
Mechanism of Action of Starch as a 
Tablet Disintegrant I 

Factors that Affect the Swelling of Starch Grains at 37" 

By JAMES T. INGRAM and WERNER LOWENTHAL 

A study was initiated to determine if starch grains swell at 37' and what environ- 
mental conditions may influence swelling. To determine the extent of swelling 
which starch undergoes in various media, individual grain dimensions were meas- 
ured microscopically. Full factorial experiments were conducted, and analyses 
of variance were calculated to determine whether significant differences in  the mean 
grain sizes could be demonstrated when environmental conditions were changed. 
Potato, corn, and arnioca starches and moisture content showed significant swelling 
in  distilled water and simulated gastric fluid U.S.P. This was postulated as due to 
initial size difference of the grains being maintained during the experiment. 
Variation in  pH had very little effect on  swelling; however, evidence was obtained 
to show that the less acid medium produced more swelling than the media of lower 
pH. Salts did affect swelling, and results indicated that salts of polyvalent cations 
produced more swelling than the salts of monovalent cations. Analysis of the effect 
of time on swelling indicated that. any swelling of the starch grains is apparently 

instantaneous. 

T IS DESIRABLE that a tablet, when used, 
Ideally, 

the process of tableting should not alter the 
therapeutic action of a drug or the time in which 
this action is produced. The  same effect should 
be produced in essentially the same time when a 
tablet is swallowed as when the drug is taken in  
powder form. 

The rate at which a physiological effect is 
produced from a drug taken orally is dependent 
upon the rate of absorption from the gastro- 
intestinal tract. Before a drug in tablet form 
map be absorbed, i t  must first be released from 
the tablet by  disintegration of the tablet. The 
usefulness of a tablet, therefore, arises almost 
wholly from its ability to  disintegrate upon con- 
tact with liquid. 

Compressed tablets are ordinarily manu- 
factured containing substances to  accelerate or 
aid their disintegration. Cornstarch has long 
been the standard disintegrant for compressed 
tablets. The mechanism by  which starch func- 
tions as  a tablet disintegrant has been assumed to 
be that the starch grains swell when in contact 
with moisture, causing the tablet to break open. 

Knowledge of the exact mechanism of action 
of starch as a tablet disintegrant would be use- 
ful in the development of more efficient disin- 
tegrating agents. 

disintegrate as rapidly as  possible. 

DISCUSSION 
Review of Pertinent Literature.-Little work has 

been reported on the exact mechanism of action of 
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starch as a disintegrating agent. After an extensive 
literature search, all references which had been 
located state that starch acts as a disintegrant by 
swelling, but no data or proof arc presented or 
referred to indicate that starch swells sufficiently 
in vivo or in oitro to cause disintegration (1, 2). 

Curlin (3) tested the disintegration of aspirin 
tablets in cold water and found by microscopic 
examination that the starch grains were not swollen 
after disintegration. 

Billups and Cooper (4) reviewed the proposed 
theories explaining the mechanism of action of tablet 
disintegration. They indicate that the most 
widely held vicw is that disintegration is caused 
by absorption of water by the disintegrating agent 
and development of pressure within the tablct by 
swelling or expansion of the disintegrating agent. 
In their study on the corrclation of water absorp- 
tion with tablet disintegration time, they concluded 
that while water absorption is a common qualitative 
characteristic of many disintegrating agents, it  is 
not a quantitative nieasure of their effectivencss. 
Disintegrating agents with the highest ratcs of 
water absorption did not produce the fastest dis- 
integration times. Some evidence supported the 
vicw that disintegrating agents with the highest 
rates of water absorption produced the longest 
disintegration times. Their results also showed 
that the amount of water absorbed by cornstarch, 
dried to a constant weight, after exposure to  98% 
relative humidity, was only 0.5S6 w/w in 50 niin. 

Crossland and Favor (5) employing a viscous 
water-binding dispersion medium (sodium alginate 
arid high viscosity type carboxymethylcellulosc), 
showed by means of viscosity mcasurcrnents the 
stagcs of swelling. I n  the starch-alginate-water 
system, the first indications of swelling are observed 
at about 55". 

Lcach, McCoweri, arid Schoch (6) evaluated 
swelling of various starches over a range of pasting 
k~~~pi ' ra tures  (about 50-95") and fonnd that the 
swelling pattern was greatly influenced by the species 
of starch. Cornstarch showed a liniitcd two-stage 
swclling, whcrcas potato starch uiiderwcut very 
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rapid and unrestricted swelliiig a t  about 55'. The 
swelling of the grains was detcrrniried from the 
weighing of starch after submersion in water and 
correcting the value for solubles. 

