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1IJ 1 • .1"" 0' .1 0' 01 0' 0'1 1IJ d1lJ '.:'1 1!J/ .1 0' 01 0'ru \OI~~'il'Wn'HtJnC}fU'YI~n 44.82 ~utJ~~C}f'W\OI m~ u A~Hm\Ol'YI unuu f1Hff~l~ 3.63 ~um~C}f'W\OI 

..t 'I .1 0' 01 0' 01 0' .1 0' 01 0' "" 1 1 .1 0' 01 0' "" "" 
WtJ LfJ~1:IJ 27.68 ~um~C}f'W\OI H'W~~C}f"n'l 68.87 ~utl~tC}f'W\OI nn 'W~C}f't'lt1 't'Iff 52.68 ~um~C}f'W\OI 't'In'W'W 

... 
.1 o'd 0' "" 1 .1 o'd 0' 1 .1 0'01 0' OQl.J

14.73 tutJ~~C}f'W\OI ~~:IJ~C}f't'l't'l 't'Iff 16.19 ~utJ~~C}f'W\OI U't'l~~C}f't'l't'l 't'Iff 37.95 ~utJ~tC}f'W\OI m:IJm~'lJ C}f~ 

tI 

~

~ tI: Go' 

~ 

J I QI' ~ Q,Id Go' tI
tJ~ fIU~ ~ nnu 'IJ tJ~ 1.fl'lf'W~ 'IJ tJ~ mru'W tJ '1 'W ~:IJ't'I ~U1't'1:IJ'W 1:IJ'W 'IJ 'W tJunu 11 't'I1 fJiJ'il 'il fJ t'lf'W 'If'W ~ 'W'W 1i. 

tI':GI tI QI tI 

~ 

'j) QI<l::lo 4!:::It.d 

U1't'1:IJ'W1:lJ'W f111:IJtJ~:lJff:lJ'lJHI!'lJtJ~~'W m~'il~f11~ff1'WU1't'1:IJ ff.fl1'WU1~'t'ItJ:lJ nn:lJ11i'l'Wf11~ffn~. ~ 

S1 'J1 jI"1" 
ufJmh~'W 1~ fJmmutJ1'W ~:lJ~~U1~mJ1~'W Vi 1~'il1nm~11'lJ'lJ1~'W?hmn~fJ1fl~ 'il~iT~f1~~ih~'W 

e:!:I I • tI d tI Q,I t ~ d tI -: .dG} 'j)GJQ,I

m't'ltJtJfJU~~:lJ1W 5-10 ~UtJ~~C}f'W\OI ~'Wm, 2548) ~~'W'Wmf1t'WtJ'lm:IJ't'I~U1't'1:IJ'W1:IJ'W'YI L'lf L'W 
~ 

~ :: e!.J "" 01 0' 01 0'<9. 01 ,x 01 0': 01 d1lJ!J/ "" 
f111Mn'!llf1H'W C}f~:lJ1'IJ:lJ'W~1:IJ 9.40 ~UmtC}f'W\OI 'il~ttl'Wf11m'WtJl'W~:lJ't'I~U1't'1:IJ'W1:IJ'W'YI ~~'il1nm~'I1'lJ 
-: QI eJJ d ,d.ci ~ d tI -: ~ ~ e:Q,I QI

'W1:IJ'W~1mn't'lfJ1tJ~ tJfJ1~ 1~ n\Oll:IJ 1 U~\OI'W~1:IJ'lJtJ~f11f1t'WtJ 'l'Wt:IJ't'I~U1't'1:lJ'W1:IJ'W'l 'Wnlll'Tn'!llf1H'W . ., ., 
'lm\'~~fJ~n'lJf11~ffnm'IJtJ~ iH\OI (2531) U't'l~ff:IJ~~ (2544) Vi~lfJ~l'W ';hmf1rwtJ i 'W~:IJ~~,J-I~:lJU1~'W . ., 
Viffn~ih~'WU1~:IJ 1~fJ1lil1'lJ 1~mn~fJ1fl~ ~lu~~'W~1:lJ 14.40 U't'l~ 14.46 ~UtJ{~~'W1'i' \OI1:lJih~'lJ 

, • i1 '" 

W,i\PI1n1111fJ~1'W'lJtJ~~iJ\OI~l (2543) ~~'t'I~U~~'W'il.w (2543) Vi'W'lJ11mf1tutJlw:IJ~~,J-I~:lJU1~'WVi 

ffn~~1fJ1lil1'lJl~mn~fJ1fl~ ~lu~~'W~1:lJ 17.49 ~m~ 15.59 tUtJ{~~'W1'i' \OI1:IJ't11~'lJ 'l'Wyh'WtJ~ 
jI jI I I 

~~fJ1n'W1'IJ~'W~1:lJ'l'Wm~ffn'!llf1i'~ij\PI1n1111fJ~1'W'lJtJ~ ~iJ\OI~l (2543) U't'I~U~~'W'il.w (2543) Vi ., .,. 
'W'lJ11mf1tutJ1'Wt:IJ~~U1~:lJU1~'WViffn~~1fJ1lil1'lJ 1~mn~fJ1fl~~1 'IJ~'W~1:lJ 13.71 U't'l~ 11.25 

..-. 
I , 'JJ " 

~UtJ{~~'WI'i'\OI1:lJ't11~'lJ 'lJW~Vi~~tJ lfJ~1:lJ'l 'W m~ffn'!llf1i' ~ij ~~ n';h~lfJ~l'W'lJtJ~-w 1\01 (2531) U't'l~ 
... I' tI d, ~ GJ d _ I tI -: Go' Q,I eJJ .c::r.d d 1 d Q,I d ~ GJ 
U~~'W'il'W (2543) 'YI'W'lJ11mf1t'WtJ L'W~:lJ't'I~u1'f\:lJ'W1:lJ'Wffn~~1fJ11i'l1'lJ ~mn't'lfJ1tJ~:lJWtJ W~1:IJ 

.1 0'01 0' 001
14.80 uae 15.17 ~um~C}f'W\OI m:lJ't'I1~'lJ 

0'.1 "" !J/ d !J/ ,x '1 01.1 0' : 01 d
tJ~ fIu ~~ n n u 'YI1 ~ tfI:IJ 'IJ tJ~ tJ1111 ~ 'IJ 'W 'YI U~::: n tJu ~ 1 fJ n1 n ~ 'W tJ 'W~:lJ 't'I ~ u 1't'I:lJ 'W 1:IJ 'W 'VI 

QI .. I tI d tI 'QI 91.c::r. d QI 1- I d 9J lJ] Q,I 

~:::~'lJ 15, 25, 35, 45 U't'I::: 55 ~um~C}f'W\OI 'W'lJ11 1\01QUl1~ tJ'W'YI~fJ1\01Q U~\OI'W~1:IJ ~f:11 ~'IJ:IJ'W~1:IJ 

..t 'I 01 0' "" 1 1 "" "" 1IJ 1 ••1"" 0' 0'1 1IJ d 1IJ IWtJ LfJ~1:IJ H'W~~C}f't'l't'l 't'In 'W~C}f't'lt1 't'Iff 't'In'W'W ~'W \OI~~'il'Wn~~tJnC}fU'YIm U't'I::: m~ u A~~~~\OI'YI ~:IJ-

.:'1 1 !J/ "'" ''I ' .1 0' 01 0' .1 0' 01 0'
~U'W f1Hff~l~:lJmtJfJ L'W'lf1~ 88.54-88.88 ~utJ~tC}f'W\OI 93.59-94.57 ~utJ~~C}f'W\OI 15.48-15.89 

~ 

.10'01 0' .10'01 0' .10'01 0' .10'01 0' 
~utJ~~C}f'W\OI 5.43--6.41 ~utJ~tC}f'W\OI 3.22-7.80 ~utJ~~C}f'W\OI 8.77-16.11 tutJ~tC}f'W\OI 31.79-51.19 
.1 0'01 0' .1 o'd 0' .1 0'01 0' .1 0'01 0' 
~um~C}f'W\OI 13.29-32.72 tutJ~~C}f'W\OI 4.72-11.05 ~utJ~~C}f'W\OI 55.49--60.99 tutJ~~C}f'W\OI U't'I::: 19.04

.1 0' 01 0' 0 01 1 .1 0' 01 ~ 1 • .1"" 0' 0'1 1IJ d1lJ '.:'143.36 ~utJ~~C}f'W\OI \OI1:IJm~'lJ ~mum~C}f'W\OI ~'W \OI~~'il'Wn~~tJnC}f~~'YI~n ~~'t'I::: fI1~ u ~~t~~\OI'YI A:lJtU'W

!J/ ..t 01 ,x 'I 01 0' :01'1 d,.,J d 0'01 0' 
1 f1Hff~l~ 't'I~'t'I~~:lJm:::~'lJmf1t'WtJ L'W~:IJ't'I~U1't'1:IJ'W1:lJ'W 'W~\OI~tJ1'1111~'W:IJ'IJ'W 'lJw:::'YIlU tJ~ ~C}f'W\OI. 

, , " jI 

1 'IJ~'W~1:IJ t~tJ 'lfJ~1:IJ H,:r~~C}f't'l~ i1nl'W~C}f't'lt11't'1ff u't'I:::i1n-w'W ~~l~VI:IJ~'Wmm:::~'lJmf1tutJ '1 'W~:IJ~~-
.1 0' : 01 d d,. .1 '1 :: e! ..t ,x '1 01.1 0' : 01 d'1!J/'1 "" 
u1't'1:lJ'W1:lJ'W 'YI~'W:IJ'IJ'W 'Wff\Ol~tl1l11~ 'YI~'W~'WtJ~ mnmru'W tJ 'W~:IJ't'I~u1't'1:IJ 'W1:IJ'W 'YI 'If 'W ff\Ol ~tJ1'111~:IJ 

0'.1 1IJ 01 

~ 

..t '1 .1 0' 01 0' 0 01 

~ 

0 01 
tJ~f1u~:::ntJ'lJ'lJtJ~ A'IJ:IJ'W~1:IJ U't'I~wtJ fJff~ (9.40 U't'I::: 27.68 tutJ~tC}f'W\OI \OI1:IJm~'lJ) ff1'11~'lJ 

~ 

.1 0' 01 0'01 !J/ "" "" 01 1.1 "" !J/ '1 !J/ I • '1 !J/ "" 01
tutJ~~C}f'W\OI1\01tlU'I1~ tJ'W'YI~fJ1\01tl u~\OI'W~1:lJ u't'I~~m 'Wtl1'111~'IJ'WU\OI't'I:::ff\Ol~'W'lJ11 n't'l~f1fJ~n'W.. ~ 
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-a:::~1Jfllflldtl1ulaJii~tJl~aJ~1,rU 

1Utll't11-a{{U (ltJtlilcjju~) 

15 25 35 45 55 

~'W'Vl~e.rjl'ltl 

l'I.J:i~'W':i11J 

1'IJlJ'W':i11J 

1'W 191':iI'il'WmltlnCJ1' 

U'Vl':inl/ 

fll{l1J 1~lul':il'l~1li 

I~'W lfl':i":)ff~l..:)21 

I~tl lv':i11J 

'" " f"l'W..:)I'lHHI 

iinl'WI'lHl~1'flff 

iinii'W 

l~ih'lltl~1'flff3' 

l'lltl~ ltlff 41 

88.54 

5.74 

94.26 

15.89 

3.22 

60.99 

43.36 

8.77 

31.79 

13.29 

4.72 

18.50 

8.57 

88.61 

5.43 

94.57 

15.76 

4.19 

59.07 

36.96 

11.54 

37.66 

18.69 

6.28 

18.97 

12.41 

88.73 

5.46 

94.54 

15.83 

4.82 

57.54 

33.03 

12.98 

40.86 

22.63 

8.20 

18.23 

14.43 

88.88 

5.75 

94.25 

15.48 

6.74 

57.78 

24.44 

14.29 

47.59 

28.37 

9.32 

19.22 

19.05 

88.78 

6.41 

93.59 

15.56 

7.80 

55.49 

19.04 

16.11 

51.19 

32.72 

11.05 

18.47 

21.67 

92.16 

8.28 

91.72 

3.04 

0.21 

41.72 

6.28 

46.76 

82.19 

54.01 

8.84 

28.19 

45.17 

95.90 

3.90 

96.10 

14.20 

9.40 

44.82 

3.63 

27.68 

68.87 

52.68 

14.73 

16.19 

37.95 

1I1'Wl~1!1l'WvJ1wneM'U'Yl1n = 100 - (%11.h~'W1dlJ + %1~tl'EJ11lJ + %1'U:W'W11lJ + %1~1) 
2 "'i lIJ .dllJ '?I 'i ~ 'i_I "" ...... lIJ.... ~ 
/fI11llJ nH~1~'YlllJhJ'W Am.:.lffH:J = 100 - (% lu1~'W11lJ + %~'W.:.l!CJfmH % l'UlJ'W11lJ + %!tl1) 

3/HJi1!CJf'l 'l1 'l ff = ~U.:.l!CJf'l~ - iinl'WICJf'l'll'lff 
~ ~ 

4/ICJf'l t]1'l ff = iin1'W!CJf'lt11'lff - iin'W'W 
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.c:. d.c:. 111 'iJ d 111 jlQ,1 jI.c:. ~ 9J 9J dil 'j':JJ1Ul flll1U 'VI nu ~ ~'lJiI..:J U'rl~ 'VI ~ ~ s'lJl1tul'rl nufl 'VI 'VI nuu lH U~ ~ enns 'IJ'U 'VI 
u " 

iI .: oS .. :.... _1"oS" 1I)iI'I .,I
lJ'j'~fltl'lJ~1£Jfllfll'Utll'Ut:lJ~~lJl~ll'Ulll'U 15,25,35, 45 U~~ 55 tlJiI'j'tC)f'UI'lUff~..:J n L'UI'lUl..:J'VI 5 

., . 
'rl'lJ'h U'rl~ 11..:J 6 flrlll ij lJ~:JJ1Ul ms fl'U1~'lJiI..:J l1Wl'rl i'iu fl'VI 'VI't1ll Ul1'..:J 1:l1 ttl'lfl~ H n'U'VI H ffii 9i• u" 

(P>0.05) l~£Jiifili1~l'U'lh..:J 0.232-0.299 flhfli'll~i11Pl1~i11'U l1~tl 0.88-1.09 tlJtl{~~'U~'lJtl..:J 
., ., 

lhm!fllPl1 l1~tl 19.93 - 24.76 fli'll1I'lQul1'..:J~tlfll~fli'1Jthm!flllltt'VI'lJtli'ifl u~'hfl~t~'Um.h£J ., . ., 
tlJtl{t~'U~'lJtl..:J'Wll1trflIPl1 u~~fli'll1I'lQul1'..:J~tlfll ~fli'll'Wll1tr fllllU'VI'lJtli'ifl iiu'U 1 1oW'll~~~..:J 1'U ~lJ 

" 0 Q,1 0 QI QI ~ d ",I rI ': Q,I d 
1 fl..:Jfll~..:Jfftl..:J (quadratic) (Q, P=0.08 une.i0 1'l1llm~'lJ) 1'l1ll'j'~~'lJfllfll'Utll 'Utll~~lJl~ll'Ulll'U'VI . ., . 
t~ll ~'U 1 'U ".!I'l 'j'tlll1U 'lJUl di lJ~:JJ1 Ulms fl'U1~ 'IJ tl..:J tlll1U 'Ii''U 'rl 'lJ-h 1:l1 UI'l fl ~ H n'U 'VIHffii 9i 

(P>0.05) l~£JlJ~:JJ1UlflUfl'U1~'lJtl..:Jm'Hl'j''Ii''Uiifilmn'U'lh..:J 0.504 - 0.530 fll ~fli'll~tlIPl1~tl1'U ., " ., 
l1~tl 1.88-1.94 tlJtl{t~'U~'lJtl..:J'Wl'HtrflIPl1l1~tl 42.98-44.24 fli'll1I'lQul1'..:J~tlfll~fli'll'Wll1trfl-

., . 
tll U'VI u tl i'ifl ~tllPl1 ~ tl1'U Vi l'U tl..:J t~ £J1n'UlJ~:JJ1Ul ms fl'U1~11..:J l1ll ~ (l1tYl'rl i'iUfl'VI'lJ't1ll Ul1'..:J H~ ~ 

., 
ml11'j''Ii''U) 'lJtl..:JU'rl~ll1'..:J 5 m;ll1:l1ul'lfl~1..:Jn'U'VI1..:Jffii9i (P>0.05) 1~wijfiltl~1'U'lf1..:J O. 748-0.829. " 
fll~fli'll~tlIPl1~tl1'U l1~tl 2.79-3.02 tlJtl{t~'U~'lJtl..:JJ1'HtrflIPl1'H~tl 63.30-68.56 fli'll1I'lQul1'..:J~tl 

., . ., 
fll ~ fl i'll 'W 1'Htrfl!ll U'VI utli'ifl~ tllPl1~tl1'U U~'ht:Utlfl ~ t~'U l1'U1 unl tl{t~'U ~'IJ tl..:J 'Wll1trfllPl1 U~ ~ 

fl i'll 11'ltl Ul1'..:J ~ tlfll ~ fl i'll 'W ll1trruu U'VI u tli'i fl 'il ~ ii U'U 11 oW' II ~ ~~..:J l'U 'j'il U'lJ u 1 ri'..:J fll't1..:J fftl..:J. 
v 

" 
(quadratic) (Q, P=0.06 U~~ 0.10 1'l1llih~'lJ) 1'l11J'j~~'lJfllflliftll'Utll~~lJT~fllJl~'U~t'i4ll~'Ul 'U 

.,., . 
".!I'l 'j'flll1U 11..:J ij fll'il tUtl..:J :JJ1'illfl lJ~:JJ1 Ulfll'j' fl'U1 ~'IJ tl..:J tlll11 s l1mu J;1 ~ ~..:J U~ 1:l1 UI'l fl ~ 1..:J n 'U 

.J iI .......... .,I, ':"111) '1 '"
 
(P>0.05) C)f..:Jfftl~fl~tl..:Jfl'lJ ffl£J'U1'l (2547) 'VI'rl'lJ11 U'rl~'rl'Utlltl..:J ~'VI£J x Utl..:J tfl~'Ut'lJ£J'U 50 

" 
_I .. oS .. .,111) iI.... iI .,I_I iI .: 'loS" : w .,I .... 

