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Color Index for Cottonseed Oils I 
W A L T E R  A. P O N S  JR., JAMES C. K U C K ,  and V E R N O N  L. F R A M P T O N ,  Southern Regional 
Research Laboratory, 2 N e w  Orleans, Louisiana 

The  co lor  i n d e x  d e t e r m i n e d  b y  t im a r e a  u n d e r  t he  a b s o r p -  
t i o n  cu rve  i n  t he  r e g i o n  of 4.00-500 m i l l i m i c r o n s  is  p r e f e r r e d  
over  the  A.O.C.S.  p h o t o m e t r i c  m e t h o d  in  r e s e a r c h  on  co t ton -  
s e e d  o i l  co lo r  b e c a u s e  t h e  co lor  i n d e x  g i v e s  t h e  m o r e  a c c u r a t e  
m e a s u r e  of  t he  r e l a t i v e  e h r m n o g e n  c o n c e n t r a t i o n  i n  co t ton -  
seed  oils.  T h e  e v i d e n c e  t h a t  t he  color  i n d e x  m e t h o d  i s  m o r e  
r e l i a b l e  i n c l u d e s :  ( a )  a d e m o n s t r a t i o n  t h a t  t h e  a r e a  u n d e r  
the  a b s o r p t i o n  c u r v e  m a y  be  u s e d  in  p l a c e  of  a b s o r b a n e e  i n  
the  : B e e r - L a m b e r t  e q u a t i o n ;  b )  a p a n e l  score  f o r  c o t t o n s e e d  
o i l  color  i n t e n s i t y  t h a t  a g r e e s  w i t h  the  co lor  i n d e x  b e t t e r  t h a n  
i t  does  w i t h  the  p h o t o m e t r i c  c o l o r ;  a n d  e) sou rce s  of  e r r o r  i n  
t he  p h o t o m e t r i c  m e t h o d  t h a t  do n o t  occur  i n  t he  co lo r  i n d e ~  
n l e thod ,  i n c l u d i n g  those  c o n t r i b u t e d  b y  t he  h i g h  e m p h a s i s  
on  a b s o r p t i o n  a t  550 a n d  670 m i l l i m i c r o n s .  

A 
I)'ANTITATIVE relat ionship between the red color 
intensi ty of darkly-colored, bleached cottonseed 
oils and the concentrat ion of the ehromogens 

in these oils is basic to research on the genesis, the 
i(hmtity, and the elimination of the red-colored bodies 
that  create a color problem for about one-fourth of 
the cottonseed oil produced in the United States. The 
methods cur ren t ly  used for  measurement  of color do 
not sat isfy the research requirements  for  determining 
the chromogen concentration in off-colored cottonseed 
oils. The A.O.C.S. Wcsson method (1),  using Lovi- 
bond glasses, is subjective, and it is an adapta t ion  of 
the l~ovibond method, which was developed originally 
for use in measur ing the color of beer. The photo- 
metric A.O.C.S. method (1) was devised to give color 
values f rom spectrophotometr ie  d'ata tha t  would 
match those obtained by use of Lovibond glasses. 

It  has long been established that  the percentage of 
incident l ight tha t  is t r ansmi t ted  through most t rans-  
Iml'enl solutions is an exponential  funct ion of the 
concentration of the solution. This principle is known 
as the Beer-ll;ambert law, and it forms the basis of 
colorimetric, procedures tha t  find wide use in analy- 
tical chemistry. Normally,  where the system is de- 
fined and where the absorption characterist ics of the 
solute are known, the determinat ion of the percentage 
of the incident l ight that  is t ransmi t ted  through tile 
solution is made in a nar row wavelength band. I t  
is obvious however that,  when the system is poorly 
defined and where several unidentified solutes of 
ullknown absorption characterist ics are present,  the 
use of a nar row wavelength band may  not be 
relied upon for  an accurate measure of the solute 
concentration. 

The effort is made here to use the area under  the 
absorption curve, a where the absorbance is plotted 

' Presented at the 51st Annual Meeting, American Oil Chenlists' 
Se('ioty, Dallas,  Tex.,  Apr i l  4 -6 ,  1960. 

