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Abstract 

Productions of kanamycin by 2 mutants of Streptomyces kanamyceticus K1, 

UUNNK1 and UUNNK25 were investigated. The mutant UUNNK1 , produced 

70 Jlg/ml of kanamycin, which was 2 folds higher than the amount produced by 

UUNNK25. The optimal conditions for the production of kanamycin in KPMB 

medium of this mutant in shaking cultures were studied. The suitable carbon and 

nitrogen sources were 15 gIl of starch and 12 gIl of soytone, respectively. With pH 

ranging from 8.0 to 8.6 , temperature at 30
0 

C on a rotary shaker were other optimal 

conditions in KPMB medium. At these conditions UUNNK1 could produce 190 

Jlg/ml within 3 days of cultivation. In comparison to the wild type strain, the 

UUNNK1 produced higher amounts of kanamycin for 13.6 folds. 
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1.J'YI'YI 1 

ffillJarV~U (Kanamycin) 

A1Ul2JfJ:SULtJu,n~tlfi:Slu~1ufl~)JeJ~iJLU1fl i;lLA1'2fvl (aminoglycoside) ~ ~Vl-;;Jl fl 

~alJ'Y1~f1alfJ~'Uq Streptomyces kanamyceticus WUA~'lLL~fllvlfJufll'Y1fn~naVl{'lfT)~~lJ 
d ( .J .r 0.&1 • ..Jel'lieJ Umezawa Umezawa, 1957~ 'lf~UfJflL'lieJ-;;JJflVllJVlleJm~YlLfltJ UL'lJVl Nagano 

"':;) ~I ..J "" . 1 ~ 1 'I ..J... ...... .e '"0. <V

AllJl)J fJ"DU Lu 'Um'Y1;J U~~f>1'Y1D.tllWa~ 'Ufl1~~fl"t:tl ~~A'Y1LflVl-;;JlflLLtJAYlL~fJ'YWll''UVlLLfl~lJtJlfl 
u 

LLfl~)Ji;ltJ LLi;l:;LLfl:aVlW15'Yl (acid fast) IVlfJ fl1~eJeJflq'YltfiTtJ~~fll~a..:aA'n~Vl1tl~~'U'lJeJ'l 
~a'U'Y11rJ al)Jl'H1ElElfl q'Yl~nu LLtJAyh1mh'U1VlqJ~fl~lJ Lw'Uu:aaul'lihnvi~i;l eJeJflq'Ylttvi~ 
nUVnfl Staphylococcus spp., Proteus spp., E. coli, Klebsiella pneumoniae, Salmonella 

spp., Shigella spp. LLi;l~ Mycobacterium tuberculosis LtJUvlU (lJla'U, 2532 ; Kucer and 

Mc. Bennet, 1975 ; Edward, 1980) 

Al'Ul~fJ:auij~Vl~l)JLi;lf1mtJ'W CIS H36 N4 0Il tl~~fleJuvilfJlA~~af1~"'~fl 3 t11lJ 

~eJ 3-El::iJlu-3-~ElElfl:S-~-fli;llAa (3-amino-3-deoxy-D-glucose (3AG)) 2-~ 
u 

d • 1 d 0.'1 '" d..J .J ~I ""'1eJeJ fl'lf[flVl~u'Y11)JU (2 -deoxystreptamine (2 DS)) LLi;l~El::lJ bu~m~ 'If'l tfdlJ'YllulJeJ:::)J blJ 

'lffl1{~:;LLVlflGh'l n'U1'ULLV)i;l::El'W~'U5'lJC)'lAl'Wll1EJ:a'U (Umezawa, 1986) lAJ'la'h:J'VI~fl 
u , 

.., '" 1 .1.1'lJeJ'lAlh!lJJfJ'Zl''WLLaVl'l Wl1Ac.JlJlfl1U'Yl 17 (Korzybski et al., 1967)
u 

AllJl2J£J:a'Uii 3 El~vilJif Afl Al'Ul2JfJ:a'WLfl (kanamycin A) iiEldn'U~fllf LthJ 6

El::iJllJ -6-~eJeJfl;g-~-fl~lAa (6-amino-6-deoxy-D-glucose (6AG)) (R
l
= NH2 , 

R
2 
= OH) A1Ul2JfJtS'UU (kanamycin B) iiEl::ijllJ~fl1{LtJ'U 2 ; 6-1VlEl::iJl'U -2, 6-1Vl~ 

eJeJfl:S-~-fl~lAa (2 , 6-diamino-2, 6-dideoxy-D-glucose) (Rl= NH2 , R2 = NH2 ) 

LLi;l::Al'Ul2JEJYfU:S (kanamycin C) ijEldJ1'U~fl1{L'LJ'U 2-EldJ1'U-2-~ElElfl:S-~-fl~lAa (2

amino-2-deoxy-D-glucose) (glucosamine) (R = OH, R = NH )1 2 2 

nl1c.JaVlAl'U12JvtSU"lJEl~ S. kanamyceticus aJfJ~'U~tJil'l 1 ij11cNl'UlVlfJ Umezawa 

lli;l~Aru~ (Umezawa, 1958 ; Umezawa et al., 1960) lviyJlfl11Lvn:;L~iJ'l 
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S. kanamyceticus K-2J 1'lJil'nnj'ntJ'lJ1~ 400 i1m"j ijenm"jL~~L~a~U"j~naU~1fl LLiJ~ 
nalf1a mmt1L11~a~ LLa~~'lJ '1 LtI'lJL1a1 78 -B'11lJ~ 'OJ~1-HU~lJ1Wfl1'lJ1JJ!J:a'lJ 273 

" "'.......... -:'1 	 1 ~ • .J'
1lJ1fI"jn"jlJmalJaaam"j u 1976 Satoh LLa~flW~ ~'Yl1m"jL'W1~Lafl~ S. kanamyceticus 

133-28 a1lJ1"jfl~i1Vlfl1'lJ1JJfl:a'lJ 1~ 110 llJlf1"jni'lJ~aijai1i1m"j tI 1975 Basak LLa~ 
. 1~..J' . 1.J' .r..luMajumdar ~mm"jL'W1~Lafl~ S. kanamyceucus ATCC 12853 lJmm"jLafl~L'lfa'Yl "j~nau 

~1fl muafllVla l'lSL~fllJl'lJLm"j'Yl LLa~~'lJ '1 'Wtrha1lJ1"jfllt1f11'lJ1JJfl:a'lJ 195 llJlf1"jni'lJliia 

ijai1i1l'l"j 

u...... '" fill .. ~ ..I 	 1 I;a1"j !l'lf1'lJ~'OJ~LulJa1"jLlJm1 u am 'lI'lJ'Yl 2 (secondary metabolites) ~flU1~fI"j~'OJ~ 

fln(ifln"h la~lalan (idiolites) (Walker, 1974) L~a~'OJ1mfi~llJ"j~fl~la~laLyJa
" 
(idiophase) 11~a"j~fl~afl~~af..Ji1Vl ( production phase) tJa~m"jL~fl~L=5mLuu~1~L~fl1 
(batch culture) a1"j'W1nifiJ.i~lLt1lJ~am"jL'OJ~tytJa~~i1lJ'Yl~6 LLGi 'OJ dhl-Ha1lJ1"jfl"ja~~iVl 
1'lJfi"j"jlJ'lf1Gil~ m"jafl~a1"ju~ib'lJ~'OJ~Lfi~llJn"jru~ija1"jm111"jGiam"jL'OJ~ty'<51n~ ~~,flJ 
., i1lJ'Yl~fi'~a1lJ1"jflafua1"ju~tnlJ~1~'OJ~ijfl11lJl~LmfluLLa~cnlJ1"jfl"ja~mGlllJ~~U1~i a lJ 

1~'iini1 (Walker, 1974; Martin and Demain, 1980) 
..1. d ... ",...1..1 '" ...I 1 ~ 

"j~fl~ 2 0 ;] 'Yl ~llJlJ1 lJ~1'lJ1'OJfl'YlLnfl1num"j111fl11~'YlL11lJ1~alJ 'lJm"ja"j1~a1"j 

U
... .,. ~......::.,. .......J'.J . ..I 
!l'lf1'lJ~~1mfim"jLafl~LLuu~1~L~fl1 (batch) LLa~f)m"jLafl~LLUUn~l'laL'lJa~ (fed

batch CUltures) (Bajpai and Reuss, 1981; Modak and Lim , 1989) ~~,h'lJl11qJ 
L	t1'lJ~llJiifJ~thifi'Yl1~flruowna~l'flJ1afl~ LLuu'<51aa~ ~~1-6L1a1'lJ1lJlJ1mLa~lJ.ia1lJ1"jmh 

-r"l"!I ",I; "'l~d ..J~lu .J'.
l 11 L'lf LlJama111n"j"jlJ ~~lJlJ 'OJ~ ~lJm"j'Yl~aa~'YlLlJ'lJ 'Yl1~fl11~m"jLafl~ L'lflJ Mou LLa~

• 
Cooney llJtI 1983 1~fi1m"jf1m·:t1U~lJ1wm"jLGilJa1"lm111"l~L11lJ1~alJliiam"jL'OJ~qJua~ 
m"jai'1~a1"jU~~1'lJ~llJm"j11JJ n L 'W'lJu;tai1 'lJ ~~m"jfl1u~lJ~~nii11Yhl~fl~afl '1 LGilJ 

n~lf1aLLa~fla{'lJa~'Wi1Lfla{ ( corn steep liquor) 1'lJm111"jL~fl~Lta'lfU~.a'u'll'tl'lJ 
..I • ... • lu .J .J.,. ~ ...~ Q

(complex medium) LlJa'lf1~"j~fJ~tl~m"jL'OJ"jqJ~l'lJ fI"j~11'lJ~ lJm"ja"j1~L'W'lJ'lJ'oaa'lJ~~ 

.r "':; 1 1 .,. '" IV ..I # ~ U"'... ...d • 	 1;
tJ'lJ ~~'lJlJL'Ylfl 'lJ aflm~m"l11lJn'OJ~'W{tJJ'lJ1GltllJ1L"lafl '1 m"ja"j1~a1"j !l'lf1'lJ~'lJ'lJLn~'OJ1n 

..J... d" ..I. fl' ....J... "" ..J. 1 ~ 
m"j'Yl'OJ a'lJ'Yl"j!J'lI1~ a1"jB1111"j'YliJ1LulJOHl m"lL'OJ"jqJ11lJ~'lf'lJ ~11"jBlJ1nn11 'lS~'OJ~'t11 11m"l• 

... ..1 ~..J ... 1 .:r J"..J... ..I. "'. ... 
L'OJ"jtyfl~'t1Ua~'OJ~L"lJ1 ~"j~fJ~~am~a lJm111"jLafl~ L'lfa'Yl lJa1"jmm"j'Yl'OJ1n~9tam"jL'OJ"jqJ 'WU 

• J" ":... ... u"'~ 1 ..I ...... .r ~ (. .11 L'lfa'OJ~L"jlJlJm"j~a9ta1"j !l"D ~lJ~ 'lJ"lJW~'Ylm"jL'OJ"lqJLn~tJ'lJ'lf1 '1 Martin and Demam , 

1980) LL~i18Vl"j1m"jai'1~a1"ju~~h'lJ~'OJ~lJ.iLrifl1ti'a~nu8Vl"j1m"jL'OJ~CYllJ"j~fl~afl~~a 
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~aGl LLGhPhJl NLwaa1tJ'l~El~n1'lL~~qf~:arlEn-n8,:uiun1'lifTI-:J in'ltl~=ihtJ~1 tJ'l~El ~ifTI-:J ~a 

... ., ~.,J ,3 or ..I 1 "... " 1.1...... .,J:; 
~a~ ~HtJ tJJ)11~'Y1 L'nn~if)JGl8nl'lLa El-:JLtitlL'n 8 'H)J nl'lif'll-:Jifl'l !ItiltJ~)Jln'YI~~tJtJ 

~lLtltJmh-:J~-:J~i8-:JfllUf!)JL'l1aa1tJ'l~El~n1'lL~~ty (Yang et al., 1995) 

," ,. tI...,. ~I ' ,, ' .,J , ...,.,
LL'H,NflT1U8tJ L~El nGln~ Lflif~~LutJLL'Ha-:Jfll'lU8tJYlL'Hm~if)JGl8n1'lL~'ltyUGl~~~~ 

"1.1...... ..... !5' .: or.,J 1
'Ifl1-:Jn1'lifTI-:Jifl'l !ItiltJ~'HalEltitJ~ )JTIEl-:JltJnl'l~J n~11181'Hl'lLa El-:J Lti8'Y1 L'H)Jl~if)J tJ 

nl'liffl-:Jifl'ltl~=iiltJ~,j'n~~LtltJL'nauwflfllh~ (polysaccharide) 'H~8L8aLmL'l1flfllh~ 

(oligosaccharide) (Soltero and Johnson, 1953) m'Hl'lLifEl-:JL~8~t1'l~n8uii'lElnaLflif 
" , " ..I.,Jl ~ " , ,,. 1" , 1 ' ...J."... " 

LLa:aL'Ha-:Jfll'lU8tJ8tJ'YI ti L~El1nnl1 'nUl1na Lflif~~fln tin8tJ tJtil-:J'YI L)J)Jn1'lifTI-:Jifl'l
" " 

t1~=iiltJ~'Hcl-:J~lnn~Lflif~n1'li'H)J~ LL'Hc1-:JflTi'u8tJ~if8-:Jmm~El1nnil~~~nl'littJn1'lifTI-:J 

ifl'ltl~=ii1tJ~ (Audhya and Russell, 1975 ; Demain, 1963 ; Gallo and Katz, 1972) 
..$" .,J ,. l' 1 " 1.1...... ..I ,. -1"'"iflL'HG!gl~'Y'YIn~Lflif )JL'H)Jl~if)J tJn1'lifmifl'l !ItiltJ~ LtJ8-:J~lnn~Lflif~~m 'HLn~n1'l 

"1- J, " "J.,J,,~..,... " 
fllGll LU a'YI'lL'n'liftitJ'lJ8-:Jfll'lU8tJ W-:JLnEl1'lJ8-:J'YI-:J8GlTIn1'lL~'l'YLLa~n1'lflluf!)Jn1'lifTI-:J 

ifl'ltl~=iiltJ~ilEl (Bu' Lock , 1974 ; Martin and Demain , 1980) n1'lifTI-:J 

L'"tJUY1aatJ 'nUiltilL~)JnaLflif8~1-:Jil 1 a-:JltJmm'lLiffJ~L~8 ~dhl";Ln~n1'lL~~ty8rll-:J
" 

il,"f8)J,f-:Jihi~n1'lej'uJ-:J~8-:JnaLflif LLa~ ltJul-:Jn'lrunaLflif~~n~n1'lYil-:JltJ~8-:JL8tJ1WJJ 
" " 

ltJiiin1'lifTI-:Jifl'ltl~=iiltJ~ LtitJ n~Lflif~~ej'uJ~n1'lif~;n8,j'ElY1tJ ltJ Streptomyces 

fradiae L~Eln~nl'l'ril-:JltJ'lJ8-:JL8tJ1WJJ~8if~lL'YIif (phosphatase) (Majumdar and 

Majumdar, 1981) 

1 
a 1..,i' UU'Hc1-:Jfll{ U8tJa li 'lJYll'liltJnl'l~a GlflltJl,j' El:a tJ ij'llEJ-:JltJ'2J8-:J 

~I ,d J . 1Umezawa LLa~flN~ tJu 1957 11 L)J81aEN Streptomyces kanamyceticus K2-J tJ 

, ..r 1" ~r'1 "... ..1 ,. ,.
81m'l Czapak salt basal 'nUl1Ltimnm'lfl ti8~TIULtJif L~nW'YI'ltJ 111flLGlif n1LLa~LGlif 

naLflif n~L'l18'l8a )J8aLGlif LL)JtJUYl8a TI~Yf[tJif (raffinose) UU-:J WLfl'lif ua~i~Y1LtJGl 
" " 

LLGl1)J1'liEtJLtJY1Y18a (inositol) EtJtJatJ (innulin) LLaflLGlif LL'l)JLtJif (rhamnose) W8{[Uif
" 

1 :f ~ .:r .., , 1 .:r..r .,J... ~ ~I
(sorbose) WLaif LLa~8~·aLGlGl tJ8n~lntJEJ-:J'nUl1 tJ81'Hl'lLaEl-:JLti8'Y1)JLLu-:JLutJ 

8-:J~t1'l~n8U ~::l";~h vleld ~8-:JflltJl,j'ElY1tJif-:Jif~ (Umezawa et al., 1957) tl 1973 ij
J. " • 

TIfJ-:JltJ~8-:J Basak LLa:: Majumdar ~-:Jf1n~lLL'Hc1-:JflTi'U8tJm'littJn1'l~aGlflltJl,j'El:atJ~8-:J 
S. kanamyceticus ATCC 12853 L~fJli basal mineral salts 'nuiln1LLaflLGlintltJU'Hc1-:J 

fll{U8tJ~~~if~ L~ElL~n'lfGl~tJ LLU-:Ja~alEJ LLU-:J,j'tJ~{-:J LLa~)J8aLGlif l";t-JaltJn1'lL~~ty• 
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JJ1tltT".i1f1l)t-J~VlA1lJ1arfJ:SlJ tlllJfli.'l1Aa LUJlJ1lJa eJ~)l'u1lJa bUlJLL11t'i.:JA1fueJ'U~1~ 
'" 

mJJ1~aJJvieJf1l)afNA1'U1arfJ:SlJ ~ll1fUfli.'l1Aa,!'U Satoh LLi.'l~AUI~ (Satoh et al., 1976)
'\J 

