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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  invention  relates  to  a  process  for  fractionating  phosphatide  mixtures  into  two  two  or  more  fractions 
which  are  enriched  in  one  or  more  of  phosphatidyl  choline  (PC),  phosphatidyl  ethanolamine  (PE),  phosphatidyl 
inositol  (PI)  and  phosphatidic  acid  (PA). 

Phosphatides  are  commonly  produced  by  water-degumming  crude  vegetable  oils,  particularly  crude  soy 
bean  oil.  In  this  process,  water  is  finely  dispersed  in  hot  crude  oil  as  a  result  of  which  most  phosphatides  present 

w  in  the  oil  are  hydrated  and  form  a  separate  phase  which  is  removed  from  the  oil  by  centrifuge.  The  gums  thus 
obtained  are  generally  dried  to  yield  lecithin,  a  product  of  commerce. 

This  lecithin  is  a  complex  mixture  containing  approximately  30%  triglycerides  and  about  55%  phosphatides, 
the  remainder  comprising  sugars,  glycolipids,  partial  glycerides,  free  fatty  acids,  residual  meal  particles  and 
other  compounds  of  an  as  yet  unknown  nature.  The  phosphatide  composition  of  commercial  soy  lecithin  can 

15  vary  considerably  but  some  of  the  variations  reported  in  the  literature  (AOCS  Monograph  12,  Lecithins.  Ed. 
B.V.  Szuhaj  and  G.R.  List,  1985,  page  13)  certainly  stem  from  differences  in  analytical  methods  used.  As  an 
average  composition,  the  following  data  can  be  quoted: 

20  p h o s p h a t i d y l   c h o l i n e   (PC)  33  % 
p h o s p h a t i d y l   e t h a n o l a m i n e   (PE)  26  % 
p h o s p h a t i d y l   i n o s i t o l   (PI )   23  % 

25  p h o s p h a t i d i c   a c i d   (PA)  10  % 
o t h e r s ,   unknowns   8  % 

wherein  the  "others"  also  comprise  lysocompounds  such  as  lysophosphatidyl  choline  (LPC),  etc. 
30  Water-degummed  oil  still  contains  some  residual  phosphatides  and  according  to  U.S.  Patent  4,698,185 

these  can  be  removed  from  this  oil  by  finely  dispersing  a  non-toxic  acid  in  the  oil.  After  a  contact  time  that  is 
sufficiently  long  to  ensure  the  decomposition  of  the  alkaline  earth  salts  of  phosphatidic  acid,  a  base  is  added 
to  raise  the  pH  above  2.5  without  substantial  formation  of  soaps  whereupon  the  gums  are  removed  and  may 
be  dried.  Gums  thus  obtained  contain  both  salts  stemming  from  the  acid  and  base  used  in  the  process  and 

35  organic  components  which  are  predominantly  triglycerides  and  phosphatides  with  a  high  PA-content. 
Since  lecithin  has  become  commercially  available,  a  number  of  processes  have  been  developed  to  purify, 

modify,  de-oil  and  fractionate  this  product,  whereby  the  fractionation  processes  specifically  aim  at  producing 
PC-enriched  fractions.  Such  processes  generally  lead  to  products  of  enhanced  functionality  in  the  applications 
for  which  they  have  been  developed. 

40  One  such  de-oiling  process  has  been  described  in  British  patent  412,224.  It  involves  treating  commercial 
lecithin  with  acetone  or  a  mixture  of  acetone  and  alkanes.  Since  phosphatides  are  insoluble  in  acetone  and 
triglycerides  dissolve  in  this  solvent,  an  oil-free  lecithin  with  increased  phosphatide  content  results. 

A  process  aiming  at  PC-enrichment  employing  solvent  fractionation  of  de-oiled  lecithin  is  described  in  Brit- 
ish  patent  877,031  .  Alcohol  is  used  as  a  solvent  because  this  solvent  exhibits  a  better  solubility  for  PC  than  for 

45  PI,  the  solubility  for  PE  being  intermediate.  According  to  German  patent  14  94  952  the  PC-selectivity  of  this 
process  is  improved  by  using  aqueous  alcohol  and  according  to  German  Patent  16  92  568  further  improvement 
is  possible  by  adding  monoglycerides.  According  to  H.  Pardun  (Fette,  Seifen,  Anstrichmittel,  84̂   1-11,  1982)  it 
is  possible  to  produce  alcohol-soluble  lecithin  fractions  with  a  PC/PE-ratio  of  more  than  4  by  first  of  all  desugar- 
ing  the  gums,  drying  the  desugared  gums,  de-oiling  the  dried  gums  and  then  fractionating  the  de-oiled  lecithin. 

50  For  the  fractionating  step  the  use  of  alcohol/hexane-mixtures  is  proposed.  In  a  later  article  H.  Pardun  (Fette, 
Seifen,  Anstrichmittel,  86̂   55-62,  1984)  provides  a  pretty  comprehensive  summary  of  the  prior  art  including 
the  fractionation  techniques  known  from  the  afore-mentioned  references. 

In  order  to  further  enrich  the  PC-content  of  the  PC-enriched  fractions  obtained  by  the  alcoholic  extraction 
of  desugared,  de-oiled  lecithin,  three  types  of  process  have  been  reported.  The  first  type  of  process  employs 

55  a  chromatographic  method  (British  patent  877,031)  in  that  the  PC-enriched  alcoholic  solution  is  treated  with 
an  adsorbent  e.g.  aluminum  oxide  which  selectively  adsorbs  the  PE  present  in  the  alcoholic  solution.  The  sec- 
ond  type  of  process  (British  patents  1  217  846  and  1  350  390)  is  based  upon  the  conversion  of  the  PE  present 
in  lecithin  or  its  alcohol  soluble  fraction  to  acetylphosphatidylamine  (APE)  by  treatment  with  e.g.  acetic  acid 
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anhydride  which  APE  is  soluble  in  acetone  at  pH  values  above  8.5  or  below  3.5  whereas  PC  is  acetone  insol- 
uble.  The  third  type  of  process  (European  patent  0  090  454)  achieves  a  separation  between  PC  and  PE  by 
treating  a  solution  containing  these  two  compounds  with  an  alcoholic  solution  of  e.g.  magnesium  sulphate  as 
a  result  of  which  the  PE  preferentially  precipitates. 

5  The  above  processes  have  the  disadvantage  that  they  require  a  multitude  of  steps  to  arrive  at  just  more 
or  less  pure  PC  and  a  PC-depleted  residue  and  do  not  provide  a  route  to  fractions  in  which  PA,  PE  or  PI  are 
the  main  constituent.  Besides,  the  PC-yield  attainable  with  the  above  processes  is  reputed  to  be  unsatisfactory 
and  to  be  60%  of  theory  at  the  most  under  favourable  conditions. 

10  OBJECTS  OF  THE  INVENTION 

Therefore  it  is  an  object  of  the  invention  to  provide  a  process  for  the  fractionation  of  mixtures  of  phos- 
phatides  that  yields  fractions  having  the  individual  constituent  phosphatides  present  in  the  mixture  as  main  con- 
stituents. 

15  It  is  a  further  object  of  the  invention  to  provide  a  fractionation  process  capable  of  handling  mixtures  of  phos- 
phatides  which  mixtures  may  also  contain  triglycerides,  partial  glycerides,  free  fatty  acids  and  other  compounds 
that  are  commonly  present  in  gums  resulting  from  various  degumming  processes  of  vegetable  oils  and  which 
mixtures  may  even  contain  some  water. 

It  is  also  an  object  of  the  invention  to  fractionate  mixtures  of  phosphatides  in  a  minimum  number  of  sepa- 
20  ration  stages  and  to  use  minimal  amounts  of  solvent. 

It  is  a  further  object  of  the  invention  to  provide  a  route  to  various  salts  of  phosphatidic  acid  which  salts  may 
be  oil-free  or  admixed  with  triglyceride  oils. 

It  is  an  additional  object  of  the  invention  to  provide  a  process  for  the  fractionation  of  phosphatide  mixtures 
of  various  phosphatide  compositions  and/or  stemming  from  different  agricultural  origins. 

25  It  is  also  an  object  of  the  invention  to  minimize  solvent  recovery  problems  by  using  a  single  solvent  or  single 
solvent  mixture. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

30  The  invention  is  directed  to  the  solvent  fractionation  of  mixtures  of  phosphatides,  which  mixtures  may  also 
contain  non-phosphatidic  components,  as  described  herein  and  in  the  dependent  claims,  whereby  use  is  made 
of  the  observation  that  the  solubilities  of  individual  phosphatides  in  to  C3  alcohols  or  mixtures  thereof  are 
affected  differently  by  changes  in  the  acidity  of  the  solvent  or  solvent  mixtures. 

