CHAPTER III

PRELIMINARY STUDY ON PHYSICAL PROPERTIES OF COMPOSITE
PARTICLES OF RICE FLOUR OR RICE STARCH WITH
MICROCRYSTALLINE CELLULOSE

digectly compressible diluents (DC diluents)
- ﬁj,perﬁes such as compressibility,

development of DC diluents is

Introduction

The objectives in the developm er
are usually to improve at lga:
flowability, and disintegrats
not searching for a new one nodification of the existing excipient(s) to get
the new one with an imp
each excipient.

In this study; | ! VI I' ‘ ler  cellulose (Vitacel®) and
microcrystalline cellulo '. |
compared for their physi e and Selecte ; or the production of coprocessed
excipient between native star: atd et 1686° . sp ay drying technique. The cellulose
type with suitable physical pre fdon
native starch. Native SHhich-souico-ti-
into two types, namel rice (ﬁ) Because the ratio of the
combining excipients an gartlcle size also mﬂuence the physical properties of powders

and tablets, the ﬁ&uﬁ&a % Ex}:m w ﬁ %ﬂeﬁze of MCC used were

therefore investigated. The objectives of the study descnbed in this chapter are:

L To pal b SRRk ket QJOEJM 'Ja’&&é]&&ﬂﬁ,ﬂ technique

2. To determme the effect of starch types used, i. e. rice flour and rice starch, and ratio
of starch and MCC on the physical and tabletting properties of the obtained powders
and tablets

3. To determine the effect of particle size of MCC used on the physical and tabieiting
properties of the obtained powders and tablets

4. To compare the powder characteristics and compressibility of the coprocessed

excipients with other DC diluents
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Materials and Methods
Materials
Rice flour (Cho Heng Co., Ltd., Thailand)
Rice starch (Cho Heng Co., Ltd., Thailand)

Microcrystalline cellulose (Vivapur®101, Lot No. 5610102917, J Rettenmaier & Séhne,

Powder cellulose (VatacelosCont : 415, J. Rettenmaier & Sohne,
Eratab® 40209 \.i ‘\-\ aceutical Research &

Tablettose® MBH, Germany)
Cellactose® MBH, Germany)

Deionized water

Methods

1. Tabletting pre

Powder cell¥ ?f' E 'd Vivapur®) powder of

500 + 5 mg was accura weighed and compressed on ch-die assembly using a

hydraulic press aﬁ)ﬁﬁﬁ % gﬁ‘ ﬁj ﬁﬁaﬂd die (12.7 mm in
diameter) were ﬁ evaluated hardness,
thickness, dlameter percent fnablh%: afd dlsmte ation time as in 5.1%6 5

QRIONT NN

2. reparatlon of Spray Drled Formulations
All starches were dried in hot air oven (Type ULSO, Memmert, Germany) at
80° C for two hours before use. Microcrystalline cellulose (MCC) from Vivapur® was
divided into two categories, VS and VIM. VS was prepared by sieving MCC through a
sieve with mesh number of 325 which had an opening aperture of 45 um (Endecotts Ltd.,
England). VIM was MCC of which particle size was reduced by jet milling (Current Jet
Crusher, CJ-10, Isekyu Co., Ltd., Japan).
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2.1 Rice Flour and MCC Formulations
Rice flour (RF) and VS or VIM were weighed according to the
compositions shown in Table 3-1. Deionized water (DIW) was weighed and added to
make the final solid content of 20% w/w. Then the suspension was mixed thoroughly
with the aid of homoginizer (Ultra - turrax T50 DPX, IKA, Germany) for 10 minutes to

obtain homogeneous suspension. The suspension was subsequently spray dried by spray

dryer (Niro Atomizer, Denmark). Che, ying conditions used were as follows: inlet

air temperature of 130°C, atomizing air press ¥t Zibars and feed rate of 25-28 g/min.

e flour to prepare composite
particles (Table 3-1). ess of the preparations and

condition used in spray ‘sae as those for rice flour formulations as

described in 1.1. Spray-drie ere ‘evaltiated physical and tabletting properties
asin4 and 5 -
3. Tabletting properties of selected ¢ ite icles and commercial DC

diluents “y
Selected comﬁsite v 1allavailable DC diluents were

compressed and compared Ifhelr tabletting pr%Bprtles Physical properties of powders

were evaluated a.ﬁ u%]e(}%qaﬁéﬂn‘% GAldhion Y4td (F same as in 5.

4. Physnca‘u Properties of Patwders

A A BT bl 11N Y

Powder samples of 1.5 g were accurately weighed on the pan of moisture
analyzer (Model MA30, Sartorius, Germany). The temperature and conditions were set at
105°C, Auto and 0-100% Mode. The sample was dried to constant weight, and percent

LOD was read. The mean and standard deviation of three determinations were calculated.

