
CHAPTER IV

DISCUSSION AND CONCLUSIONS

1. Evaluation o f  the properties o f  the m od ified  starches

1.1. D eterm ination  o f  degree o f  substitu tion

In  th is  study, the five  raw  native starches ; nee, g lu tinous nee, 

corn, tapioca and potato starches, were substituted by three d iffe ren t 

methods.

C arboxym ethy la tion  m ethod 1, 2 and 3 produced m od ified  

starches in  d iffe re n t degree o f  substitu tion  (D.S.). M ethod  3 produced 

m od ified  starches w ith  the h ighest D .s . m igh t be due to  the native starch 

used as a raw  starch in  the reaction o f  th is  method was dried in  o rder to  

keep m oisture content about 2% . The d ry in g  at a h igh tem perature 

prom oted the fo rm a tion  o f  cavities o r fissures in  starch granules and 

caused the increasing in  the to ta l surface area available fo r  reaction 

(Roberts, 1965). Therefore, the increasing in  the reactiv ity  o f  method 3 

was obtained. A lth o u g h  m ethod 2 had a h igher tem perature and a h igher 

am ount o f  sodium  hyd rox ide  than m ethod 3 had and these factors cou ld  

enhance the starch reac tiv ity , the D.s. produced b y  method 2 was low er. 

I t  was not surprised to  fin d  th is  because it  has been observed tha t the 

starch in  the m ix tu re  became a dought du ring  the reaction, resu lting  in  the
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decreasing o f  surface area and therefore the starch reac tiv ity  was 

decreased. O n the o ther hand, m ethod 1 produced m od ified  starches 

w ith  the low est D .s . because o f  the low est tem perature and the low est 

sodium  hyd rox ide  conten t used in  the reaction.

1.2. D e te rm ina tion  o f  the func tiona l group

From  IR  spectra, i t  was insisted tha t the ca rboxym ethy l groups 

were substitu ted in to  starch molecules and the band w h ich  ind ica ted  tha t 

the substitu tion  occured was an intense band near 1600 cm "1.

1.3. M o is tu re  de term ination

The percent m o is tu re  content o f  a ll m od ified  starches produced 

by any m ethod was no t s ign ifica n tly  d iffe rent. A n  average va lue o f  

percent m oisture  conten t was m ostly  ranging from  9 .60-13.75% .

Era-PacR and E ra-G elR 5 p a rtia lly  and fu lly  pregelatinized starches, as 

com parative b inders in  th is  study also had percent m oisture content in  

th is  range.

From  the results, i t  concluded tha t the method o f  

ca rboxym ethy la tion  d id  no t in fluence the percent m oisture content o f  the 

products.



114

1.4. V iscosity  measurement

Figures 11-15 d isp lay the Brabender viscosity curves o f  various 

m odified starches and th e ir native starches and Figure 16 disp lays the 

Brabender v iscosity  curves o f Era-PacR and Era-GelR. C om paring among 

five  types o f the native starches showed tha t the ir v iscosity and the ir 

viscosity curves were d iffe ren t. The viscosity curve du ring  the cooking 

cycle o f  rice starch showed a two-stage sw elling property. Th is have 

been suggested tha t there were tw o unequal sets o f bonding forces w ith in  

the granule. M oreover, the viscosity o f rice starch rose again when the 

cooling cycle was reached, it  could be explained tha t the molecules o f 

rice starch reassociated w ith  the adjacent molecules, causing the rise in  

the viscosity. The viscosity o f g lutinous rice starch was no t seen at any 

tem perature m igh t be due to  the concentration o f the suspension was too 

low . T yp ica lly , the rise in  viscosity occured when the granules had 

swollen to  such an extent tha t they occupied proportion  o f  the to ta l 

volum e and were in  contact w ith  the ir im m ediate neighbours 

(C o llison ,1968). To prove th is  assum ption, the g lu tinous rice starch 

suspension at 5%  พ /พ  was subjected to  determ ine the viscosity and found 

tha t the v iscosity was higher than o f g lutinous rice starch suspension at 

2%  พ /พ  (see Figure 94 in  A ppend ix B ) and it  was higher than o f rice, 

com  and tapioca bu t s lig h tly  less than o f potato starch. N ative com  starch 

gave a re la tive ly  low  viscosity  curve, because there was lip id  in  com  

starch m olecules, fo rm ing  com plex w ith  amylose and in h ib itin g  granule 

sw elling (R utenberg,1980). M oreover, com  starch was greater therm al 

s ta b ility  so the decreasing in  the viscosity was not observed when the 

tem perature increased (C ollison,1968). From the Figures, it  was
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observed that the viscosity o f native tapioca and potato starches was 

higher than o f native rice and com  starches. The results were in 

agreement w ith  Greenwood and Das G upta who suggested tha t common 

cereal starches (rice, com ) had a low er viscosity than tuber (potato) and 

root (tap ioca) starches because cereal starches had more compact 

structures than tuber and root starches had (C ollison,1968). Com paring 

between tapioca and potato starches, potato starch had a greater viscosity 

than tapioca starch had, although the concentration o f potato starch 

suspension was on ly  2%  พ /พ . This was pa rtly  due to the presence o f 

ion izable esterified phosphate groups, w hich assisted sw elling by the 

effect o f electrical replusion (C ollison,1968).

