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Abstract

Lactobacilli are bacteria belonging to the genus Lactobacillus. They play their important
roles in the production of both silage, an animal feed, and probiotics, a live microbial feed
supplement. This study aims to obtain the diversity data of Lactobacillus strains found in natural
Thai silage. The data will be useful for the development of silage inoculants as well as probiotics in
local areas. Twenty seven silage samples naturally produced were collected from six silage
production places in the Central and North-eastern Thailand. Three principal types of silage samples
categorized according to plant species used as raw materials: sorghum, grass, and corn silages, were
obtained. From the investigation of lactobacilli in these silage samples, sorghum and grass silages
contained the similar average lactobacillus numbers which were in the range of 105 to 107 CFU/g
(wet weight). Corn silage contained the approximate numbers of 108 CFU/g. Three hundred and
seventy lactobacillus isolates were selected according to their difference in colony morphology for
identification and differentiation. The dominant isolates mostly found in all silage samples were
identified as to species of Lactobacillus plantarum, L. acidophilus, L. brevis, L. buchneri, L. casei,
L. delbrueckii, L. farciminis, L. fermentum, L. fructosus, and L. gasseri by traditional phenotypic and
biochemical tests. At least 8 strains of L. plantarum, 3 strains of L. casei and L. fermentum, and 2
strains of L. brevis, L. buchneri, L. delbrueckii, and L. gasseri were found when the random
amplified polymorphic DNA (RAPD) method was used for differentiating lactobacillus strains.
Lactobacillus acidophilus, L. casei, and L. delbrueckii have been reported to be applied as

probiotics.
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WA Aspergillus, Monascus W0 Penicillium § wianilannu laitlulndfie Penicillium roqueforti
Nansaad Secondary metabolites (U Roquefortine C, Isofumiclavines A 1lfig B, PR toxin,
[
Macrofortines 0% Mycophenolic acid Wy (Pelhate, 1977; Cole and Cox, 1981; Nout et al.,
v
1993; Frisvad and Thrane, 1996) 1azi31891UN15ATIINY Roquefortine C UosATI1U Silage

é 1 A QU ld‘ o~
(Haggblom, 1990; Auerbach ez al., 1998; Tilller et al., 1998) a4 Luiunadnedainusinn

fi49391300 91 Silage 71 1491nM3MIT&20 Homolactic inoculant hizdelumamd
91 (aerobic spoilage) w’%adau“lwﬂ,jnﬁﬂsﬁ”uTﬂﬂﬁ%ﬂismmﬁﬁﬁhizwiNﬂmﬁ‘u 1adrwan
Silage finsinTAesssumA  1fl0991n Silage finTausssumAiusinsanaeriiam Acetic
acid, Propionic acid, Butyric acid Radude Lmzniﬂmdﬁ:ﬁﬂmtmﬁaﬁugqmm?mﬂmﬁﬁﬁuaz

51 (Weinberg et al.,1993)



Weinberg et al. (1993) 51809UNAUDING “l‘lgf} Lactic acid bacteria inoculants ﬁwﬁmflu
M demsasialuanindiiieandiou (81A19) (Aerobic stability) Y04 Silage TuiostlfiianIs
Fiiianlguan silage Tt wdadhed (Wheat) 410Twa tagdhaihe TaodamaduFuias
u3591U Anaerobic jar 1A 15 A3 WS (tnooulant) A1F 5 3 ¥a Ao ARt 1§y HM F
inoculant No. 9927 (Medipharm, USA) ﬂizﬂauﬁ'owﬁ’auﬁ’am (powder) ﬁﬁ%"'nuaw‘hqﬂ 5x 109
CFU/NY’ Nﬂl@ﬂl‘f?ﬂuﬁ/@ "UENL“‘I!;,’E)N?{N Lactobacillus  plantarum, Enterococcus faecium Wy
Pediococcus acidilactici ‘]gﬂﬁ 2 15l sil-All (Allteck, UK) ﬂszﬂaué’wv‘ﬁ”ﬂmu Lactobacillus
plantarum, Enterococcus faecium Wag Pediococcus acidilactici ﬁ"lli'lﬁ'izui’hmu uazieu laal
Cellulase, Hemicellulase t19t¢ Amylase uamgﬂﬁ 3 15y Lacticil M74 (Medipharm, Sweden)
Ussneuduideurts Enterococcus faccium ffisuaudiga 1.5 x 1010 CFURfy  ms@uiado
adludafiduiagauTaomaeld 0.5 x 106 CFUMSL uazil Control silage 7 AT IT0 A
wasmswiimdiuna 45 fu 1 Silage WIMATBY Acrobic stability WU Silage 7 1491nM51HY
¥adaiRansidodant Control silage 11109910 Silage A& nmsAuriadoil3ine Residual
water-soluble carbohydrates 9% Lactic acid § N HaLNIANIBN Volatile fatty acids (19U Acetic
acid, Propionic acid, Butyric acid) TulSuiles GAN Volatile fatty acids (¥ a'ﬁ:ﬁwaﬁ'ugdmi ﬁl?ﬂg
vosBaauaza  uazwuhmsdeluanwiileendiouves Silage AEvnmsduiadondan

a AL a a d Y
LﬂﬂmE]\?‘D'Iﬂﬂ‘ﬂﬂi'iil‘l]?)ﬂﬂﬁmﬂuﬂﬁﬂ

Cai et al. (1997) lanaaeoald Additives Afnaslutva Sorghum bicolor) 714
= v & & . . &
Wa® Silage A9t (1) Lactobacillus casei LC-10 ¥91u Lactic acid bacterium NANuiNa® (NaCl) (2)
, £ 3 . . . = o o & A A A
Lactobacillus plantarum LP-15 49434 Lactic acid bacterium ONFWAUTHUINNUINGD (3) 1NAD
(NaCl) 40 nSusiof lansuvesdnavhean (4) indeuns Lactobacillus casei LC-10 (5) indouay
Lactobacillus plantarum LP-15 WSeumeuiuns ﬂﬁﬂ"lsh’JﬂNﬁ"lﬂJ'Lauﬁlﬂ‘] (Control silage) Wl
Mugrasnueemsntindial3um Lactic acid bacteria Tudhvhandnindunn Additives gand
k4 Y v
Control silage p819Ttvd Ay (P<0.05) HAZIZHINNTLUIMMINLN Silage WU NaRTMIAY
v
(NAONTONIIAY Lactic acid bacteria A1N1I0DGUHING 1TYUBI Aerobic bacteria t1ag Clostridia
1 a a m 1A o 3 a (4 { A - '
laethafiszdnsam ua lulinadudiaimsnsgyuodaq uagynnisnaasINiiy Additives U
pH, Ammonia-nitrogen content, Dry matter loss UBZN17 WaAAY #1731 Control silage 981911y
’s’hﬁ'iy (P<0.05) uAll Lactic acid content {182 Residual water soluble carbohydrates Q’Qﬂ’h
| AW o w P a o & Ay ya & o o .
Control silage 9819UUBT ALY AMUNINNAVDINGANUN Silage ﬂ‘lﬂlﬁﬂﬂlﬂuﬁ'lﬂllﬂ']il Additives

1] Fa
ndy 18a9%l LC-10 ~ LP-15 > NaCl+LC-10, NaC+LP-15 > NaCl > Control
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Kung et al. (2000) FINUDINIAY Ammonia-N (0.3%) YEL) Propionic acid
preservative (0.3%) 091U5EHINNTTUIMMIHAA Com silage IS IMVRTadazs T
ouly Silage AA090E19TIAET  $1UIUYDS Enterobacteria anasetndn  uaz liiinade
$1491984 Lactic acid bacteria Usfimswiydnas denSefouiunnga Silage 71 llifn 1A
(Control) M51AY Ammonia-N (0.3%) Tina 11 pH siniTusa lszanas 8-9) TuSuusnvenis
muazanauilunia @sza 5-6) Tuudein uasnefitlszuna pH 4-4.5 A00AYI9Y0INT
Wi Corn silage 71180 1NMsnTNUIY 106 Su ¥iATuAY AmmoniaN Laz iy Propionic acid
preservative NUABM AL luan 1WL00nFI9U (Aerobic stability) 1@1I1UNI Control Aonu'ld
WU 82, 69 Uz 32.3 $2Tua mudy

Turuldhdinsdinnudesnsdumsi$uljamsommoiugydunsdnmuz oy
dmsuldifuiade siage i Tiulumsilostumsdoves Silage (tuMNNTITIGiTR
1870 msldidoiionan Silage ﬁmmmwﬁmmiuaﬂmﬁﬂmﬂﬂmﬁmmsaﬁuéﬂﬂﬁm?mu

a

a ada Y a = . =3 A d 1 o @ fa dy 1 a
yosgaunsonneliinanmsiovos  Silage swnegaunidne lsadudainduileusglunia

/A A

s Idethailse@niam uaghifinadhafessudniiusTna miﬁmmsnﬁugemm?m
mmgﬁuw?s‘fﬁﬁw ”mmuﬁﬁswam'jmﬁmm Lactic acid bacteria WA Bacteriocins, Reuterin,
Hydrogen peroxide, Diacetyl, Acetaldehyde, (1a2 D-Isomers U894 Amino acids (Klaenhammer,
1988, 1993; Piard and Desmazeaud, 1991, 1992; Stiles and Hastings, 1991) ﬁaff‘luﬂwﬁuﬁms
14 Lactic acid bacteria GAN 5ﬂlﬂuLLUﬂﬁL§UﬁﬂaﬂﬂﬁU (Safe bacteria; GRAS (Generally Regarded
As Safe)) ﬁﬁwumﬁwﬁm‘luﬂszmumiwﬁ'ﬂmw15°umﬂmmzﬁm'ﬁm:mmuanmﬂ15 wagly
Vfﬂuﬁ AN Natural microflora L% Starter cultures (Cintas et al., 2001) § ’JﬂJﬁﬁ‘]’f Bacteriocins ﬁ
WAN1N Lactic acid bacteria Lﬂummuaummsﬂéuﬁa (Hoover and Steenson, 1993) uﬂﬂ%mf:
893151999 Lactobacillus plantarum Maw@eWUTanN3onan Plantacins ¥aW¥TIAMNAIY
stufuoauunfie &1 Plantacins Saifiu Heatstable bacteriocins 7 InvdnIngSnadugsms
Li]?tlulW’Jﬂ Gram-positive spoilage (0¥ Food-borne pathogens TﬂEJmW’Iz’OFJNE'Q Listeria
monocytogenes (West and Warner, 1988; Kato et al., 1994; Jiménez-Diaz et al., 1995; Diep et al.,

1996; Remiger et al., 1999; Ehrmann et al., 2000)

2 [ ! a el s
Tudu Probiotics %9 Fuller (1992, 1995) lal#naumue 13udlugdun3oniaia

= a . a 1Y v & A 4 ' o
AR INI O AEFIA Y59 Microbial stimulant N1¥AUAUNSodA D152 Tograd luudnisisu

wa ¥ & 4 o (.,’,' =t &l 4
1J59eruiAves Indigenous microflora 1MAYY Fedewaldaunsodaniufiquamdau  daluns

@ A a

e Wugdunsdnamsonszdumsniynie

~ .. qs; Y o oA wAa o
WA® Probiotics uu“l%qaumﬂmqmﬁw A

A
o = 9 a
& Wumouin hideldinalianseadseasiy

' ] Y4
Fwad19anuduUmuae 1saueadad (host) 1



Asa v o o Y = A 4 . .
mmmm’magiammzmmu VI']GlWW‘]JGlu‘IJ’ﬁJ']ﬂH.I"Iﬂ (Nﬂ'J'lﬁJﬁ'liJ'liﬂﬂ'm colomzatlon) 111!‘1’]1\1
a o o = g a o Jdeaada ' 4
AU INITUDITN LmzmmmmwmﬂuNamﬂmcwﬁﬁ%m"lﬁ’u1u°l,ui$m1aﬂmﬁmﬁmﬂmﬁ
141)58 Toand (Fuller, 1992)

) = [ 3 P

o = ' L) Aa Y
yaun3onilonldnaa Probiotics Nquddynguuilede Lactobacilli Nilowldiuann
§ A & Y4 1 @ ° v =
fiqafe Lactobacillus acidophilus FalinawaeiuguazusazaeRugiianuiumedovia

v JY . . A da Y vy '
YNANINIW  Lactobacillus species ’e]NVIiJﬂUQ'IHﬂﬁ%f’E]QUNL%u Lactobacillus delbrueckii
subsp. bulgaricus, L. casei, L. helviticus (Fuller, 1992) MINAUIAIUNITNEA Probiotics H3A4

o e

o o [ Y] v = 9 v J a a A 4' 9
autiueyluilagiiv TagmwizotegamsaumaeiufIaunonilszansammens s

LR

sz ToamnifudaTuaazeiia (Fuller, 1992; Tannock, 1992)

o o
Huber (1997) ar3datlse Tomindullldnarwilsemsves Lactic acid bacteria Tu
' eqqe . A 3| .. o @ 4 '

AN Lactobacilli 18 Enterococci #11414]1 Probiotics d1miuTanszile (cattle) aldud (1) ms
= Y o a @ oo o o
(AN (Adhesion) Y94 Lactic acid bacteria Aumiamuauemsvesdaimlitlosduniodaung

1 — . . ‘é =

mamzaewuuafiGoaolsn (2) MIAA Neutralization Y09 Enterotoxins Fufin ldvinnainuaiy

v

a <] 1 a o @ o

awgluszuumaduens  (3) msaaanuiiunsa-ae pH) Tussuumaduems whldduds

A e v A Ag Y v o 7 9 a 's
s ausinnneresuafiGen i Inududad  war (4 MmInszquMsduaTIzians
a da [ Qs’l o = ad

mwzrilanlnadudimsnsyvesgdunidnelsn

o [

v
av A o o
ﬁ']‘ﬂ5'Uﬂ'liﬁﬂ°}':|']‘U'f)\'ﬂﬂi\‘lﬂ'li'J%Uullﬁilﬁua\?ﬂ’ﬁﬂ']ﬂ')']llﬁa’lﬂﬁﬁ']ﬂﬂ]ﬂﬂﬁ’]ﬂwuﬁ‘llﬂﬂ

