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ABSTRACT

Dry para rubber sheets produced from latex of Heavea brasiliensis are one of a major
goods to generate income for most farmers in southern Thailand. However, there are many kinds
of molds growing on sheets which may reduce sheet quality and effect on health of farmers and
producers. Para rubber sheet samples were collected from thirteen places of the east and west
coasts of southern Thailand. The sheets contained protein 0.032-1.225 mg/g, total sugar 0.127-
1.130 mg/g and reducing sugar 0.015-0.175 mg/g. The average mold count on the contaminated
sheets was 1.86x10° CFU/g. The common fungal genera found on the sheets were Aspergillus
spp., Penicillium spp., Fusarium spp., Cladosporium spp., Mucor sp., Trichoderma sp., Rhizopus
sp., Geotrichum sp., Tritirachium sp., Daldinia eschscholzii and Schizophyllum commune.
Twenty-seven fungal isolates (10 Aspergillus spp., 6 Penicillium spp., 4 Fusarium spp.,
2 Rhizopus spp., 3 Cladosporium spp., Mucor sp. and Geotrichum sp.) were selected to test
against various antifungal agents: calcium propionate, calcium hydroxide, potassium sorbate,
potassium benzoate, sodium metabisulphite, sodium acetate, sodium nitrate, ammonium
bicarbonate, acetic acid and smoked acids from different kinds of woods (bamboo, koa haole and
eucalyptus) by a hyphal extension-inhibition assay. Most agents were tested at the concentrations
of 1-10% (w/v) or (v/v) excepted smoke acids at 10-100% (v/v). The effective agents were 10%
sodium metabisulphite, potassium sorbate, potassium benzoate, acetic acid and 100% smoked
acid from bamboo. The minimal inhibitory concentrations (MIC) of these agents against 27 tested
fungal isolates were determined. Aspergillus sp. SR9 was the most tolerant to all antifungal
agents tested for 72 h at room temperature with MIC values of 10% (w/v) potassium sorbate,
5% (w/v) sodium metabisulphite, 5% (w/v) potassium benzoate, 0.313% (v/v) acetic acid and
6.25% (v/v) smoked acid from bamboo. In addition, sodium metabisulphite at a concentration of

2 MIC could prevent fungal growth on para rubber sheet for more than 7 days.

(4)
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Table 1.  Contents of natural latex.

Content Percent (by weight)
Total solid 27-48
Dry rubber 25-45
Protein 1-1.5
Resin 1-2.5
Ash 1
Sugar 1
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Figure 2. 3 D-Model of polyisoprene.
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Figure 3. Schematic drawing of the rubber molecule surface.
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Table 2.  Contents of dry rubber.

Contents Percent
Hydrocarbon rubber 86
Water in rubber particle 10
Protein 1
Lipid 3
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(cottony) AdefMuz 1 (velvetty) Wuidia (granular) YECITAN (powdery)
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EJ Y
wennnil Ialafiveuyesidelianyazn1aInluns 19l (topography) uana1enurae
(] ] 3 [ [
puv i TaTatiuuuEeu (fla) Talatilisesninasenarailusedl lldweuiFen 3 1nd (rugose)
TaTaflanvuzadionszau Ao ATINANYUFINIIVOU 1580 6WTUILA (umbonate) B11A Tail
A 1A dg’ 4 = Y = g ~ a
HITURIYUGITUAA YA BN 110 IAT (verrucose) Hazn1lalalinaieausaisan 11513-
4 . = = dy a 9/ v I v 1
Wo3u (cerebriform)  FU041nTatlvoUyDI AT HALTNINNTIGRUTIAGINUNDIILANAL
Y Y =X ] =< I @ o a 2 Aa A v A = g =
Wld 3dlumstaunanlumsdwunsia Fuuriveslalatidnnandvesades daiud
9 @ A a A 1 csy dy = = =\
memunasvedlnlatinannarsandasseenuiluemsiaesyenaz dvesidmin lavh
1 [ [ di‘ Y 1T @ 9 a c’qu‘ =
dauanyuzadug uveudes laun dnvuzvoudule siavesadosnauuuilme (sexual)
1 a @ [ 4
uazuun luTing (asexual) (U285 ANITITOT 1AL 2510501 JNANA, 2538)
4 [ [ 1
Wwoswnydaliduleniizlsrulasundadldoin@y e lumsswunaiiave
Y
1o 18 190 1dulegalsrsuainden (spiral 30 coiled hyphae) 3131916111021 (favic
chandeliers) gﬂil”lxiﬂg”lﬂuiﬂm@] (racquet hyphae) gﬂﬁwmé’mw% (pectinate hyphae) qﬁlﬂi'”lxiﬂfg{”lﬂ
v 3 I
N3¢9n (peridial hyphae) megﬂsmﬂuﬂu (nodular organ) wudu
di‘ Y I di‘ a Fo g ' A o di‘ 1 z = @
mauenre I wreusgnisuluedisgslumaingesunaniulufnudnyuy

A9 NFUFIUINGT wazn a3 sanen o deyam1Flumssaswunruany

‘1;ﬁﬂsu'aaqauﬂ%ﬁm‘%muuumawnnwiu

um‘ﬁ(ﬁ’aﬁ'mﬁﬂguu&mwwimw'uﬁ’ﬂagiiuwm Actinomycetes  L¥U Streptomyces,
Micromonospora, Actinoplanes, Gordonia W% Nocardia (Linos et al., 2000: Rifaat and Yosery,
2004) HUANIGILATUAY ll??]}uﬂ' Xanthomonas sp. W& Pseudomonas aeruginosa (Rifaat and
Yosery, 2004) uuafiGeunsuuan laun Mycobacterium sp. W8g  Bacillus sp. (Linos et al.,

2000) Nette tazame (1959 5}1\11@8 Linos i8¢ Steinbiiche, 2001) nAIDINMIUENFT LAY

v
=

S A Y z:y ] ~ diy 1 3’ %
LLTJﬂ‘miElllﬂ?ia”IEJ"I,’E)Tclim@]i]”lﬂclfuEJNW”ITILLN‘LH/]?JﬂﬁTJUHJ@H HAagNUNUIMUNUDIITNANAN

4 & 4 g & . o o ) o o )
FuFoNnwuure Actinomycetes 3 @18NWUT (Proactinomyces 1 @18WUT Qg Actinomyces 2

o

o &£ o o 9 g’ o 2’ @ A v
TIYNUT) G])'\‘]T]”Iﬁ”lflfﬂﬂﬂ;ﬂ‘ﬂ1‘1141!1141!ﬂf1”|\1ﬁ”|ﬂl1ﬂ 25.8% e 43.2% VIUIMUNYNLTUAY

Q

Y Y
UaLI¥® Bacillus, Mycobacterium W 1¥iiwiinensanaslyl 20.7% wag 17.2% muddy
Y v
WOTANV LU WHY IAUR Aspergillus, Fusarium, Penicillium, Paecilomyces 1@y

Trichoderma (Linos and Steinbiiche, 2001) #8n91n1 Esuruoso (1970) 51841431 1¥93517180

A

] A dy dy @ a A [ A
%1ﬂﬂNW1§1LLWHWﬂHLﬂ@HL%@3111!5]1?1@]5’Juﬂﬂ“ll@iﬂﬁm%ﬂulu‘ﬂlﬁﬁl TWAUTNNUAD A.