Hellman, Boesch, and Melvin ( i )  compared 
swelling of starch grains to  watcr absorbed from 
atmospheres of different moisture content by 
following the clirnensiorial changes of inrliuidual 
,starch grains rnicroscopically at a temperature of 
'26.10' over a period of 8-24 hr. A t  lOO':, relative 
humidity cornstarch showed a 9.1Tu increase in 
idiarneter over the diameter of vacuuiii dried starch. 
'The corresponding increases for other starches ex- 
;imiued under similar conditions were 18.7L/;1 for 
potato starch, 28.4y0 for tapioca starch, aiid 22.75; 
for waxy cornstarch. 

Variation in the effcct of different salt solutions 
ion initial gelatinization of starchcs was sliowri by 
Sitidstedt, Ketiipf, and Abbott (8). They showed 
t.hat salt solutions change not orily the ternperature 
of initial gelatinization but also thc initial tcmpera- 
l m e  of each stage of gelatiuization, lerigtli of trausi- 
iion period betwccn stages, and ratc or amount of 
gelatinization in each stage of the entire course of 
gelatinization. These changcs were not eorrc1:ited 
with each other. Their data indicated that  each 
cliange in the course of gelatinization was due to  a 
different property of the salt. 

Abbott el u1. (9) determined an viivo disintcyg-atinn 
i.irne of several cornniercial tablets in simulated 
gastric juice arid human gastric juice and showed 
that  disintegration is prolonged in hurriaii gastric 
juice. There is some correlation brt wceii pi-o- 
longation of disintegration arid gastric iriucoid 
content. A high mucoid content in gastric juicc 
may incrcasc the ratc of disintegration more tliari 
I G times. in oitro disintegration is prolonged in 
simulated gastric juice if the tablets are first es- 
posed to  inucoidal m a t c h 1  from hum:tn Bastric 
juice. 

EXPERIMENTAL 

'I'his study was planned to determine if starch 
grains swell at 37" and what envirotimcnt:tl con- 
ditions may influence the swelling of starch grains 
a t  37". The following variables were studied: 
(a) tirnc, ( b )  pH, (c) effect of ions and ionic cori- 
centration, ( d )  starch specics, and (8) simulated 
gastric fluid U.S.P. (SGF). Evarison and LkKap 
(lo), in a study of tablet disintegration, repvrted 
inconsistent results when distilled watcr was coin- 
pared with artificial gastric juice w-ith rcyJect to 
time. For this reason distilled water was included 
a s  a submersion mcdiuni in this study to a l h w  coiii- 
parisoris with other submersion media. 

Procedure.-To determine thc extent o f  swelliiig, 
if any, which starch uridergocs in various media, 
microscopic elidmination was used and individual 
grain dimensions wcrc measured. For the measure- 
ments of corn atid arnioca starches, an  oil immersion 
97X objvctive and 5X ocular micrometer were 
uscd. For the measureinelits o r  piotato starch, a 
$3 X objective and a 5 X  ocular uiicronietcr were 
uscd, and ~ ~ i e a ~ u r e t ~ i c i i t ~  wci-e iii:ttlic'inatically 
couvcrtcd to 485 niagtiificatiort. Owing to the 
spherical :ind ellipsoidal sliapes of the gr:iins, t h v  
apparent grain length changed with position of 
f.ocus. To achieve uniformity, euch grain W:IS 

ii~ieasurctl at that depth ol focus producing ~iiaxiiiiuni 
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diameter. Thc starch sainpks were slurried in the 
appropriate ineclia at 37" and maintained at that  
temperature until a sample was removed at the ap- 
propriatc timc, placed on a slide, and covered with 
a cover slip. One hundred or 200-g-rain measure- 
ments were made from cach slide. A mechanical 
stage was used and as the field of view was moved 
horizontally, each starch grain crossing the micro- 
meter scale was measured. Each scale division on 
thc micrometer represents 1.80 p when using tlie 
485 iriagnification. 

