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ABSTRACT 

An i n d i c a t i o n  o f  the f irmness o f  S o f t  E l a s t i c  G e l a t i n  

(SEG) capsules was obtained by measurement i n  a un i ve rsa l  

t e s t i n g  machine ( Inst ron,  Model 1122). Capsules were packed 

i n  bo th  g lass and polystyrene conta iners and then exposed 

them i n  c losed conta iners t o  25°C 81 75% RH, 35°C & 75% RH, 

and 45°C & 75% RH f o r  a pe r iod  o f  21 weeks. A t  t h e  end o f  

2, 12, and 21 week periods, samples were withdrawn from 

environmental chambers and evaluated them f o r  f i rmness by 

sub jec t i ve  as w e l l  as o b j e c t i v e  techniques. The deformation 

o f  capsules measured by t h e  universa l  t e s t i n g  machine 

appears t o  be a r e l i a b l e  and s e n s i t i v e  method f o r  measuring 

f i rmness o f  SEG Capsules. 
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INTRODUCTION 

VEMURI 

Firmness s e s s e n t i a l l y  a c h a r a c t e r i s t i c  experienced by 

t h e  senses and indeed i t  ar ises f rom t h e  phys ica l  a t t r i b u t e s  

o f  the product The common p r a c t i c e  o f  eva lua t i ng  t h e  f i r m -  

ness o f  capsules i s  by ' f e e l i n g '  and comparing them t o  a so- 

c a l l e d  Control  i n  the s t a b i l i t y  s tud ies.  The ' f e e l '  t e s t  

u s u a l l y  cons i s t s  o f  t ak ing  a SEG capsule and squeezing i t  

g e n t l y  between f i n g e r s  and sensing t h e  amount o f  deformat ion 

i n  the  capsule. The capsule t h a t  shows l i t t l e  deformation i s  

character ized as ' f i r m '  wh i l e  the capsule t h a t  shows more defor-  

mation i s  c l a s s i f i e d  as ' s o f t ' .  

As i t  i s  evident, t h  s i s  a sub jec t i ve  eva lua t i on  o f  t he  

amount o f  deformation f o r  a given f o r c e  appl ied on the  capsule. 

A capsule t h a t  shows l i t t  e d e v i a t i o n  i n  deformat ion parameters 

t o  'Control  I i s  u s u a l l y  judged as a h igh q u a l i t y  product. 

Since the  softness o f  a capsule i s  used as a measure i n  

the  phys ica l  parameters eva lua t i on  o f  a s t a b i l i t y  study, an 

o b j e c t i v e  method measuring f i rmness o f  SEG Capsules i s  

necessary. 

EXPERIMENTAL 

Oval So f t  Ge la t i n  Capsules, l o t  85683 were packed i n  100 cc 

glass and polystyrene containers w i t h  continuous thread metal 
1 

c losures and a l l  t he  b o t t l e s  were torqued down t o  20 inch-pounds. 
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GELATIN CAPSULE FIRMNESS 411 

Then, these b o t t l e s  were kept i n  25°C & 75% RH; 35°C & 75% RH; and 

45°C & 75% RH environmental chambers. Samples (one b o t t l e  o f  

each) were c o l l e c t e d  a t  t h e  end o f  2, 12, and 21 week periods, and 

al lowed them t o  e q u i l i b r a t e  t o  the ambient cond i t i ons  i n  the 

laboratory .  

Sensory Evaluat ion 

This eva lua t i on  was performed t o  a 1 t o  5 scale. I n  order t o  

be cons is ten t  i n  the eva lua t i on  judgement, some c r i t e r i a  was given 

t o  each score i n  the scale. They are: 1 - f i r m ;  2 - s l i g h t l y  

f i r m ;  3 - s o f t ;  4 - very s o f t ;  and 5 - s t i c k y .  A t  l e a s t  t h ree  

capsules from each b o t t l e  were checked t o  assign a score t o  a 

g i  ven condi t ions. 