v
Y A

av 1 <} '
fumigatus, A. flavus WAL A. aculeatus HAZINYITUNITIVWINOUNUIUNNUIN Aspergillus,
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< a ] { a
Penicillivm  Wag Fusarium (\JUAUHAYINTRI YU wEu Tuszmaniinispnan
AN RERITAN,
1 [~ 1 J 9 Yo dy a S 1
g HUINA T U Tueu (Usznounlee1e 93%) TR uIFeaUNTd WU
Y Y 1 F4 v Y
WntinuIaveuFe s UNNTU 6% vouihmtiney uazihmtingaiioveseranell 15.5% 1as
1 9 A 1 (Y] c?/‘ = oy Y] d! =) = [ dl
Unl3 19 @ourulyl wasnmiu s thivminersme 1 30.9% FalSeuieiuganiuguis
' 2’ o < 1 3 . .
wuanimtinersmeliiieaaniioamiii (Linos and Steinbiiche, 2001)
Kwiatkowska 11agAa1g (1980 8141a8 Linos 118¢ Steinbiiche, 2001) NA1IAINITANY
3’ o A A dgl I a [ di’ 9 o @ dy .
wminersime lumudiwdlu 40% vinan vasude 1idlunar o1 Julaewui¥e Fusarium
.. dy & o . . dy Y 1 ]
solani {wF0van M@0 cis-1,4-polyisoprene 181FD31 1AHNT109IUTZHINTI A, 1982
4 9 & R . = 0 K 0 g
¥alun13neaoal91%0 Penicillium 1ag Aspergilius TunsdnyIMIMaIeto13 Tagriuilu

] [ 3’ o J [ %
spore suspension (WIZUHINWITUNUTUAIU ué”mmmummmaaT“}Jiﬁunﬂ 14 U Cd]ﬁ

4
A o

v e A g o 2 & o ~
wu smiTnetame Tty 13%  vdemsmz¥esuiunal 56 U usnanildad
Y 9 Y 1
MIANYIMIMNIZIAIIFD IV UAIINLIMImTneane 11l 20% tazanuviiaanad 35% 44
9 ' Y
o nanu laun Fusarium solani, Cladosporium cladosporioides W& Paecilomyces lilacinus

(Borel et al., 1982; Linos and Steinbiiche, 2001)

AUNATITO T UV YU IWIT WY
1 A a = Y a o Ao [l < oy 9
oAU Sy Taumannmssudesnull msihesndsldazaaindisy
Y v v ]
gratiaudunn §elinde anwfeusuusndunuli @ed Tasnwn, 2536) eram15urundl
Y
swsn hwiinezanasdszuia 2% lunatr 1 @eu slewiswrusuudARas 1@ty
A £ Y a 1 9 A di‘ M 9 o A 9
esnnases Duunu lldewdnsy wieanuduge li'lahanuazemersiidisunas
szrInsuanuiouziiasgniveonuainurues udaudoon lundeunas s1aiunann
Y o v Y Y o % ' v a9
MIURIAI0619919 luszezusnuesmasy msud lvi 1 TaegueamnsuruauAIsa1aza1e
a 24 ¥ g o o ¥ YA o 9 v A A ¥ Yy
1 lulasfluea adsisenaliazidatinneuiudnsy uas v uinsuiui wseuioasuliy

v

anudounsounauiheradnsy3dszuna 2 ¥ T UTNTY HAZINNITWHUALNYIUD U

)]
D

v A o = a s

511 lipsedeusiuiu (aniid neqainasad, 2546; 03 1ous I ey g3fing gniaad

,2536)
a dy = = o Y 49!’ a Y [ A dy A A 9
UNJU ANNTU ATNLDY wamﬁlmmmmmﬂmwﬂu Lummm%immmﬂﬂuu
<3|

] &Y dy I A a a o 4 A S o A = a o 4
EIW\‘]W151L!W°I/!3Jﬂlﬂu!ﬁfﬂifluﬂﬁjuﬂﬁ]ﬁiyﬂuﬂﬁﬂﬂﬂlcﬂﬂluuﬂﬂ NIDUAATYWY BINAANUN

1 s‘c:"c:u a a 4 1 @
L'ﬁﬁWﬁﬂNﬂLﬂﬂﬂﬂJuﬂﬁnﬂﬂTiLﬁ]ﬁﬂJuéUle‘d]f@iH‘]fuﬂu Abdullah uagaale  (2000) 518\111!5\‘]
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v Y 9
A A o A

dy [ A a 9 1 d' 1 1 a tﬂy
ANUTUUBITUNEN “ﬁ@i1lﬂiiﬂuqﬂWU31ﬂﬂ1u1@ﬁ§$ (aw) 0.65 Vluwumminﬂmwmﬂunm

o

a =

& g Ny L o o ¢ - A 2 g
2 19U Tﬂmﬂu"hqmwgu 25 ONAUBAUNIT AU UTUNNT 65-98% T%‘nmmsvmsmu
Y ] H
YDIU1IAD 9.3% AIU glutinous rice flour HAINNNFUAIGAN 5.8%  Lian Hazame (2008)
1 1 1 A d' di’ a Yy a 1 1 =~
518\111!31‘113\‘]"!]@Qﬂ1WL@‘KT]L‘K@51?(13J1§QL§]§QJ]1§]@] Iﬂﬂﬂﬂﬁ@gig‘ﬁﬁl%i WBY 5.0-6.0 LAY
a 1 <3 ]
Aspergillus fumigatus 32137y 1Ape 19570152 lUB19#i0% 6.0
[ 33 & a  d
4. aIgVIBdYAUNIEY
=52 . . Yy 9 oy o a S Y Y
4.1 nNIA9HaN (acetic acid) ANUANUU 5% Glum mmmmmwauma"lwwma
a g & . . 19 Y Y 9 9 A ! ~
YUA NUYDI Candida 8¢ Pseudomonas aeruginosa Lmm“l%mmufumummmﬂzuqm
= @ 3 a a a A Yy 9 3’ Y o
L'WENEJTJEl\‘lﬂ15ﬁ]5iym‘]_ljﬁsllﬂﬂil‘ﬂu1/]§8 H1TALA1YANUUNUU 1% 11!1“ ﬁ111”|§€]‘1‘]51/]”lﬂ'3111
avoraunaridala (Who 1us5aes, 2538) Lind uazaaiz (2005) Any1A1 MIC ABNI5ITTY
4
YOI Aspergilus fumigatus, Penicillium roqueforti, P. commune, A. nidulans, Fusarium
4 4 [
sporotrichoides  WUINIAREFANTUszANTA M Iumssudinmsnsyveusesinanududu
A A o o Aa Y Yy 9
20-120 mM NNWLBY 5.0 AIHITUNNIBY 7.0 1“11?’17]111!51]%‘111! >500 mM
~ J . . A o S =2 A ~
4.2 LLB?JT?JLMEJ?JLI‘]JﬂﬁUi’JLUGI (ammonium bicarbonate) Janyauzlupananav1In

ay SVY o q Yy ' A A A
Qﬂ!‘ﬁﬂllﬁi’]\i mmsaazmauﬂﬂ ‘Vl”li‘lrﬂﬂﬁ1ia3@18@11%!63%3&?[9%ﬁﬂTV‘W]i’JﬂlW{]iJ 36-60 °C