tlJmtC)f'U1'l 'VI ~~'j''lJml11'j''IJ'U'VIlJ'j'~fltl'lJ~1£Jfllfll'Utl L'Utll~~lJl~ll'Ulll'U'VI'j'~~'lJ 0,25,50, 75 U~~ 

100 tlJtl{t~'U~ i1lln'lJtffl:Jt'H i1'mnm1..:J'Ii'11'H ~fl~1£Jmi tllff~llfllflJll'll~ ijlJ~lllUlfll'j'fl'U 1~'lJtl..:J 
., " 

fll'H l'j'l1..:Jl1ll~ 1:l1ul'lfl~1..:Jn'U'VI1..:Jffii9i (370.17, 370.56, 373.08, 350.41 U~~ 319.62 fli'll~tlIPl1~tl 
.... 0.... '1i1oS Iii': oS .. :.... iI 
1'U mllm~'lJ) (P>0.05) Uff~..:J L'H t'H'U11ffllll'j'tll 'll'fllfll'Utl ''Utll~~lJl~ll'Ulll'Ul'Uffl'l'j'fll'Hl'j''IJ'U 

" 
1~1~ £J 1:l1iiN~~tllJ~:JJ1Ul fll'j'fl'U 1~tl~1..:Jflff'j'~ tl~l..:J 1 'j'~l'llllfll'j' 1oNflll11'j''Ii''U ~lJ'j'~fltl'lJ~1£Jfllfl-
l G) d . rI ': Q,I d QI rI d rI.c:. " QI 'lI) SlQI 'iJ 

t'Utl L'Utll~~lJl~ll'Ulll'U'VI'j'~~'lJ 15, 25 , 35, 45 U~~ 55 tlJtl'j'lC)f'Ul'ltff'j'lll'Hfl'lJU'rl~Vl ~~'j''lJ'Htyl 
• 11 11 iI 

'rli'iUfl'VI'lJ't1llUl1'..:J1'Ufll'j'fffll:Jlfli'..:Jij1:l1Vil1l1'ff1J'j'j'tl.f11'rlfll'j' Ni'iI'l'IJtl..:JU 'rl~~~~..:J l~£JU'rl~l1..:J 5 fl~ll 
., . 

ii'Wl'Htrfll~lll'U'j'~£J~ 21 1'U'lJtl..:Jfll'j''VI~J;1tl..:J tvhn'lJ 1.26, 1.05, 0.84, 1.47 U~~ 0.63 fll~fli'll 
, ., 

mll't11~'lJ (P>0.05) U~~iifll'j'tlJ~£J'UulJ~..:J'lJtl..:J'Wll1trflIPl1tvhn'lJ 0.06, 0.05, 0.04, 0.07 U~~ 0.03 

fll~fli'll~tl1'U mll't11~'lJ (P>0.05) 



32 

r I I I • 

q t1~ c:I~ ltJ 91 c:llfJ 'JIG.' 9J ~ 'JJ 'JJ c:IQI 

Vll'1N't1 6 'J1J1Wtn'l11'J'Vlfi'W A~ 'IJfl~!!'W~'Vl !~'JU'l1tyl'W"'!!~'Vl'lJ"':IJ!!'H'~ !!"'~tn'H'l'J'IJ'W'Vl 

'JJ ~ d tI: G.I QI I

t1'J~fiflU~1rJmm'Wfl1 'Wt:IJ",~t11"':IJ'Wl:IJ'W 1'W 'J~~Ul'll~ '1 

Q.J' CIJiGi J:QJ
'.i:::~l1JmmUt:I&UnHwI1.h'ltiUltiU Contrast r

. l l 
value... tid'"i1'il~r.l'"nmn 1Ut:ll'l'll'.i'llU (l t:I'.i!"IIUVI) SEM 

15 25 35 45 55 L Q 

... ...'t'itylUm 

ntan1:IJ1I9lQu,r~/1'i1/1'U 0.256 0.299 0.294 0.244 0.232 0.03 0.29 0.18 

ltl~11;'UI'i''Il~~Jl't'iUnI'i1 0.94 1.08 1.09 0.92 0.88 0.08 0.26 0.08 

n1:IJ1I9lQu,r~/nlan1:IJ 

" Ul't'iUm:IJU'V1'IJ~~n 

21.50 24.76 24.91 20.76 19.93 1.55 0.001 0.03 

... 
t:ll'l'll'.i'llU 

nlan1:IJ1I9lQu,r~/1'i1/1'U 0.512 0.530 0.514 0.504 0.508 0.01 0.76 0.86 

ltl~11;'UI'i''Il~~Jl't'iUnl'i1 1.88 1.94 1.92 1.88 1.90 0.03 0.97 0.55 

n1:IJ1I9lQu,r~/nlan1:IJ 

" Ul't1Um:IJU'V1'IJ~~n 

42.98 44.24 43.65 42.78 43.37 0.46 0.82 0.65 

mtllf,\.mlm'.i~n'U'~~~'t'itlVl 

ii1an1:IJ1I9lQu,r~/1'i1/1'U 0.768 0.829 0.808 0.748 0.740 0.03 0.45 0.41 

ltJ~11;'UI'i''Il~~Jl't'iUnI'i1 2.83 3.02 3.02 2.80 2.79 0.09 0.30 0.06 

n1:IJ1I9lQu,r~/ii1ft n1:IJ 
" Ul't'iUm:IJU'V1'IJ~~n 
" .

Ul't'ium'Vi:IJ1'U':i:::tI:::l1ftl 

64.47 

1.26 

68.99 

1.05 

68.56 

0.84 

63.54 

1.47 

63.30 

0.63 

1.97 

0.01 

0.28 

0.13 

0.10 

0.93 

21 1'U (nlan1:IJ) 

nmtJ~tI'UutJft~'Il~~ 
" Ul't'iUn1'i1 (ntan1:IJ 

0.06 0.05 0.04 0.07 0.03 0.01 0.13 0.93 

1Pi~1'U) 

II L = linear, Q= quadratic 

"b.cfill~~tI~ij~nmfhn'IJ1'i1~n'Ul'Uutl11~tl1n'UUl9lnI'i1~n'U~dl~ijumh1ty'V1Wft'ti~ (P<0.05) . . 
I ~ • -=I

SEM = flli'l11:IJi'lmWlIi'lft~'U:IJlI9l':i:q1'U'Il~~flll~ftti 
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m~lwl.fl'lf'U~~n'U,~ 

oQ ,. doQ 111 'j) oe:::hl'l ilQI 'j) oQ ~ 'j) 'j) .d 
tJ'HnW ~fl'lftJ ~ nnu 1~ 'Im.:Ju'W~'VI ~~ ':i 'U '11 ty 1'W ",u~ 'VI X! mm'11.:J u"'~tll'11l ':i'IJtJ 'VI 

~ .J 'I d.1 0' : .... .,I .... .1 0' d 0' \I) ~'l
tJ':i~fltl'U~'JtJfllmtJtl ~tJL1.m~lJlmJtJllJtJ'VI':i~~'U 15, 25, 35, 45 U"'~ 55 LlJtl':iAClftJl'I Uff~.:J n ru 

, " 
oe::l 1 .... loQ oQ \J1j} oQ oe::l Goo' I oe::l1Jl'JJQ,I iI oe::l_1 'j)

l'I1':il.:J'VI 7 'W'U'JllJ':ilJ1Wmrnu ~~'IJtl.:Jtlhl'VI':i tJ'JI'IQ'lJtl.:JU'W~fl'QlJ'VI ~~ ':i'Utll'111':i'IJhI 'VIlJ':i~ fltl'U~'JtJ 

.J'l do': .... .,I .... .1 o'd 0' mruue ~hlLlJ",~tJl"'lJhlllJhI'VI':i~~'U 15,25, 35 u"'~ 45 LlJtl':iLClfhll'l (0.717,0.775, 0.755 U"'~ 0.699 

nl", fl1lJl9ltll'i'Jl9ltl1'hI I'I1lJ~ll'i'U) 1:IJUl'lflI9l1.:J ntJ'VI1.:J ff()~ (P>0.05) UI9lU'W~fl~lJ~ '~1'Utll'11l':i~hI ~ 
'j) ,: q d ~: QI.d QI G' d tloe::l oQ 11) 'j)oQil ':i~fl tl 'U ~ 'JtJmrutJ tl ~ tJ LlJ '" ~ ih '" uhi1uu 'VI ':i~ ~ 'U 25 Lil tl ':i AClfhll'llJtJ ':i lJ1 Wms fl hi ~~'IJtl.:J 

oQ od QI , 1 dllJ iiGo' j} d ... 1 'j) ,: q d ... 1 tI : QI d QI eun ':i tJ'JI'IQ"I.:J fl'J1U'W~fl'QlJ'VI ~~':i'U mmsuu 'VIlJ ':i~ nnu~'JtJfllm hin tuure~lJl"'lJtJ llJhI 'VI ':i~~ 'U 

55 LtJtl{L~tJl'i' (0.688 nl"'fl1lJl9ltll'i'Jl9ltl1'hI) tlul.:Jij'l!mhfi'ty'VI1.:Jff()~ (P<0.05) 'tJ'lJW~~tJ1lJ1W 
oQ 1Jl 'j) ,. oe::l .d lJl 'j)QI 'j) d 'j) ,: G) d d': QI .d 

msnu l~'IJtl.:J til ':il'lhl ':i'JlJ'lJtl.:JU'W~'VI 1~':i'Utll'111':i'IJhI 'VItJ ':i~fltl'U~'JtJfllmhl n ~ hlLlJ",~tJl"'lJhlllJhI'VI 

':i~I'i'U 15 U"'~ 25 LtJtl{L~tJl'i' (0.094 u"'~ 0.094 nl"'fl1lJl9ltll'i'Jl9ltl1'hI I'IllJ~l~'U) "I.:Jfl'hL'W~fl~lJ~ 
111 fj)Q/ 'j) .d 'j) ,: G) d tI: QI.d QI tI d tI
~~':i'Utll'11l':i'IJhI'VItJ':i~fltl'U~'JtJfllmhltl ~tJAlJ",~tJl"'lJhlllJhI'VI':i~~'U 45 U"'~ 55 LtJtl':iLClfhll'l (0.085 

uae 0.086 nl"'fl1lJl9ltll'i'Jl9ltl1'hll'lllJ~11'i'U) mh.:Jij'l!mYlfi'ty'VI1.:Jff()~ (P<0.05) 

... ICll Cll 1IIj1 QI tI I ,.dlllilQl 'j) d ... 1 'j) ursnermrnu l~'IJtl.:J HtJ.:J LClf"'''' 'W'U'J1U'W~fl'QlJ'VI l~ ':i'Utll'11l':i'IJ hI'VIlJ ':i~fltl'U ~'JtJ 
j1 'JJ. ,. 

fllmatl'tJLlJ~~tJTcflJ'LJ1~tJ.yh~~'U15 LtJtl{L~hll'i' (0.373 nl"'fl1lJl9ltll'i'Jl9ltl1'hI) I91lfl'hL'W~fl~lJVi 
\I) ~.... ~ .,1.1 ~ .J 'I d.1 0' :.... .,I .... 0' d 0'
~~':i'Utll'111':i'IJtJ'VIlJ':i~fltl'U~'JtJfllmhltl ~tJLlJ"'~lJl"'lJtJllJhI'VI':i~~'U 25, 35, 45 U"'~ 55 LtJtl':iLClftJl'I 

(0.445, 0.452, 0.441 U"'~ 0.451 nl"'fl1lJl9ltll'i'Jl9ltl1'hI I'IllJ~1~1J) tlul.:Jij'l!mhfi'ty'VI1.:Jff()~ 

(P<0.05) Yilh1tl.:JA~tJ'JntJ tJ1lJ1Wfll':inhl 1~'IJtl.:Ji1fllhlLClf"'''' 1"'ff'IJtl.:Ju'W~flrllJ~HI1'Utll'111':i~hI~.. . 
... 1 iJ ,: GI d J tI : QI.d. ... 1 tI d" Cllcr I ,QI QI QI QI 

lJ':i~fltl'U~'JtJfllmhltl~hlLlJ"'~1 -1"'lJhlllJhI'VI':i~~'U 15 AlJtl':iLClfhll'l (0.206 fl ~"'fl'jlJl'ltll'l'Jl'ltl'JhI) 

~ I I .d\II "QI j} .d 'j) ,: q d tI: QI.d QI 

I'Ilfl 'J1U'W~fl'QlJ'VI ~~':i'Utll'11l ':i'IJhI 'VItJ':i~fltl'U~'JtJfllm hitl ~ tJLlJ",~tJl"'lJtJllJtJ 'VI':i~~'U 25, 35, 45 
... 1 rI d rI oC:lt.c:r QI 1 Goo' I QI 0 QI oe::l 

U"'~ 55 LlJtl':iLClfhll'l (0.260, 0.275, 0.275 Lm~ 0.291 fl ~"'fl'jlJl'ltll'l'Jl'ltl'JhI I'IllJm~'U) U"'~lJ 

'i ~ d. .% .... .J 'I d.1 0' : .... .,I d. .% 'I ~ 
utJ'J ~hllJL'WlJ'lJtJl'lllJ':i~~'UfllmtJtl~hlLlJ"'~lJl"'lJhlllJhI'VIL'WlJ'lJtJ~tJ':itJU'U'ULffhlI'lH(L, P=O.Ol).. 



':'"'~, .._.~ 34 

I , , , I 

.:I ... I~ ,. .c:I~ 1fJ rjJ .c:I1fJ rjJQ,/ rjJ ~ QI rjJ rjJ .c:I 

Vll"nii'fl 7 lJ~:JJ1W tfl'll''W::::'VIn'W t~ 'II~.:IU'rl::::'V1 ~~~'Ul1\yl'rl't'lUfl'VIt!'t'l:JJU'lN tm::::ml111'11'W'VI 

rjJ ~ d o':QI QlI
tJ~::::n~'U~1t1f11m'W~1'Wt:JJ't'l~tJl't'l:JJ'W1:JJ'W 1'W~::::~'U\PI1.:1 "1
 

u Ji~ dU':U

':i:::~'lJmm'l·m U!Ui:\~ li:\t1UUm Contrast p

, 
J Jif U&:t.cs 1 v t1 d value1/ 

'il'il£lYlflO'lll um't'll':i'IJU (I tl':i!CJlUIll) SEM 

15 25 35 45 55 L Q 

"" '" ...tlUYI':i£l1IllQ
 

ab b

nlflni'].J1\91QllM''l/~1/1'W 0.717 0.775' 0.775,b 0.699,b 0.688 0.02 0.43 0.39 

ltl':i~U':i1t1 

b b
nlflni'].J1\91QllM''l/~1/1'W 0.094' 0.094' 0.090,b 0.085 0.086 0.001 0.15 0.99 

... J 
NU..:J!CJli:\i:\
 

b

ni'flni'].J1\91QllM''l/~1/1'W 0.373 0.445' 0.452' 0.441' 0.451 a 0.02 0.19 0.29 

~olU!CJli:\\lli:\n 
b

ni'flni'].J1\91QllM''l/~1/1'W 0.206 0.260' 0.275' 0.275 0.291' 0.01 0.01 0.26 

II L = linear, Q= quadratic 

a,b,cf'i l~ 'Q~ tJ~iitln'll ':i ihn'IJ1'1l'l n'W1uu(l1~~ tJ1n'Wll\91 nI'11'ln'W tlVl'lii,:rmhrit1j'V11'l ffii~ (P<0.05) . . 
I .a I &:t 

SEM = fllml].Jfl'fll~~fl'fltl'W].Jl\91':i~l'W'lJtl'lfllm'fltJ 

~ 

.... tl "" "" '~v 1~nJ ~::::~'fIfifll·n.Jt)u ~'UB-:J fl'll'U:::: 

QI ... I ~ e:I I 1fJrjJ i d1fJrjJQI rjJ ~ ~ rjJ. 
"n.JlJ~::::ff'VI1if11~tI~tI ~~'II~.:I fl'll''W::::'II~.:IU'rl::::'V1 ~m'Ul1rul'W't'lUfl'VI'VI't'l:JJU'l1.:1 U't'l::::" .. 

rjJd rjJ ~C) d o':Qld QlI QI d I
ml11~'II'W'VItJ~::::n~'U~1t1f11m'W~ t'Wt:JJ't'l~Ul't'l:JJ'Wl:JJ'W'VI~::::~'U~l.:1"1 Uff~.:I~.:Im~l.:1'V1 8 'rl'U11 U'W:::: 

I d1fJ rjJQI rjJ d rjJ ~ C) d 0#: QI d QI 0# d 0' .c:I QI ~ e:I 
n'iJ:JJ'VI ~~~'Um'l11~'II'W'VIU~::::~1t1f11m'W~ ~'Wt:JJ't'l~Ul't'l:JJ'Wl:JJ'W'VI~::::~'U 25 ttJmtCJf'W~ :JJff:JJU~::::ff'VI1i 

I 1fJ rjJ QI rjJ ~.c:I QI , , dll1 rjJQI rjJ d rjJ ~ 
f11~tI~tI ~~'II~.:I1~f1U'I1.:1U't'l::::~'W'VI~tl1~f:l U.:In11U'W::::n't'l:JJ'VII~~'Uml11~'II'W'VIU~::::n~'U~1t1f11m'W~-

q q cu q 

C) d ...1 0# ~ Go' d Go' 0# d 0# • .c:I Go' 0 Go' ~~ Go' ~ e:I
l'Wt:JJ't'l~lJl't'l:JJ'Wl:JJ'W'VI~::::~'U 45 U't'l:::: 55 ttJ~~tCJf'W~ ~tll.:1ll'WtlUlflf.1!'VI1.:1Uf:l~ (P<O.05) UlltJn:U'VI1i 

• 1fJ rjJ Go' rjJ ~.c:I Go' GJ ... I rjJ ~ ,::f A 
f11~tI~tI ~~'II~.:I1~f:lUl1.:1tm::::~'W'VI~tl1~f:l't'l~'t'l.:l ~'W~lJU'U'Utff'W~~.:I (L, P=O.005) 'VI.:1'Wm'IU'W~.:I'j)ln. . .. 