The  process  according  to  the  invention  is  a  process  for  fractionating  phosphatide  mixtures  into  two  or  more 
35  fractions  which  are  enriched  in  one  or  more  of  phosphatidyl  choline  (PC),  phosphatidyl  ethanolamine  (PE), 

phosphatidyl  inositol  (PI)  and  phosphatidic  acid  (PA)  by  carrying  out  the  following  process  steps: 
a)  extracting  the  phosphatide  mixture  one  or  more  times  with  a  solvent  selected  from  to  C3  alcohols  or 
mixtures  thereof  having  a  water  content  in  the  range  of  0  to  20  %  by  weight, 
b)  separating  the  solvent  phase  from  the  extraction  residue  and  recovering  the  residue, 

40  c)  recovering  the  extracted  phosphatide(s)  from  the  solvent  phase  by  precipitating  the  phosphatide(s) 
and/or  removing  the  solvent,  and  optionally 
d)  subjecting  one  or  more  of  the  fractions  obtained  in  steps  b)  and  c)  to  a  further  treatment  in  accordance 
with  steps  a)  to  c)  at  a  different  solvent  acidity, 

and  by 
45  controlling  the  solubilities  of  PC,  PE  and  PA  by  suitably  adjusting  the  acidity  of  the  solvent, 

the  pH  being  adjusted  to  above  8  and  preferably  above  9  for  solubilizing  PC  and  PE, 
the  pH  being  adjusted  to  below  5,  preferably  below  3  and  more  preferably  below  2  for  solubilizing 

PA, 
PI  being  substantially  insoluble  and  thus  mainly  recovered  in  the  extraction  residue. 

so  In  the  present  context,  the  acidity  of  the  solvent  or  solvent  mixture  is  defined  as  the  reading  of  a  pH-elec- 
trode  immersed  in  the  alcoholic  solution.  This  reading  turns  out  to  be  quite  reproducible  and  is  therefore  suitable 
for  process  control.  pH-values  below  0  and  above  11  should  be  avoided.  Thus  statements  like  adjusting  the 
pH  to  below  5  means  adjusting  the  pH  to  0  to  5  while  similarly  adjusting  the  pH  to  above  8  shall  mean  adjusting 
the  pH  to  8  to  11. 

55  If  lecithin  or  any  phosphatide  mixture  that  may  contain  triglycerides  and  other  components  normally 
associated  with  its  isolation,  is  mixed  with  alcohol,  a  two-phase  system  results  that  on  settling  yields  an  alcoholic 
upper  layer  containing  some  phosphatides  and  possibly  triglycerides  etc.  and  a  phosphatidic  lower  layer  con- 
taining  the  remainder  of  the  triglycerides  etc.  and  some  alcohol,  the  distribution  of  the  various  components  over 
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both  phases  being  governed  by  the  lecithin/solvent-ratio,  the  lecithin  composition,  the  temperature  and  the  sol- 
vent  composition,  especially  its  water  content.  In  general,  the  solvent  layer  contains  more  phosphatides  at  ele- 
vated  temperatures,  at  reduced  water  content  and  increased  chain  length  of  the  alcohol. 

It  has  now  surprisingly  been  found  that  this  distribution  also  depends  quite  strongly  upon  the  acidity  of  the 
5  solvent  and  that  different  phosphatides  are  affected  differently  by  changes  in  acidity.  It  has,  for  instance,  been 

observed  that  phosphatidic  acid  (PA),  which  is  only  sparingly  soluble  at  non-adjusted  pH  becomes  much  more 
soluble  in  the  alcoholic  solvent  when  its  pH  is  reduced  to  below  5  and  even  more  when  reduced  below  3  or  2 
by  the  addition  of  an  acid.  On  the  other  hand,  raising  the  pH  from  its  non-adjusted  level  hardly  affects  the  PA- 
solubility. 

w  Phosphatidyl  inositol  (PI)  demonstrates  a  quite  different  behaviour  in  function  of  acidity  in  that  its  solubility 
is  low  and  remains  low  whatever  the  acidity.  Phosphatidyl  choline  (PC)  behaves  quite  differently  again.  At  non- 
adjusted  pH,  PC  is  reasonably  soluble  as  reported  already  in  the  literature  and  this  solubility  can  be  somewhat 
but  only  slightly  increased  by  the  addition  of  an  acid  but  increases  quite  considerably  when  the  pH  is  raised  to 
for  instance  10  or  above  10. 

15  Phosphatidyl  ethanolamine  (PE)  exhibits  at  non-adjusted  pH  a  considerably  lower  solubility  than  PC  which 
decreases  slightly  on  lowering  the  pH  but  increases  considerably  when  the  pH  of  the  alcoholic  solvent  is  raised 
to  above  8  and  increases  about  four  fold  when  the  pH  is  raised  to  above  10,  e.g.  to  10  to  11. 

As  a  result,  the  total  phosphatide  content  of  the  alcoholic  phase  is  also  strongly  affected  by  its  acidity,  being 
lowest  at  non-adjusted  pH,  about  twice  as  high  at  pH  of  approximately  2  and  about  twice  as  high  again  at  a 

20  pH  of  approximately  10. 
No  explanation  for  these  surprising  phenomena  presents  itself.  The  behaviour  of  PA  could,  perhaps,  be 

tentatively  explained  by  assuming  that  this  compound  occurs  in  its  non-dissociated  form  at  pH-values  well 
below  its  lowest  pKand  making  a  further  assumption  that  non-charged  phosphatides  exhibit  a  higher  solubility 
than  charged  ones,  but  these  assumptions  are  contradicted  by  the  behaviour  of  PE.  At  high  pH-values  this 

25  molecule  should  have  a  negatively  charged  phosphate  group  and  its  amino  group  should  be  deprotonated  and 
thus  carry  no  charge,  so  that  the  molecule  as  a  whole  should  be  charged  and  exhibit  decreased  solubility 
according  to  the  above  assumption,  whereas  in  actual  fact  its  solubility  is  greatly  increased  at  increased  pH. 

The  above  observations  form  the  basis  of  the  many  fractionation  steps  that  form  part  of  the  present  inven- 
tion.  Isolating  PA  from  gums  as  obtained  by  the  process  as  described  in  US  patent  4,698,  185  can  be  achieved 

30  by  washing  these  gums  which  need  not  necessarily  be  dried  with  an  acidified  alcohol,  separating  the  alcoholic 
extract  from  the  extraction  residue  and  by  precipitating  the  PA  by  raising  the  pH.  It  is  immaterial  which  acid  and 
which  base  are  used  for  controlling  the  acidity  of  the  alcoholic  solution.  Hydrochloric  acid  and  ammonia  lead 
to  isolation  of  the  PA  as  its  mono-ammonium  salt  but  if  another  salt  as  for  example  the  mono-sodium  salt  is 
desired  this  can  be  obtained  by  using  for  instance  caustic  soda  for  raising  the  pH. 

35  A  PC-enriched  fraction  can  be  isolated  in  high  yield  and  with  minimum  use  of  solvent  by  extracting  lecithin 
with  an  alkaline  alcohol,  separating  the  extract  from  the  extraction  residue,  precipitating  the  PE  present  in  the 
extract  by  the  addition  of  a  sufficient  amount  of  ad  i-or  trivalent  metal  salt  (preferably  inform  of  a  solution,  most 
preferably  an  alcoholic  solution,  the  alcohol  preferably  being  the  same  alcohol  or  alcohol  mixture  used  for  the 
treatment  of  the  phosphatide  mixture),  for  instance  calcium  chloride,  to  leave  most  of  the  PC  in  solution  and 

40  to  precipitate  most  of  the  PE,  separating  the  precipitate  and  recovering  the  PC  from  the  solution.  This  recovery 
can  be  by  evaporation  to  dryness  or  by  addition  of  a  precipitating  agent  for  PC  and  separating  the  formed  pre- 
cipitate.  Useful  precipitating  agents  are  acids,  preferably  in  an  amount  that  is  sufficient  to  lower  the  pH  to  near 
neutral.  Also  water  is  a  very  useful  precipitating  agent  for  PC.  The  method  of  evaporation  to  dryness  gives  the 
highest  yield  of  PC  but  then  the  PC  thus  obtained  also  contains  most  impurities  that  have  been  extracted  from 

45  the  lecithin.  The  method  of  lowering  the  pH  by  the  addition  of  an  acid  and  the  method  of  adding  water  lead  to 
a  somewhat  lower  yield  but  the  PC-fraction  thus  obtained  is  only  slightly  coloured  and  has  a  bland  taste. 

The  PE-precipitate  obtained  above  constitutes  a  highly  enriched  PE-fraction  and  the  extraction  residue 
contains  both  PI  and  PA.  This  residue  can  again  be  fractionated  by  extracting  it  with  acidified  alcohol  as  a  result 
of  which  the  PA  present  is  dissolved.  After  separation  of  the  extract  and  its  residue,  the  latter  constitutes  the 

so  Pl-fraction  whereas  a  PA-enriched  fraction  can  be  isolated  from  the  former  by  raising  the  pH  by  the  addition 
of  a  base  and  recovering  the  formed  precipitate. 

The  extraction  residues  and  precipitates  obtained  in  the  process  according  to  the  present  invention  usually 
contain  more  or  less  solvent  and  accordingly  are  sometimes  more  precisely  referred  to  as  "heavy  phase"  in 
comparison  to  the  light  solvent  phase. 

