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Abstract 

At present numerous food additives have found their use in Food Industry, this 

includes the use of polymer in different purposes. These include enhancing the 

viscosity, stability as well as specific purposes. Polysaccharide is one of the preferred 

polymers employed in food industry. It could be obtained from nature or by 

biosynthesis. Microbe is an important source for such polymer owing to the diversity of 

polymers produced, wide range of characteristic that suit for the specific purposes, 

good temperature stability and plausible to regulate. 

The present study isolated bacteria from sugar cane, one of them was strain 

EN02 which gave highest yield of 8.57 mg/ml supernate upon cultured in 4% sucrose, 

pH of 6.5 at 30°C while production temperature was 40°C by which polysaccharide 

obtained consist solely of xylose. The optimum media compositions are sucrose 30 g, 

ammonium chloride 0.6g, magnesium sulfate 0.2 g, and 3g of dipotassium hydrogen 

phosphate. The classification of strain EN02 was conducted via sequence analysis of 

the 16S rDNA, the result of which identified this organism as Enterobacter cloacae.

Mutagenesis aiming to increase yield was carried out by UV exposure of strain EN02 

and gave rise of strain UV1-9 with 12 folds increase in polysaccharide produced. 

Further cultivation in a 5 liter fermentor, a yield of 0.33 g i-1 hr- 1 was obta.ined. Chemical 

and physical characteristics of the polysaccharide indicated a heteropolymer consists of 

galactose and xylose. This polymer is rather stable at room temperature, soluble in 

water at room temperature and high viscosity in nature. In addition to strain EN02, strain 

CU-CH4 was also obtained with high water holding capacity and capable of emulsifying 

soy bean oil. Strain CU-CH4 was able to produce polysaccharide of 2.38 g l- 1 of 

polymer. Further characterization of the 16S rDNA as well as biochemical 

characterization identified strain CU-CH4 as bacterium belongs to the genus Klebsiella.

Despite good yield and good characteristics both Klebsiella and Enterobacter are not 

accepted in Food industry due to their possible pathogenicities to which the same also 

extend to their products. Although these polymers are not accepted in Food industry, 

they may found their application in other areas such as in environment aspect whose 

application does not affect human concern. 



Lactic acid bacteria is well accepted as safe organism (GRAS) for use in Food 

were further isolated and characterized for polymer formed. Among LAB isolated, strain 

LAB1 which afterward characterized as Weisse/la confusa (Lactobaci/lus confuses) 

produced polymer as homopolymer of glucose with 13. 78 mg mi-
1 

in yield. Further 

isolation yield 8 strains of lactic acid bacteria from sour bamboo shoot designated as 

L01-L08, among these strains L06 and L07 were able to produce polymer at 11.2 and 

11 .4 g r
1

, respectively. All 8 strains were found to produce homopolymer of glucose all 

of which possessed emulsifying activity. With their GRAS in nature, these polymers may 

prove valuable of their application in Food industry. 

In the present work we were able to screen numerous bacteria that capable of 

producing polymer, among these those with high yield were isolated. The polymers 

produced were characterized chemically as well as physically, the results of which will 

be used to determine their application. Cultivation medium was formulated with low cost 

substances, the new formula was used in place of that was reported in literature with 

lower cost. Parameters for scaling up the system were also reported. From bacteria 

isolated, a number of them gave high yield with interesting characteristics unfortunately 

after taxonomic studies these organisms were classified as pathogenic bacteria. 

Despite of this, these organisms may found their use in other area such as in agriculture 

or environmental aspect. Meanwhile, we were able to isolate lactic acid bacteria that 

are able to produce polymer, this group of organism was regard as safe for use in food. 

The variable properties of polymers dictate their usage in work that require that 

particular property thus these polymers could be applied to different works that require 

that certain properties. 
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�11:.l�'l-Jfi UV1-9 
q 

.::::l.c::f Q/ � 

LL'LJA'VlLrn�1t.li"l'l-Jfi UV1-9 

f"l1 A'J1:W'VIU(?)"ll���11���1t.1i"l�� bb i]n A1 h!?1� t-.1� l?\ra:i1 n LL'LJ AVJ �1:.1�11:.1 

�'j,Jfi UV1-91ur�!?1'LJ"ll'J(?)L"llt)1Lb��j:;(?)'LJ5-.:J'Vl�n 
q 

in�DJ�'i:Afou"ll�-.:Jbb�A�nbb�6D(?)LL'LJAV1�1:.1��1:w1rnt-.1�1?\L�nt6l1i"l�� 

Lb6l1 A A1 h!?1� r)(?) bbt.l n 1�r.i1 nww� 1� (?)'fN'LJ'W�1Vl1ni1:.1-.:i Li� bb;-.:1 
,, ' 

Lufou bVlt.l'LJU1'Vl'Wni"l�� bb 611 n A1 h!?1Vl t-.1� I?\ L(?)t.lbb'LJ AVJ �t.1�11:J�'j,Jfi 

,, ' ' 

q 

Lb� (?)-.:J6J!tl(?)tl1 l?\1� t:w L� n� b�mVJ bllu�-.:i �1.h::n�u"ll�-.:Ji"l��LL i]n m hC?1 

wn L(?)t.1H�11�:;m1:.1 80% L(?)t.llli':W11?\1��6DLl?\1l'Vlfo L'lJ'W(?l'J'\l'l1 

'51?\nn111V1� 1.0 iJ���(?\j(?l�u1V1 
,, ,, ' 

bL� (?)-.:Jlli':1-11 DJU1 l?\1 �'Vl-.:J'Vl:W (?) Lb� ::m:w 1 DJ LU1�'WV1bU'W�-.:101u1:; n�u 

"ll�-.:J'Y'l��bbi]nmh!?1�t-.1�1?\r.i1mb�A�mb�6D(?)bb'LJAVJ�t.1�11:.1�'Wfi L01-

LOB l?\1:Wii1!?1'LJ 

m1:w�1:w1rn 1 'Wn11���1t.1"ll�-.:J'Y'l�� bbi]n A1h!?1� wn:w bii:wii'W 0.5% 

�t-.1�1?\r.i1mb�A�rnb�6D(?)bb'LJAVJ�t.1�11:.1�ui L01-L08 L(?)t.1tl1V1'Wn(?l� 

m:w11?\11utl1niubb�:;�11�:;�1t.1(?11-.:i7 DJ 'QDJVIJJiJ��-.:i 

bU�fb-nui'5 (?]jl n11� fl (?)"ll�-.:1 b'Vl�'J�� nr.i1 n�11���1t.l'Y'l��bb6nn A1 

hC?1A'J1mii:wiiu 0.5% �t-.1�1?\r.i1mb�A�rnb�6D(?)bL'LJA'Vl�t.1�11:.1�'Wfi 

66 

69 

70 

71 

76 

76 

77 

78 

80 

81 

84 

85 

86 



22 

L01-L08 (?11��1�U 

'°1'l1��1�1 J'f;) 1 'kln1 J'LU'k\�� ��1 vl b 1eYel f"ll'el--:J�'el�hb; fl '°11 h�� r.J� (?l'"l 1 fl
I 

� -=- ,=,J,=,J CV tr O IV ,:::::,I 11,, 1" 

bb�f!{?lflbb'el61il?lbb'l.J'°1'VlbJ't.l�1t.l�'klfi L01-L08 (?11��11?l'LJ 'Vl'°1'l1�b"ll�"ll'k\ 
� � � I 

0.1 % bl?lt.l'W1Vl'Wfl(?J'e)lli'�1{?1J' flU'W1�'k\��fl'elfl bb�� 'W1�'klf,l'lb'Vl�'el--:J 

1'kli(?IJ'1�'l'kl 1:1 

'!J 

87 



2 

3 

4 

5 

6 

7 

8 

9 

�1'auru'au 
.... .,, 

,, ,, 

1.J1'Vl'Wnb6Jl'cl'6foii" lli':W1DJY-l'el�Lt.6DMl1lJ''71 lli':W1DJ1.J1(;]1'clJ''J:W bb'cl::: 

A1fol'J1:WbU'\,lnJ'�!?l1" '1l'el"n1J'V•i'½t)Jbb'cl:::n1n.J�(;]Y-l'el�bb6nnfol1lJ'�1�t.1 

E. cloacae �1t.l'W'Wfi UV1-9

fol'J1:W b� ()t.JJ''Jl'el"n1n91 t)Jbb'cl:::n1rn� (;]y.j'e)� bb"nn fol1 lJ''71'1l'el" E.

cloacae �1t.l'W'Wfi UV1-9 L'W6Ji'J"b'J'cl1 150 ,ju 
q 

' ,, ,, 

blli't.1rnvit1un1J"v�1ru'1l'el"bb'lJfol1St1�1t.1-w'u€ UV1-9 biJ'elb�tl"b�'el 1u 
� q 

n1r;i:::�iln1m1.hel'ui(;]J'1�'J'W'1l'el"fol1fu'el'Wi?l'ell'WL(;]J'b9'W b'Vl1nu s 20 

60 1 00 bb'cl::: 200 b1h.Jb'J'cl1 48 {r;i t:w" 
,, 

blli't.lrn o/1 tl'lJ1.J1'Vl'Wm 6Jl'cl '6fo ii"'Jl'el" bb'U fol 1St.l�1tl'W'Wfi UV1 -9 J':::'Vl�1" 
q 

I I I ii 9,1 I 

n1J'(:.J�(?]Y-l'el�bb"nnfol1 hm 'W".ll'J L:W"Vl 48 bi1'elb�mb;'el L'WJl1'J:::vli'imJ' 

bbthel''W'fl(;]J'1�'J'W']]'el"fol1fu'el'Wi?l'ell'WL(?]J'b9'Wb'l'l1fl'lJ 5 20 60 100 bb'cl::: 

200 

blli't.Jrn vit1un1J't:-1� (?]Y-l'el� bb"n nfol1 LJ''7161l'el" bb'lJfol1St.1�1t.1-w'u€ uv1 -9 
q 

' 

bb'cl::: 200 bU'Wb'J'cl1 48 ".ll'J L:W" 
,, 

blli't.J'lJ bo/ltl'lJU1'Vl'WnY-l'el� bb -n n ri1 lJ''71'11'el" bb'lJ fol ist.1�1t1-w'u€ uv1 -91 u 
q 

20 60 1 00 bb'cl::: 200 
,, 

blli't.l'Ubo/ltl'lJn1J'HiJ1 (;]1'cl'Jl'el"bb'lJfol!St.l�1tl'W'Wfi UV1-9 J':::'Vl�1"n1J' 

t:J� (?]y.j'e)�bb 6D n fol1 lJ'(?)bn'el lm b('el L 'WJl1'J:::�� mrnthel''W'fl(?]J'1�'J'W 

61l'el"mfu'el'Wi?l'ell'WL(;]J'b9'W b'Vl1nu s 20 60 1 oo bb'cl::: 200 bU'Wb'J'cl1 
' 

48 ".ll'J t:w" 

blli't.l'Ubo/ltl'lJn1J' Ht 'W L(;]J'b 9'W']]'el"bb'lJ fol 1Stl�1tl'W'Wfi UV1 -9 J':::'Vl'"J1-'.l 
I t, iJ I 

q 

n1 rn� (?]y.j'e)� bb 6] nm LJ''71bil'el b�tl-'.J b�'el 1 'WJl1'J :::vi n n1 mthel''W 

'fl(;]J'1�'J'W'Jl'el-'.lfol1f'lJ'el'Wi?l'ell'WL(;]J'b9'W b'l'l1fl'lJ 5 20 60 100 bb'cl::: 200 

bU'Wb'J'cl1 48 ir;itm 

blli't.1rnvit.1un1n91ru'1l'el-'.Jbb'lJfolb5't.l�1tl'W'Wfi UV1-9 bn'elbim b('el L'W 
� q 

'Wl..11 

31 

33 

34 

35 

36 

37 

37 

38 

41 



10 

11 

12 

13 

14 

15 

bb�::200 b(?lt1Hbb'e:l:J.Jbmuc.1:wi�bvl!?l bb�::�1J'1M1(?1r.i1n�h��bU'WbbVl'tl-.:J 

1'Wb!?lJ'b9'W; A y' 11ilbb'e:l:J.Jb:J.JbUt1:J.J6]�1,Ylmu'WbbVl'tl-:J1'Wb!?lJ'b9'W; A 1,1,�::11n 

�1J'�f)(?l91nm��bU'WbbVl'tl-.:J1'Wb!?lJ'b9'W; y b1J'WVrn1 48 i'.lb:J.J-.:J 
� ' 

1,mc.1rnYluu-w1wwm6ll�1:fo-li-.:i'll'e:l-.:Jbb1JA�t1�1t1·1-fotf UV1-9 L'W6n'.l t:w-.:i 
• 

d d d' J d.c:::,1 a,, a,, I 0- I 'Vl 48 L:J.J'e:l 1,�m L"ll'e:l 1un1'.l::'Vl:wn1J'LLtlmu'e:l !?lJ'1�'.l'W'll'e:l-.:J f41J'U'e:l'W!?l'e:l 

1'Wb!?lJ'b9'\J whnu 5 1,1,�::;200 b(?lt1L1ilbb'e:l:J.JbmUt1:J.J6]�1,yJ(?l 1,1,�::;�1J'�f)(?I 

r.i1nm��bU'Wbbv1'tl-.:J1'Wb!?lJ'b9'W; AY, 11ilbb'e:l:J.JbmUt.1:J.J6]�1,,rJ(?l1,1J'WbbVl'tl-:J 

1ut!?lnr.iu; A 1,1,�::H�1J'�f1(?191nu��1,tlmrn'tl-:i1u'L!?lnr.iu; Y 

1,murnVJuu mm� !?l'Yl'e:lfobi nA1 LJ'f?l'll'e:l-:J bb1J A�t1�1u'l'f utf uv1 -9

di'e:l bi m b('e:l 1 'WJl1'.l ::�iJ n1 m tl:rtf ui !?lJ'1�'.l'W'll'e:l-:J A 1frnl'Wf?l'e:l 

1ut!?lnr.iu b'Vl1nu s bb�::200 b(?lt111ilbb'e:l:wtmtlu:wi�bvl!?l bb�::�1J'�f1(?1 

r.i1nm��b1J'\Jbm'tl-:J1'Wb!?lJ'b9'W; AY, 11il1,1,'e):J,Jb:J.JbUt.1:J.J6nmvl!?lb1J'Wbbv1'tl-:J 

1'Wb!?lJ'b9'W; A 1,1,�::11il�1J'�f1(?191nm��b1J'WbbVl'tl-:J1'Wb(?]J'l,9'\J; y bD'W 

b'.l�1 48 6n'Jb:J.J-:J 

blli'tlUbVltlrn11wwn'Yl'e:l�l,b']nA1hr;f'll'e:l-:Jbb'lJA�t.1�1t1'1-f'Wfi UV1-9 L'W 
• 

ir;i t:w-.:i� 48 brl'e)1,f mbi'e:l 1'WJ111::�i'.ln1rntl:rtfui!?lJ'1�r;iu'l!'e:l-:J 

A1j'lJ'e)'\Jf?l'e)1'1Jb!?lJ'b9'W b'Vl1f1U 5 bb�:: 200 

blli'tirnYluu n1J' 11iltl1 !?l1�'1l'e:l-:J bbUA �t1�1u'l'f utf uv1 -9 :r::wh-.:imJ' 
I i-' ii I 

• 

t:J� !?l'Yl'e:l� bb'] n A1 hC?1bi'.l'e:lb�m b�'e:l L 'WJ111::V1iJn1rntlJ'ef 'Wi!?l:r1�r;iu 

'1J'e:l-:JA1f'lJ'e)'IJ(?l'e)1'1Jb[9]J'b9'\J b'Yl1f1U 5 bb�:: 200 b(?ltlb°Dbb'e:l:J.Jb:J.Jb'Wtl:J.J 

6]�bvl[9]bb�::�1J'�f1(?191nu��b1J'WbbVl'tl-.:J1'Wt!?ln'oJ'\J; AY, H

bb'e:l:J.J tmtlu:wi� bvl !?l b1J'Wbbv1'tl� L 'W l[9]J'b 9'\J; A bb�::H�1J'� f1 (?191nU� �

b1J'Wbbv1'tl-:J1'Wb!?lJ'b9'W; y b1J'Wb'J�1 48 ir;it:w-.:i

blli'tirnYluu n1:rH1ut!?lnr.i'W'll'e:l-:JbbUA�t.1�1u'l'futf UV1-9 :r::wi1-:i
•

� .:::::. " � o- d J' J .d,:;::,1 Q.I' mm� !?l'Yl'e:l� bb 6lln A1 h(?I b:J.J'e:l b�t.JWll'e:l 1 u1111::'Vl:w mrnuJ't:J'W

'e)[9]:i'1�'J'\J'lJ'e)-:JA1j'lJ'e)'Wf?l'e:l1'Wb!?lJ'b9'\J b'Vl1f1U 5 bb�:: 200 b(?ltiH

bb'e:l:J.Jb:J.Jbut1:wimvl!?lbb�::�1:r�n(?lr.i1nu��bU'Wbbv1'ti-:i1ut!?lnr.iu; AY,

H bb'e:l:J.J tm tlu:wi� bvl !?lbU'WbbVl�-.:J 1 'W b!?lJ'b 9'\J; A bb�:: H�1:r� n (?191 n

m��bU'Wbbv1'ti-.:i1-wt!?lnr.iu; Ybllm1�1 48 -i1t:w-:i

blli't.1rnviuun1nr.i1ru'll'e:l-:JbbUALtt.1�1t1'1-futf UV1-9 brlmiu-:ib('e:l1'W
w • 

41 

42 

43 

44 

45 

47 



16 

17 

18 

19 

20 

21 

1.1.�:; 200 tr?mH1.1.ren.J'i:mut13-Ji�1.Yl(?l1.uu1.1.V1�-:i1ut1?1nr.iu 1.1.�:;1;�,w 

�flf?l"'l1n��l?ll.U'WI.I.Vl�-:J1'Wbl?IJ'l."'l'Wbf?lt.lhli'.Jn1J'l.l.tlnr'W'ell?IJ'1�'J'W"ll'el-:J 

mfu'e:J'W(?l'e:J1u'i:1?1nr.iu 1.umr;i�1 48 ir;ih1-:i 

1.lli't.lUl.'Vlt.lUn1J'�� l?l'Yl'el�l.1.6] nA11J'(?)"lJ'e:J-:J 1.1.UA�t.l�1t.l�'Wfi UV1 -9

I ii ii I 

q 

1.n'el 1.�m l,�'e) b 'WJl1') :;Yin n1 J'l.1.UJ'eT'Wtl l?l J'1�'J'W"ll'el-:J A1 fu'e:J'lJ{?l'e) 

1'Wbl?IJ'l."'l'W l.'Yl117U 5 1.1.�:; 200 bf?lt1H1.1.'el3-JbiJI.Ut.l3-J"D�1.Ylmu'WI.I.Vl�-:J 

1 u 'i:1?1n r.iu 1.1.�:; 11il�1J'� 17 f?lr.i1 nu� 1?11.uu1.1.V1�-:i 1 u 'i:1?1n r.iu 'i:f?lt11�n n1 J' 

l.1.UJ'eT'Wtll?IJ'1�')'W"lJ'el-:JA1fu'el'W{?l'e:J1'Wbi?IJ'l."'l'W 1.U'Wl.'1�1 48 ir;i b3N 

1.lli't.JUl.'Vlt.lUn1J'b1il'W11?11�"1J'e)-:JI.I.UA(1,t.l�1t.l�'Wfi UV1-9 J':;WJ1-:J��l?l 
I ii ii I 

q 

Yl'el� 1.1.-nn A1 h�1.n'el 1.�m 1,;'e) b 'WJl1'):;VJi'.Jn1n1.tlJ'eT'Wtl{?]J'1�'1'W"ll'el-:J 

A1fu'el'W(?l'el1'Wbl?IJ'l."'l'W l.'Yl117U 5 1.1.�:; 200 bf?lt.111il1.1.'el3-JbiJI.Ut.l3-J6D�l.r'll?l 

1.U'Wl.1. Vl�-:J 1 u bl?IJ'I. "'l'W I.I.� :;11il�1 J'� n f?l"'l1 nu� (?11.U'WI.I.Vl�-:J 1 u bl?IJ'I. "'l'W bf?lt.l 

h1nn1rntlJ'eT'Wtll?IJ'1�'1'W"ll'el-:JA1fU'el'W(?l'e)1'W'i:l?lnr.iu I.U'Wl.'1�1 48

"D'lb:1-M 

1.lli't.lUl.'Vlt.lUn1J't1il1u'i:1?1nr.i'W"ll'el-:JI.I.UA(1,t.l�1mfof UV1-9 J':;Vl�1-:J 
I ii i.l I 

q 

��l?IYl'elfo1.-nnA1h�1.n'el1.�m1.�'elb'WJl1'):;'VliJn1n1.tlJ'eT'Wtll?IJ'1�')'W 

"ll'el-:JA1fu'e:J'W{?l'el1'Wbl?IJ'l."'l'W l.'Yl117U 5 1.1.�:; 200 bf?lt111il1.1.'el3-Jb3-JI.Ut.l3-J 

i� 1.Yl 1?11.uu1.1.V1�-:i 1 u 'i:1?1nr.iu 1.1.�:;11il�1J'� 17 f?l"'l1 n�� (?11.U'Wl.1.Vl�-:i 

1u'i:1?1nr.iu'i:f?lt.1hli'.ln1n1.tlJ'eTui1?1n�r;iu1'el-:iA1fu'el'W(?l'el1u'i:1?1nr.iu 
I 

1.umr;i�1 48 ir;i 'i:3-.l-:i 
I i, i, 

1.lli't.lUl.'Vlt.lUn1nr.i1ru"ll'el-:JI.I.UA�t.l�1mfof UV1-9 1.n'el1.�m1,;'e)b'W 
� q 

I 

vvm 1.U'Wl.'1�1 24 6D'Jb3-J-:J 
I i, i, 

1.lli't.lUl.'Vlt.lUn1J'l."'l1ru"ll'el-:JI.I.UA�t.l�1mfof UV1-9 l.ij'ell.�tl-:Jl.;'el1'W 
� q 

J11r;i:;�nn1n1.tlJ'eT'Wtll?IJ'1n1J'1�'el1n1PIJl1t.J1'Wt1-:JV13J'n� 1 2 1.1.�:; 3 

vvm �'Jt.l'ell?IJ'11.;')n1J'n'l'W1�'el1n1Pl"ll'el-:J1U�f?ll.'Yl117U 200 J''e)U(?l'e) 
I iJ iJ !v I I 

u1vi 1.i'J'el�u�f?ln1n�m1.�'elvi 24 ir;i 'i:3-.l-:i 

I 'V 1,1 I 

1.n'el1.�t.1-:Jl.;'elb'WJl1'):;VJiJn1rntlnfoi1?1J'1n1J'1�mn1PIJl1t.J1u5-:i 

Vl31'n� 1 2 1.1.�:; 3 vvm �'Jt.1'el1?1J'11.;r;in1mr;iu1�mn1P1"1J'el-:JbU�f?l 

l.'Yl117U 200 J''e)U(?l'e:J'W1Yl 1.U'Wl.'1�1 24 i'l b3-J-:J 

48 

49 

50 

53 
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54 



22 

23 

24 

25 

26 

27 

28 

29 

30 

bd'elLiti-l b('el b'WJ71'd��ii f11nL'.Unr'Wi �:nmt 1 �'el1 f111°!J71tlb 'Wtl-l 

vta!n� 1 2 LL-cl� 3 vvm �'Jt1t1�nL1'1f11tfl'd'Wb�'el1f111°!'1l'el-lbU�'7l 

Lvl1riu 200 t'elU!?l'el'W1VJ Lrl'eli'W�(?)f11nimLi'el� 24 i'J 'i:ii-l 
• 

"

Lmt1rnvit1un1tHtl1m'tl'll'el-lLL'LIA�t1�1t1�'Wif UV1-9 t�vt�1-lC-1�� 
I t, t, I 

• 

Yl'el�LL -nnr-11 h(?)Li'.J'elL�tl-lL;'el b 'WJ71'J�Vlil mmunr'Wi�n f11t 1 � 

'el1f111°1J71tlb'Wtl-lvt3Tn� 1 2 bb'Cl� 3 vvm �'Jt1t1�t1L1'1f11m'J'Wb� 

'el1 f111°1'1l'el-l 1u� (?) Lvl1riu 200 t'el'LI f?l'el'W1vi Lum 'J'Cl1 24 i'J 'i:ii-l 
' " " 

bllitlULVlt!Uf11W•i�'ru'll'el-lbL'IJA�tl�1tl�'Wfi UV1 -9 bnm�m b;'el b'W � . 

' " " 

Lmt1rnvit1ur11nroi�'ru'll'el-lLL'LIA�t1�1t1�'Wfi UV1-9 Li'.J'elL�tl-lL;'el 1'W � . 

t, ii' ii I 

�'W�(?)f11n�t1-l L;'elbU'Wb'J'Cl1 24 'n'J 'i:ii-l 
• 

Llli't1rnvit1un1te,i� ��'el� Lb -n nr-11 hfP1'1l'el-l LLUA �t1�1t1�'Wfi uv1 -9 
I ii t, I I 

• 

bn'elL�mb�'elb'WJ71'J�Vliif11nL'.LJt�'W'e1�t1b1'11um'WVJ 200 400 bb'Cl� 

600 rpm bU'Wb'J'Cl1 24 'n'Jbm 

Llli'tl'IJL Vltl'IJ f11tC-I� ��'el�bb6]f1 A1 hfP1'1l'el-lLbUA�tl�1tl�'Wfi UV1 -9 
I t, t, I I 

• 

Lil'elL�mb;'el1'WJ71'J�viiln1m'.l.lt�'Wt1�t1L1'11um'Wvi 200 400 LL-cl� 
I 9,/ ii ii I I 

600 rpm b:W'el�'W�'7lf11n�ti-lb�'elVJ 24 'n'Jbil-l 
. . .

"

Llli't1rnvit1un1tHtl1�1�'1J'el-lbb'LIA�m�1t1�'Wfi UV1-9 t�vt�1-lC-1�� 
• 

I t, t, I I 

�'el� Lb 6n nr-11hfP1Li'.J'el L�ti-l b�'el 1-wn1'J�viil mm'.l.lt�'W'ef �t1 L1'11u m'Wvi 

200 400 bb'Cl� 600 rpm bU'Wb'J'Cl1 24 'n'Jb3-.J..,'J 

r11nr.:i1ru'll'el-lbb'LIAVJ�t1�1t1�'Wfi UV1-91'Wo-lvt3Tn'll'W1'7l s ��t LLuu � . 

" " ' 

bbU�'n 1 'WJ71'd�f11n�m b;'elVJA'd'IJ Ail '"11 A'd13-.JLU'Wm'7lf?l1-l b'Y11 nu 7 

'e)�t1b;'d b'Wf11rn'J'Wbi4'el1f111°1'1l'el-lbU�(?)L'Yl1 nu 200 rpm 
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bAJ'il1 b 'Vl bbn:i'il bb� (Pl.,:j A'J1ili mf tJjj:i'::;Vl�1..:J'fl '1\VIJ)n�� �1t.l [?]') bb�::; 
,, I 

q 'lJ 

n1J'�ruL�m11wwn6JJ'fl..:J'l"l'fl�LL;nr11hc;i'vlf..J�[9191mL1JAVJ�t.1 E.
'lJ w 

1-wt[9ln9-w

bAJ'il1 b 'VlbbnJ'ilbb� (Pl.,:j r111ii/mi-wlh:::V1�1..:J'fl'1\VIJ)n���1t.lf?l'Jbb�::: 
,, I 

q 'lJ 

n1J'�rub�m11wt!m'fl..:J'l"l'fl�bb;nr11hc;i'vlf..J�[9191nLbtJAVJ�t.1 E.
'lJ w 
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m1ii�1ii1:i'ci 1-wn1nu-w���;1 vJ b'fl'flf6JJ'fl..:J'l"l'fl� bb; n r11 hc;i'� f..J� [9191 n 
,, 

.c:::,l,=:l Q/ � Q/ 0 Q,' dJ A I 

bb'ilA'VlbJ't.1�1t.l'\"l'W� UV1-9 ntJ'W1iJ'W91n'l"l"ll"ll'W'1l[911..:J7 

r111ii�1ii1rn 1-wn1nu-w���::n1 vJ L'fl'flf6JJ'fl..:J'l"l'fl�bb; nm hc;i'� f..J� [9191 n 

LL1JAVJ�t.1�1c.1'14'-w€ UV1-9 nutl1�-w91n-vl"llLL�:::�1nh:::n'fltJ 
q 

le'.lb'1lJ'A1f'il'fl'W�1..:J7 

in'rl'ru:::�m.w1�1-w�1J'ri'fln1J'r.fun'tiii6JJ'fl..:J'l"l'fl�LL6llnr11hc;i'�f..J�[9191n 

bbtlAVl �t.1�1t.1'14''Wfi UV1 -9 1-wJ'::;[?]1]6]]') (Pl b 6Jlth A'J1ilb �il�'W 5-48 

n��nfii�'fl�[91J' 

in'r!'ru:::�iiu��1-w�1J'ri'fln1J'91Jn'tii16JJ'fl..:J'l"l'fl�bb;nmhc;i'�f..J�(?]91n 
q 

n��nfii�'fl�[91J' 

i n'r!'ru:::[91:::n'fl'W�6JJ1'J6JJ'fl..:J'l"l'fl� WTI n r11 hc;i'��1h::;9�1J n1c.1vii..:i n1J' 

b�il�1J'�:::�1t.1 Cetylpyridiniumchloride (CPC) m1m�il�'W 1 o 
,, I 

LU'flfoll'W(9]1J1Vltl'n �'flmii1 [91:i' 1-w�1rn:::�1t.1'l"l'fl� LL;n m hc;i';.,:i 

�:::�1c.1�1c.1'i:6llb�c.1iiri�'flhc;f 0.01 'W'flhr� 
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i, i, I i, 
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2 

bb��b"]b1J'W�1'.!'U?-rn[i)-:JL'W'el1Vl1'.l' "1�"1 (Yalpani, 1987) bb��u-:ii'.l�ii'l.J1i�'W1 re)nb(?)tl,'W'eltjf1'l.J 
., '

�ii'l.J1i b'u'V'l1�Lvl'J"ll'el-:J'V'l'el� bb 6] n r11 l'.l'�'W'W1 �'Jt1�iii.M"1V1�1 nvt�1tl'Vl11-l,�1ii1'.l'Ll'W1'V'l'el� bii'elfltl 

H-:i1-w1�ii1nii1t1 b6J1'W Hbu'W�1'.!'�4J��1'1"lb'fl'flf �1'.!'v'h1-l,b��m �1'.!'9'l.Jbn1� �1'.l'rimr.i� �1'.l'Vl1 
' ,, 

1-l,b�'el(?)bb;-llvl'J �1'.l'Vlt1'el�'W �1'.l'�'WttlYlmr �1'.l''Vl1;'W �1'.!'6J1'Jtlb'Wn1'.l'bb"ll'J'W�'eltl (Margaritis bb�� 

Pace, 1985) �1'.!'6J1'Jtl9'l.J(?ln(?l�n'el'W (flocculation) bb���1'.J'(?)(?)i'l.J (absorption) (Yalpani, 1987) 
'll 

,, ' 

'W'el nr.i 1 nuu-:ii'.lnr.i n'.l''.l'ii 'Vl1..:J � 1'W�,h� 'VI tl1"1VI� 1 nvt�1t1L 'Wri'W b 6J1'W n1 J'[i)'e) �1'Wil � b;-:J ( anti-

tumour) n1'.l'[?)'el�1'Wbfa (anti-viral) bb��n1'.l'[i)'el�1'Wn1'.l''f1nb�'l.J (anti-inflammatory) (Calazans 

GMT, 1997) bb���1ii1'.l'mu-wi'Jm��'W�1vifo�-wb(?l'flfvl'.l''fl'W n1'.l'u'l.Jtr..:in1n'Jiintiii"ll'el-:Jbn�(?) 
q q 

b�'el(?) bb��n1'.!'/-:Jbr'l'.!'1�Vl1r1 b�\J�'V1ilb�'V1-lbbvlnb(Wflf (Yun bb�� Park, 2003) 
'll 

i-:ibr1n�� �i'.J91vitl1t11'W'Vl'el..:J(?l�1(?)i:-J�(?l1�r.i1n �'ll /(?l'J bb��i�-wvffu'i:(?)mbvtti-:i1viaj7 i:-i�(?l1� 

r.i1n�'llbb��/(?l') (Whistler bb�� Miller, 1993) �1vtf'l.J9�'W'Vl1u,!-wdJ'WbbV!t1..:Ji:-J�(?l'V'l'el�bb6nnmh� 
q 

��1 Atl.J b6J1'Wfl'W b'V'l '.!'1 ��1ii1nrn� (?l'l/'l'e)� bb6] n A1 h��mr1n�\1-:i bb(?ln [?)1-:J n-wn�1 200 'JIU(?) 
' ' 

., .:l = " 1 .-.:l = 1" "" .:l .:l = ., ."f ., b'W"11ill�'Vl'V'l'el�bb6l!nm J'(?)'Vli:-J�(?l (?)91n'V'l'llm'V'lm 25 'll'W!?l (Linton bb��r1ru�. 1991) b'Wur.iroru-w

'
� =J tr".c:::I � Q.,' e,j =J I CV =I a,C:r, i,I ..,:;g =J I 

'"l1 nr.i �'W'Vl'.l'tlil� ii'l.J (?] b'u 'V'l1 �(?l'J'Vl '71 b 'Jl'W bb 6J!'Wbb 'Vl'Wnii ii r1 ru�ii'l.J (?l (?11'Wr'l'J1 ii Vl'W!?l ri'J1ilb� L7 tlJ'(?l'e) 
q q 

r'l'J1ilbU'Wn'.l'(?)f?l1-:J�niJ1-:i �1ii1rn'Vl'W[i)'e:l�ruV1JJ��-:i (thermotolerance) bb��re)nU'.l'�n1'.!'��1Atl.J 

A'el L'Wn1'.l'i:-J�(?lb'elnb6l!'V'l'el�bb6]nmh�r.i1nr.i�'W'Vl1u�1ii1'.l'Llri'J'l.Jr'liin1nr.i1ru"ll'el-:J9�'t,l'Vl1U�1� b!?ltl 
q q a., q 

' ,, 
hi �'e:l-:i �1u-:i �-:i�Jl1'V'l�'W�1'el1n1 Pl � !?Jn1� vt1'flii�'W'jj''Vl1-:J'Vl�b� �-:iiJr.ir.rmviti1u91bU'W�'el-:i 

�1u-:in-:id1'eli:-J�(?l'V'l'e)�bb6]nr11h�r.i1n�'JlV11'el�1Vli1t1 (9'W'Vlf9'W1 Lvl'W�n�. 2539) n1'.l'i:-J�(?l'fj'e)� 
q 

bb6] n A1 l'.!'�91 nbb'l.JA"1 �tln;'e) 1� blli'tl'l.J A'el �1ii1rnm'l.J r1iir1 illJl1'V'l"ll'el-l'V'l'el� bb6] n ri1 l'.!''711� b!?ltl 
q q 

A'J'l.J foliiJ11'J��H1-wm'.l'vt4J n bb� ��1 iJ1'.l'Ll i:-i� (?l'V'l'fl� bbsn n r11 l'.!'!?1l.� bU'W91'W'J'Wii1 n tl'J'Wn1rn� (?] 

