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ABSTRACT

The objective of this study was to investigate the aerobic bacterial communities induced by aroma or volatile
gas released from 3 different organic wastes. The food and cooked meat wastes were sampled from Kasetsart
university canteen, while the bio-wastes were sampled from Span-mai fresh food market, both of them
located in Bangkok, Thailand. The organic waste samples were analyzed for physical and chemical
characteristics and microbiological analysis. The analysis in 3 organic wastes results showed that total
bacteria were found highest in bio-waste following by food waste and cooked meat waste with the value of
2.37x105, 7.60x104and 3.51x102 CFU/g, respectively, and the same trend were found for bacterial communities
for amylolytic bacteria, proteolytic bacteria, lipolytic bacteria and cellulolytic bacteria. However, cellulolytic
bacteria were found highest in bio-waste following by cooked meat wastes and food wastes with the value
of 1.87x104 CFU/g, 1.60x101, and 1.150x101 CFU/g, respectively. In terms of genus, wastes from 3 sources
are similarly composed of Micrococcus spp., Staphylococcus spp. Corynebacterium spp., Pseudomonas spp.,
Bacillus spp. Enterobacter spp., Aeromonas spp. The study was indicated that there was no difference in the
composition of bacterial communities from the 3 wastes, but there were different in quantities. The similar
physical and chemical characteristics emitted similar odor or volatile chemical and induced similar bacterial
communities.

Key words : Aerobic bacteria, Food wastes, Cooked meat wastes, Bio-wastes

Introduction

Understandable information on community gar-
bage composition indicated the daily organic waste
about 60% which can be identified as food waste
over 50%. Generally, Thai food waste are composed
of ingredients not only carbohydrates, proteins, cel-
lulose and fibers but they are also included some
spicy, chili, hot pepper and herbs because of tradi-
tional consumption of taste-like meals in which they

produce from tropical-climatic favors of food crops
growing. Nowadays, some amount of hot food
waste from restaurants and food courts in the cities
are intentionally separated for feeding to pig farms,
no matter it is spicy or tasteless organic matters. It is
understood that the organic wastes are composed of
carbohydrate, proteins, lipid (oil and grease), vita-
mins, salt and minerals, cellulose, and fibers. Be-
sides, microorganisms, especially bacteria, are natu-
rally contaminated in food scraps which play vital
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role in bacterial organic digestion processes by aero-
bic and anaerobic processes for converting organic
matters to inorganic materials plus gases, liberated
heat and leachate.

In general, there are more than 1000 volatile
gases as produced by organic carbons from carbo-
hydrates, proteins, cellulose and lignin (called as
organic compounds) which are the main compo-
nents of organic wastes. Compounds of nitrogen
and sulfur are among more than 100 gases, some of
them set up the odors, such as hydrogen sulfide
(H2S), nitrous oxide (N2O), etc. Theoretically, vola-
tile gases and odors are generated by biochemical
processes and its own hydrocarbon properties
which are transferred to attract to the microorgan-
isms before they respond to excrete their enzymes to
digest the organic wastes. However, there are some
factors to catalyze the bacterial organic digestion
process, such as pressure, temperature or heat, pH,
alkalinity, salinity, inhibitors, stimulants, C/N ratio,
etc. In fact, there are a lot of bacterial species that
play a role in the organic digestion processes by ei-
ther aerobes or anaerobes, but it is not that all spe-
cies are effective for converting organic matter to in-
organic materials (mostly plant nutrients).

In Thailand, the home garbage are produced is
about 1 kg/capita/day, 115 million tons/year, and
425 disposing sites (95 landfills 330 dumps) as
found by Chiemchaisri and Visvanathan (2008). For-
tunately, the latest report 2018 (up to September
2018) of Ministry of Natural Resources and Environ-
ment informed the amount of solid wastes in the
whole Kingdom of Thailand about 130 million
tons/year but the daily product is still 1 kg/capita/
day. Not only in Bangkok but also around the
world, the community or municipal garbage was
composed of organic wastes ranging 40-70% by
weight, plastic 10-15%, papers 5-10%, glasses 5-8%,
textile 4-8%, leather 4-7% and others such as inert,
wood, metals, debris and rubble) as reported (JICA,
1981, 1982, 1991), Sakai, 1996; Chiemchaisri et al.,
2007; PMO, 2011; Mezah et al., 2015; Singh et al.,
2017; Hosseini et al., 2018). And Remarkably, the
other parts of garbage (plastic, inert, metals, paper,
wood, textile, glass, leather and chemicals) were
varied from high to low dense population, from
community to community, from country to country,
from one human activity type to another one, from
season to season and from high to low season tour-
ism. Interestingly, the organic compounds play a
significant role in problem establishing in commu-

nities as well as internalities and externalities from
point sources by odors of VOCs and transferring
contaminants (Ahmed and Ali, 2004; Grazhdani,
2016).

