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to Entomopathogenic Fungi Production with Agricultural Waste
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Year 2017

Abstract

Palm Oil Mill Waste (POMW) are discharged from palm oil extraction process that
can be ahead utilization, because these wastes still contain elements of carbon and
nitrogen that microbes can use as substrates to grow and produce any products. This
study investigated the growth of entomopathogenic fungi and theirs optimum conditions
for degradation enzyme production. In addition, this study was to promote by-product
utilization and also to reduce cost for mass entomopathogenic fungal production for
using in agriculture in environmentally friendly way. Ten. strains of entomopathogenic
fungi consisting of 5 strains each of Metarhizium anisopliae (M8, M3, M6, M33 and
MNCBRC) and Beauveria bassiana (BPMC, B14532, B14841, B16041 and BNBCRC) were
evaluated to select the most effective strain showing highest cellulase and xylanase
activity. Then the selected strain was investigated pH and temperature optimization for
cellulase and xylanase activity by response surface methodology (RSM) using a factorial
central composite design (CCD). And it was studied on growth and conidia production
from 6 types of palm oil mil wastes such as DC decanter cake; POME: Palm oil mill
effluent; EFB: Empty fruit brunch; OPT: Oil palm trunk: Oil, OPF: Oil palm fiber and OPM:
Oil palm meal). The results showed that B. bassiana B14532 gave the highest cellulase
and xylanase at 3.59 and 39.00 U mLfl, respectively; therefore, it was selected to study
on the pH and temperature optimization for both enzyme activities. The optimum
conditions for higher cellulase activities (3.89 U mL") were pH (6.5)and 80 degree
Celsius. The optimum conditions for higher xylanase activities (41.01 U ML) were pH
(6.5) and 80 degree Celsius. The coefficient of determination (R)) was 0.96 for the RSM
model fit to data. In solid cultivation, after 8. bassiana B14532 was cultured on 6 types
for 15 days, 30+2 degree Celsius. It found that B. bassiana B14532 gave the highest radial
growth (1.90-3.26 cm mU’) and highest conidia concentration (4.20 x 10" conidia ml") in
decanter cake (DC). While the lowest radial growth (1.12-120 cm mi) and lowest

conidia concentration (1.20 x 10 conidia ml’) in oil palm trunk (OPT).
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(EC 3.2.1.0)) Faunguieulal (multiple enzyme) fiusznauetauled 3 wila (OuITensHanem
uaamﬂmﬂmaaLﬁamimwmLLazqmmmimmw3, 2548) laun (1) Endo-l,&B—D—gtucanase il
wﬁwﬁeja&ﬂmaqamamaqiaaﬁ”’ﬂugﬂﬁLﬂusuﬁammxhjvﬁuiuﬂau (amorphous) saviilanavesala
TeaTnuwe? (cellooligomen) s B-1,4 LUUFNIINIMIuUAE3A9 (Reducing  End) yosa el
wagladlfilualalules wagledlnuad (oligomen) (2) Exo-14-B-D-glucanase 3o Endo-14- B-0-
glucancellobiohydrolase (CMCase (CBH)) yanthidesaaneledlnuaaalsnuay Lszsaaiaa’l,w,ﬂasmmu

walalulea sumeivhaudunuudy (random) Tagagyhaiusauiuiy endo-1,4-B-D-glucanase (3)

B-D-glucoside glucanohydrolase vintinfigseaatoivalalulaauay walaledlnuananlss
(cellooligosaccharide) IﬁLﬂﬁauﬂuﬂqIﬂa (1uITe AMSNAALENIUDAINNAINVBRFINITNYATLAE
YRAMNTINNYNS, 2548)

Tusssurpsidiiienansviisannssaduauleidesanowaglodld 1wy dnivzialungs

L4

W2paaven (tunicate) weevnndn® (Achatinafulica) uazqauniduarpeinnaiiidulsiada

1

wuATISe woaRlutBdn wavos Qﬁum‘%éLLmawﬁmﬁa%ﬁaLaul‘uﬂ L%aQLaaﬁﬁmmmmadumaEJaEJa

1 Qs

apuAnANfuIuTUansIndouigAunSdantuaiyeg wududes (celllulolytic  fung) Hu
ﬁgauﬁéﬂmmiaa%’maulszjﬁwaqLaalé‘tuﬂ‘%mzuﬁmrmdnaw?é‘uﬁmﬁu 7 wulrdwageadiulvg
[~ L4 v & L3 =l 5 s 1 L4 L2 b4
Juendndnaagansieulmi (extracellular - enzyme) Ad wasduaeoulasieanuiueniwad Ml
avandensusnuazdndenansiuiiiussansnnilumsdesaneiaglaa wasazninganIsuL

wanouleigaquaaielilumsdnu vieldlugramnisu (Wns1, 2548)



2.1.2 woulwallgaiiua

oulsiloauaiueulsivdnlungulsarlulafneulediiunumddgsontsdeslauau i
JuesAusznoundnveusiivaglaaussinuiosas 1530 uaz 7-12 M LT PUE U I UL
Tuntowadiie Suedonduinalelaa swusznoundnveslelaa Ao leuau Fadu xylopyranose
unit  Waudedusiewusy B-D-1,4-lnkage 162)LLau%ﬁIﬂiﬁa%fwLwﬁauﬁuazmnﬁuﬁmgﬁaﬁ%u 7
Usznauseinaavansuiln wu lelaa nglaa uuulua nuaalna wazarsiUlua (Tsao et al,, 1993 814
TABLUYRITIO Tewdl, 2534) LLazﬁﬁaﬁwuLﬂufwmnaLLasaqﬁuémaqﬁﬁmaﬂnﬁmmq q 1wy tmaeysnd
Tua unznsangeglslin (Jusiu (Sunna and Antranikian, 1997) msgeslauausthadiuszdviainses
ardemsvauTiniuveseulsiviinsig 9 Tungulaaiua (xylanolytic enzyme system) Feanunsn

wUslenil 2 naw Ao (1) nquiidenlassairmdnueslauau Tiun eulsdwdlalagioa (B-xylosidase;

¢ a o A

EC 3.2.1.37) uarlvanua (xylanase; EC 3.2.1.8) fafueulnifiddniignlunisdeslauau uag (2)
naufigesamensiusedlawau Tun ulsioyinTluyaluding (arabinofuranosidase; EC 3.2.1.55)
5aW1ﬂ§@IiﬁLma (a-glucuronosidase;  EC 3.2.1.99) uazosiavialodnalsd (acetyl esterase; EC
3.1.1.72)

dmiussnumaiieulmilsanualddssynaldlugaaivnisusng q 1wy Freandinnu
padulumavendidenseae Wuiueuledisngaaiazmeivlunshlidnalivaslndla @iely,
1985) UuugsRanmemsdnidmiuia nszla wy 1 uazln (Diebold et al, 2005) Y3uUys
annm voautlsandyRuiteliuunlilqudnvay Ui dnuasduda way staling A (Sunna
and Antranikian, 1997) waziUdsulsuanluaawdeimananasi Sundnsusfitiyadigs 1wy o
yuea ledvea wastmalelaledlnudnailse (Coughlan and Hazlewood, 1993) Wusiu Javhlifianny
thaulafiaziianimuvdomnensineasuildusslowl Fatloytuiimairianumardulfduduansn
dwiuieulssl nduiideswaglaauazisfiwaglaaluaniueagioa Tnerdnfasildifuimasiase 9
(Basal et al,, 2011; Mussatto et al,, 2011)

atlAseidnudnenmnsnamelesivewdegaunidieliiduyselonilunsdesaans
fannsineasiitanlusaglaaduesdussney ldud msfnwinsadamedinm Tagldiloldfauiiuiu
anmgngleth Wunan 72 $3lus fgamgil 45 ssaniwaies mnduldieuluiiwagiea uaziudnglea
Fua wWisusufunmsusaniwdigamaiinng 190-220 serueaidea e 5-10 wil was dawles
oenles 0-10 Woidud Fmuin nsdetamesseuladansiisuiinaumsussneuluanaiien
vaandlulamsnlaaa 55 Weddus uazamnsoinuIinufedinwldda 304 mL/gODM (Janzon et
al,. 2013) wenanil msLLU3amwLﬁaﬁqﬁ'mcﬂLLaz%awﬁmumﬂ%uﬁadauﬁ%L‘ﬁwginizmummam
festinu lastasaaiuniy Celu-star XL way Agropect pomace (3:1, v/v) endoglucanase xylanase
way pectinase WaliuUsEANSAMNSHAR AT Y wuiian 24 $2las Susgansamlunisdey

amogean laganunsadiiuSinanhmalimanadealdganinfilbivhnsdesaansmeeulal wihiuses



889 uay 59.4 sy wazilewd mm*ﬂummwamm%amwwu“’x Asusneeanade
ﬂssmwa’\mmmeﬂizammwmimammsejﬂmmwlmwnﬂ‘u 18339 fladans/nsudled-Tu laed
a13dunigndoudngzuuinnu 5.43 nYdles/Ans-Yu IUSuunandaftedivuinfu 121.47

o a

fiaddass/nSudlef-Tu (Zieminski et al,, 2012)

2.2 Yaseiifinadensuameoulvdiuagiad waztoulzslloaus

'
@ =

Tunsnameulelivagiaa uarlsanuanindoqaunsd Hedudrdayfirugunisnaniouled

o

v
= 1 [

ysnanaztuagfuaeiuguesdunigua Feduegiiutladebus 8n 1oy AinATNTUYDINNAT
Aduoy unadlulnsiau simenandn uarsmemsTed SalUBEnIMLIAGENNIHAR Faloun o1

LarUSinamoadasudy asidunsadusia (pH) gamall nslienna LaZERIINILVEN

2.2.1 UNEIAITUDY
Laulszm’lsaamuaL%ulmiaiulaamauiajﬂmmsa&iaal%LLau Tpodasaaslgvanuazlaay

o

ImanamaalsﬂaaaanmuaﬂLszjaa AAUMSEnaneriaateT LuATSBuazueanlutsanadrsoulmdly

q
1%

aua Lwaaaaamalem,l,aulwﬂawLUummalqsIaaLLaviaaTmLszmmlwmm ¢ fleannumasaivey
Huurasemsninasenisasgiaynisnaneuluileaua Was1auLafinuIasnsagspaanadn
luiwaglaa WuwInSyRy W warlsidauds (Kluczek 2007). atesguuanvaiieun M
anisopliae wag B. bassiana Fa.tulledn Fosuvant (Kaur et al, 2007). ). Tnelanizides .
bassiana wmmiaﬂamﬂaaaLaulszmLszjaaLaalmﬂsmmaﬂuauamemmﬂLawfnaiwuﬂulﬂlm 4-5
TJu (Leopold and SamsiNakova, 1970) uanmﬂu Juhasz warame (2005) TAvin1sANYIGNYIZUDY
LaulsnﬁmaaLaaﬁmémlﬁmm’gaiwfﬁ’ﬁmisﬂﬁsu Trichoderma reesei RUT €30 Tagvhnismunasyile
293AN5UBU (carbon source) wmmmwawm’lﬁﬁa T reesei RUT €30 fanuaimnsalunisuén
auleumjamaamﬂwam Tapuvasensuauildleun Fuauludy, duman, Fadnlne waz Solka Floc R
mmmmmummuum‘tmﬂuauameuumaammmumiLqusiJmamwm%amau INANTANY
WU mmﬂwmﬂuwaqmiuawmmzawqmmwﬂw T reesei RUT C30 fipnuaiunsalunisuan

wulwliwagiaa unWign d@u Solka Flo, s wazduavludulrianssueulisosasnnnua ey



2.2.2. uwnaslulasiau

mﬁm:nﬁﬁ]ﬂiimlsamLuau,a“maaLaamﬂmﬂ%uamimﬁw%ﬁLWmeuLmd@"LuImmuLﬁu
252.82 uay 4.15 gilasenduduainsyn amany LLayLua“lmmiamﬂiiulﬁumLuau,a \wagiaa iy
161.53 uag 8.75 gimsoniuduainsy auandiy (Usnauseln, 2546) wanaNg N1sANBILNAY
Tulpsiauimnzausemsnanoulsdlgaua Tnensinieiaes Fusarium moniliforme TISTR 3175
TUaNEANIVINLUTBIMN ST Selaindurdeleaenlensenlaaaududu 1 Wesidud Lan
0.5 Flunduuviasasusy Tosfauiutugy 70 Wesidus wazineuluioudamauasgiiodu

