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Project Summary

Acetic acid bacteria are very important in biotechnology, especially in vinegar
production, production of L-sorbose and biocellulose. The habitats of the bacteria are
therefore associated with sugar-rich flower, fruits, and alcoholic juices. The acetic acid
bacteria in tropical countries, especially in Thailand are nowadays interested particularly in
products from these bacteria. The bacteria are more abundant in nature and many are still )
unknown. The isolation and characterization of these bacteria are served for potential
application. Therefore, this project aims to collect acetic acid bacteria from various sources
in Thailand. The acetic acid bacteria database is also created as to establish acetic acid
bacteria collection in Thailand and develop microbial taxonomists. As BRT initiated the
area-based for biodiversity study, the data on number and genera of bacteria collecting
from this area will be part of the BRT Project. This is a 1.5-year project starting from October

2002 to March 2004.

The enrichment technique will be used for acetic acid bacteria isolation in four kinds
of enrichment media comprised of Glucose-ethanol-acetic acid medium, Sorbitol medium, -
Sucrose-acetic acid medium and Methanol medium. Freezing at -80°C will preserve the
isolated acetic acid bacteria. The identification of the isolates includes the morphological,
physiological and biochemical characteristics, chemotaxonomy and 16S rDNA sequencing

analysis.

Expected achievement of the project:

1. Acetic acid bacterial cultures approximately 150 isolates
New species at least 3 strains
Publications 1

Microbial identification facilities available at BIOTEC

S O

One or two trained persons to be bacterial taxonomists
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Report Summary:

Four hundred and sixty-eight isolates of bacteria were isolated from the samples
collected from BRT area-based Thongphaphum district, Kanchanaburi and other sites in
Thailand. All isolates were preserved at —-80°C freezer for furthur study. Identification of .
these isolates by conventional method found that 307 isolates were acetic acid bacteria and
161 isolates were not. These bacteria were divided into 5 groups based on genera: Asaia
153 isolates (49.8%), Gluconobacter 122 isolates (39.7%), Acetobacter 19 isolates (6.2%),
Gluconacetobacter 12 isolates (3.9%) and unidentified 1 isolates (0.4%). ldentification of
these isolates to species and generic level can be done for 24 and 283 isolates repectively.
Among these, at least six new species were found during this study. One new species
(Asaia krungthepensis, Yukphan et al., 2004b) was described and published in the'
International Journal of Systematic and Evolutionary Microbiology. The remaining 5 new
species will be further studied and published in the near future. Furthermore, the new
technique of identification, the restriction and sequence analysis of the 16S-23S rDNA, has
been proposed for the genus Gluconobacter (Yukphan et al., 2004a). The identified isolates
were deposited at BIOTEC Culture Collection. The specialized collection of acetic acid
bacteria is now established at BIOTEC where identification service of bacteria can be

performed.



Introduction

Six genera have been described for acetic acid bacteria: Acetobacter Beijerinck
1898, Gluconobacter Asai 1935, Acidomonas Urakami et al. 1989, Gluconacetobacter .
Yamada et al. 1997, Asaia Yamada et al. 2000 and Kozakia Lisdiyanti et al. 2002 (Yamada
et al., 2000; Lisdityanti et al., 2002).

The acetic acid bacteria are routinely identified at the genéric level by combining the
phenotypic feature of oxidation of acetate and lactate and the chemotaxonomic feature of
ubiquinone homologues (Yamada et al., 1999). When an acetic acid bacterium oxidizes
acetate and lactate to carbon dioxide and water and has Q-9, it can be identified as
Acetobacter species. The organism is identified as Gluconobacter species, when it does not -
show any oxidation of acetate and lactate but has Q-10. The members of the genus
Gluconacetobacter are characterized by the oxidation of acetate and lactate and Q-10. The
members of the genus Asaia do not produce either acetic acid from ethanol or grow in the
presence of 0.35% acetic acid. The member of the genus Kozakia is known to produce a lot
of levan-like polysaccharides when grown on sucrose as a carbon source. The members of

the genus Acidomonas grow on methanol as a sole source of carbon.

The joint project between Southeast Asia and Japan was started in April of 1995 and
finished in March of 2000. During the last five years, a number of strains of acetic acid
bacteria were isolated from sources collected in Thailand, Indonesia and Philippines.
Among the isolates of acetic acid bacteria, the strains that constitute Asaia and Kozakia, the
fifth and sixth new genera of the family Acetobacteraceae, Ol-Proteobacteria and several )
new species were reported (Yamada et al., 1999; Yamada et al., 2000; Katsura et al., 2001:
Lisdiyanti et al. 2000, 2001 & 2002). It is assumed that there are many kinds of unknown
acetic acid bacteria in Thailand. The aim of this research is focused on the acetic acid |

bacteria of Thailand, especially from the taxonomic point of view.



Objectives
1. To study the acetic acid bacteria from various sources in Thailand, especially in
Thongphaphum district
2. To initiate acetic acid bacteria collection at BIOTEC

3. To develop bacterial taxonomist

Duration: one year and 6 months (1 January 2002 — 30 June 2003)

Materials and methods

1. Sample collection

Samples were collected from BRT area-based Thongphaphum district,
Kanchanaburi and other sites in Thailand during January 2002 to November 2003. The
target of sources are flowers, fruits and fruits juice, soil (Rhizosphere), fermented foods, -

palm sugar, Look-pang (mold brand) and waste.

2. Isolation and purification

An enrichment culture approach was employed at pH 3.5 or pH 4.0 (Yamada et al.,
1976). Four kinds of enrichment culture media were used (Yamada et al., 1976 & 1999;
Yamada et al., 2000; Lisdiyanti et al., 2001).

a) Glucose-ethanol-acetic acid medium that containing 1.5% D-glucose, 0.5%

ethanol, 0.35% acetic acid, 0.3% peptone and 0.3% yeast extract and adjusted at
pH 3.5 with HCI.

b) Sorbitol medium that containing 2.0% D-sorbitol, 0.3% peptone and 0.3%

yeast extract and adjusted at pH 3.5 with HCI.

¢) Sucrose-acetic acid medium that containing 2.0% sucrose, 0.35% acetic -

acid, 0.3% peptone and 0.3% yeast extract and adjusted at pH 3.5 with HCI.

d) Methanol medium that containing 0.8% methanol, 0.3% peptone and 0.3%
yeast extract and adjusted at pH 4.0 with HCI.



Samples were aerobically inoculated in the enrichment culture media (5.0 mi) and
incubated at 30°C for 3-4 days without shaking. When microbial growth were occurred, the
culture were transfered to Glucose-Ethanol-Calcuim Carbonate Agar (GECA). Colonies

capable of making clear zones are selected and purified for further analysis.

Pure cultures were preserved mainly at -80°C in an ultra low temperature freezer.
Sterile 20% glycerol in Glucose-Yeast extract-peptone medium was used as a

cryoprotectant.

3. ldentification

All strains were identified by comparing their characteristics to the type strains
(Yamada et al., 1997; Yamada et al.,, 2000; Lisdityanti et al., 2000; Katsura et al., 2001:
Lisdityanti et al., 2001; Katsura et al., 2002 and Lisdityanti et al., 2002). The method to
identified of the isolates at the generic level were mostly those described in the previous
study (Asai et al., 1964; Yamada et al., 1976; Yamada et al., 1999; Yamada et al., 2000 and
Lisdityanti et al., 2002).

3.1. Morphological Characteristics
The bacterial strain were grown on GECA for their colonial morphology and cellular

morphology characterization.

3.2. Physiological and Biochemical Characteristics

3.2.1 Oxidation/Fermentation cataboloism test The isolate were inoculated in Hugh
and Leifson’s medium (Appendix B) by stabbing with a straight needle. After inoculation,
overley the medium in only one tube with approximately 2 ml of sterile liquid paraffin. The
incubation was done at 30°C. Interpret the results as follow, if only one the aerobic tube is
acidified, the organism catabolizes the carbohydrate by oxidation. If both the aerobic and
anaerobic tubes are acidified, the organism is capable of fermentation. If neither tube

becomes acidified, the organism is unable to catabolized the carbohydrate.



3.2.2 Growth at different pH The isolates were suspended in 0.85% NaCl and

inoculated into the different pH medium (Appendix B). The culture were incubated with out -
shaking for 7 days at 30°C. The pH were tested in this study are followed: pH 3.0, pH 3.5,
pH 4.0, pH 4.5 and pH 5.0.

3.2.3 Oxidation of acetate and lactate The isolates were inoculated into oxidation of
acetate and lactate test medium (Appendix B). The culture were incubated with out shaking
for 7 days at 30°C. A positive was indicated by bue color. Yellow color indicated a negative
test.

3.2.4 Growth _in the media containing 0.3% acetic acid at pH3.5 The isolates were

inoculated into the medium containing 0.3% acetic acid at pH3.5 (Appendix B). The culture

were incubated with out shaking for 7 days at 30°C.

3.2.5 Growth in the media containing 30% D-Glucose The isolates were inoculated

into the medium containing 30% D-Glucose (Appendix B). The culture were incubated with
out shaking for 7 days at 30°cC.

3.2.6 Formation of water-soluble brown pigment The isolates were inoculated on the

GECA medium. After incubating at 30°C for 7-30 days, water soluble brown to dark brown
pigment were observed.

3.2.6 Growth and acid production from different kind of Carbohydrates The isolates .

were suspended in 0.85% NaCl and inoculated into the growth and acid production test

medium (Appendix B). The culture were incubated with out shaking for 7 days at 30°C, and
observed the results everyday. The carbon sources were used in this study are followed: D- -
glucose, D-Mannose, D-Galactose, D-Fructose, L-Sorbose, D-Xylose, D-Arabinose, L-

Arabinose, L-Rhamnose, D-Mannitol, D-Sorbitol, Dulcitol, m-Erythritol, Glycerol, Maltose, -

Lactose, Melibiose, Sucrose, Raffinose and Ethanol.

3.3. Chemotaxonomic characteristic
3.3.1 Ubiquinone analysis
The ubiquinone of acetic acid bacteria isolates were extracted and quanlitative

determined. The isolates were culture in glycerol medium (Appendix B) with shaking

condition at 30°C for 48 hours. Cells were collected by centrifugation and approximately 1 g

wet cell were suspend in 100 ml of absolute ethanol: diethylether (1:3) and shaked for 20 -
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minutes. After filtration, the extract was completely evaporated and dissolved in a small
amount of acetone. The acetone solution was applied to silica gel TLC (0.5 mm silica gel,
60F,, layers on 20x20 cm glass plate, Merck) and developed with hexane:diethyl ether
(85:15) about 30 min. A yellow band, corresponding to a yellow spot of the reference |
standard that also visualize as a dark band under short wave UV light, is scrapped off. The
silica gel powder is transferred to a tube and extracted with 1 ml of acetone. The solution is
filtered with a 0.2 Um membrane filter and concentrated by Nz'gas. This sample could be
stored at -20°C until use. Ubiquinone homologues are separated and identified by HPLC,
using Cosmosil column (Waters, 5C18, 4.6 mm x 250 mm), methanol:isopropyl alcohol (2:1)
as mobile phase at the flow rate of 1 ml/min. Ubiquinones is detected at 275 nm, and with

known ubigquinones as standards.

3.4. Molecular characteristics

3.4.1 Ribosomal DNA sequencing and phylogenetic tree analysis For the precise -

identification at the generic and specie level, especially on proposal of a new species of
acetic acid bacteria, rDNA sequencing and phylogenetic tree analysis were done.

- |Isolation of DNA for ampilification by PCR The bacterial isolates were harvest

and suspend in 180 Wl of Tris-EDTA buffer. Then, added 20 Wl of 10% SDS and incubation

at 50 °C for 10 minutes. Supernatant were extracted twice with 200 pl of
Phenol:chlorofrom:isoamyl alcohol (25:24:1 v/v). DNA was precipitated with colded absolute _
ethanol, place at 20°C for 10 minutes and collected the DNA by centrifugation at 14,500
rpm for 15 minutes. DNA pellet were rinsed with 70% and 90% ethanol and then dried up
(15-30 minutes at room temperature). The dried DNA is dissolved in 50 U milli Q water.

- Amplification of 16S rDNA The 16S rDNA were amplified with primers 20F (5’-

GAG TTT GAT CCT GGC TCA G-3’, Position 9-27) and 1500R (5’-GTT ACC TTG TTA CGA -
CTT—3’, Position 1509-1492) (Yamada et al., 2000 and Katsura et al., 2001). Position in the
rDNA fragment were based on the Escherichia coli numbering system (accession number
V00348; Brosius et al, 1981). Amplification is carried out in 100 LI of reaction mixture
containing 100 ng of genomic DNA, 2.5 U of Taq polymerase, 20 mM of each dNTP, 10 pM
of each primer, 10 mM Tris-HCI and 1.5 mM MgCl,. The reaction is performed for pre-

denaturing at 94°C for 3 min and followed by 25 PCR cycles fof denaturation at 94°C for 1

L



min, annealing at 55°C for 1 min and extension at 72°C for 2 min and then followed by the
final extension at 72°C for 3 min. The amplified DNA is purified with QlAgquick PCR
Purification Kit according to the manufacturer’s instruction. Visualization of the purified of
amplified DNA is performed by electrophoresis using 0.8% agarose in 1X TAE buffer (0.09M
Tris-borate, 0.001M EDTA; pH 8.0) and strained with ethidium bromide (8x10‘5 pg/ml) and
observedunder UV Transilluminator.

- DNA seqguencing Amplifired 16S rDNA were sequenced directly with an ABI
PRISM BigDye Terminator cycle sequencing ready reaction kit on an ABI PRISM model 310 \
Genetic Analyzer (both from Applied Biosystems). The following primers were used for
sequencing: 20F, 1500R, 520F (5’-CAG CAG CCG CGG TAA TAC-3’, Position 519-536),
520R (5°-GTA TTA CCG CGG CTG CTG-3’, Position 536-519), 920F (5°- AAA CTC AAA
TGA ATT GAC GG-3’, Position 907-926) and 920R (5°- CCG TCA ATT CAT TTG AGT TT-3’,
Position 926-907).

