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 Adsorption of Lutein From Soybean Oil 
Andrew Proctor and Harry E. Snyder* 
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on Silicic Acid I. Isotherms 

A d s o r p t i o n  o f  l u t e i n  f r o m  c r u d e  s o y b e a n  oi l  m i s c e l l a  3 3- 
o n  d i s p e r s e d  s i l ic ic  a c i d  r e s u l t e d  in  t h r e e  d i f f erent  "~ 
F r e u n d l i c h  t y p e  i s o t h e r m s ,  d e p e n d i n g  o n  t h e  
a m o u n t  o f  a d s o r b e n t  u s e d .  N o r m a l l y ,  c h a n g i n g  t h e  
a m o u n t  o f  a d s o r b e n t  g i v e s  a n e w  p o i n t  o n  t h e  s a m e  
i s o t h e r m .  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  l u t e i n  a d s o r p -  
t i on  r e v e a l e d  t h a t  a d d i t i o n  o f  1% i s o p r o p a n o l  to  t h e  
h e x a n e  s o l v e n t  a n d  d e a c t i v a t i o n  o f  t h e  s i l i ca  a c i d  
w i t h  w a t e r  d e c r e a s e d  l u t e i n  a d s o r p t i o n .  Pur i f i ca -  ~=- 
t i on  o f  t h e  l u t e i n  r e s u l t e d  in  i n c r e a s e d  a d s o r p t i o n ,  
i n d i c a t i n g  t h a t  t r i g l y c e r i d e  w a s  c o m p e t i n g  for  ad-  ~ t 
s o r p t i o n  s i tes .  T h e  t r i g l y c e r i d e  c o m p e t i t i o n  w a s  c o n -  ~ 
f i r m e d  by  c a l c u l a t i n g  a n  a d s o r p t i o n  i s o t h e r m  for  
t r ig lycer ide  f r o m  c r u d e  s o y b e a n  oi l  m i s c e l l a .  U s e  o f  
s i l ic ic  a c i d  a s  a c o l u m n  r a t h e r  t h a n  d i s p e r s e d  ~ 0 
y i e l d e d  m u l t i p l e  i s o t h e r m s  for  l u t e i n  a d s o r p t i o n  
b a s e d  o n  t h e  a m o u n t  o f  a d s o r b e n t  u s e d .  A l s o ,  l u t e i n  
a d s o r p t i o n  o n  c o l u m n s  w a s  c o n c e n t r a t e d  at  t h e  en-  
t r a n c e  to  t h e  c o l u m n .  E x p e r i m e n t s  s h o w e d  tha t  lu- 
t e in  a d s o r p t i o n  w a s  n o t  d u e  to  p a r t i t i o n i n g  b e t w e e n  
b o u n d  t r i g l y c e r i d e  a n d  h e x a n e  s o l v e n t .  
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FIG. 1. Lutein isotherms were determined by incubating 200 
ml of 40%, 30%, 20% or 10% vol/vol crude soy oil/hexane miscella 
for 15 min at 22 C with variable amounts of silica. Lutein 
concentration was obtained by measuring absorbance at 445 
l l l n .  

Freshly extracted soybean oil contains a number of com- 
ponents, such as pigments, phospholipids and fatty acids, 
which must be removed to produce a bland, light-colored 
oil that  is acceptable to consumers. The commercial re- 
moval of pigments is achieved by an adsorption process 
using bleaching clays (1). Soybean oil pigment is almost 
exclusively the carotenoid lutein (2). Hassler and Hag- 
berg (3) showed that the adsorption of soybean oil pigment 
on bleaching earth occurs according to a Freundlich 
isotherm. The adsorption of soybean oil phospholipids 
and pigment on silicic acid from a soybean oil miscella 
also conforms to a Freundlich isotherm. (4). Conditions 
favoring adsorption of phospholipid are 1-2% isopropanol 
(IPA) in the miscella and 5% water-deactivated silicic 
acid (4). 

The purpose of this investigation was to study the 
conditions favoring the adsorption oflutein on silicic acid. 
We wanted to know if a simultaneous adsorption of pig- 
ment and phospholipid was possible or, alternatively, the 
conditions required for consecutive adsorption of these 
oil components. In addition, the interaction between pig- 
ment and triglyceride during adsorption was explored. 
The long term goal is to determine the feasibility of estab- 
lishing a soybean oil refining process based on adsorption 
that might reduce energy costs and improve soybean oil 
quality when compared with conventional high tempera- 
ture practices. 