'V'l'el� bb6] n A1 h�r.i1 n�'Jlu-:ii'.l;'el91 fl (?l f)'e) �'Jl'Jltl(?)vttl-:i7 4Jn9�i:-J� (?l'V'l'el�bb6] n ri1 h'711�vt�1tl'lltl!?l 
,, ' ' 

'V'l\'elii7n-w 'Vl11 ��'el-:Ji'.Ji'W(?l'el'Wb 'Wn1'.l'bbtln'V'l'el�bb6] nr11h�'Jl\l(?)"1�'el-ln1'.l''el'el nii1 �-:Jtl-:Ji:-J�'Vl11 �n
,, 

r11Hroi1t1�-l�'W (Whistler, 1993) 
'll 

' ,, ' 
b6l!mf b'v1'e:l H bU'W"n'Wbbr'IU1� ( capsule) �1vtfoU'el-:J fl'Wb61!�� bb��bU'W'e:l1Vl1'.l'���ii1?JH d'.l'e:l"111 (?) 



3 

'
� ,::::,,, � 1,, .. I 

I 

bbA'tl'W (Shih bb'tl:;Aru:;, 2001; Ashiuchi bb'tl:;1-1ru:;, 2004) 'VIJ''elU1�°1i'W(?)'Vl�J'1-m'Cl:;u'Cl'eltl'el'eln:W1 

Jl1tl'W'eln b"ll'tl'tlb(?)tJ'tl:;'tl1t1'elr.l1 'W'el1'Vl1J'l 'V!'tl'.l (jtJ n'J1 'Y'l'el� 1,1,;n 1-11 h�'W'el n b"ll'tli v11''el b'eln L"ll'Y'l'el� 
"' 

' 
'f:l 1?1�1v1 nJ'J':W:W1 nn'J1'1�'W'Vl1tl1U(?)�'W7 b'Y'lJ""1:;�1t1 f?l'el n1J'� n (?) bb'tl:;t,1,t1 n'el'el n91 n C-Ju� 1, "ll'tli (Paul, 

1979) �1J''Y'l'.ln{h1,i)9�mAJ'���1��i'.J"lJ'W1(?) L 'V!rubb'Cl:;U1�nnu6.nU;'el'W bbl?l9�'W'Vl1J�1:W1nl C-J�!?l 
� q 

' ,, ' 
1��1tl bb'Cl :;J""'J (?) bl'.191 ni (?I '1 t1uvi il J'1 A1 '1 n 9� il n1 J' 1 � � 1 n m•hu1 'WlIT:W1 ru:w1 n bl, 'Vl'W� 1 J'Vl �'el� 

q "' 

% ... .,j 

'Ci�bAJ'1:;'V!'Vl1�bA:W (Stauffer bb'Cl:; Leeder, 1978) 

' ' ,, 
�1'W'J'W:W1nif� �'el�Yi�'Y'l191 n f?l1�UJ":;I, 'Vl � 'l'l11 i1 �'el�� ru b�tlJ'1tll�91n n1J''W11,; 1�� b m·hu 

"' � 

it iJ I I 

i�i!uv11 n�1:w1J""ci C-J�1?1�1J""m�1u1� b'el� ��'1'11 l�L(?)tl n1J""1-il9�'W'Vl1tlvlilmJ C-J'W'.l n nun1J""H 
q "' 

' ,, 
b'Vl A'WA'Vl1� b'Vl A L'W L'Cl�;'JJl1'Y'l L(?)tlb 'u'Y'l1:;n1J' H9�'W'Vl1tl ��UJ':;I, 'Vl �l 'Vltl bU'WUJ":;I, 'Vl �1 'Wb "1J !?l�'el'W�'W 

q 

I I ii I 

YJiJ 1-111 :W'V!'tl1 nv1'tl1t1"1J'el'19�'W'Vl 1tl�� ��9�'W'Vl1tl 1, v1�1uu1�"l!'W(?)�1:w1rn C-J� 1?1�1 J""'Vl 1�;'.l J""uvlil 
q 'U q 'U 

,, 
A ruroi1 �� L(?)tJ1 �,fa (?)'Vl1� n1nm.11?1J' 1� n9:;1,tlun1 J'C-J� !?1�1 J'b 'V!�1Ul� b 'el� 1 uuJ"":; b 'Vl �'Vl (?) bb 'Vl'Wn1J' 

q "' q 

Leuconostoc mesenteroides �1J''Y'l'.lnbb"ll'Wbb'Vl'WL(?)tl Xanthomonas campestris (Stauffer 

bb'tl:; Leeder, 1978) �1J"Y'l'.lnbA'flf(?)bb'tl'WL(?)tl Alcaligenes faecalis var. myxogenes (Harada, 

1977) �1rn'.ln�bA'tl'elLJ'n'tlbbA'WL(?)tl Sclerotium roffsii "1'tl"1 (Harada, 1977; Stauffer bb'tl:; 
"' 

I ii I ii it 

Leeder., 1978) ���1nv1�1ubU'W'Y'l'el�bb;n1-11 h�vl C-J� !?ll�L(?)tlbbUAYJbjtJbb'tl:;J""1 'Vl�U'Y'l'el� b:W'elf 

bb(9l'tl :;"l!'W(?) n i'.i;'el �;'el �'elt1J11t11 'Wl?l'.l :wu 1, 'el� m:w"l!'W(?) n 1 J" H�1'W� �'el� n1 J' 

1�1 i1A'J1:W'V!U(?)��� A'.11:l-Jb;:W;'W� �1 2) 1 i1�:wmi'Vl1� n1tlJ'U�� 3) �1:W1J''1 e,J� !?ll�'elti1�i'.i 
"' "' 

UJ'��'VlfiJl1'Y'lL�tl n1J""Hbb'VI�� A1fU'el'W�iJJ'1 A1'1 n bb'Cl:; 4) 'Y'l'el� b:W'elfo nu'tl (?)U�'eltl�'el1'Vl1J' 
"' "' "' 

ii ii I ii I 

b'Y'l1:;1,�mn1t11'Wb'.l'tl1'el'Wi'W (U'fltl ntJ1v1u�'el1v\1?1tl) 1,1,f?i 1,;'elvibbt1n91nnJ""J':W"l!1�'el191 � C-J'tl !?IN 
' ' ,, 

b vlmu1�;'el 9��1 bU'W�'el�n n1J''Vl1Jl1'J:;V] b'V!:W1:;�mvl:w �'Jtl 91 n;'el:W'tlti9 :;1, �'Wl�'J1 i'.Jlf99 ti 
"' 

'Vl'tl1t1uJ"":;n1J""��1 i 1.1,1 [9l'fl n1 J""A (?) b�'fl n 1,�
.,

'elbb'tl�"l!'W(?)"ll'el�'Y'l'el� b:W'elf� �'el� n1J' i�J'W�1'W':59tit'19�il 

1,u1v1:w1t1�9�C-J� !?l'Y'l'el� b:l-J'elf91 n9�'W'Vl1tl�il A'.11:WU'tl'fl(?)JltJ bU'W��'el�n1J'1 'W'el1?1�1v1mJ"":w '1'111 i1 
q q 

�1:w1rn bb"ll�'.U'WflUUJ'�b 'Vl �� e,J� !?l�'Wl� �� bb:W'J1�� b v1�1'1i'.JJ'1tl�1'Wn1J'C-J� !?l'elti bb�'J 1 'WuJ":;b'Vl � 
"' "' 

i'W7 1,1,f?iuJ"":;b'l'l�l'Vltli'.Ji1?1�t1u1'WtDC-J�!?le-J'tln1nn111?1J""��1:w1J""ciu1:w11-iilm1rai�'W 'Vl1t11i1C-J�!?l�1J' 
iJ' I I I I I 

b 'Vl�1Ul� 9-:J b 'Vl1 nu bU'Wn1 J'�1 b 'W'Wn1 J'"l!'W(?) b'Vl:W:W'tl A191 n�� b 'V!�'el 1-ii:w1 bU�tl'W 1 i1 bU'W�-:JYJi'Jn A1 



., ' ' 
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b'l,rnhin�vei� bvl'el 16n'eltl1�U'eltJvi� '91171\:JL 'IJ'l.h�b'Vl Mbb'Vl'l,Jn1J''W1 b ;'"l'-11 n 1?11�1.h�b'Vl M iuroi�i� i:-i� 1 � ' 

., 
n1 J't:-J� (?]�'el� b:W'elft'9ltl'1�'1J'Vl,fo1 m.Jt:w1 ru:w1 n1 tl'u 91 b'.U'IJ�'el� A1i1� �� r111 :w �:1-l'Yl'IJ 
ii '11 I I I iJ' 

mV11n�mb;'elbU'IJtfroir.fovi�1riru1h�n1J'V1u�vi��t:-J�(?]'elfl1L6nr.i11:J1un1rn�(?l C?\�'W'W�(?]J''el1Vl1J' ., "' 

bimb('el�1Vlfot:-J�(?l�'el�bb6Dn"nh(?l6JJ'e)� Bromfield n:wnu�fi6]J'e)� Tallgren bb��riru:; (1998) (� 

1h:;n'elu�1tJ 1'i:r1J'� 4%, MgSO4,7H
2
O 0,02%, K

2
HPO

4 o,9%, KHPO
4 

o.3%, �1:i'�n'9lroi1n
., ., 

��� 0.2%, (NH4)2SO4 0.1 %) ��liibVl:l-l1��1Vlfon1J'16nbU'IJ'el1Vl1J'b�\:J�b;'elL'IJ6JJ'IJ1'916Jl\:J1\:J�'J'IJ 

vf�rl'� 1?1J''el1V11n:;f?\ut1V11'el�roi:;1-n1 'IJ'eli?1�1VI mm ri'JJ'lJJ'1 r11 n n bb�:;1 � mnroi1ru i?l�'el '9ltoi'1Jn1 :i' 
qJ q qJ Q.I 

' ., ' 
t:-J�(?l�1J'Vl �'el� n1J'l�� 1.ln�bb�'J n1:i'�roi1nu1�1?1J''el1V11:i''W'IJ ihr.rtJvi ri'JJ'A1U� ��'elt11�:w1n �'el 

t:-J� (?l.n ill'1'lbVl�'el 1-n'Vl1� n1J'bnii(?]J' 1 'IJ6]] ru��bb VI�� 1 u b(?]J'b9'1Ji�'el1'"l b'.U'IJ"Jl'W'9l�'IJ'Vl1-u 'el'W'IJ'Vl1-U Vl1'el 

¾1 :1-J fl 'W b'91dl 'W bi?IJ'b 9 'W�'IJ'Vl 1-un � 1 :I-J1 rn b(?l1-m-i1�roi 1 nf � '91 b VI� 'el 1-ii'Vl 1� n1 J'bn'l'.'ti?IJ'VI 1-'el bbVI��� i'.l 

' ' '"" "" "". I � �I • I ., " "" ' �I ""' �u b'W'el�roi1n n1J"VluJ':;b'Vl M 1,'Vl\:J bu'WuJ':;b'VlMbn'l'.'ti?IJ'nJ'J':W VI��� �mnnu bnm bbl?l�:;uroi:;:w 

'J�'91bVl�'el16n'Vl1�n1J'bfflii?IJ' b'll'IJ vh�;1'J i�;1'Jb�l?l bbMlU "ll1'1J1)'e)\:J mm:W�'9le.l1\:J mmr'JbVl�'el� ' 
' ., 

\b� :;m n b:W� '9l'Vl1'1Ji?l�'3'mVl�'el bU'W91'1J'J'W:W1 n bb� :;roi1n n1 J'Vl'J � l?l b Vl�'el L6n'Vl1� n1 nn'l'.'ti?IJ'b Vl�1'w ' 

�I 11' � ,::::i � � 0 ')' cv J::Y 6} 2,t 
32.1-36% (Virkola, 1975) bu'W(?l'IJ 9�:Wn1J'Mn'l'.'t1b�'el'IJ1b6ll�� l,��'"l1n'J�'9lbVl�!fl 1,"ll'Vl1�n1nn'l'.'t(?]J' "' ' 

., 
bV1thw:w11-n bU'IJ�fo� bi?IJ''VlVl1'elbb VI�� r11fu'el'IJL '1Jn1 J't:-J� (?1�1nrii'.l !?11�1 b 'll'W bb'el� mrn� l:f nJ'(?]'e)�; 

� n bb�:; n J' l?l� 'W'Vl1-Ut'IJ 1 � 'J'IJn1 nb:1-J � l?le.J 1 \:J n1 n 5 'J b VI� 'el� bb�:; n 1 nb:W � l?l'Vl 1'W (?l�'J'IJ 17 lJ 

n1J'� n'l'.'t1 b�'eltl1:w11 -ii bU'WbbVI�� 1 u 'i:1?1nroiu1-wn1n�1:;bf \:J�9�'W'Vl1-u�1tJ b'll'Wfl'W ( �171�:i' "ll1 � ' ' 

'JJ'��M1, 2536) bri'Btl1'3'�l?lbVl�'B1-n'Vl1�mnn'l'.'t1?1J' Himi 'W1�;11 i�;11'i:�'91 brn�u bb�:;"Jl1u ' 

'B'el\:J :w1t.i'eltl (hydrolyze) Ji1m'elu16lliTb6ll��b��r.i�1Jitl11?11�'el'eln:W1 (Parisi, 1989) bl?l\:J�1tl'el\:J 

b6ll�� b��'eltl1��:WUJ'll9:;1�t:-J�(?l.nOJ'1'l"Jl'Wl?lbmm �'el n� brl� bb(?1�1n1J'tl'elmnl?l 1:W�:WiJJ'ill9�1� 
qJ 'll 'l.l qJ 



' ,, 
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;'el�"ll'El�n1f1-iiveiu1,:w1lJn1nl'B£Ji�!?lbVl�'el1-iiv11�n1nn'r!rM �'el n1,;i�viViivi'�'Elt1JV1ili'1 
q q ., 

I 9J I I 

bb'tl�fl')1:W lU'WnJ'!?l�1�1:iJJ'mbN r-1� ff!Jlrusnvibn !?l;'W1:iJ '1 ml'Bmll�tJUbU'W�1J' b6ll'\,l bvJ'elfyjfo vi 
q ., ., 

I 9J I I 

b��;'El'Wf�V1�1��nilubb'tl�fl1ftu1e:i b!?lfffl n14' !?l�nilu b �:wvllJvi�,;i bvl'El 1{,b'El'W16il�b;11:1'EltJ1��1u 
,, ' '

;'W bb��b�:W91'W'J'W�'Wn�1n'tlbfl"TI�mvl'el1{,4'unrn-em1,:w1��1£J (Dekker bl'tl� Wallis, 1983; 
91 9.1 I 9J 9J 9J I 

Parisi, 1 989) vr�ulvl'El 1 ,t,1�tl1m'tl 1-ihtlmm��fl1fu'ellJL lJn1n�mb�'Elbvl'Eln1m� ff!Yl'el�bb"D n fl1 

LJ'!?l !?1'el 111 1 'Wn1f�n'r!1'11�1 {,� ff!J''el1Vl1J'LVl:W�llfu:w1r.i1n� ff!J'b�:W"ll'el� Bromfield bb'tl� ., ., 

T allgren b!?ltl b�'W�1f�ri !?l'°l1ntl� [l]��iln fl1bl'Yl�'el'Elnr.i1 n� ff!fmf�mfllfo� fflf bb'tl�Vli�r.i1n 1-n ., ., 

. bttl�b,'el'llU!?lb�mnmb�'JYlU�1tJ�fl�L{,r-J'tlr-l�ffl"ll'el�Yl'el�bb6Dnfl1LJ'!?l'\Al'el�b:w'elf���b6Jl'Wb�:W ., 

bb'tlfl�nbb'el�!?lbbUflvi�tJ (Lactic acid bacteria Vl1'el LAB) bUUbl1Jflvi�mlnJ':W1J'Jn� 

i:n:w1 Vii1lJmrn�ffl'el1Vl1J' (?l'J'ell:11�b6ll'W bifidobacteria bl'tl� propionibacteria �1:w1rn r-i� ff!Yl'el� 

lb6Dnfl1 LJ'(?)l� ��ur.ir.iulJr;in�r.i1nu1 l�:w:w1nimti'El�r.i1ntl11llllf�£Jnffli.-n'Vl1�b'Vlfl 'i: lJfau;,;in1Yl 
q ., q 

1� l 6JllJ 1 'Wr-1 � ff!Jl rui 'W:W ll'tl �n� :w u�� d:lullJ'� btl'll 'W!?1'el� "llil 1 '\Al ¾1� n 1£J "ll'el� :w '\,l'rfi ( Ruas-
q q 

,, ,, 
.Madiedo ll��flru�. 200 2) Vl�UYl'el�bb6Dnfl1 LJ'!?l91nbl'tl fl� nll'el�(?)blUAvi�tJtJ��1:W1J''1'\J1111 

llf�tl n ffl1-ii1 lJ'el ffl�1Vlnn:w'El1Vl1J'1�vfovi lYlJ'1�bl� fl �n lb'el� !?lllU flvi �£J9 !?l lU'W Food-Grade 
q q 

Bacteria bl��1�fomffUJ''el�L�b1JlJ Generally Recognized As Safe (GRA�)_ bb�� Qualified 

Presumption of Safety (OPS) A'eliJfl,;i1:wll�'el!?!Jltl�1Vlf1Jn1J'U1bilfl (Mogensen bb��flru�. 
' ' 

20 0 2) n1 J'� n'rf1'Yi �1'W:W1YlU�1 bl� fl� n bl'el� !?I bl1J flvi �tl91'1,!'J'W:W1 n'Yi�1:W1J''1 r-1� ff!Yl'el� ll 6] fl fl1 

LJ'(?)l�ll'tl�lU'WYl'el� lb6D nm LJ'!?l����:W'eltjil1£J'W'el n l6il'tli ( exopolysaccharides) (?1�1lti9� bltl nr.i1 n 
,, 

'W'el n 91 n U lb� fl� n ll'el � !?1 lb1J fl vi L1£J tl� l tJ 'W'"l � 'W 'Vl1i th� lil 'Vl Facultative 
I I I 9J 

anaerobe �'el 9�'W'Vl1ivi �'el�n1J'f716il'el'eln"nl9'Wb 'Wn1nr.i1rul�Ub(?l�1 ;�in'rfru�n�11-«bl'tlfl�n 
q � 

',�'W'Vl1i� '"1 !?lbbtl n 1�r.i1 nnJ'rn'll1 �b!?ltJ l'!lYl1�llUfl'Yi �tl ff!1:wll n � ll�'Jr.i�il flr:i1:w�1:w1fr;i 
I I 9J t I 

1 um m� (?]�1 J'vi �'el� mf 1� fl'EllJ;1� �1 f?l�'tfori'eluvir.i �-w11111-ii1 u'el ffl�1VI n J'J':Wr.i ��'El�il n1 n � :w 
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Jl1'J �n1 J't:J� (?I bbih 'rjfin1 J'Ufrn.h��1tl'l�'tJfi"ll'e1�9�lJ'VlltJtJ� bUl.!���91 bUlJbb� �n A'J1:W�1 fl ru [?]'e) 
q q q � 

' ., ' 

n1 n Yl:w t:J� t:J� (?)rel n �'Jtl b'1ltl n1J'ufutJN�1tJ�uifr.i�u'Vl1utl'u�1:w1J't1Vh 1�Vl�1 tJ'rjfi �� 1 u
.,

q q q 

�1u,jr.foiJUh�'e1n 16il n1 J''il ntl1n1rn�1tJ�lJfi�'Jtlf��'efo (?)J'1 b b'e) b�(?lf'J:W f1Un1J'b6n�1J'brln N-
q 

methyl-N-nitrosoguanidine (NTG) bn'e1�91nbUlJ%��1tl ��'1J'Jn nr1116ilr.i11:J�1 bb��bUlJ'rjfi�b6n 

fllJ'elclv1'11u b'1ltln1J'U1bbUAVJ�tl�1tl�lJfi EN02 �fl'1lbbtln 1���Ht:J� t:J�(?l'W'e)� bb.l_nnri1lJ'!?l'W'e1� 
� q 

' ., ., 

b:W'tlfVJ��:w1 bUlJ�1tJ�u€ rK� �u r.i1 ntl'ui:i1:w1 n�1tJ�lJfi�'JtJf��ifo (?)J'1 l'J b'tl b� (?I �'J tl"lll.!1 '1lbb� � 
� q q 

' ' ., 

J'�tl�b'J�TVl bVl:W1��:w bb�'J fl'1lb�'eln brl b�U"ll'e1��1tl�lJfinintJVJn"lllJ1'1! brl 'i:�i11muuumV11n�m 
q � 

., ., ., 

b;'elbb;� nm1m�:W"ll'e1� brl fau bb�'J�lJ\:JlJt:J� b'1ltln1n�mbb��[?IJ''J9t:J�t:J�(?lb lJ'e11Vl1J'bVl�'J bb��'Vl1 

n1rn�1tJ�lJfiJ''e)Uf?J'ellUbb��fl'1lb�'eln�1tJ�lJfi�n�:wu��n�1'J��;1��lJ9lJl��1tl�lJfi��'el�n1J' 
q q q 

I j./ • I I 

91nn1J'V1n1J'n�1tl�lJITT'1ltl UV 'WlJdJ rnn '1ln1J'�'tllJniu (revert) ��9�'Vl11 �t:J�t:J�(?)V] brltl��'e119 
q � 

� '11�� ,jfi n1J'VI�� 1 lJn1J'D'e1� fllJn1J'�'ellJniu �'e) n1rn�1tJ�lJfi�'JtJ�1nrin b �'e) 1 � bn '11 A'J1:W 
q 

I 9.1 • j.l I 

b��mV11��m1mrnbb��tJ�mr.i1�t:J�t:J�(?lb'W:w�u 1u�1u'rjr.foiJ9�1�n�1tJ�u€�1tJ�u€n�11:Jvl 
q q q 

1�r.i1nn1rn�1t.J�lJfi�'Jmb�� UV �'Jtl�1J'brln NTG bb�'Jfl'1lb�'eln�1tl�lJfin�1tl�b�t:J�t:J�(?l��� 
q q � 

b'1ltl'e119'Vl1n1J'nmtl�lJifJ''eJUf?J'e17 1u�'Jtl 

i,I I i, 9.1 

n1J'� n111'Vl '1)�'e)�Jl1tlb lJ�'el�tllJu� n1J''WlJ b'1ltl'Vl'J 1uim:w b�tl� b;'e),�lJ'Vl'fo1 uJ'�f?lU"ll'J '11 

b'llcl1 bn'e1�91n�1:W1J'tl'Vl1bUlJ91lJ'JlJ:W1nVl�1tl7n1J''Vl'1l�'e1�1� hltj�mn bb��m'eln1�UlJb1l'e1lJ 

'W'tltl 9�6Ji'JtJ 1 ifa1 :w1rn �m�n ifr.i{u� b�t.l'J;'tl� b �'e1Vl1Jl1'J �� b V1:w1 ��:w�1V1fo n1 J' bU�tllJbbU�� 

b�tl'J nrnmb'Vl1J��:w t:J�'ll'el�'fl ruV1JJi'.i i [?IJ'1 n1J'1 �'e11 n1 Pl n1n�:w�1 J'6JltJ'11 f?11�7 bb��n1 J'Ufu 

r111:w bUlJnJ''1! '911� b lJJ'�V1�1�n1:i'bitJ� bf 'el 1� f?l�t!mi'tlu�r.i�� W-Ju1m�u1un1J'V1dJn 1ur.iu�� 
., 

J'�f?lU'fl (?I� 1 VI n J'J':W l� 9 � �'el� n n 1 :i'� m11 if 9{ tl f?J 1� 7 b VI� 1 Ub lJ tl� VldJ n 'lJ lJ 1 '11 b� n J'� f?lU 

�'el�uljiwi n1J'f1'ellJ b n'e)�91 n tl�VldJ n J'�f?lU�'el�UlJiwi m:rtl'ni m1ru�r1�1tJ nu ir�mr n�1 ;1 lJ 

J'�f?lU'fl (?)�1VI nJ'J':W b �tl� bbf?Jn'lll.!1 '11 b� n n rh 9�'Vl11 ��1:W1 J'tl �m11ufuur�Jl1'J�[?]1�71 � 

bV1:w1��:w1� b'1ltJ� b�ur11 Hr.i1u'bfa�tl'n ri'fllJ�9�'lltJ1tJ1u�mrn� (?lblJJ'�l?1U"lltl1tJ�'JlJ bb�� 
� � 

nJ'�U'J'Wn1 J'VI� nbbUULbU (?l°D bUlJnJ'�U'JlJn1J'b 'W1�bimr.i�lJ'Vl1m lJJ'�UUU '11 ���1:W1J'tl 
q 

9.1 I 9.1 9,1 I 

v'i11�'Vl� 1 u:r�f?lU'll'J '11 b 'Jlcl1 bb� �J'�f?lU ir�vidJ n VJUJ'J'9'el1Vl1 n�u� b;'tlvi b vi:w1 �-ti:w f?J'el m n r.i�ru bb� � 
q � 
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uhn ill91 fl(?) bb�:; b�'el 1�,�uvi1tfo� 1 m':;Urnb�':19 :;hJi'.ln1n�l-l�1j'el1Vl1jl(?l1 b �l-1��1u� n 

b6Jl�i9:;b9°'¼b!J9Unj:;,vf�'el� f1Uj:;n'elU"1l'el��1j'el1Vl1j�91 bUUVll-1 '7111.l Vl1'el bn '7lmntl�t.1UbbU��"1J'el� 

,, 
vrW-Ju1n1n�t.1�bbUUb'Yl'7lbbU!Wnf?i'el1u1� 

�1VlfUtlj:;b'V)f\1'Vlmb�') 'W'el�bl-l'elf�Hnu'elUU��'el�'el1�fomjU1b�191n!?h�tJj:;b'V)f\ 'Vl1 
4J 

,, ,, '

1-l,�'!Jb�m1t.11�91nn1ril1b�1�1nV1�1u n1rn�f?l�Ub'el�Lvl'eltlii�1u1u�1u1?h�1 U'ell-lbuun1j�'71 
I I I t, I 

ri1Hr.i1t.1bb�:;buun1jvl�'W1f?lUb'el�1� 91nvii'.ln1r�1b'WUn1jrj�t.11u�'el�Ul-11t:;CPfoww� b'71t.11�i'71 

bbt.lmmrivi wt.1�i'.J r111:w�1l-11n11 umm� f?l b'el n b6Jl'W'el�bb6] n r11 hf?l �n"M1�:wu1i'V11��·hrj'Vlm Vl1 

Il1'):;� m:w1:;�l-)1 umnJ� f?l'W'el� b:W'elf"1l'el�bbUA'Vl Wt.I bV1�1tl tlfutln�1t.1vru1fou AVJ Wtlb'71tl n1j 
q q 

I t, t,, t, 

n�1t.1vrufl-ti1�e-i�e-J�f?l'Vl�� bbl?1�1U'Vl�Vl:W(?l'lfo�1b'WUn1jlUt:;iu"1l':1'71b61JU1 91ntl'u1�vrW-Ju1n1j 
q 4J 

e-i� f?lb'eln t 6Jl'W'el� bb 6] n mh'9it Uj:;iu"1lm t.1�1u b'7ltl n1rn1n11:;� b Vll-11:;�l-11 un1re-i � f?l 1 uj:;iu 5�

VI� n bb�':I � n"M1�l-l1J�"1J'el� b'el n b6Jl'W'el � bb"n n r11 bf?l� e-i � f?l1�91 n 5� VI� n b �'eluj:;!:J n (?]H1 u 

'Qf?l�1V1nnl-11?1'el1tl 

e-i� f?l'W'el� bb"n n r11 hf?l91 nvl-n�1-i'1 A':11l-1V1':l1u�Htl1 f?l1� Lumrn�� r11fu'elu L6Jlu 1?1':l'elU1�ii'elt.1 

91U':IU 9 1?1':l'elU1��1�v\1n1nnu1?1':l'elU1�91nbbVl��(?]1�1 �1urj�t1tlbuun1tl-1'71b�'elnbbUA'VlWtl� 

�1:w1nrn� f?l'W'el� bb'nn A1 lj(?l b'7ltl 1-1 (?lbbtl n bbUAVl Wi:.191 n bbVI�� 1?11�1 91 niUl-1'71m'el��1t.1vru(� 
' ' ,, 

�1:J.-J1n1e-J�f?l'W'el�bb'nnA1 hf?lvi�� '5u1�bbri�1uvru€ ENO 2 d°J'elrj bAj1:;ifo�e-J�f?l91 n'el1Vl1n�m 
4J q 

bf 'el� bbUA'Vl Wt.I e-J� f?l1�b'7lt11-ilrjfi Thin Layer Chromatography (TLC) 'WU�1'W'el� bl-J'elf�t�n 
,, 

'W1 [?11� ht�� b'UU'el� f1Uj:;n'elU6J!'W'7lb�tl':I b'7ltli'.J rh Rf b'Vl1 nu 0. 7 091 91 n n1jf?lj')9�'elU'Yl'I� 

'elUnr:wrj1nu b'7ltl'W1bbUAV1Wtl�1tlvru€ EN021u�n"M1in"r1ru:;'Y11�iruinurj'Ylt.J1bb�:;�"hrj'Yltl1 
q q ... 

t':l:wi�n1rrjbAn:;i�1f?1U'W':IA�b'el 1'Ylf?lU5'b':lill 16S rDNA �1:W1n1�1bbUnbbUAV1Wt1�1tlvru( 

EN021�b'UU Enterobacter cloacae bb�:;b�mit.1��1uvru€ EN02 lU'el1Vl1nVl�':IUfoUj��[?lj� 
q q 4J 

... I 2,, <i" 
2,, 2,, 2,, 2,, .c:::,j ti' CV 2,, 2,, 

uj:;n'elU'71':ltl 1bAj�A':11:Wb61J:W61JU 4.0% (NH) 2SO4A':11:J.-Jb61J:W61JU 1.0% bb�:;tl�f?l�n'71A':11:J.-Jb61J:W61JU 

1. 0% b'71t1tl1V1tl'n bumm��r11fu'elmb�:;bm��1 utf?lnr.iuf?l1l-1�1 f?1U n1t11�n11:;�,Jfori1r111:w 
I 1, t, I 

d'.lunj(?l(?11��l-J�Ub'Vhnu 6.5 Il1':l:;mn�mb�'elVl'elillVIIli1 30 'e)�f\1b6Jl�b�tl� bb�:;n1rn�f?l'W'el� 
q 4J 

bL"nnri1hf?l�'elillV1I1i1 40 'el�fl1L"l!�L�tl� 1ur:;f?1U"1l':1'71L61JU1'flf?lj1L1':I 200 t'elU1?1'elu1vi Lum1�1 18 
q 4J 

I I t, t, t, 

"n':I b:W� bb�'J 'W'el� Lb 6n n f"l1ljf?lVJ e-J � f?ll�i'.l "11 b Vl1 fl'IJ 8. 5 7 n�� n fl-l 1?1'eli1 � �� f?l j61]'e)�'\J1 b� tl� b�'el 
' ,, ,, 

�:W'IJ1i"1J'el�'W'el�bb6nnA1hf?lvie-J�f?l91n E. cloacae �1t.1vru€ EN02 'WU�1 i'.lm:w1ruil1m�'Vl�Vl:W'71 
q 
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b'Vl1fliJ 88.94 b'LJ'elfol!l-Wl bb�:;tfhnrut'LJj�'Wb'Vl1fliJ 0.29 b'l.hlfb6ll'W!?l bd-ervht-lh�'el�bb"Dnmlj!?1 

u1�'Yliu1��')'\Jbb� :;V11"J!U(?)1.h:;r.i"l.l-e.N'Y'l'el� bb"D n A1 ht?l 'Y'liJ�1'Y'l'el� bb sn n A1 ht?1i'.J'LJj:;9 �iJ ( acidic 
q q q 

polysaccharide) bb� :;91 n n-m?Jj')9�'eliJ"J!U(?)"l.l'el� t-i � l?l.ll ruir.i1 nm j�m..1��1t.J 'Y'l'el� bb -n n A1 ht?l 

�r;it.J m(?) b(?)t.J�fiLeH 'Y'l'e:lf'W'e:lfo:w'W of� A�(?\ bAj:W1 t 'YI nnvl bb� :;�fi'\!11 Ar;i 1:w t.J1r;i A�'W�r;imA1'el� 
I !v I ii 

� b'LI n h1�fa1?J'elf 'Y'liJ�1 t-i� l?l.ll ruivi1�r.i1 n n1j�'elt.l� �1t.J'J.lj:;n'e:lu �r;it.JL 6llb�� b vi1tl''W ���1'W�rof t.Jil 

bU'W�1'W�roft.J�bb�(?)��1bbiJAvi�t.J E. cloacae �1t.l'W'Wfi EN02 i'.JAr;i1:w�1:w1n11'Wmrn�l?l'Y'l'el� 
q 

,, ' ' 
(Homopolysaccharides) !?l�'W'WbbiJ Avi L1t.Jvi A(?) bbt.l n L�9� bU'Wn1 jb � :W'Yl1� b�'e:l n 1 'Wn1 j'IJ 1 

bbiJ Avi �t.J11.l1-n1 'W'Q 1?1�1V1nn:w i,h�1 i?l'el 1tl1'W'el'W1A l?l 

nf:w L(?)b'Y'lbb'Yl�btfo:w1e1t(?)n9'W'W'el�b 'Wl?l 9 nf:w bb�:;b'Y'lbb'Yl�b�t.J:WL(?)Le'.Jb(?)nr.i'W'W'el�b'Wl?l 3 nhi 

J11t.J1�Ar;i1:wbtl'Wm(?)!?l1� 6.5 bb�:;'e:lruV1J1il 40 'el�'"11b6ll�b�t.J� bU'Wbr;i�1 9-12 ir;i t:w� 'Y'l'el� 
q "' 

bb"D n A1 h1?1r.i1 mbu Avi �t.J�1t.l'W'Wfi EN02 � bi't.l� �r;it.J'e11Vl 1�� l?Jj'LJfuu j� J11t.J1�J11r;i:;;1� �'W 
q "' q 

i,, j.1 t, I I I 

'LJj:;n'elu�r;it.Ju11?11� L6llb��bU'W�r;i'W1mll b(?)t.Ji'.Ju11?11�n� bA� bb�:;u11?11� t:w b�n� b�t.l'J"l!U(?)�'Wvi 
� "' q 

,, ' ' 
'e11roiroi:;Lu-wu11?11� m bb� At 'YI� b�t.l� b� n'W'e:lt.l �� bU'W'Y'l'el� bb"D nm ht?1 "J!U(?l b�t.Jr;i nrn�'e:l t-i� 1?191 n 

'el1'\!11j� l?ln�:w 'elDJVIJlil'Vl�'eli.JLVl�'J"ll'el�'Y'l'el� bb"D n A1 ht?l A'el 227. s 'el� '"11 b6llm�t.J� 
"' q "' 

11:i-:; bt.l"l!'W'e1�1�:w1 n l?l'el'Q 1?1�1'\!lf1j:m 1?11�1 b�'eli?l'eliJ�'W'el� A'J1:W �'el� n1j�1Vlfo'Y'l'el� bb sn n A1 ht?11?11:w 

A'J1:W �'el� n 1j"1J'el�'Q 1?1�1V1 n jj:IJ 1?11�1 A ru:;��'01t.J9�'l�� m11i n11ru:;�:w1J�'Yl1� bAi'.J bb�:;m t.JJl1'Y'I 
,, ' 

"1.l'el� b'el n t 6ll'Y'l'el� bb"D nm h1?1 �r;i:w'Yl�'LJj:;�'YlfiJl1'Y'I mm� l?l'Y'l'el� bb"Dn A1 ht?1roi1 n bbiJ AVJ Cfovi A(?) b�'el nl� 

roi1nfijj:1J"J!1�h�m�:w bb1JAvi�t.J�1t.J'W'Wfi�A(?)bbt.Jnr.i1nl?lr;i'e1�1�t-i�1ii 1�mi CU-CH1, CU-CH4, 
q 