=

wadulasiuiianudududesas 1 Woildus nan1s@nw wuan nsiduenludondammduunda
TulpseulkinssaleauaganiimisidgivedsiidodAgmneais wasudininnswsdeaie
F. moniliforme \Jurian 3 Tu wui Ferannsondseulsilaanualananssulyaiua wiiiu 920
glmsaniuduansy yazidewisuiisuiumsldgidoduunaslulasisunudy Has1ansonan

sulesleanua laananssulsanua dawiniu 602 yinseniududanm (nudl warAne, 2546)

2.2.3 ASLUIUNIININ

ﬂszmumwﬂﬂLLUU@’]WSLL‘?Qﬁmmmmza@ﬂ,umsNS@Laulsvﬁluﬁammié'm’S TnaLovlaii
BRgnnsEUIUM IS LUUa sl iy weulesl axluaa, wagiea, lUsiea, louauid uag
afuiua [Wudu (Graminha tagany, 2008) mimf?mLaulfafwfdaqt.aammsﬂ%ﬁ;aw%‘zﬂﬁﬁu’qLmﬂﬁﬁ'a
WAz UNIIHER Imaqéuw%éﬂizmmwﬁamwmmmw?mLaul%ﬁmaaut,aalﬁ \u Trichoderma,
Aspergillus, ~ Penicillium — Wwag Fusarium Tauau3s8vee Shah — wazAmg (2005) laniniswsin
Aspergillus spp. MPS-002 g3 UUeIILEs wudinsEuIumsrinLuueIsudeina
sngaslumsrdaevleiioagiaa warlinuidenuimssdneouleivagad 91031 Trichoderma
reosei OMY-1 gheiEmsviinuuuawnsudsazannsandaeuled lnnnimsuinuuuemnsivan

72% (Chahal wazAtuy, 1984)

2.2.4 qungll

nMsiseees Singh wagz Anz wuleulullowauiuaszgey aidsAanssuveseulelogia
mmi’mammuaﬂmw 50 o3ALwaLTed (Singh way A 2000) msﬂﬂmmiamaamﬂiimaa
ulydigagiad ‘mmLﬂulﬂmuﬂgmmauﬂwuﬂmammimaqLaulsumsaamam zanauilongly
annyiioumgiigandt 50 ssmeaided u,azummﬂismauaulmqaqmmmmm 40 BeFLTALTYE
(Carnimal. 1984) s2ulUanu3duves Coral uavame (2003) wuineululiwagiadann T. ressi 93

anydofnssuveneuluiiioagluannziiguugiigani 50 paAaLdea

9 U



2.2.5 pH

= al & i

f1 pH Tinasemsisiyesgiuvsduasmahauveaouled Fsnsidsateqdunidunazein
9719ile pH Funnzausensdyinanseiu 1y Mawadza uwaganiz (2000) 57897010 Fouuaiise
Bacillus sp. CHA3 uag HRES Hnsndnteulefleanualdi pH 6-8 vaur#t Bacillus sp. NCIM59 W@
oulasilwaniuald@di pH 5-10 (Nath and Rao, 2001) dwiuieulnlwagiad anunsnvhaulaluen pH
H19ni1eUszann 4.8-8 uagAn pH pradsuutadlusminmadsaiuuinagiunid dmsuiden

WU f pH Fienfianuimnzaudentsnaneulaiiwagiaa (Mandels and Weber, 1969)

23 amassueanlunsudseulesi@nluwagiad

mMsfnwnUIeuifisunsldiansianieg Wuundsansuew wuin Fusarium - moniliforme
TISTR 3175 dwnzidssdaevsinduuvasaiivey aunsordnouledlvanuald 917 giase
duaasy aamﬂma’[mwun gugduas dneuTa ANE1GY gradpananisdniieliwaglaagani
$19173 S‘UQ’\‘HLLa”NﬂGIU?j’M dunanisisoy suuvastulasou weulullsudaws wag mia‘vﬂ,‘u
WNzEsaRes) wuIn F. moniliforme TISTR 3175 Lol davinduumadiulpsiuiidesannse
nanluanudld 1,480 glnsieduanIy qamwmahgwaL"LJuLmaaluTmLf\]u mumswmmﬁmluimwu
wazfuzduiduasdusznavluweuludondaminganiogiie drunisiSpuiiisunistdvinedna $197
FwanInaussmelafeulansenlannuin Wosaansonaniaauanc ﬁfﬂﬂiﬁuqmdwmaw%'w%mmuﬁ
WaIPsuauEEnsRuLaznIs NI NUALraIATUBY R AR BRY A8t ML MITRI LT
Toduslansenles 1 Wesdudduna 05 Hluaduumsseniuou o5 F. moniliforme TISTR 3175
mmsamamLaulmm‘lmmmalﬁﬁﬁaﬂssuqamfﬁmiLvﬂmawlamanlsnﬁﬁnm 1 waz 1.5 talas
ANAGU (AWl Uay Ay, 2549)

amaswmm aﬂumsmamaulsum%at.aa ey Laulszjmlsamma%aﬂma Bacillus  subtilis
AHT3 Sretifdlssnuanmintuuiduuiines 50 fadans laiinisdonns Lidululasu weids
anzuaadsunaslse wniidoudamnelvzlamin Wueaduulalalasaunoans Talnunaides
1glasiauneauna wagdidud USuna 0.3 0.3 1.0 1.0 uay 15 niusiedns audwiu USue pH 7 5.0
Uuii3osegsugll 45 serEadyanausl 200 seudeud Wuian 36 Halug HANTNAADY
wuin e B subtilis  AH73 Wheulwliwagiaa 1.02  giiedefiaddns waziewludleaua 0.99
gﬁmﬁiaﬁaéémmmzﬁl,ijmgm‘luﬂ%mm 2 Ans Wunsionma 3 Usinasseusuinsdouil fiensns
U 100 SoUsBUT WUt Bedndmannsanamelesivagiaa 1.72 yilarefiaddns uaziouluily

anua 1.09 yilnsediadins (Fuvir, 2554)



10

2.4 Uselewiiuazmsuszgndldaulasiivagiad

Yagruinistieuluiiagioa viegdunsdi aunsnaieuleddoaansiaglaalely
gra IS wasinwasnsay Loy nisldlumsaansiedn LAZATNIMARIINLNEATNTTY N3toBvELTY
{Jovsin Wudu fregramsldusgleniliun
1. @RAMNTINNTEANY woinevlsiwagaaunsiafuanyaniidudisannanlunsi (beating time)
wazdedle (grease resistance) Mlvinszavilamnma
2. lunszvaunisthdnaszUes
3 lunsasatiualiiuien uazsiilila (extraction and clarification of juice) il walii
Induiedei
4. LaulszmLsaaaLaamm’(,‘nLﬂumuﬁivnau‘lumumLﬂiau (septlc tank)
5. woulwsliwagiaadnn Trichoderma reesei deamentagadiy nilvidnsden Tslanarad
(protoplast) ‘uaawjaawsuaawummumwLUuUazimuwmmmamsmwmLLmulwm
6. I4lugramnssuemns Liu QAN FIULATEIAY

v &

7. dreiiusnsnsteslugeamnssuaImIan]

8. IlunszuIunsnanueanagedanuaasyie
9. ’L‘z?ﬁlauw%'éﬁa%’wLaul%ﬁLsﬁaqLaaqumawwﬂiiumsmﬁmijwﬁﬂ

3
2

10. uaﬂmﬂﬁﬁqﬁmsmLau"Lsnm‘L%aQLaammﬁmLﬂ‘umﬁnﬁw Tosldoulas Lszjaqt,aas'mﬁumul%ﬂ%ﬁm

Sugnsdusduanlunszinng wavyiuane 1N ILULNe Lﬁaqmm,aulsaﬁmaqt,aalﬂsJamé’u”L&ﬂﬁ

a

2.5 Yaunisiiaveuleiiagiad

q

maammmaaiaauaﬂwmﬂmaaswmamumam aaumé‘lmmmsmmaL%aﬁlﬁiﬂamia

muuﬁlaumamaaasw extracellular enzyme aaﬂmaaaLsnaaiaalwLﬂumsﬁsvnauauw%éﬁazmam
1¢ wazannsosudlvlueadld wuluifdesaaewaglaaldisondt wulwsiwagiaa AT invans
sisatrneulasily (wsmm, 2528) qduvddduiriiarwddylunisdesaanoiwagladun @uvsg
Mma‘uﬁﬂﬁa%aLaulszjﬁmaqLaaLﬁasiasJammsvagiaaﬂﬂag‘l,unajm%asﬂ wuaiise wazuendlutedn o

§1979% 1



et 1 Qauidfiannsondaouleivagadla
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1931 \auuane \Waraan ludydn
Alternaria sp. Bacillus sp. Micrormonospora sp.

Aspergillus sp.

Chaetomium sp.

Corprinus sp.
Foames sp.

Fusarium sp.

Myrothecium sp.

Penicillium sp.

Polyporus sp.

Cellulomonas sp.

Clostridium sp.

Corynebacterium sp.

Cytophaga sp.
Polyangium sp.
Pseudomonas sp.
Sporocytophasa sp.
Vibrio sp.

Nocardia sp.

Streptomyces sp.

Streotosporangium sp.

Rhizoctonia sp.
Sporotrichum sp.
Thielavia sp.
Trametes sp.
Trichothecium sp.
Trichoderma sp.
Verticillium sp.

Zygorhynchus sp.

1 Weww (2538)

2.6 WoT 12U

Fosgnuandudesanvglsaunafilan 1wz et unaes Wi uis 15 WU anueu
& v & o g & ¥ 10 ) . v
Fugy Wnedenidummeedsauuai ansadhgsrnioveuuadd Tasunmegehudluns
Alaarlviasydulameluswaslagazaineansivy (Toxin) Vaneuiodauasseuun1ee YilAkias
e mMsiAslsArenasAnldruarTIng Weuasseuue waslddudadionlaunst lngamziiode
segluanmundeniinewnsunnisaigesiauguusanniy dwiuesuaideminnniuau

LLmaaﬁmgﬂ‘uﬁé’aﬁ



26.1 Wwasnbavnalde B. bassiana

Zos1 B. bassiana mmaﬂaﬂamammaiwn LﬂumaiwﬁimLmu‘LumsmmaLmaﬂé’aéwﬁ
UYsgdnsnw Fasaiatiasalaludiu uaﬂiﬁmuﬂﬁiL‘ﬂ‘jiU‘UENLausLEJLUUﬁ‘U’YJ yeednAnsenu Nanuue
avosusolaliine Guuuuien dfuglaiive LaraiRUTEnauDY 9 (i 2n) Fudasviataninn
SratsuuadlinalessegnITIasgYeILNal Lazviatgunamatgyiia Lawn Lepidoptera,
Hymenopterta, Coleoptera wagleptinotarsa (Harris et al,, 2000, Fernandez et al, 2001,
Mannion et al, 2001, Phoofolo et al., 2001) AUy awﬁmw‘lumsmmuLmammmﬂ WU NUBU

tY

Aseeein (cutworm, Spodoptera litura) 1833 80 Wasidud (Petlamul and Poonsuk, 2012) 3aulel

&

ol Iu{]ﬁlﬁmumﬂmmaiw B. bassiana 1aguanuaulalusgiann IﬂaLawwz‘lumaaﬁaﬁlﬂuﬂima
nunsUasnansie veInEnIBuNIe Fiides B. bassiana lﬁaﬂﬂ’]mL?:w,ﬁuﬂ%mmé’wmﬂmnau
ALAULADS LLaxﬁwﬁwmmamlalmwumtﬂmacﬂmwmaamamﬁmwmma\ﬂswmaﬂ@ﬁwﬁumém Na
AINAABINUIN L"gamﬁanaSaa’mﬁameﬂimmmimamaﬂaﬂﬂ 1.80x10° aussseniu lunin

vﬂauauﬂuma%ﬁamﬁa Ty wazwunidsndama Tudsuim 080 210 uae 0.75 NSUFBEANT
auansiu (Petlamul and Prasertsan, 2014a) LLaJmUimgumiwamaﬂasmmu 446x10 auaine
RRRLGE LﬁaLSm’lum‘maaﬂmmamumuwaﬂmNammﬂsﬂmmu Fielwunawonlumsn Badanauay
Laadeunaslse Tuuduia 3.60 4.55 wag 0.75 nYusiaans muaRu (Petlamul and Prasertsan,

2014b)

262 wasnualadey M. anisopliae

Was1 M. anisopliae 1) onengnagnadiasides Hudesifannsoviaisuuadldvansyiia
anmLUumamww“Laaﬂmw Laznumluludu lugiaeamsasgises Sugy wuin dnvauzlailine
seudoswinil Sdun waziiiosaiule mawﬂsmmmmu seianwaslaidodudidendy Tnela

Auidnenniing Mdesweiuluae Wwinyanmuglailpie (Augustyniuk-Kram, 2002) (MW 2)

=

W5 i ﬁNLUumammLmaaaﬂ%uwuwuﬂizawﬁmw LLavlmummuaumlﬂlsﬂuiﬂwaaami

[

?J’J‘U‘VWEJ?J”ILL%J@Q ’s‘l’lﬁiUI’?ﬂUﬂ’ﬁﬂ’J'Uﬂ?,JLLlIaQﬂ@i‘Vlﬁ’]ﬂm“ﬂﬁ%ﬂiﬁ%ﬂ’ﬂﬂ’)ﬂ‘ﬁ’)?ﬁ I@ULLN@Qﬂ@iW’UVla’]ﬂﬁU

AV
[%

‘vmmsmwmﬁmmsamuaﬂm LU LWﬁUﬂi“‘Iﬂﬂa‘U’]Gﬂa Lwamﬂau LWﬁEJLL{]Q ‘wuaumulu NUBUND




(M)

AT 2 A SNWaEIBNT e Beauveria bassiana ﬁ’m@ﬂﬁﬁa (AE) uaz lediide (F) v: dnwaiy
Y0851 Metarhizium anisopliae, fnuglatidie (A, O wasleilide (8, D)

ﬁm: Tzean wavAne (1997)

Audunalnmsvansunasuesling B. bassiana War M. anisopliae Aandaaniialssved
\WesiRenananaTadfuuag aUa%azaaﬂLmamqmué’ﬁaLmauﬁﬂlﬂmﬂuéﬁﬁ’;umLf\ﬁzylﬁ‘uimL‘T‘Ju
e vhanswadiadentlusvouas dliusaalusumaasanglluiian VEIINUUAINBUA?

