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(Hydrolysis)  tou'lmiTus@waaunsorh l1se Temilugaamnssyldvarnvans 1au

Y
~

o ) @ a s a [
QATIMNITNFNA N QATINNTINDINT QAEINNTITUYN 115 DYauUse nwaa lusAwe latnawan
aA a ~ J A o Y o < ]
31 HUANLSTY (Rao LazAME, 1998) I@ﬂﬂﬁuﬂiﬂﬂi&ﬂ‘ﬂi11/]1!']11']1%’11!ﬂ'li“l’ﬁJﬂLl‘]J‘U@'l“l’T'liLLﬂl\i LY
. . A = a < Y v & = =2
A.oryzae, A.niger, MY Rhizopus sp. Lquﬂﬁli']llﬂ']ilﬂifglﬂulﬁuslﬂ ANUUNTINITOYATY
' a L4
1391115 1ALHNAID1T 1aa tazlinswaneu laaiuy Extracellular (Ikari 1@ Mitchell, 1994)

o Y < a a ] 9 A
ﬂ?iﬂﬁ?ﬂ?iﬂlﬂﬂlﬂﬂ’)ﬂﬁNﬁ@]ulmﬂflﬂﬂ uaﬂwwawaﬂ’qd



v
IS) Av A

9 @ <3 a o = Y
Bauseildnszuaumsninuuveisuds Tumswaaeulsilisfedadis  4.ormzae
o v ¥ - v - ,
Tagldvhsdiiluomsteasoamnsondaon lad T stwea IdlulSuugs (<1200 Ul &9
Y I 1 Y 3 =1 a o =} 9
uarea IR UIINTZVIUMINTNIUVO I T Banwawnsalumseaaon lailisfwd 18

(Chutmanop tiagAMe, 2007)

I~

a @ - o 7 1 ' o Jg YD
ﬂTiLﬁﬁiJ!,@ullG]ﬂJTﬂ5@]1@?[11&@11415?[@]3%3“If'J‘(’JGll!ﬂ'lﬁfJfJfJ?ﬂﬁfJ'l‘Vi'lﬁéllﬂﬂﬁﬂ?iﬁﬂﬂlu Lo
A a A o A [ a a v J 3 .
vlszansammsgaduens  hldmudasimssyanTaveadadgeliy  (Tbrahim, 2007)
dy g = a [ 4 v J v 1 v 3, . ..
wannieu lail lisaealundnsumonsda’  §aelumsdudiarswin  anti-nutritional
' . . . . . . A o o A o Y o Yo Aa
factors [¥U lectin inhibitor L@ trypsin inhibitor minnulusumdes mlvdadlaTumsemnsna

1
VU (Bedford, 2001)

o = . A 1 3 A 1 A
u i Tisfoalszinn  Alkaline protease vzi@oNTNINOEINIIAGUNORG lUANIZA
a ' 0 (% o '
gungiigand 60 °C Taslinnunadiveuou laniluyig pH 5.0-9.0 (Nasuno tazAME, 1972) 1ag
A J* = . A 1A
(Gessesse uazaAdle 2003) Glummzmau“lcmiﬂmmﬁﬂizm‘w acid protease VSUAININTTNUDI
d A a 0 1 =2 =
o laigaganguvgll 45 °C nazya9 pH 4-4.5 59w lfsenunsadoaninldTae looouveslans

VNFHAFY caleium (HUAY (Ghorbel, 2003)

a2 A G
2.5 migq;mﬂmmﬁummmu"lmu

a A 4 a a 9 o A
msga@enanssuveuen lel Rannmandeulaslassadraveseulanl eanng

d' = a g < o 4
wedemdeunasly manldeunlasanzinedeuiisuaniios nansoildieu laigoyde

i1 Y
Aangsu i) 1dun iiesnndfizeveseu lesiifludgizeunmz usulaseadaveaenlandiu

A3

a A I v A

261900 AuMgUaNYINMTgadenInssueu lyiliaell
1. anwdon TassadranAenl (Secondary structure) taz 1nseadeadenl (Tertiary
@ v = = J > Sy 1od o q ¥
structure) voou lasl Usznoudenssdamilenszrnaluanauaziunuse lindause hld
P Yo 9 =) a @ AR ~
ulminldsuanuiougu@eanmsssuma mszWuszNoamilen Tuananielungaoenin
Y]
~ a A d 9 J Y ' d o .
2. fior  niaezii uiidlulaseadwvesonlel  Uszneudlenylendu  (Functional
' A 9 IR A A A v
group) 2 N v -NH, 1ag —COOH Iaseadvewou lanivelidszy e pH vesdunadou
4 ) 1% Y aa J { o Y J a
wlagu i vildTaseade 3 48 vewou ladlaeu shlion laigadesssuna
a ] o Y a [
3. Tanz loouveslanzunwila WU Co2+ Cu2+ Fe2+ auninvliinanisoady

o 4 a
(Chelating) ¥ 1¥ou lasianaznounsedoanInsssuma



a 4 R l a { g a 4 o
4, ﬁWi@ﬂﬂ“])’llﬂ“]f (Oxidizing agent) ¥ DONHLAU !La%ﬁ’]ﬁﬁlﬂuﬁ’]ﬁ@E)ﬂGIf‘lﬂGI)'ﬁ']ﬂJ']ﬁﬂTn

Toulmivarvsiiadeuaninld Tamineyrhldinalada’lid u3ad (Disulfide Bridges) TugnTa

Tnam/ Indnil -SH voansa o2 Tu Fa@dU (Cysteine)

o A 1 I
5. 199891 191 159na (Mechanical force) 13 uAY

d d a <
2.6 ﬂauwamaﬂsm‘sgnyﬁﬂmnﬁu VDD ‘In!ul"lﬁl

= P P a A ¢ A ¥
m3AnyIvatnamansmMygadenInssuveuey lyiiiodninanuion (thermal
1 a o I aaa v o %
deactivation) wunmsgadenanssuvesen lailaoialy  duldawalgasesudunila
(Bassetti, 2000) #10aUNIT (1)-(4)
ko
E > Eq
dE/dt - k,E (1)
E = E, @
E = E,exp(-kt) 3)
a = E/E, = exp(-k ) 4)
[l a A o 1 a3 o aan
uamsgapdenanssuvoueulal  viannzer hidullawnuuseewnuilgaze
YY) o 9 [ g’/ 2K A o o a A o o a
QUIATITRN L WuRmsnauuHiaesmsgydenans suvesou ladilunuusiaoud

