1)

(Y] X J aa Z Y
msfauanrelanuazuuaiisansaezdanlmhdumeyrinonnamalauagn
d' a o d Z [
welFlundnfumninaan
Isolation of Yeasts and Acetic Acid Bacteria from Vinegar of Palmyra Palm

Fruit Pulp (Borassus flabellifer) for Salad Dressing Product

FA3n5 o1omesen

Siriporn Artnarong

4
a dA o (Y] =< a U A

37]2]1uwuﬁuﬂ1ﬁiﬂﬂ1iﬂﬂ‘lsl1ﬂ1Nﬁﬁﬂgﬂ31J§iyiy1lﬂﬂ1ﬂ1ﬂﬂﬁlﬁ1ﬂmm
mmﬁmﬁ‘nmﬂmmdmimmsuazimmmi
A Inendeasvaruniuns
A Thesis Submitted in Fulfillment of the Requirements for the Degree of
Master of Science in Food Science and Nutrition
Prince of Songkla University

2558

Avansvesur INgduaIvaIUATUNS



(@)

A A a 4 @ dy =S 4 == an g’ 9 Y]
¥OINGIUNUD MsfaLenrpTaalazIUANeNIAozEAn lihauaieyniin
A 9 Aa o a’g o
nnwama lauagiie 14 unansaaiaas
9y A an I'4
Y UNANATNT 91959A
a a 4
RUREE A INFAATNTOINITUAE TAFUINIT

da (= a a ¢ o
@1ﬂ1iﬂﬂﬂiﬂ‘ﬂ13ﬂﬂ1u‘wuﬁ‘ﬂﬁﬂ

1 -4
(AT8Mm1aA319158 A3.9170550 NaIAG)

da (= a a d v
91%152]‘7]1]57]111’37]8]1141/‘11!55311

1 -4 o a
(é}%'f]ﬂﬁ”lﬁﬁiﬁl”liﬂ AT.WIEYN WIAUYN)

a A [

AULNITINMTADU
....................................... 5L 5IUNTTUNIT
...................................................... AFTUMS
9 4 A A
(A8 aA319138 A5.9132550 UAAD)

..................................................... NITUNII

1 -4 @ a
(éj%ﬁﬂﬁ”lﬁ@iﬁ]”liﬂ AT.WIEYN WIAUYY)

..................................................... NITUNIT

d an
(m.qmm WIHNTYSIATY)

9
@ a @ a v v A a J o
UNAINYQY NﬁWﬁﬂﬂWﬂﬂﬁ\iﬂlaWUﬂﬁuﬂg ﬂuuﬁiﬁ!UUﬂﬂﬂWHWUﬁﬂUﬂﬁ

dmFumsAnmnumangeslSyaninemaasumiude @1913513eMaAsN1501M13

taz Inyuns

J
(399AANTI50 AT.TITNA ATBUL

&%

AVANUNAING IR



3)

Y
VOFUT0IN HANUIFTIINMIANEIIVGVDNINANY B LA IALAAINIY

A ] A Y
VDUAUUAAANUTIUB AUV QDAY

] 4
(A8 aAI19158 A3.9172550 NAIAG)

s (= a a d @
219159NUTNEMINIUNUTHAD

an J
(HNANATNT D1IUTIA)

v K

UNANHI



(4)

9 9 Y] 1 Ao dy 1 3 [ =& va (A
VTNRIVDTUIBIN WENTL!'JﬂEluullllﬂﬂ!ﬂuﬁﬂuﬁu\iﬁluﬂTﬁ@HNﬁﬂiiyﬂﬂ

a9

] 4
Tuszaulannou uag li'ldgnldlumstuvesyiiaysyanluvaeil

an J
(HNANATNT B1IUTIN)

v =K

UNANHI



(5)

A A a d o Jr A A aa ) o
FOINYTUNUD ﬂ15ﬂﬂllﬂﬂlﬁf@ﬂﬁﬁllagllllﬂ‘ﬂ!ﬁﬂﬂﬁﬂﬂgqﬁﬁﬂiuuhlﬁllﬁ"lﬂlﬁillﬂ

A 9 Aa ] 4 g’ o
nnwama lauagiie 14l unandaaiadas

Y A Aan I'4
Q!GUEI‘H HNANIATNT 919U TIAN
mﬁllﬁ‘ln "31/]81ﬁ1ﬁﬁ§ﬂ13'ﬂ”l‘ﬁ”li!,!,axiﬂclfu”l'ﬂ”ﬁ
= =
Umsann 2557
U |
UNAALD

I s { I
aalauailunasluaszngihay  wamalauagnuldenduueniznlaomiy
A o 1 A 9 = I E) = A 9 A ) = IR E)
aa1  arnwgeleauluianvasiluduledmastenay  woihwuesen laglyaiuaulowa
1 g’ 1 g’ d'qg/’ 9 [l 9 =
malauagnasiil 1:22 (wv) wun haulanndriudulenanialnuagniimieylszuu
a A < A v A 7= a & yad o o
4.47-5.1 paziSuaveavanazaield 5.01+0.15 earnusns s9uaNwdlu ) dnaziinima
I ] a o [ % g’ 9 A o o dg’ ~ 4
malauagniluiagaudmsuvdniduaiey  Wemmsdauenyedaannwania lauagn
A o ~ = Jcid 1o
@onswaulalatl 81 Talail wazwadnivwalvgidwou 20 lelwan wmadeu
v Y
anuansasyay Talueisiihamang Taadosaz 10 uaz 15 (whiv) taziemusany
I
[WuduSosaz 6 uay 8 v/v) Tue1113 yeast extract peptone dextrose broth (YEPD broth) 1wy
M 1 dy = = a a Aa Yy 9
nan 72 ¥ Tue woh dedad le Twan Y1s danvamnsaniydnIaluemnsidanududu
2’ 9 ) &) d 1w 8 8
yoarhgang Indsesay 10 uaz 15 lasllsmassadaadmnny 3.9x10° uag 1.7x10° CFU/ml
MUY HNINAADUANNAINITINUABEMUDAITUTUSBEAL 6 aE 8 (v/v) WU 1D
Yy 9 A d? = Y a a a A
anuENduveseMUBaiLANIzINa AN lumnTyau Tnasas Tagaziilsuna
o d 1w 7 3 o w dy = =
HAROAAIMINY 1.5x10 1A 4.4x10° CFU/ml gua1dy wodad 1o amn Y15 Ianuauiin
' v
Tumsnaaemueandsuanimanglaadesaz 10 wag 15 whnuiesay 5.06:025 uaz
7.40+0.17 NIzezIaIMINND 2 tay 4 Tu mudiey msanylsuaveswey Tudlsysame
A A Y I 1 a A Aa o 1A g’
Anzaumelatuuvas luTaswuilsua 300, 500 wag 700 Haansuseans luiiwa
Y
aalauagnilsmag 600 dadans wu maduuen Tudlendama 500 Uaaniuaodns 1%
dadlolaan Y15 aunsondaemuea lageganiinuiooa 5.75£0.09 fiszoznaimanin
] o 9 o g’ d' v Y g’ a o
7 0 wazihnlslumsvinlniwamalauagnnilsvaterivanglag 10 earusng

151103 6 ans ausanaalddTunatenmueadosay 3.92+0.15 NIzeIAINITHIN 14 U



(6)

A o o v JY anA 1 dy = o'lrl = FY KX o A 4
oINS WUNIERUFAI87T3 Tuana WU Woaad la lyan Y15 Innuadenadnuoda
v
T@VWWUT Candida stellimalicola
MafauenuANGTINIAoLFANIINKAaA1a Inuagn laeninlue1riisman
A AA a <3

glucose ethanol yeast extract taziaonlaladinaalaane1misuds glucose yeast extract
calcium carbonate $142U 250 lo Taran WA vdoUANYULNNTUFIWING LazAMANTANS
a aaa A A o A A A aa AAo < A A ' oaz’ Y
malnsendual AadenuuanGensassgFannuanyuzilunuanGeunsnay unady wa

aaa

< a I T 9 1A . . o
uaaaamiluuan sendamiluay luasusaglag wazlinali5e1 overoxidation 3117
Y 9
20 ToTanan Wmageuanuaunsonsyan Taluemisfeudo glucose yeast extract broth
(GYE broth) N5USunaemueadosas 6 uaz 8 (viv) WU tuaniseninezdan lo lsan A10
= a a dy di’ Aa (A 9
uanuansonsyau Ialuems@euss GYE broth Nldiuaemueaiosas 6 uay 8
A A < A A 1w 5 3 o w =
(vv) TagddSunausaauuanizeminy 5.0x10° uaz 9.6x10° CFU/ml #1819y HANNE1u150
Y 9 ]
HAANTAOZBAN TUDIMI58UTD GYE broth Nlonueasosas 6 Idqagaminiy 5.64+0.18
Y 9 v
nsude 100 Naaans meluszezinal 55 YU ualueIMII@eY¥e GYE broth Nion1uea

Fouaz 8 WUM uUANGINTAEEAN lolwan Al0 WAANTADETANanaINUSII 5.10£0.27

' '
~ o A

nsude 100 Haaans Nszeznal 60 u ieriunduunmeiuiaieiti luena wu
a A an =\ Y = a A 4 . X
uuaiiFensaozdan lo Tyan Al0 IanuadendasuuniiseaoWus Acerobacter ghanensis 99
) Yy A aa 4 1 A A R a
il ldndansaezdanlulninamalauagn wun wuaiise A, ghanensis @WN50NAN
Aan 9 Y 9 1 A Aaa ~ @ cy 9 A Iy
n3ARZEAN IAgIgAIND 4.14£0.10 nSuAe 100 Hadans Nszvziial 60 Ju 1hduaeyh 1ol
o =\ A [ A A aa Aa 9 1 [ 3
anvazd@ivaes gu Hilsmansaezdan USuarenveaandie mazussigaie wulda
g’ % 4 ) J 4 [~ 3' @ '
wmasgunhdumeynin e lsegndldvemanudu 1@ wheada wun 4

a { o < ! oﬂ'
ﬂﬂﬁ@ﬂ%uiﬁ!ﬂglluu55]3']u%@ﬂiﬂﬂi?uﬁi%ﬂﬂﬂzl!uu 4.22+0.71 (ﬂf’ﬂﬂlaﬂﬁ@ﬂ) lﬁ@\iﬂ']ﬂu']

v
v A

Yy A 1 Y ° = o a o g’ o A Y
ﬁﬁﬂﬂulﬂuﬂ'nuﬁu@ﬂﬂuelﬂﬁﬁ'] G]Nﬁufﬁﬂu'lwaﬂ'liﬂﬂﬁﬂﬂclﬁﬁflﬂﬁﬂﬂé\iq@iuWﬁaﬂLWﬂﬁlﬁ

duneeusude 1)

o o (% g 4 aa g’ v
fidAg : wamalauagn mInaueniFedda uuaiizonsaezsan Mhiduaeyrln



(7)

Thesis Title Isolation of Yeasts and Acetic Acid Bacteria frorm&gar
of Palmyra Palm Fruit PulB¢rassus flabellifer)
for Salad Dressing Product

Author Miss Siriporn Artnarong

Major Program Food Science and Nutrition

Acedemic Year 2014

ABSTRACT

Palmyra palm or toddy palnBérassus flabellifer) is a kind of palm.
The mature or ripen palmyra pulp is dark color a@sdpulp with meat is yellow-
orange.To prepare the palmyra palm fruit by water : palangalm fruit pulp on 1:2.
There is proximate pH 4.47-5.1 and total solubléds®.01+0.15°Brix. It is possible
to using as mterial for vinegar fermentation. Yeaste isolated from palmyra pulp
fruit totally 81 colonies. Twenty yeast isolatesrevseelected for glucose (10 and 15%
(v/v)) and ethanol (6% and 8% (v/v)) tolerance @ast extract peptone dextrose broth
(YEPD broth) for 72 hours. The isolate Y15 showed high tolerant ability to 10%
and 15% (w/v) glucose, the cell viability were 319% CFU/ml and 1.7x10CFU/mI,
respectively. To screening for ethanol tolerancthve% and 8% (v/v) ethanol, the
cell viability was obtained at 6% (v/v) ethanol hég than 8% (v/v) ethanol at 1.5X10
CFU/ml and 4.4x19 CFU/mI, respectively. The isolate Y15 produced Highest
ethanol content about 5.06+£0.25% and 7.4+0.25%0& &nd 15% (w/v) glucose
within 2 and 4 days, respectively. The effectsrmafreonium sulphate concentrations at
300, 500 and 700 mg/L as the nitrogen source oanethfermentation were studied.
The supplementation of 500 mg/L ammonium sulfateioled the highest ethanol
content at 5.75+0.09% within 7 days. The fermeatabtf 6 liters palmyra palm fruit
juice with 10°Brix glucose was investigated. The yeast isolaté foduced ethanol
content about 3.92+0.15% after 14 days. This isolatas identified as

Candida stellimalicola.
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The isolates of acetic acid bacteria from palmyabpfruit pulp were
fermented in the glucose ethanol yeast extracthbrbhe total 250 isolates showed
clear zone on glucose yeast extract calcium catbosalid reaction. The isolates of
acetic acid bacteria from palmyra palm fruit pulpres studied by the biochemistry
test. The catalase test showed positive and oxitlesteas negative. Microscopic
examinations confirmed the strains were gram negaibd to coccobacilli. All of
strains showed negative overoxidation and celluldsgenty acetic acid bacteria
isolates were selected for ethanol tolerance irstyeatract peptone dextrose broth
(YEPD broth) with 6% and 8% (v/v) ethanol. The &el A10 showed the high
tolerant ability to 6% (v/v) and 8% (v/v) ethandhe cell viability was 5.0x10
CFU/ml and 9.6x1 CFU/mI, respectively. The isolate A10 produced Highest
acetic acid content in (GYE broth) with 6% (v/ivhabhol about 5.64+0.18% and
within 55 and 5.10+0.27% within 60 days at 8% (vAthanol. This isolate was
Acetobacter ghanensis, which produced acetic acid from palmyra palm wate
4.14+0.10% within 60 days. The vinegar has yell@hc and contains mineral; the
residual alcohol and acetic acid content suitalle iinegar standard. Consumer
testing for premixed salad dressing product inédabverall liking scores at
4.22+0.71 (like slightly). The salad dressing pretdshowed the low viscosity. This

result will improve in salad dressing formula fansumer accept.

