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Abstract

The objective of this research was to study the phenomena occurring during maturation
of natural rubber (NR) cup coagula. The first step of research was to determine the
environment, which were temperature, relative humidity (RH) and oxygen content, in the pile of
NR cup coagula in the industry. The pile height was approximately 2-3 m and it was outdoor
maturation. This maturation process was for preparation of STR20. Thé second step of
research was to study in the laboratory. The maturation box was build and u-sed for determining
factors involved with maturation ot mini-cup coagula in the maturation box under the controlled
environment such as maturation conditions, micro-organisms and enzyme that affected physical
properties of natural rubber.

In order to determine the effect of maturation condition of cup coagula in the industry,
the equipment for collecting data was developed. It was found that temperature and RH in the
pile increased with the depth of the pile. In contrast, the oxygen content decreased. After
maturation for 24 days pH, initial plasticity (Pg), plasticity retention index (PRI}, gel content and
molecular weight were different from the first day of maturation and the changes depended on
the position in the cup coagula pile {0, 50, 100, 150 and 200 cm from the top of the pile). The

experiments in the laboratory were well controlled. It was able to control oxygen content,
temperature and RH in the maturation box. The maturation condition in the box was 40+1°C

and 90%%10% RH. This condition was one that caused most changes in the physical
properties of pile cup coagula. Mini-cup coagula, 45 ml, were used in the box and verified that
this size showed no difference in physical properties from the normal cup coagula, 450 ml, from
the industry.

In order to evaluate the effect of micro-organisms in cup coagula during maturation,
effect of various inoculum contents on physical properties and molecular characteristics of NR
was determined. It was found that oxidation and crosslink in NR increased with increasing
inoculum (micro-organisms) content. Under the maturation without oxygen NR prepared with
using formic acid and natural coagulation showed similar changes in physical properties during
maturation. In contrast different NR preparation showed different physical properties, particularly
Py, when there was oxygen during maturation. Total micro-organisms in the inoculum was
approximately 1x10Q + 0.33)(109 CFU/mL, among which were yeast, gram positive bacteria,
gram negative bacteria and lactic acid bacteria. Fifteen of the 16 bacterial strains isolated from
the inoculum used in the latex treatments produced hydrolytic enzymes such as lipase,

phospholipase and protease when inocutated in specific media, thus potentially participating to



lipid and protein degradation in latex and coagula. The addition of lipase in min-cup coagula
resulted in an increased release of free fatty acids but had no significant effect on PRI evolution
during the first 6 days of maturation. The main effect was observed in the presence of
protease, which showed a clear positive dose-effect on enzyme concentration on P, This

enzyme also had an improving effect on PRI.
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Name Supplier Country
Acetone Merck Germany
Benedict's reagent Merck Germany
Benzoic acid Carlo italy
Chloroform Merck Germany
Citric acid Merck Germany
3,5-Dinitrosalicylic acid Sigma Germany
Di-Sodium hydrogen phosphate 12 H,O Merck Germany
Ethanol Merck Germany




Name Supplier Country
Folin&Ciocalteu's Phenol reagent Merck Germany
Formaldehyde Carlo ltaly
Formic acid Commercial Thailand
lodine solution Merck Germany
p-Nitrophenyl b-D-glucopyranoside Sigma Germany
Potassium dihydrogen phosphate Merck Germany
Phosphorous pentoxide Merck Gérmany
Safranin solution 1% W/iv Fluka Germany
Sodium azide Riedel Germany
Sodium bicarbonate Merck Germany
Sodium carbonate anhydrous Merck Gerrmany
Sodium hydroxide Merck Gérmany
Sodium dihydrogen phosphate Merck Germany
Thymolphthalein Merck Germany
Trichloroacetic acid Fluka USA
Tyrosine standard Sigma Germany
Beta-Glucosidase from almond Sigma Germany
Cane sugar Commercial Thailand
Casein from bovine milk Fluka USA
Gram Arabic Fluka USA
Lipase from Candida parapsilosis > France
Olive oil Food Thailand
Protease Sigma Germany
Skim Milk Powder Merck Germany
Tributyrine Fluka USA
Piate Count Agar (PCA) Difco USA
Mannitol Salt Agar (MSA) Difco USA
Mac Conkey Agar Merck Germany
MRS Difco USA
Malt Extract Agar (MEA) Difco USA

aFuandaal f1ifins “Biotechnologie microbienne et enzymatique des lipides et des

agropolymeéres, Département des Sciences pour les Agro-Bioprocédés, Montpeliier

SupAgro, France
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D = flow rate before wet column

@ = flow meter

307 3 laszunswvasszuuniiaivguanizmatslundasdulukesd jodns

2.3.5 Manuauanznsuniwiesljians
ymsaeamaiionuazamauisdulunadud  niwihmalussaudarnmsing
YPIBIMANFNIENINY DIMAURS (Dry air) AU 8Madu (Humid air) lapldaainsammsing
(Flow meter) lumseuqu Lﬁamuqumm%ué’uﬁﬂﬂundaonﬂaau (Maturation box) lagiHu
pmankauuad W lundsstvnataudas msfluneiaaﬁqﬂnmﬁmﬁ@ama:m-iﬂuﬁ"'o
anndl Sunueandian wazSInuenuIuEung nnsiufinnsuwasuwlsswesanizms
vy Taol#lUsunsu data logger Mutaiasnananes
anwnaasdanMsnavesmanaudeanzmtumeolungas ofl  wsdamnig

wavasenman 1.5 uaz 3 fasdaui LLazqmvaﬁma&ﬁméaiauuanndmﬂuﬁ 28 LAz 45 83

13



B RIGTIE ama:msmuqmﬁﬁﬂmmﬂaauuamlum‘s’mﬁ 2

318N 2 am's:msmmlué'mﬂmﬂmmamaammﬁmao"g@qﬂnmimm’u BN AR

das M IvanauTaIaITMa (RATFaUIN)
CHEPELRTLEY

N A H D
1 0 15 15 _
2 0 1.5 0 1.5
3 0 3.0 3.0 .0
4 0 T 3.0 0 3.0

WG] N fa nirlulasian

A @a amenatuay
H &a 86371713 Wavasamesilon

D fa 6T INT MATAIDNALKS

2.3.6 MIAnEIEARaINITUAENABRIIELRaMRN IBnIsauRa Nl RnDIBINERAIY

mﬂ"ﬁsmﬁauﬁ’amﬂui’ﬂqﬁulumsmﬁ(ﬂmaum’lu‘iwmu FasHNUIUABWINTUADBL N
wazrmIauntowiThlsaiueouris feiunomniite:inadaautifuosns Fanwlumsdinm
HauaIMsLuResuTRvasenItentiluszduenfiams felddmashaelasuamaioudn
TnalanuazinIaudndauauTon flewrmimesausuTaseseientiy Wasnidunis
naaslusEduRBIl iR NSRS i aten lisansainthluadimaiasuenaslssnuld 39
MiaTasuemmadnszauios foamslunisulszlenatoudas Walwanmzmsuauaznizey
Iwdesfiansdsunanlnddssiomautspinlsen Fnmddpadnsioufiuanizms
vauszauslulssnuuasluienljiems  Alwauifoasmstoudioflndifosiuinnfign I
aammm;ﬂﬁmmamfsmaauﬁaﬁ

ﬁaaai'wﬂgﬂﬁ 1 Wudmensstaudisnnlssnwisdimfiadinie awigunzalnFanom
10 flaniu ﬁnmn@@ﬁmﬂ%amﬂmdtﬂmmuﬁam’hmuﬂ%mum:mummﬂsgﬂmaﬂsamu
21 a%3) wasthensavshoeissaupslulsinufianznseufia 129 ssndsaidos wom
3 21

ﬁaaa’m*‘gmﬁ 2 e nfdwmsuasmaissualulisnuiwm 21 aSwvinmsaudae
gavanfouluipallfiidms ?’iqmv&gﬁ 120 uAs 125 assniaidea fszomam 2, 2.5, 3 TN
ez A 130 psmimaidoa iwasn 1.25, 1.5 uaz 2 Talus

é’f'mzi'm’q@ﬁ 3 thuafiiumiuadoaissualulssnudman 6 adafeseiiendsn
inmsvadonissuaninadnfishdulwissftins  ssdwouediilflumeds 7,
11, 12 uaz 16 a%s ﬁauﬁﬂﬂauﬁan’n:tﬁmﬁ'uﬁuﬁﬁamo"qﬂﬁ 2

14



Mt aFouBELEIINTIR Py Ua: PRI WBIWTaUAEUNENIeMIoLIas
ﬁwmummﬂl@]ﬁlﬁdmuﬁ'ﬁmaﬁauﬁwlné’ﬁuaﬁuamu:mmﬂsgﬂ'lu‘[nmumnﬁE;m

T 3 = £ = L 1 s i f]
2.3.7 msﬁnmnaﬂaa ﬂ’!‘iﬂ&d@]aﬂiﬁ'lmﬂﬁﬂﬂiiﬂ.%ﬂ’]d AERMEUATANVANIIDIATNA

a [y (7 4:5- ' nl' b ] s = & A’ ~ o g
ienanaudisfidumatululsnufinmnnisdagiun - Sereidinoniosfunid
v Y X - L X e oA
l¥awsianaida PCA LLazatﬂﬁ:ﬁnquL’naqaumﬁ

2.3.8 pisanwinazasianlasilalasiaadaanifvassrenanais
wksuanateuismihifinialagszuy  “dean  lapmssindadomslmdsue
e '«J”mﬁ?m%‘lmau"l%ﬁ“lﬂmt.aHnsjmms] A8 Papain, Lipase LazGlucosidase waadniudneng
Lﬁa‘lﬁlﬁﬂﬂﬁﬁ%mﬂaumimmﬂuﬁﬂma ussthanvmssudinenasnamsazaionsawaiin
I@Umnqmﬁszé’u pH 5.2 1pweisuiintanensiaudae
shonafeufeildanmemufisoduenlsd o 3 ngy vulundasiiniuquamnnii
40 psmiaaidos 1usznzm 6 u lagrnmdiensisadfivesdiatuomng Juwwainsvy

]
]

A o a ‘e .
"]Nﬂ'ﬁ’m’lﬂ’]'i’JLﬂT]:'ﬁﬂa pH, TSC, Po waz PRI

2.3.9 115NN EI’]\‘]‘[,%‘SSU'UF]')U AN

Clean Latex l#9nNM3In3agawug RRIM 600 'Lm:uuﬁmuqumma:m@ lagisms
Miaosuuulaaniie ldeiouiaqgunsldmiuniaswnauriimania lagihfianIaonsunus
LaANaTaR 5%51\1ua:qawmaanﬁlﬁsaa%’uﬁﬂma"[e‘fﬁnwﬂ’u%a Tasnnihhlavsindodmaeias
Autoclave (3% fivva 1319 Uszinagnie) ﬁqmﬂgﬁ 120 aswwaraldoa tHuan 15 win neunia
Fmiarauazanemianiads weanagaduaniifitiunisings TRETR LIS QETQR ST

L O :‘ L = i i [ J ]
ATDINRIRAN RAFIVININIAUAZIDITUIN B9 Uq%Wﬂﬂﬁ@ﬂﬁNquﬂﬂiﬂﬂL’ﬁﬂLLE\IZ'TNE]%I!J%

] (%
L g ~ -

manﬁﬁmﬁamoagﬁnm

2.3.10 '“Jﬁm‘uﬁuqﬁun%ﬁmmfﬂm%"u

niamaiternmetandastnly 3 Tu futewinody 200 Ssd8as mmmbannsasda
NTLAENIeMaNToIInEA Inieiuadlursaawmaanuwia 50 NaddaT Swawindu 3
waaa ek ldain luiudoeiosawdfhdnanui 12,000 seudewd (Dwam 15 wifl
sudmfilsoanudnduladouessled 50 Taddas mulidnu mmsaudfdiuamn 15
Wit nésmiusuladsueaslsdsanudufnladovaaalsd 50 Saddas mubidhiu hnns
idRamdwaa 15 Wil udSueanuasaulndounselsd 50 fsddas lunaaafl 1 uaz 25

H88893 (= andutu 2 win) luwaeadt 2 usz 3 mulwdiu Wwulilufidwialslung
nanaIfa i

15



3

2.3.11 m‘im‘%ﬂu@“f'aasi'mnoﬁ'auﬁ"sHﬁuﬂuqaun?ﬁmnfwﬁu

msansrasasanududuvsniuriddsantfoniendie Tamimirenefiszornan
Lauqauﬂ%ﬁﬁ‘lé’mnﬁwﬂ%’uﬁmﬁuumﬁ%‘msﬁa“ﬁmu’luﬁaife 2310 W@3Budntherienaa 5 70
(A, B, C, D usz E) 1uu,@ia:'gm:ﬁﬂﬁmauqﬁuﬂ?ﬂ'luu%mmmaﬁ’u

fathe A dbhenafiazens 960 Haddes wulndouales (NaNy) 28 Tadans naulw
Lﬁ?ﬁuttﬁatﬁuimtﬁuuﬂaa‘lsﬁ 20 aRANT

mamo B mmmmmm@ 960 Naddas Wulmdsunanlse 28 Daddas nuliidin
wiGuinaufianidouds 20 fadaas nauliianiu

drathe C dnhafissde 960 Nsdany wawinaufiendeoust 20 Tadhes uanin
1550 14 Naddas naulwiahiu

#8819 D Wiheefiazann 960 Haddas LawindufidnFouda 20 Tadaas uasiady
28 Nadans nawliidnnu

fraths E wihenefiazene 960 TaddaT Haminnaufisiiauds 20 TadAa3 uaziin
3N (@Bt 2 i) 28 fisasas naulwdanu

nnenpiwIzvmItuddiansawesiin . laslduvisuiminmuassiinmeansa
Waslin Woaasn pH sainalwled 5.2 antwimsswinoeseludisut Jahnuiudsla
naasmaEanfislch Do l37 40 ssnaaidos wom 3 $alus deisaiennsud e
spanndout Muuaszunsslundaswasaninditla vulin 40 ssrnwsidus hwam
8 Tu udrhamesaumuiituaty

2.3.12 @N1IEN15UNBWNARDIY

Wagnanauiofien1iduen ﬁnmaaanmnﬁwuﬁauﬁaﬁﬂm‘ld‘lundaaﬂwﬁw‘lﬂﬂu'lug}?
auduaas ﬁqmm;}ﬁ 40 asvEstdoa (aasurafiirueniansndaananaguAILa 4

mmuuumm'luﬂfciauﬁaﬁ*lﬂﬁulu@ﬁu?nmma% famngd 40 swwaBow  Eneuiu
T=HZLIAT 6 TU

2.3.13 38nmmiiudaginaasy pH, P, PRI, TSC

Tnudaznsasesinmafudadnasiias Tufi 0, 1, 2, 3, 4, 5 uas 6 wisan 3 $alua
PBIMITUTIUE (Bthonz 3 fTow) wasrhmsifiudetsmnetautaniienegey pH, Po, PRI,
TSC uaz ASHT NNIUIuATY 6 1

2.3.14 EN1ITNTTUALRZDUAIDE LN OWNY

- . A o A .. 4 a (Y Py
W TUAI 8 WHIZR N IMATBY UARILLATEI mini creper ‘IN&I“JJWI@]LKHN'IQ%ETT]EI'IGQHHQG
10 Wwndiwas wazihitlnatiw 2.16 §m/mﬁ|,ta:ﬁ'ﬁa\1’iwszwhoanaa 0.4 Taalues Wniwiu

16



& v o e a ' = Y A 1Y - % i o a
16 9139 ud DTG990 6 lausimaIasaudinaTosauauiau(Hot air oven) Rgmwnnil
125°C 1w 2 TlusudnhBuaiadilduniamzi Py, PRI, TSC uaz ASHT nndudaiaing
e 0, 1, 2, 3, 4, 5 WAz 6 WU IAY

2.3.15 st uNaImITd IS unagaun1sas1aanle Lipase

laomuir Pca 12,5 n3u lalume W@asiinau 500 Taddas dluduialdazarodn
3 A I} J o [} ! d. = =t - =
doiu dwdalasmailuldluaiss Autoctave igmewni 120 asensaidos uam 15 wifl

WY Tributyrin 5 n3y @i by Suldnwui leemsdwiunessumsaiaawlod

Lipase

= ] Gt Ly I's
2.3.16 NSLAS BN IMISHIRTUNAFDVNITAS 198U 1Y Protease
i1 PCA 12.5 n3vlaluwas Durant 1@udangu 500 Daddaes udnhluduielazaodh
a as v o ., X o K - { o N P <
dounu udnih lsndalasmsiri)l@luesas Autoclave fouwnl 120 asrniaismuam

15 W% uddy Skim mik 5 n3u wdhldidhn 3uldgnmuta ldamsdmiunegaunisaing
Lauvl,sn‘li Protease

~ ) Qe ) [ u
2.3.17 maIgueIMIsE IS UNagaun1Td@s19ton ke Phospholipase

i1 PcA 12.5 nSulaluwa Durant W@uiinau 500 Dafdas wdnbllduRalwazanodh
s shldaizalesnainldlgluiees Autoclave fgnamnd 120 assaaiios 1fuian 15

wifl udndaldues 5 03y wen it Suldawui TdomsdgmSuneasaumsatioiew ol

Protease

2.3.18 nMInadaumsaisienloal ngu hydrolase saIngadunis
fiudagsintnsasanauasisiuinmsuanidslasld Pipette aau 1 Haffa il
Fealu Tndounsalss 0.9 wofidusd fsiudoudr 9 faddas lunasanaaas wirliidhiu
wdarmadessdsilideng  sudimduanududuiidaims wasIntwinTatIn 1.0
lulasdiay “hJL‘gmL%anummsﬁm?uu‘l’i’ué’ﬂﬂﬂmﬁqm‘nqﬁ 37 asTnaador (Junan24-48

