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Abstract Several technologies are being applied for

treatment of palm oil mill wastes. Among them, the bio-

logical treatments (vermicomposting) have widely been

recognized as one of the most efficient and eco-friendly

methods for converting organic waste materials into valu-

able products. The present study focuses on vermicom-

posting of acidic palm oil mill effluent (POME) mixed with

the palm pressed fibre (PPF) which are found difficult to

decompose in the environment. The industrial waste

(POME) was vermicomposted using Lumbricus rubellus

under laboratory conditions for a period of 45 days. A

significant improvement in nitrogen, phosphorus, and

potassium content was monitored during vermicomposting

process. In addition, the decline in C:N ratio of vermi-

compost (up to 17.20 ± 0.60) reflects the degree of stabi-

lization of POME–PPF mixture. Different percentages of

the vermicompost extract obtained from POME–PPF

mixture were also examined for the germination of mung

bean (Vigna radiata) seed. The results showed that 75%

vermicompost extract demonstrated better performance for

the seed germination. On the basis of significant findings,

POME–PPF mixture can be successfully used as a feeding

material for the earthworms, while on the other hand, it can

also be used as a cost-effective fertilizer for the germina-

tion and the proper growth of mung bean.
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Introduction

The production of crude palm oil in Malaysia has increased

and reached approximately 40% in improvement as com-

pared to the past decade (4.0 million tonnes in 2004 and

standing at a peak value of 19.2 million tonnes by 2013

(MPOB 2014). As per the global index, more than one-third

of vegetable oil production is achieved by the processing of

oil palm fruit together with other wastes including palm oil

mill effluent (POME), empty fruit bunches (EFB), palm

pressed fibre (PPF), as well as palm kernel shell (PKS)

(Madaki and Seng 2013). In addition to it, disposal of these

wastes without any proper treatment causes harmful impacts

to the environment (Hansen et al. 2012). It is also found that

POME contains high organic content (80,000 mg/L COD)

(Abdurahman et al. 2011) along with water soluble and

suspendedmaterials (palm fibre and oil residues). Before the

implementation of stringent environmental protection cri-

teria (in the past 1960), POME either partially treated or as a

raw material was directly discharged into the water bodies

(Okwute and Isu 2007) which resulted in the devastating of

eutrophication. For the treatment of POME, anaerobic and

facultative treatment process in open lagoons was also

introduced in the 1970s. The research of Lam and Lee

(2011), however, proved how this treatment caused the

emissions of greenhouse gases (e.g., CH4, NO2, etc.). To
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minimize the adverse effect, these residues can be recycled

using biological treatment (Hansen et al. 2012). Therefore,

attention has been paid to recycle as well as utilize the

organic content of POME residues using biological pro-

cesses (composting of palm oil mill waste) (Salètes et al.

2004; Baharuddin et al. 2010). Thus, in the process of

composting, the organic wastes are transformed into a more

stable material by the successive activities of different

microbes which are effectively used in agriculture. To

achieve higher productivity, a rapid composting system is

required. Therefore, a co-composting method was proposed

by the composting of lignocellulosic solidwastesmixedwith

POME for the time duration of 60–90 days (Baharaddin et al.

