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Abstract

The current work aimed to study the physical, chemical and biological properties of food wastes generated from small and
medium industries by using Takakura composting methods. Composting method was referred as indigenous compost (IC) and
commercial compost (CC) reactors. The reactors were operated at 44 °C, pH (6 to 8.5) and 40 to 55 % of moisture for 22 weeks in
closed environment using a carpet around the basket to avoid external disturbance. The results revealed that the total Kjeldahl
nitrogen (TKN), total phosphorus (TP) and potassium (K) in the IC reactors were 6300, 10.57 and 726.07 ppm, respectively,
while 8400, 15.45 and 727.81 ppm, respectively, in the CC reactors. Moreover, both IC and CC has Cd**, Cr**, Cu**, Pb**, Ni**
and Zn>* concentrations within the compost legislation standard (CLS). The findings of this study indicated that the composting
method could be used as an alternative food waste management in small and medium industry and the Takakura composting

method is suitable for food waste composting.

Keywords Food waste - Compost - Decomposition - Fermentation - Malaysia

Introduction

Among several constitutes of the municipal solid waste
(MSW), food wastes represent as the major components and
comprise 44.5% of the overall waste in Malaysia (Saipul et al.
2017). Currently, Malaysia is facing numerous issues in solid
waste management due to lack of funds and expertise to carry
out sufficient and efficient waste treatment methods (Moh and
Manaf 2017). Landfills and open dumping are the most com-
mon disposal methods in Malaysia, and this practice is asso-
ciated with adverse impacts on the environment and human
health (Rakib et al. 2014). Moreover, the main concern lies in
the organic wastes such as food wastes which are highly de-
gradable and produces acids and creates toxic leachates. These
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leachates seep into groundwater and contribute to groundwa-
ter pollution (Chua et al. 2011). According to Aja and Al-
Kayiem (2014), solid wastes generated by Malaysian are high
in food waste, followed by plastic, paper materials and others
waste components (metal, wood, glass). Food waste com-
prises about 60% of municipal solid waste (Abdul Hamid
et al. 2012) which is generated from many sources such as
households, manufacturing industry, food services, wholesale
and retail. The characteristic of waste from small and medium
industry involve carbohydrates, proteins, fats, cellulose and
lignin. Carbohydrates are more easily decomposed compared
to lignin, which is more resistant to decomposition.
Microorganism activity requires carbon as an energy source
and nitrogen to build proteins.

Composting method is a sustainable alternative for manag-
ing and recycling organic solid waste due to the high activity
of the microorganism which contributes effectively in the bio-
degradation process (Pagans et al. 2006). Masirin et al. (2008)
revealed that the composting solid waste could reduce the
quantity of solid waste. In addition, Saheri et al. (2009)
contended that the composting of organic material diverted
from landfills prevents the production of methane and leach-
ates in landfills. Therefore, a composting method could be the
most feasible and natural process for food waste disposal.
Composting process generates heat and moisture leading to
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decompose of food wastes. One of the most common
composting methods is Takakura composting method
(TCM) which has been invented by Mr. Koji Takakura
(Bobeck 2010), which is characterized as easy to implement
with organic matter from either food waste or garden waste,
and decomposition of food waste occurs within 2 weeks in
order to compost and reduces waste disposal in landfills
(Cogger 2017). It involves several steps, including preparation
of the fermented liquid and decomposing medium. The first
stage involves the preparation of the fermentation liquid
which can be either sugar or salt solution. The next step is
the preparation of the decomposing medium which requires
aratio of 2:1 (soil and rice husk, 4 kg:2 kg). Lastly, to produce
compost, the fermented decomposing medium (a mixture of
fermentation liquid and decomposing medium) is transferred
into a composting basket or container at a high rate of 60 %,
while food waste is placed and planted to a depth of 5 cm from
the surface (Mat Saad et al. 2014).

