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Abstract

Pestalotiopsis sp. was selected from the 43 fungal strains in our stock culture for
cellulase production studics. The fungus was optimized in submerged cultures by varying the
concentrations of carbon, types and amounts of organic nitrogen and the levels of - initial pH.
The cultures were shaker at 200 rpm, 30°C for 4 days. The optimized conditions for cellulase
production were 3%{w/v) carbon source, 0.75 gl peptone, 0.3 g/l urea, 0.1 g/l yeast extract and

the initial pH of medium was 5.0 and the highest cellulase activity was 0.8647 Unit/ml.
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1 1) 9/} F -
HovuRwanuu

2.7 mswdmoulasirageaa

a a dal 3 <
2.7.1 gaunsgnmansaaueulviagaa

i - o

A o qr i L 1 3’ a
iinannag laadidnyms assademaninadududeon uaz hiazaerhydunid
= ' e ¥ v e’\ly AN S\ \L oAl g A
v lhimnsadudigead 1A Tasese datugdunisisdesaivonInindseonuimouen
& A o 1 U~ o A gy
1A (extracellular enzyme) siovimsdesamsiag laaliillumsdszneudunidnil Tuana

o

4 ¢ 0y 1 kY o Y ad 1omlat
wane aza1edn 1a wazmwiserud ldaeluead 14 TAUNTINAIUNYUNUA NN A TN
' 5 2 4 - Af = a Y A
Tunsdesaavaaglaala Maiduden wuniFo uazuenf luiedn Tauawizediad
] [} éi’ ¥ I'd o 1 et o2
“W'U’ﬂﬂqu‘ﬂmdﬁh'ﬂi”IT:Y']iﬂiﬂﬁ"ﬂﬂl'ﬂuLl‘lim‘-‘h’ﬁ@‘mﬁm’ﬂﬂﬂﬂﬁﬁWUﬁ?iﬂi&iﬂﬂmcﬂﬂQTﬂﬁllﬂﬂ a3

nana lum15199 1 (Eriksson LAZADIE, 1990)

Now-reducing end Redoving end
Sometimes shown as

)
CH,OH CH,O0H

HO
OH

=

jUn 1 dnwnizTnssadveswag Taw unznuaseesiid-a-naTnlws Tus Adeduday

']

as

T

w ~ 9/ oy 1 o a (=1 1 [ A Y o

WUz ia-1.4-Tnaladan seuaamsusuA MnUaR 1 veanu wden im-a-ngla
Qs o o VoA 1 [] o

Tws Tua fumsuouduml i 4 veenuledousa 'l

A www.biologic.uni-humburge.de/b-online/e26/3.htm



crystalline

Srorphous  ws—-—-_

P

R

=

g 2 guneveslassaduraglagfinulumiuraaivy Taasia

a A = | { o '
. Wufaluera (fringle micelle) sznavudasaundiusadon wazi lifuszidiou
v, Taseaievearag laadfidw vioin lnmunuveaduly
b dldcu Ao = 9 3 ar =
a. Tansadudlansazdhuioiumudaanmadou i Teedminfusauressy
2 o s 3 o =
11 uagunvvessuiivazuiuindes

71 : anssal, 2547 81999 Norkrans, 1967

o 4 4 Y] o
AN 1 l¥551ﬂﬂ1u1iﬂﬁ51~3!ﬂul‘qulllch'ﬁﬂlﬁﬂ

A
was

YA
1BneIT1484

Agaricus bisporus

Manning ¥ Wood (1983)

Ascobolus furfuraceus

Wicklow Hnzame (1980a)

Aspergillus aculeatus

Kanamoto LLAZAMY (1979)

A. fumigatus

Roger azAE (1972) 4o Jain azame (1979)

A. niger

Tkeda UDzAME (1973), Sternberg UDZAME (1977) LA

Hurst llazaig (1978)

A, phoenicis

Sternberg URLANME (1977)

A, ferreus

Sinha UazAMY (1981) LAY Garg ilei¥Neclakantan (1982)

A. wentii

Keilich Lnzame (1970)

Botryodiplodia theobromae

Umezurike (1979, 1981)
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A
1won

Y oA
1BAaT1INNed

Chaetomium cellulolyticum

Chahal lazHawksworth (1976), Moo-Young Hazams (1978)