2009; Yahya et al. 2010; Krishnan et al. 2016). The com-

posting of palm oil waste suffered from some drawbacks

including long-time duration, regular requirement of aera-

tion, and loss of nutrients (nitrogen off-gassing). To remove

all the drawbacks associated with the traditional composting

process, themanagement of POMEwas carried out using one

of the green techniques of vermicomposting which is widely

recognized as one of the most efficient eco-friendly methods

for converting organic waste materials to valuable products

(Mathur et al. 2006). Vermicomposting is a commercial and

rapid biological waste treatment technology, which enhan-

ces the nutrient stabilization through a non-thermophilic

process (Molina et al. 2013). In this process, organic waste

material is simply digested biologically and converted into

earth-like, soil-building substances (Edwards and Bohlen

1996). However, the low pH of substrate makes the vermi-

composting process unsuitable for the growth of epigeic

earthworms. Consecutively to utilize POME by vermicom-

posting, a bulking material is mixed with POME. Palm

pressed fibre (PPF) was chosen as bulking material to utilize

another oil palm industry samewaste. On the other hand, PPF

has good soil conditioner efficiency and it could be used as an

animal feed. Macci et al. (2009) reported vermicomposting

of lingocellulosic material; PPF mixed with acidic olive oil

to produce a suitable environment for earthworm growth. Up

to date, no work related to the recycle of acidic POMEmixed

with PPF was carried out using the vermicomposting pro-

cess. Hence, the present work deals with the management of

the POME–PPF mixture using vermicomposting and its

environmental application as a green fertilizer for the eval-

uation of earthworm growth.

Materials and methods

Materials

Fresh POME and PPF were obtained from the MALPOM

industry Sdn. Bhd, Nibong Tebal, Malaysia. Different age

groups of earthworms belonging to L. rubellus species

were obtained from a vermiculture unit in Penang,

Malaysia. The stock culture of the earthworm was main-

tained in plastic containers using partially decomposed

mixture of bio-waste as a growth medium under laboratory

conditions (26 ± 2 �C) for further use during the vermi-

composting. In the present study, a slight modification in

vermireactor was made as compared to reported vermire-

actor (Gajalakshmi et al. 2005; Jain et al. 2003), in which

pebbles were used as a bedding material in place of cloth to

facilitate good drainage.

Design of experiment for vermicomposting using

POME–PPF mixture (1:1 ratio)

The POME–PPF mixture and earthworms were placed in a

plastic container (24 9 24 9 24 cm) over the pebble layer.

A fixed amount of feed material, POME–PPF mixture

(1.0 kg each fresh POME and PPF in 1:1 ratio on the basis

of wet weight), was introduced at the beginning of exper-

iment and the mixture was pre-composted for 15 days to

improve its palatable quality for the earthworms (Deka

et al. 2011a; Sangwan et al. 2008). Each experiment runs in

triplicate with three vermireactors as well as three control

reactors (without earthworms). After 15 days, a fixed

number of earthworms (20 earthworms, each contain

5.03 g weight) were individually introduced in each reactor

(Adi and Noor 2009). Thereafter, all vermireactors were

kept under the laboratory condition and daily sprinkled

with water to keep the mixture moist (26 ± 2 �C). Each
experiment was terminated at the end of 45 days (30 days

of vermicomposting). After 45 days, the earthworms were

separated by hand-sorting method from each container, and

washed with tap water to remove any adhering material

from their body which was subsequently counted and

weighed. The weighed earthworms were returned to their

respective reactors. A fixed amount (50 g) of homogenized

vermicompost sample (free from earthworms, hatchlings,

and cocoons) was collected from each reactor at every

interval of 10 days. The samples were oven dried (100 �C),
ground, and stored in labelled plastic bags for further

analysis using recommended standard methods. The tem-

perature of compost was then monitored using thermome-

ter following the APHA (1992) method. The pH of

vermicompost determined using a doubled distilled water

suspension in the ratio of 1:10 (v/w) by pH meter. The

amount of total organic carbon (TOC) and total nitrogen

(N) were measured by CHN analyser (Shimadzu Model

2400; Benner et al. 1992), while the total phosphorus

(P) content was analysed using ammonium molybdate

method (Bansal and Kapoor 2000). The total amount of

potassium (K) was determined after digesting the sample in

a tri-acids mixture (HNO3 ? H2SO4 ? HClO4) by flame

photometer (Simard 1993). The statistical methods;
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ANOVA and Post-hoc Tukey’s test were later employed at

the significant level of 5% (P\ 0.05) using PSAW sta-

tistical software (version 18).