)1 fJ.:J1lJi1fli.'l1Aa~~flv)f1l)'yh.:J1lJ"lJeJ.:J beJlJ1'lf~ b8lJ - eJ~b7iYli.'lA1lJ1 aJfJ:SlJ eJ~i'11lJ1t11V)) bi.'l a 
'\J 

.J ~I 1 d' <V '" 1 '" <V :3(N-acetylaminohydrolase) 'If.:J b u'UbeJlJ 'lfJJVll~v)'YI1fJ lJ f1l)a)1.:JA1lJll.JtI"olJ 

I 1 1 d "1 9;'] '" I I 1'" oJ ~I • I LLl1i.'l.:J lJ VI)b~lJ'YIflfl ~"lf~v).:J1tl b"lflJLLeJJJ l-H'tJtI 'If.:JbulJa1)u)::fleJU
" 

trw lJ'YI1 EJ1lJIV1)b~lJ ~~.yh1 ~ btl V1 f1l)flV)f1l);1 1.:J1lJ"lJ eJ.:J beJlJ17i~~ bM fJl?JeJ.:J b~ eJ1'lf'LL 11t'i.:J 

1lJIV1)b~lJbUlJ<6uabVl)'Y1 b~ eJl1~ f1b~tJ'ltl)lfl{) f1l)ru~.:J flt'iTJ ~.:Jl'lf'LL11t'i.:J1lJ1V1)L~lJ~1'lf'mfl 
b'lfU f1l) [:..J a VIa bVl )tlLVl arfJ?flJ ~~1'If'f1lfl5--H11i;i eJ.:J b U lJ U11 r;i.:J1lJLVI) b~lJ (Aharonowitz, 

1980) all1fua1)tl)~fleJUBlJ'YI1~llJIV1)b~lJ'!lJ 1'W)~lJ (proline) ~~1 ~[:..Ji.'l~~t!V)1lJf1lJ 
0. 0 11 <V "" ~.r .d 1'" 1'" I '" 1 d "" 1'" .d[:..Ji.'lVlabVl)u V1JJfJ7i'tJ 'YI.:JlJblJeJ.:J~lfl 'W)i.'llJ~~f1fl "lfam.:J"lf1 'l lJ"lJUI~'YILfli.'leJLLeJJJ JJblJfJeJlJ 

" 
1 "'l '" "'" <V 1 1 1 "" "" ~ ~I 1 1 '"I "".-J d"lI'l 6J mt-Ji.'lvIL'YIlflU 'W)i.'llJ t;11lJ eJ 'lfi.'ll'lflJ (isoleucine) lJlJ bulJLLl1i.'l.:J lJ VI)L~lJ'YI ~"lf 

af1.:JAi.'lmL)JJbvJiJAeJi.'l~~~t!V) (Chatterjee and Vining , 1981) vl.:J,!lJf1l)LaeJf1bmt'i-:J 

d d' OJ ~I 0.1 d "" "" 1"1 9;'1 '" I '" ..s I<V <V1lJ1VI)L~lJ'YIa.:JLA)l~l1~~Vla.:JLulJfl)VleJ~JJ lJ'YI~i.'llJ'YI)tI L"lf LVleJtl1.:J"lf1 'l t;1111)ULLl1i.'l.:J• 
1lJlV1)b~lJ~bl1JJ1::aJJvi eJf1l)af1.:Jal)tllPlhlJ~llJfl~JJeJ~i'11lJ1fli.'l1A1'lf~ 'WuiT1aVJL l1aeJ 1'lf' 

'YI1.:Jfll)bfl"OVI) b~lJ f1lfl51maeJ.:J AaflJa~'W~bAaf LLi.'l~m)atlVl~lfl~avl ~~bUlJm1t'i.:J 
d "1 .r.r "1 "" "" 1'" ••1<V1'W1V1)L~lJ'YI Ll1aJl~aJJ blJm111)Li.'lEJ.:JL"lfeJ blJU1-.:.Jfl)UI m~LVll.JLLeJJJ JJLlJfJJJ'lfi.'lbl"iVlLLi.'l:: 

bbeJl.JllJb'wfJl.J1lJLVI)'YIi.'l.:J1tlvhEJ (Okachi bLi.'l~ Nara, 1980) 

ij)l EJ.:J1lJf1l) 1 'If'LL11t'i.:J1lJIVl)b~'WllJ f1l)t-J~V1A1lJ1arEJ:SlJ LVW Umezawa LLi.'l~AUI~ 

'WUi1A1'W1JJtJ~ lJ~~f1 flaf1.:JllJm111)L~EJ.:J b~eJ~tl)~fleJuvh fJf1lfl51L11i;i eJ.:J f1lfl51aa.:J 
'\J 

f1lf1bJJaVl&:hEJ AeJf'Wa~waLAeJf btltllVllJ a1)atlVl~lfl~avll1~eJm)atlVl~1f1bifeJ IVlmmt'i.:J 

louLVl)b~lJ~~~aVlAeJ f1lfl51bl1i;ieJ.:J f1l)b~JJAeJflJa0i'WabAeJf LutllV1lJ a1)atlVl~lfl~avl
• 

l1~eJ1lJLVlJ'YI1lJelVl·:ntlllJ~1-.:.J 'l ~~.yh111iJf1l Jaf1-.:.J A1lJ1 aJfJ:S'UL~l.J:fflJ tJ 1973 Basak bLi.'l~ 
Majumdar ~mn[:..Ji.'l"lJeJ.:JLLl1t'i.:J1lJIVl)b~lJ1lJm111) basal mineral salts 'WUi1 

17i b~ fJl.J 1 'W bVl)'Y1 5.1 flf JJ vi a ~ VI)c. 1~tl1JJ1UlA1lJ1aJfJ?flJ~..:J ~ VI Lli.'l~fllJ L~JJ1fli.'l:alJ 
., 

mf~ijlJ bbeJatl1)1~lJ llJtl1JJ1UlUeJEJ~~ri1111t:-Ji.'lt-J~V1"lJeJ.:JA1lJ1aJfJ:S'Ua.:J~lJ 
" 

.€l.lliJ1Jl,j:1 flUll1iJi'1 b UlJ1J~~EJ~a1~qJvieJf1l)t:-JaVla1)tl~:allJ~1~m·ril~~fJ ~lJ b~lJ tl1 

flrul1iJi'1~.:J billJ1tlt-Ji.'l~~V1~1v1n~::~1 vl.:J'!lJllJ fll)t:-J aVlm)tl~:allJ~~-.:.Jvi'eJ'lA1U~l.J1~eJ~1lJ 
~1.:J ~ 'W eJ b l1JJ1 d VI EJ f1l)lJyj ml1 b~lJ"lJ VI~~llJ"lJ eJ.:J fi',:maJfl a Ull1fliJ~1'If'all1fu f1l) b'W1~bifJ.:J 

N • " 

.d' .J '" <V~ ~ I !"l '" ""I

b"lfeJ S. kanamyceticus b'WeJf1l)~i.'lVlAllJll.JtI·olJlJ'tJ 'WU11~~eJ~LU"lfl..:Jfll1..:JAeJ 25-35 
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.. ... ... 
'InlftlJ..nn'~ tf01111fl nCUl nl1 

• J ~ .. 

Ilf1Mn1R1IJ"Tl "1J1na . 

b'lf~bYfml (Umezawa, 1957) 

rh rll.mllllJ o 'H) - ~l.l rlll aJ LtJUOdVl- ~1-:J'lI eN en",l'l L~fJ-:J L;ffaiJ~llaJ al~qJ~a01'l 
v.J aIf) (;llduli?hu~aJl 0 l~iJ01dAO'I~n (;llduli?bU~Ud~bil'YlLuul'Ylvl~t:.J a~ eJ eJ oaJl1u?h-:J",.r-:J 

'lI eJ-:JOldb~~ rut!ui l~U mi n U~llaJLtJ UOdVl-~l~'lIeJ-:Jen"'ldL~ fNL1f mtJ ual~ru 'Jlfl 
v u u 

rlll~al~tlJ'lJeJ~~lAllaJ LtJUO'JVl-~l~1Uen"'l'lbifJ~ b;ffa~~mhl (;llaJl'lf.lYh 1 ttLiiVlO1'lt:.J~lf) 
1Uil~'lJel..J01'lb'<\l~fYhi Ld e:Jb~fJ..Jluen"'ld~iJ~l~llaJbtJUOdVl-~l~b"'aJl~(;laJ (Haavik, 

19 7 4) al'Wr'UOld[:.J~lf)rllUlarfJ~Ut!U S. kanamyceticus '<\l~(;lfl~A1UlarfJ~Uluil~~ 
btJu vil..J (Umezawa, 1957 ; Basak and Majumdar, 1973) 

'llf)All~al~f1!'lIeJ\I~l'WlarfJ~U ~\lbtJ'W(;l1'luli?hu~~'Ul~11"lil'W0l'lfO'l~n1d~lUrlu 

bb~~5 ~rr lVltJiJ Lb Ull,r aJ1U01';j1'15L-rj mJlo:ffU Bfl'~~15 O1'JA O'IoflO1'lfl 'llfJ~U5'lJeJ'l, 

Streptomyces kanamyceticus L~e:JlrriJud~~'Yl5illl"j1UOldt:.J~lf)~lUlartJ~'WfJ~l,jalb~'lLvh 

~~ld (Thao et al. , 1980) U'l~oe:J'tIn'lJ~ru~'lIeJ~t:.Ji~tJ (;llmd()m01'l~WJU1LL'l~~VlLaafl
u 

tf1tJ~lJqO~ltJ'lJeJ~ S. kanamyceticus ~~btJlJ(;lltJ~'Uq~t:.J~~~llJlartJ~'U lvi(;lltJ~uqomfJ 
3 (;llm~'t.i5 ~~t:.J~~~lUlartJ:SU(;l~oil(;llfJ~'W5L~aJ b~eJ~'l10(;llfJ~U50mfJdijAru(;laJU~~

'\ ".. 'I i 

o I.J 1" I '" .. "" "" ......t ., "'" .,.,. 0 1 .J' 1 ,.d 1"I ... 
bu~ fJ 'U u~lfl(;llfJl"j'U5bVlaJ""de:J(;l1t1l"jUM)~Vl'U ~\lVle:J~~Oldud'lJilll~ '.J01dL'ltJ~ l1aJbl"leJ 11 

t:.J ~VlAltn~tJ:aU(;l~~'U ~~t!'W~l'Ul~tJd~~ii" Vl,j\l"'aJlfJ~'<\l~~VlLaamntJ~'U50'llfJ'lIa~ 
'V i 'I '\ 

d.ool aJ.c.-..J' ..J010II .0. 

S. kanamyceticus 'Yl6.J Al16.J b(;lflfJd Lb'l~(;ll tJl df.l t:.J~ Vl Al'Ul6.J fJ'lfU~~'lIU 6.Jl"'1i111~'Ylbl1tJl~(;l6.J 

byJ eJ 0l ';i t:.J ~ Vl Al'marfJ~'U1~!;l~(;l Vl bb'l~'Ul'li'e:J 6.J 'l~1~ 1ul-rt'U fl1';jt:.J~ Vl~l'UlarfJ:SUlud~~u
" , " 

http:llm~'t.i5
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...; 
unn 2 

1. ~tJO'UU 

1.1 ~(hm~a (laminar flow) U~';'Y1 International Scientific Supply 

Co.Ltd., Thailand 

1.2 ~tilJL~a~'I1U~l"Jt!Nl1lJiJ (incubator) 1\.1 D 0601 model 500 U~';'Y1 
Memmert, U.S.A. 

1.3 Lfl~a~L'lItilL~a,u:5a (shaker )1'U Gyrotory G10 U~';'Y1 New 

. Brunswick Scientific, U.S.A. 

~ '" . "" ( ) .1.4 Lfl'la~1~fllnl'')~~na'ULLa~ spectophotometer 1'U Novaspec II 

U~';'Y1 Phannacia Biotech , England 

1.5 fl1~n'l~'OJn ?J'Ul~nil~ 19 L'lf'UWLlJOl'l EJ11 31 L'lf'UOlLlJl.'I'l a~ 1.5.. 
L'lf'U Ol LlJ 01 '1 

1.6 lilJl-a'aLOliJLl.'la{ (haemacytometeer) 'll'Ul~ bright line deep 1/10 

iJaaLlJOl'l U~';'Y1 Boeco, West Germany 

1.7 n~a~~a'YI'l'l~nr (microscope) i'U CHS U~';'Y1 Olympus Optical 

Co.Ltd., Japan 
~. Q'"

1.8 Lfl'la~t:JalJal'l (vortex) 1'U Vortex-2 Genie model G-560E U'ni'YI 

Scientific Industries, U.S.A. 

1.9 

1.10 Lfl~a~~'ULl1~a~ (centrifuge) i'U KM-15200 U~';'Yl Kubota, Japan 
.d J,r Q,t. Q4L' 

1.11 Lfl'la~'lI~'Ull1'Un 1'U A200S U'l'li'Yl Sartorius, Germany 

1.12 Lfl~a~1~~lfl11lJLtJ'Un'l~-~1~ (pH meter) i'U Cyberscan 1000 

U~';'Y1 Eutech Cyberscan , Singapore 
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.... 
2 . ijJ1UU/ 

2.1 ~1'U1JJtJ:a'ULtlr8'ml~Vl (kanamycin A sulfate ) U~';'Y1 Sigma 

Chemical ,U.S.A. 

2.2 t1~:alVllw1Vl'Jvl (acetonitrile) U~';'Y1 Sigma Chemical, U.S.A. 

Q"I' .df Q..,I d' 

1. V'l ~Ln tlmn8YnJq,fli;ntJ'lJt}\l S. kanamyceticus 

1. 1 fl1'HVl~tJ~5tltl{Lb'lJl'Wi:leJtJ'lJeJ'l S. kanaruyceticus 
o '" -4 "" .1 <f.. ~.J .J'

'Wl S. k anamyceticus mtt 7 -1 0 1'W '(f":}3.J5ueJ'H'<IJ':ifljbVl3.J'YI b~l~btltJ'l 

~'U tI1 l1l~lJba rJ--llltJba5 (YS agar) (ilWl~'Ulf1) bLtl~b&J3.J Tween-80 L~tJtl'utl{li'VI~Vl 
mhWl3.Jl fl ':ieN~ltJi!hmVltJ15fl1'muut1tltlVlb~f) 

'YI~i.'t a~~t11u 

1.3 fl1'jbWl~L5tJ..:}1 'WtIl'Vfl':iL'VItll L~m.J~VlV'l1'W1JJtJ:a'W 
tJl S. kanamyceticus '<IJlmiti 1.2 U~~lVl'J 1 0 iJtl~~Vl'j lan..:} 1 'WtIl'VI11 

L'I1611~t'l -Wb~3.JU (KPMB medium ) tl~3.J1Vl'J 50 a:Ji:l~~Vl':i (fllYlt:-J'Ulfl) u':i'J~l14• 
Erlenmeyer flask l~l~L~tJ~U'U lV'l~fNb'lJ~l~~ru'VIiJiJ-JeJ'lLtI'UI.lnl 7 114 

1 .4 li,A':il:::r1oJ~3.JlruATW1JJtJ:a'U'Vn~~tl;zrll'Y1tJ1 (Microbiological assay) 

l~AlldJmJJl'Hll'Wfl1':it:-J~VlAl'lnJJtJ:S'U114tIl'VI1':imtllbYlYh~3.JU lVltJ1B 

<frn':iLLW~, (Agar diffusion method) ''''.'lfL"lftlmb'lJl'UtltltJ'lJel":}L'lffl'YlVltl't1U.J' Staphylococcus 

aureus ATCC6538P 'lrlrl'ltll'VI1JL~3.J1YH (M5 agar) (ill~c.J'Ultl) UalL'YItl":}U'U 
o ~ 'P ~ J., :; ~ iii' G 0.1 91 iI1 

mVlfl 'J:::'<IJfl 'Y1ll'VItll'VI1T1'Ufl'J:::"'iIltJ'YIltllVl Vl":}'YI'l 'VIl'UU'lJ'lVll L~l:::l'WVllU cock borer 'VIElVl. ., 
'" , .J ""., , "" '" "" •.1 ..J '" '" • .J
Vll fltJ1 'l'YI bVl':itJ :JJ'<IJlfl'lJ fl 1. 3 LLtl~Al'Wl3.JtJ"lf'U'lfmn VlJJl Vl':i~l'U'YIAlllJ L'lJJJ'lJ'UW1'l 'l tl'l'VI,! JJ 'Y1 


L'Jl ::: -1VlA-n lJ flll\! Lal.! tJl~l.! t:ffl i.'tl'lU~ Ll rufJut..:} fl1':iL'<IJ~ru~ m~t1'Y1Vl tl'eJ1J Ltl~tJULYiUUMl 

~ ~ 

http:114tIl'VI1':imtllbYlYh~3.JU
http:L'I1611~t'l-Wb~3.JU
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... 	 ... ., z: 
1.5 mih~'f1::lf\h~,,j'fmr'lJlElUM-:J m1l1N\het1~~~b'lf m1l1N\hfn~m 

1111~ m1l1NLtI')~'lJ LL~::~h~1111LU'lJn,)~-~1-:J 

\h~18rl1-:J~i"lmj8 1.3 1t1tl'lJLLElma'lJ1El88n"lnri1'lJthla a1-:JLa'lJ 

1 ..It1 ~ ..... ... '" ••1'" ...... .. 1'" .....1
El'YI 'lJLu8'lJLL~~L'lfElll~1,)U8L'lJVl88n ~1Eln,)~'lf~n')~L?J1I?J'lJ 1 'lJ8,)1I8~ 8U l'1LLl'1-:J'YI 60 

" 
8-:J~lL'lf~L:aElaLtJ'lJll~l 12 ~1LlI-:J ~-:JJ111,j'nLLM-:JL~8i'~ei'VI'f1m,)L"'ity ih'lJJ11a~uEln1i 
u11t1iL~'f1::lf111t1'i1l1NJ1V11~..t1111~ i1flifi~'lJ8~-~~-n'irt (Phenol-sulfuric method) 

" 
(Ashwell, 1966) lL~'f1::lftl'i1l1NJ1V11~~~b'lfi1Ellfi~ha'lJL8aL8 (DNSA m~thod) 
(Bernfeld, 1955) 1 L~'f1::lfl11t1'i1l1NLtI')0i'lJi1Elifi~11~ (Lowry method) (Lowry 

"" ~I ,III'" "' ...et aI., 1951) 1~~1~1111Lu'lJn,)~-~1-:J~1EJL~,)8-:J1~'WL8'tf (pH meter) 

OJ4 'fI' ~.

