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Project code: RDG5650072
Project title: Prevention of fungal growth on para rubber air dried sheet (ADS) by high

potential antifungal from actinomycetes

Investigator: Dr. Nareeluk Nakaew

E-mail Address: nnakaew@hotmail.com

Project Period: 1 September 2013 — 31 August 2014
Abstract

Fungal contamination of air dried rubber sheet (ADS) is often occurred and diminishes
quality and value of this product. This contamination also affects the health of workers who
involve with ADS production. In this work, we aim to evaluate antifungal agents produced by
actinobacteria for biological control of fungal contamination on ADS and to extend the shelf life of
ADS. A total of 180 actinobacterial isolates was screened for antifungal activity against fungal
contaminants by dual culture bioassay. A total of 20 fungal strains isolated from contaminated
ADS was used as tested fungal contaminants in dual culture bioassay. It was found that
Streptomyces TMR032 gave the highest antagonistic activity against all fungal contaminants with
relatively large inhibition zone (> 30 mm). When we compared the minimal fungicidal
concentration (MFC) of the crude extract derived from strain TMR032 (ethyl acetate extraction
and evaporation of cell-free culture broth) and p-nitrophenol, the crude extract exhibited greater
MFC value (0.5 mg mL'1) than p-nitrophenol (1 mg mL_1). When we compare the treating
approaches between adding and soaking with the crude extract at the final concentration of 1 mg
mL_1, the fungal contamination was suppressed the same for 20 days. Both treating approaches
for the fungal contamination also revealed greater than the control (without applying the crude
extract) that appeared the contamination in 5 days. Interestingly, soaking ADS with the crude
extract exhibited greater quality of ADS than the adding approach that appeared darkened color
and incomplete consolidation of ADS. This may due to the reaction between latex and the solvent
(methanol) that was used for dissolving the crude extract. Based on the results of this study, we
propose that antifungal agents produced by strain TMR032 could be further applied effectively in
production of ADS with the benefits of reduced chemical uses. Other investigations regarding to
the reduced cost and the optimal conditions for production of such antifungal agents shall be

studied for economically effective use in ADS production.


mailto:nnakaew@hotmail.com

Page 8 of 63

o a [~ Aa o
1. anvdraguazaNlna1yaIn13IvY
prusiwdunudsgdonawiugivnnieedudei lulfiduiagdulugasmnisudu
dall 1T 29N SN9TDUWG YiauNd B19TAUDY LI wlain 2 TR AD LIILNWINATY
. ' o i . =& o
(Ribbed Smoked Sheet; RSS) WazgNILA®aLWAI (Air Dried Sheet) sm"l,@ma'mmil,l,ﬂigﬂma
1 =) v =) 1 a w Qs &
WHBAL (Unsmoked sheet, USS) ﬂizmﬂvlmmﬂu;dwaml,a:maaﬂmaﬁﬁmmau@wuwaﬂaﬂ
lagsasas 95 °11awaNﬁmﬁddaaﬂdaulﬂrijﬂuﬂﬁoLwimwm”uﬁﬁaUaz 52
WWallSuuNeuszninesns ADS N RSS WAIWLIN 819 ADS S1a0nNasNaRInAaIra La
7 mwmvl,ﬁﬁmgoﬂ'j'] LA WA WIWAIINRAGINTI819 RSS 138991NMNIHAALNILKY ADS 22
IFgannilunsandiniuazldzozimaunitensudu RSS (ADS lFgunnil 45-55 °C i 3-4
T, RS lFgmunnil 50-65 °C win 5-7 ) wdatsbinananuhdulngivuniass Rss
U 4 09’/ a v Qs v A Qs g ) %)
INNILH9N A UAAUNITNAALIY RSS 22030 U8A WL TI9sHRIINWLITATIITILTNIN
waendlaldiAanisduidananigasluwannmarinlwziunsaiusnen ldwiwninens ADS
mstwdansadiBanluensnnwazyinliensusnaian LL&ZL%BiﬂgﬁﬁNaL?(El@iﬂﬁ;(‘lm’m‘ﬂad
v A o A ' ~ A A ' a Y o & ' =
HiNeT09 MInFasIurua1aezinadn nie Jumaaddesiudarizu Wi ulafuaa Godn
nid a 1 £ v
msmmwmﬂuwma;ﬂﬁ Lm:gﬂmulﬂuq@m%mmmamaﬂi:mﬂ
U % ] = ai a o Aq/ &’ & a o di ' 1 a ainl
nndayanina Jnduninvesnuisedui éml,ﬂummamwaag‘avl,ﬂgmma@lma ADS 7]
Qmmwﬁlﬁu%'ﬂmvlﬁmu Lmzﬂaa@n‘”ﬂ@ia;ﬂ"ﬁ TasWaUINIINAALILNY ADS ﬁﬁqmawﬂ'@lums
1 ‘f( L% £Z dql/ a a n'l 2 dql' a o A .& 1 a do’ni
NUAaLTAT I@mlmmsmumaﬁﬂimﬂnﬁmwgw"l,@a]’mL%aLLaﬂ@Iuwmaﬂ Tadunguvasgfaunian
LA A o & o A £ AN o Y & X ' ° o
wmwmﬁmmmiwammsmumam‘lqu@ FINAN LADINIWITEATIHAIAT1 YN IR ADS
> v é/ 1 v o 1 ] 4 U U
RINIIDLALINEN LA w1 %QUi%LﬂH@iﬂiﬁ]’muﬂUUWGLLN%ﬁﬁQMﬂ’]Wﬁ "memqa AR

