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COLOR STABILITY OF ASCORBIC A C I D  TABLETS 

FlEASURED B Y  TRISTIMULUS COLORIMETER 

S r i r a m  Vemuri*, Corazon T a r a c a t a c ,  & R o b e r t  Sk luzacek 
Shaklee Research, 1992 A l p i n e  Way, Hayward, CA 94545 

ABSTRACT 

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

t h r e e  d i f f e r e n t  f o rms  o f  a s c o r b i c  a c i d  on t h e  c o l o r  change 

o f  v i t a m i n  C have been i n v e s t i g a t e d .  Ten d i f f e r e n t  d i r e c t  

compress ion  f o r m u l a t i o n s  were made and s u b j e c t e d  t o  ac- 

c e l e r a t e d  s t a b i l i t y  s t u d y .  C o l o r  changes i n  t a b l e t s  were 

m o n i t o r e d  w i t h  a T r i s t i m u l u s  C o l o r i m e t e r .  I t  has been f o u n d  

t h a t  l a c t o s e  and Emdex i n f l u e n c e d  t h e  c o l o r  chanpe o f  d i r e c t  

compress ion  a s c o r b i c  a c i d  t a b l e t s  t o  a l e s s e r  deg ree  t h a n  

S o r b i t o l .  F u r t h e r ,  Ca lc ium A s c o r b a t e  b r o u g h t  changes i n  t h e  

c o l o r  o f  t h e  t a b l e t s  a t  a f a s t e r  r a t e  t h a n  C-90 o r  Sodium 

Ascorba te .  A good c o r r e l a t i o n  o f  0.998 was found  f o r  a 

l i n e a r  r e l a t i o n  o f  v i s u a l  c o l o r  r a t i n g  a g a i n s t  n o r m a l i z e d  

t o t a l  c o l o r  d i f f e r e n c e  v a l u e s  o f  t h e s e  t a b l e t s .  

INTRODUCTION 

A s c o r b i c  A c i d  t a b l e t s  d i s c o l o r  d u r i n q  s t o r a g e  under  normal 

c o n d i t i o n s  o f  t e m p e r a t u r e  and h u m i d i t y .  T a b l e t s  s t o r e d  i n  

* To whom i n q u i r i e s  s h o u l d  be d i r e c t e d .  
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es a t  room temperature g r a d u a l l y  

ye l low ish-brown c o l o r .  T h i s  i s  w e l l  

t h a t  v i t a m i n  C t a b l e t s  a v a i l a b l e  i n  the  

t e  t o  pa le  y e l l o w  i n  c o l o r .  

a c i d  i n  a t a b l e t  dosage form i s  i n -  

t a l  c o n d i t i o n s  as w e l l  as e x c i p i e n t s  

The c o l o r  

used i n  t h e  f o r m u l a t i o n  (1 -4 ) .  

I n  e a r l i e r  s tud ies ,  f a d i n g  o f  c o l o r  i n  t a b l e t  f o r m u l a t i o n s  

was f o l l o w e d  by  spect rophotometers w i t h  l i g h t  r e f l e c t a n c e  

attachment ( 5 ,  6 ) .  These s t u d i e s  were m a i n l y  aimed a t  FD&C 

dyes and t h e i r  corresponding lakes .  

Mort ( 4 )  showed t h e  e f f e c t  o f  l u b r i c a n t s  and p l i d a n t s  

on t h e  c o l o r  s t a b i l i t y  o f  asco rb i c  ac id .  Th is  r e p o r t  

revea led  t h e  impor tance o f  h u m i d i t y  c o n t r o l  i n  t h e  c o l o r  

s t a b i l i t y  o f  asco rb i c  ac id .  It was e s t a b l i s h e d  t h a t  t h e  

c o l o r  s t a b i l i t y  i s  c l o s e l y  r e l a t e d  t o  chemical s t a b i l i t y .  

A t  present ,  t h e r e  are a t  l e a s t  17  d i f f e r e n t  forms o f  

asco rb i c  ac id  on t h e  market a l l  o f  which are recommended f o r  

v a r i o u s  pharmaceut ica l  a p p l i c a t i o n s .  C-90, Calcium Ascorbate, 

and Sodium Ascorbate f i n e  g r a n u l a r  were chosen f o r  t h i s  s tudy .  