4.2 Shape, Size, and Surface Topography

The powders were sputter-coated with gold prior to the microscopic
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Table 3-1  The compositions of spray dried formulations.
Formulations Ratio RF or RS | VS or VIM DIW?
RF' RS’ Starch : MCC (2) (g) (2
RFSD* RSSD* 400 = 2000
RFVS-91° RSVS-91 9:1 360 40 2000
RFVIM-91 RSVIM-91
RFVS-82 RSVS-82 8:2 320 80 2000
RFVIM-82 | RSVIM-82
RFVS-73 RSVS-73 73 280 120 2000
RFVIM-73 RSVIM-73
RFVS-64 RSVS-64 160 2000
RFVIM-64 | RSVIM-64 -
RFVS-55 RSVS-55 200 2000
RFVIM-55 RSVIM-5
Note: 1 = rce flour.
2 = rice starch.
3 deionized “Wate
4 SD at the enddot alis processed by spray drying.
5 = The number bgh '\~ oportion of each combined
material : thefirsyr RS a o\* e second one is for VS or VIM,
for example, RENVS
Table 3-2  Degree of flo
Degree of | Flowability | Angle-ofi sibili Angle of Spatula Cohesion
Flowability f lex / Degree | Index % Index
Very Good JEE S Y — E'j’ <25 25
= 26-30 24
2. 31 22.5
Fairly Good 80-89 22 32 22
21 33-37 21
A 20
Good ﬁﬁj’fﬂ%’?l Esi 36” 9.5 39 19.5
q 37-39 18 17-19 18 40-44 18
40 195 | 20 4175 45 @4 175
A RTANAI R TR B
4 6 -2 4 16
45 15 25 15 60 15 <6 15
Not Good 40-59 46 145 26 14.5 61 145 6-9 145
47-54 12 27-30 12 62-74 12 10-29 12
55 10 31 10 75 10 30 10
Bad 20-39 56 9.5 32 9.5 76 95 31 9.5
57-64 7 33-36 7 77-89 7 32-54 7
65 5 37 5 90 5 55 5
Very Bad 0-19 66 45 38 4.5 91 4.5 56 45
67-89 2 39-45 2 92-99 2 57-79 2
90 0 >45 0 >99 0 >79 0

Source : Operating instructions manual of powder characteristics tester, Hosokawa Micron Corp.
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examination. Shape, size, and surface topography of the powders were observed using
scanning electron microscope (SEM, JSM-5410LV, Jeol, Ltd., Japan) and

photomicrographs were taken at appropriate magnifications.

4.3 Powder Characterization
Angle of repose, angle of spatula, bulk density, packed density,
% compressibility and % cohesion

characteristics tester (Model PT-}

owders were determined by powder

orporation, Japan). Each value
determination was assigned d by its measured value. The

summation of these inde

flowability. The higher

which describes degree of
dicates the better flowability of

)

the material as shown in

4.4 Particle Sizg

Particle Size gand -sizel distrbution’ o [ 'raw materials and spray dried
)

powders were determined i e reading by light scattering method (laser particle size

# - \

F :

distribution analyzer, Model Mastérsizes-S
. . - '.-wn"_‘-}:r‘ *
dispensing spoon of the,sam s dispersed

Instruments Ltd., UK). Half of the
imate200 ml of absolute ethanol

which was used as dis -?-;, N Med

5. Tabletting l’mpertiw

PowdFT IE}:% Erw — IC]ﬂ ?urately weighed and
compressed on pr;dw assembly L;fing a?m press at compression force of
2000 Ib. Flat c o (0. 0 & ntv-lvgjmfae{yabletting. The
obtained ta ﬂ:’ﬁgﬂ jemmm: -

5.1 Hardness, Thickness and Diameter
Hardness, thickness, and diameter were determined by tablet hardness
tester (Model TBH30, Erweka, Germany). Mean and standard deviation were calculated

from ten determinations.
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5.2 Percent Friability

Percent friability of twenty tablets was measured using Roche Friabilator
(Erweka, Germany).

5.3 Disintegration Time
The disintegration time of tablets was determined in deionized water
using USP disintegration test appara fodel ZT31, Erweka, Germany). The deionized
water was kept at 37° + 1°C d & disintegration test was performed

without disc. The mean andwstand ade sxx determinations for each

w' erential scanning calorimeter
amo t of powder suspension
(approximately 20% w/w) Conias g of total solid was transferred to the
DSC pan which was henneucally e pe‘rformed at the temperature range

of 50 °-150 °C with the scann

(with high-purity metal with
g point. e calibrant used is Indium

Calibrationof the-in
accurately known enthalﬁ 0
(AHusion = 28.45 J/g, melting point = 156. 6°C)

mﬂummm WyINT
e ARSI A e e

and a current of 30 mA. X — ray diffractograms were scanned with the 28 angle of 5 ° to
60 °, with a step angle of 0.04 °.

6.3 FT — Infrared Spectroscopy
The infrared spectra were determined by FTIR spectrometer (Model
1760X, Perkin Elmer, USA) using potassium bromide disk technique.
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Results and Discussion

The physical and chemical properties of RF and RS are shown in Table 3-3. The
difference is the amount of protein in the starch, which is higher in RF (around 6.5 to
7.0%) than in RS (0.70%). The particle size and shape of RF and RS are also illustrated
in Figure 3-1. SEM photomicrographs reveal that starch grain is polygonal in shape, and

the particle size of the grain is very small (lower than 10 um). RF is composed of various

igle size than RS. RS grains form less

e particle sizes of RS is smaller

.,-J
arrmfasured by laser diffraction are

v.‘ i‘é,sv;' SEM- photomicrographs. This is due to

y.
than that of RF as shown in T2 4, the p
not represented the particl
the real distribution of R ndix 28). The aggregation of

starch grains in RF can explained by he \ \- starch that promotes physical

interaction of the grains to form s atch (nogregats. \ result agrees with a previous
study by Mitchell (1994) wio i igated. the, -' avior of rice starch by drying rice
starch with various amoufi '7 “profeif ' ce starch with higher protein

content was used (at 6.0 %), the a a ation of starch grains were observed. At

low protein content (<,0.5% individual starch grains. This

protein would coat on 1*,:,--‘::—2;::--.—-.-’— ------------ T‘-j ightness of starch powder.
Furthermore, protein alsﬂa ects the g ntCmpe Ature and starch viscosity due
to reduction of solvation by water molecules. erefore starch granules can not swell to

their full capamﬂ % E @%&%ﬁl%ﬁ qtﬂp‘iame and the lowering

of starch v150051tyqéWeechanrangsan 1‘995)

