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ABSTRACT

In coir fiber production process from coconut husk,
large amount of coir pith is generally generated. Inefficient
disposal of coir pith is one of the major causes of
environmental problem since coir pith is recalcitrant in
nature. Vermicomposting is an effective way to transform
organic wastes into valuable plant nutrients by interaction
between earthworm and microorganisms. This process not
only accelerates organic waste decomposition but also
improves the quality of final product. Therefore the present
study aimed at evaluating the feasibility of producing
vermicompost using coir pith as principle raw material. The
mature earthworm, Eudrilus eugeniae, was introduced into
a mixture of coir pith and cow manure. During
vermicomposting, earthworm activities in terms of survival
and weight gain, physical and chemical changes of
vermicomposting material were determined. The significant
earthworm mortality (90% mortality) and the worms’
weight loss were found on day 14 of vermicomposting,
whereas pH, electrical conductivity, organic matter, total
carbon and nitrogen values of vermicompost were not
significantly different from those of control. It is possible
that phenolic compounds present in vermicomposting
substrate may play an important role on worms’ mortality
since coir pith containing phenolic concentration (as gallic
acid) at 230 mg/g dry weight led to significantly higher
mortality and weight loss than those containing phenolic
concentration at 150 mg/g dry weight. After one month of
vermicomposting, C/N ratio, total carbon and nitrogen
content of both treatments were not significantly different,
approximately 25, 40% and 1.6%, respectively. The
reproduction of earthworm was not observed in both
treatments throughout 2 months of vermicomposting. The
results suggested that total phenolic compounds in coir pith
may affect the survival and weight gain of earthworm.
Keywords: Coir pith, Vermicomposting, Phenolic
compounds, Earthworm survival

1. INTRODUCTION

Thailand is world’s seventh largest coconut palm
producer with more than 1 million tons of coconut
produced annually (International Trade Center, 2012).
Utilization of the coconuts for edible purposes and oil
extraction generates a large amount of coconut husk which
constitutes about 30% of coconut (Fuangworawong, 2008).
Coconut husk, comprising 50 to 70% of coir pith and 30 to
50% of coir fiber (Prabhu and Thomas, 2002), has been
utilized as a raw material for the production of coir fiber.
All coir fiber has been utilized for mattress manufacturing
while only 20% of coir pith has been used as planting
material, particle board and fertilizer. However, coir pith,
more than 80,000 tons, has been left nearby coir fiber
industry every year (Fuangworawong, 2008) causing
environmental problems, especially ground water pollution
due to contamination of phenol present in leachate of coir
pith during rainy season (Gopal and Gupta, 2001).

Coir pith, a lignocellulosic material, consists of 75 to
156 carbon to nitrogen (C/N) ratio and 30 to 50% lignin, 20
to 40% cellulose and 3 to 15% hemicellulose (Abad et al.,
2002); therefore, coir pith is recalcitrant nature. Previous
works applied composting, a thermophilic bio-oxidation
process which transforms organic waste into stabilized
humus like product through microorganisms activity
(Dominguez et al., 1997), to accelerate coir pith
decomposition. Coir pith was decomposed under different
aeration rate (Fuangworawong, 2008) and low initial
carbon to nitrogen ratio (Tripetchkul el al., 2012);
nonetheless, the degradation of coir pith was still a long
process. Therefore, problems associated with coir pith
composting have to be taken into consideration.

Vermicomposting has been proven to be an effective
way of organic waste treatment and vermicompost has been
known as a good soil conditioner and fertilizer (Ndegwa
and Thompson, 2001). It is a mesophilic bio-oxidation
process of organic wastes by interaction of earthworms and
microorganisms (Saha et al., 2012). Earthworms grind



organic matter prior to ingestion, thus, increasing the
substrates’ surface area exposed to digestive enzymes
produced by microorganisms present in earthworm’s gut
(Owa et al., 2013). In recent years, vermicomposting has
been utilized to manage many types of substrate such as
municipal solid waste, agricultural waste and sewage
sludge (Giraddi, 2008; Ganesh et al., 2009). These results
showed the possibility to convert coir pith into
vermicompost. Objective of this study was to evaluate the
influence of phenolic compounds on coir pith
vermicomposting.

