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Executive Summary

Problem on fungal contamination after silage exposing to the air has been the big
problem due to undesirable appearance and flavour to farmer and cows. The purposes of
this project were the isolation of Lactic acid bacteria (LAB) producing antimicrobial
substances and its effect against fungi contaminating in corn silage. The effective LAB
isolate LS-2.19 was screened from 340 LAB isolates according to growth delay, growth
inhibition and spore formation of two fungi with green spore (FG) and yellow spore (FY)
existing in corn silage. Cell free culture fluid (CFC) at 48 h of LS-2.19 inhibited spore
formation of both FG and FY at the concentration level up to 10° and 10° colonies/ml
respectively. However, CFC adjusted to pH 6 inhibited the growth of FY at the condition of
10° spores per ml added while no inhibition to FG. Lactic acid, acetic acid and other
compounds were play a role in inhibitory against these two fungi. Use of LAB in the form of
CFC and starter for fermentation showed that silage-making with LAB starter of 10°
colonies/ml exhibited no fungal apperance with higher lactic acid of 1.5 - 2.4 times and
LAB of 0.2 -0.6 log. Large scale corm silage-making with and without LAB used as an
inoculum were performed. Lactic acid contents of 1.47 - 2.14% (of dry weight) from silage
with LAB starter were detected while the one from silage without LAB (control) was not
detected. However when both conditions exposed to the air, the contents of lactic acid was

reduced and higher acetic acid contents appeared.
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Abstract

Lactic acid bacteria (LAB) LS-2.19 was screened from 340 LAB isolates according to
growth delay and inhibition of growth and spore formation of two fungi with green
spore (FG) and yellow spore (FY) existing in corn silage. Cell free culture fluid (CFC) at 48 h
of LS-2.19 inhibited spore formation of both FG and FY at the concentration level up to
10° and 10° colonies/ml respectively. However, CFC adjusted to pH 6 inhibited the growth
of FY of 10° spores per ml while no inhibition to FG. Lactic acid, acetic acid and other
compounds played a role in inhibitory against these two fungi. Use of LAB in the form of
CFC and starter for fermentation showed that silage-making with LAB starter of 10°
colonies/ml exhibited no fungal apperance with higher lactic acid of 1.5 - 2.4 times and
LAB of approximately 0.2 - 0.6 log. Large scale corm silage-making with and without
LAB wused as an inoculum were performed. Lactic acid contents of 1.47 - 2.14% (of dry
weight) from silage with LAB starter were detected while the one from silage without LAB
(control) was not detected. However when both conditions exposed to the air, the contents

of lactic acid was reduced and higher acetic acid contents appeared.
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X, uwmenemadaduensssavansalasuaiuany; ND vhmsmeseu

s | anelaladisesdanaadmans (ua) nnalalaiaosdoniden ()

LY (T3) 2X 5X 10X 20X 50X 100X | 2X | BX | 10X | 20X | 50X | 100X
10 - - - - - - - - - - - -

13 - - - - - - 40 |10 |- |- |- |-

15 - - - - - - 60 |55 |55 |55 |55 |50
20 - - - - - - 65 |60 |55 |55 |55 |55
25 1.0 |08 |05 |- - - 70 |65 |60 |60 |55 |55
30 2.5 15 2.0 1.0 0.5 - ND |ND |ND |ND |ND | ND
40 40 3.0 3.0 2.0 15 0.5 ND |ND |ND | ND |ND | ND
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BT100 + BT213 - -
BT101 - BT214 - -
BT102 - BT215 - -
BT103 - BT216 - -
BT104 - BT217 - -
BT105 |- BT218 + +
BT106 | - BT219 +
BT107 |- BT220 ¥

BT108 | - BT221 -
BT109 | - BT222 -
BT110 |- BT223 -
BT111 |- BT224 -
BT112 |- BT225 -
BT113 |- BT226 -
BT114 |- BT227 -
BT200 - BT230 -
BT201 |- BT232 -
BT202 - BT233 -
BT203 | - BT234 -
BT204 - BT235 -
BT205 - BT236 -
BT206 | - BT237 -
BT207 - BT239 -
BT208 - BT300 -
BT209 - BT303 -
BT210 - BT304 -
BT211 - BT306 -
BT212 |- BT402 -
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C1-8 - - CS4-01 - -
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C1-5 - - CS4-03 - -
C1-6 - - CS4-04 - -
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CS6-3 - - FS1-27 - -
CS6-4 - - FS1-28 - -
CS6-5 - - FS1-30 - -
CS6-6 - - FS1-31 - -
CS7-1 - - FS7-2 - -
CS7-2 - - FS9-1 - -
CS7-3 - - FS31-1 - -
CS7-4 - - FS42-1 - -
CS7-5 - - FV1-1 - -
CS7-6 - - FV1-2 - -
CS8-1 - - FV1-3 - -
CS8-2 - - FV1-4 - -
CS8-3 - - FV2-1 - -
F'S1-00 - - FV2-2 - -
F'S1-01 - - FV2-4 - -
F'S1-02 - - FV3-2 - -
F'S1-03 - - FV4-1 - -
F'S1-04 - - FV4-2 - -
F'S1-05 - - FV4-3 - -
F'S1-06 - - FV4-4 - -
F'S1-07 - - L-01 - -
F'S1-08 - - L-02 - -
F'S1-10 - - L-08 - -
FS1-12 - - L-04 - -
FS1-15 - - L-05 - -
FS1-18 - - L-06 - -
FS1-21 - - L-07 - -
F'S1-23 - - L-08 - -