< d [ A ' o - & v oA P o e
Fluantaaunszialalailvwialnywemnziumaidmds laifendusalalaiifng A%
ANMORUANA S ABRILUOIMI LTS wiounadaumiainyiudazlalafussinlaladily

a & & °

nagautawloimiafioewls Lipase, Protease, [-Glucosidase unamIilisafialasnmiah
A g Py A | 8 ' £

lalafhidsr qanihsssuuommadoudeludnsuniuinavsmnadudugudnawdszuin - 3-4

a i [ o a o AN 1 a ’~ v .
fadwas vlarimsnaseulugmiziifaanGawnuluenmzilidaandion laansls Parafim

a [y a8 Py v y A a o = a i a
@Wﬂ’]iau ‘]‘IJEJ‘]J’IJEN%’W%LREI\‘IL‘HE] Ltﬂ’]vlﬂ‘uwﬂqmﬂqu 37 BITNTRLTER Lﬁul’]aﬁl 4 U lﬁaﬁﬁtnﬂ

17



L= = A’ Aﬂu dy B [ ‘4 =~
ﬂ’]iﬁ]imﬂt@lﬂi@ﬂ!ﬂdl‘ﬁBU%ﬂ’]VﬂiLﬂUdL’ﬂaitﬂzﬂ’liﬁi’lﬂﬂu‘l‘ﬂ?j’ﬂ AanANLa Y TWIITITRALT U

anwmzalasay 9lalail (Clare zone)

18



unn 3

Hananaaosd

3.1 HAYDISEUSIATNITUNADANTAANN NI D IR 81 ANV BILISHOWNIY
PINNIITMAFOLURA pH, TSC, Pg waz PRI vastnanautsiiviyliduszoziian 4, 15,
a L 7 A [} J
30 Uz 45 10 IANAN1INaRaInIaa b

) 2 | 3
3.1.1 YSunmuasudananan (% TSC) nralusingie
- £
%TSC 183HIL N 5 an1Inanad UEAIBAIT19N 3 WU %TSC Tasiwanus RRIM

600 g 15 I AnFennamsemoluuminondssmuniung %mmmqm&g%mﬁ e
IndlAnanu fa aglwﬁn 37-41%

AMTNN 3 1 % TSC aasheniaa

Sample No. %TSC
1 39.73
2 39.49
3 37.56
4 41.10
5 37.43

3.1.2 M31AnuLasnasnn pH 209M59UGIANNSIINTR

favnsia pH vanihevmudBuniasunsenssuduilutaminam 3 i’u WU
enssadaiylwasanandulisn pH iy 6.8 (sﬂ‘n 4y darsrwly pH wasiiensezan
s auetaluedi 5 vxmmnm'[:um 5 ¢ pH BptieezanaRaainitotaudenalued 10
wavndalusfi 10 @1 pH maammm:aﬂmmnam aufetalusft 17 Wuduly é pH 2anin
B1992AT Basien pH at/lus79 5.31-5.36

3.1.3 HAV2INISUNADAT pH BDILIINDKAIY

TumInaassitlaviinsiad pH sassnstauthofnavesmstusatautaoeg 9 M
Fonrtontiufilsia pH szpnuiiseantiu 2 s Ao osdaudwlu (in) uazswdmdnouen
(out) INNIINARBINUNATELEIINTUY 4 % esaudapaziien pH ﬁ"l‘ﬁqcﬂ Ao e pH g
utotszinmn 4.9-5.2 uasfiszanammItuANIuaIus 15, 30 usz 45 T4 pradendanaziisn
pH qﬁw‘fmﬁmaqhﬁnﬂi:mm 8-11 qﬂﬁ 5) myNfA 3 usesdn pH vsspateutnd
spzauaaty  wienuaaimabauaaianuudsliu  WeRansanlasldwdnmesdifinun

19



dipniwmnmameSidnasdimas asnnssam

WawSouwisudn  pH  paspnefendinsiwuaniussdulunuinliiinnuuandranusgnei
RodIAnY
@1 pH wastihueluszuiensiudéniludauanse
8 .
7
L6
5
4 . . . B, .
0 12 24 36 48 60 72 84
VIRIAITINET (2.
TUA 4 auENWRTIEWIN pH 280ieInuLIRINTLDIa eIk 019

Effect of maturation time on pH of inside and outside in a cup |
pH value coagula
107
e
9 1 ——*
] e
‘__;__‘%,_f
8
7
6 E
51 —+=In
- m - out
4 T T - !
0 10 20 30 40 50
Maturation time (days)

3 5 msuldsuwlasdn pH vassnsiauigausEazIa NIy

LWBRNIANNRANA VAN U’]GE‘*’JWE’N%HHLLﬂZEJ’Nﬁ’]%'ﬁ”Nl%ﬁ]’lﬂgﬂﬁ 5 Aszp=IaIMI

Ua 4 uaz 15 3% wuden pH aassateudissasnsmasdinliinanuuandrsiuadslinodinny

' oA f P [ ' . v ' v .
WANLTHA BT 0z AN TUM AN WD Y 30 ez 45 T pH 13389 UNIS8FINTIIUNTZYM

1 L -~ J 3] - ol (3 = 1 =
gqnﬂmmm'l,umn‘m grafiunanan ﬂﬁJﬂ’]?Nﬂﬂﬂ’l“HLLﬂﬁJIMLuﬂ'ﬂ’lﬂﬂ’l‘i[}ﬂUﬁ’]'iﬁ"l pa13lUsAn

- a A v o o= w w A o ' &
Tugnanaunny hasan lenawuanludiaannoaiani e adiimsUswInow

20



'
A

o ' v L g = ¥ | - e
TN 4 @1 pH maomonaumwumﬂunmmaf] waaInnBsufieuBeaiia

Maturation time (Days) o
Outside Inside
4 5.32° 515
15 8.56"" 8.42"
30 8.87° 8.34°
45 9.41° 8.98"

3.1.4 HATDILIANITUNG DAY TSC YA NNDRAIY

fi1 TSC “naamoﬁauﬁ’aUﬁauanﬁaﬂ%mmjaauﬁaﬁu‘r’imﬁaag"‘lumaﬁauﬁfaUﬂé'o%’mms
ALY ua:ﬁﬂﬁ’mwﬂ%mmﬁﬂﬁaQ‘luﬁ'aumaﬁam'ﬁuﬁ’u IMNHANINARBINUTY AT
maatﬁasau‘lumaﬁauﬁqsga'ﬁrumm:u:nmmﬁjw weziiialSoufonen TSC FagoadIn oz
Wwnfiemsty 4 Ju %TSC vasssreutiesudrslwazannmingmdnosen Wasms
vauBwiln 15 4 %TSC vassenantrodmmdaluiudmdnowenasiisnlndidoeiu Warim
mstuRuTwin 30 u %TSC PAIBWABUNIETIUTNUBNIT@NT %TSC Vs NNaUGIY
guthalu wdidavamstivinulyl 45 S %Tsc wasmatautisdiudrelusedanlndida iy

ﬁ’mﬁwuanuamﬁogﬂﬁ 6

Effect of maturation time on TSC of inside and outside in a cup
coagula
100 -
90 -
. 80
2
o 70
e
60 - o
—e—in
%0 —=—out
40 - I T cTT 1 1 : T
0 10 20 30 40 50
Maturation time (days)

gﬁﬁ 6  HaU0IIZHIIIEINITUNADAT TSC 2a98N9naun 28

L 1 B i ol C: . 3 s 14 s
3.1.5 HADDISEHZLIANAITUMADIAIANI NI DRAILINAW (Po) LALANATIHAIIND DU (PRI)
b kX
F2IgINaUNIY

lunmneaadldinmmasuiianussuaivassnatsudislagiaandl Py uas PRI w89

gnansutslasutaaniiu 2 diu fa sndudnelutaransdmtnsuenfiszesiamItudgn 9

21



faueslugI9m sy 4-15 T3 WAFUIANBULANFINURAINNMTILY 15 T4

Effect of maturation time on PRI of inside and outside in a cup
coagula

o (o]
o o
1 !

40 -

PR! value{%}
w
=)

20

10 -

0 i o 1 2 A e S —
0 10 20 30 40 50

Maturation time (days)

. S _

gﬂ'ﬁ 8  HRTAIIZDZIAINTUNASAT PRI 2838130 0B0Y

MINA 5 ANUUANAITINIRTATEIFAT P UaE PRI U8389Raut e uluuasdInmen

Maturation time Po PRI
{Days) Qutside Inside Qutside Inside
4 445° 427" 32.9% 45.8"
15 34.0" 32.3™ 23.4" 235"
30 29.1% 336" 16.9° 17.1°
45 24.3° 30.1 20.6° 251"

Lr-Y 2 R 1 9 9.
3.2 HansAn¥ AN avatsIionABLazanIEMsUNNaTunasanandn nlsenn
wilsyl 1IN

s .

maﬁaufhUﬂ”ﬁaLﬂumq@ulummﬁmmquﬁaﬁmﬁagn%amﬁnnmamuﬁa‘tﬁaﬁmunmo
NOUREIR  Wresasilianwmsuanean oy ﬁ'uﬁaa*m%nmnshaﬁuﬁ"aﬁuﬁ:uw AN
faumy (s vawnasensiinsalunmstisliessuaniiudan) anwmenIUuuss T8 N
ﬂuﬁauﬁngﬁaam Lfian’nugnﬁ’lLﬁ"luﬂuBNm psazpninnasuiunEILIRdum
ﬂi:uﬂmﬁaﬂﬁﬂﬂﬁﬁﬁauﬁﬁﬂFJ’]{IL?T’Iijﬂi:U’Juﬂ’l'a“NﬁﬂmGLLﬁ{l nInastnaiutianizunmass
Al WoUSuanaessimuTanuana st ulidaunafilndidsein Lﬁaﬁuiwg’
nIsUINMINaapuisdalll lévnnnimaasamanus 2 nas danasf 1 Tssnwlduuoeliiu
Jeusaat 30 1 uaznasf 2 duiluszozom 14 u fawdhguennmawdhnIzyaunisuligd

cr = [] v Lo ol [ L e
lum‘mﬂaaam:ﬂnmama:mmumanaumwmmnuumo‘l’nﬂmm 3, 6, 9 uax 12 U uax

23



LE-N s bt *» 1 L = A
sutRvasprsluinusnuasnisnes  (Msun)  uardugarhoiswdinszuaumnianadlisnud
o 1 | L A’
EAUAMNARAN 9 lagramamaaediduaads

3.2.1 wazaIsTazIaIMsHNuATA UMK MTUNAadNIza NN Y Twnassananie
'I.umsnmaai{;ﬂunm,ﬁuﬂ'a;daama:mmu’umaﬁ‘i:ﬁﬁmwﬁnﬁm 9 ntolunassnsves
USNITIia $1he Arfvmsiade Uhinmaandian anaduduing uszgunail ooy
mmﬁuiay}alui’uﬁ 3, 6, 9 UAz 12 BaINTUNLY f‘fmﬁuia:ga 3 P28 A8 LIREEY (8.00 W)
AL (12.00 W) uas A NHW (16.00 1) MnsAugaya 2 uim o Witamvia 1 (pipe 1)

o . ) o o
wasUILIMYianN 2 (pipe 2) muﬁmlugﬂn 2

3.2.1.1 USNNMaandIaunNIg WNaIg 1N o ndIY

nanIneaansiaUinmaandiaumelunssvuientisfianydnds 9 lapiimsia
fspzmmstuminna 3, 6, 9, 12 uaz 15 Hu Lm:'lw,wiaﬁu‘lﬁl,ﬁuﬂ’ayja 3 1987 NHANTI
neasnuiBunasendonliuensemnndndanaastniete LANEILANAT13NWDEND
Farauiiszauanudnainnit 100 wwdwes GanninFinmeandiauiidniaondt 5 wWeidud
TaUAUSO M RUUNDILRZANSIN NN 100 LTWRINAT Fhﬂ‘%mmaan%mmﬁmay;'luﬁﬂ 12-
21 waddng WanFoufsuiiszauanudnidenn ﬂ"‘immaaﬂ%mua:ﬁ@hmﬂﬁqﬂ‘lwﬁamau
ta Lm:azaﬂmuw‘iwqﬂlwﬁqmamﬁm LLa:ﬂ’%mmaanfﬁmua:Lﬁuﬁu'lumamﬁu%aﬁma:ﬂi
SEWIIT R ILATRan FuaRpYsIlSnmaanTERTeIE TR T ud oy fudise

mminan g uaadlugf ¢ azdnldinSinmeandanmolunaspnataudisasaeiiasdy

2 - &
ANTUANLWUY Y
25
20+
&N 15
o]
= i
[40]
[(F]
= 10
5
0—
o 0O 0O o QO O 00O OO0 O 0o oo 00000 o Ooo O
3 5] g 12 15

Depth within Storage (days)
Eﬂﬁg NRTDITLHEIIRIANIL NN AR NdaUTu e ndlaumelunaspnatoud

24



A v oo & [y Y
3.21.2 ﬂ')'\&lﬁ“ﬁ““ﬂﬁﬂﬂﬂﬂ']n'lﬁn'lﬂrl“ﬂaﬁﬂ'lﬂﬂauﬂ']H
o ¥ r_'" a o 2 T Asl Lt 1
'!]ﬁlﬂNﬂn'\i?ﬂﬂqﬂ']ﬁuﬁuﬁ“%}ﬂﬁjﬂqUluﬂﬁ]{lUqﬁﬂa“ﬂ')ﬂ'ﬂszﬂ'ﬂﬂ')q“aﬂ@qﬂ‘j GIANITHTLIA
» " ; s W L b 5 :hl A‘ s
[N W]J'T]ll%“']mﬂ‘]'lll'ﬁ%ﬁl}wﬂﬁ"ﬂﬂﬂﬂ']ﬂ’lﬂﬂ’lﬂtluna'ﬂUq\jﬂa%ﬂ'}ULWNT}“G‘I’INS:@IUﬂT‘IN‘aﬂ

' v o oA LY = A e e ed
PYDINDIPIURSITHZLIRINTTLA Tagwu NS amBusnasls I maINITUFUNNDIN 70-80 %
' 2 A o [ & E . A v e S '
Tutraawmdn LLQZLNE]‘Yl’m’ﬁ']ﬂaﬂﬂix‘ﬂ,%ﬂQHLYILI\‘]WU’J’IIEN']ILLQT]N’ﬁuﬂuﬂﬂfﬁﬂﬂ\ﬂﬂUllﬂ”lﬂ%
' A4 = ) & i . A = LY
Tugae 45-50% ‘]NL‘L]%LWTWZE!NMQNY]E}G"U% LLﬂ:ﬁiZﬂUﬂ’J’]MaﬂLﬂ’mU 100 FTUALIATIINATULR

1 A‘ B ot = 1 | s = ) d 1 3 -
nay W]J')"l‘l_ﬁl!’]ﬂmTlN’ﬁuﬁljﬂﬂﬁ&]ﬂ’ﬁﬂdﬂ’]’lﬁ?:ﬂﬁﬂ’)’]Nﬁlﬂ 50 LIUALUAT TaldnyYiINy 70-80%

Lae 680-65% ANNANY L"ﬂuwammnmsﬁua'f@maanaomodqNﬂlﬁ'ﬁﬂmjuluﬁéumﬂﬁaaanmﬁ'}

L2 .i‘ & P ' a =2
'lﬂﬂ%mmmwmumulunaagmw 3‘1]7] 10 BEAIHSULILIRTIIUUURSIZTALAINUANVDIN O LN

' & e o ¢ ] :
aoSinmanusuduininolunsssnsluginaieneg

100 100
90 90 -
80 80 —
~ ’f i
z 4
£ 70 E 70 —
Q -
s =
50 60 —
50 50 —
40 40
SR2B°283°888°888 °3$ 88 °88388 °88 8
3 B 9 12 6 9 15
Depth within Storage (days) Depth within Storage (days})
B P RINHE!
100 —
90
80
Tz 9L H%
x
c 70
@ J
=
60 —
50
40 —
0OCoC0 OO0 OO0 OO0
BOR TBoR THOE TRRw
6 ke 12

Depth within Storage (days)

dl » 1 A‘ A B R b
gﬂ‘n 10 HRVBITEHLNRTINIUNLALATINANd oS a e uTRFNAN S LUnadonetaniay

