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Inulinases (EC 3.2.1.7) are potentially useful enzymes that hydrolyze inulin for
production of inulo- oligosaccharides and fructose syrups. In this study, the screening of fungi
with capable of inulinase production from Kaentawan (Helianthus tuberosus L.) grown soil and
tuber of Kaentawan was investigated. The 4 screened isolates (T4l 111 and ly) having high
inulinase activity were obtained. The lg and T, identified as Fusarium sp. were selected and
tested for production of inulinase by using different carbon sources such as powder of
Kaentawan, garlic, shallot and banana. The Fusarium sp. T4 and Fusarium sp. ls gave the
highest inulinase activity when grew on culture medium containing garlic powder and
Kaentawan powder as a sole carbon source. The inulinase activity of Fusarium sp. T, was
higher than that determined from Fusarium sp. lswhen cultured in culture medium containing
the same carbon source. The optimization conditions for inulinase production by Fusarium sp.
T, were also conducted. The results suggested that the optimal conditions for production of
inulinase by Fusarium sp. T4 were growing in culture medium containing 40 g/ | of garlic powder,
pH 6.0, 30°C and 200 rpm for 7 days.
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UINUNUAVOUBO Fusarium sp. T, o mamadn 19nansiMen40 n3uneans
I ' 4 a 1
AU AT UBUMIIA AN coooeett e
(=Y dy 4 ~ 9 =1 [ 1T A I
ANDFVOUWD Fusarium sp. T, WD 1HITINAIN IFHINTZININ40 NTNADANTIY
AIANS VO UTIA AT oo eesseeses

9 v
ANINTTUVOIDUYAUAVBUTO Fusarium sp. T, Tuoinsmann l9mansziiion
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9
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4 9 v A 3}; a 4
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A Y a . v dy d‘l A
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) F) v
19 1&un 4. niveus (Souza- Motta et al., 2005) A. niger (Ge and Zhang, 2005) A. ficuum
9 [ 1
(Chen et al., 2011) A. oryzae (Neagu and Bahrim, 2011) dau1%03180a0uqiis1e91un153490
9 1
1dun Cryptococcus aureus (Sheng et al., 2007)  Geotrichum candidum (Erdal et al., 2011) 4ag
I ] Z\JJ { a Ja a
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o dy A Aa = Y A v = =< 1 o Y o VoA
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a
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2. nadouANVaNNTa luMInaaduYAIdveuFe 1 NAAN T 1A
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4. vumaams veuitinz audmiumskanduyamanniFesindansesla ¥
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wanmanazlasy
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1. tiumadenlumsudaeu lsisuydma Taso oo gaunson lineliseau
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WABUKTDNTIBNUMIAN YT 0
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PNESUAZ NIV IV

ia a
roulaaiduy@ia (Inulinase)
Ja a I P aaa
rou o uyae (2, 1- B- D- fructan fructanohydrolase) tifutou Taifiis 11§z en
a a o a a 4
M13da19 (hydrolysis) VoIduYAY (nulin) 11 1douyTalealnusani1se (inulo-
. . ’é I a o Jd o ’o} I~
oligosaccharide) mma‘N;ﬂTm (fructose) WUNaRNMUNTIAN uazmmaﬂgiﬂﬁ (glucose) 1Wu
HAANDIINT D
a a ] I a a a
duyawudausouteoniu 2 ¥iia Aoton TydUY AT (exo- inulinase; EC
2 a2 . . a a o ¥ A
3.2.1.80) waztou Iaduyaue (endo- inulinase; EC 3.2.1.7) Tagen Taguyameaiiminnluy
(% d' a a 1 a a % a a Y g’; 9
msaaynIaaidaemevosduydn drueulasuydmada luanavesduyauldduasla

naasaaiiurlsnlaledlauwan11sd (frucooligosaccharide, FOS) tazvlznlaa (A 1)

_|
C

[
n

ruciose
MWN 1 MIMAvesou Taduyamd

nn: http://www.sprintechnologies.com/sprin/index.jsp?idPagina=26

a a a a dy = 4 A =i Y A
f‘ﬂiWa@]i’)u‘k{ﬁluﬁﬁ"m”ﬁﬂﬂﬁﬁiﬂﬂﬁf@ﬁ”l gAG LUATUUANITY (MNTNN 1) HIIUTHITO

D.

I ) o a a a o I
ananilumadendmsumsnanduydma Iaena lesilu Aspergilius 1oz Khuyveromyces

' 9y
TunauvesuuanFenamnsonanouuaua laane Sreptomyces spp. G1HSUNAUVDIUFDI
) Y ptomyces spp )
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1 a3 ] H a a a [ [
WU Aspergillus spp. 1Hunguilimsnanouyauudlda wonnnildawudn Kiuyveromyces
. . . I A S 1A Y a a a 9 [ a
spp. Pichia spp. Wag Candida spp. \Wugadnguinlinmsnaaduydiudlage awaasluaisan

1

d' dy a = o'd' a da a .
MINN 1 mfa@aumamamau‘lmmm‘gama (Neagu and Bahrim, 2011)

Microorganisms Maximal activities
Moulds
Aspergillus niger 100 Ua/mL

52.5 TUa/mL

176 U/mL
Aspergillus fumigatus Not available

Aspergillus awamori
Aspergillus ochraceus
Aspergillus ficuum
Aspergillus parasiticus
Geotrichum candidum

Rhizoctonia solani

Chrysosporium pannorum

Bacteria

Streptomyces spp.

Bacillus spp.
Pseudomonas spp.
Arthrobacter spp.
Yeasts

Pichia guilliermondii

Not available
108 Total U
193.6 U/gdsb
2.9 U/mL
45.65 TU/mL
1.792 U/mL

115 U/mL

524 TU/L
89 U/gds
42.36 U/mL
Not available

Not available

39.56 U/mL
61.5 U/mL
130.38 U/mL
60.1 U/mL




Cryptococcus aureus 52.37 U/mL
85 U/mL
436.2 U/gds
Yarrowia lipolitica 62.85 U/mL
22.5 U/mg
Debaryomyces hansenii 52.53 U/mL
Candida kefyr 40 U/mL
Kluyveromyces marxianus 194.1 U/mL
127 U/mL
176 IU/mL
208 IU/mL
262.9 U/mg
1294 U/mL
18743 U/mL
50.2 IU/mL
47.1 IU/mL
250 U/gds
47.2 U/mL
1317 U/mL

1139 U/mL

a a a

a v )] Y & g ! P a
ﬂ”liNaG]E]LlLlamﬁﬁﬁllﬁﬂNaG]llﬂIﬂﬂiﬂfﬁTiﬁﬂﬁu (substrate) FUUUUHAIAITUDUN

U

v [ a

9 9 '
A ldawamsldmsasduziluigns @uyan alasda WinTaa uazng Ina) Wewiiaa1ee

U u

{ A a I 4 {
niouy-awiluesdsznou tazvounas 1491015901 (151991 2)



1 Y 1
M15190 2 Msasaun 1 lunsnanduyane (Neagu and Bahrim, 2011)

Substrates

Microorganisms

Pure substrates

Inulin

Sucrose

Fructose

Glucose
Inulin containing plant materials

(rye, barley, banana, garlic, onion, wheat, chicory,
dahlia, dandelion, Asparagus roots, Jerusalem
artichoke)
Agro-industrial residues
(cassava flour, corncob, oat

meal, rice straw, sugar cane)

Pichia guilliermondii

K. lactis, K. marxianus spp.
Streptomyces spp.
Kluyveromyces marxianus

A. niger, A. oryzae, A. ficuum

Kluyveromyces marxianus

K. lactis, K. marxianus spp.
Kluyveromyces marxianus
Streptomyces spp.

A. niger

Kluyveromyces marxianus Y S-1

Rhizoctonia solanis

Aspergillus ochraceus
Streptomyces spp.
Kluyveromyces marxianus NRRL
Y-7571

Aspergillus ficuum JNSP5-06
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D.

a v

I 1T A a )
Amaryllidaceae  Gramineae Wa& Compositae Hudu uartinvesduyauinuIzuAnAIaiY