CU-E3, CU-F6, CU-M2, CU-M4 bb�:; CU-Ms ��'Y'l1.J1?l'el'ltl�1'Y'l'el�bb"Dnmht?1�t-i�1?Jl�roi1n 

bbiJ AV\ �t.l b mhti'n.vf�� bU'W"J!U(?l be'.! b 'Yl'el brn'el� bb 6D n A1 h!?1 bb�:;e'.J'e):W'el'Y'l'el� bb 6D n A1 h!?1 bb� :;.vf�Vl:W (?ln

A'J1m�'tlm�'elDJV1Jlil�� 'Y'l'el�bb"DnA1ht?1�t-i�1?Jroi1mbuAvi�t.J�1t.J-w-w€ CU-CH1, CU-CH4 
q 'lJ 'lJ q 

2., I !1.f I 

�1:w1nrn :;�1m'.h l��VJ'el nJJ1ili1'el� bb�:;i'.J Ar;J1:WVIU(?l�� �n'Vi�tl'�'Y'liJ�1'Y'l'el�bb sn n A1 ht?1vl t-i� 1?191 n 
q "' "' 

,, ,, ' 
bbiJ AVI �t.l�1t.l'W'Wfi CU-CH 4 n A')1:W�1:w1n11 'Wn1jiel:W'W1�� bU'W��fo�l-w b'e)'e)fl?l'el'W1�'W'1'J b Vl�'el� 

q q "' 
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,,

t-1�tJ�f?lY·ni�1.1.�nmh,�fo���:J-Jtl'&i'Vn-:in1t1111'V'l61l'el-:J'V'l'el�1.1.�nA1h1?1r.i1n1.1.uAVJ(foi-:iV1:J-J(?) 7 �1t.1 

�'Wfi �-:JA(?)l.�'elnLLUAVJ�t1�1t.1�'Wfi CU-CH4 :J-J1�1n1'l�mi1"1'el r.i1nn1'l��r.iu1.'flnimiDJ611'el-:J 
. . � 

1.1.uAVJ�t.1�1t1�'Wfi CU-CH4 'Vl1-:J'el'Wnrnrjn1'W t(?)t.1�m�nimn;u�'Vl1-:iiru1,n'Wrj'Vlm u���:J-Ju1i 
• • d.9 

'Vl1-:i�''h,rj'VlmV11''el n1rn (?)�'elU'Vl1-:J�'J 1.Ai'.l 'l'J:J-Jvf-:i m'lrj 1.An�-J�1 iuU'J A�b'el 1 'Vl 1?1u1'1.'J ru 16S

rDNA 'V'lUi11.1.UAVJ�t.1�1t.1�'Wfi CU-CH4 i'.lm1:J-JA�1t1nrn1.uAVJ�tlb'W�n� Klebsiella l.b��tJ� 
• • 

,,

n1'lrj I.A'l1�-J'll\l(?)th�9611'el-:J'V'l'el� bl.;nA1 h1?1'V'lUi1i'.l1.h�9�'VlfibU'W�U i'.lm:J-J1 OJ'W1 [?11� bb�� hh�'W 
• • • 

,, .. ' 

bU'W'el-:Jr-11.h�n'flrn'Vl1nu 87.5% bb�� 2.so/o m:J-J�1iu r.i1nt!'W�1u1�'Vlfi'V'l'el�bb;nr-11h1?1V11� 
• 

�'Jt.1bArn1 t 'Vlm1yj LLUULb� n btl�t.1mh�r.i�u Lb��br.i�Yl� b'Vl'l"n'W 'V'lui1i'.J'V'l'el�bb;n A1 h1?1 EPS-2 
• 

b'U'W�1i;JU�'J'WVlin b(?)tli'.J:J-J'J�b:J-JL�n�:J-J1nni1 2X10 6 (?)1�(?]'W n1'lribA'l1�iVliivf-:ini'W'W��'Jtl'W . � � 

�t.1f'Vln'W�vl'flf:J-J�'Wvl'l1b'l(?)�btlnt'Vl'l�tnu�'WtJ'Wi1 EPS-2 bU'W'V'l'el�bb�nr-11h1?1 LL��r.i1n 1 H-

NMR �1,tlnf?lf:J-J 'V'lUi1i'.JiqJqJ10J611'el-:J anomeric proton non-anomeric proton 1,1,��i'.Jn1'l 
' ,, ,, 

1,;'el:J-J "1'elll'W611'el-:J'W1 f?l1mU'WLLUU DD-configuration b(?)t.J'V'l'el� 1,1,� nr-11 hl?l EPS-2 i'.ltl1 f?l1 � 
,,

n � bA� 1,1,� �n1 bl,� Ab 'Vl � CU'W'el-:J folU'j'� n'elUVI in b(?)t.J i'.J 'W1 [?11 � bb'l:J-J b 'W� bU'W'el-:J folUj�n'elU l:l'elt.l � 
,, ,,

U'el nr.i1 nUtJ-:J'V'lUi1'V'l'el� 1,1,;n m h1?1ui'.J�:J-Ju1i1,tlu�1'lri'el n1j�Un�:J-J l,l,��1,tlu�ar�sn1 vl l,'e)'e)jllU 
• 

,, ' ' 

u1aJ'm1,���1'j'Uj�n'elu1e:1t(?)rn1fu'elU"11'111� ;-:ir.i1n�:J-Jtl'&i611'el-:J'V'l'el�bb�nA1h1?1V11��mi1:J-J1 

'el191,uu'Vl1-:i L�'eln�1V1fun1jtl1'ltJtlj�tJ nf?l1161 'W�1ui,i1-:i7 L6J!U 'Vl1-:J �1'Wn1jU1tJ (?),f11,�t.1 bU'W�'W 

I I i,, I 

1, il'fl-:ir.i1 n-:i1urir.fo1 U6J!'J-:JUbLrn 1,1,u AVJ �tJVJ i (?) bbtl n 1�uu'el1r.itT-:i 1ii 1,tluVJt1'el:J-Jfu�1V1 fu1 -n 

1u'elf?l�1V1nn:J-JmV11j 'V11-:i�ri�t.1�-:i1�Ltlfou1,VJt.1uin11ru��:J-Ju1ibb��tl'l��'VlfiJ11'V'ln1m�f?l611'el-:J 
. � 

,,

A'J1:J-J�1:J-J1Hlb1.Jn1jfel:J-J'W11��b'Vl117UbbUAVJ�t.Jn�:J-J EN 1,1,�� EP bU6110J�b�mnui'.lin"Mru� 
• • 

�:J-Ju1iu1-:itlj�n1'l�bV1:J-J1��:J-J�-:i�1:J-J1rn1-n1u'elf?l�1V1mj:J-J 1�1.bri i'.JA'J1:J-J1.��mi,i'el'elruV111ij��-:i 
q q 4J 'ti 

ni1 n A'J1:J-J�1:J-J1'lbl 1'Wn1'l���1t.1i11���'el nJVIJlij�'el-:J bl,��1:w�1:J-J1rn� ��1t.lb 'W�1j� ��1t.l'el�; . � 

bf?l'W l.'el'Vl1'W'el� 1'flb"llb'V'l'l'V'l1'W'el� rnm"llu 1.1.��l.:J-J'Vl1U'el� tJ�f?l Glucan 'l� b(?)mbUAVJ�tl�1tl�'Wi 

LAB1 LAB2 u.�� LAB3 r.i�t-1�f?l'V'l'el�LL�nA1h1?1'llU(?)e:!'el:J-J'el'V'l'el�L1,�nmh1?1�tlj�n'elu�'Jt.1i1f?l1� 

n� bA�(?l'flflUL�t.1-:i'l!U(?) 1.�m �-:i'el1r.iu1hJ1-ntl'l�btl'llU1 u�1u(?l1-:J7 'Vl1-:J�f?l�1Vlm'l:J-J1� �nvf-:i 

bl.UAVJ�t1�1t.1�'Wfi LAB1 LAB2 1.1.�� LAB3 �(?)LU'WLLUAVJ�t11'Wn�m1.�r-1t\m1,'eJ�(?'}1,1,ur1VJ�tA-:i 
• • 
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,, 

'fl[?}�1V1m-:n1'l�'flr.hm�1..:i6JJ'l1..:i 'i:'9lm-uw1:;'fl[?l�1V1ntnJmV11t LL�:;'fl[?l�1Vlm'n.Jm 1?1..:iuu9..:ivh 
• • • 

n1iui:;t1n i,i'l,;1 'W'fl[?}�1VlnJ'tit'fl1Vl1t'll'fl..:JW'fl�LL;n '"11 lJ'(?)� e.J� [?]91mLu""vl '1t1�1t1�'Wfi LAB 1 
. . . 

LAB2 Lb�:; LAB3 'W'W wu�1ilui:;r.:i�Vlfi LU'Wn �1..:J hlil ""')1it�1it1HI 1 un1 nn (?l b9� LL!ilil 
• •  

-==IA � 1 A..::::1 Q/ �  ,:::,Jo,, � .dj a,, a., 

LLU '°' VI L J'tl Vl1..:J'fl'WnJ'it') fi1 'W W'lJ') 1 LLU ""VILJ'tl � 1 ti W 'Wfi LAB 1 it� n11ru:;� it 'LI[?] bVI it'fl'Wn'W n 'LI 
• • 

,, 
A .:::::I a9: A A A 1:::11 1 , 

LLU""VILJ'tl Weisse/la confusa (Lactobacillus confusus) 9..:JLJ'tlnbLU""VlLJ'tl'W'l1 We,ssella

confusa �1tl�'Wfi LAB 1 

r.:i1 n n1 i� n111'fl..:i rf u i:; n'flU6JJ'fl..:J'fl 1V11 tLit.1..:i Li'fl LL� :;n1'l :;� L V1it1 :;� it lil'fl n1 rn� [?}W'fl� 

LL;n'°'1lJ'(?)91n W. confusa �1tl�'Wfi LAB1 WU�1 bn'fl'Vl1Jl1'ltb'Vlit1:;�it6JJ'fl..:J'fl1V11J'LVl�')�[?}J' 
. " 

' ,, 

1?1(9)bb'U�..:J'll'el..:J MRS vlui:;n'flU�')t16Jlb""J'�""')1itb;it;'W 5% bf9ltl'W1Vl'Wnlil'fllli'it1[?}J' bb�:;'e)[?]J'1�')'\J 
" 

Yeast extract : Protease peptone : Beef extract ilr11Lvi1nu 0.5 : 0.5 : 1 LU'WLLV1�-:i""1fo'el'W 

LL�:;LLVl�-:i'lu'i:[?]nr.:iu mit�11?1u b'9lt1ufur11""'l1itLU'Wm''9lf?11-:J�it�mvhnu 6 uit�'flruVtnil 30 
. " 

'fl-:JPl1L6.l!�L�m� umfl1'fl-:JL61Jr.h�'lt1'fl[?lt1n1n'llrh 200 t'flU!il'fl'W1vl LU'WL'l�118 i'l'i:it-:i wu�1W'fl� 

LL; nm h(?)il n1rn� [?]l� 13. 78 n�� nfit lil'flil��� [?}J' 'i:'9lt1mit1 ruw'f"l� Lb; n ""1 h(?)� e.J�[?]'l�r.:i1 n 

;1-:J�'W WU�1 �1it1nle.J�MW'fl�LL�nmhrrfw�'flit 7 'lunUn1J'b'iil1b)J 9..:J�ru'l��1W'fl�bb;nf111,J'(?)� 

e.J�ML'U'W�1J'bitVl1U'fl 'l��LLUU1hmnil (Primary metabolite) b'9ltl�itil n1J'e.J� MW'el�LL;n""1 hf?11� 
d.9 " 

d J a. e,  . 2-1 •  d cv  J J ,:,, 
�..:JLit'flL6Jl'flL9J'b)J b'Wt:;t.1:; stationary phase LL�:;L6JJ1�Jl1'):;""-:iVJVl�-:imn�mL6Jl'fl 1 s 6Jl'lbit-:J 

bb�:;i;J�MW'fl�bb;nfl1lJ'l?lbb�') n1rn�1tl�'WfibLU""vl'1t1b�'fl1�l�e.J�e.J�[?]��-:ibu'W�n�fiVl�-:J�Utlit 
. " 

,, ,, 

L 'Wfl')1itWtl1t11it'Yl1 L � LLU ""vi '1t1ue.J� [?]W'fl � Lit'flfl��-:J�'W Vl1-:J fl ru:;Mr.rt.1 l� fl�1tl�'WfibbU ""vi '1t1 
" " q 
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1tA:r� 4% LU'WbbV,��A1furau b'VltJ'LinrnL'LIAVJ�tJ�1tJTI'W� EN02 'VlbU'W�1tJTI'W�C?l�b�:W Li'.lram-ntJ 

TI'Wfibb'lJA'Vl�tJ�1tlTI'Wfi UV1-8 bbt1��1tlTI'Wfi UV1-9 �'Jtl�1J NTG 'l�rJ(?)b�'e)nbb'lJA'Vl�tJ�1tlTI'Wfi 
q q q q 

UV1-8/NTG7 bbti��1tJTI'Wfi UV1-9/NTG3 �� bU'W�1tJTI'Wfint11t1r.i1n tA fo1l�:r,a(?);r;iv11 u"JiCJ�� 
q q 

bV,:W1��:w bb�'J 'l�tl1:w1�m�n l?)'e)�� A'J1:W�1:W1 nl 1 'Wn1n.J� v]'V'l'e)� bb'n n A1 l:i'!?lL '\J'e)1V,1:i'mti'.l�n 

1tm� 4 % bU'WbbV,�� A1furau b'Vlti'Linrnb'LIAVJ �t1�1tJTI'W� EN02 � bU'W�1t1TI'W�;� L�:wr.i1mrn 

n1:r'YlC?1tira��e-hu:w1 'l"l'LI'J1 bb'LIAVJ �ti� �1-wn1:ri n{n 1 � Ln (?)fl1:i'nti1tJTI'Wfi�hti bb��'5ti f?lt1 'lCJ tra b� f?l 
q 

nA'J1:W�1:W1nlb'Wfl1n.J�f?l'\"l'e)�bb'nnA1lJ'(?)��n'J1�1tl�'Wfi;�b�:W bb���1tJ�'Wfi�e.hun1:rintl1 
'IJ q q 

b�bfl(?)fl1J'nt11tJTI'Wfi�'Jtl�1J NTG b(?)tl�bb'lJA'Vl�tJ�1tlTI'Wfi UV1-8 bb���1tlTI'Wfi UV1-9 
q q q 

.,

�1:w1:rrie.J�f?l'l"l'a�bb'nnm'lt(?11,���n'J1�1t.1TI'WfiC?1�b�:w�� s b'Vl1 bbti� 12 b'Vl1 f?l1:w�1C?1u 
'IJ q 

v,11U(?)61J,a�tl1v11��Luura�Atl:r�nrau A'.l1:WL�nml?lraranrnnil�� wn:w�1:w1:rri1un1rn��1t.1tl1 
q 'IJ 'IJ 

., ., 

m1:wv,tl(?) A'J1:W�1:W1nlb'Wn1:i'�m11 bbti�A'J1:W�1:w1rn1umnuu:a���'l'Wb'e)'e)fl?)'e)'W1�'WVh 
q 

.,

6Jli1C?11?11�1 'l"l'LI'J1 bU'Wbelb'Yl'e)bJ''\"l'e)�bb;nA1lJ'(?) tl:r�nrau'ltl�'Jtl'W1f?l1�n1bb�Abvl� bb��1,1�� n 
' ., ' 

A'J1:wb� '1t.lJ''Vl'e)DJV,Jlil�� �1:W1:i'rl��t11tl'W1 'l��'Vl'elDJJlil�'e)�bbti�i'l A'J1:WV,U(?) �� i'J A'J1:W�1:W1n1 
q 4J 4J q 4J <\J • • 

,., ,., ,., ii 

1um:r�:wtl1�� bU'W����l'Wb'fl'flf1?1'fl'W1�u:w�'l"l\1CJbb��tl1�m:w�(?)(?)'fln'Yl1'W(?l�'J'W roi1ntl'u�� 
q 'IJ 

�m�J-11?)'e)rJ�n1J'�bAJ'1�i.f,-,1'el�Atl:r�n'e)'lJ61J'el�'l"l'e)�bb'nnmh(?f 'l"l'lJ'J1 nm:w1rutl1(?11�bb��ttl:r�'W 

bU'W'a�Atl:r�nrarn'Vl1fl'lJ 85.3% bb�� 5.8% vl1:W�1C?l'lJ bbti�ntl:r��'YlfiJl1'l"ln1J'e.J�(?l'l"l'el�bb'nnA1 

h(?f���(?)� 11.50 nf:Wl?l'el�f?lJ bbti�b�'elfl1n.J�f?lb'WJ'�(?)'}Jt7�v,�n ���'el�nn1:r�m.11�(?1J''fl1V,1:i'� 
'IJ q 'IJ 

b v,:w1�� :w1 urn :re.J� (?l'l"l'fl� Lb -n n A1h(?f b(?)tJfl1:r� n'l.'.'.t1v,1'5 (?1J'1�'.l'W61J'fl� A1 fu'fl'Wl?l'fl 1 u b(?lJ'bliil'W� 

b v,:w1��:w b(?)tJ rhv,u(?) 1 �Lb,-,�� A1f'LI'fl'WA��� 4 % bb�CJ Lbtl:re1'u'5(?lt1�'.l'W61J'fl� A1 fu'fl'Wl?l'fl 1-w b(?ln r.iu 
' .,

bU'W 5, 20, 60, 100 bb�� 200 f?l1:W�1C?l'LI 'VlnbbV,��A1fu'el'WbU'W'W1(?11ti"JlbM� bb'i:'l�bm�� 
'IJ 

l u b(?lJ'b9'WbU'Wbb'e):W t:w btitl:W"ll� b'W (?l bb���1J� n (?)91 n�fo � 1 ubrl''el� �'W'l"l'LI'J1 'e)(?lJ'1�'J'W61J'el� A1f'Li'fl'W

1?1ralut(?ltbr.iu�rn:w1��:w 1�mi fei1 C/N b'Vl1nu 5 bb�� 200 b(?)t11�reiwu�tJ1urnrn�f?l'l"l'a�bL'nnA1

lJ'(?)(?l�'e)(?)J'�tl�b 'J�1 36 i'Jb:W� b'Vl1fl'LI 0.3488 bb��0.2254 (?11:W�1C?l'lJ bb��bti'el�91nbbV,��

1utmLr.iu�1-ii1-wn1:rLit.1�bt'flb�'fle.J�(?l'l"l'fl�bb'nnA1h(?fij 2 bb,_,�� 1�Lbri bb'el:Wb:Wbtit.1:wi�L'W(?l Lb��
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f?l'fl bf?ltlt:J�ln'\"l'fl�bb6nf1'"11L'.l'f?l1ti'fl1'1,nn�rMb;'flV1�'"11 C/N whniJ 5 bb�� 2001u111'J�Vlb�h-lbb'l,1�,:J 

1 u 'i:rn nr.iub �tl-:J"ll'Wf?l L�tl'J bb���'fl-:J"ll'Wf?l ln1l--1�1 iu r.i1 n n1f'Vl l?l�'fl-:J'l"l1J�1 i rnf1�'Jti'll'fl-:J r11 fu'flu 

f?iia1u'i:rnnr.iu Lvi1nu 2001u111r;i��b�l-!Lm�-:i1u'i:rnnr.iuL�m"ll'Wf?lb�tl'J 1�LLri bbt1l-!'i:mu1:Jl-!"Dm�rn 

�1l--11fblt:J�(n'\"l'fl�bb6nf1'"11 L'.J'(?)1����(?l �'e) lti'"11b'u�tl1 tin1ft:J� (n(n�'e)(?)f�tl�b'J�1 24i'J bl--1-1 b'Vl1lliJ 



.d 
'lJ'Vl'VI 2 

CV O .._ 

"1.l'tWl'fl'W fi1'aln1 b 'W'W fi1'a 

.Q, 'i" Q_ � '1 d'O) QJ QJ QJ .c:e QJ Q.AQ. .:::ii 

1. fi1'af:J'tl !Pl b'fl n b'iiYl'fl'6Hb'1l n A1 b 'aln b 'W'a� '91'1.Hl-.!l'Vl:JJ n bb'tl� l"!nH1'tl nHru�� :JJ'LI !Pl'V11-.!I bA :1-Jbb'tl�

n1t1J11'rl"l.l'fl-.!lb'fl n b'1l'rl'flihb:nn r11 h� 

1.1 e-1�1?1bb�:;,iM1mbt.1n'V'l'fl�bb']nf-nh�r.i1mbuAvith.1 

1. 2 �m11A':nm�t1m''ll'fl-in1:nr.i"¼'l)bb�:;n1rn�l?lb'fln L6ll'V'l'fl�Lb']n A1h�'ll'fl-lb�'fl

1.3 e-1�1?1'V'l'fl�bb']nA1h!?l1'Wf:;r?Ju"ll'J1?W11rh

1.4 e-J�l?l'V'l'fl�bb']nf-nh!?l1'Wf:;r?Ju5-ivi�n

1 . s �m11in'l1ru:;�:w°illi'Vl1� bAil bb�:;n11:.1n1'V'l"ll'fl�'V'l'fl�bb .:nn A1 h�

Q/ .c::::,, .r::::::i. .c:::l.c:::l Q/ 

2.1 A!?lbbt.lnbb�Al?lnLb'fl"ll!?lbbUA'Vlbft.191n'fl1Vl1rn:Wn 

2. 2 e-1� l?lbb�:;� fl!?lLLl:.I n L'fl n t "ll'V'l'fl� LL']n m h�r.i1 mL� A �n LL'fl"n !?lbbU Avi �1:.1� A !?lbbt.l n 1�

2. 3 �n'l11i n'l1ru:;�:w°illi'Vl1� LAiJbb�:;n11:.1J11'V'l"ll'fl� b'fln t "ll'V'l'fl�bb .:nn A1h�

.Q.<CII O .Q, Q.QJ 

'Jfi'911b 'W'Wfi1'a'J'°ltl 

.Q, 'i'° .Q. t::o '1 d'O') 
QJ a.., CV .c:Q QJ C1..M::l. .ie:::t 

1. fi1'af:J'tl !Pl b'fl n b'1l'rl'fl'tl bb'1ln A1 b 'a In b 'W'a� ln'U bl-.!l'Vl:JJ n bbi:l�l"f n'l.i1'cl nHru�� :JJ'LI !Pl'Vl1-.!lbA :JJ bb'tl�

mt1J11'rl"l.l'fl-.!lb'fl n b'1l'rl'fl� bb:nn 1c111 ta� 

' ., 

9�'W'Vl111viH1'W�1'W�91:.lti �'fl Enterobacter cloacae �11:.l�'Wfi UV1-9 b1J'WbLUAviis1:.1 
' ' 

., ' 

�11:.1�'Wfin�11:.1r.i1mLuAvi�m1-i�'W �'fl E. c/oacae�1t.1�'Wfi EN02 viA!?lLbt.ln1�r.i1n�'flt.1 ii1LJl'fl 
' ' 

1l1bb'Y-Mbb�'W r.r�wr!?l'Wfolf'LJ!:W b!?lt.1�m1� 1illVlb19U�'Vli (2551) b1J'WbbUAvi�1:.1�iJfol'J1:W�1:W1nl1'W 

mm� l?l'V'l'fl�LL'] n A1 h� LL�:;chun1f'llfo'llf��1t.1�'Wfi'"l�'W'Vl1t.11!?lt.1 n1fi n{n 1 �bfl!?l n1rn�11:.1 
' ' ' 

�'Wf�'Jt.1f��i�1?1nL'lb'elb�l?li'l:wnun1fH�1:nAil N-methyl-N-nitrosoguanidine (NTG) fo1mw

.c:::I (l.,' .c:::l .c::::,, 

�!?l 'elfl'JLMb�fl (2552) 



I ii iJ i.t I 

14 

l;m�'El E. c/oacae�1m�\1i UV1-9 �-:JU'W'El1Vl1J'b�tl-:Jl�'elll�-:ivi�OO-J'W1 l1?1t1�ii9� 6JlbWVI 

lJ'9'W9'Vlfi (2551) l1?1tli1?1bbU�-:J�[?]J'"lJ'e)-:J Bromfield f,;iiinu Tallgren bb�:;fo}ru:; (1998) bb�:;b�1ii 
V V , 

�'Jtl'W1(?11�6lltf"l:r�f"l':11m�ii�'W 4% t1?1t1'W1V1tl'n1?1'Ellli'iJ1[?]:r ll�':l-w1tuiJiivi'ElruV1J1ii 30 'el-:JM1 
4J q 4J 

I I ii I I 

b6ll�b�tl� bU'Wb'J�1 24 "n'Jlil-:J bij'elb�'eHr.i1rul�ilvibb�'J'W1LUlnufm�nvi'ElruVIJlii 4 'el-:JM1b6ll�b�tl� 
� q 4J 

V V V 

r.i'Wn�1r.i:;-w1ii11-n ll�:;i;hm�'El�-:imV11n�m l�'Elu �-:i 1 mJVJ n7 1 ill 1?11-J 

I iJ 1, iJ I 

l;m�'El E. cloacae �1tl�'Wi UV1-9 �-:JU'W'el1Vl1:i'b�tl-:Jb�'elbVl�'Jvi�OO-J'W1l!?1tl�il9� 

6JlbWVll:i'9'W9'Vli (2551) l(?)tli1?1bbU�-:J�(?]J'"lJ'el-:J Bromfield f,;iiinu Tallgren bb�:;fo}ru:; (1998) bb�'J 

'W1LUUiJ�'elbWVIJlii 30 'el-:JM1b6ll�b�tl� 'f)(?]J'1b;'Jn1J'b"ll�1 200 J''elU!?l'el'W1vi 9'Wm:;vr-:ii(?)A1n1J' 
q 4J 

r:1(?)n�'Wbb�-:J� 550 'W1l'WbiJ(?]J' L�b'Vl1F1U 0.8 - 1.0 -w1tuiJmV1�tl-:J�fol'J1ilb;'J 8,000 J''elU!?l'el'W1vi 

bU'Wb'J�1 10 'W1vi -w1:1 . .n�:;�1m6ll�'6foiu1'W'el1Vl1J'bVl�';J"Jl'W!?1b�mnu�1-:i�'W �i'.ln�b'il'e)J''e)�'eltj 

15% bb�:;'W1LUbr1UL��'elf;l.lVIJlii -80 'el-:JM1b6l!�b�tl� 
q 4J 

ii If" ii ii ii I 

'W1b�'Elu1�'Vlfib'W;'el 3.2.1 ii11 "nbU'W'lf':I b�'el l(?)t1ci1mLUf"l'Yl �ti�-:i1 'W'el1V11n�m1 L�'ElbVl�':lvi 
q 

i1?1bbU�-:J�[?]J'l!?1tl�il9� iruV1t:rr.iu9'Vli (2551) b�1iJ�'Jtl1lf"lJ'�fol';J1ilb�il�'W 4% l1?1t1tl1V1tl'n1?1'el 

mi11(?1:r mii1(?1:r 50 ii���(?l:r ufuA1fol':11i1bu'Wn:r1?1!?11-:ib'Vl1nu 1 .o 11ii�'elruV1Jlii 3o 'el-:iM1 
q 4J 

' . 

.:::I ,:::9 I 2:,, Q,' I I ..:::I tV I ..::9 ..:::I 

b6ll�b6lltl� U'WbfolJ"el-:Jb"llt.!1!?\'Jtl'el(?]J'1n1J'b"llt.l1 200 J''elU(?l'el'W1'Vl 9'W'J!?lfolln1J'!?l(?)n�'Wbb�-:J'Vl 550 'W1 
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1.3.2 mm�l?l �llt?lbmn bb�:;n11�Tl1'ffl�bb�n'"11ht?l1�u1�V1iu1s1�'rw 
... 

tl1 bb'lJ rivl b1t1ii1 l?lt'J9�'el'Uth:;�'Vl fiJ71� n11i:..i� l?l�'el� bb � n r11 hC?Ut?ltl ci1t1-i'J b;'el mii1 ru 

10% Lt?lt1mi111?11 �'1b'W'el1V11nimbi'elbVl�'J�!A'mbuM�1?1:i'Lt?lt1�ii9� iruVIL:i'9'W9'Vli (2551) 

b�1il�'Jt11LA:i'� A'J1m�il�'W 4% bt?ltl'W1Vli!n l?l'ellli'il11?1:i' ufu '"11rl'J1ilbU'Wn:i't?lf?11'1b '\111 ll'lJ 7. 0 
... ' ' 

mi111?11 50 n���l?l:i' �1n11'Vlt?l�'els1 3 -n1 uiivl'elruVIJln 30 'els1ra11b6ll�b:fo� 'lJ'Wbri1'els1b"1Jth�'Jtl 
q " 

il?lt1n1:i'b"llt.11 200 :i''el'lJl?l'el'W1Vl bU'Wb'J�1 18 i'JLilsl tl1tl1bit1s1bi'el�1�1uif'WbVl�tlslb�'elbbtln 

b6ll�i'el'eln�A'J1iJb1'Jt'el'lJ 8,000 :i''el'lJl?l'el'W1Vl bU'Wb'J�1 30 'W1Vl �'elCUVIJln 4 'els!Pl1b6ll��b6]tl� 'W1 
q " 

... ' ... 
�'J'W'W1 b�Vlbbt1n1�1ub�ilntt?l 'll?ltA�'el b:i''e):;"]�n 1 �lJA'J1il b�il�'W�t?l'Vl1tlb'\111 ll'lJ 4% bt?ltl'W1Vl'Wn 

I !I I I I 

f?im_iji]11?1:i' b'Vl'ell?lnl?l:;n'el'WLU:i'�'W (Lin bb�:;Chien, 2007) 91 ni!'Wtl11uu'WbVl�mb'Vl'elbbtl nl?l:;n'el'W 

bU:i'�'W'el'eln�A'J1m1'Jt'el'lJ 8,000 :i''el'lJl?l'el'W1Vl bU'Wb'J�1 30 'W1Vl �'elCUVIJln 4 'els!Pl1b6llm6ntl� bb�'J 
q " 

tl1�'J'Wtl11�� bbtln 1�1ul?ln 1?1:;n'el'W�'el�bb� n r11 ht?l1t?lt1H b'el'Vl1'W'el� bil'W m1m�ii�'W 95% Lt?ltl 
l !I I !I 

mi111?1t"ll'elsl b'el'Vl1'W'el�VJH bU'W 3 b 'V11"1l'elsllli'il1i?lt�'J'W'W11�vltl1i111?1n 1?1:;n'el'W 91 n'W'Wb "1Jtl1 bb�:; 

tl11Ubll'lJ�'elCUVIJ7n 4 'els!Pl1b6ll�b6ntl� bU'Wb'J�1 24 i'JLilsl 9:;'l�1?1:;n'el'W"ll'elsl�'el�bb�nr11hl?l bbtln 
q " 

1?1:;n'el'W�'el�bb�nr11ht?l1t?lt1'W11uifmVl�mbbtln�A'J1m1'Jrn'lJ 9,000 :i''el'lJl?l'el'W1Vl bU'Wb'J�1 20 

'W1Vl (Kumar bb�:;r1ru:;, 2004) �1u1�'Vli�'el�bb�nr11ht?l1t?lt1�:;�1t11?1:;n'e"l'W�1�1'Wtl1ni'W 
q 

... ' ' 
91ni!'W1?1n1?1:;n'el'W�'Jm'el'Vl1'W'el�bil'Wlli'il11?1:i'bU'W 3 b'\111 bll'lJV!'elCUVIJln 4 'elslral1b6llm6ntl� bb�'JU'W 

q " 

bVl�m�A'J1m1'J 8,000 :i''el'lJl?l'el'W1Vl bU'Wb'J�1 20 'W1Vl 'W11?1:;n'el'W�1�1u�1bb�sl�'Jmri1'els1t:;bV1tl 

bb�sl Lt?lt1H'elruV1Jln�1 (Lyophilizer) �11�tl1V1i!nris1�1 'Wfo t?lt?lA'J1i1i'W (desiccator) V11tl1V1i!n 
q " " 

bb�sl"ll'elsl�'el�bb�nr11hl?lbb�:;nm1'Wi:..i��1�1'WWW'Jt1nfi1l?l'el�1?1n�'e"ltl11u1·in'Wmt�m�nimtru:; 

�illlil'Vl1'1 bAlJ bb�:;n1t1J71'Y'l"ll'elsl�'el� bb"]n A1 l:i'l?lf?l'el 'l,J

iJ I i-1 i,, 

b1?11't1ii'i'Jb�'elb'Vl'eli:J�l?l�'el�bb"]nr11hl?lis1�'el 1.3.1 91ni!'Wci1t1'i'Jb�'elmii11?11 1 o % �s!L'W 

'el1V11nfmbimV1�'J��[9J.J'W1Lt?lt1�ii9� iruV1Ltro:itl'9V1i (2551) Lt?ltlf?lt?lbbUiM�l?l:i'"ll'elsl Bromfield 

¾'JiJ!l'lJ Tallgren bb�:;Aru:; (1998) lli'il11?1:i' 50 n���l?l:i' ufo'"11A'J1ilbU'Wn:i't?lC?11'1 b'\11117'lJ 7 
... ' 

'lJ:i':i'9b'WYl�1�fl"!J'W1t?l 250 n���l?l:i' ro:i1n'W'W'W11u1't?l'"11n1:i't?lt?ln�mb�s!Vl 550 'W1b'WbiJ(?]:i' bW:; 
' " 

i-' i-' i.l I I i,, i,, i-' 'lJ I 

bll'lJ[?l'J'e)t)1sl'W1 b�m b�'el'Vln 3 'n'J bilsl bU'Wb'J�1 24 'n'J bilsl vh n1:i''Vl (?}�'els! 3 6]1 'W1'W1 b� tis! b�'e)V] 
q 
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,, ,, 

1�:l--J1�u-1n�in1nr.:i1qJ"ll'el-.:Jl."ll�i 11?1A1f!r;i1mtl'Wnrn�1-.:i tl1vitl'm"l!�ifo�-.:i[?l1:l--J�'el 1.5.2 tl1vitl'n 

'V'l'el�1,1,;rn•11h�[?l1:l--J�'el 1.5.3 1,1,��m:l--J1rutl1[?11�i-.:ivi:l--J1?1[?11:l--J�'el 1.5.4 

1.4. 2 �mi1m1:l--J1.�'11:.1:i'L'Wn1J'l.'-i1qJ1.1.��n1:i't:-J�[?l'V'l'el�1,1,;nA1 h�"ll'el-.:Jl.;'el 

i,, i,, I I 

1.�1:.1-.:i1,;'e)1,Y1'e)t:-J�[?l'V'l'el�h1,;nA1h�[?l1l--l�fiv1-.:i�'el 1.3.1 1,1,�� 1.3.2 1'W1'Wvi 1 3 7 15 30 60

90 1,1,��120 vhn1:i''Vl1?1�'el-.:i 3 .f1-w1tl11.i1:.1-.:il'el�L�:l--J1�1.AJ'1�ivi1tl1vitl'm•rni1.1.�-.:im:l--J�'el 1.5.3 
,,

l,l,��'W1Vl'Wn'Y-l'el�l,l,;nfl1LJ'�[?l1:l--J�'el 1.5.4 

i,, I ii i.l 

1,[?l'fomfr;i1.�'ell.Yl'elt:-J�[?l'V'l'el�WnnA1h�v1-.:i'li'el 1.3.1 r.nntl'm111:.1trr;i1.�'ellli':l--J1[?}J' 1 o % �-.:i1'W 

