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ABSTRACT

This project aims to add value of copra waste obtained from coconut milk
process by using it as a substrate-for solid-state-fermentation (SSF) of cellulase. We
designed the process of fermentation of Copra waste to produce cellulase by
Trichoderma reesei. Firstly, we studied the effect of nitrogen source supplementary
by adding wheat bran into-copra waste with the fatioof 3:1, 3:2 and 3:3 and culturing
at 30 °C for 7 days. The SSF was conducted in 250 mL Erlenmeyer flask and
monitored the fungal ;growth by elucosamine measurement and the activity of
cellulase consisting of exoglucanase - endoglucanase and beta-glucosidase. The
highest ' praductions  of  exoglucanase  (0.24 4. /0.02 U/g  dry substrate) and
endoglucanase (040 +-0.02 -U/g dry substrate) were obtained in the SSF of copra
waste and wheat bran-in the ratio of 3:2, while the highest fungal growth and beta-
glucosidase were shown in the ratio of 3:3 as 253.67 + 14.96 mg/g dry substrate, 0.46
+ 0.00 U/g dry substrate, respectively. Then we studied the SSF in the 35 rotary drum
fermentor fermentation by using copra waste to wheat bran at.the ratio of 3:2,
forced aeration“at 0.5, 1,0 and 1.5 wm {volume of air/ volume substrate/ minute),
inlet air Temperature 30 °C, rotating speed-6-rpm. The results show that the forced
aeration increased the growth and the celtulase production. The highesl were found
in the SSF with aeration. 1.0vwm as 0.46 + 0.09, 0.31 + 0.04 and 0.54 + 0.22 U/g dry
substrate, respectively. Also, the SSF with 1.0 wwm aeration showed the highest
fungal growth (202.77 + 87.17 mg/g dry substrate) on the third day.

Keywords: Solid state fermentation, Rotary fermentor, cellulase, Trichoderma reesei
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fhefiduiszneureeaglaauinniniesay 97-99 dninihusaglaaitu3ansusznouds
aulndmeNisoeruIuLardnfniunowsInIzaed7 (dispersion force) waznuszlalasiau
(hydrogen bond) melulianawaglaadsdadaiuuuuinliigaglameaglaaviljisenny
ansiaqladn msrliawnsornudilvlueaglaaladmumaglaaluamewasslavay
viln savaludninziananosiie wanilosnwaglasannsngndasamel dludsuindon
Tneqduvidialiudiusenauiifimaudysaindnsaiveu 33mi uazans, 2555)



L

Jui-2.3 Tnssafrmeugagloa
M31: 39 (2553)

Tusmulastaamueil wagleatiuamsgnaumslulamsaiiiseneuimomiodey
maa&fwmang‘iﬂﬁ (glucose) Aruau 1,000-10,000 Biana aaiuidulndmgs (polymer) \dou
fuse B <1, d-glycosidic bond 531 alcoholic hydroxyt groups laslutanaanus1ives
\waglaaUsznaunionglag 2,000-15,000 Tuiana uariliminluianaussauin 20,000-
2,400,000 a3adiu (Dalton) mssowiavedananateaglaaiidnuasiudunsy bifluvusdes
ﬁgmmﬁﬁ"ﬂﬂ A9 (CeHycO) Wha-n e ﬁwawmaﬂgiﬂaﬁ‘jwuﬂﬁﬂiznauﬁ’uL‘fjuiﬂ'im%"m
(wsild, 2557)

CHQOH CHZOH CH,OH

H_ —o. $o

R P p

JUN 2.4 lassadneansieagla
a = € < = v w ol
N wumﬁmy waglnen (@uawIun 27/05/2560)

2.3.1 migevaauigaglaameieule

wanSusialdaInnnsteseaglades wauysiRetnangladetadien uinsgen
mﬁaugscﬁwlﬁﬁ%n@ﬂa walaluloa (cellobiose) warladlnuaannlsa (oligosaccharide)
Juiu nsdesaarsigaglaanisouluiwagaa daudniwizizasseniiueuluiuae
waglaanrlaiviiufienfvarsBuiivvuun UgReiiAatulisuuss dhaanglaaazlign
aaiesely Jeldndnfusianiioduimaideudicuignd warlifindasusiilideanis
Ygdusanin

natlepameiwaglaaininfanssuveseuluiydunisluanmitiioondaunaves

nistesaaasslamivaulagonled Bl Anuieuuasadunidiiuty Yauvsoninutiui

L



lhnangesaatvansuseneuaglaaluaniizeneg fwnzan liwd n1sszugenia
gamnil wasevnsundnifesmeiunsiluahmdsauieldlussuumniveddy waznis
usnauead ﬁm%’umiﬂaaamaL%aqiaa'[uam’wﬁ‘lﬁﬁaan%wwﬂﬁm‘s’uau‘[maaﬂiﬂvﬁ
lelasiau teniuea nsmerdin navesiin nsadndin nndalndn waznsauanidn (Jusu
wulssifinulugduvisivangsiaiadon uasuuailde Ateuiunlifewagaaiilininde
91 T. reesei (WA Wazany, 2551)

2.4 Wwagiad

wagiaa Wuouleifiiaudwmizfuduamsnimaniaglaa 1u complex
enzyme Wifidulseneusneg fu fanissesaarpiwaglaanusssuyasuiudeadiieulsd
naneviavinausiuiu lasleuleiudasvinvs v wazaudnvasinaiu nalnnis
iauesoulediwagiad Usznausmoaules 3 gia lawn wulangaiua (endoglucanase)

wnlengaiua (exoglucanase) waslusIngladiaa (betaglucosidase) (U 2.9)

/Jb Cellulose
f , ,-é@ & Endoglucanse
"‘) .
!("‘ 9, Exoglucanase (NR end)
5 Exoglucanase (R end)
a2 . p-glucosidase
QQ® e« Cellobiose

QQQ} O <> Glucose
&
L oo d

o ©
& &
d‘ v [} &
TU 2.5 nalnmatesamewagladlnuieuleivagiaa
10 971171.(2553)

nalnmsyinauausagiaa Ysznaumeieules 3 via laun

(1) oulangaa viuihidevaaneusylulwaglaa wieeyusveasaglaa v3e
oyWusveaeaglaariazmeuild amewuszui-1,4-InaladAnvessuansndansils 1wy
Asvenduiawaglaa ((MO) Teevinujisermeluluanawaglaawuudu vinlviiluana
uiaianas landaduidu oligomer Ltazﬁ’amaﬂ@hamqmu

(2) onlengaiua wulwisunsndesaaieanuaieau nonreducing end uay
Uaneau reducing end lane

(3) wingledina Wudnadunisivuveneuledieulangaiiua uazienleng
awua Tagvimihiiesiisndesammealalulea andnsusifunglae



2.4.1 mshieuleiwagiadlulsszlovd
ulaiwagaa awnsadiluvssenaldluaumusigg laeganinewane deiedn
soluil
gaamnssueTsENS enewnsdnifidulsneuveamaglaa esieaglan ua
anfiu Aiviinuuandafuluudassiia Snfedeslfen Launidludlddn funeialud
wulesivagiad 1y gns wazdnitn Judueulesivagaaaduomsdnd welreouleyly
devameiwaglaa villvidn fanunsaldlusiu uazlufuanewnsvaiy waransmnsandns
Tunszimng
grawnssudme iesnndanusaludetinusynevlumearsduvionatoyiln i
avaeih uagliozarsth-msieuleiwagiminauivansdnden tietelinisdndndl
Uszdvsnmuaradndiuteaduluiuensenu vidliidesaiie livues uasily
amawinssdeinds asnsaineulyiiwagaandesaneanlueaglaailsantan
wisldmentathuns tialltludmanglaa wazdrdwanglaaluvsindedeiad vio
wueitSuialililuieues
gnamnasunszay tioulmivagiaendlunsfiuamudaswensyany e
WHonsvmwlsrnaumeieaglaauaziefiwaglaa Weweulellusufnsenmidosaaade

nsyany Nugfandanusiusdiuiiazaetila symatuiadny anasodudnduiau inls

inheenamnnizasladiigddu vennniigddoulsiwaguaalunszuiunisinlindnuas
penaInnIzawlugnamnTTundAnszay  Sleifa Inseulesidaldtesaanoisaglaa vin
lmiinugaaenindie (39muna, 2553)

2.5 m3uln (Fermentation)

nsutinlumstuadl Wunssuiumedneiinisluigad ieadrmd i uannistes
aanuansouvise nien s asuuasmipiivesanssznavduniometaules Taeil
asduvdoduiahliuasiiudidnnseu (Klein wazAme,; 2004)

msminludsgnamngsy Wunsingdunds Wy waiGeuasiing hlaedile
wieasandnsnsimidulsslon! feansalfiiusmsvioieusslonidy q lugnamnssy
asaiifidviemluuiesi wu nsmidu nse@e3n uazievuea dunanlagianismin
(Chisti, 1999)

2.5.1 mantinlusmisvan (Submerge state fermentation)

Hun1simnzideaie '[ma'l%'msg’aéfuagjluamwmmsﬁtﬂwmmm daly

2IMNIVAIVLINITALAITOIMT 1T WrasnISuau ﬁwgmwrsﬁmmwianmﬁmmaufgﬂi’a
annsomzdsdldludmin Taonszuunsvinewnsmanlaglddomin Ysenevludediu
veamslieniawazniulvesdvsenauludminidiud wazgunsainsiatetedonieg wu
gungll Wiey Ulinmesndiauiiazarstuaznisifianes nssuauntsusinienlusedy
gaamnssuluisuuu batch wazwuu fed-batch
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@ v a wow o < <
nsuinluanine nisiualiitemvareusenis lawn @awisainuLnen
a o 5 o v LY a &J v v
nanSuniluszez 1a wnuinuuu fed-batch culture aanistianisuuileultusssulss
win1sndnuuuiiivsganialumeninilddnlueaglaa Arldivawuaslaouleiniig
wintutieanItnavsinuue Msude (RMuna, 2553)

2.5.2 Msndnuuemsuie (Solid state fermentation)

'
=

< v o o v o a a ¢ o 3
wineis Wunseviunmainfiienteastunisaigreqdunid lnsadenda
' & o @ Y v o Y v oa e w @ v a o ¢
8¢ luglvasmuuigngaduluaguin dnjunsminsiiadisinasmunedunsldydunid
Usglnna Saannsnaiylaluiaguinifivsunainies (98n uavane, 2556) Jagiulad

o

nsdneringAuanAeIngaamnssnsasuaiingaslaan s ldduianluniswn

o

v aa Y P2 i ¥ o |

mgTinaminuuesudeiiaerinnaeuasiisaiga. dengniudmuiinszuiunisvin
vuewsudadunsstiunsilindiokazadnteudetios e duiinsnediindeusn
A8 (Pandey, 2003) n1susinuuewissisiivedvaivegruisiivuiunisudinluemawad

Fuanslumsef 2 (Couto uaz Sanroman, 2006 )

o v el v o Y & A = w @
AN 2.2 ﬂﬂﬂLLaﬁ'ﬂ@Lﬂa'ﬂﬂﬂﬂ"ﬁ“uﬂuu@'}VrﬁLLTNL&J@L\J%HULWUUT']Uﬂ"l‘ﬁ"[llﬂalua'ﬁ’i'ﬁlﬂﬂﬁ?