NINEG

o 6
2. 200132890
A @ A o 6 & a @ A A L2 o & X A a '
1. LwaﬂmaaﬂmUwuqmadtﬁaLLaﬂ@quUaﬂﬂa’]mmm’mmmummaﬁ’mmifyummumd
ADS ldfiga
4 a a o & a & “ a P~ ! ) v
2. Lﬁﬂﬂi’]ﬂﬂi:ﬁﬂﬁﬂ’lwslummumﬂ’mﬁ]imﬂaoL%m’maammﬂ@‘mqﬂﬁuwmuﬁvl,@mml,a
al > Aa Qs {d'v A v A ) a a [ v A a A a I
ﬂ@]I%NUﬁﬂﬁqﬂwuqﬂﬂ@Laaﬂ‘l@] LWa%’]vllll,l]iﬂllLWUUﬂUﬂ'ﬁITa’ﬁLﬂNT%@E}%G]‘Y]L'ﬂilll

FIHINWATANE

3. nud uwaAalun13Ise uaznawiietas
muwimﬂummﬂigﬂmamguﬁ?ugmmnﬁﬁma@‘iuLﬁaﬁﬂﬂlﬁﬂufmqauluq@lm%mimgu
gald [ 8n9urs 819508Ud vieens BneTaued endunn Ludn U 1) gL TW 2 Tia
A8 PILNWTNAIY (Ribbed Smoked Sheet; RSS) LLazmdLLNuﬁGLLﬁG (Air Dried Sheet) E‘E!GVL@T&J’]
NN IUSUNUAD  (Unsmoked sheet, USS) ﬂszmﬁvl‘nmﬁu@l’wﬁ@LLa:daaaﬂmqﬁﬁuma

o o = @ a . ' ' \ o @
au@‘l_l‘ﬂu\‘l“lla\‘liaﬂ I@ﬂiaﬂa: 95 Taﬂwawa@ﬁaﬂaaﬂajuiﬁfyLﬁuﬂqﬁLLNujNﬂjuﬁﬂiaﬂaz 52



Page 9 of 63

(3
sfiafudEnsnnieniy

1. WUnmmanTmE

L

* R » Jeaiiy * ~qrd

-meRa

-veRmARAnE

d
-
. B o & o
5 URRFUNEENN
-tnRTE
v el
i e i '
o -zl ngnadh
.
-gnasy et
o w 5 -r:l.;.l
- WA RN S
o
T

2 qunsarill
et
-gith

3
Lt b e

4 ¥
- BTARNLHLY

BTUATY -Tv-lll!."l.
Weremwnan —_ e
a w oo -
— & mandnimenTy - ek

- 2w —

- ETATH - gl -Tmds
. e o
. - g )

3. piefna il dlrniass

\ ““'H.____‘ 5 u"\"ju

4 ST

B
saafuliE
1. wlesismailiun \\

2 pRafomd

d a d g¥e F ¥
-snslimusgasiainanly
>

. - inaraaraseilal
-rEaLl BT , ‘ < .
e gl e 2 e ukEuu - W
= TR AR LA - L E - . T
E"Lf “IS  — - B LA (TreaT A, Tl - g feu - HaEns (g, gaug
3, dagriaafyinfne 1 e P . .
e - tadernuer)n (AT ) e 1 - UHIBIATREHTY { ¥ HENTEAY
Yapogn Jar .
1“.1 i 13"}'. N - tadeenifagnarvnem (roenaey -Heum - UL
o L 1] 1, 'l‘ Hqﬂl 1 s " - .
— :“ Lot = - e snidlume s e e - gy -unaffuawiis
2 is=fars 0 . - .2
. l‘ﬁ;stmlr.:ﬂﬁ.u e s st R -t
3. BIWRT 18U WUREIT = 0 .
. Th: e sndnenn T ot -unassesiEeRLTity
. TR it E T | 3
- - EndeATa g s s tiatheu sl ~UHUATA
T. WEMETR 8 d
-EHW -8

31 wwIREA N eI THAd1 9
an: LquLLu'qummﬁmmmawwar”n,l,a:wﬁmn”msﬁ NITNTHAARIANTIY
NSHAMLILE ADS LAz RSS
a 1 a o g/ dl A 1 R A A Aa 1 b o
ANINRALNILEBALLNEATNTIZIIL19NNGA be sl ei az I uTI T US U D bl w1 AT naNvin v
LULTIILN

1 ad ] d'l v ] a aid 2{ [~ A v A v
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o A % o & = - @ A o a , o o A A o
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Y
WgNaa

o o Y ca
<+« qupapgnIanaiia
v

v F)
g1 Uil unou

o a
< ANTTALN

PN UH U TEUR 3-5 Haaluas

—  flaluns
A A
BILHUAY (Unsmoked sheet, USS)

¥ E o o
AUAIEANTRU 45-55 C UIU 3-4 MU Ii\‘ij‘NﬂﬁVu 50-65°C U 5-7 ra/u
\4 \4

N B . o
g9 WIS (Air Dried Sheet) gILHNWINAIN (Ribbed Smoked

Qq: =) ] Ag
31 2 TueaUNINANLILHL ADS uaz RSS (U3ALUTw, 2556)