Com parison o f native and m odified starches, the m odified starch 

was m ore viscous than the native starch. Th is could be explained by the 

fact tha t the in troduction  o f carboxym ethyl groups in to  starch molecules 

d isrupted the hydrogen bonding w ith in  the granules, enhanced the water 

d isp e rs ib ility  and caused the high sw elling o f the granules and the high 

viscosity o f the starch paste (B eM ille r, 1993 ; Leach, 1965 ; Rutenberg, 

1980). In  addition , the sw elling o f the granules and the viscosity were 

m uch more pronounced by the electrostatic replusion o f the 

carboxym ethyl group. D uring  cooking cycle, the viscosity curves o f most 

m odified starches tended to  decrease. This phenomenon could be 

explained that, when the m odified starch granules contacted w ith  water, 

they absorbed water, sw elling to m any tim es the ir o rig ina l volum e. These 

h ig h ly  swollen granules became increasingly susceptible fra g ility  by heat. 

Therefore, as the tem perature rose, the collapse o f the granules increased 

and resu lting in  the decreasing o f the viscosity (Leach, 1965). N orm ally ,
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when the cooling cycle reached, the starch molecules moved slow ly and 

began to reassociate w ith  the adjacent molecules, and the increasing o f 

the viscosity resulted. W ith  carboxym ethyl starch, th is  phenomenon d id  

not appear because carboxym ethyla tion reduced the hydroxyl num ber 

and decreased the reassociation o f the m olecules (Rutenberg,1980). 

Consequently, the viscosity  o f the m odified starch tended to be constant 

during cooling period. As can be seen from  the Figures, the viscosity o f 

m odified rice starch and m odified  g lu tinous rice starch produced by three 

methods was rank in  the order as fo llow ed MRS1 ~  MGS1 >  M RS3 ~  

M GS3 >  M RS2 ~  M G S2 whereas the viscosity o f m odified tapioca starch 

and m odified potato starch was rank in  the order : M TS2 ~  MPS2 > 

MTS1 — MPS1 >  M TS3 ~  M PS3. T yp ica lly , the higher tem perature was, 

the low er viscosity o f  a starch paste obtained due to  the degradation o f 

the starch molecules by the h igh tem perature (C ollison , 1968). Inversely, 

the viscosity o f the tapioca and potato starch pastes produced by method 

2 exhib ited the highest m igh t be due to the gelatin ization o f the starch 

molecules o f tapioca and potato dom inated over the the degradation o f the 

starch molecules. D ostal found tha t the granules o f root and tuber 

starches were less heat resistant than o f cereal starch (C ollison, 1968). 

Therefore, the ge la tin iza tion o f tapioca and potato starch occured in  

greater extent. M oreover, the tapioca and potato starches had larger 

granules than rice, g lu tinous rice and com  had so they could sw ell several 

hundredfold and occupied the to ta l volum e, causing high viscosity.

W ith  Era-PacR and Era-G elR , the viscosity o f Era-PacR was higher 

than o f Era-GelR and its  pattern was the same as the pattern o f native rice 

starch. This could easily explained tha t Era-PacR was a pa rtia lly
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pregelatinized rice starch. So, the starch granules were p a rtia lly  

pregelatinized and they s till behaved like  native rice starch granules. On 

the other hand, Era-G elR starch granules were com pletely pregelatinized 

and the swollen granules were damaged by the production process, 

causing the reduction in  v iscosity bu t in  th is  investigation the viscosity o f 

Era-GelR was no t noted due to  the concentration was too low .

2. E valuation o f  granule and tab le t properties

2.1. E valuation o f the physical properties o f paracetamol granules 

and tablets conta in ing various types, degrees o f  substitu tion  and 

percentages o f  the m odified starches.

In  th is  step concerned about the investigation o f the b ind ing  

property o f various m odified starches and the com parison o f the b ind ing 

property o f these m odified starches to the ir native starches.

2.1.1. P artic le  size d is trib u tio n

The partic le  size d is trib u tio n  o f paracetamol granules 

granulated w ith  various native and m odified starches e ither in  a d ry  or a 

paste form  was previously shown in  Figures 17-46 and Tables 17-22 (in  

appendix C ). I t  could be seen that, by solution incorporation method, 

native starches exh ib ited w ider size d is trib u tio n  than m odified starches 

did. D 50 o f the granules using a native starch was s lig h tly  sm aller than o f 

a m odified starch.
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From  the log -p robab ility  plots (see in  appendix C ), it  was 

observed tha t the regression lines o f either m odified starch or native 

starch at any concentration were paralle l and not s ig n ifica n tly  d iffe ren t. 

This resu lt im p lied  tha t the b inder w eight in  fo rm ula d id  not s ig n ifica n tly  

affect the D 50 value o r m igh t be im plied  tha t the range o f the binder 

w eight em ployed in  th is  study was not su ffic ien t difference to  show the 

effect o f the am ount o f b inder w eight. This aspect also happened in  the 

regression lines o f  a m odified starch at various degrees o f  substitu tion. 