2.1 	 ~~L~8mLl1~-:J~1,)U8'lJ'tf'lJ~Vl1-:J 1 
. ... 1 '" .. z: ... ",....I

'lJ1La'lJ 	El?J8-:J S. kanamyceticus a1El'Wuf!VI-:JVluu~::a1El'W'lJqn~lEl'YI 

.¥ 1 	 ... d ... 'i tI../ 1 ...... , .. ...f'l~L~8nli Lafl-:J 'lJ81111,)Ll1~1L~'WLElliU L~m afl'lJaVl,)81l11,) 1111LLl1a-:Jfl1,)UElU'tfU~
" 

Gi1-:J In'lJ 6 'tfii~ fl8 LLiJ-:J 1I8~lVia LL~~lVia n~l~a mu~~lV1a LL~::"lfl~')a U1111 
" " 

• IV 1 ",....I., ... 1'" .¥ 11.11 La 1.1 	 El'l:l8-:Ja1El'W'lJiln~lEl'YI~~L~8n ~1I1L~El-:J U81111,)Ll1~1• 
L~-n La lIU l~EJLtI~ El'lJa VI,)81111,)1 Mijm,)LL tI,)~'lJtI'i1l1N?J8-:JLLl1ii-:J~l'fu8'lJ~~~L~8n1i 

" 
LU'lJ 5 , 10 , 15 , 20 , 2 5 LL~:: 30 ni'lIGi8§VI,) U11111L~'f1::lfi1Ellfim,)'YI~~8-:Ji8 1.5 

LL~::111t1'i 1I1N~1'lJ1,rEl:aU~1111fi'YI~a8-:Ji8 1.5 LL~::l11m1l1N~1'lJ1,rEl:a'lJVl1111fim') 

'YI~~8-:J,r8 1.4 \he.J~~i1l11L~'f1::lfl11t1'i1l1N?J8-:J Ul1ii-:J~l'fu8U~a1El";'lJfin~lElU11tI1ti• 
1'lJn1,)e.J§VI~1'lJ1~El:aul111ia-:Ja~

" . 
2.2 m,)~~L~8nUl1ii-:J1ulV1,)L"'lJ'tfij~Gi1-:J 1 

'..Y."I 	 ., .. ../"' ... 1'" .¥"I
U1L(tU LEl'lJ8-:J S. kanamyceticus a1El'W'lJ~n~lEl'YI~~L~8n ~ 1I1L~El-:J LU 

81111')L11~1L~-nLaliU l~EJLtI~El'lJa~,)81111,)1 MijUl1ii-:J 11.1LVI ,)L"Ul1anGi1-:Jnu 5 'tfij~ fl8 
" 

8::~liJ'lJ n~l~'lf1ij'lJ l'lfL~ElliluLVI,)'Y1 'lf8El1'Y1'lJ a1')an~"lntja~ LL~::mmt1Ll1~8-:J~f.'ln 
" 	 " 

rl8Eli1Eln')~ U11111L~'f1::lfVl1111B'YI~~8-:Ji8 1.5 LL~::tI'i1l1N~1'lJ1~El:aui1El1fi'YI~~8-:Ji8 

1.4 
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n I OJ • I'" I 1 'I .,J '" .,. 1.,
2.2.1 fll'HLu1t-J'Uu'HJlnlbb'VI,H 'U L~1b"'U'YlAVlb~Clfl Vl 

'" 1 d' ...JQ.I' dill 1'"Q.fUltn'U tJ"l1Cl~ S. kanamyceticus nltJ'VfWi:!fl~ltJ'YlAVlL~Clfl Vl 

:!Jl bi (J.;)1 'U Cll'VI11~ 'VIi."IlbAV4 b~hJ'u LVl mtl~ tJ'Un ~1Cll'VI11hrii fl11bb tl1~'Utl~~lnlbb'VIa~ 
'V 

}i-Jl~'H"'U~A~Hi;iClfl1~btJ'U 12 Ui."I :; 14 flf~vi8a~1 U1JJllbA11:;r1Vll:JiJ5'YlVli."l8'lii'8 1.5 

Ui."l ~'VIltJ~JJlnlflltJlarEJ:a'U~ldJ15'YlVli."l eJ'lii'Cl 1.4 'Wl t-Ji."I~l~JJll bA11~r1'Yntl~1Jlru'lJ eJ'l U'VIa.;) 

It.11~ 'H,,tJ~Gll EJ~'Uci'fli.''llm.h1tllil'Ufll1t-J~~Al'Ularl:J:S'UliGl'lGlVl
• u • 

o ~ ~ Q,.I t1' .d<l.l d 1'" 
'Ulbn'U btJ"l1Cl..:J S. kanamyceticus nl(J'W'Ui:!fl~l(J'YlAVlb~afl VI 

JJl dtJ~1 'UCllvn1bl1i."11 bA ~l3:IJU ~1:IJi5fl11'YlVli."la~ii'a 4. 2 lVlfHu~(J'Un~1m'VI11111ijfll1
" 

LL(;I ~l'ntlj 1Jl nl fl l'UlaJtJ:a'U~n 1J15 'YlVlI."I Cl'lii' a 1.4 ulc.Ji."I~l~1JllbA11~r1'V11~lAl11J L tJ'U 

flJ~-~1-:t~L'VIJJ1~nlJ~ a1tJW'UBmnmnlJ11flu11tl1'l:f''Ufl11t-J~~Al'UlaJ(J:a'Ul~n'lnVl 
• u • 

2 .4 fll1'YlVlnaU fll1 Lbtl1~'Ua nI'VI.fliJ~ii c.J i."I ~ a fl11c.J a~Al'Ul aJ(J;a'U. " 
'lilba'Ula"l1eN s. k anamyceticus nl(J~'U~fli."ll(J ~L~1tJJJ1~'.llfl15fll1 

'YIVli."la'liB 4.1 tJ~JJ1~1 10 iJi."I~H~Vl1 JJlb~tJ~1'Um'VI11l'VIi."llLA~dhJ'u lVlmwflL~l~b~I:J'l~ 

t bi."l~ 'VIltl~ 1Jl rnAitnaJtJ~'U Vlla,{15'YlVli."leJ~ii'eJ 1.4 Ul t-Ji."I~l~lJliLAl1~r1anl'VIfliJ~L'VIlJl~nJJ
• u 

~nltJW'U5fli."lltJnlJJ11flUlltJl'li1 'U fll1t-J~~ Al'UlaJtJ:a'U lv1'n'lnVl 
q v q 



• • • 
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.,j 

tJ'n'n 3 

U'odI 	 ..,., 

1. nl'rifl~Laamf1tJYf\JqmntJ~a..:J S. kanamyceticus 

~lnn1'i,haltJW'U5nal!1~1'\J1'U 2 altJW'U5 ~flfU~~a..:J~i~tJ1~W~1J1LLa~A~ 
• 	 • OJ 

... 1"'" 	 oJ.,. .., :;'} 1" I U '" z;Laan ~na 	UUNNKI ua~ UUNNK25 'iHalJJ1'i(l~a~fll1J1JJtJ"()1J ~a..:Jn11altJ~1J5~..:J 
OJ 	 • 

i'U ~..:J,f1J~..:J1l1altJw'Ufin altJ~..:Jnril1JJl'rhn1'i~V1Li1a n L 111ialtJw'Ud' nal!1~ii~a~L1Jn1'i 
.,. ",:;,}.d _ ~ ... '" '" '" z; ., oJ .,., '" .J 1.1.J 

~ao!fll'\J1JJtJ"()'U LJJ8Lu'itJ\JL'YItJ\JntJaltJ~'Ul!~..:J~1J Kl 'If..:J ~'HCo..Ia~..:J~,.rH'YI 1 ~ 'YI 1 , 

Vll'i1~~ 2 'i1.1~ 2 Ua~~l'i1~~ 3 'i1.1~ 3 VllJJ,b~\J
OJ 	 OJ 

Vll'il..:J~ 1 	 LLaVl..:J,ll'HUma'ULtJU-H..:J 1.1~JJlfU,ll~la,f..:J'HJJVl mJJlfU,ll~la~~h'lf fllf111JJ 

LtJ'Un'i~-~l..:J mmfUl1.1'iii1JLLa~mmfUfllU1,jtJ:a'U~~altJW'U5 UUNNKI ~ • 

"i::u::nal0l1 
.r 

L1'Cl::UI!l~ 

(1U) 

ftlf1'11'U\JU 

onl-ih~ 

1h.nrmautft .. 
LUN 

(mg/ml) 

m,nanh,na 

1~'1,f 

(mg/ml) 

m,nwt"l"iMu 

(mg/m1) 

mlnanh9l1i1 
r. 

ml1J1j1 

(mg/m1) 

tfDnwwnrufu1hl 

(J..Ig/m1) 

0 7.10 2.80 4.79 6.25 19.57 0 

1 8.05 7.70 4.65 4.54 16.60 0 

2 8.85 11.00 4.02 4.27 12.60 70 

3 8.73 11.10 3.57 3.13 10.30 70 

4 7.37 13.24 3.52 2.99 3.57 70 

5 8.34 13.14 3.09 3.17 2.53 70 

6 8.48 11.21 1.09 4.08 1.89 70 

7 8.46 9.86 0.89 3.34 1.69 70 
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uglmlmg/ml 

20 70 

60 


15 

5 
-+- ~1f1'l1~Li'lUn7~ ..j;h~ 

4 _ ~1'nrmt\'uttll.L"~ (mglml) 

3 --A--117~1N~1"'1fli;;'li (mg/ml) 

2 -M-117~1Nt1J1~~ (mg/ml) 

5 
_117mN~111l1fl~~"'~~ (mg/ml) 

-+-117~1N1\1u1~tJ.u (ug/ml) 

===+0 

o 2 4 6 8 

" . " 
n'll~ ua~~u ll1tJmil"ultlu11~ fllf1111JLU Un'l~-~l~ t1~1JlfUUl1l11~~~b'lf 

t1~ 1JlfU1t1'lii U t1~ 1JlfUJl1l11~,f~l11J~ LL~~t1~1Jl fUfllUl,jElYiU"lJ8~alEiliU5
• 

n~lf.1 UUNNKI 

~~1'lf'OJ~~8E1 'l~~~~'OJln 4.79 1J1LUU 0.89 ij~~n~1JGl8ij~~~1l1'l m1JlfUlt1'liiu'OJ~~~~~ 
" LtiunU'OJlntl~1JlfU 6.25 LUU 3.34 ij~~n~1J~8ij~~~1l1'l U8n'OJlnUalt1liu5• UUNNKI 

al1Jl'lfl~~1l1f11U1UElYiUl~a~a~o~ 70 l1Jlf1'ln~1JlJi8ij~~~{fl'l ~~LLiii'u~ 2 'OJuo~iu~ 7" , 



12 

ml,)l~~ 2 	 LLaGNJ1"'UflLi;f'UlfJUl1~ tl~JJ1(UJlml~-rf~"'JJGl mJJ1(UJlml~~~h'l1 fllfl11JJ 

LtJ'UfI,)Gl-~l~ mJJ1(Uttl,)Gl'ULL~~mJJ1(ufll'Ul~fJ:a'U'fJeHi;l1t1li'U6 UUNNK25• 
.oJ.J' 1 ... ~ ... fl '" 
l1L~fJ~ 'Umm,)L"'~1Lfl~Ltl2JU Lu'lJL1~l 7 1'U 

1:;U::L'lftlnT'f tiltl,)lN 111','111'fl Lif'U'1I tAJll0nhlll18 tAJlloa tAJlloalll111'ft tRInoa 
.: 

nn::u'lI~ LU'Ufl1tl  U,,~ ~.h,f Ithii'U 
t. 
,n'UUI tI1'U1N8m.. 

(11.1) til~ (mg/ml) (mglmI) (mg/mI) (mg/mI) (J.lgImI) 

0 7.08 3.03 6.31 7.88 19.35 0 

1 8.35 8.15 4.60 5.80 14.35 0 

2 8.67 9.72 4.43 5.65 14.28 19 

3 8 .84 10.38 4.32 4.34 12.30 29 

4 8 .93 10.85 4.11 3.41 12.20 32 

5 8.97 10.05 3.47 3.39 12.10 32 

6 9.09 8.96 3.38 3.21 11.10 24 

7 8.90 8.68 3.28 3.07 10.90 19 

mglml 	 ug/ml 
20 

15 

10 

5 

35 

30 

25 

20 

\' ~.., ~ " _ U1lNflLI'lU LtJUWI (mglml) 

. ~ t ..._ r 

-'-1J1~1N'U1"'1fl1C/1'l' (mg/ml) 

15 -M- t1i~1Nttl10i'U (mg/ml) 

5 

0 • • 111.12 o 

o 246 8 
.¥ .., 

'i::!1::~'l"1m'i~'''::L''!l~ ('lu) 

n,)l~ LLaGl~Jl"'Uma'U1fILLl1~ fllf111JJL tJ 'lJfI,)Gl-~l~ tl~ JJl(UJlml~~~h'l1 
tl~ 2Jl(u t tl,)Gl 'lJ tl~JJ1(UJlml~...r~"'JJGl LL~~tl~2Jl(ufll'Ul,j'fJ:a'lJ tJeHi;llfJli'lJ6• 
f1~lfJ UUNNK25 
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.J .I.J .!' '" ~ 1 111 '" d' 	 c: J'
'nn~l'fN'Yl 	2 ")u'Yl 2 'V'4U11'Ul'\1'Um,,'U mL'\1~"llel~alB'V'4'UG UUNNK25 "iI~LYnJ"ll'U 

~ . 
q QI ..I 	 .J' ~, I QI Q Q QI • .Q, QQ" dI 

"iI'UfH1'U'Yl 4 'lIel~m,,)L~l~L,tB~ JJ~lLmnU 10.85 JJaan,,)JJ~elJJaaa~") LLa1"i1~a~a~L'\1ael 
:' '" .,. .,. '" , .,. .,..,. 1 '" .J , 	 J~I' 	 .r

'Ul'\1'Un 8.68 JJaan,,)JJGlelJJaaaGl,,) 'U1'U'Yl 7 fllfl11JJLu'Un,,)~-~11~tJel~m'\11,,)LamLtfel 
111 ~ • 

"iI~el~'!h~ 7.08-8.90 mJJltulh~la'Yl~'\1JJ~L'iJJGi'U"iIln 19.35 )jaani'JJ~el)jaaa~")
" .

