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ABSTRACT 


• 
Xylose is a sugar commonly found in land plan~ biomass including 

crop residues. The fermentation of xylose to ethanol may be accomplished 

by ~ tannophilus. The investigation of optimum conditions for xylose 

fermentation by the wild type and mutant strains of ~ tannophilus 

revealed that both prefer lower pHs, between 2.5 - 3.5. with the mutant 

being more tolerant at a broader range of pH to 4.6. The optimum 

temperature for fermentation of the two strains were between 30-350 C and 

under semiaerobic conditions. Under optimum conditions, the mutant yielded 

approximately 0.31 g ethanol per g xylose, while the wild type yielded 

only approximately 0.23 gig. Suitable conditions have been established 

• 	 for xylose fermentation which could be beneficial to the conversion of 

crop residues into fuel alcohol. 
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oil 	

U~la'~a~ (D-xylose) Lfiuu~la~fl~~~1~~~~fl~~1~L~fl~~~nuU~1V 

• ~11UuU~1~1 Lfiu~~la~fl~11~~~~~a Lfiuu~~~~~nuu~~niu hemicellulose ~~ 

(wheat straw) fl hemicellulose 29 % Lfluu~~~~~nuu flU~la'~a~U~~~lW 

Lfiu~u (Goldstein, 1981) iUL~~1u1aD~u~nl~u~Lul1~~nl~Ln~~~~1~a~uuanuau~ 

L~ui~Lfiu~~~lUL~uLW~~ ~1U~u~u~lanij'~~ (D-glucose) flLfiuu~~~~~nuUiuL~aij1a~ 

(cellulose) ~~~l~ln'~~~~fl~~an~u~~U~L~a~w'~~~ni~iunl~KUn (fermentation) 

L~ui~'~Lu~~luua 1~vD~~~n~fli~iu~~~1~n~~~nl~KUnL~u Saccharomyces cerevisiae 

iI 	 I I II t Ijf

• 	 U~~1n~'~~1~1~OL~~vuU~la'~a~~flug~~1~lnW1nUi~Lfiuuuanuau~'~ ~~Lflu~1u~~nn~ 

'~ffunlnu~1~U1L~V~lU (Slininger, 1982) 

Boidin na~ Adzet iUU 1957 Lfiu(1uvn L~uD~~,u~m~~'~~lnU'1tJl~~ln 

L~fiun'iffli~iu~~~l~m~1JVlufl~~ LLa~~~iif~01ilu Agriculture Research Culture 

Collection ~~LfiuL~uU~~ genus i~~~u Pachysolen tannophilus 

~~ Schneider, Wang, Chan, Maleszka (1981) '~~~au~ua~~lV~lU{)~i1~~,u~~'h 

~lVWu~ :E. tannophilus NRRL Y-2460 ~mJ1 Punnapayak LLa~ Emert (1986) 



uadj'-:I~11'~Vll~N~~1uYltnuua Ua~'~iI'iltJ-:llU{l-:lil11lJ~11l1'it:l'(N ~. tannophi Ius 

lUnl'i~n'~~-:I~~lan~'~~ua~,~a~ ~~lJl Jeffries (1984) U~-:I United State 

• 
Department of Agriculture (USDA) ~~~iullJ~nl'~YI~au-:lUUa-:l~ltJWu~'u-:l ~. tannophil~ 

.. 'lVltl1~ mutagenesis 'iJln01'ill.1VU(1-:1 UV lla~'~d\'un(11tJWu~ mutant NOrNo3 ~~fll~Un'~ 

1: ~ }(. 11. ell 'Sf'!'" A'{ cv, . ,
'iJlnnl'ilaV-:ll~ulU nitrate-xylitol broth YI~1~'"(11tJWU~11~an~l"un~1(110WUV"UUlJ 

~-:I(11lJl'it:l~nU~1~'~~(1lflUlUYl~lUU~'~lU8~'ilU-:ln11 nl'ifl'~(11VWu~1~UYl~~ 

d1V1llU1m-:ll~~'iJ~1~U'i~'lV~U'iJln £. tannophi Ius lUnl'i~~n~~l~'~a(1L ~()L ~ 

N~N~~~u-:lluYl~lUu~'~lJlnO-:l~U 'iJln~ilugu~1'Unl'i~na~~~u , ~-:llflU(11l~~flYl~~n1~1~O 

~~Ul~u~n~1{l-:l(1nl1~~l~lJl~(1lJ~~~'Unl'i~n~o~1~'~~~ lUnl'iN~~luYl~lUua l~OUli'ftlU 

