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T H E  fact  tha t  v i tamin A alc~ohol is adsorbed f rom 
suitable solvents onto Mumina or similar  adsorb- 
ents, whereas its esters are not retained, has been 

used as a method for tile separat ion and concentra- 
tion of the alcohol (1, 2, 3, 4). Although it is usual t() 
app ly  ch romatography  as a sequel to the saponifica- 
tion of the oil and  isolation tlf the lUlSaponifialih; 
fraction, swa in  (1) has roper(eli the successful ehr(l- 
matographic  concentration tlf vitanlin A af ter  all uu- 
specified selective tlytlrolysis ilf its esters. This author  
has found also that  selective saIlollifieati()n of vitamin 
A esters in the presence of glycerilles is inqu'acM(;ablc 
( l b ) ,  and it was thought  by the ])resent authors  that  
transesterifieation hie(hods might  give s/)nle interest- 
ing results. 

Pa tents  have been filell for  the use of transesterifi- 
cation techniques ill conecntratil~g the vitantin A of 
fish l iver oils (5) and the, earot('noills of l)ahn oil (6). 
In these methods a la:rgt~ l)rOl)ortion of the ethyl or 
methyl  esters i)f the f a l ty  act(Is, fornled by ('ata}ytit; 
t ransesterif ication of the glyeerid(~s, is reml)ved by  dis- 
t i l lation under  high vacullnt and the active material  
thus concentrated iu the rt~sidue. A series of exl)eri- 
mcnts  was condnctcd ill this hlt/ovatory to invesiigate 
the possibil i ty of l/rcfe, rcntial tl:anscstcrifieatiou of 
vi tamin A esters ill glyt;evide fats, anti the rcnloval 
of the free v i tamin A ah,,t)hol front the ('stel's of tile 
f a t ty  acids by  chrontatogra p]li(: nteth(/ds. Acc(n'tliugly, 
a number  of SOltpfin shark{ anti halle'::: liver oils were 
transesterif ied catalyt ical ly ill ethyl alcohol as de- 
scribed in the experimental  sectiolh and the extel,t 
of l iberat ion of vi tamin A alcohol (leternfinetl by a 
very simple chromatographic  method. 

Tables 1 and  2 record some pre l iminary  results. ]n 
Table I an analogy is drawn between tile behavior  of 
v i tamin A alcohol contained ill tile unsaponifiable 
f rac t ion  of a hake l iver oil and the v i tamin A of a 
transesterified hake l iver  oil on chromatographic  ex- 
amination. In  Table  2 the results obtained on chro- 
ma tograph ing  original and transesterified fish l iver  
oils are compared.  Only very  little of the vi tamin A 
of un t rea ted  liver oils is seen to be adsorbed f rom 
benzene, and  these are therefore  regarded as contain- 
ing bu t  little v i tamin  A alcohol, most of the vi tamin 
A present  being esterified (e.f. 4),  and thus passing 
direct ly into the filtrate. In te rmedia te  results, ex- 
emplified by  columns 2 and 3 of Table 1, in which 
some of the v i tamin  A present  in the mater ia l  ex- 
amined is in the alcohol fo rm and is adsorbed and 
some is esterified and passes through the column in 
the benzene, were encountered in later  exper iments  
where the conditions of the transesterifieation reaction 
were such tha t  the process did not go to completion. 

Following the promising results of the p re l iminary  
experiments,  the effects of va ry ing  the conditions of 
the transesterif ieation reaction were examined, i.e. 

tGaleo,rhinus e a n i s  (Rend . ) .  Sae Molteno e,t al. (11) .  A fu l l  repor t  
o n  t h e  c h a r a c t e r i s t i c s  o f  t h e  oil of this  species will  appea r  as P a r t  29, 
" S o u t h  Af r i can  F i s h  P r o d u c t s , "  J .S ,C. I .  