2. EXPERIMENT
2.1 Materials

Materials employed for vermicomposting in this study
were coir pith and cow manure. Coir pith was collected
from coconut processing industry in Thungkru district and
the cow manure was purchased from local pet shop in
Bangkok, Thailand.
2.2 Earthworms

Earthworm, Fudrilus eugeniae, a commonly known as
African night crawler used in this study was purchased
from local worm breeder in Samutsakorn, Thailand. They
were cultured in the plastic trays containing cow manure at
room temperature. Moisture content was maintained at 70-
80% using tap water. Earthworms whose weights range
from 0.3 to 1 g were used for this study.
2.3 Preliminary study

In order to evaluate the feasibility of producing
vermicompost from coir pith, the preliminary study was
conducted using coir pith compost as substrate. The 1
month old coir pith compost, which consisted of coir pith,
cow manure, rice bran and molasses at the ratio of
3:1:1:0.08 was used as substrate. Earthworm density was
25 earthworms per 1.5 kg substrate in 30x20x20 cm plastic
container. Moisture content was maintained at 70-80% for
the whole period of experiment.
2.4 Effect of pre-treatment coir pith on earthworm
survivability

This study was to examine that phenolic compounds
influence survival of earthworm. The experiments were
divided into 2 treatments which are (i) untreated coir pith as
a control and (ii) treated coir pith by soaking with water for
24 hours. Cow manure was mixed separately with untreated
coir pith and treated coir pith in the ratio of 1:1 (by weight).
The 50 earthworms were introduced to 4 kg substrate in
30x20%20 cm plastic container.
2.5 Analytical method

The physical and chemical parameters, namely
temperature, pH, electrical conductivity, total carbon
content and nitrogen content, were analyzed by standard
method (AOAC, 1995) whereas earthworm population was
observed in terms of worm number and worm weight once
a week. Total phenolic content in coir pith was extracted
and determined using Folin-Ciocalteu method (FAO, 2000).

2.6 Statistical analysis

Analysis of variance (ANOVA) and least significant
digit (LSD) were accomplished using Minitab 14 (Minitab
Inc., United States).

3. RESULTS AND DISCUSSION
Table 1 Physical and chemical characteristic of coir pith
and the 1 month old coir pith compost

Characteristics Coir pith Coir pith
compost

pH 6.75+0.03 7.71+0.02

EC (dS/m) 13.8+1.01 0.50+0.00

Organic matter (%) 84.06£1.97 68.88+1.65
Nitrogen (%) 0.81£0.06 1.90+0.17
Phosphorus (%) 0.24+0.003 0.37+0.00
Potassium (%) 0.51+0.003 3.30+0.05

Table 1 provides physical and chemical properties of
both coir pith and composted coir pith. It is evident that
organic matter and nitrogen contents of composted coir pith
were, respectively, 69.0 and 2.0% whereas both pH and
electrical conductivity (EC) were 7.7 and 0.50 dS/m,
respectively.

Table 2 Physical and chemical changes during
vermicomposting process

Physical and Vermicomposting
chemical Day 0 Day 7 Day 14
characteristic
Temperature 28.3+0.0 29.1+0.6 28.1540.1
Moisture 76.00+0.02 78.47+0.01 71.55+0.03
content (%)
pH 7.26+£0.08  6.55+0.12  6.354+0.05
EC (dS/m) 0.40+0.03  0.47+0.04  0.64+0.06
Organic matter  79.57+0.80 77.06+3.29 78.73+£0.96
(%)
Total carbon 44214045 43.45+0.67 43.74+0.54
(%)
Nitrogen (%)  2.18+0.003 2.30+0.088  2.46+0.05
The physical and chemical changes during

vermicomposting of coir pith compost are presented in
Table 2. The temperature of vermicompost pile remained
rather constant, 28 to 29°C, which is accommmodable to
earthworm. Dominguez (2004) reported that E. eugeniae
could survive in the temperature ranging from 10 to 30°C
given that 25°C was considered optimal. The fluctuation of
temperature observed may be caused by changing of the
ambient temperature. Moisture content of vermicompost
pile decreased from 76% initially to 72% towards the end
of experiment. pH at the beginning of vermicomposting
was 7.26 and declined to the final value of approximately
6.35 on the 14™ day of vermicomposting due to the activity
of microorganism and earthworm. The total carbon content
of vermicompost pile slightly decreased while the electrical
conductivity and nitrogen content increased.  Results
indicated that vermicomposting rendered marginally



changes in total carbon whilst could release the nutrient
from substrate.