#RAVDIT DN WUBUARE I UAZNITANBNIBINTT DN WTE

Qs ] b3 k3 A &/ . A . 1

Ugmisaimatdwiewvesderifatuldlusudunndzian lagiialuwenaupund
ANNIwNNIT 0.8 % mivwidenvasdanuuiHneninananazinliensunniiiuineian

v oA \ od A v A o . . =2 &

usaalinadagunwaasgfiineatasdndas lud 2001 Linos uaz Steinbuchel AN WLLTaTIHAY
phans i launesulw 1w Aspergillus,  Penicillium,  Fusarium,  Trichoderma,
Paecilomyces wilszinealudi3uEsuruoso (1970) AN BaTINAIWUULNIWITINAL WUITnT
Uuidouvadian Aspergillus 3 81 Elwyuﬁf fa A fumigatus, A. flavus W< A. aculeatus

ludszindlng asny (2553) FmMsuaniBanneuHuNNEalasin®aININN 13 WAL
mald leisen 150 lelman edlu 9 S Aa Aspergilus (31.3%), Penicilium (23.3%),
Cladosporium (5.3%), Rhizopus (2.7%), Mucor (1.3%), Geotrichum (1.3%), Trichoderma (1.3%)
W8z Tritirachium (0.7%) UIMAMIALINILHWIANNTURNANT 52.1-83.2% Hgmanil 26.9-32.70
DIFLTALT LA ILNUALALINTANNTY 1.0-9.5% L1 W.a. 2555 RIUFNT LATATAL YINNNTHEN
uwazdsuanriiavasianiuidentuswinduain 12 dete  ninsasnIluiunduans
nae Sunanand FIndanzen Hiuwan 12 Mats wohusndeanld 37 lalaan wenanudu
lﬂn_jilu@af;ﬂu%'ﬁfa Aspergillus spp. 15 lalaian (40.5%), Fusarium spp. 11 lalaian (29.7%),
Penicillium spp. 7 loloian (18.9%) lusauiiiuamaiiafinnususunnsdaiaiue 71 09 88

6 & 6
LatiEua
P o A 1

MSANEITINTUBINWIBATIUWUHKEN

INMIANBININaFaUMNMISUEITa N IbuHseImarTIadloiadd g o905y 1wd

2553 WU NIeazdan lduesiGuusasiua lluasidouiunlaaa ladauuan lusa we was
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idwasulinldli swnsndudimaasyaeadenle I@ﬂﬁ@hmiﬂ'utﬁﬁmmlﬁuﬁu@‘hq@
(MIC) wo9s5t08l 5 1hiadl 6o Aspergillus fiuenld 10 lelaiaa e 0.313, 10, 5, 5 uaz 6.25%
uAaU lae Aspergillus SRO9 auﬂm%amﬁwmiamsmﬁﬁﬁq@ FMSUAN MIC voamstaiing 5
e lumsdudinisasy Fusaium 4 laloaa fer MIC Wiy 1.5, 0.625, 2.5, 0.156 uaz 1.5%
anwgey uazlunnssuds Peniciium 6 lolman wuinfien MIC winfiu 0.156, 1.25, 5.0, 0.156 ua
3.125% @nu&eU MIAN®Ived UWTAK uazAnz(2536) lavld uadunu  Fuuu advin lu
§a7dm 15 30 45 n3WAn 20 Aas TugefindalaslFaasdiningns:inyindy 2:2 audiuuesi
PasamUWITBE  WisuifisuiunsruuRuensduamusuuzinzaseniuiduens lasldaaiad
W llasiues 80 0.1%W/NV wuinlikadlnaldssnum lulasiueausdadnglsfanulu
qgNuﬁﬁm’]u%ulummﬂgaﬁﬂ'ﬁmwumsﬂuﬁaumau%aﬂ

sstnivans griefnefmifnsiietandugadenluwings wu Wi lulasfines
wadunu wohflenuduisderls widwludedeanlod  dnsnumsdnmlul 2552 b
wuidanuduiuaamasiinisvosawdolflulsmildmunsan  (Dechsakulthorn  uazamus
( 2007)) mﬂ"ﬁmimﬁﬁﬁ'@L%aﬁuaﬂmﬂﬁwa@iaqmmwmao;ﬁ’lﬁlﬁa sn9fdmMILEuEnIIATnan
wwﬂﬂmﬂuaaﬂ'avlzjﬁmuﬁﬁmlﬁummﬁmmuﬁa1°ﬁ’[uqmm%nsmmms W M@
PINVITIDINT ldBimsnaanszdhinden nuaniiedii 9ARWNTINANIYINTBNN

NNAGHARINENITI6 wisvluaseit ﬁagoﬁa:ﬁummiﬂh&L%@ﬁﬁﬁﬂizﬁwﬁmwga
mmma@luu‘”aﬁwfﬁaLﬂuﬂﬁjmaagﬁuw%‘ﬁ‘ﬁ'ﬁi’]mm’hmmmNﬁ@lmiﬂﬁ%’m:"lﬁﬁﬁq@ WU
45.6% vasmIwIdunIdlugutoys  ABL "l,@i”m'inﬂL%aLLﬂﬂ@IuﬁﬂﬁﬂI@ﬂmwm%aluaqa
Streptomycete (Takizawa Wazams, 1993) 38U T dannuandluibdnleun anlnsodu
(nikkomycin) waz IwAsandu (polyoxin) (Nolan Way Cross, 1988) WAWATAW (candicidin)
(Lechevalier wazathe, 1953) Blasticidin S NAAlay S. griseochromogenes (Takeuchi LAk,
1958) Kasugamycin ﬁuwmﬁa‘ﬂ .4, 1965 lay Umezawa Laznmie HAALAE S. kasugaensis W
Validamycin A NAalag S. hygroscopicus var. limoneus (lwasa Wazathe, 1970)