u Q

Honl¥lugaa11nssue1n1s (Wikipedia, 2005a) Uona1Nil Palmer tagamz (1997) WU

~ J ~ 4 = 4 o Qa:
penTwdonlumsvoa Tnunadenluasvea Tsaenluasveun aunsodudans
a dy 9 1 4 == a o o
RIYVOAFOI IasrduriuguInala Ialatiiunia 0.23, 1.01 1ag 0.38 EEUAAT MINEIAY
~ 4 @ Qa: a dy Yy 1 A ~
wou Twdlon luamsvomaauisaduginmsnsyveusest ldaniunae lugd Tnuneden lu-
7 2 7 A A ' A Yy 9
asvoua taz lsdon luasuema Aeslugie 7.8-83  Aanududuvesds 50 mM
43 nymuuladn (benzoic acid) Wnienldluglvoundo 1wu TmAsuuulwon
1 Y
(sodium benzoate) ¥130 IwunaiFeunIaen (potassium benzoate) Faaw13naza1wyiila
an enlasullegluzinsa uazdlifies 4.0 wiedini sxshldnsanegidseglugilves
. . £ g A a A A o a  J a A A
undissociated form ¥uiluginilseaninmganga awnsomalsgaundnInoad uuanGe
wazs1 18 (F1n5 A19%%, 2520) Guynot LazABE (2005a) KINSANBINAYDIET LAENILIU-
= a = 4 1 a dy 3 a 9 1
Taon, unadon Tnsi lowa tag InumaiFousosiuaaon s yueutos1 19 7 sia laun
Eurotium amstelodami, Eurotium herbariorum, Eurotium rubrum, Eurotium repens, Aspergillus
Y Y
flavus, Aspergillus niger W& Penicillium corylophilum WUNATNT 3 FUATINTOIUTINST

a & Yo A Y v
ﬁ]ﬁiyfll@\uﬂf@511ﬂﬂﬂﬂ31ﬂlﬂlumumﬂﬂﬁ1i 0.3%



15

7 . . o 3 I~
44 unaey laasenlad (calcium hydroxide) Nanvaziiunanusodunadvid a1
' A A = Y q 9 Y ¥ o & A Y
pgguugigeazideaninld 19z Teamnildvainvate nazawisododuyosa
. . . Y o = Q‘/ﬂ} a =4 1 A
(Wikipedia, 2005b) Bigg uazaaiz (1997) lasimsAnyignidmugaunsduesnguinanves
$ 1 4 o 09)1 a g
uaaFen Fanununaien leason lead1us0dudin1sniyueu¥os Monilinia fructicola
a a . . . < a A da o
45 nsaInswlon (propionic acid) WunsadunIgNaNua s lunsiiaie
1 d Aa a [} @
uuaiSonazstIdandidas deuldlugdveunie Tnsilotua (propionate) taz linusuasie
A A 9 a o [ 4 d‘ L] Y =) @ %
mAanms g TnsiTemad msuuypd ieanndwnsagndesaas lau@ernunsa luiiu
[ . ' 4 Il < 4
5‘LN] 1ae Biggs (1999) WUIUFO51 Colletotrichum gloeosporioides ¢ C. acutatum Fauye
' A4 o o o Y = J . . = a
510 15A WothumageumsiuidsunaFeunae 15a (calcium chloride) unaiGen Tnsi To-
IUA (calcium propionate) LAYUAALTENFAIAA (calcium silicate) 1uL/Tu1ae 1,000 TuTnsnsy
9 9 ~ 1T A S 4 ~ a
YOIANWUNTUVDULAATIUADAAT NavDdLADIFauAaD LsaLazinaen TN lotua
Y Y Y
annsndudimssentazmsnigueutes1ane 41 wag 50% w819y UenINt Mazzani
1 = =) = =) o le‘ a
wazau (1995) wud la@en Insw lotauas Inundidey st loruadmsodudamsniay
Y
VYDUFDI Aspergillus flavus, A. ochraceus, A. terreus, Fusarium moniliforme Q% Penicillium
4 v
citrinum 19 1y A. flavus W0 A. terreus gﬂﬁuﬁqﬁmmg%’u%’u 3,000 ppm  P. citrinum \Qg
k4 v v v
A. ochraceus @NTDGUTINAMANAU 2,000 ppm 1A F. moniliforme gneuSINA ML
= = J A A [ c?/‘ a dy A A y 9
1,000 ppm tazanMalssumeuannfsnausndudnmsnTygreureIInena NI
2,000 ppm
= a . <3| A aa A A <3| =2 a
4.6 THIABNOLHING (sodium acetate) 1TUINADVDINTADEFANTV1I IO NDUNANT
' 9 oy 9 3 9 2 a
gou aza1e1aluti1 ethoxyethane tavazaield luesiueaantios TsAsuazFna1u150
4
[ Y a a o 1 o 1
duganisnTyvesyaunidluvuniliwazdiunanventl nag FDA Susesiagnunsaldlu
mM3auluems 14 Taensa (Windholz, 1983)
9 4 . . . (% I
4.7 Taaeuua luFa’lld (sodium metabisulphite)  Janvaziiune Fuviauned

(% =

' IS Y o Y 4
massoeu 1HiuTagiudsluems (Wikipedia, 2005¢) wazdaanunsaldiloatumsidow

a

=

=\ 2’ = [ 3’ a :3’ A A di’ ad a Y]

idovoairen IaelinaduginisnigueadonuniiGonaziyes (@1did nedinasal, 2546;
{ [ 4 o I 5 a 1 { @

US Patent 6776998, 2001) Iagfidsaios laoon lad (S0,) ilunilaluasauudsniing 14y
z 1 @ Aav a 2 Y o dgl " W 4 4
AU TUs1a 1899103 35 veda e iunI & lananunvunu NFamles lasen laa

A 1 A 9 o Y ' 1 A =
wazieglugiinge ldgnihunlsduaisovenoimsedaunsvals iesaininalunis

o EL a A 3’ . =
YosrunalnveseulsilunsiAad@ndi (browning) (Aubourg er al, 2007) uariiwalums

o a a 43’ = 4 == .
'flmnumsmtymﬂmmmmw gAR UASLUUANITIAIY (Pateraki ef al., 2007)



16

o [ 4

Aubourg ttazang (2007) laiinmsanuth Ta@euwean luda Tiaanududu 0.5% Tu

o a a oy Y Y 9 a Aa Aa o 1A o
msaueueImstlesnumsinadaailuie anududulsuia 150 Jadnsuaenlaniu

IS o 9= Y = 1 g o 1 A A 1a A
awnsanusneanuaaldng 9 Ju g luiluduaseaeguninuazidsua ldnunnguuie
v
o . o o

188 muald  wona1nil Joseph uag Akinyosoye (1997) 1814 Tas@eoauan luda lud luns

@ 1A [ o 9 I o a a dy A A
HostumsuindevesnziirwazdalfiuarsilesdumsniyaulaveusoswazuuaiGe