The garbage consists mainly of organic wastes
(organic compounds) which are identified as carbo-
hydrates, proteins, lipids, lignin, cellulose and fibers
(Krzymien et al., 1999;  Tchnobanoglous and Kreiti,
2002; Komilis et al., 2004; Kumar et al., 2011, and
Pounce-Espinosa et al., 2014). From chemical point
of view, these organic compounds are comprised of
carbon and a few of other elements like H, O, N, P,
S and halogens [(F, Cl, Br, I and At (astatine)]. It is
well known that the organic compounds are classi-
fied into 7 classes: they are 1) hydrocarbon, alkenes
and alkynes, 2) alcohols, ethers, and thiols, 3)
amines, 4) aldehydes, ketones, and carbonyl if acids,
5) polymers and molecules of long chains by mono-
mers, 6) carbohydrates, lipids, amino acids and pro-
teins, and 7) nucleic acids. Certainly, each of all has
their own volatile properties by either organic
chemical process, biochemical process, biophysical
process, or physical-chemical process to generate
some acid or alkaline gases in order to produce
volatile gases to specific bacteria types. Then after,
Shahriari et al. (2013) explained that and Schulz-
Bohm et al. (2017) the bacteria is taken in response
by releasing enzymes to digest that particular types
of organic compounds more or less rate of digesting
process depending on the involved factors, such as
temperature, moisture, constituents of organic com-
pounds (carbohydrates, proteins, lipids, cellulose,
lignin, and fibers). However, one constituent of or-
ganic compounds is favored by more than one bac-
terial communities. In fact, all compounds respon-
sible of bacterial life are organic substances as de-
nominated biomolecules, that is carbohydrates, pro-
teins, and lipids, but also nucleic acids, complex
molecules involved in genetics, are considered part
of them.

The organic wastes are supposed to be the sub-
strate of bacteria as induced by VOCs including
odors which are released to the atmosphere through
the bacterial organic digestion process to organic
compounds (carbohydrates, proteins, oil and fat,
cellulose, lignin, fibers, and others). Accordance
with the organic compound properties plays vital
role in releasing VOCs by its own properties with
activating by organic, physical-chemical, biophysi-
cal, and biochemical processes in organic wastes as
the mixed matters of organic compounds. Conse-
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quently, the composition of organic wastes has to be
known in order to bring about to bacterial commu-
nities identification in relation to the released VOCs
by themselves and biochemical process (Obeng and
Wright, 1987; Phewnil, 1998; Fleming-Jones and
Smith, 2003; Okot-Okumu and Nyenje, 2011; Han
and Wang, 2018).

Summarily speaking, this research project will be
focused on bacterial communities as induced by
volatile gases releasing from organic compounds of
food waste, cooked meat waste from Kasetsart uni-
versity canteen and bio-waste from Span-mai fres-
food market at Bangkok, Thailand. In doing so, the
in-depth knowledge of organic wastes and bacterial
communities will be isolated and identified in order
to support how to manage the organic waste dis-
posal.

Materials and Methods

Selection of Experimental Sites

In this study is a study of sampling site in Bangkok
metropolitan which collect the organic waste at
Canteens was selected at Kasetsart Universit,
Bangkhen Campus, (KU canteen) for studying the
food waste, and cooked meat waste while the bio-
wastes took at Sapan-Mai fresh-food market in
Bangkok as shown in Figure 1.

Organic wastes sampling method

In order to study of aerobic bacterial communities
which is induced by volatile gas or odor  released
from the organic compounds (not from composting
process), the fresh wastes with no more than 6 hr
after generated were collected and studied. The

Fig. 1. The geographic location of the study sampling site from Kasetsart university and Sapan-mai fresh-food
market at Bangkok, Thailand.
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samples of organic compounds in food waste (rep-
resent of carbohydrate source) and cooked meat
waste (represent of protein source) were collected
from KU canteen, and bio-waste (represent of cellu-
lose source) were collected at Sapan-Mai fresh-food
market in Bangkok. In each collection; bones and
inert material (paper, plastic, etc.) were discarded.
Food waste and the bio-wastes were randomly col-
lected by using quartering techniques to obtain 10
kg of organic waste from each source. And cooked
meat waste was about 3 kg. The organic waste
samples were stored at 4 oC during the transport
and laboratory analysis (Figure 2).

