A A ¢
INTHNUD

=

d' a < d A Aax
mswmannzirnzaydlumsnan lslaadnasnsvlaedsnn

Q

OPTIMIZATION OF CYCLODEXTRIN PRODUCTION BY

TAGUCHI METHOD

1199129331 HA WA

U A A LY a Y J
UUNAINGIAY HHR1INENAUDHAIATIAANT

W.f. 2551



v F= = ¢
luSuse Inendinus

WU S

VUnNaINgay HHINNAUAEASITNS

Pyen

malulasdnm wa lulagsinm

a1 MNP

=Y

d'l d' a 3 g a oy
e mamaanziminzanlumskan l lnadnaniu leedsning

Optimization of Cyclodextrin Production by Taguchi Method

(% Y

WINEITE WNEAI9IRNN HAWMAS

Tasinsansivreulas
Uszsunssums O-JHL; 07(3{%\]!4'”"]
( s0amaasmsiasel nalvdaisaul, PhD.
NIIUMS ;@m &JN%&
( mamm;wnﬁﬁﬂﬂﬁ ASAUTionNa, Dr.rer.nat

NISUMS ot A

( fwmannnsdilisyy nssgagquadad, pho.
NI5UMS < o
( Auwmaniasisuzyad dwieuana, PhD.
Hanthanimn SV~
( sosmanssigild fdsaulsziady, D.Sc.

LY = (Y] [¥) dar
TN INeNde N INYIFUNHATATAISUIDINA)

/ﬁﬁ@%ﬂ/ﬁ’_ﬁ

da w

( TOPNANIINTONY DIVAINIY, MLA.

s = s

AMUATUNNINEND

I

w A g A Co
IUN, 25 @M o e W



a a J
INPIUNUD
A
1393
A a <] Jd a ad a
mimﬁmazwmmzﬁuiumﬁwam"l,ﬂﬂammﬁmuiﬂmﬁmq%

Optimization of Cyclodextrin Production by Taguchi Method

Tag

UNEIDIYNT HAWNA

LUo

o a A @ a Y 4
UUNAINGIY UH1INUIQUNHATANTAT
A 4 3 a a Y a A
LwammﬁummLWNﬂmulmunwnmamuwmmcm (naTulagdinn)

W.A. 2551



J A a d o a ad a
93U Mdwmaa 2551 mymannzimnzaulumsnaa la Taawndniulagitnng
iganInnmansunindaenaluTag3inm) avuna lulagdnm main

ey ERE daaw o a J sw
waTulatyinm dszsmnssumsidine: sesmnans1asdisan NAsOATIAU, Ph.D.

140 ¥

o - a o ' [] 4 4
T Tnaiandmiudnnud iy lugaaassusm1s QNG 15U gATMNTINOMITHAZIAT DAY
) ¥ ¥ ]

QAT INNTSULATBIA1913 QATNINNTTUL HAZRATIMNTIIINYAT TunsinyIn el aduiasfann
ad a d o = o A = [ a <
nssuatnisndalalnadndniu  Tanih3ininduldlunsesnuuuminaase iSuanmsfny

' y é’ { = o a a
daudseneuveseminidsudei ¥ lunmsniaeu el laTaaidndniulnalnFansuaosa
(Cyclodextrin glycosyltransferase, CGTase) Tavtimsusau 8 9y uuw Ly, 2'x3") Orthogonal Array W

1 [ ¥ ¥ ]
manngimnzanlumswaaeu sl Wannzfimuzauddl YSinandudeisudy 10% 5asqe
Yiuas) arudnduutlaiudnends 20 nfusedns anududuvoayTnu 15 nudedas anudutu
Na,CO, 10 nfudodns Adudu K,HPO, 3 nfudedns oasinaldeinie 300 seudetndi A1Adw

" d o oo o "o - d_ o a "
Wunsa-An 9.5 uaza lumainuineew laif 10 9210 wuilisasimsuda lalaadindn3uvity

3
aa o

0.97 mitwdeiiadans ¥ 1us uaziou lmifindn 147iA1 dextrinizing activity 11/ 9.75 misvdaiiadias

= e

' o ] 1 - i - o a a
uaznumnilefulisnEwasenn dextrinizing activity uazdnsimswaala laadndnsulna ladansua

meaisaadaiiisddynaaoa

Tumsmannzimanzaylunmssia lsTnaidndniulaomsesnuuunsnaass lasiining
q o 1 - < - & - o o 4
ernuileifiiinasanmsndaly Tnanndniu dafiniuasAu 4 Y93 uuy L, Orthogonal Array tHaN1
4 - o - - o y o o v
annzfimunzaulunisnda leTaamngniu MRannefimngaudadl anududuudaiudidends 40

@ 1 a

niuAodns Anududuieulad so miedensuduamsa narlumshidgazeni o $a1Tus uazdasinig

‘A ] = ' = Y 9 d o =a @ 1 -a '
190 300 T9UADUIN WUNINNITNADDY HﬂTﬂ’NUl‘UN‘UuﬁlENlquIﬂﬁlﬂﬂm'Yliu 15.627 niuAaans A

'
" @

d & a LY o o = d o = o
naldveslsTnaidndmiu 0.537 nfureniu uazdnsinswdaly Tnadndnsul 76 niudedns 42 1u
& Q 9 aaa { o ° Vo - d ¢ = ' 4
Fonundldalumsin§asodinm 3 $1Tus wihimdannasda s Tnadndmiu fngeuiu

s ) [ & Aa o " ¥y 9 o - =] ¢ a
3.395 nSudada lue uazwuimnilisiisninadennududunazdasinmsndaly lnamndniulnala

Fanswaaisaadiaivd Ay ada

DTOM AR 5)}1\-{ mNa’“ihH\ 10 /_LL/ 255
|

awilptotian A0ioFesEIUNTTUMS



Onuma Lalaeng 2008: Optimization of Cyclodextrin Production by Taguchi Method. Master of
Science (Biotechnology), Major Field: Biotechnology, Department of Biotechnology. Thesis

Advisor: Associate Professor Wirat Vanichsriratana, Ph.D. 140 pages.

Cyclodextrin is an important ingredient in many industries including food and beverage, cosmetic,
pharmaceutical and agro-industry. This study employed Taguchi Method as an experimental design technique
to improve cyclodextrin production. A design of 8 factor variables in the pattern of L (2'x3)) Orthogonal
Array was used to determine the optimal conditions and media compositions for producing of cyclodextrin
glycosyltransferase (CGTase). The optimal condition were obtained as: 10%(v/v) inoculum size, 20 g/l
cassava starch concentration, 15 g/l peptone, 10 g/l Na,CO,, 3 g/l K,HPO,, shaking 300 rpm, initial pH 9.5
and operating time at 10 hour. At this condition, the cyclodextrin glycosyltransferase productivity and
dextrinizing activity of 0.97 U/ml h and 9.75 U/ml. were obtained, respectively. All these factors except pH

were found to have effect on productivity and dextrinizing activity significantly.

Optimal condition for cyclodextrin production were determined using Taguchi method in 4 factor
variables and in the pattern of L, (3% Orthogonal Array. The optimal conditions were obtained as: 40 g/l
cassava starch concentration, 50 U/g substrate CGTase, reaction time 9 h and agitation at 300 rpm. The
obtained result of cyclodextrin concentration, yield and productivity were 15.627 g/l, 0.537 g/g and 1.736
g/l h., respectively. The shortening of reaction time 3 hour also increased cyclodextrin productivity to 3.395
g/l h. From the analysis of data, all these factors were found to have effect on cyclodextrin concentration,

yield and productivity significantly.
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Property Ol — cyclodextrins B - cyclodextrins Y- cyclodextrins
Number of glucopyranose units 6 7 8
Molecular weight (g/mol) 972 1135 1297
Solubility in water at 25 ‘c (%w/v) 14.5 18.5 23.2
Outer diameter (A)(AO) 14.6 15.4 17.5
Inner diameter (B)(AO) 4.7-5.3 6.0-6.5 7.5-8.3
Height of torus (AO) 7.9 7.9 7.9
Approx. cavity volume (ml/mol) 174 262 427
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Bacillus agaradhaerens 9 55 5.0-11.4 B
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An: Charoenlap, ef al. (2004 )
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2.3 ﬂ"lili\iﬂ&]ﬂiﬂ']‘ll@\‘llﬂl!%ﬁﬂ CGTase

CGTase ansnslfaseiuanaiaiy 4 sdunvedadanu U§isen
Intramolecular tranglycosylation Usznevuaie 3 gﬂLL‘U‘]J fo 1. ‘]Jjj]fﬁm Disproportionation, 2.
ﬂﬁﬁ?iﬂ Cyclization 3. ﬂﬁﬁ?ﬁﬂ Coupling 1o 4. ﬂﬁﬁ?&ﬂ Hydrolysis éﬁﬁﬂ‘]&lﬂ!&ﬂﬁ]ﬂﬂﬁﬁ?&
111 Intramolecular tranglycosylation Y939 CGTase ilzﬁ’5ﬂ‘]e|t1!$1/1Ni]ﬁilWﬁWﬁG]‘f‘ﬁLL@]ﬂGiNﬁH
(Kobayashi, 1996)
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301: Van der Veen, et al. (2000)



2.4 uilaiudlends
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2.6 Mmininlueisauua1asiven (Shake flask fermentation)
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2.7 MIINLLUUNITNAAD (Design of Experiment, DOE)
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2.8 mia’e‘)mmumimamgmumq% (Taguchi Experimental Design), 2001)
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M3197 4 L, (2'x3") Orthogonal Array

ila
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YANTINAADI

1 2 3
1 1 1 1
2 1 1 2
3 1 1 3
4 1 2 1
5 1 2 2
6 1 2 3
7 1 3 1
8 1 3 2
9 1 3 3
10 2 1 1
11 2 1 2
12 2 1 3
13 2 2 1
14 2 2 2
15 2 2 3
16 2 3 1
17 2 3 2
18 2 3 3

fn Roy, et al. (2001)
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d‘ U v o Aq Y a < d a
MATNN S ‘]JFl]i]ﬂLLa353@Uﬂ1%1uﬂ15ﬂﬂaﬂﬂﬂ’liNa@]hl"]ﬁﬂﬁmﬂclfﬂiu

kL JEAL
1 2 3
Yy 9 o o 1%
1. anututuveantlaiudrends (g/n) 20 30 40
Yy 9 L4
2. Anudutuvesou el CGTase (Urg ) 10 30 50
3. nanlumsinalnien (h.) 3 6 9
4. 9931MILVE (rpm) 100 200 300

M39N 6 L, 3% Orthogonal Array

tlade
MInAaed

1 2 3 4
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

131: Roy, ez al. (2001)



31

Y
L%ﬂ B.circulans TISTR 907

~ y & A 9
NITATIUNAUYDLTIUAU

18 %2134

a < <
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a d
m3Ins i lalnadnaniulasitmaelasinlansillveuwanuuanssausga(HPLC)
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v A ¢ v
1. msfnyuesdumsnanoulai Cyclodextrin glycosyltransferase YO B. circulans

TISTR 907

a 4
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Y 2
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—@— dextrinizing activity (U/ml)
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H a a 4 dy 4 a a
MNN 5 M3FanTaveuwaa B. circulans (TISTR 907) Tueisi@eusogas 185 1nF (1%
~ =~ J a s A Coe . ..
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H 1 4 a 4 v a 4
ﬂ”liNﬁ 7 ﬂW"l]ﬁl!WﬁﬁTdﬁﬁﬂﬁm‘UIﬁ"U@\iL"AHfJ B.circulans TISTR 907 ”luszmnm‘mamau”lw
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CGTase UDNNTEUIUMTUUNUVUIUALNTD

nnfines oy
onsIMInIauIadumiz; p (1) 0.086
9 J @ 1 o
Ha lAUeuXaq; Y, (DSusoNil) 0.363
#a lA¥04 Starch dextrinizing; Y, (MidgaoNanans niu) 7.91

DA31INIHAN dextrinizing activity TUNE;