25




3.2.1.3 gaswpdimalunassisionnny
isﬁnmamﬁmqmﬂgﬁ’ﬂmr1aamaﬁauﬁmﬁ‘s:é‘ummﬁnma 9 posTusinlunmitiuoielu
3 TINI wu*h'l,unmvﬁ"\qm%gﬁﬁﬁmamaqma MITRUAMUAN 0 LIWALNAT) Wil 32
Do LE 1iaszaunnuAnfintwilu 10 wuiiwes qmngﬁtﬁluﬁmﬂu 39 aIALEALToR
ﬂé’ﬁﬂﬂnﬁuqmwﬂﬁa:LﬁuﬁfuﬁaUmm?jas:ﬁummﬁmﬁu%u dmlunaissiu ponniiaz
AT RIATISEAUANNENAIUR 0170 LEURLUGS ‘[@uﬁﬁ'}agﬂwﬁaa 38-39 asmnwalioa fadn
ﬂ'jﬂqmﬁnuﬁ'l,wﬁwrﬁ’ﬁ WHINITFLANNEN 170 LouALLAT vaﬁqﬁLﬁuqﬁuﬂiwqmﬂqmunm
W @nluiaaniin qmvmvi‘lf’"iE’n'uaanaamw:a@aaLﬁﬂﬁamﬁ'mﬂ%umﬁﬂuﬁuqmvm“ﬁ'lunm
FoeTu usadnalsma asudsauanednen 20 wndwes udwll qmm‘]‘ﬁﬁs:é’ummﬁn
Lmﬁ’m:gaﬂhqmmﬁ'l,unml,ﬁm‘ Lm:qmuq‘ﬁmﬁﬁ 42 PIEEALTR SIuASIALAMUAD 50
wwudas iiseuld duvied 2 (gﬂﬁl 11(1)) qmﬂgﬁ%:ﬁwq@hnmvﬁw fisnaglutng 31-32
Tl b I@mqnmgﬁamﬁ'uﬁmﬁniama’i‘iai:é’mnmﬁmﬁu%u mamﬁmqmwgﬁﬁﬁanm
maa:tﬁugﬁmﬁu 35 IANTINTHUA Lm:qmm‘}ﬁamﬁugﬁ{uéﬁLuy'ii:ﬁummﬁn 10 L TUMNAT
Wudull LLﬂ:ﬂ\IﬁﬂQ‘lWﬁ’N 39-39.5 IALTRLTURDIMLTALTHT dm‘lunmﬁm@mwgﬁﬁﬁwaa
NEANALAAEINTIIIABI  udRIuATIAUATIAAN 30 ITuAlNAT qmwnﬂﬁanﬁﬁuyn’h
Tugasifing aaiidntszanm 40 ssmwaldo uasesuaszauauan 110 wudwas (dudull
qmﬂgﬁﬁ]:amaqmLﬁmlfauLLﬂ:ﬁdﬂnﬁ?tﬁmﬁuﬁwLﬁm
mnwamﬁ@qmﬂgﬁmmnaomaﬁauﬁmﬁ‘i:ﬁum’mﬁnﬁm g goauusnlumatiueslu
3 BIUIR (gﬁﬁ 11) Tuviofi 1 (gﬂﬁ 11(n)) wUaawLt qmwgﬁﬁﬁwaaﬂaama (ﬁi:ﬁumm
AN 0 L IRRALNAT) WL 32 aadLTaLBHE dlosduanuniutmin 10 @udivas gun)
Wutwiln 39 ssrngados v\é'a'innfuqmﬁqﬁa:LﬁuﬁuﬁaUmmi’}mzﬁum'mﬁmﬁu%u qth
Tuaowiio qmv&gﬁ'ﬂ:ﬁamﬁamﬁﬁi:ﬁummﬁn&aLwi 0-170 1gu@iaes lasiidnaglugae 8-
39 aIaLaLSY ﬁaﬁwmﬂam‘mnmumm%ﬁ WRIIMNITALAVEN 170 1 oURLUINT amvmﬁl,ﬁm
awum’mmﬁnﬂummm Tunoutdn amvmu'ﬂmmaaﬂmmw a@mmmnuammmﬂsuumuu
nuamvmmaumm uintnalsfiany esudszanaudnen 20 wudiwes Huduld amﬂnm
LAUANWRAIINURL mmwam%nulumumm GH amvmuﬂmn A203ANTATE HIUAITOL
AMURN 50 LTUALNAT Lﬂum"lﬂ §auviad 2 (Eﬂ'n 1 (1) qmﬁnumqu@lumum atflwin
31-32 DIELTATHN Tmﬁqmwgﬁanﬁuﬁmﬁnﬁantﬁas:ﬁummﬁmﬁu‘ﬁu mamﬁmqmmﬁﬁﬁd
naamwuﬁwqﬁmﬂu 35  gagnTadina LLa:qmwgﬁa:;ﬁugaﬁué’aLwi'szé'fummﬁn 10
wudiinas  (ueuld ua:mﬁag'lmi'm 39-39.5 admnTalluRBImlTASYE  @uawbn
qmmnﬂﬁﬁﬁwmnmmw:amﬁmmnmamﬁm LATILATEFUANUAN 30 WA qmﬁgﬁaz
'.ﬁaﬁuganiﬂu@amﬁm Fifdtsanm 40 msmamBos  uszedusTzALAMMED 110

a o a g W = o o -
LUWALIET lﬂu@]“vtll qm"lﬂuﬁlzﬂﬂﬂ\’uqlﬂﬂuaULLﬂzuﬂW‘lﬂﬂLﬂﬂﬂﬂU(ﬂHHLYIU\]

26



50

(n)

5 40 P ;;:,;W""“"’Z;:;;:”G'/;
- 'Y
w 30 -
| =
=]
5
o 20
o
E
s

10

0 T i T T

0 50 * 100 150 200 250 300 350
depth (cm)
50 -
. (W

— 40 - Yl eyt PP P oy
S'J a4 P s
: 20 . < A
2
o
o 20 4
o
E
]
* 10

0 T T T T T

0] 50 100 150 200 250 300 350
depth (cm)
et 08001, R 12,00 U, 16.00 U.

U 11 anudiusszwihsgompiinszauanEnd e g lunessnsvesiuil 1
(n) via 1 (B) vin 2

ar = v v e o ' ol
'inﬂ“aﬂ']ﬁfl(ﬂqm“{‘]N’Il9\1ﬂﬂ\]U’]Jﬂﬂuﬂ']ﬂﬂ?:ﬂl]ﬂqquaﬂﬂqﬂ‘] WIIUN 7 ’Luﬂ’]iﬂadﬂ’]\‘]

w - 14 ' ' w o . ar P oA
1 3 Fr001 wnlluvesgunninnm 2 visssuandianiud 1 sdnstaan (U 12) dufa

X & - P! ) a e - ar o
qmﬂq&lﬂ:lww“ﬂulaaﬂua U%Taﬂﬁ'ﬂlu%']ﬁLLTﬂmﬂGizﬂUﬂ'}'}Naﬂ LLﬂ:Wquﬂﬂ’f\uaﬂL@U']ﬂuqm%ﬂ“u

=l

a:gmq@lw&auﬁmsmmmﬁa'ﬁ’mﬁuua:ﬂwuﬁw AR LABTEILNBY qmwgﬁﬁﬂ"\ﬂs:mm

= ' - o ' o o o ¥ o4
36 QIAUHALTHE TWLUW 32-33 DIANTALTUE LAZDIILTY 29-32 DIANTRLTHR RRIINUUN

ar i a = X ' ar - P 4 v a P v
s:mummﬁnmmqmmguqumnamammu lagluvioh 1 auMnT AN IRa I TRaRATEALA

27



o o A n oo X ' an - I
andszuioe 110 wuAes lwamshvian 2 aomniAiNIua i N TIuTszaUAINENY Tz
190 I GUALURT BAIINTEAUAMURNAILG 130 udtwas luriafl 1 uasszauaIINanaILa 210
Ve luriah 2 AMDTITNIUNIAIAENATY Tapfid1Uszunne 47 pIsUTRIToR UR: 45

assraaetoa muluwian 1 uazluvian 2 enugiey

50
__,h FRS A AT ( ff)

. 40 - ’
134 y%w-wn—mrf"
~— L*
o 30 1,,.-0--0--0‘--0_
3
i
o 20
=%
E
o
=10

0 , . ‘ . |

0 50 100 150 200 250 300 350
depth {cm)
50
'..' ‘_/::—:Tr-\'““i{“:.a_dr&q__‘_“ ()
— 40 ‘/‘,’,)1’
-U e B e B B Al G 7 -
- P
g 30 O R TEE, St TE g
®
@ 20
=%
§
=10
0] ‘ ' |
0 50 100 150 200 250 300 350
depth (cm)
U 08.00U. TR 12,00 16.00 U,

P ar Qs ' ad o N a o
3N 12 fmuauwuﬁs:ﬂfmqmﬂqummumwﬁnmo 9 luwnasmevasiun 7
(M) ¥is 1 () via 2

28



PINNTIAFAEMTUNA B IUNEININaUDIE U IR TL LR N SZAUAINAN
i1 molunsspwdeudie  aansossdamizmstufiisideamanaalugasnisivoaten
omealunsssasluarinegg 6

f17197 6 sylussmeazssmsiuiisadasnmalunassetandoy (nesensfaudasyed

§ a =y = 5 [ - as 5 =
Tvsnwrsdiinhia mumagalmmmauqumwuﬁ - fiwau 2549)

Measurement time Relative humidity Temperature Oxygen content
(%) ©c) )
Moming-top * 70-80 26-30 15-18
Morning-middle 70-80 35-38 8-12
Morning-bottom 85-90 40-42 4-7
Noon-top 60-65 35-38 812
Noon-bottom 85-90 40-42 0
Afternoon-top 40-45 35-38 15-18
Afternoon-middle 60-65 35-38 8-12
Afternoon-bottom 60-65 35-38 4-7

Loy k.o kot
3.2.2 'ﬂ&l'l]ﬁl‘lli)ﬂtl']dﬂﬂ%ﬂ?ﬂﬂ"lﬂi%ﬂﬂﬂﬂ"lﬂ

TumInaaasittdvinnsiae pH, TSC LLa:mliTﬁmaomaﬁauﬁ’aﬂluﬁmmmﬁwgiumau
inalaeiaanen P uaz PRI laaynmsianiuusnaeamstues Jufl 14 (nosd 1) uas Juh 30
(nastt 2) vasmsduew eduiwiiiaudisezgniuingnizununndasurisdaly) fiszeay

b3

ATINRNGNY § INMTNABDI IGRANINARDINIG

3.2.2.1 A1 TSC 2a9819NDUn28

]
=

fin TSC 'ﬂaamaﬁ'auﬁm'lui’umnmaomiﬂuﬁmmﬁﬂagﬁ 78% LLamalugﬂﬁ 13 Fuila
duntinludnemenisnasniy Senfndwiln 84% wuhen TSC vasnsfandaofivud
VTSN UL UBDINDINTI (O LTUFLUGT) UAZAIUANS (200 LIUFLUGT) ﬁmglr&ﬂ':i’lmaﬁgnﬂuagﬁ
28z 50-150 LUUGHLUNT %aﬁmm‘ﬁﬂagﬁ 83% maﬁ'aur'hm’f'iaglj'u%nmﬁaﬁ’muumamaamo"lﬁ?n
uFsuealasasannuadatiedanalinaiidn TSC gan’hmmﬁﬂﬁmn ﬁmmaﬁagj‘ludmdn

A0 r o h g ) * ‘5’ o‘ 1 v
E!ﬂ’il:ulﬂ‘iljLL'Nﬂ@]%?ﬂ%ﬁﬂ%ﬂﬂ’]ﬂﬁ]'}ﬂﬂ’lﬁuuﬂd NalW R mMa M uTRa L TUA W

29



100

80

Total solid content (%}
<i;|
i—n—ti

70

©C0oO0 00 00aQ0Q0 o009 0Oo0
w o n o WO N O v a n o
- v ~ - - N ~ - o
-
t4 30

P ]

Depth (cm} within Storage {days}

EIJ‘?"I 13 61 TSC U898N9N Bl 0NN IUNDIBINNITZUZITA M IUNRAEATINENDBINBILN

3.2.2.2 @1 pH 2a9219 001078
i pH aassnfewdisluiusnrasmaingviisnasoriiy 61 (Uh 14) wanfaniu
» s "3 3 1 B 1 l-a' J o A
M IUATuLIan 30 M4 Uaz 14 14 wuinen pH asapnsnsutiatinawilu 7.6 uaz 7.1 aud1au
d i DJ d T 1] s k24
Finan A hraand o luNNITIDWYEY Sawarli Uez Moh  aalduawin pH was9naudIn
- & & i, f . @ - X
Wuauwan 6.25 Wu 6.85 Wavnmsiuliiduig 35 u mainawwas pH a1ailusaeann
' ' o v v & a . w o - - & [
mydesmnduldsiulumetaudioduuenluiis WasnnldndusenlaiimAunniundsan

L3 = -

] 94 & l#l L A’
mstumolunassnsdautzn BalTpnwn wouakazanfing (2549) (8] A leavimisueniseln

= £ &

[ 9 VA .o . - - = ¥ g '
piauiiy uaswuhiliunsdnduisanindasldsauliiunenluiiold wananiwudn pH
a [ 2 Al - ) o 0 g =4 “ , X a o e
weagnatawionun luinivIuimesndianianaziidnen FaarafuHannndu e R unIin
hd b ] P . ﬂd
FTORINIA LKLY as Clostridium sp., Lactobacillus sp. and Streptrococcus sp DI§8HTID

w3 laalunn lilisandian [9]

3.2.2.3 A1 Po 2298197 8WN 38

i1 Po wasrafandialuiuwsnasmsriunuiarnmssuldnaiod 35 melugﬁﬁ
15 WAINUNSHANLIN 1 Py wpsmataudinlaoadnfieniudn uasiaduwenusse
anuAnuasnasetendan  Sef Po 'uaasmﬁauﬁauﬁagu%Lamﬁauunaamaﬁﬂ"na@m (Pg =
28) luwpnizilén Po wpapanawiefivulussauianadliinnnin wes ddnfivin P, = 41)
M Py TosenfantisiusnodnfuunIaInaiswaniassmananmatuanaiaanin
gapemsidamiiasainmsléduuasuanlanassnnuasanfiod {10] TurneAmsAniwwoast

A - = L c: v o o i
P LZJﬂN'l%ﬂ'ﬁllllL']JuNﬂNqﬂqnﬂ’]'ﬂﬂ@ﬂq'ﬂlﬂﬂ{l’ﬂul&aﬂ’ln’lil’ﬂuvh TAATHANTINADDIHIWD TN

30



W v d LV Y | e
pH PEIU NN BUOIBNATLLTHN WAV AN PO UDILNY ‘ﬂ\'la'ﬁ]ﬁ]:LlJ%NﬂJJT’l]']ﬂtl%ﬁﬂq'J:nT@]uﬂz

. ' o - . a ~ &
AR TFIONDHUATY 'lv.mqmﬂn'm-ﬁmﬂuomu'luimaqa"lﬂmnmu

C 00 QO 0 O 0000 O00 00
WO W o n o un o wn o n o
- - - - - e o

0 14 30

Depth {cm) within Storage {days)

Eﬂﬁ 14 @1 pH ToI0IN UGBS IUN DI BNINNITZUSIIAINITUULATANANYRIND 103

50
= N
c
=1
o] —]
0;40
>
= i;‘g -
L :
=
w
0
230
&
(= i
20
QO OO0 o o0 O 0000 O CcCoog
n o wn o n o wn o w O N O
- = ™ - - &~ - -
0 14 30

Depth {cm) within Storage (days)

= v [y Y '
Eﬂ'ﬂ 15 a1 Po 'UENEn\?ﬂauﬂ')F_I.ﬂhlUiuﬂﬂﬂﬁqdﬂqwizﬂtlﬂﬂjﬂqiuNLLa:ﬂ’J’]Mﬁn”ﬂaﬁﬂaGﬂ’N

3.2.2.4 @1 PRI 2189819004072

fin PRI 839 moﬁaur'hzm'manﬁummcﬁmﬂm@iamsgnaan%wﬁwaomamﬂ%’f

- P - W o S a '
amanpig sml.ﬂum's'mL@la%@maum'l’fﬂumimnqummgmmmamLmLLm LATAINTNG
naxaus PRI maamaﬁ’aufi’aﬂﬁl’ﬁtﬂuﬁ“@]gﬁwmmmﬁmmmiuwn’h a1 PRI 1898790010728

a . . 4, o A . ‘e o Hood
1%3%Lﬁﬂ°11aammuﬁmmammnu 30 TIwuinliadnin WATFIUELININTA 20 aanwiavn

31



astuElwiaan 14 uas 30 Suwudnd1 PRI aaspnaiivnntity 14 Sufuwiliuaaasnnnsluiu
w3n luwsmeen PRI vasonafirmwmmiuduem 30 SudauRudmilu 40 Sevnliiiniined
szanusafinen PRI aassndentidastfiiaisrmitafialensiidr PRI gs%u, Eﬂﬁ 16 UHAY
#1 PRI 6l4N817

* ] 1/

40

O e

20

Plasticity retention index (PRI unit)

O OO0 00 oo Cc o 0 oo o9
w o w9 n o w o LT e B T R o )
- - N - - ™ - — ™

0 14 30

Depth (cm} within Storage (days)

Eﬂ‘ﬁ 16 @1 PRI ’uaqmaﬁauﬁ’mmu’luﬂaamqmm:n:nmmiﬁuI.La:m'mﬁnmammma

1 H‘ J B A U L2 L L
Ima;ﬁwmwmw:mwuﬁnmﬂﬂuumulunaamanaumﬂ FINalR pH waIpatantay
P ™ ' - & o - & o w = X
aﬂaq'lwm:‘nmmmqumaamuwmu U a o NFARRART USU1A N VTUFNANTINLTY
. & o A . s & A « = a
mmummawqmwmumamu”lﬂzﬂunmmu 30 T4