~ a ¥ [~ 4
Lactobacilli inulu Silage tnanlutlszmainaielfiiiuemisln weodludoyaveensfinm
3 ] Py - v & a ady A A ~ @ :il R o as
dude lNvzidonaeiugyaunidtosduimnzsanlumsnanriuie Silage dmivdszima
Iny iien1sHAR Silage NAINBNN LOZAANNAITOYTBALAZTAINATNITOAIU colonization VDY
. gy a 2 ) \fq’;l a . 9
Silage lactobacilli TumaRuorvisvesla dsazlillss Towiiansnan Silage taznan1 ey

Probiotics @151 1

(Y] Jd a
2. 'Jﬂq‘l.lizﬂﬂﬂﬂl'ﬂﬂﬂ"liilﬂﬂ

4 v o gpe A . d'
Mo li IddeyaduanunainnatsvesaeUgYeq Lactobacilli finylu Silage 7

wanludszme Ine
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3. YDVIVAVYDINITIVY

@ o g A . { a
MIANEIANUNAINNAIWVBIABNUTYOS  Lactobacilli ANUlY  Silage Nwdalu

Y o a 2] o ' . £ o @ o o
Uszmelnedl 18duiiums Taonusiusaudieds Silage ¥9ldonmsniin lasordegaunsdan
= ' “ A o a J e = =]
555018 Mnunaswanlulszmeing el mns93A TN Lactobacilli  uazdoniy
Lactobacilli audnysizdagiuineveslalafinuanmesuitomsiinnzvisiia lnverdodaigiu

F

InsuazgaauiamauninsemsveswuniBniy  uazfnuinwranvatsvesmeiug

Tagl¥35n1ansaiinnaon

4. Ys=Tawrinlasuainmadde

w iige A d a . lq o
YoyadumeRuiues Lactobacilli inuuazinuyTumamnnly silage 1ldnams

as a A g dy -2 ]
winamusssundaludszmelne  Roduiugulumsdnedeanuanselumssdseauay
T . cipe a ] o o w v
colonization 94 Silage lactobacilli Tumaduomsvesla Fezdlulszlomidmivauanu
{ o o o o3 o = - q’:‘ .
Microecology 04 Lactobacilli hlinnudaguazsuilulumsiennmsnaanananiy Silage

0 @ o 1 =3 a A
118¢ Probiotics Avsuda ludszmealngedralilszansnm



1

UNAN 2

Aasl o A a w
IBAUHUNITIVGY

£

w o s o ar < a

msfnyanuraInnaevesmeiuguanTauudadalundminvie Silage 1415w

o a d Y 1 . v a § @ (Y [ o

AUHUMITANLIIWTINAI0E  Silage  nuMawIanmeunasluimiaaseySuassania
=) v = { |2 wa oo o way a

uAsTdIN (o 2 wazmswi 3.0 wazldaomNlianuidens Hewulfiidnmsgadiine

4’ oo 4 oy Qe
@msinTosde 2) Heslfiamsmalulatfinm (@manesiie 3) uazdewlfiiamsdund

A

4 J a o a [ &
(01MsnTeiie 1) guimiesiioinnmansuazma lulad wwiinodomaTuladqsus ¥4

[y LAY A o a (% d’l
Taquazgunsaivan waglIsAuTuMIAI

1. gunsainldlumsduiiumside

1.1 agfem

v ¢ o o

Ed
Q/ 1 ‘é o/
agnaananilsdade Il wileflsnruduleo (Autoclave)  doulofou (Hot air
4

A

{ a o, 1 4 ] §
oven) @:L‘TIUW’O (i;au‘vﬁﬂ) (Laminar flow hood) é"ljll@ﬂ (Incubator) 30 g 37%, ﬁ’ljlﬂmzl?ﬂ

=Y

QUM @O%) Jusuds Freezer) -20°%. 1nT0eFenziBun (Analytical balance) IATOIFIME
(Pan balance)  1n309nilunsa-a1e (pH meter) n3euiulalail (Colony counter) ndos
ganssmiaiiaiilfies (Light microscope) Woundesdiomn  ndesdmwmaaui  weny
ANQMUNYN (Thermocycler ¥350 GeneAmp PCR System) EiN‘L%ﬂ’J‘UﬂJJQﬂMQﬁ (Water bath)
Refrigerated centrifuge Microcentrifuge Electrophoresis apparatus Micropipitte sets

. . ¥ v J
Spectrophotometer (4101% UV Transilluminator W3DUNABINIYAIN

1.2 Jag

Yeqh 14

¥ 3 ¥
fAdaellil wTewdugudmiudiansgadiine  vasaudidiniy

=)

a3 o a a an P Y &£ dy b o/ =)

PugaunId  varundervuaussy 250 dadans nuanuioulumsieige whwinuse
o ' ard 4 {

Silage 4 (NAo9) HuANMIU  Haudwnw nIzmbNIee 1BBNTOY (Membrane filter NAVUIA

Foensed 02 TuIASMAT)  Anaerobic jar uazesnmfAseiueenday (ediinvondiow)

Centrifuge tubes YUIAVIIY 50 LA 250 1I0Aans  Microcentrifuge tubes  Microtitre plates
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Micropipette tips ~ Sterile swab @11’115&5&1\3@5141’]?5 msnddmiuwionasazmeiioling g
yilavouuuanSelungy Lactobacilli medaguinounzlffsomesuntl  asmiuazens
I (U Enzymes (Tﬂmnwwﬂdnﬁ'a Lysozyme, Mutanolysin, Pronase, Proteinase K,
Ribonuclease, Tag DNA polymerase) Oligonucleotide primers (8¢ Nucleoside triphosphates (dATP,

y a o [V 4 act =) aa
dCTP, dGTP, dTTP) lﬁﬂ’)tﬂi'lgﬁﬁ'lﬂwuﬁﬁlﬂﬂ Lactobacillus ﬁ'JfJ’Jﬁ‘V]Nﬂiﬂu’)ﬂaﬂﬂ

2. MIANVUAZTIVIINGIDEN Silage DNUKAINGA

[l

2.1 uKAINan Silage

o ' . A o A a 4 A ' . o & . d'
#0881 Silage wmmmﬂmammﬁwLmﬂmiﬂ“luﬂqu Lactobacilli 1444 iy Silage W

llal a = [ = dﬂ'd‘d L= | Ay o @ s =§
AVINNTLUIUMTHIN IASTITUYIA (ﬂ1ﬂﬂ§ﬂﬂﬂ5&‘l’lﬂ6gﬂi@ﬂHLﬂﬂHMﬂU’MQﬂU) HI5IUFIV
" oA . ° ' A o a w a a ~
VNUHAINARN  Silage TUIU 6 LHAY AD WﬁuummmaﬂmﬂuTauqﬁms (UNA[DIN

] I'd an A W o A o 1 oo ]

Q’%wﬂmmwmw AT. AHINT UaVLA AUUUNT) peAMsauasSuNINs Inunualszma lne
T a Y] o I v s oo { @ ' oI
(8rn.) (umandnludandaassySuasfainiauasadun)  USENUAS Fwway touawesIa
o @ Y Y] Py 4 o W w ~ 4 a o ]
1R (NN IPUATTIFTN) sy Teade (INIAUATIIBA ) sazs v INeIdveULNY

(FINIAVDULUNY)

2.2 IBMaHUAIENS Silage

Vv
© 1 1 o
TFhadvvneenmdsznm 1 o (hiddaeaeneuld Tasjuuoanseed (95%)
' ny o = v o 1 :’ ]
udarnulad vl AdlFiudszana 15 3unfi Aeuldan) Au silage 19 1dUszanm 500 nfudeadse
LY v ] °y ' % @ @ @ [ . o I}
A298719 NUARIE 1INionNAN3 ofaniln BT3RS Silage naluganmadnintuazazein Sa
v ¥ A ~ Y a ] o o o A o

o 1MAeenINgaussIv ldmniga  Tathngeldain wazmulududuanmdn et

a ' P ' e a wa
AnsrzvinwuaiiFolungy Lactobacilli ludos§iians

3. mydmsevinmuaiiSalungu Lactobacilli 1uiiaena Silage

3.1 MIUSNUATATIND Lactobacilli 146110814 Silage

MIMENLAZATINGY Lactobacilli 14@29819 Silage AUIUMIAWITHVMNIATFIN

(Standard plate count) mega%ﬁ‘nm waz o193 Rogosa agar (Lactobacillus selective agar, N1f
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14 v ' ]
HUIN A3) Tagii Silage USuas 50 pFu Aev1eluiihndutaondodte35 Serial dilution agnae

Vv
suspension YU UUAIMII0 IS Rogosa agar A Spread plate technique (Woolford, 1994) %11

]
= ~

v
msnanesaesst nlduuafiSenSyngungll 37%. luanmideendiou (19 Anacrobic jar

9 U

[ Y
10¢ Anaerocult A [MERCK, Merck KgaA, Germany]) tuiaa1 48 $21ns 91nvunsioiulnlail

1
~ a o

vouniFuinTyuuAMe s Jufind1 CFU (Colony forming unit) Taufiedn 1 CFU wiy
4 q’/’ @ [~ 4 =) LY 1 § o a
10 1ad wienviadanmanudiunse-aa (pH) vo4 Silage  TnawSoudiodraiiosn muis
4 @ o '
N13U03 Woolford (1994) Aunsoaiannuunsa-aig (pH meter, Mettler Delta 320, Mettler

Toledo Ltd., England)

3.2 masaeniulalasiuey Lactobacilli Nuen'ld

o AN W 1 o -4
{OANY Lactobacilli Nildnyae Inlatiuanmedy mnmsuondode 3.1 wazuenldla

¥

g t4
WOUTANT (pure culture) AT Cross streak 1ae1¥011M15 MRS agar (MARWIN A1) taz@sald

]
a o

a a o @ 3 o = ¢ a
wuanSensyngungl 37%. luanm1feendiou funar 48 FaTus nimiuhlfSnszvaiiave

o o o = e ~ - ) q’: = I'd
LL‘Uﬂ‘VlLﬁEJIﬂElmﬁﬂﬁmj’m’ﬂ’lmuﬁzﬂmﬁﬂJ‘}JﬁVIN“]f’JLﬂSJ‘UN‘L'iZﬂﬁ‘llENu‘]JﬂVlliUuu“] HAZANTIEN

v d e = a o
ANNNAINNAVOIAWWUFUDA Lactobacilli 2835 M19nsATIAADN

3 o Asa 4 PO 9 °
MINVTNHIMINTIAV0ULDA 11 Stock culture voauARGENsIWTW R Nz lae
E 4 ¥
@oaunfiiFeluerms MRS broth (Mawuan a1) Agungd 37%. luanmieendion Wuna
] v ¥
18-24 ¥11u9 MNTuANASazaw Skim milk Yasaie W ldnnududugamemidy 5% udn

=)

Puiigamgil -20%.

a ¢ a — A 4 N
4. MTINNLYBUAVDI Lactobacilli Nuenlnoin Silage

MIUNTIZHBIAUDY  Lactobacilli  owedaguinemazgaauianeduniiung

9
UsemMsvauuaNGoriue 71U Kandler and Weiss (1986) 4tag Holt ez al. (1994)

4.1 mfnnFugndinenvearasdlnedondisaduuaiienuunnsay (Gram’s stain)

A @

o a o Y A % A A o ¥ a P
msAndagIuIngveuwad lnsdoudaduunnisouuuunsuiiy lsuuanGenda
Y a o3| o =
idon PBuazdosldinsyuue1mis MRS agar (MArWIN A1) 1Wua 48 %319 NUATENTOY smear

9
' { T i J o .
vuuruuda lasnazels asuwad Wasuriuude ladaennudon 1Iniunead Crystal violet
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Y I ~ 3’ :l
(mawun n1) 1viauses smear (unat 1wl dudosndrotinnng 19511090898 Gram’s
iodine (MAWUIN U3) (LALHYA Gram’s iodine IHNINTOY smear Wy 1 W 1N Gram’s iodine
34
Ly Y 4 ] T
114 1102819598 smear AIVUOANDIDA (95%) N3D Acetone alcohol (MANUIA V1) au 'l F9v4

b
Crystal violet 99NN1 A 1UAITIHW 20 FUH  Aedeiviufl JouuToo smear 4768 Safranin

[ 2 v 3’ iy ' @
(Mmanwan n2) Wunar 1w mdne dredied ddddude udimsegglsuazmsisoeiives

o o I

<Y kY L4 v . oo a
A LNABIaNssAUDYIFuee (Light microscope) laaldaudingiidsvers 100 wh  Sa

9

sy . & ' .
VUNRUDIUH AN IY Ocular micrometer cm"lé'zﬁaumué’amﬂ Stage micrometer

4.2 mInageugaENlaNIY uatiuliznmsvewuaiity

wa ~ o P ) A a oA
ﬂﬂmll1JGl‘l/lN"]f’JLﬂllﬂﬁﬂ"’llfNLL‘UﬂVlLiUﬂ"lﬂ‘ﬂﬂﬁﬂm‘waizu‘%uﬂ Ao ﬂ’ﬂﬂtﬂmiﬂiu

L4
msar31aonlyy Catalase 1Az Oxidase HazMINATOL Carbohydrate fermentation

4.2.1 msnageumsas1uenwlusi Catalase

i { a [ o
14 Loop WenuaiiFeinTguue1ms MRS agar (ManwIn A1) Wuna 48 $9Tu9
v & 4
thevuruudaladfiaze1n noaa1sazats Hydrogen peroxide (3%) (MANUIN ¥2) aguuLiof

v a L g
the Buuwsiuudalad asrgmsfanesie Fafluwauinvesmsadrseulend catalase

d
4.2.2 msnaaaumsarueyly Oxidase

b 14 v

MHUnsEAIENTsasluudsaolaiazenn veamsazay  Tetramethyl-p-

phenylenediamine dihydrochloride (1%) (MAWWIN ¥9) asuunseaunsolnneilen 19 Loop Ay
{ a < o {
HUATNITENIITYUUDIMIT MRS agar 1iluna 48 421 theasuunseaunsesnidlenaisazas
0w - v 9 - A A 4 4
dmsunageu Insdaanldidhuduendszinm 3 wudwes asegmsuldoudveuientheuu
& ¢ § o A g da v

aszanIee Fedudunauinvesmseadraon e oxidase onthoszulaoududiidudunie

lu 1w

4.2.3 mMsnaaey Carbohydrate fermentation

N1INATDY Carbohydrate fermentation ey ¢1) species YD Lactobacilli ladutiums
oy . ] o .
M1UITVDY New Zealand Dairy Research Institute (1995) cm"lﬁ"wmmmmn Kandler and Weiss (1986)