Fos1aradiaavesunsnszanulinusIsued (n1wi 3) L@um35%71ammauqa’tﬁuda:uuﬁnfﬁ"mm

WNuRsianely
%gen’n conidia
Mrumpevmm\\
/,___,h\‘f’:aﬁ'/_\\x\‘
ganminating hemococ! Q
spore x // conidia
host host K ggg
b penelration. desth @
fastospores secondary {tertiary,...} conldia
parasitic phase , saprophitic phase .

A 3 9STINVRATDI LAY

fian: Augustyniuk-Kram uag Kram (2012)



14

2.7 anluiwaglas
iacﬂmqmimwws“ﬂaué’wmaa“ﬁaaL‘f)u’[,wm‘ warilouauidussausznaundnlu 1adl
waglaa lnsdiuusznouns 9 agsIuiueg1dudou muuaé N3¢ “ﬁagjmuﬁﬁmwaﬁqﬁawém

Laulszmwaﬂaumﬂulfaaﬂulammta Lsuaaialamﬂaanmaaaaammammqmimwm et T4 lunns

= a

\a3ey sefuuiezmadenaunidlumanniveuiilluaaglaavielauau Bulesifqduniduin
penunaziiisaesndy fs1e9win crude enzyme Pngaunididevaatsiagladidansadovaais
Tnaulagury iesnnlawawduansysenauuszian heteropolysaccharide fiusznausienediues
yauhmalalaadeusatufoiuse B-1,4 linkage warfienndudoumsziingunuiivansuiln wu
acetyl, arabinosyl Wag glucuronosyl residues Tugnsndniiuanseiy Tusvunasiiinvelauau
tuq ’Lumsejaaamaa'ﬁﬂszﬂaulmau’[.ﬁamgsahfu Paunidenag dnwdmaulesdlaanuaseni
1nA3 1 B9 Wy Pseudomonas fluorescens wamduladloaua A, B, C uaz D (Tomme LAz

iz, 1995) Thermoanaerobacterium saccharolyticum B6A-RI nanduledleatuasgiaion 6 wiln

(Lee wazAmy, 1993) AanIdunISurazuianan laugeenuaninna 1 yfatuiilnsanlaanius

5 q

(%
a

#1397 qauw‘%éLL@iamﬁmmEmummmsJ'aaamaawaﬂsznaulmau’luﬁwLmﬂﬁimﬂmqﬁu (Wong
savame, 1998) drudleld xylanase multiplicity isoenzyme ANsUpBEAL INRRUNIINITNEATIY
Aodetu uanmﬂﬁmﬁéaaammmﬁmaugifﬂ?jasﬁmﬁaLéulsvﬁmmmﬁmmsﬁuwaﬁLmﬂmlsﬁif’ilzi
avanin (rwin wagAne, 1994; Ratanakhanokehai Wagaey, 1999) Tnwdufignslunsianizasifiy
anailndde serinadulesifuduiansaliunnty ddnuamlunisdesemegs ansofmuidldo
Srumalulad Frnwldnanausziny (Bajpai, 1997; Biely, 1985; Kulkani wavansz, 1999) TAeng
ﬂ’ﬂiﬂ‘t’fmmﬂumsﬂ%’U‘Usﬂqmmw«uawamﬁmﬂﬁqﬁu SR ANN N8I wieamusinmueninde
Udsyesnanlsiny asldsumnuaulanin esnidudsdiidnsssumalidelifamuuiieiy
danden uarlifiufisenguuse Jafimaimuethwaienioliannsahlvldlidasdugaaimnssy
wazluselonigean ﬁm%’ui’aﬂmwmﬁamamamwmmaaﬂi:mﬂlmﬁﬁ@'{ﬂaquaLﬂu%umaﬁlﬁmﬂ
NSLUIUNMINEAVNGAAMNTINNITNYAS Fednilngfiosduseneundnvesdnluwaglad du gy 472
drsiutndy uewin Sudivzuda $1lna drdas ihe famdeazdnin lneuinuiagavmvaon
msinemsddiuinaanniimafisgemmdunsilyle

ar

2.8 'aamLﬂvmﬁamamsmwsﬂi:mwanh waglas

s

’)ﬁﬂLﬂi‘)LViaaW’Nﬂ’ﬁLmﬂG\iﬂ@ wawaa&Jlmwmmyuaﬂmuamnwawammﬁmwm ’JE‘WT’WN

ANTNERTUTE ﬂaumaaﬂluwaaiaa eawmam ‘mmaaumawﬂsmaumwnaa‘iaa LL@“LSML%@@I@E‘M

Usenoudnsleuay Tuasiosduseneveesiniiu anluwaglaagndesaaediseuleinguinluieag

g Fudunduevluflslnsiaafivszneudisoulesivndn 3 wila loud lwagiaa (endo-1,4-B-D-
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clucanase; EC 3.2.1.4) lwaua (endo—l,ﬂ,—B—D—xylanase; EC 3.2.1.8) nazkuuuiiud (mannan
endo-1,4- B—D—mannosidase; EC 3.2.1.78) (Gubitz et al., 1997) miv‘hmwmLaulmﬁﬁammﬁm::
devampuuuduneluaslanaveddasaimdnussasysenoudinlugaglaa il ndm ey
drenalealnudnailsnaisdu (Zakaria et al, 1998)

a ¢

idlesnanlumaglaaiidiuuszneuiiogsaniuedadudou FafugduvsdifiegmussauuAdeioman

9

Sulmifanduitiulvanluladnuasiaglalafinesnuedosaais Tagnisnainyns el luns
Wiy Aefuwineswsdsndunisluuvasaniveundusaglaavielouay Bulmifieduvsdudn
ponuariivisasngy §eluseiugramnsmuiléfanauindomaninnunsazlinnuaulslunis
Ussgndldieulesiivagiad warlvaniua lunssuiunisudn (Kheng and Omar, 2005) dinsannlaau
Huansusznauusziam heteropolysaccharide Usznaumewedues yoathenalelaaifousetuie
Wwuse B-1,4 linkage LLa:ﬁmmsﬁu%’aumeﬁwy}muﬁwawwﬁm Wi acetyl, arabinosyl uaw
glucuronosyl residues lusnsduiiuansreiu Fuiuumdiiuvesleuautug
lumse}aaamamsﬂizﬂaulsmaulﬁamgigﬁﬁ”’u Qaunidsingy dnudsduluilvatuasenin
11nA77 1 9le Wiy Pseudomonas fluorescens nasauleileaniua A, B, C wag D (Tomme uaz
AMlE, 1995) Thermoanaerobacterium saccharolyticum BOA-R pasduledlaanuastiales 6

a

iln (Lee wazamy, 1993) anvafigauvisdurasafiandalvauasanunuinnii 1 gipuuLinly

q

£
<2 1

anuarne 9 ﬁgauw%'zhwiawﬁ@m5muawmsaaaaamsJmiﬂssﬂa‘ulsuLLau‘luﬁumﬂeﬁLmndNﬁu
(Wong wagey, 1998) wawileld xylanase “multiplicity isoenzyme msgosaansingauns
mMsineRsIuindety uaﬂmm‘jmieJaaamaamﬁwauysaﬁ?jaﬁwﬁaL@‘iulsnﬁmmsa‘émmzﬁ’uwaﬁLmﬂ
alsailsazanstin (Irwin wazAnz, 1994; Ratanakhanokchai kagAniy, 1999) Tngduidaelunsea
mzaziualndde sewhaduledfuduiansalinnty fifnen nlunisgesaaisds anunsowmul
Ul ugumalulaidinwlsvatsyUssiny (Bajpai, 1997; Biely, 1985; Kulkani uazaguz, 1999) Toe
miﬁwlﬂ‘bﬁmwﬁumiﬂ%U'Uiqﬂﬂmnwwmaamémﬁmm“lﬁqvﬁu LA LAIM9871 wieanUSiesmeai
Suiiudeynanainlsiny sdgsuanuailaunn wewniduddildansssumilineliinaiuntuiy
fudauwndou warldfiufizesuuss Zaiimswaunegresaidoaialdausailyldldeiely
gravnssu uavlyiuszlevgegn

AwSulsEmaLnEnInssNagIUsTIAlnY Tuszrvuninnitsoyas 50 fiusznauann
LAWAINTTY iaqmﬁal%mamémw3*7im§mma1uﬂmw1 wu vhedn wnau mndes n1n lo uaz
neateUdy 1usu %ﬁﬂ%mmﬁLLUiﬁu“fuagjﬁuﬂ%mmmamﬁmmamsmwmmaaﬂszmﬂ fnsuunle
Usglomhfudiutes %alﬁgﬂﬂdaaﬁdlﬂuﬁyuﬁwaxﬂqﬂm%'agmmﬁa Jagiuianimumdoninisinens
mzﬂ,uﬂs:mmizé’mﬂizmaasﬁwmm %uagjﬁuﬂ%mmmam?wmmqmsmwwmudazﬁuﬁ Tnsfieinu

smuiniviinatanmdelinnans inwmsinds 43 Sudusie? Wisuwiiuiinudiiuu 3 Wua
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° <

Fu 3ainstenly Uselovdreudnas Tnendsuiildananwae At uua g s Ul le g

q

wun wazaevafvlffudawnndoudesiign dulvgduianmisldsie IINNBATNITULAZIYNY

INYAAINNTIY 3’31JﬂuLLa'Jll’lﬂﬂ’ﬂﬂau 80 a1 IGWEJLLEJﬂE]’e]ﬂlﬂ G\WNU?”Lﬂ‘W‘U@Q’Jﬂﬂ Ao a0 maa‘l‘uma

Al

Us21e411nNI1 36 a1UFU oﬁ’aﬁummuumm~mammimmawaaalmawuaamaamﬂmﬂazlmum%

LWN@JaﬂﬂlﬂlﬂﬂLLauEN‘U’)Eﬁﬂ‘U’] E‘NLL’J(ﬂaEJLILW37“&’]13JU'11‘LH‘UU3”IEJ‘UU%~Lﬂ(ﬂ“UEJJUU‘\ﬂU’]‘UiJ’]ﬂ qammaa

QN

Tg1ngnaInnssu Lﬂmawlmms UUQAAIMNTTUNYAT ¢ Tsauiana T5901unaALNTTud
Tseunilariy 1sedd17 Tsenunalidnszdes lssauemsdnd iaumqmamniiumﬁLLUigUam 7 Vay

Uzl 24 aumu

2.8.1 UssnnuasianiABinianI1anIsinens

< a

Saquawndeniansinuaserdutseeniu 2 Ysuavingjq fio Janfidevaanuiny Auiani

9

s |

1 [V o s Y 9 I N w1 3 9
dovaaeenn lnglddndruiiduasdusenoundntutagiiunas Aedadiurasmivauivlulasiou

via C/N ratio fndutaniidevaaisie Wutanusznvniiil dndausiindt 100:1 uazianiitosaans