The initial worm number and average worm weight
were 25 worms and 0.81+0.05 g, respectively. During 14
days of vermicomposting, over 90% of the worms died and
worm weight decreased by 71% of the initial weight. It is
surprising that composted coir pith could not sustain
earthworm survival since both pH and EC of composted
coir pith were nontoxic to earthworms; pH > 4.5
(Dominguez, 2004) and EC < 0.9 dS/m (Dayananda et al.,
2008) given further that the moisture content was also
maintained above 70% which is sufficient for earthworms’
survival (Dominguez, 2004). Results found are in good
agreement with that of Ganesh et al. (2009) who found the
high rate of mortality and weight loss in earthworms during
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vermicomposting of the pre-composted leaf litter of acacia
(Acacia auriculiformis). The authors offered that such high
mortality rate may be responsible by the presence of high
polyphenol and lignin content in substrate, approximately
12.5 and 14.7%, respectively. Israel et al. (2011) reported
that, depending on extraction methods, 4.2-20.0 % of coir
pith were extractable and that the extract contained
significant amount of phenolic compounds such as tannins,
flavonoids and other polyphenols. The difference in
phenolic content of coir pith depended on source of
coconut, the fiber removing method and the stock piling
period of the coir pith (Abad et al., 2002). Therefore, it is
palpable that decrease in the worm number and worm
weight may be caused by some toxic components present
substrate, composted coir pith.
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Fig. 1 Changes of pH (a), electrical conductivity (b), total carbon (c) and nitrogen (d) during vermicomposting of untreated
coir pith (e) and treated coir pith (M)

In order to assess the influence of phenolic compounds
on survival of earthworms during vermicomposting, coir
pith was soaked with water for 24 hrs. It was found that in
subsequent to soaking with water the concentration of
phenolic compounds was 150 mMQ/Qcir pin Which was
approximately half of that of the untreated coir pith (230
MQ/Qeoir pitn). Further, the pre-treatment of coir pith by
soaking reduced one-third of the electrical conductivity of
coir pith, namely, 0.6 dS/m for pre-treated coir pith and 0.9
dS/m for untreated one. It was found further that the initial
pH of untreated and treated coir pith was approximately
7.5-7.6 which was suitable for survival of earthworm and
decreased to the final value of approximately 6.8 on day 30
of vermicomposting. In addition, the total carbon and
content decreased from 45 initially to 38%, while nitrogen

content detected was increased from the initial value of 1.2
to 1.6% at one month of vermicomposting (Fig 1).

The earthworm population of untreated and treated coir
pith was significantly different (p<0.05). The earthworm
number present in the untreated coir pith (high phenolic
content) and treated coir pith (low phenolic content)
vermicompost decreased during the whole period
vermicomposting, 3 weeks (Fig. 2). For untreated
treatment, the number of earthworms declined more rapidly
than that of low phenolic content (pre-treated) treatment.
All of earthworms in high phenolic content treatment died
within 24 days post vermicomposting while, for low
phenolic content treatment, 60% of earthworms survived
until day 60 (the end) of vermicomposting. The average
weight of earthworm in high phenolic content treatment
decreased over time while the average weight of earthworm



in low phenolic content treatment increased sharply from
0.5 to 0.7 g during the first 12 days of vermicomposting,
then declined to 0.5 g on day 18 and remained constant
towards the end of vermicomposting (Fig. 3). It is
suggested that mortality of earthworms maybe cause by an
inability to acclimatize to new environment during transfer
and rearing (Huang et al., 2014). Further, Kasurinen et al.
(2007) reported when juvenile earthworm (Lumbricus
terrestris) fed on leaf litter containing high phenolic
compound concentration a decline in relative growth rates
was observed. Additionally, Sabrina et al. (2012)
investigated the influence of phenolic compounds present
in oil palm empty fruit bunch (10% phenolic compounds as
gallic acid) on survivability of earthworms, Pontoscolex
corethrurus and Amynthas rodoricensis, native to oil palm
plantation and reported that in subsequent to the
introduction of substrate, significant earthworm mortality
(20%) was observed. Results found in this study suggested
that phenolic compounds present in coir pith are toxic to
earthworms as evidence by the fact that vermicomposting
of coir pith under low phenolic content led to higher
percentage of survival of earthworms in comparison with
that of high phenolic content. It has been reported that
tannins, one of phenolic compounds present in coir pith,
could form complexes with several organic compounds
such as polysaccharides, proteins and minerals (Jansman,
1993). Therefore, it is probable that mortality of
earthworms may be caused by such phenomenon since
enzymes responsible for digesting organic compounds to
nutrients necessary for survival might be inactivated by the
presence of phenolic compounds, particularly tannins.
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Fig. 3 Number (column) and weight (line) of earthworms

during vermicomposting of untreated coir pith (=<3, =#=)
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4. CONCLUSION

Coir pith per se appeared to be toxic to earthworms
due to high phenolic compound content which in turn
rendered vermicomposting ineffective. However,
vermicomposting of coir pith became more feasible when
suitable pre-treatment, i.e., soaking with water was adopted
which could reduce the phenolic compound concentration
and, thereby, lessen toxicity to earthworms.
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