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ABSTRACT

The study aimed to know the effect of different starters on the quality production of organic fertilizer. Three kinds
of starters, EM-4 (P1), BM-4 (P2), and Petroganic (P3), were used in this study. The quality of organic fertilizer
with a starter for the 28" day of composting was evaluated by physical and chemical parameters in triplicates.
Based on the results, we showed the physical parameters of treatment compost P1, P2, and P3 are blackish brown,
didn’t smell of stool, and are crumbly textured. The chemical parameters showed the content of C-organic from
the treatments was 42.51%, 39.19%, and 35.74%, respectively, at the end of the composting process, while total
nitrogen content was 4.71%, 9.47%, and 5.77%. The C/N ratio of the treatments, P1, P2, and P3, were 9.02, 4.17,
and 6.20, while the total phosphor contents were 0.092%, 0.15%, and 0.13%, respectively. Next, the total
potassium contents were 0.69%, 0.79%, and 0.77%, respectively, at the end of the composting process. The
addition of different types of starters did not affect physical and chemical quality. In conclusion, EM-4, BM-4,
and Petroganik can be used as alternative starters in producing organic fertilizer.
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INTRODUCTION

Composting is used for the biological
treatment of solid organic wastes and to manage
organic waste stability. Various microorganisms,
including bacteria and fungi, recycle organic
waste as microbial decomposers (Haynes and
Zhou, 2016). The productivity in cattle farming
owned by farmers can be optimized by utilizing
feces and waste as organic fertilizer, which crops
need for better growing because cattle-rearing
systems in developing countries are generally
integrated with agriculture. The use of the
microbial starter will affect the fertilizer
production quality. Starter contains cellulolytic
bacteria, proteolytic bacteria, fungi, and
actinomycetes (Cahyono et al., 2014; Hansgate et
al., 2005). Cellulolytic bacteria and fungi will
play a role in changing cellulose-based materials,
whereas proteolytic bacteria focus on changing
proteins in materials. The basic principle of
composting is to decrease the ratio of C/N. Thus,
its ratio will be as close as the C/N of soil. The
steps of composting process generally include the
mesophyll step, thermophile step, concoction
step, and cooling step.

Each step of processing fertilizer has its
optimum activity bacteria. Organic fertilizer is a
decomposition of organic matter from organic
waste such as feces and agricultural waste that
was fermented for several weeks to stabilise the
organic matter and used as fertilizer for cropping

activity (Belda et al, 2013). Cattle farm
production has an animal side product in solid,
liquid or gas waste. However, solid waste such as
feces at the farm were buried on the ground and
lived there for a long time. Deposition of cattle
feces has the potential for air pollution, and it also
causes nitrate pollution in rainwater that would
lead to acid rain (Patterson and Adrizal, 2005).
Significant environmental pollution caused by
farm activity was from the ammonia (NH3)
content accumulated in feces. In the case of high
humidity and low-temperature conditions,
ammonia synthesis increased and was emitted
from manure (Patterson et al., 2008).

Some microbes have been reported that
could oxidize organic existing in the environment,
which caused odor to the air and can be used as a
treatment process for reducing ammonia from
cattle feces (Ye and Thomas, 2001). The principle
of animal feces processing is to manage the
ammonia to become a nitrite or nitrate, which is
safe for the environment and can be considered for
organic fertilizer processing (Burrell et al., 2001).
Moreover, organic fertiliser production is to make
it environmentally friendly. It can use commercial
bacteria such as EM4 (Swayne et al., 2010) to help
fertiliser production by oxidizing NH3 from feces.
Organic fertilizer is more effective than chemical
fertilizer and has become an important issue (Zai
et al., 2008) in many countries that cover most of
the land. In this study, we aim to investigate the
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use of three kinds of starters in terms of the effect
on organic fertiliser's physical and chemical
quality and to know the optimal commercial
starter used as a bacteria starter in compost
production.

MATERIALS AND METHODS

Cattle feces collection. The feces were
collected from the cattle barns in the Faculty of
Animal Science, Universitas Gadjah Mada. The
feces were three days old and had 60% of water
content. Beef cattle feces of Peranakan Ongole
(PO), rice straw, ash, and dolomite were used in
this study. The composition of materials used was
feces 90%, rice straw 7%, ash 1%, lime 1%, and
the additional 1% starter. Three types of starters
have added the mixture of organic matter for
composting; EM-4 (P1), BM-4 (P2), and
Petroganik (P3) as the treatment used in this study.

Composting organic fertilizer. The
feces were mixed with the other materials and was
added by 1% of starter bacteria. The mixed
materials were fermented for 28 days, and
aeration was carried out weekly. Organic fertilizer
was composted in Turi, Sleman, and Yogyakarta.