Keywords : palmyra palm fruit ripe, isolation, yeast, acettid bacteria, vinegar
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NU1 : Walker (1998)
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17 : Walker (1998)
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2.3.2 nuUANSENENNIABDZBAN (acetic acid bacteria)

A A an o ] A o 9
mJﬂmiﬂﬂiﬂﬂ%qﬁﬁﬂﬁ]ﬂﬂgﬁluuwua Acetobacteraceae ﬂﬂﬂﬂuﬂizﬂ@‘ﬂﬂﬁﬂ 12
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o v 091’ v 7 .
Ameyamaea NUIUTIHWU INIMUA 59 T9WUT (Tanasupawat et al, 2009; Guillamon and
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Mas, 2011; Barrao et al, 2011; Sengun and Karabiyikli, 2011) «?mwiax%ﬁﬁﬂxﬁmﬂwuﬁﬁﬁ
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13Jﬁ3”|\ﬁ\1ﬂ39]i1ﬁ1ﬂ@ﬂﬂ uazﬁmzuuguwﬂuu (ubiquinone) ¥UA Q9 Wuesndsznoundn
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< ! ' o $ a a a
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Y 1

Y
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a v

B2 A A a A A a 4 o3| aa
AUTUUAVDILUANLTINITADSHAND ﬁ"V]E‘ﬁiﬂiﬂﬂﬂﬂ%hlﬂc]ﬂﬂ‘ﬂ”I‘L!’Omﬂuﬂiﬂﬂgcﬁﬁﬂ e
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AUANHUSN NN UTUDILUANITINTADSHANNUINUININAANTADS AN uerad luasen 1

(Bartowsky and Henschke, 2008)
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Holt e/ at. (1994) WU aANUSVOIMUANITEVNST Acetobacter IFaalaNYAUL

A [ = 9 I S A A A [
N3350 UNUATINTD AT YU 0.6-0.8x1.0-1-4.0 luTaTias orilusadimesoiEsanoniuy

3 a A ~ " 9 a A A 9 [ d a A

Wueme vasdanasun lu'ld uriamaounlaslsuanwaa luadeales dadunsuay

[ . 9 a a 4 [~
JauilunIn  obligate aerobe @pimseangaulumsmeleauisaeend ladiomueau
Aaa a 4 Aaa I 4 4 g’ 9 AaA
ASADZEAN  LAYeNTN00nT lagninozdantlunisueulaeen lyduaziinla QUNYUN

g ey lunangy 25-30 s Ao ey aylunsniy 5.4-6.3
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d' v = = A Aaa A o [
AN 1 AUTUUANWEUANVDILUUANLTYNIADEHFAN IUT LUAZTIYNUTANE

Distinguishing acetic acid bacteria (AAB) from lactic acid bacteria (LAB)

AAB LAB
Gram stain Negative Positive
Catalase reaction Positive Negative
Motility Motile or non-motile Non-motile
Oxygen requirement Obligately aerobic Aerobic or anaerobic
Production of acetic acid from ethanol Yes No
Sugar metabolism Hexose monophosphate pathway Homo-or hetero-fermentative
G+C content (mol %) > 50 < 50

Distinguishing AAB genera

Acetobacter Gluconacetobacter Gluconobacter
Motility and flagellation Peritrichous or non-motile Peritrichous or non-motile Polar or non-motile
Oxidation of ethanol to acetic acid + + +
Oxidation of acetic acid to CO, and H,0 + + -
Oxidation of lactate to CO, and H,0 + +or - -

14



d' A = =\ A A aAaa A o [y 1 1
MINN 1 AUTUUANNWEUANVDILUANITYINTADSHAN U LASTIINUTAN (919)

Q

Distinguishing AAB genera

Acetobacter Gluconacetobacter Gluconobacter
Growth on 0.35% acetic acid + + +
containing medium
Growth in the presence of 30% glucose - +or - -or weak+
Ketogenesis from glycerol +or - +or - +
Acid production from
Glycerol +or - + +
D-mannitol +or - +or - +
Raffinose - - -
Production of soluble brown pigment(s) - Variable Variable
Ubiquinone type Q-9 Q-10 Q-10

15

1
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d' CZR = = A A aa A o v Jd 1
A9 1 AUTUUANNWEAUANVDILUUANLTYNIADEHEAN IUT LAZTIYNUTANC (G))]

Distinguishing AAB species

Acetobacter Gluconacetobacter Gluconobacter
aceti oeni pasteurianus tropicalis hansenii  liquefaciens oxydans

Growth on carbon sources

Glycerol + + Variable + + Variable +

Ethanol + - Variable - - + +

Dulcitol - - Variable - Variable

Sodium acetate + Variable - Variable -
Formation from D-glucose of

2-keto-D-gluconic acid + - Variable + Variable + +

5-keto-D-gluconic acid + + - - Variable Variable +

2,5-keto-D-gluconic acid - - + +
Acid production from

D-glucose + Variable + + + +

9T



d' A = =\ A A aa A o @ d 1
AN 1 AUTNUANNEAUANVDILUANLTINTADSHAN U AT TN UTANC (919)
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Distinguishing AAB species

Acetobacter Gluconacetobacter Gluconobacter
aceti oeni pasteurianus tropicalis hansenii liquetaciens oxydans
Acid production from
D-mannose + - Variable + + +
D-galactose + Variable +
L-arabinose + Variable - +
D-xylose + Variable +weak
Ketogenesis from
Glycerol + + - - + + +
Sorbitol + - + + +
Mannitol Variable - - + +
Nitrate reduction - + +
N, fixation - -
G + C content (mol %) 56.2-57.2 58.1 51.8-53 55.2-56.6 58-63 62-65 56-64

- = negative, + = positive, variable = 11-89% of strains positive.

nn Bartowsky and Henschke (2008)
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4.1 Anwiesnlszneumaniivesiimamalauagn

Y
o w 1

Y Y
mawssntimania lauaii lagimana lauagninauniniensndin 1.2
09)1 o oy d‘ 9 wAa =1 g’ @ Y 9 1 a
nintdwiniwamalauagni ldunaseaeugaantiamaai lastihminuds laun  Usua
g a a a 4 a < { Aa
anuru YsunaTdsau Usinaud Usinauselevieny Usuavewdsnazaie’ld Usuunsa
c?/’ = a 3’ ana 4 a [l 1 [ 3’ =
navua  Mmiey  Usuanihmaiads  uazdTunanssaag wun heaaalauagni
A v a v Y v
ANUTUIDYIAL 91.79+0.02 (W/w) Tsaudeeaz 0.15+0.10 (w/w) 10130802 0.29+0.05 (w/w)
A 9 Aa < Qsll ~ 9 a 4
woleveuiesay 6.5040.05 (w/w) Usuamveaenanuanazaie’ld 5.1020.15 omusns
a c?/’ = 1 1 a 3’ Aaa 4 %
YTunsananua 0.53£0.02 Mered U9 4.47-5.10 YSuanimasads 1.38£0.02 N3u
1 A a Y = Y 1 a A o =) 9 1 1 9 1
aans Usuanudwalsiudesndn 1 Jadnsudedas uazilsznoudlonisiaaies laun
upAKkKeN  21.79+0.37 Naansueenlaniy  uunbiien  40.16£0.67 Naaniuaen lansy
TnunaFen 845.24+5.34 Haansuaon lansy Weanesa 22.00+0.27 Uaansuaen lansy uag
A A W (=Y Y] [ [ < [ { 5
Ta@on 51.05+3.92 daansudon lansu ua linusaman newuas uazdenzd (13199 2) &9
a < 3 ~ Y :, Y oy 1 1 £
Ysmmveadsninuanazais I lhwaaa lauagnilsznoudiethamanazussnae a9
1 [ 9 1 a 1 1 Y a us/' d! (Y]
vzuanaanuluwa ldudazydia vazanueuunvesna lifyiiatiug  Famsadananialaua
[ 1 1 3’ o 9 wAa =) =) U ] 9 1 =Y
ganluganadiuaorin 122 (wy) MidpaduiamuaitazdTnassaaegtesnilina
e A v A & & aAg SR o q9
youowaaalauagnlaeass Tuvuziwdua Isiuihudedn liazarelurhaeaildwams
a 4 a 9 = 9 1 A Aa o 1T A A =) = [ a
A529 ALY ua lsNutiesnd 1 Uaansueeans WenlSeumeunulsuia
9 A A 9 Y Aa Aa o 1 dy
wdwalsiun laninwaaialauagnlaeasuminy 17.65 daaniuasiiornanialauagn 100
[ 9 % 4 1 =1 [ a 4 a 9 =
ASY (UHANUN, 2544) FUABINUNITATIVAATIEHMISanuama lsNuveanania laua
° o o o I ~ W ' A A
gnaIY 4 @eiug 11n3aniaa1ee lulszmaaiain wud wamalauagnainiuiuay

o Jd Y A A 9 ~ 1 o & A A Y = 1 1
mawu‘qmqﬂu%xuﬂimmmmzmiiﬂumaﬂum%uﬂimmmmuﬂiiwuagiuww 15.9-

2525.6 Waaniueonlansy (Ariyasena e al, 2001) UazHaA1@NUszNALALDIY
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a A 9 = 1 1 A Aa o 1 [} .
(Cameroon) NﬂiquLﬂ@WlLﬂTiﬂuﬂgﬁlu‘H’N 27.42+0.90 WAANINAD100NTN (Ali et al, 2010)
1 dl Y ] ] a =4 . . Y U a A
dyunsaiinyluwa lddmIngjeglugivensadunsd (organic acid) ldun nsadain nsa
a Ia a < {
V1N NIALDTAADIUN LASNTIALLANAN TNF (2555) ‘iﬁNﬂmﬂﬁJLﬂuﬂiﬂiulﬁ@ﬂﬁ@nﬁiﬂuﬂ’fﬂ
a 1 S 1 d' Y 1A di’ 1 ]
1u§ﬂﬂ5ﬂllﬂﬂﬁﬂ WU UAuRagIoyas 0.12-0.21 mwmwmmawamaimuﬂqﬂagiumq
1A 1 ] v W ' 2 ] 1 =\ A
3.56-6 ﬂ1WLE]G]5’E]§]lGlu“If’Nﬂiﬂ (UQuD, 2533; WUTUUN UDTAMY, 2544) Gﬁﬂﬂgﬁlu“ﬁ’JQWL@“ﬁﬂ
1 a A IA a A =2 o = A g [ ' ]
MUNTTUADNTIITYVDIYAAAD  3.5-6.5 (7193, 2549) NN NN UNTAAINEG12EY

]
a A )

o a =4 a di’ S A 4! a ydaid
ﬁﬁJ”IiﬂFI’JTJ?]‘?J?H‘L!’JL!i]a‘m/l3Elﬂmﬂ?JL!“]f’;lEJaﬂﬂ”IiH]iiyfIJ@QL‘])’ﬂLmﬂTlLiEJGNH]iﬂJHlﬂﬂV]WL’E]GH 6.5-

Y
I~

2
a o Y] =S 4
7.5 (31a, 2547) Taansom lisauenrodad laavy
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Properties and compositions Results wfaiun Ali et al (2010)
nazAMe (2544)
Moisture content (dry basic, %) 91.79+0.02 93 -
Total soluble solid ("Brix) 5.10+0.15 4.58+0.12
pH 4.47-5.10 3.56 -
Reducing sugar (g/L) 1.38+0.02 -
Acidity (%) 0.53+0.02 0.59 -
Protein (%) 0.15+0.10 0.14 0.85+0.13
Ash (%) 0.29+0.05 0.38 0.73+0.12
Crude fiber (%) 6.50+0.05 2.73 -
[-Carotene (mg/L) <1 0.061 2.74+0.90
Trace elements (mg/kg) -
Copper (mg/kg) <LOQ -
Calcium (mg/kg) 21.79+0.37 0.14 10.77+0.20
Iron (mg/kg) <LOQ <LOQ 0.21+0.15
Magnesium (mg/kg) 40.16£0.67 2.06+0.25
Potassium (mg/kg) 845.24+5.34 -
Phosphorus (mg/kg) 22.00£0.27 1.12 56.74+0.42
Sodium (mg/kg) 51.05£3.92 -
Zinc (mg/kg) <LOQ -

LOQ = limit of quantitative
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4.2 wamsfauenuazAnguENAvesdanvInHanalauagn