1oy Fahnrich tagIrrgang (1982)

C. globosum

Keilich LinzAMe (1970)

C. thermophile

Romanell ltagAtue (1975), Eriksson Waz Goksooyr (1976)

1A Fergus (1969)

Chrysasporium lignorum

Eriksson Itz Rzedowski (1969a, b)

Cladosporium cladosporioides

Lynch agase (1981)

Cariolus versicolor

Highley (1975}

Dichomistus sqalens

Rouau Az Foglietti (1985)

Eupenicillium javanicum

Tanaka LIAZAUE (1981)

Formes fomentarius

Kozlik LUazSchanel (1974a, b)

Fusarium moniliforme

Matsumoto LAXAME (1974)

F. solani

Wood LazMceCrae (1971)

Fusarium sp.

Trivedi Uz Rao (1980, 1981)

Sporotrichum pulverulentum

Eriksson L1%B. Pettersson (1975a, b), Almin lazAdE (1975),
Streamer WAZAME (1975), Deshpande LIAZAM (1978) 1Oz

Eriksson g Hamp (1978)

Sporotrichum thermophile

Fergus(1969), Romanelli HazAMe (1979),
Coutts HOER.E. Smith (1975), Canevascini {inigMeyer (1979),

Margaritis (L8 % Merchant (1983) 181 Grajek (1987)

Talaromyces emersonii

Folan #lazCoughlan (1981), McHale 1172 Coughlan (1981a) Az

Moloney HAZAUE (1987)

Thermoascus aurantiacus

Romanelli HREAME(1975), Tong UazATdZ(1980),

Sheperd LagAML(1981), Grajek (1987)

Thraustotheca clavata

Bemer W0gChapman (1977)

Torula thermophile

Fergus (1969) Uag Jain LazAMe (1979)

Trichoderma koningii

[wasaki Hazfy (1964), Wood Uz McCrae (1978) 1ag

Halliwell 1182 Vincent (1983)

T. pseudokoningii

Zhu Liagau (1982) 1oz Harrer HAZAME (1982)
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A v A
ViLib] l|painlied

T. reesei (viride) Reese (1956), Mandels UngReese (1960), Berghem HdsAd(
1976), Ghose (1977), Nishizawa LayAe (1978), Shoemaker
tagBrown (1978a), Sternberg LAgMandels (1979), Ryu Ling
Mandels (1980), White LnzBrown (1981), Montenecourt R

Aty (1981), Fagerstam (1981) 1@ Bhikhabhai llazAt (1985)

Trichurus spiralis Mishra Hazane (1981)
Volvariella volvacea Chang @& Steinkraus (1982)
Verticillium albo-atrum Gupta LDZHeale (1971)

1 : 371570 18 Eriksson LazAn(1990)

) d &'
2.7.2 Mawaaeu lmisagaalauios

o A a4 £y o/ & L4 A o ¥ ry
e ladmagaaindaionisAiuiniluow lsdagoanauiiadaldansos

-~ ] ¥ o = £ 2 1 [ § Vo a 4 i 3
yiianuand1anu 1y wazldfFuaeu Tsinanaredu l)ivaginmeiui o uios iy

o LY, a &y = o s A = o

peftlsznanvei0Inig uazanzilalumsnia nadsaaunidfondmnou lsliagad

a 3 o J L] o = o
nazi1 ldialuemsimaauagensudiusgiuanumuizay ns e Inanaaou laalg

4 ]
waz Idqunmausdesimaniuquaniizaeg dmuzmy iy guugil vilaomisild
9 =i & 3 o &2 = ol - I ‘?‘ 1
douviugen Wey mathnileu sauiadiiiadenmdunulumsniado wenvniimsldms

' o 1 1 o o | = P o ¥ =
ian1ssy unaa luTasiou uazussigiduiudemsiniyvousad asmioniltidenin