* M e r l u v e l u ~  ccbpenMs (18 ) .  

ratio of oil to ah'ohol, time of reaction, and temper-  
a ture  of reactit)n, with tile object of establishing the 
el)tirol.ira conditions and determiniug whether pref-  
erential  at tack on the v i tamin  A esters could be 
achieved. Tables 3, 4, and 5 and Fig. 1 represent  the 
results obtaine/l. I t  is clear f rom ' fable  '3 anti Fig. 1 
tha t  for sat isfactory reacJi/)ns at room tempera tu re  
considerable excess of ethyl ah;ohol is neccs sa ry - -  
dihlte sohltious of the oil iu ale, ohol giving the best  
results. Front  Tahles 4 aud 5 it is clear that,  at  room 
tenlperature,  at  least one or two hours should be 
alh)well in order to achieve efficient conversion of 
vi tamin A esters to vitamiu A alcohol whereas on 
refluxing the mixtm.t~ ahnost /'tllni)lete conversion is 
obtained in a short  tinie. The final conditions found  
t(i be sat isfactory were a dilution of oil in alcohol of 
1 to 5 or 10, by weight, refluxed for 20 lninutes. The 
t,oneelltration of the sodimn ethoxide catalyst  was 
abt)ut ().3~) throughout,  obtained by  a<hling ().l'fi~ of 
s(idilmt to the alcohol. 

TAB 1 A,', I 

l~ehavier of Vi tamin  A Alcohol and F, st.er on Chromatograph ic  
n x a l n i l l a l  i[)ll 

V~qdIdlt of oil ch roma tegraldled (gin.)  

l~raclion .[ W e i g h l  (gnl.)  ..................... 
(50 ml. 
hell z(~ll e) 

i;,:Ad;,,~t- 
(50 ml. 

t ) c n z e l l e  
wili l  0.5@ 
ethyl 
alcohol) 

F rac t i on  I I I  
(50 ml. 
ethyl  
alcohol) 

l)el'Cellta~L~( ~ Iota] weighl . . . . .  

]!;~'~n. 3 2 8  I n #  v a h l e ,  . . . . . . . . .  

] ~ e r c e l l t a g e  Of t e l a l  r e cov -  
e r e d  v i h l m i n  A ............... 

Weigh t  (gin.)  .................... 
]*ercenlag'c tolal  weight ..... 

EI~ 328 m/* wdue .......... 

Pe l ' ( ! e l l t ; t ge  of  t o t a l  r e c o v -  
e r e d  v i t am in  A ............... 

We igh t  (gin.)  .................... 
l ' c r cen tage  total weight  ..... 

Ea~,('~,~. 328 m/t va lue  .......... 

Pe rcen tage  of total recov- 
ered v i t amin  A ............... 

0.~679 
~:1,7 

0.l  2 

2.40 

0 .1369 
1:1.2 

)9 4 

) 3.01 

0.07(i9 
7.4 

2.6 

4.58 

A. B. I ~. 
l .(1370 0.!198(i [.O741 

0.aS50 1.0507 
88.6 97.8 

9 . ; I  4 . 08  

58.52 52.18 

0.0600 0 .0439 
6.0 I 4 ,  t 

I 
1.5 85.6 

0.65 --I 45.72 

0.0829 0 .0140 
8.~1 I J.a 

68.8 ] 12.3 

40.68 ] 2.09 

A. Unsa )on i f i ab le  ma t t e r  of hake l ive r  oil in arachis  oil. 
tL U n s a  )onifiable mat te r  of hake l i ve r  oil in hake  l iver  oil.* 
C. Transes ter i f ied  hake  l iver  oil in hake  l ive r  oil.* 
No~'l,;: Transes te r i f ica t ions  carr ied out  wi th  a l c o h o l : o i l  ra t ios  ~: 

1 0 : 1  by weight ,  a t  room temperature ,  for  2 hours .  
* Con ta in ing  approximate ly  equal  amounts  of v i t amin  A in earl( 

emnponent  of mix tu re .  

F r o m  the fact  tha t  the increase in weight of the 
f a t t y  acid esters in the reaction (glycerides ---> esters 
of ethyl alcohol) was considerable in all cases where 
the degree of conversion of v i tamin  A ester to alco- 
hol was high, and the fai lure  to achieve any  good 
resul t  by  diminishing the amount  of alcohol or the 
t ime of reaction, i t  was eoneluded tha t  preferent ia l  
a t tack on the v i t amin  A esters was not feasible. 

E x p e r i m e n t a l  

1. Isolation of Unsaponifiable Matter. Where re- 
quired this was carr ied out by  the S.P.A. method (7) 
using 4 extractions with ether (8). 

2. Transesterification. The transesterification reac- 
tions were carr ied out by  dissolving the oil (about  3 
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Soupfin Soupf in  
1: I I  H a k e  

L i v e r  oil L i v e r  oil L i v e r  oil 

O, T. 
Weigh t  of oil ch romatographed  (gun.) ........................................................ 1 .3246 1.0751 

Ell ~u. 328 m/z of oil chromatographed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.00 7.17 

F rac t ion  I 
(50 ml. benzene) 

W e i g h t  (gm.)  ......................................................... 
Percent .  total  weight  chromatographed  ................ 

a% 
Elem.  328 m/L value.  ............................................. 