[ X a Jd
4.2.1 MINAUENITOEHTN

@ dyd J o o 1 o Qy o
ﬂﬁﬂﬂllﬂﬂﬁfﬂﬁlﬁﬂ‘ﬂﬂﬂﬁlﬂﬁlﬂNﬁ@nﬁiﬂuﬂﬁ;ﬂi‘ﬁuu1ﬁmﬂu%umu3u 10

Y

n3u wiinluenismad YEPD 15uas 100 daddns Mlsudiey 5.0 1hliliuiigamgl 30

Q

= "y < 1 a2 d o o A <
ONAUGALFYT (VYIAIYAITNLTI 110 TOUADUIN uJun’m 48 Glﬂjll\i HIWUNAIUUBINITLUU
' o A A y A S A a &

YEPD WU i]"lﬂﬂ”li‘ﬁllﬂtui’]ﬂa@]”laIWLM‘VI33EJ%L’JE]”Iﬂ”IiﬂﬂLLEJﬂL“Hﬂi]"IU'JH 4 33 Mﬂiiﬂﬂ!lﬂf@
= Jd [] 6 9 = = Y A o
ﬂﬁﬁ@gﬁlucﬁﬂﬁ 1.90x10-4.60x10" CFU/ml (6.28-9.66 log CFU/ml) GIi\iWﬁﬂ"liﬁf‘lEﬂﬂmﬂENﬂU

Aawv o o dy =l 4 ~

FIANIUNANITIVYUDY FUYF (2555) Iﬂﬁlﬂ1ﬂ15ﬂﬂllﬂﬂl“ﬁﬂﬂﬁﬂﬁnﬂWﬁ@nﬁiﬂuﬂiﬁ]“ﬂﬁ%EJ$L'J€1']

48 1 Tua wun JU5umansedanoglugia 1.80x107-4.45x10° CFU/ml (3.26-6.64 log CFU/ml)

' o & a4 oda m oy A ) & a 2o o
UAZAINANUUANANUDINTHIUYDITANUATISH LAIUBDIINNITAALYNIYDYITAVIHUIU 4 AT

4 Y
A o

A g A T o oa a Y Y1 9 &
ﬁ]’]ﬂﬁﬂﬁlwwuvnﬂﬂNa@naT@]u@qﬂﬂll@ﬂﬁ’]\jﬂuu‘ﬂ\‘]u5L3mﬂa1\1llﬂ\1 (19‘]1/\!1]“11] LASIHBNAANT

9

nndmdulonamalavagnidsmavesdishazane Iaianuaiiios 5.10£0.02 sermuTad
suiluilafeiitinalilSinantedadoglugas  1.90x104.60x10° CFUMI  (6.28-9.66 log

CFU/ml)

'
JAAN v =

nnlalatidganiiansuznavyy  dunuia veuison  annsodauen’la
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g \ v v D N N A o
Mnua 81 blﬂiqlﬂa‘ﬂ LLa$u1l1ﬂ'ﬁi’]\W;]ﬂ1ﬂl@]ﬂaﬂ\‘iﬂamﬁi‘ﬁULWﬂﬂﬂ!aﬂﬂl%ﬂﬂﬁ@ﬂWﬂaﬂyﬂlg‘vn\i

9
(% I v

a 1 [ 4 [ < 4 4
AUFIUING WU ANHULIFARVOITAANTNIVUIA WD VUIAEN 15aaUDUNAN (round) 1A
~ . . 4 ~ . . 4 [ .
HUUNANST (spheroidal, spherical) (¥aauUUT (ellipsoidal) Lﬁﬁammugﬂllm (oval, ovoidal) tiae

L= ] 09/’ [
FARNANYAULEN) (elongated) NUMSTUANHUDVUUAE? (monopolar budding) NTUANTIUD
Y Y
A9 (bipolar budding) LAZMSUANHUB U AU (multipolar budding) 3 48 lolwan
{ L= 9 4
Tuvaizh 33 loTaan adlanvazuuUsHuazineuay (apiculate) HATIFARMUUNLU
o s o o
tl59 (apiculate) 1¥aduVUIHILALIBUNAY (apiculate) FRAAABINUMTANYIVDY BIITTN
1 ~ dy =S a’d’ @ 9 491’ o A A v
(2554) wun Inlativeusedaanaauen laniniionanialauagnivau 10 Inlatll Tanvae
=S [l dy a =P Y] @ 9 AAa A A 1 9y 9
nay au1yu WuAlalatildnyuziuniuazan Inlatii@diGey Wedesgniglanaes

¢ Y A o . % ~ %
ﬁ;amiﬁumaaﬂﬁmaﬂymz 4 11UUND LLUUN%HTJN?Q (aplculate) FAAUUUIINT LFaaLtUUY1I

4 1 % 1
(elongated) UagtsaaLUUNAY UIASIND Tuntiwongwanich and Leenanoon (2009) WU
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I
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TaTafivesdaanidauen Idonidonanialauagnil 2 anvuzae Talaliligis1anau (circular)
== 1 1 ] . A 1 Yy 9 4 =Y =
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9 ~ ~ A o 1 9 9 Ia 1
tagnguvay LYUNANT LUASHUUNANTYI LﬁJ@uWUhJ?Nﬂﬂ'lflﬂa@Qﬂﬁﬂiiﬁu@mﬂﬂﬁﬂu NWUN
=Y Y] 9 . 4 [] =l
FEARNANHUSHIAUASNIINANLUUNANS U (apiculateor lemon shape) L«Baagﬂ”lmans (oval to
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NIAUTIUING
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4.2.2 Wﬁélli’)\?ﬂ3131ﬁ13~|15ﬂcl‘l!ﬂ15!‘5]5mu!ﬂUiﬂ"Uf’)Q!Tﬂﬂﬁﬂﬂu@1ﬂ15ﬂuﬂﬁu1mu]ﬂ1@
= a a dy A da
ﬂTiﬂﬂH”Iﬂ']nJ'fnlﬂiﬂﬂTiLﬂimyl@ﬂT@ﬂlﬂQL%@ﬂﬁ@ﬂﬂ 20 llﬂi"]ﬂfﬁ/] “lummi
a A Aaa Aa 3’ 9 3
1ia) YEPD U5u1as 200 yaaansg memaﬂgiﬂﬁdiaﬂaz 10 uag 15 (w/v) Wuszeza 72

a =

2Tua Tuannzlfomalasaiidiennuds 110 seudendi tuiigumgil 30 esrusaiFoa
WUN °lummﬁzﬁymv'§aﬁﬁmmuffu%’ummi{wmaﬂqiﬂﬁ?aﬂaz 10 BaaimsnIaydnlalasd
YSinadimIganduuas (OD,,) luti 4.6-9.6 TUSmasadoadeglurig 1.49-7.75 log
CFU/ml (3.1x10>-5.6x10° CFU/mI) TagloTaan Y20 fimsnSapauTagege vy 7.75 log
CFU/mI (5.6x10° CFU/ml) 5090901 l8un Y15, Y17, Y12, Y13, Y14, Y06, Y09, Y10 4ag Y07
umsnsyau Taluesg 7.11-7.59 log CFU/mI (1.3x10°-3.9 x10° CFU/ml) Tuvzfinisdeuie
‘E’lﬂﬁ“lummiﬁﬁ1{1maﬂgiﬂﬁ%’aﬂax 15 wud dadiimaniyay TalaviilSinaainsganau
U (ODy,) ogluE 6.1-142 TlSanwaddanaaud 0.77-888 log CFUMI (30-7.5x10°
CFU/mI) Tag'loTanan Y20 ImsniaauTagega miny 8.88 log CFU/mI (7.5x10° CFU/ml)
se9an 1dun Telean Y13, Y09, Y03, Y07, Y06, Y15, Y17, Y14, uag Y10 iimswsauduIa
1u%3 6.15-7.67 log CFU/ml (1.4x10'-4.7x10" CFU/ml) Hagwun ﬂ"ﬁm?auuﬁﬂmau%@%ﬁ
°uN"l,aT«mamiummiﬁﬂ?mmﬁwmaﬂghﬁ%ﬂax 15 azdifSinammsganauuds (OD,,)
qqm'ﬂuamﬁgﬁyﬂwﬁaﬁﬁﬁwmaﬂgiﬂﬁ%'aﬂaz 10 U 7A) danlSinawadiad wudh 3
v 10 ToTman AfUSmanwadunnndt 10° CFUmI uasfisuau 8 loTaran fanwaunse
wiydTamududeivaududuvesimang lnmiludosaz 15 msrdadannsald
1‘;1maﬂgiﬂmﬂmmdammi dndadiianuaunsaniyanauienududuvesiaa
ngTaatituiumsizanududuveshmaguinliifaussueea udn (osmotic effect) 3411

u Y

09; 4 d o a a a
I Tuead Inasenuenwadi limsnsyau Inanas (1303, 2549)
A v Y

2K A A == a 9 A o
ANUUIININGN 10 “1?31‘3]51,@‘1/11/]%?1’31%ﬁ”l?J”I'if]H]iilJ]lﬂiu@”M"lTﬂlluwnaﬂﬁ;ﬂﬂﬁ
9 A (A &) 4 1 6 A 3 dy G Y di’
I 10 Lag 15 Nﬂill”lill!%ﬁﬂﬂﬁ@]q\ﬁﬂﬂﬂ’l”l 10 CFU/ml (gﬂ‘ﬂ 7B) nIHMswssNna e lu

% J o R =K a 9 oy o S A (G Jd 1 1 6
ﬂﬁ‘ﬁ'llﬂul'luﬁlgﬂWH\m\’iﬂ'ﬂiJﬁﬁJ1§ﬂlﬁ]‘iﬂJuulﬂGluu1ﬁiJﬂ LLﬁ%NﬂﬁNWﬂllcﬁﬁﬁﬂﬁﬁﬂglu“ﬁﬂﬁ 2x10 -
5x10° CFU/ml (lwyad nazame, 2549) 3uihle Taan Y03, Y06, Y07, Y09, Y10, Y13, Y14,

4
Y15, Y17 taz Y20 lnaaeunnuaunsamsnueniuea luduaeusas 11
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4.2.3 NavYeINNNEINTAIUMINHABIOMUOA

msnageuaNuasalumsuseemuealasRsuiotadin 10 leTman
fifianweansonsydulaluenamad YEPD ﬁﬁﬂ?mmﬁ%maﬂgiﬂﬁ%‘aﬂax 10 uaz 15
laun loTaan Y03, Y06, Y07, Y09, Y10, YI3, Y14, Y15, Y17 uag Y20 wnadou
anuamsalunmswiydulalueninsmal YEPD annsiithemueadovas 6 uaz 8 (viv)
Funar 72 $Tue nudh lwennsdeudeitanududuvesemusaiesas 6 Sadusia
loTman HSummmsganauie (0D,,) oglugaa 3.12-3.50 (4 8A) HuSinausadsas
01199 6.86-7.67 log CFU/ml (7.2x10°-4.7x10' CFU/m1) (71/f1 8B) Taw'loTman v13 fims
3 A Tagegaminy 7.67 log CFU/mI (4.7x10” CFU/ml) 5098311 laun leTasan Y07, Y03,
Y06, Y14, Y17, Y15, Y20, Y10 uag Y09 Umansaan Inogluyig 6.86-7.67 log CFU/mI

6 7 A 2 & Ada Yy v P A d
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T 1 A 1 [ A A o d
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A A o g ] 2 3
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& v ' s A da a Yy 9 9 9
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WU WeANuNTUYB B MIURAINNIUANNA NI IuMTRT Ay Tave uFodaalas
Aa 4 A ~ o oa.z’ [ 4 ] PR 9
saurananad 1HoINEMUDAILINATUIINTTUATIZHOT D WBMaY 1UTAUT a1
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4.2.4 waveamanglnanensHaneMUa

ANuannsovesdad lo lsanlumsndaeniuea  uazmswsaaulalu
Aa oy Y Ao Y
9IM13ma7 YEPD nlihaang Iaasesas 10 nay 15 uazlueninshlienueaiosas 6 1ag
Y 1 = Y £
8 1dun TeTastan Y03, Y06, Y07, Y09, Y10, Y13, Y14, Y15, Y17 ag Y20 lagaseunaiise
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aenanresanlimaiesas 10 asluemismad YEPD flanududuvestivanglaa
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Characteristics

Reaction
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Methyl-0l-D-glucopyranoside assimilation
D-cellobiose assimilation
y-glutamyl-transferase
D-maltose assimilation
D-raffinose assimilation

PNP-N-acetyl-pf-D-galactosaminidase 1
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Characteristics

Reaction

D-mannose assimilation
D-melibiose assimilation
D-melezitose assimilation
L-sorbose assimilation
L-rhamnose assimilation
Xylitol assimilation
L-sorbitol assimilation
Saccharose/sucrose assimilation
Urease

Ol-glucosidase

D-turanose assimilation
D-trehalose assimilation
Nitrate assimilation
L-arabinase assimilation
D-galacturonate assimilation
Esculin hydrolysis
L-glutamate assimilation
D-xylose assimilation
DL-lactase assimilation
Acetate assimilation