Magan (1993 81418 Pateraki uazame (2007) imsl¥damios laoen ladluaisazasiie

Y
[ % v

dudansnSadu Ia Aspergillus uag Penicillium Fiwaiausunuilateaindaunadon 15u a1

Y
v o w

vaszdalinanemsseniazmsniaau Tnveuduluegeiiioddny

=KX Aa 1

) 2’ a3 1Y
48 NIAWBITN (sorbic acid) azarerirld@ndesietionldluglvoundomuniu

a

s o 4 o
Tagmwiz TnunaiFouaos1ua (potassium sorbates) 1umstloaiumsidoudsningaunss
I v A 1A o oA I ] 9 A 4 o ~ 4 é’
mzunsalviiui lisud danuiusuasedss indesesuaansaiaisdaduasiye
51 Aspergillus W Penicillium (Vytrasova et al,, 2002) 1aanminuuafis suazanuauise
o di’ a =4 1 csy o Qlddld c; 1A ~ ~ =
Tumisiararegaunidmaiiszinianiiesdl Tagaiesnivuizdungane 6.5
dyw = 1 a 9 dg’ (K%} Y 9 4 dy Y t:' =1
wonnnidalssnulsnalumslemsvuegiuanuduiuvesalosvouresiaie gal
A Yy 9 o Aaa 2 ' v o4 A 2 g
YSunaanududuvesaes IntliAen1niu A1 MIC veea156udanagiuiuale na lnms
[ c?/‘ a dgl’ 1 d‘ 1 dyy =\ [ 09)1
fuganssyvoures1vesd1slunguuednsa msna1slunguiidn luiinalumsdugans
4 a g 1 4 a 1 A
senvesaesuazmsnsgveaduloies uazwuiniomuaislungy nsawesin 3.0 mM
o 4 4 49{ 9 1A 1 9 A ) = o Qon o Y
wemvadosveureswondiniuauedatpega 24 1103 uazimarilmiiminuives
J . = =< [ 09}1 A = dy J
wadanad  (Plumridge er al, 2004) UMIANMINIGUTINTAoMToVDUFDI1 UGN
) ~ 4 = v 9 .
Aspergillus 18 Penicillium 10013 INunaiFouy 51 UANAMINIY 0.3% (Marin ef al., 2002)
A a o (] g 4
iimsl¥nsawesinuaz p-hydroxybenzoic acid esters {anad 11/ ludregade Ianiofny1ns
Y 2 1 4
HosnumsniyveuFounaiiFouazi¥os1nunamsodudimsnsyuazduniude
Y
1Woaun3idla (Allaire et al., 2005)
Y Y
Clausen 8¢ Yang (2003) A sdudade Penicillium chrysogenum, Aspergillus
9 )] a ' ~ 1 Aq Y
niger W Trichoderma viride W0 fian Tagldmsalinatongu Taonarslunquinldlums
4 a
avouoms Usznou ldreTmasuuuTsen, TnunaEeusosiug, uaadenInsn loma,
4 4 4
TnunaFeusosiug, Ts@eunesua (sodium formate) uag Taaey1ulasn (sodium nitrite)
1 = = 4 [ 3’ a 43’ 9/3
Wy Tsdemuu Ixeanas InundiFousosiua @ 11509 U69015195YV09F051 1AM 3

o 4 d' = a [ qu‘ a di‘ . Y z
TIWNUG Tuvaziunamseon Tnsn loiua TIWTDIUVIINTIVTYVDIUYO A. niger “lﬂmmu
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dy 1 = J 2
UNIINY  Lennox UAY Mcelroy (1984) WU TWunaiFauyosiuanas 1aaowu-
F4 Y v
TnsiTorua @508 UEINTINTYV0UTD Penicillium expansum  NANWTNIY 0.03-0.3%
< Yy Y Aqy a Y = a [ c?/‘ a Y Y
Wuanududun 1l umsaunanluems1a uag Tmdon Inswlewadudimsnig lavos
1 = 4 1 % QsJ‘ [ 4 a . dy Y [
M InundiFousosiug uadmnsadudina lnmsdunsizdesiy patulin ¥ouFo31 188NN
c’o‘ Y Y] 9 . . A . . I ~
4.9 hdunaiuld (smoked acid, wood vinegar ¥13® pyroligneous acid) WuvounaIn
S J Y ) @ {
Wunanaoeldarnniswnauliluan1mduen s (airless condition) Taeldarnuna (afu)
a dgl ¥ A ] I o o I A A 2’ J
mavuINUUIUMIMIE Ind eduanuduszswmdnauiuve unarlidihmasoulu
A A [ I 1 ~ dy < 9 = = 1 o
uas Hnauaiulw funseseu HsanlSenanios arditoyszunm 3.0 Tamanunledume
' a J [ aa
dszua 1015 Harsdszneumauniininndi 200 wia e9adsznouwan A nTABFAN
Jd @ 4 a J & { J 1 [ an
Wosiadled wniwea evdlau ms 1Wudu Tashesdlsznevaulugiilunsaesdan

I~ a a I ]
(Yatagai et al, 2002) d9iitse Tomilfiuarsaugumsniadvlavesity Wuasaelu

o a

) IS ' 9 A A .. . a
ﬂ”lﬁﬂi‘].llliq\iﬂ”lﬁﬂﬂu Lﬂu€ﬁ§ﬂnﬂﬂﬂﬂﬁu (deodorant) LagNUYD (disinfection) Llaxlll?la(luﬂ”ﬁ

Q

[ a di‘ a I ¥ o3| A Y =
'ﬂﬂ\iﬂuﬂ15&5]3’5116!]9\1&‘59511J1!N'Jl1ul1ﬂ (Kartal et al., 2004) L‘]J‘l!ﬁ1§ﬂ’3‘]_|ﬂ‘3JWGIﬁm\1’063J UAINY

9

v 1w A Y} Sy o YA o Y ]
ﬂaaﬂmﬁaﬁmuaxﬁmmaam u”lﬁllﬂ'.lull‘llﬂﬂﬂulla’Jﬁ11|”|5f]1‘]511!ﬂ5$ﬂ31!ﬂ15ﬂ1!@11
[ A A a (] tigl’ Y [~ 9 A 1 Y
REN(MP] Iﬂﬁlfﬂﬁ‘wu Hon U IAADY NIDLAN LBU 1utuaﬂa1 hlﬁﬂi@ﬂ Lﬂuﬁu LW’E]G]S’JEJGlWﬂ'Ii
o L L o 2 gy Y, y 9 o
5ﬂ‘]5l'lﬂ’3'lllﬁﬂ"llﬂ\ﬂu@ﬂfn UAZIUDTAD 1!ﬂﬂ%WﬂuEl\?ﬁ'liJ'liﬂGlGIfﬁluﬂ'liiﬂHWllwll‘ﬁN HIIDUAIN
< , 2 < A ~ A )
WA ‘Uiil“ﬂW@Wﬂ'ﬁl‘ﬂ'ﬂﬂ’Jﬂl’lﬂ AANAUINNUUDILYIND G]f'Jﬁlﬂ'lileﬁL’JEJu"Uf]\‘]m@ﬂ (Ueu-

adu'lil, 2548)

tadeniinaneailszanimnussansainio (Wie uUSans, 2538)

U A

1. T3TUMNAVDIRAUNTS nanferianazdmlsznounaniiuesgauniduriiaog

a A A l

numsnliunedlaa szezmsnsyay Tavesgaunioneglusas log phase vzgnianyla
[ 1 [] d' = a A 1 s A o 2
P01 lug9du msldnvuziendug wu alesnieuallya vwgniateldein nas
° A A A Y ay g o ]
Snulszmnsvesgaunidluszezisudulidosnizgninaisldie

v E4

~q 9 o 4 =< (R a = Y Y A
2. szﬂznmﬂﬂumsmma@auma ZVUBYNUTUAVDIFTLAY AITNUNUUNLDY

a

a a A A a A Y Yo = [ Yy 9 £ Y 1
UMYV UATTITUFIAVVIYAUNGTY Llli’)i]‘au‘ﬂﬁflllﬂ Uﬁ”lil;ﬂll(lu9@]51?1’311]!;3]1]‘1]1!‘”1!\1“] LLJLLA

=S

~ 9y 9 Aa A v n 9 9 @ 10 a A A AA 1
NANULYNVUGINN @aumanﬂmﬂ"lullﬂmawmuﬂu UATTUIUIAUNTINNFINIEADY)
@ c?/‘ 1 dal’ .. . =K o < A a ad ] A
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Figure 7. Growth of fungi on collected para rubber sheets in this experiment.
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Table 3. Humidity, wind velocity and temperature from locations of para rubber sheets sampling.