Physical and chemical characteristics analysis

Samples of the organic wastes were subjected to
perform of physical-chemical analyses for waste
characteristics. Parameters and analytical method
according to Ministry of Agriculture and Coopera-
tives (Thailand) (2008), AOAC (2012), and Srisatit
(2016) are summarized in Table 1.

Microbiological analysis

Organic wastes samples were stored at 4 oC during
the transport and analysis. Bacterial isolates identi-
fied and were obtained in solid media following the
method described by Atlas (2004), Department of
microbiology (2011), Kasetsart University (2011)
and AOAC (2012) with some modification. The
fresh samples were used to determine numbers of
culturable aerobic bacteria, using the 10-fold serial
dilution method. Initial samples suspensions were
prepared by the additions were prepared by the
addition of 50 g (w/v) of samples to 450 mL of
steriled 0.85% normal saline solutions under aseptic
technique. A 0.1 mL aliquot sample was plated on
medium for determining enumeration of total bac-
teria and enzymatic analyses. The microbiological
analyses included: 1) enumeration of colony form-
ing units (CFU) of bacteria following dilution plat-
ing, 2) Gram stain (classification in bacteria Gram
(+) or Gram (-) and specification of cell morphology,
3) enzymatic analysisfor grouping bacteria commu-
nity of carbohydrate (amylolytic bacteria), protein
(proteolytic bacteria), fat and oil (lipolytic bacteria)
and cellulose (cellulolytic bacteria), and 4) bacteria
identification using biochemical test. Brietly, enu-

Table 1. Various methods used for physical-chemical analysis

Parameters Method

Physical parameter 1. Bulk density (BD) -
2. Moisture content (MC) Oven drying method

Chemical parameter 1. pH A grass electrode pH meter
2. Electrical Conductivity (EC) Electrical conductivity meter
3. Carbohydrate Calculation
4. Protein Kjeldahl method and calculation
5 Fat and Oil Extracted by using Petroleum ether

6. Cellulose Digestion method
7. C/N ratio Calculation
8. Total Nitrogen (Total N) Kjeldahl method
9. Total Phosphorus (Total P2O5) The spectrophotometric method

10. Total Photassium(Total K2O) Flam photometric method
11. Total organic carbon (TOC), Organic matter (OM) Walkey-Black method

Fig. 2. Organic waste samples collected from 3 sources:
(a) food waste at KU canteen (b) cooked meat
waste at KU canteen, and (c) bio-waste at Sapan-
Mai fresh-food market.
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meration of total aerobic bacteria was carried out on
plat count agar (PCA) for 10-fold serial dilution
method. Petri dishes were incubated at 35±2 oC and
colonies counted after 24-48hr incubation. Enzy-
matic analysis for classifying bacterial community
of carbohydrate, protein, fat and oil and cellulose
used media for the assay of each activity for 10-fold
serial dilution method were as follows: starch agar
(SA) for amylolytic bacteria activity, skim milk agar
(SM) for proteolytic bacteria activity, tween 80 agar
(TW) for lipolytic bacteria activity and carboxymethyl
cellulose agar (CMC) for cellulolytic bacteria activity,
respectively. Petri dishes were incubated at 35±2 oC
and colonies counted after 24-48hr. incubation.
Bacteria’s biodegradability was tested with iodine
solution drops, the results showed as follow: for SA,
the white circles formed around the colonies
showed that the bacteria could degrade starch. For
SM, the clear zone formed around the colonies
showed that the bacteria could degrade protein. For
TW, the coagulation was formed around the colo-
nies. And CMC was tested with Congo red for 15
min, then rinsed with 1N NaCl for 30 min. The yel-
low clear zone formed around the colonies showed
that the bacteria could degrade cellulose. Gram
staining and Biochemical tests were performed to
identify genus of bacteria, and the microbes were
identified by using Bergey’s Manual of Systematic
Bacteriology: 9th edition.

Statistical analysis

Three independent replicates were used in all analy-
ses. Differences among food waste, cooked meat
waste from KU canteen and bio-wastes from fresh-
food market for their enzymatic analysis of bacteria
(amylolytic, proteolytic, lipolytic, and cellulolytic),
chemical were assessed by one-way analysis of vari-
ance (ANOVA) and multiple comparison tests
(Duncan’s New Multiple Range Test, DMRT). The
significance level was at P  0.05 level for all analy-
ses.

