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Description 

The  present  invention  relates  to  a  process  for 
the  preparation  of  polyol  fatty  acid  polyesters,  in 
which  one  or  more  fatty  acid  lower  aikyl  esters  are 
reacted  with  a  polyol  having  at  least  4  hydroxyl 
groups  in  the  presence  of  an  alkaline  catalyst,  and 
the  polyol  fatty  acid  polyesters  formed  are  separat- 
ed  from  the  other  reaction  products  and  starting  ma- 
terials.  In  particular,  this  is  con-cerned  with  a  new 
preparation  of  sucrose  polyesters  of  fatty  acids 
(SPE). 

Further,  the  invention  relates  to  the  use  of  the 
polyol  fatty  acid  polyesters  thus  prepared  in  food- 
stuffs  and  pharmaceutical  preparations. 

In  this  specification,  what  is  meant  by  "poiyol  fat- 
ty  acid  polyesters"  are  fatty  acid  polyesters  of  a 
polyol  having  at  least  4  hydroxyl  groups,  of  which 
more  than  half  of  the  hydroxyl  groups  have  been  es- 
terified  with  fatty  acid.  For  SPE  this  means  at  least 
5  hydroxyl  groups  esterified  with  fatty  acid. 

These  compounds  are  known  to  be  practically  in- 
digestible  for  human  beings.  Moreover,  on  the 
ground  of  their  physical  and  organoleptic  proper- 
ties,  they  are  suitable  as  fat  replacers.  Because  of 
these  properties,  the  use  of  polyol  fatty  acid  poly- 
esters  is  recommended  for,  inter  alia  low-calorie 
foodstuffs,  particularly  for  people  who  have  great 
difficulty  with  slimming.  Furthermore,  these  polyol 
fatty  acid  polyesters  have  certain  pharmaceutical 
effects,  because  of  their  being  able  to  take  up  fat- 
soluble  substances,  such  as  cholesterol,  in  the  gas- 
trointestinal  tract  and  remove  them  from  the  body. 
The  use  in  fat-containing  compositions  of  polyol  fat- 
ty  acid  polyesters,  in  which  more  than  half  of  the  hy- 
droxyl  groups  have  been  esterified  with  fatty  acid, 
is  described,  inter  alia,  in  US  patent  specifications 
3,600,186  (F.H.Mattson  &  RAVolpenhein), 
4,005,195  (RJ.Jandacek),  4,005,196 
(FU.Jandacek  &  F.H.Mattson),  4,034,083 
(F.H.Mattson),  4,241,054  (RAVolpenhein  & 
R.J.Jandacek),  4,264,583  (RJJandacek), 
4,368,213  (EJ.Hollenbach  &  N.B.Howard), 
4,382,924  (K.G.Berling  &  T.G.Crosby)  and 
4,446,165  (BARoberts). 

The  most  important  group  of  polyols  having  at 
least  4  hydroxyl  groups  as  described  in  literature 
about  this  subject  is  that  of  the  sugar  polyols,  which 
group  comprises  the  sugars,  namely  mono-,  di-  and 
tri-saccharides,  the  corresponding  sugar  alcohols 
and  derivatives  thereof  having  at  least  4  hydroxyl 
groups.  In  literature  many  examples  of  sugar  poly- 
ols  are  described,  including  the  sugars,  lactose, 
maltose,  raffinose  and  sucrose,  the  sugar  alcohols 
erythritol,  mannitol,  sorbitol  and  xylitol  and  the  sug- 
ar  derivative  alpha-methylglucoside  (=  alpha-meth- 
ylether  of  glucose).  The  best  known  polyol  fatty  ac- 
id  polyesters  are  the  fatty  acid  polyesters  of  su- 
crose. 

The  aforementioned  process  is  known.  It  is  de- 
scribed,  inter  alia,  in  US  patent  specifications 
3,963,699  (G.P.Rizzi  &  H.M.Taylor),  4,517,360 
(RAVolpenhein)  and  4,518,772  (RAVolpenhein) 
and  J.  Am.  Oil  Chem.  Soc.  55  (1978),  398-401 
(G.P.Rizzi  &  H.M.Taylor). 

The  known  processes  for  the  preparation  of  poly- 
ol  fatty  acid  polyesters  all  have  their  specific  draw- 
backs. 

