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Abstract

Background The effects of microbial inoculation with
two commercial inoculants and mature compost on the
composting of household organic wastes were investigated
using five 200-L passive aeration compost bins. Food
scraps and dry leaves (1.6 kg total) with a ratio of 1:0.14
(wet weight) were added to each bin once a day, for
60 days, and then further composted for an additional
94 days. The temperature in each bin was recorded daily.
Weekly to biweekly, a composite sample of the compost
from each bin was analyzed.

Results  The C/N ratios of composts in the un-seeded and
seeded bins stabilized at 81 days and 67-74 days, respec-
tively. The highest volatile solid mass reduction was
achieved in the bin seeded with 5 % mature compost.
Conclusions The study revealed that it might not be
necessary to add commercial inoculants to facilitate com-
posting of household organic waste. Mature compost can
be used as a seed starter to improve composting.
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Introduction

Most municipal solid wastes (MSW) generated in Thailand
are disposed of in landfills. Food scraps and garden waste
are the major components of organic waste in MSW
(OFMSW). The decomposition of OFMSW in landfills
produces greenhouse gases. Furthermore, garden waste is
usually open-burned in the suburbs and rural areas of
Thailand and, as a result, various toxic compounds are
released (Kannan et al. 2004). Therefore, organic waste
should be separated from MSW and treated properly.
Home composting can provide a viable alternative for
managing organic waste and the compost produced can be
added to the soil to improve its characteristics (Marinari
et al. 2000). Bin composting is a suitable treatment option
for composting, because it helps the compost pile retain
heat and moisture.

The major microbiological components of compost are
bacteria and fungi. In addition, actinomycetes, while a
particular type of bacteria, are considered as the third major
component for their ability to degrade the more recalcitrant
compounds. The microorganisms needed for composting
are found in compost feedstock, which can maintain an
active microbial population during composting. In addi-
tion, considerable research has focused on enhancing
organic decomposition by inoculating with specific
microorganisms. Ohtaki et al. (1998) revealed that inocu-
lations could increase the microbial population, enhance
the conversion of organics and reduce odorous gas emis-
sions. Xi et al. (2005) reported that seeding inoculums
containing B. azotofixams, B. megaterium, B. mucilagino-
sus, cellulolytic strains and White-rot fungi was very effi-
cient in accelerating the degradation rate and stabilizing
composting products. Vargas-Garcia et al. (2007) deter-
mined the influence of microbial inoculation (Bacillus
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shackletonni, Streptomyces thermovulgaris and Ureibacil-
lus thermosphaericus) and co-composting material on the
evolution of humic-like substances during composting
using the windrow method and concluded that the benefits
of inoculation depended on the properties of the applied
raw materials and microorganisms. Inoculation with
thermo-tolerant lipolytic microbes has been shown to
enhance decomposition of food waste and shorten the
maturation time in vessel composting (Tsai et al. 2007; Ke
et al. 2010).

While many studies have shown that inoculation can
enhance composting, most have focused on specific
microorganisms and/or large-scale composting systems.
Initially, as the microbial population begins to decompose
the degradable material in a compost pile, the heat gener-
ated is trapped by the compost material, resulting in a
temperature rise. If the pile is too large, anaerobic zones
occur near the center, slowing decomposition in these
zones. If the pile is too small, it loses heat quickly, and also
slows down the process. As a result, microorganism
activity may vary in different-sized piles. Only two studies
have determined the effect of microbial inoculants in
small-scale composting. Nair and Okamitsu (2010) used
Effective Microorganism (EM) and Trichoderma sp. in
composting of putrescible kitchen waste. They combined
thermocomposting and vermicomposting and found that
ligno-cellulolytic inoculants are not essential to accelerat-
ing composting for onsite, small-scale, household organic
waste treatment. However, EM inoculation enhanced the
reproductive rate of earthworms. Another study was con-
ducted by Abdullah et al. (2013) who determined the
effects of using a solution of mixed bacteria of Bacillus sp.,
Clostridium sp., Pseudomonas sp., Aspergillus sp., Cellu-
lomonas sp., Chaetomium sp., Penicillium sp. and Tricho-
derma sp. as starter culture on kitchen-waste composting
consisting of vegetable scraps and fish processing waste in
an in-vessel system. They found that no apparent differ-
ences were found in compost with added starter culture.