U

pon il Tasarulnginwuiimsazauvesduyauludivvesntio W nagsnvesisy

on Uiy lungu Gramineae d1%5UUAUAZ U 50 Jerusalem artichoke (Helianthus tuberosus

I a { 1 o I 1 14 o [
L) ua chicory WUy Iuuliia Compositae Anuiimsir I 15l uuvasasvoudmsy

a a =i A a ' <3 J

a a J J ’o} v
NITHAADUUUUTUINNT A LH@Q%WﬂfIE]L!H@L!lI”Iﬂﬂ’N 50 1ostsua (mumuﬂuﬁ'q)
A

U Q

£ a a a o o a I 1 4 1% < o Il
Llf’]ﬂi]"IﬂﬁfﬂiWﬁ15]'f)ul"!ﬁLua’ﬂﬂ@Wﬁﬂﬁ%‘]ju@ﬂu!ﬂuuﬁﬁﬂﬂWi‘].l@u@gljﬂlﬂ ﬂﬂﬂzlﬁullﬁjinﬂ@nﬂﬂ"N

a o A Y= = a A a 9
31891UN1TIVYVDY Sharma LLAZAUS (2006) ‘Vlhlﬂﬁﬂ‘]el”IL']_GﬂUL%ﬂUﬂWiNaﬁ@uuﬁLuﬁIﬂﬂi%

U

' o A ' v oAy o 9 s P ~
LAQNATTUDUNUANAINDUAD ‘1]1']]1514 (rye) VIIVTLQY (barley) NalY (banana) NITINYU

(garlic) Sugau (inulin) a3 (wheat) ¥NO3 (chicory) 210U (onion) 11AES NS (dahlia) LA

=

T A a a v { I v 4 ao
‘W'LI’J”Iﬂ”lﬂi]ﬂiﬁJeUﬂﬂ@ugaluﬁﬁﬂ”lﬁﬂ‘ﬁﬁﬂm@cl‘%}ﬂi$!ﬁﬂﬂlﬂﬂ!tﬁﬂﬂﬂ1§ﬂﬁlu AINTIYIUNITIVY

U Q

] 1 3 Y A A o A Ao Aa a a g}.: 9 A A A A
mﬂm’mzmublmw mim’oﬂwmﬁqﬂuwmmﬁlﬁfﬂumiNamm‘gamﬁuui}zmuhlﬂwW%%uﬂ%
9

imsazauduyauludSuawn Taslinsdgnialunguilvissialulszmalne Tag

Judprasong tagaAme (2011) 1@ aT1zwnsAUNY (fructan) yHaduyaulunsRnualylu

U

a

Uszmalnewnin AsinudSunadgnunusiiaduyaugeldun nszifeuInu nszifioniu

g

. . = o 1 [ dy S A a d'dt: a =Y
(Chinese garlic) ﬂi%mﬂll‘ﬂﬂlllﬂ HAZUNUASIU HBNITNU QNW%UTQ%H@%N@HH@HIHﬂiNTm

1thunae 1dun vouad uag red onion aataadlua1319n 3



Qdd’

a1319% 3 USuasuuaunsnnululseme' lne Judprasong et al., 2011)

U

Common name Inulin- type fructans (g/100 g FW)
Jerusalem artichoke 19.4

Garlic, common 23

Garlic, Chinese 25.7

Garlic, great headed/Garlic, elephant 24

Onion, red 2.49

Shallot 9.39

9
¥ = Y A

Ja a = ] d' v [ a d' a &

u lmisuydmaziiminTuanaiuana i uduegiugauns dnwaa Flae
a 1 a v { 1 a 4
Unaud19zu1nn 1 50 1 Taaads (kDa) (Chi ez al., 2009) ANMIENNINZ AUADNITHAAOU Ly
a a 1 = o (% dy = 4 [} ] =3 o [ == 1
duUYAANUNMIEFHT T Az Badz g 1uBI9 4.5 D3 6.0 azd M UMDANT 8L 0

Tue29 7.0 99 7.5 nazgungliinzauvzog lusae 50 99 60 oA usaFod (15197 4)

[ o %

113) 2007 Sheng tazan 1AAANTD4 (screen) dadannzian1enouldvesdu &

= o

o o J 1 [ £ o 1
I8sinszyaoiugudmuinilu Crprococeus aureus G7a nasaniu Idihdasunasalu

a a &

] 9 1 a ]
YPD medium NeToUA0UINSIANoMINITHAN D UUAIU AT IANN1TNAdeUY101%15 N

U
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o [ a Aa a dy = oY d' 9 1 4 d' J [
MINgaud I UMINANDU YA TasReddaan 1801113 NIMS THumMaIns uauNLaNa1n Y
1 4 o J I'4 4 4
1aun nglaa 2 nlofiwua uile (starch) 2 wosiwud glasa2 nlofwud vazuanlaa
s s o . s s s 7
(lactose) 2 1o5UA a15ANAN artichoke 7 1)oFtsua uoalad (maltose) 2 1WoSiHUA LA
a a 14 o a 9 1 A [ v 1
suydu 2 wefiwud ormisnlgunas luTasounaredu Taun 11 Tnu (peptone) 0.2
o S o A 4 ¢ o a I I
1Wosiua 91a09 (soybean) 2 105 UA F1TANAINYAA (yeast extract) 0.5 1UDTIHUA

uouTwdoudala (NH4),S04) 2 1lo5iaud beet broth 2 1ostasud wag Imdonlunsa

D.

s o ! o
(NaNO3) 2 !ﬂf’)imﬁl@] Ll’f]ﬂi]”lﬂﬂ”lﬁ?lﬂﬁ@ﬂ'ﬂ”lq@ﬁﬂ”lﬁ”ﬁ‘ﬁL‘WiﬂgﬁllfJ\ifIﬂWi‘ﬂﬂﬁ@ll‘VﬂﬁﬂT)%‘V]

A = v 9 2

? o" { v [ a
g Taensnedaanguvgiinas e (pH) NANNUAIY HaI9INNITHANDU

U

e
;Q_)D
=
2
)
o)

latimsnageumannzimnzandmiuninssuvesduyama lnemsilfnserngumngil



~ A v o a a . . . 9y 4
HAZNWBFNAI LAaggIuN1TANITUANAIVOIoUY AU (inulin hydrolysis) Tﬂ&lmﬂmau“lcm
AAANYIY (crude enzyme) Nl maaeuale TLC (thin layaer chromatography) u,ﬁa@,wamm

ann : 1 o a a a
‘]Jgﬂifﬂ FINHANITNAADINY I DA Cryptococcus aureus G7a aunsananduudualan

U

) 9 1
Wordealuemsiiouyau 4.0 wesiwud lalwunadonlalasnuleaa (K,HPO,) 0.3

U

I'd I'd [} =1 o J I'4 =\ J J I'4 =\
nlesiud esanandad 0.5 woswud Inunadeunas'lsd (KC) 0.5 1nlossud uaaiFen
Ane'l3d (CaCl) 0.12 Wosiud Txdounaslss (NaCl) 4.0 nlesisud uazuuniiFousaine

onag lamsn (MgClL+6H,0) 0.6 1)osiaud Nilos 5.0 uazgumngil 28 osrusaidod (°C) 161

a a a J

v 3 ' A 2 A @ a % '
AFYAIULTIATOU 170 50UADUIN (rpm) G]f\iﬂﬁﬁﬁjﬂjﬁﬂwaﬁ@uualuﬁqﬂujﬂﬂ'31 85 qu@]@]@

U

Haaaas lunamsnin 42 92T dmsuan eIz auaenNINT INVeBUYAIUET AD W
19% 5.0 HazgM¥RI 50 BIR AT HazIINKANIITNATEUR8 TLC Mntou lxfadaneiy

9y
wun 3l Tunsaa 1sauas Toa Inusaa lsamavwiusuauun

Y
a a A

Tl 2008 Kango 1AWAABUUDIUETINTD Aspergillus niger NK-126 1agn1s 19

u

[

o A & oA A YA . 9 Y =
ATANANNY FIN¥NUW1 %R0 Dandelion Taelsaruvsssinudinazly Farnmanis

