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RESULTS

1. Evaluation o f the properties o f the m odified starches

The m odified starches in  th is  รณdy were prepared from  five native 

starches : rice , g lu tinous rice , com  , tapioca and potato starches, using 

three d iffe ren t methods o f carboxym ethylation.

1.1. D eterm ination o f degree o f substrtution

The degree o f substrtution o f various carboxym ethyl 

starches produced by carboxym ethylation method 1, 2 and 3 are shown 

in Table 3 and a calcu la tion method was described in  A ppend ix A . It 

was seen that carboxym ethylation method 11 2 and 3 produced m odified 

starches in  d iffe ren t degree o f substitu tion. M ethod 1 gave the lowest 

degree o f s u b s ta tio n , fo llow ed by method 2 and method 3. The la tte r 

method gave the highest.

1.2. Determ ination o f the functiona l group

The carboxym ethyl (-C H 2 CO O ' ) groups o f the m odified starches 

were easily detected by In frared Spectrometer (IR ). The IR  spectra o f 

various native and m odified starches are illustra ted in Figures 6-10.
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Table 3 Degree o f substitu tion o f various m odified starches 

produced by three methods.

Type o f  starch Code S ub stitu tio n
m ethod

Degree o f 
sub s titu tio n

Rice M R S ! 1 0.18
M RS2 2 0.22
M RS3 3 0.46

G lutinous rice MGS1 1 0.19
M G S2 2 0.35
MGS3 3 0.49

Corn MCS1 1 0.20
MCS2 2 0.38
MCS3 3 0.45

Tapioca M T S I 1 0.24
M TS2 2 0.36
M TS3 3 0.39

Potato MPS1 1 0.22
MPS2 2 0.37
MPS3 3 0.44 '

1  \
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OH

F i g u r e  6  I n f r a r e d  S p e c t r a  o f  N a t i v e  a n d  M o d i f i e d  R i c e  S t a r c h e s .
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F i g u r e  7  I n f r a r e d  S p e c t r a  o f  N a t i v e  a n d  M o d i f i e d  G l u t i n o u s  R i c e
S t a r c h e s .
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F i g u r e  8  I n f r a r e d  S p e c t r a  o f  N a t i v e  a n d  M o d i f i e d  C o r n  S t a r c h e s .

MCS3

MCS2

MCS1

CORN
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F i g u r e  9  I n f r a r e d  S p e c t r a  o f  N a t i v e  a n d  M o d i f i e d  T a p i o c a  S t a r c h e s .
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F i g u r e  1 0  I n f r a r e d  S p e c t r a  o f  N a t i v e  a n d  M o d i f i e d  P o t a t o  S t a r c h e s .

MPS3

MPS2

MPS1

POT
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The spectra o f  v a rio u s  n a tive  and m o d ifie d  starches had the same fo u r 

im p o rta n t zones. T he  f ir s t  w as a s trong  b road  O H -s tre tch in g  band 

cen te ring  near 3 4 0 0  c m '1 . T he  second w as a C H -s tre tch in g  band near 

2 9 0 0  c m '1 . The th ird  w as in  a 1 1 6 0 -1100  cm ’ 1 reg ion  in v o lv in g  C -O  

s tre tch in g  o f  C O H  and  c o c  groups. T he  la s t w as in  the  9 6 0 -7 3 0  c m '1 

reg ion . T h is  zone w as used to  cha racte rize  ca rboh yd ra te  types. F o r 

starch, an a lp h a -D -g lu co se  p o lym e r, had  band a t 8 4 4 + 8  cm "1 . H ow ever, 

i t  c o u ld  be seen th a t the  m o d if ie d  s ta rch  spectra w ere d iffe re n t fro m  

those o f  th e ir  na tive . T he  m o d if ie d  s ta rch  spectra had an in tense band 

near 1600 c m '1 w h ic h  in d ica te d  th a t i t  w as C O  s tre tch ing  o f  ca rb o xy l 

salt. The c = 0  and  C -O  o f  the  c a rb o x y l sa lt w ere rep laced b y  tw o  

e q u iva le n t c = 0  b o n d s  w h ic h  w e re  in te rm ed ia te  in  fo rce  cons tan t 

betw een the c = 0  and  C -O  (C o lth u p , D a ly  and  W ib e rle y , 1975).

1.3. M o is tu re  d e te rm in a tio n

T he percen t m o is tu re  con te n t is  dep ic ted  in  T a b le  4 . I t  w as 

observed th a t the  m o is tu re  co n te n t o f  va rio u s  na tive  and m o d ifie d  

starches revealed no  d iffe re n ce , excep t po ta to  starch. A n  average va lue  

o f  the  percen t m o is tu re  co n te n t w as m o s tly  ra n g in g  fro m  9 .6 0 -1 3 .7 5  % . 

E ra-P acR and E ra -G e lR as reference b inde rs  in  th is  s tu d y  also had 

percen t m o is tu re  in  th is  range.

1.4. V is c o s ity  m easurem ent

T he  B ra b e n d e r V is c o -A m y lo g ra p h  w ith  ca rtr id g e  7 0 0  cm g. was 

used to  m easure the  v is c o s ity  o f  na tive  and  m o d if ie d  starches and the



T a b l e  4  P e r c e n t  m o i s t u r e  c o n t e n t  o f  n a t i v e  a n d

m o d if ie d  starches.

Type o f  starches %  M oisture content
Rice 11 56
MRS1 12.11
MRS2 12.11
MRS3 12 11
Glutinous nee 13.00
MGS1 1067
MGS2 11.56
MGS3 11 00
Com 13.67
MCS1 11.31
MCS2 12.48
MCS3 13.05
Tapioca 13.00
MTS1 9.60
MTS2 12.67
MTS3 12.00
Potato 1600
MPS1 11.00
MPS2 13.75
MPS3 13.11
Era-PacR 11.89
Era-GelR 10.56
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B ra b e n d e r v is c o s ity  cu rves are d isp la yed  in  F igu res  11 to  16. In  th is  

m easurem ent, the  co n ce n tra tio n  o f  a starch suspension w as 5 %  พ /พ , 

excep t o f  g lu tin o u s  rice  s ta rch  and po ta to  s ta rch  w as 2 %  พ /พ , as the 

v is c o s ity  o f  these tw o  starches a t some degrees o f  s u b s titu t io n  exceeded 

the  m e a su rin g  range  o f  the  7 00  cm g ca rtridge . In  o rd e r to  a v o id  dam age 

to  the  sensor sha ft, the  co nce n tra tio n  o f  these tw o  starches m ig h t be 

decreased. F ro m  the  F igures, i t  w as seen th a t th e  v is c o s ity  cu rves o f  

v a r io u s  n a tive  starches w ere  d iffe re n t. F o r u n m o d if ie d  rice , ta p io ca  and 

po ta to  starches, an increase o f  v is c o s ity  w as n o t seen as the  starch 

suspension  w as in it ia l ly  heated, u n t il the  g e la tin iz a tio n  te m p e ra tu re  was 

reached, the  v is c o s ity  increased ra p id ly . A f te r  tha t, the  v is c o s ity  

rem a ine d  co n s ta n t th ro u g h  th e  h o ld in g  pe riod . D u r in g  c o o lin g  pe rio d , 

the  v is c o s ity  o f  r ice  s ta rch  fu r th e r  increased w hereas th e  v is c o s ity  o f  

ta p io ca  and p o ta to  w as unchanged. The  B rabe nde r cu rves o f  g lu tin o u s  

rice  s ta rch  and  c o m  sta rch  show ed re la tive  lo w  and cons is te n t v is c o s ity  

th ro u g h o u t th e  co o k in g , h o ld in g  and c o o lin g  cycles. A lth o u g h  the 

p a tte rn s  o f  th e  v is c o s ity  cu rve  o f  va rio u s  na tive  starches w e re  d iffe re n t, 

those o f  th e  m o d if ie d  starches w ere s im ila r. I t  c o u ld  be observed tha t, a t 

30  - 60  ° c ,  m o s t o f  the  m o d if ie d  starches w ere  m ore  v iscous  th a n  th e ir  

na tive  starches. T he  v is c o s ity  curves o f  a ll types and  degrees o f  

s u b s titu t io n  o f  the  m o d if ie d  starches decreased d u r in g  the  c o o k in g  cycle . 

A f te r  th e  c o o k in g  pe rio d , the  v is c o s ity  o f  the  m o d if ie d  starches tended  to  

be cons tan t. T h e  v is c o s ity  o f  va rio u s  m o d ifie d  rice  and  g lu tin o u s  rice  

starches w as ra n g in g  as fo llo w e d  ะ M R S 1 ~  M G S 1 >  M R S 3  — M G S 3  >  

M R S 2  ~  M G S 2 . T he  v is c o s ity  o f  m o d ifie d  c o m  sta rch  p rodu ced  b y  

m e thod  1, 2  o r  3 w ere com parab le . Fo r m o d ifie d  tap ioca  and  po ta to  

starches, m e th o d  2  p rodu ced  p rodu c ts  w ith  the h ighes t v is c o s ity , then



— ♦ —-Rice
— •—-MRS1
--- A—-MRS2
--- X—-MRS3

- Temp.

