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ABSTRACT 


The production of pullulan polymer from Aureobasidium pullulans NRRL and 

TISTR strains were investigated. Both strains were found to produce pullulan 
o

optimally at pH 6.5, 30 C, in nutrients having sucrose as the sole carbon source, 

(NH 4hS04 as the nitrogen source, under agitated aerobic conditions. The nutrient 

supplementation with casein peptone helped increase the production 1.15 folds in 

the NRRL strain (0.322 gIg carbon source) and 1.23 folds in the TISTR strain (0.463 

gIg carbon source). The pullulan polymer products were plastic-like, water-soluble, 

ethanol-insoluble and vegetable oil-insoluble. The color of NRRL polymer was whitish 

while the TISTR polymer was a little greenish. Analysis with IR spectrum showed 

that the structures of both pullulan polymers corresponded with that of the pullulan 

standard. When placing the polymer sticks on natural soil, the biodegradation 

occurred with obvious growth of molds from natural environment on the polymer 

sticks. 
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et.al., 1985) ij~m~tJn11u~11'iJ1l black yeast b~fl~'illn~1.Ildnt1'i'1~biJ~~ b1.lfnUU 
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, 
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(Simon et. aI., 1993) bbfl::"lIm::'Yl1.lnldb'ild!lJ Aureobasidium 'il::t1'~bfldl::~ carbohydrate 

~ijtrn~rn~bUU polysaccharide -llUtlfln1.llUflnb51Jfltf b~ tJnll V-I~bbflU (pullulan) ijlfld~
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q q 

lulm"w~ L1J flflu{9jl~'iJd::b 'YlV1 
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Aureobasidium sp. 1~tlnljb~tJ~L;fljl1Utll~1db'V\fl1 starch syrup bb~l'tbJl~b~tJ.:Jb;e:J 
dl1Jlrll1~bi1Jiu <ii €l~1 tJnld'Y1l bbi~ n'il::l~~fl ~~@)tlrJn1Jl ~~~11.1ldmb '1. 111"lf1.h::ltJ"ll"u 

<iil~ 6) 1utJ@)ffI'V\ndd1JtJl~ld tJl bbfl::We:J~h1Jtlf (The amylase research society of Japan, 
q 
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<?il~ bJ (Yeun, 1972) 
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West bb~: Reed-Hamer (1993) ~l!'.J~1\l,n~nl~~LH1~Elm!JEl~~ln Aureobasidlum 

~!'.Jw\ufmJ~~ (mutant) ~lnnl~li',rl<ill~ sucrose ~~ El glucose dJ'Ulm~~fnf1J~'U~1J'".h 
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l'U1n!'.J~'Un mutant iJnl~~fhn:n<ilfh!J~l'U\l, (~elanin) tXEl!'.J~~ 
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2. ~ltJWUt1 TISTR l~~1Jflll~eJUtfldl::~"illn Bangkok MERCEN, Institute of 
~ q 

Scientific and Technological Research, Thailand 
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Dextrose Agar (PDA) (Difco, USA) t~mnlJlUU~ll;eJl11J'u, agar slant ~e:Jru'VIllij 4°C 
q 'U 

nld"lJtlltJ~Ut1l~e:Jdl.yh1~tJnldlttJ-:ll~e:Jd1lue:Jl'V11d PDA lu petridish dJun~l 4 
q 

"-'..... ... "-' .t..,s", xl 
lU ~~n~ru::nldl"ildqJ'VII.'l-:l"illnUU"il-:ltlltJ~lU=W-:l Ue:Jl'V11dt'VI1.'l1~@ld PDB (Difco, USA) 

t~tJnldb@l~~lb~eJ 5% VN inoculum ~ih6Jf~~~-:I~U 10 
7 l6JfI.'l~<ileJij~~~@1d l~tJ-:l1u flask 

"lJU1~ 250 ml t"lJf.i1 150 rpm e:Jru'VIllii 30°C tUUlll.'ll 51U ~nMlnldt"il~nH@l1Jt@lt~tI~ 
~ 'U ... 'U 

d 
nl'J'VI1~1111:::~e:J-:I pH 'Yn'VI~l::~:Jj 

~~tJ-:I b;e:JdllUe:Jl'V11'Jb'VI1.'l1 ff@ld production lh::nf)1J~ltJJ1@lll.'lnl.'ltfl~ 5%, 
'U 'U 

(NH4hS04 0.06% tJ~lJl~ij pH b~:IJ~U 4.5,5.5,6.5 lbl.'l:: 7.5 (j)1:IJ~1~1J liill;f) A. 

pullulans b~:lJilu 10 
7 l6JfI.'l~~e:Jii~~~@1d ttl1tJ1J:lJ1Ubfl~f)-:lb"lJrh incubater shaker 

(Newbrunswick, USA) fI:lJe:Jru'VIIl~~ 25°C, 150 rpm dllJ~1e:Jcil-:1'Yln1UlUUnI.'l1 51U 
q q 'U q 

b~e:Jttl1tJ ffn~'VI1'Wl.'lbh1:lU~ b;f)d1~~ (9),ru 
'lI'l1 

... '" 
nl 'J'VI1 ~Jll1::"lJ 8 -:18 ru'VI 11:IJ 'Yl b'V\:lJl:: ff:IJ 

q 'U 

b~tJ-:lb ~8dl1Um'VIldb'V\t'll~@ld production 1~tltJ~1J pH @ll:IJ pH ~b'V\:lJl::{;i:IJ~
'U 

'Yl~ffe:JlJl~ 8ru'V\JliJ~li'ij 3 d::~lJ~8 25 30 bb~:: 35°C U:IJ1Ulfl~ il-:lb"lJril incubator shaker 
q 'U 

~flllJfI:lJilru'V\l1~l~, 150 rpm bnlJilflcil-:l'Yln1U bUmlt'll 51U byjmbltlffn~'V\l'W1:lbb1:lU
q q 'll q 'U'U 

.d .c:r ~ x 
'Yl b "1f8dl ~ S1 ~"lJU 

mailto:l6JfI.'l~~e:Jii~~~@1d
mailto:lh::nf)1J~ltJJ1@lll.'lnl.'l
http:t"lJf.i1
mailto:l6JfI.'l~<ileJij~~~@1d
mailto:Ue:Jl'V11dt'VI1.'l1~@ld
http:nld"lJtlltJ~Ut1l~e:Jdl.yh


4 

Carbon sources 

bittl~t~t!'j~llu)m~l'j!.'V\~l~~'j production 1u~rnw pH bb~::m:U,'V\fliit'V\:Ul::~:U~'V\l
'U q 'U 

i,~ bb~~~fnfut!u ~1i''Yl~~t!uij 2 "ll'U~ flt! Jl~l~n~tf)~ (glucose; Sigma, USA) U~::Jl 
'U 

~l~6Jl'tf)'jt'f (sucrose; CarloErba, Italy) ~f)ll:Ub'2l:U'2l'U, 5% WN u:Ub~t!l'U, flasks U'U, 
'U 

bf)~£l~t"lJrh incubator shaker 150 rpm bnU~1t!rjl~'Yln1'U, b1J'U,n~l 51'U, b~mbltlff11~ 
q 