Q,; (MiIBgolananT ¥11u4) 0.37

onsIms Igduamsnsung; q (nSudenin 2 119) 1.751

nnramsnaasslumsAng AraunamaninsduTaveasse B circulans TISTR 907
Tuszniansnaneule] CGTase vesnszuaumsnsinuuiiiaads nu3uie B. circulans 3
Sasmaaiydn Tasume 0.086 Aot Tus uaziimmaldvewusad 0363 nfudeniy waldves
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glycosyltransferase (CGTase)
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Cyclodextrin

ax ad  ax Aq ¥ = Y 1
ﬂ'l'i’E'J'E]ﬂL!U‘]Jﬂ']i‘ﬂﬂaENI@ﬂ')‘ﬁﬂ?f‘]"]ﬂﬂl!')‘ﬁﬂ'lfl"ﬂ‘l‘]flll!ﬂ'lﬁﬁ'lﬁﬂ'lﬂz‘lﬂlﬂll'lgﬁllulﬂ’é]fl'l\‘l

o 3 & ax A ° A
ﬂﬁwﬂmmzmmm !‘Wﬁzlfﬂu’)‘ﬁﬂﬁ‘ﬂﬁWNTiﬂaﬂ%Tu’JuﬂﬁV]ﬂﬁ@ﬁVﬂ% Tmi%’manmmemmu

mimamgmumq% (Rao, et al., 2004) ﬂﬁ“l/lﬂa’t’]\‘]ﬁﬂ‘]&l1ﬂ'li“rﬂﬁﬂW’Jzﬁﬂ'illW%ﬁilgluﬂ"l'iNaGl

ulyl CGTase  Tasoonuuumsnanedddning aunsodszgnd 15 lunsdnudninaves

o v a v & 4 9 ) w o w ) Y 9
ﬂﬂ%ﬂ (]Jﬁll']mﬂa'llcﬁ’ﬂﬁﬂﬂu ﬂ'J'lllLGUNmquﬂﬂllﬂ\iuuﬁ']ﬂgﬁaq ﬂ'J'IlILGUlIGUHL‘]J‘UIGIU ANV UUU

@ 1 o J 1< =
Na,CO, ANududu K,HPO, 8as1mslideima manuiunia-a1e waznarlumsinunen

4 d‘ ) a Jd d! a = qaj [ d’d 1 1
mullch w“lﬂummamau‘l«w CGTase BIeu13nosu1edanavesnaulailadeniinanann

7 o a s o {
dextrinizing aCtiVity mﬂﬂl@uhlclﬂl CGTase uaz’a@mmﬁwamau"l%u CGTase ﬂ\WITiNﬁ 8 g

A13197 9

M3 8 MIANYITANILNNINZANVD dextrinizing activity JUMIHaADU T3] CGTase

1 d'
AIRAY

MINAADY DE DE DE SD S/N Ratio
‘lgﬂ‘ﬁ 1 °]§ﬂ‘ﬁ' 2 ﬂgﬂﬁ 3 (dB)
1 5.550 5.677 5.401 5.543 0.138 14.869
2 5.232 5.340 5.230 5.267 0.063 14.431
3 6.539 6.865 6.353 6.586 0.259 16.359
4 4.430 3.016 4.994 4.146 1.019 11.739
5 7.125 7.295 6.408 6.943 0.471 16.789
6 6.798 6.190 6.389 6.459 0.310 16.184
7 7.657 7.883 6.985 7.509 0.467 17.476
8 6.986 7.320 7.343 7.216 0.200 17.160
9 7.562 7.567 7.458 7.529 0.061 17.534
10 6.022 6.483 6.714 6.407 0.352 16.106
11 6.828 6.186 7.497 6.837 0.656 16.617
12 6.707 8.256 6.252 7.072 1.051 16.814
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1 li'
ATRAY

MINA[DY DE DE DE SD S/N Ratio
Glgﬂ‘ﬁ 1 G]g@ﬁ 2 51;@17; 3 (dB)
13 7.459 6.992 7.348 7.266 0.244 17.216
14 6.063 5.714 6.873 6.217 0.594 15.795
15 8.455 6.382 5.677 6.838 1.444 16.347
16 7.549 6.799 7.910 7.419 0.567 17.355
17 6.350 7.143 6.368 6.620 0.453 16.379
18 7.230 7.158 7.009 7.132 0.113 17.062

@ 1 J 1 4 an {
HULTiR i%ﬂ‘U"U@QLL@ﬁ%LL‘V\Iﬂmai“ll?NLW]ﬂ%ﬂﬁ‘ﬂﬂa@\‘luﬁﬂﬂuﬂﬂﬂiﬂ!LLagﬁ‘ﬁﬂWi: Gﬂiﬁﬁ 4

4 { @ a 4
minﬁ9 ﬁﬂ13$ﬁlﬂﬂ1$ﬁ%ﬂlﬂﬂ@@]51ﬂ1§Na@l!@u"l"lﬂl CGTase

1 li'
ATRAY

MINAADI Qpe Qpe Qe SD S/N Ratio
ﬂgﬂﬁ 1 Glgﬂﬁ 2 "lgﬂ‘ﬁ 3 (dB)
1 0.555 0.568 0.54 0.554 0.014 -5.131
2 0.436 0.445 0.436 0.439 0.005 -7.153
3 0.467 0.49 0.454 0.47 0.018 -6.564
4 0.316 0.215 0.357 0.296 0.073 -11.184
5 0.713 0.73 0.641 0.694 0.047 -3.211
6 0.566 0.516 0.532 0.538 0.026 -5.400
7 0.547 0.563 0.499 0.536 0.033 -5.446
8 0.699 0.732 0.734 0.722 0.020 -2.840
9 0.630 0.631 0.622 0.627 0.005 -4.049
10 0.602 0.648 0.671 0.641 0.035 -3.894
11 0.569 0.515 0.625 0.57 0.055 -4.966
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M3199 9 (M)

MINAD0Y Que Que Que Mnde SD S/N Ratio
G];@ﬁ 1 51;@17; 2 ﬂgmﬁ 3 (dB)
12 0.479 0.590 0.447 0.505 0.075 -6.109
13 0.622 0.583 0.612 0.606 0.020 -4.367
14 0.433 0.408 0.491 0.444 0.042 -7.127
15 0.845 0.638 0.568 0.684 0.144 0.407
16 0.629 0.567 0.659 0.618 0.047 0.321
17 0.454 0.51 0.455 0.473 0.032 0.260
18 0.723 0.716 0.701 0.713 0.011 0.512
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1NNITNAADING 18 NTAUNUA LﬁﬂW%WﬁmWﬂW dextrinizing activity éumu,au"lcm CGTase
1w a 4 o
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v o 1 1 o 1w a
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H 1 4 1w a 4
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H a Jda a o Aa 1 a
M3191 10 MsAnsIzvonsnavesileteninane dextrinizing activity voaou lad Cyclodextrin glycosyltransferase Tumswaneulaf

Cyclodextrin glycosyltransferase (CGTase)

FEAU lave

A B C D E F G H
1 15.838 15.866 15.793 15.581 16.334 16437 16526  16.389
2 16.632 15.678 16.195 16.631 15.641 15444  16.154  16.556
3 - 17.161 16.717 16.493 16.730 16.824  16.025  15.760
fiw‘hfq@ 15.838 15.678 15.793 15.581 15.641 15444  16.025  15.760
AgIgA 16.632 17.161 16.717 16.631 16.730 16.824 16526  16.556
AmonNsNa 0.795 1.483 0.923 1.050 1.090 1.379 0.500 0.796
% AONTNA 9.912 18.495 11.517 13.105 13.594 17.207 6.242 9.928

B A : inoculum size (%,v*v")
B : anududuveandlaiudnlenas
C : anududuvearlTau

D : AU Na,CO,

AU U K HPO,

o 9y
M35 101N

1 o U
manudunsa-ag

a 4
nmiummamau”lmm

% Main effect = (Main effect x 100)/ Z all main effects



Y a Jda a o Aa T W a 4 a
M5199 11 M3Anszvionsnavesildeniinanesnsimsnaaen lul Cyclodextrin glycosyltransferase Tumswaneulad

Cyclodextrin glycosyltransferase (CGTase)

FEAU flave

A B C D E F G H
1 -5.664 -5.636 -4.950 4111 -4.593 -3.931 4218 -2.360
2 -2.774 -5.147 -4.173 -4.296 -4.426 5483 -3.538  -4.269
3 -1.874 -3.534 -4.251 -3.638 3243 -4902  -6.028
fiw‘hfq@ -5.664 -5.147 -4.950 -4.296 -4.593 5483  -4902  -6.028
GRLAL 2.774 -1.874 -3.534 4111 -3.638 3243 -3.538  -2.360
Amonsna 2.891 3.273 1.417 0.185 0.956 2.239 1.364 3.669
% A1ONFNA 18.074 20.466 8.857 1.158 5.975 14.002 8.528 22.940

HINELTIA)

A : inoculum size (%, v/v)
B : anududuveandlaiudnlenas
C : anuuduveal Tau

D : ANWIANGU Na,CO,

AU U K HPO,

o 9y
M35 101N

1 I~ 1
AT UNTA-A1

a 4
naﬂumiwamau”lw

% Main effect = (Main effect x 100)/ Z all main effect
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14
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12 T T T T T T T T T T T T T T T T T T T T T T T

A1A2B1B2B3C1C2C3D1D2D3E1E2E3F1F2F3G1G2G3H1H2H3

Level of factor

MNN 7 @Mz aunioninane dextrinizing activity Tumsnanaon laf Cyclodextrin

glycosyltransferase (CGTase)

;_ /*/VK\

A1A2B1B2B3C1C2C3D1D2D3E1E2E3F1F2F3G1G2G3H1H2H3

S/N Ratio(dB)
iSS
1

Level of factor

MNN 8 aamzhnzaunioninanesasmsnandsung lumsnaneu Tl Cyclodextrin

glycosyltransferase (CGTase)
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d' o A 1 o Aq Y a 4
131910 12 ‘53@]1.]‘]/]&14%13?(%6118%!7@?13{]%5]ﬂ%i%iuﬂﬁﬂﬁﬂlﬂuq%u CGTase

o

§ a 4
seaunmnzaylumswaneu les CGTase

a1l unmsnaaes dextrinizing activity ~ 8n31MIHaAEY 4] CGTase
(U/ml) (U/ml/h)

1. 1518 inoculum size (%v/v) 10 10
2. ANUTUTUVBITUAINTA (/1) 20 20
3. anudutuveanlTau () 15 15
4. AanuAudu Na,Co, (g/l) 12.5 10
5. anuudu K,HPO, (g/1) 3 3

6. 9A51M35 101N (rpm) 300 300
7. manuilunsa-ang 9 95
8. marlunswamen lwl @2 Tug) 12 10

o AAa

NN 7 1z 8 uaasszAUNINzauveuaaz aleNionsnanon dextrinizing
[ a a a a 4

activity HagafI1NIg ramradsuas lumsnaaen lad Cyclodextrin glycosyltransferase (CGTase)

= = | @ A A A @ o Aa 1 ' L., ..
wWisumeulu 2 a12Am15199 12 iWeiasanssauveslaeninanen dextrinizing activity

@ a L4 A A o A 1 @ 1 <3|
uazdasimsnaaeu lani CGTase Tiieq 3 szAUNUANANAUAD ATUYIU Na,CO, Amnnuilu

J a ¢ W ) :/l ' o 4
NIA-A Lmznaﬂumiwamau%u (%”JT?N) u”ITl\iﬁﬁNﬂﬂTJgiJTﬂigiﬂmﬂ”ILLZ‘I%'VITﬂTi%@a@QLﬁﬂ

JUTUHANITNAADIAINTIN 13
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H 1 [ { a J
ﬂ151\‘1ﬁ 13 mﬂizmmuazwam‘iﬁuﬂum‘i‘wmmmnﬁmazﬁmmz’dummﬂi]ﬂ‘simladmu"l%
' v a 4
CGTase (dextrinizing activity, DE) LZA1DAITINT manon ol CGTase

(starch dextrinizing productivity, Q) tiousiuilasemsnaassluszauimingau

Wsiimes AN RmNZauYe DE ANz aued Que
sz HANITNANDIDIY alszunm HAN1INANDIDIY
DE 10.23 8.54 8.45 9.75
Qe 1.22 0.71 1.7 0.97

MINMINABDINUIININANIZ AN AUFIA 1R 12 iierimimsdudunanisnaasa
TagN15U191NA dextrinizing activity 1&Han1snaaeeiantsad 13 Aelim dextrinizing activity
MY 8.54 viverelaaansaziimsaiimananen el CGTase My 0.71 viedeiiaaans
$1Tuq uazilefiosanninaisasimsnanenle] CGTase 1A dextrinizing activity 111D 9.75
wiereiiaaansuaziiardasimsmaaenlml CGTase iy 0.97 nihedeiiadans ¥ 1ua ¥4
o915 01171 dextrinizing activity 1INAAIZYD dextrinizing activity 91NN1INAABII 9T 8.54
wieaeiiadans Fufeoninanizuessasinmsnanen sl CGTase Fadauniy 9.75 wiiede
fiaaans Wefinsanananziminstuiunanisnaass wodszduveiledofiuandiadu 3
flose flo Na,co, ey waznanlumandaenlayl Fellafuvesienilofinsiziidiaiy

