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 INTRODUCTION

Palm oil is one of the plantation commodities 
that plays a significant role in Indonesia’s eco-
nomic activities. Palm oil is also one of Indone-
sia’s export commodities, and it is essential as a 
source of foreign exchange in addition to oil and 
gas [Anonymous, 2014]. The palm oil industry in 
Indonesia tends to increase from year to year. This 
growth is evident in the amount of production and 
exports from Indonesia and the growth in ​​palm oil 

plantations [Anonymous, 2016]. In the process-
ing process, in addition to producing crude palm 
oil and palm kernel, palm oil mills also produce 
waste, namely liquid waste of palm oil mill efflu-
ent (POME) and solids such as palm oil empty 
fruit bunches (EFB), fiber, and shells [Baharud-
din et al., 2010]. Each processing of fresh fruit 
bunches will produce EFB as much as 24% of the 
total waste [Putra et al., 2013].

Previously, EFB was used within a burning 
facility to be ashed. The ash from the burning of 
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EFB’s comparatively high potassium concentra-
tion makes it suitable for use as fertilizer, namely 
± 30%. However, this burning process is now 
prohibited based on the Decree of the Minister of 
State for the Environment No. 15 of 1996 con-
cerning the blue-sky program to prevent air pollu-
tion. So EFB is now mainly used as mulch (plant 
cover material) namely placing EFB around 
young oil palm tree trunks [Anonymous, 1996]. 
This mulch can function as a weed controller, 
prevent erosion, and maintain soil moisture [Su-
haimi and Ong, 2001]. However, the distribution 
of EFB to the field as mulch certainly requires 
high transportation and labor costs. In addition, 
the process of forming compost from mulch takes 
a long period, based on environmental variables. 
Therefore, before being spread out in the field 
or given to farmers, EFB must to be composted 
around oil palm plantations.

Composting is one of the efforts to process 
solid waste biologically. Composting methods are 
divided into two, namely aerobic and anaerobic 
composting. Aerobic composting is more acces-
sible and, if implemented correctly, can reduce 
the volume of solid waste. However, this method 
must also supply oxygen to the pile of solid waste. 
While anaerobic composting is more challenging 
to implement,hane production is easier to control 
and utilize [Karagiannidis et al., 2010]. Takakura 
Home Method (THM) is a composting method 
developed by Mr. Koji Takakura, an environmen-
tal engineer from JPec Co. Ltd, to solve the waste 
management problem in Surabaya, Indonesia. 
This was implemented in 2004 as a composting 
method to solve the problem of solid waste pro-
cessing in the community, especially in managing 
urban waste problems [Gotaas, 1956]. Takakura 
is a composter made of a basket lined with car-
pet on the inside to prevent insects from entering. 
This composting method with Takakura allows 
for easy, hygienic, and good-quality compost pro-
duction in a short time [Association, 2007].

Previous studies have been conducted to de-
termine the best composting process. Baharuddin 
et al. conducted EFB composting with POME an-
aerobic sludge originating from a 500 m3 closed 
anaerobic methane digester tank, with EFB cut 
sizes of 15-20 cm and turning 3 times a week. 
Obtaining a short composting processing time of 
40 days resulting in a 12.4 finalized ratio of C to 
N and a pH in the compost pile of 8.1–8.6 [Ba-
haruddin et al., 2010]. The research conducted 
by Tambun. was carried out by cutting the EFB 

size according to the variation, then putting it 
into a Takakura basket and adding AOF until the 
moisture content (MC) of the material reached 
the optimum MC of 55–65% and the variation in 
EFB cut sizes carried out was <1 cm, 1–3 cm, 
4–7 cm, 8–11 cm, and 12–15 cm. The study re-
sults shown average compost had matured in ±40 
days, and the greatest deterioration for 40 days 
was obtained at a size of 1–3 cm with pH 9, MC 
52.69%, WHC 76%, C 23.81%, N 1.96% and 
C/N 12.15 [Tambun, 2015]. A more comprehen-
sive analysis needs to be done to provide a more 
complete picture of the composting process and 
the quality of the final compost. Many things af-
fect the composting process, and various efforts 
can be made to obtain good compost results from 
EFB raw materials, such as carrying out various 
composting treatments and adding other organic 
materials. Azolla microphylla as a mixture with 
EFB is a novelty in this study. 