Nitrogen sources 

b~tl~b~t!'jll'U,t!l~l'jb~~ll;"{~'j production 1'U,l;"{fllW pH mu,~fliJ bb~~~f)Tfut!'U, ~ 
'U q 'U 

m:Ul::t'f:U~~ll~ bb~~~"U,t~'jb"il'U,~1i''Yl~~£luij 2 "ll'U~ flt! (NH4hS04 (Carlo Erba, Italy) 

bb~:: Peptone (Difco, USA) ~f)ll:Ub'2l:U'2l'U, 0.06% WN u:Ub~t!lu flasks UUbf)~t!.:Ib"lJr.h 
incubator shaker 150 rpm bnu~lmh~'¥ln1'U, b1J'U,n~l 51'U, b~mbi,tl£i'n~~lW~bb~'U,~ 

q 'U'U 

bitJ~ b~£l'jllUt!l~l'jb~ ~1 ~~'j production 1 'U,l;"{fllW pH £lrn~fliJ bb~~~f)lfu £lU 
'U q 'IJ 

bb~~~i, 'U,t~'jb"ilU~b~:Ul::~:U~~ll~ 'Yl~t'f£lUf)lllJ~£l~nl'jt!lnlfl~ij~~~Elnl'jt-l~ ~t~tltl~u 

'j::~utl~:Ul~'jEll~l'jm~lh.ub~~:: flasks l~b'¥hn'U,~El 50 100 bb~:: 150 mll'U, flasks 
o q... I ~ ~ I a Q..t I 

'" , 
"lJ'U,l~ 250 ml 'irUml~U U:Ub"IH.lU'U,bf)'dth'H"lWl incubator shaker 150 rpm bnU~lEltJl.:l 

'Yln1'U, dJUb1~l 51'U, b~f)'l.'bltl~n~~l'W~bb~'U,'WEl~b:U£lf~b~El'jl~~~,ru
q 'U'IJ 

nl<H.J~ (9)')'HHL€lU,'Y'tB ~ L3J Bf[vHJnl,,)L~3JB1M1'Hrl~ 3J (nutrient supplementation) 
qJqJ 

b~L1~b~El'jll'U,Ell~l'jm~l~~'j production l'U,£i'JllW pH t!rn~fli1 U~~~f)lfUt)'U,
'U q 'U 

bb'VI ~~1Ul~db';j)u~bYUJl::r;nJ~'V\l'1.~ U~'LJU~ :Ul~a"lJEl~t!lVildbVi &n1~~t!~fl~El~C?1l:IJ~.nlJ:: 
, , 

"r::::I ...... ~ ~ ~ 

t!lnlfl<YHVi:IJl::~:lJbL~JbW:lJf)lVildb~'j:Uflt! casein peptone (Marcor Dev. Corp., N.J., 

USA) ~flJlmi:IJ ..J'U 0.06% WN tim:%t!lu flasks UUbfl~ f)~b"lJth incubator shaker 150 

rpm dlU~lf)rjl~'Ylnl'U, b1J'U,n~l 5 1U b~mhtu~n~VilW~bl~Wr'W~b:Ut!f~b~t!'jlt-l~@)~'U,
q 'U'U 

http:j::~utl~:Ul~'jEll~l'jm~lh.ub


A 6' '" 
nldllfldl::::'V\'YJ1~ lfl:IJ 

tbJlltrJ~l~£) (spent medium) :lJl~n~~lrJllmmmm~ l'V\'~vH'Ill~'U,vH)~l:IJf)f 'V\1 
'11'11 

Jl'V\ttnll~~ 'V\t~~lntf'U,'tll:IJ1U~lU'l::::1~1'U, 95% KBr thttF:hf)dl::::~~lmfl~f)~ Infrafed 
'" ....spectrophotometer (Perkin Elmer, FT-IR spectrophotometer 1760x, USA) l'YJrJunuwSl 

'11'11 

llSl'U.W£)~h:IJf)f:IJ1~d.fl'U.~~~~t~"illn A. pullulans (Sigma chemical, USA) 

....,.,. 
fl ru~:lJU~nldrln Sl::::Sll rJ 

q 'II 

ttlWSlllSl'U.Wf)~l:IJ f)f~t~ 0.1 ni':lJJ1'V\ttml~~:lJ11~1'U,il'Yllt'1::::t'llrJt~llfi Jlnk'U. 
'lJ'lJ 

ethanol 95% llSl:::JldT'U.tll'V\~f)~ 'iJ~:lJl~d 10 ml l'HjlU'U.lfl~£)~l'H.h 300 rpm dJ'U.l1Sl1 

1 ilt:IJ~~dl~~nld~::::~lrJ 
'lJ 
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.... ~ 
Uftn1'j1\HJ 

n1!b~~ru'lJeh'l A. pulluans 

trle)'1l1~1bitJ{llJ,"a1\.n7tLii{l~~7 PDA t~a A. pulluans ~::L~7ru'~iiin~m...~a~ v ~ 

lf11~\tfltt,)tlth~~~m1.l'\.b~n'11!')~th'\.bii~n'l:o!t\.b::'1iLiu'lJ'\ID~ pseudohyphae (n')wY\ 1.) 
,d. • '" '" 5' ~... od It 5'.4::,'" 
b~ a'U.1~1~a~~~lfJn~ f)~~~'Yl71~,"~:::b 'V\ 'U.~n~m::"lJ f)~ fJ ~(9) b6f5~~ en~ L1J,"~n'1Ym::-n f)~

'!I ~ 
, I I ~ ~ 

blastospores LW::L'i1~~;1ii7tJr,.\)~ \4, '1 ~u,,~~n~flm~3J1.Jllt~\4,"lJ f){lL~f)'Tn..h::L1rnilt)f) dl'U 
w ~ 

polymorphism n1dt~~h!J1~eJ1v\Trtv\~1~<i1d PDB tfim~''"f NRRL "il::"<ilnnW"lleJ~n1d 

r~7fY~ii lag phase 'V\~e),~::fJ::ui''lJi11Wlh~ 24 i1t3J\lLL7n 'V\i\l~ln~'U~{lt-nl~::fJ:: log 

phase on 12 i'1h.l-3 ~-3L,y')~ stationary phase 1J.~::'L,y')~ death phase 'l.h::'l.IlmnD'U.L"li1 
~ ~ 

ilhJ~~ 48 C;)1~~1~'lJ (Il1W~ 2.) w:!'luntlwu'lf TISTR nldt~7f'1l~::b,rl&h:tl:: log phase 
q ~ ~ 

'~bhn-j1 (IllW~ 3.) 