9
NAaRINYINT 1 e1587A1NI1ALAIYEY Dandelion 1UMITINIZIREY A niger NK-126

] ]
= =

o 9/4’} ~ a a a ~ Y1 a .. =\ [ 9
gsomlnyelnisnan @ul‘gmuﬁ‘iﬂi‘ﬂﬂTﬂi}ﬂiiﬂ (activity) Q’QTI?;fﬂL?J@!‘LGEJ‘UW]EJ‘Uﬂ‘UﬂTii‘H

g
duudaUTgnsn 18910 chicory 9xM13115 1e@587A9105 10189999 Dandelion 92 Tifi

v o

9

AINTTUGINIDG 4 1911 wennil TuauIsedilimsqravesnNnududuvesasdnangn

Y - ! a Yt A
1117U93 Dandelion FINWANITNAABINYI A. niger NK-126 8131501958y 109 1401115 N1)

v ! J o D a a v

anududuvesdmsanan 40 wosiwud lasisuias (vv) uazdwnsonanld 55 glinao
Aa aa < ~ a = Y <] J =
wadaaas Tual 96 ¥ Tua Ngaungl 30 eeruyaimed uazlynu3I591 150 s0UADUIN
HAZINHANT IATIEHHAN NN FANIODINAINTTHUDIDUYAUANUI DUYAIUAAINTDE0Y
a a < a a a oA {
auyau lilugnTaa ouylaluTod (inulobiose) tazduyla-Tod Inusan lsdous Wil DP

(degree of polymerization) g4
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A J

M3 4 QAAVTAVOIDUYAUANHANIINYAUNIIA199) (Neagu and Bahrim, 2011)

Sources Molecular Optimum Optimum pH Temperature

weight, kDa pH temperature, stability  stability, e
e range

K. marxianus - 3.5 60 - -

K. marxianus - 4.4 50 - -

K. marxianus - 4.75 55 - 40

K. fragilis 250 - 55 - -

Yarrowia lipolitica - 4.5 50 3.0-7.0 50

Pichia guilliermondii 50 6 60 6.0-7.0 60

Cryptococcus aureus 60 5 50 4.0-6.5 65

Arthrobacter spp. 75 7.5 50 5-10.5 30-40

Bacillus spp. - 7 - 6.0-8.0 25-40

Streptomyces spp. - 6 60 - 60-70

A. niger - 4.4 - - -

A. niger 70 5 40 - -

Penicillium janczewskii - 4.8-5.0 35-45 - -

A. ochraceus 79 4.5 60 - 60

F. oxysporum 300 5.8-6.2 30-37 - -

Tudl 2011 Nguyen Uazaue Vlﬁjwaﬁiﬂaiﬂwgﬂiﬁﬁ]l%%ﬂ (oligofructose syrup) 311

1 [ 9 a a d' = é 1 a a S 1A d' d' d'
unuazIulaglsouTaduyanangnasasanyIl uladuyaualanInssungangan

(] ]
'
= 1

a A o o Ia {
gl 65 oaAuaITa Fagandigungildimiueu liodse (free enzyme) uaz ity

U Q

A 49! I a a [ '
MINZAUANTUIIN 4.5- 5.013)U 5.5- 6.0 MnkamsHaa Tod Invyn Tad leFwuan awnso

wan laouy Taled Inuaanlsa luafSanaga (35 59 65 losiaud)

a a

113) 2011 Flores- Gallegos Hazame lananduuaualaen1sninuyy submerged

U

9 9
culture NXD Penicillium citrinum WOANFO P. citrinum S10NIOHAADUUAIUA IS UIRSINY

u
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a a

1431 2011 Chen tazane 1ANAADUITMTANADUUAUTIINITNINI AUV solid

U

state fermentation 10819 4. ficuum INSP5- 06 ¥alun1snaaeelinis¥riinvesdivinazany

[

v < @ a o A v @
ATIUVDIVIILUIADUBDAUNIAI BATINITNIU QUK YN wazna luMIanaNLANAINNY INNE

a a

1 [ k) a Y- = =\ d A
MsnaasInUNEINITnanaduyaa lagenga laold Tamfouozdan 0.1 Tuas Wew 4.5

U

[~

I v o o ' T a

Wuairiiazaly dadIUU0ILIINBVDILHA) 1 A 20 UNYU 39.6 ’E]\Tﬁ“clfﬁ!‘?fflﬁ uag
<] T = I

ﬂfl"llllﬁ?]bluﬂ1iﬂ?]u 207 39UADUIN UIUH 40 UIN

Y
Erdal ttazame (2011) 1AnandUYaManINEo Geotrichum candidum 1901% unu

[

I 1 4 = 9 dy . 3‘1 v o
azIuiluuvasnsueu G]f\i‘luﬂ”livlﬂa@\iblﬂ%ﬂﬁ@ﬂl‘]f@ G. candidum MIYUA 10 A19NUTNY

I =i

pIMs NNy AULazAAe N IMIIHUENIAININT TNVeIdUYALagInga lUihmskae
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[CH;COOH]
udauns 9218 6.92[CH,COOH] = [CH,COONa] (1)

wag 90 [A] + [H] =1
111 (1) W 9214 6.92[CH,COOH] + [CH,COOH] = 1

udauns 9218 [CH,COOH] = 0.126 Tua3 1Az [CH,COONa] = 0.874 Tua1s
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#0IMIETIUAITAS AN 250 UadaAnT

Y
910 1000 Yaaang Nileans 0.2 Tua

Y
¥ v

Y
ANUU 250 WanaNT Nileans 0.05 Tua

lunsaives CH,COOH
msazane 1 Tua Nilloans 0.126 Tua
5aza1e 0.05 Tua aziiiiaas 0.0063 Tua

R04M3 CH,COOH 0.0063 Twa Aaiilu 0.0063x60.05 = 0378 N5

NNd= ;d=1.05

m
v
¥wld v =036 iadans
lunsaives CH,COONa
nsazats 1 Tua Tifeans 0.874 Tua
nsazats 0.05 Tua weiiiions 0.0437 Tua
#99M15 CH,COONa 0.0437 Tua Anilu 0.0437x136.08 = 5.95 N3

~ J 3 Jd a a J = a @ 4 a Aaa
4. mawiaen 2 lodidua suyaulu 0.2 Tuans Ixhsnezmantivimles 151as 100 Hadans

Faouyan 2 nsu azatelu 0.2 Twans TwRenezdamivves USuiSuas1ild

100 Yaaans
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MImuUNrHave M NN A INAUUS AT N UAZ I
dy dy a da a
1.M3ReuFeT Iz MInadeumHaaeu lyiouydmed
dy A A Y cij a a
1.1 150351 nsHan 19 1unN15NA00392188901U01M1T PDA Ngaungil 27+3
e aied aunIuEes 9 mmmmmmamma uazii lifufigungd 4 essuasaiFoe
4 I % v
ieldifudedidulunmsnaassely
dy ~ A [ Y t’z}z o dy a Y a
1.2 1i¥os1Mdenaanen lansruazgniuudesluomisildlunisnaa
~ a ~ < ] ] =~
u'lmiduydiud Ngungil 2743 osruwaiFod A2 WI5150UMTIVE 120 5oUADUIT 111

@ A ° A Y [ Y o @
13871 5 U IIDATULIAN u"IiJ”IﬂiENLW’OLLfJﬂLﬁuiEJ LHAaED111I90NIINNU Iﬂﬂlﬁuiﬂﬂ%u"lhlﬂﬁﬂﬂ

total RNA @2u0111390 1daz1i1 1 3aananssueu lsivazlSua ldsdude li

2. M5anNA DNA

[

) F) o [ . Y as [ o~ 3}; dy o
Wudulesnimnena genomic DNA #2895 CTAB auudasdalidunouaail 1
@uloswniinisualululasnumad laarsazan extraction buffer (IM Tris-HCI pH 8.0,
= a S I o
0.5 M NaCl, CTAB uag B-mercaptoethanol) 151105 500 TuTas@ansuaz 20 nlediiud sDS
U31nas 40 ulasaasluTndudu v T tuiie UMY 65 0FNIFATIALIN 10 UIN AN
phenol : chloroform : isoamylalcohol (25:24:1) vu1Al3MaumAasazatenay iy
i lnyuiilesanaznoui 10,000 souAUIRA W 15 WA gaaIulanai(supernatant) Te
9
a3l eppendorf lviaj 91n1iwAY 3 Twan§ CH,COONa Y311asii1iy 1/10 vesa1sagatealn
Tai laman1idniu udawn absolute ethanol 1311015 2 tMvesasazateaIula wauliman
v a [ Y o A = = A
i Taenanuasanad Tuuuuie 1dd1i ldush -80 esrsaimes wv 30 UIA W38 -20 BeAN
= < A ] YR = ° A A
Ao Ud 1 99 Tud e Tiaznou DNA wuidlwinden i luvwiumesi 5,000 rpm w10
a 2 2 ) v s 3 o 4
IR MATaza1eNUNUAZNOU(pellet) AR 1NAZNDUAIY 70 11/D51FHUA ethanol HYUINIBY

v 9
aznouf 5,000 soUADUIN UM 10 WA Wasanuutaznouliutenieldgyainia

Q

1 ° 901
(vacuum dry condition) ¥4 15 11# H3evaesliurealsemea udrninenouazaisaleni

e R Y a ] Ay v =
Milli Q NN UFDLA 20 1uTasdas inu DNA 7189 -20 eerusaiGoe
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A a a d o w
3. mamvfFinauTaamaiia PCR agmsinsignan e
s A A a