S S AT TV AR o oo
particles with rice flour or rice starch, tablets properties from two MCC brands (Avicel®
101 and Vivapur®101) and powder cellulose (Vitacel®) were investigated and tabulated
in Table 3-5. Hardness and % friability of Avicel® and Vivapur® were similar while
Vitacel® gave lower hardness value and % friability higher than 1%. This was due to the
difference in the manufacturing process between MCC and powder cellulose as tabulated
in Table 3-6. Avicel® and Vivapur® are prepared by acid hydrolysis of cellulose pulp

while Vitacel® is only grinded and sieved cellulose pulp without any treatment. Acid
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Table 3-3  Physical and chemical properties of RF and RS.
Topics TP" | JPXXII" | PhEur™™ RF' RS'
(1993) | (1996)
Loss on Drying (%w/w) | <150% | <150% | <150% | 12.00—13.00% | 12.00— 13.00%
Amylose 1 - - 26.00%
Fat 0.30% 0.20%
Sulfated Ash (%w/w) 0.30% 0.50%
Protein . — 6.50 —7.00 % 0.70%
Carbohydrate /‘mm&‘a 79.65 — 80.65% 85.50%
pH //W_& “\\\\‘ 6.0-7.0 6.0-7.0
Sulfur Dioxide I/ 7 \\\\\\ None None
Particle Size I lf!g .‘\\\\ Not over 160um -t
Maximum Gelatinization 5N 93°C 89°C
Temperature (°C)
Color of Powder 93.20 99.58
(Lightness) i\
g
Note : * = a1 Pharmacopocia, 199 ﬂj

*% =

data from Japanese Pharmacopoeia, 1996

rer =l U YBT3 cions. 2000

and European Plfarmacopoeia(]984)

TQ RIRARIU AN NYIRE

not determined

data from certificate of analysis of rice flour and rice starch
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RS X 2007 %
Figure 3-1 SEM phoﬁnicrograp_hs

d rice starch (RS).

'
e re AUIINHNSHEYNT

s

. ‘ | B l.E: AABILA ™ D1
Mateni’ ; W V.0l 1%)1’1 | J)(“E)J | fsiaﬂ (D90-D10)/D50
(um) (num) (pum)
average (SD) | average (SD) | average (SD) average (SD)

RF 5.03(0.38) 46.22 (0.56) | 137.66 (0.96) 2.87 (0.06)

RS 0.56 (0.01) 13.57 (0.11) 77.51 (2.16) 5.67(0.11)
D(v, 0.1) = 10% of the distribution is below this value
D(v, 0.5) = 50% of the distribution is below this value

D(v, 0.9) = 90% of the distribution is below this value
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Table 3-5  Physical properties of MCC and powder cellulose tablets prepared by
hydraulic press at compression force of 500 Ib.
MCC Hardness Diameter Thickness | Friability DT
or (N) (mm) (mm) (%) (min)

Powder Cellulose | average (SD) | average (SD) | average (SD) average (SD)
Avicel® 101 104.48 (1.67) | 12.81(0.02) | 4.51(0.03) 0.40 3.40 (1.21)
Vivapur® 101 101.63 (2.45) | 12.81(0.01) | 4.37(0.05) 0.50 12.53 (1.87)
Vitacel® 71.51(4.32) | 12.77(0.01) | 4.58(0.06) 1.17 - >30

Note * = Disintegration fime

Table 3-6  Process V \ vapur ®101, and Vitacel®.

Topics ﬂ‘jﬁ *l‘\\\ ivapur ) Vitacel®

Processing Steps | Hig
(Alpha” Ce '-‘7-“,

‘Q\\x lp
r ig / Miilling
N

id hydrolysis

Cellulcise Pulp

Precutting
ve

Grinding
\

Sieving —

eess ‘Packaging

ﬂd;'d

e
o | [ R ST

&
I
A

itration

Neutralisa@n
AueINey iwdads
ARIAIN TN NI TR Y

v

Mixing and

Packaging
Price (baht / kg) ' 360 120

About 70% of
Vivapur®

Sources : 1 = Technical information sheet of FMC.
2 = Technical information sheet of JRS, March 1998 — 02.
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hydrolysis treatment is used to remove amorphous part in cellulose to have the high

content of crystalline part, which can form stronger hydrogen bonds than native cellulose
which is composed of both amorphous and crystalline part. This bonding then give the
high tablet strength and good disintegration (Czeisler and Perlman, 1991; Sixsmith,
1976). Disintegration times could be ranked in the order: Vitacel® tablets >>> Vivapur®

tablets > Avicel® tablets. Vitacel® tablets gave the longest disintegration time due to the

larger and fibrous shape particles (s and Figure 3-2) which would interlock

each other.  Although it swell

subsequently disintegrate ?d uliha

Avicel® and Vivapur®, the disiffs _ \ apur was longer than that of
Avicel®. By observation / nicg \

in the medium, the tablets did not

er 30 minutes. In the cases of

v1ce1® and Vivapur® tablets
disintegrated rapidly into s «\.‘ water, but only disintegrated
particles of Avicel® subs€que ken fint le - e size and passed through the
basket screen of disintegration St 0. 10, diameter 2.00 mm,

USPXXIII, 1995). Therefor€, s s of Avicel® tablets were obtained.

-I'.r,n-' -

This was explained by the differénee’ } process of manufacturing procedure
and their particle sizes as 1nd15até§-f5:'§" N g nd ectively. Drying by spray

drying technique (Avige ~ > i aat ¢an break more easily than

photomicrographs in Figure ‘3 2.

o o40) BRI SR A v o o

preparation of corfiposite particles w1th starch. The partlcle sizes of the starting materials
M L AL YN EL A s
may causefclogging problem in the nozzle of the rotary atomizer. Vivapur® was then
reduced in size and classified into two categories, which were VS and VIM. VS was
prepared by passing Vivapur® through sieve number 325 (45 um aperture) and VIM was
prepared by reduction particle size of Vivapur® with jet milling. Size reduction by jet
milling was performed three times and designated as VIM-1, VIM-2, and VIM-3. Their
particle sizes are shown in Table 3-8 and Figure 3-3. It can be seen that the particle size

of VIM was the smallest (Dso = 13.61 to 17.31 um) then that of VS (Dso = 40.51um), and
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153:.“!:

Vitacel® X 100 Vitacel® X 1000

Figure 3-2 SEM photomicrographs of Avicel®101, Vivapur®101, and Vitacel®.