2 o o

Y ' o aa & I a Pl
!!‘]J'iﬂi'lulla') W‘]J'J']thiJuEJﬂ']ﬂﬂluT]Nﬁﬂ@] mmmﬂuwammﬂ NaZCO3 uaznaﬂum‘mamau%m

' '
o v A o A

@ a 4 1 v o o
mszilede Na,CO, uagnaﬂumfmamau”l% UANUUANANOENN N BT AN TZAVAUFIY

g

100% 1az 99.71% MWEAY  NNNAMITUTUNITNAADY WD Na,CO, N52AU 10 NTUADANT
3 v A = A q9 a o o ~ 4
Whszavimingauiga Weldarlunmsndaonledn 10 %3 Tue ms1zlumsng niawuday
9 v
UuuuNInE wu §13 combination  3zHINTEAUVEAlITE AU anzi ldvinmstuduna
=2 1 Y .. .. o xg y & Ao '
NMINAB0Y 39daWa i dextrinizing  activity Bageaiuld devnmistudunanisnaaeannii
{ a 1w a 4 1A { {
annzinansananmoasimsnanou 14l CGTase 19AIAINTINVOY CGTase Nundiga uaz
[ a 4 d' d‘ ] 1 A Aaa q'; [ U
onsIMswanon lail CGTase Ngaiiga Ao 0.97 nieaeiiaaans 11w Judendn1IzAING1

g lumswanoulmi cGTase Tumsnaasane 1)



45

vnmszainadeianlagdinndlumanuan v aumsi 14 annzfianzau e
f1TUININAT dextrinizing activity TimaaIaAAsUIINANlSELRIIAZHAMINAGE IS UL
16.52% waziilofinsanavasimswaneulsl CGTase fimaaiamnasuanalszuaazHa
MINARDIVTUNINY 41.83% uagmﬂﬁmazﬁmmgamm starch dextrinizing productivity, Q.
10 91501M1  dextrinizing  activity JA1AUAAIAIAADUVBINANIITNAADIDS WAz A1TZU
wd 15.38% uaziiioiinsanmsasimsnanenlsl CGTase imaaamaeuveIansnaan

FALAUTEVUNIND 42.94%



v ~ P 4
3197 14 Wan151AT1EHANULYTUTIU (ANOVA) 94 dextrinizing activity Y410 U 193] CGTase

46

Factor DOF SS MS F S' Percent contribution  Confidence (%) Significant
A 1 1.181 1.181 26.141 1.136 8.712 100.00 lolo
B 2 3.531 1.765 39.077 3.440 26.390 100.00 Hokok
C 2 1.003 0.501 11.096 0912 6.997 99.98 **
D 2 1.227 0.613 13.578 1.136 8.717 100.00 koK
E 2 0.959 0.479 10.612 0.868 6.662 99.98 *k
F 2 2.524 1.262 27.938 2.434 18.670 100.00 Hokok
G 2 0.278 0.139 3.077 0.188 1.440 94.23 -
H 2 0.618 0.309 6.838 0.527 4.046 99.71 **
error 38 1.717 0.045 18.366
total 53 13.0335 100
O A : inoculum size (%, v/v) E : A7ududiu K HPO, P <0.001 o

B : aAnutuduveautlaiudilenas F : 82515 [¥emet P <0.01 o

C : anududuveutlyIau G : manudunsa-aa P <0.05 *

D

- AMUANTY Na,CO,

a J
H : narlumswaaeu la



4 a 4 @ a 4
A15197 15 wamsaasiznanuulsdsiu (ANOVA) ﬂJ’E)\i’EW]iWﬂ"IﬁNﬁG]LE]ullG]ﬁJ CGTase (QDE)

47

Factor DOF SS MS F S' Percent contribution  Confidence (%) Significant
A 1 0.008 0.008 27.532 0.008 3.483 100.00 ok
B 2 0.025 0.013 43,955 0.024 11.279 100.00 *okx
C 2 0.007 0.004 12.609 0.007 3.048 99.99 *kx
D 2 0.008 0.004 13.629 0.007 3316 100.00 ok
E 2 0.005 0.003 9.142 0.005 2.138 99.94 *ok
F 2 0.014 0.007 25.077 0.014 6.322 100.00 wonk
G 2 0.001 0.001 2.571 0.001 0.412 91.03 -
H 2 0.137 0.069  241.101  0.137 63.043 100.00 wox
error 38 0.011 0.000 6.958
total 53 0.217 100
HHEIHE) A : inoculum size (%, v/v) E : Anudndu K,HPO, P <0.001 sk
B : anududuve i aiudlynds F: 8a31m3 e met P <0.01 ok
C : anududuveutlylau G : manudunsa-aa P <0.05 *
D : YUY Na,CO, H : nanlumswaaou land
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a L4 1 4
Ham3 A5 1zANNlsU5uTae 19 dextrinizing activity voueulal CGTase 910
d‘ "9 Aa a . . Yy 9 @ o v A
MINN 14 nuNFosazdniua (Percent contribution) YeInNMTNIUTaTud )z nddia
WINAiga Ao 26.39% 5090911 AD BATINGIHOIMA FUMNY 18.67% 509091170 AT
Y v
1WudU Na,CO, Wiy 8.717% Usmmnduseisuduminy 8.712% anududuvouliTau
1T W 1w a d 1w
N 6.997%  ANUITNTU K,HPO, 1911101 6.662% nanlumswaaou laiininy 4.046% uaz
1 I J 1w &£ g o Aa 1Y @
manuunsa-mamiy  1.414%  saiuiladeniaiiesazveamsaiuayy  (Percent
contribution) 0N gALAZIIENIITUININAITZAVANUFONU (Confidence level) 9NAIAINGT
awnsovenldn anududunihgdudnlends  dasimslderma  anududu Na,co,
4 v
Psnanduwosudu  anududuvewIay  anududu KHPO, waznalumswnaa
4 3 o o Ada a 1 1A 4 1 A v o w an
pulyl fuiladehiioninadeannisuvesonlesl  CGTase edniivdvgynana
o w 1 1 | 1 | v AN 1A o o W aa o o

awday  daumanudunsa-araduiladen biliieddgneadd  dmsumsesnuuums

Aad ad d’ d’ a d' IS 1 U 4! J
NAadlAgITMNFNMANNAAIAAADUNONIITVUININAIT N 14 TAUNINY 1.717 FA1AY

P £ a @ 73 I o o
AMANADULNANINNMINAARY FenAunloTIFuAMINY 18.36% Rosso LazANiINg
~ a L4 9 an
nasosmannziimnzanlumsndaeulel CGTase Tasldmsoenuuumisnaasilasis

Response surface method BINAIAINADIAAABUIINMINATDWNINDY 0.28 LAZUAININTT

d 1w ] 1 a A
EI\?E!W’U?NL@HUMNWHﬂU 5.8 HUYYADUADANT

a L4 a 1w a L4
Nﬁﬂ"l'i'JLﬂﬁTgﬂﬂ’J']ﬂJLL‘llﬁﬂi')uiﬂﬂWﬁ]']ﬁﬂﬂﬂT@@]ﬁ']ﬂ"ﬁWﬁﬁlﬂull"“]iﬂ CGTase 910911319

H [ Aa A a 4 [
7115 WuNFosazdnsna (Percent contribution) VoA lumsnasnou s CGTase UAMN

2

= =

Mg A 63.043% sosaennie  anududuuilaiudnlzvas Jaunny 11.28% se9aunao
891313 101 AT peazdnsna M1AU 6.32% inoculum size (MY 3.48% ANV LY
Na,CO, 117D 3.316% Amududuvo /i Tau 3.04 % anududu K,HPO MM 2.13% Loz
1 I~ 1 T @ £ I o oAa 9 ]

A1 unsn-A1910901MIsNND 041%  Fuiuilideniiadesazvesmsanivayu
(Percent contribution) ﬁﬂﬂﬁq’ﬂ HazeNITUINNATEAUAN NN (Confidence level) 910
T W ] 9 a 4 9 9 &% o [
amdananamsovsnldin narlumswaaenu lyy CGTase aNududunilaiudi)znas
8031mM3 101 inoculum size AMUIANTU Na,CO, Anududuvowlllau wazaim

a T A o

Yy 9 < v Aaa 7 VoA aa
NUVU KZHPO4 L‘]J‘Ll‘ﬂi]i]EJ‘I/]SJE]‘I/]‘ﬁWﬁ@]ﬂﬂ1ﬂ%ﬂ5§hﬂl@\1lﬂu]‘l%m CGTase ?JfJ'NiJuEJﬁTﬂiUU‘I/HQﬁﬂG]

]
I3 ) v

o w 1 J I J < @ ] v o W aa
AN ﬁ’JUﬂ'lﬂ'J'liJLIJUﬂiﬂ-ﬂ'NGU?N'E'J'Wi15L°1Juﬂﬂﬂﬂﬂquﬁuﬂﬁ1ﬂi§ﬂ1\3ﬁﬂﬁ AINIUNIT
ad ad A A a A A 1w
E]’f]ﬂLL'U'Uﬂ'li‘l/]ﬂﬁ@\‘]IﬂEJ’J‘ﬁ‘VI'IQ“]ﬁJﬂ'lﬂ')'liJﬂa'lﬂ!ﬂaE]uliJ'E]Wi]'lim'ﬁ]'lﬂ@]'li'l\‘Wl 15 yauUnNIny

£ A = & a g J 3 J 1w
0.137 HINIANUAATIAAADUNUHNANIVINNITNADDY Gﬁﬂﬂﬂ!ﬂu!ﬂ@ﬂ%uﬂl‘ﬂ1ﬂﬂ 6.958%
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4 { a a < d A [N
Tumsasououlsy CGTase Awaald v 1FlumandaleInadnagnsuTas i
A, o d A = ' Ia
Admsilfeulwiniand ws1291n5189UY09 Charoenlap, ef al., (2004) WuIwoU laiay
P o a Qd [l Y1 a o 4 1 1 [ £
sazou ladRdumsiigniundiuldnmnanssus unzvesou lod liuanaieiu &y

o A = (] Y1 a o ¢ A ‘i?’ ~ < 9 1 <
MUTENITUNTIU ﬁ]ghlﬁﬂWﬂilﬂﬁﬁﬂJ’ﬂ"lﬁN13ﬂlﬂﬂ!ﬂuul‘ﬂfNLWllﬂluLWﬂﬂlaﬂu@ﬂ ﬂfJ'NhlﬁanlJ

9
(% 1

Ja A = Yy ] ~ qﬂjl v a =
uluiaulinnuades laalugieiieydwa 79 tazgun)iiadue 30-60 BIfIsATod
1 Ja 1 Y Y A 1 Aaa a
msz3neu lwiaueilesiumsilznzdvanzlunsa- a1 nazguugiinganmnnlyl
Y a <3 J a 3 1 a 3 J A
18 TumswaalsTaamndmiuiiy Wang nagame (2005) 3189114731 Mawaa lalnatingniy

J I { d o 1 o 1 y a o
Tagou laaf CGTase unszuaumsionladimsdesuilaazimsaoiuianenaaiy
< J a aaa . . a a < J 1
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aaa 4 1 3 d a g o ¥ w
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malasundailulslnamndniuludugaie
Y d
3. AntaniAveaeu el Cyclodextrin glycosyltransferase (CGTase)
= ~ ~ 1A 4
MmNtz auaonINTTUVO AU T3] CGTase

= =\ d' =) 4 [] =\ Y
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v o ~ 1 a o A ' o A
ﬂ’ﬂiJﬁiJWHﬁeUfNWL’EJ%G]’EJﬂi]ﬂiiiJGUE]\‘]L@uhlclﬁJﬂ\H!ﬁﬂ\ﬂuﬂ1W‘Vl 9 Iﬂﬂ‘W“]J’N!'OL!UlG]ﬂJ CGTase 1
] a ~ Aa o Aan A A ~
ulﬂi]'lﬂﬂ?il?\laﬁ‘luﬁﬂ13$ﬂlﬂﬂ1$ﬁ'ﬂﬂl@\1ﬂ1§waﬁlﬂu]’lcﬁﬂ CGTase Iﬂﬂ')‘ﬁ“l/ﬂf]“]f UATNLDYN
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d' a 9 dy . a A d' [B-Y
CGTase ‘V]Nﬁ@]hlﬂiﬂﬂ!f]fﬂ Bacillus sp.G1 UWDFNHUUICTUININUY 6.0
== aa 1A 4
ﬂﬁﬁﬂHW’qmﬁ{]ﬂJ‘ﬂL‘Viﬂﬂ%ﬁuﬁﬂﬂﬁ]ﬂiih%ﬂﬂlﬂuqcﬁh CGTase
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CGTase NAMNAIGNNINNTZAUNOY  7.0-9.0 1FUIASINU tHoNATaUNINIINFURNTUOI

