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Abstract 

Pichia anomala PY1 employed in the present study was isolated from_Khao 

Mak_obtained from Amphor Panasnikhom, Cholburi Province. Its growth and 

biosurfactant production was carried out in defined medium consists of 4% soil bean oil 

as carbon source, 0.4% NaNO2 as nitrogen source at initial pH of 5.5, 30 degree Celsius 

and agitation rate of 200 rpm. After 7 days, its supernatant fluid showed maximum oil 

dispersion activity of 5.7 cm2 and lowest surface tension on the same day at 38 

millinewton/meter. Mutagenesis of this strain by ethylmethane sulfonate (EMS) yields a 

number of mutants, among these strain PY12, PY44 and PY189 revealed better oil 

dispersion activities of 1.14, 1.69 and 2.15 times more than their respective parental 

strain PY1 while the � ST were in the range of 24-26 milli-newton/meter. The wild type 

strain was further subjected to UV-induced and EMS mutagenesis. Among the mutants 

isolated, strain MUE24 revealed a 3-5 folds increased in oil dispersion activity 

compared to parental strain PY1 with � ST close to PY1 at 21 milli-newton/meter. 

Analysis of the biosurfactants produced via analytical TLC demonstrated that the 4 

strains possess different patterns of bands, in addition the active band for each 

biosurfactant with oil dispersion activity were of different Rf and were differed from that 

of parental; Pichia anomala PY1. Emulsification stability and emulsifying index at 24 

hours toward canola oil were higher than 90% in all of the 4 strains; PY12, PY 44, PY189 

and MUE24 and in between 80-90% in soy bean oil by strains PY44 and MUE24. 
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1.15 fl1J'l,f)(?)fl1J'l,U�t.l'Wl,l,UM lf?lt.!�1J' EMS 
i,, t., l ti 1' 

13 

14 

23 

25 

25 

3.1 1-11tl1V1tl'mL�-1 l°i1Ar;i1�1,tl'Wm��h-:i Yl'W'Vln1J'm'�91t.1tl1a1'u 1,1,��1-11 bLN�...'.l�'J t'W'1J'e)...'.J'W1 41 

1J J' al o � cl r o cl
l,�l:J...'.JL"Jl'e) L�'e)'Vl1n1J'b'V'l1�b�.!NtJ�(?l Pichia anoma/a PY1 1'W'el1Vl1J'I.Vl�'Jn1'Vl'Wf?1�(?1J''Vl

., I t, 

3.3 1°11�'W'Vln1J'nJ'�911:J'W13J'W'1J'e)...'.JUMl Pichia anomala PY1 LL���1f fvrwfn�11:Jt'W'el1'V11J' 
I t, I 

m�r;in1V1'Wf?I� 1?1tV1i'.ltl13Juti'r;i L'Vl�'e)...'.l 4 % LU'WLL'Vl�--:i A1fo'e)'W 

43 

56 



., 
Vl'W1 

3.4 56 
' ., ' 

m~1n1V1'W!?l~{9lt'Ylihl1~tu1'HVl~'el-.:i 4% bU'Wlm~-.:imf°u'fl'W 

3.5 A1fl"J1:l-HU'Wn1!?l(?)1-.:J1'Wbbl?l~~')'W61J'el-.:JU~~ Pichia anomala PY1 bb~~~1uvfoin~1t11'W 57 
' 

'fl1Vl1tbVl~"Jll1Vl'W!?l~ {9lt~i'.itl1~'W6"J bVl~'fl-.:J 4 % bU'WbbVl~-.:J fl1'fu'fl'W ., 
., 

3.6 A1'W1Vltl'm"1lmfmX-.:i1'Wbb(?J~~i'W61J'el-.:JU~~ Pichia anomala PY1 bb~~~1u~mfn~1t11'W 57 
' ' ., ' 

mvi1n vi~1n1V1'W!?l~ {9JJ'Yl:iJt11~'Wt1'HVl~'fl-.:i 4 % bU'WbbVl~-.:i fl1f'Li'fl'W ., 
., 

3.7 m1~bb~!?l-.:J'W1Vltl'm"1l~ifa1X-.:i61l'fl-:JU~~ Pichia anomala PY1 bb~~u~~~11:J~'Wfin~1t11'W 67 
' 

3.8 67 

t., t., i,, t, I 

3.9 nn~bb~t?1-.:in1rni::r.i1utl1~'W61J'el-.:J'W1b~tl-:Jb~'el'Ylhi:iJb"1l~i61J'fl-:JU~~ Pichia anomala 68 

PY1 bb~~ti~ ~~1u~uf n~1u1 'W'fl1V11n Vl~CJ n1V1'W!?l~ m~iitl1~'W61 b Vl~'el-.:J 4 % bU'W ' ., 

bm~-.:i fl1 fu'fl'WbU'Wl 1~ 11-7 i'W 
t., t., t,, I 

3.1 O m1~bb~!?l-.:Jr11bbt-.:i~-.:ie'.i161J'fl-:J'W1b~tl-:Jb;'el'YlLii:iJb"1l~i61J'fl-.:JU~~ Pichia anomala PY1 bb~~ 68 
' ., ' 

u~ ~~1u~uin~1u1u'e11V11nvimn1V1'W!?l~ {9lt'Yl:iJtl1~'Wn1 m~'fl-.:i 4 % bUmm~-:i ' ., 

mfu'flmum1~11-7 ,fo 
ti t, t, t., I 

3.11 r11mim~'°l1tl'W1~'W61J'el-.:J'W1b~tl-.:Jb;'el'°l1n~11:J~'Wfin~1t1 PY 189 bij'el 1-n'bbV!~-.:Jfl1fu'el'W 71 
' 

t., 11 11 I 

3.12 r11 bbN ~-.:J61J'el-.:J'W1 b~1:.m;'fli.i1n~1tt~'W( n~1t1 PY 189 bij'fl 1.if bm~-.:i fl1fu'el'W"l!U!?l [?11-.:J1 72 
t., t, t., I 

3.13 r11 pH 61J'el-.:J'W1b~tl-.:Jb;'el'°l1n~1t1~'Wfn~1t1 PY 189 bij'el16nbbVl~-.:Jfl1fu'el'W"lli'.l!?l(?J1-.:J1 72 
1,1 j.l t., t, I 

3.14 r11'W1Vltl'm"1l~i61J'el-.:J'W1b~tl-.:Jb;'el'°l1n~11:J~'Wlfn~11:J PY 189 bij'fl161lbbVl~-:Jfl1fu'el'W"llil!?l 73 

(?11-.'.l1 
t, t., t, !,, I t., I 

3.15 r11mmi~r.i1tttl1~'W61J'fl-.:J'W1b~t.J-.:Jb;'flr.i1n~1t1~'Wfin~1t1 PY 189 bij'fl Htl1~'Wn1m~'el-.:i 74 
' 

bU'Wlb vi~-.:i fl1fu'fl'W~ mJieYw-111:w b -if :w-if 'W(?11-.:J1 
!.I t, 11 I 11 I 

3.16 r11bbt-.:i~-.:ie'.i161J'el-.:J'W1b~t.J-.:Jb;'fli.i1n~1t1~'Wfn~1u PY 189 bij'fl 1-nt11~'Wn1m~'fl-.:JbU'W 7 4 

bb Vl~-.:J fl1fU'fl'W~ m.hfY'Wfl"J1:I-J b -if :W-if 'W(?11-.'.l1 



3.17 fi1 pH 

�1'i'LI ru'itl( (pl'fl) 
QI cu 

t, !.t t, I t,, I 

'1l'il�'W1b�i'.h'lb�'il91n�1t.1�'WfiMl1t.l PY 189 bn'ill-n'W1�'Wtl'HVl�'el�bU'W 

'V 'V i,, iJ I 1.r I 

Vl'W1 

75 

3.18 'W1Vl'Wnb61l1:'limX�'1l'il�'W1b�t.l�b�'el91rn�1t.1�'Wfirnnt.1 PY 189 bn'il Htl1�'Wtl'"JbVl�'el�bU'W 75 ' 

bbVl��f41f°u'il'W�bb1lieYum1:wL-ir:woifu1?h�7 
t,, 11 !,I iJ I 

3.19 fi1n1mi�91t.l'W1�'W'1l'il�'W1b�t.l�b�'el91n�1t.1�'Wfin1:'l1t.1 PY 189 bn'il Hbm��l'Wll?lib9'W 76 ' 

t., 'l,, t, I 

3.20 fl1bbN���'"J'1J'el�'W1b�t.l�b�'el91n�1t.l�'W{n1:l1t.l PY 189 bn'ilHbbVl��1'WLl?lib9'Wl?11�1 77 
t, t,, t,, I 

3.21 fl1 pH '1l'il�'W1b�tNb�'il91n�1t.l�'W(n1:l1t.1 PY 189 bn'ell-ifUVl��l'Wll?ln9'Wl?11�1 77 
t., t, t,, i, I 

3.22 'W1Vl'Wnb61l1:'limX�'1l'il�'W1b�t.l�b�'il91n�1t.1�'Wfin1:'l1t.l PY 189 bn'ilHbbVl��1ut1?1W-l'W 78 ' 

i, t,, i, t,, I 

3.23 fi1n1mi�91t.l'W1�'W'1J'il�'W1b�i'.m�'el91n�1t.l�'W(n1:l1t.1 PY 189 bn'ilH NaN0
3 

bU'W 79 

bbVl��1ut1?1nr.iu�m.heYu0l'"J1:Wb-if:woifu1?11�7 
i,, 'l,, t,, I 

3.24 fl1bbN���'"J'1J'el�'W1b�tNb�'il91n�1t.l�'W(n1:l1t.l PY 189 bn'elH NaN0
3 

bU'WbbVI�� 79 

1 u Ll?I n r.iu� bb1lie1'u0l'"J1:W b oif :w oif u1?11�1 
ii !,' iJ" I 

3.25 fl1 pH '1l'il�'W1b�tNb�'il91n�1mfo(n1:l1t.1 PY 189 bn'elH NaN0
3 

bU'WbbV1��1utmb9'W 80 

� m.heYum1:w L-if :woifu1?11�7 
t,, t,, t,, t, I 

3.26 'W1Vl'Wnb61l1:'libb1X�'1l'il�'W1b�t.l�b�'il91n�1t.1�'W{n1:l1t.l PY 189 bn'el1-if NaN0
3 

bU'WbbVI�� 80 

lut1?1ibr.iu�mJieYu0l'"J1:Wboif:woifu1?11�1 

3.27 �1i1:'l�bbN���'"J�'"Jll1'V'l�r-J�l?ll�r.i1nu�vf Pichia anoma/a PY1 bb1:'l�U�v1�1t.l�'Wfi 81 
' ,, ' 

n1:'l1t.l PY12 PY 44 bb1:'l� PY 189 l'W'il1Vl1JbVl1:'l'"Jl11Vl'W��(?livii'.lu1arun'"JbVl�'il� 4% 

bU'Wbb VI�� mfo'ilu 

3.28 n1fhm1�if�1i1:'l�bbi����'"J�'"Jll1'V'l�i:.J�l?ll�91nU�vl Pichia anoma/a PY1 bb1:'l� 82 

u�v1�1t.1�u(n1:l1t.1 PY 12, PY 44 bb1:'l� PY 189 �'"Jt.1�fi'i:rw:w1 t1?1rn1yjmJ1J analytical

Thin-Layer Chromatography

ry 



J'u� Vl'W1 

89 

"ll'Wl?l!?l1'11 

3.30 '"11bbNITT-:J�'J'll'fl-:Jtl1bimb�'fl,.nn'6'11EJ�'W(rnnEJ MUE24 bd'fl1-ifuV1�-:irnfu'el'W"ll'W1?1!?l1--17 90 
t,, t, t,, I 

3.31 rl1 pH 'll'el-:J'W1b�l:Nb�'el91n'6'11EJ�'W(n�1EJ MUE24 b�'fl1-ii'bm�-:irnfu'el'W"Jl'W(?)f?l1'11 90 
t,, ti t,, f., I t,, I 

3.32 rl1n1J'nJ'�91EJ'W1ir'W'll'el-:J'W1 b�l:Nb�'el91n'6'11EJ�'W(n�1EJ MUE24 b�'el 1-iftl1ir'Wt1'J b'Vl�'el--1 91 

tb VI �-:i r11 fu'elu� btU J'e1'uritJ 1 ii t -if iioif u1Ph--17 
11 t, t,, I t,, I 

3.33 A1bbNITT-:J�'J'll'el-:J'W1t�EJ-:it�'fl91n'6'11EJ�Wfn�1EJ MUE24 t�'Ell-iftl1irut11Jb'Vl�'el-:Jbb'Vl�-:i 92 

t,, t,, 1.1 I t, I 

3.34 rl1 pH 'll'el-:J'W1b�EJ-:Jb�'El91n'6'11EJ�'W(n�1EJ MUE24 b�'El1-iftl1ir'Wt1'Jb'Vl�'el-:Jbb'Vl�-:J 92 

1°11 fo'el'W� bbUJ'e1''Wrl'J 1il t oif ii-if 'W!?l1'11 
t, t, i,, t, I t,, I 

3.35. tl1V1um61!�6tt1X-:i'll'el-:J'W1b�EJ-:it�'el91n'6'11EJ�'Wjfn�1EJ MUE24 b�'el1-iftl1irut1'Jb'Vl�'el--1 93 
• 

t,, t, t,, t,, I 

3.36 A1mmJ'�r.i1EJtl1iru'll'el-:itl1t�EJ-:Jb�'elr.i1n'6'11EJ�mfn�1EJ MUE24 t�'el Htm�-:i 

t, t,, t,, I 

94 

3.37 '"11btNITT-:J�'J'll'el-:J'W1t�EJ-:it�'el91n'6'11EJ�'W(n�1EJ MUE24 t�'fl1-ifbm�-:i1u1!Plnrciu!?l1--17 94 
i, t,, i, ' 

3.38 '"11 pH 'll'el-:J'W1b�l:Nb�'el91n'6'11EJ�'W(n�1EJ MUE24 tri'fl1-ifUVl�-:J1'Wl!PlJ'b9'W!?l1'11 95 
t, t,, t,, t,, I 

3.39 tl1V1um61!��foiX-:i'll'el-:J'W1b�EJ-:it�'elr.i1n�1EJ�u(n�1EJ MUE24 b�'fl1-iftm�-:i1u1!Pln9u 95 

!?11--11 

3.40 n1fStr1n�vt�1J'�(?)bbNITT-:J�'J;'JJ71i"l�i:.t�!Pl1rJi'r.i1nu'6'l!Pl�1EJ�'Wfin�1EJ MUE24 rJi''JEJ1fi 96 
• 

1mii1 l!PlnJ'1Y!ttuu analytical Thin-Layer Chromatography 



.d

'jJ 'VI 'VI 1

'U'Vl'l..11 

'"1 'J1 a-1 �1 � i-y bb ��vi aJ1"ll'el-:l'U i-y V11vivh n1 'a'1i fJ 

Ltl'el-:ir.nnfl'J1J-J �'el"! n1'J"ll'el"l �u1-tn (ill l 'WU991J'W iJ (ill')1J-J�'el"l n1'J�1'J'el1Vi1'j'� LU'W�1 'J91 n " ' 

nnmn� zj"l�1'j'fi'j''j'J-J"J11�(?]1"l1LVi�1i1rh�"l'Vl�(ill')1J-J�1�'1Jl'W'EJ(?]�1Vin'j''j'J-J'e)1Vi1rn1ntun�1�1'j' 

i"l L(ill'j'1 �i'Vl1"! L(illn LL��(ill')1J-J�u1r.i L�l:J'Jnu�"lln1'Y'I 'j'1 (ill1�'W'Vl'Wn Luuur.i91:J�1�ru�vh 1 �\n !?I ' ' � 

ri'elrcia1'W"ll'W
1

lr1\'� �f1"ll(?)91nlLU(ill'Vlbtl:J 'J1 LL��u��U1"!"11'W� t�m-if1J-J1iJ�'J'WbLU"ll'W(?]�11?l"ll'el"l�1'j' 

�i"l L(ill'j'1 �1f'Vl1"! L(illiJ nt(illN�f1"lVi�1nVi�11:J iJL(illN�f1"! LU'WLL'elJ-JYhh�n (Amphiphatic 

structure) vh1'1XiJ(illnJ�J-JU��LL(?]n(?]1"lfl'W LL��tJ,_'j(ill,_'jnf\ru�J-J��� (ill"!'VJ'WL�'elUL'W pH 6]f')"!n�1"l ' ' " 

'eltUVin i'3 LL�� Ln �'el w:i1J-J L '11J-J'll'WIF11"l1 LU'We.J � 1 'IX�1J-J 1 rntl1J-J11h�1:J n (?11 -if1 'W'el (?]� 1Vi nnJ-J (?11-:17 
q "U 'I q 

' ,, ' 
L-ri'W 'el1Vi1'j' l:J1 Lfl1'el-:J�1'el1"! Lb�� UL(?]'JbfliJ 'W'elnr.i1nu�1'j'��UN�"!e1'J�')Jl1'Y'ILU'W�1'j''VJU'ell:J 

� � 11:J 1 (?) l 'W fi 'j"j' J-J "111 � n (ill') 1 mu 'W � 'jj' � 1 LL� � � 1 J-J 1 nm � (?I 1 (?) 9 1 n 'J � !?I 'VJ 1 "l n 1 'j'b n 'jj' (?I 'j' 

I I 1,, I 

'el1Vi1'JU1-:!"l1'W$Yl Ln �91n mrn�J-J"ll'el-:1 L 'tfo'Vl LU'WV.1 (aqueous) LL���'J'W'YliJ�n'jj'ru� 
,, ,, ' 

tl1aru L-ri'W (ill1J-J tl1��� J-J11:J'el"!L'W� e.J�(?]Jllli6Vl91n'WJ-J L'Wl:J "ll'WJ-JVi'J1'W bL��bULn'el11F11"l1 Ll?lt.l 
!, !, I 

e.i�mnru6Vl'W'W�'el"l'elUL'W'JU"ll'el"lrcJlT�i'W �ni-:ibi'.J'elLn1?1LL�'J�n'jj'ruirK"lm-h'J1?1'el-:Ji!m1J-Jb�C11:J'J9"!9i " " 

'elt1L 'W 'JU� n'jj'ruu� :;i n'jj'ru:;b�'el fou 'j':;'VJ 1u� bU'W� tJ'elJ-J fo LI?! tJ �u1-tn (ill � n'jj'ru:;�lT�i'WrK-:i n � 1'J " " " 
,, 

bf! 1?191 n mm� (ill')1J-J �"l'Ji'Vi�1"! e1r;iu'j'�9'W (intersurface tension) 'Ji'Vi�1"l'n"l�'el"l L ��9'WL� bU'W 
,, ,, ,, 

�ar�-n'W�'W L�l:J rn:;U')'Wn1'Jr11 l 'IX bf! ��ir�-nm!uiJU'VJU1'Vlr11 l '!XmVi1 'JmUm'll'Wbb�:;1?1iJ L 'W'elJ-J1 n 
. " 

I 1,t I I 

n1'J'Yl9�LiXLnl?1�a1�i'WL'W'el1Vi1'J'W'W�'el"ln1'J�1'j'ri'el�a1�i'W'YlL11:Jn�1�ar��L�L'el'el�"ln1'J 
t,, 1,, !,, t, I 

r11"!1'W'W'W;'WflU�J-J(?J�tl (ill'J1J-J"l1'elUU1 (hydrophilic)/ (ill'J1J-JLii"l1'elUU1 (hydrophobic) �1'J'Vl 

�1i11rn 1-if LU'W�ar��,� L'el'elfl'W'el1Vi1'JiJVi�11:J"l1'Wl?l 'el1Vl L'el� L 'Vl'elf"ll'el"l m� 1 "lla1'W"ll'el"l n� L 6jj'e)'j''e)� L� 

6.B'i5mL�:;'eluimf"ll'el"l L�6.nfi'W L'el�L'Vl'elf"ll'el"lm� 1 "lla1'W"ll'el"l6l1'elfihL'Vl'W LU'W�'W ur.ir.iuu�1J-J1rn e.J� (?I ' ' 



2 

I l t, I t, I I 

~-:i e'.Jr;i:n'Jll1'Y'l ~-:i n1 J''Vl9 ~t..\'Vl 1-tl' t:-1 ~ [9]~1J';'t-H Y1'el n 1J'Ml 1t.l LL~ :;il1 ~1J''el1Vi1 JL '111 L ']j~ ~'W'WL'LJ'W~-:J'Vl 
' 

sp. b'll'i:vJh~~~(7)91n Torulopsis bombico/a LLJ:J.Jb'W~~(7)91n Pseudomonas spp. ~lT~LL'll'W 

r.nn Acinetobacter calcoaceticus LL~:; t~'i:'Y'lhh~'W (L'll'elfovJfl~'W) b(?)t.l Bacillus subtilis, 
., 

Bacillus licheniformis LU'W~'W ~1JLVl~1'Wl!?1~n 1-if 'Vl(?)LL'Vl'W~1rn(?)LLN ~-.:i e'.lr;i"Jli'.l(?)~-:J Lf111:;'\.fv11-.:i 

LfliJ1 'W~ [9]~1Vi n n:w !?11-:t 7 ril'J'flt:h-.:i L61!'W n111-iftn~ bfl~~ (7) tu 'i:m'll'elfo vJ fl LL[9]'W'Yl (glycolipid 

biosurfactant) Lb 'Vl'WL'el~ b 'Vl'elfoJ'(?) t "1Jl1'W61J'el-:J t:w b 'WLL~:;b'e]~bn LL'll fl fl1 hi LU'W~ar~~t vJ L'el'elfl 'W 

'el1Vl1J' n111-ift 'llb vJt1~~ (7) tu b'el L'll'elfavJ fl Lb[9]'W'YlLL~:;'el1-f~,'Wfib'el'llb~'Vl Lb~ :;u 'el~ fl'eln~ b~'Vl (acylated 

and alkoxylated derivatives) 61J'el-:t~11~-.:in~1'Jb'W~[9]~1VlnJ'nlbfl1'fl-:t~1111-.:i 1'W'Vl1-:J~[9]~1Vlnn:w 

'el1V11J'iJ n1J'9 (?)~'VlfiU [9]J'n1 J 1-ift 'llb yj~~ (?)flU m':1-.:i b ~'el~11-:J fl llil11'Y'l bb~ :;u (?)'el1 t.1n1 JLflU'el1Vl1J' il 
' ' 

~'Vlfi1Jl?IJ'n1J'1-ift:-it!-:tb'll~~~tC?1r.i1nm1te1'i:(?)J't~i61J'fl-:t~~(?l (Saccharomyces uvarum) b~'ele-J~l?l:W1 

m1''W LU'W~'W 

1h:;91tJ 2547 'Y'lu~1iln11il1Li1Lu'W:w~f'i1n~1 105 ~1'WU1V1f?i'elu bb~:;iJLL'W'JbU:W~-:t~'Wb~'elbU'W 
~ ~ 

0 2,, .c,J !',, d cA ~2,,..:;S .c::i O d 2/ .c,J i-' 2,, 

n11V1 (?Hb'Vl'Wn1J''W1 L 6111 'fln'Vl-:t b'Y'l'elLUt.m11'Y'l-:t !?l'Wb 'fl-:t b/7) r.i-:i:w fl'11:wr.i1 LU'W'Vl9:;!?l'el-:t:W n1J'fl'Wfl'J1 bb~:; 

e-1~ 1?1~11:nr;i tm~n~~~1:w1nrn (?)bbN ~-:te'.l'Jbb~:;ri'el~l1~-B''WtC?1~ b~'el'Vl (?)bb'Vl'W~11~-:inihr;i:w11-if zj-.:i 
' I t, 

bU'Wt:-11:'l 1 iXtl 1:; L VI f'1~1:w11n e-1~ [9]'fl1Vl11V1il :w 1!?lJ'lij1'W~-:i;'W~1:w11n LL~ -:t'll'Wnu ~'W~1 r.i1 n 
d.9 ~ 

t, I I I 

ri' (7) L~'fln b~'el9~t-rn1tl'VJ e-1~ [9]~1rn (7) LLJ'-:t ~-.:i e'.)r;i;r;in1'Y'lV1il flru~ :wu~ LU'WVJ ~'el-:tn1J' 1 u 
' ' ti t, I I 

'el !?l~1VI n n:w'fl1V111 ~ m11ti-.:i ~ [9]J''el1Vi1 n~t.1-.:i L~'el LL~:;n1r;i:;V1 m:w1:;~m Y1'fl mm~ !?l ~1 J' ~n-111 ' ~ ., 
flruin'tlru:;~:wu~61J'el-:t~1J' mm~1m~''Wfi'°l~'WV11't.111Xi11h:;~V1fil11'Y'l1'Wn1rn~!?l~-:t;'W !?l~'el(7)9'W 

q q q \J 

V111un1:;ur;itJn111'Wn1J'~~!?l~111uJ':;~u"1Jt.11t.1~'J'W 

"ll'el'Ub "11 Ul"ll'el-:t Lf>'l<a..:in1'a1it.1 

1. ri'(?)b~'eln9~'W'Vl1'i~ilfl'J1:W~1:W1J'nt:-i~ 1?1~1rn(?)bbN ~-:) e'.l'J:n'Jll1'Y'lb~'el 1-iftu 
' 



3. ~mnim1ru:::~6-l'lJ~'11'eM~1'j'~(?ll,l,'j'--'.!tl--:ie11;'Jfl1'V'l~e.J~i?ll~ 1,1,~::;~l,fl'j'1:::Vl1fl'j'--'.l~r1--:i 

'11'el--'.1~1'j'(1J~ 2) 
,, ' 

4. mm~1tl'W'Wfi9~'W'Vi'fo''hXnud:::~'Vlfifl1'V'llim1'Je.J~i?l~--l~'W(UV1 3) 
'' .. 

s. vhmrn~ 1?1 t-w'J:::lilu'11 mt1~1-w 1,1,~:::~m.11 fl11mrl-w1tl1~ -wmnh:::un 1?11 -nl-w 
' 

t I t, I t, 

3 

'el1Vl1JU1--'.161!Ll!?lVl 1,n !?l91n n1'Je.J~6-1'11'el--l I, Yl~itl 1,U'WU1 1,1,~ :::~'J'WV1i!in11ru:::tl1~'W 1,6]j'W fl16-I 
,, ' ,, 

tl1~i!?l 6-11t1'el--:i1,-w~ e.J~ 1?1Jllli6Vl'W6-1 1, 'Wtl '11'W6-IV111m1,~:::1,rnn'el1'[1]1--:i1 'W'W~'fl--:i'el!:lt'W'JU'11'fl--:i~~~i-w .. .. 
,, ' ' 

~ mf--:i 1,~'e) 1.n !?l 1.1.~1i n11ru:::!i1--:i mh1 ~'el--:in f1116-11.~n t1 'J9--:ir.i :::'fl!:l1 -w'Jtli n11ru1.1,~ :::i n11ru::: 1,~'e) .. .. 

,, ,, 
e1<Jtl'J:::9'W (intersurface tension) 'J:::V1~1--l'Vl--l~'el--'.11.Yl~i.i'Wl~lU'W~~~i'W~'W L!?lt1m:::U'J'Wn1'JVh 1,X 

t, t, t, I 

1,n (?)~~ ~i-wt1-wnuVJu1'Vlvh 1 'IX'el1V11 n V1ut11im1,~:::!?ln 1. U'el6-11 n~-w n1'Jitlr.i :::1 iX 1.n !?l~~~i-w1 -w .. 
i,, I I t, t, 

mV11'J'W'W~'el--:in1'J~1'Jri'fl~~~i-wit11.1't1n~1~~~-n1Yl1,'el'elf.n--:in1'Jvi1--:i1-wu-w~-wnu~6-lf?l~U fl'J1iJ61l'elU 
,, ,, ' 

'W1 (hydrophilic)/ fl')13-Jl~61!'el'lJU1 (hydrophobic) U9"f!J'W~1'Jri'el~~~"n'Wl~r.i1n,~'W'Vl1'uit11.1't1n 

ll'W~1 l'lJL'ell.611'flfaYlflU.i?l'W'VI (biosurfactant) vi1'fl~1'J~(?ll.LNtl--:ie11;'Jfl1'V'l ~--ln1'J~1~'W'Vl1Ue.J~i?I 
t, t t, I I I 

~ 1 'J~'WI. ~'el n1'J~~1t11.1.~ :::tl1~1'JmV11 n i11. 611 ~ iu-w 1.il-w~--:i'Vl1~fu fl'J1 ii ~'W 1 r.i 1.il-w~ 1.v'\11 1. u'el--:ir.i 1 n 

1.il-wn1'Je.J~1?1~~1t1 n!?l1.;1 H~'W'Vl'W~1r.i1n1~!?l'Vl1--:imnn111?1m1t11-wtl'J:::1,VJfi'l 1.1,~:::1~ri'eluruV11 
' ' ~ 

'Vl1--l ~" I.I,') (?l~'e)6-I 9._:ii) fl'J16-I 1,U'WlUL~~--'.1~9 :::tl1 mm~ 1?1~1rn(?l l.LN tl--:i e11;hfl1'V'l91 nr.i~'W'Vl 1rf L ~'e) .. ' 
I I ii I 

3-11 H' LU'Wi'J L~iin1 'j'I, °111ll'Wl~'11'el--'.1~1 'j'Vlni1 [111--'.l ll'WL ~'el 1-ifl'W'el 1?1~1Vlnn6-l'el1Vl1'JV1t'el LU'W 
' 

'WI) l?ln'J'J6-I n1'Je.J~ i?l'el1Vl1'JL~'el~'11fl1'V'l61!Ll!?l l VI~ 1,1,~:::n1'Ji OO-J'W1 n1'Je.J~ i?l l ,X1~e.J ~ i?l.ff lli6Vl~n 
' 

fl run1'V'l ~ LL~ :::n fl'J16-IU~'e) (?l/f ti~" ' .. 

'J1tl--'.11'W ~'J'W--'.11'W~9tll'W[1]1--'.IU'J:::L'Vlfi'l nm'J~n'l11n1'J~9t.lU1--l i?l~'el(?l9'Wi!n1'J9!?l~'Vlfi'IJl?]'j' !il--l~l~ 

rnh1ii11.1.~'Jl'W'lJ'Vl'Vl'lJ'Vl'J'WL'eln~1d LL~!?l--ll'IXL~'Wn--lfl'J16-ILU'WlUl~'11'e)--'.ln1'Jl-if~1'j'~(?)I.LNtl--:it11r.i1nr.i 
' 

~'W'Vl1t11'W'el~1Vln'J'j'3-J'e)1Vf1'j' 9--'.IL~'Wfl'J16-191LU'W~9:::~'el--lnn1'J~'Wfl'J1Ll~:::~9tll.~'e)fl')16-1~16-11Hl 
' 1 I t, I 

1-wn 1 'J~--:i l?IW'el--'.! L~'ll'el--'.IU'J:::L 'VI fi'l'W 11tl~ n 1 rn ~ l?l'fl1Vl1'J'Vl 6-11 l?l'Jl<J1'W~ --:i~'Wt, ~'el n 1 n1. 'll--:ii'Wnu .. ~ .. 
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n1'a'Vl'U 'Vl'J'W 'J -a-aru n 'a'aa.J/~1'a~'Wb 'VI 1'11 (information) vh ~ ~'J"ll'el.:J 

~1rn 191 llN ~,_:j~')~')Jl1'V'l (Biosurfactant) Vl:J.J1t.Jn--:i ~1j~') b:J.J l~n~~i'.l~mr~ lU'W~1j~ 191 
q 

I 
.:::$; ,:;:,,, , .::S; t, ,:;:,,, .c:,l Cf"',:;:,,, I I .::::l.c::l 

llN~--:Jt-i'J (surface-active substance) 61l-l~n-ir.i1nim..J.'Vljt.J"Jl'W191~1'11 l"ll'W llUfl'Vlljt.J j1 LL~~ 

.,::,,1 (f" ,:;:,,, " .::S; ,:;:,,, ,:;::,I ,:;:,,, ~ t, l .::::,, ,:;::,I 

t.l~~U1'1"ll'W191 (Cooper ll~~ ZaJIC, 1980) ~1j~191llj-l~-lt-l'J"Jl')Jl1'V'l"ll'el-19~'W'VljtJll~~~"ll'Ul919~:J.J 
q 

bf!N~~1-1LL~n(?]1-1nu LL[?]i'.Jim1ru~t:J.JL~n~V1in~i'.!tf!j--:J~~1-1LuuLL'el:J.J~Yh~n 1h~n'eluiJi'r;iu~r;iu 
q 

I t,, t,, I l 

Vli'.Jir;i (hydrophilic portion) l(?1LLri hfa~u Ll~~tl1m~ ;-id'.Jutm~n~V1i'.JmJmfo'fln-n~n 
q ., 

' ., 
Vlajle'.J191j'eln~~ Vl~'el~mu Vlaj'Y'l'fl~l'Y'l~ lU'U~'W ~'J'U'Vllil"ll'elU'W1 (hydrophobic portion) Vl1'el~'l'U 

~"ll'elUl"ll~'U (lipophilic portion) ~.:JLU'Wb:J.Jl~~~'V'l'Jnle'.lbl9lrn1fo'elu L-ri'W m191l"ll~'Wv1'--:i"llu.19l~mifr;i 
I t, 

(saturated fatty acid) ll~~m191l"ll~t.!hF'S:J.JCffel'J (unsaturated fatty acid) i'.J'Vl-itm~~~1VlajLL~~ 

tm~n~L~n ~-ir.i~v'i11'1X1h~~'VlfiJl1'V'l"ll'el'1~1rn191LlN~-l~'J~')Jl1'V'lll~n11h-inuhJ 191-lnl~ 1.1 ll~C?1-I q ., 

(hydrophilic portion) 

~'J'U~ll-i"ll'elUtl1 

(hydrophobic portion) 

t,, I t,, t,, I ii t,, 

'el l:J1 'WU 1 ~'J'WVl"ll'elUU 19 ~~ ~~1 t.lV.1 l(?1 ll~~~'J'WVlll-l"ll'eJUV. 19 ~'e) \:Ju 1-L ') nJj'e)t.J (?]'e) j~Vf ~1-IU1 nu ., ., 
I I t,, t,, 

mm~ n1jV1~1rnC?1 LLN~-1~11u'ell:JVij'eJt.J(?]'fl'W'"l~VJ11'1X~C?1f'11 LLN~--:i~r;i"ll'el-1~1j~~~1t.1-ww1(?1 LL~~ ., 

., .,., 
Q/ .:::,l.:,i; I <V ,:;:,,, i,I t, .:::$, G::t. ,:;::,f .:::$. ,:;:,,, 

mN/m 'Vl-l'U"ll'U'elt.lnU"ll'WC?1 ll~~fl'J1:J.J l "ll:J.J"ll'U"ll'e)--1~1rn C?1 llN ~-I i:.J'J"ll'JJl1'V'l ~1j~ C?1 llj.:J ~-I t-)')~1:J.-11 nl ., 
t,, t,, t,, I t,, 

~ ~~1t.1'ell:J1 t.!Cffel'JVJ1~ ~~1t.1'Vl--:i"Jlu.191i'.Jir;i LL~~1ili'.Jir;i L5'.l'el fl'J1:J.J L 'll:J.J'll'U"ll'el-1~1j~ C?1Llj-l ~--:i ~r;iii1 n;wn ., 
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(micelle) llti~fP11 ll'J..:i ~..:i e1'J'JJ'El..:i~1rn~t11c.n1\..ir.i~fl..:i~1:1.lti (91ti..:i1tl~ n 1,1,if 9~1, ~3-.1 fl'J13-.l l -if 3-.J']'W'JJ'El..:i~1'J 

ti(911,1,'j'..:i~..:ie'.i'J~'JJ11'V'lt1..:i1tl~rnvi1 b(91fl(p]13-.JIK..:i 1,1,~(91..:i1u'Jtl~ 1.2 

M 

10 

ff 

eo 

'" ! 
g 
'i fO 
C 
{!. 

3 ~ 
~ 
:i 
fl) 

40 

M 

:,s 

» w..,,., 

:n 
D1 

".It 

" 

Surfactant Molecule ll ,~,­
tJ-~"""""" 

Surfactant in 
Water at 20 "C 

A 

Critical Micelle 
Concentration 

(CMC) 

~ 

Surfaclanlllts.rt- ~~ ~~ 

<\ ,P Q 0- u e -./·· \ 
<Y 

.P <t '{ f 0-- ·<\ " _!>_ 
Cl" f --0 

ID too 1'IOl 

Log Conce11tmfon (mg/L) 

10.0Q(I 

b°ll3J'll'W"ll'el..:Ji-q1'a~(9}Lb'a..:JW..:J~1i1111wr.iun..:ir.i'91 Critical Micelle Concentration (CMC) n) • 
btlt11111~vihii1i-q1'a~(Plbb'a..:JW..:Jih "11) i-q1'a~'9lbb'a..:JW..:ieh~~~1l:.l'ell:.1Ltlll1t(Pll:.Ji'.rt!iihuv1hi°11'elU .. 
tl1'el'eln~e'.l'Jtl1 ri) Critical Micelle Con_centration {CMC) btl'W'1(9}~rl113Jb'll3J'll'W"ll'el..:Ji-q14a~'91 

tb'a..:JW..:J~1i'Jll1Wb ~3J~'Wr.i'Wn..:J'a~IP1Uv1ri'el "l 'ltdi '91 Lrl'a..:Ji-qf1..:i'tm611~~ LL~~ ..:i) d'.1'elLfl(PlbU'W 

Lrl'a..:Ji-qf1..:i 'tii L 611~~ bbi'J ri1 bb 'a..:JW..:!~134 f>l1 ri..:iv1hi~ (91~..:J~n bur rl113J b 'll 3J'll 'W"ll'el..:Ji-q14a~ (9} LL'a..:JW..:J 

i11i1111wr.i~b~3J~'Wfl!Pl13J {Gilman, 1993) 

fl'J1m-if:w-ifu~vh1~Lfl(91bflN~:h..:i'l:w1,'Jlt1~ L~c.m~1 Critical Micelle Concentration 

( CMC) ~'El fP11 fl'J1m -if :w-if-w~iim.1~~ (9}~'¥111~~1'Jt1 (91Ll,'.N ~..:i e1'J 1,n (91n1'J'J'J:W i?l'J LU'W bflN~h..:i1:w 
. ' 

1,'ll~~ ~..:iH'1,uu&f'Ju..:in..:itl'J~~'VlfiJl1'V'l'JJ'El..:i~1rn(911,l,N~..:ie1'J'l~ 'l:m·..:i~;<1-:i1:w1,'llt1~9~U'J~n'EliJLU~'Jt.l 

L3-.lltin~'ll'El..:i~1'Jt1(9}llN~..:ie1'1 20-200 'l:m~nti fP11 CMC 'll'El..:i~1'Jt1(9}llN~..:ie'.1'1ll(?]~~'ll'W(919~ijfP11 
' ' 



1:-Ll'.,Jf.t-L,\'Ul:-Lr@JtJi Li:-L�tl,Ll:-\'1.u-1..wu�:::lf1f1tMLLfl'.,�l'.,t11:-� 1:-l11 W� 

6 Ltzq;i.utLliL\Zl:-���!f., lit 1:-Lf \Z l:-lW1 l:-@U.f3L�k\.UL�k1.�\j[bli\Zf3l'.,Jt' n�nr,p §@r:11 �min!J1 w \;!1 l'.,�liU 

::: l-,,jJl'.,Lf3r3Ltzni;p L!lJ1.@U.fett1,l'.,�rntk1. u@n.:::i U 1:-ttA.n.m,_.� �!f.1 litt1,IJ1 l'.,� liU:::t-,,jJU �, W Ltl,JT.�l'.,11,tl,l'.,� ,. 