DYNTY (series deactivation) 130 fﬁjﬂulﬁll‘ﬂu (non-first order model) MUTUNTT (6)-(12) (Sadana,

1992)
Ky By ko B2
E —» £ > Eq
dE/dt = kE
dE /dt = k,E-k,E
E = Eexp(k,t)
E_, = E,
ki [Eo]

E, = o Eetkh)-epkt)

(6)
(7)
(8)
)

(10)



[E]+B:[E]

a = _— =

[Eo}

ko — k1 ko — k1

E : fanssuvouou la

a c’d’
E, : Nanssuueaon lminaniiznalg

a o’d‘ zﬂl
E,: nonssuvesou laiiidoudnin

1 H a 4

k, kK, : AA9AU0IM s gaydonangsuveson laj

o 1 a P [ A
B: oasrdrvvesnonssuvesou lainaniznaaeanzisudu
T : gungil (naIU)
t: 181 (W)

1 X Aa 4
t,, : AATITIAUD IO Tasa]

1+ Bika exp (—kat) kiB1exp (kat)

(1)

(12)

10



11

G aa
3. Qﬂﬂim!!ﬂg’sﬁﬂ1iﬂﬂﬁﬂﬂ

3.1 M151ad

1. Citric acid, Na,HPO anhydrous, Dinitrosalicylic acid 910 Sigma Chemical Co.Ltd.,USA.

2. D-glucose, D-xylan, Fluka Biochemika 911 Switzerland.

3. Sodium Hydroxide (NaOH), Potato Dextrose Agar 310 E Merck, Damstadt Germany.

4. Trichloroacetic acid (TCA) Folin — Ciocalte's phenol reagent 310 Carlo Erba reagent LtD.,
Lambadia Italy.

5. Sodium carbonate (Na,CO, Soluble starch Carboxymethyl Cellulose) Casaein Potassium

Sodium Tartrate (C,H,KNaO.4H,0) 910 Ajax Finechem Pty Ltd Australia.

= a =
3.2 mﬁmsﬂu@aumﬂumsmam

N L . . Yo s a
fgaumwhﬂa Aspergillus  oryzae (wild type) llﬂi‘]Jﬂ’NllE]léllﬂiWWiﬂﬂﬂW]’JGlﬂ
A a 4 a o a o 3 o dy
malulagdinn aucImemdas ynImedouiaa nJunna MManuIny laen13asauu
~ a IS o ) ] ~
1413 Potato dextrose agar (PDA) Nigaivigh 4 °C Taeliogmanuine 1 @ou dmsumsason
o ¥ ] o ’:91 ~ a I [
WUHO A. oryzae TUMIHNN 929IMNTIAO 4. 0ryzae VUOIMIT PDA Nigaivigh 30 °C 1ilunan 5 31
g & . vy ¥ 9y 9 ¥
Aoy spore suspension IaalH lanuuduIaglseuia 107 spore/ml laald 0.01%

] a3 o
Y99 Tween 80 /5195 5 ml 919 slant 1WIUAI¥E
3.3 95MINAaog
3.3.1 NIZUIUMSHND

~ dy dy 9 < A [ dy I Y glJ o 1 dy
IATIUDINITDYIYD I@flcl‘]fﬂ'lﬂﬂ?lﬂﬁ@\?ﬂiﬂﬂ’ﬂlﬁﬁuiﬂqﬂ 50 % Fﬂ']ﬂuuu']ulﬂm'llf’]fﬂiﬂﬂ

a

. < D . <
Autoclave Ngaiviii 121 °C iHural 15 w1 901Ut spore suspension 11AgNIAR11HNIZIOM)

U

a

O { Y o oA o . & &
REVPFINBENS ) lla')u'lulﬂﬂﬂﬂqmcl)iﬂﬂ 30 C Lﬂuna'l 48 (’]f')IlN

U



12

a

a % v d G
3.3.2 wamaanﬁgu!!azizﬂzg’mﬂuﬂﬁamgﬁwmmmmmmﬁananﬁmmmu"lmu

o w ' o Y ° v 9 o ' o 9 Y] 9 A
1MA29619910190 3.3.1 Whnmsevualaslddiedia 300 n5u euuialudevanioun
A o 3 & 3 o ' & § o a o
QaIgl 50, 60, 70 taz 80 °C 1WAl 48 $11ue UGN 4 F2 TuaNeI NN IZY
&1 a o a o
Psmnuanuau waznanssuvoaeu lailusaea oz lued waged uaz leuaunua Taevinis
Y
NAADY 2 %1
(%4 (v Y o d a
3.3.3 wavesannZlumsiuSnymazszazna lumMaHuSIY IV I IHITEN INBNINT TN

oyl

o w ' Y ° { a o < o ¥
101990 3.3.1 Mvhmsouuraigungil 50 °C Hunan 24 ¥ Tue aulianuiu

o 3 o ' a a ] ¥ A a9 o
7.79% Wimanuaae1e 13 lugeanara@nwiia polypropylene Malunostuyoguugii 4 °C, 25 °C,

o o o [~ ' o § o a Ja 4 a

30 C, 37 C Lléjﬂﬂ']ﬂ'ﬁlﬂﬂﬁ'lﬂﬂ']\inﬂ 15 23U Wﬁ\l'ﬂﬂ']ﬂ']ﬁ’)Lﬂﬁ?gﬁﬂ‘ﬂﬂﬁﬁuﬂl@\u@uq“ﬁu Tﬂﬁ@!fﬂﬁ (3
X 4 4 s o I A o
thLaﬁ KEAQLAE LAY "l‘flm,ammﬁ Ll,azmmslmmﬂaﬂu"lﬂmaﬂmimmﬂm Wunat 4 meou Iﬂfﬂ/l']

Y

NMSNAADY 2 1
[y d
3.4 myanau ey

v Y Y 9
ﬁ1ﬂ1i°])’\1¢]’36ﬂ1ﬁ@1ﬂ1ilﬁ80l%ﬂﬁ]1ﬂﬂ1§ﬁhﬂ 1 ﬂmslumﬂgﬂ%m NUURANTITaZ DY

Y Y

Woamaiivivas 0.05 Twars pH 7 151105 10 ml 1 11id AT 09e1 (Shaker) A2860131 250 59U
p

