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Abstract 
Acidulated soybean soapstock increased the vi- 

tamin A storage in the livers of young chicks 
receiving a pract ical- type diet and improved the 
survival of chicks reared on vi tamin A-deficient 
diets. The biological activity was mainly  associ- 
ated with one of the carotenoids present  in the 
acidulated soapstock. This pigment  is character-  
ized by its red color on the MgO column, its posi- 
tion below lutein but slightly above eryptoxanthin  
on the same column, and its single absorption 
max at 460 mt~ in the visible region. Evidence 
is presented to show that  the pigment is an 
ar tefact  formed from lutein dur ing the acidula- 
tion of raw soapstock and that  it is identical with 
3'-hydroxy-3,4-dehydro-fl-earoteue, a dehydrat ion 
product  of lutein. 

Introduction 

A IDULATED SOYBEAN soapstock (ASS) is used in 
Israel  as a supplement  for poul t ry  feeds. This 

material  is known to improve growth and feed effi- 
ciency (3) and has been reported to increase skin 
pigmentat ion (4). Other products  prepared  f rom 
soybean soapstoek have been patented as pigmenters  
for poul t ry  (8,10). 

Recently it was reported from this laboratory (2) 
that  ASS enhances the liver storage of vi tamin A in 
chicks. The purpose of the present research was to 
clar ify the reason for this effect. 

This work was carried out in three stages. The 
first stage comprised a series of feeding tests designed 
to evaluate the effect of ASS on the vi tamin A storage 
in the livers of chicks receiving a pract ical- type diet, 
as well as the effect of ASS on the growth and sur- 
vival of v i tamin A-deficient chicks. In the second 
stage, a chromatographic  fraet ionation of the carote- 
noid pigments of ASS was under taken and feeding 
tests were carried out with some of the fractions ob- 
tained. This led to the separation of an active pig- 
ment. in  the third stage, an a t tempt  was made to 
characterize the biologically active carotenoid and to 
clar ify the mechanism of its formation f rom inactive 
precursors present  in the crude oil. 

Experimental 
Animals. All experiments were carried out with 

New Hampshi re  x White Leghorn cockerels obtained 
f rom a commercial hatchery. Birds were kept in 
.thermostatically-controlled, electrically-heated batter-  
les equipped with raised wire floors. Exper imenta l  
feeding was preceded by a depletion period of two 
weeks. The average amt  of vi tamin A af ter  depletion 
was 10-30 IU/ l iver .  Chicks were then divided into 
groups according to their body wt, in a manner  to 
insure that  the average s tar t ing wt was equal for 
all groups. 

Diets. The basal diets used in the different experi- 
ments are presented in Table I. Reference to these 

1 The  Na t iona l  and  U n i v e r s i t y  I n s t i t u t e  of Agr i cu l t u r e ,  Rehovot,  
I s r ae l .  1963  Series,  648-E .  

diets is made in the tables giving results of the experi- 
ments. 

Statistical Evaluation. Results of each feeding ex- 
per iment  were evaluated by analysis of variance. Sig- 
nificance of differences between different groups was 
tested by the studentized range q test. 

Chemical Methods. Liver vi tamin A was assayed by 
the procedure of Ames et al. (1). 

Tocopherols were determined by the colmnn-ehro- 
matographic  procedure of Bro-Rasmussen and H ja rd e  
(5), with reduced sizes of samples and column. Read- 
ings were made at 520 m~ on a Bausch & Lomb Spee- 
tronic colorimeter, pure  toeopherols being used for  
the calibration. Elut ion peaks of the ehromatograms 
were identified by parallel  runs with authentic toeoph- 
erols. 

Fraet ionat ion of the earotenoids from ASS was 
carried out as follows: 10 g ASS were saponified by 
refluxing for 30 rain with 100 ml ethanol and 10 ml 
K O H  50% (w/v) .  Af te r  dilution with 200 ml water, 
the unsaponifieable mat te r  was extracted with ether, 
t ransfer red  to methanol and freed f rom the bulk of 
sterols by cooling to - 1 5 C  and filtering. The pigments 
were then t ransfer red  to a few ml hexane and chro- 
matographed on a column of MgO and Hyfto Super-  
Cel 1:1 10 mm wide and 150 mm high. Af te r  elution 
of the carotenes and other hydrocarbons with 2% 
acetone in hexane, the xanthophylls  were developed 
with hexane-aeetone 85:15. This resulted in the 
separation of four  less strongly adsorbed pigments 
which could be fur ther  purified by reehromatography 
on calcium hydroxide, using hexane-aeetone (95:5) 
for development. The more s trongly retained xantho- 
phylls could be par t ia l ly  separated on MgO and Hyflo 
Super-Cel by development with hexane-aeetone- 
ethanol (82.5:15:2.5). Good resolution of the result- 
ing fractions could be achieved by rechromatography 
on zinc carbonate and development with benzene-ether 
(80:20). 

