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COMPRESSIBLE DILUENT

SIRIYOS TIMAROON : STUDY OF TABLETTING PROPERTIES OF MODIFIED RICE
STARCH PREPARED BY SPRAY DRYING TECHNIQUE AND CROSSLINKING REACTION.
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974-584-129-3

Among various locally available native starches, rice flour was found
to be the most suitable to be developed into a directly compressible diluent.
The starch was modified into the form of spherical starch aggregates by
spray-drying technique and crosslinking reaction. Rice starch aggregates
which were deproteinized and crosslinked for 6 hrs. before being spray-
dried exhibited the best tabletting properties.

When compared with other commercial modified starch products,
modified rice starch derived by the process in this study gave higher tablet
hardness with shorter disintegration time.

A
- v Al < : ( \; g
MAIY.... L NAYRRAIVNT 53 Ao yadan e it T “/”’
. LAdggRaIvns s aleiledee1013dNInu ?D/\,;4

i

= = 3 1 .
Un1sanun... 2536 aaia¥es1ansenifsnuiiin




Acknowledgements

I would 1like to express my deepest gratitude to
my thesis advisor and head of 1Industrial Pharmacy
Department, Assistant Professor Poj Kulvanich,PhTD. for
his excellent supervision, encouragement, guidance, and

patience throughout the very long course of this study.

I. am also most grateful to Assistant Professor
Surapong Nawangkasattusasana, Ph.D.,Department of Food

Technology for his invaluable advises and guidance.

A special thank is extended to Dr. Krisana
Kraisintu, director of the Institute of Research and
Development,, Government Pharmaceutical Organization

for the wuse spray-dryer and other facilities.

Finally, the sincere acknowledgements are given
to all my friends, classmates, and departmental

personnels for their suggestions and assistance.



CONTENTS

ABBLPEHOLATEBI s s s snsusunamaw same elie s et e e S8 ® 6 8L
Abstract(English).............. S 5.5 Sl B S 5 siieris ) st islie TR
Acknowledgements. .. ..ottt t ittt S5 8, wratiaiie ol s i s
List of Tables.............. s B B E e E SR T AT IIrry
List Of FilouresS..es e sme o ommdd 2 Sirelto ot . % 8 8 RN BEE s e
List of Abbreviations........ N T O
Chapter
I Introductiufl J 4 /) .o v s N e . x B wEED
Objectives .. ./ J/./A R BN NNs ¢ v 56 s 05 nsnmmanaasns
Overview. .. . Yo N I BEERL XD\ W« s« « o onsssns Sheitele iahe
II Experimental....... A S8 160 18185 B 18 8 8 56 . %
LTI Results. . SN T, R
IV Discussion and Conclusion..... e
References..... orxe; s ton i 71 183 151760 o 03180 5 ) o Becoim w1 o s R TR T TR T
AppendicCes. .ttt ittt it 5 6 % S R B e 408y (51 v .o

Page

IVv
\%
VI
V11
XI

XX

34
48
130
154

157



Table

1

10

LIST OF TABLES

Starch Granule Properties ( Rutenberg,1980 )...
Average Chemical Cqmposition of Starch
Granules ¢ SWInKLesS M aDsdes s s se s o es s oe s e s
Chemical Composition of Various Starches
( Mukhprasert,1992 )........ e T e 5 1 R 8

Enthalpy of Gelatinization (—ZXHG) for Native

Granular Starches ( Zobel, 1984 ). ...t eeeennas
Modification of Starch ( Rutenberg,1980 )......
Chemical Composition : of Broken Rice
( Hogan, 19687 ) . e/ ORI 0 eXNe + o o s ¢ 6 0o o a oo ee

Tabletting Properties of Various Native and
Modified Starches(by crosslinking for 6 hrs.)..
Effects of Concentration of Starch Slurry
on Physical Properties of Starch Aggregates
(F.R. 12.96 g/min, Temp. 130 C, P. 1.5 bar)....
Effects of Concentration of Starch Slurry
on Tabletting Properties of Starch Aggregates
(F.R. 12.96 g/min, Temp. 130 C, P. 1.5 bar)....
Effects of 1Inlet Air Temperature on Physical
Properties of Starch Aggregates(Conc. 50 % W/W,