Carbohydrate Mldmagouiisuiu 22 silade Amygdalin, L-Arabinose, Cellobiose, Esculin, Fructose,
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Galactose, Glucose, Gluconate, Lactose, Maltose, Mannitol, Mannose, Melezitose, Melibiose,
Raffinose, Rhamnose, Ribose, Salicin, Sorbitol, Sucrose, Trehalose (1@ Xylose éem%m“lugﬂmm
a15aLa (6.8% °lu1‘iy1ﬂﬁ"u) waziInoaimedaenisnseslneldiensos (VUIAYDINTBY 0.2
Tulaswas) mm%uuﬁﬂmsig Carbohydrate UAnEY¥IANITUNQUUDY Microtitre plate Jasaido
nauaz 50 lulnsdns FINTNABDINDIEN  9EENEINIT MRS fermentation broth (MANWIN N2)
ozl ouuaiiuienaey TﬂaL%HTﬂTaﬁmawﬁaU%’qw?mq 48 §2Tu9 M9TQyUU MRS agar
Tetnsli MRS broth (S1ms 3 fiadan) vultuuafiSonSydunm 1824 $2Tue Juann?
oondiou figungdl 30%. yinunde (spread) L%ilamg 1824 S Tusfuuimihenns MRs agar

a

v v k4 v 1
ussylunudeare duldiveniyuuimihemsuiigunad 30%s. Tuanm1ieendan dh
o 3y g . :’ o § o)
A 24 $Ilue  $e¥onin MRS agar plate 18 Sterile swab aslinihnduilnoadailSuns
a A A = . 4" Yy T A A o =) P A
2 Uadans NBIATYY suspension Youe MNANNYUFuilioTammagandunasinnueInay 600

\ Qo A ~ 1 Q o
W Tung (Agog) WA 0.7 Fuilon1ATastszanauvii 4-6 McFarland unit suspension Tite

suspension youFoRand 200 lulnsans Tdaslu MRS fermentation broth 151105 6 fiadans way
Talachumauvesdeuazornsi 120 lulnsdns Teraslunquaes Microtitre plate ﬁmsq Carbohydrate
50 WinsansBudr Tuva@eafuisnasumummsalumsadiaveade Taoldidony
anuuiision1§nelunaonussy MRS broth 7ifl Durtham wbe ogday  UnlfiwadiGensly

=Y

a { = o o
Microtitre plate (1a1a®A MRS broth 195ygauungil 30°%. Tuaniw13eendinu duna 48 411uq

q UG

asIWams319nsa luemMIsNUT5Y Carbohydrate ¥iAd199 14 Microtitre plate Tag
o d' =) . . o = =] CA] a oA
FunansiJasuduos MRS fermentation medium ndu2uludivdes Tunawa + (Fivdeq) uaz
v
Wa — (§119) uazasrennuansalumsadiefsueuseanegesitalu Durham wbe lunaon
U55) MRS broth (NBUNAVBINITIZYFHAUDY Lactobacilli Nenldnin Silage 910A1519073

Y
NAABUYFOD1999 (New Zealand Dairy Research Institute, 1995)

5. MIANMIANURMIANMIBTEWHEVO Lactobacilli Aiena1n Silage TagliIzmansa

o\ o

HINADA

v @ e { VY  an
ﬂ'liﬁﬂ‘k!1ﬂ’313J1’iﬁ'lﬂﬁﬂ1ﬂ‘llﬂ\1ﬁwwuﬁﬁjﬂﬁ Lactobacilli ﬁuﬂﬂ"lﬂﬂ’w?‘ﬁ‘ﬂ’l\iﬂiﬂ
14

f1nasniu 181501995 Ribotyping (Rodtong and Tannock, 1993) uaziilesanilyminszue i

y
a wa

{ o o 1 3 ) { o Y a 4 =)
oInsinTeslle 2 AlFfAnudundn dutssasuezyinamunemh ldinamsidoudsves
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]
L = ol

Tangnminduiiudesld unsdrennusiomaednaquazunseive Professor Gerald W, Tannock
FNAMAIN[IINNT WMINNY Otago UszmaiaBuausd AvSnvweslasensite Se18
WaIU1IF Random amplified polymorphic DNA (RAPD) ?Tu;ﬁe‘l%’“lumﬁmswﬁmmwmﬂwmﬂmm
@UWU{UOS Lactobacilli 4nU33  Ribotyping Fimsinnzinnumennmevesmuiuges
Lactobacilli #3638 RAPD i e1fumstu/31as DNA (Genomic DNA) waauunfiSedumailn

v v E4
Polymerase chain reaction (PCR) 1UA0uU9938 RAPD 71 ldduilunisdieasi

5.1 ﬂﬁﬁiq’llﬂﬁ?ﬂ!!ﬂﬂ Genomic DNA ‘i]]ﬂ!“l!il’é"ll?)\i Lactobacilli

@ . J . o o a a
MSANANTOUEN Genomic DNA INWAAUDY Lactobacilli 11 1@ uiiunsanSsveg
& & aad e ) o [ ] ..
Luchansky et al. (1991) ¥utu35 7114 1AUTuae DNA mnaiieswedmsun1seosveg Restriction
9 @ A . . { Y $ &
endonucleases §MTVTF Ribotyping mui ldnaumunazmsouiaquazgnsal Ifludosdu g
P Bldyd Y ) o @ A o/ o o ‘ﬂ' ) =
DNA NlAaifSunannduned miud’ RAPD  nisafa DNA aszih lasiudouSgnivos
v Y v
Lactobacillus Nta8911 MRS broth (Manwn A1) Hunal 16-18 $21u9 Usuias 100 Tadaas w1
y P o ) & a o oAy v o Yoo,
Huusniraananusa 8,000 seudowf Wunatr 10 Wit uazswasn léviaruallGesssly

=

a a aa { = 3 @ 2] {
MRS broth 331915 200 addas fgamgil 37°%%. luanmw1¥eendiny Munar 2 42 Tue Hufer

a

' y 1A o g ¥ v Jd 0’-" kY = .
ad lnemsiluusnideniuinedy Suradaninssdas TES buffer (MANUIN U8) 1A Lysis

buffer (MANUIN ¥5) 1SW 1 UoAdnT Nl Lysozyme (SIGMA, Sigma Chemical Co., USA) 20
iadiniu uay Mutanolysin (SIGMA) 40 luTasniy Wudulsznovegdae  vmwadly Lysis

=y

buffer ﬁqmﬂgu 37%y. ifunan 1 ‘f;"ﬂm ‘ﬂ”lﬂfi:mau 0.25 M Ethylenediaminetetracetic acid (EDTA,
pH 8.0) 1 T0ddns wmasavssydunanveuaduazmsazmoiidu Bigamgives fuam
5w udufinensazany Sodium dodecyl sulfate (SDS, 20% wiv) 400 luinsans v luluglu
Water bath gaungil 65°. su'lddunandila alszina 15 wifl) Aumsazats Proteinase K
(MERCK, Merck KgaA, Germany) (20 fa@niudoiladans 14 10 mM Tris-HCl-pH 8.0/1% SDS)
U5 20 Tulnsding shuaeaussyauwaundu T usly Water bath qaungil 65%. snnduiy
nE1 15 WIR ieAsuna Ay Proteinase K buffer (10 mM Tris-HCl-pH 8.0/1% SDS) i3
Pronase (Pronase E, MERCK) 500 luTnsniudefiadans YSim 9 fadans  dudunauded
gaunil 37°. e 1 2 Tue imiuaiadan Phenol 1 Chloroform U§aAnAzABY DNA da8
mudy 2 TasdSnIues Absolute ethanol  (fufvIAZNOY DNA #i 1A Taemsiluuondas

v
' ¥ S q 9 Y
ﬂ’)"lﬂJL%"J 12,000 FOUADUIN WU 10 W% g’l\iﬂ&’ﬂﬂﬂﬂ’w Ethanol (70%) neldnznouuds
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sz 30 1) udrReazarenzneu DNA T TE buffer (MANUIN 17) HUE1502a10 DNA 5

1815 Mqamgfl 20%;. doldlumsnanesiuseltl  asnaeuanududures DNA fafald
Aouh 1% TaeuSeufiousu DNA Ainswanududuudigrumaiia Agarose gel electrophoresis
UNUMIIAR9Y Spectrophotometer Lf}mi)mﬂ’fai‘i1ﬁ’ﬂ°umﬂ;ﬁ’m«v’fﬁﬁaejué"s"luﬂﬁﬂﬁﬁﬁmu%ﬂ 1Az
81U RNA ﬂmfﬁeuagi‘luﬂ?mmqq fin RNA oonlaslda1sazars RNase (Ribonuclease A,

SIGMA) (Sambrook ef al., 1989)

5.2 M3NNYSN Genomic DNA Vo4 Lactobacilli denmniia Polymerase chain reaction (PCR)

(AR Polymerase chain reaction (PCR) 9115175 Random amplified polymorphic DNA
(RAPD) #1ldvianiossynuana1eues Lactobacillus strains MU Silage 3u91nA15NABDS

P ad A ad ~ d' o w N as o VA
L”LEU‘UL‘VIEJ‘U 399019 LW@WT)'ﬁﬂ'ﬁ'ﬂlw1]']3?{1]7]@1@ﬁ1ﬁ5‘uuﬂﬂ‘ﬂﬁﬂlﬂ1ﬂu10 ATNITANNANIND

o . té qs: i (3 o Y
A) ABMIANY Cocconcelli er al. (1995) Faiidunoui lddauaunfnyidsd
19363 PCR reaction mixture luviaoafilshia vuiaussy 200 lulasdns Tasussy PCR

~ o ¢§ ~ 1 o dy
reaction mixture 1/511015 50 luInsdas Felldmalsznoudail 1X PCR buffer 2 mM MgCly 50 mM

KCl, 100 uTasnsy (ug) fo'luTnsfins Gelatin Az 10 mM Tris base, pH 8.3) 50 lTns Twa (uM)
VOIWANTFUAUDY  Nucleoside triphosphate (dATP, dCTP, dGTP, dTTP; Boehringer Mannheim,
Boehringer Mannheim GmbH, Germany) 2 1115 I8 Y84 Random primer (5’-AGCAGCGTGG-3") 2
11128 (Units) Y04 Tag DNA polymerase (QIAGEN, QIAGEN GmbH, Germany) 4482 100 41 14n3% (ng)
99 Genomic DNA oz 19nszuumseiny/Sunes DNA lunTosmunueungi GeneAmp™ PCR
System 9800 (Perkin-Elmer, PerkinElmer, Inc., USA) 31474 45 591 Tﬂﬂé@qquﬁuammdwﬁumu
&1 &afl (1) Denaturation figaungil 94%. funa 1wfl ) soud} 145 Tauusazseulszney

= —

M = H d
#20 Denaturation N1gaungil 94°w. e 1 w1l Annealing Ngainadl 29%. Hunat 1.5 wift uag

U a 9

1
= o

o = < . o3 A
Extension NYUMNN 72°4. L‘i‘Junm 1.5 4N 18 (3) Extension NOMUYINN 72°%. Wuan 10 W

a L] Q 9

¥

¥) IBMIAW Quere et al. (1997) Falivunoun ldaauilasnfnusail
1938 PCR reaction mixture Tuvavaiiilshla ytnaussy 200 Tulasias Tevussy PCR

) ) é 1 Qs g i
reaction mixture 151105 50 lulnsans Felidmilsenounsil 1X PCR buffer (AT 1.5 mM MgCly;

QIAGEN) 100 'lulnslua vesazyiavoa Nucleoside triphosphate (dATP, dCTP, dGTP, dTTP;
Bochringer Mannheim) 10 Wlalua ¥89 OPA3 primer (5-AGTCAGCCAC-3’) 1 %t 499
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Tag DNA polymerase (QIAGEN) o 100 #11UN5U U89 Genomic DNA ez [4nszuiums iy
e DNA luinsesniunugmmgil GeneAmp™ PCR System 9800 (Perkin-Elmer) $117% 45 501

4 ¥ v v
Tnedagamgiiuazimeuddu fail (1) Denaturation figungil 94%. Whunat 5 it (2) soudi

~ o

! .ood < a { -
1-45 lasudagsoulsznoUAIY Denaturation NQungN 94%. Wlurm 30 U Annealing ﬁqm‘ﬂqu

] U

=Y

& 4 3 ; -
36%%. 1{ue 1 W uae Extension figamall 72%. una 1 1# 1ez (3) Extension Ngmungil

9

72%4. dunal 10 wafi

A) Fen3ffmuniiu 1agBan RAPD Analysis Primers fidenvinguin (RAPD
Analysis Primer Set, Pharmacia Biotech, Sweden)

TAuisSou PCR reaction mixture TumasafifdhTla 1naussy 200 Tulnsans Taoussy
PCR reaction mixture /31105 50 uTnsans Hefidrualsznoudal 1X PCR buffer il 1.5 mM MgCl,
(QIAGEN) 100 TuTnsTua vouudazwiinves Nucleoside triphosphate (dATP, dCTP, dGTP, dTTP:
Boehringer Mannheim) 20 W1n1ua Y09 Primer 2 %150 Primer 3 (RAPD Analysis Primer Set, Pharmacia
Biotech, Sweden; minﬁ 2.1) 2 U VD9 Taq DNA polymerase (QIAGEN) uag 100 W1 1unsy vo9
Genomic DNA  uagldnszunumsiiudSina DNA lun3osnIuaugmngl GeneAmp™ PCR
System 9800 (Perkin-Elmer) 314734 40 591 Tﬂaé‘;"aqmwQﬁuama1mua°1ﬁ’u &l (1) Denaturation 7
gangd 94%. Wunm 2 il (2) soufi 140 Tasudazsorlszneudie Denaturation figungd
94%. ifhuran 1 11#t Annealing i 20%%. ifhurim 111# oz Extension figaimgi 72%%. iy

