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Silage is an animal feed product obtained from controlled microbial fermentation of green
forage crop retaining high moisture content and preserving the forage crop to be used as succulent
feed during periods of feed scarcity. This study aimed to develop silage inoculant formula from
dominant strains of lactic acid bacteria inhabiting natural silage produced in Thailand and from cow’s
digestive tract. The bacterial strains should be suitable for applying as both silage inoculants and
probiotics. Eleven lactic acid bacterial isolates (strains) identified by their morphological and
physiological characteristics as belonging to Lactobacillus acidophilus SUTC-T2R15, L. brevis
SUTC-SL17, L. fermentum SUTC-P46, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R2S,
L. rhamnosus SUTC-T8F1, Lactococcus lactis SUTC-D44, Leuconostoc mesenteroides SUTC-FL36,
Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus SUTC-M2D3, and Pediococcus sp.
SUTC-F20, were selected from the total of 191 isolates to be used as silage inoculants. These
bacterial strains could grow very well in the cheap developed medium compared to lactic acid
bacterium standard medium. The developed medium composed of cane sugar, ammonium sulphate,
yeast extract, sodium acetate tri-hydrate, di-potassium hydrogen phosphate, magnesium sulfate, and
manganese sulfate at concentrations of 2.0, 3.0, 0.5, 0.5, 0.2, 0.02, and 0.004%, respectively. The
suitable cultivation conditions were at 30-35 degree Celsius without aeration. All 11 selected bacterial
strains had similar growth profiles. Their high cell counts of 10°-10° CFU per milliliter could be
achieved after cultivation for 18-20 hours. The silage inoculant formula was then investigated. The
best formula comprising only single strain of starter culture, which could be easily mixed to prepare
mixed starter cultures before using, was the dry culture formula using soybean meal as supporting
medium and containing approximately 13-16% moisture contents, in sealed plastic bag (500 grams
per bag). The dry formula could preserve live inoculant bacteria during storage at room temperature
for at least 30 days, and at 4 degree Celsius for 2-6 months depending on bacterial strains. It was also
convenient for mixing to plant raw material for preparing silage. The dry culture formula was tested
for producing silages using fresh Napier grass in a cattle farm. Silage prepared without adding
inoculant (control) was compared to products with adding the bacterial inoculants (105-106 cells per
gram of raw material). After incubation for 21 day, the animal feed products were very similar in
appearance, and good qualities. The average pH of the grass silages with inoculants were 4.2-4.5,
which were lower than the control silage (pH 4.7). Five strains of the silage inoculants belonging to
Lactococcus lactis SUTC-D44, Lactobacillus acidophilus SUTC-T2R15, L. paracasei SUTC-T1R18,
L. plantarum SUTC-T1R2S8, and L. rhamnosus SUTC-T8F1 had high potential as inoculants to

produce silage from fresh Napier grass, and could be performed as probiotics in cattle.
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Lactobacillus plantarum, Enterococcus faecium Wag Pediococci Yiand species) Heterolactic bacteria
Y I @ v o T
(o9 Lactobacillus buchneri WMLREIN Lactobacillus plantarum 1 1@3umsdaswunlyuin
S . . . A 9 @ o Yy <3 a o 4
L‘]J‘L! Heterolactic acid bacterium) wmﬂﬂﬁmuﬂim’mmiwummxmlwm1qmim‘uwammm

9 A
WY agu1ansell Propionibacteria $uAY

Sila-Prime "S" 4X Water Soluble (10Ib Pail) starter culture (Livestock Nutritional Services

I a § §
U.S.A., www.backyardfarmerdirect.com, 2011) 11U Starter culture (inoculant) N3 AdnTHANTIAN

4 a 4 4 a
I9iNonan Silages tiag Haylages 1agndnde 10 Youd a1u15ol¥wan Silage 150 Haylage 19
o Y dy Aq Yt A A
1,000 a1 NANYON MFNULLANISY Lactobacillus casei, Lactobacillus plantarum, Streptococcus lactis
a A AAo 1o A 10 ] @ = oy
WA Bacillus subtillis GluﬂﬁﬂWmﬂl@%L‘UﬂﬂL GNUNWIUNMNUAD 1x10  CFU ADNTU LaZUUIND
Dextrose
UTHN Pioneer Hi-Bred Japan, Co., Tokyo Uszmaqiilu waauuanisoniauananyiia
[~ { ) [ a
Enterococcus faecium, Lactobacillus plantarum W& Lactobacillus buchneri Wunduvedmsunan
. . 9 o J o
Maize silage dvisuvhsulauy  Enterococcus faecium Wa¥ Lactobacillus plantarum 11l
{ a 3 a { @ %
Homofermentative lactic acid bacteria NHAANIALANANTIN pH voiaquiinanasmudoints

1< { a 3 a
e Lactobacillus buchneri 1Y Heterofermentative lactic acid bacterium NWAANIALANANLAL
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aa { 1Y 3 a ¥' y a
NIABLFAN NAWTDIUSINIINTYVRITAANAANIITEVDI Silage TUANMIZNNOONFIAU (Li and

Nishino, 2011)

a

. . ; 13 a P a
lud1u Probiotics %9 Fuller (1992, 1995) 1@ 1#anunuie Allugdunioniiziaviia
2 A a A . . . Aq Yo A o A t( ] [
ReIMTONA0TUA 1T0 Microbial stimulant N1¥NuAUNIodaIelss TowilundmslSuilys
wvAa . . Sldd? =& 1 Y A o 0’091’ =\ dd? £ a
auiAved Indigenous microflora 1HAUU FedawaliaunTodadiuliguamaiu Felumswan
.. :/' Y a A dAA A o W < a A g 9 a A 1 Y
Probiotics  Wuldqaunsdntiautadiagae Husaunidnamnsonszdumsnsyniosioaiig
9 1 [ @ P [ Y Aa A 9 a =]
Aanudumude Isnvesdas (host) 18 Humeiuinlineliinalsanseatieensiiy aunsod
AAa (] Aa o Y a = Y . . a2
Finodsoauazinin m“lwwu“luﬂﬁmmum (IANUANNTAMY colonization) TUNIUAUBINT
o J =S 3 a [ 4= 9
vpada? uazmmimmamﬂuwammm Fia'ldumlusznnamsifuiiesons 19a)se Towd

EJ?Ji%NﬁG] Probiotics ﬂammmﬂawmﬂa Lactobacilli T]uﬁlifl‘lfﬂull”lﬂ%ﬁﬂ

qauUn3o {
A0 Lactobacillus acidophilus mwawmaﬁuquazLmazmEJﬁuﬁﬂWﬁMﬁﬂWW@@W%@ﬁ@’;
@8 Lactobacillus species %’uﬁﬁsmﬂmmﬂ%’aéﬁﬁm}u Lactobacillus  delbrueckii  subsp.
bulgaricus, L. casei, L. helviticus (Fuller, 1992) MINAUIATUNITHAA Probiotics é'fqmﬁuﬁuagﬂu
ety Teemmzedietinsdumaieiuigaunidnilszansnitems 1dse Tomifudad
uaaz¥Ua (Fuller, 1992; Tannock, 1992)

Huber (1997) agUfase Tomifdiulaidvnaroszmsves Lactic acid bacteria lungu
Lactobacilli (82 Enterococci ‘ﬁcl%}l,‘]dju Probiotics 811151 1ANT1ID (cattle) chlléfuﬂ' (1) MIINIZAN
(Adhesion) U84 Lactic acid bacteria AWM 1AL IMNTVBIdA M IR oarunTodavnemame
vouwafiGenelsn (2) M3Ma Neutralization V04 Enterotoxins Fuialdnnnannareamalu
FLUUMUAURMIT (3) MmIaaanuilunsa-a (pH) luszuumaRuems Fnlidugamstity

ao d

v o J o L4 a {
%TH’JU@Eﬂ\?NWﬂNWﬂGUﬂQLLUﬂWﬁfJVIGlﬁII‘VIBﬂﬂﬁ@n iag (4) ﬂ'lﬁﬂi$éjuﬂ1iﬁ\‘]lﬂﬁ1$ﬁﬁ1ﬂﬂ1’\ngsﬁuﬂﬁ

= o W a a A d
1!WﬁEJ‘Uﬂﬂﬂ1il%ﬁﬂgﬂl@ﬂi}ﬁuﬂiﬂﬂ@15ﬂ

9 Y
A

a o J c?;’ < 1
Gluwmﬂu’mmim@ﬂﬂﬁ% m!ﬁmmmuu Rumen WUNIZINIZOIWTAIULIN (Fore-

? A A da

stomach) ﬂl@iﬁ'@]’)“ﬂhﬂﬁﬁﬂ‘]&lm umwaamﬁﬂummwmu@u Lﬁ@\ﬁﬂﬂﬁﬂﬁﬁﬁﬂﬁ?@ﬁi@ﬂﬁ“ﬁ

Q

A A A A 9 Y a

Y4 [ o -4 [ a 4
DIN1ITAN "]NiJi]a‘lﬁfliﬂ!ﬂfJ’J"'lJi’]\iﬂ'JEJ‘VN‘VIl‘Vi']Ji%TEJGHHLLagI%Bﬂﬂﬂﬁ?%uﬂﬂ‘ﬁuﬂﬂlﬂﬂﬂauﬂgﬂ
= ' a ~ o ' & A Y o
ﬂ"liﬁﬂrl‘:l”lIﬂEJfT’JulWﬂJiNmuﬂig‘U’JuﬂWiﬂ@ﬂ !,La3Uﬂﬂ1ﬂmﬂﬂﬂﬂuﬂiﬂiuﬂﬁﬂﬂﬂ HAUNYIUDIND
a v o
Tn¥UIMSHAz a3 5INGV0ITA) (Hungate, 1966)
A A IS a I a ad 1 U & A & A ' 1
Llﬂﬂﬂliﬂﬂiﬂuaﬂ@]ﬂlﬂ_]uﬂﬂu‘ﬂiﬂﬂqm@uﬂquﬁuﬂ‘ﬂv\lﬂ‘lu Rumen GHQTIW‘]JET'JHGLWEUUHJUW’Jﬂ
I { 1 Aa 1 4
Lactobacilli, Streptococci L101% Bifidobacteria vazilumaniny ludmvesssuumaauemsaIuou
ﬁ'amsﬁuﬁu (Dutta and Devries, 1981, 1984; Hill and Hill, 1986; Karney et al., 1986; Stewart, 1992)
o = a == 1 dytv v J Ao Yo
ﬁ]”ll!’)l!ﬁiﬂﬂill”lﬂ!“]]ﬂﬂllﬂﬂ‘ﬂﬁEJL‘VFZ‘]11!NHLL‘]_Ii@]”lil’fﬂq“'llﬂﬂﬁﬁjlmgﬂ”lﬁ”ﬁ‘iﬂﬁ@]'ﬂﬂi‘ﬂ (Krogh, 1963;

IS Aa 4 v o a 4
Jayne-Williams, 1979) uuafiisensauananly Rumen Ne1veaiUdaiaInnsing Lactic acidosis 11/0
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= A . . Aa ~ o Y a < Y A v MY
Unsawtia Lactic acid Tusmafiganinlu Rumen shlviimanmsgagunsadinszumioavosdad @
I~ a 1 [ a ¢
uaziluaurgliing Acidosis (Stewart, 1992) uad1em1501S UANNANAAVOIYAUNTS 11 Rumen 18
. = a £ A A A ~ 3 a v JqY A I~
Lactic acid NiJuanssianianuuanGaunsvaunwuiudnaly Rumen vosdad louazilasudlu
Lo RN S S D, a o a s 4
Propionic acid BUNeAH0IDINS IRanamiuunmuIululauy (Bartey er al, 1979) AN
= Y A v o I Y A2 Ad A = 9J [y o A . .
evoeuanGenudatonaumienitunaulanwdluilegiiuae UNUMUeY Lactic acid
. A o Y o o’dy tﬂy =\ dd? £ a o 4 .
bacteria N 1MgNTAIAGUDDINTUMNATY FUAAINMIUTVANAEIVDY Microflora 11 Rumen
(Gilliand et al., 1980; Fuller, 1992 t1ag 1995; Huber, 1997)
e A < . . oo dad )
Lactobacilli N3nWull Rumen W1 Micro-aerophilic lactobacilli N9 Heterofermentative
lactobacilli 1A Lactobacillus fermentum, L. brevis, L. buchneri W& L. casei 156¢ Homofermentative
lactobacilli 1&un Lactobacillus acidophilus, L. ruminis W% L. ritulinus (Stewart, 1992)
Streptococci Anulu Rumen o ’;uimj@&ﬂumju Lancefield’s serological group D (Hungate,
1966; Latham et al., 1979) SHaaunNy 1Y Rumen Ao Streptococeus bovis tazo1wuyHiaoua laun
Streptococcus faecalis, S. faecium, S. durans (Ziolecki and Briggs, 1961) Uae S. liguefaciens (Ford et al.,
1958)
o o . . AaA ' Y Y
FMSUNIN Bifidobacteria NH318911316n 1491 Rumen Jaun Bifidobacterium globosum, B.
longum, B. adolescentis, B. thermophilum, B. boum (Scardovi, 1981), B ruminale (Scardovi et al., 1969;
Trovatelli and Matteuzzi, 1976), B. merycicum W% B. ruminantium (Biavati and Mattarelli, 1991)
A A A A Y Y 1 ! . g .
LUANLT EJLLﬂiiJU?ﬂﬂuﬂW?Jllﬂﬁlu Rumen "lmﬂﬂ’qu Clostridia, Peptostreptococci  {01%
<l oA E) 4] ~ =~ 2 1R Jo v o o
Methanogens Wunquinansnad wunauey Tudoazimu Fa ez aendmsuda’
4 o [ a g 1 a o a $
(Hendersen ef al., 1981) 13/0 Rumen vo3da3tunainavuunninag liinalsanesda (Bloat) ¥4
Aa Y A dyre' 1 o v A A 9 A a A Ao o Aa o 1 (] A
msna lsanesaatiunaswnuannilatenneiieneo yHAYEINSNAAIVST 1A @108 1UFU WY
v A =) [ Yya o Y a a ~
asznanani llsaugenedineme 14 tazwiinvesgaunsdlu Rumen
~A o 4 aa A ) YR = [
{3aNbAl 50AN0Y WAz IABINT guauiia (2545) ladnuidennuawnsalunisedion
. e a ;g v o @ o 1
Y09 Silage lactobacilli Tumauaueisvesla Fududoyaduuzdiaenuiuod Lactobacilli 9
o o Y o A a . I o a .
minzandwmsuladuiurelumswan  Silage tazise TordlumswauInsHan  Probiotics
) [ - =~ a a = 1< a .. Y a
dgmsudatecnalszansamludszmalne  Feovsziumsnan  Probiotics @elumanan
v o Aa J U ] { a
prnsdadIsiaRe) 1NMsANEIHnIINITogTen Iaumasvos Silage lactobacilli Tun1g@An
1 9 ~ ] ~ Yo . |l 1 A Y [
p1M15U04 InAp U 19nIn lur1an In la500111s Silage pENADILDY LAZAATDIANHAININVYA
8 19 J { 1 a Jd a
1011115 Silage FalndiAsatuneuniinslie1ris Silage t1n lanaasd MAMNMTAATIZHBNAVDS
{ <3 3 o ' o ' @ ' { g
Lactobacilli N4gnuaziaaninuNiInaI08190113 Intazalioeaanlanaasd (F1e819nnuN

Rumen uazyjamaﬂﬂmam) WU Lactobacilli ¥HAIAY Ao Lactobacillus plantarum, L. brevis,

Y] 4
L. buchneri, L. casei, L. delbrueckii, L. fermentum, L. fructosus W% L. hilgardii UagWUTIENWUTF
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Y94 Lactobacilli NHANNaIsalumameaataziniglussuumaanemisvedln uazlinnu

[ [ 4 4 v
Tl 1dnee e uriuvensenduvemunzaulunsnan Silage



UNA 2
AFAUTHUNIIVY

o a o v & Y o gy A (ava A
mimmmmmaﬂmami ﬂ”li‘W@Ju1§jﬂu‘]_l‘lﬁllﬂﬂﬂa”lﬂfﬂﬁﬂﬁﬁllﬂ u“l%ﬁmuwﬂgummm

Y a va A a A A s A A A 4 ~ a [
wmﬂammmammm (@MIATIUD 2) ﬁuﬂlﬂii’)\‘m’E]’JTIEJ”I?[”I?(@?LLagmﬂTUTﬂEJ UN1INY1QY
~ ~ = A Yo A A = Aa 9 v 9 vy
mﬂiuiﬁﬂfﬁuﬁ LlagllE‘T'JL!GU’ENQ”Iu‘ﬂ]lﬂﬂ1!,1!‘Llﬂ”li!‘WM%Wﬂ!muﬂ@ﬂ"ﬁ%ﬂaﬂ\ma@]ﬁﬂJ"lﬁiJﬂﬂ’JflﬂﬂW
A Ayyo Ay Yo oA s 9 A 'y v ° A '
ﬁf@ﬂUlﬂW%luWﬂUlﬂi'Uﬂ’ﬂiJi’JiJiJ@%WﬂV\hiiJLﬂ‘Hﬂiﬂ‘i@!ﬁﬂQIﬂHNﬁHUWH’JgQLLﬂ’J muammaaim
o a [ Y = [ o Y o A Y At o A =
DUNDFIUUU WHIAUATINFAN ﬂéﬂﬂ!muﬁg’)ﬁﬂ-@.ﬂﬂﬁmﬁaﬂﬂl‘ﬁ Llﬁg’lﬁQWLUUﬂﬁﬂlﬂQTﬂiﬂﬂﬁ uy

Y]

9
=
ANU

2.1 gunsaiilslumsautiumsidy

2.1.1 agHami

E4
A v A

ﬂqﬁmcﬁwé’ﬂﬁ'i%’umu wiloflanwdu'le  (Autoclave;  Hirayama, Hirayama
Manufacturing Corp., Japan) @ij’e)ﬂvl@%l ®U (Hot air oven; 1375FX Shel Lab, Sheldon Manufacturing,
Inc., US.A)) ﬁlﬁ&l%ﬁl&ﬂ?g (Laminar flow hood, Caireb Clen Air, The Netherlands) ﬂi'ﬂulﬁ?:ﬂ
qmﬁ@,ﬁ 25 uay 35 osAuvaFea (Shel Lab, Sheldon Manufacturing, Inc., U.S.A.) ?Izjﬂ’J‘UﬂiJ
qmwgﬁ@‘iw 4-12 paraIBea (FOC2251 Velp® Scientific, Progen Scientific Ltd., U.K.) @i’mﬁuﬁq
20 aAura¥ed (HLLE-370 Heto, Heto-Holten, Denmark) f%m‘i"mﬁmcdvyﬂﬁuﬁuaxmi%amw
m%ﬁqaz@aﬂ (Analytical balance, TC-205, Denver Instrument Company, Japan) Lﬂ?i’)d‘f?ﬂﬁﬂ”lll
(Pan balance, LB3200D Sartorius, Sartorius AG Gottingen, Germany) Lﬂ?ﬂﬂﬁﬂﬂﬂm‘]ﬁjuﬂﬁ A-A1
(CCMD 510 pH and conductivity meter, WPA, England) m?mﬁuiﬂiaﬁ (Colony counter, Colony-
Star, Germany) ﬂé’awam ) ﬂﬁ%ﬁﬂ“ﬁi%&tﬁ 1 (Light microscope, Olympus BX51, Olympus Optical
Co., Ltd., Japan) ﬂé}’f)ﬂi]‘aTlﬁﬁ‘lf&gﬂ@i@u%ﬁﬂﬁﬂﬂﬂﬁﬂ (Scanning electron microscope; SEM;
JSM-6400, JEOL Ltd., Japan) NABINIEMNAIAAUIN (Olympus, Camedia, Olympus Optical Co.,
Ltd., Japan) leNliJWﬂ'J‘]JﬂiJQﬂlﬁ{]ﬁ (Water bath, 1245PC Shel Lab, Sheldon Manufacturing Inc.,
U.S.A) m?mmuuﬂmﬁﬂ (Magnetic stirrer, C-MAG HS 7 IKAMAG", IKA®"-WERKE GMBH
& CO. KG, Germany) LﬂémmmuQmﬁgﬁgﬁmﬁu%m’m DNA (GeneAmp PCR system; Px2
Thermal cycler, Thermo electron corporation. U.S.A.), Anerobic/Environmental Chamber (Shel Lab,
Sheldon Manufacturing, Inc., U.S.A.), Electrophoresis apparatus (MiNi SUB 'DNA Cell, BIO-RAD,
Italy), Freeze Dryer (Heto Dry winner:DW 3, Denmark), Microcentrifuge (Strip—FugeTM, Clover Labs,
Taiwan), Micropipette sets (Nichipet EX, Nichiryo, Japan), High speed refrigerated centrifuge

(Avanti 26 XPI, Beckman Coulter, Beckman Coulter, Inc., U.S.A.), Spectrophotometer UV/VISIBLE
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GBC 916, Scientific Equipment Ltd., Australia), Vortex mixer (Finevortex, FinePCR®, Korea) Lo

UV transilluminator ndoundosn 193 1 (SynGene, Synopics Ltd., U.S.A.)

[

2.1.2 @R

] ~ I v 1 dy A 9y dy o % a va A A Y
ﬂﬁﬂﬂﬁl“ﬁhﬂ\‘]@’ﬂl’lﬂu mﬁmumwumummuﬂgmmiﬂqama‘wm nasaLnUae

EX)

a a 1 1 & o v I Jd a -4

‘Wa1?(@]ﬂ“l)"L!ﬂ“VlL!ﬂ’é)ﬂ']iL!,Glfllsll\iﬁ']ﬁiﬂlﬂﬂl‘ifaaﬂau“ﬂgﬂ GU'JﬂPhLﬂaEJ’JGUHWWUii%Q 250 g 500
1 1 Y

iadans Anuanuieulumsiiaainde Anaerobic jar 8¢ Anaerocult A (MERCK, Merck KgaA,

Germany), Centrifuge tubes YH1AUTTY 50 1AL 250 Hanans Microcentrifuge tubes, Micropipette tips

a

oT31R819AUNSE 14UA MRS medium (MERCK) 182 ROGOSA agar (MERCK) #1357 19i3en
61%15&%&1&@81&%%5 1&un Beef extract (Himedia Laboratories, India), Glucose (Carlo Erba Reagenti,
Italy), Proteose peptone (Himedia Laboratories), Skim milk (MERCK) tai¢ Yeast extract (Himedia
Laboratories) @19 T zﬁmmmw?mswﬁ (Analytical grade) 1&un Tri-ammonium citrate (Carlo
Erba Reagenti), Ammonium sulphate (Carlo Erba Reagenti), Bromophenol blue (USB", Amersham
Life Science, England), Calcium carbonate (Carlo Erba Reagenti), Magnesium sulphate monohydrate
(Fluka BioChemika, Germany), Manganese sulphate monohydrate (Carlo Erba Reagenti), Di-
potassium hydrogen phosphate (Carlo Erba Reagenti), Sodium acetate (Carlo Erba Reagenti), Sodium
chloride (MERCK), Tween 80 (ACROS ORGANICS, U.S.A.), Sucrose (Carlo Erba Reagenti) L@
Urea (Carlo Erba Reagent) @153 1zHaeiusueuaiizonsauananaiemaiinnieiine
Tmaqa"lﬁ’ufi Agarose (SeaKem® LE Agarose for gel electrophoresis, U.S.A.), 10X PCR buffer
(Invitrogen, Invitrogen Life Technologies, U.S.A.), Ethidium bromide (ACROS ORGANICS),
Ethylenediamine tetra-acetic acid (EDTA, Sigma®, Sigma Chemical Co., U.S.A.), Ethanol (MERCK),
Isopropyl alcohol (MERCK), Magnesium chloride (Carlo Erba Reagenti), Genomic DNA Purified Kit
(The Wizard Genomic DNA Purified Kit, Promega, Promega Corporation, U.S.A.), Gel and PCR
clean-up system (The Wizard” SV Gel and PCR Clean-up System, Promega) Q@7 TIMN 1FU
Lysozyme (Sigma), Mutanolysin (Sigma), Pronase (Invitrogen), Proteinase K (Invitrogen),
Ribonuclease (Invitrogen), Tag DNA polymerase (Invitrogen), Oligonucleotide primers (The Science
Pacific Company Ltd., Thailand) (t8% Nucleoside triphosphates (dATP, dCTP, dGTP, dTTP; Perkin

Elmer, Applied Biosystems Inc., U.S.A.)