Thus,  the  RIZZI/TAYLOR  process  for  the  prepa- 
5  ration  of,  inter  alia.  SPE  has  to  be  carried  out  in  two 

steps,  during  which  actually  partial  (=  lower)  su- 
crose  fatty  acid  esters  are  first  formed,  which  in 
the  second  step  are  converted  into  (higher)  su- 
crose  fatty  acid  poly  esters  so  as  to  obtain  a  suffi- 

10  ciently  high  yield.  Moreover,  the  catalysts  used, 
and  the  way  in  which  they  are  used,  give  an  in- 
creased  risk  of  forming  by-products,  e.g.  via  ester 
condensation,  leading  to  the  formation  of  beta-keto- 
esters,  and  e.g.  via  the  reducing  effect  of  NaH,  the 

15  recommended  catalyst  in  the  RIZZI/TAYLOR  proc- 
ess. 

True,  the  VOLPENHEIN  improvements  of  the 
RIZZI/RAYLOR  process,  in  which  other  catalysts 
and/or  a  higher  soap:  polyol  ratio  are  used,  make  it 

20  possible  to  carry  it  out  as  a  one-step  process,  but 
in  doing  so  the  drawback  remains  that  two  of  the 
substances  to  be  reacted,  viz.  sucrose  and  the  al- 
kaline  catalyst,  are  added  as  powders,  consequent- 
ly  as  a  heterogeneous  system,  making  it  considera- 

25  bly  difficult  to  start  the  reaction. 
For  that  matter,  in  the  VOLPENHEIN  process  ac- 

cording  to  US  4,518,772  the  same  catalysts  can  be 
used  as  in  the  RIZZI/TAYLOR  process,  with  the 
drawbacks  associated  therewith. 

30  Although  in  the  VOLPENHEIN  US  patent 
4,517,360  it  is  stated  that  using  K2CO3,  BaC03  or 
Na2C03  gives  a  higher  yield  than  using  the  cata- 
lysts  of  the  RIZZI/TAYLOR  process,  this  appears 
insufficiently  from  the  comparative  tests  given  in 

35  this  patent  publication:  For  the  carbonates,  octa- 
ester  yields  of  nett  31.6%  (=  79%  x  40%  for 
Na2C03)  -  72.7%  (=  92%  x  79%  for  K2CO3)  are  giv- 
en  and  for  the  RIZZI/TAYLOR  catalysts  NaH, 
NaOMe  and  KH  nett  yields  of  27.4%  (=  76%  x  36% 

40  for  NaH)  -64%  (=  80%  x  80%  for  KH),  pointing  to  a 
large  overlapping  area  and  no  distinct  improvement. 
Furthermore,  all  tests  were  carried  out  with  the 
higher  soap  :  polyol  ratio,  which  in  US  4,518,772  is 
indicated  as  an  improvement  so  that  it  may  be  won- 

45  dered  whether  using  the  catalysts  indicated  in  US 
4,517,360  provides  in  itself  an  improvement  of  the 
RIZZI/TAYLOR  process. 

In  addition  to  the  above-mentioned  publications 
on  the  preparation  of  polyol  fatty  acid  polyesters, 

50  many  publications  are  known  relating  to  the  prepara- 
tion  of  partial  polyol  fatty  acid  esters,  namely  mono, 
di-  and  tri-esters  that  are  suitable  as  emulsifiers. 
As  an  example,  British  patent  specification  GB 
1,332,190  (Dai  Ichi)  is  mentioned,  in  which  the  prepa- 

55  ration  of  partial  sucrose  fatty  acid  esters  is  de- 
scribed.  Thus,  sucrose,  fatty  acid  soap  and  water 
are  mixed  such  that  the  sucrose  is  completely  dis- 
solved.  To  this  solution  a  methyl  ester  of  a  fatty  ac- 
id  having  8-22  carbon  atoms  and  a  transesterifica- 

60  tion  catalyst  are  added  and  the  mixture  is  gradually 
heated  under  a  gradually  decreasing  pressure  until 
a  substantially  completely  dehydrated  melt  is  ob- 
tained  without  any  substantial  loss  of  fatty  acid  es- 
ter  through  hydrolysis,  after  which  the  resulting 

65  melt  is  kept  at  a  temperature  of  1  10-175°C  to  permit 
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transesterification  of  the  fatty  acid  methyl  ester  by 
the  sucrose.  Hydroxides,  carbonates,  bicarbo- 
nates,  methoxides,  ethoxides,  and  propoxides  of  po- 
tassium,  sodium  and  lithium  can  be  used  as  the 
transesterification  catalyst. 