L!.1 li�U 1:-llA.J �!f., liin.mm!J1 l'.,� 1:-r:lf.1 w }lLUW \;!1:::t-,,['lm t l'.,_[.!:S�l'.,11,tl,l'.,�:;: �,mJ r:lL\Z!f-1 t1,IJ1:::\'U-RUl3
,t I ,t 

i:s �u �, li1 np-., Wtn.rn, t-Lf tz 1:-tW1!:SL�t,� i:-� 1:-i11 w �tLtz1:-@u.wuu.n._yn�i:-9t,�11 �u �1 li1 t-L�kl.:::t 

q,1.:::i u l:-l11 UL6U@nn,ttwtn.mm1J1j3�0., li11:-Lf ti31:-lW11:-BU.l'.,� 1:-r:lf,1 w }lLU w \;!1:::b�lLU 
,t I 

�\;:,�tzt,mm, ... ��o.mii:-Lftzt-iw1 (t-,, 

§@m�mm1J�ir.mt1:-Lftzt-iw1 (1:-

1:-y1.1mm1J�o.mii:-Lftzt-iw1 (w

li�Un.m,Jrno.mii:-Lftzl:-lW1 (U. 

�Ll�11i1 U�Lt,tM;liB111:-BU. (J8WOUOW) §@li1n11i11:-Lf tzMW1 (U 

(Z66� 'J8l4::l8!.::l) M.LU't�t�L')2L'b11��bLttL'BU.t�L'rai1��bLU��11L'LgliM:-blel1 £" � �["ti 

£' � �[12ntt-Wtz111:-14 tl,�t1,IJ1 {S8i::J!S8/\)

�\;:1�\Zl'.,1J�o.mi:::m, (J8/\8l!q) §@m�mi.��o.mi np-.1 ,lftl'.,t11:-�l:-l11W�lL\Zl:-@U.(:flfr3�1A,1:-Lfti31:-lW1 

U@n.UtLliL\ZNil '.)V\J'.) LWtl,ULt-,,U@tl, (L66 � 'l8U88 ;:�,, !8S8Q) lilfk\.\'U@n.ur.i@nu.:::�ml.Ul:-LW ,.-0 If=>" b ...-01 S::, ,.-0 I 

9 

,. ,. 
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011~ 1,1,~ (?)-:J n..:iut~~'Vlfi1l1'V'l'll'El-:J~1t~ (?) 1,1,1..:i~..:i e:J'"J~'"JJ11'V'l 'W'El m1 n011 CMC ~ mhr.Ji1..:i ~'W 

l,l,~'"JtJ-:Ji!:5nv1~1t.1011i.~1,1,n 

1. ~1bb';l-.:i~..:iih (Surface tension) 

v1:w1t.1n..:i l,1,j-:J~rn~vht~v1~1-:J'1J'el-:Jl,v1~')1,l,~~'el1fl1PI r)11,1,N~-:Je:J'"Ji!m1'"Jt.ll,U'W:W~~il'"Jl?l'W 
' ,, ' I ~ tf' I ~ d, I d, .C::.. 0 CV ~ I I CV 

l?l'elb:Wl?lt (mN/m) v1t'el (?)1t.l'Wl?l'elb61l'Wm:wm (dyne/cm) 61l..:ir111,1,1..:il?l-:Jt-J'"J'll'el-:J'W1n~'W:Wfl1b'Vl1nu 72 

mN/m 1,1,~~~1rn(?)1,t,t..:i~..:ie:Jr.J~n'El~1ilut~~'VlfiI11'V'l~9~vi11"HA1bbt..:i~..:ie:J'"J~(?)~-:J~1n~1 35 mN/m 

(Kosaric, 1993) 

I Ql Qr,, I ..i:::::.._ _.:::Jtl 0., 

2. rl1bb'a..:icPl..:ilWJ<a:::Vl'J1..:!WJ'Vl -<a:::r.iu (interfacial tension) 

v1:w1t.1n..:i bbN~rn~vi11~v1~1..:i'll'el-:Jl,v1~'"J!lU'1J'el-:Jl,v1~'"J~iJ1,~~1?11..:ifl'W ilml'"Jm'LJ'W mN/m 
' ,, ,, 

fl1t'J(?)t,t,t..:i~..:it~v1~1..:ie:Jr.Jvi1h~9'W9~'J(?)t~v1~1..:itl1 1,1,~~~11u1~n'elui.e1t(?)rn1fo'el'W 1,-rl-w tl1~'W 
ii I I t,, 

1,e1n61l11,(?)mr1-w v1t'El tl1~wi1(?) b(?)t.1'Vl'"JlU0111,1,t..:i~..:it~v1~1..:ie:Jr.Jviut~9'W"JJ'El-:J"W1nrne1n61l11,(?)mr1-w 

ilA11,'Yl1flU 50 mN/m l,l,~~0111,bN~-:Jt~v1~1..:ie:J'"J~Ut~9'W'1J'el-:Jtl1nutl1~'Wfl1(?)il0111,'\111flU 30-40 

mN/m ~..:i1,d'e]1,~:w~1rn(?)1,t,t..:i~..:ie:J'"J~'"JI11'V'l9~~1:w1rn~(?)1,1,1..:i~..:ie:J'"J~Ut~9'W~-:Jbv1~'el 0.1-1.0 mN/m 

(Gerson, 1993} 

3. fl1<afl'elbflln:a:iT~i''W (Emulsification) 
,, 

~'El r1r.J1:w~1:w11ri 1-wm1vi11"Htl11,1,~~~11u1~n'Elu1e1t(?)tr11fu'El'W 1,61i-w ~11~~~1t.1~'W'Vl1u 
'11 !.I ii I 

'W1~UUbl?lJb~t.l:W l,l,~~'W1~'WVh!-nil(?) 1711-:17 n:w I?]') t,U'WI, U.'el 1,~m nu ;..:i~1J~ (?) 1,1,N ~..:i e:J'"J~'"JI11'V'l9 ~ 
,, ,, 

vi11 'H 1,n (?)~~~6n'Wt~v1~1..:itl1 nu~1tUt~fl'elUle'.lb(?)tfl1fu'el'W t,U'Wt-1~vi1 L 'H'W1 ~uil~n1'V'l 1,'LJ'Wv1t.l (?) 
ii I t,, I t,, 

1,~n7 'Eltjluih 1,ilun1n~:wYluvie:J'"Jt~v1~1..:iih1,1,~~~1tut~n'Elule'.lb(?)tfl1fu'El'W (Cooper 1,1,~~ 

Zajic, 1980) n1t'J (?)Ut~~'VlfiJ11'V'lL umnn (?)~~~6n'W'el19vi1 b(?)t.lfl1t'J (?)r)1 (?)Jt"JlUn1tf1'el 1,n (?) 

rei~~iu (emulsion index) ~'el n1t'J(?)i(?lt1~'"JUt~v1~1..:im1:w~..:i'1J'el-:JreJ~~im1,~~fl'"J1:W~-:J'1J'el-:J 
~ ~ 

'1J'el-:Jbv1~'"JLUv1~'el(?)~-:Jv1:W(?) bd'elt,'"J~1~1ui.u 24 ir.Jt:w..:i (Patel 1,1,~~ Desai, 1997) 1,1,~~'el19'J(?)fl'"J1:W 

' ,, ' 
1,~nt.1t"JJ'el..:irei~~-n-wvi1,n(?);Ut(?)t.1'J(?)0J1(?)tt-numtn'Elbfl(?)reJ~~iu1u1~t.1~1,r.J~1vi-w1u'el'elfll'Ll 

4. ~1n1<an<a:::r.i1t1fK'J"ll'el..:i'\l1:iTu (oil displacement activity) 
,, 

1,1J'Wfl1t'J(?)Ut~~'VlfiJ11'V'l'1J'el-:1~1t~(?)l,1,j-:J~-:Je:J'"J~'"JJ11'V'lLUn1tvi11'\X1,1,~-wYl:wi:w"JJ'el-:J'W1~UUU 

e:Jr.Jtl11,ilur.J..:il~ (clear zone) b(?)t.l'J(?)b~U~1P1mfn~1-:J'1J'el-:J~U~'"J-:JL~ fl1'W'"Jt"Wv11~U~(?11:l--J~(?lt 
~ ~ 
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~1':i'~ f?lbb':i'-:JU1-:iel1i1111~°.lfil'911n~ t~~~'91 

~111Nf?li,i,N~'1i:1'J61l'Wf?l Ln1N bfl~~filtl1:::miuJ\'r;it.1fnflu1m,wt(?] 1,-rlu n1N bfl~ 1,1,iJu'i:'W~ .., 

~1rnf?l1,1,N~'1i:1r;i~r;i111'V'1~9fill,U'WLn1N'i:fl~~fil 1J\'1,1,ri 1,1,13-ifo~~fil 'Yl1e11'i:1~~fil 1,1,1N:::'i:'ll'i:~h~~fil 

1.1 1,1,13-ifo~~fil (rhamnolipid) 1,uu~111Nfi11,i,N~'1i:1'J~'Jll1'V'l~'LI1:::n'f!u~hm11(?]11N 

1,1,rn'i:u~ 1 vi1'fl 2 'i:m1N~mzj'fliJ1?1'flfl1J 1 vi1'fl 2 'i:mlN~IN'll'eM ~ - hydroxydecanoic acid 1?1'1l'Wl'LI 

~ 1.4 zj'11,1,j~ fo~u filil~ (?]j bflN~r1'11?11'111-w 6 1,1,uu~i11oJ1ur;im1,J'iJ 1 u~ u1N:::~':l'W'1l'fl'1 

~-hydroxydecanoic acid 1,1,(?]nf?11'11l'W bb13-lb'W~UfilbU'WLnlN bfl~~fil~iln1J'~rn_j'1';:j91:.1~1n~~fil 

zj'1n1n-J~(?]Ln1N bfl~~fil~ilm3-lb'W~bU'W'fl'11"l'LI1:::n'f!Ubf?lt.l Pseudomonas aeruginosa 

Rhamnolipid A 

Pseudomonas aeruginosa (Lang bb~~ Wullbrandt, 1999) 

1.2 'Vl1e11 bj~~ (i) (trehalolipid) bflj'1~r1'1 bf?lt.1i'JL'LI'll'fl'1'V11'e'.11 bJ'~~f?l'LI1:::n'f!uJ\'r;i1:.1 

disaccharide trehalose bzj'fl3-1!?1'flllUnrn1iJ'i:fl~n (mycolic acid) ~~11,mtl-:i C-6 bblN::: C-6-0H 

zj-:ie.J~(?]bfilt.l Mycobacterium , Nocardia bblN::: Corynebacterium sp. 
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':i'Uv1 1.5 bfl'a•.:n1½'1.:i"ll'e:M Trehalose dimycolate r.nn Rhodococcus erythropo/is 
"' 
(Desai bb~~ Banat, 1997) 

'Yl~e11 ld~'W (?\~ e.J ~ [1191 n~..:in~rj [1](?11..:J"llLl(?lfl'W9:::n'11'W1 (?I bbfl::: bflN~t1..:l'11'EM m(?l LiJbfl~ n 

l?11..:i nu ~..:i l?11..:J n-w~~1wrn'e:l:::[1]'e:liJ'11'e:l..:J r11fu'e:l'W bbfl:::rir;i1ii bbN'll'e:l..:JU';J':::9'11'e:l..:J~1'tvi?e11 h~'W (?191 n 
q 

R. erythropolis bbfl::: Arthrobacter sp. 1*ri1bbN~..:ie'.h~1~(?l'e:ltj1mh..:i 25-40 mN/m bbfl:::r11bbN 

~..:ie'.]r;i';r::;'!,1~1..:J~1';rllUbeln6111b(?lmfl'W'e:lUL'W-rl'J..:i 1-5 mN/m 
"' 

1. 3 b611b~bd~'W (?\ (sophorolipids) b u-w1n fl bfl~'W (?\~fl~ 1 r.J nu bb';rilb'W~'W (?\ e.J ~ [11 b(?l r.J 

bt'e:l"'j~'W'Vi~~'V'l'Jn~~~bU'W~'J'WL'\,laj t-rl'W Torulopsis bombicala (Inoue bbfl::: ltoh, 1982) bbfl::: T. 

petrophi/ium (Cooper bbfl::: Paddock, 1983) T. apicola (Tulloch bbfl:::flru:::, 1967) 

U';r:::n'e:lU~l'Jr.JL(?lbiJ'e:l1n'l:611b~bJ~b~'e:lill?1'e:lflU~1r.Jr.l1'J'11'e:l..:J hydroxy fatty acid ~~1bbml..:i C-6 bbfl::: 
' ,, 

C-6' ~r;imf-wn:::1nfl 'ffl-n~n '1:611'1:~h~'W(?lvi e.i~ [1]L~91n~~~-If 1..:i~-w ~1ii1rn 1-if ~1J&f..:i~-w1~ 
,, ,, 

'\,lfl1n'\,lfl1r.J"llLl(?l 1~ttri mflu1m(?\J[1j (nfl bfl~ ~Jfl b[1]~ 611'1:m~ bbflfl b[1]~) tl13!-w91nih tl13!-w 
"' q "' 

91ni[1]'J bbfl:::~1';J'U';r:::n'e:lU'V'l'Jniflbfl'W tµ'W~'W (Kitamoto bbfl:::riru:::, 2002) Cutler bbfl::: Light, 

1979 (~1..:i;s..:11-w Desai bbfl::: Banat, 1997) ';J'1r.J..:l1'W~1 Candida bogoriensis e.J~[1]Lnflbfl~'W(?l~ 
i,, I 11 I 

n-w1mfl b6.l1b~bJ~b;'e)iJ'e)Ufl1J docosanoic acid diacetate 'W'e:ln'-nmrmr..:in T. petrophilium yj 
"' 

e.J~[1] b611b~bd~'W(?l L~b(?lr.JL-if ~1';J'~..:J ~'W~ bU'W~1';J'U';r:::n'e:lU'V'l'Jniflbfl'W tl13!-wih (Cooper bbfl::: 

Paddock, 1983) J..:i lactonic bbfl::: acidic sophorolipids r.:i:::1*r11bbN~..:ie'.ir;i';r::;'\,1~1..:J~1';J'fl1Jbeln 

6.l11b(?lmfl'W91n 40 mN/m bU'W 5 mN/m bbfl:::tJ..:Jfl..:J&l'J'e:ltjL~b~'e:lnmntl~r.J'WbbUfl..:l!°J1fl'J1mu-wrn(?\ 

!?\1-.:J bbfl:::'e:lnJWli'J 
q "' 



ROH2C CH* 
1 0 0-6H 

f 

)CHJa 

... o . 000.H 
ROH2C 

Q
I oo R•CH2C0 

H 
HO 

~ 

OH 

baj'elaJ!Pi'el1l'U'61f1~~1'J"ll'el-:! hydroxyl fatty acid (C18) (Desai bb~~ Banat, 1997) 

COOR~ 

I : R1 =R2 =Ac, R3 =H 

Acid-SL: R1 =R2=R3=H 

Methyl-SL: R1 =R2=H, Ra=Me 

II : R, =R2=Ac 
Ill : R 1 = H, R2 = Ac 

'a'LI'Yl 1.7 LFl'a..:J'61f.f1-:i"ll'el-:!L61iL'WL'aiW~~1n Torulopsis bombicola (Inoue bb~~ ltoh, 1982) ., 

10 

I: 17-L-[(2'-0-P-D-glucopyranosyl-3-D-glucopyranosyl)]octadecanoic acid 6' ,6"-diacetate 

II: 1,4"-lactone of type I 

Ill: 6'-deacetylated derivative of type II 



SL-1: R1 = R2 =Ac 
SL-2: R1 = Ac, R2 = H 
SL-3: R1 = H, R2 = Ac 
SL-4: R1 = R2 = H 

lactonic form W~~ acid form (Kitamoto tb~~~ru~. 2002) 

11 

l(?)lfl~ 1ri~~ l(?)fl~l"Jl'e)LJ'(i) (diglycosyl diglycerides) bUt.!lfl~ 1ri~~(?)6Jl'W(?)~'V'luiri1u1w~ 

~t.!'Yl~tJ n\;'j(?]J'lm~l:'1:h~UJ'~fl'e)U~r.Jt.ll(?)lfl~ 1ri~~llUl(?)fl~b61l'e)LJ'(i)~bblrlfll?l1~llt.! 5 vnJ ~'e) bb'e:l~'Y'h-
~ ~ 

l(?)fl~lri~~l(?)fl~b61l'e:JLJ'(i) (a- diglucosyldiglyceride) u1r11- l(?)fl~lri~~- (~- diglucosyl-) l(?) 

bbl-Jt.!bt.!~~ ( dimannosyl-) l(?)fl1 bb~rl blrl~~- (digalactosyl-) bb~~fl1bb~ri 11r1~~fl1j 1ri~~ l(?)fl~b61l'e:l 

LJ'(i) (galactosylglucosyldiglycerides) l:'1l-JU~"ll'e:l~ l:'11J'lfl ~ 'i:ri~~ l(?)fl~ b'll'e:l LJ'(i)tJ~ hl fl'e:lt.ll~fu 

fl1J'Mfl'l.11l-J1flUfl mh~hn1r11ii Brundish bb~~riru~. 1967 (~1~~~1u Cooper bb~~ Zajic, 
i,, I t, I t., 

1980) l~bl:'1t.!'e:l~11:'11J'U9 (?I bUt.!l:'11J'~ (?I bbJ~ ~~~') b 'V'IJ'1~ 1m~fJ~"ll'e)~\:'11J'n~r.iuv1niri;~"Jl'e)U'W,1 bb~~ 
~ ~ 

n~r.iuhlnir.ibUt.!Vl:Wi~~~ 2 Vl:W 1,,!'e)n91flU Wichken bb~~ Know ( 1970) J'1tM1t.!~1 l:'11J'lfl~ 
~ ~ 

iu~ 1.9 t~1~-cif1-:i"11 1e1"1 a-diglucosyldiglyceride , R = Vi~'el~~~ (Cooper bb~~ Zajic, 

1980) 
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1.5 ~1J'1.h~mlU'V'l'el~ lb"llAA1h(?) - ~~!?I (Polysaccharide - lipid complex) 

Kappeli Wl'l~ Fiechter (1977) 'V'lU~1~1nh~n'elU'V'l'el~bl"llAA1h(?)- ~~!?I 9UllU 

~1nh~n'flUle'.lb!?IJA1fu'el'W~dJ'W~1J'~--:J ~'i.!'ll'el--:JU~ l?l Candida tropical is ~--:i~1nh~n'flrn:n--:i'TI'el'W 
~ ~ 

-wmm1~r.i1nt:-J'W"ll"ll'tli'll'fl--:J~~l?l ll'tl~'V'lu~1~1inrnri'flln!?l~ifoi'WnUle'.ln"ll1l!?lnlA'Wll~:;il11rJ\' L'W 
~ I ~ 

n1 rn~ (?]~ 1 J''Wln'el 1-if ~1 nh~n'elUle1b!?IJ'A1f°u'el'WlU'W~1 J'&l--:J IX'Wr.i ~ 1 'IX t:-J'tl t:-J~ (91 n--:i 2. 5 lU 'elf l ']'W(?l'lJ'e)\) 
11 I ii t., 

'W1,,,'Wnl"ll'tl6 llf?lln'el 1-ifn'tl bA~b'.U'W~1J'&!--:ilX'Wr.i~11Xt:-J'tlt:-J~(9]lVltM 0.1 lU'elfl']'W(?J'1l'e)--:J'W1,,,'Wm"ll~i 
'II 

91'W'mmfoti'Wti~(9ltiit 14 16 ll'tl~ 18 ti~i?ltiit Frautz ll'tl~Aru~ ( 1986) J'1cM1'W~1 Ustilago 

maydis ATCC14826 ~1it1nlt:-J~i?I cellobiose lipid ~'1l'.U'W~1J'UJ'~ntiu'V'lti~ll"llAA1h(?)-~~!?I 
I ii ii t., 

"llU!?IWW"I b!?lt11-iftl1~'Wit~'V'l¥1r:ilU'W~1J'ri1--:ilX'W 'Wtinr.i1n-w Kitamoto ll'tl~Aru~. 2002 tJ--:JJ1tl'11'W~1 

Pseudozyma (Candida) antarctica T- 34 ~1it1Jt1t:-J~(9] Mannosylerythritol lipid (MEL) 

MEL-A: R 1 .:;: R2 = Ac 
MEL-B: R1 = Ac, R2 = H 
MEL•C: R1 = H, R2 ;::; Ac 
(n = 6-10) 

iu~ 1.1 0 L~<a-:i'Cli½'1-:i"l.l'el-:J Mannosylerythritol lipid (MEL) r.nn Pseudozyma (Candida) 

antarctica T- 34 (Kitamoto tt~~f>'!ru~. 2002) 



R,, :1-0: 
R 0 

4'-o # OH H¥' 0 0 HO O OHO 
OH 

OH 

CL-A: R1 = OH or H, R2 = R3 = R4 = H 

CL-B: R1 = OH or H, R2 = H, R3 = Ac 

0 OH 

R4 = .,,.Jl.._,l.._(CH2)0CH3 (n = 2 or 4) 

CL-C: R1 = OH or H, R2 = CH3, R3 = Ac 
0 OH 

R4 = .,,.Jl.._,l.._(CH2)0CH3 (n = 2 or 4) 
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fU~ 1.11 bFl'a'1~'i1'1"1J'el'1 cellobIose llp1d ronn Ustl/ago maydis ATCC 14826 (Frautz bb~::: 

'"1W.!:, 1986) 

,, 
9 ~'WP11~ 1wfn1 tinr n~1J~ VI bb N ~,:i ~'1~'1Jl1'Y'l'W'Wi'.JVl~11'..1 'a'U bb1JU 17l1J..J n1'a'bbU'a'~'W'1J'e},:j t::-;uu 

' 'lJ 

(Growth - associated production) 

LVll'..I n1 m~ 17l~1J~ VI bb'J,:J ~,:i ~'1~'1Jl1Yn!'W9 ::-;r1'11J fi1tl nu n1'a'b 91'ill'll'eM9 ~~'Y'l ~,:i ttl~ 
'iJ QJ q 'iJ ,, 

1.12 n v1r;i'fltl1-:in1te-J~!7l~1t~V1bbt-:i~-:i~r;i~r;i111'Y'lbbUU'WL1?1mi mm~l7l1n~ tr1~~V191n 

Torulopsis bombico/a 'Y'l1J'J19::-;bnVl~'W1mh-:i exponential phase 'll'el-:in1tb91'n,J LVll'..li'.Jn~ tr1~ 
,, 

bb~::-;,l1~'W91n'rl6llbU'WbbVl'ci-:ir11fo'el'W (Cooper bb~::-; Paddock, 1984) 

2. n1'a'e-J~17]~1rnVlbb'a',:J~,:J~'1~'1Jl1'Y'l1'WJ71'1::-;"hnVlmtb9tn.J 

(Growth - limiting conditions) 
t,, t,, I t,, 

n1Je-1~17l~1J~ VI bbN ~,:i ~'1~'1Jl1'Y'lJ711'..11~Jl1'1::-;b~m b~'elvii'.1mt911l Vl~1fv),:j ~'W b6J!'W 
I t,, t,, 1,, 

bbVl~-:i1 u Ll7l'a'b9'W LVll'..I biJ'el~1t!K-:i ~mvi~1-wunn 1-ifi:V1t.1 b~'fl9~'W'Vl1'1:JV1J..J V1~-:i mm~ !7l~1t~VI bbt-:i ~-:i ~'1 
'lJ q 

'll'fl-:i Torulopsis apicola mte-J~l7l1n~ Lfol~~Vl91n Norcadia sp. SFC-D bb~::-;mte-J~l7l~1t~i'.l 
. l t,, t,, I 

~J..JU~bU'Wreia!~~1vh'fl'flf91n Candida tropicalis IIP-4 bn'elb~l'.J,:Jb~'elb9tn.J:l-l1'1,:J';J'::-;\'..l::-;V1U,,:J9'1,,m1t 

b91'n,Jf'>l,:J~ m:w1ru"1J'el,:JL'WL17JJb9'Wbb~::-;bb'.hVl~n~V1~,:J9'Wbfl'el1JVl:l-JVI bb~'19-:ii'.Jmrn~l7l~1J~VlbbN~,:J 

~'1~'1Jl1'Y'l (Desai bb~::-; Banat, 1997) 



(Resting cells or immobilized cells) 

bU'Wn1r:i~n1rn~1?J~11~f?lbbN~--1t1r;i;r;in1'V'ltf?lt.1l6nb~'el~'elci1-wi~t.1~'0lnbu'WiXr:ib~'el 
" 
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1-w'll ru~~ b:ff 'elt1--1~1ii1rn 1 -if bbVl~--:i rnfu'el'Wbb~~l--:i bm1~v1~1rnf?l bb1'1 ~" t1r;i;r;in1'V'IL(?) l!?lt.1n1n r.iJry 

'll'el'1b~'el9~v11'1~bb~~fm111~f?l1J'elci~~'e)f?lbr:J~11-wi~Vl~1'1n1Jbit.1--1b~'e) nJbb1J1Jn1W"l1rubb~f?l'11'WnJ 
'lJ 'lJ n, 'l1 

I 

vi 1.12 v1l lffelr:J'elci1--:in11t-J~l?lb611'W n1rn~~bb1:Wl'W~~f?llf?ltl Pseudomonas spp. bb~~ 

P.aeruginosa CFTR-6 (Ramana bb~~ Karanth, 1989) mit-J~~t'llt'v'lh~~f?llf?ltl Torulopsis 

bombicala (Inoue bb~~ltoh, 1982) bb~~ Candida apicola (Hommel bb~~ Huse, 1993) bb~~ 

mit-J~~ mannosylerythritol lipid lf?ltl Candida antarctica strain T-34 (Kitamoto bb~~v11ru~. 

1992) bU'W~'W 

TIME (DAYS) 

itl~ 1.12 itlLL1J1Jn1taL~~qJ°lf'fl,uf'elLb1J1J!Pi1-:i 61 

n) mit-J~~~11~f?lbb1'1~'1e'.lr:i;r;in1'V'lr1':l1J~numnr.iJry (Growth - associated production) 

'll) n11t-J~~~11~f?lbbN~'1e'.J':l;':ll11'V'll11tl1~n1r;i~~iJn1191nf?ln11l'"l1rJ,J (Production under 

growth limited condition) 
,, 

v11) mit-J~~~11~f?lbbN~--:ie'.lr;i;r;Jf11'V'llf?lt.J1-ifb:il'el1'Wi~t.1~'0rnvi1''elb'll~i1?J1'--1 (Production by 

resting or immobilized cells) 

,, 
4. n11t-J~~~11~f?lbb1'1~'1e'.lr:J;':ll11'V'llf?ltliJn1Jb~:W~11lffel'1~'W 

(Precursor supplementation) 
,, ,, ,, 

bU'Wn1n~ii~1i[ffef--:i~-w~1vifon1rn~1?J~11~f?lbb1--1~--:ie:Jr:i;r;in1'V'l~--11-w'el1V11n~mb:il'el 
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Paddock, 1984) i1e.i~vi11~i1m'.i'e.J~tn~1'.i'~(?)1,1,N~-:J~'J~'J171'Y'll~ 120-150 nf~(?]'f.l~tn'.i' (Lee 1,1,~~ 

Kim, 1993) zj,:iiJri1~1ntur.i1m~~ 1,tlu~u 

bb Vl~'1'el1Vl1'a'°Yiii e.J~ ~'eln1'ae.J~ (?1~1'a~ ~ bb 'a.:J m..:iihi1n1w 

1. l,l,Vl~-:Jfl1fU'r.lti 

fl'J1m.11'J'll'r.l'1~ 1 t1le'.f l(?)'.i'fl1fu'r.lu~1 -if 1,uu1,1, Vl~.:i f\1 fu'r.lu wu~1i:i e.i~ l?l'r.l mrn~ 1n~ 1m (?I 

.::9: .0:::::,,, ..:::I Q.,' I I 

llNtn'1e-J'J"ll'J171'Y'l tn'J'r.ltl1-:Jl"llti Corynebacterium hydrocarboclastus 1,1,~~ Rhodococus 

erythropolis ~1~1rne.1~1n~1rn(?)1,1,'.i'.:i~.:i~'J;g'Jll1'Y'll~~ 1,dmi.i1qJUtile'.ll(?)'.i'fl1fU'r.lti~1tltnN (n­

alkanes) ~iJ91ti'Jtifl1'fu'r.lti'r.l~tn'r.l~ C12 n-:i C14 1,1,~~ C12 n-:i C18 tn1~~1(i)U 1u'llru~~ 

Acinetobacter sp. ~'r.l'1n1mVl~-:Jfl1fu'r.lu~1,tlu cyclic 1,1,~~ aliphatic carbon i,~'r.ln1'.i'e.J~tn~1'.i' 
' ., .::9:~~ ~dl .::9: 

~(?)1,1,N1n-:Je.J'J"ll':lll1'Y'l 1,1,~~V11nfl'J1~tl1'J'll'r.l'1 n- alkanes L'Y'l~'ll'W91n C1 0 ri.:i C17 fl'J1~1;\11~1'.i'rl 

1-wmrn~tnl;\11'.i'~(?)i,1,'.i''1~-:J~'J~'J171'Y'l9~~(?)~-:J (Ristau 1,1,~~ Wagner, 1983; Rosenberg 1,1,~~f\ru~ 

, 1979) 1,1,V1~-:ifl1fu'r.l-wu1-:i"llill91~1~1rnintl11~r.i~uV11'tl°e.1~1nl;\11rn(?)1,1,N~-:J~'J~'Jl71'Y'l 1,-rlu n'.i'(?) 
' 

l'llJY'W l;\11'.i'U'.i'~n'r.lUle'.ll(?)Jfl1fu'r.l'W V11'r.ln~1,61l'r.lfb~ 9~-ft'ntl11~ Torulopsis magnoliae e.J~tnl61ll'W 
., 

h~Yl(?)l~~1n;u (Tulloch 1,1,~~flru~. 1962) 1u'llru~1,~mnu1,m~.:ifl1fu'r.l'Wu1.:i"llil(?)'f.l19iJe.J~ 
., 

irrnT-:irn~u'Jun1rn~1nl;\11rn(?)1,1,'.i'-:i~-:i~'J~'Jll1'Y'll~ 1,-rlu n1'.i'e.J~tnl~ trn1,61lui.i1n Candida lipolytica 

r.i~11Xe.i~e.1~1n~11,d'r.l 1-ifmj lfll;\1 'r.l~~1,1n1n 1,1,~~n'.i'(?)ltnrn1fu'r.ln~~mtl-w1,1,V1~-:Jf\1fu'r.lu (Cirigliano 

1,1,~~ Carman, 1988) 

2. 1,1,Vl~'1ltill?l'.i'L9ti 

1,1,V1~.:i1ut1n'.i'L9'WiJfl'J1~~1r1qj{?]'f.lm1n1u'r.l~'n~'ll'r.l'1L61l~i'.i''J~n.:in1'.i'e.J~1n~1rn(?)1,1,'.i'.:i~-:i~r;i 

~')171'\"l~')tl l,l,Vl~'1l'Wll?l'.i'L9'W~l,Vl~1~~~(?]'f.ln1'.i'e.J~t?]l;\11rn(?)1,l,N~-:J~')~')l71'\"l9~1,l,t?]n~h-:inuhJ 
., 

;'W'r.ltjnu"Jli\(?)'JJ'f.l-:Jl;\11'.i'~(?)i,i,'.i'-:J~'1~'J~'Jl71'\"ll,i,~~"ll'W(?)'ll'f.l-:J1~'WVl1-tl° Cooper 1,1,~~ Paddock (1984) 

l~Vl(?)~'f.l'1n1'.i'e.J~tn1n~tfl~Yl(?)t(?)t1 Torulopsis bombicola 'Y'lU~1 (NH2) 2CO 1,umm~.:ilwt1nnr.iu 

~iJe.J~(?J'f.ln1'.i'L91qJ'll'r.lW1l~i~-:i~(?) 10.14 g/l 1,1,~~1~r111,1,N~'1~'J 34 mN/m 1,1,(?]1,d'r.lH NH4CI 1,tlu 

1,m~-:il'Wltn'.i'L9'W r.i~11Xri11,1,'.i'-:i~-:J~'J~11;\1(?)~ 31 mN/m 1,uu~u 
' ., ' 

'W'r.lnr.i1n{hfi-~1ru1ut1nni.iu'Vl1-if1um'.i'e.J~tnl;\11rn(?)1,1,N~-:i~'J~'Jll1'Y'l9~~'r.l-:Jl~~(?)~'Junu 

fl1fu'r.lu A'r.l~'r.l.:i~ntt1V11r11£1?1'.i'1~'JU'.i'~Vl~1-:Jfl1fu'r.l'WU~~1-wt1nnr.iu (C/N ratio) 11Xm~1~1;\1~ 

1983) 



iir.i~ uvnm1 u111'V'lv1 L V1i11~~iJ'9l'el n1'ii:-1~ 1?1~1'.!'Cl !PILL 'a.:J ~.:i ~1~1111'V'I 

1. m1mu'Wrn(?)-!?11.:J 

mnr.i1-')J'll'fl--'.l,~'W'Vi~rf,,i!'e)~.:JrJ;,j(91[?]1--:J7 ~flfYJU'1:I-Jl(?)t.JflJ':::1J')'Wfl1n:1-J(9111J'e)~;:wn 
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L 'fl'W l 6ll :if L U'W(?]'J ~ 1 p;) '1J LL~ :::n 11vi 1--:i 1'W '1l 'el--'.! L 'fl 'W l 6ll:if roi :::11?1 fo e-J ~ n t:::'Vl uroi 1 n r1'J1 :w LU'W n t(?) 1?11-:1 
i,< l,, I I l 

'e)--:J 1"1'l.h:::n'el1J'1J'e)--'.l'fl1Vl1J'l~tl-:J l~'e) lU'WU99 tJ~1p;)'1J'a'WVIU--'.l'Vl'Vl11 'IX lfl (?\ fl1 nu~ tJ'WllU~--'.l rl1 fl')1 :1-J lU'W 
i,< i,< I I 

n 1(?) ~1--:i 1 'W 1:::wi 1--:i n1n~ u-:i l ~'fl l 'W'fl--'.191 nroi ~'W'Vl1rf roi :::i'.l mtt1'eltJ~ ~1u ~1 t'fl1VI 1n-W'fl LU'WU VI~-:! 
q 

i,< i,< I I 

'V'li--:i--:i1'W ri'11'W'fl1V11n~u--:i L~'flrl'fl-:11"1u1:::n'el1J'Vl LU'WlUt~'W LL~:::l'W tmL9'W L~'flrint1'elt.J~~1ur.i::: 
qJ 

u~ (?)U~'eltl~1 J'~ lU'Wll'fl:1-llm i1u Vl1'el 'a fl 1"11 l~'W~'W 1 'e)'e)fl:1-J 1 ·lll?l tl11 'W'fl1Vl1J'li tJ--:J Li'e)n 

'fl--'.! 1"1Ut:::n'elu~ LU'Wr11flu1e1 Lm(91 Lrlmmt1'flt.J~~1ur.i :::iu~1 t~ LU'Wmf?lre)'W'Vl1rJ'fl'flfl:l-l1 ~--:i~--:i~iu 
qJ 

'e)'e) n:w1e 9 :::vh 1 '!Xri1 fl'J1:l-l lU'WflJ(?)-C~11'1'1J'e)-:J'e)1Vi1JlU~tl'WllU~--:J lU 9'W'elt1b 'W~Jl1'Y'l~h] lVl:1-J1:::~:w 
qJ 

2. 'e)fi.!VIJli'.l 
q qJ 

r1'J1:wt:wi:w ~') ~'J'elthwn'W n e-J~ lU~tJ'WllU~--:ir1'J1:wm'J'll'el-:1~1m1(?) 1'1l~'W n e-J~ l?l'eld':::f?lu'll'el--:i ~" 

'll'fl--:JflJ'(?)l'll~'W (fatty acid branching) ll~::: cyclization iJe-J~l?l'e)fl1tm:::roi1tJ~'Jll~:::r1'J1:I-J 

ll(91 n (9]1--:J'll'fl--:Ji f?l~')'WJ':::Vl~1--'.l 1n~ lfl~~ (?\ ll~ :::'V'l'fl ~ t vrn~ (?\~ lfl (?\ l ti'el-:i 91 n fl1 nu~ tl'WllU~--'.l'elnJVIJl il 
q qJ 

lf?ltJ'e)nJVIJlil i'.J e-J~ l?l'fllli:l-l1 nJ'll'e)--'.1~1 rn (?I UN~" C:h;'JJl1'Y'l~ e-J~ (91 l~91fl A.paraineus ATCC 
q qJ 