Relative Wind
Temp.
Source Code  Point of locations ~ humidity velocity . Date, Time

(%RH) (Km/h) o
1. Khok Changai, Mueang, Phatthalung KJ East 77.0 0.3-5.0 28.2 9/1/49, 5.40 pm.
2. Mueang, Phang Nga MP West 53.9 0.0-5.0 31.6 27/1/49, 1.00 pm.
3. Mueang, Trang MT West 72.3 0.0-2.8 28.2 14/1/49, 10.30 am.
4. Nayong, Trang NY West 62.8 0.0-2.1 324 14/1/49, 2.00 pm.
5. Pha Bon, Phatthalung PB East 63.4 0.0 31.2 14/12/48, 3.00 pm.
6. Phrack Ha, Khuan Khanun, Phatthalung PR East 73.8 0.7-2.5 28.5 9/1/49, 5.00 pm.
7. Songkla Rubber Research Center, Hat Yai, Songkhla SR East 83.2 0.0-1.2 26.9 18/11/48, 4.00 pm.
8. Mueang, Surat Thani ST East 65.6 0.0-0.3 28.5 15/11/48, 4.00 pm.
9. Thai-Indo Rubber Co., Phabon, Phatthalung TC East 73.0 0.0-3.9 28.9 29/12/48, 11.20 am.
10. Takua Pa, Phang Nga TK West 73.1 0.0-2.1 29.1 26/1/49, 6.15 pm.
11. Thalang, Phuket TL West 52.1 0.0-1.4 32.7 27/1/49, 4.00 pm.
12. Thai Muang, Phang Nga ™ West 68.3 0.3-1.4 27.5 27/1/49, 11.00 am.
13. Takua Thung, Phang Nga TT West 60.2 0.0-1.4 30.6 27/1/49, 12.50 am.
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Figure 9. Protein, total sugar and reducing sugar contents of para rubber sheets from different sources.

(NC) None fungal contaminated para rubber sheets (KJ) Khok Changai, Phatthalung

(MP) Mueang Phang Nga, Phang Nga
(NY) Nayong, Trang

(PR) Phraek Ha, Phatthalung

(TC) Thai-Indo rubber Co., Phatthalung
(TL) Thalang, Phuket

(TT) Takua Thung, Phang Nga

(MT) Mueang, Trang

(PB) Pha Bon, Phatthalung
(SR) Hat Yai, Songkhla
(TK) Takou Pa, Phang Nga

(TM) Thai Muang, Phang Nga
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Table 4.

pH values of fungal contaminated para rubber sheets from different sources.

Source Code pH
1. Khok Changai, Mueang, Phatthalung KJ 6.0+0.0
2. Mueang, Phang Nga MP 8.0+0.0
3. Mueang, Trang MT 6.0£0.0
4. Nayong, Trang NY 6.0+0.0
5. Pha Bon, Phatthalung PB 6.0+0.0
6. Phrack Ha, Khuan Khanun, Phatthalung PR 6.0+0.0
7. Songkla Rubber Research Center, Hat Yai, Songkhla SR 6.0+0.0
8. Mueang, Surat Thani ST 6.0+0.0
9. Thai-Indo Rubber Co., Phabon, Phatthalung TC 6.0+0.0
10. Takua Pa, Phang Nga TK 6.0+0.0
11. Thalang, Phuket TL 6.0+0.0
12. Thai Muang, Phang Nga ™ 6.5+0.7
13. Takua Thung, Phang Nga TT 6.0+0.0
14. None fungal contaminated para rubber sheets NC 5.5+0.7
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Table 5. Numbers of fungi isolated from contaminated para rubber sheets from different sources.

Locations Code  No. of isolates %
1. Khok Changai, Mueang, Phatthalung KJ 6 4
2. Mueang, Phang Nga MP 6 4
3. Mueang, Trang MT 14 9.3
4. Nayong, Trang NY 7 4.7
5. Pha Bon, Phatthalung PB 9 6
6. Phrack Ha, Khuan Khanun, Phatthalung PR 9 6
7. Songkla Rubber Research Center, Hat Yai, Songkhla SR 21 14
8. Mueang, Surat Thani ST 15 10
9. Thai Indo Rubber Co., Phabon, Phatthalung TC 28 18.7
10. Takua Pa, Phang Nga TK 7 4.7
11. Thalang, Phuket TL 9 6
12. Thai Muang, Phang Nga ™ 8 53
13. Takua Thung, Phang Nga TT 11 7.3
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Figure 10. Total mold counts of contaminated para rubber sheets from different sources.

(KJ) Khok Changai, Phatthalung ~ (MP) Mueang Phang Nga

(MT) Mueang, Trang (NY) Nayong, Trang

(PB) Pha Bon, Phatthalung (PR) Phraek Ha, Phatthalung

(SR) Hat Yai, Songkhla (TC) Thai-Indo rubber Co., Phatthalung
(TK) Takou Pa, Phang Nga (TL) Thalang, Phuket

(TM) Thai Muang, Phang Nga (TT) Takua Thung, Phang Nga

(mean) Average of total mold counts

40



it 11 SnvaizTalatlveadeniuen ldnnmamsuruiituiioudo
(Aspergillus spp.= TL3, TC413, MT06, TC209, NY05, SR9, NY03), (Tvitirachium sp. = TC212),
(Fusarium sp. = SR2, TK3, MT05, TTO03), (Penicillium sp.=KJ1, TLO1, PR02, TT04),
(Rhizopus spp. = SR12, MT_4), (Mucor himalis = SR13), (Geotrichum sp. = MT _3),

(Trichoderma sp. = KJ4) , (Cladosporium spp. = TT013, PRO5) 118 (Unidentified = TC127, NY10)

Figure 11. Colonial characteristics of fungi isolated from contaminated para rubber sheets.
(Aspergillus spp. = TL3, TC413, MT06, TC209, NY05, SR9, NYO03), (Tritirachium sp. = TC212),
(Fusarium sp. = SR2, TK3, MTO05, TTO03), (Penicillium sp.=XJ1, TLO1, PR02, TT04),
(Rhizopus spp. = SR12, MT_4), (Mucor himalis = SR13), (Geotrichum sp. = MT 3),

(Trichoderma sp. = KJ4) , (Cladosporium spp. = TT013, PR05) and (Unidentified = TC127, NY10)
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Figure 12. Microscopic observation of frequently found fungi from contaminated para rubber sheets.

(A) Penicillium sp. (B) Fusarium sp. and (C) Aspergillus sp.
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Table 6. Number of fungi isolated from air samples from different sampling sources.

Locations Code No. of isolates %
1. Khok Changai, Mueang, Phatthalung KJ 8 9.9
2. Mueang, Phang Nga MP 8 9.9
3. Mueang, Trang MT 3 3.7
4. Nayong, Trang NY 3 3.7
5. Pha Bon, Phatthalung PB 10 12.3
6. Phrack Ha, Khuan Khanun, Phatthalung PR 7 8.6
7. Songkla Rubber Research Center, Hat Yai, Songkhla SR 6 7.4
8. Mueang, Surat Thani ST 6 7.4
9. Thai-Indo Rubber Co., Phabon, Phatthalung TC 6 7.4
10. Takua Pa, Phang Nga TK 9 11.1
11. Thalang, Phuket TL 5 6.2
12. Thai Muang, Phang Nga ™ 5 6.2
13. Takua Thung, Phang Nga TT 5 6.2

total 81 100
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Figure 13. Distribution of fungal genera (150 isolates) isolated from contaminated para rubber sheets.
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Figure 14. Distribution of air borne fungi (81 isolates) from different sources of para rubber sheets.
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Figure 15. Phylogenetic tree of non spore forming fungi : Daldinia eschscholzii (TL4 and TC127).
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Figure 16. Phylogenetic tree of non spore forming fungi : Schizophyllum commune (NY10).
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Table 7. Morphological characteristics of commonly found fungal isolated from para rubber sheets.
Characteristics