47 X Goudt

- Iéinawdnigs < ANV
- mMsbval Ty SaengLIuR - Yspansarmlunssee
- Fuvue - evpndwslunsulinean (wu Ay
- lowdsnuiss nIR-AN; AT, AIITY, a1sevns )
- s lisudeu - iflgmuRsadumsasaunnufou
- danmizmswinpditiuuvadiegues - Tenralunrsuudeuvesuaninsigaily
aun3d ZORIET

naein Aldsaetunsyilinanfusiusavii

2.5.2.1 Dadeiientesiummsinuuemisuds
25.2.1.1 A1y

qﬁuﬂ%‘éuﬁiazﬂuﬁﬂﬁmww'faqmimm%uumﬂﬁhaﬁ'uwiu o
mliveuinigluomsiiiauduannvieden LwiwLiﬁrg‘lﬁﬁ‘[uamﬁﬁﬁmm%uagiﬁn
luvazivuaitsoviotansinasgyluewnsiiidnuusionuas fiogunidusiu mudui
arwddiyrennalyreaten nmsteleufesendiau miveulasenled wazmsdiom
Moy Ssasiinaronmnaneuletivente (@dns, 2556) Bomdluglunisninuu
ewnsudsenansaialdAfe e Tasvineglutsiesar 40 s 65 Gyfad uazause,
2551)
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2.5.2.1.2. ey
AMLOYIINARBNITIT Y URIRAUNTUALNITVININY B
L L | < @ @ “ =1 i = i a =3 4 o as
wulel Amferimnzaudmivyiunidudaveininuunndieiu lnegduviddmansuin
' a 1% ol a v o | . .
wiglanluavsndafevInaus Wy Aspergillus  awamori  waz Thermoascus
a - 2/ é’ é’ =J-=i o= [ -] a &
aurantiacus wsry,lﬁﬁ'[uammamL'uawummammnu 4.0 @13y Trichoderma reuse
=y 2/, 3 :l’ 4 U a 2 : A) Vool -
wiglanluownsidsudenfimfilendudurets madestiowinnu 5.0 (Wian, 2543) Tu
i s 1 = EJ q‘ @ [
sENINNITMInAeYIzin sUAsuLlal Fufinnnistesaaisluiiu uazansusenau
° Vel | P - o & | a4 o '
lulasiauviiniinnsvanyaeswenlaies wiearsmilua1dus senui wisiinistsy
a1sUszneumilulawmsaudninnsndundotu Wunaliaieglimnzaudanisaiywas
= £ a = = a ool wa & @ & a’ll JA’
n1andaeuleivesgdunis JenealinsRuansiiauaudfaduivivesasluemabonte
A i T - 4] 1] v £ & o W = 1
weruaulvAiletlugmsauulaesnadq netwinesvelusiudiiunsavionns
Jeatulalliudes H wia OH eanun dwiuntsmuauiavanasainlansluamsivaiuas
2nsuli waldfivavilua misuannin (dyviey, 2553)
2/5.2.1.3. gumnil
/ - L ¥ 1 - & «I d” U
gaumpiilunisndndduasan 1593y veuties FuTeTun
-y = v - ‘J ' o J L L] -y o d
avyiladimnufssmsgunpiilupraeigyiuandasnu lngdesisvildsguuiilunsaign
2 A = o t o ol o = \ °
e gl 0-62 "¢ (g7 UAZAE, 2555) UBNVINUUBNMIVIIVI N EiNARBNTYINATIYeN
Aai ° 2 -] = no:i ‘J .
wuleld gaumninialinisyiaueseuleligean Judugumpinimungaungs (optimum
o P | a Sy l & w a aaa
temperature) lunsvinnurssulaivuitiegunpiisviedinigaldnsnaiauize
vouaulesinzdras imsnvianlgiifinnisideaniv (deraturation) w3segluaniizilal
winnzadlunisinugise) leswulsidageaasiiansidaanmiionmngivszanm 80 "o
= I £ ‘i’ e« v - d‘l 1 o o
(yiué, 2557) lpslusenininsigrandessdfinnuiouintiu wasdiewmludomnsaui
w a a4 = a = & ' o A a ' v & O
Tigaumaiigau Sigamgiieamugannaudeslilmmsoduduinsasaluls aniulunis
wiinuuemsudedsiaadinismunulifinTum e
| 2.5.2.1.6.4meapnivoy
& o o e 9 as ar & &
arsvautlusianiinudrnglunsdunneiieaduas
< ar a e e [ s < [
waay lasvhlugduvidmainluanngilufisinea aldundimiveusvinniosas 10
Tumsduaseiwad diuqduvsdnaigluanmziifioome aelduvaimiveuyssunisgay
50-55 lunisdaasieiwaa nszuauniswiniaevialulisuldansiulawsaduurasniveu
ailulawmsaniiviniunin wazdsulgesininaen lawn wlainilwe wlieinsynesneg
LY ar L of =1 v v gu = - e v g t
wiagiunds wazudaduduenas viee1alddnina uenandddiarsougnlaluunas
ASUBU IWuLdadUIsiag uwaalaa Wingdnlne vsindides nndundes wazunlune
s (aula, 2537)
2.5.2.1.5. uvaslulasiau
wanydunigiilulasmududiudsznevdszinuiseas 8-
10 v wnum Aasean1siulaniauresgduvidusazyliauansdnnuly duviduisviin
- ‘JEJ = < S U =Y v o o 8 1
sy laluemsifetiuvidlulasiau wivnwlisfesnislulasauainaisdunie wna
seiunidlulpsiuiteulslunsmin laun sfasenlniy wniswosliniloy wagluwmn Wy
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3

s uwasduniglulaniaueialtlujunimesiilu WWsdu wisgde Tnevnluumqdunidasiaiy

daia o v | icd o o 9  w w a d aa
Tuwnsniiduvidlulasiauldiiniluemsiifiedunidlulasiau dwsuingAuduq nlley

Miduuwddlulanalugramnsumavin Wud duddnlng Sundes nandamies nnd
da wazvhsunides Wudu @ula, 2537)
25.2.1.6. 91nA
ponduuadoiddyseninasyuasndnenleives
wuafliie nMsady uarianisuvesuuailileniinsdvuingiu wisasemisluilu
wanfusienstuagivanneiienniavielionnia Inevilunisudinitendnioulesioagiaa
Wunszuiumswinidesmsenia fadeseuaulineimngiunisisiyuesuuaiiioazann
wtouiivdlatuiuein uasUSinavasuaiiie S1uiuseuraIn e wmianIu wazdsuns
YDIAIID M IR DUTUIATUBIENIANN
mMIndnluLeMNsuIINs e mIAiunum 2 Ysens fe
Wuunadslvieendinuiuuuniie waziiailuunaseandulifugdunis uaziida
asveulaeenled leduararsfisvmeldauq emailiindudifieih wieusiaein
asusulnoenlen wasdnunslionialiuiusssutifivesgauis s wfesniseendiau
WodaAs e iandas USinumausauiina ntuniuaddy A2y et usuaay
miveulasenlediazassaveleivanUaosssni waztesern aluduaman ladnsinis
Tﬁmmﬂﬁ"wﬂzﬁﬂﬁuau‘lﬂaaﬂ‘l‘m"lﬁmnﬂiwa'\mﬁqa Fraziluasausseantaludangdn Vil
fansnwlunisxan mié“mﬂmﬂﬁmn'aﬂgwxﬁﬂﬁﬂ'um%waa%’uamw LaE AR ITudLNS
adelduin lsduammuimiededdiusuamtudinivg . (hurmidified  (Fyved,
2553)
2.5.2.1.7. @senmisous
AN30IMITOU 9 A udiAysenszuIumM IV 1y
Aoniiu wazissg unddiniugsBuansnssdunisiaigdula (growth facton) wagyimiiil
tawlumaviavesieulel unaswewisgiinanon sinwaunavetansaraenely wag
mesnwamhiwasniglagld Sundeusariinaremsmemsianasoulujuvesdoou il
PrelunsruIumsunuedtureusadgaunss (ains, 2556) Taoussiaftiaud iy 3
asdnlussasadeliu Mg, P, K,'S, Ca gy Claduiniiu Wuansiisndudmduns
WIYredelidin aunIdunsviinasduaneninniuliies uagdunidueialiaiui
Fupseild duiuddesdimsidaivadluewnsidoade (ails, 2537)
2.5.2.2 dmsindwiunszuiunavtinuuewsuda
gt luiildlunsevrunisudnvuemisudauvieandu 4
ﬂizmva?]'uas\jﬁ’wﬁﬂ‘uaem'sﬁnmﬂmw%amiwau Toun luginswasuaynisidveinia laidl
MsnauwAiinsdineIna finsuanudliiinnsivenia uarininsnauuarmsiineinia
(Ali way Zulkali, 2011)
2.5.2.2.1 dasinuuulaifinisway wagnisiye nie
Saminussamilleun Savdnuuuana (Tray bioreactor)
Wudasinageie Suuvaisanissyidlunisedawuusapudmiuniamine sty
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wind] quiilee 103 uavgeadaindes (Tokuoka uazamg, 2010) Snwelnevihlvesianiin
WUUMIALARIRIFUT 23 FaneludaminezUsyneusenanarsainauenfuiudug
elvivesinsdmiulienialvaniiu Tnevlusuvuvesiminezfusuuiladiudu
fedn wiesudeenneznggitetislunisseuigemaiifionihvesduaasm (AU uay
Zulkali, 2011, Yang hazAMY, 2008) muammnu’luivwmwvﬂaaa’lwﬂaauwmmu
anwwndon viefinmerafadissuumuaugampiiiiemuasgamgiinuan gy a
TunsdgiAvlavesdunidnla mwunwaww‘luﬂgﬂiawaaLaulsaquu'luwmwmi
wifn uaiifeidede desldMuitlunisvinuin uvenaniifledeanisversmunagyiliviinm
pwnsiidesliinnuazmuniu iliidgmiludesweamsdiowanudou uamsmunaud
wUsineg uAIITY et gaunndl eibildiendy (Jumun, 2545)

