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ABSTRACT 

The m o i s t u r e  a d s o r p t i o n  and d e s o r p t i o n  D r o p e r t i e s  o f  c o r n  s t a r c h ,  U.S.P. ,  

and a d i r e c t l y  compress ib le  c o r n  s t a r c h  were s t u d i e d .  Both systems e x h i b i t e d  

Type I 1  a d s o r p t i o n  behav io r  w i t h  h y s t e r e s i s  observed i n  b o t h  c83ses. The B.E.T. 

method was Llsetl t o  de te rm ine  monolayer coverage and !;ul"fdce ,area f o r  b o t h  

t h e  a d s o r p t i o n  and d e s o r p t i o n  i so the rms .  I t was c a l c u l a t e d  t h a t  t h e  average 

c o r n  s t a r c h  g r a n u l e  i nc reased  i n  volume by  approx ima te l y  9.27, (due t o  s w e l l i n g  

i n  t h e  presence o f  m o i s t u r e .  

I NTRODUCTI 05 

Corn st.arc:h i s  w i d e l y  used i n  t h e  t a b l e t  dosage form, f i n d i n g  use as a 

d i l u e n t ,  b i r lder ,  d i s i n t e g r a n t ,  g l i d a n t ,  and a n t i a d h e r e n t .  Most  i m p o r t a n t  

among these uses has been t h e  a b i l i t y  o f  s t a r c h  t o  r a p i d l y  arid r e l i a b l y  

cause d i s i n t e g r a t i o n  o f  a t a b l e t .  
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344 WRSTER, P E C K ,  AND K I L D S I G  

Several authors have determined the adsorption-desorption isotherms 
1 The isotherms obtained by S a i r  and Fetzer fo r  water vapor  on corn s t a rch .  

did exh ib i t  hys te res i s  b u t  the  authors d i d  n o t  perform any sur face  area 

determinations,. Gupta and Bhatia a l so  observed hys te res i s  i n  t h e i r  ad- 

sorption-desorption da ta .  

capacity of 0.33 mole of water per 100 grams o f  corn s t a rch .  

the adsorption-desorption data obtained from the  corn starch-water system 

was a l so  performed by Das, Sethi and Chopra . These authors ca lcu la ted  a 

sur face  area of 298 m /g  fo r  corn s t a rch .  

2 

A B.E.T.  ana lys i s  o f  t he  data y ie lded  a monolayer 

Treatment of 

3 

2 

Recently,  article^^-^ have been published which claim improved pro- 

cessing q u a l i t i e s  as well as  improved t a b l e t  performance c h a r a c t e r i s t i c s  

f o r  a modified corn s ta rch  which was s u i t a b l e  f o r  d i r e c t  compression. 

Since t h i s  modified s ta rch  was sa id  t o  be ident ica l  chemically t o  corn 

s t a rch ,  U.S .P . ,  i t  i s  reasonable t o  assume t h a t  d i f fe rences  in  i t s  sur face  

proper t ies  may account f o r  its a l t e r e d  behavior i n  the  t a b l e t .  The ob- 

j e c t i v e  of t h i s  study was t o  evaluate the sur face  proper t ies  of corn s ta rch  

U . S . P . ,  a n d  the d i r e c t l y  compressible s t a rch  as r e l a t ed  t o  t h e i r  moisture 

adsorption and desorpti  on proper t ies  . 

E X  PER I MENTA L 

All statements o f  procedure r e fe r r ing  t o  "s ta rch"  apply equally t o  

corn s t a r c h ,  U.S.P. ( A.  E .  S ta ley  ) and t o  a modified, d i r e c t l y  

compressible corn s t a rch ,  STA-Rx 1500 unless otherwise noted. 

Small quan t i t i e s  of s t a r ch ,  approximately 1 t o  3 grams, were weighed 

in to  10 cm pe t r i  dish bottoms and then placed, along with the  pe t r i  dish 

tops ,  i n t o  a vacuum oven. 

mm Hg fo r  5 days. 

removed indicated t h a t  ne i ther  higher drying temperatures nor longer drying 

periods were necessary. 