Results and Discussion

Physical-chemical characteristics

Thai food is normally made from meat and veg-
etables with stir fly, deep fly, boil with or without
coconut milk process and normally contain spices,
and served with rice. This make Thai organic wastes
from 3 sources have components (carbohydrate,

protein, oil and fat, cellulose) in different propor-
tions similarly as reported in Taiwan that studies
component in food waste (Chang and Hsu, 2008).
The physio-chemical analysis results showed that
pH of 3 sources were in weak acidic range from 4.4-
4.8 due to high volatile fatty acid as reported
(Adhikari et al., 2009; Chori et et al., 2009). Moisture
content results of 3 sources showed the value more
than 60% because boiling is one of the most popular
Thai cooking processes. High water content in food
waste (84.5%) and mixed vegetable waste (85%)
was also found in wastes as reported (Chori et al.,
2009; Bhatia et al., 2013), this made the organic
wastes to be used for animal feeds and fertilizers as
reported (Xiao et al., 2009; Bhatia et al., 2013; Sarkar
et al., 2016; Zhao et al., 2017).C/N ratio were found
highest in food waste following by bio-waste and
cooked meat waste with the value of 13.73, 12.28,
and 4.45, respectively. Total organic carbon results
were in the range of 32-45%. Organic matters in 3
sources were in the range of 56-80%, which ex-
ceeded the set standard at less than 30%. Total nitro-
gen and phosphorus exceded the set standard at
less than 0.5%. It was found that only bio-wastes
that had total potassium at 2.3%, which exceeded
the set standard at less than 0.5% (Table 2). In 3 or-
ganic wastes compositions that affect chemical char-
acteristics (carbohydrate, protein, oil and fat and
cellulose) (Table 2 and Figure 2 and 3). However,
comparison in details were as followings:
1). Food wastes from KU canteen: The steam rice

was found mostly followed by vegetable scraps
and cooked meat scraps. Hence carbohydrates
were found mostly at 55.95% following by pro-
teins, oil and fat and cellulose at 21.25%, 12.07%
and 9.76%, respectively.

2). Cooked meat wastes from Ku canteen: Pork,
fish, and protein composites such as eggs and
tofu were found. Hence proteins were found

Fig. 3. Amount of nutrient among in the organic waste
from 3sources
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mostly at 44.87% following by oil and fat, carbo-
hydrate and cellulose at 32.21%, 13.91% and
3.28%, respectively.

3). Bio wastes from Sapan-Mai fresh food market:
Vegetable scraps were found mostly following
by meat with fat scraps. Hence oil and fat were
found mostly at 36.38% following by carbohy-
drate, protein and cellulose at 23.38%, 21.81%
and 16.38%, respectively.

Organic wastes from 3 sources mentioned above
contained carbohydrates, proteins, oil and fat, and
cellulose. Carbohydrates found in organic waste,
rice and vegetables, polyhydroxy aldehyde or poly-
hydroxy ketone or hydrocarbon compounds, pro-
viding 2 products mentioned. Proteins wastes were
from cooking and consuming made from plants
such as beans or from animals such as pork, beef
and fish. Protein were large molecules mostly found
in biological systems with high molecular weight

composted of carbon (C) hydrogel (H) and oxygen
(O) nitrogen (N) and sulfur (S). The smallest struc-
ture was amino acid. Fat and oil were lipids
composted of saturated fatty acid such as lard, pork,
pork liver, chicken, egg, rice etc. and unsaturated
fatty acid such as soybean oil and palm oil. The
molecule of oil and fat composted of C, H, and O.
However, lipids contained oxygen less than carbo-
hydrates, but contain C and H more than carbohy-
drates. Some lipids contained nitrogen, phosphorus,
and sulfur. Celluloses were mostly found from bio-
wastes from fresh food market such as vegetables
and fruits. They were homogeneous polysaccharide
that mostly found in nature in plant tissues. The
molecules were composted of D-glucose from 2,500
to 14,000 units, which contained C, H and O as re-
ported Rotporboonsathit, 2013; Phongsawas et al.,
2014; Chareonpanich, 2015). The compositions were
sources of volatile gases or odor releasing from food

Table 2. Physical-chemical characteristics of organic waste from 3 sources

Parameters Unit Food Cooked Bio-waste Standard of
Waste meat waste Compost in

Thailand*

BD g/cm3 0.61 0.60 0.39
MC % 90.01 70 63.33  35%*
pH -log[H+] 4.8 4.5 4.4 5.5-8.5*
EC dS/m 7.21 5.21 8.64  6 dS/m
Carbohydrate % 55.95 13.91 23.38
Protein % 21.25 44.87 21.81
Oil and Fat % 12.07 32.21 36.38
Cellulose % 9.76 3.23 16.38
C/N ratio - 13.73:1 4.45:1 12.28 : 1  20:1*
Total N % 3.3 7.30 3.5  1% W/W*
Total P2O5 % 0.6 1.10 0.6  0.5% W/W*
Total K2O % 0.40 0.45 2.30  0.5% W/W*
TOC % 45.3 32.50 43.0
OM % 78.1 56.00 74.1  30% W/W*

Note:* Standard of Ministry of Agriculture and Cooperatives (Thailand), 2008.