3.3 HRYDIFNIA LT IMSUALAz VB ADWR A D AN Baadn o
iassnluauddnildaassdafislflumsusypluedondislwianljisnms viu
niBIapIITIaLEn Lmz‘l“ﬁ’@l’auau%’amﬁaauuﬁoﬁamjwma Fosuudamranmzlumsuds
3y (qmﬂgﬁluﬂﬂiau LRt lwnsey LLﬂ:ﬁ]a']WJuﬂ%‘:\]luﬂ’l‘JUﬂ) Lﬁa’lﬂummﬂigﬂmqﬁauﬁ’m
lagliisafisnautfvassnalndifisatvamazmsudszUsilulsem
nmasnegsuminlsplnaiowiiadsaniizdiag lawlddrndrstnanaudanain
Tssrw shanuewazeuwiluinsfeing wasbhonildneseu Py uaz PRI AL Bnudioy
am}?ﬁmaomoﬁ'l‘iaﬂ’n:nﬁu,ﬂigﬂﬁa FMINAsadnanae 3 aou ueazaawutiseaniu 3 79
gaumnlfiedonastieflulsoom dmgeil 2 unr 3 UieSennstuefludos fians
i’ma:L'ﬁU@amdzﬁ'lﬂummﬂsgﬂ @aunniilunisay Lmlumsay usziwInatslunTue) 189

av \ A aamy ' 2] o .
(ﬂ’]ﬂﬂﬁd‘lé@]'ﬂ 1 WazHaNMINagauayuseny (a1 Py waz PRI LEAI WA TN 6 A1BIINILAY

32



A L - P o = o Y
(control) fadlatenlFanizievadlseny @uh 139 sseaatdos 1was 3 2la9 vade
wisaasUilasiulssnuduiu 15 a39)

HAMTNAREIREWA 1 WuTiF Py uaz PRI Te9mstwosnoutiisiudsylewani:
Plulseu wasmmeTaaammelulisenu smam 15 a% wazeumseIasauudslulienn
flannd 139 asenonidos (Juwm 3 Talaw) Tdwiiu 405 uaz 18.5% anudel 3nNHa

J 1 d. 4 L% “ o s d‘ [ . I= K]
mnasaslugaiinuit anzilflunsusplewdeumslwisal Jidmandsnalisslan Po
uaz PRI Indifssiuanizaislulsanmuanniian fe nmsuasnediseiaiuainnam 12 a39 ues

aufigaannil 120 asenioaidoa wa 3 2luadlen Po uaz PRI WWNNU 34.7 Waz 30.0%
AINRINY

WA 7 annzmsulsyduszen Py uaz PRI taamainiisntautiianaaasnaud 1

#1 (Industrial crepper) #2 (minicrepper) #3 (minicrepper)
Condition:{c Po PRI Condition Pq PRI Condition Po PRI
120-3-15 247 0.0 120-3-12 347 299 120-3-16 29.0 16.6
120-4-15 125 11.7 120-4-12 293 229 120-4-186 29.0 338
130-1.5-15 26.7 8.7 130-1.5-12 237 15.3 130-1.5-16 27.8 9.5
130-2-15 7.3 6.0 130-2-12 12.0 12.0 130-2-16 14.8 19.2
139-3—15‘l 40.5 18.4 130-2.5-12 11.3 27.8 130-2.5-16 14.8 17.0

= - a - E
qmm&u’tumwu (@ dua) - anlunIey (Talae) - SUIUMTLE (AT9)
A o '
A10L19A 0NN

mmaasatuaenil 2 lduFusnmzmivelulssnmilu 21 431 (@edwawau) dus
lum'iLLﬂ‘sgﬂLLa:auﬁ'ﬁmamaam‘m@ammuﬁ 2 uandaluenneh 8

MINA 8 amiznsudligluszen Py uaz PRI upsmadninwiautiunanasnani 2

#1 (Industrial crepper)

#2 (minicrepper) #3 (minicrepper)
Condition* Po PRI Condition Pq PRI Condition Po PRI
120-2-21 345 401 120-2-13 45.0 42.5 120-2-17 38.9 441
120-2.5-21 304 39.5 120-2.5-13 40.0 46.3 120-2.5-17 331 445
120-3-21 200 36.5 120-3-13 53.0 46.6 120-3-17 45.6 48.6
139-3-21 . 20.8 36.4 130-1.25-13 54.0 43.0 130-1.25-17 47.2 416
130-1.5-13 508 42.8 130-1.5-17 50.4 40.0

E 3 a =t o o |2
Qm‘lﬁ{}ﬁﬂ%ﬂ'ﬁﬂ'ﬂ {DIFNDRLDELE) - natumsay ("ﬁ'JT.NG) - PIRIUNITUS (ATI)

A e f
@I?E]ﬂ’]x‘lﬂ'lllf!ll

33




snnldingedragninuauiian Po uaz PRI WAL 20.9 A 36.4% @udian Uz
W!J’)"]Lﬁ'E]aﬂﬂﬁdﬁﬁﬁﬂﬂinﬂﬁ)ﬂﬂiiddﬂuﬁﬁEJEJ[LWI.QDT! 120 pseiwadod June 2.5 uaz 3 Talug
I Po uax PRI Aliflanuuandnimetpidnivafldnnoninasaulugnnzmssuly
159014 a’aumimmaﬁaULﬂ‘%ﬂdUﬂluﬁ’aaﬂf]ﬁ'aua:n’nauﬁqmnqﬁ 120 BIFLTaVTEE WAz 125
peanBos Wuden Po uaz PRI Sidhgeanii moﬁ;uﬂsgﬁluan'n:mae‘[‘nmu Saiudele
nanaslunaudl 3 laoneassswatetandiodnom 18-22 afs gzmsiligduszan Po uas
PRI Afalduaasluansed ¢ wuindornmavamatoudisiman 18-22 afadueiasuauma
Wnlwia sl fiainms uazavsndrsamnnil 120 ssmiaaifos une 2, 2.5 uaz 3 Flus
e Py uaz PRI 1290197 lifiauuandnsmaisidgavsildanmaudspliulssnm dm
ﬁqquﬁ 125 asEnTIdUE WUNTasansEozMIaY Taamsauyed 2-2.5 Halus aw1In
muquiﬁ’maﬁwﬁauﬁlné’tﬁmﬁ'uama:mmﬂsgﬂﬁﬂﬂﬁmu

M 9 gnmznmandiziiazdn Po uaz PRI UaIAI BN BUTILNARDINAUN 3

#1 (Industrial crepper)

#2 (minicrepper) #3 (minicrepper)

Condiion™ | P PRI Condition Py PRI Condition P, PRI
120-2-29 38.3 27.3 | 120-2-18 42.3 373 | 120-2-22 40.8 20.4
120-25-21 | 39.0 294 |120-3-18 343 | 249 |1202522 | 440 26.8
120-3-21 218 174 |125-2-18 425 283 | 120-3-22 36.5 23.2
125-2-21 355 232 |1252518 | 353 195 | 125-2-22 38.3 25.6
125:25.21 | 338 303 | 125-3-18 29.2 283 | 125-2.5-22 35.2 21.6
125-3-21 353 13.8 125-3-22 23.5 142
139-321% | 407 27.3

* qmﬂgﬁlumsau (BITNTATUE) - LIAluMsan (Flu9) - IIWIUNIIUA (ATI)
A o '
URLHGLRIGE

3.4 HAMINAZDUNIS BRTAAIUANEN T TLN IwRBIl HiiGNS

%amn‘*ﬁa;‘.}amﬁﬁnmﬁmﬁ'uamuzm‘sﬂumaﬁ’auﬁaﬂlunaoma'luhw’m%’n%amaﬁ'au
foieulsgdiuenouns givdeyalulssnwidindadiia fmiaguginid) wuh melu
naumaﬁmmnﬂsﬂimﬁv’aqmﬁqﬁ Vinmansiuding  wasSinmaandion  Sawuime
suwanmulunaduazszezatmitsinadoauifuadn é’qfu‘a‘q‘lﬁa%’wmmaaat.ﬁamuqu
gnznsusluszduieanaaas Lﬁaﬂ’nmﬁnmNamaamsv‘imwaqaﬁun‘%ﬁuanau‘lmﬁ
luszinamsdudaaut@anassns

mn‘lmnmm’tugﬂﬁ 3 (unft 2 wihil 13) me'l,ﬁlﬁuﬁv'u@au'lumimuquam'z:mm'u
lundasda (Maturation box) mimuquﬂ%mmaaﬂ%muﬁﬂmalmmam:whammﬂmn'ﬁuau
Aumalulasian msmuqugmmgﬁﬁﬂﬂumﬂ‘nmwau“fﬁﬁ:muquqmﬂgﬁ ULAZMIAILAY
e uiudim e onInasiussnine madonuszaimauiy  fermeudaldain

34




m‘s'lfmﬁﬁm'sgﬂm’]u%ulummﬂ wazaradonldanmsibitianastwinmolunodud
waldldomafsudadaelovin f'fiammmmuqué’mﬂmmﬁuiﬂUmsﬂ%'uﬁ'ﬂ‘nmﬂmmm
amamatnIiiadanyng (Flow meter)
ﬁﬁm‘mmﬂamﬁaoﬁmﬁa@'faamsmmiﬂm:uumuqnﬁé’@ﬁﬁu ananInauauli
mmﬂﬁﬁm'\u%ué’mﬁ'ﬂﬁﬁqaa;mn,a:éiﬁqﬂaglumm?vlﬁ% Tasmeaavluanizfisiuazlsifinsls

% . . o4 2 A ¥ P

mama‘lunaawu ‘M}lﬁﬂ"}iﬂ’liﬂ(ﬂﬁﬂUH 2 5:GIU’DB~JQMH{}N AON 45 BIANTRLTUA LAz 28 Bad
o

LR Nﬂﬂ"liﬂﬂﬂadLLﬁG\ﬁ.luEﬂﬂ 17

90
: -
50 _| A=15
e N=0
70 H=0
| D=15
60 |
50 | C
'r___r-g,-- " i—temp
40  — humidity |
A=15 R
30 - N=0 _ | A3 A=3
T H=15 e - N=0_— 4
20 D=0 le N > H=D
. D=0 7h. D=3
: !
0 l_ - - . ' 1 i . : '
0 720 1440 2160 2880 3600 4320 5040 5760 6480 7200

12 tr.

=

= -l ~ = AT v ' a
Eﬂﬂ 17 mmJaﬂuuﬂawaaqmmqmm:ﬂ‘smmmm‘mauwnﬂunaawuﬂ W 45

BIFNLTRLT I

PnnsuaaImsasul asasaniznsiy (anil uay ﬂ%mmmm%ué’uﬁ'ﬂﬁ)
lundastinenuszaztianisiy Imumnquaﬂmﬂgﬁﬁfﬂmmuﬁ 45 asenondos wuin isld
sarminarwdndastiudnin . ssralwlSunmanuiusuintansin I@uwmnﬁamuqu
Fammstasvosanniedlon (H) 7 1.5 fasdawn® uazeaneuis (D) 7 0 Fasdewidl AUt
é’uﬁ’nﬂuﬂdammﬁwgau@;aﬁ 60% (F297 1 2890 wazillaRudanniswaresomaion
v 3 Ravdaun wu:i'wmwu%uﬁ*uﬁnﬁﬁu%ﬂﬂUmﬁg}amlaﬁ 70% (F297 2 2890 W) PN
USudammrwazssatmeuiarindy 1.5 Gatdewfuazermatdoninny 0 aasdauil wui
mm%ué’uﬁnﬁa@mLta:tﬂ’ﬂfjamqaﬁ RH 10 %

qmmgﬁmmmmﬂﬁwa@iaﬂ%mm‘lat{ﬂumnw Wudn Lﬁaqmm‘]ﬁmﬁuuﬁiwﬂﬁﬂ?mm

P PR = W 4 w ~ - -
ﬂ')']&l‘ﬁuﬂuﬂ?’lﬂuﬂ']ﬂ'\ﬁlﬂaUHLLUEG@?U sﬁdluﬂ’]iﬂﬂaaﬁﬁnﬂnﬂﬁﬂUﬂqmﬁﬂ“3J 28 2IATRITUR

35



- X o o e =
Hamstﬂauuuﬂzwuaamw*ﬁuauwwmmm’lugﬂn 18

100 |

90 {PWM—W _
80 - 0 _

70

oTZ >
il
Wwo oW
oOIIZ>
n o
nou
I QT L RN
'Url 13

60

oI Z¥>

50

‘_ — temp
|
(=== humidity

40 .

30 -

20

10

[ e e e = e

0 720 1440 216 2880 3600 4320 5040 5760 6480

o o - . S
E‘]JYI 18 ﬂqﬂﬂﬁﬂunﬂﬁ{l’ﬂﬂdﬂqm‘ﬂ.ﬂNLLﬂZﬂ%&J'\MﬂQWQJ’E%ﬁNWY}ﬂ%ﬂRa\?‘ljllﬂ

poavadl 28 BIFT AL R

mnga.l'ﬁ 18 Lﬁaﬁﬂmmﬂaau‘luama:ﬁqmwgﬁmmmmmﬁ'}ﬁ’u 28 aIdLEaLEIR lag
L TR ) 1] s =y 1 = ] =3 A‘ ar a- A
TEaanIs IMazodauvitny 3 uas 1.5 3a3aaurh wuih ﬂﬁmmﬂ:nmuauwwﬁwam's:auqah
= & ' A o . . ] =
DINIALRNTY I@uwmqﬂ%mmmwmuauwﬂﬁ’mqw 40% URzFIRAN 90%
& [ . ' y ele o ' I ~ [
mnuu"l.ﬂmms‘nﬂaa‘umimuquﬁma:m‘suulunaaammumamomanaumm Tav'le
P a o = X v a e atL ' ' 1 =
NARDLNAMRNY 45 °C ranslasuidasnaInuBUEIRNIRATa MR DU IUNR I NUES ugﬂ‘n
a ' o ' y R . - o e o
19 innTvillanasatNg st lwnaestnlaguauilon (H) fsasnTwarsdaah 3
A ' — ' A o e . a. a X — & -
FaTdau? wuanuTsaurntniolunaaanatANDwILEE AN RH 90% 01Ul Wenagau
- QT VEEY ' [V I v ' | o & o a s =
MIRAATNTUFUANT LA LN TUS 8DRUUHIHI W NEIUNMLIGTAINGIN 1.5 Bavdsun
. & e o ' ' oA 8w W X v w oA X
WU N UTHAUAN T IUNA I URARILAZAINT 35%RH LRSI BINTIMANUTUFNANTLANY
L7 =l LTS L 7 o lﬁlﬂl 1 N J as L ¥ ﬂl A’
FINAFALNFNATMFEULRILAZET NI T NS UWAIaTIEIR 111 WU AU TUSNANTIRNY W
o A o e o = = . &
wazadfin 55%RH wasilathuaaTamIauzasanmadomiln 1:1.4 wudlSuuanusu
e . . P - w o g \
FurninplunaasUnNuiuuacaafin - 65%RH AIUUNNNINARDIBNUTIRINTOATUAY
amemlunaaninldaan leeuszustiatmsty

36



90

100 | ..ﬁAf1 5N=0 vomn
»~ H=0,D=15, | s ey

80

70 4

60 -

50 -

40

30

start record A ;
20 A H=
b

10 -

1) l_ e - e e ————— e - o S

4/19/2007 4/19/2007 4/19/2007 4/20/2007 4/20/2007 4/21/2007 4/21/2007 4/22/2007 4f22/2007 4/2212007 A/23/2007 4/23/2007
1:26 11:45 22:04 8:24 18:43 5:02 1521

1:40 12:00 22:18 8:38 18:57

O

lﬂl c!l o = A’ ar o ] 1 | 1o [
Eﬁﬂ 19 nsLla EIILLL'IJE\]G?JBGQM%Q uuazﬂsmmmmmuamwvlﬂuna asuhlaaiodng

3.5. uamﬁmmzﬁﬂ?mmé&qﬁun’%zﬂ,umaﬁauﬁ"sﬂ

aaipanssadeudiedldannnsiudlaessuma a:mmﬁﬁﬁmsﬂm’ﬂm:umm'ﬂﬁa
luTioaﬁuﬁauﬁwmmﬂigﬂtﬂummm Faldimafudsthemnataudanfirinmafudu
J2HZLIRAN ) ﬁ'umﬁfuﬂ‘%mm%aqﬁuw?i nanImasasuaasluar i 10

aNT9N 10 Lﬁmmﬁa@ﬁuﬂ%ﬂumaﬁauﬁw

fI0819 FEHZIRINTU Y Wumanurwluianed ﬁhmmﬁun‘%{f

(%) (CFU/ml)

Foutneae | waamsnia 4 Talus 60 48x105

4 5% 46 12x10°

Lo 1 JUenst 37 13x10°

BT aUN I8 e . o
, , 2 geni 30 6.7 x 10

HWATTUY L. ;
3 guam 28 43x10

4 §enwt 21 27x10

mnmﬁm‘n:ﬁﬂ%mmt%aqﬁuﬂ%ﬁ‘luﬁaaﬂwmmaaﬂ LaTHINAUDINTINNG 18
satny  lesdudmeiimsdaudiosauazsateumeftslulsauluszuznainisineieg

o ar T = s A 4 ' A‘ = =t 5 q' J
U 15 @387 A 3 JU, 1, 2, 3 uss 4 Fua wmﬁﬂ‘%mmmaqaumymeumm:nmm

37




€ a

[ ) d‘ ¥ ~ as J r=3 = A‘
myvy watlavyliunan 2 &l Iﬁmmmm‘aum Suaaad wazFinmanudulueng
AaUNILANRIAUIZLZIRINITLULTWAWAIAITI9N 10

3.5.1 ﬁ’nﬁmﬂﬂfaﬁﬂmnsjuqﬁun%ﬂ“lumaﬁ'auﬁ‘m
dl o J =9 = a ] L% &/ i o ] s ﬂ' =) =3 L
diahizesdunidaindadnmsdautdisiviiniy 4 qav Aadqudvlalauuemis

d“ lﬁv o as el ' = a ¥ ar J
@898 PCA indnuunansmzuadlalail wuihaansousnaaniduansms s 9ash