-'"I_,T Aur out

Uapes between Lravs

———

IH'
1

Awranier

sUM 2.6 fsiiuuge
N Ali wag Zulkali (2011)

25.2.2.2 fandinuvuliginissay usiinisidseinia

FaviinUsziamileun dansinutuunatun (Packed-bed
bioreactors) 81nAIMUIRIUHUWaNTTIIHU nszoludsdurosduaam dnwus
Tnevhluresfiaviinuuuunan fpodmivesiannsnnailifuufasuuiveunie
yidug nsdsen eIz Indlnuvesredifld dnsufundiaansndueIniaain
AuvunIeiuavaiild ludiuveinisszuieanuisudaeduienaiuimey 1ewmes
wiALia 13871 traditional packed-bed bioreactor w3eldusumamaAuTauLINTLY
muludaiia 13un91 Zymatis packed-bed bioreactor dnwazuanafitguil 2.4 (Al uaz
Zulkali, 2011) Yoivesfavinuuuunaie annsamuaufusessruUld Wumuty uas
gaumailAfinduuunia Yaidevesnisminuuuiie snteruenudn s uiouinandus
sanvnAednl wargUuuunnsyiulaves Jauvidliminaue Glumun, 2545)
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TJ shast e

1 Cooling

o — e
’ Aw Dut ; water in
~ . and out

/

Tleat transfer plates

<
Subsirne bed

Tnbet air
P

(1) (2)
gﬂﬁ 2.7 (1) traditional packed-bed bioreactor , (2) Zymatis packed-bed bioreactor
I310: Ali-uag Zulkali (2011)

25.2.2.3. fandiniuuiinanan wailifinasdiueinia

fasindseimil W Tominuuumu uasdminuuuilly
AU (Rotating-drum and stirred-drum bicreactors) dhwaslnevalUuvessasinuszunnilae
fdadudensainsrusnsinluiiuey aelufiasdsenavlUfeduresduanm uaxd)
gimAlmakugeinueguamsv nalnn1siauvesd mdniuumy wazsuuiiluniuaz
sireiu Tnedavsinuuuvsn Mfwemusousnunaavess oty (bafles) ugasly
maindauiivesduamn dudwisiuuuiilunig fadweagis wasindunauitedasly
NINENYRITUAMSTILIY (Al hag Zulkali, 2011) ﬁ’qgﬁﬁ 25 Tolunsrauinauureiios
wazlaisaiilos naninnrsmuvienisnauasiiliienisdend wazermihareidulogdundd
lnedeidgvasimsiniuunyu manuaugamgiivitlasin lismansassuisanusounions
l¥szuuimaadumilsulussuuanaun uoninduiynsillunsminites 30% vos
USinasviamavesdonin wanSusaldannszuunmaaingiatléun 1oules wadyduvis
uazewidnd (T, 2545)

-~

rotation

(1) ()
U 2.8 (1) dawsinuuuvyy, (2) avsinuuuillunay
fian: Ali war Zulkali (2011)

2.5.2.2.4 §awinuuuimsKauLayns@e e
Sansnusziand 1dun Samsnuuy ASFB (Air-solid
fluidized reactor) é’ﬂwmwmﬁ’wﬁﬂLawﬁﬂﬂﬁﬂaﬁuﬁqa fin1soneinialualdnmenualn
weiiviliosasesald onldlunuieislitewnsudenss e venmilonn
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NSLELI9AININAREILAED wannsvsdntnrtataz iR gl vatumuluATe D ILTIf 1Y
& 3 o 7 : = 1 a L3 5L
AILTIEY veawlivaruviuaselufing wadnwazdzidenimgdaladiua (Fluidized bed)
awiumnuivesfigvidagdoganiianuiiigaveinsiiangdaladiun Tne luaeed
ar g i -3 LY d‘ c] ﬂlJ s £ v
anwezinloul e wuisidunes Measduivswiuafoufiaosninedaull Tafvas
nsld ASFB Aevitliinszuaumsdmennialinaiivu Tnsqduniditliendiouasaiydulald
d‘ ar L% 4 a LY o % v - ¢ a L3 ¢ 1 Qs
Adlawisuiunmvlinuuudu dwinededly lunisudneaagdunsd delusswinanismingedl
2 o v o/ @ < o ar [ Qs a
nmMInszen adasnunisinizdnluventannisvesdadn (unun, 2545)
ot L7 @ z U d
daminuuuiiluniu Suamsvazgnniudinuusaiiiouas
o IJ 1 ] s @’ ot v @ a a
Lisiailios enmszgnilehuduamsym nMseivesduamsnadeiusuuuwaun fdiay
agiils ualins@easluniudielunsnauduamsn waslimsfineinaduaisesdangn

(1) (2)
QUﬁ 2.9 (1) Gas-solid fluidized bed-bioreactors, (2) Stirred-aerated hioreactors
17 Al wae Zulkali (2011)

= ar t:‘l r—" 8

2.6 UITENNEI YD
9 { . o & P e P o

Metarhizium anisoplige \Wuiosiilsednsamlunspruauisaiazlddeulsy
@ M ove s & v ; a o v o w o & X
Fngiolad laederaiueulwiilusiea iegsyaatenisawiveaal Sinismizidesie

v o g v & v v oo < ' ac & =

Tmge e naiaeulniliuinaigunaniBmsdomuudug wazanunse
Uriagdeldviunens wu $191a0d waziwenmunlaluingavlunisndneuleg
o v a
\WOARAUYUNIINER

L v o d g =~ U A
oiivq) wazamz (2559) lavihnisAnwiTasmsAndenunasaiivaunaslulasiaui
wanzausan1ings wulsilusfiwasinies Metarhizium anisopliage PSUMO2 Tuanw
eli' 4’ v <] » . o d’t‘ o o as ' oy =4
nMsdsuen180 MUl M. anisopliae \Wuwemilludnsdeunaiuaslfideudasdagily
o [ fed o o o J’ o é’ a l a o g (3 W o
Tnglusdealuaulmnind dyndoswantu ieteslusfunduesfusenauaaaniagida
i o & v o aw da ¢ & o ' « o
wievugiesdvhaty lunuidsiiigauszasAamadnunasnisvaunazlulasiou #
. - R & _— o
wurauianswanouledlusiiea lasitias M. anisoplice PSUMO2 Tuan wniaideitie
MepnIuds Fnwdasyivwas Tagwasldniainisinuasiowe 11 vila Samuiisdn
i i 5 oo | a a = a aa oo
adiluuvaimiveunings Tnefidnfanssulusiiea 167 + 12:9 gila/dladdas uauiiem
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msdsadesdeiimadutumdioy wuhmsnssduliidesnaiaeuleilusieald
qean 3058 + 102 giin/lladdng uanAaanunasariveutarlulasiauslinduaead
doddmeadafiandesiu 0.05 uieiitedodug wy oMl ¥HLIA1 WAL pH AU
fnasemandneuluiivsfeavendosdiesldimsAnviseimnzaduqely

msﬁﬂmv‘ﬁqL‘LJ?EJULﬁHumiﬂamﬂéamf'mwanqﬂﬂamnwaqiaau’%qw%‘ Tngvinadni
suagliisiunisiinaniu seseuluiwaguaannidies Trichoderma niswanieniuea
ynfagudefiamemsinensidu Sduinlng wudes uasretn T8suaruauluduee
wn lasvn Taquwandiiviumnn wide siegn uasfiddyRausynoudonodudnms
15d Tnseasranudensgndesseeulus fufuideifefnwnissesvaglaaluduanm
A9 1ur nszatunses Wedaitiu uesliiunsidndniusoeuledivagiea ey
gﬂwuumﬁwamﬁwmaﬂQiﬂaawnfd”uamiwﬁﬁﬂmé’ﬂwmmamsmnu,m'aﬁ’u

YARY uAsAE (2557) wv:iuﬁaLﬂ‘%ﬂULﬁaUUizam%mwma&iaamaqlaa QRGN
Tuduawmsnanqnuitigumgil 37 °g manadunsasawindiu 4.8 uidiunan 24 4l
waglaalunszawnses gndesiiunglaalinngaioses 50 sotmaniia vedniiinide
dnfluegar 43.uaglimIndnliuiesay 8 snsnastieelu Frausnveuagladluduanm
Aneiimuduiusiuuasmmuaslasainusgagladauas Usinadniy

A 'u 1 Y] L @l W
m3ni 2.3 nawaanguauiunglraiduamsmeineiu Gouled 15 FPU/MSY; dunniee
az 1.5 waneUsuns ; pH 4.8 (@sazargfwmsniwes) ; 37 )

Substrate (1.5 g loading) Glucan content i Glucose in hydrofysate | Giucan conversion (%) |

(g glucose equivalent) | (g)at 24 h
Fiter paper 18, (BN §s 50.0 |
| Recostraw |\ <] e o 80
Delignified ricestaw -~ 07 ~— ~—f 03 <« . 429

a Vet o a . , [
Wi (2543) ladnwnsaintsmdnlawauiuaatn Trichoderma reesei laeldian
& 9w i d o . . &
wigelgonnsineaswudn  Wed  Trichoderma reesei Rut C-30  iaesluemnsgns
production medium # ferwdunsesmievintyu 5 gungll 30 ¢ TeeldTamudeldan
MINEAT 4 ¥R AR NaNd 111 wWdenddas wazyiusee Wuuvarisuau wuin
Srinaavinanssuvelouauiuaggn 23.931 gia/iadans uariwnniifianssuvesag
wagean 0.656 gilasedadtng Mntuihiagmdsldainmainwasia 4 wlla uTdaTed
& P ) o | a = o a &
asmlsznauvnaall - wuhhdnadiviinueliwaglaavielouauiiniian  TneiuIuiw
w08 W v ' - v o & w 1§ @ =
26.10 niwsetmilnuiy dnudenmilUinusaglaagean 35.13 niuseunuinuia lngd
ﬂ1'iﬁﬂ%msul,aﬁLﬂyag‘[aar&ieu%&ga’lu'ﬁwﬁnm5 fnaduaSunisudalawauuald ot
= v v e |« v v v W e
andumaududuinzan wulmszduaudntuiesas 5 Bifanssuvedlauauiuags
o I a aa L i = <4 . A e
qn 27,946 yliarenadans wazlduvaslulasnuimngaude conm steep liquor WeAnw
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famavasansiifinansyiumsnanouleflauauua 3 via Ao lowau lelaa war beta-
methyl - xyloside wuiilauauiinasenssdnlawauuaiondntaswinu usleladuar
beta-methyl-xyloside ﬁwanixﬁumﬁmamLaul'zjﬁlfuuaummﬁ'ﬁu Tnelelaafisziuaan
Wty 0.2 nfudedns Widueaiifvetoululifiviu 1.85 wh uay beta-methylxyloside
szdunrduty 5 nfurednsliAuendifveseulmiiivay 532 wh
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3.1 Tanaunsal