Citrate (sodium) assimilation
Glucuronate assimilation

L-proline assimilation

+
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Characteristics Reaction

2-keto-D-gluconate assimilation -
N-acetyl-glucosamine assimilation -

D-gluconate assimilation -

+ amnsamnadfnsenld

- ldansonedgnsen
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Time (hrs) Cell viability (CFU/ml) Specific growth rate, p (h-l)
Sucrose Glucose Sucrose Glucose
0 1.73x10° 1.50x10° - -
3 1.27x10° 4.10x10° 0.43 0.44
6 2.29x10° 2.14x10° 0.30 0.43
9 7.70x10° 5.30x10° 0.22 0.23
12 8.60x10° 8.50x10° 0.10 0.13
15 1.37x10° 1.13x10° 0.28 0.11
16 2.65x10° 1.50x10’ 0.35 0.32
17 2.78x10 2.15x10° 0.13 0.34
18 3.40x10’ 2.55x10 0.10 0.23
21 2.96x10° 4.30x10° - 0.10

24 2.92x10° 4.50x10° - 0.02
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[ di’ S A aa o o 1 9 a
mafaenraLUANEFenIaezFaniii lasidndaulonanalauagnilsua
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13000n% lagnsaezdan liluasueu lasen leduazii Favzdawalilsinania
aa d’ Qy v Ao 9
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Days  Days of Total clear Gram Catalase Test Oxidase test ~Over oxidation  Cellulose  Total of acetic Select Isolate from characterization
isolate Colony  zone + - variable  + - + - + - + acid bacteria Isolate number
3 20 20 2 3 15 18 4 13 4 9 8 8 AO01, AO2, AO3
' 4 20 20 5 1 14 13 2 10 5 5 3 3 AO4
5 20 20 3 2 15 10 7 8 4 4 - -
3 20 20 5 5 10 13 2 10 6 4 3 3 AO05, AO6
? 4 20 20 4 2 14 10 4 8 6 2 1 1
5 20 20 5 2 13 12 3 9 6 3 - -
3 20 20 7 3 10 10 3 9 3 6 3 3 AO07, AO8
° 4 20 20 10 2 10 13 12 10 2 - -
5 20 20 8 1 11 9 3 9 9 5 4 -
3 70 30 9 8 13 20 20 4 16 12 12 A09, A10, Al1, A12,
4 Al13, Al14, Al15, A16
4 50 20 7 1 12 12 11 5 6 4 4 Al7, A18, A19
5 30 20 8 1 9 8 1 2 6 3 3 3 3 A20
Total 333 250 73 31 146 148 31 27 125 65 65 30 41 37 20

LL
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4.4.3 HAVINNNANBNIDIUM S YAVIAVBINLANIZENIADLBAN UB1HIIIAE
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dy dy 1 S A an = a =
02-4 aalueIMTAouFo WU UUANGENTABLTAN Acetobacter sp. WAL Inanad
d' a Aaa v 9 a a 9 dy tﬂy d’ [P
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4.4.4 HAVRINNNTBNIDIUMINAANINDZ AN IR To NN
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4.4.5 HAM3IAWUDNENUF VP IUATIS BN SADZBAN

o o @ 4 an v Aov
mstasuuneeRuiveuafisonsazsan lo laan A10 Taoan1liuide
a 4 =\ ] ana 9 a do @
Wmemaasuaznaluladuwialszmalne (1) Tae3557 luanadiemsinsgnaaua
1 A A an Ao Y =
U 16S rDNA WU nuaiiensaezdan lo Tgan A10 inauen laninwaaialauagniini
Y =®R o A A v R = Y =3 .. . Y
ANYANNVUUANISITONUT Acefobacter ghanensis TaginnunaIenad (% Similarity) sN1NU
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$oaz 98  WUATILINIINNITAALEALLANITENTADLFAN IUMSHINWan In 1A ndseme
Il =2 [ =~ J ' A A aa o .
M1 (Ghana) Msineanyuzneil Tu'lni wud uuafiGensaozSand1oWus A. ghanensis
a a Y A s S Ax Yy 9 :, Y
awnsonsyan e ldluemshidadananiianududuveuivang Inadosaz 30 aw1sn
a 4 I aa 9 a a 1 ] a
200% lasslomusaiilunsaozdan Ia annsanaansang Iaiin ua lienunsonan
. . A . . g’ a a y3 Y
2-ketogluconic acid 130 S-ketogluconic acid mihnanglad WwiyanIaldiandesly
~ 1 1 9 2’ I 1 4 Y A 3 ]
nasasoaua ansaldihmanealaa wazmmusailuurasmsuesyld 9nnaluanunse
a =) H d 1 ]
nigauIaluennsniiven TudlouduunasluTasiou (Cleenwerck ef al, 2007) iadANEINT
a a a o an 1 o I [
niyauTauazmssendaduvenuaizonsasesaniznimsulinmuanalnln WUN
a A ana Y4 ., a a Y 1 ] < YA
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v Y
24 $3T19 (Moens ef al, 2014) UBNMNHINNAMIAALEALUATSINTABEFANIIANA 116199
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Tualszmalng 1w wzaiae odu Wns1 du g wznga asanes dulzsa wzaw A5 welila
= A 1 o A A ana I 1 A
AaoleT  Hazuzmed WU aunsaduunMuANGensaREAneenily 7 ngu  AB
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% [ an @ 4 o
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Y ' Y
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Y
1tas D-sorbitol mqllﬂicma‘wamﬁawa@m'u*ﬂ”l@’fmﬂﬁmm L-arabinose, D-fructose, D-mannose,
D-melibiose tiig D-xylose ua lansonaansa ldan mesoerythritol, dulcitol, D-galactose,
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a y3 9 = 1 1 9y g’ [~ 1
nglaa wiglddnieslundwesea ualuansolhhmavealad uazwmueaduuvas
J Y [y = o - A aa 1
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d' d' Iy 9 dy d'd A A = a an
A1) ‘U“VI‘H‘ﬁ1ﬂ‘Wa181&1"1?)1??1@ﬂﬁn%ﬂﬂuﬂmﬁwﬂﬂmﬁﬂzﬁu A UANUTIWITONAANTADTLAN

Y3 ] Yy 9 a A v Y Y Aa A
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d a 4 4 < @ 1
L%ﬁﬁﬂﬁ@]ﬁul@ﬁ !ﬁﬂlﬂuﬂWiaﬂé{uﬂulla$5$8313611Uﬂ5$ﬂ'31‘lﬂ15‘ﬁ1|ﬂ W Gluconobacter
frateurii, Acetobacter tropicalis Qg Acetobacter pasteurianus Aaven ldanevinsviin 1wy
110 YuuIW uazdvun (Jaan, 2550) Acetobacter aceti Mnwa'lll aon 13 (aigen uaz
t4 A A Aan [ "o Y Y Y o
qNYIU, 2533) L!,‘U?W]LiﬂﬂﬁﬂﬂgmﬁﬂﬁWﬂWUEﬁlWNﬂﬂLlﬁlf‘lhl,ﬂﬁﬂﬂﬂ’ﬂﬂulll Wallll LAagBINITUN
nnlseneoulailGens Acetobacter syzygil, Acetobacter cibinongensis, Acetobacter orientalis
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o 4
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Y
(Seearunruangchai et al,, 2004) Acetobacter pasteurianus fauen lannihdua wsgwﬁﬂ (Gullo et
& [ A A [ A A @ Y A A an
al., 2009 ) FIVINNITAALUYNLUUANETYIINIANAUNIAINYIANY ﬁ\‘llﬂ@]ll@nn!ﬂﬂ‘ﬂﬁﬂﬂﬁﬂi’]%%’@]ﬂ
o ) w o ¢ ¢ J y
Wia Acetobacter drvunnazdauenldoinenmsndn Ini dies uazihduameynin sz
1 1 @ (% [ 1 1
amnsonuaensalaa duia Gluconobacter vzsianen laninna lduazaon ldidudiulug)

' A v

FamewuiniouinnliwianinosFanneia  Acetobacter WDNNINE  Gluconobacter

Y E4

= 1 aa Y U o [ = awv o A o I ¥ ~A A
LW'J"W‘JJFITJ”I?J?(”I%J”I?E]VIHG]Bﬂiﬂﬂgﬁ}j@]ﬂ]lﬂq%ﬂ’n f’fTVﬁiJﬂ”I’iﬂﬂ‘HTJ?]EJGLL!?INHTI"IIWI'I,@LL‘]J?‘IT]LEEJ

aa { o v 4 v
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4.5 WaM31¥1¥0 Acetobacter ghanensis WunduveuSaniimensinnsnezdanlu i
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naramsanylseuieuanuansalumsnsyau Tatazanuannso
a aa 1 aa [} 4
lumswaansaoz®an WU UUANITINTADLTANGIONUE A,  ghanensis UANUAINTD

Aa a a Aana { a <3 1 {
n3yau Tauaznaansaozdan luennsniidsuaeniueadosas 6 gaazisaniluemisn
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M3nsounduFeusqniveuANGensABEFANAOWUT A ghanensis 1D

Y Y
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o A 09: =KX 9 11 . aa/’ "o ~ L Ao
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nigauie 17 Idiraisuduides]h Taemlumsidensisszeznaniomsmioundudorziaon

] £ & [ ~ L= Y = B o Y
PILIA log phase "’NL“]J‘L!%’NS%EJ%L’JE]"I‘]/]L"BamJﬂ”I’iLL‘]NG]’JLHJU‘V]’Jﬁ]m G]fx‘ﬁ]%‘ﬂﬂ‘ﬁﬁﬂi%ﬂ%!’m”l
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Y
o

4 a a aa v J
3197 7 M5 yan TnvewuaiisonsaosSanaeWUE A. ghanensis Ju Inlihwaaialaua

AA A Y
qﬂmﬂsmmmmuaamﬂaz 6

Time (hrs) Cell viability (CFU/ml) Specific growth rate, (h")

0 1.06x10° -

3 1.40x10° 0.07
6 1.63x10° 0.04
9 1.80x10° 0.06
12 2.31x10° 0.07
15 2.82x10° 0.09
18 4.20x10° 0.09
21 4.80x10° 0.01
24 4.50x10° ;
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4.5.2 WaMSHINNENMEYRIENTO Acetobacter ghanensis Wl niihmamalauagn
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o/ 9y J aA (A Y
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Properties and compositions Palmyra palm juice Palmyra palm vinegar
Acetic acid (%) 0.02+0.02 4.14+0.10
Total soluble solid ("Brix) 5.10+0.15 1.9+0.26
pH 4.47-5.10 2.58+0.01
Reducing sugar (g/100 ml) 1.38+0.02 0.94+5.72
Ethanol (%w/v) - 0.24+0.00
Protein (%) 0.15+0.10 0.03
Ash (%) 0.29+0.05 0.24
Crude fiber (%) 6.5+0.05 4.1
[-Carotene (mg/L) <1 ND
Sulphur (%) ND ND
Trace elements (mg/kg)

Copper (mg/kg) <LOQ <LOQ

Calcium (mg/kg) 21.79+0.37 1.50+0.02
Iron (mg/kg) <LOQ 0.02+0.00
Magnesium (mg/kg) 40.16+0.67 7.22+0.05
Phosphorous (mg/kg) 22.00+0.27 15.00+0.00
Potassium (mg/kg) 845.24+5.34 30.40+0.72
Sodium (mg/kg) 51.05£3.92 65.10£1.82
Zinc (mg/kg) <LOQ <LOQ

ND = not detected

LOQ = limit of quantitative
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1. Yeast extract peptone dextrose broth (YEPD broth)
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2. Glucose ethanol yeast extract broth (GEY broth) (Seearunruangchai et al., 2004)

Uszneudie Glucose 200 N3y
Yeast extract 10.0 N5
Ethanol 50 Inaans
Distilled water 1,000 Uaaans
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3. Glucose yeast extract broth (GYE broth)
Uszneudie Glucose 100.0 n5Y
Yeast extract 10.0 NIy

Distilled water 1,000 Naaans
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4. Carr medium 61??157]91@’6‘”‘]]5]3%81 overoxidation (Maal et al., 2010)
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o 4 o o
4. Nl lawsndremsazars @y laasonlea anududu 0.1 wosiia

v = a 9 1
MWNsENIDegaga vz Idensazaeayunsou

5. Awalsnanseezsan angas

Suunsaezsan (NSV/1004aa05) = Nx VI x 60.1 x 100
1,000 x V2
o Y A Y 9 = o d v
Mruala N Ao anudutuasguvesasazate Inaon laasonloa (uosiia)

a J { a aa
vl e isuasvesasazare ladeulaasen laanld (Haaaas)
V2 fe USuasvesdiedanly (aaaag)

60.1 Ao Wraluana (M.W) ¥04n5A0ZFAN

¢ 5 o
2. maaanzvdSunanimanariug 1agd5 Phenol Method (Dubois ef al., 1956)
= 9
asaNlseneunie
9

2.1 Phenol 39892 5

1senoudis - Phenol 50 3y
Y v

-naY 100  Waaans

2.2 Sulfuric acid (Glacial)
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Y
A o a d o 1
'J%L@]?EliJﬂﬁTV‘hﬂﬁ'iﬁTuGU’ENL!Wﬂﬂﬂ@jﬂﬁllagﬁlﬂ'inﬁﬁ'JﬂﬂN