Percent .  of total  recovered v i t amin  A ................... 

F r ac t i on  I I  W e i g h t  (gin.)  ........................................................ 
(50 ml. benzene Percent .  total  weight  chromatographed  ................ 
p lus  0.5% a% 
ethyl alcohol) El~m. 328 m/z va lue  ............................................ 

Percent .  of total  recovered v i t a min  A ................. 

F r ac t i on  I I I  W e i g h t  (gm.)  ........................................................ 
(50 ml, benzene) Percent .  total  weight  chromatographed  ................ 

p lus  0.5v~ ~E~% 
ethyl alcohol) ]era. 328 m~ value .............................................. 

Percent .  of total  recovered v i t a m i n  A ................... 

F rac t ion  I V  
(50 ml. ethyl 

alcohol) 

W e i g h t  (gin.)  ......................................................... 
Percent .  total  weight  chromatograpbed  ................. 

~Elcm. 328 m/~ va lue  .............................................. 

Percent .  of total  recovered v i t a m i n  A ................... 

O. ~. 
1.1608 1.1510 

9.13 7.72 

1.1282 0.9810 
97.12 85.23 

9.01 0.67 

99.02 8.34 

0.0262 0.1812 
2.26 5 . 7 4  

0.89 14.89 

0.22 34.28 

0.0030 0.0129 
0.26 1.12 

18.07 332.1 

0.53 54.39 

0 .0034 0 .0254 
0.29 2.26 

7.36 9.30 

0.24 2,98 

100.0 104,2 
96.8 88.6 

O. T. 
1 .4714 1.1022 

1.86 1.63 

1.3993 1.0500 
95.13 95.28 

1.92 0.21 

95.88 15,05 

0.0182 0,0465 
5.31 4.22 

0.46 26.5 

1.29 83.75 

0,0415 0.0042 
2,82 0.38 

1.90 1.86 

2.82 0.54 

...... 0 .0078 

...... 0.71 

. . . . . .  1 2 . 2 6  

...... 0.68 

103.2 100.6 
102.4 81.9 

1.2735 
96.16 

9.09 

97.72 

1.0070 
93.63 

0.33 

4.49 

0.0773 0.0231 
5.83 2.15 

2.77 293.4 

1.81 91.62 

0 .0024 0 .0014 
0.18 0.13 

0.24 69.2 

0.10 1.35 

0.0069 
0.52 

4.13 

0.24 

0.0171 
1.59 

11.08 

2.56 

Total  ell recovered ( % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 2 . 7  105,9 
Total v i tamin  A recovered ( % )  * ................................................................ 99.2 96.0 

() --~ or ig ina l  fish l iver  oil. T ~--- t ranses ter i f ied  fish l iver  oil. All t ranses ter i f ica t ions  as in Table I .  
�9 Somewhat  e r ra t ic  recoveries,  as no elaborate p recau t ions  to avoid  oxidat ion were taken in p r e l im ina ry  experiments .  Losses h ighes t  in  

ehromatograms  where adsorp t ion  highest .  

gm.) in the required weight of pure, absolute alcohol, 
to which sufficient Na had been added to give a con- 
centrat ion of 0.1%, or 0.3% as NaOEt .  The mix ture  
was then thoroughly shaken, and where the rat io of 
alcohol:oil  was greater  than 2:1  became homogene- 
ous, aud was allowed to stand, with occasional shak- 
ing. Where separat ion occurred, continuous shaking 
was necessary. The mixture  was held at  room tem- 
pera tu re  (about  20~ or as was finally decided, was 
refluxed, for  the period reqnired, and then poured 
into cold water  (twice tile volume of alcohol used).  
At  least three extractions with peroxide-free ether 
fol lowed--each vohlme of ether used being equal to 
tha t  of the water  present.  The ethereal  solution was 
washed once or twice with distilled water,  distilled 
into a small flask in a waterbath ,  and the produc t  
dried uuder  vacuum in a waterbath.  A little acetone 
was added and drawn off as above to facil i tate elimi- 
nation of last traces of water. The product  was 
weighed. 