sluﬂ%a;ﬂ'uﬂ'a"l,ajwmwmmmﬂ%mmﬁ'@mﬂLL@ﬂ@I%ﬁUﬁﬂlumiﬁuE%L%aiﬂuwﬁmﬁmeﬁmo
wiadaqglnalAnaiae Lwiﬁﬁmmd%%aLLaﬂmuﬁyﬁﬂmmmﬂ'uzﬁiL%ﬂiﬁmjwﬁm%@ummumﬂﬁ
W% §IIENAINN LLaﬂmuﬁ'ﬂﬁwﬁmﬂa’mw”ufmmmﬂ'uéﬂﬂ'}iLﬁ]’%mumadL%asﬂ Aspergillus &
(Thenmozhi az Kannabiran, 2011; Devi LLazathe 2006; Ayari LAEATE 2012; Alimuddin LLREATLS
2011; Baniya WLz Vaidya, 2011;) Lim ez @tk (2000) Wui"lL%a Streptomyces humidus 814170
ﬂ'us%msw?zymao Fusarium oxysporum & Isenunuinasanaannifanendluis nwaiuans
w“’mfmmmﬂ’mﬁmnﬁtymau%a"lﬁwga Aspergillus W8s Fusarium (Sharma W8s Paruhar, 2010;
Aghighi azatwe, 2004; Bonjar kazathe, 2005; El-mehalawy azathe, 2005; Gebreel LLazatbe,
2008; Anitha ez Rebeeth, 2009: Kavitha Wazamse, 2010) %anaNissdiseauwnnsisofnunams
aﬁhmﬂL‘%ﬂLLﬂﬂﬁIu&Tﬂa‘ﬂ%mElﬁﬁilwyu"nfﬁ’lw’liﬂﬂ“]_lquqi‘]ﬂ’lil,i]%mﬂladL%ﬂ‘i’]ﬂ&j&lLaﬂiﬁUﬁL‘ﬂgfyU%LLNu

0N9beN9 3 IUR Aa Aspergillus, Penicillium Wz Fusarium \T% Atta (2009) WUINRISRAAINNLTE
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Streptomyces olivaceiscleroticus, AZ-SH514 RNNTNLULIL T Aspergillus niger, Fusarium
oxysporum, Aspergillus fumigatus ATCC 16424 W8z Aspergillus flavus & Tasls3s paper method
assay WUIAAY MIC (mg/ml) winAu  31.25, 31.25, 46.9 uas 52.7 @a1Ns1aLU Oskay (2009)
WuimIanaNiTa Streptomyces MEWWE KEH23 snansndududian Fusarium oxysporum,
Aspergillus niger, Aspergillus alternata, Penicillium sp. 1NTIHUAE § ANKINTN AN wInsgy
] a v A L% % = % v & ¥ %
1 uan@lusip@nitng  Streptomyces %mﬂmmwuf Iwmmﬂwufmmmﬂuml,%as’]"l,wmﬂ
a w aq// =3 [l = a Aa L eqz' dq' c.i a [ v :ﬁ 2{' d' a [ 3
phaaInnIviazdlsfninmwlunsdudadanMasaunwiinele  SafiamnniaTyunuHnun
[ dql’ a v & o & d? . . oy A
dsznavlddsdarnnassiia URTRIIWUDNENNIINOULILTAT Aspergillus W8z Penicillium 9
d? d'd 1 ad A dl C aq: d‘ly va & s q‘;: d?
Wubanndenunumudasstjiiue wia snlslunsdugaudanlaa nihazaanngugaias
Noiadng laaae
ludszindnglafsenwnoanumsltisauwendlwisingugansaiyraadonnaiyun
wHBend waes lifissanuwildinluneseulwudneniaseg 1w moausuazame (2555) WU
sasnaniTatandlulbdnlolaian NKS-3 Sqndauginisadguaaidion Penicilium sp NKF-7

uaz Aspergillus sp NKF-9 ldafiga laglidanuidududganananindudagenle (MIC) iy

¥
=

0.156 mg/ml LilanaxaUsI83D Paper disc agar diffusion assay @Y (2553) NAFBUNIEULILY
31 Aspergillus sp. SR9, Aspergillus sp. NY05, Fusarium sp. SR2 Ws Penicillium sp. PR02 #2835