19558, Rhodococcus erythropolis ll~::: Pseudomonas sp. DSM-287 4 ( Guerra- Santos 

ll~:::r1ru::: 1986 ; Kosaric u~:::r1ru:::, 1984) 

3. m11'1Xmn1P1 

fl1J' 1 '1X'fl1 fl1 Pl fl1J'fl'J'W lU'Wfl1J'l ~ :I-Jlli:1-J 1 nJ'e)'e) n-B l 9'W 1 'IX nu,~'W'Vl 1rf L ~'elU11u1'ili. 'W 
I V 

n t:::U'J'Wmn:w mu'el~;:W'Vl1--:JVIU--:J 'W'elfl91 ni15-:i LU'Wfl1 nhu 1 '!Xroi ~'W'Vl 1rf 'fl cJ1 'W~Jl1'Y'l ll '1l'J'W~'eltJ 
q qJ 

i1m:w1 rur.'i1 n (?\ 'el'flfl"n l9'W~1:l-l1J'rl~ :::~1 tJ 1 U~'el n~1--:i~ lU'Wtl1 l1?1l~tl-:11:iJ~il~ ~ nf:1-J (?l'e)~ (91 J rJi''JtJ 

mmPl~rl'J1:I-Jf?l'W 1 1JJ'Jtl1fl1Pl 'WU~1ifou:w1mrl'fll'VltJ1JllUlli:1-J1ill'fl'flfl"nl9'W~9~'W'Vl1rJar'el--:ifl1t 
q 
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'el'W'Vln-:J'el'Wl~ t.l'"J 11'W ~-:ii!wr.i:; l ~'W~1 L Wi'W~'el'W'1l'el'1 m:;U'"J'Wn 1 rmr n9-:J ~'el-1 iJ n1 '.i' L 1X'el1 n 1 f"\ 

~~'elf?1l'"J~1 Papanikolaou ll~:;riru:; (2002) 'V'lU~1'el~'.i'1n1nhmVl'fl1n1f"llU'WU99t.l'Vln-:i~~1'"1'lJ 
I I 

0 Cl/ .<::::i. • ,:::={ .r" , t .::::,I .c::::,, Q./ ,::;:,,. 

~1Vl'.i'Un1'.i'em~ Single cell OIi '1l'el-:Jt.l~~ Y. lipolytlca 'V'lU'"J1Vl'"1'".11il'elil~'"J'1l'el'1'el'eln'l!l9'W 5-15% 

r.i::11Xe.i~e.i~~'1l'el'1L'1lJ!WL'Yhnu 3 g/1 L'W'1llli::~ri'"J1il~ill?l'"J'1J'el-'.l'el'fln"nl9W~-:Jn-:i 60-70% r.i:;hJ 
'ii 

I 

ur.ir.iu'Wil ~ ~'W 1 r.itl1~11~ f?1 ll'.i'-:J ~-:i e'.11~1111'V'l 1tJ1-if 1h:; bt.J"ll'W'flri 1-1 n')1-:J'1l'"J1-:J l 'W'el-:ir.i 1 n ~ 11 
q 'ii 

~ f?1 ll'.i'-:J ~-:i e'.11~1111'V'l'Yl1Vlii1~1~Vl~1t.1tJ1:;n11 1~Llri 

1. ~1'.i'ri'fl bfl f?1~J!~i'W ( emulsification) bU'W~1'.i'~'jj'"Jt.J'Yl111Xln f?1~J!~<n'W'Vl1'fl'Yl1 L 1X~1'.i'~ 
V v 

ili1~1-:in'We.i~iin'W1~~~'W 

2. ~1mt.1mvl~ (phase seperatation) LU'W~11~-rl1mmmYl~~'fl-:JlYl~~~1-:in'W'fl'fln 

r.i1nn'W 
I V 

3. ~1ntlt.1n (wetting agent) lU'W~11~-rl1t.111Xilm1mtlt.1n~'W'flril~iJ'fl 
'ii 

4. ~1'.i'ri'flvl'fl-1 (foaming agent) lU'W~1'.i'~'jj<"Jt.J'Yl1L1Xlnf?1Yl'fl-:JL'We.J~~Jlru•vi\ri1'fl-:J~1'el1'1 

5. ~11-rlr.im~iin11~:;~1t.1 (solubilization) lUW~1'.i'~-rlr.Jt.J'Yl111X~1'.i'U1'1"ll'Wf?1 lflf?1n1'.i' 
v 

l1 !/cl.di 
~:;~1t.l bf?1f?1'1l'W 

6. ~1'.i'~f?1n1'.i'lflf?1~'Wil (corrosion- inhibition) bU'W~1'.i'~'jj'"Jt.J~f?1"nUrl<"J1ili'Wuut1'-:im'.i' 
I 

Q/ I cl -=it. 0:::::.. 

nf?1n'.i''fl'WVILnf?191n~'Wii 

7. ~1'.i'~f?1'"1'"J1iJWWf?1 (viscosity- reduction) 

V I 

~1'.i'~ f?1LLN~'1 e'.11 (surfactant) rin 1-if'flri1-:Jbb'V'lfo~1t.1i-11'W'fl~~1Vln'.i''.i'iJUb~'.i'l~t.liJ ~-:JVl'fl 
'ii q 

Lri1'fl-:i9m m::m'r.t 'V'l'fl~Lii'flf 'V'l~1~~n m Lri1'fl-1~1m-:i LL~:;'el1Vl1'.i' LUW~'W ~1rnf?1LL'.i'-1~-:irJ1~ 

H1 'W'el ~~1Vln '.i''.i'il ~-:) mh'"J i!'flrii11 niJ1t.l'Vl~1 t.l"ll'Wf?1 bb~fltl-1 ri-:iiln1nf W-JW1 b ~'el 11X1~~1 '.i' 1 mJ~ n 
q 'ii 

,, 

tJ1:;~V1fiJl1'V'liJ1nn~1L~iJ (Cameotra LL~:; Makkar, 1998) L'WU 1997 'fl~~1Vln'.i''.i'iln1'.i'e.J~~~1'.i' 
' 

~f?1LLN~-:ie'.11il~~f\1ii1nn~1 9 ~'W~1'WL'Vl1t.1ry'flLiJ1'n1~'flU (Desai LL~:; Banat, 1997) ~1'.i'~f?1 

bb'.i'-1 ~-:) rJr.i b Vl~1dih'W 1 m1) bb~r.ii-:i brJ'.i'1:;wn''W bf?1t.l ~1um:;U'"J'Wn1'.i'Vl1'1 lrJiltf?1 t.11-ifut~ '.i'l~ t.l ii bUW~1 '.i' 

~-:i ~u iJ r111ii LU'W~'r.t~'el~-:i LL r.i f?1~'flii ri'flt.1~~1t.1vi1-:in'.i''.i'iJ"ll1 ~1~m n LL~:;m::u1'Wn111 wmrn~ ~ 
u-:i LuU~'r.t~'fl~-:J ll '"J f?1~'flii~n ~'"Jt.l 'Y1111Xiln11'el'elnnn'Vlii1 t.11 *1-if ~1rn f?1 LLN ~-:i rJ1~ L-ih n'W1~ ll~ :;hJ 



I t,, 1 l 
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b'U'W'Vl�'W lr.ii.nn;'W b'W'el--'.l'"l1m1'W�1:l-J1'.i'rlt]'elt.1Mnm 'el--'.! L� 'Wfi'.i''.i':l-J'll1 � iJ fl'J1:l-JL'LJ'W�'tf(?]1 �1:l--11'.i'Cl 

L oih 1fo'l�1fo�--:i LL ri ��'elii rel n'VY--:i �1ii1rn �� (9lr.i1n�1 ii--:i iX'W�iJ i1 '"11 'Jn LL� ::;ii 1r.i1 n'Vl f'V'lt.11 n i�ih 

niuii11-ifl.V1ii'l� (Mercade LL�::;f!ru::;, 1993; Babu LL�::;f!ru::;, 1996; lshigami, 1997; Daniel 

bb�::;f!ru::;, 1998) 

l'W�(9]�1Vln'.i''.i':l-J'el 1Vl1'.i' �--'.l'Wtl:l-Jl6n�1'.i'��LL'.i'--'.I �--'.I e'.lri 1 'W'el1Vl1'.i'(?]1--'.11 b6n'W 91'V'l'"Jnbfl1'el--:i �ii 1-n 

L'LJ'W�1i6Jlrit.11'Wn1i�::;�11:.1 6Jlriuvh1*'el1V11nbfrnJi::;'Vl1'W�ri1:.1mivi11*LL'"J'"J'"l1'"l 'el1Vl1'.i''V'l'"ln"ll'el--:J 
., '

'elU b� t.!611 '"Jt.1 l * b'LJ'WL 'W'el L�m !1'W'"l1 n fl ru�iium b 'LJ'Wrei� ��'l yj L'el'elf 'el1Vl1 '.i''V'l'"J n'VliJ'W:l-J hl Lb�::; 'l 6JJ�'W 

t,, I I t,, t,, 

stabilizer 'el1Vl1'.i''V'l'"Jn6.ilULL�::;u1Lrn� 9::;6Jlrim�:l-Jf!'"J1:l-JVl'W� LU'Wrei���L'Vh'el'elfa�'DUU1 '.i""J:l-J'Vl--'.I 
q 'IJ 

' ., 
'V'l'"Jn'Vll"Ii(9]Ulb!?1--'.l'el1Vl1'.i'L6ll'W 'Vl'el'UU--'.1!?11--'.11 r.i1n�ru�iiu°m6JJ'el--'.!�1rnr1HL'.i'--'.1�--'.l�'"Joih--:iiX'W vh1*�1'.i'�� 

bL'.i'--'.1�--'.l�'"JLU'W�LL'V'liVl�11:J (9]1'.i'1--'.I� 1.1 r.i::;LL��--'.lvl'"J'elU1--'.16JJ'el--'.lf!n.!�:l-JU°m6JJ'el--'.1�1'.i'��bL'.i'--'.l�--'.l�'"J�1-ifl.'W 
., '

q 

'el1Vl1'.i'6Jl'W�(?l1--'.11 Lb�::;1?1'el'lui1�'elvl'"J'elU1--:J'V11-ifd:l'Wrei���1YlL'el'elfl'W'el1Vl1'.i' b6ll'W lecithin bb�::; 

lecithin derivative, glycerol fatty acid ester, hydroxylic acid Lb�::; fatty acid ester, lactylate 
&!I 

fatty acid ester, polyglycerol fatty acid ester, ethylene Vl'.i''el propylene glycol fatty acid 

ester, ethoxylated derivative of monoglycerides, sorbitan fatty acid ester LL�::; 

miscellaneous derivative l'WU'.i'::;b'VlMnlu'W'el'Will1 (91 l *1-if �1'.i'� � Lb'.i'--'.1 �--'.I �'"J�'"JJl1'1"191n9�'W'Vl1rf 
QI q 'I 0.,, q 

!1U'el1Vl1'.i'L� L6ll'W sophorolipid b�t.11-ifbU'W additive l'WLbU--:Jb�'elL�il'el1tJ6JJ'el--'.ln1'.i''"J1'16JJ11:.1 (shelf 

life) 6JJ'fM6JJ'W:l-J'elU (Fiechter, 1992 LL�::; Kosaric, 1993) 

�1'.i'� � LbN �'1 �'"J�'"Jfl1'V'l�'"J'Wl V1ru�u1 ii11-if 'el ti 1'1 bb 'V'l iVI � 11:.1'YY-:i l 'W'el (9]�1VI n '.i".i':l-J Lb�::; 
� q 

U1'WL1-'el'WLU'W�1'.i'U'.i'::;L[l'Vlln� bf!��� L6ll'W b'llb Ylh�� � n�m1� bU'Wrei��sn1 yj b'el'elf 1oif b'U'W 

�'"l'WUt::;n'elu1mfl1'fl-:i'elUbflflLL�::;u1'bnf! �-:in'el�1iJ f!'"J1ii�1�ru 1?1'el:1-J'W'tl'rJ:1-J1 n��� 1n� bf!��� 
q QI q q 

I t, 

L'U'W�1 '.i'fi'.i''.i':l-J'll1 �'Vl�n'V'lUL� 'W�'W'1 L 'll�i6JJ'el'1'"l�'W'Vl1rJ91'V'l'"J nu� �fo�::;t1 !?l'1'W'Wn1 '.i'U19�'W'Vl 1rf 
q q 

L Vl�hil:i-11 �� (91�1'.i'� � Lb N �--:i �r:i�r:in1'V'l 1 'W t�(?lU'el i;i� 1vi rnt:i-l�-:i LU'W� �'W 1 r.i ii1 nt'W b ti'el--:ir.i 1 n m1ii 
q 

'VI� 1 nVI� 1t.16JJ'el--:J� 1t1�'Wfi �1:1-J 1n1 �� i;i�1rn � LLN �-:i iir:i;r:in1'V'lL�b �t.11oif Lb V1�--:J'el1V11t'lrX 
q 

'Vl�1f fVl�1U niin-:i LbVl�-:J'el1Vl1'.i'�91n1'��b'Vl�'el 1-ifr.i1mn'tl'i;J'.i'n'.i''.i':i-l b6J1'Wfl1ttULe'.ll� '.i'(;l nt� L 6JJ�'W 



1?11J'1�� 1.1 Vi'W1�1?11�TJl'el��1rnl?lllN��e1,;i�1-iftth..i�ar��1'1"Jva'elflUmVi1J''ll'Wl?ll?11�1 

(Kosaric, 1993) 

Functions Product examples 

Emulsification (water-in-oil) Margarine 

Emulsification (oil-in-water) Mayonnaise 

Softening Candy 

Improvement of loaf volume Bread 

Reduction of shortening requirements Bread 

Fat stabilizer Food oil 

Viscosity control Molten chocolate 

Improvement of solubility Instant drinks 

Humectant Cake icing 

Plasticizer Cake icing 

Defoaming agent Sugar production 

Stabilization of flavor oils Flavor emulsification 

19 
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Product Microorganism Patent 

Fructose lipids Arthrobacter paraffineus Kyowa Hakko Kogyo Co. Ltd. 

ATCC 15591 DE 2,440,942 (1975) 

Spiculisporic acid Penicillium spicu/isporum Kobayashi, Y., Tabuchi, T., 

ATCC 16071 us 3,625,826 (1971) 

Biosurfactant Thiobaci/lus, Bacillus, Philips Petroleum Co. 

Nocardia, Pseudomonas us 2,907,389 (1959) 

us 3,185,216 (1965) 

Emulsan Acinetobacter sp. Petroleum Fermentation N.V. 

ATCC 31012 us 4,311,829 (1982) 

us 4,311,832 ( 1965) 

Sophorose lipid Torulopsis magnoliae Spencer, J.F.T., Tullich, A.P., 

Torulopsis apicola Gorin, P.A.J. 

us 3,205,150 (1965) 

Surfactin Bacillus subtilis Takeda Chemical Ind. Ltd. 

ATCC 21331 us 3,687,926 (1972) 

Biosurfactant Candida sp. VEB Petrl-chemisches 

Biosurfactant Candida, Pichia, Nocardia, Kombinant Schedt, 

Mycobacterium, DD 139,069 (1979) 

Pseudomonas Wintershall AG, 

DE 2,401,267 (1975) 

Trehalose lipid Rhodococcus erythropolis DE 2,843,685 (1980) 

DSM 43215 DE 2,911,016 ( 1980) 

Biosurfactant Corynebacterium salvinum Wintershall AG, 

DE 3,248,167 (1984) 

Zajic, J.E., Gerson, R.K. 

us 4,355,109 (1982) 



Torufopsis bombicofa 

ATCC 22214 

LL vi�� rn frnrwVJ1ifl:w

mm� r,i�11�c,i LL'Niii��'J 

'll'Jl11'v'l 

,. � 
r.i1m1'lle.in 

t.h�LJWl'JJ'iN

= "" 

e.J'J'll'J111'v'l 

m-c,i L'flL��n LL�� Rapeseed (Mannosyleryt
Candida antractica T-34 

Candida antractica T-34 

Candida bombicofa 

Candida bombicofa 

Candida bombicofa 

Candida sp. SY 16 

Candida antractica KCTC 

7804 

- ' 

oil 

'W1�'W!l'JLVl�'fl� (soybean 

oil) 

(hexadecane) 

Canola oil (i°ln� Lfl�LL��m 

LLMLfil�) 

,, ' 

'W1�'W!l'JLVl�'tl� (soybean 

oil) 

Candida bombico/a ATCC n'i'"1L'flL��n LL�� Rapeseed 

22214 

Candida bombicola ATCC 

22214 

oil 

Lipophilic carbon 

hritol) 

(Mannosyleryt 

hritol) 

(Mannosyleryt 

hritol) 

Cooper LL�� 

Paddock (1984) 

Kitamoto LL�� 

fln.l� ( 1990) 

Kitamoto LL�� 

fln.l� (1993) 

Deshpande LL�� 

Daniels (1995) 

Mccaffrey LL�� 

Cooper ( 1995) 

Zhou LL�� 

Kosaric ( 1995) 

(1999) 

Rau LL�� 

Hammen (2001) 

Cavalero LL�� 

Cooper (2003) 
� <V ,v &:!a 

'W1l-l'Wrl'JLVl�'fl� (soybean (Monoacylgly Thanomsub LL�� 
Candida ishiwadae oil) cerols) fln.l� (2004) 

21 
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mm�nmf-w( (Mutation) �1:1-J11mnf?'ll�l,'e)-.:JJ-.:i1?11:1-Jfin:1-J6Jl1�h1,��91nmmi��'W�':lt.J 
�1rn•1il V1t'e:l�-.:i1,h�-w7 min�11'.J�'W('e:l1r.i'Vl111X1,n!?ln11�00-1-w1��t'WV1t'e:lml�-.:i1-w�-.:ii'.1;�!?llll� 
l,i,(9n'WU1-.:Jflf-.:iV11n1,n!?ln1'm�11'.J�'Wfi1'W�11,1,WW-.:J�'W��101QJl?l'e)n11�1N;�(?]fl'e)199�'\ll1l1Xl,'Jl��,i1 

q � 

�1:1-J1rn'e:lcl1'e:l!?l l� 

1. Point mutation

1,n1?1r.i1nmi�1,u�1-w�11'.J�bi)'W1,'el1,1l�l'.lm1,1l�-.:i111 1 l?l11,1,ww-.:i 'Vl111Xn11'el1-w�1�rnu�i1!?l
111 l,fl(?ll,U'Wm!?l'el�m'WIK'11V13-l (Altering amino acid sequence) l,6J1'W

2. Insertion mutation

CTCAGC 

GTCAGC 

l,U'W Leucine Serine

bU'W Phenylalanine Serine

1,n!?lr.i1nn1iviil1,u� 1 !K<J Vlt'e:l '\,1�11'.lriJ<J1,1,V11mi11111-w�1l'.l�V�'Wb'e:lbt1:J-J 'Vl111Xmi'el1'W
�1�rnu�1,1l�l'J'Wl11 (Frame shift) '\,11-'fl bfl!?ln11'\,ll'Jf?ln11�-.:Jl,fl11�Vl111i�'Wl� (Premature

q 

termination) 1,-rl-w
b�:l-J CTC AGC 

bflf?'ln1'm�11'.l�mf CTC GTC AGC

bU'W Leucine Serine 

bU'W Leucine Phenylalanine Serine 

bflf?'ln1m�11'.l�'Wfi CTC IAG CAG C bU'W Leucine Vll'Jf?'I 
q q 

3. Deletion mutation

l,fl f?191nn11�1,u�1'W�11'.J� l,te)'Wl,'e)rlnfl19f?l'el'eln 111 vh 11Xn11'el1'W�1 �rnu�1,1l�l'J'Wl1IV1t'el 
'\,111'.Jl11 (Frame shift)

CTC GTCAGC 

bfl!?ln11n�11'.l�'Wfi CTC AGC

4. Silent mutation

b'U'W Leucine Phenylalanine Serine 

b'U'W Leucine Serine 

l,flf?191nn11�LU�L'W�11'.J�l,'�'Wl,'ell,11�1'.J'Wl,L11�-:i111 1 l?l1LL'\,11,,!-.:J LL1?1lilvh11Xmi'el1'W�1�U
LU�el1?1L1I Lrl'el-:ir.i1mu�viil-:iriJ<JaYn��n�1�rnu�1�vi�1m-,�11'.J �-.'.!U-.'.!'"1-.'.!�1:J-J1rn'el1'WL�
1,u-wmf?'l'el�mui;r')1,�:1-J

.. ., tr Ln!?ln1m�1u�u� 
CTCAGC 

CT6AGC 

LU'W Leucine Serine 
bU'W Leucine Serine 



,, ' ' 
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n1J'n't111:J�'l,.!fi1�1:.1fi'J'j'iJ"Jl1� m'eln1�ln�;'WL'W'ell?l'J1'Vll?l1il1nA'elth:::ii1rw 10-6 (91'flU'W 1 

,, ,, 

�'J'Wn1'Jm:::#fu1�\n�n1mt111:J�'WfiU'W lU�'VlnlK'J'Vl-:J Adenine, Thymine, Cytosine
' ' q 

Guanine 9::;�1ii1rn lf)(?) n1ntl�1:J'Wlttlt1-:i1J\' ll(919::;:w t'Vi1:.1-:iu1-:i 1?11.lb VIU-:J l'Vl1 ,!u�r.i::;vuu 
I !,I t,,'11 I 

u1t� rw'VlJ!nr.i::: tn f?'ln 1rnt111:.1�uif i-:i-w;u'flcl nu�1 rn "J:::�u'Vl1 -if ttt1::; tu�u1t'J rw-ih-:i tfiu-:i n11 

1.1 

q " ' 

Thymine dimer r.i1ni!ur.i�tn�n1'J'll'eli!lb"llill?l'Jl'el-:Jb�l:Jn1'Jl?l� Thymine-Thymine dimer
' ,, 

'el'el mt�'J b�il bU� b6111 lb'Vl'W'Vl ttuuiii n 1n�mu� b 6111 ll'LJUiil'Wl'el-:J"'l :::vh 1 '!Xuutn f?'ln11 
I I !.I t, 

ttl�l:J'WUU't1-:J91nn1'JL'Cl"lli1�lU�'Vle'.if?'I 'Vl-:J'Wn1'Jri'eln1'Jn't111:J�'Wfi�l'Jl:Jt'-:J�l:J'JJ!nr.i::;vh11X 

o thymine
0 

.· ;/;CH� 

UV llght causes

, formation of 
:H pyrimidine dimers 

' " 



1.2 f-l�b'tln61lbb��bbn:I-J3-J1 
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f-l�b'tln61lbb��bbn:1-J:1-J19�'1'1111X�un�vl'e:l1;<1t vl1vi b'tll;<ibl71'tl 1 u1;<11t1� bleim 'e:lin '1'111 iX bfl vi 

n1t'1l1v1vl1tJlU'1l'el-ltil;<i�Unnn:w bb��'el199�'1'1111Xbnf?ln1f(9]V}'l,,l�'e)�muvf�iem�1e1vit'tln 
q "' "' 

2.1 Base analogues 

bUUl;<i1 nr1n�mr1N l;<j r1-.l fo\�1 tJ bUl;<11 Ul;<i1 tJ � b {ha 'el bd'el b "1!1 lU'elU1 Ul;<i1tJ � b leiUb'el 

9 � 'Vl 11 iX n 1 t b -if 1 � '1l 'el -l bu l;<j bu � tJ '11 bb u � -l l u (9] "J 'el cJ 1-l 'll 'el -.l l;<i 1 t b fl n 1 '11 n � :1-J tl � 'el 5-
"' q 

bromouracil, 5-deoxyuridine, 2-aminopurine bUU�U 

2.2 Deaminating agents 

Adenine - Thymine 

i ,.---R-e_p_li_c _at
-i
o_n _ __,

Adenine - 5-bromouracil 

i I Replication
Guanine - 5-bromouracil 

i l Replication 
Guanine - Cytosine 

bUUl;<i1tbfoln�'Yl11,X bUl;<i Adenine bU�\:JUbbU�-l bUUl;<i1t 1v1��'e) Hypoxanthine 
I I t, 

bUl;<i'VlbU�\:JULUUU9�b"1!1�flU Cytosine bb'VlU Thymine [9l"J'eJU1-l'1l'el-ll;<i1tbrln�'e) Nitrous 

acid 

Thymine - Adenine 

i1 -_D_e_a_m-in-a-ti_o_n�

Cytosine - Hy oxanthine 

i Replication 

Cytosine - Guanine 



2.3 Alkylating agent 
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9�'Vl111¾di(?)m:m.J�m.rntl�'M l(i) 3 im1ru��'0 bU'W�1nriil�'Vl111¾iJ n11b�i1V1JJ 
l I t,, t,, 

bb'e)fl f')fl b"Jl1'Vi bU� V1111¾�11:J � bil'Wb'0viiJtl1wwnii1n�'W'IXn bbfl�bn (?)n1J'll1 (?)Vl11:JlU"Jl'e).:Jj'!X� 
i'Wnmrn V11''0V1111¾b!l(?)n1H"Jl1v'l"ll'0.:JbU�1mL'W"l"JJ1ilv'lfl'W (Cross bridge) V1111¾hl 

q " " 

�1ii11rin mn �il91'W'J'W�11:J � lil'Wb'0Vl1-'e) lll i?ln1trl'01?11'1X� bU'W ttl1�'Wl� 1 'Win'ttru:; 
� (?)'VJ11:J�'e) n11'Yl111¾Ln1?1mn-ir1 v'l��(?)"Jl'e),:J LU� V11n1�nn11'1l'0m1:niinr.i :;V1111¾teh'W 

q " 

n J i?)'e) �ilt'W� i?l"Jl 'W(?) l(i) {?l'J'e) � 1.:J"Jl'e),:J � 11 bf) n1 'W n � iin�'e) Ethylethanesulphonate,

Ethylmethanesulphonate, Methylmethanesulphonate bbfl:; Nitrosoguanidine bU'W 
�'W 1(?)1:J � 11b"'1 ij1 'Wn �ilel VI i! 1 :;�r.i�1-if1 'Wn 1 rn1��'Wn1 rn fl1 m�''Wfi�'W'J b"'1 � l:J �"Jl'e).:J 

/ 

q q q 

iuv11.14 11-l'a.:J�•h-:i'Vl1.:Jbl-li'l"ll'el-3�1'a Ethylmethanesulphonate 

0 

H 

N�H 
/ 

Guanine 

EMS 

H3C�CH2
' 

N-H .... O 
/ 

0-6-Ethylguanine Thymine 
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I 

Mulligan bbfl:;0nu:; (1989) ~1\:.h'.11'W~1~1 d'h:rvhmmfl1t.l'l'fo( Bacillus subtilis ATCC 

21332 ~1t1f-:t~'flfll?lt111 b'elbfll?l 'Y'lU~1~1t1·vfoif nfl1t1~1~tl'-w~1:w1tnt:-1~!?lb"ll'elfrtJn~-w1~innn~1 
' ,, 

~1tJ~'Wfif?l-:tb~mJt:;:w1ru 3 b'\111 
' I 

Iqbal bbfl:;01ru:; ( 1995) t1tl-:t1'W~1b~'eli11n11nfl1t.l~'W( Pseudomonas aeruginosa 

EBN-8 cA'1t.Jf-:t~bbnnm1'Y'lU~1~1t.l~'W{nfl1tl~1:W1rnt:-i~l?l~1rn(?)bbN~-:te'l'J:n')J71'Y'l1~ 2.60 mg 

ml-
1 
~-:i:w1nn~1~1mfoif~-:tb~:w1h:;:w1ru 2-3 b'\111 

' 

methyl-N'-nitro-N-nitrosoguanidine bb~'J'Y'lU~1~1t.l~'W(nfl1t.l~1:W1rnt:-i~l?l~1rn(?)bbN~-:te11 
I t, 

:n1n1'Y'l1~ 391 mg r1 
~-:i:w1nn~1~1t1~'W{f?l-:tb~:w1h:;:w1ru 12 b'\111 

Mahmoud bbfltr1ru:; ( 1999) t1tl-:t1'W~1 Ethyl methanesulfonate ~0111:wb'll:W-if'W 60 80 

bbfl:; 100 ppm r.i:;b~:Wn1tbV1tlt11tl11~di(?)n11nfl1t.l~'W~1'W Candida tropicalis :w1n;''W 

'W'elnr.i1n~tJ-:t'Y'lU~1 hh~'W~ t:-i~l?l bbfl:;iJ'Jflb"llfl'i:fr.i:;b~:W;''W~-:t~(?)b~'el 1-il' Ethyl methanesulfonate 
'lJ ' 

I .. ., ., 
'VlA'J1:wb'JJ:I-J"ll'W 60 80 bbfl:; 100 ppm 

Tahzibi bbfl:;01ru:; (2004) nt1-:i1-w~1mt-:ir.i1ni11mrnfl1t1~'Wfi Pseudomonas 
' 

aeruginosa PTCC 1637 ~'Jtl N-methyl-N'-nitro-N-nitrosoguanidine bb~'J'Y'lU~1~1tl~'W( 
I t, 

nint.J~1:w1rnt:-1~1?lbbt:Wb'W~~(?l1~ 12.5 g L-
1 

~-:i:w1nn~1~1t1~'W(i?l-:tb~mh:;:w1ru 10 b'\111 n:wn-:i 
., 

1~011n1trn:;r.i1t1 bbfl:; fl(?)0)1bbN~-:te'.h1~n~b~\:.J-:tflU~1t.l~'Wfif?l-:tb~:W 
' 

V11rn:;u1-wmt1-wmtt:-1~!?lufl:;mtut1n~1t~t:-1~(?]1~~t1r11~nbbfl:;bim1:;~:w bbfl:;n1t~W-J'W1~1t1 

~'Wfilm~~1\:.J~'Wfinfl1tl~i'.lmtt:-J~(9]1~:w1n Vl1'elmt~W-J'W1L~bU'W1-A'el:WUb('W'Vl'Yl (Recombinant 
' ' ,, 

strain) L'W~'el-:t'!X'J'lJ'e)bbmil"W1~iln1t~m11 bbfl:;1-if n'W'elth-:in~1-:t'JJ'J1-:t bb~') 1 'Wt:;/?lu~ (9]~1Vlnn:w bWl 
,, 

Q/ <V 6""11:V ,:::,f _,e:;,J G" 'i/ I C/ • CV I 

mt'Y'lW-J'W1~1t.1'Y'l'Wnmm'Y'lmb01n-w'flm'Vl1'W'W (Mukheqee LLfl:;r1ru:;, 2006) r.i1nm(9]t:-Jfl(?)-:tnfl11 
' ' ' ., 

i-waf-w 9-:ttl1:w1~'1X'J'll'eln1t~9t.ln1tiW-J'W1~1t.l~'WITT(?)t.ln1tn1rnfl1tl~'W€ Pichia anoma/a PY1 
'lJ ' ' 

I ' -=I <=:. <:::. .e:S ~ ,:::I 

b 'Y'l'el b 'Y'li-1 n1tt:-Jfl (91~1 tfl (?) bbN (91-:t t:-l'J"ll'JJ71'Y'l 

Pichia anomala PY1 bU'WU~(?l~1t.l~'Wfi~il1h:;~'VlfiJ71'Y'll'Wn1tt:-J~(9]~1rn(?)bbN~-:te'l1 
' I t, I 

:n1n1'Y'lvifl(?)bbtln 1~r.i1n'el1V11tV1lTn~-wth-w ( i11V1:w1 n) vi~1 bJl'el'Y'l'W~'WA:W 4'-:iVl,r (?)"Jlfl1_J1 (ntT~m 

b:nt.l-:t~'Vl\:.J 2549) ~-:i bU'WU~ (?l'V]'Wr'el'W~~1:W1tmr.i1')J bbfl:;t:-J~(9]~1rn (?)bbN ~-:i e'lr;i;hn1'Y'l1~~ 

= "" .. 'elnJVIJli-1~-:trn 40 'el-:tf'\1b61lflb"llt.l~ 
' 'lJ 'lJ 
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I 'i.l I 1 

anomala PY1 'Vll'il'W1lYtH1'JbVl~'el-.:J 4% b'U'WbbVl~-.:J!i'l1fum,,1 ~~1bb'N~-.:ifh[Yl1~~ 29-30 mN/m '"11 
' 

mmi:::r.nl'.ltl1lY'W 69.43 l?l1:i'1-.'.lb6.ll'W~b:Wl?l:i' ~1'11?1~n~l?l'1J'el-.:Jn1Jbn~1m6.ll~i (CMC) 180 n~~nf:w 

(Yl'el~l?lt bb~:::1~C-J~C-J~l?l 0.26 nf:W(Yl'el~l?lt b'U'W~1rn~bb'N~-.:ie'.h1h:::u1'Vl1n~tli'l~~f?l bb~:::~:w<J~ 

L:Wb~n~b'Vll'.JUb~l'.J-.:JnUL6.llL~LJ~~~ 
q 



1. 'el'Un'iru • 

d 
'U'Vl'Vl 2 

u•11''els11!?lbb:i'-:J~sJe1r.i (Ring Tensiometer) fw K6 '1l'elsJU1MVl Kruss, Germany 

n~'elsl,.F'1Vl:i':i'f!'W"ll'W!?l 2 m (Biocular compound microscope) tu BH-2 '1l'el-:JU1MVl 

Olympus, Japan 

28 

bA1''elsi<lmVl~\:Jsl rir.i1m;r.i A'".l1JAiJ'eH1mn~ (High - performance centrifuge) iu Avanti® J-
q q 'ii q 

301 '1l'el-:JU111Vl Beckman Coulter, U.S.A 

bA1''elsi<lum~\:Js!A'".l1m;r.JA'".lUV'Jil~n.!VIJJ~ (centrifuge) tu KUBOTA 3700 'll'els!1J1'11V1 

Kubota Corporation, Japan 

bA1''elsi<lmVl~\:Js!A'"J1m;r.iA'".l1JV'Jil~n.lVIJJ~ (centrifuge) tu KUBOTA 6500 'll'elsJU1MVl 

Kubota Corporation, Japan 
' 

lA1'elsi:i':;mmbiXsibb1JU~C]JC]J1n1fl (Rotary vacuum evaporator) tu N-N 'll'el-:!1J1'11V1 Eyela, 

Japan 

' 
lA1'elsi:i':;mmbiXsibb1JU~C]JC]J1n1fl (Centrifuge evaporator) tu R-300 '1l'elsJU1MVl BUCHI, 

Switzerland 

' 
bA1'els1:i':;bV1mbiXsibb1JU~C]JC]J1n1fl (Centrifuge evaporator) tu eppendorf concentrator 

5301 '1l'el-:JU1MVl Modotech ,Germany 

' .di CV I d:j I A a.,, 

bA:i''elsl'".l!?lA1n1:i'~!?ln~uw~si (Spectrophotometer) iu Spectronic 20 Genesys 'll'els!U:i'~Vl 

Thermo Spectronic, U.S.A 

~rlsirir.J1iJ(?)Ul'el'J-!1b~'elbbUUi~ 'i:umi (Autoclave) tu SS-325 '1l'el-:JU1MVl Tomy,Japan 

' 
bA1'elsJb'llU1bbUUA'".l1JAiJ'eln.!Vll1~ (Incubator shaker) iu In nova™ 4300 'll'els!1J1'11V1 New 

'I q '\J q 

Brunswick Scientific, U.S.A 

~'elU (Hot air oven) tu UE 600 '1l'elsJU1MVl Memmert, Germany 
,, 

~tlm~'el (Incubator) fw BE 800 '1l'fMU1MVl Memmert, Germany 

' ' .di CV I A (I.,' , 

bA:i''els!"lls!Vi\:J11J tU PG 2002-S 'll'els!U:i'~Vl Metler Toledo, Switzerland 

' ' ,di ,v ,:;:,I t ACV 

bA:i''els!"llsJ~:;b'el\:J!?l :i'U AG 285 'll'els!U:i'~Vl Metler Toledo, Switzerland 
' 



u·11'fl-:ii~fl1fl'J1mtlt.mtf?Hl1-:J (pH meter) tw Cyberscan 1000 "ll'el-:JU1'1j'Vl Eutech 

Cybernatics, Singapore 

~tl~'el~b~'el (Larminar flow cabinet) tw 25 Manometer "ll'el-:JU1'1j'Vl Dwyer Instrument, 

U.S.A 

bfl1'fl-:ii:-J~:W~1t (Vortex mixer) i'w K-550 GE "ll'el-:JU11j'Vl Scientific Industries, U.S.A 
' 

' 
bfl1'fl-:izju~1t~~•cnt.1 (Dry-block heater) tu TDB-120 "ll'el-:JU11j'Vl Biosan, Korea 

- l:WbfltUbtll?l (Micropipette) fo P10, P20, P100, P200, P1000 bl~~ P5000 "ll'el-:JU11j'Vl 
' 

Gilson, France 
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""'.., o' 
2. Ll°l:1-Jllnl"Vl 

~1':i'~l7(?191n~~!?l (yeast extract) "ll'e:l..:JU1'!1'Vl Difeo Laboratories, U.S.A 

~1':i'~l7(?191nihr.i3"'e:l~!?l (Malt extract) "ll'e:l..:JU1'11'Vl Difeo Laboratories, U.S.A 

1,1,ur1 bl?ll.1.hri:1ww (Bactopeptone) u1'11'Vl Difeo Laboratories, U.S.A 

n~'i:r1~ "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

tl1l?l1~V111t1 (6ll'i:r11~) "ll'e:l..:Ju111V1tl1m~'Vlnt1i1l?lm~ 9117(71 
~ . ., 

i'hifu~rn3"'e:lfu1'W"Jl'W(?II.U1 (Murban light crude-oil) r.i1nu111'Vll'Vlt1'e:l'e:lt11f9117(?1 1.h~L'Vll"l 

1'Vlt1 
., ' 

tl1ifuti'r.im~'e:l..:J u1'11'Vl3"':i'nl?l~Uf?l~l?l11f 9117(?11.h~1.'Vll"!l'Vlt1 

tl1ifu1.hi3" ul11V13"':i'nl?l:SUf?l~l?l11f 9117(71 u1~1.'Vll"ll'Vlt1 
., ., ., 
tl1ifur11fo~1 u1'l1'Vll6ll~mfu l,'e:l~dJ~ bU'.J'f?lnlf ~fo~(?I U'J'~b'Vll"l~..:Jf'lbUf 