I if I 	 v 
L~l~(1lJlUqtlUli'fuuff~lnuU nl'i~1(1nl1~flL~1~(1lJUfl~11lJ~~nuufl'iJ~(11lJl'iOUI(11uWu~U 

• 	 'Ui~iU1-:1nl'i~~(11~n'i'ilJ~nluYl~lUu~~-:llfluuu~nu~u~fl~~~ iI~W(1lJU~LflU~UulJ~ lflu­

L~uL~a-:l (11lJl'it:lNa~'~'iJln1~~L~au'~Yll-:1nl'iLn~~'i 

~uluYl~lUu~ 'VltllU~tlUli'ftlU'i~~11-:1a(1~ £. tannophilus (11t1Wu~Un~ (wild type) 

fiu £. tannophilus (11t1Wu~UU~-:I (mutant, NorNo3) ~nl1~~l~lJl~(1lJ~~fl'iUlJ 
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~lVWui wild type '~~U~ln University of Arkansas, Fayetteville, Arkansas, 

USA. LL"~ ~ tannophilus N03 - N03 - 4 dhl.~lVWu~ mutant '~~ml1n Dr. T.W. 

Jeffries United States Department of Agriculture (USDA), Madison, 

Wisconsin, USA 

1. nl~L~~~~~1L~v (stock culture) L~V\liUV1'H1~fl\lu~\I~m Yeast - Malt Extract 

, 'II 

(YM) ~\lU~~nvU~1~ 0.3% Bactopeptone, 1. 0% glucose, 1. 5% agar LL,,~u,nilu L~V\I 

~1L~viU~U~v\l slant culture 
'IJ 

'II ~ 

2. nl~L~~~~L~v~\I~U (inoculum) 

'II ~ 
extract, 0.3% malt extract, 0.5% Bactopeptone, 0.5% D-xylose LL"~Uln"u 

.. 

iu flask 'Ul~ 250 n,,~~~~ ~~,n~ L'Ul~~WM~ 320 C LDuL1al 24 ~11~\I L~v~ 

L~V\I'~~~i~Lfiul~v~\I~U~~Unl~~~"v\l~n~v'~ 

'l\J~lV 1,000 X 
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II 

• 

i~ul~1~l~a1~~~ YM ~flU~la'~a~lflu C-source 0.5% U~U~~~Uft1l~lflu 

m~wh~~ pH 2.5, 3.5, 4.6 lla~ 6.5 i~ flask 'IlU1Yl 250 l)a~~~~ 'iYlllih.l~m~~'Ilu~ 

llti\a~ flask 96 jja~a~~ l~~ inoculum ~ l~.vll~'1'11"'1 4 jjaaa~~ ~~iJ~"l\t1Ul'llauu 

iU~~~U 108 L'lla/~a tl~l~uL~ul~~"l\t1Ul'lla Iflul1al 2 1U ~u'~lflu 108 l'lla/~a 

iu flask ~i~~n l~~U~la'~a~a~'U~u'~ ~1l~I~~~U 2% 1~~UUL1alnl~~n~~la 

" '~a~~ln ,YlU 	 'U~U~~ 4 1U 

i~ul~1~1~a1~~~ YM ~iJu~la'i~a~Lfiu C-source 0.5 % U~U~~~U 

.. 	 ~1l~lfiun~Yl~1~~ pH 2.5 i~ flask ~U1Yl 250 l)aa~~~ 'iYllliJu~~l~~iuu~a~ 

flask 96 l)a~a~~ ~~fi~"l\t1U''llauUiU~~~U 108 ''lla/~a tl~l~ul~ul~~"l\t1UI'lla 

IflUI1al 2 1U ~u'~lflu 108 l'lla/~a iu flask flLf~n ~~~WMUl) 25, 30 lla~ 

. 	 " 
35°C 1~~~~la'~a~a~'U~U'~~1l~'~~~U 2% 1~~UU11alnl~KUn~ln ~YlU 'U ~U~~ 

. " 
4 1U ~~WHUl)I~~lU nl~~1U~~~WHun~~Yllli~ Controlled Environment Incubator 

Shaker Model G25, New Brunswick Scientific Co, Inc., New Jersey, USA. 