A v d a A & A A Y g Y &
2.2 nmaammzmnaaumﬂwuqmmsmﬂmsﬂn5asaanmnawa°lm1]una1wa

A v d a A & A A Y g v tg
2.2.1 ﬂﬁ!aﬂﬂﬁwwuij"ﬂﬂﬁlmﬂmﬁﬂﬂiﬂ!!ﬁﬂﬂﬂmi’)ﬁl‘mﬂuﬂml‘vﬂ

A v ~ A 3 a o a1 A 9 v A a
Laaﬂmawu‘gmaumﬂmsﬂﬂimmﬂ@]ﬂmﬂwu‘qmmnW‘u“lumgmmwwa@iuﬂizmﬂm

v
A A

o A s o a 4 3 o w ¢ 2
Taoondeyaunsdnaauen ldonsssumauaz nTuur Tud s il Probiotics dmsuTa duilu
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ya o

AN Ya = AN Yo a 3 Qy Y A o J
Nail”lﬂﬂllﬂ3Jﬂﬁﬁﬂ}l”ﬁlﬂﬂw'ﬁ]EJLm%ﬂﬂ!g“Vl]lﬂﬂ”lmumiﬁ]ﬁ‘LlLLﬁ’J (AIaNHAU T0ANDY LATAUS, 2545;

Y q

y
Yy A XK

@ 4 aa va 4 ) a I~ g a
fﬁaﬂ‘]&lm TOANDY LA IAHINT FUTNUAN, 2545) Lﬁﬂu”Ill”lWﬂ@]ﬂﬂ”IL%@“HQ@”H]HJL!ETJLHJUﬂé)”IL‘A]f'E)GHH@]

£ Q

)]

9 9 9

a | A A = A A Yy v A Ao 1A

PR/ TDIYONTY Lll’f]mfl\‘]clu@']ﬁ'lﬁla UFDLASTNNIETNINUISTY AWAUNUNITINAANATNITNAIG
< ' Ao @ v ¥ a o g a .

%gﬂju@nlllLﬁaQ@1W1ﬁlﬂw1$ﬂ%1!ﬂu@@\‘lﬁl“maEl\‘]l!‘Uf’W]liﬂﬂiﬂllaﬂ@]ﬂ (MRS medium NMARUIN A1)

tﬂy a = Aq Y d £y dy = S o
IFOUITAND (Pure culture) ﬂi%tﬂuﬂa’]L%ﬂMﬂWﬁlﬂUﬁﬂ‘H']Iﬂﬁl Cross streak 1JUD1115 MRS

=

agar (Manuan a1) uldnSyhgurgl 37 esmuaades luanmloongiou lu Anacrobic
chamber (Shel Lab, Sheldon Manufacturing, Inc., U.S.A.) 1111721 48 $9Ts Sedeasluiunge
(0.85% NaCl) (MARIN ¥9) Jasare TiTanududuvourad lieonh 10° iadvoiadans
Fuansazanw Skim milk (10%) Uasaiife 17 lAanududugaiieves Skim milk 110D 5% wary

Y a3 { a
Tadhiu imufigavgll 20 eerisaidod

U d a A s a a4A d‘ Y % &’
2.2.2 ﬂ]iﬂi?‘ﬁﬁi’)‘ﬂﬁ1ﬂ‘ﬂﬂijlli’)ﬂ!!‘].lﬂ‘n!ﬁﬂﬂ‘iﬂ!!ﬁﬂﬂﬂﬂ!@f’)ﬂ!Wiﬂ‘U!ﬂHﬂﬁ]!‘U@
o ¢ . A da Aoyl g & g A o a
ﬁi?ﬂﬁﬂﬂﬁ?ﬂwuﬁ‘mﬂﬂlmﬂﬂLiﬂﬂiﬂ!mﬂ@ﬂ‘V]Lai’]ﬂLWﬂi%Lﬂuﬂﬂ”ILGIfi’Jﬂ"JEJmf"IHﬂTINGH'J'NIEﬂ
Tmaqa Wumaiia Polymerase chain reaction #1875 Random amplified polymorphic DNA (RAPD) 9
< A Agyaow Y o A Y @ dy 9 @ £ Y ~ o 4
Lﬂulﬂﬂuﬂﬂﬁj?ﬂﬂqﬂwwuuw’E]Gh"iL°I"i§J1$ﬂ‘UﬂWi@]i')%W““ﬁ@!ﬂ1??%18135%@”??14\1!&’0'J (Qfﬁaﬂ‘]%lﬂ!

=~

v
@ o v A 4 .
FOANOY LATABIE, 2545) FINNINITHIAALIIAD 10 INAUBS Ribosomal RNA gene Junsaitiuaiize

[

o da 3 @ 1 a { 1 [ a a
aovug maeniuds higunsaseysianuiveu lddeanyuzneduguineuazas sine

o d A & A A A A Qv g y A g
2.2.2.1 MIasaumeNHgvastuaiizansaudnanimenelfilunduredie
an¥ENFugIINgEza33INN
= % a J
1) MAnIdaUg I INVoUYad
= [ a 4 S 9 =S 4
ANEFUTIUINO VDAY AU VANG IR TIOUTFAAUULNTY  (Gram

stain) 9INNIINTONTOH Smear VOILUANTEDIY 18-24 F2TUI NATYUUDINIT MRS agar

1 ] S =< /9 Ya 1 v Y 9 = .
vuruuia ladnazenasayad Inaauruuia lasdiennuion vead Crystal violet

Y 3 a9 =S 9 c’o‘

(ManuIn n1) 1¥NIuses Smear 1Wua1 1 N a19800AAWH LI HALHEA Gram’s
. . 1 3
iodine (MANUIN ¥5) 1¥NINT08 Smear 1Wuan 1 W1A 819508 Smear A28 95% Ethyl
alcohol #1358 Acetone alcohol (MAKNWIN V1) U 1UTFNUIIUBY Crystal violet DONN LA 1)

a a A 9 Y g’ v a9 Y 9 = . I
AI51AU 20 1N 319AeTINUN SouNVIDY Smear AT Safranin (MANUIN A2) (T UA

Ay v o 2ey v w9 ! 3y A o s v v
1 i a1eaei naludie ndinsnagilig Tassada nasmaFesdrvessan diended

P S a A
yanssaiuuulduas ndesganssmivianlduas (Light microscope, Olympus BX5I,
o w 1 [} J

Olympus Optical Co., Ltd., Japan) D1a3%81¢ 1,000 N1 Javinaveawadaiy Ocular

. £ Y A 1 4 .
micrometer 53 laeuadann Stage micrometer
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2) msnagevaNiANeTundaIeyanaaoy (Detection kit)
nAdeUANTANNTUATA0ANATOU API S0CHL (Bio-Mérieux, bioMérieux,
Inc., France) 1081¢3 ﬂhl%@ﬂ?ijﬂ%qu 1824 %2714 95 QyUUO 1T MRS agar Tutiunde (0.85% NaCl,
MARIn ¥9) Uasase s Taaans U511%¥TiAN19 U84 Suspension  VYOIUKAAINIAY McFarland
standard scale 2 (MANWUIN V7) I Suspension voudeiiesonldiiuasluiday Microtube 199 API
SOCHL strip 34 50 Microtubes uazduiuMIaNAIuZIURIHARYANATOU

v ¢ A A G A A A A Y -
2.2.2.2 f’niﬂi?“ﬂa”ﬂ‘lJa"ﬁlWH‘];ﬂﬁN!!iJﬂ‘ﬂ!ﬁﬂﬂiﬂ!!ﬁiWIﬂﬂ!aﬂﬂ!W’ﬂ{l”ﬂ!ﬂuﬂﬁ1!‘]‘99132]35
Random amplified polymorphic DNA (RAPD)

Y4 a A S a A A A Y FY dy Y as
ﬂiﬂﬂﬁf)ﬂﬁmﬂuﬁﬂlﬂﬂlmﬂmiElﬂiﬂuaﬂ@]ﬂ‘mﬁ@ﬂlW@ﬁl%LﬂuﬂﬁH%@ﬂﬂﬁl’J‘ﬁ

Y Y
RAPD Tag@uiiumsamuiuaouadil

1) MIANAN3OUEN Genomic DNA 2INTAAVDY HUATISINTAUSNAN
o A ) ¢ A 3 a o oA
ananIoLyn Genomic DNA NEFAAVDILUANITYNTALUANAN TN UGN
v A IS Y di’ oA Y v . . . . .
Aadonilunauyo mmumiiﬂﬁﬂﬂﬂ;ﬂﬂﬂﬂ Wizard Genomic DNA Purification Kit (Promega,
. 9 an AY a o Y L v
Promega Corporation, US.A) Iﬂﬂﬂmlfﬂﬂ\ﬂ‘ﬁﬂﬁmﬂ‘ﬂEjNaﬁiﬁﬁuLm%@1ﬁfﬂl@Ham@W]‘Lﬁnﬂ
:ﬂ' Y v A AaaAa = an d'slcsz wdyo ==\
Luchansky ef al. (1991) LW9(11’7LWNT%ﬁNﬂUﬁQN%J@LﬂTWNWﬂ “HQ?‘ﬁﬂTiﬂi‘BNﬂlH@]ﬂUﬂﬂu HIUANLTY
v 9 o o a A Aaa
Maealu MRS broth (MaAnuIN A1) Wunar 16-18 ¥lue USwes 1 Neddas ussgaslu
. . a aa P ~ < 1 A g ~
Microcentrifuge tube (vua 1.5 yaaansg) Llajﬂullﬂﬂ‘ﬂﬂ’JﬁJﬁ"J 12,000 50UABDUIN L‘]_IHL’JQW 3UMN
J % uszl a
Arad nilansIAIe TES buffer (MANUIN V12) AN 50 mM Ethylenediaminetetracetic acid (EDTA,
a a Jd A A a o J
pH 8.0) II'H'NW]'i 240 UliJIﬂiﬁﬁﬁ AIATAYASNOULY AR LANT1TALAY Lysozyme (10 HAANTUND
iiadans; Sigma) 30 1uIATaAT 1AL Mutanolysin (1 Naansuaeiadans; Sigma) 20 lulnsans
v . ) Y Y o ' ' Y 9 A A ~
WL ﬂ']ﬁl‘l]ﬁﬁl Pipette tip 611’?&"’1]1?71'! VNHADAUIIIFIUATUUNAUNGUH YN 37 DALY
& o S a . . . = 2
Wunan 1 92 Tue 91T WAN Nuclei lysis solution (Promega) YT 300 lulnsans A EUS IR Ay
Y9 o 1A ~ ~ < A A g9 s b
‘IJEﬂEJ Pipette tip Gl,ﬁlflﬂﬂu UUnNgangu 80 DI LKY Lﬂu!’)ﬁ1 5 UIMN LW@GlﬁLG]famL@lﬂ MUY
mimaummmuﬁ’m (ﬂiwmm 15 mﬁ) IANA1502a18 RNase (Ribonuclease Invitrogen' 4

Y

HaansunoNanans) USuia 1.5 lulasans Wﬁuiﬂaﬂauwaaﬂw 09 25 ﬂ’ﬂ udrsetiuReamail

E] U

)]

~ | ~ A 0 ! P a gy
37 oNAUYALBYT Wuran 30 U WBATUIAN mwa@ﬂmuwﬁn“lmqmwnmmﬂmamw

G 9

a

LﬁWﬁuquQﬁﬁﬂﬂ @1 Protein precipitation solution (Promega) 100 1uTas@as aslu RNase-
l ] 9y . ~ < g a ~
treated cell lysate WEUDYINTIALIY Taol® Vortex mixer NANNLITIFIFN Wuat 20 9 1N
: J & & A YR D A g ' ~
NADAUIT TV IUNTNUUUU Wuran 5 UM uanviluennanus? 12,000 39UABUIN UIU 3
S 9 ! £ . ' 1 . .
W ediuld (supernatant) ¥391 Genomic DNA 8§ Taaqlu Microcentrifuge tube (V1@ 1.5

iaaan) viaea 1MiNU539 Isopropanol (MERCK) U511a3 300 luTnsdns wauTasnauvaoniu-

o A 2 A Ay v y Y <
BNGIRN ﬂuﬂszmmuﬂqmmnmm DNA tnutng3y DNA ‘V]11@11@]8?713{]1!!,!8?1@]38?1311%53 12,000
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soUADUIN WU 3 W ndIuld (supernatant) fap8193eiaszTe A199Znon DNA §10 Ethanol
(70%) Tal¥azneunia Alszaiar 30 Wf) 1E139aza1BAZNOLEI8 DNA rehydration solution
(Promega) V5105 50 lulasaas  esaviannududuues Genomic DNA fafa’lddne
Spectrophotometer (Smartspec plus, Bio-Rad Laboratories, U.S.A.) ﬁﬁ software JAANNYUYUVD
DNA fianweninay 260 1 Tumns wleuiansa9m1 Genomic DNA fiarfia’lddas Agarose gel
electrophoresis 1% 0.9% Agarose (Low EEO Agarose, BIO 101, Inc., U.S.A.) Tuansazaty Tris-
Borate buffer (TBE) (MAKNUIN V13) 1az1¥ 1 Kb Plus DNA Ladder (Fermentas Life Science, E.U.)
13J14 DNA Molecular weight markers BAFUUDY DNA uvadaomaeadndliih 100
I’J’d‘ﬁ AIVMIR N UIVDALDY DNA (DNA band) Tasdon Agarose gel #18 Ethidium bromide (1
TulasnSuiiaaans) Wlunar 15 WA uazasIvgmsiSewaveway DNA @y UV
Transiluminator 11a281W1 RNA ﬂuxﬁauaéiuﬂ?nwmqq f5a RNA sendnaitlagldmsaza

RNase (Sambrook et al., 2000)

2) MIHMVVUNY RAPD MIamstiiudsuias DNA dsemnnaiin Polymerase
chain reaction (PCR)

a 4 v J A A 3 a 9 Aax dy ] A
MIVATIZHENORUTURIUANITINTALANANAIEIT RAPD 1 oo

UT118 DNA 910 Genomic DNA U841UARIS8A8NATIA Polymerase chain reaction (PCR) Taga3 o1
PCR reaction mixture U5was 50 Iulasaas lunaeanishia vwaussy 200 lulnsaes

aU152NoVUDY PCR reaction mixture ﬁi%ﬁﬁﬁﬁ 1X PCR buffer 13 1.5 mM MgCly (QIAGEN,

QIAGEN GmbH, Germany) 100 luTa3 Ty (LUM) ¥@3isiazs1iaued Nucleoside triphosphate (dATP,
dCTP, dGTP, dTTP; Boehringer Mannheim, Boehringer Mannheim GmbH, Germany) 20 winlya
(pmole) U84 Primer 3 (5°-GTAGACCCGT-3’; RAPD Analysis Primer Set, Pharmacia Biotech, Sweden)
1.6 1YY (Units) Y99 Tag DNA polymerase (QIAGEN) (a1 100 W lunsy (ng) Y8 Genomic DNA

ynuEunszULMs IS DNA lupTosnrugueungl (GeneAmp PCR system;
Px2 Thermal cycler, Thermo electron corporation. U.S.A.) 31U 40 50U Tﬂﬂ”l%’qmwgﬁuamm
AU Feil

=

{ A I
(1) Denaturation NYM¥ I 94 DIFUxAITYd 111Ia12 WM

a =

1] ' H <
2) 59U7 1-40 Tagusaz 59U152NOUAY Denaturation NMNAN 94 oeruvarFod 1ua

U

a ~ . ~ a =~ <3| ~ . =
30 IUIN Annealing NYUWYU 29 dIAGALHIN Aunan 1.5 U uag Extension 1

a ~ <3| =
QUNYU 72 DIFNH ALY Wunan 1.5 wn

a =

. = | =~
1a¥ (3) Extension NYUNYN 72 DIAUFAUF YT e 10 W

U
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6, r
3) MIAATIHHaNan DNA fIFNUNIZUIUNTT PCR AIENnNAiin Agarose gel
electrophoresis 4asuyUANY RAPD

AT INTIZRNARE DNA  9InveunadfisunszuIums PCR  laold
younadlsum 10 luTasans weuniy Loading buffer (Manuan v6) 2 lulasaas udaussyaslu
¥09 (Well) V04 Agarose gel (1.5%; Low EEO Agarose, BIO 101, Inc., U.S.A.) luensazare TBE
(MANUIN V14) 19 100 bp DNA ladder (Boehringer Mannheim) (8¢ 100 bp DNA ladder (GIBCOBRL,
Life Technologies, USA) i1 DNA Molecular weight markers LLEJﬂ"‘]:;Iu“]JﬂQ DNA AYUIARIY
nszua ihaing 50 Taasi 9ntuas i@ umisveial DNA (DNA band) Taode Agarose gel
&1 Ethidium bromide (Fudu 1 Tulasniudeiiadans) Wunai 15 wiil nazasingmsiSoudues
unu DNA melduassandrhloma fnmegianay 295 nTuwas ¥es UV Transilluminator

% 1 = IS a
Huinua Tagmsnienm agUuuuLKY RAPD Ue9uuaizonsauanan

=2 | z: &’ d' [} U a A S A d' 4
2.3 ﬂﬁﬂﬂ‘ﬂ]ﬁ"ﬂ!ﬂi&’ﬂf’]‘]J“ll?JQ?J1‘Vi1ilﬂﬂﬁ!‘lﬂﬂm‘i"m1$ﬁNﬁ1ﬁ‘§U!!‘Uﬂmﬁﬂﬂﬁﬂ!!ﬂﬂﬂﬂ‘ﬂulﬂ
A
Aflaon

= I dy ﬁl a ) [ A A 2 a A Yo A
?{ﬂB”Iﬁ’?]“L!‘]Ji$ﬂ6‘1JElli’N?JTH15LE’IENL‘]fﬂTlijwﬁiJﬁ1W§‘]Ju‘Uﬂ‘ﬂLiﬂﬂiﬂuﬂﬂﬁﬂ‘ﬂllﬂﬂma@ﬂ

] [ v
= a A A =

o ¥ s A dquy ~ g a o oa A
L‘Wﬂl‘}’illﬂq@ﬁ@ﬁ’nilaﬂﬂl‘ﬁ@ﬂiﬁﬂ?iﬁ]ﬁﬂJVlﬂ‘]ﬂﬁ:ﬂGll@\‘]LL‘Uﬂ‘ﬂLiﬂﬂiﬂllaﬂ@]ﬂﬁTﬂWH‘ﬁqV]m@ﬂ LLAEDINIT

g

S A A ' = o A Y Aq dy I3 o aAAAa dy
Nﬁﬁuﬂixﬂﬂﬂmﬁiﬂllﬂ”IEJLLE]%?JG]‘L!‘IQ'L[GH mwmﬁmuﬂﬂuﬂmamuazmmﬂmmimammma

a

@ [~ . a ' A aa 1 9 dy a A
§an 9l 14 MRS medium (MARuIN A1) Ysunalugae 5-50 daaaas unliweniyngumngil 37 o
= : & o o a

wanfod Tuannl$eondiou lu Anaerobic chamber (Shel Lab) 1fua 18-20 ¥21us Jamsnigy
dy d‘ dy 9 [} 1 = d‘ d‘ =) = Y]

YoureNmzined 14 lnglamimsganauudannnue1Inau 600 w1 Tumas (A, 1Wisuieumsiy

o J a o a .