¥ o_ =

fd d A A & - 4 a o T

u il udeidosdrileieadae msmisnhmssdaen luimagaa 1dud a1slszaon
s o e o = o ! .
wraglod eyWusveuwaglad uaza1sAiuszlidi-1,4-InaTadan 19U cellobiose,
¥
=] - = o
sepharase 1182 lactose 1JUAY (Tsao 140¢ Chiang, 1983) mswanou ladagqan 1indesii
Y aa A = I'd :t, d:! o dy ,g?
510911 naaed 13 2 3% Ao n1iedaeu lad Tasmamwizinouss ludnuae o1v1580uis
b7 3
=1 o
HUBIYA(submerge culturc) Lm:mmsmmﬁmmmm1swu¢1(solid substrate culture)
=, dai L] [
manaaeulsifgesammaaglaalun iz DINASHINMIVIHI IHE )
= o 3¢ o o a g ::y

mswdamey lsluuuemsmal ldun nsndaeu shangoa laniugeswndosly

as ad e [}
DINNITHUATIEHYUANATY (liquid synthetic medium) %Y 819117 Eggins & Pugh medium
{(Bravery, 1968) K5007413 Mandels & Stermnberg medium (Mandels 1482 Sternberg, 1979) unsg

. . o - e
81113 Md-medium (Desai unzaAme, 1982) udy o ldnlSsuvaamsnanuuueminyadil
E 3

mnsansuguamwradonlussniimsmzisude 148 uazdwaenisarugunis

k13
Huilougdunid
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[T~ [ A F=Y i r n 9 "o 9
awselfilludagienisniaeulaifdesanwangTag 1y 14917918 Fad12Tna
Y Y o & 2
$IUDBY Y1991 NMINDANTD LazdUY
ar I3
adeoinmsaieaves
o o’ :uy Ay ::id ] -
uenvnilatenimeniw uazesnilszneuvesomisifsuFoniinadonisindey uay
4 =l Y ar = y o= 1
msadreonlel manlfsuudasdnsmzmadugiuine (morphology) voudiesninane

- d v ow
MaeTey uazayadivou leliruii (Xia Uay Shen, 2003)

1 § =i o0 at o
maen 2 wenhahaeu lsldeswag Taalunszuumsulinunueimisuds

A del_ w v oo
a3 !.au"lmu‘nnin BPNTT913049

Allescheria terrestris exoglucanase, endoglucanase, Grajek, 1987

B -glucosidase

Aspergillus fumigatus Cellulose, carboxymethylceilulase ﬂﬂﬂ, 2529

A. niger Cellulase Pathak 1182 Ghose, 1973

A. phoenicis B -glucosidase Deschamps (102 Huet, 1984
Mucor pusillus exoglucanase, endoglucanase, Grajek, 1987

B -glucosidase

Penicillium sp.

Pestalotiopsis versicolor
Sporotrichum cellulophilum

S. thormophile

Trichoderma harzianum
T. reesei

T viside

Cellulase

Cellulase

Cellulase

exoglucanase, endoglucanase,

B -glucosidase
Cellulase
Cellulase, B-glucosidase

Cellulase

Metanguiham ilaZang,
1985

Rao LIDEAME, 1983
Kim unzaas, 1985

Grajek, 1987

Deschamps LLagAM, 1985
Kim tiazamg, 1985

Pathak Loy Ghose, 1973

AU WieT, 2532
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2.8 szvue lwiiagion
2.8.1 M3tideaa v aglad (cellulose hydrolysis)
waglamduasisyneudil Tnseafradlunin nieduddioTeTu Tndime s (lincar

s

o P Qs = g oo A 1 r
homopolymer) ¥84ng InaiTuiudwius2d1-1 4- Ina Tndan Fewwindemsdevaats uen
qv o F Y T T | T s = e ’
1ni lnesssunAiidniduiududavnalfiomstesan
midesaauaag Taaild 255 Ao
ag oA 1 ¥ ¥ 3 - =] . . !
LIBMImanil HiomadeyaaiuAronsadudunIon 0919 (acid hydrolysis) 14
@ o = o W o 5 - T o ¥ 5w :’
nsadnyin uaznialalasnanin Fadosihneldgungiige Fdildeddalumneninag
£ oo o a oo Sy vy
Fatundadusiosnannsa uozfanandaana idosms
A = A 1 9t o E . LYYt
2.3EMINITINN HTONT008aned 80w L) (enzymic  hydrolysis) UfAsu1n13
v - a = ] & =~ ~ ~ 4 ar
dogoziian1ldan1igh luguuss Ao Agavgiuszuia so esrmimaiius n1sldaiudu
oot o i = 1 a w gy 1w
uiTnn1e sz leddanuiwzaewog laa 39 liifandadun lideants uazais
gdung lndszninmaialjase
r Ry, -1 = o s
nisgouiyag lagdudwfannnisiluagagnlalasladTasmeu lsliwagiaa
o 1 P ] 3’ ' i ny 1 & o a
o lrivsdonsag Taad Wazanmhlved lughazaieni 1d uadosdalumshanves
o o A o Sy Ay v o o
eulmiiAnnnmsidummsaazaied 1ddes wWedouldoyiusue uvag Taa (cellulose
R . o 1 T 1 9 | o =
derivative) NYzgntondn wannn1sdosldluTunaanlsanialansanlsd nandnein
3 1 ' T o = = < = o g 3
TUADUABINVOINTHBIISUANA T UMNYTAVDIYAUNT WINTAUNTON 1F0 1Az Aay
:‘ 3 o v & F=Y o L4 rg ¥ 9 = =4
wiaa lamaaisuou lasen lad dougdunidwiniilildormmzameldnsadunse uas
LBANDEDR
E] ' 1 T Ld = o W oar ux: a 4
s luanaveasag laa liamnsarudigaduesgduniale dadu 9aunsd
g
i