broth microdilution method WUl T8 Streptomyces AC41 uaz AC51 sanTnguadTaN laanga

)
[N ' ' ! [ . A @ ' '
laglwdn MIC aglutis 16-64 pg/ml 1laifinuny penitrophenol Gslsidn MIC aflugag 32-128
-fl/ 1 o Ajl' al v A o 6 % oq,'
ug/ml 48NN Khamna (2009) wuianIanaaniTauandludb@nnasaewuiaunIndugns
Lﬁﬁty?lad Aspergillus flavus W& Fusarium oxysporum wIANL (2552) ¥innInasau
AMUENANINEUBNTET Rigidoporus sp. &t%A8413ATINT1IUEWNITIEIBIT Dual culture
. ' g (Y ) o @ =
bioassay WU W8 Streptomyces TMR032 baa lagl#uu1auad Inhibition zone WinAL 25 NN, G4
v v A L . . 2 ad A o & A A o 6
Iiualnalfissny  cycloheximmide (26 w¥.) Gaiduwenuffausldlunsdudsdon wiIsnwol
(2556) YINNIINARBUNNIHULINILAIYVAILTOTN Phytophthora mm@ﬂiﬂLs?u@mmwwﬁlmz@”u
#8491 JUAN3 62835 Dual culture bioassay WuitTauandludpdnlalaan A31 s1wnIndudIinTg
wigveadenlaanga laslivunevasloudusriny s5 dadwas Walfisunugaaiuga
NI 9§ NnanIrhlrznsadanudeininasanaaniTauand lulisdn
wazfidnunmlunaugumiaigesdenuuuiueale dsiunuissaiiiazinitauandlu
NANFIBWUTE1I 9 NnasaunITUITeT tNemaaWuEna e TgusLTe N
Uizdninmggalasifisunuasinoinonunsdnms uwazdnsanuduldldlunisihasana
A o & o & X ' a v A & o A | o
leange llglunssugadanunianenass laoudwsasasmidesnuwdanluszozent lai
IgusniGuassnaddsulduazlinnudasadvlunmsildldlasns@nsnaanuduisuaians

39978
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aa A o
4. 750135799
& A P '

1. nMsuanras Uil anwu ik

° ¥ { & A o o A o ' .

Yimsuaniiannuwdanlwedunwiiuis Tasiiansuanisuwannlalils Moist chamber
A o o v o A & <, A Aa Y 2N ea A
Gmmvlm”[@ymﬂaumaqumﬂaumma mﬂuﬁnummsﬂmmumaagmgﬂ 3 VIGVL’JYIQELL%QSJ 30

-5 ¥ =) 1} o ¥ IJ 1 v =) ng

AIPNRLTALTYR AUFINALAULTDTUITYVUIIILN Y mmﬂwm%aﬁﬁmuuumaLmul%mqﬂﬁmﬂ
A% cross streak UWa1%1Y water agar LGN rose Bengal LLaz chloramphenicol MNWWALINELT

a AVqu v a A o o & a & A o oA
i'ﬁJia;‘Ylﬁ ’JQ’I‘VHTEHLQEJ\‘]LWQ%’]vLﬂY]@aaUﬂ’ﬁU‘USJx‘lﬂ’]iL'i]ifllu?J?NI@ULTQLLB@@I%NU&‘Y]@I@VL‘IJ

31 3 pauriulu Moist chamber

%] ) ‘2 ] % %] a I
2. InunniBaunurwelaalfansaenvdmgruInginglanaasgansse
W TaNuen I NUARE AN AN BUNIITITIWINGT  LasMIWIzIeL TN UK
& . . & ~ o & & =& cda X v
alad (slide culture technique) awiTaniinmiasiiates ntulsialadndizenananagansme
vasrLlasniondaganyiei
3. nagauaNasENIIalunIsugITa Iniasl)inns
mInaseuanuswnlunsgugisenlesltiseusndludeinndluiesd judnis
(W58 Streptomyces TMR 032 7LAUNARBUNAULTEI Rigidoporus sp. ATINTILUMALANLID
N9 (RDG5250036) wazkTa lalalan A31 waz A30 MAENaxaLNULTaI Phytophthora sp. 11
1INV VINALENLTBILINITY  (RDG  5550073) TannuLTenuenlalrnianndudisdd Dual
. ¥ al w a v v é
culture bioassay (Bennett et al., 1996) lagiwiziGauandlulbinadiunmulasunitivasann
dv 2{ ] Aq, ‘Ddl a =) Q u?: 21/
oA 1ISP2 Yufisliiganndl 30 asemafos lum 7 7w andwwnadenasidlu
duasntuiugenendluisin gemuvguidunuermsinizudionedude U 4) viins

NA[DY 3 T

- LLaAA I NHEN

O an

A B

o & gl/ v ad .
Ell 4 NMINARDUNITLULILTDINGIYIT Dual culture bioassay A: ?ﬂﬂ@ﬁaﬂ B: ‘72(91@1'21_]@111
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unnislingunndl 30 asenaafos awdanluganiuguiaiyiasinan ai3u 5 Fanauas

2 =

[ a L . a J A a v Aa d'd a C 3 v d' di
IATVWIAVBIVILITWY UL (Inhibition zone) NiNAYH LaﬂﬂLLﬂﬂ@I%&lUﬁﬂﬂuﬂiL'ﬁm&lUﬂx‘iﬂ'}’N“ﬂq@]LWa

i luanunluausalyl

Inhibition zone

9 o & o o« & X a
31 5 MIIAVIIAVaI wueLES (Inhibition Zone)lumInaseumssusdianlasdT Dual culture
bioassay
& 4 &g 4 9 N B o« & & 4
Immmaﬁﬂlﬁlumimaamﬁumaﬁmwﬂ"l@mnmau,wumu,m 14 mmwuﬁq LRSLTDIN
A ! ﬁ s ) a an a o & A v
WUINHTEIT I 1t auluil’]\‘iLLN%ﬂLﬂUiﬂH’]vl’ﬂu%E]Gﬂg:]fl.l@lﬂ’]iﬂﬂ 6 ﬁ’]EJ‘W%‘E ‘Ii\‘]vLG]LLﬂ
1. Trichoderma sp.
2. Aspergillus sp.
3. Penicillium sp.
. Qs 6 ye aAaAa
4. Fusarium sp. 819WWID A (F. moniliforme) Talailanag
5. Fusarium sp. mﬂw”uif B (F. oxysporum) lalafifdu
6. Rhizopus sp.
PILDOINNN 6 mﬂwuquanumﬂﬂiaumgﬂ 6