According  to  this  publication,  the  presence  of 
soap  in  the  aqueous  sucrose  solution  is  required  to 
avoid  aggregation  of  the  powdery  sucrose.  The  cat- 
alyst  has  to  be  added  after  the  mixture  of  soap  and 
sucrose  has  been  prepared. 
A  serious  disadvantage  of  this  method  is  foam  for- 
mation,  which  can  occur  during  removal  of  the  wa- 
ter,  resulting  in  practical  problems  during  applica- 
tion  of  this  process  on  a  technical  scale. 

Consequently  there  is  still  need  of  a  relatively 
simple  process  for  the  preparation  of  polyol  fatty 
acid  polyesters  with  as  little  formation  of  by- 
products  and  troublesome  foam  formation  as  possi- 
ble. 

It  has  now  been  found  that  polyol  fatty  acid  poly- 
esters,  in  particular  of  sucrose,  can  be  prepared  in 
an  elegant  way  if  sucrose  is  first  dissolved  in  aque- 
ous  KOH,  separately  a  mixture  of  methyl  esters  and 
soaps  is  made,  after  which  the  alkaline  sucrose 
solution  is  added  to  the  mixture  of  soap/methyl  ester 
under  vacuum,  during  which  at  least  part  of  the 
water  is  removed  practically  instantaneously.  If  de- 
sired,  the  soaps  corresponding  to  the  methyl  esters 
used  can  be  applied.  The  use  of  potassium  soaps  is 
preferred.  After  the  mixture  formed  has  been  dried 
under  vacuum,  the  mixture  is  heated  to  about  110- 
140°C  to  start  SPE  formation,  which  can  be  seen 
from  the  formation  of  methanol.  When  the  reaction 
is  completed,  the  formation  of  methanol  will  stop. 

Based  on  this  finding  and  further  experiments, 
the  invention  now  provides  a  process  for  the  prepa- 
ration  of  polyol  fatty  acid  polyesters,  in  which  one 
or  more  fatty  acid  lower  alkyl  esters  are  reacted 
with  a  polyol  having  at  least  4  hydroxyl  groups  in  the 
presence  of  an  alkaline  catalyst  and  the  polyol  fatty 
acid  polyesters  formed  are  separated  from  the  oth- 
er  reaction  products  and  starting  materials,  which  is 
characterized  in  that 

(1)  the  polyol  is  mixed  with  the  alkaline  catalyst, 
forming  a  liquid  system,  if  required  using  a  non-toxic 
or  easily  removable  solvent,  in  which  system  the  al- 
kaline  catalyst  may  react  with  the  polyol  forming  a 
catalytically  active  polyol  anion,  and 

(2)  this  liquid  system,  optionally  after  any  solvent 
used  has  first  been  removed,  is  combined  with  ex- 
cess  fatty  acid  lower  alkyl  esters  preferably  con- 
taining  an  emulsifier,  and  the  mixture  thus  formed  is 
reacted  under  conditions  such  that  the  polyol  fatty 
acid  polyesters  are  formed. 

In  this  specification  polyol  also  comprises  a  par- 
tial  fatty  acid  ester  of  a  polyol,  which  partial  esters 
are  intermediates  in  the  conversion  of  polyol  into 
polyol  fatty  acid  polyesters. 

Preferably  a  sugar  polyol  is  used  and  particularly 
sucrose. 

Suitable  alkaline  catalysts  include  the  group  con- 
sisting  of  alkali  metals  and  alkaline  earth  metals,  and 
the  alkoxides,  bicarbonates,  carbonates,  hydrides, 

hydroxides  and  alloys  of  these  metals.  KOH  has 
been  found  to  be  particularly  suitable  as  a  cheap 
and  effective  alkaline  catalyst,  but  also  NaOH  and 
the  carbonates  or  bicarbonates  of  K  or  Na  can  be 

5  used  with  advantage.  Although  it  can  be  argued 
whether  the  aforementioned  KOH  acts  as  a  catalyst 
or  as  a  reagent,  which  forms  the  actual  catalyst  or 
catalysts  in  the  process,  this  description  uses  the 
term  "catalyst",  as  does  known  literature  about  re- 

10  lated  reactions. 
It  is  recommendable  that  in  step  (1)  a  solvent  be 

used  to  improve  the  contact  and,  as  a  result,  the  re- 
action  between  polyol  and  alkaline  catalyst.  Suitable 
solvents  include  lower  alcohols  and/or  ketones, 

15  e.g.  a  Ci-s-alcohol  or  -ketone.  For  sucrose  as  poly- 
ol  and  KOH  as  alkaline  catalyst,  water  is  a  very  suit- 
able  solvent. 