UIULEDA mm%uumm;ﬂ;m (Standard plate count) mafga%’nwm Ay Spread plate technique

a

o g’ v 9 A A a ~ = 9
(Woolford, 1984) iimsnaassaesdn uwlinuaiseniyigungi 37 osrusadea Tuaninls
a . < ) o { a
P9NHIU 11 Anaerobic chamber (Shel Lab) 1Jura1 48 $21ua as29tiulalatlvoaunnizonasgy
a Y A ax o a [ 1 A d‘ d’
VURIMIUIDIMIT  1ABNITIANINIY IAsTAAINIIQANAULAINANNIAAY 600 W1 Tumas Tu
A

@ Ay AN o Ll dy A A o A Y @ a (=
VYUADUNITIVYNNAIDY N (NNTLALIUANLTY) mmumﬂmman@mmmﬂmazmms'lmumm

] A A g 1 =2 1 dy dy Y dy
ﬂ;ummmﬂmi‘mﬂumuﬂizﬂamjmmms ANE1FINYTLNOUVOIDINITIAEUTD Ail

1 d
2.3.1 FHANAZANMVNIUNHIZ ANV WHAIATUDY
TasldaulsenouFuduay MRS broth (MARUIN A1) uazilasuriinvodumas
4 3 g’ A A 1 Y 1 3’ oy 09/’ dy 9 1
msveudlmhmastiannagnniinglad laun haansie mmbhaa sazuile Aediudua
9 a A A I 1 o A A o I A Y 3,'
ANUANITD UM AT UNTINA UK AINT UOUVOWUANTIAEWUTNADN  WIDNTINAADY

A q oy Yy v A ' s a o
LW@Glﬁvlﬂﬂ'Jqu&UjJGULW]Lﬁil']gﬁllsll@\il!ﬁa\iﬂ'ﬁﬂﬂuvll‘ﬁu'lgﬁuuu
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a Yy v d' U
2.3.2 siiasazanaudnduiimmnzanvewradlulasiou
A a Y 9 ' ¥ =
naaouemyianazanuduiunmmzauvesmad lulasauTagldgasenisn
laninmsnelude 2.3.1 unawwedlulasnuiauls ldun venTudlendamla gi5e uaz nn
o A 3 v
dunand uau
_ : 3 X
2.3.3 Essential element 1182 Growth factor Tuauisenouveserinsias e

o & { a . 1
ﬁﬂmmmmzﬂuﬁéfmmu Essential element LLEI%/‘H%{E’J Growth factor Iua UL

2 & da = v
GUB\‘]911(“5!;@fl\i!“]f@‘ﬂlﬂ_lLlWﬂﬁnﬂﬂ”liﬁﬂBTiumﬂ 2.3.2

= d' v a S A (Y r,'d'cu A
2.4 MIANHITNNITNHNIZADNITIDIYVBIUVANIYT YN UTNAALADN
= ~ 1 a == @ A o A A [ [ I ¥ A
ﬁﬂ‘]eﬂﬁﬂTJgﬂmiﬂgﬂﬂﬂﬁlﬂ‘iﬂﬁlﬂﬁu‘ﬂﬂﬂliEJﬁWWH‘Ij“V]ﬂﬂLﬁ@ﬂLW@MQﬁﬁﬁiﬁqﬂﬁﬂ13$ﬂ
s A Yy

3 a 1y a 4 Y { o o 4
uuafiGensauananaoiugnaamenaig laanga MinadoudnzMIBesimNgfuaoRusg

E]

d’ o A dy dy dy d‘ Y= 9 = dy [ a s A
ﬂﬂmaaﬂuiﬂmamwaiummm"lmwmm Taan3 o (@89 LAZATIVIANTTLATYUDILUANLIIATY
an o = [ d’ 9 [ [ d’ﬁ A

aﬁmimummmwmzﬁlma 2.3 Jvvenannfny Ao

a

2.4.1 Qg

Y

a A a =2 ~ 3;’ csy A 4
%ﬂﬁﬂ‘].lﬂ?]”lﬂﬁ”lﬂ”liﬂli&ﬂﬁﬁ]iﬂlﬂQﬂ!WﬂN"lﬂ’N 4 93 50 93ABaK YT T]QHLW’EJ']J?%IEJGHH

g

qg.: dsldyd' Ao A o & A Aa Y A dsld? 1
mmimmmwawqmwgmmmamsﬂu QmWQNOHﬂNLLH’JTHN%NN@G]i’]ﬂ”lilﬂﬂﬂﬂ“%’f)i%ﬁ’ﬂﬁ@

4 ] a a { 1 a { a
145z Towd wugungivies wazguuginmunzauaemsiylunssindesmsldlumsnaand

g

4
WorazmIkaanavain

2.42 amNNNeanFIau
a A a A A IS a A o . .
nageuminsgyluaniliesndion HosnuuaiizonIauananiing Microaerophiles
4 & { A Y o 7 o 4 ¢
Az Anaerobes FanudluwInAnueendau ldsaiiualse Tewmilumsiinadnde i l4lss Tewnivin
2
I
= (Y] a A A o & 9 o Y d tg
2.5 mﬁﬂnypg]mﬂmmmimst:uuﬂum!mﬂﬂasmm::mmmnlmmzmmmﬁmﬂlmmaammma
ANV UAIY
= o a A A s A 2 & A
Anurigninvesmsnsgaeauuaiize lasmeude luemsideudonazan gz au
an o = v A Y 3 o 1 a A 1 < @ A
aAsmstwesfinunszylude 3 MudlednnnmInignszeznainieg Wuna 3 Ju e
WIHANINMINAADINMINTVDINI3 1Y (Growth curve) HAIINIYNIAVBINIINTYVDWUATITY

o 9 dy I A A A a a a Y dy 1 o
%gcﬂ']Gl‘ﬁﬁ'lll']iﬂlaEl\ulaglﬂUlﬂEl?!c]faaV]ﬁJﬂﬁgﬁﬂﬁﬂ'lwaluﬂ'liwaﬁﬂau%@ gauanuinuas
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Y o v s A 9 9 £ Yy A a v a %
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= o 1 Y @ [ AAAa J o Y J d"
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Yy v
Y I KX A

YA o A A o Y g Y a ° Y A <3 - .
L“U3J6U°L!“’|J1!1!'E)"Iili“lf'}]ﬁ{Iullﬂﬂﬁi@'ﬁ]ﬁ1/]"IGLWHJ1!FNLWNﬂ'JflLV]ﬂuﬂﬂTiVﬂLLﬁQlﬂ@ﬂLHN (Lyophlhzatlon)

ABIATDY Freeze Dryer (Heto Dry winner: DW 3, Denmark)

A A ¢

2.6 Mynaapsrgluuuvesnauvanems iz e
FY dy A 9 ¢ AAan = 1 Y a
naaoamgiuuuvesnduierivensldss Toewd #iIEmamsenlidien dunumsnda

v Y
&1 uazmslelse Teal ladne fail

3y o
2.6.1 gulnuuweuiaussyluganaradn

[ A Aa 4 g a { o " o
TagdauilainnizmnaananssuuaniGensauananinldvinumuy ua Tarnes,

~ v A

4 [ 1 1
2535) uazinieuuaiisenaaaenluemsniaulseneuimangan delszuaais Log
4 H
A A

9y o Y v A dy dy dy dg’ A a
phase (Wad1NVU® 2.5) Tﬂﬂmﬂamm‘ﬂﬂma?Jﬂm!,aENL%FJTL!@”IWI?L@ENL“BB‘V]M?JW%ET:LJ‘]JS?JW\?

A 9 ~ Aa aa 1 Y ~A A a A a =~ 9 a
IUAUN 10 Uaaansg unlduuanGensy NYUNYY 37 a3 saLsaed “luﬁm‘w"liaaﬂmmu Tu

g

Anaerobic chamber (Shel Lab) 841)5zanai1)ans Log phase Iamsasgy Iasiaaimsganauuasi

d'i A dy Ay aln Y a d'o Y = 1
ANNYIIAAY 600 uﬂumm (Aeoo) ﬂim‘lfli’)"l‘ﬂﬁ!ﬂﬂﬂl“lf@ublﬂlﬁmﬁﬁ‘iﬂ‘i/]”IGLW@”IW”IS?J?YJ”IWQH

¥ o a K 44 Y A o Y A g A 7 Y
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= a

Beckman Coulter, Inc., U.S.A.) 7714157 8,000 30UA0WIN Huna1 10 WA Nomwail 4 99N

q u

a Y sy A - Ay ¥ o o
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[Y] 1 1 g ) ARl [}
dadrun1F dnasouianianusulszunm 13% Jsunuse 100 wasaonsuTasdszana as

[
!' o

o 20 A a A ~ L Y v
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Agar disk diffusion MUIBNAAUUAIN Murray ef al. (1999) Tamdsanuaiisonduifounoniig
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MRS agar (MARUIN A1) Mgl 37 osruaadod Tuanwlieonsau Tu Anaerobic chamber

U

=S 9

(Shel Lab) ifunan 24 $2Tua a3oudreaisazate Imdsunan'lsd (NaCl) 0.85% (MARLIN 19)
aoaiie 1% 1dA 2193171 McFarland standard scale 0.5 (11ARUAN U7) Favz 181 5maudo 10
CFU aodaaans laelszunm 19 cotton swab ﬂa@mc‘gﬁ]iju suspension voudoaiend fhoas
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SUTC-T2R15, L.  brevis SUTC-SL17, L. fermentum SUTC-P46, L. paracasei SUTC-TIRIS,
L. plantarum SUTC-T1R28, L. rhamnosus SUTC-T8F1, Lactococcus lactis SUTC-D44, Leuconostoc
mesenteroides SUTC-FL36, Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus SUTC-
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Source for bacterial No. of isolate No. of selected Selected bacterial isolate

isolation for selection isolate code species
Sorghum silage and 20 4 SUTC-D44 Lactococcus lactis
Grass silage from SUTC-M2D3 Pediococcus pentosaceus
commercial/ large SUTC-FL36 Leuconostoc mesenteroides
scale production in SUTC-MCN23  Pediococcus damnosus
Thailand
Sorghum silage and 93 3 SUTC-SL17 Lactobacillus brevis
Grass silage from SUTC-P46 Lactobacillus fermentum
Suranaree SUTC-F20 Pediococcus sp.
University of
Technology Farm
Rumen of fistulated 42 3 SUTC-T2R15  Lactobacillus acidophilus
cows fed with SUTC-T1R18  Lactobacillus paracasei
sorghum silage SUTC-T1R28  Lactobacillus plantarum
Feces of cows fed 31 1 SUTC-T8F1 Lactobacillus rhamnosus

with sorghum silage

Total 191 11
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UNBIAIUIATO Ton sputtering device (JEOL, JFC-1100E, Japan) ﬁm%@gﬂﬁmmzmiﬁ'mﬁwm
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FASUUANITEAI8 SEM (JSM-6400 Scanning Microscope, JEOL, JEOL Ltd., Japan) #4a13139
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Lactococcus lactis SUTC-D44, Lactobacillus acidophilus SUTC-T2R15, L. plantarum SUTC-T1R28,
L. paracasei SUTC-T1RI18S, Pediococcus damnosus SUTC-MCN23 Qs Pediococcus pentosaceus
SUTC-M2D3 (3111 3.3)
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LLURANLIIN maaﬂmawwmgﬂuﬂmwwﬂgmmﬂmmu 11 ?HEIW‘L!‘Q HUNND
Homofermentatives 1182 Heterofermentatives  U8f1919409  Fermentation pathway UBdINIT 4
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astseneumsulemsn ¥ Lactobacillus acidophilus, L. paracasei, L. plantarum,
o Ao [~ . :
L. rhamnosus, Lactococcus lactis Wag Pediococcus sp. TUNUT ﬁﬂmﬁemﬂu Homofermentatives 7
. . a I a 1 c?;’ < a oy ) @
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3 [ { 1 Y] 3 a
A15199 3.2 ANBAULMMENLANANAUYDIUANGINTALANAN 4 N8 (Lactobacillus,

Ao A < Y d" A a £ o
Lactococcus, Leuconostoc WS Pediococcus) NAALADN L“lJ UNAUFDINDHAANYINUN

Characteristics Genus of lactic acid bacteria
Lactobacillus Lactococcus Leuconostoc Pediococcus
Cell morphology Rods Cocci Ovoid, cocco- Cocci
bacilli

Tetrad formation - - - +
CO, from glucose’ + - + -
Growth at 10°C + + + +
Growth at 45°C + 3 - +
Growth in 6.5% NaCl + . + +
Growth in 18% NaCl - - - -
Growth at pH 4.4 + + + +
Growth at pH 9.6 - = - -
Lactic acid” D,L,DL’ L D L, DL

+, Positive; -, negative; +, response varies between bacterial species.

* Test for homo- or hetero-fermentation of glucose; negative and positive denotes homo-fermentative and

hetero-fermentative, respectively.

’ Configuration of lactic acid produced from glucose.

¢ Production of D-, L- or DL-lactic acid varies among species.

11: Axelsson (1998)
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[ wAa a A A s a A A I
ANYUL/AUUA meNamsszu%uﬂmmummiﬂﬂmuaﬂﬁﬂllaicmaﬁmaamﬂu

9 dy A = )=} v 9 wvAa ~ ~ A A S a
nd s onlsoufeniudoyaautaneduaiivewuaiiGonsauananoin
Tudeyainageudieganadey API S0CH/CHL (bioMericux, France)

Isolate code | Colony on MRS agar (48 h)| Cell from Gram staining Gas Identification
Appearance |Diameter| Cell shape/ Cell size | From | API50CH/CHL|% Identity"
(mm) arrangement (um) glucose database
SUTC-D44 White, 0.5-0.6 | Cocci/ 0.7-0.8 - Lactococcus 97.8
translucent, Chains (2-6 lactis subsp.
smooth, circular, cells) lactis 1
convex, entire
SUTC-F20 White, smooth, | 2.0-3.0 | Cocci, 0.8-1.0 - Pediococcus ND
circular, convex, tetrads sp.
entire
SUTC-FL36 White, smooth, 2.0-3.0 | Ovoid, 0.6-0.7 + Leuconostoc 98.8
circular, convex, cocco-bacilli,| x0.8-1.0 mesenteroides
entire chains (2-6
cells)
SUTC-MCN23 | White, smooth, 2.0-2.5 | Cocci, 0.8-1.0 - Pediococcus 93.8
circular, convex, tetrads damnosus
entire
SUTC-M2D3 White, smooth, 2.0-3.0 | Cocci, 0.9-1.0 - Pediococcus 99.9
circular, convex, tetrads pentosaceus 2
entire
SUTC-P46 White, 1.0-2.0 | Rods, 0.5-0.8 + Lactobacillus ND
translucent, chains (2-4 | x1.0-2.0 fermentum
smooth, circular, cells)
convex, entire
SUTC-SL17 White, creamy, 3.0-4.0 | Rods, 0.5-0.7 - Lactobacillus 99.8
smooth, circular, chains (2-6 x0.8-1.0 brevis 1
convex, entire cells)
SUTC-TIR18 | Convex, without | 1.0-2.0 | Rods, 0.6-0.8 - Lactobacillus 99.9
pigment, entire, chains 2-4 | x1.0-1.5 paracasei
opaque cells)
SUTC-T1R28 | Convex, entire, 2.0-2.5 | Rods, 0.6-0.8 - Lactobacillus 99.8
light yellow, chains 2-4 | x1.0-2.0 plantarum
opaque cells)
SUTC-T2R15 | White, smooth, 2.0-2.5 | Rods, 0.6-0.8 - Lactobacillus 97.1
convex, entire, chains (2-4 | x1.0-3.0 acidophilus
opaque cells)
SUTC-T8F1 White, smooth, 1.0-2.0 | Rods, 0.5-0.6 - Lactobacillus 99.9
convex, entire, chains (2-6 x1.0-3.0 rhamnosus
opaque cells)

ND, No data shown from API Database (bioMérieux)

a . A9 ' a 9y A & a f
Identity Ntioana1 99% i Iuiomduwtialva

v
o

MiinstinsAnyIasiugnIsn Tasmnizod1989 168 rRNA gene A 11
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Ui 31 dnvazlnlaiveauuniiGensaudnaniidonionaassianiiunduierionannsviin
(A) Lactobacillus acidophilus SUTC-T2R15, (B) L. brevis SUTC-SL17, (C) L. fermentum
SUTC-P46, (D) L. paracasei SUTC-T1R18, (E) L. plantarum SUTC-T1R28, (F) L. rhamnosus
SUTC-T8F1, (G) Lactococcus lactis SUTC-D44, (H) Leuconostoc mesenteroides SUTC-FL36,
(I) Pediococcus pentosaceus SUTC-M2D3, (J) Pediococcus damnosus SUTC-MCN23 1lag (K)
Pediococcus sp. SUTC-F20 LUATFTBINTYUUDINIT MRS agar (LAY 0.5% CaCO, Tuemms
‘]J']\?%']UL%EJ\H%@) Lﬂutaa1 48 GB"JT?J\?
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ﬂd o = A a 3 a aaA A @ | 9 A A a 9 o
P n3.1 ﬁﬂi&lmgiﬂiﬂumﬂﬂlﬂﬂﬂliﬂﬂiﬂlmﬂﬁﬂVll'ﬂf]ﬂLWﬂﬂﬂﬁﬂ\iW@NU"Il‘]JUﬂa']lG]fﬂLWﬂWﬁﬁﬂﬂlu'lﬂilﬂ

(919)

(A) Lactobacillus acidophilus SUTC-T2R15, (B) L. brevis SUTC-SL17, (C) L. fermentum
SUTC-P46, (D) L. paracasei SUTC-TIR18, (E) L. plantarum SUTC-T1R28, (F) L. rhamnosus
SUTC-T8F1, (G) Lactococcus lactis SUTC-D44, (H) Leuconostoc mesenteroides SUTC-FL36,
(I) Pediococcus pentosaceus SUTC-M2D3, (J) Pediococcus damnosus SUTC-MCN23 uag
(K) Pedlococcus sp. SUTC F20 LL‘Uﬂ‘I/ILiEIL‘ﬂiﬂJ‘Uumﬂﬁ MRS agar (mmJ 0.5% CaCO, Tu
'E']']W']T]J"I\‘m'n‘llaﬂ\‘]ﬁfﬂ) L‘]Junﬁ’] 48 ‘1)"311]\1
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SUTC-D44 Lactococcus lactis subsp. lactis 1 97.8%ID SUTC-E1 La’ctobacillugp.\ / \
“eao
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» . * ' \
E&»\ d g
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. X VoS R ]
\ e N ) ”

; it | PR,
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Lum |1, L - m
SUTC-EA45 Lactobacillus sp. e SUTC-BO Pediococcus sp. i B
M 2
7 ¥ “ , ¢
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o B g s

‘a % Ys
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Lot
SUTC-FL36 Leuconostoc mesenteroides 98.8% ID SUTC-F47 Lactococcus sy
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-7
e >
o -
“
&A’
o? - -
s
9 .
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E‘IJ‘YI 3.2 g‘ﬂﬁNLLﬁ%ﬂﬁLiEN@]’JGU’ﬂ\‘lL“Bﬁa (Qﬂﬂi) VDNUUANITINTALANANNAALDNINDONADDINAUN

[~ Y A 9 % 9 = J a2 J . .
Lﬂuﬂaﬂ‘]ﬁ]ﬁﬂlﬂﬁuﬂ (FDUALFDDLUUANLTYLUVLNTY LA DININDIN Light microscope)
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SUTC-F67 Lactococcus sp. SUTC-FIIS—Lactobz/éillus sp. 7
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/I' 5 1 pm 1 um
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SUTC-MCN23 Pediococcysgdamnosus 1 93.8%ID SUTC-P46 Lactobacillus fermem‘um\
h 'e’ -~
« 3¢ 3 N
o \\ °(x
ﬁ. * * >
i h e
: ‘ 1 pm N umv

Y

,q' 1 ~ o J A A 3 a Ao A A @
i‘IJ‘YI 3.2 g‘ﬂﬁNLLﬁ%ﬂﬁLiEN@]’JGU’ﬂ\‘lL“Bﬁa (Qﬂﬂi) VDNUUANITINTALANANNAALDNINDONADDINAUN

' [~ v A v o 9 = 4 o ' . .
(99) Lﬂuﬂau‘]ﬁ]ﬁmﬂﬁhﬂ (FDUALFDDLUUANLTYLUVLNTY LA DININDIN Light microscope)
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SUTC-S09, Lactobacillus sp. / \ SUIQ-TZRIS Lactobacillus acidophilus 97.1% ID
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‘§°IJ‘YI 3.2 gﬂinuagﬂﬁwmmmmwaa (Qﬂﬁi) VDNUUANITINTALANANNAALDNINDONADDINAUN

Y

' [~ v A v o 9 = 4 o ' . .
(919) Lﬂuﬂmwamymuﬂ (FDUALFDDLUUANLTYLUVLNTY LA DIININDIN Light microscope)
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SUTC-T1RI18 Lactobacillus paracasei 99.9% ID SUTC'TIRZI.LaCtOb—af”HS plantarum 99.8% IRw
¥
Y
\A’ ~ ” ” -
o 's >
- o ’
-
' Eatendl }
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= / F
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v ~7 T
SUTC-T1R28 Lactobacillus plan%m 99.8% ID SUTC-T4R20 L ?%Q cillus sp. =
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SUTC-TS8F1 Lactobacillus rhamnosus 99.9% Iv SUTC-T8K29 Lactobacillus sp. -
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q' [ ~ o 4 A A 3 a Aw A A Y
gﬂ‘n 3.2 g‘ﬂ'ﬁNLLﬁ%ﬂﬁLiEJW]’NJ’ﬂ\‘]L"Kﬁa (Qﬂﬁi) VDNUUANITINTALANANNAALDNINDNADDINAUN

1 <3| Y Lﬂy 9 o 9 = J A A 1 . .
(n9) Lﬂuﬂa1l“vﬂﬁﬂlu1ﬁuﬂ (JOUANHFARLUANLTULUUULNTY LALDIINININ Light microscope)
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1 ~ o 4 a A 3 a Aw A A W I Y dy
gﬂi"lx‘ll,!,ﬁ%ﬂ"liLiﬂﬂﬁ’)‘llﬂﬂl“ﬁﬁmmﬂ‘m‘iﬂﬂ‘iﬂ!mﬂ@lﬂﬂﬂﬂlﬂ@ﬂlW@Wmu1LﬂUﬂ’s’|1lﬂfﬂ

Lfim%?ﬂguu’mmi MRS agar L‘ﬂunm 48 G]?’JT?J\? mﬂﬂﬁ}m@am‘iﬂﬁalgﬂmeu
¥UAFDINTIA (Scanning electron microscope; SEM) (A Ua2 B) Lactococcus lactis
SUTC-D44, (A ua2 B), Pediococcus pentosaceus SUTC-M2D3 (C uag D),
Lactobacillus plantarum SUTC-T1R28 (E ua2 F), L. paracasei SUTC-TIR18 (G
uag H), L. acidophilus SUTC-T2R15 (I e J) ag Pediococcus damnosus SUTC-

MCN23 (K tta L)
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1 ~ o 4 a A 3 a Awu A A W I Y dy
gﬂi"lx‘leZﬂ"liLiﬂﬂﬁ’)‘llﬂﬂl“ﬁﬁmmﬂ‘m‘iﬂﬂ‘iﬂ!mﬂ@lﬂﬂﬂﬂlﬂ@ﬂLW@Wmu1LﬂUﬂ’s’|1lﬂfﬂ

Lﬁﬂlﬂ?fyﬂu@']ﬂ'ﬁ MRS agar ndJunm 48 G]?’JT?N ﬂ'lﬂﬂé}f]\mﬂﬂﬁiﬂﬁalgﬂﬁiﬂu
FUATDINTIA (Scanning electron microscope; SEM) (A Ua& B) Lactococcus lactis
SUTC-D44, (A uag B), Pediococcus pentosaceus SUTC-M2D3 (C uag D),
Lactobacillus plantarum SUTC-T1R28 (E uag F), L. paracasei SUTC-TIR18 (G
uag H), L. acidophilus SUTC-T2R15 (I e J) ag Pediococcus damnosus SUTC-

MCN23 (K tta L)



yapi® 50 CH

3 a @
France) ﬂl'ﬂ\il!‘l_lﬂﬁﬁﬂﬂiﬂuaﬂﬁﬂﬁ'lflwu‘ﬁ%ﬂﬂlﬁﬂﬂ

o . o
nlaswiludivaes snduvasan 25 nlaswilua

Carbohydrates
COMPOSITION OF THE STRIP
The composition of the APl 50 CH strip is given below in
the list of tests :
Strip0-9
Tube | Test Active ingredients am
s BiwuiS N | (mglcup.)
o | [ eonROL [ - |
| 1 [y | __ GlYcerol 1 164 |
2 | ERY | ERYthritol | 144
| 3 DARA D-ARAbinose 14
|4 | LARA |  L-ARAbinose | 14 |
Lo Rl 0 D-RiBose 0 | g
6 | DXYL |  D-XYlose -
AT L-XYLose 14|
8 | ADO | D-ADOnitol L1368 |
t_g___ MDX | Melhyl-BD-Xy Xylopyranmude ) 1.2
Strip 10-19
[ e e e = ary
Tube | Test Active ingredients
I A
10 ] GAL |  D-GAlactose | pe—td] 4 )
11 | GLU ~ D-GLUcose [ S EN/
12 FRU D-FRUctose 14
13 MNE |  D-MaNnosE 14
14 | SBE - LSoansE_ 1.4
| 15 RHA [ -RHAmnose 1.36
16 DUL __ DuLcitol 1L
7 No | MNosll | 14
18 MAN D-MANmitol 1.36
| 19 | SOR | D-SORbiol | 136
a o
311 3.4
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Stnp 20-29
e R e
Tube Test Active ingredients \_m;'IIp )
“_20 N Flf)hﬁ MelhgTr;D_Man-rI)pymn-[;;-ide -_ 1£ 1
M MDG | Methyl-aD-Glucopyranoside | 128 |
22 | NAG |  N-AcetylGlucosamine | _1 28
23 [ AMY [ Awvgoam | 108
| 24 [ ARB | ARBun | 108 |
ESCulin 1.16
Rl formc citete o012 |
| 26 _S_AL__ _ SAlicin 104
27 | CEL [ DCEliobiose | 132 |
28 | MAL | D-MAltese | 14
29 | LAC | D-LAClose (bovine origin) | g - |
Strip 30 - 39
&rbe Test r Active mgreduenls ("‘g&-}i
30 | MEL | DMELibiose [ 132 |
P &aAC C | D-SA Ceharose (st (sucrose) |  1.32
32 | TRE D-TREhalose 1.32
m W mom | i
T3 | Mz | D-MeLeZitose | 132
35 | RAF | D-RAFfose | 156 |
36 AMD AmlDon (siarch} 1.28
37 | GLYG | GLYeoGen | 128
"\ | X7 |  XyLiTol | 18 |
] 39 | GEN | GENtiobiose 05
Strip 40 - 49
s : QTy
Tube | Test Active ingredients
im . | (mgleup) ¥
4 | TR | DTURmnose | 13
L4 o [ DlLYXose 14|l
|42 ] TAG | DTAGalse 7.
43 | DFUC |  D-FUCose | 128 |
44 [LFUC | LFUCose | 128 |
45 | DARL |  D-ARabitol 14
46 | LARL |  L[-ARabitol _ 14|
| 47 | GNT |  potassium GlucoNaTe _ Aet |
48 2KG | potassium 2-KetoGluconale 2 12
49 T 5KG | _potassium 5KetoGluconate | 18 |

The quantities indicated may be adjusted depending on
the titer of the raw materials used.