The composting process should be done under controlled
conditions in terms of moisture, temperature and aeration.
Fathi et al. (2014), and Lakhdar et al. (2009), reported that
the decomposition of organic matter by microorganisms is
affected by physico-chemical characteristics as well as the
C/N ratio and pH value, which enhance the microbial activity.

The composting method is conducted and in compliance ac-
cording to specific compost legislation standard (CLS). For in-
stance, Table 1 shows the symptoms and desirable limits accord-
ing to the standards recommended by Amlinger et al. (2004).

The availability and sustainability of the fermentation liquid
and composting medium with effective microorganisms (EM)
are important to achieve high efficiency of the composting pro-
cess. Therefore, in many of the cases, the commercial fermen-
tation liquid with EM is not effective in the composting process
due to the differences in the environmental conditions which

play a vital role in the composition process. One of the best
methods to ensure high efficiency of the composting process is
by preparing the right composting medium ratio and by induc-
ing it with the fermentation liquid prepared by using local in-
gredients that enhance the growth of the native microorganism
presented. This process, called bio-augmentations and has ex-
hibited high efficiency in treating several types of the wastewa-
ter (Al-Gheethi et al. 2016). In this study, the indigenous com-
post (IC) consisted of soil and coconut fibre (2:1 kg, respective-
ly) as the decomposing medium along with banana peel as the
main ingredient for the fermentation liquid. As a comparison,
the IC was compared with commercial composts (CC) which
consisted of a combination of soil and rice husk (2:1 kg, respec-
tively) as the decomposing medium along with fermented soy-
beans as the main ingredient for the fermentation liquid. The
food wastes generated from the small and medium industries
were fully utilized as the main ingredient for the fermentation
liquid of IC and also act as the food wastes that were being
decomposed by using both compost prepared in this study. This
emphasizes the novelty of the current work. The efficiency of
the composting processes was evaluated based on total Kjeldahl
nitrogen (TKN), total phosphorus (TP), total organic carbon
(TOC) and potassium (K) as well as heavy metal concentrations
and bacterial load of the final composite products in compari-
son to compost legislation standard (CLS).

Materials and methods
Food wastes sampling and composts
The food waste samples (101.82 kg) for composting purposes

were collected from Makanan Ringan Mas Industry (MRMi)
at Parit Kuari Darat, which is a small to medium scale food

Table 1. Symptoms and

permissible limit of trace Trace element Symptoms Permissible limit (mg/kg)
elements
Cadmium o Chlorosis 6.7
e Growth inhibition
® Browning of root tips
Chromium e Causes severe damage to cell membranes 4.0
Copper e Reduces the root growth 22
Lead o [rregular radial thickening in pea roots 4.0
o Cell walls of the endodermis
e Lignification of cortical parenchyma
Nickel o Chlorosis 3.0

e Necrosis in different plant species
Zinc e [caves become discoloured 4.0

e Plant growth is stunted

Arsenic

e Reduces fruit yield 2.5

® Decreases fresh leaf weight

Source: Amlinger et al. (2004)
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industry that focuses on food production such as wood chips
and coconut candy. The food waste produced by MRMi in-
cludes grated coconut, tamarind husks, banana peel and tapi-
oca peel. The samples were included processed food waste
such as wood chips and coconut candy with 14 % and 10%,
respectively. On the other hand, raw food waste includes ba-
nana peel with 26%, followed by tapioca peel, coconut husk
and breadfruit peel at 25%, 17% and 8%, respectively. The
processed food waste was collected in a plastic bag, while raw
food waste was collected in a gunny bag. The collected sam-
ples were transferred immediately to the laboratory and sub-
jected to the physical and chemical analysis within 24 h.

