 2010).
During this week, the average, lowest, and closest ratio to
the C/N soil was treated with bioinoculant code Al4 at
14.87.

The decomposition of household organic waste with
different combinations of bioinoculant formulas showed
that from 1%t week to 4™, A0-A15 experienced a decrease in
the average C/N ratio. The pattern of decreasing the
average C/N ratio is shown in Figure 2. During the
composting period, the C/N ratio experiences a decrease
owing to the usage of carbon as an energy source. The
carbon is lost in the form of CO, while microbes use
nitrogen for protein synthesis and the formation of body
cells. Therefore, the carbon content diminishes, and the
nitrogen increases, leading to a reduction in the C/N ratio
(Andriany et al. 2018). This was observed in the same time
frame.

Figure 1. The decomposition result of household organic waste in
4™ week

160

140 + —=AQ) —0=Al A2 =—=A3 =e=A4 A3
120 + —@=A\G AT = Af =AY  =g=Al) —8=All
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Figure 2. Chart of the average decrease pattern of the C/N week
ratio 0 to week 4 on the decomposition of household organic
waste
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Table 3. Results of average C/N ratio on the decomposition of home organic waste on weeks 0 to 4

Average C/N ratioweek-to-week

Bioinoculants code

0 1 2 3 4
A0 90.40 67.17 51.31 43.73 41.48
Al 88.42 52.40 37.50 28.47 22.50
A2 87.83 47.07 34.10 24.65 21.38
A3 86.55 45.24 33.32 21.55 19.32
Ad 89.55 45.81 35.31 22.50 20.33
A5 88.51 47.37 35.22 24.85 21.48
A6 87.17 51.33 37.37 28.60 24.32
A7 87.48 48.57 33.91 26.40 23.89
A8 87.80 41.35 30.30 20.22 16.37
A9 87.57 41.30 29.20 23.92 19.58
Al10 88.07 43.58 31.47 25.48 21.32
All 88.22 41.62 28.52 25.75 20.83
Al12 87.27 39.97 27.73 21.17 18.41
Al3 87.95 47.88 36.24 19.78 15.22
Al4 86.63 51.18 36.83 22.90 14.87
Al5 88.79 51.01 33.58 21.91 19.22

Note: AO: without microorganisms, Al: bacteria consortium, A2: mold consortium, A3: yeast consortium, Ad: Actinomycetes, A5:
mixture of bacteria consortium and mold, A6: mixture of bacteria consortium and yeast, A7: mixture of bacteria consortium and
Actinomycetes, A8: mixture of mold consortium and yeast, A9: mixture of mold consortium and Actinomycetes, A10: mixture of yeast
consortium and Actinomycetes, A11: mixture of bacteria consortium, mold, and yeast, A12: mixture of bacteria consortium, mold, and
Actinomycetes, A13: mixture of bacteria consortium, yeast, and Actinomycetes, Al4: mixture of mold consortium, yeast, and
Actinomycetes, A15: mixture of bacteria consortium, mold, yeast, and Actinomycetes

Percentage average decrease in C/N ratio

The percentage decrease of the C/N ratio average from
the 1% to 4" week in 16 treatments varied, and the smallest
ratio was 54.1%. In the study, the treatment involved the
application of a bioinoculant code AO as well as a control
treatment, which consisted of bioinoquinoclanes without
microorganisms. The percentage decrease in the average
C/N ratio was most prominent in the treatment that
employed bioinoplasty code Al4. This treatment used a
mixed bioinoculants of the mold consortium, yeast, and
Actinomycetes, resulting in a decrease of 82.8%.

Statistical test results

According to the ANOVA Test 2 factorials, the
interaction between factors A and B yielded a significant p-
value of 0.00, which is lower than the significance level (o)
of 0.05. This indicates a significant difference between the
treatments, and the Duncan Test was conducted.

The test results showed that the treatment with the
addition of bioinoculant codes A0, Al, A2, A3, A4, A5,
AB, A7, A8, A9, A10, Al12, A13, Al4, and A15 in each
week followed by different capital letters namely A, B, C,
D and E. Therefore, the average decrease in C/N ratios is
significantly different each week. The treatment with the
addition of bioinoculant code A1l in the initial 4 weeks
resulted in significantly different average C/N ratios,
denoted by distinct capital letters (A, B, C, and D).
However, the average C/N ratio in week 3 did not differ
significantly from week 2, as both were labeled with the
same capital letter (C).