.d I.c.. ,&:::a 6" 

~[}11::"lJa{l pH 'Ylm3Jl::~)J~flnl1N~~~~IJ.~'Uwam3Ja7
'11'11 

pH L~1J~U"lJf)~a1'V\17~<i17 production ~~n~lf)cil'U.i1~ 4.5-7.5 W'lJ-j1i~~f)~A'1fJ
'IJ W 

w'Ufl1Kj:.J~j:.J~~W~U~U'YH)~L)Jf)n~A'~~~ ~ pH 6.5 JYWlu~tl:rJtn 5 -rU"lJf)~n1dj:.J~~
q 'II 'U 'II 'I 

1~fJff')fJw'U.1f NRRL l~f.lflj:.JAC;)~~HC;)~ 0.156 gIg carbon source {(9)171~~ 1.,rnw~ 4.)
1 'II q 

u~:ff')l.JW~15 TISTR lif..l~f.l~91A'~HC;)~ 1.181 g/g carbon source (911"n{l~ 2., .fnw~ 5.)
- q 'II q 

oA.c::t ,£I, I:a fJ" 
~[}11::-n el~f)ru'V\[})J'YlL'V\~1::~3J(9)f)n17~ ~ ~WGHU~UWmH1Jel~ 

i tI "''' 

f)ru'V\[}iJ~li'Yl~Rf)'lJf)cilW2h{l 25-35°C tC;)£Jii pH L~3J~'Ut'Yhn'lJ 6.5 e)'ULlJU pH ~ 
q 'Il 'Il 

WI1J1::~ WlJl1tnfJWt.l.i NRRL l~~~~~'1lWCH~~t.l.WeJ~t3J€]'f~.,,~~ 0.166 gIg carbon 
q 'II'lI 'II 'I 

source Y\f)rn'V\[}fJ 30°C lU,1,"~ 4 LL~1'V\i,nnn~'Uj:.J~f.I~@)~~~~ (@)1'j)"~ 3., mwYl 6.) 
, '1/ 

ikl'U.&fitl~wfi TISTR 1v;~~~~~1~~.:l~~ 0.331 gIg carbon source 1wl'U.Y\ 5 ~ 30
0
e (~l

q 'II q. . 
a d 

JI.:i'Yl 4., Il1W'¥l 7.) 

Carbon sources 

bbVI G4"fl1f'lJa'U,~1"1flU,~C1l!tl1V111'btfJ\jb~tlii 2 ~U~fle:l J11il1~n~tfl~Lb~::J1<i11~ 
'Il 'Il 

'If1fl1'R A pullu/ans J~Re:l~Grll.IW'U,1f 1"lfJ1@)1~'lf1fl1~i.~~nl1J11il1~n~tflR ~"1l::b~u.i.~ 
'Il ~ 'Il 'Il 

'<i:nn,rmJ~l'U.@l1'Jl~~ 5. n1W~ 8. Lb~c;)"n-:lI~..J~~~(~1'Wmb~'U.Wf)~b1Je:lf~\j~~'1If)" A. pullulans
'I! 'I) 'I) 'I) ~ 

mailto:l'U.@l1'Jl
http:1~fJff')fJw'U.1f
http:n~lf)cil'U.i1
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n. A. pullulans NRRL 

"ll. A. pullu/ans TISTR 
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d Q,.I ~~I.c. JO 6'" 
@llJ1"'Yl 1. ~fl"lJel"7::~lJ pH L7~@l'U~elnTmSl\9lVH'Hbfl'UVWflL~07 (g/g carbon source) "lJel" 

'U'U 

IV ~ 

A. pullulans tflrJV-ltUi NRRL 
~ 

... ~ "".d IV

7::~lJ pH VHHLi.nI.Wf)m~f)7 (g/g carbon source) ~Sl@lb~elellt1 (1'U)
'U'U ~ 

1 2 3 4 5 


4.5 0.017 0.062 0.050 0.046 0.032 

5.5 0.016 0.074 0.062 0.057 0.062 

6.5 0.016 0.105 0.118 0.147 0.156 

7.5 0.015 0.024 0.024 0.024 0.019 

d ' ~VI g, &.it..r'Q.,.I 

@l171"'Yl 2. ~fl"lJf)"7::~lJ pH L7~@l'U@lonl'S"~Sl@lVH;HLSl'UWOflL~01 (g/g carbon source) "1.J0" 
'U'U 

.... ~ 

A. pullulans tfirJw'Uti TISTR 
~ 

IV ~ ~ ....d .... 
7::~lJ pH WflLLflUl"WflL~El7 (gig carbon source) ~Sl\9lL3Jmntl (1'U.)

'U'U q 

1 2 3 4 5 

4.5 0.233 0.686 0.789 0.937 1.092 

5.5 0.080 0.157 0.160 0.227 0.272 

6.5 0.250 0.598 0.817 0.961 1.181 

7.5 0.159 0.344 0.455 0.713 1.044 
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d A A,;' e:l A 

\9l1'n"'Yl 3. ~'H.j~CIlVHHb~'U.VH)~b:lJDj (gIg carbon source) 'Yl~.n1'J::Dm'VI.n:lJ 2530 
~~ q ~ 

° ~ ~ 
bL~:: 35 C "lIfl~ A. pulluJans ff""\[JW'U.1) NRRL 

q 

, 
~ &&. If" A d Q..I 

j::'il'U WfHb~'U.WflfH:lJfld (gIg carbon source) ~~@)b:lJflfl1[J (1'U.) 
~~ q 

&>. 
Dm'VIfl:lJ 1 2 3 4 5 
q ~ 

25°C 0.016 0.105 0.118 0.147 0.156 

30°C 0.018 0.101 0.135 0.166 0.147 


35°C 0.007 0.008 0.034 0.033 0.028 


.d &>. A ~ d A 

\9l1j1"'Yl 4. ~~~~\9lW~tb~'U.wu~b:lJflj (gIg carbon source) 'Yl~.n1'J::flm'VI.n:lJ 25 30 
~~ q ~ 

° ~ ~ 
I.U~:: 35 C "lID~ A. pu/luJans tn[JVol'U.1) TISTR 

q 

~ .. ~ &>."j..., 
1::'il'U 'V-l~bb~'U.VolSm:lJf)1 (g/g carbon source) ~~\9l1.:lJflfl1[J ('J'U.) 

~~ q 

A 

Sm'VIflll 1 2 3 4 
q ~ 

° 25 C 0.080 0.157 0.160 0.227 0.272 

30°C 0.031 0.120 0.205 0.251 0.331 

35°C 0.043 0.037 0.044 0.134 0.085 

5 
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0.35 l 
~ I 
Q) 0.3() 
L.... 

::J 

0 

r.J) 

c 0.25
0 
.D 
L.... 

ro 
() 

Ol 0.2 

.9 

...... 

.c 
Ol 0.15
'w 
~ 


~ 

'0 0.1 
c 11111111:-:-:-1 11111111:-:-:-1 IIIIIIII ':': ':~ IIIIIIII·:·:·:L-. Im25C 
ro 
::J 11111111 11111111:-:-:-1 11111111 :-:-:-1 IIII IIII':':':~ ___ IIIIIIII·:·:·:~ 1030 C 
::J 0.05 

Cl... . --_ ..... . ...... - . . . ... - ----
E2 35 C 

IIIIIIIII':':':~ IIIIIIII· ·····~ IIIIIIII':':-:~ 1111111f:':':'~': IIIIIIII·.·.·.~ 
0 

2 3 4 5 

Time (day) 

fl1'V'l~ 7. n''.i1y.jbb~~..:!f.,J~f.,J~~'V'lmb~u'V'l~~b1Je:)'f~mwv\flil@\1..:! 6) "lleJ..:! A. pu/lu/ans TISTR 
~~ q ~ 

l.J1 

mailto:n''.i1y.jbb~~..:!f.,J~f.,J~~'V'lmb~u'V'l~~b1Je:)'f~mwv\flil@\1
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.... .,. '4\'" 1 .... .d 1 .d .d
ff1 fJVflUi N RRL ~~ 0.279 gIg carbon source 'U.1'U. 'Yl 5 bb~:: 'U.~1'n"'Yl 6. 1)1Y-l'Yl 9. 

q 

bbff~"~"~~~~~Y-l~bb~'U.Y-lEl~b3JErfff"ff~ "lJEl" A. pullulans ff1fJ~wfi TISTR i,~ 0.376 gIg 
~~ ~ q q 

carbon source 1W1'U.~ 5 b"1f'U.n'U. 