F ig u re  11 B ra b e n d e r v is c o s ity  cu rves  o f  rice , M R S 1 , M R S 2  a nd  M R S 3 . T h e  c o n c e n tra tio n  
w as 5 %  พ /พ  o f  d ry  s ta rch  suspended in  d is t i l le d  w a te r. T he  s ta rch  suspens ion  
w as heated fro m  30  ° c  to  95  ° c  a t a ra te  o f  1.5 ° c /m in .  I t  w as th e n  m a in ta in e d  
a t 95  ° c  fo r  15 m in . and  th e n  coo led  to  50 ° c  a t th e  sam e rate.
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F ig u re  12 B ra b e n d e r v is c o s ity  cu rves o f  g lu tin o u s  rice , M G S 1 , M G S 2  and  M G S 3 . T he

c o n c e n tra tio n  w as 2 %  พ /พ  o f  d ry  s ta rch  suspended in  d is t i l le d  w a te r. T he  s tarch  
suspens ion  w as heated fro m  30  ° c  to  95  ° c  a t a ra te  o f  1.5 ° c /m in .  I t  w as then  
m a in ta in e d  a t 95 ° c  fo r  15 m in . and  th e n  coo led  to  50  ° c  a t the  sam e rate.

■P»
ขา



1400 T HEATING HOLDING COOLING T  100

1200 --

1000 --

ร  8 0 0  -  -  

( °  6 0 0  -  -

4 0 0  - -

3

O

— ♦ —-CORN
— •—-MCS1
— * —-MCS2
--- K—-MCS3
•••ร-- •Temp.

200 -■

ร? ร  ร? 
5? 8

Time(min.)

F ig u re  13 B ra b e n d e r v is c o s ity  cu rves  o f  c o m , M C S 1 , M C S 2  and  M C S 3 . T he  c o n c e n tra tio n  
w as 5 %  พ /พ  o f  d ry  s ta rch  suspended in  d is t i l le d  w a te r. T h e  s ta rch  suspens ion  
w as heated fro m  30  ° c  to  95 ๐c  a t a ra te  o f  1.5 ° c /m in .  I t  w as then  m a in ta in e d  
a t 95  ° c  fo r  15 m in . and  th e n  coo led  to  50  ° c  a t th e  sam e rate.
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F ig u re  14 B ra b e n d e r v is c o s ity  cu rves  o f  tap io ca , M T S 1 , M T S 2  and  M T S 3 . T he
c o n c e n tra tio n  w as 5 %  พ /พ  o f  d ry  s ta rch  suspended in  d is t i l le d  w a te r. T he  s tarch  
suspe ns ion  w as heated fro m  3 0  ° c  to  95  ๐c  a t a  ra te  o f  1.5 ° c /m in .  I t  w as then  
m a in ta in e d  a t 95  ๐c  fo r  15 m in . and  th e n  coo led  to  50  ๐c  a t th e  sam e rate.
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F ig u r e  1 5  B r a b e n d e r  v i s c o s i t y  c u r v e s  o f  p o t a t o ,  M P S 1 ,  M P S 2  a n d  M P S 3 .  T h e
c o n c e n t r a t i o n  w a s  2 %  พ / พ  o f  d r y  s t a r c h  s u s p e n d e d  i n  d i s t i l l e d  w a t e r .  T h e  s t a r c h  
s u s p e n s io n  w a s  h e a t e d  f r o m  3 0  ° c  t o  9 5  ° c  a t  a  r a t e  o f  1 .5  ° c / m i n .  I t  w a s  t h e n  
m a in t a i n e d  a t  9 5  ° c  f o r  1 5  m in .  a n d  t h e n  c o o le d  t o  5 0  ๐c  a t  t h e  s a m e  r a te .
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F ig u r e  1 6  B r a b e n d e r  v i s c o s i t y  c u r v e s  o f  E r a - P a c R a n d  E r a - G e lR . T h e  c o n c e n t r a t i o n
w a s  5 %  พ / พ  o f  d r y  s t a r c h  s u s p e n d e d  i n  d i s t i l l e d  w a t e r .  T h e  s t a r c h  s u s p e n s io n  
w a s  h e a t e d  f r o m  3 0  ° c  t o  9 5  ° c  a t  a  r a t e  o f  1 .5  ° c / m i n .  I t  w a s  t h e n  m a in t a i n e d  
a t  9 5  ° c  f o r  1 5  m i n .  a n d  t h e n  c o o le d  t o  5 0  ° c  a t  t h e  s a m e  r a t e .
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m e t h o d  1 a n d  t h e n  m e t h o d  3 .  T o  b e  u s e d  a s  c o m p a r a t i v e  m o d i f i e d  

s t a r c h e s ,  E r a - P a c R a n d  E r a - G e lR w e r e  a ls o  o b s e r v e d  f o r  t h e i r  v i s c o s i t y .  

I t  w a s  s e e n  t h a t  t h e  v i s c o s i t y  o f  E r a - P a c R w a s  h i g h e r  t h a n  o f  E r a - G e lR 

a n d  i t s  p a t t e r n  w a s  t h e  s a m e  a s  t h e  p a t t e r n  o f  n a t i v e  r i c e  ร ณ r c h .

2 .  E v a lu a t i o n  o f  g r a n u le  a n d  ณ b le t  p r o p e r t ie s

2 . 1 .  E v a lu a t i o n  o f  t h e  p h y s i c a l  p r o p e r t ie s  o f  p a r a c e t a m o l  g r a n u le s  

a n d  t a b le t s  c o n t a i n i n g  v a r i o u s  t y p e s ,  d e g r e e s  o f  s u b s t i t u t i o n  a n d  

p e r c e n ta g e s  o f  t h e  m o d i f i e d  s t a r c h e s  w e r e  a s  f o l l o w e d .

2 . 1 . 1 .  P a r t i c le  s iz e  d i s t r i b u t i o n

T h e  p a r t i c l e  s iz e  o f  p a r a c e t a m o l  g r a n u le s  w a s  e x a m in e d  b y  

s ie v e  a n a l y s is  m e t h o d  a n d  t h e  r e s u l t s  a r e  d e p ic t e d  i n  F ig u r e s  1 7 - 4 6  a n d  

T a b le s  1 7 - 2 2  ( i n  A p p e n d i x  C ) .  I n  o r d e r  t o  d e t e r m in e  g e o m e t r i c  m e a n  

d ia m e t e r  ( D 50)  , t h e  c u m u la t i v e  p e r c e n ta g e  u n d e r s iz e  w a s  p lo t t e d  a g a in s t  

s ie v e  s iz e  o n  l o g - p r o b a b i l i t y  s c a le  a n d  t h e  p lo t s  a r e  i l l u s t r a t e d  i n  F ig u r e s  

9 7 - 1 0 2  ( s e e  a p p e n d ix  C ) .  D 5 0  o f  p a r a c e t a m o l  g r a n u le s  u s in g  v a r i o u s  

n a t i v e  o r  m o d i f i e d  s t a r c h e s  a t  1 , 1 .5  a n d  2 %  d r y  w e i g h t  a r e  s h o w n  in  

F ig u r e s  4 7 - 5 6 .  B y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d ,  t h e  s iz e  d i s t r i b u t i o n  o f  

t h e  g r a n u le s  u s in g  t h e  m o d i f i e d  s t a r c h e s  w a s  n a r r o w  i n  c o m p a r i s o n  t o  

t h o s e  c o n t a i n i n g  t h e  n a t i v e  s t a r c h e s .  T h i s  c o u ld  b e  o b v i o u s l y  s e e n  w h e n  

t h e  b i n d e r  w a s  u s e d  a t  2 %  d r y  w e ig h t  i n  a  f o r m u la r .  D 50 o f  t h e  g r a n u le s  

u s in g  t h e  m o d i f i e d  s t a r c h e s  w a s  la r g e r  t h a n  o f  o t h e r s  c o n t a i n i n g  t h e  

n a t i v e  s t a r c h e s .  A s  a  d r y  f o r m ,  t h e  m o d i f i e d  s t a r c h e s  y i e l d e d  th e  

g r a n u le s  w i t h  s l i g h t l y  n a r r o w e r  d i s t r i b u t i o n  a n d  s l i g h t l y  g r e a t e r  D 5 0  i n  

c o m p a r i s o n  t o  w h i c h  a s  a  p a s te  f o r m .
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H is t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  r i c e ,  M R S 1 ,  M R S 2  a n d  M R S 3  a t  1 %  d r y  w e ig h t  
b y  s o lu t i o n  i n c o r p o r a t i o n  m e t h o d

M RS3

M RS2

type  o f s ta rch

s ieve  size (m ic ro n )

F i g u r e 1 8  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  r i c e ,  M R S 1 ,  M R S 2  a n d  M R S 3  a t  1 . 5 %  d r y  w e i g h t
b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d
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F ig u r e  1 9  H is t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  r i c e ,  M R S 1 ,  M R S 2  a n d  M R S 3  a t  2 %  d r y  w e ig h t  
b y  s o lu t i o n  i n c o r p o r a t i o n  m e t h o d

s ieve  s ize  (m icron )

F i g u r e  2 0  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  g l u t i n o u s  r i c e ,  M G S 1 ,  M G S 2  a n d  M G S 3  a t  1 %
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d
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F ig u r e  2 1  H is t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  g l u t i n o u s  r i c e ,  M G S 1 ,  M G S 2  a n d  M G S 3  a t  1 . 5 %  
d r y  w e ig h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e th o d