The effect of vermicompost extract on plant growth

The study was performed using POME–PPF vermicompost

extracts. The experiments were carried out in sterilized

petri dishes (10 cm diameter) lined with Whatman Number

4 filter paper at ambient laboratory temperature (Ogun-

wenmo 2010). To obtain vermicompost extract, a fixed

mass of (50 g) vermicompost obtained from the mixture (at

day 45) was soaked in 100 mL distilled water for 24 h. The

resulting extract was filtered through a Whatman No. 4

filter paper and it was used as 100% vermicompost extract

(Zaller 2006). Diluted extracts (25, 50, and 75%) were

prepared by mixing 100% vermicompost extract with dis-

tilled water in appropriate proportions (v/v). In 0% sample,

only the distilled water was used which acted as a blank or

control in the experiment. Thus, the extracts were used to

evaluate germination of 15 seeds of Mung bean (Vigna

radiate) in each petri dish. The root and shoot length of

Mung bean were recorded at every interval of 24 h (Dha-

nam 2009).

Results and discussion

Physico-chemical properties of POME–PPF

Fresh POME showed acidic nature (pH 3.9) with 95%

moisture, whereas PPF has 20% moisture and covers a pH

value of 5.9. The mixing of POME with PPF increases the

pH of POME–PPF mixture and thus making it a suit-

able feed for the growth of earthworm. In addition, owing

to the high cellulose (21.3%), hemicellulose (31.9%), and

lignin (26.9%) content of PPF, it acts as a suitable bulking

agent in the vermicomposting process (Lim et al. 2009).

The POME also contains nutrients in the form of N (23%),

P (1.3%), and K (2%) which make it a suitable condition

for the earthworm growth (Rupani et al. 2010). The

chemical properties of POME were also found similar to

that of olive oil mill wastewater which contains an enor-

mous amount of organic matter (N = 0.15%, P = 0.089%,

K = 0.52%). The olive oil wastewater, in this sense, was

successfully used for the vermicomposting process (Macci

et al. 2009; Mekki et al. 2013).

The effect of pH

The alteration of pH in control and vermicompost mixture

of POME–PPF (1:1 ratio) during 45 days of vermicom-

posting is shown in Fig. 1. Herein, the ANOVA followed

by Tukey’s test did not show any significant difference

between 25th and 45th day in control, while other days

showed a significant difference. However, except 25th,

35th, and 45th day, no significant difference was observed

in vermicompost reactor. Moreover, Student’s t test

between the control and vermicompost of POME–PPF

mixture was performed. The results of Student’s t test

confirmed that pH did not change significantly from day 0

up to 15 at 5% level, while it showed significant differ-

ences between control and vermicompost in 25th, 35th, and

45th days at 0.1% level. The absence of significant dif-

ferences of pH change among 25, 35, and 45 days in ver-

micompost verified the gradual stabilization of the ions. It

may be attributed to the presence of earthworms which

probably stabilizes the mixture. However, the decline in

vermicompost pH after 25 days is found due to the

decomposition of organic matter or production of carbon

dioxide during the vermicomposting (Suthar 2009; Yadav

et al. 2010).

Determination of chemical parameters in control

and vermicompost mixture during 45 days (1:1

POME–PPF)

The chemical parameters, namely total organic carbon

(TOC), total nitrogen (N), total phosphorus (P), and total

potassium (K), which can also be used as the essential

elements in plant nutrition, were studied to observe the

chemical changes during vermicomposting process. The

percentage of TOC in control and vermicompost reactor of

the POME–PPF mixture is shown in Fig. 2a. The obtained

results indicate that no changes in the TOC were observed

up to 15 days of pre-composting. However, the percentage

of TOC was simultaneously decreased at the end of the

vermicomposting process. Reduction in TOC might be due

to the activity of earthworms in the vermireactors as well as

stimulation of microbial metabolism in the gut of

Fig. 1 Changes in pH during the vermicomposting process of 1:1

ratio of POME–PPF (different letters in each treatment show

significant differences at P\ 0.05). Day 15 is the time of introducing

the earthworm
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earthworms that causes mineralization and transformation

of complex carbon compounds into the simplest form.