¥

?ﬁaﬁ'mﬁﬁ’wau"lchﬁaaﬂf;fuammaﬁtﬁadmumngiamuLlf-’{ﬁymmﬁaxmﬂﬂ'l udagadudmeliu
wadmoiumaimiven1$lufenssuveasadso

2.82 mahavve veulwaliagaa

mstesamumag lnadameu lmidunszunumsdosameiinuimiznisg

T
= ot =

'd () Aan [% A A H o Y o = =~

wulgivg hishi §ATodumstun Adudenin i 1dndasaeiidauusqaniqge uas
o ey | 4 Lo [P | ol o \
UiAson igunsedren Imindesamuang Taa &S onsundhueon I lunguisagas
[k o 1 o o 8 A = T o = 3}

wulsdagamiunguonlaifidmiiis sl §asomatesaarniuseiid-1,4-

= 1 i ' o
Inaladdn molulassadaluanaveuwaglag misudniigamnnstesaaoauysalee

1
Tienang Taw
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(e} 2003 5 Khodefililiog

3 ae rd
310 3 TassademuilAave wou laiiwagian

A www.tamu.edu/.../c-density-history/e-density. htm

mnmﬁﬁﬂyﬁzummmu"lmﬁwaaumﬁ (cellulase system) TﬂUﬂWSLLHﬂLﬂu"lmﬁlmﬂQ
e uc»iazﬂfﬁﬂiﬁu?qw?‘tfu Wldagilmstassvvveueu lvdiragaa’ld 1sznovudae
w3 ngu muszuumaiasuunenland (Enzyme Classification (E.C.)) §ai7

1. soulangnuue nienu Ta-Tidn-1,4-ngauud (E.C.3.2.1.4)

i1 dosTuanaveswag Taaludauf lifluszifoiamorphous)  wiaten

w o i = o
oywus ynawag lad i msuenFuinmaglag (carboxymethyl cellulose) 1arag Taafr1u

q

msi1linsuiunsaveansin (phosphoric  swollen  cellulose) lonsendiefiaisag Taa
(hydroxyethyl cellulose) taziwalaladlnwof (cello-oligomers) IﬂUﬁﬂdﬂUﬁﬁWlLﬁﬁﬂﬁu‘ﬁx
id1-1.4-na Tag@nuningy (random) Ml ldndasusinrunaeriafewalaled Tnuaam
(b1 (cellooligo- saccharides) wra Tawua T {cellopentaose) A lamese lod {cellotetraose)
wrn Ta las Toa(cellotriose) 1wa Ta'luTod (cellobiose) taznglnw lnvezldndasuyindnla
Sungiuautifvesudazion el

2. 1enTangauud nioenla-Ud-1,4-nganua wiswenledidr-1 4-nquaunga

[
L] s

lalasaa vsownleddr-1,4-malalulslaTonad (E.C. 3.2.1.91) wuhsndmiisiuiu

o 1 '
wulalieuTangauue lumssesTuagaveuwag Taa Tavezdosaaromag Tasvinyaty

¥
T4 o

= s o & o= 1 T
A liliima3@ad (non-reducing) vaamuiwag o wandasnldnnmsdosaarudau

1Y

1 o d.yw [} ' Y ' =
Tngiao vaaralaluloa uennniifonuhannsadesanumaglaafidadioniuily

