CHAPTER IV

PROCESSING FACTORS AFFECTING PHYSICAL PROPERTIES OF
COMPOSITE PARTICLES OF RICE STARCH AND
MICROCRYSTALLINE CELLULOSE

Introduction

Base on the evaluation of powdar, tabls oroperties, and propef quantity of MCC
in the formulation, the composite par Y a6sed of RS and VIM in the ratio of 7 : 3
was, therefore, chosen f or Fultthe in ug@ development as the direct
compression excipient. D ' pray drying technique, also
affect the physical prope d tablets.. Therefore, processing factors

such as concentration o ature, and atomizing pressure

were assessed to identif; physical properties of the
resulting powder by using flll facorial desigr e objectives of the study described in

this chapter are:

1. To determine the effect of pro = on the physical properties of powder

RS: VIM at 7 : 3)

.,f#. ation of the scale up and

a
ﬂ‘IJEJ’JVIEWlTWEJ’]ﬂ‘i

QW'\&NﬂﬁﬁU 1IN Y

and tablets obtained fion
2. To select the propet. pte
reproducibility studieﬂ\ chapter V
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Materials and Methods
Materials
Rice starch (Cho Heng Co., Ltd., Thailand)
Microcrystalline cellulose (Vivapur®101, Lot No. 5610102917, J Rettenmaier

& Soéhne, Germany)

Deionized water

Methods

1. Preparation M

Rice starch angd# > ¢ weighed and mixed with
deionized water to obtain ghe 0 eight of 1\ g I, the suspension was mixed
thoroughly with the aid of & * ] utes to obtain homogeneous
suspension. The suspension wds sibsegtie: Aty yray deiedy Full factorial design was used
for spray drying the formulatiofis. ‘.”_, S6aditibls varied were concentration, feed rate,
inlet temperature, and atomizing pre fs;;’.-.:::: d-areshown in detail in Table 4-1.

2. Evaluation S 0f-Sprav—Dried—Powders——

'y Y}

2.1 Physical y
Percent LOD morphology and flow property were evaluated by using

moisture analyzeﬂsw 8%%}%%&(}?] tively. The testing

details used were thg same as prev1ously described.

C RARAIUUBATINYAY

Condition and equipment used were the same as previously described.

3. Tablet Evaluation
500 +5 mg of the powders obtained from each processing condition were
weighed and compressed by using hydraulic press at compression force of 2000 lb.

Flat- faced punches and die (12.7 mm in diameter) were used for tabletting. The resulted
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Table 4-1 Full factorial design of spray drying process for the preparation of
composite particles.
Formulations | Experiment Factors Run
Code A C D Order
F1 - - - - 8
F2 a - - 11
F3 b = - 1
F4 ab - - 13
F5 c -+ - 14
F6 ac - + - 4
F7 be + - 9
F8 abe e + - 6
F9 d N7 i . 1
F10 ad % - + 7
Fli bd == i ; :
I

F12 + 15
F13 + 12
F14 ac ¥ 2
F15 bed €y - + + 10
Fi6 a + 5

ren ARNDINTUNNTHY VA B

B Feed rate (g/min.)
C Inlet temperature (°C)
D

Atomizing pressure

10% w/w 20% wiw
20 g/min 30 g/min
130°C 150°C

1 bar 3 bar
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tablets were determined as follows: hardness, thickness, and diameter of tablets prepared

were evaluated by tablet hardness Tester. Percent friability and disintegration time were
determined by using Roche Friabilator and USP disintegration apparatus, respectively.

The number of tested tablets and conditions were the same as mentioned earlier.

4. Data Analysis

AU INENTNEINS
RN TUNNINGIAE
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Results and Discussion

Processing factors affecting physical properties of spray-dried powder were
examined by using single experiment of full factorial design at two levels. The
experiment was run at random as shown in Table 4-1. Independent factors used in this
study were concentration of feed suspension, feed rate, inlet temperature, and atomizing

pressure. Percent yield, flowability indexg 24 LOD of resulted powder formulations,

of gpowder, and spray drying time were
& mdependent factors. From
n 130 °C could not dry the
atomized droplets from aded hamber of the spray dryer.

hardness of prepared tablet fro m Sprz
dependent variables and used '

preliminary study, inlet t

The inlet temperature e i -C.would give mperature too high (higher
than 95 °) which might : : d g Appara ployed in this experiment.
Moreover previous report at the excessive high outlet
temperature (over 100 °C) fiscot spray-dried product between
hydroxypropyl starch and ce c{Bhno Obno and lkeda, 1991). They also
suggested for keepmg the outlet tw d 40 ° + 5 °C by regulating the flow

without causing any preblem

work, then the temperat-me “used as low and high level.

Concentration mo \ﬂﬁ continuous spray due
to nozzle clogg@ ﬁ/ﬁﬁ ﬁ ﬁgj lpl drying process of
formulation with the lowest feed rate 4hd the highesBinjet t ature. Feed rate more
w0 AL LA NI LA TIRTAL o
adhesion of the product to the wall of drying chamber was obtained. Then the low and
high level of concentration were 10 % and 20 %w/w, and the feed rate of 20 and 30
g/minute were selected. The last independent factor, atomizing pressure was set at 1 and
3 bar for low and high level. The atomizing pressure over 3 bar produced particle size too

small and led to a reduction in flowability of the powder which was not suitable to be

used as directly compressible diluent.
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SEM photomicrographs of F1 to F16 are shown in Figures 4-1 to 4-4. The

composite particles of all formulations were in spherical forms. At high magnification,
MCC and rice starch particles were partial combined at the contacted point of the
aggregated particles. Physical properties of powder are tabulated in Table 4-2. Percent
yield, and percent LOD of the all formulations were around 44.82 —73.10% and 3.55 —
7.83 %, respectively. Angle of repose, % compressibility and flowability index of all

formulations were around 28.2 — 43 75%, and 59.5 — 70.7, respectively. The

have lower % yield but higher

wls) as could be seen by the

flowability index. One rea g higher flows fwas due to the larger particle

upper half of the formulatio
flowability than the lower

lower value of % yield, anglgee

size of the spray dried powder i cated Tn | Table . This was due to the lower
atomizing pressure was #Sedin these. alati H1-E8). It should be noted that the

upper half of the formulati6 arger particle size and narrower

distribution (smaller span value)fths Jov ne. Hardness, % friability, and DT
of prepared tablets were around 14¢ (G5 0 —0.40%, and 2.15 — 3.09 minutes
respectively as indicated in Table-m% re fluctuated according to

the formulations .‘ff-:'—--m "_“j:‘"'—“—"" oy wete slightly different in all

J U

To investigate facton;, which would aﬁ'ect the physical properties of powder and

tablets. Percent ﬁluom Wlﬂﬁ wmﬂmﬁpray drying time are

shown in Table 4-§jand used as responses Due to thls experiment was single replicate

I SOOI ANINEIIRE: .

estimated effects of factors on response were calculated by Yates’s algorithm (Box and

formulations.