'1 'JI ,J '1 d.1 0' : w '1 'JI '1 .... .1 , '1 'JI "'lIJ.... .1 
f11~ 1'll'f11m'W~ ~'Wt:JJ't'l~lJl't'l:JJ'W1:JJ'W l'Wml111'11'W ~'W~::::~'Uff.:l'll'W ff.:lH't'lIl1ml11~ll l'IIll'W~1:JJff.:l'll'W.. .. 

Go' ~ Gl d ... 1 0' : QI d .J. J C) dl ~. QJ , 

m:JJ~::::~'Uf11m'W~ ~ 'Wt:JJ't'l~lJl't'l:JJ'Wl:JJ'W'VIt'W:JJ'II'W I'W-.;xmml111'j).:Im'j):JJH't'l~~f11~l1llntl~tlml111 

v v v I 

'II ~.:I 'j) il 'W 'VI'161'W n ~ :::: t 'rll:::: ~ t:JJ 'W 'W ~ n 'j) 1 nil m n t i1 n 1 'W t:JJ ~ ~ U 1 'tf:JJ U1:W'W t fl 'W l'~ fI ~ 'U Vi ~... .
 
o''j lIJ d '" 'j 'JI '1 'JI ,J '1 d _ I 0' :.... '1 .... dI "" e '1 'JI 

fin iu ~~H~~~'VI:JJ IflHff~Hff.:l rns 1'll'f11m'W~ l'Wt:JJ't'l~lJl't'l:JJ'Wl:JJ'W~'W~::::~'Uff.:l 'j).:I:JJH't'l'VIl ~l1.. .. 
o''j lIJ d lIJ '?I 'j 'JI '1 ~ ef o''j lIJ d lIJ • d 'j 'JI

fll~ iu ~~H~~~'V1 ~:JJtlJ'W IflHff~H l'Wff~~ml11~'t'l~'t'l.:l'VI.:1'Wfll~ I'U ~~H~~~'V1 ~:JJtll'W IflHff~H.. 
• 1 'JI _~ : ?I' '1 ,ok I .... lIJ 'JI d '1 
lJ ~:::: n ~ 'U~ 1 uulJ.:I une 'W 1~1 nnru ff1'W ll1ru CJf.:l n nuouu 't'l ::::ffmtl~ 1 ~~ t11 I'W n ~::::t 'Wl:::: ~ III 'W" .. .. 
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v .: d o':"''l ild '" ~ '" 0'lil(Church, 1979) f111'l'll'f11m'\.,I'e:l'ltmJ{I~'lJT"I1J'\.J11J'\.J '\.Jfll'l111'U'\.J'VI1~~'U,,!~ ~~fll~1J~{I'VI1 '11f111 

~~HJ 1 ~'Ufl~fl1'1111{1 ~{I~ {l'fl~ f1~fl~nm"l rJ'\.J I'i' (2547) ~11V~1'\.J ,;hff1J'lJ 1~iY'VI tf111 ~mJ1 ~ 'U fl~ 
QJ' CJ} ~ lCI <LI 9J ~ QJ' A 'l d rI: Q.1 cS'l v ='1
1\91 QU'11 ~ U{I~ eu 'VI 1 V19HJ'U fl~fll '1111 'U'\.J {I~ {I~ t1J fl1 ~ ~ umru'\.J fl '\.J t1J {I~ 'lJ1{11J'\.J 11J'\.J 'VI 'll'tlJ '\.J 

, 'l ~;K Q d QJ' ~ QJ' ,~CJ} cSd
{l'1'\.J'lJ1~flfl'U '\.Jfl1'1111t~1J'U'\.J 'VI1'\.Jfl~t~V1fl'\.J ~'ll'V (2534) 11V~1'\.J11 f111t{l'11Jfll'l111'U'\.J'VI1J 

, rI'tGJ I rid rI I Q.1 .e:::t. d l1Jlil 
{l'1'\.J 'lJ1 ensu 'Ufl~ f11fl'lJ1{11J'\.J 11J'\.J in flfl 11 30 t'lJfl1 tC)f'\.J \91 ~'U11{1'1J 'lJ1~ {I''VIli f111Vfl V t ~ 'U fl ~ 

'" iI1\91f1 u'11 ~'Ufl~fll'l111{1 ~{I~ (P<0.05)• 
th'l11'Uff1J'lJ1~iY'VItf111~flV 1~'Ufl~ !'lJ1~'\.J n1J ~'U';h tt~~~1~1'Ufll'l111,r'\.J~ 

iI .: 'l d.1 0' : '" d '" o'd 0'
'lJ1~flfl'U~1Vf11m'\.Jfl '\.Jt1J{I~lJ1{11J'\.J11J'\.J'VI1~~'U 15, 25 U{I~ 35 t'lJfl1tC)f'\.J\9I (69.28, 72.83 tt{l~ 

o'd 0' 0'" , dllJiI'" v d iI ':'l d., 0'
70.18 nlfl1tC)f'\.J \91 \9l11J{l1~'U) "!~fl11U~~'VI t~ 1'Ufll'l111'U'\.J 'VI'lJseneu~1Vf11m'\.J fl '\.Jt1J{I~lJ1{11J 

: QI d QI ... I rI d II ...I rI d rI 0 Q.1 I d QI 0 QI 

'\.J11J'\.J'VI1~~'U 45 tm~ 55 tlJfl1tC)f'\.J\9I (63.64 tm~ 58.73 tlJfl1tC)f'\.J\9I \9I11J{l1~'U) flV1~1J'\.JV{I'lf1~'VI1~ 
)I tI t:I ' 

{I'~~ (P<0.05) n~ijff1J'lJ1~iY'VInf111~flV1~'Ufl~!'lJ1~'\.J'j11J{I~{I~'l'\.J~'lJt~'\.J\9l':i~ (L, P=O.OOI) tiJ'fl 

'" .: 'l d.1 0' : '" 'l iI do.l
1~~'Uf11m'\.Jfl '\.Jt1J{I~lJ1{11J'\.J11J'\.J '\.Jfll'l111'U'\.Jt~1J'U'\.J 

QI .e:::t..e:::t,t:I I til" QI rI .e:::t. I d\l)fJJ QJ

{l'1J'lJ1~{I''VIlif111VflV ~~'Ufl~mHtC)f{l{lU{I~{lfl!'\.JtC)f{l{l!{I{I' 'Ufl~U~~fl{l1J'VI ~~1'U.. . 
rJJ d ... 1 CJ} A 'l d rI: Q,1 d w rI d rI ~. 1 d mn n 'U '\.J 'VIlJ 1snau ~ 1Vf11m'\.J fl '\.Jt1J{I ~ 'lJ1{11J '\.J 11J'\.J 'VI 1 ~ ~'U 55 nl fl1 t C)f'\.J \91 \9I1fl11U~ ~fl"l1J 'VI 

11) CJ}Q.1 ,l 'l d ... I rI : QI d QI rI d rI ~ e! Q.1 ... I .e:::t. ~ 1

t~1'Uf11m'\.Jfl '\.Jt1J{I~lJ1{11J'\.J11J'\.J'VI1~~'U 15,25, 35 U{I~ 45 t'lJfl1tC)f'\.J\9I 'VI~'\.J{I'1JlJ1:::{I''VIlif111VflV 

lIJ v '" 0' "" '1 '1 'l.1 iI 0 '" .A
~~'Ufl~~'\.J~tC)f{l{lU{I~{lfl ~'\.JtC)f{l~ ~{I{I'{I~M '\.J~lJtt1''\.J\9IH (L, P=0.006 U{I~ 0.05 \9I11J{l1~'U) t1Jfl 

'" ':'l d.1 0' : '" 'l v do.l!'.1.A 'lil':'l d 
1~~'Uf11m'\.Jfl '\.Jt1J{I~lJ1{11J'\.J11J'\.J '\.Jfll'l111'U'lJt~1J'U'\.J 'VI~'\.Jfll'jH'\.Jfl~~lflf111 'll'f11m'\.Jfl '\.Jt1J{I~ 

0' : '" v ",.1, iI '" 0' do'", 0' "" 
'lJ1{11J'\.J 11J'\.J 'l '\.J fll'l111'U '\.J 'l '\.J 1~ ~'U,,! ~'U '\.J {I'~~{I 'l 'I1fll'l1111Jt'lJfl1 tC)f'\.J \91 ~'\.J ~t C)f{l{l {lfl! '\.J tC)f{l~ h{l' 

.e:::t..e:::t. ~ Jit:9.0'l5J I lJICJJ QI rI .e:.cr ,. A QI 

U{I~{lfl'\.J'\.J t~1J,,!~'U'\.J~~'VI1 'I1f111VflV ~~'Ufl~~'\.J~tC)f{l{ltt{l~ nn I'\.JtC)f{l~ 1{l{l'{I~{I~ t'\.Jfl~~lfl ~'\.J~-

tC)f{lti' iifl!'\.JtC)f{l~ !{I{I' U{I~iifliJ'\.J ij{l''I1ffm~r'lJi'l'\.Jt~~{I'Un'Uf111~flV'~'Ufl~fll'l111 (Hart and 

.I., o'd o'lIJ ",ddo .ld' 'lil 'lIJiI~ .A
Wannapat, 1992) '\.Jflfl~lfl'\.JtlJfl1tC)f'\.J\9I ~'U1J'\.J'VIt~1J,,!~'U'\.Jfl{l'~~{I 'I1f111VflV ~~\9I1{1~t'\.Jfl~~lfl I) 

lIJ w illIJJiI "I "I- "" .A'l 0'lil "" ",o'iI' lIJiI "IlIJ' ,.A 'l
t'U1J'\.Jt'U1 ~, l11J 'I11fltfl{lflll~1'Ufl~Wfl V 'VI1 'I1~{I'\.J'VI1m'tI1VflV t~V1fl 'I11fl ~1J{I'lm1f1VflVWfl V 

lIJiI lIJ '" ='1 "" , "" ",0' "" ='1 'lil. 1 "" ",0' "" 
~~ 2) ~ 'U1J '\.J fl1 ~t lJ '\.J~El \9Ifl ~ {I'\.J 'VI 1 V'U1~ 'll''\.J ~t lJ '\.J ~{I 'I1lJ1 ~ 'll'1 flH {I'\.J 'VI 1 V{I ~ {I~ tfl ~ m 1. . 
t'lJ~V'\.Ju'lJ{I~~1'\.J1'\.J'lJ1:::'ll'lm~ii'\.J 'VI16'l '\.Jm~t~l~~t1J'\.J 3) fl'j~ 1'U:W'\.Jfll'il1 'lJij~{ll'ifl~,r~tC)f{lti' 

'Ufl~~ii'\.J'VI16vh 'l,rf111Vi1~1'\.J{I~{I~ U{I::: 4) m~ 1'U:W'\.J{I'lVV111'lJVi1'lJaf11V1n'Uli11'J~ij'lJ1~~'U1fl 

(cation) tf1~t~'\.J{I'11'lJ1:::flfl'Ut~~~fl'\.J (insoluble complex) ~~ij~{I!~V\9IHl'ifl~1'\.J1'\.Jli11'J~ij 
d "" ",0'0 lIJ.''lil.1 '1 0' "I '" ii" =" ''l ,J1~~-'U1fl 'VI~{I'\.J'VI1V'\.J1 ~lJ 'll'lJ1::: IV'll''\.J 'I11fl1J~{I'VI1~flfl1J\9Iflfl1f1111JtlJ'\.Jm~-m~ '\.Jm~t~l~-

0'lil 'lIJiI
~t1J'\.J'VI1 'I1f111VflV t~{I~{I~ (Devendra and Lewis, 1974) 

.A "" '1 d, lIJ iI dllJ iI'" iI d iI
t1Jfl~ ~11ru1 1,f)'ll''\.Ji::'VI Vfl V ~~111J 'Ufl~ tt~~ 'VI ~~ 1'Ufll'l111 'U'\.J 'VI'lJ1 ~flfl'U ~ 1Vf11fl

.: 'l d.1 0' : '" d '" .1 0' d 0' 0' do'. d '" 
t'\.Jfl '\.Jt1J{I~lJ1{11J'\.J11J'\.J'VI1~~'U 25 tlJfl1tC)f'\.J\9I (79.16 t'lJfl1tC)f'\.J\9I) {I'~fl11'V11~~'U 45 U{I~ 55.. 

http:Jt1J{I~lJ1{11J'\.J11J'\.J
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_I 0' do' .... I 0' d 0' 0 QI I d QI 0 QI ~~ QI" d " 
tlJfl'HClf'W1'I (68.97 tmg;: 65.50 tlJfl'HClf'W1'I 1'I11nnlOilJ) eHJ1\l1l'Wtlff1flty'YlHfft11'1 (P<0.05) 'Yl\l'W 

'i d, lIJ 'JI 'I 'JI .A .... ,l 'I ~.I 0' : .... 'I 
Ul'lf'Wg;:'Yltlfltl ~1Oi'j'111"'1Oi"'\l t'W'j'tltff'WI'I'j'\l (L, P=0.02) t1lfl'j'g;:lOilJf11fH'Wfl ~'Wt1l"'lOilJ1"'1I'W111'W ~'W 

'II 

jI ~ J Jt fJ} d fJ} ~ do': Q.I GJ QI do tid 0' 
flll'll'j' 'U'W t~ 11 'U 'W t'W n \l 'il1f1 flll'll'j' 'U 'W n 1'lff11fH'W flt1l '" IOitl1'"11 'W 111 'W iu 'j'g;:lOilJ t! \l 11 ttlfl'j' tClf'W 1'1 'Ufl\l 

.A 'I <!/' 'I 'JI 'lIJ 'JI .... 0' ~ 'JI.... .... 0' d,
Wfl Wt!\l 'il\lff\lf·m mf11'j't1fltl tlOi'Ufl\l1f'l'lf'Wg;:'Ufl\lffI'l1"'1Oi"'\l Clf\lfffllOifl"'fl\lf1lJ ff1t1'W1'I (2547) 'Yl~lJ11 

,l "I 'i '" 0' ~ 0' dllJ 'JI.... 'JI d 'JI ,l 'I
U~g;:"'f1f-1ff1l~'Wt1lfl\l x Ufl\l tf1"''WtlJtI'W 50 ttlfl'j'tClf'W1'I n ~1Oi'j'lJflll'l1'j''U'W'Yltl'j'g;:f1fllJIOi1t1f11fH'Wfl ru

'II 'II 

d tI:Gld o'do'r ~ fJ} QI'j} do ~QI QI 

t1l"'1Oi1J-m1l'W111'W'Yl'j'g;:lOilJ 0 tmg;: 25 ttlfl'j'tClf'W1'I 'j'111f1lJtfl'lHl'l"'fl'il1m1\l'U11l'l1lf11Oi1t1~t'j'mff'j'1I 
: "''i d, lIJ 'JI .1 0' ~ 0' , dllJ 'JI.... 'JI d 

f11f1'W1m", 11 tf'l'lf'Wg;:'Yltlfltl ~1Oi'j'111 91.44 tmg;: 87.05 tlJfl'j'tClf'W1'I t!\lf111tt~g;:'Yl ~1Oi'j'lJflll'l1'j'U'W'Yl 

.... 1 9J ~ GJ do': QI d QI tid 0' I QI ~ 
lJ'j'g;:f1fllJIOi1t1f11fH'Wfl tW1I"'lOitl1"'1I'W111'W'Yl'j'g;:lOilJ 50, 75 u",g;: 100 ttlfl'j'tClf'W1'I 'j'111f1lJtfl'fHl'l"'fl'il1f1 

'JI .... 'JI '" "'" : ~ "''i d I lIJ 'JI 
n\l'U11l'l1lf11Oi1t1~t'j'mff'j'1If11f1'W11'11'" Clf\l1l tf'l'lf'Wg;:'Yltlfltl ~1Oi'j'111 78.23, 72.55 u",g;: 75.49 

.1 0' ~ 0' 0 .... 

tlJfl'j'tClf'W1'I 1'I111mlOilJ 

• (/ I V 
.:t QI .... I .c::..c::. r l.rJiJ ,. d1J]91Q1 9J.c::. QI 9J 

\TI11H't1 8 ff1llJ'j'g;:ff'Yl'lif11'j't1fltl tlOi'Ufl\l tf'l'lf'Wg;:'Ufl\lU~g;:'Yl ~1Oi'j'lJl'lty1~"'Ufl'YlX!"'1IUl'l\l tmg;:flll'll'j' 

9J d ... 1 9J ~ GJ do': QI d QI ,
 

'U 'Wnu 'j'g;:nnu1Oi1t1f11fH'Wn t 'Wt1l"'lOitl1"'1I 'W 111 'W nsg;:lOilJI'l1\l "1
 

u Jj~ "1.1':cv
'l:::~I'lJfllm'j..m Ultlilfl liltiUltiU Contrast r

,if Q"I .c:I~
'lHUJYlft fl 'Yl 

, III '1.1 J.. J
Ut:ll't1WI/U (l t:l'llCJIU\lI) SEM 

value
II 

15 25 

Q"I ~ ~ 'nil i rid rItTtI'I.1'l:::tTYlfifll'l£lt:l£l f1'11t:l-il .f1'trU::: (~'I.1t:l·H'II"U\ll) 

35 45 55 L Q 

... 'JI 
1\llt]U't1\1 72.1 lab 75.62' 72.II'b 68.27

bc 63.77' 1.71 0.005 0.11 

... '" ...t:lU'YJ'j fJ1\llt] 73.48'b 76.78' 74.62'b 69.97
bc 65.72' 1.62 0.005 0.09 

i'l.1'j9jU'j1t1 69.28' 72.83' 70.18' 63.64
b 58.73' 1.55 0.001 0.03 

1'U,j'u 79.61b 87.87' 88.04' 91.05' 90.14' 1.26 0.001 0.06 

.... 0' 
NU\ll'lffHl 64.00' 69.96' 66.18' 63.73' 57.48

b 
2.01 0.06 0.05 

ilfl iUl'IHl~ i'flff 54.32'bc 62.17' 58.56'b 52.32
b' 48.05' 2.47 0.05 0.04 

i d. 1'J1 75.63'b 79.16' 73.99'b 68.97
bc 65.50'f1'1l'U:::'I'Wt:lfJ ~ 

'j1t1 2 

---
IlL =linear, Q =quadratic 

~b"ftl1\lg/J~1iflflll:ifhn1J9il~n'IJ''IJlltl1l~/J1n'IJll~fl9iHn'IJ,tllh~1iulJ'ihnqj'l11~'i'lii9i (P<O.05) 

711 d""f1'11'IJ::'l1/J'fl/J ~n1J =DCP + DCF + DNFE + (DEE x 2.25) 
• ..\ , d 

SEM = f11f1111Jfltll~lmW'IJ1J1~:i:q1'IJ'IJ'fl~f111\lU/J 

0.001 0.02 0.20 
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o 01 "" 1 d 11 rJJ dlrl Vcu 'j) ~ ~ rJJI 

~ 111 'j 'lJil 'J:ln W fl 'If 'W ~ 'VHHHJ ~ ~ 'U tl ,:arv~ ~ 'VI t ~ 'j 'lJ11 ty 1'VHH!fl 'VIlJ nuu11 ~ ~ nl ~ 
'j) d a: d fI -: OJ d w , Q,I dv I 

m111'j'U'W 'VItJ'j~ ntl'lJ~'J(JfllfU'W tll'WUH'l~tJTtUJ'W 11/'W 'VI'j~~'lJ~1~'1 U~~~~~ 19I1'jl~'VI 9 'I"l'lJ'J1U'l"l~ 
, d 111 'j)Q,I rJJ .d 31 J d rI ': Q,I.d QI rI d rI d oQ 

n~ 1/'VI t~'j'lJml111'U'W 'VI tJ'j~ntl'lJ~'J(JfllfU'W tl hH:IJ~~ tJl~:IJ'W 1:IJ'W 'VI 'j~~'lJ 25 AtJtl'j~C)f'W 191 :lJtJ'j:lJ1W • 
~'W 'VI1 (J1191 tl ~ ~tl (J HI (0.601 f)1 ~ n 1':IJ~ til';'J~ tl1'W) ~~ n11 H'I"l ~ n ri:IJ ~, ~ l''lJtlll111.fi' 'W ~ 

• 'U. 