55  The  process  according  to  the  invention  can  be  applied  to  commercial  lecithin,  de-oiled  lecithin,  gums  or 
dried  gums  as  obtained  according  to  the  process  described  in  U.S.  patent  4,698,  185  and  their  agricultural  origin 
is  in  fact  immaterial.  Soy  bean  lecithin  can  be  used  as  well  as  sunflower  lecithin,  rape  seed  lecithin  or  corn 
germ  oil  lecithin. 

4 
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The  process  according  to  the  invention  can  be  carried  out  as  a  batch  process  but  a  continuous  way  of  oper- 
ation  is  also  possible  and  even  has  advantages  of  higher  yields,  purities  or  reduced  solvent  usage.  In  a  con- 
tinuous  operation  counter-current  liquid/liquid-extraction  systems  and  mixer/settler  systems  or  centrifuges  can 
advantageously  be  used. 

5  The  phosphatide  mixture  to  solvent  ratio  usually  is  in  the  range  of  1:1  to  1:10,  preferably  1:2  to  1:6  and 
more  preferably  about  1  :3  (w/v;  g/ml).  The  optimum  ratio  of  phosphatide  mixture  to  solvent  depends  on  the  nat- 
ure  of  the  phosphatides  and  the  extraction  technique  used  (see  above).  However,  ascertaining  the  best  ratio 
for  a  given  phosphatide  mixture  and  a  given  extraction  technique  only  requires  a  few  tests  and  is  within  the 
routine  of  a  man  skilled  in  the  art. 

w  The  raw  material  to  be  fractionated  is  preferably  chosen  in  function  of  the  fraction  or  fractions  required.  If 
a  phosphatide  fraction  that  is  virtually  free  from  linolenic  acid  moieties  is  desired,  sunflower  lecithin,  cottonseed 
lecithin  or  corn  germ  oil  lecithin  can  be  used.  For  other  applications  requiring  a  fraction  with  not  too  high  an 
iodine  value,  rapeseed  lecithin  may  be  considered  as  a  raw  material. 

In  general,  the  fatty  acid  compositions  of  the  lecithins  reflect  the  fatty  acid  compositions  of  the  oils  those 
15  lecithins  have  been  isolated  from.  There  are,  however,  differences  between  the  fatty  acid  compositions  of  oils 

and  their  lecithins  and  also  between  the  fatty  acid  composition  of  the  individual  phosphatides.  The  saturated 
fatty  acid  content  of  the  phosphatides  tends  to  be  somewhat  higher  than  that  of  the  corresponding  oil  and  this 
is  especially  true  for  the  Pl-fractions. 

If  a  PA-rich  fraction  is  the  desired  product,  it  is  of  course  advantageous  to  fractionate  a  raw  material  which 
20  exhibits  an  appreciable  PA-content.  This  can  be  a  lecithin  selected  on  that  basis  but  also  the  gum  whether  dried 

or  not  isolated  from  water-degummed  oil  according  to  U.S.  patent  4,698,185. 
As  a  rule,  it  can  be  stated  that  the  purities  of  the  phosphatide  fractions  obtained  according  to  the  process 

of  the  invention  depend  mainly  on  the  particular  way  this  process  has  been  executed  and  that  the  yields  of 
these  fractions  depend  mainly  upon  the  composition  of  the  phosphatide  mixture  used  as  raw  material.  Of  course 

25  yield  and  purity  are  interdependent.  If,  for  instance,  a  high  purity  PA-fraction  is  aimed  for,  it  is  self-evident  that 
as  much  PC  and  PE  as  possible  are  to  be  extracted  at  high  pH-values  so  as  to  leave  a  residue  with  very  low 
concentration  of  PC  and  PE.  Some  PA  will  also  dissolve  and  thus  decrease  its  yield  which  will  also  be  decreased 
because  of  the  high  PA-content  of  the  PA-enriched  fraction. 

The  raw  material  to  be  fractionated  may  contain  triglyceride  oil  or  be  partially  or  completely  de-oiled.  The 
30  presence  of  the  oil  hardly  affects  the  phosphatide  distribution  over  the  extract  and  the  extraction  residue  so 

that  yields  and  purities  of  the  phosphatide  fractions  are  also  hardly  affected.  Using  oil  containing  raw  materials 
has  the  advantage  that  the  residues  are  less  sticky  and  therefore  more  easy  to  handle.  Even  if  ultimately  a 
de-oiled  fraction  is  required  it  may  still  be  advantageous  to  use  an  oil  containing  raw  material  and  de-oil  the 
fraction  after  it  has  been  isolated  according  to  the  process  of  the  invention  because  then  the  amount  of  material 

35  to  be  de-oiled  is  far  less  than  when  all  starting  material  had  to  be  de-oiled. 
Water  has  been  found  to  decrease  the  solubilities  of  the  phosphatides  in  the  alcoholic  solvent,  so  that  it 

has  some  advantages  to  operate  the  process  of  the  invention  at  low  water  content.  Nevertheless,  a  water  con- 
tent  of  up  to  20%  (usually  in  the  range  of  0.5  to  15  %)  has  been  found  to  be  practicable  and  this  permits  the 
use  of  aqueous  acids,  bases  and  salts  when  adjusting  the  acidity  of  the  extraction  solvent,  permits  the  use  of 

40  the  ethanolicazeotrope  and/or  permits  the  use  of  water  containing  gums  as  starting  materials.  Care  must,  how- 
ever,  be  taken  in  this  respect  in  that  the  use  of  dilute  acids  or  bases  may  not  only  affect  the  solubility  as  a  result 
of  change  in  acidity  but  also  by  a  change  in  water  content  and  may  thus  lead  to  unnecessarily  impure  precipi- 
tates. 

The  acids  or  bases  (preferably  food  grade  acids  and  bases)  to  be  used  in  the  process  according  to  the 
45  invention  are  not  critical  except,  of  course,  when  a  phosphatide  is  to  be  isolated  as  a  particular  salt.  Thus  the 

addition  of  ammonia  to  an  acidic  solution  of  PA  will  lead  to  the  precipitation  of  the  ammonium  salt  of  PA  whereas 
the  use  of  caustic  soda,  as  an  aqueous  or  alcoholic  solution,  will  lead  to  the  sodium  salt  of  PA.  Similarly,  care 
must  be  taken  not  to  form  unwanted  precipitates  of  inorganic  salts.  For  the  above  reasons,  hydrochloric  acid 
and  ammonia  are  the  preferred  acidity  regulators;  besides,  they  are  cheap  and  can  be  added  anhydrously. 

so  In  addition,  it  has  been  found  that  certain  bases  for  a  given  pH  affect  the  solubilities  of  individual  phos- 
phatides.  If  ammonia  and  choline  are  compared  in  this  respect,  it  is  surprisingly  found  that  choline  greatly 
increases  the  solubility  of  both  PC  and  especially  PE.  No  explanation  for  this  finding  can  be  given. 

The  temperature  at  which  the  process  according  to  the  invention  is  performed  can  have  an  important  effect 
on  its  selectivity  and  on  the  amount  of  solvent  required,  which  effects  can  profitably  be  made  use  of.  For  safety 

55  reasons  though,  the  temperatures  are  preferably  maintained  below  the  boiling  point  of  the  alcoholic  solvent  but 
superatmospheric  conditions  are  not  excluded. 

In  following  the  fractionation  process,  optimizing  this  process  and  assessing  the  fractions,  analytical 
methods  to  determine  phosphatide  compositions  and  phosphatide  content  are  of  importance.  In  this  respect, 
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it  has  been  found  to  be  advantageous  to  use  relative  methods  of  analysis  which  compare  the  sample  with  a 
known  standard  for  routine  measurements. 

As  a  standard  a  sample  of  MC-Thin  (standardized  liquid  soybean  lecithin  available  from  Lucas  Meyer,  Ham- 
burg,  West-Germany,  which  according  to  the  sales  literature  contains  20  %  PC,  17  %  PE,  12  %  PI  and  13  % 

5  other  phosphorus  containing  compounds  in  addition  to  37.5  %  triglycerides  and  carbohydrates  and  0.5  %  water) 
was  used.  Its  phosphatide  composition  was  determined  using  two-dimensional  thin  layer  chromatography  fol- 
lowed  by  spot  revelation,  scraping  off  individual  spots,  destruction  of  the  phosphatides  thus  isolated  to  inor- 
ganic  phosphates,  which  phosphates  were  then  converted  into  a  reduced  phosphomolybdate  complex,  the 
amount  of  which  was  measured  spectroscopically. 

w  Silica  gel  TLC-plates  (20  x  20  cm,  2.5  mm)  are  rinsed  with  chloroform/methanol  (2/1),  air  dried  and  activated 
for  30  min  at  1  1  0°C.  The  sample  is  diluted  with  chloroform/methanol  (2/1  )  to  a  phosphorus  content  of  2000-4000 
ppm  P  and  10-20  microliter  of  this  solution  is  spotted.  The  plate  is  developed  using  chloroform/methanol/am- 
monia  (28%)  (65/40/5)  and  air  dried  until  no  ammonia  is  perceived  any  more.  Subsequently,  the  plate  is 
developed  a  second  time  in  a  perpendicular  direction  using  chloroform/acetone/methanol/acetic  acid/water 

15  (50/20/10/15/5)  and  air  dried.  The  spots  containing  phosphorus  are  visualized  using  Vaskovsky  reagent  and 
outlined  with  a  pencil. 