Azolla microphylla is a water fern plant that 
lives in symbiosis with Cyanobacteria that can 
fix nitrogen. This plant is indirectly able to bind 
free nitrogen in the air. With the help of the Ana-
baena azollae microorganism, the free nitrogen 
bound from the air will be converted into a form 
available to plants. This symbiosis causes Azol-
la microphylla to have good nutritional quality. 
Azolla microphylla is often found in agricultural 
land environments, especially in rice fields that 
are usually flooded. The growth of Azolla micro-
phylla in rice fields during the rice production 
period is considered a nuisance plant (weed), 
so Azolla microphylla handling is carried out as 
with other weeds. Controlling Azolla microphylla 
in rice fields is usually done by mechanical or 
technical means, such as removing Azolla micro-
phylla from the land mechanically, using tools, 
or manually [Sudjana, 2014]. Therefore, Azolla 
microphylla needs to be utilized so that when the 
production of Azolla microphylla is considered a 
nuisance, it can be used to make fertilizer rather 
than being destroyed.

This study aims to obtain information on the 
effect of the frequency of composting turning of 
EFB and Azolla microphylla on the degradation 
rate of composting with active organic fertilizer 
(AOF) using a basket composter to produce good 
quality compost. The importance of this study 
lies in the composting process for EFB, a typical 
solid waste from palm oil mills. By investigating 
the use of Azolla microphylla, AOF, and the im-
pact of different turning frequencies on compost 
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degradation, this study provides valuable insights 
into how to efficiently convert this waste into 
high-quality compost (Figure 1). This approach 
not only improves waste management but also 
encourages the use of sustainable agricultural by-
products. Effective composting can reduce the 
environmental footprint of palm oil production 
and offer a viable alternative for waste utilization. 
These findings will help refine composting prac-
tices, making them more efficient and productive. 
Ultimately, this study supports the development 
of sustainable agricultural practices and waste re-
duction strategies. These findings are essential for 
chemical engineers who want to optimize waste 
management processes and develop high-quality 
composting methods.

METHODOLOGY 

Empty fruit bunches (EFB) obtained from 
the Tunas Harapan Sawit Palm Oil Mill (POM), 

Dolok Masihul, Serdang Bedagai, Sumatra Utara, 
Indonesia. The EFB characteristics shown in Ta-
ble 1. Distilled water, Azolla microphylla, and ac-
tive organic fertilizer (AOF) from the processing 
of POM liquid waste from the Pilot Plant of Bio-
gas Power, Pusdiklat, Pusdiklat Lembaga Peneli-
tian dan Pengabdian Masyarakat, Universitas Su-
matera Utara, Medan, Indonesia. The characteris-
tics of the Azolla microphylla and AOF shown in 
Table 2 and Table 3. The equipment used in this 
study includes a cutter, beaker glass, scales, ther-
mometer, digital pH meter, ruler, and Takakura 
composter. The dimensions and illustrations of 
the Takakura composter used in this study can be 
seen in Figure 2.

Composting procedure

The composter made from empty baskets is 
weighed and recorded as the initial weight. emp-
ty fruit bunches are cut into 1–3 cm sizes. Then, 
the EFB is put into the composter, and Azolla 