' A d < ¥ o o A y A A A A 0 ]
AN 1unan 1 6]1'311]\1 NAUUU IV UATOIUUHIEIN 4000 rpm UTU 5 UM N QUKYU 4 C 1nY

1 { { a .'; 1 4 Iy 1 a 4
aaulan’la lingamgiisindt o °c mesnmianmwen lailineuvz Az
353 Emsansen

d d
3.5.1 madanzrinanssuvaveuluiez luaa
a Ia 4 9 [ asy .
msuasznanssuveuau lmies luaa ldanmasauladdsnmsves Rick  uay
o v A a 4 1 o
Stegbauer (1974) dwSuiieuvesnanssuvouou lasios luaa Aol vuleveueuluy o luad
o 1 2 3 a @ {
AovSuaneu linansagesuilaliitniaasaadla 1 lulasTuamelunar 1 w9

QNI 40 BIFLFAITYE 1AL pH 7
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3.5.2 msdmzvinenssuveseulusiwagaa
a Ia J kY o ax
mM3nsIzrnInssuveey Isisagaa laainmsaaui/asdtnisues  Mandels (1976)
o v A a 4 [ 4 A P
dmsutinmvesnanssuveweu liiragaa 1 wievoueu lxl wagad AsdSunanen lain
1 I g a y a
aunsadoorag laaliihnhaasardla 1 lulasTvamelunar 1wl figamgl 40 oeen

[T 1ag pH 7

a da
3.5.3 mmmﬂzﬁnﬂnﬁmmmu"lmﬁ"lmmuma
a A 9 Y] axy .
fﬂﬁ’)tﬂi'lg‘Viﬂ%ﬂiﬁllﬂl’é]\iLﬂuulﬁlﬂﬂclﬂmulmﬁllﬂ%'lﬂﬂ'lﬁﬂﬂllﬂﬁ\i’]‘ﬁﬂ'lﬁﬂl@\i Bailey (1992)
) v A a ] 4 A
ﬁ"l'ﬂi‘]JufJ'IlIGU’OQﬂi]ﬂiiiJSU’E]\?Lﬁluhlclfllﬂlclﬂmul,Uﬁ 1 WH’JEJGU'O\?L@‘H]IGHN llcmaumﬁ fe1lsuu

=

' , 2 ' -
wulmifawisadoslanaulfiduihaalelaa’ld 1 TulasTuanelunar 1wl Agamgil 40

E]

DA AITYE Lz pH 7

3.5.4 myannzvinanssuveseulaaililshea
a Ia o = 9 [ ay
myaaTzinanssuveseu lai lusded ldvninmsaauaddsmsves  Anson  (1944)
o v A a o =3 ] 4 =) A P
dmsutewvoananssuveson luilisdwd 1 wireveuoulsl Tilstea Avdsuaeulanin
annsadoomduliiflunsaesiTulnlsduld 1 ulasTuanelunar 1 ui figangil 40 e

aIFee taz pH 9
(%) o d a d
3.6 MRV IaBIMDaNNamanIMsgaydenonssaueu sl

° @ @ ° 4 a 4 3
fﬁ‘Vii‘UﬂﬁWﬁlLHLL’UU%”Ifl@QVINﬁ]ﬁuWﬁﬂ”lﬁ@]iﬂ”ﬁqt‘gl?fﬂﬂ%ﬂiiulﬂunl%ﬂ ulﬁklclg)'}!,!)‘UiJﬂTﬁﬂx‘l
4 o 1 o aan v w 4 o aan v W %
NNIaUNMTARNT 3 memm"l@gﬁm L!UUﬁ]Tﬁ@QﬂQﬂiﬂ?@uﬂUﬂuﬂ L!‘iJ‘UinﬁfJ\‘l‘}Jj‘]ﬂifJ”lﬂuﬂ‘Uﬁﬁ\‘]

o o a L4
uaz uuuSraoavoynsy Tumsinnemsgy@enanssuen lal
3.6.1 nwusiael fisedudugud

Aa J Y
nanssuveuou lain 1dvin
A=kt
Taofmuald
a ( 1 a d Aa <A
A fo fenssuveaon lailugil15mine @anssuveseulmiRsnssuveveu lxizudu)
A ' A 2 a ¢ D -1
k fie mnaimsgadennssuveaeu lu (3 Tue’)

t Ao a1 (@)
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]
U U J=1

3.6.2 nuud1aealfseduauvitia

A o F)
Aanssuvouau lwivii1ldan

kt

A=exp

3.6.3 !!‘].ani‘i]aéN!m‘llﬂgﬂiu (Sadana , 1992)
a2 A L4
ﬂ']ﬂﬂallﬂﬂ'lﬁqmulﬁﬂﬂ%ﬂﬁﬁMﬂl@\uﬂuulcﬁll

ki B ko
E —™ E— Eq

A o a
E fo mu'lmﬂuamazﬁﬁmanm

=) L
E, Ao toulailuaniiznans

A A A a
E, fo mu‘lwmﬁaﬁmwmiwym

(=%

o))
@

v QQdal A ~
AULDARINAUNADNAN1IZNAN (E/E,)
a J 14
nanssuveuau lain 1dvin

A= (1+ Blkl) exp (—klt) _ leleXp(_kzt)
kZ_kl kz - kl

Taotmuald
a o 1 a I Aa A
A Ao nonssuvevou leilugd 15vae Manssuveeu lai/Menssuueaeu laniisudu)
A ' A a2 A S @ -1
k, wag k, fio masimsgadononssuveaon lad (3lue’)

t Ao a1 (¥ 119)
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4. NANMINAABY

a 0 1 Y v d
4.1 wammqmﬁ{}u‘lum‘i‘m!!ﬁaﬂ%mmﬂ’mﬁummﬁ’smmmm

]
= 1 %

X 1 Y a A <
naveslSuunuiuasszezna lumseuuiangungiaenuudaa13lugili 1 wzimu

Q

'
= a

1@ Imseuuianeamai 50, 60 taz 70 esenamed vz lgszoznan)szun 24 93 Tualunsm

Q Y

=

a o d @ v J f ° 1 1 a
Tindasuaiiiomsdad TlSannududind 10 % @rumseuudaiguvgil 80 oasn