Nitrogen sources 

bb'VI~,,1'U.t~~b~'U.~1-nu~'iI~Ell'V117L~fJ"b~Elii 2 "1fU~flEl (NH4hS04 bb~:: Peptone 
~ 

Y-ltr;h A. pullulans J"~El"ff1fJ~'U.i 10ff (NH4)2S04 '1~~n-:ll peptone 1~lfJff1fJ~'U.i A. 
q q 

pullulans NRRL 1~~~~~'iI~"~~ 0.279 gIg carbon source 1ul'U.~ 5 brlElli (NH4hS04 
~ q 

"lJm::~ peptone 1~~~~~'iI~ln-:l13Jln l~fJ'1~~~~~'ilff"~~b~fJ" 0.024 gIg carbon source 
~ q 

• ~ .d .d 
b'Yll'U.'U. ('ill'n"'Yl 7., 1l1Y-l'Yl 10.) 

ff1fJ~wfi A. pullulans TISTR 1i~~~~'iI~"~~brlElli (NH4hS04 btJ'U.bb'VH~" 
q ~ ~ 

i,'\.l.l~~b~'U.l~ 0.376 gIg carbon source 1'U.l'U.~ 5 "lJru::~ peptone 1~~~~~l1lb~fJ" 0.168 
.d .d 

gIg carbon source (~1'n"'Yl8., 1l1~'Yl 11.) 

nl~'Yl~~El1JY-l1J-:ll A. pullulans ff1fJ~'U.1f NRRL ~~I1l~mb~ltY-lEl~b3JElft~~,,~~1'U. 
q ~~ ~ q 

ff1)11::~iitJ~3Jl'i1~Ell'V11~b'VI~1 1 00 mllwlJ1~ flask "lJ'U.l~ 250 ml t~lfJ~~~'1~ 0.279 gIg 
'" .dd 0 ..... .d

carbon source ~n~~1fJff1l11::'Yl~Ell'V11~b'VIt'l1 50 ml bb~:: 150 mI11l13J~1~1J (11l1d1"'YI 9., 

1l1Y-l~ 12.) ~1lt A. pullulans ff1fJ~wfi TISTR ~~I1l~~bb~'U.Y-lEl~b:WElfl~ff"ff~1'U.ff1l11::~ii 
~ .~ ~ 'lJ q 

tJ~3Jl~~eJl'V11~b'VI~d 50 mll'U."lJ1~ flask "lJ'U,1~ 250 mll~ltm~~i,~ 0.386 gIg carbon 
'" .dd 0 .... .d 

source ~13J~1fJ~1l11::'Yl3JEll'V11~b'VI~1 100 ml bb~:: 150 ml ~13J~1~1J ('ill'n"'Yl 10.,1)lW 
.d 
'Yl 13.) 

nl~~ ~ ~Y-l fl bb~'U.Y-l El ~ b3J Elft~ fJnl~b~3J Ell'V11~b~ 3J 
iIiI 

Ell'V11~b~3J~li~El casein peptone Y-l1J-:ll A. pullulans ff1fJ~lt!5 NRRL~~~(9jl'U.
q 

~1111::5'U.b'VI3Jl::~3Jbb~1 brlEliiEll'V11~bff~ 3Jn"'il::.yh1~nl~~~ ~ii~fl~~ 'iI~"~ltbtJ'U. 0.322 gIg 
~ 

carbon source 1'\.l.~::fJ::n~l 5 llt bY;fJ1Jnu~'1:JJiie:n'VI1~b~~ 3J (~1'n"~ 11.,1)1Y-l~ 14.) 

~1'\.l. A. pullulans ff1fJ~lt!5 TISTR brlEliiEll'V11~b~3J"'il::~~~"~~"ff~~" 0.463 gIg carbon 
q ~ ~ 

source llt 51'U. brlmY;fJun1J~1:JJ"~b~3JEll'V11~b~~3J (0.376 gIg carbon source) ((9jl'n"~ 
~ 

12., I11"v'1'Yl 15.) 

http:3Jn"'il::.yh
http:ff1fJ~'U.1f
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5 

.,I "" "" 6" .,I. 6" 
Wl1J).,1'Y1 5. ~1.'H..J~WI~m~~'U~eHU1Jf}~ (gIg carbon source) 'YIff1'l1d::~~'VI~.,1f11~lJf}'U

'II'U 

..... 6" 
<Ii1~ 6) "lIf}~ A. pul/u/ans fflrJv-4'U1f NRRL 

~ 

"" 6" "" d .....
Wlil bblil'UWf}lilb3Jf}~ (gIg carbon source) ~Iilqj b3JElEl1E.J (1'U)
'11'11 q 

1 2 3 4 

Glucose 0.018 0.101 0.135 0.166 0.147 


Sucrose 0.023 0.121 0.235 0.265 0.279 


.,I "" "" 6" .,I. 6" 
qj1J)~'Y1 6. ~1il~~(j)~lilbblil'U~Ellilb1JEl~ (gig carbon source) 'YI~1'l11::bb'VIlil-1f11~lJElU 

'U'II 

Cli1~ 6) "1Jf}~ A. puJlu/ans fflrJW'U.1i TISTR 
q 

.Q tr* <A. A ~ 
~~bblil'U~f}IilL1Jf)~ (gig carbon. source) ~IilIllUJf}fl1~ (1'U) 

1 2 3 4 

Glucose 0.031 0.120 0.205 0.251 0.331 


Sucrose 0.072 0.182 0.275 0.328 0.376 


5 

http:fflrJW'U.1i
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5 

ill glucose 

[J sucrose 

f11W~ 9. nd1~bb~~..:l~~~~CilW~bb~UW8~b1J8fn8..:l A. pullulans TISTR lU~f11d::"1J8..:lbb~~..:lfll~1J8U 2 ozrit<?l 
'II'll 

....... 