~mhl,n'li"il'UL'\1~el 10.90 )jaani'JJ~el)jaaaGl,,) tJ'iJJltuul~la~~hyf"il~AelB 1a~iN"iIln 

6.31 JJ1Ltl'U 3.28 )jaani'JJ~elijaaa~") tJ'iJJltultJ")~'Un"il~a~a~LtI'Ufl'U"iIln 7.88 LU'U 

3.07 ijaani'JJ~elijaaa~") 'Ueln"illf)dalB~'Ud'• UUNNK25 alJJ1,,)flc.Ja~~1'U1,rrm'Uli 
a~a~ 321JJ1~")ni'JJ~elijaaaGl,,)
" . 
~1,,)1~~ 3 	 Ua~~J'l'\1irma'U1mLt1~ mJJltuJ'1~la,t'\1JJ~ tJ'iJJltuJl~la~~h'lf Alfl11JJ 

Ltl'Un")~-~~ mmtultJ")m'ULLaMJJltu~n'U1,rBYi'U"llel~alf.l~'Ud' K1 ~LiB~l'U• 

l::t1::'1f11n11 
.zl1'n::LiUI-a 

(1U) 

fi1f111a1 

,\JUn1t1

.h-a 

111'tl1r n UiU'8 .. 
U'tN 

(mg/m1) 

mN1W111fl1f1 

~hlf 

(mg/ml) 

mN1W'[,,hiiu 

(mg/m1) 

mN1W111fllf1 
l; 

YH't1a1ft 

(mg/mJ) 

t&nw 
~u 

(J.1g/m1) 

0 6.75 2.78 4.77 6.65 19.44 0 

1 8.17 7.66 2.55 3.21 13.21 0 

2 8.29 8.97 2.11 3.11 7.55 0 

3 8.31 14.02 0.93 3.02 3.92 2 

4 8.49 15.14 0.78 2.99 2.24 3 

5 8.70 14.78 0.71 2.54 2.01 4 

6 8.85 10.68 0.61 2.51 2.00 5 

7 8.94 9.14 0.55 2.48 1.77 14 
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mg/ml ug/ml 
20 14 

-+- Pi11'1'l1~~lhm:f;I~1-l 
12 

15 __ J1\1,rm«1J'ltJ~ui-l (mg/ml)10 

10 
8 --.- tIf~1(UJ11'11t'11~'lof (mglml) 

6 
--M- tIf~1(uLtMi1J (mglml) 

5 4 

2 
_ t " 

tIf~1(u1J""'"t'1li-l\l~f;I (mg/ml) 

0 0 -+- tIf~1N1'111J1~!J.1J (uglml) 

0 2 4 6 8 

.../
"H.I'YI 3 n"jl-nLLa~'nrl'Y1t1fmrU1EJLLl';~ Alf111lJLUUn"j~-~l~ t1~lJlt)nrl~la~~byf
v 

t1~lJlt'l.1ttl"jGiU t1~lJlt'l.1Jl~naJ~'YIlJ~ LLa:;t1~lJlt'l.1A1Ull1EJYiU 'lJ8~alEJ~UG• 

.J t1.J ,:' '" .Y 1" '" ~Z; " ,
~ln~l'rN'YI 3 "j 'YI 3 YfU11Ul'Y1UnL(1U mL'YI~'lJ8~alEJ~ULH'HlilU Kl ~~A8EJ '1 

v • 

L~lJ~U~ln 2.78 ija~n~lJ~8ija~~lil"j 1ui'u~ 0 ~Ufl~ 15 .14 ija~n~lJ~8ija~~Yl"j 
1 "'.../ .3 '" .t, ... "'.../ 1":' "'..Y.1"U1U'YI 4 'lJ8~m"jL~1:;LaEJ~ 'YIa~~lnUU~:;fl8EJ 'la(7la~~Ut)~1U'YI 7 (7lUl'Y1UnL(1U mL'YI~ 

9.14 ija~n~lJvi8ija~~lil"j A1A11lJLUUn"j(7l-~1~8EJ1U'lb~ 6.75 -8.94 t1~lJlt'l.1,rlYlla-rt~
'U 

ija~~VI"j t1~lJlt'l.1Jl~1~~~byf~:;~8EJ 'l~~~~~ln 4.77 lJ1LUU 0.55 ij~~n~lJvi8ij~~~lil"j 
mlJllUttl,ViU~:;a(7la-:)LtiUti'u~ln 6.64 LUU 2.48 ija~n~lJ~8ija~~VI"j U8n~lnif 
alEJ~UGKl allJl"jt)~~YlA1Ul2TEJYiul~a~a~ 14 llJtA"jn~lJ~8ij~~~VI"j 1ui'u~ 7 

• 'U • 

http:tIf~1N1'111J1~!J.1J
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d V' ,Q,..I cI .J .a..I q 

'llf1fl1~01f)'Hl'lieJ 1 -WU11all:JVrWli UUNNKI 'If':UJ~116.JlamT'iYll'l 
q 

-WUlif)')'j:IJLlt'i ~ al:IJ1 ')(lt:-J~ ~~1'W1JJI:J?1'W1~ 70 1lJl~~f)-r)Jv1eJiJa~~~"i lrlm~l:J.:J1UeJ1VI1'J, 
.a& G ~.cJq Q. f l%' OJ ,Q,.I Ot, V' V' 

b'VIt'il L~VUB)JU 'Y1)J t1Ii1"im 'VI1 "i'lf'W ~IU~~-:J ~1'JUa'W 'VI t'imb~fWn'lf)'U 6 'If'U{iI rll1tJl'lJtJ'lJ'U 20 
" 

n{tJ vieJ~~"i ~eJ bLU'l lJm'lLVla LL~~l~a f)~lr1a fl1bbt'i~L~t1 Lb~~'lfl~~a brlm11tJl~'h~~~l'1 
u u 

'VIl t Fhn un h'Vl'wmau1mb11.:J U1tJ1WJ1~1~i'l'VItJVl U1tJ1Wtu'J~'U ~1~11tJbtJUf)JVl-~l-:J 
ll~~tJ1tJlru~1 'U1JJf.I?SUlr1t:-J~~.:JLba{il'll'W~lJl.:J~ 4 "itJ~ 4 . ... 

OJ • OJ 

'VI ~ f1 bb iii f) ~1\l f) 'U 

tfhntllfl1lJ1~fJYllJ (~g/ml) 
, , 

U'IHNfl1"nHlU 

o o oo o o o 
o oo oo o1 

o 80o o 12 
I 

80o3 o 2'" 0., 
80174 . L~ f1'U Cl EJI 

d ., 

L~f1'UClfJ 8050 15 

119 oj " 
L~f1'U ClV 506 

202 119 17 



n 
20 25 


B 20 
! 15 

! ! 

OJ. 


15
~ ~ 
10 .~..~ 10 


";Z1 ii 
as
•.;r 5 

~ 5 


0 0 


0 2 4 6 8 0 2 4 6 8 


1::0::l1Gln111ft1::1au-l (i'\I) l::D::llQlnnllll::lila~ (i'\I) 

~ -3 
8 
 80 


--B 6 
 ! 60 

Oi. .e 

;z.! go;z 
ts: ~ 40
.. 4 

-;:I 

i 
;z

'a s 
;z 20
~ 2 

~ 

0 

0 2 4 • 6 8 0 2 4 .\ v 

1::a::nGln1111f1:;1QD~ (1\1)1::a::nGlnmlll::Iiia-l (i'\I) 

~ 

10 


8 
.., 
-~ 

d;:.. 6 

c: 
;z 

wa -+-0llltlfl191f! ___ fl'I1f1t'1~ 4
.. 
c: 

-0: ___ 11mI'!---*- )J{)I119lff2 


0 


0 2 4 6 8 

1::a::nGlnll11f1::Iilo-l (i'\I) 

,U~ 4 flnrl"lf~,nfll1tTflnf'U'v",.f~ (n) UllJ1w,flmn..r~l1lJ~ ('\I) mlJ1W1U'lfl'U (fl) 

mlJ1Wfll'Ul,j'voi'U (~) "n:::fllfl11lJlil'Um~-~1~ (11) ,rl{))j"l1ri~fl1f1J{)'U'IIiJ~ph~'1 

6 8 


-6-lllltl'lmT 

-+-Ilt'h 



17 

,"uilLLtJ~lil~llf,fll1tJmatJ1aulf~a~a~lLUlJ 17.18 ijaani')J~CliJaaa~"i llJ1lJ~ 4" . 
'lJCl~m'n,"l~L~fl~ "iCl~a~lnA8 'lfLA"ia llf,fll1tJmatJ1mLlf~ 13.22 iJaani'lI~CliJaaa~"i 

" 
ltJ1tJ~ 2 lIClaL~a ua:aLaAL~a1lfJll1tJmatJ1mLlf~lniLAfl~nlJ LUU 12.98 ua~ 
12.33 iJaani'lI~CliJaaa~"i Glll1ihiU llJ1tJ~ 3 mLLaALGla1lfJll1,rmatJ1flulf~ 10.96 

iJaani'lI~CliJaaa~"i naLAallfJll1tJmatJ1mLlf~tTClfl~a~lLutJ 9.88 iJaani'lI~CliJaaa~"i" . 
QI .J I ~I I .:r J.J .. I d' I QI n I1tJ1lJ'YI 4 Al A1111Lu tJn"i~ -~l~'lJCl~Cl1m"iLafl~LtfCl'YIll LLl1a~Al"iUClU~l~ntJClfl lJtf1~ 

" 
..J 1.1.... :':; .,J 1"!" ~I I 1 ..I d'6.41-9.17G11tJ "illlfl.1tJ1Gllaml1l1~ ,"U11LlICl tfLLu~LulJLLl1a~Al"iUCllJ lJCl1111"i 'OJ~)J 

m"i1tl',fl~lallln~a~ tJClnlillnifalflWlJB UUNNKI al111"ifl~a~AltJl37a~tJ1ia~a~ 80
"" " .. 

QI,......... 1 QI .J cOl QI .J .¥ .,J 1" ~ ~I 
 •1 L 1I A"in"ill~Clllaaa~"i tJ1lJ'YI 2 ~tJfl~1lJ'YI 5 'lJCl~m"iL~l::Lafl~ LlICl 'HLLu~LulJLLl1a~ 

2.1.1 1.1 ..,m"iLL "i~lJ 
!'I .J

"illlfl.1LLu~'YILl1111~all 

" 
lilln'lJCl 2.1 

I !'I ~I ' d'.J I ... 
~U11Uu~LulJLLl1a~Al"iUCltJ'YILl1111~all~Clm"i~a~ 

.., ~ AltJll1fllltJ .,J U.J f) ".. 1.1 QI 1.1'" !'I ~ILlIClL afltJa~"iCl1111"i ~l1l1m"iLL "i~tJ "illlfl.1LLu~LutJ 5,10,15,20, 25 LLa~ 

1.1"" 


" 
30 ni'lIGlClaGl"i LLi11LA"i1~11111'tftlllfl.1Jll1'UmatJ1!JLLlf~ 'tftlllfl.1Jl~la~~h'lf 'tftlllfl.1 

Jl\illa~l1l1~ U~1I1fl.1LU"i~tJ LLa~A1A1111LUtJn"iGl-~1~ lLA"i1~l1U~1I1fl.1AltJl21a~tJ 
llf~ai~LLa~~ltJ\ill"i1~~ 5 'jU~ 5 

" 

.J • ~ .., ~ .., d' .J "1.1'" ~ .....
Gll"i1~'Y1 5 LLa(;Nu'jlllfl.1AllJll1alltJ'lJCl~ala~tJl) UUNNKI 'YI11 'jlllfl.1LLu~LL~nGll~nlJ• 

1::t1::L1alnl~ m~lruff1Ul~mU (Ilg/ml) 
~ 

L1'Il::La8~ u'Unwu\l~ (gil) 

(111) 5 10 15 20 25 30 

0.00 0 0 0 0 0 0 

1 0 0 0 0 0 0 

2 13 18 128 120 50 50 

3 4 76 128 120 75 120 

4 8 90 160 120 75 120 

5 9 128 160 120 50 75 

6 12 90 160 120 120 60 

7 29 76 160 120 120 32 
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n 
20 10 

8i 15
Do ~ .§. .§. 

6~ -....10 (ez... 
!!~ 
~ 4 ..~1 5,,;< 2 
~ = 

0 0 


0 2 4 6 8 
 0 2 4 6 8 
1::8::mnnnnn~.a flU) 1::u:nalnnnn::titw (1U) 

FI ~ 
30 8 

! 25 

1;1 5 

0 0 

0 2 8 0 2 4 .;a' v 6 8~.;a' 1::lr.:nalll11.m::tau~('l\Q1::u::nGln11111::1au.1(1U)6 

~ t;). 
200 10 

8e e 150 

E -1.. 6;< 
or c:

100.!i .$ 
liS 4c;c: coa -;:5i 50 

21;1 

0 0 


0 2 4 6 8 
 0 2 4 6 8 
1::IJ::nGlnl11ft1::.iu.a (1U) 1::1I::llalnl1l"l::nllI~ (lU) 

-+-- mlJlllUl1'l~ 5 _1J;lJltlW1'l~ 10 -'-1J;lJllllll1'l~ 15 

--*-1J;lJltlWt'l~ 20 _1J;lJ1IlII11'l~ 25 -+-- m1J1IlII1t'l~ 30 

!. 

! 20 

.~ 
a 15 

·S 
~ 

10a 
5i 

i
=-6 

.i4.. 

-;:I 

'a 
1;1=2 

,t1~ 5 mlY1"n~'nfll1,rnltftJ'Ulllr~ (n) tJ~lllnnflfl1n-;~h'li' (~) tJ~"J1wJlfl1n~~l11J~ (f1) 


tJ~lllW ltl'fltJ (~) IDlllWfl1tJliJuoHtJ (t) lIn~filt1111JlrJtJm~~1~ (1l) Idtllhnmltl'jHtJIDlllwui1{ 
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.d .;r .r.., .J d tl~ .rl I '" ," .., ., !'I QJ ,

tJ.Jm!;iU-:.1L"lfeJ meJl'YIl'Hr1!;il'YlJ.J 'lJ.J1tuLLu-:.1LLVlf1Vl1-:.1f1'U 'WU11 m t"lfLLu-:.1 20 f1'lJ.JVleJ 

~Vl".l 'OJ~lli'thYllTmGt'Ulmtl1-:.1Gl-:.1Gl~tU'U 19.27 iJ(;I~fl-rlJ~BiJa~~Vl'l l'Ul'U~ 4 'lJB'l" .., IV 

f11'lb'W1~taU'l 'W1r1'Wma'U1mbl1-:.1'OJ~r1tJfl'leJ-:.1!;i-:.1lJ1tU'U 17.74 iJa~flflJviBiJ!;i~~Vl'l ti1L'lf' 

bLU'l 30 flflJviB~Vl'l bbvif11l'lf'bbtJ-:.1tl~lJlru 25 flflJvieJ~Vl'l bL!;i~ 15 f1flJviB~Vl'l ~dvi 

.J1r1tJma'ULmbl1-:.1bU'U 15.98 bb!;i:: 15.88 iJ(;l~f1flJvieJiJ(;I~~Vl'l bL!;i::tJ~lJ1tubbtJ-:.1~ 10 

flflJ~BaVl'l lrr.Jlr1umGt'UlubbtX'l 13.56 iJ!;iaf1fll~BiJaaaVl'l rl"JlJLLtJ-:.1~ 5 flflll'lBaVl'l 

' I ., IV"" ~I' .;r .r.J "'. I"'" !'I 
~::1lJL'YI lJ1::GllJVl eJ f11'lGl'll'l LGl'U bEl A1Al1 lJ L u'iJ fl'l~ - ~1'l'lJ B..:JB1'Y11'l La El'lL'lfB'YllJ u'llJl ruLL u'l 

vil'ln'UeJ~1 'iJ'l51'l 6.76 - 9 .13 rl1'iJtJ~lJlru.J1Vll!;irf..:J'YIlJ~ L~BlibbtJ..:J~tJ~lJlru~l-:.1 'In'U 'WU 

.1!:111 1.0.'.?'I.cJ QJ,~ G]'V!' .J !"I.J Q.I .<C!t G]'V
11 bbu'l'Yl 30 fl".llJVleJaVl'l 'OJ::lJf11'l b'l1''U1Vl1!;ilJ1f1'YlGl~ tLu-:.1'Yl 25 f1'llJVleJ(;lVl'l ~::lJf11'l b'l1'• 
.J1Vl1!;i'lB-:.1(;1'lJ.Jl LttJ'l~ 20 15 10 bb(;l:: 5 f1flJvieJ~Vl'l iif11'lL'lf'.J1Vl1(;1!;i~(;I'l VlllJ,hvi'u 

'UeJf1~1f1d8-:.1'WU11 ti11-5uU-:.1 15 f1fJ.JvieJ~Vl'l ~::mJ.J1'ltlf.J~Vl~1'U1ar8:S'Ulvit'f-:.1t'fVlttJ'U 160
" . 