For  large-scale prepara t ion  of pigment  fraetions 
for feeding tests, pigments f rom 650 g ASS were 
chromatographed on large (40 x 400 ram) columns 

T A B L E  I 

Composi t ion of the Die ts  Used  in the D i f f e r e n t  E x p e r i m e n t s  

I n g r e d i e n t  

So rghum .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soybean oil meal  . . . . . . . . . . . . . . . . . . . . . . . . . .  
ASS  or oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cellulose (Alphace l )  .. . . . . . . . . . . . . . . . . . .  
W h e a t  b r a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F ish  meal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ground  oyster shells . . . . . . . . . . . . . . . . . . . .  
D i c a l c i u m  phospha te  .. . . . . . . . . . . . . . . . . .  
For t i f ied  sa l t  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coccidiosta t  ( B i f u r o n )  .. . . . . . . . . . . . . .  
Ant ib io t ic  ( A u r o f a c  20 )  ... . . . . . . . . . .  
V i t a m i n  p remix  b . . . . . . . . . . . . . . . . . . . . . . . . .  

Calories  metabol ic  energy,  
c a h / 1 0 0  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M C / P  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Die t  n u m b e r  

1 2 3 

30.0  35.0  
35.0  49.06 39.0  

10.2  6.7 
5 5 5 
5 5 5 

1.4 t 
1.0 
o.3 L 
0.1 {" Ib id .  Ibid.  

o.1[ 
o.41 

281 277  
48 .8  48 .0  

4 

64 .8  
25 .0  

4 
3 

[bid.  

77 2:41 
48 .0  61.8  

5 

55.8  
33.0  

6 

4 
4 

Ib id .  

122 
59 .4  

4 4 1  

Sal ine  s a l t - - g u a r a n t e e d  to con ta in  Mn 2 . 6 % ,  I 0 . 0 4 8 % ,  Fe 0 . 1 4 % ,  
Cu 0 . 1 % ,  Co 0 . 0 0 8 % ,  Zn 2 . 0 % ,  Mo 0 . 0 4 4 % .  

b V i t a m i n  p r e m i x / k g  d i e t :  r ibof lav in  2.6 nlg, Ca p a n t h o t h e n a t e  15 
mg, v i t a m i n  B ~  0 .006  rag, v i t amin  D:t 750  i.c.u.,  menad ione  sodium 
b isu lph i te  6 rag. 

(' Ca lcu la ted  acco rd ing  to Combs' def in i t ion  (metabol izable  c a l / l b /  pe r  
cent  p ro t e in )  and  u s i n g  F r a p ' s  metabol izable  energy  va lues  as g iven  
in T i tus ,  "Sc ien t i f ic  F e e d i n g  of ch ickens , "  1955,  3 rd  ed., Tab le  18. 
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TABLE II 

Effect  of A S S  and  V i t a m i n  E on L i v e r  S to rage  of V i t a m i n  A f r o m  
Two Types  of Cone 

V i t a m i n  A 
cone 

D i e t  ouvv,~-  
No. m e n t  

I None 
3 A S S  
1 Vit .  E 

1 None  
3 A S S  
1 Vit .  E 

week  ~, 
g 

654 
674 
670 

676 
658 
686 

V i t a m i n  A 

iu/  % 
l iver  s to rage  

511 14.4 
723 20.3 
567 15.6 

231 6.8 
353 11.1 
292 8.3 

Gelat in-coated ......... 

Wax-coa ted  ............. 

The  add i t ives  were  suppl ied  at  the  fol lowing levels:  a)  v i t a m i n  A, 
ge la t in -coa ted :  300 ;  and  wax-coa ted :  275 I U / 1 0 0  g ;  b) A S S :  6 % ;  
c) v i t a m i n  E, as d,l-alpha tocopheryl  a c e t a t e : 2 0 4  m g / k g .  

The  diets  were  k e p t  isocalor ie  t h r o u g h  the a p p r o p r i a t e  add i t ion  of 
Alphacel .  

E a c h  t r e a t m e n t  w a s  g iven  to 30 chicks.  
Sta t i s t ica l  ana lys i s  of the  da ta  for l iver  s to rage  of v i t a m i n  A shows  

tha t  the A S S  t r e a t m e n t  di f fers  to a h igh ly  s ign i f i can t  ex ten t  ( P  ~ 0 .01)  
f r o m  both other  t r ea tmen t s ,  whi le  the  effect of v i t a m i n  E was  not  
s ign i f ican t ly  d i f fe ren t  f r o m  the control.  

of Mg0 and Hyflo Super-Cel. A single development 
with hexane-aeetone (85:15) was sufficient for the 
separation of the fract ions needed for the tests. These 
fract ions were removed mechanically f rom the column 
and the pigments  eluted with ethanol and ether. 