- Phylogenetic_analysis The sequences are pairwisely compared by BLAST

Homology Search (http://www.ncbi.nlm.nih.gov/). Multiple alignments of the sequences were

carried out with the program CLUSTAL X (Version 1.81) (Thompson et al., 1997). Distance
matrices for the aligned sequences were calculated by using the two-parameter method of .
Kimura (1980) The neighbour-jointing method was used to constructed a phylogenetic tree
(Saitou & Nei, 1987). Sites where gaps existed in any sequences are excluded. Bootstrap
analysis is performed from 1,000 random re-samplings (Felsenstien, 1985).

3.4.2 DNA-DNA hybridization of acetic acid bacteria For the precise identification at
the species level, especially on proposal of new species. The DNA-DNA similarity

experiments were made by the method of Ezaki et al. (1983; 1989).
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Results and Discussion

Part [: Isolation of acetic acid bacteria

Four hundred and sixty-eight isolates of bacteria were isolated from flowers, fruits,

fermented foods, mushroom and some other substrates; such as Look-Pang, waste, soil etc.

(Table 1 and Appendix D; Figure B) They were collected from BRT area - based

Thongphaphum district, Kanchanaburi and other sites in Thailand (Appendix A; Table A and

Appendix D; Figure A). The acetic acid bacteria isolates were purified and preserved at

—80°C freezer at BIOTEC Culture Collection.

Table 1. Type of samples and number of acetic acid bacteria isolates.

province Fer?;z:ted Flower Fruit Mushroom Other Grand Total
Ayutaya 5 1 7
Bangkok 59 7 2 68
Chaing-Mai 35 17 52
Kanchanaburi 138 45 11 7 201
Nakornratchasima 10 3 20 8 41
Nonthaburi 19 14 33
Ratchaburee 31 31
Samutsakorn 14 2 1 17
Suratthani 18 18
Grand Total 15 317 106 11 19 468

Part |I: Identification of the isolates by conventional methods

All isolates were tested the growth at different pH and oxidation/ fermentation

metabolism, one hundred and sixty one isolates (34.4%) were identified as non acetic acid

bacteria since they showed the fermentative metabolism and/or no growth in medium at pH

3.5. The remaining 307 isolates (65.6%) were assumed to be acetic acid bacteria (Figure 1).

Asaia

Non acetic
acid bacteria

Acetic acid bacteria

Gluconacetobacter

| Unidentified

Acetobacter

Non acetic acid bacteria 1] Asaia

.| Gluconobacter B Gluconacetobacter [ ] Acetobacter

Figure 1. Chart of number of acetic acid bacteria classified to be 5 genera.
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Three hundred and seven of acetic acid bacteria isolates were classified based on
the growth characteristics in the media containing 0.3% acetic acid at pH3.5 and sorbital,
oxidation of acetate and lactate, growth in the media containing 30% D-Glucose, formation

of water-soluble brown pigment and type of ubiquinone (Appendix A; Table B).

The isolates can be classified by above morphological, biochemical and
physiological characteristics into 5 groups, namely, genus Asaia (153 isolates), genus .
Gluconobacter (122 isolates), genus Gluconacetobacter (12 isolates), genus Acetobacter

(19 isolates) and unidentified (1 isolates).

Among the isolates, the first eighty isolates that classified into genus Asaia and
some strains in genus Gluconobacter and genus Gluconacetobacter were test acid
formation from twenty C-sources for grouping and identification in species level. The results

were shown in Appendix A; Table C.

The results of acid production from C-sources and other tested characteristics
showed various characteristics and somewhat different from the known species. So, the
phenotypic characteristics are difficult to identified these isolates at the specific level.
However, these characteristics can be used for grouping very similar isolates and selected

the different isolate to determine 16S rDNA for specie identification.

Part ll: Species-identification by 16S rDNA sequence and phylogenetic analysis

The phylogenetics tree based on the 16S rDNA sequences of the thirty six
representative isolates of acetic acid bacteria were analized and constructed from the
evolutionary distance data according to Kimura (1980) by the neighbor-joining method

(Saitou and Nei, 1987).

The results showed that thirty four isolates were located in various genera of acetic acid
bacteria. The remaining two isolates were located in the cluster of Erwinia and Lactococcus,
as shown in Figure 2. The isolates in the cluster of acetic acid bacteria were located in five

genera, 19 isolates in the cluster of Asaia, 1 isolate in the cluster of Kozakia, 11 isolates in .
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the cluster of Gluconobacter, 1

the cluster of Acetobacter.
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Figure 2. Phylogenetic tree of all strains
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Figure 3. Phylogenetic tree of the strains assigned to genus Asaia

Nineteen isolates of Asaia can be divide into four cluster, as showed in Figure 3. Ten
isolates (AA26, AA12, AAS53, AA35, AA44, AB82, AB40, AA38, AB58 and AAO1) were
clustered with the type strain of Asaia bogorensis cluster. One isolate, AB30, was clustered
with the cluster of type strain of Asaia siamensis. Nine isolates were located in the different .
two clusters of the known species. Among them, five isolates (AA08, AA0B, AAO9, AB41 and
AB73) were characterized and proposed to be Asaia krungthepensis sp. nov. (Appendix X;
Yukphan; 2004). Four isolates (AA49, AA98, AB76 and ACT75) were located in the separate
two clusters, they may be two new species (I; AA49, AAI8 and AB76, II: AC75). However,
the information of DNA-DNA hybridization, G+C content and so on are necessary for

publication.
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Figure 4. Phylogenetic tree of the strains assigned to genus Gluconobacter

Eleven isolates of Gluconobacter can be divide into four cluster, as showed in Figure |
4. Four isolates (AC49, AC48, ABO7 and AB97) were clustered with the type strain of
Gluconobacter frateurii cluster. One isolate, AD90, was clustered with the cluster of type
strain of Gluconobacter albidus. Six isolates were located in the different two clusters of the
known species, they may be two new species (lIl; AC54, AD98, AD99 and ABOS5, IV; AC47 ,
and AC42). However, the information of DNA-DNA hybridization, G+C content and so on are

necessary for publication.
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Figure 5. Phylogenetic tree of the strains assigned to genus Acetobacter
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There is only one isolate, AD91, were located in the Acetobacter lineage. This

isolate was located in the same cluster of Acetobacter lovaniensis (Figure 5).

g —AS. bogorensis strain 717 (AB025928)
99 As. siamensis S60-17 (AB035416)
L— As. krungthepensis AADST (AB102953)
AC28
K. baliensis Yo-3T (AB05G321)
G. oxydans NBRC148197(X73820)

—

ch

0.005

Figure 6. Phylogenetic tree of the strains assigned to genus Kozakia

Phylogenetic relationship showed that the isolate AC28 was located in the same
cluster with Kozakia baliensis (Figure 6), however the phylogenetic distance between AC28
and Kozakia baliensis is very long. The isolate AC28 may be the additional new specie.

The results of phylogenetic analysis based on 16S rDNA were compared with the

conventional methods as showed in Table 5.

Table 5. l|dentification by 16S rDNA sequence and phylogenetic analysis

Code Identified as

Conventional methods 16S rDNA sequence and phylogenetic analysis
AAO1 Asaia sp. Asaia bogorensis
AB82 Asaia sp. Asaia bogorensis
AA44 Asaia sp. Asaia bogorensis
AB40 Asala sp. Asaia bogorensis
Ab58 Asaia sp. Asaia bogorensis
AA38 Asaia sp. Asaia bogorensis
AA35 Asaia sp. Asaia bogorensis
AB12 Asaia sp. Asala bogorensis
AA26 Asaia sp. Asaia bogorensis
AAS53 Asaia sp. Asaia bogorensis
AB41 Asaia sp. Asaia krungthepensis
AB30 Asaia sp. Asaia siamensis
AB73 Asaia sp. Asaia krungthepensis
AAO6 Asaia sp. Asala krungthepensis
AAQ9 Asaia sp. Asaia krungthepensis
AAO8 Asaia sp. Asaia krungthepensis
AC75 Asaia sp. Asaia sp.
AA49 Asaia sp. Asaia sp.
AB76 Asaia sp. Asaia sp.
AA98 Asaia sp. Asaia sp.
AC28 Unidentified Kozakia sp.
AD90 Gluconobacter sp. Gluconobacter albidus
ABO5 Gluconobacter sp. Gluconobacter sp.
AC54 Gluconobacter sp. Gluconobacter sp.
AD99 Gluconobacter sp. Gluconobacter sp.
AD98 Gluconobacter sp. Gluconobacter sp.
ABO7 Gluconobacter sp. Gluconobacter sp.
AC47 Gluconobacter sp. Gluconobacter frateurii
AB97 Gluconobacter sp. Gluconobacter frateurii
AC48 Gluconobacter sp. Gluconobacter frateurii

18



Table 5. Continued.

Code Identified as _ _
Conventional methods 16S rDNA sequence and phylogenetic analysis

AC49 Gluconobacter sp. Gluconobacter frateurii

AC42 Gluconobacter sp. Gluconobacter sp. nov.

AC37 Gluconacelobacter sp. Gluconacetobacter sp.

AC04 Gluconacetobacter sp. Acetobacter sp.

AD91 Acetobacter sp. Acetobacter lovaniensis

ADO8 Not determined Erwinia persicinus

ADQ2 Not determined Lactococcus lactis

Table 6. The number of isolates were devided in groups by sampling sources and genera.

Genus Fer‘r‘\;‘e,:ted Flower Fruit Mushroom Other Grand Total
Acetobacter sp. 9 8 2 19
Asaia sp. 132 19 2 153
Gluconacetobacter sp. 7 2 3 12
Gluconobacter sp. 12 42 60 2 6 122
Unidentified (acetic acid bacteria) 1 1
non acetic acid bacteria 3 126 17 5 10 161
Grand Total 15 317 106 11 19 468

The most number of isolates from flowers were identified as Asaia sp. (132 isolates; .

86.77% of 317 isolates) and non acetic acid bacteria (126 isolates; 78.26% of 317 isolates).

The most isolates from fruits were identified as Gluconobacter (60 isolates; 49.18% of 106

isolates). The most Asaia sp. were isolated from flowers (132 isolates; 86.27% of 153

isolates) most Gluconobacter sp. were isolated from fruits (60 isolates; 49.8% of 122 isolates

and flowers (42 isolates; 34.42% of 122 isolates). These results indicated the dominant

species of acetic acid bacteria may have some relations with the sources of isolation.

Distibution of all isolates were shown in Table 7.

Table 7. The number of isolates were devided in groups by genera and provinces.

Province Acet:;acter Asaia sp Gluconasc;tobacter Glucolsrg-bacter Unidentified az:gﬁc C;‘_l;at:f
bacteria

Ayutaya 2 5 7
Bangkok 19 4 12 33 68
Chaing-Mai 5 16 18 1 7 52
Kanchanaburi 14 72 54 61 201
Nakornratchasima 3 36 2 41
Nonthaburi 10 23 33
Ratchaburi 18 13 31
Samutsakorn 9 8 17
Suratthani 9 9 18
Grand Total 19 153 12 122 1 161 468
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Conclusion
Four hundred and sixty-eight isolates of bacteria were isolated from the samples

collected from BRT area-based Thongphaphum district, Kanchanaburi and other sites in

Thailand. All isolates were preserved at -80°C freezer at BIOTEC Culture Collection and
identified by conventional methods. Three hundred and seven isolates were identified as
acetic acid bacteria and can be divide into 5 groups by conventional methods; Asaia 153
isolates (49.8%), Gluconobacter 122 isolates (39.7%), Acetobacter 19 isolates (6.2%),7
Gluconacetobacter 12 isolates (3.9%) and unidentified 1 isolates (0.4%). Unidentified *
isolates and the precised species identification of some isolates were done by 16S rDNA

sequence and phylogenetic analysis. In this study, twenty-four isolates can be identified at

species level and the remaining 283 isolates can be identified at genus level. Among the

isolates, at least additional six new species can be found in this study, one new species
(Asaia krungthepensis (Yukphan et al., 2004) was described and published in International
Journal of Systematic and Evolutionary Microbiology. The remaining new species should be
studied the further characteristics and perform DNA-DNA hybridization to describe the new

species. These results showed high species diversity of acetic acid bacteria in Thailand.

Achievement of project

1. Collection of acetic acid bacteria: 283 isolates.

New species: 6 newspecies

New technigue of identification

Two publications and six presentation at the conferences (Appendix C)
One bacterial taxonomist

Identification facilities at BIOTEC (90%)

Identification service established at BIOTEC

©® N o 9O A N

Network of acetic acid bacteria taxonomists (Chulalongkorn University, Kasetsart
University; Thailand and NITE-BRC, Japan)

9. Good collaboration with foreign organization (NITE-BRC, Japan)
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Appendix A

