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Abstract
Empty fruit bunches (EFBs) with activated liquid organic fertiliser (ALOF) were composted in a tower composter. This study was conducted to evaluate the degradation of non-shredded EFB mixed with ALOF as an activator. The concrete tower composter with dimensions of 0.40 m x 0.40 m x 3.00 m was used to accelerate composting time by achieving thermophilic conditions. The moisture content (MC) of the compost was maintained at 55% - 65%. Compost quality, temperature, pH, MC, C/N ratio, bacterial count (BC) and electrical conductivity (EC) were recorded and evaluated. Composting was completed in 40 days, even though EFB turned to dark brown on day 10, indicating that the compost was mature. The quality of the final compost from day 10 to day 40 was slightly similar: pH of 7.6–8.4, MC of 41.16%–58.44%, C content of 20.27%–21.34%, N content of 1.02%–1.25%, C/N ratio of 19.94–20.24, BC of 17–41 x 106 CFU g−1 and EC of 3.74–4.90 dS m−1. These results suggested that the quality of the obtained compost satisfied the Indonesian National Standard.
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Abstrak
Buah tandan kosong (EFB) dengan baja organik cecair teraktif (ALOF) telah dikompos di dalam menara komposter. Kajian ini dijalankan untuk menilai data degradasi EFB yang tidak diparut bercampur dengan ALOF sebagai pengaktif. Penggunaan menara komposter, yang diperbuat daripada konkrit dengan dimensi 0.40 m W x 0.40 m L x 3.00 m H, adalah untuk pecutan masa pengomposan bagi mencapai keadaan termofilik. Kandungan lembapan (MC) kompos dikekalkan dalam lingkungan 55 - 65%. Kualiti kompos, suhu, pH, kandungan lembapan, nisbah C/N, bilangan bakteria (BC), dan kekonduksian elektrik (EC) telah direkod dan dinilai. Proses pengomposan telah lengkap dalam masa yang singkat iaitu dalam 40 hari, dan pada hari yang ke-10, EFB telah bertukar warna menjadi coklat tua yang menunjukkan kematangan kompos. Kualiti kompos akhir dari hari 10 hingga ke hari 40 menunjukkan kualiti yang hampir sama iaitu pH antara 7.6 hingga 8.4; kandungan lembapan 41.16 - 58.44%; C 20.27 - 21.34%; N 1.02 -  1.25%; nisbah C/N 19.94 - 20.24; bilangan bakteria 17 - 41 x 106 CFU g-1, dan kekonduksian elektrik 3.7 - 4.9 dS.m-1. Kualiti kompos keluaran yang diperolehi telah mencapai Piawai Kebangsaan Indonesia (SNI).

Kata kunci: baja organik cecair teraktif, pengomposan, buah tandan kosong, menara komposter

Introduction
Indonesia is currently one of the countries with the largest production of crude palm oil (CPO); in 2012, this country produced 23.5 million tons of CPO [1]. In addition to CPO, liquid and solid wastes are generated by palm oil mills (POMs). Large amounts of solid wastes, such as empty fruit bunch (EFB; 23%), shell (5%) and mesocarp fibre (12%), are also obtained for every ton of EFB processed in POMs [2]. 

Composting is an alternative processing technology for solid and liquid wastes from POMs. Most EFBs are used as soil amendments in oil palm lands by placing EFBs around palm trees to provide a good environment for roots. However, this technique is costly in terms of labour and transportation [3]. EFB composting is usually time consuming because of environmental factors. The processing of EFB into compost has been extensively explored, and composting can be enhanced by introducing additional materials, such as animal waste [4, 5] and POME [6]. 

Activated liquid organic fertiliser (ALOF), which is used as a microbial source and moisture content (MC) buffer in composting, is obtained through the advanced fermentation of treated biogas effluent from an anaerobic digester. This effluent still possesses high nutrient and MC. Hence, ALOF addition to EFB may enrich composts with high nutrient and microbial sources. This research aimed to examine EFB composting in a tower composter and described the degradation of non-shredded EFB mixed with ALOF.

Materials and Methods
Materials
EFB (Sei Mangkei POM, Sumatera Utara, Indonesia) and ALOF (Biogas Pilot Plant, Universitas Sumatera Utara, Indonesia) were used as raw materials, and their characteristics are presented in Table 1.