Commercial grades ol corn, potato, arid arnioca 
(waxy corn) starches were chosen for the initial 
investigation. T o  detennirie the effect of moisture 
content ou swelling, both low and high moisture 
content forms of each starch were examined. For 
the high moisture content, t h e  commercially avail- 
able starches1 were used. For the low moisture 
contcnt, cach starch was dried at 93" until a con- 
stant moisture content was obtained as determined 
on a moisture balance.2 Moisture contents ob- 
tained were as follows: cornstarch, 2.25ojo w/w;  
potato starch, 2.25y0 w/w; and amioca starch, 
2.88y0 w/w. In  addition to  these dried starches, 
a commercial redried cornstarch3 (f-826) containing 
1 .5yo niaxirnuiri moisture was examined. 

RESULTS AND DISCUSSION 

I n  examining the factors influencing tlie swclling 
of starch grains, full factorial experiments wcre 
designed, and analyses of variance were calculated 
to  determine whether sigiiificaut differences in tlie 
grain sizes could be demonstrated when environ- 
mental conditions were changed. Preliminary ex- 
periments showcd that  the method 01 measurement 
was reproducible. 

Tlistillcd water and SGF were conipared as sub- 
mcrsion media by varying the type of starch, mois- 
ture content, and time in two 2 X 3 X 3 factorial 
designs. The mean grain sizes are shown in Table 
I for the distillcd water and in Table I1 for SGF. 
In each experiment the only single effect producing 
a significant difference in graiu size was the  type of 
starch. In each ease, the type of starch was sig- 
nificant at the 0.5% lcvel and was shown by Dun- 
can's multiple range tests (11) t o  be due to  tlic 
potato starch. Wo sigiiificant difference was shown 
between corn atid ainioca starchcs. 

The mcan graiu size n l  potato starch is approsi- 
inately 29 p while that  of cornstarch is approxi- 
mately 10.6 p aiid that  of ainioca is approximately 
9.5 p. The large difference in nican grain sizes 
between the potato atid the cornstarches would 
result in a larger error mean square term in the 
analyses of variance. This is due to  the fact that  
the variauces are proportional to the mciiri grairi 
sizes. Because of this, the analyses of variance 
werc recalculated omitting the potato Starch data. 
This was done to  obtain a inore sensitive comparison 
between corn atid amioca starches, whose incan 
grain sizes were more nearly the sdme. Moisture 
content and time became significant at the 2.5% 

1 Coinstaich arid potato starch ma,-kelrd hv S. B. Penick 
and Co. as Melujel (MJ)  and amioca starch marketed by 
Xational Starch and Clirrnical Corp. 

2 Ccnco Moisture Balance, Central Scimtific Co.,  catalog 
No. 2GG80-1 

8 Ma keted as Pui ity 8'25 h y  National Stat cI1 and Cllc111- 
ical Corp. 
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T A B L E  I . - b F B C T  OF h l 0 I S T U R E  CONTENT AS]) T I M t i  ON MEAN G R A I N  SIZES 
OF \'ARlOUS STARCHES SIJHMERSED I N  1)lSTILLED WATER 

___._____ _______ - ,- Mean Grain Sizes in Scale Divi+m3n- ~~ 

Time, mio. , _ _ ~ ~  
Type Moisturc 0 5 30 

Corn Higli (MJ)  6.133 6.129 5.823 
Low (1'-825) 5.676 5.919 5.652 

Potato High 
LOW 

Atnioca IIigli 
L O W  

16 354 14.863 11 948 
16.243 12 935 14 679 
*5.482 6.157 A 221 
5.063 5.672 6 245 

a One scale division = 1.8 p. 

TABLE II.---EFFEcT OF MOISTURE CONTEST AND TIME ON MEAN GRAIN SIZES 
OF VARIOUS STARCHES SCUMERSED IN SGF 

.__ _ _ _ ~  - ~ _ _ _ _ _  
Mean Grain Sizes in Scale IIivisionP 

Time, min. 
Type Moisture 0 5 30 

Corn High ( M J )  6 .  133 6.408 6.221 
Low (P-825) 5.67ti 5.805 5.955 

Potato High 16.354 13.482 12.935 
Low la .  243 20.042 17.065 

Amioca High 5.482 6.388 6.467 
Low 5.063 6.320 6.225 

a Onc scale division = 1.8 p. 