The Duncan Test results also showed that in week 0, the
average C/N ratio did not differ significantly between the
treatment with the addition of bioinoculants code A0 and

those with Al, A2, A4, A5, A6, A7, A8, A9, Al0, All,
Al2, Al3, and Al5, receiving the same lowercase letter
(a). However, the average C/N ratio in the treatment with
the addition of bioinoculant codes A3 and Al4 differed
significantly from that in the other treatments, as indicated
by a different lowercase letter (b). In weeks 1, 2, 3, and 4,
the average C/N ratio with the addition of bioinoculants
code AO differed markedly from all treatments. At week 4,
the average C/N ratio in adding bioinoculants code Al14 did
not differ from the treatment of code A13. However, it
differed markedly from the treatment of adding
bioinoculants code A8. The average C/N ratio with A13 is
not significantly different from Al4 and code A8, and
Duncan's results are shown in Table 4.

Based on the Duncan Test in Table 4, the most effective
bioinoculant for reducing C/N ratios and decomposing
household organic waste is the A14 bioinoculant.
Specifically, the Al4 bioinoculant was not different from
the A13 in week 4 since they were assigned the same
lowercase letter, namely the letter (i). However, the
treatment with bioinoculant code A13 is not different from
A8 as it was assigned the same lowercase letter, namely the
letter (h). During week 4, the A14 bioinoculant treatment
had the lowest C/N ratio for mold, yeast, and
Actinomycetes consortium.

The waste was predominantly vegetable residue and
plants, which contained significant amounts of
lignocellulose, including cellulose, hemicellulose, and
lignin (Wang et al. 2020). Municipal waste contains
lignocellulose consisting of cellulose, hemicellulose, and
lignin (Gunjal et al. 2020). The household waste comprised
leftovers of vegetables and leaves, which were rich in
lignocellulose.
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Figure 3. The average percentage decrease in C/N week to 0 ratio and 4™ on the decomposition of household organic waste
Table 4. Duncan Test results in an average C/N ratio of 0 to 4 on the decomposition of household organic waste
Bioinoculants Average C/N week-to-week ratio
code 0 1 2 3 4
A0 90.40 Aa 67.17 Ba 51.31 Ca 43.73 Da 41.48 Ea
Al 88.42 Aab 52.40 Bb 37.50 Cb 28.47 Db 22.51 Ec
A2 87.83 Aab 47.07 Bcd 34.10 Ccde 24.65 Dcde 21.38 Ecd
A3 86.55 Ab 45.24 Be 33.32 Cde 21.55 Dghi 19.32 Dfg
A4 89.55 Aab 45.81 Bde 35.31 Chcd 22.50 Dfg 20.33 Edef
A5 88.51 Aab 47.37 Bed 35.22 Chcd 24.85 Dcd 21.48 Ecd
A6 87.17 Aab 51.33Bb 37.37Cb 28.60 Db 24.32 Eb
A7 87.48 Aab 48.57 Bc 33.91 Cde 26.40 Dc 23.89 Eb
A8 87.80 Aab 41.35Bg 30.30 Cfg 20.22 Dfi 16.37 Eh
A9 87.57 Aab 41.30Bg 29.20 Cfg 23.92 Ddef 19.58 Eefg
Al10 88.07 Aab 43.58 Bf 31.47 Cef 25.48 Dcd 21.32 Ecd
All 88.22 Aab 41.62 Bg 28.52 Cg 25.75 Ccd 20.83 Dde
Al2 87.27 Aab 39.97 Bg 27.73 Cg 21.17 Dghi 18.41 Eg
Al3 87.95 Aab 47.88 Bc 36.24 Chcd 19.78 Di 15.22 Ehi
Al4 86.63 Ab 51.18 Bb 36.83 Chc 22.90 Defg 14.87 Ei
Al5 88.79 Aab 51.01 Bb 33.58 Cde 21.91 Dgh 19.22 Efg