I o

Kl

Al

AP NNAMINATOUANTAN T AANAWIZUY API 50 CH/CHL (bioMeérieux,

HAUINTUNAVINTVDIDINS
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SUTC-T1R28 Lactobacillus plantarum 99.8% ID SUTC-FL36 Leuconostoc mesenteroides 98.8% ID

APENNAMINATOUANTANINFUATAMWTZUY AP 50 CH/CHL (bioMérieux,

3 a ] s o o
France) ¥0UUANIGoNTALANANTIORUTNAAEON HALINTUNAINTUDIDINIS

o

D . o
nlaswiludimaos snduvasan 25 nlaswilud
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uuafiGensauananluana Lactobacillus 18z Pediococcus Hunumdaylumsnan
Silage (Hill and Hill, 1986; Cai et al., 1999) Ta0inn12081984 Lactobacillus waziis1eauns e
WINA® Lactobacillus plantarum (Hill and Hill, 1986; Cocconcelli et al., 1991; Flores, 1991; Rooke,
1991; Fitzsimons et al., 1992; Sharp et al., 1992; Weinberg et al., 1993) a3 Lactobacillus
rhamnosus s waums 1Tunduielumsnan Silage Tutszmedilu (Ohmomo er al., 2004)
HONINEUSEN Pioneer Hi-Bred Japan, Co., Tokyo ﬂizm'ﬁmjﬂu FananuuaniGensaudnanyiia
Enterococcus faecium, Lactobacillus plantarum Q¢ L. buchneri Lﬂuﬂé}%“t]ﬂ;ﬂﬁwﬁﬂwaﬂ Maize
silage TurhsyTauy Iﬂ&l“ﬁ Enterococcus faecium Uag Lactobacillus plantarum mﬂﬁuﬁ:‘ﬁ'i%’gﬂu
Homofermentatives fianuisaraansaudnanlild pH vosSaauinanasmudeams uazdi
ﬁ’uﬁ: Lactobacillus buchneri ﬁ“l%’!ﬂu Heterofermentatives ﬁwﬁﬁﬂsmgﬁﬂﬁﬂuazﬂm@z%ﬂ Gfﬂ
ﬁm”ﬁaﬁugmmﬁaujmm%ﬁsﬁwaﬂﬂmﬁﬂmm Silage Tuanziitlonndau (Li and Nishino,

2011)

A

A A 3 a 1< A A J =
!,mﬂmiﬂﬂiﬂ!,mﬂ@]ﬂ(luﬁf!ﬂ Lactobacillus L’]J'LlLL’]JﬂVILiEJLLﬂSiJiJ’JﬂﬂQlJGLWiUV]ﬁﬂm@

g a

= ' J

HgUsrasaditfunen (rod-shaped cel) Nilvinalas

U

=)

= ~ Y A A 3 a A
L']JiEJTJL‘V]EJIIﬂﬂllﬂﬂﬂliﬂﬂiﬂllﬂﬂﬁﬂﬂquﬂu
a ] % J 1 1 4 qul A
ﬂﬂ@]@glu‘]ﬂﬂ 0.5-1.2x1.0-10.0 bllliﬂilil@]i oz uNNUsaauNeUe HADIINLIYAaT UINOU

1< s v qgj I 1 ] ] 4 ] 4 { 1 { 4
naun 18 waaesdnilueodus Wudiwlva luaduales limdoun uaernwuineiesad
1 H Y
IAROUNAIY Peritrichous flagella WL Microaerophiles, Facultative anaerobes /2% Anaerobes N3
a % 4 Jd a aa @ a ] 1
n3yinnszduiemsvou laven leallinm 5% guvglinuimnzauiumsniyoglusie 30-40
= I~ A9 @ ¥ 2 a g
paf s 1UNIN Chemoorganotrophs NADINITTINDIMITANYITN tazasensauananilu
a @ ] Y = o w a . o o Y v d
HaraANan (08191108 50%) 1nng Iaa Nunumdinylunisnan Silage dmsvldiluermisdal
Taemn1Le8198e  Lactobacillus brevis, L. buchneri, L. casei, L. coryniformis, L. curvatus,
L. fermentum, L. plantarum (Kandler and Weiss, 1986; Brookes and Buckle, 1992) wuaniselug fa
v a Ad 1 Ao w ! £ Aa Yy a .. Aa Yo A
Lactobacillus ﬂﬂlﬂuﬂﬁuﬂiﬁlﬂquﬂﬁWﬂiyﬂf,jll‘ﬁu\‘]ﬂuﬁlllﬁlﬂmﬁ@ Probiotics “VIUEJ?Ji“]SﬂH?ﬂﬂﬂfJ
: o o ' o Id o 1 A o o
Lactobacillus  acidophilus Gﬁiﬁﬂa']EJﬁWEJWH‘EL!ﬁ&W]a$’fﬂfl“l/\lu‘lzﬂﬁﬂ'J']iJﬁﬂLWW%ﬂfJ“lfu@sllﬂ\‘lﬁﬂ?
' - Y Y .. . .
U Lactobacillus species 5uﬁﬁﬁmmmﬂ%ﬂgmawu L. delbrueckii subsp. bulgaricus, L. casei
uag L. helviticus (Fuller, 1992, 1995)
4 A A 2 A Ao A 9 A o a
HININNTATIADUTWINUFTUDULUANLTYINTALANANNAAADNAIWTUUANNAUTIUINGY
wazduaindl 9141933 Random amplified polymorphic DNA (RAPD) 919 Primer 3 (5-
& I a 1
GTAGACCCGT-3’; RAPD Analysis Primer Set, Pharmacia Biotech) #atunfii3 snsauananuaazae
v I A a 1 Y A A A 3 a Ao
WUTUUUULUNY RAPD NRWIZUANULANA NN UIDY (E’IJ‘V] 3.5) LL‘]Jﬂ‘V]LiEJﬂiﬂLLaﬂ@]ﬂulﬂiclﬂﬂ@ﬁ/]ﬂﬂ

uen laninvamidnuagmauduemsvesin Nszysiadroanyuznedaugiuuazaisane 1a

I 1 [ 1 1 {
U Lactobacillus fermentum #1910 Tosiaan udalinnuuana19ve9 LUULKY RAPD (%047 1,2, 3,6, 8
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D.

uaz 9 317 3.5) uazduAnA1991n Type culture strain A0 L. fermentum ATCC 14931 (%0311 41 310

D.

3.5) MIUOUAINY Lactobacillus plantarum ﬁﬁmwﬂ"lﬁ’mﬂwaj’mﬁﬂuazmuﬁummimaﬂﬂ (F0N
10 94 13, 16 D4 20, 37 waz 38 gﬂﬁ' 3.5) AUANA199IN Type culture strain 79 L. plantarum ATCC
14917 (0471 40 3171 3.5)

NIBIULIAY RAPD voauuafiGensaudnaniideniionaassianiilundidorionan
vamgndau 11 lelwan Ao Lactobacillus plantarum SUTC-TIR2S, L. brevis SUTC-SL17,
L. fermentum SUTC-P46, L. paracasei SUTC-T1R18, Lactococcus lactis SUTC-D44, Pediococcus
sp. SUTC-F20, L. acidophilus SUTC-T2R15, Pediococcus pentosaceus SUTC-M2D3, Pediococcus
damnosus SUTC-MCN23, Leuconostoc mesenteroides SUTC-FL36 Q% Lactobacillus rhamnosus
SUTC-TSF1 (404} 22, 23 ua 34, 24, 25, 26 1az 29, 27,28, 31, 32, 33 uaz 35 AR g‘ﬂ‘ﬁ 3.5) %
IR I RLAnA1a T

Lactobacillus plantarum SUTC-TIR28 (¥047i 22 311 3.5) Tuvnumu RAPD fifuan DNA
wdn 3 ua Fativrnalugae 500-3,000 bp INAIREITY Lactobacillus brevis SUTC-SL17 (F04i 23
wae 34 i 35 udiinnuuandueaay DNA  §wnisii 4 uasuaneen
L. plantarum ATCC 14917 Ainusy RAPD Jin1 DNA Wan 4 uay (¥04fi 40 31t 3.5)

dMIY Lactobacillus fermentum SUTC-P46 fidonilonaaosianndunduieionan
e msin wudwuuusy RAPD 71180nms1¥ Primer 3 fifleaau DNA wén 1 uou fiflvina
523184 2,000 bp (Fi 24 gﬂﬁ 3.5) UANANN L. fermentum ATCC 14931 HTiu01 DNA an 5
uau Jvwadszana 2,600, 2,000, 1,800, 1,500 L@z 900 bp (¥oafi 41 gﬂﬁ 3.5) LATUANAINDIN
L formentum loTmaaidauenldnnud minuazmaduensvesadi i 1&idenivonaass
fansunddo (¥oafi 1,2,3,6,8 1829 gﬂ‘ﬁ 3.5)

WUULAY RAPD  fimwiziinnmandiefumars awnsaldimueniidudnien

v 7 a A FY d" a 9 4 A A Y
ET1EJWH‘]§.“U’ENLL‘U?WH'§8ﬂﬁ1!“ﬁ@ﬁluﬂlm$¢lﬂﬂ1uﬂﬁﬁl‘ﬁﬂ3818%’1&&?]7“ Elhlﬂ
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bp

2,642 —
1.500 —

1.000—

500 —
400 —

300—
200—

bp

2,642 —
1,500 —
1,000 —

500 —
400 —

300 —
200 —

gﬂﬁ 35 VUL RAPD veauuafisensaudnanininndadeniiundugonels primer 3 (RAPD
Analysis Primer Set, Pharmacia Biotech)
ﬁm‘ﬁ': M, DNA Molecular weight markers (100 bp DNA Ladder, Boehringer Mannheim
S wsuiieuyesii 1-21 1ay 1 Kb Plus DNA Ladder, Invitrogen Avsuionyei 22-42);
1 84 24, nuARiFensaudnaniiuenain Silage (Fo9f 1, 2, 3, 6, 8 1Ay 9; Lactobacillus
fermentum 1410 Tosan (@10WUR); 4 way 5, L. delbrueckii #alelaan; 7, 15, uag 36,
L. gasseri Gl'Nul’éJIGlﬂaﬂ; 9, L. farciminis; 10 D4 13, 16 D4 20, 37 o 38, L. plantarum AN
loTwan; 14 wag 21, L. acidophilus 91310 Tasan; 22, SUTC-TI1R2S; 23, SUTC-SL17; 24,
SUTC-P46; 25, SUTC-T1R18; 26, SUTC-D44; 27, SUTC-F20; 28, SUTC-T2R15; 29,
SUTC-D44; 30, SUTC-F20; 31, SUTC-M2D3; 32, SUTC-MCN23; 33, SUTC-FL36; 34,
SUTC-SL17; 35, SUTC-T8F1; 39, L. reuteri DSM 20016; 40, L. plantarum ATCC 14917,
41, L. fermentum ATCC 14931 uag 42, Negative control



42

M 22 23 24 25 26 27 28

M 29 30 31 32 33 34 35
bp

12,000—
5,000—

2,000
1,650 —

1,000—

650___
500
400—
300—
200—
100—

gﬂﬁ 35 UUUIAY RAPD veauuafisensaudnanininndadeniiundusonels primer 3 (RAPD
(91D) Analysis Primer Set, Pharmacia Biotech)

ﬁm‘ﬁ': M, DNA Molecular weight markers (100 bp DNA Ladder, Boehringer Mannheim
S wsuifieuyesii 1-21 1ay 1 Kb Plus DNA Ladder, Invitrogen AUy 22-42);
1 89 24, nuARiFensaudnaniienan Silage (Fo9f 1, 2, 3, 6, 8 1Ay 9; Lactobacillus
fermentum 1410 Tosan (@10WUR); 4 way 5, L. delbrueckii #alelwan; 7, 15, uag 36,
L. gasseri Gl'Nul’éJIGlﬂaﬂ; 9, L. farciminis; 10 D4 13, 16 D4 20, 37 o 38, L. plantarum AN
loTwsan; 14 wag 21, L. acidophilus 91310 Tasiaa; 22, SUTC-TIR28; 23, SUTC-SL17; 24,
SUTC-P46; 25, SUTC-T1R18; 26, SUTC-D44; 27, SUTC-F20; 28, SUTC-T2R15; 29,
SUTC-D44; 30, SUTC-F20; 31, SUTC-M2D3; 32, SUTC-MCN23; 33, SUTC-FL36; 34,
SUTC-SL17; 35, SUTC-T8F1; 39, L. reuteri DSM 20016; 40, L. plantarum ATCC 14917,

41, L. fermentum ATCC 14931 uag 42, Negative control
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=2 \ L: &’ d’ [} U 4: A A
3.2. msfinmaulsznevveseIsiaureimInzand S uWIz@aauAfiSy
nsaudnAniAa@enla theandunuMsHaANa Yo

Y
A

Y 1 [ I ¥ dy A [ 9 A a a
mammﬂw”lﬂqmmmmmmf’emumuﬂ5zﬂau"lwwcuauuam1mgmnmmmmmﬁg

9

Aaa == s a v JdAw A I 9 di’ A @ = 9
TIﬂTIfIﬂ‘U'EJ\‘]LL‘]Jﬂ‘ﬂLiElﬂiﬂuaﬂ@]ﬂﬁ”lflwu‘lj“ﬂﬂmaﬂﬂlﬂuﬂﬂ"lﬁfﬂ LWBWWH”IE‘IJLL‘U‘UGU’ENﬂﬁL@ﬁEJlJﬂa1
dy @ A a Y v A g v :/' dy Yo A A 3 a Yo
L“B’EJH‘L!LW@Nﬁﬁﬁi})ﬂﬁmﬂﬂlﬂuﬁﬂﬁ'ﬁﬁﬁ’l Gluﬂlu@]@uuhlﬂﬂﬂm@ﬂlL‘UﬂﬂLiﬂﬂiﬂl!ﬁﬂﬁﬂvl’WWL!'Ju 11
1o Taae (GRELEN ‘.Ii') A® Lactobacillus acidophilus ~ SUTC-T2R15, L.  brevis  SUTC-SL17,
L. fermentum SUTC-P46, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L. rhamnosus SUTC-
T8F1, Lactococcus lactis SUTC-DA44, Leuconostoc mesenteroides SUTC-FL36, Pediococcus pentosaceus
SUTC-M2D3, Pediococcus damnosus SUTC-MCN23 uag Pediococcus sp. SUTC-F20 C?Qnﬂulﬂj%m@]
030 18A11U91%15 MRS medium (MERCK, Merck KgaA, Germany) (13199 3.4) Jui5uwaun
] 4 Y v v
dauilszneuvev1IsnIngaseIsaIna 1 e 14 Idomsdeudenia sz nouiims sudie

a Y ; 1 P 9 @ dy
HASHAUNUAIMNNDIHITANYTULITNAU AU

3 d
3.2.1 ¥HANAZANMYNIUNVIINZ TNUD WHAIATUDYU

n. ¥HiAveIMKAIMTUDY
v 2 . { < 1 J H
nndamlszneuisuduay MRS medium fiingInafluuvasmsvon lauldeu
a 1 J < A Aa ' =
Fiinveaunasmsuowduaianiisingnniing Iad Ao g1Asa (Sucrose; AR grade, Carlo Erba,

v v ' v ¢
Italy) uW@WﬁﬂiWﬂﬁt‘;@uWﬁWaﬁNﬁﬁ%1ﬂ’é§]j’ﬂﬁl (Cane sugar; HIAANTWUTANTUATHA UTEN I

e

Y

9 v
INBATNIQATINNTTN 9108) MNIA1E9IN008 (Molasses; 13901umaMIIA@INd08TUNUR

[ Y =

JanfaunsTydnn) uilat1ui (Rice flour, Food grade #3199 uiAes v3m Tsauduniiveiaa
$19a Yszme'lne) uazutlaiudilenaa (Tapioca starch, Edible grade, Sanguan Wongse Industries
Y v '
Co., Ltd., Thailand) TutlSum 2% (hmiinaedsuas) whnunglaanldlugasisudu nydl
Y v Y Y
mmimanndeslidiuilsznouidifyfe 1haanaua (Total sugars) 48.3% lATa 35.9%
WinInd 5.6% nglad 2.6% lUsAunen 630% uazindousuaziaiiu (Biotin, Riboflavin,
' ' Y
Thaiamine, Niacin) Tualsunainios (Molasses & Liquid Feeds Division, United States Sugar) iio@en
A A 3 a I o 1 ~ a Y dy é’ A
wuafiGensauanandunal 20 ¥1lus wuimnle lsaaiimaniy laaunluemsdeusend
v o S ¥ ' 9 =X 9 1 A aa A 9
glnsa arrarusavsad lagagalusie 1.40x10° 99 6.60x10° CFU doiiadans Neunsnld
3| 1 4 YR 9 1 A a a A Y Y [
Wunrasmsvounaunung Ind ladwdazdaudiumsnsgvewuaiiteusle Txan ladosndn
<3 Y A A dy dy A g‘ A A Y )
nglaeantiay (113190 3.5) 5990901 AD 01HIABAFONTINMANHANINDDY (ATIIUVTIUIY
4 1 1 A Aaa c’o‘ ) 4
a8 1agIgalusae 3.80x10° 09 2.10x10° CFU doliaaans) uazmmilaa (asadusuiveag
] 1 A Aaa o w S A c?/‘
lagagalugie 1.36x10" D9 1.95x10° CFU moiladans) awday uuafiGensauananng 11

~ a PR A 3 1 4 o A A A [ dy ]
Vl’eﬂcﬁmﬁ ﬂﬂﬂﬂ’ﬂmﬁ]ﬁﬂluulﬂu®€liu®1ﬁ1iﬂm!ﬂﬂlﬂulmﬁ\iﬂﬁ‘ﬂ’e}u‘ﬁﬁﬂ Lummmmﬂmiammu'lu
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] 9 1o Y 2 g 1
annsodeeudlald uadseunsaly Peptone, Beef extract 0¥ Yeast extract guiludiulsznov
=2 X a a A v o Y = g A= A Y}
VDIDIMTAYUFD (A1TNN 3.4) 1umim'mummmiamnuummullﬂ msAnyInsItINaen ¥

Y Y H 9 ]
hmanse (haafinaanndoy) wazmmiaia Heanniisiagnniglasas 20 w1 an

=) v A

o Y I 1 J Y] =2 Yy Y A A dy = A
wmuﬂ«mﬂumemimuﬁammzﬁﬂymmmmmu‘wmmzau INDLAYILUANLITINAALADN

M3190 3.4 aIUsLNOUVBIOINIT MRS (DeMan, Rogosa, Sharpe; Atlas, 2000)

=

AlFAnEIviatazua g IIMITNHUIZ AN

Component Concentration (%)

Glucose 2.0
Tryptone (Pancreatic digest of casein) 1.0
Meat extract 0.8
Yeast extract 0.4
Sodium acetate tri-hydrate 0.5
Di-potassium hydrogen phosphate (K,HPO,) 0.2
Tri-ammonium citrate 0.2
Magnesium sulfate (MgSOy4.7H,0) 0.02
Manganese sulfate (MnSO,4.4H,0) 0.004
Tween 80 0.1

Initial pH 7.0

V. ANMVHTUNHZ ANV INHAINI VDU

' k4 v
~

vl A a v S < ' ¢ T
mmnllﬂmaﬂmmamwmNa@1mﬂaﬂmmzmﬂmmmﬂmmaqmiuaumm‘umm

aa oy & yy= 9y 9 4 ' g A 9 v
UUANLTINAUYD Ulﬂﬁﬂiel”lﬂ?]”l%ﬁl%ﬂllﬁl@ﬂ‘l!WI”IEW]S”IEJGLH%’N 0.5-6.0% LOZNMOUINIANANULUNUU
[ VA dy dy 3 o A A 9 di’ a Y csy dil A
‘11!615?]\1 0.5-4.0% wuI B eure) ual 20 GH’JT?N menLsaﬂmmmmaﬂmiummamamam