Ascorb ic  Ac id  i s  w i d e l y  used i n  v i t a m i n  f o r m u l a t i o n s  and 

i n  o the r  pharmaeut ica l  p repara t i ons .  The purpose o f  t h i s  inves-  

t i q a t i o n  was t w o - f o l d :  F i r s t ,  it was aimed t o  s tudy  t h e  e f f e c t  

of sweeteners on t h e  c o l o r  s t a b i l i t y  o f  v i t a m i n  C chewable 

t a b l e t s ;  second, t h e  s tudy  was extended t o  eva lua te  c o l o r  s t a b i -  
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COLOR STABILITY OF ASCORBIC ACID TABLETS 209 

l i t y  o f  v i t a m i n  C chewable t a b l e t s  made w i t h  t h r e e  d i f f e r e n t  

forms o f  ascorb ic  ac id .  

THEORY 

Ob jec ts  have an appearance when i l l u m i n a t e d  by  l i g h t ,  

no rma l l y ,  The c o l o r  pe rcep t ion  o f  an o b j e c t  v a r i e s  w i t h  a 

change i n  t h e  wave l e n g t h  o f  l i g h t .  Human eye responds t o  

l i g h t  energy hav ing  wave leng ths  between 380 mm t o  780 mm and 

thus  t h i s  range o f  e lec t romagne t i c  spectrum i s  c a l l e d  v i s i b l e  

spectrum. 

The bas i s  f o r  t h e  t r i s t i m u l u s  c o l o r i m e t r y  i s  t h a t  any 

c o l o r  

exper 

1 i g h t  

t h r e e  

s igna  

can be reproduced by  t h r e e  o t h e r  c o l o r s  i n  a c o n t r o l l e d  

ment. The l i g h t  source i l l u m i n a t e s  t h e  sample and t h e  

r e f l e c t e d  by t h e  sample i s  de tec ted  and reso lved  i n t o  

s i g n a l s  by  t h e  e l e c t r o n i c s  o f  t h e  i ns t rumen t .  These 

s are s imu l taneous ly  d i sp layed  as d i q i t a l  readout .  

I n  t h e  C I E  (Commission I n t e r n a t i o n a l e  d e ' E c l a i r a g e )  system, 

Y, X, and Z are d e f i n e d  as f o l l o w s :  

750 750 750 

380 380 38 0 
x HR ; Z = J HR ( E q  1) 

- 
Y = J yHR d ; X = J  

where R i s  t h e  R a t i o  o f  l i g h t  d i f f u s e d  f rom t h e  sample,? , K, 7, 

are  t h e  wave leng ths  o f  t h e  response curve  of t h e  s tandard  

observer ,  and H i s  t h e  wave l e n q t h  o f  t he  i l l u m i n e n t .  Hunter 

sca le  rep resen ts  t h e  mathemat ica l  approx imat ion o f  t h e  non-1 i n e a r  

b lack  w h i t e  response o f  t h e  eye. The r e l a t i o n s h i p  o f  t h i s  sca le  
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210 VEMURI, TARACATAC, AND SKLUZACEK 

and C I E  i s  shown below: 

1 /2  
L = 10Y 

1 /2  
a = 17.5 (1 .02 X-Y)/y 
L 

A p l u s  va lue  a 

a p l u s  va lue  o f  b i n d i c a t e s  ye l lowness and a minus va lue  b lue -  

ness; and t h e  term L i s  a l i g h t n e s s  f u n c t i o n  and s imu la tes  Y .  

i n d i c a t e s  redness and a mints va lue  cyeeness; 
L 

L 

T o t a l  c o l o r  d i f f e r e n c e  i s  t h e  magnitude o f  t h e  r e s u l t a n t  vec to r  

of t h ree  component d i f f e r e n c e s ,  A L, A a , and A b . The t o t a l  

magnitude of c o l o r  d i f f e r e n c e ,  E i s  a s c a l a r  a u a n t i t y  and may be 
L L 

computed f rom t h e  eauat ion :  

EXPERIMENTAL 

M a t e r i a l s :  Raw m a t e r i a l s  used i n  t h i s  s tudy  a re  l i s t e d  i n  
Table 1. 

D i r e c t l y  compress ib le  C-90 g r a n u l a t i o n  con ta ins  m o d i f i e d  food  

s t a r c h  and l a c t o s e  i n  a d d i t i o n  t o  ascorb ic  ac id .  A l l  m a t e r i a l s  

used i n  t h i s  s tudy  were ob ta ined d i r e c t l y  f rom t h e  vendors. 