Absorpt ion spectra were determined in a Beckman 
DU speetrophotometer,  while pigment  COhen were es- 
t imated in a Bausch & Lomb Speetronie colorimeter. 

V i t a m i n  A A c t i v i t y  o f  A S S  i n  C h i c k s  

When the effect of ASS on the vi tamin A storage 
in chick livers was first reported (2), the hypothesis 
was advanced that  this may  have been due to the 
toeopherols present  in ASS. Fur thermore ,  since a 
wax-coated v i tamin A cone was used in the experi- 
ment, the ASS supplement  might  conceivably have 
increased the absorption of vi tamin A f rom the in- 
testine by its solvent action on the waxy matrix.  

An experiment  was therefore under taken to test 
the influence of added ASS and vi tamin E on the 
vi tamin A storage in chicks receiving a gelatin-coated, 
as well as wax-coated v i tamin A preparat ion.  Table 
I I  gives the results obtained. 

The slight effect caused by the toeopheryl acetate 
was not significant, while ASS caused a highly sig- 
nificant increase in storage for both gelatin-coated and 
wax-coated materials.  Although the lat ter  gave a 
lower storage, compared to the gelatin-coated product,  
in agreement  with previously reported results (2),  
the relative increase in storage brought  about by the 
ASS was approx  the same in both cases. 

A subsequent exper iment  was under taken in order 
to find out whether tocopheryl  acetate would be more 
effective if used in a fat-r ich diet;  whether free 

TABLE III 

L i v e r  S to rage  of V i t a m i n  A in Chicks  R e c e i v i n g  ASS,  the Unsaponi f iab le  
Ma t t e r  f r o m  ASS,  V i t a m i n  E and  Olive Oil 

Group  Die t  No. 

1 
1 
1 

( 6 %  olive oil) 
2 ( 6 %  olive oil) 
2 ( 6 %  olive oil) 

2 ( 6 %  olive oil) 

Supp l emen t  

None 
d,l-a-tocopherol 
A S S  
Unsaponi f iab le  
None 
d,l-a-tocopherol 
d,l-a-tocopherol 

ace ta te  
Unsapon i f i ab le  

W t  at  6 V i t a m i n  A 
weeks,  I U /  % 

g l iver  s to rage  

631 884 25.4  
632 976 26.8 
622 ~218 36.6 
605 158 33.2 
675 031 26.5 
630 1892 28 .4  

626 977 28.7 
603 1130 32.4 

I 
I I  

I I I  
I V  
V 

V I  
V I I  

V I I I  

Addi t ives  w e r e  suppl ied  at  the  fo l lowing levels :  a)  v i t a m i n  A (gela t in-  
c o a t e d ) :  300 I U / 1 0 0  g ;  b)  A S S :  6 % ;  c) unsaponi f iab le  n l a t t e r :  
equ iva l en t  to 6 %  A S S ;  and  v i t a m i n  E,  as the  aceta te  or the  f ree  
tocopheroh  115 I U / k g ,  i nc lud ing  the  a m t  suppl ied  by the  olive oil. 

E a c h  t r e a t m e n t  w a s  g i v e n  to 20 chicks.  
Ana lys i s  of v a r i a n c e  of all d a t a  for  v i t a m i n  A s to rage  in  the  l ivers  

revea ls  a s ign i f i can t  d i f ference  ( P  ~ 0 .05)  be tween  the basa l  a n d  A S S  
t r ea tmen t s .  W h e n  g r o u p s  1 , I I , I V , V , V I  and  V I I I  w e r e  analyzed as a 
fac to r ia l  design,  a s ign i f i can t  d i f ference  ( P  ~ 0 .02)  w a s  found  be tween  
the unsaponi f iab le  a n d  both o ther  t r ea tmen t s .  

VOL. 41 

TABLE IV 

Effeet  of ASS,  V i t a m i n  E and  Ref ined Soybean Oil ( R O )  on the  
S u r v i v a l  of Chicks K e p t  on V i t a m i n  A-Defic ient  D i e t  No. 4 

A v g  s u r v i v a l  S u r v i v o r s  
Supp lement  t ime, days  at  81 days  a 

None .............................................................. 44.8 0 / 3 6  
~ 0 ,  4 . 5 %  ...................................................... 44.4 0 / 3 6  
d,l-a-tocopheryl acetate,  

106 m g / k g  ................................................. 50.5 0 / 3 6  
ASS,  6 %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 / 3 6  
A S S  a f t e r  deplet ion b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 / 3 2  

No. of chicks s u r v i v i n g / N o ,  at s t a r t  of exper iment .  
u F e e d i n g  of A S S  s ta r t ed  a f t e r  14 days  depletion. 
Sta t i s t ica l  ana lys i s  shows  tha t  the tocopheryl  aceta te  t r e a t m e n t  dif-  

fers  to a h igh ly  s ign i f i can t  extent  ( P  ~ 0 .01)  f r o m  both the nega t i ve  
control  and  the  ref ined soybean  oil t r ea tmen t .  

toeopherol would be more efficient than the ester;  and 
whether the storage-enhancing a g e n t  is contained in 
the unsaponifiable fract ion of ASS. The setup of 
the experiment  may be seen f rom Table I I I  which 
also shows the results obtained. ASS again signifi- 
cantly improved vi tamin A storage when compared 
with both the control and the toeopherol-supplemented 
groups. The unsaponifiable mat ter  of ASS was nearly 
as effective as ASS itself. The reason for  the higher 
body wt in group V is not known. As in the previous 
experiment,  the effect of v i tamin E was not sig- 
nificant. 