Hunter, 1978). The estimated effects were plotted on normal probability scale to classify
the important effect of factors. The effects that are normally distributed and tend to fall
along a straight line on this plot are negligible while significant effects will far from the
line. From the large effects determined by normal probability plot, all of negligible

effects were combined as an error term in ANOVA table to determine the significant
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tomicrographs of F1 to F4.
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Figure 4-2 SEM photomicrographs of F5 to FS8.
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Figure 4-3  SEM photomicrographs of F9 to F12.
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Figure 4-4 SEM photomicrographs of F13 to F16.



Table 4-2 Physical properties of powder of F1 to F16.

Formula | Yield LOD Angle of Repose | Angle of Spatula Bulk Packed Compressibility | Cohesion | Flowability
) | () (degree) (degree) Densi I/A’ Density (%) Index
average average (SD) average (SD) X “ ___(g/ml) (%) average average
(SD) “average (SD) ~average (SD) | average (SD) (SD) (SD)
F1 60.59 | 5.62(0.20)|  37.6 (2.80) 56.4 (0.57) (o) | 00) | 2025(0.49) | 4.7(0.01) | 66.7(1.61)
F2 48.27 | 4.92 (0.25) 29.7 (2.58) 58.1(2.11) 0, .01) 19.14 (0.90) 4.8 (0.02) | 71.0(1.80)
F3 53.52 | 6.25(0.13) | 31.7(2.29) 58.1 (0.68) (0,000 \g‘%.on 19.90 (0.85) | 4.9 (0.00) | 70.3 (0.58)
F4 | 4833 |6.12(0.23)| 28.2(1.50) 59.9 (2.94) 1 (04 \)@&0.00) 17.72 (1.24) | 3.6(0.00) | 70.7 (2.08)
F5 60.96 | 5.06 (0.28) 32.9(2.41) 65.1(2.41) Oé.{.ﬁd 0. i (0.01) 21.44 (1.46) 5.0 (0.01) | 64.5(0.50)
F6 | 47.99 | 4.38(0.20)| 30.4(2.37) 58.5 (3.36) {358 00 532(0.00) | 18.73(0.87) | 7.9(0.00) | 69.5(0.58)
F7 50.84 | 6.97(0.13)| 32.7(1.89) 64.4 (6.33) 0409 (0.01) @01) | 21.97(2.60) | 3.6(0.01) | 66.7(1.76)
F8 44.82 | 6.07(0.38)|  30.0 (0.70) 65.4(1.91) L7 WI01) | 17.42(0.40) | 5.8(0.01) | 67.3(0.29)
F9 72.47 | 5.68(0.12) |  39.6 (1.85) 67.8(3.72) « 0. . 0.50540.00) | 21.78(1.89) | 6.0(0.01) | 60.8(0.29)
F10 59.63 | 5.15 (0.40) 36.9 (1.15) 64.4 (2 ~ o 28,(0:08) 21.65 (0.95) 5.8 (0.00) | 62.7 (0.76)
F11 | 67.97 | 6.62(0.28)| 40.3(1.87) 68.6 (4%%%? P&%O(bb& 22.00(1.73) | 1.3(0.02) | 60.7(0.29)
F12 | 64.08 | 6.02(0.20)| 39.7(1.10) A5 ¢ mlﬂgpq)pw A002.39296) | 2.1(0.01) | 60.5(1.00)
F13 73.10 | 5.78 (0.25) 41.1(1.17) 69.}8 (2.90) :) 58%?00(;'1) l0.505‘(‘0.00) l_'23.37 (1.08) 2.3(0.00) | 59.8 (0.76)
F14 | 6349 |3.55(0.30)| 37.3(1.95) 62.2 (3.44) 0.406 (0.01) | 0.532(0.00) | 23.75(1.84) | 6.0(0.01) | 62.0(2.29)
F15 | 69.51 | 7.83(0.26) | 43.2(2.55) 70.2 (1.76) 0.394 (0.02) | 0.498(0.00) | 20.87(3.03) | 0.8(0.01) | 59.5(1.80)
F16 | 64.14 | 6.25(0.03)| 38.1(2.87) 63.2 (1.42) 0419 (0.00) | 0.526 (0.00) | 20.28(0.77) | 1.8(0.01) | 62.5(1.80)

N
W




Table 4-3 Particle size distribution of F1 to F16 (Appendix 30).

66

Formulations D (v,0.1) D (v, 0.5) D (v, 0.9) Span
Code (pum) (um) (um) (D90 - D10)/D50
average (SD) average (SD) average (SD) (um)
average (SD)
F1 11.76 (0.11) "~._\_'"1 (0123 78.26 (0.62) 1.60 (0.01)
F2 17.93 (0.17) -.~ '\HH{(Q 103.41 (1.50) 1.58 (0.03)
F3 14.88 (0" -—m .56 (0.29) 1.40 (0.00)
F4 22.94 ( MD&;‘; 0 (0.65) 1.25 (0.01)
F5 13.28 MW&BQ\ &S}. (0.20) 1.55 (0.01)
F6 17.95 @b f f 545t Q‘X\N» 3(1.83) 1.52(0.02)
F7 19.18 (4 llg &'\ 82 (1.26) 1.28(0.15)
F8 19.37 (0. 9.25 (0.67) 1.35(0.01)
F9 3.66 (0.35 t\ 75.13 (0.74) 2.20 (0.01)
F10 12.05(0.10) | 88.00 (0.72) 1.71 (0.01)
Fl11 8,66, (006) 8 207(0.02) 1.85 (0.00)
F12 1EF020) | 9360010 IoTsl0.32) 1.83 (0.01)
F13 6.304(0.33) 77108 (1.53) 2.09 (0.05)
Fl14 11.04 (6. 1) 95.18 (1.05) 1.87(0.01)
F15 2 1.98 (0.07)
F16 “10.32 (0.05) 1.86 (0.02)




Table 4-4 Physical properties of tablets from F1 to F16.