- 'i:•JH~tl3"f'l~'e:ll'.1''91 (NaCl) "ll'e:l..:JU1'!1'Vl BDH Laboratory Supplies, Englang 

ll3"n'Wl;t.13"'TI~l'Wl?l (MgSO4.7H2O) "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

- 'i:u1.1.l?liH;t13"l(?lle'.Jb(?l'J'l9U'W'e:l~l'Wl?l (KH 2PO4) E.Merck, Darmstadt, Germany 

'i:•JH~tJ3"lUbl?l'J''Vl (NaNO3) "ll'e:l..:JU1'11'Vl Ajax Finechem, Australia 

'Vl1~3"11.U~ (Trisma base; Tris[hydroxymethl] aminomethane)(C4H11 NO3) "ll'e:l..:JU1'11'Vl 

Sigma, U.S.A 

'Vl1~le'.Jb(?l':i'f'l~'e:ll'.1''91 (Tris HCI) "ll'e:l..:JU1'11'Vl Sigma, U.S.A 

f'l~'e:l b':i''W'e:lfo (Chloroform) "ll'e:l..:JU1'l1'Vl E.Merck, Darmstadt, Germany 

L3"'Vl1'W'e:l~ (Methanol) "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

l'e:l'Vl1'W'e:l~ (Ethanol) "ll'e:l..:JU1'l1'Vl E.Merck, Darmstadt, Germany 

30 

rnrn6ll'W (Hexane) (C6H14) "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

nrnle'.Jb(?l'.ff'l~'El1rn-if3"-n'W (Concentration HCI) "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

n'.f(?l'el~;~n (acetic acid) "ll'e:l..:JU1'l1'Vl E.Merck, Darmstadt, Germany 

SOS (Sodium dodecyl sulfate), (C12H25OSO3Na) "ll'e:l..:JU1'!1'Vl Nacalai tesque, Japan 

l'e:lVJ~ 'e:l~;ll?ll?l (Ethyl acetate) "ll'e:l..:JU1'11'Vl E.Merck, Darmstadt, Germany 

- l'e:lb'e:l~U"Jl'W(?lt,n~(?l "ll'e:l..:JU1'11'Vl Univar, U.S.A 

n'.f~(?l11jn'.f'e:l..:J"ll'W1(?1 (Cellulose acetate membrane) "llU1(?1 47 3'13". 0.45 l3"f'l':i''e:lU "ll'e:l..:J 

u1'11'Vl Whatman, U .S.A 

1,1,e-Ju;~n1b9~ 60 "llU1(?1 20x20 6ll3".,Vl'W1 0.2 3'13". {TLC silica gel 60, 0.2mm.) "ll'e:l..:JU1'11'Vl 

E.Merck, Darmstadt, Germany 



1,1,e-lu~~n11,9~ 60 61lt.l1f?1 20x20 'll:W., Vlt.l1 2 :w:w. (PLC silica gel 60, 2mm.) 61ltcM1J111'\ll 

E.Merck, Darmstadt, Germany 
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"" PY1 'U'W'el1Vl1'abb"JM Yeast Malt Extract 

~ ~ ~ 

'W1~~!?l~1tJ'l'fofi Pichia anomala PY1 l.'V'l1~1.~U..:JU'W'fl1'V11':i'l.~r.h'll.~'e:Jl.l.']..:J"J!tl!?l Yeast Malt 
' 

Extract tl:w~'e:Jruv1ni1 30 'e:J..:Jfl\11.'llm'l!u~ 1.U'Wl.'1'6'11 24 i'J L:I-M:W1~!?!1.U'W':i'Un1nU1!?!U'W'e:J1'V11mi..:i ' ~ ~ 

' ~ ' 
Yeast Malt Extract v1iJi11a!'W~um:w1m 20 L:WLfl'j'~[?]'j' n':i'~91U~'J'e)tl'Vl'JU'We'.i'J'Vl'W1'e:J1'V11J' i111u 

~ 

' ~ 

u11.'Jru1~nuu11.'Jruv1iJ1.~'e:J1.r.i1'1J 

~ 

"" <V "" 2.1 n1':i'l.[?l'JU:W'Vl'Jl."J!'e) 

~ ~ ~ 

'W1~~!?l Pichia anomala PY1 L'V'l1~1.~u..:i1~uU'e:J1'Vl1'j'l,~U..:Jl.~'e:Jl.l.']..:J"J!'W!?l Yeast Malt 

Extract tl:w~'e:Jruv1i1 30 'e:J..:Jfl\11.'llm'l!u~ 1.UUl.'1'6'11 24 -ft'r;i t:w..:i:w1 1 '6'1U '6'l..:J1'W'e:J1'Vl1n'Vl'6'l'J Yeast ' ~ 

~ ' ' 
Malt Extract lli':W1[?]':i' 50 i1'6'l~~[?l'J 'n1n1':i'U:W1'W~U:l-Jl.~'e:J'VliJn1'j'l,"1Jtl1'Vl'e:Jru'V!Jli1 30 'e:J..:Jfl\1 

~ ' ~ 

11 I I I !I I 

'W1i'JL~'e:J'Vlfl'j"jj'fl1U 18 6.n'J L:W..:J 5 i1'6'l~~[?l'J'6'l..:J1U'e:J1'Vl1'j'1,'Vl'6'l'Jfl1'Vl'W!?l~(?]'j''V)iJU1a!'Wl:1'J ' ~ 

l.'Vl~'e),;j 4% 1.umm~..:ir11fu'e:J'W n NaN03 0.4 % 1.UUl.1.'Vl~..:JLUL[?]'j'l,9'W fl'JU'1:W~1rl'J1:l-JI.UUn':i'!?l 

1?h..:iCi:w~u1.vhnu 5.5 lli':W1[?]':i' 50 i1'6'l~~[?]'j' 1.1.~'J'n1n1':i'tl:w1u~tlm~'e:J~iJn1'j'l,"1Jt11~'e:Jruv1ni1 30 
~ ' ~ 

' ~ I CV (:. I .c:::,f G CV" I .dl Q/ 

'e:J..:JPl11.'ll'6'11.'llU~ l."1JU1'e)[?]'j'11.':i''J 200 ':i''e:JU(?]'e:J'W1'Yl LnU(?]'J'e:JU1..:Jl.:W'e:Jl.'J'6'11 7 'JU 

~ 
0 (V !I (f" 

2.3 n1':i''Vl1U1'VIUnLl.'Vl..:J"!J'e:J..:Jl.'ll'6'1'6'l 
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,, 
2.5.1 n1j1rrwhmrnj~::r.nt.1il1l1u (Oil displacement test) 

,, ,, 
'Yll?l~'elUn1'Jnj:;r.i1t.1il1l1m11ii':3fi"1J'el-l Morikawa bb~:;~ru:;, 1993 lf?lt.1[1l'J-!U1 40 

n~~~[11J' ~-i1't-.!91't-.!bbll'J"1J't-.!11?lb~'t-.!e-htil-l't-.!tJn~1-:i 150 n~~biJ[11J' ~nm:;1?1111rn1vh'el-!'elUbti't-.! 
~ ~ 

,, ,, 
il1l1u~u (crude oil) tf'hl1[1)J' 151ii1m~[111 ~-:iuueh1,1u1"1J'el-lU19:;biimumu.JuYlimb~ 

I t,, t,, I t,, t,, ti I 

VJ'Je:l'JU1 91ffW'WVlt.l l?l ~'J'elU1-!Yl btlti~'J't-.!"1J'el-lU1b~m b~'elYll~n b61!~'6f mii1 [1lj 10 1ii l~J'~ [11J' ~,:i 
,, 

umb~uYli:1-1"1J'el-itl1JYu~uvi1n1J'11?l"ll't-.!11?1b~'t-.!~1u~mrn~1-1"1J'el-1u1'b'Jru1~"1l'el-ln1J'm:;r.i1t.1 
t., I t,, I t, 

~'J"ll'el-1tl1l1uYJl~bb~:;~1l-.!'JnJV11Yl't-.!Yl"ll'el-ln1rnj:;91m.'hl1u ( Morikawa bb~:;~ru:;, 1993) 

I !, 

J''LIYJ 1.1 bb~f?l-iin11ru:;n1rnJ':;r.i1t.1~'J"ll'el-1tl1l1u (Morikawa bb~:;~ru:;, 1993) 
~ 
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2.5.2 n1'.i''1!?lr11bb'.i''1~'1~'1 (Surface tension) 

tl1~hW"JJ'el'1"1l'el'1bVlfl'1~1~ih61lfl'~fan'1!?lr11bbN~'1~'1~1'11'.flfi Du Nuoy Ring r.nn 

bfl1'fl'1'J!?lfl1bb'.i''1~'1~'1 ( Tensiometer) i'w K6 ~'elfWVIJlil 25 'el'1f'\1b61lflb;l'.l~ bllil'.lUbVll:JU ' ' .., 

nuJ1u1'~'Vli~nr111,1,'.j'--1~'1~'J 1,U'W 72 mN/m 
' 

' ., 
0 ,c::,l <i' ,c::,l ,c::,l 112,I G' IV ,c:l 6'" (f" 

3.1.1 'W11:J~l?l Pichia anomala PY1 'Vlb'V'l1~bflt.1'1 b'1U'W'el1V11'.i'!,1,"JJ'191n~1'.i'~n!?lt.1~1?1 bbfl~:1-J'elfll?l 

(YM agar) U:1-J~'elruVIJlil 30 'el--1 f'\1 b61lfl 1,;1:.1~ bU'Wb'1fl1 24 i'1 'l:w--1:w1 1 mJ fl--11 'W'el1Vl1'.i' ' .., .., 

1,Vl~'J'J11:Jb'a°:I-J (YM broth) m:W11?1'.i' 5 n~~~m Vl1n1'.i'U:I-J1-U~U:I-Jb~'el~i'.Jn1'.i'b"JJl'.l1~ .., 

'e)fWVIJlil 30 'el'1Pl1b61lfll,;l:J~ fl'J1:i-HJ'J 200 '.i''elU!Pi'el'W1Vl l,U'Wl,'1~118 i'1L:I-M ' .., 

3.1.2 'W1f?l'J'elci1'1~bllUl~:1-J1Vl1n1'.i'<l'WbVl~l:J'1~fl'J1:I-J1,J'J'.i''e)U 8,000 '.i''elU!Pi'elU1'Vl 1,1,~~fl'JUfl:I-J 
' ' ' ., 

'elruvinilHVI 4 'el'1f'\11,6Jl~1,;1:.1~ 1,um'1fl1 20 'W1Vl tl1~hW"JJ'el'1bV1fl'1'Vll~YJ--1 ~'1Ub61l~i1,1,1:.1n ' .., 
~ I I ~ ~ ~ 

:w1V11mJ~1--11,61lfli~'11:.1tl1ni-wV1eJ1um'.i'~11,~'e)1,1,~'1 2 flt'--1 r.i1n-w-wV1111X1,61l~i1,1,-n'1'Wfl'elt.1 

'fltj1'W~'el~b~l?l'LJ~b~'elf pH 7.0 bbfl~1.ffUfl'11:I-JVl'W1bb'W'W"JJ'el'1b61lflfl11X'fltj1wJi'1'1 10
8 

b61l~i 

!Pi'flil~~~l?l'.i'~l'Jl:J Hemacytometer 

3.1.3 'W1b"ll~i1,1,"]J'1'W~'ell:Jm:1-J11?1'.i' 2 ilfl~~m1uru1mb~'1'elfll?l'.i'1l'J L'clbfll?lfl'11:I-Jl:J1'Jfl~U 254 'W1 

'l-w1,:w1?1'.i' '.i'~t1~'!A1--1r.i1m1,~--1 1 o 1,61lu~1,:w1?1'.i' 'l~mih~1:.1~1,'1~111Xm'.i'ru1m1,~--11Pi1--11nu~ 2, 4, 

"" ~ 
5, 6, 8, 10, 12 1,1,~~ 14 'J'W1'Vl 

3.1.4 m~r.i1m"ll~i1,1,-n'1'Wfl'elt.1 0.1 ilfl~~l?l'.i' ~eJ1-wmJru1m1,~--1i~1?1'.i'1l'1L'clL~l?lUU'cl1Vl1'.i'bb;--1 

3.1 .5 

3.1.6 

., ., ' 
r.i1n~1'.i'~ll!?lU~[?l l,l,fj~:I-J'clflf?l 1'W91'Ub'V'l1~1,~1'.J-.11,:tl'cl uii1u'Vl~(?} 'clfWVIJlil 30 'cl'1f'\1 ' .., 

1,61lm;t1~ 1,um'1~1 48 i'1L:I-M ~'1LflL~i1~1~fl'1'.i''cltl1u'll'1--1100-300 bflbfl'W .., 
(V'0 "i'"i'.c:i.J~ 0 ii cl~ 

'WU91U'JU bf! b~'U'Vl I, 9'.i'C)J l,l,~~fl1'U'JfW'.i''cll:J~~n1'.i".i''cl!?l"ll'Jl?l 

tl1 'lr1 foi1~1,r.i1ru1uV11m'.i'~(?}1,~'e)n~1mruflvi~m:wrjf11ui'cl 4 
~ ' 
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3.2 mm'tl1t1vr-wf ~'Jt1~1J' Ethyl methanesulfonate (EMS) 
t t., i.l \.I 

3.2.1 'W1~~1?1 Pichia anomala PY1 vit.'V'l1:;1,~m1H1J'W'el1Vl1J't.~mi1,~re:mi~6Jl'Wl?l Yeast Malt 

Extract 'Ui.J~'flruVlni'.l 30 'el~f'!1t.6Jl'tll.;tl~ LU'WL'J'tl1 24 i1'i:ii~i.11 1 mJ 'tl~1'W'el1Vl1J'I.Vl'tl'J 
' qJ qJ 

2,, I I I 

3.2.2 tl1'1X1t.~'flvi'fl1~flrn 18 i1 'i:i.i~tfhJ11?1J' 1 i'.l'tl~~m'tl~1'WVl'tl'ell?l eppendroff 2 Vl'tl'fll?l 1J'W 
I I i.l 1.1 

1.V1~mivifl11m11J''fl1J 5,ooo J''fl1Jl?l'f:l'W1vi 1,um1m 5 -w1vi 'Vl~~1-wtl11~u~1'tl:;'tl1m6Jl'tli 
t,, I ii I 1 J 

Cffel'Jt1tl1ni-w1.h1f'lr.i1m~'fllli'i.J1[?]J' 1 i'.l'tl~~(?]j 1.~'el~1~1.6Jl'tl'tl1i¾'fl1V11J'viMm~'elVli.J1?1 11-w 
1 I ti I 

m~mivif111i.11.11J''e:l1J 5,ooo J''e:l1Jl?l'f:l'W1vi 1,u-w1,1m 5 -w1vi 'Yl1n1J'~1~1.6Jl'tlfillnflf~V1'W~ 

3.2.3 tl1t.6ll'tli~1~'tl:;'tl1t1~11:.1Yl'fl~t.Yl~url1,Yl'f:lf pH 7.o mi.11(Y]j 1 i'.l'tl~~(?]m~1tl11tlifo~11:.1 
,, 

Hemacytometer r.i1ntl''Wt.9'fl91~1~l~m1i.11,-nii-ir'WL6Jl'tlitlJ':;i.11ru 1.0 x 10
8 

L6Jl'tlil?l'e:l 

i'.l'tl~~(?]J' 

3.2.4 L6Jl'tliUJ':;i.J1ru 1.0 X 10
8 

L6Jl'tlil?l'fli'.J'tl~~(Y]J' Vl'tl'ell?lVlrt~1.jf1,tJ'W6Jll?ll°'l'J1Jl°'lil ~'J'W~nVl'tl'fl(?l 

3.2.5 

' ' 
Vlrt~L~i.1~1j Ethylmethane sulfonate mi.11m 20-40 1~lflj~(?]j tl1vY~~'el~Vl'tl'e:l(?l1~ 

l l 

Lfl1'flWll1:hVl'ti'fll?l eppendroff (Thermomixer) m1JfJi.l~CWV1JJi'.l'Vi 30 'fl~f'l1L6Jl'tlL;l:.I~ 

LU'WL'J'tl1 1 i1 'i:ii~~mV1~m~fl11m11J''fl1J 5,ooo J''fl1Jl?l'e:l'W1vi LU'WL'J'tl1 5 -w1vi ~~~'J'W 

tl11~'tl~1'W 0.5% l6JlL~t.1i.11'Vll'el'n'tlLYl(Y] L~'elVl~f?1U£JITTt11'1l'e:l~~1J' Ethylmethane 

sulfonate 'tl:;'tl1m'll'tli~1t1 5.0% L6Jlt.~t1i.11'Vl'i:'fli'tiLYl(Y]tlJ'1f'!91m~'fllli'i.J1(Y]J' 200 

1iiLflJ'~(Y]J' t.~'flVl~f?1tli)mm'lJ'fl~~1J' Ethylmethane sultanate LL~'JtJ1t1~1rn:;mm'll'tli 

1tl~~Vl'tl'e:lf?1 eppendroff 1mJ ~'WLVl~m~m1m11J''el1J 5,000 J''fl1Jl?l'el'W1vi LU'Wl.'J'tl1 5 

'W1vi ~~~'J'Wtl11~'tl~1'W 0.5% L6JlL~tli.J1'Vll'e:l'n'tiLYl(?] L~'flVl\:!f?1U£JITTt11'1J'el~~1j 

Ethylmethane sultanate Vl~f?1tlljmm'll'f:l~~1J' Ethylmethane sultanate 1m'll'tlfilln 2 
i.l t,, I ~ 

flf~ 'tl:;'tl1m'll'tli~1uw1ni-wtlJ'1f'!r.i1m~'f:lm~1(?]J' 1 i'.l'tl~~(?]J' 
,, ,, I 

'Yl1n1J'l.9'e:l91~ l,~'e)i~6Jl(?lfl')1J flmL'tl:;6Jl (?)vi fl'eln1J'n'tl1tlvr'Wflm~fl L't1UUJ':;i.11ru 30 -
II II '\ '\ . 

!,, t., I t 

300 Lfl l'tlUl?l'f:l91'WmV11n~t1~L~'el V1t.Jf?1~1rn:;'tl1m'll'tli 1 oo 1ii'i:flJ'~(9lj 1,1,~1m~t111Xi1 

e1'JVIU1'el1Vl1J' 'U~~'flCWVIJli'.l 30 'e)~f'!11,'ll'til,;1:J~ LU'WL'J'tl1 48 i"l 'i:i.i~Ll,~')f11'W'JnJV11 
q qJ 

,, 
=I 1 "=I~ ... =1'1 ,, 
6Jl')Jl1'V'l (?1(?1'1J'W(Y]1i.J')fi b'W'lJ'e) 4 
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4. 1 n1'J'Vl (71 '6'\'e)U mm� (91'6'\1'j'� f?I ll'J..:J (Pl,'H-J'J"ll'J[l 1'Y'l"ll'el..:J '6'\11'J'Y'l'WfiMl1t.lU'W'el1Vl1 'J'Ll "11..:J
V v I 

bf?ll'.l'W1'6'\11'J�'Wfin�11'Jr.i1nr"l1m'Y'l1::;l�l'.l..:il�'el1'Wi'el 3 ('Vli1rh:f'ell'.l�::;mn'elf?IL'W6Jh..:i 0.1 -
' 

4.2 n1'J'Vlf?l'6'l'elUn1n-J�(Pl'i:\\1rnf?lll'J..:J�..:Jc:i'J�'J[l1'Y'l"ll'el..:J'i:\\11'J�'W(n�11'J1'W'el1Vl1'J'LVl�'J 

n1 rn� (91'6'\1 'J� f?l llN �..:i c:i'J�'J[l1'Y'l"ll'el..:J �'6') 1?1'6\\11'.J�'Wfin �11'.J L 'W'el1Vl1 'Jl Vl�'Hl1Vl'Wf?l'i:\\ (91 'j'�n 
. � 

'W1£1'6'\1?1'6'\11'J�'Wfin�11'J�tr.i1'ruuu'el1V11mi..:i Yeast Malt Extract 'el11'J 24 iCJbN3-!11 �u 
q a., q 'lJ 

�..:JL'W'el1Vl1'Jt'Vl�'J Yeast Malt Extract tfhn{Pl'J 50 i1���{9l'J v'hmnJ3-11u�u3-Jl�'el�i1m'Jl"llch� 
� 

I v ' 

'elillVIJli1 30 'el..:Jl"\1t61l�l�l'J'i:\\ fl'J1m;'J 200 'J'elUm'el'W1'Vl t'U'Wl'J�1 18 6ll'Jb3-J..:J 'W1i'Jl�'el'Vl'el11'J 18 
. � ' 

I v ' 

-nCJ'i:3-1..:i 5 fo-i��(Pl'J�..:i1u'el1V11'Jm�CJn1v1uf?l'i:\\{Pl'Jlli'3-J1(9l'J 50 i1���(9l'J v'i1m"Ju3-!1u�um�'el'Vli1 
� � 

' '
1 .q  .::::,, .c::::I W I _q c;; a,, 1 .c:::I  Q/ 2,1 0

n1'Jl"lll'J1'Vl'elillVl[l3-J 30 'el..:Jl"\1t61l�t61lt.1'6'l fl'J13-ll'J'J 200 'J'elU(Pl'el'W1'Vl tnU{Pl'J'ell'J1..:J'Vl 7 'J'\.HL�'J'W1 
. � 

f?l'J'ell'.h..:J� tnu1�3-!1v'i1 n1'J�'Wt'Vl�l'J..:J� fl'J13-J l;'J 'J'elU 8,000 
I ,:;::l .::::l .::::,, 

'J'elU(Pl'el'W1'Vl 'Vl'elillVIJl3-J 4 'el..:Jl"\1 
. � 

t61l�l�l'J'i:\\ l'U'Wl'J�1 20 'W1'Vl 

v'i1n1'J'Vlf?l'6'l'elUU'J::;iY1in1'Y'l"ll'el..:J'i:\\1'J�f?IU'J..:J�..:J�'J�CJn1'Y'l���(Pl1�tf?ll'.l'W1�CJ'W"ll'el..:J 
v 

"ll'el..:JtVl�'J1U'Vlf?l'6'l'elUn1'Jn'J::;r.i1m.!1ll'u (Oil displacement test) tl�::;r11ltN�..:Jc:i'J (Surface 

tension) t �'el fl f?I t�'el n'i:\\1t.l�'Wfin �11'J�i1u'J::;i'Vlin1'Y'l"ll'el..:J�1'J� f?I tt'J..:J �..:i c:iCJ�'JJl1'Y'l�..:J n� 1�11'.J�'Wfi 
' � . 

l�3-IH�m.11m'el 111

.:::,,, .q .q ' Q/ ' 4.3 (Plf?l(Pl13-Jf1CJ1m�rim"ll'el..:Jl'J'i:\\(91�11'.l'Y'l'Wnn�11'J 
I v 

0 .c::::I tr" IV tr" .::::la,., � i.l ,:::::l W 

'W11'J�(Pl�11'.l'Y'l'Wnn�11'.l'Vlflf?lt�'elnr.i1n"ll'el 4.2 3-!1l'Y'l1::;t�l'J..:JU'W'el1Vl1'Jlt"ll..:J Yeast Malt Extract 3-11 
I v 

;f?lt'U'W'JUn1nU1'VlU'W'el1Vl1JLti..:i Yeast Malt Extract 'VliJil1ll'mf..:itr1'J1::;v1m3-11{9l'J 20 13-Jbfl'j'�(Pl'j' 
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tl1~~(9] Pichia anomala PY1 bbt1:;~~(9]~1U~'Wlfmnu~ri'~b~'ilnL'91 ~l°ltrn:nu 18 •i1h-1~ 
q q 

I 

5 i1t1~~[Pl'j't1~L'W'il1Vl1'J'bVlt!'"Jl71Vl'W~~(Pl'j' l°l'"JUl°l:Wfl11°l'"J1:l-JbU'Wn'J~f?11~~:W~'Wb'Vl1f1U 5.5 lli':W1[Pl'j' 
., q 

I 
I =lc::;;,v 1.c::I a.,, 

200 'J'flU(Pl'fl'W1'Vl bnU(Pl'"J'flU1~'Vl 1, 2, 3, 4, 5, 6 bbtl:; 7 '"J'W 

.::::,,. .::::,,. .0::::,, ..:S-=i..c::I ,::;:,,I~ 

5.2 n1'J[Pl~(Pl1:Wn1'J'b'°l'J')Jbbt!:;n1rnt1(Pl~1'j'tl~bb'J~[Pl~e.J'"J"ll'"J111'\"l'll'il~U~(Pl Pichia anomala PY1 

bbt1 :;~ ~ (91~1 u~'Wfint11u~ ~ ~ b~'il n L'91 
q 

8,000 
I q 

'J'ilU(Pl'il'W1'Vl 

'ilillVl11i1H~ 4 'il~l"11b61lt!b~U~ bU'Wb'"Jt!1 20 'W1Vl'W1~'"J'W'll'il~b61!t!i~1'91bbtlnbflUL'Jb~'il'W13-J1Vl1fl1 q ., 

~ ~ 

tl1V1tl'nbb*~ ~'"J'W'll'il~mmii1'Vl~~'ilun1t1'~fi11"1r.i1iibU'Wnt~f?11~ n1t1'~fi1n1tm:;r.i1utl1~'W 

(Oil displacement test) bbt1:;n1t1'~fl1bb'J~~~e1r.i (Surface tension) vhmt'Vl~t!'il~'Yl1'W'il~ 

b~U'"Jf1U';jfiL'W-if'il~ 2 

' .::::,,. I tf' .c:,I I .::::,,. ..:S=l 

6.1 n1'JVl1"ll'W~'ll'il~ bbVlt!~ 1°11'JU'il'W'Vl bVl3-J1:;~;w (Pl'iln1'j'e.Jt1[Pl~1'Jt!~ bb'J~ (Pl~"Jl'"J111'\"l 
• I ~ 

~m~n bbVI~~ 1°11fo'il'WVI b V1ii1:;~iJ(?]'iln1rn~ (Pl~1rn ~bbN~~ e1r.i;';j111'\"l t~u Vu'\"l1:;b~u~r.i~ 
q 

I t,, f t,, 

'W'Vl1u1'W'il1V11tn1V1'W~~(Pl'JV1bb1he'.rmm~~l°l1fu'il'W L'91bbri nt1ll°l~ 61!ll°lt~ tl1~'W'1'"JbVl~'il~ tl1~'W ., ., ., 
~ ~ ~ 

th iii bbt1:;tl1~'W:W:;'\"l;<1r.i t~u1-if l"lr.i1m-if ii-if'W'll'il~ bbVl~~mfu'ilmvl1nu 4 % b'\"l1:;b~U~b;'ilmii 
~ 

';jfln1t1'W-if'il 2.2 ~~(Pl1iin1nr.i1qJ'll'il~,~'W'Vl1tf 1~1:m1tV11tl1V1urn61!t1ibb*~ fi1m1mtl'Wm~ 
t,, t,, t,, t,, 

f?11~ bbt1:;tl1tl1b~u~ b;'il:w1V11n1t1' ~fi1 bbN~~ e1r.i bbt1:;n1tm:;r.i1utl1~'W t~mtfforn VIUU"ll'W~ 

I ... 

'll'il~ bb Viti~ 1°11'JU'il'W 

6. 2 n1 'JVl1lli'3-J1 illl"l1foil'W~ b V1:w1:;~3-i (?]'fl mm~ (Pl~1'Jt! ~ bb'J~ ~~ e1r.i;'"J111'\"l 
t,, t,, I I 

b~ u~ b;'ilVl ri' ~ b~'iln L(91L 'W'il1Vl1tl71Vl'W~~ (Pl'j' t~u 1-if bb VI~~ 1°11tU'il'WVl b V1:w1:;~ iir.i1n-if 'il 6 .1 ., 

n1'JV11tl1V1t!n b 61!t1ibb*~ fl11°l'"J1:W bU'Wn rn (?11~ c~':W ~'W bbt1:;1h:;~'V]fi111'\"l n1'j'e.J~ (Pl~1'Jtl ~ bb'J~ ~~ e1r.i 

~'"J111'\"l 1~u1~fl1bb'J~~~e1'"Jbbt1:;fi1n1tm:;r.i1utl1~'W 
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6.3 n1jVl1"llU(?)i,i,V1~-:i1tii:11m9u~1,V1ii7:::~i1(?1'fln1jt:.J~l?l~1j~(?)1,1,j-:i~-:ie1r;i~r;i111'V'l 

~ffrl'11,l,Vl~-:JL'Wll?ljl,9'W~l,Vlil1::'.~iJ[?l'eln1jt:.J~(?]~1j~(?)l,l,j-:J~-:Je1'J~'JJl1'V'I 'i:m11,i1:M9~'Wvihr 
' 

., ., 
l(?)l:J1-if fill'J1m.ifiioifwn'el-:Jl,l,Vl~-:JL'Wll?ljl,9'Wi,'VJ1fl1J 0.4 % 1,'V'l1::'.1,~1:.1-:Jl,;'e)(?]1iJ~rfi1'W.if'el 6.2 ~(?)1?11iJn1j 

t, t., t, ,i.l 

1,91'1J"ll'el-:ii~uvi~l1'i:1?1t.1mrn1tl1V1'w'm"ll~~'i,1,*-:i ri1 pH 1,1,~:::tl1tl11,~1:J-:i1,;'eliJTVhmj'J(?)fl11,1,N~-:i 
., 

e1r;iu~:::mmj:::911:Jtl1:wu'i:(?)1:J1,m1:.1u1,V1t11J"llU(?)".ll'el-:Ji,1,V1~-:i1u'i:l?ln9'W 

6.4 n1jVf1lli'il1illL'Wll?ljl,9'W~l,VliJ1::'.~il191'eln1jt:.J~l?l~1j~(?)l,1,j-:J~-:Je1'J~'JJl1'V'l 
ii t, I I 

1,~m1,;'el'Vlr1(?)l~'elnL~'W'el1V11jfl1Vl'W(?)~l?lj l(?)t11-ifi,1,V1~-:i1u'i:1?1n9'W'Vll,VliJ1:::~i191noif'el 6.3 
" ., ., 

_ 1,1,1htrufil1r;i1moifiioif'W".ll'el-:JllV1~-:i1u'i:l?ln9'WlU'W o, 0.1, 0.2, 0.3, 0.4 1,1,~::: 0.5% 1,'V'11:::1,~1:.1-:i1,;'el1?11ii 
., 

';'ji11 uoif'El 2.2 ~(?)1?11iimn91ru".ll'el-:J9~'W'Vl1-t11(?)tJn1jVl1'W1Vl'Wm"ll~i1,1,*-:i ri1 fill'J1muunj(?) 1?11-:i 
., ' 

lVl~'J"JlU(?) Yeast Malt Extract Uil~'ElillVIJli1 30 'El-:Jfil\11,"ll~l~tl~ 1,uu1,r;i~1 18 ir;i'i:ii-:i 5 i1~~~m 
' " I 1' I 

~-:i 1umV11j1,V1mn1V1'W(?)~ 1?1j'Vlilil1:wu5r;il,Vl~'el-:i 4 % 1,uu1,1,V1~-:Jfil11fu'El'W fill'JUf-.lil ri1 fill'J1mu'Wm(?) 

1?11-:iGii!X'W1,'VJ1fl1J 5.5 lli'iJ1(?]j 50 ij~~~(?]j l,1,~'J'V11n1jUiJb'W~Uill,;'el~iln1j1,"1Jcl1~~illVIJJi'1 30 
I 

-=:I I <V' ct I =f .:::::1 ii" 

'El-:J~11,'l!~1,'l!t1~ l".llt11'El1?1:i'11,j'J 200 j'El1Jl?l'el'W1'Vl m:wj::t1::1,r;i~1V11,V1i11::~i191n".ll'El 2.2 

t, t,, t, I I I I 

l(?)t.1'W1tl11,~u-:i1,;'El91n.if'el 7.1 :w1u'Wlmm611~i'el'eln J\'r;imfi111'El-:iUmV1~t1-:Jfill'JUf-.lil~illV1JJi'1 
I !, !, 

VI 4 'El-:ifil\11,611~1,~u~ fill'J1ii1,Jr;ij'e.)1J 8,000 j'e)1J[?!'el'W1V1 1,umr;i~1 20 'W1'Vl 91n'w'utl1tl1%'hu1~:w1 
., 

~n(?)J\''Jm'el~~'El:::~1,1?11?1mi111?1j 1 1,vl1 tl1~r;iu~1-:iii11,1,un~fl(?) 3 fillf-:i 1,1,~r;itl1~'J'WU'WiJ1j::'.l,Vltl 
I !, I 

l'ElVl~'El::'.~ll?ll?l 'El'ElnJ\'r;imfill1'El-:i evaporator J11t111X~111r;i:::~'1)'1)1n1fill 91n'W'W'W1~1j~fl(?)'VlLJi':w1 
I !, 

~:;~1t1J\'r;im:w'V11'W'el~ 1,1,~:::~1-:iJ\'r;ime1m"ll'W 2 j'El1J l~'elfl1~1?l'W1:W'W~'J'Wlfl'W'El'Elnhl (Thanomsub 
I I 1' 

1,1,~:;fillru:::, 2004) j::'.1,Vltl rnm"ll'W'el'eln J\'r;imfill1'El-:i evaporator 1,1,~r;itl1~1j'VIL~:w1vr1tl1vr'w'm'El-:i~1j 
I !, !, 

~!?lli,N~-:ie1r;i~r;iJ11'V'I 1,1,~:::tl1~1j'Yi1J\':w1'Vl(?)~'flun1mj::;91utl1:w'W 91n'w''W1?1j'J9~'ElU'llU(?)".ll'El-:J~1j 
I !, 

~(?)1,1,N~-:Je1'J~'JJl1'V'l'VlLJi'1,u'el-:i!XuJ\'r;i1:.1';'ji1'i:fil1j:I-J1ll?ln:i'1:W (Ito 1,1,~~ Inoue, 1982) 
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8.1 m:n(?l1'm-1~1rn171bbN~'1e1':l;':lfl1i"ll1Xu1'~'Vl1fu1'1ci':l'W!?1'".ltJ analytical Thin-Layer 

Chromatography 

l171tlH'L~~rl'1~b'lJ'Wlb~'W']~fl1b9t1 60 '1J'e)'1U1'11'Vl E.Merk, Dramstadt, 1h~b'Vl~bt.J'e):i'~'W 

'll'W1171 20x20 611:W. Vl'W1 0.2 :w:w. blt1~il~1:i't1~t11tlflt1'e)l:i'~'e)f:1-J[9]'e)b:W'Vl1'W'e)t1[9]'fn11 1'W'fl(?l:i'1ci':l'W 

' ' ' .f-1 ..... I -di 4:::,1 ° .::S .:::.. """ .:::::l 11 ii ii i.l ..:::::i. .:;:,,_ 

65:25:4 bu'WL l'~~ bflt1'e)'W'Vl 'W1~1';i't1171bb';i''1 (?1'1 f.J'J'Vl b(?l';i'tl:l-J bl7191n'll'e) 7 .2 :W1t1~t11tl l?l'Jtlb'e)'Vl'Vlt1'e)~61l 

b(?l(?l~fl':l1m'lf:w'lf-w 10-20 i3t1~nf:W[9]'e)i3t1~~(?1:i' :w1r.i171U'Wlb~'W TLC m:W1(?1:i' 20 1:wtfl:i'~(?l:i' LL~':l • 

L~~Lfl~'e)'W~l'lhn'e)U~171LL~'WVl1'e)L'Vf~'e)'1J'e)U1h~:w1ru 0.5-1 L61l'W~L:l-J(?l';j' r.i1rn1'WU1LL~'W TLC • ,, 
'e)'e) n:w 1'Yl'1 l <J9'WLL iX'1tl1:w1 m':lr.i i:.J t1V11 m171 l'll~'W~':l tJ m :i' l'LI'e)U ~'1 tll'e)'ll 'e)'1 l'e) l'e) ~'W 1 wn1"llw~tl I?! 