A survival  experiment  was carried out next, to 
help to decide whether the increased storage brought  
about by ASS was the result of improved utilization 
of preformed die tary  v i tamin A, or whether ASS 
itself exhibited provi tamin A activity. 

In  this experiment  the diets were not isoealoric, 
therefore, two control groups were included; one 
involving the basal diet only and the second group 
receiving the basal diet plus 4.5% refined oil. This 
level of refined oil was assumed to be equivalent to 
6% ASS in its metabolizable energy content. Table 
IV  gives the results of this survival  test. 

i t  is seen that  while the r e fned  oil did not produce 
any effect and a-toeopherol caused a highly significant, 
but slight increase in survival  time, ASS caused a 
spectacular increase in survival. 

ASS was unique in its pronounced vi tamin A ac- 
tivity. Some samples of acidulated loots f rom cotton- 
seed and sunflowerseed oil had slight but  significant 
activities, while acidulated coconut and corn oil soap- 
stocks were not significantly active. 

C h r o m a t o g r a p h y  a n d  B i o l o g i c a l  T e s t i n g  o f  
C a r o t e n o i d  F r a c t i o n s  f r o m  A S S  

The unsaponifiable constituent responsible for the 
vi tamin A act ivi ty of ASS was likely to be found 
among the carotenoids in which ASS is par t icular ly  
rich. Total carotenoid values ranging f rom 120-250 
~g/g were found by us in samples of ASS supplied 
by different producers  and at different times. Caro- 
tene could be detected in traces only. This is in con- 

T A B L E  V 

Some Caro tenoids  f r o m  a Sample  of ASS,  in Orde r  of I n c r e a s i n g  
Re ten t ion  on a M~O Column 

P i g m e n t  

F b ............................ 
A-1 .......................... 
.3~-2 .......................... 
A-3 c ........................ 
A-4 .......................... 
X d ........................... 

Color on ] <PmP[~ I E x t i n e t i ~  peaks  in h . . . . . .  

column ~ / g ~  m a x i m a  m i n i m a  

424, 446, 476 ~t el low-orange / 12 I 430, 464 
Yellow 39 417, 438, 466[  420, 456 
Yellow 422, 446, 475 I 428, 462 

Red  14 460 I ...... 
L 9 6  , I ...... 

M e a s u r e d  at  the w a v e l e n g t h  of m a x  absorp t ion  and  expressed  as fL 
carotene.  

b F o r e r u n ,  i nc lud ing  small  amt  caro tenes  and  f luorescent  p igmen t s .  
e Di f fe ren t  f r o m  e r yp toxan th in  which  is s imi la r ly  located on the 

column, bu t  exhibi ts  two ext inct ion m a x h n a  at 451 and  477 m~. 
a Xanthophyl ls ,  resolvable into 23 d i f ferent  p igmen t s ,  i nc lud ing  lntein.  
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AGE, DAYS 
F r o .  1. I n d i v i d u a l  g r o w t h  c u r v e s  o f  s i x  c h i e k s ,  t h r e e  o f  w h i c h  

r e c e i v e d  t h e  " A "  f r a c t i o n  a n d  t h e  r e m a i n i n g  t h r e e  t h e  " X "  
f r a c t i o n  o f  A S S .  T h e  f r a e t l o n s  w e r e  d i s s o l v e d  i n  a n  a m t  o f  
r e f i n e d  s o y b e a n  o i l  e q u a l  to  t h e  w t  o f  A S S  f r o m  w h i c h  t h e y  
h a d  b e e n  p r e p a r e d  a n d  a d d e d  t o  t h e  d i e t  a t  a l e v e l  e q u i v a l e n t  
t o  6 %  A S S .  T h e  a v e r a g e  i n c r e a s e  i n  w t  o f  30 c h i c k s  r e c e i v i n g  
6 %  A S S  i s  a l s o  s h o w n .  A l l  c h i c k s  w e r e  k e p t  on  t h e  v i t a m i n  A 
d e f i c i e n t  d i e t  4 f o r  14  d a y s  b e f o r e  r e c e i v i n g  t h e  s u p p l e m e n t s .  

t rast  with crude soybean oil which was found to 
contain 19-30 ~g" earotenoids, including" 0.5-1.3 fig fi- 
earotene/g. Tocopherol levels in ASS were similar 
to, or slightly lower, than those of crude soybean oil, 
confirming our conclusion that  toeopherol plays no 
significant role in the increase of vitamin A storage 
caused by ASS. 