F:Re: 12,96 g/min, Be 1.5 DEABE) o wesoseeesessssss s

VII

Page

22

22

48

50

53

56



VIII

Table(Cont.) Page
i Effects of Inlet Air Temperature on Tabletting

Properties of Starch Aggregates(Conc. 50 4 W/W,

F:R. 12.96 g/min, P. 1.5 DAY o150 50 5 5 1o ot v 10 330 s 58
1.2 Effects of Feed Rates on Physical Properties

of Starch Aggregates(Conc. 50 % W/W,Temp.130<b,

Pe 180 DAY Jingannassssasusnsomahoanssesnsensss 61
13 Effects of Feed Rates on Tabletting Properties

of Starch Aggregates(Conc. 50 % W/W,Temp.130<b,

P. 1.5 bar )....f..................., .......... 6:3
14 Effects of Atomizing Pressure on Physical

Properties of Starch Aggregates(Conc. 50 % W/W,

Temp. 130 C, F.R. 12.96 g/Min)...ucuenennnnnn.. 66

15 Effects of Crosslinking Time on Physical

Properties of NCEErECH AST T OO RGC T r]c o o o o 0o s 0 osoose 69
16 Effects of Crosslinking on Tabletting
Properties of Starch Aggregates................ 71

17 Effects of Crosslinking and Deproteinization

on Physical Properties of Starch Aggregates.... 74
18 Effects of Crosslinking and Deproteinization
on Tabletting Properties of Starch Aggregates. 7

19 Physical Properties of Commercial Modified

Stiarteh ProduGliS:: ccesnmesos avies s onness oo s oy 80



Table(Cont.)

20

21

22

23

24

25

26

27

28

29

Tabletting Properties of Commercial Modified
SEATCH. ProdUChS. . . oess se s o sess 9666 o sieiss s 5 osie
Viscosities of Crosslinked Rice Flours at 40 C..

Viscosities of Deproteinized and Crosslinked

Rice Flours 8t 40 Cuuvvnrnrnnennenenneneennennn.
Swelling Powers of Crosslinked Rice Flours......
Swelling Powers of Deproteinized and
Crosslinked Rice ERHIrs. 0l ci-cssnacssnsnas
Particle Size Distribution of Starch

Aggregates prepared at inlet air temperature
of 130 C(Conc. 50 %, FR.12.96 g/min., P.1.5 bar)
Particle Size Distribution of Starch
Aggregates prepared at inlet air temperature
of 135 C(Conc. 50 %, FR.12.96-g/min., P.1.5 bar)
Particle Size Distribution of Starch
Aggregates prepared at feed rate 4.32 g./min
(Conc. 50 %, Temp. 130 C, P. 1.5 bar)...........
Particle Size Distribution of Starch

Aggregates prepared at feed rate 21.60 g./min

(Conc. 50 %, Temp. 130 C, P. 1.5 bar)....e.ee.....
Particle Size Distribution of 2-hrs.
crosslinked Starch Aggregates ( Conc. 50 %,

IX

Page

82

93

93

96

96

169

169

170

1%l



Table(Cont.)

30

31

32

33

34

35

36

37

39

Particle Size Distribution of 6-hrs.
crosslinked Starch Aggregates ( Conc. 50 %,
Temp. 135 C, FR. 12.96 g/min., P.1.5 bar).......
Particle Size Distribution of 10-hrs.
crosslinked Starch Aggregates ( Conc. 50 %,
Temp. 135 C, FR. 12.96 g/min., P.1.5 bar).......
Particle Size Distribution of Deproteinized

Starch Aggregates (Conc. 50 %, FR.30.24 g/nin.,

Temp. 135 C, P. 1.5 BAr).uiieseeeennenenenennnn.
Particle Size Distribution of Deproteinized
and 2-hrs. crosslinked Starch Aggregates
( the same conditions as Table 32 ).............

Particle Size Distribution of Deproteinized
and 6-hrs. crosslinked Starch Aggregates
( the same conditions as Table 32 )....cccvven...