~i'l'Vl~'1l':l'LI:i'~:W1ru 15-20 'W1~ LU171fl1"ll'W~'Vl1Lfl1'e)'1Vf:W1tlU1'L':lru~Lll171~i11(?11t1L'll:W Llt1~~'1 

'll1:W~'W1~h l'e)~'W';i'~L'Vltl'-l'WVl:W 171 

r.i1m!'W'll l?)']~m L'-lt1 60 u1-L'Jf;W~'Vl1 Lfl1'e)'1Vf:W1tll':lil1~fl 171~1';i't1171LL';i''1~'1 e1':l;'J[l1i"l iJr'JtJ 
'IJ 

L 'e)VJ t1'e)~'] L(?l (?] 3 flf'1 LLt1~,r 171rhm m :i'~r.i1t1il1~'W'll'e)'1~1:i't1171 LLN ~'1 e1':l;':lfl1i"IU1-~'Vl1f u1'1 ci':l'W~ • 

,, 
fl1:i''ll71~1171';i";i'"lltin1:i'Ll7171~~t1'TI'W (Emulsion Index) l171tl'Vl171~'e)Uf7UU1~'W"lli'1171[9]1'11 1~mi 

t,, t,, I I 

tl1~wfl1 fot11 LLt1~tl1~wn':lLVf~'e)'1 tl1~1:i't11?!LL:i''1~'1e1':l;':lfl1i"l~L(?l1-t1:w1v1r.i1n'lf'e) 7 .2 ii1t1~t11t1 

v)'Jtl 50 i1t1~l:Wt11f 'Vl1-~1e'lll71';i'flt1'e)l';i'~1Ji"ll~'e)f ~ilfl'11:l-JLU'Wn:i'l71~1'1L'VJ1f7U 8 ~ilfl'11:l-Jb'll:W'll'W~1';i' 
,, 

t1171LL:i''1~'1e1':l;':lfl1i"l 1 i3t1~nfiJ[9]'e)i1t1~~(?1:i' i:.J~:wnutl1~'WLL[9]t1~"ll'Wl71 ·1wi(?l:i'1ci':lw~1:i't1171LLN~'1e1':l 
t,, t,, l t I 

;':lfl1i"l[9]'e)U1~'Wl'VJ117U 60:40 (l171t1u1V1un) tl111lumV1~m~m1m;':l 15,000 :i''e)U[9]'e)'W1~ LU'W 

b':lt11 1 'W1~ LL~'JL9'e)91'1 2 L'VJ1~'1H 50 i3t1~l:Wt11f 'Vl1-~le'lll71:i'flt1'e)l';i'~1Ji"ll~'e)f ~ilfl'J1:l-JLU'Wn:i'l?l 

~1'1L'VJ1nu 8 tl1:w11171~1i:J171n~wLL~'1~fl'11:Wtl1'1fl~'W 500 w1 tWL:wm'Ylw~ L~'e)V11~1rn:i'ri'e)~~t1'TI'W 
t,, t,, I I t,, 

LLt1~1?1'1V1'1l':l~'e)ruV1ni3 30 'e)'1~1L61lt1L;t1~ LU'WL':lt11 24 'TI':llm r.i1nuw171171~1rn~t11t1ci':l'W~1'1:W1L9'e) 
• 'IJ 'IJ 

91'1 2 LVl1~':ltl 50 i3t1~l:Wt11f 'Vl1-~le'll171l'flt1'e)l:i'~'Ui"ll~'e)f ~ilfl'11:l-JLU'Wn:i'l71!P\1'1L'Vl1flU 8 LL~'J'll?l~1 

171171n~'WLb~'1~fl'11:Wtl1'1 fl~'W 500 -w1 l'WL:W(?l:i' L~'e) ~1'W':l'WL'LI'e)fonwfl':l1m~~m 1-wrn:i'ri'e)~~t1iw 
'IJ 

(Emulsification stability) Vf1'e)~1~"llum:nn171~~t1'TI'W (Emulsion Index) (Shepherd Llt1~flru~. 

1995) 
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w 
PY1 'U'W'el1Vl1'abb"ll-:J Yeast Malt Extract 

~ ' ~ 

tl1U~~ Pichia anomala PY1 L~1~L~t.h1UU'eJ1Vl1JU.i'1 Yeast Malt Extract ~iJtl1:Wu~u 

uhJ1[?]'.i' 20 hitfl'.i'~[?l'.i' ni:;r.i11:J[7]'.J'e)tlv1'r.i1J'W~'.JWW1'el1Vl1'.i' ihhhJ:w~m1.1m1ii 30 'e)~fl1b6JlrH~m'l bU'W 
41 S 41 

' ~ ' 
b'.l'iN1 1 3 5 bW:;7 ,fo bb~'.JVl1n1'.i''J(?)m1:J.Jnr¥1~1J'hr.iru1~nuu'hr.iru'YliJb~'elb91ru b'W'el(?)fl'.J1:J.J~1:J.J1'.i'nl'W 

., 41 

mn.J~[?]°lJ'el~~1'.i''iN(?)bb'.i'~~~~'.l~'.l.fl1'W [7]-:J[?l1'.i'1~~ 3.1 U~(?)~U·hr.iru1~u'W'el1Vl1'.i'bb'D~ Yeast Malt Extract 

"ll'els'.l;~f?l Pichia anomala PY1 'LI:J.J~'elruVl.nii 30'el~f!1b6Jl'iNL~tJ~ bU'Wb'.l'iN1 1, 3, 5 bL'iN:; 7 'J'W 
' 41 

[?]1'.i'1~~ 3.1 fl'.l1:J.Jn,j1-:i"1J'el'1U1br.iru1~ LL'iN:;"1l'W1(?) tfl l'iN'W"ll'els'.!U~f?l Pichia anomala PY1 b~'el'LI:J.J 

U'W'el1Vl1':i'bbi-:i Yeast Malt Extract ~'elruvi.nii 30 'el~f!1L6Jl'iNb~tJ~ LU'Wb'.l'iN1 1, 3, 5 LL'iN:; 7 'J'W 
' 41 

~ 

n1'.i''LI:J.Jb~'e) ('J'W) 

,., .-
m1:wn,j1-:i (6ll:w.) ~11:J'W'Wfi 

' 
1 3 5 7 

PY1 u1vJru1~ 0 1.07 1.60 1.60 

°ll'W1(?) tfl t'iN'W 0.32 0.53 0.80 0.80 

' ~ ~ ~o ,:;::,I ~..::::lo,, ~ 

L:J.J'el'Vl1n1'.i'b'W1:;b'/Ntl'1b"ll'elr.J~[?] P1ch1a anomala PY1 U'W'el1Vl1'.i'bb"ll'1 Yeast Malt Extract 
' ~ 

i,Hn[?lb'H'W1J1Lr.iru1~'l~.n1u1mr.i'iN1 3 fu U'iN~b~'el'LI:J.JbU'Wb'.l'iN1 5-7 fu u1Lr.iru1~r.idJfl'.l1:J.Jn,j1-:i:w1n~u 
I I t,, f I t, t, I 

bL'iN:;fl~'Yl 1-w°ll ru~'Yl"ll'W1 (?)fl'.J1:wn,j1-:i"1J'el-:i b~'el'Yl br.i1nJuumvi1ir.i:;Ll'i:w~'W[7]~ bbf?l 1-3 f u ~-:J~(?) 1-wf u'Yl 5 

' ~ ' 
ihu~f?l Pichia anoma/a PY1 L'W'el1Vl1'.i'bVl'iN'.lll1Vl'W(?)~~'.i''Ylih11~'Wtl'.lbVl~'el-:J 4% bU'WlbVI~~ 

41 

~ 

'elruvi.nii 30 'el'1f!1b6Jl'iNb~tJ~ b"1Jtl1<a'~t1blr.i 200 '.i''elUf?l'el'W1'Yl bU'Wb'.l'iN1 7 fu 'J(?)n1'.i'Lr.i1ru"ll'el'1L~'elt(iltJn1'.i' 
' 41 ., 

'Vl (?)~'eJUV11tl 1vi'w'n bb ~'1"1l'el'1 b 6Jl 'INi ,r (?I f11 m1:w bU'Wn'.i'(?) 1?11-:i bb'IN:;'Vl (i\~'el1JU i:;~'Vlfi .n1"W"1J'el'1~1'.i''iN (i\ bbt-:i ~~ ~r.i 

~'.l.fl1'Y'l~c.J~[?]'lKl:(iltJ 'J(il~'W~mim:;r.i1ml1~'W (Oil displacement test) bb'iN:;n1'.i''J(ilf11bb':i'~~~~'.l 

(Surface tension) 
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I t,, t, I i,, t,, 

1Y11:r1~V1 3.2 bb~1?1~fi1tl1V1-wnu.1X~ fi1fl'J1inutm:r1?1r,h~ Lb'tl:::Yl'WV1n1m:r::;r.:i1t.1tl1~'W'll'eM'W1 
9.1 t,, I I t,, I 

L~t.l~b~iervlhlih6.ll'tli bi'.hrvi1n1tbYn:::b~t.l~U~171 Pichia anomala PY1 l'W'r.l1Vl1'.i'bVl'tl'Jfl1Vl'Wi?l~IYl'.i''VliJ ., 

tl1~uJ'JLVl~'el~ 4% bU'Wbmti~fl1fu'el'W il NaNO3 0.4 % bU'WbbVl~~l'WllYl'.i'b'°l'W UiJ~'elillVIJli:J 30 'el~v'\1 q ., 

L6.il'tlL;t.1~ bU'WL'JmO 1, 2, 3, 4, 5, 6 bL'tl::: 7 1u 

I 
~ CV (> 'iJ" Ji J ;;- >V >V <al 

fl1bb'.i'~~~eh (mN/m) 'J'W'\11 'W1Vl'WnL6.il'tl'tl LLm (g/1) pH ~'W'Vln1tn'.i':::91t.l'W1iJ'W 

(cm
2

) 

0 0.46 5.50 0.30 62.00 

1 1.47 5.99 0.41 60.48 

2 4.38 6.33 0.69 52.89 

3 7.59 6.54 1.33 50.7 

4 9.18 6.39 1.17 49.94 

5 9.72 6.79 3.94 36.83 

6 10.43 6.63 4.37 37.25 

7 11.16 6.81 5.07 38.1 

aa ,.....,_ 12 
e;; N ..,, ~ 10 ..,, 

'Ir 
I ,,_, 
0. 

)~ 
8 

,.....,_ 
<::::: r 6 .:9 ~.;;::!! 

~~ 
.;J 

4 r 
..,, @' ..,, aa 

2 l§ er-
C 

~ er- 0 r r 
~.;;::!! C 

r r 
"<s: "<s: 

0 1 2 3 4 5 6 7 8 
.., d 
'J'iJ'Vl 

., ., 
-+- 'W1Vl'WnL6.ll'tliLL1X~ -111- pH 1"11m:rm::;r.:i1t.1tl1~u 

I 1,1 t, I t,, 

'.i'U'Vl 3.1 l,l,~1?1~'"11'W1Vl'Wnbb'lX~ '"11fl'J1iJLU'i.!n'.i'i?lf?11~ Yl'iJ'Vln1tn'.i':::91t.l'W1~'W bb'tl:::'"11LL'.i'~~~t1'Jl'W'll'el~ ., 
t,, t,, !/ I t,, I !/ I 

tl1L~t.1~L~'el L~'e!Vt1mn~1::;L~mu~171 Pichia anomala PY1 l'W'el1Vl1'.i'LVl'tl'Jfl1Vl'Wf?l~f?l'.i'VliJtl1~-wn'JbVl~'el~ ., 
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' ~ 

1'-w'Vl 7 b'll~i~1:w1rn e-i~ (?]~1rn (?1 bbN ~..:i i1r;i~r;i111'V'l1~~ b(?)l:J r111:w~1:w1rn 1 wn1 tm:::r.i1utl1J!mn:i..:iu~ l?l 

Pichia anoma/a PY1 bi:w~..:itw1'W1''W~ 3-4 u~:::1'1X~w~mtm:::r.i1ml1J!'Wl:'1..:Jl:'1(?1l'W1''W~ 7 whnu 5.07 
'iJ 'iJ q 

3. n1'irn:nti'W'Wfi0\'lti'i-:ii'5~1?1'i1L'l L'flL~l?l • 
I t,, ti I I I 1 

biltervhn1n9'el91..:J b~'ell1..:J"Jl (?) fl'J'l.J fl:W u~::;"jj (?)'Vlri'el n1m~1mf 'Wfi'Vl b 'v1:W1:'.:l:'1:W bb~'J'W1 hl bn~l:J1 *i'J 
q 'I q q 

I I t,, I 

e'.i1v1u1mv11'.i' U:W'Vl'elruv111:i'.l 30 'el..:JPl1b'll~b~l:Jl:'1 b1J'Wb'J~1 48 onr;i'l:w..:i 'V'l'l.Jb~'elbr.i1'ru1'W"ll{?)fl'JUfl:wbb~:::"Jl(?)'Vlri'el 
q 'll Q.I q q q 

' "' ' (?]1'.i'1..:JVI 3.3 bbl:'1(?1..:Jfl1 CFU/ml. 'll'el..:J"Jl(?)fl'J'l.Jfl:W 
q q 

' ' ' "' "Jl(?)'Vl 2 "' "jj (?) fl'J'l.J fl:W "Jl(?)Vl 1 vu~l:J q q q q 

91'W'J'W bfl b~'W(?J'elb'V'l~Vl 311 450 380 

' ' =:J I =:J l Q/ ' 

(?]1'.i'1..:JVI 3.4 bbl:'1(?1..:Jfl1 CFU/ml. ']j'e).,:j"Jl(?)Vln'eln1'.i'n~11:J'V'l'Wfi 
q q 

' I CV (l"'=:I 

"Jl(?)n'eln1'.i'n~11:J'V'l'WfiVI 
q q 

'.i':'.:l:J:'.:b'J~1(?11..:J1 ('J'W1'Vl) 91'W'J'Wbfl fo'W(?J'elb'V'l~Vl 

0 380 100 

2 95 3.05 

4 13 0.41 

6 6 0.19 

8 2 0.06 

10 1 0.03 

12 1 0.03 

14 0 0 
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G 100 
Cal 
~ 80 ~ 
r 
C: 60 
~~ 
a 40 ::I 

)~ 20 

0 

fl'i1'VhtillGh1'iilUiiH~fl1'i'ielGl"llih1 Pichia anomala PY1 
vi fl ilfl1'ifl in uwiuf Gl1 ti~-:! tUiiilGl'i1 'l"lliltiilGI 

0 2 4 6 8 10 12 14 16 

:i''LJ~ 3.2 bb~'71-m:i'1'Y'lbb~'71\Jr'elt.11N:::n1n'el!?1"1l'eM Pichia anomala PY1 ~fl'eln1:i'n1N1t.l'l~\Jfi~'lt.l .., ' 
f\J~'fJ1N(?]:i'1 L'l t'elbtN(?] ~61i'l\Jb'ltN1(?11\J1 

r;;; 
mnl:.l'U'W'el1Vl1'a'Wlh'l Yeast Malt Extract 

., 
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0 CV fS" 0 Q/ 6' 0 =J w' 

'W1~1t.l'V'l'W~ntN1t.l MU "'l1'W'l'W 104 ~1t.l'V'l'W~:l-l1'1'11n1:i'b'V'l1:::btNt.l\JU'W'el1Vl1:i'bb"1l\J Yeast Malt Extract 
t i/ I ii' I 

'V!i'.ltl1J1'-w~um:1-J1(?]:i' 20 1:wtr1:i'~(?]:i' bb~'l'J'71'"1'l1:l-Jn'11\JU1b'lru1~ bbtN:::"1l'W1'71"1J'el\J tr1 foil d'foiJm~'el'Vl'elnJVIJl~ ' .., 

' ,::::,l =- ,c;S.Qi...:,J C. ..:::,ltf' 

(?]1:i'1\J'Vl 3.5 n1:i''Vl'71~'el1Jn1de.JtN(?]~1d1N'71bb:i'\J{?]\}e-J')"]j')Jl1'V'l1J'W'el1Vl1:i'bb"lJ\J Yeast Malt Extract "lJ'el\Jt.l~(?] 

Pichia anomala PY1 bbtN:::~1t.1~'WfintN1t.1 
' 

., .-
r1':J1:wn'11\J ("ll:w.) rl'l1:l-J(?11\J ("ll:l-l.) ~1t.l'V'l'Wfi 

' 

u1b'lru1~ 1.65 

PY1 "1J'W1!?1 tr1 ttNi1 1.4 0.25 

u1b'lru1~ 1.65 

MU1 "1J'W1!?1tr1t1Ni1 1.4 0.25 

u1b'lru1~ 1.7 

MU2 "1J'W1!?1 tr1 ttNi1 1.45 0.25 
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~1tlr'Z'l-.!fi r111:wn':l1--:i (6ll:w.) m1mh--:i (6ll:W.) 
' 

u1L1ru1~ 2 

MU3 6ll'l-.!11?1tr1fof1 1.7 0.3 

u1L1ru1~ 1.7 

MUS 6llu11?1tr1fof1 1.5 0.2 

u1L1ru1~ 1.6 

MU6 6ll'l-.!11?1tr1fof1 1.6 0 

u1L1ru1~ 1.9 

MU7 'll'l-.!11?lbAfo'W 1.7 0.2 

u1L1ru1~ 1.65 

MU8 'll'l-.!11?lbAfo'W 1.5 0.15 

u1L1ru1~ 1.7 

MU9 6llu11?1 tr1 t'tlu 1.45 0.25 

u1L1ru1~ 1.4 

MU10 'll'l-.!11?1 tr1 fof1 1.3 0.1 

u1L1ru1~ 1.8 

MU11 6llu11?1tr1t'tlf1 1.5 0.3 

u1L1ru1~ 1.7 

MU12 'll'W1 !?I bA b'tl'W 1.4 0.3 

u1L1ru1~ 1.4 

MU13 'll'W11?1 tr1 t'tlu 1.2 0.2 

u1L1ru1~ 1.7 

MU14 'll'W1 (?I tr1 fof1 1.4 0.3 

u1L1ru1~ 1.6 

MU15 61J'W11?1tr1fot1 1.6 0 

u1L1ru1~ 1.4 

MU16 'll'l-.!11?1 tr1 fof1 1.4 0 
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~1uvr-wif A'J1J.Jn'J1--:J ("l!J.J.) A'J1:i.Jl911--:J ("l!J.J.) 
' 

MU17 u1'l'Jtu1~ 1.5 

'll'W1f?l LA L'iNil 1.5 0 

MU18 u1l'Jtu1~ 1.5 

'll'W1f?lLAL'iNil 1.5 0 

MU19 u1L<Jru1~ 1.5 

'll'W1f?1LAL'Clil 1.5 0 

MU20 u1l'Jtul~ 1.35 

'll'W1f?l LA foil 1.35 0 

MU21 ull'Jtul~ 1.55 

'll'W1f?l LA foil 1.4 0.15 

MU22 u1'l'Jtu1~ 1.6 

'll'W1f?lLAL'iNil 1.4 0.2 

MU23 u1l'Jtul~ 1.55 

'll'W1f?l LA L'iNil 1.35 0.2 

MU24 u1l'Jtu1~ 1.55 

'll'W1f?l LA foil 1.4 0.15 

MU25 u1l'Jtu1~ 1.75 

'll'W1 f?1 LA foil 1.45 0.3 

MU26 u1l'JtuL~ 1.45 

'll'W1f?l LA L'iNil 1.3 0.15 

MU27 u1l'Jtu1~ 1.7 

'll'W1f?l LA L'Clil 1.45 0.25 

MU28 u1l'Jtu1~ 1.85 

'll'W1 f?1 LA foil 1.6 0.25 

MU29 u1l'Jtu1~ 1.45 

'll'W1f?lLAL'iNil 1.2 0.25 
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~1tl~'l-!fi ~'J1:Wn')1-:J ('11:W.) ~'J1:W(?]1-:J ('11:W.) 
' 

MU30 u1L1ru1-cl 1.5 

-nu1~t~t~i1 1.35 0.15 

MU31 u1L1ru1-cl 1.6 

'll'l-!1~t~foi1 1.4 0.2 

MU32 u1L1ru1'tl 1.5 

'll'l-!1~t~foi1 1.3 0.2 

MU33 u1L1ru1'tl 1.6 

'll'l-!1~t~foi1 1.4 0.2 

MU34 u1L1ru1'tl 1.5 

-nu1~t~t~i1 1.45 0.05 

MU35 ulL'Jillb'tl 1.7 

'll'l-!1~t~foi1 1.5 0.2 

MU36 u1L1ru1~ 1.55 

-nu1~t~t~i1 1.45 0.1 

MU37 u1L1ru1-cl 1.7 

-nu1~t~t~i1 1.6 0.1 

MU38 u1L1ru1-cl 1.55 

'll'W1 ~ t~ t~i1 1.4 0.15 

MU39 u1Lr:iru1-cl 1.4 

-n-w1~t~t~i1 1.3 0.1 

MU40 u1Lr:iru1~ 1.3 

'll'W1~ t~ t~i1 1.3 0 

MU41 u1L1ru1'tl 1.6 

'll'W1~t~foi1 1.45 0.15 

MU42 u1L1ru1~ 1.6 

-nu1~t~t~i1 1.45 0.15 
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., .-
m1~n,Y1~ (6Jl~.) fl'J1~[?]1~ (6Jl~.) ~1HV'l'Ufi 

q 

MU43 1i}1.'Jru1~ 1.7 

'1Ju1~ Lfl foi:l 1.45 0.25 

MU44 u1'1.'Jru1~ 1.45 

'1Ju1~ Lfl foi:l 1.4 0.05 

MU45 u1'1.'Jru1~ 1.95 

'1J'W1~LflLINU 1.55 0.4 

MU46 u1'1.'Jru1~ 2.2 

'1Ju1~'i:1-1foi:l 1.5 0.7 

MU47 u1'1.'Jru1~ 2.1 

'1Ju1~'i:1-1foi:l 1.5 0.6 

MU48 u1'1.'Jru1~ 1.7 

'1J'W1~ Ll-1 LINU 1.35 0.35 

MU49 u1'1.'Jru1~ 1.9 

'1J'W1~ Ll-1 LINU 1.45 0.45 

MU50 u1'1.'Jru1~ 1.6 

'1Ju1~ 'i:1-1 foi:l 1.4 0.2 

MU51 u1'1.'Jru1~ 1.75 

'1J'W1~ Ll-1 LINU 1.6 0.15 

MU52 u11.'Jru1~ 1.8 

'1J'W1~ Ll-1 LINU 1.5 0.3 

MU53 u11.'Jru1~ 1.9 

'1J'W11?1 'i:1-1 LINU 1.5 0.4 

MU54 u11.'Jru1~ 1.5 

'1J'W1 l?l Ll-1 LINU 1.55 0.05 

MU55 u11.'Jru1~ 1.6 

'1Ju1 l?l Lfl foi:l 1.4 0.2 
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,., .-
r1r:i1imi¥1~ (6llJ.J.) ri'J1J.-1~1~ (6llJ.J.) 'i:'l1t.l'Y'l'Wfi 

' 
MU56 u1'1,r:iru1'i:'l 1.8 

'll-w1 f?l tr1 fo-w 1.5 0.3 

MU57 u1'1,r:iru1'i:'l 1.75 

'll'W1f?ltr1t~i1 1.5 0.25 

MU58 u11,r:iru1'i:'l 1.8 

'll'W1f?ltr1t~i1 1.6 0.2 

MU59 u1'1,r:iru1'Cl 1.8 

'll'W1f?ltr1t~i1 1.5 0.3 

MU60 u1'1,r:iru1'i:'l 1.7 

'llU1f?lbrlb~'W 1.5 0.2 

MU61 u1'1,r:iru1'i:'l 1.95 

'llU1f?lbflfo'W 1.45 0.5 

MU62 u1'1,r:iru1'i:'l 1.8 

'llu1 f?l tr1 t~i:\ 1.6 0.2 

MU63 u1'1,r:iru1'i:'l 1.9 

'llU1f?lbflfo'W 1.6 0.3 

MU64 u1'1,r:iru1'i:'l 1.8 

'll-w1~tr1t~i1 1.6 0.2 

MU65 u1'1,r:iru1'i:'l 1.6 

'Jlu1~tr1t~i1 1.4 0.2 

MU66 u1'1,r:iru1'i:'l 1.6 

'll-w1~ tr1 foil 1.3 0.3 

MU67 u11,r:iru1'i:'l 1.7 

'll-w1~ tr1 t~it 1.5 0.2 

MU73 u1'1,r:iru1'i:'l 2.0 

'll'W1~tr1t~i1 1.6 0.4 
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~1r.J~'Wfi ri'".niin·h-:i ('llii .) w:niit?h-.:i ('lliJ.) 
' 

MU74 1J1'vmJ~ 1.8 

61J'W1C?itrifail 1.6 0.2 

MU75 1J1'vnu1~ 2.4 

61J'W1 C?l tri t~il 1.65 0.75 

MU76 1J1'vnu1~ 1.75 

61J'W1C?l tri fail 1.5 0.25 

MU77 1J1'vnu1~ 2.1 

61J'W1C?itri1~il 1.7 0.4 

MU78 1J1'vnu1~ 1.8 

61J'W1C?itrit~il 1.6 0.2 

MU79 1J1'vnu1~ 1.8 

61J'W1C?itrit~il 1.5 0.3 

MU80 1J1l'HU1~ 2.0 

61l'W1C?itr1foil 1.7 0.3 

MU81 1J1'l'lru1~ 2.0 

61l'W1C?itr1t~il 1.8 0.2 

MU82 u1'l1ru1~ 1.7 

61lu1C?i tr1 foil 1.4 0.3 

MU83 u1'l1ru1~ 1.8 

61l'W1C?l tri foil 1.5 0.3 

MU84 1J1l'lru1~ 1.8 

61l'W1C?itr1t~i1 1.5 0.3 

MU85 u1'l1ru1~ 1.6 

61l-w1C?i'i:r1fai1 1.4 0.2 

MU86 u1'l1ru1~ 1.9 

61l'W1C?itr1t~il 1.5 0.4 



50 

.., .-
Pl'11~n'l1'1 ('ll~.) P1'11~1?11'1 ('ll~.) ~1tl'V'l'Wfi 

q 

MU87 u1'b11ru1~ 1.9 

6ll'W1 fn tP1 foil 1.55 0.35 

MU88 u1'b11ru1~ 1.7 

'll'W1fn tP1 t~il 1.6 0.1 

MU89 u1'b11ru1~ 1.8 

'll'W1fn tP1 t~il 1.6 0.2 

MU90 u1'b11ru1~ 1.8 

'll'W1fn tA t~n 1.6 0.2 

MU91 u1'b11ru1~ 1.8 

'll'W1fnlAl~'W 1.7 0.1 

MU92 U1b'1lli1~ 2.0 

'll'W1fnlAl~'W 1.8 0.2 

MU93 u1'b11ru1~ 1.8 

'll'W1fn tA t~n 1.5 0.3 

MU94 u1'b11ru1~ 1.9 

'll'W1fn tP1 t~u 1.4 0.5 

MU95 u1'b11ru1~ 1.7 

'll'W1fnlAl~'W 1.7 0 

MU96 u1'b11ru1~ 1.65 

'll'W1fn tP1 foil 1.45 0.2 

MU97 u1'b11ru1~ 1.9 

'll'W1fn tP1 foil 1.8 0.1 

MU98 u1'b11ru1~ 1.9 

'll-w1 fn tP1 foil 1.7 0.2 

MU99 u1'b11ru1~ 1.8 

'll'W1fn tP1 t~u 1.7 0.1 
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'i.'l1r.Ji~'t,i{ fi'l'J1iJn11..:i (<JliJ.) fi'l'J1mh..:i (6llil.) 
' 

MU100 1J1b'JNl'i.'l 2.0 

°ll'W1(?1 bf"! birw 1.7 0.3 

MU101 u1Lr;iru1'i.'l 1.7 

°ll'W1(?1bfi'lb~u 1.5 0.2 

MU102 1J1b'JNl'i.'l 1.8 

°ll'W1 (?) bf"! foil 1.5 0.3 

MU103 u1Lr;iru1'i.'l 1.65 

°ll'W1 (?) bf"! b~u 1.6 0.05 

MU104 u1Lr;iru1'i.'l 1.65 

°ll'W1(?1bf"!foil 1.5 0.15 

4.2 n1'ib~~{Ybb~~n1'ieJ;IP1'6't1'i~lilbb'i..:J~..:J~'J~JhJnW°ll'el..:J Pichia anomala PY1 bb~~'6't1t1-vru~ 

n~1t1l 'W'el1Vi1'ib V1~1 

4.2.1 'el1Vi1'ib V1~1'V1i'.in~ tfl'?t 8% b tlubb Vi~..:Jfl1'i'U'el'W 
"' ' ,, ,, 

bi'.1'el1~vhn11b~r.J..:Jb~'elU'i.'ll?l Pichia anomala PY1 bb'i'l:;'/.'l1r.J~'Wirnnr.J l'W'el1Vl1'Jb'Vl'i'l'J 
' 

' ' al a 1 =Jacv 1=J cv .di=- =-
'e)..:Jf"\1b6Jl'i'lb6Jlr.J'i,'j fi'l'J1ilb'J'J 200 'J'el1Jl?l'el'W1'Vl bn1J(?l'J'elt.l1..:J'Vl 7 'J'W b'W'ell?1(?1(?11iJn1'Jn1'Jf-J'i'l(?l'/.'l1'J'i'l(?)bb'J..:J 

~..:i~1~r;in1'V'l b(?)r.Jn111~~'W~m1m:;r.i1ml1:w'W bb'i'l:;r11 bb'J..:J ~..:ie'.h f?1..:J bb'i.'l ~..:i l'W(?l1'J'1..:J~ 3 .6 

,, ' ,, 
f1sT (mN/m) 

., .-
~'W'Vlm1m:;r.nr.J'W1:W'W (cm

2
) f11bb'j'..:J~..:J~'J (mN/m) ~11'.l'V'l'Wfi 

' 
PY1 1.13 52.5 5 

MU1 0.79 53 4.5 

MU 2 0.38 54 3.5 

MU 3 0.95 51 6.5 
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,, ' ,, 
~1tl~kl{ ViU'Ylmrnt~r.i1t1tl1JJu (cm

2
) A1LLt..:i~..:i~'J (mN/m) l:isT (mN/m) 

MU 5 0.38 53.75 3.75 

MU 6 0.95 55.15 2.35 

MU 7 0.07 51.5 6 

MU 8 0.07 52.5 5 

MU 9 0.5 51.85 5.65 

MU 10 1.77 49.5 8 

MU 11 0.28 52.05 5.45 

MU 12 0.64 45 12.5 

MU 13 0.79 48.9 8.6 

MU 14 1.33 48.65 8.85 

MU 15 0.5 44.4 13.1 

MU 16 0.95 45.4 12.1 

MU 17 1.13 47.25 10.25 

MU 18 0.79 44.25 13.25 

MU 19 1.33 45.45 12.05 

MU 20 1.13 50.3 7.2 

MU 21 4.52 52.35 5.15 

MU 22 1.13 54.5 3 

MU 23 2.83 50.55 6.95 

MU 24 2.54 49.5 8 

MU 25 0.95 47.65 9.85 

MU 26 1.13 53.25 4.25 

MU 27 0.64 50 7.5 

MU 28 2.01 44 13.5 

MU 29 0.5 49.15 8.35 

MU 30 0.79 44.75 12.75 
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fisT (mN/m) 

MU 31 0.5 53.2 4.3 

MU 32 0.64 49.75 7.75 

MU 33 0.38 51.35 6.15 

MU 34 0.79 51.1 6.4 

MU 35 0.64 49.35 8.15 

MU 36 0.38 52.25 5.25 

MU 37 0.79 47 10.5 

MU 38 0.5 46 11.5 

MU 39 0.79 56.25 1.25 

MU 40 1.13 55 2.5 

MU 41 0.95 49 8.5 

MU 42 0.64 52.4 5.1 

MU 43 0.79 49.5 8 

MU 44 0.79 49.5 8 

10
8 

L•1H-i~foi'eliJ~~~1ni~'Jt1f-:i~ra~1ni1L'Jl'elL~1n ~-1h-:iL'J~1 o, 2, 4, 6, 8, 10, 12 u~:; 14 ';j'WTYJ 'V'lU'J1r.i:; 

L~~1 tJ~u{nm tJ~il r-h mi'B ui'el ~'eltl1-w·ih-:i~ L vn-n :;~:1-.1~ Ln ~ mm~1 tJ~'Wfi ~'Jtl f-:i ~ra~ 1ni1 L 'J L'B L~ 1n ~'el 
q cu 'iJ q 

I t, 

0.1-1 % (1n1i1-:ivi 3.4) t~t1'Vl1mii~L~'Bn~1t1~u{n~1mtl'B-:i~'W 104 ~1t1~-w{r.i1nuumV11rn'li-:i 
q ' 

I t, I 

Yeast Malt Extract viil{rnr-w~uill:1-.111ni 20 L:l-.llr!J~l?lJn:i':;r.i1rnK'J'elU'Yl'J 
" 

r.i1m!'W'Vl1n1:i'~:l-.1~1tl~'Wfin~1tJ91U'JU 44 ~1tJ~'Wfi:l-.11'\ll~~'el-:iLim11'W'B1Vl1JLVl~'J171VIU~~!nJ 
q q Cl 'ii 

I t,, I I 

'Vliln~ lf-1~ 8% LilmLV1~-:if-11fu'el'W u:1-.11u~um~'B'Vlitmn'llrh'Vl'BillVIJ7iJ 30 'el-:if'1\wnm;fo~ f-1'J1:l-.lL~'J cu cu q cu 

200 :i''elU(?l'B\J1'Yl Lil'WL'J~1 7 '1'W 'V'lU'J1iJ~1tJ~'Wfin~1tJ 7 ~1tJ~'Wfi~'B MU10, MU14, MU19, MU21, 
' ' t,, l !,, I 

MU23, MU24 u~:; MU281*Y1-wvimmi:;r.i1m'.l1~'W~-:inr;i1~1tJ~'Wfi PY1 (?l-:iLL~~-:i1'W1n1i1-:iV13.6 
" ' 

!.I I t., t,, 1/ 

1u91'W'J'WU'V'lur;i1il 26 ~11:J~u{ vi1* fisT 'll'B-:iti1L~t1-:iL~'B~-:inr;i1~11:J~'Wif PY1 (?l-:JLL~~-:i1'W 
' " ' 

1n1i1-:i~ 3.6 9'1'Vl1n1:i'"1~L~'eln~1tJ~'Wfi MU14, MU19, MU21, MU23, MU24 LL~:; MU28 H~mn 
' 

(?l'f:lLtl 
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4.2.2 'el1Vl1'ib V1~1v1iiJ1aruk1lb'Vl;'el-:J 4% bU't.!bb Vl'li-:i~nf.u'el't.! 

L(?)md111cJf'Yl1n1J'bit.1-:ib~11~~(P] Pichia anomala PY1 bb~:;~1uv~'i.1in~1t.1 MU14, MU19, 
' 

' t, ' 

MU21, MU23, MU24 bb~:; MU28 l'W'el1Vl1Jb'V1~'1n1Vl'W(?)~(P]J''VlnirnJ-wn'HVl~'el-.'.I 4% bU'Wbb'Vl~-.'.1 
'll 

t, ' ' 

rnfu11'W bb~'1'Yl1n1J'UilL'Wfl11Jl-Jb~'el'Vlnn1n'llU1'Vl'flill'V11li1 30 'el-.'.lf'\1b'l!~b~t.l~ f11'11mlr;i 200 J''fl1W1'fl'W1'Vl 
'll ' 'll 

t, ' t, 

1?h-:i bb~:;n1'.i'e-1~ (Pl~1rn (?)UJ'-.'.I ~-.'.lelr;i;h11Tv'-l L(?)t1n1'.i'1'(?)~'WV1n1'.i'm:;r.nuihl1'-w bb~:;fl1 bbN~-:i e'Jr;i f?l-.'.I bb~(?)-.'.I 

1-w(Pl1J'1-.'.I~ 3.7 

I 1/ I t,, t,, !,, t,, 

m'.i'1-.'.l'Vl 3. 7 bb~ (?)-.'.I ~'W'Vl m'.i'm:;r.nm11l1'-w fl1 bb'.i'-:i ~-:i elr;i L'W'll11-:itl1 b~t.1-:i b~'fl f"i1 f11'11il bU'Wn'.i'(?) 
t, ' t, 

1?11-.'.lbb~:;f]11),1Vf'Wrnb'!X-:i d'.l'fl'Yl1n1Jbi''l1:;b~t.l-:i~~i Pichia anomala PY1 bb~:;~1uvr-win~1t.1L'W'el1'\,11J' 
' t, ' 

m~r;in1Vf'W(?)~ (P]J'Vlntl1lY-wnr;i b'Vl~'el-:i 4 % bu-wu VI~-.'.! f111fo'el'W 
'll 

PY1 

MU14 

MU19 

' ., "'" 
'1'W'Yl 

1 

3 

5 

7 

1 

3 

5 

7 

3 

5 

7 

0.23 

0.5 

5.72 

3.46 

0 

0.5 

0.2 

1.33 

0.13 

0.5 

0.5 

0.5 

(mN/m) 

61 

59.5 

46.8 

41.7 

58 

54.5 

60 

56 

52 

54 

53.5 

53.5 

f1ST 

(mN/m) 

8.5 

7 

5.7 

10.8 

5.5 

2 

7.5 

3.5 

0.5 

1.5 

. ' 

V 
0 ., .. 