Table 3-7 Particle

size distribution of MCC and powder cellulose.
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MCC D(v, 0.1) D(v, 0.5) D(v, 0.9) Span
or (um) (um) (um) (D90-D10)/D50
Powder Cellulose | average (SD) | average (SD) | average (SD) average (SD)
Avicel® 101 6.75 (0.07) 31.16 (0.27) 81.65 (0.98) 2.40(0.01)
Vivapur® 101 24.25(0.12) | 142.77 (5.17) 1.72 (0.05)
Vitacel® 24.20 (0 ) '205.55 (1.70) 2.40 (0.02)
——
Table 3-8  Particle size dis of ] CC.
Raw Materials v, 0 D -0.9) Span
¥ ) (D90-D10)/D50
avera rage (SD) average (SD)
RF 5.(:@).38) 46.22 (0.56) 137766 (0.96) 2.87 (0.06)
RS " 7, ) 5.67(0.11)
Vivapur® 101 1 051091 42.77/(597) 1.72 (0.05)
VS 12.92 (0.11) 40.51 (0.08) A 86.90 (0.47)a 1.83(0.02)
VIM P ©17) 2.4 2.56 (0.12)
vim-21 2798 (0.11) 13.61 (0.51) 33.84 (1.98) 2.27 (0.05)
VIM-3 3.46 (0.05) 16.28 (0.08) 43.72 (1.03) 2.47 (0.08)
Note : * = The number after hyphen indicates lot number of size reduction by

Jet milling e.g. VIM-1 is the first lot of production.




VIM X 100

Figure 3-3

o~ P

VIM

X 1000

SEM photomicrographs of Vivapur® 101, VS, and VIM.
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the largest size was that of Vivapur® (Dso = 69.05um). However, it was found that the

particle sizes of Vivapur® after jet milling from three lots were similar.

Rice Flour and MCC Formulations
SEM photomicrographs of formulations are depicted in Figures 3-4 and 3-5.
Spray —dried rice flour without MCC (RFSD) was in spherical form with various sizes

increase in the quantity of MCC in t preparation’ not only did the larger size of the

~Fiore é found. Comparing between
composite particles rice floufar : AtionS,; @ Omposite particles rice flour and
VIM formulations (RF . formulations gave more
spherical shape of the $pra frig it han, REVS, formulations. Therefore, the
difference in particle s l _ . ueto the difference in particle
size of MCC used. HowgVer : I\ﬁ( ar v s increased, the spherical shape

seemed to change, and manyl > fit “ 0 ! ticle surface could be seen at high

magnification of SEM.

Percent yield and % LOWJ@J and spray-dried powders of various
formulations are presgnfed in Table 3-9. By ob servation - duy ng preparation of spray
drying suspension, an C -*t on increased the viscosity

of MCC, which bound the
water around i ﬂﬁ would give larger
atomizing dropl ?Tﬁ Hﬂmlgmr]ngy with hot air during
spray dryj m ryer chamber.
Thereforeﬁnﬁf ﬁ] &mﬁ mﬂ?pjﬁpﬂ gj“j % yield was

obtained. At the same ratio of rice flour and MCC, % yields of RFVS formulations were

of the suspension. This 1 ght be due to the hydratlon prope

slightly greater than that of RFVIM formulations.

Physical properties of tablets made from composite particles of RF and MCC
formulations are shown in Table 3-10. It was found that RF without modification gave
the poorest hardness, and all tablets were broken when subjected to friability test. VS and

VIM gave the highest hardness values, which could not be measured by the hardness



RFVS-55 X 100 RFVS-55 X 1000

Figure 3-4

SEM photomicrographs of RFSD, RFVS-91 to RFVS-55.
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RFVIM-55 X 100 RFVIM-55 X 1000

Figure 3-5

SEM photomicrographs of RFVIM-91 to RFVIM-55.

T 21161598
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Table 3-9  Physical properties of powder of RF and spray dried formulations

of RF and MCC.

Materials Yield LOD
(%) (%)
average (SD)
RF , 11.33(0.13)
RF dried 6.65 (0.46)
VS NA w564 (0.26)
VIM | N - 5.33 (0.05)
RFSD : 5.11 (0.07)
RFVS-91 473 (0.14)
RFVS-82 | 5.27 (0.08)
RFVS-73 4582 31(0.05)
RFVS-64 L3 3.98(0.19)
RFVS-55 514 4.57(0.13)
RFVIM-91 _. 3 4.40 (0.11)
RFVIM-82 =771 470 (0.03)
RFVIM-7 75 (0.23)
RFVIM-6 9(0.15)
RFVIM-55 7114.86 (0.15)

Note: NA = not dpphicable

ﬂ'LJEl’JYIEW]iWEJ”Iﬂ‘i
ﬂﬁﬁﬂﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ
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Table 3-10  Tablet properties of composite particles of RF and MCC formulations

prepared by hydraulic press at compression force of 2000 Ib.