3.1 Myoonuuy Twswes e Sunaeu inu

o v A a J { o I Ia a { ]
TddavtiongTe Inavesdu ine Mulasialdifueu laiduyama hoglu

I Y J o a a J = . A v A
GenBank tJudunnuveslnswes Taniaevesiiang lo Inavesdy i lilieunuguly

o 4

U = [ d' o w A a o o o w A a o
nauAeIn e mIaauiana o Indoysny uazeenuuylusmesnndidutiinalo Ina
[ I'd
PUINY
A = a . A 9 a dy
3.2 MIWNYTINUIULT I Internal transcribed spacer LW@i%izu%uﬂﬂJﬂﬂlﬂfﬂ
51 19&25 PCR
= a . Y A o Y 9
115 1AaUBULS 1IN Internal transcribed spacer 1a81% DNA Nanalavindule
I ] 4 4 .
571 Huutuvy Tasld lnsimes Forward primer (ITS1): 5 TCC GTA GGT GAA CCT GCG G
3°11a% Reverse primer (ITS4): 5° TCC TCC GCT TAT TGA TATGC 3’ dwmsumusunaeu
Y
Tagliseazideanane 1il
= . . o Y o 2 a a ' A g @ 4
NITLAT YN reaction mixture mldeatife wuarundluiimles (10x PCR
a a 9y Y Aa A 14 =Y
buffer + KCI -MgCL) U31as 2 lulasaas MgCL anududu 25 Had luars dsuas 2
a a a 4 . Ao Yy 9 a a 4 v a |
luTnsans 42 1aaTe Indway (ANTP mix) RiANwANTUYatiing e Indudazyiiaminy
a A 4 a a . Aa Yy 9 4 v a
10 Haaluas Usuas 0.2 lulasaas primer NHANUAuTY 20 TulnsTua1s uaazwsiia
Y3105 0.2 luTnsans ou'lei rag DNA polymerase 5 giineoluInsans (Fermentas,
Germany) 1311935 0.2 1uTA58a5 DNA wsinvuaududy 1 lulasnsuaelulnsans
Y3105 1 lulnsans uaz@y MilliQ water o5 u1/3uas 1iasy 20 luTasans wanlian

A il spin down 1182 1d1A599 DNA thermal cycle : GeneAmp PCR system2400(Perkin

Elmer, USA)
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[

' Y Y
M3WN5u19 DNA ¥998UU518! Internal transcribed spacer #14 1U50n5UAIH
11500519 1 (Initial Denaturation) N1 95 BFFAKYE 5 WIN

11510519 2 (Denaturation) 7 94 peAuraFed 1 W

. A = =

(Anealing) N 50 DA UFALHET 1 UIN

(Extension) N 72 oA usaed 1 W

115154 3 (Final Extension) 9 72 84Assasiod 7 41N

1 4 paraLFea 00
A ° Y P-4

Wonsunszuiums 1 lJusnvuia DNA a1e 1 1esidud agarose gel Taguua

VDY PCR product ag:ﬂizmm 600 bp

3.3 MyvlSuEu inu 19825 PCR
M3 Inaudu inu Iaeld cDNA NduATIZ910 RNA Nanalanndules dlu
uiuuy Tael¥1nSues Forward primer: 5” ATCGAATTCCAGTCTAATGATTACCGTCC 3’

1ae Reverse primer : 5 GACGAATTCGGTACCTGTCTGCACTGC3’

ZDhe

dusumivSunady Taeliseazdeansas 1)
= . . o Y o 2 a a ' A g Y 4
N3 T8N reaction mixture “l/l"lblﬂ Jufe wuaIunluTmnes (10x PCR
a Yy 9 Aa A < A
buffer + KCI -MgCL) Y5103 2 lulasaas MgCL anududu 25 Had luars dsuas 2
a a a 14 . Aa Yy 9 a a d a [
luTnsans Hr1aaTe Inanau(dNTP mix) NANUANTUVDIHIAE 18 IndudazyHiamiiny 10
a a 4 a { 4 1 a =Y
fiaa luans ¥511a5 0.2 TuTasaas primer AaNundy 20 TulasTuas udazyiintsuns
a 4 a 1 a

0.2 luTnsans tou lai tag DNA polymerase 5 quma"lﬂmam (Fermentas, Germany)
USu105 0.2 TuTasaas cDNA unuvuanuudy 1 ulasnsude lulasans YSuias 1

1uTasans uavtdy MilliQ water 1indsu1/31as 1iasy 20 luTasans wanlwdnsu 1l

spin down 1 1eA309 DNA thermal cycle : GeneAmp PCR system2400(Perkin Elmer, USA)
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[

' Y Y
M3WN5u19 DNA ¥998UU518! Internal transcribed spacer #14 1U50n5UAIH
11500519 1 (Initial Denaturation) N1 95 BIA AL 5 WIN

11510519 2 (Denaturation) 7 94 peuraFed 1 W

. A = =

(Anealing) N 52 IR UFAHET 1 UIN

(Extension) N 72 o usaFed 2 WA

1451054 3 (Final Extension) 9 72 84Assasod 7 41N

1 4 paraLFea 00
A ° Y P-4

Wonsunszuiums 1 lJusnvuia DNA a1e 1 1)esidud agarose gel Iaguuia

VDY PCR product agjﬂizmm 1600 bp

[

3.4 MIANALDY DNA Napamsanalaeld Hivield ™ Gel / PCR Extraction Kit
o Qy a [ VoA a Y o Y a t{Q} R ™
MFURAUTNUAHUINT DNA 1a09m 5 IR UTgnsa2e HiYield — Gel /
1 Y
PCR Extraction Kit (Real-Biotech, Taiwan) (33910113 ualdaslunaon eppendorf GRIGE
a @ [} Y Y o [ Z},
500 1uTA38a3U09 DF buffer adlurasadlieganaulitniulasnduviaoa luiainiiu
o ] d' = = A 1 1 3}; Y [
111N 55 semuaded U1 15 1N WIoauAIMIaazaenua lagserianiulingy
A o 1 . Aa Aaa 9 o
‘Viailﬂ"lﬂlﬂﬂﬂ 2-3 41N U1 DF column 1ﬁ1u collection tube YUIA 2 UAQAANT LAIUIFITASAY

o o Xq ° 3 = v 3 ' a a
mﬂﬁuuﬂ’ou‘ﬁumiﬁiu DF column m"lﬂﬂumammﬂﬂ’nmi’; 10,000 39UADUIN UIU 1 UIN

{ [4 g g}.z a a
!VIﬂTiﬁgﬁTﬂﬁNTuﬂﬂﬁﬂJu N NUUIAY wash buffer 151105 500 llﬂmamaﬂu DF column
° ) A 9 < ' = = A o o2 o
uTulﬂﬂuLW’JfNﬂ’Jﬂﬂ”ﬂiJﬁ’J 10,000 39UADUIN UIU 1 UIN INFTTASAINNIUADANUNY m"lﬂ

X = 9 < ' = A A Y A 9 o J Y Y '
ﬂulﬁ')ﬂﬂﬂ?ﬂﬂ??ﬂ!iﬂ] 10,000 59UNDUIN 2 UIN @ﬂﬂiﬂ!W@Iﬁﬂ@aﬂJullWQ 818 column 1?3(1‘1!

D.