Table V presents the position, approximate amt 
and spectrophotometrie characteristics of some of the 
pigments from ASS. Following a small forerun which 
included fluorescent pigments and traces of carotenes, 
four essentially epiphasie (hexane and 90% MeOH) 
pigments were recognized on the MgO column. They 
remained mainly unchanged upon reehromatography 
on calcium hydroxide and are designated A-1 through 
A-4. Four  xanthophyll  bands ( " X " )  appeared in 
the upper  par t  of the MgO column: These could be 
resolved into a large number of pigments upon re- 
chromatography on zinc carbonate. 

None of the better known provitamins A seemed to 
be present in significant amounts. Therefore, a sur- 
vival experiment was undertaken in which the pig- 
ments of ASS were grouped into the two main frac- 
tions comprising the " A "  and " X "  pigments, re- 
spectively. Each of these fractions was dissolved in 
an amount of refined soybean oil equal to the wt of 
ASS from which they had been obtained, the oils 
were added to the vitamin A-free diet at the level 
of 6% and fed to groups of three chicks each. Growth 
curves show in Figure 1. I t  is clear from these data 
that the chicks receiving the A fraction grew well 
aud survived, while the X pigments were ineffective 
in support ing growth and preventing mortality. 

In order to decide which of the four A pigments 
carried the vitamin A activity, these pigments were 
separated and fed individually, together with the fore- 

TABLE VI 

S u r v i v a l  of Chicks Receiving" V i t a m i n  A-Defic ient  B a s a l  D i e t  No. 5 
Supp lemented  wi th  ASS,  Crude  Soybean  Oil (CO) ,  Ref ined Soybean  

0 i l  ( R 0 ) ,  Carotenoid  F r a c t i o n s  f r o m  ASS,  and  V a r i o u s  
Levels  of V i t a m i n  A 

Supp lemen t  

R O  .................................................... 
CO .................................................... 
A S S  .................................................. 
R O +  F ........................................... 
R O +  A 1  ....................................... 
I~O - -  A-2 ....................................... 
R O  - -  A-3 ....................................... 
R O - -  A 4  ....................................... 
R O +  X .......................................... 
R O +  25 I U / l O O g  ........................ 
R O +  50 I U / 1 0 0 g  ........................ 
RO + 75 I U / 1 0 0  g ........................ 
RO + 300 I U / 1 0 0  g ......................... 

A v g  
s u r v i v a l  

t ime, days  

35.2 
44.5 

33.5 
35.4 
38.0 
37.0 

43.6 

S u r v i v a l  a a t  

49 days  70 days  

0 / 2 0  .......... 
O/2O 

1 8 / 2 0  1 5 / 2 0  
0 / 1 0  .......... 
0 / 1 0  .......... 
0 / 1 0  .......... 
0 / 1 0  .......... 
8 / 1 0  .......... 
0 / 1 0  

1 8 / 2 0  9 / 2 0  
1 9 / 2 0  .......... 
2 0 / 2 0  
2 0 / 2 0  2 0 / 2 0  

a No. of chicks  s u r v i v i n g  / N o .  at s t a r t  of exper imen t .  
Oils were  g iven  at  the level of 6 % .  P i g m e n t  f r ac t ions  (symbols  as 

in Table V)  were  dissolved in an  a m o u n t  of R 0  equal  to the  w e i g h t  of 
A S S  f r o m  which  they  were  p repa red ,  and  the solut ions were  mixed  
wi th  the diets  a t  the  level of 6 % .  

All chicks  were  depleted d u r i n g  the  f i rs t  14 days  of l ife by r ece iv ing  
the basa l  diet  only. 

Groups  r e c e i v i n g  A-4 and  two v i t a m i n  A supp lements  (50 and  75 
I U / 1 0 0  g)  w e r e  d i scon t inued  on the  49 th  day,  for  technica l  reasons ,  
whi le  the  f eed ing  of A S S  and  the  r e m a i n i n g  two v i t a m i n  A supp lemen t s  
(25 and  300 I U / 1 0 0  g)  was  cont inued  unt i l  the 70th day.  

S ta t i s t ica l  ana lys i s  shows  tha t  the  difference be tween  the  nega t i ve  con- 
t rol  ( ref ined oil only) and  the  t r e a t m e n t s  was  s ign i f i can t  ( P ~ 0 . 0 5 )  
for the X f rac t ion ,  and  h igh ly  s ign i f i can t  ( P  ~ 0 .01)  for  the  c rude  oiI. 

run and the combined X fraction. The results of 
this experiment show in Table VI. I t  is clear from 
these data that  the vitamin A activity is associated 
with pigment A-4. Slight but significant activities 
were exhibited by the X fract ion and the crude oil. 