Spots  are  collected  by  aspiration  using  the  method  of  Rouser,  Siakatos  and  Fleischer  (Lipids  1̂   85-86, 
1966)  in  which  the  walls  of  the  test  tube  into  which  the  silica  gel  is  collected  have  been  moistened  with  0.5  ml 
of  distilled  water  in  order  to  retain  also  the  small  silica  gel  particles.  The  phosphatides  thus  collected  are  hyd- 

20  rolysed  by  the  addition  of  0.26  ml  perchloric  acid  (70%)  and  heating  the  test  tubes  for  30  min  at  180°C.  After 
cooling,  1.5  ml  of  distilled  water,  0.25  ml  of  ammonium  molybdate  (2.5%)  is  added  and  mixed.  Subsequently, 
0.25  ml  ascorbic  acid  (10%)  is  added  and  mixed.  Subsequently,  0.25  ml  ascorbic  acid  (10  %)  is  added  and 
mixed  immediately  whereupon  the  tubes  are  kept  at  40°C  for  1  hour.  Solids  present  are  removed  centrifugally 
(2  min  at  1  000  g)  and  the  absorption  is  measured  against  water  at  820  nm.  A  blank  is  also  scraped  off,  treated 

25  as  above  and  measured. 
The  relative  amounts  of  phosphorus  determined  as  described  above  are  then  converted  into  percentage 

figures  after  having  been  corrected  for  the  absorption  of  the  blank.  Multiplication  by  the  appropriate  molecular 
weight  of  the  individual  phosphatides  and  subsequent  normalisation  allows  the  mole  percentages  as  obtained 
above  to  be  converted  into  weight  percentages,  disregarding  the  spot  at  the  origin  which  contains  phosphorus 

30  but  is  not  a  phosphatide. 
For  routine  analyses,  a  much  faster  method  is  preferred,  employing  one-dimensional  TLC  and  densitomet- 

ric  quantitation.  This  method  uses  HPTLC-plates  that  are  activated  at  110°Cand  employs  nine  separations  per 
plate:  bands  3,  6  and  9  are  spotted  with  the  standard  (MC-Thin)  at  increasing  concentration  (1  l̂  of  solution 
containing  10,  20  and  40  mg/ml)  whereas  band  1  and  2,  4  and  5,  7  and  8  are  spotted  with  the  sample  to  be 

35  measured  (1  microliter  of  a  40  mg/ml  solution).  The  plates  are  developed  with  chloroform/acetone/metha- 
nol/acetic  acid/water  (20/8/4/6/3)  and  dried  in  a  ventilated  oven  for  30  min  at  60°C.  Subsequently,  the  spots 
are  revealed  by  immersing  the  plates  in  a  0.1  %  solution  of  8-anilino,  1-naphthalene  sulphonic  acid  and  dried 
for  25  min  at  40°C.  Spraying  with  a  0.5  %  solution  is  also  possible  but  leads  to  a  less  straight  base  line  during 
scanning. 

40  Scanning  is  carried  out  using  a  Desaga  DC  60  densitometer  using  a  mercury  lamp  in  fluorescence  mode 
(wave  length  at  367  nm;  filter  position  450nm).  A  slit  width  of  0.04  mm  and  a  slit  height  of  6.0  mm  were  used. 
The  use  of  three  known  standards  at  different  amounts  then  allows  a  calibration  to  be  calculated  for  the  various 
phospholipids  which  calibration  was  then  used  for  calculating  the  composition  of  the  unknown  sample. 

45  Example  1 

Soy  lecithin  with  a  phosphorus  content  of  2.057  %  (w)  (51  .4  %  (w)  phosphatides)  was  used  as  the  material 
to  study  the  solubilities  of  the  various  individual  phosphatides  as  a  function  of  pH.  This  lecithin  was  analyzed 
by  two-dimensional  TLC  to  have  the  follwing  composition  (as  %  P): 
"origin"  6.0 
PA  13.4 
PC  28.8 
PE  23.8 
APE  4.8 
PI  15.4 
LPA  1.7 

6 



EP  0  372  327  B1 

LPC  1.3 
LPE  1.3 
LPI  1.9 
unknown  1.6 

Ethanol  was  used  as  the  solvent  in  a  fixed  lecithin  to  solvent  ratio  of  1  :3  (w/v;  g/ml)  and  with  a  fixed  water 
content  of  5%  (w/v).  The  pH  was  adjusted  by  using  either  hydrochloric  acid  to  cover  the  acid  range  or  choline 
or  a  combination  of  choline  and  sodium  silicate  to  cover  the  alkaline  range.  Alcoholic  stock  solutions  containing 
known  amounts  of  water  and  hydrochloric  acid,  choline  or  sodium  silicate  were  made  up  and  diluted  with  abso- 
lute  ethanol  and  water  to  obtain  the  solvents  of  variable  pH  and  fixed  water  content.  The  amount  of  lecithin 
used  in  each  experiment  was  25  g  and  75  ml  of  solutions  containing  the  following  additions  were  used: 

T a b l e   I  
15 

code  HC1  c h o l i n e   Na  s i l i c a t e   w a t e r   pH 
9  g  g  g 

20  A  0 .200  -  -  3.75  U 9 5  
B  0 .100  -  -  3.75  3 . 2 7  
C  0 .025  -  -  3.75  4 . 5 8  
D  -  -  -  3.75  6 . 2 6  

25  E  0 .500  -  3.75  8.  45 
F  -  1-250  -  3.75  9 . 9 4  
G  -  1.750  0 .100  3.75  1 0 . 4 2  

30 

These  solutions  of  varying  pH  were  each  mixed  with  25  g  of  lecithin  at  20°C  and  allowed  to  settle.  Then 
the  pH  of  the  supernatant  was  measured  using  a  pH-electrode.  The  values  found  are  listed  in  the  last  column 
of  Table  I.  The  supernatant  was  separated  from  the  extraction  residue  and  evaporated  to  dryness.  The  extract 

35  thus  obtained  was  analyzed  for  phosphorus  content  and  phosphatide  composition.  Relevant  data  are  sum- 
marized  in  Table  II. 

40 

45 

50 

55 
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The  phosphorus  content  of  the  extract  was  measured  using  plasma  emission  spectroscopy  (A.J.  Dijkstra 
and  D.  Meert,  J.A.O.C.S.,  59^199  (1982))  and  the  value  found  was  multiplied  by  25  to  arrive  at  the  phosphatide 
content  of  the  extract.  Because  of  non-phosphatide  compounds  that  still  contain  phosphorus  being  present  as 
indicated  as  "origin"  in  the  TLC-plates  and  because  of  varying  lyso-contents,  the  factor  25  may  well  lead  to  a 

5  slight  overestimation  of  the  phosphatide  content  and  thus  to  the  amount  of  phosphatides  extracted. 
From  the  phosphatide  composition  as  determined  by  two-dimensional  TLC  followed  by  revelation,  scraping  off 

and  phosphorus  determination,  and  the  amounts  of  phosphatides  extracted,  the  amounts  of  individual  phosphatides 
extracted  were  calculated.  Again,  because  of  the  reasons  outlined  above  these  may  be  somewhat  overestimated  but 
the  errors  thus  introduced  cancel  each  other  to  some  extent  when  the  extraction  yield  is  calculated  as  a  percentage. 

w  The  table  illustrates  that  amount  and  composition  of  the  extract  are  highly  pH-dependent.  The  amount  is 
lowest  when  just  aqueous  alcohol  is  used  (Sample  D),  is  about  double  at  the  lowest  pH  (Sample  A)  and  double 
again  at  the  highest  pH  studied  (Sample  G).  The  phosphatide  content  of  the  extract  is  not  constant  either  and 
exhibits  a  maximum  at  slightly  alkaline  value  (Sample  E)  but  it  varies  much  less  than  the  amounts  extracted 
as  a  function  of  the  pH. 

15  Consequently,  the  percentage  of  the  phospholipids  extracted  still  reveals  a  minimum  at  natural  pH  and  is 
just  over  50  %  higher  at  the  lowest  pH  studied  and  about  double  that  value  at  the  highest  pH  studied. 

A  large  effect  of  the  pH  upon  the  individual  phosphatides  is  also  apparent.  At  low  to  natural  pH,  the  amount 
of  PC  extracted  is  about  constant  and  amounts  to  about  35  %  of  the  PC  present  in  the  lecithin,  but  at  increased 
pH-values  the  amount  of  PC  extracted  increases  considerably,  being  almost  double  at  the  highest  pH  studied 

20  as  compared  with  natural  pH.  The  same,  but  even  more  strikingly  is  observed  for  PE  of  which  only  about  15 
%  of  the  amount  present  in  the  lecithin  is  extracted  at  acid  to  neutral  pH,  which  figure  increases  more  than  four 
fold  at  the  highest  pH  studied.  PA  on  the  other  hand,  is  preferentially  extracted  at  high  acidity  levels. 