"'ltn n Gnn j. ..~ ~ 

''''ft4n'lGlII"n 1181GII
• 

slant culture 

• 

1 
inoculum 

1 
Flasks containing YM + 0.5 % xylose 

for cell growth 

• 

Fennentation of 2% xylose 

under vmollS conditions 

(pH, temperature, aeration) 

Ethanol 
• 

.. 

tl]l'ilh~f)elJ~ 1. ~~HffVl~il~f)nl'lVlae~f)n..nrf)J]V1]atCJf1affUa~f)n 
d 

'\1]fftll1~l'ImlJl~fflJ 
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1~v1~1~l~~1~~~ YM ~~U~1~1~~~lflu C-sou~ce 0.5% ~~li~t~lifl11~lflun~~~1~ 

~ pH 2.5 1~ flask 'U1~ 250 ii~~~\iI~ 1V1ui1~~~1m1Ull~~t flask 96 ii~~~\iI~ ~~v 

• 	 146 ii~~~~~ ~~fl~~1Ul~~v~1U~t~U 108 1~~/~~ U~L~vl~vL~~~1UL~~lflul1~1 2 1U 

~Ul~lflu 108 1~~/~~ ~~~ruHun 32°C 1~~U~1~1~~~~~1~~Ul~fl11~1~~~U 2% l~~UU 

• 

.. 

n1~Uli~~1Ul~~ 	 1~1~ Direct Microscopic Count 

1V1U1~ Counting chamber ~v~ Haemacytometer (American 

Opt ical) 

.. 

~~1~1~ Dinitrosalicylic acid Assay (DNS) L~v~1 
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'lf~f 'Gas Chromatography "i(ilt.J'lflTl~tJ-{I Gas Chromatograph 

(Shimadzu, 7AG) UUU flame ionization detector 

• 
~ Porapak Q column 

.. 

~1nn1~~1 whole mount slide rltJ-{I~~1t.Jn~tJ-{I~a~~~flU WU111~tJV~~ ~~ wild 

type uat mutant fl~n~~u~~~~ "i(ilUl~a'tJ~~1UWu~ wild type fl~n~1~nn11~1t.JWu~ 

mutant ~~U~~~1~1WV~tntJU ~ 2 

.. 

n1~lI~atJ~m'Jmil\il1a"l.enla~~ pH 2.5, 3.5, 4.5 uat 6. 5 "'(N~~~1UWu~ wi ld 

type uat mutant WU11 ~ tannophilus ~-{I 2 ~1UWu~N~~ltJ~~1~tJa"l.~~1~~1-{1~lll~ 

n~~ NaN~~a~a-{llrltJ pH ~-{ln11 4.6 (~1~1-{1~ 1 uat fl1WV~tnaU~ 3) ~1UWu~ wild 

type N~~ltJ~~1~aa"l.~~~~~~ pH ~~~11~ 2.5 U-{I 3.5 "i~UN~~ltJlI~1~tJa"l.~U-{l~~ 0.53­

, 0.55 gl100 	 ml ~~tJl~1nu 0.265-0.275 g ltJ~~1~tJa/g U~1a"l.enla~ (gig) 

.. 	 l1~lrltJ pH ~-{I~~~8~ pH 4.6 wild type N~~ltJlI~1~tJa"l.~U~~~"I.~1~-{I 0.33 g/100 ml 

'H~tJ 0.165 gig uata~a-{lf1n~ pH 6.5 dj~d~u-{I 0.24 g/100 ml ma 0.12 gig 
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fl. ~ tarmophilus wild type NRRL-Y2460 

'\J. ~ tarmopbilus mutant N03 N03-4 
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1.I~lJ1tu 1tlYl1i1lWa (g/100 ml) 

,• 	 ., '" 
1UVl pH 2.5 pH 3.5 pH 4.6 pH 6.5 

." 
'VIlJO 	 wi ld mutant wi Id mutant wi Id mutant wi ld mutant 

type type type type 

1 0.27 0.28 0.23 0.41 0.09 0.28 0.17 0.47 

2 	 0.53 0.62 0.55 0.63 0.31 0.58 0.24 0.38 

3 	 0.52 0.59 0.50 0.60 0.33 0.63 0.10 0.17 

.. 

.. 	 4 0.30 0.50 0.41 0.47 0.33 0.43 0.001 0.003 

~1~1~~ 1 	 fn~mJflf1°1Ylla'911m~ 2% 'lVltJ ~ tannophi Ius i'flUmt~ wi Id type 

t1a~ mutant ~ pH 2.5, 3.5, 4.6 u,,~ 6.5 

• 
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~ , 
q./ 0 \II <r ~ , .:!lill'W1.h~f)tl1J~ 3 f)11'H~f)Ulf1HHC}f~(;l'ff2% 'tl pH 1~'H11~ 2.5 f,N 6.51.1tl~ 

• ~ d •f: tannophIlus 'fflt1'WU~ WIld type U(;l~ mutant 

1 2 3 4 

'" n~n (1t.J.) 