These samples were t h e n  d r ied  a t  70°C and 0.02 

Temperature and time s tud ie s  of the  amount of moisture 

Upon completion o f  the  drying process the  samples were weighed in  order  

t o  determine the  amount of moisture l o s t  and, by d i f fe rence ,  the amount of 
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PROPERTIES OF CORN STARCH 345 

dry s t a r c h  remaining.  

necessary  f o r  subsequent  c a l c u l a t i o n s .  

A knowledge o f  the amount o f  dry s t a r c h  p r e s e n t  was 

An a n a l y t i c a l  balance w i t h  a s e n s i t i v i t y  o f  0.1 mgi b'as used f o r  a l l  

weighing8 performed d u r i n g  t h e  c o u r s e  o f  th is  s t u d y .  

A d s o r p t i o n - D e s m t i o n  Study 

R e l a t i v e  hurriidity chambers were prepared by f i l l i n g  d e s i c c a t i n g  j a r s  

w i t h  a p p r o p r i a t e  s a l t  s o l u t i o n s .  

i n  t h e  var ious  chambers was from 7.1% t o  100% a t  25'C. 

m i d i t y  chambers were maintained a t  25.OoC 2 0.05OC i n  a: coristarit t empera ture  

oven of  o r i g i n a l  d e s i g n .  

The a d s o r p t i o n  i so therm was c o n s t r u c t e d  by pl ac inq  samples o f  pre- 

The range i n  re la t ives  biumidity encompassed 

These r e l a t i v e  h u -  

v i o u s l y  d r i e d  s t a r c h  i n  t h e  var ious  chambers and then weighing t h e s e  samplEs 

,at 2 day i n t e r v a l s  u n t i l  constand weight  was e x h i b i t e d .  

The d e s o r p t i o n  isotherms was determined us ing  an almost  i d e n t i c a l  pro- 

cedure .  I n  th is  c a s e ,  however, t h e  d r i e d  s t a r c h  samples were e q u i l i b r a t e d  

i n  a 100% r e l a t i v e  humidity chamber p r i o r  t o  being placed i n  t h e  o t h e r  

r e l a t i v e  humidity chambers. 

.__ Scanning E l e c t m i  Microscopy 

Dried and uridried s t a r c h  samples were mounted o n  sample f iolders  by 

p l a c i n g  a t h i r i  f i l m  o f  glue on t h e  holder  and then spr i inkl ing -the s t a r c h  

on t o p .  Excess s , ta rch  was removed by gent1,y tapping  t h e  h o l d e r .  

When t h e  glue had thoroughly d r i e d ,  t h e  samples were !;putte,r coa ted  

w i t h  gold t o  i n c r e a s e  t h e i r  conductance.  

The samples were then placed i n  t h e  e l e c t r o n  microscope (Iqini-Som) 

f o r  o b s e r v a t i o n .  

w i t h  a Polaro id  camera. 

The images formed o n  t h e  cathode ray tube  were photographed 

RESULTS AND DISCUSSION 

Adsorpt ion and Oesorpt ion o f  Hater  Vapor 

Adsorpt ion-desorpt ion isotherms f o r  corn  s t a r c h ,  1J.S.P. dnd STA-RX 1500 

a r e  presented  i n  Figures  1 and 2 ,  r e s p e c t i v e l y .  Both ,jyjtemS a r e  seen t o  
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346 WLTRSTER, PECK, AND KILDSIG 

I 

0 210 do do do ,bo 
% RELATIVE HUMIDITY 

FIGURE 1 

Adsorption and desorption isotherms for  water vapor on corn s t a rch ,  
U.S.P., a t  25OC. 

7 exh ib i t  Type I 1  adsorption as c l a s s i f i e d  by Brunauer . 
evident i n  both systems and t h i s  hys te res i s  was shown t o  be r eve r s ib l e .  