MATERIALS AND METHODS 

Oil solvents and adsorbent. Unless stated otherwise, 
crude soybean oil obtained by commercial oil extraction 
and stored at 4 C was used throughout the investigation. 

All solvents were of high performance liquid 
chromatography (HPLC) grade. Soybean oil miscellas 
were prepared by diluting crude soybean oil with hexane. 

*To whom correspondence should be addressed. 

In some experiments isopropanol (IPA) was added to in- 
crease the polarity of the miscella. 

The adsorbent used was Bio-Sil A (100-200 mesh 
silicic acid, Bio Rad Laboratories, Richmond, Califor- 
nia), and the term "silica" is used as a synonym for 
silicic acid. 

Lutein measurement. Pigment concentration was mea- 
sured as lutein by measuring optical absorbance at 445 
nm, which is the wavelength of maximum absorbance of 
lutein in hexane (5). Measurements were made with 
a Varian model 634S double beam spectrophotometer. 
Lutein concentration was calculated using the absorb- 
ance value and appropriate 1% E7c m (2). 

Lutein isotherms. Lutein isotherms were determined 
by preparing 200-ml volumes of 10, 20, 30 or 40% (v/v) 
concentrations of soybean oil miscellas in hexane. The 
lutein content of each miscella was found before a 
known weight of silica was added to each miscella. The 
miscellas were agitated with a magnetic stirrer for 15 
min in a closed vessel at 22 C with 2, 1 or 0.5 g of silica. 
The residual lutein concentration of the miscelta was 
measured, and the amount of lutein adsorbed was cal- 
culated by difference. Isotherms were plotted as ~mol 
of lutein adsorbed per g of silica vs residual ~Lmolar 
concentration of lutein for each weight of silica used. 

Miscella polarity. The adsorption experiment was re- 
peated with 1% IPA in the miscella, and the results were 
compared with those obtained in the absence of IPA. 

Degree of silica deactivation. Isotherms were deter- 
mined using 1-g quantit ies of water-deactivated silica. 
Deactivation was achieved by adding a known volume 
of water to 100-g quantit ies of silica. The flask contain- 
ing the silica was rotated several times to break up the 
water droplets, then stoppered and left to equilibrate 
overnight. Deactivated silicas with 15%, 10% and 5% 
water were prepared. 

Isotherms using 1-g quantit ies of deactivated silicas 
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FIG. 2. Lute in  i s o t h e r m s  were  d e t e r m i n e d  by  i n c u b a t i n g  200 ml c r u d e  soy  oil/  
h e x a n e  m i s c e l l a s  o f  var iab le  oi l  c o n c e n t r a t i o n s  for  15 min  at  22 C w i t h  var iab le  
s i l i ca  a n d  IPA. Lute in  c o n c e n t r a t i o n  w a s  o b t a i n e d  by  m e a s u r i n g  a b s o r b a n c e  at 
445 nm. 

were obtained,  and  the  resu l t s  were  compared  wi th  the  
i so the rm produced us ing  act ive silica. 

Partial purification of  lutein. A lute in-r ich  ex t rac t  
was  ob ta ined  for i so the rm analys is .  Six g of  sil ica were 
s t i r red wi th  a misce l la  of  200 ml  soybean oil and  200 
ml  hexane  for 20 min.  The  sil ica was allowed to set t le ,  
and  the  miscel la  was decanted  f rom the adsorbent .  The 
sil ica was washed  wi th  20 ml  o f h e x a n e  and  the  hexane  
removed.  Adsorbed species were desorbed wi th  100 ml  
of  10% e thanol  in hexane,  and  the  solvents  were re- 
moved by ro ta ry  evaporat ion.  The residue was placed 
in 4 ml  hexane  a t  0 C for 36 hr, and  a colorless precipi- 
ta te  was filtered out periodically. The sample was placed 
on a hexane wetted Sep-Pak silica cartr idge (Waters 
Associates, Milford, Massachusetts)  and subjected to a 
po la r i ty  g rad ien t  in hexane  as follows: 2%, 3%, 5%, 7%, 
10% acetone and 1.5%, 5% and 10% ethanol .  The e thanol  
and  10% acetone fract ions were pooled and ro ta ry  dried, 
and  the  residue was placed in 2 ml  hexane  unt i l  a red 
prec ip i ta te  appeared;  this  happened  af ter  12 hr. 