1 ., QJ, ~ ~~ .t ,<v.J d/ QJ .J .;r .d.., IV !'I <v 

lJb\Ol".lfl".lJ.JVleJlJ!;i!;i!;iVl'l Vl-:.1UVll'U'Yl 4 ~'WfNl'U'Yl 7 "lJeJ-:.1f11'lL'W1::t!;iU-:.1 LlJeJb'l1'LLu-:.1 10 f1'lJ.J 

vieJ~Vl".l ~~f.J~Vl~1'W111U:S'Ulvi 128 lJ.JlA'lf1flJvi eJiJ!;i~~Vl'l 1'Ul'U~ 5 "lJeJ-:.1f11'lb'W1~L~U-:.1 
rl1'UtJ~lJ1ruLLtJ-:.1~ 20 25 bb!;i:: 30 flflJviB~Vl'l ~~l11Al'WlaJEl:S'WL'Yhn'WAeJ 120 

llJlA'lfl{J.JvieJiJ!;i~~Vl'lLul'U~ 2 6 bb!;i:: 3 'lJeJ-:.1f11'lLW1::Liu-:.1 {9JllJ,hvi'u vi'-:.1tf'Utl~lJ1(lmtJ-:.1 
~ 15 fl-rlJ~ B~{9J".l ~'njl~~t'YIlJl::t'flJ~Glc~~lmUf11'lf.J~ VlAl'iJ1aJEl:ziU

• 

'V " 0'.J ~!'I 'V 9' 
~lfl"lJeJ 2.1 WU11 bb'YI(;l-:.1A1'lUeJU'YlLr1lJ1::GllJAeJ bbu-:.1AlllJL"lJlJ'lJ'U 15 

f1-rlJvieJ~Vl'l t Ylm11 f11'l111 LL'YIa'll'iJlVl'lL~'U'YIaf1~L 'YIlJl::GllJ1 'Uf11'lf.J~Vl ~'llvilhilt~B"lJeJ'l 
Gl1El~uif• UUNNKI lJ1Lifu-:.1l'UB1'Y11'lLr1(;11LA-WLBlJU VlllJ15'YlVl(;lB-:.1-lleJ 1.3 ~iibb'YIa-:.1 
l'UtVl'lL~'U'ltlafl~vil-:.1n'UAeJ eJ~!;i1U'U f1!;i 

v 
tA'lflii'U t'lft~UlJl'ULVl".l'Yl 'lfeJU1'Yl'U Gl1'lGlnVl~1f1 

f1t'f\9i' LL!;i::fl1 f1tl L'ltlli eJ-:.1~tlf1tieJU vilUf1'lVl (SBH) 1~m.HutJ~J.J1 tu"lJeJ-:.1l'UlVl'lL~Ur1~f1LlJ 
v 

eJ1'ltl1'lL'UU 1.104 flfJ.J1'UlVl'lL~'WvieJ~Vl'l"lJ eJ-:.1mr11'lL~'8-:.1 L?1eJ 'W1J.J1~'hA'l1::'l1tl~lJ1 ru.J1'ltllTfl 

Lri'Ulu U11-:.1 A1AllJ.JttJ'Wfl".l~ -vh'l bb!;i~l bA'l1::l1tJ~lJlruA1'iJlaJU:S'U vilEl15'Yl1'l~a;all'YlU1• 

http:A1AllJ.Jt
http:tu"lJeJ-:.1l
http:1~m.HutJ~J.J1
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VI,.rN~ 6 Ua~~m3JlntAluliJf.lthJ'lJa~alf.1-Wufi UUNNK 1 LrlaYilfl1'lu\h~U"lfU~• 
LLl1a~lUllJl'lL'OJU 

'l::8::mn Uim(ufll\l1,jfJ~'U (Jlg/ml) 

(1'U) 
. .. 

LfI'm 8il8f118n'''' 

a0.00 aa a a a 
aa a a1 a a 

50 302 1 100 9a 
1903 2 128 40 30a 

2 32 190 80 304 a 
190 1284 32 705 a 

128190 1284 166 a 
190 100 707 4 16a 



.. ... ... 
K'nUJ"nfl'~ ft'OlUU1"UUan 

• J ~ .... 

20 

15:r. 
!. 
~ 

:::z 10 
~ 
)~ 5 

";r 

0 

200 

i 150 
~ 
;l 

qo 
100~ 

;i 
~ a 
5i 50 

S;; 

0 

'''UNn1 nuntl1lUJ1n 8 . 
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n 

10 

0 

0 2 4 6 8 0 2 4 6 8 
't=u::nIl1llU,Wl::lio... (1\1) 	 't::a:nD11Inl~ (1\1) 

A 

-+- nolfl",ilu _ soybean hydrolysalC 

-.--l'!tailVlJ'Ulfl"l -M-wvlnu 

_1'I11nrifllllflOrm ......-v::nlilu 

0 2 4 6 8 

1::o::tl1I1nnlW1::lau... (1\1) 

..,. 8 

-1 

6s 

'§ 	
;r 

;; 4 
c: 
-~ 

2 

~1.l~ 6 ml,.jlltf~'nfl11Unl1fu'ul1ll'~ (n) fllfl111JI\Jun'S~Hh~ (,,) IIn:::m1J1Wfl1Ul,j'UoUU (fl) 

Irt{JJjlll1ri~'ulml1lUl1nn'lfU~~l~'l 
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t1 ..1 .,J.of.r 1 ..I..." 1 1 "OJ"
~lfl'J 'Yl 6 LlHlLiHI..:.IL"l$e1 lHl1'Yll'JL'Yliill'YlaJLL'YliN lJ ~'JL~lJLL~fl~l..:.1fllJ YiUll... 

fliill~'lflijlJ~~1-H'.Jl'YluflLalJ1mL'i..:.la..:.la~LtJlJ 18.60 ijiililfl-raJ~e:Jijiililil~'J1lJllJ~ 5 "lJe:J..:.I 
'U ... • ., , ... 

fll'Jb 'Wl~L~fI..:.I fllfltll m~ e:J'l rle:JfI~lfl fl'J~ (SBH) ~~1-H'ul'YlU flLalJ 1f1LL-H''l'Je:J..:.Iiil..:.laJl L tJlJ 

14.68 iJiililfl-raJ~e:JiJiililil~'J llJllJ~ 5 "lJe:J..:.Ifll·HYn~Lifl..:.l 1'lfL&iflaJllJL~';i'YlLLiil~'lfe:Jfll'YllJh1 
VJiil1mrL~fI..:.InlJfltll1~~1-H'.Jl'YluflLalJ 1mL -H''lLtJlJ 13.3 2 LLiil~ 13 .24 ijiililfl-raJvie:Jijiililil~'J 
lUl'U~ 5 LLiil~l'U~ 2 'lItl-ilfll';iLYil~L~EJ-iI ~laJ,h~1J allJal';ian~~lflfja~1-H'lhl-'UflHrlJ1f1 
ur1-i1LtJlJ 11.30 ijiilil fl-raJ~e:Jijiililil~';i llJllJ~ 3 "lJtl~ fll';iLYil~Lifl-il LLiil~e:J~iill'UlJ1-H'.Jl'YlUfl 

urlJ1f1LL-H',nre:JfI~a~LtJlJ 9.66 ijiililfl-riJ~e:Jijiililil~';i 1'UllJ~ 5 "lJe:J-ilfll';iLW1~Lifl'l ~l~llaJ 
~I ' 1 

• 
.of..r..l..." 1 1 OJ ,OJ il'Lu'Ufl';i~-~l-i1 lJm'Yll';iL(;lfl-ilL"lfe:J'YllJLL'Yl(;l-il lJ ~';iL~lJ'Yl(;lflm-ilfllJ ~~tlfJ lJ"lfl-il 7.19 -9.39 ... 

lJe:Jfl~lflifalfJWlJij UUNNKI alaJl'Jf:lc.Jil~~llJlarfJtBlJl~a-ila~LtJlJ 190 laJl~'Jfl-raJvitl. ... . 
iJiililil~'J llJllJ~ 6 "lJ e:J..:.I fll';iLWl~L~fJ..:.I Lrl e:J1"l1'lfe:J fJ1'YllJ L tJlJU 'Yltl'lllJ l~'JL~lJ'Ylt;lfl 'Je:J..:.Iiil..:.laJl 

~ e:J l'lfb&i flaJllJ L~'J'Yl al';ian~~lflfj a~LLiil~fllfltlL'Ylile:J..:.I~rltlfl~lf1fl'J~ l~flallJl';i()c.Jil~ 
flllJlaTfI~lJ1~ 128 laJIfl'Jfl-raJvie:Jijiililil~'J llJllJ~ 3 llJ~ 5 LLiil~lJ~ 6 "lJe:J-ilfll';iLYil~ 
L~fJ..:.I ~laJ'i:h~1J uvi Lrle:Jl"l1fliill~'lflijlJ~:::c.Jil~~llJlaTfJ:alJl~L'r4fJ-iI L~fllrtlfl 51lJe:J~iill'UlJLtJlJ 

'U 

Ll'Yltl-illlJlYl1L~lJ~1"hl1aJl:::aaJ~e:Jfll';ic.Jil YlflllJlaJfI:alJ llJfll';i'Yl~iile:J'lifla.ialaJl';ifl1~tJ~aJl ru 

t1l Ylliil~~hrzf tJ~:lJl rut1l~liil~-iI'Yl:IJVl U(;l::U~aJlru1t1';i~lJL~e:J..:.I~lflLL'Ylci'lllJl~';iL~lJLLvi(;l~"lfij Vl 

... ~, OJ ..Il~ ... .,J 
:lJrI~l'lfllJ c.Jiil'Yl Vl~..:.IaJflllaJ~iillVlL~iile:JlJ 

g.I " tI'.J 4 2'1 
~lfl"lJe:J 2.1 ::-2.2 Yi1Jll LL'Yliil..:.l~l';i1Je:JlJ'YlL'YlaJl:::aaJ~tl LLu..:.l~llaJ 

L'li:IJ'li'U 15 fl-raJ~e:JilYl'J LLiil~LL'Yltl..:.lllJlYl';iL~lJ';itl..:.l~L'YlaJl:::alJAe:J LL1J~l~-L'lhf['YllJ 1 fl-raJ~tl 
il~';i l~fltJ-ru~h~ll:IJLtJlJfl';i~ -~l..:.1"lJtl..:.lm'Yll'JL~fI..:.IL~e:J1-H'tlfl1lJ"lfl-i1 8.0-8.6 e:Jru'Ylflii~ 

'U • 'U 

"'~""'.OJ..r "'1 OJ~ .of 1 ""c: ... """" 
~..:.IlJlJ~lJl'YllL"lfma'U fJ"lJtl..:.lalf1YilJJJ UUNNK 1 lJ1LiilfJ..:.I lJm'Yll'JL'Yl~lL~WLe:JlJU YlllJ1JJ• 
'YlVliile:J..:.I'lie:J 1.3 IVlmtl~EJlJaYl'Jm'Yll';ihmfll';iLL'lhcrlJtI~aJlru"lJe:J..:.I'lftlfJl'YllJ LtJlJ 12 LL'i:'l::: 

'U 

14 fl-raJvie:Jil~1 ~..:.I;jtl~aJlrulwl~'JL~lJ1lJm'Yll';iLifl..:.lL~mtJlJ 1.104 LLiil~ 1.288 fl-raJ 

llJlYl'H~lJvi e:J ilYl'J"lJe:J..:.I m'Yll'J L~fJ'l L~e:J YllaJ ~l ~'lJ Ul :lJl1 L~'Jl:::l'ftl~aJl ru.Jl'YlUmalJ1mLr1..:.1 
., ... 1~ d

tJ~aJlrutll~liil~~h'lf t1~lJlruU1Ylliil'Yl..:.l'YlaJ~ tJ~)Jlru t1'J&ilJ LL'i:'l~~l~llaJLtJlJfl';i~-~l..:.1 LLiil~ 

~h fl 'Jl:::l'ftJ~ aJl ru~llJl aTfJ:alJ ~1 tJ16'Y11..:.1~~=Bl1'Ylm c.J ~"lJ e:J..:.I fll'JLL t1'JcrlJtJ~aJl ru'lfe:J fJ Lrl'U• 
LLaVl'lllJYll';i1..:.1~ 7 LLiil:::'JtI~ 7 

'U 

http:fliill~'lflijlJ~~1-H'.Jl'YluflLalJ1mL'i..:.la
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19l1'n~~ 7 LLa~~U~2JlruAl1Jll!fJ:a1JtJeNalfJ"'1JB• UUNNK 1 Lrle)'mfll,)UU,)~1JU~2Jlru 
'ifelfJLn1J 

1::fI:a1al mJS101f11Ul~fl~U (~g/ml) 

nl1LYtl::Lif8~ mJnOl~ilfll"u (gil) 

(';u) 12 14 

a 
1 

2 

3 

4 

5 

6 

7 

a 
a 

35 

125 

160 

160 

160 

160 

a 
a 

35 

125 

160 

125 

125 

100 



24 

25 5 


j20 Q 

f- 4
... a .! 
~ 15 ~3 

.s:;; ,.... 
~ 10 i2 

";% 
a1 

";% :I5 ~1 


0 0 


0 2 4 6 8 0 2 4 6 8 

,:a:IlQlnl1lm::\~~ (1'11) 

20 6 


ii 5 


.! 

... 15 C' 

.g,4
I .! 
.~ 10 ,i3.. .. 

?~ 
.;i 12a :t55 ~ 

~ 1 


0 0 


0 2 4 6 8 
 0 2 4 6 8 

,:a:llQlnl'Im:.aw('lll) '::IJ:nlllnl'lm:I~1'll) 

10 

8 .. 
-q: 
~ 6 
c: 
;x 

r.:> 
;t 
;; 4 
c: 

-0: 
2 

0 

200 

-
ii 
!150 
...;% 

>! 
~100c: a 
5 
~ 50 

0 

0 2 3 4 5 fit 7 0 2 4. 6 
':U-...Illl1nl1l1n:l~a~(1'll) ':U-...IlQln11lm:l~lll) 

~'l11.Wi'SJ''U'lItl''''lIf)fJt'Y1'U (mglml) 

___ 14
-*-12 

~U~ 7 mll'lI1Ev1J,fiv1JHn"fNfmllU~HUf111lJ1 o(;'lJ o(;'U " 0-1 '11 fW 1YlUfioJll11!mffu1Vlll1'" mlJ1W Jlfl1fll~ 
USJJ1wJlflln,f~l1lJA m)J1W1USflU US)J1Wfl1U1JJVoiu lln:::fllf111lJ,tJumA-~H ,rttJlilmmUSHl 

8 
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12 f1-ra.J~e:J~~'l 1r11hYlUfml'U1mLr1'lLthJ 21.54 aJi;i~f1-ra.Jvie:JaJi;i~~~';j1'Ul'U~ 4 'lJe:J'lf11'J 

b'Wl::Lil:J'l (Nf1il?fell:Jl'Yl'U~ 14 f)-ra.Jvie:J~~';j ~e:J 11.52 aJi;i~f)-ra.JvielaJi;i~Hi~'l ~l~Jla.JLtJ'U 
v 

fl'lVl-vil'l1'Uell'YIl'lLif.l'lL:Se:J~ii"lfm.lL'Yl'Uvil'ln'UOJ::mJ1'U'lfl'l 6.99 -8.9 3 ihYl-rutl~a.Jl(UJ1~1i;i
'U 

rf'll1a.JVl'WuilL~el1-6"lfell:J1'Yl'U 12 f)-ra.J~el~~'l v::iif11';j1-6Jl~1i;ia.Jlf)f)il~ 14 f)-ra.Jviel~~'l 
f)l'l1'lftBa.JlfUJ1~1i;i~~b.g"O,)::lmrL~n~nu lUci1U'lJel'l'lPhnfUhh&iu Ld elihJ~lJlfU'lfelU1'Yl'U 

IjV qI Q.I • ..J ~ _GJ. ~ ,..J .J'6.o' 
bb~f)~l'lf)'U ~Ull 'Yl~lla.JL'lJlJ'lJ'U 12 f)'la.J~e:Ji;i~'l"::lJf11'li;iVli;i'llJlf)ml'Yl 14 'Uelf)"o')lf)'UEJ'l 

WUilL~eltBa.JlfU'lJel'l'lfell:Jl'Yl'ULtJ'U 12 f)-ra.Jviel~~'lLLi;i~ 14 f)-ra.Jviel~~'l ala.Jl'lfl(:.J~~ 
~l'Ul~I:J~'Ul~L'Yhn'U~el 160 la.Jl~'lf)-ra.JvielaJi;i~~Vl'l 

, ~I ,..J ..r .J'..J ... '" 
2 • 3 f1l 'J'Yll fll fill a.J Lu 'U f1 'J Vl- Vll'l 'Yl b'Yl a.Jl~alJ'lJ el'l m'Yll'l Li;i EJ'l L'7f el'YllJ el'l ~ 

1.b~f)mHl1a.Jl~aa.J~1~"1f)~el 2.1-2.2 
9J •• d'.J 4!'1 IjVIjV

vlf)'lJel 2.1-2 .2 'WUll LL'Yli;i'l~l'JUel'U'YlL'Yla.Jl~aa.J~el LLu'l~Jla.JL'lJa.J'lJ'U 

15 f)-ra.Jvie:J~~'l bbi;i~LL'Yl~'ll'ULVl';jL"'U'Yl~f)~L'Yla.Jl::aa.J~el "lfelI:JL'Yl'U 12 f1-ra.Jvi8~~';j Q)'lJ'U~'l 
lill1lb:Sel'lJ8'lLa'U1f.1'lJ8'l all:J~'U5• UUNNK 1 a.J1Lil:J'l1'Um'Yl1'JL'Yli;ilbrlY4L~a.JU ~la.J16 
'YlVlmN'lle:J 1.3 LVI m tJ~I:J'Ua~'lmVll';j~ii Lb 'Yl~'l LLi;i~tJ~m (u'lJel'l rll'{Ue:J'ULLi;i~l'Ul~'lL"'UQ)'l

'U 

~~ll 1t1iif1l'lLL'\.h~'U~lrllla.JLtJ'Uf)';jVl-~1'lL~a.Ji'U ~ 7.0 7.2 7.4 7.6 7.8 8.0 
~ ~ 

8.2 8.4 LLi;i~ 8.6 lha.JliLrl'll~l1tl~a.Jlrutill1irf)L!:r'U1mLl1'l tJ~a.Jlrutil~li;i~~h'lf tJ~a.Jlru 

Jl~li;i-rtl1a.JVl tJ~a.Jlru 1tl'l~'U LLi;i~~lrllla.J LtJ'Uf)';jVl-~l'l LLi;ii1Lrl'll::l1tl~a.Jlrurll'Ularf.l~'U 
~lI:J15'Yl1'l"i;i:lbl'Y1m c.Ji;i'lJel'lf1l'lLLtJ'l~'U~l rllllJLtJ'Uf)'lVl-~l'lLLaVl'll'UVll'll'l~ 8 LLi;i::