Met hods : 

Tab le ts  were made u s i n g  d i r e c t  compression techn ique on a Ro ta ry  
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COLOR STABILITY OF ASCORBIC ACID TABLETS 

TABLE 1 

2 11 

RAW MATERIAL GRADE/DESCRIPTION VENDOR LOT $ 

A s c o r b i c  A c i d  90% A s c o r b i c  Ac id/C-90 

C a l c i u m  A s c o r b a t e  82.6% Ascorb c A c i d  

Sodium A s c o r b a t e  88.9% Ascorb  c A c i d  

S o r b i  t o 1  C r y s t a l  1 i ne LISP 
(Tab1 e t  Type) 

Corn Sy rup  S o l i d s  Emdex, M5 

L a c t o s e  USP R e g u l a r  

Cal  c i  um S t e a r a t e  FCC 

Roche 3991 10 

EM Chemicals  2212524 

Takeda 168 

P f  i z e r  691 252-S6929 

E.Mendel1 

Foremost 310 

Ma1 1 i n c k r o d t  58531 12 

T a b l e t  Press*  w i t h  7/16" s t a n d a r d  cup punches. Weight and t h i c k -  

ness o f  t h e  t a b l e t s  were a d j u s t e d  t o  600 mg and 6 mm, r e s p e c t -  

i v e l y .  Throughout  t h e  p rocess ,  t a b l e t s  were r u n  a t  u n i f o r m  

w e i q h t  and p r e s s u r e  i n  o r d e r  t o  o b t a i n  c o n s i s t e n t  s u r f a c e  

p r o p e r t i e s .  

Ten d i f f e r e n t  f o r m u l a t i o n s  were made w i t h  v a r i a t i o n s  i n  

e x c i p i e n t  ( s w e e t e n e r ) ,  and t y p e  o f  a s c o r b i c  a c i d .  These f o r m u l a -  

t i o n s  a r e  shown i n  T a h l e  2.  F o r n i u l a t i o n s  made w i t h  f r u c t o s e  and/ 

o r  d e x t r o s e  anhydrous a r e  now shown i n  t h e  t a b l e  because t h e  

t a b l e t  compress ion t r i a l s  were u n s u c c e s s f u l .  T a b l e t s  made w i t h  

t h e s e  two i n g r e d i e n t s  were e x t r e m e l y  f r i a b l e  and t h u s  e l  i r n i n a t e d  

f r o m  t h e  r e m a i n i n g  s t u d y ,  

* Stokes 03, Press,  S t o k e s - M e r r i  1 P r o d u c t s ,  Penwal t Corp.,  
Warminster,  PA 98974 
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COLOR STABILITY OF ASCORBIC ACID TABLETS 213 

Tab le ts  were packed i n  100 cc q lass  c o n t a i n e r s  and a l l  t h e  

b o t t l e s  were torqued** down t o  20 i n c h  pounds. Then, these b o t -  

t l e s  were kep t  i n  25"C/75% RH, 35"C/75% RH, and 45"C/75% RH 

exper imenta l  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  1, 2, 3, 4, and 8 week pe r iods  and a l lowed 

t o  e q u i l i b r a t e  t o  ambient c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  

Measurement o f  C o l o r a t i o n :  

Samples c o l l e c t e d  f rom t h e  env i ronmenta l  chambers  a t  0 

t ime  t o  8 weeks were sub jec ted  t o  c o l o r  e v a l u a t i o n .  The su r face  

c o l o r  o f  t h e  t a b l e t s  was q u a n t i t a t i v e l y  measured w i t h  a 

T r i s t i m u l u s  Calorimeter*** us ina  t h e  smal l  spot  measuring area 

(10 mm d iamete r ) .  A s p e c i a l l y  made aper tu re  p l a t e  t o  h o l d  7/16" 

t a b l e t s  was p laced i n  t h e  sample p o r t  o f  t h e  ins t rument  and then 

c o l o r  of t h e  t a b l e t s  was subsequent ly  measured on Y, X, and Z 

sca le.  

A t  l e a s t  t h r e e  t a b l e t s  (bo th  s ides )  f rom each sample were 

employed i n  t h i s  c o l o r  measurement exper iment .  