Preparation of composite

The indigenous compost (IC) used soil with coconut fibre
as the decomposing medium (SCF) and banana peel as the
fermentation liquid (BFL). In contrast, the CC was
consisted of soil and rice husk as the decomposing medi-
um (SRH) and fermented soybeans as the fermentation
liquid (SFL). The fermentation liquid for each compost
was prepared according to Mat Saad et al. (2014). In
brief, BFL was prepared using 250 g of salt in 3 L of
water and 250 g of banana peel. During the fermentation
process, the bottle caps were opened once a day to re-
move the gas trapped inside the bottle. BFL left for 5 days
to allow the fermenting microbes to grow and then mixed
with the decomposing medium (JICA 2014). On the other
hand, SFL was prepared with 250 g of brown sugar in 3 L
of water, and fermented soybeans were used to induce
growth of the aerobic microorganism.

As shown in Fig. 1, the decomposing medium IC consisted
of soil and coconut fibre at a ratio of 2 kg:1 kg, respectively,
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Fig. 1. a Reactors for IC and b reactors for CC

adopted from Tripetchkul et al. 2012, while in CC, the soil
with rice husks were used as the decomposing medium at a
ratio of 2 kg:1 kg as conducted by Abushammala et al. 2015.
The components of the SCF and SRH were mixed until it
became a homogeneous mixture. The fermentation liquids
were mixed into the soil mixture slowly to ensure that it was
well mixed and until the medium could be squeezed by hand.
A fixed weight (3 kg) of each IC and CC was composted with
a volume of 19°x 12” x 12’. Therefore, the total amount of IC
and CC in eight reactors was 24 kg. All the reactors were
incubated for 7 days before the utilization in the decomposing
process (Tripetchkul et al. 2012).

Composting reactor

A basket was used as the container for the reactors in this
study. All eight compost reactors were used: four reactors
for IC (A1, Bl1, C1 and D1) and another four reactors for
CC (A2, B2, C2 and D2 for CC). Al and A2 reactors were
used as control sample, B1 and B2 were used for processing
food waste, C1 and C2 were used for raw food waste and
finally D1 and D2 were used for a combination of processed
and raw food waste. After the preparation of the compost (IC
and CC compost), the food waste collected from MRMi was
placed in the reactors. One reactor was used as a control, while
the other three reactors contained different types of food waste
as shown in Table 2. The classification of food waste was
conducted according to the study by Ganakumar et al.
(2014). The proposed quantity (500 g) of food waste was left
for 2 days, and a carpet was placed around the basket to avoid
external disturbance. In addition, the compost basket was
closed to avoid any unpleasant smells caused by the lack of
air movement and to prevent flies, worms and pests.

Physical and chemical characteristics of IC, CC
medium and final compost

The physical and chemical properties of IC, CC medium and
final compost were investigated during the composting pro-
cess, including temperature, pH, moisture content, bacterial
concentrations, total Kjeldahl nitrogen (TKN), total phospho-
rus (TP), potassium (K), total organic carbon (TOC) and
heavy metal concentration (Table 3).

Determination of nitrogen was conducted by Kjeldahl
method, while Westco Smartchem 200 Discrete Analyser
(Westco, USA) was used for determining TP. On the other
hand, Perkin Elmer Analyst 300 Atomic Absorption
Spectrometer (Agilent, USA) was used to determine the K,
and heavy metal ions were determined by using Perkin Elmer
Sciex Elan 6100 Inductively Coupled Plasma Mass
Spectrometer (ICP/MS, Agilent, USA).
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Table 2. Reactors with different

types of food waste Reactor  Classification of food waste ~ Types of food waste Weight of
waste
Al, A2 Control None 0Og
B1,B2  Processed food waste Coconut candy + wood chips 500 g
C1,C2  Raw food waste Banana peel + tapioca peel + grated coconut 500 g
DI1,D2  Processed food waste + raw Coconut candy + chips + tapioca peel + bananapeel 500 g

food waste

+ grated coconut

Bacteria Count

The bacterial growth in the fermentation liquid was deter-
mined by culture-based method using spread plate method
with standard serial dilution according to APHA (2005). The
samples collected after 5 days of the fermentation process
were subjected for the serial dilution (107" to 107°); a fixed
volume (0.1 mL) of each dilution was spread on nutrient agar
medium using a disinfected hockey stick to distribute the so-
lution that had been pipetted over the plate agar surface. The
culture plates were incubated at 37°C for 24 h; the colony
counter was used to enumerate the plates with the colonies
in the range from 30 to 300 colonies. The final concentrations
were expressed as CFU mL ™' (Shymala and Belagali 2012).