23

24

2.5

2.6

2.7

2.8

wseuaTaza1eng InduInsgIu 20, 40, 60, 80, 100, 120, 140 1Az 160 TuTasn5uy
AoNaaaNT

o dl [ 9 9 1 a a aa [
asaza1eng InanseaunuaNIUa19e) Y503 1 Hadaas ldluvaea
NAADY
wulueadesas 5 1Usua 1 Uadaas wan i

a o (% Yy 9 a aa ] Y Y o Qs’ 9 =
PUNTAMULOUIUTY 5 Taaans war ldnsu 11909 14 30 wn

o 2 U A d‘ d‘ =
i liSasimsqanauuasinnueninau 488 w1 Tuwas @Weunswludaa

[} [} 4 1 a :’ 1
anuduiusszrIelSunanhmang Ina uazmmsganauuas
a d o 1 9 o 1 ~ [ A A Y a 4

M5ANTILHA0814 e 1¥AI8819NTLAVMTRDINMHINEAY LA VATIZH A1

9
FWarsuagInuMswssun e guvesivang lnd

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Absorbance 488 nm

y =0.010x - 0.016
R? = 0.997

20 40 60 80 100 120 140 160

Glucose concentration (pig/mL)

v Y
suUmanuIni 1 nsmlnasplsinanihmang Ina
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3. mydnszsSinanivaiaasd Tas3E Nelsion Somogyi method (Nelson, 1944;
Somogyi, 1952)
asndilszneuaie
3.1 Somogyi Reagent

Solution I: Ysznoudy

Sodium potassium tartrate 12.0 N3y
Sodium carbonate 240 03y
Sodium hydrogen carbonate 16.0 N3N
Sodium sulphate 1440 N3
Distilled water 800 Haaans

Y v Y Y v
azangansazasananaleriindy ndu@iinauau 1815115 800 Hadans

Solution I1:1U52nNBUAE

Copper sulphate 4.0 bty
Sodium sulphate 36.0  NSW
Distilled water 200 Hanans

Y v 2 Y v
azagasazaeaanaieiindgy nmiu@uinauau 1dsuas
200 Hadans W3 Somogyi reagent Taewa Solution I Solution 11

3.2 Nelson Reagent

Ammonium molybdate 500 A3y
Sodium arsenate 3.5762 N3
Sulpuric acid 42 Haaans
Distilled water 1000 daaans

Y v
aza18 Ammonium molybdate Tuihnau @unsadayin aulddinu @y
. o a [~ a gx’ Qy [
Sodium arsenate U5VUTasvoIasazateliitu 1 aas danald 1-2 Ju nsod (M0l

< =t
aznou) nuluwradn
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Y
A o a o 1
'J%L@]?EliJﬂ'iTV‘hJ'WI'iﬁj'lu"llENUWI'I?IﬂQIﬂﬁLLﬁgﬁlﬂiWw’iﬁ'J@ﬂN

MIeNaTaza1eng IAauIAIgIY 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 LAz 220

lulasnsudedadans

o A [ Y 9 1 a a aa 1
2. 1“ﬁ”|5ﬂ$ﬁ”Iflﬂgiﬂﬁ"ﬂigﬂ‘]Jﬂ’J"I?JﬂJ?JﬂJHﬁWQ"‘] 'lJ'imm 1 yaaaasg Glﬂ‘luﬁaﬂﬂ%ﬂﬂﬂﬂ

a . a Aa aa 1 Y Y oo 9 A
3. PUEIT0Ea18 Somogyi Reagent ﬂimm 1Naﬁaﬂiﬁlfﬂﬁlwﬂﬂﬂuﬂﬂmﬂﬁﬂﬁ vortex

. o 9 oy A ~ Y o Y A=

mixer m"lﬂ@lﬂummaﬂmu 10 4N Llﬁﬂﬂflﬁlﬂuwuw

A Aa a aa l Y Y o Y A .
4. 1UT1I02018 Nelson Reagent USuas 1 Jadanswa 14 uA81nT09 vortex mixer

2 yya Ay A

awmllmqmﬁﬂ“uﬁm 15 UM

a g’ M) a aa |l Y 9 o 9 A . o Y v A
5. KUUINaU 10 Yaaaas L“‘Ufﬂiﬁﬁﬂﬂﬂﬂ]ﬂlﬂi@\i vortex mixer m”lﬂ’mmmi@ﬂﬂau

= A

LEINANNEINAU 500 UWIULNﬂﬁ

~ ] 1 A @ Yy 9
6. Lﬂlﬂuﬂi”lﬂll”l@]ij@1u3$wf‘l%‘lﬂ"lﬂWﬁﬂﬂﬂﬂuu?Nﬂ‘]Jﬂ')'lﬂJ!“'UﬂJeUuellﬂﬂﬁ1§ﬂ$a1ﬂﬂgjﬂﬁ

a v [ 9 o [ ~ [ A A Y a 4 ax
7. am‘iw‘Vim’aEINTﬂﬁlﬁl%mﬂEmﬂ‘izﬂ‘umiﬁl’amwmmxﬁmtmamiwﬁmmﬁmi

oA o = J

mmmEJ’Jﬂ‘iJm'imiEJ%JﬂS”lW‘mmg”lummu”lmaﬂgiﬂﬁ
1.2 -

y =0.004x - 0.016
2

. R? = 0.999

Absorbance 500 nm
o o o
~ o)) 0

o
)

0.0

0 20 40 60 80 100 120 140 160 180 200 220 240 260

Glucose concentration (Llg/mL)

v Y
siUmanani 2 namlnaspulSunanimang Iaa
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4. msdeuunsuuuaiiSe (Harrigan, 1998)
=\ 9

asldsznaung
4.1 Crystal violet
aIaza1Y A
Ammonium oxylate 1 %

Ammonium oxylate 1.0 n3u

Distilled water 80 Uaaans

Y v

82019 Ammonium oxylate 1.0 51 Tuiinau 80 Haaans
a1502a718 B

Crystal violet 1.0 n3u

Ethanol 95% 20 Hanans

v

azanensadullean 1 05y Tu enuea 20 Hadans MnTTUANETazA1 A tou Ty
~ Y Y o o 2y o = Y
WHeweanyuan 1% wauliniu daneld 24 $3lue Janseuenzneussnaly

NIZATHNIB

4.3 Todine (Gram’s)

Msnilszaeudie
Iodine crystal 1.0 5w
Potassium iodide 2.0 N5
Distilled water 1000 Uagans

Y v
azaneloTeauasaduuaz T lunaideyloTolag drerinau

4.4 Safranin

asndilszneuaie
Safranin O 0.25 N3
Ethanol 95 % 10 Haaans
Distilled water 1000 dadans

Y v
azmamﬂmuéfamamuaa uazﬂ%"uﬂimmﬁ”mﬁmﬁu 1000 Uaaans
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ax 9
IDNITYBDULUNTY

]
A AA 4

o di’ A A an o o 9 =
1. duFeuuaiiSensasgdan s1uau 1 Inlail Miegwaa 18 $21uq wndoudunsy
Y Y
o [} 1 Jd o 1
2. neaindeununsznedeasuumue laainliuta Taerunlar v
Aa @ [ 4 I~
3. wneadasadu 1l Taanliniusesadese13dlunar 1 i
9 a A o 9 = Y =4 Y
4. dndasadu Toandreasazarele Tedunazvealiviusosaiios ety

=
a1 1 UM

9 v
aAaa Y o

Y = 9 o FY 9 = o
5. Anmsazane e TeAussndlrsemusadunaau lulidaasonudiarsaieinna s
a 1 4 3
6. wneadmvhiulinusesmiosnald Wunar 1 1a

Y
o o ] 1 L4 v
7. dndesndroiwdrduliuia ihldesgmeldndesganssent 1000 wh

5. MsnaadUUAAAE (Zahoor ef al., 2006)
3 A A a o
WumsnaaevuuanGenansanaaeu liuaauaa
asndlsznoudie

a S

% Y < a A
Vlﬁjﬂ‘ilﬂumﬂﬁﬂﬂﬂq%ﬂﬁ@‘ﬂﬁ$ 3 !,ﬂ'UGI,uGU’JﬂﬁGIﬂ NngUNHY 4 AU ALY

ax
2hiliib]
dy AA AAo <3| 7 2
1. ﬂﬁﬁﬂﬁll‘lﬂ’ﬂlmﬂﬂLﬁEl“VIiJﬁﬂ‘]elﬂw!'lJuLG]mmﬂﬁl’nnﬁﬁlﬁ (clear zone) UUDINIT GYC
=\ 1 a @ 1 4
agar NﬂWﬁJL%ﬁZﬂMﬂu 24 Gmimammmu’d"laﬂ
% 7’ o Aa &

2. Wﬂﬂllaiﬂiﬁlumﬂiﬂﬂﬂll%’ﬂ dunarosoimaninayy

MINUNANMITNATOU

naosoIMe 01N +

Tunavesormasiuma -

6. MINAADVBBNTIAT (Zahoor et al., 2006)
amsndlsznoudie

WTINETAZAY Dimethyl-p-phenylenediamine dihydrochloride 1 % Tutinnae 0.85 %
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an
A5N13

= 2

o dy )=} PR a3 P =1
1. dwsenuansenlansuzturaaneiiiela (clear zone) YU GYC agar 24
) 3
#1Tua 11 1 TaTadl sl uduuunszayniog
2. NeAd1IaEanY  dimethyl-p-phenylenediamine dihydrochloride danamslaoud
a =
nelu 30 30

MIOUNANTNATOU

a 9 1

a A A A o
NATUNNIDTUINUVY DIUND +

aaaa K 1
Tuidnaau 9N -

a d 4
7. ﬂ’li']!ﬂ513‘”‘]]%111&!!67]11!6@92(38!?1%8\1 Ebulliometer

a11152noUVBUATOI Ebulliometer
A o @ [ 1 4
A Ao AnNad MU IUALIeaNDaa
B fio navaudIdmsuialsunsdiedna
A A .
C A9 11793 Ebulliometer
= = 'd
D 19 ALINedDanooa
A o a J
E A9 Mo7 lulnos

A 4
F A9 ADUIAULLDT

ada L4
ATUANTIEH
v ,
1. Lﬂuﬁ?ﬁﬂiuﬁﬁﬂﬂLLf%I}'Jﬁ'I“Hgﬂiﬂﬂiﬂ'mi@nllﬁﬁ'lﬁuﬂ uazmuaﬂu ebulliometer
a cA gy 1 g
2. Lﬁilu’]ch‘lﬂf]ulﬂuL“ﬁﬂilWﬂﬂlﬂfﬁaﬂwu
a s
3. YAATINYILLDANDIDA

= o a 7 ] =1 o a J
4. 1@UNT lUUW0T I UTIUMNDS INNINDT
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Y
1

5. 91uA1gUNlyARenYp1i191N plastic calculating scale tazwyuamnaliyafionvo
Y
esatudumagud
] a 4 Y] 1 1 % Y] 1 3’
6. JalSumupanegoduesiiodiugudenumsiaaigaaoave il
' ' a J @ = 79 ¥ @ 14
7. msewalSumeanesed Insdungaingaieavedoaneaod InasInumNaaIy

[ 1 s {
Tu uageuAeaNBaean plastic calculating scale NI9ATUUBA

8. MIAUINUONTINITIVIYT W (Specific growth rate, p) (1303, 2549)
a 1 I a a 1
N1719TYDY19TI9L37 (log of exponential growth phase) “luszaxmimagmﬂmmq

. I a a Ao A o Y 1 dy
exponential phase LclfﬁﬁiJﬂTiLﬁ]iiUum‘UIﬁﬂﬂﬂ'EWﬂQW ’fﬂﬂJ1ﬁﬂﬂ1uﬁﬂlhlﬂﬂ1ﬂﬁhﬂ1ﬁﬂ@"lﬂu

dx
— = ux 1
dt # W
dx
= 2
dt :umax ( )

o 4 i
Tassmuald  x = anududuusaniamag (biomass)
~ 1 I ]
t = nanntsduga T

H=0A31MINTYIUWIE (F21ue")

1ilo integrate
INX—1INX, = 24,4 3)
A a9
X, AD VIarsaalsuay

X — XO .e(/‘lmax't)
4)

¢ o 7UYUDN natural logarithm

a 4 4 R R [ a l < g’
Fl]']ﬂﬂi'lbl"lﬂ']imﬁmusllﬂﬂl%@?lﬁﬂ C. stellimalicola Gﬁ?\?ﬂWil%ﬁﬂJ@ﬂW\jﬁ"]ﬂlﬁjiuuq
Y

A (o 9 o o A 2 A a N do A
Haga Tauagnnlsudetivag Insaludga Tuan 15-17 Fa0smanyaasaas Tuedn 15 (1)

R 1.37x10° CFU/MmI (x,) oz Tudn Tused 17 (1) i 2.78x10" CFU/mI (x,) 11 lalunuan

£4
~

Tuerums Idaail



Iog—lz At

0 2.30¢

278x10°  u(L7-15)

1.37xa0’ 2.20%

0.31x 2303
“ET

1=0.35

a d = . .
9. MIUATICHANNHUA (viscosity)
ginsal
1.  Brookfiled viscometer
2. 1nNosYUIA 400 Hadang
an
AFNMINATDU
A A .
1. lanTo9 Brookfiled viscometer
2. ﬂﬂﬂll Enter 11&274 cap spindle 880
9 A sy a o
3. ﬁum’ami@ﬂmmamm Auto zero NA Enter 8NAIN
4. 1d¥1In5u LVAA select spindle 1apnTHANI NI S64
5. 1d@19819 8@ stand 89 NALY on motor
1 1 A 1 I A I
6. @"IUﬂ"Iﬂ'J”I?JWHﬂIﬂEJi’J”IHﬁ]"Iﬂﬂ”ITI?JL']J@iL“HH Torgue E;NEIﬂ
gATAIIUAINNNTTA (CP) = 100/RPM*TK*SMC*Torgue
Tag  TK =0.0973