\0 
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~ln"~ 7. f..Jm.J~~VH'Ht~'U.vwih:JJElf (g/g carbon source) ~~.nl1::LL'VI~,,"'U.I~~l-;)Wih" 6)
'11'11 

.... 6" 

"lJEl" A pullulans fi'1tJV-l'U.~ NRRL 
q 

~ 6" ~ ~ ~ 
V-l~LL~'U.V-lf)~L:JJf)1 (g/g carbon source) f..J~IiH:JJf)f)lE.J ('J'u)

'11'11 q 

1 2 3 4 5 


(NH4hS04 0.023 0.121 0.235 0.265 0.279 

Peptone 0.015 0.024 0.024 0.024 0.019 

d ... "" 6" d '~I ' 
~ln"'Yl 8. f..J~f..J~~V-l~tLt'l'U.V-lElm:JJEl~ (g/g carbon source) 'Ylff.nl1::U.'VI~" L'U. ~1t-;)'U.~1" 61

'11'11 J 

"lJEl" A pullulans fi'1tJ~W6 TISTR 
q 

, 
A C A A ~ 

LLVI~" V-l~LL~'U.V-lEl~L:JJEl~ (gig carbon source) f..J~~L:JJElElltJ (J'u)
'11'11 q 

i.'U.l~~I.~'\.I, 1 2 3 4 5 

(NH4hS0 4 0.072 0.182 0.275 0.328 0.376 

Peptone 0.041 0.069 0.100 0.153 0.168 
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Time (day) 

!'I1~~ 10. n~lwJbb~~-:!~~~~~~mb~'\.I,~e:J~blle:JflJe)-:! A. pullulans NRRL 1'\.1,~!'I11::"1.Ie:J-:!bb~~-:!~'\.I,1~"b~'U 2 "ll'ii,~
'IJ'IJ 

[] (NH4)2S04 

o peptone.... j. .. 
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'1l1rh'l~ 9. f.J~"lIehml':iiitl1~lnHnnl",\91~nl':if.J~~~bbflU'V'l~~h~t)"! (g/g carbon source) 
'II'll 

.... 
"lItl..:! A. pullulans Lntl'V'l'\Ui 

~ 

NRRL 
q 

1J!~lnWlnlf1 
A ~ A.d .... 

'V'l~bbt'lU'V'lmH3Jtl':i (gig carbon source) N~'1lb3J~~l£j (1U)
'II'll q 

,nntlTVI1':i 1 2 3 4 5 

50 ml 0.023 0.116 0.226 0.230 0.250 

100 ml 0.023 0.121 0.235 0.265 0.279 

150 ml 0.020 0.073 0.111 0.160 0.207 

'1l1n~~ 10. f.J~"lJtl~nl':iiitJ1~lrntllnl",\91elnl~f.J~'1l'V'l~bbt'lU'V'ltl~L3,H)f (g/g carbon source) 
'Uou 

.... 
"lJtl~ A. pullulans LntlWUli 

~ 

TISTR 
q 

U!3Jlrn~lnl'" 
.,. ~ .,. d .... 

Wt'lbbt'lUWElt'lb~El~ (gig carbon source) ~t'l~H3Jtl~lt.J (1U)'Uou . q 

,nn€J1v\1~ 1 2 3 4 5 

50ml 0.082 0.213 0.345 0.386 0.304 

100 ml 0.072 0.182 0.275 0.328 0.376 

150 ml 0.026 0.046 0.097 0.129 0.214 
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.d ... "". .d ... ,A 6'A 

1i11~"'Yl 11. f-.J~"lJt)"n1~tIil1.lt)1'V\1~lH~ 1.1 casem peptone 'Yl3J1iI t)n1~f-.J~ 1iI'W~ Lb~'U.'Wt)~ L1.It)~
'11'11 

.... 6' 

(gIg carbon source) "lit)" A. pullulans fflll~'itli NRRL 
q 

51 2 3 4 

Casein peptone 0.050 0.111 0.267 0.314 0.322 

control 0.023 0.121 0.235 0.265 0.279 

.d A'" .d .... ,.... ... 6' 

1i11~"Yl 12. ~~"lJEl"n11LIiI3Jtl1V111btn3J casein peptone 'Yl3Jfilt)n1"~~IiIYH'iLL~'U.~f)~L3Jf)1 
. '11'11 

.... 6' 

(gig carbon source) "lIe:J" A. pullulans ff'UJVfU,li
q 

TISTR 

1 2 3 4 5 


Casein peptone 0.060 0.230 0.394 0.409 0.463 

control 0.072 0.182 0.275 0.328 0.376 
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.... ~ ... 
nTi. L~,,)1~~fl1" L~'UJ 

QJ 0.... 6".J.... ~" 0 ~., 0 tJ. '" .J tJ 

Y'H~Uf.H.j,WmH:.Jtl1'Yl~fl~LLfl::~n~ L~rmU1 LlJ'Yl1L ULL'Yl'ltlULL'Yh'l (111W'Yl 16.) LLfl'1U1 
~~ ~ 

lt11Lfln::~';hLtJuwflLLflUwtl~L:.Jtlf~7.:J 1~tJli1~ IR-spectrophotometiy IR curves ~L~ 
'11'11 

LLff~.:Jl",L ';;Utl [.h.:J';~L~ULrl tl Ltl7 tJu L~tJunUWfl LLflUVJ tl ~ L1Jtlf1J1~dl~U~~~~~1n A. 
~'II ... 

pullulans "lJtl.:J1J7~'Yl Sigma, USA (111W~ 17.) '·,hLtJUWflLLflUWtl~L:.Jtlf~7.:J 1~£.Jij~n1!fm::
'11'11 

.... 6" 6" 1.JQJ

IR curves profile ~tl.:JWflLLflUWtlflL:.Jtl1~1n A. pullulans ffl£.JVJUll NRRL LL~~.:J LU111W'Yl 
'11'11 q 

&16 If' Q..o ... 

18. LLfl:: IR curves profile "lJEl.:JWfim~UWmH~El1~1n A. pullulans fflrJWUti TISTR LL~~~ 
~~ q 

1.J. "" ...J.., '" ... .d
b'U,111W'Yl 19. functional groups "lJEl~WmLflUWElflL~El1Yl LflLL~~.:JfI.:Jn17~ alkyl group, 

~~ 

hydroxy 'VI~tl amino compound LLt'l:: aliphatic alcohol (111fl~U'1n) 

.d...... .... 6".J.... ~ ~ QJ 0 

L1Jf)'Yl~~tl1Jf1m~:U1J 'iI"lJtl.:Jn11fl::fl1 rJiJtl.:JW t'l LLflUW tlfl L1J El1'Yl~fl ~I L~ LUtiI'1'Yl1fl::~1 tJ 3 
q '11'11 

~U~ ~El tl1ntu tl13JUW~LLfl::LEl'Yl1nUtl~ W1J11WmL~UWtl~L:utlf~~~tilL~~1n~~~f).:J~£.J
'11'11 

~u1fijflmff1Jllii"lJ tl.:Jn11r:mfl::t'l1 £.J L'VIi'j tlunu~ tl fl::fl1 tJl~1U.J1ntu 1~ fl::fl1 £.J1UJ13Juyh~
'II 

'~nn A. pullulans ffltJVJU1l NRRL L~nfl1fln~::fl1tJ 15 U1'Yl 

q q 

1i''Yl~~tl1J LLfl::Ltl'Yl1nUtlfl LLql1::£.J::L'1 fl1~1ilUn11!lnfl::t'l1£.JLa.i L l'hnu 
'II 

~ ElVJfl UflUVJ tl ~ L:.JElf 
'11'11 

... .. 1" ....J .... 6" 
~m::'YlWmL~UVJmH1Jtl1~1n 

q 'II ~~ 

... 6" ., "'... .d d
A. pulluJans ffl£.JWUll TISTR L~L1~1f1.:J 45 U1'Yl (til1dl.:J'Yl 13.)

q 

~~n1,,)fl~~oun1")nnUOU~~1U1"~~~~~1~
'U 

... • ,.J • , .J.....r 
~1nn11ff.:J to til ff111Wn17LlJ fl tJULLlJ fl.:J'Yl Ln~"lJU 
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n. A. pulJuJans NRRL 

"lJ. A. puJJuJans TISTR 
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A. pullulans NRRL +++ 

A. pullulans TISTR + 

'V\ ~1 tILV\ <il 
1 

+++= 0.1 n111 nnfl::fl1£j'V\1J~1l1£jlU, 15 'U1Yi 
~ ~ 

+ =0.1 n11J nnfl::fl1£j'V\1J~111£J1'U 45 'U1Yi 
~ 

='~nnfl::fl1£j
~ 
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n. A. puJluJans NRRl 

"ll. A. puIJulans TlSTR 
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to .... ~ ~I.r ...... .... .... t. .... .... 
A. pu/lu/ans 'Yl.:J tlfl.:J WH.JW'lUj LlJtl.b'1ffln'1ftl.~ b~£rmtl. ~.:JtI. tI.~n'1!J'rn::'Yll.:J tlIlMMtI. 