Step  (1)  was  carried  out  successfully  at  atmos- 
pheric  pressure  and  room  temperature.  Partly  ow- 

20  ing  to  the  solubility  of  sugar,  other  temperatures 
can  be  used  as  well,  e.g.  from  10-80°C  or  even  from 
40-70°C.  Step  (1)  can  also  be  carried  out  at  a  pres- 
sure  higher  or  lower  than  atmospheric. 

For  practical  purposes  the  alkaline  catalyst  of 
25  step  (1)  can  be  added  in  a  molar  ratio  of  cata- 

lyst:polyol  of  about  (0.05  -1  ):1  . 
In  principle  many  types  of  alkali-resistant  emulsi- 

fiers  can  be  used  to  improve  contact  of  the  ingredi- 
ents  in  the  reaction  to  be  carried  out  in  step  (2). 

30  Known  edible  emulsifiers  include  mono/diglycerides, 
phosphatides,  such  as  lecithin,  and  detergents 
such  as  soaps,  sodium  dodecyl  sulphate  and  partial 
sugar  esters  of  fatty  acids. 

In  a  particular  embodiment  of  a  process  accord- 
35  ing  to  the  invention,  a  fatty  acid  soap  is  incorporat- 

ed  as  emulsifier  in  the  fatty  acid  lower  alkyl  esters 
before  the  addition  of  the  mixture  containing  the 
polyol  and  alkaline  catalyst.  The  required  soap  can 
be  made  beforehand  and  be  added  in  dry  form.  How- 

40  ever,  it  is  also  quite  possible  that  the  fatty  acid 
soap  is  formed  in  sjtu  by  partial  saponification  of 
the  fatty  acid  lower  alkyl  esters  or  by  neutralization 
of  fatty  acids  added.  In  that  case  it  is  preferable  to 
use  a  solvent  in  which  an  alkaline  substance  used 

45  for  the  saponification  or  neutralization  can  dissolve 
to  improve  the  contact  and,  as  a  result,  the  saponifi- 
cation  or  neutralization.  Suitable  solvents  include 
lower  alcohols,  preferably  a  C1-5  alcohol,  in  particu- 
lar  methanol,  and/or  water.  Other  alkali-resistant 

50  solvents  can  also  be  used.  When  a  solvent  is  used, 
it  is  recommendable  that  after  the  jn  sjtu  soap  forma- 
tion  the  solvent  be  removed,  e.g.  by  evaporation, 
before  the  resulting  mixture  containing  fatty  acid 
lower  alkyl  esters  and  soap  is  processed  further  in 

55  step  (2).  The  amount  of  soap  is  preferably  about  2- 
12  wt.%  of  the  total  reaction  mixture. 

Esters  of  lower  alcohols,  preferably  of  C1-5  alco- 
hols,  are  suitable  for  use  as  fatty  acid  lower  alky] 
esters.  The  fatty  acids  can  be  Cs-22  fatty  acids, 

60  both  saturated  sand  unsaturated  fatty  acids.  In  the 
preparation  of  polyol  fatty  acid  polyesters  of  C8-12 
fatty  acids,  starting  from  lower  alkyl  esters  of  Ca-12 
fatty  acids,  there  is  a  risk  of  part  of  the  starting  fat- 

65  ty  acid  lower  alkyl  esters  evaporating;  in  that  case, 
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additional  measures  are  to  be  taken  to  collect  these 
starting  materials  and  take  them  back  into  the  reac- 
tion  mixture. 

For  preparing  sucrose  octaesters  the  theoretical 
molar  ratio  of  fatty  acid  lower  alkyl  esters:sucrose 
is  8:1.  In  practice,  good  results  were  obtained  with 
molar  ratios  of  1  0:1  -20:1  . 

The  actual  formation  of  polyol  fatty  acid  polyes- 
ters  takes  place  in  step  (2),  which  can  be  carried 
out  at  a  temperature  of  about  100-180°C,  preferably 
110-145°C  and  at  reduced  pressure,  in  particular  at 
about  1-50  mbar. 

Although  the  scope  of  the  invention  is  not  re- 
stricted  by  theoretical  statements,  on  the  ground  of 
data  known  from  literature  the  following  reactions 
can  be  indicated  to  illustrate  the  process  according 
to  the  invention.  It  is  assumed  that  in  step  (1),  when 
sucrose  and  aqueous  KOH  are  used,  a  sucrate  ani- 
on  is  formed  according  to  the  equation 
(sucr.)OH  +  OH-  ===  (sucr.)O-  +  H2O, 
in  which  "==="  means  "in  equilibrium  with". 