• 
'ltJ~ 8 
'U 

http:a.J1Lil:J'l1'Um'Yl1'JL'Yli;ilbrlY4L~a.JU
http:fl'lVl-vil'l1'Uell'YIl'lLif.l'lL:Se:J~ii"lfm.lL
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'~na1 m)J1WflllllJiU;$ll <!lg/ml) 
..:

m'Lm:;Lam RlfITI)JL1hImtl-WN 

(ill) 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 

0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

2 24 19 20 8 60 170 170 170 170 

3 79 79 130 60 50 170 170 170 170 

4 50 50 50 60 60 170 170 170 170 

5 79 79 79 60 60 170 170 170 170 

6 60 100 79 50 50 150 150 150 150 

7 50 40 100 50 50 150 150 150 150 
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n 
25 4 

'j20 ~ 3.. 
i 

.§ 
15 

B 
.~ 

.r.e 
;:> a 2 

~~10 
'?a)~ 

5i,,;:< 5 lS 


0 
 0 

0 2 4 6 8 0 2 4 6 8 
1::U::l"lfI11\ftr.:~ (tll) 1::u::nQ1fI111ft1::.io-l (ill) 

A 
20 8 

e 


15 
 ~6
.§ a 

M 
!.~ 
.i 4'io r 
-;::I~ ••;:< a 

a ;i 

;i5 
 ~2 ~ 

0 0 

0 2 4 ~ 6 8 0 2 4 ~ 6 81::o::nll1n11lftl::1QIH (tll) 1::o::nQlft11Iftr.:IIIU-I (tll) 

~ 
200 10 

8'j150.. 
-=;r "1.. 6 
qo c: 

;:< 
1;:1 

~ 100 
;i ;i 4;:;~ a c: 

"~;i 50 
2 


0 


~ 

0 

0 2 4 6 8 0 2 
1::0::l1Qln11lftr.:.io-l (tll) 

4 6 

-+-pH7 _pR7.2 ~pR7. 4 

-M-pH7.6 _pR7.S -+-pH8 

-t-pHS2 -pHS.4 -pHS.6 

,1.l~ 8 n:molllt'l'~'nfll1,rmn'Uhllll1'~ (n) mlJlw,flf11n"i~h'; (,,) l.l~lJlw,flf11n~~l1lJ~ (fl) l.l~1J1W11.llfi'U (~) 

1.l~1J1Wfl1'Ul,jfl;\J (~) IIn::filml1JlrJ'Um~-~l~ (~) IrtoYhmml.l'jH'UfilmllJlrJ\Jm~-~l~ 

8 
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_ I.J .,J..r.r 1 .J "" • ;:1 • • •OJ 

'<illn"~u'Yl 8 L~emUJ~L"lfel 'Um'l-1l"H'I-1~l'YlaJ~l~ll~Lu'Ufl~Vl-~n ..mVlflm'lfl1.J 'Y'ItJll 
" 

rh~llaJLU'Ufl~Vl-~l~ 8.0 ih11'1-1'UflUl'UIf.ILLlf'la'laVlLU'U 20.86 iJ~~fl1~~eljh'l~H'iVl'lL1.J
" . 

:.., .J ..r .J. ;:1' "I ,,:' OJ ... L
11.J'Yl 3 'lJeNf)1~L'Vn::L~EJ~ 'Yl~l~ll~Lu'Ufl'lVl-Vl1'l 8.6 8.4 LLa:: 8.2 '<il:: L'I-1'Ul'1-1'Uf1La'U EJ 

LLl1..:.11mrL~tI..:.In'UAel 17.64 16.26 LL~~ 15.9 iJ~~fl1~~eliJ~~~VI'l Vll~ihv1tJ ,b'U~~h 
;:1 • 1... !' 1'" 1"" .JOJ ...~ll~Lu'Ufl'lVl-Vll..:.1 7.2 7.0 7.8 7.6 LLa:: 7.4 ":il:: 'I-1'Ul'1-1'Uf1La'U tlbL'l-1'la'laVl 'Ul'U'Yl 3 . " . 

'lJel~f11'lL'nl~LiEJ"HU'U 14.87 14.84 14.06 13.16 LL~:: 12.96 ij~~fl1~~el)J~~~VI'l 
."' ...s ;:1 ..J _1../ _ 1"1 ...., .J'OJ, 

IJIl~mVlU ",lW)U~l~ll~Lu'Ufl,)Vl-Vll'l'YILu~U1.JLLu~'l L'U,)~'I-111'l 7 11.J'l.Iel'lf11,)LYn::L~EJ..:.I 

. -I"'" !'.t " ;:1 ,../
v~mJit'U"lfl..:.l 6.9 - 9 .11 LLa::":illflu'l~lru'U1V11~'Yl'l'l-1~VlY'4UllA1All~Lu'Ufl'lVl-Vll'l'YI 8.0

" 

~eliJ~~~VI~ 1'Ual'U'l.Iel'lU~~lruJ1V11~1~hyf~rll~11~ LU'Ufl~Vl-~l'l~LLU'lrr'U...T'l 9 "lIiJVl oa:; 

ihlVl'llf11'laVla'lLfliLAEJ'lfl'U 'Uelfl'<illfl;ffl'lY-lUil~h~ll~LU'Ufl'lVl-~l'l ~'lLL~ 8.0 -8.6 ii 

fll''.I[',J~IJI~l1.JlaJf.I~1.JaJlfl~aVl LUU 170 laJl~,)f1-r~vieliJ~~~VI'l 1el'l~'l~lAelrhflllmU1.J, 

fldVl-~l'l 7.4 C-J~Vllvi 130 1~1~~flf~vieliJa~~IJI'l l'Ul'U~ 3 'l.Iel'lf11dL'Vn::L~f.I'l ,hUrh 

~llaJLU'Ufl'lVl-~l'l 7.2 7.0 7.6 LLa~ 7.8 iif11'lC-JaIJlAl'UlaJf.I:S'U LU'U 100 79 60 

LLa:; 60 1~LA'lfl1lJviaiJaaa{JJ'l {JJllJ~lv1U 

2.4 f)11'1-11elru'l-1.flij~L'I-1~1:;a~1Vlf.lli'.fll1:;~L'I-1~1:;a~~lvioalf1~el 2.1-2.5. " 
~ I' 0'.J dI!'1 g.I iI Q.I

vlfl'lJel 2.1-2.3 Y-lUll LL'I-1~'lAl'lUel'U'YlL'I-1~l::a~Ael LLu'lAlllJL'lJlJ'lJ'U 15 fl'llJ 

vieJ~Vl'l ua!:LLm;=i'l1'UIIJ1'lL":il'U'Htrfl~L'H~l:;a~AeJ 'lfeJf.lL'Yl'U 12 fl1~~eJaVl'l IVlf.lU1urll 

;:1' ..r .r 1'" !"I ' '" .t ... • '" .r ... 1
All~Lu'UfldVl-Vll'l'lJeJ'leJ1'Hl·;H~f.I'lL"lfeJ 'HeJf.I LlJ"lIl'l 8.0-8.6 Vl'llJ'Uv'llJl'H1L"lIel'l.leJ'lLalJ EJ 

" 
'lJel'lalEJWlJ5 UUNNK 1 Litl'lllJeJ1'Hl'lL'H~lLflY4L~~U IJIl~15'YlVl~el'l~eJ 1.3 IVlf.ILLf.lfl• 
L'nl:;Lif.l'l~eJLlm.fliJ 28 30 35 eJ'l~lL"lmL:auaU~~eJru'H.flijlfel'l 'UllJl1L~11:;l1U~~lru

" '" " '" 
lhvnJf1L~1.JlmLIf'l U~'J1nnrlIJ11~~~h"lf U1~lnnrlVll~i'l'H~Vl U~~lt1.!lu1&i1.J LL~:;Alflll~ 
l U1.J fl'lVl- ~1..:.1 ua:;l LA'l1:;l1U~lJlruAllJl aJtI:SlJ vil f.l15f11'l'YI1..:.1v,aibl'YIf.l1 uiTthlJl LL U'l ~lJ 

.c.. • OJ.dI .q Q.. ., 

~ru'\tl{]aJVll'l 'l fllJAB 28 30 35 B'lYllL'lfaL'lftla LLa!:~ru'\tl{]lJ'HeJ..:.I (30.±. 3 ) C-Ja'lJeJ'l 

Bnmi1jJ~elf11'lC-J~IJIAllJlaJf.I:S1.J LLaVl'l1lJlJll'l1'l~ 9 LLa:;'lU~ 9 , " " 

http:aibl'YIf.l1
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~::lJ::nal 

.x 
m~lY.,::~aw 

U,JJlf11fllU1JiWU (~g/ml) 

~W'H lJij (0C) 

(iU) 28 30 35 ~fU'HlJijliw 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

15 

65 

70 

91 

91 

91 

0 

0 

70 

160 

160 

190 

190 

190 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

70 

91 

91 

91 

128 

70 
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B.. 
-S 
~~ 

1:1 

~ 

i 
";r 

15 

10 

5 

0 

n 

j.. 
!. 

'p 
r 

(C... 
'" ~ .• ;r 
a 
5i 
~ 

5 

4 

3 

2 

0 

0 2 4 6 
'''n~.nIl1nl'lllll!:l;''.1 (-),,,\ 

8 0 2 4 6 
1::a::nGll1nl1f1::tiu.... (111\ 

8 

'" ,:j 

20 6 

5i 
010 15
!. !4c 

!.5l 
.~ 10 ,~.. 3 

-;:l '" ~ 
";r 12a 	 ~5:i ~ 

~ 1 


0 0 

0 2 4 6 8 0 2 4 6 8 
1::a::I1G1tIl11111::l1ia.... (111) 1::a::nGlf1Ti1m::laU.... (111) 

~ 	 t;). 

200 10 


8
]' 150 	 ."010 ,e 	 "f 
;r 	 cz:.. 6fP 	 t:! 

;r)~ 100 '2;r 	
~ 4 
III:'" :i 

a 	
"0: 
'" 

50 
~ 2 

0 0 

0 2 4 6 8 0 2 4 6 8 
1::a::nGll111lm:::laa.... (-Ill) 1::a::nQ1tI111T11::I~O .... (111) 

--+- QOlllljii 28' C ---.- QOIl! aii 30' C 

--*- QlUl1ljii 3~ C -w- QllIl1lJii lI'o~ 

,tl~ 9 	 mll'l1l1l'91·nfl~,rnltflJ'ull,r~ (n) mlJlwJl9\Tfi~~h.,r (~) tl~lJlwJlmn~~~lJ9I (fl) mlJ1W 

1tl'ifllJ (~) mlJ1WflllJlllUoilJ (\1) IIn::fllf111lJIUlJm9l-~1~ (u) Irt{)lhm'iliu~~flW~fJ)j,jl~'l 
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.J ..I J .r 1 ..I A I I ..I A 

~ln'ltI 'YI 9 LJJaLiUI~L'lfa 'tJmm'lLl1a1'Y1afUl1flJJ~1~ 1 'WU11'Y1afUl1flJJ 28 ua~ 30 
~ " " " " 

a~\"llL'lfaL:amt 111Jll1'uma'tJ1mLl1~a~a~lnaL~fJ~n'tJLu'tJ 14.45 LLa~ 14.44 iJaani'JJl1ia... . 
......... 1"'..1 J ... ..1... ... ... 

JJaaa~'l 'tJ1'tJ'YI 2 tla~m'lL'Wl~LafJ~ 'la~a~JJ1Aa'YIafUl1flJJ 35 a~~lL'lfaL'lffJa ~~JJ. ... 
Jll1,:rma'tJ1fJLLl1~LU'tJ 14.16 iJaan-lJJGlaiJaaaGl'l lui''tJ~ 6 tla~nl'lL'Wl~LifJ~ L~fJ~ 
afUl1fliJl1a~ijJll1,:rma'tJ1fJLLl1~uafJ~a~ LU'tJ 12.93 iJaan-lJJGlaiJaaa~'l 1'tJi''tJ~ 3. ... . 
'lJa~m'lL'Wl~LifJ~ ~lA11JJLU'tJn'l~-~1~1'tJalm'lL~fJ~L~a~ijafUl1fliJ~1~n'tJ ~~afJ11J'2h~ 

.... u 

~ "'tI... !':; • ..1... ... ...
7.18-9.05 C11l1'lU 'lJJlfU'tJl~la'YI~l1JJ~'WU11'Y1anAl1flJJ 30 a~~lL'lfaL'lffJa JJm'la~a~. ... 

!' .J,J.J ... ..1... !':; 1 "' ... '" ,J
'l1a~'tJl~laJJln'YIa~ C11'tJ'YIafUl1fllJa'tJ 1 ~~JJm'la~a~tla~'tJ1Gllaml1JJfI naLAfJ~n'tJ C11'tJ. . ... 
tI~JJlfUJ1Glla~~b'lf~~AalfJA~~nutI~JJlfUJ1Glla...r~l1JJ~ mh1~a~afUl1fliJ 30 a~\"ll. ... 

...... ..I J", • ..I... ... ... 
L'lfaL'lffJa ~~JJm'la~a~mn'YIa~ 'tJan~ln'tJfJ~'WU11'Y1afUl1flJJ 30 a~\"llL'lfaL'lffJa JJm'l. . ... 
~aGlAl'tJl2JfJ:a'tJJJln~a~ LU'tJ 190 lJJLA'ln-rJJ~aiJaaaGl'l 1'tJi''tJ~ 5 'l1a~m'lL'Wl~LifJ~• 
'la~a~JJ1~a~afUl1fliJl1a~~a~li 128 lJJ LA'ln-lJJGlaiJaaaGl'l 1'tJi''tJ~ 6 "lJa~m'lLYn~

• u 

L~fJ~ al'tJ~afUl1fliJ 28 a~~lL'lfaL:afJa ijm'l~aGlAl'tJl2JfJ:a'tJ LU'tJ 91 lJJLA'ln-rJJ~a 
• OJ 

iJaaaGl'l 1'tJi''tJ~ 5 tla~m'lL'Wl~L~fJ~ a1'tJ~afUl1fliJ 35 a~~lL'lfaL:afJahjijm'l~aGl
• OJ 

Al'tJl2JfJ:aU 

http:7.18-9.05
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.d 
UYIYI 4 

L"llm vnrn ala~lJGmna~a-nJ1'jt:l~a~~llJ1l7fl;}lJl~a~a~~a UUNNK1 ~~a1ll1'j(Jt4aVl. " . 
A1lJ1l7aYf'U1~ 70 lll1A'jfl~ll9iaijGlaa~'j LLGl~iiJ1lnrmalJlaLLl1~a~a~LUlJ 13.24" . 
i1GlaaVl'j LLGl~iiJ111,j'malJlmLl1~a~a~ 10.85 i1Glafli'llGiai1GlaaVl'j LrlaL'tfimJLiiautiu" . 

<V o't .,
a1 a'Vi lJil•~H VI lJ K1 ~~~Gl~1fl1'j'YI~Gla~da1ll1'jt:l~aVl~llJ1l7a:alJ1~ 14 IIIl~'jfl~llGia 
i1Gla aVI'j iiJ111,j'malJ1fILL l1~a~a~LUlJ 15.14 i1Glafl~llGiai1GlaaVl'j" . 
a1a~lJG UUNNK1 lllmfl1'j~fl'l~nGia1tl ~~t-JGlllJ'jtl~ 10. " 
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0+,",,--

K1 UUNNK1 UUNNK25 o '!1mrnllu1tJu.~-3 
(mglml) 

• tIhnruFl1u1,rtJ:nU 

(ug/ml) 

')tJ~ 10 nTIWLLa{il,nll..,un n1UlmL";~ LL~~m1J1Wfll'Ul,jfJ:a'U'l:Itl~alfJ~'Utf Kl 
v • 

UUNNKI LL~~ UUNNK25 

.J 1 "" -I ""." 1 '" '1 ., . ..r.xm,)"'11l11~fJ L"'1Jl~a1J 'Um,)t-J~~al')u!l"ltl'U~ 'U')~{ilU'l:ll~WiffJ1 ~fJlm,)L~fJ~L'!Hl 

UUNNKI ~~~L~tlnl~''Utl1'''l,)L'''~lLfI-nLa1Jii ~~~~LLtJ~~l~fJ Umezawa LL~~flW~ 
(1960 )'yhm,)~~L~tlmL",&:lfllfutl'U..,~n"ltil~~h.:J 1L"il'U LLtl~ 'i11A')a LL~fll~a u~~n~lAa 

v " 

h;t-J~m,)fJ~~tl~ (~tJ~ 11 ) a1tJ1~~~;f 
1. LLi] ~ L tI 'Utiil (iI'l:Itl~ LL..,Gi ~fllfUtl'U..,~n~ Al'),jl1Jl1-n'Um,)t-J~ ~Al'Ul 

,jfJ:a'UL'~tll..,1~mJ.nwa~a~ l~fJal1Jl,)flt-J~~fll'Ul,rfJ:a'U1~ 80 ij~~n-r1J~tlij~~~~')
" . 

n~lfla~~l";t-J~t-J~~')tl~~.:J1Jl AB 50 11Jlfl')n-r1J{J)Bij~~~Gl,) al'ULL'YIGl~fll{UB'U~'U,f'U
" 

Jl..,uma'UlmL";.:JLtI'U 13.22 12.98 12.33 10.96 LL~~ 9.88 ~l1J~l~U 
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m'l~alEJ~u6 UUNNKI al2Jl'l(lliuiJ~lum'l~a~fllUl27EJ:aul~ 80 12JLfI'lni'2J 

, "'" "'" "'" 1"'" 
• 

1 ~ J.... l"!" ~I ' "1 .. ""'.,J....ila2Jaaail'l ~Wlf111LLl1a~fll'lUaU"lfU~au ~~uum'l'YI~aa~u~~ nLLu~LuUUl1a~fll'lUaU 

l1an~~Unl'l~a~fllUl27EJ~u~alu 

D ~1mrn~'W1tJu.~,:j (mg/ml) 

.1fnJ1CUf11'W1lJtJ~'W (uglml) 

'lU~ 11 n'l1~LLa~~,rll1umaulEJul1~ LLa~U~2JlrufllUl27EJ:au'tla~alEJ~u6 UUNNK1 
u • 

.,J cO ," 1 .... 