Fig. 4. The number of bacteria collected from organic waste in 3 sources.
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component induced bacteria as follows:  1)
aroma compound in foods containing car-
bon such as aldehydes alcohol, ketone, es-
ters, lactones, carboxylic acids, terpenes,
terpenoids, butanol, alkanes, butanedione,
butanone and acetoin, 2) Oxygen heterocy-
clic and phenols such as furans and
furanoids, furanones, pyranones and
phenols, 3) Nitrogen compound such as
amines, pyrroles, pyrrolines, pyridines and
pyrazines, aminoacetophenone,
trimethylanine and indole, and  4)  Sulfur
compound such as Sulfides, dimethyl dis-
ulfide, thiols, thiophenes, thiazoles,
thiazolines, thioesters, mercapto ester and
isothiocyanates (Audrain et al., 2015;
Parker, 2015). Causing volatile gases that
can induce bacteria community to growth.
Some reports indicated that, volatile fatty
acid degrading and total bacteria abun-
dance was significantly reduced the odour
index (Awasthi et al., 2018).

Bacterial enumeration and identities

The 3 organic wastes were different due to
food and cooked meat wastes were pass
heat-cooking processes, but the bio-wastes
did not. Moreover, the compounds that
generated volatile gases or odors in the
wastes cause attract unequal bacteria in
growth were also different. Therefore,
aerobic bacteria were found highest in bio-
wastes following by food and cooked meat
waste at 2.37 x 105, 7.60 x 104, and 3.51 x 102

CFU/, respectively as shown in Table 2.
The different quantity of bacteria was af-
fected by contamination during transporta-
tion process and collection system as re-
ported (Chomsri, 2012; Chutov, 2015)

Enzymatic analysis (amylolytic bacteria,
proteolytic bacteria, lipolytic bacteria, and
cellulolytic bacteria) were investigated in 3
sources (food waste, cooked meat waste,
and bio-waste). The resulted show that, all
sources were consistent with the number
of bacteria and sources of nutrients col-
lected from various locations. In food
wastes represented carbohydrate sources,
proteolytic bacteria were found at 6.00 x
103 CFU/g (P0.05), which is more than
amylolytic bacteria. In cooked meat wastes T
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represented protein sources, proteolytic bacteria
were found with highest amount at 4.20x101 CFU/
g(P0.05), which corresponded to the highest pro-
tein at 44.87%. In bio-wastes represented cellulose
sources, cellulolytic bacteria were found highest at
1.87 x 104 CFU/g (P0.05), which corresponded to
the highest cellulose content at 16.38% (Table 2). The
similarity contents in terms of carbohydrates, pro-
teins, oil and fats and cellulose were found in the 3
organic wastes. Those contents were C, N and en-
ergy sources for activities and growth as reported
by Adhikari et al., (2009). Abundant substrates at the
beginning of wastes triggered high competition be-
tween microbial groups. Then, dominant bacterial
groups were the bacteria that were attracted by
volatile gases or odor from chemical compounds in
wastes and to emit quarum sensing to attract the
same species/genus to be accumulated as reported
(Solano et al., 2014; Audraid et al., 2015; Schulz-
Bohm et al., 2017). The chemical characteristic re-
sults in the 3 organic wastes were similar in chemi-
cal compounds, but were different in quantity. Then
the similar type of bacteria in term of proteolytic
bacteria, lipolytic bacteria and cellulolytic bacteria
were found with different amount (Table 3 and Fig.
4). During bacterial-enzyme decomposing, the clear
zones in SA, SM and CMC substrates were found as
reported (Tsai et al., 2007) and as shown in Figure 5.
Similar bacterial decomposing carbohydrates, pro-
teins, oil and fat, and celluloses were found genus
comprising of Micrococcus spp., Corynebacterium
spp., Staphylococcus spp., Bacillus spp., Pseudomonas
spp., Enterobacter spp., and Aeromonas spp. (Table 3).