Q

wameaaz 195 zezna1lszuna 8 92114

50i
40 i
2]
£ 30 - L
= ®
s =
o
(&)
5 20 - ?
X4
o
3 &
10 - z
blos = % ¢ 8 o $ =
0 . . e &
0 10 20 30 40 50 60
Time (hr)

v
[ =

{ [ v v ¥ [ )] a
1 1 ﬂ'ﬂiJfflIWLl‘ﬁ‘igW’N\?“]J%iﬂﬂ!ﬂ’ﬂh%ﬂﬂﬂi$ﬂ$£3ﬁ111&ﬂ1‘i’ﬂﬂlﬂ’idﬂ UNHU

Q

50°C (®), 60°C (©), 70°C () 1taz 80°C ( 8)

a o Y 1 a2 A d
4.2 wammqm‘ﬁgu‘lumﬁmgmaﬂamﬁgmumﬂmmﬁummmu"lmu

a A

a o ' J
wamimamNammqmwgﬂumimuﬁ’a Glﬁ)ﬂﬁqtlllﬁi]ﬂﬂﬂiiiJ"lJf]\iL’é)uUlclﬁJ't)ZhliJLﬁﬁ

9

A 1 4 s A = <} Y
uﬁ@ﬂugﬂ‘n 2 ﬁﬂﬂwaﬂﬁ‘ﬂﬂafNW’]J’N!,f]uul,G]ﬁJf]%lliJmﬁi]zﬁﬂjlﬁﬂﬂﬁ]ﬂiimWEl\Haﬂuf]Elﬁluﬂﬁ

Y v
i

=

=) a J < 2 4 a
pUNiINguugll 50 eerwalTa taznnssuvewey ez luadrzanaui Vuiogurgiily

o Y dﬁf A Y o o oA a = I
MIMUTIGIVH DB ULVINHIDTIHITAAINGUN DY 50, 60 Ly 70 ¥FLHBALBY Wuan 24

o { o ' a 4 1
2 Tuaudifsmnannududinm 10% sgmaoninssuveusu luios lumdod 90%, 73%, 55%

a P A Y A A ~ 3 &
ﬁ]"lﬂﬂﬁ]ﬂiiﬂﬂl@ﬂlﬂu"l%'llﬁllﬁu bluﬂlﬂ!ﬁﬁﬂﬂTﬁ@ULlﬂﬁﬂQﬂ!ﬁ{]N 80 DAYy L‘].I‘L!L'Jﬁ”l 8 “F]Ill\i

= g = :: 1 aAa 4 A ~ a
ANYTBANUFULMAIN 10% i]%llﬂ%ﬂiiuﬂlﬂﬂlﬂullcﬁumaﬂmﬂﬂ 70% NNINTIVUDN
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a

P vy Y o o da ° A
Lﬂuulclflllﬁllﬁu ﬂ']ﬂwaﬂ'ITVIﬂa@\1Llﬁﬂ\1Glﬁlwuj']ﬂ'ﬁﬂUL!ﬁQW?@WWWﬁﬁﬂ?VI@mﬁ (NN GG

E]

1% I'd Y

1
a o a 1 = Y Y ~ a 'o 9
nanssuvoueu ladez luaalundasusigaiogann  Dainmseuuisiiguvgiiding 14man
[ { { a 4 ‘o 1
TumsouuaunM endumssuuian 70 esruyamea Alinanssuvoaoulwyl §i1nang
¥ A ~ 2 & Y A A 9 9 A
DULIN 80 DA NsAIFIE FUI NI IZMTOUUNIN 70 sarusaded 1¥a1lumseuuianuu

1 { o a o ' 4
AN wamInaaedi laaeanasenunIIfeues Nigam waz Singh wuitew laies luaa 1n 4.

'
aa

[ Y
oryzae Noaviglnmnzaulumsiilfnien 40 °C (Nigam ag Singh, 1995) UBNIINUNTIBIIU

u
a

ao 1A J ] < y
mi’sﬁmwmmﬂﬂﬁummmu"l%nazllmaﬁ 9N Bacillus spp. ﬂzaﬂmamai’amiatﬁ@quﬂm;N

U

1NUNI 60 °C (Dilek 1AL Belma, 2004)

Amylase activity
(Amylase activity/Initial amylase activity

Time (hr)

=

~ v o 7 ' a 4 @ a
°]J°I/] 2 ﬂ'ﬂiJfffllWl!‘ﬁ‘iZW’J'l\‘]ﬂi]ﬂ‘iiﬂﬂl@\ﬂ’f]uul“]fﬂ’ﬂgU]JJl,ﬁﬁﬂﬂi$ﬂ$&'§ﬁ11uﬂ1§@ﬂllﬁ}\‘]ﬂ WY ()

o E]

50°C, ( 60°C,( A70°C uax®  )80°C EMINaasuieusumsmuln laslduuusiasauy

YN

) o a o ! a t4
dmswavesguugilumsihudiremsgaydennssuvouou lalimagas  lawavma  uay
Tils@ed uaaslugn 3-5 awdau Taswamsnaassi ladeandesniumsgydoninssuues

o s A a s X A A o Y 2 o w
Lﬂu"l‘ﬁ)'ilﬂglllllaﬁ Iﬂﬂl@ullgﬁﬂﬂgqmulﬁﬂﬂ%ﬂiiullﬂﬁ'Jsllulllﬂqmﬁ{]ll‘luﬂTﬁVl"IL!WQgQ"UuIﬂEJa"Iﬂ‘U

a

@ v I & 1
Tasmsouuiaiieisdaiiiune 24 1 luiguugll 50, 60 uag 70 osusAFHEADL

G

a s ' a <A {
mﬁaﬂﬁ]ﬂiimlmmunl%m%agmﬁﬂg 88%, 72%, 52% ﬂwﬂﬂﬂﬂﬁﬁumﬂﬂlﬂuqcﬁﬂlﬁﬂﬁ}u 1umm$ﬁﬂ1'§

s

¥ a A = I < a A a0 b 1
ULNNYUN Y 80 DIAUBUBE L‘]Juma”l 8 GB’JINQ%H?J‘]J‘%NTIMﬂ’J']N%ullﬂ’]@’]ﬂ?’] 10% sy
a s a sA [ a o
ﬂﬁ]ﬂiillsll@\uﬂu]l"h'lllﬁﬁa 66% ﬂ?ﬂﬂﬂﬂﬁium@ﬁl@uqcﬁulﬁﬂﬁ}u Waﬂ’]iﬂﬂa@\iﬁ@ﬂﬂg@\iﬂﬂﬂ']u’ﬁ]ﬂ