0.7 

0.6 ..-. 
S 
0 0.50 
,...; 

~ 
--­(t<j 0.4 
~ 
;l 
r 
!,CI 0.3 
~ 
~ 
a 

0.2r 
;;:; 

q...... 
-;:l 

0.1 

0 

-+- pH 2.5, wild type 

- pH 2.5, mutant 

---.- pH 3.5, wild type 

"""'"*- pH 3.5, mutant 

----- pH 4.6, wild type 

-+- pH 4.6, mutant 

--+- pH 6.5, wild type 

-- pH 6.5, mutant 

~ 

o 
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2.5 ~~ 4.6 ~l~l~ONa~Lu~~lUun'~O~ 0.62-0.63 g/100 ml ~~u 0.31-0.315 gig 

• .. 2'}{ .. .. ~~ ...!,
mll'lU~~~fNfl1~'b)'u"'Wlln''U1n~Un~fl1~Hn~ Lu~~lUun'Uu~fJ~\9I~~ 2 -uu~ ~ pH 2. 5 LL~~~ 

i.umml~~fluU~ 4, pH 3. 5 ,fllml~~ fluU~ 5, pH 4. 6 mml~~flvU~ 6 LLn~ pH 6. 5 ,flTW 

fll~~Ufl~l~ln'~n~fl~,fll1~~WM~fl~1~nu 


fll~~~nu~~fl~"'Wlln'~n~ 2% ~ pH 2.5 ~WM~ 25, 30 LLn~ 350 C WUil~lfJWu~ 


, 


A ~ , ~ ~aerobic, semiaerobic LLn~ anaerobic wtJdl ~lfJvru~ mutant JJml~~l~l~ONn!il 

• 

aerobic LL~~~iU.fllml~~fluufl 13, semiaerobic ,fllml~~flv1J~ 14 Un~ anaerobic · 

http:0.62-0.63
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, Y , 

.flTr~ll"j~flfl1Jfl 4 fll"j'HaJflthvna'Gtflatr 2% fl pH 2.5 'lIfl-:i P. tannophilus 

<V J •trl£J'Vilni wild type Ha~ mutant .. 

2- 3 4 

!11;l1 cr'W) 

1.2­

,-.. 
1,-.. ee 88 .... .... ~ 0.8 

~ '-" 

--+- ethanol, wild type 

'-" ~ 
(t;i (t;i ---- ethanol, mutant 
(0) -;t ~ 0.6 
r r"" 
/oCl (t;i 
~ r 
(0) s: 
... I""a ~0;l 0.4 
r a 
~ r 
a~ ri 
~ a~ 

~ 0.2­

--.- xylose, wild type 

--H- xylose, mutant 

0 

-> 
I\.) 
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fll'VitJl~fl€)1J~ 5 

0.8 

0.7 

e 
,-.. 

,-.. e 0.688 ...... 
...... ~ 
~ '-' 0.5 
'-' ~ 
(t:;; (t:;; 
(0:) v­
;::t c:- 0.4,­r­
tFI (t:;; 
:;:: r­
(0:) s: ...., r- 0.3a ~0;::t 
r- a 
ri r­

0.2a"" ri
-;::l a""

-;::l 

0.1 

0 

V I 

flll'H~flihVlla'C)11i;riT 2 % fI pH 3.5 "€)~ P. tannophilus 

cv J
i;lUJ'Vi'Ufi wild type Ata~ mutant 

~ 

-+- ethanol, wild type 

- ethanol, mutant 

-.- xylose, wild type 

~ xylose, mutant 

1 2 3 4 

nal (1'U) 

-' 
Vol 



• .. .." 

~ . ,
ill'vn.h~flfl1J~ 6 fl11'HarflcUlVlla1Clfla(;l 2 % npH 4.6 'Ufl~ P. tannophilus 

cv J 
(;lUrVfU1i wild type ua~ mutant .. 

.~ , 
~. 
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~ , 
illfi'lh~flfl1J~ 7 fll~'Mi(flU1V11'tl'C)fl'tla' 2 % ;i pH 6.5 "fl~ P. tannophilus 

cv r! • 
tnrJfiUfi WIld type U'tl~ mutant 

1'1 

-+- ethanol, wild type 

- ethanol, mutant 

-+- xylose, wild type 

~ xylose, mutant 

..) 