The average growth rates (not shown here) con- 
firm the picture obtained from survival times. A 
rough calculation based on growth and A-4 content 
of ASS shows that ASS contains about 5 IU vitamin 
A activity/g.  

The Origin of the Biologically Active A-4 Pigment 

At this point the question arose whether the pig- 
ment A-4 was already present in the crude oil and 
accumulated in the soapstock together with other 
earotenoids during the refining process, or whether 
it was formed during some processing stage. None 
of the A pigments could be detected in the crude, and 
it seemed likely that they were artefacts. 

Two steps are involved in the production of ASS 
from crude, degummed soybean oil: 1) alkali neutrali- 
zation of the crude, yielding the raw soapstoek; and 
2) boiling of the raw soapstoek with an excess of 
aqueous H2SO~ until  clear separation of the oily 
layer is achieved. The relatively mild alkaline treat- 
merit seemed unlikely to alter the s tructure of the 
earotenoids; attention was therefore directed toward 
the effect of acid. 

An at tempt  was made to induce formation of A-4 
in crude soybean oil by boiling the latter with dilute 
IIfS04 under conditions roughly approximating those 
used in industry for the acidulation of raw soapstoek. 
This a t tempt  proved to be successful and the results 
show in Table VII.  I t  is seen that A-4 appears in 
the oil thus treated, but its eoncn soon reaches a 
plateau. The combined A pigments increase s teadi ly .  

T A B L E  VII 

Effect  of Boi l ing  Crude  D e g u m m e d  Soybean  0 i I  w i th  an  Equa l  Volume 
of 1 0 %  ( v / v )  Su l fu r i c  Acid on the Composi t ion of Carotenoids .  

Symbols  as in  Table V 

D u r a t i o n  of [ Carotenoids ,  ~ g / g  
t r ea tmen t ,  - ~ - -  

rain Total  B-carotene A- ( 1-3 ) A-4 

0 ............................ 30.3 1.1 0 0 
2 .......................... 30 5 1.2 2 . 2 - - -  
5 ............................ 27.3 1.3 4.5 3.1 

15 ............................ 27.6 1.2 8.7 2.7 
30 22 6 0 8 12 6 3 6 

X 

28.4 
27.2 
18.3 
15.0 

4.4 
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On the other hand, the xanthophylls  decrease con- 
s tant ly  dur ing the t reatment ,  while/?-carotene is rela- 
t ively little affected under  these conditions. Since 
lutein is the main pigment  present in the crude, the 
data provide some evidence that  lutein might be the 
precursor  of A-4. 

More definite proof for the role of lutein in the for- 
mat(on of A-4 was provided by acid t rea tment  of 
chromatographical ly  pure  lutein prepared  f rom soy- 
bean oil and f rom dehydrated alfalfa  meal. These 
tests were carried out with p-toluenesulfonic acid in 
benzene as described below, since better  yields were 
obtained under  these conditions. Lutein was converted 
to A-4 to the extent of 24%, while pure  zeaxanthin 
yielded 6% A-4. Moreover, fair  yields of the provi- 
tamin could be obtained by apply ing  the same treat- 
ment directly to crude soybean oil and dehydrated 
alfalfa  meal. These yielded 6 and 83 ~g prov i tamin /g  
s tar t ing material,  respectively. In  all these cases, 
the provi tamin could be readily localized on the MgO 
column by its red color, and was identified by its 
characteristic single absorption peak at 460 m~ in 
both hexane and ethanol and by its mixed chromato- 
gram with A-4 obtained f rom ASS. The conditions 
used in these t reatments  and subsequent separation 
of A-4 were essentially similar to those used for pre- 
par ing the pigment  f rom alfalfa  lipids (6). Details 
are given below: 

Lutei)~ and Zeaxanthim 0.5-1 mg earotenoids was 
dissolved in 100 ml analytical  grade benzene, 0.15 mg 
p-toluenesulfonic acid ( " P r a c t i c a l , "  Matheson, Cole- 
man and Bell) was added and the mixture  refluxed 
for 30 min. Af ter  cooling, the benzene solution was 
washed free of acid, dried and freed of solvent under  
a s tream of CO2 and reduced pressure. The residue 
was dissolved in a few ml hexane and chromato- 
graphed as usual. 

Crude Soybean Oil. 10 g oil were treated with 0.1 g 
p-toluenesulfonic acid as described above. Af ter  
washing, dry ing  and removal of the solvent, the oil 
was assayed for A-4 by saponification and chromatog- 
raphy  of the unsaponifiable matter,  as usual. 

