N3AN¥INE08aAEMAININYBINUNDRLSIMUNINGAIINYISTIUYIA
Investigation of Biodegradation of Polyurethane Foam
Made from Natural Rubber

il dnsUndingna
Vilasinee Akkharabunditsakul

3%&1’1ﬁwuﬁ‘ﬁtﬂud'swﬁwaamsﬁnmmwé’ngmﬂ%mumﬂ
INYIMEATUNIUUIR F1U1V1ATINYT
WA INYIAUEIVANUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in Microbiology
Prince of Songkla University
2559
SuBviSvs N INENdUEwaUASUNS



2)

Fomerdwus NsAn¥INISEYaR1EN T INNVBINUNBRLTINUNNTAI NGNS
FITUBIA

FLieu wNaaadll dasdndinana

GULTRBET aYMEN

¢l a a -4 o/
819159NUS NN N ANUSHAN

.................................................................

({AeanI13158 A3.NNasITU 8ana)

v oa

ASNIIUNTIEDU

.............................................. Usys1UNIIUNIT
({eans1ansd as.fuans dnsnmems)

.............................................................. 33113
({eans1a158 A3.NNasIU 8ana)

.............................................................. N3IUANS
(3939M1ENT19198 M3.030Y18 Aygy1a)

(%

Uaudindnends unnineduasaiuasuns sydfliduingrinusaduihdy

= v

dunilaivainsiny) munanansUTyyImeimansuvntidia @a1313¥9atiinen

(599ANANTIATE AS.55ENA ATTUL)
ANUAUUAR NG



(3)

Y95U58971 HaWIEHnINNsANwITevestinfnwies uazlduansmnuveunuAnanil

AUTIYLNA DA

({eans13158 As.NUasITU 8ana)
919158NUT N INenlinus

[y Ly

ASUIIAEANR)

=D

(Waana
UNFEN®EN



mdnvesusesi nanuideilieeduduniisluniseylify

LlagnlalunistuveaudAuSayaluvaei

(Waana
UNFEN®EN

a

=D

FEYEUN

A

[y Ly

AU

[y

Tuseaulauneay way

UNAENGR)

(@)



(5)

Fomerdwus NMsAn¥INsEgaaIeNITINMVRLLNERYSIMUTINGRA1NENY
FITUBIA
FLieu wNaNaadll dastndinana
GULTERY aYMEN
Un1sAnen 2559
UNANED

TnumnedgImuindnanessssunassldlunisdnuinisdesaatsnia
FromasstgminrlFnwifiedanenngueaunisiiannsadesaaslnuriniildaindiogs
Funazthidefivutouthenssssumni S1uau 12 fog1e 9dunisiininianuisadenaas
Trdatldfiduau 18 Telowan gndandudunduay 3 lolwan Wioun 6 nquqdunis
Tngldinausinsdungueauridiansananuvasiinvesdunisviegdundsiilaladunnsa
fiu qdun3eiia 6 naugnihluneaeuauamsalunstesaaelrumedsTinuuas Tan
198980 2 vl (gailesnauazensdwenled) Wunan 30 Fu 9dunIdnguil 4 Ussnoude
lolwian P1 P2 waz P5 gnihanlfifusunulunisdnunisdesaaelnusiad iesann
QauvIsnauil 4 vilvimiinusisvedulmedeiimumely Andulesas 532 venimdnus
Gustiluszezian 30 $u anmsanwishemada FT-R wuihaduvsnguil 4 anansavinans
fiusrgTmululassailriumedyimulduazannsadsulasiaiavosiansnadslogned
fodndy Wodesendenanssaiuuudesnmalivnngnsimeinvesgdunisnguilluge
noaeulnuwedgy vazfiusIngM T AnvesgaunidosiamunutiluyanaasuvosTan
$r98aansfinnendinisva 30 Yu wanisvanUdesfeaueulaoonlefsening
nszvIuMstesameliunedyinusmeqdunidnguil 4 Wisuifisuiugaiessuazens
dwenled Andusesazuenisgasaaien1s¥inImwindu 6.79 16.42 uay 24.38 Auaey
meluszozinan 28 Ju figumaiivies navesrAanssuouluillaavesqaunidngud 4 Tu
yanpaeulrbmodgTmugninlduTinaldmunnmends 30 Su ievstutinvesgdunisngu
7l 4 Tawdrduluaresdu 165 RNA Uszneusie Gordonia westfalica aneiug P1
Xanthomonas maliensis @aeWug P2 waz Ochrobactrum intermedium @ngiug P5 uag
Juseauadausnludida Ocrhobactrum sp. WRgnfuunuImnisgosanoenssssusi a9
Hadeivilinmdndsovanensinmldos orafinaniuimveddnuiildatvayunis
\ngRnvegdunis viemsadaneg Aldlunszurunswdelnuenaiinadenisiaigvonde
Fetoriamanimsusulsmasiaudeluluowan

AeAy: IlunedeSinu gellesns e1ednenlen nauaUNIINaN N1sgogaaeNTININ

99



Thesis Title Investigation of Biodegradation of Polyurethane Foam Made from
Natural Rubber

Author Miss Vilasinee Akkharabunditsakul
Major Program Microbiology
Academic Year 2016

ABSTRACT

Polyurethane foam (PU) made from natural rubber, a promising
biodegradable material, was used in this study. The aims of this study were screening of
PU foam-degrading microorganisms from 12 samples of rubber contaminated soil and
waste water and testing for their abilities to degrade PU. Eighteen isolates of PU-
degrading microorganisms were isolated and grouped into 3 isolates/group to form 6
mixed cultures. Grouping criteria based on the sample isolated or different colony
morphology. The 6 mixed cultures were tested for their biodegradability of PU foam
and 2 reference materials including rubber glove and epoxidized natural rubber (ENR)
for 30 days of incubation. The mixed culture 4 including isolate P1, P2 and P5 was
selected as a representative mixed culture due to the high percentage of weight loss of
PU foam of 5.32% and FT-IR results showed urethane linkage in PU foam structure was
broken down. In addition, the mixed culture 4 could degrade 2 reference materials
efficiently. The microbial attachment of the mixed culture 4 cannot be observed on PU
foam’s surface by Scanning Electron Microscope (SEM); but very dense population of
microbial cells were presented on rubber glove and ENR’s surfaces after 30 days of
incubation. The CO, evolution test showed the small amount of only 6.79%
biodegradation from PU foam, whereas, rubber glove and ENR cave 16.42 and 24.38 %
biodegradation during 28 days of incubation at room temperature, respectively. The
lipase activity in cell-free supernatant of PU foam treated with the mixed culture 4 was
detected slightly after 30 days of incubation. Three isolates of the mixed culture 4 were
identified using 16S rRNA gene sequences analysis as Gordonia westfalica strain P1,
Xanthomonas maliensis strain P2 and Ochrobactrum intermedium strain P5. This is the
first report of the natural rubber biodegradability of Ochrobactrum sp. The important
factors on biodegradability were discussed about the surface of PU foam which did not
support the microbial attachment or chemicals added during PU foam producing
process might affect on microbial growth. The factors limiting the biodegradation of PU

foam should be considered for further new PU production.

Keywords: Polyurethane foam, rubber glove, epoxidized natural rubber, mixed culture,

biodegradation
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Abstract: Background: A new polyurethane foam made from natural rubber
has been formulated to use in agricultural fields however,
its biodegradable properties should be considered and further
investigated before releasing this product. This study focused on the
isolation of a polyurethane foam-degrading mixed culture from various
soil and wastewater samples that has the ability to degrade this new
polyurethane in broth within 30 days.

Results: An effective mixed culture including 3 isolates was able to
degrade polyurethane foam. Gordonia westfalica strain P1l, Xanthomonas
maliensis strain P2 and Ochrobactrum intermedium strain P5 were
identified based on a 16S rRNA gene analysis. This mixed culture used
polyurethane foam as a carbon source and gave 5.32% dried weight loss of
the polyurethane foam, 18.29% of the rubber glove and 1.54% of the
epoxidized natural rubber within 30 days. A FT-IR analysis revealed that
the urethane bonds in the polyurethane structure were broken down. No
microbial cells on the polyurethane's surface were found, while the
surfaces of the reference rubber materials (rubber glove and epoxidized
natural rubber) were abundantly covered by microbial cells. The highest
lipase activity of 0.018 Units/mg protein in a cell-free supernatant was
obtained from the polyurethane foam degradation test at week 2. The
biodegradation rates of the polyurethane foam, the rubber glove and the
epoxidized natural rubber revealed 6.79%, 16.42% and 24.38%,
respectively.

Conclusions: The biodegradation of polyurethane foam was confirmed, but
at a slow rate after 30 days of treatment with the mixed culture
containing Gordonia westfalica strain P1l, Xanthomonas maliensis strain P2
and Ochrobactrum intermedium strain P5. A gram negative bacterium,
Ochrobactrum sp. was first reported in this study as playing an important
role in rubber biodegradation.
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Cover Letter

23-11-2016

Dear Editor,

A manuscript entitled “Investigation of biodegradation of polyurethane foam
made from natural rubber” authored by “Vilasinee Akkharabunditsakul, Varaporn
Tanrattanakul, Kamontam Umsakul”, is submitted online to EJBT for reviewing. The
manuscript is submitted for publication as an original research article;

1. All of the authors of the manuscript agreed to submit the work to the journal.

All of the authors certified that:

(a) the work has not been published or submitted or being submitted to another
journal;

(b) the submission is the original work of the authors;

(c) we have carefully read the Guide for Authors and accept the publication fee once
the manuscript is accepted to be published.

This project arose from a request to see if we could find microorganisms that can
degrade the new polyurethane (PU) foam made from rubber latex well. Our group
has been trying to degrade rubber products using single bacterial strain and also
bacterial consortia. In this study we could isolate the mixed culture that can degrade
the PU foam and rubber gloves. Even though the polymer weight loss did not
decrease significantly (5.32% dried weight loss of the polyurethane foam, 18.29% of
the rubber glove and 1.54% of the epoxidized natural rubber) but it is promising to
use these bacterial strains in degrading other rubber products. This is also the first
study to report a gram negative bacterium Ochrobactrum intermedium P5 to have an

ability to degrade rubber product.

We look forward to hearing favorable news from your side.
Kind regards,
Corresponding author

(Asst. Prof. Kamontam umsakul, Ph.D.)
Faculty of Science

Prince of Songkla University

Hatyai, Thailand
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Yeauds wedwesdunsizivarssiaflautAnuniudenisdosaaieniuaiiuagn1eanienIn
FohAsnsdosaanemainmiadumadendmiuiymnd saufunisesnuuuimu
wanfarlilautRaunsodosaaematinmldegeiiussansamunniy S nedwes
go8aanylan19310 1w (biodegradable polymers) (Kirikou and Briassoulis, 2007) @aail
fltaudrdefunssuiunisnissesaanematanmanniu JeiflassnnsfaundnSusinng



+

FanmiAedusnane wu mandadefanmainwesdildannnsdesanslaegdunie n1si
fAwiildainnisgesaatenisdanin iy Aednu dlulddundenunauny nsudn
wan AT tRIunediesdosanelinistanm 1wy ndafusiindnanuds waglaa
WoALDAEFINAUYFE UaresssaunA Tudu Asivhmisvesnisnannediesdosaansly
VTN AD NIIHAIUINEN AU ATl AULNZaUN19lATIETININAT 119NN WaY
autAdenafimngzunnislinusazannsodesameliludunnde (Fritz et al, 1994)

2. Tluwanadn

Tmanaindneglungunedieidaaseiulaniaifinsldnuerunsvaisiilan
way mmiummwmmnmammmuaa nsuanlnunatafndaas1zniluuiAnaINng
Bouuuudnvzvemosimeaia wagiaungauildlunsudalrudesun lnevalulu
wanadnUszneusie 2 wla Ussneumsauiawasaveuds doaraiiinadeautives
Talnonse Insdrumaveudsimi i Judruilelny uazdrumauiailfiadosing
meluidelvy Tuwarafnamisaudesuunld 2 Ussanlng Ao Inumeslunatadin
(thermoplastic foams) uaglnamnesiudn (thermoset foams) wonanideiinaminisus
$uunaiavesivunarainlaglddnvarvewilfeiugadneluilolily fo Tuwaddn
(closed cell foam) uaglnluiwadiln (open cell foam) Miaduunsinveslnun1nauLde
voaielny (rgidity) 1éun vinuds (rigid) winRauds (semi-rigid) yiinRsdangu (semi-
flexible) wazuiindiavieu (flexible)

3. MsgauHaNENIeTININ
3.1 AlE1UYIINITLRLFANENINTINN
nstosaatevnadinm lagamsunanissgesamelasdandey nsdesaans
Inglduas nMsdevaaelagldonumall uaznistevaaielngqdunsd
3.1.1 n1sdesaatslnedewandon nuneds Jodesne ludwandeuiid
nansEvuse Taniiug Lo uasenfing anudeu sandian 01n1e au du du 1 arsiediidy
uafiy 98un38 uuas wazdninnee Jusu damanifusanisadndineltiiansdosaans
Yaniiuq ludanadon
3.1.2 NSYBYFANINTININ VUNEAI NTTUIUNTLOYAAYUALNTAATY
ansinansiildannissesaansagiug W duumdemivounasundmdsenlasgdunss
iy wuAfide Wes uazamine lasdanUdosndndasiilldannsdesaasesngduanden
iy feesueulaeenles th feding uaswadqdunds (U 1
3.1.3 n1sgagaatenisiannlasldioulesl vuneds nsAinwinisgesanans
ystanmvestaniug withdnunumesnislifieulsivesdidinlunisdesanedy
Vian



CO;z, HO,
other metabolic products

Excretion of
extracellular
enzymes

Intermediates are
| assimilated into the
cells

enzymes attach
to the surface
and cleave
polymer chains

Short degradation

intermediates are
dissolved into the
medium

U1 1 nalnnsgegaaenidinmlaemilivesnanadindesaanglaniaginmlagioulesl
nYAuvsgluanziioandiau (Maller, 2003)

a.  weAweiidesaansldmedaniw

wediesfidosaaislénisdinam (biodegradable polymer) nsned “waama%ﬁgﬂ
govaanglagnunssuIuNMsunIuedduvesgaunsdilunalausnlunszuiunisdesaans”
(Lefa and Lewandowicz, 2010) Inedngaudildlunisndnnediuesnguilinldnediuos
5950917 (natural  polymers) iuasaadulunisnan wu weduwaa1lss e19s5suwd
woduanfnuedn wedlansondueaniluen iwaglaa Wusuy waama%méwﬁmmiagﬂéaa
aarelameydunidlusssurflagniunseuiuniseandiadu (oxidation) NIEUIUNTT
lalasla@a (hydrolysis) waziteuladvatesiaidiuidunuinsiuaie (Kirikou and
Briassoulis, 2007)

4.1 Y19555UYR

8195351977 (natural rubber) Saeglungumediuesiidosaanslsimsdanin eng
537URLAIIINATLINAIN 2,000 aUTdTUA Euphorbiaceae wse Compositaceae Whay
Fosunauie AUEENEN UG Hevea brasiliensis annsondnienssssuAniuszneude
lelasasuaudesas 94 Tnetmin daudszneuiindoidulusiu lutfy uazindesiunss
B (1t 1 wavoyyavestany (Dudu) Tassarsmaefivessisssuidmiegosiion
Mudulelaniu (CHg) wsatudulianaen 3ani1 wedlelan3u (CHg), t0e n flendaus
5,000 - 15,000 oS, 2526) lassasnavessnasssuvidanvausidulalouasyiin

= o 1

Cis-isomer AIUUFINNILISYNBNIEITUIIRIN cis-1,4-WoBbolondu tns1edfnruanuse

U



=

(cis-1,4 double bond) Tulasaasne (FUN 2) Mundsiuseatiiisngauildetouludilungy

PONTLATUNHENIINYEUNS N DEAUNTDAA8ENTTTUNIRL BegaunTdnquilnulanilulu
§55U%1% (Jendrossek et al., 1997; Rose and Steinbiichel, 2005)

/

3UN 2 1A598319089879855097 (cis-1,4 polyisoprene)

4.2 wolleawas

wodloawesdudeilidmiuisonnguuesnedgiimuiiinindoudeszuinluiana
UYDINDUDLNDITABNUSTLOANDS (ester linkages) 13U wodlkanAnwa®n (poly-L-lactide)
wodlansendueaniluien (polyhydroxyalkanoate) Wedg3inu (polyurethanes)
wodm1slusuanlau (poly-caprolactone)  weadtedinasialug (polyesteramide)
pzdvAnlanedioanes (aliphatic copolyester) uazozlsufnlanodioaines (aromatic
copolyester) s Fuiuszieamesfinaniiautafiamisngndesaaislilasioulsiain
QaunIsinuléviluludsunndey dufunedieamesisdnduneiuesfidesaasldvg
070 (biodegradable polymer) Snwilawils tadefiddayvainistosaarenedieansilaeg
qéuﬁé‘*ﬁuasujﬁ’uﬁmﬁﬂimaqauazmmLﬂuwﬁﬂmmwaama% (Nishida and Tokiwa, 1993)

4.3 WoRgImu

nsudnnedeimuAntuadausnlas Dr. Otto Bayer Tudl a.a. 1937 wodgimuidu
wodluefNiin1sldaruegauninaton1anisunng gaaMnssunITNARTOLUA uat
gRAVNTINAL HARSaTHARI NNeAgTmuildeulutlag iy Wy weiiines arsiadeu
a1sBaunng guastineaine tdules1aq lwizsesids @mdi aarsidesnisanudangy
WDudy Sﬂﬁu’qmméfmmiﬂuaq;:Iﬁimiumﬂ%’muwaaq%muﬁmﬂsﬁuﬁlwmaﬂizsti e
dunalassairevesangldnefgTinu wuinisluasldusznausiuesnouuesAisuay
sondiau lulnsiau (Bayer, 1947) waziiiuszedmuuiusendnanelulassadne I5ea1u
fiawﬁwﬁﬂdﬂ’jﬂwaﬁLaamai‘waag%muﬁmmh&iamzmumiéasaawma%umwim
wuATiSe [Wosn wazieule mmzﬁ'waa%ma%‘waéq%muﬁamﬁ’awwiamﬁsjaﬂamﬂma%amw
(Howard, 2012)