J A a ) ' " o ¢ A Y by

mmamwwwammaaﬂiumq 1.0-4.0% UANANWNAUAUTIRIWUT Tﬂsmmmmmummmmamw

o a S A Y dg‘ 1 n Y A . = a
2.0% ﬁuuauumimmmammwLssmammﬁ’m“lmﬂﬂﬂ 0 Pediococcus sp. SUTC-F20 UN15193¢Y

d' v o 9 8 1T A Aaa o S A d' Q' dgj u'z d' A t:'
Tlﬁiﬁi]uﬂi]TH’JullﬂQQQQ 3.09x10 CFU fiolaaang (i]”l‘L!’J“L!LL‘]Jﬂ‘V]LifJT]LWlJﬂJ‘Lﬁ]”Iﬂ"]f’JT?NTI 0 LyBLsy

a A

Lé’ﬂ%%@ 3.09x10° CFU @iauaaﬁm) Leuconostoc mesenteroides SUTC-FL36 5114314@;&@’@1 2.70x10
CFU @ioiiaqans (fﬁmammﬂ“ﬁﬁaﬁgﬁ'uﬁumﬂ%ﬂmﬁ 0 0B UIABUT 2.67x10° CFU aolaaans)
#MIUNQN Lactobacilli Y\ Lactobacillus brevis SUTC-SL17 UGN 6.18x10° CFU sioNadang
L. paracasei SUTC-TIR18 $14IUgaqA 5.75x10° CFU @oiiaaans L. plantarum SUTC-TIR28 91171

g 8.69x10" CFU @oNadans uag L. rhamnosus SUTC-TSF1 31U7UGgA 5.80x10° CFU @0
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a Aaa d! A o A A d' t:' dg‘ q’z d‘ A Q' dy di’ 3 3 4
Haaans FUIUIMLUANG oNWMIUING Tuah 0 1UBITURYALY® 6.18%x107, 5.75%107, 8.69%10 Liay

5.80x10"' CFU @9iadans aua1ay (113199 3.6)

TuvaieN Lactococcus lactis SUTC-D44 1230 109 1uo1v1snduiingansgszauany

[ I

Yy 9 Yo 8 1 A Aaa A A A dg’ ) A
NUY 1.0-4.0% "lﬂmmuqqu 8.29x10° CFU fiouaaang (‘ﬂWH’JULL‘Uﬂ‘V]LiEJ‘V]LWiJGUu%']ﬂGb"JINQﬂ
4 4 3 2 3 \ A aa da 2 4
0 LUBLTNULAYNLTD 8.28x10° CFU ¢1I9Uanang) 1“@1??1'51%@]%1“@1'6’11’1518 1.0% (M15NN 3.6) Lay
Lactobacillus fermentum SUTC-P46 Qe L. acidophilus SUTC-T2R15 m?mﬁmaﬂﬁ’m‘hmu”lﬁ’
; s \ A Aaa o IR & 4 4 & 2
qaga 7.96x10 uaz 1.83x10 CFU fAslanafg EUWH'JULL‘U?]‘V]Lﬁﬁl“m‘WllﬂJuﬁnﬂ“lf'JIiJ\‘]‘ﬂ 0 LIDLTULRYN
Y v 9
Lsdlf@ 7.90><102 lag 1.82><103 CFU folaaans Mudiay Glummiﬁmuﬂmm‘ﬂiwwﬁumm

WU 4.0% (A13199 3.6)

~ a A A 3 A Ao A A o < Y dy dy dy A
M13194N 3.5 ﬂﬁl%iiﬂfll@\ul‘ﬂﬂﬂ!‘ifJﬂ‘iﬂLLﬁﬂ@]ﬂ“Vlﬂ@Lﬁf)ﬂ!“W’E]“Wﬁluﬂﬂuﬂa1&“15?)11!@1??15&@8\‘1&615@1/]%
£
1 1 a 1 o 1 [ 1
muﬂﬁzﬂauﬁugmmm MRS medium Lmﬁmummxmmmimummu 6 Liag
A dy A g o
WoLaLUANFadual 20 “B’JTEN

Bacterial Total bacterial counts (CFU/ml)

isolate code’ Glucose Sucrose  Cane sugar  Molasses  Tapioca starch  Rice flour
SUTC-D44 8.29x10°  4.54x10°  5.50x10°  5.30x10’ 6.40x10°  7.10x10°
SUTC-F20 3.20x10°  1.89x10°  3.80x10°  2.10x10’ 1.80x10°  1.19x10’
SUTC-FL36 420x10°  1.48x10°  5.70x10°  1.95x10° 1.02x10°  1.37x10’
SUTC-MCN23  6.10x10°  5.50x10"  6.50x10°  1.31x10’ 1.47x10° 1.10x10°
SUTC-M2D3 3.45x10°  3.40x10°  6.10x10°  1.24x10° 6.40x10°  1.04x10’
SUTC-P46 6.55x10°  1.46x10°  5.60x10°  1.36x10 240x10°  1.03x10’
SUTC-SL17 5.68x10°  4.86x10°  6.10x10°  7.30x10’ 7.78x10°  2.25%10°
SUTC-TIRI8  4.30x10°  1.40x10°  8.80x10°  8.55x10' 5.60x10°  4.58x10°
SUTC-TIR28  7.40x10°  6.60x10°  9.10x10°  1.91x10" 9.70x10” 1.44x10°
SUTC-T2R15  9.40x10°  6.20x10°  5.40x10°  1.67x10° 3.96x10°  2.39x10’
SUTC-TSF1 447x10°  4.62x10°  2.10x10°  1.34x10° 7.60x10° 1.26x10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus SUTC-M2D3, Lactobacillus fermentum
SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L.
acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1



d’ a a A dad‘wddytﬂy dydyd'aoy A A Y Y 9 dydyd
AN 3.6 mﬁmm;ummmmiﬂﬂimaﬂﬂﬂwﬂmaamﬂuﬂmwa“lummﬁm&Nnﬁ)m@ummamwwwammaaﬂmmmmu 0.5-6.0% GENERITELY

20 %72 139

Total bacterial counts (CFU/ml) in the medium containing different concentration of cane sugar (%)

Bacterial
) 0.5 1.0 2.0 3.0
isolate code
Oh 20 h A Oh 20 h A 0h 20 h A Oh 20 h A

SUTC-D44  620x10° 1.29x10°  1.28x10° 6.29x10° 829x10° ~ 828x10° 5.54x10° 4.54x10°  4.53x10° 6.40x10° 6.40x10° 6.39x10°
SUTC-F20 220x10°  2.10x10°  2.10x10°  3.30x10°  2.20x10°  2.20x10°  2.80x10°  3.09x10° 3.09x10° 2.65x10° 1.20x10° 1.20x10’
SUTC-FL36  2.94x10° 1.35x100  1.32x10° 237x10°  1.64x10"  1.62x10° 3.39x10°  2.70x10"  2.67x10° 2.70x10° 1.52x10" 1.49x10’
SUTC-P46 5.82x10°  3.12x10° 254 6.01x10"  6.33x10° 57.3 5.80x10°  5.00x10°  4.94x10° 5.87x10° 4.50x10  4.44x10°
SUTC-SL17  124x10° 244x10°  2.43x10°  1.09x10°  4.10x10°  4.09x10° 4.69x10° 6.18x10° 6.18x10° 9.17x10° 5.15x10° 5.14x10’
SUTC-TIRI8 1.20x10° 2.77x10°  2.76x10°  1.35x10° 4.14x10°  4.13x10°  5.11x10°  5.75x10°  5.75x10° 1.16x10° 5.21x10° 5.20x10’
SUTC-TIR28 4.72x10°  6.49x10°  6.48x10° 3.96x10° 1.01x10°  1.01x10° 3.92x10° 8.69x10° 8.69x10° 4.33x10° 7.31x10° 7.31x10"
SUTC-T2R15 5.97x10° 1.16x10°  1.15x10°  6.00x10° 1.51x10°  1.50x10° 547x10° 1.69x10° 1.68x10° 5.85x10° 1.73x10° 1.72x10’
SUTC-TSF1  1.23x10° 2.29x10°  2.28x10° 1.44x10° 3.37x10°  3.37x10° 6.37x10° 5.80x10° 5.80x10° 1.00x10° 3.42x10° 3.42x10’

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17,
L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L.acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F 1

9



d’ a a A dad‘wddytﬂy dydyd'aoy A A Y Y 9 dydy
AN 3.6 ﬂﬁl%it}lﬂl@%mﬂﬂliﬁlﬂimmﬂﬂﬂ‘VIﬂmﬁﬂﬂlﬂ‘tt!ﬂa%‘lf@cluﬂiﬂﬁmEl\il‘lfﬂmgmu1ﬂ1€1‘|ﬂﬁ1ﬂ‘ﬂWaﬁmﬂ@’ﬂﬂﬂ’ﬂmmllﬁllu 0.5-6.0% LD8NLHD

@o)  Whurar 20 ¥ 1u4

Total bacterial counts (CFU/ml) in the medium containing different concentration of cane sugar (%)

Bacterial
) 4.0 5.0 6.0
isolate code

Oh 20 h A Oh 20 h A Oh 20 h A
SUTC-D44 6.10x10° 6.10x10° 6.09%10° 5.25x10° 7.25%10’ 7.20x10° 5.30x10’ 2.30x10’ 2.25%10°
SUTC-F20 2.15%x10° 1.30x10° 1.30x10° 3.20%10° 1.10x10° 1.10x10° 3.15%10° 3.10x10’ 3.07x10°
SUTC-FL36 2.70x10° 1.59x10’ 1.56x10° 5.13x10° 9.63x10° 91.2 3.72x10° 1.45x10 1.41x10°
SUTC-P46 5.87x10° 7.96x10 7.90x10° 6.06x10° 1.33x10’ 1.30x10° 5.93x10° 4.85x10 4.79%10°
SUTC-SL17 1.01x10° 5.59x10° 5.58x10° 1.40x10° 3.84x10’ 37.0 1.27x10° 4.77x10’ 46.4

SUTC-TIRIS 1.26x10° 5.26x10° 5.25x10° 1.38x10° 3.54x10" 3.53x10° 1.62x10° 4.16x10° 4.14x10°
SUTC-TIR28 4.26x10° 6.50x10° 6.50x10° 4.54x10° 4.27x10" 4.27x10° 4.14x10° 3.89x10’ 3.89x10°
SUTC-T2R15 5.89x10° 1.83x10° 1.82x10° 5.84x10° 7.06x10° 7.05%10° 5.71x10° 1.56x10’ 1.55x10°

SUTC-TSF1 1.17x10° 3.77x10° 3.77x10° 1.59x10° 3.68x10° 3.66x10° 1.27x10° 4.36x10"° 4.35%x10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17,
L. paracasei SUTC-TIR18, L. plantarum SUTC-T1R28, L.acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

Ly
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A

1 a A A 9 di’ d’w dy &y d‘a (;y Yy 9
mummmﬂammmsaﬂammmma’e)ﬂ“lummimmmammmﬂmma ANULVNUU

E4 F4

Il o3| ' J 3 A A A 3 o ' 2’
hl‘Ll‘]f’N 0.5-4.0% Wunvasmsveuiy  eeusedunal 20 “]53111\1 NUNNINUIATAITY
Yy 9 o a S Y tﬂy 1 [} 1 A
NIY 1-3% ﬂ'UUﬂ'HUﬂ"ﬁLEﬂ‘iiLJSUfNLL‘UﬂT]LiEJﬂa'll‘lff]ﬁ']uclﬂﬂlu NANIND Lactococcus lactis SUTC-
D44, Pediococcus sp. SUTC-F20 Uae Lactobacillus paracasei SUTC-T1R18 ﬁmm?nﬂummiﬁ

Y v
@ummhaaszauauuTy 1.0% Aasivinulagege 4.45x107, 3.20x10" uag 1.35x10°

'
A A

v 4 v ] 1 v Y Y
CFU @93iaaans (MuuuuanEenminiuand i Tuan 0 iWsi3uaeads 4.39x10°, 3.17x10° uay

a A

1.23x10° CFU aoliaaans) mudiay

Y

LLGiLL‘UﬂﬁGEJﬂéHL%E)ﬁWEIﬁuﬁ Leuconostoc  mesenteroides SUTC-FL36, Lactobacillus

fermentum SUTC-P46 1% L. plantarum SUTC-TIR28 Himswsgiasinivimoulagege

v
A A

9 7 8 1 a aa o A A £ o A A

1.39x10°, 6.58x10" 1Az 1.92x10° CFU feodaaans ($1uuuafGeMmuyungd e o e
v Y Y [

SU@EsUED  1.39x10°, 6.52x10° uaz 1.91x10° CFU @olaaans) eud1dy Jue1misnawy

Y

MNIAATLAUANUAINTY 2.0% 1AL Lactobacillus brevis SUTC-SL17, L. acidophilus SUTC-

T2R15 wag L. rhamnosus SUTC-TSF1 fimsnsgyiasinivimanldgege 3.89x107, 3.25x10°

8 1T A Aaa o A A d' Q' dg} u’z d' d‘ z:' dy dy 2

iag 4.25x10° CFU aodaaans (uunuanEensiuiuandiluei o esu@eads 3.79x10°,

[ Y

3.24x10° Az 4.24x10° CFU deailanany) smud1wy luennsndummianassaunnududy
d' o = @ . ~ = :’ d! = Y

3.0% (3NN 3.7) MUBUABINY Paviz er al. (2011) NTBNUDIMMDIAIAFINHANTZAUNT

Liﬁiyﬂlﬂﬂ Bacterial inoculant ¥HU@ Lactobacillus plantarum Tumswan Sorghum silage

v Yy 9 v
AN Y o o

A = A a v J < A
luﬂﬂigujawaﬂ'ﬁﬁﬂy'lﬂ f ‘VNU’]@T@‘Vlﬁ'lfﬁ/]WaﬁGﬂWﬂ@’f—Jfllla$ﬂ1ﬂu1@nalﬂucﬂ1\‘]la@ﬂﬂl@q
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LN@W%ﬁﬂHWﬁ‘ﬂllﬂ NiGRE uazmmu"laimammzmﬂmiaﬂmwamgiummau%ﬂmi
= W Yy y A o o A Ao o =
ﬁﬂyflﬁ”lmay,agﬂmemrlmwa szneunuszeznaIMsantuuLaz udszandng 9
A g’ d' a 9 a c’o‘ o 1 a d‘ = a
wenimanseinanvindeesluilsuim 2.0% (uWﬁuﬂﬁ@ﬂiNW]i) WOMITANEITUALAS AU

Yy v A ! o '
mmmumwmmmmxmm"luimmualmlumuﬂa"lflJ



q‘ a A A dy dy 1 . A A g’ Y 9 dy d" I
M1919N 3.7 ﬂﬁlﬂ'ii‘g“ll’E]\‘lll“]Jﬂ“Vll,ﬁElGluf]WiﬁLﬁENL“D”ﬂﬁHJﬁ’JU“]Ji%ﬂ@U MRS medium NAUNINUINIAANNINIY 0.5-4.0% Lmuﬂqiﬂﬁ GENERITRLY

20 ¥ 119
Total bacterial counts (CFU/ml) in the medium containing different concentration of sugar cane molasses (%)
Bacterial
0.5 1.0 2.0 3.0 4.0
isolate code’
0h 20 h A 0Oh 20 h A 0h 20h A 0Oh 20h A 0Oh 20h A

SUTC-D44  620x10° 1.30x10" 1.24x10° 6.29%10° 4.45x10" 439x10° 5.54x10° 3.50x10" 3.44x10° 6.40x10° 4.40x10" 4.34x10° 6.10x10° 4.10x10" 4.04x10’
SUTC-F20  220x10° 2.20x10" 2.18x10° 3.30x10° 3.20x10" 3.17x10° 2.80x10° 2.68x10" 2.65x10° 2.65x10° 1.50x10" 1.47x10° 2.15x10° 2.10x10" 2.08x10’
SUTC-FL36  426x10° 5.16x10" 5.12x10° 3.78x10° 1.27x10° 1.27x10° 4.38x10° 1.39x10° 1.39x10" 2.82x10° 1.00x10° 1.00x10° 5.37x10° 8.52x10°  79.8
SUTC-P46  6.09x10° 1.72x10" 1.66x10° 5.87x10° 4.70x10" 4.64x10° 5.91x10° 6.58x10" 6.52x10° 5.82x10° 3.03x10" 2.97x10° 6.43x10° 8.52x10°  78.8
SUTC-SL17  127x10° 1.78x10° 165 158x10° 3.25x10" 309  1.11x10° 4.06x10° 395  966x10° 3.89x10" 3.79x10° 1.59x10° 3.34x10°  1.74
SUTC-TIR18 7.98x10° 1.78x10" 1.70x10° 1.19x10° 1.35x10° 1.34x10° 1.10x10° 1.28x10° 1.27x10° 9.38x10° 1.23x10° 1.22x10° 6.22x10° 9.11x10°  84.9
SUTC-TIR28 3.95x10° 1.51x10" 1.47x10° 4.06x10° 8.74x10" 8.70x10° 4.90x10° 1.92x10° 1.91x10° 4.48x10° 1.22x10° 1.22x10° 5.69x10° 1.89x10" 1.83x10’
SUTC-T2R15 557x10° 4.86x10° 4.80x10° 5.67x10° 2.20x10° 2.19x10° 6.18x10° 2.76x10° 2.75%10° 6.05x10° 3.25x10° 3.24x10° 6.48x10° 2.96x10" 2.90x10’

SUTC-T8F1  945x10° 1.74x10" 1.65%10° 8.96x10° 2.70x10° 2.69x10° 1.01x10° 3.06X10° 3.06x10° 1.48x10° 4.25x10° 4.24x10° 1.60x10° 4.09x10°  2.49

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17,
L. paracasei SUTC-T1R1S, L. plantarum SUTC-T1R28, L.acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

6%
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a Yy vy d' Y
3.2.2 FHAazANMTNIU AN aNveITad Iulnsu

A qu O o & A dad RPN v Y v
Welye1smeurenuaNizenIALanaANNNIMaNI1eNHANINNDEANNITNIY 2%

c’o‘ Y] 1 a 3 U 4 1 .
hniinael3ues) Wuunasasueunaununglaaludiuilsenouvod MRS medium 1
Anwriaveunadlulnsu 3 wila Ao veuTwHeudamla (Ammonium sulphate, AR grade,
o a v J o a o
Carlo Erba Reagenti, Italy) BRRIGRE (Soybean meal 1N Tsaanomsdad WhsuumIneae
maTuTadgsu3) uazgise (Urea, AR grade, Carlo Erba Reagenti) AmdnduminulSum
Tryptone 8¢ Meat extract (MERCK, Merck KgaA, Germany) GLL!E;(G]? MRS medium (15197 3.4)

a =

g dy ~ AN 1A . < o
QYAUFDNYUNYN 37 DIFLHAH YT TllliJllﬂ”liﬂ’JLlclu Anaerobic chamber (Hua1 20 FTuq

U

' PR A a Yt A s & da o A
W‘].I'J”ILL‘]JFW]L?EJT!ﬂll’E]I%Lﬂ@]ﬂﬂﬂﬁﬂﬂﬁ]iﬂgqﬂﬂﬂf’!ﬂiu@11(1”IﬁLaENLGIf@TImiJﬂ1ﬂﬂ'JLWﬂ@Q RN NEVR
N = Y] = o w d’ Qs/l dy 1 dy ﬁy
o LL@?JT?J!HEJ?JG]}EHW@] uagglsy auany (159N 3.8) ‘V]\‘]‘L!hluﬁ'f]uﬂ§$ﬂ@1J‘lJ’EJ\1’E]1141§LﬂEJ\1L"If’E]
o = A A A 3 a Y ' . . ' o
§9n9l Yeast extract 0.4% NuvanGensauananamnsnlsnidunvas Organic nitrogen 334N
. . = o ~ o Aa =
Inorganic nitrogen (uﬂuimuammwgﬁ] HATYLIY) AINUTIBNIUNTANET (Calderon ef al., 2001)
A & ' Y o y & A ~ g )
L‘Lli’Nil”lﬂil!"l]‘lrmﬂu@]@]lﬂ@@QﬂWiW@JHTEﬂLLUU"U@Qﬂiﬂ!ﬂf'ﬂ ‘V]Lﬂiﬂlll,‘ﬂﬂllgﬂll‘]_l‘]_ll"lfﬂuﬂﬂ
a A a F = A o = dy dy A
‘Uiﬁ‘Q‘Q\‘]WaWﬁﬁﬂl!ﬁgzﬂl!‘U‘UQmL'ﬂﬁ LWlelGlﬁﬁJﬁ'JuﬂQ!Wﬁ’E']GU’E'Nﬂ'lﬂﬂ')!ﬁa'ﬂ\ﬂuf)'lﬁ']ﬁlﬁﬁl\uclff)ﬂ'\l@
= Qa: dyd A =~ o 3| 1 o =) 4 A A Y
NITANHINITIU %\‘llﬁ’t]ﬂllf)llIllLUleIGlfﬁ!,"V‘Iﬂlﬂul!.ﬁﬁ\ilUlui@“li!%u‘l’iaﬂiuﬂWiniﬂNlcﬁaﬁllﬂﬂﬂliﬁlﬂﬁ1
dy 1 ) A So A 4 < A A 1 A A
LYD LL@]ﬂWﬂﬂ’Jl‘ﬁﬁfNﬂEN?J?J?%Iﬂ“ﬂullﬁ&ﬂu‘ﬂ’l\‘]!a’E]ﬂ‘ﬂWU@QLLW@Q“HI@IiL‘ﬂHiWﬂWgﬂ Gluﬂiﬂlwaﬁ
tﬂy Y a
zﬂl!U‘ULG]f@LL‘WQ‘UiiﬂqQQWﬁ'lﬁ@ﬂ
& v v Yy v A A v Y ¥ 1w
ﬂmuuulﬂﬁﬂmmmmmmu‘Vlmmzammmﬂmu&nmmﬂw Iﬂﬁli‘ﬁﬂﬁﬁﬂﬂlﬂﬂlﬂﬂﬁﬂu
' 4 2 & 4 & ' A o = Y
Glu“lf’N 1.0-5.0% ieearoilunal 20 “]5'3111\‘] W'U'N!L’E'JllIN!HEJ?J%@’IW\I@%?YJUJL‘UNGUH 3.0%
aruayumMInIgveuanGeaIulIng  TaemwIzed N8 Lactococcus  lactis  SUTC-DA44,
Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum SUTC-P46, L. plantarum SUTC-
TI1R28, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18 tiag L. rhamnosus SUTC-TSF1 ﬁﬁﬁi}j
Y v o Y 7 7 7 8 8 8
188 asanivdwauldgega 5.50x107, 3.47x107, 3.23x10, 1.67x10°, 1.85x10", 1.24x10" 1@z
7 1T A Aaa o d‘ d' 09/’ dy 1 Y
3.77x10° CFU fa9uaaaas eua1ay (115NN 3.9 LLE‘I%E']J‘VI 3.6) mﬁnﬂaaﬂumumuulhlllﬂ
= a =Y o ~ Ay 1 a = o A <
ﬁﬂr]%l”lﬂill”Iﬂlﬂl@\‘ll!i’]lliﬂli!ﬂﬂ%ﬁlﬂ@ﬂ 0% (@”IW”ITVI[I‘JJL@]?JLL@NTllluflll‘?]fﬂﬂ/‘l@]) LIHBDIININUAINY
1 a Aa A A 9 A a ~ @ 1
Lmﬂ@nx‘lell'ENﬂ”IiH]i’ElJflJ@QLL‘]JﬂTILifJVW]ﬂﬁﬂﬂm@i%@TﬁTi‘ﬂmuu@NI?JLHEJ?J%@LW@]GLUGH'N 1.0-5.0%
1 a 9.
83U Pediococcus sp. SUTC-F20 Iae Lactobacillus acidophilus SUTC-T2R15 mqﬁl@?ﬂu
A a =~ o ~ Y 9 v o Y a 7
@114151/]L@]‘JJLL@?JI?JLI!EJ?J"HQL‘V‘I@W]?I’JT?JLGUNSUH 2.0-4.0% Gliﬁi]uﬂilTu?u"lﬂf;NfIﬂiﬂﬂmaﬂ 1.80x10
1az 1.80x10° CFU @oiiaaans aua1ay (13199 3.9 naz31i 3.6)
k4 1 Y
Tumsfnuiduse liudenuen Tulisudamafanududu 3.0% @hwindelsuag)
I U Y] dy A A FY dy A A 3' A A
Lﬂul!ﬁﬁﬂquiﬁﬁ!ﬂuﬁaﬂﬁlu'ﬁ'ﬂﬁTﬂﬁﬂﬁllﬂﬂﬂlﬁﬂﬂa%sﬁﬂnﬂqﬂicﬁlaﬁﬂﬁﬂ‘HW NUUIAANINYINHOA

