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Abstract

Disposal of food waste either by land-filling or incineration will cause environmental pollution and engaged in high treatment
cost. Composting can be a viable food waste management, however, less research works have focused on the degradation of
small scale kitchen waste. In this study, co-composting of model kitchen waste, dried leaves and rice bran were inoculated with
four different sources of microbial inoculants (MI) namely commercial Effective Microorganism (EM), Tempeh, Tapai, a
mixture of Tempeh and Tapai and water as a control. It was found that the temperature of all four composting materials with MI
can be heated up to a higher temperature (>50 °C) than the control and produced less offensive smells. All composts ended with
a neutral or weakly alkaline pH value (pH 7 — 8) and a C:N ratio of around 10 which indicating the maturation of composts. For
enzymatic activities, the highest activity of amylase (73 — 129 U/g) and cellulase (75 — 148 U/g) occurred at the beginning of the
composting process. The maximum activities of lipase (5 — 10 U/g) and protease (46 — 72 U/g) were at the middle stage of the
composting process. The germination indexes of the five composts were larger than 100% indicating non-phytotoxic. Although
the temperature profile and odour performance were outstanding in the presence of MI, most other parameters did not show
significant differences when co-compositing of small scale model kitchen waste was carried out with an adequate initial C:N
ratio and moisture content. Further study is needed to distinguish the potential beneficiary effects of MI for the composting of
kitchen waste. Nevertheless, the comparable performance of Tempeh and Tapai with EM in composting suggested that Tempeh
and Tapai can be used to substitute the function of EM as a cheaper and more available microbial source for the household.
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Abstrak
Pelupusan sisa makanan sama ada di tapak pelupusan atau pembakaran akan menyebabkan pencemaran alam sekitar dan
menglibatkan kos rawatan yang tinggi. Pengkomposan merupakan cara pengurusan sisa makanan yang berpotensi tetapi kerja
penyelidikan terkini kurang memberi tumpuan kepada degradasi sisa dapur yang berskala kecil. Melalui kajian ini, sisa model
dapur, daun kering dan dedak padi telah dirawat dengan empat sumber mikrob yang berbeza iaitu komersial Mikroorganisma
Efektif (EM), Tempeh, Tapai, campuran Tempeh dan Tapai dan air sebagai kawalan. Didapati bahawa suhu keempat — empat
bahan kompos yang dirawat dengan inokulan mikrob boleh mencapai suhu yang lebih tinggi (>50 °C) berbanding kawalan dan
menghasilkan bau yang kurang busuk. Semua kompos telah berakhir dengan nilai pH yang neutral atau beralkali lemah (pH 7-8)
dengan nisbah C:N lebih kurang 10 yang menunjukkan kematangan kompos. Untuk aktiviti enzim, aktiviti tertinggi amilase
(73 — 129 U/g) dan selulase (75 — 148 U/g) berlaku pada awal proses pengkomposan. Manakala, aktiviti maksimum lipase
(5 — 10 U/g) dan protease (46 — 72 U/g) berada di peringkat pertengahan proses pengkomposan. Indeks percambahan kelima-
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lima kompos adalah lebih besar daripada 100% menunjukkan ketiadaan fitotoksik. Walaupun profil suhu dan prestasi bau adalah
cemerlang, inokulan mikrob tidak menunjukkan keperluannya dari segi aspek — aspek lain. Keperluan inokulan mikrob dalam
proses pengkomposan sisa dapur perlu ditentusahkan secara lebih mendalam dengan analisis yang lain. Walau bagaimanapun,
prestasi inokulasi yang disediakan daripada tempeh dan tapai adalah setanding dengan EM. Ini mencadangkan bahawa ia boleh
menggantikan EM sebagai sumber yang lebih murah dan lebih tersedia kepada rumah tangga.