Formula Hardness Diameter ickness Friability DT

™) (mm) % (%) (min)
average (SD) average (SD) a en@ average (SD)
F1 174.0 (14.32) 12.88 (0.02)» 0.24 2.43 (0.20)
F2 146.6 (13.64) 12.90 (0. § 0.26 270 (0.41)
F3 190.4 (13.54) 12.88 (0. 13555 0.28 2.15 (0.21)
F4 189.2 (15.89) 12.88 (0.06)4 A1/ 35240,09) 0.40 2.56 (0.26)
F5 157.7 (16.19) 12.89 (0. TN 0.38 2.26 (0.22)
F6 153.7 (16.38) 12.90 (0.02 A5 0.30 2.50 (0.24)
F7 191.1 (14.32) 12.85 (0.02) 5) 0.32 2.40 (0.13)
F8 182.2 (14.22) 12.87 (0 i 0.38 2.48 (0.20)
F9 184.6 (16.38) 12.88 (O 0.30 2.23 (0.40)
F10 163.6 (13.54) 12.88 (0.02) 3.63 (0.06) 0.20 2.67 (0.49)
F11 209.2 (11.67) 12.gm E‘JW%,ML)L’WF S 030 2.51(0.19)
F12 200.5 (12.56) 12.88/(0.01) ¢ 3.53(0.06) o 030 2.64 (0.21)
F13 164.4 (1501 | %) 183 @037 AT Bl5A0169Y] £17) & Elo.ao 2.4 (0.28)
F14 160.5 (17.85) 112,89 (0.03) 3.67 (0.04) 0.39 2.80 (0.11)
F15 209.4 (12.75) 12.85 (0.01) 3.45 (0.06) 0.40 2.55 (0.29)
F16 181.9 (15.01) 12.87 (0.02) 3.55 (0.08) 0.20 3.09 (0.37)

L9



Table 4-5 Responses of Fl to F16.
Formula Spray Drying Time Yield LO Hardness Flowability Index
(min) %) \17 ™)
( average (SD) average (SD)
F1 53 60.59 174.0 (14.32) 66.7 (1.61)
F2 50 48.27 28)’ 146.6 (13.64) 71.0 (1.80)
F3 33 53.52 { f;‘ 190.4 (13.54) 70.3 (0.58)
F4 32 48.33 A0 189.2 (15.89) 70.7 (2.08)
F5 53 60.96 m‘: 157.7 (16.19) 64.5 (0.50)
F6 50 47.99 m 153.7 (16.38) 69.8 (0.58)
F7 33 50.84 6 : 191.1 (14.32) 66.7 (1.76)
F8 30 44.82 82.2 (14.22) 67.3 (0.29)
F9 53 72.47 84.6 (16.38) 60.8 (0.29)
F10 52 59.63 ‘a5.15 (0.40)& " 163.6 (13.54) 62.7 (0.76)
F11 32 67.9% 1} 1092 (11.67) 60.7 (0.29)
F12 30 64.08" 6.02 (9.20) 200.5,(12.56) 60.5 (1.00)
F13 54 W3A0) QI 7] 9824 12 V) Eisdacdslon 59.8 (0.76)
F14 50 53.49 3.55(0.30) 160.5 (17.85) 62.0 (2.29)
F15 34 69.51 7.83 (0.26) 209.4 (12.75) 59.5 (1.80)
F16 32 64.14 6.25 (0.03) 181.9 (15.01) 62.5 (1.80)

89
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effects. By substitution the variables as the formulation run in model equation, the
predicted response was calculated and determined the residual from the observed
value.The residuals were plotted on normal probability plot as diagnostic checking. The
points of residuals lie closely to a straight line, indicating support to the model
conclusion. One factor plot and interaction plots were also constructed for explanation of

response in the range of factors studied.

% Yield
The normal probabili

; ec& was depicted in Table 4-6 and

—
the line. The analysis of
\‘ 'y f e lower than an o = 0.05 is

DS

and important effects. Nt '. _- all on the mormal probability plot lie

Figure 4-5 indicating fac
variance is summarized i
statistical significance. 3, and BD were significant
reasonably close to the s | ShoWn | \\\- -6, supporting the previous
conclusion. From the esti ] f- iblc" 4 one factor plot, and interaction

plots in Figures 4-7 to 4-9§ the _~_ ilars s “Were obtained. An increase in

concentration from 10% w/w to 20% Wi and ate from 20 g/minute to 30 g/minute

reduced % yield by ab 1 m_w ___—___M Hi ,,,35.3‘ centration and feed rate
'I,,,,,,— \.

would increase in dropl *- ed when contacted to hot

air and then adhered to 1' hamber wall resulting in lowermyield. While an increase in
atomizing pressur w IngCr m i 15%. This is because the
high atomizing pr@ lciailﬁnﬁr e ﬂfﬂj?ﬁ(ﬁ:zed wheel leading to
decrease in the let size of th aﬁj 10 ried imme when contact
the hot aih iiaeg nﬁt jﬂfﬁﬁﬁvﬁtﬂﬁnﬁ and feed rate
(AB), betw:en feed rate and atomizing pressure (BD), therefore, the effects of these
variables must be considered together. For AB (see Figure 4-9), increasing feed rate at
low concentration would reduce % yield while feed rate did not infiuence on % yield at
high concentration. The highest % yield was obtained at low concentration and low feed

rate. For feed rate and atomizing pressure (BD) as shown in Figure 4-9, increasing