F i g u r e  2 2  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  g l u t i n o u s  r i c e ,  M G S 1 ,  M G S 2  a n d  M G S 3  a t  2 %
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d



5 4

sieve size (m ic ro n )

F ig u r e  2 3  H i s t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  c o r n ,  M C S 1 ,  M C S 2  a n d  M C S 3  a t  1 %  d r y  w e i g h t  
b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d

s ieve  size (m ic ro n )

F i g u r e  2 4  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  c o r n ,  M C S 1 ,  M C S 2  a n d  M C S 3  a t  1 . 5 %  d r y  w e i g h t
b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d



5 5

บ )  30

M CS3

M CS2

type  o f s ta rch

s ieve  size (m ic ro n )

F ig u r e  2 5  H i s t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  c o r n ,  M C S 1 , M C S 2  a n d  M C S 3  a t  2 %  d r y  w e ig h t  
b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d

s ieve  s ize  (m ic ro n )

F i g u r e  2 6  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  t a p i o c a ,  M T S 1 ,  M T S 2  a n d  M T S 3  a t  1 %
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d



5 6

F ig u r e  2 7  H i s t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  t a p io c a ,  M T S 1 ,  M T S 2  a n d  M T S 3  a t  1 . 5 %  
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e th o d

sieve size (m ic ro n )

F i g u r e  2 8  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  t a p i o c a ,  M T S  1 , M T S 2  a n d  M T S 3  a t  2 %
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d
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F ig u r e  2 9  H is t o g r a m s  f o r  p a r t i c le  s iz e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  p o t a t o ,  M P S 1 ,  M P S 2  a n d  M P S 3  a t  1 %  
d r y  w e ig h t  b y  s o lu t i o n  i n c o r p o r a t i o n  m e t h o d

s ieve  size (m ic ron )

F i g u r e  3 0  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  p o t a t o ,  M P S 1 ,  M P S 2  a n d  M P S 3  a t  1 . 5 %
d r y  w e i g h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d



5 8

F ig u r e  3 1  H is t o g r a m s  f o r  p a r t i c l e  s iz e  d i s t n b u t i o n  o f  p a r a c e t a m o l  g r a n u le s  
p r e p a r e d  w i t h  p o t a t o ,  M P S 1 , M P S 2  a n d  M P S 3  a t  2 %  
d r y  w e ig h t  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d

MRS3

MRS2 type ot starch

F i g u r e  3 2  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M R S 1 ,  M R S 2  a n d  M R S 3  a t  1 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d
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Figure 33 Histograms for particle size distribution o f paracetamol granules 
prepared w ith MRS1, MRS2 and MRS3 at 1.5% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  3 4  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M R S  1 , M R S 2  a n d  M R S 3  a t  2 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d



6 0

Figure 3 5  Histograms for particle size distribution o f paracetamol granules 
prepared w ith MGS1, MGS2 and MGS3 at 1% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  3 6  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M G S L  M G S 2  a n d  M G S 3  a t  1 . 5 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d
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Histograms for particle size distribution o f paracetamol granules 
prepared w ith MGS1, MGS2 and MGS3 at 2% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  3 8  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M C S 1 ,  M C S 2  a n d  M C S 3  a t  1 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d
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Figure 39 Histograms for particle size distribution o f paracetamol granules 
prepared w ith MCS1, MCS2 and MCS3 at 1.5% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  4 0  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M C S 1 ,  M C S 2  a n d  M C S 3  a t  2 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d



6 3

sieve size (m icron)

Figure 41 Histograms for particle size distribution o f paracetamol granules 
prepared w ith MTS1, MTS2 and MTS3 at 1% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  4 2  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M T S 1 ,  M T S 2  a n d  M T S 3  a t  1 . 5 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d
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MTS3

MTS2 type o f starch

Figure 4 3  Histograms for particle size distribution o f paracetamol granules 
prepared w ith MTS 1, MTS2 and MTS3 at 2% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  4 4  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M P S 1 ,  M P S 2  a n d  M P S 3  a t  1 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d
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Figure 4 5  Histograms for particle size distribution o f paracetamol granules 
prepared w ith MPS1, MPS2 and MPS3 at 1.5% dry weight 
by dry incorporation method

sieve size (m icron)

F i g u r e  4 6  H i s t o g r a m s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  M P S 1 ,  M P S 2  a n d  M P S 3  a t  2 %  d r y  w e i g h t
b y  d r y  i n c o r p o r a t i o n  m e t h o d



Ge
om

etr
ic 

me
an

 di
am

ete
r, 

อ5
0 (

mi
cro

n) 
Ge

om
atr

ic 
me

an
 di

am
ete

r, 
D5

0 (
mi

cro
n)

6 6

Figure 47 Geometric mean diameter (D50) o f paracetamol 
granules prepared w ith rice, MRS1, MRS2 or 
MRS3 by solution incorporation method.

F i g u r e  4 8  G e o m e t r i c  m e a n  d i a m e t e r  ( D 50)  o f  p a r a c e t a m o l
g r a n u l e s  p r e p a r e d  w i t h  g l u t i n o u s  r i c e ,  M G S  1 5
M G S 2  o r  M G S 3  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d .
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%.Dry weight

Figure 49 Geometric mean diameter (D 50) o f paracetamol 
granules prepared w ith com, MCS1, MCS2 or 
MCS3 by solution incorporation method.

Figure 5 0  Geometric mean diameter (D 50) o f paracetamol 
granules prepared with tapioca, MTS 1, MTS2 or 
MTS3 by solution incorporation method.
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Figure 51 Geometric mean diameter (D 50) o f paracetamol 
granules prepared with potato, MPS1, MPS2 or 
MPS3 by solution incorporation method.

F i g u r e  5 2  G e o m e t r i c  m e a n  d i a m e t e r  ( D 5 0 )  o f  p a r a c e t a m o l
g r a n u l e s  p r e p a r e d  w i t h  M R S 1 ,  M R S 2  o r  M R S 3
b y  d r y  i n c o r p o r a t i o n  m e t h o d .
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Figure 53 Geometric mean diameter (D 50) o f paracetamol 
granules prepared w ith MGS1, MGS2 or MGS3 
by dry incorporation method.

F i g u r e  5 4  G e o m e t r i c  m e a n  d i a m e t e r  ( D 5 0 )  o l  p a r a c e t a m o l
g r a n u l e s  p r e p a r e d  w i t h  M C S 1 ,  M C S 2  o r  M C S 3
b y  d r y  i n c o r p o r a t i o n  m e t h o d .
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F ig u re  5 5  G e o m e tric  m ean d iam e te r ( D 50)  o f  parace tam ol 
g ranu les  prepared  w ith  M T S  1, M T S 2  o r  M T S 3  
b y  d r /  in c o rp o ra tio n  m ethod .

F i g u r e  5 6  G e o m e t r i c  m e a n  d i a m e t e r  ( D 5 0 )  o f  p a r a c e t a m o l
g r a n u l e s  p r e p a r e d  w i t h  M P S 1 ,  M P S 2  o r  M P S 3
b y  d r y  i n c o r p o r a t i o n  m e t h o d .



7 1

2 .1 .2 . B u lk  d en s ity , tapped  d e n s ity  and  pe rcen t c o m p re s s ib ility

T ab les  5 and  6  d is p la y  th e  b u lk  de n s ity , tapped  de n s ity  

and  pe rce n t c o m p re s s ib ility  o f  pa race tam o l g ranu les  p repared b y  

s o lu tio n  and  d ry  in c o rp o ra tio n  m ethods, respec tive ly . B y  so lu tio n  

in c o rp o ra tio n  m ethod , the  b u lk  d e n s ity  o f  the  g ranu les  co n ta in in g  the 

na tive  starches w as a pp a ren t to  be s lig h t ly  lo w e r  th a n  o f  th e  g ranu les 

c o n ta in in g  m o d if ie d  starches w hereas pe rcen t c o m p re s s ib ility  was 

h ighe r. T he  tapped  d e n s ity  o f  th e  g ranu les  p repa red  b y  the  na tive  

starches and  th e  m o d if ie d  starches w e re  n e a rly  equal. T he  b u lk  density , 

the  tapped  d e n s ity  and  percen t c o m p re s s ib ility  o f  the  g ranu les  co n ta in in g  

v a rio u s  types  and  va rio u s  con ten ts  o f  th e  m o d if ie d  starches e x h ib ite d  no 

d iffe re n t. W ith  d ry  in c o rp o ra tio n  m ethod , the  b u lk  d e n s ity  o f  the 

g ranu les  u s in g  m o d if ie d  s ta rch  w as s im ila r  to  th a t ob ta ined  b y  so lu tio n  

in c o rp o ra tio n  m eth od  b u t the  tapped  d e n s ity  and  the  percen t 

c o m p re s s ib ility  w ere  lo w e r.

2 .1 .3 . F lo w  ra te  and ang le o f  repose

T he  f lo w  rate and  ang le  o f  repose o f  the  g ranu les  are 

show n  in  T ab les  7 -8 . T he  g ranu les  p repa red  b y  so lu tio n  in c o rp o ra tio n  

m e th od  seemed to  have lo w e r ang le  o f  repose and  h ig h e r f lo w  ra te  th a n  

w h ic h  p repa red  b y  d ry  in c o rp o ra tio n  m e thod . T he  f lo w  ra te  and  the  

ang le  o f  repose o f  the  g ranu les  u s ing  e ith e r n a tive  o r  m o d if ie d  s ta rch  

w ere  va ried .