CFU/mL = Colonies numbers on NA medium

1
X e —
Dilution factor

Statistical analysis

The collected data were subjected to one-way analysis of var-
iances with three replicates. The differences between the nu-
merical results were compared using LSD test (ANOVA).
Analysis of variance (ANOVA) was performed in order to
determine the significance of the differences between the

Table 3.  Test set up of study parameters for Takakura composting
method

Test Name Frequency Duration
Temperature Once a day 20 weeks
pH Once in 2 weeks 20 weeks

Moisture content

Bacteria count

Total Kjeldahl nitrogen (TKN)
Total phosphorus (TP)
Potassium (K)

Total organic carbon (TOC)
Heavy metal

@ Springer

results. The differences were considered significant at p
<0.05 (95% of the confidence level) based on the SD. The
data were analysed using a Statistic program (IBM SPSS for
windows, version 20, New York, USA).

Results and discussion
Composition and classification of food waste

The study results show that the amount of raw food waste
represented the largest amount of food waste being produced
from MRM i (Fig. 2). The largest waste category was banana
peel, representing approximately 26% of the total amount of
food waste generated, followed by tapioca peel, grated coco-
nut and wood chips at 25%, 17% and 14%, respectively. The
main production of the investigated industry is processed food
of which variety of wood chips are produced. Hence, the
amount of fruit peel generated was quite high. These findings
are consistent with previous studies which revealed that the
fruit peel waste, which is highly perishable, is a problem for
the processing industry (Chikku 2014). Furthermore, Deng
etal. (2012) also reported that the amount of fruit peel in waste
is increasing and is one of the main sources of organic waste in
municipal solid waste (MSW).

Bacterial load in the fermentation liquid

The concentrations of bacterial cells in BFL and SFL are il-
lustrated in Table 4. It was noted that BFL having high load
compares to SFL (1x10* vs. 6.4x 10* CFU/mL ). These dif-
ferences might be related to the composition of each fermen-
tation liquid which might induce or inhibit the bacterial
growth. This finding is consistent with Hassen et al. (2001)
who suggested that a different medium and solution can be
used to enhance bacteria population before using in the
decomposing process.

Decomposing medium analysis

Five types of decomposing medium were suggested, namely,
rice husks, wood chips, grated coconut, sugar cane bagasse
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M Processed food waste

Raw food waste

(a) Composition (%) of the classification of food waste

| Coconut candy Wood chips

(b) Composition (%) of the processed food

mBananapeel = Tapioca peel ®Grated coconut ®WBreadfruit peel

(c) Composition (%) of the raw food

Fig. 2. a Composition (%) of the classification of food waste. b Composition (%) of the processed food. ¢ Composition (%) of the raw food

and coconut fibre (Table 5, Batham et al. 2013). In this study,
wood chips have the highest carbon-nitrogen ratio (C:TKN) of
2136:1. It is also easily available in the study area. However,
wood chips are not very effective as a composting medium for
food waste. This is because the high C/TKN value can protract
the composting process due to low water absorption.
However, according to Batham et al. (2013), wood chips are
useful for composting wet materials such as pig manure. On
the other hand, coconut fibre, sugar cane bagasse and grated
coconut recorded C/TKN ratios of 577:1, 563:1 and 319:1,
respectively. Grated coconut was found to be the best
decomposing medium for IC as it has a lower C/TKN ratio.
Sugarcane bagasse was found to be the second best option.
Therefore, a combination of grated coconut and sugar cane
bagasse might be useful to achieve an ideal C/TKN ratio.
Unfortunately, insufficient grated coconut and sugar cane ba-
gasse were generated for this study. Therefore, coconut fibre
was chosen as the decomposing medium. According to
Raghavarao et al. (2008), coconut fibre is very effective for
holding water during the composting process. Moisture con-
tent affects microbial activity, compost temperature and rate