2One af the laboratories of lhe Southern Utilization Rcsear(.h and 
Deve lopmen t  Div i s ion ,  Agr i cu l t u r a l  R e s e a r c h  Service,  U.  S. Depar t -  
ment of Ag'riculture. 

:' This principle was proposed by ,~aeini an4 Carola (3) as a color 
inde): for olive oil and more recently was used by Frampton et al. (2) 
as a m e a s u r e  of egg yolk dis( 'e lerat ion.  
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FI(L i .  Color  i n d e x  ( a r e a  m e t h o d )  vs. p e r c e n t a g e  of  da rk -  
co lored ,  b l e a c h e d  c o t t o n s e e d  oil  m i x e d  w i t h  a l i g h t l y - c o l o r e d ,  
b l e a c h e d  c o t t o n s e e d  oil .  

against  the wavehmgth, as a measure of the relatiw~ 
chromogen concentration of the unidentified pigments  
in cottonseed oil. Thus, if the Beer -Lamber t  law 
describes the absorption behavior of the solutes in 
cottonseed oil, the relationship 

R og 

x = 400 
C t -  

u y .  
X = 400 p = 1 

where Ct is the total  concentrat ion of the absorbing 
solutes, R is a propor t ional i ty  constant, b is the length 
of the l ight path,  X is the wavelength in millimicrons, 
I and Io are l ight intensities, p is the nnmber  of 
solute components, and k, is the absorpt iv i ty  for the 
vth component  at  wavelength A, can be used to esti- 
mate the total concentration of solutes in the oils. 
The summat ion  

x = 400 

is essentially the area under  the absorpt ion curve in 
the 400-500 millimicrons region in which the problem 
pigments  absorb. 

The denominator  of the equation should remain  
constant  in any  dilution exper iment  with bleached 
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cottonseed oils, aiid the concentrat ion at the various 
dilutions in such an exper iment  must  be direct ly 
proport ional  to the contr ibution by the oil to the 
area under  the absorptiolt curve if the Beer-Lamber t  
law is followed. 

That  the Beer-l~ambet't law is followed is demon- 
s t ra ted by  the data plotted in F igure  1, where the 
percentage of concelitration of dar ldy  colored cotton- 
seed oil in a very  l ightly colored oil is plotted as 
the abscissa agai | |s t  the contribution by  the dark  oil 
to the area under  the absorption curve as the ordinate. 
Note tha t  the direct  propor t io tmli ty  demanded by 
the Beer-l~alnbc, rt law is obtained. 

M a t e r i a l s  a n d  M e t h o d s  

Nine refined aiid bh}a.che(l cottonseed oils with 
A.O.C.S. photometr ic  color vahles ICe 13e-50), rang- 
]Jig f rom 0.14 to 1.49 (Table I ) ,  were used. 

' I 'A I~, L l!] I 

R a t i n ~  of  B l e a d l e d  ( J o t t o n s e e d  O i l s  lJy T h r o e  C o l o r  M e t h o d s  

V i s u l d  r a t i n g  
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0,64 ;| 
1 . 3  I 
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C o l o r  i n d e x  

V t d u  e i> i R a n k  

" 8 . 7  I-- 1 
1 0 . 0  I 2 
1 0 , 9  3 
1 1 . 3  4 
1 1 . 7  5 
1 3 . 3  6 
1 4 . 3  7 
1 5 . 6  S 
1 6 . 4  9 

"~ Sl;uli e l  pan lq  i ' a l i n~s  f o r  ea('h oi l  f r o m  ] i~ 'ht  ( A )  to  d a r k  ( i ) .  
i) A v e r l i g e  i)f ( h l l i l h ,a le  ( h , t e rn i i l i a t i o l t s  by  t w o  nna lys ts .  

The absorllaneos (if the filtered ()iTs were dctermined 
at  10-millilnicrons illlcrwfis t)y use of a Beckman 
)/[ode{ B Spectroi)h(iton/etcr , 1-cal. cell, and cyclo- 
hexane as tim referen('~c solvent. The sum of the 16 
absorbanccs mltltiI)lied t)y 10 was taken as an ap- 
proximat ion of the area under  the absorption curve, 
and  the product  was designated as the color index. 