q
Note : *

Formulations Hardness Diameter Thickness Friability DT
(N) (mm) (mm) (%) (min)
average (SD) | average (SD) | average (SD) average (SD)
RF 22.5(2.26) 12. WJ.M (0.03) all tablets 0.96 (0.09)
,/g were broken
VS (0.04) | =326+0:02) 0.00 >30
VIM 2 0.00 >30
RFSD 222 (2.26 0 all tablets 1.13 (0.09)
7 ,f' were broken
RFVS-91 31.3(334) 0,.;;,— ) all tablets 0.82 (0.09)
P e were broken
RFVS-82 54.2 (4.81 289000 5 ) 2.67 0.61 (0.08)
RFVS-73 78.0(520) 1 1 1y 7(0.03) 1.39 0.50 (0.11)
RFVS-64 91.8 (3.63) i ) 4 090 0.54 (0.08)
RFVS-55 122.4 0.50 0.34 (0.09)
RFVIM-91 354 (2.@ .ozﬁ 3.09 0.86 (0.12)
RFVIM-82 60.9 (3.04 12.88 (0.01) 49 (0.03) 1.70 0.60 (0.05)
RFVIM-73 ﬂzum 51 1) Q2o 0.52 (0.08)
RFVIM-64 | o3h 29'.81) 12.879.03) | 348(0.06) 199 | 051(0.11)
RFVJM-@ fﬁ a ﬁﬁ){ Wf}@)ﬂ s '] ﬁoﬂ 0.40 (0.09)

= very hard tablets and could not be measured by hardness tester
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tester. RFSD gave the same hardness as RF. For composite particles of RF and MCC

formulations, as the quantity of MCC was increased, the hardness of the tablets was also
increased while the disintegration time was decreased. This was due to the
compressibility and disintegration properties of MCC. RFVS and RFVIM formulations
at the same ratio gave similar results in the tablet properties, e. g. hardness, % friability,

and disintegration time. Percent friability and disintegration time of RFVS-64, RFVS-55

W inute, respectively. From the results
éxessibility of rice flour, but the

incorporation of MCC prodUi¢ed ificies anwets. It could be explained by
the highly compressible p he “higher quantity of MCC in the
preparations gave higher cg hardness was obtained.
Although the higher hardness, but the satisfactory
results of the tablets that friability (less than 1 %) and
minimum disintegration time Ve ¢ ained ations of RFVS-64, RFVS-55,
and RFVIM-55. However, the figh £ MCE was not preferred because of the

Scanning electron . dricd Tice starch without MCC
articles of RS and MCC formulatiofis are depicted in Figures 3-6
and 3-7. RSS aﬂ = itheweldi ins at contact points
could be seen ath1 er mﬂnﬁl‘ﬂﬂgﬁﬁﬁon , inCrease in MCC quantity
resulted i I dikeppartic qi ﬁ iglesawese Taund at the MCC
amount }Em\t\] ﬁ/om is @m:t}e mzlad E[:ater size than
starch grain. In the case of RSVIM formulations, the sphericity of particles was at higher
degree than that of RSVS formulations. This is because VIM particles had a smaller size
than VS. However, an increase in MCC proportion in the formulation resulted in the
reduction of the spherical form and increased irregularity of the surface of the particles.

Physical properties of RS, VS, VIM and composite particles of RS and MCC

formulations are shown in Table 3-11. Percent yield of RSSD was 60.58% while those of



et S ‘!:{:Ck%’; R
RSVS-91 X 100

RSVS-55 X 100

Figure 3-6

RSVS-55 X 1000 RSVS-55 X 5000
SEM photomicrographs of RSSD and RSVS-91 to RSVS-55.
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RSSD X 1000

T
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Spm 2218

RSVIM-64 X 5000

RSVIM-55 X 5000

Figure 3-7 SEM photomicrographs of RSSD and RSVIM-91 to RSVIM-55.



Table 3-11 Physical properties of RS, RSSD, and spray dried formulations of RS and MCC.

Materials | Yield LOD Angle of Angle of Packed Compressibility Cohesion Flowability
(%) (%) Repose Spatula " / . Density (%) (%) Index
(degree) (degree) :, g/nil) » (g/ml)
average (SD) average (SD) average (SD ST , (SD) bayerage (SD) | average (SD) | average (SD) | average (SD)
RS NA 11.40 (0.07) ‘ﬂ/ ;‘mh\\ (0.01) | 44.58(3.39) 1.3 (1.15)
VS NA 5.64 (0.26) 46.3 (0.65) 66.3 (3.86 "l/ﬁ: 0&.‘\\\\& (0.00) 38.30 (0.49) 0.5 (0.01) 452 (1.44)
RSSD 60.58 6.77 (0.06) 30.8 (0.51) 55.6 (2.58) "IM Q‘\\\O‘u 08 (0.00) 10.71 (0.26) 14.4 (0.00) 72.3 (0.29)
RSVS-91 | 59.99 6.61 (0.14) 29.8 (0.76) 55.6 (2.95) " n 82 (0.01) 13.90 (1.08) 8.8 (0.00) 74.0 (1.50)
RSVS-82 | 61.28 6.34 (0.10) 31.1(0.25) 60.8 (0.96) 1 \ ).581 (0.01) 18.11 (0.92) 7.3 (0.00) 68.3 (1.61)
RSVS-73 | 49.22 5.88 (0.26) 36.4 (1.43) 62.1 (3.65) 0.536 (0 01) 19.15 (0.47) 3.4 (0.00) 65.3 (2.84)
RSVS-64 | 58.60 | 5.35(0.34) 36 0 (1.81) 66.2 (2194 0y —+ .52 0.00) | 20.47 (0.44) 3.4 (0.00) | 63.5(1.32)
RSVS-55 | 51.14 4.67 (0.06) 35.8 (0.90) 67.3 (3.6@ ( ASﬂ(O.OO) 21.42 (0.66) 4.9 (0.00) 63.3 (0.76)
RSVIM-91 | 61.44 6.88 (0.05) 29.4 (1.75) 58.5(2.25)¢ &, 0.478 (0.09) 0.560 (0.01) 14.70 (0.54) 9.3 (0.00) 73.5 (1.73)
RSVIM-82 | 50.62 6.40 (0.21) 32.9(0.36) 61@%&‘ %I&m@)w %g}%il) 17.97 (1.32) 8.4 (0.01) 67.7 (2.02)
RSVIM-73 | 49.03 5.50 (0.08) 37.2 (2.15) 57?(r2.08 0.426 (0.01)  420.527 (0.00)4  19.23 (1.56) 3.2 (0.00) 67.0 (1.73)
RSVIM-64 | 46.79 5.69 (0.09) 36.9 (0.06) 7269 mu‘; I JOEISH(;I!B‘ 20.99 (1.40) 4.4 (0.01) 63.3 (2.25)
RSVIM-55 | 38.98 4.90 (0.19) 39.4 (0.69) 66.6 (2.52) 0.352 (0.01) 0.464 (0.01) 24.24 (1.95) 4.7 (0.02) 59.5 (1.73)
Note: NA = not applicable