' 9 dyd' Y o = a 4 A T A A
ﬂauwumw"lﬂmmiﬂﬂyWﬂmﬁmmmmu%u KFAQLATIN A.niger  NWUNUAININTTUVO

v
= a

wou laigegangumgll 40°C (Coral azAMY 2002) UBNIINT Carnimal (1984) TAeWUININGTY

Q
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4 4 1 { a J 1A 4
vouou lsiiragadazanauieogluanzigurglgann 50°C uazlisnanssuvoaeu lu]

=

gagANQungil 40°C (Carnimal, 1984) 591 11D90991798909 Andreaus tazAMZANLININTTH

a U

' < ) oA 3
ﬂl@ﬁlﬂu"l“ﬁﬂlcﬁﬁgmﬁmﬂ T. ressei %zaﬂmamqmmmwmmiuuﬁqmmuqqmw SOOC Lﬂunm 5

U

¥ 139 (Andreaus 1A AL 1999)

12

Cellulase activty
(Cellulase activity/Initial cellulase activity

0 10 20 30 40 50 60
Time (hr)

[
a

A v o 1 a @ o Y
STJVI 3 ﬂ??ﬂﬁﬂwuﬁﬁzﬁ'ﬂﬁﬂﬁ]ﬂﬁﬁﬂm’f)\‘llﬂuul"lfﬂlel)'ﬁalaﬁ'ﬂllﬁgfJ&'Ja’liuﬂ’]ﬁ’ﬂUL!WﬁﬂqmﬁﬂiJ ()

o a U

50°C, ( #60°C,( A70°C wam( )80°C MpMsnaasuisuiumsmua Iaglduuuiiasauy

UNTY

14 uaasmsgadonanssuveaeu leil lsuauuaszniemseuuranu Mot
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# Tuadi Aanssuvoueu lxl Fanssuvewen 1wl fenssuveven lniudu)

50°C +sd 60°C +sd 70°C +sd 80°C +sd
4 0.99 0.03 0.99 0.02 0.99 0.02 0.99 0.03
8 1 0.07 1 0.01 1 0.02 1 0.01
12 0.95 0.06 0.95 0.04 0.95 0.03 0.95 0.02
16 0.86 0.02 0.86 0.01 0.86 0 0.86 0.01
20 0.9 0.02 0.9 0.02 0.9 0.04 0.9 0.01
24 0.9 0.01 0.9 0.07 0.9 0.01 0.9 0.01
28 0.89 0.05 0.89 0.02 0.89 0.1 0.89 0.02
32 0.9 0.05 0.9 0.04 0.9 0.09 0.9 0.02
36 0.9 0 0.9 0.01 0.9 0.09 0.9 0.07
40 0.88 0.03 0.88 0.04 0.88 0.03 0.88 0.09
44 0.85 0.02 0.85 0 0.85 0.05 0.85 0.04

48 0.86 0.01 0.86 0.02 0.86 0.03 0.86 0
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# Tuadi Aenssuveseu lmil Fanssuveaoulyl/ Aenssuvesen lriEudu)
50°C +sd 60°C +sd 70°C +sd 80°C +sd
4 1 0.06 0.97 0 0.82 0.01 0.72 0.01
8 0.95 0.03 0.88 0.03 0.77 0.02 0.64 0.01
12 0.93 0. 0.79 0.07 0.65 0.02 0.58 0.07
16 0.86 0.08 0.78 0.1 0.57 0.03 0.59 | 0.03
20 0.9 0.06 0.68 0.04 0.52 0 0.55 | 0.03
24 0.89 0.07 0.72 0 0.52 0.01 0.53 0
28 0.82 0.12 0.66 0.07 0.51 0.01 0.54 | 0.03
32 0.82 0.04 0.74 0.07 0.5 0.04 044 | 0.04
36 0.84 0.05 0.67 0.09 0.46 0.02 038 | 0.02
40 0.84 0.03 0.67 0.04 0.48 0.04 037 | 0.04
44 0.84 0.01 0.69 0.09 0.5 0.06 039 | 0.02
48 0.82 0.03 0.64 0.08 0.42 0 032 | 0.06
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# Tuadi Aanssuvoueu lxl Fanssuvewen 1wl fenssuveven lniudu)
50°C +sd 60°C +sd 70°C +sd 80°C +sd
4 0.94 0 0.93 0.07 0.8 0.07 0.74 0.05
8 0.96 0.08 0.89 0.01 0.77 0.01 0.7 0.01
12 0.88 0.02 0.87 0.02 0.65 0.02 0.65 0.03
16 0.87 0.02 0.75 0 0.65 0.01 0.58 0.03
20 0.88 0.04 0.69 0.04 0.6 0.04 0.52 0
24 0.84 0.09 0.73 0.05 0.52 0.05 0.44 0.04
28 0.77 0.03 0.72 0.04 0.46 0.04 0.35 0
32 0.82 0 0.73 0.04 0.47 0.04 0.38 0.02
36 0.74 0.02 0.69 0.03 0.47 0.03 0.41 0.02
40 0.8 0.04 0.7 0.04 0.46 0.04 0.38 0.03
44 0.8 0.05 0.68 0.01 0.44 0.01 0.38 0.02
48 0.8 0.02 0.62 0.03 0.43 0.03 0.34 0.04
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# Tuadi Aanssuvoueu lxil Fanssuveaenlsl/ fenssuveven luiudu)

