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1. Research Topic: Municipal Solid Waste and Wastewater Management in Thailand

2. Research Members

Visiting scientist: Dr. Prapaipid Chairattanamanokorn (Kasetsart University)



Host scientist: Prof. Dr. Tsuyoshi IMAI

3. Research period: January, 16" 2010 to March, 132010

4. Academic work: For academic works, seminar presentation, proof of manuscripts and advice
on design of experiment and data analysis were conducted. Academic seminar was presented on
February13™, 2010 on the topic “Municipal Solid Waste and Wastewater Management in Thailand”.

Some photographs were taken during the lecture as shown in the below and the document for the

seminar was attached in the report.

Moreover, I revised an extended abstract conducted by a Master Student (Ms. Wei Jie) as well as
two manuscripts written by two doctoral students (Mr. Xuehang Cheng and Mr. Gatot Eko Susilo)
were proven and some comments were introduced for the manuscripts. Additionally, I advised a
Doctoral student (Ms. Rafiani Hasyim) on the design of her research and data analysis under

response surface method.

5. Research work “Utilization of swine manure as nitrogen source for hydrogen production
under thermophilic fermentation”

Production of biohydrogen from agricultural residues was conducted by mixed
microorganism under thermophilic fermentation (at 55°C). Swine manure taken from a livestock in
Thailand was utilized as a substrate for the hydrogen production. Because of high nitrogen, the
swine manure was mixed with food waste kindly given from the canteen in Faculty of Engineering,
Yamaguchi University to adjust the ratio of carbon and nitrogen of the substrate.

The objectives of the research was to investigate the optimal ratio of swine manure and

food waste as well as the concentration of seed sludge for the biohydrogen production at 55°C.



The mixed organism in the sludge from an anaerobic wastewater treatment in Thailand
was boiled in water at 100°C for 60 min to inhibit methanogenic bioactivities. The experiment was
carried out in triplicate in 75 ml serum bottles filled with 50 ml substrate solution comprised with
20 g/l the substrate. The serum bottles were covered with rubber stoppers and crimped with
aluminum seals and flushed with argon gas to create anaerobic culture condition.

During the experiments, the liquid samples were collected to analyze pH and soluble
metabolite composition as well as simultaneously biogas production was monitored with the

respect to culture time. The cumulative H, evolution was calculated with the equation (Eq. 1).
Vi = Vi,ia + Cui (Vi — Vi) ¥ Vio(Cri - Ciar) (D

Where Vy; and Vy;.; denote cumulative H, volumes at the current (i) and previous (i-1) time
intervals, Vg; and V., are the total biogas volumes at the current and previous time intervals. Cp
and Cy;., are the fraction of hydrogen in the headspace of the bottle at the current and previous
intervals and Vy is the total volume of headspace in the bottle.

The volume of biogas was measured by a wet glass syringe and the biogas composition (mainly
H,, N, and CO,) was analyzed by gas chromatography (GC, Shimadzu GC-8A) equipped with a
thermal conductivity detector and a 3mx3 mm diameter stainless steel column packed with
activated charcoal (60/80 mesh). Injector, detector and column temperature were used at 50, 50 and
60°C, respectively, using argon as carried gas. Volatile fatty acid (VFAs) in soluble metabolite
samples was analyzed by GC, Shimadzu GC-8A equipped with a flame ionization detector and a
3mx3.2mm diameter glass column packed with unisole F-200 (30/60 mesh). The temperature of
injector, detector and column were 250, 140 and 140°C, respectively. N, and H, were used as

carried gas and combustion gas, respectively.

Pretreatment of swine manure

The effect of the pretreatment of swine manure on the hydrogen production was studied by Taguchi
experimental design. The manure was pretreated with various conditions as Table 1. The pH of
manure solution was adjusted to pH 4, 6 and 8 with several solid contents (3, 5, and 7%, w/v).
Thereafter, the mixture of the manure was pretreated under high temperature (35, 65 and 100°C)
within 30, 60 and 90 min. The pretreated manure was utilized as nitrogen and mineral sources by
mixing with food waste to produce hydrogen. The result of hydrogen production and production

yield from the manure pretreated under designed conditions was illustrated in Table 2. The



conditions of heating temperature, heating time, pH and solid content of the manure for the highest

cumulative hydrogen production were 65°C, 60 min, pH 8 and 7%, respectively.