[
% = [

E4 A o A @ 1 A £ g ~ A
mu"l,qm CGTase NUANUAIAIN pH  TEAVAN ] NUNNTTAVNDEN 9.5 Fuilutown

4 A v oA a gy IS )
mmxﬁ‘mﬁummuﬂ,%u CGTase LN@%ﬂﬁ@ﬂﬂ'{]'lll?]q{ﬂjiﬂﬂUNﬂQﬂJWﬂNﬁ@QLﬂuL’Ja’] 12 G]f’JIlN

U
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wovweu laingungiidesunuiuly deiwaldou lmigadeninssuduing 1a

U E1)

@ J { @ a
ﬂTiﬁﬂ‘]aﬂﬂ’ﬂiJﬂW]’)"lJ’ENL@uhlclﬁJ CGTase ‘ﬁ‘i%ﬂﬂ@ﬂ!‘l’i{]hﬁN 9

@ 4 { a 1 { a
MIANBIAINAIAIvEIU 193] CGTase NQunUHI9 30-70 TagluNgungia o

U

{ o v dy ~ o w [~
Afmuasane il Av 30, 40, 50, 60, 65 Az 70 DIAEATEE MUAINL 11U 30 UIN

a IS

[ { 1A o
lanadaaaslunini 12 Tasnunfguugi 30-65 seruzaiFod tou'lyl CGTase 9ziinm
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A

g tﬂl =) = v A L!' % 1 d' a ' IS
AsfuInelTeueunuie NIz ALY S HASWUINNGUUHUFINI 70 BIAUFALBY T

4 A1 A A 1 3 Y o
mu"lﬂlm CGTase Mﬂ'lﬂ%ﬂﬁﬁﬂﬂaﬂaﬂﬂﬂWﬂlﬁuqﬂ%ﬂmu

4 1A 4 { @ 4
Gﬂi%ﬂﬁ 16 ﬂ'lﬂi]ﬂiillsllﬂﬁl’f]uhl‘]fﬂ CGTase ‘ﬁmmzﬁmmzmmﬂmwmmu"lqm CGTase

1 pH 52AUAN 9

pH 5.5 6 7 8 9 9.5

Enzyme CGTase activity (U/ml) 5230 6.038 6.327 6.869 8.500 9.300

Enzyme CGTase stability (U/ml) 2.701 2677 9312  8.650 7.539 5.198




M3137 16 (F19)
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pH 10 10.5 11 11.5 12
Enzyme CGTase activity (U/ml) 8.047 7.038 6.029 4.180 1.032
Enzyme CGTase stability (U/ml) 3327 2477 2371 2242 2.159

4 1A 4 { Y 4
ﬂ1§1\1ﬁ 17 ﬂ'lﬂfl]ﬂiillsllﬂﬂlﬂuhl‘]fh CGTase ﬁmmzﬁmazmmﬂmwmmu"lcm CGTase

]
[ 1

NQaNNIZAVAN 9

Temperature ('C) 30 40 50 60 65 70
Enzyme activity 7.734 8507 8.682 9417 8535 1.183
Enzyme stability 9.691 9.654 9.796 9.857 8917 1484
10

9 -

Starch dextrinizing activity (U/ml)
(6]

O T T T T T T

5 6 7 8 9 10 11

pH

_— , . . 5
Mwil 9 fonssuvououlasl CGTase Mriangandl pH 53AUA 9

12

13



Relative starch dextrinizing activity (%)

Starch dextrinizing activity (U/ml)
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msman e Taamnansu’ld 933 HamsnesuIedIwaveanailaseninademnnududu

< J A Y a <] d A @ a < J A
Gumllcﬂﬂamﬂmmu Wﬂllﬂ"ll@\‘lﬂWﬂf]ﬂllclfIﬂmﬂﬂG]ﬁ/]ﬁu Llagﬂ@lﬁWﬂWﬁW'ﬁ@]llclfIﬂaLﬂﬂcb"ﬂiu
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- = 4 Y 2 & a a
f1919N 18 ﬂ'ﬁﬁﬂ]&lTﬁﬂTJ31/]LWll'lgﬁﬂqlﬂ\iﬂ')'lulsllﬂsllumﬂqllcﬁiﬂal@ﬂ‘;]ﬂ/'lju (CP) ‘luﬂ’lﬁwaﬁ

I Taaidndmniy
MINAADY C, C, C, Aunde SD S/N Ratio

ii ¥aii 1 ¥aii 2 GE (dB)

1 2.020 0.977 1.273 1.423 0.537 1.962
2 4.603 3.726 3.792 4.041 0.488 12.012
3 9.647 6.232 6.919 7.599 1.806 17.183
4 3.659 4.289 5.429 4.459 0.897 12.649
5 9.532 10.761 10.146 11.387 2.235 20.819
6 6.850 5.414 4.352 5.539 1.254 14.428
7 4.567 4.687 4.446 4.567 0.121 13.186
8 9.415 9.325 8.619 9.120 0.436 19.179
9 14.861 12.529 11.387 12.925 1.770 22.074

! { 9 I d Aa a
M319% 19 MsAnwIan Mz imINzauvoIna laved lylaadngnsu (Y, ) lumskaalsIna

P/S

IAnENIY
MINARDY Y, Y, Y, AunGY SD S/N Ratio

i A 1 ¥aii 2 E (dB)

1 0.376 0.225 0.280 0.294 0.076 -11.202
2 0.418 0.331 0.335 0.361 0.049 -8.989
3 0.577 0.374 0.434 0.462 0.104 -7.118
4 0.331 0.351 0.432 0.371 0.053 -8.776
5 0.427 0.488 0.463 0.459 0.031 -6.798
6 0.418 0.303 0.248 0.323 0.087 -10.409
7 0.185 0.190 0.271 0.216 0.048 -13.701
8 0411 0.419 0.374 0.402 0.024 -7.957

9 0.469 0.396 0.350 0.405 0.060 -8.031
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Taafndm3u
M3 Q, Q, Q, Aunde SD S/N Ratio
NAB0Y ¥aii 1 il 2 GE (dB)
i
1 0.673 0.326 0.424 0.474 0.179 -7.581
2 0.767 0.621 0.632 0.673 0.081 -3.551
3 1.072 0.692 0.769 0.844 0.201 -1.902
4 0.610 0.715 0.905 0.743 0.150 -2.914
5 1.059 1.196 1.127 1.127 0.068 1.009
6 2.283 1.805 1.451 1.846 0.418 4.885
7 0.507 0.521 0.494 0.507 0.013 -5.899
8 3.138 3.108 2.873 3.040 0.145 9.637
9 2.477 2.088 1.898 2.154 0.295 6.511

g 1 Y 9 a3 Jd A 9
1NNITNAADING 9 mivmaawmﬂwmmmlmwumklcﬂﬂamﬂcu‘mu(cp) Nﬁ]lﬂsllﬂ\‘l

<] J a
laTaaAnagmsu (Y,

o a d & a o
) 1aOATINIHAA L InaNgNTU (Q,) 1INNINAADING 9 N1TNARDI

I Y @ o 2 9 o 3| 1 Y Y o 1 .
lﬂUﬂ'ﬁi’Juﬂum@\iigﬂ‘U{Iﬂﬂﬂ Gﬁﬂﬂgﬁﬂ\iu'lu’]llﬂﬂlﬂull@ag53@“"1]@\151%%8 1agu1n1 S/N Ratio

' y v o J @ v 1 J J
YDIUAALHNIZNINADANTIN Lﬁ@W'lﬂ'J'liJﬁiJWH‘ﬁﬂl@\ﬁZﬂﬁJﬂlﬂ\?“ﬂ’ﬂﬂﬂ@]@ﬂ1 S/N Ratio (M
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S/N Ratio (dB)
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d' A Ana A [ 9 < d Aa
MuA 14 annzimunzauiiianinadena lavesly laadndnIu(y, )
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o
1

T
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n

-6 1

-8 1

-10 T T T T T T T T T T T T

Al A2 A3 Bl B2 B3 Cl1 C2 C3 D1 D2 D3

Level of factor

d’ A AAa a 1w a I Jd a
MAUN 15 ﬁ'ﬂTJgT]Wi3J13ﬁ3J‘V]3JfJVI‘ﬁW@@E]@§I§'Iﬂ'I§Na@qmiﬂﬁlﬂﬂcﬁﬂiu (QP)

v v Y ' v
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aA A A A a IS Jd a a
°lumimama$m'wq@1u%u (am’szmmiNa@"lmiﬂamﬂ%muﬁmq@) WAITUIN

U

[

A £ g v o Y o Y
NN 13 G]NLI]uﬂ‘iW\ILLﬁﬂ\‘Iﬂ’JHJﬁSJWu‘ﬁ"llﬂxﬁzﬂ‘ﬂ@n\‘] € VBN ﬂﬂ%ﬂﬂﬁﬂﬂuﬂi%iuﬂﬁﬂﬂﬁﬂﬂ
Ao A

Y J . ~ Yy 9 3 Jd a A a
AUA1 S/N-Ratio 1ndsvesnnududuved ly Tnadindniu Tasianznanga lumsnnsan
3 Jd a o Y 1 o A 1 {
anuanduveslalnamndniu () Wu widonszauveuaaziladenlia1 S/N-Ratio 1may
= 3 4 Ao = =
wnigavuiuesnlszneulumsmaniznanga wazanns i luninn 14 waznwi 15 9
< 4 Aad A v a o o
munesflsznevvesannzianga lumsiosanma lavosndadus (Y, 1azoasinig

a < d A @ A
nan ly Tnandgmsu (Q,) UFAAIAINITIN 22
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d' v A 1 o Aq Y a < d A
MI19A 21 seaunmnzauveauaaziladenlslunmsnaals Taadngnsu

[

~ a < d a
seaunmnzanlumsnas lo Tnadngnsu

fadenlslumsnaany C

P Yos Qp

(gD (g/e) (g/g*h)
1. ANMTNTUVeIFUaINIA (2/1) 40 30 40
2. anududuveson e (g, ) 50 30 50
3. narlumsialnie (h) 9 6 3
4. 9N31N51VE1 (rpm) 300 300 300

o Ay v A v o 1 Y 9 3 o
14f;NﬂTﬂ‘ﬂllﬂﬂ'ﬂ'l’wVlmiJWﬁiJﬁﬂﬂﬂﬁ‘ﬂﬂa’f)\Hm’J mmmmwmumm"l«ﬂﬂamﬂcv

a a < d a @ a <] Jd a {
n3u (C,) wa'ldvosmsina laTaa@ngniu (Y,o) uazoasimswnaa lylnamndniu (Q,) 0

P/S

9 a s A o [ a a v o A 1 a < Jd a
"lﬂm’;m513wLWavi”minmmwu‘ﬁmaﬂ@‘n‘ﬁ‘waLmazﬂ%%wmammma@ﬂﬂﬂamﬂ%mu

a v

k4 v
ﬁiTumau“lum'i’Jmiwﬁamwamaumazi’]%%’ﬂﬁa 111911 S/N Ratio 910915199 18-20 W11 189U

'
A

A19321719A1 S/N Ratio NTA1gegaaz S/N Ratio Nimdigaveuaazilade uaziieni laun
Y )
a g . [ Y o i
Aatlu % main effect ¥aI1MITU MMsUTzINAUMIANUAIIARADUVDIANNL I Az
[ @ 4 1 o [ Yya 1 [ ~ 1
MsvanuduRusveanazilade Taslesuennnuudsisiuveauaazilade Seni1 g

a J A
AATZHANNLTUTIUYTE ANOVA
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d’ a Ja A v Aa 1 Yy 9 < d Aa 9

M1919N 22 ﬂ'li'JLﬂi'l$Wﬂﬂﬁwaﬂlﬂﬂﬂﬂﬁ]EJ“I/]MWEW]’E'Jﬂ'J'liJlfUiJleusU'ﬂilhl"]fTﬂﬁmﬂclf‘l/liu (CP) Nﬁul@
a <] Jd a @ a <] Jd a

YoImsina ly Inamngniu (Y, tazoamanaale Inadngniu (Q,) Tums

A a < d a
mamazwmmzammmiNa@”lmiﬂagﬂﬂmmu

LAl A B C D

<3 Jd a
(1) aAnududuvesls Tnadngniu (C,)

1 10.39 9.27 11.86 14.95
2 15.97 17.34 15.58 13.21
3 18.15 17.89 17.06 16.34
ﬂ'w‘iqua 10.39 9.27 11.86 13.21
AGIga 18.15 17.89 17.06 16.34
monina 7.76 8.63 521 3.13
% fONTNA 31.387 34.901 21.058 12.654

a < a
) wa'ldvesmaiialsTnadngnsu (v, ,)