'el1V11nim1.i'ell,Vl�'J��OO-J'W1 bl?"ll:.l�:l--J9� 1ruvihr.iu9'Vli (2551) bf?ll:.lv)l?)l,l,U�-.:J�(?}J'']J'e)-.:) Bromfield 

¾r;i:l--Jn'Li Tallgren 1,1,��Aru� (1998) lli':l--J1!?l:i' 50 n���!?l:i' tlf'IJA1Ar;i1mtl'Wm1?1�1-.:i !.'Yl1fl'IJ 7 

'IJJ'J'r.i 1 mfa1�n".ll'W11?1 250 n���(?}J' �1.1.tlnfoi!?ln�r;i'\,,l']J'el-.:i1.m�-.:iA1fo'el'W!?l'el 1'Wt[?lnr.im'Yl1n'IJ 5 
q 

,,

. 20 60 1 oo 1,1,�� 200 t1?11:.1ihm�-.:iA1fo'el'Wfl'el tl1[?11�6l!"LAJ'� 1,1,��1.m�-.:i1'Wt[?lnr.i'Wfl'el u'el:J.-Jtmu1:.1:l--J 
i,, iJ i,, I I 

{�1,yj[?l �1n1:i''Vll?"l�'el-.:i 3 �1 L1?1m�1:.1-.:i1,;'elV1'elruV1.ni3 30 'el-.:JP111."l!�1.•fo� U'W1.A1'el-.:i1."1Jr.h�h1:.1i[?}J'1 
q qJ 

iJ i, i,, I I 1 

mn"llrh 200 J''tl1J!?l'el'W1vi 1.nu!Kr;i'elt11�'i111.�1:.1-.:i1,;'e)'Vln 6 -nr;i"ll--l-.:i 1.tlmr;i�1 48 -nr;i'i::l--J-.:i 1.�'el 
,, ,, ,, 

�I.AJ'1�itl1vitl'm"l!�i1,1,�-.:i!?l1:l--J;'el 1.5.3 tl1vitl'n'V'l'el�1,1,;nA1
L
J'�!?l1:l--J�'tl 1.5.4lli':l--J1'1.l'W1!?l1�J''J:l--J 

[?11:l--J;'el 1.5.5 1,1,��m:l--J1ru'l-wt[?lnr.i'W!?l1:l--J;'tl 1.5.6 

i,, i,, I G'° I 

'tl1vi1n�m 1,;'el 1,vi�r;ivi� OO-J'W1 'i:1?11:.1�:l--J 9 � 1 ruvi b:i''-l'W9'Vlfi (2551) vi 1.1.tlJ'e!'tJ'el[?}J"l�'J'W".ll'tl-.:J 1,1, vi�-.:i 

A1frnm!?l'tll'Wb!?lJ'L'-l'W�1,Vl:l--J1��:l--J'-l1n;'tl 1.5.1 lli':W1[?}J' 50 n���[9]J' tlfuA1fl'J1mtl'WnJ'l?1�1-.:J 
'1., i,, 'i,, I 

l,'Yl1fl1J 7 unr.:iL'W'W�1�fl'll'W11?1 250 n���(?}J' �1n1J''Vlf?l�'el-.:J 3 �1 bf?l\:.ll,�\:.l-.:Jl,;'tlVl'el'1JVIJ1i'3 30 
q q qJ 

I ii ii ii 
� � I i,, Q/ I I =:I Ci Q/ I O ,:;;:,j .df 

'eMPl11."l!�l.6Jll:.I� 'IJ'l,,ll,flJ''tl-.:Jl.']J\:.11f?l'Jl:.l'tl[?lJ'1n1J'L']J\:.11 200 J''el1J[?l'el'W1'Vl l.n1J!?l'J'tl\:.11-.:J'W11,�\:.l-.:Jl,'ll'el'Yjn 6 
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I I I 9-' $< 

i'Jh1� LthJL'J'Cl1 48 '.ll'JblN Lfi'tl';jLAn�'lftl1vium'l!'Clifat4�r;J1�611'f1 1.5.3 tl1viunY1'tl�LL;nA1lJ'(?) 

r;J1�611'f1 1.5.4 m�1rutl1m'ClJ''J�r;J1�611'tl 1.5.5 LL'Cl�m�1ru1utr;Jnr.i'Wr;J1�611'f1 1.5.6b1?1mL'llnru 
.,

n1J'L�mL'Vl��1utr;Jnr.iu ��!?l'f1l'lltl 

I i, 

!)1 'J �VllJ LL VI�� l 'Wbr;J J'L9 'WflJ'1J'Vl� �'e)�"Jli'l l?l 1� LLri LL'tl�bm n t.l�'.ll 'Cl L � (;] 

(NH4\SO4LL'Cl��1J'�fli?l91nU�� (Yeast extract) 

n1'J��lJLrn��1utr;Jnr.iuLY1m"lli'l1?1L�m �'ti LL'tl�b�LtJt.1�i'ClL�r;J (NH4)2SO4 

l11'J �� lJ LL'VI� � l 'W br;J J' L9 'WL v1 t.l�"ll U l?l L� t.l 'J �'ti � 1 J'� n 1?191 nu�� (Yeast 

extract) 

I t, t, ii I I I I 

if mLt.1 m 'l!'Cli'f1'f1 nr.i 1 ntl1 L�t.l� L;'tl bi?lt.l Vii LA1'f1�if m vi�m fl'J1J A�'tl ruv1ni'.JVJ 4 'ti� f\1 
' ' " 

. ., ., 

L'l!'ClL:fo� A'J1m;'JJ''tl1J s,ooo J''f11J!?l'f1'W1VJ Ltl'WL'J'Cl1 30 'W1VJ vi1n1J''Yl1?1'Cl'tl� 3 �1 r.i1ntl'u-w1L'l!'Cli 
l ii I ii 

l'U'f11Jb 'W�'f11J A'J1�'f'tl'WLb i1�VJ'f1 ruv1ni'.l so 'ti� f\1 b'l!'Cl L;t.l� vi11-i4tl1v1tl'n A�VJ1 u fo i?l i?l A'J1�;'W 
qJ q qJ qJ 

mrn�r;J �n1?11,mn LL'Cl�vi1Y1'f1�bL"nnA1h1?11�u1�'Yliu1�i'J'Wr;J1��itu611'tl 1.3.2 b1?1t.1vi1 
ii I I !11 

n1J''Yli?l'Cl'f1� 3 �1 Lb�'Jv.11,Ji� bfi'tl �1'W'J ruvi1tl1wunY1'f1� Lb; n A1 hr,fo�� 1 'WWW'Jt.l nf� !?l'tl� r;JJ' 

6JJ'f1� Dubois bb'Cl�flill� ( 1956) 

!,, t, ii I I ii ii 

tl1-w11,�m1,;'f1Vlbbt.1n1,'l!'Cl·ifa'f1mb�'J�11,9'f1r.i1�1i11�A'J1�1,;�611'WV1bmn::�� r.i1ntl'u-w1tl1 

1,ft.1�b�'tl�b9'f191�bb�'Jlli'�1ru 1 i'.l'Cl��r;JJ' 1i'Cl�b'W'Vl'Cl'f1i?l'Yll?l'Cl'tl� 61Jru�1,�mnuv'h blank b1?1t.1H 

tl1niu 1 i'.l'Cl��r;JJ' 1,���1J''Cl�'Cl1t.1Yl'W'tl'Cl (Phenol reagent) fl'J1m611�611'W 5 b'U'tlfb'll'W� lli'�1r;JJ' 

1 5'.i'Cl��{?lJ' 'Cl�b'W�1J''Cl�'Cl1t.l�'J'e)tl1� t:J��b�b6111fl't.!�'tlill'Vll1i'.l�'f1� r.i1nt!u1,��nJ'1?1']'ClmnL611�61l'W 
' " " 

5 5'.i'Cl��r;JJ' i�i�1��'tlill'Vll1i'.li.i'f1�btl'WL'J'Cl1 10 'W1Vl l,6Jltl1t:J��1'i4L6111fl'W lji�1��'tlill'Vll15'.ii1'f1� 
q qJ q <U 

I I i, 

1,tluL'J'Cl1 20 'W1VJ -w11tl11?1r11n1J'1?11?1n�m1,��V1m1�t.11'JA�'W 490 u1tm�m,vi1n1rn1?1'Cl'tl� 3 �1 



,, ,, ,, 
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r.:nn'l!t.1i:rn-J1Lmt.1rnV1t.1UA1m:w1ruu1[f)1'clnum-1�:1-.11[f)flij1'W'W1[f)1'clnitl 'l:r1� A'J1m�:w;'W o-1 oo
d.9 qJ 

1.5.6 n1fhAJ"1�im:w1ru1'Wb[f)J'b9'W[f)1:I-J%"1l'el� Kemper (197 4) 

ii iJ ii I I i, t, 

-w1-w1 L�m L�'flVJ LLt.l rn 6ll'cli'fl'flnLLih :1-.11 L9'fl91� 1 i11�r1r;i1:w L;:w;'WVJ L V1:1-.11��:w r.:i1 n'l!t.1-w1-w1

Lit.l�bt'el� b9'el91�bb�'Jlli':I-J1[f)J' 5 il'cl�� [f)J' b�'cl�b 'WVl'cl'el!?lVI !?l'cl'el� b�:Wb Vi bbVl�b�t.l:1-J fl'cl'el LJ'(?)fol'J1:W 

L;:W;'W 2 b:W'cl1f m:w1m 5 il'cl��[f)J' L�:W�1J''cl�'cl1t.l Ethylenediaminetetraacetic acid (EDTA) 

1 il'cl��[f)J' e.J�:w1iiL;11l'W r.:i1mT'Wb�:W�'W'el'clL'Wb[f)J'Vif�16llmL'elb9'W'Vl 2 il'cl��[f)J' b�:1-.11.J�b�'elttelhl 

A'cl'flLJ'fflL'flL9'Wf?l 4 i'.i'cl��[f)f LL'cl�L�mf1mft.1U'cl'el!?l1fa�r.:i s il'cl��[f)f e.J�:w1iiL;1nt.1 u11u'El'Wb'W 
• • 

,, '

'el1�'W1A'JUA:W'flrtJVIJlil 40 'fl�P11L6ll'clL�t.1� LU'WL'J'cl1 30 'W1Vl -w11ui!?lA1n1f!?l!?ln�'WLL��VJr1'J1:w 
q q 'lJ 4.1 

I 
• 

t, J 

t. l1'Jfl�'W 636 'W1b'Wb:I-J[f)J' �1n1J'Vl!?l'cl'el� 3 �1 bb�'J'W1A1VlL�:W1blli't.lUbVlt.l'lJfl'Um'1�:I-J1[f)J'!1'W

f�V1�1�mmruLL'fl:WL:WLUt.1:w-1'w'l:[f)nr.:it.1 LL'cl�'°11n1f!?l!?ln�mL��� 636 t.11'1:m:wm LL�'J�1'W'JDJVl1
• qJ 

m:1-.11 DJLL'fl:W 'l::w L ut.1 :W"TI'cl L � [fl b 'WVl'W'Jt.l nf:w (?]'fl� [fl f

.Q. .c:tt. a  � d'O) Q..I Q..I  a., 

1.6 n1'alW&HPl'V4'el'sl bb'1!nion b'aC?l b 'W'a�Cn'Utl�'l,11:1-ln 

iJ I ii ii 

L[f)'fo:wi'JL�'flL�'fle.J�[f)Vi'fl�LL�nA1 LJ"f?lf?i'�;'fl 1. 3.1 r.:i1n'l!t.1ci1t.1i'JL�'fllli':W1[f)f 1 o % 'cl�b'W 
I i,, ii l tr 

«�mrn"ll'W1!?1 5 �[f)J' Vl'LIJ'J'1'fl1Vl1J'b�t.l�b�'elbVl'cl'JVl�l?J-J'W1b!?lt.l�:W9� 1illVlbJ'9'W9Vlfi (2551) b!?lt.l 

f?i'!?lbbU'cl��[f)J'"ll'el� Bromfield i·rnnu Tallgren bb'cl�Aru� (1998) �bbUJ'e3't,ii[f)J'1�'J'W"ll'el�bbVI�� 

A1fu'fl'W[?l'flL'Wb[f)J'b9'W�LV1m��:wr.:i1n;'el 1.5.2 L!?lmLuJ"eft.1n1n�mLV1��1t.1'1:[f)n9'W 1�LLri 

Jl1'J��1 JnLL'el:1-J b:W b Ut.l:W"TI'cl b � [fl (NH
4
)

2
SO 4 bU'Wbb VI�� L 'W b[f)J'b9'W 

Jl1'J��H�1J'�fl!?l91n8�(9] (Yeast extract) LU'WLLVl��'l'Wb[f)J'b9'W 

,, ,, ' 
b!?lt.lb�t.l� b�'el b'WJl1'J::;VJi1n1J'fl'J'lJA:W'elnJVIJlilb'Yhnu 3 0 'fl..:) Pl1 b6ll'clb�t.l� A'J'IJA:W A1 fl'J1:W 

q q 4.1 q 

'v 'v i,t I I I 

bU'Wm'!?l �1-.'.l b 'Vl1 nu 7 bfl'LJ (?l'J'fl81�'W1 b�t.l� b�'elVI n 6 "]'J b:W� bU'Wb'J'cl1 4 8 '.ll'J b:1-.1..:J b �'el� bflJ'1 ::;i

tlTt,l1-JnL6ll'cliLLii�m:w�'fl 1.5.3 tl1V11!nVJ'fl�WTinr11hf?l[f)1:i.J;'fl 1.5.4 m:w1rutl1[f)1'clf'J:1-J[f)1:1-J;'fl 

1. 5.5 LL'cl�m:mru'lu'lmLr.:i'W[f)1:i.J�'fl 1.5.6
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1.6.2 �n'l11'e)l?lf1n1f1ihi1n1��LVIJ-J1��:l-J(;l'e)n1J't-!�1?1Yl'el�bb6nnr-11h!P1 b'W'1--:J 

Vl�n"ll'W1(?) 5 �Inf 

9.1 i, l ' 

'el1Vl1J'L�tJ--:JL;'elLVl'Cl'lVlvrf?J-l'W1 l(?)tJ�:l-J9 � 1 ru'VI lf9'W9'Vlfi(2551) l(?)tJ(?l (?)LLUM�l?IJ'']J'e)._:j Bromfield 
I 9.1 ii I 

i'lJ-Jnu Tallgren LL'tl�f-lru� ( 1998) Mb'W'1--:JVl�nvluff'°'l'fl1V11n�mL;'elLVl'tl'l�l?lf;1--:i�uvli1mf 
q � 

bbUf�'W'e)l?IJ'1�')'tJ']J'e)--:JA1fU'fl'tJ(;l'e) L 'Wll?IJ'L'°'l'W� LVIJ-J1��:l-J 1?11:l-J;'e) 1.6.1 l(?)tJb �lli'J-J1 l?lf']J'e)--:J'e)1Vl1f 
t, ii ii I 

b�tJ--:ib;'elf'lJ-Ji--:JVl:l-J(?)bU'W 2.5 �Inf LbUf�'W'e)l?IJ'1n1fb�'el1n1�J71tJb'Wn--:JVl�nvl 1 2 bb'CI� 3 vvm

1?11:l-J�1f?lU fol')Ufol:l-J'elo.lVIJln� 30 'e)--:J�1b"l!'Clb;tJ� A'lUfol:l-Jf11fol'l1:l-JLU'Wnf(?)(?)1--:Jb'Vl1flU 7 bflU 
q q '\J q 

ii ii 9.1 I I I ii 

i'l'elt11--:i-w1L�tl--:JL;'fl'Vln 3 i'ltJ-J--:i bU'WL'l'tl1 24 i'ltJ-J--:i L�'fl�LAn�tf-w1V1i!m"l!'tltfo�--:i1n1J-J;'el 1.5.3 
� � 

u1V1'WnYl'el�bb<nnmhlPl1n1J-J;'fl 1.5.4 bL'tl�lli'J-J1ruu11n1'tlf'lJ-J1n1J-J;'el 1.5.5 

9.1 i,, I IS" 

'el1Vl1J'L�tJ--:ib;'elbVl'Cl'lVlvrf?J-l'W1 l(?)tJ�J-J 9� 1'1l'Vllf9'W9'Vlfi (2551) l(?)tJf?l(?)bbU'Cl--:J�l?lf'Jl'e)._:j Bromfield 
I ii' 9.1 I 

i'lJ-J nu Tallgren bb'Cl�folru� ( 1998) 'Cl--'.l b 'Wn--:JVI� nvli1mV11n�m b;m Vl'Cl'l�l?lf;1--'.l �'WVli1 n1 f 

ufrn.h--:i� Inf� b VIJ-J1��:l-J 1?11:l-J;'e) 3 .6.1 Ufffo)'e)t] l(?)tJb �lli'J-J1 l?lf']J'e)--:J'e)1Vl1niu--:i b�'e)f')J-Ji--:im.J (?) 
q 4.1 q 4.1 

� � ' 

b"l!m"J!tJ� A'lUAJ-JA1A'l1muum(?)t?l1--:Jbvi1nu 7 Lnui'l'flt11--:imV11n�tJ--:iL;'fl'Vln 3 i'ltJ-J--:i bU'W 
q q 

I I it !v 

b'l'C11 24 6n'll:l-J--'.l b�'el�bAf1�-ifu1V1i!m"l!'Cl'6'1bb�--:Jm��'e) 1.5.31.J1Vl'WnYl'el�bb6nnA1LJ'!Plln1:l-J;'e) 1.5.4 

bb'Cl�lli'�1rutl11?11'CIJ"l:l-J 1?11:l-J;'el 1 . 5. 5 

ii I i,, i, 

L1n1'uJ-J�'lL�'elb�'ele-J�l?IYl'el�bL<nnmh!Pl(?l--:J;'el 1.3.1 r.nni!uci1u�'lb�'elm�11nf 1 o % 'tl--'.lb'W 
ii i,, I ,r 

'el1Vl1J'L�tJ--:ib;'elLVl'Cl'lVlvrf?J-l'W1 l(?)tJ�:l-J9� 1ruV1hr.iu9'Vlfi (2551) l(?)tJ (?l(?)bbU'Cl--'.l�lnf'Jl'e)--:J Bromfield 

i'lJ-JflU Tallgren LL'Cl�folru� (1998) 'Cl--'.lb'Wn--:JV1�n�!h)1V11nimb�'elb'Vl'Cl'l�l?lf;1-:J�'W�i1mf 
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bU'W 2.5 �[,It Hi[;lt1n1:rHh11n1P1 bb'i'l:::'fl[;lt1b1'l1unr;iu�m:i..J1::;�:1-Jm:1-J;'el 1.6.2 bb'i'l::: 1.6.3 

[;l1:i..J�1iu fl'JUfl:1-J'elnJVl[l�� 30 'el�Pl1b"ll�b�t.l� fl'JUfl:I-JA1fl'J1:I-JbU'WnJ'(?l(?\1�b'Vl1flU 7 bnU 
q q 4.1 q 

ii i.f I I I ii 

(?]'J'flth�'el1Vl1J'b�t.l�b�'el'Vln 3 "ll'Jb:1-J� bU'Wb'J�1 36 "n'Jb:1-J� b�'el';jbflJ'1:::�tl1V1'Wnb"ll��bbii�[,11:1-J;'el 
,, ,, 

1.3.3 tl1vitl'n'Y'l'el�bb:nnfl1hr;f[;l1:1-J;'el 1.5.4 b1.'i'1:::m:1-J1rutl1[;l1�:rr;i:1-J[;l1:i..J;'el 1.5.5 

,, ,, ,, 

U1A1U1Vl'Wnb"ll��foii� U1Vl'Wn'Y'l'el�bbennfl1LJ'(?) bb'i'l:::m:i..J1illtJ1[,11�J''J:I-J r.i1nn1:r�m�n 

n1rn�[;l'Y'l'fl�1.b:nnmh!?lbu:r:::iu6ll'J(?lb611ti1[;l1:1-J;'el 1.5.1 bb'i'l::: 1.5.2 bb�:::n1ti:,J�[;lb'Wt:::iu5�viJJn 
2,, 0 I Q. tf' tr a!I

[;l1:W 6ll'el 1.6.1 1.6.2 1.6.3 1.b�::; 1.6.4 :I-J1"11'W'Jillfl1'Y'l1J'1:1-Jb[;l'elJ'6ll'el�'"l�'W'Y'l�Pl1�(;lJ' b 'Y'l 'el  
,,

blli't.lU I. fit.1Ufl'J1:I-J�1:I-J1J'tl b 'Wn1J'i:,J� [;l'Y'l'el� bb 'nn A1 lJ'(?)6lJ'el�bl.UAfi �ti i�U

'fl(;lJ'1n1J'b91qJ 911.'Y'l1:::6ll'el�1�'W'Vi0hT (specific growth rate; µ) 

- 'fl(;lJ'1n1t1-nlu�b[;lJ''Yl91b'Y'l1::: (specific consumption rate; y)

'fl(;lJ'1n1J'i:,J�[;l91b'Y'l1::; (specific production rate; p)

l!J':I-J1ill6ll'el�l.6Jl'i'1��1�(?1'e)Vlt!'lmfo�1.[;lJ''Yl�Qnt-iihl (Yx/J

l!J':I-J1illl:,J�i:,J�[,1�1�[?1'e)Vl'W'Jt.liU�b[;lJ''Yl�Qn 1-iihl (Yp/s)

A'J1:W�1:I-J1J'tl b'Wn1J'i:,J�[;l (productivity)

iu 15 1hl'W!?l(?l'fl[;l1J'1�Ur;i bU'Wb'J�1 2 ir;ihM (Kambourova bb�:::flru:::, 2009) b�'el��1t.l'Y'l'el� 

bb en n "11 LJ''911 i1 L UU:1-J'el t 'Wbb en n '°11 LJ'(?)91 m!'Wt'el 1 ii L£J'WbL�::;ufu�1 rn::;�1 t.1�1�1 -tin A1 fl'J1:W bU'WnJ'(?l 
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,_, I 

A'.l1m1'.l 10,000 J''elUl?l'el'W1vi bU'Wb'.lf'l1 1 o u1vi bbf'l�nJ''el..:J�'.l'Wi:n 1�e.l1'Wbbe.l'WnJ''e1..:iviil'll'W1(?) 0.2 

l:1-J AJ''el'W bb�'.l9..:J'W1 tui(?)') bfillJ'1��"JlU(?)'lJ'el..:Jtl1 !?11f'l hi bf'l nf'l b�tl'.l �'.ll:J bA1'el..:i Le'.l b vrnf'l"l'elfoJ-J'W".n� A'l 
q 

�W-J'W1'W'W'\ll, 2549) 
,., I I 

1. 7.1.2 'l bAJ'1��°llU(?)'lJ'el..:J'W1 i;i1f'l tmf'lnf'l b�tJ'.lvibtl'W'el..:J f"1UJ'�n'elU'll'el..:J
q 

!l,/ I I I 

1 'Wn1J''l bAJ'1::�'Jl'W(?)'lJ'el..:J'W1 i;i1f'l tJ-J bf'l nf'l b�tJ'.lvi bU'W'el..:J fo1UJ'�n'elU'll'el..:J'V'l'el�Wn n r,,i1 h�vi 
I ,., 

e-i�i;i1� �'.lmA1'el..:JLeH'V'l'elf'W'elfoJ-J'W".n�A'l(?)tAJ'J-J1tvim1� (HPLC) HA'eliJ-JuSugar SZ5532lK..:i 

'elru�rd'.JA'eliJ-J'W 60 'el..:JM1b611f'lb�l:J� t(?)1:JH�1J'f'l�f-l11:J'el��ti;i1u1viJ'i (acetonitrile) 80% t(?)l:J 
q .., 

tfhni;iJ' b1J'W�1J'f'l::f-l11:JlK'.l'V'l1 (mobile phase) bbf'l�H'5i;inn1J'L�f'l 1.0 ilf'l��(;]J'l?l'el'W1vi 

UJ'�J-J'.lf'le-Jf'lt(?)l:J Evaporative Light Scattering detectors 

i(?)�1J'f'l�f-l1t.l lK'.l'elti1..:i� �'el..:i n1 J'vinu'JlU(?)'ll'el..:itl1 i;i1f'l trnf'l nf'l b�l:J'.l lliJ-11 i;iJ' 20 
' ,., 

LJ-Jtm�m t(?)1:J'W1 tArn1 tvi bbnrnviL�btffornvi1:Ju'Jlu(?)'lJ'el..:J'W1 i;i1f'l�1n�1J'f'l�f'l11:Jii1 (;]J'jTW �1n 

�� (TGA) 

'W1'V'l'el�bb"TinA1LJ'��e-i�i;i1�tfhnru 20-25 ilf'l�nfl-lJ-J1'lbAJ'1���J-Jillivi1..:iA'.l1l-J}'elti�-m 

bviAUA TG;A �'.lmA1'el..:i Simultaneous Thermal Analyzer (STA) J71'.l�b'Wn1J'vi(?)�'elUjJ-J,.nn 
a. di .c::::I Q.-' a. 2,< ,:;:::,f I ,:;:::,f 0 

'elnJ�JlJ-1 30 bl..:J 600 'el..:JM1b611f'lb611t.l� 'el(;]J'1n1J'b'V'IJ-JA'J1l-JJ''el'W 10 'el..:JM1b611f'lb611t.l�(;l'el'W1vi vi1n1J' 
q .., 

vi(?)�'elUJ11t.11�unmmM'll'el..:Jbbn�1uti;in�'W (Kumar bbf'l�Aru::, 2004) 

'W1'1"1'elfob"TinA1LJ'��e-J�[;]L�J-11f'l::f'l1t.lb'Wtl1n�\11iH1A'.l1m;ii;'W 0.5% t(?)t.1tl1mrnl?l'el 

mii1i;iJ' r.i1mfuHm::(?)1'11nJ''el..:J (filter paper) rajJ-Jf-l..:Jb'W�1J'f-l::f'l1mtlm'.lf'l1 1 i'.ltJ-J..:i r.i1mfu1'(?) 
I I I I I I 

A ,=I A� 0, � Fl n I ... Ci ... 
A ,=I A� 0, I J'::t.1 ::vi 1..:J "11 'el..:J b � f'l'.l VlbA f'l'e) uvi b(?\ b(?\ mb� (?)..:J bu 'Wb u'el J'b 611 'W(;]J'::t.1 ::vi 1..:J 'll'el..:J rn f'l '.l VlbA f'l'el'Wvi b(?\ (;l'e) 
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J':;t.J :;'Y]1--'J'1l'el"l'W1VI bA�'el'WVl1�vt1'fl b'LI'elfb;'W�'el l?IJ'1 n1:i'� n (?)'1J'el"l b Vl�'J'el'el nr.i 1 ni"l'el� bb; n r111J'� 

(% syneresis) 'Vl1n1J''Yl(?)�'el"l 3 .f1�T\.Jjfon1munrn '11b'LI'elh;'W�'ell?IJ'1n1J'�f1(?)'1l'el"lbVl�'J'el'eln 

r.i1ni"l'fl�bb; nmh��1 bb�(?)"l'1--'l r111:w�1:w1ni 1 un1:i'ia:wtl1�--'l b(?)mlli't.1rnV1t.1unrn�6ll'Wbb'Yl'Wn:w 
q qJ 

1.7.4 n1J"Yl(?)�'flUA'11:W�1:W1nlb'Wn1:i'�:;�1t.1 (solubility test) 

' ., ' 

'W1i"l'el� bb; nr11h�VI i:.J� 1?11�:w1�:;�1t.11 'W'W1 rnfo1 -li� A'J1:J..Jb;:W;'Wb 'Vl1 nu 0.5% b(?)t.J 
., ., ' 

'W1V1Un [?]'fl1fl:W1 l?IJ' 1?11:W�1 (?)U 91 ntl'uvh mrn�:w1-li b ;1 n'W�'JmA1'el"l i:.J�:W� 1:i' (vortex) 
., ' ., 

tlDJVI.Qil-li'el"l'Vl1n1J''Yl(?)�'e),-'J 3 6n1b(?)t.lblli't.l1JbVlt.lUf11Jbb6ll'Wbb'Yl'Wf1:W �"l1;'rJ1h�mnu;1--'J�'W r.i1mru 

i"lbn1?1n1:i'�:;�1m'el"li"l'el�bb;nr11h� (Collins bb�:;r1ru:;, 1973) 

' ... ., 

'W1i"l'el� bb"D n r11 h�VJ i:.i� 1?1U1:w1�:;�1t.1tl11�� r111m;:w;ub1J'W 0.1 % b(?)t.J'W1'!,1Un rri'el 
i-' ii ii I t, t, 

1fl:W11?1J' bb�'J'W1:W1i:.J�:Wf1'LJ'W1:W'Wyj6J! ('W1:W'W:W:;n'eln 'W1:W'Wf;1'JbVl�'el"l 'W1:W'W:W:;i"l�1'J bb�:;'W1:W'W 

b:J..J�(?)(?)'fln'Yl1'Wl?l:;'l'W) b'W'eli?IJ'l'rl'J'W 1: 1 tl11ui:.i�:w1-lib;1n'W�'JmA1'el"li:.J�:W�1J'bU'Wb')�1 2 'W1VI 
t, ii I I I I 

bb�')'W11'LI b '11�1 �')t.l'el l?IJ'1 200 Af"l [?]'el'W1VI bU'Wb r;im 10 'W1VI mf"l91 ntl'utl11utf 'Wb VI� t.l"l'Vl:i''el'LJ �1 

� 2000 J''fl'LJ[?l'el'W1VI bU'Wb'J�1 5 'W1VI bb�'J'l(?)A1A'11:W�1:W1J'tln1J'bU'W�:W�6n1Yh'fl'elf (Emulsifier) 
., ,., 

b(?)t.J bb� (?)--'J bU'Wb'LI'el f b;'W�'ll'el"l :i':;iu r111:w �"l'll'el"l n 1 :i'bbt.l n•ll'W[?J'el:i':; iu r1r;i 1 :w �"l'\11--'lvt :w (?) (% 
qJ qJ 

Emulsifing activity) 1?11:W'Jfi�imb'LI�"l:W191n Yun bb�:; Park (2003) vhm�"Vl(?)�'fl"l 3 .f1b(?)t.J 

blli't.lU b'Vlt.l'Lif11Jbb 'll'Wbb 'Yl'Wfl:W �"l 1 ;-::lfi b�m nu;1--'l W'W bb�:;6]! (?) A'JU A:Wb -iitl1 ni'Wbb 'Yl'W�1 J'� :;�1t.li"l'el 

., 

q q 

'W1:W'Wbb�:;�1J''U:i':;n'el'Li1e:'Jb(?)J'A1fu'el'Wrri1--'l1 ( Cooper bb�:;Goldenberg, 1987) 

'W1i"l'el�bb;n r111:i'�� i:.i� 1?1l�:w1�:;�1t.1tl11-li� A11:w b;:W;'WbU'W 0.5% b(?)t.1tl1vttl'n (?]'fl 

m:w1 l?IJ' bb�'J'W1:W1 i:.J� :w nutl1:W'Wbb� :;�1J''UJ':;n'elule:'Jb(?)J'A1 fu'el'W(?l1--'l1 l� bbfl J1 :W'WVl�'el�'W 
j/ t, t, I 'i,t 

tl1:wu�b'll� tl1:wu�u -w1:wu51m�'fl"l tl1:wmJ1tf:w bU'W;'W be:'lrn6llu bb�:;'i'Yl��'W 1ui1?1n�1u 1 :1 



I ii !I i.l I 
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'W1l'Lir.J�:w1ih�1fl'W�hmA1'el-:Jr.J�:W�1� bU'Wb'l�1 2 'W1V1 Vli-:ir.nni!uu11tl�-:J'Yl-:J1� 24 "n'lb:W-:J 1,1,�'l 

') !?1'°11A'l1:W�1:W1nl n1ntl'W���;1 yj l,'e)'e)fr.nm�f?lU A'l1:W�-:J"ll'el-:J"n'W���;1 yj I, 'el'elfo��r11'W'l OJVl1 
qJ 

Emulsification index (E
24

) = 

u1�1����1m1,"11'l'W�'eltl�'W"111'l (Kaolin clay) fl'l1:wb;:W�'W 5 nf:w�'el�(?l� tlfufi1fl'l1:W 

1,tlum!?l�1-:i1,vi1nu 7 lli':W1(?1� 9 i'J���(?l� r.J�:wnrn1,fl�1,:fo:wfl�'elh(?) (CaCl2) 10% b!?it1tl1V1'1!n 
I ,, 

�'ellli':W1(?1� V1i'.Jfi1m1mtl'Wm!?l�1-:i1,vi1nu 7 lli':W1(?1� 0.9 i'J���(?l� r.i1ni!m�:w�1rn�mt1Y-l'el� 

1,1,;nA1h(?) m:w1(?1� 0.1 i'J���(?l�b'9ltJi'.Jn1�1,1,tl��'Wfl'l1m;:w;'WY-l'el�1,1,;nfl1h(?)1,vi1nu 5 1 o 15 
,, I 

20 25 30 35 1,1,�� 40 i'J��nf:w�'el�(?l� r.i1ni!'Wvhn1�r.J�:w1-l11,;1n'W�'lmfl1''el-:ir.J�:w�1� (vortex) 
11 ii ii ii ii 

bU'Wb'l�1 30 �'W1Vl 1,1,���-:i'Yl-:i1� 5 'W1Vl r.i1nU'W'Yl1n1�'91'9l�'l'W'W1b�"n'WU'W (upper phase) 
qJ 

�1�0l��1tl'\Al'e)�l,l,�nfl1h(?)l,l,��r11'W'lnJVl1f19m�:wn1nn!?ln1��umi:w (Flocculating activity) 
q 

Flocculating activity = 1 / (A
550

) - 1 /(A
550

f ·

'W1'\Al'el�1,1,�nA1h(?)�r.J�(?l1�:w1��'1;'l1t.11'W�1����1t.1t6ll1,�t.1:w A'l;'l'elh(?) o. o 1 mif�� 1,�:w 

�1rn��1m6ll'Yl�LY-l1�1,ut.1:wfl�'elh(?) (Cetylpyridiniumchloride) �i'.Jfl'l1:I-Jb;:W�'W 1 o b'LI'elfb6Jl'W(?l 

tl1V1i!n �'elm:w1 (?I� i-:i m (?I (?l�n'el'Wb 'W�1�� �'l;'l1t.1 �1'\AlU(?l�n'el'Wbb� '91-:J'J1 bU'WY-l'el� u� n A1 hC?1�i'.J 

tl��,�u (acidic polysaccharide) �1 LJ.-1'\AltJ(?l� n'el'W1 i1111:w1'Vl !?l�'elU'J1 bU'W'\Al'el� bb � n "11 hC?1 
' ,, 

tl """"tJ £'I 
'i' o ,, ��bJl'Vl'Vl:W ��'"jbu'Wn�1-:i (neutral polysaccharide) b'9lt.1n1rnn(?l�n'el'W6ll1'9l'lm'el'Vl1'W'el�A'l1:W

,, ,, 

1,;:w;'W 95 b'LI'elfb6ll'Wl?l 9��11-l11,n(9)(?l�n'el'WY-l'elfo1,;nA1hffl'W:anAf-:i 
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,, ,, 

1. 7 .9.1 n1J'� bt"lJ'1:::�tfh-J1ru-w1 �1�i�,_,:w '7l6Jl'fl,:J'l''l'fl�bb6Dnfnlf(?)L'7lt1�fi 
"""' 

Phenol-Sulfuric acid �1:W%6Jl'e:l� Dubois bb�:::t"lru� ( 1956) 