't.!1Vl'Wnb'11~~ 
pH 

mX-.'.I (gtl) 

5.9 2.506 

6.04 6.595 

6.76 10.183 

7.2 11.414 

5.84 1.921 

6.01 6.657 

6.26 10.068 

6.82 10.411 

6.21 2.43 

6.01 7.26 

6.2 10.84 

6.75 8.46 



MU21 

MU23 

MU24 

MU28 

' ~ .,; 
'J'WVl 

1 

3 

5 

7 

1 

3 

5 

7 

1 

3 

5 

7 

1 

3 

5 

7 

(mN/m) 

0.64 53 

0.64 62 

15.26 41.5 

12.56 39 

0.5 60.5 

0.38 53.5 

2.54 ·45.5 

5.72 40 

0.38 53 

0.38 54 

0.95 51 

18.09 39 

0.38 62 

17.56 46 

10.75 42 

5.72 39 

55 

pH 
(mN/m) 

0.5 6 2.81 

9.5 6.1 8.45 

11 7.19 9.13 

13.5 7.72 15.59 

8 5.91 2.45 

1 6.25 6.49 

7 7.02 12.23 

12.5 7.21 14.35 

0.5 5.98 3.15 

1.5 6.1 9.43 

1.5 7.16 10.1 

13.5 7.39 11.97 

9.5 5.91 2.75 

6.5 6.53 7.738 

10.5 7.22 10.5 

13.5 7.62 13.082 
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iljG1-:ivl:Oil,:iluihtv1a&1-:1 4% tiluu1.u:i-:1Fn{1mu 

1uvl 

' ., ' 
'el1Vl11lVl~')fl1Vl'W(?)~ ~:i'Y1i'.jtl1a!unr.im~'el-:! 4 % LU'WLlVl'6'1-:! rnfo'el'W 
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60 
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r 
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" 

R,u':i-:im-:1A11uuGie:i~1u'l.liNue1GfuGia~e1,uwuff1u&1Ttn':ima1 
riT1-1UG1IG1-:ivl:Oih:iluihma&1-:1 4% d'.luuu;;:i-:1Fn{u&1u 
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-+-PY1 

-MU14 

MU19 

-->c-MU21 

-MU23 

-MU24 

-+-MU28 

-+-PY1 

-MU14 

MU19 

-,c--- MU21 

-MU23 

-MU24 

-+-MU28 



-

9 

8 

7 

6 

J: 5 

~hm,:utiluMG1Gi,-:i'luur.i6l::1u'lJa-:1uiilmii1,uwuffr.i,-:1'11ua,in"i 
titil1nTMUG1~G1"i'A:uihilurhnA~a-:i 4% tiluumi-:i~n{uau 

a. 4 

18 

16 

3 

2 

0 

0 

~hthuum'l.filolU1,1'J'lUUG1il::'Su,rn"uo1Gf.i1uwutfGl1"'l'lUil11,11"imil'l 
ri1uuG1e! G1'i-Ailtl1iiuii1 m ii il" 4% tiJuumi"A1'iUil u 

°a, 14 -,? 
~ 

12 
,::s 
ca: 10 
ca: 
f 8 
C: 6 l;;::Y 
~ 4 r-

'';;::Y 
2 

0 

0 2 3 4 5 6 7 8 

'Su-A 

' ., 

-+-PY1 

-MU14 

MU19 

--H--MU21 

-ll(-MU23 

-MU24 

-1-MU28 

-+-PY1 

-MU14 

MU19 

-)0--MU21 

-ll(-MU23 

-MU24 

-1-MU28 
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'a'U'Vl 3.6 1.l.~!?1'1fl1W1,.,,'Wm6Jlriifo1X'11'Wi.l.(?]'Cl:;'J'W'll'e:l'1U~l?l Pichia anoma/a PY1 l.l.'Cl:;~1tl~'Wfinr11r.J 
'iJ q 

' ., ' 
1'W'tl1'j.,11';i'l,'j.,l'Cl'Jf71'j.,l'Wf?1~i?l'a''VliJW1:W'Wt1'11.'j.,l~'e)'1 4% 1.U'Wl.m~'1rl1fu'e:l'W 

'iJ 

91nn1'a''Vlf?1r!'e)'11,tl:M~1tl~'Wfi PY1 l,l,'Cl:;~1tl~'Wfinri1r.J1'W'e:11v11di.'j.,lrl'Jfl1WW!?l~i?l'a'~iJtl1:wwrl'r;i 
q q 'iJ 

., ' 
I, 'j.,l~'e)'1 4 % 1.umm~'1mfu'e:l'W~U'J1U~ l?l~1tl~'Wfi PY1 U'Cl:;~1tl~'Wfin'Cl1tl~1il1nl 1,x.;i'W'Vln1'a'm:;91r.J 

q q 

., ' ' 
W1:W'Wl~~i11nn'J1n1'a'1-if'e:11'j.,11'Jl,'j.,lrl'Jf71WW!?l~l?l'a''VliJn'Cl tri~ 8% 1.umm~'1r11fu'e:l'W ~'1i:-l'Cln1'a''Vl!?lrl'e:l'1 

'iJ 'iJ 
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., ., ., 
1h:;J.-J1ru 2.67 rvh 1.1.~:;~l?lr111.1.1..:i~..:ii1'J'll'el..:J'W11.~t.1..:i1.;'el'-nn 52.5 i1~~'W'J1~\.,1~'elt.J.-J1?1tt.U'W 41.5 il~~'W'J 

!/ I t,, I I 

~'W~'flt.J-Jl?lt ~1mfoln~1t.1 MU24 ~1J.-J1rn1*Yl'W'Vlm:;r.i1t.1tl1:w'W1Jf~'Vl~l?l b'W'1'W'Vl 7 t.U'W 18.09 1?1111..:i 
' ' 

I t,, I t,, 

t.61l'W~I.J-Jl?lt 1,ij'fll.llitl'LJ1.'Vlt.11Jn1J~1tl'vfo€ PY1 1.1.~'J~1J-J11ri1*~'W'Vlm:;r.i1m.h:w'W'lJf~nci1 PY1 1h:;J.-J1ru 
' ,., ., ., 

3.16 1.vl1 1.1.~:;~l?lr111.1.1..:i~..:ii1'J'll'el..:itl11.~m1.;'elr.i1n 52.5 il~~'W'J~'W~'elt.J-Jl?ltt.U'W 39 il~~'W'J~'W~'flt.l--11?11 

~'J'W~1m~''Wln~1u MU28 ~1J-J1rn~l?lr111.1.1..:i~..:ii1'JLJfJ-J1n~~l?lb'W'1'W~ 7 r.i1n 52.5 il~~'W'J~'W~'flt.J.-Jl?l1 
' ' I 'i/ I t, I 

1.u'W 39 il~~U'J ~'W~'elt.l--11?11 '1Jru:;Yl1 *Yl'Wvt m:;r.i1utl1:w'W~..:i~ l?l t.vl1n1J 17 .56 1?1111..:i 1. 61lu~ t.l--11?111 'W'1'W'Vl3 
"' ' 

., ' ., 
PY1 1.1.~'J~1J-J1rn 1*Yl'W'Vlm:;r.i1t.1tl1:w'W'lJf~n'J1 PY1 1h:;J.-J1ru 3.1 1.vl1 

., 
0 Q/ ,r ,di, 0 V (I" Q/ ff'" 0 -==i 

'W1~1tl'V'l'Wnn~1tl MU14 rl..:J MU28 '-l1'W'J'W 6 ~1tl'V'l'Wfi 1.1.~:;~1tl'V'l'Wn PY1 J.-l1'Vl1n111.'V'l1:;1,~tl..:J 
' ' ' ' ., ' 

1J'W'el1Vl1tl.l.;..:i Yeast Malt Extract 'Vli'j'W1:W'W~1J1fll--111?11 20 ll--lbfl1~1?11 'Lil-JV\ 30 'el..:Jl"l11.6TI~l.~tl~ 1.U'W 

1.1~1 48 i'JtJ.-J..:i 1.1.~11'(?lr111J11.1ru1~'W'eln~l?l 1.1.~:;'ll'W11?l'll'el..:itflt~u (i'jm,l'Jmu'Wt.61l'W~t.J-J1?11) 1.mt.1rn'Vlt11J 
' ., ' 

fl'l1J.-J~1J.-J1rn 1'Wn11m:;r.i1t.1tl1:w'W1J'W'fl1vt1rn;..:i b'Wl.l.~~:;1'W (i)..:J 1.1.~ (?l..:J b'W1?1111..:i'Vl 3.8 
' 

1?1111..:J~ 3.8 l.l.~(?l..:J1J1t.'Jllib~1J'W'el1Vl1nt.;..:i Yeast Malt Extract 'll'el..:JU~l?l Pichia anomala PY1 1.1.~:; 

~1 uvr'Wfin ~1 ti 1 'WI.I.~~ :;1'W 
' ' 

1'W 
' 

fl'J1J.-l fl'l1J.-J fl'J1l-J fl'J1l-J fl'J1J.-l 

~1tl 
., 

' ' ' ' I 

m1J.-Jn11..:i 1?11..:J m..:i 1?11..:J 1?11..:J 1?11..:J 
.,, .. 

(61ll--l .) (6TIJ.-J .) (6l!i!.) (61!J.-J .) 4 (6l!J.-J.) (61!J-J.) 'V'l'Wfi 1 2 3 5 
' 

1J1t.'Jru1~ 1.6 1.6 1.55 1.9 1.65 

'll'W11?l 

PY1 tflt~u 1.4 0.2 1.4 0.2 1.3 0.25 1.4 0.5 1.4 0.25 

1J11.1ru1~ 1.5 1.55 1.6 1.7 1.7 

MU14 'll'W1(?1 

tflt~u 1.2 0.3 1.3 0.2 1.45 0.15 1.45 0.25 1.4 0.3 
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1-w 
' 

fl'l1il A'J1il A'J1il A'J1il A'J1il 
,.,, 

(?11~ ' ' (?11~ (?11~ ~1\'J A'J1iln'J1~ (?11~ (?11~ 
.,, .-

('D:W.) 1 ('Dil.) 2 ('Dil.) 3 ('Dil.) 4 ('Dil.) ('Dil.) 'V'l'Wfi 5 
' 

u1L1ru1~ 1.85 1.5 1.6 1.7 1.5 

MU19 'll'W1~ 

tAfau 1.6 0.25 1.4 0.1 1.45 0.15 1.45 0.25 1.5 0 

u1L1ru1~ 1.7 1.4 1.4 1.8 1.55 

MU21 'll'W1~ 

tr-ifau 1.5 0.2 1.3 0.1 1.25 0.15 1.6 0.2 1.4 0.15 

u1L1ru1~ 1.5 1.65 1.6 1.8 1.55 

MU23 'll'W1~ 

tAfau 1.3 0.2 1.45 0.2 1.4 0.2 1.4 0.4 1.35 0.2 

u1L1ru1~ 1.8 1.65 1.5 1.6 1.55 

MU24 'll'W1~ 

1A1~u 1.45 0.35 1.4 0.25 1.3 0.2 1.45 0.15 1.4 0.15 

u1L1ru1~ 1.75 1.5 1.6 1.7 1.85 

MU28 'll'W1~ 

1A1~u 1.5 0.25 1.4 0.1 1.5 0.1 1.6 0.1 1.6 0.25 

., ., ., 
r.nnnTt'Vl~~'tl~~u~1vf~uu~[?]~1rJ~'Wfin~1t.1vf~ 6 ~1t.1~'Wfi~1a.nrn1~u1L1ru1~U'W'tl1'\,11m-n~ 

' ' J t, I t, I 
.:,l,=,j O a,., ~ I Q/ IV t -=:I I ,r:=l ...::::,, =I I I JC:I 

Yeast Malt Extract 'Vlil'W1il'W~Um'~~1t.l'tlt.l'Vl'J'Vl~ 5 f'WiJA1 1.3 tN 1.8 L"ll'W(?]b:W(?]f LL~~:WA1A'J1iJ(?l1~L1l~t.l 
'IJ ' 

whnu 0.25 
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.., .. ., 
6. n1<arnnt1-W'Wfi!n'"ltl~1'i Ethylmethane sultanate • 

I t, !.I I I I I 

dhrn1 n1 J'l9'e191'1 l;'El'Vl'161!!?1 fl'JU fl:W ll~~6]j !?l'Ylri'e1n1rn~1t.1'l~'t,iif'Yl l'Vl:W1~~:w ll~'J'W1 hJ m~t.J1 '\Xir;i e'.l'JVl'W1 
q q q q 

' =l ' (?11':i'1'1'Yl 3.9 ll~!?1'1fl1 CFU/ml. '1l'e1'161l!?lfl'J1Jfl:W ' . 
' ' ' 

6]j(?)fl'J1Jfl:W 61!!?1'Yl 1 61!!?1'Yl 2 61!!?1'Yl 3 
' • • • • 

91'W'J'W Lfl L~'W~'e) li"1~'Yl 210 200 233 

' ' 
(?11':i'1'1'Yl 3.1 o ll~!?l"lrh CFU/ml. '1l'e1'161l!?l'Ylri'e1n1rn~1mfoif 

' <V ... 

6J!!?ln'e1n1rn~1t.JY1'Wn • • 
' =l 

6]j(?)'Y] 1 
• 

' 
61!!?1'Yl 2 • 

' 
61!!?1'Yl 3 • 

' 
61!!?1'Yl 4 • 

' =l 
6]j(?)'Y] 5 
• 

' =l 

6J!!?l'Yl 6 
' 

61!!?1'Yl 7 • 
' =l 

6J!!?l'Yl 8 
' =l 

6]j(?)'Y] 9 
• 
n:w 

' =l 

l'il~t.l 

' . 
91'W'Jhl Lfl L~U~'e) li"1~'Yl 

75 

87 

94 

83 

56 

47 

87 

67 

84 

680 

76 

76 X 100 - 35.5 % 

214 

' =l 

l'il~t.l 

214 
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t.t.~..:i Yeast Malt Extract 
., ., ., 

l(?'lt.1tl1u~i~11:.1~u.f Pichia anoma/a PY1 l.l.fl~8~[?!~1t.l~U.fmnm'Y'l1~l.~t.l-.'.l'lJ'W'el1Vl1J'l.~t.l-.'.ll.~'el 

t.t.~..:i6Jlil(?I Yeast Malt Extract 'Lii!~'elillVllljj 30 'el..:Jf11l.'1lfll.;t.l~ 1.tlu.vrn1 24 i''l 'i:ii..:iii1;(?'1t.U'W.J'Un1n 
q " " 

' ., 
1J1t. 'l ru 1~ n1J1J 11. 'l ru'Vlii t.~'el t. r.i1'1J 

' 
Malt Extract 'll'el..:JU~i Pichia anomala PY1 Ufi:;u~i~1t.1~u.€nmt.1 'Li:W'Vl'elillVllljj 30 'el..:Jf11t.'1lfll.;t.l~ 

q q " 

' 
1.um'lt11 48 -n'l 'i::w..:i 

., ... 
r1'l1iin~1..:i ('1lii.) fl')1:I-Jf?l1-.'.l (61!4-1.) ~1t.l'Y'l'W.fi 

q 

u1t.'lru1~ 1.07 

PY1 'llu.1 (?'I lr1 'i:tii'.l 0.53 0.54 

u1t.'lru1~ 1.23 

PY 12 '1JU.1(?'1 'i:r1 fail 0.48 0.75 

'lJ 11. 'l ru 1~ 1.3 

PY 19 'll'W.1(?1 'i:r1 'i:tii'.l 0.5 0.8 

u1t.'lru1~ 0.9 

PY 37 '1lu.1vi 'i:r1 'i:tii'.l 0.35 0.55 

u1t.'lru1~ 1.27 

PY 44 'll'W.1(?'1 'i:r1 'i:tii'.l 0.6 0.67 

u1t.'lru1~ 1.3 

PY 48 'llU.1(?'1 'i:r1 'i:tiil 0.53 0.77 

u1t.'lru1~ 1.47 

PY 49 'll'W.1(?1 'i:r1 'i:tii'.l 0.57 0.9 
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~11:.l'l~'i.!fi ""111im~1-:i (".ll~.) "111~(Yl1-:J (".ll~.) 
q 

u11,1ru1~ 1.9 

PY 101 "ll'W1 (?) t"' t~tl 1.4 0.5 

u11,1ru1~ 2.1 

PY 105 "ll'W1(?)t"'t~t1 1.8 0.3 

ul1,1ru1~ 1.7 

PY 108 "ll'W1(?)t"'t~t1 1.5 0.2 

ul1,1ru1~ 2.1 

PY 113 "ll'W1(?)t"'foi1 1.6 0.5 

ul1,1ru1~ 1.9 

PY 123 "ll'W1(?)t"'t~t1 1.4 0.5 

ul1,1ru1~ 2 

PY 125 "ll'W1(?)t"'fot1 1.5 0.5 

ul1,1ru1~ 2 

PY1 148 "ll'W1(?) t"' fotl 1.5 0.5 

u11,1ru1~ 2 

PY 152 "ll'W1(?)t"'fotl 1.5 0.5 

ul1,1ru1~ 2.1 

PY 154 "1l'W1(?) t"' fotl 1.6 0.5 

u11,1ru1~ 1.9 

PY 165 "ll'W1(?)t"'fatl 1.4 0.5 

u11,1ru1~ 1.7 

PY 170 "ll'W1(?)t"'fatl 1.4 0.3 

ul1,1ru1~ 1.9 

PY 171 "1l'W1(?) t"' foil 1.5 0.4 

u11,1ru1~ 2 

PY 173 "ll'W1(?)t"'foi1 1.5 0.5 
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~11'.J'l~\,i{ 1-111iin11~ ('llii.) 1°1'J1il!?l1~ ('llil.) 
' 

u1L1ru1~ 2.1 

PY 187 'JJU1f?lbl°lb~W 1.8 0.3 

u1L1ru1~ 1.43 

PY 189 'JJU1f?lbl"lfaW 0.63 0.8 

u1L1ru1~ 2 

PY 190 'JJU1f?lbl°lb~W 1.4 0.6 

u1L1ru1~ 2.1 

PY 191 'JJU1f?1bl°lb~W 1.7 0.4 

u1L1ru1~ 1.8 

PY 192 'JJU1f?lbl°lb~W 1.4 0.4 

u1L1ru1~ 2.5 

PY 193 'JJU1f?lbl°lb~W 1.9 0.6 

u1L1ru1~ 1.9 

PY 194 'JJU1f?lbAfai1 1.2 0.7 

u1L1ru1~ 1.9 

PY 195 'JJU1f?lLAfai1 1.4 0.5 

u1L1ru1~ 1.7 

PY 202 'JJU1f?lbl°lb~W 1.5 0.2 

u1L1ru1~ 1.7 

PY 203 'JJU1f?lt1-1fai1 0.9 0.8 

' ., 
'JJ'fl~u1v1ru1~nuu1L'ln..l'VliJ b;'fl b'"l1qJii1nn<J1 0.54 b'llU~ biJ[?]J' L'U'l'l1n1d''Vlf?l~'fl~eJ~(?]~1d~ (?I bbN~~ ih 

~'JJl1'1"lb umvnn Vl~'JflT\!IUf?l~{?]J'(?]'fl 1u 
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LVl~'lfl1Vl'Wf?l~ (?]J' 
'IJ 

' ' 1=il IV 1«:::l ,::::,,, .:::::l IQ/ a I .:::::lacv I 

nJ'f?lf?11-'.llJ:J-.J(?Jm'l'l1nU 5.5 rn.JVl'e:JnJVl[l:1-J 30 'eMPl1l'llm'llt.1~ b"llt.11'e'J(?]J'1lJ'J 200 J''e)U(?l'e'J'W1Vl muwrnm-:i 
' 'IJ 

,, ' ,, 
L~f?lt.l 'Jf?l~'W'Yln1m1:;r.i1c.1tl1~'W (Oil displacement test) lb~:;n11ff?l~1lbJ''1~-:Jej'l (Surface tension) 

' ,, ' 
anomala PY 1 bb~:;~~ ~~1mfoif n~1c.11 'W'f'l1V11J'b'\!l~'lfl1Vl'Wf?l~(?]J''Yli:J'W1~'Wt1'lb'\!l~'e'J-:i 4 % b'LI'Wbb'\!1~'1 

' 'IJ 

Jf J ~ 0.,, 

V'l'WVln1JOJ':;91t.l'W1:l-J'W 

(cm
2

) (mN/m) 

PY 1 4.99 38.59 

PY 12 6.47 36.51 

PY 19 4.23 40.11 

PY 37 2.18 46.93 

PY 44 5.31 38.95 

PY 48 7.07 40.18 

PY 49 9.19 40.61 

PY 189 10.07 39.95 

PY 193 3.14 47.89 

PY 194 3.73 43.22 

PY 203 0.79 49.50 

I lt I t., 

~ST* 

(mN/m) 

22.91 

24.99 

21.39 

14.57 

22.55 

21.32 

20.89 

21.55 

13.61 

18.28 

12.00 

PY1 bl~:;~~~~1u~uifn~1c.1 V'lU'l1 ~~~~1t.1~uifn~1t.1'Yli:l~u'Yln1m1:;r.i1utl1~u~-:in'l1 PY 1 LC?1mi 
' ' 'IJ ' ,, ,, 

~If" a.,,lf" .::::f I ,=i,::::,,, o,::::f 

PY 12 PY 44 PY 48 PY 49 bb~:; PY 189 bb~:;t.1~(?]~1tlV'l'Wi:in~1tlVl~1:l-J1nl~f?lrl1bbJ''1(?]'1t:J'J"ll'e'J'1'W1b~tl'1 
' 
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1.f'el~L:iJil1,61!~6~-i1~:w1nnri1u'c\(?l Pichia anomala PY1 ~'el PY 121-w'llru~~U'c\(?l'c\1\'J~'Wfn~1\'J PY 44 

1,1,~~ PY 189 1-!Xrh1n~1,01mn1JU'c\(?l Pichia anomala PY1 i-i1.1.'c\f?l'1C-J~n1'.i''VWl~'el'1b'W~1'.i'1'1~ 3.12 
., 

i-i11-w1-wn1'.i''l'll?l~'el'1~'ell'LJ9'1L~1,~'eln'c\1\'J~'Wfin~1\'J PY 12 PY 44 1,1,~~ PY 189 Lu~rn11~'ell'LJ 
q 