36 anumlaladuad et iwmInagaund 6 SEWUT
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=1 =1 [ Sl %) o? 1:19’ %) dg, AI‘ v A %) =
4. WSgUNYUAN YA LA VLI D DI VBIAITENAKLIUINNIBa LD AR BNYANNUAIILAN

[ o & z:%’ n? Aa o A o ¢a' o = 2
anna1sgugudasvIndauanalusizanarawnsnaniaonla
1) wnziipadaueadludodnluomiwe 1SP2 vt dungmngiivesdu
1281 10 W
2) \dndavhazany (ethyl acetate) adluludamaiu 1:1 asfald 1 Falus 1w vn 15
=)
Wil
3) uunEIUBad ethyl acetate 8aNIUAIINNNTIZNAE ethyl acetate BanEILLAIBL
evaporator LAU&IUTILRa (crude extract) iWeihlUnaseumanututudigan
§NNINOUHINTLAS VeI TaT e (Minimum Fungicidal Concentration, MFC)
& o & 1
nsnagaunnasiowan1sauginazal MFC
1) Baransananeuluiumuaauwaznii lulastuaaluinaulilaanududn
@199 nu niuih liduasluamns PDA Walwldanududugarhowiny 0.05,
0.1, 0.5, 0.7 Uz 1 YN/UA. MNNUWINE1MIT PDA 71 lainadluainawis
2) wziTenad W luanuamsnlasananenuuaznni wlasfiuaananuiugw
) A A A M v a
99 Sraniuquaanuamisn lildiauas
3) Wawenlunuamimuquuatgdnanu  lhmriaswesesdalaiiiangend
wigluwawmasay iNathandwimmdasiiudnsguey (percent inhibition
of radial growth: PIRG) @1 MFC fa anudutuillien PIRG innu 100% M3
furtuA PIRG dgasdnuaaasiy
PIRG = [(R1-R2)/R1x100]
o & ~ &
R1 = swaidurugudnaslalafivaasaluauannisaiugu

v & a &
R2 = mmmLﬁuwﬂuguyﬂaﬂaIﬂIaumaaLmalumummi‘ﬂ@aau

fmiumanniniaeialesinminzaevaslaladl 1w Aspergillus sp. Wag Penicillium sp.
' o o & Al o o & & ' € & € o ZV oA
ﬁ]:"lmmﬁmwnm@Laumugﬁuyﬂmﬂﬂiaﬂ@ 9139 lugnasnrdasidudnisau s lan
& & 6. 9 o < A , a &
wWasiiudangg la onin 100% HudAa ldwumaeiyvaadonlwaiuains
Lﬂ%'uuLﬁﬂummﬁwﬁ’u@hg@ﬁmmmﬂ'uﬁ'\‘]milﬁl%zyﬂnaal,%amvl,@i” YBIRIIINAREILINNLD
AG Ll ANALUENIWIT b laRnaantaudsaswnIdne i lrdasnwnisUwdausaaba vl
v K v + % = £ 1 v & d' a
EJ’NE]ULL‘VNQGLLﬁJ’J’lﬂﬁ]’i}‘U%ﬁlva&IMﬂﬁil“ﬁﬁ’]‘iW’]‘i’]vLuI(ﬂﬂuaal%ﬂ’ldLLN%LL&’JT}W}&] WNaTLi %
ANEAIWTBIRNT YINNTNARRY 3 91 (A1 MIC Beriaarinlnsuaasinasidananinlunsdugada
a < A a A o o & Aa & L=
Aun BuAe ;ISumntesunaansngugIsasyvasTa N laa)
U
5. Msnadaudszansnnlun3ilas 155 Va9L B TIURLNIUHK
WEIINAINUAAA LN B ANUIYMINagaulszan s wlunstasnwBan luiEwe9lag

NNIINARIRDINTD A
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5.1 LUUNANITHANFITINARLIUAI LA
a Al ¥ o a & P A a @
3B NEILHBA LTl InasaunMIasn ki Ty veaTan I@]wq@maaummummﬂ@
A A e A Ao oA o a a [ = M v a )
RENUINNLTOLOAR INBANNAALADN Lo Lﬂmumwnuwmquﬁﬂui@mu AINI9 1

A7 1 MILeIBNLHBENgIWa M lwnInaseumstasnunsiasyvaata

TANINANDY USunmaansnLaw
WENs Wnaw nIae=den 2 %  ssEneanenuanidouandluay
(NF4) (Wa.) (4a.) sniieauaen’le Wa.)
TANAFOY 20 10 8 2
TAAIUAY 20 12 8 0