Table 1 Pretreatment condition of the manure

Condition 1 2 3
Temperature 30 65 100
Time (min) 30 60 90
pH 4 6 8
Solid content (%) 3 5 7

Table 2 Cumulative hydrogen production and hydrogen production rate from the fermentation of

the food waste and manure pretreated under various conditions

Cumulative H, production H, production rate (ml/1.hr)
(ml/1)
Temperature (°C)
30 1891.83 35.35
65 2029.92 58.05
100 1989.38 47.83
Time (min)
30 1968.61 48.71
60 1983.76 40.73
90 1958.77 51.80
pH
4 1931.79 44.16
6 1978.89 46.15
8 2000.46 50.92
Solid content (%)
3 1915.46 43.86
5 1966.89 42.60
7 2028.79 54.78

Fermentation condition for hydrogen production

Additionally, the effect of the ratio of the manure and food waste was investigated included the
concentration of seed sludge, phosphate buffer and L-cystein as reducing agent. The experiment
design was indicated in the Table 3. After the fermentation of the substrate (food waste and
pretreated manure) under designed fermentation, the cumulative hydrogen production and yield
were presented in the Table 4. The optimal condition (in the range studied) for the ratio of the
manure and food waste, the concentration of seed sludge and L-cystein concentration was 1:9, 7.5
and 0.25 mM, respectively. However, the application of phosphate buffer affected the hydrogen

production decreased as the concentration of the buffer.



Table 3 The fermentation condition from the mixture of the pretreated manure and food waste

Condition 1 2 3
Ratio of manure and food 9:1 3.7 1:9
Ratio of TVS substrate and seed sludge 2.5 5.0 7.5
Phosphate buffer (mol) 0 0.2 0.4
L-cystein (mmol) 0 0.25 0.5

Table 4 Cumulative hydrogen production and hydrogen production rate from the mixture of

pretreated manure and food waste fermented under various conditions

Cumulative H, production H, production rate (ml/1.hr)
(ml/1)
Ratio of manure and food
9:1 569.50 9.70
3:7 1499.61 32.23
1:9 1595.84 39.92
Ratio of TVS substrate and seed sludge
2.5 1082.12 17.20
5.0 1059.74 32.54
7.5 1523.09 32.12
Phosphate buffer (mol)
0 2504.52 64.12
0.2 944.13 12.40
0.4 216.29 5.24
L-cystein (mmol)
0 900.70 12.27
0.25 1404.73 34.72
0.5 1359.52 34.86

Optimal condition for hydrogen production from the manure and food waste by response
surface method

Since the application of phosphate buffer was negatively affected to the hydrogen
production, only the ratio of manure of food waste, ratio of substrate and seed sludge and the
concentration of L-cystein were selected for the study designed by response surface method.
Because the food waste kept the refrigerator was fermented, the carbon content in the food waste
was change. To adjust the ratio of carbon and nitrogen in the substrate, the ratio of the manure and
food was changed from the previous studies in the Table 3. The experimental condition, cumulative
hydrogen production and production rate conducted following the designed conditions were
indicated in the Table 5. Because of the characteristics of food waste was changed, the range of

parameters selected in the study could not optimize the fermentation condition.



Table 5 the fermentation condition for optimizing the hydrogen production by response surface

method
Ratio of manure Ratio of TVS Cumulative Production
and food waste substrate and | L-cystein | production rate
seed sludge (mM) (ml/1) (ml/Lhr)
1 26.8 5 0.3 3505.42 10.51
2 13.9 2.5 0.1 3719.33 18.70
3 13.9 2.5 0.5 4076.65 30.35
4 13.9 7.5 0.1 3960.22 37.05
5 13.9 7.5 0.5 3822.99 28.70
6 5.0 1.7 0.3 4461.00 37.75
7 5.0 5 0.04 4201.30 30.38
8 5.0 5 0.3 3804.82 17.68
9 5.0 5 0.3 4472.79 38.32
10 5.0 5 0.3 4754.90 40.71
11 5.0 5 0.3 4629.12 39.79
12 5.0 5 0.3 4101.08 17.78
13 5.0 5 0.3 4393.07 29.57
14 5.0 5 0.56 4465.78 30.57
15 5.0 8.3 0.3 4491.22 30.61
16 2.7 2.5 0.1 4099.98 16.81
17 2.7 2.5 0.5 4565.99 36.17
18 2.7 7.5 0.1 4457.00 33.36
19 2.7 7.5 0.5 4560.30 29.31
20 24 5 0.3 4576.47 30.83
Effect of NaHCO;