\.11 
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~~~lWLv~~luua (g/100 mI) 

wi ld type mutant wi ld type mutant 'iOi ld type mutant 

1 0.073 0.303 0.093 0.617 0.221 0.518 

2 0.190 0.541 0.204 0.724 0.404 0.710 

3 0.250 0.436 0.261 0.646 0.549 0.703 

4 0.162 0.349 0.169 0.569 0.501 0.606 

~1~1~~ 2 nl~~~nU~la'~~~ 2% ,~U ~ tannophilus ~lUWu~ wild type 

U(l~ mutant ~~f.Ulf{}lJ 25°C 30°C U(li:: 
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QJ~ 'II'I~ ..,; .".0 0 0i11~th~fla1J~ 8 fl11'VilJflU1V1H1~etr~i;Hr 2% 'YI~W'VicQlJ 25 C, 30 C Ht'1~ 35 C 

• QJ J • 
1Ja~ P. tannophdus t'1'lfJ~Ul WIld type Ht'1~ mutant 

1 2 3 4 

'" r:nn (d'\.!) 

0.8 

0.7 
--. e 0.6
8-Ol) 0.5'-' 
(t:; 
(0:) 

0.4;:! 
r-
Iel 
?= 

0.3e 
a 
r­
~ 0.2 
a~ 
-;:::I 

0.1 

0 

--+- 25°C, wild type 

- 2S'C, mutant 

---6- 30°C, wild type 

-)(- 30°C, mutant 

--+- 35°C, wild type 

o 
-- 35 C, mutant 

-" 
--..] 
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.fll'Vilj'l~flfl1JfI 9 

..-. 
..-. 	 ee 8 

...-(8 OJ:, 
~ '-' 
'-' ~ 
(c; (c; 
(Q:I ~ 
;::! if! 
r- ..­
!i=l (c; 

?= ('"" 

(Q:I s:Z :'o;i
('"" a 
~ ('""a".. ~ 
~ 	q".. 

~ 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

o 

'" 	 r 
QJ 0 lJ) ~ ~ "'" 0

fl11'H:lJfl'U1VlHl AC)f ~f;lif 2 % f1~W'Hcfl:lJ 25 C "fl-:J P. tannophilus 

QJ r! • 
ifUJ'Vi'U1i WIld type Hf;l~ mutant 

II 

I -+- ethanol, wild type 

I - ethanol, mutant 

mIIIii::r::::::ir:i:f~fII[Iill*%mmttJitr:::::::::::i:::::aifit:ii:::;:ffiHi4.WillaiIEJ:iiIf:i:i:i:i:::::::l'::::::::::':::::::::::/W[:Wlitt::::::::fWfj I ---.- xylose, wild type 
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fl1'HI.ihJ';ilUH'l 

• 
nl';i~~'lv~KUnU~l'l'~'l~ ~ pH ';i~~11~ 2.5 ~~ 6.5 ~~n*n';il~11~lUWu~ 

mutant ~l~l';i~Ha~!v~filUv'l'~~~nil~lUWu~ wild type IU~1~~v~ pH ~n11~nil 

~v~n'~~iU 	pH ';i~~il~ 2.5 fl~ 4.6 ~~~ wild type ~~n'~~iU~1~ pH ';i~~il~ 

.. .! J('"
2.5 ~~ 3.5 9h'l~v~rlov~n~ Slininger !!'l~rl~ (1982) !!'l~ Punnapayak and Emert 

(1983) ~!~U';ilU~lU~~~nl1~~!~~1~~~~v~ ~ tannophilus wild type iu 

~1~ pH ~n11~nil !!~~~i~!~U~~!~OU';inlW'v~~lUWui mutant ilfl~11~~~~U ~v~nl1t 

!! 1~~v~'~~nil~lUWui 161~ ~"Ilfhllfl:jJtiJrl11~ 1mJl~~~~~tL~iufl1';imJm'!~l'l''lli(l~~vULu 

