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.. The ‘oresent_ study aims at  the development of
efficient cyclodextrin production from rice starch. The result
demonstrated that pretreatment of rice starch with the enzyme
a-amylase was necessary for hlfgh_ cyclodextrin ield.
APproprlate conditions were 10 g % of rice starch treated with
oTl % a-amylase at 50 °c for 15 minutes. The pretreated starch
was. subse(%uently used for cyclodexcrin production by the
action of the enzyme cyclodextrin glycosyltransferase (CGTase)
from Bacillus sp. A 11. with the ‘use "of complexing agent,
cyclohexane, which was selected as the solvent of chaice,” the
production yield of cyclodextrins was twice of that without
complexing “agent. The optimum conditions were pretreated
starch incubated with CGTase (25 _Units/g starch? and
cyclohexane(5 %,v/v) for 18 hours. Furthermore, ﬁ_reerence
production of certain cyclodextrin could he achieved by
varying the concentration of rice starch or CGTase used. LesS
than g % starch and more than 200 Units CGTase/g starch
mamlt/J yielded a-CD, while 10-30 g % starch and less than
200 Units CGTase/lg starch resulted in p-CD as the major
product. Besides cyclodextrins, some non-cyclic (linear)
oligosaccharides were also detected in the reaCtion products,
as analyzed by HPLC. Those overlapped with CD peaks were
maltotetraose ~(GJ, maltopentaose (Gs), maltohexaose (GJ .
A_mrlogluc_omdase and p-amylase were wused in the attempt to
differentiate the linear from the cyclic oligosaccharides. It
was found that p-amylase (20 Units, 1 hr, 25°C) completely
digested linear oligosaccharides (G4G5 without destroying the
C}/clodextrln products. By using cyclohexane in the production
of cyclodextrins, the crude P~CD obtained was 42 g % which
constituted for most of the CDs (total CDs was 44 ¢ % . If
purer P-CD is preferred, p-amylase treatment which yielded
34 g % P-CD (80 % recoveryg and crystallization at 4°c were
performed. By the 1% crystallization, the p-CD crystals
obtained was about 12 g % (28 % recovery, 95 %purity).



Vi

ACKNOWLEDGEMENT

I would like to express my deepest gratitude to my advisor, Associate
Professor Piamsook Pongsawasdi, for her excellent instruction, guidance,
encouragement and support throughout this thesis. Without her kindness and
understanding, this work could not be accomplished.

My sincere gratitude is extended to Dr. Tipaporn Limpaseni, Dr. Somporn
Kamolsiripichaiporn and Dr. Sirirat Rengpipat for serving as thesis committee, for
their constructive comments and also valuable suggestions.

My appreciation is also expressed to Dr. Suganya Soontaros, Dr. Vichien
Rimpanichayakit for their kindness, encouragement and worthy suggestions.

My gratitude is also extended to the Graduate School for supporting the
research fund.

Sincere thanks are also expressed to all staff members and students of the
Biochemistry Department for their help in the laboratory and discussion with sincerity
and friendships. Special thanks are also extended to Pee Yui, Pee Jira, Pee Nong,
Pee Fon for their kindness, willpower and suggestions.

My appreciation is also expressed to Khun Kitisak Kobkuwattana for his
willpower, understanding and encouragement.

Finally, the greatest indebtedness is expressed to my father and mother for

their unlimited love, understanding and encouragement.



vii

CONTENTS
Page
THAI AB ST RACT ..ottt ettt ettt e sat e e sa b e e ettt e e abb e e e snteeesnneeeneeas iv
e N [ I ] o BN = 3 I 2 X O PP V
ACKNOWLEDGEMENT ..ottt ettt reee et s sabee e sebaeeeas vi
(010 ]\ i I N 1 T RSP vii
LIST OF TABLES. .. e e e e e e r s e e e eeeaan e e e e eeeaan s Xi
LIST OF FIGURES . ... oottt et Xiii
ABBREVIATION ...ttt ettt e e s sk e e e et e e e s bt e e e abe e e e sbbeeesmteeeenbeeeenneeens XV
CHAPTER

| INTRODUGCTION . . ittt ettt et ettt ae e et e e s saee e e st e e e s nbeeeesreeeesnbeeeans 1

I MATERIALS AND METHODS
o [T 0 =T 0 £ RPN 23
CREIMICAIS ...ttt e ettt e et e e et e e e e s nbr e e e e aae 23
2 Fo o (= = D o TP PP O PPPOPTI 24
Y =T T T T £ =] o = L= 1 Lo o 1P PUPRPRRRP 25
CUltivation OF DACTEIIA. . ..uveieiiiiie i a e e 25
ENZYME BSSAY .. ittt e e 26
1 Dextrinizing aCHVILY ASSAY....cccuuuuriiiiieeeeiiiiiiiiiiiiieeeeeeeeeesssasnreeenereeeeeeeeesananns 26
2. Cyclodextrin-Trichloroethylene (CD-TCE) @SSaV...ccccccccevvviivvrvvieeeeneeeeannnn 26
Protein determination..........c.veii i 27
ANAlYSIS Of CYCIOUEXIIINS. ... e e e e e e e e e e s eenees 27
Dextrose Equivalent (DE) determination.........ccccueeeeiiiieeeeeesis e e ee e 28
PUrfiCatioN Of C G T aS B ittt ee e e e e e e e e e s e e nnnnes 29