31 ~9 d tI 'tOld 01 tid tI
tJ'j~ntl'lJ~'J(JfllfU'Wtl ~'W~:IJ~~tJl~:IJ'Wl:IJ'W'VI'j~~'lJ 45 ~~~~ 55 ~tJtl'jAC)f'W19I (0.528 U~~ 0.453 

~ . 
nhn1':IJ~tlvi'J~tl1'W 19I1:IJ~lvi'lJ) tl~1~ihrmhfity'VI1~~il~ (P<0.05) 'Wtlml1nUtJ1:IJ1W 1tJ'j~'W-Yi 

I lI) rJJ.c:S 'rJJ A QI J d rI: Q,I 

(Jtl(J t~ 1/fll~~~~l'W~tJ~~'WI9IH (P, L=O.OOl) ~1/tl'j~~'lJ'Utl~fllfU'Wtll'W~1/~~tJl~:IJ'Wl:IJ'Wl'W 
rJJ ~ ~ 1 .d1ll 'j)Q.I 'j) d 'j) J CI d rI: IV d IV

ml1l'j'U'W~'I"l:IJ'U'W ~fHA'I"l~'VI t~'j'lJml1l'j'U'W'VItJ'j~ntl'lJ~'J(JfllfU'W 45tl ~ 'WA:IJ~~tJl~ :IJ'Wl:IJ'W 'VI'j~~'lJ 

U~~ 55 ~tJtlfA~'W1P1 ~tJ1:1J1W 1tJ'j~'W~~tl(J'~ (0.054 ~~~~ 0.050 n1~n1':IJ~tlvi'J~tl1'W 19I1:IJ~lvi'lJ) 
~, I dlll 'J}cu v d rJJ J d rI: Q.I.J IV 

19I1n 'J1U'l"l~n~:IJ 'VI t~'j'lJml111'U'W 'VItJ'j~ ntl'lJ~'J(Jfll ru 'W tll 'W ~:IJ~~ tJ l~:IJ'W 1:IJ'W 'VI 'j~~'lJ 15 U~~ 25• 
AtJtlfA~'W1P1 (0.065 U~~ 0.069 n1~n1':IJ~tlvi'J~tl1'W 19I1:IJ~lvi'lJ) tl~1~~umhrit1J'VI1~~il~ (P<0.05)" . 

iI 'JI I I 'j/ ~ 

11~ Um'ilAUtl~'jl1ntJ1:1J1W tl1l11'j-Yin'W '~1l1'~1'I:IJ~ u~~iY:lJtJ 'j~iY'VIii ms ~tl(J '~'Utl~~'W'VI1 (J1191Q U~~ 

1", 1 .c:S , d1ll"0-' rJJ oJ V ~ 1 d rI -: d IVQ,I

lJ'jI9l'W'Utl~U'l"l~n~:IJ'VI~~ 'j'lJml111'U'W'VI il 'j~ ntl'lJ~'J(JfllfU'Wtl 'WA:IJ~~tJ l~:IJ'W 1:IJ'W'VI'j~~'lJ 45 u~~• 
• 1 tid tl3I , I.A 

55 AlJtl'jAC)f'W19I ~tl(Jn'Jln~:lJtl'W'1 

~ QJ rI ~ 1 1.d' 111 v cSlrI 'j)QI rJJ .dI

tJ'j:lJ1Wr-l'W~AC)f~~ unenn 'WAC)f~~ ~~'VI(Jtl(J t~ 'I"l'lJ'J1U'l"l~'VI t~'j'lJm111'j'U'W'VI 

rJJ J d rI -: QI cd QJ tI d tI.c:S ~ 0' ~ 1 
ils ennumemm'W tll 'WA:IJ~~ tJl~:IJ 'Wl:IJ 'W 'VI 'j~~'lJ 25 Aile 'jAC)f'W 191 :lJtJ'j :IJ1Wr-l'W

Q,I 

~AC)f~~ U~~~ n 'W

AC)f~~ 1~~~~tl(J'~ Avlln'lJ 0.319 une 0.167 fn~n1':IJ~tlvi'J~tl1'W ~~n11U'l"l~nri:IJ~'~1''lJml111.fi''W 
'U 'U • 

d 31 ~ 1 d tI: 01 d 01 tI d tI dI "". I"" 01 tI
'VI tJ 'j~ nau ~ 'J(Jfll ru 'W tl 'W A:IJ ~~ ih ~:IJ 'W 1:IJ 'W 'VI 'j ~ ~'lJ 15 Ailos AC)f'W 191 C)f~:IJ lJ 'j:lJ1Wr-l'W ~AC)f~~ U~~ 

i'in 1'WAC)f~~ h~~~tl(J'~ A'Vl1n'lJ 0.238 u~~ 0.112 nhn1':IJ~tlvi'J~tl1'W tl~1~~umhrity'VI1~~il~ 
'111 ' 'QI , .d1ll 'j)Q,! v d rJJ J 9 d rI -: Q,I .d 

(P<0.05) HI9I t:IJUl9lnI9l1~n'lJ H'I"l~n~:IJ'VI t~'j'lJml11'j'U'W'VItJ'j~nmJ~'J(Jfl1fU 'Wtl ~ 'WA:IJ~~tJl~:IJ'W 1:IJ'W 'VI 

QI ... I rI d rI ~ ~ dt ... I~ Q,I rI ~ 1 1
'j~~'lJ 35, 45 u~~ 55 AlJtl'jAC)f'W19I (P>0.05) 'VI~'Wm'ilA'Wtl~'iI1nlJ'j:IJ1Wr-l'W~AC)f~~ u~~~n 'WAC)f~~ ~~ 

.d~ 111 rJJ , d lI) 'J}QI rJJ .d rJJ J d rI: QI.d IV 

'VI n 'W t~ 'U tl ~ H'I"l~ n~:IJ 'VI t ~ ru ml111'U'W 'VI il 'j~ n eu ~ 'J(Jfll ru 'W tll 'W A:IJ~ ~ il 1~:IJ 'W 1:IJ 'W 'VI 'j ~ ~'lJ 25 

_I tI d tI ,.d Q,I ... 1 tI d rI '1.1 I I Q,I , dlf) VQJ rJJ .d 
AlJtl'jAC)f'W19I ~~n'Jl'V1'j~~'lJ 15 AlJtl'jAC)f'W19I UI9I ~:lJU\PlnI9lHn'lJU'I"l~n~:IJ'VI t~'j'lJtll111'j'U'W'VI 

'U • 

• 1 31 ~ 9 d.1 tI 't 01 d 01 tI d tI .1
lJ'j~ntl'lJ~'J(JfllfU'Wtl ~'WA:IJ~~lJl~:IJ'Wl:IJ'W'VI'j~~'lJ 35, 45 U~~ 55 AtJtl'jAC)f'W19I 'Wtln'illn'W 

01.1 "".,f I liJ3I 01 tI "" 1 1 dliJ3I OI 31 d 
~:lJlJ'j~~'VI'Iif11'j(Jtl(J t~'Utl~r-l'W~AC)f~~ u~~~n 'WAC)f~~ ~~ 'Utl~U'I"l~'VI ~~'j'lJtlll111'U'W'VI 

'U 

.1 31 ~ 9 d.1 tI 't 01 d 01 .1 tI d tI ,d 01 .1 tI d tI 
lJ'j~ntl'lJ~'J(Jfl1fU'Wtl ~'WA:IJ~~lJl~:IJ'Wl:IJ'W'VI'j~~'lJ 25 ~lJtl'jAC)f'W19I ~~n'Jl'V1'j~~'lJ 15 AlJtl'jAC)f'W19I

'U 

01 d931.1 1 tlliJ 31dliJ 3101 , dliJ 3101 31 d.1 31 
'I"l~~~1'W'VI ~'lflJ'j~ (J'lf'W t~'VI ~~'j'lJ'Utl~U'l"l~n~:IJ'VI tm'lJm111'j'U'W'VIlJ'j~ntl'lJ~'J(J• 

~ 1 d.1 tI 't 01 d 01 tI d tI liJ 3101 01 131 1 tI\I) 31
fllfU'Wtl 'WA:IJ~~lJl~:IJ'Wl:IJ'W'VI'j~~'lJ 25 AtJtl'jAC)f'W19I ~~'j'lJ'I"l~~~1'W 'lftJ'j~ (J'lf'W t~ (2.28 A:lJn~-

.cS I I .d11 !lila' 9J .d rJJ J 1 d rI -: Q/.d QIQ,I

Ufl~tJ'j\Pltl'J'W)~ ~n'J1U'l"l~'VI ~~'j'lJm111'j'U'W'VItJ'j~ntl'lJ~'J(JfllfU'Wtl 'W A:IJ~~tJl~:IJ'Wl:IJ'W'VI 'j~~'lJ 45 

U~~ 55 AtJtlfA~'W1P1 (1.86 U~~ 1.72 A:lJn~Ufl~tl1~tl1'W) tl~1~~umhfity'VI1~~il~ (P<0.05) V11'Wtl~ 
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t~frJfi\llrltJfi1l1 U11\1 ':HJ nrne Ul'l~tJ~~tJfil~fli'lJ vnJ':h U'Vl~fl~lJ~ '~i''UtIl111'j ~u ~1J'j~fltJ'U~':HJ 
~ d _ I JI : GI d Q,I JI d JI d' c:.<C.'j Q,I , .d

fllmutJlutlJ~lllJl~lJUllJU'Vl'j~ll'U 25 t1JtJ'j~9fU~ (2.61 ~lJfl~Ul'l~tJ'j~tJfl ~~mlJ) 1;1'~fldlU'Vl~'Vl 
'U 

II) 'JI'" 'JI ."I_I 'JI 11 'I do': '" ."I '" _I 0' d 0'
~1l'j'UtIl'l11'j'UU'VllJ'j~fltJ'UlldtlfllmUtJ ~U~lJ~llUl~lJUllJU'Vl'j~ll'U 45 ~~~~ 55 ~lJtJ'jt9fU~ (2.48 

U~~ 2.32 tlJfl~Ul'l~tJ~lPltJfihfli'lJ) tJ~l~ihrtlfflrity'Vl1~1;1'i)~ (P<0.05) ~~'Vl~~~lU'"*1J'j~lt1GJfU1~ 
."I II) 'JI'" '" 'i' 'JI , 'JI .,j '" 11, d _I 0' : w ,
'VlU'Vl~ Lll'j'UlJUU1 tUlJ~ll~~ U~1J~t1'U~'j~ (L, P=0.004) ~lJtJ'j~ll'UfllmUtJ U~lJ~lllJl~lJUllJU U 

• j/ I I 
fj} .e:t, dl ~ _ I~ .e:t. tr) 9J I 11) fj} .e:t. d QI I d 

tIl111'j 'UU~'VllJ'UU til 'iHU tJ~ 'illfllJ'jl!1Wrnsnu Lll unemstltJ tI tll 'UtJ~ tJU 'Vl'j tld~Q'UtJ~U'Vl~ fl~lJ'Vl 

II) 'JI", 'JI ."I _I 'JI 11 'I d _I 0' : w ."I w _I 0' do'l I 

tll'j'UtJ1111'j'UU'VllJ'j~fltJ'UlldtlfllmUtJ ~ UtlJ~lllJl~lJUllJU'Vl'j~ll'U 25 tlJtJ'j t9fU ~ 1;1' ~fl11U'Vl~fl~lJ 
'U • 

."III) 'JI'" 'JI ."I_I 'JI 11, d _I 0' : w ."I w _I 0' d 0'.J 
'Vl tll'j'UtIl111'j'UU'VllJ'j~fltJ'UlldtlfllmUtJ U~lJ~lllJl~lJUllJU'Vl'j~ll'U 45 U~~ 55 ~lJtJ'jt9fU~ 9f~ 

I Y 

'Vl~~~lU' "*1J'j~ lt1GJfU1~l1U'Vl~ '~i''Ut'~tI~'VltJn'Ul'l11lJlPi'tJ~fll'j'UtJ~u'Vl~ihmrfl 20 fil ~fli'lJ fl~'jl 
'" '" 1 QI QI 9J QI.el, 'JI_I 1 cf1sI 9J d II d QI 

fll'j~'il'jty~~'U iii 50 fl'jlJ~tJdU ~tJ~fll'j'Vl~~~lU'Vl GJflJ'j~ tlGJfU LlIm~tI 1.32 tlJfl~Ul'l~tJ'j~tJ1U 

(NRC, 1981) 

Contrast p-

value 
l l 

SEM 

15 25 35 45 55 L Q 

0.52S
8b 

0.601
8 

0.561
8b 

0.490
bc 

0.453
c 

0.03 0.11 0.19 

0.065
8b 

0.069
8 

0.063
b 

0.054
c 

0.050
c 

0.001 0.01 0.33 

0.23S
b 

0.319
8 

0.303
8b 

0.2S2
8b 

0.260
8b 

0.01 0.95 0.11 

i;nl'\.HCJS"~ l'In o.nz" 0.167" 0.1648 0.1458b 0.139
ab 

0.01 0.62 O.OS 

'Vla'l'llu1,rtl'.i::l£.1'11u1.~2 

2.2S
8 

l.72
c 

O.OS 0.11 0.19 

2.61
8b 2.74" 2.32

c 
0.06 0.004 0.05 

"i, = linear, Q =quadratic 

"b'<tilIU~!J~1i'iinlJ':if'hn1J9il~nlJ'lJlltl1I~!J1nlJlI\lln9i1~nlJfl!h~1iumY1ti'fll't11~ffii9i (P<O.05) 

2J'I'l~mlJHlh:: 1!J'IIlJ1~ (l1Jn::lIiHlfl1/1lJ) = 1Ji1JlfJliilJ't11!J1\llQ~rlfl!J'~ (nn.) x 3.8 (Kearl, 1982) 
I IA d 

SEM = f11f1111JiHnfl!iHlfllJ1Jl\ll':i'lllJ'IJ'O~fI1mll!J 
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m:::'lJ"J'J.,!fll'.i't'ii{fl1'J.,!m:::A'Wl:::~nJ'J.,! 