• 	 nl';i~~'lv~~~nU~l(l'~(l~l~V~l~WM~n~lmJlt~~l~vni~ pH 2.5 l«v~:jJln!fiu pH 

~i~'~~~~U~~~~ 2 ~lUWu~ ~~WM~n 25°C ~lUWu~ mutant flnl';iHa~!v~tilUv(l~lnnil 

~lUWu~ wild type 1~ufl~~';ilnl';iH~~~~~~iU1U~ 2 !~v~WHUU1~Lfiu 30°C ~lUWu~ 

0.72% ~~!fiU~l~~~~~~WM~ 35°C ~~~lWnl';iH~~!v~tilUv(l~v~ wild type ff~~~~~nil 

mutant ~~i~~~~'~il~lUWu~ mutant n~';i~~~~nlw~~nil~lUWu~ wild type iUnl';imJn 

U~l(l'~(l~ iu~n~WM~n~~~(lV~'U~1~ 25 - 35°C l~ufl~WHUU~!mJl~~~'v~U~~~~~v~vij 

• 
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nl~Hl~nl1~vlnlfl~~KU1~~~~f~nl~~n~~la'~a~ 'v~V~~~~ 2 ~l~~U~ n~~ 

n~l~il ~lVWu~ mutant fl~~~~n~nl~~nil~l~Wu~ wild type lu~n~nl1~vlnlfl~n~av~ 

nl~~unlu~nl1~ semi aerobic ~vflvlnlflUl~ LI~'~~ln~~l aerobic ~rtv~~lnfl~~~l~~'v~ 

• 

• 

• 

• 

~ 

'~~~V~lV~lUg~~~UU~U~v~~l~Wu~ wild type 

~ 

nl~~~av~unll~~lu11~lVWu~ mutant ~~11U~v~nl~~nl1~vlnl~~~U~~Vlnun~ 

iU~~~11~nl~~~n~v~~nnl~n~av~flnl~~~1~~VU~~~~lftv1~v~nunl~~n~~~~'~UO 

V~~l~~la~~v~~~l~~nl~i~U~la'ViU'~~lfi~nl~N~~lvn~lUVa~u 

~~V~1'~L~U~la'~~~ln11 wild type ~~ul~flNa1~V~~~i~ln~NaH~~lvn~lUva'~1~1ua~ 

u~nil U~lnv~n'~~Ug~lU~ 4 1~~~1'~U~la~~H~~lH~vvUiU~~~U~~ln~v1nU~~2 

~lUWu~ nli~vl~lfiu'~'~11 ~lUWu~ wild type flnl~i~UI~la'Vl~vnl~N~~~~~u~uvn 

l~v'~~ln ethanol vl~~~U xylitel (Jeffries, 1984) 


~lVWu~ mutant ~ tannophilus No) _ No) - 4 fll~~~~nl~~ lKU1~~~~~~i~iunl~ 


~n~lnn11~1~Wu~ wild type NRRL-Y2460 lnV~v~n~v~~~n~~~~a,v~ wild type 


ua~ mutant ~~lffu11 mutant flan~~1~a~~~~~&n11 ~v~~~v~n~~~~~n~nl~unl~~n 


~~n11~lUWu~1~~ 
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• 

• 

~ 	 ..( Iff .i~ '" l !'\2.5 - 4.6 ~~n wild type ~v~~~~dl~ 2.5 - 3.5 U~~I~~ 2 ~lUWU~ ~v~~nl1~~WHU~ 

• 	 ~1~lJ1~~lJ~~~'lIV~f11~mJfI'fi"Wlln"l<n'in~'l~fJi<fl ~ tannophi 1us ~lUl'ru~tlfI~lln~~lUWu~ 

mutant ~~~"l~~v~n~~llJl~~U~'tli<fll~HnHa~lv~~lUvn~"l~~1f1f11~mJfl1~~f11~lfl~~~ 

l~fJfll~i<flUI~ln'<n'in~i~lflUtl~~lfJ~U 1~1~lJ~1f1f11~~f111~~1~lJ~ifl~~1~U~lnflijl~~ 

~~~~~HniHfll~Ha~llvnflVaVal~Vl~~~1f11~~1~~vi<flfll~lfl~~~ ~u~~~ninl~lf1~U~~Uvn­

f1vava~'~U ~llJl~~~~U~'tlH~lJn~U~mlfl~~aUiu~~~1~1U 9:1 l~vi<fliUl~~v~fJU~~~ 

l~~vU ~~l,)uiU¢I1~tI~~l~fl (Lyons, 1984) ~~djU"i~~~f11~~f~mn'~mln~~m~vllJ~f11 

'~iH~11lJ~Ui~ 1~1~lflUfll~i<fl1~~~~11~1~lJ'~nlfJiUtI~~1~fllln~lflUfll~n~lJ1nnl1~~v'tI 

• 	 (Crawford, 1990) 
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