Figure 1. The process arrangement for composting

Table 1. The characteristics of the EFB
Parameter Unit Value Measurement method

Moisture (%) 50.73 SNI 03-1971-1990

pH – 8.1 Using a digital pH meter

C (%) 12.10 Walkley & Black method

N (%) 0.19 Kjeldahl method

C/N – 63.68 Division of levels C/N

WHC (%) 35 ASTM D7367-07



353

Journal of Ecological Engineering 2025, 26(2), 350–362

microphylla is added with a ratio of 80:20 and 
put into the composter until the basket is com-
plete (as much as 2 kg). After that, active organic 
fertilizer is added until the composting moisture 
content reaches 55–65% and is maintained with 
this addition during the composting process. 
Variations in turning frequency are carried out 
until the 60th day with variations of turning 1 
day, 2 days, 3 days, 4 days, and 5 days. Weight 
measurements are taken every day before turn-
ing. Sampling is carried out at the sampling 
point before the turning process. Temperature 
measurements are taken every day, in the morn-
ing and evening, before the turning process. pH 

analysis is carried out every day. Moisture con-
tent analysis is carried out every day before the 
turning process. C/N analysis is carried out ev-
ery 10 days until the C/N value.

Moisture content analysis procedure

The sample weighed as much as 3 g at the 
top, middle, and bottom sample locations.. The 
empty cup was weighed questioningly. The 
weighed sample was put into the cup. The filled 
cup was weighed questioningly. The weight 
of the sample in the cup was calculated as the 
initial weight of the sample. Put into the oven, 
the temperature was set at 120 oC for 4 hours. 
Cooled in a desiccator. The weight was weighed 
again. The formula calculated of moisture con-
tent (MC) using Equation (1):

 	
  

𝑀𝑀𝑀𝑀 = 𝑊𝑊𝑊𝑊 – 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊  ×100% 

 
𝑊𝑊𝑊𝑊𝐶𝐶 = 𝑉𝑉𝑎𝑎 – 𝑉𝑉𝑉𝑉

100  ×100% 
 

 
  

  

	 (1)

where:	Ws – initial weight of sample (g),
	 Wd – sample weight after drying (g).

pH analysis procedure

pH measurements were carried out on com-
post samples using a daily digital pH meter. 
Weighing 1 g of sample, we placed it in a beaker 
glass. 100 mL of distilled water was added to the 
tube. Shake on a magnetic stirrer for 30 minutes. 
The pH of the compost suspension was measured 
on a pH meter.

Temperature analysis procedure

Temperature measurements were carried out 
using a mercury thermometer in three places: at 
the base of the pile, in the center or middle of the 
pile, and on the surface of the compost pile. They 
were carried out twice daily, namely in the morn-
ing and evening.

Table 2. The characteristics of Azolla mycrophilla
Parameter Unit Value

P2O5 (%) 2.02 – 2.10

K2O (%) 9.06 – 9.72

C (%) 40.75 – 42.88

N (%) 2.80 – 3.04

C/N 14.11 – 14.55

Ca (%) 5.88 – 6.20

Mg (%) 0.06 – 0.09

Figure 2. Schematic and dimensions of the Takakura 
composter used in this study

Table 3. The characteristics of AOF
Parameter Unit Value Measurement method

C (%) 0.58 Walkley & Black method

N (%) 0.10 Kjeldahl method

C/N 5.8 Division of levels C/N

pH 8.09 Using a digital pH meter

P2O5 (%) 0.016

K2O (%) 0.167

COD mg/l 1,580
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Water holding capacity analysis procedure

Water holding capacity (WHC) or water 
binding capacity is expressed in percent units 
(%), according to SNI 19-7030-2004. The ba-
sis for determining water holding capacity is 
the level of water decomposition added to wa-
ter that successfully passes through the filter 
paper in the analysis bucket in 24 hours. Sifted 
10 grams of mature compost. Put the sifted 
compost into a perforated bucket lined with 
filter paper. Then add 10 mL of water and let it 
sit for 24 hours. Calculate the volume of water 
that successfully passes through the filter pa-
per with the Equation (2):

	

  
𝑀𝑀𝑀𝑀 = 𝑊𝑊𝑊𝑊 – 𝑊𝑊𝑊𝑊

𝑊𝑊𝑊𝑊  ×100% 
 
𝑊𝑊𝑊𝑊𝐶𝐶 = 𝑉𝑉𝑎𝑎 – 𝑉𝑉𝑉𝑉

100  ×100% 
 

 
  

  

	 (2)

where:	Va – volume of water added (10 mL), 	
Vb – volume of water passing through fil-
ter paper (mL).