Therefore, it  could be concluded tha t the degree o f substitu tion  d id  not 

affect D 50 o f the granules. A lthough the concentration and the degree o f 

substitu tion d id  not a ffect the size d is tribu tion  and the D 50 value, the 

incorporation m ethod influenced these properties. As can be seen from  

the data previously showed, the d ry  incorporation m ethod produced the 

granules using m odified starch as a b inder s ligh tly  larger than d id  the 

solu tion incorpora tion  m ethod and the size d is trib u tio n  o f the granules 

obtained by the d ry  incorporation method was narrow  in  com parison to  

w hich obtained by the solu tion incorporation method. I t  was ha rd ly  to 

conclude tha t the d ry  add ition  method was more effective than another 

method because the other physical properties o f paracetamol granules and 

tablets, w hich w ill be discussed later, produced by th is  m ethod was not 

better than those produced by the solution addition method. I t  was 

probably due to  non-un ifo rm  d is tribu tion . W ith  the d ry  add ition  method, 

a b inder was d ry  m ixed w ith  drug and d iluen t before w ater was added. 

Th is could prom ote the d is trib u tio n  o f the d ry  binder. In  add ition , the 

d is trib u tio n  o f  the d ry  b inder was better than o f the viscous paste. 

Therefore, the better agglom eration o f the powder a fter the w ater was 

added obtained. However, it  has been observed that the d isso lving
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process o f the m odified starch took an appreciable length o f  tim e. W ith  

the d ry  add ition  method, the w etting process m igh t a llow  the m odified 

starch to  dissolve in  some degrees w hich m igh t be enough to produce 

large agglomerates bu t m igh t not be su ffic ien t to  produce strong b inding 

bonds. Th is m eant large bu t frag ile  agglomerates were obtained. On the 

other hand, w ith  the solution addition method, the b inder was added to 

the pow der m ix  as a paste fo rm  w hich was quite viscous so it  could not 

con tro ll the volum e o f each adding but the m ix ing  tim e in  each addition o f 

the b inder was contro lled. Therefore, the no n -u n ifo rm ity  o f the paste 

m igh t occur. A lthough the d is trib u tio n  o f the paste less un ifo rm  than o f 

the d ry  binder, it  had stronger b ind ing strength.

2.1.2. B u lk  density, tapped density and percent com pressib ility

Tables 5 and 6 d isp lay bu lk  density, tapped density and 

percent com pressib ility  o f the granules granulated w ith  native and 

m odified starches by solution and d ry  incorporation method, respectively. 

I t  was observed tha t the granules using the native starch exh ib ited low er 

b u lk  density and higher percent com pressib ility than d id  those using 

m odified starches w h ile  the ir tapped densities were nearly equal. W ith  

the D 5o value o f the granules using native starches, the D 50 value d id  not 

relate to  the b u lk  density and the percent com pressib ility  because it  was 

generally know n tha t sm all granules were able to  form  a close packing 

and resulted in  h igh bu lk  density and low  percent com pressib ility. This 

m igh t be explained that, the native starch granules form ed loosely 

agglomerates so low er bu lk  density and higher percent com pressib ility 

was observed. W hen the agglomerates were tapped, the agglomerates
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were brokendown by the tapping force, causing the partic le  size 

reduction. As th is  result, the tapped density o f the granules using the 

native starches was equal to  w hich o f the granules granulated w ith  the 

m odified starches. Th is could also be explained tha t sm aller D 50 obtained 

from  the native starches was probably due to  sieve-shaking force.

As previously m entioned, the size d is trib u tio n  o f the 

granules using various degrees o f substitu tion  and concentrations was not 

d iffe ren t. Consequently, the bu lk  density, the tapped density and the 

percent com pressib ility  o f the granules using various degrees o f 

substitu tion and concentrations exh ib ited s im ila r. Com parison o f solution 

and d ry  incorporation methods, the tapped density and the percent 

com pressib ility  o f the granules produced by solution incorporation were 

higher than o f w hich produced by the another method because the 

solu tion incorporation method produced w ider d is trib u tio n  and the 

sm aller o f the size d is trib u tio n  occupied interstices between the larger 

particles when the powder bed was tapped, causing a h igher tapped 

density and a h igher percent com pressib ility. A nother expectation was 

tha t the granules obtained by the d ry  incorporation method were more 

porous than those obtained by the solu tion incorporation method.