1 -9.103 -11.226 -9.856 -8.677

2 -8.661 -7.915 -8.599 -11.033

3 -9.896 -8.519 -9.206 -7.950
fhs‘hqsq -9.896 -11.226 -9.856 -11.033
AGIga -8.661 -7.915 -8.599 -7.950
Aonsna 1.235 3311 1.258 3.082
% fONTNA 13.898 37.265 14.152 34.686

[ a <] d A
3) ’E)ﬁi?ﬂWiWﬁﬁll“lfIﬂmﬂﬂ“]W]ﬁu (Qp)

1 -4.344 -5.465 2314 -0.020

2 0.994 2.365 0.015 -1.521

3 3.416 3.165 -2.264 1.607
mdga -4.344 -5.465 -2.264 -1.521
GRLAG( 3.416 3.165 2314 1.607
ApNINa 7.760 8.629 4.578 3.129

% A1ONTNA 32.206 35.812 18.997 12.984
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M3197 22 (D)

WAENTA)
Aanududuvewduiudnlends  c:nanlumsinadgnsen

4 @ '
B: ﬂ')’]illsﬁ}ueﬁlusll@\uﬂuulcﬁm CGTase D : 90310138

]
=2 v AaA

1 . ] o a A 1 a < Jd A o Aa
1 %Main effect mmﬂmﬂma‘nmmwammﬁwaw"lﬂﬂagﬂﬂcﬁmu faveniian

a 1

J @ qgj a a < Jd a [ Y
%Main effect 411 Llﬁﬂ\nTﬂ’ﬂi]ﬂuuﬁﬂ‘ﬂ‘ﬁWﬁﬁ@ﬂWﬁWa@]hl‘ﬂfiﬂﬁlﬂﬂ“]fﬂiuNTﬂ wazlumenauny

a 1

@ ' . 1o @ asxl a a <] J a
miledelalian %Main effect oo uaasnilodoriuiioninanonsnan ly Tnadngnsuilos
o w { ' . a <3 J A J
AWAIAY 1INAITI9N 22 HAANAT %Main  effect UYDIMTHAA I TAIANGNTUVOIAAZ
a S a 1 @ Y 9 4 Aa A 1 Yy 9
Wmes AN wun avsvesanududuvesou lad CGTase ianswadonnududu
< d a { a { %
laTaaangniu (C,) Ananlduinigade 34.9% s9989N1AD AT uT UV tlagiy
d1lenas 31.38% nanlumanalgnse 21.05% uazdns Mgl 12.65% Aua1ay taziile

a 9 a 3 Jd a 1 Y Yy 9 4
nsanwaldveesmsina ly Tnamnsnsy (Y wuniladevssanuuduveaou lua]

P/S)

AAa A 1 9 a < d A ~ A [
CGTase loniwagonalavosnisina lalaa@namiu (Y, )uniga Ao 37.26% 1azons1ns

P/S

o w A

1T Aa A 1 9 a <3 d A I A
L"UEﬂiJ’E]“I/]‘ﬁ‘Wﬁ@lfJWﬁvlﬂell’élﬁﬂﬁ!ﬂﬂulclfiﬂmﬂﬂ“ﬁﬂiui@ﬂlﬂuﬁ1ﬂﬂﬁ@i 0 34.68% 939NN

a 1

na lumsinaldnser 14.15% vagwuiudlaiudnlzvadioniwaaonwa lavesnisina la

4 [ a

d o a A { a a A
Iﬂmﬂﬂ%ﬂ‘iuﬁ@ﬂﬂq@ﬁ@ 13.89% Llamﬁ@w*mﬁm1W1513JL§I’E)5€IJ?J\‘1@@liWﬂWiWﬁ@lllcb'Iﬂﬂ!ﬂﬂ“]S

a 1 Y] a

a J @ Yy 9 4 Aa
NI (QP) Wmﬁ]ﬂﬂammmmmmummmu%u CGTase UDNTWANDDNITINITNG ll‘ﬂ)’Iﬂﬁ

v A0

<3 Jd A P A A o w v o .
WNENIU (Q,) unnnga Ao 35.81% i’ENﬁ\‘lﬂﬂﬂ@ﬂfﬂﬁ]ﬂﬂl@ﬁllﬁﬁmuﬁWﬂgﬁﬁ\iNﬂW %Main effect

Y a aaa @ < ] 1 Y
NN 32.20% Llagﬂﬁfluﬂ'ﬁlﬂﬂﬂaﬂﬁ‘ﬂ? uazammﬂumiwmﬁm%Main effect iN1NY

a 1

o o & o N ’q ¥ A v A v Aaa
18.99% L1ae 12.98% MUY GINﬂ’]ﬂ‘ﬂ\‘]ﬁ’]ilw']ﬁWulﬁﬂﬁclﬁﬂalﬁllﬂ‘LlﬂUﬂﬂ fﬂﬂﬂﬂﬂu@ﬂ‘ﬁwaﬂ

a <] a . J 1 v W ]
m3naa lsInadndniunnigafennududuveaoulsi CGTase Aonsudumnia isuon

IS) [

Y Yy 9 A A 1 9 a <3 Jd A a a 1
ulﬂ'JTﬂ'J'l‘JJLEU‘JJGUUL’E)ull“]f‘JJ‘JJ@VIﬁWﬁﬁﬂWﬁllﬂ‘lJ’E)\iﬂ"lilﬂﬂll“b'Iﬂﬁlﬂﬂ“]ﬁ/]ﬁu UAZUBNTNAADDAT

vy °

a < Jd A v 9y 9 < S A A A Y]
mma@'lﬂﬂmm%mu (QP) uazmmmmmumaﬂcﬂﬂamﬂ%mumwaﬁ"lﬂmmmﬂ‘u
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5. m3ylsziiiunugnAeIveINIINAa0g

v { Y 4 a a
m3dszanmai lannan ez dua1ulFn1500nuUUNITNAADIVOININTG
v 0 . .. o 9
959171871 Expected Result At Optimum Condition aunsafiuin ldninnianuan v Tasuaas
ANATIVVBIAIDATIAIN S/N IRATUDINITNAADY LA HAANTEHINAIDATIAIU S/N RAY
1 [ 1 [ d' Y d' o ag
youuaazilitelunaazszauvesnmsnaass e ldanneimingaunnmsduialasiinng

a ) 1 ~ 1 9 a < d Aa
Y t’f13J'liﬂu'lﬂ1ﬁ'ﬂTJﬁ‘VlWilﬂZﬁiJiJT]Jile'lmﬂ'lNa]lWUENﬂﬁWﬁ@blcﬁiﬂmﬂﬂ“]f‘ﬂiu

=} o 2 9 o

a a L4
ﬂ?ﬂﬂ?'ﬁ‘ﬂﬂﬂ@\ﬂﬂElcl,%}ﬂTifJf)ﬂLL‘U‘UﬂT’iﬂﬂ'ﬁﬂ\ﬁJ@Q‘ﬂWQ%’ LWDUINAN LAUTININITAUAIICH

A Yy 9

oy ¥ ¥ = a & & a Y Y
Fovdoouding laanzimngaulumsnda ly Tnawndniu e 1d lasanududuve e la
3 & a a o o a S o a {1 A {
Taaangniu waldveswdanmal (Y, tazoaisimsnaa ly Tnadngniu (Q,) Alimngenga
[ F4 1
1INMsMLIa IagdsNINg 910M15199 22 naeeniuiinInaasuleduiuNaNIINAR0 11
d' d' Y = = [ 1 d‘ o as Aa o
HAMINAREININAN Iz aud lau T eufsudualszunanduinanisning 4
- & 1 [ a I S a A 9 A o o

paaeluased 23 ddauanveinmanan ls Inamngniui ldanmssuiurnanisnaaoany
' v ° 1 A4 Ay

adszina Idiu amnsniumageuanuulslsivanna aasamasui ldanminaans

voanazilideldnnaiseinieiaanunlsdsin (ANOVA)

M99 23 MstlsznaaarmsdudunamInaaeINATA TN ANYRIN THAN L
< d A a 1 < d a
Taaangniu Taoa1san 3 ang Ae manududuveslsInamndnsu (C,)
1 9 Aa o 4 [B-Y a < S a A [
Awa ldveInanium (Y,,) Aoasinmsnan lslaa@angnsu (Q,) euilsfu

flavenisnaaoslussaunmus ay

a s = { {
WUWesT | aanghmnzan C, ANITNNINZAN Y, anMENmINZaN Q,

aalszuna 1934 malszana 1934 Alszunu 1934

G, 17.668 15.627 10.865 7.233 9.072 10.184

0.402 0.537 0.533 0.417 0.373 0.518

YP/S

Q, 1.963 1.736 1.761 1.205 3.325 3.395




4 a 4 [ Jd a
M3197 24 wamsanszinnuulsliau (ANOVA) vesanudutuveslsTnamndnsu (Cp)
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Factor DOF SS MS F S’ Percent contribution  Confidence (%)  Significant
A 2 93.381 46.690 28.978 90.158 24.467 100.00 Hkk
B 2 148.292  74.146  46.017 145.070 39.369 100.00 HAE
C 2 29.630 14.815 9.195 26.408 7.167 99.82 *ok
D 2 68.180 34.090 21.157 64.957 17.628 100.00 Hkk

error 18 29.003 1.611 11.369

total 26 368.486 100

M) A anududuveutlaiudleuda () P <0.001 ok ok
B : anududuveuoulsi CGTase (Urg .. P <0.01 ox
C : nanlumsinailgnsen (h.) P <0.05 *

D : 9515981 (rpm)
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d‘ a 4 9 a o 4 a < d a
M519N 25 WansAsIziaunlsUsiu (ANOVA) voana ldvoanaaiaum (Y, Tumswan lyIna@nsnsu

Factor DOF SS MS F S' Percent contribution  Confidence (%)  Significant
A 2 0.009  0.005 1.108 0.001 0.395 64.84 -
B 2 0.071 0.036 8.670  0.063 27.947 99.77 ok
C 2 0.009  0.005 1.156 0.001 0.567 66.28 -
D 2 0.062 0.031 7.510 0.053 23.722 99.57 *k
error 18 0.074  0.004 47.370
total 26 0.225 100
M) A anududuveutlaiudleuda () P <0.001 ok ok
B : anududuveueulsi CGTase (Urg ) P <0.01 ox
C : nanlumsinailgnsen (h) P <0.05 *

D : 951581 (rpm)



d‘ a 4 (% a a o 4 a I Jd a
M99 26 WaMsaATIzHANM 559U (ANOVA) vesdasImsnanansaa (Q,) veamsinan lu Inadindmiu
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Factor DOF SS MS F S' Percent contribution  Confidence (%) Significant
A 2 6.891 3.445 79.716 6.805 34.600 100.00 wkx
B 2 6.480 3.240 74.966 6.394 32.513 100.00 Hkx
C 2 4233 2.116 48.963 4.146 21.083 100.00 Hokx
D 2 1.284 0.642 14.853 1.198 6.089 99.98 *k
error 18 0.778 0.043 5.715
total 26 19.666 100.000
M) A anududuveutlaiudlenda () P <0.001 ok ok
B : anududuveuoulsi CGTase (Urg .. P <0.01 o
C : nanlumsinailgnsen (h.) P <0.05 *

D : 9A51M5981 (rpm)
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o 1 Yy 9 3 & a Aa o ~
vinmaihmanududuvedlelnammngniu () uIwszrmanziviunzay
Tagdsmng laanneimuzauaimsnd 22 Fszauimanzauveuaazadonldluns
Aa a3 d A A Y 9 o o (% o 1T A 9y 9
wag ls Taandnsy Ao anududuveuilaiudilevds 40 asunoans anudNIUv0
J ] 1 [ a aana { q‘/ [ ] {
ula CGTase 50 niawaensy N lumanalnsern 9 91119 nazdas1MVEIN 300

seuaeuIi nuMANUNTuvesdUamsatazaudNTuveue Ta] CGTase NzAuga

a S

1 Y Yy 9 I 4 9 a o
vrdawaldnnududuvedlyTnamngniuiiaigean lddre vazannamsinszianu
1 I~ J a H 1
uilsismTeeldmanududuvedleTnamndgniu () 1narseh 24 wuhiesazves
a A 4 1 $
dn3wa (Percent contribution) ¥0IAIMANTWON lHT CGTase Tinwniga Ao 39.37%
sogaauAeuduvoIuilaiud e nds Fumiu 24.46% Sas1MIue 17.62% taziianlu
a aaa Sy a a Y ~ Y 1 YY1 Yy 9
msnaljnsediadesazvesdaninatiosngaminy 7.16% wwenliii anududuves
I J a { a & H o
Ty Tnadingnsunwaa ldnmauananududueoulsl cGTase lumsnasuduamsa'lyl

| a o s & 1o w o o v 3 o v Ao o 1
Wurdasual sanunilaeveaduduvewilaiudnlenasniuiladondrdysosasun dau
@ ' qu 1 ' a v @ 1 J [ a g 1
sasmsaniudidiugeliimamssuiuszuinueu laduazduamsaningsin dawald
v 4
YA K

a a < Jd Aa 1 o Y] o aan 1 Y 9
LﬂﬂfﬂﬁWﬁﬂllcﬁiﬂﬁl@ﬂcﬁﬂiu]lﬂﬂﬂﬂﬂlu ﬁ’f')u'l]ﬂﬁ]ﬂﬂlﬂﬁl?ﬁWiUﬂWiﬂTﬂgﬂiﬂ? NWUINANULVNUY
4 )