4.3.1 aeAUTENAULAZNTHUATISININERE I
IWMwaﬁg%muLﬁm’mmiﬁwﬁﬁ%mﬁzijms&”’qﬁu 4 wilp Ao Wodooa
(polyols) wodlelalaeiun (polyisocyanates) @134 (catalysts) LLaza’li?Jlus] (auxiliary
materials) lassasaanelenadeSinuusenaume duuds (hard segments) laun wodlely
logiun wazdiusau (soft segment) laun nedevalazsiveisaisly (chain extender)
wedooawtioandu 2 Ussinnaudnuazveaiuszaglulaseadng ldud wedeeadififusy
lawes (nodloawes) uaznedesaiiviuszdines (weddmes) (3U 3) lnssadramaiadl
maqwaéaaaﬂizﬂaué’wwaﬁLuaﬁﬁﬁmgﬂmﬂL“f]umgiamaﬂ%a (hydroxyl groups) ag191ae
2 nyjsiolaana WevuFAsendunedlelulveunduasifinglelelesiun (NCOR)
unniwdewiniu 2 niilsidusieluiana vinlmAnuFATewedweslsiwdunuuauuily
an2s7iflfase (catalyst) intduiusze3imu (RCOONH) L%amzmﬂwaﬂ'laiezﬂmm,um
(NCO-R) wazny lansenda (R-OH) meluaneldsiuiuann (5Uf 4) Tng X uansdasiumis
Yesiuszamo IR usyBmed anthuduansiivhliAanes (blowing agent) 1y Ly
Telmmunu lelaamunu arsveulneenlefina wastn Wudy dearsiivhldianmes
sunsuazyUAzentumlelelseun siliAnresiensuaulaeenladameluioves
wodled Wilvidevomedwesiaruruuiudosas uaziinlnssermaniesluieves
wedied oAuanufize1asldlruwedeTimuiidsunssmunmsusfiussg (Nakajima-Kambe
et al., 1999)
nsUSUSRsIEILTetas AR usEninanesleleleeunuaznodena vhlnlalel
wedgImuiidansiunndetu fudlifenudanguganuionodygmuiiiaudaveusi
m'it,auiaiszjiszjmLumiuﬂ%mmﬁqam"lwaﬁaaa%ﬁﬂﬁwaﬁﬁmuﬁé’ﬂwwLLG‘?N unn Ty
wAuda (rigid foam) 5’1Lauwaéaaaiuﬂ%mmﬁqaﬂdwia‘[ﬁzﬂffzjmLum %ﬁﬂﬁlé’waagfsmuﬁﬁ
anwalzaauly [undi Wuvllayy (soft foam)

Ester type Polyol Ether type Polyol
@) o
HO 1 (CH),— O C (CH,), ,0—C- HO - (CHz), — O H
b > o -
~ Ester bond . Ether bond
Poly(tetramethylene adipate) Poly(oxytetramethylene glycol)

JUN 3 dunisveaiussioamesuasiiusedmeinelulassaiievesneiesa (Gautam and
Bassi, 2007)



Urethane bond
n 0—C —N—R—N—C—/0 _

(Polyisocyanate) o | o
Polymerization | i
T [N
= [ ] -
+ (R)IN—cC Oil‘ Jo-—c— N
n OH — R'—OH f H | H
Polyol L e n
(Polyol) Isocyanate Polyol
segment segment

(Polyurethane Polymer)

aaa a

JUN 4 nisduasigvinedgTmulaenisiiaufisemediueslsiedu (Gautam and Bassi,
2007)

4.3.2 ms&iaaammjaawaﬁgﬁmuuazmmua‘laéﬁﬁl,ﬁﬂ%u

Kanavel et al. (1966) na1331 nsLinanssLay (additives) Tulaseasteves
wodgTmudmalinistaraaIensTININanas 1y nsnansUseneudames a1susenay
Woedoanled a1saniesn Feansmaridusunsierondosfidunuinlunisdesaans

a

wodEA wihmedgTimuaziwuszgSimuniofiussioamesiilironszuiunislalaslada
LLshJizaw%mwmisjaEJamawaag%muﬁ'ﬁmmﬂLaulszjﬁmaaqauﬁéé'a%uas\jﬁ’uﬁa%’aﬁus]
¥un dnsrdruvesdrunianazdiuseuniesluatsle fidunddudasiduininniy
wwdwmalyvimivetafiiinannisgosaarssenszuiunislslnslasaesluiBouiusziu
duvesdruuddduaelsdulagliviuselslnsiau silranelsliannsordeuiinigluanelely
Fuhlinsdesaaeiindulden (Santerre et al, 1994) dninemansdsinulaseaing
manivosnedgiimulidautifiamnsadosaaigldvnisnieninuaznisdaninaindy
(Schnabel, 1981) WoAnwiunisvesiuszegmuluamelyvosmedioamoinedeinu 39
wuhusgaananaisagnlalasladlasmeeulyilungulalasiaa loun wawmesisa gSiea
Tushiea waglawa deautidiailinedioamosnedymudneglungunanafiniiaiunsn
dogaanalamensyuIuNINITININ (Howard, 2012)

n1sgevaalenTIn mvesnedesimulaegiunidanuisauualidu 2
Uszian analassaiamaniiveanedgTimuiigngesaats Uszinnusn fio aunidviinind
govaatgnsdunievaaiusseTimululassainsvesanslanedysiny uasdwalviin
waveladilungueuiugresnsaaisvendanuazieuluile n1stovaaenedesmudn
Uszinvmils fe qaunidvimihiidesmssdunedesameluaslenedyiinu danisdesaas

¥
=

Uszanilazduegivaudiuaglassasnmnanilvesneionasina1i (Nakajima-Kambe et al,,
1999)



nM3fnwIa1sfnaLarnan fusigaieliainnszuiunisgesaans
wodgTimulasieuluingulalnsiaafindnainnguuuadiiesssuni (bacterial consortia)
AeinAlla Fourier transform infrared spectroscopy (FTIR) wudn lugaaiuauusingsae
pAusuLa 2963 Wwufwns | Weinsanluyanaaeudumisfanariddsuldiduavady
fumila 2957 lwuRuns deuandbiiiuindnisfaiusyszivesneuvesaifuouLas
lolnsiau (C-H) uwazfanuamgsueansnfiduvaaunautas 1400-1600 Loudiuns
dindu WeFsuifisufumumiaferiulugaauau @ Shah et al. (2008) feSuneini
wonveladudalmiAndulunszuiunisdesaaenedytinu Snviaiavadudumisil 1613
\URLAT IuﬁgmwmaauﬁmmqaLﬁﬁgfwﬁalﬂwﬁ'wmmmu Fasumadanarndusumis
vosnggiFediiniuininwenludofiuumueladniendenisdaiuszgsmuluans
woRgyIimu

5. AN13ATIVEDULASRAMIUNTIUIUNTTL DU HAIENINTININVDINDALNDS

Biteuldlunisnsivasunisdesaarenisdininvesnediues twn n1sinw
\AeafunszUIUNIINUBATIYRI9AUNTY (respirometric methods) N3ANwYUTuAY
miuauimaﬂismmamﬂaaﬂaaﬂmmmfﬁai’] wuAilSy MenaINISYRYEAIENDALLDT U
pznoutde fiu wsadeniin (hiluanmeiidesnduusarlieendiaw) diuntsmageunis
N8I (physical methods) lgin nsAnemiminfimellreanedmesmendsnsyuaunis
goUaany N15ANYIANAINITATUNITNUADLTIAIYDINBALILDS (tensile strength) NEUAS
nsdovaaneiouiisuiuieuntstesaas nsdnufiuiavemediueslaefiansanainms
\nefnvosadunisuuiiuitvemeuesingldndosganssmididnnseuriindosnsin
(Scanning electron microscope) Wagn13@nwiveyanistesdalsvaanediuasinemailn
naawninsalal WWunsfinsnisuasuslamedassadiemediueslnenisldsedvin
#19) ileAnwnsIUAsuuasesvyilsdduili JussduszneulneUSouiisunounaydans
gos@ane L¥u Fourier transform infrared spectroscopy (FTIR) Differential scanning
calorimetry (DSC) Nuclear magnetic resonance spectroscopy (NMR) Atomic force
microscopy (AFM) uag X-ray diffraction (XRD) dwsunedesunsiiafiansunsaazately
éff;ﬁwazawwsaﬁmiéfmmmﬁﬂmmiLﬂ?{auuﬂawmﬁf’jmﬁ’ﬂ‘[uLaqaé’mﬁmmmﬂmiéae
aanevoanedueslalagldnaiin Gel permeation chromatography (GPC) tJudu way
wonaNMsFnNstosaatenadanmsaznen muds SilinisAnwnieituieulsyivinge
MnedunIsuaznsihauveseules fedvihifetesiunssuiunisdesaatenadanm
1numse Jayasekara et al., 2005)



6. wulwliiiunumlunisdesaatewsdeimy

nsAnwinisgesaatenadieImulutisusninis@nulagldioulediunduy (papain
enzyme) waviouluileSiaa (urease enzyme) lun1smeageu (Kaplan et al, 1968) lag
wulssivsaosindannsnhufitelalaslataiuiussgfmumelulasadsvesnodiues
ndrntulsnguiiefiudassuazmylensendaundnfuriaevdinisdesans uazds
wuhvwalianaveseulediiinavilivssdnsamlunisdesanienedesinulaunnsieiu
e euntininmansiammedgTimuiiannsagesaasldlasnszuiunimisdinim
1Nt WU nedgiinuiiiiussdslonisdosaaisdieieulesiangdunis nsUuuss
Tnssadadsluanaveswediues nsananudundn nsufudumiadenunavesiussy
sewiuanels wagjunuiianelumelelimngsunsieueulesianiu (Pathirana and
Seal, 1983) nsfinwiAeafunstesaanenedgsimulaeltioulesianngdunid eulwsingud
flunulunisgesaatenedgsinudueuledlungulalasiaa (Hydrolase enzymes) lauwn
nauasoulesiytioa Wikea lawa wasieaimesisa Susulesivanianusodesaneiusy
waweslulassairsnedesavosnedy3inule (U7 5) (Evans and Levisohn, 1968; Hole,
1972; Griffin, 1980)

wulwsingulalasiaa amnsouisldiiu 2 nqumdniifiunumdndny eun

nauesmasisaud (EC3.1.1.1) Wuvllaasuendaeamnaslalasiaa (carboxyl
ester hydrolases) taulwiinguiaamesisatiunumiunseuiunisialasladauuuieiuiuse
wawmned waziunumtulasndweslsafifiaeldvesnsaluiuiifiozneuvasasueutiosnii 6
(Helistd and Korpela, 1998; Kulkarni and Gadre, 2002)

nauaulaglawa (EC3.1.1.3) . urlinlnsiedandiweaseoalalasiad (triacylglycerol
hydrolase) (Bornscheuer, 2002) toulwsingalaiuavinufisentuansieiuiifandfliazas
i (water-insoluble substrates) 19 lasndiwelsa (triglycerides) fiusznousensaluu
(fatty acids)

AuuAnsegsdusnihneulwilaauasioulusieamedisaudt Ao anssady
flanunsaganduuadls (substrate spectra) asmaduilddnsunaaeuioulsilaia laun
wis1-lulnsHdau dufivnn Tunisfianssduveneulieamesdisa laun wis- lulnsiia
Taiisn teulvisaewiinagyminidaiusynneluvesanssaduiis g lanan s duans
wilalud fio ws-lulnsiuea e?iaﬁmmig]mﬂﬁuLLmag'Uizmm 410 wluns (Lopes et al.,
2011)
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Site for esterase attack

i' ______ o ‘E [ \",,6‘ “-“\“‘ﬁ l‘:)
i | i f 1
R *T C— Oi1 (CH,), 4 ‘c— o/fc r‘q
i il T Jm  H
—  Urethane bond —In

(Polyester urethane Polymer)

U 5 fumisiuszioamesludiunedesavesmedloamo inedegimuiitaulsooules]
L@aMasLsa (Gautam and Bassi, 2007)
7. Yduvidntiunumlunisdesaanewadgii

Tunis@nuideuntidwuidvatesuazuvafifounsuvinuazun suauid
Anuanansalunisdosaanenedyiing denandliifiuingaunididesaaonedeinuls
nszeiegiluluduindolnsamzlufu

7.1 Wom

L%@i’lﬁﬁuwmﬂumiéaBwaﬁsﬁmu lAuA Curvularia senegalfensis Fusarium
solani Aureobasidium pullulans wag Cladosporium sp. (Crabbe et al.,, 1994) siounil
miﬁuwm%aﬁﬂuﬂfjuL@ﬂ@l‘l/\lﬁ 16w Pestalotiopsis microspora 33@1usageuaans
nedLoamasnodgsmudunsedliiilusureaudiuazvennad (Russell et al, 2011)
uananil Trichoderma DIAT sp. WHudesfidausnldainnasusswodesinu Ssamise
winlirnduuemsudsinaunedgimuiduumasasueunazunasiulnsiou (Trevino et
al., 2011)

7.2 wueiilsy

wUATLSELNTUAaY Comamonas acidovoran  @eWug TB-35 wudta1u1saly
wodgmuluunasasvauazunaslulasiauld (Nakajima-Kambe et al., 1995) (Akutsu
et al., 1998) uazuuaiiGedug 8n 16 aeviudifinimansalunisdosaaenedgiimuls
(Kay et al., 1991) ?hmwﬂﬁﬁﬂﬁﬁuwud’lqm laun Acinetobacter gerneri @1eug P7
danenldandu (Howard et al, 2012) uazdins@nwinguaduvidausssundiiedesaans
warafinwedgiiny audnvesnguduniginuinduuueiiFeludta Bacillus sp. AFg
Pseudomonas sp. AF9 Micrococcus sp. AF10 Arthrobacter sp. AF11 uag
Corynebacterium sp. AF12 wuafiFenduiiduuililddmiuidnvsswatadin (Shah et
al., 2008)
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qUszasd
ilefauennguadunisnianuaiunsalunisdesaaslnunedysimuaindiesiadiu
uaztiude
ilefnwnsiasunlasdnuazvedlriumedgiimumsdinmuas mennne ulagnda
nszUUMIesamensTInlaengugAunETdauLenls
wWiednwieulsingulawalunssuiunmsdosaasiinmuestiunodeiny
dieustvinvesdunidtosaasinumedeinuiidauonls
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35015938

1 Jaquazaunsal

1.1 unasauvsdnlinagay

1.11

megfunazmegsindeldsuanueuasiziaindrinauneanu
AATIEVINTYINEINEN (Any.) Jarinavan lalun ane.ganes ang.uvad
g ANe.81990 Ang.Ug Uae ane.aaedtne

1.2 waalwasniglunisnaang

1.21

1.2.2
1.2.3

TnlsmedgSmuinan1nenesssunid (e1s8nenlad 4.76% gumgRiily
wAslruweAyTinu 31.3 ssrmiwaidea audu 47% Analuanalade
1464 n¥u/lua)

g1ednenlen (ENR

)
fuileens HAnlAeUTINAINS

WNAIHSI LOINTOUAENS 910 (UAITL)

1.3 9MN9\88aaun3IY

1.3.1

1.3.2
1.3.3
1.3.4
1.3.5
1.3.6

2 3nnasg

Minimal Salts Medium (MSM) tfintinenssssuand (Natural Rubber
Latex : NRL) 0.6 % (v/v) (MSM+NRL)

MSM Winuviansususienedmesildlunsmaass (fe 1.2)

Luria Bertani Agar (LB agar)

Plate Count Agar (PCA)

Potato Dextrose Agar (PDA)

Actinomycete Agar (ACT)

2.1 madausnuaziusuaunguedunidandaegnshunastnde

W3ELDINIAY MSM U31A 225 §ad8ns waslfiuninenssssued 0.6 % (vA)
Tuanadounn 500 fad8ns Wntulnuwedgimudiuin 1 ndu tilvsitefigungd
121 asaiaifa anudy 15 Yous/mssia nan 15 widl Whndaegsiu 25 niu wae
thludunuuwenfigamail 30 sarmiwaiea mnuiFisou 150 sou/undt 1uaan 30 Yu
MnduthamveunaIUinms 25 Taddnsteamararormagas MSM Safudulv
wedgImudwau 1 nfufioduundsaiveunaruvamdanuuigdunds udliduhens
s39u71R vauuuiegndunan 15 fu uasvhendnadadunan 15 Ju iedenisdauen
nauqduvsfiannsalilvlimedyimuindnnessssuniduinamivounaz unas

naaaule
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2.2 m3danguydunidlasldinunadesmuluunasmsvau
thauveunatanduney 2.1 Uuns 25 dadans dreamlanaiommsiuas MSM
%QLau%uMuwaﬁsﬁmuﬁﬂmu 1 n$u ileasuszeziiafiduasidl 0 2 uas 4 ﬁﬂﬁauﬁ’uﬂ
Aseaduinasdouuomsuds 4 vla léun PCA PDA ACT uay MSM+NRL LwamLLuﬂ
yinvasgdunsdlasduay uag siiulaladiaruisaasaldvuemisuda MSMNRL
$197878UN% 0 2 way 4 ilethluneaeusely

2.3 msmaa‘umiaaaamEJT:V\IuwaaEﬁmuiﬂﬂnamauﬁéﬁﬁﬂLL&Jﬂ1€1’
iaimawimmavﬂmwammu,smmnmammumau%ﬁ&éﬁaawmmﬂu DRIREE
naudunquedunidunan (mixed culture) $9uau 2-5 Taladl Usuauguliiinniugu
Uszanad 0.5 McF (S1uauidieidudu 1.5 x 10 CFU/mL) Y3unmssau 15 fadans iuas
Tuesinal MSM fin3enliusunng 135 2adanT uaziiuunasarsusu 0.3 % (W)
Lo TuwedgTmu enednenlen gellesns lnsvimuaiuyamuauuuuliidinves
wodwesudazyia dhlUvnuuuivgfigumad 30 esrwaidea AuFiseu 150

s9U/W¥ Wuan 30 Yu

2.4 NMIaNguIAUNIINaNLANATIUNTTRaAE NN AL TN
aundnusiazlelsianvesnguydunidluduneu 23 flawnsnsendinmends
yadouNIBesaanenedmeslurlanafomamandua 30 Yu gniundangudnads
Tneusaznquidiuwiu 3 leloan wuadu 6 ngu Geeldinasinisgndawenaindieng
Fudeuvaniertu vieidnvaslaladieiulunsdinisgndnuenanauasitogng)
2.5 nsnagsuteyladiitigadasiunszuiunisgesaarenadgTimudie3sns
Al
ihlelmaniidausnldandunoud 2.4 veaeumstuai 1iun loamedisa laida
wazlaanfiua duduandnveeuluingulslasioa iensasuieulwsifiisadesly
NSTUIUNNSERUaAIENBRLS Y

2.6 MIFnEITIUILTAETITnTIN
InTuneud 2.4 Tuideludiuvonnad Tneiieasdie 0.85% (wA) 1inde
Useannide uazthuninasieuueminsuds PCA edunaviauaztusiuiuleloani
anunsaasgle mendanUusufunedwefiaueiadunan 30 Yu
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2.7 nMsAnevinuisraInafwasnugly
NTUADUN 2.4 NIBITUAIUNBAWBINENSMAdaUNITHREAa1ElALNAY
aunIdnanuiaznaulnglinsza1unsas Whatman No. 1 ihunedwesouliuisating

gaungil 60 asrwaldua ldlulogaauduaunseiadmdnuiensi Suinuvidnuis

YINBAUDINLNED wazAUIUNMIUINLNLTaRglURdINISgeeday (Pan et al,
2009)