Particle Size Distribution of Deproteinized

and 10-hrs. crosslinked Starch Aggregates
( the same conditions as Table 32 ).............
Particle Size Distribdtion of Starch” 1500......
Particle Size Distribution of Eratab ...........
Tabletting Properties of Various Directly
Compressible Diluents.............. "5 5 o e e e e e

Physical Properties of Various Directly

Compressible Diluents.. ...ttt enenennn.

Page

171

1772

172

173

173

174

174

132

150



Figure

L

[O%]

k-

O

10

11

v
H

LIST OF FIGURES

Page
Synthesis of starch from glucose in plant
which is previously formed in the
photosynthesis process............oo.v... Y &
Condensation of glucoses to starch which,
upon hydrolysis, converts kack into glucoses. <)
The beta—glﬁcosidic linkage of Cellulose (a)
and the alpha glucosidic linkage of Amylose
(Bleeeiineas® S 7/AEREVNNGNN ¢ « . 5 @ & ¢
Mechanism of starch retrogradation (Amylose). S
Branched structure of Amylopectin anc
chemical configuration at the branch pcint... 12
Amylopectin structure according to the
cluster hypothesis of D. French.............. 11
Potatc Starch, Polarized Light............... 13
Schématic model of the structure cf a starch
BEBBRIR . 5 p s s unsuvs i G p R @ L e oM G D fm e rm s & F 13
Structure of molecules in a laver of a starch
granule. Thickened areas represent micelles
oroduced by association of chainé ....... iR g 14
Computer drawing of starch double helix...... 14

‘Swelling, disruption and dispersion of a

starch granule during gelatinization......... _ 16



XII

Figure{lont.) Page
12 Micellar organizétion within swollen starch

granules.............. 01 150 E S 8 R B B e s et 16
13 Brabender viscoamylograph.................... 18
14 Gelatinization endotherms = of granular

BLBECHEE . oo s v s v w s v 4w s 45255805556 K550 0ESasdoa 21
15 Crcsslinking reaction of starch.............. 21
16 The effect of crossliﬁking on the

gelatinization and viscosity of corn starch.. 27
17 Structure of the rice gfain (Schoch, 1967)... 28
13 Diagram of Spray-dryver............. ... . ... . 21
19 Effects of Concentrations of Starch Slurry

on Mean Diameters of Starch Aggregates....... 51
20 Effects of Concentrations of Starch Siurry

on Angles of Repose of Starch Aggregates. ... 51
2% Pressure-Hardness Profile of tablets prepared

from Starch Aggregates spray-dried at 50 %

w/w COMT w xv von s s o sswooifosssonynnmnsssssns 54
22 Pressure-Disintegration Time Profile of

Tablets prepared from Starqh Aggregates

spray-dried at 50 % W/W CONC. v v v v v v oo, 54
23 Effeqts of Temperatures on Mean Wt. Diameters

of Starch Aggregates.............oouuununi... 57



Figure(Cont.)

24

25

26

2%

28

29

30

31

Effects of Temperatures on Angles of Repose
of Starch Aggregates. ...t eeeeennnnnn.
Effects of Temperatures on Hardness of Starch
Aggregates Tablets spray-dried at 130 & 135 °C
(at 1,000, 1,500 and 2,000 1bB.Jcecccnenomens
Effects of Temperatures on Disintegration
Time of Starch Aggregates Tablets spray-dried
at 130&135 ‘C(at 1,000, 1,500 and 2,000 lbs.).
Effects of Feed Rates on Mean Wt. Diameters

of Starch Aggregates prepared at Different

Feed Rates... . /o /R A e e et e e v o v ononen ‘

Effects of Feed Rates on Angles of Repose of

Starch Aggregates prepared at Different Feed

Effects of Feed Rates on Hardness of Starch

Aggregates Tablets(at 1,000, 1,500 and 2,000

Effects of Feed Rates on Disintegration Time
of Starch Aggregates Tablets(at 1,000, 1,500
and 2,000 I1bS.) . i ittt eeeeeeneeeeennoonnnns
Effects of Crosslinking Time on Mean Wt.

Diameters of Starch Aggregates...............

XIII

Page

57

59

59

62

64

64

70



Figure(Cont.)