< d Aa = = A 9 o Aaaa 1 4 [
Yod g Tnamngnivaziinminduieldnarlumstlgasossnhaeu laduazdomnsa
Y 1 ] v
VINVU LA oAITUIAITEAVANNIFOIY (Confidence level) A1N1TDUDN 1A ANMUTUTY

% 9 [ 4 [ 1 J [
mam‘f]mumﬂwm mmg%’u%’uﬁummu"lw CGTase LAZOATINSIVEINAITZALAIY

oo
S [ A v A

] v v 9
FoauN 100% uazna1lumsinlgaser Taszauanudeiui 99.82% tevenlii 1 4

Qe

A v o

[ { 4 a < d A [ aa
Pavenldlumsnuwuminaasuionan laTaaandgniutiuiiteddyneadaluns

a J Y 9 < Jd a
'JLﬂﬁ131’??]1?]'31%&51]1]51]1!51]6\111"“]11?121!,@ﬂ“]fﬂiu

° 1 9 a Y] 4 a <3 d A a 4
ﬁnﬂmsmmwa”lmmm@mmm Y, Gl,umiwamllcﬂﬂammﬁmu UNUATITHNN

P/S

A an ay ¥ ~ [ A & o A 1
annzimingaulaedimnglaanneimunzaudms e 22 Fsgauimunzauvoua

[ { a < d a Y o [ v 1T A
aziladenlslumsman o Tnadingniu Ao anududuvsiaiudlzvas 30 nSuaeang

Y 9 4 1 v [ a aaa A )
anudutuvesoulsl CGTase 30 wiaeasniy nar lumsinalgnsern 6 41 lu uag
o A ' ~ a o Y v
F051N1T1817 300 TOUABUIN tazanNam I 1aI1zraNuulslsuTasldaina lave

a o 4 a < d a ~ 1Y a a
Waanmn (Y, ) Tumsnaals Taa@ngm3u 910915197 25 WUNTosazUpIdNTNa (Percent

4 1 [ J {
contribution) ¥9aANUTNF UL 9] CGTase ponSuFUANTA ﬁﬂmmﬁqﬂ Ao 27.94%

FOIANIADOATINIWATUMNY 23.72% a1 lumaiAalgsendiawmny 0.56% dau

[ ]

Yy 9 v o - a a Y A 1 Yy
ﬂ’J'liJLGUllGUUGUENLLﬂ\HJut‘f’lﬂgﬂﬁﬁuﬂ'ﬁ@ﬂﬁgﬂlﬂﬁ@ﬂﬁWﬁu@‘(’J'I/]’Qfﬂ N1nUY 0.39% U\iﬂﬂﬂ&]fﬂ?’

a 1

4 1 Y] [ (% ] a [
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$ ' 3’ @ J { a2 ¢
ﬁnﬁ]ﬂﬂu]ﬂﬁ Nl ﬂ']u’lﬂitlﬂlclfaauﬁ}\u%ﬂ B. circulans TISTR 907 ﬂﬂﬂijﬂﬂlﬂ\n'ﬂuhlc]fll

CGTase wazlsmaanududuvesduamsangnldl

nan ANUN VLA Dextrinizing ANUTUTU (NSUADANT)
(#1T09) (OD,,,) activity (U/ml) it usad Fuamsafignldly’
0 0.1693 1.0333 3.1077 0.3394
2 0.2340 1.0533 3.2268 2.4934
4 0.5270 13533 3.9661 4.6257
6 1.0523 1.6533 4.9624 6.3664
8 1.4277 1.9933 5.5388 7.8024
10 1.6067 25333 5.9586 8.6510
12 1.7390 2.9066 6.0588 8.5422
14 1.7940 3.3003 6.7731 8.1940
16 1.7777 33733 6.1340 8.2375
18 1.7727 3.3466 6.0902 8.2158
20 1.7737 3.4466 6.2656 8.2375
22 1.7520 3.4266 5.8771 8.3463
24 1.7723 2.9133 6.3283 8.8033

wnemg | AIpINnTINAITINTEHINMMIganauLdIi 570 w1 Tuwasuazay

Wuduveautlaiudlznas (ManuIn A: MNKHUINT A1)
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4 s a P < < ¢
ﬂ]iNWT—!Jﬂﬁ n2 i]au‘wamﬁmﬁummiwamaullw CGTase L!‘]J“lJL‘]JﬂLﬁ'ii]Tﬂﬂlclfﬁa

B.circulans TISTR 97 9INM300NMUUNTNAADIRIGITNING (L)

‘lgﬂ‘ﬁ 1 Glgﬂﬁ 2 Glgﬂﬁ' 3
IUIUMT et Mines Mwes
NARDY DE Que DE Que DE Que
1 5.550 0.555 5.677 0.568 5.401 0.540
2 5.232 0.436 5.340 0.445 5.230 0.436
3 6.539 0.467 6.865 0.490 6.353 0.454
4 4.430 0.316 3.016 0.215 4,994 0.357
5 7.125 0.713 7.295 0.730 6.408 0.641
6 6.798 0.566 6.190 0.516 6.389 0.532
7 7.657 0.547 7.883 0.563 6.985 0.499
8 6.986 0.699 7.320 0.732 7.343 0.734
9 7.562 0.630 7.567 0.631 7.458 0.622
10 6.022 0.602 6.483 0.648 6.714 0.671
11 6.828 0.569 6.186 0.515 7.497 0.625
12 6.707 0.479 8.256 0.590 6.252 0.447
13 7.459 0.622 6.992 0.583 7.348 0.612
14 6.063 0.433 5714 0.408 6.873 0.491
15 8.455 0.845 6.382 0.638 5.677 0.568
16 7.549 0.629 6.799 0.567 7.910 0.659
17 6.350 0.454 7.143 0.510 6.368 0.455
18 7.230 0.723 7.158 0.716 7.009 0.701




Y o o a ¢ < g s
mawuInd 03 szavvesilatearugulumseaaeulsl CGTase nuuibadia laomaa

B.circulans TISTR 97 9INM300NMUUMINAADIRGIZNING (L)
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GRLMY) ‘ﬂfﬂ{Tﬂﬁﬁwmiﬂmﬂﬂumimam DE Qpp
g (average)  (average)
NAADY
A B C D F G H

1 8 10 5 10 200 9 10 5.543 0.554
2 8 10 10 12.5 250 95 12 5.267 0.439
3 8 10 15 15 300 10 14 6.586 0.47
4 8 15 5 10 250 10 14 4.146 0.296
5 8 15 10 12.5 300 9 10 6.943 0.694
6 8 15 15 15 100 9.5 12 6.459 0.538
7 8 20 5 12.5 300 95 14 7.509 0.536
8 8 20 10 15 200 10 10 7.216 0.722
9 8 20 15 10 250 9 12 7.529 0.627
10 10 10 5 15 250 95 12 6.407 0.641
11 10 10 10 10 300 10 14 6.837 0.57
12 10 10 15 12.5 100 9 10 7.072 0.505
13 10 15 5 12.5 100 10 14 7.266 0.606
14 10 15 10 15 250 9 10 6.217 0.444
15 10 15 15 10 300 95 12 6.838 0.684
16 10 20 5 15 300 9 12 7.419 0.618
17 10 20 10 10 200 95 14 6.620 0.473
18 10 20 15 12.5 250 10 10 7.132 0.713




a s a 2 o a < < p
MINNUINN N4 i]u‘Wﬁﬁ’]ﬁ'G]i"UENﬂ']ﬁWﬁﬁqcﬁiﬂalﬂﬂ%ﬂﬁullﬂﬂlﬂﬂ!ﬁﬁﬂiﬂﬂl'ﬂu]‘l“]ﬁJ

CGTase 1INMIOONUUUMINAADIRIGIZNING (L,)

82

M3 ¥aii 1 Al 2 ¥afl 3
meaes | C, Y, Q c, Y, Q c, Y, Q
1 2.020 0.376 0.673 0.977 0.225 0.326 1.273 0.280 0.424
2 4.603 0.418 0.767 3.726 0.331 0.621 3.792 0.335 0.632
3 9.647 0.577 1.072 6.232 0.374 0.692 6.919 0.434 0.769
4 3.659 0.331 0.610 4.289 0.351 0.715 5.429 0.432 0.905
5 9.532 0.427 1.059 10.761 0.488 1.196 10.146 0.463 1.127
6 6.850 0418 2.283 5414 0.303 1.805 4.352 0.248 1.451
7 4.567 0.185 0.507 4.687 0.190 0.521 4.446 0.271 0.494
8 9.415 0411 3.138 9.325 0.419 3.108 8.619 0.374 2.873
9 14.861 0.469 2.477 12.529 0.396 2.088 11.387 0.350 1.898
519N 05 mswaaly Tnadndmsumutaai laeouls CGTase 1AM
PONUULNTNARBIAIITMAT (L) 30di 1
ANUTUTU (NSUADANT)
$UIUMINARDY I Tnaufindin Fuamsaily '
ueavh Han AN 59U

1 0.039 1.786 0.194 2.020 5.374

2 0.173 3.439 0.991 4.603 11.019

3 0.606 6.891 2.150 9.647 16.712

4 0.102 2.877 0.679 3.659 11.056

5 0.663 7.342 1.526 9.532 22.344




4 '
MINHUINN N5 (AD)

&3

Yy 9 [ 1T A
ANUUVVY (NTUNDANT)

$UIUMINARDY I Tnaufindin Fuamsanla
ueavh Han AN 593
6 0.227 5.169 1.454 6.850 16.405
7 0.236 3.938 0.392 4.567 24.638
8 0.351 7.278 1.787 9415 22.921
9 1.827 10.904 2.129 14.861 31.657

g | AN NI INIZHINAINIgANAULEIN 570 W THATHAZAY

Wuduve sl aiudlende (MaAnUIn A: MINEUINT A1)

a a 2 & a < < ¢
MINHUINN N6 ﬂTﬁW'ﬁ@]Ul“]fiﬂﬁlﬂﬂclfﬂ'iuLL‘]J‘]JlUﬂlﬁﬁﬂTﬂﬁllf]uhlc]fll CGTase 910N17

Y an a A
ONLUUNITNANDIAIYITNING (L,) ¥AN 2

9) 9 [y 1T A
ANVINIU (NTUNDANT)

UIUMINARD I Tnaifindn3u Fuamsaiilal)'
woavh Han AN 593
1 0.000 0.977 0.000 0.977 4.344
2 0.081 3.025 0.619 3.726 11.264
3 0.217 4.945 1.070 6.232 16.663
4 0.126 3.010 1.153 4.289 12.233
5 0.646 7.898 2217 10.761 22.049
6 0.119 4.154 1.141 5.414 17.877
7 0411 3.492 0.785 4.687 24.638




MIWUINT N6 (AD)
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9 9 [} 1T A
ANVINIY (NTUNDANT)

$MUIUMINABY Iy Tnaifindnsu Fuamsanla )
woavh T AN 593
8 0.556 6.927 1.842 9.325 22.233
9 0.846 9.718 1.965 12.529 31.657

o ' ' { Yy 9
LENRLILY g1 : ﬂTll’Jmi]'lﬂﬂiW\hﬂﬁiﬁ?ﬂigﬂlNﬂ1ﬂ1§@ﬂﬂauu’d\1ﬁ 570 uﬂummuazmmmmu

%@QLLﬁQﬁHﬁTﬂgﬁﬁﬂ (MANUIN A: AMNHUINT fl)

a a & & a < < @
AT NNNANHINN DT ﬂ’liNﬁ@ul“]fiﬂﬁ!ﬂﬂ‘ﬂfﬂiullﬂ'ﬂlﬂﬂlﬁjFﬂiﬂﬂlﬂuhlc]ﬁl CGTase 910013

) ax a A
NLUVNITNATDIAIYITNINY (Lg) »Yan 3

9 9 [} 1 A
ANWVNVU (NTNNDANT)