Studies of small-scale composting using commercial
mixed inoculants available on the market are limited. The
objective of this research was, therefore, to conduct a
performance study of passive-aeration bin composting
using three different inoculations with daily batch feeding
of household organic wastes.

Materials and methods
Compost bin and waste loading
Five 200-L passive aeration bins were prepared with 16

lateral holes (50 mm x 100 mm) and a vertical pipe con-
nected to an inverted funnel was installed in the middle of
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the bin (Fig. 1). Food scraps and dry leaves (1.6 kg total)
with a ratio of 1:0.14 (wet weight) were added daily to each
bin, without mixing, for 60 days. The bins were then
allowed to compost for an additional 94 days. This loading
pattern was designed to simulate typical household waste
generation—estimated from the waste generation of a four-
person household (generation rate of 0.8 kg/[cap d] with
50 % organic portion) (PCD 2007). The food scraps (of
which, 50 % was discarded during food preparation and
50 % was leftovers) were collected from a canteen at
Faculty of Engineering, Chiang Mai University, Chiang
Mai, Thailand. The food preparation scraps were mainly
vegetables. The leftover food was primarily rice and noo-
dles, prepared by draining off the liquid portion. All wastes
were reduced in size to less than 50 mm. The waste char-
acteristics (avg = SD, n = 9) are shown in Table 1.

Inoculation details

The inoculants used were mature compost (MC) produced
from organic household wastes and two popular inoculants
available in the Thai market: EM developed by Dr. Higa
and LDDI1 produced by the Land Development Depart-
ment, Thailand. The MC used in this study was obtained
from the previous trial of bin composting using food wastes
and dry leaves (the same compost mix as in this study) with
3 months of additional curing. The C/N ratio and moisture
content of MC was 12 and 35 %, respectively. EM is a
trademarked term commonly used to describe a proprietary
blend of three or more types of predominant organisms.
EM was first used in Asia in 1989, before moving to other
continents. EM is used in many agricultural and environ-
mental management systems including crops, livestock and
aquaculture EM is used widely in environmental manage-
ment for decomposition and, more importantly, for
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Fig. 1 Diagram showing the composting bins
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Table 1 Characteristics of organic wastes fed in all bins (avg = SD, n = 9)
Bin pH EC (dS/m) Moisture content (%) VS (%) C (%) N (%) C/N ratio
1 4.68 £+ 0.46 2.13 £0.16 72.93 £ 0.85 90.42 £ 0.58 47.52 + 1.63 0.94 £ 0.07 50.94 £ 3.55
2 4.60 £+ 0.39 2.16 £ 0.12 73.23 £+ 0.88 90.48 £ 0.80 48.13 + 1.80 0.95 £ 0.05 50.79 £ 3.47
3 4.66 £+ 0.41 2.10 £ 0.17 73.21 £ 091 90.51 £ 0.93 48.87 + 3.02 0.92 £ 0.06 533 £ 3.16
4 4.75 £ 0.46 232 +£0.24 71.22 £ 0.83 87.76 + 1.38 46.28 + 2.16 0.9 +0.08 48.56 + 3.25
5 492 + 044 2.50 £ 0.16 70.18 &+ 1.00 84.3 £ 1.60 45.33 £1.95 1.00 £+ 0.06 45.36 £ 2.07
Table 2 Characteristics and Bin  Inoculant pH cfu/g or cfu/mL Amount seeded in each bin,
amount of inoculants seeded in g or mL/d
the composting process Bacteria Fungi Actinomycetes

1 Control bin

2 EM 331 377 x 10> 331 x 10> 3.37 x 107 16 mL

3 LDD1 6.10 137 x 10* 796 x 10>  8.13 x 10? 0.16 g

4 MC (2 %) 746 7.82x 10> 501 x 10> 5.64 x 10° 2g

5 MC (5 %) 746 7.82x 10> 501 x 10> 5.64 x 10° 80 g

recycling of both solid and liquid wastes (Higa 1991; Higa
and Wididana 1991); it is reported to include lactic acid
bacteria, photosynthetic bacteria and yeast (Szymanski and
Patterson 2003). EM used in this study was bought from
EM Q-Sei Company. LDDI, produced by the Land
Development Department, Thailand, consists of fungi,
actinomycetes and lipase-producing bacteria; it is widely
distributed and is used to compost organic waste in
Thailand.