T a b l e  5  B u l k  d e n s i t y ,  t a p p e d  d e n s i t y  a n d  p e r c e n t  c o m p r e s s i b i l i t y  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  v a r i o u s  b i n d e r s  a n d  c o n c e n t r a t i o n s  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d .

Physical properties of granules
Binder Bulk density (gm./ml) Tapped density(gm/ml) % Compressibility (%)

1% 1.5% 2% 1% 1.5% 2% 1% 1.5% 2%
Rice 0.37 0.39 0.36 0.60 0.59 0.60 38.12 (0.07)* 34.05 (0.24)* 40.28 (0.12)*
MRS1 0.40 0.39 0.41 0.60 0.59 0.60 33.33 (0.19) 32.89 (0.00) 32.88 (0.61)
MRS2 0.40 0.39 0.39 0.60 0.58 0.61 33.18 (1.24) 33.04 (0.25) 35.09 (0.58)
MRS3 0.40 0.39 0.40 0.59 0.58 0.60 33.04 (1.24) 32.60 (0.83) 33.48 (0.06)
Glutinous 0.39 0.39 0.37 0.60 0.60 0.58 35.76 (0.06) 35.06 (0.00) 35.53 (0.21)
MGS1 0.39 0.41 0.40 0.58 0.60 0.61 32.47 (0.00) 31.97 (0.21) 34.37 (0.26)
MGS2 0.41 0.41 0.41 0.60 0.60 0.60 31.98 (0.61) 32.12 (0.29) 32.12 (0.29)
MGS3 0.40 0.41 0.41 0.60 0.62 0.63 33.33 (0.00) 33.17 (1.34) 34.25 (0.00)
Corn 0.38 0.38 0.38 0.58 0.58 0.58 34.18 (0.00) 35.00 (0.00) 35.00 (0.00)
MCS1 0.38 0.39 0.38 0.59 0.59 0.60 35.99 (0.78) 34.77 (0.07) 37.50 (0.00)
MCS2 0.39 0.38 0.42 0.58 0.57 0.64 32.75 (0.08) 33.33 (0.53) 34.89 (0.08)
MCS3 0.42 0.41 0.42 0.67 0.66 0.65 37.21 (0.26) 38.29 (0.61) 34.43 (0.51)
Tapioca 0.37 0.37 0.35 0.60 0.60 0.58 37.89 (0.15) 39.15 (0.05) 39.41 (0.29)
MTS1 0.37 0.38 0.39 0.61 0.63 0.63 39.13 (0.14) 39.66 (0.53) 37.66 (0.00)
MTS2 0.38 0.38 0.40 0.61 0.62 0.63 38.75 (0.00) 38.26 (0.75) 36 56 (0 24)
MTS3 0.39 0.38 0.40 0.63 0.61 0.64 36.84 (0.00) 37.18 (0.00) 38.10 (0.55)
Potato 0.39 0.39 0.38 0.60 0.60 0.60 34.78 (0.24) 35.20 (0.06) 36.44 (0.22)
MPS1 0.40 0.38 0.40 0.60 0.61 0.62 32.88 (0.20) 36.97 (0.14) 35.56 (0.59)
MPS2 0.39 0.39 0.39 0.60 0.60 0.62 35.06 (0.71) 35.06 (0.00) 36.95 (1.52)
MPS3 0.41 0.39 0.40 0.61 0.60 0.62 33.78 (0.00) 35.78 (0.43) 35.68 (0.07)

Standard deviation ~nJ
ro



T a b l e  6  B u l k  d e n s i t y ,  t a p p e d  d e n s i t y  a n d  p e r c e n t  c o m p r e s s i b i l i t y  o f  p a r a c e t a m o l  g r a n u l e s
p r e p a r e d  w i t h  v a r i o u s  b i n d e r s  a n d  c o n c e n t r a t i o n s  b y  d r y  i n c o r p o r a t i o n  m e t h o d .

Binder
Physical properties of granules

Bulk density (gทา./ทา!) Tapped density(gm/ml) % Compressibility (%)
1% 1.5% 2% 1% 1.5% 2% 1% 1.5% 2%

MRS1 0.43 0.42 0.35 0.55 0.55 0.56 21.43 (0.00)* 23.61 (0.00)* 36.96 (0.18)*
MRS2 0.41 0.35 0.39 0.57 0.49 0.58 28.67 (2.08) 28.24 (0.11) 31.58(0.00)
MRS3 0.42 0.40 0.40 0.56 0.55 0.57 24.93 (1.46) 28.41 (0.24) 29.91 (0.47)
MGS1 0.41 0.42 0.41 0.56 0.59 0.61 26.03 (0.00) 29.17 (0.00) 33.33 (0.61)
MGS2 0.41 0.36 0.40 0.56 0.52 0.60 25.68 (0.35) 30.37 (0.04) 33.33 (0.00)
MGS3 0.41 0.39 0.41 0.56 0.55 0.60 26.94 (0.63) 29.13 (0.45) 31.51 (0.00)
MCS1 0.42 0.34 0.40 0.55 0.47 0.60 23.61 (0.00) 27.27 (1.29) 33.03 (0.27)
MCS2 0.41 0.41 0.41 0.56 0.60 0.61 27.03 (0.00) 32.43 (0.00) 32.42 (0.63)
MCS3 0.43 0.34 0.41 0.60 0.50 0.63 28.57 (0.00) 32.58 (0.00) 34.25 (0.00)
MTS1 0.41 0.36 0.39 0.56 0.52 0.61 26.03 (0.00) 30.95 (0.00) 35.65 (1.55)
MTS2 0.41 0.35 0.41 0.56 0.50 0.58 26.04 (0.58) 29.14 (0.64) 30.63 (0.61)
MTS3 0.36 0.36 0.39 0.53 0.50 0.60 31.33 (0.00) 27.71 (0.00) 34.21 (0.00)
MPS1 0.39 0.39 0.40 0.50 0.60 0.60 21.05 (0.00) 34.21 (0.00) 33.33 (0.00)
MPS2 0.43 0.41 0.41 0.60 0.58 0.57 27.74 (2.06) 30.09 (0.30) 27.97 (1.89)
MPS3 0.40 0.31 0.40 0.60 0.53 0.60 33.33 (0.00) 40.63 (0.00) 33.47 (1.63)

standard deviation

•รCO



T a b l e  7  F l o w  r a t e  a n d  a n g l e  o f  r e p o s e  o f  p a r a c e t a m o l  g r a n u l e s  p r e p a r e d  w i t h
v a r i o u s  b i n d e r s  a n d  c o n c e n t r a t i o n s  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d .

Binder • ะ': •■ะ ะ-ะ ะ-ะ ะ-: ะ-: !•: ะ-: ะ': i'i ะ-ะ : : : Flow r a t e  (gm/rnln.) ะ-: ะ-: ะ-: ะ-: ะ-: ะ-: ะ-: ะ-: X  ะ-ะ ะ-: ะ-: ะ-: ะ-: ะ-: ะ-: ะ-ะ ะ-: ะ-ะ ะ-: >: ะ-: X :< ะ-: ะ-: X X  ะ-: ะ-ะ ะ-: X X X X  X ะ-: .■•ะ ะ-: ะ-: 
ะ-ะ ะ-: ะ-ะ ะ-: ะ-: X ะ-: X ะ-: X ะ-: ะ-: X  :< X X ะ-: ะ-ะ ะ-: ะ-ะ

Angle of repose

1 %  : ' เ ฒ i i 11 2 % . 1 % 1 . 5 % 2 %

Rice 188.55+36.88 243.90+0.00 174.55+9.44 35.12+1.31 34.12+0.62 37.84+0.43
MRS1 225.00+0.00 204.78+8.52 216.79+58.26 33.79+0.17 37.41+0.94 33.29+0.17
MRS2 221.13+5.62 209.66+13.93 226.16+19.86 34.18+0.61 34.73+0.62 32.80+0.00
MRS3 226.29+4.661 206.42+8.63 225.79+21.61 33.89+0.35 34.47+0.16 33.89+0.17

Glutinous 229.85+4.46 208.65+7.12 228.55+2.76 35.33+0.75 38.34+0.16 35.67+0.86
MGS1 223.72+6.43 226.92+3.33 208.88+15.74 34.36+1.38 35.17+0.00 36.77+0.18
MGS2 231.92+7.57 195.52+2.02 218.63+1.52 36.25+0.00 37.01+0.44 34.58+0.51
MGS3 203.92+6.79 194.17+4.35 235.17+10.10 37.05+0.42 36.10+0.73 34.67+0.61

Com 225.00+0.00 200.00+0.00 209.32+2.43 36.87+0.00 35.70+0.48 35.42+0.00
MCS1 206.27+7.30 195.24+2.23 198.55+2.51 36.46+0.36 36.35+0.18 34.29+0.00
MCS2 201.51+2.62 21*6.00+9.17 167.27+4.70 36.51+1.25 35.97+0.48 33.79+0.17
MCS3 201.30+3.50 191.04+7.95 169.02+32.76 36.55+0.73 1 35.90+0.59 33.78+1.03

Tapioca 200.00+0.00 222.29+4.69 156.15+21.44 37.08+0.18 35.62+0.35 39.09+0.74
MTS1 198.55+2.51 192.83+3.42 166.75+6.84 39.25+0.19 36.11+1.20 38.65+1.15
MTS2 178.42+19.79 199.76+4.21 208.33+14.43 37.06+0.81 37.05+0.42 37.59+0.80
MTS3 223.76+14.59 199.30+3.36 169.09+9.44 36.10+1.33 38.82+2.29 39.80+0.00

Potato 207.14+10.10 225.00+0.00 198.55+2.51 36.14+0.16 35.13+0.50 41.28+0.00
MPS1 203.37+4.04 184.21+9.04 214.71+0.74 38.55+0.19 39.30+0.90 38.50+0.00
MPS2 192.63+11.43 179.00+0.00 210.59+15.10 38.65+0.82 40.04+0.95 39.45+1.14
MPS3 225.59+6.40 181.15+4.23 211.26+17.59 39.14+0.00 39.52+0.65 38.23+0.47

£



T a b l e  8  F l o w  r a t e  a n d  a n g l e  o f  r e p o s e  o f  p a r a c e t a m o l  g r a n u l e s  p r e p a r e d  w i t h
v a r i o u s  b i n d e r s  a n d  c o n c e n t r a t i o n s  b y  d r y  i n c o r p o r a t i o n  m e t h o d .