Colony 1 Colony 2 Colony 3
3U7 20 anwozlaladlulrivwesssiaude

dasanadnsuzuazfvaslalafifidadvlavuemnasnds PCA (gﬂﬁ 20) Wyl
snuonauEs Mlsweuandisiude 1magALENg ANKY wazuWIA W Taslwgoin
iiu Taladt 1 Taladt 2 uas Taladl 3 doiu ﬁavl,ﬁﬁ'm”usﬁ'nwia:‘[a‘[aﬁmﬁmn:ﬁﬁaﬂﬂﬁmaunﬁju
TR GE]

L]

3.5.2 Ha AsYadAUNTHUIN UNTNAL

VA a6 a

= 3 o 9 = a W a &
tUBUN Llﬂﬂziﬂ‘[ﬂﬁu’]ﬂ’\ﬂ’ﬁﬂﬂl}ﬁ WUIIRUNILNEN NWTQL'@?EUL@I]JIGI‘(',@ l.umoﬁaumuum
1 a

siaunsuuinuazunsuay lapwuilalail 1 (Duslianiuaudaudadnuy Tuwamenlaladt 2 uaz
-~ - s ‘d L =3 = :‘ =3 T ﬂ.
3 dursianIvuan snou,ammsuaumﬂﬁmwummam‘lugﬂﬂ 21

3.5.3 nam‘mﬁaaumsﬂ%’*mnmmaana:uqﬁun?ﬁ'
{ o @ A & a a = a ar @
Warhnmaseulaglfemnidadeninawndesdunidsiianiuay  wszaivnsaaInms
winihaaluems lasldomssfia Mac Conkey Agar amnnisnasaungulalail 1 wuiuaas
o A - a a a Y o v A= v oo v a v
annm:maﬂdaua‘ﬁnwﬂ mquaumzﬂmmwaamanaumunqumﬂunqmm‘lwnﬂnm’l‘nﬁ’\

= “ Y [ - [ =1 ~
mauazmm‘mann'm'suﬂmma‘lﬂmumuamanum:'[ﬂ‘iwlugﬂﬂ 22

38



L

Colony 1: Gram negative Colony 2: Gram positive  Colony3: Gram positive

— a o di P=1 a P o % [%
JUN 21 anwuensfaung ﬂTaumaaqauﬂ‘mmwn‘léflumrmmanaumu

Uiz anwuzlaladimuyluamns Mac Conkey Agar 29laladh 1

3.5.4 WAaN1SNAADUNGN Lactic Streptococci
Talait 2 wazlalail 3 ddnwmnilugunsanan (coccus) uazniuuan sldvumasaungy
% & X A - R —
Lactic Streptococcus laglFamiaidsadaidenynam: fs M17 wudimslaladt 2 usz 3

A oA & & A & o
snsadyidvlaldluemaasagesiiail (314 23)

— o ad a — P
sfi23  dnvmclalaiineiyldluemns M 17 veslaladl 2 uaz lalail 3

"

39



» & =t

1 = “‘-‘ L4 A A:‘I L 73 a9 IJ o [l
nmﬂma?‘ﬂ nmIaTzanausdunsslursuaataudiofinuluesfeudanvinnsua

L] q

a PR o a

Fhanawsanm 1 @eu  wurhedwnsdndsmansnedyidulaldaulngaziunduiaunsa

9

grensalasnstaniiena tm:ﬁé’nmmnﬂugﬂmmau

' @i 9 I
3.6 navasanlodlalasiagdeaniAstanawnly
L o & a o gd a ~ [ ¥ '

nnmsnasasindunyiniaiudneipavlaldluoedauiag /1BINLBY
] ] = il I Pz v g . - @ :
gandsznaunguililgnn Fldvnnnesaunantsdanansidsen  fdu  wers dieavas
owlaiuignideaunifivasmy ,

A o ' [ Y A A & v [ v . i

dormaduseteudieiieisuinannignsanviawledngslalasiag (Papain

- v 1

Lipase uaz Glucosidase) iwszzinmana g lanuRsufinmisiiauszanuduiurasawlsdn

= 1 Qs s J
ANADRVUATAIENILFAIAIU

3.6.1 Hanadtowlysl danl pH oI NawnIY

\aYinmsagauan pH wgagataudefiiamsUuuTzuz e g Wi 6 pH 283
sateudniinllnfisiuaustoznmmy - sedanasnindnsausndoaiuniasrieves
ol (gﬂﬁ 24-26) uandainanududuraaawlodnoinliiunaldd pH uansrafu
gnuyuiian pH vasntauiifiduawlosd Papain fiannudutu 100 Wnvasa T uTwiEue
lengs Hlasnminnafamssusaluroeirnmanasenlod  Svoradunsunannmsdat

~ :‘ - = ~ I3 e = :’ " - = o a :
Iﬂ‘i@l%l%%’liﬂx‘l Lal aTﬂ5mumatﬂ%w13nmm’1man HIUBIWTINIILNG ﬂﬁ'ﬁLﬁﬂNﬁﬂ?Wﬁ]d‘r’l'ﬂ%%’l g

My
6.5-—
o
ES.S—- . . :
4.5—- | |

0123456 012345601 234560123456012345§6,
0 1 5 20 100

Maturation time (days) within Enzyme adding (times)

U7 24 wavaaiewlml Papain dasin pH 18ssatandieaITzozMNY

40



W

4.5
0123456 0123456 0123456 00123456 0123456
0 le 5 20 100
Maturation time (days) within Enzyme adding (times)
jUf 25 Wavesawlmd Lipase dosin pH zesnsfowiiuananzozianinm sy
6_
5.5
T 1 /j\’
j= R
4.5-

012345 01 2345 012345 0123456123435

0 1 5 20 100
Maturation time (days) within Enzyme adding (times)

Eﬂﬁ 26  HAavDILAU LM Glucosidase 6ad1 pH a3t ItaRiIBAIATEHLIAINITIN

3.6.2 Ha2BILEN I 6aAT TSC VavsWNand e

i1 TSC ps9sninendreiianfinduamursasnanmsivdniindnuaeidotunsamunia
awlmiiduseluiaena (311"75 27-29) lamhaadudunaurinssuaniuostaudinian
TSC 3z 40% Ltaziﬁtﬁuﬁua%ﬂuﬁw 75-80% (zmuv."w'm“'ﬂru) Wemmstmiuszozom 6
Fu Rervonrevssnnuidudurssowlmitimuniiasesn TSC vaspananiaowuinlufiuavn

1% TSC wanasnmannin

41



Mean(TSC }

40

e

6123456 012345¢6 0123456 0123456 01234356

0 1 5 20 - 100
Maturaffon time (days) within Enzyme adding (times)

A Vs v .
EIJ‘Y] 27 Nﬁ’ﬂa\llﬂ%vt‘]iﬁpapain GEFNTSC TN DUIILATNTEHSLIRTNNTUY

Mean(TSC )

aae

Mean(TSC )
E B 3 3
1 L 1 1

L
T

01 234560123456 01234356 012345¢6 01234356

0 1 5 20 100

Maturation time (days) within Enzyme adding (times)

gﬂﬁ 28 WaUaIlewloy Lipase 6ol TSC 280 W a%iI A NIZOEIAINNTUY

[

0123456 0123456 0123456 0123456 01234375¢6
0 1 5 20 100

Maturation time {days) within Enzyme adding (times)

E ] [ [ '
E'IJYI 29 N'ﬂ"ﬂﬂ\uﬂuvt‘ﬁﬁ Glucosidase @af1 TSC U038 IAUNIYEIUITHELIRINITUN

42




3.6.3 Hapadlanlmidad P, vasu9nanas

damueraududuaasawlsd Papain lwiions woinsinalien Py 2assnatandasiien
Wutu P, fisnaglutig 30-35 nduenlminenududuiuin wrsdau 35-40 ilau
anudutuln 5 usr 20 st It N LLa:LﬁngsLﬂu 45 famnududu 100 i
waaaandutuGut (;iﬂﬁ 30-32) damowlmy Lipase aduasluirenafinnudadusiieg
wui lifinadenisufasuwlasasat Po uswuia P, dninwenuszazamatelutig 4 Tuusn
waziSuansoluwiuit 5 uaziewlm! Glucosidase omaldt P, anasanuszozismstadauin

I TEICHE I D R REIR T

45
40 : '
» .
= ; )
2 351 W W Nv N—\/
[=]
[T
30+
25
0123456 0123456 0123456 0123456 0123456
0 1 5 20 100
Maturation time {days) within Enzyme adding (times)
gﬂﬁ 30 HavadlawloiPapain #afN P, U8B REUNIHANNTIEZLIRINTILY
40

30+

Po value

0123456 012345601 234560123456 0123456,
[¢] 1 5 20 100

Maturation time {days) within Enzyme adding (times)
] v [ w '
E'ﬂﬂ 31 wavadiewlod Lipase fan1 Py 183819Naw0 a0 uzliaInIiuil

43



40-

9,

25

Po value

0]23456012345601234560123456.0!2'3456
0 1 5 20 100

-
Maturation time (days} within Enzyme adding (times}

gﬂﬁ 32 WEDDIlew L Glucosidase ABFY Py 10989N BWENSAINTZHEIRIN U

3.6.4 wazadionlasinan PRI vospnenanwiig

HawToufinudn PRI vassnstaudanfimmsidsenlsiudazafio wud wwilinns
wWasnuaswasdn PRI enuszozna nstaiianuwansiain (31]1‘71' 33-35) tufio PRI 299819
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MINN 11 Y oaunidisy yanluirgrariauwinyuan

Sample Average SD CV (%)
100 % 154 256x10° | 3.41x 10" 13.2
CL + sodium azide (A) 591x10" | 590 x 10° 10.0
CL (B) 256 x 10 ° | 3.03x 10 ° 11.8
CL + 1.4% 953 (C) 2.08x10° | 3.80x 10 ° 18.3
CL + 2.8% 3% (D) 8.98x10° | 493x10° 55
CL + 5.6% L33 (E) 2.04x10 | 1.64x10° 8.0
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A1 1

3.7.6 WazotSuImaauNIdaan pH
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¥3e me'lugﬂﬁ 42
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Total anaerobe on PCA.agar Total aerobe on PCA agar

Yeasts and Moulds on MEA agar ~ Gram positive bacteria on MSA

Gram negative bacteria on MAC Lactic acid bacteria on MRS

o o & A - ) a A a A a
31['“ 42 ﬂﬂ']:}m:’ll’r]dlTﬂ?ﬂHﬂ?ﬁLLﬂﬂ:’ﬁ%ﬂﬂWUl%ﬂ?'r]Uﬁdﬂuuaﬂﬂ']ﬂll

a € ' = a CRL N w =Y Ve 9
INNITIAIIETAWLIN 'JJ‘SJJ'IEMJEIG’QRW’I?UWU!JN’]U‘lﬂﬁn'n:ﬂylnna'm’rﬂl.ﬂ’mu 1.07x10

9 oo o 8 8 . = o A
1 0.47x10 CFU/ml &n17zndlainiaininy 8.65x10 + 1.8 x10 CFU/mI. LAZIIWINDR LUANLTY

- a a o Vo 8 8
UNINUIN WUANLILUNIURLY URZUAAGALARALLUANLINLNINDY 4.23x10 + 0.02 x10 CFU/mI
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8 8 7 7 7 7
3.22x10 # 0.07 x10° CFU/mI, 4.1x10' + 0.47 x10' CFU/ml Uaz 8.5x10 + 0.28 x10° CFU/ml
AURIAL

wananildvhmsiensilaloansasdunisiniadulald  ludedadunenfndy

[ A’ = o i = = ﬂ': ]

lagrinsisanuomis PCA wiam 24 Talas gawndi 37 sseoaidoa nwwinisuon
& ' = < E o o € a & = = 6 3
dosusnzlalafivuams PCA Snansnawimiiiersiaiiavaagardunid laousiazleloan
o & =y =] = ! e | ) o ¢a v L a e
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fA15149% 12 najummLmﬂﬁﬁﬂﬁwuluﬁaamoﬁuuanﬁaé’u

§19u | vhevasnIfauiunsy | snuusueTes Genus, species
1 + Rod Bacillus sp.
2 - Rod Klebsiella pneumoniae
3 - Rod Acinetobacter sp.
4 - Rod Enterobacter cloacae
5 - Rod Klebsiella oxytoca
8 - Rod Citrobacter freundii
7 + Coccoid Y-Streptococcus sp.
3 - Rod Pseudomonas alcaligenes
9 - Rod Escherichia coli
10 + Cocci Staphylococcus
11 + Rod Enterococci
12 + Rod Sphingobacterium spp.

o o

MR Swuuafido 12 slefiiuduleludnasnidunandady 34
ﬂﬁiuﬁWULﬂuéﬁuquuqnﬁa Enterobacteriaceae LanwusiduluafiiTounsuaugiaura
wannniigonouuafiGounsuuandwn 5 lelman wuiwﬁénz\fwmlmﬂﬁﬁu fin
Lactobacteriaceae, Enterobacteriaceae, Pseudomonadaceae Wiz Bacillaceae

mamInanafldid s oufeuiunaey Taysum, 1975 [11] Feldvinisdiamed
nduIRUNIHTTad1 9 Twdenssssums wuiwﬁﬁtanajwaa Staphylococeus, Streptococcus,
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sunsoesydulela wanmfiaanilanmsfinunlen Boonsatit LAz ATAL, 2008 [12) ayziie

aasuvafFafwuluisssrsumdnasnnnmaiuiduns 5 e 1w B. coagulans,
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Burkholderia cepacia, B. licheniformis, B. cereus, B. subtilis, Serratia ficaria,
o a
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& o ga ' wmy v o v & v o ¥

yinmanaassnuiunidiinadesuifvesnatowdie douu ldiesTuraaings

& . = E S ) P ' '
ausnigayaunid o Wnageuniniseeonlanilalesias  iassnintuamlszneuass
v A a a = oo w - a5 N [
hratiiiulilsdn Tedw wazeanslulaese anflwemnsfiddgvesndunid lambiaiuxuon
A a e A o d N " & r . v & v
desdunisiRaldlalalaiiaon 9 dewbhlddedluamiman:  smbwhmsiuiinmsain
wWasslaupauaaslalait auszosImINITUY

53



X A = - o A B ° "
droaunitimalildlalaiiisn 9 dewihldEnsluamisianns

wasSlanvasnaszlalath anusspziia Nl

PN NITTRANNTITFT

naf 13 msaiaenlodrasndunidengatauday
Time 24 h 48 h 72h 96 h

Enzyme Lip. Prot. Phospo. Lip. Prot. | Phospo. Lin. Prot. Phospo Lip. Prot. [ Phospo

+ 0, + - + - + + - + - + - + - + - + - + - + - + -

At - - - - + - - - - - + - - - + + + - - + +
A2 - - - - - - - - + - - - - + - - - - - +
A3 - - - + + - - - - + + - - - + + E + - - + +
Bt - - + + - - - le- + + - - + + - - - - + + -
B2 - + + - - - - + + - - + + - - - . + + - -
B3 - - - -t -l - -] - - C T N - - R T S -
C1 - - - + + + - - - + + + - + + + - - - + + +
[oy4 - - + + - - - - + | + - - - + |+ - - - - + |+ + -
C3 - + + - - - - + + - - + + -. - + + - -
D1 - - + + - - - - + + - - + + - - - - + + - -
D2 - - F - - - -l - -] - - - -1 -] - - EEE T I - -
D3 S T U S T R T I A D RO O I S B e
D4 + + - - -+ + + + - - + + + + - + + + + - - + +
E1 - - - - + + - - - - + + - - - + + - - - - + +
E2 - - - + + - - - - + + - - + + - - - - + +
L1 - + + - - - - + + + + + + + + + + + + + +

WANELAG fefunpdnuitaluaisien 13 el
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Characterisation of Natural Rubber Cup Coagula
Maturation Conditions and Consequences on
Dry Rubber Properties

. \

1, INTAPUN™™* 1. SAINTE-BEUVE"‘“‘* E BONFILS***:: v TANRATTANAKUL®,
Z E. DUBREUCQ" AND L. VAYSSE****#

The maturation conditions of cup rubber coagula stacked in the form of a stocking pile in an
industrial plant have been characterised. It was found that temperature and relative humidity
of the air increased with depth within the pile. In contrast, oxygen content of the air within
the pile decreased as depth increased. The effects of these parameters on the properties of
processed cup coagula maturation were studied. Effects of 24-day maturation on rubber
properties were found to vary with the position of cup coagula within the pile. ‘The pH of
maturated cup coagula decreased significantly with depth in the pile. An inverse pattern was
observed for Wallace initial plasticity (Py), Plasticity retention index (PRI), gel content and
weight average molar mass (M,). Moreover, the maturation period, especially at the deepest
layers, was found to have a positive effect on the standardised properties of rubber such as P,
and PRI

Keywords: Hevea brasiliensis; natural rubber; cup coagula; maturation; plasticity retention
index; initial plasticity

Thailand is currently the biggest producer and
exporter of natural rubber in the world. The
most exported type is Standard Thai Rubber
or STR, which is block rubber, the major
grade being STR 20. It is mainly used in tyre
industries. The raw materials used for STR
production are cup coagula and low grade
rubber sheets produced from smallholder

by STR factories either directly or through
middlemen.