Physical analysis. Colour and texture of
physical parameter analysis were carried out once
a week, and temperature, environmental
temperature, and pH observation were done daily
during composting. The temperature of
composting the organic fertilizer was measured by
putting the thermometer into the compost pile for
30 seconds, and then the temperature was
recorded. Temperature measurement was carried
out every day during composting process of 28"
days.

Chemical analysis. The chemical
analysis includes a total ratio of the C-organic test,
total phosphor applying spectrophotometer UV
visual method, a ratio of N-total using the Kjedahl
method, and K total used the Atomic Absorption
Spectrophotometer (AAS) method. Sampling was
done in the first (MO0), second (M2), and fourth
(M4) weeks. The N total was determined by
taking a 5 g sample of organic fertilizer, and then
a sample was mixed with 20 ml H,SO4 and put
into a destruction tube. The sample will be
destroyed for an hour, and if the colour of the
sample becomes clear, the destruction will stop.
The P total was measured by oxidation with HNO3
and HCIOs. The first extract was put into a beaker
glass, added with distilled water, and diluted ten
times. The sample for P total was measured by
spectrophotometer UV-1601 PC Shimadzu with a

wavelength of 600 nm and then recorded to the
results. The K total was measured by wet
oxidation with HNO3; and HCIO4. The sample for
K total was measured using a flame photometer.

Statistical analysis. The data were
analyzed by analysis of variance one-way
ANOVA with significance using 5% (P<0.05),
and next, the mean differences were tested by
Duncan’s Multiple Range Test (DMRT) methods.
The treatments were conducted in triplicates for
homogeneity data.

RESULTS AND DISCUSSION

The physical observation in organic
fertilizer

We observed the physical parameter of
fertilizer consisted of colour, smell, and texture
after 28 days of the composting process. The
physical observation can be seen in Table 1.

Table 1. Physical parameter observation of
compost fertilizer

Treatment  Colour  Smell Texture
P1.1 Black Odorless Crumbly
P1.2 Black Odorless Crumbly
P1.3 Black Odorless Crumbly
P1.4 Black Odorless Crumbly
PL.5 Black Odorless Crumbly
P2.1 Black Odorless Crumbly
P2.2 Black Odorless Crumbly
P23 Black Odorless Crumbly
P2.4 Black Odorless Crumbly
P2.5 Black Odorless Crumbly
P3.1 Black Odorless Crumbly
P3.2 Black Odorless Crumbly
P33 Black Odorless A little
rough
P3.4 Black Odorless A little
rough
P3.5 Black Odorless Crumbly

The physical observation of fertilizer in
either P1, P2, or P3 showed the same black and
odourless colour, whereas the crumble level of P1
and P2 is better than P3, where there was still a
little rough compost in P3. Moreover, the
difference in texture was caused by the
temperature factor, and the increase of heat was
affected by the height of the compost stack and
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would affect the evaporation thus, it affected the
water levels. When the water levels were still
high, the materials would be hard to destroy,
producing granola or a little rough in the shape of
fertilizer texture. The criteria of compost are
indicated by having the same temperature as the
environment temperature, blackish in colour,
odourless, no fungi, and crumbly textured.

The temperature of composting during the
fertilizer production process

The temperature during composting
process showed a similar phase in each treatment
(Figure 1). The increasing temperature at the
beginning of the composting process showed an
effect of bacteria growth from the treatments
(EM-4, BM-4, Petroganik) and would play a role
in organic matter decomposition. The highest
temperature on each treatment (P1, P2, P3), based
on observation of composting temperature of
organic fertilizer for 28 days, was between the 14"
to 15" day, which was 42,13°C; 42,79°C; and
37,93°C respectively, which indicated the
beginning of thermophilic bacteria activity with
high temperature, and it could suppress the
pathogenic microorganism growth (Le Goff et al.,
2010; Tiquia et al., 2002). The temperature will
keep decreasing until it nearly reaches the
environment temperature. The existing microbes
in this phase were thermophilic microbes that
lived in temperatures between 45°C to 70°C
(Canganella and Wiegel, 2014). The quickly
increasing temperature in the early days of the
composting process was due to the high microbial
activity (Haynes and Zhou, 2016) in degrading the
substance containing nitrogen (N) in the form of

ammonium (NH4") that is contained in feces.
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Figure 1. Temperature changes during the
composting process.