The substrate (food waste and swine manure) was organic and easily digested. Therefore,
volatile fatty acids were produced more quickly. As the reason, effect of NaHCO; was investigated.
NaHCOs; was supplied in the substrate solution at the concentration of 1, 3 and 4 g/l compared with
the control condition (without NaHCOj; added). The optimal concentration of NaHCO3 was 1 g/l as

shown in Table 6.

Table 6 Effect of NaHCOj in the substrate on hydrogen production

Concentration Cumulative H, H, production rate
NaHCOs; (g/1) production (ml/1) (ml/1hr)

0 333.62 5.07

1 1289.86 14.65

3 959.79 19.40

4 1022.14 16.19

Conclusions



Swine manure as agricultural residues and food waste could be more valuable by utilizing
for biohydrogen production. Pretreatment of swine manure at 7% w/v by heating at 65°C for 60
min improved the hydrogen production. Application of phosphate buffer negatively affected the
hydrogen production. Moreover, NaHCOj at 4 g/l provided highest hydrogen production compared
with that at 0, 1 and 3 g/I.
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1. Research subject: Analysis of nucleoid structure of Escherichia coli at high temperature, and

characterization of thermotolerant microorganisms from Bangladesh

2. Members:
Visiting scientist: Dr. Ali Azam Talukder (Assistant professor; Department of Microbiology,
Faculty of Biological Sciences, Jahangirnagar University, Savar, Dhaka-1342, Bangladesh)

Host scientist: Dr. Mamoru Yamada (Professor: Yamaguchi University, Japan).

3. Research period: 25 February — 24 March 2010.

4. The results of research:

Bacterial single-circular genome is composed by one or a few bodies known as a nucleoid,
which consists of DNA, RNA and DNA-binding proteins. In E. coli,growth phase-dependent
variations of nucleoid structure have been reported. The compaction and de-compaction states of
nucleoid regulate the prokaryotic gene expression in addition to its functional roles for transcription,
translation and replication. Here, I tried to isolate membrane-associated nucleoid from different
temperature sensitive mutants of E. coli by a sucrose density gradient centrifugation. Sedimentation
profiles of isolated nucleoids were found to be different among strains examined. Crude nucleoids
isolated from temperature-sensitive mutants run faster in the sucrose gradient compared to that
from the temperature-resistant wild-type strain. Our preliminary results revealed that
unusual/unstable or de-compacted and stable or compacted nucleoids are formed in
temperature-sensitive mutants and the wild-type strain, respectively, under the conditions employed
in this study.

In order to fulfill our future demands including food safety, energy production as well as
to save our environment under the circumstance of recent global warming, we are attempting to

isolate useful thermotolerant microorganisms from tropical countries. During this visit for a month,



I also worked with three thermotolerant microorganisms, which were isolated previously from the
decomposing jute materials in Bangladesh (self heating piles of jute). Cultural, morphological and
some biochemical analyses were carried out under various physiological conditions. Temperature
profiles were tested in liquid culture and on solid agar-plates of PDA, YPD and MPD media under
shaking and static conditions at 37-48°C. Three strains of microorganisms examined, 7Thermomyces
lanuginosus, Penicillium sp. and Streptomyces sp., could grow well on all temperatures tested.
Microscopic observation indicated that the former two and the latter are spore-forming filamentous
fungus and actinomyces, respectively. Relatively high levels of reducing sugar were detected in
culture medium in all three strains. They also showed amylase and cellulase activities when starch
and CMC were added as a sole carbon source, respectively, in liquid culture. Under the conditions
employed here, the amount of reducing sugar and activities of cellulase and amylase became
maximum at 48°C. All together, our preliminary results indicated that the three strains are potential