wwnwg): Asdindugafineaesansanave i luganeaeuwindy 1 FaAnivAadans T9gendiAn MIC 289819
(0.588RNTN/AAaRANT) WsaNIAsaTa18a1ATANLNL 40 HAANTH AQEFIYNATATE WNIUAA 2 NARARNT ANILAN
sl 10 Hanamng
‘ﬁ,’]F;I’]GLLN'u?qj@Wl@ﬁEl‘]JLLﬂZ“lj@]ﬂ’JUQN&I']@T@]Lﬂu 4 8% WudazaI w1 lal moist chamber 71
aqmvm“ﬁ 30 IFNLTRLTER é’om@]@miﬂmﬂaumadL%aﬁummuma UUNNAINW
5.2 m‘sajmwiumam‘lummﬁ'ﬂ
o ] a a it Qs ¥ dqll = g
urweIImaraulszantnwlunitdasnwnisduidanvas@aslaglsauseninenis
aj:uLLNumaaﬂummﬁ'@mm%aLLaﬂmuﬁﬂﬁﬂﬁa:mmi”’smumuamm:ﬁﬁ I@ml,ﬂaf'g@mimaauﬂu
Q dq/
4 70 A9
O TANARAUI : ﬁiwLmumalummﬁ'@ﬁnﬂLLaﬂahﬁ'ﬂﬁﬂﬁazmaﬁaULaJ‘muaa
(AMNLTNTH 1 UNJUR.)
O TANaFaL 2 : ﬁimlumiaﬁ'@ﬁnﬂLLaﬂﬁiuﬁ'ﬂﬁwﬁa:mﬂ@hﬂﬁﬂ (AMNLTNTH 1 WN./UR.)
O TAAIWAN 11 TNLWNUDS
O TANILAN 2 : ajwsl,u'ﬁn
o = Y ! . o & & \ o &
W89 ke 1 bl moist chamber mmm@lmiﬂmﬁaumaammmmmuma PUNNATN

INNIING[DI 4 T

6. Wlsuifisuaunwnsnansznivasananeiuanuaadluaiaanlalaian TMRO32 A
w1 lulasiuaa

Wisuifisudununandasznivassnaneuanueadludbinlelaan TMR032 uaz Wi
Tulasuos lagmsnaamiananonuvesidouandlussanyhlasiaoaideluomis 1SP2 Usunm
1000 4. (A7 ISP2: yeast extract 4 N34, malt extract 10 N3W, glucose 4 N Wazinak 1000
Ia8RAT) L?i”muum%iaammﬁ'qmugﬁﬁamﬂunm 7 7 vnmsanalasldalivinazans Ethyl acetate
2000 ml (ethyl acetate R 3T NaLNNLE ladn a:ﬁmigzyl,ﬁyLﬁaamﬂﬁmﬁzmmmiwmiaﬁ?ﬂ
laitfiu 50 SadanT) FnsszmesIvhazasaandIsLa3ad evaporator heavnazanenayllvinms

RNAFITINNAN 9 AU
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WAN13)AY
U n v
1. NMsuanraIINUwi onuwp w19

o .o [ ' . o A & a
HaIINMIEIuE ARSI 1E 131w Moist chamber 1wiaan 5 34 wuinfidasuaswun
. e, ¥ e ¥ o4 wed &
pwusn (U 7) ﬁrmuummmzmmaiﬂmglugﬂwamqm WU leTaInInaa 14 lalaan
I@slLL@ia:"laImLaﬂﬁa”ﬂHm:IﬂIaﬁé'ogﬂ 8

oA [ . o
2117 A: EI'NLLN%NOLL‘HGl% moist chamber 1WILINVBINITINARD

LA e . o Zue o
B: mGLLNuNGLLmlu moist chamber mamnm"b 5%

st e anvouzlalafivesdaniuenlaninurues
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2. N1IVAIIMWNLT DI UL IADINLTIILHY
[ ) 3’ @ o [ ¥ v 4 1 AT A

mifﬂ@mLLunwjaiﬂmﬂmﬂﬂaﬂwmwamﬂasmﬂlmnaaaﬁ;amsﬂuwmw Wannuunle la
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Lﬁaﬁ’m’]sm%‘wLﬁsmm’mL?Tuﬁuﬁﬁq@ﬁmmmﬂ'us']%msw%mumau%aswszwmmiaﬁ@
WweuaIn  Streptomyces TMRO032 LmeiW’li’lvluI@ﬂuaawuiﬂaﬁiaﬁ@%mm}’mStreptomyces
TMR032 mmmﬂ'mfamsl,ﬁtymaaL%ﬂi’m@aamﬁa 20 EUWUTLE 100 % fianututu 0.5
UaANINGANARANT d’summ”LuImﬂummmmsTuﬂ?m’mﬁzymau%asmmamfo 20 MEWNUT LA

100 % NAMNLNTY 1 UAANINADNANANT AIA1INI 3

@139 3 LWaSEUANIIHULINIATYVEITONVEIRNIRNARLNUINN Streptomyces TMR 032 7

AMULTUTUAN 9
B wafifudnissudefianandadiuds 9
Wwasmadgay
0.05 3N./NA. 0.1 an./ua. 0.5 an./aua. 0.7 an./ua. 1 an./aa.