Hysteresis i s  

The maximum amount o f  water bound by corn s t a r c h ,  U.S.P.  a t  25OC was 

found t o  be 30.9% by weight (dry b a s i s ) .  This compares favorably with the  

value o f  30.7% by weight (dry bas i s )  a t  22OC obtained by Mousseri, e t  a l . ,  

w i t h  an N M R  method . 8 

The maximum amount of water bound by STA-Rx 1500 was determined t o  be 

39.4% by weight (dry bas i s )  a t  25.OoC. 

The low moisture content regions of both adsorption isotherms were 

analyzed by the  B . E . T .  method. 

B . E . T .  theory' i s :  

The equation representing the  generalized 
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PROPEKTIES OF CORN STARCH 

40, 

347 

I 
I 

20 40 ( 5  80 100 
PERCENT RELATIVE ilUMlDlTY 

FIGURE 2 

Adsorpticln eind d e s o r p t i o n  i so therms f o r  water  vapor on STA-RX 1500 
a t  2 5 O C .  

where 

P = t h e  p r e s s u r e  o f  t h e  water  vapor ,  

po = 
t h e  pressure o f  t h e  water  vapor i n  an atmosphere s a t u r a t e d  

w i t h  water  vapor ,  

V = t h e  STP volume o f  gas adsorbed a t  p r e s s u r e  p ,  
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I t I 
0.1 0.2 0.3  

P I P 0  

FIGURE 3 

B. E. T. treatment of the  adsorption o f  water vapor by Starch ,  0 , 
and STA-RX 1500, 0 , a t  25 C .  

Vm 
= the  STP volume o f  gas adsorbed when the  sur face  i s  

covered with a monomolecular f i lm of gas,  

c = the  B . E . T .  cons tan t .  

Since equation 1 i s  a l i n e a r  equation, a p lo t  of p/po 

W F q  
vs. P I P o  
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PROPERTIES O F  CORN STARCH 349 

( F i g u r e  3 ) can  be used t o  d e t e r m i n e  Vm. Once V i s  known, t h e  

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

Mono laye r  cove rage  (Vm) f o r  c o r n  s t a r c h ,  U . S . P .  o c c u r r e d  a t  0.46 mole  

T h i s  2 o f  H20/100 g 3 f  s t a r c h ,  y i e l d i n g  a s u r f a c e  a r e a  e s t i m a t e  o f  348 m g. 

compares r e a s i n a b l y  w e l l  w i t h  t h e  s u r f a c e  a r e a  e s t i m a t e  o f  290 mLg o b t a i n e d  

by Das, S e t h i ,  and Chopra'O u s i n g  w a t e r  vapor  a d s o r p t i o n .  

Vm e q u a l l e d  0.40 mole  o f  H20/100 g o f  s t a r c h  f o r  STA-Rx 1500 and r e -  

s u l t e d  i n  a s J r f a c e  a r e a  e s t i m a t e  o f  305 m ' / g .  

I n  t h e o r y ,  any s m a l l  m o l e c u l e  t h a t  i s  r e l a t i v e l y  i n e r t  can  be used as 

t h e  a b s o r b a t e  i n  a B.E.T. a n a l y s i s ;  w a t e r  ( ind n i t r o g e n  a r e ,  however ,  t h e  

most  common. A p r o b l e m  a r i s e s  i n  t h a t  w a t e r  v a p o r  a d s o r p t i o n  arid n i t r o g e n  

I I  
v a p o r  a d s o r p t i o n  se ldom y i e l d  t h e  same r e s u l t s .  

t h i s  d i s c r e p a q c y  t o  r e s i d u a l  w a t e r .  T h i s  r e s i d u a l  w a t e r  f r e e z e s  a t  t h e  

t e m p e r a t u r e  einployed i n  n i t r o g e n  a d s o r p t i o n  (77'10 and o c c l u d e s  many o f  t h e  

po res  and s u r f a c e  i r r e g u l a r i t i e s  o f  t h e  s o l i d .  The a r e a  t h u s  o b t a i n e d  i s  an  

e s t i m a t e  o f  t h e  e x t e r n a l  s u r f a c e  a r e a  o f  t h e  s o l i d ,  w h i c h  may be r e l a t i v e l y  

s m a l l  compare3 t o  t h e  t o t a l  s u r f a c e  a r e a .  