L2Ja2JUl1a~fll'lUaUU~n~l~nU 

m'l~alEJ~u6• UUNNK1 al2Jl'l(lliLLiJ~lum'l~a~fllUl,rEJ:auli 80 

12Jtfl'lni'2Jm ajj aaa ~'l li~ nilUl1a~~niuau"lfiJ~~utfuaa~flia~nUnl'l'YI~aeWlleN 
... 'iJ ~I ...J .J 11Umezawa ua~fI[u~ (1960) 'YI'l1EJ~lU11 LL ~LuULLl1a~fll'lUaU'YILl12Jl~a2J'YI'f~ um'l 

~a~fllUl27EJ:au"l.la~ S. kanamyceticus K - 2J LLa~m'l'YI~aa~t1a~ Satoh ua~fI[u~ 

(1976) ~~'l1EJ~luil LLl1a~flliuau~jjfl112JLi2Jiu2Jlnnil 1* L"lfU n~tfla ~lflt~a 
LL2JUtua 2Jaatila LLa~LLafit~a ~~jj~alum'ln~m'lfh~lU'lJa~Laul"lfJJ ~a L~U-

"'" .., ~ ""'t 1 t .J ~I 1 0' .... .,..Jot '!I "'" .... ~ a~L"lf~a-fllUl2JEJ'DUa~2J ~ tr ~'lLaa "lf~LuULau 'if2J~1a~'YI1EJ'YI L'tf LUm'l~a~fll'U12JEJ'DU• 

(1977) 


http:a~fllUl27EJ:au"l.la
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~~liHn'jU~~hlJ~Ul.:J'lfij~ L'7flJ iHa,j'a:alJ iltlil,j'a:alJ :ata,j'a:alJ 8lJt~Gl,j'a~lJ 

"lI'vhtGlaua~lJ LLGl~L'WlJijtiGl~lJ Lrla.:J~ltltlGltAa~~l'11111Ln~tl1'jfllGntulGl~L'W'ja-tllJ?Ja.:J
" 

~n{ualJ ~.:J,flJ tl1·rYllilGla.:Jif~.:J1-ELLU.:J LtJlJLLl1Gl.:JAli'U alJl1'"tlm-nlJtl1'j~~lil AllJ1J7atilJlii a 

lu 

...I U ~I ' ...J , "" "':3'" :: ... 1'" LlJa.:J~ltlLL .:JLulJLLl1Gl.:JA1'jualJl'ILl12Jl~a2JGlatl1'j~GlGlAllJl2JalllJ ~.:JlJlJ'OJ.:J ~ 

'Yiltl1'jLLU'j~lJU~2JlruLLu.:J1lJ81m'jLl1Gl1LAYh82JU LtJlJ 5 10 15 20 25 LLGl:: 30 tli'2J 

liia~Gl'j t~aU~2JlruLLU.:JllJaGl'j81m'jLl1Gl1LAVh82JiiL~2JLtJlJ 20 tli'2Jliia~Gl'j ('ju~ 12 )
" " 

12JtA'jtl~2J~ailGl~~Gl'j uliiLrla1-ELLU.:JU~2Jlru 1 0 tl~2Jliia~Gl'j'OJ~111~Gl~~GlLtJlJ 128 

12JtA'jtl-r2J~ailGl~~lil'j a1lJLLU.:JU~2Jlru 20 25 30 tl~2J~a~lil'j ~~111tl1'j~~Gl 

AllJ1J7atilJa.:Ja~LtJlJ 120 12JtA'jtl~2JGiailGl~~lil'j LLliiOl1.JLLU.:J 5 tl~2JGia~Gl'jn~~tl1'j
" . 

~~GlAllJl,j'atilJ,raa~a~ L tJlJ 29 12JtA'jtl~2JGiailGl~~lil'j• 
2. Lrla1-ELLU.:Jm2Jlru 20 tl~2Jliia~lil'j 111,rlwutlLalJ1mL";.:Ja.:Ja~LtJlJ 19.27

" . 
ilGl~tli'2J~ailGl~~Gl'j ,rll1,rtl~~'ja.:JGl.:J2J1Lrla1.Ju~2Jlru 30 25 15 10 5 tli'2Jliia~lil'j 
t~a111,r,l1,rtlLalJ1aul1.:Ja.:Ja~LtJlJ 17.74 15.98 15.88 13.56 7.93 ilGl~tl~2Jliia" . 
ilGl~~lil'j Gll2Jt;11~U 

, ...I 1'" .!'I .J "" "" ~I • I"" .J
~Gl~ltltl1'jl1~Gla.:J'WU11 L2Ja 'lHLu.:Jl1 15 tl'j2JlilaGlGl'j ~~LulJu'j2Jlrul1Ll1m~ 

a2J~~~lmlJtl1'j~~GlAllJ1J7a:alJGialu ~Gl?Ja.:Jtl1'jl11i1Gla.:Jif-d1a111Gl~U~2JlruuiJ.:J'OJltlL~2J~ 
1mlJ81m'jLl1Gl1 20 tli'2Jliia~Gl'j111L"'~8LY4a.:J 15 tl~2Jliia~Gl'j ~.:Jal2Jl'jmh1UGl~~lJl1'U 
tl1'j~~lilli ~ltltl1'jl1~Gla.:Jif~~l.JLLU.:J~ijU~2Jlru 15 tli'2Jliia~lil'j 1utl1'j~~Gll1~Gla.:J 
AllJ1J7a:auliialu 
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o 

5 10 15 20 25 30 

tA~1NLLiI~ (g/l) 

o ~1mrm~'U1mL,x-!l (mg/ml) 

• ill3-J1rum'U1~[Jen'U (uglml) 

~1 n nl'lA n'Ml nl'l'YIl LL 'YIGl ~1'U1m 'lL~'U'YIanL-Ufl1'Y11'lL'YI"1 ~1'U'YI~" eHt11-6' 

'If'elfJ1'Y1'U 12 n-rJJtJitl~m'lLU'ULL'YI~~l'U1lJl'lL~'U'YIan1'Ufl1'Y11'lL'YI"1 1'Um'lAn'M1LyJtI~~::i~ 
L~ t1nLL'YI~~1'U1lJl'lL~'U'YIani1~'U hi'YI~"t1~1-6' t1::"lU'U n"1r1'lflij'U 1'lfL~fJJJ1'ULm'l'YI 

" 
al'lan~~nih'fm LL"::mmt1L'YI~t1~rltlfJ~lfJn'l~ ~tJil ('ltl~ 13 )

" 
1. 'lftlfJt-Yl'U LU'ULL'YI~~1'U1lJl'lL~'U'YIanitLl1tl~JJlturll'U127fJ:a'Ua~a\;lLU'U 190" . ........ ""'''''' 1....." .J' :; 1 ... 1 .....,. 
d'1JJ1rI'ln'l3JGltl3J"""lJl'l 'U1'U'YI 5 '2ltl~m'lL'Wl::L"fJ~ 'YI~ 'lfL~fJJJ 'ULlJl'l'YI al'lan~'"'llnfJalJl 

LL"::mmt1L'YI~t1~rltlfJ~lfJn'l~ ~::111mJJlturll'Ul,rfJ:a'Ua~(l~ 128 lJJ1r1'ln-rJJoitljj"~~lJl'l
" 

n"1~'lf1ij'U111tl~JJltu rll'Ul27fJti'U 4 lJJ 1r1'ln-rJJtJitljj"~~m'l LL"::Ldtllitl::"lU'U~::hiijm'l
" 

t-J~mrll'Ul,rfJ:a'U 
.,. f'1 • 1 1 '" .J1"!' '" .. 1" 1 '" ."2. n"1rlYflJJ'ULu'ULL'YI"~ 'U m'lL~'U'YI"n'YI 'YI'Ul'Y1'UnLa'U mL'YI~a~a~ 'U1'U'YI

" " . 
.:' 4 ~ .Q. Q,1 • Q ,Q,Q. 4 J., <4 .J, '" 

'2l t1~m'lL'Wl::L"fJ~rltI 18.40 JJ" "n'lJJlJltlJJ"" "Gl'l 'ltl~"~JJl ~t1 mn(ll L'YI"EH'Y1fJtlfJ~lfJ 

n'llil 1'lfL~fJJJ l'ULGl'l'YI 'lftlfJ1'Y1'U al'lan~~lnija~ t1::"lU'U 1~fJll1,rl'Y1irnLa'UlfJul1~LtJ'U 
Q. .Q. Q.# • .Q. Q.Q. 0 Q.I' 

13.42 13.32 13.04 11.3 LL":: 9.66 JJ""n'lJJGltlJJ"""Gl'l lJllJJ"l~tJ 

5 
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• m:I.J1ClJF11'I.mrtJ;1..l (ug/ml) 

'ltl~ 13 f1'i1~LLa~'nrl~,rflLalJ1mL";.:J LLa~mtllfl.1AllJl~fJtilJllENalfJlilJtf UUNNK1 
~ . 

L~El1"lfLL\1ci.:JllJll'1'lL~lJ\1af1?:fil~~l.:J '1 

,h~i''Uf11'l~m~l;fi'lif11f1tlL\1~El.:J~rl ElfJilfJf1'l~nlt1~ti'lJ LLa~'lfElfJlY1lJ~.:JLtllJ 

f11f1ttlLM~El.:J~rlElfJilEJLEllJl'lfJJ?JEl.:J Difco mtitlJ'l~(;\'U";El.:JtI~U~f11'l ~.:JijflfUlll'WUa~li 
tllG1'l~llJtllf1f1il f1lf1tlLVI~ El.:J~Vll1~'lJnEl.:JrilJ allJl'lm~tI~a~al'lllEl.:Ji'll'L1l~ElYhJli 
til f1f1il LL Vlci.:J1'LI1G1'lL~'LI~'LI ij'i1fJ.:Jl'L1ti.:Jf11'll"lff1lf1ttl L VI~El.:J L;J'LILLVlci.:J1'L11l'1'lL~'LI1ozn'LIm'l 

... 1..1 0.- r 91 190' ,d _~Q.I Q.

c.Jal'lal'l !l'lfl'LI~ L'W'i1~'LIElf1~1f1~~Vll.:J1EJ 'i1Al~flLLal EJ.:J VI~a~al'l\!.:Jf11l LtlElLlJ'l£!U 

.... ,., · 1 'i' .:I.J ~I ....... ~ ~.r... .. ~ • J-... 1-" '" 
L'YlfJ'Uf1'U LL\1a.:J 'LI Ll'I'lL~'LIEl'LI'YlLu'LIal'lEl'LI'LI'Yl'lfJ 'Yl.:J'LI~a'LI'Yl'lfJalt11'lf.l'LI1f11f1f.l1L11 a El-.:J lJ L'lf• 
l~Elrll.:Jm '1 (~l'i1i'l'It1 'lEl~'Wmfi , 2525 ; Aharonuwitz, ,1980) 'LIElf1~f1if Drew 

LLa~ Demain (1977) 'i1fJ.:Jl'L1ilf1l'll"lff11f1ttlL\1~El.:J~~alUl'lf.lVl~m~Wlm'lLn~flllJnl'Ula~ 
~'W~eNllJ1Vl'lLW ~·un~~f1m'lf1~m'lnm'LIllEl.:JLEllJl'lfJJ Ltf'LI lt1'lmLEla (protease) 1'L1 

Ll'I'l'Yl~(;\flL'Yla (nitrate reductase) El~jjL~a (amidase) iiaYiL~a (histidase) Ua~ a~LEla 
~ 

i.:Jtf'LI~.:Jlll'lfElfJlY1'L1~.:J LU'LI LLVlci.:J1'LIll'1'lL~'LIVlaf1~ijAlltiLVltll~atltlliilf11'lLL,ha'LImtilfU 

:; . '" .... 1'" ,.,,.r ....1.,11'LIEl1\1l'lLl1all'1.:JLLl'I 12 LLa::14 f1'ltl~Elal'l'l Vlt-Ja~.:J'LI ('lu'Yl 14) AEl 
~ 

http:Yl.:J'LI~a'LI'Yl'lfJalt11'lf.l'LI1f11f1f.l1
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lJJtA~tl-rJJ~t1ij~~~VI~ 1'Ui'U~ 4 "lltl~tl1IH'nl~LifEl~ 
2. tJ~JJltu'lftlElt'YI'U 12 tl-rJJ~t1~VI~l~Jl",,rtlLa'UlmL~~a~a~lLtJ'U 21.54 

'U • 

ij~~tl-rJJ~t1ij~~~VI~ l'Ui'U~ 4 lIt1~tl1~L'nl~LifEl~ LL~~tJ~JJltu 14 tl-rJJ~t1~VI~ l~tJ~JJltu 
v 


'lh",,rflLa'UlmL~~a~a~ 11.52 ij~~tl-rJJ~t1ij~~~VI~
'U • 
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~ltltl1~t'ltl'Ml A1Al1JJLu'Utl~~ -~n~'YIL"'JJ1~a:JJ 'UaVl~mm~L"'~1 'lf~ ~uu~ 

'U 

cr'lJ~lAl1JJLtJ'lJtl~~-~1~titl'Utll~rl~~lL1ftl ~~LL~ 7.0-8.6 (~tJ~ 15) 1~El~lAl1JJLtJ'lJ 
'U 

tl~~-~1~L~:JJ~'lJl'Utllm~L"'~lLAV4L8JJih~JJ ~t1 7.0 'ViUil 

, ~I ,": ..,.J 1 4 t.r

1. fllf111JJLu'lJtl~fI-fll~L~JJfI'U'YIL"'JJ1::aJJ 'UaVl~m"'l~AB 8.0-8.6 flflLtHl 

'U 

alJJ1~f1~~Vlfll'Ul,jEl:a'lJ1~ 1 70 lJJtfl~tl~JJliitlii~~~~~ ~~tf'U~~mtl1~tJ-ru~h1~t1El1'lJ 

'U 
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iiaaaGl"i alUAlflllJJLUUfl"i~-~l'l 7.2 7.0 7.6 LLa~ 7.8 alJJ1"i() Ll1fll\J1JJtI?lU 1~ 

100 79 60 LLa~ 60 lJJtfl"ifliJJ~viiaaaGl"i ~lJJ,h~U 
• ~I ..,J 1 ",!, cv ..Y 1 '" ~I2. fllflllJJLuUfl"i~-~l'l'YI 8.0 'OJ~ l1Ull1Um"U tlLLl1'la'la~lLuU 20.86" . 

iiaafliJJ~tliiaaa~"i "iv'la'lJJlfivAlflllJJLtJUfl"i~-~1'l~ 8.6 8.4 LLa~ 8.2111Jll1UmaU 

Ltlui'llmrLAmnuLtJu 17.64 16.26 LLa~ 15.90 iiaafliJJ~viia~aGl"i 19l1JJ,h~U alUAl 

1": .., cfflllJJLUUfl"i~-~1'lcf • 7.2 7.0 7.8 7.6 LLa~ 7.4 'OJ~ l1Ull1UmG{u"1tlLLl1'lLUU '" 14.87 
.Q, .Q, cv , Q. .Q.Q. • Q,I .3 OJ , 

14.84 14.06 13.16 LLa~ 12.96 JJaafl"iJJ~vJJaaal9l"i ~lJJal~U Uvf!'OJlflUtI'l~Ull 

• cv. .J' 
fll ~'l fl all JJl fl'tJU 
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2. ~tlfU'H.nij 28 fNfllL'lfaL=aEJa ~~1-HJ1'H,rflLa'U1EJLL-H-:J~a~t~EJLa'UlaLL-H-:J
• v v • 

,., 1 ..,..1 ~f .., t QQ ... ..IQ Q Q "'" 
~~(lna'lHa-:Ja~ 'U1'UfI 2 Lu'U 14.45 lIaan'lllGltlllaaaGl'l 'ltl-:Ja-:JlIl~tlfltlfU'H.nll 30" ". . " 
tlfU'H.nij-Htl-:J LLa~tlfU'H.nij 35 tl-:JfllL'lfaLYiEJa 1(1\EJ1-HJ1'H,rflLa'U1EJLL-H-:Ja-:Ja~Ltl'U 14.44." ." " . 
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m~a\il'U)lm'jl",meHmm'jL"'~1 LfI~L~iJ,l'umwfua1a-w'lJfin~la UUNNK1 ~8" . 
LLtI~ (starch) 15.0 

" ... ..1. • '" 1 d'fllL"'~8~'YI~n'lJm'ja8a(;llm8'lJ 'lUJ (soytor:.e) 12.0 

hJLLmaLYfmJfI~8h~ (KO) 0.5 

l(;1111LLmaLYfaJJllJ1~'jL'O,J'lJyJ8aL'rJ\iI (K2HPO.) 1.0 

1'lfL~aJJi"I~81'j~ (NaCl) 3.0 

LLUfll\i1-Ll.hJ1'Y1'lJ (bacto-peptone) 3.0 

LLA~L'8aJJfll{U8L'lJ\iI (CaC0
3 

) 5.0 

L~JJ,rlmt'lJ'O,J'lJ1~"'.I'iJJlm'j 1 am'j l1i'u pH LtJ'lJ 8.0-8.6 

~11J1~ad1~U'j'Hrl'mq l1'j~a~A ~ 8alJJ1'jfl"'lill1~~ L"'JJ1~aJJ~8m'j~a \it 

i"ll'lJ1JJati'lJ"lI8~ala-W'lJfin~la UUNNK1 ~~~a\ilfll'lJ1JJati'lJl~a~nilala-W'lJfi~~~'lJ K1. " . 
." ..., ~I .J • "I ..,..1 '" ~ '" 1- r"I ";"Ifl~ 13.6 L'YI1 8'lJLu1J~~'YI1Jl'W8 L'O,J'j~YlU"''lJ~ LL~::tJ8JJ~'Y1 L~alUl'jmh U L"lf L'lJm'j~a\il

" 
Al'lJl~ati'lJ1'lJ'j~iu~alaal'lJ~8111 

~ QI ~.srI " l'lflm'j (;I~'lJA8 

1. The 8
th 

Annual Meeting of the Thai Society for Biotechnology and the 

1996 Annual Meeting of National Center for Genetic Engineering and Biotechnology. 

1'lJ-Hl"li8 " Production of kanamycin by Streptomyces kanamyceticus mutants" 

L~81'lJ~ 14-15 'WqA~ma1J 2539. N. h~LL'jJJLJJL~a ~"'1~11'j~lumti''lJfi, p. 92, 

1996. 