{ a </
M 11 uag (3) Extension Ngamgil 72°%. ilunan 10 wii

@15191 2.1 RAPD Analysis Primers (RAPD Analysis Primer Set, Pharmacia Biotech, Sweden)

P4 umsimazd Lactobacillus strains & 7875 Random amplified polymorphic

DNA (RAPD)
Primer Sequence (5'—3')
Primer 2 GTTTCGCTCC

Primer 3 GTAGACCCGT
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d a
5.3 PMIATIVAATIZHNANDN DNA 2190520IUMS PCR daemaiin Agarose gel electrophoresis

AT ANTIEHHANAR DNA DInvounadifunszaums PCR TasldveaunaidSuias
10 lulnsfing WA Loading buffer (MAwan ¥4) 2 Tulnsdas udrussgasluges (Well) vos
Agarose gel (1.5%; Low EEO Agarose, BIO 101, Inc., USA) luensazans TBE (Mawuan v6) 14 100
bp DNA ladder (Boehringer Mannheim) (462 100 bp DNA ladder (GIBCOBRL, Life Technologies, USA)
(i1 DNA Molecular weight markers 1on#1v83 DNA muannadaenssua ihung o Tavt 910
YRS MAMIaUeaaY DNA (DNA band) Inedion Agarose gel #28 Ethidium bromide (4ud1
1 TuTasnsudeiladdns) Wunm 15 il uazasrngmaeaumeveoy DNA molduassants-

T lewmn Anwe999aL 295 11 TUmAS Y99 UV Transilluminator 1uTinma Inen1seionin

5.4 ajUuuvusy RAPD 484 Lactobacilli

[ d' a
a7UUUULNY RAPD 489 Lactobacilli MeWuga19 1 1d91nmsasianinanin DNA
INNTTUIUMS PCR AiMAtin Agarose gel electrophoresis 11/38UHUNY Type culture strains
HAZANWADANTOINUHAMITZYFTIAUBY  Lactobacilli  Tnsorfoduguinsuasnoauiams

FUANVDAULUANITYIUY (1D 4)
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WaN13IeE

=R v o { { a
MIANYINNUNDINHAWYOITWWUEYOL Lactobacilli dnwuly Silage Aindnlu
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~ Yo - 3 @ [ 1 a
ﬂizmﬁ'lmu "lﬂﬂ’llu‘uﬂﬁIﬂﬂlﬂﬂi’J‘Ui’JMWJ’GUN Silage inmmmwam“luﬂmﬂammzmﬂ

4
Ww A

[ = o P A
A2 TUBONMNOUNTID LAZATIVUATIZHN Lactobacilli %9 1dWamsisosst

v v

1. 7084 Silage N353 G0 1nuMdnEn

s ' . { o 4 a L4 A v
A1081 Silage Mhauions AT MUARGElUNGY Lactobacilli lums

k4
o = 1

o . { @ a Qs JA &
Anuaseil 1 silage A l&0ANTTUIUMINTR TRosT TR (e fuydunidntieguioduilon

q

D¢

@ o [ as

a & ' o o '
VINUINHAY) BITIUTININLNRAINGA Silage U 6 LKA Gluﬂﬂﬁ’)ﬂ’diz'lﬁ UATTITTIN
v 1

[ [ F
HAZVBULAY (A15199 3.1) $IUIUAIBE19 Silage NTIVTINIENRIFY 27 FavE19 (5197 3.2

. d' s)dy J [ A o ca' Y o é =) o Q A
uag 3.3) uag Silage N lAfuanA T UAURYIagAUR 19uan Tl 3 ¥ilandn Ao

(1) Sorghum silage
] a A v I o a a a 4 a LY
Tt vheriandufivermsdaiidutaganlumssda uasndaluvhsuuminende

a

~ 3| { o o a :Il 4 Y o
malulatqsns Wy Silage Aitghuimmsminluganara@nmnaesasuiiussy aquiin

1
9
LK
v o~

USiner 16 Alanfusinge w1 idou uaziivied Ianmsninfiduuas lidummima sade
FUNABNHULNIINIA TN ﬁ”aﬁaaeiwﬁ"lﬁ'%1ﬂﬂﬁwﬂ'ﬂﬁ@w%"lmﬁuﬂwmfmmﬁﬁﬂymwﬁu
Ry Aretrednaz e Sorghum silage AauanslugUfl 3.1n undufSeuifeunnnaunuh
e Silage 7140 nmansinTae@umminadindunouuesmsnsn wenvnil #9145 et
Sorghum silage ﬁmaaqwﬁmm Forage sorghum @inmﬂﬁuﬁ'ﬁu 4 ma‘ﬁuﬁ (Suksombat, 1997;
GﬂiN’ﬁ 3.3) A® Jumbo (Sorghum x Sudan Hybrid), Nectar (Sweet sorghum x Sudan Hybrid),
Superdan (Sudan x Sudan Hybrid) (18 Sugargraze (Sweet sorghum x Sweet sorghum) ﬁw'mmﬁ
NNzl anyazN 1NN TUEUABINY Sorghum silage A03AI0819919AU

(2) Grass silage

a

[ o \ = Q’l’ \ { A
Tdngniiudagaulumswiauazidnaundmwdais s unds @9 3.1)
~ a @ 3 o [} . ~ a
Grass silage N ld0nhsuumiInendomaluladgsuns dudiotis Silage Anaaondnan
‘Viif;’”l 2d wﬁuﬁf (Suksombat, 1997, A1579% 3.3) A0 Nutrifeed (Forage pennisetum) {01 Ruzi grass

s/ ]
(Brachiaria ruziziensis) wazsmumsndnluganaaanninaessunussyiaquin 16 flaniu
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§ o A { 4 ' a A v
aoge una 1 dow Tuvaizd Grass silage N 1Annosdmsduasuiams Inuuurealszima
vy (ean) Bunethnves Tndauasswdu) wumswinludedy vwiAaussy 1000 du

$117u 2 1o Aefiviin1d 1 e @l lddlavoninioiwansun 1UlFse Tewh) uagndn

= [- S 1

3 ¢ & a o ' %
il rdseglusgniensiflszTond Gl8l¥ndadanildudsm 1 T 3 vealowiin)
AIDENANYULUDY Grass silage TAUAWTAIINFUN 3.19 oz 3.1a MWAIAY @Y Grass
. = ° o3 o o ' o 1A J
silage N1A910 odn. (Sunowimman Sentaaszys) MumsminluteSmwud vuaussy

Y & ¢ a o ' 1 ] @ (] 4 A
300 ¢ Feldsz Tomindasmadt ldudraudedinarauedtio #10819 Grass silage MAVIANE

1
1 & A

¥ Vv H ¥
a1 (31N 3.19) wnandede Nldnndoniniduneihnges (3R 319 uaz 3.18)  uaz

q&’f::'vlg/ o

P 3 a 1A 1A (4
Grass silage #ilannvhsulondy Tnedldanmsminluteduuaziouud  vuaussy

=) v

o ] ] 4 FY o v ] o ] . A d YA :' ]

Uszanm 700 dudove Feldse Tewiaudeaiuarsvestio @a0619 Silage AV IANTAT UBU
A . Sy ¥ o 4 o o ~ s w . sy ¥
I8N Silage ‘Vlulﬂ‘ﬂ'lﬂ 2a9. (DUNDNININAN ‘N‘Vi?ﬂﬂig‘lﬁ) 911 IY Grass silage 'ﬂllﬂi]"lﬂ

4 a az v o Q o v o = o .
W\lﬁuumm&naﬂmammu (ﬂ'llﬂ'é)tﬁ@\'i INIAVDULNU) Lﬂu%WHﬂﬂﬁ@ﬂWﬁﬂﬂiﬁWﬁNﬂ%1ﬂ Ruzi

] o/ Y [ a W I A s A o 1Y a i A o

grass “lN‘Wllﬂulﬂ 45 U HARRNUNUNDIUNDUUDINITHUNUAZUDNHUSATIWAIBI AU

1 o o LY 9 A A o 1 o [ o
‘U’EJ‘Villﬂ‘Vl“Hllﬂvlﬂ 1A9U Y99 oan. nunethnyee 1NIAUATIIFFN

(3) Corn silage
@ 1 . Ay v a A 313 A A 4 Ay oo o
#M70819 Corn silage ‘Vlllﬂ NT%Tﬂﬂ']iWﬁﬁV]rl"])’VNlﬂﬁﬂﬂﬂ3@ﬁ3uﬂﬁﬂ1@ﬂﬂﬂttﬂ$°ﬁ\1
Y S o = a o w A o ¢ da o w [ . P
’llﬂﬁﬂl']?liwm‘]_‘u?@lﬁ‘]ﬂﬂ NARBINUTHNUAT FUWAY LUDUALYDIIT 210A waziily Silage %
o a o a a o A [ o ot I
Sogavsmumsninlugaaa@nninaessuussyfaguindsenn 2 dudege dunm 21

o a  w P o o = ~
U HARNUNUNAUNDUUDINITHUN LASUANHUSNTNMINTNA (E‘L"Vl 3.19)
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oA .
UraiINan Silage

1w
= o/

anuUneN
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il 3.1 #2067 Silage ffunnuvaman:
() Sorghum silage finsin’l4 1 @ou vvhiuumIngdumaTuladgsus dune
dloe Sandaunsswdn
(%) 0z () Grass silage Tniin 14 1 i@ouuag wiindudl (hdsegrzniamsly
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$ @ 1 P { o oA
5171 3.1 #79819 Silage MAVNUNAINEA:

v B 1 @ oA 5 LI _
(@9) () Grass silage MiMjoviin (UeFuud) Nillavionion Silage w15z Tomiauds

duaeunaionin vesessmsduasunoms Inuauvsdszmalng sune
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yINman Jandadszys
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é N o
2. WamsInT R UANSElUNGM Lactobacilli luéhoena Silage

2.1 HAMIUBNUAZASIDNUY Lactobacilli 1A 10814 Silage

e Silage 3 FUANGD 7D Sorghum silage, Grass silage 1t0% Corn silage MAYsW
Yy v i
FIMAURGINGR 6 UMAT DIUINIIAY 27 §28619 (UAasAIPEUAUADIE) WLENLATATI
Wul5inal Lactobacilli 1ag351u11as§11 (Standard plate count) tag1¥81M15 Rogosa agar
4 v 1
(Lactobacillus selective agar) Uki¥onguugil 37°%. TuanmB3oendion iWunar 48 $alus
14
@ w1 I~ v LY [} § )
wisunedamanuiunsa-a1e (pH) voand1odls  nuhysuie Lactobacilli 11 Sorghum
. . = Y o A ] ] = [ . 3’ s
silage W% Grass silage laumaylndisiunoeglusie 105 G 107 CFUMSUYDS Silage ((Imiln
N v { a . & @ .
won)  Nuredrod19imulSuim Lactobacilli gegadeilszana 108 CFUMSUv0e Silage AD
@ 1 . Y @ [~ o =) ~ bl
A0 Sorghum silage (1% Forage sorghum WUT Jumbo (1AY Superdan Lﬂmmqﬂu) Aldnn

Wifuuminendomaluladgsud (1.03x108 uay 145 x108 CFU/M3L MUAWY) HAY Grass

@

silage (14 Forage pennisetum (ungay) #ldnavhinumiinodomaluladgsus (1.06x108
o i o [ { Ao A o o o'
CFU/M5Y) (M31397 3.2 uag 3.3) §1M35Y Comn silage N 1AAUSHMIAS dnnane uouAmes e
o o o e 4 o ~ | o3| ¥
3169 WUYUSUB Lactobacilli Iaeiaae 1.07x108 CFU/MTN (M3 197 3.2)  dauanuilunsa-ag

Tunnwiiaues Silage finuanaistulugaaniiehie 4.0 f9 8.0 (M513% 3.2 uaz 3.3)
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M15190 3.2 151 Lactobacilli Ansawnludots Sitage 1 loTsanuos Lactobacilli 7

= 3 A a v ' < ' o ' .
Lﬂf)ﬂLﬂ‘ULWi‘)ﬁﬂ‘H'\“]ﬂﬂﬂ!m%ﬁﬁ"lﬂ‘W‘L!ﬁ gazmnnuiiunsa-a (pH) ¥BI#IBY19 Silage

s d N a v
MNNUD DUV AIND 6 xmm“luﬂszmﬂ“lm

11 ipoulelamn  amuilu
UHAINGR tszianues Lactobacilli Maentiue  AIA-A19
Silage (CFU*/afu fnwviiauay (pH)
yimiiniten) Mg
1. yhSuuminerds  Sorghum silage
walulatgsuns D) nansndind 4.96x106 16 4.14
(lA5u910 wet. a3 Aumatima
NN queaniia)  2) winmsniin 4.32x107 26 4.36
Yaidumniina
2. paRMsduasuie
AGITIVE
sz lne (oen.)
2.1 dunslhnyos Grass silage
Fafauasswdn 1) vin 1 1Heu 3.12x105 30 6.17
2) viindwd 1.33x106 30 725
Fdals
15z Toand)
2.2 SUNBNINMMAN  Grass silage (19 6.78x105 36 8.60
Yandaaszafs sz Tomiouds
FIUBIVOUD
$in)
3. U5EMuAs Swwatle  Com silage 1.07x108 35 3.99

o o @
WeuAMes I A
dunathnyes

Sandauas s

v ) 4
* CFU = Colony forming unit 1agfi9d1 1 CFU (3393110 1 19aa
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$1uu lelmian  adnuihy
HHBINAR szianves Lactobacilli NaeniuNe  AsA-Ag
Silage (CFU*/n%u Anuriiauay (pH)
nntinilen) MENUE
4.3 1 Ty Grass silage
dunailingos 1) 91NUDAU 7.05x10% 25 7.92
Tadauns i 2) nntediuud 1.58x105 20 7.52
Adlse Tomiau
feduanvssye
nsinveeanos
119)
5. ¥hsuuniIne1de Grass silage (Ruzi 6.50x106 22 4.50
YOUUAU DUND grass)

ioq Tavda

YBULAY

* CFU = Colony forming unit 1atf991 1 CFU (039y21910 1 1vad
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M319N 3.3 USua Lactobacilli ns29nwuludiee1s Silage 91mau'lelaanve Lactobacilli N
o 4 = @ ¥ 1 Y [} i
iWennuiefnriauaymeiug tazmanuiiunia-mae (pH) 1950819 Silage 7

a A o v d o a @ ) 4
‘Vlﬂﬂf‘NWﬁﬁil']ﬂW‘?fﬂ']ﬂ'liﬁﬁ’mNﬁ'lﬂwuﬁ ‘\Nﬂ‘i"hﬁﬂJllﬁ']'JT/IEJ']E"IUWI?'IINI@U’LTSU]?