No~t,r~: A l c o h o l  p u r i f i e d  b y  d i s t i l l a t i o n  o v e r  A1 a n d  K O H  ( 9 ) ,  
a n d  t h e n  d i s t i l l e d  o v e r  c a l c i u m  w a s  f o u n d  s u i t a b l e .  T h e  r e a c -  
t i o n  m i x t u r e  w a s  k e p t ,  w h e r e v e r  p o s s i b l e ,  i n  a n  i n e r t  a t m o s -  
phere,  a w a y  f r o m  l i g h t ,  

Loss of Vitamin A. This was usual ly  3-5% in this 
pa r t  of the process. 

3. Chromatographic Separation of Vitamin A Al- 
cohol and Ester (of. 3, 4). A column of alumina,* 
20 era. high by 0.8 cm. d iameter  was used, the receiver 
being a tared J00-m]. distilling flask. The mater ia l  
under  examination (1 gin.) was dissolved in pure, 
d ry  benzene (about  50 ml.) and passed through the 
column over about  1 hour. The cohunn w,~s washed 
unti l  65 ml. of benzene had been passed into it, and 
the receiver (100-ml. distilling flask) was changed. 
A mix ture  of 5% E t 0 I [  in benzene was then passed 
down the column (50 ml.) into tlle new tared  receiver. 

The solvent was removed f rom each fract ion on a 
wate rba th  under  vacuum, until  constant weight  was 
attained. The vitamin A content of the mater ia l  in 
each flask was then determined.  

Ill the pre l iminary  experiments,  where more than 
2 f ract ions were collected, the solvents were as indi- 
cated in the tables and tile procedure as above. 

* B , D . n - . " a l u m i n a  for  chromatogu'aphic ana lys is , "  witho~lt f u r t h e r  acti- 
vat ion.  Column prepared  from dry  a lumina  and washed wi th  benzene 
I)eforc use. 

T A B L E  l I ] :  

Var ia t ion  of Degree of Transes ter i f ica t ion  Wi th  V a r i a t i o n  of Alcohol /Oi l  Ra t io  
[Reac t ion  t ime 1 hou r  th roughout ,  at  room tempera tu re ]  

Rat io  of oil to alcohol in t ranses ter i f ica t ion  react ion (by weigh,t) ..... 1 : 1 1 : 2 1 : 3 1 : 5 1 : 10 

E~((~.,. 328 m/z of o r ig ina l  oil .............................................................. 9.20 9.20 9.20 9.20 8.53 

EI~H. 328 m/~ of t ranses ter i f ied  product  ........................................... 8,85 8.62 8.91 8.35 7.82 

~Veight of mater ia l  ch romatographed  (gin.)  ...................................... 1.1138 1.1631 0.987'3 1.0004 1.1719 

F rac t ion  I 
( P u r e  benzene 
65 nil.) 

F r s  ellen 1I  
[E thy l  nleohol 

( 5 % )  in benzene 
(50mr.)  I 

W e i g h t  (gin.)  ................................................ 
Pe rcen tage  of total  weight  ............................ 

E I~ , . .  328 mg ............................................. 

% of total recovered v i t amin  A ..................... 

~Vei~'ht (gun.) ................................................ 
Per t ' enrage  of total weight ............................ 

E [ :~'~,,. 328 m,a ............................................. 

% of total  recovered vit~Jmin A ..................... 

0 .9210 
82.7 

10.14 

95.4 

o.1932 
17.4 

2.33 

4.60 

1.0995 
94.6 

6.21 

72.2 

0.0609 
5.2 

43.15 

27.8 

0.9472 
95.9 

4.21 

5] .3  

0.0417 
4.2 

90.9 

48.7 

0.9728 
97.3 

2.84 

34.4 

0.0371 
3.7 

141.7 

65.5 

0,0325 
2.8 

185.4 

71.7 

1.1407 
97.3 

2.08 

28.3 

Recovery of v i t amin  A (%)  " On t ranses ter i f ica t ion  .................... 98.7 98.6 101.6 93.6 96,2 

On whole process ........................... 98.0 93.0 89.8 89.9 88.9 
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TABLE I V  

Va: ' ial i<m of 1)',,wee of Transeslerifi<!alion W i t h  T ime  of i{ct~ction, a t  Room ' P e m p e r a t n r e  
[Ra t io  of oi l /alcohol  t h r o u g h o u t  : :  1/5 by we i~h t l  

T ime  of react ion (mins . )  ......................................................................................... 