2.8 mi?inw'rmsul?rauwdawaemjﬂaﬁ%ﬂu‘lﬂsea%ﬁawaﬁLuaﬁﬂmwﬂﬁﬂ
Fourier Transform Infrared Spectroscopy (FT-IR analysis)
mnwamﬁmaawumum 2.7 wmmwmﬂmmﬁmaawmamimammmn
TnlsmedgImumelunniian thiumedwedie 3 vwia lud InlunwedgSinu Qelleenauas
gadwonles dounasvmadeunistosaaiedenduyAunionan dreaetiindu 2-3
afs euliusiedl 60 ssmiwadoa newtlunadeudeinios ATRFTIR spectrometer
from Bruker Tensor 27 @sliiaunauluming 4000-400 wufiwas - (Roy et al, 2005)

2.9 msAnnsnzinvasgdunidlagldndasganssaiBianasaukuudaninng
(SEM)

MNNaNITYARestuneudl 2.8 tharuwediweisamelinnounazndnisdos
aanemenauqdunidnanidua 30 Ju wigulu 25 % ngmisiadled weas
tlled uaziefiaueanesedszdiunanuionns 50% - 99.5% (vAv) tiesdsfuead
Qaun3Suuitvesediued ntuthlukunszuIunIsT s Laziadeudiene,
WnlUdesmendosganssatiuudoansia Ju Jeol JSM-5800LV Scanning Microscope
(JEOL, Tokyo, Japan)

2.10 nsAnEIUSAUNIUAR2873S Bradford assay
W3ENYANIINAaRLTUREITUTUROUN 2.3 Tngldnquiiunidnauniiusednsnm
Angaduiugegdunidnlinaasu tivdiuvsanailuganadouwazynnIuAnTigIIal

q
o

dUn9i71 0 1 2 3 uag 4 WeinufnyInN1sasyueaun3dlagnsfinylusAunmun

2.10.1 msanenlUsAunsvaaludiuvasumaifaes Bradford
ihduvenaslunatadfivaniaidie 4 nsesdienseaenses Whatman
No. 1 titerfdmpuwdudiumediues antuthludumiefinanugs 8000 seu/ani
gounindl 4 ssanealdea 1an 20 W WilemnanouleadyALYIE A
wadTUsIRINNFadaEUsBENsarany Bradford Lite IauSunalusiuanse
Tumsviufisenhdmesihidsusadinionll Usuins 0.2 fadans vhufise
fuansazane Bradford USunms 2 fadaans nawlwansazanevianundniud sensls
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Ngaumgiiieuduign 5 wifl TA1n1sgandunasiinaueiniy 595 uluuns
(Bradford, 1976) 1% Bovine serum albumin (BSA) Lﬂuiﬂiaummg’lu
%fmmmi@@ﬂﬁuuméf’wm%aaﬁa Thermo scientific  Genesys 10S UV-Vis

spectrophotometer

2.10.2 MIAnwINRNEAnvasALTEEuLTUWeAWaRI833 Bradford

ihfudiuvesneinedfidrsnaduamiil 4 ViuFAserduansazae
Bradford 1funan 10 Wit flgunafives dunadnuueiuiavestunediuesly
YaneaeuLIsuguiuYnAIUAY

2.11 msAnwiaulusilawa

ihatidsugadinisuldantuneud 2.10.1 vuFisenfuansdedudisung
fuouladlawa tdud arsazarenisn-lulasidatrduiivnn (o-NPP) Tneldduiides
wadUsums 0.1 fiaddns Fuiiserfuasazansansnesuveseleflaa Usues
2.4 fiaddns vuilgamgdl 37 ssrwaidea 1una 15 il Jasinisganduuasd 410
wluns tneldiasesie Thermo scientific Genesys 10S UV-Vis spectrophotometer
(Winkler and Stuckmann, 1979) wagldarsazatenisr-lulasiusa (p-nitrophenol) 7
anudutuaee WWuansazaneunsgu Ingliddewvesianssueulellawa 1 gia
mneds puaansaveteuleiifianinsaissufisenistosaasansaadu fe ws-
ulasifdaunduiion 16y wis-lulasfiuea 1 lulasTualunan 1 undl angldanined
AU

2.12 N15ANYINTEUIUNITEREAAIENALNBSIAENITATIUTHIUfiNY

asuaulaaanlun

nsmaaesutadu 4 gansmndeulunmadeunodwesusazaiin nsvnassild
gaumiivies Uszann 30-35 asrniwaidoa (Juian 28 Yu (3U7 6) lnsudaduyanis
nAdou A B C uaz D laun ynaiuaulifidin (abiotic control) 1 ya yavadauy 2 Yn
LAZYAPUANLUUTTIA (biotic control) 1 9a amddy o1mafldlunsmaassdufine
pondlauuians (a) gnudssiingszuulaeriiuniavienuanufunia Usins 50-100
faddns/unil iWgnivue (b) ussaansazansludeulansenles anududy 5 luans
U3uas 300 fladng LileldidusivAeansueulneenlesluenianeudivaiad
VAERU AIRIUINITUE (C) UTIRANTALATY MSM Laz wodles (A) a@1sazaly MSM
Wodles uarnguadunIy (B war C) a1sazaty MSM uagnauqdunsd (D) mudidu
MIVULATBINILAITRIABALIAN AUvtianIvuy (d uaz e) usIgasazansleifio
lensenled Anuidudu 005 Tua1d Usuins 250 faddns ieldidusduine
mfveulneenludiignuassainanmuy (© Tnenszurunstesaatonsanim fuvis



16

Mg (f) ussgansagatenusenlansanlen Aududy 0.0125 luais Ysuins 300
fiadans ieliduduiiamesideuiinuienfusulaoenlediivanudesiiuiunumn
\AuneigyiufAsenduarsaranslufen lensenledlunivue (d wae e) waznivue
fumis (g) vssgiindu iedlesfuenimannisuendeunduidngssuulnousias
NMYULY Lﬁjaumaﬂumuivuuﬂmamaaumm (Guo et al,, 2012)

(a) O, Co, 0,

— A

| (A) MSM + polvmer |

¥

| (B) MSM + polymer + moculum
ﬁ
*

SM Test OO03M 005M  0.0125M  Water
MNaOH NaOH WaOH Ba(OH),
b} () (d) (e) if) ()

’—F —
= = e
':;=l—— l|—=i-— Il-=l; I|-=I;

| (C) MSM + polvmer + inoculum |

—=, =%, =%

(D) MSM + moculum

T

JUN 6 szuuduingasueulaeenlefainnszuiunisdesaaien1agInm

nsalfivsuafivaisvaulaoanladuiniiune Fevudsudidufiieg
Asuaulaeanlen dunilinivug (d wag e) uusasazatglansulansonlyaiauain
USmasvianun wan 10 $ad8ns Madeu 3 41) gninanlnmsaiuansavanglelag
Aae3n Aududy 0.05 Tuad s1uau 3 91 Ingldfuedwsaududuiimnes e
S fosagveinistesaatensiininvesnediwesuindug lagldngy
\Foqaum3sifeniu
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2.13 M5UsTBnaneavaswuaiitselnaldgu 16S rRNA

thuveadl3efidausnldiiosuuomsuds Lura-Bertani 1Huiaan 24 alus 9o
Talafveanuaiisethunadamidue lngldyanaaeu PowerSoil” DNA Isolation Kit
(Carlsbad, CA, USA) thdduiefiuiaviuesudarlolaianuiiindiuaudemaia
Polymerase Chain Reaction (PCR) lnglglwsiuas il

27F (5-AGAGTTTGATCCTGGCTCAG-3)

1492R (5-TACGGTTACCTTGTTACGACTT-3")
waAidulenediuedisa MyTaq DNA Polymerase, Bioline wiiowfingiuiubu 165
RNA Mntdnsesiuildnmafiusulnglfinadanadidnlnslngaa sauouiu
189 165 rRNA fifumitis 1,500 fiua vhdudwdudléiliuiandlaeld EZNA® Gel
Extraction Kits, Omega Bio-tek a1ntuasiinszsimansuvesindlelndivestu 165
ANA vadusiazlolalianlaguitv Ward Medic Ltd. thaniinsgilagtirdduiuad
H3suifeuifugiudona NCBI uazanunsnTeuiiieu % similarity veadeiidnusntd
fudslugrudeya iliaunsavsdiendnunivontousaslolaanlddniou sudsadhe
ANUFURUEVTIAUUINTVRIAUNIEMETUTUNTU MEGAG (Warneke et al., 2007)
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NALAZAATIZUHNANITNAAD

a o gl

1. msAauennguaauvssnaunsadesaatslnuneiyiinu

9 L]

MnduneunmsianennguadunisidanuannsolunisdesaaelrumedyTinui
nANNE19535uR Tagldarmnsinan Mineral Salts Medium (MSM) nast181955 51977
(Natural Rubber Latex : NRL) 0.6 % (vA) uaglnuwodedinu 1 n¥u ifudiogsfiuuaze
Fefivuteuhensssumafiiusegsanuinadidnmuneamuanasigsinishaiuen
(ane.) 31w 5 us Tudamdnasan laun ane.ganes ang.uvauens ane.e1ey ane.U1e1s
uazany.Aaestng Usenouseietieiu 6 fee1e uazdegiainde 6 feehe Wosduls
Sausnidegduridaiuu 40 lelmaniimathiivssansnnlunisdosaans numedeiinuuas
dovanisesAUsznauvesiienssssurflalagldomisuds MSM+NRL Wlonaaey
UsyAvEnimnsesaaenaiininuesqduncns 40 Teleian Tnsdnnguniuunaaiiogs
Aunazindeilddauen tuuuuiugnsmiuTanlnumedsTnu (polyurethane foam, PU
foam) waziansnedeiflenssssummiiussduszneu THun geilosns (rubber glove) waz
g19dnenlen (epoxidized natural rubber, ENR) 1utian 30 Ju ﬁaqummﬁ 30
pemwailea Aiaseu 150 seu/unit nuisuadleluanluidsasadiiannsasale
VUMW Plate Count Agar (PCA) MM 30 TuuaIn1snadeunIsosaaugiloss
1w 26 Lolgian enedwenles 31w 26 leluian waslnunadeSinu 1uiu 18 lelaan
QaunIdne 18 lelaianannyanedeunisdesaaslnunedydimugnuisoonifu 6 nqu
98un3d nquay 3 lelwian usmunsdanenandiesiundedndoioatu el
TndiAsarunguqdunidamsssunduiniign viednuwarveslaladsisiu ilovdnides
AUNTaneiugiAediu aznedeun1sgesaateTanliunedyTmunas Tanonedeluemis
wiad MSM Liutaan 30 Fu fiaamenisuudn fusiuauuueng PCA mendanisus 30 Ju
MnMsdangunuigdunisnguil 4 Usznoudne 3 leluandidaugnunannsogisfufeaiu
uinguRdunIsiun Usznoudlelsianaindedisfunasindsnuazinds Wothngu
Auv3dusiavnauunuiulnumedgsinuluemsmval MSM uaan 30 Ju uwaztudiuau
WARAIENSINITNAAOUNITHREAREMNTUIILIUULRIMNT PCA WU WIwgadludu
youvaopnaaeulnimedgivuiiiuuanasedslifoddyanduiuEudu 15 x 10'
CFU/mL wazliiusngnisinisfinvesyduniduuiinveslly Weszezinainisuuuiuiy
Tuvaziluyanaaougeilossuazensdnenlediduiuanasdntios iesanwadedunis
dulvginginuuturesmediuedifindu (919 1) wasfinnsannguadunsavilidmin
wisveslumedeSmuiimeluinniignnevdansesaaenisdinmduiian 30 u iield
unasilunmsdadenngueaunddfiiussansnm warltiiduiununguadunidilenagey
nstevaansliiumedgsmulunismaasssely (3Uf 7)
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M3 1 ueaiveudewsazleluian (CFU/mL) luudagnguadunidnevdmaaeu
nsdesaansiuiagliunefeTinunaziansiede laun gelessuas
grednenled Wuian 30 Tu Nan1izgamgll 30 esrgadua AuLsIeu

150 S9U/U%

AMUIUYAIVAINAGFBUNI TSR FANENUNDALNDS 30 TU

gy . 2 (CFU/mL)
QauUNIY AL TaaNAFaU 16991489
InuwadeIimu fellogng 199 wanlyn
1P (1) 28x 10" 2.6 x 10° 1.8 x 10°
1 5P (1) 8.0x 10" 1.5x 10° 6.5 x 10°
6P (3) 1.0x 10" 1.0 x 10° 1.5x 107
5P (2) 1.0x 10° 1.7x 10° 15x 10°
2 6P (2) 9.0 x 10" 2.8x 10’ 26x10
6P (4) 1.5 x 10° 25x10° 2.0x 10’
6P (1) 1.8 x 10° 1.2 x 10° 1.5 x 10°
3 7P (1) 22%x10° 1.0 x 10° 1.8 x 10°
8P (1) 29x10° 3.9 x 10° 1.0x 10°
10P (1) 4.6 x 10" 4.0 x 10° 1.2 x 10°
4 10P (2) 63x10° 1.6 x 10" 1.5x 10"
10P (5) 6.1x10° 1.4 x 10° 4.3 % 10°
9P (1) 1.1x 10° 1.0x 10° 1.2x 10°
5 11P (2) 25x%10° 6.0 x 10° 37 x10°
11P (4) 1.0 x 10° 1.6 x 10° 1.1x 10°
11P (1) 1.7 x 10° 38x10' 1.7 x 10’
6 11P (3) 1.0x 10° 4.5 x 10° 2.1x10°
12P (1) 2.0x10° 8.5x 10° 3.0x 10°

2. msnagsueulediiendasiunszurumsgessanenadgmuniedaia
QauvIsINYAnaaeuNstesaaeliunedyTnutis 18 loluiay Wenumagoums
FueilAsduvieulsingulelasiaafifiunumilunszuiunsesaasnedgiinu laun g3oa
lawa wazieanfiua neldormsudeeie amisudalnstniisu wazormsmaiaanfu
naNIVARBINUT JAunIens 18 lelmananunsondaieulvdifiisidesiunssuiunsdos
aowedgiimuldedietion 1 vila (1131971 2) nmsisanmsHEneuleiisdosly
nsrvILNSYRsaaenedyTmuneTLal nuidunidnguil 3 4 5 uay 6 ansanan
wulwiiAstedliluyiinags Tuvaziqdunidngui 1 uaz 2 annsandnieulesilily
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Ui ansanmeasndesiumaiinameouluifinanldlnegdunidusaslolman
amﬁmmé’uﬁuﬁ‘ﬁ’uﬂ']'isjaaamaiv\lmwaag%muﬁmammﬂswﬁiﬁumaﬁw 9INN15ANYINOU
sihiAefueulsdifunumilunssuaumsdesanenodeinu Wud oulesingulusiiea
g310d Lazloamoilsa InilesuaziuafiSonatseia oulsd WsAioadifiunumly
ﬂﬂiéaﬂaaﬂﬂwaasﬁwm f51e91unulu Pseudomonas fluorescens Wwag Pseudomonas
chlororaphis (Howard and Blake, 1999; Howard et al., 1999) wulgllawa Js1e9uny
Tu Bacillus subtilis (Rowe and Howard, 2002) Bacillus sp. AF8 Pseudomonas sp. AF9
Arthrobacter sp. AF11 Wwag Corynebacterium sp. AF12 (Shah et al., 2008) wazioulwil
TawUannaniseniiléan Candida rugosa gnihumaaeulunssuiunisdesaatenedysinu
(Gautam and Bassi, 2007) uanawnﬁﬁqﬁLauiezjﬂt,aama%wa Aunuly Corynebacterium sp.
Comamonas acidovorans TB-35 Wag P. chlororaphis (Kay et al., 1993; Nakajima-
Kambe et al., 1997; Howard et al.,, 1999) waztoulwsiaandiua wuly Bacillus sp. AF8
Pseudomonas sp. AF9 Wag Arthrobacter sp. AF11 (Shah et al., 2008)

3. manesazvasmiinuisimeluannistessaeniedanin
MNHANMINARDINUTT AUNIENANT 2 waraAun3dnauil 4 anunsodesaaisln
nedgdmuldfideIeuifisutunguadunidnduiu lnsfinnsananimdnuieiinigly
Mendan1snedeunisesaaaliunedesmuluemismanduiian 30 Ju Anduiesay
7.78 Wz 5.32 awddu uenaninguadunidniansannsndesaais Tanseddlaa
Anidufesazveniminuisiimeluvesgedions Idun 7.38 uay 18.29 mudiu uazfouas
vosiminuisiingluresensdnonled Thun 321 war 150 audidu (Ui 7) e
WisuiteufunisAnwinoundhiliieafuiadnuieiimeluresgeiiosnanazuduiidy
WOREFYLMNINTAN (AN51371 3) nuqAunidngul 4 szansamlunsdesaaisgaile
aﬁﬂiﬁaﬂ’j%‘%@ﬁm Streptomyces griseus 1D ED) Streptomyces coelicolor 1A Lﬁaﬂmﬂ
THagozalumsdenanetiosniissunn 6 dUasi udthwinuieiimeluvesgaiiosnadien
Tndifesifulszanadesas 18 vestvinuiaiudu (Bode et al, 2001) usifletFeuiiioy
funstesaaensiiennslasldie Nocardia sp. strain 835A Usnganfesazuasimiinus
vosgeflopnsiivelunindedosar 90 vesimingaiosaiudunelussezingn 17 Tu
(Tsuchii et al,, 1985) WelSsuiiisunsdesaanslrumedgTmuseadunidnaui 4 duns
dovansusuiidumodloameinedeiimunainisilagldnguadunisluleaen lnefidon
Fusarium solani wag Candida ethanolica LfJu%‘g5uw§§ﬂfjw15ﬂﬁmi?%7mm&%é’ammﬁq
uiuidalutnenifusvezinan 12 §Uawi wuinbmdnuieiimeluvesuduiiduiietiosndy
Sovar 1 vostminuruTiduiFusiy (Zafar et al., 2013) luvefigaunidnauil 4 annso
dovaanslnlumadyIinuiindnanensssundld waglirfesazvosimdnufavadlud
el Aafudorar 532 andwdnuiedudu meluszeziaat 4 &t definnsan
Tnsawadunidngui ¢ dadungueduvidifianunsndesanosnssssundlifuazsesaans
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Taneralavainvanevile laun gadleens e1dnendlad wagluunedgSinunuinainels
533uR Auvsdnguilonalugdunidnadenilddmsumdnvezensindus Tueuaals

A15197 2 Mmsvedeuieulvivendousasloluanilionadoufiiemsudegisy 911wl
Tns0a¥3u wazenmsmadaaiiu Uniaamgll 30 esmwaded Wuian 6 Ju