,, ' 

b'7lt1Htl1ni'W 1 n����J' b�:W�1J'�:::�1t1Yl'W'fl� (Phenol reagent) wnm;:w;'W 5 bU'e:lfb6Jl'W(?l 

lli':W1�J' 1 n����J' ��b'W�1J'�:::�1tl[91'.l'elth� r.J�:Wb�b;1f1'W�'Q DJ'!,1,Qi1�'fl� r.nmf'Wb�:1-JnJ'(?l"]�� 
'it 'it I 'it 'ii I 

1m;:w;'W 5 n���l?lJ' i�vi�11SVJ'elnJ'\,1Jli1tfo�bU'Wb'.l�1 10 'W1Vl b6Jlt.11r.J�:Wb�b�1f1'W i�vi�11SVJ 
q qJ 

'elOJ'\,1lli1�'fl�bD'Wb'.l�1 20 'W1Vl -w1lu1''7lA1n1J'(?l(?ln�'Wbb���l"l'.l1:Wtl1'.ll"l�'W 490 'W1b'Wb:Wl71J''Vl1n1J' 
q qJ qJ 

'it 'it 'it 'it 

'V)(?l�'el--'.l 3 �1r.n n1X'W'W1:W1 blli'tlUb Vltl'LI A1lli':W1DJ'W11711� num1'VJ:w1171J'�1'W'W11711� n� bf!� A'.l1:W 
dJ3 qJ 

1. 7 .9.2 n1J'� bAJ'1:::�m:w1 DJb'LJJ'�'W�bD'W'el��UJ':::n'e:lU6Jl'el�'Y'l'el�bb6D nm 

lJ''7lb'7ltl�fi Protein Dye Binding 1711:W�fi6Jl'el� Bradford ( 1976) 

-w1�1rn:::�1t1'Y'l'e:l�bb6DnA1h!912001:wtAJ'�l?lJ' �--:Jb'W'\,1�'e:l'7l'Vl'7l�'fl�6Jlru:::b�tl'.lnU'Vl1 blank

b'7lt.1Htl1ni'W 1 n���l?lJ' b�:W�1rn��1tl Coomassie blue lli':W1171J' 10 n���l?lJ' b6llt.l1bb��ri�i� 

1��'e)DJ'i,1Jli1�'fl--'.lbD'Wb'.l�1 15 'W1Vl -w1lu1''7lrl1n1J''7l(?ln�'Wbb�--'.l�A'.l1:Wtl1'.lfl�'W 595 'W1b'I-Jb:Wl71J' 
q qJ qJ 

'W1'Y'l'el� bb 6D n A1 lJ'/91:W1���1tlb 'Wtl1 ni'W1 �J'.J t"l'.l1:W b;:W;'W 0.5% r.n mf 'W'W1:W1'J '7l 

A'.l1:WWW'7lb'7ltlb'nbA1'fl� Viscometer �'e!DJ'l,1lli125 'el�Pl1b6ll�b:fo� (Mata bb��Aru�. 2008) 
q qJ 

2. n1j� vlb;'el n bb'cl Fl� n bb'eli vi bb'U l"l'Vi b1�r.i1 n'el1�1j�� n bb'cl�i m�Hl.!�'Gl:J-J�"ll'el.:J b'el n t'If"W'el�

bb'nn1"11 bj1Pl'V1�� [Pl bl?l 
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A (?I bb ti n bb � A � n bb 'el on (?I bb 'LI A vi b1 ti 9 1 n 'el 1 VI 1 J' VI ar n b (?I ti b n 'LI (?] 'J 'el u 1 � 9 1 n { � VI ,r (?I 

n:i'�b'Vl��Vl1iJA:i' iJA:i'U'<i� "ll�u1 bb��'el!?IJ'fi1'W !K'J'elU1�'el1V11rnafn H1bbri tfnm!?l!?l'el� 5 !?l'J'elU1� 
q d!J q q 

Vl'W'flba'J!?l'el� 6 !?l'J'elU1� bb����i.l1'J!?l'el� 1 !?l'J'elU1� A!?lbbt1mb�A�mb'el"n!?lbbUAvi�t191n!?l'J'elU1� 

b!?ltl n1 :i'.u1�u b�tl !?l'J'elU 1� bb�'Ju1�1� !?l��uu'el1V11nit1� bi'el"ll 'W!?I bb ;� MRS tl��'e:l n.lV1JJi1 30 
' � � 

'el�P11b6l!�b;t1� b1Ji.lb'J�1 24 i<Jt�� A!?lb�'elntr-i'L�-w bb�'Ju11tl�!?1Ui.l'el1Vl1J'b�t1�b;'el"ll'W!?lbb;� MRS

�n bromocresol purple tl��'elnJVlfli1 30 'el�f"l1b6l!�b;tl� b1JiJb'J�1 24 i'Jb�� A!?lb�'elnbAb�'W� 
q .., 

' ' � 
J''el'U bA foubD�tliJ��iJ� bAb[;l'e)f91 n�ih� bUiJ� b Vl�'el� �� bb� (?1��1 iJ n1J'��1� nJ'(?I 'W1 bA foutl'ultl 

!.I t, I t,, I 

�(?)'LJiJ'el1Vl1J'b�mb�'el"ll'W!?lbb;-.'.l MRS vinA'J1J.Jb���iJ"l!bAJ'� 4% b!?ltl'W1Vl'Wn(Pl'fllli'�1[;')J' tl�vi 

' � ll"' 'i' ., 'i' 'i' """"""., "" = 

!?I 1,!?lt1�-:Jbnl?J91n1,A1,�iJ'Vl��n11ru�b�'elmt1� (Ruas-Madiedo bb�� de los Reyes-Gavilan,

2005) bnufo111�1t1'Wi.lfibb� A� n bb 'el"n !?I bb'LI r-ivi �ti� t:J� r;in b'eln b6l!�'el� bb "n n r-11 hvf b �'el'W11ut:J� r;i b'el n 
q 

'L 6l!�'el�bb"n n r-11 hvf (Pl'fl 111 

�!?lbi'elbb� r-i�mb'el"n!?lbbur-ivi�t1�Ammn Uh1n�'el 2.1 ��'Lii.l'el1'1nnit1�bi'elbb;�bre)t1� 
. � ' 

MRS viilr-i<J1m���iJ6l!bAJ'� 4% b!?lt1'W1V1'Wn(Pl'fllli'�1r;i:i' tl�vi'flruV1ni1 30 'el-:Jf"l1b6l!�b;tl� b1Ji.l 
.., q .., 

I i-' I i-' ii 

b�tlb�'elbb�A�nbb'el"n!?lbbUAvi�t1viA!?lbbt1n1�91n�'el 2.1 ��'el1Vl1J'b�mb�'el"ll'Wl?lb'Vl�'J MRS

�n 4%6l!bAJ'� lli'�1[;')J' 50 i1���[;1J' 'LIJ'J'9biJ'W�1�17611iJ1l?l 250 n���[;')J' {n1utl��'elnJVlfli1 30 
qJ q q qJ 

�A'J1�tl1'JA�iJ 550 iJ1biJb�[;')J' 'elUJ'�Vl'J1-.'.l 0.8 1.0 u11uiJmVl�m�A'J1�b1'J 10,000 J''e)'LJ(Pl'e) .., 
� � . 

u1vi b1Ji.lb'J�1 1 o u1vi tl1b6l!�i�1���1t11umvt1n�mb;'el"ll'W!?lbV1�'J MRS vii'.Jr-ir:i1m;��u 

6l!bAJ'� 4% b!?lmf1V1'Wn(Pl'ellli'�1[;1J'�iJn�b6l!'elJ''el�'elU 15% bb��ih1ubll'Ub1�'elruVIJli1 -80 'e)�f"\1 
qJ qJ q qJ 

b6l!�b6l!tl� 
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2.3.1 n1nlfl1t1:1-Ji'JL;'elL�'elt-t�lflL'eln b6ll'Vl'el�bb''1lrn•nhi 
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l I I iJ I ii 

viii 4%6llbf>1t� U:1-JYJ'elillVIJli'1 30 tl�Pl1L6llin�t.l� LU'WL'J�1 24 ir;it:1-J� mf�r.nni!'WH�tMlm;tl 
� q � � 

ii ii I ii 

;1��'W��1�tl1V11n�m L;'el"Jl'W(?)LVl�'J MRS viii f>1'J1:l-Jb�:l-l;'W6llbf>1t� 4% b(?)t.l'W1V1tl'nv1tl'ill':1-J1 lflt 

' ' 

., 

.::::,, .::::,,.::::,, 2,1 I Q ca ,::::,f di I i; CV I I .<:::I :1-J���[?]J' bb�'JU:l-J'Vl'elillVIJl:1-J 30 'el�Pl1b6ll�b6llt.l� U'Wbm'elWJJl:.11(?)'Jt.l'el[?]J'1n1J'L"111:.11 200 �'elU[?]'el'W1'Vl 

., 
., "'I Vl'Jb"ll'el 

q ., 

., ., ., 
ci1tiir;i L;'elr.i1n�'el 2.3.1 m:1-J1ru 1 o % b(?)t.l'ill'J.-J1[?]t �� 1�'el1V11n�mlb;!l"ll'W(?)b'Vl�'J MRS 

�ii V'1'J1:l-Jb�:l-J�'W6llbA�� 4 % b(?)t.l,f1Vl'Wn f?l'el'ill':l-11 [?]J' tlfo'"11 A'J1:l-JLU'Wm(?) - (?)')� �:1-J �'Wb 'Vl1 nu 6. 5 ., 

-w1tl1V11niu�Li'elr.i1n;,fl 2.3.2 :1-J1�n (?)LLt.lnb!ln b6llVl'el�LL�n A1 hi b(?)m�hmt(?) 1mA�'el 

bd'el:::;�n L'W'el1Vl1J'biti�l'e) 1 �ii A'J1:IJ b;:IJ�'W� (?)'Vl1m 'Vl1 nu 4% b(?)t.l,f1Vl'Wnf?l'ell�:IJ1 [?I� b�'el 

lfln[?]:::n'el'Wb"Jl��fo�:::ttld�'W (Lin LL�::: Chien, 2007) ih1tl<l'WLLt.lnL6ll�i'el!ln�'Jt.lA'J1m;r;i 8,000 

�!lu f?ltl'W1vl LU'WL r;i�1 20 'W1vl tl1�'J'WL�:1-11 lfl n [?]::;ntl'WL'el n t 611'\"l!l� LL� n A1 hi�r;iu 95% L tl'Vl1'W'el� 

LiJ'W 'ill':1-.11[?1� 2 b'Vl1"1l'el-:J�'J'WL� i-:ii-:i11J�1:l-l�'Wtld::::1-.11ill 18 - 24 i'Jb:l-.l-:J�'elill'VIJ7l14 'el-:Jf\1 
q ., 

L"Jl�L�t.l� V1i�r.i1nif'W-w1:1-.11<l'WLVl�t.M�'Jt.lA'J1:l-Jb;'J 8,000 d!lUf?l'el'W1vl 20 'W1'Vl (Kumar LL�:::Aru::: 

'2004) bflUlfl:::n!l'WVl'el�bL�nA1hi:1-.11�:::�1u1-w,11ni'W 'ill':1-11[?]� 50 n���lfl� r.nnir'-wlflnlfl:::n'el'W 

L!lnb6llVl'el�LL�nA1hi�'Jt.l 95% L'el'Vl1'WtlmiJ'W l-:ii-:i11J�1:1-J�'W�'elruV1Jlil 4 !l-:JPl1L6ll�L�t.l�re)nA¥� 
q ., 
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I I I t, I 

bb; n A1 h�11l-v'hu -li-:i JhtJ bA1'el-:it�b vm bb 'li-:i�'el ru,u1i1 �1 V1i-:ir.i1n-wuu111l1�1 'Wb�"n bA bl?l'flfrrl'fl 1-li 
q 'lJ 

,, I I 

2.4.1 'Vl ��'elUV11"ll'W�'JJ'el-:iu1 l?l1� t:w b� n� b�tJ'J� bU'W'el-:i AUt�nie:iu'JJ'el-:ivrn� 
q 

10 i1��nf:w �-:ib'WVl�'el�eJ1bn�m 1.1.�h1�nt�i�mnA'J1:I-Jb;:W;'W 1 b:W�1f lli':W1l?IJ' 1 i1���(?)J' 
'lJ 

t, I I ii I 

�-:i11l1u1.b���Vl�'fl� r.i1n-wuu111ltl:w1-wbA11l-:i'W-:i'flu�11.;'el�'elruV111i1121 'el-:if'l111.'ll�l.6JltJ� r1r;i1:w 
q 'lJ 

,, I I 

iu 15 U'el'W!?l�'fll?l1t1-:i'W'J 1.U'Wb'J�1 2 "n'Jb:W-:i (Kambourova bl.��Aru�. 2009) 1.-v11l��1\!J'V'-l'fl� 

bl.; n A1 h!?11.U'W:1-J'e) b 'Wbb ;n mh!?l J''el 1-li b�'W�'elill'VIJli1-li'fl-:i bb�'Jufrn·h A'J1:W 1.U'Wnt�f?)1-:i 1-lii1rh 
q 'lJ 

,, I I 

l?l1:w�1iu r.i1nt!uu1�1t���1tJ1uuu1.V1�tJ-:i �r;itJ'ef 1nt11.'fr;i 10,000 t'elU�'el'W1� 1.U'Wb'J�1 1 o u1� 
,, I > 

l.b�'Jnt'fl-:i�'J'W'IJ1b�e-11'WnJ'��11jnJ''e)-:i'JJ'W1� 0.2 l:WAJ''el'W bnU�1J'���1\!Jb��1�1���ruVIJJi1 -20 
,, ' ' 

'el-:i r-111.'ll�l.6]\!J� bl.�'J'IJ11ui�� bAJ'1�ih'W�'JJ'el-:i'IJ1 (?)')� b:I-JI.� n� 1.�m �')\!J 1.A11l-:i1m'V'-l'flfv-l'flfo:W'W"D 
q 

,, ' ' 

2.4.1.2 �1.An�ih'W�'JJ'el-:iu1 l?l1� t:w b�n� b�m� I.D'W'el-:i A1h:::n'elU'JJ'el-:. 
q 

t, I I I 

1 umt� 1.r1n:::if "ll'W�'JJ'fl-:iu11n1� t:w 1.�n� 1.�tJ'J� bD'W'el-:i AUt�n'elU'JJ'fl-:i'V'-l'fl� 1,1,; n A1 h1?1�
q 

e-J�tn1� �'JtJI.A1'fl-:ilm'V'-l'flfv-l'flfbl.:I-J'W"D�rl��bAJ':1-.11b'Vlnt1Yl (HPLC) b61lrl'flimr Sugar SZ5532 i-:i 

'elill'VIJli1A'fli:wu 60 'el-:iPl11.'ll�l.6]\!J� b�\!Jb6n�1J'�:::�1\!J'el�"nb!nl'W1'Vlti (acetonitrile) 80% b�\!J 
q 'lJ 

lli':1-J1(?)J' 1.U'W�1J'���1\!Jf?l')'V'-l1 (mobile phase) bb�:::V.i'efl?IJ'1n1J'l'VI� 1 .0 n���(?)J'�'e)'W1� 

UJ'�:W'J�e-J�b�\!J Evaporative Light Scattering detectors i��1J'���1\!Jf?l'Jm.h-:i��'el-:in1t 

'VlnU"ll'W�'JJ'el-:itl1l?l1�tm�n�1.�m m:w1l?lt 20 l:wtrit�tnt t�tJu1tr1t:w1t'Vl1.1.nt:w�1�1.1.Iforn�tJu 
,, I 

,::;::,. 0 .:::::I Q/ I CV tr" "ll'W�'JJ'fl-:iu1 l?l1�r.i1 n�1t���1tJ:w1 tnt1'/1'l.! r.i1 n 1. r;i�1'Vl�1rnr:i'flm-:i ri n"ll�'fl'flnr.i1 n A'el�:wu 
� 'lJ 
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,, ,, 
2.4.2.1 mt';j br1t1�ih�:w1ru'W11n1�i-:ivm f?l"ll'eh'l'\Al'el� bb; n rl1 hf?l1f?lt.J';jfi 

Phenol-Sulfuric acid ln1:W%"ll'el-:J Dubois bb��folru� (1956) 

,, ' 
n���lnJ' �-:Jb'Wv'l�'elf?l'Yl(?l�'e},:j "llill�b�t.l'Jfl'\..l'\111 blank Lf?lt.lb6D'W1ni'W 1 n���lnJ' b�:W�1rn��1t.l� 

'W'el'tl (Phenol reagent) wnm;:w;'\..l 5 btl'elfoll'Wf?l lli:W11nJ' 1 n���lnJ' �-:Jb'\..l�1rn�'tl1t.l'1l'J'eltl1-:J 
I i.r i.r i.r I 

e-i�:wHh ;1 fl'\..lVl'elillv'llli1i4'el-:J '"11 nU'\..lb�:W nJ'(?l6Jl�ITTm ;;w;u 5 n��� lnJ' i-:i'Vl-:J L�Vl'el illv'llliiih:i-:i 
q qJ qJ q 'lJ 

,, ,, ' 
bU'\..lb'J�1 10 '\..l1Yl b"lltl1e-J�:W1ih;1n'\..l (?]-:J'VJ-:JL�Yl'elillv'llliiifo-:ibU'\..lb'J�1 20 '\..l1Vl 'W1Ltl'Jf?lA1n1t 

q qJ 

,, ,, 
m:w1ru"W11n1�nunn'l"l:w11ntli/1uu11n1�n� tr1� r1r;i1m;:w;u 0-1 oo 1:wtr1mf:w(?)'elii���1nt 

J.9 qJ 

2.4.2.2 n1t';jbr1t1�im:w1ru'Ltlt�'\..l�bU'\..l'el-:Jl°1UJ'�n'elU"ll'el-:J'\Al'el�bb;nr11 

hf?l1f?lt.J';jfi Protein Dye Binding ln1:W%"ll'el-:J Bradford (1976) 

'W1�1J'���1t.l'\Al'el�bb'�nfol1LJ'!?)fol'J1:Wb;:W;'\..l 2.5 ij��nf:W(?)'elij��lnJ' lli':W11nJ' 200 

1:wtr1t�lnJ' �-:Jb'\..lv'l�'elf?l'Yl(?l�'e},:j "llill�b�t.l'Jfl'\..l'\111 blank bf?lt.1Htl1niu 1 n���lnJ' b�:W�1J'���1t.l 
,, ,, ' 

Coomassie blue lli:W11nJ' 10 n���lnJ' b"lltl1bb��'11-:J'Vl-:JL�Vl'elillv'llliiii'el-:ibU'\..lb'J�1 15 '\..l1Yl u11tl 
q qJ 

I I i.r i.r 

'Jf?lA1n1tf?l1?1n�'Wbb�-:JV1r1'J1:wt.11r;ir1�'\..l 595 'W1L'Wb:Wint vhn1t'Yl1?1�'il-:i 3 sn1 91ntl'u"W1:w1 

blli't.1UbVlt.lUrhm:w1ru'Ltlt�'\..lflUflJ'1'l"l:w11ntli/1'W�1·ifiu�'W;fmb'el�Ui1'W (BSA) rl'J1:wb;:W;'\..l 0-
J.9 qJ 

25001:wtrimf:wf?i'ilii���int 

2.4.3 n1J''Ylf?l�'elUrl'J1:W�1:w1n11un1t���1t.1 (solubility test) 

tl1Y-1'el�bb;nr11h!?):w1���1t.11utl1rnf'Wbb���1t��'tl1t.1f?i1-:i7 'l�bbll b:W'Yl1'\..l'el� 'el�;tinu 1'el  

b6liL'\Alt'V'l1'\..l'el� bb�� n- 'U'J'Yl1'\..l'el� 1i4i'.lr1r;i1m;:w;'Wb'Vl1nu 0.5% Lf?lt.1tl1m!n(?)'elm:w11nt 

1n1:w�1iu 91rnfu'Vl1n1rn�:w1i4b;1nu�r;imr11''il-:ie-i�:w�1t (vortex) �'elillv'llliii4'el-:i 'Vl1n1t 
q qJ ,, ' ,, 

'Ylf?l�'il-:i 3 sn1 bf?lmlli't.1rnV1t.11Jnrnb6li'\..lbb'Yl'Wn:w ;,:i1'jj';jfib�mnu;1-:i�u 91rn!'Wi-:ibn1nn1t'tl��1t.1 

"ll'el-:J'\Al'el�bb;nr11h!?) (Collins bb��folru�. 1973) 
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., 
2.4.4 n1J'f?lJ''J"'lil?lA'J1:W�1:W1J'tlL'tJn1J'�:W'W1b!MJ�fi paper chromatography 

., ' 

r.i1ntl'uHn:i'::;l?l111n:i''eM (filter paper) "i:w��L'W�1rn::;�1t.1YVl'.1�hb6DnA1hi bU'I.Jb'.1�11 i'J'i::w-:i 'Yl1 
'lJ I I ii I I I 

mi'.h-1u;1� �u bl?lt.1r.i:wt 'W'W1 n i'W� nviu�°l! l?l r.i1 ntl''Wi l?l:i'::;t.1 ::;'Vl1-:J"JJ'el� b'Vl�'.lvhA�'el'tJVJL� bl?lmb� l?l� 
q q 

I I I 1' 

Lumu'elfb <Dui;fa::;t.1::;'Vl1�"JJ'el� b 'Vl�'J 1 'W�1:i'�::;�1t.1�'el�bb; n A1 hi'Vl bA�'el'tJ'VlL� !?l'el:i'::;t.1 ::;'Vl1�"JJ'el�"W1 

niu� bA�'elu�t� vi1-'el isu n�1 b u'elh<D'Wf?l'el f?l:i'1 n1:i'� n l?l"JJ'el� b'Vl�'J'el'elnr.i1 n�'el� bb6D n A1 hi(% 
., ' 

syneresis) Vl1n1J''Vll?l�'el� 3 �1 n1 bu'elfb6D'Wf?l'elf?l:i'1 n1:i'�n l?l"JJ'el-:Jb'Vl�'J'el'elnr.i1n�'el�bb<DnA1 hi�1 

bb� (?)� ()� A'.11:W �1:w1rn 1 'Wn1J'ii:wtl11M bl?lt.lbllit.lrn 'Vlt.l'IJ fl'Ubb 6l!'Wbb 'Vl'Wfl:W zj� L-n�fi b�t.l'J nu;1� �'W 

(Tako bb�::;Aru::;, 1982) 

q "' 

., ., 
'W1�'el�bb6DnA1L

J'(?l:W1�::;�1t.1tl1t�n A'.11:1-Jb;:W;'WbU'W 0.1 % bl?lt.l'W1'Vl'Wn !?l'ellli':W1f?lJ' bb�'J 

'W1:W1r-J�:Wnutl1�'1.J�"]j L�bbfl tl1�u:w::;n'eln bb�::; tl1�'W5'Jb'Vl�'el� L'W'elf?lJ'1�'J'W 1 :1 'W1LUr-J�:W 

�'JmAi'el�r-J�:W�1J' b1J'Wb'J�1 2 'W1'Vl vii�r.i1m!'W'W1Lu11um�m�J''el'IJ�1� 2000 J''el'IJ!?l'el'W1vi b1J'W 

b'J�1 10 'W1'Vl bb�'Jil?ll"11A'J1:W�1:W1J'tln1nu'I.Jrei���LYh'el'elf (Emulsifier) bl?lt.lbb�l?l-:JbU'W 
� ., 

bU'elfb <D'Wf?l"JJ'el�J'::;Cil 'LI A'.11:W�-:J"JJ'el� n1J'bbt.l n"n'W!?l'elJ'::;Cilu A'.11:W�-:J'Vl-:J'Vl:W l?l (% Emulsifying activity) 
"' "' 

f?l1:W�fi�C?ll?lbbU��:w1r.i1n Yun bb�::; Park (2003) 'Yl1n1J''Vll?l�'el-:J 3 .f1 'i:1?1mllit.1rn'Vl_t.1�nrnb6l!'W

bb'Vl'I.Jfl:W zj�H%b�mnu;1-:i�'W bb�::;"Jl1?1A'J'IJA:WHtl1ni'Wbb'Vl'tJ�1J'�::;�1t.1'1'i'el�bb6DnA1LJ'(?l 
q q 



� 
'U'Vl'VI 3

Cit. <j' Cit. a  '1 r/i, QJ QJ  QJ q CV Q...q .ct 

1. n1'at:-J� '11 b'eln 1,'li'W'el'cHb'lin i;;n b'a� 'W'a:t: �'lHHl'Vl:JJ n bb�:t:1-fn'lfl� m�w::::�:JJ'U '1l'V11� bAmb�:::: 

n1t1.111w11'el�b'eln b'li'W'el� bb;n A11 'a!Pl 

,,

1 .1 �mt1 A'J'U.Jb��m6JJ'el-:ln1�v-i1qJLb'C:i:::n1�t:-1�1?1'V'l'el�bb6Tin A1 ht?16JJ'el-:lb;'el Enterobacter

cloacae �1tl�'Wfi UV1-9 
q 

,, ' 

LLt1nmJAYJ�t1r.i1nmil�-:i�1-:i7 r.i1n-w'W�(?lm'el-:i�1t1�'W1fvl�1:mrnt:-1�(?1'V'l'el�bb6TinA1h(?li,��-:i 1�LLri 
cv r;  .cS cv J �

ii 
I J .J-'d 

E. cloacae �1tl'V'l'Wfi EN02 bb'C:i:::l"im�nn1�tJ�utJ�-:i�1?1�'el1'lil1n'tlmb"ll'el 'V'lU'J'l 'el1'lil1n'tlt1-:lb"ll'f fl'l 
q q qJ 

.. I 2,, � i,, 2.1 2,1 2,, =I (> CV 

u�:::mJU(?l'JtJ 1 bA��A'J1:J.H6JJ:l-J6JJ'W 4.0% (NH
4
) 2S0

4 
A'J1:J.H6JJ:W6JJ'W 1.0% bb'tl:::tJ�mrn(?lA'J'l:W 

,,

L61l:W61J'W 1 .0% b(?lt1U1'liltl'mu'WLL'lil�-:i A'lfu'tl'Wbb'C:i:::LL'lil�-:i 1'W t1?1nr.i'W �1:w1�ri e-i� (?l'V'l'el�LL6Dn A'l h(?li,� 

�,:)� (?lb'\ll'l nu 0. 93 nf:w �'el� f?lnb'tl:::bri'el �mt1'lil'li n�ru:::�m.J�6JJ'tl-:l'V'l'el� bb6Tin A1 h(?f�e-i� (?11� 
qJ q 

., ,, 

'V'lU�1 ilm:w1rutl11?1'l'tlVl-:l'lil:W(?lb'\ll'lflU 88.94 bU'elfb6Jl'W(9] bb'C:i:::m:w1ruttJ��'Wb'Vl'lflU 0.29 

LU'elfb6Jl'W(9] Lri'tl'Vl11 ii'V'l'el� Lb-TI n A1 h(?f u1�'Yliu1-:i�'J'Wbb'C:i:::'lil1"ll'W(?JU�:::r.i 'V'lU�1'V'l'el� bb6Tin A1h(?fi1 

u�:::i'C:iu (acidic polysaccharide)

q q 

�'tl:W1-:!1'W';j9tJ6JJ'tl-:! ill�� 'f1f'll'Jb�1L�f'11 (2552) 'l��n�1n1�tJfotJt-:i�1t1�'W111�'W'Yl1i E.

cloacae �'ltl�'Wfi EN02 b(?ltl n1�-nm:n 1iiLf1(?ln1rn'C:i1t1�'Wfi�'Jt1f-:i�'5'C:i(?ln 1r;i fo b'C:i1?1¾'J:wnun1� 
' q 

611' ,::::,1 cv .,::g .c:::l=I cv crll"' 
b"ll�'ln A:W N-methyl-N-nitrosoguanidine (NTG) �1:W'l�blA(?lb'tl'tlnbbUA'Ylb�tln'tl1tl'V'l'W� (?13.J'l 

i-:i'lil:w (?l s "ll'W(?l Lri'el�n�1 Lb'tl:::Ltffornvlt1u A'J'l:W�1:w1 rn 1 'Wn1�t:-J�(?l'V'l'el� Lb6TI n A1 h(?f 'V'lu�1 

bbUAYJ�t1�1t1�'Wfin'tl1t1 E. cloacae �'ltl'l'fofi UV1-9 t:-1�f?l'V'l'el�bb6TinA1hC?1l��,:i�(?l b'WJl1'J:::n1� 
q q '\I q 

ii ii l t, ii 

L�m L�'el�:::(?)U"ll'J(?lb"llth vlilr11Ar;i1mu'Wn�(?l{?l1-:l L 'Vl1nu 7. o b 'W'el'l'lil1n�t1-:i L;'el �'JtJ'f1(?1�1 mnJ:w 

b61Jth 200 �'elU�'tl'W1Vl �'elill'lilJliJ 30 'el-:!l"i'lb6ll'tlb:]tl� bU'Wb'J'tl'l 18 i'Jb:W-:l 'tl1:W1�blt:-l�f?l'V'l'e)� 
' qJ 

., ,, ' 

(?)-:l'W'Wb 'W-:!1'W';j{tJu9-:i i11' (?] ri tJ �:::�-:i A1 'Wn1 rn1'5 (?] n �'J'W "ll'tl-:i A1 fu'tl'W�'el 1 'W b(9] nr.i'WVJ 
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.,

1.1.1 �n'jj-1liJLL'lJ'lJn1H91q.J6Jl'el,lb;'el 

.J' �.:;:I 
t, I 

L�tl�bb'LIA'VILJ'tl E. cloacae �1tl'W'Wfi UV1-9 b(91t1Hir;iL;'el�:W�'Wlli':W1�J' 1 o % L'W 
., ., ,. 

'el1Vl1J'L�tl�b;'elbVl�'JiJfuiJr���J' b(?)tl�:W9� "J!illVlbJ'9'W9'Vlfi (2551) b(?)t1iJfrn•hm1mtl'Wnt(?) 

C?l1��:w�mtl-w 7.o 1l:w�mwvini1 30 'el�Pl1L']�L�t1� umA1'el�L611�1�r;imi(?lt1n1n611c.h 200 t'fl'LI 
q " 

j/ j/ j/ j/ l I 

i?l'el'W1'Vl r.i1n-wmn'LI!?l'J'e:1�1�tl1L�t1�L;'e:lvm 3 ir;it:w� Ltlmr;i�1 24 ir;itmtl11iJ1'(?)A1n1J'(?)(?)n�-w 
' " 

I j/ t, j/ 

LL��Yl 550 'W1b'WL:I-J(?]J' -:SL'4t1:::itl1vii!m']�ifo-l,� tl1vii!n�'e:l�hL;nA1LJ'!?l lli':W1rutl1(?11�t'J:W 

LL�:::foi1m1mtl-wnt(?)C?l1� 1�e.J�n1J''Vl(?)�'e:l�i�LL�(?)�L'WtiJ� 5 

��:; 

.::=i c, 

,s 
;r 

� .:i 

" 

;::: 

' ., ., 

1n 

'atl'Vi 1 tl1vium']�ifo-l,� m:w1ru�'e:l�hL;nA1h!?l m:w1rutl1(?11�n:w bb�:::foi1m1mtl-wnt(?)(911� 

r.i1ntiJ� 1 �'LI�1Lb'LI'4YJC½t.1�1t.1-w'-w€ UV1-9 iJmnr.i1ruLL'LI'LI'Vl�flruV1i�r.i1nir;it:w�� 3 �� 
4J q (V cu 

I I j/ j/ I 

bU'WJ':::t1::: log phase bb�:::n�m;1�Jl1'J:::A�YJVli� n1n�t.1�b;'elbU'Wl'J'i:'11 1 5 "n'J b:W� L'W�'J'W6Jl'e)� fi11 " 
j/ I l I t, 

fl'J1:W bU'WnJ'(?)(911� bb"'1:::m:w1 rutl1 (?11"'1J"Jd-l �'lJ�1iJ bb 'W'J b 'W:WVl'i:'1 (91"'1� �'e:lt11 L 'W611 ru:::vl b;'e)n n1:i'b91q.J 

b�:wi 'W 9'W��i'J biM� 24 L 'W'el1Vl1nlt.1� bi'e)n fi11 A'J1:I-JLU'WnJ'(?) (911� b 'Yl11l'LI 5 bb�:::nmin rutl11911"'1 

J''J:W fl� b Vl�'e) b 'Vl11l'LI 1 2. 0 6 7 nf:w (Yl'e)� (?]J' bn'e)�91 :i'ru1 J'U bb'lJ'lJ6Jl'e)� n1nr.i1ru bb'i:'l:::n1nl� (?l�'e)� " � 



win A1 l:i'!?1�f.J�f?ll��-:i bU'W�1J'LiJV11'Li'el l�'Vlbb'Li'Li'LI�i!Jli'.l (primary metabolite)
<1.9 qJ 

� � ' 
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b�tl-:Jbb'LJAYl�U E. cloacae �1tl�'Wf UV1-9 L!?1t1Hi'.lb�'el�il�'W1J¼ii1m· 1 o %L'W'el1Vl1:i' 

bi tl-:J bt'el bVl�'.ltlfotlr-:i�f?l:i' L(?)tJ�il 9� iruVIL:i''-l'W9Vli (2551) L!?1tJUt'rn·hA'.l1il b1J'Wn:i'!?1 �1-:J 

L¼ii�miJu 1.0 tlii�'flruVlni'.l 30 'el-:Jfi"lwrnL;tJ� 'Li'WLA1'fl-:ib"1Jt11�'.lt1if?li1n1n"llr.h 200 :i''el'Lil?l'el 
q 'IJ 

I !/ i-t !.I I ii 

'W1Yl 'J'WYI 1 3 7 15 30 60 90 120 bb��150 'W1'W1b�tl-:Jb;'elYll�i11'.lbA:i'1�iVl1'W1Vl'Wnb"Jl�,bbi1-:i 
� ' ' 

bb��'W1Vl'Wn'V'l'el�bb'n nA1 l:i'!?1l�f.J� n1jVJ!?1�'el-:J !?1-:J bb�!?1-:J 1 'Wf?l1i1-:iv1 1 bb�� 1uitlv1 1 

' � � 

qJ 

IP11'a1{ivi 1 rl1'W1Vl'Wnb"1l�ibb�� bb��'W1Vl'Wn'Y-l'el�hb6]nfo11LJ'(?) "ll'el-:J E. cloacae �1tl�'Wfi UV1-9

L'W"Jj'.J-:Jb'.l�1 150 'J'W 

1 

3 

7 

15 

30 

60 

90 

120 

150 

0 OJ tf g.., 

'l.11'\il'Wnb'Zi'cl'cl bb'\,M 

(nrii�'eli!Pl'a) 

0.377±0.03 

0.382±0.01 

0.375±0.01 

0.348±0.08 

0.346±0.01 

0.365±0.08 

0.363±0.01 

0.356±0.07 

0.378±0.02 

u1V1irm-.'eli bbtiin �n b'a� 

(nrit�'eli!Pl'a) 

6.745±0.20 

7.364±0.47 

7.152±0.01 

7.072±0.22 

6.516±0.19 

6.766±0.10 

7.008±0.01 

6.961±0.06 

7.578±0.14 



\) . ....: 

01 

0 

T 
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UV1 -9 91n rhi11tnJn b6lliHfo�-:i bb�:;i11vl'\Jn'l''l'el�bb°D n A1 L:i'f?lbb�'.l �u'J°1i'Ji11v1tl'n b6ll�ifo�-:i:m n 
I I I I 

..:::i I CV  cv 1 .::::r. 2/ .::::I I CV  ..:;S � � 2/ 1 aJ 1 1 

'Yl�f?lb'Ynnu 0.382 nnJl?l'el�l?lJ' bb�:;'Wm.l'Yl�f?lb'Yl1nU 0.346 6ll-:Jb:l-J'el�91'1J1bb�'.l �U'.l1:l-Jfi111?11-:J61l'el-:J 
q q 

7.578 nf:1-J[?]'el�i?lf �1:1-J1J''1eJ�l711�-w11t1��f?lb'Yl1nu 6.516 nf:1-J(?111�1?1J' �-:iiln1rn�1?1�11�bb6DnA1 
q 

� I 

hf?ll�f11(?11-:Jl�bfl'W 1.062 nf:1-J[?]'el�l?l:i' l?l-:J'W'W b'W611'.l-:Jb'.l�1 150 ,fovivhn1J''Ylf?l�'el-:J bbUAviCfo�1t1 

'Yi'Wfi UV1-9 9-:ii'JA'.l1m��m61111-:in1n9"¼rubb�:;n1m�1?1�11�bb6DnA1 hf?ll?l-:Jbb� f?l-:JL'W:i'U� 2 
q � " 

� � I 

b�mbbUAVJi'.h.1 E. cloacae �1tl'Yi'Wfi UV1-9 bf?lt1b6lltr'.lb;11�:1-J�'Wlli':l-J11?1J' 1 o %L'W 
q 

mv11nim bi11m�'.ltlfutlt'1�1?1J' 'i:f?ltt�:1-l �� i ruv1 bJ'9U�'Yli (2551) 'i:f?lt1tlfu'"11 A'.l1mtl'1,mff?l 

�1-:J�:l-J�'WbU'W 7.01.1:l-J�'elillvlllil 30 'el-:J�1b6ll�b;tl� U'WbAi'el-:Jb611th�'Jtl'e)i?lJ'1n1J'b611ri1 200 J''elU 
q " 

(?}'eJ'W1Yl �bbUJ'i:T'W'e)l?lJ'1'tl'.l'W611'el-:Jbbvl�-:JA1fu'el'W(?]'ell'Wbl?lJ'b9'Wb'Yl11lU 5 20 60 100 bb�:; 200 (?)-:J 

bb�f?l-:Jb'Wl?11J'1-:J� 2 bf?ltli'Jbbvl�-:JA1fu'el'W A'el 1111?11�6llbAJ'� bb�:;bbvl�-:Jl'Wbl?1J'b9'WA'el bb'El:l-Jb:1-Jb'Wtl:l-J 
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1,1 1,1 j., I I I 

i-c1bYl(?lbb'C1��1'.i'�n�91nU�f?l bnU(?}'J'flU1-.:J'W1b�tl-.'.lb�'el'Vln 6 i'lhM bU'Wb'l'C11 48 o_nr;ihi-.:i b'Yl'fl 
� � � 

� br1'.i'1�,�\hwt!n b6Jl'C1ifa �-.:itl1,- rwn'Yl'fl�bb on n r11 L'.i''9l'l.1hn rutl1 (?11'C1'.i''l:W bb'C1 �m:w1 ru1 u b(?l'.i'b9'Wl� i:-i-c1 

n1'.i''Vl�'C1'fl-.'.1!?1-.:Jbb��-.'.lb'W'.i''LI� 3 bb'C1� 4 

(?l1'a1.:J� 2 m:w1 rur11fu'f!'Wbb'C1�l 'W b(?l'.i'b9'W 1 un1m� (?]Yl'fl� bb"D n '"11 L'.i''91 bd'fli1 n1'.i'bb'LI'.i'eJ'WbbVl'C1°-.:J 

1ut(?ln9u 

'Lf'hn ru 1 'W b(?l 'ab� 'W 

5 40 18.66 

20 40 4.66 

60 40 1 :55 

100 40 0.93 

200 40 0.46 

T 
. .J. 