TMR PNP TMR PNP TMR  PNP TMR PNP  TMR  PNP

032 032 032 032 032
Rhizopus sp. 100 10.23 100 58.14 100 100 100 100 100 100
Penicillium sp. 0 0 0 0 100 0 100 100 100 100
Trichoderma sp. ~ 57.12  12.30 7529  46.12 100 100 100 100 100 100
Aspergillus sp. 0 0 0 0 100 0 100 100 100 100
Fusarium sp. A 100  21.06 100 57.98 100 100 100 100 100 100
Fusarium sp. B 100 15.17 100 68.75 100 100 100 100 100 100
RSF1 0 0 100 0 100 100 100 100 100 100
RSF2 0 0 100 0 100 0 100 100 100 100
RSF3 0 0 0 0 100 0 100 100 100 100
RSF4 0 0 100 0 100 0 100 0 100 100
RSF5 0 0 100 0 100 0 100 0 100 100
RSF6 0 0 100 0 100 0 100 0 100 100
RSF7 0 0 100 0 100 0 100 100 100 100
RSF8 0 0 0 0 100 100 100 100 100 100
RSF9 0 0 0 0 100 100 100 100 100 100
RSF10 0 0 100 0 100 100 100 100 100 100
RSF11 0 0 0 0 100 0 100 100 100 100
RSF12 0 0 0 0 100 0 100 100 100 100
RSF13 0 0 100 0 100 0 100 0 100 100
RSF14 0 0 0 0 100 0 100 100 100 100

NXNELAE): TMR 032 Aa ®1IRNANEILIN Streptomyces TMR 032; PNP @@ paranitrophenol;
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Abstract
Fungal contamination of air dried rubber sheet (ADS) is often occurred and diminishes
quality and value of this product. This contamination also affects the health of workers who

involve with ADS production. In this work, we aim to evaluate antifungal agents produced by
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actinobacteria for biological control of fungal contamination on ADS and to extend the shelf life of
ADS. A total of 180 actinobacterial isolates was screened for antifungal activity against fungal
contaminants by dual culture bioassay. A total of 20 fungal strains isolated from contaminated
ADS was used as tested fungal contaminants in dual culture bioassay. It was found that
Streptomyces TMR032 gave the highest antagonistic activity against all fungal contaminants with
relatively large inhibition zone (> 30 mm). When we compared the minimal fungicidal
concentration (MFC) of the crude extract derived from strain TMRO032 (ethyl acetate extraction
and evaporation of cell-free culture broth) and p-nitrophenol, the crude extract exhibited greater
MFC value (0.5 mg mL-1) than p-nitrophenol (1 mg mL-1). When we compare the treating
approaches between adding and soaking with the crude extract at the final concentration of 1 mg
mL-1, the fungal contamination was suppressed the same for 20 days. Both treating approaches
for the fungal contamination also revealed greater than the control (without applying the crude
extract) that appeared the contamination in 5 days. Interestingly, soaking ADS with the crude
extract exhibited greater quality of ADS than the adding approach that appeared darkened color
and incomplete consolidation of ADS. This may due to the reaction between latex and the solvent
(methanol) that was used for dissolving the crude extract. Based on the results of this study, we
propose that antifungal agents produced by strain TMR032 could be further applied effectively in
production of ADS with the benefits of reduced chemical uses. Other investigations regarding to
the reduced cost and the optimal conditions for production of such antifungal agents shall be

studied for economically effective use in ADS production.
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I A——..

O A A S o g

" Lamen N

HAMIEUHINNIATYaTaT 20 MMuWUTVaITa Streptomyces TMRO32

v v 1 J
(AwUW: Streptomyces TMR032, @1UAN : LTAIINARDU)



Page 43 of 63

4. uBsuisudnanwlnnstussdanvssasanane1uann Streptomyces TMR032 nu
d191a 8

Lﬁaﬁ’m’mﬂ%'zmLﬁyumﬁmﬁmimﬁﬁq@ﬁmmm{ﬁJzf‘]mim%rymaav‘fﬁ'”as’mwdwaﬁaﬁ@
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100 % NAMNLNTY 1 UAANINADNANANT AIA1INI 3
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B wafifudnissudefianandadiuds 9
Wwasmadgay
0.05 3N./NA. 0.1 an./ua. 0.5 an./aua. 0.7 an./ua. 1 an./aa.

TMR PNP TMR PNP TMR  PNP TMR PNP  TMR  PNP

032 032 032 032 032
Rhizopus sp. 100 10.23 100 58.14 100 100 100 100 100 100
Penicillium sp. 0 0 0 0 100 0 100 100 100 100
Trichoderma sp. ~ 57.12  12.30 7529  46.12 100 100 100 100 100 100
Aspergillus sp. 0 0 0 0 100 0 100 100 100 100
Fusarium sp. A 100  21.06 100 57.98 100 100 100 100 100 100
Fusarium sp. B 100 15.17 100 68.75 100 100 100 100 100 100
RSF1 0 0 100 0 100 100 100 100 100 100
RSF2 0 0 100 0 100 0 100 100 100 100
RSF3 0 0 0 0 100 0 100 100 100 100
RSF4 0 0 100 0 100 0 100 0 100 100
RSF5 0 0 100 0 100 0 100 0 100 100
RSF6 0 0 100 0 100 0 100 0 100 100
RSF7 0 0 100 0 100 0 100 100 100 100
RSF8 0 0 0 0 100 100 100 100 100 100
RSF9 0 0 0 0 100 100 100 100 100 100
RSF10 0 0 100 0 100 100 100 100 100 100
RSF11 0 0 0 0 100 0 100 100 100 100
RSF12 0 0 0 0 100 0 100 100 100 100
RSF13 0 0 100 0 100 0 100 0 100 100
RSF14 0 0 0 0 100 0 100 100 100 100

WABLAA: TMR 032 Aa 81IRNANRLILIN Streptomyces TMR 032; PNP fa paranotrophenol;
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6. Lﬂ%ﬂuLﬁzm&’unum‘m%mm’ibamsaﬁ'ﬂwzm.larm Streptomyces TMR032 NU W11 144
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