Table 3. Comparison of enzymatic analysis from each sources sample using One Way ANOVA

Enzymatic analysis Food waste at Cooked meat waste Bio-waste waste at
KU canteen  at  KU canteen Span-Mai fresh-

food market

Amylolytic bacteria (CFU/g) 6.00 x 103 b 2.10 x101 c 7.30 x 103c

Proteolytic bacteria (CFU/g) 1.20 x 104a 4.20 x 101 a 1.20 x 104b

Lipolytic bacteria (CFU/g) 1.13 x 103d 2.50 x 101b 6.70 x 102d

Cellulolytic bacteria (CFU/g) 1.15 x 103 c 1.60 x 101d 1.87 x 104a

Genus of bacteria Micrococcus spp. Micrococcus spp. Micrococcus spp.
Corynebacterium spp. Corynebacterium spp. Corynebacterium spp.
Staphylococcus spp. Staphylococcus spp. Staphylococcus spp.
Bacillus spp. Bacillus spp. Bacillus spp.
Pseudomonas spp. Enterobacter spp. Pseudomonas spp.
Enterobacter spp. Aeromonas spp.

Note: The same vertical letters represent the mean without statistical difference at a significant level of 0.05 (P  0.05)
analyzed by using Duncan test a represents the highest difference value of the sample.

Relationships between physical-chemical
characteristics and bacterial groups in organic
wastes

The relationships between bacterial growth on sub-
strates and the bacterial decomposition on nutrient
sources in terms of carbohydrates, proteins, oil and
fat and celluloses were consistent. Analysis results
on enzyme activities from 3 organic wastes dis-
closed that amylolytic bacteria were significantly
found in the food wastes and bio-wastes with high
amount at 6.00x103CFU/g and 7.30x103 CFU/
g(P0.05), respectively. Proteolytic bacteria were
significantly found in food wastes and bio-wastes
with the similar highest amount at 1.20x103 CFU/g
(P0.05). Lipolytic bacteria were insignificantly
found in all wastes at 1.13x103 CFU/g, 2.50x101

CFU/g and 6.70x102 CFU/g, with P0.05 respec-
tively. Moreover, cellulolytic bacteria were signifi-
cantly found in bio-wastes with the highest amount
at 1.87x104 CFU/g (P0.05). However, bacteria
group had similar digesting ability in all 3 organic
wastes although genus and amount of amylolytic,
proteolytic, lypolytic and cellulolytic bacterial were
differently found as shown in Table 5 and 6. Or-
ganic wastes from 3 sources had many chemical
compositions and is very different due to the source
of the waste has different activity that produced
from different raw materials, cooking and produc-
ing processes. Therefore, available bacteria started
to digest simple complex nutrients such as carbohy-
drates found in rice and young leafy vegetables fol-
lowing by more complex nutrients such as proteins,
fats and cellulose, respectively as reported
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(Phewnil, 1998). Bacteria were induced by volatile
gases or odor from the carbon, oxygen heterocyclic,
phenol, nitrogen and sulfur compound in wastes
and congregated and increased. During the congre-
gation bacteria were communicated as reported by
Faran and Ryu, (2015) and Parker, (2015), then emit
specific enzyme to digest organic compounds to
smaller molecules or inorganic molecule or fertiliz-
ers as reported (Xiao et al., 2009; Bhatia et al., 2013;
Solano et al., 2014; Audraid et al., 2015; Sarkar et al.,
2016; Schulz-Bohm et al., 2017; Zhao et. al., 2017).

Conclusion

The results indicated all organic wastes contained
different physical–chemical characteristics, but simi-
lar compounds such as carbohydrates, proteins, oil
and fat, and celluloses. In the food wastes repre-
sented carbohydrate sources, amylolytic bacteria
were dominantly found. In terms of enzymatic
analyses, bacteria from 3 wastes were eligible to
decompose carbohydrate, protein, oil and fat and
cellulose by bacteria. In cooked meat waste repre-
sented protein sources, proteolytic bacteria were
dominantly found. Moreover, in bio-waste repre-
sented cellulose sources, lipolytic bacteria were
dominantly found following by cellulolytic bacteria.
The total aerobic bacteria were found in abundance
in bio-wastes from Sapan-mai fresh-food market fol-
lowing by the food wastes and cooked meat wastes
from the KU canteen at 2.37x105CFU/g,
7.60x104CFU/g, and 3.51x102CFU/g, respectively.
In addition, volatile gases or odor releasing from the
all wastes induced similar bacterial. Then they were
communicated and aggregated, and finally decom-
posed compounds in the wastes. Consequently, in
all wastes, there were no difference in bacterial di-
gestion abilities, but the number of bacteria de-
pended on composition and quantities of the
wastes. Therefore, the organic wastes could be man-
aged and reused as fertilizer because the food
wastes, cooked meat waste and bio-wasts already
contain bacteria decomposed carbohydrates, pro-
teins, oil and fat and cellulose.

Acknowledgement

This research was funded by Chaipattana Founda-
tion. I would like to express my very great apprecia-
tion to the foundation, the King’s Royally Initiated
Laem Phak Bia Environmental Research and Devel-

opment Project, Department Environmental Sci-
ence, Faculty of Environment, Kasetsart University,
my advisor and co-advisors for the support.

