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Abstract 
The current co-composting of empty fruit bunch and palm oil mill effluent from the mills needs a shorter processing time to reduce land usage. A study 
at industry scale composting involving three heaps of 30 tonnes empty fruit bunch each is reported. Two heaps were added with starter cultures with 
one heap given turning daily and the other alternate days. Results showed that co-composting of empty fruit bunch with palm oil mill effluent was 
accelerated by the starter cultures in term of faster reduction of C/N ratio from 35 to below 20 within three weeks instead of five weeks for control. 
The cultured heaps had their microbes enumeration reduced and were stable in the end of composting process. The turning frequency had affected the 
rate of temperature decrease but not the degradation rate. The starter culture can be used to reduce the time needed for composting of palm oil mills 
waste. 
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Introduction 
Today, palm oil as edible oil has massive production because of 
world demand. The production of palm oil, however, leaves much 
waste, including the solid and liquid waste.  While heading towards 
a zero waste processing, these waste are most appropriately 
converted to useful products through composting. Windrow 
composting is popularly practiced by many large and small crude 
palm oil producers because the work required tends to be more 
effective and less costly 16. In windrow composting, the waste 
material is piled into row and active microorganism will degrade 
the material naturally. The compost pad could be a bare ground or 
a concrete floor with shades by roof. During the composting 
activities, only a turning machine is required to turn the row and 
maintain the degradation process. 

Composting is a good treatment for palm oil waste; however, 
the period of composting is usually longer than what the land 
space area can provide. The production of one tonne of crude 
palm oil yields 0.25 tonnes of empty fruit bunch (EFB) and 0.68 
tonnes of palm oil mill effluent (POME) 12. Then the waste occupies 
around 0.25 m2 of land and takes at least 60 days to reach 
maturity 21. For instance, a factory which runs in full capacity 
generates 280 tonnes of EFB per day 15 and requires estimated 
land of 280 m2 per day to allocate this waste for composting. This 
is unproductive and expensive for such land usage. The long 
period of composting is incompatible to the massive amount of 
palm oil mill waste produced day to day; therefore, it is necessary 
to reduce the composting period and increase compost production 
rate. 

In a typical composting process, it goes through a series of 
phases, which includes a rapid temperature increment in the 
mesophilic stage, then sustaining a period of high temperature 

called the thermophilic stage. The energy produced from microbial 
activities causes the temperature of biomass to become higher 
than ambient and the biomass is partially lost to the surrounding 
as volatile gas, carbon dioxide and water 2. Turning is applied to 
ventilate the air, release the heat, and homogenize the compost. 
The exchange of air is needed because the reactions performed 
by compost microorganisms are oxidation of organic compounds; 
therefore, oxygen supply from the air is required. Presence of 
water ensures the sustenance of microbial activity. In practise, 
the permissible moisture content would be in the range of 65-67% 
for the initial mixture 7. The exhaustion of substrates during the 
thermophilic phase reduces the microorganism propagation. The 
drop of temperature then occurs when it reaches the end of 
composting 9. For composting of EFB, the C/N ratio shows a clear 
decreasing trend from the initial value in the optimum range of 52– 
35 to a final value of around 24-12 1, 15, 21. The carbon-nitrogen ratio 
(C/N) is a ratio of the mass of carbon to the mass of nitrogen in a 
substance and it is an indicator for nitrogen limitation of plants 
and other organisms. It has been used an accurate indication of 
compost maturity 5, 8, 13 and for agricultural purposes, a compost 
should have a C/N ratio of 20-30 17. A good ratio of initial C/N can 
produce good quality compost and reduce decomposing time. 
The EFB had a higher carbon content, 52.69%, but a lower nitrogen 
content, 1.24% compared to the POME. The addition of POME 
therefore will increase the nitrogen content which helps to lower 
the initial C/N value of EFB. 

In limiting the time of windrow composting, the sustenance of 
microorganism activities in the compost is important. The raw 
materials function as substrates providing necessary food to the 
microbes while other factors allow the microbes to reach healthy 



     772 Journal of Food, Agriculture & Environment, Vol.10 (2), April  2012 

activities. Factors that may bring optimum microbial degradation 
process of EFB had been investigated. For example, the recipe of 
biomass, turning frequency, C/N ratio, moisture content, pH, 
temperature etc. were manipulated for improving composting 
process 4, 21. Additives have also been provided before or during 
degradation. The type of additive or microbial cultures involved 
usually depends on the type of raw material and their compatibility. 

