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This research work deals with the production of vermicompost from empty fruit 
bunch (EFB) blended with cow dung using an epigeic earthworm Eudrilus eugeniae. 
The vermicomposting was carried out in a humid environment with moisture content 
ranging between 70% to 80% and a pH between 6 to 8. Natural zeolite, such as 
Clinoptilolite and Charcoal was mixed with vermicompost at different ratios and prior 
to being pelletized. The highest cation exchange capacity (CEC) was observed at 10% 
of zeolite (Z2) and 20% of charcoal (C4). The proportion of 10% zeolite in the 
mixture resulted in the highest Cu reduction by 44% and manganese by 60% and in 
addition, the 15% charcoal caused the highest reduction of iron (Fe) by 32%. A 
significant decrease in carbon to nitrogen C/ N ratio and an overall increase in total 
nitrogen, total available phosporous and total potassium were also recorded.  
KEYWORDS :  Zeolite, charcoal, vermicompost, cow dung, earthworm. 
 
Introduction 

Oil palm cultivation had its origin in the tropical rain forest region of West 
Africa particularly the Guinea coast of West Africa which subsequently spread to 
other parts and later to South East Asia & Latin America. But it is South East Asia, 
where oil palm cultivation took the centre stage. The first commercial planting in 
Malaysia began in 1917 at Tennamaram estate in Kuala Selangor followed by the 
rapid growth of the Malaysian Palm Oil Industry making it one of the most 
outstanding agricultural achievements in the world. The most significant increase in 
palm oil production per annum took place during the past seven years in Malaysia at 
8.5% and Indonesia at 16.9% which together account for more than 80% of world 
production (MPOB, 2002). Besides the oil, there are also huge amounts of oil palm 
biomass such as oil palm shells, mesocarp fibre and empty fruit bunches (EFB, from 
the mills), oil palm fronds (during harvest of fresh fruit bunches, FFB), and both 
fronds and oil palm trunks (from the field during replanting), being generated by the 
industry (Astimar et al., 2011). Composting and converting the oil palm biomass 
especially EFB into bio-fertilizer has been one of the options taken by the industry in 
managing the wastes. 
                                                                                                                                                                                                                                                        
 Composting of EFB using cow dung could substantially help to reduce the 
emission of methane, carbon dioxide and foul smell from anaerobic waste ponds of 
the oil palm mills (Yahya et al., 2010). However, due to the presence of toxic 
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compounds such as heavy metals (Mosquera-Losada et al., 2010), applications of 
compost to agricultural land are limited. Environmental legislation limits the 
concentration of heavy metals (Fe, Mn, Zn, Cu, Pb etc) for use in agriculture (CEC, 
1986), requiring the removal of heavy metals. If after the composting process, the 
concentration of heavy metals in the substrates is still above the prescribed limits 
(Smith, 2009), the compost cannot be applied to the soil.  
 

A sustainable approach to handle this will be to convert it to a useful 
recyclable product at site by an eco-friendly and economical method. 
Vermicomposting is a decomposition process involving interactions between 
earthworms and microorganisms and it is an economical, viable and sustainable 
option for oil palm wastes management. From the previous study, it was found to be a 
good quality fertilizer (N 0.43%, P 0.025%, and K 0.069%) easy to produce in a 
limited (Nahrul Hayawin et al., 2010). Vermicomposting of oil palm wastes (EFB and 
POME sludge) using Eudrilus Eugeniae and Eisenia Fetida has been identified as one 
of the sustainable options in managing the wastes (Nahrul Hayawin et al., 2010 ; 
Nahrul Hayawin et al., 2011a, Nahrul Hayawin et al., 2012). A technology in 
vermicomposting the oil palm biomass with Eisenia Fetida in small industry scale has 
also been introduced (Nahrul Hayawin et al., 2011b).  
 