E f f o r t s  were made t o  check t h e  c a l i b r a t i o n s  o f  t h e  i n s t r u -  

i n t e r m i t t e n t l y  d u r i n g  t h e  process o f  da ta  c o l l e c t i o n .  I n  o rde r  t o  

assure t h e  accuracy o f  t h e  data,  manu fac tu re r ' s  i n s t r u c t i o n s  on 

t h e  use o f  t h e  ins t rument  were f o l l o w e d  ve ry  c l o s e l y .  The d a t a  

c o l l e c t e d  as chromac i ty  coo rd ina tes  ( Y ,  X ,  Z )  was reduced t o  t h e  

magnitude o f  t h e  c o l o r  d i f f e r e n c e ,  E .  

** Spr ing  Torque Tes ter ,  Owens, I l l i o n o i s .  
*** Gardness XL-23 T r i s t i m u l u s  Co lor imeter ,  Gardner Labora tory ,  

Inc. ,  Bethesda, MD 20014 
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2 14 VEMURI, TARACATAC, AND SKLUZACEK 

Sensory Eva lua t i on :  

I n  o rde r  t o  be c o n s i s t e n t  i n  the  e v a l u a t i o n  judgement, t h e  

same c r i t e r i a  was  g i ven  t o  each score i n  t h e  sca le :  l-No change 

i n  c o l o r  ( w h t i e ) ;  2 -Whi t i sh  Ye1 low; 3-Ye1 lowish-Whi te ;  and 4- 

Ye1 lowish-Brown. A t  l e a s t  t h ree  t o  f i v e  t a b l e t s  f rom each b o t t l e  

were checked be fo re  a score was assigned t o  a g i ven  c o n d i t i o n .  

RESULTS AND D I S C U S S I O N  

The measured Y, X,  Z c o l o r  coo rd ina te  were t rans formed i n t o  

L, aL, and bL va lues  w i t h  t h e  equat ions 2, 3, and 4. Then, t h e  

va lue  o f  L, aL, and bL were c a l c u l a t e d  by  comparing zero t ime  

va lues  w i t h  the  t e s t  va lues  o f  v a r i o u s  c o n d i t i o n s .  E-va lues were 

d e r i v e d  by p lugg ing  these va lues  i n t o  equa t ion  5.  

€ -va lues  f o r  v a r i o u s  c o n d i t i o n s  and f o r m u l a t i o n s  were ca l cu -  

l a t e d  f o r  samples ob ta ined  a t  t h e  end o f  1, 2, 3, 4, and 8 weeks 

s to rage i n  env i ronmenta l  chambers. Changes i n  t h e  magnitude o f  

t o t a l  c o l o r  d i f f e r e n c e  were p l o t t e d  aga ins t  t ime .  A l l  s lopes  

o f  t h e  l i n e s  were c a l c u l a t e d  by l i n e a r  reg ress ion  a n a l y s i s  (8 ,9 )  

us ing  an e l e c t r o n i c  c a l c u l a t o r  (HP, model 9825B). The number 

o f  p o i n t s  on each l i n e  i s  equal t o  5. A l l  f o r m u l a t i o n s  showed 

l i n e a r i t y  evidenced by  a c o r r e l a t i o n  c o e f f i c i e n t  g r e a t e r  t han  0.9 

except  i n  a coup le  o f  l a c t o s e  based formulae.  S ince t h e  p l o t s  o f  

E aga ins t  t ime are l i n e a r ,  t h e  o rde r  o f  r e a c t i o n  f o r  c o l o r  change 

i s  recogn ized as zero-order .  

Formula t ions  made w i t h  l a c t o s e  as a d i l u e n t  showed v e r y  

l i t t l e  change evidenced by sma l le r  E-values compared t o  S o r b i t o l  
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and Emdex f o r m u l a t i o n s .  The l a r g e s t  E -va lues  f o r  S o r b i t o l ,  Emdex 

and L a c t o s e  f o r m u l a t i o n s  a t  45"C/75% KH were f o u n d  t o  be 25, 24, 

and 8, r e s p e c t i v e l y .  

F o r m u l a t i o n s  made w i t h  Ca lc ium A s c o r b a t e  and Sodium 

A s c o r b a t e  deve loped  c o l o r  i n  t h e  t a b l e t s  a t  a f a s t e r  r a t e  t h a n  

t h e  t a b l e t s  made w i t h  A s c o r b i c  A c i d  (C-90), which i s  r e f l e c t e d  

b y  l a r g e r  s l o p e s  i n  t h e  r e g r e s s i o n  e q u a t i o n s  o f  T a b l e  3. Never-  

t h e l e s s ,  i t  sugges ts  t h a t  C-90 c o a t e d  w i t h  m o d i f i e d  f o o d  s t a r c h  

and l a c t o s e  has b e t t e r  s t a b i l i t y .  