Growth Identification
Isolates  gyrface Reverse
KJ1 Powdery, yellow Yellow s Penicillium sp.
MT04 Velvety, cream brown to green Cream brown s Cladosporium sp.
MTO5 Cottony, white to purple Purple f Fusarium sp.
MTO06 Granular, cream to yellow Cream f Aspergillus chraceus
MT 3 Wrinkle, white (wet) White f Geotrichum sp.
MT 4 Cottony, cream brown Cream brown vf Rhizopus sp.
NYO03 Granular, dark green Green f Aspergillus sp.
NYO05 Granular, white White s Aspergillus candidus
PB02 Powdery, green Brown to black s Penicillium sp.
PBO03 Granular, green to orange Orange s Aspergillus sp.
PRO2 Powdery, green to yellow Yellow S Penicillium sp.
PROS Velvety, dark brown Dark brown s Cladosporium sp.
SR2 Velvety, pink to red Red f Fusarium sp.
SR9 Big granular, dark green Green f Aspergillus sp.
SR12 Cottony, white and black Yellow vf Rhizopus sp.
SR13 Cottony, cream to yellow Cream to yellow f Mucor himalis
STO1 Powdery, light green Yellow S Penicillium sp.
TC209 Small granular, green White to green f Aspergillus sp.
TC211 Granular, green Brown s Aspergillus sp.
TC413 Granular, brown Brown s Aspergillus terreus
TK3 Powdery, brown to yellow Brown f Fusarium sp.
TLO1 Powdery, green White s Penicillium sp.
TL3 Granular, black Yellow f Aspergillus niger
TMO012  Granular, green Pink S Aspergillus sp.
TTO03 Velvetty, brown Brown f Fusarium sp.
TT04 Powdery, green Yellow s Penicillium sp.
TTO013 Velvety, Green Dark green S Cladosporium sp.

s =slow , f= fast, vf = very fast
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Table 8.  Effect of types and concentrations of antifungal agents on the growth of fungal isolated from para rubber sheets.
MTO5’ TT03' SRY’ TL3' ™O12" | TC211 PRO2’ TTO04 PRO5 SR12’
Antifungal agents Concentration

48h | 72h | 48h | 72h | 48h | 72h | 48h | 72h | 48h | 72h | 96h | 120h | 72h | 96h | 48h | 72h | 216h | 240h | 12h | 24h

1% (w/v) - - + - - - - - + - + + - - + + ++ ++ - -

Acetic acid 5% (v/v) + - + + - - | [+ + + + | + | =+ | | ++ + +

10% (v/v) el S + + + S o B + |+ =+ =+ | =+ | +

1% (w/v) - - + - + + | =+ |+ ]+ + | | + + | =+ ] ++ + +

Sodium metabisulphite 5% (wiv) | [+ + | =+ |+ ] = | |+
10% (w/v) =+ |+ |+ + |+ =+ | |

1% (w/v) - - + + + - + + + + - - + - + + ++ ++ + -

Potassium sorbate 5% (w/v) - - | | ]+ + | |+ + + + | +H | | ++ ++ ++ +
10% (w/v) - - H |+ |+ | | ] + + | +H | | | |

1% (w/v) - - - - - - - - - - - - + - + - ++ ++ - -

Potassium benzoate 5% (w/v) - - + - + + | + | + - - - - + - + - ++ + | ++ -

10% (w/v) - - + - + + | =+ |+ ]+ - + + + -]+ ++ ++ |+ | -

10% (w/v) - - + - - - - - - - - - - - + + + + - -

Smoke acid (bamboo) 30% (w/v) + - + - - - + - + + + + + - + + + + + -

100% (w/v) + + + + + + + + | |+ | ] ] ]+ =+ | ++ + + ++ +

- No inhibition, = Little inhibition zone, + Inhibition zone between 1-3.5 mm., ++ Inhibition zone between 4-5 mm., +++ inhitbition zone >5 mm.

* .
see in table 7

€S
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mwﬁ 17 Wavddds gﬂ%ﬂ@i@ﬂﬁlﬁﬂﬁlﬂ%%ﬂﬂIﬂﬂ?ﬁ hyphal extension-inhibition assay
(A) wammTwme%muuTmﬂmiaﬂmﬁmummvﬁaﬂ Aspergillus niger (TL3)
(a, b, ¢, d = 0%,1%, 5%, 10% (w/v) TWunaGounu lyion)
(B) wammﬁwﬁ'm%u'lﬁ"lvieiamm?ﬂﬂmﬁ;’a'51 Aspergillus (TC211)
(a, b, ¢, d = 0%, 10%, 30%, 100% (vAv) vhdua$ul1s)
(©) wamaﬂm?}fmmm"lfucﬁa"lﬂﬁ@iﬂmm?ﬂﬂawﬁaﬂ Rhizopus (SR12)
(a, b, ¢, d= 0%, 1%, 5%, 10% (w/v) Tandeua Tusald)
Figure 17. Effect of antifungal agents on fungal growth by hyphal extension-inhibition assay.
(A) effect of sodium benzoate on the growth of Aspergillus niger (TL3)
(a, b, c,d=0%, 1%, 5%, 10% (w/v) sodium benzoate)
(B) effect of smoked acid from bamboo on the growth of Aspergillus (TC211)
(a, b, ¢, d = 0%, 10%, 30%, 100% (v/v) smoked acid from bamboo)
(C) effect of sodium metabisulphite on the growth of Rhizopus (SR12)

(a, b, ¢, d = 0%, 1%, 5%, 10% (w/v) sodium metabisulphite)



55

AN 18
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WAYDITTTUSINOMTIVTYUDY Aspergillus (PBO3) 1A87T hyphal extension-inhibition
assay
3‘ Y o Yy 1 a dy
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Figure 18. Effect of antifungal agents on the growth of Aspergillus (PB03) by hyphal extension-

inhibition assay.
(A) effect of smoke acid from bamboo on the growth of fungi
(a,b, c,d=0%, 10%, 30% and 100% (v/v) smoked acid from bamboo)
(B) effect of sodium metabisulphite on the growth of fungi
(a, b, ¢, d = 0%, 1%, 5%, 10% (w/v) sodium metabisulphite)
(C) effect of p-Nitrophenol on the growth of fungi

(a, b, c, d = 0%, 1%, 0%, 5% (w/v) p-Nitrophenol)
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MWA 19 WaUeIaNTTUEINDNTIITYVOI Aspergillus niger (TL3) 1a875 hyphal extension-

inhibition assay
2
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(a, b, ¢, d = 0%, 1%, 5%, 10% (w/v) Ta@eumar ludalue)

Figure 19. Effect of antifungal agents on the growth of Aspergillus niger (TL3) by hyphal extension-

inhibition assay.
(A) effect of calcium propionate on the growth of fungi

(a, b, ¢, d = 0%, 1%, 5%, 10% (w/v) calcium propionate)
(B) effect of potassium sorbate on the growth of fungi

(a, b, ¢, d = 0%, 1%, 5%,10% (w/v) potassium sorbate)
(C) effect of sodium metabisulphite on the growth of fungi