On  the  other  hand  it  is  also  to  be  noted  that  the  amounts  of  LPC  and  LPE  found  in  the  highest  pH  extract 
exceed  those  present  in  the  lecithin  used  in  this  series  of  experiments.  Apparently,  some  phospholipids  are 

25  hydrolysed  at  the  highest  pH  values  which,  therefore,  are  to  be  used  with  care. 
Finally,  it  is  to  be  noted  that  APE  exhibits  very  good  solubility  at  high  pH-values  and  is  almost  completely 

extracted  in  Sample  G. 

Example  2 

The  solubilities  of  the  individual  phosphatides  do  not  only  depend  strongly  upon  the  pH  of  the  extraction 
solvent  but  also  upon  the  chemical  nature  of  the  acid  or  base  used  to  adjust  the  pH.  As  in  Example  1  ,  an  aqueous 
alcohol  with  a  water  content  of  5  %  (w/v)  was  used  at  20°C  in  a  lecithin  to  solvent  ratio  of  1  :3  (w/v)  but  instead 
of  choline,  ammonia  was  used  as  base. 

T a b l e   I I I  

sample  code  H  I  J  

pH  5.98  8.48  9.57 

e x t r a c t   weight  (g)  3.72  4.79  5.07 

P  content   ex t r ac t   (%)  2.19  2.08  2.27 

phosphat ide  content   ex t rac t   (%)  54.8  52.0  56.8 

phosphat ides   ex t rac ted   (g)  2.03  2.49  2.88 

phosphat ides   e x t r a c t i o n   yield  (%)  14.4  17.7  20.5 

PC  +  LPC  ex t rac ted   (%)  35.8  40.1  46.4  

PE  +  LPE  ex t rac ted   (%)  9.9  14.4  19.9 
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Sample  H  which  was  contacted  with  aqueous  alcohol  under  identical  conditions  as  Sample  D  in  Examle  1 
shows  very  similar  figures  as  Sample  D,  the  difference  possibly  stemming  from  the  fact  that  slightly  different 
samples  of  soy  bean  lecithin  were  used.  However,  both  extract  weights  and  extraction  yields  at  increased  pH- 
levels  are  considerably  lower  than  those  given  in  Table  II  at  comparable  pH-values.  Apparently,  the  chemical 

5  nature  of  the  base  used  also  has  an  effect  upon  the  solubilities  of  the  various  phosphatides.  The  trend,  that 
an  increased  pH  leads  to  increased  solubility  of  PC  and  especially  of  PE  and  thus  to  increased  extraction  yields 
is  illustrated  by  both  Example  1  and  the  present  Example  2. 

Example  3 
10 

Three  20  g  samples  of  de-oiled  lecithin  having  a  P-content  of  3.41  %  were  extracted  with  1  00  ml  of  acid, 
neutral  and  alkaline  ethanol  containing  5  %  (w/v)  of  water.  Hydrochloric  acid  and  ammonia  were  used  for  pH- 
adjustment.  Table  IV  lists  the  amounts  (in  g)  and  extraction  yields  of  PC,  PE  and  PA  present  in  the  starting  ma- 
terial  and  the  extracts. 

T a b l e   IV 

type  of  phosphat ide   PC  PE  PA  o v e r a l l  

d e - o i l e d   l e c i t h i n   6.08  3.82  1.98  20 .0  

e x t r a c t   (g)  at  pH  =  1.26  2.01  0.62  0.67  5 .78  
e x t r a c t   (g)  at  pH  =  5.83  1.82  0.38  0.16  3 .48  
e x t r a c t   (g)  at  pH  =  9.67  2.28  0.89  0.09  4.71 

e x t r a c t   (%)  at  pH  =  1.26  33.0  16.2  33.8  28 .9  
e x t r a c t   (%)  at  pH  =  5.83  29.0  10.0  8.1  17.4 
e x t r a c t   (%)  at  pH  =  9.67  37.5  23.3  4.6  23 .6  

Table  IV  again  illustrates  that,  even  if  no  triglyceride  oil  is  present  the  amount  and  extraciton  yield  for  PA 
are  high  at  low  pH  and  that  both  PC  and  PE  show  a  minimum  solubility  at  near  neutral  pH. 

40 
Example  4 

In  this  example,  the  isolation  of  a  PA-rich  fraction  from  the  gums  obtained  when  treating  water-degummed 
oil  according  to  U.S.  Patent  4,698,185  will  be  illustrated.  Such  gums  were  isolated  by  using  phosphoric  acid 

45  as  the  non-toxic,  aqueous  acid  to  be  finely  dispersed  in  water-degummed  soy  bean  oil  and  caustic  soda  as 
the  base,  and  subsequently  dried.  Apart  from  the  phosphatides  removed  from  the  oil  by  this  process,  the  gums 
also  contain  some  triglycerides,  free  fatty  acids  (or  soaps)  and  sodium  salts  of  phosphoric  acid. 

To  100  g  of  these  dried  gums  were  added:  400ml  absolute  alcohol,  200  ml  of  an  alcoholic  hydrochloric  acid 
solution  which  had  been  prepared  by  adding  absolute  alcohol  to  40  ml  of  25  %  (w)  aqueous  hydrochloric  acid 

50  to  a  final  volume  of  200ml,  and  55  ml  ethanolic  ammonia  prepared  by  diluting  40  ml  25  %  (w)  aqueous  ammonia 
with  absolute  ethanol  to  200  ml.  The  pH  of  this  mixture  was  found  to  be  3.6.  The  mixture  was  agitated  at  50°C 
and  separated  by  decantation  to  yield  575  ml  of  extract  containing  36.1  g  dissolved  matter. 

On  cooling  to  25°C  this  extract  formed  a  precipitate  which  was  removed  by  centrifuge  and  found  to  weigh 
8.8  g  after  having  been  dried.  Addition  of  20  ml  of  the  5  %  (w)  alcoholic  ammonia  solution  described  above 

55  raised  the  pH  to  7.0  and  led  to  a  further  precipitate  weighing  8.0  g.  Further  addition  of  25  ml  of  the  alcoholic 
ammonia  solution  raising  the  pH  to  9.0  yielded  only  0.9  g  of  precipitate. 

Analysis  of  the  precipitate  formed  by  the  addition  of  ammonia  showed  that  this  contained  70.9  mole  %  of 
PA  and  16.9  mole  %  of  LPA,  PE  being  the  only  other  main  phosphatide,  present  at  10.4  mole  %. 
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This  example  illustrates  that  it  is  possible  to  force  specific  phosphatides  to  go  into  solution  or  to  precipitate 
by  choosing  and  adjusting  the  appropriate  pH  and  thus  to  isolate  phosphatide  fractions  that  are  enriched  in  a 
particular  phosphatide,  in  this  case  PA. 

5  Example  5 

In  this  example,  a  comparison  will  be  made  between  an  extraction  of  lecithin  with  ethanol  containing  5  %  (w/v) 
water  at  non-adjusted  and  raised  pH.  In  both  cases,  800  g  of  soy  lecithin  was  extacted  with  4  1  of  solvent  at  20°C. 

10 
Table   V 

15  n o n - a d j u s t e d   pH  r a i s e d   pH 

PH  5.68  9 . 6 8  
amount  e x t r a c t e d   (g)  237  255 

20  P - c o n t e n t   of  e x t r a c t   (%)  2  .05  2 . 5 4  
p h o s p h a t i d e s   e x t r a c t e d   (%)  29.1  3 9 . 6  
P C - c o n t e n t   e x t r a c t   (%-w)  51.0  6 3 . 9  
L P C - c o n t e n t   e x t r a c t   (?w)  e g   a  a 25  H  •  3 
PC  +  LPC  e x t r a c t i o n   y i e l d   (%)  46.5  7 5 . 2  
P E - c o n t e n t   e x t r a c t   (%v)  22.7  18.  3 
L P E - c o n t e n t   e x t r a c t   (%w)  1.3  g . 7  

30  PE  +  LPE  e x t r a c t i o n   y i e l d   (%)  28.9  3 1 . 1  
P A - c o n t e n t   e x t r a c t   (%w)  4.2  0 
PA  e x t r a c t i o n   y i e l d   (%)  11.6  0 

35 

By  just  raising  the  pH  with  ammonia  more  phosphatides  are  extracted  from  the  lecithin.  In  addition,  the 
PC-content  of  the  extract  is  raised  considerably  as  a  result  of  which  the  extraction  yield  of  PC  and  LPC  combined 

40  is  raised  from  46.5  %  to  75.2  %  of  the  PC  and  LPC  present  in  the  starting  material.  The  selectivity  of  the  ext- 
raction  is  also  improved  in  that  no  PA  is  extracted  at  increased  pH.  Because  of  the  increased  phosphatide  yield 
the  PE  +  LPE  extraction  yield  is  also  increased  but,  in  fact,  only  slightly  because  of  the  decreased  PE  and  LPE 
content  of  the  extract.  It  is  also  interesting  to  note  that  the  phosphatide  content  of  the  extract  is  increased  from 
48.9  %  to  61  .8  %;  a  reason  for  this  phenomenon  cannot  be  given. 