List and characteristics of acetic acid bacteria

Table A. List of acetic acid bacteria isolated from from BRT area-based Thongphaphum

district, Kanchanaburi and other sites in Thailand

2 8

é 3 g Source Location Date of

© 3 S collection

@ S

AAQ1 | 15641 [2B3S1 Flower of Hibiscus sp. Benjasiri Park' 22-Jan-02
AAQD2 | 15642 |2B3S2 Flower of Hibiscus sp. Benjasiri Park' 22-Jan-02
AA03 - 2B10M1 Flower of Plumeria sp. Emporium Suites' 23-Jan-02
AAQ4 | 15643 [2B12S3 Flower of Heliconia sp. ({In11aq597) Emporium Suites’ 23-Jan-02
AAO5 | 15644 [2B12G4 Flower of Heliconia sp. (n#1a253) Emporium Suites’ 23-Jan-02
AAQ6 | 12977 12B12SU1-1 Flower of Heliconia sp. (tInw1ansse) Emporium Suites' 23-Jan-02
AAQ7 | 15645 [2B12SU1-2 Flower of Heliconia sp. (1Inw1aqs5A) Emporium Suites' 23-Jan-02
AA08 | 12978 [2B12SU2-1 Flower of Heliconia sp. (UInwansse) Emporium Suites’ 23-Jan-02
AA09 | 12979 [2B12SU2-2 Flower of Heliconia sp. (tInwa394) Emporium Suites' 23-Jan-02
AA10 | 15646 [2B13SU1-1 Flower of Heliconia sp.(ﬁ'ﬂny]) Emporium Suites’ 23-Jan-02
AA11 | 12457 |2B13SU1-2 Flower of Heliconia sp.(r’ﬁNlJ) Emporium Suites' 23-Jan-02
AA12 | 12458 |2B13SU2-1 Flower of Heliconia sp.{finy)) Emporium Suites' 23-Jan-02
AA13 | 15647 [2B13SU2-2 Flower of Heliconia sp.(fina1]) Emporium Suites’ 23-Jan-02
AA14 - [2P1M2 Flower of Crinum asiaticum Samutsakomn’ 7-Feb-02
AA15 | 15648 [2P3S2 Flower of Allamanda cathartica Samutsakorn’ 7-Feb-02
AA16 - |2P582 Flower of Hibiscus rosa-sinensis Samutsakorn® 7-Feb-02
AA1T7 - [2P5M1 Flower of Hibiscus rosa-sinensis Samutsakorn’ 7-Feb-02
AA18 | 15649 [2P7S2 Unknown Samutsakom? 7-Feb-02
AA19 | 15650 [2P8S2 Fruit of Citrus maxima Samutsakorn’ 7-Feb-02
AA20 [ 15651 [2P9S1 Flower of Celotropis gigantea Samutsakorn’ 7-Feb-02
AA21 [ 15652 [2P9S2 Flower of Celotropis gigantea Samutsakorn’ 7-Feb-02
AA22 - PK12S21 Flower of Artabotrys siamensis Pak-Kret’ 19-Mar-02
AA23 - |PK12811 Flower of Artabotrys siamensis Pak-Kret’ 19-Mar-02
AA24 | 15653 |PK17S1-1 Fruit of Punica granatum Pak-Kret’ 19-Mar-02
AA25 | 15654 [PK17S2-1 Fruit of Punica granatum Pak-Kret’ 19-Mar-02
AA26 | 15655 |EP2S2' Flower of Alstonia scholoris Emporium Suites’ 14-Mar-02
AA27 | 15656 |EP2S2 Flower of Alstonia scholoris Emporium Suites' 14-Mar-02
AA28 - [BJ11M1 Flower of Alcea rosea Benjasiri Park' 14-Mar-02
AA29 | 15657 |BT17S21 Fruit of Sandoricum indicum Bang-Bua-Tong3 25-Mar-02
AA30 | 15658 |BT7M22 Fruit of Coccinia grandis Bang—Bua-Tong3 25-Mar-02
AA31 | 15659 |BT7M23 Fruit of Coccinia grandis Bang-Bua-Tong3 25-Mar-02
AA32 - |BT16S22 AANANIAALN Bang-Bua-TongJ 25-Mar-02
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Table A. Continued.

(]
3 —
w =] © Date of
8 © jgu % Source Location )
o 3 1S} collection
o .
AA33 - |BT16M23 ARNANAAL Bang-Bua-Tong3 25-Mar-02
AA34 | 15660 [BT17S512 Fruit of Sandoricum indicum Bang-Bua-Tong3 25-Mar-02
AA35 | 15661 1KU12S511 Flower of Plumeria sp. Kasetsart University' 17-Apr-02
AA36 | 15662 [KU12M11 Flower of Plumeria sp. Kasetsart University' 17-Apr-02
AA37 | 15663 |KU12M21 Flower of Plumeria sp. Kasetsart University' 17-Apr-02
AA38 | 15664 |N2S2 Flower of Citharexylum spinosum " On-nuch BTS station' 14-Mar-02
AA39 | 15665 [N2S2-1 Flower of Citharexylum spinosum On-nuch BTS station' 14-Mar-02
AA4Q | 15666 [Y1SU1 Plum fruit Dr. Yamada' 20-Mar-02
AA41 - [K23MT Flower of Unknown, yellow Kasetsart' 27-Feb-02
AA42 | 15667 |RB5S1-2 Flower of Ixora sp. Ratchaburi’ 13-Mar-02
AA43 | 15668 [RB5S1-2' Flower of /xora sp. Ratchaburi’ 13-Mar-02
AA44 | 15669 |RB7S1 Flower of Jasminum sambac Ratchaburi’ 13-Mar-02
Rajabhat Institute
AA45 - RB8M2 Unknown \ 19-Mar-02
Suansunandha
AA46 - RB14M1 Flower of Gardenia jasminoides Ratchaburi 13-Mar-02
AA4T7 - RB2M12 Flower of Canna sp. Ratchaburi’ 13-Mar-02
AA48 - |RB2M22 Flower of Canna sp. Ratchaburi® 13-Mar-02
AA49 | 15670 [RB2S11 Flower of Canna sp. Ratchaburi’ 13-Mar-02
AA50 | 15671 |RB2S21 Flower of Canna sp. Ratchaburi’ 13-Mar-02
Rajabhat Institute
AA51 - RB8M21 Unknown , 19-Mar-02
Suansunandha
Rajabhat Institute
AA52 - RB8M24-1 Unknown . 19-Mar-02
Suansunandha
AA53 | 15672 |RB10S21-1 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AA54 | 15673 |RB10S22-1 Flower of Adenium obesum Ratchaburi® 13-Mar-02
AAS55 - RB10M21 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AA56 - RB10M22 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AAS7 - RB11S2 Flower of Cordia sebestena Ratchaburi’ 13-Mar-02
AA58 - RB16S1 Flower of Solanum torvum Ratchaburi’ 13-Mar-02
AA59 - |PKéM1 Fruit of Eugenia malaccensis Pak-Kret’ 19-Mar-02
AABO - BT14M11 Flower of Scirpus grossus Bang-Bua-Tong3 25-Mar-02
AAB1 - [BJ1S2 Flower of Plumeria sp. Benjasiri Park’ 14-Mar-02
AAB2 - |BJ14S1 Flower of Adenium obesum Benjasiri Park’ 14-Mar-02
AAB3 - BT15522 Fruit of Carica papaya Bang-Bua-Tong3 25-Mar-02
AAG4 - PK6G2 Fruit of Eugenia malaccensis Pak-Kret’ 19-Mar-02
AABS - |RB12M2 Orchid (Vanda) Ratchaburi® 13-Mar-02
AAGB - RB15M2 Flower of Impatiens balsamina Ratchaburi’ 13-Mar-02
AAB7 | 15674 12P8S2 Fruit of Citrus maxima Samutsakorn’ 7-Feb-02
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Table A. Continued.

3 —

Lé' g :é % Source Location pate .Of

o 8 S collection
AAB8 | 15675 |2P3S2 Flower of Allamanda cathartica Samutsakorn’ 7-Feb-02
AAGB9 | 15676 |RB10S23-2 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AAT0 - IBT13M1 Unknown Bang-Bua-Tonga 25-Mar-02
AAT1 - |BJ13M22 Flower of Lagerstroemia macrocarpa Benjasiri Park' 14-Mar-02 .
AAT2 - BT14M12 Flower of Scirpus grossus Bang-Bua-Tong3 25-Mar-02
AA73 - K55M1 Unknown Kasetsart' 27-Feb-02
AA74 - |AY481 Fermented fish Ayutayas 6-Mar-02
AATS - RB14M2 Flower of Gardenia jasminoides Ratchaburi’ 13-Mar-02
AAT6 - |2P34M1 Plam sugar Samutsakorn’ 7-Feb-02
AATT - |2P7M1 Unknown Samutsakorn’ 7-Feb-02
AAT8 - RB3S2 Flower of Euphorbia millii. Ratchaburi’ 13-Mar-02
AAT9 - |Avas2 Fermented fish Ayutaya® 6-Mar-02
AABO | 15677 [K34SU4 Flower of Leucaena leucocephalade Kasetsart' 27-Feb-02
AA81 - BT8S521 Flower of Lagenaria siceraria Bang-Bua-Tong3 25-Mar-02
AA82 - BT8S22 Flower of Lagenaria siceraria Bang-Bua-Tong3 25-Mar-02
AAB3 - K24S51 Orchid Flower Kasetsart' 27-Feb-02
AAB4 - (AY12M1 Fruit of Borassus flabellifer Ayutaya5 6-Mar-02 |
AABS | 15678 |BT17S813 Fruit of Sandoricum indicum Bang-Bua-Tong® 25-Mar-02
AABG - |2P3s1 Flower of Alfamanda cathartica Samutsakorn’ 7-Feb-02
AAB7 - 2P1981 Flower of Clome spinosa Samutsakorn® 7-Feb-02

Rajabhat Institute
AAB8 - RB8M21-1 Unknown ; 19-Mar-02
Suansunandha

AABY | 15679 Y2G2 Plum fruit Dr. Yamada' 20-Mar-02
AA90 - K34SU2 Flower of Leucaena leucocephalade Kasetsart ' 27-Feb-02
AA91 - BT14M2 Flower of Scirpus grossus Bang-Bua—Tong3 25-Mar-02
AAD2 - BT13M21 Unknown Bang-Bua-Tong’ 25-Mar-02
AAG3 | - K5251 Unknown Kasetsart’ 27-Feb-02
AA94 | 15680 |  Y2SU1 Plum fruit Dr. Yamada' 20-Mar-02
AA95 - RB6M2 Flower of Quisqualis indica Ratchaburi’ 13-Mar-02
AASG - 2P7M2 Unknown Samutsakorn’ 7-Feb-02
AA97 - 2B19S3 Flower of Plumeria sp. Benjasiri Park' 30-Jan-02
AA98 | 15681 |RB2S22 Flower of Canna sp. Ratchaburi 13-Mar-02
AAQ9 | 15682 |Y2S5U22 Plum fruit Dr. Yamada' 20-Mar-02
ABO1 - |K55M3 Unknown Kasetsart 27-Feb-02
ABO02 - BT16M22 ABNANIAALN Bang-Bua-Tong3 25-Mar-02
ABO3 - BT15S811 Fruit of Sandoricum indicum Bang-Bua-Tong3 25-Mar-02
ABO4 | 15683 2P9S3 Flower of Celotropis gigantea Samutsakomn’ 7-Feb-02
ABO5 | 15684 Y2G1 Plum fruit Dr. Yamada' 20-Mar-02
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Table A. Continued.
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Rajabhat Institute
ABO6 - RB8M24-1 Unknown , 19-Mar-02
Suansunandha
ABO7 | 15685 2B12G3 Flower of Heliconia sp. (WInwanssd) Emporium Suites' 23-Jan-02
AB08 | 15686 RB2S1-2 Flower of Canna sp. Ratchaburi’ 13-Mar-02
AB09 - RB2S51-3 Flower of Canna sp. Ratchaburi’ 13-Mar-02
AB10 | 15687 | RB10S24-1 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AB11 | 15688 RB2S1-1 Flower of Canna sp. Ratchaburi’ 13-Mar-02
AB12 | 15689 | RB10S24-2 Flower of Adenium obesum Ratchaburi’ 13-Mar-02 |
Rajabhat Institute
AB13 - RB8M24-2 Unknown , 19-Mar-02
Suansunandha
AB14 - PK12S81-2 Flower of Artabotrys siamensis Pak-Kret’ 19-Mar-02
AB15 - SR2S2 Unknown Suratthani® 5-May-02
AB16 - 2B10M2 Flower of Plumeria sp. Emporium Suites’' 23-Jan-02
AB17 - 1BJ11S11 Flower of Alcea rosea Benjasiri Park' 14-Mar-02
AB18 | 15690 |BJ14S2-1 Flower of Adenium obesum Benjasiri Park' 14-Mar-02
AB19 - |SR2M1 Unknown Suratthani® 5-May-02
AB20 - |SR8s1 Flower of Ixora sp. Suratthani’ 5-May-02
AB21 - SR2M3 Unknown Suratthani® 5-May-02
AB22 - [SR1181 Flower of Parkia speciosa Suratthani® 5-May-02
AB23 - |sra2s1 Unknown Suratthani® 5-May-02
AB24 | 15691 [SR7S1 Flower of /xora sp. Suratthani® 5-May-02
AB25 | 15692 [SR7S2 Flower of Ixora sp. Suratthani’ 5-May-02
AB26 | 15693 [SR6S2 Unknown Suratthani® 5-May-02
AB27 - |SR1M2 Flower of Allamanda cathartica Suratthani® 5-May-02
AB28 | 15694 |SR7M3 Flower of Ixora sp. Suratthani® 5-May-02
AB29 | 15695 |SR7M2 Flower of Ixora sp. Suratthani® 5-May-02
AB30 | 15696 |SR7M1 Flower of /xora sp. Suratthani® 5-May-02
AB31 | 15697 [SR7S3 Flower of Ixora sp. Suratthani® 5-May-02
AB32 [ 15698 |SR6S1 Unknown Suratthani® 5-May-02
AB33 | 15699 [SR6S3 Unknown Suratthani® 5-May-02
AB34 | 15700 |RB10S23-2 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AB35 | 15701 |RB10S22-2 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AB36 | 15702 |RB10S22-1 Flower of Adenium obesum Ratchaburi’ 13-Mar-02
AB37 - SR5M2 Flower of Ixora sp. Suratthani® 5-May-02
AB38 - BJ7S1-1 Flower of Plumeria sp. Benjasiri Park' 14-Mar-02
AB39 - BJ7S1-2 Flower of Plumeria sp. Benjasiri Park' 14-Mar-02
AB40 | 15703 |2P7S1 Unknown Samutsakorn’ 7-Feb-02
AB41 | 15704 (BT7M22 Fruit of Coccinia grandis Bang-Buaifong:1 25-Mar-02
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AB42 - Y1SU1 Plum fruit Dr. Yamada' 20-Mar-02
AB43 | 15705 2B12S3 Flower of Heliconia sp. (tInNanssA) Emporium Suites 23-Jan-02
Rajabhat Institute
AB44 - RB8M21-2 Unknown , 19-Mar-02
Suansunandha