Dilutions of the extract  were made for isotherm 
studies. Because of sample  l imitat ions,  50-ml volumes of 
lutein extract  and 0.25 g of silica were used. The da ta  
obtained were compared with the  isotherm from 200 ml  
of  a soybean oil miscella wi th  1 g silica. 

Oil-free lutein. An isotherm was determined using 
purified lutein (Carl Roth KG, D75 Kar lesruhe 21, West 
Germany,  distr ibuted by Atomergic Chemeta ls  Corp., 
Plainview, New York). Variable amounts  of lutein were 
dissolved in 200-ml volumes ofhexane ,  and the dissolved 
p igment  was exposed to 1 g silica. This isotherm was 
compared with tha t  of a soybean oil miscella exposed to 
1 g silica. 

Triglyceride isotherm studies. Triglyceride isotherms 
were determined by st irr ing 0.5, 1.0 or 2.0 g silica with 
200-ml volumes of refined soybean oil miscellas for 15 
min. Triglyceride concentrations were found by measur-  
ing the absorbance at  210 nm and were calculated as 
tr iolein wi th  the aid of a s tandard curve. 

Triglyceride effect. The effect of previously sorbed tri- 
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3. The  ef fect  o f  w a t e r - d e a c t i v a t e d  s i l ica  on  lu te in  
i s o t h e r m s  w a s  d e t e r m i n e d  by  i n c u b a t i n g  1 g si l ica,  w h i c h  h a d  
b e e n  w a t e r  d e a c t i v a t e d  to  v a r y i n g  degrees ,  w i t h  200 m|  o f  
40%, 30%, 20% or 10% vol /vol  crude  soy  o i l /hexane  m i s c e l l a s  
for  15 mi n  at  22 C. Lute in  c o n c e n t r a t i o n  w a s  o b t a i n e d  by  
m e a s u r i n g  a b s o r b a n c e  at  445 nm. 

glyceride on the lutein isotherm was evaluated. Five g 
silica were incubated with  400 ml of  40% refined oil mis- 
cella for 15 min a t  22 C. The silica was recovered and 
washed with hexane. I t  was divided into five portions of 
equal  weight (i.e., 1 g silica and adsorbed oil), which were 
used to prepare a lutein isotherm. The isotherm was ob- 
ta ined as previously described except in volume of 100 
ml. This isotherm was compared with tha t  of 1 g fresh 
silica. 

Column adsorption isotherms. Variable quanti t ies  of 
silica were placed in a pyrex column of 16 m m  i.d. and 3 
m m  wall thickness. The adsorbent  bed was supported by 
Pha rmac ia  AC adapters  and column fitt ings (Pharmacia,  
Piscataway, New York). Two hundred ml  of 10, 20, 30 or 
40% v/v soybean oil miscellas in hexane were pumped 
over 0.5, 1.0 or 2.0 g of silica by a Masterflex Speed Con- 
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FIG. 4. The i so therm of  a lute in  extract  of  crude  soy oil misce l la  
in h e x a n e  w a s  de termined  relative to that  of  a crude  soy oil/ 
h e x a n e  miscel la .  Miscel la  concentrat ions  were  40%, 30%, 20% 
or l(F/v vol/vol. 1.0 g sil ica/200 ml  misce l la  or lute in  extract  w a s  
i n c u b a t e d  for 15 min  at 22 C. Lutein concentrat ion  w a s  ob- 
ta ined  by m e a s u r i n g  a b s o r b a n c e  at 445 nm. 
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FIG. 5. Triglyceride i so therms  were  d e t e r m i n e d  w i t h  different 
a m o u n t s  of  s i l ica by i n c u b a t i n g  200 ml  o i l /hexane  misce l las  
of  different tr iglyceride concentra t ions  for 15 min  at 22 C. 
Triglyceride concentrat ion  w a s  o b t a i n e d  by  m e a s u r i n g  absoro 
b a n c e  at 210 n m  a n d  w a s  ca l cu la ted  as  triolein.  

troller Pump (Cole Parmer Ins t rument  Co., Chicago, Il- 
linois) at a speed of 11 ml/min. The amount  of lutein 
adsorbed was measured and isotherms calculated. 

Lutein and  oil distribution on a column.  Two hundred 
ml of 20% soybean oil/hexane miscella was passed over 
a 7-g column of silica. The cylinder of silica was removed 
from the Pyrex column intact, and the solvent present  
was allowed to evaporate overnight. Four 2-g sections of 
the silica were taken, proceeding from the exit of the 
column. The fifth section was in excess of 2 g. Oil and 
pigment were eluted from each 2-g section of silica with 
25 ml IPA. Solvent was evaporated in a drying oven at  
100 C, and the oil was weighed. The oil fractions were 
each dissolved in 25 ml hexane for lutein measurement .  