32

33

34

35

36

37

38

39

40

s

Effects of Crosslinking Time on Angles of
Repose of Starch Aggregates........coieeeen.
Effects of Crosslinking Time on Hardness of

Tablets compressed at 1,000, 1,500 and 2,000

Effects af Crosslinking Time on
Disintegration Time of Tablets compressed at
1,000, 1,5000; apthSE, 000ZLEEs oo vvowwsmsss
Effects of Deproteinization and Crosslinking

on Mean Wt. Diameters of Starch Aggregates...
Effects of Deproteinization and Crosslinking

on Angles of Repose of Starch Aggregates....
Effects of Deproteinization and Crosslinking
on Hardness of Starch Aggregates Tablets
compressed at 1,000, 1,500, and 2,000 1lbs..
Effects of Deproteinization and Crosslinking
on Disintegration Time of Starch Aggregates

Tablets compressed at 1,000, 1,500, and 2,000

Brabender Viscosity Curve of Rice Flour
CNACAVED & Cii & 5 5665 5 & v o @E 5 5@ @R s mie s o 5w s o @
Brabender Viscosity Curve of Rice Flour,

Crosslinked 2 hrS. v ittt eeneeeeoeeenns

XTIV

Page

70

72

72

75

75

78

78

83

85



Figure(Cont.)

41

42

43

44

45

46

47

48

49

51

Brabender Viscosity Curve of Rice Flour,
Crosslinked: 6 BYS. . vawe cumssssss sy owsss s sss
Brabender Viscosity Curve of Rice Flbur,
crosilinkesd 10 BPS. casssnnrrnansspsasisswnen
Brabender Viscosity Curve of Deproteinized
Rice Flour....... Fie 151151 5= (oAls 557 s 51 e rat o lani S 63 1 6L B e
Brabender Viscosity Curve of Deproteinized
Rice Flour, Crossanpked 22h+s.....c0000c0ve. . %
Brabender Viscosity Curve of Deproteinized
Rice Flour, Crosslinkedi6 hrs..v...cceeeeee..
Brabender Viscosity Curve of Deproteinized
Rice Flour, Crosslinked 10 hrs....... B
Viscosities of Rice Flour at 40 C (Native &

Deproteinized) at various crosslinking times.
Swelling Powers of Rice Flour (Native &
Deproteinized) at various crosslinking times.
Differential Thermal Analysis of Various
Starches...... v dd 5115 ) e aitette; o2 [aia) 11 I (B e s e
Photomicrograph of Rice Flour (Native)
A x 100 B X 500,456 = R I

Photomicrograph of Starch Aggregates (30 %
Conc., FR.12.96 g/min, Temp.130 C, P.1.5 bar)

A x 150 B X OO0 6o e w0 oo wim o1 5 506 50 oo o i (s ) 8

XV

Page

86

87

88

90

91

92

94

94

97

99

100



Figure(Cont.)

52

53

54

55

56

57

58

Photomicrograph of Starch
Conc., FR.12.96 g/min, Temp
A x 150 B X 1000::s 35 EREE
Photomicrograph of Starch
Conc., FR.12.96 g/min, Temp
A x 150 B X 1000 c0sswsms
Photomicrograph of

Conc., FR.12.96 g/min, Temp

Aggregates (40 %
.130 ‘¢, P.1.5 bar)
Aggregates (50 %
.130 ¢, P.1.5 bar)

oooooooooooooooooo

Aggregates (50 %

[e]
5535 C, P.1.5 bar)

A x 150 B X 1UG@ A7l RN + v v 605 o 5 o 5.6 s &
Photomicrograph of - Starch Aggregates,
Crosslinked 2 hrs. « the same conditions as

Fig.56 ) A x 100 B x 350

Photomicrograph of
6 hrs. ¢ the

Crosslinked

Fig.56 ) A x 100 B x 500

Photomicrograph of
Crosslinked
B x 500

Fig.56 ) A x 100

Photomicrograph of Starch

Starch

Starch

® 1500

..................

Aggregates,

same conditions as

..................

Aggregates,

10 hrs. ( the same conditions as

C X 8500 coosns

A x 100

..................