AB45 | 15706 RB2S2-1 Flower of Canna sp. Ratchaburi® 13-Mar-02
AB46 - AY13M2 Molasses Ayutaya® 6-Mar-02
AB47 - N8S1 Flower of Quisqualis indica On-nuch BTS station' 14-Mar-02
AB48 [ - SR2M2 Unknown Suratthani® 5-May-02
AB49 - 1983-2 Starter of sweeten rice Ms. Wanchern' -
ABS50 - N4M1 Flower of /xora sp. On-nuch BTS station' 14-Mar-02
AB51 | 15707 |N2S1-2 Flower of Citharexylum spinosum On-nuch BTS station’ 14-Mar-02
AB52 | 15708 [N2S1-1 Flower of Citharexylum spinosum On-nuch BTS station’ 14-Mar-02
AB53 - [19S3-1 Starter of sweeten rice Ms. Wanchern' - )
AB54 | 15709 |RB2S2-2 Flower of Canna sp. Ratchaburi’ 13-Mar-02
ABS5 - BJ7S1-1 Flower of Plumeria sp. Benjasiri Park' 14-Mar-02
AB56 - {BJ7S1-2 Flower of Plumeria sp. Benjasiri Park' 14-Mar-02
ABS7 | 15710 [2B4M1 Orchid Flower Benjasiri Park' 22-Jan-02
AB58 | 15711 |2B4M2 Orchid Flower Benjasiri Park’ 22-Jan-02
AB59 | 15712 [2B10S1 Flower of Plumeria sp. Emporium Suites' 23-Jan-02
AB60 | 15713 |2B10S3 Flower of Plumeria sp. Emporium Suites' 23-Jan-02
AB61 | 15714 {2B12G1 Flower of Heliconia sp. (In®1an93#) Emporium Suites’ 23-Jan-02
AB62 | 15715 [AY9S1 Zizyphus mauritiana(Preserved fruit) Ayutaya6 6-Mar-02
AB63 | 15716 |AYSS2 Zizyphus mauritiana(Preserved fruit) Ayutaya5 6-Mar-02
AB64 - |AY9S3 Zizyphus mauritiana(Preserved fruit) Ayutaya5 6-Mar-02
AB65 - N4S1 Flower of Ixora sp. On-nuch BTS station’ 14-Mar-02
AB66 - PK2S21 Flower of Canaga odorata Pak-Kret’ 19-Mar-02”
AB67 - PK2S23 Flower of Canaga odorata Pak-Kret’ 19-Mar-02
AB68 - |PK4S21 Flower of Nelumbo nucifera Pak-Kret’ 19-Mar-02
AB69 - PK4S22 Flower of Nelumbo nucifera Pak-Kret’ 19-Mar-02
AB70 - PK10M2 Flower of Sesbania grandifiora Pak-Kret’ 19-Mar-02
ABT71 - [PK10M3-1 Flower of Sesbania grandifiora Pak-Kret’ 19-Mar-02
AB72 | 15717 |BT7M12 Fruit of Coccinia grandis Bang-Bua-Tong3 25-Mar-02
AB73 [ 156718 [BT8S1 Fruit of Lagenaria siceraria Bang-Bua-Tong3 25-Mar-02
AB74 - |K55M2 Unknown Kasetsart 27-Feb-02
ABT5 - [yam1-2 Plum fruit Dr. Yamada' 20-Mar-02
AB76 | 15719 {CHB04S2 Flower of Ixora sp. Chaing-Mai7 25-Jun-02
AB77 | 156720 [CHB04G1 Flower of Ixora sp. Chaing-Mai7 25-Jun-02
AB78 | 15721 |[CHBO4GA1 Flower of /xora sp. Chaing—Mai7 25-Jun-02
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AB79 | 15722 |CHB04G3 Flower of Ixora sp. Chaing-Mai7 25-Jun-02
AB80 | 15723 [CHB04GA4 Flower of Ixora sp. Chaing-Mai7 25-Jun-02 .
AB81 | 15724 |CH7S2 Flower of Allamanda cathartica Chaing-Mai7 4-Jun-02
ABB82 | 15725 |CH7G1 Flower of Allamanda cathartica Chaing-Mai7 4-Jun-02
AB83 - |CH7G2 Flower of Allamanda cathartica Chaing-Mai7 4-Jun-02
AB84 - |CH7G3 Flower of Allamanda cathartica Chaing-Mai7 4-Jun-02
ABB85 | 15726 jCH9S2 Flower of Zinnia elegans Chaing-Mai7 4-Jun-02
AB86 | 15727 [CHB09S1 Flower of Zinnia elegans Chaing-Mai7 25-Jun-02
ABB7 | 15728 |[CHB16S1 Flower of Canna sp. Chaing-Mai7 25-Jun-02
AB88 | 15729 |CHB16S2 Flower of Canna sp. Chaing-Mai7 25-Jun-02
AB89 | 15730 {CHB19S2 Flower of Crinum asiaticum Chaing-Mai7 25-Jun-02
AB90 | 15731 [CHB18S1 Flower of Crinum asiaticum Chaing—Mai7 25-Jun-02
AB91 | 15732 |CHB19G2 Flower of Crinum asiaticum Chaing-Mai’ 25-Jun-02
AB92 | 15733 [CHB19GA1 Flower of Crinum asiaticum Chaing-Mai7 25-Jun-02
AB93 [ 51734 [CHB13GA2 Flower of Crinum asiaticum Chaing-Mai7 25-Jun-02
AB94 | 15735 [CHB20S1 Unknown (Picture 5) Chaing-Mai7 25-Jun-02
AB95 | 15736 |[CHB22S4 Unknown (Picture 6) Chaing-Mai7 25-Jun-02
AB96 | 15737 [CHB22S1 Unknown {Picture 6) Chaing-Mai7 25-Jun-02
AB97 | 15738 |CHB22GA4 Unknown (Picture 6) Chaing-Ma\i7 25-Jun-02
AB98 | 15739 [CH32G1-1 Flower of Heliconia sp. Chaing-Mai7 20-Sep-02
AB99 | 15740 {CH32G1-2 Flower of Heliconia sp. Chaing-Mai7 20-Sep-02
ACO01 | 15741 |CH32G1 Flower of Heliconia sp. Chaing‘Mai7 20-Sep-02
AC02 | 15742 |CH3281 Flower of Heliconia sp. Chaing-Mai7 20-Sep-02
AC03 | 15743 [CH32S2 Flower of Heliconia sp. Chaing—Mai7 20-Sep-02
ACO04 | 15744 ICH3351 Flower of Ginger Chaing—Mai7 20-Sep-02
ACO05 | 15745 |CH33S2 Flower of Ginger Chaing-Mai7 20-Sep-02
ACO06 | 15746 [CH35S1 Flower of Crinum asiaticum Chaing-Mai7 20-Sep-02
ACQ7 | 15747 {CH35S2 Flower of Crinum asiaticum Chaing~Mai' 20-Sep-02 ]
ACO08 | 15748 |CH46GA1 Flower of Rosa hybrida Chaing-Ma\i7 20-Sep-02
ACO09 - |CH54GA2 Fruit of Grape (green) Chaing-Mai7 20-Sep-02
AC10 | 15749 [CH55GA1 Fruit of Cleidopus gloriamaris Chaing-Mai7 20-Sep-02
AC11 [ 15750 [CH56GA1 Fruit of Grape (green) Chaing-Mai7 20-Sep-02
AC12 | 156751 |CH57GA1 Long-Kong tallen Chaing-l\!la\i7 20-Sep-02
AC13 | 15752 [CH57GA2 Long-Kong tallen Chaing-Mai7 20-Sep-02
AC14 | 15753 |[CH58GA1-1 Fruit of Manilkara zapota Chaing-Mai7 20-Sep-02
AC15 [ 15754 [CH58GA1-2 Fruit of Manilkara zapota Chaing-Mai7 20-Sep-02
AC16 | 15755 [CH58GAT1-3 Fruit of Manilkara zapota Chaing-Mai7 20-Sep-02
AC17 | 15756 |CH58G2 Fruit of Manilkara zapota Chaing-Mai7 20-Sep-02
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AC18 | 15757 |CH59GA1 Orchid Flower Chaing-Mai7 20-Sep-02
AC19 | 15758 [CH59GA3 Orchid Flower Chaing-Mai7 20-Sep-02
AC20 | 15759 |CH63GA1-1 Fruit of Citrullus vulgaris Chaing-Mai7 20-Sep-02
AC21 | 15760 [CHB3GA1-2 Fruit of Citrullus vulgaris Chaing-Mai7 20-Sep-02
AC22 - |CH65G1 Fruit of Annona squamosa Chaing-Mai7 20-Sep-02 )
AC23 - |CHB5G2 Fruit of Annona squamosa Chaing-Mai7 20-Sep-02
AC24 | 15761 |CH65GA1 Fruit of Annona squamosa Chaing-Mai7 20-Sep-02
AC25 - |CHE65GA2 Fruit of Annona squamosa Chaing-Mai7 20-Sep-02
AC26 - [CHB7G1 Fruit of Cleidopus gloriamaris Chaing-Mai7 20-Sep-02
AC27 | 15762 |CH68GA1 Fruit of Aglaia sp. Chaing-Mai7 20-Sep-02
AC28 | 15763 |{CH70GA2 Flower of Alpinia purpurata Chaing-Mai7 20-Sep-02
AC29 | 15764 |SK5GA1-1 Fermented fruit (Plot 10) Sakarat’ 17-Apr-02
AC30 | 15765 [SK5GA1-2 Fermented fruit (Plot 10) Sakarat® 17-Apr-02
AC31 | 15766 |SK5GA3 Fermented fruit (Plot 10) Sakarat® 17-Apr-02
AC32 [ 15767 [SK5G2-1 Fermented fruit (Plot 10) Sakarat® 17-Apr-02
AC33 | 15768 |SK5G2-2 Fermented fruit (Plot 10) Sakarat’ 17-Apr-02
AC34 | 15769 [SK5G3 Fermented fruit (Plot 10) Sakarat® 17-Apr-02
AC35 | 15770 |SK6G1 Seed (Plot 10) Sakarat’ 17-Apr-02 )
AC36 | 15771 [SK6G2 Seed (Plot 10) Sakarat’ 17-Apr-02
AC37 | 15772 {SK7GA2-1 Soil Plot AO Sakarat® 17-Apr-02
AC38 | 15773 |SK7GA2-2 Soil Plot AQ Sakarat’ 17-Apr-02
AC39 | 16774 [SK7GA3 Soil Plot A0 Sakarat’ 17-Apr-02
AC40 - |SKSG1 Seed (Plot A0) Sakarat® ) 17-Apr-02
AC41 - |SK9G1-2 Seed (Plot A0) Sakarat® 17-Apr-02
AC42 | 15775 [SKOGA3 Seed (Plot AQ) Sakarat’ 17-Apr-02
AC43 | 15776 [SK11G2 Fruit (red) Plot A1 Sakarat® 17-Apr-02
AC44 | 15777 |SK11G3 Fruit (red) Plot A1 Sakarat’ 17-Apr-02
AC45 {1 15778 {SK13G1 Fruit (Yellow) Plot A1 Sakarat® 17-Apr-02
ACA46 | 15779 [SK13G1-2 Fruit (Yellow) Plot A1 Sakarat’ 17-Apr-02
ACA7 | 15780 [SK13GA1 Fruit (Yeilow) Plot A1 Sakarat’ 17-Apr-02
AC48 | 15781 [SK14G1 Fruit Plot A1 Sakarat® 17-Apr-02
AC49 | 15782 |SK14G2 Fruit Plot A1 Sakarat’ 17-Apr-02
AC50 | 15783 |SK14G3-1 Fruit Plot A1 Sakarat’ 17-Apr-02
AC51 | 15784 |SK14G3-2 Fruit Plot A1 Sakarat’ 17-Apr-02
AC52 | 15785 [SK14GA1 Fruit Plot A1 Sakarat® 17-Apr-02
AC53 | 15786 [SK14GA3-1 Fruit Plot A1 Sakarat® 17-Apr-02
AC54 | 15787 |SK14GA3-2 Fruit Plot A1 Sakarat’ 17-Apr-02
AC55 | 15788 |SK21G1-1 Fruit (red) Plot A8 Sakarat® 17-Apr-02
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AC56 | 15789 |SK21G1-2 Fruit (red) Plot A8 Sakarat® 17-Apr-02
ACS57 | 15790 |SK21G2-1 Fruit (red) Plot A8 Sakarat’ 17-Apr-02
AC58 | 15791 |SK21G2-2 Fruit (red) Plot A8 Sakarat® 17-Apr-02
AC59 [ 15792 [SK21G3-1 Fruit (red) Plot A8 Sakarat’ 17-Apr-02
AC60 | 15793 |SK21G3-2 Fruit (red) Plot A8 Sakarat® 17-Apr-02
AC61 | 15794 |SK22GA1 Fermented fruit Plot A8 Sakarat® 17-Apr-02
AC62 | 15795 [SK22GA2 Fermented fruit Plot A8 Sakarat’ 17-Apr-02
AC63 | 15796 |SK22GA3 Fermented fruit Plot A8 Sakarat® 17-Apr-02 )
AC64 | 15797 |SK22GA3-2 Fermented fruit Plot A8 Sakarat® 17-Apr-02
AC65 | 15798 |SK31G1 Fruit from Dam Sakarat’ 17-Apr-02
AC66 | 15799 |SK32G1 Flower from Dam Sakarat’ 17-Apr-02
AC67 | 15800 |SK32G2 Flower from Dam Sakarat’ 17-Apr-02
AC68 | 15801 |SK32G3 Flower from Dam Sakarat® 17-Apr-02
ACB9 | 15802 |SK38G2 Fruit of Lepisanthes rubiginosa Sakarat’ 17-Apr-02
ACT70 | 15803 {TPPINaGA1 Flower of Gardenia jasminoides, deusdsaansal Tong-Pha-Phum’ | 19-Feb-03
AC71 | 15804 |TPP1NaGA2 Flower of Gardenia jasminoides, Lﬂﬂm“mmnmi Tong-Pha-Phum9 19-Feb-03
AC72 | 15805 |TPP1NaGA3 Flower of Gardenia jasminoides, deundsaansnl Tong-Pha-Phum’ | 19-Feb-03
ACT73 | 15806 [TPP2NaGA1 Flower of Joomoea sp..tlaaAnsasvinuzia Tong-Pha-Phum’ | 19-Feb-03
ACT4 | 15807 [TPP2NaGA2 Flower of ljpomoea sp..ﬂauo‘mwhuznﬁa Tong-Pha-Phum’® | 19-Feb-03
AC75 | 15808 |TPP34NaGA1-1 Flower of Canna sp. 'luﬂ:;]ﬁ"m Tong-Pha-Phum’ | 19-Feb-03
ACT76 | 15809 [TPP34NaGA1-2 Flower of Canna sp. lumjlinu Tong-Pha-Phum’ 19-Feb-03 |
ACT7 | 15810 [TPP34NaGA2 Flower of Canna sp. lumtinu Tong-Pha-Phum® | 19-Feb-03
AC78 | 15811 [TPP34NaGA3 Flower of Canna sp. 1uv|:;jﬁ'1u Tong-Pha-Phum9 19-Feb-03
ACT79 | 15812 [TPP34GEA1 Flower of Canna sp. luujiiu Tong-Pha-Phum® | 19-Feb-03
ACB80 [ 15813 [TPP34GEA2 Flower of Canna sp. 'lum;]ﬂ"m Tong-Pha-Phum’ | 19-Feb-03
AC81 | 15814 (TPP54GEA1 Soil W‘;'J,]?’ﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 19-Feb-03
AC82 | 15815 |TPP54GEA2 Soit wwiﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 19-Feb-03
AC83 - |TPP56GEAT1 Flower of Thumbergia Laurifolia, Wi“l‘]ﬂ‘.nﬁ (Peat Swamp Forest) | Tong-Pha-Phum’ | 19-Feb-03
AC84 - [TPP56GEA2 Flower of Thumbergia Laurifolia, W?.I,[?ﬁﬁ (Peat Swamp Forest) Tong-Pha-Phums 19-Feb-03
ACB85 | 15816 |TPP66GEA1 Flower of Mangifera indica WasnnNaa s Tong-Pha-Phum’ | 19-Feb-03
AC86 | 15817 |TPP66GEA2 Flower of Mangifera indica ﬁnqnma k1) Tong-Pha-Phum9 19-Feb-03
AC87 - |tPP71GEA1-1 Flower of Heliconia sp. Fua73tl Tong-Pha-Phum’ | 19-Feb-03
AC88 - |TPP71GEA1-2 Flower of Heliconia sp. e Tong»Pha-Phum9 19-Feb-03
AC89 - [TPP71GEA2 Flower of Heliconia sp. Fuan7el Tong-Pha-Phum’ | 19-Feb-03
AC90 - |TPP71GEA3 Flower of Heliconia sp. Tua3tl Tong-Pha-Phum® | 19-Feb-03
AC91 - [TPP71GEA3-4 Flower of Heliconia sp. Teadel Tong-Pha-Phum’ | 19-Feb-03
AC92 | 15818 [TPP75GEA1-1 Flower of Gardenia jasminoides, Fua13¢ Tong-Pha-Phum’ | 19-Feb-03
AC93 | 15819 [TPP75GEA1-2 Flower of Gardenia jasminoides, Fanael Tong-Pha-Phum9 19-Feb-03
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AC94 | 15820 [TPP75GEA2-1 Flower of Gardenia jasminoides, Faased Tong-Pha-F’hum9 19-Feb-03