Kata kunci: pengkomposan, sisa makanan, mikroorganisma efektif, tempeh, tapai

Introduction

Malaysia has implemented mandatory separation of waste at source starting from September 2015 [1]. Households
are required to separate their solid waste before disposal. This action was critical to support effective waste
management in order to minimize the management cost, environment pollution and to converse energy. Landfilling
and incineration are not suitable for the disposal of kitchen waste as kitchen waste contains high moisture and
organic matter contents. Pay-as-you-throw food waste policy as implemented in other countries such as in the
Northern Europe, Japan and Korea is a best practice to encourage food waste reducing and recycling. Composting
provides an alternative way to convert organic waste into useable and saleable compost. Composting can be a
lengthy process and with the possibility of producing immature or low-quality compost when the composting
techniques are sub-optimal.

There are two extreme opinions on the uses of microbial inoculants (MI) during composting. Some of them stated
that MI is able to increase enzymatic activities [2,3], promote biodegradation of organic matter [4,5] and accelerate
the process [4,6]. In contrast, part of them suggests that microbial community naturally present in the waste is able
to carry out the degradation satisfactorily when optimum environmental conditions were given [7, 8,9]. In this
study, co-composting of model kitchen waste, rice bran and dried leaves in the total size of 4 kg under five different
treatments were used to study the necessity and effect of MI for composting. Four MI were tested, namely, the
commercial Effective Microorganism™ and three formulations of MI prepared accordingly to the concept of
Takakura method [10] using locally available fermented food namely Tempeh, Tapai, and a mixture of Tempeh and
Tapai where water was used as the control. Various parameters including temperature, moisture content, pH value,
C: N ratio, odour performance as well as four enzymatic assays were monitored along the composting process and
the resultant compost was evaluated by germination test.

Materials and Methods

Preparation of microbial inoculants (MI)

The microbial inoculants (MI) from Tempeh and Tapai were prepared as followed: An amount 200 g of brown sugar
was dissolved in 3 L of distilled water and autoclaved at 121 °C for 15 min. Next, 100 g of Tempeh and 100 g of
Tapai was separately added into two 5 L containers each of which contained 3 L of brown sugar solution to produce
the respective MI for Tempeh and Tapai. The containers were placed in room temperature at a static condition for
2 — 3 days until the optical density reading was 0.7 at 545 nm with the appearance of sweet and sour smells and a
layer of mold which is an indicator of success fermentation as stated by Takakura [10, 11]. The commercial MI
Effective Microorganism™ (EMRO Malaysia Sdn Bhd, Johor, Malaysia) was activated according to the user manual
where one part of EM stock was mixed with one part of molasses and twenty part of water for 5 — 7 days until the pH was
below 3.5.

Composting of kitchen waste

Composting was carried out in plastic bins under static condition. Aeration of these passively aerated composting
was improved with the use of shredded dried leaves as bulking agents, the breathable fabric was used to cover the
plastic bin and controlled turning was conducted manually once in a week instead of using an air pump or blower.
Each composting bin consists of a total of 4 kg composting materials (2 kg kitchen waste, 1 kg dried leaves,1 kg
rice brain) with the initial C:N of around 25:1. Each bin was mixed with different compositions of microbial
inoculants (MI) to prepare five composts (Te, Ta, Te+Ta, EM and water as a control) as summarized in Table 1.
The model kitchen waste was prepared according to Hafid et al. [12]. The dried leave collected from the landscape
within the campus of Universiti Teknologi Malaysia (UTM) was autoclaved before being mixed with the model
kitchen waste and the rice bran as purchased from Syarikat Faiza Sdn. Bhd, Batu Pahat, Malaysia.
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Each composting material (4 kg) as stated above was mixed with 1.2 L of MI or water (for control) to achieve the
acceptable level of initial moisture content between 40 — 60% using the squeeze test [13]. The moisture content of
the compost was also monitored weekly based on the dry oven method at 105 °C for 24 hours [14]. The initial C:N
ratio and the moisture content along the composting process were fixed within the suggested range for efficient
composting [15].