In this study, five bins were prepared for the experiment.
Bin 1, a control bin, was not inoculated. bins 2-5 were
inoculated using EM, LDDI1, 2 and 5 % MC, respectively.
EM and LDD1 were mixed with the organic waste daily, as
specified by the developers (Table 2). EM is highly acidic,
LDD1 slightly acidic and MC slightly basic. LDD1 inoc-
ulants contained the most microbes, followed by the 5, 2 %
MC and EM inoculants.

Sample analysis

During the waste-loading period, the fresh organic
waste fed into the bin was sampled and analyzed
weekly. Biweekly compost samples were randomly
taken from the middle portion of the bins to determine
pH, electrical conductivity (EC) and microbial counts.
After the waste-loading period, weekly to biweekly
compost samples were randomly taken from the middle
portion of the bins to analyze pH, EC, moisture content,
C, N, volatile solids (VS) and microbial counts. The
temperature in the middle of the waste layer was
measured daily. At the end of the composting period,
the compost was weighed and piled for another 30 days
to allow the compost to mature. Finally, the composts

were analyzed for pH, EC, moisture content, C, cation-
exchange capacity (CEC), germination index (GI), and
N, P and K values. All analyses for each sample were
conducted in triplicate.

Temperatures were recorded using a glass thermometer.
The pH and EC were determined by measuring slurry of a
1:10 ratio of compost to water using a Horiba F-21 pH
meter and a WTW 330i conductivity meter, respectively.
Carbon and nitrogen contents were determined using
methods based on Walkley and Black (1934) and a modi-
fied micro Kjeldahl procedure (AOAC 1980), respectively.
VS were determined using a gravimetric method (APHA
1997) and CEC was measured using a displacement
method and distillation for the adsorbed ammonium
(Schollenberger and Dreibelbis 1930). Phosphorus was
analyzed using HNO;-HClO, digestions, followed by a
colorimetric method using Barton’s solution, and potas-
sium was determined using HNO3;—HClO, digestions and a
flame photometer (AOAC 2000). Seed germination was
carried out using flowering white cabbage seeds (Brassica
chinensis var. parachinensis) based on the method descri-
bed by Zucconi et al. (1981). The dilution plate method
(AOAC 2000) was used to enumerate bacteria, fungi and
actinomycetes using nutrient agar, potato dextrose agar and
yeast extract-malt extract agar, respectively. The plates
were incubated at 35 °C. Bacterial counts were recorded
2 days after plating. Fungal and actinomycetic counts were
recorded 5 days after plating.

Statistical analysis

One-way ANOVA at a 95 % confidence limit was con-
ducted to compare the study results.
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Fig. 2 Temperature variations
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Results and discussion
Compost characteristics variation