%

cannot be determined

8%
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composite particles of RS and MCC formulations were lower. An increase in MCC

content, a lower in % yield was obtained. This was due to the adhesion of spray dried
droplets to the chamber wall. Native RS gave the highest moisture value while % LOD
of all spray-dried powders was lower and around 4.67 to 6.88%. Flow properties of
starting materials and all spray-dried powders were evaluated in terms of angle of repose,

% compressibility, and flowability index. Angle of repose of native RS could not be

determined because plugging occurred ng the measurement and VS showed the

highest value, which indicated pg or flowabilif crease of MCC proportion in the

RS and MCC formulations se was obtained. The higher

value of repose angle indica materials. Then increase in MCC
content in composite parti "\.. powder. Higher percent
compressibility and lower partlcles formulations were
observed with increased the e compressibility and lower
flowability index indicate . o values of angle of repose, %
compressibility, and flowa he! sédicted i ability of powder might be
ranked in the order of RSSD R

RSVIM at high MCC proportior

at low MCC proportion > RSVS or

e_could explain by particle size,

particle shape, and per¢ sed of small starch grain that

'!"""_"_'""“”': ____ s ‘ IY*)

aggregated in irregular s c aﬁl also had the high moisture

content which possessed pogr flowability. The ﬁbrous-shape like of VS could resist the

flow. RSSD waﬂ‘\ u.ﬂaq iﬁ %ﬂ@%ﬂﬂxﬁﬁﬂommmy When the

amount of MCC wi increased in the cgmposne partlcles of RS and MCC formulations,
the moreﬁeﬁﬁ?ﬂ ‘Q ﬁﬁmﬂm Wlﬁ]eﬁ E]he decrease in
flowability ®f the powder.

Tablet properties of RS and MCC formulations are presented in Table 3-12. VS
and VIM gave the highest hardness. RS and RSSD tablets presented the higher hardness
than RF and RFSD tablets. As in the case of RF a.id RFSD, spray drying process oniy
improved the flowability of powder by transformation of the particles in spherical form,
but did not affect the hardness of resultant tablets. The difference in the hardness of RF

and RS tablets was from the different amounts of protein content in the powder.
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Table 3-12  Physical properties of tablets of spray-dried formulations of RS and
MCC prepared by hydraulic press at compression force of 2000 1b.
Materials Hardness Diameter Thickness Friability DT
(N) (mm) (mm) (%) (min)
average (SD) | average (SD) | average (SD) average (SD)

RS 131.4(8.83) | 12.87, 46 (0.04) 0.60 1.88 (0.09)

VS 2) 0.00 >30

VIM 0 0.00 >30
RSSD 128.2 (15.9 0.77 2.06 (0.15)
RSVS-91 | 160.6 (11. 2 0.59 2.47(0.21)
RSVS-82 | 164.6 (18. g 0.40 3.16 (0.25)
RSVS-73 | 189.8 (10. v 0.30 2.77(0.34)
RSVS-64 | 201.2(7.0 © 0.20 2.40 (0.46)
RSVS-55 | 228.0 (10.00 85 ¥, 49 0.10 0.92 (0.15)
RSVIM-91 | 141.5(10.69) | “12. _ (0.06) 0.69 2.80(0.21)
RSVIM-82 | 172.2 (14.52) # I 0.40 3.04 (0.24)
RSVIM-73 | 188.7( 0.32 2.56 (0.22)
RSVIM-64 | 220.8 (14. ) 0.10 2.07 (0.76)
RSVIM-55 | 229.6 (12.75).| 12.87 (0.02) 3 48 (0.03) 0.20 1.09 (0.13)

ﬂ‘IJEJ’JVIEWliWEJ’m‘i
Note : * very hard tablets and could not be measured by hardness tester

ammnmumawmaﬂ
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Since protein has many different functional groups such as carboxy and amino groups,
these groups can interact with hydroxy group of starch in some way (Timaroon, 1994;
Weecharangsan, 1995). Therefore, hydrogen bonding occurred during the compression
could be reduced or inhibited and resulted in lower hardness of RF tablets than that of RS
tablets. When MCC was incorporated in the formulations, an increase in the quantity of

MCC would increase tablet hardness and decrease % friability and disintegration time.