In industrial practice, cup coagula are stored
for a variable period of time before processing,
ranging from 2 to 4 weeks. This storage time
is referred to as “maturation period™. This step
is sometimes requested in order to improve the

plantations. Both raw materials are bought consistency and value of specified indicators of
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rubber quality such as Wallace initial plasticity
(Py) and plasticity retention index (PRI).
PRI reflects the susceptibility of the product
to thermo-oxidation, whereas P, provides
information on the rheological flow behavior
of the raw material. The conditions and the
phenomena that occur during this maturation
period are still not well characterised. Watson'
noticed that soaking the maturated cup
coagula in aqueous solution of oxalic acid
or phosphoric acid could increase the PRI.
Chin et al? stated that the maturation of
cup coagula and their storage environment have
a marked effect on the viscosity and thermo-
oxidative degradation of processed dry rubber.
Hasma and Othman® attributed the drop of
PRI to the deterioration of natural antioxidants
in the cup coagula during maturation. Le
Roux er al.? found relationships between tree
physiological parameters and eco-climatic
conditions on technological properties of raw
rubber but the maturation step which occurred
under different climatic conditions was not
suspected as a source of property variability,
More recently, Varghese et al.’ showed clearly
that the treatment of the cup coagula by a
bactericide could retain the PRI at a high
level and reduce the storage hardening of the
processed rubber.

Understanding these phenomena could
allow industries to control and eventually
shorten this costly storage period. For this
purpose, before conducting experiments in
laboratory controlled conditions, the present
work focused on the characterisation of the
conditions of maturation prevailing in cup
coagula sforage piles on an mdustrial site
and their consequences on rubber properties
and structure. Physico-chemical conditions
{temperature, relative humidity (RH) and
oxygen content) and rubber properties (total
solid content {TSC), pH, initial plasticity (P,)
and plasticity retention index (PRI))} were
studied at different depths from the top of the
cup coagula pile.
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MATERIALS AND METHOD
Cup Coagula Pile

The study was carried out in the Von-
Bundit Co. Ltd. factory {Surat Thani province,
Thailand) during February and March 2008.
Cup coagula were received on 12/02/2008
from different suppliers and stored as a pile of
3-meter height and 20-meter width (Figure I).
The pile was stored outdoor and was exposed
to sunlight for a total of 24 days of maturation
before being transferred to the processing
chain,

Measurement of Physice-chemical
Conditions in Cup Coagula Pile

Upon their delivery to the factory, cup
coagunla were mixed using a bulldozer in order
to homogenise the material within the pile.
Two drilled stainless steel tubes (length 3 m,
external diameter 5.1 cm, thickness 2 mm,
5 mm-diameter holes, 3000 holes/m?) were
placed vertically inside the pile (Figure I).
Distance between drill tubes was 7 m. The
measurement of temperature and oxygen
concentration was performed by inserting in
the tubes a dedicated probe (Conox 3, YWR
GmbH, Weilheim, Germany)} connected to a
multimeter (Multi 350 model, VWR GmbH,
Weilheim, Germany), Calibration of the
oxygen probe was realized using mixtures
of air (containing 20.95% O,) and nitrogen
(99.8%). Plugs (46 mmm diameter) were
placed 10 cm below and above the probe in
order to isolate the measuring zone within
the dnlled tubes while recording. For relative
humidity, measurements were performed with
a Digicon (Japan) HT-765-232 humidity/
temperature meter. Probes were properly
calibrated following supplier’s instructions.
The measurements were performed at 5 levels
from the top: 0, 50, 100, 150 and 200 cm
depth every 6 days for 24 days. On each day
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Drilled stainless steel tubes
(external diameter 5.1 cm, thickness 2 mm, 5 mm-diameter holes, 3000 holes/m?)

Tm
Cup coagula pile

im

20cm ¢

Digicon HT765232 _
™~ gumld:ty/tempemture meter
¥
VYWR 350 mpltimeter

probe

Figure 1. Cup coagula maturation pile equipped with two drilled stainless steel tubes in order 1o measure
humidity, temperature and oxygen content of the air at different depths.

of measurement, the operation was repeated at
8am., 12 am. and 4 p.m.

Raw Rubber Sample Preparation

Sampling. Sampling procedure is described
in Figure 2. On the delivery day, 3 samples of
10 kg of fresh cup coagula were collected in the
vicinity of each of the 2 stainless steel tubes as
representative samples (total 60 kg) of the fresh
cup coagula. These cup coagula were named
“fresh cup coagula™ even though they have
undergone a preliminary storage period before
arrival in the factory and served as a reference
to monitor the influence of the storage. They
were processed on the day of reception and
the technological properties and structure
of the obtained rubber were determined (see
“Characterisation of Raw Rubber”). After
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24 days of maturation, 10 kg samples of
maturated cup coagula were collected arcund
each stainless steel tube on the surface of
the pile (directly exposed to sunlight) and at
the 4 depths mentioned above (5 baskets of
10 kg per stainless steel tube) as shown in
Figure 2.

Cup coagula creping and drying. The
samples were processed following factory
usual procedure. The 10 kg samples were
creped in a Lihoe crepper (Lihoe Co. Ltd,
Selangor, Malaysia, gap between nip rolls:
5 mm, friction ratio; 1:1.56, roll length:
71.1 cm, roll diameter: 38.1 cm, engine
power: 44.7 kW). Cup coagula were creped
by 3 single passes followed by 18 double
passes. The obtained crepes were dried in an
industrial crumb rubber dryer (Golsta, Melaka,
Malaysia; 3.5 t/h) at 129°C for 3 h.
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SAMPLING PROCESSING ANALYSIS

Figure 2. Flow chart of sampling, processing and analysis of “fresh” and “maturated” cup coagula.

Characterisation of Raw Rubber

pH measurement. Inner pH of fresh and
maturated cup coagula was measured with
a penetrating probe (Sentix SP S7, VWR,
Weilheim, Germany) connected to a Multi
350 data logger (VWR GmbH, Weilheim,
Germany). The probe was inserted at the
center of 10 cup coagula from each of the
10 kg samples. For each cup coagulum,
ten repetitions of the measurement were
performed.

Total solid content (TSC) measurement.
Three cup coagula were randomly taken from
each 10 kg sample. Three pieces of 1 g were
cut from each cup coagulum. Each 1 g piece
was dried in oven at 100°C for 3 h. After
cooling down in a desiccator, the dried piece
was weighed. Additional 30 min drying was
performed until constant weight was reached.
Total solid content (TSC) was calculated as the
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dry weight/fresh weight ratio and expressed as
a percentage.

Wallace initial plasticity (Py) and plasticity
retention index (PRI) measurement. A 250 g
sample was cut from the dry rubber crepe
obtained previously. This sample was homo-
genised following SMR Bulletin 7, Part B.2,
1992 standard. Initial Wallace plasticity (Py)
was determined according to SO 2007:1995
while plasticity retention index (PRI} was
determined according to ISO 2930:1995. The
PRI standardised method (ISO 2930) consists
in determining the Wallace plasticity of a disc
of natural rubber with standardised dimensions
before (P,) and after ageing for 30 min (P,) at
140°C in an oven with controlled air circulation.
The PRI, percentage of Wallace plasticity
retained, is then given by Equation 1.

—

PRI=(%§) X 100
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Mesostructure and gel content of rubber.
A 25 £ 2 mg of homogeneous rubber sample
was dissolved in 40 mL of tetrahydrofuran
(THE) stabilised with 3,5-di-tert-butyl-4-
hydroxytoluene (BHT) for 2 weeks. The rubber
solutions were stored at 30°C for 7 days without
stirring and gently stirred for 1 h daily for 7
days after. The solution was filtered (Acrodisc
1 pm, glass fiber, Pall) and injected into a
size-exclusion HPLC system consisting of an
online degasser (EliteTM, Alltech}, % Waters
515 pump, a refractive index detector (Waters
2410) and a multiangle laser light scattering
detector (Dawn DSP, Wyatt technology
Corp.). The columns were three inline PLGEL
(Polymer Laboratory) mixed beds (20 pm,
7.8 mm ID X 30 cm) with a guard column.
The columns were thermostated at 45°C. The
mobile phase was THF stabilised with BHT
at a flow rate of 0.65 mL min™, the injected
volume was 0.15 mL. Number-average molar
mass (M,), weight-average molar mass (M,,)
and z-average molar mass (M,) were calculated
using ASTRA software (Wyatt technologies
Corp.). Fourteen angles, from angle 3 (32°)
to angle 16 (134°), were used for calculation
using Zimm method. The differential refrac-
tive index increment {dn/dc) value used was
0.130 mL g

For a given sample injected into the SEC-
MALLS chain, the refractive index increment
of solvent and sample solution was measured
by a refractive index detector (DRI). It
represents the incremental refractive index
change (dn) of the solution for an incremental
change of the concentration (dc). ASTRA
software performed the calculation of the
injected quantity of natural rubber (NR) after
filtration by integrating the whole NR peak on
the chromatogram. Thus, as the concentration
of the solution (0.625mg mL™7) and the
injected volume (0.15 mL) were known before
and after filtration, the fraction ehiminated by
filtration, i.e. the percentage of gel, could be
calculated as follows (Equation 2).
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Total gel content (%) = (g%m,) X100 ...2
0

m, = mass of sampie in 0.15 ml before
filtration

m, = mass of injected sample (calculated from
SEC-MALLS)

RESULTS AND DISCUSSION

Physico-chemical Conditions in Cup
Coagula Pile

Oxygen content, temperature and relative
humidity of air were measured at different
depths within the cup coagula pile after 1, 7,
13 and 19 days of maniration are shown in
Figures 3t0 5. For each maturation time, values
are the mean of 2 independent measurements
{one in each drilled tube).

The oxygen content of the air contained
in the cup coagula pile decreased as depth
increased (Figure 3). At the top of the pile,
oxygen content was 16% — 18% and decreased
to less than 5% below 100 cm -150cm.
This gradient, most probably driven by
oxygen consumption during microbiological
oxidation reactions and by the lack of
oxygen supply by air renewal, did not change
significantly during the period of study.

Air temperature in the cup coapgula pile
increased with depth (Figure 4) according to
a gradient with no overall significant change
during maturation except for daily variations.
Throughout the pile, temperature in the
morning was 10°C lower than at noon and
afternoon. At the top of the pile, average
temperature was 34°C. This value depended
mainly on weather conditions and time
of measurement. Temperatures at 50 cm
~ 100 cm and 150 c¢m — 200 cm below the
top were respectively 36°C and 39°C on
average. This temperature gradient may be
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caused by a combination of the exothermic
metabolic activity of microorganisms inside
the pile, solar radiation at the top of the pile
and thermal exchanges within the pile by
convection (through air and serum movements)
or conduction (through cup coagula).

Relative humidity (RH) in cup coagula pile
also increased with depth, especially at mid-day
and in the afternoon with values ranging from
45%—55% on the top of the pile to 85%-90%
at 200 cm below the surface (Figure 5). In the
morning, RH was in a closer range (75%-95%)
in all the locations within the pile, probably
due to a lower evaporation rate on pile surface
and the lower temperature of the air.

Temperature, humidity and oxygen content
are key factors controlling the development
and activities of macroorganisms. The vertical
gradient of values observed for all of these
parameters in the pile suggests that the
microbial population could differ in terms of
species and activities according to the location
of cup coagula within the pile.

Properties of Cup Coagula

Total solid content {TSC) of fresh cup
coagula was 73% in average on the delivery
day in the industrial plant (Figure 6). After
the maturation period, TSC increased to
around 80% — 85%, with slight differences
depending on the depth of sampling. Higher
TSC measured at the bottom of the pile may
be due to compression by upper cup coagula
weight, while the high value at the surface
most probably resulted from evaporation of
water caused by solar radiation and wind as
well as from drainage of serwmn.

The average pH of the delivered fresh cup
coagula was 5.7. After 24 days of maturation,
the pH of cup coagula at the top of the pile
rose to 7.4 as shown on Figure 7. This result
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is in agreement with the observations by
Soewarti and Moh®, who found that the pH
of cup coagula increased from 6.25 to 6.85
after 35 days of maturation. The increase of
pH might be due to the release of ammonia
during the degradation of latex proteins.
Strong “ammonia” oder over the pile backed
this hypothesis. Ammonia is indeed one of
the co-products of organic matter hydrolysis
and fermentation’. Moreover, a clear vertical
pH gradient was observed in the maturated
cup coagula pile, with pH values decreasing
gradually from the top to the 200 cm depth
(pH 7.5 to pH 6.5). As suggested by Taysum®,
acid production by anaerobe microorganisms
such as Clostridium sp., Lactobacillus sp. and
Streptrococcus sp. may explain lower pH in
locations with low oxygen content, i.e. in the
deeper layers of the pile (Figure 3).

Wallace initial plasticity (P,) of rubber from
fresh cup coagula collected on delivery day
was 25 in average (Figure 8). After 24 days
of maturation in the pile, it was found that
P, increased with the depth. At the top of the
pile, P, value was 26 and reached a2 maximum
value of 42 at a depth of 200 cm. Higher P,
deeper in the pile may be related to a lower
degradation of polyisoprene chains and/or
higher cross-linking between rubber chains.
These phenomena may have occurred during
maturation andfor drying. Scisston and cross-
linking are indeed two antagonistic phencmena
that play an important role in the modification
of the structure of rubber during maturation
and drying’. It is interesting to note that higher
P, are measured in layers characterised by a
higher temperature and lower pH and oxygen
content in the air.

Plasticity retention index (PRI) is a
standardised parameter to determine sensitivity
of natural rubber to thermo-oxidation. It has to
be mentioned that for natural rubber there is
a balance between scission and cross-linking
during the thermo-oxidative process. In most
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Figure 8. P, of cup coagula in maturation pile at different depths from the top
Initial P, on delivery: bold dotted line («=+); P, after 24 days of maturation: gray histograms.
Standard errors are indicated respectively by thin doted line () or error bars.

of the cases, scissions are prominent. As shown
in Figure 9, the mean PRI value of rubber from
fresh cup coagula was 25, which is significantly
below TSR 20 standard (Technically Specified
Rubber grade 20) that requires a minimum
value of 40. After 24 days of maturation in
the pile, PRI increased significantly with the
depth in the pile, reaching values above 41
when cup coagula were collected deeper than
150 cm under the top (17 units increase). The
environmental conditions at the bottom of the
pile (high temperature, low pH and oxygen
content in the air) encouraged microbiological/
biochemical mechanisms that reduce sensibi-
lity of NR to thermo-oxidation. However,
these mechanisms remain to be characterised:
they may involve a change in the balance
between antioxidant molecules (proteins,
amino acids, tocotrieniols, efc) and pro-oxidant
molecules (unsaturated free fatty acids, free
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metallic ions, efe)'°. PRI values followed the
same trend as those of P, within the pile. This
similarity indicates that the observed gradient
of P, can be explained mainly by the effect of
depth on the resistance of rubber to thermal
treatment during drying.

Mesostructure (average molar masses and
gel content) of rubber from fresh and matured
cup coagula from different vertical locations
in the pile were analysed by SEC-MALLS.
As number-average molar mass (M,), weight-
average molar mass (M) and z-average molar
mass (M,) showed the same trend, only M, is
presented (Figure 10). M,, values, as the P,
ones, increased with the depth within the pile.
Bearing in mind that molar masses measured
by SEC are related to the soluble part of
rubber only, therefore, higher M,, deeper in
the pile indicates that the soluble polyisoprene

7
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chains maturated at 200 cm depth underwent
less scission during the drying process (3h
— 129°C) than their counterparts from the
top of the pile. Initial value of M,, of rubber
from non-maturated fresh cup coagula was in
the same range as in the layer located 50 cm
below the top after maturation. The maturated
top layer cup coagula displayed a lower value
of M,, most probably due to scissions caused
by direct sunlight exposure. Concerning gel
(Figure 11), and contrary to other parameters,
the initial level (47.7%, fresh cup coagula) was
in the same range as that of the layer located
200 cm below the top. Gel content decreased
slightly at the top of the pile (depths 0 and 50
cm), which displayed lower P,. These results
of structural study, as well as the similar trends
of P, and PRI (increasing values with depth),
support the assumption that the P, gradient
observed in the maturated pile is more due to a
higher resistance to scission during the drying

process (thermo-oxidation) than to a higher
cross-linking,.

CONCLUSION

This study was undertaken in order to
characterise the maturation conditions of
cup coagula pile in an industrial plant and to
monitor the influence of maturation on some
technological properties of processed cup
coagula at different depths from the top of a
pile. It was found that temperature, relative
humidity of the air and total solid content
increased with depth. In contrast, oxygen
content of the air within the pile decreased
as depth increased. The effects of 24-day
maturation on rubber technological properties
were found to depend on the position of cup
coagula within the pile. The pH of maturated
cup coagula decreased significantly with the
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Figure 11. Gel of cup coagula in maturation pile at different depths from the top
Initial gel on delivery: bold dotted line (== =); Gel after 24 days of maturation: gray histograms.
Standard errors are indicated respectively by thin doted line () or error bars.
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Abstract

The involvement of micro-organisms in the initial stage of maturation of natural
rubber coagula was assessed by five latex treatments varying initial quantity of micro-
organisms: from latex added with antimicrobial agent (3.4 x 10* CFU/mL) to strongly
inoculated latex (2.4 x 10" CFU/mL). After 0 to 6 days of maturation, the obtained rubber
was characterized for its physical and structural properties. Wallace plasticity (Pp) and
plasticity retention index (PRI) remained constant during maturation for antibiotic added
treatment. PRI was found to decrease with maturation time and the rate proportional to the
initial micro-organism concentration. Py of all inoculated rubber increased for the first
2 days of maturation and decreased after 6 days of maturation. Concerning structural
parameters, higher initial micro-organisms content correspdn_ded to higher gel content and

lower weight-average molar mass (M, ) after maturation, drying and storage. Inoculated
rubber showed a stable value of number-average molar mass (M, ) contrary to non
inoculated samples where an increase of M, during maturation was observed. The quantity

of micro-organisms significantly affected the physical properties and structure of processed
dry rubber. The mechanisms occurring at the initial stage of maturation are complex and
micro-organisms are not only involved in the increase of sensitivity to thermo-oxidation but

also 1n crosslinking phenomenon between isoprene chains.