w d o o 5
NEWHE VO INY S1uu . ananilu
W55 Silagel/  Lactobacili  Tolwtan  nsn-aa Yo aunn
yafinda (CFU>n¥u  fuden  (pH)
hwinitun) i
Forage
pennisetum:
Nutrifeed/
1) NF41 1.06x108 10 488  TaTatlvewwanSonwuduInglidnuus
noY (Circular) Y4 (Convex) YBUF U
. = v = 9 v <
(Entire) A¥VIYU nazlidumgunans
84 1u%29 3-4 Tadiuas waaduailindu
HouUBINIIUIIN
A = o '
2) NF42 1.30x107 8 790  Ialaflimulivewuweuazdnume  dau
Inailianyaznon yu veussy Fuu
uazinaTalaflnoudisTsams Taladl
atlvwnInglidumguinadssinn
a a d A o 4
4-6 Undwas uazvINA@ATIEUAIEUD
) L) &
fantszinee 05-1.0  dodmas @9
sz 60% vosInTatinmuiivinadan
3) NF43 6.85x107 9 584 Talatinmudaulngidnyasnay yu vou

By Fvngu uarfidurgudnaiseg
Tuse 3-4 fafimas wanswaiinau
NoUVBINTHIN
Ruzi grass/
1) RZ41 8.40x107 7 572 TnTafiinudowIngfidnvazaay yu vou
Son dvigu uaslidudgudnarse

574 3-4 Hadwas

1 Suksombat (1997) a
2 CFU = Colony forming unit 1Agf1931 1 CFU (338031910 11900
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w d o °
MERHEVOINY d1uau e aandlu
"*’ly a2 . 1 [ 11 1' ' s
niY¥Nan Silage'/  Lactobacilli plglan  nIA-ma YoauUnNA
yafinan (CFU2n3u  fuden  (pH)
Wmvinien) (i
[ E4
2)RZ42 8.80x10% 4 796  Inlatiinulivasvinauazdnuasisnay
~ = ] =
YU voulsey Avyu uazuialnlail
Aoud e luswams TnTafinfivinalng
o Y ' < a oo
Nidurguinainlszinm 4-6 Todwns
3 A g ' k4
uazvina@nlduiguinatalszana
0.5-1.0 Naduas
3) RZ43 9.50x103 4 824 wulalatlvineadn (durguinmalsznn

Forage sorghum:
Jumbo/

1) IB41

2)JB42

3) IB43

0.5-1.0 Jadwas) sguin 80% fndo
duTnTaflunenars (durguinale

Uszinm 3-4 Haduns)

8.05%106 7 805  lalailtwudwIngiidnumeznay yu veu
~ = ] =5 9 [] o L]
Gou Fury wazihdurdgudnaiey

us14 3-4 Tadwns

1.03x108 10 428 lalatwudulvaiidnuaesnan Y vou
=1 ~ ] oS Y ] L4 []

oy Fugu nasliduiiguinaiey

] a o a oW o A

usis 3-4 Jadwes wWandunlnay

HOUYDINMTNNN

7.35x106 7 771 Ialatiwudouinglidnyaznay yu veu
Sou Avqu ueelidumguinaisey

1979 3-4 Nadiwns

1 Suksombat (1997) .
2 CFU = Colony forming unit 1989971 1 CFU (359431910 1 (a3
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o d o 9
MERUVoINY I 1 anudly
ldwan Silage!/  Lactobaciti  'loltan  nsa-aa Hodunn
yanindn (CFUYn¥n  fdon  (pH)
Winien) 1Y)
Forage sorghum:
Nectar/
1) NT41 1.30x10% 4 800 Inlafimmudulnafidnyasnay yu veu
o - 4 o g P
Fou uazlivinadaianane (durgud
Aadszane 0.5-1.0 Nadiuns)
o ~t o IR P
2) NT42 6.50x103 6 8.08  wwialalativnamn (durgudnaiayes
Tnlatldszann 0.5-1.0 Hadwas) uae
2 v L4
YIAAAN (dudgudnarilizaina 3-4
Haawes)
dd’ =) 3 a <
3)NT43 4.55x107 9 474 Talaliwulinsdnymenay yu veudoy
funqu  dusiquinanvesialadi
Uszua 3-4 Uadmas uazIaladivun
@n (dushgudamalszina 0.5-1.0
Nadwng) wansuNNNAUroNYOIMS
win
Forage sorghum:;
Superdan/
ot A 4 ~ o
1) SD41 7.45x107 7 7.36 TnTativesenuiivatswnatazdnyae

dalvgilidnumznan yu veuSey &
ygu wavansinlatinoudnelisaas
TaTafiffvwalngfidumgudaan
Usywat 4-6 Hadiuas uazvtnadniidu

Aguinanatlszina 0.5-1.0 fiandwas

1 Suksombat (1997) ,
2 CFU = Colony forming unit 1880971 1 CFU 951910 1 (4aa
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o d o o
meug eIy 1w . anilu
“"ly a N 1 cyye \ Y o
0N Silage’/  Lactobacilli "!aj«um*n AIA-A19 VoAUNA
YATKAR (CFUYn3n  fiden (pH)
Wninitlen) 1hu
2) SD42 1.45x108 10 710 Talafimudoulngiidnyaznan yu vou
=1 Pl ) = Y t o 1
v Fv1yu uasiiduiguénatseglu
¥R 3-4 Unawas waansusiinauvey
YBINTHIN
3) SD43 6.75x105 6 795  IalativeawuafiSsinuiivatevinauay
o U s A Q’J’
anyAUTHANMINULIN FalneIaTatlnay
= ] ] 9 ] I.4
gy vwelng  (durgudnae
dsemnm 4-6 Tadwas) 511 70% uash
e TavmaudulaTadfivuasuuina
-] 9 ' 4
@n  (umigudnaalszinm 0.5-1.0
Jaauwms)
Forage sorghum:
Sugargraze/
1) SG41 1.25x10% 6 790  maefadpAumiunh Talativeawaiise
nudulngiivedn  @@urgudnas
152301 0.5-1.0 Sinamns)
2) SG42 2.20x10% 7 8.01  Ialafimwudmingfvwalng
gunmaveslnTatitszana 4-6 Tadums)
) o oy A' =)
3) SG43 4.75x107 9 718 wamdmwINpAUVieuvRInTa  Inlativeq

uafiGeiinufivarednuuy daulng
Tdnumenan Yy veussy Fviu
uazuninTafirondeldfues  uaz
Uszainm 50% Sulalafifidvnalng
adumguinaislsyunu 4-6 fadwns)
findedluTalafiifivinmdn  odu

audaatlszina 0.5-1.0 fadwas)

1 Suksombat (1997) )
2 CFU = Colony forming unit 1980931 1 CFU 195531910 1 180
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2.2 m3nulalaiiues Lactobacilli fuenld

@Oy Lactobacilli andnusizdugndnewesTnlafifuandaiu gy 370
Tolaian (solates) (M37 3.2 1oz 3.3) InTafives Lactobacill finuTaudmIngfisnuas
AtwndeiuaINYNEIBN Silage (rothednyaiz Tnlailues Lactobacilli finudaansluglil 3.2)
Mﬂﬁugwﬂiﬁ'lﬁ'z%an%’qw? (pure culre) unInswHBIRvOUUATIS IAseRFag 1IN

wazRuaniaMeuniinalismsvennnie uazanumnnaevesmufvswUATiTIngy
fanan

a d A erne = nlal . [ 27 2
3. HAMITANIEHYUAYDI Lactobacilli Nusn1aan Silage Tﬂamﬁﬂamgmmmnmz

AaaNtANIY ualualsymsvewuaiiGe

Lactobacilli ununfiGounsuwndbisdnaded  fjususadifiien Rod)
aSrnsauandndlunaniandnlumsadey wshefiii Anaerobes 1az Microaerophiles 149
B19WU Facultative anacrobes @ Tastn@iiununfiSei ladreonlsy Catalase  4a119
maﬁ’uﬁmw%’ 14 Pseudocatalase ¢08N1INATDY Carbohydrate fermentation 1‘1’11175653’14‘]517@”0@0
Lactobacilli 14531 species (Kandler and Weiss, 1986) mﬂmﬁﬁﬂmﬂﬁzaf:wnﬁ’ﬂnmmmwaﬁ
uuafiGeunsuunuag laduadesitvuaveraduanedu (regreamugal 3.3) uasyn
Tolwanlsienansoad atou lasd Catalase (10 Oxidase WUNUUUNU Carbohydrate fermentation
fuandaiu (Freduamgdil 3.4) FufleszyviavesuuafiGefinumy Kandler and Weiss
(1986), Holt ez al. (1994) 1483 New Zealand Dairy Research Institute (1995) & Lactobacilli 3 ﬂfjiu
HANIN 10 yHAAY (mswﬁ 3.4) A (1) NG Homofermentative lactobacilli FWufe Lactobacillus
acidophilus, L. delbrueckii, L. farciminis 0% L. gassari (2) ﬂfjll Facultative heterofermentative

4 ' . e A
lactobacilli NWYA® L. casei 1ag L. plantarum 110% (3) NQU Heterofermentative lactobacilli NWUND

L. brevis, L. buchneri, L. fermentum Mg L. fructosus

Homofermentative lactobacilli Wa® Lactic acid TaerY Embden-Meyerhof-Parnas
(EMP) pathway Feaumau douuafifeld 1 Tuanoues Glucose 130 Fructose wid
2 Tumﬂamm Lactate me@u Heterofermentative lactobacilli ﬂ’EJ‘W’JﬂVIWﬁ@l Lactxc acid, Acetic
acid 110 Carbon dioxide s‘ﬂuwammumﬂﬂ Ethanol A2Y "‘IN Pathway ‘VlLﬂU’J‘Um‘ﬂﬁmJﬂﬂ“’i’m
Phosphoketolase pathway ’r)t;J:ﬂw #1151 Facultative heterofermentative lactobacilli WA Lactic

3 . R B
acid 130 wawﬁwanﬁﬂs:ﬂaué’w Lactic acid, Acetic acid, Ethanol ((a% Formic acid #IVUOY
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& 9 o 9 , . ) o ‘
Substrate #3041 Hexose sugar 931973 Homofermentative metabolism $#8 1)1 Pentose sugar
kA . . P = ' ‘
g19ly  Heterofermentative  metabolism  alagiln@iiminaifiengy  Facultative
heterofermentative lactobacilli “lugmz:ﬁsﬂu Homofermentative lactobacilli (Brookes and Buckle,

1992)

uonnniideldidendetuiuitiusiiafiszyd Taudenlelsmnyss Laciobacilius
plantarum g L. fermentum Gashy Lactobacilli wilaufiny MSwszvuialasldiima
Polymerase chain reaction (PCR) A1BMITATIINT 16S-23S rRNA gene intergenic region c‘léf\iul@all
AuuMIAY Tannock et al. (1999, lenmsuuulumanan & ez iwanenndesiifenn
lolwsanves L. plantarum wag L. fermentum ﬁs:umﬁa"lﬁ'muﬁnymzmaﬁmgm?mmamzmi

S g e T .
NATBUNMITUAIWUTIU Lactobacilli 9599 species



ak

TnTafiuos Silage lactobacilli 81g 48 %2 1199 TYYUU Rogosa agar
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§
z |
gﬂ‘n 33 muwuqmwm Lactobacilh mwﬂ'lﬁ'mamﬂma Sﬂage mwmnnﬁmgamsﬂuw‘i%
. 'u.ffwmwaa Lactobacllh wmumsuaummmmm (XIGOO} Lactobacd:us brevzs
(1),L buchnen (2) L casei (3 l.l.ﬁ"' 4 Li‘]umamwau casei ﬁaamﬂwuﬁﬁm |
. mmj),L fennentum (5) uaz L. plamarum (6) | ' '
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i34 @@EauUBIAY Carbohydrate fermentation Y93 Lactobacilli Nuen 1A 1ndI9e1e

|
|
\
|
|
|
i
|
\
1
\
|
% Silage: Lactobacillus brevis 2 awﬁuﬁ: (0 waz ), L. buchneri (M), L. casei (3),
! L. casei subsp. casei (9), 4% L. plantarum (9)

J ﬁumﬂqﬁ: 1, Amygdalin; 2, L-Arabinose; 3, Cellobiose; 4, Esculin; 5, Fructose; 6,
1 Galactose; 7, Glucose; 8, Gluconate; 9, Lactose; 10, Maltose; 11, Mannitol; 12,
Mannose; 13, Melezitose; 14, Melibiose; 15, Raffinose; 16, Rhamnose; 17, Ribose; 18,