The EFB is lignocellulosic rich crop residues. It has high 
porosity, water holding capacity and minerals for degradation 
activity, thus is preferred in its physicochemical composition to 
be used as composting material 15. To provide larger surface for 
microorganism growth, the EFB should undergo shredding or some 
other particle size reduction process. On the other hand, the POME 
provides the easiest water and nutrient resource available for 
sustainable EFB composting. POME is generated from the various 
processes that occur in a mill and appears as colloidal slurry of 
water, oil and suspended solids. It comprises of mainly cellulose 
from the fruits. The fresh POME is rich in minerals and attracts 
growth of microorganism 19. The EFB alone does not produce a 
good quality compost and it needs supplements to enhance the 
decomposition process. 

In achieving optimal conditions for decomposition, composting 
systems require viable and enzymatically active populations of 
microorganisms. Recently, the use of starter cultures were found 
effective in waste composting studies of various materials, such 
as for olive pomace 10, wheat straw 11, and municipal solid waste 23. 
In attempts to describe the general microbiological profile, selective 
microbes’ plate enumeration was used 6, 9. In this pilot scale case 
study, the effect of using a starter culture to enhance composting 
of palm oil mill waste in limited time was studied. 

Materials and Methods 
Preparation of starter culture: The starter culture for co- 
composting of EFB and POME is microorganisms from a wide 
range of organisms including bacteria, actinomycetes, fungi, and 
molds. They have the ability to digest cellulose, hemicellulose 
and lignin efficiently. They are selected based on their ability to 
live easily in soil and cellulolytic materials, and are not pathogenic 
or parasitic to human (or animals) and living plants. They consists 
of Agromonas, Aspergillus, Azotobacter, Bacillus, Cellulomonas, 
Chaetomium, Clostridium, Coprinus, Microbispora, Penicillium, 
Pseudomonas, Thermoactinomyces, Trichoderma and Trichurus. 
The live cultures were obtained from the Microbiological 
Laboratory, Malaysian Agricultural Research and Development 
Institute (MARDI). The fungi and bacteria were prepared by 
culturing them on potato dextrose agar Petri dishes and in nutrient 
broth individually 24. Petri dishes and nutrient broth liquids were 
kept in either 30ºC or 50ºC following the microbes’ living temperature 
requirement. Those isolates were incubated for 5 days or until 
heavy mycelia growth were formed in Petri dishes and the nutrient 
broth became turbid. The agar and liquid cultures were then 
blended and diluted with 300 litres of non-chlorinated water, which 
was rainwater. Air was pumped into solution for 24 hours. Another 
solution was prepared by repeating the same steps. 

Pilot scale composting procedures: The trial was conducted for 
42 days in the industrial composting plant owned by Asia Green 
Environmental Sdn. Bhd. at Sedenak, Johor, Malaysia. Shredded 
EFB that was transported by tractors from the neighbouring palm 

oil extraction factory, Sedenak Palm Oil Mill Sdn. Bhd. POME was 
obtained from the treatment pond at the factory and directly 
sprayed onto the composts through piping systems. The industrial 
composting plant has 3 m high walls and 25 m × 10 m floor of 
concrete cement. The roof was around 10 m high from the ground 
covering the compost pad and a Gantry Turner. The building is 
semi open-air condition. A 3 m diameter×4.5 m wide of Gantry 
Turner (210 kW and 800 rpm) was hanging in the composting 
building and it could be moved to turn the compost row in parallel 
with floor. 

The pilot scale trial consists of three heaps of 30 tonnes of EFB 
each. Lab1 and Lab2 heaps were inoculated with the starter culture. 
Each heap was roughly trapezium of bottom surface of 2 m × 10 m 
and height of 2.5 m. The control heap was without addition of 
starter culture and conducted in parallel. Two frequencies of 
turning were conducted on the two heaps seeded with starter 
cultures. Lab1 and control heaps were turned once every day 
while Lab2 heap was turned once for every two days. One ton of 
POME was sprayed on each heap per day. The addition of POME 
was stopped one week before trial ended to allow stabilisation of 
compost. 

Temperatures were recorded by inserting the probe to 1 m depth 
into the heaps every day at 9 am. Sampling was performed on day 
0, 7, 14, 21, 28, 35, and 42. Each sample was collected by mixing 
four 50 g of sub-samples from four points of heap. The samples 
were brought to Universiti Putra Malaysia (UPM) for analyses. 
Moisture content was assessed by drying 5 g of wet sample at 
105ºC in an oven for 7 hours or to a constant weight. The pH was 
measured in 1:10 (w/v) water-soluble extract. For measuring carbon 
and nitrogen content, 3 g of dried and ground sample was used. 
Carbon was determined by loss of ignition through combustion 
in furnace at 550ºC for 2 hours and nitrogen was estimated by the 
Kjeldahl method 3. For microbes enumeration, three different 
mediums were selected for different microorganisms count. Nutrient 
Agar, Potato Dextrose Agar and Czapek Dox Agar (HiMedia, India) 
mediums were used for bacteria, fungal and cellulolytic 
microorganisms count, respectively. All the mediums were divided 
and incubated for 48 hours separately at 30ºC for mesophilic and 
55ºC for thermophilic microorganisms 9. 