.i. 

= 

·T.
l

fV "" ., 

�1-a�n'91�1n��(pj 

T 

.i. 

(nrii!Pi'fl�(?l'd) 

2 

2 

2 

2 

2 
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2.5 

0 

C/N5 C/N20 C/N 60 C/N 100 C/N 200 

. ., 

"dtl'Vi 4 bllit1rnY1t1u-w1V1'l!m"l!'tl�\rl,�"J.l'el,rnu1-1�t1�1t1·v�\1€ UV1-9 :r:;V1�1�n1rn�r wvm�bbtfom 
.., q 

I l I ii 9,, I 

'hl?lb'W'.ll':J b:W�� 48 bi'.l'elb�m b�'el 1-wn1':J:;YliJn1nbtlnr-wir,i:r1�':J'W"JJ'el� mfu'el'Wl?l'el 1 'Wb(?]J'b'"l'Wb'Yl11lU 
5 20 60 1 00 bb'Cl:; 20{)

i"lU�1mmtl:reJ'-wi (?]J'1�':J'W"J.l'el� 1-11fu'el'Wl?l'el 1-w b(?]J'b9'Wb'Yl11lU 5 n bb'W':J b 'W:W"JJ'el� mn r.i1n.i ��� (?] bd'el 
bllit1rn �t1u nun1':l :;�-w7 b1?1t1i1 m nr.i1n.i bbUU'Vl�� ruV1i�r.i1 ni':l 'l::w�� 6 bb'tl:;Gm ;1 �J11':l:;1-1�� 

. 
ii ii I I ii I i,, ii 

Vli�r.i1m�t1� b�'el b'U'Wb':J'Cl1 30 '.ll':J b:W,'.I bb'Cl:;bi'.lmmt1rnY1t1u-w1Vl'Wnb"l!'Cl�fo ii�bi'.l'el�'W� l?ln1J'b�tl� 

., ' 

q 

b1?1t11i.,ri1-w1V1'l!m"l!'tl�foi.,�b'Yl1nu 2.187 nf:wl?l'el�r,i:r bb'tl:;�ir,in�':l'W"ll'el�A1fu·'eliil?l'el1-w'l:r,i:rbr.i'W 
b'Yl1nu 1 oo i1mnr.i1ru'W'eltl��l?l b1?1t11i.,r11tf1V1'l!m"l!'tlifoii�b'Yl1nu 0.279 nf:Wl?l'el�r,i:r 

� q 
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bit.1-:i b{'El 1 un1'l�� ilmrntlnf'W1efo1n�'l'W"ll'El-:J m fu'El'W(?]'El 1 u 'i:l?ln 9'W(?]1-:i7 i"l'IJ�1�i l?lt1�'l'W"ll'El-:J 

fl1fu'El'W(?]'El1u'i:l?ln9'Wb'Yl1fl'IJ 5 iJbb'W'lbU:J.J"ll'El-:imrn�1?1i"l'El�bbifnnfnh(?)i.���M1 A'El �1:J.J1trn:-1�1?1 
q 

��1?1i"l'El�bb6Dnf"nh(?)i.�ii1n��(?)bd'Elblli't.1'1Jbvit.1'1Jfl'IJJ11'l��u7 A'El�1ii1n1��1?1i"l'El�bb.fnnr11htni.� 

b'Yl1fl'IJ 8.555 nf:J.J(9]'El�l?lt bb'l:'l�i1?1t1�'l'W"ll'El-:Jr11f'IJ'El'W(?]'El1u'i:1?1nr.i'Wb'Yl1n'IJ 20 iJr1'l1:J.J�1:J.J1rn 

��1?1i"l'El�bbifnnr11h(?)L�U'Elt.1��(?)b'Yl1fl'IJ o.848 nf:J.J(?]'El�l?lt 
q 
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10 
� 
i.;: 

q(s. 
8 (>J 

-i.,: 

�� 6s 
•e;;; 

� 4 r
@: 

Ills" 

q� 2 
(>J 

� 
�§i 0 
:;s 
r 

>•;;3 C/N5 C/N 20 C/N60 C/N 100 C/N 200 

h; l. 
--- --�----~ '·. 

'il'Ll'V1 7 Ltfh.1rnV11:.1un1fHtl1!?11�"11'el�llUA�1:.1�11:.1vru€ UV1-9 f�vii1�n1n.J�(?l�'el�LL-nnmh1?1 
� q 

I if i,, I 

ln'ell�ml;'elL'Wfl1'.l�VliJn1rn1herute1(?lf1�'.l'W"ll'el�A1fu'el'Wl?J'ell'Wb(?ln9'W b'Vl1flU 5 20 60 100 bl�� 
' 

200 lU'Wl'.l�1 48 'n'.l b3-N 

Lci'el�r.i1fo,nn1tHumi�'°11fu'el'W fl'eltl1m�"DbAf'?l f�vii1�n1nr.i'1nrn��n1rn�(?l�'el� � � 

bl6nnA1h1?1"ll'el�lLUAVl�l:.l'?l11:.1Vi'Wf UV1-9 r.i1n1u� 7 �ui11ui'.lb:IN� 0-12 "ll'el�YJn1 fl1'.l�n1f 

lmlf'el iin1f�{?)��"ll'el�J1(?11�6]bf!J°?l'elt.h'1f'"J{?)b�'.l ��'?l'elf?1A�'el�nunf1�b'WfU� 7 �lb�{?)�b�l�'W � � 
I I °i,' lJ I 

i1vii�r.i1n'n'.lb:J.NV1 6 iln1nr.i°'t')Jll1J1JVl� f,J OJL'Wf�t.1� log phase ll°?lf?1�i1L;'eliJn1fH'W1(?11�l'Yl'el 

n1JL9°1'1:)L'Wf�l:.l�fffel�rn'-11'.l ll��Vli�r.i1m;1�'l!'.l� stationary phase J1(?11�9�iJuh-J10Jl-1'el'W�l1� 
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A-:JVJ bf?lmfhi�U�f?ln1:i'b�t.J-:JL;'ElL'Yi'Ele.J�(?]Y,'e)�LL:nnr11 LJ'f?l1 U'n'J blNVl 48 v,ur;i'1J11'J�V1i'Jn1m1l:nru 
., .,

'e)(?]J'1�'JU'JJ'e:l-:JA1fu'EliJ[9)'e)LiJb(?]J'L9UL'Vl1flU 100 LL�� 200 L�'Eliln1:rVntl1m�1�� bf?lt.Jiltl'hnru 

iO 

0 :30 

-atJ'Vi a Llli't.JrnVJtium:rH1 iJb(?]J'bfilU'JJ'El-:JLLUfl �t1�1t1�u€ UV1-9 :r�V1r;i'1-:i m:re.i� (?]Yl'El� LL:n nfl1 
� q 

L:i'1?1Ld'ElLfmLi'EltuJ11'J��iln1:rLLu:refwef(?l:r1�'Ju'JJ'El-:JA1fu'Elu[9)'ElLUb(?]J'b'-lU L'Yl1nu s 20 60 1 oo 

LL�� 200 LUUL'J�1 48 i'J h,-:i 

Ld'ElLlli't.JrnVJt1un1:rHLLV1�-:i1u'i:(?lnr.iu'JJ'El-:JLLUflVJ�t.J�1t1�u€ UV1-9 :r�V1r;i'1-:in1rn�(?]Yl'El 
l ii ii I 

� LL:nnr11 L:i'f?l Li'.l'ElL�t.J,:j L;'El 1 UJ71'J�VllJ mmu:ref uter (?]J'1�'Jl,!']J'e),:j fl1jU'e)iJ[?l'e) 1 u b(?]J'Llo)l,![911-:)1 v,ur;i'1 

tfhnru1 Ub(?lnr.iuilLLU'J 'i:-w:w�f?l�-:J'Elr.h-:i:rr;i f?IL1'J 1 u 1 2 ir;i 'i::w-:iLLrn LL���:w fl-:J�r.iu�-:iir;i 'i::w-:i�f?l'Vl1t.J 
ii ii I I I 

']J'e)-:Jn1:i'b�t.J-:JL;'e) 1�mi "n'Jb:1-J-:JV] 48 ;,:itT-:ir1-:ii'Jm:w1ru1u'i:(?]J'b9tiA-:JL'Vl�'e)'e)t.1b'�n'W'Elt.Ji-:JLL�f?l-:Jbti:i'U 
"' "' 

'Vl8 

r.i1nn1:r�mne.i�'JJ'e)-:Jn1mu:refute1(?1:i'1�'Jti'JJ'e),:jr)1jU'e)l,![?l'e)Ltib(?]J'L9ti�L'Vl:I-J1��:I-J 

LL� f?l-:J 1 i1 L �u�1m:w1 rufl1fu'ElmL�� 1 u b(?]J'b r.iuil e.i� l?l'Eln1n r.i1 (ll LL��m:re.i� (?]Yl'El� LL :n n r11 LJ'f?l LL�� 

Ld'El�r.i1:rru1 f-119�tiP11� (?lj'JJ'El-:im:re.i� (?]Yl'el�LL:n nr11 hi;i'i:f?lt1 LLUflVJ�t.J'tl1tl�tifi UV-9 1�e.i� m:r 

'Vlf?l�'el-:Ji-:JLL'�f?l-:Jbti(?l1:i'1-:J� 3 YlUIJ1 'e)(?]J'1�'Jti'JJ'el-:JA1fU'eltil?l'elltib(?]J'b'-ltiL'\1111lU 5 LL�� 200 lJ

im1n1nr.i1(1!91LY11�'JJ'El-:J'1�ti'Vl1tl° (specific growth rate; µ (h-
1
)) 'fl(?l:i'1n1:i'e.J�(?l91LY11� 

(specific production rate; p (g-EPS/g-CDW/h)) m:w1 CW'JJ'El-:J L6l!�i�1� l?l'el'Vl'W'Jmfo'tl L(?l:i''Vl� � n 
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'l ,.,

1.1 ( .� = d1,.,' ' ., d 'l ,.,

1.1 b6.l! u Y x1s; g-CDW/g-sugar) unJ1illtJ�tJ�l?l'Vl (?}l?l'el�'W')tl�'LJ�bl?lJ''Vl'Vl\jn b6.l! u (Y
p1s

; g-EPS/g-
' ., 

6} 
� � CV CV � ..:::Y 6l!i.l 

sugar) bb��f1')1l-J�1l-J1n1 b'Wn1J'CJ�I?] (productivity; g-EPS/I/h) 'Vlb�l-J1��l-J (?}�'W'W "Nb�'eln b'll 

mmtlnr'W'e11?1J'1�')'W6JJ'e)� A1fu'el 'W�'e) 1 'W ll?lJ'b '-l'Wb'\ll1fl'LJ 5 bb��200 �1�fumt'Vl (?}�'e)� b'W"n'W�'el 1tl 

., ., ' 

b�tl�bbUA��tl E. cloacae �1tl�'Wfi UV1-9 l(?}t1Hi'lb�'el�l-J�'Wlli'l-J1l9!J' 1 o %b'W 
1' ii � I 

m�1n�mb�'elm�r;i,Jfotlr��[9JJ' l(?}tl�l-J9� 1ru�hr.iu9'Vlfi (2551) �nbm��A1frnl'W�'e) 

1'Wtl9lnr.i'W�ml-J1��l-J1?11l-J;'el 1.2.1 l-J1bbUt�'Wmn�mm��1ut1?1nr.i'W i��'flhHf

.... ,=j ... 

[(NH
4)2SO4] bb���1t�n(?}r.i1nt1�1?1 (Yeast extract) 

- 1 'W Jl 1 ') � � n bb � � � 1 'W l l?l n '-l 'Wb v1 ti� 'JI u (?} b �ti') � 'e) bb 'e) l-J t mu ti l-J i � b Yl [91

[(NH
4

)2SO4] 

J71')��nbb���1'Wll?lJ'b'-l'Wbyjt1�6J!U(?)b�tl') �'e) �1J"�fl(?}'-l1n£J�(?l (Yeast 

extract) 

bf1'LJ(9]')'e)!'.]1�tl1bimb�'el'Vln 6 Jr;itl-J� bU'Wb')�1 48 Jr;itl-J� b�'el';'jbAJ'1�'1ftl1w.rm6Jl��\b'�� 
., ., 

tl1wwm1'el�bb �nm 1ff?lili'l-J1 rutl11?11�:i'r;Jl-J bb��illl-J1 ru1 'Wll?lJ'b'"l'W 1� tJ� n1:i''Vl (?}�'r.l� i� bb� (?}� 1 'Wt tl 
'lJ 

'Vl 9-14 
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F- aJ � .c:=:f CV � d J J .d� CV 

'a'U'YI 9 bu:i'tlUb'VltlUn1J'b9:i'ill"JJ'el--:JbbUfH.:i'tl�1tl'Y-l'Wfi UV1-9 b:1-J'elb�mlb"ll'el b 'WJl1';J:;;'Vl:W n1nb'Um'W 
.. � . 

�!?l:i'1�'J'W"JJt1--:ir11forei'Wlilt1L'Wb!?lnr.i'W b'V11nu s bb�:;;200 b(?lt11lribbt1:1-Jtmi'fo:wim'l"l!?l bb�:;;�1:i'�fl(?l 

r.i1nu� l?lbU'WbbVltJ--:JL'Wb!?lJ'b9'W; A Y, H bb'el:I-Jb:I-Jb'Wtl:1-J"TI� b'l"l!?lbU'WbbVftJ.,'.JL'Wb!?lJ'b9'W; A bb�:;;1-n�1:i'�fl(?l 

r.i1nu�1?JbU'WbbV1t1--:JL'Wb!?lnr.i'W; Y bU'Wb'J�1 48 ir;i t:w.,:i 

2.5 

0 

C/N 5 [A] C/N 5 [AY] C/N 200 [A] C/N 200 [AY] Yeast extract 

l 'WJl1';J:;;�nmmu:i'i:J'W�[?]J'1�'J'W"JJ'eM mfml'Wlil'el 1 'W b[?]J'b 9'W b 'Vl1 nu 5 bb�:;;200 b(?ltll "l! bb 'el:1-J tm 'Wtl:1-J

i� b'W [?] bb� :;;�1 d� n (?191 nu� l?lbU'WbbVftJ.,:j 1 'W b[?l:i'b9'W; AY' H bb'el:1-J tm 'Wtl:1-J"TI � b'W [?] bU'Wbb Vltl.,'.J

'l'Wb[?]J'b9'W; A bb�:;;t"li�11�n(?lr.i1nu�1?JbU'WbbV1t1.,:i1'Wt[?ln9'W; Y
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'V'lU'J1n1'.!'bbU:nr'W'ell?l'.!'1�'J'W"ll'el-:J mfU'El'Wi?1'el l 'Wbl?l'.!'b"'l'Wb'Yl11lU 5 b 'WJl1')::;�11n bb'elilbil bUtJil"D�bl-11?1 

bU'Wbm�-:i l 'W bl?l'.!'b"'l'Wb�tJ-:J"J!U(?)b�m ii bb'W 'J b 'Wil"ll'el-:Jn1'.!'b"'l 1'1) ��� {?) bn'elblli'tJUbYJtJU flUJl1')::;�'W1 
I I I I ii t, 

b(?)tJiJn1nr.i1ru bbUU'Vl� r1ru,,,i-:ir.i1nir;i 'Lii-:iYJ 6 bb�::;�i1b;1�111r;i::;r1-:iYJ,,,i-:ir.i1n b�mb�'ElbU'Wb'J�1 
� � � 

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

12 ir;i'lii-:i bb�::;bil'Elblli'tJrnYJuu-w1wwm,�im,-:iLil'El�'W�(?)n1'.J'b�tJ-:ib�'El1'Wir;i'lii-:iYJ 48 ('.!'UYJ 1 o) 
q � 

'V'lU'J1'eli?l'.!'1�'J'W"ll'el-:J mfu'El'Wi?1'El L 'W bl?l'.!'br.im vi1nu s b'WJ11r;i::;�11ilbb'EliJbiJbi1uiii� bl-11?1 bU'Wbm�-:i 
.,

l'Wbl?lnr.im�m-nU{?)b�m5-:iilmnr.i1ru�-:i�{?) b(?)tJb'Ml"l1'W1m!m,�ifai1-:ibvi1nu 2.317 nfiii,l'El 

T 

� � q 

. T . 

.l 

.,. 

..I. 

.,.. 

..I. 

I I !J ii I 

-au'Vi 11 blli'tJUbYltJUn1'.!'t:J�l?l'V'l'el�bb"nnfl1h!?l"ll'el-:JbbUfl�m�1mtmr UV1-9 bilm�mb�'elb'WJl1')::;Y] 
� q 

ilmrnunfoi l?l'.!'1�'J'W"ll'el-:J r11fU'El'Wi?1'el l 'Wbl?l'.!'b"'l'W b'Yl11lU 5 bb�::;200 b(?)tJHbb'elil bilb iiuiii� bl-11?1 

bb�::;�1'.!'�fl{?)91nU�f?lbU'Wbm�-:i1'Wbl?l'.!'b9'W; AY, 11ilbb'ElilbiJbUtJi1i�bl-11?1bU'Wbm�-:i1'W'Ll?lnr.i'W; A bb�::; 

H�1'.!'�n{?)r.i1nu�f?lbU'Wbb,,,�-:i1'W'L1?1nr.i'W; Y bU'Wb'J�1 48 ir;i'lii-:i 
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r.nn:nJ� 11 L�'elLlli't1rnvlt1un1J'e.J�l9lYJ'el�hLtnnr11h�"11'el-:JLLUr1VJ�t1�1t1�\1€ UV1-9 Lri'el � . 

Lit1-:i Li'e) L 'Wfl1')��il n1rntlnr 'W'e) (91J'1�'J'W"11'el-:l '"11fU'el'W�'e) l 'Wbl9lJ'b9'Wb 'Yl1 nu 5 bb��20 0 b(?)tlL 6n 
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'ii''LI;i 1 a blli1:Jrnr11:Jun1jH1 'Wt1nnr.i'W"ll'el--'.lbbUA�1:J�11:J1'f'Wfi uv1 -9 j�V1r:i1--:i t:J� ln'V'l'el�bb-nn A1 h"1
� q 

I j., j., I 

bi'l'elb�l:.l--'.lb;'e)1'WJ,1'J�o/lnn1rntlje1''1.J'51nj1�'J'W"ll'el--'.IA1fo'el'W�'el1'Wbln:i'b'"l'W b'Vl111U 5 bb�� 200 b'9'11:J 

11n bb 'el:W b:W b Ul:J:1-J"]� b � In bU'Wbb VI�--'.! 1 'W bln:i'b '"l'W bb��11n�1 j� n '9191 n �� (?]bU'Wbb VI�--'.! 1 'W bln:i'b '"l'W b'9'11:J1:iJ n 

n1rntJje1''Wi1nn�'J'W"ll'el--'.!A1fu'el'W�'el 1'Wt1nnr.i'W bU'Wb'J�1 48 i'J t:w--:i 

bri'e) bllil:.lrnVJl:JUn1j HbbVl�--'.!l'W bln:i'b9'W"ll'el--'.l bbUAo/1 rfo�11:J1'f 'Wfi UV1-9 j�Vl'J1--'.l n1jt:J� ln'V'l'el 
I i-' 1" l 

q 

� bb6] n '"11 h"1 bi'l'elb�l:J._:j b;'el 1 'Wfl1'J�Vln n1:i'bbtlje1''W'e11nn�'J'W"ll'el--'.l A1fo'el'W�'el 1 'Wbln:i'b'"l'Wb vh nu 5 

bb�� 200 bb��1'Wfl1'J��1:iJi'.j n1rntJje1''W'e1(?lj1�'J'W"lJ'el--'.l A1fu'el'W�'el 1 'Wbln:i'b9'W b'9'11:J16n�1j� n '9191 n 

�� (?]bU'Wbb Vl�--:i1 'Wbln:i'b9'Wb�l:J--'.16l!U,'9'1 b�l:J'J 'V'IU'J1'ill':W1 rut 'W bln:i'b'"l'Wn bb'W'J b 'W:W� '91�--'.l'ell:h--:i �'el bti'el--:i 
I j., j., I 

9'WO--'.l"n'J t:w--:i� '9'1'Vl11:.l'll'el--'.l n1�b�m b�'el i--:i bb� '9'1--'.l 1'WjtlVJ 18 
q "' 

91 n n1j�m11 t:J�"ll'el--'.l n1 rntJje1''Wi1nn�'J'W"ll'el--'.l A1fu'El'W�'el 1 'W t1n :i'b9'W� b V1:w1 ��:w bri'el 

'Yl91jDJ1fl19�'WPl1� 1nf"ll'El--:i mm� ln'V'l'el� bb-nn A1h'9'11'9'11:J bbU AV1�1:J�11:J1'f 'Wfi UV-9 1� t:J�n1j 

'Vl'9'i�'el--'.lbb�'9'1--'.l f?l--'.l ln1n--'.l� 5 'V'IU'J1 1 'Wfl1'J��H�1j�fl '9'191n��(?]bU'WbbV!�--'.!l'Wbln:i'b9'W i'.jfi1m:w1 DJ 

t:J�t:J�1n�1��'elVl'W'Jmfo�blnj'Vl�QnH'ltl (Y
P1
J bb��A'J1:W�1:w1n11'Wn1rn�1n (productivity) :w1n 

��'91 �'el 0.5692 g-EPS/g-sugar bb��0.444 g-EPS/1/h ln1:W�1f?1U bri'elbllil:.lrnVJl:JU!lU[l1'J��'W1 
'i, i,I 'J., I 

i--:itl''W9--'.l b�'el n H n1n�1:J--:i b;'el 1 'Wn1'J�r1hH1 n1rntlje1''WbbV1�--:i 1 'Wbln:i'b9'W b'9'11:J11ii�1j� ll '9191 n�� (?] 

bU'Wbb Vl�--:il 'W bln:i'b 9'Wb �l:J._:j6]jU,'9) b�l:J'J �1 VI fon1j'Vl '91 �'el--'.11 'W.ff 'W�'elltl 



51
 

t,11
'a'1

-:icv1
 s

 bb
"1 

'11�
 A1

r.i�
u�

1"1
1?1f

-n'El
�n

1t
e.i�

 l?l
�'el

� wi
n A

1 h
t?1
 b'91

m
bu

A�
 Cf

m
�1

m
.Zu

€ 
UV

-9
 1

ut
�(?

)U
tl�

Vi
�n

 b�
'el H

bb'el
�t

� b
tJ

m
J".ll

�b
'W

l?lb
tlm

m
�-:i

1u
t1?1

n
r.iu

 
q

 

b�
cN

'el�
1-:J

b�
m

 (A
) b

'91m
bt

lt
ert.i

'ei'l?l
J'1

�'
Jt.l

J'�
Vi

'J1
�A

1f
u'el

t.ii?l
'ell

t.lb
l?lJ'

b'°l
t.l 

bV
h

nu
 5

 bb
��

 2
00

 bl,
��

1J.i
"11

J'"1
n!?l

t.i1
nm

"1t?l
bU

t.ll,
l,Vl

��
A1

fu
'elt.l

b�
tl�

'el�
1�

1,�
t)'J

 (
Y)

 

Ki
ne

tic
s 

p
ar

am
et

er
s 

C
/N

=
5 

(A
) 

C
/N

=
20

0 
(A

) 
Y

ea
st

 e
xt

ra
ct

 (Y
) 

µ,
 s

p
ec

ifi
c 

g
ro

w
th

 ra
te

 
0.

10
94

 
0.

06
69

 
0.

09
35

 

(h
.,)

 

y
, s

p
ec

ifi
c 

co
ns

um
p

tio
n 

ra
te

 
0.

32
18

 
0.

64
39

 
0.

43
31

 

(g
-s

ug
ar

/g
-C

D
W

/h
) 

p
, s

p
ec

ifi
c 

pr
od

uc
tio

n 
ra

te
 

0.
09

04
 

0.
28

31
 

0.
23

71
 

(g
-E

PS
/g

-C
D

W
/h

) 

Y
x
i s

•c
el

l y
ie

ld
 c

oe
ffi

ci
en

t
0.

10
67

 
0.

05
99

 
0.

08
9 

(g
-C

D
W

/g
-s

ug
ar

) 

Y 
0

1 5
, 

co
nv

er
si

on
 y

ie
ld

 o
f s

ub
st

ra
te

 to
 

0.
28

56
 

0.
48

45
 

0.
56

92
 

p
ro

d
uc

t(
g-

E
PS

/g
-s

ug
ar

) 

Pr
od

uc
tiv

ity
 

0.
38

25
 (

24
h)

 
0.

30
38

 (
24

h)
 

0.
44

40
 (

24
h)

 

(g
-E

PS
/I/

h)
 

CJl
 

0J
 



52 

I I jJ" 'i-1 2' 

bU'el-.:J91 mJhn ill'el'eln"D b9'W�'Cl�'Cl1t.J1�1 'W'el1Vl1J'b��N b�'el'W'Wn eJ'Cl b'91t.l (?]'.N f?1'eln1nr.i1')J 
,., ' ' 

bb'll�m:n.J� (?]Y'l'el� bb i] n '"11 LJ'!?16JJ'el-.:J b�'el ;,.:iuro:i�u�n eJ'Cl b'91t.l (?]J',.:j (?]'e)'E) (?]J'1 n1:i''Cl�'Cl1t.l6JJ'el-.:J'el'el non b'-l'Wb 'W 
,., ,., ,., 

'el1V11n�t.1-.:i b�'el 1�bbri '5 (?]J'1 n1:r1 i1'e'l1 n1 Plbb'll�'fl(?]J'1n1:i'n'J'W6JJ'el-.:Jb'l.J� '91 r.i1 nmn�t.1-.:i bb'l.J A� �t.J 

,., ,., ' 

'el-.:Jf\1b']'Clb:fo� b'W'1-.:Jmrn6JJ'W1'91 5 �(?]J' b'Wll1'J�n1J'b�t.l-.:Jb�'e)�nn1:r�m11bbVl�-.:J6JJ'el-.:JA1fu'el'Wf?1'el 

'l 'Wt(?]nr.i'W� b'l!l:J--11��:J-J �'el 1-if tl1(?]1'll']bA:i'� bU'WbbVl�-.:i r11fu'el'W bb'll�1-ii�1:r�n '91r.i1nu� �bU'WbbVl�-.:J 

'i,- i, t, I 

'fl(?]J'1n1:i'Lilmmf\bU'W 1 2 bb'll�3 vvm (?]1:J-J�1C?\'l.J bf1'LJ[9]'J'elth-.:iu1b�t.J-.:Jb�'elYln 3 {r;it:J-J-:i bU'Wb'J'll1 
q 

24 f r;i t:J-J-:i � '91 [?11:J-J n1nr.i1 ')J bb'll �m rn� (?]Y'l'el� bb :n n r11 h!?1 b'91t.l m:r':3 bAn �'!Xtl1V1'Wm'] 'llibb ii-.:i 

tl1V1'1!n'Y'l'el�bbi]nr11h!?1 bb'll�lli':J-J1rutl1(?]1'll:r'J:J-J 1�eJ'lln1:i''Vl'91'll'el-.:Jbb�'91-:JC?\-:Jb'W:i'tJ� 19-23 Y'l'Li�1� 

iJ I !11 'i-' i,, I I I I 

qJ 

·'W1V1'1!rn']'llibb�-:J b�'el�t.l�'91n1n�t.1-:i b�'elb'W'n'J 'Lm� 24 (:rtJ� 20) Y'l'LJ�1�'5(?]n n1:r1�mn1f\
q qJ 

' ,., 

��(91 b'91t.1ntl1V1'Wnb']'llibb'l�-:Jb'Vl1fl'LJ 0.1 nf:J-J[?]'e)�(?]J' 
q 

m:r1�mmf\� 2 vvm �'Jt.l�'el(?]J'1n1:i'b�'el1n1Plb'Vl1fl'Li 3 vvm �1:J-J1nleJ�(?]Y'l'fl�bbi]nA1h'911� 

il'elt.1��'91 bri'el�r.i1:rru1i1:J-Jnun1rn� (?]n1J'e-l� (?]Y'l'el�bbi]n A1 h!?1bri'eli'W�'91mnf t.1-:i b('el 1 'Wir;i t:J-J-:i� 
q q 

24 (ztl� 22) Y'l'l.J�1 'E)(?]J'1n1:i'b�'el1n1flb'Vl1fl'l.J 1 vvm tJ-:J�1:J-J1nleJ�[?]Y'l'el�bbi]nA1
L
J''911��,:j�(9) 

bvi1nu 9.272 nf:J-Jf?1'el�(?]J' �'J'W'fl(?]J'1n1:i'b�'el1n1fl� 3 vvm eJ�[?]l�il'elt.1��'91 bvi1nu 6.435 nf:J-J 
q 
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I i,, I I I 

dlfl�91J'nJ1uh-11ruu1f?l1�J'':UJ L'W"D'Jla-1-:!Vl 0- 12 "D'Jla-1-:J "JJ'el-:J'Vln'elf?lJ'1n1J'L�'El1n1Pl 
q 

t, I I I 

'Y'l'lJ�1iln1rn '91�-:J"JJ'El-:J'W1f?l1�'EltJ1-:1J''J '91L;'l �-:i�'Elf?lA�'El-:inunJ'1'VJ1 'WJ'UVJ 19 �-:iilmnr.i1ru LL'lJ'lJ 
'lJ ., 

., ' 

'Vl� f!)nJL'WJ'::::tJ:::; log phase LL�f?l-:J�1iln1J'L6D'W1f?l1�Lvl'Elmnr.i1')JLL'lJ'lJ'Vl� '!) ru LL�::::V1i-:ir.i1nn1J' 

Ltoi1')J L �1�-rl'J-:1 stationary phase ma-11 rutl1 f?l1���'Eltj01'El'W�1-:JA-:J� !?l-:lbb� f?l-:11 'Wl'U� 23 

I t, I I 

Li'.J'Elu1tl1V1tl'm6ll�tfa�-:i LL��e.J�e.J�f?l'Y'l'El�wnnA1 lJ''91L'Wi'l t�-:iv1 24 61l'El-:Jbblil�::::'5f?lJ'1n1J'L � 

'El1n1Pl �1blli't.l'lJbVlt.l'lJf1'W :hiinu0119�'W'Y'l�Pl1�f?lfl'WmJ'1-:J� 6 'Y'l'lJ�1'Elf?lJ'1n1J'LTI'el1n1Pl� 1 

vvm �1�1rne.J�f?l'Y'l'El�LL"DnA1lJ''911Ji�-:i�'91 bb�::::LU'WJ71'l::::�b'Vl�1::::�ii�1V1fon1J'e.J�f?l'Y'l'el�LL"DnA1 
'lJ q 
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'e)(?l'.i'1n1:1'1ih:nn1P1J111:.11un�tnrn� 1 2 bb�� 3 vvm �')l:.]'e)(?l'.i'1b;'ln1:l'n'"J'Wb�'el1n1Pl"ll'eMbU�(?) 

whnu 200 :l''elU(?]'el'W1Vl bd'eli'W�(?)n1:l'b,mbf'el� 24 i'lb:I.J� 

i'.ln1rn1.Jnr'W'e)(?l:1'1n1:l'b�'el1n1P1Jl1t.lb'Wn�vt�n� 1 2 bb�:; 3 vvm �')l:.]'e){?l:1'1b;'ln1:l'n'l'Wbi1mn1P1 

"1l'el�bU�(?)b'Vl117U 200 :l''elU(?]'el'W1Vl bU'Wb'l�1 24 i'JL:I.J� 
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i'l.!'Yi 22 blli't.1rnV1t.1'Un1rn�l?l'V'l'el�bbi]nfl1 h(?l"ll'el-m'Liflbh1�1t.1�'Wfi UV1-9 bi'.l'elb�t.1-:lb�'el 1-wn11::V1 
.. q 