All five bins showed similar changes in temperature
(Fig. 2). The temperature in each bin reached a maximum
during the 2nd and 3rd weeks of the waste-loading period.
Following this, the temperature generally reduced, before
increasing again at weeks 6 and 7. The second temperature
peak occurred after the waste level in each bin exceeded
the level of the inverted funnel (Fig. 1). This might have
resulted in a passive aeration effect, causing the higher
biodegradation activity. The highest temperatures during
the waste-loading period were observed in Bin 4 (49.9 °C),
followed by bins 3, 5, 1 and 2 (46.4, 45.6, 45.2 and
45.0 °C, respectively). The mean temperatures observed in
all bins during the waste-loading period ranged from 39.5
to 40.0 and 28.6 to 28.7 °C, but were not significantly
different from each other (p > 0.05). After the waste-
loading period, the temperatures continued to decrease
towards the ambient temperature and no significant dif-
ference was also observed among all bins. Normally,
compost should be kept in the thermophilic range for
2 weeks to inactivate or kill pathogens. However, in this
study, the thermophilic phase took place over only a few
days in all of the bins, due to the heat loss from the high
surface—volume ratio of the smaller volume bins. These
results corresponded to the studies of Nair et al. (2006),
Nair and Okamitsu (2010) and Coléna et al. (2010).
Therefore, the compost hygienization may not be assured.
However, according to the study of Coldna et al. (2010)
who determine the environmental burdens of home com-
posting using bin, they found that the final compost
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produced in bin was hygienized since Salmonella was not
detected and less than 10 CFU/g of E. coli were found.

The compost characteristic variations are presented in
Fig. 3. The pH and EC of the waste in the bins started from
4.87 to 5.33 and 2.03 to 2.37 dS/m, respectively (Fig. 3).
After waste-loading period, bins 1-3 had significantly
lower pH values, compared with bins 4 and 5 (p < 0.05),
due to the higher pH of the added MC. The pH of the
compost in all bins increased to 7.2-8.0. The increase in
pH may be explained by the release of ammonia following
the degradation of organic compounds, such as protein and
amino acids (Caceres et al. 2006). At the end of the com-
posting period, the EC values increased to a range of
2.68-3.80 dS/m, which could be attributed to the release of
mineral salts and ammonium ions through the decompo-
sition of organic matter. After waste-loading period, bins 4
and 5 had significantly higher EC values than bins 1-3
(»p < 0.05) due to the higher inorganic content in the
mature composts added.

The C/N ratio of fresh organic wastes ranged from 45.4
to 53.3, before continuously decreasing and finally stabi-
lizing at 14.6, 13.0, 13.8, 12.4 and 10.5, for bins 1-5,
respectively. After waste-loading period, bins 4 and 5 had a
significantly lower C/N ratio than all other bins (p < 0.05).
The C/N ratios of the composts in all Bins fell below 15,
indicating that the maturity of the compost was achieved
(Golueke 1981).

The organic waste used in this study contained high VS,
reflecting the high proportion of biodegradable matter. The
VS decreased from a range of 80.9-90.0 % at the begin-
ning of the composting period, to a range of 57.4-80.7 % at
the end. The majority of VS reduction occurred during the
first 2 months after the waste-loading period. The lower
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significant values of VS were found between bins 4 and 5,
and between the group of bins 4 and 5 with the group of
bins 1-3.

During the waste-loading period, the bacteria domi-
nated, compared with the fungi and actinomycetes. After
the waste-loading period, all microbial contents sharply
increased 100- to 1,000-fold. This increase might be
because the growth of microorganisms in the mesophilic
range, occurring after the waste-loading period, was greater
than in the thermophilic range, occurring during the waste-
loading period. In addition, the microbial plates were
inoculated at 35 °C, so the thermophilic microorganisms
were grown on the plates, resulting in the lower number of
microorganisms obtained in this study. However, the
microbial succession was in agreement with Ryckeber et al.

(2003), who showed that fungi and actinomycetes prolif-
erated when the temperature was low and that thermophilic
bacteria dominated when it was high. Bin 3 showed the
highest counts of all three microbial contents, both during
and after the waste-loading period, followed by bins 5, 4, 2
and 1, respectively. bins 3 and 5 had significantly higher
microbial counts, compared to all other bins (p < 0.05).