Electrical conductivity analysis procedure

Electrical conductivity is a number that indi-
cates a solution’s ability to conduct electric cur-
rent. It is expressed in dS/m units. Place 10 grams 
of compost in a glass beaker. Add 20 mL of water. 
Stir for 15 minutes. Place the electrical conductiv-
ity meter in a 50 mL 0.01 N KCl solution. Adjust 
the instrument until it shows 1.412 dS/m. Place 
the electrical conductivity meter in the suspended 
sample. Record the results obtained.

Comparative analysis of C/N and other 
organic materials

C/N analysis and other organic materials 
will be carried out in Laboratorium Riset dan 
Teknologi, Fakultas Pertanian, Universitas Su-
matera Utara, Medan, Indonesia. Meanwhile, the 
Microbial Count analysis was conducted in Labo-
ratorium Mikrobiologi, Fakultas Matematika dan 
Ilmu Pengetahuan Alam (MIPA), Universitas Su-
matera Utara, Medan, Indonesia.

RESULTS AND DISCUSSIONS 

Compost profile and analysis based on 
temperature and moisture content

The composting process’s sustainability in the 
composter with the turning treatment can be seen 
from the temperature variations that occur during 
the composting process. Daily compost measure-
ments of temperature were carried out in situa-
tion of morning and evening, while the amount of 
moisture content (MC) analysis only done in the 
morning. The temperature profile tended to de-
crease during the composting process, although 
there were some points that increased but were 
relatively minor, such as at 7–8 days, 15–19 days, 
23–24 days, and 33–34.

 The temperature analysis result profile as 
shown in Figure 3. The average maximum temper-
ature this composting was 39 oC in the morning, 

Figure 3. Temperature profile of EFB and Azolla microphylla composting against composting time with pile 
turning once a day, once every 2 days, once every 3 days, once every 4 days, and once every 5 days
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and the average maximum temperature for the af-
ternoon was 41 oC. After that, the temperature grad-
ually started to rise to decrease in 60th day. Shen et 
al. [2011] and Siong et al. [2009] stated that after 
a rapid increase in temperature, the temperature 
would slowly decrease, indicating that the degrada-
tion process slowed down along with the depletion 
of nutrient availability.

MC is an essential parameter for optimizing 
the composting process. According to Siong et al., 
the dependence of microbes on water to support 
their growth can affect the biodegradation of or-
ganic materials [Siong et al., 2009]. In this study, 
the addition of AOF to EFB and Azolla microphyl-
la and the addition of microbes and nutrients also 
maintain the MC value at around 55–65%. The 
MC analysis result profile can be seen in Figure 4. 
The MC profile is visible against composting time. 
The initial MC before adding AOF was 45.06%, 
then 1.18 liters of AOF was added so that the MC 
value became 57.33% in Composter 1, 59.73% in 
Composter 2, 59.77% in Composter 3, 60.23% in 
Composter 4; 57.17% in composter 5. Each stir-
ring caused the MC to decrease during the com-
posting process, but at a certain point, there was a 
deviation. This happened because of the addition 
of AOF to the pile, whose MC value was below 
55%. This is according to what was reported by 
Tiquia et al. [2002], which is that elevated tem-
peratures in composting could results continuous 
loss of water in evaporation.

The final MC in composters 1, 2, 3, 4, and 
5 were obtained at 53.93%, 55.72%, 53.30%, 
54.23%, and 54.96%. This value is close to the 

MC value obtained in previous studies. As report-
ed by Siong et al. [2009], an MC of 50% was ob-
tained, and Baharuddin et al. [2010] obtained an 
MC of 52%. Tiquia et al. [2001] also reported that 
a water content of around 40 to 60% is needed for 
the survival of microorganisms, while a content 
exceeding 80% can kill aerobic microbes due to 
lack of air. Therefore, adding AOF is crucial to 
maintaining biological activity and providing a 
nitrogen source.	