~ John Wiley & Sons, Inc. 78
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1. INTRODUCTION

The TSR 10 and TSR 20 are the most produced commercial grades of raw
Technically Specified natural rubber. The main raw materials for producing these two
grades are the “coagula” or “cuplumps”, obtained by natural (or auto) coaguiation of latex in
the collection container a few hours after tapping. The time between tappiﬁg the trees and
processing the coagula in TSR1Q or 20 raw natural rubber can reach several weeks: it is
called the maturation time. Dyring this period, coagula undergo biochemical intrinsic
modifications in which micro-organisms are supposed to play an important role.” This
maturation time is crucial for the processors as it impacts the quality of the processed
rubber. Indeed, the quality of natural rubber (NR) obtained from coagula available for the

processors from grower sector is inconsistent especially in terms of sensitivity to thermo-

oxidation.’

Natural rubber latex is the cytoplasm of laticiferous cells located in the bark of
Hevea brasiliensis tree. Its composition, rich in mineral salts, sugars, amino acids, proteins
and lipids, is a highly favourable mediuin for microbial growth. Taysum® identified about
100 species of micro-organisms in Hevéa latex and in its commercial derivatives. Bacteria in
fresh latex may come from several sources (bark and cut of tapped trees, collection cup,
etc.). According to Taysums, primary infection could reach, according to cases, 10% to 10
total bacteria per mL and coagulation starts when bacterial population reached 10° 10 10"
per mL. Micro-organisms could account for spoilage of latex and ammoniated latex
concentrate. Some like Gordonia sp.é, Nocardia sp.”, several bacteria species ® and fungi '°
are known to degrade dry rubber and rubber products.

Few researchers have studied the effect of microorgd'nisfns in latex on the properties
of raw NR. Soewarti and Moh'' have shown that coagula obtained after inoculation of skim
latex with some micro-organisms lead to rubber of lower quality than when coagulation was
provoked by addition of formic acid. Increasing maturation time usually increased

LZ1213 Hasma and Othman'® also attributed the lower

sensitivity of NR to thermo-oxidation.
resistance to thermo-oxidation of auto-coagulated coagula to the bacterial decomposition of
proteins and other non-rubber components by bacteria, leading to the release of strong pro-
oxidants such as free copper.

The conditions of storage of coagula between the day of delivery in a factory and the

day of processing has been studied recently by Intapun and coworkers.”” It was observed

John Wiley & Sons, Inc. 729
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that coagula arriving in the factory, after a few weeks of maturation in the farms, were rather
sensitive to thermo-oxidation (PRI 22-28). It was demonstrated that the industrial storage
conditions have a significant impact on properties of dry rubber. After 24 days of storage in
a 3m-high pile, the sensitivity to thermo-oxidation of coagula interestingly decreased as
illustrated by an increase of PRI up to 46. Soaking the crumb rubber in phosphoric or oxalic
acid solution before drying is another industrial way to increase PRI

The initial quantity of micro-organisms in latex before coagulation and its effect on
the structure and properties of rubber have not been reported. This is the main purpose of the
present study which was perfo;med under controlled maturation conditions at laboratory
scale. The maturation of coagula was studied from 0 to 6 days after inoculation with
different quantities of micro-organisms sampled in the rubber field. The main bulk
properties assessed during maturation were PRI and Initial Wallace plasticity (Pp).
Furthermore, analyses of the mesostructure (macromolecular structure and gel content) of

raw rubber were performed to understand the evolution of properties during maturation.

2. MATERIALS AND METHODS

2.1 Clean latex

Five liters of latex were collected from 32 Hevea brasiliensis trees from RRIM600
clone located in the rubber plantation of Prince of Songkla University, Surat Thani,
Thailand. A special tapping procedure was developed for the collection of latex samples
with an as low as possible level of microbial contamination. The collection material was
autoclaved at 121°C for 15 min before use. Sterilized material included a knife, a spout, a
plastic tube connected with a collection plastic bag (15 cm x 23 cm), a plastic sheet (60 cm x
70 cm), metallic blade (5 ¢cm x 12 cm) and water (1L). The bark was slightly scrapped with
the metallic blade downward from the cut to 3 cm below. The scrapped area was cleaned
successively with water, ethanol and water, using commercial sterile cotton. The clean panel
was covered with a plastic sheet fixed on the tree by a rubber band, 10 cm up the tapping
cut. Previously to tapping a new spout was fixed on the tree. Latex was directed to flow
through the spout and the plastic tube into the collection bag. The bag was placed inside an
ice-containing cup. When the latex flow stopped (around 3h after tapping), bags containing
latex were transferred to a laminar flow cabinet in the nearby laboratory. The latex harvested

through this special tapping system is called “clean latex” in this paper.

John Wiley & Sons, Ine. 80
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2.2 Inoculum
Thirty-two trees, identical to those used for latex collection, were tapped following
the traditional procedure and the harvested latex allowed to coagulate naturally. Three days
after tapping, the 32 coagula were squeezed and approximately 250 mL of serum containing
suspended micro-organisms were collected and filtered through a metallic sieve (1 mm pore
size). Microbial cells were then centrifuged and washed as follows: 80 mL of serum was
centrifuged at 10,000 g for 15 min (8 tubes x 10 mL). For each tube, the supernatant was
removed and the cell pellet was resuspended in 10 mL of 0.9% NaCl (w/v). The washing
operation was repeated twice. The cell suspensions were then pooled in a capped flask and
the obtained inoculum was stored at 4°C until further use. The “2.5X concentrated”
inoculum was obtained following the same procedure except that the last resuspension was
performed with 4 mL instead of 10 mL of 0.9% NaCl (w/v). The microbial population in the
inoculum was estimated as described in section 2.4,
2.3 Latex preparation : 5 treatments
The amount of micro-organisms in latex was controlled either through the volume of
inoculum added to latex or, by the addition of sodium azide as an antimicrobial agent. Fresh
clean latex was split into 5 different iiﬁts of 1 L each corresponding to the five treatments.
Antibiotic (16 mL of 10% sodium azide solution) was added to the first lot while the others
received different amounts of inoculum as detailed in Table 1. Preliminary tests had shown
that sodium azide provided anti-microbial activity without interfering with the rubber’s
propetties. '.
2.4 Counting of micro-organisms
The microbial population in the inoculum was characterized using selective agar
media. Appropriate 10X dilution were performed before spféading on agar plate. The
following categories were numbered: gram positive, gram negative, lactic acid bacteria, total
aerobic and total anaerobic bacteria, and yeasts. Micro-organisms present in inoculum are
indicated in Table 2.
Counting of micro-organisms in latex before coagulation was limited to total aerobic

population on PCA media (Table 2).
2.5 Coagula preparation

About 9 ml of 5% formic acid solution were added to each lot of latex to reduce their

pH to 5.2. The pH change was monitored by a disinfected pH probe (Sentix SP §7, VWR,

John Wiley & Sons, inc. 81
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Weilheim, Germany) connected to a multt 350 data logger (VWR GmbH, Weilheim,
Germany). Each latex mixture lot corresponding to one treatment was poured into 45 mL
sterile glass cups (15 mini cups per treatment). Mini coagula in glass cups were stored in
sterile hermetically closed boxes in an incubator (BD Series 53, Binder GmbH, Germany) at
40°C for 3 h. Under a laminar flow hood, coagula were retrieved, placed on sterile stainless

steel trays, and kept in sufficiently large hermetically sealed plastic boxes.

2.6 Coagula matura'tion

Coagula with different microbial populations were matured under saturated humidity
in the closed sterile plastic boxes (1 maturation box per treatment) and incubated at 40°C.
This temperature was chosen with respect to that prevailing in the coagula maturation piles.
To evaluate the effect of maturation time, 3 coagula from each box were randomly sampled

and weighed from the start '(ddy 0) to the 6™ day after coagulation.

2.7 Creping and drying of coagula

A laboratory-scale creper (mini-:cféper) was built with the following specifications:
gap between nip rolls 0.04 mm, speed of front roll: 190 rpm, friction ratto: 1:1.3, roll length:
20 cm, Roll diameter 10 ¢cm, Engine power: 2.2 kW. Each cup coagulum was creped by 16
double passes in this mini-creper (crepe was folded end to end between each pass) followed
by 1 single final pass. |

The obtained crepes were dried in a hot air oven (UE700, Memmert GmbH & Co.
KG., Germany) at 125°C for 2 h, cooled in a desiccators and weighed. The creping and
drying process parameters were chosen after a comparative study with the industrial STR20

process used at the Von Bundit Co. Ltd., Surat Thani factory.

2.8 Bulk characterization of coagula and rubber

Considering that, during creping, only water soluble components were leached, the dry
rubber content of coagula (DRC,) was assessed as the percentage ratio of the weight of the
crepe to the fresh weight of the coagula.

About 20 g of crepe were homogenized following the SMR bulletin No. 7 (1992), B2
Standard. Wallace rapid plasticity (Pp) and Plasticity Retention Index (PRI) were measured
following SMR bulletin No. 7 (1992), B8 Standard. Py and PRI measurements were
performed twice: within 24 hours and 80 days after drying.

John Wiley & Sons, Inc. 82
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2.9 Mesostructure and gel content testing

The method described by Kim et al.'® was followed with slight modifications. A
25 £ 2 mg sample of homogeneous rubber was dissolved in 40 mL tetrahydrofuran (THF)
stabilized with 3,5-di-tert-butyl-4-hydroxytoluene (BHT) for 2 weeks. The rubber solutions
were stored at 30°C for 7 days without stirring then gently stirred for 1 hour daily for 7 other
days. The solution was filtered (Acrodisc 1 um, glass fiber, Pall) and injected into a size-
exclusion HPLC system consi'sting of an online degasser (EliteTM, A]ftech), a Waters 515
pump, a refractive index detector (Waters 2410) and a multiangle laser light scattering
detector (Dawn DSP, Wyatt technology Corp.). The columns were three inline PLGEL
(Polymer Laboratory) mixed beds (20 pm, 7.8 mm ID x 30 cm) with a guard column. The
columns were thermostated at 45°C. The mobile phase was THF, stabilized with BHT. Flow
rate was 0.65 mL.min"'. The injected volume was 0.15 mL. Number-average molar mass
(M, ), and weight-average molar mass (M ) were calculated using the ASTRA software
{Wyatt Technologies Corp.). Fourteen angles, from “Angle 3” (32°) to “Angle 16” (134°),
were used for calculation wvsing the Zimm method. The differential refractive index
increment (dn/dc) value used was 0.130 mE.g™.

For a given sample injected into the SEC:-MALS chain, the refractive index increment
of solvent and sample solution was measured by a refractive index detector {DRI). This
represents the incremental refractive index change (dn) of the solution for an incremental
change of the concentration (dc). ASTRA software was used for the calculation of the
injected quantity of natural rubber (NR) after filtration by integrating the whole NR peak on
the chromatogram. Thus, as the concentration of the solution (0.625 mg.mL“l) and the
injected volume (0.15 mL) were known before and after filtration, the fraction eliminated by
filtration, i.e. the percentage of total gel, could be calculated as follows (equation 1) :

Total gel content (%) = (M]X 100 (1)
mg
myp = mass of sample in 0.15 mL before filtration

m, = mass of injected sample (calculated from SEC-MALS)

John Wiley & Sons, Inc. 8%
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3. RESULTS

31 Initial micro-organism amount in inoculated latex

Clean latex (MO0) contained 4.82 x 10° CFU/m of total aerobic micro-organisms while
the addition of sodium azide (M0O+N) reduced this amount to 3.41 x 10* CFU/ml. Addition
of inocula (M1, M2 and M35) raised this amount to 2.16 x 106, 9.52x10° and 2.36x107
CFU/ml respectively (Fig. 1). The quantity of counted aerobic micfo—organisms in
inoculated latex was therefore proportional to the quantity of added inoculum.

3.2 Evolution of dry rubber content of coagula during maturation

At the first day of fnaturation, the average dry rubber content of all coagula inoculated
was 40.5%. After 6 day of maturation, dry rubber content of coagula (DRC,) increased up to
arange of 62% -72% depending on the initial number of micro-organisms (Fig. 2). Indeed,
mcreasing the quantity of micro-organisms decreased proportionally the dry rubber content
during maturation as well as the level of the obtained plateau. The physical aspects of
coagula after six days of maturation were very different (Fig. 3). The presence of growing
micro-organisms was clearly illustrated by the generation of bubbles inside the coagula. On
a qualitative point of view, size and number of bubbles seemed to increase with the initial
quantity of micro-organisms. -

The difference of DRC, between treatments was mainly explained by a difference of
fresh weight before drying (results not shown), which illustrates a higher serum retention
from the coagula containing higher amount of micro-organisms. Superior water retention in
inoculated coagula can be explained by two reasons: (i) gas produced by the microbiological
metabolism formed bubbles inside the coagula (Fig. 3) ; the cavities formed by the bubbles,
bigger and more numerous with the quantity of micro-organisms, could act as a reservoir
and trap water; (11) micro-organism activity may have degraded non isoprene compounds,
especially proteins, which are known to help water migration in the hydrophobic rubber
medium.’” Water may thus have been retained inside the coagula because of a lack of

carrier.

33 Evolution of Plasticity retention index (PRI) and Wallace plasticity (Py)

during matoration

Initial PRI of rubber originating from all coagula processed 3h after coagulation were

similarly high with an average value of 97.6 (SEM=1.4} (Fig. 4A). The evolution of PRI

7
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during maturation was clearly dependent on the initial quantity of micro-organisms in latex.
Indeed, when microbial growth was prevented (M0+N), no change of PRI was observed. For
the three inoculated treatments (M1, M2 and MS5) the drop rate of PRI was proportional to
the initial micro-organism concentration, even though the PRI reached after 6 days was
found similarly very low (<10). Concerning the non-inoculated treatment (MO), which
contained a low initial number of micro-organism, a less important drop was observed
during maturation, PRI value reached after 6 days being 70. The presence of micro-
organisms in latex before coagulation clearly led to a proportional increase of sensitivity to
thermo-oxidation (decrease of l;RI). This may be explained by two phenomena: (i) micro-
organisms activity released pro-oxidant molecules such as free metallic ions'* or fatty
acids'®; (ii) this activity degraded or inactivated some of the latex native anti-oxidants such
as tocotrienols.'” On-going studies of this anti-oxidant are in progress but if has already been
observed on these sample:s'. that free tocotrienols disappearance is associated with the

decrease of PRI (data not shown).

Figure 4B presents the evolution of Wallace plasticity during maturation time (0 to
6 days) for all treatments described previously, the main difference between treatments
being the initial quantity of micro-organisms. The control sample for all treatments (0 day
maturation time) displayed a Wallace plasticity (Pp) value about 34.1 (standard error of the
mean or SEM=0.35), whatever the micro—orgéni___sfms quantity. When observed during
maturation, the evolution of Py was clearly dependent on the quantity of micro-organisms.
Indeed, when microbial activity was prevented (treatment MO+N), Py did not change
significantly while for the non inoculated treatment (MO) Py increased up to 45 after 6 days
of maturation. With inoculated ones (M1, M2 and M3), an increase of Py was observed for
the first 2 days of maturation and was followed by a drop down to 30.5, 27.5 and 27.0
respectively after 6 days of maturation. The observed variations of Py could be due to a
balance between hardening of rubber by crosslinking of polyisoprene chains and softening
by oxidative scission of polyisoprene chain during drying. In inoculated samples (M1, M2,
MS), despite a decrease of PRI from the first day, crosslinking seemed to counteract and
even to exceed scissions during the first two days, leading to an increase of Py. Later on,
after the 4™ day, scission became prominent, leading to a decrease of P. For non-inoculated
samples (MO) the crosslinking phenomenon was higher than scission during the 6 days of
maturation. Rubber added with antimicrobial agent (M0+N) showed a constant Py, which

illustrates equilibrium (or non-existence) of those two phenomena. The involvement of

8
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micro-organisms in the crosslinking phenomenon is difficult to assess. It can be supposed
that microbial activity interacts with polymer chain abnormal groups as well as with non-
isoprenc constituents, which leads to new interactions between rubber chains. Micro-
organisms interestingly seemed to promote both phenomena — crosslinking and scission —
which have contrary effect on Py. Mesostructural information (total gel and molar masses),

which will be discussed below, are needed to complete those assumptions. -

3.4 Evolution of Py, PRI and mesostructure of rubber after storage

For all treatments but 1\7[2 (considered similar as M1), measurements of Py and PRI
were repeated before structural analysis by SEC analysis after storing the samples 80 days at
room temperature. Cbnsiden’ng the low variance among repetitions for Pp and PRI measured
just after drying, and the fact that three repetitions of the SEC analysis are realized, only one
repetition of each treatmernit and each maturation time was taken for the re-measurement of
P, and PRI and for the assessment of polyisoprene molar masses and total gel.