2.1 .3. F low  rate and angle o f repose

From  Tables 7-8, the effects upon the flo w  rate and the 

angle o f  repose by various types and concentrations o f  the m odified 

starches were not clearly defined. The granules produced by the dry 

addition m ethod exhib ited low er flo w  rate and higher angle o f repose than
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those produced by the another method. Several investigators 

demonstrated that, the porosity o f the granules was the greatest factor 

in fluencing the granulation o rifice  flo w  rates (G old, D uva ll, Palmero and 

Slater, 1968 ; Sumner, Thom pson, Poole and G rizzle, 1966). Accord ing to 

the b u lk  density, tapped density and the percent com pressib ility results, 

the granules prepared by the d ry  incorporation method were more porous 

than those prepared by the solu tion incorporation method. Therefore, it  

m igh t be concluded tha t the higher angle o f  repose and the low er flo w  

rate obtained from  the d ry  add ition  m ethod were caused by the porosity 

o f the granules

2.1.4. G ranule fr ia b ility

Figures 57-66 illus tra te  histogram s fo r percent fr ia b ility  o f 

paracetamol granules. I t  was observed tha t as an am ount o f a binder 

increased, the granule fr ia b ility  s lig h tly  decreased due to  stronger bond 

form ation.

Com parison o f the granule fr ia b ility  between the granules 

using native starch and m odified starch, showed tha t the native starch 

produced more friab le  granules. Th is meant b ind ing property o f the 

native starches poorer than o f the m odified  starches. Com paring between 

tw o  incorporation method, the d ry  add ition  m ethod produced the granules 

o f s lig h tly  fr ia b ility  because the d ry  b inder in  the powder m ix  m igh t not 

com pletely gel upon w etting  w ith  w ater as previously discussed. The 

b ind ing property was probably less than w hich incorporated as a paste. 

Therefore, weaker b ind ing bonds w ith in  the granules was expected w ith  

the d ry  method.
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However, the difference in  percent fr ia b ility  o f a ll cases 

observed in  th is  study was not great. Th is m ight be due to  the volum e o f 

the granules was too low  incom parison to  the volum e o f the PVC 

container used in  granule fr ia b ility  testing, consequently the chance tha t 

the granules co llided each other or co llided w ith  the stainless spheres d id  

not cause large im paction.

2.1.5. Tablet thickness

The tab le t thickness o f a ll form ula tions was not d iffe ren t. 

Th is could be concluded th a t the m odified starches at any degree o f 

substitu tion and any concentration, incorporated by either solution o r d ry  

addition method, produced the consistent tab le t thickness. The tablets 

using either native o r m odified starch as tab le t binder were not d iffe ren t 

in  thickness.

2.1.6. Tablet hardness

Com parison o f the tab le t hardness between solution and 

d ry  addition method, using m odified starch as binder, revealed tha t the 

solution addition m ethod produced the tablets o f greater hardness. Th is 

could be explained on the fact tha t the m odified starch upon w etting  w ith  

water became gel and exerted greater b ind ing  property and the w etting 

process provided an appreciable length o f tim e to  a llow  it  fu lly  hydrated. 

W ith  the d ry  add ition  m ethod, the w etting  process m ight not be su ffic ien t 

to a llow  the d ry  b inder fu lly  hydrate. As the result, the less b ind ing 

strength was obtained from  the dry add ition  method.
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M oreover, it  was observed tha t the increasing in  tablet 

hardness as the am ount o f  the b inder increased. I t  could be explained 

tha t as the am ount o f  the b inder increased, the b ind ing bridges w hich 

were responding fo r the m echanical strength o f the tablets were also 

increased resu lting in  greater hardness.

B y the so lu tion add ition  method, the hardness o f various 

types o f m odified  and native starches was varied bu t M RS1, M GS2, 

M GS3 and M CS3 were in  the firs t three orders o f the hardness at any 

concentration.

A ll in  a ll, M G S2 as the paste form  yielded the hardest 

tablet, except at 2%  level M GS3 gave the hardest tablet. Th is could be 

explained on the basis o f the fact that, g lutinous rice starch was 

composed en tire ly  o f am ylopectin (H ixon  and B rim ha ll,1968) and it  has 

been reported by Schwartz and Ze linskie  (1978) tha t the am ylopectin 

fraction  im parted the b ind ing  strength o f the starch. The M GS3 exhib ited 

greater hardness at the high binder level m ight be due to  the high 

viscosity o f the M G S3 affected the u n ifo rm ity  o f d is tribu tion . I t  has been 

reported tha t the m ucilaginous b inder d istributed less un ifo rm  than 

solution b inder (D in g w a ll and Ism ail, 1977) but th is  effect was 

compensated by the increasing in  the volum e o f a b inder paste. The 

MGS1 was the highest viscous so it  could not d istributed un ifo rm ly.
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2.1.7. Tablet fr ia b ility

Tablet fr ia b ility  was one o f the ind icators im plied  the 

tab let strength. In  th is  study, the tab le t fr ia b ility  correlated w ith  the tab let 

hardness tha t the more tab le t hardness was, the less fr ia b ility  obtained. 

B y solu tion incorpora tion  method, the tablets using various m odified 

starches were less fria b le  than those using th e ir native starches, except 

those using MCS1 and MTS1 were more friab le . From Tables 11 and 12, 

it  could be stated tha t the degree o f substitu tion d id  not influence tab le t 

fria b ility .