[~ 1 4 ' .
MNdooANuITNIY 2.0% Hunrasmsveunaunung Inaludiuilsznouves MRS medium



d' Aa = dy dy A 3‘ A a Y I 1 4 (% = 1 1 v A
M1919N 3.8 ﬂﬁlﬂ'ﬁﬂfll’t]\‘ll!‘ﬂﬂ“lflLﬁEIGI,L!fJ']WﬁLaENL‘I)’?J‘VIZJ‘L!WHZWIiWEl“VIW'dW‘lﬂﬂ@’E]EI 2% Wuurasmsueuran uazmmaq"luiﬂmu@mﬂuﬂa
E

~

~ Y ) A = dy [~ o
LL@NINLM&IN%’GW‘I@] NINDANADI Uaslad weawelunal 20 “B’JI?J\‘]

Bacterial Total bacterial counts (CFU/ml) in the medium containing N-source:
isolate code” Ammonium sulphate Soybean meal Urea
0Oh 20 h A 0Oh 20 h A 0Oh 20h A
SUTC-D44 1.05x10°  1.25x10' 11.4 4.10x10°  2.50x10’ 2.46x10° 4.10x10° 1.50x10’ 1.46x10”
SUTC-F20 1.20x10°  1.20x10’ 10.8 1.65x10°  1.80x10’ 1.63x10 1.30x10° 1.70x10’ 1.57x10
SUTC-FL36 555x10°  221x10°  2.15x10°  4.32x10°  1.01x10° 1.01x10° 4.77x10° 3.18x10 3.13x10°
SUTC-P46 6.09x10°  1.26x10°  1.25x10°  6.13x10°  7.85x10° 7.84x10° 6.01x10° 3.66x10' 3.60x10°
SUTC-SL17 1.50x10°  2.93x10°  2.91x10°  7.91x10°  4.40x10" 4.39x10° 1.46x10° 1.29x10’ 1.14x10
SUTC-TIRI8  1.25x10°  6.96x10"  6.83x10  9.45x10°  1.81x10° 1.80x10’ 1.30x10° 1.61x10’ 1.48x10
SUTC-TIR28  4.16x10°  4.33x10"  4.29x10°  4.05x10°  7.03x10’ 6.99x10 4.20x10° 1.28x10’ 1.24x10°
SUTC-T2R15  1.30x10°  2.51x10°  2.50x10°  6.11x10°  2.67x10°  2.66x10’ 9.94x10’ 1.96x10 1.86x10°
SUTC-TSF1 547x10°  2.67x10°  2.62x10°  5.67x10°  6.76x10’ 6.70x10° 5.79%10° 3.83x10 3.77x10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-
SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L.acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

s
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,q' a ==t 9 dy A A = [ Y 9
M13190 3.9 fﬂi!ﬁ]ﬁi‘lJuGll’ENtL‘UﬂmiﬁlﬂﬁWB@iufﬂﬁﬁ‘ﬂL@NLL@NIML‘HEliJclfﬁLWﬂﬂﬂmelliJsUu 1.0-5.0%

[ Y Y v
naunuunad luTasundnlu MRS medium tio@sadoiiuma 20 32 Tu4

Bacterial  T¢¢a] bacterial counts (CFU/mlI) in the medium containing ammonium sulphate (%)
isolate
code” 1.0 2.0 3.0 4.0 5.0
0-h cultivation
SUTC-D44 4.20x10° 4.44x10° 4.30x10° 4.50x10° 3.10x10°
SUTC-F20 1.20x10° 1.65x10° 1.30x10° 1.50x10° 1.15x10°
SUTC-FL36 7.80x10" 3.18%10° 1.50x10 2.91x10° 3.66x10°
SUTC-P46 5.69%10° 6.00x10° 5.99x10° 5.86x10° 5.90x10°
SUTC-SL17 6.86x10° 1.14x10° 1.02x10° 1.04x10° 1.23x10°
SUTC-TIRIS  8.40x10° 1.51x10° 1.08x10° 1.17x10° 1.86x10°
SUTC-TIR28  3.90x10° 4.19x10° 4.03x10° 4.29%10° 4.49x10°
SUTC-T2R15 1.37x10° 1.34x10° 1.19x10° 1.29x10° 1.16x10°
SUTC-TSF1 5.77x10° 5.71x10° 5.72x10° 5.87x10° 5.69x10°
20-h cultivation

SUTC-D44 1.25x10’ 2.50x10’ 5.50x10° 6.50x10° 6.10x10°
SUTC-F20 1.20x10’ 1.80x10’ 1.70x10’ 1.80x10’ 1.90x10°
SUTC-FL36 1.01x10° 1.96x10° 3.47x10° 3.44x10’ 3.24x10’
SUTC-P46 2.05x10’ 2.83x10’ 3.23x10’ 3.08x10° 2.77x10
SUTC-SL17 1.29x10° 1.51x10° 1.67x10° 1.57x10° 1.50x10°
SUTC-TIRIS  1.58x10"° 1.70x10° 1.85x10° 1.78x10° 1.67x10°
SUTC-TIR28  8.97x10° 1.02x10° 1.24x10° 9.46x10’ 1.06x10°
SUTC-T2R15 1.51x10° 1.79x10° 1.78x10° 1.80x10° 1.67x10°
SUTC-TSF1 2.44x10 3.05x10 3.77x10° 3.57x10 3.03x10

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18,
L. plantarum SUTC-T1R28, L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1
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12.00 [ 1%, Ammonium sulphate
_ B 2%
£10.00 - 3%
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§ 6.00
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£ 200
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SUTC-D44 SUTC-F20 SUTC-FL36 SUTC-P46 SUTC-SL17 SUTC-T1R1S SUTC-T1R128 SUTC-T2R15 SUTC-TSF1

Bacterial code

g‘l.l‘ﬁ 3.6 ﬂ”liﬁ]?illu“‘llﬂﬂl,!,‘ﬂﬂﬁl%ﬂﬂg%%@ Lactobacillus acidophilus SUTC-T2R15, L. brevis
SUTC-SL17, L. fermentum SUTC-P46, L. paracasei SUTC-T1R18, L. plantarum
SUTC-TIR28, L. rhamnosus SUTC-T8F1, Lactococcus lactis SUTC-D44,
Leuconostoc mesenteroides SUTC-FL36, Pediococcus pentosaceus SUTC-M2D3,
Pediococcus damnosus SUTC-MCN23 & Pediococcus sp. SUTC-F20 Tu
ensiAguTe MRS ﬁﬁﬁymmmmmuﬂgiﬂa waziRunon Tuidioudamladi

ANUTUTY 1.0-5.0% naunuuvad luTasounan

3.2.3. Essential element t1ay Growth factor Gl‘lr!t’h‘ifnjizﬂfz)‘lJ“IJi:)Qizﬂ“r‘iﬁlaEl\il"]?izl
=® o & Ay a Aa ~ = a dy dg‘ a a
?fﬂiel”Iﬂ’J”I?Ji]HTJuTIG]@QWliJLm%ﬂﬁJ1%1!1/IW@L‘WEN (muaﬂummimmwaiuﬂimmw

1 a a {o . 1
Tumuasunans i) ¥eq Essential element 14a%/M3® Growth factor TuaIUl5znoUV099IM1S

' 9
AA o

Avudoniiumannmsinnlude 322  Asennsimhaianse 2.0% Hunrasamiuou
worTuidloudanla 3.0% Wunnaslulasnu uazify Yeast extract Fauilunnas Growth factor
Ysnaanaanulugig 0.3-1.0% u,ﬁ'mﬁymu,mﬂﬁﬁamaﬁuﬁ:ﬁﬁmﬁaﬂzﬂuﬂﬁwﬁmﬂuwm 20
F2Ta9 wuhlue s Ay Yeast extract €udu 0.5-1.0% duaSumswSyvewuaiiGenadoy
dalng181ndRoetu (@il 3100 Twemnsiifin Yeast extract €udu 1.0% fwald
Lactococcus lactis SUTC-D44, Leuconostoc mesenteroides SUTC-FL36, Lactobacillus fermentum
SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-TI1R18, L. plantarum SUTC-T1R2S,
L. acidophilus SUTC-T2R15 uag L. rhamnosus SUTC-TSF1 Imsw3gyiinsaetius o 1&qasa
3.20x10°, 5.61x10°, 1.92x10°, 2.90x10°, 2.86x10°, 1.53x10°, 2.93x10" uag 2.66x10° CFU #0

1paans MuaInL
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[ = a ~ v o 9 Y Y A o

a2 Pediococcus sp. SUTC-F20 Himsnighasiniviwanldgegaldlndifeiu
(3.20x10° 1182 3.15%10° CFU eolaaans mua1ay) 1ue1m13ii Yeast extract (949U 0.5 tay
1.0%

QsJ‘ dyd Y A 9J 9 3 1

TuTuaouiineldiaenaNudutuueq Yeast extract 0.5% Huaiuisenouvode1niis
dy dy £ A 1 =\ 4 ==t I Y a 8 9 1 A Aaa A @
ReaU¥e FudganoaomaassusasduunnGeld ldUSuia 10-10° CFU dvliaaans tiowau

Y d" A [ aAna dy Y J 9 d
gﬂlm‘ﬂﬂl@ﬂﬂﬁ%%@‘ﬂ?ﬂiﬂ‘iﬂiﬂ‘kﬂfﬂi3JGIf’J@’Iﬂlﬁ]\i!“ﬁ@ﬂﬂﬂWHl!ﬁ%Miﬂ&ﬁNﬁ’e]ﬂﬁﬁl“ﬁﬂﬁgiﬂ“]m%@ul“lJ

Y v Y

~ a A A dy A AaA o < ' J
519N 3.10  MIIueuanzelue1ITReuseNNMIaNI1e 2.0% WULKaInITUoU
woy TuHausama 3.0% UaziAy Yeast extract Usuiaana1anu 1uaie 0.3-1.0%

2 & g &
eadeilumnal 20 ¥ 1ug

Bacterial Total bacterial counts (CFU/ml) in the medium containing yeast extract (%)
isolate 0h 20h
code
0.3 0.4 0.5 1.0 0.3 0.4 0.5 1.0

SUTC-D44 129x10°  8.29x10°  6.54x10°  6.40x10° 1.10x10° 1.25x10° 3.10x10° 3.20x10°
SUTC-F20 2.05x10°  1.20x10°  1.10x10°  1.80x10° 1.19x10°  1.20x10° 3.20x10° 3.15x10°
SUTC-FL36  4.17x10° 4.46x10° 2.37x10° 2.40x10° 930x10" 243x10° 249x10° 5.61x10°
SUTC-P46 597x10°  5.86x10°  5.80x10° 5.94x10° 3.19x10° 3.92x10°  7.80x10° 1.92x10°
SUTC-SL17  847x10° 1.28x10° 1.41x10° 1.13x10° 1.44x10° 7.53x10° 2.34x10" 2.90x10’
SUTC-TIRI8  756x10°  1.09x10°  1.21x10° 1.17x10° 5.74x10° 9.21x10° 2.14x10° 2.86x10’
SUTC-TIR28  4.11x10° 4.18x10°  4.06x10° 5.29x10° 1.67x10° 6.42x10° 6.95x10° 1.53x10’
SUTC-T2R15  g.19x10° 1.14x10° 8.89x10° 1.41x10° 8.19x10° 8.67x10° 247x10° 2.93x10’

SUTC-T8F1  945x10°  9.66x10°  1.16x10° 1.17x10° 9.52x10°  8.10x10° 2.12x10° 2.66%10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Lactobacillus  fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-TIRI1S,
L. plantarum SUTC-T1R28, L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1
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3.3.1 gaungil

k'

a A a =

nageuANUE N0 UM IRTyNUUYN 4 uag 25 039 50 DA IAITod 1UDINT

g a QU

dy dy A A o Y Y 3‘ A a 4
LaEJ\‘]!,‘]S’E]‘VUJ?(’JH‘IJigﬂfJULWNWgﬁ?JGniJVIW@JuWVlﬂ ('IJ§'$ﬂ@ﬂﬂ?ﬂu1ﬂ1ﬁﬂi1ﬂcﬂWﬁ@]%1ﬂ@@ﬁl 2.0%
wou TuHensamla 3.0%, Yeast extract 0.5%, Sodium acetate tri-hydrate 0.5%, Di-potassium hydrogen

phosphate (K,HPO,) 0.2%, Tri-ammonium citrate 0.2%, Magnesium sulfate (MgSO,4.7H,0) 0.02%,

Manganese sulfate (MnSO,.4H,0) 0.004% 1Az Tween 80 0.1%) tiordsausoiiunar 20 ¥21Tuq

]
a = =) a

Y 1
wun lifinmsnigvewuaiiGens 11 ToTywan Ngugll 4 eeruzadod uazwuNNguul

Y Q U

]
=1

2535 oemurAIFod  IMuNzAURENINIYYBILUATTonnmeRuEANAToY (MR 3.11)

ndu¥eo 3 mﬂﬁuﬁ A9 Lactobacillus brevis SUTC-SL17, L. paracasei SUTC-TIRI18 llag L.

i
a =

plantarum SUTC-TIR28 fimsnsgyfiaiinivinnulagegads 10° CFU aeladans Nguugil

E]

30 0IA T AT

figavigh 35 esruvaiFen wumm?mﬂmgmﬂﬁﬁaﬂé’n%fa Lactococcus lactis SUTC-
D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, L. fermentum SUTC-
P46, L. acidophilus SUTC-T2R15, Ua% L. rhamnosus SUTC-TSF1 ﬁmm?mﬁma%ﬁuﬁmau‘lﬁ’
qIgn 6.54x10", 5.43x10", 2.23x107, 2.35%10°, 1.50x10” 4ag 1.84x10° CFU sioNaaans auaIal

(137199 3.11)

Y 2 Y
a

GL o ==y Y A a = A dy Y A A 3 A
umu@auuﬁnllmaaﬂqmwgm 35 DRyl ywmamﬂmwammmmﬂuqmwaw
Y
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Y

wenn lo Tasannig 14a uazilugamgiilndgagitesveszmelng
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wuanisenaaaeniun

3.3.2 amnNNeandiau
Y

A A A s a Ao . . £ 9 A
FUDNNLUANLTINTALLANANNNY Microaerophiles Lii¥ Anaerobes F0uYUNINNNY
a & P J 0 { ¢ 3 Y g
pandau laeziduilse Temilumsideaazihnduse T 191se Teminniu  ie@eauniiGe
3 a Aw A A o Y o 1 9 9 Y 9 z ]
asauananinadenluomsminzauiian ladanandiedy @eo 3.3.1) nounmaassli
1A Tri-ammonium citrate 1A% Tween 80 MNAIUUTZNOVYDY MRS medium Inasnyluans
annzilseuiieunuae duuluaniizing (fleondiau) 1ag Anaerobic chamber 15p0n%101 1)

A ¢ % v o
LWENT;T’J‘HN’dllsllﬂx‘lﬂﬁﬂ@ullﬂﬂﬂﬂul%ﬂ 5% "laimmu 5% uaxauﬂammmﬁ"luiﬂmu AIUAN

i
= = a

a ] 1 [~ ) 1
UNYUN 35 AU ALHYT VlNﬁﬂWiﬂ’Juﬁ%@LﬂlﬂW Wunar 20 $lue wuIwuanG e A

a9

2

Y H v H
TndiRosiunsluguumeldaningnives lifieondou (31 3.12) Tasdrulnaluaanzi
(= a Y a S T A a I 9 ~ 9 = dy Y 1
lutieengwuliilSinawadigeinnitivendwu@anies  wah laninmsanyituaasldimium

A A Y dg‘ Ao A 9 J dy v A a 1 d'dy di‘ = .
Lmﬂmsﬂﬂammwﬂmaaﬂ"l,ﬂmmuwumam’szmaaﬂmwiummammmwam Stationary
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1o & 9 = . . . I 1 dy zi’

phase ttag 13§11 1A09T Tri-ammonium citrate 1Az Tween 80 Wudinsenevluemisasaie
% o 0w 4 a A

AW MRS medium  Fuiuernsgasuiasgiudmsunuaiiizonsauananlaomniz o190

Lactobacilli

~ a A A aa =) g &
M19194N 3.11 ﬂﬁlﬁ]ﬁﬂJuell’ENLL‘Uﬂ“VILﬁﬂﬁluﬁﬂ13$ﬂﬁﬂﬂuﬂﬂ!ﬁauﬂ 25-50 DIFLEALFYE LAUYD

Sunan 20 52 Tu9

Bacterial Total bacterial counts (CFU/ml) at temperature (OC)

isolate code 25 30 35 40 45 50

0-h cultivation

6 6

SUTC-D44 2.10x10° 1.25x10°  1.54x10°  1.40x10°  1.10x10°  1.25x10
SUTC-F20 1.20x10° 220x10°  1.60x10°  1.70x10°  1.84x10°  1.20x10°
SUTC-FL36  3.69x10° 3.36x10°  3.90x10°  3.66x10°  3.36x10°  4.59x10°
SUTC-P46 6.29x10° 6.01x10°  6.00x10°  6.13x10°  5.88x10°  6.19x10’

6 6 6

SUTC-SL17  1.59x10° 1.25x10°  1.44x10°  1.24x10°  1.33x10°  1.46x10
SUTC-TIRI8  1.32x10° 1.39x10°  142x10°  127x10°  1.55x10°  1.30x10°
SUTC-TIR28  4.33x10° 416x10°  4.34x10°  436x10°  4.25x10°  4.53x10°
SUTC-T2R15  1.09x10° 1.40x10°  1.42x10°  1.42x10°  1.10x10°  1.44x10°
SUTC-TSF1  6.18x10° 6.00x10°  6.18x10°  6.08x10°  6.04x10°  6.29x10°
20-h cultivation
SUTC-D44 8.29x10’ 429x10°  6.54x10° ~ 7.20x10° NG NG
SUTC-F20 6.20x10°  420x10°  5.43x10°  3.80x10°  9.19x10° NG
SUTC-FL36  1.76x10’ 1.94x10°  2.23x10°  2.14x10° NG NG
SUTC-P46 2.16x10°  229x10°  2.35x10°  127x10°  1.89x10° NG
SUTC-SL17  1.05x10’ 1.79x10°  1.06x10"  6.82x10°  2.88x10° NG
SUTC-TIR1S  1.30x10’ 1.71x10°  127x10°  2.24x10°  1.54x10° NG
SUTC-TIR28  1.20x10’ 1.41x10°  1.17x10°  1.74x10°  2.90x10° NG
SUTC-T2R15  1.05x10° 1.04x10°  1.50x10°  6.06x10°  3.54x10° NG

SUTC-TSF1 1.24x10° 1.18x10°  1.84x10°  8.47x10°  3.21x10° NG

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum
SUTC-T1R2S, L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

NG, No growth.
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d’ a s A = = a = A 1
M1314910 3.12 ﬂﬁl%imﬂl@ill‘ﬂﬂﬂLiﬂﬁluﬁﬂTJmJL!ﬁ%l’lllll@@ﬂclf!‘ﬂu ”lmmﬁmu (isotuen)
A = < o Aa
AIUANYUUIUN 35 DIAUTALHYT Wunat 20 $11ue Tuomsnil Yeast

extract 0.5% L!,a%hllil,an Tri-ammonium citrate L8 Tween 80

Bacterial isolate Total bacterial counts (CFU/ml) at cultivation time (h)

code’ Aerobic condition Anaerobic condition

0 20 0 20
SUTC-D44 1.20x10° 8.20x10’ 4.50x10’ 6.40x10°
SUTC-F20 6.20x10° 3.20x10° 1.80x10° 1.80x10
SUTC-FLB36 6.81x10° 3.45%10° 4.80x10° 3.90x10"
SUTC-P46 6.06x10° 3.33x10° 6.07x10° 3.25x10°
SUTC-SL17 1.36x10° 1.50x10’ 1.37x10° 1.62x10
SUTC-TIR18 1.80x10° 1.47x10° 1.47x10° 1.84x10
SUTC-T1R28 6.06x10° 2.70x10° 3.86x10° 3.06x10"
SUTC-T2R15 8.40x10° 1.09x10’ 5.25%10° 1.56x10
SUTC-TSF1 6.11x10° 2.32x10° 6.07x10° 3.73x10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-
FL36, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1RI1S,
L. plantarum SUTC-T1R28, L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

(Y] a o o d
3.4 miﬁnynamﬂmmnmmt:uusumwuﬂﬁGmmzm1uc'n1aﬂmmw’fmnﬁﬂﬂﬁ’waamm
oI UNTUIY
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=) % I

4 & A do oA g g & & 4 <
wessuuanGenaamenduna e lue1viseuye @51NN 3.13)  UATENIIIEN
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Y A Y a Aa
WMNgay (U9 3.2 ez 3.3) ADNQUUNY 35 IR UK °luﬁma$”liaaﬂcmu nuy

Q U

mfuonlavenled 5% lalasou 5% uazaugadiolulasou Taomindsmaenniu 1 das

a Y 1 a { 1 <3|
1u Erlenmeyer flask YU1AUTTY 2 QAT Lﬂ‘Uﬁ’J’E)EJN%Wﬂﬂﬁlﬂiﬂluﬁigﬁlgl’JﬁWING] Wuran 48