XVI

Page

101

103

104

105

106

107

109



XVII

FIgure(Cont.) Page
59 Photomicrograph of Eratab® A x 100 B x 500
L 110
60 Photomicrograph of »Deproteinized Starch
Aggregates A x 100 B X D00 6 ¢ v swe v s ses @ s 112
61 Photomicrograph of Starch Aggregates

(Deproteinized & crosslinked 2 hrs.) A x 100

B X SODsswasrwsnnsa BB Mdogs s vsontsdasssnssss s 113
62 Photomicrograph of Starch Aggregates

(Deproteinized & crosslinked 6 hrs.) A x 100

B X 500..cee e/ //AHOBA S o e e e coecossoosoes 114
63 Photomicrograph of Starch Aggregates

(Deproteinized & Crosslinked 10 hrs.) A x 100

B x 500 C x 3500 e 7500 . o v o siom s v 008 o 5 s 115
64 Particle Size Distribution of Starch

Aggregates prepared .by spraying at inlet

air temperature 130<% (Conc. 50 %, F.R. 12.96

il Po 1.8 DBPlcsshcsnnnsonnssns swkinsen 0
65 Particle Size Distribution of Starch

Aggregates prepared by spraying at inlet

air temperature 135OC (Conc. 50 4, F.R. 12.986

B/ Wil Pi 138 BOFYcovicavssbsannnionmssriis 117



FIgure(Cont.)

66

67

68

69

70

71

72

Particle Size Distribution of Starch
Aggregates prepared by spraying at feed rate

4.32 g./min. (Conc. 50 %, Temp. 130°C, B. 1.8

Particle Size Distribution of Starch
Aggregates prepared by spraying at feed rate

21.60 g./min. (Conc. 50 %, Temp. 130 C,P. 1.5

Particle Size Distribution of 2-hrs.
crosslinked Starch Aggregates (the same
conditions as /¥ VRGBT N\ eqNe o o o o o o000 oees
Particle Size Distribution of 6-hrs.
crosslinked Starch Aggregates (the same
conditions aBEFEITHEE B el cccosecocooss
Particle Size Distribution of 10-hrs.
crosslinked Starch Aggregates (the same
conditions as Figure B7) ..c..eeeeeeeeeeeennes
Particle Size Distribution of Deproteinized
Starch Aggregates (Conc. 50 %, Temp. 135(b,
F.R. 21.8 g./mif.y Ps 18 DA )eessvss wewesses
Particle Size Distribution of Deproteinized
and. 2-hrs. Crosslinked Starch Aggregates

(the same conditions as Fig.73) ... enn...

XVIII

Page

120

120

121

123

123

123

124



Figure(Cont.)

73

74

75

76

T

78

Particle Size Distribution of Deproteinized
and 6-hrs. Crosslinked Starch Aggregates
(the same conditions as Filig. T3] ¢ smas s vt 181 1 1 @
Particle Size Distribution of Deproteinized
and 10-hrs. Crosslinked Starch Aggregates
(the same conditions as Fig.73)..eueeeenenn.
Particle Size Distribution of Starch 1500 ...
Particle Size Distribution of Eratab ........
Diagram of Flash Dryer

(Perry & ChiltoN,/ 19888 it e s o e 5 e e v oecooesens
Comparison of Hardness of Starch Aggregates
Tablets prepared by various types of

MOAifiCation. .. «. . eee———— . . <« oo oosesenss

XIX

Page

124

126

126

12F

135

151



A.G.U.

A.O.R.

cl.

Cont .

Conc.

mg.

min.

11 L

mm.

XX

LIST OF ABBREVIATIONS

Anhydroglucose unit(s)
Angle of_Repose

Bulk Density
Brabender Unit(s)
Crosslinked

Continued
Concentration
Deproteinized
Differential Scanning Calorimetry
Disintegration Time
Differential Thermal Analysis
Feed Rate

Flow Rate

hour(s)

gram(s)

kilopond(s)

pound(s)

Moisture Content
milligram(s)

minute(s)
millilitre(s)

millimetre(s)



Temp.

um

wWt.

W/W

XXI

Atomizing Pressure
Starch Aggregates
Standard Deviation
second(s)

Scanning Electron Microscopy
Time

Tapped Density
Temperature
micrometre(s)
Weight

Weight. by Weight
Percent

degree Celsius



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