3.1.1 JaRdmiunsas i minuuLLwALUA
1) uiuegiidoudaaess AUl 1 adwns
2) WuakAUEa 304 AUNUY 1 Hadmng
3) IWANAUAULAE VUIALHURIUALENANY 1 i
4) wihwdauumuaa YuaduEINAUENa 15 wufines
5) shamegiiiey
6) vie PVC 21a°3 viu
7) adugntu vunawhusinuaugnans 1 i
8) wifinnaedmdsna et 6 wes
9) coupling dMTULBIADS M 15 A
10) Uzihuens
11) weiulad
3.1.2 Tandwiunmsmizide
1) L%Eli’] Trichoderma reesei TISTR3080
2) eTMISABde (Potato dextrose asar, PDA)
3) thndy
3.1.3 Tapdmiunmiswdin
1) Wos7 Trichoderma reesei TISTR3080
2) Fuaasuilflunismeaes Ao Mnuenin Anstusuduioeas 60 (gruidon)
3) uvashulasiauildlunisveaes e $rinaid mudududuiovas 60 (guuden)
3.1.6 YaRdmMIURITIATISYNE
3.1.4.1 Jagdwmiumaliaszvinglaeiiiu
1) nsadaIIn (HySO,)
2) ladsulansonlan (NaOH)
3) lnoululasyl (NaNO,)
4) TnunaFoulalasiaudamn (KHSO,)
5) woululsuganam (HN,SO,)
6) MBTH (methyl -2- benzothai zolinone hydrazine hydrochloride)
7) waiinmaalie 6-lawmsn (FeCl, « 6H,0)
8) nglaenilu lalasaaslsa (D-(+)-Glucosamine hydrochloride)
9) ‘L:l;']LL“E‘}\T



@ o o

3.1.4.2 Tapdwiumsinaeinanssueulasl
1) lodeuerdiwsvuwoulansa (CH,COONa)
2) N3ABEERAN (CH,COOH)
3) 3,5-Dinitrosalicylic acid (DNS)
4) Inuvadsulgfounismananizlawmss (CoHOKNa » 4H,0)
5) nglaauians (D-(+)-Glucose)
6) lieulansanlen (NaOH)
7) CMC (Carboxymethylcellulose)
8) cellobiose
9) NTEATMNIBY Advantec iues. 1
3.1.5 gunsad
3.1.5.1 gunatldmTunIai WS uuLHALUA
1) anulvivh
2) nstns@mvan
CYRIFEAE
4y lapa
5) W asdan
6) Lé"aa%nma
7) fichsiam
3.1.5.2 gunagidmiumeie
1) 9MNe
2) uyisuiannde
3) lalastida
ay e
5) NeBdRanTIAl
6) Wiy Favaonas
7) aviiBsudansgen
8) fiAUANUNYH
9) wiiotisdenelsrusulot (Autoclave)
3.1.5.3 gunIsdmiumssuguan Ty
1) nzaziiy
2) iwn
3) indesdaimiinaunne 3 Alandu
4) Untnag
5) ogiivliounesd
5) NSEUBNAN
6) wiotuindeneldausulen (Autoclave)
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3.1.5.4 gunsnidmiunszuaumsnin
1) favsinuuumsu 35 ng
2) hnseseiniavuna 0.22 lulasiunas vinendag PTFE
3) gunsailiudasinisiwaainiea
4) ﬂqmﬂ%'umm%ummﬂ
5) Yuay
6) upinad Mas 15 o
7) fvsumnuniiseuneines
8) Fawaes
9) yauiugumaiienia
10) VAU vIIA 250 dadans
11) #aneu
13) fuy
3.1.55 gUnsaldmiuinumet
1) Fousnsiesn
2) Qunuieg
3) govawiou
4) ATNUARIBEN
9) WYL
10) Unined
11} ﬁuqmmmﬂ (Vacumm pump)
12) MInUfIBEs
13) ¥agavaaes
3.1.3.6 gUnsnldwmsun I AT ika
3.1.3 6.1 guUnssid wSUA a1y
1) fwaygiivloy
2) fleuauiou
3) loufnand Tty
4) wispsdaimiin 4 fums
3.1.3.6.2 gunsaldmiviieneinglag i
1) \3peTafin1agAnduuas (Spectrophotometer U Libra S12)
2) A (Cuvette)
3) Viaaanaaod
a) wisthsindemelfausule (Autoclave)
5) lulastiua
6) ir3asinAAndiunIn-ne (pH meter)
/) wiaenuansliauieu (Hot Plate & Magnetic Stirrer)
8) NILUBNAIY
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9) Y IaUTLIRT VUIR 100 HadanT (Volumetric flask)
10) Unines
11) S aataimin
3.1.3.6.2 gunsnidwmivianegsinglaenii
1) Lﬂ%ad"i’ﬂmm'ﬁ@mﬂﬁul,tm (Spectrophotometer qu Libra 512)
2) A (Cuvette)
3) VaRANAaDY
4) lulasthue
5) wdesinAasiunsa-ane (pH meter)
6) iwdaniuansliauioy (Hot Plate & Magnetic Stirrer)
7). ATEUBNGNIN
8) Unines
9) gainsan (Water bath)

o
o @

10) tAS B9 IMIn

3.2 A5N15AL WU

3.2.1 Ms0sNLUUINRINLUUYIL

FIRINIADDN

de481n1AR9N

50 4.

FRIUNLAIL

YiauANaINIA

49337880

(n) ()

u

= € - v w
SUM 3.1 99AUSENDUNIEUBNYDININSINIUUNYY

@

(n) dfetuuen wag (1) @uUienauneqTasiatuuan
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LCE T e Tt
50au

(n) ()

o 3 v o
U 3.2 psRusznauneluvesiominuuuny
(n) ddstulu was (v) drudsznausnequasdetuly

3.2.2 MyUsEnauleaviinuuumyy

JUN 3.4 dhwuznsfiefsimdinuuuvtuniniussuudivena
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g a 1 s at
3.2.3 maiudeganeludaminuuumyu
\fiumIeee 3 90 fie (n) dumianesds, (v) IRnaads uag (A) Murdigavesds

as o ' P W o
win uagtanmAage dauanlugui 3.5 ﬂ
promeee 1
: -y arsan ol

C : f
1a L] nt |

(T SA—— K - ~ | J
ek

(n) ()
3UN 3.5 siunisnaivdiagludiniin (n) nmdngansuas (v) A miuy

32,4 Mawziaeitos

witteminauadelae Td PDA (Potato ‘dextrose agar) lusasadu 39 nSusorin
1000 fiafdns sirlshidelumioteinge figamvgii 121 s Wiuna 20 i vintuianinli
i wadldominivdie Teliudei wiaintes 7. reesel TISTR3080 widsawuawvadsade
uduingun Monmndl 30 %8 senTaesyvesdediunay 5-7 $u wianiwhnsfvales Tay
Tihwsnainlesau (Dsionized wated Fisitidaudn mntuuiuaimduduesavesidu 5x10°
adesvoliagans

3.2 5 DsasHIE ARy

i nazwinideuuieiigumng 80 g iunan 6 41l Tintudiunatududovay
60 (1udlon) newilUsindiofigamgii 121 s Wiuiaa 20 wiit semliedlenh

3.2.6 MIwdin
3.2.6.1 mswindlemndnrmsiunmiendneeiidnad wdslulasiau) Mmnzay

imaiinlurinzUsmuuna 20 8addns dnadiuninuenineesdniand (wadulasiaw) 7
AinwiAe 3:0, 3:1, 3:2 WAy 33 ﬁ“ﬁmfm%a T. reesei TISTR3080 L3ufuLAnEn1svAADs 1><106
adedensuduaiinuiis anaBuiuduuesduanTviosay 60 (ﬁTULUEJﬂ) mmuammuw
30 "o lagguy sepzaailumann 7 Tu hiufedheyn 1 3 vhmsmaaesdh 3 41

3.2.6.2 Mawiniensnsnsisenasefamsinuuuvsy

nrsvdnludidnuuunyulasiduninusniisesidand wwadulasiau) 9

Snsndau 3:2 Anwrsnsinisidineiniaft 0.5, 1.0, 1.5 wm (wm e USinasvesaniede
Uiinasvasninugniadeutih) dwdnduaam 2.8 Alandu fmuanniiseududuluns
vyuvesfonindu 6 soudeundt fevazveaSinante T. reesei TISTR3080 \Suduusiaznis
vieaas 1x10° avedrensuduansvuie muaugumgiionmaviiuviiiy 30 %y szaziaily
nawdin 5 Tu iuieemn 1 u (sruunismuauanmgnsuintudaminuuumu digu 3.6)
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uniRDS

T_?