AC95 | 15821 |\TPP75GEA2-2 Flower of Gardenia jasminoides, Fronael Tong—F‘ha-Phum9 19-Feb-03

AC96 | 15822 |TPP75GEA3 Flower of Gardenia jasminoides, dentred Tong-Pha-Phum9 19-Feb-03

ACO7 | 15823 {TPP1S1 Flower of Gardenia jasminoides, Lﬂﬂm%ﬂmnmf Tong-Pha-Phum9 19-Feb-03

AC98 | 15824 [TPP1S2 Flower of Gardenia jasminoides, Lﬂﬂm%ﬂmnﬂﬁ Tong-Pha-Phum9 19-Feb-03

AC99 | 15825 [TPP1S3 Flower of Gardenia jasminoides, \iewndsasnsal Tong-Pha-Phum® | 19-Feb-03

ADO1 - |[TPP1131 Flower of Thumbergia Laurifolia, Tﬂm%"’ﬂu Tong-Pha-Phum’ | 19-Feb-03

ADO2 - [rPP12s1 Aulsigul Taw¥eu (wet licks) Tong-Pha-Phum’ | 19-Feb-03

ADO3 - [TPP12S2 Aulosiulei TlawFau (Wet licks) Tong-Pha-Phum’ | 19-Feb-03

ADO4 - TPP18S1 Flower of Thumbergia Laurifolia, Tﬂm?au (Wet licks) Tong-Pha-Phumg 19-Feb-03

ADO05 - |TPP18S2 Flower of Thumbergia Laurifolia, Tﬂm%‘ﬂu (Wet licks) Tong-Pha-Phum9 19-Feb-03 .

ADO6 - [TPP24s1 wdenndazrindr N31J91% (Peat Swamp Forest) Tong-Pha-Phum’ | 19-Feb-03

ADO7 - {TPP28S1-1 penllpdrenanuzd fuldiing Tong-Pha-Phum’ | 19-Feb-03

ADO8 - [TPP28S1-2 aanlindrananuzd duldidng Tong-Pha-Phum’ | 19-Feb-03

AD09 | 15826 |TPP31S1 Fruit of Cocos nucifera lumjin Tong-Pha-Phum’ | 19-Feb-03

AD10 | 15827 [TPP31S2 Fruit of Cocos nucifera Tumyting Tong-Pha-Phum’ | 19-Feb-03

AD11 | 15828 {TPP33S1 Fruit of Artocarpus heterophylius Wwajtinu Tong-Pha-Phum’ | 19-Feb-03

AD12 | 15829 |TPP3383 Fruit of Artocarpus heterophyllus Iuw;jﬁﬁu Tong-F’ha-F’hum9 19-Feb-03

AD13 | 15830 |TPP3354 Fruit of Artocarpus heterophyllus 1uu:;j1:|"1u Tong-Pha-Phum9 19-Feb-03

AD14 | 15831 [TPP33S5 Fruit of Artocarpus heterophylius Tumtinu Tong-Pha-Phum’ | 19-Feb-03

AD15 | 15832 [TPP33S6 Fruit of Artocarpus heterophylius Tumsjtinu Tong-Pha-Phum’ | 19-Feb-03

AD16 | 15833 [TPP54S1 Au W3ys13Hl (Peat Swamp Forest) Tong-Pha-Phum’ | 19-Feb-03

AD17 | 15834 [TPP75S1 Flower of Gardenia jasminoides, Tta3e Tong-Pha-Phum’ | 19-Feb-03

AD18 - |TPP76S1 Flower of Cochlospermum religiosum Tong-Pha-Phum9 19-Feb-03

AD19 - |[TPP7682 Flower of Cochlospermum religiosum Tong-Pha-Phum9 19-Feb-03

AD20 | 15835 (TPP102S1 Fruit of Unknown Tﬂwji”‘ﬂu (Wet licks) Tong—Pha-Phum9 2-Jul-02

AD21 { 15836 {TPP102S2 Fruit of Unknown Tﬂdwj"ﬂu (Wet licks) Tong-Pha-Phum9 2-Jul-02

AD22 [ - [TPP112G1 Flower of Caladium sp. Ry TlanFau (Wet licks) Tong-Pha-Phum’ | 2-Jul-02

AD23 | 15837 [TPP114G1 Flower of Unkonwn Tﬂm'?'au (Wet licks) Tong-Phal-Phum9 2-4ul-02

AD24 | 15838 [TPP114G2 Flower of Unkonwn TilewFau (Wet licks) Tong-Pha-Phum’ | 2-Jul-02

AD25 | 15839 |TPP137G1 Flower of Thumbergia Laurifolia, WSJJTﬁﬁ (Peat Swamp Forest) | Tong-Pha-Phum’ 2-Jul-02

AD26 | 15840 [TPP139S2 Flower of Zingiber cassumunar WQIJ?ﬁiﬁ (Peat Swamp Forest) Tong-F’ha-Phumg 2-Jul-02

AD27 | 15841 |TPP140S2 Flower of Unknown W;’gj?'\:&ﬁ (Peat Swamp Forest) Tong-Pha-Phum’ 2-Jul-02

AD28 | 15842 [TPP142S1 Flower of Unknown w7ya1il (Peat Swamp Forest) Tong-Pha-Phum® | 2-Jul-02

AD29 - [tPP147s WinRun9 Ws3il (Peat Swamp Forest) Tong-Pha-Phum’ | 2-Jul-02

AD30 | - [TPP148S1 Winsaun wiysndil (Peat Swamp Forest) Tong-Pha-Phum’ | 2-Jul-02

AD32 - |[TPP15582 Fruit of Diospyros rhodocalyx w;ij‘nfi (Peat Swamp Forest) Tong~Pha-Phum9 2-Jul-02