(a, b, ¢, d = 0%, 1%, 5%, 10% (w/v) sodium metabisulphite
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Figure 20. MIC values of 5 antifungal agents against Aspergillus spp.
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Figure 21. MIC values of 5 antifungal agents against Fusarium spp.
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Figure 22. MIC values of 5 antifungal agents against Penicillium spp.
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Figure 23. MIC values of 5 antifungal agents against Cladosporium spp.
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Figure 24. MIC values of 5 antifungal agents against Rhizopus spp., Mucor sp. and Geotrichum sp.
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A = Aspergilllus (SR9), B = Aspergillus (TC413), C = Penicillium (TT04)
Figure 25. Fungal spore under light microscope (40X).
A = Aspergilllus (SR9), B = Aspergillus (TC413), C = Penicillium (TT04)
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Table 9. Ranges of MIC and MFC values of various antifungal agents against fungal isolates commonly found on para rubber sheets.
Fungal species MIC/MEC Acetic acid  Sodium metabisulphite =~ Potassium sorbate =~ Potassium benzoate = Smoked acid  p-Nitrophenol =~ Amphotericin B
(n*) (%v/v) (%ow/v) (%w/v) (%w/v) (%v/v) (%w/v) (mg/ml)
Aspergillus spp. MIC 0.039-0.313 <0.0195-5 0.078-10 0.625-10 1.563-25 0.0195-0.156 0.0125->0.8
(10) MEFC 0.078-0.625 0.0195-10 0.039->10 0.625-10 1.563-25 0.0195-0.156 0.025->0.8
Penicillium spp. MIC 0.039-0.156 0.078-0.156 0.156-0.625 0.156-5 1.563-3.125 0.0093-0.078 0.025-0.1
(6) MEFC 0.156-0.313 0.078-0.313 0.156-2.5 0.313-5 1.563-3.125 0.0093-0.078 0.05-0.1
Fusarium spp. MIC 0.078-0.156 0.078-0.156 0.313-0.625 1.25-2.5 1.563 0.039 0.025-0.2
4) MFC 0.078-0.156 0.078-0.156 0.313-1.25 1.25-2.5 1.563-3.125 0.039 0.025-0.2
Cladosporium spp. MIC 0.078-0.313 0.313 0.313-1.25 1.25 1.563-6.25 0.0195-0.039 0.1
3) MEFC 0.156-0.625 0.313-0.625 0.625-1.25 1.25-2.5 1.563-6.25 0.039 0.2-0.4
Rhizopus spp. MIC 0.156-0.313 0.313 1.25 1.25-2.5 3.125 0.039-0.078 0.2
) MEFC 0.313 0.625 2.5 1.25-2.5 3.125 0.078-0.156 0.2-0.4
Mucor sp. MIC 0.156 0.313 1.25 1.25 3.125 0.039 0.05
(1) MEFC 0.156 0.313 1.25 1.25 3.125 0.039 0.1
Geotrichum sp. MIC 0.313 0.625 1.25 1.25 3.125 0.039 0.2
M MEFC 0.313 0.625 1.25 1.25 3.125 0.039 0.2

(n*) Number of fungal isolates tested
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Table 10. Ranges of MIC and MFC values of antifungal agents against fungal isolated from para

rubber sheets.

Antifungal agents Range of MIC Range of MFC
Acetic acid (%v/v) 0.039-0.313 0.078-0.625
Sodium metabisulphite (Yow/v) <0.0195-5 0.0195-10
Potassium sorbate (%w/v) 0.039-10 0.039->10
Potassium benzoate (%ow/v) 0.156-10 0.313-10
Smoked acid (%v/v) 1.563-25 1.563-25
p-Nitrophenol (%w/v) 0.0093-0.156 0.0093-0.156

Amphotericin B (mg/ml) 0.0125->0.8 0.025->0.8
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Table 11. Effect of temperature on growth of 3 fungal isolates on dry para rubber sheets at different

relative humidities.

25°C 37°C 45°C 65°C

Fungi (85% RH) (62.7% RH) (50.8% RH) (25.8% RH)

2d 3d 4d 7d 2d 3d 4d 7d 2d 3d 4d 7d 2d 3d 4d 7d

Penicillium (TT0O4) + + + + - - - - - - - - - - - -
Fusarium (MTO5) + + + + - - - - - - - - - - - -

Aspergillus (SR9) + + + + + + + + - - - - - - - -

d=day, - =No growth, += Visible fungal growth
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Table 12. Effect of relative humidity on growth of 3 fungal isolates on para rubber sheets at room

temperature.

Relative Aspergillus (SR9) Penicillium (TT04) Fusarium (MTO05)

humidity (% RH) 1d 3d 5d 7d 1d 3d 5d 7d 1d 3d 5d 7d

57% -+ o+ £ - -+ o+ - 4+ 4+ 4
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d =day, - = No growth, + = Little growth, + = Heavy growth

y o a 4 o 19 J a 4 1
LLa%Lﬁ@VﬂﬂWiﬁﬂ‘]&l1NasllfN"U@\i@qﬂl“l/iQll!!ﬁ$ﬂ’JWN%UﬁiJWVIﬁW@H]iEUU"UENL%@i1ﬁ

o

guUgl  25°C, 37°C 1Az 45°C UAZAIUANANNTUTUNNT 57%, 67%, 80% 1Az 90% UAIT N

v Y
= a A (3 3

a a 4 ' o 4
ﬂﬁ!ﬁ]iiym‘uIWUENL%@E1W‘U’JTVI@€HW§‘I?J 37°C ANUFUTUNNT 80% !"’]ﬂfﬂﬁ Aspergillus (SR9) L1
Y

Q v

o A o A a A

A a ) v o JA
Fusarium (MTO05) LiﬂﬁﬂWﬁL%iﬂﬂu’Juﬂ 3 ATMNIUNYUNHU 45°C VIﬂﬂ'NllﬂfuﬁﬂJWVl‘ﬁﬁVlﬂﬁ@‘iJ

A~ a d’l o A 1 dy a 9 3 9 o < < Y
Sulimssyveurest luiui 7 uaresidunsansy laieuantios dunamuiudulouie
1 3 1 { A { 4 v o g a g
WY dIuNguUQUN 25°C NANUFUTUANT 80% LAz 90% 15951 Fusarium VM523 0150

Y
=

T 1UAUN 3 AMSTUED Aspergillus (SR9) U Penicillium (TT04) 15uim3nsayluiun 5 (3N

13)

a 1

{ [ aa ' a 4 o
Ngarigi 25°C wuuduguugliMinNz duasN 13193 YVOUTOTIAIHANTNABI T

d' 1 4 o (] [ [ g [ o 4 { a g LY [ 4
A15197 11 ualio ANy IWAUAUANUFUTUINT Ngungil 25°C ANUFUTUANT 90%

a a

1 YA dy <3 4? 1 1 A d” a 9 1
UliJulﬂllﬂ'l5Li]iiU!@l‘]JI@‘ll@QLT@?H?'JSUULLW@EJ'NQlﬂ @Wﬂlu@iﬁl'ml"])'ﬂﬁTﬁ'lll'lﬁﬂlilﬁﬂlullﬂblu"]fﬂ]\?

a

9
o o A

9 v
~ @ ' Y aa [~ 1
mm%uﬁuwmwﬁnmgm 60-90% muuiuqmwgu‘nmmzﬁu%ﬂumummummwm

dy @ v = @ = A 1 a sldd'
ANUFUANNND LFULASINUNITANYIVDN Pardo LagAMe (2005) NWUI A. ochraceus Lﬁ]iﬂluhlﬂﬂﬂ



71

[4

a g v o J VA { g o ] a
QR 30°C ANWFUTUINT 80-90% LANQAUNYL 10°C NANUFUTUINT 90% TiTin151951y

Y Y
51]0\1!;"’1?051 A. ochraceus LLﬁ$ulﬁiﬁ!”l’iﬁ]Wﬁ’ﬂQﬂlﬂ{]iﬁ]%NWaﬂﬂﬂﬂ'ﬂﬂ’ﬂu"HUﬁﬂJ‘WW‘ﬁﬂi AVITMS
E4 F4

k4
=

2 A - 9 & . o o oA ! Y 2q ¥ -
#3393AU AN uﬂqmﬁﬂll 45°C !!,11!%@i’]ﬂgﬂfJGlUﬂ’J']aJ%uﬁaJWﬂ‘ﬁmﬁ\i@U'N 90% Llﬁjﬂ‘lﬁwalﬁﬂ@u

o

Nﬁ'lfl 5 57%, 67% LLas 80% LiJfJ?fﬂ‘hﬂi’JﬂJﬂ“Hi “I’i’JNfJil!“l’iﬂiJL!ﬁ mmqmﬁu Wng ﬁ

5°C ﬁnnmwmuﬁuwmﬁmﬂu’dmam"lummwamammimmmwasw

Ple]
e
=

)]
fd)
N

H k4 4
GﬂiNﬁ 13 Na‘l]@ﬂ@ﬂ!ﬁQlluagﬂ’ﬂ11%uﬁuﬁﬂﬁﬁ@ﬂWﬁﬁ]ﬁﬂ]ﬂl@%%ﬂi1 3 BUA VUINWITUNY
Table 13. Effect of temperature and relative humidity on growth of 3 fungal isolates on para

rubber sheets.