TABLE III.-EFFEcT OF TIME OF SCBMERSIOX O N  MEAN GRAIN SIZES OF VARIOUS 
LOW MOISTURE CONTENT STARCHES IN SGF 

._______- 
~ - 

Mean Grain Sizes in Scale Divisions' 
7 Time, min. ~- 

Corn (dricd) 5.020 5,475 5.050 5.185 5.620 5.620 
Corn (P-825) 5.676 5.805 5.955 6.600 5.645 5.510 
Potato (dried) 16.243 20.042 17. Otis 18.376 13.821 15.198 

- 
Type 0 A 30 60 120 180 

a One scale division = 1.8 p .  

level in thc distilled water experiment and a t  thc 10 
arid 5% levels, respectively, for the SGF cxpcrimcnt. 
h n c a n ' s  multiple range tests showed in each case 
that  tlie difference in grain size was bctw-ccn un- 
submerged starch (zcro time) and starch which had 
been submerged. No significant diffcrcnce in grain 
diameter was observed in tlie starches which had 
beeri submerged between 6 and 30 min. Prcliminary 
cspcrimcnts had shown that  submersion time was 
not significant but  no comparisons were madc to  
unsubmcrged starch. 

Starch moisturc contcnt cffect was probably 
significant because the initial size differcrices 
hctween the high and low moisture content of the 
starches were rnaintained throughout the expcrirncnt. 

T o  investigate further the effect oi moisture 
contcnt arid submersion time on swelliiir, a 3 X 6 
factorial experiment was dcsigned usitig three low 
moisture contcnt starclics and SGF a$ the sub- 
mersion medium. The starches wcre slurried and 
the diameters measured a t  various time intervals 
up to 3 hr. The 
analysis of variance showed that  the only signifi- 
cant difference observed was in the typc of starch. 
This was again shown by Duncan's multiple range 
tcst t o  be due to  the potato starch; thc two forms 
of cornstarch were not significantly diKerent. 

The malysis of variance was recalculated, 
omitting the potato starch, and a significant dif- 
fcrencc was showii between the two cornstarches 
at the lOy0 level. This dilTctcncc is again most 
likely due to tlie initial differences in the grain sizes 
which was rnaintained up to  120 min. 

The data are given in Table 1 I I .  

,.Z 4 X 6 factorial expcrirncnt was dcsigned to 
dctcrmine the effect of pH and time of submersion 
on swelling. Commercially dricd cornstarch3 was 
used for this expcritneut. The mean grain sizes 
arr  presented in Table I\'. The analysis of variance 
showed that  pH was significant at the 10% level, 
and a breakdown of this cffcct showed that  at a pH 
of .i.3 the swelling that  occurred was significantly 
grcater than that at pII 1.3 or 3.3. Thc significanre 
of thc swelling at pH 5.3 could be clue to onset of 
starch hydrolysis. Starch w-ill hydrolyze at an 
alkaline pH. Unsubmcrgcd starch (zero time) was 
included in this experiment t o  allow better com- 
parisons bctwccn pH and time, but  no significant 
difference was demonstrated between the measure- 
mcnts a t  tlie various time intervals. 

T o  investigate the effect of salts on swelling of 
untreated starch grains, a 2 X 2 X 3 X 4 factorial 
experiment was designed. Unsubmcrged starch 

TABLE IV.-EFFECT OF pII OF SUBNERSION MEDIUM 

CORNSTARCH 
O N  MEAN GRAIN SIZES O F  L O W  MOISTURE CONTENT 

____ ~ __ 
---Mean Grain Sizcs in Scale Divisionsa-- 

r---- ~ PH,  7 

Time, min. 1.3 3.3 5 . 3  
0 5.676 5.676 5.676 
5 5 675 5.285 6 .  070 

30 5,995 5,750 5.930 
60 5.455 5.610 6.020 

120 5.225 5.585 6.490 
180 5.925 6.215 6.195 

a One scale division = 1.8 p. 



Vol. $5, N o .  6, June 1966 617 

TABLE v.-EFPECT OF SALT AND ITS CONCENTRATION IN SUBMERSIOK &TEDIUM 
ON MEAN GRAIN SIZES OF CORS AND AVIOCA STARCHES 

~ ~ ~ _ _ _ _ _ _ _  - _ _ _ ~ ~ _ _ _ _ _ ~  ~ ~~~~ _ _ _ ~ ~  
Mean Grain Sizes in Scale L)ivisiotd------- 1 