=

T A a =Y % @ e’g}.: Qy
eppendorf 13 11 MilliQ water 20 141A58a5 UINMNINAIGNUTUYRIADANTAING 1T
a9 A o f = 9 < ' ~ A d ' A
gargiesuu 2 Wi i llidulesdienui3a 10,000 soUABLH WU 2 WA DTN

a =

] v Y Ya A Y o [ v o o
NWNﬂ@ﬁNu"lelquﬂiJ -20 DALY YT !W'E]‘lelﬂﬂuG]'J@fﬂﬂuﬂTiﬁQnﬂ@i?ﬂﬁTﬂTﬂﬂlfUﬁ

ool
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MANUIN U

nswlmmgmuazmiﬁmam

A H a d
mMsmUSnaniima3fng (reducing sugar)

1. 5 g

a A 3 < A
AITNNN9 mmi@ﬂﬂauummmmmamﬂimmmmm’mau 550 W1 TUINAS

Yy v 3 ' A ~
anudnduiadyn Taa AMIgANAUEIN 550 U1 THINAS
(Waansunelanany) AN 1 AN 2 AN 3 nae
0.1 0.054 0.059 0.049 0.054
0.2 0.125 0.218 0.107 0.150
0.4 0.297 0.301 0.23 0.276
0.6 0.444 0.41 0.404 0.419
0.8 0.552 0.576 0.537 0.555
1 0.708 0.721 0.664 0.698
0.800 -
)
&
=
E
S 0600 -
S
v
v
= 0400 -
<
= y = 0.696x
1G
& 0200 - R® = 0.998
=
=
& 0.000 , , , , ,
0 0.2 0.4 0.6 0.8 1 12

anuduuvedn Ind (Hadnsuaeilanans)

73 ~

A A 23 arvluasgudmiumsin e fiaasage035 DNS
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S Aa

' o 901
2. G]’J@EJNﬂWiﬂTu’JﬂHJ‘%N”Imu”Iﬁ”Iﬁi@]’M?’

a

(J v ao} aa I W k) v o A A
i]”IﬂGI’JE]EJN‘]ﬁll”Imu”lﬁ”laiﬂil“]m’m”lﬂi]”lﬂﬂ”liﬂﬂ crude enzyme NUBUPYAUNIIAL0

1 TualiAINTgANauLAIN 550 W TWNATIAINY 0.157, 0.168 LAz 0.171

NNIMNINITIY 0.696x

0.157 0.696x

X = 0.226 Yaansunelanans

Y
2

1% 0.226 aanJudeaaans lumsiaasan 1

=

o a3
JUU ISHUINR

)

(43
Do

UAONARANT 1UMTIANTIN 2

ane

41 4aan

(\)

¢
%

anl
)

(]
HIAQ

<2
ZD
=1

@
%

G 4 Aa o 1 _a aa

Y Y 1
1110183929 0.246 UaanTuaeNanans 1LMIIAATIN 3

)}
)}

g

ee

3 " W a

ANNASHAWNIND 0.238 UaanSuaolanans

psfnamtonssuveseulwiduydme

o a . a a =Y r{' a
INNITAIMUA 1 gUA (Unit) voIaUyalud Ao Usuaneu lsineunsonan

A Aa 4 {

901 1 = Y A o
Measads 1 lulas Tuaseuinmelaaningnmvua

D.

2 v a ’cf A A o dy . dy a 9 3
gnA 108195 MU INATAIEVD UL Fusarium T, maﬂﬂummiﬂwmﬂu

v T 4 ] S w Y] g}./ 9 A g S A A o
azIudluraInsUeu “’l]"lﬂﬂ?iﬂll!ﬁ]ullclﬁ\lf’fﬂﬂﬁfﬂﬂﬂ‘]JﬁWiG]\W]LW]!‘]JL! 1 oS uaouuaun

U

a o P 1 & & A g
azanelula@evozmaniivilos fitos 5.6 Ma1 0 ¥ Tuauay 24 %2 109A59N 1134 1.90 uag

10.86 1uTng luaneiaanns

¥ 7

Melunal 24 ¥ Tue Tieas @Sy 10.86 — 1.90 = 8.96 TuTas Tua

- 8.96 . -
Aanilu ——— = 0.0062 lu1a3 Tuanoud
24%X60

namsinlgnse Hsuassaniu 0.5 Tadans
= I A aa Y
iy 1 Jadans 9214 0.0062 x 0.5 =0.0031

Tudgisenldionlsd 0.25 Taddns

~ I a aa 9}00031 a 1 A Aaa
mewily 1 Jaaans i]%llﬂ W =0.0124 guanoNaaang
2‘, =i FIAl

a LR a 1 a aa
ATIN 1 "lﬂﬂTﬂi]ﬂiiiJeUﬂﬂLﬂullcﬁiJ!ﬂu 0.0124 gunnouanans

ZJJ A Y1 a R a 1 Aa aa
AIIN 2 "lﬂﬂ"lﬂi]ﬂiiiﬂlﬂﬂlﬂullc]fmﬂu 0.0146 gunnouanaNg



¥ A Y1 a LR a 1 A aa
ATIN 3 "lﬂmﬂilﬂimsummullcﬁmﬂu 0.0135 guanduaann

]
=

Y1 a 7 3 a 1 A aa
nay "lﬂmﬂilﬂiimmqmullmmﬂu 0.0135 guandNaanNI
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MANUIN A

Y

YoyaWan1INaaa

MeuUavaIFe NN IAINAUDS AN UAZ U

' 9 1
A3 19N 10 AU AU DI 1NLEn 1A 1NAUUS NUILAUAZIY

=]
%13

RIS Is|

I

1

TACGGNGTTTAAACTCCCAAACCCAATGTNCNCGTTACCAAAAAGNNNGGC

TCGGCNTTCCCCTCTGCCCCNGGAANANGAGGNANCCCCGGNACNAAGGGG
CCCGCCGGGAGGTTTTTTCCCCCCAATCTNANANGNAAAAAACGCGCGGGG

GGGNATNTANTAACNTGGANNGAACAAANCGGNNNCTGANAGGGTGTNGN
CNNGAAAGNGGGGNNAGAGAGAAAGNANNACNNCNCAAGACGNCGGGG

ACGTTACCAAACTGTTGCCTCGGCGGGNTCTCTGCCCCGGGTGCGTCGCAGC
CCCGGACCAAGGCGCCCGCCGGAGGACCAACCANAACTCTTATTGTATACC
CCCTCGCGGGTTTTTTACTATCTGAGCCATCTCGGCGCCCCTCGTGGGCGTTT
CGAAAATGAATCAAAATTTTCAACAACGGATCTCNTGGTTCTGGCATCCAAT
GAATAACNCNNCGAAATGC

ANACTTNCNNNCNNGTNCCCGGGANTNANTCCGGNTTTNAACTCCCAACCC
AAATGTGTANCGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTG
CGTCGCAGCCCCGGACCAAGGCGCCCGCCGGNAGGACCAACCAAAACTCTT
ATTGTATACCCCCTCGCGGGTTTTTTTATAATCNNANCCTTCTCGGCGCCTCT
CGTAAGCGTTTCGAAAATNNATCNCCCTNTCNNNCNNCANTATCTNNTNGNN
NNCTGGCNNNCNTNATANNNNCTTNNNNANTGNNANNAACTTTGGNNGANC
ATNACCNNNNNAANAAANANNCTGCATTGCTCGAANANNCNCCGAATGCNC
GCNANAGANNCCAGGCGTTNACGCTNNCNGNNTGTTNATNNNNANCACNTN
ANTNTAGNTTTNGTANTTCCTNTNTCNNACANATNTNANTNCTNTNANNCAA
NANTNCATCCATNTNANNNTNCNAACCNNNNNCANANGNNNNNTNCANTCN
TNTNNNNTNCNGNNGNTATNGNATCATTGANTGTCAGNNNNANAGNTTCAN
AATTCCNTNTCATTAACTTTITNTTNACNTGTNTNNNANCTNAGTTCNNNNNT
AGATTANNNCNACTTTTTTTNGNNNNNCNNNGCCNTNCAGNANTGNNCCNA
ACNACACACACCACNGAGANAGTTTNNAAGNNTTTNAATNTNAAANAANGA
AACANTANAAACNATCNTCTCNCNGNNCNTTCCGCTGNCNNGGNNNNGCCA
ANATAAACGNNNTGANTATATCTGNNNTGANGTCNGANNNCNAGGNCTNCA
NCANCTGGNTNTTANAATTNNNGGANNATGNACACNTNAANTAGNNCANAN
NAGNNNACNGACNTANANNGTTATNACACAANNTAACGTAATANNACTNAG
GNTCAGNNNATTNANCTACANAAANTAAAATTNANTNNNNNNCTNCTTTAT
NTCTTNTNCATNT
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CCCCTCGCGGGTTTTTTACTATNNGAGCCATCTCGGCGCCCNTNGTGGGCGT
TTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGA
TGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCNGAATTCANTGA
ATCATGGAATCTTTGAACNCACATTGCGCCCGCCAGTATTNTGGNGGGCANG
CCTGTCNGAGCNTCATNTNAACCCTNGAACCCCTCCGGGGGGTCGGCGTTGG
GGATTCCGTAGGTGAACCTGCGGANCCGAAATACANNNGCGGTNTNGCCGC
AGCNTNTCNTGCGCAGTAGTNNGCACACTCGCATCGGGANCGNGGCGCGTC
CACAAGCCCGNTAAACACNNCNA