9

<~

e \utanussaniifl dadaugendt 100:1 AuUANANUYETEgNIABIYSELAY Aoaadululnsiau

a o

sazenfueu Janfivasameiny usnaniimivewdiussdiusznouadedesnitiaqngasaaoun a7

q

Siilanadsvaslulasiauuinnindnsie miﬁi’aqsJaUamamﬂﬁﬂ'%mmm%uauagqq anatduws el
: a g - 2 & I3 & A o ' a & ) a = P
AuiidwisloundadussdusznavlulislgoNuuInna RanaIuuIAD Qnaaaaawimaqaumﬁmmaa
ws1elassaseansusenauLMa N uTa uNn asaansalmdutuanas sndusealdwdsanuain
ﬁgauw%'é‘lumiLﬁumﬂ%‘luimLﬂué’ﬁﬁﬁLﬁuﬁwmuﬂwmﬂs‘lﬁiﬁanisumm?ﬁu
Tnsiawznelvesinefiiumlduvenisssrsdmesuiugnindulidy Sufivgniiudy
sg1a5aEnazsaiosann 1.5 aulslud wa. 2561 10y 4.1 duls Tul w.e.2553 TauLANAIY
2/ ’o’ u L2 o q’; @ a t 1 o dl I3
FoamsisuunduieUsenevamnssiulssinanaglunatalanidaiulnegenaiies lweinuian
Tnandninuannninfieitudug Wy fvdes uends agen uagaennunziu eldwuiiugn
mmummumummw annsaudetutuisurtnsuldlupanalan Useneudussiuleuisatuayulill
mﬂ%u’muﬂwammumumnmmmaamwawammmﬂuﬂiumﬂlﬂwamLﬂuluiamsaawaﬂuumu
o < v o ﬂ o o s
aaa eldidudonddmiusiuninusdnaie muummmaamwmuﬂwaaﬂ,uﬂ3:mmaaglu

sxﬁu@aaz}mial,ﬁaq
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2.8.2 uamLﬂmwaamnIswmanmmuuU'\au

Undaudsiu Lﬂuwmmwmwmﬁm Wulalaalunalauasuseine Uaﬂmmawmmmﬂsw
537,637 13 ariwg$onidl 405213 15 quns 216,798 15 (um3nendosimdiuns, 2550) 199310
HanauLnuYeIUaLAIINN I8N fﬂamumwﬂaﬂwmwmnwmﬂwuwﬂaﬂ wazdlefivsuaundu
Audadnlsanudtoataduthiuudunnngy awaimma@]mwmaamﬂiiamuaﬂmumumauaaﬂm
1 v Thit @ mnegnou @ule neaneunasl Wi wasdidigaamnasiiad thiuilfaniAueuy
wdefiiuing T mussamantuweglaasiuiuinnu uleundy nzamidu neanedidu Wande
JuUSunm 9.66 5.20uag 17.08 drusumoUnud iy NS ANHDIAUITNBUVBITINIAIINEIUA
wu Tesfuszneundnifuwaglaa fevay 40-50 iefiiwaglaa Speaz 20-35 wardnduiosay 16-29

33 anamnssuUrduttuisiadinnilaladnluldusslewdgetasevas 80 warilpsdusenaund

3
2

Fnonmlu nswanfnedanm (Gutierrez et al., 2009) usnN iaqﬁauﬁusuaqﬂwéuﬁwﬂuﬁmmm
drrlUssTenildan aed 1 wslu drulilumsaemsinativeai 2. neanewd Widulagunz
AR ey ﬂqmau%’ﬂmmmégﬂu Auldomzan 3. Bdenmmsovzansandu fism ennsiau
Tnunadenlasenles 4. veadonnlssnuiiiunmsmdaud 8 s1nemaitu veareda unniiiisu
wén wasluseu Wudu 5. Wle WAludssded vindemas 6. nzan Snduilifudaluwnyihidemas

18 7 Tunazgdy tanldvuesiwesla 8. atainaliug
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35n15Naas

3.1 indnsdiounzgunsalilélunisnaass

3.1.1 a19ad

- grsawnsdnia L mmit,?;w,%aqm Potato dextrose agar (PDA) uaz@ns Cezapex
Dox Broth (CDB)

- duawmsymalvuuvasansuaulaun carboxymethyl cellulose (CMC) Lz oat spelt xylan

_ansedid duwSen Basal  salts  medium laun (NHy),  SO4 KH,PO, (anhydrous)
K,HPO,. 3H,0 MgSO4. 7H,0 1ndu uazwaiu Agar (Difco)

~ aswnidmiunaaeutaule lawn Tris-HCL

3.1.2 1A30edle

edesilodmiuidsads uarasaeiuaveditest Idud ndosganssend Wudy uvisu
it Hemocytometer Snined cork borer waagUnay] vifaflsnaudu usanagad 70% Tween
80" 91U (petri dish) 1A3BaLe S1epupNgMgd

3.1.3 Bo3e e

{Fosenuassiua 10 aeiug Usenaudie Metarhizium anisopliae 3y 5 aneiiug (M8

M3 M6 M33 waz MNCBRC) wag Beauveria bassiana 371U 5 maﬁuﬁ: (BPMC B14532 B14841
B16041 uaz BNBCRC) 1® M. anisopliae M6 Wag 8. bassiana BPMC ldSuanueyiasiziaingud
Usmsdngiy Sminasuan B. bassiana’ B14532 B14841 Uag 816041 16’1’%’U%amﬂquéﬁu§3mmiu
Laswaluladiin wuriend dvduie M. anisoplice MNCBRC wag B. bassiana BNBCRC l@fuanu

v
a t a ° [ <~

syAsziaIngudmuAnAng irlasTIuniduiewni nquvmamiuAs uasdmsule M. anisopliae
MNCBRC M8 M3 uae M6 ld¥unuayiasiei §2aeeansnanst asuia ¥inaduns anadein1sdanis
gy ANENINEINTOTINR Wi dodvauniuns Fusnwiteniigungll 4 ssenwadealu
9115 JULBYe PDA  slant Tnefinsaredelninnadsieuilunaass (Pham et al, 2009;

Soundarapandian and Chandra, 2007)

3.2 35n1naaes
nudTeildsuaueyesgilunisduilunisnaastlasnisliiniosiio gunsel uaz
esUtinameluladdinmdwindey AuzgaamnIsineRs WIneduaaaiuns dmiu

< a ) I o LY &
37863L88ﬂﬂ733’5\]8LL‘U\?LUUﬂ'ﬂﬂi'ﬁN@\?@@IUU
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3.2.1 fAnTsudi 1 81MTEBAYD
Aanssuit 1 wisnemsideutiagnsdig 9 feil gnee1wms Potato dextrose agar (PDA) g3
81913 Cezapex Dox Broth (CDB) Anausy carboxymethyl cellulose (CMC) %38 oat spelt xylan
Aoty 1% (wa) Swsuldiduemsieiounduide uazgniens Basal salts medium Vinay
#e CMC ¥i3e oat spelt xylan fimnandudu 19 (wa) dwiulilunmsinemsudneuledisagaa
3 v ' o 1 X & =t a
wavioulesllearua lnsgmsomnseing 9 azdesiunstlandeil 121 sariaged Wuatuu 15

[

LT uarsaunsyiievnsidsadiefulsesuanmaiivies neudnlultlunisvaass

9 Y

(%
o ol

3.2.2 Aanssudl 2 MmawIeundndadwiunmadaunisiaiyuuianAemae

mMsEsafinUSunaniesn B, bassiana way M. anisopliae 37y 10 @1ewug Uuemns PDA
fgnmniivies (30+2 ssrneaidea) iunauu 7 Ju gmsuldifundndeidudu (Petlamul and
Prasertsan, 2012) %aaﬂnz@f@nénﬁmmmmzam’amiLﬁﬁzgmam%asma;uﬁ Tneidoannsaaii
Fuly wazaves

3.23 Aanssudl 3 mswdsunddedmiviensieuledivagad uasiouled lvanua
nRInsTudl 2 sengusnaaneduledie cork borer Ml unaduKIugUENaNY 1 1BUFRLAS
ntudeduswnadente cos (Qmmmiﬁﬁaqﬂ'ﬂizﬂawawjﬁmﬁlﬁ'?aswmmm’lsﬁﬂn‘[wu“lums
wiaaulale Goansaiududulouasiinnsadadasluanmveamnsvan lfanunsaifiuiien
Avedvpadandnanidaudaursaoivinfu 1x10° aveinefiadans sduandiiiuin e
mmmm%zgléﬂummsL?ivwfﬁya COB 1% er9iileannaan mmsqmﬁ) Tnodeduuiung 25 faddns
Tugangurusivung 100 dadans Usiigaumgiivies (302 aeniwaidos) vuAIatuEAEISeU 150
sausauni Tunseieldauidudurasaaiiviniy 1x10° avesneliaaans el dundniedudy
dmiuiesievieule v

3.2.4 Aanssudl 4 madanzvmdnanssueulediwagias uaziouled lvaud

MsiezImAfanssueululioagiad wavieuledllgauavondes B bassiana way
M. anisopliae lae38111115 Basal salts medium fiflen pH 7.2 (Ronssuft 1) USuas 90 Haddns
UssghuvIngUBIuIn 250 faddns sdundde Fanssud 3) Usines 10 fieddns srndutud
grungiivios (30+2 asriuaFud) vuAsanUgIAIEITau 180 saumewil Livdiedieliums
1 fiadans wn 7 26 Dl Wunan 0192 Hlug dimneghanihunisuesneadiiruiiseu 10,000
sousiew#t gamall 4 swriwadea 1Wunaw 10 wii 1h crude weuleifildiuiunng 0.2 laddns
YUY CMC 1% (W) Tlaganelu Tris-HCL dviesailamidindu 0.1 Tuans (pH 8.0) U3unas 2

] v

fiedans Maamndl 60 ssmwaidua Wunan 10 wifl vgaujisenlugrnhieu 10 w wazuaglui
Fuiud ntunaasumianssuveseulniisegaauazleaiua lagasaamuiunanniaiigi

et uienaenduuasit 550 ulums suiBees Netson (1944) Tlingleatnmaunmsgiu
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dwSunsneasumianssueulufleatiua dudunisniglaan1iziednun1InsIvEoy
Aenssuvangaglaa usld oat spelt xylan Wuduaimsvunu CMC parlilalaafuiaannsgu
dwiu 1 glmvenvagiaanioleaiiua et USunausulesifidosaats CMC w3 oat spelt xylan
Timanglea 1 lulasiua lunay 1w neldanzivianis Jeniinaneuledligagaazgn
sndenluAnwsaiiiemanmsimnzalufanssuil 5

325 Aanssudl 5 Anwanasfivanzanyes pH wazgamgll denisndneulydiivagiad
uazioulwsileanius

a 1

sfnwanIevsnzanes pH wavgumnd somswameulesivagaauaziouluileaiua
yeuie B bassiana wavilios) M. anisopliae Femdonldanfonssudt ¢ wariiszezinanlunisuds
toulailagagn Ima‘uisqmm’iﬁ%’maaaaﬁuﬁmauaum (Response surface methodology, RSM) Tu
9 RLnSTREes Wesinannsalimsziurestadefnzaniign 9nasaiisesnudiniug
sewinaduUsdasy (sxuresilad) fushulsaauauas (response) lagldiEmsinsgiuuuanase
(regression) Ao fimnrauvosssduluusesdadeitants ainfugiuves 2 udnmeiiea Taeth
Central composite rotatable design (CCD) udlunsiiiunsneasdusunukasigagudnans
Wodenanmeiimnealunsnaneuledivagiaa wazlvanuagge satusuusmalunsmeasdy
uianmsmsanuioules Wnisnaaewisdu 11 Manaas Tnefinuaiianuazgedavotunaziady
(519t 2) Tdusufudiuusius i 2 duvs s pH edluraa 4 - 9 uazgampiiogiurae 30 -
80 pernaaLdea lnepuduiussewing dusiufuiudsidisva (@uns 1) ¥danyinIneasd
auftoanwuuly ﬁﬂ‘ﬁagaﬁlé’mﬁmsﬁxﬁﬁusﬁ%maaaa (Design Expert Version 5.0 version)

‘
as @  ©°

FuUsisia = fauUsR - (SEeuas + 958AURn)/2 (1)

R

(sgAugs - SEAUA)/2

a5 2 anmeuavstaildlumsmanizfionzailunisndseulslivagea uazlvaiua

Aauusdase feyanuol ANSIE

-1 0 +1
A1 pH X4 4.00 6.50 9.00
gamgll (O) X, 30.00 55.00 80.00

3.2.6 HansTuil 6 NIANYINTABAYDIILNUAIUUIFABNEININTNYAS
mMsfnwmadsatesnsuauanaundenamsineas lasnsiidesiidadentsan
Renssudl 5 Fwuiannsandaeuledldgegaumaaeumsiaiguaznsnsaiiaavesuueimis

selective media AlFTanimuvdonamsinumsuniduuramsven IneFaqamudoidainlseny



21

afatsuUEUlELA MNATNBURLALASS NINALNEUNEINEARIBTININ FUUIAN nratsUrauUan
waznnUIaY wﬁammm%ummangﬁ?ammmsi’m 9 Larindoemsuds seaunseitomnsiy
awammwaq indesismdenduasdsavusmsideaite PDA quilony 7 u INAINTINT 2 31
suinnumndulofas cork borer 7ifl BumdWrAUENaN T lBURLIAS mmaﬂummnamwa
fnanseTanavivdounazyin famsiadameaduleosmniui 3 5 7 9 11 13 uag 15 ntu
ALt uesaleslutuit 15 vdwnuude