"" , .:'1' 91 91 'i "" 11] 'i 'I
tlW'I1.fl:IJ fIlfl11:IJllJ'Umfl-fIl.:J Ut'l~fl11:IJl'IJ:IJ'IJ'U'lJtI.:JUtl:IJ~:IJl'UtI- ~'U 1\;'J'Hll'U 1'U

• OJ . . . 
""11] 91... 91 "" ... 'JI 'JI ""_I 91

'IJ tI.:J I'llt'l1111 n m ~ 1'W 1~ 'H:IJ 'U 'IJ tI.:J U'W~ 'VI I fIru '11 Wl'W t'lUfl 'VI 'VI t'l:IJ U'I1.:J ml~ til '111 'j 'IJ 'U 'VIlJ 'j ~ ntlUfi1 tI 
OJ u OJ 

.: Gl d': d _ 0' 0' dd eu QI I d QI I

f11m'Utll'Ul:IJt'lflUlt'l:IJ'Ul:IJ'U'VI'j~f1U 15,25,35, 45 une 55 llJtI'jlCJf'U1Pl Ufffl.:JfI.:JfIl'jl.:J'VI 10 'WU11 
I jI , , 

f11'jlU~tI'UUUt'l.:J'lJtI.:Jf.JW'I1tJiit'U'lJtI.:Jt'l1t'l11l1nm~1'W1~il:IJ'U'lJtI.:JU'W~vr.:J 5 n~:IJ i'inm 0 oM11:IJ.:J 

(ntl'Utlftl1'111'j) une 4 411:IJ.:J'I1~.:Jtlftl1'111'j ii~l'e]~t'U'lb.:J 39.1-39.8 tI.:JrI'11CJft'llC)ftlff lm:::~1t'u~tI
OJ 

... 
'j1:IJ'lJtI.:Jf.JW'I1 tJii'IJtI.:J'lJtI.:Jt'l1 t'l11l1nm~1'Wl~it:lJ'U'lJtI.:JU 'W~vr.:J 5 n~:IJ ii~lt1dt 'U'M1.:J 39.3-39.5 

tI.:JrI'HCJft'llC)ftlff ~.:J i1JlllPl n~l.:Jn'U 'VIl.:J ffi1~ (P>0.05) une l~ 'U tlW 'I1.flii ~ t'l1:1J1~ ff:IJ~ 'Clf11'j'Vil.:Jl'U
• OJ 

~ ~~ ~ 

'IJ'Cl.:J~t'l'U'VI'jtl l'Um:::l'Wl~il:IJ'U (39-40 'Cl.:JrI'11CJfmCJftlff) (Van Soest, 1994) 
... . . 

rilfl11:IJl~'Umfl-~1.:Jt'Um~l'W1~'jl:IJ'U'IJ'Cl.:JU'W~vr.:J 5 ml:IJ i'il1m 0 oM11:IJ.:J (ntl'U
OJ • 

q~ ct." 'd, ~ dI 

l'l1t11'111'j) :IJfIltltlt'U'll'1.:J 6.61-6.78 ff1'Ufl11:IJllJ'Umfl-fIl.:J1'Um~1'W1~'jl:IJ'U'lJtI.:JU'W~'VI.:J 5 nt'l:IJ 'VI 
OJ OJ' 

nm 4 411:IJ.:J'I1~.:Jllf'Cl1'111'jiiril'Cldt'U'lf1.:J 6.18-6.31 Ut'l:::~ll'l'l~tI'IJ'Cl.:Jfl11:1Jl~'Umfl-~1.:Jt'U 

m~l'Wl~'jt:IJ'U'lJtI.:JU'W~,f.:J 5 ml:IJ iiril'Cl~t'U'lf1.:J 6.22-6.53 ~.:Ji1JulPln~1.:Jn'U'VI1.:Jffi1~ (P>0.05)
OJ • OJ 

I d • d I ~ I ~ 
'Cltll.:J 'l'jnlPll:IJ fIlfl11:IJllJ'U mfl-f11.:J1'U'IJ'Cl.:Jt'l1 t'l11l1nm~1'Wl~it:IJ'U 'IJ'Cl.:JU'W~'VI.:J 5 n~:IJ l'U f11'jMn£Jl 

... ... . 
fli'.:Jiltl~l'U'j~~ui'iun~ 1f1t1 Van Soest (1994) 'jlt1.:Jl'U';h 'j:::~Ufl11:IJ1~'U mfl-~1.:Jt'U'lJtI.:Jt'l1t'l1t'U 

d t 0 ~ cttl. I ~e1 QI d 
n 'j ~l'Wl~ 'j1:IJ'U 'VI 1'11 :IJl~ff:IJ1Pl erns 'VIl.:J l'U 'IJ 'Cl.:J 1lt'l 'U 'VI 'j tltI tI'j~'I1 11.:J 6.0-7.0 'VI.:J 'U 'j ~ flU fl11:IJ1lJ'Un 'jfl-

OJ • OJ 

, d '0 .c:. ct d"d, Js G) I I 

fIl.:J'VIt'l1:1J1~ff:IJIPl'Clf11'j'VI1.:J1'U'IJ'Cl"1lt'l'U'VI'jtl'VItl'CltlW'Cl ttltltl'j~'I111.:J 6.5-6.8 (Grant and Mertens, 
. • OJ 

1992) 1'U 'IJW~~'j~~Ufl11:IJl~'Umfl-~1.:J~t'l1:IJ1~ff:IJ~tlf11'j'Vi1.:J1'U 'IJ'Cl.:Jllii'U'VI16~ ~'Cltlffmtl 1 u'j~'U• 
I I 9101. 'JI ,J 01 ..

'Clg'j~'I111.:J 5.5-7.0 (Kopency and Wallace, 1982) Ufffl.:Jt'l1t'l1'U11 f11'jt'll'f11m'Utll'Ul:IJt'lflUlt'l:IJ 

': ... 'I 'JI 11]''''' • _Id _I ... .:'1 ' 'I
'U 1:IJ'U 1'U t1mtl1'111'j'IJ'U 1:IJ:IJ r-.lt'lIPl'Clf11'j llJt'ltl'UUlJt'l.:J'IJ'Cl.:J'j~f1Ufl11:IJllJ'U mfl-f11.:J I 'Um~l'Wl~il:IJ'U 

'IJ'Cl.:JU'W~ 

lrlm'j1l1'jWl1U1t1Uli'itlurilfl11:IJ1~'Umfl-~1.:J t'U'lf1.:Jt1m 0 411:IJ.:J (ntl'Ullf 

tI1'111'j) uae 4 411:IJ.:J'I1~.:Jtlftl1'111'j 'W1J11 ~lfl11:IJl~'Umfl-~1.:J t'lfl~1t'l.:Jl'U411:IJ.:J~ 4 'I1~.:Jf11'j 

t lftl1'111'j u~i1Jiifl11:IJUlPln~1.:Jn'U 'VIl.:J ffi1~ (P>0.05) tI1lllii'Cl.:J 1l1n.fl1t1'11 ~.:J1l1n~ffIPl1i~i'UtI1'111'j 
"" w , "".s I 01"" "" 1I] ... d l.k
:IJm ~U1'U f11 'j'l1:IJ ntltltltl1'111 'j lnfl'IJ 'U tltlHnfll'j1 :IJ ms r-.lt'l1Pl m fI I 'IJ:IJ 'U 'VI 'j ~ t'l1 tI.:Jlt1 CJf .:Jffl:IJ1Hl 

... 
t'l~mtlthut'l~iifJWff:IJ'IJ'~t'Uf11'j~UUt'l~url'Cltl1u'jIPl'Cl'U (H+) i~ (Forbes and France, 1993) ~.:J'Vil 

'1 91 ' .:'1 ''II'llfIlfl11:IJ1lJ'Uns f1-fIl.:J 1'U 'IJtI.:Jt'l1 t'l11l1nm~ l'Wl~ il:IJ'U t'lflt'l.:J 
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.d e:. I d I l=I ltI ,..
V1T'Hnl10 tlW'I1fl:IJ mfl11:IJtth..!m~-~n~ U{I~Utl:IJ l:IJt'\.HJ- ~'\...! ~1'1·H'ilulUm~t'rll~·H:IJ'\...!'Utl~. .. ..
 

dl1l"tV ".e:. J.,,, " d ... 1 " ~ q d 
U'rl~'VI ~~ 'j 'U'I1 tyl'rl{lUfl'VI\J{I:lJU '11 ~ U{I~m'l11'j'U U 'VIlJ 'j~ f1tl'U~1fJmfU U tl ~ '\...!t:IJ{I ~ 

" ilT~mh ~'\...!1u'j ~ ~'lJ\Ph~., 

u A~ dUo':CV 
~:::~umm'\.m '\.U3J'tl~ l'tl3JUl3JU Contrast r.if Q.I q~ , !II UJefJ II 

'il;UJYlflnlll Utn't'iWI/U (l tmCIIUIlI) SEM value
 

15 25 35 45 55 L Q
 

~f.U't'i.cij (~~i'll~'lmt;mY) 

o 'b'.lJ. ti~u l,rfll'l11';j 39.1 39.3 39.4 39.2 39.2 0.33 0.91 0.54 

4 'b'.lJ. mi~1,r~TI11';j 39.8 39.7 39.5 39.4 39.7 0.23 0.52 0.32 

d 
t'iHW 39.4 39.5 39.4 39.3 39.4 0.16 0.83 0.23 

, iI ' mmun un~~-~I1.;j 

o 'b'J.J. ri~Ul,r~l'111';j 6.74 6.78 6.61 6.65 6.66 0.09 0.45 0.74 

4 'b'.lJ. lHi~l,r~l'111';j 6.31 6.20 6.21 6.18 6.18 0.04 0.33 0.60 
d 

t'iHW 6.53 6.49 6.41 6.22 6.42 0.10 0.15 0.35 

U~3Jl3Jti1fJ -1ul~~t'ilU (Dnnni'lJ/tl'l9fnm) 

o 'b'.lJ. ti~ul,rfll'l11';j 18.57 17.43 14.86 17.43 16.29 1.18 0.44 0.46 

4 'b'J.J. 'I1n~1,r~TI11';j 14.86 16.00 14.00 14.29 12.00 1.48 0.16 0.45 

d 
m'tlfJ 16.71 16.71 14.43 15.86 14.14 1.13 0.23 0.96 

IlL = linear, Q = quadratic 

I d • .J 
SEM = i'l1i'l"JllJi'lnll'lli'ln~UlJlm~lU'IJ~~i'l1m'tlfJ 

ri1'\...! fl 11:IJt,r:IJ,rU'Utl~U tl:IJ1mwfJ-1'\...! 11'1 'j t'ilU1U 'Utl~t'I1 {I 1'illf1f1'j~t'rll~ 'it:IJU1'\...! 
iI I I I 

U'rl~'t1~ 5 f1~:IJ Vinm 0 oM1 1:IJ~ (ntlul,rm'H1'j) U{I~ 4 oM1 1:IJ~'H~~1,rm'l11'j ij~ltl~1Ui1~ 14.86

l=:t, l=:t, QI I l=:t.l::t, 0 QI'" 'l=I 
. 

" " ,.. l=I
18.57 U{I~ 12.00-16.00 :IJ{I{lm:IJl'1tlt~C)j'{II'1'j1'11:IJm~'U t~fJmm{lfJfl11:IJt'U:IJ'UU'Utl~Utl:IJt:IJtUfJ

" 
1U11'1'jt'ilulU'Utl~t'I1{11'illf1m~t'rll~'i!:lJU'Jtl~t!'rl~'t1~2 i1~nm!'viln'U 14.14-16.71 iJ{I~f1i':lJl'itl 

" 
t~C}f~I'1'j tlfh~h~l'11:IJ Utl:IJl:IJtUfJ-1'\...! 11'1'jt'ilUlu'Utl~t'I1{11'illf1m~t'rll~'it:IJul'\...!U'rl~'t1~ 5 f1~:lJl'\...! 

" " 
msffmn fl i'~ Utl~1 U i1~ 'lJ f1~ 1 ~ fJ Perdok U{I~ Leng (1990) 'j 1fJ~lU -j1'j~~'UUtl:IJIinUu

" " 
1U 11'1'j t'il'\...!1U 'Utl~t'I1{1 1'illf1m~t'rll~'it:IJU 'Utl~ffI'11t~ fJ1tfltl~tl~1 '\...!i1~ 10-30 iJ{I~f1i':lJl'itlt~C}f~I'1'j 
~ I "" ""'1 "" ",,<I '" <1'1.1"" "" ",,<I iI 
C)j'~t'I1 :IJ1~l'1tlm'jt'il'jtytl'1 'U tl'1'Utl~~{IU'VI'j fJ U{I~mH" ~tml~'H ~ lJ'jI'1U 'Utl~ ~{IU 'VI'j fJ U{I~fftl~fl{ltl~ 

n'U'j lfJ~l'\...! f'l{l ms1.ufJ 1'\...! 'lJ 'j~ t'VIf1t'U 1'1~ nu ~'rl'ldl 'j ~~'UUnu1:IJ tUfJ-1 '\...! 11'1'j t'ilU1'\...! 'Utl~t'I1{11 um 
" " 

m~t'rll~'it:IJ'\...!'Utl~ffI'11t~fJ1tfltl~tldl'\...!i1~ 5-20 iJ{I~f1i':lJl'itlt~C}f~I'1'j (Preston and Leng, 1987) 
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III)~ 'JI'JI "i"'II)"i d ,1 " ..' 11"" ''''' 
flfn.:J ~'HWlnJ ~11:IJt'U:IJ'U'W'Ufl.:JUfl:IJ unuu- ~'W tl'l':i"t'il'W'VIm:lJ1::::ff:IJ 'U'Wfl~fl'U'I1mtf 'iI'iItf t'lf'W 'If'W1'I 

'Ufl.:Jffl'l-J 'lfUI'I'Ufl.:Jfll'l111 1\Pltftll'Yll::::tmri.:Jm{1'U1~Hl'lll'1 tJ1:1J1W ltJl~'W~n'U1~ (Lewis, 1975) 

fffltffl1'Yllumstnl'lm::::'U1'Uflll'11irfl'Ufl.:Jfll'l111 ~11:IJffl:1J11tll 'Wfll'jfjfltf~H'I1tf 1~'Ufl.:J 1 tJl~'U U'I:::: 

fffl1'YlUnff1'V1tfl1'U m::::t'Yll::::~t:IJ'U~m:lJ1::::ff:IJ (t:IJ1i1, 2533) 

~ 1 1:IJ t~:IJ ~ 'U 'Ufl.:J fl 11'1 1'Uir'U ~ 1:::: m tf~ 1tf tJ1:1J1 Wfl1 I'ItWc]f~ fl fl1 I'll 'Yl 1 -rilnUfl 

m 1'1 IT1V11fl U'I:::: ffl'lff1'U 'Ufl.:J m I'IUflc]f~ fl~flfl'j"l'Il 'Yl l-rilflufll 'U 'Ufl.:Jm'l1'i11flfl'j"::::t'Yll::::~t:IJ'W 'Ufl.:J 

dll) 'JI"" 'JI "" .:, 'JI 'JI d 'JI .: "1 ~ _I " : "" "1
U'Yl:::: 'VI ~l'Il 'U 'I1illl'Yl'lU~ 'VI 'VI 'I :lJU'I1.:J tm::::fll 'I111'U 'U 'VItJ 1:::: flfl'U1'I1tffllflt 'U n t 'Ut:IJ'Il'IlJ 1'1:IJ 'U 1:IJ'U t 'U 

" '" , ." 
1::::~'U~1.:J'1 Uffl'l.:J~.:Jl'll11.:JVi 11 'Yl'U,;j,ml'l1'Uir'UVil::::m tf~ltfl1.:J'I1:IJl'll 'U'Ufl.:Jm'l1'i11flm::::t'Yll::::~t:IJ'W 

~n'll 0 'ih1:IJ.:J (riau1Mfll'l111) tm:::: 4 oi1 1:IJ.:J'I1~.:J 1Mfll'l111iJ~lfl~1 'U'lh.:J 57.70-59.59 tm:::: 
. ." 

83.75-95.11 ij'lill:IJ'I ~ flill'l 1 l'I1:IJih~'U U'I:::: ~lm ~ tf'Ufl.:J flll'1 1'Uir'U Vi 1:::: m tf~ ltfl1.:J'11 :lJl'll 'U 

~ I ~, 'I;) I .e:::t..:::toe; l.:::to ~ 
'Ufl.:Jm'l1'i11flfl'j"::::t'Yll::::~t:IJ'U'Ufl.:JU'Yl::::'VI.:J5 fl'Q:IJ :lJmfl~ t'U'lf1.:J 70.73-77.35 :IJ'I'I t:IJ'Il'Ifl'lm C)f.:J 

eJJ eJJ 1rI QI d ,d J., ,.. eJJ d 1rI 'j}QI eJJ dQI

~11:IJt'U:IJ'U'U'Ufl.:Jfl'j1'l ~'U:IJ'U'VI1::::mtf.:Jltf'VI 4 'lf1 t:IJ.:J'I1'1.:J1'11fll'l111 'Ufl.:JU'Yl::::'VI ~l'Il'Ufll'l111'U'U'VI 
9J ~ G) d fI: QI d QI 0' d 0' .e:::t..e:::t.", I.e:::t. , 

tJl::::flfl'U1'I1tffllflt'Ufl t'Ut:IJ'Il'ItJl'1:IJ'Ul:IJ'U'VI1::::1'I'U 25 ttJflltC)f'U1'I (95.11 :IJ'I'I t:IJ'Il'Ifl'l1'l1) ~.:Jfl11 
r d 111 CJ}QI 9J d 9J ~ G) c:l ... 1 0' : QI d QI 

U'Yl::::fl'l:IJ'VI ~l'Il'Ufll'1111'U'U'VItJl::::flfl'U1'I1tffllflt'Ufl t'Ut:IJ'Il'IlJl'1:IJ'Ul:IJ'U'VI1::::1'I'U 45 U'I:::: 55• 
ttJfl{t~'U1V1' (87.38 tm:::: 83.75 ij'lill:IJ'I~flilI'l1 I'Il:IJih~'U) flfh.:JiJ'I!tffflf1ty'Vl1.:Jffil~ (P<0.05) 
~ I dlll 'j}QI 9J d ... 1 9J ~ G) d ... 1 0' : QI d QI

t'Ufl.:J 'ill fl U'Yl:::: fl 'Q:IJ 'VI ~ I'll 'U m '1111 'U 'W 'VIlJ 1:::: fln 'U 1'1 1 tffl1 ru 'U n t 'U t:IJ 'I I'IlJ1'1:IJ 'U 1:IJ 'U 'VI 1:::: 1'1 'U 25 
... I 0' d 0' ~ ... I.e:::t. .e:::t. 1rI 9J .e:::t. ~ QI , 111 9J .e:::t. ~ QI I , d 

tlJ fl1 tC)f'U 1'1 :IJ lJ1:1J1Wm 'jfl'U ~ 1'1 'U fl.:J fl'U'VI 1 tf11'1Q Unern1tffltf ~ I'I'U fl.:J fl'U 'VI 1 tf11'1 Q~.:J fl11U'Yl:::: fl'Q:IJ 'VI 

II) 'JI"" 'JI d "" ,,~ " 'I d, d 'JI 'JI II) "" d
~l'Il'Ufll'l111'U'U'VI1::::1'I'U 45 U'I:::: 55 ttJflltC)f'U1'I t'U'Uw::::'VImm'ltl~11:IJt'U:IJ'U'U'Ufl.:Jfl'j"1'I ~'U:IJ'U'VI 

I dll) 'JI"" 'JI d .: 'I ~ 
1::::mtf.:J ltf1 'U 'U fl.:J m '11'i1lflfl'j"::::t'Yl1:::: ~t:IJ 'U 'U fl.:J U'Yl::::'VI ~ I'll um '1111 'U 'U 'VItJ seneumruu fl ~ 'U !:IJ'II'I

... I 0' : QI.d QI tI d tI .e:::t..e:::t.<t '.e:::t. 
lJl'1:IJ'Ul:IJ'U'VI1::::1'I'U 15, 25 tm:::: 35 ttJflltC)f'W1'I (75.58, 77.35 U'I:::: 75.35 :IJ'I'I t:IJ'Il'Ifl'l1'l1 

o QI , I dlJl 9JQI 9J .d 9J ~ G) d tI: QI.d
I'Il:IJ 'I 11'1 'U) ~.:J fl11U'Yl:::: fl'Q:IJ 'VI ~ I'll 'U fll '1111 'U 'U 'VI il 1::::flau 1'1 1 umru 'U fl t 'Ut:IJ'I 1'1 il1'1:IJ 'U 1:IJ 'U 'VI 1:::: 1'1 

QI 

'U 

45 une 55 ttJfl{t~'U1V1' (71.76 une 70.73 ij'lill:IJ'I~flilm I'Il:IJih~'U) fl~1.:JiJ'I!tffflf1ty'VI1.:Jffil~ 
j1 'J1 ,'J1 