Table 4.  Total bacteria per mL for both types of fermentation liquid
Fermentation liquid CFU/mL
Banana peel liquid (BFL) 1x10*
Fermented soybean liquid (SFL) 6.4x10°

of decomposition. Thus, coconut fibre was deemed to be a
suitable decomposing medium. On the other hand, rice
husks were chosen as the decomposing medium for the CC.
Rice husks are commonly used in studies on compost medium
as conducted by Mat Saad et al. (2014) and Jusoh et al. (2013).
It is also widely available.

Physical, chemical and biological parameters of IC and
cc

During the composting process, heat is an important factor
which promotes microbial activity and degrades organic mat-
ter (Luangwilai et al. 2011). Figure 3 shows the temperature
profile of two types of compost, and throughout the
composting period, the temperature increased slowly at the
beginning of the composting process but then increased to
more than 40°C in week 12 for both types of compost. The
temperature was maintained at this level for approximately 14

Table 5. Various types

of decomposing medium Decomposing medium C/TKN ratio
and C/TKN ratio
Wood chips 2136:1
Coconut fibre 577:1
Sugarcane bagasse 563:1
Rice husk 325:1
Grated coconut 319:1

Source: Batham et al. (2013)
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Fig. 3. a Changes in temperature in IC compost. b Changes in temperature in CC compost

days (2 weeks) in reactor B1, reactor B2, reactor D1 and
reactor D2 before slowly declining to 36°C at the end of the
composting process. The results show that these reactors reach
thermophilic temperatures, but the temperature slowly de-
creases afterwards. In this study, the changes in temperature
are due to the different food wastes placed in the reactor.
These results are supported by Pagans et al. (2006) who found
a combination of organic compounds that contain protein, fats
and a large amount of organic nitrogen, which are easily
degradable that will affect the changes in the temperature.
Venglovsky et al. (2005) revealed that the maximum micro-
bial activity during the composting process takes place at tem-
peratures between 35 and 40 °C.

The moisture content profile for IC and CC are illustrated
in Table 6. The results found that the moisture content in the
reactors was kept between 40 and 55%. During the
composting process, the reactor has breathable pores and lined
with carpet to avoid any unpleasant smells caused by the lack
of air movement and to prevent flies, worms and pests. It was
also kept untouched except for taking measurement and

mixing every day to maintain aerobic condition in the system.
However, the moisture content of both composts slowly de-
creased during week 12 during high temperature (thermophil-
ic phase) because of the heat produced by the absorption of
moisture content in food waste towards the end of the
composting process in week 20. Moisture is fundamental in
maintaining microbial activity throughout the composting pe-
riod to achieve a stable end-product (Ishak et al. 2014). A
good composting process requires optimum moisture content
between 45 and 65 % (Gautam et al. 2010). Shymala and
Belagali (2012) found that the moisture content decreases
during the composting period due to the degradation of waste
and the heat generated by microbial activity.

The pH value indicates the acidity or alkalinity of the com-
post which affects the growth of the microorganisms. Figure 4
shows that there is no significant difference observed in pH
record. A similar trend was recorded by Ameen et al. (2016).
The difference in the pH value could be due to the type of
decomposing medium and the type of food waste placed in
each reactor. These findings are consistent with Chowdhury

Table 6. Moisture content of

study and commercial compost Week IC cc
@ Reactor Reactor Reactor Reactor Reactor Reactor Reactor Reactor
Al Bl Cl D1 A2 B2 Cc2 D2