Analytical methods: For analytical study, necessary precautions 
of compost materials sampling were done to ensure truly 
homogeneous samples were obtained and they are representative 
of the bulk sample from which they have been taken from. Several 
core samples were obtained in random throughout the field or 
mass of material. All measurements were performed in triplicates. 
The standard errors are reported along with the average values; 
except for too small or insignificant standard errors. ANOVA was 
used to compare the characteristics of different composts at 95% 
or higher confidence level. 

Results and Discussion 
Fig. 1 illustrates the temperatures of compost heaps plotted against 
composting period. After completed the initial mixing of materials, 
temperatures of all heaps were found high, 59-63ºC. The 
temperature of composts moved up and down day to day. The 
highest temperature reached by Lab1 and Lab2 composts were 68 
and 68.5°C on day 6, then decreased to 54 and 62°C on day 42, 
respectively, while for the control, the temperature reached 70°C 
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on day 7 and decreased to 62°C on day 42. The composts had 
high temperature in the beginning of composting due to the energy 
produced by active degradation 2. A distinct trend between 
composts could be observed only after 21 days where the 
temperature of Lab1 compost was lowest which may be due to the 
everyday turning of the compost heap. 

Fig. 2 presents the moisture content of the three heaps during 
the 42 days of composting. The overall moisture contents were 
within 55% and 72% and the results showed no significant 
difference between heaps (p>0.05). Water is essential for bacterial 
activity in the composting process. With moisture above 55%, it 
was sufficient for a fast composting process 22. According to 
Suhaimi and Ong 18, the added POME will not be absorbed but 
drained off freely if above 80% of moisture. Compost with too 
high moisture content will result in the loss of nutrients and 
pathogens to the leachate and cause blockage of air passageways 
in the pile. As such, a close monitoring of the moisture content to 
be 50-70% was found to be helpful in avoiding leachate in this 
case study. 

The moisture content was different from time to time (p<0.05). 
The moisture contents increased for Lab1 (62 to 70%), Lab2 (66 to 
74%) and control (64 to 71%) during the first 14 days because of 
the addition of POME. After day 14, the humidity in Lab1 and 
Lab2 became lower than the control. The decrease of humidity in 
Lab1 and Lab2 during the composting period corresponds to a 
fast composting. Moisture loss during a composting process can 
be an index of decomposition rate, since the heat generated from 
decomposition drives vaporization. The moisture contents in Lab1 
and Lab2 heaps were not significantly different (p>0.05) and this 
may suggest that turning did not affect the moisture content of 
composts. 

Fig. 3 illustrates the pH profiles of each heaps. Day 0 represents 

the initial pH of EFB after being sprayed with POME. The pH of 
each heap tended to stabilize at values of around 8 to 9 through 
the composting process. The day 0 pH reading was taken from a 
fresh light yellowish compost. After one week, the second pH 
reading was taken from the composts which already turned to 
dark brown where change of colour and increase of pH values 
were observed. Although a neutral pH is best for composting, 
slight alkalinity can be tolerated 20. The products for this trial have 
a pH range of between 8.55 and 8.70, considered as alkaline 
composting. No pH difference was found between the differently 
treated composts. 

Fig. 4a  shows that the C/N ratios dropped significantly (p<0.05) 
from a value of 53.74 from the fresh EFB after composting. EFB 
from different plantations or mills may present their element values 
to vary, thus the quality of compost product may vary as well. 
The C/N of EFB in this trial was lower than findings from 
Baharuddin et al. 1 who reported C/N ratio of fresh EFB of 58.9. 
The C/N ratios converged to a final value of about 16.01, 17.93 
and 20.71 for Lab1, Lab2 and control. Lab1 and Lab2 composts 
were considered matured in 35 days after the value of C/N 
maintained below 20. The degradation of both inoculated heaps 
was rapid in terms of a fast decrease of C/N value to below 20. 
This also shows that both turning frequencies for Lab1 and Lab2 
produced similar effects on the degradation rate. The control was 
less capable in decreasing its C/N ratio and had the slowest 
degradation. In the final stage, C/N trends became flat, indicating 
the stability of humus and maturity of compost. 