AN9199 2

(6i9)
lolman | mstudadn | mstudede | lelman | mstudade | metudade
Naveswdes | navafiden Naveswdes | navasiden
L-09 - - LS1-4 - -
L-10 - - LS1-5 - -
L-11 - - LS1-7 - -
L-12 + LS1-8 - -
L-13 - - LS1-9 - -
L-14 - - LS1-10 - -
L-15 - - LS1-11 - -
L-16 - - LS1-13 - -
L-17 - - LS1-15 - -
L-18 - - LS1-16 - -
L-19 - - LS1-17 - -
L-20 - - LS1-18 - -
LG1-1 - - LS1-20 - -
LG1-2 - - LS1-21 - -
LG1-3 - - LS1-22 - -
LG1-4 - - LS1-23 - -
LG2-1 - - LS1-24 - -
LG2-2 - - LS1-25 - -
LG2-3 - - LS1-28 - -
LG2-4 - - LS2-1 - -
LG3-1 - - LS2-2 - -
LG3-2 - - LS2-3 - -
LG4-1 - - LS2-4 - -
LG4-2 - - LS2-5 - -
LG4-3 - - LS2-6 - -
LS1-1 - - LS2-7 - -
LS1-2 - - LS2-8 - -
LS1-3 - - LS2-9 - -




AN9199 2

(6i9)
lolman | mstudadn | mstudede | lelman | mstudade | metudade
Naveswdes | navafiden Naveswdes | navasiden

LS2-10 - N1-36 -

LS2-11 - - N1-37 - -
LS2-12 - - N1-38 - -
LS2-13 - - N1-39 - -
LS2-14 - - N1-40 - -
LS2-15 - - M1-1 - -
LS2-16 - - M1-2 - -
LS2-17 - - M1-3 - -
LS2-18 - - M1-4 - -
LS2-19 | + + M1-5 - -
LS2-20 - - M1-6 - -
LS2-21 |- - M1-7 - -
LS2-22 - - M1-8 - -
LS2-23 - - M1-9 - -
LS2-24 | - - M1-10 +
LS2-26 | - - M1-11 - -
LS2-27 | - - M1-12 - -
LS2-28 | - - SG1-1 - -
LS2-30 - - SG1-2 - -
LS2-32 - - SG1-3 - -
LS2-34 | - - SG1-4 - -
LS2-35 - - SG1-b - -
LS3-15 - - SG2-1 - -
LS3-16 - - SG2-2 - -
LS3-17 - - SG2-3 - -
N1-33 - - SG2-4 - -
N1-34 - - SG2-b - -
N1-35 - - SG2-6 - -




AN9199 2

(6i9)
lolman | mstudade | mstudede | lelman | mstudede | metudade
Naveswdes | navasiden Naveswdes | navasiden
SG2-7 - - V-09 - -
SG2-8 - - SP1-9 - -
SK1-1 - - SP2-3 - -
SK1-3 - - SP2-4 - -
SK1-4 - - SS3-1 - -
SK1-5 - - SS3-2 - -
SK1-6 - - SS3-3 - -
SK1-7 - - SS4-1 - -
SK1-9 - - SS4-2 - -
SK1-10 | - - SS4-3 - -
SK1-11 - - SS4-4 - -
SK1-12 - - V-01 - -
SP1-1 - - V-02 - -
SP1-2 - - V-03 - -
SP1-3 - - V-04 - -
SP1-4 - - V-05 - -
SP1-5 - - V-06 - -
SP1-6 - - V-07 - -
SP1-7 - - V-08 - -
SP1-8 - - V-09 - -
SS4-3 - - W1-1 - -
SS4-4 - - W1-2 - -
V-01 - - W1-3 - -
V-02 - - W1-4 - -
V-03 - - W1-b - -
V-04 - - W1-6 - -
V-05 - - W1-8 - -
V-06 - - W1-9 - -
V-07 - - W1-10 - -
V-08 - - W1-11 - -