45 
Example  6 

An  amount  of  800  g  lecithin  (L)  was  extracted  at  20°C  with  4000  ml  aqueous  ethanol  (5  %  (w/v)  water)  the  pH 
of  which  was  raised  to  10.5  with  50  ml  of  a  10  %  (w/v)  aqueous  sodium  silicate  solution  and  135  ml  of  a  10  %  (w/v) 

50  aqueous  sodium  hydroxide  solution,  leading  to  an  extract  (E1)  containing  263  g  dissolved  matter  and  a  residue  (R1) 
containing  532  g  dry  matter.  To  the  extract  E1  ,  200ml  of  a  5  %  (w)  calcium  chloride  solution  in  ethanol  was  added, 
as  a  result  of  which  a  precipitate  (P1)  was  formed  of  69  g  which  was  separated  from  the  supernatant  (S1). 

The  residue  R1  was  treated  with  2660  ml  ethanol  containing  100  ml  of  a  37  %  (w)  aqueous  solution  of  hyd- 
rochloric  acid  at  a  pH  of  0.0  and  a  temperature  of  20°C.  The  extraction  residue  (R2)  weighed  317  g  and  the 

55  corresponding  extract  (E2)  contained  214  g  dry  matter.  To  this  extract  E2,  an  amount  of  50  ml  aqueous  ammonia 
(25  %  (w)  was  added  thus  raising  the  pH  to  7.5  and  causing  an  amount  of  93  g  to  precipitate  (P2)  from  the 
supernatant  (S2). 

Relevant  analytical  data  are  summarized  in  Table  VI. 
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In  this  table  the  weight  percentage  triglycerides  has  been  estimated  by  multiplying  the  P-content  by  32.5 
and  deducting  this  product  from  100  %.  Because  of  the  lower  actual  molecular  weight  of  the  various  phos- 
phatides  this  leaves  an  "unknown"  in  the  overall  composition  of  the  starting  material  and  its  fractions.  In  the 
lower  section  of  Table  VI  the  main  phosphatides  have  been  grouped  together  as  percentages  of  the  phos- 

5  phatides  present  in  the  starting  material  and  its  fractions. 
This  lower  section  indeed  shows  that  the  alkaline  alcoholic  extract  (E1)  is  virtually  free  from  PA  and  LPA 

and  PI  and  LPI,  but  also  that  a  complete  separation  between  PC  and  PE  on  the  one  hand  and  PI  and  PA  on 
the  other  has  not  yet  been  achieved,  given  the  non-insignificant  PC-  and  PE  content  of  the  extraction  residue 
R1  .  An  increase  in  solvent  to  lecithin  ratio,  an  increase  in  temperature  or  using  counter  current  extraction  are 

w  useful  means  to  improve  upon  this  separation. 
Extract  E1  is  fractionated  into  a  PE-enriched  fraction  P1  and  PC-enriched  fraction  S1  by  the  addition  of 

calcium  ions.  As  to  be  expected,  these  fractions  are  free  from  PI  and  PA  or  their  lyso-products.  Residue  R1  is 
subjected  to  an  acid  extraction  as  a  result  of  which  PA  and  LPA  dissolve  preferentially  into  the  extract  E2  from 
which  they  are  precipitated  (P2)  by  raising  the  pH  with  ammonia,  yielding  the  PA-enriched  fraction  P2.  The 

15  remaining  extraction  residue  R2  constitutes  the  Pl-enriched  fraction. 
In  this  example  the  supernatant  S2  could  be  recycled  or  combined  with  the  extract  E1  from  which  it  differs 

only  slightly  in  composition,  but  if  a  more  complete  PC-  and  PE-extraction  had  been  achieved  at  high  pH,  this 
supernatant  S2  would  have  been  minimal. 

20 
Claims 

1  .  Process  for  fractionating  phosphatide  mixtures  into  two  or  more  fractions  which  are  enriched  in  one  or 
more  of  phosphatidyl  choline  (PC),  phosphatidyl  ethanolamine  (PE),  phosphatidyl  inositol  (PI)  and  phosphatidic 

25  acid  (PA)  by  carrying  out  the  following  process  steps: 
a)  extracting  the  phosphatide  mixture  one  or  more  times  with  a  solvent  selected  from  to  C3  alcohols  or 
mixtures  thereof  having  a  water  content  in  the  range  of  0  to  20  %  by  weight, 
b)  separating  the  solvent  phase  from  the  extraction  residue  and  recovering  said  residue, 
c)  recovering  the  extracted  phosphatide(s)  from  the  solvent  phase  by  precipitating  the  phosphatide(s) 

30  and/or  removing  the  solvent,  and  optionally 
d)  subjecting  one  or  more  of  the  fractions  obtained  in  steps  b)  and  c)  to  a  further  treatment  in  accordance 
with  steps  a)  to  c)  at  a  different  solvent  acidity, 

and  by 
controlling  the  solubilities  of  PC,  PE  and  PA  by  suitably  adjusting  the  acidity  of  the  solvent, 

35  the  pH  being  adjusted  to  above  8  and  preferably  above  9  for  solubilizing  PC  and  PE, 
the  pH  being  adjusted  to  below  5,  preferably  below  3  and  more  preferably  below  2  for  solubilizing 

PA, 
PI  being  substantially  insoluble  and  thus  mainly  recovered  in  the  extraction  residue. 

2.  Process  according  to  claim  1  in  which  in  step  a)  the  phosphatide  mixture  is  extracted  with  the  solvent 
40  at  a  pH  above  8,  a  sufficient  amount  of  di-  or  trivalent  metal  salt  solution  is  added  to  the  solvent  phase  separated 

in  step  b)  to  leave  most  of  the  PC  in  solution  and  to  precipitate  most  of  the  PE  as  a  heavy  phase,  the  two  phases 
are  separated,  a  fraction  enriched  in  PC  is  recovered  from  the  light  solvent  phase  and  a  fraction  enriched  in 
PE  is  recovered  from  the  heavy  phase  by  solvent  evaporation. 

3.  Process  according  to  claim  2  in  which  a  fraction  enriched  in  PC  is  recovered  by  adding  water  to  said 
45  light  solvent  phase  to  form  a  heavy  PC-rich  phase  and  separating  said  heavy  PC-rich  phase  and  removing  the 

solvent  therefrom  by  evaporation. 
4.  Process  according  to  claim  2  in  which  the  extraction  residue  recovered  in  step  b)  is  extracted  in  step  d) 

with  the  solvent  at  a  pH  below  5  to  solubilize  PA,  the  two  phases  obtained  are  separated  and  a  fraction  enriched 
in  PA  is  recovered  from  the  solvent  phase  and  a  fraction  enriched  in  PI  is  recovered  from  the  heavy  extraction 

so  residue  phase  by  solvent  evaporation. 
5.  Process  according  to  claim  4  in  which  said  fraction  enriched  in  PA  is  recovered  from  the  solvent  phase 

by  sufficiently  raising  the  pH  of  the  solvent  phase  through  the  addition  of  a  base,  separating  the  heavy  phase 
thus  formed  and  removing  the  solvent  from  said  heavy  phase  by  evaporation. 

6.  Process  according  to  claim  1  in  which  in  step  a)  the  phosphatide  mixture  is  extracted  with  the  solvent 
55  at  a  pH  below  5  to  solubilize  PA  and  in  step  c)  a  fraction  enriched  in  PA  is  recovered  from  the  solvent  phase, 

preferably  by  sufficiently  raising  the  pH  of  the  solvent  phase  through  the  addition  of  a  base,  separating  the 
heavy  phase  thus  formed  and  removing  the  solvent  from  said  heavy  phase  by  evaporation. 

7.  Process  according  to  claim  6  in  which  the  extraction  residue  recovered  in  step  b)  is  extracted  in  step  d) 

13 
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with  the  solvent  at  a  pH  above  8,  a  sufficient  amount  of  a  di-  or  trivalent  metal  salt  solution  is  added  to  the 
separated  solvent  phase  to  leave  most  of  the  PC  in  solution  and  to  precipitate  most  of  the  PE  as  a  heavy  phase, 
the  two  phases  are  separated,  and  a  fraction  enriched  in  PC  is  recovered  from  the  light  solvent  phase  and  a 
fraction  enriched  in  PE  is  recovered  from  the  heavy  phase  by  solvent  evaporation. 

5  8.  Process  according  to  claims  7  in  which  a  fraction  enriched  in  PC  is  recovered  by  adding  water  to  said 
light  solvent  phase  to  form  a  heavy  PC-rich  phase  and  separating  said  heavy  PC-rich  phase  and  removing  the 
solvent  therefrom  by  evaporation. 

9.  Process  according  to  any  of  claims  1  to  8  in  which  food  grade  acids  and/or  basis  are  used  for  adjusting 
the  acidity  of  the  solvent. 

w  1  0.  Process  according  to  any  of  claims  1  to  9  in  which  hydrochloric  acid,  ammonia  and/or  choline  are  used 
for  adjusting  the  acidity  of  the  solvent. 