Fig. 4b provides the evolution of carbon content of all heaps, 
while Fig. 4c presents the evolution of nitrogen content of all 
heaps through the composting time. Generally, the nitrogen 
content increased, while carbon content in the compost material 
was reduced as composting proceeded, resulting in a 
corresponding reduction in the C/N ratio. It is noted that the error 
bar for nitrogen content was high and sudden increase of carbon 
content at the end of the experiment had affected the evaluation 
for C/N profiles. The high errors could be due to the unevenness 
of EFB composts mixed with POME. The whole heap of 30 tonnes 
might have not degraded as evenly for a 200 g sampling for 
analysis. This alerts that the harvest process might need to 
separate the incomplete degraded compost. 

Fig. 5a-c illustrates the microbial counts of bacteria, fungi and 
cellulolytic microbes in the three heaps during composting trial. 
The composts had microbe population indices that were quite 
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Figure 1. Temperature profile of EFB 
heaps in composting test. 
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Figure 2. Moisture profile of EFB heaps 
in composting test. 
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Figure 3. pH profile of EFB heaps in 
composting test. 



     774 Journal of Food, Agriculture & Environment, Vol.10 (2), April  2012 

similar, but still some counts were different without a traceable 
reason. For example, Lab1 had mesophilic bacteria count >1013 
CFU/g, but this condition was not found in heap Lab2 or control 
and no specific reason could be explained. The mesophilic and 
thermophilic bacteria showed the largest population in the 
composts in this study. This observation agrees with Ryckeboer 
et al. 14 who noted that the bacteria population is at least 108 to 
1013 CFU/g in composts. These bacteria might be responsible for 
biodegradation and the physicochemical changes of cellulosic 
plant material in EFB composts. Similar result is shown in Hachicha 
et al. 9. 

Likewise, with the cellulolytic microbes, the population count 
of mesophilic and thermophilic cellulolytic microbes were also 
similar in all the heaps. The cellulolytic microbes enumeration 
verifies the amount of microbes that were active in the degradation 
of cellulose or lignin 6. In general, the insignificant different 
cellulolytic microbe population indices in inoculated and non- 
inoculated composts decreased with compost maturity 6. This 
suggests that the control had cellulolytic microbes that were able 
to grow as equally well as in inoculated composts. The mesophilic 
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Note: the fresh EFB for composting in this trial 

had a C/N ratio of 53.74. 
Figure 4. Comparing the evolution of (a) 
C/N ratios, (b) carbon content and (c) 
nitrogen content of inoculated composts and 
control during composting. 
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Figure 5. Microorganism population 
count for composting (a) Lab1 (b) Lab2 
(c) control heaps. T means thermophilic, 
M means mesophilic, B means bacteria, 
and F means fungi, C means cellulolytic 
microbes. 

and thermophilic fungi populations were  lowest 
when compared to other microbes and maintained 
at about 106 CFU/g. Turning frequency also did 
not affect the population of microbes in Lab1 and 
Lab2, which had almost a similar pattern of fungi 
and bacteria counts. 

Close observation of the compost heaps during 
composting includes growth of molds in the form 
of mushrooms, or mycelium in yellow or pink in 
fresh composts. The organism disappeared after 
14 days of composting. This could suggest that 
the easily degradable nutrient was used up. 
However, the high temperature and microbes 
count of the composts were indications that the 
composts were still in degradation process but 
under the influence of a different type of microbes. 
The colour of composts turned dark brown in 
one week. It was obvious that the composts 
reduced their volume during composting. The 
earthy smell of composts became noticeable after 
35 days of composting. All composts maintained 
fibrous textures but softer compared to fresh EFB. 
The final composts of Lab1 and Lab2 were more 
fragile than the control. 

Conclusions 
In the demand of limited composting time, this 
industrial scale case study has used a starter 
culture to accelerate the co-composting waste of 
palm oil mills. The finding was that the 
composting rates in term of decreasing C/N ratio 
of cultured composts were achieved despite 
detailed microbial population studies did not 
show a specific trend. The turning frequency for 
daily or once in two days did not give significant 
effect in decreasing the rate of C/N and moisture 
loss of both inoculated composts. The final 
composts had a darker and softer structure than 
the raw fibre. The control compost had lower 

quality in terms of its high C/N and moisture content. The 
indication of composting acceleration at an industrial scale could 
be researched further under a more stringent control of heap and 
composting environments for more prominent results. 
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