References
Adhikari, B.K., Barrington, S., Martinez, J. and King S.

2008. Characterization of food waste and bulking
agents for composting. Waste Management. 28 : 795–
804.

Ahmed, S.A. and Ali, A. 2004. Partnership for solid waste
management in developing countries: linking theo-
ries to relatives. Habitat International. 28 : 467-479.

AOAC. Official Method of Analysis of AOAC Interna-
tional. 19th ed. AOAC International Inc.,
Gaithersberg, MD; 2012.

Atlas, R.M. 2004. Handbook of microbiological media. 3th
ed. the United States of America: CRC press; 2004.

Audrain, B., Farag, M.A., Ryu, C.M. and Ghigo, J.M. 2015.
Role of bacterial volatile compounds in bacterial
biology. FEMS Microbiology Reviews. 39(2): 222-333.

Awasthi, M.K., Awasthi, S.K., Wang, Q., Wang, Z., Lahori,
A.H., Ren, X., Chen, H., Wang, M., Zhao, J. and
Zhang, Z. 2018. Influence of biochar on volatile fatty
acids accumulation and microbial community suc-
cession during biosolids composting. Bioresource
Technology. 251: 158-164.

Bhatia, A., Madan, S., Sahoo, J., Ali, M., Pathania, R. and
Kazmi, A.A. 2013. Diversity of bacterial isolates
during full scale rotary drum composting. Waste
Management. 33 : 1595–1601.

Chang, J.I. and Hsu, T.E. 2008. Effects of compositions on
food waste composting. Bioresource Technology. 99:
8068-8074.

Chareonpanich, C. 2015. Principles of Protein Engineering.
2nd ed. Bangkok: OS Printing House.

Cheng, S., Wang, G., Lang, J., Wrn, W., Wang, X. and Yao,
S. 2016. Characterization of volatiles organic com-
pounds from different cooking. Atmospheric Environ-
ment.  145: 299-307.

Chiemchaisri, C., Juanga, J.P. and Visvanathan, C. 2007.
Municipal solid waste management in Thailand and
disposal emission inventory. Environmental Monitor-
ing and Assessment. 135 : 13-20.

Chomsri, N. 2012. Food Microbiology. 1st ed. Chiang Mai;
Chiang Mai Printing Co., Ltd.

Chroni, C., Kyriacou, A., Georgaki, I., Manios, T., Kotsou,
M. and Lasaridi, K. 2009. Microbial characterization
during composting of biowaste.  Waste Management.
29: 1520–1525.

Chutov, T. 2015. Food Microbiology. 1st ed. Bangkok;
Chulalongkorn University Press.

Department of microbiology. Microbiology Laboratory.6th
ed. Chaopraya printing system Co., Ltd., Bangkok;
2011.

Fleming-Jones, M.E. and Smith, R.E. 2003. Volatile organic
compounds in foods:A five-year study. Journal of



PHADPIN ET AL S65

Agriculture and Food Chemistry. 51 : 8120-8127.
Grazhdani, D. 2016. Assessing the variables affecting on

the rate of solid waste generation and recycling: An
empirical analysis in Prespa Park. Waste Manage-
ment. 48 : 3-13.

Han, Z.,Qi, F., Wang, H., Liu, B., Shen, X., Song, C., Bao,
Z., Zhao, X., Xu, Y. and Sun, D. 2018. Emission and
characteristics of volatile sulfur compound (VSCs)
from a municipal sewage sludge aerobic composing
plant. Waste Management. 77 : 593-602.

Hosseini, S.S., Yaghmaeian, K., Yousefi, N. and Mahvi,
A.H. 2018. Estimation of landfill gas generation in a
municipal solid waste disposal site by LandGEM
mathematical model. Global Journal of Environmental
science Management. 4(4) : 493-506.

JICA. The Bangkok Solid Waste Management Study in
Thailand. Interim Report, Bangkok, Thailand; 1981.
126 p.

Kasetsart University. Microbiology laboratory. 6th ed.
Bangkok: Chaopaya Printing System Co., Ltd; 2011.
327 p.

Komilis, D.P., Ham, R.K. and Park, J.K. 2004. Emission of
volatile organic compounds during composting of
municipal solid wastes. Water Research. 38 : 1707-
1714.

Krzymien, M., Day, M., Shaw, K. and Zaremba, L. 1999. An
Investigation of Orders and Volatile Organic Com-
pounds Released during Composting. Journal of the
Air and Waste Management Association. 49 : 804-813.