The addition of zeolites (clinoptilolite) and charcoal into substrates may 
provide several benefits during the vermicomposting process. Zeolites are hydrated 
crystalline aluminosilicate minerals that occur as three-dimensional frameworks of 
SiO4 and AlO4 tetrahedra. Zeolites have many industrial and environmental 
applications, and have been used in adsorption and ion exchange processes. The 
porous property of zeolite’s micro-structure allows it to adsorb a variety of elements, 
and the diametrically located input channels allow it to act as a molecular sieve 
(Mumpton, 1999). Natural zeolites have been shown to effectively remove lead, 
cadmium, thorium, zinc, manganese and ammonia from polluted effluents (Alvarez-
Ayuso et al., 2003; Erdem et al., 2004; Ghaly and Verma, 2008). Previous studies 
have shown that the addition of natural zeolites to solid materials such as sewage 
sludge or compost leads to a significant reduction in the concentration of heavy 
metals (Kosobucki et al., 2008; Sprynskyy, 2009; Turan, 2008). Charcoal is found in 
water, soil, and sediment where it may act as a sorbent of organic pollutants because 
of its porous structure and large internal surface area (Braida et al., 2003; Chingombe 
et al., 2006; Tan et al., 2008). The presence of charcoal can have a profound impact 
on the adsorption capacity and desorption kinetics of pesticides in soil. In addition, 
charcoal has the function of improving the soil aeration, maintaining its fertility, 
adjusting the pH value, and the supply of some microelements to promote the growth 
of crop roots when it is used as soil additive (Modabber et al., 2008).  
  

In this context the aim of this work is to assess the effect of natural zeolite and 
charcoal in the phytonutrients of the vermicomposting product with cow dung by 
varying the concentrations of zeolite and charcoal added to the vermicompost, and its 
impact on the reduction of heavy metals.  
 
Materials and Methods 

The fibre sample from the empty fruit bunch (EFB) was shredded and refined 
into loose fibrous material by using a thermo mechanical refiner (Andritz) at the 
MPOB pilot plant. The EFB fibre was collected from the Sri Langat Palm Oil Mill, 
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Dengkil, in Malaysia. The earthworm species Eudrilus eugeniae the African 
Nightcrawler was obtained from a local worm breeder in Malaysia. The breeding 
stock was maintained at a temperature of 25 ± 1°C, and only matured clitellate 
earthworms were used for this investigation. The natural zeolite, clinoptilolite (size 
0.16 to 2) was supplied by Company Dandelvest, Semenyih, Negeri Sembilan and 
charcoal from Malaysian Palm Oil Board, Bangi, in Malaysia and analyzed for 
chemical composition (Table 1). Fresh cow dung was collected from a well-stocked 
live stocked farm situated at Semenyih, Negeri Sembilan, Malaysia. 
 

In a small-scale experiment, vermicomposting was carried out in five 1-m3 

racks of a three-tier wooden vermireactor containing a stable and very active 
population of the African Nightcrawler earthworm Eudrilus eugeniae.. Each tier of 
the vermireactor holds a maximum of 75 kg of feed mixture with 2 kg of the 
earthworm. The substrates were prepared by using oil palm waste (EFB) blended with 
animal waste (cow dung) in different ratios, and the same setup without earthworms 
was also maintained as a placebo. Composting and the subsequent vermicomposting 
were carried out by first composting the substrates with specially selected active 
microbes for 20 days to soften and reduce the time required for composting to less 
than 3 months. Vermicomposting was then carried out in the 1-m3 vermireactor racks 
for 30 days. The moisture content of the feed mixture was maintained at 75-80% by 
watering them twice a week and maintaining a pH between 6 - 8. Samples were 
collected from the top layer of the vermireactor rack (after 30 days of 
vermicomposting) once the feed mixture had been processed by the earthworms. In 
order to observe the effect of the zeolite and charcoal and how the metal content of 
the final products varied, a range of 0-20% clinoptilolite and charcoal was applied to 
the feed mixture (Table 2).  

 
Total organic carbon was estimated using the standard dichromate oxidation 

method of Nelson and Sommers (1982); digital multimeter CX-732 (Elmetron, 
Zabrze, PL) was used for measurements of pH with the electrode pH ROSS SURE® – 
FLOWTM Orion (Beverly, USA); total Kjeldahl nitrogen (TKN) and total phosphorus 
(TP) determined by the spectrophtometric method using SQ 118 Merck (Darmstadt, 
Germany); C/N ratio was calculated from the measured values of C and N; chromium 
and lead concentrations were determined by flame atomic absorption spectroscopy 
(FAAS) using an AAnalyst 800 Perkin–Elmer (Shelton, USA) and potassium 
determined with the atomic emission spectroscopy Philips PU9100X (Cambridge, 
UK).  

