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The performance of anaerobic co-digestion of cow manure and POME was evaluated. 

The anaerobic composting process was carried out by using semi-continuous reactors 

under the mesophilic condition (35 ± 1℃). The addition of POME to the on-going 

anaerobic composting of cow manure was applied stepwise within a cycle of HRT (20 

days). Results showed that the anaerobic co-digestion reactor could produce methane at 

about six times higher (7.2 L CH4) than the control reactor (1.3 L CH4). An increasing of 

POME loaded to the on-going anaerobic composting cow manure culture (4% to 64%) 

did not affect pH of the culture in which pH was still stable between 7.11 and 7.5. 

Assessment of biodegradation efficiency revealed that nitrogen removal of the anaerobic 

co-digestion reactor was six times higher (21%) than the nitrogen removal of the control 

reactor (3.4%). This suggested that the anaerobic co-digestion reactor performed 

sufficiently well in which no organic acid as well as ammonia accumulated in the reactor 

that could be effective to decompose the organic matters.  
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1. INTRODUCTION

The crude palm oil industry has an important role in 

Indonesia’s economy. This is due to the fact that the industry 

has a significant impact on cutting unemployment rate, 

providing jobs and incomes, and improving living standards of 

all people or community involved [1]. As palm oil is 

considered as a multi-purpose edible vegetable oil, it could 

give significant prospects for further expansion and 

development. This occurs as there is an increasing demand of 

palm oil used as a feedstock for the commercial food and/or 

oleo-chemical industries including the production of 

cosmetics, pharmaceuticals, processed foods, soaps, agro-

chemical products and biodiesel [2, 3]. 

Palm oil is produced from the extraction of the fruit of the 

oil palm tree (Elaeis guineensis). The major products obtained 

from the extraction process of the oil palm fruits are crude 

palm oil (CPO) and palm kernel oil (PKO) [4]. The production 

of palm oil normally generates some residues and/or wastes 

including solid and liquid wastes [5]. The solid residues 

include oil palm empty fruit bunches oil palm fronds, oil palm 

trunk and oil palm shell waste while the liquid waste may 

include palm oil mill effluent (POME) [6, 7]. The unprocessed 

wastes would generate some environmental problems if they 

are not controlled and/or managed properly [8]. The practices 

of direct disposal or burning the solid wastes would generate 

air pollution and may support to the global warming. This 

occurs since improper management in terms of processing the 

wastes may contribute to generate greenhouse gas emissions 

[9], such as nitrogen oxides (NOx), carbon monoxide (CO), 

carbon dioxide (CO2), sulphur dioxide (SO2) and methane 

(CH4).  

POME is wastewater produced from palm oil milling 

processes. Typically, it consists of various kinds of suspended 

materials [10]. Since POME contains a significant amount of 

organic materials, the direct disposal of this waste into 

watercourses would extremely pollute the water resources [11]. 

This occurs as the oxidation or the decomposition of organic 

wastes in the water would cause the reduction of the dissolved 

oxygen and increase the chemical oxygen demand (COD) of 

the water. Hence, this condition could harm living organisms, 

and may destroy the water ecosystems. 

In order to prevent as well as minimize the risk of 

environmental pollution caused by the disposal of palm oil 

wastes, the current study would carry out the treatment of 

organic wastes derived from the crude palm oil industry. In 

this present study, the experiment was focused on the 

treatment of the liquid waste specifically POME. This is 

because the waste was too acidic, and thereby could pollute 

not only the watercourses but also the soil and land resources 

[12]. As POME is rich in organic materials, anaerobic co-

digestion would be feasible to be applied. This is due to the 

fact that anaerobic co-digestion process not only could 

produce liquid compost as a bio-fertilizer but also could 

generate methane gas as a renewable energy. 

The present study aimed to evaluate the co-digestion 

process of cow manure and POME under the anaerobic and 

mesophilic conditions. Study by Sidik et al. [13] revealed that 

POME and cow manure are excellent substrates for biogas 

production. They found that biogas and its methane content 

could be increased effectively via anaerobic co-digestion 

under the mesophilic condition [13]. In this current study, the 

effects of stepwise loaded POME to the on-going anaerobic 

digester composting cow manure would be evaluated to find a 

feasible approach for optimizing the methane production. The 

effectiveness of biological decomposition would be evaluated 

through the assessment of biodegradation efficiency including 

organic removal parameters, methane productivity and 
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methane yield as parameters representing a complete process 

of anaerobic decomposition of organic matters. 