AD33 - {TPP169G1 Flower of Curcuma aeruginosa ﬁaqnma i) Tong-Pha-Phum9 2-4ul-02
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AD34 | 15843 |TPP175G1 Flower of Cucurbita moschata WAGNAN ATA Tong-Pha-Phum’ 2-Jul-02 |
AD35 - |TPP175G4 Flower of Cucurbita moschata WaANany Ata Tong-Pha-Phum’ | 2-Jul-02
AD36 - [TPP178G3-1 Fruit of Artocarpus heterophylius v'v’mnmq (k] Tong-Pha-F’hum9 2-Jul-02
AD37 | 15844 |TPP178G3-2 Fruit of Artocarpus heterophyllus 'ﬂ'ﬂﬁ]nmq TR Tong-Pha-Phum9 2-Jul-02
AD38 | 15845 (TPP180G1 Win Wannana mam Tong-Pha-Phum’ 2-Jul-02
AD39 | 15846 |TPP180G2 Win WaONa1 Ao Tong-Pha-Phum’ 2-Jul-02
AD40 | 15847 [TPP180G3 Win Wagnan sm Tong-Pha-Phum’ 2-Jul-02
AD41 | 15848 [TPP180G4 Win Wagnaw nm Tong-Pha-Phum’ 2-Jul-02
AD42 | 15849 [TPP181G1 win anhmesnngil Tong-Pha-Phum’ | 2-Jui-02
AD43 | 15850 {TPP181G2 Win AUt el Tong-Pha-Phum® 2-Jul-02
AD44 - [TPP181S1 Win aoul el Tong-Pha-Phum’ | 2-Jui-02
AD45 - |TPP181S2 Wi aau e Tong-Pha-Phum’® | 2-Jul-02
AD46 | 15851 [TPP183G1 Flower of Unknown @outnmaasngil Tong-Pha-Phum’ | 2-Jul-02
AD47 | 15852 [TPP195GEA1 Fruit of Unknown anutlmesnngil Tong-Pha-Phum’ 2-Jul-02 |
AD48 | 15853 |TPP195GEA2 Fruit of Unknown muﬂnwmm.qﬁ Tong-F’ha-F’hum9 2-Jul-02
AD49 | 15854 [TPP201GEA Flower of Unknown ﬁﬂmnmmm Tong-F'ha-Phumg 4-Nov-03
AD50 | 15855 {TPP201GE2 Flower of Unknown ﬁ"nmnmmm Tong-Pha-Phum9 4-Nov-03
AD51 | 15856 (TPP201GE3 Flower of Unknown 'a'lmnmmm Tong-Pha-Phum9 4-Nov-03
AD52 | 15857 |TPP201GE4 Flower of Unknown ﬁﬂmnmmm Tong-Pha-Phum9 4-Nov-03
AD53 | 15858 [TPP201GES Flower of Unknown ﬁﬁmnmmﬂ Tong—Pha<Phums 4-Nov-03
AD54 | 15859 |TPP201S1 Flower of Unknown ﬁwmnmmm Tong-Pha-Phum9 4-Nov-03
AD55 | 15860 |TPP201S2 Flower of Unknown fmmnmmm Tong-Pha-Phumg 4-Nov-03
AD56 | 15861 {TPP202GE1 Flower of Unknown aan®sing ﬁﬁmnmmm Tong-th-x-Phum9 4-Nov-03
AD57 - [TPP202GE2 Flower of Unknown aangiag ugnmnmmm Tong-Pha-Phum9 4-Nov-03
AD58 - |TPP202GE4 Flower of Unknown asn&uae 'ﬁwmnmmm Tong-Pha-Phum9 4-Nov-03
AD59 [ - [TPP204GE1 aanngendiu thwuwnddee BRT Tong-Pha-Phum’ | 4-Nov-03
ADB0 - [TPP204GE2 aanneneniiu thwwngdon BRT Tong-Pha-Phum’ | 4-Nov-03 |
ADB1 - |TPP204GE3 aannaendiu thwingdas BRT Tong-Pha-Phum’ | 4-Nov-03
AD62 - |TPP206S1 Flower of Canna sp. ﬁ'ﬂqnmq ki) Tong-Pha-Phumg 4-Nov-03
AD63 - |TPP206S2 Flower of Canna sp. WAANATN ATA Tong-Pha-Phum’ | 4-Nov-03
AD64 - {TPP207GE1 Fruit of Volkameria-fragrans, WaANAN atn Tong-Pha-Phum’ | 4-Nov-03
AD65 | 15862 [TPP207GE2 Fruit of Volkameria fragrans, WAANAN A0 Tong-Pha-Phum’ | 4-Nov-03
AD66 | 15863 [TPP208GE1 Flower of Volkameria fragrans, WaaNAW AR Tong-Pha-Phum’ | 4-Nov-03
AD67 | 15864 |TPP208S1 Flower of Volkameria fragrans, ﬂaqnmq (25 [} T<>ng-Pha-Phum9 4-Nov-03
AD68 | 15865 (TPP208S2 Flower of Volkameria fragrans, Wagnan mtn Tong-Pha-Phum’ | 4-Nov-03
AD69 | 15866 (TPP209GE1 Flower of Southern Sakura WagNAN ATA Tong-Pha-Phum’ | 4-Nov-03
AD70 | 15867 {TPP209GE2 Flower of Southern Sakura Wamnaa mn Tong-Pha-Phum’ | 4-Nov-03
AD71 | 15868 |TPP210GE1 Fruit of Laffa cylindricular WA#N&" AR Tong-Pha-Phum® | 4-Nov-03
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AD72 | 15869 |TPP210GE3 Fruit of Laffa cylindricular NaaNa"a mem Tong-Pha-Phum’ | 4-Nov-03
AD73 | 15870 [TPP211S82 Fruit of Psidium guajava w"ao}nmq PR Tong~Pha-Phum9 4-Nov-03
AD74 | 15871 {TPP211S2-2 Fruit of Psidium guajava ﬁ'ﬂqnmﬂ [k 2] Tong-Pha-Phum9 4-Nov-03 |
AD75 | 15872 [TPP212GE1 Fruit of Psidium guajava W’M)nmq 25 ] Tong-Pha—Phqu 4-Nov-03 .
AD76 | 15873 [TPP212GE2 Fruit of Psidium guajava -ﬁm]nma (517 Tong-Pha-Phum9 4-Nov-03
AD77 | 15874 [TPP213GE1-2 Fruit of Psidium guajava WRANAW ATA with ants Tong-Pha-Phum’ | 4-Nov-03
AD78 | 15875 (TPP214GE1 Flower of Mucuna pruriens WaaNA" AR Tong-Pha-Phum’ | 4-Nov-03
AD79 { 15876 |TPP214GE2 Flower of Mucuna pruriens WaRNa1a A Tong-Pha-Phum’ | 4-Nov-03
AD80 | 15877 (TPP218GE1 Fruit of Duranta repens WAANANY AR Tong-Pha-Phum’ | 4-Nov-03
AD81 | 15878 [TPP218GE2 Fruit of Duranta repens ﬁmnmq [ ] Tong-Pha-F‘hum9 4-Nov-03
AD82 | 15879 |TPP226G1 Flower of Solanum torvum, W&ANAN AR Tong-Pha-Phum’ | 4-Nov-03
AD83 | 15880 |TPP226GE1 Flower of Solanum torvum, WRANAN AR Tong-Pha-Phum’ | 4-Nov-03
AD84 | 15881 |TPP226GE2 Flower of Solanum torvum, WanNAN Am Tong-Pha-Phum’ | 4-Nov-03
ADB85 | 15882 [TPP226GE3 Flower of Solanum torvum, WRANAN AR Tong-Pha-Phum’ | 4-Nov-03
AD86 | 15883 [TPP226S2 Flower of Solanum torvum, RAAN&I A6 Tong-Pha-Phum’ | 4-Nov-03
AD87 | 15884 |TPP230GE1 Fruit of Psidium guajava, fermented w"m-]nma BIR Tong-F’ha-Phum9 4-Nov-03
AD88 | 15885 {TPP230S1 Fruit of Psidium guajava, fermented Wﬂqnmq [k (] Tong-Pha-F’hum9 4-Nov-03 .
AD89 | 15886 [TPP230S2 Fruit of Psidium guajava, fermented WARNA13 AR Tong-F’ha-Phum9 4-Nov-03
AD90 | 15887 {TPP235GE1 Fruit of Artocarpus heterophyllus, fermented Wﬂﬁ]nma [ ] Tong-Pha-Phum9 4-Nov-03
AD91 | 15888 [TPP235GE2 Fruit of Artocarpus heterophylius, fermented w“aqnma i [] Tong-Pha-Phum9 4-Nov-03
AD92 | 15889 [TPP236GE1 Fruit of Artocarpus heterophylius, fermented Wﬂqnmq (o] Tong-Pha—Phum9 4-Nov-03
AD93 | 15890 |TPP236GE2 Fruit of Artocarpus heterophyllus, fermented ﬁquﬂﬁq (5 ] Tong‘Pha-Phumg 4-Nov-03
AD94 | 15891 [TPP237GE1 Flower of Senna alata, W\Js7A# (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AD95 | 15892 (TPP237GE2 Flower of Senna alata, Wqﬂ?ﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AD96 | 15893 |TPP238GE1 Fruit of Unknown wgys12# (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AD97 | 15894 [TPP238GE2 Fruit of Unknown wgl‘liﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AD98 | 15895 |TPP238GE3 Fruit of Unknown wthi‘ﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AD99 | 15896 {TPP239GE1 Flower of Unknown w:ry]?ﬁﬁ (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AEQ1 | 15897 (TPP239GE2 Flower of Unknown 'ﬂm?ﬁiﬂ (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AEQ2 | 15898 (TPP239GE3 Flower of Unknown W51 (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03 .
AE03 - |TPP244S1 Flower of Tacca chantrieri; wiyJs13# (Peat Swamp Forest) Tong-Pha-Phum’ | 4-Nov-03
AEO05 | 15899 [TPP249GE1 Fruit of Unknown TulanFau (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE06 | 15900 [TPP249GE2 Fruit of Unknown Tuhiw3au (Wet licks) Tong-Pha-Phum’® | 4-Nov-03
AEQ7 | 15901 |TPP25251 Fruit of Unknown Ttlavy¥aw (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE08 | 15902 |TPP252S2 Fruit of Unknown Tﬂwﬁﬂu {Wet licks) Tong-F’ha-Phum9 4-Nov-03
AEO09 | 15903 [TPP253GE1 Flower of Unknown Twlaw¥au (Wet ficks) Tong-Pha-Phum’ | 4-Nov-03
AE10 | 15904 |TPP253GE2 Flower of Unknown Tﬂm'ﬁ'ﬂu (Wet licks) T«)ng-Pha-Phum9 4-Nov-03
AE11 - [TPP254GE2 panunnsaath llawiau (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
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AE12 - |TPP25481 panKNINTah Tt]wj"r'ﬂu (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE13 - [tPP254s2 panuninsaai lihw¥au (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE14 - |TPP25581 Flower of Unknown Tulaw¥au (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE15 - TPP255S2 Flower of Unknown T‘L]m%"ﬂu (Wet licks) Tong-Pha-Phum9 4-Nov-03
AE16 - |TPP255S3 Flower of Unknown Tilan¥au (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE17 | 15905 [TPP258GE2 Flower of Unknown Tulawiau (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE18 | 15906 |TPP259GE1 Flower of Unknown Tﬂma"ﬂu (Wet licks) Tong-Pha-Phumg 4-Nov-03 .
AE19 - {TPP259GE2 Flower of Unknown Tilan¥au (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE20 - |TPP259GE3 Flower of Unknown Tﬂm'ﬁ'ﬂu (Wet licks) Tc)ng-Pha-Phum9 4-Nov-03
AE21 - |TPP259S1 Flower of Unknown Tﬂm’:"ﬂu (Wet licks) Tong-Pha-Phum9 4-Nov-03
AE22 | 15907 [TPP260GE2 Fruit of Unknown Tthw¥au (Wet licks) Tong-Pha-Phum’ | 4-Nov-03
AE23 | 15908 |TPP260GE3 Fruit of Unknown Tﬂm%’ﬂu (Wet licks) Tong-Pha-Phum9 4-Nov-03
AE24 | 15909 {TPP262GE1 Flower of Gossypium barbadense Ttlaw3au (Wet licks) Tong-Pha-Phum’
AE25 | 15910 [TPP262GE2 Flower of Gossypium barbadense Tﬂwﬁ'ﬂu (Wet licks) Tong—Pha-Phumg
AE26 - |TPP263GE2 Unknown from sensei Tc>ng~Pha—Phum9
AE27 - TPP264S1 Unknown from sensei Tong-Pha-Phum9
AE28 | 15911 [TPP264S2 Unknown from sensei Tong~Pha—F’humg 4-Nov-03
AE29 | 15912 {TPP264S3 Unknown from sensei Tong-Pha-Phum® | 4-Nov-03
AE30 - |TPP265S1 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE31 - |TPP265S2 Unknown from sensei Tong-Pha-F’humg 4-Nov-03 .
AE32 - |TPP266GE1 Unknown from sensei Tong—Pha-Phumg 4-Nov-03
AE33 - TPP266GE2 Unknown from sensei Tong-F’ha-Phumg 4-Nov-03
AE34 - |TPP266S1 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE35 - [TPP266S2 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE36 - |TPP266S3 Unknown from sensei Tong-Pha-Phumg 4-Nov-03
AE37 - |TPP266S4 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE38 | 15913 [TPP267GE1 Unknown from sensei Tong-Pha-Phqu 4-Nov-03
AE39 | 15914 [TPP267GE2 Unknown from sensei Tong-Pha-Phumg 4-Nov-03
AE40 | 15915 |TPP267S1 Unknown from sensei Tcng-!i’ha-Phx,lmg 4-Nov-03
AE41 - [TPP267S2 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE42 | 15916 (TPP268GE1 Unknown from sensei Tong-Pha-Phumg 4-Nov-03
AE43 | 15917 {TPP268GE2 Unknown from sensei Tcmg-Phe\-Phum9 4-Nov-03
AE44 | 15918 [TPP269GE1 Unknown from sensei Tong-Pha-Phum9 4-Nov-03 |
AE45 | 15919 [TPP269GE2 Unknown from sensei Tong-Pha\-Phum9 4-Nov-03
AE46 | 15920 [TPP269S1 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE47 | 15921 [TPP270GE1 Unknown from sensei Tong-Pha-F’humg 4-Nov-03
AE48 | 15922 |TPP270GE2 Unknown from sensei Tong—Pha-Phum9 4-Nov-03
AE49 - |[TPP27081 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
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AE50 | 15923 [TPP270S2 Unknown from sensei Tong-Pha-Phumg 4-Nov-03
AES51 | 15924 [TPP270S3 Unknown from sensei Tong-Pha-F’hum9 4-Nov-03
AES52 | 15925 [TPP270S4 Unknown from sensei Tong—Pha-Phum9 4-Nov-03
AE53 | 15926 [TPP271GE1 Unknown from sensei Tong—Pha-Phum9 4-Nov-03
AE54 | 15927 |TPP271GE2 Unknown from sensei Tong-Pha-Phums 4-Nov-03
AE55 | 15928 |TPP271S1 Unknown from sensei Tong-Pha—Phumg 4-Nov-03
AE56 | 16929 [TPP271S2 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE57 | 15930 [TPP272GE1 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AES58 | 15931 [TPP27281 Unknown from sensei Tong-Pha-Phumg 4-Nov-03
AE59 | 15932 (TPP272S2 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AE60 | 15933 |TPP282GE2 Unknown from sensei Tong-Pha-Phum9 4-Nov-03
AG92 - TPP111G2 Flower of Caladium sp. Ran Tﬂm%"ﬂu (Wet licks) Tong-Pha-Phumg 2-Jul-02
AG93 - [tPP148s2 Wins1aum w1 sdil (Peat Swamp Forest) Tong-Pha-Phum’® | 2-Jul-02
AGY4 | - [TPP158G2 5ala (Aol way 3T (Peat Swamp Forest) Tong-Pha-Phum’ | 2-Jul-02
AGO5 | - [TPP159G2 Katla (Aol ways A (Peat Swamp Forest) Tong-Pha-Phum’® | 2-Jul-02
AG96 | 15934 [TPP175G2 Flower of Cucurbita moschata ﬁﬂqnmu 25 ] Tong-Pha-Phum9 2-Jul-02
AG97 | 15935 [TPP175G3 Flower of Cucurbita moschata WaANa A Tong-Pha-Phum’ | 2-Jul-02
AG98 | 15936 |TPP178G2 Fruit of Artocarpus heterophyllus vTﬂqnma (5[4 Tong-Pha-Phum9 2-Jul-02
AG99 | 15937 |TPP186G1 Flower of Heliconia sp. @auUUmMaann)# Tong-Pha-Phum’ 2-Jul-02
AHO1 | 15938 [TPP186G2 Flower of Heliconia sp. 1ulmasnini Tong-Pha-Phum’ | 2-Jul-02
AH02 | 15939 [TPP186G2-2 Flower of Heliconia sp. muﬂ'mmmqﬁ Tc)ng-F’l’\a-Phum9 2-Jul-02
AHO03 | 15940 {TPP19281 Fruit of Solanum stramonifolium, muﬂwmmqﬁ Tong-Pha-Phum® 2-Jul-02
AHO04 - {TPP195GEA3 Fruit of Unknown muﬂwwmmnﬂﬁ Tong-Pha-Phumg 2-Jul-02
AHO5 | 15941 |TPP198GEA1 Flower of Thunbergin offinis, Lﬂam%mmnﬂﬂ Tong-Pha-Phum9 2-Jul-02
AHO6 | 15942 [TPP198GEA2 Flower of Thunbergin offinis, tﬂﬂu’ﬁ?ﬂmn?ﬂf Tong-Pha-Phum9 2-Jul-02

Abrrevation: ' Bangkok; ? Samutsakorn; * Nonthaburi; * Ratchaburi; ° Ayuthaya; ® Suratthani; ’ Chaing Mai; .

8 B 9 .
Nakornratchasima; ~ Kanchanaburi
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Table B. Characteristics of acetic acid bacteria isolates and their generic level identification