1]

A

38101 (microcrystalline cellulose) 19 Tasfamshrausmdueu Tangaua



16

3. 1w lwalfid1-1,4-nglalanae (E.C. 3.2.1.21)

Wweu sl sosTuanaueauralalulea uazisalalodTnuwan lsan

:I [ ny .2 ] w '
azmwihldlithuimangTaa udliansadesaasTuanadudouvuialvgvosaag

Taald Tavnss

]
[ t

' - 1 iy =1 .
na lnmatdesaateluanaveusag laanaludiuiduszidioy (crystalline) uaglsl

L4

o w

o TS A 0w o a
iihuszidioy (amorphous) IdiTwihmnanglad Tnmeulaning 3 wilaswiuuaauihunmugi

18e307 4 (0u35TA, 2547 19849 Fan 1ag Lee, 1983)

o

Crystalline Exo-[3-1,4-cellobiohydrolase (CBH)
cellulose [N~ T A
1
1
C+CBH
1
A B -glucosidase
Cellobiose »  Glucose
7y
1
]
do- B-1,4-gluc C :
Amorphous 65 [ LR A4 f
or Modified i
________________________________ o
grlluioss Exo- B-1,4-glucan glucohydrolase

1 o =y ey 1 '3
s 4 nalamsilfasomsdovammaag laaussszumen lydmagon

1301: Fan a2 Lee, 1983 819100 oy, 2547

a8 = = o« ' w d
TusssumAtd g ianawstiamusoaaeu lmitesaaisaag Taa'ld wu da?

r v w o R = o ) g =
ﬂ&LﬁiNﬂQhLW?UQ‘HTﬁEN (tunicate) HOUNININY (Achatina fulica) HASTAURTUHAIDYUANIN

)
a A

o Y A = W = e = Sd 4 o
s Taaa uunfise teaa Tuliedn wasidos aunsdudazyiafiasivouladlivagad

= [} 3 o g o = o
ianuaninlumsdesaarounpasduiuduanizniadoungaunse

U
maiu Ty
oA . w d s o @ = -
WUTUHOI1 (cellulolytic fungi) 1ugAunIdRTINToad ey lal waganldlulSuan
A ¢ a A 4 ' 1o S o ¢ o
nnaNgaunsdeiingu 9 wouleslmagaadiuingifuriaendasuragaision lal
o 1 o o o ]
{extraceliular enzyme) Ao 1adlasueu ladseniusnan Milnavaindenisusnuaz
@ .3 a o ol = | = v 1 o =
AadenmeRuiilsz@niamdlunisdesrainaag Tea uazazaindeniniuinia

wulsdaageaie 1S lumsAnyinie 1 lugaamnssy
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[ 7] :.’I o g
2.8.3 msfiutamsaHazmshauveven luirsagaa
1 3 o : = a 3 o
lumsdesaamwsag laglithnhetanglng  sziimsdudinmsdiauvesszun
a [ qu [] LY [ 3 I
u lsinyagad 2 uuufie Msdudaunyliutaiu (non-competitive) uazmsdudauundiiy
. i o o a 3 ] e . 7 9 '
(completitive) a5 1MiAan1siudeuy aiuy 99y (non-competitive) 18 18us wraTa'luTon
i o o as 3 (Y . as qﬂ; o
uazng laa esAmlAiAan1studuundadn (completitive ) Tagazdudanisadraeu la]
P = 3/ T u’j atw Qs ca ¥y ] :;A:l o) al ai a
Bd4-ngladwe 1Aun nglaa fediwunisivdaldudud Tuomsfiimsdudamilon
(Fan 1182 Lee, 1983; Moo-Young LAZAME, 1983)

¥
Dutf uazanz (1996) U iou lmimagiaaudazdiezgniuds Inundaduaiqaie

i a 1 4 = o s 3
wifinnnmsdesems narafe fenssuveuowlsienlungauuassgnivislanmala

v
E

[T W= < oy = e ar Qs 4 g Ao
TuTod iwderdufanssuaeueu lal idr-ngTIndiaaigniveslasng Inadauilumsad
o 3 1 o o 3 o LY 3 roa . . ey
anddudelagunse daudnymsmsiudsondumsfudamuusiadu (completitive inhibition)