Com parison o f the tab le t fr ia b ility  between solu tion and 

d ry  add ition  m ethod, using m odified starch as binder, revealed th a t the 

d ry  addition m ethod produced the tablets o f greater fr ia b ility . B y 

increasing in  the am ount o f a binder, the decreasing in  fr ia b ility  was 

observed

2.1.8. D is in tegra tion  tim e

W ith  solu tion incorporation method, the d isintegration 

tim e o f the tablets conta in ing native starches at any concentration was not 

longer than 1.21 m in. I t  was not surprised to fin d  th is  since in  th is  

investigation the tab le t hardness was not contro lled and the tablets using 

various native starches possessed the lowest hardness. Therefore, they 

could d isintegrate easily resu lting in  the short d is in tegration tim e. 

Morever, the m odified starch paste was more viscous than the native 

starch paste and the m odified starch could form  a gel ba rrie r decreasing
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w ater penetra tion  in to  the ta b le t and re ta rd ing  the d is in teg ra tion  tim e 

(A kande , Deshpande and Bangudu,1991 ; V isavarungro j and 

R em on,1990).

B y  increasing  b in d e r content e ither in  so lu tion  o r d ry  

inco rp o ra tio n  m ethod, the p rogressive ly pro longed in  d is in te g ra tion  tim e  

was observed. T h is  was p ro b a b ly  due to  the in fluence  o f the b in d e r on 

the w e tta b ility  and the pene tra tion  o f  liq u id  in to  the ca p illa rie s  o f  the 

tab lets. M a n y  papers w ere show n th a t the presence o f b in d e r in  ta b le t 

fo rm u la tio n s  w o u ld  be expected to  reduce the size and num ber and a lte r 

the shapes o f  the c a p illa ry  spaces between the partic les w h ich  were 

co n trib u tin g  to  the tra n sp o rt o f  w a te r (A deyem i and P ilpe l, 1984 ; Z u b a ir, 

Esezobo and P ilp e l, 1987 ; Z u b a ir e t a l., 1988). In  a d d ition , H uber, D ale 

and C hristenson (1 9 6 6 ) had suggested th a t b inders fo rm  th in  film s  

around granules d u rin g  g ra n u la tio n  process and fo rm  viscous b a rrie r to  

the penetra tion  o f  test flu id  thus p ro lo n g in g  d is in te g ra tion  tim e  o f  tab le ts. 

These effects w ere expected to  be m agn ified  a t h igher concentra tions o f 

b in d in g  agents.

C om parison o f  the tw o  a d d itio n  m ethods, using m od ified  

starch as a b inder, the tab le ts  produced by so lu tion  a d d itio n  m ethod 

exh ib ited  longer d is in te g ra tio n  tim e , except a t 2%  level. T h is  m ig h t be 

due to  the stronger bonds ob ta ined fro m  fu lly  hydrated b in d e r o r due to  

the e ffect o f  the ta b le t hardness because in  the d is in te g ra tion  tim e  

investiga tion  o f  a ll ta b le t fo rm u la tio n s  d id  n o t co n tro ll the ta b le t hardness 

to  the same degree. Inve rse ly , a t 2%  level, the tab lets produced by 

so lu tion  a d d itio n  m ethod showed shorte r d is in te g ra tion  tim e  a lthough
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these tab le ts e xh ib ite d  greater hardness. F rom  the com position  o f  

paracetam ol ta b le t fo rm u la tio n s  in  d ry  a d d itio n  m ethod as p re v io u s ly  

show n in  the experim enta l m ethod, the vo lum e o f  the w a te r in  a ll 

fo rm u la tio n s  was equal. Hence, the am ount o f  the d ry  b in d e r w etted by 

the U p lifted  am ount o f  the w ate r in  a ll fo rm u la tio n s  m ig h t be n early  equal. 

The unw etted  b in d e r in  the ta b le t m ig h t be increased as the  am ount o f  the 

to ta l d ry  b in d e r increased. T h is  un w etted b in d e r cou ld  sw e ll upon 

w e ttin g  d u rin g  d is in te g ra tio n  testing , fo rm in g  a gel b a rrie r, decreasing 

w a te r pene tra tion  in to  the ta b le t and re ta rd in g  the d is in te g ra tio n  tim e . A s 

the resu lt, the  increase in  d is in te g ra tion  tim e  w as observed as the 

un w etted b in d e r in  the ta b le t increased. T h is  m eant the  longer 

d is in te g ra tio n  tim e  was obta ined as the am ount o f  the to ta l b in d e r in  a 

fo rm u la tio n  increased.

2 .2 . Selection o f  the fo rm u la tio n  w h ich  e xh ib ite d  good phys ica l 

p roperties

T h is  step concerned about the selection o f  the best fo rm u la tio n  

fro m  a ll fo rm u la tio n s  w h ich  w ere evaluated in  the fo rm e r step.

T o  select the best fo rm u la tio n , the phys ica l p roperties o f 

paracetam ol granules and tab le ts w ou ld  be considered b u t the granu le  

p roperties o f  va rious types and degrees o f  su b s titu tio n  o f  the m o d ifie d  

starches show n in  th is  study w ere m uch d iffe re n t. Therefore, the  physica l 

p roperties o f  paracetam ol tab le ts were used to  consider.
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A s it  was seen, the tab lets produced by the so lu tio n  inco rpo ra tion  

m ethod e xh ib ite d  better physica l p roperties than those produced by the 

d ry  in co rp o ra tio n  m ethod. M oreover, the phys ica l p roperties o f  the 

tab le ts produced by various m o d ifie d  starches w ere be tte r than o f those 

produced b y  th e ir natives. C om parison am ong va rious types and degrees 

o f  su b s titu tio n  o f  the m o d ifie d  starches, M G S 2 was the best b inder. 