3.2.7 AN 7 SIVTINANIINAADS

Uudinua uazdayanis q lumsshiilunupaensssznaniiane Tnedndde dwanisdnwly
AAsey asuna wagyhseauatuanysel

agUTzsznayimsive uazumun A ununaenalaTINTIde ( zyatNazIdun)

ANS197 3 LAUMIAMTEUNURGEALATINITIAY

19015 Haun

Aanssui 1 wlsniagaunsal arsiadilumvagey |

LA NSHEENTD

a ] = 1 Py N P4
AANITUY 2 LRTLUNANUYD LLa%LﬁFNLWlJU%N']iUL‘U@iW B

bassiana Wag M. anisopliae TuviasujuinTs

Aanssudl 3 Tinwimianssuveseuluiivagaduay
wulwiileariua voudesn B bassiona WazLTa5

M. anisopliae

AINTSUN 4 Anwnanmeiimingauued pH way
gaumgdl Aemskanieulaivagiaauazioulzilyaig
904071 B. bassiana Walias M. anisoplice 19e

‘Uixqﬂm“l%"’?%'maaﬁaﬁuﬁumuauaa

Aanssum 5 Anwimsidsateeuiasuulanay

REENINSINERTINT T FaEan LA luRanTIuN 3

ANSSUN 6 VuTinua seazdun lunsauiunusaen

voznaAan dwamsanwlulinedt asuna uez

Wsenuatuasysal
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4.1 FnunzvetaUsznounaiaiivesiageumdsainlssuaiadiiulidy
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InmamsieTsinnaTRvesTaneuvaetnlssuadaiiuuduuseneunae nn

pEABUALALLRDS (DC) Chialsauasatnguundy (POME) nratsurduan (EFB) wsurau (OPF)

Sduunda (OPT) uavnnundy (OPM) wuh Sagviavueiinisuemdussdussnauludiunm 5.80 -

47.00% Vainaudoiloaglutag 10.5 - 70.10% Anfuegfluring 0.34 - 20.50% lulasiauaglutag

0.05 - 3.61% WoaneFaagluti 002 - 0.41% Tnunadouoglutie 0.36 - 1.73% ludsuoy

w929 0.01 - 0.04% unniiFowegluzae 0.05 = 0.79% ngleaeglutia 1.01 - 12.06 ¢/L uaw

lalagoglurae 0.11 - 6.80 /L FfuineanisinuasAUsyneuvesiagwnde Flviiudn Tag

wvaedinanidnennlumsladusuansulunisaiyuendeniineds uandosumils

Fumilssnniieadusznavresaivou lulasiou nalaa uaglalaadaduansenmsdfnonis

Ww3ey saumsansannssedlaun ety oawada uuniiden Tnunadou 1ng8IAUTENaUVDY

[

Faoumemdoanlsenuadaiiiuuidy uangisnnsiei 4

a9 4 sedusznoumuaiivasTagremassnlssruaiauiudy

Yialseeny
mnagnous  afeit vzaneuidy anu
wisHiiwes UAULADS Uhau wWan MUy Unau A
ANSUBY (%) 47.00 46.76+0.40 45.00+0.00 5.840.13 6.9+0.13 36.06x0.04
duly (%) 14.08+0.21 10.5+0.28 70.10+0.08 70.02+0.01 70.00+£0.1  35.09+0.06
antu (%) 12.24+0.00 13.58+0.10 20.5+1.29 16.0 £1.26  15.32+2.2 0.34+0.00
Tulpsiau (%) 2.27+0.00  2.17+0.00 1.1+0.02 005000 0.25+0.01 3.61x0.13
Woaneda (%) 0.33+0.03 0.41+0.00 0.37+0.03 0.02+0.00  0.06+0.01 1.58+0.09
Inunaeud (%)  0.85+0.10 1.72+0.10 1.73+0.04 0.36+0.05  0.40+0.01 1.72+0.10
T (%) 0.02+0.00 0.04+0.00 0.02+0.00 0.04+0.00  0.02+0.00 0.01+0.00
wUNTGEY (%) 0.48+0.00 0.52+0.00 0.07+0.00 0.27+0.00  0.05x0.00 0.79+0.00
ﬂfcﬁﬂa (/L) 1.01+1.40 2.07+1.40 1.95+0.11 5.31+0.96 12.06+1.2 1.79+0.09
lolaa (/L) 0.26+0.00 0.64+0.00 6.80+0.03 6.50+0.34 1.15+£0.8 0.11+0.00
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42  nasisizdundtianssuieuledigagiad wazieulesleanuaveniasn
B. bassiana war M. anisopliae
nnnsAnwinmsnineuludivagias saziouledloaniuaronion 8 bassiana uay
M. anisoplige %3 10 @nesiug wuin Aasmamuaannsondaioulsivagiaa wasiaule
Tyanaldifudusgrsraiiies ImaLaulszjﬂmaql,aaﬁmémlﬁmﬂLcﬁasﬁﬁy’a 2 wiln dugeaadeymdy
svoznan1ad s (it 0) suzfiouledleaua IﬁLaulﬁﬁLﬁu%ugaqwé’mmjmL%@Lﬁu
nan 120 s waziugeaaidionatsily 120 dalus (2wt 5) uenanil Uisnaeulesina

aawﬁﬂwuqaqﬂmm%m B. bassiana

4.00 - —o-M 33
£ 350 - ~o0-M 8
S a-M 36
i 3.00 - M NBCRC
> 2.50 A M 6
-
b4 -o-B NBCRC
w 2.00 -
= B PMC
= 150 | —-B 14841
()
1.00 — B 16041
—e-B 14532
0.50 -
0.00 L )

72 96 120 144 168 192  Time (h)

mwﬁ 4 msmémaulsuﬁwaqLaa‘uaw‘gai'\ Beauveria bassiana (BNBCRC, BPMC, B14841,
B16041 and B14532) LLaSL%E)‘S’] Metarhizium anisopliae (Metsch.) Sorokin M33,
M8, M36, M6 and MNBCRC wdsmnnusiefigamgiifesduim 72-192 alu

a4 wandliiiuin e 8. bassiana i 5 aeviudaunsendnieulesivagiad
Ielugag 0.22-3.59 yilmsedadans aeusTda31 M. anisoplice v 5 aeusannsandnieley
waguadldlutng 0.52-3.13 ylnsielladidng Taeiios B. bassiana B14532 annsondnieulele
gegawirfiu 3.59 ylinmedladdns LLavmmiamamau‘L‘nwnaaLaalmaqawaamﬂuuL‘uamﬂunm
104 $alus nfunsndneulaivenierynaeiufanasediesaiiles Fannimaassinuin
Fos1 B bassiona Waveraan 164 Halus lumswdmeuluilizean vasiinusisnuyes
Leopold and SamsiNakova (1970) WUl Foswintaunsandnovlaiwagadlsgeiiaaile

Fawdnuarilony 4-5 Ju wie 96-120 Halus viil
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Fofinnsanmsnaneulaileatua (il 5) wuii Tesdawluaidien 8 bassiana
anunsondaeuluileatua (0.45-39.00 yilnseiaddns) laganin 831 M. anisopliae (0.23-
27.24 yiinseliading) Tnslaneltosn 8. bassiana B14532 wuh aunsawdmeuluileanuald
gegnie 39.00 gilnsialiadang sesawunde {031 8. bassiana BPMC anunsendnioulaileaniua
16 33.04 glloreladans Foslavdnilvgannsonanioulilanualdgeaavdsaniuies
Hunan 120 Talus mndumsndaeuleianaseinasaiies :rnnanismaaasinay Tidiui
\§o31 B. bassiana B14532 nasmeulssiwagiaauazioulmiluaiualigege faudoruiiniie

@

an adenefnwannyivnzanlunisndmeulzdivagiad waztaulmileanua snuainu

50.00 -+

—M 33
£ 40.00 - . —oM 36
3 . M NBCRC
2 30.00 + ——M 6
>
-_8 * .o.B NBCRC
g 20.00 e B PMC
é -.B 14841
_; 1000 ——-B 16041
2 + B 14532

0.00 T l V T T -
72 96 120 144 168 192
Time (h)

A 5 nsudmeulesleatuaveidiasn Beauveria bassiana (BNBCRC, BPMC, B1484l,
B16041 and B14532) LLazL%'vaSﬁ Metarhizium anisopliae (Metsch.) Sorokin M33,

M8, M36, M6 and MNBCRC vidanntsiefignmaiivieadiunan 72-192 dalus

]
=

Tnuamsnaaes WWulumusanisisores Kluczek (2007) et Wesighuuasd
pnuannsalumstosaaeagitosdusznavvasdni iy lelsl wreda Wusu uazdniy
831 B. bassiana war M. anisopliae wuin anansasglatunietng 417 413 by
dentaadenanieuundiniveuiiuundduianslunisndnoululivagaa uas
lganua (Kaur et al., 2007)

4.3 nMsmanasianzanvasgungl uaz pH  Alldentsuanioulesiivagiad uaz
wulwslleanuaveatos B. bassiana B14532
didesmnnsinsmanmsfivnnyauesgmgil uas pH fifinemswameululisag

1aa waztoulesilgauavesdes 8. bassiana B14532 wWudn figumngil 43.37 - 5650 83"
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".4;Vi"iL;‘i“iﬁ'isiﬁ”l‘ﬁﬂﬂﬁi'ﬂﬂ!

\waldoa uazel pH 71 6.20 - 6.88 1Wes Wi 2 nqu awnsawdsouluivagiaaldlugie 2.84 -
5.01 gylareliddng vasrfigaumgil 38.65 - 46.50 samiwaiiua uazen pH 9 4.8 - 5.0 W83NG 2
ey annsananeuluilvanualdlutig 33.95 - 41.09 yladeiladdas wamsfinyigumgll waz
= ] a L4 o a
oH fwnzavsensdneuluiivagiea uazieulwllsaiua lueims basal salt iu xylan
way CMC 1 Huuvasanduey lnensuszgndldismeaiuiineuausudiliial vsdiwes 9
dmaranInaas fesed 5 dwivaumimaadaenansfildainnsfnunaniieimvanzay
yosmsuaneuluiiwagea (@unsi 2) uaseuluilvanua @unsi 3)

2 2
Y =38.66—10.36X1—2.63X2—0.51X1X2—9.11X——2.30X—
1 2

2 2
Y =295 —0.16X1 +0.47X2 +0.19X1X2 — 0.91X T—i— 0.56X 5 (3)

A15199 5 Nafﬂiwﬂﬁ@ﬂﬁlﬁﬂ’\ﬂﬂ’]'ﬁ@@ﬂLL‘UUﬂ’l‘W\@ﬁ@\iLLUU‘U?ZHNQ@’N

Run Code levels Cellulase activity (U ) Xylanase activity (U )

X1 X2 Actual Predicted Actual Predicted
value value value value
1 9.0 80.00 3.19 3.10 15.31 13.75
2 6.5 55.00 AT9 2.95 39.21 38.65
3 9.0 55.00 1,66 1.88 17.97 19.19
a4 4.0 55.00 F AN 2.19 37.45 39.90
5 6.5 30.00 2.89 3.04 39.05 38.98
6 6.5 80.00 3.89 3.98 29.98 33.72
7 4.0 30.00 2.49 2.47 39.99 39.72
8 6.5 55.00 3.37 295 39.41‘ 38.65
9 6.5 55.00 2.93 2.95 41.01 38.65
10 4.0 80.00 3.03 3.03 37.66 35.48
11 9.0 30.00 1.89 1.77 19.69 20.03
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(second order regression analysis) A uduRuSIEnInduUsgamgil uazen pH Nilnadan

'
o o o«

wulesiwagiea wazievlallvaua sghdideddgyiiszdu p < 001

@

a9197 6 wansAnwnsudsouluiiivaged uazieuledleaua lngniseenuuunvmaaes

s NNIEANUR IR B UALDY

Coefficient Cellulase Xylanase

Coefficient p-value Coefficient p-value
Intercept 2.95 0.0066 38.66 0.0012
pH -0.16 0.1792 -10.36 0.0002*
sz -0.91 0.0020* -9.11 0.0028*
T 0.47 0.0054* -2.63 0.0599
T 0.56 0.0158** -2.30 0.2266
TpH 0.19 0.1758 -0.51 0.7158
R’ 0.96 0.93