Compost analysis based on pH

To see the sustainability of the composting 
process, it is necessary to measure the pH of the 
compost in the composter every day. Figure 5 
shown the changes in pH over composting time 
during composting. The pH range for 60 days 
of composting ranged from 6.8 to 9.3, indicat-
ing conditions tending to be alkaline. The pH in-
creased in the first 11 days and remained constant 
until the 60th day.

Changes in pH during the composting pro-
cess are caused by microbial activity [Kana-
nam et al., 2011; Nutongkaew et al., 2011]. 
The increase in pH until the 11th day to a scale 
of 9.2 occurred because N changed to NH3 or 
NH4

+ in the ammonification process so the pH 
increased [Karagiannidis et al., 2010]. How-
ever, on the twelfth day, it tended to decrease 
to a scale of 9.0. This pH change was caused 
by the ammonium evaporation process and the 
release of hydrogen ions due to the nitrifica-
tion process [Baharuddin et al., 2009].

Figure 4. Moisture content profile of EFB and Azolla microphylla composting against composting time with pile 
turning once a day, once every 2 days, once every 3 days, once every 4 days, and once every 5 days
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In general, the circumstances surrounding 
composting tended being alkaline, ranging from 
6.8 to 9.3. This happened because of the influence 
of the pile turning, which caused CO2 not to be 
confined to the vacant space between the particles 
of compost, thus preventing the conditions of 
acidic in the pile or a decrease in the pH [Tiquia 
et al., 2002; UNEP, 2005]. Increasing the pH to 
alkaline conditions is suitable for composting be-
cause alkaline conditions can inhibit the growth 
of pathogens, such as fungi, that can live in acidic 
conditions [Saidi et al., 2008].

Effect of turning frequency on volatile 
suspended solid

To see the growth of microbes during the 
composting process, it is necessary to analyze 

the number of bacteria. So, modifications to the 
quantity of colonies of bacteria can be seen while 
the process of composting is underway. VSS is 
a way to measure microorganisms and biomass 
production indirectly [Trisakti et al., 2015]. The 
volatile suspended solid (VSS) concentration 
is usually utilized as a gauge of biomass output 
and growth of microbial [Ghanimeh et al., 2012]. 
Likewise, according to Trisakti et al. [2015], the 
microbial growth profile can be described from 
changes in VSS concentration.

Figure 6 shown changes in the number of 
microbes against composting time. The num-
ber of microbes on the first day for 1×daily 
turning was 205,780 mg/L; on 1×2-day turn-
ing was 205,940 mg/L; on 1×3-day turning 
was 208,260 mg/L; on 1×4-day turning, was 

Figure 5. Changes in pH over composting time during composting

Figure 6. Effect of turning frequency on volatile suspended solid 
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205,380 mg/L, and on 1×5-day turning was 
205,520 mg/L after the addition of AOF. Then, 
there was an increase in the number of microbes 
until the third day; the increase was caused by 
the addition of AOF as a nutrient to the microbes. 
On the 4th to 27th day, the number of microbes 
fluctuated up and down because the microbes 
that were still carrying out the biodegradation 
process in the composter were treated with re-
pairs, which caused the number of microbes to 
decrease. AOF was added, which caused the 
number of microbes to increase again, causing 
an up-and-down fluctuation. Then, after the 27th 
day, the number of microbes tended to decrease 
with the composting time. This decline is caused 
by the supply of easily decomposed materials 
running out and the maturation stage starting, so 
the number of microbes will continue declining.