candidates as useful thermotolerant microorganisms.
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The Philippines with over 7,100 islands has one of the world’s remarkable terrestrial mammalian
fauna. The major island groups in the Philippines (Luzon, Mindanao, Palawan, Negros and Panay)
with different topography, geologic age and size contain a unique set of mammalian fauna which
include bats. The Philippines is home to the smallest and the largest bats among the 1,000 known
species in the world. There were a total of 73 species of bats recognized in the Philippines (25 are
fruit bats or microchiropterans while 48 are insectivorous bats). This lecture will focus on fruit bats
or microchiropterans (Old world fruit bats, Family Pteropodidae) because of their ecological
importance and association with some emerging zoonotic diseases. Ecologically, they disperse
thousands of seeds a night throughout the forest floor. With more than 300 plant species relying on
the pollinating and seed dispersal services of bats which include bananas, mangoes, avocados and
cashews. They leave guano which is one of the best natural fertilizers available to man and hunted
by man for food because they are considered a delicacy in many regions since they taste like
“chicken”. However, these bats are now being associated with emerging zoonotic agents such as
Hendra, Nipah, Menangle, SARS- CoV- like virus, Australian bat lyssavirus and Ebola virus.
Rabies is a rampant health problem wherein around 600 people died of rabies every year in the
Philippines. A serologic study of Lyssavirus infections among bats in the Philippines (Arguin et al,
2002) showed that although no bats were found to have active infection with a Lyssavirus, 22 had
evidence of neutralizing antibody against the Australian bat lyssavirus (ABLV). Seropositivity was
statistically associated with one species of bat, Miniopterus schreibersi. Results from the virus
neutralization assays are consistent with the presence in the Philippines of a naturally occurring
Lyssavirus related to ABLV. Last year, there was an outbreak of Ebola reston in commercial pig
farms. This was the first time that a food animal was infected with this virus. The strain was first
found in laboratory monkeys exported from the Philippines to the US in 1989. According to the
World Health Organization, the strain infecting the pigs is not dangerous to humans, unlike the four
deadly Ebola subtypes found in Africa. A group of foreign health experts have arrived in the
Philippines to see if fruit bats may have infected pigs with a non-lethal form of the Ebola virus.
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3. Research period: Jang Hyo-mi; 1 February - 12 February 2010

4. The results of the research

Diagnosis of brucellosis is based on bacteriological examination and serological tests.
Serological diagnosis is usually performed by the tube agglutination test, rapid slide agglutination
test, and gel immunodiffusion test. However, agglutination tests sometimes give false-positive
reactions due to cross-reactions with other pathogens, and a general strategy for eliminating such
cross-reactions is to use purified antigen with unique epitopes. We have found that Cu-Zn
superoxide dismutase (SOD) of Brucella showed the strongest antigenic reaction. We tried a
screening method for canine brucellosis using an enzyme-linked immunosorbent assay (ELISA)
with recombinant SOD as antigen.

To identify sera infected with B. canis, we performed the tube agglutination test on canine
serum samples (n = 224) randomly selected from dogs consecutively admitted to animal hospitals
in Korea by hospital staff. In the test, antibodies to B. canis were detected in 30 of the 224 serum
samples (Table 1). We then determined whether ELISA using recombinant SOD can be applied to
screening for canine brucellosis using the dog serum samples from Korea. All serum samples
having absorbance values of over 0.410 or under 0.400 (OD4s) were either positive or negative in
the tube agglutination test. Immunoreactive bands were detected for sera having an absorbance
value of over 0.41 (ODygs) in Western blotting (Table 1). Thus, the absorbance measurements in
ELISA with recombinant SOD and the titers in the tube agglutination test showed a similar
tendency, suggesting that ELISA with recombinant SOD is useful in screening for canine
brucellosis.

Table 1. Serological analysis of canine sera

TAT?+ 30 (13.4%) TAT- 194 (86.6%)
ELISA"+ ELISA- ELISA+ ELISA-
Sera (n=224) 30 (100%) 0 (0%) 2 (1.0%) 192 (99.0%)
WB 9+ in ELISA+ 26 (86.7%) - 0 (0%) -

a) Tube agglutination test.
b) Samples with absorbance values of over 0.400 (ODys).
c) Western blot analysis.