~ ~ 

l'YlUl~.:Jb'VIijm.U)Ubb~En~@il.:Jntl.Ltl~l~ti"·n.l'1fl@l"llfl.:Jnl"bUti. polymorphism f)mnu~ui
q 

TISTR brlm~~rululu~::ihrn'1!J'rn::biJtI. pseudohyphae ~lnn11tl1Uwtl.i NRRL ~.:J~biJU 
... q q 'IJ 

trn'1!J'rn::"llfl.:Jlflt~itfltllll~lnn11 tl.f1n~lmfutl1uwui TISTR rJ.:Jiinl,.tln.:J melanin 
q 

pigment ~f1E!nL;jul~.:J~::~~~lrJ.:J~"lJfI.:JW~bb~tl.WfI~L~e)'f~~~~'1.~~lu ~l.:Jnutl1[Jwtl.i
'IJ 'IJ ~ 

.d 1 '" ""~.... .... "" 11'.,1 "" '" ",.d 0NRRL 'Yl~:: 'VIWmb~tl.Wflm~f1,.tl"ll11nl1 ~n'1!J'rn::"llfl.:JwmL~tl.WfI~L~f1"'Yl~~~ L~L~E!tl.l~l 
'IJ'II 'IJ 'IJ 

D~LLYi.:JLLttlf)ULLi.:J~::iitrm~ru.::L1JUtl1"flttl UW~l~~fl bb-ii.:J U,..:J ~lb~ UlJ bUtl.3JU fl113J~LUti. 
L;f)n'1fU~ L~ Ulnufll1~<ilf1.:Jnl,.tlflll::~L'VI~l::tl~fi3Tn~::fl~lunu L"JiU pH Ltlu 6.5 

L'VIijfltl.ntl. u@i TISTR ~::~~~W~LL~tl.Wf)~L~E!f't~~lt1."Jil.:J pH ~nl1.:Jn11 f11YiL"Ji'U~ pH
'II'IJ 

~ '" '" "" '" • • .,1 .... .,1 ....11' d..,14.5 n~:: L~~~~~~ L~<ill.:J~ln'Yl pH 6.5 un "lJru::'Yltl1UWUti NRRL ~::~fnl3J~lLW1::'Yl pH 
~ 

6.5 1,I1nn11 
... .,1 .to .... 11' ... 0", 

nl"'Yl~6HlUtlfll1::f1m'VIfl~'Yl L'VI~l::tl~ WU11'Yl.:J tlf).:Jtl1 UW'Ull'1fflUflm'VIfl~ 30 C flE! 
q 'II q ~ 'II 

li~~~~<ilff\ltl~ LL~~,"ltlul~f)f1 LrlmtU\lLtl'Ul'Un\l 51U tl1U~'U1f NRRL ~::L~3Jtif.J~ 
'II q q 

~~~~n11~ 25°C NRRL biJ'Utl1U~tl.1f~L~fu~ln~f;jm3J~nl ~\lJ'U~\le)1~iinl,.tlfu~1
q ~ 

1ib'VI3Jl::tl3JnUtlflll::"lJ f1.:J bii f1.:J'VIUll3Jlnn11 TISTR 
d a A a 

nl"'Yl~ffE!U'VIltlflll::f11'V11"'YlL'VI3J1::tl3J b~f1n'Yl~tU)U carbon sources 2 '1ftl.~ flB 

tll~l~n~Ifltlnutll'1I1G'lsn'Ifl,.ff brtfl\l~ln11nG'llflffLiJ'UJ1'1l1~3Jl<il"~lU~liLtr.J\l~~um rJ 
'11'11'11 ~ q 

~1Ltl u@isnIfl"ffJ'Uf)mrl'1l1~'Yl"1U ~.:JJU,yfl3J~~L~1\ltl13Jl,.nti'LiJ'ULL'Ul'Yll.:Jnl,.li'tll
'II 'II 

<ill~'Yl"l r.J~\lLUW1~n~U"lfllnn3Jlt i1'Unl~~~ '1l L~ fI f1<il tl1'V1n""3Jl~ ~\lcyf.:Jtlfl\ltl1 u~'Ufti 
q 'II q q 

~~~~<il~lnJl<ill~sn'lfl~tlL~L'VIitfln11Jl~1~nG'llflff nl~~ A. pu/lu/ans ffl3Jl,.n ti'tll<illG'l 
'II 'IJ 

sntfl~ff't~fI cll\l~Ju bbtl~\llib~'U11 L ;f1~l'1fU~diiLfl'U'tsn~ invertase iitl~::~'Yln-fllW~~ 
'IJ 

Ltl~r.J'U invert sugar 't~ (Catly, 1971) 

lUnl~'Yl~tlflU'1fU~"lJfI\lLb'VI~.:JLU1'1l~L~U L~f1n'Yl~tlflU 2 '1fU~ f)f1 (NH4hS04 sfi\lLtl'U 

inorganic nitrogen Lb~:: peptone sfi\lLU'U organic nitrogen 1~~G'li~L~'U11 cyf\ltlfl\ltl1U 

w'Ui'1fflU (NH4hS04 ~.:Jd'E!l~LiJ'Ubwn::iltl13Jl·Hl'lll (NH4hS04 Ltll-n~~l£Jnil 
q 

peptone ~\liifl113Jiuifl'U1Ufl\l~tl~::nE!u 
d d 

n 
I"" .,1 ... 

nl"'Yl~ tlE!ULWE!'VIltlflll::nl"3JlJ~3Jl mE!lnlf1'YlL'VI 3Jl:: tl3J 3Jnl~11.:J u~'Unl~'Yl~G'lfl\l 

1~ r.J1i'tl~ 3Jl<il~E!\lfll'V11,.LV\ ~1 Ltl'U~lnl'V1U~ Erlenmeyer flask ~1i'ii"lJ'Ul~3Jl<il"f'l'U 250 

http:E!\lfll'V11,.LV
mailto:l'YlUl~.:Jb'VIijm.U)Ubb~En~@il.:Jntl.Ltl~l~ti"�n.l'1fl@l"llfl.:Jnl"bUti
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.... ~.J """.f.J., .... ", .... 
ml ~~UU flask 'YI'lJ11~Ell~1~TVI~1 50 ml n,;)::1IL'UEl'YI11~mEllnlf1tllm'YI L~1Ilnn11 flask 

q 

~'lJ11~Ell~11m~1 100 ml LL~:: 150 ml C1\1:lJ~1~'lJ nl1U1'lJU7111C1\1Ell~11L~~1L~Ell~'fl 
q 