The composting time and finished compost
characteristics

The composting times to stabilize the C/N ratio and VS of
the compost materials in bins 1-5 were 81, 74, 74, 67 and
67 days after the waste-loading period, respectively, for the
C/N ratio; and 88, 74, 67, 74 and 67 days after the waste-
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Table 3 Finished compost

Bin pH EC (dS/  Moisture content C/N GI CEC (cmol/ N-P-K (% N, % P,0s,
characteristics m) (%) (%) kg) % K,0)
1 7.7 45 61.7 134 139.1 715 2.52-0.87-2.26
2 7.8 4.2 63.1 11.5 1466 71.6 2.85-0.90-2.83
3 79 44 62.1 12.7 1529 727 2.58-0.83-2.08
4 79 5.0 61.5 11.5 1555 71.6 2.60-0.86-2.47
5 7.8 4.6 59.9 10.7 1587 722 2.75-0.72-2.35
Table 4 Total mass and Bin Dry mass (kg) Reduction (%) Dry VS mass (kg) Reduction (%)
volatile solid mass reductions
Beginning End Beginning End
Including of MC mass in Bin 4 and 5
1 26.03 7.23 72.22 23.54 5.85 75.2
2 25.74 6.88 73.27 23.29 5.51 76.3
3 25.76 6.92 73.14 23.31 5.57 76.1
4 28.22 8.70 69.17 24.76 5.88 76.3
5 30.10 11.03 63.36 25.38 6.39 74.8
Excluding of MC Mass in Bin 4 and 5
1 26.03 7.23 71.2 23.54 5.85 75.2
2 25.74 6.88 72.4 23.29 5.51 76.3
3 25.76 6.92 72.2 23.31 5.57 76.1
4 26.74 7.22 72.1 24.13 5.25 78.2
5 26.42 7.35 71.2 23.81 4.82 80.0

loading period, respectively, for VS. Therefore, microbial
inoculation enhanced biological activities during com-
posting, and shortened the stabilization period by
1-2 weeks.

The finished composts characteristics are presented in
Table 3. The pH and conductivities of the finished com-
posts from all bins ranged from 7.0 to 8.0 and 4.2 to 4.5 dS/
m, respectively. The moisture contents ranged from 59.9 to
63.2 %, all C/N ratios were <15 and all GIs were >140,
showing that the composts were mature and not phytotoxic
(Zucconi et al. 1981). All the composts had similar levels
of CEC and N:P:K. The bins seeded with MC showed the
lowest C/N ratio and the highest GI, even though the Bin
seeded with LDDI1 contained the highest numbers of
microorganisms. This might be because the microorgan-
isms in the MC were adapted to the environment of the
household organic wastes composting, compared with the
LDDI.

The total mass and volatile solid mass reductions in all
bins during the composting period exceeded 63 and 74 %,
respectively (Table 4). The total mass reduction of bins 2
and 3 was not different from the control Bin, while the
total mass reduction of bins 4 and 5 was less than the
control Bin. This could be because the MC amounts
added during the waste-loading period in bins 4 and 5
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were larger than the EM and LDD1 amounts added to
bins 2 and 3. The MC was already in a stabilized state and
low in readily available carbon compounds, therefore, its
total mass reduction during the composting period can be
assumed to be negligible. When the mass of MC was
deducted, the percentage reduction in the total mass of all
bins was similar (Table 4). However, the VS mass
reductions in the bins seeded by MC were slightly greater
than the bins seeded by EM and LDDI and the control
Bin.

This study has shown that adding EM and LDDI1 to
facilitate composting may not be necessary. This conclu-
sion corresponds with Nair and Okamitsu (2010) and Ab-
dullah et al. (2013) who concluded that the starter culture is
not essential to accelerating the composting of kitchen
waste. When comparing the results obtained from bins 4
and 5 and the control Bin, MC in both bins accelerated
composting by approximately 2 weeks. The finished com-
post produced from these bins had a lower C/N ratio,
higher GI, higher fraction of compost smaller than
12.5 mm and higher volatile mass reduction. Bin 5 (§ %
MC) produced compost with better final characteristics
than Bin 4 (2 % MC). Therefore, inoculation with MC was
effective in composting household organic wastes, even
though the improvement was not very high.
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Conclusions

The study composted household organic wastes, inoculated
with two popular, commercially available inoculants in
Thailand and mature compost. The study revealed that it
might not be necessary to add commercial inoculants to
facilitate composting of household organic waste due to the
slight improvement of the finished compost. The mature
compost can be used as a seed starter to improve com-
posting, producing a finished compost with better
characteristics.
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