8. n1'i~~!Pl1a.Jn1'ib~~qJbb~~n1'ii:.J~!Pl~1'i~~bb'i-:1~'1c'.i'J~'JJl1'Vfil'el-:I~~~ Pichia anomala PY1 bb~~ 

~~~~1tl~'Wiin~1tl~~~bifonl~ 
q 

'Vl1n1'.i'flf?ll.~'elnU'c\(?l'c\1\'J~'W(n~1\'J PY 12, PY 44 1,1,~~PY 189 :W1'Vl1n1'.i'~mn~'elll?l\'J :w11.iu-i1-w 

'el1Vl1'.i'l,Vl~')fl1Vl'Wl?l'c\ ~'.i'~i!tl1:w'WJ')l,Vl~'el'1 4 % 1,U'Wl,1,V1~'1 fl1fo'el'W fl'JiJfl:W fl1 fl'J1:I-Jl,U'Wn'.i''7W11'1 l,1':W ~'W 
qJ q 

t, I I 

1.'Vl1n1J 5.5 1.fhn~'.i' 50 ii~~~~'.i' 1,1,~':l'Vl1m'.i'tl:w1-w~tlm;'flvii!mn'llcJ1vi'elruV1Jlii 30 'el~~11,61lm~\'J'c\ 
qJ q 'II 

I 0 
IC:V G t .c::iGv 1.c=::l cv ,dl,::;,,,_ .c:::,,. 

1.'1l\'J1'el~'.i'11.'.i'':l 200 '.i''el1J~'el'W1'1'l m1J~':l'el\'J1~'Vl o, 1, 2, 3, 4, 5, 6 1,1,~~ 7 ':l'W l.'V'l'el~f?l~1:wn1w-1n-1J 1,1,~~m'.i' 

C-J~~'c\1'.i'~ l?l 1.1.'.i'-i~-ie'.h;'JJ11'V'l 1-wih~ 1. ':l~1 ~1-i7n-w 

' . 

~1n-ivi 3.13 t,1,'c\'71~mrn~~'c\1'.i'~l?ll.l.N~'1i'.J'J;'Jfl1'V'l'll'el'1U'c\(?l Pichia anomala PY11,1,~~U'c\(?l'c\1\'J 

~'Wfin~1\'J~ fl (?l l,~'eln l~'W'el1Vl1'.i'l,Vl~'Jfl1Vl'Wl?l'c\ ~'.i'~il\11:w'WJ'J l,Vl~'el~ 4 % 1,U'Wl,1,VI~~ fl1fo'el'WI.U'WI, ')~1 1 n-i 
q qJ 

' :;- di' .J l;' ., ' ~ = 'c\1\'J~'Wfi 
., ,,; ., .- ., 
'J'W'l'l 'W1Vl'Wnl.61l~ml,VI~ pH 'V'l'W'l'ln1'.i'n'.i'~"'l1\'J'W1:W'W fl11.I.N~'1C-J':l (mN/m) 

q 

(g/1) 
2 

(cm) 

PY1 0 0.46 5.50 0.30 62.00 

1 1.47 5.99 0.41 60.48 

2 4.38 6.33 0.69 52.89 

3 7.59 6.54 1.33 50.7 

4 9.18 6.39 1.17 49.94 

5 9.72 6.79 3.94 36.83 

6 10.43 6.63 4.37 37.25 

7 11.16 6.81 5.07 38.1 



PY 12 

PY 44 

PY 189 

' ~ "" 
'J'W'Vl 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

(g/1) 

1.29 

3.85 

6.70 

9.22 

9.55 

10.57 

10.60 

0.42 

2.33 

2.39 

6.71 

6.30 

9.48 

10.04 

10.50 

0.43 

1.65 

3.93 

6.05 

9.08 

8.93 

9.50 

11.46 

66 

pH 

5.50 0.30 62.00 

6.29 0.30 57.00 

6.34 0.43 52.00 

6.69 0.66 50.00 

6.67 1.45 48.00 

6.84 4.99 44.00 

6.97 6.61 39.28 

6.93 7.94· 36.00 

5.50 0.25 62.00 

5.51 0.25 60.00 

5.50 0.53 58.30 

5.94 0.85 52.67 

6.22 3.14 46.83 

6.58 4.68 37.72 

7.11 9.51 42.00 

8.14 9.62 40.5 

5.50 0.30 62.00 

6.08 0.30 59.27 

6.06 0.58 55.33 

6.93 2.72 50.67 

6.90 4.68 49.33 

7.41 5.98 38.83 

7.37 8.87 37.89 

7.67 10.18 36.00 
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11-! 

1-+-PYI -PY 12 PY 44 -¾-- PY 1891 

' ,., 
tU'Vl 3. 7 m1'rfa~rn..:ii.hvrwm61l~imX..:i'll'el..:JU~i;J Pichia anoma/a PYHb~~u~ (;]~1tl~'Wfin~1tl 
" ' 
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7 8 

?ll'VI 3.9 m1rhLM1..:immi:;91t.1il1~tJ'JJ'el..:J'W1L~t.1..:iL;'rJ'VIL:Wih61l~i'll'fl..:JU~f?l Pichia anomala 

PY1 LL~:;u~f?1~1tJ'WtJfin~1t.11tJ'el1Vl1J'LVl~'Jf71Vl'W~~f?lJ~ih11~'WtY'JLVl~'el..:J 4% LU'WLLVll:'l..:Jfnfu'el'W 
' " 

70 

60 
,-.., 

s 
50 z 

s 
40 '-' 

(""' 

<1~ 
'17 30 UG: 
'17 
!!: 20 ;=! -eo: 

10 

0 

0 1 2 3 4 5 6 7 8 

j -+- PYl -II- PY 12 

I t., t., t., I 

ill'VI 3.1 O m1i"lLL~~..:JA1LLJ'..:J~..:J~'J'JJ'el..:J'W1L~tJ..:JL;'elYJL:Wi'.JL61l~i'JJ'el..:JU~f?l Pichia anomala PY1 
" ' ,, ' 

LL~:;u~f?1~1tJTI'Wf n~1t.11'W'el1Vl1J'L Vl~'Jf11Vl'W~~ [?]J'YJi'.Jtl1~ml'J LVl~'el..:J 4 % LU'WLLVl\:'l..:J r-nfo'rJ'WLU'tJ 

L'J~11-7 'J'W 
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flf?lb~'flnLJfl:'l1:J.-11rnv·i~·qib~1Jt[9]1:'lh-'lb'll~~1~n~'l~tMn1JUl:'l!Pl Pichia anomala PY1 L'Wmvi1nit.1..:i 

b~'el~L~ilb'll~~'l]'e)..:J Ul:'l!Pl Pichia anomala PY1 r.:i::::ilfl1m1mut.mtf?l(?)1..:Jb'Vl1fl1J 5.50 - 6.81 'l1'N 

f!1 ~11mu'Wmf?l(?)1..:J~ btl~t.l'Wbbtl~..:i bU'Wl'LJ b'l1'Wb~m fl'Wfl1JUl:'l!Pl Pichia anomala PY1 ~'flU~ !Pll:'l1t.l 

'l'Zmfn~1t.1 PY 12 f!1~11mu'Wmf?l(?)1..:J'fltl1'W'll1..:i 5.50-6.97 u~::::·1h..:im1mtl'Wmf?l~1..:i~ 
q 41 

b'LJ~t.l'Wbbtl~..:i1tl~..:in~1~'flUl:'lfffell:'l1t.1'l'Z'Wifn~1t.1 PY44 bb~:::: PY 189 f!1~11mu'Wmf?l~1..:i'eltlL'W'll1..:i 
41 q 41 ., 

5.5-8.14 bb~:::: 5.5-7.67 [911:J.-Jih(i(u ~11:J.-1~1:J.-11rnl'Wmtm::::r.i1t.1tl1:w'W'll'fl..:JU~fffel Pichia anomala 
I !.I I !.I I t,, l 

PY1 b1':J.-1~..:J;'WL'W'J'W'Yl 4 bb~::::11X~'W'Ylmm~::::r.:i1t.1tl1:w'W1:'l..:Jl:'lf?ll'W1''W'Yl 7 whnu 5.07 [9]1f1..:J 
41 41 q 

bb~::::11X~'W~n1mt::::r.i1ml1:w'W~..:J~f?lL'W1''W~ 7 b'Vl1nu 7.94 [9]1n..:Jb'll'W~b:J.-J[9]t Ul:'lfffel~1t.1'1'Z'Wifn~1t.1 
41 q q 

I t,, I t,, I ti I 

PY 44 L1:J.-J~..:i;'WL'W1''W'Yl 3 Lb~::::11X~'W'Vln1tm::::r.:i1t.1tl1:w'W~..:J~f?lL'W1''Wvi 7 L'Vl1nu 9.62 [9]1t1..:i 
41 41 q 

I t,, I t,, I i.r 

L'll'W~L:J.-J[9]t u~1P1~1t.1'l'Z'Wifn~1t.1 PY 189 (}:J.-J~..:i;'WL'W1''W'Vl 2 LL~::::11X~'W'Vln1tm::::r.:i1t.1tl1:w'W~..:i~f?ll'W 
q 4J 'lJ q 

I • t,, l t,, I 

1''W'Yl 7 L'\ll1fl1J 10.18 [9]1f1..:JL'll'W~L:J.-1[9]f tlt:::::J.-11ru 2 L'\ll1'1l'el..:Jl:'l1t.l'!'Z'Wfir;J..:JL~:J.-I Ln'elLlli't.l1JL'Ylt.l1J~'W'Yl 
q 

., 
mtm::::r.i1t.1'W1:W'W'll'fl..:JU~fffel Pichia anomala PY1 LL~::::U~IP1~1t.1'l'Z'Wfin~1mu'Wb'J~1 1-71''W 'V'l1J~1 

q 

U~fffel~1t.1'1'Z'Wlfn~1t.11'!X~'W~n1mt::::r.:i1t.1tl1:w'W~n~1u~fffel Pichia anomala PY1 Lb~::::11X~'W~n1t 
q 

t., I I I 

m::::r.:i1c.1tl1:w'W~'Vl~f?l~'flU~1P1~1t.1'1'Z'Wifn~1t.1 189 L'!Xf!1LLN~..:ii11~1~1?1L'W1''Wvi 7 L'Vl1nu 36 ii~~ib q q q 

9. ~1?1~1:wr111:1-1Li'tti1:11°1.l'el~~'i't~'Cf11:1wufin~11:1~~1mihm1cK • 
tl1ul:'l1P11:'l1t.1'l'Z'Wifn~1t.1~ fll?lL~'fln 1Jf~ Lto:i1'ru1J'W'fl1V11nimL~'flbb"ll..:J"l!Uf?l Yeast Malt Extract 

q ~ 

I ., 

ii1~1?1LU'Wttln1n1J1f?l1J'W'fl1Vl1tLL"ll..:J Yeast Malt Extract 'Vlil'W1:W'W~1Jm:J.-11[9]t 201iitm~[9]t 
41 

m::::r.:i1t.1(?]'J'fltiJ1 tl11tlti:J.-J~'flruvini'J 30 'fl..:Jf"l1L'1l~L;t.l~ LU'WL1~1 48 i1tm LL~11'1?1f!11J1'L1ru11:'l'W'fln 
41 q 41 ., 

~ l?1 Lb~::::'1l'W1f?l'll'fl..:J t~ fou (ilm,hmu'WL'1l'W~ biJ[9]f) ~'J1il~1:J.-11nl b'Wn1tm::::to:i1t.l'W1:W'W1J'W'fl1Vl1HL "JJ..:J 1 'W 
q 
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m"J1--l~ 3.14 WMMU1'b'"HUb~U'W'el1Vl1nl;--l Yeast Malt Extract 'll'el--l~~l?l Pichia anomala PY1 

bb~:::~11'.J~'Wfimnl'.l~rlf?lb~'fln1~'Wi'W~ 1-5 tl:w~mU'\!111~ 30 'el--lf\1b6Jl~b~l'J~ b'.U'Wb'1~148 "ll:1-J. 
q q q 'lJ 

i'W 
' 

f"l'11:l-J f"l'11:l-J f"!'11:W f"l'11:W f"l'11:W 

~11'.J 
., 

wn :w m 1--l (?11--l (?11--l (?11--l (?11--l (?11--l 
.... ... 

(6.ll:W .) (6.ll:W .) (6.ll:W .) (6.ll:W .) (6.ll:W.) (6.ll:W.) 'Y'l'Wfi 1 2 3 4 5 
' 

PY1 u1-L'1ru1~ 1.7 1.7 1.7 1.7 1.7 

'll'W1f?l 

tr,,it~t1 1.5 0.2 1.5 0.1 1.4 0.3 1.4 0.3 1.4 0.3 

u1-L'1ru1~ 1.6 1.7 1.9 1.7 1.7 

PY 189 'll'W1f?l 

tr,,ifou 1.2 0.4 1.5 0.2 1.4 0.5 1.5 0.2 1.5 0.2 

' ,v -=:I d di I d ~ . ~ ~ .c:::l ~ 

l'J--lf"l--l:Wf"l'11m~nmr.iutNt:W'VI 5 ~1:w1rnt:-1~~~1'j'~f?lbbN~--li:.J'1"ll'1111'Y'lU'W'el1'\!11nl"lM Yeast Malt 

Extract lf?ll'Ji'.1'"11b'Vl1flU 0.2 tl--l 0.5 b6Jl'W~b:l-J~'j' bb~:::i'.1'"11f"!'11:W1?11--lb'u~mvhnu 0.3 b6.ll'W~b:Wm 

10. n1':i'~m~1'el.:J~'Ll'a:::n'el'IJ"lJ'el.:J'el1Vl1'atlti.:ib :I'elvh Vl3-11:::~3-J W'eln1'a~im~1'a~ lPI bb 'a.:J ~" ~'J 

~'J111~"ll'el.:J Pichia anomala PY 189 

mnb1.htr-wu Vl~--l r,,i1fu'el'W~ b V1:w1~~:w l?i'elmrn~ ~~1'J~ f?l UN ~--l e:1'1;'1111'\"l i:.J~n1"J'VI f?l~'el--l 
!,, I I I I t,, 

'Y'lU'J1 'W1~'Wn'1bVl~'el..:JbU'WbbVl~..:imfu'el'WVlbVl:l-J1~~:WVl~f?l bU'el..:ir.nni'.1'"11n1m'J~911'J~'1'll'el..:J'W1~'W 
' 

~..:]~(?) 12.33 cm
2 

bb~~f11bb'J..:J~--le'.i'1~1~f?l vvhnu 38.94 mN/m !K..:ibb~f?l..:Jb'W~1'J1--l~ 3.15 ~'1'Wn1m1h 
" ' ' I !J I I 

trur,,i'11m .if :w.if-w'll'el..:i tm~..:i r,,i1fu'elu 'Y'lU'J1Vl f1'11m .if :w.if-w 4 % 'll'el..:itl1~-wn':l m~'el..:i bU'Wf"1'11m .if :w'lf 'WVJ 
' ' ., 

bVl:W1~~:WVl~f?l 1-wn1rn~~~1'j'~f?lbbN~..:Je:i'1~'1111'Y'l ;,:ir.i~1~'"11n1'Jn'J~911'J'W1~'WbVhnu 12.56 cm
2 

bb~~f11bbN~--le'.i'1 37.57 mN/m bb~f?l..:Jt:-l~b'W~1'J1--l~ 3.16 
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I i, t,, t,, t,, 
tj I ,::S .::::. I O IV I O ..:::i ~ CV ff' 

1711J'1--:J'Yl 3.15 bb~(?)--:Jfl1UN171--:Je.J'J rl1n1J'nJ'~91tl'W1d--l'W bb~~rl1 pH 'll'eN'W1b~tlWll'fl91n~1m"l'W~ 

n~1t.1 PY 189 b;j'fl 1-if Lm~--:iriTfu'fl'W'Jl'W(?)i?l1--:J7 ~ 30°C bU'Wb'J~1 7 CJ'W 

(4% w/v) bb'!X--:J(g/1) 

14.87±0.67 

'll'i:riJ'~ 10.36±0.77 
"' 

15.21±0.27 

14.82±0.27 

6.75±0.71 

(mN/m) 

44.27±0.5 

47.83±0.76 

38.94±0.57 

40.33±1.04 

54.94±0.28 

i6.ST b-t 

(mN/m) 

15.23 

13.67 

16.56 

10.33 

9.14 

,, 
0 ., 2 

'W1d--l'W (cm ) 

3.14±0.29 

2.72±0.26 

12.33±0.29 

6.28±1.04 

0.25±0.14 

nijtArl 'lJtA'irl tl1ifuii'1L"'~•h' tl1ifu1h.ill tl1ifuii'1m~e1" 
U'l,l.i"~n{uou 

I 'J.,I t,, t,, t, I 

r11 pH 

5.86±0.04 

6.02±0.10 

6.37±0.16 

5.74±0.15 

5.56±0.08 

iu~ 3.11 f11n1J'nJ'~91tlthlT'W'll'el--:J'W1b~tl--:Jb~'el91n~1m,Z'W(n~1t1 PY 189 bil'fl 1'1lbbv1~--:Jri1fu'el'W 

'Jl'W(7)1?11--:J7 
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i 40 z 
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I"' 

.::i: 
? 

30 
l(i 
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!!: r 20 ·o: 

10 

0 

6.8 

6.6 

6.4 

6.2 

6 

~ 5.8 

5.6 

5.4 

5.2 

5 

4.8 

mflA.f 

niij'\A.t 

'lJ'iv11.i ti1ll'utl1mifo'1 ti1ll'ui.h,hJ ti1ll'ull:;vi'i11 

UM.i-.JFn'iUilU 

'if(A'l't'I tl1irutr1n-1i'i,N tl1ll'u1h~ll tl1ll'Ull:;vfr11 

UUR-.JFn'ilJilU 
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ru~ 3.13 LL~'11'1~1 pH "ll'el'1tl1Lit1'1L~'ellol1n~1tl~'W(rnnt1 PY 189 Ld'flHLL'\,l~'1~1'f1J'el'W 

6]j'W,(?1{?]1'11 
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'.§ 12 ·~ 'a 10 
ra: 
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'JJLl'l~~ 

I • ti t, t, ii I 
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ttlVJ 3.14 1,1,1M1-:ir11tl1V1um6ll~i"ll'fl-:Jtl11,~m1,~'elr.i1n~1t.1~'t,if n~1t.1 PY 189 1.i'.l'fl 1-if bbV1~-:ifl1fo'fl'W 
~ ' 

I t, ti ti ti t, 
.:=:I O ,v (f' V l 4 """- I O ,v I O .:::I ,::;!l 

1?11'a'1-:J'Vl 3.16 'W1Vl'Wnb6ll~~bl.Vl-:J fl1bl.N!?Mt-J'J '"11n1'a'n'a'~91tl'W1J-J'W 1,1,~~'"11 pH "IJ'el-:J'W11.~tl-:Jb6Jl'el 
I t, I 

r.i1n~1mtuifnmt.1 PY 189 1.i'.l'elbbUter'Wfl"J1J-Jb"llJ-J"ll'W"IJ'e)-:JU,1~'Wtl'1b'\!l~'e),:j 
' 

V ,, ,, 
'"1'114-J!,"IJJ-J"IJ'W tl1V1un 

" 
"IJ'e)-:JU,1~'W 

(mN/m) 
(g/1) 

0% 2.17 ±0.56 55.83±0.59 

1 % 6.45±0.67 49.17 ±0. 78 

2% 10.77±0.56 46.17±0.5 

4% 13.96±0.41 37.57±0.72 

8% 10.53±0.73 38.77±0.33 

LisT b-t 

(mN/m) 

1.25 

1.70 

4.76 

18.50 

16.12 

1.13±0.24 

1.79±0.36 

8.17±0.32 

12.56±0.98 

11.23±0.22 

fi1 pH 

5.74±0.08 

6.06±0.11 

5.92±0.23 

6.48±0.16 

6.12±0.12 
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16 

14 

:;:i 12 
);;:l 
c-

10 •·:;:i 
:i 
c-
er 

8 )) 

II" 
C: 
II" 

6 c-
C: 
c--c;: 

4 

2 

0 
0 1 2 4 8 

I ,_., 1" t., !.I I i,t I 

ttl'Vl 3.15 ll~r,.i..:i1-11n1m'a':;r.i1uil1J1'tJ'JJ'el..:iil1 l~1:J,H~'elr.i1n~11:J~'W{mnu PY 189 li'.l'el Hil1J1''Wt1'J 
"' q 

0 2 4 8 
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6.8 

6.6 

6.4 

6.2 

6 
:x: 
c. 5.8 

5.6 

5.4 

5.2 

5 
0 2 4 8 

R111Jt'll1J'IIU'llil,nhiiut'i1miia,1(%) 

tU~ 3.17 bbMMf-11 pH '1l'el'1tl1bit1--1b~'el91n~1t1~u(mnt1 PY 189 bri'el 1-iftl1~U5'Jm~'el'1b'LJU 

bb v1~--1 rnfu'flu~ bbU :i'~'Wm1~ b -ii ~'n'W(?l 1'11 

16 

14 

~ 12 
::::: 
0) 

{ 10 
,-ra: 

ra: 
~ 

8 

C 
6 ~ 

:;. 
r •·;::x 

4 

2 

0 
0 2 4 8 

,, 
~1?1bbN~--1e'.h~'J.fl1'Y'lL1?1tl Pichia anomala PY 189 1'\¾tJ~A1n1m:i'~91tl(?]'J'1J'el'1'W1~'W~'1~1?1b'Yl1flU 11.82 

cm
2 

bb~~A1bbN~'1~'Jb'Yl1flU 37.68 mN/m '91'1bb~l?1'11'W(9]1:f1'1~ 3.17 'V'lU'11~fl'J1~b'n~'n'W 0.4% '1l'el'1 
I I I t,, 

NaNo3 b'LJ'Wfl'J1~ b 'n~61J'W'Vl bv1~1~~~'Vl~ (?'I 1 'Wn1Jt-l~(9]~1rn (?'I bb:i'--1 ~'1e'3'J~'J.fl1'V'l ~'19~ 1'\¾f-i1mm:i'~91tl'W1~'W 

whnu 10.17 cm
2 

bb~~A1bb:i''1~'1~'J 36.5 mN/m bb~l?1'1tJ~1U(9]1:f1'1~ 3.18 



' 
(?11:i'l~'Vl 3.17 

'ii 1,, t,, I I 

,ve1~tl11,~m1,:n'e:lr.i1n~11:J'l~'i,1(rnnu PY 189 1,~'e)H1,m~~L'WL(?lnr.iu'Jlilvi~1~7 VI 30°C 1,um1~1 7 fu 

l,l,Vl~~L'WL(?l:i'!,9'W 

(0.2% w/v) 

V 

'W1Vl'Wn 

(mN/m) 
(g/1) 

12.78±0.29 37.68±0.69 

10.65±0.27 42.52±1.03 

11.76±0.68 40.76±0.36 

L1ST b-t 

(mN/m) 

16.73 

12.48 

11.57 

(NH4)zSO4 

um:fo'lu'iGl'il~u 

11.82±0.44 

9.76±0.52 

8.87±0.85 

'°11 pH 

6.23±0.18 

6.17±0.27 

6.33±0.11 

76 



6.5 ~--------------------~ 

::t: 

6.4 

6.3 

6.2 

6.1 

C. 6 

5.9 

5.8 

5.7 

5.6 

uu.i"'\u'im'it~u 
I t,, t,, ii 1 
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tU~ 3.21 LL~f?h'lf-11 pH 'll'el~'W1L~.tl~L;'el .. nn~1tl~'W(mnt1 PY 189 d".J'el16llLL'v1~,:J1'Wl(y]n9'Wf?11'11 
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,, ,, 
fl'J 1 m 611 i.t'Il'W ,, 

-=! "" ~ST 
0 ., .,. 

' 1-hn1mJ'~r.i1u 'W1vt'Wm6ll~~ fl 1 bb J'l fih1t-l 'J 
61l'El'1 NaN03 

,, pH 
mX-:i(g/1) 

0 ., 2 
(mN/m) (mN/m) 'W1i.t'W(cm ) 

(%) 

0 2.26±0.41 42.50±0.5 10.57 0.53±0.29 6.04±0.05 

0.1 4.19±0.54 40.19±0.63 10.95 4.68±0.25 6.96±0.53 

0.2 9.66±0.33 39.61±0.77 14.80 4.92±0.32 6.52±0.13 

0.3 10.75±0.39 40.32±1.06 13.06 9.16±1.16 7.04±0.15 

0.4 14.54±0.61 36.50±0.34 18.45 10.17±0.23 7.11±0.11 

0.5 10.20±0.13 38.77±0.61 16.24 8.53±0.48 7.34±0.41 
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12 

10 

:;l 
l;i 

8 r 
'':;l 

.:i 
r 
er 

6 ll 
II" 
C: 
II" 
r 
C: 4 r ·c;: 

2 

0 
0 0.1 0.2 0.3 0.4 0.5 

Frl13.IL'213.1'21U'11ih:I NaN03 (%) 

I t, t, t, t, I 

1i.l'Vl 3.23 A1n1m1~r.i1utl1~u'JJ'e'J'1'W1b~tl'1b~'e'Jr.i1n~1u;~\.1in~1u PY 189 bi'.l'e'JH NaN03 bUU 
~ q 

44 

42 -E z 40 
E ---I"' 

G;t 38 ., 
1(5 ., 
~ 36 
r ·c;: 

34 

32 
0 0.1 0.2 0.3 0.4 0.5 

A113.IL'JJ3J'JJU'llih1 NaNo3 (0
/~ 

bb Vl~'11 ii l(?l n r.iu~ bbi.lnfor111J-J b-if J-J-if U(911'11 



80 

9 

8 

7 

6 

5 
:r:: 
0. 

4 

3 

2 

0 
0 0.1 0.2 0.3 0.4 0.5 

~11:l.lt"ll:l.l"lJU'llih'I NaNo3 

iu~ 3.25 ll~!?l-.:i~1 pH 'll'el-:itl1lit.1-.:il~'fl"nn~1t.1~ufmnt.1 PY 189 l~'fl1-if NaN03 d'.lum-'l~-:i 

1 u l!91tv-.u~ llUte1'ur1r.i1:w l-n:w-nuf?h-:17 

0 0.1 0.2 0.3 0.4 0.5 

R11:l.lt'll:l.l'llU'llih:I NaN03 

I t,, t,, t,, t,, t 

iuvi 3.26 ll~!?l--'.!~1'1.'hvium'l!~~ll~--'.l'll'el-:J'W1l~t.1'1l;'el91n~1t.1~U(n~1t.1 PY 189 lii'flL6n NaN03 

l'UUllVl~-:JlUl!91'.i'l9U~llUte1'Urir.J1:Wl6n:W6nU1?11'11 
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~ .di =. ~ al tr' • • ~ ' a/ tr' 

n1fe.J~l91~1rnf?lllf-:Jl91'1e.J'J"ll'JJl1V'l'll'fl'1tl~l91 P1ch1a anomala PY1 ll~~tl~(7]~1tl'Y'l'W~nmt1 

PY 12 PY 44 ll~~ PY 1891'Wmvi1nvi~r:in1V1'Wf?IMlf~j'.Jtl1lYmYr:im~'fl"l 4% l'Li'WllVl~"lf!Tfu'el'W 
" I 2/ t,, I 

v11r:i1Jv11:wri1v11r:i1mu'Wmf?l(Pl1'1b~':Wl?l'Wl'Vhn1J 5.5 111r:i~n1n~t1'1l;'fl'YlmuV111iJ 30 'fl'1Pi1l"lltil~tl~ l'll81 
q ' " 

'fl(7lf1l;'J 200 f'flU~'fl'W1'Yl l'Li'Wl'Jt11 7 1'W vii-:ir.nnn1f~nf?IJi'r:it1~1rn~t11t1:S'Wvi~ir..i~1~e.Jtie-J~l91~1f 

flf?lllN~"l~'J~'JJl1'Y'll'VJ1f11J 0.450.41 0.37 ll~~ 0.53 nf:W~'el~l91fl911:W~1v11J 

PY 189 

~1tl~'Wfi PY 1 
' 

PY 12 PY 44 PY 189 
V 

'W1Vl'Wnll~'1 (g/1) 0.45 0.41 0.37 0.53 

~ .J ~ v 2 
'Y'l'W'Vln1mf~91tl'W1:W'W (cm ) 7.07 8.04 11.95 15.21 

nJ~ 3.27 ~1f~f?lllf'1~'1~'J~'JJl1'Y'l~e.J~(?l1~r..i1nu~f?l Pichia anomala PY1 ll~~U~f?1~1tl~'Wlf 
" ' ' ,, ' 

nti1tl PY12 PY 44 ll~~ PY 189 1U'fl1Vl1JlVl~'Jl71Vl'Wf?l~(?]J'Ylj'jt11lY'Wn'JlVl~'el'1 4% lUUllVl~"l 
" 

r..i1nn1f~nf?l~1rnf?lllf"l~"l~r:i:nr:i111'Y'l~e.J~l911Ji't11:w1'Vlf?l~'fl1J~u~n1mf~r..i1t1tl1lYu'Y'l1J~1u~f?l 

Pichia anomala PY1 ~1:w1rne.J~(?l~1ftif?lllN~'1~'J~'JJl1'Y'l~1~~u~mrnf~91tltl1lYu1Ji'lvl1nu 
I I ti I t,, 

7.07 l911f1'1l6Jl'W~l:W(?lf llti~U~f?l'Yl~1:w1frie.J~l91~1ftif?lllf'1~'1~r:i~r:i111'Y'l'Yl1~Ylu'Ylmmf~r..i1t1tl1lYu 

~:w1nn~1~~[?1 Pichia anomala PY1 ~'e)~~f?1~1t.Jiufnti1tl PY 12 PY 44 ll~~ PY 189 1~ri1 
q 
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I 

Lvi1flu 8.04 11.95 u~~ 15.21 [?11d1\JL6n'W~L~l?ld vifl'J1~Lii1iu 1 ihN~nf~f?i'fli1~~~{?ld[?l1lJ~1'7lu 
t, I 

LLIN~L~'em.nt.1rnVJt.1'lJll'lJ~1t.l~Ui Pichia anoma/a PY1 'V'l'lJ'"J1U~ (91~11:.1~ui~1ii1in 11X~uVJ 
' ' 

m~r.i1m11:wu1~~nCJ11li~i.11ru 1.14 1.69 LLIN~ 2.15 L'V11 (?]1iJ~1(?l'lJ 

r.n niJuvhu1-~'Yli'll'el'1~1:i'IN ~rni...:i m...:i E1'1~'1fl1'V'l~1~~'1t.l~filfl:i'il1 l(?]n:i'1W (Ito LLIN~ Inoue, 
' 

1982) l111t.1n1JL(?J1t.1ii~1rn 111 LLN m...:iE1'1~'1fl1'V'lb 1Xu1'~'Yli1J1...:J~'JU~'Jt.l analytical Thin-Layer 

Chromatography 'l-h~1:i'INl?ILLNm...:iE1'1~'1fl1'V'l~~lll?ll~r.nnoif'el 7.2 il1LLt.lmL1;'l~'Yll?l~'el'lJ'lJULL~U TLC 
I I t, 

silica gel 60 ilLYl~Lfl~'elUVJ'Lli~n'el'lJ~'Jt.lfllN'ell:i'Yl'elfilf?J'elLi.J'Yl1U'el1;'lf?J'el'W1L'V11ll'lJ 65: 25: 4 LL~'1'Vl1 

mi~ Lri n ~vf 'e:J...:i rf 'Lli~n'e:J1J'll'el...:i~1i~'Jt.1L'el:i'~ L V1t.1'll'el-:J L'el l'el ~u 

U~(?l~1t.1~ufn1N1t.1 PY 12, PY 44 LL1;'l~ PY 189 ~'1t.1~filmii1 t1nm1WLL'lJ'lJ analytical Thin-Layer 

Chromatography 
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'Y'IU11~1rn~llf.._'l~.._'l~'1~'1ll1'Y'l~e-!~1?1LrJi'r.nnu~(9] Pichia anoma/a PY1 ~1i11n1Utln~1f 

11rem1rJi'd:J,w 4 ~1f?1rnhw (~1:m11 F1 ii.._'j F4 'i:~c.1il011vN~'ll1J.._'l'e)1?1t1ihwn1nfl~1J'W~ (Rf) lU'W 0.94 

0.83 0.75 u~~ 0.58 mi1~1f?1u u~(9]~1t.1~'Wjfn~1t.1 PY 12 ~1i11tmmn~1t1111nL1?1lU'W 3 ~1f?1U 
' 

~'1'W (~unrh Fa '1.._'l Fe L~t.1il..i1fl.._'l~'ll1l.._'l'e)l?lf1t'h'Wn1Jlfl~1l'W~ (Rf) lU'W 0.96 0.78 ll~~ 0.61 

1?11i1~1f?1u u~(9]~1c.1~wfn~1t.1 PY 44 ~1i11nmc.1n~1t1111n1rJi'lU'W 3 ~1f?1U~'1'W (fon11 Fd '1.._'l Ff • 
L~t.1ilA1fl.._'l~'ll'eN'e)l?lf1~'1'Wn1Jlfl~1l'W~ (Rf) lU'W 0.95 0.84 ll~~ 0.60 1?11il~1f?1U ll~~U~(9]~1t.l 

~-wfn~1t.1 PY 189 ~1i11tmmn~1t1111n1rJi'lU'W 4 ~1f?1U~'1'W l1t.1n11 Fg ii.._'j Fj 'i:~c.1il..i1fl.._'j~'lJ1J.._'j 

ter1?1t1~'1-wn1nf1~11-w~ (Rr) lu-w o.95 o.83 o.74 ll~~ o.59 1?11i1~1f?1u f?1.._'lll~~.._'j1-wrll~ 3.28 l~11tl1 

uf?l~:;~1f?1U~'1'Wil11?1ni.i~11u1.lt~~'Vlfill1'Y'I 1?1'1t.1n1ti ~ A1n1mt~r.:i1c.1tl1~'W 'Y'!u11 F1 'lltl.._'lU~ (91 

Pichia anomala PY1 e.J~l?IL1?1ilA1n1mt~i.i1t.1tl1~'W~.._'l~~~~ 2.84 1?11t1Wll'W~lill?lt U~(9]~1t.l~'Wfi 
'lJ q . q 

n~1t.1 PY 12 i11f?1U~'1'W Fa il..i1mmt~r.:i1c.1tl1~'W~.._'l~~~~ 1.33 1?11.._'lf1.._'ll"ll'W~lill?lt U~(9]~1t.l~'Wfi 
'lJ • • 

., I I 

n~1t.1 PY 44 ~1f?1U~'1'W Fe il011mtm:;r.:i1c.1tl1~'W~.._'l'Vl~~'Vl 3.14 1?11f1.._'ll"ll'W~lill?lt u~~U~(9]~1t.1 
'lJ • 

., I I 

~-wfn~1t.1 PY 189 ~1f?1U~'J'W Fj il..i1mtm:;r.:i1t.1'W1~'W~.._'l'V]~~'Vl 3.14 1?11f1WTI'W~lill?lf f?l.._'lll~~.._'j 

1'Wl?l1f1.._'l~ 3.16 

1?11f1.._'l~ 3.20 'e3' 1?1t1mnfl~1l'W~'ll1l.._'l~1t~ ~ llf.._'l ~.._'j ~'1~'1ll1'Y'l~e.J~1?11rJi'r.:i1nu~ (91 Pichia 

anoma/a PY1 ll~:;u~(9]~1t.l~'Wfin~1t.l 1'W1l1Vl1tm~'1ll1Vl'W~~l?ld~iltl1~'Wi'1m~11.._'j 4% lU'W 
• 'lJ ., 

lm~.._'lflTfu11-w u-wmJ-w TLC ll~~A1mtm:;r.:i1c.1tl1~'Wllf?l~~~1f?1U~'1'W 

..... ., I 
CV d d I O QJ 2 0 QJ I .cf 

'i.1t1~'W'Wfi ~11Pl'U'i.1t'l'W'VI 'el1Wa1n1'alrl~'el'W'VI (Rf) r11n1'in'a~~1~u1:wu (cm ) • 
PY1 F1 . 0.94 2.84 

F2 0.83 0.79 

F3 0.75 0.50 

F4 0.58 0.64 

PY 12 Fa 0.96 1.33 

Fb 0.78 0.50 

Fe 0.61 0.50 

PY 44 Fd 0.95 0.38 

Fe 0.84 3.14 

Ff 0.60 0.38 
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,v "' 
. . . 

I ~ QJ 2 
'Ct 1 £1 'V'l'W fi ~1cK1nh'Wvi 'el ~'i1 n1'nAihrn vi (Rf) A1n1'in'i~~1£l'W1il'W (cm ) • 
PY 189 Fg 0.95 2.01 

Fh 0.83 1.33 

Fi 0.74 0.50 

Fj 0.59 3.14 

r.i1nn1J'';jl,PJJ1:::i~1J'l;-1(?ll,l,'J\1~-:Je'.i'J;'JJ71'1"l~(:.J~(?]L~r.nnu~i Pichia anomala PY1 1,1,1;-1:::u~i 

~1rJYl'W(n1;-11rJ PY 12, PY 44 1,1,1;-1::: PY 189 ~'JrJ';jfib'"1J'il1 bl?lnd'1~bb'!JU analytical Thin-Layer 

Chromatography 'l"lU~1 ~1r?1rnhW'll'el-.l~1J'l;-1(?ll,l,J'-.l~-:Je'.i'J;'J171'Y'l~t:-J~l?lL~r.i1nu~i~1rJY1'W(nmrJ1,wi 

1;-1:::~1rJYl'W(~i'Jr11PJ-:1~'1J'el-:!'51?1J'1~'J'Wn1JbPJ~'el'W~ (Rf) ~!?h-:ir.i1n'll'el-:JU~i Pichia anomala PY1 1,1,1;-1::; 

~ Fe 1,1,1;-1::: Fj ~md'm:::r.i1ml1:w'W~-.l~(?l 'el19b'Y'IJ'1:::~1J'~(:.J~(?]L~91nU~[?]~1rJYl'Wfinl;-11t.lm'"1J-.l~r1-:i 
4J " ' 'l 

l,l,1;-1 :::'el-:! rf ,J J':::n'elU'll'el-.l~1 d~~ ~ mtru:::1,1,(?] n l?l 1-.l'°l1 n b'"1J'-.l~r1-:1'1J'el-.l ~1 J'\;') (;) l,l,J'-.l ~-.l e'.i'J;'JJ71'Y'l'll'el-:!U~ [?] 

Pichia anomala PY1 9-.l b'.LI'W~th~'WL'°l~9:::tJ1~1J'~(:.J~(?]L~'°l1n~1rJ'\Al'Wfinl;-11rJLU ~ml'1Vl1 b'"1J'-.l~r1-:i 
' 

., . 
12. n1'in~1£1W'W~A'i--'.lvi-ct'fl--'.ll?l'J£1-ct1'i Ethyl methane sulfonate (EMS) 

I t., t, I I I I 

1.i'1'el'Vl1n1Jb9'elr.i1-:11.~ffV1-.l"llr;)Pl'JUPiiJ1.1,1;-1:::"Jlr;)'Ylf1'eln1rn1;-11rJY1'Wfi'YlLV1i11:::~ii1,1,~'Jtl11u1.n~rJ1'!Xi'J 
q q 'l 'I 

l I !,I I 

e'.ir:Jviu1mvi1J' tlii'Yl'elillVlllil 30 'el-:Jft11.61lm~rJ~ 1.u-w1.'Jm 48 "ll'J tii-:i 'Y'lrn~'el1.r.i1ru1'W"llr;)PJ'JUPim1.1;-1:::"Jlr;)'Yl 
'l 4J (V q 'I q 

ri'elmrn1;-11r.Jvr-wtl~t:-J1;-1[?).,:i1,1,~r;)-:11-w1?11J'1-:1~ 3.21 1,1,1;-1::: 3.22 
' 

' al • 

1?11J'1-.l'Vl 3.21 U~(?l-:!'"11 CFU/ml. 'll'el-.l"Jl(?lPJ'JUPiil 
' ' 

' ' ' al al al 

"Jl(?lPJ'JUPliJ "Jl(?l'Vl 1 "Jl(?l'Vl 2 vu~rJ 
' ' ' ' 

91'W'J'W bPJ fotil?l'el b'Y'll;-1'Vl 100 87 93.5 
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0 93.5 100 

20 88 94.11 

25 80 85.56 

30 34 36.36 

35 2 2.14 

40 1 1.07 

45 0 0 

13. n1'ib"'l~t:ybb~~n1'ie.1;1?1~1'i~!Plbb'i'1~'1~'Ji'JJ11W"ll'el'1 Pichia anomala PY1 bb~~~1~-vru( 

n~1~°l 'W'el1Vl1'ib Vl~'J 

13.1 'el1Vl1'ib Vl~'J~i'.in~ t1o1~ 8% btlt.1bb V1~-:irn.f-u'elt.1 
<U 

I t, t, 

bij'ell~'Vl1n1n~t.1..:ib~'elU~l?l Pichia anomala PY1 bb~:;~1t.1~mfmnt.1 1umV11'.l' 
' 

I ' e:,.. .::::I a 1 .c::lacv 1.o:::I cv .c::Y 

~ruVIJJd-l 30 'el..:!Pl1b61lm61lt.l~ ~'J13-Jb'.J"J 200 '.J''elUl?l'el'WTYl bnUl?l'J'elt.11..:l'Vl 3, 5 u~~7 'J'W b'V'l'el 
., ' ., 

~!?11?113-ln1'.J'n1'.l'(:,J~(?]~1'.l'~!?lU'.J'..:l~..:1e'.h~'J1l1i"jl(?lt.ln1'.J''J!?l~'WVln1'.l'n'.l':;r.nmhwu u~~fl1U'.J'..:1~..:I 

~'J (?l..:lbb~!?l..:!L'W1?11'.l'1..:I~ 3.23 

(?J1'.J'1..:I~ 3.23 u~!?l..:imrn~1?1~1'.l'~!?lbLN~..:i~'J~'J1l1i"j'JJ'fl..:IU~i~1t.1~u{n~1t.1bd'elLlli't.1rnV1t.1unu 

~1t.1~u{ PY1 L'W'el1Vl1'.l'LVl~'Jfl1Vl'W!?l~l?l'.l'~ijn~ t~~ 8% bU'WbbV1~..:i~Tfu'el'WLU'WL'J~1 7 1u 
' SJ SJ 

PY1 

I 
., ,,j 

'J'W'Vl 

3 

5 

7 

., 
0 ., 2 

'W14-l'W (cm ) 

0.25 

0.27 

0.3 

(mN/m) (mN/m) pH 

47.5 21.5 4.31 

46.5 22.5 4.24 

47.5 21.5 4.36 



' 

�1t.l�'k\fi 
<V .,, 

')'!-.\VJ 
' 

MU28 3 

5 

7 

MUE1 3 

5 

7 

MUE4 3 

5 

7 

MUE5 3 

5 

7 

MUE6 3 

5 

7 

MUE7 3 

5 

7 

MUES 3 

5 

7 

MUE11 3 

5 

7 

MUE14 3 

5 

7 

t, 
... .,, 

'Y'l'k\'Vln1:i'n:i'�91t.l 

il1J!u (cm
2

) 

0.45 

0.27 

0.4 

0.25 

0.3 

0.42 

0.3 

0.4 

0.4 

0.25 

0.32 

0.35 

0.2 

0.35 

0.35 

0.35 

0.32 

0.37 

0.37 

0.35 

0.37 

0.32 

0.37 

0.4 

0.27 

0.27 

0.3 

86 

... = 

!:isr A1lld\lf?h'le-J'J 

(mN/m) (mN/m) pH 

46 23 4.41 

48.5 20.5 4.21 

50 19 4.74 

55.5 13.5 4.23 

59 10 4.5 

55 14 6.32 

58 11 4.16 

59 10 4.45 

52 17 7.31 

57 12 4.14 

58 11 4.52 

54 15 7.1 

57 12 4.18 

59 10 4.55 

56 13 7.36 

54 15 4.23 

52.5 16.5 4.25 

53 16 4.44 

55 14 4.23 

53 16 4.27 

53 16 4.64 

54.5 14.5 4.23 

55 14 4.21 

56.5 12.5 4.64 

54 15 4.39 

55 14 4.3 

54 15 4.49 
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,, 
' f1sT di .,. 

' di "" 
'V'l'W'Vl n1 'm:i'~91 rJ fl1LIS-.:J~-.:Ji:-J'1 

' 
,, 

~1r.J~rnf 
~ .,. 

tl1JJ'W (cm
2

) (mN/m) (mN/m) pH 
q 

'J'W'Vl 

MUE15 3 0.37 55 14 4.49 

5 0.3 55.5 13.5 4.12 

7 0.32 58.5 10.5 4.17 

MUE18 3 0.4 54 15 4.95 

5 0.3 54.5 14.5 4.23 

7 0.35 56.5 12.5 4.39 

MUE19 3 0.4 54 15 4.76 

5 0.3 57 12 4.17 

7 0.3 59.5 9.5 4.26 

MUE20 3 0.47 57 12 4.88 

5 0.37 57 12 4.17 

7 0.3 58 11 4.16 

MUE21 3 0.45 54.5 14.5 4.88 

5· 0.35 57 12 4.18 

7 0.4 58 11 4.14 

MUE23 3 0.2 53 16 4.29 

5 0.7 52 17 4.12 

7 0.5 56 13 4.16 

MUE24 3 0.25 52.5 16.5 4.3 

5 1.7 48 21 4.04 

7 0.4 55 14 4.03 

MUE26 3 0.2 53 16 4.24 

5 0.75 53 16 4.14 

7 0.6 56.5 12.5 4.23 
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' ' 
bi1re: rv'hn11ri'flmm�nt.1�Ufi Pichia anomala PY1 _.:::,j,::::I 2,, iJ' cf"=,_ 2,, 'l'l:W fl'J1:W b'IJ :W'IJUb "ll�� brn(?)U 

1h�:w1ru 1.0 x 108 b"llmf1Yl'eli1���(?11�'Jt.li'l1J Ethyl methane sulfonate �w.nm'll:W'llU 0, 20, 

25, 30, 35, bb�� 40 1:wtr11�(?11 '1"11JCJ1r.i�1��1c.1�u€n�1c.1�i'.tfhmJ'elUJ'el!?l'elr.l1u·1h:i�m:w1�i'l:w 
' " " ' '

=l =,_ CV 6"°il -=:l =l 

'l'lbn!91n11n�1t.1'1"1U�!?l'Jt.li'i1J Ethyl methane sulphonate fl'el 36.36 % ((?11J1'1'1'l 3.22) 
� � 

r.i1nuuv'hmul:w�1t.1�Ufin�1t.191U'JU 16 i'i1t.l�Ufi91n 36 �1t.l�Ufii.J1'1'l!9l�'el-:Jb�t.1'1lU 
q '\ I\ q 

�1t.1�Ufifl'el MUE24 11X�u�mm1�r.i1ml13!ui'l-:in11i'l1t.1�u€ PY1 �n 4 i'l1t.1�Ufi �'el MU20, 
q 'U q q 