.IA 'I..... ~I A"" .J'!lI.J.... 'I ....... 'I .r d 

u-nnru Oxygen L'U1::~'lJC1\1~ 6) LlJU11ml1'Yl~~El'lJULlJU'YllJEl1l1'lJLL~:: L~nu mL~Ell1f)U 6) 

EllYiLiu PachysoJen lannophilus (Schneider, 1983) ~~nl1'Y1~~El'lJLL~~")1~LV;'U11f11111 

~f)~nl1tnnlf'11 'U1::~'lJU1'Un ~1{1~mJ7111 C1\1Ell~11L~ ~1 1 00 mll~lJ-k11u~::L~1Il::~1Irl'lJ 
crr~ 2 In tJW'U.15 LL~lnlJWWff TISTR 1U1::tJ::i1\l 4 lULL 1n~::~f)~nTl"~1111::nl1ijEllnlf'1 

q q 

L1J'ULL'lJ'lJ aerobic 1Ilnn11 fiEl ~El'lJ~U7111C1\1 50 ml 
A.... .J''I ... .J... .... .J", ... 

~1'U1~ lJU L ~1::'lJ'lJn1"JlIn~1111::'YlL~1Jl::ff1J LL~1'Ul"lJ El1J~'Y1 L~1Il'Yl~~El'lJ~1~1111:: 
'II 

5u 6) ~m1J1::~1J~mUU~1~'lJ ~~JU~~L~11~LLr-J'Un11'Yl~~f)~1~ijnl1'Yl~~El'lJnl1ij nutrient 

supplement LiJUel'U~'lJ~~~ ;A~nW1l11 casein peptone ~L~1JLthiJUEll~11L~1J 1n1J11tl 

Yhl~N~r-J~IilL~1J~w;)7{11~lJlntJw'U15NRRL l~N~N~C1\L~1J 1.15 L'Yh "lJru::~lntJW'Utf 
q q 

TISTR l~N~~~C1\L~1J 1.23 L'Yh casein peptone dJUEll~11L~1J~ijLLi!f1C1\LL~::ff11f)1~11
q 

U1::Ll1'Yl amino acid ~lnu1J~tlncl EllJ~rl~Ll~1 ~{lEll';)Yh1~L;El11U1Ltll-NLff71Jn1::'lJ1'Un1"a" 
'II 

metabolism 1'U.nT~l.j~C1\W~LL~UWf)~L1JElf1.il
'11'11 

"" A A IS'... • .... A .... ..r ..J 
'U.Eln L~UEl,;)lnnl1~ fl C1\ W fl LbflUWf) fl b1J El"a"LLfl1f1111JInfln1"lI El~~lU1';)tJUfI~ El tJ'YIC1\"a"{I

'11'11 .~ 'II 

n1,.~~';),r11~,.~ijtn~m::YHrltJWfll~~flJ'U dJUWflLLflUWf)~L1JElf,;)1{1 nl,.li IR
'II '11'11 

spectrum Ltl~ tJ'lJLY1t1'lJrl'lJWfl LLflUWEl~L1Jt)'f1J1C1\'HnUYh1~L~U IR-curves Elcll\li~L~U11 
'11'11 ~ 

LUUW fl LLflUWEl~ LlIElf~ijEl{lf1tl1::n El'lJ~1 tJ~3.i functional groups REl~fltrf){ln'lJlf1,.~ril{1
'11'11 'II 

"lIEl{lWflLLfl'U.WEl~L1JElf~ij~W'lJ11LUU maltotriose polymer (Pollock, 1992) nl11i IR 
'11'11 'II 

spectrophotometry 1Jl'Yl~~El'lJWfl LLflUWEl~ L1J ElfLUULL'U.1f11111fl~1~3.i~~l'UiitJ;uit"'~Wll 
'11'11 

~~ LU'ULLU1'Yll~ ~lf1ru1unl1i1 tli LfldI::~L;a~f1rull1W"lJEl\lW fl LLfl'U.Wf)~ L1J f)fl~LiJUElcll"~
" q '11'11 

nl"'Yl~~f)'lJflruR1Jlli1'lJl{1U1::nl1"l1f)~W ~ LLflUWEl~L1J Elf~N~ C1\L~ yh1~tJnl1L~ Eln 
q '11'11 

'Yl~ ~El'lJfI ruR1J'lJ~nl1tln ~::~1 tJ LLfl::nl,.ti El tJ ~~1 tI LiiEl~,;)lnL tJUfI ruR1JUi ~f1ru"lJ f)~nl","1 
q 'II q" 

..,. I' .... 1 t n .... . .J d !' .d d ~ "'. 1'1blJ L~lJ1:: tJ~U U~111W"lJEl{l biodegradable plastic C1\1'Yn fl::~l t1'Yl'Yl~~El'lJ1JU15J5~1J'Yl1 LlJ L U 

~~LL1~trf)1J LEl'Ylfi1Uf)~~~LtJU organic solvent LLfl::Jl~Wyhs~~lin'U-k1Ltlluf)C1\ff1~n""1J
q 

Ell~l" W'U11W~LL~UWEl~ L1J Elf~~~ C1\L~fl::fll tJl~~lUJl Ll.i ~::~1 tJ1'ULf)'Yltn'U.El fl LLfl::JlaJ'U 
'11'11 

~"1f ~~ LU'UonEl1J mj~~t1~nl1~~llJi1L~~lUliTI1J~1~LL~::nl1\bLtltiLtJul~~lI\ El~:JJEll~11 
'II q q 

tl,.::L11'YlL "lIlTu 1~ (Pollock, 1992) nl"'Yl~~Elllnl1ti El tJ ~~1 tJ1U1ld11J~1~'Uu~h~'U.LL~~~1~ 
LV;UEl til{1i'~L ';)u 111~~d'Luu biodegradable f)ElijL ;f)115U1JlifULLfl::clti tJ~flltJLtl hiLUU 

q 

i1ru~1C1\nt11~1u~~ LL1~trEl:JJfi"11J"1fl~ <?il {In'Uw ~l~~fI-klLtl., 

http:U1ld11J~1~'Uu~h~'U.LL
http:ULf)'Yltn'U.El
http:LLfl::nl,.ti
http:U.nT~l.j~C1\W~LL~UWf)~L1JElf1.il
http:tJW'U.15


38 

,... ...... t. a.. ...... .d 
ff1111:: L lUn:: ff:JJ ~Hlnl"H..J 'H1VH~ u. ~ 'l.W-HHH:JJ fl1"lJ fl.:J A. pullufans 'Yl.:J 2 ff1 £J VfUn fl fl 'Yl 

~~ ~ 

pH 6.5 mu,VlnlI 30°C, LLV\~.:Jfl1fu[l'" sucrose LLVI~.:J''U.1~~L,;)'U. (NH4hS04 t'U.~nTd:: 
~ ~ 

aerobic 1~£Jff1£Jw'U.1f, TISTR "lH)Uff1111:: aerobic :JJ1nni1ff1£Jw'U.t5, NRRL LL~::n1ij 