 
The results are means of three replicates and expressed on an oven-dry basis 

(about 24h at 105ºC). The significance of treatment effects were tested by one-way 
analysis of variance. The statistical significance in this analysis was defined at 
P<0.05. 
 
Results and Discussion 

The initial nutrient chemical composition of compost and vermicompost 
produced from empty fruit bunch (EFB) in combination with cow dung are 
summarized in Table 3. An initial C/N ratio for compost was 36.23, while for 
vermicomposter was 21.79. The C/N ratio in worm-inoculated unit was lower than 
worml-free unit. The C/N ratio is important because plants cannot assimilate mineral 
nitrogen unless this ratio is in the order of 20:1 or less (Edwards and Bohlen, 1996). 
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The loss of carbon as carbon dioxide in the process of respiration and production of 
nitrogenous excreta enhance the level of nitrogen, which lower the C/N ratio 
(Senapati et al., 1980). The initial total nitrogen (TN) and total phosphorus (TP) of 
feed mixture in vermicomposter at 1.77% and 1.31%, show higher nutrients than in 
the compost. Nitrogen enrichment pattern and mineralization activities mainly depend 
upon the total amount of N in the initial waste material (e.g., sludge) and on the 
earthworm activity in the waste decomposition sub-system (Kale, 1998; Suthar, 
2007). Meanwhile, during vermicomposting the release of available P content from 
organic waste is performed partly by earthworm gut phosphatases, and further release 
of P might be attributed to the P-solubilizing microorganisms present in worm casts 
(Suthar, 2008). The difference between composted and vermicomposted material was 
significant (t-test: P <0.01, for all treatments). The TK content in compost was higher 
than in vermicompost (Table 3). Our data is supported by Orozco et al. (1996) who 
reported a decrease in TK in coffee pulp and by Elvira et al. (1998) in paper pulp mill 
sludge during vermicomposting. This decrease may be due to leaching of soluble 
elements by excess water.  
  

In Table 3, the heavy metal content (Cu, Fe, Zn and Mn) in the compost and 
vermicompost feeds has been reported. The increasing presence of heavy metals in 
organic waste, which may accumulate in earthworms, could pose a problem if worm 
fecundity is a consideration (Flechenstein and Graff, 1983). The heavy metals’ (Cu, 
Zn and Mn) content was higher in the vermicompost than the compost feeds. The 
concentration of copper (Cu) in compost was statistically significant with 
vermicompost. The concentration of iron (Fe) in compost had statistically significant 
differences with vermicompost. The Fe content in compost was higher than in 
vermicompost. The concentration of zinc (Zn) in compost was statistically significant 
with vermicompost. The concentration of manganese (Mn) in compost was 
statistically significant with vermicompost. Our results are supported by Elvira et al. 
(1998). They have reported an increase in heavy metal content in the vermicompost of 
paper-pulp mill sludge. The observed difference for tissues metal contents could be 
related to the feeding or feeding rate or/ and amount of metals in ingesting materials 
by inoculated earthworms. Some earlier studies have revealed that earthworm can 
accumulate a considerable amount of metals in their tissues if reared for long periods 
in contaminated soil/substrates (Lukkari et al., 2006; Suthar et al., 2008). 

 
The cation exchange capacity (CEC) composition of zeolite and charcoal 

samples are shown in Table 4. Initial CEC for vermicompost without zeolite and 
charcoal addition was 7.32 meq/g lower than zeolite and charcoal addition (Table 4). 
Highest values of CEC are shown to be in zeolite composition rather than charcoal 
composition. Z2 shown highest CEC value which is 48.25 meq/g and highest value in 
charcoal is 20.11 meq/g for C4. This value represents the amount of exchangeable 
cations, which are considered to be Na+, K+, Ca2+ and Mg2+. Highest CEC will give 
highest negative charge, meaning that more cations can be hold by a soil. The 
negative surface charge of organic materials provides sites for retention of nutrient 
cations (Edwards and Arancon, 2004). 