 

 

2. MATERIAL AND METHOD 

 

2.1 Feed preparation 

 

The main substrate used for this experiment was cow 

manure, which was taken from the cow farming at Limpok, 

sub-district of Darussalam, Banda Aceh, Indonesia. Palm oil 

mill effluent (POME) used as a co-substrate in this experiment 

was obtained from the Crude Palm Oil Factory, PT. Agro 

Sinergi Nusantara PKS Batee Puteh, Teunom, District of Aceh 

Jaya, Province of Aceh, Indonesia. The collected feedstocks 

were sieved to remove any contaminants (i.e., woods, metals, 

plastics, sands and gravels), and stored in the refrigerator at the 

temperature of 5.0 ± 0.5 until they are utilized for the 

experiments. 

 

2.2 Digester set-up 

 

Two identical acrylic digesters were utilized for operating 

anaerobic composting process. Both digesters were 

continuously stirred at about 100 ± 10 rpm. Each reactor was 

equipped with the two sample ports on the top of the reactor, 

which were used for loading the influent and withdrawing the 

effluent. The operational temperature set up for running 

anaerobic composting process was maintained under the 

mesophilic condition at the temperature of 35 ± 1℃ by 

utilizing thermostatic water bath. To monitor the daily 

production of methane, gas meters based on the water 

displacement method were installed and connected to the 

digesters. 

 

2.3 Digester operation 

 

To investigate as well as evaluate the performance of 

anaerobic co-digestion process, the first digester was used for 

operating the process of anaerobic co-digestion of POME and 

cow manure while the second digester was utilized as a control 

digester, which conducted the composting process of cow 

manure only. Each digester has a working volume of 4 liter. 

To avoid the digesters’ failure due to organic acid 

accumulation, the hydraulic retention time (HRT) applied to 

the anaerobic co-digestion process was 25 days. The loading 

rate introduced to the anaerobic digesters was 160 mL/day. To 

purify methane produced from the digesters, a 500 mL of 4 

Normal NaOH was filled into a filter flask that was connected 

to the anaerobic digesters and gas meters. The alkaline 

solution was used for entrapping gas impurities, such as CO2, 

H2S generated from the anaerobic digesters. Before starting 

the experiment, each digester was purged with nitrogen gas for 

about 3 to 5 minutes in order to get rid of the oxygen traces 

and ensure the anoxic condition in the digester [14, 15]. 

 

2.4 Experimental design and procedures 

 

Prior to the start of the experiments, the culture in the 

digester was acclimated with anaerobic as well as mesophilic 

environment until getting the steady state condition. During 

this period, there were no pH adjustment, no substrate added 

and no effluent withdrawn. The experiment could be started 

once the culture pH was stable and close to the neutral level, 

which was about 7.0 ± 0.2. Samples of the influent and/or 

effluent of each reactor were taken on a daily basis for further 

analysis. To assure the process of anaerobic digestion could 

work properly under the continuous operation, pH of the 

culture was regularly monitored during the feeding and 

discharging period. In the process of anaerobic composting, 

pH was not controlled, and thereby no acids and/or alkaline 

were added to the digesters. 

As POME was too acidic in which its pH was lower than 

5.0, the use of this feedstock as a co-substrate was managed as 

well as applied with the lower composition. In this experiment, 

the addition of POME to the anaerobic culture was started 

from 4% to 64%. This procedure was established to prevent 

the risk of the digester failure due to acid accumulation, and to 

evaluate whether the addition of POME to the on-going 

anaerobic composting of cow manure could enhance methane 

production as a byproduct of the composting process. The 

continuous operation of the anaerobic co-digestion process 

was carried out in one cycle of HRT (25 days). Hence, the 

composition of POME added to the on-going anaerobic culture 

was altered after 5 days of incubation. In order to evaluate the 

digester performance during the addition of POME, no acids 

and/or alkaline solution was added to the digester.  