The effect of turning frequency on changes in 
C/N values

To determine the quality of the compost pro-
duced, it is necessary to measure the C/N ratio. 
In this study, the measurement of C/N values ​​was 
limited to only two composters. Figure 7 shown 
the effect of turning frequency on changes in C/N 
values. C/N was analyzed 5 times for each com-
poster from day 0-60 during composting process. 
The value of C/N on day 0 for 1×2 day turning 
was 43.92; for 1×4 days, it was 44.52; after the 
process of composting, the value of C/N de-
creased drastically for 1×2 day turning to 32.90 

and for 1×4 day turning to 37.70 on the 10th day. 
On the 20th day, the C/N value decreased by 1×2 
days, turning 24.62, and by 1×4 days, turning 
25.23. On the 30th day, the C/N value decreased 
for 1×2 days of turning to 18.65 and for 1×4 days 
of turning to 20.88. On the 40th day, the C/N val-
ue decreased for 1×2 days of turning to 16.42 and 
for 1×4 days of turning to 17.66. On the 60th day, 
the C/N value decreased for 1×2 days of turning 
to 14.83 and for 1 x 4 days of repair to 15.36. Re-
duced C levels during composting are the cause of 
the drop in the C/N ratio value. This happens as an 
outcome of the organic matter’s breakdown due to 
microbial activity. [Siong et al., 2009]. The C/N 
ratio value is one of the critical indicators that in-
dicate the maturity of compost [Baharuddin et al., 
2009; Nutongkaew et al., 2011]. The initial EFB 
compost with Azolla microphylla had a C/N ratio 
of 43.92, and the final composting results showed 
a C/N ratio 14.83.

Effect of turning frequency on electrical 
conductivity

Electrical conductivity (EC) indicates the sa-
linity leveling in compost object, which indicates 
the potential for phytotoxicity or phyto-inhibitory 
effects on microbes [Carballo et al., 2009]. Figure 
8 shown effect of turning frequency on electrical 
conductivity.

The EC value of compost on day 0 for 1 x 
daily turning was 2679 µS·cm-1, 1×2 day turning 
2670 µS·cm-1, 1×3 day turning 2575 µS·cm-1, 1×4 

Figure 7. Effect of turning frequency on changes in C/N values
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day turning 2457 µS·cm-1, and 1×5 day turning 
2686 µS·cm-1. Then the EC value of the compost 
decreased until the 15th day, namely for turning 
1× a day 2338 µS·cm-1, turning 1×2 days 2432 
µS·cm-1, for turning 1×3 days 2456 µS·cm-1, for 
turning 1×4 days 2363 µS·cm-1, and for turn-
ing 1×5 days 2522 µS·cm-1. The decrease in the 
electrical conductivity value in day 0 to day 30 is 
related to activity of bacterial in the biodegrada-
tion process, which increases in the early stages 
of composting. This is to what was reported by 
Budi et al. and Carballo et al., that in the early 
stages of composting, bacteria will decompose 
organic matter into NH+, CO, water vapor, and 
heat, increasing the concentration of NH + will 
decrease the electrical conductivity value [Anon-
ymous, 2006; Sekarsari, 2011]. Then, the EC 
value increased from the 30th day to the 60th day. 
The ultimate EC value following this composting 
procedure for turning 1× a day was 2746 µS·cm-1, 
turning 1×2 days was 2746 µS·cm-1, turning 1×3 
days was 2743 µS·cm-1, turning 1×4 days 2676 
µS·cm-1, and turning 1×5 days was 2816 µS·cm-1. 
The increase in the EC value indicates that bac-
terial activity in the biodegradation process has 
decreased.

Effect of turning frequency on average 
temperature and MC

In the composting process, the frequency of 
Turning can affect the composting rate and the 
quality of the compost produced [Ogunwande et 

al., 2008]. Temperature is the most important thing 
to measure in the composting process [Putra et al., 
2013]. Figure 9 shown effect of turning frequency 
on average temperature and average moisture con-
tent. The average temperature for variations in the 
frequency of turning 1× a day, 1×2 days, 1×3 days, 
1×4 days, 1×5 days once is 29.62 OC; 29.92 OC; 
30.81 OC; 31.11 OC; and 31.28 OC. The effect of 
the frequency of turning on the temperature can be 
seen in the graph; the lowest average temperature 
is produced by the variation of the frequency of 
turning 1× a day, namely 29.62 OC, and the highest 
average temperature is produced by turning 1×5 
days, namely 31.28 OC. This shows a correlation: 
the more frequently the stirring is given, the low-
er the pile temperature will be, although, in this 
study, the difference was not significant. This is 
what was stated by Shen et al. (2010); the pile’s 
temperature will be lower due to the cooling effect 
of the composter caused by the high circulation 
frequency [Shen et al., 2011].