Young and Hea ley  a t t r i b u t e  

F o r  m a t e r i a l s  w h i c h  have a h i g h  a f f i n - i t y  f o r  w a t e r ,  such  as s t a r c h ,  

w a t e r  v a p o r  a d s o r p t i o n  wou ld  appear  t o  be more a p p r o p r i a t e  t h a n  n i t r o g e n  

v a p o r  a d s o r p t i o n  f o r  s u r f a c e  a rea  a n a l y s i s .  

S c a n n i n L E l e c t r o n  M i c r o s c o p y  ___ _.-__ 

Scann ing  e l e c t r o n  m i c r o g r a p h s  were  talcen o f  c o r n  s t a r c h ,  U . S . P .  and 

STA-Rx 1500 ( F i g u r e s  4 and 5 ) .  

Granu les  o f  c o r n  s t a r c h ,  U . S . P .  ( F i g u r e  4 )  were found  t o  be r o u n d  i n  

shape w i t h  v e r y  few s u r f a c e  i m p e r f e c t i o n s .  No po res  were observed ,  even a t  

m a g n i f i c a t i o n s  o f  10,OOOX. T h i s  does n o t  p r e c l u d e  t h e  e x i s t e n c e  o f  po res  

s i n c e  a p o r e  w i t h  a d i a m e t e r  o f  100Ao, when m a g n i f i e d  l C i , O O O X  wou ld  have 

appeared t o  be 0.1 mm. An image 0.1 mm i n  s i z e  wou ld  have been r e l a t i v e l y  

d i f f i c u l t  t o  a c c u r a t e l y  d i s c e r n  on  t h e  ca thode  r a y  t u b e  d i s p l a y . .  The l a c k  

o f  o b s e r v a b l e  po res  does mean t h a t  any  po res  t h a t  werc' p r e s e n t  were v e r y  

sma l l  . 
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350 WURSTER, PECK, AND KILDSIG 

F I G U R E  4 

Scanning e lec t ron  micrograph of corn s t a rch ,  U.S.P., a f t e r  drying 
treatment.  Magnification = 1 0 0 0 ~ .  

Granules of STA-Rx 1500 (Figure 5 )  showed extremely varied shapes and 

s i z e s .  I n  f a c t ,  i t  appeared as  i f  corn s t a rch  granules had been compressed 

under heavy pressure and the  r e su l t i ng  agglomerates broken apa r t .  The 

granule sur face  appeared t o  be f r e e  of pores; however, the statements re- 

garding experimental uncertainty made f o r  corn s t a r c h ,  U.S.P.  a l so  hold for  

STA-RX 1500. 

The average granule s i z e  of corn s t a r c h ,  U.S.P., as  determined from 

Figure 4 ,  was found t o  be 7 .6  p w i t h  a standard deviation o f  2.1 p .  

average granule s i z e  was not determined f o r  STA-Rx 1500. 

granule s i zes  was so l a rge  and the  granule shapes were so  varied t h a t  such 

a determination was deemed meaningless. 

An 

The range of 
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PROPERTIES OF CORN STARCH 351 

F I G U R E  5 

Scanning e l e c t r o n  micrograph of  STA-RX 1500 a f t e r  dry ing  t rea tment .  
Magnif icat ion = 1 O O O x .  