 

2.5 Analytical methods 

 

The samples of influent as well as effluent taken from the 

process of anaerobic composting were analyzed for some 

parameters including pH, total dissolved solids (TDS), total 

solids (TS), volatile solids (VS), moisture content (MC), total 

kjedahl nitrogen (TKN), Chemical oxygen demand (COD). To 

evaluate the physicochemical characteristics of the substrates 

used for the composting process, samples was taken for the 

analysis of pH, TDS, TKN, MC, TS, VS, COD and TKN. All 

measured parameters were analyzed according to the Standard 

Method of APHA [16].  

To evaluate the presence of organic content in the substrate 

loaded and its effects to the performance of anaerobic digesters, 

the organic loading rate was measured based on the solid 

content of the substrates and its flow rate. Biodegradation 

efficiency of the anaerobic composting process was evaluated 

by assessing the percentage of volatile solid reduction, COD 

and TKN removal. The production rates of methane were 

measured based on the volume (L) of methane produced per 

day (CH4. day-1). To evaluate the efficiency of substrate 

conversion toward the methane production, the yield of 

methane production was measured, based on the total methane 

production per mass unit of volatile solids added [17, 18].  

 

 

3. RESULTS AND DISCUSSION 

 

The process of anaerobic co-digestion of cow-manure and 

POME was carried out under the continuous operation. Under 

the anoxic condition, the complete decomposition of organic 

materials could generate methane gas as the main product [19]. 

The characteristics of substrates used for the anaerobic 

composting process would determine the organic 

decomposition rates, methane productivity and methane yield 

[20]. Hence, evaluation of the physico-chemical 

characteristics of the substrates used for the process of 

anaerobic composting would be essential. This is due to the 

fact that some parameters, such as TS, VS, TKN and COD 

may identify the strength of organic matters of the substrates 
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loaded to the anaerobic digesters. Table 1 summarizes the 

physical-chemical characteristics of the substrates loaded to 

the anaerobic digesters. 

Results showed that pH of cow manure was quite well (6.83) 

for undergoing anaerobic digestion process. This was due to 

the fact that the pH was close to the optimum level for 

anaerobic digestion, which ranged from 6.8 to 7.2 [21, 22]. 

This was quite different from pH of POME, which was too 

acidic at around 4.8. The low pH of POME may completely 

inhibit the process of anaerobic digestion. Hence, co-digestion 

of POME with cow manure would be significant to cut the risk 

of the digester failure due to acid accumulation. As depicted 

in Table 1, POME has a significant amount of organic 

materials represented in high concentration of COD (24725 

mg/L). This could be prospective to be used as a substrate for 

anaerobic co-digestion process since one of the main products 

derived from the process is methane that can be used as 

renewable energy.  

 

Table 1. Physico-chemical characteristics of the substrates 

 
Parameters Unit Cow Manure POME 

Total solids % 2.2 6.701 

Volatile solids % 44 53.109 

Moisture content % 97.8 93.299 

Total kjedahl nitrogen mg/L 410 524 

Chemical oxygen demand mg/L 9120 24725 

Total dissolved solids mg/L 2700 3200 

Alkalinity mg/L 2604 60.05 

pH - 6.83 4.78 

 

Results showed that the influent pH of the co-digestion 

culture was somewhat acidic in which the pH was about 6.5 

(Table 2). Even if the optimum pH range for operating 

anaerobic composting is from 6.8 to 7.2, the decomposition 

process in anaerobic composting still could tolerate at a range 

pH of 6.5 up to 8.0 [23]. This suggested that the co-digestion 

culture pH was still in the tolerable level to undergo the 

digestion process anaerobically. In terms of organic matters 

represented in the COD content (Table 2), results showed that 

the COD concentration of the co-digestion culture was in 

about of more than two times higher (20000 mg/L) than the 

COD of the cow manure alone (9000 mg/L). High COD 

concentration in the co-digestion culture was in line with the 

organic loading rate (OLR) in which its OLR was more than 

three times higher (1.4 g.VS L-1.day-1) in comparison to the 

OLR of the control reactor (0.4 g.VS L-1.day-1).  