50°C +sd 60°C +sd 70°C +sd 80°C +sd
4 0.99 0.02 0.89 0 0.84 0.08 0.78 0.01
8 1 0.01 0.79 0.01 0.75 0.03 0.66 0.03
12 0.95 0.11 0.76 0.02 0.64 0.01 0.62 0.03
16 0.91 0.11 0.74 0.01 0.65 0.04 0.61 0.03
20 0.93 0.02 0.65 0.04 0.55 0.08 0.52 0.01
24 0.93 0.01 0.66 0.04 0.59 0.09 0.39 0.05
28 0.85 0.05 0.71 0.07 0.54 0.08 0.36 0.02
32 0.87 0.07 0.71 0.04 0.46 0.04 0.42 0.01
36 0.78 0 0.7 0.02 0.41 0 0.35 0.07
40 0.81 0 0.58 0.06 0.44 0.09 0.28 0.06
44 0.84 0.01 0.55 0.02 0.3 0.07 0.34 0.05
48 0.78 0.01 0.52 0.02 0.34 0.06 0.28 0.05
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Wuﬁ ﬁ%ﬂiﬁmmmu"l%ﬁ (ﬁﬂﬂﬁﬁuﬂlmlﬂullﬁliﬂ’/ ﬁ%ﬂiﬁmmmu"lcﬁﬂéuﬁu)
4°C +sd 25°C +sd 30°C +sd 37°C +sd
15 0.93 0 0.97 0.04 0.91 0.01 0.92 0
30 0.86 0.02 0.87 0.1 0.92 0.02 0.9 0
45 0.88 0 0.82 0.06 0.85 0.09 0.82 0.01
60 0.93 0.03 0.92 0.04 0.86 0.02 0.86 0
75 0.9 0 0.88 0.08 0.84 0.06 0.85 0
90 0.89 0 0.87 0.09 0.89 0.04 0.75 0.02
105 0.74 0 0.81 0.04 0.88 0.01 0.83 0.01
120 0.77 0 0.78 0.03 0.76 0.06 0.74 0.01
135 0.75 0 0.76 0.03 0.8 0.04 0.79 0

. a 3 o 1 a
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”u‘ﬁ ﬁ%ﬂismmmu"l%ﬁ (ﬁﬁ]ﬂssmmmu”lmﬂ/ ﬁfﬂﬂiiumamu”lcuﬂﬁuﬁ'u)
4°C +sd 25°C +sd 30°C +sd 37°C +sd
15 0.94 0.06 0.94 0.06 0.89 0.07 0.9 0.03
30 0.81 0.02 0.9 0.09 0.94 0.05 0.79 0.06
45 0.84 0.09 0.87 0.02 0.86 0.11 0.84 0.04
60 0.83 0.1 0.85 0.09 0.85 0.09 0.83 0.01
75 0.88 0.01 0.86 0.11 0.86 0.03 0.82 0.03
90 0.85 0.05 0.78 0.08 0.78 0.03 0.82 0.1
105 0.83 0 0.88 0.05 0.9 0.03 0.78 0.07
120 0.84 0.1 0.85 0.06 0.8 0.09 0.82 0.05
135 0.81 0.08 0.78 0.03 0.79 0.07 0.75 0.01
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4°C +sd 25°C +sd 30°C +sd 37°C +sd
15 0.96 0.0 0.95 0.04 0.89 0.05 0.89 0.05
30 0.84 0.0/ 0.86 0.04 0.88 0.03 0.88 0.03
45 0.8 0.08 0.75 0.04 0.87 0.1 0.87 0.1
60 0.78 0.02 0.76 0.01 0.83 0.04 0.83 0.04
75 0.76 0.07 0.75 0.04 0.88 0.04 0.88 0.04
90 0.79 0.05 0.79 0.04 0.8 0.05 0.8 0.05
105 0.79 0.1 0.77 0.03 0.76 0.07 0.76 0.07
120 0.73 0.08 0.78 0.03 0.76 0.04 0.76 0.04
135 0.64 0.07 0.74 0 0.75 0.07 0.75 0.07

A a 3 o ' s a o 2
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”u‘ﬁ ﬁ%ﬂismmmu"l%ﬁ (ﬁﬁ]ﬂssmmmu”lmﬂ/ ﬁfﬂﬂiiumamu”lcuﬂﬁuﬁ'u)
4°C +sd 25°C +sd 30°C +sd 37°C +sd
15 0.92 0.04 0.94 0.05 0.92 0.02 0.96 0.02
30 0.92 0.01 0.91 0.07 0.84 0.1 0.94 0.03
45 0.82 0.06 0.96 0.01 0.87 0.04 0.95 0.08
60 0.92 0.04 0.94 0 0.86 0.05 0.85 0.06
75 0.82 0.04 0.78 0.07 0.8 0.01 0.87 0.03
90 0.88 0.02 0.86 0.03 0.85 0.06 0.82 0.03
105 0.8 0.01 0.76 0 0.87 0.02 0.81 0.07
120 0.76 0.04 0.8 0.05 0.85 0.03 0.87 0.06
135 0.8 0.03 0.76 0.01 0.82 0.04 0.82 0.02
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University of Missouri-Rolla, Rolla, Missouri, USA

Thesis Title: Experimental and Theoretical Study of the Adsorption of Alpha
Chymotrypsinogen A and Ribonuclease A onto Hydrophobic Porous
Adsorbent Particles

1985 - 1989 B.S. (Chemical Engineering)

Chulalongkorn University, Bangkok, Thailand

Professional Experience :



mailto:anan.ton@kmutt.ac.th
mailto:a_tongta@hotmail.com

Apr 1989 - Jul 1990:

Jan 1994 - Dec 1995:

Feb 2000 - Nov 2000:

Dec 2000 - Mar 2001:

Feb 1996 — May 2001:

April 2006 — April 2007

May 2001 — present:

50

Analyst and Engineer at Bangchak Petroleum Co., Ltd. Bangkok,
Thailand.
Research Assistant, University of Missouri-Rolla, Rolla, Missouri,

USA.

Advanced Training in Industrial Biotechnology, Carl Duisberg
Gesellschaft e. V., Gesellschaft fur Biotechnologische Forschung
(German Research Center for Biotechnology), Braunschweig,

Germany.

Research Fellowship, Research Center of Bioprocess Engineering,
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Technology King Mongkut’s University of Technology Thonburi.
Visiting Assistant Professor, Biological Process Development
Facility, University of Nebraska Lincoln, USA

Assistant Professor, Division of Biotechnology, School of
Bioresources and Technology King Mongkut’s University of

Technology Thonburi.

Funded Research Project Final Reports

1. A.Tongta, A Mathematical Model of an Amperometric Enzyme Biosensor for the Determination

of Glucose Concentration, submitted to National Center for Genetic Engineering and

Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA),

Thailand, August 1997.