Table 1. Composition of composting materials

Compost Composition

Te Composting material + MI (1.2 L Tempeh solution)

Ta Composting material + MI (1.2 L Tapai solution)

TetTa Composting material + MI (0.6 L Tempeh solution and 0.6 L Tapai solution)
EM Composting material + MI (1.2 L commercial EM)

Wa (Control) Composting material + 1.2 L distilled water

Physico-chemical analysis

The temperature of compost was determined daily using thermometer where three-points were measured at 50%
depth [9]. Odour performance was examined by smelling [16]. Simple random sampling method [17] was used to
obtained representative samples for laboratory analysis where five sub-samples [18] with a total weight of 50 — 70 g
was selected. pH values were indicated using SI Analytics Handylab 680FK with the extraction ratio of 1 g of
composts in 5 ml of distilled water [19]. For C:N ratio, it was firstly dried at 60 °C, ground and analyzed using
CHNS/O elemental analyzer [6].

Phytotoxicity was evaluated by the effects on seed germination and root growth of aqueous compost extracts
prepared from 1.5 g of solid (dry basis) with 15 ml of distilled water (1:10), shaked for one hour at room
temperature before centrifuged for 20 min at 5000 rpm. The supernatant was filtered and 5 ml of extract was placed
in a Petri dish with 10 radish seeds. Two replicates per sample were incubated at room temperature in dark
condition for 72 h. A control test was prepared with distilled water. The number of germinated seeds and their root
length was measured. The relative seed germination (RSG), relative root elongation (RRE) and germination index
(GI) were calculated using the formulation (equation 1 — 3) as follow [6]:

number of seeds germinated in the aqueous extract

0, = X 0,
RSG ( A)) number of seeds germinated in control 100% (1)
mean root length in the aqueous extract
RRE (%) = £ 4 X 100% 2)
mean root length in control
RSG XRRE
Gl (%) = —— 3)

100

Biological analysis

Enzymatic activities were evaluated weekly during the composting process. Amylase, cellulose, protease and lipase
activity of all the five samples was determined using aqueous compost extracts extracted using different buffer
solution. Amylase activity was evaluated using 1.1% w/v soluble starch as substrate [20]. The colorimetric
determination of reducing sugar released from 2% w/v carboxymethyl cellulose was used to estimate the cellulase
activity [21]. Glucose was used as a standard substrate for both assays. Protease activity was quantified using 0.65%
casein as substrate and tyrosine as standard [22]. Lipase activity was analyzed using 10 uL of p-nitrophenyl butyrate
as substrate and nitrophenol as standard [23]. All measurements were performed in duplicates and calculated in the
unit of micrograms per minute per grams (U/g).
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Results and Discussion

Temperature

The change of temperature during the composting process indicated the change of microbes in the composts. The
high temperature is the results of the accumulation of microbial metabolic warmth and indicating the occurrence of
degradation where organic matter was being transformed. Composting is required to go through a thermophilic
phase to ensure the safety of compost from pathogens [24]. According to Sundberg et al., thermophilic temperatures
are approximately from 45 to 70 °C [25]. It was found that the temperature of all four composting materials with
microbial inoculants (MI) can be heated up higher (>50 °C) than the control as shown in Figure 1.

The control (composting materials without MI) was not heated up to 45 °C for at least three days continuously. The
maximum temperature was 46 °C and appeared for only two days. This was probably that the compost contained
less diverse communities of microorganisms compared to the inoculated composting materials [9,26]. The
composting materials with MI produced from fermented food performed better than those inoculated with EM as
their temperature rose higher and continued for a longer period. Among all, Te+Ta shows the best temperature
profile. It has a longer thermophilic phase which has continued for 8 days and was heated up to 52 °C.
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Figure 1. Temperature profile of the composting materials

In this study, the temperatures of the five composting materials started to enter cooling phase after 3 weeks of
composting. This suggests that the maturation and stabilization of organic matter have been reached. However, the
drop in temperature can be due to the lost of composts volume and lead to insufficient self-insulation as the
composting scale in this study was initially undersized [26]. Consequently, it makes the use of temperature for
predicting maturation less effective. Therefore, the temperature profile is employed together with other additional
parameters to further determine the maturity and stability of composts. The ambient temperatures were ranged
between 24 to 31°C during the composting process.