* LAMIAIAINILT BT UNTEAY 95%

** | AAIANANLLTBLUNSEAU 95%

N5 6 nansnaaaatliiuin lnedulngnanisnaneuledwagiaa uazle

& & Vs v v o a £ R 2, & o Y
anuareresvuegiuladuniu pH Tneduuszansanduwus (RY) Nszauauiesiu p < 0.01
Yty 096 war 0.93 dwiuiouluilvaniua uazieulmiieagiaa aud v Han1TIATIEY

arwduiusserinai pH uazgamgiinensrdnnamevlafioagas uandlddnmi 6

397723 T
3.40237
2.82751 ¥
225266 1
1.6778 |

Activity

5500 N _Tgse
B: Tem N 505
emp 4250 o 525 AzpH
3000 4.00

a a

AW 6 navesrn pH uazgumgiientswdneuluiliuagiaaveesn Beauveria bassiana

v

B14532
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Nt 6 wanaguns el Aldanldsunsumsairsaumsanassidsaes uazi
msUszananamanmsfivanzandian lunisuaseuldivagaa Tnoanguilvidiuin Poaae
'mmm%maul%ﬁmagLaﬂlﬁq&tﬁaﬁm oH Tisgdumsnganlugae 5-7 wimsuaneuladuiintaz
acﬂauﬁmjuL%@Iuamwﬁﬁqquﬁamm F1971NN157189UYe3 Mandels uaz Weber (1969)
i \Wegduvidanunsandniouleiwagaa 1Wldlugie pH 4.8-8.0 wazaINNIITAGe Wuin
of 6.5 fmnzanremswamoulasiwagiaa veudiesn 8 bassiana B14532 aglutina

dwdunamsimsieuduiudseninen pH uazgungiivensuanieulvdlearus

wanslasaniwa 7

421763

£ 350601
g 279619
208547
137475
i Pl
80,00
5500 650
B: Temp 4250 1 528 ArpH
30.00 400

AR 7 mavesAn pH wazgumniisentsndmeulndlyaiiua venosn Beauveria bassiana
B14532

namit 7 wansguns el ldonlusensunsaiiaunisannoediaes wazi

msUspnananansiunzauiian Tumskanoulsslvaiua lneanuanismaasdlyiiuii

Forazansondmeuledleanualdgaanindu 41.01 gllndefiaddns Weagluaniizitiinn
oH WU 6.5 uassedugumgiiivanzauniniu 55 esnwaidoa uinmsuaneuluiviniaz

anauflovngeluanniefidan pH g9y HIINMITNBNUTBY Mawadza  uazAms (2000) i

P

51897017 Bevduvidansondneuledlvanualdlutie pH afe wasndalasilugig pH 5-10

%

(Nath and Rao, 2001) Laga1NNNSVIARBIL WU pH 6.5 fuwnzausanisuaneuledlyaaa

Wa4Ee37 B. bassiana B14532 agluga 5-10
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4.4 mam’%wﬂam%asﬂ B. bassiana B14532

4.4.1 nswa3nyveaduleilion B. bassiana B14532
— msveseunadyvendes 8 bassiana B14532 Uﬁa@mwm?ﬁaamhwmﬂﬁwﬁwﬁu
Undalldun nmnmenouditrunes dhiwdatminiudidy eaneuiduar dduidu meddy
wazninU1dy wuin [Wasn B bassiana B14532 anunsaraiglivuagawndeninlsanuania

ihfhurdumnalie uranansaasglauansieiu (1ni 8)

4

1

~e-DC -#-POME —..EFB —OPF —OPT -« OPM

T

Radial growth (cm day™)
N
i

o
SN S B S S A e B N S B

Time (day)

AWl 8 mstelayueadien Beauveria bassiana B15432 vudnaumdelsanuatiausiulidy
1§un DC: MnmznoufLawaas POME: shfimdsaininiuuidy EFB: nsarelduian

OPT: drdurdu OPF: y9Unds OPM: nnulau

9namd 8 wuih 13057 B bassiana B14532 uaz B16041 anunsaigléafigauunin
avnouduprunoiudmiadunat 715 U faarnnisTaniseigueadulevenies
B. bassiana B14532 wueglugae 1.90-3.26 isufilunssioiu sesaande thitmdsadndiiu
Uhdy (1.84-3.04  wuRmsaoty) afuuidu (1.80-2.70 wufiwnsdeiu) neargurduan
(1.78-1.80 wumwmssatu) ninuidu (1.52-1.68  wuRunssaiu) uagmeidu (1.12-1.20
WURLUATADIW) ﬂv'qi’:mmﬁawwmmmLtmneiﬁa‘uaaawaﬁusjfanL%a WAZAIUWANFIIYBY
sarUsznaumaaiivesTanamdousazeln (319 4)

Lﬁaﬁmsmmsﬁﬁmﬂuaaﬁasw B. bassiana B14532 Tuzag 7-15 Fu wunsiasgylusesiy
fn&Aatursudredau lnsudseandu 2 ndy ﬂfjmu,sﬂﬁaﬂa;w‘/’iL?;mﬁwmnmznauﬁuﬂw,m%

Ve

b mSsaraihsiulady wazddulidn uagdnndudenquilidsahensarsurduilan ninurd

q

Lagynada sederviiesnaintageundelunguusniiniumnzaudonisadgyuenion

nnni ndufiaes Tnedlefinsanmiuaunavesdnndiumsvausslulasiau (O/N) fawiniy
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20.70 21.55 Way 27.6 Muansiy mm:ﬁmjuﬁaaaﬁﬁwwi’ﬁu 40.79 9.98 way 116 ME1U Teen
C/N %uag’ﬁuﬂ%mmluim3LauﬁLﬂuaﬂﬁﬂizﬂaﬂumimmsﬁgu q Famniiuunalulasiaugs fn
/N agiiAsh wazanuanseasnduiiiidanaii #8371 8. bassiana B14532 awnsniaieyle
Hotluansomsid ON smvdegannifulududunniida uagnaidu Afien C/N 9.98 uae
116 muddy vausfien O/N Timnzausonisiasyrendesn 8. bassiana B14532 fenagluga

20.00-28.00

4.4.2 myasaladifisvasiies B. bassiana 814532

wé’amﬂi’mmm%maaﬁaiﬂ B. bassiana B14532 1{Junian 15 U wazdniunisinaiu
Wutuwealaiiiiie wuln B. bassiana B14532 Nﬁ(ﬂiﬂﬁlﬁSlﬁuﬁﬂﬁﬁ’!ﬂLfJ'E]LgmuumﬂmzﬂauaLLﬂu
oSV 4.2 x 107 ladifesofiaddng audsuvasinisidunuenududuredailifiedes

P~ " 7 A a | A aa o W =
UG 1.20 x 10 latinusailadans auavy (nwn 9)

5 -
4.5
4
3.5
3
2.5
2
1.5
1
0.5

Conidia concentration (x 107 conidia) mL?)

0

OC POME EFB OPF OPT OPM
By-products

awidt 9 nsadalaflifeveiion Beauveria  bassiana B15432  uuiagimumielssnuania
Ssuunay ldun DC: MaRgnauRLAUReS POME: Ynlandsanausiuuau EFB: nsany

Uduan OPT: arduurdn OPF: maUay OPM: mnundu

MnEansMAasstltiiuin Wes B. bassiana awnsaladnuaraiidaiiiisuuTagiey
waevemaineasld lnetanmumvdoiiiesdusznauvesmiveu lulnsiou LAYEI7DIMNTIDIBY
9 lnglawisiwaglaa waslouau fnsnaaosiititiiuin Woswdadansandnioulesd
wagiaa wazlvanua islilumsdesamewagloa uazlouau adhlsinu dneasnsiaiguas
msadalaifsreniausareiiaunnsefulutuegiuuvdsiiuveais LAvANMUIAEONT

WML ANFABMSIOSTINIINIEAIN |AsTINIW



30

unil 5
ayluasdalauauuy

nHanINAat LI Wesshuuasiiusslerdlumanisinees udiunisdanis
Fn iU uTIIs a’lmmL?iysmﬁuﬂ%mmimﬁﬁaqmemﬁamwmmsmwmmLﬂumaLﬁaﬂwﬁa
Tun1sifuingivlunisudn Tnsanuanisvaaesdliiiuin iles) Beauveria bassiana uas
Metarhizium anisopliae awnsandaeuledlunguigaguaa wazloaua fanetevaaneTagauddl
waglad uasiniu Tnsmmannselumseanioulsituegiusiavesdoqdunidsoinuiiu B
nmInnasstiulEdn o9 8 bassiana  anunsondaevlelld@dningon M. anisoplioe
uenaniilensdeuidsateruuiagamviennisinyms wul \Fervhaesuiaausaiasy
wazaalalifold elsiny anizfimnizandenisnaneulel msiady waznisaiades
Youdes mstimsAnumaesuianamavaonianisineaslunisniomluduan sndmiuns
yegeuienssmaulel wumsFownsduaet enansiensheulainnnisifenuy

[

anuwdenaNIsn YR TiUTEAVE N NINN DT



31

LONEAI591994

MATINMREREYLEATINNINTOUAIMTNEASHAYENAVNTIUMTNEAT. 2508, lowlmilvag
“aa@aulad). uduan : https//www.goosgle.co.th/#sclient=psy-ab&aq. (20 uns1P3 2559).
awdl surudWanl o5l quaTy uaziyadas Somidu. 2549, mMsanmgvnzasluniswn

Lauleoﬁlsammamm%aﬁ Fusarium moniliforme TISTR 3175 Tuawnsuds 5189UNTITY
1A39N13 BPT (2549) 64-73.
Bsenad Sunsilow waw §aa91 wiany. 2557, msudadevainanianaunielulsanuadi iy
Undu g AnenineINssIsueni unminendsasaluasums.
Weye53eu el 2534, msudaeulviieag ealuthidlsamaiiidilnedenuenls.

SyeninuSIinernansuUadio @auvmaluladiinw WwninenduaaIuauns.

Useuseln semtise. 2506 mafmidengduvianiuseavsamilunisdotaaslaua. Inendnusinen
namsuvsudin anvivimeluladdanm aoiumalulagnsyaesna iiguymsaIAnsz Ul
NS, (2550). msAnudaduiiinasensveneiuiivgnuidiiuludsemelne.
audu le 22 WOATINIBU 2555, N http://www.trang.ru.ac.th/LO/o.1html
avignsn wieu uagaTad IisIsuIen. 2557. nsAneLvassanuasAnsnRakdRTIaNdIlNg
Bosdnslulsanelne, Msansuminedous Srasimuaiuns. 6 102-111
duvien ﬁuagzgé‘fﬂé 2554. minanieulusivagiad wagoulsiflvariualasaide Bacillus subtilis
warnshiusslenflunisusnsuaniidssnuadaisiu e, Snendng Inermansen
Wy Undin. InTIMeNduEUaTuATUNS.

Augustyniuk-Kram, A. and Kram, K. J. 2012. Entomopathogenic fungi as an important natural
regulator of insect outbreaks in forests (Review) forest ecosystems - more than just trees, Dr
Juan A. Blanco (Ed.), ISBN: 978-953-51-0202-1.

Basal, N., Tewari, R., Gupta, J. K, Soni, R, and Soni, S. K, 2011. A Novel Strain of Aspergillus niger
Producing a Cocktail of Hydrolytic Depolymerising Enzymes for the Production of Second
Generation Biofuels. Bioresources. 6: 552-569.

Camnimal, G. 1985. Kinetic modeling of the enzymatic hydrolysis of pretreated cellulose.
Biotechnol Bioeng. 27: 1282-1290.

Chahal, S. D. 1984. Solid-state fermentation with Trichoderma reesei for cellulase production.
Apply Environ Microbiol. 49: 205-210.

Coral, G, Burhan, A. and Hatice, G. 2002. Some properties of crude carboxymethyl cellulase of
Aspereillus niger 710 Wild-Type Strain. Turkish J. of Biol. 26: 209-213.

Coughlan, M. and Hazlewood, G. P. 1993. B—l,d—D—xyLan—degrading enzyme systems: biochemistry,



32

molecular biology and applications. Biotechnol Appl Bioc. 17 : 259-289.

Fernandez, S., Groden, E., Vandenberg, J. D. and Furlong, M. J. 2001. The effect of mode of

exposure to Beauveria bassiana on conidia acquisition and host mortality of Colorado
' bdtato beetle, Leptinotarsa decemlineata. J Invertebr Pathol. 77: 217-226.