"" '" 'JI 'JI II) "" '" ''''' "1 _I 'JI(P<0.05) 'VI.:J'U~11:IJt'U:IJ'U'U'lm.:Jfl'j"1'I ~'U:IJ'U'VI1::::tl1mltf'VI.:J'I1:IJI'I'II'I'I.:J ~'U~lJU'U'Utff'UI'IH (L, P= 0.02, 
J. QI ~ CJ d ...I 0' ': QI d J J. ... I.e:::t. .e:::t. 111 9J

0.01) t:IJ fl1:::: 1'1 umruufl t 'Wt:IJ'Il'IlJl'1:IJ'W1:IJ'Wt'Yl :IJ'U'W rn 'ilt'U fl.:J'ill fl lJ 1:1J1Wfll 'jfl'W ~I'I 'Ufl.:J fll'l11 1 
'J1 ,'J1'J1 

11.:J'I1:IJ1'I ms ~fltf1~'Ufl.:Jfl'U'VI1tf1I'1tltm::::tJ1:1J1W fl'U 'VI1 tf1I'1tlVi~fltf1~'Ufl.:JU'Yl:::: 1'U flllfffl'l:J1~ 1.:JU ij 
, 'J1 'J1 I 'J1 

~l'1I'1'1.:Jt1jfl 1:::: ~'Ufll fltufll 'Ut:IJ ~l'ItJ"~:IJ\J lir'U1'U ~I'I lfll'l11 1 t-ri:IJ~'W ~.:Jijf-m~flfl'j":::: 'U1'Uflll 'I1irfl 
. " 

u'I::::fllmill'lfl'j"1'I1 'Uir'U Vi 1:::: m tf~ltfl1.:J'I1 :lJl'll'Wfl'j"::::t'Yll:::: ~t:IJ'W fffll'l~~fl.:Jn'U Sutton (1985) l1tf.:Jl'U 
. " 

11 fll 'jf-jill'l fl1 1'1 1'Uir'W Vi 1:::: m tf~ 1tfl1.:J 'I1:IJ 1'1 ij ~ 11:IJff:IJ'W'U;n'U ~ 11:IJffl:1J11 tll 'U fll 1 ~ fltf1 ~ 'U fl.:J 
, " 

fl'W'VI1 tf11'1Q 1I'1tf~1'111fl~11:IJffl:IJ11tl' 'W flll~fltf 1~'Ufl.:J fl'W'VI1 tf11'1 Qt-ri:IJ ~'U 'iI::::ij f-mVIl1Mfll 1 f-jill'l 
, . " 

fl'jl'l 1 'Uir'U Vi 1::::m tf~ltft-ri:IJ~'U ~1m'lf'Un'U 



(~O.O<d) ~~.LH'LIA. rt1!t-L~U~l1 ftL rtml:gLM1 :g!.UULl1tl:HI.1N~n.rt t,U~@@~!.M ll!l!.u@~U~~@l1l!lW 

t-@n.rtq~l!l~t-@n.rJ~tl1L~:g~l1 !.LH,L@~t,t-~H,t-rtl t~ v:g~11 (!.LH,L@~t,rt@~) t-rtlt~ 0 L~Ul1rtml 
I, •I 

-:gLM1:g!.UULl1t~H,1t-@n. rt t,U~@@~!.M 1l!lW@~U~~@11l!lWt-@n. rttPl!l~l1k H,L~ 

~Uf1~t-t~rtl.r@U~~tGl!lWmLrt~f1 rtLlll~!.Lt-LP@ (~O'O<d) ~~~t-LlA.rt1!t-L~Ullll1rtLU~!:! 

ftL L~I1M rJ~~1L~:g~11 !.LH,L@~ l. t-~H,t-rtl t~ V ~rtml:gLM1:gWULl1t~H,1t-@n.rtt, U~tGl!lWmLrt~f1 

Lm!.LI1~@~1~11 (~O'O>d) ~~~t-LlA.m~L~rJ,tt!:!t-LP@ (I1~L!?-rtL~ jlrt~I}@f11 fSL :g~11 1~'L 'vZ"L) 

lllrtJW1WrI1 ~£ :g~11 ~Z '~1 11l!l:g!.lA.rtrtLrtrt~LrIl!l~rtmY @rt1ULUrJU~I1@U:g!.rIlA.rtn.!.LH,LGI1!.l!lY IA. p ppI ~ F: p I'"' p b ~ (6 I'"'p (6 1'0(6 ltlp I'D I'D 

rt~u:gMmtUL~ (lllrtJW1!.@f11 90'9) lllrtJW1WrI1 ~v 11l!l:g!.lA.rtrtLrtrt~LrIl!l~rtmY @rtlULUrJU~I1@U:g!.rI I• ~ to p I' I' P I' I'" Fit); I' I'"p br (6 1 t'D 

IA.rtn.!.LH,L@I1!.l!ly IA.:gMl1t-@n. (.tLH,L@H,1 nnu) t-rtlur, 0 IA.rtrt1l:gLM1:g!.UULl1t~H,1t-@n.rtl 
p (6 I'D" ltlp "b I ~ Fb 

U~~tGl!lWmLrt~f1t-~ jlrt~1}@f11 £9'9 -86'~ t-t~rtt,r@L~!:!U~~tGl!lWt-@n.rJ~tl1L~rJl!l111~L!?-rtLlll 

lllrtJW1WrI1 lO'M6'v :g~11 ~rtJW1WrI1 £~'L---90'9 t-u(,rty g@L~rt !.LH,L@H,y !.LUt-~H,t-rtlu(' V :g~11 I' l" I' 1-I' l" I' 1-I b...,. ~ b '" ':' 

o L~Ul1rt~U s t-~:gMllt-@n.rtmhLM1:gWULl1t~H,1t-@n.rtt,U~~tGl!lWmLrt~f1rttP (~O'O<d) ~~~ 
• t< 

t-LlA.rt.vt-L~U~l1ftL jlrt~I}@f11 98'OZ-L~'61 t-t~rtt,r@U~@@~!.Mll!lWt-@n.rJ~tl1L~rJl!lll1~L!?-rtL~ 

~rtJW1WrI1 18'OZ-£6'61 :g~11 ~rtJW1WrI1 lZ'OZ-~1'61 t-ur,rty ii@!.LH,LGH,y !.LUt-~H,t-rtlU(, V :g~11 I' l" I' 1-I' l" I' 1-•b. ~ b '" ':' 

(!.LH,LG~t,rt@~) t-rtl t~ 0 L~t1~rtml:gLM1:gWULl1t~H,1t-@n.rtl. U~@@~!.Mll!lWl1kH,L~ (~O'O<d) 
Ib• Ib 

~[j~t-LlA.rtUH~U~l1rtL ~rtJW1Wf11 88'IL-ZZ'OL t-u(,rtl.rJ@ rtuu s t-1A.:gMl1t-@n.rtrtn:gLM1:gw ~~ t'D. I' P I' I ::; I II 

ULl1t~H,1t-@n.rtyU~JW@11l!l!.Ut-@n.rJ~tl1L~rJl!l111l!lL~rtL~~rtJW1WrI1 Ov'U-vO'IL :g~11 9£'IL b 'b'b F I It) 0 I' PI' I" 

-6£'69 t-u(,rty ii@ !.LH,LGH,1 t-~H,t-rtlu(' V :g~11 (!.LH,L@H,y nnu) t-rtlU(, 0 L~UlA.rtml:gLM1:gW 
I b. "b I'D 1 "b I ':> F 

U Ll1t~ H,It-@n.rtl.U~~ @11l!l!. U L~ 11M nL~rJ H,1:g!.rt£tn. L l!l!.Ut-@n.l!l~J(,:g~ nnL~rJ !-,u:g!. ~ rt£t n.L l!l!. U 

lb 

mLrt~f1Lm!.LI1~@~1~t-k~LRU~!.LUrtt,l1kH,L~ I1~L!?-rtL~ v-I t-t~rtt,P@U~@@~!.Mll!lW@~U~~@l1 
• t< t< 

l!lWt-@n.rtt~l!l~rt:g~l1l!lrtH,t-lA.rJLt-rJH,I:g!.lA.rtrtn.Y l!lWt-@n.~rtJW1!.@f11 ~1-01 :g~11 ZZ-OZ 'OL-~9 lA.ii@ 
I It) I=J' ::; I F It) Lt pP I' Fa 

!.t~rt~:gLrtH,1~rtml:gLM1:gWrtt,U~~t.Gl!lW:g~11 U~@@~!.Mll!lW U~~@l1l!lW L~tqW~ (££~Z) 

L!1rt1I1Ut-@~~l!l@~ OV~Z 'rt@~mh) l!lrtH,t-lA.rJLt-rJH,l:g!.lA.rtrtn.y l!lWt-@n.~rtJW1Wf11 01 mLrt:g!.f1 
It) " I Ft'D IJl I' PI' ,,::; 

!:!U~~tGl!l!.U rttp t-~ rtrt1l:gLM1:g!.Urtl. U!} @@ ~!.M ll!l!. Ut-@n.rttPl!l);-!:!:gI1t-al1fl!.LH,L@ 11kJf~ 

t~~ULH, l!lrtH,t-lA.rJLt-rJH,l:g!.lA.rtrtl\,y l!lWt-@n.~rtJW1Wf11 OZ-81 mLrt:g!.f1rt:gI1UM.@@M!.Mll!lWrJl!ll 1't'D ::; I Ft'D 11\ P pp 1:7 'b 'b 

nn.rt M1:g11 Urt@@M!.Mll!l!.UIA.:gmn.rty t-~l!l~:g 11 U~JW@ 11l!l!.Urtn.rtMl rtn.!. LH,L@t-@ n.rtt~ l!l~ nrn:g~11 
l?' 'b 'b'b I=l' b 'b'b 57 'b " I t'D Ir' if•• isI • 

l!lrtH,t-lA.rJLt-rJH,l:g!.lA.rtrtn.y l!lWt-@n.~rtJW1Wf11 OL-09 rtml:gLM1:gWrty U~JW@l1l!lWrt:g11 t-~m @rJ1ft1A. 
::; If' t'D Isl I' PP b 'b'b I=J' b 'r I=' P 

rLWH,!.LH,LGl1kJf~l1}~~ U~~@l1l!lW @~ l!l~l1ULrtUl1l!lWrJl!ll rt,tt@~!.LH,LG~t,t-~H,L~U:grJ:g!.:g~l1 
• I' I! ts 

!.LH,LGI1Ug@rtn.rtt-1A. Ov~Z 'rt@~mh) !.~~@~~rtl ~~rt O~I--oL t-tJ(,rtl.g@rtt.gf111:gI1t-@@lW~1t~~ It) I rr::; (6 'b I 'b 'b I I t'D It r I' I'D 

t-@n.rtml:gLM1:g!.Urty l!lrtH,t-lA.rJL t-rJ H,1:g!.1A. nrt n.y l!lWt-@n.rtn.rtn.1ft Lt~rIY t IA.rJ l!ll 
b t'D I I=J' It) Isl "" '""tt t'D t<' , 

Zv 
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l::l I '61 ' 0 QI' I d. 
.\19l Ql 91 l::l 

. 
i mJ1/fI1f1V ~'W'lf1~ 3.48-3.77, 3.31-3.71 urI::: 3.39-3.74 \PIl1/'Il\P1'IJ ll\PIll~:::fl'l1/'V1 \Pl':i'IJfI1'111':i'IJ'W'VI 

~ q 

.. .K 01 .. : .... .,;.... ..01 .... i'JI"" I 

1/f11nt'Wfll'Wt1/'I\PlUl'11/'Wl1/'W'VI':i:::\Pl'IJ 15, 25, 35 ll'l::: 45 tUflWlf'W\PI1/U'W1 'W1/ff\Plff1'Wfl111/ 

'j} 'j} .:::rt..:::rt.' i'::''::' ~ I , dlq 'J}Q/ ~ ~:::L:::I ~ GJ Q

t'IJ1/'IJ'W 'IJfI~f1':i\PlllflClf\PIfl\PIflf1':i\Pl ~':i~flfI'Wfl \PIlfl11 ll~~fl'l1/'V1 !\Pl ':i'IJfI1'111':i'IJ'W 'VI1/f11nt'WfI ~ 'W 11/'1 \Pl
q 

rI:Qld QI rlQrld "QJI .:::rt..:::rt.'

Ul'11/'Wl1/'W'VI':i~\Pl'IJ55 lUfI':ilClf'W\PI Clf~ Van Soest (1994) flm111 ff\Plff1'Wf1':i\PlllflClf\PIfl\PIflf1':i\Pl-

I~ n~flflij fl~ ~ 1 f1'Jl 'iI~'lhVI'~1/f11 ':i nm ~'IJ~~~~ 1 'W I~ sie m ':i N~\PIfl ':i \Pl I~ ':i,yj fIfI ij n hi' 

U':i::: ff'VIn m~'IJ fI~~ ~~~1'W ~~ fli1 ll{l~1'W 'VI1~'VItlEl ~ rrun ':ifl'l \Pl f11 ':iN~ \PIllnffl1/'VI11i'W 'il1flf11':i~ ~i1CJf' 
.. lIJ lIJ" 'JI lIJ .,; '" ...... ~ 

fll':i 'IJfI'W !\Pl ann !Clf\Pl (C02) \Pl1V ! ~ I \Pl':i t'il'W (H) 'VI1fl\Pl 'il1flfl':i::: 'IJ 1'W f11 ':iff~lfl':il:::'I1fl':i\Pl'VI ~fffl ~ 

(H2+C02 = CH4) (Preston and Leng, 1987) tll9i-ffl'11i''IJf11':iff~lml~,.rf1':i\Pl i~':i,yjflflijfl'il~i,jihlnff 
.::. J QI ~ "d QI rI ~ Cl Q d r:IJ .::. J 'JI 

11/'VI11i'Wlf1\Pl'IJ'W \Pl~'W 'WfI11/f11 ':iff~lml~'I1f1':i\Pl i~':i~flfI'W fl1/1flfl'il~1/11flffl1/'VI11i'W lf1\Pl'IJ'W 'W flV 1'W'VI1~ 
QI'j} 'j}d, QI rI .e:::...c:::Il. .c:::Il..c:::l.c:::l IQ dr:IJ oe::::lJ 

\PI ':i ~ n'W 'II11/f111/ f11 ':i ff~ Ifl ':il~ '11 fl ':i \Plll fIClf\PI nu'I:::fl ':i \Pl 'IJ 1 'VI ':i mnn rmn 'iI~ 1/IInff 11/ 'VI11i 'W in\Pl 'II 'W 1/lfl 

.J ~I ...... .J 4 'JI"; '" ,x .... 
Clf~ iu'W ms~tyl ffl'J~'I~~l'W 'VI1~'I1 'W ~'W aru'11 'W fI'il1flfl1111':i fI'W 'VI1fl\Pl 'II 'W 'il1flns~ 'IJ 1'Wms'111/ n (11/1il, 

2533) 
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u Ji CiI " ...1 J : QJ 

":i::~lJmmlml~nH'~u1t'1lJUnIU Contrast p.
_Gf QJ 4odi: value IIu'iJ'illIl1f1 mn SEM 

15 25 35 45 55 L Q 

n":i~''IJ,yU~'':i::1't1ll4111..Y-3'tllJ~ (iJ~iil1Hwi'fliil'l'.i) 

o'lfJJ. nmJ~M''fl1'tll'.i 58.48 59.59 59.09 57.95 57.70 0.96 0.76 0.76 

4 'lfJJ. mi.:J~M''fl1'tll'.i 92.69,b 95.1I' 91.60,b 87.38 83.75
c 

1.70 0.02 0.32 

m~fJ 75.58' 77.35' 75.35' 71.76
b 

70.73
b 

1.01 0.01 0.31 

n":i~llf)CU~n (l'!.J 'fl{leJ}U IPlnHI1'IJ:iTu~'.i~l'tl fJ~lfJ~.:J'tl1JPl) 

o'lfJJ. n'flU1M''fl1'tll'.i 70.65 69.39 70.62 71.18 71.36 0.64 0.27 0.52 

4 'If.1J. mi.:J1M''fll'tll'.i 71.95 71.04 72.36 72.15 72.40 0.79 0.48 0.81 

1'Q~fJ 71.31 70.22 71.49 71.66 71.88 0.62 0.24 0.56 

n":i~l'W":i~tltlun (l'!.J'fl{IeJ}ulPlm¢ll'IJ:iTu~'.i~1'tl fJ~1fJ~.:J'tl1JPl) 

o'lfJJ. n'flU1M''fll'tll'.i 19.26 20.21 19.15 19.61 19.20 0.51 0.83 0.76 

4 'If.1J. mi.:J1M''fll'tll'.i 20.19 21.50 20.81 20.75 19.93 0.58 0.67 0.31 

m~fJ 19.72 20.86 19.98 20.17 19.57 0.47 0.69 0.42 

n":i~ihmn (l'!.J'fl{leJ}ulPlmPll'IJ:iTu~'.i~1'tl fJ~1fJ~.:J'tl1JPl) 

o 'If.1J. n'flU1M''fll'tll'.i 7.24' 7.51' 7.53' 6.06b 6.46,b 0.34 0.16 0.62 

4 'lfJJ. 'tl-a.:J1M''fll'tll'.i 6.01 5.63 4.94 5.22 5.51 0.54 0.35 0.87 

6.63 6.58 6.17 5.60 5.98 0.37 0.16 0.72 

n":i~ll'flCU~n: O":i~l'W":i~f)f)un 

o'lfJJ. n'flU1M''fll'tll'.i 3.70 3.48 3.73 3.69 3.77 0.1 I 0.64 0.71 

4 'If.1J. 'tl-a.:J1M''fll'tll'.i 3.57 3.31 3.48 3.53 3.71 0.12 0.40 0.27 

m~fJ 3.64 3.39 3.61 3.61 3.74 0.10 0.42 0.39 

"t, = linear, Q = quadratic
 

a,b,cth!'Q ~ fJ~ ijDfill '.i nlnm;'.:J n'U l'UIIf.111~fJ1n'U lll'ln~h.:J nu'fl fJl.:Jij'l!mhi'i[Jj'Y11.:Jfff)~ (P<0.05)
 . . 
I ~ I 4d. 