I iJ ii ii I I 

"Jl'el�b'U�!Plb'Vl1ll'U 200 '.f'e)'LJ{?l'el'W1Vl bi'.l'el�'W�!Pln1'.i'b�t.l�b�'e!Vl 24 'n':Jbil� 
q 

i'l.!'¥1 23 blli't.1rnV1t.1'Un1f 11Jh11m�"ll'el� bb'Ufl�t.1�1t.l�'Wfi UV1 -9 t::Vl'J1� t:-J� l?l'V'l'el�bbi]nfl1 L:i'(?lb�'el 
"' q 

'i,, i,- I I 

b�t.l�b�'el1'WJl1':J::V1nn1rnunh,vtl?lnn1t1�mn1f\Jl1t.lb'WCl�Vll!nVJ 1 2 bb�:; 3 vvm �':Jt.l'ell?l'.i'1Lh 

n1'.rn':J'W1�'el1n1f\"Jl'el�1'U�!Plb'Vl1ll'U 200 '.j''e)'LJ(?l'el'W1Vl bD'Wb':l�1 24 i'1tii� 
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ii ii I I I 

'el'eln; Lr.:iu1 u'el1vi1n�c.1� b�'el ;�1umu1 -w5�viar n�1viibvi1 un1t�vl'el�'el1 n1 fllvi �1m �1 hJr.:i1 n nu

5�viaYn1{1Luuvl'el�"ll'IJ1Wlb�nbb�:::bb[?lnm:::r.:i1c.11,Ju��'J'IJf?11�1"ll'el�'el1V11ni'mbi'el 'IJ'elnr.:i1ntl' mt 

n'J'IJU��11-ti,,�'W'Vl 1-ubb� :::�1J''el1Vl1t�1 Jn1� [?In [?l::;n'e)'IJ bn Win1J'i:.J�:W bb� :::l:w �� ll'IJ'eltl1���1 b�:l-J'e) 
ii ii I i-' ii 

r.:i1n n1n�c.1� bburivi �c.1�1c.1iZuf uv1 -9 'l:W1c.11iiiir;i b�'elb1:w�um:w1 [?It 1 o % 1umvi1n�c.1� b�'el 

bVl�'Jtffuur��[?IJ' bWlt.1�:wq� ".qn.!VlbJ'9'Wq'Vli (2551) bWit.1Ufof"11rl'J1:l-JbU'WnJ'Wl�1� G-:w�'WbU'IJ 7. 0 
I t, t, I 

D:Wvi'Qn.!VIJJ� 30 'el�fl!1b6ll�b:Dt.l� l'IJ'1�Vlarn"ll'IJ1WI 5 �[?IJ' l'IJfl1'J:::n1:i'b�t.l�b�'elvinn1t�n�1bbVI�� 

"ll'el�r11fu'eluf?i'el L'IJb[?l:i'b9'W�bV1:W1:::�:w �'el Htl1 [?11�6llbrit�bumm�� r11fo'el'W bb�:::H�1t� nW1r.:i1n 
qJ 

., ., 

'e)[?IJ'1b1'J1'1Jn1J'n'J'Wl-ti'el1n1fll"ll'el�biJiZWlbU'W 200 400 bb�:::600 [?11:l-J�1C?lU bf1U�'J'eltl1�'W1b�t.l� 
., ' ' 

b�'el'Vln 3 -nr;i'l::w� bU'Wb'J�1 24 -nr;i'l:m �W1[?11:1-Jn1nr.:i1rubb�:::n1rn�[?l'Y'l'el�bb6]nr11hl?l bW1t.1n1t 
q � 

., ., ., 

� bAt1:::'lftl1V1,Xm6ll�ifo '4� tl1vi,Xn'Y'l'el� bb6] n "11 LJ'(?l bb�:::m:w1 rutl1 [?11� J''J:W Hfrrn n1 J''Vl Wl�'e)� 

bb�Wi�cK�1uzu� 24-28 'Y'IU�1'e)[?IJ'1b;'J1'Wn1J'n'J'Wb{,'el1n1fll"ll'el�1uiZW1b'Vl1llU 200 rpm �mnr.:i1'1) 
,, ' ' 

'll'el�b�'e)���WI b'W'llru:::viim1b;'J1un1:rmm'Vl1nu 400 bb�:::600 'Y'IUn1:rb91ruvi1n�bAt.l�ll'IJ (tu 
'll q CV 'll 

� 24) ���'elWIA�'el� nun1te.J� [?l'Y'l'e:J� bb6] n r11 LJ'l?l cK�:rtl� 26 bW1t.1'Y'lu�1 n1:re.J�[?l'Y'l'el�bb -nn r11hl?l�
qJ 

b�:w�-:ifuwi�r.:i1n 24 ir;i'l::w-:i �r;iu�i[?lnb;'Jb'Wn1:i'n'J'IJ1uiWlb'Vl1lliJ 400bb�::: 600 rpm �mt 

e.J�(?l'Y'l'el�bbinr11hl?l�1n�bAm nu-�b[?]�'e)[?IJ'1b1'J 1um:rmu1uiWlb'Vl1 nu 400 rpm �1:W1J''1 e.J�(9] 
I I i,/ j., i-' I I 

'Y'l'el�uin r11 LJ'WIL�t1 n�1 b�'el-wr.:i1tru1 mm� (9]'Y'l'el�bb6nnmhl?lb�'el�'IJ� W1n1n�m b�'el 1 u-nr;i 'l::w-:ivi 
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LiJ'el�r.i1J'ru1tlhnrutl1f?l1�n:w 'YiU�1 1u-rl'N 0-6 "n'J t:w..:i "JJ'el..:i'Yln11f?IJ'1b1<Jn1rn<Ju1u�1?1 
'ii I I I 'ii 

ijn1rn1?1�..:i"JJ'eN'W1f?l1�"llbAJ'�'eltl1..:iJ''J(?)b1'J �..:i�'ell?IA�'el..:inunn�1unJVJ 24 �..:iijn1nr.i1ru"JJ'el..:ib�'el 
� � � 

,, 

bbUU'Yl�':)ru1uf:;t.1:; log phase bb�:;V1i..:ir.i1m�'elbr.i1ryL;h�-rl'J..:i stationary phase bb�'J ill-:w1ru 
,, I I 

u1f?l1�r.i:;A'elU�1..:iA..:iVJ !K..:ibb�1?1..:i1unJVJ 28 
� 

I !,, I I 

biJ'el'W1'W1'Vl'Wnb"ll�ibb'ii..:i bb�:;f.J�f.J�f?l'Yi'e:l�bb'TinA1 LJ'(?)btJ'n'J b:W..:iVJ 24 "JJ'el..:ibbi;J�:;'e1f?IJ'1n1J' 1-ii 

mn1P1 :W1blli't.l'LJbVJHlJflU i'J:WflUA19�U'Yi�Pl1�f?lftUf?l1J'1..:J� 7 'YiU�111f?IJ'1n1J'n'JU1ii'el1n1Pl

6ll'el..:i 1u�l?lb'Vl1 nu 200rpm �1:W1J'bl f.J� f?l'Yi'el� bb6] nm lJ'(?)1��..:i� (?I bb� :;dJUfl1'J :;� b'Vl:1-J1:;�:w �1'Vlfu
� . 

,, 

L'Vi1riu 200 �1V1fon1J''Yl1?1�'el..:i1uiui;l'el\tl 

T 

I 
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1.5 
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(;;: 

qcg;; 
@:J 

-(;;: 

�� 
s 

o\� 
I,� cg;; 

cg;; 0.5 
� 
�� 
:;s: 

>•;cs 

0 

200rpm 400rpm 600 rpm 

I I ii ii I 

ta'llvi 25 1.tfhm1.V1t1un1nr.i"hw11'el�l,l,Ufol�t1�1t1'l'Zu€ UV1-9 l,�'ell.�ml.�'el1tJJl1'J��nn1:m1h�u 
... � q 

I I ii ii ii I 

il?l111,;11umu� 200 400 LL�� 600 rpm L�'el�tJ�(?)n1J'b�m l.�'elL'LitJL'J�1 24 i1t:w� 

.J.. 
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6 

200rpm 400 rpm 600 rpm 

'a'LI'V1 27 blli't1rn�t1un1rn� (?l'l"Vil�bb"DnA1 hi61J'el-:JbbUA�m'l1t1�'Wfi UV1-9 bd'elbit1-:i bi'el 1 un1r;i:;� 
� q 

l I i,, i,, iJ I I 

�n1nbiJnh.1'5(?lt1b1r;i1umu� 2.00 400 bb�:; Goo rpm b�'el�'W��mn�mb�'el� 24 -nr;i'i:m 
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L�tl�LLUfolVJ�tl E. cloacae �1!:.l�'Wfi UV1-9 b!?1t1Htrr.JL�'flbhJ�'Wlli':W1f?l:i' 1 o % 1mi� 

Vl�n6JJ'W1/?l s �f?lt �i'.J'el1V11ni1:.1�Lf'flrnl:'lr.Jtlfrn.h��f?lt�LV1:w1:;�:wf?l1:w;'fl 1.4.2 u:rtr.i'flti H
q 41 q 41 

., ,, ' 
L6ll\:'lL�tl� fo)'J'l.Jfol:WA1fol':l1:l-JL'LI'Wn:i'/?1(?11�L'Vl1fl'l.J 7 Lnuir:i'flti1�'el1Vl1:i'L�tl�L�'el'VJn 3 6Jl'Jb:W� LU'W 

q q 

I 1 ii ii ii 

L':ll:'l1 36 ir.J t:w� L�'fl� Lfol:r1:;tf ihm!m6lll:'lifoi,� tl1V1t!n�'fl� LL� nf-11 hr;fLLl:'l :;ili:w1 rutl1 f?l1\:'ltr:i:w 
I ii I I I 

1�e-il:'lmrn /?11:'l'el�(?l�LL�/?1�1 u:rtlvl 29 �u�1L�'eli'.Jn1nr.i1ruLL'l.JU'Vl'1f-1ruV1i�r.i1ni'r:i t:w�vi 3 LLl:'l:;�:w 
'lJ � 'lJ 

I ii ii I I 

L;1�n1r.J:;fol�VJV1i�r.i1m�t1�L�'elLU'WL'.ll:'l1 18 6Jl'.l t:w� ;��'fl/?lfol�'el�riumrn� l?l�'flfoL�n f-11 hr;f b/?ltl 

ir:i b:W�� 30 Ln'el'W910J1 A19\:'l'W�\:'l "'11� l?lf6JJ'el� n1J't-J� l?l'l•'i'el�LL�n f-111:rr;)LL�':l Yi'l.J�1i'.l'elf?l:i'1 n1:r 

L91'1,J91L'l-'l1:;6JJ'el�',�'W'Vl1tJ(specific growth rate; µ)L'Vl1fl'l.J 0.1605 h·1, 'elf?lt1n1:rHirnHl?lt'Vl 

91L'l-'l1:; (specific consumption rate; y) L'Vl1fliJ 1.9214 g-sugar/g-CDW/h, 'elf?l:i'1n1:i't-J�f?l 

91L'l-'l1:; (specific production rate; p)Lvi1riu 0.5896 g-EPS/g-CDW/h,lli':W10J6JJ'el�L6lll:'li�1� 

l?l'elVl'W':lt1iU�Lf?l:i''Vl�QnH1tl (Y x1s) L'Vl1fliJ 0.0453 g-CDW/g-sugar, lli':W10Jt-J\:'lt-J�f?l�l�l?l'el 

Vl'W':lt1irn:Hf?lt'Vl�QnH1tl (Yp1s) L'Vl1fliJ 0.3060 g-EPS/g-sugar LLl:'l:;folr:i1:w�1:w1ni1un1rn�f?l 

(productivity) Lvi1riu 0.3305 g-EPS/1/h 1uir.J 'L:w�� 30 
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-au� 29 n1nr.i1ru6JJ'el-m1JAVJ�t.1�1t.1.;u€ uv1-91u5..:iV1l-Jn6JltJ1(?) s �(fl:i' bb1Jrnb1J(fl"llbtJJ111�n1:i' 
qJ � q 

,, ,, ' 

b�t.1..:i b;'elVJ A'J1J A:!..! '"11 A11mtltJm(?) 1?11..:i b 'V!1 nu 7 'el ru'Vlni'J 3 o 'el..:J M1 b ,� b-llt.1� A'JUA:!..!'5 (fl:i'1 n1:i' 1 � 
q q 4.1 q 

,, ' ' 

1.4.1 'Vl (?) �'el1JV11-ni'J(?)6JJ'el..:JU1 (fl1� 'i::i . ..Jb� n� b�tl'JVJ bUtJ'el..:J �1h�n'el1J6JJ'el..:JY'l'el� 
q 

Sugar SZ5532 

(acetonitrile) 80% b(?)tJlli:!..!1(f!J' bUtJ�1rn��1tl(?l'J'\Al1 (mobile phase) bb��H'51?lnn1:i'l'VI� 1.0 

il���(fl:i'l?l'eltJ1Vl 1h�:1..J'J�t:.J�b(?)t.1 Evaporative Light Scattering detectors ('J:1..J�tJ m,;W-JtJ1 

tJ'W'Vl, 2549) 1�t:.J�n1J''Vl(?)�'e)..:J(?)..:Jbb�(?)..:Jb'W(fl1J'1..:J� 8 bb��J'U� 30
'U 
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a 'llll'7l"ll'el..:itl1�1� 'i:iib� n� b�U'JVlbU'W'el..:i r11h�n'elU"ll'el..:i'Y'l'el�bb;nr,;i1 hf?lvie.J��r.i1n 
.:::::,1 .::::I CV (j 

bbUA'VlbjU�1U'Y'l'Wfi UV1-9 

j�(?)U"ll'l'7lb"llti1 

j�irni..:ivi� n 

,_ > .. .........,_ _ _  _ 

n1bb�Ab'VI� n�'i:A� bb��1"l1'i:�� 

n1bb�Ab'VI� n�'i:A� bb��1"l1'i:�� 

I ii I I 

�,Jvi 3 o bAjiJ1 'i: vmmii bb� '71..:i'lltl'7l'W1 m� 'i:m�n� b�mn1uwi..:i n1jtl'elti'Y'l'el� bb;n A1 hf?lvi e.J� � 
� q 



�=-===-A"---------=-=----___ (n) 

n) �11�:�1E�1�1�1utf1�1�11t��
as 

�) �11�:�1E�1�1�1utf1�1�n�tA�
as '" 

A) �11�:�1E�1�1�1utl1�1�n1u�nt��
as 
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,hrit1�bbi]n'"11L:i'��e.J�fnL�uh11ru 20-25 n��ntiu-11':jb'°1J'1���:I-JiJ�i'n:im1:w�t1'W�'Jt.l 

bi'l'"lil'"l TGA �'Jm'"1111-:i Simultaneous Thermal Analyzer (STA) .fl1'J�1'Wn1J'i'l{?)�t1iJ�:l-l"'l1n 
Qi, .c::S ,::::,j ·  CV Q i,, ,:::,j I .=l o  

�D.l,.-,JJ:1-l 30 '1,:J 600 t1,:J'"11b"ll�b"llt.l� t1fnJ'1n1J'b'Yl:I-J'"l'J1:I-JJ't1'W 10 t1,:J'"11b"ll�b"llt.l�fnt1'W1i'l i'l1n1J' 

i'l{?)�t1u.n1t.11�iJJ'J't.l1n1'"1"11t1-:ibbfl�L'WbfnJ'b"'l'W (Kumar bb��'"lru�. 2004) 1�e.i�n1J'i'l{?)�t1-:ii-:i1,1,�(?),:i 

1u�nn-:i� 9 nl� 32 1,1,��J'tl� 33 
" " 

0 � 

'o!1 'W 1 'W "11 '1..1 IWel 'W 

n<a:t:'IJ1'1..1 n1<a�'cl1tt 

1 

2 

3 

4 

2 

3 

4 

30-150

170-250

260-490

560-730

30-150

180-210

250-690

750-880
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1 •l4,tC!:I ··•98.f>'½ 

100.[) 

'111.?f .. el 

200.0 

.,. -.,, 2�(l.'1Cd 
'. s;;o;�;, 

3DG.f) �uo.o 

rl'mpCCi 

1:>57./V!l 
· 5Z.0% 

UJO.O /00 0 900.() 
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rno.o 

'so.o 

:;/ 

l ;0.(1 � 

. ' ., 

'.l''LI°Vi 3 2 tA:nn t 'VlblnJ'3.Jbb1M1� A'J1iJiiJ�'\..lfi:i'�V1�1�'elruV1ni1V1�-c:i1t1!?1'J 1,1,-c:i�n1:i'� ru 1,�m.l1vitl'n 
(lJ q 4J 4J CV 

., 
"" ,v 

l-J"lJ'\..l{?l'el'\..l
., ., ' 

n:i'�U'J'\..ln1:i'�-c:i1t1 4 "nlJ{?l'fl'\..l bl?ltl"n'\..l{?l'el'\..lVJ 1 'V'l1J�1-rlr;i��ruV1JJi11.h�iJ1ru 30-150 'el� f\1 b6ll-c:i b".lltl� 
ii I 2,, 1' I 

iln1:i'-c:i1?1-c:i�"ll'el�tl1vitl'n 10.90% bU'el�r.nnn1:i'�ru1.�t1m1iJ;uvi1'fl tm-c:in-c:itl1V1il1u 'V'l'el�1,1,�nA1 
qJ � q 

1' I I I 

h1?1 1,1,-c:i�-n'\..l(,]'fl'\..lVJ 2 i3'iJiln1:i'�-c:i1t1!?1'J"ll'el�'V'l'el�bb�nmh1?1VJ'elruV1nil 170 'el�f!11.6ll-c:i1.".nt1�r.:iu�� 
q qJ 

250 'el� f\11.6ll-c:ib".nt1�1,1,-c:i�tl1vitl'n"11'el�'V'l'el�bb�nA1 h1?1-c:i 1?1-c:l�'elt11�:i''J1?1b1'J 1u6Jh�'elruvinil 230 'el� f\1 
q qJ 

., ' ., 

1, 6ll-c:i b".lltl� bl?ltl n1J'�-c:i1t1 !?1'J"ll'el�'V'l'el� 1,1, � n A1 h1?11 '\..l"n'\..l(?l'el'\..lVJ 2 il 1.1.l'elfb 6ll'\..lf?l n1:i'� ru 1.�t1tl1vitl'n"ll'el� 
qJ � 

., ' 

h1?11u6Jh� 260 - 490 'el�fl11.6ll-c:ib".nt1� b1?1t1n1J'�-c:i1t1!?1'J"ll'el�'V'l'el�b1.�nA1h1?11uiu(?l'el'\..lVJ 3 il 
.,

bU'elf b6ll'\..lf?l n1J'� rub� t!U1Vl'Wn"ll'el�'V'l'el� bb 6n n '"11 hl?lb 'Yl1 nu 29. 70% bb'tl �n:i'�1J'J'\..ln1 :i'�'tl1tl 1 '\..l 
qJ � 

., ' ., 

"ll'el�'V'l'el� bb� n A1 h1?11 '\..l'D'\..li?l'el'\..lo/1 4 il bU'elf b6llhlf?l n1J'� ru L�tl1.J1Vl'Wn"ll'el�'V'l'el� LL"D n '"11 LJ'l?lL 'Yl1 nu
qJ � 

8.3% 



30fu1 ·· 

250.0. 

}GH.f,1 

49.!Cel "'··.'?7.9% 

\ 199% 

160.4Cei 
l';!

t
�% 

'� 3.1% 

68 

IO!l.Q 

90.0 

80.U 

s 

1:>n.o f� 

-�-{(}.JC.el 
?•_t.!¥., 

70.0 .� 

tQt).{J 

lOO.O 200.0 sco.o 
le-nm((>) 

600.0 iOO.O 

60.0 

50.0 

40.0 
7'J2.8Cel 

soo.o 90J.O 

• I ,., 

itl'Vi 33 bA�:1-11 t Ymmmb� C?M Ar;i1mf mf'Wfi��·wh-:i'elru'Vln�vi�'Cl1ti ir;i bb'Cl�n1�� ru b�m11V1-wn 
� q � � � 

,., ,., I 

,., 

"" ., 

3-l'll'Wi?l'el'W 

n��U'1'Wn1��'Cl1ti 4 "n'Wi?l'el'Wb6Jl'Wn'W b(?)tJ"n'Wi?l'el'Wvi 1 'V'IU�1-rlr;i-:i'elruV1n�u��:w1ru 30-150 'el-:J ra11 
q 4J 

cl .:::,J o'il 0/ .J � J � o'v d.:::-J 
b"l!'Clb"l!ti�:i..im�'tl (?)'Cl-:J'll'el-:J'W1Vl'Wn 19.90% b'W'el-:Jr.i1nn1�� rub�ti A'11:W6Jl'WVl�'el b:Wb'Cl n'tl'W1'Vl:W1 'W 'V'l'el 

4J � q 

�W]nA1h� bb'Cl�i'Wl?l'el'W� 2 �:wnn1��'Cl1tl(?l'J'l)'e)-:}'\l'l'e)�bb6]nA1h��'e)ru'VIJl� 180 'el-:Jfill1 
,., 

q 4J 

b"l!'Cll�iJ�r.i-w�-:i 21 o 'el-:JM1 b"l!'Cl b;ti�bb'Cl�'W1Vl'Wn'll'el-:J'V'l'el�WnnA1h(?)'Cl(?)'Cl-:J'elt.!1-:i�r;i(?)b;r;i1-w-rlr;i-:i 

'el!:WVIJl� 190 'e)-:Jfill1b"l!'Clb;tl�b(?)tJn1��'Cl1tJ[?l'J'll'e)-:J'\l'l'e)�bb'nnA1h(?)1'Wi'Wl?l'el'W� 2 nb'LI'elh'n'Wl9ln1� 
q 4J 

,., ,., I 

�ru b�tl'W1Vl'Wn'll'el-:J'\l'l'e)�bb'DnA1 h�b'\ll11lU 3.10% m�U'J'Wn1��'Cl1tlb'W"n'Wi?l'el'Wvi 3 nn1��'Cl1tl [?l'J 
"' � 

,., I ,., 

'n'Wi?l'el'Wvi 3 nbu'elfb"l!'Wl?ln1��rub�tl'W1Vl'Wn'll'el-:J'\l'l'e)�bb'DnA1h(?)b'\1111lU 41.0% bb'Cl�m�U'J'Wn1� 
,., I 

"' � 

�'Cl1tlb 'W"n'Wi?l'el'Wvi 4 n n1��'Cl1tl [?l'J'l)'e)-:J'\l'l'e)�bb'] nm h;t 'W6Jl'1-:J 750-880 'e)-:j ral1b"J!'Cl b;tl� b(?)tJ n1� 
,., I ,., 

�'Cl1tl [?l'J'll'el-:J'\l'l'e)� bb']n A1h(?)1'W'n'Wl?l'el'Wvi 4 n bU'elfb"l!'Wl?ln1�� ru b�tl'W1Vl'Wn'll'el-:J'\l'l'e)�bb'] n '°11 h(?) 
4J � 

b'\1111lU 1.0%
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'W1'V'l'fl�bb6]nA1hf?lvir.J��1�irrn�inti1-wu1ni-w1{ii'.Jm1:wb;:w;-w 0.5% b(?ltJ'W1vl'\Jn!?1'fl 
V I 

m:w1i,w 91nu-wVilnt�(?l1'}j-m''fl-:J (filter paper) '°i:w'Cl-:i1-w�1t'Cl�'Cl1mu'WL'J'Cl1 1 i,;i'i::w-:i1'(?1 
I I I I I I 

,=l c!I ,=l� 2, 'i' .?'I • I � c; � 
,=l c!I ,=l� 2, I t:::tl :::VI 1-:J "ll'fl-:J b vl 'Cl 'J ' YlbA'Cl 'fl'WVI b(?l b(?l mb� (?}-:) b u'Wbu'fl J'b 6Jl '\J(?] t:::tl :::VI 1-:J "ll'fl-:J bvl 'Cl 'J VI bA 'Cl 'fl kl VI b(?l (?]'fl 

t, I I I 

t:::ti:::Vl1-:J"ll'fl-:J'W1vi bA�'fluvi1�vi1'fl bU'flf b 6]1,J[?]'e)(?]J'1 n1J'� n (?l"lJ'fl-:J b vl'Cl'J'fl'fl n91 n'V'l'fl� bb 6] n A1 hf?l (% 

syneresis) (Tako bb'Cl:::Aru:::, 1982) 1�r.J'Cln1J'Vl(?l'Cl'fl-:Jf?1-:Jbb�(?l-:J11J(?]1J'1-:J� 1 0 

(?]1j1.:J°Y1 10 bU'flf b 6]1.J[?]'e) (?]J'1 n1 J'� 11 (?l"lJ'fl-:J bvl'Cl'J'fl'fl n91 n�1 rn �'Cl1tl'V'l'fl�hb 6] n fl1 h'9f A'J1 :I-lb ;;w;u 

0.5 bU'flfb6]1J[?] �r.J�(?]91nbbiJAviCfo�1tl�\Jfi UV1-9 

� c::z '1 if 

�'el'cl bb'lln A1 bjl?l 

uv1 -9 (1 ut:::iiJ"ll'J (?lb"l!U1) 

UV1-9 (1ut:::irn1-:iviaJ'n) 

bb6ll\JbbVI\J 

n,;in:w 

fl1J'19bb\J\J 

q 

28.17 

25.60 

5.82 

30 

49.2 

bb'Cl� 25. 60 % (?]1:W�1 iil bb�(?l-:J'J1'V'l'fl� bb6] nA1h'9f i-:i nih,;ii'.J A11:w�1:w1rn 1 un1til:wu1�-:i ntJ1 
q '!l 

i?l'J'flU1-:J'V'l'fl� bb 6] n A1hf?l�kl1 L�bbfl 11':J n:w bb'Cl :::fl1J'1� bb\J\J vf-:irl'bri'fl bUforn vltiiJ niJ A'J1:W�1:W1nl 
V V 

1 un1 t1el:W'W1"ll'fl-:J bb 6Jl\Jbb VIU'V'liJ'J1 bb 6Jl\JbbV11Ji'.J A11:w�1:w1rn 1 un 1til:wu11��-:i ntJ1'V'l'fl� u 6] n A1hf?l 
q q '!l 
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1.4.4 n1:i''Vl'9l�tl'Ll'"1':l1:J.J�1:J.J1:i'CIL'Wn1:i'IN::;mt.1 (solubility test) 

ii 9.1 I I 9.1 

'W1'Vl'Wn !?ltllli':J.J1 I?! :i' r.i 1 ntl'u��:J.J Hh; 1 nu�'.lm1-1;tJ-:i ��:J.J �1 :i' (vortex) VltJ rutrnil-li1l-:ir.i1 ntl'u 
q " 

i-:11.n l?ln1:i'1N::;1N1t.1"11'el-:JY-l'el�1.1.6:0n1-n hf?) L"1mlli't.1rnVJt.11Jfl1JWll'Wl.l.'Vl'Wfl:J.J (Collins 1.1.1N::;Aru::;, 1973) 
' � 

�INn1:i''Vl"11NtJ-:Ji-:i1.1.�(?)-:JL'W1?11t1-:iVJ 11 Y-l'Ll�1Y-l'el�l.l.6:0nA11t{?)r.i1rn1.uAVJ ijt.1�1t.1�'Wfi uv1 -9 i-:ir.i1n 

� ..::I a,, tr 1.l.'Llfl'Vll.:i't.1�1t.lY-l'Wfi UV1 -9 
q 

UV1-9 (1 ut::;i1J"11'.l '911.°lltl1) 

bb"ll'Wbl.'Vl'W 

1 .4 .5 n1:i''Vl'9l�tl'Llfl'.l1:J.J�1:J.J1:i'Cl 1un1nuurei:w1N�ll"l l.'el'elf (Emulsifier) °lltJ-:!Y-l'el� 

'W1Y-l'el� 1.1.6:0 n fl1  LJ'(?l� �� l?ll�:J.J1'J '91 A1 fl'.l1:J.J�1:J.J1 ni n1 :i'LU'W�:WIN�1 'v'l l.'el'elf (Emulsifier) 

L"1 t1 u� '91-:J 1.um 1h1f 1. 6:0 '\J{?]°1JtJ-:J t::;v11J A'.l 1 :J.J �-:J°lltJ-:i n 1 rnt.1 niu!?ltJt::; v11J A'.l1 :J.J �-:i-vf-:iv1:J.J '91 (% 
" " 

Emulsifing activity) (Y)1:J.J�fi�(?)'911.1.1.J1N-:i:J.J1r.i1n Yun I.I.IN::; Park (2003) l"1tlblli't.1rnY1t.11Jnrn1.6ll'W 
� ' 

1.1. 'VliJn:J.J I.I.IN::;"]! '91 A'.l'Ll A:J.J1 -iitl1 nim1. 'VliJ�1:i'IN ::;1N1 t.lY-ltJ� 1.1.6:0 n A1 ht?1l� �IN mt'Vl (?)IN'el-:J i-:i 1.1.� (?1-:J 1 u 
q q 

' ' 
"" 

• I "' (Y)1n-:i'Vl 1 2 1.1.1N::;tu'Vl 34 
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V V 

�ui UV1-9 A'l1ilb�il�'W 0.1 % t�t1tl1V1'Wn(?]re:iilii111?1t ��iin'LJtl1aTuvl1 1uil?lt1�'l'W 1: 1 

A'J13J�13J1'a� i. 'W n1n1h.1ihr�:n1 cvh'el'eli (%) 

�'elibb�nA1b'al?l 0 ..,. ., 0 ..,. r::z 0 ..,. cl, "" 0 ..,. 
'W13J'W3J::;�'a1'J 'W13J'Wb3J�IPI 'W13J'W �'Jb 'Vl�'el-3 'W13J'W3J::;n'eln

IPl'eln'Vl1'l.!IPl::;'J'W 

UV1-9 46 42 40 44 

(1 'Wt�(?)'LJ')J')�b'llth) 

UV1-9 48.6 44 44 44.6 

(L 'Wt�(?)'LJ t1-:JVla1' n) 

bb'll'Wbb'Vl'W 42 38.6 40.6 40.6 
V 

u1n�u 0 0 0 0 

f.C 

C 

ruv1 34 A'J1il�1iJ1nl1'Wmnuu�ar�;t,vhre:ire:if'lJre:i-:J�tel�bb'inA1h"1���(?]"'11nbb'LJAVJLfo�1t.J�'Wf 

UV1-9 nrn11a1'urci1nvl1-n\1�(?11-:J1 
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91 n t-J� mt'Vl ��'el--:J Lrl'fl blli't.lU b vit.1u r1r;i1 :w �1:w1rn 1 umtbth.J���-n1 vJ b'fl'flf'll'fl--:J'l"l'fl� 

bb6] n r11 LJ°'!?l91 mLu rivi Cfo�1t.1�u.i uv1 -9 1 ut::;iu'll'J � b "1Jti1 Lw::;t::;rKu5--:iV!� n 'l"lU�1'1"ltl� Lb :n n r11 
., ., 

LJ°'!?l91 nl'l--:J l 'l,lf::;(?}lJ'lJ'J � b '1Jti1 bb� ::;f::;(?}U tl--:JVI� ni'J rl'J1 :l-J�1:l-J1nl l Un1J'LU'l,\���6]L vJ b'fl'flfl U'W1�'\,l 
., ' ., 

:w::;'\"l\1r;i tl1�Utl'Jb'V!�'fl--:i LL�::;tl1�u:w::;n'eln �--:in�1LL6i!ULL'VlU t�t.1ilm1:w�1:w1n11un1ntlu���-n 
., ., 

1vlL'el'flflU'W1�'\,l:l-J::;'\"l\1r;i�._:i�� A'el 55% LL�::;ihV1rututl1�m:w���'eln'Vl1'l,ll91::;'J'l,l '\"llJ�1'\"l'el� 
'll q 

., ., '

LL-inr11h1?1i--:J�1:l-J"ll'W�iJri'J1:l-J�1:W1nllUn1nuu���-n1vlL'fl'flflU'W1�'\,lb:l-J���'eln'Vl1'\,ll9J::;'J'l,\vi 

ln�L�t.1--:JnU 

1 .4. 6 n1J'�n111 rl'J1:l-J�1:l-J1nl l Un1J'LUU;s��6nl t"J b'fl'flf'll'fl--:J'\"l'el�LL6n n rl1 LJ'!?lnlJ 

tl1�mL�::;�1ttlt::;n'fl1Jle'.IL�tr11fo'flU1?11--:i7 (Cooper LL�::;Goldenberg, 1987) 

' ., ., 
'W1'1"l'fl� Lb -1 n r11 LJ°'!?lvi t-J� l91L�:w1 � ::;�1t.1tl 11 �il ri'J 1m ;:w;ubtlu 0.5% t�t.1-wTwwn i?ltl 

., ., ' 
m:1-.11 l9lt Lb�'Jtl1:w1 t-J� :w �utl1�Ubb� ::;�1 J'tl J'::;n'flu1e1tmr11 fo'elul?i1--:i7 1�LLri tl1�m!l�'el�U 

1' 11 ii I ii · 

tl1�uth6i!�tl1�u�u tl1�Utl'Jb'V!�'fl--:i tl1�utl1�:w LUU6Jfu Le1m6i!u bb�::;t'Vl��u 1u'5l9ln�r;iu 1 :1 
ii ii ii I 

'll 

mt--:i91ntl'utl11tl1?1--:ivi--:i1� 24 ir;i L:l-.1'1 bb�'J'J �fl1m1:w�1:w1t1J mntlu;s���1 vlL'fl'flf91 nJ'::;rKu 
., ., 

m1:w�'1'1l'fl'1"nU����1 vJ b'el'elfo� ::;r'\1ur;i ruV11 '"11 rK1'111'1; r1r;i1:w�1:w1rn 1 umntlu;s���1 vJ L 'fl'fl f 
'll 

� ... -=. 

l-:-.:-..1.-:,=-·� 

>:.. t��'k -:;�:h 

,e 

-a'llr1 35 r1r;i1:w�1:w1rn1umtLtlu;s���1vlL'fl'flf'll'fl'1'1"l'fl�bb6]nr11h1?1�t-J��91nLL1Jrivi�t.1�1t.1�u.i 
"' q 

UV1-9 nutl1�U91n'Yhbb�::;�1J'tlt::;n'el1Jle1L�J'rl1flJ'fl'l,li?l1'11 
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f�1?1u5-:iV1Jf nilm1ii bU'W�Jf �-n1 'VJ b'fl'flfl 'Wtl1�'W"lllll?I t?h-:i7 1�� WJ1Yl'fl� bb "n n r11 h�r.i1 m�1?1U'll'l l?I 

b'llu1 Ll?lt1ilrir:i1ii�1ii1ni1'Wn1nu'W���-n1'V1b'fl'flfl.'Wtl1Jf'Wr.i1n-�"ll l�uri tl1�'W5'lb'Vl�'fl-:J bb�� 
., ., ., 

�1fUf�n'flUle'.!Ll?ljA1f'lJ'fl'W 1�uri tl1�'W�b-.n� tl1�'Wb'lJ'W"n'W tl1�'W�'lJ be'.lnb6.n'W bb��tVJ��'Wl� 
qJ 

�n�1bb6.n'WbbVl'W L(?}t1Ylu�1Yl'fl�bb<nn r11 h�r.i1mbu riYI b1t1�1t1-w'Wfi UV1-9 i'.l r1r:i1ii�1ii1n11 'Wn1f 
ii I I !I 

bU'W���on1yjb'fl'flfl'W'W1JJ'WVl�'fl�'Wl��Y]�(?) r.i1ni:rnn1fVl(?}�'fl-:J(?)-:Jn�1r:ii1 �13-11nl'W1Yl'fl�bb"nnm 

h�r.i1mbur1vib1t1�1t1-w'Wfi UV1-9 LUUf�t1nil.;1'W�1'W�-:Jbb'll?l�'flill� 
q q 

�(?]f 91nn'W'W'W13-11�bAn�-Jbb���1'W'lillVl1f19mfiJn1nf1(?}n1f�'lJn�ii (Flocculating activity) 
q 

1� i:rn n1fVl(?}�'fl-:i bb� (?)-:J 1?1-:J l 'WfU� 36 bb��3 7 L(?}t1Yl'lJ�1Yl'fl� bb;n r11 h�r.i1m��u5-:iV1�ni'.l 

3 

o l

(l 

qJ 

5 10 

2.834 

15 zo 35 40 
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3.593 

-au� 37 i m.1ru�� :w'Li1i �1-w �1 J'fJ'El n1J'9'Li n �:W°ll'El-:J'W'El� Lb -n n rnh'71� r.J � rw-i1 rnL'Li flYJ �t.1 � 1 t.I'Yi'Wfi 
... q q 

UV1-9 L'WJ'�!?i'Utl-:JVl�n wnm;:w;'W 5-40 n��nf:w!?l'E!�[?lJ' 

tl1v,'E!�bb"nnfl1h'71�r.J�[911�:w1���1t.11-w�1rn��1t.1'i:6llb�t.1:wA�'Elh'71 o.o 1 'W'Elf�� L�:w 

�1J'���1m6llvi�1v,1tMfo:wA�'Elh'71 (Cetylpyridiniumchloride) �i'.JA':J1:Wb6n:W6n'W 1 o bU'E!fb6ll'Wl?l 
., ' 

tl1V1i!n !?l'E!lli:W1[91J' i-:i Ln [91 [?l�n'El'WL 'W�1J'���1t.1 �1'W'Li [?l�n'El'Wbb� !?Wi1 b'U'W'W'El� bb"n n A1 h'71Y1il 

UJ'�',�'Li (acidic polysaccharide) �11�'W'LJ [?l�n'E!'WL �tl1 :W1'Vl ��'El'Li�1 b'U'W'W'El� bb"n n A1 h(?) 