% I If) rain.  60 rain.  120 rain.  
15 l G.. 328 m/~ of or i~inal  oil = 9.20 

t 

W e i g h t  of oil ch roma tog l ' aphed  (Kin.) .................................................................... 1.121 g 1.0I){)4 1.2485 

Lt~.m. 32~ m/z ........................................................................................................ 8.71 8.35 8.14 

100 

50 

]~ra(.tiolt 
I [ 

I 5(I ml. ethyl  
a!cohol ( 5 % )  
in benzene[  

R e c o v e r y  of 
v i t a m i n  A (~/o) 

W e i g h t  (g in . )  ......................................................................... 1 .el  6:~ 
I)ere ' !nL of {oral weight  ........................................................... 

E ~i'm 328 mfz ......................................................................... 

~ of total reeovc"ed  v i i a m i n  A ............................................... 

Wei~hl  (g in . )  .......................................................................... 
Perct ,  nC of lo~al weight  ........................................................... 

El',.',,. 328 m~ ......................................................................... 

% of total r ceovered  v i l amin  A ............................................... 

On t r anscs te r i f i ca t i (m ............................................................. 

()n whl)ll~ Dr(l('eNs .................................................................... 

(.}O.5 

7.15 
80d) 

0 .1018 
9. I 

17 .,q8 

20.0 

99.0 

92. I 

f).9728 
97 .'3 

2 . ~ 4  

34.4  

0.():~ 7 I 
3.7 

:[41.7 

65.5 

93.6 

89.9 

1.2100 
.()6.9 

1 . 6 6  

20,3 

1).()412 
3.3 

]91.O 

7!).7 

!18.2 

95.5 

Noaq , : :  A s  f a r  a s  p o s s i b l e ,  l i g h t  w a s  e x c l u d e d ,  a n d  v e s s e l s  
f i l l ed  w i t h  N~ o r  C( ) : .  ( ) ce :~ . s iona l ly  s o m e w h a t ,  m a r c  m a t e r i a l  
w a s  r e e l ) v o t e d  t h a n  w a s  u s e d ,  d u e  t o  i m * O m l A e t e  r e m o v a l  o f  
s o l v e n t s .  

Reem,e'ry of Vitamin A. l~(>ss of vflamil~ A, using 
tit(; 2-fraction separation ahove, was USllally of the 
order of 1-5%.  

B 

E r a e | i o n  
I 

(65 ml. 
])llre 
henzcne)  

l:l  | 5  r:10 

RATIO o r  OIL TO ALCOHOL BY WEIGHT 

F r o .  1. V a r i a t i o n  o f  d e g r e e  o f  t r a n s e s t e r i f i e a t i o n  o f  v i t a m i n  
i ' A w i t h  o i l / a l c o h o l  r a t i o .  ( C o n d  t m n s  a s  i n  T a b l e  I I I . )  

4. Determination of Vitamin A. The method of 
Dana and Evelyn (10) and an Evelyn eolorimeter 
were used throughout. [As a factor for converting 
the E ~ n  328 m~ values obtained into International 
units per gram, 1600 has been in common use in this 
laboratory (1.2).] 

Summary 

Fish liver oils containing vitamin A esters have 
been catalytically transesterified with ethyl alcohol, 
and the proportions of vitamin A alcohol produced 
under various conditions have been evaluated chro- 
matographically. 
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T A I I L E  V 

T~'ans~,sh,rifiralion U n d e r  Reflux for  Tw q iv  Minu te s  

Ratio of oil : ah 'alml ..................................................... I : l 0 1 : 5* 

1'~% :12S m/L or ig ina l  ell ................ S.75 

],t  ,.,,, 32~4 mlz i ! ' anses ier i t led  l)roduvt ........................ 7.N7 6.60 

W r i g h t  of i)i[ chronla~o;,~rapliod (g in . )  "Z::_"~'_'A'"2L"""'~" 1 .0155  0 .5190 

I,h'a (.A ion ] 
(~15 nil. 
henz(,ne) 

I,'ra(qi(m ] ! 
[ 50 ml. 

ethyl alco- 
hol ( 5 % )  
i71 h(~n zen e, 

l leeovcry of 
v i t a m i n  A 

Wei~h{ (gin.)  ................................. I .l)0 t3  

1~?/;";,, : l~ m~  ................................ ~.~(~ 

~ of total rt ,eovered v i t : ,min  A ...... 1.3 

W e i g h t  (~m.)  ................................. 0 .0411 

E l % , .  328 mix ................................ 197.4 

% of total r ecovered  v i t a m i n  A ...... 9~.7 

()ix transesi(~rif ieat ion ..................... 93.7 

On whole  process  ............................ 96.2 

0.28:1(i 

(1.19 

1.a 

O.2354 

12.7[  

!~8.2 

*An ear ly  expe r imen t .  
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