=

g ! = - o o o o ann
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annsonanew lafivagaa ldgegaiiolFomismargasdautasnin Mendels tazauz(
1976) Tl§uiitey 4.0 1 4.5 Toadafa (yeast extrac) udnovaz 0.4 Fuundelulasmy
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ATALAW N ANFASEWYAINTATASN ATUTU 0.1 M (IIN15a2a1EnIaTgasn

¥ »
51.01 sy lwalndu 1 ass)

Msazaw Y ;. ngazareved lrdouEnge anududy 0.1 M (hnsazane

C,H,0,Na,.2H,0 29.41 niw 1w ndu 1 ans)

PUINLAIATUIANTAZAT0 N (X) HEUNLTIUIUNADDATVOINITAZAY U (Y) LAZ

o S L 4 ~
Mmasenedrnihnduily 100 ml (#15139 0-1)

ATHMANUING 15 DRI IAIUVDIATAZAIY N.(X) uag v.Y) lunImSouaiiazaismaIm

T GH
X (ml) Y (ml.) pH
46.5 3.5 3.0
437 6.3 3.2
40.0 10.0 34
37.0 13.0 3.6
35.0 15.0 3.8
33.0 17.0 4.0
315 18.5 4.2
28.0 22.0 4.4
255 24.5 4.6
23.0 27.0 4.8
20.5 29.5 5.0
18.0 32.0 5.2
16.0 34.0 54
13.7 36.3 5.6
11.8 38.2 5.8
9.5 41.5 6.0
7.2 42.8 6.2
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1. azae CMC 10 a5 Muthdou 80-90°C) MW Taunilathunan Tnuduaisasld
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ﬂ]i]ﬂ.ﬂ]ﬂﬂu?ﬂﬁ A6 ﬂ1§jlﬂ5‘]$ﬁﬂfnullﬂﬁﬂ5'J'Llﬂ‘i]ﬂ551lq.|ﬂalﬂu1%Nl“ﬂag!aﬁ%1ﬂﬂ1ﬁlw1glaﬂq
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1BD51 43 fT‘lUW‘HT; GI.LIE)’l"ri’l‘i!.ﬂENL‘HEJEI@]?%NW‘I‘SLLNHWI& VRINULTITOU

200 9UADUIN QUNYN 30 DI uaTY

urasanuulslsou df SS MS F
MORUTN 42 336348 8008  345.000
ATuAMANADY 86 1.996 0.023

SRERTY 128 338.344

HINEMY  * = Uuddg 0.05
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4 1 I a s Y f w
ﬂ1§10ﬂ1ﬂﬂu?ﬂﬁ 7 ﬂ’]ﬁlaﬂﬂﬁ]ﬂi'iiJ"Uf‘]\'ﬂ'ﬂu"L“HNLGD'ﬂQLaﬁﬁnﬂﬂ'lﬂWWﬁlﬁﬂﬁl%ﬂiW 43 munuUg
4 & = g i a
511!'6‘]1’1’]5lﬁUﬂl"D’ﬂi:JfﬂﬁﬂWﬂ’ﬁL[Nulﬂﬂ NANULTITOY 200 T9UABUTN

aMHQi 30 BIA TN

N nonssnuey L .  DInTIMYRY y nanIIHYLY
Mg , g , CRUITL ;
o lysivagoa eyl iyagoa oulwzsagan
M (Unit/ml) R {Unit/ml) R (Unit/ml)
MC1 0.0967° MC 16 0.2033' MC 31 0.9133"
MC 2 0.0833’ MC 17 3.0867" MC 32 0.3167"
MC 3 0.1033’ MC 18 1.8533" MC 33 0.1167'
MC 4 0.1200' MC 19 0.0667" MC 34 0.0933"
MC 5 0.1200’ MC 20 3.9600° MC 35 0.0900"
MC 6 0.1033’ MC 21 0.6067" MC 36 0.1233"
MC 7 0.0700° MC 22 0.0600 MC 37 0.1000"
MC 8 2.2167° MC 23 0.0733" MC 38 0.7167"
MC 9 0.1300’ MC 24 0.0733" MC 39 0.7700"
MC 10 0.1467° MC 25 0.1233" MC 40 0.1033’
MC 11 0.1933" MC 26 4.9900" MC 41 1.3467¢
MC 12 0.0867’ MC 27 0.2433 MC 42 0.0900"
MC 13 0.1200° MC 28 N7 MC 43 0.0933'
MC 14 0.0733" MC 29 8.5667"
MC 15 0.0767° MC 30 0.0967"