2 40+0 40+0.58 50+0.58 50+0.58 40+0.58 40+0.6 60+2.0 50+0.60
4 40+0.58 55+1.53 5042.00 60+0.58 40+0.58 45+£2.5 50+1.50 55+2.50
6 45+2.00 55+2.52 50+0 55+2.52 45+2.08 554+2.00 55+2.10 55+2.00
8 40+0.58 55+3.06 554+0.58 50+0.58 45+2.00 5542.50 50+2.50 55+0.60
10 40+0.58 50+2.00 50+0.58 45+1.53 40+0.58 50+2.00 55+3.00 50+2.00
12 45+2.00 45+2.52 5542.52 45+0.58 40+0.58 40+0.60 55+3.10 40+0.60
14 45+2.00 40+0 50+2.52 45+0 40+0.58 41+0.60 50+2.50 45+1.50
16 40+0 40+0 50+1.53 40+0 40+0 40+0 50+0.60 45+0.60
18 40+0.58 40+0.58 5040 40+0.58 40+0.58 41+0.60 55+2.50 4542.50
20 40+0.58 40+0 40+0 40+0.58 40+0.58 40+0.60 55+1.50 40+0.60
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and Bari (2014) findings who stated that the decomposition of
organic matter by microorganisms produces acids, carbon di-
oxide and heat. Many researchers have emphasized on the
importance of pH where the acceptable pH range of microor-
ganisms and bacteria is generally 6 to 7.5 (Gémez-Brandén
et al. 2008; Boulter et al. 2000). In this study, reactors B1, B2,
D1 and D2 recorded a suitable pH ranging between 6.4 and
7.5 throughout the decomposition process.

The concentrations of TKN for both composts in this study
gradually increased at the end of the composting process as
shown in Fig. 5. In a comparison to previous studies, the
concentration of nitrogen in this study is quite low. Pathak
et al. (2012) also studied municipal solid waste compost and
found that it provided less available nitrogen. However, the
concentration of TKN obtained in this study was higher than
the concentrations obtained by Gautam et al. (2010) which
were between 300 and 700 ppm after the composting process
of municipal solid waste. According to Civeira (2010), low of
nitrogen concentration is due to ammonia volatilization and
temperature during the composting process. Therefore, based
on the results, the reactors containing processed food waste
(reactors B1, B2) and the reactors containing processed and
raw food waste (reactors D1, D2) were chosen due highest
concentration value.
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The TOC concentrations in this study declined slightly for
both composts as shown in Fig. 6. A reduction in TOC values
was most likely due to microbial activity in each reactor.
Jusoh et al. (2013) indicated that microorganisms use carbon
as a source of energy and transform it into CO, (carbon diox-
ide) during the composting process. Throughout this study,
the microorganisms decomposed all the carbon found in or-
ganic matter to CO, under acrobic conditions. In addition, the
decomposing mediums in this study, namely, coconut fibre
(SCF) and rice husks (SRH) have a high carbon content that
enhances microbial activity. Based on the results, it can be
indicated that decomposition occurs in each reactor for both
types of compost.

Table 7 shows the changes in the C/TKN ratio during the
composting period for IC and CC, respectively. In this study,
the C/TKN ratios were 21.49:1 in reactor B1, 46.26:1 in reac-
tor C1 and 24.80:1 in reactor D1 for the IC. Meanwhile, the C/
TKN ratios for the CC were 22.07:1 for reactor B2, 41.33:1
for reactor C2 and 36.03:1 for reactor D2 (Fig. 7). Reactor B1
was observed to have a higher C/TKN ratio reduction com-
pared to reactor B2 at the end of the 20-week composting
period. Therefore, the decrease in the C/N ratio of the compost
indicates that the increase in nitrogen concentration is due to
the degradation of organic carbon content (Ogunwande et al.
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Table 7. Nutrient content in
matured research compost and Compost Nutrient Control Processed Raw food Processed Source
commercial compost sample food waste ~ waste and raw food
waste a b
M.IC TKN 13000 630040 4900+0 5600+0 5700 1230
M.CC (ppm) 11000 8400+0 5400+0 6400+0
M.IC P (ppm) 4.9740.15 10.57+0.92 11.19+2.82 17.40+6.76 3400 6010
M.CC 4.90+0.17 15.45+2.80 12.23+1.91 11.23+1.95
M.IC K (ppm) 318.83£11.19 726.07+41.80 622.56+14.73 644.41+£0.45 1210 1970
M.CC 391.33£2.79  727.81442.84 647.51+17.80 725.85+60.65