Cyclodextrin ProAUCTION.......coiiiiiiieeiie e e e s ee e e e e e s e e e s annanne 29



Page
1. Optimization of pretreatMent SIEPS ... 31
11 Effect of a-amylase concentration and Dextrose
Equivalent (DE) of starch on the formation of cyclodextrins............... 31
1.2 Effect of incubation time of pretreatment of starch on
the formation of cyCloOdextrinS.........coovviiiiiiiiie e 33
1.3 Effect of starch concentration on the formation of
CYCIOAEXIIINS ..ttt 33
2. Optimization of production steps (without complexing agent).................... 33
2.1 Effect of CGTase concentration on the formation of
LoV [0 T0 [ 4 ] T RSP 33
2.2 Time course of cyclodextrin producCtion...........cceeveriniieereeiniieeeee e 33
3. Optimization of production steps (with complexing agent)........ccccccevvveennn. 34
3.1 Effect of complexing agent on CGTase activity........cccccoeevvcvvvveeeeennnnn. 34
3.2 Effect of CGTase concentration on the formation of
cyclodextrins in the presence of complexing agent........cccccceevevviiiinnns 34
3.3 Time course of cyclodextrin production in the presence of
[odo] 001 o1 (=3 d 1T = T = o | S USSR 34
3.4 Effect of complexing agent concentration on the production
yield Of CYCIOUEXIIINS. ... 35
4. ProducCt SEPAIATION......cciiiiiiiiiie ittt 35
4.1 Separation of cyclodextrins from non-cyclic products.........cccccceeeeennee 35
4.2 Separation of (3-CD from cyclodextrin mixXtureS.......ccccccevevevvevnvvevenennen. 35

Il RESULTS

Partial purification of CGTase from Bacillus sp. A 11, 38



Page
CyClodextrin PrOQUCTION. ....uuiiieii ettt e e e e s s reeeeaaaaeeaeanes 40
1. Rice starch vs Soluble Starch..........ccoooiiiii 40
2. Pretreatment Of riCe STArCh.......ccccoiiii i 41
3. Optimization of pretreatmMent STEPS..... .o 41
3.1 Effect of a-amylase concentration and Dextrose Equivalent
(DE) of starch on the formation of cyclodextrins..........cccccvveieeiinieieiniininns 41
3.2 Effect of incubation time of pretreatment of starch on
the formation of CYCIOeXIrNS. ...c.coiiiiiiiiiiiie e 46
3.3 Effect of starch concentration on the formation of
CYCIOAEXITINS ..ttt 46
4. Optimization of production steps (without complexing agent)..........cccceveennee. 48
4.1 Effect of CGTase concentration on the formation of
LoVl (o L0 [ q 1 ] 1= PP RUPP U TR 48
4.2 Time course of cyciodextrin production........cccccvvvieeiieeeeeenininiiiiieeeeeee e 52
5. Optimization of production steps (with complexing agent)......cccccccceeevviiiinnnns 52
5.1 Effect of complexing agent on activity of CGTase..........ccccvvveveereeeeeeeninnnne 52
5.2 Effect of CGTase concentration on the formation of
cyclodextrins in the presence of complexing agent.......cccccccceeeiiiniiinns 55
5.3 Time course of cyciodextrin production in the presence of
COMPIEXING AQENT...cii ittt e e e e e e e e s s e nannes 57
5.4 Effect of complexing agent concentration on the production
yield Of CYCIOUEXIINS. . ..ciiiiiie i 57
6. ProduCt SEPAIaAtiON. .......ccuviiieeiiiiiee ettt 61

6.1 Separation of cyclodextrins from non-cyclic products............ccccccevvviennnne 61



Page

6.2 Separation of (3-CD from cyclodextrin mixXtures...........ccccvveeerieeeereeniinninnnns 69

IV DISCUSSION it e e e aa e e e e e e e aa e e e e eeaaa e s 74
e oy N L O PR 95
APPENDICES . ... oottt et a e r e e e earaan 105

BIOGRAPHY . 112



LIST OF TABLES

Xi

Table Page
1. Characteristics Of CYCIOUEXIINS......uuuiiiiiiieiiiii e 4
2. Industrial applications of CyClOdeXtriNS........ccoovviiiiiiiiiieie e 9
3. World market of CYCIOUEXIINS.......uuuiiiiiiiieieee e 10
4. Classification Of CYCIOUEXIINS......cuviiiiiiiii e 1
5. Summarization of CGTase MeChaniSM........cccccceeviiiiiie i 15
6 (a) Properties of cyclodextrin glycosyltransferase.........ccccoccevveeviiiiiciinnnenen. 17