atomizing pressure at either low or high feed rate would increase % yield At low



Table 4-6  Calculated estimated effect and sum of squares (SS) of % yield by Yates’s algorithm.
Exp. | %Yield 1 2 3 4 | Divisor | Estimated Effect| SS Exp. | Estimated Effect | P
1 60.59 [108.86(210.71415.321949.71| 16 -- 1 59.36
a 48.27 |101.85[204.61|534.39 | -68.21 8 d 14.88 96.7
b 53.52 |108.95]264.15 |-36.50 | -23.29 ab 3.41 90.0
ab | 4833 | 95.66 [270.24|-31.71| 27.27 bd 2.16 83.3
c 60.96 [132.10]-17.51|-20.30| -0.01 cd 1.52 76.7
ac | 4799 [132.05]-1899| -2.99 | 0.27 ad 0.60 70.0
bc | 50.84 [136.59(-16.73 | 14.08 | -9.17 bed 0.42 63.3
abc | 44.82 [133.65|-14.98"' 13.19 | -4.89 acd 0.40 56.7
d 72.47 |-12.32{ -7.01 | -6.10 [119.07 ac 0.03 50.0
ad | 59.63 | -5.19 |-13.29 | 6.09 | 4.79 c 0.00 43.3
bd | 67.97 |-12.97] -0.05 | -1.48 | 17.31 abd -0.11 36.7
abd | 64.08 | -6.02 | -294 | 1.75 | -0.89 abced -0.57 30.0
cd | 73.10 [-12.84| 7.13 | -6.28 | 12.19 abc -0.61 233
acd | 63.49 | -3.89 | 695 | -2.89 | 3.23 Y 5 be -1.15 16.7
bed | 69.51 | -9.61 | 895 | -0.18 | 3.39 8 gl b -2.91 10.0
abed | 64.14 | -537 | 424 | -4.71 | -4.53 N -0.57 a -8.53 33

8
FuLI

UNITNG

N9

ARIAINTAUNN TN
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DESIGN-EXPERT Plot r
Syield Normal plot

A: concentration
B: Feed rate
C: inlet temperature

D: Atomizing pressure o é LTs)

Normal % probability

14.88
Flgure 4-5 Normal probabilit
Table 4-7 ANOVA of fespd
Response: %yield -
ANOVA for Selected Factorsz }5 91;,;,; g
Analysis of variance table ;
Source Sum of " - Prob>F
Squares | Value
Model %’ 182,50°, %_f,rga.oom significant
A 29017 112907 124.44 || <.0001
B 33190 1 33.90 14.51 0.0052

[ 9886.10 | 8%9.19 | <0

e

AD q .4 .
BD 18.73 1 18.73 8.01 0.0221
ABD 0.050 1 0.050 0.021 0.8879
Residual 18.69 8 2.34
Cor Total 1296.18 15

Foesa.s) = 5.32



Eefls.'SN'Ex"ERT Fiot Normal Plot of Residuals
99 —
2 95 >
3 90- /
3 ] -
5 ]
o
T 1
0.89 1.79
; . iduals
Figure 4-6  Normailf pgobability’ p fresiduals of % yield.
DESIGN-EXPERT Plg = ‘ vctor Plot
! T
%yield — VA mif srinvolved in an interaction.

X = A: concenptration

Actual Fa o — 7 S - —
B: Feed rate 9.‘
C: inlet temperat
D: Atomizing pif ssu

J

he)
gss.se

AULINININEINT

RN IANNINGINY

T T
10.00 12.50 15.00 17.50 20.00

A: concentration

Figure 4-7  One factor plot of concentration on % yield.
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DESIGN-EXPERT Plot One Factor Plot
%yield 731 _|Waming! Factor involved in an interaction.

X = B: Feed rate

Actual Factors
A: concentration = 15.06 3
C: inlet temperature = 140.00
D: Atomizing pressure ; 2.00

gsa. Byt ‘

£ S

30.00
P A
' :‘i"'. :
DESIGN-EXPERT Plot e Factor P'Ot
i =
%yield . ;&EJ,’I;‘_:R;F' olved in an interaction.

X = D: AtomiZipg pressure o

Actual Factc wl
A: concentration:
B: Feed rate = : 00

C: inlet tempeature =_a40.00

‘ ,ﬁ.a.SB.OG

WERIL

AIANTB AN INYIE

D: Atomizing pressure

Figure 4-8 One factor plot of (A) : feed rate and (B) : atomizing

pressure on % yield.



DESIGN-EXPERT Plot Interaction Gl"aph

%yield 73.1 B: Feed rate

X = A: concentration
Y = B: Feed rate

= B- 20.000
A B+ 30.000
Actual Factors

il
C: inlet temperature = 140.00 ’
D: Atomizing press re =.2.C '
— .
— 3

(Aa)

T T
17.50 20.00

DESIGN—EXPERT eraction Graph

Atomizing pressure

Y%yield

X = B: Feed'lz
Y = D: Ataon ing pressure !

= D-1.00 F;-
A D+ 3.000

Actual Facto l
A: concentrat = 15.00
C:inlet temperature =!40 oo

5896

ﬂ‘LJEl’JVIEI NN

51. 8%

AWIANN T BIINYAE,

20. 00 22. 50 25. OO 27. 50 30. 00

B: Feed rate

Figure 4-9

Interaction plot (A) : between concentration and feed rate
and (B):between feed rate and atomizing pressure
on % yield.

74



75

atomization pressure, higher feed rate affected on the decrease of % yield while did not at
high atomizing pressure. Therefore, the high % yield would be obtained when atomizing
pressure and the feed rate would set at high level for high concentration. However, the

feed rate should be decreased at low concentration to get higher in percent yield.

% LOD

The estimated effects of factor

D, normal probability plot, and ANOVA
are shown in Table 4-8, Figure
d al

?tespectively. Factors A and B were
ﬁns of them were negligible. To
T———

s was evaluated and shown in

only significant effects, so fa:
confirm the analysis, the ne
Figure 4-11. All of the res , confirming the effects other

than A and B were readily explaihgciby. ra \ sex, One factor plot of % LOD is

NN

illustrated in Figure 4-1 centration would decrease

in % LOD while the revers€ rg '5» ed 1 \- asing feed rate. Changing in

concentration from 10% to 20% decre: sed ':‘ 2OD by about 1% while increasing in feed
q -l r 1

rate from 20 g/minute to 30 g/miinyte 1Rcieas OD by about 1.5%. This was due to
increase feed rate led to increase Zing ligplets, which did not dry completely as in
small atomizing droplets.« And the fo tions gHey feed rate got higher in
percent LOD. Althoug ‘{'l’ 7 1:_‘ atomizing droplets as the

effect of feed rate, the amount of water in droplets of highe*€oncentration was more than

L‘;i‘,;iil";;’f’iiﬂjgﬁ o 13N () (1310l R
rovi® I NN TUNRIINYIRY

The‘l:stimated effects on flowability index, normal probability plot, and ANOVA
are exhibited in Table 4-10, Figure 4-13, and Table 4-11, respectively. Only the factor
D significantly affected on flowability index. The diagnostic checking by normal
probability plot of residual is illustrated in Figure 4-14 and all residuals were lie close to
the straight line. One factor plot of flowability index is shown in Figure 4-15 and gave
the high value at low atomizing pressure. Increasing atomizing pressure from 1 bar to 3

bars decrease the flowability index by about 7 units. The higher atomizing pressure



Table 4 -8 Calculated estimated effect and SS of % loss on drying (LOD) by Yates’s algorithm.