AMFURMLEITI e 8

6 —> AINTDINA

5 —> fudasrmsive

3
pMe
Bowmod ¢ I 2 ,L 4
Tuau
faufugnmgd 1’
qmi'ummgu

oINIA
Dl

A o e ar o/
JUN 3.6 U 2 LUATDIIMIRLUUNYY

3.3 MTIATIEN
3.3,1 MTIATIERAINTY
ihiedundnimindeuoy mndudilvevlugevadpuiiaumgd 80 o autwin
ATl wé’qauﬁﬂi’[ulmﬁ:@mﬂm%ﬁ Wi whmiudseu AR uA WU NaunS T
(3.1)

x [ wialenveias (n3l) — wauiswesias(nss)
Sovavanutiy (suden) =

x 100 (3.1)

wadanves¥an(nsn)

3.3.2 e vSanmunglayiiv

vhiedhmnnsviinunevauiminadiuduslasdoniuiiethau 10 Siadnd was
ldnsadafinsnarndudy Sovay 60 AevSunms USuan 1 iadans fuld 24 dalue isnihndu
Usuauanudutuliviesovas 05 lwasedns st luliaudeudt 121 %y Wuan 1
Flue vsuleaudiunsasma Whdunans Taenisdu Tedeulensenles udusudsuasidu
100 Siadamslaenisidudiinduaintuuden 0.5 addns Wulnunadoulslasiaudama Ay
WNtuseas 5 neuna Usums 0.5 1addns waziiuladenlulns anududuiosas 5 lneuna
#aUsumns 11 0.5 Sadans sntuhasazaredinlaiuns 0.6 Tadans Wuweuludousana
W AdLTusesaz 12.5 lnswnanauiuns w1 0.2 Jaddns laluvasavnasiuaininuiagn
Dunan 3 wiiieniu iy MBTH anududufesar 0.5 lnswareu3uims Ysinm 0.2 Sadans
ihluduiigauugll 100 ° @ Wunan 3 uiit vilibusdasings wazds weianaslsd maw
Wuduseeag 0.5 maroUiings Viinw 0.2 fiaddns faiiely 30 wift udniludensvinglaen

- v i - O o o
fulneldinlas spectrophotometer finttueiadu 650 urlums nduihluduiam
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UTnunglagniluainaunis (3.2) FalaainanuduiudszniieAin1iganaunaiainnem
Uffsewesasinmsgminglaenii Falan dauandlunipauan v.3

AUNIIUIRIZIV
y = 0.0806x + 0.0071 (R’ = 0.9806) (3.2)

- | = = o
WU y fe ATNIAANTULATNAINETIATY 650 UTluLIAT
wnu x Ao ASSanunglawdiu @adniunglaeniiunediadans)

ﬁwmuﬂ%mmaulsaﬁmagmaiuwu"aa Qﬁmcﬁian%’mﬁuamiwuﬁs AaAUN1SN (3.3)

w

Usnunglae iy (faan susensuduamsmui)

Vinunglaniiu(fiadniusediadans) X vsinasioelunisate(fiadans) (33)

vuninsegia(ns)

333 ﬂ’133Lﬂ‘iW:ﬁﬁ%ﬂiimaul‘dﬂmﬂT‘anﬂ"uuﬁ (Exoslucanase activity)

st i nasnd iilenMaihuuesuts 2 08y Tdludinmesanduvhnisnda
wulsllasnsdyansazats CHCOONa Tiflauuutn 005 yans Satrudiunn-sing 6.5
Ui 50 fiadang ﬁmﬁguﬂ'tmniaaka'm'm:.lxw%ﬂaaﬂTﬂUT%’Lﬂ%Iaansaagmmwmﬂ RN
asaraneildusiIn 1 fiadans viugidelelaslaalaenindy nszatensed Advantec wed
1 ywie 2 x 2 Sadwes Adddem 1 $lue Wersungeansesatedndan 1 fadans
mnthuiluimsnesiouletdness oS

AuUTInueulwivogueaniumanyed - The  International  Union  of
Biochemistry lumiian _ etissiodiadans fyaunIsn (3.)

Fitter paper activity (glinneliadians) = 0.185x (3.4)

*f X ﬂé’ﬁ]1ﬂaumammé’i’uﬁ’uﬁ‘ismwmm'ig}mnﬁuu.aamﬂmiﬁ'mﬁﬁ%awmmsmmgm
nglaa

Auuviinueulediwagaalumize gladeniuduamsnum fvaunisi (3.5)

Filter paper activity (yiindonfuduawmsvuis)

Filter paper activity (ylssiefiaaan) X Uluwslunsain (faddns)

(3.5)

dhwindaet (nsu)

3.3.4 mylaseiianssueuleivulangaiud (Endoglucanase activity)
YIAI88WNIALENI MNALPIINAITINUUDMISHET 2 N3 Lalutninesaniuyvinnisndn
- Ad 2 L £ [ 1
wulailagnisiAsaisazay CH,COONa Aillasidatu 0.05 a3 srnanaiildunsn-any 6.5
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3w 50 fiaddies anduihannssaeminugwiviesnineldiaiansosdyyinia 3nuui
avsarareilaliuia 1 faddes viaujisealelasladalaenisidy CMC
(Carboxymehylcellulose) §esae 2 Tu CH,COONa AMIMdNgY 0.05 lwandusuna 1 fiaddng
Y o v | a o a4 o9 va ) )
ynduhlylirmwdeunigamgi 50 “g Wuiian 30 widl vilidu andugeansasatedilean
1 figdans induhlvinseieuleisnieds DNS method
AMunauiinueuluiraguaaniaumdnyes The International Union of

Biochemistry lumirsglindiefiadans faumsi (4)

CMC Unit (gilnniediadiang) = 0.185 x (3.6)
*in x AldmnaumsmudmiussErimnsgandusainmsiuiiiewesasnasg
nglad

AwuvTnueuluiwagealuniie giladeniuduamsvuis feaunsi (3.7)

Cellobiase activity (giimsiansasuanimui)

CMC Unit (yisdeiioddns) X wsiamioaalunain (Giadans) (3.9)

swmindeda (ni)

3.3.5 myuanziamnanssueulediuanglading (Beta-glucosidase activity)

ihiedhemnugndnildvnmemihuugmsuds 2 niu ldudnnesandusinisnds
wulesilagnisiduaisazats CH;COONa Aiflaudute 0.05 Tuans damudunsa-ang 6.5
Usina 50 fieddns ntudannssuennusniieanlagliiniesnsosanyinia antdui
msazaeileuiing 1 Tadans viuAasedlelasladalnuntsiiu CH,CO0Na 2 fiadans waz
Wiuwaglaluloa Minudidy 15 fedluarsluatsarate CH,COONa 0.05 Tuans Usinm 2
fiadans dlulinuiousigumgll 50"y 1Wunat 20wt vilidu gedwla 1 fadans
ntuiluienevieulaideis DNS method

ﬁwmmmﬂ%‘mmzaul‘uﬂvnagmamamﬁ’ﬂfuaa The international  Union  of
Biochemistry Tumirugfindefiadans faamnsit (6)

Cellobiase Unit (gilnmediadons) = 0.185x  (3.8)

1 x fildnaunsaudniudseniniinsgandutasnmsnizewesansnm gy
nglaa
AuUiinaeululivagaalumie yiadensuduamsmuie faunisi (3.9)

Cellobiase activity (glinAaniuguinvuma)

Cellobiase Unit (yindeiiadans) X UIsnasmanualunisana (Jaddns) (39)
Uminsiees ()
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3.3.6 NM7IATIENaUlEee3s DNS method

naananmeuleiannninueninwinaisnisugaisazaisinines CHCOONa (A1
Anudunsnang 6.5) thatsazawaula Usum 1 Jaddns iiuasazais DNS (Dinitrosalicylic
acid) U 1 faddns ilevhnssudsuiisen thlvieen 3 uift aanduhluduiigumai 100
°g Wunan 15 wiit hanindu 3, 6 vie 9 fadans Wawirudivesasazane) udnily
f‘n.ﬂ'i'wﬁﬁ'm'langiﬂa Taenadas spectrophotometer #inue1ady 540 urluwns (Miller,
1959)

AT TLYRING LAARINENNTATINENRUG TS NI HAINITANALNAY
PNMIUITevesmanaIgIunglaa fal

AUNITNATHIU
< & Y P a aa
NNITLADINAIBUINGU 3 Uaaans

y'=22.89x + 0.2133 (R? = 0.9803) {3.10)

fimsdevndieinngu 6 Taaans

y = 14.906x - 0.0059 (R? =10.9732) (3:11)
fimadenssmetingu 9 fadaas

y = T.7103x +0.0816 (R? = 0.9791) (3.12)
- a ' Y = & 3
de  unu y-Ae ANIERNALLAINATINEIATY 540 1NRT

W x Ao AWTILA Y- (adnSunglaaneindians)
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4.1 NMSIATIZRNAVDINSRUDATIEUNINUZNE AR IT1a18 (wnaslulasiau)

) v & . :
NnmMsminnInueninlaeiie 7. reesei TISTR3080 luwimgusuwauin 250
a aa = a d & v ow = [ as o i
fiaddny Migumail 30 °¥ AnuTwsuAuTasay 60 (§1uden) 1Wunia 7 Tu Ndesdunin

¥

¥ o W =) i Y P o o &‘ Y
ugnindetmand wradulasiau) 1 3:0, 3:1, 3:2 uar 3:3 Uildinmudu YTunungla

° - af 4;‘
yniiu Afansaneuluiienlengaiug, woulangaiug waziusinglading Wudail
&
4.1.1 MUY

inmsminmnuznitaluriagUuwouia 250 Saddas Taglifinafusidiadas
o L e 1 4 " o = i o @ J i
Tunsnidn @esmsdiuninuenindesidngadidu 3:00 wudamdinmminanuuiinig
& & v = & o @ o w w
anaIINAIINANIENAY Tnslinnntundonasnnisuiniiniuionas 21.68 + 15.60 (§1u
= = ' @ \ 5 o & o o | o @ = a o w <l
Won) Fanuitlugnsdau 3:0 4 Irnsduaidaliadisuiunmsvinlasiinisduiiiniaa
al dl A s ' -y -t e/ IO’ i ' et
Aagun 4.1 oadlenninianudasyilafini sgadutiniuand iy

wWannisninninuegnsMnednisidusigaiatunisvidn vasnisninwuin
& Nt = | Willlal V&, o =i as B v as
ANNTUInITanAIINABUENAL wasnudndioluitnaaastlumsvingilinisgadu
,0’ 4 - 1 -] v ‘JU 1 1 o/ L7 ‘A’
117U TagnMIRNNINUEWIIIRES 1911V ENO AT1EIU 31 WUIINAINITUI NALYUIINTS
At g = Py -l @ L o W - v
ANAIINNSNAY nedalauduladenaeanisuinyinnusssay 27.70 + 13.08 \ilausu
W [} % g, P Ve & = Y] v oal ')
dasdIuNINLENI MRt Iaa Y 3:2 wudidieutuleeeasnasan smintnawAeay
v ow v = w  ar | v VLo W v a
WNAUTBEaE 27.70 £ 13.08 wasillenmaodUsugns @i unInueniines19@ 18 vivinnufAe
Au 1 L U o W al & U r-’l’ | ar 1 s v
AORTIAIUNINNLNI NIRRT VI 3:3- NUNLANLTURALAADANIMINIMINUTBEAY
-t a o ) X 4 ' ' a o w -l
26.70 + 13.55 Fennisdnsitiadluniswindied wuigendwvulidinsdusidnamd
(Bmandu 3:0) Aagun 4.1