A lth o u g h  M G S 3 a t 2%  level showed s lig h tly  ha rder tab le ts than  M G S 2, it  

a lso showed m uch longer d is in te g ra tion  tim e . So, M G S 2 was chosen to  

com pare w ith  reference b inders fo r fu rth e r รณ dies.

2 .3 . C om parison o f  the selected fo rm u la tio n  obta ined fro m  2.2  w ith  

the fo rm u la tio n s  co n ta in in g  o the r ava ilab le  b inders.

T h is  step concerned about the  com para tion  o f  the b in d in g  

p ro pe rty  o f  M G S 2 w ith  the o the r ava ilab le  b inders. PV P  K 3 0  and E ra- 

G el11 w ere used as reference b inders because P V P  K 3 0  was the best and 

the m ost p o pu la r b inde r fo r paracetam ol tab le ts and E ra-G elR was a 

phys ica l m o d ifie d  starch w h ich  is in troduced  to  be used as a b in d e r in  the 

present. The eva lua tion  o f  the phys ica l properties o f  paracetam ol 

granules and tab le ts w ere the same as m entioned in  the step 2.1

2 .3 .1 . P a rtic le  size d is trib u tio n

The p a rtic le  size d is trib u tio n  o f  paracetam ol granules 

granu la ted w ith  M G S 2, P VP  K 3 0  o r E ra-G elR in  so lu tio n  fo rm  was 

p re v io u s ly  show n in  F igures 87-89. I t  was seen th a t the size d is trib u tio n  

o f  paracetam ol using  PV P  K 30  was s lig h tly  na rrow er than w h ich  using
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M G S2 and E ra-G elR . D 50 (F igu re  9 0 ) o f  granules using M G S2 and 

E ra-G elR were nearly  equal and they w ere sm alle r than o f granules using 

PVP K 30 . T h is  m igh t be due to  PVP K 30  was a so lu tion  b inde r so it 

cou ld  d is trib u te  m ore u n ifo rm  than M G S2 w h ich  was a m ucilag inous 

b inder. A lth o ug h  the v isco s ity  o f  E ra-G elR so lu tion  was very low , D 50 

va lue exh ib ited  sm aller. T h is  m eant the b in d in g  bond produced by 

E ra-G elR was ve ry weak. T h is  assum ption was supported by the o ther 

properties w h ich  w ou ld  be discussed la te r on.

2 .3 .2 . B u lk  density , tapped dens ity  and percent co m p re ss ib ility

Tab le  13 d isp lays the b u lk  density , the tapped density  

and the percent co m p re ss ib ility  o f  paracetam ol granules using M G S2, 

PV P  K 3 0  o r E ra-G elR in  so lu tio n  fo rm  as the b inder. I t  was fo u n d  th a t 

the granule using  E ra-G elR e xh ib ite d  bo th  the low est b u lk  density  and the 

h ighest tapped density. In  general, sm a ll pa rtic les occupied in te rstices 

between large p a rtic le  crea ting  a densely packed pow der and causing a 

h igh  b u lk  dens ity  (F onner et a l., 1981). H ow ever, E ra-G elR showed 

inverse ly. T h is  ind ica ted  these granules fo rm ed loose ly agglom erates and 

caused lo w  b u lk  density  resu lt. W hen the agglom erates were tapped, the 

tapp ing  force broke dow n these agglom erates and reduced p a rtic le  size. 

Therefore, the h ighest tapped de ns ity  and the h ighest percent 

co m p re ss ib ility  were obta ined.
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2 .3 .3 . F lo w  rate and angle o f  repose

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

using M G S2, P V P  K 3 0  o r E ra-G e lR were nearly  equal a t any 

concentra tion .

2 .3 .4 . G ranu le  fr ia b ility

F igu re  91 shows h istogram s fo r the percent fr ia b ility  o f 

paracetam ol granules. I t  was observed th a t as the b inde r w e igh t 

increased, the fr ia b ility  decreased. T h is  re su lt was in  agreem ent w ith  

m any reports w h ich  w as pub lished  th a t an increase in  am ount o f  the 

b inde r in  the g ra nu la tion , the granules o f  greater strength  resulted (D avies 

and G loo r,1972  ; G anderton and S e lk irk , 1970 ; H arw ood and P ilp e l, 1968 

; Jaiyeoba and S pring , 1980). A t 1% b in d e r w e igh t, The percent fr ia b ility  

produced by E ra-G elR was the h ighest, then M G S 2, and then P V P  K 30 . 