11.  Process  according  to  any  of  claims  1  to  10  in  which  the  phosphatide  mixture  to  solvent  ratio 
(weight/volume)  is  1:1  to  1:10,  preferably  1:2  to  1:6  and  more  preferably  about  1:3. 

12.  Process  according  to  any  of  claims  1  to  11  in  which  the  solubilities  of  PC,  PE  and  PA  are  additionally 
15  controlled  by  suitably  adjusting  the  water  content  of  the  solvent. 

13.  Process  according  to  any  of  claims  1  to  12  in  which  the  phosphatide  solubility  is  increased  by  raising 
the  temperature  to  above  ambient. 

14.  Process  according  to  any  of  claims  1  to  13  in  which  step  a)  is  carried  out  counter-currently. 
1  5.  Process  according  to  any  of  claims  1  to  14  in  which  the  phosphatide  mixture  is  a  water  containing  or 

20  dried  gum  composition  obtained  from  triglyceride  oil  degumming. 
16.  Process  according  to  any  of  claims  1  to  14  in  which  the  phosphatide  mixture  is  de-oiled  lecithin. 

Patentanspruche 
25 

1.  Verfahren  zurFraktionierung  von  Phosphatidmischungen  ineineodermehrere  Fraktionen,  die  an  einem 
oder  mehreren  von  Phosphatidylcholin  (PC),  Phosphatidylethanolamin  (PE),  Phosphatidylinosit  und  Phospha- 
tidsaure  (PA)  angereichert  sind,  in  dem: 

a)  die  Phosphatidmischung  ein  oder  mehrmals  mit  einem  Losungsmittel  ausgewahlt  aus  Cr  bis  C3-Alko- 
30  holen  oder  Mischungen  derselben  mit  einem  Wassergehalt  von  0  bis  20  Gew.-%  extrahiert  wird, 

b)  die  Losungsmittelphase  vom  Extraktionsruckstand  getrennt  und  der  Ruckstand  gewonnen  wird, 
c)  das  (die)  extrahierte(n)  Phosphatid(e)  aus  der  Losungsmittelphase  gewonnen  wird  (werden),  indem  das 
(die)  Phosphatid(e)  ausgefallt  wird  (werden)  und/oderdas  Losungsmittel  entfernt  wird,  und  gegebenenfalls 
d)  eine  oder  mehrere  der  in  den  Stufen  b)  und  c)  erhaltenen  Fraktionen  einer  weiteren  Behandlung  gemali 

35  den  Stufen  a)  bis  c)  bei  einer  anderen  Losungsmittelaciditat  unterworfen  werden, 
und  indem. 
die  Loslichkeiten  von  PC,  PE  und  PAdurch  geeignete  Einstellung  der  Aciditat  des  Losungsmittels 

eingestellt  werden, 
wobei  der  pH-Wert  fur  das  Loslichmachen  von  PC  und  PE  auf  uber  8  und  vorzugsweise  uber  9  ein- 

40  gestellt  wird, 
der  pH-Wert  fur  das  Loslichmachen  von  PAunterhalb  5,  vorzugsweise  unterhalb  3  und  insbeson- 

dere  unterhalb  2  eingestellt  wird  und 
das  PI  im  wesentlichen  unloslich  ist  und  dementsprechend  hauptsachlich  im  Extraktionsruckstand 

gewonnen  wird. 
45  2.  Verfahren  nach  Anspruch  1,  bei  dem  in  Stufe  a)  die  Phosphatidmischung  mit  dem  Losungsmittel  bei 

einem  pH-Wert  oberhalb  8  extrahiert  wird,  eine  ausreichende  Menge  einer  Metallsalzlosung  eines  zweiwerti- 
gen  oder  dreiwertigen  Metalls  zu  der  in  Stufe  b)  abgetrennten  Losungsmittelphase  gegeben  wird,  so  dali  das 
meiste  des  PC  in  Losung  verbleibt  und  das  meiste  des  PE  als  eine  schwere  Phase  ausgefallt  wird,  die  beiden 
Phasen  getrennt  werden,  eine  an  PC  angereicherte  Fraktion  aus  der  leichten  Losungsmittelphase  gewonnen 

so  wird  und  eine  an  PE  angereicherte  Fraktion  durch  Losungsmittelverdampfung  aus  der  schweren  Phase  ge- 
wonnen  wird. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  eine  an  PC  angereicherte  Fraktion  gewonnen  wird,  indem  zur  Bil- 
dung  einer  schweren  PC-reichen  Phase  Wasser  zu  der  leichten  Losungsmittelphase  gegeben  wird  und  die 
schwere  PC-reiche  Phase  abgetrennt  und  das  Losungsmittel  daraus  durch  Verdampfung  entfernt  wird. 

55  4.  Verfahren  nach  Anspruch  2,  bei  dem  der  in  Stufe  b)  gewonnene  Extraktionsruckstand  in  Stufe  d)  mit 
dem  Losungsmittel  bei  einem  pH-Wert  unterhalb  5  extrahiert  wird,  urn  PAIoslich  zu  machen,die  beiden  erhal- 
tenen  Phasen  getrennt  werden  und  eine  Fraktion  angereichert  an  PA  aus  der  Losungsmittelphase  und  eine 
Fraktion  angereichert  an  PI  aus  der  schweren  Extraktionsruckstandsphase  durch  Losungsmittelverdampfung 
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gewonnen  wird. 
5.  Verfahren  nach  Anspruch  4,  bei  dem  die  an  PA  angereicherte  Fraktion  aus  der  Losungsmittelphase  ge- 

wonnen  wird,  indem  der  pH-Wert  der  Losungsmittelphase  durch  Zusatz  einer  Base  ausreichend  erhoht  wird, 
die  so  gebildete  schwere  Phase  abgetrennt  wird  und  das  Losungsmittel  aus  der  schweren  Phase  durch  Ver- 

5  dampfung  entfernt  wird. 
6.  Verfahren  nach  Anspruch  1,  bei  dem  die  Phosphatidmischung  in  Stufe  a)  mit  dem  Losungsmittel  bei 

einem  pH-Wert  unterhalb  5  extrahiert  wird,  urn  PAIoslich  zu  machen,  und  in  Stufe  c)  eine  an  PA  angereicherte 
Fraktion  aus  der  Losungsmittelphase  gewonnen  wird,  vorzugsweise  durch  ausreichende  Erhohung  des  pH- 
Werts  der  Losungsmittelphase  durch  Zugabe  einer  Base,  Abtrennen  der  dadurch  gebildeten  schweren  Phase 

w  und  Entfernung  des  Losungsmittels  aus  der  schweren  Phase  durch  Verdampfung. 
7.  Verfahren  nach  Anspruch  6,  bei  dem  der  in  Stufe  b)  gewonnene  Extraktionsruckstand  in  Stufe  d)  mit 

dem  Losungsmittel  bei  einem  pH-Wert  oberhalb  8  extrahiert  wird,  eine  ausreichende  Menge  an  Metallsalzlo- 
sung  eines  zwei-  oder  dreiwertigen  Metalls  zu  der  abgetrennten  Losungsmittelphase  gegeben  wird,  so  dali  das 
meiste  des  PC  in  Losung  verbleibt  und  das  meiste  des  PE  als  schwere  Phase  ausgeschieden  wird,  die  beiden 

15  Phasen  getrennt  werden,  eine  an  PC  angereicherte  Fraktion  aus  der  leichten  Losungsmittelphase  gewonnen 
wird  und  eine  an  PE  angereicherte  Fraktion  aus  der  schweren  Phase  durch  Losungsmittelverdampfung  ge- 
wonnen  wird. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  eine  an  PC  angereicherte  Fraktion  gewonnen  wird,  in  dem  Wasser 
zu  der  leichten  Losungsmittelphase  gegeben  wird,  urn  eine  schwere  PC-reiche  Phase  zu  bilden,  und  die  schwe- 

20  re  PC-reiche  Phase  abgetrennt  und  das  Losungsmittel  daraus  durch  Verdampfung  entfernt  wird. 
9.  Verfahren  nach  einem  der  Anspruche  1  bis  8,  bei  dem  Sauren  und/oder  Basen  mit  Nahrungsmittelqua- 

litat  fur  die  Einstellung  der  Aciditat  des  Losungsmittels  verwendet  werden. 
10.  Verfahren  nach  einem  der  Anspruche  1  bis  9,  bei  dem  Salzsaure,  AmoniakoderCholin  fur  die  Einstel- 

lung  der  Aciditat  des  Losungsmittels  verwendet  werden. 
25  11.  Verfahren  nach  einem  der  Anspruche  1  bis  10,  bei  dem  das  Verhaltnis  von  Phosphatidmischung  und 

Losungsmittel  (Gewicht/Volumen)  1:1  bis  1:10,  vorzugsweise  1:2  bis  1:6  und  besonders  bevorzugt  etwa  1:3 
betragt. 

12.  Verfahren  nach  einem  der  Anspruche  1  bis  11  ,  bei  dem  die  Loslichkeiten  von  PC,  PE  und  PAzusatzlich 
durch  geeignete  Einstellung  des  Wassergehaltes  des  Losungsmittels  eingestellt  werden. 