The e t i o l o g y  o f  t h e  adsorp t ion-desorp t ion  h y s t e r e s i s  e x h i b i t e d  by corn 

s t a r c h  has long been a m a t t e r  o f  d e b a t e .  

butes  t h i s  phenownon t o  t h e  presence o f  " ink b o t t l e "  pores and c a p i l l a r y  

condensat ion.  Another e x p l a n a t i o n ,  which hds remained r e l a t i v e l y  obscure ,  

a t t r i b u t e s  t h e  h y s t e r e s i s  t o  r e v e r s i b l e  hydrogen bond breakage.. This 

p o s t u l a t i o n  i s  i n t r i g u i n g  i n  t h a t  i t  a l s o  accounts  f o r  t h e  a b i l i t y  of  s t a r c h  

to s w e l l .  Accordling t o  t h i s  e x p l a n a t i o n ,  t h e  dry ing  of' s t a r c h  r e s u l t s  i n  

hydrogen bonds being formed between some of t h e  hydroxyls which had j u s t  

been vacated by t h e  removal of  water .  Subsequent adsorpt:ion o f  water  vapor 

occurs  f i r s t  on those hydroxyls which had remained f r e e .  As t h e  adsorp t ion  

process  proceeds,  however, t h e  inter-hydroxyl  hydrogen bonds formed during 

The c l a s s i c a l  explana t ion  a t t r i -  
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352 WURSTER, PECK, AND KILDSIG 

drying would be broken and replaced with hydroxyl-water hydrogen bonds. 

T h u s ,  f o r  a given r e l a t i v e  humidity of adsorbate vapor, more s i t e s  a re  

ava i l ab le  fo r  sol id-vapor in t e rac t ion  during the  desorption process than 

during the  adsorption process. I f  t h i s  l a t t e r  hypothesis i s  co r rec t ,  and 

the  adsorption-desorption hys te res i s  i s  indeed the r e s u l t  of an increased 

sur face  ava i l ab le  f o r  binding water,  the  desorption isotherm may be re la ted  

t o  the  sur face  area of the  swollen material i n  the  same manner t h a t  the 

adsorption isotherm can be r e l a t ed  to  the  sur face  of the  unswollen mater ia l .  

Furthermore, the  degree o f  swelling obtained from such an ana lys i s  should 

co r re l a t e  w i t h  microscopic observations made by o the r  i nves t iga to r s  12 . 
B . E . T .  ana lys i s  o f  the  desorption isotherm of corn s t a r c h ,  U.S.P. 

(Figure 1 )  yielded a value of 0 .55 mole o f  H20/100 g of s t a r ch  f o r  Vm and 

a sur face  area es t imate  of 415 m g .  

s i z e  o f  corn s t a r c h ,  U.S.P. had been determined by S.E.M.,  t he  change i n  

sur face  area could a l so  be r e l a t ed  t o  the  

granule volume i f  3 assumptions were made. 

2 Since the  average dry granule 

change i n  granule diameter and 

These assumptions were: 

1 .  The granules a r e  sphe r i ca l ,  

2 .  the  granules swell i so t rop ica l ly ,  

3 .  most of the  sur face  area i s  c lose  enough t o  the  outs ide  o f  

the granule t h a t  i t  can be considered to  l i e  on the  outs ide  

of the  sphere.  

The diameters,  sur face  a reas ,  and volumes of unswollen and swollen 

corn s t a rch ,  U.S.P.  a r e  compared in  Table 1 .  

Hellman, Boesch, a n d  Melvin" determined microscopically t h a t  the  

diameter o f  an average corn s ta rch  granule increased by 9.1% when going 

from the vacuum dry s t a t e  t o  the  s t a t e  i n  equilibrium with a 100% r e l a t i v e  

h u m i d i t y  environment. The value of 9.2% found i n  t h i s  study is i n  exce l l en t  

agreement with t h e i r  value and would seem t o  va l ida t e  the  r eve r s ib l e  hy- 

drogen bond hypothesis.  
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Table 1 

353 

Geonietric Comparison o f  Unswol ten and Swollen 

Corn S t a r c h ,  U.S.P. 