RESULTS AND DISCUSSION 

Figure 1 shows three different Freundlich type isotherms 
for the three different amounts  of silicic acid used to 
adsorb lutein in a dispersed system. A similar phenom- 
enon was observed for phospholipid adsorption in silicic 
acid (4). The multiple isotherms for lutein and phos- 
pholipid adsorption are unique and to our knowledge have 
not been reported or discussed previously. 

The phospholipid adsorption on silicic acid (4) is ir- 
reversible, but  lutein adsorption was reversible as indi- 
cated by release of lutein from silicic acid when incubated 
with lutein-free miscella (data not shown). The usual  
interpretat ion of reversible adsorption is tha t  the residual 
or free solute is in equil ibrium with adsorbed solute. With 
the results shown in Figure 1, a single residual lutein 
concentration would have to be in equil ibrium with three 
different concentrations of adsorbed lutein. Because ad- 
sorption from complex mixtures  is an important  indus- 
tr ial  procedure and an important  procedure in analysis, 
subsequent experiments were designed to understand 
this complex adsorption behavior better. 

Previous results with phospholipid adsorption (4) 
showed that  increasing the polari ty of the solvent system 
by adding isopropanol (IPA) increases phospholipid ad- 
sorption. Also, deactivating silicic acid with water  in- 
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FIG. 6. The lute in  i so therm w a s  d e t e r m i n e d  by  i n c u b a t i n g  100 
ml  of  40%, 30%, 20% or 10% voYvol crude  soy o i l /hexane  misce l la  
for 15 rain at 22 C with 1-g quant i t i e s  of  silica/triglyceridc 
c o m p l e x  o b t a i n e d  by incubating 5.0 g silica with 400 ml of a 
40% refined oil miscc l la .  Lutein concentra t ion  w a s  obtained 
by m e a s u r i n g  a b s o r b a n c e  at 445 nm.  

creases phospholipid adsorption (4). Figure 2 shows tha t  
1% IPA addition to the miscella decreased lutein adsorp- 
tion. Figure 3 shows that  deactivating silicic acid with 
water  decreased lutein adsorption. So, al though both 
phospholipid and lutein showed multiple isotherms based 
on the amount  of silicic acid used, the adsorption of the 
two components of crude soybean oil responded differently 
to IPA and silicic acid deactivation. 

Lutein was isolated from crude soybean oil and par- 
t ial ly purified. When this part ia l ly  purified lutein was 
exposed to silicic acid adsorption, the results shown in 
Figure 4 were obtained. By increasing the pur i ty  of the 
lutein (decreasing triglyceride in the miscella), much 
greater  adsorption on silicic acid was demonstrated. A 
subsequent adsorption experiment  with highly purified 
lutein under  the same conditions as used for Figure 4 
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FIG. 7. Lutein i so therms  were  de termined  by p a s s i n g  200 ml 
of  40%, 30%, 20% or 10% vol/vol crude  soy o i l /hexane  misce l la  
over s i l ica  c o l u m n s  of  var iable  he ight  at a s p e e d  of  approxi-  
m a t e l y  11 ml/min.  Lutein concentrat ion  w a s  o b t a i n e d  by  
m e a s u r i n g  a b s o r b a n c e  at 445 mn. 

demonstra ted  tha t  silica completely adsorbs highly 
purified lutein (no residual) up to l~mol /g  of silicic acid 
(data not shown). 

The change in the lutein adsorption isotherm upon 
purification of lutein indicated tha t  triglyceride might  
play a role in the adsorption of lutein on silicic acid. 
Therefore, we analyzed for total  and free triglyceride in 
crude soybean oil miscellas after adsorption by silicic acid 
and found tha t  triglyceride was bound to silicic acid under  
the same conditions as for lutein adsorption and tha t  
triglyceride adsorption was much greater  t han  lutein ad- 
sorption (Fig. 5). Approximately 200 ~tmol triglyceride 
was adsorbed per  g ram of silicic acid (1 g in 200 ml) 
compared to 2 ~mol lutein. 

The resul ts  shown in Figures 4 and 5 indicated there 
was competi t ion between lutein and triglyceride for ad- 
sorption sites on silicic acid. We exper imented with expos- 
ing silicic acid to triglyceride miscella containing no lu- 
tein, washing all nonadsorbed triglyceride free, and ex- 
posing t ha t  silicic acid to a crude soybean oil miscella. 
The resul ts  in Figure 6 showed tha t  prior exposure to 
triglyceride decreased the adsorption of lutein at  low re- 
sidual lutein but  had litt le effect at  high residual  lutein 
concentrations. 