30  1  3.  Verfahren  nach  einem  der  Anspruche  1  bis  1  2,  bei  dem  die  Phosphatidloslichkeit  durch  Erhohung  der 
Temperatur  uber  Raumtemperatur  erhoht  wird. 

14.  Verfahren  nach  einem  der  Anspruche  1  bis  13,  bei  dem  Stufe  a)  im  Gegenstrom  durchgefuhrt  wird. 
15.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  bei  dem  die  Phosphatidmischung  eine  Wasser  enthal- 

tende  oder  getrocknete  Schleimzusammensetzung  (Gumzusammensetzung)  ist,  die  aus  der  Triglyceridolent- 
35  schleimung  erhalten  worden  ist. 

16.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  bei  dem  die  Phosphatidmischung  entoltes  Lecithin  ist. 

Revendications 
40 

1  .  Precede  pour  fractionner  des  melanges  de  phosphatide  en  deux  fractions  ou  plus,  ces  fractions  etant 
enrichies  en  un  ou  plusieurs  composes  choisis  parmi  la  phosphatidylcholine  (PC),  la  phosphatidylethanolamine 
(PE),  le  phosphatidylinositol  (PI)  et  I'acide  phosphatidique  (AP)  en  effectuant  les  etapes  de  precede  suivantes  : 

a)  I'extraction  du  melange  de  phosphatide  une  ou  deux  fois  avec  un  solvant  choisi  parmi  les  alcools  en 
45  a  C3  ou  les  melanges  de  ceux-ci  ayant  une  teneur  en  eau  dans  le  domaine  de  0  a  20%  en  poids, 

b)  la  separation  de  la  phase  solvant  du  res  id  u  d'extraction  et  la  recuperation  dudit  residu, 
c)  la  recuperation  du  ou  des  phosphatide(s)  extrait(s)  a  partir  de  la  phase  solvant  par  precipitation  du  ou 
des  phosphatide(s)  et/ou  elimination  du  solvant,  et  facultativement. 
d)  la  soumission  d'une  ou  plusieurs  des  fractions  obtenues  aux  etapes  b)  et  c)  a  un  traitement  supplemen- 

50  taire  selon  les  etapes  a)  a  c)  a  une  acidite  de  solvant  differente, 
et  en  controlant  les  solubilites  de  PC,  PE  and  AP  en  ajustant  de  maniere  convenable  I'acidite  du 

solvant, 
le  pH  etant  ajuste  a  une  valeur  superieure  a  8  et  de  preference  superieure  a  9  pour  solubiliser  PC 

et  PE,  le  pH  etant  ajuste  a  une  valeur  inferieure  a  5,  de  preference  inferieure  a  3  et  encore  de  preference 
55  inferieure  a  2  pour  solubiliser  AP,  PI  etant  substantiellement  insoluble  et  ainsi,  principalement  recupere 

dans  le  residu  d'extraction. 
2.  Precede  selon  la  revendication  1  dans  lequel  a  I'etape  a)  le  melange  de  phosphatide  est  extrait  avec  le 

solvant  a  un  pH  superieur  a  8,  une  quantite  suff  isante  de  solution  de  sel  metallique  di-  ou  trivalent  est  ajoutee 

15 
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a  la  phase  solvant  separee  a  I'etape  b)  pour  laisser  la  plus  grande  partle  de  la  PC  en  solution  et  pour  precipiter 
la  plus  grande  partie  de  la  PE  sous  forme  d'une  phase  lourde,  les  deux  phases  sont  separees,  une  fraction 
enrichie  en  PC  est  recuperee  a  partir  de  la  phase  solvant  legere  et  une  fraction  enrichie  en  PE  est  recuperee 
a  partir  de  la  phase  lourde  par  evaporation  de  solvant. 

5  3.  Procede  selon  la  revendication  2  dans  lequel  une  fraction  enrichie  en  PC  est  recuperee  en  ajoutant  de 
I'eau  a  ladite  phase  solvant  legere  pour  former  une  phase  lourde  riche  en  PC,  en  separant  ladite  phase  lourde 
riche  en  PC,  et  en  en  eliminant  le  solvant  par  evaporation. 

4.  Procede  selon  la  revendication  2  dans  lequel  le  residu  d'extraction  recupere  a  I'etape  b)  est  extrait  a 
I'etape  d)  avec  le  solvant  a  un  pH  inferieur  a  5  pour  solubiliser  AP,  les  deux  phases  obtenues  sont  separees, 

w  une  fraction  enrichie  en  AP  est  recuperee  a  partir  de  la  phase  solvant  et  une  fraction  enrichie  en  PI  est  recu- 
peree  a  partir  de  la  phase  lourde  de  residu  d'extraction  par  evaporation  de  solvant. 

5.  Procede  selon  la  revendication  4  dans  lequel  ladite  fraction  enrichie  en  AP  est  recuperee  a  partir  de  la 
phase  solvant  en  augmentant  suff  isamment  le  pH  de  la  phase  solvant  par  addition  d'une  base,  en  separant 
la  phase  lourde  ainsi  formee  et  en  eliminant  le  solvant  de  ladite  phase  lourde  par  evaporation. 

15  6.  Procede  selon  la  revendication  1  dans  lequel  a  I'etape  a),  le  melange  de  phosphatide  est  extrait  avec 
le  solvant  a  un  pH  inferieur  a  5  pour  solubiliser  AP  et  a  I'etape  c),  une  fraction  enrichie  en  AP  est  recuperee  a 
partir  de  la  phase  solvant,  de  preference  en  augmentant  de  facon  suff  isante  le  pH  de  la  phase  solvant  par 
addition  d'une  base,  en  separant  la  phase  lourde  ainsi  formee  et  en  eliminant  le  solvant  de  ladite  phase  lourde 
par  evaporation. 

20  7.  Procede  selon  la  revendication  6  dans  lequel  le  residu  d'extraction  recupere  a  I'etape  b)  est  extrait  a 
I'etape  d)  avec  le  solvant  a  un  pH  superieur  a  8,  une  quantite  suff  isante  de  solution  de  sel  de  metal  di-  ou  tri- 
valent  est  ajoutee  a  la  phase  solvant  separee  pour  laisser  la  plus  grande  quantite  de  la  PC  en  solution  et  pour 
precipiter  la  plus  grande  quantite  de  la  PE  sous  forme  d'une  phase  lourde,  les  deux  phases  sont  separees, 
une  fraction  enrichie  en  PC  est  recuperee  a  partir  de  la  phase  solvant  legere,  et  une  fraction  enrichie  en  PE 

25  est  recuperee  a  partir  de  la  phase  lourde  par  evaporation  de  solvant. 
8.  Procede  selon  la  revendication  7  dans  lequel  une  fraction  enrichie  en  PC  est  recuperee  par  addition 

d'eau  a  ladite  phase  solvant  legere  pourformer  une  phase  lourde  riche  en  PC,  separation  de  ladite  phase  lourde 
riche  en  PC,  et  elimination  du  solvant  par  evaporation. 

9.  Procede  selon  I'une  quelconque  des  revendications  1  a  8  dans  lequel  des  acides  et/ou  des  bases  de 
30  qualite  alimentaire  sont  utilises  pour  ajuster  I'acidite  du  solvant. 

1  0.  Procede  selon  I'une  quelconque  des  revendications  1  a  9  dans  lequel  I'acide  chlorhydrique,  I'ammoniac 
et/ou  la  choline  sont  utilises  pour  ajuster  I'acidite  du  solvant. 

11.  Procede  selon  I'une  quelconque  des  revendications  1  a  10  dans  lequel  le  rapport  de  melange  de  phos- 
phatide  au  solvant  (poids/volume)  est  compris  entre  1:1  et  1:10,  de  preference  entre  1:2  et  1:6  et  encore  de 

35  preference  environ  egal  a  1:3. 
12.  Procede  selon  I'une  quelconque  des  revendications  1  a  11,  dans  lequel  les  solubilites  de  PC,  PE  et 

AP  sont  de  plus  controlees  par  ajustage  convenable  de  la  teneur  en  eau  du  solvant. 
13.  Procede  selon  I'une  quelconque  des  revendication  1  a  12  dans  lequel  la  solubilite  de  phosphatide  est 

augmentee  en  augmentant  la  temperature  a  une  valeur  superieure  a  la  temperature  ambiante. 
40  14.  Procede  selon  I'une  quelconque  des  revendications  1  a  13  dans  lequel  I'etape  a)  est  effectuee  a  con- 

tre-courant. 
15.  Procede  selon  I'une  quelconque  des  revendications  1  a  14  dans  lequel  le  melange  de  phosphatide  est 

une  composition  contenant  de  I'eau,  ou  une  composition  de  gomme  sechee  obtenue  par  degommage  d'huile 
de  triglyceride. 

45  16.  Procede  selon  I'une  quelconque  des  revendications  1  a  14  dans  lequel  le  melange  de  phosphatide  est 
de  la  lecithine  deshuilee. 
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