2. The 9
th 

Annual Meeting of the Thai Society for Biotechnology and the 

2o.i JSPS-NRCT-DOST-LIPI-VCC Seminar. l1J~1'li8 "Optimal conditions for the 
..J .., ..I 

production of kanamycin by Streptomyces kanamyceticus UUNNK1" LJJ811J'YI 19-22 

'WqA~ma'lJ 2540. N. JJm1'Y1m"'m'YIA1'lJ1~Ei,!'j'lJ1~ ~~"'1~'lJA'j'i1"lfihJ1, p.178. 
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3. nl')tl,)~'lfJJi'lnnl,)lh~~ltJ 2540 Aru~i'VanfllaVl{ ~~liHn')ru 

JJmi~nnitJ llJ..11ti'a "m')fi'VlLa8naltJ-nlJGnaltJ~alJJ1,)fl~aVlAllJl27tJ:alJllJtAJJlrua~. 
 ~ 

"" ... ..J ...
~ln Streptomyces kanamyceticus Kl" LJJ81lJ'YI 27-28 lIlJ1AJJ 2540. 

Q. .. ., ~ Q.I 

ru. Aru::1'Y1tJ1~laVl'l ~ma~n'lruJJ""11'Y1£11atJ• 
lJ8n~ln;fl~a~U'YIf)11JJh.l~ oW JJrr~11'lal'li ~ tJ Scientific Research of 

c{ .... nl: ...
Chulalongkom University Yf~ma~8~ lJ"lIlJVl8lJfll'l'W;')1'lfUl 
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" ..
"i18fll':ial~rN 

1l11:t1111fJ 

"-0''& I~,J' daot 
f11'i1~GltJ ~ufl'Wmil. 2525. glj91u01YLtruTI'YI~a91 fit/ Streptomyces sp. CU279 'inn 

"" 1 tI l.:!to 4C!t. ~ cv f/ tVQ. Qf1lLlJ j::L'YIfL'YUJ.1'Y1mtJ'WtJilJJ111utu'n91 --ama~O"ituJJ1111'Y1mafJ .• 
... ~ao "... ",J' tI 0' ... o':;.l

JJlatJ 'iar,':i. 2532. t/101w;pUfn fl11JJJn".J311JLLa~ ')~qn0. 'WJJ'Wf\"i~'YI 1. 

n~~L'YI'WJJ111tJf\"l : h~-nJJ~rln'li~utu"91. l1Ul 21-26. 

0' "'''' 0'tI'" tI '" tYl"lgflJJil ?J91fJ::1"il.2539. OJ"i "iU l~aJflnY~ Streptomyces kanamyceticus K1f1EJ 
.a.._ .., ~ ..sI ~ Q .., ~ ~ ~ Q.IQ ~ 
1 il 01')nalfl'W 1J~ L'W tUn JJ~HHHi 0flllJl2,J flu lJ. 1 'YIEJlu 'WtJil JJ111'U tu.,. 9l 

0' .... .., 
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.fllf1r.1U1fl 

1. 11maa am{ (YS agar) all11'uLflU1'OMl Streptomyces kanamyceticus 

(Johdo et al., 1991) 
.... 

LL ;l~ (starch) 10.0 O'))J 

al')ati'~'OJloEia~ (yeast extract) 3.0 O1'lJ 

iu~~ (agar) 15.0 O1'lJ 

L~lJJlmfu'OJuliu~3J1Gl,) 1 ~Gl,) U1'U pH LtlU 7.2 au,jlL~a~~rul1lJij LL~~ 
~11lJ~'tJlJ1Gl')f1U (~rul1lJij 121 a~i'11L'lf~Ltfaa ~11lJ~U 15 uau~~a~lTI~d1 LUU 

n~l 15 U1n) 

2. ~rJ11a ijL~ alJ (GPY medium) a ll11' ULri lJ~ lU1UL'lf~if '2Ja~ 
s. kanamyceticus ( Umezawa et al., 1977) 

.... 
n~t~a (glucose) 10.0 fl,)lJ 

LLU~tGl-LU'tJ1l1U (bacto-peptone) 4.0 fl1'3J 

a1')ati'~'OJlflEia~ (yeast extract) 3.0 O-rlJ 

l~tuLLGlaLtfalJll1t~,)L'OJuyJaaL'rJ~ (K
2
HP04 ) 4.0 fl1'3J 

tULL~aL:SalJll1t~,)L'OJuyJaaLyJGl (KH:tIP04) 2.0 fl1'lJ 

L~3JJlmfu'OJuhrU~lJl~,) 1 ~~') U1'U pH LtiU 7.0 au,jlLtfa~~rul1lJij LL~~ 

d~d"'d ..$ .... J J' . d
3. L~'VHa3JU 3JL~alJ (KPMB medium) t;11l1,)UL~a~ltl'a s. kanamycetJ.cus L'Via 

r.J~Gl~lUl~a:au (Umezawa et al., 1960) 
<V 

LLiJ~ (starch) 20.0 fl,)lJ 

tt1Ll1aa~~~hum')rlamLi1~1mau1'lf~ (soytone)12.0 fl1'3J 

tULLGlaL:aa3J~~ah~ (KC!) 0.5 fl1'3J 
<V

1~tULL~aL:Sa3Jll1t~,)L'OJuyJvaLyJGl (K2HP04 ) 1.0 O,)lJ 
<V

ttl'L~alJ~~ah~ (NaCl) 3.0 0,)3J 
....

LLU~tGl-LU'tJ1l1U (baeto-peptone) 3.0 O,)lJ 
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4. d)~1vH am{ (M5 agar) dl'H-1U'Yl~aaU't.l~~lWflllJl~tltilJ (Code of 

federal regulation, title 21, 1987) 
QI 

LLUflllil-L1.hJtnlJ Chaeto-peptone) 6.0 tl')~ 

al')ati'~~ltlfjail (yeast extract) 3.0 tl-1~ 
QI QIX 

al')atl~~ltlLlJa (beef extract) 1.5 tl')~ 

ilJ~~ (agar) . 15.0 tl-1lJ 

L~~Jltl~lJ~lJ1~tfl~llil,) 1 a~') tl-1u pH LtllJ 7.8-8.0 au~hL:5a~anl'HlliJ. " 
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o 
kanosamine 

1 

~ 
l 

" 

o 

OH 
, 

4 · 

0 l' ,OH
s' 6~~, 

2- deoxystreptamine 

(Ia) Kanamycin A R, = NH, Rl = OH 
(Ib) Kanamyci n B R, = NHl Rl = NHl 
(Ie) Kanamycin C R, = OH. Rl = NH2 
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" " fll')i'jltfilntU'IhI111i1t1~'HlJjlR'lff.iii iluai1-,ri1Y4~ft (phenol-sulfuric method)
v 

(Ashwell, 1966) 

thi1mh.:J~l1leNf11');,)~~UitlltlnrlV11a,f.:JlnJ(il tfitllV1,) 1 iJaaaVl'i ~ela1lJl1ael(il.. 
'" l1~ael.:J L~tla1')a~alaYJlJela 5% (,jll1,rn~m.l~tllV1,)) t.l~tll91,) 1 iJaaa9l,) t:-JC{tll";L'lil 

tllJL~tln,)~fhtl~t1lJ (sulfuric acid) L'litl'lilJ 5 iJaaaVl,) t:-JC{tll";L'liltllJ ~.:Jfu11 10 lJlfi 

LLcr1 L'lIEhl";t:-JC{tlL'tiltllJ i.:J.yi.:J~el1t.lant.l'i~tlltu 20 lJl'Yi ,h1t.li'(ilfilf11')(il~nalJLLa.:J i1fJ.. 
... ..,... .J... t °1t.lLfI'iel.:J1~f11'i~(ilnalJLLC{.:J (Spectrophotometer) 11f111t1f111f1alJ 490 lJl tJLtlVI,) lJl 

L.yj autlUn'il~ til VI 'i!1 tJ'lI el.:J C{l'ia~almfl Vll aU~,!l1t 'lI'U ~ L~ a1 tlU,rlV11i1~~el.:Jnl'n~ 
,nUltu L'litl'lilJ 0 20 40 60 80 LLi1~ 100 1t1tfl,)O'ltl~tliJi1aa~'i ~1(il,ntlltuvl1a15 
~lJeli1-tii1mfl LtilJLi1a1tllJ i.:J'it.l~ 18.. .. 

~ 
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fl"ilybn &1"i!lU fllUl IT8~U ttl ,raLY4 &11G18iri~a1ilit181 

thal'Ht~alElAlul,jEl:auLa oHaLy.jlil L~lI~U 1 2 4 8 16 32 64 128 Un~ 

512 luLfl"ifl-rum aiJ n~H~lil"i ~n~alEl1uLUUlilaL~Eluy.jaaLy.jlil ,j'y.jLyja{ pH 8.0 

(potassium phosphate buffer) Liu~u 0.1 LUnl'! (fllA~Uln "iJ) thlUl1Ela~1~L~lJ'YI~lJ 

~L~l~ 1Um'YI1"ii'Ul1~aau~ij s. aureus ~'nlil;EllJl~~lnifim"il1~aa~~ 5.1.1.1 t11lu• 
, ..J... :i ~I l, 'i QI ., ~, ..

UlJl'1aW'YIfllJ 3 7 a~fillL'l1aL'Dua L lJUL1al 16-18 ttl LlJ~ 1~fll1Unl1~L"UmflUU. " " 
... ..,:;... ..J ., ~ ., ••1 ' 

nnl~U"iL1WElUEl~m"iL~"ity,aU'YI~lJL~l~ l1U"i"i,al"in~alElA1UllJEl'DULa 'lfaLnlil U~n~ 

Al1lJLilJ~u thAlffilill~1uL1iElUn"Yllillil"i!lU L~Elfh'YIu~1~unu X LtJuAllllni'l~Liu 
~l~udnal~U~L1wF1utf~ LLnU Y LtJu~h log "iJa~Al1lJL~lJiu"iJa~al"ia~alElA1U1,jEl:auLa 
ti'aLoWOl lGl~a~~"iu~ 19 

" 

(;;' 

o 0.5 1.5 2 2.5 3 

1000g 
.«0 
.«0 
«0 

.ri 
(il

-6: 
};: 

100c 
It'o 
C 
~ 

~ 
g 

~ 
~ 10 
~ 
;l 

IF 

)~ 
r 
;l 
r 
C 

Al1lJ.gU =15.00 


JU~ 19 n"oWU10l"i~UA1Ul,jEl:auLa ti'aLoWlil L~ElifiiLfl,,~lfm~,cmli'YIm 
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fn'l1Lft'll ::flmJ.lliU1thGiu 

~Lm~1..I'r1ct1'H~U1L~TI~"'tI~tl1(Ult1'i~1J~1a1ii Lowry (1951) 

a1'i~~~la Lowry A tI'i~n8U~1a 

1"lfL~atl~niu8L1J~ (Na
2
C0

3
) 20.0 n~tI 

·0 l'ifL~atlllJ~'i8n1'if~ (NaOH) 4.0 n~tI 

l'ifL~atl1tlu'naL:gatl~TIL~'i'n (Sodium Potassium Tartrate) 
., 

0.2 n'itl 

1.0 

a1'i~~~la Lowry B tI'i~n8uf1i1a 

'"~8t1Ltl81oJ~LyJVI (CuSO •. 5H20) 2.5 n'ilJ 

500 ij~a~Gl'i 

a1'i~~~la Lowry C tI'i~n8U~1a 

a1'i~~~la Lowry A 

a1'i~~~la Lowry B 

a1'i~~~lat-Jatl D tI'i~n8U~1a 

lyJa1J-vhl8~ ~L8L~1JY1 (Folin-Phenol Reagent) 1 a1U .. , 
u1ni1J 1 a1U 

o .J " "" .. .J "" tI"" 'itl'" " " 1J 1a1'i~~~1 a'n VI 8~n1'i1 L~'i1~'H 'n tI 'i lJ1 (U L 'iGl1J ~11lJ L'lllJ'll1J L 'Htll~atl 

tI~lJ1~'i 1 lJ~. 1a~~11J'H~8~l'n~a8U LmlJa1'i~~~la C t1~lJ1V1'i 5 tI~. t-Jatl1l1L'li'lnu lf~ 
11~mu'Hflijl18~ LtJUL1~l 20 1Jl'Yl ;j~Lmtla1'i~~~lat-Jati D t1~lJ1V1'i 0.5 lJ~. ~~1ut-Jatl, .. 
1" "., ,,:;.: 1- ... "'" o..J ""~tI"" ....J .,J
'HL'l11nULL~1~~'n~ 18n 30 U1'n WU1C11Ut-JalJ1J L 1~~lm'i~~n~ULLa~'n~11lJm1~~1J 

'U 

'i •.1 1'!"i .. ""..., '" "" .J660 1J1LULlJVI'i nTInlJ1V1'i!11J 'lHU11aU 'if'ilJ 8~\!lJU (Bovine Serum Albumin) 'n 
... 
to ~11)mj'lJi1J 0-200 1t11~'inilJ~EllJ~ . 
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fll"ilLft"i1:rnm~10"h&lla1~h'li' 
iLA~::lfmlJlfUJ,Glla~~bozfGlllJiGtJa~ Bernfeld (1955) LGlfJlhal'la::ala~ia~ 

mTILA~::lf~iju~lJl fUJ1Glla'1~b'l1Ftl1lJLtilJtilJLl1m::alJmlJ1Gl'l 1 lJa. laa~llJl1aaGl 

'Y1Glaa'U L&llJal'la::alflfl'lGllGlllJLGl'ltfl~l'l1~fl ~~LGl'1fllJLGlfla::alfl 1.0 fli'lJtla~fl'lGl 
•	• lGlllJLGl'l'lf1~l'lfafl llJal'la::alEJL'lfL~EJlJllJGl'lafll'lf~ Al1lJL-nlJ-nlJ 2.0 LlJal'i' mmGl'l 
• 

20.0 ilaaaGl'l ~·JalJllfLti'lnlJUalL&llJJlflGtlJ 50 ilaaaGl'l L&llJL'l1L~alJLULLilaLiialJ 

\Jl1'i'LGl'l'Y1 30.0 fli'lJ ui''UU~lJ1Gl'laGlfllmU'lJ 100 ilaaaGl'l ~lEJJlmtlJ LOUllJtJ1Glihn• 
thal'la::alflfl'lGllGlllJLGl'ltfl~l'lfafl mlJ1Gl'l 1 lJa. ~alJllfLti'lnlJ lU~lJllJJ1Li'iaGlLUlJ 

nal 10 tJ1;; YhllfLa'lJllJth~J1LalJ L&llJJlfl~lJmlJ1Gl'l 10 lJa. a~lu~alJllfL-El 
61 ..J ~ _ I 61 , ....J "" ~ ••1 
fllJlJl,nlJ~alJlJ LulGlFtlfl1'l~Glfla'lJLLa~'Y1Al1lJEJ11AalJ 540 lJl LlJUJGl'l fl~nlJ1Gl'l~llJ 

liJ1GllaflaLFta ~Ftl1lJLtilJti'lJ 0-100 ijaafli'lJ~alJa.
" 
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