Coated A s c o r b i c  A c i d  i s  n o t  r e a d i l y  a v a i l a b l e  f o r  chemica l  

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

I t  has been r e p o r t e d  ( 4 )  t h a t  t h e  c o l o r  change i n  a s c o r b i c  a c i d  

i s  d i r e c t l y  r e l a t e d  t o  t h e  chemica l  d e g r a d a t i o n  o f  t h i s  v i t a m i n .  

F u r t h e r ,  t h e  a u t h o r s  m o n i t o r e d  t h e  c o l o r  development  as w e l l  as 

t h e  a s c o r b i c  a c i d  d e q r a d a t i o n  o f  f o r m u l a  c o n t a i n i n a  C-90, 

S o r b i t o l ,  and C a l c i u m  S t e a r a t e .  The v i t a m i n  C d e a r a d a t i o n  and 

c o l o r  development  r a t e  c o n s t a n t  d e t e r m i n e d  f o r  25"C/75% RH, 

35"C/75% RH, and 45"C.75% RH were compared. The r a t e  o f  c o l o r  

development i s  f o u n d  t o  be l i n e a r l y  c o r r e l a t e d  w i t h  t h e  r a t e  

o f  v i t a m i n  C d e g r a d a t i o n  (Y=0.51+2.1 X )  w i t h  a c o r r e l a t i o n  c o e f -  

f i c i  e n t  o f  0.99. 

The thermodynamic pa ramete r ,  a c t i v a t i o n  energy  (Ea) ,  was 

c a l c u l a t e d  f r o m  A r r h e n i u s  p l o t s  f o r  each o f  t h e  f o r m u l a t i o n s .  

The s l o p e s  o f  t h e  r e g r e s s i o n  e q u a t i o n s  o f  T a b l e  3 a r e  t h e  r e a c -  

t i o n  r a t e  c o n s t a n t s .  These r a t e  c o n s t a n t s  v a l u e s  were used i n  
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TABLE 3 

S t a b i l i t y  Data on Ten D i f f e r e n t  Formula t ions  i s  Represented i n  
t h e  Form o f  L i n e a r  Regression Equat ions.  
Equat ions Are The Rate Constants a t  t h e  Temperature Stud ied  

The Slopes o f  These 

w i t h  75% RH CORRE LAT I ON 
FORMULA (.OC) REGRESSION EOUATION COEFFICIENT 

Ascorbic Ac id  + 
Ca S tea ra te  

C-90 t S o r b i t o l  + 
Ca S tea ra te  

Ca Ascorbate + 
S o r b i t o l  + 
Ca S tea ra te  

Na Ascorbate 
+ S o r b i t o l  + 
Ca S tea ra te  

C-90 + Emdex + 
Ca S tea ra te  

Ca Ascorbate + 
Emdex + Ca 
S t e a r  a t  e 

Na Ascorbate + 
Emdex + Ca 
S t  ear a t e  

C-90 + Lactose + 
Ca S tea ra te  

Ca Ascorbate + 
Lactose + 
Ca S tea ra te  

Na Ascorbate + 
Lactose + 
Ca S tea ra te  

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

25 
35 
45 

E=0.08t + 3.25 
E=0.15t + 3.39 
E=0.62t + 3.07 

E=0.29t + 1.43 
E=l.OOt + 1.74 
E=2.50t + 2.21 

E=0.91t + 3.53 
E=1.55t + 5.42 
E=2.20t + 9.77 

E=0.42t + 2.76 
E=1.32t t 3.65 
E=1.30t + 3.52 

E=O.lOt + 2.46 
E=0.47t + 2.40 
E=1.52t + 3.50 

E=0.25t + 2.73 
E=0.86t + 3.02 
E=2.45t + 4.12 

E=0.20t + 2.73 
E=0.86t + 3.02 
E=2.45t + 4.12 

E=0.03t + 1.33 
E=0.15t + 1.36 
E=0.47t + 1.25 

E=0.04t + 2.75 
E=0.15t + 2.55 
E=0.41t + 2.76 

E=0.08t + 1.93 
E=0.27t + 2.08 
E=0.73t + 2.03 

0.85 
0.89 
0.99 

0.92 
0.99 
0.99 

1 .oo 
0.96 
0.84 

0.96 
0.98 
0.88 

0.92 
0.98 
0.95 

0.71 
0.99 
0.98 

0.91 
0.99 
0.99 

0.66 
0.97 
0.99 

0.71 
0.53 
0.99 

0.65 
0.96 
0.99 
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p r e p a r i n g  A r r h e n i u s  p l o t s .  A r r h e n i u s  e q u a t i o n s  o b t a i n e d  f o r  a l l  