-:ll‘ :“ d' 1 ur d‘ &’ [-] v oo

FIANUTUNAABITEWINNITWIN D1 LB INHaYeIN1IMIg 99 18057 YiTlvin
AuTeulusEwitamamiln wagluniswinluviavaassgusunliiinmsssuieanuisuves
s a‘ ' 2 q' ‘A‘ e’(’ [ g W g o/
Fuamiiteane Welnwiauiiugiiy dumalmhiinszmeeanlvanduanm

4.1.2 myiengidinunglagiii
- X
4.1.2.1 NMIR3QYUaTe

Pnmanihmnueninseidnamansasdiu 3.0 detanisiaiyvenides
T. reesei TISTR3080 lnuniswidumnglaziiiu Tudagianinugninuaui Wuiinas
L?uwaaﬂwswﬁnﬁﬂ‘%mmngiﬂmﬁm?mﬁuwhﬁu 55.97 + 2.56 Hadn3IUADNIUFUALATNILIAY
uazluduit 5 vasmswinnuin Wesiiniaidygeiian Tausinanglaeniiuld 75.96 + 2155
faansumeniuduaRINLA (ﬁagﬂﬁ 4.2)
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Tunrsvainlaeiinnssiinandne ot uwurasiulasiaudvivltides) wun
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ABSTRACT

The potential use of copra waste from coconut pressing process
for cellulase production by solid-state fermentation (SSF) was
studied in this research. Trichoderma reesei TISTR3080 was
cultivated at 30°C for 7 days on the copra waste (CW) with and
without supplementary of wheat bran (WB) as a nirogen source.
The results showed that adding WB increased both the fungal
growth and productions of cellulase including activities of total
cellulase, CMCase and f-glucosidase. The fungal growth which
was indirectly measured by glucosamine measurement increased
from 0.33 d-1 in the CW without WB 1o 1.1 d-1 in the CW added
WB at the ratio of 3:3. Moreover, adding WB to CW at the ratio
of 3:3 accelerated the activity of p-glucosidase from 12.6 to 16.8
U/ g dry substrate at 1 d. However, supplementing CW with WB
ai the ratio of 3.2 enhanced the total cellulase activily and
CMCase activity from 0.31 to 5.23 FPU/ g dry substrate at 2 d and
0.42 to 5.18 U/ g dry substrate at 6 d, respectively.

CCS Concepts

Information systems —Chemical and biochemical retrieval

Keywords
Cellulase production, solid statc fermentation, Copra waste,
Trichoderma reesei.

1. INTRODUCTION

Coconut is processed into many products such as coconut juice
and coconut milk. One of by-product obtained from the coconut
industry is copra waste which is from a pressing process of
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coconut milk up to 30% of its meat [1]. It is mostly used in animal
feeds. Due to its limited essential amino acids [2], a few contents
of it can be mixed in the feeds. This research aims to add value to
this copra waste.

As the copra waste contains high cellulose [3] which is suitable
for a cellulase production by fungi [4], it is interesting lo
investigate the potential use of this waste for a production of
cellulose. The solid state fermentation (SSF) is selected for this
research since its operation cost is cheaper than that of submerged
fermentation due to a low cnergy requirement [5]. Moreover,
cellulolytic enzymes have been currently used in many industries
such as paper. detergent and energy industries [6, 7]. In food
industry, cellulases are used with other enzymes such as
pectinases in a clarification process of fruit juice [8. 9]. Although
copra waste contains high cellulose which is a carbon source for
fungi, a low content of protein may be the problem for the growth
and the cellulase production of fungi because nitrogen is
important to metabolisms of microorganism [6]. Roussos et al
[10] reported that wheat bran was good sources of carbon and
nitrogen for cellulase synthesis of fungi. This objective of this
research is to study the potential use of copra waste for cellulase
pioduction and cvaluate the cifcct of supplementation of wheat
bran used as a nitrogen source into copra waste on the cellulase
production and the fungal growth.

2. MATERIALS AND METHODS

2.1 Fungal Inoculum Preparation

Trichoderma reesei TISTR3080 was purchased from the Thailand
Institute of Scientific and Technological Research and treated
according to the procedure provided by the TISTR. The spore
suspension was prepared by cultivating the fungi on PDA at 30°C
for 7 d and collecting the spores by scraping from the surface of
PDA with sterilized water. After filtration. the obtained
suspension using Whatman No.l filter paper under aseptic
condition, its spore concentration was adjusted to 10° spores/ ml
by adding sterilized distilled water.

2.2 Solid Substrate Preparation

Copra waste (CW; cellulose 39.4%. hemicellulose 9.9%. lignin
16.3%. protein 6.5%) and wheat bran (WB: cellulose 18.5%,
hemicellulose 51.8%. lignin 10.8%. protein 16.0%) obtained from



a local market was dried at 80cC for 6 h (4% moisture content).
The substrate used ' this study contamed different ratios of CW
and WB as 3:0, 3:1, 3.2 and 3:3. Before conducting the
experiments, the moisture content of substrate was adjusted to
60% (w/w) by adding distilled water and autoclaved at 121°C for
30 mm. The initial moisture content was calculated from the
initial moisture content of dry copra waste, added spore
suspension and distilled water. The substrate was used after
cooling to room temperature in an aseplic area.

2.3 Solid State Fermentation

25 g substrate (dry solid 24 g) was filled in 250 ml Erlenmeyer
flask and mixed with 2.4 ml spore suspension to obtain the
conceiiration of spore in subsiraie 105 spores/ g dry substrate. 12
ml sterilized water was filled to adjust the final moisture content
of substrate as 60% and gently mixed using a sterilized glass rod.
Each flask was individually prepared to obtain the certain
concentration of spore and the uniform mixing. Seven flasks
containing substrate and spore of T. reesei were prepared for cach
experimental run. They were incubated at 300C for 7 d. One flask
was collected to analysis in 1 d imtceval. Each treatment was
performed in triplicate.

2.4 Glucosamine Determination

10 mg of fermented copra waste was soaked mn 60% sulfuric acid
solution for 24 h and analyzed the giucosamine conrent by a
colorimetric method [11). The growth of T. reeser was presented
as glucosamine content in drv fermented copra waste (mg/ g). The
analyses were performed in triplicate

2.5 Enzyme Assay

The cellulase extraction procedure was modified from the method
of Ang et al. [12]. ~ 4 g fermented immersed in 100 ml sodium
acetate buffer (pH 6.5. 0.05 M) was stirred for 30 min. Then the
clear solution was collected after filtrating through Whatman No.1
filter paper. Total cellulase activity was determined using the
IUPAC standard procedure with Whatman no.l filter paper [13]
and expressed in FPU. The saccharification efficiency of cellulase
was evaluated using CMC and presented in CMCase activity [13].
Also, B-glucosidase activity was measured using cellobiose as
substrate [13]. The content of reducing sugar after enzymatic
reaction was determined by DNS method

3. RESULTS AND DISCUSSION
3.1 Fungal Growth

The glucosamine contents in the fermented CW shown in Figure |
represent the fungal growth of T. reesei during the SSF. The SSFs
started with the initial glucosamine content as 56.0 £ 2.6 mg/g dry
fermented which was from the initial spore suspension. In the SSF
on the substrate containing CW without any WB addition. the
measured glucosamine contents were 69.7 + 4.3, 60.8 + 4.1, 67.1
+8.1,66.0%75 667+67 696+ 53 and 698 + 9.4 mg/ g dry
fermented at 1. 2, 3. 4. 5, 6 and 7 d. respectively. The glucosamme
content increased until 1 d and then maintained until the end of
fermentation. The specific growth rate calculated from the growth
phase (0 — 1 d) was .22 d”. The fungal growih increased in the
SSF of substrate supplemented with WB. however, the highest
values of measured glucosamine in all supplementing ratio were
detected at the same time (1 d). The highest glucosamine contents
in the SSF of CW:WB at the ratio of 3:1. 3:2 and 3:3 were 86.2 +
0.4, 133.7+ 4.8 and 228 7+16.4 mg/g dry fermented. respectively.
The specific growth rates of 7. reesei increased from 022 d' in
the SSF of sole CW to 033. 0.72 and 1.1 d-1 in the SSF of the
CW supplemented with WB at the ratio of 3:1. 3:2 and 3:3.
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respectively. The significant increasing rates of growth presented
the importance of nitrogen source supplementation in CW for the
fungal growth. It may be due to a low content of protein in CW
(6.5% protein) which was not enough for the metabolism of T.
reesel. Even if the specific growth rates calculated from all ratios
of CW:WB were different, their patterns of growth curve were
quite similar which exponential phases were detected at 1 d and
became the stationary onc until 7 d. The result indicated that the
CW was not good to be a sole substrate for 7. reesei. The fungi
required more nitrogen source for their growth and metabolism.
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Figure 1. Glucosamine contents in the fermented copra waste
supplemented with WB at different ratios during the SSF at
30°C for 7 d.

3.2 Production of Cellulase

The activities of total cellulase. CMCase and f-glucosidase arc
shown in Figure 2(A), 2(B) and 2(C). respectively. The lowest
activitics of total cellulase, CMCase and f-glucosidase were
detected in the SSF of CW without WB. Its production rates of
total cellulase. CMCase and B-glucosidase activities were 0.22
FPU/g dry substrate/d (0 = 4 d), 0.13 U/g dry substrate/d (0 — | d)
and 12.6 U/g dry substrate/d (0 — 1 d). respectively. All results of
cellulase activities in the SSF on the different ratio of CW and
WD in substraic showed that supplementing WD i CW subsirale
¢cnhanced all studied enzyme activities.