F o r  visual ra t ing  by  a panel, flat-bottomed glass 
tubes [A.O.C.S. color tubes (1)]  were filled to a 
depth of 67 mE.  with the refined and b]eaehed oils. 
The tubes were placed vert ical ly in a rack and were 
t ransi l luminated with a dayl ight  lamp. Each mem- 
ber  of a panel  of 21 observers viewed the oils f rom 
the top, looking down, and a r ranged  the oils in order 
of increasing color intensity. The panel  color-score 
assigned to a given oil in the series of exper imenta l  
samples was obtained by  summing the relative posi- 
tions assigned to it independent ly  by each member  
of the panel. Thus, if an oil were assigned r position 
2 by 7 members of the panel, to position 3 by I0, 
and to position 4 by  4, the score assigned was 
60 - -  14 + 30 § 16. 

R e s u l t s  a n d  D i s c u s s i o n  

The color ra t ings  of the bleached oils by panel  
scoring, A.O.C.S. photometr ic  color method, and color 
indices (area method)  are all recorded in Table I. 

The coefficient of correlation between the panel  
score and the A.O.C.S. photometr ic  data  was found to 
be 0.76, with 8 degrees of freedom. On the other 
hand, the coefficient of correlation between the color 
index and the panel  score was found to be 0.99, also 
with 8 degrees of freedom. F u r t h e r m o r e  the regres- 
sion curves plot ted in F igures  2 and 3 indicate a 
much higher divergence between the panel  score and 
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Fro.  2. Relation between panel scores and A.O.C.S. photo- 

metric color values. 

the A.O.C.S. data  than between the panel s(,orc and 
the color index. 

A more quant i ta t ive  comparison of the reliabili ty 
of the area method and the A.O.C.S. method for  
obtaining color indices is fonnd in the analyses of 
variance of the regression of the p a l l c ]  s c o r e  on the 
A.O.C.S. 1)hotomctric coh)r and of the regression of 
the panel  score on the coh/r index. These analyses 
are shown in Table H.  The order of magni tude of 
the var iance about the regression for the A.O.C.S. 
photometr ic  color is very  much la rger  (24-fold) than 
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T K B L E  11 

Ana lys i s  of V a r i a n c e  

Source  of v a r i a n c e  

P a n e l  score  on pllotometric color 
D u e  to r e g r e s s i o n  . . . . . . . . . . . . . . . . . . . . . . . .  
About r e g r e s s i o n  . . . . . . . . . . . . . . . . . . . . . . . . . .  
To ta l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P a n e l  score on color index  
D u e  to r e g r e s s i o n  .. . . . . . . . . . . . . . . . . . . . . . . .  
About r e g r e s s i o n  .. . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Character 

~ums Ot 
~quares 

1 4 , 9 0 0  
1 1 , 1 7 8  
2 6 , 0 7 8  

2 5 , 5 9 3  
485  

2 6 , 0 7 8  

d 

1 
7 
8 

da r i anc  

1 4 , 9 0 0  
1 ,599  

2 5 , 5 9 3  
654  

9 .32 

39 .4  

the variance about the regression for the color index�9 
Moreover the F value of 39 for 1 and 7 degrees of 
freedom indicates a very  high order of significance 
for the regression of the panel score on the color 
index while  the F value of 9.3 for 1 and 7 degrees of 
freedom for the regression of the panel score on the 
A.0 .C.S .  photometric color would imply  that the 
odds are about 1 in 40 that the agreement between the 
A.0 .C.S.  photometric  color and the panel score is 
owing to chance. 

The sources of variance for the color indices were 
not all identified, but it may  be noted from the data 
in Table II  that the contribution to the variances by 
the experimental  error is much greater for the 
A.O.C.S. photometric  color than for the color index. 

I t  may  be seen from the absorption curves for 
refined and bleached cottonseed oils shown in Figure  
4 that the absorption at 550 mil l imicrons is relatively 
insignificant in c<m/parison with the absorption at 
lower wavelengths, yet the A.O.C.S. phot<mmtric 
method places Mgh enlphasis on the absorption at this 
wavelength. The absorption at 500 millimicrons is 
weighted by a 54-fold factor over the strong absorp- 
tion at 460 millimicrons, as may be seen from the 
equation (1) 

l)hotonletric, color = 1.29 D460 + 69.7 D550 + 41.2 D62o 
--56.4 D67o 
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FI~. 4. Absorpt ion  curves for  refined and bleached cotton- 
seed oils. 

which is specified in the A.O.C.S. procedure for cal- 
culating the color value. 