Goulart, A. J, Carmona, E. C. and Monti, R. 2005. Partial purification and properties of cellulase-free
alkaline xylanase produced by Rhizopus stolonjfer in solid-state fermentation. Braz Arch Biol
Techn. 48: 327-333.

Graminha, E. B. N, Goncalves, A. Z. L., Pirota, R. D. P. B, Balsalobre, M. A. A, Silva, R. and Gomes,
E., 2008. Enzyme production by solid-state fermentation: Application to animal nutrition.
Anim Feed Sci Tech. 14: 1-22.

Gubitz, G. M,, Lischnig, T., Stebbing, D., and Saddler, J. N. 1997. Enzyrmatic Removal of
Hemicelluloses from Dissolving Pulps. Biotechnol Lett. 19: 491-495.

Gutierrez, L.F., Sanchez, O.J,, Cardon, C.A. 2009. Process integration possibilities for biodiesel
production palm oil using ethanol obtained from lignocellulosic residues of oil palm
industry. Bioresource Technol. 100: 1227-1237.

Harris, R. S., Harcourt, S. J., Glare, T. R, Rose, E. A. and Nelson, T. J. 2000. Susceptibility of Vespula
vulgaris (Hymenoptera: Vespidae) to generalist entomopathogenic fungi and their potential
for wasp control. J Invertebr Pathol. 75: 251-258.

Janzon, R., Schutt, F., Oldenburg, S., Fischer, E. and Komer, 1. 2014. Steam pretreatment of spruce
Forest residues: Optimal conditions for biogas production and enzymatic hydrolysis. Carbohyd
Polym. 100: 202-210.

Juhasz, T., Szengyel, Z., Reczey, K., Suka-Aho, M. and Viikari, L. 2005. Characterizayion of
Cellulose and hemicellulases produced by Trichoderma reesei on various carbon sources.
Process Biochem. 3519-3525.

Kaur, J., Chadha, B. S. and Saini, H. S. 2007. Regulation of cellulase production in two
thermophilic fungi Melanocarpus sp. MTCC 3922 and Scytalidium thermophilum MTCC 4520.
Enzyme Microb Tech. 38: 931-936.

Kheng, P. P.; Omar, I. C. 2005. Xylanase production by a local fungal isolate, Aspersillus niger USM
Al 1 via solid state fermentation using palm kemel cake (PKQ) as substrate. Songklanakarin J.
Sci and Tech. 27: 325-336.

Kluczek-T, B. 2007. Lignocellulose degradation and hurnus modification by the fungus

Paecilomyces inflatus. Academic Dissertation in Microbiology. 84 pp.



33

Kluczek-T, B., Pekka Maijalaa, P., Hofrichterb, M. and Hatakkaa, A. 2007. Degradation and
enzymatic activities of three Paecilomyces inflatus strains grown on diverse lignocellulosic
substrates. Int Biodeter Biodegr. 59: 283-291.

Leoryrtr)iold, J. and SamziNakova, A. Quantitative estimation of chitinase and several other enzymes in
the fungus Beauveria bassiana. J Invertebr Pathol. 15: 34-42.

Li, D. M., Horie, Y., Wang, Y. and Li. R. 1998. Three new Aspergillus species isolated from clinical
sources as a causal agent of human aspergillosis. Mycoscience. 39: 299-305.

Lynd, L. R, Weimer, P. J,, van Zyl, W. H. and Pretorius, I. 5. 2002. Microbial cellutose utilization:
fundamentals and biotechnology. Microbiol Mol Biol R. 66: 506-577.

Mandels, M. and Weber, J. 1969. The production of cellulose. In. Cellulase and their applications
(Gould, R. E. ed.). p. 391-398. Adv. Chem. Ser. 95, American Chemistry Society, Washington
D.C.

Mannion, C. M., McLane, W., Klein, M. G., Moyseenko, J., Oliver, J. B. and Cowan, D. 2001.
Management of early-instar Japanese beetle (Coleoptera: Searabaeidae) in field-grown nursery
crops. J Econ Entomol. 94: 1151-1161.

Mawadza, C., Hatti-Kaul, R, Zvauya, R. and Mattiasson, B. 2000. Purification and characterization of
cellulases produced by two Bacillus strains. J Biotechnol. 83: 177-187.

Mussatto, 1., Ercilia, M. S., Machado, M., Martins, S., and Teixeira, J. A, 2011. Production,
composition, and application of coffee and its industrial residues. Food Bioprocess Tech. 4:
661-672.

Nath, D. aand Rao, M. 2001. pH dependent conformational aand structural changes of xylanase
from an alkalophilic thermophilic Bacillus sp. (NCIM-59). Enzyme Microb Tech. 28: 397-403.

Nelson, N. 1944. A photometric adaptation of Somogyi method for the determination of
glucose. J. Biol Chem. 153: 375-380. '

Petlamul, W. and Prasertsan, P. 2012. Evaluation of strains of Metarhizium anisopliae and Beauveria
bassiana against Spodoptera litura on the basis of their virulence, germination rate, spores
production, radial growth and enzyme activity. Mycobiology. 40: 111-116.

Petlamul, W. and Prasertsan, P. 2014b. Spore production of an entomopathogenic fungus

Beauveria bassiana BNBCRC for biocontrol: response surface optimization of medium

using decanter cake from palm oil mill. J Korean Soc Appl Bi. 57: 201-208.



ATANUIN N
Proceeding Full Paper
7" International Conference on Bioscience, Biochemistry and
Bioinformatics (ICBBB 2017)” 5z%d143uil 21 -23 uns1Ay 2560

wazsredafuiiiosainauyssyy

34



35

N published by ACH

ROCEEDINGS OF
2017 7th International Conference on
Bioscience, Biochemistry and Bioinforma

ICBBB 2017

Bangkok, Thailand
January 21-23, 2017 48



Table of Contents

Proceedings of 2017 7% International Conference on Bioscience, Biochemistry

and Bioinformatics

[ S ISR P \Y
COnference COMIMIIEES c....vvorriirussessess s issis v rscbsas b s Vi

. Session 1- Biomedical Informatics and Health Informatics

A Sensorless Pusher Plate Position Detaction Method for a Pulsatile Left Ventricular Assist Device
Xigoqi Zhuang, Ming Yang, Fan Meng, Zhaopeng Dong, Dowei An

Comparative Study of Linear and Nonlinear Features Used in Imagined Vawels Classification Using
A Backpropagation Neural Network Classifier

Aguila Miguel J, Basilio Harlee Dane V,, Suarez Poul Vincent C, Duedas Juon Paolo E., Engr.
Seigfred V. Prodo M.Sc. ELEG

Analysis on Semi-Automated Knee Cartilage Segmentation Model using Inter-Observer
Reproducibility: Data from the Osteoarthritis Initiative

Hong Seng Gan, Khairil Amir Sayuti, Ahmad Helmy Abdul Karim, Rasyigah Annani Mohd
Rosidi, Aido Syafiqah Ahmad Khaizi

identification of Gene Expression Linked to Malignancy of Human Colorectal Carcinoma using
Restricted Boltzmann Machines

Arido F. Syafiandini. Ito Wasito, Aries Fitriawon, Mukhlis Amten, Setiodi Yozid
An SSVEP-Based Brain-Computer Interface 10 Navigate in a Virtual Home
Zohra Rezozadeh, Ali Sheikhani
The Risk Evaluation of Contaminants in Animal Products in Tianjin China
WANG Junping,CHENG Jiagion, WEN Wenjun, WANG Peng, WEI Jieqi
The Purpose for the HER2 Positive Breast Cancer Treatment Research
Na Ui, Chuanwei Yong, Le Zhong
Safe Drug Delivery System Design and Research
Xion Zhou, Wangping Xiang

+ Session 2- Molecular Structural Biology

Hydrogen Bonding Analysis of a, a-Trehalose Aqueous Solutions: a Molecular Dynamics Simulation

H1]

12

17

22

28

34

38

43

36



Study
Jing tiu, Cong Chen,Weizhong Li

« Session 3- Microorganism Technology and Biochemical Analysis

Studies on Antibacterial Activity of Gardenia Yellow Pigment
Shang-Ling Fong, Jion Guon, ling-Bo Zhou, Yu-Qun Xie, Xin Meng

Antibacterial Activity of Some Plants of Traditional Herbal Medicine in Vitro against Escherichia Coli
Originated from Liquid Pig Manure

Anda Valdovske, Daige Gdlina, Inte Krosnova, Dolijo Seglina
The Capability of Beauveria Bassiana for Cellulase Enzyme Production
Wanido Petlamul, Thawotchai Sripornngom, Norawadee Buaokvean, Sowai Buokaew, Kuntapon

Maohemod

At_lthor Index

67

37



The Capability of Beauveria Bassiana for Cellulase
Enzyme Production

~ Wanida Petiamul
Collage of Innovation and
ment. Songkhla Rajabhat

L] e
U{:;?:?y Tambon Khoa-Roobchang, Universily, Tambon Khoa-Roobchang, University, Tambon Khoa-Roobchang,
yiuang District, Songkhia 90000. Muang District, Songkhla $0000. Muang District, Songkhla 90000.
Thailand Thaitand Thailand
wanidax53@gmail.com kaonida@gmail.com bnarawadee@gmail.com

Sawai Buakaew
Cotiage of Innovation and
Management, Songkhla Rajabhat
yniversity, Tambon Khoa-Roobchang,
Muang District, Songkhia 80000.

Thawatchai Sripomngam
Coltage of Innovation and
Managemenl, Songkhla Rajabhat

Narawadee Buakwan
Collage of Innovation and
Management, Songkhla Rajabhat

Kuntapon Mahamad
Faculty of Industrial Technology
Songkhla Rajabhat University,
Tambon Khoa-Roobchang,
Muang District, Songkhla 3000.

Thailand Thaitand
sbkiuay@gmail.com Kuntapon64@gmail.com
ABSTRACT Keywords

The objective of this study is to investigaie the sbility of cclluinse
cuyme  production  from Beauveria  bossiana  comparing
Trchoderma  viride  (positive comrol} in the cellulose-pgar
medium using carboxymethylccliuluse (CMC), The formation of
chear 20mc by chromogemic reaction around the margin of the
fangdd colony demonstrated in CMC agar using agar diffusion
smethod modified by congo - red test. Both fungi were performed
on cellutasc-agar medium for 7 days af room lemporiiee (30+2°C)
The rewslt showed that clear zone number of 1. bastana was 50
mm higher than that of T. viride (4.7 mm). It revesled that
B bassiana had ability to release cellulase owyme for cellulase
degradanon, Growth nt of A, bassiana vn CMC agar and
potio deayrose agar (PDA) was carricd out from mdal prowth
and spore concentration after 3 - 15 days post inoculanon,
The growth of A. hassiana reveated that its rodis) growth collecied
from PDA (14.7-31.6 mm d') was higher than that of CMC sgar
(11.5-27.% mm o). T1s spore concentration on PDA was 24 -1t
spores mL* higher than that CMC (0.9 ~ 10" spores ml. !y, Overll,
e results of this stady showed that B biusani had ability to
produce cellubplytic cnzymes on CMC agar. And its philty of
cellulose degradation 1o be curbon sousce ted to their growth,
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1. INTRODUCTION

The harmful effect of chenuical insccticsdes to the environment,
plants and humas  health, has jed 1o prominenmt role of
entomopathogenic fungi (ENPF). Thaland s the onc country with
a2 rich biediversity of ENPF which 15 ymponant in biokgicat

strategy. ENPF spocics. such as Metarhizium anisoplice (Metsch.),

Verticiltiumr Jecanii (Zimmerman), Aomwreca niley {Fariow)
Samson, Poccilomyees Jarinosies (Holm ex S. F. Gray) Brown and
Smith, and Scanvria bassiana (Balsamo) Vuillemin have been
repored for the contral of varions insccupests {1]. Becsuse, their
application causcs to infoxt jnsects by growing through the body
of insoet ol rebeasing extraccllular enzyimes (protease, chitinases
and lipasesy to Wadrolyze asret’s cuticle o5 substrotes 2
Muoscovern, these fimgi refease toxins (M. auisopliac: destruxin and 5.
e beauveran amd bassianolide). Recently, the full potential
und the numy advantages of this practice reached application on a
commeryial wale sy M. nnisoplioe and
1t hassiana as mycoinssenicides [3]. However, the market shate of
myeoipsectivides is very low cvinpared w chemical insecticides,
wmainly due 10 1ack of suitsble mass inuhiplication vechnigues {4).
And the high cost af culluee medium is an obstacke in the
comuersial application. Ta find the cheap raw maerials for being
shemative  substrate sources  supports  for  mycoinsecticide
production, Cellulose 15 the most common abundant, rencwadle
biopolyiner on eanh and domestic  wasie matensls  from
agriculture, Cellulose degradation and its subsequent wtilizations
are importam for global carbon sources that have rescarched
intensively in industry. Thailand is the one country with a nch
biodiversity and sbundant Jignocellulosic biomess in natural
environment and agriculture system. Most agro-industrial wastes
presence hemicellulose as carbon source and other nutrient
sources provides suitable conditions for the development of
microorganisms [$]. Wide variety of palm oil mil} wastes are the
allcmative cheap raw materials. In addition, this research could be
benefit to further fermentation process that needs more celiutase
enzyme from solid or submerged downstream. Fungi are the main
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cellulase-producing microorganisms that can consume glucose
from degrading colivlose chain, 8 bassiona telonging 10
Ascomycotd is one of the fungal stains that utilize non-struchural
components in wood such as lipids, p ad  solubl