Kumar, A., Alaimo, C.P., Horowitz, R. and Mitloehner,
F.M. 2011. Volatile organic compound emissions
from green waste composting: Characterization and
ozone formation. Atmospheric Environment. 45: 1841-
1848.

Miezah, K., Obin-Danso, K., Kádár, Z., Fei-Baffoe, B. and
Mensah, M.Y. 2015. Municipal Solid Waste Charac-
terization and quantification as a measure towards
effective waste management in Ghana. Waste Man-
agement. 46 : 15-27.

Ministry of agriculture and cooperatives (Thailand). A
guide book for organic fertilizer analysis. Depart-
ment of agriculture, Bangkok; 2008. 25 p.

Obeng, L.A. and Wright, F.W. 1987. Integrated Resource
Recovery the Co-composting of Domestic Solid and
Human Wastes. World Bank Technical Paper, num-
ber 7; 1987.

Okot-Okumu, J. and Nyenje, R. 2011. Municipal waste
management under decentralization in Uganda.
Habitat International. 35 : 537-543.

Parker, J.K. 2015. Flavour development, analysis and per-
ception in food and beverages: Introduction to
aroma in foods. Cambridge, UK: Woodhead Pub-
lishing. p.3-30.

Phewnil, O.A. 1998. Study on diffused gases from decom-
posing municipal solid waste of Amphoe Muang,
Changwat Phetchaburi. M.S. Thesis, Graduate
School,Kasetsart University, Bangkok, Thailand;

1998. 275 p.
Phongsawas, P., Sittiphan, S., Bua-Bucha, T.,

Phakamrungamrung, K., Phaosonthorn, M. and
Krusong, K. 2014. Biochemistry. 1st ed. Bangkok;
Chulalongkorn University Press.

PMO. Annual Report of Phetchaburi Municipal during
1992-2011. Phetchaburi Municipal Office (PMO),
Thailand; 2011. 25 p.

Pounce-Espinosa, H., Pounce-Cruz, P. and Molina, A.
2014. Artificial Organic Networks: Chemical Organic
Compounds Artificial Intelligence Based on Carbon
Networks. Springer International Publishing, Swit-
zerland, Volume 521 of the Service Studies in Com-
putational Management. p. 31-52.

Sakai, S. 1996. Municipal Solid Waste Management in Ja-
pan. Waste Management. 16: 395-405.

Sarkar, S., Pal, S. and Chanda, S. 2016. Optimization of a
vegetable waste composting process with a signifi-
cant thermophilic phase. Procedia Environmental Sci-
ences. 35 : 435–440.

Schulz-Bohm, K., Martin-Sández, L. and Garbeva, P. 2017.
Microbial Volatiles: Small molecules with an impor-
tant role in Intra- and Inter-Kingdom Interactions.
Front. Microbiol.  8: 1 -10.

Shahriari, H., Warith, M., Hamoda, M. and Kennedy, K.
2013. Evaluation of single vs. stage mesophilic
anaerobic digestion of kitchen waste with and with-
out microwave pretreatment. Journal of Environmen-
tal Management. 125 : 74-84.

Singh, G., Jain, V.K. and Sjngh, A. 2017. Effect of Tempera-
ture and other factors on Anaerobic Digestion Pro-
cess, responsible for Bio Gas Production. Interna-
tional Journal of Theoretical and Applied Mechanics.
12(3): 637-657.

Solano, C., Echeverz, M. and Lasa, I. 2014. Biofilm disper-
sion and quorum sensing. Current Opinion in
Mirobiology. 18: 96-104.

Srisatit, T. 2016. Municipal Solid Waste Management Engi-
neering. Chulalongkorn University Press, Bangkok,
939 p.

Study on Bangkok Solid Waste Management. Bangkok
Metropolitan, Thailand; 1991. 205 p.

Suwannaphinit, N. and Suwannaphinit, P. 2017. General
Microbiology. 11th ed. Bangkok; Chulalongkorn
University Press; 2017.

The Bangkok Solid Waste Management Study. Interim
Report, Bangkok, Thailand; 1982. 145 p.

Xiao, Y., Zeng, G.M., Yang, Z.H., Shi, W.J., Huang, C., Fan,
C.Z. and Xu, Z.Y. 2009. Continuous thermophilic
composting (CTC) for rapid biodegradation and
maturation of organic municipal solid waste.
Bioresource Technology. 100: 4807–4813.

Zhao, K., Xu, R., Zhang, Y., Tang, H., Zhou, C., Cao, A.,
Zhao, G. and Guo, H. 2017. Microbiology develop-
ment of a novel compound microbial agent for deg-
radation of kitchen waste. Brazilian Journal of Micro-
biology.  48 : 442-450.