t h e  f o r m u l a t i o n s  showed good l i n e a r i t y  w i t h  c o r r e l a t i o n  coef-  

f i c i e n t s  above 0.9. The e f f e c t  o f  t e m p e r a t u r e  on t h e  c o l o r  

change o f  t a b l e t s  i s  exp ressed  b y  u s i n g  A r r h e n i u s  e q u a t i o n .  

As  shown i n  T a b l e  4, p l o t s  o f  l o g  K v e r s u s  1/T y i e l d e d  s t r a i g h t -  

l i n e  r e l a t i o n s h i p s  w i t h  n e g a t i v e  s l o p e  f o r  each o f  t h e  f o r m u l a e  

s t u d i e d .  The a c t i v a t i o n  e n e r g y  o f  a s c o r b i c  a c i d  c a l c u l a t e d  b: 

B l a u g  e t .  a l .  ( 1 0 )  i n  a pH range  o f  3.5 t o  6.6 v a r i e d  between 

23 t o  78 K c a l h o l e .  

The Ea v a l u e s  o b t a i n e d  i n  o u r  s t u d y  f a v o r a b l y  compare w i t h  

t h e  R l a u a ' s  f i n d i n q s .  

T a b l e t s  were v i s u a l  

4. I n  s e v e r a l  t a b l e t s ,  

ment on two f a c e s  o f  t h e  

s l i a h t l y  d a r k e r  t h a n  t h e  

y r a t e d  on a s u b j e c t i v e  s c a l e  o f  1 t o  

t was obse rved  t h a t  t h e  c o l o r  d e v l o p -  

t a b l e t  i s  d i f f e r e n t .  One s i d e  i s  

o t h e r .  

N o r m a l i z e d  E v a l u e s  were compared w i t h  sensory  s o c r e s .  N o r m a l i z a -  

t i o n  o f  E v a l u e s  was done b y  t h e  f o r m u l a  shown be low:  

E E - E  
N o r m a l i z e d  = F i n a l  Ze ro  
t 

Zero 

Where E F i n a l  i s  t h e  v a l u e  o f  E a t  any t i m e  t o f  a g i v e n  f o r m u l a ,  

and E i s  t h e  v a l u e  o f  E a t  t i m e  z e r o  o f  t h e  same f o r m u l a . .  

F i g u r e  1 shows t h e  r e s u l t s  o f  t h i s  compar ison.  The b a r s  on t h e  
0 

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

a u t h o r s  f o u n d  a s e n s o r y  s c o r e  beyond 2.5 p e r c e i v e d  as a d i s -  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



218 VEMURI, TAEUCATAC, AND SKLUZACEK 

TABLE 4 

Degradat ion r a t e  cons tan ts  shown i n  t h e  p rev ious  Tab le  were 
f i t t e d  t o  Ar rhen ious  Model u s i n g  L i n e a r  r e g r e s s i o n .  

t a  Averaqe 
CORRELATION K Ca l /  V i sua l  

FORMULA REGRESSION EOUATION COEFFICIENT mole H a t i n g  

C-90+Ca 1oq K=-4.195 ( 1 0  )+12.922 0.972 19.20 1 
S t  ear  a t e  T 

3 

3 
c-90+ 1Oq K=-4.439 (10  )+14.378 0.998 20.31 2 
Sorb i  to l+Ca S t e a r a t e  T 