TTGCAAGAACTCCCTAACCATTGTGCAACCTACCTTCTACCGTTGCTTCGGCG
GGCGGGCCCAGCGCCCCCCCGGCCCCCCGCGGGCGCCCGCCGGAGGATACC
CAAACTCTTGACATTAGTGGCCTCTCTGAGTATTCTTTACTGAATAAGTCAA
AACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCNAATCTTTGAA
CGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATT
TCAACCATCAAGCCCCCGGGCTTGTGTTGGGGACCTGCGG

TTCACTCATCACCCTGTGACATACCTAAAACGTTGCTTCGGCGGGAACAGAC
GGCCCCGTAACACGGGCCGCCCCCGCCAGAGGACCCCCTAACTCTGTTTCTA
TTATGTTTCTTCTGAGTAAAACAAGCAAATAAATTAAAACTTTCAACAACGG
ATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAGGCC
CCCGGGCCTGGCGTTGGGGATCGGCGAGGCGCCCCCTGCGGGCACACGCCG
TCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATTGCGTAGTAGCTAA
CACCTCGCAACTGGAGAGCGGCGCGGCCACGCCGTAAAACACCCAACTTCT
GAATGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTNAAGCATATCA
ATAA

TTCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAAC
CCCTGTGAACATACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAA
ACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCT
GAGTAAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTG
GCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGC
GGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCGGGTTTGGTGT
TGGGGATCGGCGAGCCCTTGCGGCAAGCCGGCCCCGAAATCTAGTGGCGGT
CTCGCTGCAGCTTCCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGG
CGCGGCCAAGCCGTTAAACCCCCAACTTCTGAATGTGACCTCGGATC
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CCCCNTNCNCNTCNTNNCCCACCCCCNANACTCTNNNCNTNAGCTANACCC
GNNCNTTNCTCCCCNCCNACANACTCCCGTCNGNNTNNTGAGGNNGGGACN
TANNAANATANTNNAGANNNANATNCTCCGCANNCTNNNNNCGCNNNCAN
NTNNCNNGAANNNGNGNNATNGGNGGNGGGCNNANCCANNTNNNTAANN
GNNTNNTGNNNGTGAAAAACNNAANCNTCNNCNCNCCNCNNNTNNCTTNN
TNTNCCNTTCNNNATNGNNNCCNTACCCTGNCNCNGCTNNNATTNNCANNA
NNTCCNANNCTTNTNACNCTTNTNNNAAGCAGGTTNCCCNNNNNNNACGGT
NCNNATNGNGGCANNNCGTNNGNCNGCTNTCGGGNAGGNNTCGNGGNGCG
GGNANNTNAGTNNTGGNNGAAGAGCAGANGANNNTNGTNTTNAAANAAAN
NGNAATNNNNATGNNAACGNAAANATNNNNTNGNGNTNGAATAAGTANGN
NATANTNTAGTGANNTNANNNTNCGGTTNGTNNCNNGTCTAAGGANGGCAT
NTNTGTGNNNGNCAACNANACANANTNTNNANAANATCANCNTNTNTAGTT
ATGNTGNNCANCGCNNNCCCNCCGCCNTTACCNCNCCNTAGTCTCCTTCTAC
CCCCTTCNCTNCTNCCCCNCNNANCNCNACNNCCCNTTCNNGGGCNGTCGG
GNGCNNNCNNANANGNNNGCNNCNNATCNGTNTCNTGNNANNANGNTATN
TNNNNNGNTCCTNNNCNCTATCNNNTNNCTANNNNCTNCTCNNCCNNNTNT
CTCCTNTGNTCCGANNTTTCCNNNTGGTTANTTGNNANATTNAACAGNGNT
NNTNTNTGACNTAATCNNTNCTNTTNCTAGTCNTNTNCNNNNNCANANCAG
TNTNTNNNGCNNCNCNGGACNCACNGCCACNNNCNANNCGTCATANTNCN
NCATTAANCTNN

TATTGCNAACTCCCCGAANCANTGTNTTCCTTACCTCNAAAAGNTGCTTCNG
TNGNNCGGGGCCACAANNCNCCCCCCGGGCCCCCNAGCGGGGLCCGECCCGC
CNGNATGATNCCCAAACTCTTGATACTGTATGGNCTCTCNGAGTCNTCNGTA
CTGAATAAGTCNAAACTTTCAACAANNGATCTNTTGGTTCTGGCATCNANG
AATANCGCCATCGNAATGCGATAAGTAATGTGAATTGCNNAGATCANTGGA
NTCATCNAANCTTTGAAC

GTNCCCGGGANTNANTCCGGNTTTNAACTCCCAACCCAAATGTGTANCGTT
ACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCG
GACCAAGGCGCCCGCCGGNAGGACCAACCAAAACTCTTATTGTATACCCCC
TCGCGGGTTTTTTTATAATCNNANCCTTCTCGGCGCCTCTCGTAAGCGTTTC
GAAAATNNATCNCCCT
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d' U ’cf v Y dy d' [ 9 a a v U [ d‘ 9J
MIWN 11 ﬂ”lu”l‘ifiuﬂlmﬂsljﬂﬂl‘]fﬂi”mﬂﬂLLEJﬂhlﬂi]”lﬂﬂ‘Ll‘]_I'iL’Jiuﬁﬁllﬂuﬁzﬁu‘lu@"lﬁ"lil‘ﬂﬁﬁ‘lﬂcl%

1 [ v 1A I 1 14 I 1%
UAUAZIU 20 nsuneansiuuraimsvey una 39U

¥ 1 =) an
y WITnue (ASuse 50 aaans)

4 Y 4 Y 4 =
AIIN 1 AIIN 2 fAIIN 3 (DIEND)

0.1206 0.1070 0.1532 0.1269+0.0237

0.2786 0.2893 0.2778 0.2819+0.0064

0.3207 0.3167 0.3317 0.3230+0.0078

0.3037 0.2877 0.2870 0.2928+0.0094

I 0.1780 0.1704 0.1427 0.1637+0.0186

0.2281 0.2064 0.2124 0.2156+0.0112

I 0.1468 0.1363 0.1378 0.2832+0.0338

0.2334 0.2173 0.2137 0.2215+0.0105

0.2626 0.2726 0.2531 0.2628+0.0098

0.2860 0.2563 0.2643 0.2689+0.0154

0.3068 0.3025 0.3054 0.3049+0.0022

0.2804 0.3238 0.2372 0.2805+0.0433

0.1550 0.1683 0.1770 0.1668+0.0111

0.3328 0.3157 0.3341 0.3275+0.0103
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~ T A 49} A o 9 a a o U [ ~ 9 1
M1TWN 12 ﬂ"I‘WL’EJ“HGU’fNL%’EJiWTIﬂﬂllﬂﬂhlﬂinﬂﬂulliﬂm‘ﬂﬁ)uﬂu@]%31!11!@1‘1(?15“’7@31/]1‘]5“771!