Table 1. Characteristic of EFB and ALOF

	No.
	Parameters
	EFB
	ALOF

	1
	Moisture (%)
	43.83
	-

	2
	pH
	7.80
	8.09

	3
	C (%)
	33.15
	0.58

	4
	N (%)
	0.99
	0.10

	5
	C/N
	33.48
	5.80

	6
	Water Holding Capacity (%)
	62.00
	-

	7
	P2O5 (%)
	-
	0.016

	8
	K2O (%)
	-
	0.167

	9
	COD (mg/l)
	-
	1.580



Equipment
The main equipment used in this study was a box-shaped composter tower constructed under a shade and a cement base at the Pusdiklat LPPM–Universitas Sumatera Utara, Indonesia. The composter tower measured 3 m in height and consisted of a 0.4 m x 0.4 m square pedestal. The composter was equipped with two 0.11 m x 0.11 m windows and a 0.40 m x 0.40 m manhole, which were used for sampling and product harvesting, respectively. Fifteen holes (1.905 cm) were made on each wall of the composter for oxygen intake (aeration) and inserted with a digital thermometer to measure the temperature of the composting material in the composter. A detailed sketch of the composter is presented in Figure 1.

Composting process
Composting was initiated by measuring the total weight of the non-shredded EFB. The EFB was poured with ALOF until the MC of the compost reached 55%–65%. No-turn composting operation was required during the process, but ALOF was poured again into the composter when the MC was too low to maintain the MC at 55% -65%.
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Figure 1. The tower composter
Sampling and Data Collection
Samples (20 g) were collected from the sampling window and stored at 4 °C. Temperature was measured by inserting a digital thermometer into the thermometer hole. The following data were obtained: temperature, MC, pH, C/N ratio and compost quality. Pile temperature was measured twice a day (morning and afternoon). Pile MC was also determined every 5 days via a drying oven method. pH was identified every 2 days. C and N contents were recorded on days 0, 10, 30 and 40 of the treatment through the Walkley–Black and Kjeldahl method, respectively. Bacterial growth and electrical conductivity (EC) were monitored on days 0, 10, 30 and 40 of the treatment by conducting bacterial count (BC) analysis and by using an EC meter, respectively.

Results and Discussion
Temperature profile
Temperature is the most important parameter to be measured during composting [7]. The average temperature profile in the morning and in the afternoon at heights of 0, 1 and 2 m of the compost pile from the bottom of the composter is presented in Figure 2. The initial temperature of the compost was 27 °C. Composting started once the compost was mixed with ALOF. After 24 days of operation, the average temperatures of the composting material at 0, 1 and 2 m increased to 51.5 ± 0.71 °C, 60.75 ± 0.35 °C and 52.5 ± 0.71 °C, respectively.

At the beginning of composting, the temperature increased from atmospheric temperature (27 °C) to thermophilic temperatures of 51.5 ± 0.71 °C, 60.75 ± 0.35 °C and 52.5 ± 0.71 °C at heights of 0, 1 and 2 m, respectively. The temperatures decreased and fluctuated from day 5 and finally remained almost constant after day 30 of the treatment. This result was consistent with those of Shen et al. [8] and Hock et al. [9], who reported that compost temperatures rapidly increase and then slowly decrease. This finding indicated that composting slowed down as nutrient availability became depleted.
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Figure 2. Temperature profiles during composting 


MC profile
MC is one of the important factors that must be maintained during composting [10]. The MC profiles at heights of 0, 1 and 2 m of the compost pile from the composter bottom are presented in Figure 3. The initial MC of EFB was 43.83%. After EFB was mixed with ALOF, the MCs changed to 64.76%, 63.72% and 61.78% at 0, 1 and 2 m, respectively. MC also fluctuated during composting. To maintain MC at 55% - 65%, we added ALOF on days 1, 16, 25 and 35 of the treatment. MC evaluation at 2 m of compost was terminated on day 11 because shrinkage occurred in the composting material.

The final MCs of the compost after 40 days at 1 and 2 m were 65.68% and 51.2% (average: 58.44%), respectively, and they were similar to those of Hock et al. [9] and Baharuddin et al. [10], who obtained final MCs of approximately 50% after 39 days and 52%, respectively. Tiquia et al. [11] demonstrated that the MC of a composting material must be maintained at 40% - 60% to favour microbial survival. An MC of >80% can kill aerobic microbes because of the lack of oxygen.
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Figure 3. Moisture content profiles

pH profile during composting process
The pH profile during composting is presented in Figure 4. The pH during 40 days of composting ranged from 7.8 to 8.4, indicating that the operational conditions were likely alkaline. The alkaline condition of a composting material is good for composting because this pH may inhibit the growth of pathogens, such as fungi, which can survive under acidic conditions [12].
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Figure 4. pH profiles 
[bookmark: _gjdgxs]
The pH of the pile at each height fluctuated slightly from day 0 to day 25 and became relatively constant until day 40. Changes in pH during composting are caused by microbial activity [13, 14]. In the first 5 days, pH increased from 7.8 to 8.6 because N is transformed into NH3 or NH4+ via ammonification [13]. From day 5 to day 10, pH likely decreased to pH 7.6 because of the volatilisation of ammonium and the release of hydrogen ions as a result of nitrification [10]. The pH of the final mature compost was 8.4.