Y

1 a ¢ s <]
NAUYAUNIY  F9AELYD

< s
MTHUIGLIY

21915408 InsTIM3U 9 MTIwmaLAaN AU

27 3% 67 27 37 67U 27 37U 67U
1 6P (3) - + + - 230 250 - - -
1P (1) - + + - 1.30 1.75 - - -
5P (1) - - - 1.50 1.70 3.00 - - -
2 6P (4) - + + - - 2.25 - - -
6P (2)  +++ +++  +++ - - 1.00 - - -
5P (2) - - - - - 1.00 - - -
3 7P (1) + ++ +++ 055 125 380 - - -
6P (1) ++ ++ +++ 135 125 560 - - -
8P (1) + ++ +++ 1.10 225 6.10 + + +
4 10P (5) +++ +++ +++ 075 135 355 - - -
10P (2) + ++ ++ 155 370 6.80 + + +
10P (1) +++ +++ +++ 060 220 245 - - -
5 11P(2)  + ++ ++ 320 535 8.00 - - -
11P (4) +++ +++ +++ 075 1.80 2.45 - - -
9P (1)  +++ +++ +++ - - 1.00 - - -
6 1P (1) +++  +++  +++ - 1.55 2385 - - -
11P (3)  +++ +++ +++ - 285 4.40 - - -
12P (1) ++ +++ +++ 080 1.60 5.00 - - -
EREIVIE
QI RIITRLTE

msudana : WiafaeuluigSieoa WJunaau (ewnslideud) asreuledyiies

Juwavan (Wasududvununsdu)

Inedl 3 szeu (+) wameuladlates (++) U1unana (+++) 110
amsudalnsdnisuy
mswlana : LiaSeeuledlaa 1Wunaau (sifnldlaseulaladl)
asaeuledlaa Wunauin (inslaseulalall) mhodulediung
2IMITLNAIANRAU
mswdana : ldadaeulvdoafiua Wunaau aarfuudwmduddu 1 909
a$raeuledinanfiug Wunauin (eanfunamdmiiy 1 $2lug)
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M13197 3 Jogazvesmtnuisimelunendinisdesaniegelonns o1 wavwiuilay

WOREYIMUNIINTTA
YUNVDIIEN auUN3d o/f Emun seesam 91994
: : wiisimell  nadau
qaﬁama Streptomyces lividans 1326 <3 10 dat  [1]
Nocardia sp. strain 835A 90 17 Ju (2]
Bacillus pumilus 24 2 1hou (3]
Streptomyces griseus 1D 18 10 dUmi (1]
Streptomyces coelicolor 1A 18 10 dat  [1]
Pseudomonas citronellolis 13 10 dUmi (1]
Acinetobacter calcoaceticus 12 10 dUmi (1]
Xanthomonas sp. 12 10 dat  [1]
Nocardia sp. DSMZ43191 11 10 dat  [1]
Foens Alcaligenes xylosoxidans T2 70 U (4]
Pseudomonas aeruginosa GP10 70 U (4]
Nocardia corynebacterioides S3 53 70 U (4]
LLNEWSN Aspersgillus flavus 0.6 30 %, 5]
waagamy  (ITCC no. 6051)
Alternaria solani 65.8 3dUa [5]
WORWDAWIDS |, . L. . v
wodeim naugaumsdlue <1 12 &am (6]
VUYL

[1] Bode et al., 2001 [2] Tsuchii et al., 1985 [3] Nayanashree et al., 2014
[4] Pan et al., 2009 [5] Mathur and Prasad, 2012 [6] Zafar et al., 2013
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Olluwedesiny  Boeilesns  Mensdnenled

20

ag 12 . % 8.29 %
Y % *' /

Ul 7 Sevazvenimiinnediueifimely Ussnaudenediues 3 wia ldud geflosns
gednenlyn warliunadyTiny MenaINITNAgaUNSEaLdaeNTININIALNGUIAUNTE
6 ngu tJunan 30 Ju fannzgamgil 30 ssruwaldea AmisIseu 150 U/
fydnual () wanadefenazvasthminuidlriumedeTmuiimeluanniian 2 drduisn Taed
ihwiinnedueslugnmuauemediuefudazeialinunisudsunas

4. meenzilasiaiswsmedmeifieialaaFesnsuarasudunssaaiunlag
dlau (FT-IR analysis)
MnRanIInAeInIMfesazvas i meluvesinlumedsTny ilelddy
inusdaidennguadunidnissavsnmlunisdesaanelvlumedyTinu nuinqaunidngud
2 uaznaudl 4 WSudndenfunduyiunidiuny tudemdsddnisieseilasasnenes
woAwoimeesesileyiFoinsuanesudunsusaanlnsalad (FT-R spectroscopy) Lile
AnidenqduvidnauiiiiuszavsamlunisdesaanslnumedsTinunaz fansnadslsafian Tny
fisannnguedunidivinlilaseaiisvesmwedmeiuAsuuUasesedaan wausngi
QEUVEINANT 2 uaz 4 aansnvhaneuszeFinu (R-COONH-R') FsUsznausienyieaines
mfuetia (R-COO) wary3inu (RNH) dewalvifiafidumisiavaduil 1700 lwufiuns Alans
famyleameinsuetalulasiainsanas (U 8) iluvdngruniafiuansingdunidngui 2
uaz 4 anunsadosaansiumisiustgimuvosmedsTvuld Faiumisiusdananndl
swnunounthiidenulwoeulsingulelasas ldun g3iea lowa WeRiea 903U 8
é’qLﬂmié’fiﬂﬂuwaasﬁmuﬁmémmﬂmaﬁiimﬂamﬁmﬁimJi'mgG‘hmeﬁﬂﬁ 835 LWURLUINT
Fauansila cis-1,4 double bonds melulassaiisveenssssund wuszinaneamely
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MnnszUILMsduayilunedagiiu Jsoraduavanisiviliqdunigndunumlunis
goraasesIsUnmiunumlaen n1sfinwinisgesaateneadeSmulagliaiunsd
rownthil TneanilnawodeFmuman (impranil DLN) dafundnsfasinienisdgminléiiy
WHAIANTUBULATLIAING 1A T UAUNTE WU Pseudomonas putida @nusagaeaany
yjansuedalafiduvsiavadu 1735 wufluns wazUsing RNH stretching wag O-H
stretching 7isuata 3230-3400 waz 3604 wwufiwns  Hua1sfnalsfitinainnisuand
%aﬁﬁng%mu (Huei Peng et al.,, 2014) n1s@nw Pestalotiopsis microspora e
nguieulalivifiauisadesaaeiuszgTinuly Impranil DLN fiduvsiaiaundy 1735
wuilns Ifegeanysalnelu 6 Yu TneldleulesingumedgIinuua (Russell et al,
2011)

YAAIUAY
(WuwadeSinu)

1700
Ester carbonyl

Tnuwadesiny +
a a¢ a1 A
Qaunsdngud 2

Tnuwadesiny +
a a¢ a1 A
Qaunsdngud 4

% Transmittance

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumbers (cm™)
U 8 Tassadsvesliumedemulugnauguuasyavaaouiiinunismaae useqaunss
naufl 2 uay 4 1Junan 30 Ju luenavad MSM figamgil 30 esrwaidea AnuL35eY
150 s9U/U1¥

IS a LY ¥ a

naflosnauazensdwenlefidutansrsddunsiinuil iWerunsmeaeunisdesaas
fegdunIdnguil 2 uag 4 wuhddnuaznavdsullanglulasiairsveanediuesi
uansaiu duneldndnvasduadnasuves FT-R wansdqdunidivansnduiinalnnig
dopaaneLani1eiy 2n5UR 9 Rnsaniduanesiluganeaaeugaiionns wuirfisuma
835 wufins  WDuiunistuszdfnlun1sfiansannissosaansenesssuni fuaneds
cis-1,4 double bonds (Shah et al, 2012) luganadeudeadunidiiaasngunuing

AunLefana1IANgwasialiUSINanallaiguRuYANAADU IAAIINEITRITiAARAS
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unniluganaae UM eEUYEINaNT ¢ uazdumie 1436 WwuAlang uanada CH, wag CH,
aelulasiaderessnssssud wuihivnaanateguunnideifisufugnmua was
USuusLaTAALT 2800-3000 WwuRuns Auansdensaluiuluosdusznauvasiens
5350117 wuirluyeneaeudegdunidngud ¢ fudunaanas luvusiiyanagaeude
dunISngud 2 laifinsasunlas uagdnduvisesaveduiiddylunisiansanisedes
ANYL1IOTINIR Ap TLAVARY 1160 Lwufilums uansfisnsUIINguemyLoadlasiaz
Alonlulaseadaueaenesssued (Shah et al, 2012) Faduansiinarsiinannsyuaunis
pondindulumshaneiiusyalulassainaweaenssssund wiuldindnvazvesfinludisiay
AAu 1160 WwuAlnT  Tdnwazsneiy WlelUSsuiflsuseninsyamaaeuasiyn enatiaain
nalnnsdesaaeensilidersassnduldfinalnseiu uenanifisiumis 1635 wag 1541
wufns | luganaseuiidesiiUiinanfiutu uansfeduusenouveslusiu Téun amide |
uay amide Il AUERU (Linos et al,, 2000) Faidussdusznevvessadiinzfnuuiiives
wiugeflosns Mnudngruiivanglunanismeassiuanddiifiuiigdunidngui 4 4

'
oA

Uszdninnlunisgesaangguiloyinanansssunalaandnaunsdngun

YAAUAN (ediaens)

o | Quileens + yAuvIdnguil 2 LN
Lk 5 : 835
% cis-1,4-double
£ bond
c on
£ .
(%] el a a¢ 1A
C | QDY + JAUVSENAUT 4 875
S
= '\Unidentiﬁed
(=]
> 1635 peak
Amide | //f T
2 -
800-3000 1541 1436 Range of 1160
E . .
atty acid region Amide | CHa CHs <4—Aldehydes
in rubber . .
deformation formation

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber (cm™)

3UN 9 lnseaievenailognslugnaiuni UasynnAaRUTINIUNTNAZUMILRAUNTENGUTN 2
waz 4 1Wuaan 30 T luemsivad MSM figaungll 30 esrgaldea auiasau 150
FOU/UM
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defnwensdnenluddaduiansradednuianilwheinieaile FT-IR (3U7l 10) wui
dunIdngud 4 Tuszavinmlunisvianeiusy cs-1,4 double bonds Tulassadisves
Emawaﬂiﬂéié’ﬁndwaum%ﬂdmﬁ 2 dunnldanugeveafiafidunisiavadu 823
LHURLIRT m'ﬁmmawuﬁuﬂmnanmmaimﬂwmwamiammeuiuimaam Iu%3QLamﬂau
1160 Lwufiums, muaammﬂmalﬂmsaaﬂamammasm (Shah et al, 2012) wenanil
Funisiavndu 860 wufuns (Judumisiinanafesumudnenlesd (Hamzah et al,
2012) dadussiusznauvasensdnenled (ENR) nuiilugamaaoussgduvsdnaud 4 A
aevosiinanas 0191 AnINqAuUVIInguT 4 anunsavianesumudwenledaglulasaing
maww%waﬂimﬁl@f FeondmaliiAnasfnaradiuty loiur yyflemsendadisiumis 3200-
3600 \wUAwAT ' (Phinyocheep et al,, 2004) WBNANLUBIRUTTNOUTUTASYAUNTE L7
dutsznevtedlusiiunazneduenmslsdiuiinanfiutu esnninAslulefiduunagu
UuAaesTan I amide | uay amide Il Adunta 1630 1537 drunodusanflsduansi
fuvtaavadu 1016 Wwufluns detouriuiurag 1160 lwufluns fAuansisnisiinny
woaflas (Linos et al, 2000)

YAAIUAY
(g19dwanlad)

A .
gradwanlan +
a a¢ a1 A
QaunIdngun 2

860

/Epoxide ring

Q
Iv]
= g9dwanlan +
-+ a a1 A
:E aUNIINGUN, 4
§ ® 823
r_— 1537 cis-1,4-double
X Amide i bond
3200-3600 2800-3000 \
- Range of 1160
OH 8roups k. tty acids 1630
Yy Aldehydes
in rubber Amide | —p

formation
N A A A A A A A A A A A A AT A A A A A AT A A AT A A A A A ST A A AN A S A AT A A e o kO
T T T T T T T T T T T T T T T T T T 1

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumbers (cm™)

UM 10 lassasievaseednenledluynaiuay wazyanaaauiiIun1snagaumieaaunse
nauil 2 waz 4 1Juan 30 Tu luewnsivan MSM Tigamgll 30 esrlgadua AULI5aY
150 s9U/U1¥
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5. msAnwnsinnsinvesgfuniduuiadanlesldndesganssaluuudasnsin

NMsAn¥INTEUIUNSEOYAAENTINNTBNUNBAYTINY (Tagmadeu) mﬁamq
wazensdnenles (Tane19849) I@&Tﬂjaaumisﬂaum ¢ Tuawnsien MM (e 30 Tu ile
Anudnuy manenmvestutanisaiueie Wud geffosns er9dwenled uagiy
woREFUTIsEzAY 0 1 2 3 uag 4 dUanvi MsinzAinvesnguaduvisduuilvesTansnids
(neflosnuazensdenled) fusinuiuintuaudanalddeanda iesvesinainisvy
wty lumsndusulivsngnamefnvesiisadauniduutudnlunodeding uii
SEHEUDINITUNLILTY (U 11)

0 dUank 1 §Uandk 2 duadk 3 ek 4 §uadk

4 :
adliewng

gnedwanlyn

o

Iwuwaag‘%g:a | ‘j e

UM 11 nsinefnveawadaiuniduuiivesTandaviianiu (naileens e1edwenlen uag
InlunedgSim) Wedunamenndainendinisunlueimismal MSM figamgil 30 8en
waied AU5I50U 150 50U/1NT Nszeziian 0 1 2 3 uaz 4 dUani

Fefnutunedwesfendesganssmituudesnn dnuawatiiulaseadedti
nedgsmuiidnuasfunsiuuuiadaialn (semi open-cell foam) (3Uf 12a uas 12d)
aifsturesdulnnisnuundusesrailddlummmunuuazaemadey eraiAninusuios
Aifno s luemsmeBuaau Sl uduvswiviuiimmueniduiy
dnmanansznelutududng luonswer WeRsaniufvestulrbmedgimulugn
yaaeu ndulinumsimeRnveasadaundd (3Uil 12) uenamndinuinfandnaddliinanan
819TTUYIR LAk ailogauazeaBnenled nRINHIUNIELIUNSHRYEAENTININIAY
QauvIsnauT 4 ndulsinadwsiiunndnafuegnsiaiau Wefinnsaniiuivessdiosidluys
yadey Funafiunisiasaedaundsuurs 3 Anvariuananadiu (anauuazgnAsau
U7 13) Bauansfiaqaunidsuuni 3 lelmaniiJuaundnvesqdunidngui 4 awnsaiaiey
AsoUAREILTRITesqeiosIe UL uaslimanAnansdnuazedieluloiduunaguuy
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fvesnsflenns ieteafnduinanuasiinnisdosaaeldntu Suilfiuivenaiionns
Usseunqudunidiinsesunn dnyazidulnssdneaievaesganln wanddiiiuimn
lelmaniifuaundnluadunidnguil 4 fauandilunisdesaats geflos1siindnainens
sssumdlannlolaian definsunfiuivesssdnenleddsliiduingivlunisnaalu
wedgdinundindl nevdmeasunssuiuntstesaateduian 30 fu nudnuaeqaunidsy
meuLwaaaﬂwmumeﬁnmumﬂmwammmLLuuLUuﬂqmamm@‘[ﬁm wazdansanuue
adneluTofidurietuiiuinvesiuednenled Ssaunidlelnanienaduadunisiiiunum
dovaanelusyezynevesnsuy (U7 14)
Mnuannaaesisduivguldiinszviunisdosaaieniadaninesiy

W’e]ﬁEJiW]‘LAI@EJﬂﬁ%H]ﬁ‘LAWiEJu INUiWﬂQG]?LGZIaaQGUVliEJU‘LJN')GUGQ‘UUIWSJ LL@UiWﬂQﬁ]WU’]UL“ﬂ@@

Y
a

aaumamqmuwwmmam fnszanelusmsman femmiandifuigaunidll
aunsanzuuiiuiaveslvudindld enawsednvasvesntatulassadiavosdulnud
dnuwazfisuaundenarafnuazdnialiiisanusanien uinlinnsneAnvesgdunis
Antuldenn vidoorninanlassadsednumedfnuiikiunssuaunisdansiesinied
panetumeu Feonadiarsiedfisudininaiyvesiunidandsey dewmgiidldusngd
\wadqdurisuniiuinvednumedeiiny

Mag | HFW | Film

Mic | HV | Mag
JSMSB00LV 20 KV|100 x|1.4 mm 0634

U 12 é’ﬂwmzﬁuﬁﬂv\mwaag%Lmuﬁmﬁmfmmqaiimwa (Yaanaaeu) Tuyaaiuau (12a-
120) wazyanagey (12d-12f) ndsuslusimsivar MSM 1Huan 30 $u igamgil 30 o
wadua mnmiiisou 150 sou/unil meldndesganssmituudesnian fAifidsuens 100X
1000X wag 5000X
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Mic HV | Mag | HFW |Film
| [JSM5800LY|20 kY5000 x 27.1 um|0618|

| [JSM5800LY|20 k(5000 x 27.1 um|0615|

JUN 13 dnuaizinuiiinesns (Jansn1989) lugaaiuau (13a-13c) uazyanagaay (13d-13f)
wasunlueImsimal MSM 1uian 30 Tu Neaumgd 30 esrneaidea AmusIseu 150
sau/uni MeldndedganssAuLuUdaINIIA NNNSIVEIE 2500X 5000X ag 10000X

e
o [ HV | Mag | HFW [Film | LT Mic | MV | Mag | HFW | Fam| Mic | HV | Mag | HFW |Film
JSMSB00LV|20 KVI2500 x|34 7 um 0825 | |JSM5800LV20 kV|5000 x|27 1 um 0626/ JSMSBO0LV |20 KV| 10000 x |13 4 wm 0627 |

M T HV | Mag | HPW |FAm | g Mic | HV | Mag - S T Mic | HV | Mag | HFPW |Fim
JSMBB00LV|20 KV12500 (54 7 ymi06Z3 —ibpm— | X os21] 120 1v110000 x113.4 pm 0620