[ [ L= I~ 1 J I~
AU 20 NFuAeans L uLrasT U Huna 3

[

U
2 Aoy
150 z 2 z 2 z 2 I
Asen 1 | asen2 | asens MAYLSD
I, 8.18 8.06 8.20 8.15+0.0757
L 7.27 7.32 7.43 7.34+0.0818
L 6.88 6.93 7.03 6.95+0.0764
I, 7.85 7.83 7.81 7.83+0.0200
L 7.70 7.47 7.95 7.71+£0.2400
I, 5.04 5.05 5.09 5.06+0.0265
L 5.90 5.80 6.02 4.69+0.6407
I, 7.53 7.32 7.60 7.48+0.1457
I 6.54 6.50 6.50 6.51+0.0231
L, 6.16 6.26 6.28 6.23+0.0643
L, 7.44 7.20 7.15 7.26+0.1550
I, 6.85 6.63 7.09 6.86+0.2301
L, 8.18 8.27 8.27 8.24+0.0519
T, 5.98 5.92 5.97 5.96+0.0321
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{ 1T Aa Ia a 4 { o a a2 @ v [
A1519% 13 ﬂ”lﬂi]ﬂiiMﬂjﬂﬂlﬂuhlcﬁﬂﬂuiéﬁmﬁﬂj@\1!“]45’031‘171ﬂﬂllﬂﬂllﬁji]”lﬂﬂulliL’Jﬂlﬁﬁllﬂuﬁzﬂlu

{ ' [ v 1A I 1 14 I [
clumwwmmﬁ“l%ﬁmumau 20 nuReanIuuvasnIsueu una 39U

p ANINTIN (YHANBIARDNT)
%0 y g 3 g 3 2
AN 1 | AIN2 | Asan3 (MAYLSD

I, 0.0000 0.0000 0.0000 0.0000+0.0000
L, 0.0119 0.0124 0.0155 0.0133+0.0020
L 0.0011 0.0016 0.0102 0.0043+0.0051
I, 0.0352 0.0343 0.0326 0.0340+0.0013
L 0.0181 0.0149 0.0061 0.0131+0.0062
I, 0.0364 0.0383 0.0368 0.0372+0.0010
L 0.0000 0.0000 0.0000 0.0000+0.0000
I 0.0120 0.0097 0.0125 0.0114+0.0015
I, 0.0282 0.0285 0.0298 0.0289+0.0009
L, 0.0329 0.0338 0.0327 0.0331+0.0006
L, 0.0435 0.0362 0.0312 0.0370+0.0062
I, 0.0345 0.0316 0.0374 0.0278+0.0029
L, 0.0000 0.0000 0.0000 0.0000+0.0000
T, 0.0381 0.0377 0.0359 0.0373+0.0012
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~ v ’cf o 9 dy = 9 1 4 a 1 g @
ATNN 14 AUIHUNDLVIIVDUYD I 1u'eJm15mam“lmmmmmau%u@mm Wuna 3 9w

carbon source

%

AN (NSuAe 50 Uaaans)

ﬂ%\i‘ﬁ 1 ﬂ%\i‘ﬁ 2 ﬂ%\iﬁ 3 méﬂiSD
JA 0.2606 0.2693 0.3668 | 0.2989+0.0589
GAR 0.3102 0.2962 0.2881 | 0.2982+0.0112
SHA 0.2835 0.2677 0.2931 | 0.2814+0.0128
BA 0.2328 0.283 0.3276 | 0.2811+0.0474

~ 1A dy = 9 1 4 a [ g Y]
ATINN 15 ANNIDFUDILYD I, 1u61w15Lwa’mimmmmmau%u@mm Wunan 39U

AN Y
carbon source 73 73 73 3
39N 1 AIIN 2 AIIN 3 RAYLESD
JA 6.43 6.45 6.61 6.50+0.0987
GAR 6.83 6.7 6.82 6.78+0.0723
SHA 6.22 6.21 6.22 6.22+0.0058
BA 6.3 6.24 6.18 6.24+0.0600

{ 1T Aa Ia a 4 { v 4 a
M3197 16 Ananssuvevou lsiduydavoude 1, luomsmadrildunasaiveusiia

J Id [
A9 1Hunan 3 u

ANINTIN (YHANBIAADNT)
carbon source z 73 73 3
39N 1 AIIN 2 AIIN 3 RAYLESD
JA 0.0158 0.0189 0.0154 0.0167+0.0019
GAR 0.0087 0.0168 0.0133 0.0129+0.0041
SHA 0.0157 0.0131 0.0114 0.0134+0.0022
BA 0.0005 0.0007 0.0006 0.0006+0.0001
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~ v ’cf o 9 dy = 9 v 4 a 1 g [
A1TNN 17 AU UNLUIUDIUYD T, 114'eJmTsmam“mmmmiuau%uﬂmm a3 9w

AN (NSude 50 Uaaans)
carbon source 7 3 7 3 7 1 1
Asan1 | asan2 | asans NAYLSD
JA 0.3249 0.2855 0.3091 0.3065+0.0198
GAR 0.3086 0.3058 0.3117 0.3087+0.0029
SHA 0.2566 0.2545 0.2071 0.23944+0.0280
BA 0.2386 0.2231 0.2658 0.2425+0.0216

~ T A dy = 9 1 4 a 1 g [
AT NN 18 AWDYUDIULD T, 1u'eJTm':imam“mmmmmau%uﬂmm e 37U

ALY
carbon source 73 73 73 3
39N 1 AIIN 2 AIIN 3 RAYLESD
JA 6.61 6.65 6.66 6.64+0.0265
GAR 6.40 6.07 6.08 6.18+0.1877
SHA 6.40 6.55 6.74 6.56+0.1703
BA 6.27 6.45 6.16 6.29+0.1464

{ 1T Aa Ia a 4 { v 4 a
A1519% 19 mﬂimiimamu”lmmugamﬁmmg% T, 111!’8]11415!1’7ﬂﬁﬁi%&tﬁﬁﬂﬂ”ﬁﬂ@u‘]juﬂ

J Id @
A1) 1Hunan 3 u

ANINTIN (gUANBIAADNT)
carbon source 73 73 73 3
39N 1 AIIN 2 39N 3 RAYLESD
JA 0.0124 0.0146 0.0135 0.0135+0.0011
GAR 0.0296 0.0282 0.0307 0.0295+0.0012
SHA 0.0092 0.0075 0.0024 0.0064+0.0035
BA 0.0042 0.0044 0.0041 0.0042+0.0001
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~ v ’cf o Y dy a Y = = Yy 9 J I [
AT NN 20 AU UNLWIUDIUYD T, IHQTWTSLﬁa’J%I‘Hﬂi%mfJiJi]“LJﬂ’J”I?JHJiJGUHG]N“] Wunmag

14 I [
Asveu \Wunm 37U

aundutuves aniniininda (nSude 50 aaans)

NTNOUIU

(N3usiodn?) adai1 | adeii2 | adiis AvLSD
20 0.4872 0.4709 0.4397 0.4659+0.0241
40 0.9405 1.1859 0.8775 1.0013+0.1629
60 1.3524 1.7595 1.8991 1.6703+0.2840
80 2.2866 2.0778 1.8935 2.0860+0.1967
100 3.0266 2.6868 3.2232 2.9789+0.2714

= A &
AN 21 AWLDYUDUYD T,

14 I [
Asveu \Wunm 37U

anuuduveq .

nyzneNIY . . .. . P

(udedas) | MWL | A2 | A3 MAg+SD
20 6.37 6.51 6.36 6.41+0.0839
40 5.26 6.3 5.81 5.79+0.5203
60 6.21 6.27 6.29 6.26+0.0416
80 6.46 7.25 7.24 6.98+0.4532
100 7.18 6.84 6.54 6.85+0.3202

{ J Id v
Tupmismadn ¥ ssifenduanuautua1eg Wunmas
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A 1T A Ia a dy A 9 = ~
M1319N 22 ﬂ”lﬂi]ﬂ5ﬁJGU’ENLE’Ju]l"MJ@uHaLHﬁ‘U@\‘IL‘H@ T, Tuermsmatnlenseinenauniy

9y 9 v I~ 1 I'd I~ @
WU UANY Wuurasmsveu Wunan 3 7u

aundufuves ANINTIY (glinnoliaaans)

AT

(nSudedas) afait 1 ataii 2 ataii 3 NA-LSD
20 0.0278 0.0267 0.0300 0.0282+0.0017
40 0.0427 0.0361 0.0226 0.0338+0.0103
60 0.0496 0.0255 0.0266 0.0339+0.0136
80 0.0218 0.0202 0.0002 0.0141+0.0120
100 0.0052 0.0057 0.0000 0.0036+0.0031

v 3 Y Y

A dy = 9 =\ =) [ T A I v
A1TNN 23 AMUINUNLUNIVDIUTD T, 1ummimmvﬂﬂm'5$mamu 40 nunoansluuvas

14 A1 A ' I [
ANTUDU NATNED TR Wuan 37U

ATNOY A (NSUAD 50 Uadans)