Ao A

) =\ a == @ 9
“If’ﬂll\i meﬂlﬁluﬂﬂﬂﬂl@ﬂﬂﬁﬁ]ﬁiy (Growth curve) UDULUANLTIAIINUTNAALADN Vlﬂﬂﬂﬂﬂﬁ

Q
Y

a A A d a Ao A A @ <3| 9 dy Y o W v J
nIyvewuaiiGensauananinadenonaassiamiundufengminna 11 aeiug Tu
[ { o { J, 4 a
sinnuadendeny uazll Late log phase (szozhvziindndeli/1d)ss Tomd) iiorniayld 18-20

1 lue Taemde  awnsalilSnauradgege Taomde 10-10° CFU seiliadans 9nSuia

sa v A 5 1 Aa Aaa A d,, 43’ 3 o = ~
mamsmuiﬂﬂmaﬂ 10" CFU aipuaaaag Wwoneuyeuna 20 GH'JIiN (M990 3.14 uag E‘]J‘V]
Yy Y

~ 1 o v A A 9 o ' A dy FUNTY
3.7) TNuiJﬂ’J”IiJLLG]ﬂG]Nﬂ‘l!@]”lllﬁ”lle‘L!ﬁfU’fN!,mﬂTI!iEJET”IWT]J“F’NL’JE]”ITIET”IEJ”Iiﬂmflﬂllﬂﬂill”lm
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Y]

[FagqIeA NA1IRD Lactococcus lactis SUTC-D44 TmswSayfinsaniuian18qaga 7.25x10°
CFU aolagans ﬁi%ﬂ%nﬁ1l§ﬂﬂt‘§@ 26 %’JT?N @I Pediococcus sp. SUTC-F20, Leuconostoc
mesenteroides SUTC-FL36, Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus
SUTC-M2D3, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-
TIRI8 uag L. rhamnosus SUTC-TSF1 fimainsayfiasiaiuimanldgeqa 1.89x10°, 14810,
8.50x10°, 8.40x10°, 1.46x10°, 8.80x10°, 1.40x10° 1@z 1.60x10° CFU Aefiadans amdwy i
32EzNAAONEE 20 $2T9 (M519T 3.14 wazgUfi 3.7) Wuvaisfl L. plantarum SUTC-TIR28 &

msnsyasniuimauldgega 3.70x10° CFU Aoliadans uaz L. acidophilus SUTC-T2R15

H Y
~

9 v
$1uugega 4.38x10° CFU doliaanns N5zeznaldouss 22 uaz 24 52 109 awd1a
meldannzimngauaominiyi ldanmsanmn NUIINAVDINITRT YD
A A d a Ao A =~ A A g & = o .
nuANFeNIALANANNAARDNN Log phase MINWBITUIABUFONII1Y 20 F2114 Stationary phase
[] ) dy dy A A Y [ )
Tur3 20-26 $21 109 YOIMI@EUFO  LUANGHITUINIGIZEL Death phase NINAI 26 F2 19
] o S 1A = ¥y A A ] s
Yoyamatiulsg emieg e lumsmssunduwerive 11lss Tewl
. o & ) o 9 ¢ L 9 o9 X Yand A am o g9
druanudnilunazdosmsim nmadveurouinuiy 01919351 uuen150357M 1
< Y v A o Y A < .. 3} ¥ A o vy
A UARUTAMATAN TR N (Lyophilization) A281A303 Freeze dryer WU R TRRR Y
o & A dy A A 3 a Ao A A [ | Y dy Y %
il esninemIasaUANTInIaLananNAaae NI NAIRAU T UNE UFRH 1IN
a s 1 Aa Aaa o % 1 [
TR 185 nanaadgega 10-10' CFU aoilaaans luan 20-24 51109 Fuiiganoaons Igwann
EA

Bldy A A aldy 1T Ay Y 3 o AAaa S Y Y a o
gﬂtmu"umr\mwa 1,LUﬂmiﬂﬂmwammu%mmﬂymﬁw’wﬂugﬂmaaumm&lmﬂuﬂmim

Y A <3 Y d" 2 y A
UAUIDNLUUY NIV AINTTLAYIDIFINNAIUDY Stationary phase (gﬂﬂ 3.7 18 3.8)
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A , & & 4 4 o Y
M1919N 3.13 ﬁ'JLlTJS%ﬂﬂﬂﬂ]ﬂ\iﬂ”ﬁfiﬁmENL%@T]L‘H?JW%E‘TMV]WGMH"I%

Component Concentration (%)

Cane sugar 2.0
Ammonium sulphate 3.0

Yeast extract 0.5
Sodium acetate tri-hydrate 0.5
Di-potassium hydrogen phosphate (K,HPO,) 0.2
Magnesium sulfate (MgSOy4.7H,0) 0.02
Manganese sulfate (MnSO,4.4H,0) 0.004

Initial pH 7.0

=~

,q' a =1 Aw A A o I Y dy Y Y dy dy
M19194N 3.14 fﬂi!ﬁ]ﬁi‘lJuGll’tN!,L‘Uﬂ‘l/]!,iEJ“I/]ﬂﬂlaE]ﬂ!W’éJW@Jun‘ﬂuﬂﬁH%@ﬁi}ﬂﬁiJﬂ Mammamwa

A < )
iz auiuna 48 92149

Bacterial Total bacterial counts (CFU/ml) at cultivation time (h)

isolate code” 0 18 20 22 24 26 48

SUTC-D44 1.29x10°  8.29x10"  4.54x10°  6.40x10°  6.10x10°  7.25x10° 3.30x10’
SUTC-F20 220x10°  3.20x10° 1.89x10°  1.80x10°  9.19x10°  1.20x10° 3.20x10°
SUTC-FL36  1.20x10°  4.20x10° 1.48x10°  9.02x10°  7.30x10°  5.20x10° 4.40x10°
SUTC-MCN23 2.10x10°  6.10x10°  8.50x10°  4.45x10°  5.10x10°  6.35x10° 4.50x10’
SUTC-M2D3  3.45x10°  3.85x10° 8.40x10°  6.40x10°  4.05x10°  3.35x10° 9.45x10°
SUTC-P46 6.55x10°  7.25x10° 1.46x10°  1.40x10°  8.06x10°  7.55x10° 1.50x10’
SUTC-SL17  5.68x10°  2.60x10° 8.80x10°  7.78x10°  2.25x10°  5.60x10" 6.65x10°
SUTC-TIRIS 4.30x10°  4.20x10° 1.40x10° 8.60x10°  4.58x10°  4.10x10° 1.30x10°
SUTC-TIR28  1.40x10°  7.40x10° 1.60x10°  3.70x10°  8.44x10°  7.20x10° 1.10x10°
SUTC-T2R15  9.40x10°  9.10x10" 4.20x10°  3.96x10°  4.38x10°  8.90x10’ 2.30x10°

SUTC-TSF1  1.47x10°  4.40x10  1.60x10°  7.60x10°  826x10°  4.45x10° 5.50x10°

“ Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus SUTC-M2D3, Lactobacillus
fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28,
L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F 1
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Total bacterial connts (log CFU/ml)

g
7 =
— & — SUTC-D#4 — B— - SUTC-F20
6 —&— SUTC-FL36 —X— SUTC-MCN23
— & — SUTC-M2D3 —@— SUTC-P46
--=§--- SUTC-SL17 —&— SUTC-TIR18
—— SUTC-TIR28 ---@-- SUTC-TZR13
4 ——<— SUTC-TSF1
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T T T T T
0 18 20 22 24 26 48

Fermentation time (h)

A3 M558y (Growth curve) vewuAfisensaudnaniinadeniionaaeaiauuiiy
ﬂﬁlnﬂ%ﬂﬂﬂlij"lﬁﬁﬂﬁwﬁuﬁ Lactococcus lactis SUTC-D44, Pediococcus pentosaceus
SUTC-FL36, Leuconostoc mesenteroides SUTC-M2D3, Pediococcus damnosus SUTC-
MCN23, Pediococcus sp. SUTC-F20, Lactobacillus brevis SUTC-SL17, L. plantarum
SUTC-T1R28, L. rhamnosus SUTC-T8F1, L. fermentum SUTC-P46, L. paracasei SUTC-

TIR18 1ag L. acidophilus SUTC-T2R15

~

v A Y

0 ﬂLa’ﬂﬂﬂ’Jflmﬂﬁﬂﬂﬁﬁnlﬁ}ﬁlmﬂ!ﬁﬂﬂ

19 (Lyophilization)
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(A) Lactobacillus7acidephilis SETFC-T2R15 (B) Lactobacillus brevis SUTC-SL17

(E) Lactococcuss Taciis S'IJ_'liC-D44 — :
Z

;éﬂﬁ 3.10 qw%ammm?mmﬁﬂimﬁﬂmiaﬂﬁ'w'f?ﬂ (A) Lactobacillus acidophilus SUTC-T2R15,
(B) L. brevis SUTC-SL17, (C) L. fermentum SUTC-P46, (D) L. plantarum SUTC-
T1R28, (E) Lactococcus lactis SUTC-D44, ag (F) Leuconostoc mesenteroides
SUTC-FL36 13nafuiafifniadann Streptomyein (8) 30 luTasny Falsih

Positive control



(A) Lactobacillus’acidophilus SUTC-T2R15 (B) Lactobacillus brevis SUTC-SE17

(E) Lactococcus lactis SUTC-D44

;éﬂﬁ 3.11 qw%ammm?mmﬁ%q@iaﬂé’wﬁa (A) Lactobacillus acidophilus SUTC-T2R15, (B)
L. brevis SUTC-SL17, (C) L. fermentum SUTC-P46, (D) L. plantarum SUTC-
T1R28, (E) Lactococcus lactis SUTC-D44, 1ae (F) Leuconostoc mesenteroides
SUTC-FL36 13naidusaiiinaaufiann Streptomyein (S) 30 TuTasn3y daldiiu

Positive control
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(A) Lactobacillus-acidophilus’'SUTEST2R 15 (B) Lactobacillusbrevis SUTC-SELT

AT
{1

(D) Lactobacillus plantaruym SUTGTIR28

(E) Lactococcusdactis SUTC-D44

;éﬂﬁ 3.12 ‘E]ﬂ%:llmlﬂ?mmﬁﬂhﬁiﬂﬂéﬁﬁﬁﬂ (A) Lactobacillus acidophilus SUTC-T2R15, (B)
L. brevis SUTC-SL17, (C) L. fermentum SUTC-P46, (D) L. plantarum SUTC-
T1R28, (E) Lactococcus lactis SUTC-D44, 1ae (F) Leuconostoc mesenteroides
SUTC-FL36 13naidusaiiinaaufiann Streptomyein (S) 30 TuTasn3y daldiiu

Positive control
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SL17, L. paracasei SUTC-T1RI1S, L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1) ’f]gi
v A =~ A = =
iﬂﬂqﬂﬂqmﬁﬁu 4 93IAHAFYN 2-3 IADU (151N 3.16 l!ﬁgzﬂﬂ 3.15)
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WA Pediococcus sp. WUATIE 8114 3 @10 UF HAALoNIINANABIELUN 35 MRt snanduferiu
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Bacterial Silage inoculant Total viable counts (CFU/g dry weight)
isolate formula Before drying After drying at 7d 30d
at 40°C 40°C (0 d)

Lactobacillus mnhdy 3.46%10° 8.50x10° 6.50x10°  6.30x10"
brevis MANLNIN 2.93x10° 1.21x10 1.64x10°  1.47x10°
SUTC-SL17  mndudilenda 2.44x10° 5.50x10° 495x10°  4.80x10"

mMnd A 2.89x10° 1.23x10° 9.45x10°  1.14x10’
$190U (112191) 9.10x10° 5.75x10 1.86x10"  1.24x10’
Sy 1.59x10° 6.35x10’ 3.54x10"  3.30x10°

Lactobacillus mnhdu 7.08x10" 5.50x10" 1.07x10°  9.50x10’
plantarum MANLNIN 1.19x10° 4.50x10° 9.04x10"  1.47x10°
SUTC-TIR28  mnuud1denas 2.96x10' 2.02x10° 2.90x10°  1.32x10°

mnimaes 1.30x10° 1.14x10’ 1.33x10°  1.14x10°
$190U (¥12191) 1.01x10° 1.78x10° 1.34x10°  3.12x10°

31171 1.67x10° 4.80x10° 4.01x10°  9.20x10°
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mMInadouMsegioaveauanFenare luguuuFondeniningunaes
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Wumsaanas vssylugananadn inuine 1iNguugil 4 eerwaiBod
3
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Bacterial

. a
isolate code

Viable cell counts (CFU/ml) during storage duration (m)

0 1 2 3 4 6

SUTC-D44
SUTC-F20

SUTC-MCN23  7.40x10°  2.53x10°  2.60x10°  7.00x10"  1.98x10°  3.60x10

SUTC-FL36

SUTC-M2D3

SUTC-P46
SUTC-SL17

SUTC-TIR18
SUTC-T1R28
SUTC-T2R15

SUTC-T8F1

7

2.19x10°  1.90x10° 1.68x10°  520x10°  2.15x10"  1.68x10

4

1.80x10°  1.20x10"° 1.46x10 127x100  121x10°  1.19x10

4

7

2.09x10°  1.51x10° 1.62x10° 1.36x10°  1.27x10°  7.45x10

6

1.24x10°  1.20x10° 1.06x10° 127x10°  121x10°  1.19x10

6

2.67x10°  3.04x10°  7.35x10 8.95x10°  4.93x10°  1.18x10

6

9.15x10°  7.70x10° 1.13x10° 1.44x100  7.05x10°  4.55x10°

6

1.04x10°  1.02x10°  2.98x10 121100 151100 1.92x10
2.76x10°  1.68x10° 1.40x10° 1.20x10°  1.81x10°  1.21x10’
3.15x10°  2.18x10° 1.12x10°  525x10°  6.20x10°  1.01x10’

1.06x10°  6.67x10 1.43x10’ 1.82x10°  2.29x10°  8.30x10°

* Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36,
Pediococcus damnosus SUTC-MCN23, Pediococcus pentosaceus SUTC-M2D3, Lactobacillus fermentum
SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L. acidophilus
SUTC-T2R15, and L. rhamnosus SUTC-T8F1
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N — &k SUTC-MCN23 —— SUTCFL36 N
- — & — SUTCM2D3 —@— SUTCP46 - _
A —— ¥ -- SUTC-SL17 —&— SUTC-TIRIS
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3.6.2 Msegseaveanuaiisandurelugduuugnuile
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gaungiideudunal 30 Tu numsegseauananiumuameiugueuaisonazyiavoauils
A o = ' = v Yo o
miwueiougnuile na1Ae Lactobacillus brevis SUTC-SL17 ogsen laangalugnuilaiv
o [ 1 7 ' [ 1 9}44‘
dnlzvidsvinalia) (1.24x10° CFU @en3u) uag L. plantarum SUTC-TIR28 og3on laaiga lu
Y 4 ] 6 T 1 = v Y
gnudlsdudmnalng (1.47x10° CFU donsy)  vwavesgnuilsuenainaziinanoniseunia

Y o A v 1 9 dy
HAYINNDADNIDYTDAVDINAUYD

a 1 prp y & Ad o ¥ Ay g
M13190 3.17 ﬂ”li'f)gii’)ﬂsllﬂﬂu']_lﬂﬂLiﬂﬂa“ﬂﬁ)iuzﬂLLUUQﬂLL'ﬂ\‘W]LﬂUiﬂH”I]lfJVlQﬂ!WQNW'OQL']JHL’Ja”I

30 U
Bacterial Silage inoculant formula” Total viable counts (CFU/g)
isolate code’ Before drying After drying 7d 30d
at40°C_ at40°C (0 d)
sutc-sL17  gauthidhudnaidn 3.74x10°  1.08x10°  6.50x10° 6.30x10°
gnuthdidivnalvg 3.74x10°  124x10°  1.64x10° 1.47x10°

anudlafudendeumadn  3.09x10°  1.02x10°  4.95x10°  4.80x10°

gnudladudilendanmnalung - 3.00x10°  2.50x10°  1.86x10" 1.24x10’

SUTC-TIR28  gautlidudwnaidn 1.84x10°  1.09x10°  5.95x10° 6.30x10°
gnutletnaudrvinalvg 1.84x10°  221x10°  9.80x10° 1.47x10°
guilafudnlendsvinadn  116x10°  1.02x10°  3.85x10° 4.80x10°

goudladudilendemalug  116x10°  2.15x10°  4.95x10°  1.24x10°

“ Lactobacillus brevis SUTC-SL17, L. plantarum SUTC-T1R28
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Before drying 0 7 30
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10.0
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Before drying 0 7 30
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Storage duration (d) after drying at 40 degree C

51U 3.16 msogsenvewunfiGendnie Lactobacillus brevis SUTC-SL17 (A) uag

L. plantarum SUTC-TIR28 (B) Tugiunugnutle (@autlsvinaidnuagzgnudls
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3.7 minaaeawdananniiniaaldnduvelusiuuuiivaanla

iienaaendandninnnuguuiles (Uit 3.18) fiAun& ¥ (noculant W3 Starter
culture) LuAfiSensAUARARTsaEeni NI 11 lolwan (Lactococcus lactis SUTC-DA4,
Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Pediococcus damnosus
SUTC-MCN23, Pediococcus pentosaceus SUTC-M2D3, Lactobacillus fermentum SUTC-P46,
L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28, L. acidophilus

SUTC-T2R15 uag L. rhamnosus SUTC-T8F1) uuutoinen Maseunanieluglunudonts J
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MnonasuuaIsaInas L‘IJ'B'EI‘UL‘VIEI‘Uﬂ‘]Jﬂﬁ“lfi‘iJﬂIﬂElEﬂﬁElﬁﬂqauﬂiﬂlu‘ﬁiihﬁﬂ@‘ﬂuﬁi@

9 v E4 v k4 v
Yuidlouluingavildnaa a vhiunuasnsdidesla (Ui 3.18) Taeliiidesuduluiaauin

U

v
Y

g ) v 4 f a a {
Uszum 10-10° wradaensu Muesdsanunlisenums e lnndutensguas 1duSuan

a

1 1 J { 3 1 Y] a 4
Hlszmnsieunigaunisniivielutlovedluiivingau (Rooke, 1991)  minilszaafaziiu
Y

=

a . o = a a 9 Ay a ~ A 9 [ a
NINae  Silage mrﬂumwmiﬁﬂynmmmzﬂmmﬂmmsai;amn58wﬁﬂﬂﬂamﬂu%umm$

-

Ysmnavesiiringau e ¥ Idnszuiumswaninilszaninmuazdununieiinasilsnga
a . Ay ¥ v o uszl o A 1T Aa a
Haran silage N lanmsndndunal 21 Ju 1991nmMIninh 1Ay (Control) LaziAy
9 di’ =) 9 <K o ~ A A v I
nd e Nanvuznumenmadienaany (3UR 3.19) naziinaunenvesmsniin danuilunsa-
v 4 ' [ 4 v
AN (pH) 4.2-4.5 vighminMaund ¥l pH dAnamsniiny biunduie (15190 3.18) dald
1 a o Jd . A 2
ilurdanual Silage NHAMN NG (Allen, 1990)
Y
ARWYD  Lactococcus  lactis SUTC-D44, Lactobacillus paracasei SUTC-TIRI1S,
L. plantarum SUTC-T1R2S8, L. acidophilus SUTC-T2R15 uag L. rhamnosus SUTC-TSF1 X

J o 1

o Y a Y % Y T4 1 A A A o Y 9
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A a Y=g Y A s 9 o A A o < o &
Luﬂﬂ%Wﬂﬁ'ﬁJ'ﬁﬂLﬁ]ﬁi}l}ulﬂﬂclﬁﬂﬁu1ﬂllcﬁﬁau']ﬂ (10" 1¥aae9nNIY Tﬂamaa) Gluwaﬁﬂﬂl"l’]fﬂﬁ']iﬁﬂﬂ
Ao o a 9 A A Y dy AnAAa ~ Y d Y
“VI’GWI’J?ﬂlﬂiﬂUiIﬂﬂfﬂ‘ﬁWiWi@mLUﬂﬂliElﬂﬁ'leE)VlﬂJG]f’Jﬂ ‘VIﬁ']MWiﬂiﬁﬂﬁ%Iﬂ‘Bu@@iuﬂWﬂﬁﬁ
ESUFIUE (Probiotics)
o ==t S A @ 1 9 2 ax
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Silage 1aua 33 Denaturing gradient gel electrophoresis (DGGE) U893 PCR-Amplified 16S rRNA
gene fragments (Wang and Nishino, 2008, 2009; Parvin and Nishino, 2009, 2010; Li and Nishino,
1o & Y @ A A A Ao Y 1
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o £ A I W @ A a 4 9};
aﬂyﬂlgm@\?ﬁﬂlu'llulﬂﬂﬁﬁuﬂ 21 U ﬂﬂﬂa'ﬂ\iWﬁﬂiuﬂ1iu&ﬂyﬁﬁﬂiﬁdmﬂ\‘ﬂﬂ IINNII

ninfilifmsRund it (1, Control) waziundideundiSe (2) Lactococcus lactis
SUTC-D44, (3) Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-
FL36, (5) Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-
M2D3, (7) Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9)
L. paracasei SUTC-T1R18, (10) L. plantarum SUTC-T1R28, (11) L. acidophilus SUTC-
T2R15 wag (12) L. rhamnosus SUTC-T8F1
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‘51]‘"3 19 anvu ﬂlﬂﬂ‘ﬁﬂﬂlﬂlﬂﬂi‘ﬁhﬂ 21 U ‘VI‘VIﬂaENNﬁ@]iuﬂ'ﬁmﬂ‘]ﬂﬁiﬂiwmﬂﬂiﬂ NNMINUN

Y

GE))

Tll’liJiJﬂ'limuﬂa'll"]f@ (1, Control) uag L@Nﬂa’lﬁf@uﬂﬂﬂﬁﬂ (2) Lactococcus lactis SUTC-
D44, (3) Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-FL36, (5)
Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-M2D3, (7)
Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9) L. paracasei SUTC-
TI1R18, (10) L. plantarum SUTC-T1R28, (11) L. acidophilus SUTC-T2R15 g (12)
L. rhamnosus SUTC-T8F1



a a Y A o Ay 1 a A a y & prg g a " o o A o
131910 3.18 WaNaﬁﬁﬂ];llutﬂ85W?JﬂﬂllllL@]1]LLE‘]%‘VIL@]Nﬂa“%@ilﬂﬂﬂﬁﬂﬂiﬂuaﬂ@ﬂllﬁﬂ@nﬂﬂu 11 ﬁqﬂwuﬁ‘ U INHUNN 0 Lag 21 U

Silage code’ Apparance: Colour Sour odour pH Viable cell counts (CFU/g) using medium:
0d 21d 0d 21d 0d 21d 0 day 21 days
MRS  MRS+0.5% ROGOZA MRS MRS+0.5% ROGOZA
CaCo, CaCo,