Exp. | % LOD 1 2 3 4 Divi impated effect| SS Exp. | Estimated effect | P
5.62 10.54 | 2291 | 4539 | 9227 ‘ - 1 5.77
a 492 | 1237 | 2248 | 4688 | -7.35 3.38 b 1.50 96.7
b 6.25 9.44 | 2347 | -2.41 | 11.99 ] 8.99 be 0.59 90.0
ab 6.12 13.04 | 2341 | -494 | 093 771 LR 0.05 | abcd 0.19 83.3
c 506 | 1083 | 083 | 543 | -0.49 /7[R 0.02 d 0.19 76.7
ac 438 | 1264 | -158 | 656 | -34 BETAY 0.74 bed 0.15 70.0
be 6.97 933 | -1.13 | 035 | 47 LT N 139 bd 0.14 63.3
abc 607 | 1408 | -381 | 058 | -0.07 e W 0.00 ab 0.12 56.7
d 568 | -070 | 1.83 | -043 | 149 LD 0.14 cd 0.05 50.0
ad 515 | 013 | 3.60 | -0.06 | -2.53 W E 0.40 abd 0.03 43.3
bd 662 | -068 | 181 | -0.75 | 1.13 —— | 0.08 abc -0.01 36.7
abd 6.02 -090 | 475 | -268 | 023 | 8| _| 0.00 c -0.06 30.0
cd 5.78 -0.53 | 057 1.77 032 | R . 0.01 acd -0.24 23.3
acd 355 | -060 | 022 | 294 | -1.98 1 | 023 ad -0.32 16.7
bed 7.83 223 | -007 | 079 | 117 A5 2 | 0.09 ac -0.43 10.0
abcd 625 | -1.58 | 065 | 072 | 151 4o 8 [ %,-0.19 0.14 a -0.92 3.3
PIEdYIEYI

ARIANTAUNRINGAE
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DESIGN-EXPERT Plot
SO0 Normal plot

A: Concentration
B: Feed rate
C: Inlet temperature

D: Atomizing pressure o5 =g

ormal % probability

0.89 1.50
Figure 4-10 Normal prébability piot bfefte 5 LOD.
I
Table 4-9 ANOV A
Response: %LOD | v
ANOVA for Selected Fa
Analysis of variance tablg [Partial sum of squa
Source S ~ >F
sdiirebd O “d V1|Ehdlhiad Pdae] 1]
Model 1242 3 4.14 15.38 0.0002 | significant
A 8 I 1R 35 00
B ﬂ ' 3 < 9.
AB @l 0.054° 1 057 " 20" T 0l
Residual 3.23 12 0.27
Cor Total 15.64 15

Foos a1, 12) = 475
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R Normal Plot of Residuals
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Figure 4 - 11
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DESIGN-EXPERT Plot

% LOD

X = A: Concentration

Actual Factors
B: Feed rate = 25.00

C: Inlet temperature = 140.00
D: Atomizing pressure = 2.00

One Factor Plot

783

T
(A)
1
20.00
DESIGN-EXPERT Plot
% LOD GETR A T
X = B: Feed rate In?"
Actual Factors
A: Concentration = 15.00
C: Inlet temperature = 140.00
D: Atomizing pressure = 2.00 g = o/
1] o
ARIANNIUNNRIINEINY |
q |
® l
3.55
[ I I i I
20.00 22.50 25.00 27.50 30.00

Figure 4 - 12

B: Feed

One factor plot of (A) : concentration and (B) : feed rate on % LOD.



Table 4 - 10 Calculated estimated effect and SS of flowability index by Yates’s algorithm.
Exp. | Flow index 1 2 3 4 Divi ted effect| SS Exp. | Estimated effect| P
66.60 | 137.60 | 278.60 | 546.90 | 1035.20 | 1 0 -- 1 64.70
a 71.00 | 141.00 | 268.30 | 488.30 | 17.40 18.92 a 2.18 96.7
b 70.30 | 134.30 | 244.70 | 10.70 | 1.20 0.09 cd 1.15 90.0
ab 70.70 | 134.00 | 243.60 | 670 | 9.8 6.00 abd 0.95 83.3
¢ 6450 | 12350 | 480 | 3.10 | -114 812 | bed 0.80 76.7
ac 69.80 | 12120 | 590 | -1.90 | 4.40 EES 1.21 ac 0.55 70.0
be 66.70 | 12160 | 1.70 | -870 | -1, NE J3, 006 | abed 0.48 63.3
abc 67.30 | 122.00 | 500 | -1.10 | 2.40 R ) 0.36 abc 0.30 56.7
d 60.80 440 | 340 | -10.30 | -58.60 oA 21462 | acd 0.28 50.0
ad 62.70 040 | -030 | -1.10 | -4.00 B W) 1.00 b 0.15 433
bd 60.70 530 | -230 | 1.10 | -5.00 ———=() 62 1.56 bc -0.13 36.7
abd 60.50 060 | 040 | 330 | 7.60 4o 8" ~ | 36l ad -0.50 30.0
cd 59.80 190 | -400 | -370 | 9. —3 : 5.29 bd -0.62 23.3
acd 61.80 020 | 470 [ 270 | 226Gy | 0.30 ab -1.23 16.7
bed 59.50 200 | -210 | -0.70 | 6.46" 8 0.80 ) 2.56 c -1.43 10.0
abcd 62.50 300 { 1.00 | 3.10 H ; 0.90 d -7.33 3.3

s

RIANTAUNRINGAE

08



81

DESIGN-EXPERT Plot
Flow index

Normal plot

A: Concentratiion
B: Feed rate

99
C: Inlet temperature i
D: Atomizing pressure ]
90 = a
80 - >
70 -

brmal % probability

N

Figure 4 - 13 Normaf prfbabili$ p1o0f cffechio Flowability index.