o€ ) ) @
w o g qé‘ Gro‘\:/;m;?nir:gdla Oxidation of é ® §
8 % a5 5 g o Identified as
O | 8 ;.- Glucose+ _ :g' S
© 3 0.3% | Sorbitol |Acetate|Lactate| 5 | O &
= & |acetic acid M
AAOL | P | ND +/- +++ w w [ ND | 444 Asaia sp.
AAOD2 | P ND +/- +4+ w w | ND | 444 Asaia sp.
ANO4 | C ND + FH+ - - ND | ND Gluconobacter sp.
AAOS | P ND +/- S+ - - ND [ ND Gluconobacter sp.
AAO6 | P W +/- +++ w w Q10 | +++ Asaia sp.
AAO7 | P w +/- +++ w w | ND | ND As3ia sp.
AAOS | P w +/- +4+ w w_|Qio| ND Asaia sp.
AAO9 | P w +/- +4+ w w | Q10| ND Asaia sp.
AA10 | C +(S) +++ +/- + + Q10 - Gluconacetobacter sp.
AAll1 | C +(S) +++ + + + Q10 - Gluconacetobacter sp.
M2 C | HS) +4++ + + + |ow]| - Gluconacetobacter sp.
AA13 | ¢ | HS) ++ + + + |ow0]| - Gluconacetobacter sp.
AALS | P ND +/- +++ w w ND | +++ Asaia sp.
AAS | C ND . F+ w w ND | 44+ Asaia sp.
AAS | P ND - ++4 w w ND | np Asaia sp.
A0 | P ND - +H+ W w ND | 444 Asaia sp.
AM21 | P ND - 44+ w w ND | 44+ Asaia sp.
AA24 | P ND +/- +4+4 w w ND ND Asaia sp.
AA25 | P ND - +++ w w ND ND Asaia sp.
A6 | P ND - 4+ w w ND ND Asaia sp.
AM27 | P ND - 4 W w ND ND Asaia sp.
AA29 | Y ND . e+ w- | w/- | ND | 444 Asaia sp.
AA30 | Y ND - A+ w w ND | 444 Asaia sp.
AA3L | Y ND - 4+ w w | ND | 444 Asaia sp.
AM34 | P ND - +++ w/- w/- ND | 444 Asaia sp.
AA3S | P ND - T w w | ND | 44+ Asaia sp.
AA36 | P ND - +++ w w | ND | 44+ Asaia sp.
AA37 | P ND - ++4 w w ND | 44+ Asaia sp.
A3 | P ND - 4+ w w ND ND Asaia sp.
A3 | P ND - +++ w w ND ND Asaia sp.
A0 | C - ++ +++ - - ND - Gluconobacter sp.
M2 | P ND - +++ w/- w/- ND | 44+ Asaia sp.
AM3 | P | ND - +++ w w_ | ND | 444 Asaia sp.
AAd4 | P ND + ++4+ w w | ND | 444 Asaia sp.
AAS | P ND - +++ w w ND ND Asaia sp.
AAS0 | P ND - +4++ w w ND ND Asaia sp.
AAS3 | P ND +/- +++ w w | ND ND Asaia sp.
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AAS4 | p | ND - o+ w w_ | ND | nD Asaia sp.
AA67 | P | ND - +++ w w | ND | 444 Asaia sp.
AAG8 | P ND +/- +4++ w w ND | 444 Asaia sp.
AAGO | P ND +/- et w w | ND | 444 Asaia sp.
AASO | P | ND - 4+ w w_| ND | +++ Asaia Sp.
AASS | P ND - 4+ w w ND | +++ Asaia sp-
Aag9 | w | ND + T+ - - ND - Gluconobacter sp.
A94 | W | ND + +++ - - ND - Gluconobacter sp.
A8 | P ND . +++ w w ND | 444 Asaia sp.
AA99 | P ND ++ +4++ - - ND - Gluconobacter sp.
AB04 | P ND - +++ w w ND | 444 Asaia sp.
ABO5 | P ND ++ +4+ - - ND | 14+ Gluconobacter sp.
ABO7 | P ND ++ 4+ - - ND | 4+ Gluconobacter sp.
ABO8 | P ND - +++ w W ND | 444 Asaja sp.
AB10 | P ND - +4++ w w ND | +++ Asaia sp.
AB11 | P ND + 4+ w w ND | +++ Asaia sp.
AB12 | P ND - +4+ w w | ND | 444 Asaia sp.
AB18 | P ND - 4+ w w | ND | +44 Asaia sp.
AB24 | P ND - +++ w w | ND [ 444 Asaia sp.
AB25 | P ND + +++ w w | ND | 444 Asaia sp.
AB26 | P ND + +++ w w | ND | 44+ Asaia sp.
AB28 | P ND ++ +4+ w w | ND | 444 Asaia sp.
AB29 | P ND ++ +4+ W w ND | +4+ Asaia sp.
AB30 | P ND - - w w | ND | 444 Asaia sp.
AB31 | P ND - +++ W w | ND | 444 Asaia sp.
AB32 | P ND + +++ w w | ND | 444 Asaia sp.
AB33 | P ND + +++ w w | ND | 44+ Asaia sp.
AB34 | w | ND - +++ w w | ND | 44+ Asaia sp.
AB35 { W | ND - e+ w w | ND | 444 Asaia sp.
AB36 | W ND - +++ W w ND | 44+ Asaia sp.
AB40 | P ND + +4+4 W w ND | 44+ Asaia sp.
AB41 | P ND + +++ w w ND | 444 Asaia sp.
AB43 | w | ND + +4+ - - ND - Gluconobacter sp.
AB45 | P ND ++ +++ w w ND | 44+ Asaia sp.
ABS1 | P ND - +++ w w | ND | 444 Asaia sp.
AB52 | P ND - +4+ w w | ND | 444 Asaia sp.
ABS4 | P ND - 4+ w w | ND | 44+ Asaia sp.
AB57 | P ND - +++ w w | ND | 444 Asaia sp.
ABS8 | P ND - +++ w w | ND | 444 Asaia sp.
AB59 | W ND + 4+ - - ND - Gluconobacter sp.
AB60 | W | ND + +4+ - - ND - Gluconobacter sp.
AB61 | W | ND - 4+ - - ND | - Gluconobacter sp.
AB62 | w | ND - +4++ - - ND - Gluconobacter sp.
AB63 | W ND + +++ - - ND - Gluconobacter sp.
AB72 | P | ND - +++ w w | ND | 444 Asaia sp.
AB73 | P | ND - +++ W w | ND | 444 Asaia sp.
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AB76 | P ND - 4+ w w | ND | 44+ Asaia sp.
AB77 | P ND - +++ w w | ND [ 444 Asaia sp.
AB78 | P ND + +++ w w ND | 44+ Asaia sp.
AB79 | P ND + +++ w w | ND | +4++4 Asaia sp.
ABSO | P ND + 4+ w w | ND | 444 Asaia sp.
ABSL | P ND - ++4+ w w | ND | 444 Asaia sp.
AB82 [ P ND - +++ W w ND | 444 Asaia sp.
AB85 | C - - +++ - - ND - Gluconobacter sp.
ABS6 | P w - Fr w w | ND | 444 Asaia sp.
ABS7 [ P - - +++ w W ND | 44+ Asaia sp.
AB8S | P - - +++ w w | ND | 444 Asaia sp.
AB89 | P w - +++ w w | ND | 444 Asaia sp.
AB9O | P w - 4+ w w ND | 44+ Asaia sp.
AB9L [ P w + +++ w w ND | 44+ Asaia sp.
AB92 | P w - +++ w w_ | ND | +++ Asaia sp.
AB93 | P w - +H+ w w | ND | 444 Asaia sp.
AB94 [ P w - +++ W w ND | 444 Asaia sp.
ABY5 | C - - +4++ - - ND - Gluconobacter sp.
AB9 | C - - 4+ - - ND - Gluconobacter sp.
AB97 | C - + +4+ - - ND | 44+ Gluconobacter sp.
AB98 | C +(S) +++ + + + Q9 - Acetobacter sp.
AB9S [ C +(S) +++ ++ + + Q9 - Acetobacter sp.
ACOL | C +(S) +++ + + + Q10 - Gluconacetobacter sp.
ACO2 | € - - +4+ - - ND - Gluconobacter sp.
ACO3 | C - - +4++ - - ND - Gluconobacter sp.
ACO4 | C + +4+ +4+ + w | ND - Gluconacetobacter sp.
ACO5 | C + +++ +++ + w ND - Gluconacetobacter sp.
ACO6 | C - + +4+ - - ND - Gluconobacter sp.
ACO7 | C . - +4+ - - ND - Gluconobacter sp.
ACO8 | C - ++ +4++ - - ND - Gluconobacter sp.
AC10 | € | +(S) + ++ - - ND | . Gluconobacter sp.
ACil | € | +(8) - ++ - - ND - Gluconobacter sp.
AC12 | C - + +4+ - - ND - Gluconobacter sp.
AC13 | C - + +H+ - - ND - Gluconobacter sp.
AC14 | C +(S) +++ - + + Q10 - Gluconacetobacter sp.
ACi5 | C +(S) +4++ - + + Q10 - Gluconacetobacter sp.
ACl6 | C - - +++ - - ND - Gluconobacter sp.
AC17 | C - +++ - + + . Q9 - Acetobacter sp.
ACI8 | C ) + +H+ - - ND - Gluconobacter sp.
AC19 | C - - +++ - - ND - Gluconobacter sp.
AC20 | C | +(5) + ++ - - ND - Gluconobacter sp.
AC21 | C | +(S) + ++ - - ND | . Gluconobacter sp.
AC4 | C - +++ - + + | Q9 - Acetobacter sp.
AC27 | C - ++4 - + W Q9 - Acetobacter sp.
AC28 | € | +(8) ++ +++ - - ND | 14+ Unidentified
AC9 | C - - +++ - - ND - Gluconobacter sp.
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AC30 | C - - +++ - - ND | - Gluconobacter sp.
AC31 | C - - 4+ - - ND - Gluconobacter sp.
AC32 | C - - +4++ - - ND - Gluconobacter sp.
AC33 | C - - 4+ - - ND - Gluconobacter sp.
AC34 | C g - +++ - - ND - . Gluconobacter sp.
AC35 | C - - +++ - - ND - Gluconobacter sp.
AC36 | C - - +++ - - ND - Gluconobacter sp.
AC37 | C +(S) ++ +++ - - 010 | +++ Gluconacetobacter sp.
AC38 | C +(S) ++ +++ - - Q10 | +++ Gluconacetobacter sp.
AC39 | C +(S) +4 +++ - - Q10 | +++ Gluconacetobacter sp.
AC42 | C | +(8) - +++ - - ND ) 44+ Gluconobacter sp.
AC43 | C - - +++ - - ND | - Gluconobacter sp.
AC44 | C - + +++ - - 010 - Gluconobacter sp.
AC45 | C - + +++ - - Q10 - Gluconobacter sp.
AC46 | C - + 4+ - - ND - Gluconobacter sp.
AC47 | C | +(S) + +++ - - ND | 44+ Gluconobacter sp.
AC48 | C - - +++ - - ND | +++ Gluconobacter sp.
AC49 | C - - +4++ - - ND | ++ Gluconobacter sp.
AC50 | C - - 4+ - - ND - Gluconobacter sp.
AC51 | C . - +4++ - - ND - Gluconobacter sp.
AC52 | C g + +++ - - ND - Gluconobacter sp.
ACS3 | C - - +++ - - ND - Gluconobacter sp.
AC54 | C - - +++ - - ND | 444 Gluconobacter sp.
ACSs | C - + +++ - - ND - Gluconobacter sp.
ACS6 | C + + +++ - - ND - Gluconobacter sp.
AC57 | C - + 4+ - - ND - Gluconobacter sp.
ACS8 | C - + +++ - - ND - Gluconobacter sp.
ACS9 | C - - +++ - - ND - Gluconobacter sp.
AC60 | C + - +++ - - ND - Gluconobacter sp.
AC6L | C - - +4+ - - ND - Gluconobacter sp.
AC62 | C - - +4++ - - ND - Gluconobacter sp.
AC63 | C - + +++ - - ND | - Gluconobacter sp.
AC64 | C - + +4++ - - ND - Gluconobacter sp.
AC65 | C - + +4+ - - ND - Gluconobacter sp.
AC66 | C - + +++ - - ND - Gluconobacter sp.
AC67 | C + + +4++ 2 - ND - Gluconobacter sp.
AC68 | C - ++ +4+4 - - ND - Gluconobacter sp.
ACE9 | € + + +4+ - - ND - Gluconobacter sp.
AC70 | P + - +++ w w | ND | 444 Asaia sp.
AC71 | P + - +4+ w w ND | 44+ Asaia sp.
AC72 | P + - +++ w w | ND | 444 Asaia sp.
AC73 | P + - +++ w w | ND | 444 Asaia sp.
AC74 | P + - +4++ w w ND | 444 Asaia sp.
AC75 | P + - +4++ w w ND | 44+ Asaia sp.
AC76 | P + - 4+ w w | ND | 444 Asaia sp.
AC7T7 | P + - +++ w w_ | ND | 44+ Asaia sp.




Table B. Continued.

ot . . o
w | s % é Gr°c";’);ht;i"ni':]‘gd'a Oxidation of s 8 §
8 |s| 28 5 g o Identified as
o o @ £ |Glucose+ g |2
83 | 0.3% | Sorbitol |AcetateLactate| 5 | & B
2 5 lacetic acid M
AC78 | P + - +++ w w | ND | 444 Asaia sp.
AC79 | C + 4+ - + + Q9 | ND Acetobacter sp.
ACB0 | C + +4+ - + + Q | ND Acetobacter sp.
AC81 | C - + ++ - - ND | ND Gluconobacter sp.
ACB2 | C - + +4+ - - ND | ND Gluconobacter sp.
AC85 | P + - +4++ w w ND | +++ Asaia sp.
AC86 | P + - +++ w w ND | +++ Asaia sp.
AC92 | P + - +4++ w w ND | +++ Asaia sp.
AC93 | P + - +++ w w | ND | 444 Asaia sp.
AC94 | P - +4++ w w ND | +4+ Asaia sp.
AC95 | P + - +4+ w w ND | 444 Asaia sp.
AC9 | P + - +++ w w | ND | 444 Asaia sp.
AC97 | P - +4+ +++ + w | ND | ND Asaia sp.
ACS8 | P ND ++ +4++ + + ND | ND Asaia sp.
AC99 | P ND ++ +4++ + + ND | ND Asaia sp.
ADOS | p | ND + +4+ + w | ND | ND Asaia sp.
AD10 | P | ND + +++ + w_| ND | ND Asaia sp.
aD11{ c | ND + +++ - - ND | ND Gluconobacter sp.
AD12| c | ND + +4+ - - ND | ND Gluconobacter sp.
AD13| c | ND + +4+ - - ND | ND Gluconobacter sp.
AD14 | c | ND + +++ - - ND | ND Gluconobacter sp.
AD15 | c | ND + +++ - - ND | ND Gluconobacter sp.
AD16| c | ND + +4++ - - ND | ND Gluconobacter sp.
AD17 | C | ND + +++ + w [ ND | ND Asaia sp.
AD20 | C + - +4+ - - ND | ND Gluconobacter sp.
AD21 | P + - 4+ - - ND | ND Gluconobacter sp.
AD23 | P + - +++ w w ND | 444 Asaia sp.
AD24 | P + - +4+ w w | ND | 444 Asaia sp.
AD25 | C - + - w + | Q9 | ND Acetobacter sp.
AD26 | C + - +++ - - ND | ND Gluconobacter sp.
AD27 | C - - 4+ - - ND | ND Gluconobacter sp.
AD28 | C - - +4+ - - ND | ND Gluconobacter sp.
AD34 | P + - +4++ w w ND | 44+ Asaia sp.
AD37 | C + +/- ++ w w | ND | 444 Asaia sp.
AD38 | C - +4 - + + Q9 | ND Acetobacter sp.
AD39 | C - ++4+ - + + Q9 | ND Acetobacter sp.
AD40 | C + +/- +4++ w w ND | +++ Asaia sp.
AD41 | C + +/- +++ w w ND | 444 Asaia sp.
AD42 | C - +4 4+ - - ND | ND Gluconobacter sp.
AD43 | C - + +++ - - ND | ND Gluconobacter sp.
AD46 | W i 4+ - + + | g9 | ND Acetobacter sp.
AD47 | C - + ++ - - ND | ND Gluconobacter sp.
AD48 | C - + ++ - - ND | ND Gluconobacter sp.
AD49 | C - + +++ - - ND | ND Gluconobacter sp.
AD50 | C - + +++ - - ND | ND Gluconobacter sp.
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Table B. Continued.