3 
Ca l o g  K=-1 .820 ( 1 0  )+ 6.079 0.995 8.33 3 
Ascorbate + T 
S o r b i t o l  + Ca S tea ra te  

3 
Na l o g  K=-3.058 (10  ) +  3.058 0.959 14.00 2 
Ascorbate + T-- 
S o r b i t o l  + Ca S tea ra te  

3 
C-90+Emdex l o g  K=-4.184 (10 )+13.260 0.999 19.15 1 
+ Ca S t e a r a t e  T 

3 
l o g  K=-5.608 (10  )+17.839 0.998 25.66 1 Ca 

Ascorbate + T 
Emdex t Ca S tea ra te  

3 
Ca lo9 K=-5.165 ( 1 0  )+16.656 0.998 23.64 1 
Ascorbate + Emdex T 
+ Ca S tea ra te  

3 
c-90+ l o g  K=-5.672 ( 1 0  )+17.539 0.997 
Lac tose  + Ca T 

25.96 1 

S t e a r a t e  

C a  l o p  K=-4.795 (10 )+14.712 0.998 21.94 1 
Ascorbate + T 

3 

Lactose + Ca S tea ra te  

N a  l o g  K=-4.553 (10 )+14.192 0.999 
3 

Ascorbate + T 
Lactose + Ca S tea ra te  

20.83 1 
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1 .o 

0.9 

0.8 

0.7 

v) 
LLI 
3 

Q > 
n w 0.5 
N, 
a 
I 
a 0.4 
0 z 

0.6 

w 

-1 

0.3 

0.2 

0.1 

y = 0.201 x - 0.032 

r = 0.998 

VISUAL RATING 

F igu re  1: V i sua l  r a t i n g  o f  Ascorb ic  Ac id  t a b l e t s  color i s  

compared w i t h  t h e  normal ized,  t o t a l  c o l o r s  d i f f e r e n c e  ( E )  

va lues.  The v e r t i c a l  bars on the  p o t  are one s tandard  

d e v i a t i o n  on t h e  mean. The number n t h e  pa ren thes i s  i s  

t h e  sample s i z e  f o r  t h e  mean va lue .  
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t i n c t  c o l o r  d i f f e r e n c e  i n  t a b l e t s .  A t  a v i s u a l  p e r c e p t i o n  o f  

2.5, t h e  normal ized E i s  found t o  be 0.48. Assuming 0.48 as 

normal ized  E acceptab le  a t  t h e  end o f  two years,  p r e d i c t i o n s  

were made f o r  a l l  t h e  formulae s t u d i e d  and found them no t  t o  

meet t h e  se t  c r  i t e r i  a .  

Table 4 compares the  average scores o f  v i s u a l  r a t i n g  w i t h  the  

a c t i v a t i o n  enerqy. As expected, when t h e  a c t i v a t i o n  enerqy i s  

h igh ,  t h e  t ime it took  f o r  t h e  t a b l e t s  t o  change c o l o r  was 

longer  than t h e  low a c t i v a t i o n  energy case. Formula c o n t a i n i n g  

ca l c ium ascorbate and s o r b i t o l  developed a brownish c o l o r  a t  a 

f a s t e r  r a t e  and was de tec ted  bo th  v i s u a l l y  and q u a n t i t a t i v e l y .  

CON C L I t  S I 0 N 

1 .  The c o l o r  change i n  ascorb ic  a c i d  t a b l e t s  s t u d i e d  i s  a zero-  

o rde r  r e a c t  i o n .  

2 .  Lactose and Emdex appear t o  i n f l u e n c e  t h e  c o l o r  change i n  t h e  

t a b l e t s  t o  a l e s s e r  degree than S o r b i t o l .  

3.  I n t e r a c t i o n  between Calcium Ascorbate and S o r b i t o l  seems t o  

be more pronounced than t h e  i n t e r a c t i o n s a  o f  Calcium Ascorbate, 

Emdex, and Lactose.  

4 .  Color  changes observed i n  a s u b j e c t i v e  e v a l u a t i o n  were w e l l  

c o r r e l a t e d  w i t h  t h e  q u a n t i t a t i v e  measurements. Fu r the r ,  t h e  
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use o f  l i g h t  r e f l e c t a n c e  measurements g r e a t l y  improved t h e  

r e l i a b i l i t y  and u s e f u l n e s s  o f  d a t a .  

5 .  The a c t i v a t i o n  e n e r g y  Ea f o r  v i t a m i n  C d e r i v e d  f r o m  t h e  c o l o r  

change d a t a  compares f a v o r a b l y  w i t h  known a c t i v a t i o n  e n e r g y  

i s  d e t e r m i n e d  f o r  chemica l  d e a r a d a t i o n  o f  t h i s  v i t a m i n .  

6.  The h i g h e r  t h e  a c t i v a t i o n  energy,  t h e  l o n g e r  i t  t o o k  t h e  

t a b l e t s  t o  d e v e l o p  c o l o r  and v i c e - v e r s a .  
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