Values are mean = SD; M./C matured indigenous compost, M.CC matured commercial compost

2008). Reactor B1 is considered the best reactor due to the
release of carbon dioxide (CO,) by active microorganisms and
this is supported by more declined of TOC in this reactor. This
result is consistent with the rule of thumb for producing a good
compost. According to Jusoh et al. (2013), a C/N ratio of less
than 20 indicates a good degree of maturity. Meanwhile,
Ahmed et al. (2007) contended that an optimizing C/N ratio
for compost should be between 25:1 and 30:1.

C: TKN value
g

E

#z
50000

2 4 6 8 10 12 14
Week of composting

= Control = Processed food waste ®=Raw food waste = Processed and raw food waste
(a) C: TKN values in IC
Fig. 7. a C/TKN values in IC. b C/TKN values in CC

@ Springer

As shown in Fig. 8, phosphorus (P) content increased as
decomposition progressed for IC and CC. The highest P
concentration was recorded by the reactor containing
processed and raw food waste for both types of compost,
namely, 11.418 ppm for reactor D1 and 11.62 ppm for
reactor D2. The difference in the concentration of P may be
due to the type of food waste that is able to enhance the
mineralization of organic matter under composting

300000

200000
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150000

C: TKN value

100000

50000

G

o
'S
=Y

Week of composting

= Control ®=Processed food waste = Raw food waste = Processed and raw food waste

(b) C: TKN values in CC
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Fig. 8. a Phosphorus values in IC compost. b Phosphorus values in CC compost

conditions. On the other hand, the lowest P content of
9.257 ppm was recorded in reactor C1 which consisted of
raw food waste. This was due to the leaching and slow
decomposition processes. This is supported by Chaudhry
et al. (2013) who stated that the lowest P content could be
attributed to the leaching of mineralized P by excessive water
from the heap and slow decomposition in the reactor.

Figure 9 shows that the potassium (K) concentration in
both composts increased with composting time under aerobic
conditions. The K concentration for the IC was found to be
between 105 to 582.21 ppm in reactor C1 (raw food waste).
On the other hand, the K concentration for the CC ranged from
130.15 in reactor B2 (processed food waste) to 516.00 ppm in
reactor C2 (raw food waste). The K content was higher at the
end of the decomposition period for reactor B1 (666.95 ppm
for IC) and reactor D2 (645.55 ppm for CC). Coconut fibre
and rice husks can absorb and maintain moisture content as
the degradation of organic matter is enhanced by the activity
of microorganisms. This has been reported by several
researchers. According to Shymala and Belagali (2012) and
Jusoh et al. (2013), the decomposing medium influences the
increase in K due to characteristics that allow the absorption of
moisture content as well as the maintenance of structural

Potassium (ppm)

Week of Composting

® Al CONTROL w Bl PROCESSED FOOD WASTE

RAW FOOD WASTE » D1 PROCE

ED AND RAW FOODWASTE

(a) Potassium values in IC compost

integrity and porosity. On the other hand, Haiba et al. (2014)
found that microbial activity enhances the availability of K. In
general, no significant values were recorded for both IC and
CC. However, reactor B1 was observed to have achieved the
highest K value of 666.95 ppm.