One of the most important elements that 
needs to be preserved during the composting pro-
cess is the moisture content. [Saidi et al., 2008]. 
Baharudin et al. (2010) claimed that 55–65% MC 
is the ideal MC condition for composting. [Ba-
haruddin et al., 2010]. If the MC is too high, it 
can inhibit the growth of microorganisms because 
water molecules will fill the air cavity, so anaero-
bic conditions occur due to lack of air [Junus et 
al., 1998; Sundberg et al., 2004]. In graph 4.6, 
the average MC for the variation of the turning 
frequency of 1× a day, 1×2 days, 1×3 days, 1×4 

Figure 8. Effect of turning frequency on electrical conductivity 
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days, and 1×5 days is 56.24%; 56.77%; 56.84%; 
57.05%; and 57.32%. From the experimental data 
for each variation of the turning frequency, it is 
still in the MC range of 55–58%. This is based 
on the quality of compost maturity MC, namely 
55–65% [Sundberg et al., 2004].

Effect of turning frequency on pH

During the composting process, the pH in 
each composter showed different changes. The 
change in pH during the composting process was 
caused by microbial activity [UNEP, 2005; Kana-
nam et al., 2011]. The average pH value for each 
variation of the turning frequency was 8.774, 
8.752, 8.748, 8.739, and 8.728. The pH values ​​

obtained during composting tended to be alkaline. 
The pH value in alkaline conditions is good for 
the composting process. Because alkaline condi-
tions can inhibit the growth of pathogens, such as 
fungi that can live in acidic conditions [Saidi et 
al., 2008]. Figure 10 shows that the highest aver-
age pH is found in the 1× daily turning frequency 
variation, while the lowest is in the 1×5-day turn-
ing frequency variation. So, it can be concluded 
that the more frequent the turning, the greater the 
compost pH will be, even though the difference is 
not significant. This is to the theory that stirring 
can release CO2 stuck in the voids between the 
particles of compost, thus prevent conditions of 
the acidic in the pile or a decrease in pH [Sekman 
et al., 2011; Liu and Cai, 2014].

Figure 9. Effect of turning frequency on average temperature and average moisture content

Figure 10. Effect of turning frequency on pH changes
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Compost mass shrinkage of each composter 
during the composting process

During the composting process, measure-
ments of the compost mass in each composter 
were carried out. Figure 11 shows that the shrink-
age of the compost mass is getting smaller along 
with the composting time, although there is an in-
crease in the compost mass at several points; this 
is caused by the addition of active organic fertiliz-
er, which increases the compost mass. The initial 
mass of each composter is 2 kg. Mass shrinkage 
occurs drastically for the first 4 days, then after 
the first 4 days, the compost mass shrinkage de-
creases until the 60th day. From the data obtained, 
the final mass shrinkage at 1× daily turning is 108 
kg, at 1×2 day turning is 108 kg, at 1×3 day turn-
ing is 1.09 kg, at 1×4 day turning is 1.1 kg, and at 
1×5 day turning is 1.05 kg.

Comparison to previous research

This study investigated the use of Azolla 
microphylla and active organic fertilizer in the 
composting of empty fruit bunche to evaluate its 

potential as a sustainable and effective alterna-
tive to composting methods. To better understand 
the significance of this approach, the results were 
compared with previous studies on alternative 
methods of processing EFB. The comparison pro-
vides insights into this approach performs dynam-
ic to existing approaches in terms of key compost 
parameters, including pH, moisture content, water 
holding capacity, electrical conductivity, and the 
carbon-to-nitrogen (C/N) ratio. Table 4 shows the 
comparison the results of this study with previous 
research, showing differences in raw materials, 
composting methods, and compost quality.