Salicin; 19, Sorbitol; 20, Sucrose; 21, Trehalose; 1A% 22, Xylose




18, Salicin; 19 Sorbltol 20, Sucrose,Zl Trehalose' ung 22, Xylose

i35 i
] 3
| R i
|
1
|
|

i !f

1 - .
|
- : |
% *
|
|
| |
1
1
s34 mamau'ummu Carbohydrate fermentation ¥4 Lactobacilli msﬂﬂ‘lﬁmnmam& -
-(’ﬂ'é) . __Sllage Lactobaczllus brevis 2 mﬂwuq (fl ua'v ‘ll) L buchnen (ﬂ}, L casez (Q), : L] |
L. casei subsp casei (9), o L. plantarum @) e . '
i mlmua'ﬂ 1 Amygda]m 2, L Arabmose, 3, Cellobiose' 4 Esculm, _5 Fructose, 6,. ;.3 i “
| 'Galactose, 7, Glucose; 8, Gluconate; 9, Lactose; 10, Maitose, 11 Maumtoi 12, o
| | © Mannose; 13, Melezitose; 14, Melibiose; 15, Raffinose; 16, Rhamnose; 17, R1bose' o
= ' ‘?%
| i
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4 a 1A a4 A & A
M319H 3.4 Lactobacilli wilaueiy ingaanulu Silage Aindalulszme’ng snnduided 1&uon

AN AN IZ Y Fiin

NQIUAz¥1AVEI Lactobacilli

. = oy
Silage NNUBLANLSY

A a
UHRANNAN Silage

Homofermentative lactobacilli

1) Lactobacillus acidophilus

2) Lactobacillus delbrueckii

3) Lactobacillus farciminis

4) Lactobacillus gasseri

Facultative heterofermentative
lactobacilli

1) Lactobacillus casei

Sorghum silage
Grass silage

Grass silage

Corn silage

Grass silage

Sorghum silage
Grass silage

Qrass silage

Corn silage
Grass silage

Grass silage

Sorghum silage

Grass silage

Corn silage

Sorghum silage
Grass silage

Grass silage

Corn silage

Sorghum silage

WhiuuminendomnluTaqsun3
s Aanedomaluladqsuns
oan. SuneuInman Smdaaszys uaz
sunethnyed Sanauassirdan
uSEues dwnaty ueusiwe e $1ia

WSy Tyt

Whsuumiinendoma Tuladgsus
WsuumAnedoma luladgsus
oan. SuneuInman Smiaassys uaz

dune1hnyos J9riauassisdun
USENUAS Frmane uouswesiw $1da
vhsuTrade

o a Y 1
v\hmumfmmaﬂmemmu

wisuumInedoma Tuladgsuns

3

odn. Sunewinman Sandaaseys uag

o

8 un011n%09 I IauATTIWFU

a o { o o o o
‘]Jﬁ‘]el‘ﬂ!tﬂ% FHNAY LL’OU@{LW'E)TJ?{ NN

vhsvumInendomn TuTadgsus

vhsuumInendomn TuTadqsus

° < o o
R, DUNDUINIUAN ﬁ]\?ﬁ’)ﬂﬁﬁz‘lﬁ Uas

3

2 1n011NADI U IAUATIIFAU

a o { o Jd I o w
‘]Ji‘kl‘l’lltﬂ?i PFANDY LUDUALEDTIT 1NA

hiuuminendumaTuladgsud
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LAz YIiAved Lactobacilli

. aa' o
Silage NWVLLANITY

\J o\
UnaINan Silage

1) Lactobacillus casei (9®)

2) Lactobacillus plantarum

Heterofermentative lactobacilli

1) Lactobacillus brevis

2) Lactobacillus buchneri

3) Lactobacillus fermentum

4) Lactobacillus fructosus

Grass silage

Grass silage

Corn silage

Grass silage

Sorghum silage
Grass silage

Grass silage

Corn silage
Grass silage
Grass silage

Sorghum silage
Grass silage

Corn silage

Sorghum silage

Grass silage

Sorghum silage
Grass silage

Grass silage

Corn silage

Grass silage

Sorghum silage

Grass silage

4 a 1Y =
whsuumInendemn TuTadgsuis
o =1 (Y s =)
pan. SuneNINMan faniadsyys uag
dunlinyos JanIauns 1w dNn

VTHNUAT Fnnate uouaesae $15a
o

W5y Tyade

WiuumanendumaTuladqsui
hiuumAinedomaluladqsui
oan. Sunendnman Sandaaszys uaz

dunvlinyos anIaunsvaIN
USEMUAS dMnae eudwesa e
WhfuTynde

J a [ 1
Wwiwma‘wmaﬂ‘uammu

4 a @
vhsuumInendemalulatgsuis
wisuunInedoma Tuladgsus

Y A w o I o w
UTHNUAT FWNAWY LOUALKDITIT 10R

WsuumInedomn Tuladgsuns

whsuumInendomn Tuladqsus

wisuuniInndoma Tuladqsui

wisuunInedoma Tuladgsui

oan. duneuInman Sandaaseys uay
duno1hnyee Jandauasasdun

a A o J o oo
UITHNUAT FWWAY LUOUALYBIIT 1NN
J

sy Tsade

vhsuuminndema TuTadgsuns

Wsuuminndoma TuTadgsus
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J o . Yy a aAa
4. wamsuﬂﬂmmnmnmwmmawuqmm Lactobacilli Iﬂﬂsl‘inﬁﬂ'lﬂﬂiﬂu’lﬂfmﬂ

1AMIWAUIIT Random amplified polymorphic DNA (RAPD) daifiuEnanse
flnaBAEwils Lﬁmwﬂﬂmmmﬂ@hwmmaﬁuﬁmm Lactobacilli 135 Ribotyping TaeiSuen 3
Fmsfierfensinn3inas Genomic DNA 09 Lactobacilli AWNATA Polymerase chain reaction
(PCR) fip (n) 35M 30 Cocconcelli ef al. (1995) 314 Random primer (5’-AGCAGCGTGG-3’)
() FBMINN Quere e al. (1997) F414f OPA3 primer (5-AGTCAGCCAC-3) uay (7) 35msi
fmuniu TAsBARTN RAPD Anlysis Primers fidonoindoyavesinin (RAPD Analysis Primer
Set, Pharmacia Biotech, Sweden) Ao Primer 2 (5°-GTTTCGCTCC-3’) 8% Primer 3
(5-GTAGACCCGT-3") 1%uwu*j1'3%ﬂﬁfmﬁw“lﬁ'waﬁﬁqﬂt?m%uumﬁﬁaﬂtjmﬂmma 433
3714 PCR reaction mixture f1l5znoudae 1X PCR buffer 711 1.5 mM MgCly (QIAGEN)
100 TuTasTua VOIANLFUAVDI Nucleoside triphosphate (dATP, dCTP, dGTP, dTTP; Boehringer
Mannheim) 20 # 1A 130 Y84 Primer 2 %39 Primer 3 2 11178 484 Tag DNA polymerase (QIAGEN)
1az 100 11 AT Y84 Genomic DNA taztiint/Su1a: DNA “lum?mﬂfmﬂuqmﬂqﬁ GeneAmp™
PCR System 9800 (Perkin-Elmer) Tﬂﬂéqqmwgﬁuammmuﬁﬁu &l (1) Denaturation figuvgd

=Y

= ~t o I~ a ~A . ~
94%. 1flurnan 2 u  (2) Denaturation figaingdl 94%%. huven 30 3urf Annealing Noungi
o I ~ . P a_ o I~ a o
29%. 1{lunm 1.5 W 1Az Extension Ngaivigll 72°. Wit 1.5 Wil $1m9u 40 s0u  way
{ a o 4 =t { o a
(3) Extension Migaungdl 72°. flunm 10 wii Wuseugathe wasiel1d3smsifilssdngnm
J { (2] o/ { /= 4 rqe
wosdumigadmiunsyuiums PCR AlFnswiiuuumuues Lactobacilli ithvine 3ald/nun
[ 9/
#7172 (Condition) MMz ey Aadl
1) aulsznouimMungauvee PCR reaction mixture

11 awduduuns MgCly Tu PCR buffer TauiSoudouanududusien 79
it 0,1.0,1.5,2.0 48g 2.5 mM

1.2) U518t Tug DNA polymerase TaonlSovifovtSuaiildie 1, 1.6, 2.0 uay
2.5 13 Tu 50 luTnsansves PCR reaction mixture

1.3) a1uuduues RAPD Analysis Primer TnewfSoufeniinnududa 10, 20

ez 40 Winlua

2) NANNMINEANFIMIY Denaturation, Annealing 418% Extension 1UBIINITIAN
= o 1 - A o o
15118 DNA $19u 40 51 TasnlSeumeuszninamsldnat 30 39 waz 1 i dwsu

) o’ . ) 1A o
Denaturation 18% 1 48z 1.5 1N M5y Annealing wazilSoufey 1 uag 1.5 WIN wumednu

#1151 Extension
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HANSANEINUT a1 VNS DI 2 UIUMS PCR Aldmsuinseiuuy
UWWUDY Lactobacilli Nsen 18910 Silage f9 PCR reaction mixture NsenBUAIH 1X PCR buffer ﬁfl

15 mM MgCly (QIAGEN) 100 lulasTua vosudazefinues Nucleoside triphosphate (dATP,

dCTP, dGTP, dTTP; Boehringer Mannheim) 20 W19 e U9 Primer 2 #30 Primer 3 1.6 %178 v04
Tag DNA polymerase (QIAGEN) tiag 100 W11un3u 499 Genomic DNA  tiaziiuu5a1a: DNA iy
m?mmuquqquﬁ GeneAmp™ PCR System 9800 (Perkin-Elmer) Tﬂﬂgqqquﬁuammﬁ’aﬁ
Guit 94%, Whunan 2 Wi yinvudis$au DNA 111U 40 59U Tneusazsevsznoudae
Denaturation i 94%. {119a1 30 51 Annealing 71 20°%. fuan 1.5 1% way Extension

< = )
72%. {unm 1.5 Wil uazgaiheiigamgid 72, Wune 10w

4 e I . dy o & o
ifoiladla RAPD Analysis Primer 2 a2 Primer 3 fidon1daniiguaasanaaliizon
v v 1 3
4 . . g I~ N =
VMU 6 Primers  Primers fisar0ei9d1uidu Primer finandenlfuniiqailosninguinlduanmwa
o o a ¢ L . o & & da
dusvvesns I lumsinsed Escherichia coli muiuianen  uazvinmemsinuluaseils
o d 4 @ 4 o
Uszaruanuduialumsldiousnaewiugues Lactobacilli waziffonSoumiounadidelumsiy
a J v 4 a
UATIZHABWURYBY Lactobacilli 18531187 Primer 3 anansaldiierSinawos DNA dhyine
(Target DNA) 1051101010091 Primer 2 1ile1% Template DNA Sudulunnududuniniu i

2 L4 w o vaqe S LY
3.5) FAon Primer 3 TumsTinszrianuranvaevesmewWugueq Lactobacilli iWundn

Lactobacilli itien 18910 Silage Mnundandnsieg Tumsfnmifianumannae
Voe¥iIA (M31971 3.4) uazANUUANMVRIMERLY (317 3.6 uaz 3.7) a9 nuuNL RAPD
ﬁ'"ls%’mm Lactobacilli "101%;awﬁ15®nm'3mswﬁ' WU Lactobacillus plantarum pg19ti0y 8
meug dereandostunnuuandeiudnosluuuuuny Carbohydrate fermentation W
Lactobacilli  ¥ilafianunmnnmevesmeiug odwdes 3 muiuiie L. casei ung
L. fermentum Wnzwiafifnnumminvatevesmeiug etrtes 2 aMeWus Ao L. delbrueckii,

ole yg [V ! o a L4
L. gasseri, L. brevis Wag L. buchneri Nataunus 1 lo Traniiunaniininsiev

Hymmilsiivszauionny Wiatiauoven/Suamanaa DNA Afwafuanuay
o A ¥y 9 A o ulsw N
FAUDULULNY RAPD 019tiioemstlszuannududuses DNA fiadalddremsu/Souiioy
; - 4 s 4
AU DNA Ansuanududuudidiomadin Agarose gel electrophoresis Fufan1IAAIAAADY
] a wa o u’;’ dysl vy
Wssdnosldherasl§ia dsyneudunszuiums PCr lunseildeants1¥ Template DNA

fanudutusnnn (100 w1 Tuniuse 50 1y TnsanT Y89 PCR reaction mixture)
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(V)

qilfi35 wamsimsizinandn PCR 18 nmstiunl3ano: DNA ¥94Lactobacilli Tav14 RAPD
Analysis Primer 2 %A Primer 2 () Lia2 Primer 3 (V) &e Agarose gel electrophoresis

ﬂim‘?‘l (1%’0 N uag U): M, DNA Molecular weight markers (100 bp DNA Ladder,

Boehringer Mannheim); 1, Lactobacillus reuteri DSM 20016; 2, L. plantarum ATCC

14917: 3, L. fermentum ATCC 14931; 4 83 7, Lactobacilli fiuonldin Silage

- 4 w o
(4, L. gassert; 5, L. fermentum; 6, L. gasseri ONHUITWWUT; 7, L. plantarum)
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510 3.6 VLK RAPD ¥4 Lactobacilli 111019 Primer 3
¥99%: M, DNA Molecular weight markers (100 bp DNA Ladder, Bochringer Mannheim);
1 89 24, Lactobacilli oNIN Silage (‘h"‘cN“ﬁ 1, 2, 3, 6, ung 15; Lactobacillus

1 T w o v
fermentum 14 1o IsaNUAZ/MIOANAOWUT; 4 UDY 5, L. delbrueckii ¢ le Tasan;

7.8, uag 22, L. gasseri 13 lo Tmanuasdwemewus; 9, L. farciminis; 10 03 13, 16 69
| " 20, 23 U 24, L. plantarum ana'lo Taanuasaaaeius; 14 uag 21, L. acidophilus

Ghﬂﬂi%ﬁ“l’!); 25, L. reuteri DSM 20016; 26, L. plantarum ATCC 14917; 27,

L. fermentum ATCC 14931; 28, Negative control
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31/fi 3.6 1UAINY RAPD Y84 Lactobacilli (i1014 Primer 3