£ 7

: >

r
Table 4-11 ANG Aofrespo owability indeX.

e SAES AN NN

Analysis of variafite table [Partial sum of squares]

Sourceq ﬂuaﬁ‘ a Ii I?I Els¥ﬁi
q|_Squdr ” I i E”ggel allie
Model 214.62 1 214.62 60.10 <0.0001 | significant
D 214.62 1 214.62 60.10 < 0.0001
Residual 50.00 14 3.57
Cor Total 264 .62 15

Foos a1, 14) = 4.60



DESIGN-EXPERT Plot Normal Plot of Residuals

Flow index

ormal % Probability

Figure 4 - 14 Normalprobabilityplotf resic ' sof flowability index.

DESIGN-EXPERT Plot actor Plot

.

Flow index

X = D: Atomizing press

Actual Factors . 13 B
A: Concentratiion =
B: Feed rate =, 25. 00
C: Inlet temﬁw ﬂ
-—65 25
€2.38 —
59.50 —

D: Atomizing pressure

Figure 4 - 15 One factor plot of atomizing pressure on flowability index.
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resulted in the higher speed rotation of atomizing wheel leading to produce the smaller
droplet size of atomization and then small particle size was obtained as in Table 4-3 and
SEM photomicrographs (Figure 4-1 to 4-4). These small particles would decrease the
flowability of the powder.

Hardness

The estimated effect by Yates’s 2 hm and normal probability plot are shown
in Table 4-12 and Figure 4-16. Erom this ploi | factor B and D were not along the

straight line indicated the signifu nalyzing by using analysis of

variance in Table 4-13, fa s of them were negligible and

combined as an estimate or B was significant effect.

| \\ as diagnostic check. The

Normal probability plot

residuals lie closely to th i nficthing, the ant effect of factor B. One
ey v

factor plot is illustrated in 1857151 asi 0 feed rate from 20 g/minute to 30

g/minute would increase the out3 1 unifs. This was due to the increasing of

feed rate led to increase in droplef;size and i creased in % LOD of the spray-

dried powder. The tablet strength s

content and maximu . ab! ngth of various starchesiwere obtained at 60 — 70%

-

llulose depended on theirs moisture

; A,
relative humidity (Bos Y-i Ea, the equilibrium moisture

content of all starches of starches and celluloses

occurs in differe ﬁﬁf : g )k ater is tightly bound
to anhydroglucom til lﬁﬂwﬂ ’ ﬂﬂ:ﬁﬂ:ﬁ:ﬁt) stoichiometry is
obtained (L]. 1% w/w water). eﬁ:gﬂ'l - ERtgichi rﬁ ter molecules
1s less tig%m ﬁg ﬁe uy ﬁﬁﬁyﬁﬂ ﬁ yﬁglucose units.

At stoichiometry larger than 2 : 1 is even less tightly bound and has the properties of bulk

as about 10% w/w. Water sorptie

water. Water absorbed within the starch and cellulose influences the compacting
properties. Water levels below 1 : 1 stoichiometry reduce the compactibility while that of
between 1 - 1 and 2 : 1 is needed to provide plasticity to the system. At stoichiometry
higher than 2 : 1, the ability to form bonds was reduced, maybe due to the formation of a

water film (Zografi and Kontny, 1986 ; Bos et al., 1987). Then the varying in hardness of



Table 412 Calculated estimated effect and SS of hardness by Yates’s algorithm.

Exp. | Hardness 1 2 3 4 Divisor effect SS Exp. | Estimated effect | P
1 174.0 3206 | 700.2 |1384.9| 2859.0 16 = = 1 178.69
a 146.6 379.6 | 6847 |1474.1| -102.6 1 657.92 b 31.10 96.7
b 190.4 3114 | 7579 | -41.5 | 2488 31 386884 | d 11.15 90.0
ab 189.2 3733 | 7162 | -61.1 | 10.0 6.25 ac 1.75 83.3
c 157.7 3482 | -286 | 1209 | -57.2 =% 20449 | ab 1.25 76.7
ac 1537 | 4097 | -129 | 1279 | 14.0 12.25 be 0.98 70.0
be 191.1 3249 | 297 | 213 7.8 (& 3.80 bd 0.88 63.3
abc | 1822 3913 | -314 | -11.3 | -67.0 ¥ € 280.56 | bed 0.25 56.7
d 184.6 274 590 | -155 | 89.2 T 497.29 | abed -0.60 50.0
ad 163.6 -1.2 619 | -41.7 | -196 iy PE=—== 2401 | acd -2.18 43.3
bd 209.2 -4.0 61.5 15.7 7.0 ' — 3.06 ad 2.45 36.7
abd | 200.5 -8.9 664 | -17 | -326 |~ 8@ i " ¢ 6642 | cd -3.27 30.0
cd 164.4 21.0 26.2 29 | -26.2 e ~42.90 | abd -4.08 23.3
acd 160.5 -8.7 -4.9 4.9 174 | 8" 8.92 c 715 16.7
bed | 209.4 3.9 123 | -31.1 2.0 <3 0.25 ¥ 025 abc -8.38 10.0
abed | 181.9 275 | 236 | -359 -4.8F. a2l e 1.44 a -12.83 3.3

| FEYTIWE T
LT
¢ = o/
QW’I@\“IH?EUNW]’MH’]& d

¥8
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DESIGN-EXPERT Plot Normal plot

Hardness
A: Concentration
B: Feed rate 99 _
C: Inlet temperature |
D: Atomizing pressure b R
> 95-
= 90 3 LTp)
o)
«
Q
o )
/
l T
20.12  31.10
Figure 4 - 16
Table 4-13 A ‘i Aof response hardness.
NG ﬂ?ﬂ&l ANUNTNYINT
ANOVA f F 1
Analysis of variafie table [Partial sury, of squares]
e/
e HAR N AN IN AR E
q| Squares | quare | Value S
Model 4369.19 3 1456.40 1325 0.0004 | significant
B 3868.84 / 3868.84 35.19 < 0.0001
D 497.29 1 497.29 4.52 0.0549
BD 3.06 / 3.06 0.028 0.8702
Residual 1319.23 12 109.94
Cor Total 5688.42 15
Foos a1, 12) — 475




DESIGN-EXPERT Flat Normal Plot of Residuals

Hardness

Normal % Probability

Residuals

Figure 4 - 17 ‘. orgl ,,; | f r€siduals of hardness.