a7 3 LEAINATaIES CFC nitie LAB lalmanshe demsiaSoyasgenauadiden

Isolate pH Ratio of CFC and spore suspension
1:1 2:1
Size of colony Spore Size of colony Spore
(mm) formation (mm) formation
Control - 13 + 12 +
BT-100 3.96 11 + 7.5 +
BT-218 433 7.5 + 7.5 +
BT-219 3.86 6.0 + 2.5 -, mycelium
BT-220 4.60 7.5 + 11 +
LS2-19 3.74 15 -, mycelium 1.0 -, mycelium
L-12 429 9.0 + 7.5 +
M1-10 3.78 9.0 + 3.0 -, mycelium

57 4 LEAINAYaIES CFC anitia LAB lalmanshe demsiasaesganaadinias

NG, |y

Isolate pH Ratio of CFC and spore suspension
1:1 2:1
Size of colony Spore Size of colony Spore
(mm) formation (mm) formation
Control - 8-16 + 4-15 +
BT-100 3.96 8-16 + 8-10 +
BT-218 433 10-15 + 8-15 +
BT-219 3.86 15 + 5 +
BT-220 4.60 4-10 + 5-12 +
LS2-19 3.74 4-13 -, mycelium NG -
L-12 429 8-10 + 4 +
M1-10 3.78 8 + 4-15 +




M9NA 5 LRI CFC Mniga LAB LS2-19 slamsiaSaraadenatasfiden fisssuaa

dadurasaladenen cedanaieas CFC s ssavmealasuiuaey 2:1

Control, anmellldans CFC: + uams maadates: - uamsliadsates; NG, Tsiwswy

CFC preparation

Spore formation at spore suspension (spores/ml)

10° 10° 10" 10°
Control + + + n
CFC
1. at 24 h cultivation, + - - R
pH3.93 + - - R
2. at 48 h cultivation,
pH3.87
CFC adjust pH to 6
1. at 24 h cultivation + + + +
2. at 48 h cultivation + + + +




M9 6 LUEAIYESENT CFC 9NiTa LAB 1LS2-19 slamsiainraadenalasdmias Nsvsuany

dadugassilasensn cnedanamues CFC da ssavaeaiasuavaas 2:1

Control, #maglalldans CFC; + wans masdwates; - wansldasatas: NG, Tiwday

CFC preparation

Spore formation at various spore concentration

(spores/ml)

10° 10 10° 10
Control + + + +
CFC
1. at 24 h cultivation, NG NG NG
pH3.93 NG
2. at 48 h cultivation, NG NG NG
pH3.87 NG
CFC adjust pH to 6
1 at 24 h cultivation -,mycelium -,mycelium NG
2 at48 h cultivation NG
-,mycelium NG NG

NG




a 1 a a A6 1% [ A [ ! é’ 6
AN 7 LLEase pH LLﬁSﬂi&l']ﬂmﬁ@'P]%Vﬁ&lsﬂaﬁi"ﬂa'ﬂ?ﬂ’ﬂw@EﬂEJ 21 4% Wﬁgﬂ‘i_lﬂ']{lﬁlfﬁaﬁ'lﬁﬂaﬁ

R IEAUee)
MINAADI pH NIABUYEE (% PasnvTinuag)
NIALANGA NINDLLLGR nsalnslnladia nsafhlva
TOAILAN
10° 366 | 421 ND ND ND
10° 371 | 3.98 ND ND ND
10 362 |39 ND ND ND
le%o LAB
10° 350 | 4.62 ND ND ND
10° 361 | 401 ND ND ND
10 345 |53 ND ND ND




a a a A6 1 A A 1% [ A [ 1 g 6
MA139N 7 LLﬁ@GﬂiNWNﬂﬁ%ﬂi&lﬂ@NLmﬂwLiﬂ GL%»LGH’LGQ?J']’JIW@@']EJ 21 W mz@umﬂﬁtfﬁaﬁﬁﬂai

Aensediushne) LAB, L, nauiads (YM); nguleawesu (Coli); naneaase3ifes (Clos)