JUN 14 Snwagiuiigdnenlen (Jane1989) Tuynaiuau (14a-14c) wagyanaaeu (14d-

a

14f) ndsudluemsiuas MSM 1 unan 30 Tu Neumall 30 esrmLwaldya ANMSIaY 150

9 U
(%

sou/it melindesganssminuudesnsia Afidsveny 2500X 5000X uag 10000X



30

6.  maAnunlshunmuauazanssuvasauledlaws

nsfauTinaldsiuueuasinssuveseulsflaalunsfnuni ifefnw
Usunaueulesllaiaindmoonuendiead (extracellular enzyme) 3nqaun3snguil 4
Afauenls lngoulullawalfiduiunueseuluingulslasieanfiunumlunszuauns
dopaanestInmuenedgTimu uazldlrmedgTmuinanaine1esssnnd (Tanmaaou)
naflennsuazensdnendlad (Yandnede) Wutaquilenioulsflawalunisveaesi ney
duresthidsagsadfivnaminieadaunisudanuudmsunedimesiaanuyin Taud
Tnlmedgiivu ailosns uazensdnenladmendnuusmeqdunidngud 4 a1 01 2 3
war 4 dUaritueimismal MSM  wWiguWiguiugnnIuauwuuiain diuimaaauinen
Tusfustsnundne s Bradford uazinenfanssuvesoulesdlawalneldansieduvasoulyd
lawa Ao wis-lulesiidauiduiiwen nausinginarfanssueulsdlaialuganaasully
wodgimuasnindrfanssuveseulullaialiuniigaiiduasid 2 Sadnld 0.018
gllo/dadnsulusiu  Wiguisuiufanssueuladlaaluyannasugeilesauazens
anenleddslfidutagsraddlunismaaesd nutgemaaouvesgeiiossindldunndiani
danwidi 1 8l 0.006 giln/Aaan3ulusiu wazyamaaouvessrsdnenledinailiuiniigad
&Uansidi 4 fien 0.115 giio/dadnfulusiu Tasaanssuevlsflawaluganaaeusioun
thuisudisuiuafanssueuludlawaluyamuauildin dndldnniiaaiduami 1 3
A1 0.0126 gilp/dadnsulusiuSeuieuiuyamuanddinssesiiaInisus 01 2 3 uas 4
danvi Tuemsivan MSM TnefiaviiuansuuuviansuanfarnfionssaneulesilaiUagean
Tuusiazgnn1snneaey

NNHaNMINAABITIUAITIAT e AW TEnguT 4 Tunuwlunisdesaans
Tnlunedgtmulasldioulusingulelngiaa Qunismaassidnuianisunumvoseules
lawa) wifinnsgesamenstanmlaglfioulesduiinasiiunn 1lesaindedidananignm
wazmaafivedlvmodTimuvind dvaenadosfunanisvaassnisfinulasiadisvesly
wodgImuiiuasunlasmendsainnisnaaeunisdesaateseauniongy 4 dwald
fumisiuszgdmululassairvedliuvindonas ielisuifisutugamuauliidin
(abiotic control) fauandluguil 8 dmsunisnwieulusflaaluyanaaeuiiliiandnads
wazqdunidnguil 4 wuitluyameasugeilosns fuunaneuledlawadesuiniiesain
wulwsindndfiununlunisdesaassssssumainnsinunoundhidsisauindy
1oulesl Latex clearing protien (Lcp) #3atoulesl Rubber oxygenase (RoxA) Faflununly
nsdusE AT cis-1,4 double bond elulasiainsesenssssumd drudAanssy
ulwflawaluganeaeugnsdwonlasnuifuultufiuuniy ieszerinarnisuuuiudy
Fronadululdasinaussiaildannszuiunisgosaansadnenled ity
fandlenhliAnnsmaneuleilana
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fnsdnunoulesingulelasaaiisatunszuiunisdesanewadgiimunoundnil
By nsdnwianssuveeulsiieamneiisalnaldide Bacillus subtilis wazld Impranil
DLN™ (Huundsnnfueunasunamdsnudmivgdund uasldarsdsiuveaeulssl fo
W131-lulnsiilaes@nn arrfanssuveueuledieainesisald 45 gia/dadnsulusiu
meluszezingn 3-0 fuwesn1sua (Rowe and Howard, 2002) nMsAnwuAgdunisdesaans
wodgSmulagldnadeSinuwmad (Impranil DLN) 1Juwnasaisueudmiuqdunsd lag
Anneiviinaeulsiioamesisadadueulsifstoddunszuiunsdesaaenedeiinu
wuioulsiioamefisauium 12 gls/dedansludnniiFessadiusmmandusadmends
nnadauNIsEeaaiaduan 28 Ju (Shah et al, 2008) wazn1sAnwieuleyilailanin
\o Candida rugosa WlefnwinisgosaanenedgIimunianisd (Impranil DLN' ) ndanns
gosaarenulaeiidulnaneadaduaisfinansiiinannisdosaats Impranil DLN'
(Guatam and Bassi, 2007) @nwilagldigudeanunis@nwineunin (Nakajima-Kambe,
1999) Fagudulaineuluilawaiiunumnsgesaaenedginu

dewieuifisusianssuveneuledlaannnsfinunifuafanssuieulesd
Lﬁ'Enﬂé’iaqﬁ’umiEJaaamawaég‘%mumﬂmiﬁﬂwﬁuﬂ wuifnssuveseuledlawaiinlé
MnduveInaIUTAINFTadnanUNT AU NedyTIuTuna1 012 3 way 4
dai fenfanssuveseuleiinsaialidesmnideiisuiisuiunsfnudu 1iedain
funvedlrunedymullauiiflivmzautonisinizinuenaunis vilfnszuaunisdes
annemsTanmilaglfievlesinngdunidifntuluuimatiosunn taevlulunszuiunisdes
annemsTannlunsdiinaunidanunsoldianiug Wuundwnfvounasundmdsanuldd
nalnnanginasdunalousniiAetulunszuaunisdesaaisnnsianim fleqdunieisa
nsrUIuMINERnuuiiuiivesTanudl adunidasuanddesieuluifiiunuivlunisdes
aangeoninaniy lunsdiindunideiaiug anmnsovdneuludsinndseanuoniead
(extracellular enzyme) LHumsiiinuszansanlunisdesaanslassaiiavesianlmiy
Twanafifvuadnuaresonisgadudidiueadlduniude uilunsdfigdunisll
anansaldfaniug Wuuvaensveunasunamdsnuld nsvuiunisdesaaenisiinmis
Antulsllsvdofniulitesun dwalduimaeulusifamanuludaifosadiviinmd
Woenuluse
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(a)

(b)

RN predwenlad  IuwedgTnu

Y

v
a A

JUN 15 Fugailesns erednenlen waglunedesinuluyaniuau (a) wasyanegaay (b)

NdUAIN 4 veen1UNIEaUNInguil 4 Tueimsinal MSM  Llequluansazane
Bradford \Juian 10 Wl

v
a a s

Funedweifltlunsnaasy 1éun IlunedeTinu s1sdnenled wazgeilennsd
dansidt 4 luyamuauuazyamaaey Wethunguluaisazats Bradford iuian 10 Wil
fruusndnaiuegdaay luyaveaeuvesniiesnauazsadnenladiiiwadedunidinig
ey MevasnYinunseiuansagane Bradford ﬂiﬂﬂgﬁ]uﬁuﬁﬁ 1hidu
durtiituiian nsusingddiiuduresansazats Bradford uansliifiudesunallsiu
savan lurmeilinunedgTnilifidnuu s dsundaadodfisufugaauau (Uil 15)
\neRnuuivesgaunisuuivesfaginduiunouusnvesnalnnissesaanemisdaniniag
9AuN3S uarqAunIdmantarUdesieulusifledosaneanssas vililassaiavesansieiy

Wasuldwazyinliiinanseinatsiudasusagd

7. mydavsunafiigaisusulasanlen
mMyinUinafneaiveulneenludiivanydesainnszuiunstesaaisniadinm
Tngldqaunidnguil d naaeusmiulnunedeiimuuas fandeds (nedlesnsuazensdwenlas)
Tuonsivad MSM 1Hunan & &Uansi figaungiivies (Uszanm 35 esmiwaldea) nuin
$0uazu8IN13808@a18N19TINM (%  biodegradation) 7i¥aldannistesaansly
wodg3wu Anluiosaz 6.79 Wisuiisuiuiosazveansgosaaien1adininuesian s
Ioiun quilesns wazensdwenled Anlufosar 16.42 uay 24.38 awandu (3U7 16)
NRanINeaediuAeTeildingdunidngud 4 fussavsamlunisdesaans
Sanindnane1ssssumAlavainvae La‘jaﬂmimmiEJEJaamsww%’smwmmﬁfa@é’wéaﬁu’q
aosviln envdnenludiidnvauslassaiilndifesiugnassund cis-1,4 wedlelonTuuasd
Tassastudoutioniian fi¥evazveanisdosaaenadanngsiign drutansisdednuie
fo geilensiiunszuaunisaailuedu uazdiiussladaludviminiidenlosnisly
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lasa¥he nuhilfesazvoinsdosaaamedanmildfidususiuans uazlismodgsimumy
Yovarnsgosaaon NI menTian oninndnvailassadromaaiivesiag i fufinves
an nMsnzAnvesgdunisuuiivesian mannfsvesasiadiiinainnszuiunisiaien
TluluiesufiRng Budu

30

24.38

£ 2
<
1
7z 20
= 16.42
fre]
@ 15
@
fre]
2 10
s 6.79
<
S .

0 T T 1

Tnuwadgsiny fedlagns grsdwanlyn

sUM 16 Fegarnisgesaaienidinmvadliunedyinu (Jagmadeu) geilognauazens

a

dwonlue (Jane1989) ndsunTmAugdun3dngud 4 luewismas MSM wuwian 28 Ju 7
gaunniivied (aaungil 30-35 e waigua)

]

2

dlewUFeusisufunisfinwives Rattanapan et al. (2016) Wenfudesazaeinisges
aanoyadinmvestiunedgSmuiinananewsssuna WisuidisuiulrunedyTinudings
NgsTINYIARauiunedasiusuanlauludnsidiudineg lagldnguadunidsssuva
(natural ~ consortium) #il#ainindeveslssriuenenisn vmdussesiaan 60 Fu d
gaumniivies (Useanas 30-35 ssniwadoa) (3U7 17) wuinesazvasnistesaanevnsdinm
vos  InlumedgSimuynuiafiszeziian 30 Ju T¥evazvosnisdesaarenistinimlaiifu
Yovay 10 (Rattanapan et al., 2016) ddiplndifesiuiudosazvesnistosaaieniadanim
Tagqduvidnguil ¢ Andusosar 6.78 wiiilelwumedgiinulunismaasves Rattanapan
et al. (2016) grusBuszezinaIuuduIuATUITEZIIA 60 Tureanistesaats Wyl
wodgTmuiinananessssuvATfesaryeinsesaaensTinmindian Andudesas
31.89 Tuvnigdlwunedgsinuiindnainenssssuvduaznednslsuanlaulusnidiu
(70:30) H¥euazveansdesamenisiinmgsiian Andudesas 45.6 laowSouiivuiiuian
TuyaAIuAL (negative  control) Ao WedlafduAlunuIMLUAT (Low  density
polyethylene: LDPE) U35n4)388a284n15808@a16M1930 e s508as 3.25 fiszuziian
NINAFDU 60 T
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60
Stepl Step IT Step 111
50 ~
PUF2 (45.6%)
d'-"ll"
= ] "_,-*'
2 10 PUF3(37.12%)
3 P o~ PUF4 (35.49%)
E ;"’f .-:=""_I:—“/— r
30 - s o PUF1(31.89%)
- 'JJ' “__r‘""
Eg ,"‘ rill 7 J!
= '_l' ' ."-.- 7
= 20 - / i
i" "' .'.-. .’
; o
P ’ A
1 ‘é";/
27 Py
L
ﬁ”""" - | o o = . LDPE(3.25%)
0
0 10 20 30 40 50 60 70 80
Time (day)

Ul 17 Jovazveanisgovaaonnaanmveslilunedy3vuiingnaine1ss55uA (PUF1)
gz’fqLi‘]uimmﬁmLamﬁ’uimmaéQ%quﬁiﬂumﬁﬁﬂmﬁ LU%EJULﬁﬁuﬁuiﬂywaég‘%muﬁwamm
gssTuEIALazwedaslustanlaulusnsduniee laun dnsiaiu 1:0.5 (PUF2) 9ns1diu
1:1 (PUF3) wagedns1diu 0.5:1 (PUF4) (Rattanapan et al., 2016)

8. msusendnualvasuuaiiFelaenisnssiiduiusvasiu 165 rRNA
nauqduvfidauenlfuazlilunsvaaeunistesaaenistinmueslriumedy3imy
LAy Tandede (QAuvIdngui 4) Usgnauseuuaiie 3 leluian 1éun Telatan P1 lelaian
P2 uazlelaian P5 ilelumarsuiandlelnsvesdudsudu 165 RNA fiflvuindszana
1,500  ewa logldlnsiues 27F uag 1492R drdduiliadlolnavedy 16S rRNA RIE
wiaglelwianuniFeuiisuivaduiandlelndnifanuadoadsiulugiudoya National
center for biotechnology information (NCBI) Inalalusunsy BLAST (blastn) dlefansan
suilnalelndvendeusazloluan wuiilelwan P1 dauadrendsiuide Gordonia
westfalica strain Kb2 (99% similarity) \deleleian P2 finnnuadieadiuide
Xanthomonas maliensis strain M97 (99% similarity) wazlelaian P5 dauaaiupdeiu
e Ochrobactrum intermedium strain FLA FFT 41.2 (99% similarity) Tnaaudunus
M imunnsvesgduvisnfnuenliianadagui 18
MnmsFnwdeunthilfinenuinfuitawaradidvondennlelaaniiluaundn
vonguaBunisiidauenldannsinui laoynleleaniimsfnuifeafunisdosaaistag
fdovaatvennludwindaunalssin anfegiudu G westfalica S51e91u3nduy
wepdlusfodniifiunumlunisgesaaisenssssuwld (Linos et al, 2002) Gordonia sp.



35

JAAST @nansagesdans chlorpyrifos Usuas 110 Sadnsu/ans melu 24 21us (Abraham
et al,, 2013) G. alkanivorans CC-JG39 mmaasjasamsﬁwﬁuamaié’ (Young et al., 2005)
wennifinsfnunistesaatsenssssunAlagld Xanthomonas sp. strain 35Y wield
usuuuuedunisluns@nwieule RoxA Fsilunumddlunsdesaaeenssssuealy
wuATiSeuNsuaU (Tsuchii and Takeda, 1990) wagilinsanwAeniu Ochrobactrum lupini
Aerfunsgesaarstituivluemsimaiuaziu (Eraky et al, 2015) Snnsfnwinisges
aaneilaiulaeldide O. intermedium DN2 wuthanansagosaaneilafuld 95.55% nelu
181 10 2l (Yuan et al., 2006)

100 — P2 (KX810929)

100 L Xanthomonas maliensis strain M97 (NR136457)
Pseudomonas aeroginosa strain AL98 (AJ249451)
99 Acinetobacter calcoaceticus strain NCCB 22016 (NR042387)

r P5 (KX810930)
100 | Ochrobactrum intermedium strain UFLA FFT41.2 (KM462855)
Micromonospora aurantiaca strain ATCC 27029 (NR74415)
| Nocardia asteroides strain NBRC 15531 (NR041856)

P1 (KX810928)

96
100 ' Gordonia westfalica strain Kb2 (NR025468)

100

L —
0.02

sUft 18 mdiaresiaruduiusmaiaumsvesBu 165 RNA veadelolsian P1 P2 uas
ps W3suifieuiudduiiandlelndueadedu sduinndlelndliaingiudoya NCB
WHUNWHERIAMLELTLSaE9TReRR neighbor-joining 91ATUSKASY MEGA Falauuansuui
(% bootstrap) 113MNN15AUIU 1,000 8



36

dyUnan1Inaasg

naudunsdnaunldlunisfnwinisgesaaslnunefesnuinanane19eI IR

[ Y 1

NARLENUIAINAIBERULATUNFBNAAKENIINLTIUEINI T LT Tnaswal Tnengy

a

)
dunIdndussaniamlunisdesaaeliunedysinu (Taanaaou) gellosnauazens

a

dwenlad (Yansn1de) Ao 9dunIdnguil 4 Usznouse 3 Lolwiaw 1éun Gordonia
westfalica maﬁuﬁ: P1 Xanthomonas maliensis maﬁuﬁ: P2 Wway Ochrobactrum
intermedium @ngWug P5 wagnsanuaSsilfinuindifa Ochrobactrum femuanansaly
nsgesaasessssumAduadiusn iWefinundosazvestminuisosnunedyTnud
melidlevusuivuadunidnaud Andufesas 5.32 vesiwiinuiaiudu uandodnuinis
Wasuudasweanyilsidunislulassadrsvasinlumedgiinu wuidunidnguilannse
yhanemyilendundnvesliunedyTinu Ao nyoamesaiveda (Fuminavadu 1700
wuflns ) anaseeadunald uenainiaunidnduinananinsndesaaisgediesnuas
gnadwonlesilfifuTansreddunsinunillaenszuiunininiziauuiives Tagléd uinga
Qauvsiliannsanmeinuuioedilmodgimuld enaiflesanlasiadiansnieninuas
Tnssadomaniiildvmngay vieflarnafiunsiinfidudinisiaiyuesgdunidandsoglu
el eAnwaAanssueulsflawaluiidsasadiivsmnduead (is/dadniu
Wi wuiafanssueulsilaadluyanaasulrunedyTinuiuTmammin wazile
naaouteulesfiisdodlunszuiunisdesaaenodgiimunsduad nuiqdunisisan
lolmanannsondneulesififeitosiunisdesaaonedysimuld msinwisosazvesnis
dovaanemstInwluemsias MSM vesensdwenlas > geflesns > InlunedgTnu o
Uusmfugdunidnauiidunat 28 Yu nuanismnasstamunasuliingdunisnauild
amnsngesaaeianfindnaineesssueAlivainuals uiiesazvesnisesaalsnig
TrmuazdszBvsnmuaamsdesaanstusgiulassadiamanesninuazlassadremaa
vosfaniiug lnssasemand wararnediflflunszurunmsndnlnunedysimuelinddutiade
dftyfidamalasnsisonszuiumsgosaaenistanmlunisvnassi



37

VDLAUDLUL

nsfnwifunisinesoidesanauitedeunthiluide “mawdouuasauta
voslilumedgsimuiiflonssssunidudimuszneu ensldausulevandaesi” Ty
w.d. @19530 Ay a1addnermansuavinalulagian angineiaians
uvivenduasaiuaiund TenUsvasdjatunsndnlnuwedeiinugnseineg ieldiduian
dnsutanusosionumanuaslufuiast fadunisfnvededFefatiuangludmyes
nstevaanensinmueslrlumedgmuingnanenesssned Tngiunsdnuenqdunsd
MnsTINTATEUsE AT mnniaalunisdesaanelvuniind uazihqAunidudanguiiie
yadounTIBesaaematanmluomaans siAfefimsinydaiiosnemiafedidiolnan
arwiiulainfanlnumedgiinusiaiazlinaradufnnddusssumiselulueuan fe
maUsuUssnuarnanmenmestuliluiieliaunidansainefauuiavesinldine
Junszuaumsddlunsdesaaenisiinin videoraiuasemsunesuadilutunon
nsudaelily Weatiuayunisiaiapiulnvesdunisuasdomioniteulsifiasdeduns
dovanenodinunaressTINTRlANLONEn0aNINNTY ieRTanAdDUNSEoEAA
TrmedgTmumiussviadoruasuuafide FueuleinnidonenatedfiuUssdnsam
nsgesamelrudadldity sufmsiauwedansdunduidelaseaiiuannssnde
nlelaaniidausnlfidungudeieatusaagoudosaansluiuisuisufugemnasudu
fisundulaedindesanitagloluan waenraevaisiinansiinduluuiasganaaey o
meudiiusvesunumiBousiazlolnanlunalnnisgesanelnamedeiinuuas mafnans
Fnasuaazuin uaz ﬂ%’i%ﬂﬁaumiLﬂUL%@UﬁﬁﬂﬁﬂJmLLGiﬁ‘”lEJI"ULﬁVlIUﬂd@HJEJWﬁUVI%Eﬂu
ﬂaiﬂmiaaaaaw’lﬂuwaaaamwxamu 819V1ALlALNITNAGOUWUY cross-check lagn133a
Heasuuamsiinauthessssuritunedgimumamnensiiduwmainsuauunydunis
wazpmasyendeusiarlelaan mumdﬁlmqmL%awauuaqumﬁmmuLLaw:uIamamﬂw
SovazpamstosanensTinmAnldiitu amugtumsvaaaunissesaaisnisdanmly
anzaisiwdunsidautandlelantaostt Fsfedldnauumnlunimegeuuas
ilfeglurouiinvesnmaaasunssil



38

UIIUIUNIA

¥
v v a 6 o

Fo Il LIudivd. 2526, Indwefemdyd. Auiased 1. nguvne : laifeualns

Abraham, J., Shanker A. and Silambarasan, S. 2013. Role of Gordonia sp JAAS1 in
biodegradation of chlorpyrifos and its hydrolyzing metabolite 3,5,6-trichloro-
2-pyridinol. Letters in Applied Microbiology. 57:510-516.