pH value and odour

After 8 weeks, the pH values of all composts were approximately at neutral (7 — 8) as shown in Figure 2 which
indicating the stability of organic matter [27]. There were no significant different (p >0.05) between the compost
with and without microbial inoculants (MI) in term of pH. According to the pH profile, all of the five composting
materials were no longer acidic in week 3.
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Figure 2. pH profile of the composting materials

In contrast, there are notable differences in term of the odour of the composts. Table 2 shows the summary of odour
produced during the composting. The unpleasant smell of the composting materials decreased with time [16]. MI
successfully suppressed the growth of bad microbes that contributed to foul smell by week 3. By comparison,
control set produced very unpleasant smells which were pungent on week 1 and 2. These results correlate with the
pH profiles where the pH values were higher than the others in the control samples. According to Miller et al., high
pH leads to the loss of N through ammonia volatilization that was associated with the odour problem [28]. Besides,
composts with MI produced earthy smells faster than the control. Among the compost treated with MI, Te+Ta
produced earthy smell in the shortest time which was on week 4.

Table 2. Odour performance of composting materials

Week/ Sample Te Ta Te+Ta Control EM

0 A +++ +++

1 ++ ++ ++ ++ ++

2 ++ ++ ++ + ++

3 A + +++

4 cannd Eassd Rans ++ +++

5 e e e +++
6 A I +++ -+
7 -+ -+ -+

Ly Ly Ly [ I
L L L LI T

+ very unpleasant, ++ moderate unpleasant, +++ odourless,
++++ earthy

C:N ratio
Figure 3 shows the changes of C:N ratio. For all samples including for the control, the C:N ratio decreased
significantly with time and stabilized on week 2 which means that significant degree of degradation took place in
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the first 3 weeks. C:N ratio decreased as the carbon content in the compost valorised as carbon dioxide along the
composting process. Although nitrogen might lose due to volatilization, it does not contribute to the increase of C:N
ratio as the decrease of carbon is more markedly during the composting process. The values of C:N for all of the
composts in week 8 was less than 10, indicating the approaching of the mature stage [29]. The C:N ratio of about 10
is the ideal ratio for well-matured compost [30] but as C:N ratio was highly depending on the initial and type of
feedstock used, two or more parameters are needed to verify the maturity of compost. There was no significant
different (p> 0.05) between the compost with and without microbial inoculants (MI) in term of C: N ratio. These
phenomena might have suggested that the degradation rate was similar in all cases.

30
8 T
-
E == Ta
=
e Te+Ta

s Control
0
0 2 4 5] B
Week

Figure 3. Changes of C: N ratio during the composting process

Enzymatic assays

Enzymes are the main mediators of degradation process and they control the degradation rates of different substrate
[16]. Measurement of enzymatic activities illustrates the enzymes which participate in the bioconversion of the
composting materials. In this study amylase, cellulase, lipase and protease were measured during composting due to
the possible available inducers in the composting materials. The enzymatic assays (amylase, cellulose, lipase and
protease) for all composts, namely Te, Ta, Te+Ta, EM and Wa (control), showed a similar ending trend as shown in
Figure 4 to 7. The lower activity during the end phase indicated the completion of decomposition process [11]. The
cellulase and protease activity decreased and stabilized on week 3 while amylase, lipase was on week 4 and 5,
respectively. Figure 4 to 7 are plotted using the average values from the duplicated test.

Referring to Figure 4, the highest activity of amylase occurred at the beginning of the composting process and
decreased gradually until a stabilized level. This trend was similar to the finding by Ismail et al., the high activity at
the beginning could be due to the starchy materials available in the kitchen waste which was easier to be degraded
[16].