- v : Ï  x x x ï i  ■ • y  ไ y X :•: X X X X X X  X  X X  i :  X  X X X X X XJoinder r l o w  raw I g m / r a i n . /  1 ,  ' -
■ c x x x  ■ะ:*: X . X A  X X X X X X X X X S X X X X X X ะ-:X y. X X X X X X X X X X X

K X X  x x j - j :  / y / ' x x x x x x x x x x x x x x x x x p x x x x x x x x x x x x
i  ivv; / “ F v  Angwwrepose
x x x x x x x x : x x x x x x x x x x x  «X  X X X  > <

ะ-: X X X X ะ-: X X X X  X  X X X  X X X  X X X X X X  X X X X 
X X ะ-ะ ะ-: :< ะ-: X  X ะ-: X  X X X X X  X X X  X X X X X X X X X 
X X X X X .•ะ X X X X X X X X X X X X X X ะ-: X ะ-: X X X X 
X X X X X X X X X X X X X X X X X A X X x x X X X X X

++ฯ**ะ-ฯฯฯ*ฯะ.*ะ*ฯฯะะ-
■ '  • >  '  _____________

X ะ-; X ะ•ะ! n w  X .••ะ ••ะ X X X X X X X  X X X X X X X X X X X X  X X X  X X X X X X i t  X X X X X X£ W /t :<  ะ-: ะ-: ะ-: ะ-: X ะ-:
* < 4 f t /  î x x x *  X  X  X  X  X X X  X X X X X 4 X ะ / x x x x x x x : - :  

X X - X X X X X 1 W # :  X • X X  X X X X - - • X X - X • < 1  i î V y w  X •: :■ X ■: X X
'  A ( V /  < x x x x  '  '

X ะ-: X X X X X / « K  X X X X  X  X X X ะ-: ะ-:

MRSl 212.50+17.68 ■ 215.02+5.47 171.43+0.00 35.36+0.32 36.83+1.18 38.11+0.84
MRS2 119.74+1.21 155.41+18.46 242.64+13.38 36.52+0.47 35.78+0.43 34.27+1.00
MRS3 161.51+14.60 133.45+4.95 159.09+7.88 35.93+0.18 36.25+0.00 39.73+0.99

MGS1 214.94+5.10 202.62+18.06 223.17+3.17 36.33+0.70 38.24+1.86 37.67+1.43
MGS2 211.09+11.09 161.23+31.53 230.00+8.66 36.59+0.48 35.86+0.34 36.51+1.25
MGS3 197.30+6.51 19710+2.51 191.88+10.52 35.80+0.33 35.66+0.77 40.99+1.73

MCS1 223.17+3.17 149.72+11.13 215.74+13.70 37.40+0.49 36.08+0.85 37.90+1.06
MCS2 191.52+6.94 203.85+4.85 196.40+3.29 37.00+0.72 37.99+1.44 39.03+0.18
MCS3 195.93+11.16 190.90+6.57 172.24+8.21 37.50+0.64 *37.10+0.68 40.31+0.64

MTS1 141.46+1 28 185.45+21.54 214.55+9.37 36.26+0.28 38.08+1.75 36.74+1.23
MTS2 203.32+11.74 194.61+12.36 217.88+6.68 35.00+0.59 36.08+1.10 36.73+0.67
MTS3 198.55+2.51 176.78+8.94 186.67+11.55 38.67+1.13 35.21+1.15 41.94+0.94

MPS1 140.31+2.91 180.32+7.44 197.82+2.18 36.45+0.39 38.92+0.40 38.55+0.19
MPS2 190.08+8.81 188.41+4.18 200.90+1080 36.05+0.55 38.07+0.94 35.46+0.50
MPS3 212.85+13.48 177.06+1.55 202.47+8.33 36.21+0.60 38.55+0.09 36.89+1.10
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2 .1 .4 . P e rcen t f r ia b i l i ty

H is to g ra m s  fo r  percen t f r ia b il i ty  o f  parace tam ol g ranu les 

are illu s tra te d  in  F igu res  57 -66 . In  bo th  in co rp o ra tio n  m ethod, as the 

m o d ifie d  starch co n te n t in  the  fo rm u la  increased, the g ranu le  f r ia b i l i ty  

decreased. T he  g ranu les  co n ta in in g  the m o d ifie d  starches w ere s tronger 

than  w h ic h  u s in g  n a tive  starches. H ow eve r, the f r ia b il i ty  d id  n o t re la te 

to  the  degree o f  s u b s titu tio n . C o m p a rin g  between tw o  in c o rp o ra tio n  

m ethod , the  d ry  in c o rp o ra tio n  m ethod  p roduced  the g ranu les m ore  

fr ia b le  th a n  d id  the  s o lu tio n  in c o rp o ra tio n  m ethod.

2 .1 .5 . T a b le t th ickn e ss

T h e  average th ickne ss  and the standard  de v ia tio n  o f  the  

tab le ts  are presented in  T ab les  9 -10 . G ene ra lly , ta b le t th ickne ss  shou ld  

be c o n tro lle d  w ith in  a 5 %  v a r ia tio n  (B a n k e r and A nde rson , 1986). The  

tab le ts  u s in g  th e  m o d if ie d  starches as ta b le t b inde rs  in  bo th  

in c o rp o ra tio n  m ethods a t a n y  type, any  degree o f  s u b s titu tio n  and a ny  

con ten t show ed the  cons is te n t th ickness. The  th ickness  o f  the  tab le ts  

us ing  na tive  s ta rch  and m o d if ie d  s ta rch  w ere n o t d iffe re n t.

2 .1 .6  T a b le t hardness

T he  hardness o f  parace tam ol tab le ts are dep ic ted  in  F igures 

67 -76  and T ab les  2 3 -2 4  ( in  A p p e n d ix  D ). I t  cou ld  be seen tha t, as a 

b in d e r w e ig h t increased, the  hardness tended to  increase. B y  so lu tio n  

in c o rp o ra tio n  m ethod , the  ra n k  o rde r o f  hardness a t 1 %  b in d e r w e ig h t
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E3 R ic e  

□  M R S 1  

H M R S 2  

S M R S 3

% Dry weight

F ig u re 5 7  H is to g ra m s  fo r  the  percen t f r ia b il i ty  o f  
pa race tam o l g ranu les  prepared w ith  rice, 
M R S 1 , M R S 2  o r  M R S 3  b y  so lu tion  
in c o rp o ra tio n  m ethod.

0  Glutinous
□  MGS1 
DMGS2
□  MGS3

% Dry weight

F igu re  5 8  H is to g ra m s  fo r  the percent f r ia b il ity  o f  
parace tam ol g ranu les prepared w ith  
g lu tin o u s  r ice , M G S l,  M G S 2  o r M G S 3 
b y  so lu tio n  in c o rp o ra tio n  m ethod.
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[3Com 
□  MCS1 
E3MCS2
BMCS3

F igu re  5 9  H is to g ra m s  fo r  the  percen t f r ia b il i ty  o f
p a race tam o l g ranu les  prepared w ith  com , 
M C S 1 , M C S 2  o r  M C S 3  b y  so lu tion  
in c o rp o ra tio n  m ethod .

(3 Tapioca 
BMTS1 
BDMTS2 
BMTS3

F ig u re 6 0  H is to g ra m s  fo r  the  percent f r ia b il i ty  o f  
pa race tam o l g ranu les  prepared w ith  
tap ioca , M T S 1 , M T S 2  o r M F S 3  
b y  s o lu tio n  in c o rp o ra tio n  m ethod.
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0  Potato 
□  MPS1 
HMPS2 
BMPS3

% Dry weight

gure  61 H is to g ra m s  fo r  the  percen t f r ia b il i ty  o f  
parace tam o l g ranu les  prepared  w ith  
po ta to , M P S 1 , M P S 2  o r  M P S 3 
b y  s o lu tio n  in c o rp o ra tio n  m ethod.