DESIGN-EXPERT Plo, ~EEER Slot

Hardness
X = B: Feed rate

Actual Factors
A: Concentration = 15 069&i 2

c ;:;':,:,:‘;mse::fﬁ ﬂf}ﬁﬁfl )] 5 ne

178 —

ﬂmmn‘a@mmwmaﬂ

162.3 —

146.6 —

I I I I |
20.00 22.50 25.00 27.50 30.00

B: Feed rate

Figure 4 - 18 One factor plot of feed rate on nardness.
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spray-dried formulation might be due to the different in moisture content of them. To

investigate the effect of moisture content in composite particles on tablet strength, the
spray-dried powder of all formulations were kept at the room temperature (around 25 ° -
27 °C and 55 - 62 %RH) for three days. Then these powders were determined % LOD,
produced tablets and evaluated the hardness. % LOD and hardness value of all
formulations in Table 4 — 14 were nearly the same and the values were around 9.36 —

10.13 % and 188.1 — 198.1 N, respecti

v

b

b }\
OI tabl

icated moisture content in composite

particles affected on the strength ount of rice starch in composite
- - .J .
particles was greater than thatvof MCC ! ermTfect of moisture content on

compactibility from starch w:

Spray Drying Time

The estimated e 1ty OVA are illustrated in
Table 4 —15, Figure 4 — A cspectively. Factor A and B were
significant effect. Diagnosti oy AC Li ate shown in Figure 4 — 20 and
Figure 4-21, respectively. Inc pg-ol ; . concentration would reduce the
spray drying time. Changmg congent tratio fs ,‘; 0% w/w to 20% w/w and feed rate
from 20 g/minute to 30, giniinute reduced the sprav drvir g tirhe by about 2 and 20 units,
respectively. The effe 3(‘\— \ oncentration. These two

factors at high level causéd higher quantity of feed suspefision to get in spray dryer

chamber than the Vﬂg iﬁﬁm m ime. Therefore, the

shortest spray dry ul t hig nd high concentration.
"ARAGAT HPAFH BN Bt e

previous re nses. Owing to hardness and flowability (flowability index) are the
important features of directly compressible diluent. Then all formulations were sorted by
descending of hardness in Table 4 — 17 and flowability index in Table 4 — 18. The high
hardness values were obtained in F15, F11, F12, F7, F3, and F4. Their values were in the
range of 189.2 to 209.4 N. When consideration was taken on the basis of the flowability

index, only F4 and F3 were the highest values of both values. All responses of these two
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Table 4-14 Physical properties of powder and tablets of F1-F16, which stored
at room temperature for three days.
Formulations LOD Hardness Diameter Thickness
(%) (N) (mm) (mm)
average (SD) average (SD) average (SD) average (SD)
F1 9.63 (0.29) 96 1) 12.82 (0.03) 3.37(0.04)
F2 9.68 (0.29: _12.81(0.02) 3.36 (0.04)
F3 9.78 (0 = '--.' 83 (0.02) 3.34(0.04)
F4 9.60 (0 ‘//ﬂr 136). 112,82 (0.02) | 3.32(0.04)
FS 9.97 (g / "//AE \Q 81 (0.02) 3.41 (0.08)
F6 10.13 (g ‘!]7 91 'ﬂ‘\\\ 80 (0.02) | 3.35(0.03)
F7 9.82(0 IF'?‘ 'u\\& 81(0.02) 3.36 (0.06)
F8 9.8210.3 \\\ 2.83 (0.03) 3.32(0.03)
F9 9.54 (019 h 12.82 (0.02) 3.34 (0.04)
F10 9.83 (0.20) === 12.84 (0.01) 3.38(0.06)
F11 9.36,(0 3.34 (0.04)
F12 rc’__ 3.32 (0.06)
F13 9.4;&8) 3.36 (0.05)
F14 9.76 (0418, 3.32(0.04)
15 _ 01) 3.32(0.06)
961(0 17) 196.7 (4.71) é_lz 84 (0.01)&4 3.31(0.04)
Condltlonq ﬁq agrnxgm lliﬁrl’;am EJ i ﬂ E.l

= 55-62%



Table 4-15 Calculated estimated effect and SS of spray drying time by Yates’s algorithm.
Exp. | Time (min) 1 2 3 4 £ ated Effect SS Exp. | Estimated Effect | P
i 53 103.00| 168.00 |334.00| 671.0 2 94 - 1 41.94

50 65.00 | 166.00 |337.00( -19.0 22.56 | bed 0.88 96.7
b 33 103.00| 167.00 | -10.00 | -159. 1580.06 | cd 0.63 90.0
ab 32 63.00 | 170.00 | -9.00 3.0 ‘% 0.56 | abed 0.63 833
¢ 53 105.00| -4.00 |-78.00 1.00 ﬂ'i-‘ w 0.06 ab 0.38 76.7
ac 50 62.00 | -6.00 |-81.00 -5.00 .n.;;?‘?; 3 1.56 be 0.38 70.0
be 33 104.00{ -3.00 | 2.00 3.00 E_ﬁ!j_; 38 0.56 d 0.38 63.3
abc 30 66.00 | -6.00 1.00 lfg? 2228 131" 0.06 c 0.13 56.7
d 53 -3.00 | -38.00 | -2.00 31 0.56 abc 0.13 50.0
ad 52 -1.00 | -40.00 | 3.00 1.0@ 0. 1@] 0.06 d 0.13 433
bd 32 -3.00 | -43.00 { -2.00 - @  -0.38 0.56 abd -0.13 36.7
abd 30 -3.00 | -38.00 | -3.00 | "q-T . 1 0.06 acd -0.13 30.0
cd 54 -1.00 | 2.00 -2@mmmmm&r.% bd -0.38 233
acd 50 -2.00 | 0.00 5.00 -1.00 8 | -0.13 0.06 ac -0.63 16.7
bed 34 -4.00 | -1.00 | -2.00 7.00 8 0.88 3.06 a -2.38 10.0
abcd 32 -2.00 { 2.00 3.00 5.00 8 0.63 1.56 b -19.88 33

63




DESIGN-EXPERT Plot
Spray drying time

A: Concentration

B: Feed rate

C: Inlet temperature

D: Atomization pressure
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Figure 4 - 19