Besides, the current study revealed that the volatile solid 

content of the anaerobic co-digestion culture (76%) was higher 

than the culture of cow manure alone (44%). This indicated 

that the addition of POME to the on-going process of 

anaerobic digestion could significantly increase the organic 

content in the culture. High volatile content in the co-digestion 

culture may suggest that the culture was rich in organic 

materials [24]. This suggested that POME added to the on-

going anaerobic digestion process could enhance the 

availability of organic matters in the digester. Organic matter 

containing culture was highly required by the anaerobic 

microbes for their growth [25, 26], and could potentially be 

oxidized to form methane as the end-product [27]. 

In order to evaluate to what extent, the addition of POME 

to the on-going anaerobic composting of cow manure affecting 

the performance of the anaerobic digesters, POME added to 

the digester was altered in every five days. The acclimatization 

period and/or the lag phase in the anaerobic co-digestion 

occurred for 24 hours of the early incubation. Results showed 

that anaerobic co-digestion of cow manure and POME had 

started to produce methane at the third day of incubation (110 

ml) while the control reactor produced no significant amount 

of methane (5 ml). A significant increase of methane 

production in the anaerobic co-digestion process occurred 

from 125 ml (day 5) to 350 ml (day 15). This suggested that 

the addition of POME stepwise could significantly enhance 

methane production in comparison to the composting process 

of cow manure alone.  

 

Table 2. Influent of anaerobic composting process 

 

Parameters Unit Control 
Co-

digestion 

Total solids % 2.29 4.65 

Volatile solids % 43.92 76 

Moisture content % 97.71 95.35 

Total kjedahl nitrogen mg/L 414 483 

Chemical oxygen demand mg/L 9000 20000 

Total dissolved solids mg/L 2710 3250 

Organic loading rate g.VS/L.day 0.402 1.414 

pH - 6.72 6.50 

 

The present study revealed that even if the proportion of 

POME added to the on-going anaerobic digestion of cow 

manure was continuously increased from 4% (day 1) to 64% 

(day 20), the anaerobic digester still performed stably (Figure 

1). This could be seen on the culture pH during the 

decomposition process in which the pH was stable at the level 

of 7.06. This indicated that the culture pH was still in the range 

of an ideal pH for running anaerobic digestion and/or 

anaerobic composting process [23, 28]. The current study was 

in agreement with the study by Zorpas et al. [29] revealing that 

the optimum pH values for the bacterial development on the 

processing of anaerobic compost production are from 6 to 7.5. 

This suggested that the addition of a sufficient amount of 

POME to the on-going anaerobic co-digestion reactor would 

not inhibit the digestion process. This occurred as the rate of 

acid production during the acidogenesis could be equal to the 

rate of acid utilization during the acetogenesis and/or 

methanogenesis phase. Hence, the balance process would be 

accomplished for optimizing methane production [30]. 

 

 
 

Figure 1. Methane produced per day from anaerobic co-

digestion of cow manure and POME 

 

Results of the experiment revealed that the maximum 

production of methane within a cycle of HRT (25 day) was 

about 500 mL. The total methane production within 20 days of 

incubation obtained from the anaerobic co-digestion cow-
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manure and POME was about six times higher (7105 mL.CH4) 

than the total methane production derived from the 

composting of cow manure only (1274 mL). Besides, the 

current study showed that even if POME was too acidic (pH 

4.8) to be used as the main substrate for anaerobic digestion, it 

still could contribute to enhance methane production when it 

is co-digested and/or loaded stepwise into the on-going 

anaerobic composting culture. 

After undergoing the composting process, the results 

showed that total solids of the control reactor reduced from 

2.29% to 1.87%, which was about 18 percent of the solid 

reduction. The result was different from the co-digestion 

reactor, which could reach 52.3 percent reduction in which the 

solid content in the co-digestion culture reduced from 4.65% 

to 2.22%. This suggested that the anaerobic co-digestion 

culture was rich in biodegradable materials that could be easy 

to decompose biologically as well as anaerobically. Further, 

results of the present study revealed that pH of the effluents of 

both control reactor (6.82) and co-digestion reactor (7.25) 

were close to the neutral level (Table 3). The results suggested 

that the effluents or the digested materials obtained from the 

anaerobic composting process were feasible to be used as a 

compost and/or soil emulsifier. This was due to the fact that 

the results were in line with the study revealing that pH of most 

finished composts were neutral, which ranged from 6.5 to 7.5 

[31]. 