Time, min. - 
0 5 30 T y w  

Corn 
Medium 
NarS04 

MgCL 

AlClj 

NaCl 

Na?SO, 

MgClr 

AIC13 

NaCl 

Cuncn., 74 
0 . 2  
0 . 9  
0 .2  
0 . 9  
0.3 
0 .9  
0 . 2  
0 . $1 
0 . 2  
0.9  
0 . 2  
0 . 9  
0 .2  
0 . 9  
0 . 2  
0 . 9  

One scale division = 1.8 p. 

was included as zero time in the experiment t o  
;illow coniparisoris between salt effect arid time. 
’Table V shows the variables investigated and the 
incan grain sizes. The analysis of variance showed 
that  the single cffects of type of starch, time sub- 
mersed, arid submersion rnediurn, each produced a 
significant differcncc a t  the 0 .5% level. Concen- 
i.ration of the salt in the submersion niediuni was 
not significant. Three-factor interactions were not 
significant. All statistical two-factor inleractions 
involving time produced a significant difference in 
grain diameters at the loo/; level or less. Duncan’s 
rnultiplc range tests shoivcd in each case that  the 
mean grain sizcs of the unsubnierged starch (zero 
time) wcrc significantly different from those of the 
submcrged starch. Duncan’s niultiple range tests 
performed on the time-submersion medium interac- 
tion arid 011 the single cffrct of submcrsion medium 
showed a significant diference at the 1 0 ~ ~  level 
bctween the salts with polyvalent cations (AIgC12 
and A1CI3) and the salts with nionovnlent cations 
( Na2S04 and NaCI), MgC1, and il1C13 producing 
greater dianieter changcs. 

SUMMARY AND CONCLUSIONS 

The literature pertaining to swelling o l  starch 
grains n.as rrvicwed, and a procedure for drtcrniiii- 
ing swelling o f  starch grains in various environ- 
niental conditions is described. 

Corn and amioca starches a r i d  the Inoislure cori- 
tent of thesc starchcs showed a significant difference 
iu grain sizes when submersed in distillcd water or 
saniulnted gastric fluid U.S.P. ‘I‘his was postulated 
as due to the initial size differences of the starches. 
I t  was observed that  initially high moisture content 
starches had larger mean grain sizes than low mois- 
ture coutcnt starches and that  this difference was 
~riairitairied throughout the time of the esperi- 
nicnts. ‘The initial differences in mcan grain sizes 
of the corn nud amioca starchrs was also inain- 
tnined throughout tlie esperinients. 

The two cornstarches subnicrsed \5 t o  80 niin. 
in simulated gastric fluid U.S. P. had grerttcr increase 
in grain sizes over those subrnerserl in distillcd 
wntcr. 

5.275 5.70x 
5.275 5.851 
5.275 6.439 
6.275 5,597 
5.275 5.891 
5.275 5.338 ~ ~~~ 

5.275 5.664 
5.275 5.442 
A, 4x2 5.911 
5 4x2 5 633 
5 483 6 ,511 
5 4x2 6 4% 
,5 4x2 6 940 
5 4x2 6 034 
5 482 6 078 
5.482 6 054 

5.398 
5.652 
5.835 
5. 710 
5.851 
5. ZHi 
5.323 
5.466 
5 .  72s 
6.177 
6.348 
6,750 
t i .  626 
6 ,773 
6.269 
5.63% 

Changes in pH had little cffect on swclling. 
However, evidencc was obtained to  show that  starch 
grains may swell more at a pH of 5.3 than in lower 
pH media. 

Salts affected the swelling of starch grains, with 
polyvalent cationic salts (R,IgC12 and L%lc13) produc- 
ing more swelling than inonovalent cationic salts 
(XnCl and Na.2SC)r). Ionic concentration did not 
show any effect on swelling. 

There was no significant difference in swelling 
of starch grains demonstrated between the various 
time intervals. Howevcr, when unsubmerged 
starches were included in the amlyses of variance, 
significant size differences wcre shown betwecn 
the unsubnierged starches and the starches slurried 
for 5 min. and longer. h-o significant additional 
iricrcase in mean grain size was found after 5-rniIi. 
submcrsion, indicating any swelling that  occurs is 
apparently instantaneous. 

The swelling of tlie starch grains obscrvcd was 
in the  order of 5 to 109; incrcase in mean grain 
size. At present, this does not seem to be a larxe 
cnough change to  cause tablets t o  rupture. Fur- 
ther work is in progress to  determine other factors 
that  may influence the swelling of starch grains, 
and to drterminr whether the observcd increases in 
niean grain diamcter are sul~icicut t o  rupture tablets. 
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