The composting temperature decreased
on the 8th day and continuously decreased day by
day until the 28" day. After a week of composting,

starting on the 8™ day, the decreasing temperature
reached 40°C degrees; this condition was the
mesophyll phase that lasted for a week. The final
temperature on the day of harvesting the compost
fertilizer (day 28th) were respectively 31.86°C,
32.46°C, and 30.13°C (Fig. 1). Organic matter
which was decomposed could produce a heat
exotherm (Haynes and Zhou, 2016). The
nitrification process, forming ammonium to nitrite
(NO>) and nitrate (NOj3") by nitrifying microbes,
produces a heat exotherm. The more ammonium
content in feces leads to the higher the
temperature released.

pH measurement during composting
process of organic fertilizer

Next, we showed the pH condition from
the beginning until the last processing of compost
fertilizer. The pH measurement of the composting
process is provided in Figure 2. pH at the
beginning of composting is started by the base
condition because there is an effect of dolomite
addition and because of containing the N-protein
of feces itself (Haynes and Zhou, 2016). Dolomite
character (CaCQOy) is a medium base and reacts
well towards acid compounds. pH decreased at the
beginning of the composting process because
there was a change reaction in organic material,
which produced organic acid compounds. The
increase of pH in the middle of the composting
process occurs because protein decomposition
produces ammonium (NH4+) (Dimkpa et al.,
2020), and the release of ion OH- affects the

increase of pH.
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Figure 2. pH measuring during the composting
process.

At the end of the composting process, pH
measurement showed movement closing in
neutral pH conditions. It occurred because the
effect of temperature decreases, which caused the
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growth of nitrification bacteria changing
ammonia to nitrate so that pH would close to
neutral. The higher pH in cattle feces organic
fertilizer from all different starter treatments was
associated with less NOs3;-N accumulation.
Nitrification is an acidifying process with two
moles of H" being produced per mole of NH4"
converted to NO3;~ (Bolan and Hedley 2005),
while a high concentration of cations in soil
solution results in a more significant displacement
of exchangeable H" into soil solution and a lower
measured pH (Haynes and Zhou, 2016).

C-organic content in compost fertilizer

The chemical analysis content was
observed in C-organic as a representative of
organic matter. The C-organic content measured
every two weeks of compost from three treatments
is shown in Figure 3. The addition of different
starters did not show a significant difference in the
C-organic content of compost fertilizer, whereas
C-organic content in P1, P2, and P3 was 42.51%,
39.18%, and 35.74%, respectively at the end of
the composting process. The initial measurement
of C-organic content at the beginning of the
composting process (MO and M2) showed non-
significant differences among the treatments.
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Figure 3. C-organic content in compost

fertilizer for 28" days composting
process with the addition of starters.

Organic material in waste was available
for bacteria and was used as a nutrient for growth.
The bacteria starter activity used in this study has
digested the organic matter. In the case of the high
organic matter contained in compost during the
composting process, it caused the low C-organic
content in composts. The high intensity of
microbial activity resulted in C compound as CO;
(Haynes and Zhou, 2016). The more significant
loss of C in composts had the effect of
concentrating other substances present in the

feedstock so that composts had higher
concentrations of extractable N, P, K, and a lower
C/N ratio. Some previous studies have noted a
lower C-organic content and a greater soluble salt
content in composts (Fornes et al., 2012; Belda et
al., 2013). During the process of organic materials
decomposition, the content of the C-organic ratio
undergoes fluctuation. C-organic ratio fluctuation
is caused by evaporation and carbon release
(Sucipta, 2015). Ratio of C-organic depends on
deceased bacteria during the composting process.
Automatically, those bacteria did not degrade the
organic materials, but it is measured as organic,
thus causing high organic compound content.

N total content in compost fertilizer

Next, we measured the Nitrogen (N) total
as chemical content in the compost fertilizer.
Nitrogen total content with the addition of
different starters (P1, P2, and P3) was presented
in Figure 4. The addition of different starters, P1,
P2, and P3, showed a significant difference
(p<0.05) in N total content of compost fertilizer,
which  was 4.71%, 947%, and 5.77%,
respectively, at the end of the composting process.
The N total content was higher with starter BM-4
(P2) at the end of composting compared to the
beginning process and other treatments. A
reduction in the ammonium content resulted in a

change in the amount of NH4-N.
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Figure 4. Nitrogen (N) total content in compost
fertilizer for 28" days composting
process with the addition of starters.
**P<0.05.

The decomposition of organic matter by
starter bacteria in this study determined the
changes in the NH3 emission between different
ammonium levels after the first composting day.
This suggested that a decrease in the applied
ammonium amount from feces will increase the
relative NHj3 that influences the N total content of
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fertilizer, and affects the emissions because most
of the NHj volatilization took place during the
first day (Gericke et al, 2012). The fluctuation
result of the total Nitrogen ratio happens because
the N compound became a nutrient for bacteria to
grow during fermentation, thus decreasing N total
content.