A t 1.5 and 2%  leve l, the  percent fr ia b ility  o f  the granules using M G S2 

was equal to  w h ich  using  P V P  K 3 0  and low e r than  o f w h ich  using 

E ra-G elR . These resu lts showed again the poor b in d in g  p ro pe rty  o f  

E ra-G elR in  com parison to  M G S 2 and PV P  K 3 0 .

2 .3 .5 . T a b le t th ickness

M G S 2 p rov ided  the least th ickness, then PVP K 3 0 , and 

then E ra-G elR. T h is  m ig h t be due to  the size d is trib u tio n  o f  the granules 

using M G S2 was w id e r than w h ich  produced by PV P  K 3 0  and the
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sam lle r pa rtic les cou ld  f i l l  vo ids o f the la rger partic les crea ting  com pact 

and less porous ta b le t (F onner et ah, 1981). For E ra-G elR, the granules 

using E ra-G e lR possessed the h ighest tab le t th ickness a lthough they also 

showed w ide  size d is trib u tio n . I t  was p o s s ib ility  due to  the granules had 

the low est dens ity  o r i t  cou ld  say th a t in tra g ra n u la r p o ro s ity  o f  the 

granules using  E ra-G elR exh ib ite d  the highest. G enera lly, the reducing  o f 

mean pore d iam eter cou ld  increased granules strength (F onner et 

ah, 1981). Therefore  th is  assum ption cou ld  be supported by the percent 

fr ia b ility  th a t the granules using E ra-G elR produced the h ighest fr ia b ility  

so th is  m ig h t mean th a t they had the low est density. A n o th e r exp lanation  

m ig h t be the  granu le  shape produced by E ra-G elR was irre g u la r so the 

granules cou ld  n o t rearrange to  fo rm  a c lose ly packed system . The 

concen tra tion  o f  these three b inders d id  n o t a ffe c t the ta b le t th ickness.

2 .3 .6 . T a b le t hardness

B y  A N O V A  test, i t  showed th a t the tab le ts produced by 

M G S 2 w ere harder than  w h ich  produced by E ra-G elR a t any 

concentra tion . A t 1.5%  and 2%  b in d e r w e igh t, the M G S 2 y ie lded  the 

tab lets as strong as the P V P  K 3 0  d id . T h is  cou ld  say th a t a t 1.5%  and 

2%  b in d e r w e igh t, the  b in d in g  strength o f  M G S 2 was as good as o f 

PVP K 3 0 . The hardness increased w ith  the increasing o f  the b inde r 

w e igh t in  the fo rm u la .
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2 .3 .7 . T ab le t fr ia b ility

Percent fr ia b ility  o f  tab le ts was another va lue  w h ich  

ind ica ted  b in d in g  strength  o f  the tab lets. The re su lt showed again th a t the 

b in d in g  strength  o f  the tab le ts  increased as the b in d e r am ount increased. 

The b in d in g  strength  o f  M G S 2 w as be tte r than o f  E ra-G elR b u t s lig h tly  

less than  o f  P V P  K 30 .

2 .3 .8 . D is in te g ra tio n  tim e

From  the d is in te g ra tion  tim e  p ro file s , the  d is in te g ra tio n  

tim e  increased as the b in d e r w e ig h t increased, w ith  an exception  o f 

PV P  K 3 0 . The d is in te g ra tio n  tim e  o f  the tab lets co n ta in in g  P V P  K 3 0  a t 

any concen tra tion  was no t s ig n ifica n t d iffe re n t. The reason w h ich  

expained abou t the increasing  in  d is in te g ra tion  tim e  as the  am ount o f  

b in d e r increased was p re v io u s ly  m entioned in  2 .1 .8 . A t ce rta in  

concen tra tion . The tab le ts using E ra-G elR revealed the shortest 

d is in te g ra tio n  tim e . A n  exp lana tion  fo r th is  was th a t E ra-G e lR produced 

tab le ts o f  the  least hardness a t a ll b inde r w eigh ts so w a te r cou ld  penetrate 

in to  the ta b le t eas ily  causing the rap id  d is in te g ra tion . W ith  M G S 2, the 

tab le ts  using  M G S 2 as the b in d e r d is in tegra ted  slow er than  w h ich  using 

PV P  K 3 0  a lthough  th e ir hardness were com parable. T h is  m ig h t be 

a ttrib u te d  to  the sw e llin g  o f  M G S2 a fte r i t  was w etted w ith  w a te r in  the 

e a rly  stages o f  w a te r penetra tion  resisted fu rth e r pene tra tion  o f  the w ater. 

A s the resu lt, the  destruc tion  o f  the tab le ts was pro longed. O n the o ther 

hand, PVP K 3 0  d id  no t had the p rope rty  to  sw ell bu t it  d isso lved in
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w ater. Thus the w a te r co u ld  penetrated in to  the tab lets using  PV P  K 30 

be tte r than  the tab le ts using  M G S2 re su ltin g  in  faste r d is in te g ra tio n  tim e.

2 .3 .9 . D isso lu tio n  tim e

In  the d isso lu tio n  test, o n ly  the tab le ts using  P V P  K 30 , 

the reference b inde r, w ere chosen to  com pare w ith  the tab le ts  co n ta in ing  

M G S 2 because they had s im ila r properties. M oreover, the tab lets 

co n ta in in g  E ra -G e lR revealed poor p roperties there fo re  it  w as unnecessary 

to  test fo r  the  d isso lu tio n  tim e.