The heavy metals such as cadmium (Cd), chromium (Cr),
copper (Cu), lead (Pb), nickel (Ni), zinc (Zn) and arsenic (As)
concentrations were measured in all the reactors. The avail-
ability of heavy metal concentrations in compost needs to be
measured because high concentrations could negatively affect
soil, plants, aquatic life and human health. Table 8 represents
the heavy metal content in IC and CC. However, according to
the heavy metal analysis mentioned above, the heavy metal
concentrations recorded for both IC and CC value were sim-
ilar. The concentration of heavy metals in the analysed com-
posts samples complied with the specified standards (CSL,
ANNEX 2). In addition, IC and CC have the potential to be
used as soil fertilizers as the heavy metal concentrations were
below toxic levels.

The results obtained show that the total bacterial count
increased gradually and reached its peak after 12 weeks
before decreasing by the end of the composting period
(140 days/22 weeks) (Fig. 10). Active microbial

ssium (ppm

Pota

Week of composting

(b) Potassium values in CC compost

Fig. 9. a Potassium values in IC compost. b Potassium values in CC compost
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Fig. 10. a Colony-forming unit (CFU/mL) in IC. b Colony-forming unit (CFU/mL) in CC

populations were present in the reactors processing the
food waste (reactor B1) for both types of compost, name-
ly, 2.34 x 10° CFU/mL ™" in IC and 2.6 x 10° CFU/mL""
in the CC. The appearance of bacteria shows that the
organic matter had degraded aerobically under thermo-
philic conditions. However, in the reactor containing raw
food waste, the microbial growth was low. This reactor
did not actively produce bacteria communities, and the
daily temperature reading was low compared to the other
reactors. According to Pathak et al. (2012), the microbial
population is active and grows during the thermophilic
phase (40 to 60 °C) because of the presence of organic
matter as a food source. This contributes to the increase in
temperature and the production of carbon dioxide, water
vapour and humus as a result of microorganism growth.
The activity of a microbial population depends on the
type of organic compounds present as these are sources
of carbon and energy. The decrease in microbial popula-
tion at the end of the composting process coincides with
the cooling phase. Generally, there was a higher presence
of bacteria in the IC compared to the CC, especially in
reactor D1 which consists of processed food waste and

raw food waste. The activity of microorganisms produces
heat and carbon dioxide, which helps hasten the
composting process.

Conclusion

The results of the current work concluded that IC in Bl
consisted of wood chips and coconut candy represents the
best composting composition as it yielded 6300 ppm,
10.57 ppm and 726.07 ppm of TKN, P and K, respective-
ly. In comparison CC in B2 yielded 8400 ppm, 15.45 ppm
and 727.81 ppm of TKN, P and K, respectively. In addi-
tion, both IC and CC recorded low concentrations of cad-
mium, chromium, copper, lead, nickel, zinc and arsenic.
To conclude, overall the IC is comparable to the CC. In
addition, from the result of this study, it is expected the
compost prepared could be a stable product and accept-
able as compost fertilizer for native plantings. As a con-
clusion, this composting method can be used as alterna-
tive food waste management by small and medium
industry.

Table 8. Concentration of heavy

metal in final compost (week 20) Reactor/ IC (ppm) CC (ppm) CLS
with compost standard parameter (ppm)
Al B1 Cl D1 A2 B2 C2 D2
Cd 0.0031 0.0034 0.0034 0.0041 0.0022 0.0033 0.0033 0.0042 6.7
Cr 0.19 0.15 0.09 0.31 0.26 0.16 0.05 0.20 4
Cu 0.18 0.21 0.21 0.24 0.12 0.25 0.30 0.31 22
Pb 0.12 0.14 0.13 0.15 0.24 0.17 0.12 0.18 70
Ni 0.13 0.13 0.08 0.18 0.18 0.15 0.10 0.19
Zn 1.30 1.46 1.70 1.42 0.93 1.34 1.96 1.89
As 0.10 0.15 0.18 021 0.18 0.14 0.14 0.17 2.5

Source: compost legislation standard (CLS), ANNEX 2
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