oF ; ; ] 2
w . '% qg; Gro(gm;?nir:gdla Oxidation of § ® §
8 || 2= 5 'g ] Identified as
O o g ¢;: Glucose+ ) :g ] 2
< 0.3% | Sorbitol jAcetate|lactate] § | O o
3 E acetic acid 0
AD51 | C - + +4+ - - ND | ND Gluconobacter sp.
AD52 | C - + +4++ - - ND | ND Gluconobacter sp.
AD53 | C - + +t+ - - ND | ND Gluconobacter sp.
AD54 | C - + +++ - - ND | ND Gluconobacter sp.
AD55 | C - + F++ - - ND | ND Gluconobacter sp.
ADS6 | C - + +++ - ND | ND Gluconobacter sp.
AD65 | C - + +4+ - - ND | ND Gluconobacter sp.
AD66 | C - ++ +++ - - ND | ND Gluconobacter sp.
AD67 | P + - +++ w w | ND | 44+ Asaia sp.
AD68 | P + - +++ w w | ND | 444 Asaia sp.
AD69 [ P + + +++ w w ND | +4++4 Asaia sp.
AD70 | P + - +++ w w | ND | 444 Asaia sp.
AD71 | C - + +++ - - ND - Gluconobacter sp.
AD72 | C - + +++ - - ND - Gluconobacter sp.
AD73 | C - - +++ - - ND - Gluconobacter sp.
AD74 | C - - +4+ - - ND - Gluconobacter sp.
AD75 | € | +(S) - ++ - - ND - Gluconobacter sp.
AD76 | C | +(S) + +++ - - ND - Gluconobacter sp.
AD77 | € | +(S) + +++ - - ND | + Gluconobacter sp.
AD78 | C - + +4++ - - ND - Gluconobacter sp.
AD79 | C - + +++ - - ND - Gluconobacter sp.
ADSO | P + + +4++ w w ND | +++ Asaia sp.
ADSL | P + + +++ W w ND | 44+ Asaia sp.
AD82 | C + + 4+ w w ND | 444 Asaia sp.
ADS3 | C + + +++ w w | ND | 444 Asaia sp.
AD84 | C + + +++ W w | ND [ 44+ Asaia sp.
ADSS | C + + +4++ w w ND | 44+ Asaia Sp.
ADS6 | C + + +++ w w | ND | 444 Asaia sp.
AD87 | C - ++ - + + Q9 - Acetobacter sp.
ADS8 | C - ++ +44 - - ND - Gluconobacter sp.
AD8S | C + ++ +++ - - ND - Gluconobacter sp.
AD90 | C | +(S) + +++ W + ND | 444+ Gluconobacter sp.
AD91 | C - +++ - w + Q9 - Acetobacter sp.
AD92 | C | +(5) ++ 4+ - - ND - Gluconobacter sp.
AD93 | C | +(8) +4 +++ - - ND | 4 Gluconobacter sp.
AD9%4 | C + + +4++ - - ND - Gluconobacter sp.
AD95 | C - + +++ - - ND - Gluconobacter sp.
AD96 | C - + +++ - - ND - Gluconobacter sp.
AD97 | C - + +++ - - ND - Gluconobacter sp.
AD98 | C - + +++ - - ND | ++ Gluconobacter sp.
AD99 | C - + 4+ - - ND | ++ Gluconobacter sp.
AEOL | C - + +++ - ) ND - Gluconobacter sp.
AE02 | C - + +4+ - - ND - Gluconobacter sp.
AE05 | C | +(S) - +++ - - ND - Gluconobacter sp.
AEO6 | C | +(5) + +H+ - - ND - Gluconobacter sp.
AEO7 | P + - +4++ w w ND | +++ Asaia sp.
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Table B. Continued.

9F ) ) o
- . % qé' Gro::);l‘;;li'\nmgdla Oxidation of g ® §
8 2 a8 5 g ] Identified as
o o & £ |Glucose+ T loe
I g 0.3% | Sorbitol |Acetate|Lactate| 5 | & &
2 & |acetic acid ”
AF08 | C - + 4+ - - ND - Gluconobacter sp.
AEQ9 | C | +(8) - +++ - - ND - Gluconobacter sp.
AE10 | € | +(S) - 4+ - - ND | 4+ Gluconobacter sp.
AE17 | P + - +4+ w w | ND | 44+ Asaia sp.
AE18 | P + - +++ w w | ND | 444 Asaia sp.
AE22 | C - +++ - + + Q9 - Acetobacter sp.
AE23 | C - +++ - + + Q9 - Acetobacter sp.
AE24 | P + - +4+ w w | ND | 444 Asaia sp.
AE25 | P + - +44+ w w | ND | 444 Asaia sp.
AE28 | P + - +4++ w w | ND | +4++ Asaia sp.
AE2 | P ND - ++ w w | ND | +++ Asaia sp.
AE38 | P + - +4+ w w | ND | 444 Asaia sp.
AE39 | P + - +++ w w | ND | 444 Asaia sp.
AE40 | P + - +4++ w w ND | +4+ Asaia sp.
AE42 | P + - +++ w w | ND | 444 Asaia sp.
AE43 | P + - +++ w w | ND | 444 Asaia sp.
AE44 | P + - +++ w w ND | 444 Asaia sp.
AE45 | P + - +4+ w w | ND | 444 Asaia sp.
AE46 | P + - +++ w w | ND | 44+ Asaia sp.
AE47 | P + - +4+ w w_| ND | 444 Asaia sp.
AF48 | P + - +++ w w | ND |44y Asaia sp.
AEs0 | P + - +++ w w | ND | 444 Asaia sp.
AES1 | P + - +++ w w ND | 444 Asaia sp.
AES2 | P + - 4+ w w ND | 444 Asaia sp.
AEs3 | P + - e+ w w | ND | +4++ Asaia sp.
AES4 | P + - +++ W W ND | 44+ Asaja sp.
AE55 | P + - +++ W w ND | 444 Asaia sp.
AES6 | P + - +4++ w w ND | +++ Asaia sp.
AES7 | P + - +++ w w ND | 44+ Asaia sp.
AES8 | P + - +4++ w w ND | 444 Asaia sp.
AE59 | P + - +++ w w ND | 444 Asaia sp.
AE6O | P + - +++ w w | ND | 444 Asaia sp.
AGY6 | P + + +4++ w w ND | 4+++ Asaia sp.
AG97 | P + + +++ w w | ND | 444 Asaia sp.
AG98 | C - +++ - + + Q9 - Acetobacter sp.
AG99 | C + ++ - + + Q9 - Acetobacter sp.
AHO1 | C + +++ - + w ND - Acetobacter sp.
AHO2 | C + +4++ - + w Q9 - Acetobacter sp.
AHO3 | P + - +++ w w ND | +++ Asaia sp.
AHO5 | P + - +++ w w | ND | 444 Asaia sp.
AHO6 | P + - ++ w w | ND | 444 Asaia sp.
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Table C. Acid formation from various C-sources of the isolates

Acid production from

w —
S8 8|28 88|88t 2la|o|Blzalalaltlsl
S| S| E|R|S|€|g|s|5|E|E|8|als|8|l2|&|8|E|&ls

G 2|8|E|8|X|S|8|8|2|9|3|6|a|28|8|2|3|5|8

o [a) A [a) - Qo A N 5 A (=) & =
AAOL} + | + | + [ + [+(])] + - + |+(@)| + [+D|+H@)[ ND [+(7)] ND | ND | + | + |+(7)|+(4)
AAO2| + |+ [+ | + |+@®] + | - | + {+@®] + [+D|+@)| ND |+(@Z)| ND [ ND | + | + [+(7)|+(4)
AMO4| + | + 1+ + |+ |+ + |+ | -]+ 1+ + | + | + - S+ ]+
AOS| + | + [+ |+ + |+ |+ | + - + [+B)| + | + | + - -+ + |+ ]+
AAOG| + | + [ + | + |+(D)| + - + | + | + |[+@D[+@)|ND |+(7)| ND | ND | + | + | + -
AAO7| + | + | + | + |+(D)]| + - + | + | + [+D|+(Z)ND[ND | ND | ND| + | + -
AOB( + | + | + | + |+ + |+®) + | + | + | + |+3)| + | + [+(+] - | + | + |(+/)] -
MO + | + |+ | + |+®) + {+D)]| + | + | + | + [+@®)] + | + |-+ - |+ + |-+ -
AA1D| + | + | + - - + | + |+(4)] - - - - |+ 7)) - - - -1 - - +
AALL] + | + | + - - + | + {+(4)] - - - - +(7)| - - - - - - +
AA12] + | + |+(6)] - - + [ + [+(4)] - - - - |+(7)| - - - - - - +
AAL3| + | + | + - - (+(5)| - + | - - - - |+ 7)) - - - - - -+
AMLIS| + | + |+ |+ |+ |+ (+D]| + |+ | + | + |+@)| + | + - o L
AAIB| + | + |+ |+ | + | + [+ + | + | + | + {+(5)| + | + - {1+ D+ | + | + |+(5)
AAI9| + | + |+ |+ |+ |+ [+ + |+ |+ |+ | - | + ]| + - -+ o+ - -
AM20| + | + |+ |+ |+ |+ [+ + | + | + | + |+(4)] + |+(5)] - -+ ]+ |+ 4
AL} + | + [+ |+ |+ |+ |+ |+ |+ |+ ]|+ |+ ]+ ]+ - -+ ]+ |+ |+
AA24| + | + | + | + |+B) + | - | + |+B)+@D|+6)] - | + |+(7)] - - |+ |+ [+(5)] -
AA2S| + | + | + | + |+(B)] + | - | + |[+@)[+ D[+ - | + |+(6)] - - |+ | + [+(5)] -
AA26| + | + | + | + |+(7)] + |+ + | + |+B)|HT)] - + |+(7)| - - |+ |+ [+ @) -
AM27| + | + | + | + |+ + [+(7)] + | + [+@D|+6) - | + |+(7)| - - P+ |+ |+(6)] -
A2 + | + | + | + |+B)| + [+(D)]| + | + [+ @D|+(B)|+(6)]| + |+(@)| - -+ 0+ |+ -
A0 + | + |+ | + |[+BD)] + [+(D] + | + | + |+(6)|+(6)] + | + - -+ ]+ |+ -
AABL| + | + | + [ + |[+(B)] + [+ + | + | + |+(6)|[+(6)] + |+(6)] - -+ + |+ -
AA4| + | + | + | + [+(B)] + [+(7)| + + |+(6)[+(6)] + | + - EAE NN
AASS| + | + |+ ]+ | + | + |+ + |+6)] + |+GB) + | + | + - - |+ |+ [+5)] -
AA36| + | + | + | + |+(5)] + |+ + | + | + |[+B+B)| + | + - -+ ]+ |+ -
AA37| + | + [+ | + |+O)| + [+(B)| + | + | + |+(D|+@D)| + | + - - |+ + |+ -
AA3BL + | + |+ [+ | - | + [+(D)] + [+(D)|+(5)] - - |+ |+(5)] - -+ |+ )+ ] -
AA39! + | + | + | + - + |+ + |+(D|+(5)| - - + |+(5)| - -+ |+ ]+ -
AMO| + | + [ + |[+@)| + | + | + | + - |+(6)] + - + [ND| - - + - + | +
AAA2| + | + | + [ + |+(5)] + - + | + [+(5)|+(5)|+(6)] + [+(6)| - -+ + |+ -
AAG3| + | + | + [ + [+(5)] + - + | + |[+(®D]|+B)[+(B)]| + |+()| - -+ |+ |+ -
AA4| + | + | + | + [+(5)] + - + | + | + [+(D[+(D] + [+(5)] - - + | + |+(5)] +
AMOY + | + | + | + [+D)] + {(+D| + [+ + [+ - | + | + | - -+ |+ -+
AASO| + | + | + |+ |+ | + [+5)] + |+(B)| + [+(4)] - | + | + - -+ |+ | - [+(5)
AAS3| + | + | + |+ |+ + | + | + | + | + [+5) - | + | + - - |+ |+ [+ -
AAS4| + | + | + | + |H(6) + |+(4)| + |+(4)] + [+(6)] - | + |+(6)| - - |+ |+ [+5)] -
AA67| + [+ | + |+ |+ |+ |+ |+ |+ |+ |+ |-+ +]- -+ ]+ | - -
AAGB| + [ + | + | + | + | + - + |+ + |+ + ]+ |+ - - + |+ | + -
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Table C. Continued.
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Appendix B

Media Composition

1. Glucose-Ethanol-Calcuim Carbonate agar (GECA
2.0% glucose
0.5% ethanol
0.5% peptone
0.5% yeast extract
0.7% CaCQ,
1.2% agar
2. Glucose-ethanol-acetic acid medium
1.5% D-glucose
0.5% ethanol
0.35% acetic acid
0.3% peptone
0.3% yeast extract
adjusted at pH 3.5 with HCI

3. Sorbitol medium

2.0% D-sorbitol

0.3% peptone

0.3% yeast extract
adjusted at pH 3.5 with HCI

4. Sucrose-acetic acid medium

2.0% sucrose
0.35% acetic acid
0.3% peptone
0.3% yeast extract

adjusted at pH 3.5 with HCI



5. Methanol medium

0.8% methanol
0.3% peptone
0.3% yeast extract
adjusted at pH 4.0 with HCI
6. Glucose-yeast extract-peptone medium with 20% glycerol
2.5% Glucose
0.3% Yeast extract
0.5% Peptone
20% Glycerol

7. Different pH medium

2.0% Glucose

0.5% Ethanol

0.3% Peptone

0.5% yeast extract

adjusted at pH 3.0-6.0 with HCI

8. Oxidation of acetate and lactate medium

0.3% Peptone

0.2% Yeast extract
0.002% Bromothymol blue
0.2% acetate or lactate

9. Medium containin 0.3% acetic acid at pH 3.5

2.0% Glucose
0.5% Ethanol
0.3% Peptone
0.5% yeast extract
0.3% acetic acid

adjusted at pH 3.5 with HCI

47



10. Medium containing 30% D-Glucose

30% D-Glucose

0.5% Yeast extract
11. Glycerol medium

3.0% Glycerol

0.5% Glucose

0.8% Peptone

0.5% Yeast extract

12. Growth and acid production from test medium

0.5% yeast extract
0.2% bromocresol purple

1% of each carbon sources
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Appendix D

Activities and sources of samples during this study

Figure A Sampling activities at BRT area-based Thongphaphum district, Kanchanaburi.

Figure B Sample of sources for acetic acid bacteria isolation.
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