2. Desai S.G, Tongta A, Yompakdee C., Process Modeling, Simulation, and Control of Bioprocess:

Application for Baker's Yeast Production and Inducer Controlled Regulation of Protein Production

from Saccharomyces cerevisiae, submitted to National Center for Genetic Engineering and

Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA),
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Thailand, September 1998.

3. A. Tongta and S. Dit-U-dompo, Mathematical Modeling of Heat Generated from Banana
Respiration, submitted to National Energy Policy Office (NEPO), January 2000.

4. M. Nopharatana, J. Pimsaman, A. Tongta, Development of Solid State Fermentation using
Rotating Drum Bioreactor submitted to National Center for Genetic Engineering and
Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA),
Thailand, September 2003.

Journal Papers

A. Tongta, A.L. Liapis, D.J.Siehr, Equilibrium and Kinetic Parameters of the Adsorption of Alpha-
Chymotrypsinogen A onto Hydrophobic Porous Adsorbent Particles, J. Chromatogr. A, 686 (1994)
21-29.

A.L Liapis, Y. Xu, O.K. Crosser, and A. Tongta, “Perfusion Chromatography”: The Effects of Intra-
Particle Convective Velocity and Microsphere Size on Column Performance, J. Chromatogr. A, 702

(1995) 45-57

AL Liapis, A. Tongta, and O.K. Crosser. Finite Bath Affinity Adsorption of Adsorbates into
Spherical Porous Particles: Parameter Estimation in the Laplace Transform Domain, Accepted for

Publication in Mathematical Modelling and Scientific Computing, September, 1995.

A. Tongta, A.L. Liapis, and S. Hagen, Synthesis of Anion Exchange Adsorbent Particles by Surface
Functionalization of Polystyrene-Divinylbenzene Based Spherical Porous Matrices, Separations

Technology,
6 (1996) 77-89.

M. Somasundrum, A. Tongta, M. Tanticharoen, and K. Kirtikara, A Kinetic Model for the Reduction
of Enzyme-generated H202 at a Metal-dispersed Conducting Polymer Film, Journal of

Electroanalytical Chemistry 440 (1997) 259-264

Michell, D.A., Tongta, A., Stuart, D.M., and Krieger, N., 2002, "The Potential for Establishment of
Axial Temperature Profiles during Solid-State Fermentation in Rotating Drum Bioreactors",

Biotechnology and Bioengineering, Vol. 80, No. 1, pp. 114-122.
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Anan Tongta. Software Sensor for Monitoring of Bioreactor, accepted for publication in Thai Journal

of Biotechnology.

Anan Tongta, Montira Nopharatana, Sirirat Saartrat, Monthon Sukumprasertsri. Production of Feed
Supplement from Soy Bean Pulp by Aspergillus oryzae, accepted for publication in Thai Journal of

Biotechnology.

A. Tongta, M. Nopharatana, W. Chanatrutipun, and S. Rakmae. Production of Amylase and Protease
by Solid State Fermentation of Aspergillus oryzae Using Tray and Pilot Scale Rotating Drum

Bioreactor, submitted for publication.

Yanee Srimarut, Anan Tongta, Montira Nopharatana, Thitapha Smitinont, Ruud Valyasevi. Modeling
the Effect of Temperature on Growth and Substrate Utilization of Lactobacillus plantarum in

Simulated Thai Fermented Sausage, submitted for publication.

Scientific Publication/Conference Proceeding

Chieplaem, N., Waiprib,Y., Tongta, A., Boonvanich, V., and Sawangwong, P. 2006. Emulsification of
soybean oil by chitosan with different deacetylation degree and molecular weight. In Kim, S.-K.,
No.H.K., and Park, R.-D.(Eds), Advances in Chitin Science and Technology: Proceeding of the 7"

Asia-Pacific Chitin and Chitosan Symposium. Bexco, Busan, Korea, 23-27 April. p.399-401.

Rakhansaeng, P., Waiprib, Y., Tongta, A., and Sawangwong. P. 2006. Reduction of suspended solids
from hard tofu processing wastewater by chitosan with different deacetylation degree. In Kim, S.-K.,
No.H.K., and Park, R.-D.(Eds), Advances in Chitin Science and Technology: Proceeding of the 7"

Asia-Pacific Chitin and Chitosan Symposium. Bexco, Busan, Korea, 23-27 April. p.482-484.

Rakhansaeng, P., Waiprib, Y., Tongta, A., and Sawangwong. P. 2006. Reduction of suspended solids
from hard tofu processing wastewater by chitosan with molecular weight. In Kim, S.-K., No.H.K., and
Park, R.-D.(Eds), Advances in Chitin Science and Technology: Proceeding of the 7" Asia-Pacific

Chitin and Chitosan Symposium. Bexco, Busan, Korea, 23-27 April. p.485-487.

Waiprib, Y., Pinthongkam, V., and Tongta, A. 2005. Inhibition of Escherichia coli by

chitooligosaccharide mixture prepared from acid hydrolysis of chitin and chitosan. Proceeding of the
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7" Agro-Industrial Conference (CDROM). Advancing food technology: Bringing Thailand into the

world’s kitchen. 22-24 June. BITEC, Bangkok. Book of Abstract. p.80.

Waiprib, Y., Sriprapatana, P., and Tongta, A. 2005. Inhibition of Escherichia coli by
chitooligosaccharide mixture prepared from food enzymes. Proceeding of the 7" Agro-Industrial
Conference (CDROM). Advancing food technology: Bringing Thailand into the world’s kitchen. 22-

24 June. BITEC, Bangkok. Book of Abstract. p.79.

Chieplaem, N., Waiprib, Y., Tongta, A., and Sawangwong, P. 2004. Control of chitosan deacetylation
degree by combined effects of deacetylation temperature, number of repeated batch, and time.
Proceeding of the 30" The Congress on Science and Technology of Thailand (CDROM). 19-21
October. Impact Exhibition and Convention Center, Muang Thong Thani, Bangkok. Book of Abstract.

p.238.