Figure 2b explains the percentage of N in control and

vermicompost reactor, which indicates that the total

nitrogen content significantly increased (P\ 0.05) in both

control and vermicompost till the end of vermicomposting

process. The amount of nitrogen (1.76 ± 0.07) in vermi-

compost was found higher than the control one

(1.32 ± 1.39). The enhancement in nitrogen content in

vermicompost could also be accredited to the action of

earthworms which might be due to the incorporation of

mucus and nitrogenous excretory substances from the

earthworms (Tripathi and Bhardwaj 2004; Kaushik and

Garg 2003; Nogales et al. 2008; Macci et al. 2009). The

percentage of phosphorous content in control and vermi-

compost reactor of POME–PPF mixture (1:1) during

45 days is shown in Fig. 2c. The concentration of phos-

phorus significantly increased (P\ 0.05) in both control

and vermicompost. Yadav and Garg (2009) also observed

an enhancement in the phosphorus content in food industry

sludge after vermicomposting. It may be due to the releases

of phosphorus from the gut of earthworm which exists in

the form of an organic matter in the vermicompost (Lee

1992). The percentage of potassium (K) in control and

Fig. 2 Changes in the % of chemical parameters: TOC (a), N (b), P (c), K (d), and C:N (e) in the mixture of POME–PPF (1:1) during the

vermicomposting (different letters in each treatment show significant differences at P\ 0.05). Day 15 is the time of introducing the earthworm
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vermicompost reactor is shown in Fig. 2d. The amount of

K significantly increased in both compost and vermicom-

post. The ANOVA for K content followed by Tukey’s test

during the vermicomposting did not show any significant

difference (P[ 0.05), while it showed a significant dif-

ference on the 45th day. Similar finding was also observed

by Raphael and Velmourougane (2011) who reported the

increment in K content during the vermicomposting of

coffee pulp which might be due to microbial and enzyme

activity in the gut earthworm caused higher mineralization.

The change in C:N ratio of POME–PPF (1:1) in control and

vermicompost reactor during the vermicomposting is

shown in Fig. 2e. Initially, the C:N ratio of the mixture was

34.51 ± 1.25 which decreased to 21.26 ± 1.18 in the

control and 17.20 ± 0.60 in vermicompost, respectively.

Herein, the ANOVA for C:N shows significant difference

(P\ 0.05) in control and vermicompost. The loss of car-

bon in the form of CO2 during respiration and the pro-

duction of mucus as well as nitrogenous excreta enhances

the level of nitrogen, which resulted in lower C:N ratio

(Senapati et al. 1980). Thus, the decline in C:N ratio

indicates the maturity of organic composts. The C:N ratio

below 20 proves an advanced degree of stabilization

(Satisha and Devarajan 2007). Furthermore, the lower C:N

ratio (less than 15) is more preferable for agronomic use of

vermicompost (Morais and Queda 2003). In this experi-

ment, the final C:N ratio was found to be in an accept-

able range (17.20 ± 0.60), which indicates a high degree

of organic matter stabilization and agronomic potentiality.

The present result was also found comparable to the find-

ings of Lim Siong et al. (2009) who reported decline in

C:N during co-composting of oil palm fibre and palm oil

mill effluent.

Environmental applications

As a natural feed for the growth of earthworm

Lumbricus rubellus is found in moist organic substrates;

animal manure, and sewage solids (Elvira et al. 1997).

Usually, animal slurry is cited by Garg and Kaushik

(2005), Aira and Domı́nguez (2008) as the most favourable

material for feeding of earthworms. This material is widely

used as a medium when earthworms are used as an eco-

indicator to investigate environmental or chemical impacts

of different soils (Dominguez and Edwards 1997). Fur-

thermore, by-products from crop harvesting such as vine-

yard waste (Nogales et al. 2005), potato waste (Dominguez

et al. 2001), and fruit and grass clippings (Dominguez et al.