(A8) ‘ﬁ’mﬁ: M, DNA Molecular weight markers (100 bp DNA Ladder, Boehringer
Mannheim); 1 aa 24, Lactobacilli ﬁxwﬂmﬂ Silage (Gﬁmﬁ 102 306, Hag 15
Lactobacillus fermentum #1310 Toanuaz/m3ioisanewWus; 4 uay 5, L. delbrueckii
aalolwian: 7, 8 uaz 22, L. gasseri andle Imanuazaeonus; 9, L. farciminis;
10 D49 13, 16 D4 20, 23 wag 24, L. plantarum aselelmanuazimemenus; 14 uag
21, L. acidophilus 913 10 Totan); 25, L. reuteri DSM 20016; 26, L. plantarum ATCC
14917; 27, L. fermentum ATCC 14931; 28, Negative control
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LAULHY RAPD %84 Lactobacilli siiaaufinulu Silage a1nunaswaaluszmeaing
ULLAY RAPD Tienafuved Lactobacilli silanile uaastemoiuifiunnsdiafiu
yngosinaauiiuuuuumr RAPD 494 Lactobacilli #13 le Tsanty

‘]}ﬁ)&“ﬁ M, DNA Molecular weight markers (100 bp DNA Ladder, GIBCOBRL)

(n) uag (u) “]}?N‘ﬁ' 1849 7, Lactobacillus plantarum

n) %}ﬂ\‘lﬁ 199 7, L. casei

)] %047 1, 3 uas 4, L. brevis; 2, L. plantarum; 5 Uag 6, L. buchneri; 7, L. fructosus




uNnn 4

unagy)

1. agwamsIde

o b 4 4 o a J = ' et
#0874 Silage NEINTO5IVS M AMOIIINATIART I IUAAGEIUNGY Lactobacilli
4 ] 1
Ao @ o Y 1 I . a o = w = U]
fdmusisdu 27 dedn iy Sitage NldnnnszuIumsninlavsssuna (efsgaunsiniiey
£
nioduiloumAuingau) Mnunawdn 6 unas tumanalsazmang IuesniBearioyes

:
a A

@ ' . - y&dy 1 a A o Y a & a - A
ﬂszmﬂ"lm HazM3I0819 Silage m”lﬂmmﬂmaﬂumuwmﬁmuﬂwam %94 3 PUANTD

9

Ussipnvdn fe (1) Sorghum silage I IvharianduRsemsdaT (Forage sorghum) 1$uing

q
[

Aulumswan TaondannvhiumuminndsmaluTadgsu’ Gunedles Samdaunsnadun) Al
msnaaoslddvhauandeiy 4 @10Wus (umbo, Nectar, Superdan BT Sugargraze;
Suksombat, 1997) lumawdn «?ﬁmqﬁ‘umumswﬁn‘lumwmaﬁﬂwummﬁi?yu?;mﬁ@’Eﬂ@wﬁﬂ
YSwa 16 ATansusegs W 1 1@BY  (2) Grass silage M¥nduiiuiaganlumsndauag Idon
undandn s unds fis WhsuuminedomaTulabqsus udiedw silage finanswdann
We 2 @wWUT (Nutrifeed WAz Ruzi grass; Suksombat, 1997) wagaumnsinluganaradn
wmam%”'uﬁmﬁﬁﬂ@wﬂ’ﬂ 16 Alansudoge iiluna 1 Wou  ssamsdaaiufiens Tauuums
Ysemetlng (ean.) (Sunetinges Seniaunssiodu Wludee silage idumsniinluie
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Forage sorghum Wuf§ Jumbo uay Superdan Huagdn) AldsnvhsuumiInendomalulat
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o A { o a a [ ) [y {
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mMatlsems  uagTinngimanunanraevesmeifuswunfisenquainadagitnense
fln@dn #9 Lactobacilli ihunuaiGeunsuuanii hisdeaded fzlswadiduriou (Rod) @il
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1.5 mM MgCl, (QIAGEN) 100 luTas Tua vousazatinues Nucleoside triphosphate (AATP, dCTP,
dGTP, dTTP; Boechringer Mannheim) 20 Ninlua UD9 Primer 3 (RAPD Analysis Primer Set,
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4. Loading buffer

Sucrose 4.0 N3y
Bromophenol blue 0.25 bty
vndu 100.0 Hodans
Hudi 4%,

5. Lysis buffer
25% Sucrose
50 mM Tris-HCI (pH 8.0)
1 mM EDTA

6. TBE buffer (pH 8.0)
89 mM Tris-HCl
89 mM Boric acid
2 mM EDTA

7. TE buffer
10 mM Tris-HCI (pH 8.0)
1 mM EDTA

8. TES buffer
5 mM Tris-HCI (pH 8.0)
5 mM Sodium chloride
0.5 mM EDTA

9. Tetramethyl-p-phenylenediamine dihydrochloride (1%)
Tetramethyl-p-phenylenediamine dihydrochloride 1.0 N3y
vihndu ‘ 100.0 #Hodans

£ Tetramethyl-p-phenylenediamine dihydrochloride ‘luimi%”u
80 Undans ﬂ%’uﬂ?mmQﬂﬁ’wﬁ'am‘iﬂgﬂﬁ’%’ 100 Toddnslu

3
Volumetric flask 101 131089
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1. MRS broth / MRS agar

Peptone (8111 Casein) 10.0 N5
Meat extract 8.0 n3Y
Yeast extract 4.0 TN
D(H)-Glucose 20.0 AN
di-Potassium hydrogen phosphate 2.0 nsU
Tween 80 1.0 N3
di-Ammonium hydrogen citrate 2.0 N3y
Sodium acetate 5.0 N3y
Magnesium sulfate 0.2 N3N
Manganese sulfate 0.04 AT
vhnd 1000.0 NadANs
pH 5.7

¥
59 MRS agar 1AW Agar 15.0 0§y azawaunauuasainiioly
9 & o - P o I P
niletlannuau lefigangll 118%w. e 15 ud
annsawssy ldanemsiidiuwauiguaaniaiodviie uu

Rogosa agar (MERCK, Merck KGaA, Germany)

2. MRS fermentation broth

Polypeptone 10.0 nSu
Yeast extract 5.0 A5
di-Potassium hydrogen phosphate 2.0 n5u
Sodium acetate-anhydrous 3.0 N3N
tri-Ammonium citrate 2.0 N3y
Tween 80 1.0 dadans
MgS0,.7TH,0 0.2 niy
MnS0,4.4H,0 0.05 N3
Bromocresol purple 0.15 N3y
vhndu 800.0 NadAn3

pH 6.9-7.0
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3. Rogosa agar (Lactobacillus selective agar)

Peptone (919 Casein) 10.0 N5y
Yeast extract 5.0 N3y
D(+)-Glucose 20.0 N5y
Potassium dihydrogen phosphate 6.0 A3
Ammonium citrate 2.0 A3y
Tween 80 1.0 17U
Sodium acetate 15.0 N3
Magnesium sulfate 0.575 N3y
Fer(Il) sulfate 0.034 N3y
Manganese sulfate 0.12 N3y
Agar 15.0 3w
vindy 1000.0  Uadans
pHS5.5

9
AT IUNANUATHAON Agar WANUTouTY Water bath 1iufon
S 4 4 4 4 o 2
#3e Towhdou Yuilssiwdelundeileanudule (Autoclave) 101U
¥ b4
U5y pH 1WAy 5.5 A28 Acetic acid (96%) udunisnssylunu@ouie
3
aoa¥o

= 9} = A d'l o ] 1
annsamsey ldonemstidunauiguaanaafiosmiie oy

Rogosa agar (MERCK, Merck KGaA, Germany)
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: Application of Primer-Based Technology to Fingerprint the Genomes of Rhizobia

: Study of Rhizobial Behavior By Using the Molecular Genetics Approaches

: Biodiversity of N,-Fixing Microorganisms and VAM in Thailand

: Biodiversity of Wild Mushrooms in North-East Area of Thailand

: Mannitol Production for Rhizobium Cultivation from Agricultural Waste

RESEARCH FUNDING

: Monbusho (1993-1994)
“Breeding of Nitrogen Fixing Bacteria in Southeast Asia ”
: International Atomic Energy Agency (IAEA) (1993-1995)
“Using Molecular Biology Techniques to Detect Rhizobium in Thailand”
: Japan Society Promotion of Science and National Research Council of Thailand
(JSPS-NRCT) (1995-1998)
“Rhizobial Strain Improevment and on Farm Management for High N, Fixation in
Forage Legumes”
: Biodiversity Research&Training Program (BRT)(1996-1999)
“Population Changes in N,-Fixing Microorganisms as Affected by Changing in
Ecosystem Process”
: HRH Princess Sirindhorn Plant Conservation Project (1996-2000)
“Mushroon Diversity in Tub-Lan National Park”
: Suranaree University of Technology (1993-1997)
“Using Gus Gene for Studying Rhizobial Behavior in Ecosystem”
“Development of Detection System for Soil Bacteria Using DNA Probe
Technique”
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presentation: in “Using Gus Reporter Gene to Detect Applied Bradyrhizobium in the Field and Effect of
Inoculantion Methods on Nodulation, N, fixation and Yield of Soybeans Under Field Condition.”)

- Asia-Pacific Mycological Conference on “Biodiversity and Biotechnology” 6-9 Junly 1998.  Hua-Hin,
Thailand. (Poster presentation : in “A preliminary study on the diversity of macrofungi in Nong-
Rawieng plant genetic forest.”)



3. wEwaEgnE Asuldrgn
PONGRIT KRUBPHACHAYA

Fumde dnAnenmand Audierasdiednenmanfuazmalulag

a o = ~
anendemaiuladgeu?

UsedBinsAnem
i we @ FLAY snwsgaliynyn | #1eden | Fesondu | Uszina
auUN1g syan nsAnmn
Anu
2532 FI3 RYIRT) F9Anen Wanende | Ine
INAERTLTUT IRULNU

62



63
dNAIUHD

aw v A4 g amys = a A A
Nﬁﬂ1u3ﬂﬂ1uﬁ'3u‘ﬂ!ﬂﬂ']mﬂﬂ ﬂ"lﬂﬂﬁﬁﬂﬂﬂﬂﬂ‘izﬁgﬂﬂ‘ﬁﬂﬁ !!a%ﬂWNWﬂN31iﬂ15

1. Rodtong, S., P. Krubphachaya, and N. Teaumroong. 2000. Lactobacillus strains in natural
Thai silage for applying as silage inoculants and probiotics. Abstracts of The
12" Annual Meeting of the Thai Society for Biotechnology, 1-3 November 2000,
Kanchanaburi, Thailand: 77 (P-AB-13).
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Lactobacillus Strains in Natural Thai Silage for Applying
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Sureelak Rodtongl, Pongrit Krubphachayaz, and Neung Tc:aumroong3

1School of Microbiology, Institute of Science, Suranaree University of Technology, Nakhon
Ratchasima 30000, Thailand

ZCenter for Scientific and Technological Equipment, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand

3School of Biotechnology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima 30000, Thailand

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 its subsequent preservation. Successful inoculation of the plant with
lactic acid bacteria is one of the principal factors to achieve the successful
preservation. To obtain Lactobacillus strains in natural Thai silage for applying as
silage inoculants and probiotics in local areas, three hundred-seventy isolates of
lactobacilli were isolated from silage collected from six silage production areas of
the main cattle farms in Thailand. These isolates were identified as to groups of
Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus acidophilus,
Lactobacillus delbrueckii, Lactobacillus farciminis, and Lactobacillus gassari by
traditional phenotypic tests, then selected for the cenfirmation of species using
PCR identification systems based on the 16S-23S rRNA intergenic region for
Lactobacillus plantarum and Lactobacillus fermentum which were the dominant
species in the natural silage samples. At least three strains of Lactobacillus
plantarum were found when the random amplified polymorphic DNA (RAPD)
method was used for differentiating lactobacillus strains. The dominant strains in
silage were selected for applying as silage inoculants and, possibly as probiotics
for the same strain. Some species, such as Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus plantarum, and Lactobacillus reuteri, have
been reported in literatures as probiotic lactic acid bacteria. The production of
silage both with and without adding inoculants, as well as the investigation of the
survival of silage inoculants in the digestive tract of cattle has been being carried
out. These studies would be benefit to the preservation and production of cattle
feed, and also to Suranaree University of Technology Business Farm where has
been being produced animal feed for utilizing in the farm and distributing to other
farms nearby.
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Lactobgeillys isolates were identified by PCR amplification and sequencing of the region between the 16S and
23S rRNA genes (spacer region). The sequences obtained from the isolates were compared to those of reference
strains held in GenBank. A similarity of 97.5% or greater was considered to provide identification. To check
the reliability of the method, the V2-V3 region of the 16S rRNA gene was amplified and sequenced in the case
of isolates whose spacer region sequences were less than 99% similar to that of a reference strain. Confirmation
of identity was obtained in all instances. Spacer region sequencing provided rapid and accurate identification
of Lactobacillus isolates obtained from gastrointestinal, yoghurt, and silage samples. It had an advantage over
16S V2-V3 sequence comparisons because it distinguished between isolates of Lactobacillus casei and Lactoba-

cillus rhamnosus.

The members of the genus Lactobacillus are gram-positive
organisms that belong to the general category of lactic acid
bacteria. They inhabit a wide variety of habitats, including the
gastrointestinal tracts of animals and vegetation, and are used
in the manufacturg of fermented foods (8). Interest in the
luctobacilli has been stimulated in recent years by the usc of
these bacteria in produgts that are claimed to confer health
benefits on the consumer (probiotics) (4).

The identification of Lactobacillus isolates by phenotypic
mcthods is difficult because it requires, in several cases, deter-
mination of bacterial properties beyond those of the common
fermentation tests (for example, cell wall analysis and electro-
phoretic mobility of lactate dehydrogenase) (8). In general,
about 17 phenotypic tests are required to identify a Lactoba-
cillus isolate accurately to the species level (6). The derivation
of simple yet rapid identification methods is therefore required
in order to deal with the large numbers of Lactobacillus iso-
lates obtained during microbial ecological studies of ecosys-
tems such as the intestinal tract, silage, and food products.

Nucleotide base sequences of Lactobacillus 16S ribosomal
DNA (rDNA) provide an accurate basis for phylogenetic anal-
ysis and identification (2, 5, 17). The sequence obtained from
an isolate can be compared to those of Lactobacillus species
" ‘held in data banks. Although the species-specific sequences are
contained in the first half of the 16S rRNA gene (V1-V3
region). identification is more accurate if the whole gene is
sequenced (13). This means that about 1.5 kb-of DNA would
have to be sequenced.