Profile of BC
Microbial growth during composting was observed by analysing BC. The number of microbial colonies and the average temperature of the composting material are presented in Figure 5.
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Figure 5. Profiles of bacterial count and temperature during composting 

Two states of microbial growth during composting were observed on the basis of the average temperature of the composting material: thermophilic state (1st to 15th) and mesophilic state (day 16 to day 40). The initial BC was 60 x 106 CFU g−1. After the thermophilic state was initiated on day 1, the BC drastically decreased because the total BC was initially dominated by mesophilic bacteria, and most of them died as the temperature increased and reached the thermophilic state. From day 10 to day 20, the BC increased because the thermophilic and mesophilic bacteria already survived in the thermophilic state and started to grow. From day 30 to day 40, the BC slowly decreased as nutrient availability decreased.

Compost analysis based on C/N ratio
To determine the quality of the compost produced during composting, we measured the C/N ratio in triplicate. The C/N ratio profile during composting is presented in Figure 6.
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Figure 6. C/N ratio changes during composting 

The C/N ratio is one of the important indicators that reflect the maturity of compost [6, 15]. In our study, this parameter was measured on days 0, 10, 20, 30 and 40 of the treatment. The initial C/N ratio of EFB was 33.48. After 10 days of composting, the C/N ratio significantly decreased to 18.64. From day 20 to day 40, the C/N ratio remained relatively constant at 19 – 20. At the end of composting, the C/N ratio was 19.94, indicating that the compost matured after 10 days because the C/N ratio of a standard matured compost is between 10 and 20 [6, 16]. The decrease in the C/N ratio was due to the decrease in C content or the increase in N content during composting. This phenomenon occurred because of the decomposition of organic materials during microbial activity [9, 17].

Compost analysis based on EC
EC reflects the level of salinity of a compost product and indicates possible phytotoxic or phyto-inhibitory effects [18]. The changes in EC during composting are presented in Figure 7. The initial EC of EFB was 6.72 dS m−1, but this value decreased to 4.30 dS m−1 after 20 days of composting. On day 30, the EC increased to 4.42 dS m−1 and then decreased to 3.74 dS m−1 at the end of composting.
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Figure 7. Changes in electrical conductivity

The decrease in EC during composting is a direct result of the increasing concentrations of nutrients, such as nitrate and nitrite [19]. The increase in EC may be due to the release of mineral salts, such as ammonium and phosphate ions, through the decomposition of organic substances [18]. The results of the complete analysis of compost quality are presented in Table 2.

Table 2. Compost quality analysis

	No
	Parameters
	Composting Material

	
	

	Start up
	Day 40

	1
	Moisture (%)
	43.83
	58.44

	2
	pH (%)
	7.80
	8.40

	3
	Water Holding Capacity (%)
	62.00
	64.00

	4
	C (%)
	37.89
	21.34

	5
	N (%)
	1.22
	1.07

	6
	C/N (%)
	31.06
	19.94

	7
	P (%)
	0.201
	0.091

	8
	K (%)
	0.157
	0.951

	9
	Na (ppm)
	0.102
	0.059

	10
	Ca (ppm)
	1.759
	2.043

	11
	Mg (ppm)
	0.537
	0.527

	12
	Cd (ppm)
	0.894
	0.437

	13
	Cu (ppm)
	0.673
	0.078

	14
	Fe (ppm)
	1.073
	0.051

	15
	Pb (ppm)
	1.246
	0.080

	16
	Zn (ppm)
	2.370
	0.052

	17
	Oil & Grease (%)
	2.15
	1.43



Conclusion
The composting of non-shredded EFB mixed with ALOF as microbial and nutrient sources and MC buffer in a box-shaped tower composter (0.4 m width x 0.40 m length x 3.00 m height) could produce mature compost for 10 days. The slight differences in the C/N ratio from 18.15 to 19.94 and the EC from 3.74 dS m−1 to 4.90        dS m−1 indicated that the quality of the compost on day 10 was similar to the quality of the compost on day 40.
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