The d isso lu tion  p ro file s  o f the tab le ts  using  M G S 2 o r 

PV P  K 3 0  as ta b le t b in d e r w h ich  w ere p rev ious ly  illu s tra te d  in  F igure  95 

showed th a t bo th  fo rm u la tio n s  exh ib ited  good d isso lu tio n  and m et the 

requ irem ent o f  USP X X II. In  a d d itio n , it  w as noted th a t, in  the ea rly  

stages o f  d isso lu tio n , the tab le ts con ta in in g  P V P  K 3 0  im pa rted  faster 

d isso lu tio n  tim e  than those co n ta in ing  M G S 2. H ow ever, the  com plete 

d isso lu tio n  o f  the tab le ts using  P V P  K 3 0  as the b in d e r w as n o t obta ined. 

T h is  m ig h t be due to  the  in te rac tio n  between the excip ients. C how han 

and C h i (1 9 8 6 ) have ever been disscussed about th is  phenom enon and 

th e y  concluded th a t the decreased in  the d ru g -d isso lu tio n  ra te was caused 

by the  adhesion o f  the m agnesium  stearate flakes to  the d ru g - 

crospovidone agglom erates.
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C O N C LU S IO N S

O n the  basis o f  the above resu lts  several conclusions cou ld  be draw n 

a t fo llo w s .

1. The p hys ica l p roperties o f  paracetam ol granules con ta in ing  

va rious types and degrees o f  su b s titu tio n  o f  the m o d ifie d  starches were 

m uch d iffe re n t.

2. The e ffe c t upon the phys ica l p roperties o f  tab le ts b y  the 

degree o f  su b s titu tio n  cou ld  n o t be c le a rly  defined.

3. C om parison between so lu tio n  and d ry  in co rp o ra tio n  m ethods, 

us ing  m o d ifie d  starch as a b inde r, the  tab le ts produced by so lu tion  

in co rp o ra tio n  m ethod w ere harder and less fria b le  than those produced by 

another m ethod b u t they d is in teg ra ted  s low er except a t 2%  b in d e r w eigh t.

4. C om parison am ong va rious types and degrees o f  su b s titu tio n  o f 

the m o d ifie d  starches, m o d ifie d  g lu tin o u s  rice  starch a t D . s .  o f 0 . 3 5  

( M G S 2 )  was the best b inde r. I t  p rov ided  the hardest tab le ts w ith  short 

d is in te g ra tio n  tim e , except a t 2 %  b in d e r w e igh t, the  tab le ts using M G S 3  

was the hardest b u t they also d is in teg ra ted  slow er.

5. M G S 2 as paste fo rm  was chosen to  com pare w ith  

p o lyv in y lp y rro lid o n e  K 3 0  (P V P  K  3 0 ) and E ra-G elR and the resu lts 

showed th a t

- M G S 2 p rovided  harder tab le ts  than  E ra-G elR. M oreover, it  

gave tab le ts  as strong as P V P  K 3 0  d id , except a t 1% b in d e r w e igh t.

- The tab le ts using M G S2 w as less fria b le  than  those using 

E ra-G elR b u t m ore fria b le  than  those using  P V P  K 30

- The rank order o f  d is in te g ra tio n  tim e  was rang ing  from  

E ra-G elR <  P V P  K 3 0  <  M G S2
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- A s the b inde r w e ig h t in  the fo rm u la tio n  increased, the 

hardness increased, percent fr ia b ility  decreased and d is in teg ra tion  tim e 

increased (except PV P  K 3 0 ).

6. From  the d isso lu tion  test, M G S2 and PVP K 30 gave tablets 

w h ich  exh ib ited  com plete d isso lu tio n  w ith in  20 m inutes.

7. Sodium  ca rboxym e thy l starch prepared w ith  proper type o f 

starch and o p tim um  D .s. o ffe red  advantage over native starch. I t  cou ld  

fo rm  viscous gel w hen d ire c tly  con tact w ith  co ld  w ater w ith o u t the step o f 

p reparing  starch paste by  heating.

U nder the observation fro m  th is  study, the in te resting  po in ts  were 

recom m ended fo r fu rth e r study.

1. The e ffects o f  the variab les in  ca rboxym ethy la tion  process such 

as reaction  tem perature, reaction  tim e  and concentra tion  o f  sodium  

h yd rox id e  on the degree o f  su b s titu tio n  and properties o f  the m o d ifie d  

starch p ro du ct should  be investigated.

2. The m o lecu la r w e ig h t and m o lecu la r arrangem ent o f the 

m o d ifie d  starches p ro du ct shou ld  be determ ined in  o rder to  re la te w ith  

th e ir phys ica l properties.

3. The inve stig a tio n  o f  the in fluences o f  am ylose-am ylopectin  

fra c tio n  on b in d in g  ch a racte ris tic  o f  the m od ified  starch was ve ry 

in te resting .
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