Object ive Eva1 ua t i on  
2 

An un ive rsa l  t e s t i n g  machine was used i n  an attempt t o  

measure t h e  f i rmness o f  SEG Capsules. This machine has a moving 

crosshead. A probe can be fastened t o  the  crosshead so t h a t  i t  

can squeeze the capsule. The res i s tance  o f f e r e d  by the capsule t o  

the f r e e  movement o f  probe i s  sensed i n  an e l e c t r i c  bonded-wire 

s t r a i n  gauge. The output i s  recorded on a h i g h  speed s t r i p c h a r t ,  

which i s  d r i v e n  synchronously w i t h  t h e  crosshead. - 
Theory 

This  t e s t  cons is ts  o f  measuring t h e  f o r c e  requ i red  t o  

1. Spr ing Torque Tester, Owens I l l i n o i s .  

2. I n s t r o n  Model 1122, I n s t r o n  Engineering Corporation, 
Canton, Mass. 
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412 VEMURI 

punch a probe t o  such a depth i n t o  the SEG Capsule t h a t  causes 

deformation. 

f i rmness o f  capsules. 

This i s  a simple t e s t i n g  procedure t o  measure 

Bourne ( 1 , 2 )  postu la ted an equat ion t h a t  t he  f o r c e  i n  a 

puncture t e s t  i s  a f u n c t i o n  o f  two f a c t o r s .  

under the punch t i p  and per imeter o f  t he  punch t i p .  

r e l a t e d  these f a c t o r s  through two equations: 

They are the area 

Then he 

F 1 4c 
A = 4 K p . D b + K  +a 

a 

F KaD C 
P = T  + K p + b  

1 

2 

Where F i s  deformation force, D i s  diameter o f  punch, P i s  

per imeter o f  punch, Kp i s  a per imeter r e l a t e d  t o  c o e f f i c i e n t  o f  

t he  capsule, Ka i s  an area-related c o e f f i c i e n t  o f  t he  capsule, 

and C i s  a constant t h a t  i s  u s u a l l y  c lose  t o  zero. 

A r e c t i l i n e a r  p l o t  o f  F / A  vs 1/D r e s u l t s  i n  a s t r a i g h t  l i n e  

w i t h  a slope o f  4 Kp. S i m i l a r l y ,  a p l o t  o f  F /P vs D y i e l d  a 

s t r a i g h t  1 

can ob ta in  

o f  a given 

I n  t h  

ne graph w i t h  a slope o f  Ka/4. This i s  the way one 

area dependent and per imeter dependent c o e f f i c i e n t s  

substance under study. 

s study, f o u r  c y l i n d r i c a l  probes w i t h  diameters, 

0.500", 0.444", 0.377", and 0.314" were used. A t  a l l  times o f  

data c o l l e c t i o n ,  the f o l l o w i n g  parameters were kept constant: 

Crosshead speed 0.5 inches per minute; s t r i p  c h a r t  speed 5 
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GELATIN CAPSULE FIRMNESS 413 

PROBE 
ON 

CROSSHEAD 

I I I 
I 

I 
I 
I 
I 
L _ _ _ _ _ _ _  J- t 

11/100" -- 

I PLATFORM 

Figure 1: Schematic Represenation o f  probe on Crosshead 
r e l a t i v e  t o  the plat form. Dotted l i n e  shows the 
distance the probe se t  t o  move i n  t h e  d i r e c t i o n  o f  
the arrow. The clearance between the  p l a t f o r m  and 
t h e  probe a t  i t s  maximum t r a v e l  i s  se t  a t  l l / l O O " .  

i n c h e s h i n u t e ;  clearance between crosshead lower l i m i t  and p l a t -  

form 11/100"; and d is tance t r a v e l l e d  by crosshead 30/100". 

These d e t a i l s  are a lso c l e a r l y  de l ineated i n  F igure 1. The 

crosshead probe i s  set up i n  such a way t h a t  it r e t u r n s  back t o  

i t s  i n i t i a l  c o n d i t i o n  a f t e r  t r a v e l i n g  30/100 o f  an inch. 