2.5 Radial Growth and Spore Determination
ln.ocu!aicd agar medium were incubated 30°C w4 determined the
radial prowsh afier 3 days intervals for 15 days. The colories were

————Larbohydraes by exereting 2 barge number of other different

hydratases [6]. The production of cellulases by Ascomycots fungi
was reported from Trichoderma resii, Aspergillus sp., Penicitlivm
sp. P forinosus but 3 few researches have been reporied the
detection of extracellular cellulase activity from B. bagsiana, This
is duc o the ability of these microorganisms o form enzyme
systems which degrade 211 major plant Mopolymwer: cellulose
hemi-cellulose and xylan sre the major  constituent  of
hemicclluloses. Considering relevant to design strategies with a
view in microbial control of insects, the aim of this study was 10
investigate the production of ceilul enzymes of the
entomopathogenic fungi B. bessiana when own on different
substrates in the peesence of plucese on the media booking for the
possibility 10 use thess strains in insect controt,

2. MATERIALS AND METHODS

2.1 Microorganisms

The fungal siraing of Beaureria bassiong and Trichoderma viride
using for positive tonirol were obiained from Pest Management
Center, Songkhla Province, They were cultvred on poiaw dextrose

agar {PDA) a3t room temperature for 14 days and used as an
inocula {7, 8]. Each stock culture was stored ot 4°C umil use.

2.2 Tnoculum Preparation

One picce (300 mm diatmeier cork borer) of cach fungal strain
wat placed in the center on PDA plates. These inoculsied plates
werc incubated At room temperatoee for 7 days. Sterile distiled
woter [10.0 ml) was added on the fungat colonics and suspensions
were made by gently probing the surface with the tip of a pasture
pipenie [9]. The spore suspension were mixed throughly using
vortex mixer and diluied to obtain a suspension of (0% spores
mL?. This was considered as the dard inocula for funther
analysis.

2.3 Cellulose-agar Mcdium

Cellulose-ogar medium was consisied of KH,PO, 0.5g, MgS0,
0.25 g, cellulose 2.0g, agar 15.0p and carboxvmethylechiulose
(CMC) 2.0 g in distitted water 1 L and pH valoe was adjusied 1o §
before sterilizotion ot 121°C for 15 min (10} The serlired
madivm were poured into pan dith and sposted by using 6.0 steritived
cock borer 1o perform with 10 pL. of 8. batsiang spore suspension
(10" spores mLY) [11).

2.4 Assay for Cellulase

This test was applicd for cellulose activity using the imodificd apar
diffusion method [L1). The sterilized 0.02% Tw‘tm 50 was used
a3 negative contro) enzyine. And 10° spores il of Trichoderna
viride was used as positive contro! enzyme The inoculated plates
were incubated at rooeh temp ¢ {30+2*C) for 7 days then they
were flooded with 1 % congo red solution for 15 min then they
were discarded, and the plates were destained with IN NaCl
solution, alfowed 1o s1and for 15.20 minutes The clear zone was
observed sround the colony when the enzyme had wiilized the
cellulose. collulolytic fungi were scroened on the basis of their
ability o hydrolyze collulose by fonming diameter zone of
clearance around the fungal colony [12], Each expenment was
done in 15 replications.

61

using vac dismeters (mm) of fungus ard calculme
:‘ad?::r;fdb:‘)l’h ('mgvdayj‘ Afier 15 diys iﬁtuba:iqn, the tonidia
from each plate were harvested to delesmine their concemralion
by scrapping with 0.02% Tween 0. Then Lhc)" were counted the
s;-x:frc pumber by using hacmacytometer and light microscope a
400x magnificaton [13].

3. RESULT AND DISCUSSION
3.1 Ccllulase Assay

Efficient cellulase producing from 8. bassiane based on the
apprarance of Lhe elear zone around the fungal co_lony on CMC
agar plates illustrated in Figure 1. {14-15). 8. banl.mvw Presented
clear zone in CMC agar as presence from 7. w{ydc {positive
control) afier the congo red solulion was xided who}yc they were
contrast with 0.02% Tween §0 (ncgative control). This supponted
10 claim tha B, bassicne coud slso relesse celivlase enzyme foe
celiulose degradation. Since CMC wos used o 3 .stolc cadima
souree, our results suggest that 8. bassiana has the ability of using
celivlose,

C

Fipure | Clear zane formed containing congo red by cellulase
CHLY I releasing from fangt examined in
sarbovymethvicellntose (CMO), Az eclludase cazyime releasing
rrofn Beanveria bassiona, B: cellulase enzyme r'cltasing from
Trichederma viride (positive control), C; 0.02% Tw oen 80%
(negative controt).

The diametes of clear 20ne was wiven i
et s of ¢ Ne Was given in Table 1. This result

h: siena gave sliphily hi one puimbet
than 7. viride ag iy like the well kng\mycellgu};:s::gd:tgai

The celylase produse:
media <omponents,
mirfcral; and phys;
moisture [16]. The
environments! para
ranspon of vangy
The fungus produced

tion ¥s greatly influenced by fungal type.
especially carbon and mitrogen sowrces
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5 ) 2 beglocosidase (50951 1Uig) a1 initial mediysm
g _-.a:‘ 18} neasty with the adjusied PH in this present
i1 -\ 2 pH 3.0. The epumizstion of ‘mtubatmn temgrerature for
Kf:f‘:;m of cellulases from Fomitapsis $p. RCK2010 under $SF

- T

P s qevealed that the enayme production  produslly
o rd fom 25 10 30 “C. This result indicated that futriemt
e were faund to be the imponant factor for the cellutase
m’-i‘m Since cazbop is considered 3 the primary nuwient for
\\i:. in. carbon sources of CMC 2 celulose were wtilized
e celiutase production.

Tadle | Zoneof clearance around Baruveria bassiona
ained 08 Carbosymethnicelivlose (F':\IQ *gar by Congo red
sy comparing with Trichoderma viride (positive control) and

203% Tween 80 {negative control) and incubated 3¢ room
geperature (3022 °C) for 7 days. Exch data represents the

averspe from 1S replications.
[Tuspinnis 7 or TP ———
| Beaweria hissiana 5.6 0.4
| Tachakrew senade (postive oonetl) 17-05
‘ T Twren 80 (Negative covirol) 00

3.2 Radial Growth and Its Morphological
Features in Cme Agar

Ratia} growth of B, bassians under wolid state fermentation were
ebeckod with different subsirstes of CMC and PDA. The resull
doaed that B bossiona rovealed the higher radial growth
tatlecred from PDA (14.7-31.6 rm 471y than in CMC agar (11,8~
315 mem d”') from 3-15 days (Figure 2). Except for $ days posy
ooculstion, the result showed that B, dassicna gave higher radial
poath coltsred in CMA (1589 mm 4 ) which was stighidy
tigker than radial growth cultured in PDA (15.44 mmd™).

Hoatinl grovwtds (nand?)

&PDA 8CMC

Fizere } Cumulative radial growth of Baswveric bassons were

Mea1ored after 3 days interval until 15 days post inoculation
¥1¥eom temperatare (3042 'C). Exch polnt represents the mean

of 1S replications.

m“"}‘ﬁ@ §rowih of 8. bussicna grown on PDA and CDA was
in Figure 3 (A-B). They gave yellow-ahite color cofony

Figure 3 Fomser. The spore illustrated in ovoid shape 3 spore ball
Bline ut ) These fungal characters in colony momphology were
: "uh the result of the previous research by [ 19]. In culrure,
ey ;:’”" POy a8 3 white moyld on most comumon culiural
Preduzes many dry, powdery spore in white spore balls.

Each spore of 8. bassiena is shon and ovoid {20). The colony
charadieristic of B. bassiana is round or ovoid shape, intast-cdged
mized or fat on the surfoce, and yellowish white, The h‘fpb:;
shapad like floss in colton where t charatterized 8 bassiong
which is categonised in class of oies. The €hipe of
colony B. bassiena was round which was correlaied with the
?pi?.! wowth of coleny where the colony grew in all direction,
21

c

Figure 3 Mycelial growth of Bewuerin bassions caltured in A:
potato dextrose agar (PDA) and B: Carboxymethyleellulose
(CMC) xzar and C: morphological feature of spores incubated at
room temperature (3042 °C) for 15 days.

3.3 Spore Concentration of B. bassiana

Spore concentration of 8. dassiara under were checked with
different substrates of CMC and PDA after 15 davs inoculation. 5.
bassionn gave the highes spore concentranon from growing in
PDA (2.4 210" sporec ol ™) than in CMC (0.6 10 spores mL)
{Table 2). It related te emvironmental Nagior, puirient source and
fungal strins. Misc producion and spore production of a
mycopesticide soquine optinam conditons such ax nutrient SOUSCE,
temperature for ncubaion snd fimgal straing [22], Concentration
of the moedia wuch as catbon soures. nitogen sources and carbon:
lrugen mato are affected 1 spore vaeld marphological spore and
other physical charactenisties [23.24].

Takde 2 The spore concentration of Brouveria bassiona caltured
In potato dextrose agar (FDA) and Carbaxymethylecliulose
{CMC) agar and incubated at room temprrature (3042 °C) for 15

days. Each data represents the average from 18 replications.

Culture medivm Spore concentestion
{spores mL")

potato dextrose agyr (FDA) 24 xi0 022

Carboxymethykeeltulose (CMChapw 09 x10° =0.19

The fungi grown on the CMC agar supported the growth of the
fungi by using cellulose as the carbon source. In this present work,
B. bassiana culwred in PDA gave the higher radial gronth and
spore concentration than cultured in CMC agar. It may be duc 1o 8.
tassiana could hydrolyze dextrose in PDA easily than celhulose in
CMC a5 carbon source. Because, dextrose is one of
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monosascharide 25 glucose tha could he up taken by
microorganism than celiulote. While the conversion of cetlulose
into glucose is now known 10 consist of two steps in the enzyme
systenvof T viride. In-the-first-siep: beta-d, 3 plucanase breakis the
glucosidic Yinkage 1o cellobiose, which is a glucose dimer with 2
beta-1. 4 bond as opposed 10 maltose, 3 counterpas with an alpha-
1. 4 bond. Subsequently, thit bota-l, 4 glucosidic linkoge 15
broken by béta-glacosidase {25). .

“This result found that CMC slso supported 1o B. bassiana growth
and it could be eularad using agriculture waste comnposing ©f
most cellulose source. The result obtained in this sdy were

pponied other ki e reparts, where agricultural waste was
used 35 substrate for production. Rice grain was found to be the
most suitable media for mass culture of B, basstana [26-27)
reponed tice (11.2 > 10* spore £ and wheat prain (11.8 > 107
spore £7) as the most suitable wbstrate for B, bassi spore
production. However, vanous cwbon sources had been similar
responses 0 fungal growth but different responses 1o vanous
nitrogen sousces [28.29). Different component in medium such a5
sucrose, sodium nitrate, and mincrals may be differently nooded
for growth of fungs {30]. In sddition, pH of the medium is also
affecied to the most cntical environmental parsmetes for the
mycclial growth and spore production [17]. The morphology and
components of fungi are imponant during the spore genmination
and outgrow to myeelia.

4. CONCLUSION

Beauveria bassiana can be used as a bivlogical insecticsde 1o
control a number of pests such as werreites. whiteflies, and many
other insects, Hs mass production 10 control insect pest is utilized
for agriculural pan. Thailand is the agriculium) country that
discharged wide vanietics of sgroandustrial residucs containing
hemicellulose. This research is indicated thyt the possibiliny of
using agro-industrial  residues for the  pduction of ihe
entomoepathogenic fungi Beauveria bassiana. The result reveals
that B. bassiona has ability to retease collulase cnzyime for
collulnse degradation. 1t could grow and produce their spores on
the modium containing CMC, This refers 1o its ability of celiulose
degradation lo be carbon soumc by sgro-indusirial residue
ytitizarion.
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