Cellulose activity also has an analogous trend with amylase, the maximum activity occurred at the beginning as
shown in Figure 5. These findings agree with the result that has been stated by Gémez-Brandén et al. in the
composting of cattle manure where the cellulase activity was low during the active and maturation stage [31].
However, the decline shown in the cellulase activity was sharper than that for the amylase activity. This was most
probably due to the limited substrate (cellulose) in the composting materials.
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Figure 5. Cellulase activity of composting materials

The composting material used in this study was made up of kitchen waste, rice bran and dried leaves. These
materials contained recalcitrant carbon due to the present of lignin. Lignin minimizes the accessibility of cellulose
to microbial enzymes. Rice bran contains 27% cellulose, 37% hemicellulose, 5% lignin [32], the available and
easier degradable cellulose was mainly from rice bran and kitchen waste. Therefore, the dramatic decrease in the
cellulase activity was likely due to the fast degradation in the beginning contributed by the easier degrading
cellulose materials and the low remaining cellulose content after one week. Moreover, the type of cellulase
determined in this study is endoglucanase. The enzymatic hydrolysis of cellulose requires endoglucanase,
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exoglucanase and cellobiases to work together [33], the later composting process might be taken over by
exoglucanase or cellobiases.

On the other hand, the lipase and protease activity shows a pattern that is normally obtained in the previous studies
where the enzymatic activities increased with time as the composting proceeded until a maximum activity at the
middle stage followed by a declining trend [11,34]. These results indicated the capability of microorganisms in
synthesizing enzymes essential for hydrolysis of various complexes organic compounds. Figure 6 and 7 shows the
lipase and protease activities respectively.
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Figure 6. Lipase activity of composting materials
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Figure 7. Protease activity of composting materials
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No significant different was found among the composting materials inoculated with or without microbial inoculants
(MI). The enzymatic activities of the composting materials treated with MI developed from the fermented food were
almost the same as the composting materials treated with EM and also with bare water. In term of the total
accumulated enzymatic activity along the whole composting process for a 8 weeks duration, EM has the highest
amylase activity (510.47 U/g), Te has the highest cellulase (247.63 U/g) as well as protease activity (347.13 U/g)
and Ta has the highest lipase activity (46.64 U/g). Table 3 shows the maximum enzymatic activity occurred during
the composting process. The maximum amylase and cellulase activity occurred on the initial stage of composting
process (week 0). While the maximum lipase and protease activities were observed on week 4 and week 2,
respectively.

Table 3. Maximum enzymatic activity during the composting process

. . . Composts
Max'"‘(‘;]‘;‘g;‘c“my Te Ta Te+T: Water  EM
(Control)
Amylase 73.23 83.03 10548 101.2 128.82
Cellulase 137.3 75.64 84.25 147.03 114.94
Protease 46.87 58.98 57.86 63.06 71.5
Lipase 8.01 9.23 5.62 8.69 8.24

Germination Index

All composts showed non-phytotoxic (> 80%) on germination test using radish seeds [29]. Table 4 shows the
germination index of composts on week 8. Measurement of phytotoxic present in the compost is an accurate and
efficient method to check the maturation of organic matter. The results obtained indicated that all composts have
matured within two months time. By comparison, it was far faster than the normal duration of traditional
composting (6 months to 1 year), vermicomposting (3 — 6 month) and Takakura home composting method (3
months).

Table 4. Germination index on week 8

Composts Germination Index (%)

Te 317.93 £23.06
Ta 321.32+7.47
Te+Ta 323.37£97.31
Control 401.57 £86.92
EM 306.05 £97.01
Conclusion

Based on the results, it shows the potential of using Tempeh and Tapai as microbial inoculants (MI) to degrade
small scale kitchen waste. The technique is user-friendly and the sources of MI are readily accessible by
households. The temperature profile and odour performance of Te, Ta, Te +Ta were outstanding. Besides, the
enzymatic assays are comparable with the composting performance of EM even though no difference can be
indicated when compared with the control (water). In addition, the pH values, C: N ratio and germination index of
the five composts under different treatments also showed satisfactory values. According to the examined parameter,
all of the composts were in matured stage within two-month duration of composting or even earlier. The continuous
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study can be carried out on the humic acid content, nutrient content and pathogen analysis to further comparing the
effectiveness of Tempeh and Tapai as MI against EM and water.
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