Figure 5A and 5B presents respectively the re-measured PRI and Py (plain line) in
comparison with the initial measure just after drying (dotted line). The results obtained
showed the same global trends as the ones obtained without storage, but Py was clearly
increased because of storage hardening. This hardening, assessed by “Delta Py” (Po
measured 80 days after drying minus Py measured within 24 hours after drying) was in the
range of 10 to 15 Py units for non-inoculated samples (MO and MO+N). With the inoculated
samples (M1 and M5), the shift was more important (between 15 and 22) and increased with
maturation time. This is shown on Figure 6, which presents the evolution of “Delta Py”
with maturation time for treatments M0+N, M1 and M5. A good linear correlation between
maturation time and increase of Py was observed for inoculated samples (p<0.01).
Therefore, the presence of micro-organisms in latex promoted storage hardening, and the
increase of Py was more marked for inoculated samples matured for 4 or 6 days. This is
again an illustration of the impact of microbial activity during maturation on the crosslinking

of rubber chains even after drying, i.e. during storage time.

The mesostructure of the rubber after storage was also studied. Concerning the weight-

average molar mass (M ) and the number-average molar mass (M), it is worth noting

that, contrarily to the other measured parameters, the initial value of molar masses from

samples processed 3 h after coagulation were slightly different between treatments,

John Wiley & Sons, Inc. 86
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inoculated rubber showing slightly lower values of M, and M, (Fig.7). M, followed a
different trend than that of M, during maturation. Indeed, inoculated rubber showed a stable
value of M, staying around 700 kg/mol while non inoculated samples (MO+N, M0) showed
an increase of M, over the maturation time, up to 900 kg/mol. M, data are delicate to

interpret. Indeed, on one hand, scissions would logically produce more short chains and

decrease M, while on the other hand, short chains may be involved into gel and therefore
not be counted in the M, assessment leading to its overestimation'®. A slight decrease of

_— - ——
M, was observed with maturation time for the antibiotic treated rubber (MO+N). M

values dropped from 1500kg/mol down to 1400kg/mol after 6 days of maturation. The M,
from MO treatment (no inoculum, no antibiotic) showed a similar trend with a faster drop.

For inoculated treatments (M1 and MS), this drop was more important, M, reaching a

minimum value of around 1150 kg/mol. Interestingly, the drop rate was proportional to the
quantity of micro-organisms, the minimum value being reached after 1 day for MS and after
4 days for M1. The weight-averagé molar mass (M, ), which preferentially illustrates the
high molecular mass-isoprene population, confirmed that the presence of micro-organisms in
latex before coagulation promoted scissions. Considering the similarity of M, and PRI
evolution, those scissions are most probably due to a thermo-oxidative phenomenon which
occurred during drying.

Concomitantly, it is obvious that micro-organisms are also involved into crosslinking
interactions between isoprene chains during and/or after maturation (drying and/or storage)
as illustrated in the total gel evolution (Fig. 8). This total gel included both “microgel and
macrogel” as defined by Allan and Bristow®, contrary to other authors who determined only
macrogel by centrifugation when studying the mechanisms of’ gel formation during storage

hardening of natural rubber 222,23

. The control sample for all treatments (0 day maturation
time) displayed a very similar initial gel content with an average value of 30%
(SEM=0.64%). For all treatments, gel quantity increased with maturation time and reached a
plateau after 2 days of maturation. The value associated with this plateau was proportional to
the initial quantity of micro-organisms, from 45% for antibiotic treated rubber (MO+N) to
55% for the treatment with the highest initial micro-organism content (M5). Nevertheless,
for samples containing an antimicrobial agent (MO+N), an increase of gel content was also

observed at a lesser extent, which means that gel formation may occur without microbial

activity. This gel may be of a different nature as it did not impact on the Py of MO+N

10
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samples, which remained stable during maturation. This could be a thermoreversible
physical gel which could have appeared during storage and disappeared during Py
measurement at 100°C. Indeed, Voznyakovskii et al.”" studied gel in NR by dynamic light
scattering and showed that increasing temperature of the solutions from 20°C to 70°C led to
a decrease of the mean size of the aggregates. Micro-organisms enzymatic activity may
catalyze reactions involved in gel formation such as the oxidation of polyunsaturated fatty
acid leading to formation of aldehyde groups and the release of amino acids or metallic ions.
In order to better understand the mode of action of micro-organisms, the study of in situ

-

enzymatic activily is necessary.

4. CONCLUSION

The initial stages of the maturation of natural rubber coagula were investigated. The
obtained structure and properties of dried rubber were further studied. It has been shown that
phenomena occurring during the first stage of maturation of rubber are complex and clearly
depend on the presence and the amount of micro-organisms in the initial latex. At the initial
stage of maturation, micro-organisms clearly enhance the sensitivity of rubber to thermal
oxidation while concomitantly seeming to promote crosslinking between rubber chains.
However, the exact mode of action of these micro-organisms is not understood, hence the

need to focus on the role of enzymes they secrete.
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Figure 1 Initial microorganism amount in lattices for each treatment. Error bars are SEMs
of three replicates.

Figure 2 Evolution of dry rubber content of coagula (DRC,) with maturation time. Error
bars are SEMs of three replicates.

Figure 3 Central sections of cup coagula after 6 days of maturation, with different initial
levels of micro-organisms inoculation.

Figure 4 Evolution of PRI (A) and Py (B) with maturation time. Measurement performed
within 24h after drying (Error bars are SEMs of three replicates).

Figuré 5. Evolution of PRI (A) and Py (B) with maturation and storage time. Measurements
performed after 80 days of sforage (solid lines) compared with initial ones (dashed lines).

Figure 6 Effect of the maturation time on the increase of Py during 80 days storage. The solid

lines are linear regressions, Coefficient of determination R? are indicated nearby the corresponding straight
lines.

Figure 7 Evolution of M, (A) and M_w(B) with maturation time after 80 days of storage.
Error bars are SEMs of three replicates.

Figure 8 Evolution of Total Gel content with maturation time after 80 days of storage. Error
bars are SEMs of three replicates.
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Treatment  MO+N MO M1 M2 M5
Clean Latex (mL) 1000 1000 1000 1000 1000
10% Sodium azide solution (mlL.) 16 - - - -
Inoculum (mL) - - i4 23 -
Concentrated inoculum 2.5X (mL) - - - - 28
Sterile 0.9% NaCl (mL) - 12 28 14 - -
Total volume (mL) 1028 1028 1028 1028 1028

John Wiley & Sons, Inc.
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Table IT Microbial population in the inoculum

. . . . cer Total count

Micro-organisms Specific media Culture conditions (CFU/m)

Total aerobic PCA (Difco, USA) 35-37°C for 24-48 h 8.7 x 10°

Total anaerobic  PCA (Difco, USA) >3/ C for 24-48 hin 0

anaerobic jar 1.1 x 10

Gram + bacteria MSA (Difco, USA) 35-37°C for 24-48 h 42 % 10°
_ . Mac Conkey agar o

(Gram — bacteria (Meick, Germany) 35-37°C for 24-48 h 39 x 108

Lactic acid : X o

bacteria MRIS (Dafco, USA)  35-37°C for 24-48 h 4.1 x 107

Yeasts and : o

Moulds MEA (Difco, USA) 25°Cfor72h 85 x 10

John Wiley & Sons, inc.
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Abstract

In factory practice, the so-called cup coagula, resulting from the natural coagulation of hevea latex in
collection cups, are stored in piles for a variable period of time before being processed as Technically Specified
Rubber {TSR). The present work focused on the characterization of physico-chemical conditions [temperature,
refative humidity (RH) and oxygen content] and rubber properties [pH, Wallace initial plasticity (Py) , Plasticity
retention index {PRI} and mesostructure] at different depths from the top of the piles. It was found that
temperature and RH within the piles increased with depth (34°C and 65% RH at the top, 39°C and 90% RH at
2 m deep in average) whereas oxygen content decreased. Rubber properties Po, PRI and weight average molar
mass {M,) of the processed rubber also increased with the depth, however pH decreased. increasing of P
indicated positive correlation with gel content and molar mass of polyisoprene with the depth. The results of
this study suggest that environment conditions within storage piles maturatien and some microbial activities
may play an important role in the evolution of some physico-chemical properties of cup coagula.

Keywords: Hevea brasiliensis; natural rubber; cup coagula: maturation; plasticity retention index (PRI);
initial plasticity; microorganisms
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1. Introduction
The raw materials used for STR production are cup coagula and low grade rubber sheet produced from
smallholder plantations’. Both raw materials are bought directly by STR factory or through middle man. In

factory practice, cup coagula are stored for a variable period of time before processing. This storage time is

called as maturation period. This step is sometimes requested in order to improve the consistency and value of
specified indicators of rubber quality such as Wallace initial plasticity (P,) and Plasticity retention index {PR]).
PRI reflects the susceptibility of the product to thermo-oxidation, whereas P, provides information on the
rheological behavior of the raw material. The conditions and the phenomena that occur during this maturation
period are stitl not well characterized. Changes in PRI have been attributed to the deterioration of natural
antioxidants in the coagula during maturation.” Chin stated that the maturation of coagula and their storage
environment have a marked effect on the viscosity and thermo-oxidative degradation of processed dry rubber.?
More recently, Varghese showed clearly that the treatment of the coagula by a bactericide could retain the PRI
at a high level and reduce the storage hardening of the processed rubber.”

Understanding these phenomena could allow industrials 1o control and eventually shorten this costly
storage period. For this purpose, and as a preliminary study before conducting experiments in laboratory
controlled conditions, the present work focused on the characterization of the conditions of maturation
prevailing in coagula storage piles on an industrial site.

2. Materials and Method

Cup coagula pile

The study was carried out in Von-Bundit Co. Ltd. factory (Suratthani province, Thailand) during February and
March 2008. Cup coagula (cup lumps) were received on 12/02/2008 from different suppliers and stored as a pile

. about 3 m height. The pile was stored outdoor and was exposed to sunlight for a total of 24 days of maturation

before being transferred to processing chain.

Measurement of cup coagula pile maturation conditions

Upon delivery of the cup lumps to the factory, cup coagula were mixed using a bulldozer in order to
homogenize the material within the pile. Two drilled stainless steel tubes (300x5.1 em, (1.5 cm diameter holes,
3000 holes/m®), were placed vertically inside the pile. The measurement of temperature and oxygen
concentration was perforined by inserting in the tubes a dedicated probe (Conox 3, VWR GmbH, Weilheim,
Germany) connected to a multimeter {Multi 350 model, VWR GmbH, Weilheim, Germany). The measurements
were performed at 0, 50, {00, 150, and 200 ¢cm from the top every 3 days for 24 days. Each day of
measurement, the operation was repeated at 8100, 12h00, and 16h00. Probes were properly calibrated following
supplier’s instructions.

Spercification of raw rubber

Sampling

Sampling procedure is described on diagram 1. On the delivery day, 3 samples of 10 kg of fresh cup coagula
were collected in the vicinity of each stainless steel tubes as representative samples (total 60 kg) of the fresh cup
coagula. On the processing day, after 24 days of maturaticn, 10 kg samples of maturated cup coagula were
collected arcund each stainless steel tube at the top and at the 4 depths mentioned above.

Crepping and drying of cup coagula samples

The samples were processed following factory procedure. The 10 kg samples were creped in a Lihoe Co. Lid.
{Selangor, Malaysia) crepper (nip = 5 mm, friction ratio = 1:1.56, 3 single passes, 18 double passes). The
obtained crepes were dried in an industrial crumb rubber dryer (Golsta, Melaka, Malaysia) at 129 °C for 3
hours.

pH - )
Inner pH of fresh and maturated cup coagula was measured with a penetrating probe (Sentix SP §7, Weilheim,
Germany) connected to a Multi 350 data logger (VWR GmbH, Weilheim, Germany). The probe was inserted at
the heart of 10 cup coagula from each of the 10 kg samples.

Initial Plasticity (P,) and Plasticity Retention Index (PRI) _
A 250 g sample was cut from the dry rubber crepe obtained previously. This sample was homogenized
following SMR bulletin 7, part. B.2, 1992 standard, Initial Wallace plasticity (P) was determined according to

ISO 2007:1995 while plasticity retention index (PR1) was determined according to 1SO 2930:1995.
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Mesostruciure and Gel content of rubber

The 25 + 2 mg of homogenious rubber sample was dissolved in 40 ml of tetrahydrofuran {(THF) stabilized with
3,5-di-tert-butyl-4-hydroxytoluene (BHT) for 2 week. The rubber solutions are stored at 30° C for 7 days
without stirring and gently stirred for 1 hour periodically for 7 days after. The solution was filtrated through |
um membrane and injected into the SEC-MALLS apparatus.

Gel content (%) was calculated as follows:

O

M, = mass of sample before filtration
M, = mass calculated from SEC-MALLS

Total gel content (%) = (M—OI\}ML]XIOO

3. Results and Discussion
Maturation conditions in cup coagula pile

Oxygen content, temperature and refative humidity of air were measured at different depths within cup
coagula piles after 1, 7 and 19 days of maturation are shown in Figures 1 to 3. The oxygen content of the air
contained in cup coagula piles decreased as the depth increased (Figure 1). At the top of the pile, oxygen
content was 16-18% and decreased to less than 5% below 100 - 130 cm This gradient, driven by oxygen
consumption by microbiological oxidation reactions, did not change significantly during the studied period.

Air temperature in cup coagula piles increased with the depth. Temperature in the morning was 10°C
lower than at the noon and afternoon. At the top of the piles, average temperature was 34° C (Figure 2). This
value depended mainly on weather conditions and time of measurement. Temperatures at 50-100 cm and 150-
200 c¢m below the top were 36 °C and 39°C on average and respectively. This temperature gradient is
determined by a combination of the exothermic metabolic activity of microorganisms inside the pile.

The relative humidity (RH) in cup coagula piles also increased with the depth, especially at mid-day
and in the afternoon with values ranging from 45-55% on the top of the pile to 85-90% at 200 cm depth (Figure
3). In the morning, RH was in a closer range (75-95%) in all the locations within the pile, probably due to a
lower evaporation on pile surface and the lower temperature of the air.

Temperature, humidity and oxygen content are key factors controlling the development and activities of
microorganisms. A vertical gradient of value has been measured for all of these parameters in the pile. This
suggests that the microbial population could differ in terms of species and activities according to the location of
cup coagula within the pile,

Properties of cup coagula

The average pH of fresh cup coagula (day 0) was 5.7#0.2 (Figure 4). After 24 h of maturation, the pH
of cup coagula at the top of the pile rose to 7.5. The increase of pH might be due to the release of ammonia
during the degradation of latex proteins by microorganisms.5 However, a clear pH gradient was observed in the
coagula piles, with pH values decreasing gradually from the top to the 200m depth (7.5 10 6.5). Acid production
by anaerobe microorganisms such as Clostridium sp., Lactobacillus sp. and Streptrococcus sp. may explain
lower pH in focations with low oxygen content, i.¢. in the deeper parts of the piles.®

After 24 days of maturation, it was found that Py increased with the depth, with value at the top of piles
{(Pg=25) and a higher one for coagula collected deeper than 150 cm (P, = 38.7)(Figure 5). Low Py at the top may
be due to the degradation of polymer chains by UV radiations from sunlight’ while the higher P, deeper in the
pile may be related to higher cross-linking between rubber chains and low degradation during maturation.
Scission and cross-linking are indeed two antagonist phenomena that play an important role in the modification
of the theological properties of raw rubber during maturation.?

Plasticity retention index indicates the potentia! resistance to thermal oxidation. As shown on Figure 6,
PRI of rubber from fresh cup coagula was 24 on average, which is significantly below TSR20 standard that
requires a minimum value of 40. After maturation, PRI increased with the depth in the pile, reaching values
above 41.6 when coagula were collected deeper than 150 cm under top.

Mesostructure and gel content of cup coagula from different vertical locations in the pile were
analyzed by SEC-MALS. It was found that the gel content and M,, value increased with the depth of the piles
(Figure 7 and Figure 8) and indicated positive correlation with Po and PRI of cup coagula. Higher resistance
to themo-oxidation of cup coagula at the deeper may be due to lower degradation and some crosslinking
occurred during this maturation time. .
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4. Conclusion

This study was undertaken in order to characterize the cup coagula pile maturation conditions of cup
coagula maturation in an industrial plant. It was found that temperature and relative humidity of the air
increased with the depth. In contrast, oxygen content of the air within the pile was found to decrease as the
depth increased. Rubber properties were found to depend not only on the maturation time but also on the
position of cup coagula within the pile. Comparison between initial (delivery day) and final properties showed
 the following averaged changes: increase of pH (5.7 vs 6.9), Py (25.6 vs 35), PRI (23.5 vs 34.2). The pH of
maturated cup coagula decreased significantly with the depth of the pile. An inverse pattern was observed for Py
(from 25.9 at top to 41.6 at 200 cm), gel content (from 41.0 to 50.6) and weight average molecular weight (Mw)
(from 870 kg/mol to 1456 kg/mol) Maturation time requirement are concerned to increase the properties of
resistance to themo-oxidation of cup coagula. :
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Figure 1.0xygen content in coagula piles at different depths from top for each maturation duration: (a) 1 days,

(b) 7 days and (c) 19 days

Measurements were performed at 8 am (—+=), noon (—#—) and afternoon (—&—)
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Figure 2. Temperature in coagula piles at different depths from top for each maturation duration: (a) 1 days, (b)
7 days and (c) 19 days.

Measurements were performed at 8 am (—o=), noon (—#—) and afternoon (—&—) .
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Figure 3. Air Relative humidity in coagula piles at different depths for each maturation duration: (a) | days, (b)
7 days and (c) 19 days.

Measurements were performed at 8 am (—#=), noon (—%—) and afternoon (—&—)
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Figure 8. M,, of cup coagula in maturation piles at different depths from top of 24 days of maturation,
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