Studies by Tilsala-Timisjarvi and Alatossava (15), Berthier
and Ehrlich (3}, Nour (11), and Nakagawa and colleagues (10)
have demonstrated that the DNA sequence between the 165
and 23S genes of lactobacilli is hypervariable. This intcrgenic

* Corresponding author. Mailing address: Department of Microbi-
ology. University of Otago, P.O. Box 56, Dunedin, New Zcaland.
Phone: 64-3-479-7713. Fax: 64-3-479-8540. E-mail: gerald.tannock
@stonchow.0tago.ac.nz.

spacer region is about 200 bases in length if tRNA genes are
absent (small spacer sequence) (3). The 16S-23S spacer se-
quences of lactobacilli are sufficiently species specific for the
derivation of PCR primers that can be used to identify Lacto-
bacillus species (3, 10, 15).

Because a rclatively large number of difficrent species (at
least 18 from monogastric animals) have been described as
intestinal inhabitants (9), identification of {actobacilli by PCR
using sets of specific primers is daunting logistically. We have
therefore sequenced the 16S-23S small spacer regions of Lac-
tobacillus isolates and compared them to the sequences of type
cultures and other valid strains recorded in GenBank (Nation-
al Center for Biotechnology Information, Bethesda, Md.). Our
results show that this is a relatively simple and rapid method by
which lactobacilli can be identified without resorting to the use
of species-specific PCR primers. v o

Twenty-eight intestinal isolates (from human feces, rodent
gastrointestinal samples, and porcine gastrointestinal con-
tents), 10 isolates from probiotic yoghurts retailed in Dunedin
supermarkets, and 2 silage isolates from Thailand were used in
the study (Table 1). They were determined to belong to the
genus Lactobacillus by culture on Rogosa SL agar (Difco Lab-
oratories, Detroit, Mich.), Gram stain appearance, catalase
test, and determination of fermentation products by gas-liquid
chromatography (7). The 16S-23S intergenic spacer region
from cach isolate was amplified by using primers (15) that
annealed to conserved regions of the 168 and 23S genes (prim-
er 16-1A, 5'-GAATCGCTAGTAATCG-3', corresponding to
nucleotides 1361 to 1380 of the 16S rRNA gene according to
Lactobacillus casei numbering [18]: primer 23-1B, 5-GGGTT
CCCCCATTCGGA-3’, corresponding to nucleotides 123 to
113 of the 23S rRNA of L. casei [10}). PCR mixtures contained
5 wl of 10X polymerase buffer (Boehringer Mannheim GmbH,
Mannheim. Germany), 200 uM each deoxynucleoside triphos-
phate, 80 pM each primer. 2 i of Lacrobacillus cell suspension
(a few colonies emulsified in sterile MilliQ [Millipore Corp ]
water), and 2.6 U of Expand High Fidelity PCR System
(Boehringer Mannheim) DNA polymerase in a total yolume of
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TABLE 1. Lactobacillus isolates identified on the basis of percent similarity to 168-23S small spacer region sequences in GenBank

GenBank accession Species identification

% Similarity of GenBank accession

Isolate Source no. of 16S-23S based on 16S-23S tléti-ztSstcqfuence no. of V2-V3 l?Rk:n;t:)r:d::;&?;::(1:
sequence sequence s(:rai:s i?'l g;g::;; sequence . 16S V2-V3 region

GTHI Human AF158557 L. salivarius subsp. salivarius 100.0 NA® ND*

GTH2 Human AF158558 Unidentified NA AF157030 W. confusa

GTHS Human AF138559 L. gasseri 98.6 AF157044 L. gasseri

GTH6 Human AF138560 L. gasseri 98.2 AF157033 L. \f,'tl.\"\'L’rf

GTH?  Human AF138561 L. ruminis 99.5 NA ND

GTHS Human AF138562 Unidentified NA AF157045 W. confusa

GTHI0 Human AF158563 L. fermentum 99.0 NA ND

GTHI3 Human AF 158564 L. rhamnosus 99.5 NA ND

GTHI15 Human AF158565 L. casei 99.5 AF157043 L. casei group

GTHL7 Human AF158566 L. rhamnosus 99.5 NA ND

GTHI8 Human AF 158567 L. brevis 98.2 AF157038 L. brevis

GTH20 Human AF158568 L. rhamnosus 99.5 NA ND

GTH22 Human AF158569 Unidentified NA AF157037 W. confusa

GTH24 Human AF158570 Unidentified " NA AF157031 W. confusa

GTH26 Human AF158571 Unidentified NA AF157034 W. confusa

GTH28 - Human AF158572 L. ruminis 98.6 AF157032 L. ruminis

GTH29 Human AF158573 L. gasseri 98.6 AF157039 L. gasseri

GTH30 Human AF158574 L. casei 99.1 AF157042 L. casei group

GTH32 Human AF158575 L. rhamnosus 100.0 NA ND .

GTH33 Human AF158576 L. fermentum 99.5 NA ND

INI Yoghurt AF158577 L. delbrueckii subsp. bulgaricus 98.5 AF157040 L. delbrueckii

N2 Yoghurt AF158578 L. delbrueckii subsp. bulgaricus 99.5 NA ND

IN3 Yoghurt "~ AF158579 L. helveticus 99.5 NA ND

IN4 Yoghurt AF158580 L. delbrueckii subsp. bulgaricus 98.6 AF157041 L. delbrueckii

INS Yoghurt AF158581 L. acidophilus 100.0 NA ND

ING6 Yoghurt AF158582 L. acidophilus 100.0 . NA ND

IN7 Yoghurt AF158583 L. acidophilus 100.0 NA ND

INS Yoghurt AF158584 L. helveticus 99.5 NA ND

INY Yoghurt AF158585 L. acidophilus 100.0 NA ND

IN10 Yoghurt AF158586 L. rhamnosus 100.0 NA ND

GTPl Pig AF158587 L. crispatus 100.0 NA ND

GTP2 Pig AF158588 L. crispatus 100.0 NA ND

GTP3 Pig AF158589 L. crispatus 100.0 NA ND

GTpP4 Pig AF158590 L. reuteri 100.0 NA ND

GTPS Pig AF158591 L. crispatus 98.5 AF157035 L. crispatus/L.. gallinarum

GTP6 Pig AF158592 L. crispatus 100.0 NA ND

SR1 Silage AF158593 L. pentosus/L. plantarum 99.5 NA ND

SR2 Silage AF158594 L. pentosus/L. plantarum 97.5 AF157036 L. pentosus/L. pluntarum

GTRI! Mouse AF158595 L. reuteri 100.0 NA ND

GTR3 Rat AF158596 L. reuteri

“ NA, not applicable.
5 ND, not done.

50 pl. The PCR program began with a preincubation at 94°C
for 2 min. The amplification profile was 95°C for 30 s, 55°C for
30 s, and 72°C for 30 s. This was repeated for 30 cycles. The
program finished with a 5-min incubation at 72°C. PCR prod-
ucts were electrophoresed in a 1% agarose gel and visualized
by UV transillumination after being stained in ethidium bro-
mide solution (5 wg/ml). Lactobacillus species frequently con-
tain both small and large spacer regions, in which case the
smallest product (about 500 to 600 bp) was excised from the gel
and extracted by using a QIAEX kit (Qiagen, Hilden, Germa-
ny). The extract was used in a repeat PCR amplification, and
the resulting DNA was purified from primers and unincorpo-
rated nucleotides by using a QIAquick kit (Qiagen). Both
polynucleotide strands of the purified DNA were sequenced,
using 16-1A and 23-1B as forward and reverse primers, respec-
tively. Sequencing was carried out either at the Centre for
Gene Research, University of Otago, by the dideoxy method of
Sanger et al. (12), using a PRISM BigDye Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems Inc., Fos-
ter City, Calif.) in combination with an Applied Biosystems
model 377A automated sequencing system,.or manually by
using a Circum Vent Thermal Cycle Dideoxy kit (New England

100.0 NA ND

Biolabs, Beverly, Mass.). Analysis of nucleotide sequence data
was carried out by using the SeqEd program, version 1.0.3
(Applied Biosystems Inc.). Further sequence editing and anal-
ysis were carried out with either EditSeq version 3.98 (DNA
Star Inc., Madison, Wis.) and Megalign version 3.1.7 (DNA
Star Inc.) or LKB DNASIS (version 7.0). The small intergenic
spacer region sequences obtained by these methods were com-
pared to sequences from type culture and other Lactobacillus
strains held in GenBank (Table 2).

To test the reliability of the method, we extracted DNA from
L. acidophilus ATCC 4356" on five separate occasions and
sequenced the amplified 16S-23S spacer region. The five se-
quences were 100.0% similar to each other, as well as to the
sequence held in GenBank.

Comparisons of 16S-23S small spacer region sequences held
in GenBank showed that all were less than 97.5% similar
except for L. salivarius subsp. salivarius and L. salivarius subsp.
salicinius (98.6% similar), L. plantarum and L. pentosus (99.0%
similar), and L. curvatus and L. graminis (98.6% similar). With
these exceptions, in which smal] spacer region sequences can
only aid in grouping isolates, we arbitrarily chose a value for
similarity between sequences of 97.5% or greater to indicate
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TABLE 2. GenBank Lacrobacillus 16S-23S intergenic spacer
region sequences used to identify isolates

GenBank
Species Strain® accession
no.
. acidophilus ATCC 43567 U32971
. brevis IFO 13110 X74221
. casei ATCC 3347 AF121200
crispatus ATCC 338207 AF(74857
curvatus DSM 200197 U97129
delbrueckii subsp. bulgaricus ATCC 118427 AF113602
delbrueckii subsp. lactis ATCC 15808 U32968
fermentum ATCC 149317 AF080099
. gasseri ATCC 333237 AFQ74859
. graminis DSM 207197 U97130
hamsteri ATCC 438517 AF113601
helveticus ATCC 150097 U32970
Jjohnsonii ATCC 332007 AF074860
pentosus ATCC 80417 U97134
plantarum ATCC 149177 AF080101
reuteri ) DSM 200167 AF080100
. rthamnosus ATCC 74697 AF121201
ruminis ATCC 2777807 AF080103
sake ATCC 155217 U97131
salivarius subsp. salicinius ATCC 117427 AF080102
. salivarius subsp. salivarius ATCC 117417 AF113600
. sharpeac DSM 205057 AF(74861
. zeae . ATCC 3937 AF(74862

“ ATCC, American Type Culture Collection, Manassas, Va.; DSM, Deutsche
Sammiung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Ger-
many; superseripted T, type culture.

species identity. This cutoff value is supported by the observa-
tion that in cases where 16S rDNA sequence (whole gene)
homologies arc below about 97%, it is unlikely that two organ-
isms have more than 60 to 70% DNA similarity and, hence,
that they are related at the species level (13).

Comparisons of 16S-23S small spacer region scquences ob-
tained from Lactobacillys isolates with thosc held in GenBank
enabled the identification of 35 of 40 isolates (Table 1). Inter-
genic spacer region sequences from isolates GTH2, GTHS,
GTH22, GTH24, and GTH26 did not correspond to sequences
in the data bank. Nine isolates (GTHS5, GTH6, GTHIS,
GTH28, GTH29, IJN1, JN4, GTPS5, and SR2) had spacer se-
quences that were between 97.5 and 99.0% similar to se-
quences in the database. To confirm that the cutoff similarity
value used (97.5%) was valid, we amplified and sequenced
(one polynucleotide strand only) the V2-V3 regions of the 165
rRNA genes of these isolates and conducted a search of se-
quences deposited in the GenBank DNA database by using the
BLAST algorithm (1). Amplification of the V2-V3 region was
accomplished by using primers HDA1 (5'-ACTCCTACGGG
AGGCAGCAGT-3") and HDA2 (5'-GTATTACCGCGGCT
GCTGGCAC-3"), described by Turner et al. (16), and the
thermal cycler program described above. The PCR product
corresponded to positions 339 to 539 in the Escherichia coli
gene. BLAST searches confirmed the identities (on the basis of
highest score) obtained by spacer sequence analysis of all nine
isolates and identified isolates GTHS8, GTH26, GTH2, GTH22,
and GTH24 as Weissella confusa (previously known as Lacto-
bacillus confusus), for which the 16S-23S spacer region of the

type culture is not yet available (Table 1). Additionally, we

scquenced the V2-V3 regions of GTH15 and GTH30, which
had been identified as L. casei on the basis of spacer region
sequence. The highest scores for the V2-V3 sequence, for both
isolates, were obtained for members of the L. casei group (L.
casei, L. paracasei, and L. rhamnosus).

AppL. ENVIRON. MICROBIOL.

Our study shows that comparison of the percentages of sim-
ilarity of 16S-23S spacer region sequences of lactobacilli pro-
vides a practical method of strain identification. The small
168-23S spacer sequences of lactobacilli are about 200 bp in
length. These relatively short sequences can be easily se-
quenced on both polynucleotide strands and provide reliable
information for comparative work. The spacer sequence iden-
tifications that showed less than 99.0% similarity to those of
reference strains were confirmed in all cases by sequencing the
V2-V3 regions of their 165 rDNAs. Moreover, the spacer re-
gion method had the advantage of distinguishing between L.
rhamnosus and L. casei strains, which cannot be accomplished
by comparison of 16S V2-V3 region sequences. These species
are commonly used in the production of probiotic products
(14). As we have demonstrated here, amplification of the spac-
er regions by PCR can be carried out with suspensions of whole
Lactobacillus cells, so colonies picked from agar plates can be
used directly in identification of an isolate. DNA of a quality
suitable for sequencing can be obtained within 48 h of culture
of lactobacilli. For the majority of our Lactobacillus isolates, a
clear species identification could be made on the basis of per-
cent similarity to GenBank sequences (97.5 to 100.0% sim-
ilarity). Even when 16S-23S sequences do not differ greatly
between species (e.g., the L. pentosus/L. plantarum group), iden-
tification is at least aided by grouping of the isolate, as was the
case with the silage strains. The use of 16S-23S spacer se-
quences in the identification of lactobacilli promises to be a
valuable aid in advancing our knowledge of the species com-
position of Lactobacillus populations.
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