Akutsu, Y., Nakajima-Kambe, T., Nomura, N. and Nakahara, T. 1998. Purification and
properties of a polyester polyurethane-degrading enzyme from Comamonas
acidovorans TB-35. Applied and Environmental Microbiology. 64:62-67.

Bayer, O. 1947. Polyurethanes. Modern Plastics. 24: 149-152.

Bode, H. B., Kerkhoff, K. and Jendrossek, D. 2001. Bacterial degradation of natural and

synthetic rubber. Biomacromolecules. 2: 295-303.

Bornscheuer, U. T. 2002. Microbial carboxyl esterases: classification, properties and
application in biocatalysis. FEMS Microbiology Reviews. 26(1): 73-81.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of portien-dye binding. Analytical
Biochemistry. 72: 248-254.

Crabbe, J. R., Campbell, J. R., Thomson, L., Walz, S. L. and Schultz, W. W. 1994.
Biodegradation of a colloidal ester-based polyurethane by soil fungi.
International Biodeterioration & Biodegradation. 33: 103-113.

Eraky, M., Abou-Shanab, R. A. I, Salem, A. M. and Abdelgaffer, A. R. B. 2015.
Petroleum hydrocarbon degradation potential of Ochrobactrum lupini

isolated from BTEX enrichment soil. International Journal of Environmental.
4:204-209.

Evans, D. M. and Levisohn, I. 1968. Biodeterioration of polyester-based polyurethane.

International Biodeterioration Bulletin. 4: 89-92.

Fritz, H. G., Seidenstucker, T., Bolz, U., Juza, M., Schroeter, J. and Enders, H. J. 1994.
Study on production of thermoplastics and fibers based mainly on biological

materials. In: Strategic analysis in science and technology. Luxembourg., Vol.
392.



39

Gautam, R. and Bassi, A. S. 2007. Candida rugosa lipase-catalyzed polyurethane
degradation in aqueous medium. Biotechnology Letters. 29:1081-1086.

Griffin, G. J. L. 1980. Synthetic polymers and the living environment. Pure and Applied
Chemistry. 52: 389-407.

Guo, W., Tao, J., Yang, C., Song, C.,, Geng, W., Li, Q., Wang, Y., Kong, M. and Wang, S.
2012. Introduction of environmentally degradation parameters to evaluate
the biodegradability of biodegradable polymers. PLOS ONE. 7:1-6.

Hamzah, R., Bakar, M. A., Khairuddean, M., Mohammed, I. A. and Adnan, R. 2012. A
structural study of epoxidized natural rubber (ENR-50) and its cyclic

dithiocarbonate derivative using NMR spectroscopy techniques. Molecules.
17:10974-10993.

Helistd, P. and Korpela, T. 1998. Effects of detergents on activity of microbial lipases
as measured by the paranitrophenyl alkanoate esters method. Enzyme and
Microbial Technology. 23: 113-117.

Hole, L. G. 1972. Artificial leathers. Report on the Progress of Applied Chemistry. 57:
181-206.

Howard, G. T. 2012. Chapter 14 Polyurethane Biodegradation. In: Microbial
Degradation of Xenobiotics. ©Spring-Verlag Berlin Heidelberg. pp. 371-394.

Howard, G. T. and Blake, R. C. 1999. Growth of Pseudomonas fluorescens on a
polyester-polyurethane and the purification and characterization of a
polyurethanase-protease  enzyme. International  Biodeterioration &
Biodegradation.. 42: 213-220.

Howard, G. T., Norton, W. N. and Burks, T. 2012. Growth of Acinetobacter gerneri P7
on polyurethane and the purification and characterization of a
polyurethanase enzyme. Biodegradation. 23: 561-573.

Howard, G. T., Ruiz, C. and Hilliard, N. P. 1999. Growth of Pseudomonas chlororaphis
on a polyester-polyurethane and the purification and characterization of a
polyurethanase-esterase  enzyme. International  Biodeterioration &
Biodegradation. 43: 7-12.



40

Huei Peng, Y. Shih, Y. H., Lai, Y. C, Liu, Y. Z, Liu, Y. T. and Lin, N. C. 2014.
Degradation of polyurethane by bacterium isolated from soil and
assessment of polyurethanolytic activity of a Pseudomonas putida strain.

Environmental Science and Pollution Research. 21: 9529-9537.

Jayasekara, R., Harding, I., Bowater, I. and Lonergan, G. 2005. Biodegradability of a
selected range of polymers and polymer blends and standard methods for
assessment of biodegradation. Journal of Polymers and the Environment. 13:
231-251.

Jendrossek, D., Tomasi, G. and Kroppenstedt, R. M. 1997. Bacterial degradation of
natural rubber: a privilege of actinomycetes?. FEMS Microbiology Letters.
150: 179-188.

Kanavel, G. A., Koons P. A. and Lauer R. E. 1966. Fungus resistance of millable
urethanes. Rubber World. 154: 80-86.

Kaplan, A. M., Darby, R. T., Greenberger, M. and Rodgers, M. R. 1968. Microbial
deterioration of polyurethane systems. Developments in Industrial
Microbiology. 82: 362-371.

Kay, M. J., McCabe, R. W. and Morton, L. H. G. 1993. Chemical and physical changes
occurring in polyester polyurethane during biodegradation. International
Biodeterioration & Biodegradation. 31: 209-225.

Kay, M. J., Morton, L. H. G. and Prince, E. L. 1991. Bacterial degradation of polyester
polyurethane. International Biodeterioration. Bulletin. 27: 205-222.

Kirikou, J. and Briassoulis, D. 2007. Biodegradation of agricultural plastic films: a critical

review. Journal of Polymers and the Environment. 15: 125-150.

Kulkarni, N. and Gadre, R. V. 2002. Production and properties of alkaline, thermophilic
lipase from Pseudomonas fluorescens NS2W. Journal of Industrial
Microbiology & Biotechnology. 28: 344-348.

Leja, K. and Lewandowicz, G. 2010. Polymer biodegradation and biodegradable

polymers — a review. Polish Journal of Environmental Studies. 19: 255-266.



a1

Linos, A., Berakaa, M. M., Steinbtichel, A., Kim, K. K., Spréer, C. and Kroppenstedt, R.
M. 2002. Gordonia westfalica sp. nov.,, a novel rubber-degrading
actinomycete. International Journal of Systematic and Evolutionary
Microbiology. 52:1133-1139.

Linos, A., Berekaa, M. M., Reichelt, R., Keller, U, Schmitt, J., Flemming, H. C,
Kroppenstedt, R. M. and Steinblchel, A. 2000. Biodegradation of cis-1,4-
Polyisoprene rubbers by distinct actinomycetes: microbial strategies and
detailed surface analysis. Applied and Environmental Microbiology. 66:1639—
1645.

Lopes, D. B., Fraga, L. P., Fleuri, L. F. and Macedo, G. A. 2011. Lipase and esterase - to
what extent can this classification be applied accurately?. Ciéncia e
Technologia de Alimentos. 31(3): 608-613.

Mathur, G. and Prasad, R. 2012. Degradation of polyurethane by Aspersillus flavas
(ITCC 6051) isolated from soil. Applied Biochemistry and Biotechnology. 167:
1595-1602.

Muller, R. J. 2003. Biodegradability of Polymers: Regulations and Methods for Testing,
in Biopolymers Online, Wiley-VCH Verlag GmbH & Co. KGaA.

Nakajima-Kambe, T. Shigeno-Akutsu, Y., Nomura, N., Onuma, F. and Nakahara, T. 1995.
Isolation and characterization of a bacterium which utilizes polyester
polyurethane as a sole carbon and nitrogen source. FEMS Microbiology
Letters. 129: 39-42.

Nakajima-Kambe, T., Onuma, F., Akutsu, Y. and Nakahara, T. 1997. Determination of
the polyester polyurethane breakdown products and distribution of the
polyurethane degrading enzyme of Comamonas acidovoran strain TB-35.

Journal of Fermentation and Bioengineering. 83:456-460.

Nakajima-Kambe, T., Shigeno-Akutsu, Y., Nomura, N., Onuma, F. and Nakahara, T.
1999. Microbial degradation of polyurethane, polyester polyurethanes and
polyether polyurethanes. Applied Microbiology and Biotechnology. 51: 134-
140.



42

Nishida, H. and Tokiwa, Y. 1993. Distribution of poly(beta-hydroxy-butyrate) and
poly(carprolactone) aerobic degrading microorganisms in different

environments. Journal of Environmental Polymer Degradation. 1: 227-231.

Pan, L., Gu, J. G, Yin, B. and Cheng, S. P. 2009. Contribution to deterioration of
polymeric ~ materials by a slow-growing  bacterium  Nocardia

corynebacterioides. International Biodeterioration Biodegradation. 24-29.

Pathirana, R. A. and Seal, K. J. 1983. Gliocladium roseum (Bainier) a potential
biodeteriogen of polyester polyurethane elastomers. International
Biodeterioration. 5: 679-689.

Phinyocheep, P., Phetphaisit, C. W., Derouet, D., Campistron, I. and Brosse, J. C. 2004.
Chemical degradation of epoxidized natural rubber using periodic acid:
preparation of epoxidized liquid natural rubber. Journal of Applied Polymer
Science. 95: 6-15.

Rattanapan, S. Pasetto, P., Pilard, J. F. and Tanrattanakul, V. 2016. Preparation and
properties of bio-based polyurethane foams from natural rubber and

polycaprolactone diol. Journal of Polymer Research. 23: 1-12.

Rose, K. and Steinblchel, A. 2005. Biodegradation of natural rubber and related
compounds: recent insights into a hardly understood catabolic capability of

microorganisms. Applied and Environmental Microbiology. 71: 2803-2812.

Rowe, L. and Howard, G. T. 2002. Growth of Bacillus subtilis on polyurethane and the
purification and characterization of a polyurethanase-lipase enzyme.

International Biodeterioration & Biodegradation. 50: 33-40.

Roy, R. V., Das, M., Banerjee, R. and Bhowmick, A. K. 2006. Comparative studies on
crosslinked and  uncrosslinked  natural  rubber biodegradation by

Pseudomonas sp. Bioresource Technology. 97:2485-2488.

Russell, R. J., Huang, J., Anand, P., Kucera, K, Sandoval, G. A.,, Dantzler, W. K,
Hickman, D., Jee, J., Kimovec, M. F., Koppstein, D., Marks, H. D., Mittermiller,
A. P., Nunez, J. S., Santiago, M., Townes, A. M., Vishnevetsky, M., Williams, E.
N., Vareas, N. P. M., Boulanger, A. L., Slack, B. C. and Strobel, A. S. 2011.
Biodegradation of polyester polyurethane by endophytic fungi. Applied and
Environmental Microbiology. 77(17): 6076-6084.



43

Santerre, J. P, Labow, R. S. Duguat, D. G, Erfle, D. and Adams, G. A. 1994.
Biodegradation evaluation of polyether and polyester-urethanes with
oxidative and hydrolytic enzymes. Journal of Biomedical Materials Research.
28: 1187-1199.

Schnabel, W. 1981. Principles and potential applications. In: Polymer degradation.
Macmillan Publishing Co. Inc, New York. Pp 179-215.

Shah, A. A, Hasan, F., Akhter, I. J., Hameed, A. and Ahmed, S. 2008. Degradation of
polyurethane by novel bacterial consortium isolated from soil. Annals of
Microbiology. 58(3): 381-386.

Shah, A. A., Hasan, F., Shah, Z., Mutiullah and Hameed, A., 2012. Degradation of
polyisoprene rubber by newly isolated Bacillus sp. AF-666 from soil. Applied
Biochemistry and Microbiology. 48: 45-50.

Shah, Z., Krumholz, L., Aktas, F. D., Hasan, F., Khattak, M. and Shah, A. A. 2013.
Degradation of polyester polyurethane by a newly isolated soil bacterium,
Bacillus subtilis strain MZA-75. Biodegradation. 24: 865-877.

Shimao, M. 2001. Biodegradation of plastics. Curr. Opin. Biotechnol. 12: 242-247.
Structure-biodegradability relationships of polymeric materials. Journal of

Environmental Polymer Degradation. 1: 1-20.

Trevino, L. A, Garcia, G., Tellez, V. A, Herrera, R. R. and Aguilar, N. C. 2011.
Polyurethane foam as substrate for fungal strains. Advances in Bioscience
and Biotechnology. 2: 52-58.

Tsuchii, A. and Takeda, K. 1990. Rubber-degrading enzyme from a bacterial culture.
Applied and Environmental Microbiology. 56:.269-274.

Tsuchii, A., Suzuki, T. and Takeda, K. 1985. Microbial degradation of natural rubber
vulcanizates. Applied and Environmental Microbiology. 50: 965-970.

Warneke, S., Arenskotter, M., Tenberge, K. B. and Steinbuchel, A. 2007. Bacterial
degradation of poly(trans-1,4-isoprene)(gutta percha). Microbiology. 153:
347-356.



aq

Winkler, U. K. and Stuckmann, M. 1979. Glycogen, hyaluronate, and some other
polysaccharides greatly enhance the formation of exolipase by Serratia

marcescens. Journal of Bacteriology. 138: 663-670.

Young, C. C, Lin, T. C,, Yeh, M. S., Shen, F. T. and Chang, J. S. 2005. Identification and
kinetic characteristics of an indigenous diesel-degrading Gordonia
alkanivorans strain. World Journal of Microbiology Biotechnology. 21: 1409-
1414,

Yuan, Y. J, Lu, Z. X,, Huang, L. J., Bie, X. M., LU, F. X. and Li, Y. 2006. Optimization of a
medium for enhancing nicotine biodegradation by Ochrobactrum
intermedium DN2. Journal of Applied Microbiology. 101: 691-697.

Zafar, U., Houlden, A. and Robson, G. D. 2013. Fungal communities associated with
the biodegradation of polyester polyurethane buried under compost at
different temperatures. Applied and Environmental Microbiology. 79: 7313-
7324.



AARNUIN

45



Hosted by:

SEPTEMBER 23-38

IBSC 2614

The International Bioscience Conference
PHUKET THRILAND

Bio-Active Co., Ltd.
usun lulonaaril 9ina

& *
The International
Bioscience Conference and
the 5 Joint International
PSU-UNS Bioscience

Conference 2014

#
29-30 September 2014
PHUKET GRACELAND RESORT & SPA, Phuket, Thailand




The investigation of biodegradation of polyurethane made from polylactic acid
and natural rubber

4

Vilasinee Akkharabunditsakul], Kamontam Umsakul>"

'Department of Microbiology, Faculty of Science, Prince of Songkla University,
Hat-Yai district, Songkhla province, 90112.
’Department of Microbiology, Faculty of Science, Prince of Songkla University,
Hat-Yai district, Songkhla province, 90112.

*Corresponding author: vilasinee.akk@gmail.com

Abstract

Biodegradation is one of the effective methods that can reduce many kinds of
pollutions in the environments. Soils are the plentiful microorganisms source.
Especially, the rubber contaminated soils were collected and screened to isolate
bacteria which can degrade the polyurethane (PUR) film that made from polylactic
acid (PLA) and natural rubber (NR). NR-degrading bacteria were isolated on Minimal
Salts Medium (MSM) supplemented latex plates and rubber gloves degradation in
MSM broth. The best isolates of rubber glove degradation are NR1 and NR2 because
each isolate can decrease weight loss of gloves highly about 10% after incubation in
MSM broth for 30 days. Whereas, PLA-degrading bacteria were screened on PLA-
emulsified agar by clear zone method. Two inoculums were investigated the PUR
biodegradation in liquid medium at 30°C. The mixed culture is the NR-degrading
bacteria and PLA-degrading bacterium were used as inoculum. The other one is
natural consortium from soil. The results showed the colonies on the films incubated
with both of inoculums and pH value of mixed culture and consortia had changed
from initial pH (pH 7.0) into 6.38 and 5.47, respectively after 50 days of incubation.
While the weight loss decreased slightly. These results suggest that the PUR film can
be attached by microorganisms on the surface. This is the initial mechanism of
synthetic polymer biodegradation.

Keywords: polyurethane, biodegradation, natural rubber, polylactic acid,
microorganisms
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Biodegradation of Synthetic Rubbers by a
Mixed Culture Isolated from Various Rubber
Factory Soils in Songkhla, Thailand

Vilasinee Akkharabunditsakul, Varaporn Tanrattanakul, Kamontam Umsakul

Abstract—Mixed cultures of rubber degrading bacteria were
isolated from soils of rubber factories in Songkhla province,
Thailand. Mixed culture B could utilize latex as the sole carbon
source on agar plate and over 30 days, a maximum of 7.38 % and
7.78 % weight loss was obtained respectively utilizing rubber gloves
and polyurethane foam made from natural rubber. The FT-IR results
confirmed the reduction that associated with double bonds in cis-1,4-
polyisoprene, CH, and CHj3 in aliphatic compounds. The formation of
aldehyde groups increased as an intermediate during rubber
biodegradation. Moreover, the urethane bond in polyurethane foam
also was broken down by microbial enzymes. The Mixed culture B
was then identified to Gram positive bacterium (B1) and Gram
negative bacteria (B2 and B3). All the results in this study have been
promising an alternative choice to eliminate the solid waste of rubber
synthetic materials.