Furthermore  the coefficient for the absovbance at 
670 mil l imicrons is negative in the equation specified 
by the A.O.C.S. photometric  method. The extent  to 
which the negative coefficient may  distort the color 
value obtained by the A.O.C.S. photometric  nlethod 
is i l lustrated by the data recorded in Table III,  where 

T A B L E  I I I  
Effect of Green P i g m e n t a t i o n  on A p p a r e n t  Oil  Color 

Oil color 
B l e a c h i n g  treatment  

Refined oil ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B l eached  w i t h  a l u m i n a  b . . . . . . . . . . . . . . . . . . . . . . . .  
B l eached  wi th  a l u m i n a  b . . . . . . . . . . . . . . . . . . . . . . . .  
B l eached  w i t h  a l u m i n a  ~* . . . . . . . . . . . . . . . . . . . . . . . .  
B l eached  wi th  a l u m i n a  l) . . . . . . . . . . . . . . . . . . . . . . . .  
B l eached  w i t h  a l u m i n a  ~ . . . . . . . . . . . . . . . . . . . . . . . .  
B leached  wi th  a l u m i n a  -ff cha rcmd  % ..... 
B l eached  wi th  a l u m i n a  + char<'oal ~'. ..... 
B l eached  wi th  a l u m i n a  ~ cha rcoa l  " ...... 
B l e a c h e d  w i t h  a l u m i n a  + charcoa l  " ...... 
B l eached  wi th  a l u m i n a  + charcoa l  " ...... 

Adsorbent 
used  

% 
l 
2 
3 
4 
5 
1 
2 
3 
4 
5 

A.O.C.S.  Color 
photometric index  

4 .4  101 
0 .4  29  
0.0 25 
0.0 25  
0.0 24  
0.0 23 
1,3 19 
0,8 18 
0.9 16 
0.2 15 
0.6 15 

a Conta ins  g r e e n  p igmen ta t i on ,  b leachab le  oil. 
No effect on g r e e n  p igments ,  g r e e n i s h  v i s u a l  color. 

c Removes green pigments ,  yel low v i s u a l  color. 

the color values obtained for a cottonseed oil with a 
greenish color are tabulated. The color values ob- 
tained with the A.O.C.S. photometric  method are 
zero for the oils bleached with 2,3,4, and 5 g. of 
alumina per 100 g. of oil, yet  these oils were definitely 
colored, ~s may be seen from the color inde, x values. 
Note that  a positive vahlc for the A.O.C.S. photo- 
metric color was ot)taincd in each case when thc grecn 
pigments were removed fronl thc oils through the 
use of a small qlmutity of charcoal. 

The precision of the color index measurement, as 
determined by 12 observations on each of a refined 
and a refined-and-blcached cottonseed oil, is com- 
pared in Table IV with the precision of the A.O.C.S. 
photometric  method as deternlined by Pohle  et aL 
(4). Included in the table arc the precision data 

'PA BIAs; I V  
P r e c i s i o n  of T h r e e  Methods  for E s t i m a t i n g  Color of Cottonseed Oil 

Method and  s ta t i s t i c  

Curvo  a r e a  color 
M e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a n d a r d  dev ia t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coefficient of v a r i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A.O.C.S.  photometric color ( 4 )  
M e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a n d a r d  dev i a t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coefficient of v a r i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lov ibond  l~ed ( 4 )  
M e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a n d a r d  dev i a t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coefficient of v a r i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Type  of c 

Ref ine4  

100 .7  
0 .68  
0.7% 

10.5 
=~ 1,30 
12.4% 

10.9  
~--- 1 .09 

lo.o% 

cott~mseed oil 

l~leached 

27 .8  
~--~ 0 .67  

2 . 4 %  

2 .17  
0�9 

10.6% 

2 . 3 4  
0 .26  

for the Lovibond data, also determined by l?ohle ct al. 
The coefficient of variation for the color index method 
is very much less than these for the A.0 .C.S.  photo- 
metric and the Lovibond methods.  
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