% Dry weight

SMRS1 
□  MRS2 
0MRS3

F igu re  6 2  H is to g ra m s  fo r  the percent f r ia b il i ty  o f  
parace tam ol g ranu les  prepared w ith  
M R S 1 , M R S 2  o r M R S 3  by  d ry  
in c o rp o ra tio n  m ethod .
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1 3 -

8 0

% Dry weight

F ig u re  6 3  H is to g ra m s  fo r  the  percent f r ia b il i ty  o f  
p a race tam o l g ranu les  prepared w ith  
M G S 1 , M G S 2  o r M G S 3  b y  d ry  
in c o rp o ra tio n  m ethod.

□  M G S 1
□  M G S 2  
H M G S 3

B M C S 1  
□  M C S 2  
0 M C S 3

F ig u re  6 4  H is to g ra m s  fo r  the percent f r ia b il i ty  o f  
pa race tam o l g ranu les  prepared w ith  
M C S F  M C S 2  o r  M C S 3  b y  d ry  
in c o rp o ra tio n  m ethod .
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D M TS 1  
□  MTS2  
S M T S 3

%  D ry  w e ig h t

igure 6 5 H is togram s fo r the percent fr ia b ility  o f  
paracetam ol granules prepared w ith  
M T S l,  M T S 2  o r M TS 3 by  d ry  
inco rpo ra tion  m ethod.

%  D ry  w e ig h t

S M P S 1  
□  MPS2  
0 M P S 3

Figure 6 6  H is togram s fo r the percent fr ia b ility  o f  
paracetam ol granules prepared w ith  
M P S 1, M PS2 o r M PS3 by d ry  
inco rpo ra tion  m ethod.
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Table 9  Th ickness o f  paracetam ol tablets prepared w ith  
various b inders and concentrations by so lu tion 
inco rpo ra tion  m ethod.

Binder
Thickness of paracetamol tablets (mm.)
1% 1.5% 2%

Rice 4.075(0.010)* 4.159 (0.010)* 4.147(0.007)*
MRS1 4.134 (0.013) 4.168 (0.015) 4.164 (0.011)
MRS2 4.163 (0.014) 4.181 (0.010) 4.190 (0.008)
MRS3 4.096 (0.020) 4.122 (0.010) 4.133 (0.013)
Glutinous 4.067 (0.007) 4.163 (0.009) 4.164(0.007)
MGS1 4.089 (0.012) 4.179 (0.007) 4.162 (0.013)
MGS2 4.009 (0.007) 4.018(0.010) 3.991 (0.018)
MGS3 4.159 (0.007) 4.170 (0.014) 4.003 (0.007)
Corn 4.139 (0.021) 4.159 (0.012) 4.157 (0.017)
MCS1 4.154 (0.013) 4.152 (0.006) 4.158 (0.013)
MCS2 4.087 (0.013) 4.132 (0.015) 4.083 (0.016)
MCS3 4.110(0.013) 4.016 (0.020) 4.121 (0.013)
Tapioca 4.162 (0.009) 4.174 (0.018) 4.170 (0.012)
MTS1 4.154 (0.010) 4.138 (0.020) 4.124(0.015)
MTS2 4.139 (0.011) 4.158 (0.013) 4.150 (0.009)
MTS3 4.122 (0.014) 4.135 (0.014) 4.132 (0.008)
Potato 4.161 (0.019) 4 167 (0.023) 4.153(0.021)
MPS1 4.152 (0.013) 4.143 (0.018) 4.147(0.008)
MPS2 4.154 (0.013) 4.158(0.010) 4.158 (0.015)
MPS3 4.032 (0.023) 4.152 (0.010) 4.158 (0.016)

* Standard deviation
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Table 10 Thickness o f  paracetam ol tablets prepared w ith  
various b inders and concentrations by d ry  
inco rpo ra tion  m ethod.

Binder
Thickness of paracetamol tablets (mm.)
1% 1.5% 2%

MRS1 4.135 (0.008).* 4.179(0.014)* 4.173(0.009)*
MRS2 4.145 (0.015) 4.140 (0.008) 4.196 (0.015)
MRS3 4.156(0.012) 4.129 (0.016) 4.178 (0.013)
MGS1 4.141 (0.009) 4.146 (0.011) 4.183 (0.007)
MGS2 4.165 (0.016) 4.134 (0.016) 4.148(0.010)
MGS3 4.159 (0.021) 4.142 (0.019) 4.162 (0.010)
MCS1 4.164 (0.012) 4.175(0 014) 4.181 (0.010)
MCS2 4.141 (0.013) 4.118(0.015) 4.173 (0.011)
MCS3 4.166 (0.010) 4.102 (0.016) 4.152 (0.010)
MTS1 4.131 (0.010) 4.150 (0.016) 4.162 (0.018)
MTS2 4.151 (0.017) 4.097 (0.019) 4.173 (0.008)
MTS3 4.159 (0.019) 4.148 (0.008) 4.144 (0.014)
MPS1 4.142 (0.009) 4.166 (0.007) 4.173 (0.008)
MPS2 4.119 (0.020) 4.152 (0.019) 4.207(0.011)
MPS3 4.150 (0.012) 4.083(0.018) 4.146 (0.010)

* Standard deviation
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6 7 Hardness p ro files  o f  paracetamol tablets prepared 
w ith  rice, M R S 1, M R S2 or M R S3 at various 
concentrations b y  so lu tion incorporation  m ethod.

1 1.5 2
% Dry wt

Figure 6 8  Hardness p ro files  o f  paracetamol tablets prepared 
w ith  g lu tinous rice, M G S  1, M G S2 o r M G S 3 at 
various concentrations by so lu tion incorporation  
method.
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6 9  Hardness p ro files  o f  paracetamol tablets prepared 
w ith  com , M C S 1, M C S2 or M CS3 at various 
concentrations by so lu tion incorporation  method.

% Dry wt.

F i g u r e  7 0  H a r d n e s s  p r o f i l e s  o f  p a r a c e t a m o l  t a b l e t s  p r e p a r e d
w i t h  t a p i o c a ,  M T S 1 ,  M T S 2  o r  M T S 3  a t  v a r i o u s
c o n c e n t r a t i o n s  b y  s o l u t i o n  i n c o r p o r a t i o n  m e t h o d .
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Hardness p ro files  o f  paracetamol tablets prepared 
w ith  potato, M P S 1, M PS2 o r M PS3 at various 
concentrations by  so lu tion  incorpora tion  method.

% Dry wt.

F i g u r e  7 2  H a r d n e s s  p r o f i l e s  o f  p a r a c e t a m o l  t a b l e t s  p r e p a r e d
w i t h  M R S 1 ,  M R S 2  o r  M R S 3  a t  v a r i o u s
c o n c e n t r a t i o n s  b y  d r y  i n c o r p o r a t i o n  m e t h o d .
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73  Hardness p ro files  o f  paracetam ol tablets prepared 
w ith  M G S 1, M G S 2 o r M G S3 at various 
concentrations by d ry  incorporation  method.

F i g u r e  7 4  H a r d n e s s  p r o f i l e s  o f  p a r a c e t a m o l  t a b l e t s  p r e p a r e d
w i t h  M C S l  . M C S 2  o r  M C S 3  a t  v a r i o u s
c o n c e n t r a t i o n s  b y  d r y  i n c o r p o r a t i o n  m e t h o d .



Ha
rdn

es
s (

kp
.) 

Ha
rdn

es
s (

kp
.)

8 8

figure 75 Hardness p ro files  o f  paracetam ol tablets prepared 
w ith  M T S 1 , M T S 2  o r M T S 3 at various 
concentra tions b y  d ry  incorpora tion  method.

1 1 .5  2

% Dry wt.

F i g i i r e 7 6  H a r d n e s s  p r o f i l e s  o f  p a r a c e t a m o l  t a b l e t s  p r e p a r e d
w i t h  M P S l ,  M P S 2  o r  M P S 3  a t  v a r i o u s
c o n c e n t r a t i o n s  b y  d r y  i n c o r p o r a t i o n  m e t h o d .
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was M G S2 >  MPS 3 >  M C S3 -  M RS3 >  M G S N  M C S2 -  MRS1 

g lu tinous rice ~  corn >  M R S2 ~  M TS3 >  M G S3 -  M TS2 -  rice >  M C S l 

~  MPS1 ~  M TS1 >  potato ~  M PS2 ~  tapioca (see Tables 25 and 31 in 

A ppenc ix  D ). A t 1.5%, The rank ordered as fo llo w  : M G S2 ~  M CS3 >  

M R S3 >  M G S3 -  MRS1 -  M CS2 >  MGS1 -  M P S 3 - MPS1 -  corn -  

M R S2 ~  M TS3 >  g lu tinous rice ~  M C S l ~  potato — M TS1 >  M TS 2 ~  

rice ~  M PS2 ~  tapioca (see Tables 26 and 32 in  A pp en d ix  D ). A t  2% , 

the ra n k  was in  the fo llo w in g  order M G S3 >  M G S 2 >  M C S3 ~  MRS1 >  

M C S 2 -  M R S3 >  potato -  MGS1 -  M C S l >  MPS1 -  corn -  M TS 3 -  

M R S 2 — M PS3 ~  M TS1 ~  tapioca ~  M TS 2 ~  rice >  M PS2 ~  g lu tinous 

rice (see Tables 27 and 33 in  A ppend ix  D ). B y  com paring am ong three 

levels o f  b inder w eight, The M G S3 at 2%  b inder w e igh t gave the hardest 

tab let, then the M G S2 at 2%  ,and the M G S2 at 1.5%. B y  d ry  

inco rpo ra tion  method, the hardness o f  the tablets obta ined by  various 

types o f  the m od ified  starches at the same w e igh t was s lig h tly  d iffe rent. 