$MUIMMINARY Iy Tnaufindm3u Fuamsaiilal)'
uoavh T LN 59U
1 0.041 1.079 0.153 1.273 4.540
2 0.122 3.341 0.329 3.792 11.313
3 0.398 5.138 1.383 6.919 15.926
4 0.289 3.697 1.443 5.429 12.577
5 0.529 9.270 4.069 13.868 21.902
6 0.307 3.522 0.523 4352 17.583
7 0.062 4.384 0.000 4.446 16.393
8 1.133 6.182 1.304 8.619 23.019
9 0.530 8.594 2.263 11.387 32.491

wneig) | Anunnnvinesguszdemmsganaueei 570 nluwasuazanududy

ﬂl@ﬁllﬁﬂﬁu&1ﬂ%ﬁﬁﬁ (MANUIN A: MWHUINT nl)
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= o a  2dqw a p & o a
M319wuInd A1 gasmamunimes nlgdlumsnaaou lad lalaamndniu Tnaln

a < <
Fansiulose (CGTase) HULLUAHTD

a 4
WITTUINDT

gATMIATUIU

A IMIRTYAL AT UM
(@ Ta™)

4 4
o ldvouna
(Y NTUADATN)
wa'ldued starch dextrinizing
(Y s HUBABNTY)
ATIMINAATUNIY
(Q,,. HUBADAATADYT T14)
Y o 9
8a5 19 UMz UeINs IHuils

(g, NSUABNTY F2T19)

p = Slope of plot between In x and cultivation time

— Xt _Xo

X/S SO_St
_ DE,-DE,

DE/S SO_St

Qpe

_dDE _( DE, - DE,
dT t—t,

2

q :i(d_sj_ 1 S, -5,
* X Udt (x(+xq t—t,

A = ) s o o v a o
“r‘i?ﬂﬂ!‘ﬁﬁ! 1o X, S, P LAY t HUIEDI ANVLUNVULEDR uﬂmumﬂzwm ﬂi]ﬂiillellﬂﬂl@uvlclfll

CGTase UH1I@MINU NTU/AAT uag a1 IHemIny ¥ Tue auaiay

v Y

fviee 0 wag t ueas Masudu uazinala g muddy



a

msmadumsesnuuulaaItnnd (Roy,2001)

Q

1. A1 MSD tile QC=B (Bigger is bester)

MSD = [ (1/y,)’+ (1/y,)’+...(1/y )] /n
2. 8asrdaud ldnnmsuldsugianeudussuoinanisnaass
S/N =-10 log,, MSD

3. ANUBAVUNIATFIY (SD)

oo | 20T
N-1

A~ Ja a .
4. 1WosIFUADNTNA (% main effect)

(Max-Min)
% Main effect = —*100
Max

5. A1 Factor sum of square (SS;,...)

N*r o 5
SS Factor - Z(?k_?)
L

k=1

6. AN Error sum of square (SS,,_)

S pgon =, (SD)” *-1)

87



7. esrmdaszvoannes (DOF

Factor)

DOF =L-1

Factor

8. ADIMDETZVDIVDAANAIA (DOF, )

DOF =N(r-1)

ERROR

9. MBIMBATEII (DOF,. )

DOE_ = (N*r)-1

Total

10. AU 59U (variance, Var)

SS
Var= ——
DOF
11. mMdaaiun1uusilsau (variance ratio, F,, )
Var
ratio =
Var

12. ANV (confidence)

Confidence=100-F. _(F

DIST * ratio

,DOE__,DOE, )*100

Factor *

88



&9

, A Y Y} A
13. ﬂ1§ﬁ1ﬂ1wﬁﬂ15ﬂﬂa@\1‘ﬂﬂ1@‘13 mﬂﬁl@mmawmmzam

(result expected at optimum condition, Y ;)

Y, =T+A, -DHB,-THC,-T)+(D,-T)
+(E,-T+E-DHG,-T+H,-T)

14. sz Y

expected

172

Y = (MSD)

expected

winema FDIST Wusiidia TaelsilsiduduiagdluTusuunsy excel Taoilunay

FUUT32191981 Fratio, DOF,_, DOF, _ lagy,y,N,, L, k 1ag T My

Factor? Error

v v ]
HANIINABBIAURATVOINANITNADDL I1UIUNITNAABY TIUIUFINNTINITNAAD
o [ 4 % 4 1 {
UIUTEAVVLNNADST SEAVVRUNNADT AT ANNATVDINATINVDINANT

A
NAADININUA MU P 1Az 2A,2B,3C,3D,3E,3F,3 G uaz 2 H ¥u1eda

1 { 1 @ s {
‘ﬂ”lmafJ‘lJi’NWﬁi'Jllsll’ﬂfiWaﬂ”l'i‘ﬂﬂa@ﬂ"llﬂﬂlmagﬁS’Jﬂﬂﬂlﬂﬂuwm@]ﬂiﬁlﬁm13?&@15

fI0EIMIMUINUA Q,,

AN dextrinizing activity N15a90ya9nmsnaasslunianuln n: asewuIni nl Tasdiui

NOATIAIUUDIAT dextrinizing activity AOLIA

N159987 10 %2 139
5.550/10

=0.550

NN 12 %2 T4
5.232/12

=0.5232
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NN 14 %2 T4
6.539/14

=0.6539

a

MveamImIIaanNzivnzanlasIsNnT

Y

A1 dextrinizing activity #191581903291nM3sNAAD TUMIARLIN N: AI5T19WUINT N1

NNGATN 1 MSD = [ (1/y,)’+ (1/y,)’+...(1/y Y1 /n
=[(1/ 5.550)*+(1/ 5.677)+(1/ 5.550)" /3]
=0.033

NINGATN 2 S/N =-10 log,, MSD
=-10log,,(0.033)

=14.869 dB

= ~ ' . a 1 LA 1 U v oI o A
nfFeuMeun S/N Ratio TagN913811910A1 S/N Ratio Nggavauaaziladeiiussaun

9 H
mnzaulumsnaaed 1NUUINIARANTNABIUBITTALNIMINZANINTINTUse e

NNgas 13

Yor :T+(X2 '?)'~'(§2 -T)-i—(E} -?)4-(63 _?)

+(E,-T)+(E-T)+(G,-T)+(H,-T)

=20.132



~
NNFATN 2

NNGAIN 14

-[(S/N)/10]

MSD= 10

-(20.132)

=10

=0.00955

Y = (MSD)

expected

(1/2)

=(0.00955)

=10.23

172
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< 3 X
1. gasomshlylumsideaie
=
GREIGHY
91M13gA3 183 In% (Horikoshi

Starch solution
yeast extract
peptone
K,HPO,
MgSO,.7H,0

Na,CO,

an
I5NII

93

medium)
10 nSuA0ans

5 nSuAeans

5 NSuADANS
1 nSuA0ans

02 n5uADANST

10 nSuADANSI

qa./} :’ q'./ 1Y a I~ a aa
1. azmeasnarvadlreinaulsulsinasiu 100 Tadaas

2. 15U pH 1A 10.0 Areansazareaa Tyden lansen lod (NaOH)

4 a 4
ANUITNTY 0.05 Tuas wsomsazaenialalasaaosn (HCI) ANuTudY 0.05 Tuas

Y )
3. i lazaneldidhutiederduluasodlulasnn Wunar 2-3 win

a

=

1% oajl o ] Lﬂy A [~ = .
wawmuum"lﬂmmmﬂqmwﬂu 121 pefusased 1Wumal 15 W (Kim, et al., 1997)
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o Y ¢ v as Y
ﬂ1§1‘i1u11’iuﬂ!“ﬂﬁﬁ!!ﬂﬁiﬂﬂ)ﬁﬂﬂ!!?‘i\‘i

=

I A A 1 A
1. m’?auﬁaaﬂﬂﬂaﬂwmmaﬂ YU 12x100 Haaluag ﬁﬂﬂllﬁjﬁ‘ﬂ Uy

q

3| o o :l Y ]
105 ﬂﬂﬁwl“]ﬂal"?ﬂ'ﬁ Wuan 24 %UIN\T RS BIUINUNLUUUDU

Y 1 J a a aa 1
2. AANIDYINAITUVIUDDULT AR (cell suspension) 151as5 5 Naaansldasluvaen
Ao g} @ Y ) o y ~ Y <3 a g ~
NAanY NFINMINLA HINMMsdumieealen s o 6,000 59U/UIMN Wuna 15 wn

[ ay o P Y Y a d' a =
3. maulan vaziuyadan 1a llevludaiuaugungil Ngmwgi 105 seruvaIBed
3 )
Wunan 24 ¥ Tuq
Qy Y a3 Aa < ~ o 3’ o 9 z
4. MAdulwadiwestlunal 30 w1 tazFaihinnSouvasANAand 11NN Y

Y
o o o @ J
m”lﬂmmmmumuﬂwaauﬁ’ﬂ ANTUNIT

Y

v v Y
Mminaduia (nS/aa3) = hutinnasanaasatazinyiinsaduna (A1) — 1hriinvasanaasd (NS)

15195v99870819 (Naaan3) x 10°
U 3,' Y Jd Y Y] [Y) U A
miﬂ‘szummmmummammﬂﬂﬂmﬂﬂmﬂﬂmmi@ﬂnauum
MIIAMIMIgANAULEN
o w 1 PL 1 A ~ A 9 ) o
U'lﬁ']fJEINﬁWﬂL"U'JuﬁfJﬂlcﬁaﬁiu"]ﬂ\ifniLWUIG]‘VI'J@TMWfJGDNﬂ']EJU'IﬂauW]EIfJG]ﬁW

A A (% A ] [ ! A A
REINNMINEAUTZINY 4-5 OATUTDIN HWVlﬂ’JﬂﬂWﬂWﬁf]ﬂﬂﬂullﬁﬂ‘ﬂ 600 W1 TUIUAT

deailnlas i ladinos



d d a
M3 inNerieulul CGTase 1ng3B Dextrinizing activity
=
ARTGEY

1. Fmsatilmlesanududu 0.1 Tuans pH 5.5
2. Tmdouleasonlad anududu 1 Tuas
3. loTeAuanududu 4 Hadluars W lwmasoulole'lad

A A o
ANUAUTU 30 Uad luans
an
M3

4 a Aa aa ]
1. gamsazaeon el Usuas 0.1 Tadansldlunasansassvuianalg
15x150 Uaaes wauduasazateudl uiudlzudannududu 1 % 1Usuas 0.5 tadans

sazgasnimlosanududu 0.1 Tuans Ysuag 0.4 iadans pH 5.5

Y
o A

2. Wenswawlgnssuminlueisimaiugugungil 50 osriwalsyd

I ~
@unatuy 10 N

;/ Aaan Y = 4 Y 9 4
3. nindurgailgasedieTmaen laasen laa anududu 1 Tuans

151195 0.5 Hadans

4. el Teduanududu 4 Taaluars lulwumaseulole'lad anududu

a a I a a aa
30 NﬁﬁINﬂTi 151105 0.10a08003

9 v
5. himsRevaniinaulsnas 10 Tadans uaziammsganaues

. o .
V04 starch-iodine complex aaenTaanTas I Tadimes NANVEIAAY 620 W1 THINAT

o a 4 .. ] 1 W a L4
ﬂ?ﬁﬂﬂﬁlﬁl ﬂﬂﬂﬁmmmu”lcm (enzyme aCtIVIty) 1 Yiue mmuﬂimmmmmu%u
X o 9 Ya sd o a L A A

cmmﬂmn@maa@m 10 Lﬂ@il“]ﬂu@lﬂlﬂﬂﬁﬂWﬂWﬂ starch-iodine complex ﬂﬂﬂﬂﬁuuﬁ\‘]

AANVEINAY 620 W TULATADUIN (Higuti, ef al. 2004)
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d U
msanszridSinautls @amsn)

=
GEEL:EY

&%

AAa Yy J
2. AIALDEAN ALY 2 uoad
J
3. TwunaFouloTolad anududu 10%w/v)

4
4. Twunadeylo Towa anududu 1/600 Tuais
ad
M3
afunswhinesguvesasazaontlaiudlenas
= o o [ d‘d 9y 9 a Aa o 1T A Aaa
w3 sy sazaeuilaiudrilendantanuduiu 1 daansudolanaas

w3 suensazaneutlaiud)endnnututua1 o nnasazaneuilaiv

Flendandanududu 1 daansudolanans dauaadlumsnIaNuINg al

M3uInil a1 Maeseuasazaensgiuutaiud e nds

ANututuvesensazans  asazaneutlaiudlondsininny asazany
uilaiudi)ends WU 1 Haansudeiiaaans Wrllesveisa

Jaansunelanans) (Hadany) (Waaans)

0 0 1.0

0.1 0.1 0.9

0.2 0.2 0.8

0.3 0.3 0.7

0.4 0.4 0.6

0.5 0.5 0.5

0.6 0.6 0.4
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gadsazareutluindnlzndsaslurasanaass anududuaz 2 vaoa