MINARDS URsnoqiuniad (laladl densueaslnge)
L YM* Coli Clos
TOAILAN
10° 375x10° | 3.15x10° <10 <10
10° 53 x 10° 12x 10° <10 <10
10" 454x10° | 1.97x10° <10 <10
%o LAB
10° 15x 10 123 x 10° <10 <10
10° 12x 10 167 x 10° <10 <10
10 75x10° 21x10° <10 <10

a 6
* NURNZ G




~ ' a a A Py v A o X ¢
NN 8 Ld®I pH LLﬂgﬁﬁNﬁmﬂﬁ(ﬂa%VﬁEﬂJQGVL‘D’L@Q"U']’JIW@@]ﬂq 21 W W?S@Uﬂqﬁiﬂlﬂiaﬁﬁﬁﬂai

WRDITLALEIS)
MINARDY pH | nsedunded (% maqﬁmﬁmﬁd)
NIALAARA | NIRDLITRA nnlnslwlefia | nsadnlvse
LAAILAN
10° 438 | 223 ND ND ND
10° 437 | 245 ND ND ND
10° 437 |3.18 ND ND ND
a9 1AB
10° 3.8b 5.36 ND ND ND
10° 3.77 |5.15 ND ND ND
10° 405 | 482 ND ND ND




a a a A6 1 A A 1% [ A [ 1 g 6
19197 8 LLﬁ@GﬂiNWNﬂﬁ%ﬂi&lﬂ@NLmﬂwLiﬂ GL%»LGH’LGQ?J']’JIW@@']EJ 21 W mz@umﬂﬁtfﬁaﬁﬁﬂai

WMABISEAEe) LAB, L, ngusds (YM); nguleawesu (Coli); naneaaseides (Clos)

MINARDS URsnoqiuniad (laladl densueaslnge)
L YM* Coli Clos
TOAILAN
10° 558 x 10° | 4.93 x 10° <10 <10
10° 775x10° | 43x10° <10 <10
10" 553 x 10° | 1.96 x 10° <10 <10
%o LAB
10° 1x10 50 x 10° <10 <10
10° 138x 10 |39x10° <10 <10
10 13510 | 514 x10° <10 <10

a 6
* NURNZ G




maeH 9 uaasFanniqdurid anlmaanldandnlnesnn 300 - 500 AlanSuang 21 5 i
smellldize LAB (gaeueu) uarldide LAB 10° lelatisansuvaslaias LAB, L, nanfiads

(YM); nauladua$y (Coli), ngueaaswRREN (Clos)

N1INARD Ysnnuqaunst (Auaulalatiseniy)
L YM Coli Clos
YAAILIAN
AN 9.5x 10 <10 <10 <10
AN, 1.1 x10° <10 <10 <10
14 LAB
g 1 3.5x10° 3.5x10° <10 <10
i 2 6.3x 10° <10 <10 <10
AN 3.3x10° <10 <10 <10

a7l 10 uaasLRanoAunid anlmaafondmlwesna 300 - 500 Alansuegmandn 21 %
wazninluamsdudaamenuam 7 u lusnielildide LAB @aeuew) uarldidio LAB 10°

lolafidonsimaslnaa LAB, L; nguiads (YM);, nguladwasa (Coli); nanmaaawsides (Clos)

N1INARD Ysnnuqaunse (Auaulalatiseniy)
L YM Coli Clos
YAAILIAN
AN 1.24x10° | <10 <10 <10
a2 1.02x10° | <10 <10 <10
14 LAB
g 1 159x10° | 9.01x10° <10 <10
il 2 1.09x10° | 27x10° <10 <10
AN 135x10° | 4.1x10° <10 <10




F19797 11 waneAn pH uazifFunnsedurised anlmaalaandralnaauin 300 - 500 Alanfuengnis

wiin 21 34 uazminlugnazdndasiniaiuna 5 5u luaniarlildize LAB (aacuaun) uazldite

LAB 10° Tnlafifaninaadlaaa

N1INAADY pH neRauyid (% mmﬁwﬁﬂuﬁq)
NIALAARA | NIRDLIERA naalnslnladia naadalyviam

TAAILAN

Q\i‘l?ll 1 3.88 ND 5.7 0.47 ND

Q\i‘l?ll 2 3.83 ND 7.0 0.68 ND
4 LAB

q\‘i‘ﬁ' 1 3.97 0.3 6.41 2.23 ND

q\‘i‘ﬁ' 2 3.81 ND 8.36 4.72 ND

t]i\‘i‘ﬁl 3 3.80 ND 6.94 1.41 ND

TN 11 udasATaNNEENEaLTIFNTS (CFC) Nzdiushee danmilauuuasmasen pH way

Rsnownsnduridansinaadnalneany 21 % feedumsldFanadadidenszéiushen

ﬂ?mmmmﬁ?@ 3unnuaes CFC pH neRauyid (% mmﬁwﬁﬂuﬁq)