Dehydrated Alfalfa Meal. 10 g dehydrated alfalfa  
meal were t reated as described above, except for the 
use of a Dean-Stark  moisture t rap  connected to the 
reaction flask and the reflux condenser. The reflux 
with acid was followed by an additional 10 min reflux 
with bar ium hydroxide (2 g) to neutralize the acid 
and destroy chlorophyll. Af ter  cooling, the benzene 
solution was sucked through a layer of Ityflo Super- 
Cel, the solvent was removed and the chromatography 
carried out as usual. 

The role of acid in the induction of vi tamin A ac- 
t ivi ty was fur ther  demonstrated by an experimel~t in 
which acid-treated crude soybean oil was fed to vita- 
min A-depleted chicks and its effect compared to that  
produced by the non-treated crude oil. The oils were 
included in diet No. 5 at the 6% level and fed to 
groups of 20 chicks. Refined soybean oil served as 
a control. The average survival  times for the groups 
receiving' refined oil, crude oil and acid-treated crude 
oil were, 52.9, 49.1 and 66.7 days, respectively, the 
acid-treated oil producing a highly significant (P < 
0.01) increase in survival  time. 

Discussion 

The vi tamin A activity of ASS represents an inter- 
esting example of " i n d u c e d "  activity, a provi tamin 
being formed from an inactive pre('ursor, i.e., lute(n, 

as the result  of the action of mineral  acid dur ing the 
acidulation of raw soapstock. 

The first successful a t tempt  to convert inactive 
xanthophylls  to vi tamin A-active products  was carried 
out by Von Euler  et al. in 1934 (7). Trea tment  of 
lutein and zeaxanthin with PBra in benzene yielded 
unidentified amorphous products which supported 
growth in vi tamin A-deficient rats. Free  hydro- 
bromie and phosphorous acids were liberated in the 
course of the reaction, therefore it is possible that  the 
active product  resulted f rom the action of these acids 
on lutein and zeaxanthin. 

A few years  later, Quaekenbush et al. (9) investi- 
gated the reaction between acids and lutein and de- 
scribed several reaction products, among them a carot- 
enoid having adsorption and spectrophotometric prop- 
erties similar to those of the A-4 pigment  of ASS. 
The vi tamin A activity of this pigment  was not 
tested, al though other reaction products were examined 
and found to be inactive. Quackenbush et al. showed 
that  these products  also appeared in certain types of 
silage prepared  with acids. 

In 1943, Zechmeister and Sease (12) obtained three 
crystalline products  by melting a mixture  of lute(n, 
naphtalene and boric acid (or tetraborie acid or boric 
anhydr ide) .  Because the compounds were believed 
to be reduetion products  of lute(n, they were named 
"desoxy lu te ins . "  They appeared to be inaetive by 
rat  growth test. However, 13 years later, Zechmeister 
and Petraeek (11) reinvestigated the same three eom- 
pounds and reported that  one of them ( ' ,deoxylute in  
I " )  supported ra t  growth to the extent of 10% of 
the activity of /?-carotene. The s t ructure  assigned to 
this carotenoid was 3'-hydroxy-3,4-dehydro-fl-carotene, 
i.e. that  of a dehydrat ion product  of lutein in which 
the 3-hydroxy-~-ionone moiety had been eonverted to 
a 3,4-dehydro-/?-ionone ring. 

The provi tamin A found by us in ASS and desig- 
nated A-4 is undoubtedly identical with "deoxylu te in  
I " :  it has the same single absorption peak at 460 mp, 
and is similarly loeated on the chromatographic  co l  
umn. Fur thermore ,  it is formed from lutein by  reac- 
tion with acids, together with two inactive p igmen t s - -  
A-1 and A-3--whose propert ies  eorrespond to those 
of the inactive deoxyluteins I I  and l I I .  Finally,  we 
have recently found (6) that  the acid-induced eon- 
version product  of lutein (which is identical with the 
A-4 pigment  of ASS) is a provi tamin A2 for the 
chick. This lends fu r the r  support  to the s t ructure  
incorporat ing a 3,4-dehydro-/?-ionone ring, assigned 
to the aetive carotenoid by Zechmeister and Petracek 
(11). 

Although our experiments were not designed for 
an accurate determination of the vi tamin A activi ty 
of ASS, an approx  estimate of 5 [ U / g  was obtained 
f rom growth data. The level of provi tamin in various 
batches of ASS ranged f rom 9-14 ~g/g, but exaet 
evaluation of the vitamin A activity of this earote- 
noid must await fu r the r  work. 