1J5u195 1 Haaans

a aa Y 9 v a A aa
IANNTALBTAN ANWVLIY 2 Udlan USaT 1.2 Hadans

a S 4 Y 9 a A Aaa
@y Twunaseu lo 1o lad anududu 10%w/v) Usu1as 0.25 Haaaas
a J (a a aa
@y Tnunaseu 1o Towma aududu 1/600 Tua1s15u1as 2.5 iaaans

o v 9 A ' o [ A A A A
MMINTUNUAIYIATDIUVYN !,!,ﬁ3Llﬂﬂ’JﬂﬂTﬂﬁ@,ﬂﬂaullﬁﬂ‘lﬂﬂ’ﬂuﬂnﬂﬁu

570 W1 TuuAs

=\ Y o (%] L} 1 A
@eunshinasgiuvesasazateutlaiudilznas seninaimsganauuas
[ ' Y 9 Y ) [ 9 1 Y
fusmanuduTuvesmsazaeutluiud e wdeumaanusueans v

L%Mﬁ‘i\iﬁ\‘lﬂWWWU’Jﬂﬁ Al

Y v v
A3RUDI Blank At uIUap U UAsIN U161 TaslHinduunudliogs



2.00

1.75 A

Y =3.0563X
150 - R? =0.9998

1.25 A
1.00 A

0.75 A

Absorbance 570 nm

0.50 A

0.25 A

000 T T T T T T
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Abstract

Production of cyclodextrin glycosyltransferase (CGTase) from Bacillus circulans TISTR 907

was optimized using the Taguchi method. The design contained a total of 18 experiments, which

employed the selection of cassava starch, peptone, K,HPO,, Na,CO,, agitation, cultivation time,

inoculum size and initial pH as eight independent variables in this study. The optimal calculated

values of these variables for maximum production of CGTase were found to be comprised of: cassava

starch 20 g/l; peptone 15 g/I; K,HPO, 3 g/l; Na,CO, 12.5 g/l; agitation 300 rpm; cultivation time 12 h.;

inoculum size 10% (v/v) and initial pH 9. The CGTase with high activity at 8.54 U/ml was also

achieved.

Key words : Cyclodextrin glycosyltransferase, Taguchi method, Optimization of condition.

1. Introduction

Cyclodextrin (CD) is a closed-ring structure
contains six, seven or eight of glucose units and
known as Ql, B and Y-CD, respectively. CDs is
used widely for industrial purposes, due to its
commercial availability and inclusion complexes
with organic and inorganic compounds. It has

numerous

applications in biotechnology, food cosmetic

and pharmaceutical industries [6,10,5]

Cyclodextrin glycosyltransferase (CGTase,
EC 2.4.1.19) is an enzyme that degrades starch
and catalyses the production of cyclic Ol-1,4-
linked glucopyranosyl chains called cyclodextrin

by intramolecular transglycosylation. CGTases



are produced by various microorganisms but
most reports came from Bacillus species such as

B.firmus [2], Bacillus sp. NRRL B-21195[4],
B. stearothermophilus [9], B. circulans [1],

B. macerans, B. agaradhaerens [7], Klebsiella
pneumoniae. The optimum temperatures for

reactions of these enzymes are 50-60 C [1].

Production of CGTase depends on the
reaction in microorganisms towards substrate.
Changing environmental factors can lead to an
increase in the production of CGTase. Design of
experiments is an important technique for
multifactor experiment analysis because of its
capability of detecting true optimum level of the
factors. In this study, The Taguchi method using
orthogonal array (OA) 18 was used to determine
the optimum production of CGTase from B.

circulans [10] in small-scale experiments

2. Meterial and methods

2.1. preparation of bacterial inoculum

Bacillus  circulans (TISTR 907) was
obtained from a stock culture of Thailand
Institute of Scientific and Technological
Research, Bangkok, Thailand. The bacteria were
grown in 75 ml Horikoshi medium, containing
cassava starch 10 g/l; yeast extract 5 g/l; peptone

5 g/l; K,HPO, 1 g/l; MgSO,.7H,0 0.2 g/l;
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Na,CO, 10 g/l; inoculum 10%, initial pH at 9.0
and incubated at 37 C for 18 h with shaking of

200 rpm[1].

2.2. Preparation of CGTase

Ten percent of Bacillus circulans (TISTR
907) inoculum was transferred to 100 ml of
minimal medium in a 200 ml conical flask. After
cultivation, the cells were removed by
centrifugation at 10,000 rpm for 15 min. The

supernatant was used as crude enzyme solution

and assayed for enzyme activity.

2.3. Assay of dextrinizing activity

Starch dextrinizing activity was assayed
using cassava starch as substrate and measuring
the decrease in iodine-staining power[2]. The
reaction medium contained 0.1 ml of the enzyme
solution, 0.5 ml of 1% starch solution, 0.4 ml of
0.1 M citrate buffer, pH 5.5, and incubated in a
water-bath at 50°C for 10 min. The reaction was
terminated with 0.5 ml of 1 M HCL. Then 0.1 ml
of 4 mM iodine in 30 mM potassium iodide was
added and diluted to 10 ml with water. The
starch-iodine complex absorption was monitored

at 620 nm.



2.4. Experimental design and optimization

Taguchi has established the orthogonal
array (OAs) to describe a large number of
experimental situations, with the purpose mainly
to reduce experimental errors and to enhance the
efficiency and reproducibility of the laboratory
experiments [8]. The symbolic designation of
these arrays indicates the main information on
the size of the experimentation, e.g. L18 has 18
trials [12]. The total degree of freedom available
in the OA is equal to the number of trials minus
one. Each column consists of a number of
conditions depending on the levels assigned to
each factor. In this study all eight columns are
assigned with different factors as indicated in
Table 1. Inoculum size factor has been assigned
only with two levels, while the others are
assigned with three levels. Table 2 shows the
layout of the L18 OA used in this study. All the
combination of experiments using the assigned
parameter values were conducted using
Horikoshi medium and incubated in shaker.

After fermentation, the culture broth was

separated and analyzed for CGTase.
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Table 1

Factors and their levels assigned to different

columns

Factor level

A Inoculum (%, v/v) 8

B cassava starch(g/1) 10 15 20

C peptone(g/1) 5 10 15
D Na,CO, (g/1) 10 125 15
E K,HPO, (/1) 12 3
F Agitation (rpm) 200 250 300
GpH 9.0 95 10.0
H Time (cultivation) 10 12 14

3. Result and discussions

Using the Taguchi method, the experiment

conditions with different combination of
cassava starch, peptone, K,HPO,, Na,CO,,
agitation, cultivation time, inoculum size and
initial pH were performed [3,11]. CGTase
activity was then assayed, after fermentation at
37 OC for 14 h. The result was then analyzed
using the appropriate analysis of variance

(ANOVA) corresponding to the designate

experiments.
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Table 2
L, x3)0A

Factor Dextrinizing

activity(U/ml)

Run A B C D E F G H

1 1 1 1 1 1 1 1 1 5.5429
2 1 1 2 2 2 2 2 2 5.2697
3 1 1 3 3 3 3 3 3 6.5856
4 1 2 1 1 2 2 3 3 4.1464
5 1 2 2 2 3 3 1 1 6.9429
6 1 2 3 3 1 1 2 2 6.4591
7 1 3 1 2 1 3 2 3 7.5085
8 1 3 2 3 2 1 3 1 7.2164
9 1 3 3 1 3 2 1 2 7.5290
10 2 1 1 3 3 2 2 1 6.4067
11 2 1 2 1 1 3 3 2 6.8371
12 2 1 3 2 2 1 1 3 7.0718
13 2 2 1 2 3 1 3 2 7.2663
14 2 2 2 3 1 2 1 3 6.2167
15 2 2 3 1 2 3 2 1 6.8380
16 2 3 1 3 2 3 1 2 7.4192
17 2 3 2 1 3 1 2 3 6.6203
18 2 3 3 2 1 2 3 1 7.1322

From the 18 treatments as assigned in the 7.529 U/ml as shown in Table 2. However, this

orthogonal array (OAs L-18), treatment nine condition on treatment nine can not be

. . . h imal i h
provided the maximum CGTase activity of guaranteed as  the optimal onc since the



experiments may contain noise factor, which
must be taken into account. The Taguchi
method, therefore, further analyzed the result by
calculating the S/N- ratio by the pattern of
Larger-the-better to determine the possible
maximum CGTase activity and its optimal

condition.

The Taguchi method recommended
analyzing the means and S/N ratio using
conceptual approach that involves graphing the
effects and visually identifying the factors that
appeared to be significant, thus making the
analysis simple. The S/N — ratio can then be
used to explain result at each level of control
factors to the corresponsive value. The S/N -
ratio by the pattern of Larger-the-better were
calculated to determine the maximum CGTase
activity. The analysis is plotted and shown in
figure 1, which also indicated the maximum

value of each factors.

The most suitable level (the highest
value of the S/N- ratio) for each factors were
then combined to be the optimal conditions.
This can be summarized as: level ‘2’ of factor
A, level ‘3’ of factor B, level ‘3’ of factor C,
level ‘2’ of factor D, level ‘3’ of factor E, level
‘3’ of factor F, level ‘1’ of factor G and level

2’ of factor H.
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These experimental results were
analyzed further using the analysis of variance
(ANOVA) as appropriate to the experimental
design used. The obtained ANOVA results were
shown in Table 3. The F-ratio is used to indicate
the effect of control factors. If F-ratio is less
than 1, the experimental error has more effect
than control factors which suggests that the
control factor is not significant. If F-ratio is
higher than 2, control factors have moderate
effect and if F-ratio is higher than 4, the effect
of control factor is significant. From Table 3,
the F-ratio of the second factor, cassava starch,
is the highest value at 20.586. This indicates that
the cassava starch has the highest influential
effect for cyclodextrin glycosyltransferase
production. Other factors: agitation, inoculum
size, Na,CO,, peptone, K,HPO,, and cultivation

time are also significant but the effect of pH is

insignificant for production.

The percentage contribution of each factors
are also shown in Table 3 where the last column
indicates the influence of each factors. Cassava
starch is the most significant factor for CGTase
production. This may be due to the fact that it is

the main carbon source in the media.



137

inoculum 10% (v/v) and initial pH 9. The
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confirmed experiment was also carried out
using these optimal conditions, where the
enzyme production of 8.54 U/ml was

achieved.

5. Conclusion

Figure 1 The Larger of better S/N graph for

the CGTase production.

The second important factor is agitation in
which Bacillus circulans requires O, and
therefore the agitation is needed. The other
factors also contribute to the production
although they are not as high as the first two
factors prior mentioned. The

pH factor

contribution is insignificant for CGTase
production is this study as shown with low value
F-ratio of 1.6139. This may be owing to the fact
that the operating of pH at 9-10 in this study is
already in the usually range for this enzyme

production.

Based on the Taguchi method analysis, the
optimum calculated values of tested variables
for maximum production of CGTase were found
to be comprised of: cassava starch 20 g/l;
peptone 15 g/l; K,HPO, 3 g/l; Na,CO, 12.5 g/l;

Agitation 300 rpm; cultivated time 12 h.;

The combination of factors and their
levels involved in the production of CGTase by
Bacillus circulans was carried out to determine
the optimal conditions for enzyme production.
The Taguchi method was used to design the
experiments in this study. From the analysis, the
obtained optimal conditions consisted of
cassava starch 20 g/I; peptone 15 g/I; K, HPO, 3
g/l; Na,CO, 12.5 g/l; agitation 300 rpm;
cultivation time 12 h.; inoculum 10% (v/v) and
initial pH 9. The confirmed experiment of the
optimal condition showed the enzyme
production of 8.54 U/ml, which indicated the
success of applying the Taguchi method for

optimizing the CGTase production.
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Table 3 Analysis of variance (ANOVA) for the CGTase production

Factor DOF Sums of square =~ MS F-ratio Percent
contribution
1 Inoculum (%, v/v) 1 1.1810 1.1805 13.7568 8.3995
2 cassava starch(g/l) 2 3.5300 1.76508 20.5680 25.7684
3 peptone(g/l) 2 1.0030 0.50143 5.8431 6.3777
4 Na,CO, (g/1) 2 1.2290 0.61454 7.1611 8.1133
5 K,HPO, (g/D) 2 0.9574 0.47871 5.5783 6.0292
6 Agitation (rpm) 2 2.5216 1.26083 14.692 18.0306
7 pH 2 0.2770 0.13850 1.6139 0.8084
8 Time 2 0.6184 0.3092 3.6032. 3.4285
Error 20 1.7163 0.08580 23.0451
Total 35 13.033
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