El1v\1~LR1:JJ casein peptone n,;)~'lf1(Jt'VI1~~~~~~~if'U t~£J~1ttl~~~~~,;)1nffww'Utf, 
TISTR ';)::L~ff~ni1ff1£Jw'Utf, NRRL Lrl[)~~m~m::~ui1 A. pullufans NRRL l~~~LL~'U.~[)

~ ~ ~~ 

~L:JJElf~ij~m~m::fl~1£J~~1~llflR"lJ11 ff'J'Utrl£Jw'Ul TISTR l~~mL~'U~El~L:JJ[)f~ij
q '11'11 

~m~ru::fltr1£J~~1ff~n ijRLii£J1"l1El-'l melanin tl'Ud~mre)£.l LrlfJ1Lfln::~,;)1n IR spectrum 

~Ui1ff11~ij~m~ru::fl~1£J~~1~~n~f..J~<ilL~LtJ'U~~LL~'U~fJ~L:JJfJf';)~-'l ij JR curves 
'11'11 

~n'b}ru::L~£J1nUtrl~~fHL~'U:JJ1~1\i1'U ff11~~~ ~L~~ ijflruff:JJ~~::~1mr1 Laj~::~1£J1'ULfJ'Yl 
'11'11'" q 

trl'UfJ ~ Lb~::J13J'U.w~ ~:JJ1~!Hln ci fJ mnn £J"~~ £Jn~::1n'Un1~'Yl1-'l;11)1~ Lrl fJ11.:J~.:JL 1U'U 
'II 

~1~'U1'Uln1:JJ"151 ~ 

n1~1i£Jflf.:Ji1't~i'ufl11:JJ th L~';) fJ ci1.:J~t'ULL~"lI fJ.:Jn11~~~ LL~::n1~'Yl11U ffn1'J::~ 
Lv\:JJ1::ff:JJ a\\,;)::LU'ULb'U1'Yl1.:J thtlru~ Eln1~f..J~ <iI'Yl1.:Jn11rl1 LL~::El~ff1v\n~~:JJ 'UEln,;)1mt'U.tJ.:J'~ 

u q 

1Ufl11:JJff1L~,;)'Yl1.:J~1'Ufl11:JJi1:JJij fJ,;)1n1'Ulh::L'YlffLL~::~1.:Jlh::L'Ylff~1'UL;fJn ff1£Jw'Un 
~ 

NRRL ~L~ijflruff:JJ1J~~1~ff11~fl~L:JJElf~ijR"lJ11 "lIm::L~£J1n'UnL~~1Ji1ff1£JW'U1f TISTR 
q q 

"lIfJ.:JL'Yl £J m~~~~~ ~ff~LtJ'U~'l.i.1ff'Uh "llmff'UeHL'U::~fJfl1~~';)::iJn111iv~[)t 'U~1'U"lIfJ.:Jn1~ 
'II 

... .d'l.... , .... , QJ .r 
"lJ£J1£J"lJ'U1~n1~~~~ (scale up) L~[)Lv\LV\:JJ1::ff:JJ~fJn11L"lI1A'1::<il1Jfl~ff1V\n11:JJ 'UfJn,;)1n'U 

~ q 

tT.:Jfl11i~m ~:JJL~:JJ L~r.nn1JflruA':JJUiYn.:Jn1(Jfl1~1'UL~.:J1~~ff1~<ilf"lIEl~~fJ~ L:JJ fJf n1~, , 
process Lozt'Un1~"';1 LLeJ'U n11if'U1tl"lJ [)~ ~~1 A'~n LtJ'U~'U 1'U'Yl1.:J;'1111~nff1:JJ1~tni1n1~ 

~ 

tl1utl~.:Jff1£Jw'UflV\1~ff1 £Jw'UmV\aj~iJ~ ~~~~~:B'U 'VI 7fJ'VI ~1£J'VI~1n:JJ1n:B'U1'UL:n-~flruA':JJUi 
~ , , , 

LL~::trnl!}ru::"lI El.:J Lij<il ~5'U';):: LtJ'Utl~::t £)"15UEl ci1.:J ri.:J !Ii ElL tl 

http:JJ1nni1ff1�Jw'U.t5
http:1~�Jff1�Jw'U.1f
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1l1fl~W1n 

• A ~ 

fi1 IR spectrum 'iJfh'~~LL~'U,Wtl~LlItl'nnil1!'1'U, (sigma, USA) 

• 
~1UM cJ..tv\,).... 

5TD-'-ilrOP.5P J551 4000.0 450.0 30.59 70.90 T 20 5~~ 

HEF: 4000 71 .75 2080 76.55 
J9QG.O 72.9'; 3931.0 72.90 3900.0 72.G5 3006.0 73.14 

. 3064.0 71.42 3346.0 72.17 3012.U 72. '13 379 '1.0 71.7" 
'i 3753.0 60.26 3736.0 69.96 J713~O 69.0B 3701.0 69.06 
, 3G 71. U 66.01 3600.0 )).43 3501.0 40.31 3473.0 37.65

3453.0 37.99 3435.(} - 36.59 3206.0 49.29 3216.0 51.87
3100.0 55.03 317fJ.O 55.03 3080.0 62.80 29DO.O 6Q,93
2954.0 61. no 2919.0 50.12 2856.0 63.72 2819,0 66.88
2791.0 69.40 2761.[) 69.75 2713.0 70.24 2605.0 71.59
2630.0 73.30 2574.lJ 74.61 253[).O 75.39 2493.0 75.58
2350.rJ 77.74 232U.0 77.72 20Q7.0 75.45 1636.0 60.65

• '13 69 ~ 0 59.9 '1 '12 B3 • 0 62.77 1260.0 6'1. 30 124'1. 0 61.22
l157. (] 53.52 1077.rJ 51.71 10Q].O 49.09 1017.0 46.70 

- 920.0 60.64 062.0 65.97 021.0 60.71 794.0 66.1£1
774.0 64.fl) 743.(] 64.32 724.0 62.62 705.0 GO.93
600.0 60.31 672.0 50.30 645.0 59.46 629.B 50.51
G" 0.0 . 50.32 509.0 53.31 573.0 52.70 554.0 55.81
539.0 54.09 519.0 56.36 493.0 ' 59.73 471.0 51,65
455.0 57.47 

-, . 

22'1. AU(YL GROIJP - POSS I flLV MEHIOXY OR HYDROXYMETHY L SUDSTI TU ENT 

223 ALKYL GROUP - IIYDROXV OR POSS1BLY AtlIHO SUDSTITUENT 

401 HYDROXY COMPOUND - NON-BONDED HYDROXYL GROUP 

PSUs above May Ill? subject to interference. Consult t-1anual. 

http:5TD-'-ilrOP.5P
http:1UMcJ..tv
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.. 
<!J ?l11~1,\'} 

POLWIIITE.SP
• 

J551 4000.8 450.8 /10.06 52.26 %T 10 (" 
J 

REF: 4000 41. 17 2000 51.07 
3919.0 
3U16.0 
3256.0 

41.50 
41.96 
15.50 

30D5.0 
3734. [J 
2935.0 

. 
41.05 
37.60 
26.12 

3355.0 
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