91 (cfu/g) (1a.) nsauaARA | neeevim | nealnslnledia | nemdalvia

10° 0 4.65 2.94 ND ND ND
0.5 5.09 2.6 ND ND ND
1 4.03 3.64 ND ND ND
2 4.05 3.74 ND ND ND

10° 0 4.14 2.35 ND ND ND
0.5 4.81 1.98 ND ND ND
1 4.07 3.46 ND ND ND
2 4.16 3.5 1.75 ND ND

10° 0 4.19 2.29 1.38 ND ND
0.5 413 2.87 ND ND ND
1 4.14 2.7 0.92 ND ND
2 4.23 2.93 ND ND ND




MY 12 uEaINaTaRhRRITRUTIINER (CFC) Missushve siomanfenidamassanmgd

wisingauuefide lulaeadnlnemy 79w Assdumsld@onadesi@unaysiushe LAB, L

nandadn (YM); naulednasy (Col); naneapsmiifes (Clos)

Pnnweades | Ysunaes CFC | WSunuaduniad (cfu/g)

(cfu/g) (H|.) L YM Coli Clos

10° 0 6.07 x 10 26x10 <10 <10
0.5 28x10" 277 x 10" <10 <10
1 6.76 x 10" 8.55x 10" <10 <10
2 1.5x 10° 1.94 x 10° <10 <10

10° 0 5.34 x 10° 7x10 <10 <10
0.5 8.0 x10 3.23 x10 <10 <10
1 5.95x 10" 3.55 x 10° <10 <10
2 6.75x 10’ 2.33x10° <10 <10

10" 0 2.98x 10’ 2.09x 10 <10 <10
0.5 2.1x10" 9.95x 10 <10 <10
1 2.8x10 8.7x10 <10 <10
2 3.67 x 10" 1.87 x 10° <10 <10

g

=
* NULRWIZEIAR




NN 13 uERIWaTRIhIRNTaUNFAINEa  (CFC) Aivdiusee) siamadanulasase pH uay

tRsnownseduriadansimaadnnlneay 7 fu fissdumsldizenaasimdasseduse

ﬂ?mmmmé@ Funnues CFC pH N9ABUYIIE (% maqﬁwﬂﬂuﬁq)
91 (cfu/g) (ua.) NIALAARA NIABLLRA nealnslnledia | nendalvidm

10° 0 5.83 ND ND ND ND
0.5 6.18 ND ND ND ND
1 5.16 ND ND ND ND
2 7.6 ND ND ND ND

10° 0 5.05 ND ND ND ND
0.5 7.3 ND ND ND ND
1 7.52 ND ND ND ND
2 6.36 ND 1.75 ND ND

10" 0 5.84 0.41 1.38 ND ND
0.5 7.47 ND ND ND ND
1 5.64 ND 0.92 ND ND
2 5.22 ND ND ND ND




|
A

AN 14 uFINaTaRhGeTaUnANEgS  (CFC) fisvauene domaufenidasasFanmqs
6 | [ . [ ! X 6 [ |
wisdngauuafide lulaeadnlnemy 7w fssiumsldgonsdesimdasivsishe LAB, L

nandad (YM); naulednasy (Col); naneaosmiifes (Clos)

Punnweadesn | Ysunaes CFC | 1Sunua@duniad (cfu/g)

(cfu/g) (N].) L YM Coli Clos

10° 0 1.93 x 10° + <10 <10
0.5 418x10° + <10 <10
1 3.75x 10° + <10 <10
2 4.1x10° + <10 <10

10° 0 2.44 x 10° + <10 <10
0.5 1.81x10° + <10 <10
1 2.39x 10° + <10 <10
2 2.96 x 10° + <10 <10

10* 0 2.08 x 10° + <10 <10
0.5 3.29 x 10° + <10 <10
1 3.11x10° + <10 <10
2 414 x10° + <10 <10

= c
* NULRWIZEIAR




;19797 15 uaneAn pH uazifFunnsedurise anlmaaulasndralnaauin 300 - 500 Alaniueny 21

Fu Tuanazlildide LAB (gamaunw) uazldida LAB 10° lalatlsioniuaaslaiaa

N1INARAY pH neRauyid (% m@qﬁwﬁﬂuﬁq)
NIALAARA | NTMRZITRAA naalnslnladia nsadalyvism

TAATLAN

q\‘i‘ﬁl 1 3.83 ND 4.04 ND ND

Q\Tﬁl 2 3.89 ND 3.94 ND ND
4 LAB

Q9 1 376 | 2.14 8.8 0.53 ND

q\‘iﬁl 2 3.88 1.47 6.24 ND ND

Q\Tﬁ' 3 3.88 2.07 4.6 ND ND
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