SEM = f11ml1JtHl1Pllfl~'flU1Jll'l'.ijlU'IJ'fl.:Jf11I'Q·fW 
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~1'U1'U u'IJtlVit'1 EJ 1 iJ1 l\P1eM1 Utl~tt! 1 m;yiJfl{14fl11 'l'Ufl1~1~1~tllf'U'Ufl~U~~~ 
11] v'" v.. .:, v v .,I_I v .:, d _I .. : '" .,I w 
1\PI1'IJ11 tyl~tlUtl'VI'l.:ltllfU'I1~ Utl~fll1111'U'U 'VIlJ1~flfl'IJ~1EJf11f11'U fl 'U!lftl~lJltllf'Ullf'U 'VI1~~'lJ 15, 

rid rI QI d • t 'do dd 

25, 35, 45 Utl~ 55 !iJfl11C)j''U\PI Uff~~~~\PI111~'VI 12 ~'IJ11 U~:::'VI~ 5 fl'tJlf If'ill'U1'U U'lJtl'VI11EJ Utl::: 

C)j' lflffiJfl{'Ufl~14fl11''U'Ufl~t'I1tl1'illflm~1~1~11lf'U ~ 0 oi1 Ius (nfl'U'l11'fll1111) Utl::: 4 oi1 Ilf~ 
~ ~ 

m;~'11'fll'l111 ':UU\PIfl~1~n'U'VI1~ffi1~ (P>0.05) I~EJij~lm~EJflg''U'lh~ 1.49-1.88 x 10
10 Utl~ 

1.52-2.29 x 10
5 1C)j'tl~~flijtlilil\PI1 \PIllfih~'IJ fffl~tltl'fl~n'IJ Hungate (1966) ~11fNl'U';h ~1'U1'U 

dd 0'': QI o'~ tl , ,il 1~'lflm 'Ufl~U 'IJtl 'VI!1 EJ Utl:::C)j'1 flffiJfl1'Ufl~1'lffl11 'l'Um:::!~l::: 11lf'U'Ufl~ ff\PI 11tl EJ11flfl~ flEJ' 'U'lf1~ 
~ ~ ~ 

iI iI I I 

10
1°_1012 

Utl::: 10
4-106 

1C)j'tl~~flijtlilil\PI1 \PIllfih~'IJ 11~il~1'U1'UiJ1:::'lflm Iilsl\P1eM1 Vi 0 i1 Ilf~ 
, v 

(nfl'U'l,rfll'l111) une 4 i1Ilf~11""~'11'fll1111Utl:::~1'U1'UiJ1:::'lflmliJ1 l\P1eM111~11lf~ iju'U11,j'lf 

v ."j '" s 'l d .. : '" 'l v.;.,1."j 'lv
tl~tl~U'IJ'l..11ff'U\PIH!lf fl1:::~'IJ f11f11'U fl 'U1lftl~iJltllf'U llf 'U 'Ufll1111'U 'U l~lf 'U'U 1'U fl~ 'illfl f111 'lff11fl

1it'fl 'l 'U1lf~~iJl~m11:U'U'l 'Ufll1111.u''U'l'U1~~'IJ~ff~~'U ri~~tl 'l ,rm{1'IJ'~H~1\P1~hh~'U1m~ff!l~ 
~ 

.J _I v _st : 'l .J 0 _I <'-I., '" I ...... 

C)j'~ lJ1 eneu ~1EJU lJ~ Utl:::'Ul\P11tl 'Uff\PI1 fll111 1tl ~tl~ C)j'~ 'ill'U1'U lJ1 ~'lflm IlJ1 I\PI C)j'1\P1fllftltltl\PI 1 
~ 

v v 

'Ufl~ t'I1tl1 'l'Ufl1~1~1~t1lf'U 9j'Uflgn'IJtl11lfffllfl1t1 'l'Uf111tl:::mEJ '~'Ufl~Uil~u tl:::Ul\P11tl (Jouaney 

and Ushida, 1999) 1 ~ EJU il~ 'l 'Uff\PI 1 fll'1111'il~ 'li1EJoWWl'U lf111 1'il1t1.1t~1J 1\P1'Ufl~ 1 il 1 l\P1eM1 
~ u 

fl~lf ~'U "l Utl::: lrlflW 'illHU 1'lf'U~ 'Ufl~ 1 il 1 1 \PIeM1 ~fl 1 il 1 1 \PI eM1 fl~lf Holotrich spp. Utl::: 

Entodiniomorphs spp. ~'IJ';hhiu\PIfl~1~n'U'VI1~ffi1~ (P>0.05) I~EJij~lm~EJfl~''U'li1~ 0.49-0.90 x 
6 6 c1,.:::. oC\oC\ t ~ ,.,. QI I 

10 1m::: 2.32-2.96 x 10 1C)j'tltl\PIfllftltltl\PI1 'VI~'UiJ1:::'lflm Iils 1\PIC)j'1fl'tJlf Entodiniomorphs spp. 

lflflf1':hiJ1:::'lflm1 iJ1 l\P1eM1fl~lf Holotri~h spp. fffl~tltl'fl~n'IJ11EJ~1'U'Ufl~ Abdullah Utl:::tlW~ 

(1995) ~~~'IJ11 'luune~ '~i''IJf11f11 it'fl '1 'U !lf~~iJ 1~m11:U'U 1~ 'Utn 1111'11 ""fl ijiJ 1 :::'lflfl1fl~ If 

Entodiniomorphs spp. innrriul1:::'lfl fl 1 1 iJ1 l\P1eM1fl~lf Holotrich spp. ~~ 1~ EJ~1' iJutl'1 

iJ1~'lflflm~lf Entodiniomorphs spp. lflflfl';hiJ1:::'lflm Iilrl\P1eM1fl~lf Holotrich spp. (Russell, 

2002) 
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..t 0 "'''' w "i _I" .: '1
V11":iH'fI12 'ill'W1'WltUfI'YU'W ltl111'1CJf1 It'Cl~eu reJfflJtl1'tltl-:ll'IH)11 &'Wm~l'Yll~'i~:JJ'W'tltl-:l~~'Yl~'Vl

d 

1IJ ,...... ,.. <=>.:, ,.. d_1 ,.. .: 1 d _I .. ~ .... 
!1'11U'I1 UJl'Yl'ClltfI'Vl'Vl'Cl:JJ uneuun '.i'tl'W nu '.i::f1tlUI'I1t1f11fH'Wtl 'W ~:JJ'Cll'IlJl'Cl:JJ'W 1:JJ'W 

" '".' .
'" "" ,
'Vl'.i~I'IUl'll-:1'1 

.., IV ~'1 d J:u
'i~~'IJOlm'Ut:l!'UI)Ja~tJl'UJ'Ul)J'U Contrast p• . 

'I ".1 ,.. ,...~ Q.I' t::I.c9: 
lJ~~rJYlfln1l1 !'Ut:ll't1l'i'tl'U (llJt:l'iI"lf'UVl) SEM value II 

15 25 35 45 55 L Q 

U1.lrlfh~rJtY.:j't'i)J~ (x 1010I'lH'l~/iJ'ft~~I9l':i) 
• 'I 31

0'10.1. neu 11lt:ll11l':i 1.60 1.56 1.45 1.35 1.45 1.35 0.50 0.67 

4 '10.1. i1-ft.:Jl'11't:lll1l':i 1.90 2.20 1.67 1.63 1.56 2.01 0.67 0.80 
.,;

tU'ft(J 1.75 1.88 1.56 1.49 1.51 1.65 0.43 0.89 

hlslVlcU1'.r.:j't'i)J~ (x 1061'll''ft~/ij'ftiiiil9l':i) 
I 'I 31

0'10.1. neu 1i1t:l111l':i 2.88 2.51 2.47 2.21 2.29 0.26 0.09 0.50 

3.473.16 '" 'I 314 '10.1. i1'ft.:J 1i1t:lllll':i 3.15 2.63 2.61 0.32 0.10 0.56 

2.993.02
.,;

tU'ft(J 2.81 2.41 2.46 0.26 0.06 0.95 
, . 

mJ)J Holotrlch 

0.570.63
, 'I 31 

0'11.11. nau 1i1t:l111l':i 0.40 0.72 0.27 0.28 0.74 0.51 

0.750.50 '" 'I 314 '11.11. i1M lllt:lllll':i 0.57 1.07 1.15 0.45 0.34 0.71 

0.660.56 
.,; 

tUM 0.49 0.90 0.70 0.21 0.44 0.61 

n~)J Entodiniomorph 

2.452.82
I 'I 31

0'11.11. flt:l'U 11lt:l111l':i 2.43 2.14 2.26 1.47 0.11 0.76 

3.403.11 '" 'I 314 '11.11. liM 11lt:ll11l':i 3.09 2.52 2.50 1.44 0.10 0.82 
.,;

tUM 2.96 2.92 2.76 2.32 2.39 1.45 0.10 0.61 
cr J ..; ::, ~..:::. ..:::...:::.

"Illt:lfftJt:l'il'11t:l'ilm't'i)J~ (x l OS 1'll''ft'ft/1I'ft'ft'ft19l':i) 
I 'I 31

0'11.11. neu 11lt:l111l':i 2.28 1.91 1.67 1.61 1.53 0.27 0.07 0.51 

'" 'I 314 '11.11. i1'ft.:J 11lt:ll11l':i 2.36 2.67 2.15 1.51 1.52 0.37 0.11 0.72 

2.292.23 
.,;

tU'ft(J 1.91 1.56 1.52 0.28 0.06 0.97 

't, = linear, Q= quadratic . . 
I ~ I -=t,

SEM = fllm11lfl'ftl~lfl'ftt:l'UlJll9l':i]Il'U'lJt:l'lflltUM 



47 

A'lJU'YI'lJD1'tl'YI"UA~D~ 

• I"" d <!l QI I 'JI 'JI '" lIJ 'i 'i '1 
lJ1:1J1\P1'HlJ~HClfl~tt~'Ifl~tt'U'U fl'J1lJL'lJlJ'IJ'U'lJfl'leHHI- ~'U ~\PI1LlI'U ttCl~flCl Lflff ~'U.. .. 

~ dlJl 'j}Q,1 'j} ~ c:., 'j} 'j} d 'j} ~ '1 d J 0' : QI

mfl~tt~~Vl ~m'lJ'I1tu1~ClttflVlVlCllJU'IH HCl~m1111'IJ'U VllJ1~ flfl'lJ~'JVfl1m'U fl ~ 'ULlJClm 1CllJ 'UllJ'U.. .. 
d Q,I 0' d 0' GJ d , ~ I ~ .... loQ

Vl1~~'lJ 15, 25 ,35, 45 ttCl~ 55 LlJfl1LC)f'U\PI m"~'1 A'U\PI111'1Vl 13 ~'lJ'J1tt~~Vl'l 5 fl~lJ lJlJ1:1J1\P11

L~~Liifl~tt~'Ifl~utl'U~L'JCl1 0 4'J!lJ'I (nfl'Ut'l1'm'l1n) HCl~ 4 4'J !lJ'I'I1~'It'l1'm'l1111~tt\PIflI"i1'1n'U 

''UVl1'1ffii~ (P>0.05) !~V~f11fldt'U'If'J'I 27.0-29.0 HCl~ 26.60-28.40 LlJfl{L~'U1'i' \Pl1mh~'lJ 
, " " 

ff1'11i''lJf1m1~V'lJfl'llJ1:1J1\P11L~~Liifl~H~'Ifl~Htl'U11'1 2 'If'J'Ifl11fffl'l:n~'lJ';h LL~~l1'1 5 mllJ ~ 
q 

lJ1:1J1\P11 L~~Liifl~U~'I fl~tt tl 'U ~ L:Wtt\PI flI'i1'1n'U' 'UVl1'1ffii~ (P>0.05) I ~ Vijf11fld' 'U 'If'J'I 26.80-28.70 
a'd a'~ "" d <!l QI I t.f I I "" 

LlJ fl1 LC)f'U \PI C)f'llJ 1:1J1\P1 1 LlJ~m fl~tt~'I fl~tt 'U 'U 'lJfl'lU~~, 'U flUfffl'l:l1fl H'U fl ~t 'U 'lI''J'I'IJfl\PI (22-38 

• I a' d a' • I"" d <!l QI I <!l I '" 'i "" 
LlJ fl1 LC)f'U \PI) \Pl1lJ11V'I1'U'lJfl'l Jain (1993) lJ1:1J1\P11LlJ~LClfl~U~'Ifl~U'U'U'I11flfl1~:IJ1 ~\PIm\PI 

(hematocrit) L~ 'U ~'lI'U ~~hrit1Jfl V1'1'11d'I~t elfinmrV'hff\PI1~ fl'J1lJ H~ lJfl~'lJfl'lLii fl~'I11 fl1~ 1~ V 

'111 fllJ1:1J1\P1 1 L~~Liifl~U~'Ifl~tt tl 'U ~lfl'hlJ fl~ ff\PI111~~mflU !1fl!Cl-H\PI1I1'1 (anemia) 'luVlH 

\PIHn'U ,r1lJ '111 fllJ1lJ1\P1 1 L~~L iifl~ H~ 'I fl~tt tl 'U ff 'Inrul fl~ ff\PI111~~ m ms l 1 fl! ~~ eHfftML~ V..
 
~ "" 'JI d <!l d "".1 "" lIJ a'

(polycythemia) C)f'lLfl~1I1flfl11ff11'1LlJ~mfl~H~'IVl:lJ1fl~~lJfl\PI ( ~'lI'VWHfl, 2541) 

e QI 'JI 'JI '" lIJ'i '1 <!l d ':''i I 'l'JI
ff1'111'lJfl'J1lJL'lJlJ'IJ'U'lJfl'lVL1V- ~'U A\PI1LlI'U A'Umfl~H~~VlnCl1 0 'lI''J ~lJ'I (nnu ~ '11.. 

fl1l111) HCl~ 4 4'J !lJ'I'I1~'It'l1'fl1'11n~f11fld''U'If'J'I15.32-17.77 HCl~ 16.34-17.68 iJClilfli'lJl"ifl 

L~~il\PI1 \Pl1lJ~l~'lJ UCl~f11m~V'lJfl'lfl'J1W,rlJ,r'U'lJfl'lvi1V-1'U!\PI1LlI'U''ULiifl~~L'JCl1 0 4'J!lJ'I (nfl'U.. 
t 'I1'ml1rs) HCl~ 4 4'J 111'1'11~'I''I1'm'l1n~f11flvt'U 'If'J'I 15.83-17.58 iJClilfli'1II"im~~~\PI1 ~'I 1:w~.. 

'QI oQoQ ~ 'j} 'j} l:S 11),.. CJ I:!I l::I QI QI 0' 
fl'J1lJtt\PIfl\Pl1'1fl'UVl1'1fftl\PI (P>0.05) C)f'lfl'J111L'lJ1I'IJ'U'lJfl'l t/l1V- ~'U L\PI1LlI'U ~'Umfl~lIfl'J1lJfflJ~'U1i.. 
QI .,"" 'i. I '" d "" lIJ 'JI QI 'i '" lIJ 'i d "" lIJ 'JI'l
fl'lJlJ1lJ1W LlJ1\P1'UVlfl'U !~ ttCl~1~~'lJHflll LlIL'UV ~'U L\PI1LlI'UVl~Cl\PI ~~ L'Um~L~l~~LlI'U (Preston et 

..\ "'?I "" 'JI I 'i. I '" ~ ..\ 'i. I '" "" al., 1965) L'U fl'llllfl~L 1 eHlJ'U ~Cl ~Cl\PI~~Vl1V'lJfl'lm~'lJ'J'U msVflVffmV ~ lJ1\P1'U C)f'lLlIfl LlJ1\P1'ULfl~ 

I lIJ 'JI ~ 'i '" 'JI "" '" a'. lIJ.1 QI a'?1 'i. I '" "" '" a'
Vflurrm VlI ~ ~~ Uflff u flll !lIL'U uu Cl 'JtI flll Cl 'U Vl 1 V'U1 ~ lJ ff'l Lfl 11 ~ m lJ 'U LlJ 1 \PI 'U 'IJ fl'lll Cl 'U n1 V 

.. q q 

d ,. l::I' Q, .dl dQl QI , ,.. Q,I l:S I 

uneunu LlIL 'U Vff'J'ULfl'U 1I:i: Qfl~ ~C)flJ Vl\PI'lJ UCl~Q fl'IJ'lJ flfl flVl1'1 11'1fl1V L~ V1~ ~ 'lJ~L 1V, 'U 11'1fl1 V 
., " 

ff11111t11~ 1~1 ~V\PI1 'J1I'I111~~'lJ 1 'U1mL1I'U 'l'U~mff:W 1 'I11fltMi'lJ L-rl flt elfti'l~1 ~~'lJ L'U 1\P1 1L1I'U' 'U 

<!l ~ '1 'JI 'JI 'JI '" lIJ 'i '1 <!l dJ QI l.fe!/ 'I 'JI.I 'i a' 
mfl~ C)f'lff1:1J11t1 A'lI'fl'J111L'lJlJ'IJ'U'lJfl'l~L1V - ~'U !\PI1LlI'U !'ULClfl~L1J'U\PI'J'lJ'I'lI't1'1fl11 L'lI'lJ1~ AV'lI''U'lJfl'l 

lIJ 'i "" lIJ d"" lIJ 'JI I lIJ d 'JI 'JI '" 
~'U L\PI1LlI'UUCl~lJ1lJ1W!'Ul\P11LlI'UVlfl'U !~ (LlI1i1, 2533) flVH ~1fl\PI1lJfl'J1lJL'lJlJ'IJ'U'Hl'lVL1V-.. 

" " 
1'U1 \PI 1L1I 'U t 'UL ii fl~ H~~ t'U mr fffl'l:l1fli''IUflvi 'U 'If'J'IlJfl~ 11.2-27.7 iJClilfl i'1I1'i m~~il \PI 1 \PI1lJ.. 
11V'I1'U'lJfl'l Lloyd (1982) 
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~ ~ d ~ Q,I'.::i 1J) '1 4 dlJ) 'JIQI
\JIl'IN'f) 13 'lhm\PI'jt:IJ~H'r;l~~U~.:I~~U'U'UtHHI- I'U lmt'il'U U'r;l:;::fl'r;llflff 'Um~~'U~.:Iu'V'l:;::'Vl 1~'j'lJ ... ... 