 
At the end of the vermicomposting process, the physical and chemical 

characteristics of empty fruit bunch (EFB) composts untreated and treated with 
natural zeolite and charcoal are presented in Table 5. As seen in Table 5, 
vermicompost with natural zeolite in Z2 high contents of total nitrogen (N), total 
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phosporus (P), total potassium (K), and reduced the C/N. Physico-chemical changes 
in vermicompost with zeolite was high compared to vermicompost with charcoal 
(Table 5). C3 shows highest content of total nitrogen (TN), total phosphorus (TP), 
organic matter and lowest C/N compared to others ratio. The organic matter (OM) 
content of the zeolite mixture was high, reaching a value of ~48% towards 30 day 
meanwhile ~52% for charcoal addition, thus indicating the occurrence of extensive 
mineralization. The drift of C/N as a function of time was an important index used for 
the assessment of the efficiency of the vermicomposting process and compost 
maturity. The decline observed for the C/N ratio in the Z2 and C3 to a final value of 
17.46±2.54 and 19.55±2.52 in the 30 day vermicompost indicated higher 
decomposition and the attainment of a suitable degree of organic matter stabilization. 
Results shows that there are statistically significant differences in the vermicompost 
obtained by using natural zeolite and charcoal which improved vermicompost quality 
and set optimum conditions for vermicompost production from empty fruit bunch 
(EFB) mixed with cow dung.  
  Heavy metals in small amounts may be essential for plant growth; however, in 
higher concentrations they are likely to have detrimental effects upon plant growth. 
So, prior to vermicompost application to the soils, there is a need to determine the 
heavy metal concentrations in the final vermicomposts. Fig. 1 and Fig. 2 shows the 
efficacy of metal reduction by the zeolite and charcoal at the end of each experiment, 
which was calculated by percentage deduction in the concentration of the metal at the 
end of each experiment to that of the initial metal. The results indicated that the 
zeolites of Z2 reduced 44% of the Cu, 24% of Fe, 37% of Zn and 60% of Mn in 
vermicomposting compared to other ratios which were lower than this. These zeolite 
reduction results were compared to the charcoal reduction in vermicomposting 
showed that lowest reduction of charcoal in C3, reduced 19% Cu, 32% Fe, 51% Zn 
and 29% Mn (Fig. 2). The retention capacity of the zeolites depends on the operating 
conditions and the characteristics of the sludge. For instance, zeolites can remove a 
variety of different metals from bound and exchangeable and carbonate fractions, 
while a significant amount of metal remains in more resistant fractions (Manios and 
Stentiford, 1997; Sims and Kline, 1991; Zorpas et al., 2000). Zorpas et al. (2008) 
confirmed these results and reported that clinoptilolite had the ability to take up 
metals associated with the mobile forms such as the exchangeable and the carbonate 
fractions. 
 
Conclusion 

The experiments demonstrated that vermicomposting can be a challenging 
alternate technology for the management of oil palm wastes mixed with cow dung. In 
the present study, the vermicomposting of EFB blended with cow dung resulted in the 
conversion of a waste into value added product, i.e. vermicompost. Highest cation 
exchange capacity (CEC) has been shown in 10% of zeolite (Z2) and 20% of charcoal 
(C4). It was found that the total nitrogen (TN), total phosphorus (TP), total potassium 
(TK) and reduction of C/N ratio in the end vermicompost were significant at the 
amount of 10% natural zeolite and 15% charcoal, respectively.  Natural zeolite and 
charcoal takes up a significant amount of heavy metals. All ratios of zeolites and 
charcoals removed Cu, Fe and significant amount of Zn and Mn. 10% zeolite and 
15% charcoal displayed the greatest reduction efficiencies of metals.   
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Table 1 
Physicochemical properties of clinoptilolite, charcoal and analysis methods 

 
Parameters 

and elements 
Clinoptilolite Charcoal Methods 

Moisture, (%) 1.50 ± 0.05 24.27± 1.20 Drying in 378 K 
pH, (H2O) 5.05 ± 0.08 5.29 ± 0.57 Potentiometric 
TOC, (%) 0.00 18.95 ± 2.00 TOC analyzer 
TKN, (%) 19.10 ± 0.05 0.14 ± 0.04 UV-vis 
TP, (%) 0.206 ± 0.02 5.0 ± 1.30 UV-vis 

C/N - 10 - 
Ca (CaO), (%) 1.55 ± 0.09 0.67 ± 0.02 Titration 

Mg (MgO), (%) 1.47 ± 0.05 0.11 ± 0.03 Titration 
K (K2O), (%) 2.51 ± 0.14 35 ± 5.20 FAES 
Cu (mg/kg) - 0.167 ± 0.10 FAAS 

 
Table 2 
                   Mixture compositions of zeolite and charcoal in vermicompost. 