() CGTase-producing bacteria...........cccciiiiiieiiii e 18
7. Partial purification of CGTase from Bacillus SP-A L1, 39
8. Yield of cyclodextrins from rice and soluble potato starch..............ccccceeennnn 42
9. Yield of cyclodextrins from pretreated and non-treatedrice starch.................. 42
10. Dextrose Equivalent values of treated StarCh............cccccooveiiiiiiiininieee s 44
11. Effect of starch concentrations on cyclodextrin production...........cccccccvveeeennnn. 50

12. Production yield of cyclodextrins in the presence of complexing agent

at different concentrations 0f CGTaASE.......cccoiiiiiiiiiiiiiiiee e
13. Retention time of standard CDs and linear oligosaccharides

oNn HPLC Supelco - NH2 COIUMN....coiiiiiii e
14. Treatment of reaction products with amyloglucosidase (AMG).....cccccccveeeeernnee
15. Treatment of reaction products with (- amylase..........ccoccceviiiieeiiiniiiie e,
16. Yield of cyclodextrins at different cONditioNS.........ccovveeeiiiiiiiiiiiiiiie e
17. Yield of cyclodextrins after crystallization at 4 °C.....ccccccoovvcciiiiiiiieeee s
18. Yield of cyclodextrins after crystallization at 25 C .....cccccccvvevveeiiiiiciiiiiieeeeee,

19. Physical and chemical properties of common starches...........ccccccveeiennenn.



20.

21.

22.

23.

Xii
Growth of Bacillus sp. A 11 and CGTase activities when grown
in culturing medium containing 1.0 % of different types of starch.................. 77
The amount of (3-cyclodextrin produced by Bacillus sp. A 11 in
culture mediums containing various types of starch.............cccooceiiinnne, 77

Cyclodextrin degrading €NZYMES........coviiiiiiiiiee et e e seree e e 88

Solubility of cyclodeXtring IN Water.........ccuviiieeiiiiiiiiiiee e 91



Xl

LISTS OF FIGURES

Figure Page
1. Structure and molecular dimension of cyclodextrins (CDS)........cccccvvvveevereeeennn. 2
2. Structure Of P-CYCIOAEXIIN.....ccieiiie e e e e e e e e 5
3. Beneficial modification of guest molecules by cyclodextrins..........ccccccccvvveeennn. 7
4, Modified CYCIOUEXIMNS.....oiiiiiii e a e e e e e 13
5. Flowsheet for partial purification 0f CGTaSE......ccvivieeeeiiiiiiiiiiieeeee e 30
6. Flowsheet for the production of cyclodeXtrins.........ccccovcvivveiiiiiiiiie e 32
7. Flowsheet for the separation of B-CyClodextrin...........oooccviviviieiieee e, 37
8. Effect of a-amylase concentration on the formation of cyclodextrins............. 43
9. Relationship between Dextrose Equivalent (DE) of starch and

the formation of CYCIOAEXIINS. .. ..ciiiiii e 45

10. Effect of incubation time of pretreatment of starch with a-amylase

(0.1 %,w/v) on the formation of CyClodeXtriNS.....cccccvvieeeiiiiieeieieiriiiieeeeeee e a7

11. Effect of starch concentration on the formation of cyclodextrins.................... 49

12. Effect of CGTase concentration on the formation of cyclodextrins................. 51

13. Time course of cyclodextrin production without complexing agent................. 53

14. Effect of complexing agents on CGTase aCtiVity..........ocveeeeriiiiieeeniniiieenee e 54

15. Time course of cyclodextrin production with complexing agent...................... 58

16. Time course of cyclodextrin production with / without cyclohexane................ 59

17. Effect of cyclohexane concentration on the production yield of

Loy Y o3 [0 Yo 1= g 1 1 0 B 60

18. HPLC chromatograms of the reaction products..........cccccvvieiieeeeeeeeni i, 62



19. HPLC chromatograms of standard linear oligosaccharides, standard
cyclodextrins, and reaction products treated with amyloglucosidase.......... 65
20. HPLC chromatograms of standard linear oligosaccharides, standard
cyclodextrins, and reaction products treated with p- amylase.....vrrvrnn 67
21. HPLC chromatograms of cyclodextrin products after st crystallization

COMPAred 10 FIltTAIE L....vvoovvovvssvnssnsssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssnes 13



ABBREVIATION

A = absorbance
AMG = amyloglucosidase
BSA = Dbovine serum albumin
CD = cyclodextrin
CGTase = cyclodextrin glycosyltransferase
cm = centrimeter
¢ =degree Celsius
DE = dextrose equivalent
g =gram
hr = hour
= litre
(Il = microlitre
ml = millilitre
(ig = microgram
mg = milligram
mM = illimolar
M = molar
v/v = volume by volume

wlv = weight by volume
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