Node: Numbers are presented in average (). Numbers followed by capital letters (showing horizontal interaction tests) and lowercase
letters (showing vertical interaction tests) differing in the same column and row show a noticeable difference based on Duncan's

Multiple Range Test's advanced tests at 95%

Mold is a multicellular fungus that forms filaments
known as hyphae, while yeast is unicellular (Al-Enazi et al.
2018). Fungi play an essential role in lignocellulose
degradation (Wang et al. 2020), and produce extracellular
enzymes that play a role in decomposing lignin, cellulose,
and other components in the garbage (Osono 2020). They
are the main decomposers in reducing organic matter
compared to other microorganisms (Krishna and Mohan
2017). Furthermore, fungi contribute the most to the
degradation of lignocellulose during litter decomposition
and decompose wheat straw better than bacteria and
Actinomycetes (Singh and Upadhyay 2019).

The consortium of mold consists of species of

Aspergillus,  Rhizopus,  Fusarium,  Mucor, and
Penicillium. Aspergillus, Fusarium, Mucor, and
Penicillium are essential decomposers in composting

activities. Meanwhile, Aspergillus and Penicillium are
cellulitic fungi that can accelerate the composting process
(Thapa 2018). They are a group of Basidiomycetes with the
ability to decompose cellulose (Boswell 2020) and

municipal solid waste (Jain et al. 2017). Actinomycetes are
high-class or profiled bacteria used to degrade cellulose
and plant litter (Krishna and Mohan 2017).

Results of measurements of temperature, humidity and pH

The process of litter decomposition is subject to
environmental factors, including temperature, humidity,
and pH affecting the process (Krishna and Mohan 2017;
Ho et al. 2022). During the decomposition process of
organic waste, pH, humidity, and temperature
measurements were conducted in the sample to measure
and control the variables in all treatments.

Composting is a multi-phase process that includes the
mesophilic phase, where temperatures range from 20-45°C,
the thermophilic phase ranging from 50-70°C, and the
maturation phase, where temperatures return to the
mesophilic range (Sharma et al. 2022). A temperature of
45-55°C is the optimum thermophilic phase for the
composting process (Ho et al. 2022). Moreover, it has been
observed that temperatures ranging between 50-55°C are



4868

conducive to the decomposition of garbage (Rastogi et al.
2020). In this study, temperature measurements during the
decomposition of organic waste in all treatments ranged
from 28-50°C. Specifically, the temperature at the onset of
the decomposition process was around 28-30°C, then
increased to approximately 50°C between the 3™ and 7t
day before declining to 28°C The optimum humidity range
for composting is between 50-60% (Rastogi et al. 2020; Ho
et al. 2022). Meanwhile, the results of measuring waste
humidity in all treatments ranged from 40-65%. The ideal
pH value of composting ranges from 5.5-8.0 (Rastogi et al.
2020), and the optimum is 5.0-7.0 (Ho et al. 2022). The pH
measurements for all treatments during the decomposition
process ranged between 6.1-7.3. At the beginning of the
process, the pH was relatively low, then increased toward
the end. The ideal pH value of composting ranges from 5.5-
8.0 (Rastogi et al. 2020), and the optimum is 5.0-7.0 (Ho et
al. 2022). The pH measurements for all treatments during
the decomposition process ranged between 6.1-7.3. At the
beginning of the process, the pH was relatively low, then
increased toward the end. Based on the measurement
results, temperature, humidity and pH did not affect the
decomposition process in all treatments.

In conclusion, the results showed that after a four-week
decomposition process, the lowest C/N ratio value at week
4 was 14.87 in the treatment with the addition of
bioinoculants code Al4. The highest average percentage of
C/N ratio reduction in treatment with the addition of
bioinoculants code Al4 was 82.8%. Duncan's test results
showed that after 4 weeks of decomposition, the treatment
with bioinoculant code A14 was not different from A13,
however, the treatment with bioinoculant code A13 was not
different from A8. Therefore, the best bioinoculant to
decrease the C/N ratio on household organic waste is code
Al4, consisting of a consortium mixture of mold, yeast,
and Actinomycetes.
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