., ., 

b;:W6n'W 95 bU'ElfL6ll'Wl?l '"l�'Vl1L�bn�[?l�n'E!'W'W'El�bb"nnA1hffl'W�nAf-:J 1�r.J�n1J"\ll��'El-:Jbb��-:J!?l-lL'W 

nJ� 38

polysaccharide) 



(n) ( "11)

' I 
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- I oC:11 CV � � � � cr'..::::l � .. I CV Qi, -au'VI 38 'Cl m1ru:;(?1:;n'e:ltJ�"111'J"1J'e:l-:ii"l'e:l'Cl bb6l! n r11 bJ'l?l'Yl :1-.1 u J':;r.i m.J 1111:..1•1,rn-:i m J'b(?l:1-J� 1m :;'Cl1t1 
� . 

Cetylpyridiniumchloride (CPC) m1m;:1-.1;u 1 o b'LJ'e:lfb<�tJf?l'W1Vl'Wn(?)mfl:I-J1(?1J' 1u�1rn:;'Cl1t1 

Yl'e:l� bb 6Inr11 h�-:i'Cl:;'Cl1t1 �'Jt.1 b b�t1:1-.1 fl'Cl'e:l hf9l o. o 1 tJ'e:lf:W'Cl 

(n) �1J''Cl:;'Cl1tli"l'e:l� bb6In r11 hf9l� e..i� (?] Lt?\mb'LI rivl �t1�1t1lZu€ UV1-9 r.i1 m·:;l?i'!J"ll'J l?l b"llth
•

("11) �1J''Cl:;'Cl1t1i"l'e:l�bL6Inf!1 LJ'!?1�e.J�(?l Lt?\mb'Lif!YJ�t1�1t1lZu€ UV1-9 r.i1m:;l?irni-:ivi:wn
•

( rl) �1J''Cl :;'Cl1tlbb 6l!Ubb 'YltJfl :1-J ( °ll l?l rl'J'LI rl:1-J'LI'J n) 
• • 

1.4.9.1 n1J'';;iLr1J'1:;iftij:1-.11rutl1(?11'Cli-:ivi:1-.1l?l"1J'e:l-:Ji"l'e:l�bb6Inmhl?l1l?lt1';;ii 

Phenol-Sulfuric acid (?11:1-J�fi"ll'e:l-:i Dubois bb'Cl:;riru:; (1956) 1�e.J'Cln1J''Ylt?\'Cl'e:l-:Jl?l-:iLb�l?l-:i1u(?l1J1-:i� 

13 i"l'LI�1 i"l'e:l�bb6Inr11hf9lr.i1rnLur1vl�t.1�1t1lZu€ UV1-9 r.i1m:;l?iu"1J'Jl?lb"llth bb'Cl:;J':;l?irni-:ivi:wni'.l 



j�i'U'll'l!?lL'llth 

j�irni'-rmrn 

85.3 

88 

76 

1.4.9.2 n'lj�Lrw1��tfhnruhh�h.1�L1J'W'el-:Jl-1Uj�n'elU'll'el-:J'Y'l'el�LL6nnA1 

h!?1b!?lt.l�fi Protein Dye Binding ln1l-.l�fi'll'el-:J Bradford (1976) 1�t:J�n1j'Vl!?l�'el�i-:iLL�!?l-:JL'W 

!n1j1-:J� 14 'Y'lu�1 'Y'l'el�hL;nA1h�r.nrnLUA�(fo�1t.1�'Wfi UV1-9 r.:nnj�iu'll'l!?lL'llU1 LL��j�iu 

'911-a1-:i� 14 llil-.11 rutiJj�'W� LU'W'el-:J 1-1iJj�mrn'll'el'1'Y'l'el� LL; n A1 h�� t:J� in1�LL'UA� �t.1�1t.1�'W( 

UV1-9 

j�i'U'll'l!?lL'llU1 

j�iu6�vnrn 

5.8 

3.6 

� ' � 

'W1'\"l'el� LL;n A11j�:1-J1���1!:JL 'W'W1 ni'W1 �n A'l1:W L�:W�'W 0.5% 91n'W'W'W1:W11' (?l A'l1:W 

VIU!?lb!?lt.1HLAi'el� Viscometer �'elillVIJli'J 25 'el-:Jf\1L'l!�L:fo� (Mata LL��Aru�. 2008) 1�t:J�n1j 
q " 



UV1-9 (J'�1?11J"lJ'Jr1w1JiJ1) 

UV1-9 (J'�1?11Jtl..:JVllfn) 

W]'t.\lb'Vl'W 

8.8 

13.0 

35.2 
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2. n1'.i� IPlbihin bb� '°' � n bb'e1i !Pl bb'LI '°"vi b1"t1r.:i1 mn'Vl1'.!'Vlir n bb��,; m�ru�'Cl 3-l�'l.l'el-!lb'el n b'll'vrni

bb:nn'°'1b'.!1P1'Vh.Ji1P11� 

,.. 

Vl'WtJ1i:i(?)'eM 6 i?l'J'elcl1..:i bb�� l-.J�U1'J(?)'e),,:j 1 i?l'J'elcl1..:J'Vl..:JV!l-.J(?) 12 i?l'J'elcl1..:i b(?)l:.Jbn1Ji?l'J'elcl1..:il-.J1'°l1n 

�..:JVl'J (?)nJ'..:Jb'Yl'VUJVl1UAJ' UAnl�l-.J "ll�1J1 bb��'e)(?)J'fi1\J bb�'J � (?)bbtlnbb�A�nbbtl"n (?I bb1J AYJ �mb��(?)
q J.9 q q 4J 

� � I � 

n1te..i�!Pl'Vi'el�bb"nnA1h�1JU'.fl1vi1n�t.1..:ib;'elbb;..:i MRS 'Vl�A'J1moiil-.loiiu61i'i:At� 4% L(?)t.J'W1Vl'Wn�'el 

I I ,_. 

(?)'e)..:J Y1 bn1Jl-.J191 n�..:JVl'J (?)'tJAJ'tl�l--l b(?)t.J bb� A� (?)bbtl"n (?)bb1J A'Vl �t.l'Vl bbt.l n'l�'WU�1l-.J1 HI tJ� f?l'Vi'e)� 
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1P111a1-1«v1 16 in11ru�'i:r1 'i:�U'll'el--:J Lb�A�mL'fl"nC?1LbUAV1�1:J��1l.nrn ��r,JL'eln b6lli"l'el�bb6llAA1 L:i'(?)�l-1!?1

LL1:Jn1�r.nmnl'fl1iiC?1'fl�'LI'W'el1V11nimLi'elLL;� 

1airin:!'el fll'J13-ln11'1"ll'el-1 bfll 1:�uir n'lfblA�bi1'eln (cm) 

L01 + 

L02 + 

L03 + 

L04 + 

L05 + 

L06 +++ 

L07 +++ 

LOS + 

+ b�'We.l1'W�'WtJn�1� brl b�UU'ell:J nrhVl1'el b 'Yl1 fl'.IJ 5.0 n�� b:IJ r,Jf 

++ b�'We.l1'W�'WtJm'l1�brlb�U:IJ1nn�1 5.0 n��b:IJm bb�U'el1:Jn�1 10.0 n��biJ[?]f 

+++ b�'We.l1'W�'WtJn�1�brlfoU:iJ1nn�1Vl1'elb'Yl11l'.IJ 10.0 n��bilr,Jf 
'U 
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iu'Vi 39 lmtru�tA L'Cl'W6Jltel-:Jbb'lJfl'VlWtl�1r.J'Yf'Wfi L01-L08 b�telb,r.J-:J'lJ'Wtel1Vl1J'bir.J-:i b�telbb�-:J MRS � 
� ' 

� ' 

ilA11iiL;iJ;'W6JlLA'.i'� 4% L(9ltJt11V1tl'nf?iteJmi.111?1'.i' tli.1'VlteJruV1Jll'.l 30 teJ-:JPl1LPl'6'1b;r.J� b1J'Wb'J�1 24 
'lJ ' 'lJ 
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� I 
4!Pl1'a1.:J'VI 17 Ltlhirn 'Viti uu1V1tl'n'Y'lrei� bb 6ll n '"11 h�'Vl e.J � l?l b{?}mbu '"1'Vl isti �1 ti�'Wfi L01-L08 

1?71l-lii'wiu 

"n'eliht'tln F11 b'af?l�l!Ji!Pl 
qq a,., d' �1 nbL'U Fl'VI L 'a�i11�'n'l.l fi

L01 

L02 

L03 

L04 

L05 

L06 

L07 

LOB 

0 2 .:j 

ifTv1«n-n'eliu'tlnF111-af?l (nf:1-1 �'eli !Pl'a) 

5.40 ± 0.28 

6.05 ± 0.60 

1.73 ± 0.32 

5.97 ± 0.60 

7.41± 0.70 

11.20 ± 1.11 

11.40 ± 0.98 

5.45 ± 0.29 

L08 

L07 

L06 

L05 

L04 

L03 

L02 

LOl 

,s 10 [ . .; 

I 1,, l,, i,, 

-atl'Vi 40 1.tlfou b'Vlt1uu1V1'Wn'Y'lrei� bb -n n A1 h�r.i1 n bbiJ'"1'Vl �t1�1t1�'Wfi L01-L08 1 urei1V11n�n-:1 b;rei 
� . 
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bb6]nmhv-i1�u'e)ti��v-i whnu 1.73 n½'�l?l'e)�m �'".l'WbbrlA�mb'e);v'lbbur1vi�m�1mfuif L01 L02 

L04 L05 bb'tl� LOS e..i�rnv-vei�bb6]nr11hv11fohun'tl1-:i1u·1h-:i 5.40- 7.41 n½'�l?l'e)�r;ii bL'tl�bbrlA�n 

bb'e);(?)bbUAVJ�t1�e..i�rnYl'e)�bb6]nr11h(?ll,��1n��v1 L�bbri �1t1�u€ L06 bb'tl� L07 �-:ie..i�rni"l'e)� 
q q 

ti'e)t1Yl'e)�bb"Dnr11LJ'1?191nbbUAvi�t1�1mZu€ L01 - LOS �')tl�1J''tl�'tl1tlnJ'(?)"fomn 1.ffu 
q � 

., 

'"11m1muumv1C?hw1hnu 7 nJ''e)-:J�'".l'Wtl11�ehuni�v11'rJ"nJ''e)-:J61J'W1v1 0.2 L�AJ''e)'W bb�'".lil11tltv-i 

-::ibr1i1�i"ll'Wv'l61J'e)-:Jtl1rn1'tl 'i:� brln'tl b�m �r.it1 bA1'e)-:i1e1 bYl'e)f'\"l'e)fo�ui�r1':;i(?) 'i:r1i�1 'i: 'Vl ni1Y1 rn1�-::ii 
q 

' ., 

2.4.1.2 'i:v-it1tl1 'i:r1i�1 b'Vlbbm�vi1�b1.Jfornvit1u"ll-wv161J'e)-:JiJ1rn1'tlr.i1n�1rn�'tl1t1�1rnij1u r.i1m'".lrl1 

��1J'(?l')'e)t]1-:J bln"Jl�'e)'e)n'aJ1n fol'e)im1 �r.imJ��n'e)U"Jl'Wv1tl1 r;l1'tl 'i:� b'tl n'tl b�tl'J61J'e)-:JYl'e)� bb"D n A1 LJ'!?)
� q 

�'fli bbtnn f>l1 hlPl'Y1�i.'91 
.cl .Cl CV d' 

'-11 nbb'U fl'Vlb 'a'��1��'W fi 
• 

L01 

L02 

L03 

L04 

L05 

L06 

L07 

LOS 

6l!'W1P1J1'911� b:l-lb�n�b��'J 
• 

n'tl'i:r1� 
� 

n'tl'i:A� 
� 

n'tl'i:r1� 
� 

n'tl'i:r1� 
� 

n'tl'i:A� 
� 

n'tl'i:r1� 
� 

n'tl'i:r1� 
� 

n'tl'i:r1� 
� 
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Lb� t?M (?l'J'tlth:i bfl:i'J-J1 t 'Vl Lbn:i'J-J�bb� l?l-:J"ll'Wl?lJ1 [?11� 'i:J-J b� n� L�m� LU'W'tl-:J r11.h:::n'tlU"ll'el-:J'Y'l'tl� 

bb� nm hl?l���[?l1�r.i1 nbbUl°IVl �t.l�1r.J'l�'-!Jfi L06 bl?lt.l b1Jfornvlt.1unu'i:AJJ-J1 b 'VlbbnJ'J-J"Jl'e)-:J,f1 [?11� 

(n) 

! 
i 

("ll) 

A 
I I 
i \ 
I i 

1 \ 

\ 

i 
I 
I 
1 
I 

\ 

1 j., j.l I I 

<a'LI'Vi 41 bA:i'J-J1b'VlLLnrnLL�l?l-:J (n) �1:i'J-J1(91:i''"i1'W'W1[?]1�n�tA� (-n) "llUl?l'W1[?]1�tm�nm�mvl 
qJ o9 <ii � 
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r.n nt?nn:i� 18 V'lU'J1V'l'fl�bb;rn,n h(?)r.i1rnb'tl 1-1�rnvei"D'9lbbU 1-1vi Ctr..1�e..i�rw·nrnm1-1viCh.1 

�1r..1�u€ L01 - LOS bUU'll'WVle'.l'eliJ'fl'Y'l'el�bb;nmh(?) b'9lt1i'.Jtl1rn1'tln'tl 'i:1-1�bUU'el-:i�1h:;n'elu �-:i 
. � 

Lactobacli'lus bb'tl:; Weisel/a (Korakli bb'tl:;1-1ru:;, 2011) 

., ., 

2.2.2.1 r;i bfln :;iillii1 ru-w1 !n1'tl'Vl-:JVliJ WJJ'el-:JV'l'el� bb; n 1-11 h'911'9lt1'Jfi 

Phenol-Sulfuric acid !n1i!%6JJ'el-:J Dubois bb'tl:;1-1ru:; ( 1956) 

'W1V'l'fl�bb;n1-11h(?)� e..i� rnr.i1rnb'tl1-1�rnb'fl"D Vlbbu1-1vietr..1�1r..1�u€ L01-L08 i11'Jb1-1:n:;i 
., ., 

illii1 ru-w1 !n1'tl'Vl-:!Vlil '916JJ'el-:JV'l'el� bb; n 1-11 h�1'9lt1'Jfi Phenol-Sulfuric acid (Dubois bb�:;1-1 ru:;, 
• 

1.r 1.r I 

1956) e.J'tl6JJ'fl-:iillii1 ru-w1 rn1'tl'Vl-:JVtiJ �6JJ'el-:J'V'J'el� bb; nm h(,9)6JJ'fl-:J bb1?1'tl:;�1r..1�u€ bb� '91-:J f?1-:J rn1:i'1-:ivi 19 
• 

2. 2. 2. 2 n1 :i''J b1-1n:;iillii1 ru hh�u� bUU'el-:J �1h:;n'elU6JJ'el-:JV'l'el� bb; n 1-11

l:i'�Vlr..1% Protein Dye Binding !n1i!%6JJ'el-:J Bradford ( 1976) 

illii 1 ru hl:i'�u� bUU'el-:J �1l:i':;n'elU6JJ'el-:J'V'J'el� bb; n 1-11 h'911'91 tl'Jfi Protein. Qye Binding (Bradford, 

1976) e.J'tl6JJ'fl-:imii1ru'i:tl:i'�U6JJ'el-:J'V'J'el�bb;nm h(,9)6JJ'fl-:Jbb1?1'tl::�1r..1�u€ bb�'91-:if?1-:irn1:i'1-:i� 19 
q 
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�1-a1�-vi 19 bb� �-.:iill:w1 ru-w1 m�i-.:i�:w � bb� ::;ill:w1 ru hh�'WYJ bU'W'eN '"11h::;n'f:l1J611'el-.:JYl'el� bb 6] n rn 

h'9l�r.J�1w•nmb�fl�mb'f:l��bb1JflYJ�tJ�1tJ-w'Wfi L01-L08 ffl1:w�1iu 
q 

.¢11� a., tf .c:\ c::s '1 tf 

r.nmb'Ul°l'Vlb'atl'cl1tl'VfWfi "ll'el�'W'el�bb'lln1-11 b'al?l (%) 
• 

L01 99.61 

L02 77.61 

L03 81.83 

L04 71.83 

L05 65.06 

L06 73.39 

L07 88.61 

LOS 77.61 · 

m3-11 ru 1th �h.i o/1b ti 'W 'el�� tJ-a� n'el'LI 

"ll'el�-W'elibb'nn1-11b'a1P1 (%) 

5.38 

8.88 

8.63 

8.63 

9.88 

5.63 

6.88 

8.63 

'W1Yl'el�LL6]nf11hC91�r.J�ffl'"i1mL�fl�mb'f:l��bbiJflYJ�tJ�1tJ-W'Wfi L01 - LOS fl'l1m;:w;'W 
V V , 

q 

Lvi1nu o.s% t�tJ-w1wwn(?}'f:llli:W1ffl:r :w1�::;�1tJ1'W-w1ni'WLL�::;�1:r�::;�1tJ(?11-.:J7 l�Lbri L:W'Vl1'W'el� 

'f)::;:Jltffl'W 1'el b6l!b Yl:i'Yl1'W'el� LL�::; n-1J'J'Vl1'W'el� �'f:lru�ni}�'el-.:J bb�::;blli'tJiJbYltJUfl'l1:W�1:w1ni 1 'Wn1:r 
q " -



85 

1Pl1�1-1vl 20 Ar.i1:w�1:w1tt11'Wn1t��-cnt1"ll'el-l'Yi'el�hL;n'°11h!?l�Ar.i1:wL;:w;u 0.5% ���rw·nmL� 

A�nbb'el�'9'lbb'LJA'Yl�tl�1tl'W'Wf L01-L08 b'9'1t1tl1'1,rwnl?i'ellli':W11?1J' 1utl1nimL���1J'���1tll?11-l1 DJ 
"',,,

'elDJVIJl:J.JVl'el-l 
q "' 

1 .,\ � � 'i: A'J1:JJ�1:JJ1�f;J 'Wn1�'cl:t:'c11�'YIA'J1:J-lb'll:JJ'll'W 0.5% !?I� 

«w'eli bb;n 1-11 hf?lvl �i IPlr.n n 
Cl .c:il CV d' 

bb'U A'Ylb ���1�'W'W fi ., 
,L, 

,r QJ I lli 
�i,' 

'W 1 'VI 'W n IPl 'el � :JJ 1 IPl � ru 'el ru 'VI ll :JJ 'VI 'el -1 
<U 

b:JJ'Yl1'W'el'cl 'el:t::'nblPl'W 
..... ... • u1n'cl'W b'el 'i:'l!'i: cw�cw1u'el'cl 'cl m�ru:t:1-111:JJ'Vl'Wl?I 

bb'cl:t: n-'U'J'Yl1'W'el'cl 

L01 ++ -

L02 ++ -

L03 ++ -. 
' 

L04 ++ - A'J1:WVl'W'9'1(?11 

L05 ++ - n�1 bb"ll'Wbb'Vl'Wfl:W 

L06 ++ -

L07 +++ -

L08 ++ -

bb"ll'Wbb'Vl'Wfl:W +++ - A'J1:WVl'W'9'1�-l 

v1:w1mV1l?J : Ar.i1:w�1:w1rnn1t���1t1"11'el-l'V'-l'el�LL;nA1h!?lLL'Vl'W�r.imAi'el-lV1:W1t1 ( +) 

1����1tl bU'W(?l�n'el'W'el��n'WVl�'el'9'1 

+ ���1t11��1 (���11:11�L�mJ'elt1 tl'-li11n�n'el'W'el�:1-nn)
"' 

++ ���11:11�1hun�1-l (���11:11�'LJ1-l�r.iu tl'-li11n�n'el'W'el�)
"' 

,., ' ' 
Lb� A�nbb'el� '9'1bb'LJ A'Yl �l:1�11:l'W'Wfi L07 ���11:11��1 'W1.J1 niu bb��'Yi'el� bb;n '"11 lJ'f?l'Yl i:-.1� ln'°l1 n bl,� 

'
,c;:::,j al O I a,,' 

'W'el� bb��:W A'J1:WVl'W'9'11?11 n'J1bb "ll'Wbb'Vl'Wn:W 
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., 

2.2.4 fol'J1:W�1:W1:i'bllWn1:i'�:WU1 

u1'V'l'fl�Winfl1hir.i1mL�fl�nwe)"D'9lbb1Jfl'Vl�t.1�11:1�u€ L01-L08 :w1���11:11utl1niuH 
• 

., ., 

nfl'J1:Wb;:w;u 0.5% b'9ll:IU1Vl'Wn!?l'fllli':l.J1(,]:i' Vl'9l�'e)1Jfl'J1:W�1:W1:i'bl1 Un1:i'�:WU1 b'911:19:Wn:i'�'911'!1 
• • 

o 0, I 

n:i''el-.:i�-.:i1u�1rn��11:1'V'l'el�bb'fnnfl1hi bUUb':l�11 ir;it:w-.:i bb���1bV1ij'elu;1-.:i�ut'911:1'"i:w1utl1niu 

�n'Vl�-.:i-.q '91 r.i1 nt!uA1U'HlJbU'elfb�uf?l'ei'(,]:i'1 n1:i'� fl '916ll'el-.:J b Vl�'J'fl'fl nr.i1 n'V'l'fl� bb� n fl1l:i'f?l (% 

syneresis) '\!11 n bU'flf b�Uf?l'ei'(,]:i'1 n1:i'� fl '916ll'fl-.:J b Vl�'J'fl'fl nr.i1n'V'l'el�bb�n m hi�1r.i� bb� '91-.:J�1'V'l'el� 
0, I 

bb �n fl1 l:i'f?ln fl'J1:W�1:W1:i'bl 1'Wn1:i'�:WU11��-.:i t-J�6ll'e)-.:J n'l:i'Vl '9l�'el1Jbb� '91-.:J i-.:i 1 'lJ(,]1:i'1-.:J'Vl 21 
• 'lJ 

al � Q � QJa, CV tr O CV 0.5% Vlt-J�(,]'i>J1mb�fl(,]mb'el6ll'91bb1JflVlb:i'l:l�1t.l'V'l'lJfi L01-L08 (,]1:l.J�1'911J 

�'eli bb�nf"n h1?1'¥1eJi1P1 
.:::ii .ell Q.J' ti 

r.n nbb'U fl'Vlb 'a��1��U fi 

L01 

L02 

L03 

L04 

L05 

L06 

L07 

LOB 
., bb6ll'WbbVl'lJn:W 

"" fl1:i'1'-lbb'lJ'lJ 
., .. ., 

mm:w 

tJ tt a  t10J a.., 

b 'el'ab'11U (,]'el 1wa1 n1i� n 111'll'el-.:J b vi�1'el'el nr.n n 
.... c:;l 1 o' 

�'el� bb'11n fl1 'alll 

71.41 ± 0.085 % 

73.82 ± 0.054 % 

68.30 ± 0.099 % 

67.62 ± 0.032 % 

82.85 ± 0.13 % 

87.29 ± 0.079 % 

80.91 ± 0.090 % 

73.26 ± 0.028 % 

9.15 ± 0.0032 % 

46.14 ± 0.051 % 

35. 73 ± 0.034 %

' ' ., 

r.i1n(,]1:i'1-.:J'Vl 21 'V'l1J�1 'V'l'el�bb'nnmhi'Vlt-J�[Yl'i>J1nbb'tlfl�mb'el�'9lbb1Jfl'Vl�l:l'Vl-.:J 8 �11:1�u(i'.l 

bU'elfb �'lJ!?l'ei' [Y}J'1 n1:i'� fl '916ll'el-.:J b'Vl'i'l'J'el'el nr.i1 n'V'l'fl� bb � n fl1 h!?l'iil-.:J bb� '91-.:J�1 n fl'J1:W'iil1:W1 :i'bl 1 'Wn1 :i'�:W 
'lJ • 



� � � I 

87 

tl1:w'1e.J�:wn1Jtl13YirY111�1.1.ri tl13Y'W:w:;m:in 1.1.�:; tl13T'Wt1'J1.V1�'fl--:i 1'W'51?ln�'J'W 1 :1 f?11:W'Jfin1� 

'Ml�'fl--:J�'fl 2.4.5 1.1.�'J1'�r-11m1:w�1:w1�1:1n1ntl'W�31'�;1vi1.'fl'flf (Emulsifier) t�m1.��--:i1.u'W 

1.1J'elfb;'Wl9l'll'el--:J�:;f?1rn•1'J1:W�--:J'll'fl--:Jn1mt.1ni'W�'fl�:;f?1rn•1'J1:w�--:ii--:ivi:w� (% Emulsifying activity) 
" " 

' � � 
l.l.'l.Jr'JYJbfo�1t.1�'Wfi L01-L08 1?11:W�1f?1'l.J Y1 r)'J1:wl�:W�'W0.1 % b�t.l'W1Vl'Wnl?1'fl1B:W1f?l� llU'W131''W 

' 

'W'el; bb!nn A1b'a��t!J;f?l 
...... ,v ., 

'-11nbb'U 1-l'Vl b '\i'tliq1tl'W'W fi 
• 

L01 

L02 

L03 

L04 

L05 

L06 

LO? 

LOB 
., 1.1.6ll'Wbl.'Vl'Wm.J 

Emulsifying activity (%) �1-111moii':J-J-n\1 0.1 % 
.r ,v � ... .r ,v 

'W13-J'W fJ'J b 'Vl�'el-!I 'W1:J-J'W:J-J�n'el n 

46.98±0.005 47.22±0.005 

46.16±0.018 48.47±0.018 

46.66±0.027 49.26±0.017 

46.51±0.002 48.48±0.007 

47.60±0.011 48.37 ±0.014 

46.88±0.011 47.63±0.012 

46.06±0.009 48.85±0.001 

46.56±0.019 48.52±0.017 

46.67±0.00 48. 25±0. 043

r.nn1?11�1--:i� 22 YJ'l.J'J1 YJ'fl�1.1,;nr11h'91���1?1,.nm1.�r1�m1.'fl;�1,1.ur1vl(foi--:i 8 �1t.1�'Wfil 

r-11 Emulsifying activity �1n�1.�t.1--'.ln'Wi--:i1'WJ13Y'W5'JI.Vl�'el-:J 1.1.�� J13Y'W:w�n'fln 1.1.��t1--:ii'.lA1 

1n � 1.�m nrn1. 6ll'W1.1. 'Vl'Wn:w 1.1.'tl �--'.l'i1 iJ r111:w 'tl1:w1 rn mnu'W�31'�;1 Yl 1. 'fl'el fl�� 1. 'V!11.1. 6ll'W1.1. 'Vl'Wn:w 



d

'l.J'Vl'VI 4 

I ,i, 

t-J�..:J1'W�9t.lL 'WtlVJ 4 ro:i1n n1'.J''\1111 �bLUAVl�t.ln A'l1:I-J�1:I-J1'.!''11 'Wn1'.l't-l� vi'l"l'el�h:1-J'Elfl��..:J;'W 
"' 

m�'l� vi'.l'llfrn.JN�..:ii'.1�1'.l'� n (?191 n�� �LU'WbL Vl�..:J 1-w tvinro:im �t.l..:J6Jl'W(?l L�m n1u1�n1'l ::;mn-i� vi 
"' q 

I !-' � I 

VJA'lUA:1-JA'l1muum(?lf?l1..:Jb'Yhnu 7 n1'l::;n1n�t.1..:iL;'il'Yl'ilDJV1Jli1 30 'il..:JPl1L'li�L�t.1� ivi'.!'1n1'.l'L� 
q q "' 

'il1n1PI 1 vvm w�::;'5vinL1'l1um-w 200 '.l''fl1J[?]'e:J'W1Vl LU'Wb'l�1 36 i'lb:1-J..:J �1:1-J1rn1�t:-1�t:-1�vivm� 

LL�nA1hf?l�..:J�(?lL'l'11nu 9.917 nf:1-J[?]'fl�vi'.l' L'Wb'l�1 30 i'lb:1-J..:J �..:i:1-J1nn'J1n1rn�viL'W'.J':::(?11J61J'l(?l 
"' q 

L61lthn..:i 9 L'l'11 b(?lt.1nivinn1nro:i1qJ91L'\"11::;61l'e)..:J,�'W'Yl11:J (µ) L'1'11fl1J 0.1605 nf:1-J[?]'e:J�vi'.J'(?]'e)i'lt:1-J..:i 

ivi'.!'1n1'.!'1-iltl1vi1�1tA'.!'�91L'1"11::; (y) L'l'l1nu 1.9214 nf:1-J1bA'.J'�(?]'e:J�vi'.l'i'l1:1-J..:i ivi'.!'1n1'.l't:-1�vi'l"l'el 

�LL�nA1hf?l91L'l"l1::: (p) L'l'l1nu o.5896 nf:1-J'l"l'el�LL�nA1hf?l[?]'e:J�vi'.l'i'lt:1-J..:i 1fh-11DJ61l'el..:JL'li�i�1� 

[?]'e)Vf'W'ltl�tJnH1ll (Yx/J L'l'11fl1J 0.0453 nf:1-J[?]'e)�vi'.J'(?]'fli'lt:1-J..:i lli':1-J1DJt:J�t:J�vi�1�[?]'eJVf'W'lt.l 

/u�Lvi'.l'Yl�tJnH1ll (Yp/s) L'l'11flU 0.3060 nf:1-J(?]'fl�vi'.J'(?]'fli'lb:I-J..:J LL�:::nA'l1:I-J�1:I-J1'.J'Clb'Wn1'.J't:J�vi 

L'l'l1nu 0.3305 nf:1-J[?]'fl�vi'.J'[?]'e:Ji'l t:1-J..:i Ld'elPlmn�:1-JU�Y11..:i LAihL�::;n1un1'1"161l'B..:J'l"l'B�LL�n A1 hf?l� 

t:-1� vi1� '\l'l1J'J1 LU'Wbe'.l'Yl L 'Yl'fl b'.l''l"l'B�LL"n n A1 h(?)6Jl'W(?lU'.J'::::ro:i�u ll'.l'::::n'el1J�'lt.1tl1 vi1� n� bA� Luu•;:hw 
q "' 

1 Vlru t(?lunii1 vi1�n1LL�A b'Yl� LL�:::1611fa� L�t.l..:J L�niJ'elt.l n m1m�!lt.1'.J'�'e)DJV1Jli'.1�..:i �1:I-J1Hl 
� q qJ qJ 

�::;�1t.1'S11���'el DJ'Vlni'.li4'B..:i LL�::;i'J A'l1:I-JVl'W(?l�..:J 'W'B nro:i1 ntltl'..:i'1"11J'J1'1"1'fl� LL"n n A1 h(?)� t:-1� vi1�i'J 
q "' "' 

A'l1:I-J�1:I-J1Hlb'Wn1'.J''a:I-Jtl1�..:J n�m�LU'W�1'.J'ri'eln1'.J'9Un�:I-J LL�:::Lu'W:a���'lYlL'fl'flf(?]'fl,i1�'W91n 
q "' q 

., 

�61lbb�::;�1'.J'll'.J'::;n'B1J1e'.Jb(?l'.J'fl1fu'el'W i'.Jm:1-J1ru-w1vi1�LL�:::tll'.J'�'WLU'W'el..:Ji-1U'.J'::;n'e)U L'l'11f11J 88 % 

LL�::; 3.6% vi1:1-J�1(?1U 
CV .::!I 4 .C:::. ,::::1,::::1 CV I .C:::. ..::::,,, n1'.J'A l?l L�'el n LL� Avin LL'el� (?lLL1J A'Yl L'.J'l:J91 n'B1Vl1'.J'Vl:I-Jff\l'l1J'l1�1:I-J1'.l'l:lbbt.l n LL� A vi n LL'el'li l?l 

LL1JA'Yl�l:J91n'Vl'W'B1iil?l'B..:J1�vf'..:i'Vl:I-Jl?l 8 �1t.l�'Wfi �'el L01 L02 L03 L04 L05 L06 L07 LL�::; LOS 
q 

bl?lt.1�1u�u€�11:J�'Wfi L06 LL�:::: L07 t:J�vi'l"l'elfaL-nnmh(?l1��..:i�l?l L'l'l1nu 11.20 LL�::; 11 .40 nf:1-J 
q "' q 

j., I I j., 

(?]'e:J�vi'.l' vi1:1-J�1(?11J 'el..:i�ll'.!'::;n'Bu-w1vi1�L;..:iL�m61l'il..:J'l"l'el�LL"nnA1hf?lvit:-1�viro:i1ni..:i 8 �1u�ui 
., '

1�LLri -w1m� n� bA� ;..:J91?l'J1LU'W'l"l'il�LL� nA1 hf?l6Jl'Wl?le'.l'il:1-J'il'Y'l'il�LL"nnm hf?l LL�::;'l"l'tl� LL�nA1hf?l 
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YT-l'\!13-J(?l iim13-1�13-11ni1'Wmiri!l�a1'1:-li'WL�� bb1:-l�bb1:'l folffairnb'fl�(?lbbUfolvith1tl'-l�(?l'fltj1'W GRAS �-l 

�13-11 niu1 hh.h�t.1 n f?l1 � b1J'W�1 i�a1'1:-l�L Yl b'el'el ft 'W!l f?l�1V1n ii3-lmV11i L�'eltl1-ltl1:'l'fl (?lJltJ 
• • 
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bb'el:n � bb 'LI '°1 vi b1!!. �'Vlti1UYl'Wfim'l,J 'l.J1�Vl1U ru61i (?l. [11 rl�"ll1 l 'Vl rl b 'W b'cl U'Vl1--'.l'el1Vl1 j 

riru��'Vlm'"11�(?lf roivl1'll--'.lnrn1�Vl1�'Vlmiu. 
q 
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