RESULTS AND DISCUSSION 

F igu re  2 shows e f f e c t  o f  storage c o n d i t i o n s  and the  con- 

t a i n e r  i n  which t h e  product i s  packed. As i t  i s  ev ident  f rom 

t h e  graphs 2A, B ,  C, and D, t h e  f o r c e  i s  dependent on t h e  
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D 

FIGURE 3 

Typica l  p l o t  f o r  Equation 1. Slope o f  these curves prov ide 
per imeter r e l a t e d  c o e f f i c i e n t  f o r  Capsules, Kp. The da ta  
used f o r  t h i s  p l o t  i s  obtained f o r  samples s tored a t  35°C & 
75% RH. 

probes surface. 

served f o r  capsules s to red  i n  g lass a t  35°C and 75% RH. The 

capsules tend t o  appear more f i r m  a t  21 weeks compared t o  12 

weeks. 

I n  an e f f o r t  t o  normal ize parameter force,  t h e  data i s  f i t t e d  

t o  Equations 1 and 2. 

Furthermore, t h e r e  i s  an i n t e r e s t i n g  t r e n d  ob- 

The reason f o r  t h i s  i s  n o t  q u i t e  ev iden t  a t  t h i s  t ime. 

F igures 3 and 4 are t h e  t y p i c a l  p l o t s  of equat ions 1 and 

Kp and Ka parameters were c a l c u l a t e d  f o r  a l l  2 r e s p e c t i v e l y .  
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FIGURE 4 

Typical plot for Equation 2. Slope of these curves provide 
area related coefficient for Capsule, Ka. The d a t a  used for 
this  plot is  obtained for samples stored around 35°C & 75% RH. 

the collected da ta .  Table 1 shows the parameter values, 

regression equations and correlation coefficients of regression 

equations for a l l  the conditions studied except 45°C and 75% RH. 

Capsules stored a t  45°C & 75% RH after two weeks are inseparably 

sticky and therefore were eliminated from the remaining study. 

Figures 5 and 6 are the plots for Kp and Ka versus storage 

time. The rate of change in Kp or Ka i s  considerably reduced 

after 12 weeks when the product i s  stored in glass, while the 
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- 10 

- I 12 

-14 t 
I I I I I 
4 8 12 16 20 

TIME (weeks) 
FIGURE 5 

Re la t i onsh ip  between Kp and var ious storage parameters (0  glass, 
0 polystyrene, - , 250c & 75% RH, --- 35'c & 75% RH). 

r a t e  o f  change i n  Kp o r  Ka remained t h e  same throughout t h e  

study pe r iod  f o r  polystyrene. Th is  i n d i c a t e s  t h a t  t h e  capsules 

i n  g lass undergo a change i n  mechanical s t r e n g t h  i n  t h e  i n i t i a l  

pe r iod  and then reach a s t a t e  o f  e q u i l i b r i u m  w i t h  respect  t o  

mechanical s t reng th .  On t h e  o the r  hand, when t h e  capsules are 

stored i n  po lystyrene container, t he  r a t e  o f  decrease i n  mecha- 

c a l  s t reng th  i s  continued throughout the  experimental per iod.  

F igure 7 shows t h a t  t he  percent mois ture gain i s  about f i v e  

mes h igher  i n  po lystyrene compared t o  g lass  conta iners f o r  t h e  
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GELATIN CAPSULE FIRMNESS 419 

I I 1 I I I 
4 8 12 16 20 

TIME (weeks) 

FIGURE 6 

Re la t i onsh ip  between Ka and var ious storage parameters (0 glass, 
0 polystyrene, - 25°C & 75% RH, and --- 35°C & 75% RH). 

product tested. 