Furtherm ore, the hardness o f  the tablets produced by  th is  m ethod was 

low er than w h ich  produced b y  so lu tion incorporation  method.

2 .1.7. Tab let fr ia b ility

Percent fr ia b il ity  o f  tablets produced by w et and d ry  

inco rpo ra tion  methods is shown in  Tables 11 and 12 , respectively.

The tablets using some m od ified  starches were less fr iab le  than those 

using native starches. The d ry  incorpora tion  method produced more 

fr iab le  granules in  com parison w ith  the so lu tion incorpora tion  method. 

M oreover, i t  was seen tha t the percent fr ia b il ity  tended to  decrease as the
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Table 11 Percent fr ia b il ity  o f  paracetamol tablets prepared
w ith  va rious b inders and concentrations by so lu tion 
inco rpo ra tion  m ethod.

Binder Percent fria bility of paracetamol tablets
1% 1.5% 2%

Rice 3.60 2.99 3.85
MRS1 2.14 1.59 1.18
MRS2 1.56 1.57 2.13
MRS3 1.95 1.20 1.35
Glutinous 2.88 1.79 2.31
MGS1 1.91 1.66 1.41
MGS2 2.58 1.88 1.80
MGS3 1.53 1.00 2.24
Corn 1.86 1.94 2.18
MCS1 4.37 4.17 3.44
MCS2 1.77 1.52 1.13
MCS3 1.12 1.07 0.79
Tapioca 4.17 3.86 3.40
MTS1 4.63 4.62 3.89
MTS2 3.99 3.70 3.32
MTS3 3.26 3.68 3.30
Potato 4.56 4.37 2.08
MPS1 3.75 3.22 3.59
MPS2 4.13 2.74 2.45
MPS3 2.45 1.91 1.53
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Table  12 Percent fr ia b il ity  o f  paracetamol tablets prepared 
w ith  various binders and concentrations by d ry  
inco rpo ra tion  method.

Binder Percent fria bility of paracetamol tablets
1% 1.5% 2%

MRS1 4.54 3.55 3.62
MRS2 5.01 4.93 5.56
MRS3 5.60 4.55 2.73
MGS1 4.51 4.23 3.26
MGS2 5.60 4.77 3.00
MGS3 5.76 4.78 4.26
MCS1 5.59 5.36 3.34
MCS2 5.76 3.22 3.25
MCS3 5.76 3.78 2.11
MTS1 4.78 6.23 3.23
MTS2 5.92 4.63 2.87
MTS3 5.77 5.72 3.46
MPS1 5.54 4.07 3.51
MPS2 4.05 2.70 3.00
MPS3 5.99 5.01 3.14
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2.1.8. D is in tegra tion  tim e

D is in teg ra tion  tim e o f  tablets using various native or 

m od ified  starches is shown in  Figures 77-86 and Tables 37-38 (in  

A p p en d ix  D ). B y  increasing the am ount o f  a b inder in  the fo rm u la tion  

prepared b y  w et and d ry  incorporation  methods, a progressive increase 

in  d is in tegra tion  tim e was observed. W ith  so lu tion incorpora tion  

m ethod, the d is in tegra tion  tim e  o f  the tablets using 1% b inder w e igh t 

was rang ing  as fo llo w  rice -  tapioca -  potato ~  com  -  g lu tinous rice ~  

M R S2 <  M CS1 -  M C S 2 -  M T S 2  -  M TS 3 -  M G S 2 <  M RS1 -  M C S3 -  

M PS3 -  M G S3 <  MGS1 -  M R S3 -  M TS1 <  M PS2 <  MPS1 (see Tables 

39 and 45 in  A p p en d ix  D ). A t  1.5%, the rank  was in  the fo llo w in g  order 

: tap ioca — rice ~  potato — com  — g lu tinous rice — M R S 2 <  MCS1 ~  

M T S 2 <  M C S3 -  M G S 2 -  M C S 2 -  M TS 3 -  M PS3 <  M TS1 -  M R S3 -  

M RS1 <  M G S3 <  M GS1 <  MPS1 -  M PS2 (see Tables 40  and 46 in  

A p p en d ix  D ). A t  2% , The rank ordered as fo llo w  rice — tap ioca — corn 

-  potato -  g lu tinous rice <  M G S 2 -  M R S2 <  M T S 2 <  MCS1 -  M PS3 -  

MGS1 -  M R S3 -  M C S2 -  M TS 3 -  M C S3 <  M G S3 -  M TS1 -  MRS1 <  

MPS1 <  M PS2 (see Tables 41 and 47 in  A p p en d ix  D ). C om parison o f  

the tw o  add ition  methods, using m odified  starch as a b inder, the tablets 

produced by so lu tion incorporation  m ethod exh ib ited longer 

d is in tegra tion  tim e, except at 2%  b inder w eight.

amount o f the binder increased. However it was not seen that the degree

o f substitution affected the percent friability.
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Figure 77  D is in teg ra tion  tim e p ro files  o f  paracetam ol tablets 
prepared w ith  rice, M R S1, M R S 2 or M R S3 at 
various concentrations by so lu tion  incorpora tion  
method.

Figure 7 8  D is in teg ra tion  tim e p ro files  o f  paracetamol tablets 
prepared w ith  g lu tinous rice, M G S l, M G S 2  or 
M G S3 at various concentrations by so lu tion 
incorporation  method.
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Figure 7 9  D is in tegra tion  tim e p ro files  o f  paracetamol tablets 
prepared w ith  com , M C S 1, M C S 2 o r M C S3 at 
various concentrations by so lu tion incorpora tion  
method.

1 1.5 2
% Dry wt.

Figure 8 0  D is in tegra tion  tim e pro files  o f  paracetam ol tablets 
prepared w ith  tapioca, M TS 1, M TS 2 o r M TS 3 at 
various concentrations by so lu tion incorporation  
method.
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Figure 81 D is in teg ra tion  tim e  p ro files  o f  paracetamol tablets 
prepared w ith  potato, M PS1, M PS2 o r M PS3 at 
various concentra tions by so lu tion incorporation  
method.

Figure 82 Disintegration time profiles o f paracetamol tablets
prepared with M R S l, MRS2 or MRS3 at various
concentrations by dry incorporation method.
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% Dry wt.

Figure 8 3  D is in teg ra tion  tim e  p ro file s  o f  paracetamol tablets 
prepared w ith  M G S 1, M G S 2 o r M G S3 at various 
concentrations b y  d ry  inco rpo ra tion  method.

Figure 84 Disintegration time profiles o f paracetamol tablets
prepared with MCSF MCS2 or MCS3 at various
concentrations by dry incorporation method.



97

Figure 8 5  D is in teg ra tion  tim e  p ro files  o f  paracetamol tablets 
prepared w ith  M T S 1, M T S 2 o r M TS3 at various 
concentra tions by  d ry  incorpora tion  method.

Figure 86 Disintegration time profiles o f paracetamol tablets
prepared with MPS1. MPS2 or MPS3 at various
concentrations by dry incorporation method.
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2.2. Selection o f  the fo rm u la tion  w h ich  exh ib ited good physical 

properties.

From 2.1, M G S2 as the paste form  was the best b inder. It 

im parted the hardest tablets w ith  the shortest d is in tegra tion tim e. So, 

M G S2 was chosen to  com pare w ith  PV P  K 30  and Era-GelR fo r fu rthe r 

รณdies.

2.3. C om parison o f  the fo rm u la tio n  conta in ing  M G S2 w ith  

the fo rm u la tions  conta in ing  P V P  K 30  and Era-G elR.

2 .3 .1 . Partic le size d is tr ib u tio n

The size d is tr ib u tio n  o f  the granules using M G S2,

PV P  K 3 0  and Era-G elR as b inders a t 1, 1.5 and 2%  b inder w e igh t are 

depicted in  F igures 87-89. A s  can be seen from  the Figures, PV P  K 30  

produced narrow er d is tr ib u tio n  than M G S 2 and Era-GelR did . F igure 90 

shows D 50 o f  paracetamol granules con ta in ing  M G S2, PVP K 3 0  and 

Era-G elR . In  general, i t  m igh t be concluded that, the size o f  M G S2 

granules and Era-GelR granules were s im ila r and they were sm aller than 

o f  PV P  K 30  granules.