J o o x i { LY ar L] 1 LY 1 @ o e
vnumg Juusazaeduiamfena A ssnusiAeanu liuandaduedisitivdiny

a a

szdauiudifny 0.05
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1 ) s oy o o {
m‘swmﬂwumﬁ N8 msmmwwmmuﬂﬁﬂnuﬂ%nﬁmmmullcnmcﬁagmﬂumﬁ ERIN]

< 4 w o o W ¢ ¥
ﬂ’]ﬂWWzlﬂUaL‘Hﬁ]iTﬂ’]UWﬂl} MC 20 V172U NNV UTUUDIANTUDU T DE

d ] =
6% 2,3, 4,5 408 6 ANUTIT0U 200 iﬂUﬂf‘Ju1ﬂ g 30 a3F1ER

W

wrasnNunlslsou

df SS MS F
aNnudutuveIniven 4 0.067 0.017 4.545
ATUAAIRAADY 10 0.037 0.004
HA I 14 0.104

HUUNE

y ' HE. ” o o & P
MIMARKINN A9 Aundedans suveven lalisagas luiud 3 veemamzdvadosiaw

o o Ad o 4
Wiug MC 20 fiszgAunnududuunanisuoudonaz 2, 3, 4, 5 uav e

AMNGIIOV 200 SBUADUIR gl 30 ssruwaiFu

y W ¢
AITUUVBVUUDIATUDU

I < Am

= o ~
ﬂ%ﬂﬁiﬂﬂﬂﬁlﬂuq“ﬂulmﬁglﬁﬂ (guﬂﬂﬂﬂﬁﬁﬁﬂi)

]
o o

($oua) Wit 3 UB9M I IZiReg
2 0.4300°
3 0.4406"
4 0.4287"
5 03191"
6 0.3033°

= o

viomg sundeiinuiesnysfediu liuenmsfuesiiiduide fAvedmisdifa 0.05
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4 = 4 = o [ i
M3MANKINN A10 M3TRTsialsisufnssuveeu ladwogmaluiud 3 vos
dy g [V P} o LT o
DIHIZIRYATOITTUONUT MC 26 NTLALADNUANLIUUDIAITUDU

] 1 =t =
%Jﬂﬂﬁﬁ 2,3, 4,502 6 ANUITITOU 200 5OUADUIN DI FI RN 30 94/7

GGk
uvanulslsau daf SS MS F
3 3 '3 ns
AN UV DY 4 0.010 0.003 1.395
ATIIAAIAADY 10 0.018 0.002
HATIY 14 0.029

HuIMe = My 0.05

H 1 A - o w A ay 4
M3uMALINd a1l Aundedenssuvousu Isdiagaaluiuf 3 vosnsmizfouden
w J a Y
FWAUF MC 26 AszaunMuduiuvesmiueuiesas 2,3,4, 5 uag 6

o 1 = =y =]
FINULIITOU 200 SOUNDUIN QU 30 DRy e

AnudutiveImiuey Aenssuveany lelmagina (giedodnnans)
(Founy) $uf 3 voanTwiziins
2 0.2200"
3 0.1933"
4 0.2067°
5 0.1900°
6 0.2107"

@ B oo

nnung  Anndsinudiodnuadeiliwmnseiuoduitddey Asssunivdte 0.0
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4 A L4 = o« -7 4
MIMANKINN a1z Maanzdanunlidswfenssuvesou lmliagmaluiui 3 voq

o 4 o o 4w ) ¢ ¥
ﬂ']SLW']mﬂUQLGIﬁ‘JT]fT'IUWUQ MC 29 N92aUAIUUNIHLDIATITUDUS DY

=

A 2,3,4,5u82 6 ANUSI90U 200 SoUADUIT UM 30 BIAUYD

u

(ST
uviasnNnulsilsau df S8 MS F
ANudLTUUDINIT IO 4 0.582 0.146 33,283
ANUARAATDY 10 0.044 0.004
NI 14 0.626

wuttieg  * = dediAg 0.05

i ] i - o e y i
ﬂTﬂx‘iﬂ]ﬂN‘l—ﬂﬂﬁ 13 mmﬁUnﬂﬂﬁmaﬂmuvlcummngmﬁimuw 3 “ll?]ﬁﬂ’]ﬂﬂ"li’l,ﬁﬂﬂl%ﬂ'ﬂ
o e o TR < 9
ZT’]UW'N!; MC 29 NIgAUANULULIHYDINTUBHIDLAY 2,3,4,5ung