S1 ~ c:., iJ 9Jd rJJ ~'l d 0' ':Q,I
l1tlJl'V'1'r;lllfl'Vll:J'r;l:IJ Ul1.:1 tm :;::ml11'j'U'U'Vl'l.h:;::ne'lJ~1Ufl1 nt'U~ 'U l:IJ'r;l~ 'lJl'r;l:IJ'U 1:IJ'U 

l'U'j:;::~'lJ\Pll.:1C) 
.. .. 

IV ~ 'I " .. I G Q.I0 

'1:::~1'l.Jfl1mUtltUm"Rul":JJU1:JJU Contrast p

. ll ......... !II.I J" J value
if;H)[J't1 i'Imn 1Utll'tl1'1'UU (lutlWIlU "I) SEM 

15 25 35 45 55 L Q 

_~ "... .....1 "d " 
u~:JJlfl~I:JJRI"tlRIIR~tlRIIUU (IU'f)':iI"ll'UIll) 

o 'lUI. n 'f) 'U1~aun':i 27.40 2.80 27.00 29.00 29.00 0.82 0.31 0.80 

4 '))'.11. l1t1,:jtJ1'l11':i 

. 
I ... 

flll'iHHJ 

26.60 

27.00 

26.60 

27.70 

26.60 

26.80 

28.20 

28.60 

28.40 

28.70 

0.62 

0.56 

0.03 

0.08 

0.45 

0.59 

~1~u-'ulf1~lilU (iJ~~n~WI~~~Ill':i) 

o '))'.11. n'f)'Ul~'f)l'l11':i 17.77 17.26 15.65 15.32 16.00 1.05 0.17 0.43 

4 '))'.11. l1t1,:jtll'l11':i 

. ... 
flll'il. ~fJ 

17.39 

17.58 

17.68 

17.38 

17.01 

16.33 

16.34 

15.83 

16.60 

16.31 

0.86 

0.86 

0.55 

0.32 

0.99 

0.69 

fl~lfl~(iJ~~n~1Ift~~~Ill':i) 

o '))'.11. n'f)'Ul~tll'l11':i 59.92 61.46 59.36 63.68 62.46 1.91 0.39 0.92 

4 '))'.11. l1t1,:jtll'l11':i 

. ... 
flll'il. ~fJ 

65.32 

62.62 

66.40 

63.93 

64.86 

62.11 

65.78 

64.73 

64.04 

63.93 

2.13 

1.90 

0.71 

0.79 

0.75 

0.90 

'" 
fl11:IJt e«:lJe«'U 'U~.:Ifl'r;ll flffl 'U m:;::Ufftil~~'U~.:IU'V'I:;::Vl.:l 5 mi:IJ 'V'I'lJ,;h l:UU\PIfl\Pll.:1n'U... . 

'Vll.:1ffi1~ (P>0.05) 1~Ufl11:IJle«:lJe«'U'U~.:Ifl'Jlflfft'Um:;::ufftil~~~nm0 ~11m (fi~'U'l,rml11'j) ij 
1 lei) I .e::t. .e:t. QI I.e::t..e::t. S1 'JI 1 '1 <!I "" 

. 
fl1~U t'U"If1.:1 59.92-63.68 :IJ'r;l'r;lm:IJ\PIm~C)f'r;l\PI'jU'r;l:;::fl11:IJt'U:IJ'U'U'U~.:Ifl'r;l flff t'Um:;::Ufft'r;l~~'Vl 4... ... 

~11:IJ.:Il1 ~.:Il,r ml11'jij~l~dl wi1.:1 64.04-66.40 ij'r;lilfli':IJ\Pl~tfl~il\PI'jtm:;::~Wjl~U'U~.:Ifl11:IJle«:lJe«'U... 

'U~.:Ifl'r;llflffl'Um:;::ufftil~~ij~1~dl'U'li1.:1 62.11-63.93 ij'r;lilfli':IJ\Pl~t~~il\PI'j~.:I~dlWi1.:1'lJfl~l~u...... ... 
I 31 31 1 '1 <!I d I

Kaneko (1980) 'jlU.:Il'U11 fl11:IJt'U:IJ'U'U'U~.:Ifl'r;l flff t'Ut'r;l~flU'V'l:;::'Vl'lJ.:I'lJ~flfffl11:;::ff:IJfl'r;l'U~.:I ... . 
'V'I~.:I.:Il'U'l'U'il.:1fl1U~~ 50-75 ij'r;lilfli':IJ\Pl~tfl~il\PI'j U'r;l:;:: Russell U'r;l:;:: Gahr (2000) ~'jlU.:Il'U~l 

'" '" 
'j:;::~'lJ'lJfl~'U~.:Ifl'J 1flfft 'U m:;::Ufftil~fl'U~.:I ff\PI-j't~ fnt~~.:It'Vhn'lJ 45-65 ij'r;lilfli':IJ\Plmfl~il\PImfffl.:l 
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vc:l I V .f c:l .. :", "I" v .. 
lm'H'U 'Jlm~1'lfmf1t'U'fl1'Ut:IJ'1:l\Pl'lh'1:l:IJ'Ul:IJ'U1'U'ff1Pl~'eJ1'Hl~ !:IJm~'VI'lJIPI'flm~'lJ'J'Um~ 1'If'lh~ 1l'J'lf'U 

" 
'lJ'fl~'V'Hr~,n'Ul'U~TffIPl1 

U~:IJ1W 1 'UllP1~t\l'U~1~i''lJ 1'UllP1~tll'U~'li'lJ'fl'flf1 U'1:l~'ff:IJ\Pl'1:l 1 'U llP1~tll'U'lJ'fl~U~~~• 
111 9JQI !V ~ .;, V !V d",I v ~ G) d _I tI ~ QI.d QI 

!\Pl~'lJ'Htyl~'1:lUfl'VIlJ'1:l:IJU'H.:IU'1:l~'eJ1'Hl~'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'Jmf1t'U'fl!'Ut:IJ'1:l\Plul'1:l:IJ'U 1:IJ'U'VI ~~\Pl'lJ 15, 

.. c:l.. '" d '.1'" "I "i d1lJ v", v
25, 35, 45 U'1:l~ 55 tUflWl1'UIPI U'ff\Pl~\Pl~m~l.:1'V1 14 mm u~:IJ1W!'U !1PI~tlI'U'VI !\Pl~'lJ1l1f1'11tyl 

• v 

~i;Ufl'VI'VIi!:IJm1'.:I'lJ'fl.:lU~~l1~ 5 f1~:IJ 1:JUIPlf1~l.:1fi'U'VI1.:1'ffi1~ (P>0.05) l\Pll'Jij~l'fldl'U'lf'J.:I 1.12". " 
'" , '" I '" 'I d. l", "I "i d1lJ v", v d.1 v

1.44 m:IJIPI'flIPl'JlPlfld'U !'U'lJW~'VIu~:IJ1W !'U !mtll'U'lJ'fl.:lH~~'V1 !\Pl~'lJ'eJ1'Hn'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'Jmf1-

~ d rI:Gld QI rldrl QlIQlIQI

t'U'fll'Ut:IJ'1:l\PlUl'1:l:IJ'Ul:IJ'U'VI~~\Pl'lJ15 um: 25 tU'fl~tCJ1'UIPI (13.80 U'1:l~ 13.63 m:IJIPI'flIPl'JIPI'fl'J'U 

o QI I d1J]gJQI gJ d_1 v ~q d _I rI : QI.d QI 

m:IJ'1:l1\Pl'lJ) ~~f1'J1U~~'V1 !\Pl~'lJ'eJ1'Hl~'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'Jmf1t'U'fl !'Ut:IJ'1:l\Plul'1:l:IJ'Ul:IJ'U'VI~~\Pl'lJ 35,45 

U'1:l~ 55 tU'fl{t~'U1P1' (12.96, 12.47 U'1:l~ 12.63 f1i':IJ~'fl~'J~'fl1'U IPIl:IJi:h~'lJ)'fldl.:1ijirmhfity'Vl1.:1'ffi1~ 
I • I'" "I "i d "I v'" :: , d1lJ v'" v d. I v

(P<0.05) 'ff'J'UU~:IJ1W!'U !mtlI'U'VI !\Pl~'lJ'VI.:I'H:IJ\Pl'lJ'fl.:lU~~f1'1:l:IJ'VI !\Pl~'lJ'fll'Hl~'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'J• 
~ COl d tI: QI d QI _I rI d rI QI , QI , QI mruue !'Ut:IJ'1:l\PlUl'1:l:IJ'Ul:IJ'U'VI~~\Pl'lJ 15 U'1:l~ 25 tumtCJ1'UIPI (15.04 U'1:l~ 15.09 m:IJIPI'flIPl'JIPI'fl'J'U 

o QI I , otdlJt sJQI v d_1 gJ ~ G) d rI: QI.d QI 

m:IJ'1:l1\Pl'lJ) 'ff.:If1'J1U~ ~f1'1:l:IJ'VI 1\Pl~ umu n'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'Jmf1t'U'fl !'Ut:IJ'1:l\PlUl'1:l:IJ'U 1:IJ'.J 'VI~~\Pl'lJ" . 
_I tI d tI I .c::I QI 0 QI ~.q .ci QI QI tI QI _ l.q ,.._ I .c::I .d.q

45 U'1:l~ 55 tU'fl~tCJ1'UIPI 'fll'Jl.:1:IJ'Ul'J'fflflty'VI1.:1'ff(l1Pl (P<0.05) CJ1.:1'ff:IJ~'U1if1'lJu~:IJ1W IU~IPI'U~'J:IJ'VIf1'U 

1~ u~:IJlwm~'li'lJ1'U llP1~t\l'U ~'lJ-.hu~:IJ1wm~'li'lJ 1'UllP1~t\l'U'VI1.:1i1'ff'ffl'J~ U'1:l~U~:IJ1W 1'UllP1~t\l'U 
• v 

Vi'li'lJ'fl'flf1l1.:1'H:IJ\Pl 1:Jijfl'Jl:IJUIPlf1~l.:1fi'U'VI1.:1'ffi1~ (P>0.05) l\Pll'Jij~l'fldl'U'lf'J.:I 1.70--2.63 U'1:l~ 6.26
" 

7.51 f1i':IJ~'fl~'J~'fl1'U m:IJih~'lJ l'U'lJW~~u~:IJ1wm~'li'lJ1'U llP1~t\l'Ul'U:IJ'1:l'lJ'fl~U~~~1~i''lJm'Hl~ 
" 

9J d_1 fJJ .l G) d tI: QI d QI tI d tI , .d1JlI g}QI

'lJ'U'VIu~~f1'fl'lJ\Pl'Jl'Jmf1t'Ufl!'Ut:IJ'1:l\PlUl'1:l:IJ'Ul:IJ'U'VI~~\Pl'lJ55 tU'fl~tCJ1'UIPI ~~f1'J1U~~f1'Q:IJ'VI !\Pl~'lJ 
.d v ~ G) tI: Q,I d 0' tI , Qd QI d

'eJ1'11n'VIU~~f1'fl'lJ\Pl'Jl'Jmf1t'U'fl !'Ut:IJ'1:l\Pl'ih'1:l:IJ'Ul:IJ'U'VI~~\Pl'lJ 15, 25 U'1:l~ 35 tU'fl~tCJ1'UIPI 'fll'JH:IJ 
II II I iI 

irl'J~hfif:lJ'VIH'ffi1~(P<0.05) l1.:1i1u~:IJ1wm~'li'lJ 1 'UllP1~ t\l'Ul 'U JJ'1:lt.yj:IJ;j'Ul 'U~UU'lJ'lJtff'UIPIH (L, 
Jt QI ~ G) d _I tI : q eJJ ~ JQI

P=O.OOI) t:IJ'fl~:::\Pl'lJmf1t'U'fl !'Ut:IJ'1:l\Plul'1:l:IJ'Ul:IJ'U !'Ufll'Hn'lJ'Ut~:IJ'lJ'U 

trl'fl.yj1l1~Wl~1 1'UllP1~t\l'U~\1f1~\Pl~:IJ U'1:l~u~:IJ1wm~fif1t~'lJ 1'UllP1~tll'Ul 'U11.:1ml'J 

~'lJ'h UIPlf1~Hfi'U 'fldHijirl'J~hfiw'VIH'ffi1~ (P<0.05) U'1:l~ijf11~1PI eunu 'fl.:l1'Ui!mlw~~UU'lJ'lJ 
~ " 

v "i '''I "i d dI '" '" c:l "I "i.' t'ff'U~~~ (L, P=0.02 U'1:l~ P=0.03) 1\Pll'Jfl1I'U IIPl~t\l'U'VI(lf1\Pl\PlCJ1:IJ U'1:l~u~:IJ1wm~f1f1tf1'lJ !'U IIPl~t\l'U 
" " 

G) 1 Jt QI ~ do': QJ ,tI d tI 
!'U~l~ml'J'1:l\Pl'1:l.:lt:IJ'fl~~\Pl'lJ'lJ'fl.:lmm'U 'fl 1'Ut:IJ'1:l\PlUl'1:l:IJ'Ul:IJ'U1'U 'ff~~m'l11~'ff .:If1'Jl 45 tU'fl~tCJ1'U IPI 

" " 
~ • I'" "i. I "" d '" "I v"'''' "" I "I v "i. I "" ~ I I ~ ~ 

m\lt'U'fl~\I1f1u~:IJ1W IU~IPI'U'VIf1'U !\Pl U'1:l~'ff:IJU~~'ff'VI1im~l'J'fll'J !\Pl'lJ'fl.:l IU~IPI'U~lf1'Jlf1'1:l:IJ'fl'U CJ1~mf1• v v 

m~'VI\Pl'1:l'fl.:lfli'.:Ii1 ~'lJ11'ff:IJ~'1:l 1 'U llP1~tll'U u'1:l:::f1nl,*u~~ ll'J'lftA'lJ'fl.:l 1 'U l~~t\l'Uij~ltrl'U'lJ'Jf1 'l'UU~~ 
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, 1v ~'QI l 1 c:i ... 1 : 1 d ,;. J ,a' QI lJ)'d
l'JflfHJll m"~.:J 'YIm'U11~~~Ufl1mtHJ 'Utll~~lJ1~1l'U11l'U Wl1'Y11~VU~1l'U'U ~llllf-l~l'ltl~d1:l1 

ffll~~'Utl.:J1'U11'l~t'i)'U unerrul,*tJ~~ l{J'lftf'Utl.:J1'U 11'l~t'i)'U ffI'l1ff11J1~mh 1tJ1,*tJ~~ l{J'lftfl${~ 

'" '" " '1 "'"" '" "'lIJ"'" 11] 1tt~~t~{J.:J~tlfl'lJ~d11lI'ltl.:Jfl1~'Utl.:J~1.:Jfl1tl 'UVl1.:JI'lHfl'U'U11l f:I1ffl'l'J tm'lJ t'U mt'i)'U'i)lfltll'YIl1 

" '" 0''';' '" d 11] 1 11] "1 I 1 11] '" '" ~ 0 1" 
'Utl{Jffl'l'J'i)~t~lIfl1mfltfl'lJ t'U l'l~t'i)'U n 'U~1.:Jfl1{J ~[J ~1'l'i)~~I'lfl1~'U'lJ~t~[JtltlflVl1.:JlJffff1'J~Vl1 'YI 

d I Gllt)j}dQI"
~t~[J'I1~'Ufl~'lJt'U1~m~t~1~'YIllfltl'ltlfl (Church, 1979) 

cl .1'" 11] 1 .,111]"'" 11] 1 .,I", 11] 1 .,111]"'"
V1l"nU114 lJ~1J1W t'U l'l~t'i)'UVl t~~'lJ ~'U l'l~t'i)'UVl'U'lJtltlfl tt~~ffll~~ t'U l'l~t'i)'U 'Utl.:Jtt~~Vl t~~'lJ 

'JJ ~ ~" j) d 'JJ l 1 c:i ... 1 rI : dQI

'I1f:l!1~~ u ~VllJ~ll u 'YI.:J un~tll'YI1~'U'UVl tJ~ ennu~ 'J[Jfl1flt'Utl 'Utll~~ lJ1~1l'U 11l'Un 

~~~'lJ~1.:J~ 
.., .li 'I oS.1 J :' ... 

".i~~lJmmutl IUlll~~lJl~llUlllU Contrast p
, 

...elf' u 4.ci iI.1 J oS J ' lJ'il'il[J't1i'1nlll 1UtJl111".i'UU (llJtl".il"IIUllI) SEM value l 

15 25 35 45 55 L Q 

mlllW'ulll1".iI'ilUm~-rlJ (fli'lJ/1ll1/iu) 

tl111l'j,j'U 13.80' 13.63' 12.96b 
12.47

b 
12.63

b 
0.17 0.15 0.76 

tJ1'111'j11 tnu 
. " 'lui\ll'jl'ilUYi'1~i'lJr1'111lJ~ 

1.24 

15.04' 

1.46 

15.09' 

1.44 

14.40'b 

1.19 

13.66b 

1.12 

13.76b 

0.11 

0.26 

0.34 

0.15 

0.20 

0.98 

'u11l1".iI'ilu~.ulJtltln(fli'lJ/1ll1/iu) 

\Ill 4.62
b 

3.63
be 

4.64
b 4.94'b 5.62' 0.35 0.001 0.04 

ihHn1:: 
. " 

'lui\ll'jt'ilUYi'li'I.JtJtJflr1'1l1lJ~ 

'Ulll1".iI'ilU~~n~~Ciill (fli'W 

2.24 

6.86 

1O.42'b 

2.63 

6.26 

11.46' 

2.22 

6.48 

10.03
b 

1.70 

6.65 

8.n" 

1.89 

7.51 

8.13" 

0.28 

0.37 

0.35 

0.23 

0.32 

0.02 

0.83 

0.16 

0.37 

1ll1/i'U) 

'ulll1".iI'ilu~nmnlJ1u 8.18' 8.83' 7.91'b 7.01be 6.24" 0.32 0.03 0.34 

~Hm[J (fli'lJ/1ll1/iu) 

"t, = linear, Q = quadratic 

"b·"th'il~f.J~ihjfllJ'jFhti'I.J1li1'lti'U'uuml~f.J1ti'UU\llflIli1'lti'UtJfh'lihrmhtiru'Y11'1ffti1i (P<0.05)
u 

I I"A d 
SEM = fIlmllJflm~U'llltJ'U:IJl\ll'jil'U'lJtJ'IfIlmllf.J 