2.3.2 B u lk  density, tapped density  and percent 

com press ib ility

The b u lk  density, tapped density  and %  com press ib ility  

are tabulated in  Table 13. I t  was seen tha t the granules using Era-GelR 

exh ib ited  the low est b u lk  density  and the h ighest %  com pressib ility .
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sieve size (micron)

Figure 8 7  H istogram s fo r partic le  size d is tribu tion  o f  paracetam ol granules 
prepared w ith  M G S 2, P V P  K 3 0  and Era-GelR at 1%  d ry  w e igh t 
by  so lu tion  incorpora tion  method

sieve size (micron)

Figure 8 8  H istogram s fo r  partic le  size d is tr ibu tion  o f  paracetam ol granules 
prepared w ith  M G S 2, PV P  K 30  and F ra -G clR at 1.5%  d ry  w e igh t 
by so lu tion  incorpora tion  method
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Figure 8 9  H is togram s fo r  partic le  size d is tr ibu tion  o f  paracetam ol granules 
prepared w ith  M G S 2, PVP K 3 0  and Era-G elR at 2%  d ry  w e igh t 
by so lu tion  inco rpo ra tion  method

Figure 9 0  Geometric Mean Diameter (D50) of paracetamol 
granules prepared with MGS2, PVP K30, and 
Era-Gel at 1 ,1 .5  and 2% dry weight by solution 
incorporation method.



Table 13 Bulk density, tapped density and percent compressibility o f paracetamol granules prepared
with MGS2, PVP K30 or Era-GelR at various concentrations by solution incorporation method.

---————— ——■■
พ 'y 'ร ■ ะ' ___________P h y s ic a l p r o p e r t ie s  o f  p a ra c e ta m o l g ra n u le s

B in d e r B u lk  d e n s i t y  ( g m /m l) V T a p p e d  d e n s ity ' ( g m /m l) %  C o m p r e s s a i i t y
1 % 1 .5 % 1 % 1 - 5 % 2 % • 1 % rrr?---- g  Qyf....... 3 ะ;::; 2 %

MGS2 0.41 0.41 0.41 0.60 0.60 0.60 31.98+0.61 32 12+029 32.12+0.29
PVP K30 0.40 0.40 0.40 ' 0.58 0.58 0.59 30.44+0.15 30.58+0.02 32.00+0.00
Era-Gel” 0.37 0.36 0.36 0.60 0.60 0.60 37.35+0.07 37.20+0.63 40.00+0.00
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2.3.3. F lo w  rate and angle o f  repose

The f lo w  rate and angle o f  repose o f  the granules 

conta in ing  M G S 2, P V P  K 3 0  and Era-G elR are depicted in  Table 14. A ll 

exh ib ited  good f lo w  properties.

2 .3 .4 . Percent fr ia b il ity

G ranu la tion  fr ia b il ity  was chosen as a measure o f  

g ranu la tion  qua lity . F igure 91 d isp lays percent fr ia b il ity  o f  the M G S2, 

P V P  K 3 0  and Era-GelR granules a t various b inde r contents. I t  was 

noted tha t as the fo rm u la  w e igh t o f  the b inders increased, the fr ia b ility  

decreased. The Era-G elR yie lded the m ost fr iab le  g ranu la tion  and the 

P V P  K 3 0  yie lded the strongest g ranu la tion . H ow ever at 1.5 and 2 %  o f  

b inder, M G S2 produced the granule strength in  the same degree o f  

P V P  K 30.

2 .3.5. Tab let th ickness

The th ickness o f  the tablets con ta in ing  M G S 2,

P V P  K 3 0  o r E ra-G elR were shown in  Table 15. I t  was revealed tha t the 

tab lets using M G S 2 showed the least th ickness, then P V P  K 30 , and then 

Era-G elR .



Table 14 F low  rate and angle o f  repose o f  paracetamol granules prepared w ith  M G S2, P V P  K 30
o r E ra-Ge lR at va rious concentra tions b y  so lu tion  inco rpo ra tion  method

B i n d e r F lo w  r a t e  ( g m . /  m in ) A n g le  o f  r e p o s e

1 % 1 .5 % 2 % 1 % 1 .5 % 2 %
M G S 2 2 3 1 .9 2 + 7 .5 7 1 9 5 .5 2 + 2 .0 2 2 1 8 .6 3 + 1 .5 2 3 6 .2 5 + 0 .0 0 3 7 .0 1 + 0 .4 4 3 4 .5 8 + 0 .5 1
P V P  K 3 0 1 8 0 .7 1 + 3 .6 0 1 9 8 .5 5 + 2 .5 1 2 0 4 .3 3 ± 1 2 .8 7 3 7 .7 7 + 1 .3 4 3 6 .8 7 + 0 .0 0 3 4 .6 6 + 2 .5 0
E r a - G e l R 1 8 4 .1 4 + 2 .7 0 2 1 4 .3 4 + 4 .4 7 1 9 8 .3 6 + 1 6 .1 8 3 8 .3 8 + 0 .7 8 3 6 .4 3 + 1 .1 8 3 5 .1 6 + 0 .8 7



Figure 91 H is togram s fo r the percent f r ia b il ity  o f  paracetam ol granules prepared 
w ith  M G S 2, P V P  K 3 0  o r E ra -G e lR at va rious concentra tions by 
so lu tion  inco rpo ra tion  method.

104
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Table 15 Thickness o f  paracetam ol tab lets using M G S2, PVP K 30  
o r E ra-G elR a t 1, 1.5 and 2 %  d ry  w e igh t by  solution 
inco rpo ra tion  m ethod.

B inder
'  % SXKX '  ■ .

; Ï Th ickness o f  paracetam ol tablets (m m .)
/  A  ̂ ร์

............. 1%  .......... 1 .5% 2%

M G S2 4 .0 0 9 (0 .0 0 7 )* 4 .0 1 8 (0 .0 1 0 )* 3 .991 (0 .018 )*
PVP K 30 4 .0 7 5 (0 .01 1 ) 4 .1 0 6 (0 .01 3 ) 4 .120(0 .012)
Era-GelR 4 .1 5 2 (0 .01 6 ) 4 .1 6 7 (0 .01 5 ) 4 .159(0 .011)
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2.3.6. Tab let hardness

The hardness p ro files  o f  paracetamol tablets prepared 

w ith  the M G S2, PV P  K 30  and Era-G elR are shown in  F igure 92. The 

tablets conta in ing  M G S2 was harder than w h ich  conta in ing Era-GelR at 

any b inder w e igh t (see Tables 51-56 in  A p p en d ix  D ). A t 1.5 and 2%  

level, the M G S 2 yie lded the tablets as strong as the PVP K 30  d id  (see 

Tables 52-53 and 55-56 in  A p p e n d ix  D ). The tablets conta in ing M G S2 

o r PV P  K 3 0  were harder than the others conta in ing  Era-G elR at any 

fo rm u la r w e igh t o f  b inder. The hardness was s ign ifican tly  increased 

w ith  the increasing o f  the w e igh t o f  M G S2 and Era-GelR in  the 

fo rm u la tion .

2 .3 .7 . T ab le t fr ia b il ity

F igure 93 shows the fr ia b il ity  o f  paracetamol tablets 

prepared w ith  M G S2, PV P  K 3 0  and Era-G elR at various concentrations 

in  fin a l fo rm ula . From  the Figure, the PV P  K 30  produced the least 

friab le  tablets and the Era-G elR produced the m ost friab le  tablets. The 

degree o f  fr ia b il ity  decreased as the b inder content increased except, the 

tablets using PV P  K 30, the fr ia b il ity  o f  them  were s im ila r at a ll 

concentrations o f  the binder.

2 .2 .8  D is in tegra tion  tim e

Figure 94 exh ib its  the d is in tegra tion  tim e pro files  o f  

paracetamol tablets conta in ing  M G S 2, PVP K 3 0  and Era-GelR . The
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% Dry weight

Figure 9 2  Hardness profiles of paracetamol tablets
prepared with MGS2, PVP K30 and Era-Gel at 1,1.5 
and 2% dry weight by solution incorporation method.



Figure 9 3  H is tog ram s fo r the percent f r ia b il ity  o f  paracetam ol tab lets prepared 
w ith  M G S 2, P V P  K 3 0  o r E ra -G e lR at va rious concentra tions by  
so lu tion  inco rpo ra tion  m ethod.

1
0

8
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Figure 9 4  Disintegration time profiles ol paracetamol tablets 
prepared with MGS2, PVP K30 and Era-gel at 1,1.5 
and 2% dry weight by solution incorporation method.
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M GS2, PVP K 30  and E ra-G elR gave the tablets d is in tegra ting in a few  

m inutes. The d is in tegra tion  tim e o f  these tablets was not more than 4 

m inutes. The rank o f  the d is in tegra tion  tim e at any level o f  b inder 

w eight was Era-G elR <  PV P  K 3 0  <  M G S2 (see Tables 57-62 in 

A ppend ix  D ). The d is in tegra tion  tim e was longer as the b inder w e igh t 

increased.

2 .3 .9 . D isso lu tion  tim e

O n ly  the tablets conta in ing  M G S2 and PVP K 3 0  a t 2%  

d ry  b inder were tested fo r the d isso lu tion  tim e w hich was perform ed in  

accordance w ith  USP X X I I  and the pro files  are shown in  F igure 95. I t  

was noted tha t the percent d issolved o f  both fo rm u la  met the requirem ent 

o f  USP X X I I  th a t the quantities o f  dissolved paracetamol were no t less 

than 80%  o f  the tabled am ount w ith in  30 m inutes. The d isso lu tion  rate 

o f  the tablets using M G S 2 was slow er than o f  the tablets using P V P  K 3 0  

in  the early  stages o f  d isso lu tion  bu t they exhib ited complete d isso lu tion  

w ith in  20 m inutes.



Figure 9 5  Dissolution rate profiles of paracetamol tablets prepared with MGS2 
and PVP K30 at 2% dry weight by solution incorporation method.
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