This is due to the high compressibilif: \ MCO ich was added in the formulations and

produced the higher hardness. MCC also behate
5 to 15% (Kibbe, 2000), thus"@isintegiation ti @d despite the higher hardness
of tablets. This result was in ge! study.where physical combinations of

modified rice starch and MOE aiffaflg s \\\~

and slow disintegration timggo

isintegrant when used in the range

oor flowability of the blends
hal., , 1992). But the composite
particles produced by spra research possessed the high

compressibility, good flowabi ade 1t 1s suitable to be used as

A
directly compressible diluent. 7
In order to select the formutation for fur er'study, the physical properties and the

amount of MCC in the.fo nulation’ shoul be! ed.  All formulations gave good

results of disintegrationi @ o triabitity tha ‘#ian 5 minutes and less than
1%, respectively. Altho@x 3 vIC enhﬂed tablets hardness, higher
amount of MCC was not prefe ferred due to h1gher cost of starting material. The

formulation of Rﬂ\%ﬁ e{t} w {}’ ﬁ ?%W ‘ﬁt gave suitable results

of hardness with proprlate amount ‘of MCC. Moreover comra;cxal coprocessed
coren PFDRIAGEIHRNGN B 2

The ‘bowder properties of various DC diluents and selected composite particles
are shown in Table 3-13. Flowability of composite particles in comparison with various
DC diluents is as follows : Eratab® > RSVIM-73 ~ RSVS-73 > Tablettose® ~ Cellactose®
> Vivapur®. Eratab® and comyposite particles of RS and MCC gave higher flowability
than other DC diluents because of the more spherical form of the particles. Tablet
properties of various DC diluents are tabulated in Table 3-14. The tablets hardness could
be ranked in the following order: Vivapur® >> RSVS-73 ~ RSVIM-73 > Eratab® >
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Table 3-13 Physical properties of powder of RSVS-73, RSVIM-73, and various

DC diluents.
Materials Angle of Angle of Bulk Packed Compressibility | Cohesion | Flowability
Repose Spatula Density Density Index
(degree) (degree) (g/ml) (g/ml) (%) (%)
average average average average average average average
(SD) (SD) (SD) (SD) (SD) (SD) (SD)
RSVS-73 36.4 (1.43) | 62.1(3.65) | 0.434(0.01) | 0.536 (0.01) 19.15 (0.47) 3.4(0.00) | 65.3(2.84)
RSVIM-73 | 37.2(2.15) | 57.9(2.08) | 0.426 (0 27 (0.00) | 19.23 (1.56) 3.2(0.00) | 67.0(1.73)
Vivapur® 101 | 39-5(0.75) | 64.7(1.27) | 0.2 ) | 32.58 (0.60) 0.0 (0.01) | 52.5(1.73)
Eratab” 33.2(1.76) | 55.5(2.90) |» 13.03 (0.40) | 12.3(0.00) | 70.0 (0.00)
Tablettose® | 36.6 (1.07) | 59.3 (1.79) 00) 4 O. 23.50(0.22) | 47.2(0.01) | 57.2(1.76)
Cellactose® | 39:6 (1.59) | 57.3 (2.04 )il 0.5: 21.53(0.50) | 45.3(0.00) | 57.0(0.00)
Table 3-14 Physical p ot - SVIM-73, and various DC
diluents pre Qrau pression force of 2000 Ib.
Materials Hardness etﬁ:_ : Friability DT
(N) _ o) (min)
average (SD) vgrage o (%) average (SD)
RSVS-73 189.8 (10.59) .87 - ) 0.30 2.77 (0.34)
RSVIM-73 188.7 (8.63) 88:(0:03) 0.06) 0.32 2.56 (0.22)
Vivapur® 101 12. 3 0.03) 0.00 >30
Eratab® 131.6 (1148) 142 2.11 (0.05)
Tablettose® | 30.9 (1.
Cellactose® 722 (4.229° 1.20 0.31 (0.06)
Note : * = coﬂ not be measured by hardness tester
o = all tabletsuwere broken aftet tes
%%k sk =

A HHTRET SN

§109

AMIAINTUNN NG Y
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Cellactose® > Tablettose®. Vivapur® gave the highest hardness tablets due to the high

compressibility of this material, however, the disintegration time was longer than 30
minutes. Because RSVS-73 and RSVIM-73 are composite particles of rice starch and
MCC, they gave higher hardness than Eratab®, which was modified rice starch without
cellulose. Cellactose® gave the higher tablet hardness than Tablettose® because
Cellactose® is spray dried mixture of 75 parts of lactose monohydrate and 25 parts of
cellulose powder while Tablettose® 18 ‘agprecate lactose composed of only lactose
monohydrate. When composite partici &nd MCC was compared with

3 gﬁse content, it gave tablets with

higher hardness than Cella: : .tablet properties of RSVIM-73

] gh' po :
and RSVS-73 were similar @ofly ’/// \\;\ cted

was the more spherical formafof 1S \_

or further study. The reason

and particle size reducti€ i 1s/more
g

I‘v

€ lled MCC in the formulation
- suitable for industrial scale
than VS which was obtaificd BV s '- 5 thra \

anical sieve shaker. Moreover, %

i

yield (determined by weighing ghe g .@I J"' I\ Cé_ cfore and after size reduction) of

VIM was higher than that of VS, AT94L %y 17 %, respectively (see appendix 1).

A TS

Physicochemi" ’

IR spectra of R’ S ARSSD, and 7 .-‘},'.n e 3-8. The peak appeared
at 3400 cm™ resulted fro : OH-stretching. H—stretchingmas seen at 2900 cm™'. Peaks
between 1100-11 ¢, ﬁi ing ,of, C nd COC groups. For
characterization qgj(ﬂmz] \ﬂ)ﬂ:o] ﬁﬁwere used to identify
(Colthup, Daly and Wiberly, 1975: Ne‘vman et al.. 1996)_ IR spectraddf RS, RSSD, and
s By LN 514 1 T L) ELTELEL e e
materials h‘alld the absorbance peaks that were consistent with the structure of starch. IR
spectra of three materials are similar and coincident. This indicated no chemical changes
when RS was subjected to spray drying. X-ray spectra of RS, RSSD, and Eratab® are
shown in Figure 3-9. X-ray patterns of three materials were similar to A type pattern,

which is found in starch obtained from cereal-starches (Newman et al., 1996; Hizukuri,

1996). Since there are no change in X-ray patterns of starch when subjected to spray



ﬂummmwmni
ammmmummmaa
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Eratab®

RSSD
1000 |
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drying, this indicated that RSSD and Eratab® have the internal molecular structure

arrangement resemble to that of starting RS. Spray drying might produce gelatinization
only at the surface of starch grain then the main crystalline granule structure was retained
as native RS. DSC thermograms displayed in Figure 3-10 and showed endothermic peak
at around 77.16° to 79.55°C, which would be the gelatinization temperature (Rutenberg,
1980). The enthalpy of gelatinization of RS, RSSD, and Eratab@? is shown in Table 3-15.