Analysis  o f  t h e  d e s o r p t i o n  i so therm o f  STA-Rx 1500 ( F i g u r e  2) was 

performed i n  t h e  same manner a s  was p r e v i o u s l y  d e s c r i b e d  f o r  corn  s t a r c h ,  

U . S . P .  2 
which y i e l d e d  a s u r f a c e  a r e a  e s t i m a t e  o f  367 m /g .  

a r e a  o f  STA-Rx 15ClO increased  by 20.3% ( t h e  Jnswollen s u r f a c e  aiced was 

305 m / g )  upon s w e l l i n g .  

average granulc  d iameter  f o r  STA-Rx 1500 and s i n c e  t h e  iissiimption o f  a 

f i x e d  granule  p o n i e t r y  was not  v a l i d  f o r  STA-Rx 1500,  t h e  change i n  

average granule  d iameter  and average  granule  volume could not  b12 c a l c u l a t e d .  

A value of  0 .49  mole o f  H 0/100 g o f  s t a r c h  was obta ined  f o r  V 
2 

The s u r f a c e  

2 Since  i t  was not  f e a s i b l e  t o  c a l c u l a t e  (an 

French13 klas i n d i c a t e d  t .hat ,  f o r  r e v e r s i b l e  s w e l l i n g ,  i t  i s  the  

amorphous reg ions  w i t h i n  the s t a r c h  granules  which swel l  upon t h e  a d s o r p t i o n  

o f  w a t e r .  

STA-Rx 1500 (20.3.6 f o r  STA-Rx 1500 versus  19.3% f o r  corii s t a r c h ,  U . S . P . )  

probably i n d i c a t e s  t h a t  g ranules  o f  STA-Rx 1500 cori ta in  a h igher  percen-  

t a g e  o f  amorphous mater ia l  than  do granules  o f  corn s t a r c ' h ,  1I.S.P. 

The l a r g e r  i n c r e a s e  i n  s u r f a c e  a r e a  upon s w e l l i n g  e x h i b i t e d  by 

R E F E R E N C E S  

1. 

2.  S. L. Gupta and R.K.S.  Dhat ia ,  Ind ian  J .  Chem.,  I, 1231 (1969). 

3.  B. Das, R . K .  :&hi ,  and S . L .  Chopra, I s r .  J .  Chem. :LO, 2963 ( 1 9 7 2 ) .  

L .  S a i r  and W . R .  F e t z e r ,  Ind.  Enq. Chem.,  36, 205 (:L944). 

4 .  K.S. Manudi-lane, A.M.  C o n t r a c t o r ,  H . Y .  K i m ,  and R . F .  Shangraw, J .  Pharm. 
S c i ,  3, 616 ( 1 9 6 9 ) .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



354 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

WURSTER, PECK, AND KILDSIG 

T.W. Underwood and E.E. Cadwallader, i b i d ,  61, 239 (1971) .  

J.B. Schwartz, E.T. M a r t i n ,  and E.J. Dehner, i b i d ,  64, 328 (1975) .  

S. Brunauer, The A d s o r p t i o n  o f  Gases and Vapors, Vo l .  1, p. 34%'. 
P r ince ton :  P r i n c e t o n  U n i v e r s i t y  Press, 1943. 

J .  k lousser i ,  M.P. Ste inberg,  A . I .  
- 39, 114 (1974). 

Nelson, and L.S. \.lei, J .  Food Sci . ,  

S. Brunauer, P.H. Emmett and E. T e l l e r ,  J. Am. Chem. SOC., 60, 309 (1938) 

6 .  Pas, R.K. S e t h i ,  and S.L. Chopra, I s r .  J .  Chem., lo, 963 (1972). 

G.J. Young and F.H. Healey, J .  Phys. Chem., 58, 881 (1954). 

N.N. Hellman, T.F. Boesch, and E.H. Me lv in ,  J .  Am. Chem. Soc., 74, 
348 (1952). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