SMC = 6.4
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MANHIN A

31]5]1?]%1!’3'[17] 3 ﬂ'liﬁﬂJﬂ’d’)ulﬂ’ﬂclﬂNZ‘WI'IaIGI‘L!ﬂ’qm‘w'ﬂﬂﬂ!!ﬂﬂl%ﬂllﬂﬂﬂliﬂﬂiﬂﬂg’,%ﬂﬂ

{ a <3 @
UnNguugil 30 srusaiee 1Hunal 3-5 u

=

JUMANWINT 4 GNBVULOINT GYC agar MAY CaCO, 2% (w/v) HAZMIIDTYUBILUATNITY

aa ] § a | )
NIADLFAN UNNYUNYI 30 parusaIFad 1iunal 48 42 Tug
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‘:‘ v U a A A A an
gﬂmﬂwmnﬂ 5 aﬂHil!Zg‘]Jii'NLm8’,ﬂ'liﬁﬂﬁ'l,!,ﬂill"]]ﬁ]\i!,mﬂ‘ﬂliﬂﬂiﬂﬂzmﬂﬂ

Acetobacter ghanensis Afasvens 1000 11

(B)

\\,/) N

1 2

—~

31 A Tiifa1l§Asen overoxidation 31/ B 1Aa1l§A5e1 overoxidation
2 & A 9 aa
1.) 91M151asadaIs N JaTh
) Y F2 v
2) eszeznawiu sz 5 5u oninsdsasenlasunndiudmaes

o Y g 4 o &
3) meluszeznal 14 Tu orsRsuredmvassszldsunduyniluaih

simanuInh 6 manaaeumanalfn3en overoxidation voauuANGenIno:FANlUo M1

e & . oA a = < @
100 Carr medium UNNYUNHN 30 DIAUBALTYH dunan 14 Ju
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Cellulose

sUmanuani 7 msnadeumsadruvag lagveannaiisensaoz¥anluemis

1 { a [ o
GYE medium 1infigaivgil 30 oaausaidae 1luan 24 43 1u4

Y
]

sUmanuIni 8 msnsimihdumeyninwanalauagnigurgiivios

U

a9
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Color
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Overall liking g \ Smell

Sourness Flavor

Sweetness‘zz )S&Viscosity

«={=Control
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-8B
== C
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v Y Y
sUmanuInd 10 samsnadeunelszamduiavouhadagas Ihdumegninnaudy

MduAeYNAUNT 4 AT (=30)
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Color
A
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8 =il
Overall liking Smell
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5 4
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3 -
2 -
Sourness ——+—+-0t ————+ Flavor
Saltiness\// >\’Viscosity
Sweetness

v
v A

v E2 9
sUmanuIndl 11 wmamsnadeunalszamdudavouhadaganihduaeyning

Y
PATNAIUAN N 4 gA5 (1=30)
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NMANHIN 3

suvilsziiunnuianelaihdnmeagvinanuamalauagn

4 g o A
FORNMATOU....oooroeoeeeeeessonsssers oo 170 O
A0 MdumeyHAnoINamalauagn

Azl naaeUAIB 1A IRAZILUANUYOUVDIRIDE MR TIeIa ALY

ANUFDUAIFINANMINUA

v = 7 g
ﬂi;il!WIE]‘ULL‘U‘]JﬁfJ‘UfﬂﬁJIﬂﬂi%ﬂglluuﬂQTNWQWﬂiﬂﬂ']iJLﬂﬂ!“ﬂﬂﬂllﬂu

1 = lireuiniga 2 = liwouin
[ [l I~
3 = Tureurhunaia 4 = Turoudniios
< Y
5 = N 6 = ¥OULANYIDY
7 = ¥ouilhunaa 8 = ¥OUNN
9 = OUNINNGA
ANYAUTAIBENNNATOU FZAUASUUUANNYOU

anvalang @ anuyw)

] U
naunlsen

Fd
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ANulsey anuilunsa

ANuYeL TaeTIN

Horauouus
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130

nuunagaumMalszannauia

Iﬂfﬁl% Hedonic scale

» v
[ d o Y o

wandaa MadagasHandumegHInInNanalnuagn

A4 9 A
‘ﬁf)?jﬂﬂﬁ@ﬂ ........................................................ AUN. e, 13013 1 N

o o Y 1 1 dy 9 Y (% 1 o [ 9
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MANHIN D

d‘ a a é’ = J dy dy A
A1TNNANUINT 1 ﬂ’ﬂllﬁ”m”Iiﬂii!ﬂ”liﬁ]iilJL@]‘]JIWIJE’JQL%’E)EJ?(G]GLUBWWWSL@ENL"’H’O‘V]JJ?YJ”IN

Y
Wuduvesimang Inadosas 10 uag 15

Isolates yeast Absorbance (OD,,) Cell viability (CFU/ml)
Glucose 10% Glucose 15% Glucose 10% Glucose 15%

Y01 5.5+0.00 6.6+0.01 3.0x10" 7.6x10°
Y02 6.5+0.00 6.3+0.00 3.1x10" 1.1x10°
Y03 4.6+0.00 6.9+0.04 8.6x10° 2.8x10°
Y04 7.30.00 8.9+0.02 9.7x10° 30

Y05 7.6+0.00 9.1+0.04 4.6x10" 1.8x10’
Y06 5.3+0.00 6.8+0.00 3.1x10° 2.5x10°
Y07 5.2+0.00 7.0+0.01 1.3x10° 2.8x10°
Y08 8.4+0.00 10.00.03 3.0x10" 2.9x10°
Y09 6.0+0.00 8.2+0.03 1.5x10° 4.5x10°
Y10 4.6+0.00 13.120.01 1.4x10° 1.4x10
Y11 4.6+0.01 11.420.01 9.4x10’ 6.1x10°
Y12 8.3+0.02 6.5+0.01 3.7x10° 3.6x10°
Y13 7.8+0.00 10.8+0.03 3.7x10° 4.7x10°
Y14 7.30.02 11.1+0.04 3.6x10° 1.4x10"
Y15 7.8+0.03 10.5+0.01 3.9x10° 1.7x10°"
Y16 5.8+0.02 6.1£0.02 2.2x10° 7.3x10°
Y17 8.2+0.01 10.3+0.03 3.7x10° 1.7x10°
Y18 4.9+0.01 5.4+0.01 9.4x10° 6.0x10°
Y19 5.8+0.00 7.0£0.01 3.1x10° 6.0x10°
Y20 9.6+0.02 14.2+0.03 5.6x10° 7.5x10°

v ] E4
MIUMINUAAIAUNDY + mrﬁmmummgmmﬂmimam 3 9
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v Y
a a o 1
MIMANUINN 2 anuansolumsniyau Taveusedan lo Isanaieg lue1mis YEPD

A Yy 9 £
NUANUAUNUVHUDUDNIUDATDIAS 6 LAY 8

Isolates yeast Absorbance (OD () Cell viability (CFU/ml)
Ethanol 6% Ethanol 8% Ethanol 6% Ethanol 8%
Y03 3.49+0.04 0.05+0.01 4.2x10° 1.8x10°
Y06 3.4740.01 0.03+0.01 3.2x10° 1.6x10°
Y07 3.50+0.01 0.04+0.01 4.5x10 9.9x10°
Y09 3.36+0.01 0.04+0.00 7.2x10° 9.1x10°
Y10 3.36+0.01 0.03+0.00 7.6x10° 1.5x10°
Y13 3.30+0.01 0.07+0.01 4.7x10 3.8x10°
Y14 3.12+0.02 0.03+0.01 2.2x10° 1.0x10°
Y15 3.49+0.01 0.05+0.01 1.5x10’ 4.4x10°
Y17 3.45+0.01 0.06+0.00 1.7x107 9.8x10°
Y20 3.1740.02 0.05+0.01 8.2x10° 1.7x10°

v [l 4
A UM NUTAIAURAY + ?ﬂ!ﬁENL‘]JU&JW]iﬁ"IHi]”Iﬂﬂ”ITﬂﬂaﬂQ 34



MIMANINH 3 anuaunsn lumsndaemueavesdad lo Isana1ag lueiaimad YEPD WillanududungInafesaz 10 uay 15

Isolates Glucose Ethanol (%)
Fermentation time (days)
0 2 4 6 8 10 12
Y03 10 0.00%0.00 4.75%0.15 4.73+0.13 4.31+0.18 4.26x0.16 4.23+0.14 4.08+0.09
15 0.00%0.00 4.30+0.28 6.60x0.26 6.90=0.10 6.55+0.20 6.55+0.20 6.08%0.10
Y06 10 0.00%0.00 4.60+0.20 4.45+0.13 4.38+0.15 4.18+0.08 4.60+0.20 4.01+0.19
15 0.00%0.00 4.60+0.20 6.80+0.18 6.7520.18 6.65+0.15 6.40x0.01 6.05%0.01
YO07 10 0.00+0.00 4.55+0.10 4.55+0.10 4.20+0.05 4.23+0.11 4.23+0.14 3.95+0.30
15 0.00+0.00 4.53+0.10 7.25+0.13 7.30%0.18 7.10x0.18 6.70x0.44 6.35%0.13
Y09 10 0.00£0.00 4.86%0.10 4.83%£0.03 4.43+0.18 4.18+0.20 4.12+0.28 4.00£0.05
15 0.00£0.00 4.31£0.38 7.05+0.56 7.15%0.18 6.90+0.36 6.85+0.28 6.45+0.46
Y10 10 0.00£0.00 4.60£0.10 4.78+0.10 4.20£0.18 4.15+£0.24 4.22+0.32 3.93+0.23
15 0.00£0.00 4.70£0.20 7.30£0.35 7.15+0.38 6.90+0.26 6.83+0.28 6.45+0.46

v ] E4
MIUMITNUAAIAUNAY + mrﬁmmummgmmﬂmimam 3 9
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A = A 1 A Yy 9 ¥ 1
MAMININIANHINN 3 ﬂ’ﬂll?fnJﬁﬂﬁluﬂTZNﬁ@]L@ﬂWu@aell@\iEIEWIul’fJI‘iflﬁﬂﬂNG]Glu@WﬁWﬁl‘ﬁﬁ’J YEPD ‘V]lJﬂ'JUJLGUiJGUHﬂQTﬂﬁﬁfJEJﬁ$ 10 uag 15 (919)

Isolates Glucose Ethanol (%)
(%) Fermentation time (days)
0 2 4 6 8 10 12
Y13 10 0.00%0.00 4.55+0.17 4.46x0.23 4.45+0.23 3.95+0.51 4.33+0.72 4.78+0.03
15 0.00£0.00 4.53+0.16 7.25£0.36 6.70£0.26 6.85%0.35 6.50%0.20 6.38+0.21
Y14 10 0.00£0.00 4.85+0.10 4.80+0.09 4.68+0.18 4.50£0.17 4.43+0.15 4.15+0.18
15 0.00£0.00 4.91£0.06 7.35%0.17 7.00£0.10 6.95+0.05 6.60+0.30 6.53+0.38
Y15 10 0.00%0.00 5.06x0.25 5.01%0.18 4.80+0.10 4.68+0.15 4.55+0.13 4.61x0.08
15 0.00%0.00 4.56x0.11 7.40%0.17 6.95%0.18 7.00£0.26 6.60x0.17 6.40x0.20
Y17 10 0.00£0.00 4.56%0.13 4.70£0.17 4.68+0.12 4.30£0.18 4.28+0.20 4.18+0.13
15 0.00£0.00 4.90£0.09 7.10£0.18 7.00£0.25 7.00+0.25 6.50+0.20 6.33+0.21
Y20 10 0.00£0.00 4.80£0.10 4.60£0.10 4.68+0.16 4.43+0.06 4.46x0.07 4.30£0.18
15 0.00%0.00 4.81+0.04 7.25%0.09 7.05%0.23 7.10£0.17 6.65+0.30 6.38+0.21

H [l Y
A UM NUAAIAURDY + ﬂ"l!‘ﬁENL‘]J‘LJ?J"IG]S;@”IH%”IT‘Iﬂ”IiV]@]a’EN 3 4
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Tag uazriianag lasa 10 1ag 15 93AUTNE

Carbon Source

Fermentation time (day)

v v 9
MIUMTNLAAIA NN + mrﬁmmummgmmﬂmimam 3 41

0 2 4 6 8 10 12

Glucose 10 *Brix 0.00+0.00° 0.70+0.00° 1.50+0.12" 1.83+0.06" 2.12+0.12° 2.50+0.70" 1.93+1.07°

Glucose 15 *Brix 0.00+0.10° 0.68+0.12° 1.18+0.13° 1.62+0.03" 1.8540.13 2.05+0.17" 2.40+0.36"

Sucrose 10 "Brix 0.00+0.00" 0.65+0.05" 0.88+0.03° 0.80+0.50" 0.55+0.03° 0.30+0.10° 0.40+0.10°