Enthalpy of gelatinization is used degree of gelatinization (Wooton and

Bamunuarachchi, 1979). Sin “‘;Tnilar, degree of gelatinization of

d. *lth(&howed fusion at contact point

This unchanged and/or rathegitile de of belatinization resulted in the same hardness

RSSD and Eratab® appear
of starch grain surface, change of

meant that degree of gelatini

presented in Figure 3-11. M powde _;_ VI on showed little endothermic
peak around 80 °C. The réa r AVhichi 48/not completely understood. However, it

seems hkely that endothermié peale vhisht b&'dué'to water loss or differences in heat

RSVIM-91 to RSV. ;{__M_ Ch-gave-endothernie xp’ 74.80 ° to 77.43 °C.

: &
When MCC content was e “ s, 1l emecrease in the gelatinization

enthalpy (AH) was shown ‘(see Table 3-16). ThlS indicated an increase in degree of

siasr o QMY T e

droplets, which wéidld promote gelatlmzatlon durmg contact to the hot air. The higher
e AWITRNTTD PR 0 T B4 G e
higher degree o ;Tatlmzatlon was obtained. Due to the gelatinized granule in Starch®

1500 behave plastic deformation during compression, the improvement of
compressibility was obtained. Therefore, this starch gelatinized would serve as a binder
to improve the binding property accompanied with high compiessibility of MCC in the
formulations. IR spectrum and X-ray diffractogram of the selected formulation,
RSVIM-73, were also investigated and shown in Figures 3-12 and 3-13, respectively. IR

spectrum of RSVIM-73 resembles and superimposes to RS due to the high proportion of
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A

Endothermic

Figure 3-10 DSC

suspensie

~

I3 II
|
it

77.16°C RS
™
77.86°C RSSD
__.-—-‘/
Eratab®
150

Py S
‘llll'jl"llik‘-.I_xﬂ_;“\i----n-—uv--« ""

J

Table 3-15 Endothenmcpropertles from D Cthermograms of RS, RSSD, and

Eﬁ"TJEl’JVIEWﬁWEJ’]ﬂ‘i

—
Matenaa '} D I
u | —
9 AH
(°C) (°C) J/g)
RS 72.89 77.16 10.23
RSSD 73.71 77.86 10.49
Eratab® 76.10 79.55 10.91

*(approximately 20%w/w



51

Endothermic

Figure 3-11

DSC themg

77.16 °C

4
grams of VIM, RS, RSVIM-91,

AU INENTNEINS

VIM

RSVIM-91

RSVIM-73

RSVJM-55

Materials Endothermic Properties

To T, AH

(°C) &S (/g
RS 72.89 77.16 10.23
RSSD 73.71 77.86 10.49
RSVIM-91 71.07 74.83 10.31
RSVIM-73 73.27 77.43 852
RSVIM-55 71.43 74.80 6.26

RSVIM-73, and RSVIM-55.
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Figure 3-13 X- -ray diffractograms of RSVIM-73 | RS, and VIM.
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starch in the formulation. Since there was no peak shift or new peak occurred in the IR

spectrum of RSVIM-73, indicated no chemical interaction between the starch and
cellulose. X-ray pattern of RS is A-type and that of VIM show three peaks at 14.96,
22.40, and 34.52 degree which is similar to Avicel® and MCC derived from bagasse in
the previous study (Limmatvapirat, 1991). X-ray pattern of RSVIM-73 was similar to
the A-type pattern due to the large proportion of starch. No change in the X-ray pattern

indicated unchanged of crystallini , the peak ratio in
RSVIM-73 was different from:th: due to the effect of VIM in the
formulation

Composite particles ccessfully prepared via spray
drying technique. The conc ) = arized as follows:
1. Rice starch had mor ,gf m\ e our.

2. Increasing MCC in the'fo ardness, reduced %friability and

disintegration time of prepar ta‘gg”‘ o \

3. Spray drying technique p m:- e - form particles of rice starch grains.

The higher proportion :-L*S-’g.-!{;-- ar,.-_;‘-,:___ ) ations, the more irregular shape

1

produced, then the* l’?"v--'----'-::‘r ‘?ﬁ'mm-‘“’%‘; ulations prepared with

VIM gave the more spherica atm'ith VS.

4. In comparing the powd e and tabletting prq‘pjrtles of RSVS-73 and RSVIM-73 with

other commeﬂ ﬂcﬁmanﬂntﬂ Wﬁﬂ(ﬁ?fﬁﬁulatwns gave higher

flowability thafillactose-based ﬁller Tablettose and Cellactose® and MCC while
YR TR TR B e
%friability, and disintegration time; were superior to lactose-based filler and Eratab®.

5. An investigation of IR spectra, X-ray diffractograms and DSC thermograms, spray
drying technique appeared to have no effect on the crystallinity or chemical property
of starch grain. However, in the formulation of co-dried with MCC which had
hydration property, an increase in gelatinization of starch grain might be obtained.
And this might be increase tablet strength in addition to the compressibility
enhancement of MCC.
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