2001) are acceptable feed materials for earthworms.

However, to produce good vermicompost, these materials

should be mixed with other materials which are known to

be worm-favourable feeds before being used for

vermicomposting (Garg and Kaushik 2005; Sangwan et al.

2008). However, there are many other OSW materials

which cannot be directly used as feed for earthworms

because of the presence of some toxic chemicals in their

components (Kaplan et al. 1980). The toxic factors in feed

can be inorganic salts, ammonium, ammonia, alkali, acids,

alcohol, methane gas, etc. (Dominguez and Edwards 2004;

Edwards 2007; Macci et al. 2009). The examples of acidic

substrates are anaerobic digestion wastes (Elvira et al.

1998; Garg and Kaushik 2005; Kuroda et al. 2013),

digested solids of biogas slurry (Garg et al. 2006),

wastewater from olive oil mill industry (Macci et al. 2009),

and effluent from palm oil mill industry. Therefore, organic

waste materials have to be pre-treated before being used as

a feed for earthworms. In this study, the growth of earth-

worm biomass (L. rubellus) was examined using mixture of

POME–PPF during vermicomposting process. The earth-

worms with the initial weight of 5.03 ± 0.26 g were

introduced into the POME–PPF mixture on 15th day of

pre-composting process. The data underline that the

earthworm biomass significantly increased (P\ 0.05) by

the end of the vermicomposting process (Fig. 3a) that

confirms the suitability of the mixture for the growth of

earthworms. The growth rate of earthworm with respect to

time (in days) is shown in Fig. 3b which revealed that

earthworms demonstrate exponential growth from day

35–45 during the vermicomposting of POME–PPF mix-

ture. The increment in the earthworm biomass was also

observed by Deka et al. (2011b) and revealed that earth-

worm growth is an integrated and important aspect of

vermicomposting technique.

As a green fertilizer for the seed germination of mung bean

Apart from the earthworm growth, the study on the seed

germination of mung bean (Vigna radiata) was also

examined using different dilutions (0, 25, 50, 75, and

100%) of the POME–PPF vermicompost extract. The

results of seed germination study showed that in the pres-

ence of different dilutions of vermicompost extracts, the

enhancement in the shoot length was found higher as

compared to the control one (distilled water). The growth

in the length of shoot was achieved due to the existence of

nutrients in the POME–PPF extract (Fig. 4). Among all

dilutions extracts, 75% of the POME–PPF vermicompost

extract demonstrated the highest performance. This con-

firms that 50% mixture of the POME–PPF requires less

dilution to be used for plants. Arancon et al. (2008) suc-

cessfully studied the effect of different concentrations of

vermicompost extract (100, 10, 5, and 1%) on the plant

growth of tomato (Solanum lycopersicum) and lettuce

seeds (Lactuca sativa) with distilled water. The authors

concluded that the seedling growth of tomato and lettuce
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significantly increased (P\ 0.0001) using vermicompost

extract as compared to the control one.

Conclusion

The transformation of POME–PPF mixture into value-

added products (vermicompost and growth of earthworm)

confirmed the utilization of palm industry wastes using

vermicomposting technology. The C:N ratio below 20

reflects a significant degree of stabilization. The results of

seed germination study showed that the lower dilution of

vermicompost extract (75%) finally resulted in the

enhancement of the shoot length of the mung bean plant as

compared to the control one (distilled water). Thus, the

disposal of POME can be effectively carried out in a

controlled way without any chemical treatment as well as

no production of environmental pollutants. The present

study has potential to contribute to the knowledge bank on

residue use in the palm oil industry and it can act as an

incentive for further research towards the use of green,

economic, and simple technique of vermicomposting in the

palm oil industry. On the basis of significant findings, the

vermicomposting extract of POME can be effectively and

eco-friendly used as a green fertilizer.
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