Sample Zeolite, Z (%)* Charcoal, C (%)* Vermicompost (%) 
(EFB + cow dung) 

(1:1) 
Z0, C0 0 0 100 
Z1, C1 5 5 95 
Z2, C2 10 10 90 
Z3, C3 15 15 85 
Z4, C4 20 20 80 

* Z = zeolite 
* C = charcoal. 
 
Table 3 
 Initial nutrient chemical composition of compost and vermicompost produced from 
empty fruit bunch (EFB) combined with cow dung (feed mixture) (mean ± SE, n=3). 
Sources 

of 
nutrient

s 
 

C/N 
 

TN 
(%) 

TP 
(%) 

TK 
(%) 

Cu 
(mg/kg) 

Fe 
(mg/kg

) 

Zn 
(mg/kg

) 

Mn 
(mg/kg) 

EFB + 
cow 
dung 
(1:1) 

 

36.23
±1.5a 

 
21.79
±1.3b 

1.31± 
0.2a 

 
1.77± 
0.3b 

 

0.15± 
0.1a 

 
0.25± 
0.1b 

0.57± 
0.01a 

 
0.33± 
0.01b 

13.0± 
1.0a 

 
15.7± 
1.1b 

3433.3
±306.4

a 
 

3200.5
±70.4b 

65.7± 
4.0a 

 
81.2± 
4.4b 

220.4± 
28.6a 

 
380.7± 
14.6b 

a compost 
b vermicompost 
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Table 4 
 Cation Exchange Capacity (CEC) of Zeolite and Charcoal Placed in 
Vermicomposting at Different Ratio 
 

Samples CEC (meq/g) 
Z0a, C0b  7.32 
Z1a, C1b 40.24a, 3.32b 
Z2a, C2b 48.25a, 14.70b 
Z3a, C3b 44.24a, 19.39b  
Z4a, C4b 42.03a, 20.11b 

a = zeolite 
b = charcoal 
 
Table 5 
Vermicompost characteristics in the final vermicompost (mean ± SE, n=3) 
 Z0,C0 Z1a,C1b Z2a,C2b Z3a,C3b Z4a,C4b 
P (%) 0.12± 0.01 0.393±0.01a 

0.143±0.01b 
0.537±0.02a 
0.139±0.01b 

0.432±0.01a 
0.155±0.01b 

0.303±0.01a 
0.147±0.01b 

K (%) 0.23±0.01 1.02±0.02a 
0.38±0.01b 

1.09±0.03a 
0.51±0.01b 

0.94±0.04a 
0.38±0.01b 

0.56±0.01a 
0.40±0.01b  

N (%) 0.53±0.01  1.19±0.02a 
0.86±0.01b 

1.26±0.04a 
0.77±0.01b  

1.23±0.50a 
0.93±0.02b 

0.98±0.20a 
0.67±0.60b 

C/N 21.79±1.20 18.53±2.52a 
20.28±6.20b 

17.46±2.54a 
20.15±3.00b 

17.96±4.63a 
19.55±2.52b 

21.00±5.30a 
21.88±4.56b 

Organic 
matter 

40.01±0.60 47.80±1.25a 
31.89±3.20b 

44.94±2.58a 
40.04±4.32b 

44.16±4.21a 
51.67±1.86b 

36.21±2.70a 
40.12±3.28b 

a = zeolite 
b = charcoal 
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Fig. 1. % heavy metals reduction in the final vermicompost with zeolite  
(mean ± SE, n=3) 

 
 
 

Fig. 2. % heavy metals reduction in the final vermicompost with charcoal  
( mean ±  SE, n=3 ) 

 
 