Gudu | adai1 | adaii2 | addits INABLSD
3 0.5334 0.5146 0.4996 0.5159+0.0169
4 0.4797 0.4782 0.4478 0.4686+0.0180
5 0.5066 0.5219 0.5275 0.5187+0.0108
6 0.4601 0.4504 0.5518 0.4874+0.0559
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A 1A d’} A 9 = ~ [ T A Id v 14
AT NN 24 ATNDYUDULD T, Tuomsmainlgnszifeuau 40 nSuN0ansULaIAITUOU

A~ T I @
NATNLBD YA N e 39U

Aoy Aoy

Guduy adan1 | adaii2 | adiis INABLSD
3 2.46 2.48 2.48 2.47+0.0115
4 3.81 4.17 3.82 3.93+0.2050
5 5.43 5.44 53 5.39+0.0781
6 6.51 6.70 6.57 6.59+0.0971

1A I 1 14 A~ T I @
A0aa I UIMaInIsTUDU NATNLBD YA N e 39U

ALY ANINTIN (YUANBIAADNT)

Gudy adai 1 A%aii 2 A%ai 3 IABLSD
3 0.0004 0.0003 0.0000 0.0002+0.0002
4 0.0044 0.0053 0.0036 0.0044+0.0008
5 0.0194 0.0239 0.0114 0.0182+0.0064
6 0.0189 0.0185 0.0189 0.0188+0.0002

d' =) Ja a dy d' 9 =) ~ [
A1TWN 25 mﬂﬂﬂiimmmu”lmmugamﬁmmwa T, Tuommnsmainlgnseinenau 40 NI



A1319N 26 AN

s =i
AITUDU NYUN

3 o Y

HIMUDUN

U
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dy A Y = =) [ 1T A Id v
JUDUYD T, Tuermsmatnlenszineuau 40 NSUN0ANTIIULTAY

Aa Id [
A9 1Hunan 3

QuUnN Anhminu (NSUAD 50 Haaans)

(°C) At 1 adaii2 | adaiis InABLSD
25 0.4979 0.4793 0.4927 0.4900-+0.0096
30 0.5524 0.5641 0.5379 0.5515+0.0131
35 0.411 0.4079 0.4447 | 0.4212+0.0204
40 0.2504 0.1637 0.2126 0.2089+0.0435

A1319N 27 AN

=\

A a I @
NYUNYJUAN e 39U

gUNYL GRITIGEY
(°C) adan1 | afaii2 | adiis InABLSD
25 6.65 6.46 6.74 6.62+0.1429
30 6.55 6.31 6.47 6.44+0.1222
35 7.11 6.86 6.96 6.98+0.1258
40 5.66 5.63 5.62 5.64+0.0208

4’1 Aq ¥ = = o 1T A Id v 4
1DYUDUYD T, 11!’8]11415Mﬁ31/]1‘b’ﬂ5$!1ﬂﬂ%%1! 40 nSuneansILuLrasnIsueu
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Y
a A

{ 1T Aa Ia { @
M1519% 28 Ananssuveuen lsiduyamaveuye T, luemnsmarnldnszifiondiu 40 nsu

U

1A I 1 14 A a I Y
A0aa I UIHaInITUDU NYUNHUANA e 39U

U

gungll MNINTTU (gllnnelaaans)

(°C) asai 1 | adait2 | el InHeSD
25 0.0032 0.0035 0.0035 0.0034+0.0002
30 0.0252 | 0.0251 | 0.0215 | 0.0240+0.0021
35 0.0203 0.0204 0.0213 0.0207+0.0006
40 0.0046 0.0036 0.0032 0.0038+0.0008

~ T ’cf ] 9 dy = 9 =1 = ] 1T A I T
AT NN 29 MUIHUNUKNIVDUYD T, 11!611415&146131/]1‘]1ﬂ5$ﬁ/]ﬂ%%1! 40 nyuneansiluLag

o A 3 ' 3 o
ANTUDU NANULIITDUA N !,‘]JL!!’JEH 37U

AMNSITOU A (NSUAD 50 Haaans)
(rpm) ﬂ%y’aﬁ 1 ﬂ%y’qﬁ 2 ﬂ%y’qﬁ 3 méﬁliSD
100 0.5263 0.5263 0.5273 0.5266+0.0006
150 0.4463 0.4951 0.4538 0.4651+0.0263
200 0.5595 0.4957 0.5295 0.5282+0.0319
250 0.5171 0.5353 0.5044 | 0.5189+0.0155
300 0.5129 0.4897 0.5316 0.5114+0.0210
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A 1A d’} A 9 = ~ [ 1T A Id T 14
AT NN 30 MWDFUDIULYD T, Tuomsmainlgnszifeuau 40 nSuneansItuLvasms ey

=i 3 ' I o
NANULTITOUAN L‘]JL!!,’JEH 379U

ANNIGTITOU Aoy
(rpm) ﬂ%y’qﬁ 1 ﬂ%y’qﬁ 2 ﬂ%y’qﬁ 3 méﬂiSD
100 6.52 6.42 6.43 6.46+0.0551
150 6.28 6.56 6.24 6.36+0.1744
200 6.49 6.59 6.61 6.56+0.0643
250 6.59 6.64 6.17 6.47+0.2581
300 6.64 6.61 6.39 6.55+0.1365

a 1A Ia a dy a 9 = ~ [
M13°19N 31 mﬂfuﬂ5mmmmu”lmmugmuﬁmmwa T, Tuomnsmadnlgnszienau 40 NI

1A I 1 14 A <3 T I @
A0aa I uIMaInIsTUOU NAIULTITOUAN Wuan 37U

AMNSITOU ANINTIN (YUANBIAADNT)
(rpm) ﬂ%y’aﬁ 1 ﬂ%y’aﬁ 2 ﬂ%y’qﬁ 3 méﬁliSD
100 0.0256 0.0247 0.0255 0.0253+0.0005
150 0.0263 0.0280 0.0242 0.0261+0.0019
200 0.0292 0.0325 0.0333 0.0317+0.0022
250 0.0310 0.0307 0.0279 0.0299+0.0017
300 0.0290 0.0335 0.0295 0.0307+0.0025




~ 1 ’cf o 9 4’1 = 9 =1 = o 1T A I 1
AT NN 32 MUIHUNUYNIVOUYD T, 11!’8]11415!14ﬂ’J‘I/]Gl‘]fﬂiszJlli]u40 nyuneansIuLag

M3VOU NIAAIE

3 AR (NSue 50 Uaaans)
a1 () 2 4 2 4 2 4 3
Asan1 | asan2 | asans NAGLSD
3 0.5279 0.5141 0.4967 0.5129+0.0156
4 0.4962 0.5317 0.505 0.5110+0.0185
5 0.5023 0.5113 0.5277 0.5138+0.0129
6 0.5208 0.5452 0.5252 0.5304+0.0130
7 0.5527 0.5784 0.5728 0.5680+0.0135
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A 1A 4’1 aAq ¥ = = o 1A Id v 14 a
AT NN 33 AN BUDUYD T, 1ummimmm“lﬂmizmammo NuReanTIuIHaInITUDU N

ELIGANR

3 ANLDY
1a1 () ) % 4 % 4 2
AsaN 1l | Asan2 | asw3 MALSD
3 6.58 6.53 6.48 6.53+0.0500
4 6.66 6.56 6.62 6.61+0.0503
5 6.71 6.72 6.67 6.70+0.0265
6 6.74 6.7 6.74 6.73+0.0231
7 6.76 6.75 6.8 6.77+0.0265
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A 1A Ia a 49; A 9 = ~ [
M1IN 34 mﬂfuﬂ5mmamu”lmmugamammwe T, 11!@11’?13L1’ia’31/11‘]5ﬂ5$mfJiLIi]Ll40 NIy

1T A I v 4 A v
aoansluLvasmsueu NLININ N

3 ANINTIN (gHANBIARDNT)
a1 () ) 2 4 2 4 3
ASIN1 | AsIN2 | Asan3 INAYLSD
3 0.0289 0.0290 0.0241 0.0274+0.0028
4 0.0278 0.0314 0.0319 0.0304+0.0022
5 0.0307 0.0315 0.0260 0.0294+0.0030
6 0.0330 0.0285 0.0306 0.03074+0.0023
7 0.0356 0.0401 0.0370 0.0376+0.0023
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