MU22, MU26 u�� MU41 �11X�u�n1Jm�r.i1ml13!u1n�'b�mnui'l1c.1�u€ PY1 i'l1c.1�u€n�1c.1 
' ' 

� � � 
MUE2411X l:isr 'IJ'el-:JU1b�t.1'1b�'fl1n�\�mnui'l1t.l�Ufi PY1 

' ' � ' 
'Vl1n11'"1!?1b�'elni'l1t.l�Ufi MUE24 :W1�ffl111Yl'ellU b'W'el-:Jtai1n�1t.1�un"liXvh,1'Yln11m�r.i1t.1 

' q 

t,, t,, i, 'i/ 

tl13!u�-:in11i'l1t.1�u( PY1 UJ�:w1ru 5.67 b'Vl1 bb��i'l1i.i1rn�!?lfl1bbJ-:J�-:ii1'J'IJ'el-:JU1b�t.1-:ib�'ell� 

bUU 48 j'j��U'J�UIYl'elb:w(?)J 11Xri1 l:isr b'Vl1flU 21 1uv'hmrn1i'lJl1'J��bV!i.J1��:WIYl'eln1JC-l�[?l 

i'l1J�!?lbbN�-:Je1'J�'JJl1'1"1t!9lt.1 Pichia anomala i'l1t.1�u(n�1t.1 (MUE24) 

14. n-1'afiin'lfl'el-:J �u'a:m'el'LI"ll'el-:J'el1Vl1'alf �..:i l t'elvi l m..i1�'1:14-I !Pi'el n1'ae.J� 1Pl't:11'a� 1?1 ll 'a-.'.I �..:iih

�'JJl1'V'l"ll'el-.'.1 Pichia anoma/a MUE24

mmuJeruwv1�-:1f!Tfu'elu�mi11�i'l:w IYl'eln11tJ� (?li'i1J� !?1 bbJ-:J �-:i e1'J�'Jl11'1"1 r.i1nmJ'l'l !9l�'el-:i b�'el 
'i/ t,, 'i/ I I I 

'Vl1n1n�t.1-:ib�'elbUU1�t.1�b'J�1 5 ,Yu '1"1U11tl13!u5'Jb'Vl�'el-:ibumm�-:i f!1fu'elU'Yl bvrn1�i'l:w'Yli'l !91 
' ' � '

dJ ,:::,l I 0/ 0 CV 2 I .di: � 0 t CV CV 

bU'el-:191m-lfl1n11nJ�91t.l(?l'J'IJ'el-:JU1:WUi'i'1i'i!91 4.91 cm bb��fl1bbN!?MtJ'J!?l1i'i!91 b'l'l1nU 39 mN/m (91-:J 
.., q ' 

!,I I I I I 

tl13!u5'Jm�'el-:i bUUfl'J1:Wb'll:W'llU'Ylm:w1�i'li.JV1i'l!911umrn�(?li'l1J�!?lbbN�-:ie1'J�'JJl1'1"1 �-:ir.i�11Xri1n11 
� ' 

m�r.i1c.1tl13!m'Vl1nu 17.64 cm2 bb��fl1bbN�-:Je1'J 35 mN/m Ui'l!91-:JtJ�LU(?l1J1-:l'Vl 3.25 
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I t, t., t., 1,-
..:::,j I .-::! ~ I O CV I O -=::I .dl CV (f' 

!fl1J1,,:J'Vl 3.24 rl1lbN!fl,,:Ji:.J'J mmmd~91t.l'W1l-J'W bb~~m pH 'JJ'eM'W1b~t.1,,:Jb6Jl'el91nl:'l1t.l'Y'l'W~n~1t.l 

MUE 24 b~'elH'bbv1~,,:Jrl1fo'el'W6JlU1?1l?i1,,:i7 ~ 30°C b'.U'Wb'J~1 5 f'W 

(8% w/v) (mN/m) 

54±2.47 

53.5±2.25 

39±2.52 

43±1.89 
V 
0 ., ,., 

'W1l-J'Wl-J~'Y'lJ1'J 53.5±1.73 

~ST b-t 

(mN/m) 

8.5 

14 

13.5 

7 

10 

,., 
~1n1dnd~r.i1t.1rli''J'll'fl,,:Jtl131-w 

2 
(cm) 

~1 pH 

0.58±0.20 4.61±0.13 

0.43±0.07 4.38±0.07 

4.91±0.27 7.79±0.10 

0.79±0.52 7.2±0.06 

0.20±0.04 4.48±0.02 

* l:isr A'el~1rir;i1mb!flnl?i1,,:i'JJ'fl,,:JbbJ,,:i~,,:ie1r;ib~'elb'Vlt.11Jnuf-w~ o (n~tri~ 62.5 mN/m, 6llbr'IJ~ 67.5 
~ ~ 

t., I t,, t., 

mN/m, tl1~'WG'Jbvl~'fl,,:J 52.5 mN/m, tl131-w1l1il--l 50.0 mN/m bb~~tl1~'Wl-J~'Y'l;<1r;i 63.5 mN/m) 

-N 

E 
~ 
> .., 

·;;: 
'.j:i 
u 
ro .., 
C 
(1J 

E 
(1) 
u 
ro 
a. 
Ill 

~ 

0 

4.50 

4.00 

3.50 

3.00 

2.50 

2.00 

1.50 

1.00 

0.50 

0.00 

Glucose Sucrose Soybean Oil Palm Oil Coconut Oil 

Carbon source 

t, 'l/ t,, t, 
I Ocv O.::::l ,di Q/fJ 

3.29 rl 1 n1 dnd~91 t.l'W 1l-J'W 'lJ 'e),,:J'W 1 b~ t.J,,:J b6Jl'el91 n ~ 1 t.l 'Y'l 'Wfi n ~1t.l MUE24 
' 



E ...__ 
z 
E 
C 
0 

·;:;; 
C 
<lJ 
I-
<lJ 
u 
ro .... ,_ 
:J 
Vl 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

---~--~~~-~~~·-----

Glucose Sucrose Soybean Oil Palm Oil Coconut Oil 

Carbon source 

90 

iu~ 3.30 bb'i'\~'1~1bb1'1~'1~'l'li'e:l-:itl1bit1,lb~'e:l91n'i'\1tl~'W(n~1tl MUE24 bd'e:11.ifbbVl~-l 

'"11'.tU'e:l'W'll'W~ [911'17 

9.00 

8.00 

7.00 

6.00 

:x: 5.00 
a. 4.00 

3.00 

2.00 

1.00 

0.00 

Glucose Sucrose Soybean Oil Palm Oil Coconut Oil 

Carbon source 

iu~ 3.31 bb'i'\~'1~1 pH 'll'e:1'1tl1bit1-ib~'e:l91n'i'\1tl~'Wfn~1tl MUE24 bd'e:IL.ifbbVl~'1'"11'.tU'e:l'W 

'l!'W~[9]1'17 
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,, ,, 
' "" 1?11J1-:J'Vl 3.25 'W 1 VI 'W n L 'll ~Hf LL 'IX-:i fl 1 LL '.N ~ -:J ~ 'J fl 1 n 1 J n J ~ 91 tJ 'W 1 ~ 'W U ~~fl 1 pH 

t., '1,1 'J.I I t,, I 

"JJ'e.l-:J'W1L~t.J-:JL~'e.l91n~1t.J~'Wfirnnu MUE 24 Li1'e.JLL1he1'Wfl'J1:WL'll:W'll'W"JJ'e.l-:J'W1~'W'1'JLVl~-:J 
q 

,, ,, 
fl'J1:W L "JJ:W"JJ'W"JJ'fN 
,, ' 
0 (I/ Q/ ,:::;!J 

'W1:W'Wn'J LVl~'e.l-:J (g/1) 

0% 0.6889±0.02 

2% 4.0378±1.04 

4% 9.0411±1.13 

6% 8.9033±0.14 

9.1578±0.54 

10 % 11.1767±0.27 

· 16.00 
15.00 
14.00 

;::;- 13.00 
E 12.00 -: 
!:c'. 11.00 I 

r -;:; 10.00 
'•~ 9.00 · 

v1 8.00 c- I C" 7.00 .... .. 
6.00 c:: .. 

c- 5.00 c:: 
<i= 4.00 -
'i~ 3.00 

2.00 
1.00 

I 0.00 

0% 2% 

(mN/m) 

59±1.50 

50±7.97 

35±4.93 

39±3.25 

39±5.77 

41±1.26 

4% 

.6.ST b-t 

(mN/m) 

-6.5 

2.5 

17.5 

13.5 

13.5 

11.5 

6% 

%Soybean Oil 

0.20±0.04 

0.20±0.0 

17.64±1.55 

6.15±2.84 

13.20±2.14 

0.28±0.73 

8% 10% 

fl1 pH 

7.36±0.11 

6.4±0.07 

7.13±0.49 

7.39±0.25 

7.1±0.04 

6.92±0.11 
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70.00 

E 60.00 ....... 
z 

50.00 .§. 
s:: 40.00 0 
'iii 
s:: 30.00 QJ 
I-
QJ 20.00 u 
(1l .... ,._ 

10.00 :::l 
Ill 

0.00 

0% 2% 4% 6% 8% 10% 

% Soybean Oil 

itl~ 3.33 LL~!?1-:Jf-11Lbd'-:i~-:ir'.i'J'JJ'el,n11Liu,n~'elr.i1n~1ui'Zu(mnu MUE24 d1'el1-iftl1:wu5'Jm~'el-:i 

bb t-1~-:i rnfom,1~ bbtl d'e1urYJ1iJ b '1f ii'1f ur;h-:17 

8.00 

7.00 

6.00 

5.00 
:c 4.00 Q. 

3.00 

2.00 

1.00 

0.00 

0% 2% 4% 6% 8% 10% 

% Soybean Oil 

iu~ 3.34 bb~!?)-:Jf-11 pH 'JJ'el-:Jtl1bi1:J-:1b~'el91n~11:Ji'Z'W(mn1:J MUE24 bd'el1-iftl1~fo5'Jbi-l~'el-:l 

bb t-1~-:i vnfo'el'W~ bLU d'e1'Wfl'J1iJ b '1lil'1l'W!?l1-:11 
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14.00 

12.00 

~ 10.00 
.... 8.00 ..c 
bJ) 

'cii 6.00 ~ 
> 4.00 ... 
0 

2.00 

0.00 
0% 2% 4% 6% 8% 10% 

%Soybean Oil 

I 1,, t, i,, 1,, I 1,, l 

:i'U'Vl 3.35 bb~~..:irh 'W1v1'Wnb'Jl~~fo1X..:t'll'e:l'1'W1b~\:J..:tb;'e)r.l1n~1\:J'V~'-i..!fin'6'l1tJ MUE24 bi'.l'e:l1-iftl1:wun'l " . 

., 
t:.J~M~1rn~bb:i'..:t~..:ti1'l:il'l1l1'Y'll~\:J Pichia anomala MUE24 11Xt:.J~rhmm:r~91\:Jf?l'l'll'tl..:t'W1:W'W~..:t~~ " . 

' ., ., 
M1:i'1'1'Vl 3.26 'W1v1'Wnb'll~~fo1X..:i ~1bbN~..:ti1'l ~1n1:rn:r~91\:J'W1:W'W bb~~~1 pH 

1,, t,, 1,, I I 

'JJ'tl..:t'W1b~tJ..:tb;'tl91n~1\:J~'Wfn~1\:J MUE 24 bi'.l'tl 1-if bm~..:i1utMn9'W°ll'W~f?i1..:i1 V1 30°C bU'Wb'l~1 5 1u 

bbv1~..:t1'WLM:i'b9'W 

(0.2% w/v) 

9.95±1.24 

2.4489±0.09 

1.9433±0.22 

(mN/m) 

41.5±4.51 

43±6.00 

50±3.00 

iisT b-t 

(mN/m) 

16 

10 

2 

., 
0 ., 2 

'll'tl..:t'W13-.l'W (cm ) 
~1 pH 

6.15±0.71 7.19±0.97 

3.14±0.18 3.84±0.16 

0.28±0.18 3.44±0.56 



-"' E 
u 2.00 -t------t-------~------------

-~ > ·t 1.50 
rn .... 
~ 1.00 
E 
w 
~ 0.50 
Q. 
V, 

:a 
0 

NH4N03 

Nitrogen source 

Nitrogen source 

94 



8.00 

7.00 

6.00 -~---

5.00 

t 4.00 

3.00 

2.00 

1.00 

0.00 -

NH4NO3 
Nitrogen source 

I t, t,, t, t 
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!U'Vl 3.38 LLMMrh pH 6JJ'el'1'W1L~1:J,:JL~'elr.i1n~11:J'vlw(mnu MUE24 d°'.1'ElHm11~'1L'Wl(?l'.i'L9'W(?]1'11 

2.00 

0.00 

Nitrogen source 

!U~ 3.39 LL~!?l'1~1'11Vl'Wm'1lf:'1iLL~'16JJ'el'1\11Lil:J'1L:f'elr.i1n~11:J~'W(mnl:l MUE24 Lri'El1-ifLLVl~'1 

1ut(?lnr.iu(?]1'11 

15. n1'-.i'i:J~ ~bb'tl!:fi1'-.i''cff1~'cf1'-.i''GHP!bb'-.i''1~-:l~'li'l1l1~ 

vhmm~(?l~1'.i'f:'1!?lLLN~'1e'.i'"J;')J71'\"l91nU~f?l Pichia anoma/a ~1tl~'Wfi MUE24 1umVl1'.i' 
q 

LV1f:'1'Jf11Vl'W!?l~(?l'.i'~U'.i':;n'elu#i'<Jt1 0.02% KH2PO4 , 0.02% MgSO4. 7H2O, 0.1 % ~1'.i'~fl!?lU~f?l 

0.4% NaNO3 bbf:-1~ 4% tl1~ui'JLVl~'el'1 fl'"JUfjJ-Jfl1fl'"J1J-H'LJ'Wn'.i'!?ll?l1'1d:wrJruwhnu 5.5 J71'"J~n1J' 

Lit1'1L~'el~'elruV1J1i1 30 'el'1f11L'1lm~t1~ 1-w1~iU6JJ'J!?lL6JJ1:he1'(?]11L;'J 200 '.i''fliJ(?]'fl'W1'Vl L'Li'WL'"Jf:-11 5 ,fo 
q ., 
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mnf?l1t.1~~11iw11,1,1-:i~-:i~'.h;r;in1~11Xu1~'Vlfu1-:i~'J'Wti1'Jt.1~fi analytical TLC l1?1t.1tl1~11~1?1 

1,1,N~-:ie'l'J;'JJl1~~vh11Xu1-~'Vli1J1'-'l~'J'W~1f?lJ'J9Ml1J1J'Wl,1,~'W TLC silica gel 60 l,~~l,rl~'el'W~ 
' ,, 

1h~n'el1Jti1'Jt.1rl~'ellJ~'elfo (?]'fl 1.~'Vl1'W'el~ (?]'fl tl1 (65: 25: 4) 1,1,~r;i'Vl1n11~1,r111~vf'el-:ir11h~n'el1J'll'el'-'l 

~11ti1'Jt.ll'el1~mt.l'll'el'-'ll'el l'el~'W (Passeri 1,1,~~r1ru~. 1992) ~u11~1rn1?11.1.1-:i~-:ie'lr;i~r;ir11~~1ti1r.i1n 

~1t.l~'Wfin~1t.l MUE24 ~1~1nrnt1n~11'el'elnlti11,U'W 4 ~1(?)1J~'J'W 1.1t.1n11 F1 .1 n-:i F1 .4 ll?lt.li'.I 
' 

,, 
~1 Ci1U ~'J'W~1 f?lnr.i~'eluu 1~~'Vl fi 111~ ti1'J t.1n111' 1?1 fl1 n 1rn 1~r.i1 t1tl1JJu ~u11~ ~ f?l ~1 tl~'Wfin ~1 t1 

' 

F1.1 

'F1.4 

lf?lm1~1,1,uu analytical Thin-Layer Chromatography 
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(9]1'.i'1'1~ 3.27 i(9]'.i'1n1'.i'lA~'el'W~'ll'el-.'.l~1'.i'~(?)bbNm'1iJ'J;'JJl1~~f,.J~(9ll~r.nnu~(91 Pichia anomala 

PY1 bb~~u~ (91~1tl~'Wfin~1tl 1'W'el1Vl1'.i'l Vl~'Jf11Vl'W(?)~ (9]'.i'~iltl1JJ-wcf 1 m~h-:i 4 % b'U'WlbVl~-.'.l r11fo11'WU'W . ~ ,, 
bb~'W TLC bb~~f\1n1'.i'n'.i'~91tl'k\1l1'Wbbff1~~~1Mrn'h'W 

' 0 a., I ..:::( 

~1(Pl'IJiq'"J'W'VI 

MUE24 F1 .1 0.92 0.95 

F1.2 0.75 3.46 

F1.3 0.64 18.09 

F1 .4 0.43 18.09 

4. c:( I 

'IJ'jiq 'VI fi'IJ1-:Jiq'"J'W • 
' ,, ,, 

'1(?)fl1M"llUn1'.i'bfl(?)~JJ~i'W (Emulsion Index) d'l'Eli'l(?)~'elunuil1lJ'W"Jl'W(?)ff11'11 l~mi il1lJ'WA1 
,, ' 

L'W~1 bb~~il1lX'Wt1'JbVl~'e)'1 [9]1:J-J,jfi"J.l'e)'1 Shepherd u~~Aru~ ( 1995) ~U'J1A'J1:l-J~1:l-J1'.i'rt 1'Wn1'.i'fl'e) 

~JJ~i'W (Emulsification activity) "J.l'e)-.'.l~1rn (?I Lb'.i'-:im-:i iJ'J;'JJl1~~ f,.J~ (9] l~ ff1'eltl1l1t.1"Jl'W(?)ff11-.'.l1 i1 '"11 

1m\\~u-:in-wfi11 ilfi1~(?)n~'WLL~'1~A'.l1:l-Jtl1'JA~'W 500 -w1 l'WL:l-J[9]'.i' 1h~ii1ru 0.237-0.572 LL~~fi1 

A'.11:l-Jb~nm1'Wn1'.i'fl'el~JJ~i'W (Emulsification stability) vi111fi1M'llUn1'.i'bfl(?l~JJ~i'W(Emulsion 
ii t., 'l.l I I I I 

Index) (?111il1l1t.1"Jl'W(?)lv1LLri tl1JJur11 t'W~1 u~~tl1JJut1'JLV1~11-:iV1 24 'n'J tii-:i ;-:i11Xfi1ii1nn'l1 90 
,, 

bU'elfL'nU(911utl1lJuA1 l'W~1 fl'e) U~(91~1t.J~Ujfn~1tl PY 12, PY 44, PY 189 LL~~ MUE24Lb~~1,x • ,, ' 
1°11:l-J1nn'J1 80-90 bU'elfL']U(911utl1JJun'JLVl~'el'1 ~'e)U~(91~1tl~Uifn~1tl PY 44 bb~~ MUE 24 M-.'.l • 
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' 
!?11:i'1~'Vl 3.28 Wi:\(?'l~rhm:i'ri'el~J!~-n'W (Emulsification activity) ll~~fl'J1l-Jl'c\Clt.1:i''ll'el~n1:i'fl'el 

~J!~"n'W (Emulsification stability) V11''elr11!?l6Jl'Wn1:i'lnf?l~J1~6n'W (Emulsion Index) ~l'J~1 24 6i'Jba.M 
I i/ t, I 

'll'el~~1J~ f?l llN ~~ r.i'J;'Jll1'V'l'Vl i:-1~ i?l l~ ~'eltnJ!-wr11 b 'W~1 ll~~tl1J!'Wn'J lVl~'el~ 

ioi1n1'iri'fl~ir~"li'W(OD units) 
tllJCII .c:ir,,.c:ir,,a..,QJ 

.., .. 1-11~"1iun1'.i'Ln~'el:1-J~"1i'W E24 
~1tl~'Wfi 

J1irur11tu~1 
:';' .., ~ ... 

tl1iru1-11 t u~1 
0 .., ~ ... • 'W1:l-l'Wrt'Jb 'l,'la'el.:J 'W'1:1-J'W rt'J b Vl~'eM 

PY1 0.508 0.545 70.67 73.76 

PY 12 0.237 0.572 91.56 61.54 

PY 44 0.493 0.345 91.89 91.01 

PY 189 0.309 0.473 97.73 77.59 

MUE24 0.257 0.301 94.14 88.53 
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' ,, ' 
u1:1~ Pichia anomala PY1 'VlL'llLim1J''Ylf?l~'fl..:J'Wt,Jnm..1nii1r.nnoih'JV1il1n'Vl'e11LJl'el 

vrw1:1uA:w 9..:JVl'lf?I 61l~u1' bf?lt.1-w1..:i1:11%-w1:1m L~t.l..:J'fl'lfo Lri'eltl v-u'L 2549 r.i1nn1J'Afl'jj'1n1J' q q 

4% lU'WllVl~..:JA1fu'el'W :w NaNO3 0.4 % lU'WllVl~..:JL'Wbl?l1l9'W A'1UrJ:Wr!1A'J1:wlU'Wmf?l!?l1..:J 

~iiiA-wwhnu 5.5 uii~mwvmi1 30 'e)..:Jra\1l"ll~l6Jlt.ll:'1 l611th'al?IJ'1l;'J 200 J''e)U(?]'e)'W1'Vl lU'W 
q .. 

tJ t,, tJ I t,, 

VJ~1 7 'l'W bf?lt.l~'J'W'W1l~t.1..:il~'fl'VlLililL"ll~i :wr11n1mJ':;r.i1utl1~-w1:1..:i1:1f?I 5.07 l?l1J'1..:J 
.. q 

fl1J'n~1mfo(l~'fll~ilfl1dt-l~l?ll:'11J'~f?lllN~..:Je'.i'J~'JJl1'Y'lbf?lt.ll:'11J' Ethylmethane sulfonate 

bf?lt.l'W1..:Jl:'11'Jf11?l1 ~m~ 'V'l. fi'l.2550 LL~:; n1J'ri'flmmmmf-wn1f?lu1-iff..:i~i~l?lJ'1 L'J b'ell~l?l q q 

:h:wnUl:'11J' Ethylmethane sulfonate bf?lt.l'W1..:Jl:'11'J'V'lJ''VJ'V'ltJ mL1'el..:Jl:'1n~ 'Y'l.M.2551 9..:JL'91 
q 

~f?ll~'flnu1:1~1:11u~-wlfnmu PY 12, PY 44, PY 189 LL~:; MUE24 :w1vhn1J'An'jj'1i?l'fl 1-w 
q 

,, ' 
'W1~'Wt:1'JlVl~'el..:J 4% l'U'Wll'Vl~..:imfu'el'W :w NaNO3 0.4 % l'U'WllVl~..:JL'Wbl?ldl"'l'W A'JUrJilrl1 

m1:wLU'WnJ'f?l!?l1..:i(jii1Amvhnu 5.5 uii~'flillvmi1 30 'fl..:Jfi'l1l"ll~l6Jlt.Jl:'1 l6llt!1'al?IJ'1l;'J 200 
q .. ,, 

J''flU(?]'fl'W1'Vl LU'Wl'J~1 7 rr-w 'V'lur:i1u1:1~1:11t.1~'Wlfn~1u PY 121*r11n1J'm:;r.i1utl1~-w1:1..:i1:1f?I 
q .. q 

L'W'l'W~ 7 whnu 7.94 1?11J'1..:Jl61l'W~lill?IJ' :WA1llJ'..:J~..:ie'.h~11:'1f?IL'W'l'W~ 7 llsr l'V11llU 26 
q 

,, ' 
n~~'W'Jl9J'W(?]'ellill?IJ' U\:'1~1:'11t.l~'Wfifl~1t.l PY 44 1*r11n1J'm:;r.i1t.1'W1~'Wl:'1..:J~f?IL'W'l'W'Vl 7 

q .. q 

L'V11nu 9.62 1?11J'1..:iL"ll'W~Lii1?1J' iifi1LLN~..:ie'.l'J~1~f?IL'W'l'W~ 5 flsr L'V11nu 24 n~~u'Ji'W(?]'e) 
q 

,, ' 
lill?IJ' ~~~~1t.l~'Wfin~1t.l PY 189 1*A1fl1J'm:;r.i1t.1'W1~'W~..:J~f?ll'W')'W'VJ 7 whnu 10.18 

q .. q 

Lri'flllli't.lUl'Vlt.lU!lUl:'11t.l~'Wfi Pichia anomala PY1 'V'lU'J1Ul:'1~1:'11t.l~'Wfifl~1t.l~1il1J'tlL* 
q q 

Lri'fl'Vl 1n1 J'A fl'jj'1 fl1J'L91n.J ll~ :;n1 rn~ 1?11:11rn f?I llN ~..:i e'.i'J~'JJl 1'V'lL 'W'el1V11n VI~ 'J 

n1V1'Wf?ll:'11?1J'~:Wn~1A~ 8% lU'WLl'Vli-i..:iA1fu'fl'W ~~~~1u~mfn~1t.1 MUE 24 1*fi1n1J' 
.. .. q 

tJ I I I 

m:;r.i1utl1~'W~..:J1:1f?IL'W'l'W'Vl 5 L'V11nu 1.7 1?11n..:il"ll'W~liJ1?1J' :wfi1LLJ'..:i~..:ie'.l'J(?]11:'1f?IL'W'3'-w'Vl 5 
.. q q 

llsr l'V11llU 21 n~~U'Jl9l'Wl?l'ell:Wl?Jd zj..:JL'W'llll:;~ PY1 1*'Y1'W~fl1dflj:;91m11~'W 0.3 

l?l1J'1Wll'W~l:Wl?lJ' L'W'l'W~ 7 L'W'fl1Vl1J'61lUf?ll~mn'W zj.,:i~..:inr:i11:11t.1~'Wlf PY1 1h:;ii1ru 5.67 
.. q 
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I t, i,I !,I I '11 I 

1,iJ'ell~tJ~~1tJ~'i.1€mn1:J MUE 241um~1n~m1,;'elvHl 4% tl1~m1r.i1,~~'el~1,uu1,m~~ 
q 

n1n~1'm-1~11iH9rnN~~e1r.i~r.in1'\f'l1'1Xu1~'Vl'iu1~~r.iu~r.itJ analytical Thin-Layer 

Chromatography 1,1,~r.ivi1n1:i''hA11:::i'el~t1tl:i':::n'elU"1l'el~~1:i'~'".ltJlm:::mtJl'elL'el~tJ 'Y'lU'J1 

~11~1?llbN~~e1r.i~r.i111'\f'l~e-l~~11?1r.i1n~~~ Pichia anomala PY1 ~1:i.J11m1.tJn~11'el'elnl!?1 

bU'I-J 4 ~hvi'u~r.iu b1'tJn'J1 F1 n~ F4 b1?1tJilr11A~~"lJ'el~im1~r.iun1nA~'el'\,J~ (Rf) d'.l't;.l 

ocvc:::I(> cvff" 

0.94, 0.83, 0.75 bb~::: 0.58 ~1:l-J~11?1U tJ~~~1tJY-m~n~1tJ PY 12 ~1:l-J1:i'rlbbtJn~11'el'eln 

l!?11.1J'I-J 3 ~1'91U~')'\,J Cfon'J1 Fa n~ Fe b1?1tJilr11A~~"lJ'el~'el~:i'1~')'1-Jn1nA~'el'I-J~ (Ri) d'.lu 

0.96, o.78 1,1,~::: 0.61 m:i.J~1v1u ~~~~1tJiuin~1tJ PY 44 ~1:i.J1:i'mmn~11'el'eln1~1,uu 3 
q . 

~1v1U~')'\,J (fon'J1 Fd n~ Ff b1?1tJilr11A~~"lJ'el~'el~11~')'1-Jn1nA~'el'I-J~ (Ri) d'.lu 0.95, 0.84 

1,1,~::: 0.60 m:i.J~1v1u ~~~~1tJiuin~1tJ PY 189 ~1:i.J11m1,tJn~11'el'elnLC?1d'.lu 4 ~1vi'u 
q 

~')'\,J Cfonrj1 Fg n~ Fj b1?1tJi'Jr11A~~"lJ'el~'el~:i'1~')'1-Jn1nA~'el'W~ (Rf) bU'W 0.95, 0.83, 0.74 

1,1,~::: o.59 ~1:i.J~1v1u 1,1,~:::~~~~1tJiuin~1tJ MUE24 ~1:i.J1:i'm1.tJn~11'el'elnl~bU'W 4 
q 

~1v1U~')'W ~tJn'J1 F1 .1 n~ F1 .4 b1?1tJilr11A~~"lJ'el~i~:i'1~'".l'Wn1nA~'el'I-J~ (Rf) bU'W 0.92, 

0.75, 0.64 1,1,~::: 0.43 ~1:i.J~1v1u 1.d'eltl11,1,!?l~:::~1v1u~r.iu:i.J1~:i'r.ir.i ~'elutl1:::~'VlfiI11i"l!?1'".ltJ 
V ' 

VI Ocv I ..:::9,..:::::-..::::{ .:::,I,:;:,,_ c:::l(J,. 

n1:i'r.i1?1A1n1:i'n1:::r.i1tJ'W1:l-J'W i"lur.i1~11~1?1blN~~e-1r.i".llr.i111i"l'Vle-l~~r.i1n tJ~~ P1ch1a 

anomala PY1 ~~1'91U~')'W F1 ilr11n1m1:::r.i1mi1~uwhnu 2.84 ~111~b6.ll'W~b:l-J~1 ~11 

' .:S~.:::.,I ,:;;:lt, o.,,(> -=:,locv, c:::11> cv(> 

~(?)bbN~~e-l')".il')111i"l"lJ'el~tJ~~~1tJ'l"l'Wim~1tJ PY 44 'Vl~1(?)U~')'W Fe tJ~~~1tJ'l"l'Wnn~1tJ PY 
q q 

t V t 
.:::::,IOcv1 c:::lt O(V c:::I 1..:::Y ICV 

189 'Vl~1(?)U~r.iu Fj :i.JA1n11m:::r.i1tJ'W1:i.JtJ~~'Vl~(?)1,1,~:::~~nr.i1A'elb'Vl1nu 3.14 ~111~ 
t V t 

1,6]j'\,J~l,:).J~:i' 1,1,~::; MUE24 vi~1v1U~')'W F1 .3 1,1,~::; F1 .4 ilr11mm1:::r.i1m11~u~~vi~(?)l,I,~::;~~ 

n'J1~'elb'Yl1!lU 18.09 m11~1,6.ll'W~b:l-J~:i' 

r.nnmf31,m1:::'lf~1rn1?11.1.N~~e1r.i~r.i111i"l~e-1~~1~r.i1n~~~ Pichia anomala PY1 

1,1,~::;~~~~1tJi'Wfin~11:ri~ 4 ~1tJitJfi ~')tJ~;bA1:l-J1 t~m1rfouu analytical Thin-Layer 
q q 

Chromatography i"lU'J1 ihvi'u~r.iu ~iln1rn1:::r.i1ml1~'W~~~(?)"1J'el~~11~(?)bbN~~~r.i 

~r.in1'\f'l~ e-1~ ~1~r.i1n~~ ~~1tJiuin~1tJ 1,wl~:::~1tJiui~il r11A~~-n'el~'fl ~n~r.iun1 :i' 
q q 

I I I I 
.:::.Y =l .::::11 .:::::1,.. c:::I,:.,. ..:::1, 

LA~'el'I-J'Vl (Rf) 'Vl~1~r.i1n-n'el~tJ~~ P1ch1a anomala PY1 'el19b'Y'l11:::~11'Vle-l~~r.i1ntJ~~~1tJ 

iu€n~1tJ iJ'i:A N ~ ¥1~ 1,1,~ :::'el~ tf tl 1:::n'elU"lJ'el~ ~11~ ili m1ru::: 1,1,~ n !?l1~r.i1 n bA :i'~ ~ ¥1~-n'el~ ~11 
q 
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~f?lbbN~-:in'J~'JJ11'Y'j6lJ'e:J-IU~(?l Pichia anomala PY1 9-lbU'W~l!1~'W19~9:;tl1~1d~~~i?Jl(?) 

r.i1n~1t.1~-wfn~1t.1[9]1-:Jltl~mrtnLr1N~~1-:i~1d1lf'Elf)rw~~u'1i~-w7(9l'e:Jl1J 

tdm11md~mn'e:l-:ir11h·:;n'e:lu6ll'e:l-1mV11nit.1-:it~'e:l~lV1~1:;~~(91'e:Jnlrn~1?1~1d~f?lllN 

~-:in'J~'JJ11'\f'j6lJ'e)-:J Pichia anomala PY189 lb~:; Pichia anomala MUE24 Lf?ltl'Vl1n1Jbb'l.h 

t,, I I I 

tl1JJ'Wn'J lVl~'e:l-l bU'Wlb Vl~-:J mfo'e:l'W'Vl m~1:;~~'Vl~ f?1 ~'J'Wnl mudtr'WrJ'J1~ b 'n~'n'W6ll'eM lb Vl~-1 
' 

.c.:::?r,_ .::::S.,:::,, ~ 

mrn~1?1~1d~f?lllJ-:Ji?l-l~':l6ll'JJ11'\l'j 

n1J~mnrJ'J1~~1~1ni1'Wn1Jf1'e:l~J!~i'W6ll'e)-:J~1rnf?llbN~-ln'J~'JJ11'\f'j~~~i?ll~f?ltl 

n1J'Jf?lfl1fl'J1m~nm1'Wn1Jfl'e:l~J!~6ll'W (Emulsification stability). bb~:;fi1cK-ni1mnnf?l 
!,I ii i.l l I 

;sJJ~i'W (Emulsion Index) (9l'e)'W1JJ'W 2 6ll'Wf?llf?1bbfl tl1JJ-wr11L'W~1 bb~:;tl1JJ-wn':llVl~'e:l-l'Vl 24 

i'JL~-:J ~-:i1~fi1fi1cK-ni1n1nnf?l~J!~6ll'W~1nn~1 90 bU'e:lfl61l'W(?l1m11JJ-wr11L'W~1 fl'e) U~(?l 

~1tl~'Wf n~1tl PY 12, PY 44, PY 189 lb~:; MUE 24 lb~:;1~fl1fl1Vl"ll'Wn1Jb!lf?l~J!~6ll'W 
,, ' 

~1nn~1 80-90 bU'Elfl61l'W(?l1'W'W1J!'Wn'JlVl~'e)-:J ~'e)U~(?l~1tl~'WfinmtJ PY 44 lb~:; MUE 24 
' 
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~ fn'i'el1Vl1'ibb 'IN~1fin1'ibfn~t! :l-l'el1Vl1'ib; t!-:1 b ~'el 
cu 

1. 
c:::o QJ .cl o' o' 

'el1Vl1'abb"ll..:l"nn~1'a~n!Plfl~l?Hb'tl::::I-J'el'tltn (YM agar) 

~1'J~ll!PIU~(?l (Yeast extract) 0.3 nf:w 

~1'J~ll~:W'e:l~'6 (Malt extract) 0.3 nf:w 

bt.U"'1 Ll?lt.1.h.l'i:~rw ( Bacto peptone) 0.5 nf:w 

n~t"''i;'j 1.0 nf:w .. 
1ue.i..:i (Agar) 2.3 nf:w 
,, 

' 
tbniu 100.0 

= == :w~~~(?l'j' 

" ' ,, 
e.J'i;'j:W~1'J11Xt.oihnu ufof11"'1'J1:Wb'LI'Wn'J~(?l1-:Jb'Y11llU 4.5 u-:i'JJ1b~'e)~l'Jtl"1'J1:W~'Wl'e:l 15 

,, 
'LJ'e)'W(?)(?]'e)(?l1'j'1-:Jtb 'e)ill'l,mn 121 'e:l-:!1"11b61l~b~tl~ b'LI'Wb'J~115 'WTVI ' .. 

~1'J~ll~U'i:l(?l (Yeast extract) 

'i;'j1'J'i:lll~:W'e:l~'6 (Malt extract) 

bt.U"'1 Ll?lb'Y'lULl?l'W ( Bacto peptone) 

n~t"''i:l .. 
,, ' 
tl1niu 

0.3 

0.3 

1.0 

o.5 nf:w 

nf:w 

' ,, 
e.J'i:l:W'i:l1'J11Xt.oihnu Ufof11"'1'J1:wb'LI'Wn'J~J?i1-:it.vl1nu 4.5 u-:i'JJ1b~'e)~l'Jtl"'1'J1:W~'Wl'e:l 15 

,, 
U'e:l'W!?11?1'e:ll?l1'J1..:l'W'J 'e:lillVlfln 121 'e:l-:!1'1111.61!~1.~tl'i:l b'LI'Wb'J~1 15 'W1'VI ' .. 
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l'llb~tl~l'Wbl?l'.i"Yl (NaN03) 0.4 nf~ 

tu bbl?ll.'l b;t.1~1'711e1t'71nr.i'WrJiaiHrJl.'l (KH2Po 4 ) 0.02 nf~ 

bb~nih;t.1~iinrJ1?1 (MgS047H20) 0.02 nf~ 

\.'l1j\.'lfl'7191n~\.'l(91 (Yeast extract) 0.1 nf~ 

n~ lfll.'l (Glucose) 8.0 nfo 
4J 

,, ' 
tl1n~'W (Deionized water) 100.0 

= == ~~~~(?lj 
' ,, ' 

ufrn;;hwnmU'Wn:i''711?11..:J1m~ 5.5 bb~')U,..:J~1b~TlYl 121 TJ..:Jfl\1b6llm;t.11.'l bU'Wb')~1 15 
,al 

'W1'Vl 

4. 'elTVn'ab V1~'ln1V1u~i111n'aviii 4% .J1~uk'Jb 'Vl~'el..:ibthrn V1~..:iF11'i'U'elU ... 
l'llb~tl~l'Wbl?lj'VJ (NaN03) 2.42 nf~ 

hl bbl?ll.'l b;tl~l'71 Lell(?)jbioJ'WrJTJ\.'l brJ (?] (KH2PO 4) 0.02 nfo 

bb~ffWb;tJ~i~brJl?l (MgS04,7H20) 0.02 nf~ 

\.'l1j\.'lfl'71~~(91 (Yeast extract) 0.10 
., 

m~ 
,, 

' .,,. 0 ., ., 
n~~~(?lj 'W1~'Wn'J b'Vl~Tl..:J 4.00 

,, ' 
ihn~u 100.0 n~~~(?lj 

' ,, 
e.J~~\.'l1jl1~\-ihnu ufurhm1mu'Wm'71~1..:Jb'Vl1flU 5.5 Ui..:J~1b~'e)~')tlfl')1~f?l'WLTJ 15 

,, 
um.Jt?11?1TJ1?11j1..:J'W'J mwimii 121 'e:l..:JPl1b6ll~b;t.11.'l bU'Wb'J~115 'W1Yl 

q 4J 
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1. 'n'el�b vh�uvh W'el'i pH 7 .0

b'llb�t.lill'91le'.lbf91Jl,9'W�'el�Wh'l (NaH
2
PO

4
) 

l'91 b"llb�mJle'.lb'91nrni'W�'el�bi'J�(Na
2
HPO 4) 3.58 g. ���1c.11utl1mfo 100 ml.

t, I t,, I 

t:-i�i1i-.:i�'el-.'.!ihm-ih'1l'Jt.1ll'Wlb�')Ufo �1 f-1')13-JLU'Wm''9lv11-.'.l 1 mJJ 7. 0 �-.'.l'W11tlil-.:iih b�'el'Yl

121°C bU'Wb'J�115 'W1'Yl

,, ' 
���1t.1b'llb�t.1ill'Vlb'el6n�bi'JlYl 0.5 nfi11utl1niu 100 ml. 

,, ' 
���1t.1b'llb�t.1i1l'Vlb'el6n�bi'JlYl 5.0 nfi11utl1niu 100 ml. 

4. �1'a'���1t1V1��1�1�'af>l�'el L'aCPl'U'VH W'el'it"llil"ll'IJ 50 ij�iti1�1.f vi �1f>l'J1ilt 1Jun'a'�

�1'1L vhnu 8 (50 mM Tris-HCI buffer pH 8) 

vi!� bU� (Tris base) 
,, ' 

tl1niu 

0.61 nfai 

80 ii�. 

tlfori1m1mutmJ''9lv11-.'.lb'Vl1llU 8 '1l'Jt.1m''91 le'.lb'91J'fol�'elln bb�'JtlfrnEi11lYlJ' 1iXd'.lu 100 

i1�. �hc.1tl1ni-w t11"1,11�®-.:in11V1l�1e11'911fol�'fllJ'(PJ1JYlbYh1f�r11fol'J1mu'Wrn'9lv11-.:i�u1 n1-nm'91 

be'.IL'91J'f-l�'flln L -if i1-if utlfo 1 iXil ri1 f-l'.l1il d'.lun 1'91 v11-.:ittu1 



111 

Q.J Q.J I .c::Q cri., V .c:i.,.o::t 

Vl'iNnn1'.i'n1'.i''J�'"11LL'.i''11Pl'1l!-l'J�')iYJfi Du Nouy Ring 

n1':i'') !?Wl11.I.N�'1e'.l'J�'Jtl'5fi ring method �1'el Du Nouy Ring method �'Wfl(?l l(?ltl 

Lecomte Du Nouy 1-wtl 1919 �..:i'5fidr.i�Ylr.i1':i'ill1'J..:Jl.m'J'W'Vl'el..:J�1"1l1'J (platinum ring) L'Wl.l.'W'J 

':i'�-w1u t(?lm-:i 1,1, �'J'W'Vl'el..:J �1"111'Jr.i �r.i:w 1 'W"ll'el..:J 1, ��'J 1,1,��ri nt1 n�-w 1,1, ':i'..:J 'i:'1..:i'i:'1 (?1�1 -il1 um ':i'�..:itJ..:i 1.mtJ'W 
'lJ 'lJ • 

0 !Lt di I ,::S .C:::.. 

'Vl'el..:Jf111'\f'l'W'1l'el..:Jm�'J fll'el f1111.LN(9]..:Jt:-l'J (surface tension)

Phase 2 

Interface 

Phase 1 

A) Force increases B) Force is at its maximi1m C) Force decreases

c.,, (V t � � i,, ..:::...::::i 

JlTV'Hl'i:'1(?1..:J"Jl'W(9]'el'Wn1':i"J(?lf111llNIPl..:Jt:-l'J(?l'Jtl% Du Nouy Ring 
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1-w K6 ·1vfrm1'11'Vl

KRUSS th�t.'Vlf\l.t.l'el:i'�'W t.'"11'el-.:J'JM'"111.l.:i'-.'.l�-.:JrJ:iilvhmt'JM'Vl'elt1JVIJl:i':1 25±2 
0 0 

6ll ��'elM'Vl1fl1:i' 

'Vl(?l�'e)-.'.j 

1. 

2. 

3. 

4. 

5. 

6. 

1 

7 ------¥,ii•'. 

9------i---

10-. ---��---..... 

2----

6 ------

11 -----

12 ---------

4-----

3------

Scale in mN/m 

Handwheel with pointer 

Screws for regulation of the level 

Box level 

Micrometer screw 

Sample table 

7. 

8. 

9. 

Mark 

q " 

Handwheel for zero-adjustment 

Balance-beam 

10. Handwheel for fixing the crossbar

11. Carrier of sample-table

12. Handwheel for fixing the crossbar
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<V <V I  .::::S, a.,  ii .::!i CV I .:::!l �  Q<V ,::::,I 'll'WIWeJ'l,m1t'J 1?1'"11 bbd"I !Yl-:J t:J'J l?l'Jtl bfl:i''el-:J'J l?lfl1bb:i'-:l!Yl-:J t:J'J :W 1?1-:l'W 

1. ufo handwheel with point (2) 11Xihn�nfi'11�'WtJ

114 

2. ufo zero adjustment (8) bl?ltlVl�'W'\ll'J'Wl;:W'W1�m11X balance beam (9) 'eltjb'W

1?11bbWW-:J�:Wl?l�n,m�1-:i'll'el-:J mask (7)
•

3. ufot:;&i'u�r;i1-:i�1t�'J'elci1-:it1?1t1mm (1 o) bb�'Jt1n�u11X'flci1ut:;&i'u��'fl-:in1t
. �

4. bb'll'J'W ring �-:Jb'W balance beam(9) ufo11X'fltjb'W'911bbWW-:J�:Wl7l�bl?ltlVl�'W zero

adjustment (8) mm;:wu1�n1

5. 1'6'l�1t�'J'elci1-:i1u�1'6'l�1t�'J'elci1-:i1h:;:w1ru 10-15 :w�. 'J1-:J�-:JU'W sample table (6) bb�'J
I I t, 

Vl:1-J'W micrometer screw (5) IY11:i.JL;:W'W1�n1b�'eltln'Vlb'6'l�1t�'J'elcJ1-:J;'W11X�:w��nu ring

t1?1t111X ring r.i:w'elci1u�r;i'elci1-:i1iii1'flt1n�1 5 :w:w.�

6. bd'el ring· �:wtr�nU�'J'elU1-:Jll�'J'el19�'el-:Jufu balance (9) 'elUb'W'911lLWW-:J�:Wl?l��nflf-:J
� . 

bl?ltlVl:l-J'W zero adjustment (8) '\ll'J'WL;:W'W1�n1

7. G-:W')l?lfi'11Lb:i'-:l�-:Je'.i'J bl?ltlVl�'W micrometer screw (5) 'Vl'J'WL;:W'W1�n1'elci1-:i-n'11 b'W

'llD.l:;b�tl'Jn'WnVl�'W pointer (2) 1Y11m;:wu1�n1'elci1-:i-n'11 b1?1t1fm�n1'\X balance beam

(9) 'elUb'W'911lLWW-:J�:Wl?l�
� . 

8. Ld'el ring m11?1'el'elnr.i1n�'J'elU1-:JTJ1'Wf11lL:i'-:J�-:JthlY11:W�m� (1) nww'JmU'W mN/m

9. bd'ell�1r.imrnl?l�'el-:J�1-:J ring �'Jml1niu �:;u1?111Xll1X-:J (V11'el�1'WlU�'J't'V'I) 1,nrn-ihn'6'i'el-:J

1� '6'l'J'W vessel �1-:i1'\X�:;m1?1C?1'Jml1niu(V11'el acetone) -nu1'1XLL'IX-:iVl1'fl�1'WlU�'J1'V'I
I t, I 

10. n1tlnrnfl1'el-:ir.i:;�'el-:iufo zero adjustment(8) 1'\X balance beam(9) un;'W b�'elU'el-:Jfl'W

mnm�-:J'll'el-:J balance beam tlfo��1-:i�1t�'J'elci1-:i1'!X'flci1'1.n:;&i'rn�:w lL�'J'Vl:W'WL'n1Vl1

,., ., 'll'elmn:;r;i,:i

� . 

1. 1X1:wn1?1�:W�'eltj�1'Wmt-:i'll'el-:J zero adjustment (8) L�l?l'1111?1 l'\"l:i'1:;r.i:;vh1'\X wire Vl�l?ll�

2. 1X1:WVl�'W zero adjustment (8) bfl'W 1 :i''elUl�l?l'1111?1
'] ,_, ,., '] ,., ,., o, o, I '] ,.,... .ii !.I <}:j • I O '] !.I 3. mt b"l! ring !Yl'fM b"l!m1:Jfl'J1:w1:;:wvi1:;'J�'elm b'VIU111Lum L'l"l11:;m ring Lritliur.i:;vn b'VI

mrrr111f-i1�1111u1�

4. mrH vessel �'el�L-if �'Jtlf-l'J1:W1:;l1'1111:;f�l-rl'l..!n'W
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