 Table 4 shows the summary of composting 
parameters for EFB with alternative composter 
type. To compare the results of this study with 
previous research, it must be done by comparing 
the same raw materials, in this case EFB. Table 
4 shows that using Azolla microphylla and AOF 
in this study resulted in a C/N ratio of 14.83, 
which indicates mature compost and is closer to 
the ideal range than other methods. In addition, 
the C/N ratio adheres to the standard specified by 
SNI 19-7030-2004, which ranges from 10 to 20 
[Anonymous, 2004], and thus remains within the 

Figure 11. Compost mass shrinkage over time

Table 4. Summary of composting parameters for EFB with alternative composter type
Raw materials Composter type pH MC (%) WHC (%) EC (µs/cm) C/N ratio References

EFB and palm oil mill 
effluent

Windrow 
composting 9 52.59 76 – 12.15 [Baharuddin 

et al., 2010]
EFB and palm oil mill 
effluent Rotary drum 7.6 70 – – 13.06 [Alkarimiah and 

Suja, 2020]
EFB and Trichoderma 
strains Plastic bags 4 – – 50.40 3.33 [Siddiquee 

et al., 2017]
EFB, Azolla microphylla, 
and AOF Basket 8.7 55.72 77 2746 14.83 This study
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acceptable range. The MC obtained is higher than 
that reported by Baharuddin et al., and lower than 
the values presented by Alkarimiah and Suja, yet 
it remains within their reported range. The MC 
and WHC were good, helping microbes grow and 
retain nutrients. The pH of 8.7 in this study is 
below the pH that reported by Baharuddin et al., 
which is base. The base pH obtained is suitable 
for plant growth. The EC value of 2746 µs/cm 
was higher than Siddiquee et al. This means the 
compost is rich in nutrients. 

The type of composter plays a crucial role 
in determining the efficiency of composting, in-
fluencing parameters such as aeration, moisture 
retention, microbial activity, and overall compost 
quality. Table 4 shows some type of composter 
namely windrow composting, rotary drum, plas-
tic bags and basket. The basket composter used 
in this study showed advantages in maintaining 
parameters. The compact design of the basket 
composter facilitates better retention of moisture 
and nutrients, which supports Azolla microphylla 
and AOF activity. While the basket composter 
demonstrated favorable results, its capacity is rel-
atively limited compared to rotary drum or wind-
row systems, which can handle larger volumes of 
material. This could pose scalability challenges 
for large-scale operations. Overall, the basket 
composter presents a viable alternative for small 
to medium-scale composting operations, particu-
larly when paired with innovative additives like 
Azolla microphylla and AOF. Its ability to main-
tain favorable composting conditions suggests it 
could be a practical choice for localized waste 
management systems, complementing larger-
scale methods such as rotary drum composting.

CONCLUSIONS

Research on making compost from empty 
fruit bunches by adding Azolla microphylla with 
active organic fertilizer and the effect of turn-
ing frequency has been successfully carried out. 
The values ​​of moisture content, temperature, EC 
and pH, respectively, at turning once a day were 
53.93%; 29.62 °C; 2,709 µS/cm; 8.9 at turning 
once every 2 days were 55.72%; 29.92 °C; 2,746 
µS/cm; and 8.7 at turning once every 3 days were 
53.30%; 30.81; 2,743 µS/cm; and 8.7 at turn-
ing once every 4 days were 54.23%; 31.11 °C; 
2,676 µS/cm; and 8.6 at turning once every 5 days 
were 54.96%; 31.28 °C; 2.816 µS/cm; and 8.6. 

The C/N values ​​on days 0, 10, 20, 30, 40, and 60 
obtained from the composting of EFB and Azolla 
microphylla with a mixture of AOF in composter 
2 were 43.92; 33.48; 24.62; 18.65; 16.42; 14.83. 
The best compost quality was produced in a com-
poster with a 2-day turning variation with the char-
acteristics of pH 8.7; MC 55.72%, WHC 77%, C 
20.17%, N 1.36%, and a C/N ratio of 14.83.
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