The rate of total cellulase activity increased from 0.22 FPU/g dry
substrate/d in the SSF of a sole CW to 4.0, 3.9 and 3.7 FPU/g dry
substrate/d in the SSF of the CW substrate supplemented with WB
m the ratio of 3:1, 3:2 and 3:3. respectively. Increasing the total
cellulose activities in the SSF on all studied ratio of WB
supplementary showed not significant, however, the difference
was found in the changing characteristics of them after the highest
production rates (0 - 1 d). The total cellulase activity in the SSF of
CW:WB 3:3 rapidly decreased since 1 d to 4 d with the decreasing
rate of 0.8 FPU/g dry substrate/d. In contrast, that of 3:1 ratio
showed the slight increase after 1 d (0.4 FPU/g dry substrate/d)
before decreasing with the same rate and that of 3:3 ratio (0.8
FPU/g drv substrate/d) until 7 d. The continuous ncrease of total
cellulose activity after 1 d was found in the SSF of CW:WB ratio
as 3:2 at the rate of 1.4 FPU/g dry substrate/d for 1 d, but after
that it suddenly decreased with the decreasing rate of 3.8 FPU/g
dry substrate/d on the 3 d and slowly continued decreasing until 7
d. Tt may be because the high concentration of nitrogen source
created a stress depressing an ecnzyme synthesis [14]. The addition
of WB in CW substratc induccd the CMCasc activity of ccllulasc.
Supplementing CW with WB with the ratio of 3:1. 3:2 and 33



increased the rate of CMCase activities from 0.13 Ulg dry
substrate/d (no WB addition) to 1.18 U/g dry substrate/d (at 3 d),
0.86 U/g dry substrate/d (at 6 d) and 1.58 U/g dry substrate/d (at 2
d), respectively. The maximum CMCase activities obtained from
the SSF of CW:WB as 3:1 and 3:3 were 3.63 + 0.46 and 3.16 +
0.66 Ul/g dry substrate which were not significantly different.
Even if the maximum CMCase activity obtained from the SSF of
3:2 ratio (5.18 = 0.12 U/g dry substrate) was higher than the
others but it took longer time. This result was consistent with that
of Idris et al. [15] indicating that adding WB into sorghu8m stover
substrate induced both growth and CMCase in the SSF of T
reesei. In contrast to the total cellulose activity, they kept stable
after reaching the maximum values.
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Figure 2. Cellulase activity analyzed from the fermented CW
supplemented with WB at different ratios during the SSF at
30°C for 7 d. Exoglucanase activity (A); Endoglucanase
activity (B); f-glucosidase activity (C).
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Among analyzed cellulose activities, the most cellulose activity
obtained from the SSF of the CW without WB was the f§-
glucosidase activities as 12.6 + 0.4 U/ g drv substrate since 1 d.
Supplementary of WB into CW substrate at the ratio of 3:1, 3:2
and 3:3 increased the maximum B-glucosidase up to 152 + 0.7,
159+ 0.7and 17.3 £ 0.2 U/ g dry substrate. The maximum values
from different ratios of supplementary were obtained at the same
time, 1 d. After 1 d or achieving the maximum values, they
became stable until 7 d because p-glucosidases were themselves
inhibited by their product glucose [16, 17].

Considering the fungal growth together with the production of
cellulase, it seemed that the growth became stationary when the
enzyme activities reduced. It might be because of the reduction of
nutrients released from the substrate by enzymatic hydrolysis.
Also. an accumulation of by-product from the SSF might act as
inhibitors for enzymatic reaction. Supplementary of WB, a
nitrogen source, increasing the fungal growth led to enhance the
cellulase activities. It may be because the high content of fat in
CW was reduced when adding WB resulting that the substrate was
able to absorb moisture which was important to the fungal
mietabolism [18]. Morcover, WB coniains high glutamic acid
(2,874 mg/ 100 g) [19] which is essential for cellulase production
[19] larger than that in CW (~1.574 mg/ 100 g) [19]. Increases of
CMCase activity was slower than that of B-glucosidase which
increased since 1 d because glucose produced from the activity of
[B-glucosidase inhibited endoghicanase expressed as CMCase [21]
and f-glucosidase was less sensitive to high monosaccharide
concenirations [22].

Since this rescarch used the untreated CW. the activities of
celiulase were lower than that from other rescarches. Xia et al.
[23] obtained the cellulase activity up to 158 IFPU/g wet substrate
from the SSF of 7. reesei on the corncob waste from the xylose
indusiry - becausc the hemicellulose and its oligomers which
inhibited ccllulosic enzymes was partial removed, and some
nutrients were added such as wheat bran, (NH,),SO,, urea,
KH;PO,, MgSO,+7H,0, CaCl,, CoCl,. Nevertheless. CW used in
this research contained quite high conteni of lignin winch was an
inhibitor of cellulase as it adsorbed cellulase leading to reduce the
accessibility of cellulase to substrate [24]

4, CONCLUSION

Copra waste has a potential use for cellulase production by T.
reesei fermentation. however, a nitrogen source supplementary
should bc considcred to cnhancc both biomass and ccllulasc
productions. Adding wheat bran as a nitrogen source to copra
waste at the ratio of 3:3 increased the activity of B-glucosidase
and the fungal growth. While supplementing copra waste with
wheat bran at the ratio of 3:2 enhanced the total cellulase and
CMCase activities.
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Abstract

Solid state fermentation has been used to produce value-added products from agricultural and food
processing wastes but most SSF productions have been conducted in small scale due to a limitation of
heat and mass transfer. This research aimed to reduce the temperature changes in packed bed bioreactor
during the cellulase fermentation of Aspergilius niger ATCC 16888 on copra waste from coconut milk
process. Three configurations of bioreactor used in this study consisted of one- (control), two- and
three-layered packed bed bioreactors. Total volumes of packed bed bioreactor and bed material were
127 and 57 L, respectiveiy. The sterilized air 30'C was forced from the bottom of bioreactor at 0.20
vvm. The highest cellulase production (5.0 + 0.4 U/gds) was obtained from the bottom zone of the
three-layered bioreactor after fermenting 1 d. However, the greatest growth was found at the top one
which was detected a large amount of aerial mycelium.

Keywords: cellulase, solid state fermentation, packed-bed bioreactor, Aspergillus niger

Introduction

Cellulase can be produced by solid state fermentation (SSF) and submerged fermentation (SmF).!
Although both bacteria and fungi can produce cellulase, the filamentous fungi Aspergr!lus niger and
Trichoderma reesei have been mostly used for commercial cellulase productlon Recently, many
nncroorgamsms have been studied for cellulase productxon from different agricultural materials such as
soy residues’, babassu cake®, sugar cane bagasse ° and Palmyra plam®. However, filamentous fungi are
most suit$ble for SSF because they can grow and carry out their metabolisms in low moisture content
condition’.

Coconut, one of economic crops of Thailand has been used to preduce many food products; for
instance, coconut juice and coconut milk. Raghavarao et al.* reported that the copra waste was obtained
from a pressing process of coconut milk up to 30% of its meat. To add value of this waste, a solid state
fermentation (SSF) process is attractne due to low production cost. Since the copra waste commmng
high content of cellulose ~ 72% which is a good substrate for a cellulose production by fungi'®, this
research focused on using copra waste as a solid substrate for a fungal cellulase production by SSF
because cellulolytic enzymes have been currently useful in many industries such as textile, paper,
detergent and energy industries'” '>. However, most researches in SSF conducted experiments in
laboratory scale such as flasks™ "~ i glass columns'® , plate bioreactor'’, bag bioreactor'®, etc. because
of scale-up problems, especially an accumuiation of heat generated by microbial respiration and other
metabolisms'? . One of bioreactor types which is easy and cheap to operate is a packed bed bioreactor.
However, the main problem of using 1t is difficulties of parameter controls including temperature and
moisture distribution within bioreactor®” which is affected by porosity, bed height and fluid velocity ',
this work therefore aimed to increase the heat removal from packed bed bioreactor during the SSF of
cellulase by 4. miger by dividing the packed-bed into two and three layers and determine its effect on
the fungal growth and the cellulase productions

Materials and Methods

Construction of bioreactors

The 127 L packed bed bioreactor (45 cm diameter and 80 cm height) was used to ferment the 57 L
substrate in this research. To construct the bioreactors as in Fig. 1, the aluminium screen baskets that
used as the substrate container were connected to the cylinder frame. The diameter of the baskets for
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the control (CB), two-layered (2LB) and three-layered (3LB) bioreactors were the same as 45 cm but
their heights were different as 36 cm (1 basket), 18 cm (2 baskets) and 12 cm (3 baskets), respectively.
After filling the substrate in the baskets, they were fixed with the frame. The positions of the baskets
were adjustable along the height of bioreactor but bolts. The 45.5 cm diameter aluminium tube with
holes and plugs were made to cover the side of bioreactor and able to collect the fermented sample and
measure the temperature during SSF. Then the aluminium lid punctured for air outlet was used to cover
the bioreactor. The bioreactor was connected to the air pump. The SSF system was shown in Fig. 2

Fungal strain and inoculum preparation

The strain, Aspergillus niger ATCC 16888 was purchased from the American Type Culture Collection
(ATCC) and treated according to the procedure provided by the ATCC. Its spore suspension was
prepared by cultivating A. niger on PDA in 86-mm-diameter petn' dish at 30°C for 7 d and collecting
the spores using sterilized water. The suspension was filtrated using Whatman No.1 ﬁlter paper under
aseptic condition. The concentration of spore in the suspension was adjusted to 10° spores/ ml by
adding sterilized water.

Solid substrate preparation

Copra waste obtained from a local market was dried at 80°C for 6 h. It was packed in a closed container
to prevent an oxidation from air and light, and then kept at lower 5 °C. 5 kg substrate containing 60%
moisture was used for one batch of SSF. It was prepared by adding distilled water 2.8 kg into 2.0 kg
dry copra waste and autoclaved at 121 °C for 30 min. and cooled to room temperature in an aseptic
area. The sterilized substrate was mixed with 200 ml spore suspension (~ 0.2 kg, total spore number =
2 x 10°) to achieve the 60% moisture content and 10° spore/ g dry substrate. The moisture content of
substrate was measured using the moisture analyzer before the experiment.

Solid state fermentation

S kg prepared substrate (total volume = 57 1) was filled in the studied packed bed bioreactors
consisting of thc CB, the 2LB, and the 3LB as shown in Fig. 1. Each bed in the 2LB containcd the
prepared substrate 2.5 kg or 28.5 L. Same total weight and volume of bed was applied in the 3LB
which each bed was filled with the substrate | 7 kg or 19 L. During 6 d fermentation, humidified air
(30°C) sterilized by membrane filtration was forced from the bottom of bioreactor 0.2 vvm or 11.4 L/
min. ~ 10 g fermented sample (~ 2 g x 5 points) was random collected every 1 d for analyzing cellulase
activity and fungal growth by a FPase assay and a glucosamine measurement, respectively. Each
treatment was performed in triplicate Temperatures of outlet air and beds in each layer were monitored
during SSF using thermocouples connected to data logger. The positions to measure the temperature of
each bed were shown in Fig. 1.