The increase of N total results from N as
a product of protein decomposition. In the
beginning, the N total content was similar among
the treatments at the first and second weeks.
Moreover, the increase in the N total ratio at the
end of composting process was also caused by the
ammonification process, which was the
ammonium-forming process from oxidized nitrate
(Gericke et al., 2012).

C/N Ratio during the composting process

The C/N ratio was acquired by comparing
the C ratio to the N ratio. The ratio of C/N in the
compost fertilizer with the addition of three
starters (P1, P2, and P3) is presented in Figure 5.
Result analysis of P1, P2, and P3 on C/N ratio
showed non-significantly differences, which was
P1, P2, and P3 was 9.02, 4.17, and 6.20,
respectively. P1, P2, P3 treatment on C/N ratio of
compost was below the standard (Standar
Nasional Indonesia, 2004), which has already
been set by Arifandi et al. (2017), the C/N ratio of
fertilizer to be a standard dense organic is 10 to
20. It is because the nitrogen compound in organic
materials is too high, which causes denitrification
(Mapanda et al., 2011). The C/N ratio is one of the
most important aspects of the balance of the total
base compound. Microorganism needs carbon and
nitrogen to live.
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Figure 5. C/N ratio of compost fertilizer for 28
days composting process.

When the C/N ratio is too high, it will
decrease microorganism biological activity. This
will affect the degradation of organic matter,
which needs a more extended period.

Furthermore, when C/N ratio is too low, it is
caused by an excess of unused nitrogen ratio for
microorganisms thus, it cannot be assimilated and
go through volatilization as ammonia or
denitrification (Mapanda et al., 2011; Haynes and
Zhou, 2016).

Phosphor total content in the compost
fertilizer

The chemical test results on P total
contained in compost fertilizer at different starters
addition were presented in Figure 6. The analysis
of phosphor content in compost fertilizer showed
no significant difference between the treatments
(P1, P2, or P3). The phosphor content of each
treatment, P1, P2, or P3, was qualified for the
National Standard of Indonesia (Standar Nasional
Indonesia, 2004), which is the minimum fertiliser
content as many as 0,10% (Arifandi et al., 2017).
The phosphor ratio of P1, P2, and P3 showed
mixed results. The variety was caused during the
composting process by the bacteria starter. It
occurred due to starter microorganisms, such as
Aspergillus and Pennicilin, in EM-4 or BM-4,
which triggered N-protein decomposition.
Degrading of organic materials will produce
organic acids of volatile or easily evaporate.
When the degrading process occurs, the phosphor
base compound content will decrease, and when
this microorganism passes through, it will cause
an increasing phosphor content in compost
fertilizer (Dimkpa et al., 2020).
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Figure 6. Phosphor (P) total content in compost
fertilizer for 28" days composting
process with the addition of starters.

The average content of P total in compost
fertilizer after 28" days of fermentation with the
addition of starter EM-4(P1), BM-4(P2), and
Petroganik(P3) were 0.0092%, 0.15%, and
0.138%, respectively. In the beginning, the P total
content was also similar to the treatments at the
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first and second weeks of composting because the
manure was in dry matter (Tagoe et al., 2008).

Potassium (K) content in the compost
fertilizer
Finally, we examined the test of
potassium (K) total in fertilizer produced by the
addition of EM-4(P1), BM-4(P2), and
Petroganik(P3). The K total content from the final
product of compost fertilizer is presented in
Figure 7. Potassium is one of the macro elements
needed by plants. Test results of potassium
content did not show a significant difference
among the treatments. Microorganism starters use
potassium in substrate material as the catalyst.
The increase in potassium ratio was affected by
the existence of bacteria. Potassium is then tied
and kept in a cell by bacteria and fungi; when it is
degraded, it will be available again.
Saccharomyces, Lactobacillus and Cellulomonas
help in the decomposition process producing
potassium elements (Arifandi et al., 2017).
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Figure 7. Potassium (K) total content in compost
fertilizer for 28™ days composting process with
the addition of starters.

At the initial processing of compost
fermentation using several starters as a treatment,
the resulting test of P total content was similar in
the first week and second week (Figure 7). The
average content of K total observed in compost
fertilizer was 0.69%, 0.79%, and 0.77%,
respectively. The potassium content did not show
a significant result between the treatments. The
cow manure used in this study has been dried
before, and the dry matter of manure has a
concentration of K total of 0.23% (Tagoe et al.,
2008) to 2.06% (Zai et al., 2008). This indicated
that the K total in the compost fertilizer was
affected by the water content condition of the
feces.

CONCLUSION

The addition of different starter types,
EM-4(P1), BM-4(P2), and Petroganik(P3), can
improve the physical and chemical quality of
compost fertilizer for plants to have good growth.
EM-4, BM-4, and Petroganik starters can be used
as alternatives to produce compost fertilizer.
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