Table 4-16

Response sﬂ%&l’} il

ANOVA ﬁ Selected Factori
Analysis of vagance table !Eamal séim of sEuarCE 7 |

L |
Sourceql i i I Su 'l . 1V TP %ﬁ_if

Normal plot

90

i)

Ay drying tithe

HYINYINT

Squares Square Value
Model 1603.19 3 534.40 657.72 <0.0001 | significant
A 22.56 I 22.56 27.77 0.0002
B 1580.06 / 1580.06 | 1944.69 | < 0.0001
AB 0.56 )i 0.56 0.69 0.4216
Residual 9.75 12 0.81
Cor Total 1612.94 15

Foos 1,12 = 4.75




DESIGN-EXPERT Plot Normal Plot of Residuals

Spray drying time

99 —

% Probability
®
o
]

‘ ‘ntized Residuals

Figure 4 - 20 wals of spray drying time.
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DESIGN-EXPERT Plot

Spray drying time

X = A: Concentration

Actual Factors
B: Feed rate = 25.00

C: Inlet temperature =:§40.00
D: Atomization pressurgy= 2.00
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DESIGN-EXPERT Plot

Spray drying time
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One Factor Plot

54

] 48 —

42—

I
17.50 20.00

P
it

42

36 —

YNINYN

¢

qmmmjuum“ﬂmé‘ I

Figure 4 — 21
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B: Feed rate
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One factor plot of (A) : concentration and (B) : feed rate on spray

drying time.



Table 4-17 Responses of F1—F16 sorted by descendent hardness.
Formula Spray Drying Time Yield LOB! ,/) 2 Hardness Flowability Index
(min) %) =,

D P — verage (SD) average (SD)
F15 34 69.51 ) 4(12.75) 59.5 (1.80)
F11 32 67.97 3 9.2 (11.67) 60.7 (0.29)
F12 30 64.08 0 0.5 (12.56) 60.5 (1.00)
F7 33 50.84 0.13) 911 (1432) 66.7 (1.76)
F3 33 53.52 25 (0137 190.4 (13.54) 70.3 (0.58)
F4 32 48.33 17635 189.2 (15.89) 70.7 (2.08)
F9 53 7247 |y £S68(0.12) 184.6 (16.38) 60.8 (0.29)
F8 30 44.82 Z 2(14.22) 67.3 (0.29)
F16 32 64.14 J 625 0. 14819 (15.01) 62.5 (1.80)
F1 53 60.59 6l *ﬁ%ﬁﬁ%ﬁ%‘! 1 43&(14 32) 66.7 (1.61)
F13 54 7310 ‘o | 2 s%8 075y °|" Y Yed £ason 59.8 (0.76)
z s AEREL LB ITET: 1) 27075
F14 50 6349 3.55 (0.30) 160.5 (17.85) 62.0 (2.29)
Fs 53 60.96 5.06 (0.28) 157.7 (16.19) 64.5 (0.50)
F6 50 47.99 4.38 (0.20) 153.7 (16.38) 69.8 (0.58)
F2 50 4827 4.92 (0.25) 146.6 (13.64) 71.0 (1.80)

€6



Table 4-18 Responses of F1-F16 sorted by descendent flowability index.
Formula Spray Drying Time Yield Hardness Flowability Index
(min) (%) (N)
verage (SD) average (SD)
F2 50 48.27 3 6.6 (13.64) 71.0 (1.80)
F4 3 48.33 ; 9.2 (15.89) 70.7 (2.08)
F3 33 53.52 13y 0.4 (13.54) 70.3 (0.58)
F6 50 47.99 (ﬁ ) - 153.7 (16.38) 69.8 (0.58)
F8 30 44.82 6 )_- - 182.2(14.22) 67.3 (0.29)
F7 33 50.84 . 7 191.1 (14.32) 66.7 (1.76)
Fl 53 60.59 : 74,0 (14.32) 66.7 (1.61)
F5 53 60.96 ]ﬂ 5. . j}j7.7 (16.19) 64.5 (0.50)
F10 52 59.63 5615 (0.40) o 163.6 (13.54) 62.7 (0.76)
F16 32 64.14 ﬂmmjmwou 62.5 (1.80)
F14 50 63990 0 35 oln 2 06051985 62.0(2.29)
F9 53 247" | \]m VII T d Vhigd ks 38) 60.8 (0.29)
F11 32 67.97 6.62 (0.28) 209.2 (11.67) 60.7 (0.29)
F12 30 64.08 6.02 (0.20) 200.5 (12.56) 60.5 (1.00)
F13 54 73.10 5.78 (0.25) 164.4 (15.01) 59.8 (0.76)
F15 34 69.51 7.83 (0.26) 209.4 (12.75) 59.5 (1.80)

¥6
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formulations were similar except % Yield of F3 had little higher than that of F4. Owing

to F4 had the higher concentration (20%) than F3 (10%). Then at the same spray drying
time, F4 not only gave the higher quantity of spray dricd product but also the larger
particle size than that of F3. Therefore, only F4 was chosen for further studying to be

developed as newly introduced as directly compressible excipient.

Conclusions

The aim of this study w. les of spray drying conditions on the

4193' using 2* factorial design.

pizing pressure were used as

physical properties of
Concentration, feed rate

independent variables. index, hardness, and spray

drying time were the sed each of responses were

summarized as follows_,

1. % Yield

Main factors of cg atomizing pressure and interaction

factors between concentration ana nd feed rate and atomizing pressure did

affect % yield. To o'n entration, the feed rate and

—

N'lgvel concentration, only the

y

atomizing pressure shotld |

level of feed rate should@ decreas

o/

» R YN INNIN;

ct of concentratlon an fe,el rate influenced on % LOD.

Increasi ﬁw JJ/ ﬂ EIIQI ﬁ’ Ele increased this
response ﬂowever eed rate gave rather more effect on % LOD than concentration.

3. Flowability Index

Only gmain e

Atomizing pressure had the significant effect on flowability index. This

response would be reduced when atomizing pressure was at the highest level.
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4. Hardness

Hardness of tablets obtained from spray dried powder was affected by feed
rate. An increase in this factor, led to an increase in hardness due to the high % LOD of

the spray dr-ied powders.

5. Spray Drying Time
Concentration and feed rate affected the spray drying time. That is, when both

of concentration and feed rate wereg \their Wigh level, spray drying time is shorten, but

concentration exhibited less effect

AULINENINeINg
ARIRNTALNING 1A Y
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