The relatively high xanthophyl l  content of ASS 
is noteworthy:  it refleets the selective t ransfer  of 
xanthophylls  to the raw soapstoek dur ing neutraliza- 
tion of the crude oil. Obviously, this favorably  af- 
fects the amount  of provi tamin subsequently formed. 
I t  is not known to what extent this and other acid- 
indueed conversion products  of lutein contribute to 
the pigmenting power of ASS for skin and yolk. 
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Determination of the Glyceride Structure of Fats 

of Individual Saturated and Unsaturated Acids' 

Distribution 

M.R. SUBBARAM 2 and C.G. YOUNGS, National Research Council of Canada, 
Prairie Regional Laboratory, Saskatoon, Canada 

Abstract 
A method has been devised which gives the 

distribution of saturated and unsatura ted  fa t ty  
acids. I t  involves fraet ionation of the triglyc- 
erides into groups on the basis of total unsatura-  
tion by employing ehromatography on a silicie 
acid-silver ni trate  colmnn. The glyeeride composi- 
tion of eaeh fract ion is then determined by gas- 
liquid chromatography (GLC) of the oxidized 
glycerides. Using this method, the glyeeride com- 
position of lard and cocoa but ter  was determined 
to give quant i ta t ive amt of 24 and 18 glycerides, 
respectively. Duplicate analyses agreed to within 
_+0.5%. The f a t ty  acid composition calculated 
f rom the glyceride composition agreed to within 
•  with that  of the original fat. This ap- 
proach provides a new basis for the evaluation of 
the glyeeride ryes in na tura l  fats  and for the first 
t ime permits  the quanti tat ive determination of 
all the chemically different glyeerides of myristie, 
palmitie, stearie, oleic, linoleic and linolenie acids 
in a fat. 

Introduction 

I X a RETEST publication f rom this laboratory (16), 
we have reported a method for the determination 

of glyceride composition of natural  fats  whieh involves 
oxidation of the fa t  by permanganate-per iodate  and 
subsequent GLC of the oxidized esterified glyeerides. 
Although this method gives the distribution of the 
individual sa turated fa t ty  acids in the glycerol moiety, 
the unsa tura ted  acids are estimated together as azelao- 
glycerides, in  order to obtain the distribution of the 
unsa tura ted  acids as well, it is necessary to first quan- 
t i ta t ively separate the fa t  into groups differing in 
unsaturat ion,  de Vries (3) has recently described 
such a method. Using a column of silicie acid im- 
pregnated with silver nitrate,  and vary ing  proport ions 
of benzene in petroleum ether as eluting solvent, he 
obtained clear cut separation of tristearin,  oleodi- 
pahnitin,  stearodiolein and triolein. In  this paper  we 
describe a method of glyeeride analysis based on 
fraet ionation of a fa t  into groups differing" in the 
degree of unsatura t ion followed by GLC analysis of 
oxidized, esterified glyceride fractions thus obtained. 

1 Presented at AOCS Meeting in Minneapolis, 1963. Issued at NRC 
7947. 

e National Research Council Postdoctorate Fellow, Pra i r ie  Regional 
Laboratory, Saskatoon, Sask. 

The method has been applied to the s tudy of glye- 
eride composition of lard and cocoa butter .  

Experimental 
Materials 

Benzene was purified as outlined by Vogel (14), by 
shaking it with coned H2S04, washing, dry ing  and 
distilling using a f raet ionat ing column. The firt and 
the last 50 ml were rejected and the middle fract ion 
was collected. 

Mallinckrodt silieie acid, 100 mesh, analytical  grade 
was used. 

Samples of synthetic triglyeerides were obtained 
f rom Canada Packers, Toronto, and purified by silieie 
acid chromatography (6). 

Lard  and cocoa but ter  were commercial samples 
and had iodine values of 66 and 39 respectively. 

Methods 
Cohtmr~ Chromatography. A mixture  of tristearin,  

oleodistearin, palmitodiolein and triolein was sepa- 
rated on a silver nitrate impregnated silieie acid 
column as described by de Vries (3). Subsequently, 
lard was fraet ionated into 5 fractions as follows: 20 
g silver ni trate  impregnated silieie acid (3) and 10 g 
eelite were mixed together in a mor ta r  and pestle 
and packed on to a column (18 nnn diam) with 30%, 
by volume, of benzene in Skellysolve F (a hydro- 
carbon fract ion with a br of 35-58C) to give a column 
length of 28 era. The column was covered with black 
paper  dur ing operation. Lard  (146 rag) in 3 ml 30% 
benzene in Skelly F was added at the top of the 
column. Elution was comineneed with 40% benzene 
in Skelly F. The rate of elution was 0.5 ml /min  and 
fractions of 20 ml were collected. A change in the 
eluting solvent was made only af ter  a peak star ted 
coming down. Thus 55, 80 and 100% benzene solu- 
tions were used to elute fractions 2,3 and 4, respec- 
tively. Fract ion 5 was eluted with ether. Solvent 
systems for effeeting separat ions were arr ived at on 
the basis of pre l iminary  runs. Cocoa but ter  was 
fract ionated into 4 fractions using the same general 
procedure. Fract ions belonging to each peak were 
pooled together. Thin layer chromatography (TLC) 
of these fractions by the method of Padley (1) gave 
single spots. The wt of each fract ion was then de- 
termined. 

GLC Analysis. A portion of each fract ion was in- 