Constant negat ive s lope o f  Kp o r  Ka vs. t ime  f o r  capsules 

s tored i n  po lystyrene i n  Figures 5 and 6 can be a t t r i b u t e d  t o  

t h e  h igher  mois ture pickup. As i t  i s  i n d i c a t i v e  from F igu re  7, 

t h e  mois ture pickup by capsules s tored i n  g lass i s  cons iderably  

lower and i t  perhaps i s  t h e  reason f o r  decreased r a t e  f o r  Kp o r  

Ka i n  Figures 5 and 6. 

F igure 8 i s  a p l o t  o f  Ka vs. sensory score and F igure 9 

Ka o r  Kp values c a l c u l a t e d  f o r  t h e  i s  Kp vs. sensory score. 
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FIGURE 7 

Percent Moisture Gain observed for both glass  and polystyrene 
is shown for a period of 16 weeks. 
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350R? 300 

I I 1 I I 
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SENSORY EVALUATION SCORES 

FIGURE 8 

Ka plotted against sensory rating for 12 different points. The 

regression equation of the line is A = 335.46-46.06X, r= 0.82. 
The dashed lines on both sides of the regression line represent 
95% confidence 1 imi ts. 

F 

Capsules stored both in glass and polystyrene are plotted 

against sensory evaluation scores. 

for the regression line in Figure 8 is 0.82. In other words, 

the regression line represented 68% (r X 100) o f  time by the 

data points. Similarly, the correlation coefficient for the line 

in Fig. 9 is 0.62 or the regression line is represented by the 

data points only 38% of the time. 

The correlation coefficient 

2 

This indicates poor correla- 
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SENSORY EVALUATION SCORES 

FIGURE 9 

Kp p l o t t e d  against  sensory r a t i n g  f o r  12 d i f f e r e n t  po in ts .  

The regression equat ion of the l i n e  i s  P = -11.76 t 1.48, r=0.62. 

The dashed l i n e s  on both s ides o f  the regress ion l i n e  represent 
95% confidence l i m i t s .  

F 

t i o n  between sensory evaluat ion and ob jec i ve  evaluat ion.  

Throughout the experimental study, t h e  un ive rsa l  t e s t i n g  machine 

showed s u p e r i o r i t y  i n  assessing t h e  mechanical s t reng th  o f  

capsules. Furthermore sensory eva lua t i on  i s  no t  q u a n t i f i a b l e  

i n  a systematic manner. 

t r i b u t e d  t o  t h e  l i m i t a t i o n s  o f  sub jec t i ve  evaluat ion.  

Thus, t h i s  poor c o r r e l a t i o n  i s  a t -  
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GELATIN CAPSULE FIRMNESS 423  

F i n a l l y ,  when the  capsules were s to red  a t  45°C and 75% RH, 

t he  capsules beg in  t o  fuse  toge the r  as e a r l y  as 2 weeks a f t e r  

storage. 

w i t h  t ime. Dur ing  sensory e v a l u a t i o n  a l l  these samples rece ived  

The capsule f u s i n g  problem i s  p r o g r e s s i v e l y  worse 

a score  o f  5. 

Since t h i s  techn que has t h e  a b i l i t y  t o  q u a n t i f y  t h e  f i r m -  

ness o f  Capsules, one can conven ien t l y  adopt t h i s  method t o  

eva lua te  f i rmness  f o r  va r ious  occassions such as S t a b i l i t y  

Studies,  sc reen ing  o f  va r ious  c o n t r a c t  manufactured products,  

q u a l i t y  c o n t r o l ,  e t c .  

CONC L US I ON 

1. SEG Capsules s to red  i n  g lass  con ta ine rs  r e t a i n e d  t h e i r  

mechanical s t r e n g t h  much b e t t e r  than t h e  ones s to red  i n  p o l y -  

s t y rene  a t  b o t h  25°C & 75% RH and 35°C & 75% RH. 

2. I n s t r o n  Un iversa l  Tes t i ng  Machine prov ides  a r e l i a b l e  method 

f o r  t h e  measurement o f  Capsule f i rmness  (mechanical s t r e n g t h ) .  

3. A r e l a t i o n s h i p  between mo is tu re  p i c k  up and Kp o r  Kc appears 

t o  e x i s t .  
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