Keywords—Biodegradation, synthetic rubber, mixed culture.

. INTRODUCTION

Natural rubber in latex form is a biopolymer consisting of
isoprene units in cis-configuration. The cis-polyisoprene has
been found in over 2,000 species of higher plants and fungi
[1]. “Hevea brasilliensis” is a typical example of natural
rubber producing plants which produce cis-1,4-polyisoprene.
Rubber has high elasticity then it was used globally as a raw
material for many rubber products such as belts, gaskets,
matting, flooring, gloves, rubber bands, erasers, tires, etc [2].
The total rubber world consumption is estimated to be 26.8
million metric tons including 12.3 tons of natural rubber
products and 14.5 million tons of synthetic rubber in 2015.
All rubber products have become a huge problem with solid
wastes accumulating in the environment causing severe
pollution because of improper recycling management.
Biodegradation of polymeric materials has been studied and
this is proven to be eco-friendly because of its non-toxic end
products such as CO,, H,0 [3].
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There are many reports of rubber degradation by various
microorganisms e.g. bacteria, fungi and actinomycetes. The
carbon atoms in cis-1,4-polyisoprene backbone can be utilized
as the sole carbon and energy source for these microorganisms
[4], [5].

In the environment, many kinds of microorganisms are
associated in the form of consortia. Previous studies have
shown that the microbial consortia are able to degrade the
polymeric compounds and utilize different intermediates
during each step of the degradation process [6], [7]. However,
all strains of microorganisms in consortia cannot be cultured
on medium. This is a limitation of using consortia as an
inoculum for biodegrading solid waste disposals.

Thus, this study aims to isolate a culturable mixed culture to
use as an effective inoculum to degrade the rubber materials
including rubber gloves and polyurethane foam made from
natural rubber.

Il. MATERIALS AND METHODS

A. Materials

Soil samples were collected from rubber factories in
Songkhla, Thailand. Rubber gloves were purchased from Sri
Trang Agro-Industry Public Company Limited, Songkhla,
Thailand and polyurethane foam (PU foam) obtained from
Department of Materials Science and Technology, Prince of
Songkla University, Hatyai, Thailand. Luria-Bertani agar (LB
agar), Plate count agar (PCA) was purchased from Sigma-
Aldrich. Mineral salts medium (MSM) containing as followed:
Na,HPO, 9 g/L, KH,PO, 1.5 g/L, NH,NO; 1 g/L, MgSO.,.
7H,O 0.2 g/L, CaCl,.2H,O 0.02 g/L, Fe(llI)[NH4] citrate
0.0012 g/L supplemented with natural rubber latex 0.6% (v/v)

[8].
B. Screening of Rubber Degrading Bacteria

Twenty five grams of soil sample were incubated in 225 mL
of MSM broth supplemented with 0.6% (v/v) natural rubber
latex (NRL) at 30 °C, 150 rpm for 30 days. 25 mL of culture
broth was then transferred to a new sterile flask containing
fresh MSM+NRL, and after shaking incubated for 15 days in
the same conditions as described before. After 15 days, the
culture was enriched again. Culture broth was then diluted in
0.85% NaCl solution and spread on PCA and MSM+NRL
plates according to standard method [9]. Different colonies on
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MSM+NRL plates were picked and re-streaked for single
colonies, and 3 different colonies were grouped randomly as
mixed cultures.

C.Biodegradation of Rubber Materials by Mixed Cultures

Each mixed culture containing equal amounts of each
isolate was used as an inoculum (10% v/v) in a shake flask
containing MSM and 0.1% (w/v) polymer samples (rubber
glove, PU foam). All tested flasks were incubated at 30 °C,
150 rpm for 30 days.

D.Weight Loss of Polymer Materials

After 30 days of incubation, polymer samples were filtrated
by Whatman No.1 filter paper. The dry weight of polymers
was determined and the percentage weight loss was calculated
according to the following equation.

original weight (g) - remaining weight (g)
original weight (g)

% weight loss = %100

E. Viable Cells Count

The culture media after incubation with the different
polymers were diluted and spread on PCA plates. Numbers of
colonies were counted and were recorded as CFU/mL.

F. Determination of Rubber Degradation by FT-IR Analysis

The pieces of rubber glove and PU foam in treated and
untreated shake flasks after 30 days of incubation with the
mixed culture were taken for FT-IR analysis. The sample
pieces were washed with distilled water 2-3 times and dried
before analysis. The transmittance spectra were detected in the
IR range from 4000 to 400 nm by ATR-FTIR spectrometer,
Bruker Tensor 27.

I1l. RESULTS AND DISCUSSION

A. Screening of Rubber Degrading Bacteria and Mixed
Cultures

The soil samples provided 9 isolates of rubber degrading
bacteria on MSM+NRL plates. Three different isolates were
picked and grouped to use as the mixed cultures A, B and C.
The visual observation of polymers in untreated and those
treated with those mixed cultures is presented in Fig. 1. For
the rubber glove pieces the color surface changes in the treated
samples were clearly observed due to microbial pigment
production see Fig. 1 (a-c) whereas, PU foam’s surface
showed only slightly changes see Fig. 1 (e-g) when compared
with control pieces Fig. 1 (d and h). The physical changes, for
example, color and shape could be explained in term of
microbial colonization and degradation. The steps of
biodegradation of any polymer usually start with the microbial
attachment on the surface. Then, the microorganisms release
some involved degrading enzymes and the long polymer
chains can be degraded into shorter chains, dimers and
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monomers. After that, those intermediates are then absorbed
into cells and are utilized as carbon and energy sources. The
end products from mineralization are CO,, H,O and CH,4[3].

B. Weight Loss of Polymer Measurement

The results of weight loss after incubation with the mixed
cultures for 30 days are shown in TABLE I. The Mixed
culture B could effectively reduce the weight of both rubber
glove and PU foam revealing about 7.38% and 7.78% weight
loss, respectively, whereas the Mixed culture A could degrade
only rubber glove. Rubber glove treated with the Mixed
culture A showed about 17.06 % of weight loss. This culture
gave the highest percentage of rubber glove weight loss. In
contrast, the Mixed cultures B and C could degrade both of the
rubber substrates. In this study, we aim to isolate a group of
mixed culture which is able to degrade various types of rubber
materials, therefore the Mixed culture B was considered as the
most appropriate representative for using in the next
experiments. The basic Gram staining indicated that the Mixed
culture B contained a Gram positive rod, non-spore forming
(isolate B1), a Gram negative rod (isolate B2), and a Gram
negative short rod (isolate B3).

TABLE |
THE PERCENTAGES OF WEIGHT LOSS OF RUBBER GLOVE AND PU FOAM AFTER
TREATED WITH THREE MIXED CULTURES AT 30 °C, 150 RPM FOR 30 DAYS

Mixed | 9% Weight loss of polymer
culture
Rubber glove PU foam
A 17.06 0.00
B 7.38 7.78
C 8.29 2.02

C. Viable Cells Count

The viable cells count is presented in TABLE Il. The
initial microbial population was 1.5 X 10’ CFU/mL. After 30
days of incubation, the numbers of viable cells of each isolate
decreased significantly. These results could be explained in
that bacteria were able to attach on the material’s surface, so
that the available cells in culture broth then decreased.
Because for a long period of incubation in a closed system
some intermediates during biodegradation were released into
the culture broth, this may have caused undesirable conditions
for bacterial growth. The cell viability is also dependent on the
ability of each isolate to utilize specific materials as a carbon
and energy source as seen in all tested PU foam flasks thus the
survival of cells was very low. Reference [10] explains about
additives addition, chemical structure and how the material
surface are all important factors to reducing the effects of
biodegradation.

D. Determination of Structural Changes Using FT-IR
Analysis

FT-IR analysis was used to determine the change of
functional groups of polymer structures. The new formation
peaks or disappeared peaks were detected. These changes in
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Fig. 1 Visual abservation of rubber glove (a-d) and PU foam (e-h) treated with the Mixed culture A (a, e), the Mixed culture B (b, f),

the

Mixed culture C (c, g) and abiotic control (d, h) at 30 °C, 150 rpm for 30 days of incubation.

structure are a useful method to confirm the biodegradability
of materials. The results of FT-IR spectra showed the changes
of rubber glove structure after being incubated with the Mixed
culture B in Fig. 2. The wavenumber in the range of 1660
cm™ indicated the stronger formation of aldehyde groups in
treated sample than in the control [11]. This range also
overlapped the wavenumbers at 1652 and 1543 cm™ which
were identified as the protein regions with amide | and Il
according to microbial cell components on material’s surface
because of microbial attachment [12]. Moreover, the new
unidentified peak in the range of 1000-1050 cm™ was found
after treated with the Mixed culture B. A broadening signal of
the range at 1300-1500 cm™ of treated sample was lower than
that of the control which was identified as 6(CHy) deformation
vibrations and the decrease of CH, and CH; in aliphatic
compounds considerably [13]. In addition, a peak at 835 cm™
referring to double bonds in cis-1,4-polyisoprene has slightly
changed. The mechanism involved in the rubber
biodegradation may be the oxidative cleavage, which is
indicated as the reduction of double bond character and the
presence of aldehyde groups and the formation of acids as
intermediates [14]. In Gram positive and Gram negative
bacteria, they are able to utilize different key enzymes of
oxygenases in rubber degradation but can also release similar
intermediates during biodegradation containing aldehyde and
keto groups [13].

In addition, the degradation of the treated and untreated PU
foams was analyzed by FT-IR. In the treated sample, IR
spectra mostly overlapped with the IR spectra of control, but
at the wavenumber of urethane bond (R-COONH-R’), there
was a sight decreased at the wavenumbers 1720 and 1660 cm™
referring to ester carbonyl group (C=0) and urethane (NH) in
Fig. 3 [15]. The urethane bond in polyurethane foam may be
broken down due to the microbial enzymes, whereas the
selected microorganisms could not degrade the rubber
structure which is used as a raw material in PU foam
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production. Several previous studies have been reported that
the polyurethanases which are a group of hydrolases playing
an important role in cleaving the ester or peptide bonds in PU
structure [13] but the PU foam may have some limitations
about its chemical structure and surface characteristic which
may affect the capacity of microorganisms to biodegrade.

TABLE Il
NUMBERS OF VIABLE CELLS COUNT OF EACH MIXED CULTURE (CFU/ML)
AFTER 30 DAYS OF INCUBATION WITH RUBBER GLOVE AND PU FOAM
AT 30 °C, 150 RPM

Mixed Viable cells (CFU/mL)
| Isolates
culture Rubber Glove PU foam
Al 2.6 x 10° 2.8 x 10*
A A2 1.5x 10° 8.0x10*
A3 1.0 x 10 1.0 x 10
B1 17x10° 1.0x10°
B B2 2.8x107 9.0 x 10*
B3 2.5x10° 1.5x10°
c1 1.0x10° 1.1x10%
c c2 6.0 x 10° 25x10°
c3 1.6 x 102 1.0 x 102
IV. CONCLUSIONS

The objective of this study was to isolate a culturable mixed
culture from soils in rubber factories in Songkhla province,
Thailand capable of degrading two different kinds of synthetic
rubber materials namely rubber gloves and PU foam. Nine
selected isolates were grouped as the three mixed cultures and
then tested for rubber biodegradability in liquid medium for 30
days. Weight loss was measured to identify the mixed culture
which had the capacity to maximize the weight loss of both
rubber materials. The Mixed culture B containing isolate B1
(Gram positive rod non-spore forming), B2 (Gram negative
rod) and B3 (Gram negative short rod) gave between 7 and 8%
weight loss for both the rubber gloves and the PU foam.
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Fig. 2 FT-IR spectra of untreated and treated rubber gloves with the Mixed culture B at 30 °C, 150 rpm for 30 days
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Fig. 3. FT-IR spectra of untreated and treated PU foam with the Mixed culture B at 30 °C, 150 rpm for 30 days

FT-IR analysis confirmed that the Mixed culture B was able to
degrade both the rubber gloves and the PU foam in 30 days of
incubation. These mixed cultures should be studied further for
their ability to be utilized with the other rubber waste
products.
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Abstract

Background: A new polyurethane foam made from natural rubber has been
formulated to use in agricultural fields however, its biodegradable properties should
be considered and further investigated before releasing this product. This study
focused on the isolation of a polyurethane foam-degrading mixed culture from
various soil and wastewater samples that has the ability to degrade this new
polyurethane in broth within 30 days.

Results: An effective mixed culture including 3 isolates was able to degrade
polyurethane foam. Gordonia westfalica strain P1, Xanthomonas maliensis strain P2
and Ochrobactrum intermedium strain P5 were identified based on a 16S rRNA gene
analysis. This mixed culture used polyurethane foam as a carbon source and gave
5.32% dried weight loss of the polyurethane foam, 18.29% of the rubber glove and
1.54% of the epoxidized natural rubber within 30 days. A FT-IR analysis revealed
that the urethane bonds in the polyurethane structure were broken down. No
microbial cells on the polyurethane’s surface were found, while the surfaces of the
reference rubber materials (rubber glove and epoxidized natural rubber) were
abundantly covered by microbial cells. The highest lipase activity of 0.018 Units/mg
protein in a cell-free supernatant was obtained from the polyurethane foam
degradation test at week 2. The biodegradation rates of the polyurethane foam, the
rubber glove and the epoxidized natural rubber revealed 6.79%, 16.42% and
24.38%, respectively.

Conclusions: The biodegradation of polyurethane foam was confirmed, but at a
slow rate after 30 days of treatment with the mixed culture containing Gordonia
westfalica strain P1, Xanthomonas maliensis strain P2 and Ochrobactrum
intermedium strain P5. A gram negative bacterium, Ochrobactrum sp. was first
reported in this study as playing an important role in rubber biodegradation.

Keywords: Mixed culture, Gordonia sp., Xanthomonas sp., Ochrobactrum sp.,
rubber glove, natural rubber, polyurethane

1. Introduction

Many commercial products used in our daily life are made from polymers,
mainly synthetic polymers derived from petroleum or chemically synthesized
materials that are extremely stable and almost impossible to naturally degrade
completely within the environment. Important application usages are found in almost
every sector, such as house wares, industrial fields, agricultural fields and medical
fields. However, after their use-by date policy, in many cases, are discarded and
then compiled to huge mountains of accumulating solid waste. About 140 million
tons of synthetic polymers become solid waste each year [1]. This waste material
becomes dispersed in the environment where they directly and indirectly affect the
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ecology of human, animals and living organisms. The main management methods
for the disposal of solid wastes involve landfills, combustion, and recycling; however,
these methods have serious limitations and most importantly, do not completely
remove them. Therefore, over the last two decades extensive attempts are being
made to develop new polymers with similar properties to their synthetic counterparts
but are completely biodegradable. Hence, biodegradation has become a key
motivational word especially for developing alternative methods for an eco-friendly
management of polymer waste. Efforts to find alternatives for non-biodegradable
synthetic polymers have become a number one target for many research groups
trying to solve the problem of accumulating these non-biodegradable polymers to
improve the earth's environment

Polyurethane (PU) is a member of synthetic polyesters that are used as a
base material in many applications [2]. The global consumption of PU foams
amounts to only a small percentage of plastic production. In addition, these products
are designed to have extensive lifetimes. On the other hand, responsibility for their
disposal must be considered therefore, mechanisms for biodegradation of these
materials should be investigated. Improvements to the functional commercial
properties of these materials should also include side by side attempts to improve
their biodegradability. Nowadays, several studies are being focused on using
biodegradable polymers as a suitable alternative to synthetic non-degradable
polymers.

Para rubber tree (Hevea brasiliensis) is a natural rubber producing plant that
has become a major economic crop in Southern Thailand. There is much incentive to
add value to natural rubber latex (NRL) in Thailand, and a new PU-like foam made
from natural rubber is one such product. A team of researchers from the Department
of Materials Science and Technology, Faculty of Science, Prince of Songkla
University, Thailand has attempted to develop a biodegradable PU-like foam made
from NRL. Because the NRL is the raw material used in its production, it is possible
that being natural in theory, it would be fully expected to be a biodegradable product
and could replace some of the polyurethanes deriving from non-biodegradable
materials in the future. Poly (cis-1,4-isoprene) chains will be used as a main raw
material in the PU-like foam production in this study. The terminal chains of the
poly(cis-1,4-isoprene) were modified as polyols, then they were reacted with
polyisocyanate to synthesize the PU-like foam that form ester linkages inside the
PU-like structure (Fig. 1). Ester linkages are relatively easily hydrolyzed [1] as
hydrolytic enzymes, such as esterases, lipases, proteases and ureases, are
ubiquitous in living microorganisms. These enzymes can break down ester linkages;
consequently, intermediates can be produced and released into the culture broth [4].
The PU-like chains are composed of carbon, nitrogen, oxygen and hydrogen atoms.
So, the PU-like foam degrading microorganism can utilize carbon and nitrogen
atoms as the sole of carbon and nitrogen sources after uptake by cells, respectively
[3]. Therefore, the biodegradation of PU goods depends on the chemical structures
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and additives which may be harmful to microbial cells. There have been many
reports about the biodegradation of polyester polyurethanes. Both bacteria and fungi
are the key microorganisms, such as Comamonas acidovorans [5], Corynebacterium
sp., Enterobacter agglomerans, Serratia rubidaea, Pseudomonas aeruginosa [6]. In
addition, some fungi such as Aspergillus niger, A. flavus, A. vesicolor,
Aureobasidium pullulans [7], Alternaria solani [8] also have that ability.

2. Materials and methods
2.1 Polymer samples

Polyurethane foam (PU foam) and epoxidized natural rubber (ENR) were
made from natural rubber obtained from the Department of Materials Science and
Technology, Faculty of Science, Prince of Songkla University, Thailand. Natural
rubber glove was a product of SriTrangTM Gloves.

2.2 Soil samples

Twelve rubber contaminated soil samples were collected from 5 rubber
factory properties in Songkhla province, Thailand.

2.3 Preparation and screening for PU-degrading natural soil consortia

First, PU foam was cut into cubic shape sizes of 0.5 cm?®, and washed by
distilled water and dried overnight. Second, a Minimal Salts Medium (MSM) which
consisted of (g/L): NazHPO,4 (9), KH,PO, (1.5), NH4sNO3 (1), MgS0O,.7H,0O (0.2),
CaCl,.2H,0 (0.02), Fe(ll)[NH,4] citrate (0.0012) [9] supplemented with 0.6% (v/v)
NRL was prepared. One gram of the dried PU foam was added before autoclaving.
Third, the sample was added (10% wi/v) and shaking incubated at 30 °C, 150 rpm for
30 days. Then, 10% (v/v) of the culture broth was transferred to a fresh MSM without
a latex supplementation. One gram of the PU foam was added as a carbon substrate
for selection and enrichment of PU-degrading microorganisms. All flasks were
incubated at 30 °C, 150 rpm for 15 days. This step was repeated for another 15
days. Finally, the culture broth defined as soil consortia broth was collected, and kept
at -80 °C in 20% (v/v) glycerol.