(] ' = =
6 A3 ITDU 200 iﬂﬂﬂﬂu1ﬁ AU 30 aaLeE Blase o

R TR R VT Y Aenssuvenou lasdmagad (iladeliadfng)
($ownz) U 3 veINTIWIZIAYY
2 0.1467°
b
3 0.2367
4 0.3567"
5 0.6533"
6 03267

@ Qs w oW

vivamg Aunasiinwdiesnuseanu liuandiefusdifudine Arednivdify 0.05

1}
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3 o o a o @ o
ﬂTﬁ‘l\']ﬂ”lﬂNH'Jﬂﬁ 14 ﬂTﬁ?Lﬂﬁ'}gﬁﬂj-ﬁJllﬂﬁﬂS?uﬂﬂn'iill“l]ﬂﬂlﬂuqmul“ﬁaglaﬁiuquﬂ 4 9483
a & v & A W ¥ g ¢ o
ﬂ']ﬂw']gmﬂﬁﬁfﬂiﬂlﬁﬂlﬂwuﬁ MC 20 N92AUANNULVUYDINTTUIUITDN

8¥2,3,4,518% 6 AMUG250D 200 5OURBU QYN 30 93A D

e
praanNuslsIu df $S MS F
AN LU LD 4 0.100 0.025 6932
ANUARIAAADY 10 0.036 0.004
WU 14 0.136

Mg * = oAy 0.05

Y 1 a2 a 4 ar . ay g
MIIMANINN ALs aunasiinisuveoy lrdwagmaluiui 4 veamamzitoadosme
Qs o p’ os o
WU MC 20 fszauanudiuduvesmivoudosas 2, 3, 4, 5ua% 6

AMWSITEL 200 T0UABA gumall 30 ser AT

A duyesmieu Aenssuvenou lediaqan (giladaiindans)
($oung) U 4 WpIMIWIZIR0Y
2 0.8033"
3 0.8533"
4 0.7900"
b
5 0.6500
b
6 0.6600

Qs

vuomg  Aunasindesnysiiediu lluandsiuediivivisg Assdnisdifa 0.03
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" a o a P o A
mnumnwmnﬁ Alé ﬂ1ﬁ’JLﬂi1&‘ﬁﬂ’J"liJLl1Jiﬂiﬁuﬂﬂﬂiiuﬂlﬂi!ﬂuvl“]im“]fﬁf;]mﬁclu?l‘!ﬁ 4 9894
dv g T4 o a 3§ L3 a
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A2 2,3,4, 5 uaz 6 AEIT01 200 50UADUIR AT 30 eruma-

o
uvidan NuLlsUsau df SS MS F
ALt uIDInITUDY 4 0.067 0.017 4301
ANUARIAARDY 10 0.039 0.004
WATIN 14 0.106

IO * = Uedday 0.05

1 ] 1 = o o i Y i
FI'I‘SNﬂ'IﬂN‘H’Jﬂ‘ﬁ Al7 ﬂ'lmatlﬂ‘l]ﬂﬁill“llﬂﬁlﬂuvl“ﬂm“b'ﬁ@‘mﬁﬁluﬂuﬁ 4 ‘Uﬂﬂﬂ’lﬂ.W’IgLaUQL‘dﬁﬁ]ﬂﬁ"lﬂ
Y ~ @ v o9 o ¥
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(Fovay) Fufl 4 vosmsinzitos
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2 0.6900

3 0.8267
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4 0.6767
b

5 0.6500
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6 0.6433

1
o w ] a e o

nemg  Annfeiaudisanesifuity liuandesfueiiifeddn Heduivddy 0.0s
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AMuARIAREDY 10 0.040 0.004
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WiNog  * = Had ey 0.05
ns = lufitied Ry

r ' ] » k4
MINMANWINT A19 AundsiInssuvesen lmlwagaaluiui 4 vesmsnneioasosiae

w o i o o
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