Enzyme extraction

Cellulase was extracted from the fermented sample according to the modified method of Ang et al.?

4 g fermented sample was soaked in 100 m! sodium acetate buffer (pH 6.5, 0.05 M) at room
temperature (~25 °C) and stirred for 30 min. by magnetic stirrer. After filtrating through Whatman
No.1 filter paper, the filtrate was used for FPase assay.

Analysis
Glucosamine determination for fungal growth

The amount of 10 mg of fermented copra waste was hydrolyzed by 60% sulfuric acid solution and
analyzed the glucosamine content using a colorimetric method”. The standard solution was prepared
using HCl-glucosamine solution with different concentrations. The growth of A. niger was reported as
a glucosamine content in dry fermented copra waste (mg/g). The analyses were performed in triplicate.
The values of glucosamine content was plotted against to the fermentation time and their values in the
growth phase was used to calculated the specific growth rate using exponential equation as in Eq. 1.

a;

20 = ux (o) ()
when X{(/) is the glucosamine content (mg/g sample), { is the time (d) and g is the specific growth rate
(1/d) in the growth phase.
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FPase assay

Cellulase activity (FPA) was analyzed according to Ghose®. 0.5 ml crude enzyme and 1.0 ml (0.05 M)
citrate buffer pH 5.0 were added to test tubes containing 5 mg of Whatman No.1 filter paper (6 x 1
cm?). The test tube was incubated in a water bath at 50 °C for 1 h. Then, 3 ml of 3,5- dinitrosalicylic
acid was added into the tube and boiled for 15 min. to stop the reaction. After cooling to ambient
temperature, its volume was fulfilled to 10 ml by adding distilled water and measured the absorbance
of the filtered solution at 540 nm wavelength against a blank of sugar-free sample. Standard curve was
conducted using a standard glucose solution with known concentration. One unit of enzyme activity
was the amount of enzyme that released one micromole of glucose in one minute.

Results and Discussion
Temperature distribution in packed bed bioreactor

During the SSF, the temperatures of each bed in the studied bioreactors were measured as shown in
Fig. 3. The bed temperature in the CB increased from 30.0 + 0.5 °C at the beginning to the maximum
one as 52.0 + 3.0 °C at 1 d and slowly decreased to 38.2+ 1.6 °C at 6 d. The temperature at the center
of the CB was higher than the lower and upper positions all-the time of SSF. To decrease the
temperature on the bed, the bed of the CB was divided into two and three beds as in the 2LB and 3LB.
The temperatures in both layers in the 2LB (2LB-bottom and 2L.B-top) were slightly decreased from
that in the CB. The highest temperature in the 2LB-bottom and 2LB-top were 48.7 + 0.8 °C at 1d and
50.4 + 1.9 °C at 2 d and reduced t0.37.5 = 0.8°C and 37.8 + 1.1°C at 6 d, respectively. For the 3LB, it
was found that all temperatures of three beds were quite similar. The bed temperature of each bed in
the 3LB measured 1 d changed from 30.0 +05°C (1=0d)to 51515 5i5+12and 513+ 1.0 °C
for the 3LB-bottom, -middle and -top, respectively. From all studied packed bed bioreactors, the
maximum temperatures were around 50 °C found at 1 d, except that in the 2LB-top which increased
until 2 d. The most reduction rate of temperature (highest slope of decreasing temperature in Fig. 3(c))
was detected in the 3LB. It was found that more heat in the 3LB was removed by flowing air since the
highest temperature of outlet air of it (43.5 + 2.1 °C) was higher than that of the CB (37.0 £ 1.5 °C) and
the 2LB (391 + 1.9 °C at 2 d). 1t indicated that dividing packed bed increased a-heat removal in a
packed bed bioreactor due to a reduction of bed compaction.

Growth of A. niger

The fungal growth of A. niger shown in Fig 4 was reported as a content of glucosamine in fermented
substrate. The highest glucosamine content of the sample from the culture in the CB was found at 2 d
as 76.9 £ 11.5 mg/ g. which could be caiculaied its specific growth rate from 0 < 1°d as 7.7 /d. The
growth phase changed to the stationary one after 2 d. For SSF in the 2LB, the fungal growth separately
measured in each layer showed the maximum glucosamine contents in the fermented samples were
detected at 2 d as 73.9 + 8.6 and 84.2 &+ 5.9 mg/g, however, their growth phases from 0 - 1 d showed
the specific growth rates as 7.1 and 83 /d for the 2LB-bottom and -top, respectively. The
characteristics of growth curves obtained from the lower (2LB-bottom) and upper (2LB-top) beds of
the two-layered bioreactor which were similar to that from the CB. The highest glucosamine content in
the fermented samples from the control was not significantly different from both layers of the 2LB. The
different fungal growth in different layers in the bioreactor was clearly presented in the 3LB as in
Fig 4(c). The maximum glucosamine contents in the cultures in each bed of the 3LB 33.3 + 3.7 mg/g at
1d,624+68mg/gat2dand 674+ 54 mg/gat | d for the 3LB- bottom, 3LB-middle and 3LB- top,
respectively. The highest specific growth rate found from the 3LB was 8.8 /d analyzed from the 3LB-
top. Even if the maximum glucosamine contents in the fermented samples from the 3LB-bottom and —
middle were different, their specific growth rates were similar as 8.1 /d.

Obviously, the higher amount of aerial mycelium which observed by white color of A. niger mycelium
was found in the higher bed position of bioreactor including the top of the CB, the 2LB-top and the
3LB-top. Therefore, the large amount of glucosamine in the samples cultured on the higher position of
the bioreactor might come from the growth of aerial mycelium of 4. niger. As a role of aerial mycelium
related to oxygen supply ', it could be implied that low partial pressure of oxygen occurring at the
top of bioreactor enhanced aerial mycelium generation in order to increase oxygen supply.

The results of the bed temperatures in Fig 3 show the direct correlation between the bed temperature
and the fungal growth, When the temperature reached around 50 °C, the growth stopped and then
decreased (death phase) because the fungal hyphal branching decreased at the temperature higher than
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45 °C™ . After the growth stopped, the temperature of all beds decreased due to a decrease of heat
generation from fungal respiration”. The decrease in glucosamine content indicated the self-
degradation of fungi which the fungal cell was destroyed by many fungal self-produced enzymes
including celtulase™ and the glucosamine obtained from a degradation of chitin was used as carbon and
nitrogen sources for the next generation of A. miger. Moreover, the new spores of 4. niger were
detected in the substrate on the 4 - 5 d causing the increasing content of glucosamine on the 6 d.

In addition, the fungal growth without the degradation of glucosamine was only found in the SSF at the
3LB-bottom because of the low moisture content of substrate which was not suitable for its growth and
metabolisms. Selvakumar et al*' also reported that the optimum initial moisture content for the growth
of A. niger on tea waste about 60% and found that the growth decreased when initial moisture content
was lower than 45%. As shown in Fig. 5, the lower moisture content of substrate was found at the layer
near the bottom because the aeration was forced at the bottom of bioreactor leading the moisture
transfer from the bottom bed to the top bed of bioreactor.

Cellulase (FPase) activity

The cellulase production of 4. nigerin Fig. 6 shows that the maximum FPase activity obtained from
the CB was only 0.36 + 0.03 U/gds at 2 d, while that in the 2LB-bottom and -top were higher as 2.81 +
0.22 and 2.55 + 0.18 U/gds, respectively Even if the FPase activity measured from the bed of the 2LB-
bottom was significantly higher-than that of the 2LB-top, the time reaching the maximum value
delayed 1 d. According to the results of temperature in Fig.3, the FPase activity corresponded to the
change of bed temperature. When the bed temperature increased to 50 °C which was the maximum
value, the FPase activity in the fermented samples decreased. This phenomenon was aiso occurred in
the 3LB. The highest FPase activity in the 3LB was detected in the 3LB-bottom as 5.01 £ 0.41 U/gds
followed by that in the 3L.B- middle and the 3LB-top as 4.13 + 0.21 and 3.75 «+ 0.34 U/gds. The results
obtained from the 3LB clearly showed that the largest cellulase production was obtained in the bottom
layer, larger than that in the middle and top ones. Since the aeration was forced from the bottom of
bioreactor, the air in the bottom zone contained higher oxygen concentration that reduced along the
height of bioreactor due to a fungal respiration which oxygen was utilized. It showed the importance of
oxygen for cellulase production. Even if the highest biomass production was detected at the top of the
bioreactor, the highest cellulase production was found at the bottom. It might be because the aerial
mycelium did not support the cellulase production. The results accorded with the work of Rahardjo et
al®’ indicating that the secretion of the enzyme increased in the cultivation without aerial mycelium.
Dividing substrate bed into many layers reduced a compactness of bed that was caused by the mass of
upper bed, leading to an increase a possibility of fungi to contact oxygen in forced air.

Conclusion

Copra waste from coconut milk process was a good substrate for cellulase fermentation by 4. niger.
The most important factors were the controls of bed temperature, water migration and oxygen
concentration. Using multi-layer packed bed bioreactor help increase the heat removal and
consequently the celiuiase production increased. A quality of air forced through the bed along a packed
bed should be adjusted in order to get higher production yield of cellulase from all layers of a multi-
packed bed bioreactor. The thickness of bed should be consider to related with the temperature and
moisture uniformity and oxygen partial pressure of the forced air.
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Figure captions

Figure 1 Configurations of packed-bed bioreactors used in this studied: (a) control packed bed
bioreactor, CB; (b) two-layered packed bed bioreactor, 2LB; (c) three-layered packed bed
bioreactor, 3LB

Figure 2 Symtem of solid state fermentation in this research

Figure 3 Temperatures of beds and outlet air during SSF of A.niger. (a) in the control packed bed
bioreactor; (b) in the two-layered packed bed bioreactor; (¢) in the three-layered packed bed
bioreactor.

Figure 4 Glucosamine contents in fermented substrate. The glucosamine contents represented the
fungal growth, (a) in the control packed bed bioreactor; (b) in the two-layered packed bed
bioreactor, (¢) in the three-layered packed bed bioreactor.

Figure 5 Moisture contents of fermented substrate. (a) in the control packed bed bioreactor; (b) in the
two-layered packed bed bioreactor, (¢) in the three-layered packed bed bioreactor.

Figure 6 Cellulase production of 4. niger in the SSF. (a) in the control packed bed bioreactor; (b) in
the two-layered packed bed bioreactor; (c) in the three-layered packed bed bioreactor
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