Aspergillus Penicillium Fusarium
Humidity Negative control*
Temp. (SR9) (TTO4) (MTO05)
(%RH)
Id 3d 5d 7d 1d 3d 5d 7d 1d 3d 5d 7d 1d 3d 5d 7d
25°C 57% - - £ £ - - £ £ - - + + - - - -
67% T e e i S
80% s T S S S
90% -+ o+ o+ -+ o+ o+ -+ - e
37°C 57% - - £ £ - - - £ - - - £ - - - -
67% - -+ o+ - -+ £ - - 4+ = - - - -
80% -+ o+ £ - - £ 4+ - o+ 4+ + - - - -
90% s S S e
45°C 57% - - - x - - - £ - - - £+ - - - -
67% e T S S
80% - - - £ - - - £ - - - £ - - - -
90% - - - £ - - - £ - - - =% - - -

d =day, - = No growth, + = Little growth, += Heavy growth, * distilled water
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A 1 B = Aspergillus (SR9), C = Fusarium (MTO05) Ua& D = Penicillium (TT04)
Figure 26. Appearance of fungal growth on para rubber sheets after 7 days of inoculation under

stereo microscopy.

A and B = Aspergillus (SR9), C = Fusarium(MT05) and D = Penicillium (TT04)
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Figure 27. Comparison of color of para rubber sheets dipping with different antifungal agents.
A = Control (water)
B = Sodium metabisulphite
C = Bamboo smoked acid

D = Acetic acid
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Gl']i']\?ﬁ 14 NSNRTYVBN Aspergillus, Penicillium Wag Fusarium ‘]Jufl'NWWﬁ']LLNuﬁﬁ!llf’%}’mﬁ']iEJUEJQL%E]?VHUQGING] ﬁﬂ’NﬂJ%uﬁNW“ﬂ‘ﬁ 80%

Table 14. Growth of Aspergillus, Penicillium and Fusarium on para rubber sheets dipping with different antifungal agents at 80% relative humidity.

Antifungal Aspergillus (SR9) Penicillium (TT04) Fusarium (MT05) Negative control **
Concentration
agents Id 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d
Acetic acid 0313% (v/v) = - =+ £ £+ +£ - - - - - - - - - - - -
0.626%(viv)y - - * £ £ + 4+ - - - - - - - - - - - 4+ 4+ + - - - - - - -
1252%(viv) - - * £ £ + + - - - - - - - - - - - 4+ 4+ + - - - - - - -
Sodium 5% (w/v) - - - - - - - - - - - T - - - - -7 - - - - - - - - -

metabisulphite 10% (W/V) - - - - - - - - - - - - - - - - - - - - - - - - - - - -

15% (w/v) - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Smoked acid 6.25% (v/v) - - + +£ + + 4+ - - - - - - - -+ +£ 4+ + + + - - - - - - -
(bamboo) 12.5% (v/v) - - + + + + + - - - - - - - - + + + + + + - - - - - - -
25% (v/v) - - + + + + 4+ - - - - - - - -+ + 4+ + + + - - - - - - -

Posiive conrol =+ + + + - - - - - -2 - 22+ ++ + NN\

d=day, - = No growth, + = Little visible fungal growth, += Heavy visible fungal growth
* no antifungal agent

** no fungal spore (distilled water)
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(70.7%RH)

Table 15. Growth of Aspergillus, Penicillium and Fusarium on para rubber sheets dipping with different antifungal agents at room relative

humidity (70.7%RH).
Antifungal Aspergillus (SR9) Penicillium (TT04) Fusarium (MTO05) Negative control **
Concentration
agents Id 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d 1d 2d 3d 4d 5d 6d 7d

Acetic acid 0313% (v/v) = -~ + £ + + + - - - - - - - - - - - £ £ £ - - - - - - -
0626% (vv) - - £ + + + 4+ - - - - - - - - - - - - - - .- s e e
1252%(viv) - - £ + + + + - - - - - - - - - - - - - - - - - e e e

Sodium 5% (w/v) - - - - - - - - - - - - - - - - - - - - - - - - - - - -

metabisulphite 10% (w/v) - T - - T - - - - - - - T - - - - - T - - - - - - - - -

15% (w/v) - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Smoked acid 6.25% (v/v) - - x £ + + + - - - - - - - - - - 4+ 4+ 4+ + - - - - - - -
(bamboo) 12.5% (v/v) - - = £ + + + - - - - - - e
25% (v/v) - - - - - -+ - - - - - - - - - - - - - - - - - - - - -

d=day, - = No growth, + = Little visible fungal growth, += Heavy visible fungal growth
* no antifungal agent

** no fungal spore (distilled water)
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GﬂiNﬁ 16 ﬂﬁ%ﬁ‘ﬂ‘ﬁﬂ?W"U@\iﬁﬁEl‘llﬂﬂl“d]f@iﬁ_luleW1i1LLWuIﬂElﬂ"lihliJLW"lzﬁ‘]J@iﬂJ@QLGldf@ﬁW
A 4 v o a
(natural infection) NANUFUTUINT 80% Lmzqmwguﬁ’m (29.2°0)
Table 16. Effect of antifungal agents on para rubber sheets by non fungal spore inoculation (natural

infection) at 80% relative humidity and room temperature (29.2°C).

Natural infect

Antifungal agents Methods
Id 2d 3d 4d 5d 6d 7d 15d 30d
Sodium metabisulphite Dipping - - - - - - - - -
[2MIC=10% (w/v)] Soak I5min - - - - - = - - -
Hipo Hippo®* Soak I5min - * +£ + + + + + +
Control (H,0) -+ o+ o+ 4+ o+ o+ + +

d =day, - = No growth, + = Little growth, += Heavy growth

* Concentration used as recommended by the manufacturer [~ 1.5% (w/v)]

A a a o 09: 4 1 ] J 4
ATNN 17 ﬂigﬁ‘ﬂ‘ﬁﬂ'l‘v\l"ll@\?ﬁﬁfJ‘]JfNL%?JiTU‘L!fJN‘W1i1LLW‘L!Iﬂﬂﬂ1iqulw1$ﬁﬂ@iﬂl@\u"§@51
X X A X o o sy Ay
(natural infection) NANUFUTUNNTHO (73.4%RH) HazgUHUHTeN (29.2°C)
Table 17. Effect of antifungal agents on para rubber sheets by non fungal spore inoculation

(natural infection) at room relative humidity (73.4%) and room temperature (29.2°C).

Natural infect

Antifungal agents Methods
Id 2d 3d 4d 5d 6d 7d 15d 30d
Sodium metabisulphite Dipping T S S + +
[2MIC=10% (w/v)] Soak 15min - - - - * £ & + +
Hipo Hipp0®* Soak 15min - - -+ o+ £ 0+ + +
Control (H,0) - - -+ + o+ % + +

d =day, - = No growth, + = Little growth, += Heavy growth

* Concentration used as recommended by the manufacturer [~ 1.5% (w/v)]
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