For bleaching crude soybean oil miscella, it might  be 
convenient to flow the miscella over a fixed bed of adsor- 
ben t  r a t h e r  t h a n  disperse the adsorben t  in miscel la .  
Therefore,  expe r imen t s  were done in which 0.5, 1 or 2 
g of silicic acid were p repared  in the  form of smal l  col- 
u m n s  and  crude soybean oil miscel la  was pumped  over 
the  columns.  The resu l t s  are shown in Figure  7. With 
packed silicic acid, the  lu te in  adsorpt ions  for 0.5 and  1 
g silicic acid were essen t ia l ly  the  same,  but  for 2 g 
silicic acid, the  lu te in  adsorpt ion/g  silicic acid was de- 
f ini tely lower. 

With the  silicic acid in the  form of a column, we 
observed t h a t  a band  of lu te in  was adsorbed in i t ia l ly  
a t  the  en t rance  to the  column. T h a t  band  broadened 
wi th  cont inued p u m p i n g  of miscel la ,  bu t  unadsorbed  
p i g m e n t  was flowing off the  column at  the  same  t ime  
t h a t  a reas  of the  adsorben t  bed were v is ib ly  colorless. 

A possible exp lana t ion  for the  local izat ion of lu te in  
a t  the  en t rance  to the  column could be t h a t  most  adsorp- 
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FIG. 8. Oil a n d  lute in  content  of  a 7.0-g si l ica c o l umn over 
w h i c h  200 ml  of  a crude  soy o i l /hexane  misce l la  h a d  been  
p a s s e d  w a s  measured .  Oil content  of  each sect ion of  the  si l ica 
c o l u mn  p lug  w a s  found by  e lut ing  fractions w i t h  IPA a n d  
w e i g h i n g  the  dry  residue.  Lutein content  w a s  found by  absor- 
b a n c e  at 445 n m  of  each  res idue  in 25 ml hexane .  Numbers  
1-4 refer to 2.0-g we ight s  of  s i l ica sec t ioned  from the exit  of  
the  co lumn.  N u m b e r  5 w a s  a 2.43-g sect ion neares t  the en- 
trance to the  co lumn.  

t ion of t r ig lycer ide  occurred a t  the  ent rance ,  and lute in  
was pa r t i t i on ing  be tween the  solvent and  bound tri-  
glyceride. To tes t  this  possibi l i ty  a 7-g column of silicic 
acid was prepared ,  and misce l la  was pumped  over it. 
Then  the  co lumn m a t e r i a l  was removed as a plug, di- 
vided into five sections and  ana lyzed  for lu te in  and 
tr iglyceride.  The t r iglycer ide was evenly d is t r ibuted  
across the  column, but  lu te in  was concent ra ted  at  the 
en t rance  (Fig. 8). Thus,  pa r t i t ion ing  of lu te in  between 
bound t r ig lycer ide  and solvent  was not a l ikely possibil- 
i ty  for the  concent ra t ion  of lu te in  a t  the  column en- 
t rance.  

The resu l t s  of adsorpt ion expe r imen t s  wi th  silicic 
acid and crude soybean oil miscel las  showed t h a t  in the  
presence of t r iglyceride,  the  lu te in  adsorpt ion was dif- 
ferent  t h a n  wi th  purified lutein.  The compet i t ion  be- 
tween lu te in  and  t r iglycer ide adsorpt ion may  also ex- 
pla in  why mul t ip le  i so therms  for lu te in  were obta ined 
wi th  different  amoun t s  of adsorbent .  

The concentra t ion  of adsorbed lu te in  a t  the  en t rance  
of a column of adsorben t  has  no ready  explanat ion ,  but  
the  concent ra t ion  could be used to maximize  lute in  re- 
moval  from crude soybean oil. The resu l t s  suggest  t ha t  
a shallow bed of adsorben t  wi th  a large a rea  would 
adsorb more  lu te in  t h a n  the  same  amoun t  of adsorbent  
in the form of a narrow column. 

We p lan  to expe r imen t  fu r the r  wi th  th is  sys tem by 
m e a s u r i n g  kinet ics  of lu te in  and  t r iglycer ide adsorp- 
t ion to learn  more  about  the  anomal ies  observed. 
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