Sucrose 15 Brix 0.00+0.00° 0.65+0.08" 1.12+0.09" 1.30+0.00° 0.95+0.00° 0.93+0.03° 0.43+0.06°
neme : Aronssiuanaenulunuiueu vaneds Innuuanaenuedniivednyn1eana (p<0.05)
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A (v Y o

' - v P 2 A oA
MIMANUINT 5 MInaaenIuoavouFedad 1o lan Y15 Tuhwaaa lauagniSuderimang Ine 15 0smusng nanududuves

o Tudisndama [(NH,),S0,] 58AUA1Y

(NH,),SO, Fermentation time (day)
Concentration (mg/L)
1 2 3 4 5 6 7
Control 0.33+0.13" 1.00£0.10° 1.60+0.01° 1.60+0.00° 2.00+0.23° 1.90+0.15° 1.80+0.02°
300 1.1540.05" 1.50+0.53" 2.50+0.35" 2.80+0.05" 3.00+0.00 2.45+0.50" 2.25+0.00"
500 1.12+0.05" 2.50+0.00" 3.88+0.18" 4.25+0.05" 5.30+0.00" 5.50+0.17" 5.75+0.09"
700 0.90+0.04" 2.00+0.01° 4.03+0.13" 430+0.10" 5.38+0.08" 5.60+0.15" 5.85+0.05"

] E4
WeIe - A10nHINUANA1eIUTULUIAY Hunede anuuananued e litisd Ay INdna (p<0.05)

H 1 Y
M UM NLEARNIRGY + ‘ﬂ”ll,ﬁENLU‘L!?JW]'J"Q”I‘LA%”IT‘Iﬂ”IiV]ﬂa@Q 3 41
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M3MARUINT 6 MnaaienuoaveuFedad Lo laan Y15 Tuihwama lauagniilSudieinang laa thaiaglase 10 taz 15 0aenuIndg

A Y 9 ~ [ a Aa o 1A
AaNudutuvesen Tuiougama [(NH4)ZSO4] 500 yaanIuAvaNT

Carbon Source

Fermentation time (day)

1 2 3 4 5 6 7
Sucrose 10 “Brix 0.58+0.03" 1.2340.06° 1.5340.12° 1.5740.12° 1.7740.06" 1.60+0.26" 1.82+0.45"
Sucrose 15 “Brix 0.5740.15" 1.38+0.13° 1.5540.26" 1.650.31° 1.55+0.46" 1.65+0.23 1.70+0.41°
Glucose 10 *Brix 0.72+0.12" 1.98+0.12" 2.70+0.00" 3.70+0.00" 4.13+0.14" 5.20+0.09" 5.43+0.13"
Glucosel5 *Brix 0.45+0.00" 1.68+0.18" 2.85+0.00° 3.20+0.14° 4.15+0.33" 5.15+0.48" 5.40+0.44"

SIS

[ 4
WeIg - AnEsiuana1enuluIAY veda danuuanaeiuedeiied 1Ay NeEda (p<0.05)

v v 9
M UM NLAAIA N[ + mrﬁmmummgmmﬂmimam 3 41
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Parameters Total soluble Fermentation time (days)

Solid (°Brix) 0 3 6 9 12 15 18
Ethanol (%) 10 “Brix 0.00£0.00° 0.20£0.05" 0.80%0.15" 1.47¢0.21°  1.76+0.35" 2.03+0.34"  2.73%0.15°

15 °Brix 0.00+0.00" 0.12+0.03" 0.15£0.05°  0.38+0.28°  0.52%0.15" 1.1740.13"  1.43+0.12°
Total soluble solid 10 “Brix 10.00£0.00°  9.43+0.31" 8.4+0.17" 7.2520.08"  7.0320.06" 6.55+0.48"  6.17x0.35"
(*Brix) 15 °Brix 15.00£0.00°  14.87+0.6°  14.73:0.06°  14.4%#0.26°  14.17#021°  13.57+0.32° 12.23+0.49"
pH 10 “Brix 5.00+0.00" 3.45+0.06" 3.29+0.17°  3.07+0.07"  2.99+0.04" 2.98+0.07"  2.97+0.20"

15 “Brix 5.00£0.00" 425+0.13" 3.59+0.15°  3.01%0.10"  3.02+0.03" 2.98+0.07"  2.960.06"
Reducing sugar 10 "Brix 65.83+1.04"  65.27+0.87°  61.14£1.08" 53.37+1.7"  50.71x1.98"  45.82+24"  38.79+5.10"
(/100 ml) 15 *Brix 103.00£1.80°  100.03+1.14" 96.37+1.62°  96.03£1.95° 96.27+0.68°  95.76+0.89° 94.53+0.76"
Acetic acid 10 “Brix 0.30£0.02" 0.3120.06 " 0.3120.03"  0.30£0.01°  0.35x0.01° 0.34x0.02"  0.35x0.01°
(g/100 ml) 15 “Brix 0.30+0.02" 0.31+0.06" 0.31+0.01°  0.30+0.01"°  0.35+0.01" 0.36+0.01"  0.35+0.01"
Cell viability 10 “Brix 5.63+0.02° 5.724¢0.03"  5.77#0.03"  5.48+0.03°  5.39:0.07°  5.25+0.07°  5.24+0.06"
(log CFU/ml) 15 *Brix 5.310.61" 5.7240.05" 5.79+0.02°  5.80+0.03"  5.85+0.06" 5.87£0.02°  5.87+0.02"

NUBIN9): Snusfuana1eiu g nneds UANUUANANNUBENTTBTAYNNADA (p<0.05)
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MSMANUINT 8 NMIHANONIUDAVDTAR C. stellimalicola Turihmamalauagn 6 anshlsudrnimanglnd 10 eemnusnd ludaniin

YUIA 10 AN

Parameters Fermentation time (days)
0 10 20 30 40 50 60

Ethanol (%) 0.00£0.00° 1.5740.25' 3.00£0.60° 3.80+0.10" 4.08+0.13° 4.340.15° 4.40+0.20"
Total soluble solid (°Brix) 10.00+0.00" 7.05+0.05°  4.30%0.17°  3.25+0.08°  3.15:0.09"  3.02+0.08°  2.830.06"
pH 5.00+0.00° 3.4740.06" 3.2240.12°  3.1020.12° 3.06+0.14" 3.15+0.22" 3.14+0.21°
Reducing sugar (g/100 ml) 66.00£0.05" 46.0022.50°  5.970.24° 3.60+0.37" 4.46+0.12° 3.33+0.17° 3.12+0.23°
Acetic acid (g/100 ml) 0.30+0.05" 0.19+0.06°  0.25$0.04™  0.22+0.03°  0.22:0.06"  0.32+0.00'  0.25+0.07"
Cell viability (log CFU/ml) 5.72+0.05" 5.82+0.03" 5.77+0.03°  5.32+0.03° 5.330.05° 5.3120.10° 5.24%0.06°

v [

Weg: onbsRuana1eiuluuIueY WIede Tanuuanaeaiuedsiisd 1Ay neada (p<0.05)
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MINMANUING 9 miNamamuaammﬁaﬁmﬂwu‘q C. stellimalicola Glumwamahuﬂ?m 600 uaaamﬂmﬁ'wmmaﬂgiﬂa 10 D3FUTNY

NAAMLMIHUNA1E
Parameters Conditions Fermentation time (days)
0 2 4 6 8 10 12 14
Ethanol (%) Shaking condition 0.00£0.00"  2.67#0.06°  3.57+0.06°  3.77x0.20" 3.82+0.18"  3.50+0.18"  3.18+0.20"  2.82+0.13"
Static condition 0.00£0.00°  0.40£0.00°  0.53+0.60°  1.15+0.00° 1.22+0.12° 1.73+0.25° 1.47+0.12° 1.90+0.12°
Anaerobic condition ~ 0.00£0.00"  0.00£0.00°  0.00+£0.00°  0.00£0.00°  0.00+0.00°  0.00+0.00°  0.00+0.00°  0.00+0.00°
Total soluble solid  Shaking condition 10.00£0.00°  5.60£0.20°  4.37+0.15°  4.23+0.06° 3.90+0.17° 3.80x0.17°  3.63+0.25"  3.500.26"
(*Brix) Static condition 10.00£0.00°  8.60£0.10°  8.30£0.10°  7.80+0.00°  7.80£0.20°  7.40+0.20°  7.0320.12°  6.93+0.12°
Anaerobic condition ~ 10.00£0.00°  9.83+0.06°  9.82+0.13°  9.80+0.00° 9.57+0.11°  9.53+0.06°  9.35+0.13°  9.27+0.21°
pH Shaking condition 5.00£0.06"  3.67+0.03°  3.47+0.10°  3.47x0.05° 3.46x0.04° 3.45:0.03" 3.43x0.01"  3.430.03"
Static condition 5.00£0.00°  4.04+0.03°  3.81£0.03°  3.74+0.01"  3.66+0.04° 3.53x0.01° 3.52+¢0.10°  3.45+0.03"
Anaerobic condition  5.0020.00°  4.94+0.05°  4.87+0.07°  4.77£0.07°  4.75:0.02° 4.69+0.06°  4.7820.06°  4.74+0.03
Reducing sugar Shaking condition 66.67£0.29"  8.80+0.03°  2.41+0.56"  2.13+0.14"  2.00£0.07°  1.98+0.03"  1.94+0.30"  1.76+0.04"
(g/100 ml) Static condition 66.50£0.05"  63.50£1.75" 55.08£0.23" 54.92+0.02° 54.50+1.09° 50.83+2.16" 44.42+1.66° 41.08+2.18"
Anaerobic condition  66.50£0.05"  63.28+1.81° 62.67+1.51° 63.3120.86° 63.10£1.02° 62.98+0.93° 62.62+0.65° 62.07+0.40°
WeIg: onBsRuana1i LA Wineds Tanusananuedialitsdidgneana (p<0.05)
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$ a a 4 1] 4 oy a Aaa [ 3’ a 4
M51MANUINN 9 M3sa TavesBaaaowus C sellimalicola lwniwanalauagn 600 Haaansliudietharang Ind 10 eermUsn

NETNITMTHUNANE (AD)

Parameters Conditions Fermentation time (days)
0 2 4 6 8 10 12 14
Acetic acid Shaking condition 0.040.02°  0.23#£0.02°  0.26£0.02"  0.26£0.02" 0.27+0.03"  0.27+0.03" 0.28+0.01" 0.28+0.01"
(g/100 ml) Static condition 0.05+0.020° 0.1130.00° 0.13%0.03° 0.17£0.02° 0.21£0.06'  0.20£0.01°  0.23%0.03" 0.2420.03"
Anaerobic condition  0.04£0.02"  0.03£0.02°  0.07+0.04°  0.05:0.02°  0.05:0.01°  0.06£0.04° 0.12£0.07° 0.13+0.02°
Cell viability ~ Shaking condition 5.524¢0.18"  7.33#0.23"  7.56£0.01° 6.7620.06° 6.41£0.02"  6.46£0.02" 6.39£0.06" 5.82+0.04"
(log CFU/ml)  Static condition 5.53+0.09" 6.4130.12°  6.65+0.04° 6.78+0.10° 6.41%0.02"  5.67+0.04° 5.56+0.08° 5.59+0.14°

Anaerobic condition  5.60+0.14°  4.90£0.05°  4.48+022° 4.07+0.11° 3.73+0.14°  3.57+028°  3.42+0.12° 3.240.26"

o w a

[ 4
W 9Ny INUANANU IULLIAT WIede Tanuuananuee e litisdAYNINana (p<0.05)
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4 a 4 g’ a o 09/ a <
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Parameters Fermentation time (days)
0 2 4 6 8 10 12 14
Ethanol (%) 0.00£0.00"  0.92#0.068° 1.77#0.20° 2.470.15° 2.85:0.10° 3.30:0.05° 3.57#0.15 3.92:0.15'
Total soluble solid (*Brix) 10.00£0.00"  7.37:0.3°  6.03#0.15  545:0.14° 5.00:0.10" 4.100.10° 3.67#0.12° 3.02#0.19"
pH 5.00£0.00  3.39+0.08° 3.26:0.14° 3.03#0.03" 2.98+0.03' 3.00£0.01" 2.95:0.05' 2.93+0.06"
Reducing sugar (g/100 ml) 65.50£0.50° 54.83+1.6° 42.29+1.17° 25.37+4.86° 11.00+1.80° 6.24+1.75" 2.82+0.34" 2.1420.31°
Acetic acid (g/100 ml) 0.29+0.03"  0.30+0.06"  0.31+0.02" 0.30+0.01" 0.31+0.01" 0.31+0.01" 0.33+0.02" 0.33:+0.01"
Cell viability (log CFU/ml) 5.50+0.03'  5.77+#0.01° 5.83#0.05° 6.75:0.04" 6.82+0.04' 6.07+0.09° 5.81+0.03° 5.23+0.08°

SIS v

Weg: onpsiuana i lunuIuey vueds Ianuuanannuedalitsdidgneana (p<0.05)
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v Y
MIMANUINA 11 anensalumseiyveadouuniiGeniaozsan lo Txanaien

1UDIMIIGYE broth NUANUAUTUYDUDMUBAT DAL 6 11AT 8

Isolate AAB Absorbance (OD,,) Cell viability (CFU/ml)
Ethanol 6% Ethanol 8 % Ethanol 6 % Ethanol 8 %