2.4 The primary screening of PU-degrading consortium from soll

10% (v/v) of the consortia broth was inoculated into a MSM which was added
with 1 g of PU foam. The broth cultures at 0, 2 and 4 weeks were spread on different
media to briefly separate the groups of microorganisms. This media included Plate
count agar (PCA), Potato dextrose agar (PDA), Actinomycetes agar (ACT) and MSM
supplemented with 0.6% (v/v) NRL agar (MSM+NRL agar). Different morphological
colonies on MSM+NRL agar were picked, and retained as stock cultures at -80 °C in
20% (v/v) glycerol.

2.5 The second screening of PU-degrading bacteria
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Two to five colonies with different morphologies isolated from each
consortium were mixed randomly and tested for their ability to degrade the PU. Each
group was inoculated into a MSM containing 0.3% (w/v) of PU foam; in addition,
other carbon substrates were used as reference materials, such as ENR and rubber
gloves. These were incubated in a shaker for 30 days at 30 °C, at 150 rpm. The
broth culture was then spread on PCA plates to determine the viable cells (CFU/mL)
and the number of microbial members in each constructed PU-degrading group.

2.6 The third screening of PU-degrading bacteria

The surviving isolates with 3 different morphologies that grew on the PCA
plates were then grouped to form a test mixed culture. The PU foam, rubber glove
and ENR were tested with each test mixed culture for 30 days.

2.7 Biochemical tests

All 18 isolates of the six mixed cultures were analyzed for possible PU-
degrading enzymes, such as urease, lipase and proteolytic enzymes by using Urea
agar, Tributyrin agar and Nutrient gelatin broth, respectively

2.8 Weight loss determination method

Each mixed culture was inoculated into the MSM broths containing 0.3% (w/v)
PU foam as a sole carbon source. The ENR and rubber glove were used as
reference materials. After 30 days of incubation, the polymer pieces were filtered
through a Whatman No.1 filter paper and dried at 60 °C before being weighed [10].
The percentage of weight loss after degradation was then calculated.

2.9 Confirmation of PU biodegradation by Fourier Transform Infrared (FT-IR)
spectroscopy

The PU foam and reference materials were tested on biodegradation by the
effective mixed cultures for 30 days in a MSM broth. Then, pieces of the polymer
were removed for a FT-IR analysis. The ATR-FTIR spectrometer from Bruker Tensor
27 gave transmittance spectra in the IR range from 4000 to 400 nm [11].

2.10 Determination of PU foam degradation by Scanning Electron Microscopy (SEM)

The PU foam, rubber glove and ENR incubated with and without the mixed
culture after 30 days were investigated for appearance changes using a Jeol JSM-
5800LV Scanning Microscope (JEOL, Tokyo, Japan).

2.11 Total protein assay

Broth cultures of the PU foam, ENR and rubber glove flasks at week 0, 1, 2, 3
and 4 were filtered through a Whatman No.1 filter paper and centrifuged at 8,000
rpm for 20 minutes at 4 °C. Total protein in the supernatant including total enzymes
was determined by the Bradford method [12]. Bovine serum albumin (BSA) was
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used as the standard protein. The absorbance was recorded at 595 nm using a
spectrophotometer. The treated and untreated materials at 4 weeks incubation were
dipped in the Bradford solution for 10 minutes to observe the microbial colonization
on the surface of the rubber materials.

2.12 Lipase activity

The extracellular lipase activity in the cell-free supernatant was measured
spectrophotometrically using p-nitrophenyl palmitate (p-NPP) as an enzyme
substrate [13]. p-nitrophenol was used as the standard. One International Unit (IU) of
lipase activity was defined as the amount of lipase enzyme which catalyzed the
enzyme substrate (p-NPP) and required to liberate 1 pumol of p-nitrophenol per min
under the standard assay conditions.

2.13 CO, evolution

The CO; evolution was carried out in a closed system. The tested flask
contained MSM, each rubber material as carbon substrates and 10% (v/v) of the
mixed culture broth. All flasks were incubated at room temperature (30-35 °C) for 28
days. The released CO, was trapped by a Strum test [14]. A titration method was
applied to measure the CO, evolution [15]. The percentage of the biodegradation
rate was then calculated as the following equation [14].

% Biodegradation rate = [> (CO,;)material (test) - > (CO)blank(control)/ThCO,] x 100
2.14 Identification of PU-degrading strains

Genomic DNA of selected strains was extracted by the PowerSoil® DNA
Isolation Kit (Carlsbad, CA, USA). For the 16S ribosomal RNA (rRNA) gene analysis,
genomic DNA was amplified using following primers 27F (5'-
AGAGTTTGATCCTGGCTCAG-3'), 1492R (5-TACGGTTACCTTGTTACGACTT-3)
and MyTagTM DNA Polymerase from Bioline was used. Sequences of the purified
PCR product were identified by Ward Medic Ltd. The obtained sequences were
analyzed using the Basic Local Alignment Search Tool (BLAST) from The National
Center for Biotechnology [15].

3. Results and Discussion
3.1. Isolation of PU-degrading population in consortia

The twelve broth cultures obtained from the primary screening step at week 0,
2 and 4 weeks of incubation were spread on PCA, PDA, ACT and MSM+NRL agar.
The results showed the diversity of the rubber-degrading microorganisms in each
sample including bacteria, fungi, and actinomycetes on the PCA, PDA and ACT
agar, respectively. 40 different colonies grown on the MSM+NRL agar were
collected. 2-5 different colonies from each sample were grouped to form mixed
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cultures. The secondary screening from the 2-5 colonies grouping was incubated
with the PU foam, ENR and rubber glove for 30 days and then the broth culture was
spread on PCA to obtain the polymer-degrading bacteria. 18, 26 and 26 colonies
were isolated from the PU foam, ENR and rubber glove degradation. Eighteen
isolates of the PU-degrading microorganism were grouped again into 6 mixed
cultures based on the same originated sample and different morphologies. The six
groups of mixed culture (mixed culture 1 - 6) were tested for their rubber
biodegradability by using the different kinds of rubber materials as the sole carbon
source. The rubber materials appeared to undergo dramatic physical changes,
especially, those from the rubber glove cultures. The color of the rubber glove sheets
and the ENR cubes completely changed into an old rose color, and some pores
appeared on the surface of the ENR cubes were clearly observed (data not shown).

3.2 ldentification of PU-degrading enzymes using biochemical tests

The involved PU-degrading enzymes such as urease, lipase and proteolytic
enzyme (gelatinase) were investigated using biochemical tests. The majority of
isolates produced urease and lipase while the proteolytic enzyme was produced
from 2 isolates only. The results confirmed the hydrolytic ability of isolates which
have been previously described for their important roles in PU biodegradation.

3.3 Weight loss determination

Mixed culture 4 could degrade PU foam as the foam weight decreased by
5.32% after 30 days of incubation. The mixed culture 4 also caused biodegradation
of the rubber gloves and the ENR with a weight loss of 18.29% and 1.54%,
respectively (Fig. 2). The mixed culture 4 was then taken as a representative culture
to test for PU foam biodegradation.

3.4 Analysis of PU foam biodegradation by FT-IR spectroscopy

After three kinds of rubber materials were incubated with the 6 groups of the
mixed cultures in a MSM broth. The results indicated that the mixed culture 4
showed some peaks that indicated significant chemical structural changes when
compared with the abiotic control of each material.

The tested material in this study, PU foam, was biodegraded by the mixed
culture 4 for 30 days (Fig. 3). The vital functionality of polyurethane is the urethane
bond at the wavenumber of 1700 cm™ that is specific to the carbonyl C=0 stretch
(ester carbonyl functional group). After treatment, the peak at 1700 cm™ decreased
slightly because of the ester hydrolysis. Impranil DLN was used as the carbon
substrate in polyurethane biodegradation in other studies [20][21]. They found that
the absorption peak at 1735 cm™ was characterized by the ester carbonyl functional
group of DLN. After Pseudomonas putida was inoculated, the peak at 1735 cm™
disappeared because of ester hydrolysis. Then, the hydrogen bond N-H stretching
and O-H stretching presented at 3230-3400 cm™ and 3404 cm™, respectively. These
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might be the possible degradation products of the urethane cleavage. Interestingly,
the wavenumber at 835 cm™ did not appear in the spectra of both treated and
untreated PU foam. This might be an important factor why this PU foam was hardly
biodegraded by the effective rubber degrading bacteria because, most of them
directly attacked at cis-1,4-double bonds in the polyisoprene structure. These bonds
might be absented during the PU foam synthesized process.

The FT-IR spectra of the treated rubber glove with mixed cultures 4 (Fig. 4)
showed that the peak in the region of 835 cm™ were diminished after biodegradation
and this corresponded to the loss of C=C and cis-1,4 double bond. The range of
1160 cm™ was increased referring to the formation of aldehydes [16]. The biofilm
component including the protein peak at 1635 and 1541 cm™ were identified as
amide | and Il while, the fatty acid region in the rubber component at 2800-3000 cm™
was decreased due to microbial degradation [17]. Interestingly, the peak at 1436 cm’
! was decreased considerably presenting the deformation of CH, and CHs in aliphatic
compounds. Moreover, the peak at 875 cm™ which is an unidentified peak, had
diminished obviously after treatment with the mixed culture 4.

Similarly, the biodegradation of ENR that was used as a reference material by
the mixed culture 4 also showed changes to the FT-IR spectra (Fig. 5). This is the
first time to investigate ENR as a reference substrate for a biodegradation test. The
wavenumber at 860 cm™ was associated with the decrease of the epoxide
functionality in the ENR structure [18]; which might assume that the mixed culture 4
was effectively able to open the epoxide ring. After that, oxidative degradation
reactions might play a role resulting in the changes to the FT-IR spectrum at the
region of 3200-3600 cm™ which was identified as hydroxyl groups [19] presented a
stronger signal compared with the spectrum of ENR in abiotic control. Those spectra
might be associated with some intermediates in the ENR biodegradation by the
mixed culture 4. In addition, the wavenumber band at 823 cm™ obviously decreased.
The fatty acid in rubber at the region of 2800-3000 cm™ was utilized during rubber
degradation [17]. This indicated that the mixed culture 4 could degrade cis-1,4
double bonds which is the main component of ENR. The peaks at 1630 and 1537
cm-1 were increased considerably which showed amide | and Il corresponding to the
biofilm formation. Moreover, the range of 1160 cm-1 increased after treatment
referring to the aldehyde formation [16].

3.5 SEM observation

In this study, the scanning of electron micrographs of the PU foam surface
was compared with the surfaces of the rubber glove and the ENR (reference
materials) after 30 days of incubation with mixed culture 4 (Fig. 6). The
biodegradation of the rubber gloves showed clear evidences of biofilm formation, a
rough surface, crater and disintegration. In addition, the microbial cells embedded
greatly on the surface (Fig. 6b, 6¢); furthermore, the ENR was totally covered with a
biofilm of mixed culture 4 (Fig. 6e, 6f). In contrast, there was no clear evidence of



284
285
286
287
288
289
290
291
292
293
294
295

296

297
298
299
300
301
302
303
304

305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

any microbial cells on the tested PU foam’s surface (Fig. h6, i6). The microbial
population presented on each material’s surface was clearly different. The density of
the population on the ENR was more plentiful than the population on the rubber
glove and only a few microbial cells attached to the PU foam’s surface. These results
indicated that the factors of biodegradability of solid polymers depend on their
chemical and physical properties. Porosity and pore size of polymer can affect the
degradation rate. In other words, not only the natural structure of material but also
the modified structure plays an important role in biodegradation. Moreover, the
surface properties of solid polymers also are mentioned, such as the surface area,
hydrophilic, hydrophobic properties because these also influence the mechanisms of
polymer biodegradation [22]. The more cells coated with polymer the more polymers
that are degraded.

3.6 Total protein and lipase activity

The surface of the rubber glove and ENR clearly showed pigments produced
from the mixed culture 4, while pigments and microbial colonization were not
observed on the PU foam after a much longer incubation time (Fig. 7a). In the same
case, the Bradford method provided a dark blue area on the surface presumably due
to the microbial colonization on the rubber glove and ENR’s surface, but a dark blue
spot on the PU foam’s surface was not found (Fig. 7b). These results related to a
SEM observation that there was no microbial colonization on the PU foam’s surface,
while other material’s surfaces found a crowded microbial population.

Previous studies have proven that proteases, esterases, ureases and lipases
are the key enzymes in polyurethane biodegradation but they are mainly non-specific
enzyme [2]. In some cases, they act as an indiscriminative bond-breaking
mechanism which acts on position of ester or amide. Thus it is acceptable to
correlate the lipase activity to confirm the ester bond hydrolysis [8]. The specific
lipase activities in the cell-free supernatants at week 0, 1, 2, 3 and 4 were shown
(Fig. 8). With tested PU, the highest specific lipase activity was 0.018 Units/mg
protein, while in biotic control was 0.009 Units/mg protein at week 2 of incubation.
The results of biochemical tests revealed that the mixed culture 4 can produce
enzymes that play an important role in PU biodegradation spontaneously, such as
urease, lipase and proteolytic enzyme (gelatinase). Hence, PU foam was
investigated for being an inducing enzyme substrate in liquid medium. The mixed
culture 4 was capable of using the PU foam as substrate with a slow rate of
degradation due to limitations and undesirable characteristics of the PU foam,
especially its complex structure, smooth surface and semi open-cell foam property
which did not provide for microbial attachment. The ENR, another reference rubber,
showed the highest activity of lipase in the cell free supernatant after treatment. The
possible hypothesis was proposed that some intermediates during ENR
biodegradation might induce the lipase enzyme and support lipase production. In
contrast, the smallest amount of lipase activity was detected in the cell free
supernatant of the rubber glove test, this might be due to the lipase enzyme is not a



326
327
328
329
330
331
332
333

334

335
336
337
338
339
340
341
342

343

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

361

362
363
364
365

key enzyme for rubber degradation. This evidence revealed that the rubber glove did
not act as an inducing lipase enzyme substrate during the rubber degradation. With
other PU-degrading enzymes, esterase activity in Bacillus subtilis was determined by
using Impranil DLNTM as substrate. The esterase activity was 45 Units/mg protein
for 3-4 days of incubation at 30 °C [23]. Candida rugosa also produced lipase
enzyme in degrading Impranil. They also found diethylene glycol as a byproduct [24].
The result from this study supported the key role of lipase enzyme in polyurethane
biodegradation [5].

3.7 CO, evolution

After 28 days of degradation, CO, mineralization was determined in term of %
biodegradation rate of PU foam, rubber glove and ENR showing 6.79%, 16.42%,
24.38%, respectively. The results correspond to viable cell count after 4 weeks of
incubation. The initial viable cell count of mixed culture was 3.0x10® CFU/mL. After
incubation, the viable cell count in the culture broth of the PU foam, rubber glove and
ENR tests were 1.2x10% 1.5x10% 2.0x10° CFU/mL respectively. The significant
reduction of viable cells in the PU foam test flask indicated that microbial cells might
not be able to use PU foam as a carbon source effectively.

3.8 Identification of the 16S rRNA genes of the PU-degrading bacteria

Three strains of the mixed culture 4 were identified by a 16S rRNA gene
analysis. The phylogenetic tree of PU-degrading bacteria demonstrated that strain
P1 was mostly matched to Gordonia westfalica Kb2 (99%). Strain P2 showed the
highest similarity with Xanthomonas maliensis strain M97 (99%). Strain P5 was
closely similar to Ochrobactrum intermedium strain UFLA FFT41.2 (99%). The 16S
rRNA genes have been deposited under the GenBank accession numbers
KX810928, KX810929 and KX810930, respectively. All isolates have been reviewed
about their abilities to biodegrade some of the recalcitrant pollutants in the
environment. Gordonia westfalica has been reported to be a rubber degrading
actinomycete [25] and this genus can degrade many xenobiotic materials in the
environment [26, 27]. Xanthomonas sp. strain 35Y grew on NRL can produce the
extracellular rubber oxygenase RoxA [28]. Finally, Ochrobacter sp. has been studied
about crude oil degradation [29], nicotine biodegradation [30], and benzo[a]pyrene
(BaP) [31]. Interestingly, Ochrobacter intermedium strain P5 (GenBank accession
no.KX810930) first showed the ability of rubber glove biodegradation in this study.
This gram negative rubber-degrading strain was a slow rubber degrading bacterium
which was isolated from waste water of rubber industries in Hatyai, Thailand.

4 Conclusions

This is the first study about the biodegradation of a new polyurethane foam
made from natural rubber by using a mixed culture isolated from soil and waste
water. The effective mixed culture included 3 strains, Gordonia westfalica strain P1,
Xanthomonas maliensis strain P2 and Ochrobactrum intermedium strain P5. This
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study confirmed that the mixed culture could degrade a PU foam sample and other
kinds of rubber materials such as rubber glove and epoxidized natural rubber. In
addition, this is the first report about a gram negative rubber degrading bacteria,
Ochrobactrum intermedium strain P5. The natural imitation of the mixed culture
including the actinomycetes which is the majority of gram positive rubber degrader
(G. westfalica), model of gram negative rubber degrader (Xanthomonas sp.) and
novel species of gram negative rubber degrading bacteria (Ochrobactrum
intermedium P5) may be an interesting choice for rubber solid waste elimination due
to those microorganisms that have different rubber cleaving enzymes, thus they may
share the capacity to decompose hardly accessible molecules [32].
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Fig. 2 Percentages of weight loss of three kinds of polymers that were treated by

each mixed culture at 30 °C 150 rpm for 30 days
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Fig. 3 FT-IR spectrum of PU foam in abiotic control and after treatment with the Mixed culture 4 in MSM broth at 30 °C for 30 days
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Fig. 4 FT-IR spectrum of rubber glove in abiotic control and after treatment with the mixed culture 4 in MSM broth at 30 °C for 30 days
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Fig. 5 FT-IR spectrum of ENR in abiotic control and after treatment with the mixed culture 4 in MSM broth at 30 °C for 30 days
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Fig. 6 Scanning electron microscopy of the surface of control and inoculated test
with mixed culture 4; rubber glove control (a), rubber glove test (b, c), epoxidized
natural rubber control (d), epoxidized natural rubber test (e, f), PU foam control (g),
PU foam test (h, i) after incubation in MSM broth for 30 days at 30 °C 150 rpm.
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Fig. 7 Visual observation of PU foam, rubber glove and ENR at week 0 to week 4 at
30 °C 150 rpm for 30 days (a) and total protein determination on surface of a piece
of PU foam, rubber glove and ENR in abiotic control and test after dipped in
Bradford’s reagent (b).
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Fig. 8 Specific lipase activity (Units/mg protein) in cell-free supernatant after

incubated with the mixed culture 4 at 30 °C 150 rpm for 30 days
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