Control Green  Light brown-green - + 502 471 8.80X10°  5.80X10" 500X10°  6.40X10°  8.40X10°  4.80X10°
SUTC-D44 Green  Light yellow-green - ++ 543 4.54 1.49%X10° 1.20%X10° 224X10°  7.80X10°  8.60X10°  8.40X10°
SUTC-F20 Green  Light yellow-green - 503 4.53 2.51X10°  9.50X10° 520X10°  1.06X10°  2.40X10"  2.30X10°
SUTC-FL36 Green  Light brown-green - H+ o 5.02 451 420X10°  4.10X10° 4.05X10° 1.00X10"  1.20X10 1.10X10’
SUTC-MCN23 Green  Light brown-green - 563 425 8.50X10°  6.55X10° 8.90X10°  4.05X10"  420X10°  3.10X10’
SUTC-M2D3 Green  Light yellow-green - ++ 586  4.40 2.39%10° 1.21%X10° 2.58%10° 1.02X10°  9.60X10° 1.28%X10’
SUTC-P46 Green  Light brown-green - + 512 4.58 9.60X10°  6.40X10° 425X10°  3.00X10°  2.90X10°  7.20X10’
SUTC-SL17 Green  Light yellow-green - + 581 423 8.40X10° 1.55%10° 4.20X10° 8.50X10°  1.80X10’ 1.25%10’
SUTC-TIR18 Green  Light yellow-green - 537 445 1.24X10°  7.85X10’° 1.29X10°  7.50X10°  1.36X10°  8.30X10°
SUTC-TIR28 Green  Light yellow-green - 585 433 1.50%10° 1.31X10° 1.32X10°  7.55%X10°  7.15X10°  7.40X10°
SUTC-T2R15 Green  Light brown-green - ++ 501 430 1.61X10°  9.00X10’ 1.97%x10° 1.00X10°  9.05X10°  1.11X10"
SUTC-TSF1 Green  Light yellow-green - ++ 516  4.24 246X10°  1.05X10° 207X10°  5.95X10°  625X10°  3.35X10°

Note : + Sour odour compared to control

-, No sour odour

‘ Silage code as bacterial isolate code: Lactococcus lactis SUTC-D44, Pediococcus sp. SUTC-F20, Leuconostoc mesenteroides SUTC-FL36, Pediococcus damnosus SUTC-
MCN23, Pediococcus pentosaceus SUTC-M2D3, Lactobacillus fermentum SUTC-P46, L. brevis SUTC-SL17, L. paracasei SUTC-T1R18, L. plantarum SUTC-T1R28,

L. acidophilus SUTC-T2R15, and L. rhamnosus SUTC-T8F1

[4
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(1) Control (without-inocutant) 0-d (1) Control (withoutinocutant)-21-d

i 3.20 TnTaflvowwaiiseang 48 f’i?ﬂuya wennnnddlesiin 21 Ju findaTaeliiAund
1% (1, Control) HaziANNAUFOUUATSY (2) Lactococcus lactis SUTC-D44, (3)
Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-FL36, (5)
Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-M2D3, (7)
Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9) L. paracasei SUTC-
T1R18, (10) L. plantarum SUTC-T1R28, (11) L. acidophilus SUTC-T2R15 gz (12)
L. rhamnosus SUTC-T8F1
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(4) Leuconostocamesenteroides SUTC-FL36 0 d (4) Leuconostoc mesenteroides SUFC-FL36 21d
“ & ® s . *® ¥
] e . o

(5) Pediococcus-damnosus"SEBTE-MEN23 0 d

(6) Pediococcus pentosaceus SUTE-M2D3 0 d

1 3.20 TnTafivewniiGenny 48 %’ﬂgﬂ wenonnguuilesniin 21 5u findaTasliidund

(90) (%0 (1, Control) HALIANAAWFBLUUANISY (2) Lactococcus lactis SUTC-D44, (3)
Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-FL36, (5)
Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-M2D3, (7)
Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9) L. paracasei SUTC-
T1R18, (10) L. plantarum SUTC-T1R28, (11) L. acidophilus SUTC-T2R15 g (12)
L. rhamnosus SUTC-T8F1
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7) Lz.'lclolu’lci[[us.fé’rmeﬁmm;Sng-P:’l() 0d (7) Lactobacillus fermentum SUTC-P46 21 d
- . .

(8) Lactobacillus brevis SUTC-SL17.- 0d

() Lactobacillus-paracasei SUTC-FIR18 21d

Tnlaflvewnnaiiseeng 48 Gf}’ﬂui wsnmnuguilesniin 21 Su findalas L
Aau¥e (1, Control) uazIAUNAWYOUUANISE (2) Lactococcus lactis SUTC-D44, (3)
Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-FL36, (5)
Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-M2D3, (7)
Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9) L. paracasei SUTC-
TI1R18, (10) L. plantarum SUTC-TIR28, (11) L. acidophilus SUTC-T2R15 uag (12)
L. rhamnosus SUTC-T8F1
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(10) Lactobacillus plantarygn SUBC-TIR28 0d (10) Lactobacillus plantarum SGTC-T1R28 21 d
.. ¢
®

(12) Lactobacillus rhamnosus SUTC-T8F1  0d (12) Lactobacillus vhamnosus SUTC-T8F1 21d

ﬂJ‘nszo TﬂTaummgmﬂmiﬂmﬂ 48 %ﬂm uennnnauuElesvin 21 Ju finaalae Ly

GER)

ﬂmm) (1, Control) uawmnﬂmwmmﬂmiﬂ (2) Lactococcus lactis SUTC-D44, (3)
Pediococcus sp. SUTC-F20, (4) Leuconostoc mesenteroides SUTC-FL36, (5)
Pediococcus damnosus SUTC-MCN23, (6) Pediococcus pentosaceus SUTC-M2D3, (7)
Lactobacillus fermentum SUTC-P46, (8) L. brevis SUTC-SL17, (9) L. paracasei SUTC-
TIR18, (10) L. plantarum SUTC-TIR28, (11) L. acidophilus SUTC-T2R15 uag (12)
L. rhamnosus SUTC-T8F1
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16 17 18 19 20 21

M 29 30 31 32 33 34 35 M 36 37 38 39 40 41 42

4' S A vy dy Aa A 9 o A 9y .
51]1’1 3.21 LuuUWY RAPD GU’E]\‘I!,!‘U?WI!'H’Elﬂﬁn“lf’e]!l,aztL‘Uﬂ“VILiElﬂ@li’]ﬂW‘UGluﬂﬂJﬂﬂiJﬂwJﬂﬁl% Primer 3

U

(RAPD Analysis Primer Set, Pharmacia Biotech)

% @Qﬁ: M, DNA Molecular weight markers (1 Kb Plus DNA Ladder, Invitrogen);

ﬂﬁ%}%élﬂ:@: 1, Lactobacillus plantarum SUTC-T1R28; 2, L. brevis SUTC-SL17; 3, L. fermentum
SUTC-P46; 4, L. paracasei SUTC-T1R18; 5, L. acidophilus SUTC-T2R15; 6, L. rhamnosus
SUTC-T8F1; 7 uaz10, Pediococcus pentosaceus SUTC-M2D3; 8, Lactococcus lactis
SUTC-D44; 9, Pediococcus sp. SUTC-F20; 11, Pediococcus damnosus SUTC-MCN23; 12,
Leuconostoc mesenteroides SUTC-FL36;

”laicmaﬂﬁuaﬂ"lﬁ'mwm’}'mﬁnﬁ@mé’n%: 13, 17, 29, 30 uag 36, SUTC-SL17; 14 uag 28,
SUTC-T8F1; 15, 33, 34 uag 40, SUTC-T1R2S; 16, 35, iag 37, SUTC-T2R15; 18, 26 Log
27, SUTC-M2D3; 19, SUTC-T1R18; 20 #ag 42, SUTC-MCN23; 21, 22 ey 41, SUTC-
F20; 23, 24 uae 25, SUTC-D44; 31, 32, 38 1 39, SUTC-FL36
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1. Crystal violet (Gram stain)
Crystal violet 2.0 3w
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3. Cacodylate buffer (pH 7.2)
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McFarland Sulfuric acid Barium chloride Corresponding density
standard 1% aqueous solution (ml) 1% aqueous solution (ml)  of bacteria (108 cell/ml)
0.5 9.95 0.05 1.5
1 9.9 0.1 3
2 9.8 0.2 6
3 9.7 0.3 9
4 9.6 0.4 12
5 9.5 0.5 15




107

8. Osmium tetroxide (2%)
Osmium tetroxide 0.5 n3u
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1. MRS broth / MRS agar

Tryptone (Pancreatic digest of casein) 10.00 N5
Meat extract 10.00 N3
Yeast extract 4.00 NIV
D(+)-Glucose 20.00 N3N
Di-potassium hydrogen phosphate 2.00 N3y
Tween 80 1.00 N3y
Tri-ammonium citrate 200 0N
Sodium acetate tri-hydrate 5.00 n3U
Magnesium sulfate (MgSOy4.7H,0) 020 N3W
Manganese sulfate (MnSO,4.4H,0) 0.04 N3N
fhnan 1000.00 adaNg
pH 6.5
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2. Rogosa agar (Lactobacillus selective agar)

Tryptone (Pancreatic digest of casein)) 10.00 N5
Yeast extract 5.00 DY
D(+)-Glucose 20.00 N3N
Potassium di-hydrogen phosphate 6.00 N3y
Ammonium citrate 200 MW
Tween 80 1.00 N3y
Sodium acetate 15.00 03
Magnesium sulfate 0.575 05U
Fer(1l) sulfate 0.034 03V
Manganese sulfate 0.12 03y

Agar 15.00 N3w



109

Mnau 1000.00 dadaAT
pH 6.5

' v v Jd A A Sy Yy &

azaeaIUNANLATiaeY Agar 1HANNToUTY Water bath W nAeanTe le1ifou vhuils
Y ¥ k4

ai¥e lumnilotianudule (Autoclave) 91115 pH 111911 6.5 A28 Acetic acid

v S &
(96%) 1A m1Us 5y lunuaesuselasaie

a a

ansanson ldnemsiaunauninas naaiios1111e 19U Rogosa agar (MERCK,

U

Merck KGaA, Germany)



d‘ IR Jd Ao J
¥O-aNa HYIYAAANTI1TY FIanyl TDANDI

| d’OJ U d’ |
HgNUNFINALaTNog
a A A 0o w A a o a 1Y = =
A1MIWIAFIIMY FINIPIMNNANT W INdemna TuTaggIuns
111 DUUNNINGTRS Muagsus dunoiliod 19HIAuATI TN 30000
TnsANIM 044-22 4297, 044-22 4633 N33 044-22 4633

e-mail sureelak@sut.ac.th

sz IAmsanmn
MU, (BN 1onaTIING1) yinnedonuasenaas  Uszmalne
NN, (JaFIING) winnedoinsasenaas  dsvmelne
PGDip. Sc. with Credit (Biotechnology)  University of Otago New Zealand
Ph.D. (Microbiology) University of Otago New Zealand

MUNMINUANNT1IURY
o J A A a N o % a ~ A A di’
NUFAAATHAZAIIINGIVDI9AUNTT MIHUNVIYAUNTS (LUANGELALIFDIT) Hag
a Y 4 A A IS a di’
ANUHAINHaIveIrlaarny sz TeytiveauanGonsauanantaziyos
HANUMIIBINS
Av A Yo a A L a
1. wauden 1asumsani lunsasamnms
NTANTTLAVIA TIWIU 16 1509 1AZNTETTLAVUIUITIA 31U 25 1309
Ay AaAa L . o A
2. HaUIINANUW 11 Proceedings 911U 25 1509
3. WA umeuns lumsdszaguImnmsszauna S 77 1509
4. waumeuns TumsdszgAmnmMsszauuIuIgNa $1uau 821504

o

5. AndinsnguAIvesanzIden $1UIU 4 A1ve



PNaILUUD

a v d' v |
Nﬂﬂn!i)i)ﬂ“llﬂﬂiﬂiﬁﬂ1i‘ﬂulﬂmﬂ!!1"li

U

1. waaddenAnNNlNNINTINMS
Rodtong, S., Nunthisa, M., and Ratanachai, K. 2007. Characterization of selected lactic acid

bacterial strains for applying as potential silage inoculants. Journal of Microscopy Society of

Thailand. 21(1): 230-234.

a v d‘ a
2. wamu’mﬂmwmmﬂumiﬂsmgm‘v1m§
Rodtong, S., Nunthisa, M., and Ratanachai, K. 2007. Characterization of selected lactic acid
bacterial strains for applying as potential silage inoculants. The 24" Microscopy Society of

Thailand Annual Conference, 14-16 February 2007, Bangkok, Thailand.

3. 1PNAIHANUIVBVDIIATIN TN IINLIINS



JEUASST Anneal Confarence Jertermal of Micraseapy Soclery of Thalland 2007, 21230234

Poster presentation

Characterization of Selected Lactic Acid Bacterial Strains
for Applying as Potential Silage Inoculants

Sureelak Rodtong, Maysa Nunthisa, Korawan Ratanachai
School of Microbiology, Institute of Science, Suranaree University of Technology, Nakhon
Ratchasima 30000, Thailand

Abstraet

Lactic acid bacteria are central to the silage fermentation. The production of acids,
principally lactic acid, by lactic acid bacteria from the anaerobic fermentation of forage
carbohydrate is responsible for the acidification of the forage and 1ts subseguent preservation.
Swoccessful inoculation of the plant with lactic acid bacteria is one of the principal factors to
achieve the successful preservation. In this study, six strains of lactic acid bacteria were
selected from the total of 370 isolates obtained from silage samples produced in Thailand, for
applving as potential silage inoculants in local areas. These selected isolates were dominant
strains inhabiting the natural silage samples. Phenotypic and physiological properties of the
six strains were characterized. Scanning electron microscopy (SEM) was introduced for
certain characterization of bacterial cell morphology. The six strains had their characteristics
which could be differentiated from each other, and were identified as belonging to
Lartococcus  factis, Pediococcus  pentosaceus, Lactobaciflus  plantarum, Lactobacillus
acidophilus, and Lactobacillus rhammosus, These dominant strains were also successfully
tested for applying as silage inoculants,

Background

Lactic acid bacteria comprising a diverse group of Grame-positive, non-spore forming
bacteria, are central to the silage fermentation (1), The bacteria have non-aerobic habit, but
are aerctolerant, fastidious, acid-tolerant, and strictly fermentative with lactic acid as the
major end-product during sugar fermentation. The classification of lactic acid bacteria into
different genera is largely based on morphology, mode of glucose fermentation, growth at
different temperatures, configuration of the lactic acid produced, ability to grow at high salt
concentration, and acid or alkaline tolerance.

Two main sugar fermentation pathways can be distinguished among lactic acid bacteria.
Gilyeolvsis results in almost exclusively lactic acid as end product under standard conditions,
and the metabolism is refered to as homolactic  fermentation. The 6-
phosphogluconate/phosphoketolase pathway results in significant amounts of other end-
products such as ethanol, acetate, and carbon dioxide in addition to lactic acid, and the
metabolism is referred to as heterolactic fermentation. The production of acids, principally
lactic acid, by lactic acid bacteria from the anaerobic fermentation of forage carbohydrate, 15
responsible for the acidification of the forage and its subsequent preservation (2). Successful
inoculation of the plant with lactic acid bacteria 15 one of the principal factors 1o achieve the
successful preservation. Some species of lactic acid bacteria particularly Lacfobacillus
plantarum, Pedicoccus species and Lactobaciflus rivamnosus, have been reported to be used
as a plant silage inoculant (3. 4, 5). Also, some species, such as Lactobacilius acidophilus,
Lactobacillus casel, Lactobacillus plantarum, and Lactobacillus reuteri, have been reported
to be probiotic lactic acid bacteria {2, 6). Probiotics refer to a live microbial feed supplement
which beneficially affects the host animal by improving its intestinal microbial balance (6).
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This study aims to characterize dominant lactic actd bacterial strains, which were found in
natural Thai silage and selected for applying as potential silage inoculants in local areas.
Some lactic acid bacterial strains could play their roles as probiotics.

Materials and Methods

Dominant strains of lactic acid bactena inhabiting natural silage produced in Thailand,
were selected from a number of bacterial isolates according to the frequency of finding
during isolation and enumeration of the lactic acid bacteria from silage samples as well as
species reported as probiotics in literatures (2, 6). The selected lactic acid bacteria were
cultivated using MRS medium (Merck, Germany} with and without the addition of calsium
carbonate (0.5% w/v) and incubating under anaerobic condition at 35°C for 48 h. Phenotypic
and physiological properties (1) of these strains were then characterized, Cell morphology of
48-h cultures grown on MRS agar, was also observed using scanning electron microscopy
(SEM; JSM-6400, JEOL Ltd., Japan) for certain characterization of the bacterial cell
morphology. The bacterial cells were prepared for the SEM observation according to the
methods as described by Bozzola and Russell (7).

APl S0CH/CHL system (Biomeneux, France) was used for bactenal biochemical
characterization of selected lactic acid bacteria, These strains were also tested for applying as
potential silage incculants using 20 kg of fresh MNapier grass (Pemnisetum purpureum cv.
Mott) in the closed container without and with adding inoculants. The silage without the
addition of mnocolant was performed as the control. Each bacterial starter culture was
inoculated separately to the silage raw material with % inocolum size containing
approximately 107 cell/g of inoculum, and incubated at room temperature for 21 days. The
inoculum was prepared using dry soyvbean meal as the supporting material for bacterial cells.
Lactic acid bacteria in 21-day grass silage were enumerated using the standard plate count
method, and Rogosa SL agar (Lactobacillus selective agar, Merck, Germany) and MRS agar
with and without the additton of calsium carbonate (0.5%) and mecubating under anzerobic
condition at 35°C for 48 h. pH of the grass silage was also determined wsing pH meter
(CCMD 510, Biochrom, UK},

Results and Discussion

Six strains of lactic acid bacteria were selected from the total of 370 isolates obtained
from silage samples produced in Thailand. Phenotypic and physiological properties of the six
strains were characterized. SEM was introduced for eertain characterization of bacterial cell
morphology. The SEM micrographs clearly exhibited morphology of lactic acid bacterial
cells. All strains had regular cell shapes with smooth surface (Fig. ). The six strains; SUT-
D44, SUT-MZD3, SUT-TIR23, SUT-TIRIB, SUT-T2R15 and SUT-T8F1, had their
characteristics which could be differentiated from each other, and were 1dentified as
belonging to Lactococcus lactis, Pediococcus pentosaceus, Lactobacillus  plantarum,
Lactobacillus  paracasel, Lactobacillus  acidophilus, and Lacrobacillus  rhamnosus,
respectively.

Lactococcus fectis SUT-D44 had 1ts cell intermediate in morphology between a coccus
and a bacillus, which was referred to coccobacillus, 0.5-0.7x(LE-1.0 pm, occurring in pairs
and short chains (Fig. 1. A and B). Pediococcus pentosaceus SUT-M2D3 was the tetra-forming
strain which had cell division in two perpendicular directions in a single plane (Fig. 1, C and D).
Cell was sphenical, 0.9-1.0 um in diameter.

Cells of Lactabacillus plantarum SUT-TIR28 were rod-shaped, and usually regular, 0.5-
0.8x01.0«1.2 wm (Fig. |, E and F). They were usually long rods and commonly in short
chains, Lactobacillus paracasei SUT-TIRIS had rod-shaped cell and usually regular, 0.5-
0.Ex01,0-1.5 pm (Fig. 1, G and H). They were also long rods and commonly in short chains.
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Cells of Lactobacillus acidophilus SUT-T2R15 were rod-shaped and uvsually regular, 0.5-
(0:8x01.0-1.5 pm (Fig. 1, I and I). They were usually long rods and commenly in short chains.
And Lactobacillus rhamnosus SUT-TEF] had rod-shaped cell and regular, .5-0.6x01.0-2.0
um (Fig. 1, K and L). The cells were long rods and commonly in short chains.

The production of silage both with and without the addition of bacterial inoculants was
carried out This study would be benefit to the preservation and production of cattle feed. The
six dominant strains were tested for applying as silage incculants and possibly as probiotics
for the same strain. Lactic acid bacterial populations in 21-day grass silage with incculating
Lactococcus  lactis SUT-D44,  Pediococcus  pentosaceus  SUT-M2D3,  Lactobacillus
plantarum SUT-TIR2E, Lactobacilius paracasei SUT-TIRIE, Lactobacillus acidophilus
SUT-T2R!S, and Lactobacillus rhamnosus SUT-TEF|, were approximately 7.80x10°
1.02x10°%, 7.55x10°, 7.50x10°, 9.05x10" and 5.95x10° CFU/g respectively, which were high
compared to the control silage containing total lactic acid bacteria at the average of §.40x10°
CFLfg. And the average pHs of the grass silage were 4.54, 4,40, 4,53, 434, 430, and 424
respectively, which were lower than the control silage having the average pH of 4.70.

Lactobaciilus plantarum has been reported to be frequenty used for adding to crops at
ensilage to stimulate a rapid lactate fermentation (4). Lactebacillus acidophilus and L. plantarum,
could have their potential as probiotics since they been so-called probiotic lactic acid bactenia (2}

Conclusions

Six strains of lactic acid bacteria 1solated from silage produced in Thailand, were selected
as dominant strains inhabiting the natural silage samples. When phenotypic and physiological
properties of these strains were characterized, the six strains; SUT-D44, SUT-M2D3, SUT-
TIR28, SUT-TIRIE, SUT-T2R15 and SUT-TRF 1, had their characteristics which could be
differenniated from each other, and were identified as belonging to Lactoceccus lacris,
Pediococcus pentosaceus, Lactobacillus planiarum, Lactobacillus paracasei, Lactobacillus
acidophilus, and Lactobacillus rhamnosus, These dominant strains were also successfully
applied for testing as silage inoculants and possibly as probiotics for the same strains,
particularly Lactobacillus acidophilus. SUT-T2R15 and Lactebacillus plantarum SUT-
TIR2E.
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Fig 1 SEM micragraphs illustrate cell marphology farrows) of potential silage
inacilant lactic acid bacteria; Lactococcus lactivs SUT-044 (4 and B),
Pediococcus pentosaceus SUT-M2D3 (C and D), Lactobacillus plantarum
SUT-TIR28 {E and F), Lactobacillus paracasei SUT-TIRIR {G and HJ,
Lactebacillus acidophilus SUT-T2RIS (T and J), and Lactobacillus rhamnosus
SUT-TSF! (K and L), cultured on MRS agar for 48 h, Bars equal 1 um.
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Fig | (Continued) SEM micrographs illustrate cell morphology (arrows) of potential
silage inoculant lactic acid hacteria; Lactococcus lactis SUT-D44 4 and B),
FPediococeus pentosaceus SUT-M2D3 (C and D}, Lactobacillus plantarum
SUT-TIR28 (E and F), Lactobacillus paracasei SUT-TIRIS (G and H},
Lactabacillus acidophilus SUT-T2RI15 (T and J), and Lactabacilius rhamnosus
SUT-TSF! K and L), cultured an MRS agar for 48 h. Bars equal 1 um.
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