A01 0.23 0.01 5.6x10° 130
A02 0.25 0.03 1.7x10° 7.3x10°
A03 0.29 0.01 5.7x10° 20
A04 0.43 0.23 1.3x10° 4.3x10"
A05 0.22 0.03 7.1x10° 4.6x10°
A06 0.43 0.03 6.3x10° 3.4x10°
A07 0.23 0.04 1.5x10° 1.2x10’
A0S 0.43 0.37 6.4x10° 2.1x10’
A09 0.22 0.03 6.5x10° 44
A10 0.48 0.41 5.0x10° 9.6x10°
All 0.49 0.40 2.5x10° 2.1x10"
Al2 0.41 0.07 8.1x10° 370
Al3 0.35 0.35 6.8x10° 6.6x10"
Al4 0.31 0.10 4.1x10" 1.4x10"
Al5 0.46 0.35 1.3x10° 9.7x10’
Al6 0.39 0.32 1.2x10° 7.4x10°
Al7 0.33 0.23 8.3x10’ 2.4x10°
Al8 0.37 0.30 9.5x10° 1.6x10°
Al19 0.36 0.30 1.4x10° 2.4x10°

A20 0.33 0.02 4.5x10" 22
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ATMANUINT 12 ﬂ?WlJE’Hllﬁﬂﬁluﬂﬁﬂﬁ@]ﬂ‘iﬂﬂ%cﬁ@]ﬂﬂlﬂﬁl“ﬁﬂllﬂﬂﬁlgﬂﬂiﬂﬂ$Glfﬁﬂulﬂiclflﬁﬂ@]NG]Gl‘ln!’ﬂﬂﬂ‘imﬁ? GYE ﬁﬁmmvﬁ'u%’umammuaa%’aﬂaz 6

Isolates Acetic acid (g/100 ml)

Days 0 5 10 15 20 25 30 35 40 45 50 55 60

A 04 0.00£0.00 0.86+0.03 1.29+0.09 1.87+0.05 2.27+0.02 2.84%0.05 3.42+0.08 4.00+£0.08 4.40+0.05 4.43+0.00 4.57£0.04 4.60+0.02 4.29+0.06

A 08 0.02+£0.01 0.83x0.02 1.27#0.17 1.79+0.05 2.17+£0.09 2.70+£0.17 3.36x£0.24 4.00£0.37 4.34+0.19 4.82+0.40 4.91+£0.50 4.94£0.49 4.55%0.43

A10 0.00£0.00 0.64+0.10 1.48+0.37 2.34+0.40 2.8+0.09  3.24+0.08 3.87+0.13 4.34£0.17 4.84+0.15 5.39+0.15 5.49+0.14 5.64+0.18 5.09+0.40

All 0.00£0.00 1.40+0.04 1.93£0.05 2.62+0.07 2.9+0.08  3.43%0.09 3.91+£0.21 4.35+£0.12 4.96+0.18 5.16+£0.08 5.18+0.09 5.20+0.06 4.76x0.07

A1l3 0.02+0.01 0.55+£0.03 0.78+0.03 1.01+0.08 0.89+0.05 0.92+0.00 0.98+0.11 1.10£0.29 1.42+078 1.53+0.93 1.58+0.95 1.74+1.31 1.98+1.89

A15 0.02+£0.02 0.71+£0.03 0.78+0.03 0.88+0.04 1.12+0.04 1.20+£0.33 1.67+0.83 2.09+1.20 3.33%0.98 3.91+0.70 4.54+0.29 4.61+£0.36 4.17£0.32

Al6 0.00£0.00 0.63+£0.03 0.82+0.04 1.08+0.04 0.96+0.05 1.11£0.19 1.71+0.77 2.70£0.06 2.99+1.31 3.30+£0.89 3.73£0.41 4.50+0.48 4.41+0.28

A 17 0.02+0.01 0.73£0.00 0.88+0.05 1.08+0.02 1.06+£0.09 1.05£0.05 1.08+0.09 1.06+£0.02 1.08+0.04 1.06+£0.08 1.11£0.04 1.27+0.17 1.03+0.33

A 18 0.00+£0.00 0.71+£0.02 0.87£0.02 1.13%£0.08 1.19+0.13 1.17+0.18 1.32+0.24 1.58+0.39 2.38+0.38 2.41+0.05 4.31+1.25 4.44+1.15 4.27£0.97

A19 0.00£0.00 0.66+0.04 0.85+0.03 1.06+0.04 0.98+0.03 1.59+0.37 2.24+0.55 2.63x1.34 3.56x1.03 3.40+0.55 4.07£0.00 4.30+0.22 4.03+0.05
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Isolates Acetic acid (g/100 ml)
Days 0 5 10 15 20 25 30 35 40 45 50 55 60

A 04 0.01£0.02 0.30£0.22 0.78+0.11 1.19£0.31 1.58+0.34 1.58+0.31 2.93£0.06 3.39+0.04 3.37£0.03 3.77£0.05 3.90+0.17 3.97£0.07 4.05+0.08
A 08 0.00£0.02 0.32+0.03 0.59+0.02 1.02+0.18 1.28+0.05 1.28+0.06 2.05+0.10 2.47+0.12 2.99+0.06 3.51£0.10 3.94+0.06 4.50+0.01 4.65+0.13
A 10 0.02+0.02 0.40+0.00 1.18+0.18 1.66+0.11 2.11x0.09 2.11+0.07 3.46+0.20 3.60+0.32 3.87+0.12 4.18+0.07 4.52+0.10 4.93+0.19 5.10+0.27
All 0.00£0.02 0.61£0.09 1.12+0.08 1.41£0.40 2.06x0.12 2.06x0.59 3.01£0.12 3.29+0.03 3.86£0.21 3.97£0.13 4.08+0.18 4.25+0.25 4.55+0.05
A 13 0.01£0.02 0.34£0.02 0.55+£0.03 0.65£0.33 0.71£0.04 0.77+0.06 0.83£0.03 1.21£0.06 1.33£0.13 1.47£0.05 2.05+0.04 2.18+0.10 2.12+0.07
A 15 0.00£0.00 0.82+0.14 1.42+0.11 1.77+0.11 2.33£0.08 2.33x0.11 3.25%£0.06 3.41+£0.17 4.00£0.24 4.15£0.39 4.33£0.41 4.41£0.42 4.55+£0.41
Al6 0.01+£0.02 0.47£0.09 1.35+0.08 1.80+0.13 2.05+0.12 2.05+0.14 2.90%+0.13 3.30+0.27 3.63%0.08 4.05+0.04 4.39+0.20 4.65+0.44 4.71+£0.40
A 17 0.00£0.02 0.32+0.03 0.34+0.32 0.42+0.35 0.49+0.30 0.55+0.80 0.52+0.18 0.58+0.12 0.75£0.20 0.94+0.09 1.15+£0.15 1.20+0.07 1.34+0.10
A 18 0.00+£0.00 0.45%+0.07 1.27+#0.09 1.77+0.08 2.20%0.15 2.20+0.20 3.04%+0.21 3.42+0.16 3.71+0.21 4.15%£0.16 4.12+0.06 4.23+0.16 4.03+0.12
A 19 0.00+£0.02 0.71£0.06 1.59+0.03 2.07+0.03 2.53+0.03 2.53+0.52 3.30+0.25 3.56+0.12 3.90+0.09 4.09+0.10 4.29+0.33 4.29+0.05 4.47+0.26
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Parameters Fermentation time (days)
0 10 20 30 40 50 60

Acetic acid (g/100 ml) 1.15#0.02°  1.55+0.07" 2.69+0.03° 3.65:0.29°  3.900.11"  4.08:0.05' 4.14+0.10"
Ethanol (%) 6.00:0.00°  4.60£0.20' 3.13+0.03° 2.05:0.17°  1.5240.08°  0.87+0.08° 0.47+0.06"
Total soluble solid (*Brix) 3.0240.19°  2.53#0.15°  2.50:0.10°  2.27+0.06™' 2.20:0.10"° 2.03#0.15°  1.90:0.26"
pH 4.50£0.03"  2.93+0.03° 2.82+0.03" 2.63+0.03"  2.62+0.03"  2.62+0.03" 2.58+0.01"
Reducing sugar (g/100 ml) 2.14+1.80'  1.98+3.83°  1.65#3.38" = 1.43#2.40° 1.1743.06° 1.03:+2.89"  0.9445.74°
Cell viability (log CFU/ml) 4.73:0.04°  5.1520.04° 5.31+0.03" 5.39:0.03"  5.22:0.04°  4.17+0.05 2.62+0.08°

[

Weg: onbsnuana1eiuluuIueY WIed Januuanaiuedsiisd 1Ay neada (p<0.05)
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Ingredients Formula

(%) Control A B C
Sucrose 33 33 33 33
Olive oil 33 33 33 33
Salt 5 5 5 5
Egg 9 9 9 9
Distilled vinegar 20 13.2 10 -
Palmyra palm fruit vinegar - 6.8 10 20

v Y
MIMANUING 15 Nﬁﬂ”liﬂﬂﬁ@ﬂﬂﬂlﬂTW‘V]NmﬁﬂlﬂﬂﬁWﬁﬁﬂq%i@]N"]

Physical propertys
Formular
pH Viscosity (centipoise)
Control 343 40,115
A 3.51 40,421
B 3.62 40,180

C 3.69 41,691
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Sensory properties

Formula
Color Smell Flavor Viscosity Sweetness Sourness Overall liking
Control 6.97+1.16' 5.57+1.52° 5.83+1.60" 5.33+1.73" 5.97+1.35" 6.10£1.30" 6.37+1.45"
A 6.67+1.35" 6.03+1.35" 6.23+1.14" 5.87+1.61° 6.17+1.18" 5.77+1.76' 6.23+1.36"
B 7.20+1.32° 6.23+1.79" 6.17+1.29" 5.80+1.52° 6.13+1.31" 5.50+1.89" 6.27+1.64"
C 7.231.04" 6.10+1.42° 6.071.44" 5.53+1.89" 6.20£1.58" 6.07x1.57" 6.30x1.24"

9

v Y
WIg: onBINUAnA1A U LAY WIeDe anuuenaeiuedsiisd Ay need

v v Y
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f (p<0.05) (n=30)
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Formula

Palmyra palm fruit vinegar (%) 20 30 40 50

Y
Y yJ

v Y H
M3MARUINT 18 wamsnadougumwmunivenihadagasi dihduaeysesas 20,

30, 40 1150

Chemical propertys
Formula
pH Viscosity (centipoise)
A 3.50 30,576
B 3.41 30,048
C 3.37 29,620
D 3.32 26,304




150

@ Y Y

] Y v v
MINMANUINT 19 HaMsnadounun N NLIzamduidveuhadagaInania lauagniseauIhduaeysesas 20, 30, 40 LAz 50

U

Sensory property
Formula
Color Smell Flavor Viscosity Sweetness Saltinass Sourness Overall liking
A 7.13+1.14° 6.37+1.40" 6.57+1.19" 6.67+1.03" 6.07+1.62" 5.63+1.50° 6.23£1.43"  6.43+1.36"
B 7.17+1.02° 6.40+1.22" 7.23+0.90" 7.07¢1.11° 6.87+£1.22" 6.53+1.38" 6.97+1.43"  7.17+0.87"°
C 7.37+0.85° 6.77+1.22° 6.60+1.19° 6.53+1.43" 6.50+1.17°% 6.07£1.48" 627139  6.77¢1.17°
D 7.03+1.00° 6.27+1.05" 6.43+1.30° 6.63+1.30" 6.47+1.04" 5874133  5.93+1.57°  6.57+1.30"

o w a

[ E4
Wueme: 9Ny NUANA AU IULLIAT WINede Tanuuananued1elitied Ay Nana (p<0.05) (n=30)

o

Y

MIUMINUEAIAREY + ANTEAVUNINTFIUIINNITNAGDI 3 )

0S1



A
yo-ana

Q

U o U C =
stadszdaninanmn

a =2
JAUNMIANY

o0
2

InemansUuNg

naluTagdnn)

NUMSANEN

sz IAdve

UNANATNT 9190590

5520320401

A o
BoauUu

ao1vuma lulagsisuana

151

= d‘ o =2
UnduSamsanmn

2546

1. NURANYUNTINGNNENINNUANLNTINNTIVBURITIA (2%.) Y3zl 2556

S}
=

q

[
A

URANYUNITIIYLND

Aa =R

Ineniinus nnunaIneds urINedeaIUaIuaATUNS

o % a o a 4
3. nuqﬂwuumiﬁﬂy1s$ﬂuummmﬂmmﬂiuﬂszmﬁ UUR1INYIAYFAIVATUATUNT

Joailaail Uszdilmsdnm 2555

S A dJ v
NITIANNNINEILINT

Artnarong, S., Masniyom, P. and Maneesri, J. 2015. Preparation the substrate from palmyra palm

fruit by Candida stellimalicola fermentation for acetic acid production. In Proceedings of

6" International Conference on Fermentation Technology for Value Added Agricultural

Production. Khon Kaen, Thailand. July 29"-3 1, 2015.

Artnarong, S., Masniyom, P. and Maneesri, J. 2015. Isolation of yeast and acetic acid bacteria

from palmyra palm fruit pulp (Borassus flabellifer Linn.). International Food Research

Journal. (Subnmitted)



	Cover
	Abstract
	Acknowledgements
	Contens
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	References
	Appendix
	Vitae