Kantahan, C., Tongta, A., Pimsamarn, J., Nopharatana, M., and Waiprib, Y. 2004. Effect of chitosan
coating on storability of coated tangerine orange. Proceeding of the 30" The Congress on Science and
Technology of Thailand (CDROM). 19-21 October. Impact Exhibition and Convention Center,

Muang Thong Thani, Bangkok. Book of Abstract. pp.238-239.

Jirapattarasakul, I., Tongta A., and Kanlayanarat S., 2003, "Effects of Heat Treatment on the
Respiration of Mango '"Nam Dok Mai"', APEC Symposium on Postharvest Handling System,

September 1-3, Radisson Hotel, Bangkok, Thailand.

Aiumsubtub, A., Poomputsa, K., Tongta, A., Waiprib, Y., and Mekvichitsaeng, P. 2003. Kinetic study
of recombinant Dengue viral (NS1) protein synthesis by insect cell culture. Book of Abstracts.

BioThailand: Technology for life. 17-20 July. Chonburi. pp. 265.

Phowsrisornjitt, W., Waiprib, Y., and Tongta, A., 2002. Comparison of Degree of Deacetylation of
Chitosan Produced by Batch and Repeated Batch Experiments. The 5th Asia Pacific Chitin-Chitosan

Symposium and Exhibition, March 13-15, Bangkok, p. 94.

Phankrut, V., Tongta, A., Pimsamare, J. and Nopharatana, M. 2002. Prediction of weight loss of
chitosan coated tangerine oranges. Proceeding of the 5™ Asia Pacific Chitin-Chitosan Symposium &

Exhibition, Bangkok, Thailand, March 13-15.
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Charudomrongsak, P., Waiprib Y., and Tongta, A. 2002. Effects of Deacetylation Conditions on the
Viscosity of Chitosan Products. . Proceeding of the 5" Asia Pacific Chitin-Chitosan Symposium and

Exhibition. 13-15 March, Emerald Hotel, Bangkok.

Jirawongsaroj, K., Tongta, A., Nopharatana, M. and Pimsamarn, J. 2001. Modeling heat transfer
during solid state fermentation in rotating drum bioreactor: Paramater estimation. BioThailand 2001,

7-10 November, Bangkok, Thailand.

Chungchamroenkit, P., and Tongta, A. 2001. A Dynamic Model for the Design of Low-grade Copper
Sulfide Heap Bioleaching 11" Chemical Engineering Symposium, Suranaree University, 9-10

November.

Chanatrytipun, W., Nopharatana, M., Pimsamarn, J and. Tongta, A. 2001. Effect of substrate moisture
content on kinetics of growth and protease production from Aspergillus oryzae by solid state

fermentation. BioThailand 2001, 7-10 November, Bangkok, Thailand.

Maneerat, C., Tongta, A., Kanlayanarat, S., Wongs-Aree, C. 1999. Modeling of Respiration Rate and
Modified Atmosphere Packaging of Fresh Banana, a poster presentation at The 9 " Meeting of the Thai

Society for Biotechnology, Suranaree University of Technology, 19-22 November. Thailand.

Yompakdee, C., Tongta, A., and Jeankarakul, O.1999. Expression of Gene Encoded Dengue
Enveloped Protein in Saccharomyces cerevisiae, The 5th Asia-Pacific Biochemical Engineering

Conference, 15-18 November.

Yompakdee, C., Tongta, A., and Jeankarakul, O. 1999. Dynamic Behavior of Recombinant Protein
Production under Inorganic Phosphate Controlled Expression by Saccharomyces cerevisiae, The Sth
Asia-Pacific Biochemical Engineering Conference 1999 and the 11th Annual Meeting of Thai Society

for Biotechnology, November 15-18, Phuket, Thailand.

Tongta, A. and Kongrakaranchai, N. 1999, Transient Responses of A Biosensor with Conducting Film
Containing Metal Microparticles, The 5th Asia-Pacific Biochemical Engineering Conference 1999,

November 15-18.

Srikrajib, S., Tongta, A., and Thiravetyan, P. 1999. Biosorption Performance of the Dry Biomass of

Sargassum polycystum, The 5th Asia-Pacific Biochemical Engineering Conference 1999, 15-18
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November 1999. and the 11th Annual Meeting of Thai Society for Biotechnology, November 15-18,
Phuket, Thailand.

Srikrajib, S., Tongta, A., Thiravetyan, P., and Sivaborvorn, K. 1999. Cadmium Removal by the Dry
Biomass of Sargassum polycystum, Biobydrometallurgy and the Environment toward the Mining og
the 21" Century, Proceeding of the International Biobydrometallurgy Symposium IBS’99, San

Lorenzo de El Escorial, Madrid, Spain, 20-23 June.

Tongta, A., Yompakdee, C., Sunil, S.G., and Jeankarakul, O. 1998. A Mathematical Model for the
Derepression of Acid Phosphatase from Saccharomyces cerevisiae under Inorganic Ohosphate
Regulation, an oral presentation at the 10 " Annual Meeting of the Thai Society for Biotechnology
and The 1998 Annual Meeting of the National Center of Genetic Engineering and Biotechnology, 25-

27 November.

Chongchittapiban, S., Tongta, A., and Yompakdee, C. 1998. Application of a Cell Cycling Model to
the Quality Improvement of Baker’s Yeast, an oral presentation at the 10" Annual Meeting of the
Thai Society for Biotechnology and The Annual Meeting of the National Center of Genetic

Engineering and Biotechnology, 25-27 November.

Arunchoktaworn, P., Tongta, A., and Tanticharoen, M. 1997. A Mathematical Model for the Steady-
state and Transient Responses, a poster presentation at The 9" Meeting of the Thai Society for

Biotechnology, Suranaree University of Technology, 19-22 November, Thailand.

Homtong, T., Chanasattru, W., Thiravetyan, P., Tongta, A., and Tanticharoen, M. 1997. Recoverry of
Copper from Chalcocite Ores by 7. ferrooxidans, Conference Proceedings of International

Biohydrometallurgy Symposium IBS97 BIOMINE 97,4-6 August, Sydney, Australia.

Maneerat, C., Tongta, A.,Kanlayanarat, S., Wongs-Aree. C. 1997. A Transient Model to Predict O,
and CO, Concentrations in Modified-atmosphere Packaging of Banana at Various Temperratures,
Proceeding of the Seventh International Controlled Atmosphere Research Conference, July 13-18,

Davis, California, USA.
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