 

Table 3. Effluent data of anaerobic composting process 

 
Parameters Unit Control Co-digestion 

Total solids % 1.87 2.22 

Volatile solids % 23.7 51.36 

Moisture content % 98.13 97.78 

Total kjedahl nitrogen mg/L 400 382 

Chemical oxygen demand mg/L 7200 14000 

Total dissolved solids mg/L 3430 2710 

pH - 6.82 7.25 
 

Evaluation on the biodegradation efficiency revealed that 

the addition of POME to the on-going anaerobic composting 

cow manure could significantly increase methane production 

in comparison to the anaerobic composting of cow manure 

alone. As presented in Table 4, the methane productivity in the 

anaerobic co-digestion cow-manure and POME was almost 

six times higher (275 mL.CH4.L-1) than the composting of cow 

manure only (49 mL.CH4.L-1). Results of the experimental 

study also showed that methane yield of anaerobic co-

digestion reactor was higher (51 mL CH4. g-1 VS-1) than the 

methane yield of control reactor (32 mL CH4. g-1 VS-1). This 

suggested that the anaerobic co-digestion reactor contained a 

significant amount of organic matters as a result of POME 

addition to the reactor. 
 

Table 4. Efficiency of biodegradation 
 

Parameters Unit Control 
Co-

digestion 

COD removal % 20.00 30.00 

Nitrogen removal % 3.38 20.91 

Volatile solids 

reduction 
% 60.34 66.66 

Total methane 

production 
mL 1274 7145 

Methane 

productivity 
mL CH4/day 49 274.81 

Methane yield 
mL CH4/g 

VS 
31.67 50.54 

The assessment of biodegradation efficiency also found that 

the anaerobic co-digestion reactor had a high rate of organic 

removal, which was represented in the high percentage of 

COD removal (30%) in comparison to the removal rate of the 

anaerobic composting cow manure alone (20%). Besides, the 

high rate of organic removal during the composting process 

could also occur in the nitrogen content of the culture. The 

current study showed that the anaerobic co-digestion reactor 

effectively reduced the nitrogen content of the culture, which 

was more than six times higher (21%) than the nitrogen 

removal of the control reactor (3.4%). High organic removal 

rate of the anaerobic co-digestion reactor could be attributed 

to its neutral pH value (7.2) in which the pH could be effective 

for biodegradation and/or decomposition processes of the 

organic materials. The current results were in agreement with 

some studies revealing that pH was a key factor to succeed the 

biodegradation process [32, 33]. They found that most of the 

microbes would evolve effectively in the pH range of 6 to 8 

with the optimal level of 6.5-7.2 and extreme in pH (too acidic 

and/or too basic) may slow down the capability of the 

microbial population for degrading the organic materials. 

In this present study, the decomposition process of organic 

solid matters still performed sufficiently well although the 

addition of POME to the on-going anaerobic composting 

reactor was gradually increased. This could be related to the 

percentage of volatile solid reduction, which still could 

accomplish above sixty percent (67%). The result is somewhat 

different from some studies revealing that volatile solid 

reduction could be low when the loading of organic materials 

was increased [34, 35]. The low volatile solid reduction could 

be attributed to the organic acids accumulated in the digester. 

The acids build-up may be resulted by the oxidation of organic 

acids in the acidification stage that may lead to lower pH of 

the anaerobic culture [30, 36]. The acidic condition may 

completely restrict the conversion process of organic materials 

during the hydrolysis phase, and also inhibit the oxidation of 

organic acids during the acetogenesis and/or methanogensis 

stage to form methane [35]. 

 

 

4. CONCLUSIONS 

 

The present study showed that the addition of POME as co-

substrate to the on-going anaerobic composting of cow manure 

produced more than five times of methane productivity (275 

mL CH4/day) in comparison to the anaerobic composting of 

cow manure alone (49 mL CH4/day). The results showed that 

the pH of the anaerobic co-digestion culture was stable and 

close to the neutral level (7.1-7.25) even if the addition of 

POME as a source of organic matters was increased. 

Assessment of biodegradation efficiency parameters revealed 

that organic removals in the anaerobic co-digestion reactor 

were higher in comparison to the anaerobic composting of cow 

manure only. The results of the study suggested that the 

addition of POME stepwise to the on-going anaerobic 

composting culture did not affect the performance of the 

anaerobic digester, and may significantly enhance methane 

production. 
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