The  relevant  equilibrium  is  established  practicali- 
ty  instantaneously  under  the  conditions  used  and  is 
largely  at  the  right  side.  In  this  connection  it  could 
be  said  that  sucrose  behaves  like  a  weak  acid  (cf. 
J.A.Rendleman,  Jr.;  Adv.  in  Carbohydr.  Chem.  2± 
(1966),  209,  239-240,  244  and  246).  For  all  that, 
when  e.g.  methyl  esters  are  used,  the  water  present 
in  step  (2)  should  be  removed  quickly,  since  the  OH- 
ions  still  present  may  cause  saponification  of  methyl 
esters  with  the  aforesaid  equilibrium  shifting  to  the 
left  at  the  expense  of  sucrate  anion.  On  prolonged 
contact  of  sucrate  anion  with  methyl  esters  in  the 
presence  of  water,  complete  saponification  takes 
place  and  no  sucrate  anion  is  left.  When,  after  re- 
moval  of  the  water,  the  temperature  is  raised  to  1  10- 
145°C,  this  sucrate  anion  reacts  with  a  methyl  ester 
molecule  according  to  generally  accepted,  recent 
theories  on  interesterification  [cf.  J.A.Heldal  & 
P.C.Mork  in  (Proc.)  11th  Scand.  Symp.  Lipids  (1981), 
147-152  (Publ.  1982)],  in  which  a  fatty  acid  chain  is 
bound  to  sugar  by  means  of  an  ester  bond,  releas- 
ing  methoxide  anion  (CH3O-).  This  reacts  immediate- 
ly  or  simultaneously  with  a  sugar  molecule  (partially 
or  not  partially  acylated),  with  methanol  being  ulti- 
mately  formed  as  visible  reaction  product. 
(sucr.)O-  +  R-CO-OCH3  ===  (sucr.)O-CO-R  + 
CH3O- 
CHsO-  +  (sucr.)OH  ===  (sucr.)O-  +  CH3OH 

This  process  is  continued  until  all  hydroxyl 
groups  of  sucrose  have  been  acylated  (or  all  methyl 
esters  have  been  used).  Then,  no  methanol  is  pro- 
duced  any  more  and  isolation  of  SPE  can  be  pro- 
ceeded  to. 

Separation  of  the  polyol  fatty  acid  polyesters 
from  the  other  reaction  products  and  starting  mate- 
rials  can  be  brought  about  by  processes  known  per 
se,  inter  alia  by  using  organic  solvents,  water 
and/or  salting  out,  e.g.  according  to  the  process  de- 
scribed  in  the  BOSSIER  patent  US  4,334,061. 

In  order  to  establish  the  degree  of  conversion, 
the  amount  of  methanol  released  was  determined. 

Taking  sucrose  and  methyl  esters  as  starting 
products,  after  removal  of  the  soap  left  after  the 
reaction,  the  reaction  product  will  consist  of  a  mix- 

ture  of  methyl  esters  and  sucrose  esters  of  fatty 
acids.  In  a  number  of  cases  the  hydroxyl  number  of 
this  reaction  product  that  had  been  freed  of  soap 
was  determined,  which  is  also  a  measure  for  the  de- 

5  gree  of  conversion,  whereby,  of  course,  a  correc- 
tion  needs  to  be  made  for  the  content  of  methyl  es- 
ters  in  the  reaction  product.  For  example,  the  theo- 
retical  values  of  the  hydroxyl  number  for  SPE  of 
groundnut  oil  fatty  acids  depends  on  the  degree  of 

10  conversion  as  follows: 

15 

SPE  (average  Hydroxyl  Degree  of 
number  of  esterified  number  conversion 
hydroxy!  groups)  in% 
8  0  100.0 
7  26  87.5 
6  58  75.0 
5  101  62.5 
4  160  50.0 
3  247  37.5 
2  386  25.0 
1  647  12.5 
0  1310  0.0 

In  the  tests  carried  out  according  to  the  inven- 
tion,  it  appeared  that  in  most  cases  the  hydroxyl 
number  found  was  less  than  10,  which  corresponds 
with  an  average  number  of  esterified  hydroxyl 
groups  in  the  SPE  of  about  7.6  or  more,  amounting 
to  a  degree  of  conversion  of  about  95%  or  more. 

Another  indication  of  the  conversion  can  be  ob- 
tained  by  means  of  a  mass  balance  for  the  sucrose 
esters.  In  most  cases  this  balance  was  in  agreement 
with  the  conversion  of  methanol  and/or  the  hydroxyl 
number  found. 

The  process  according  to  the  invention  further 
has,  inter  alia,  the  advantage  that  less  foam  is 
formed  in  the  various  steps  of  the  process.  It  has 
been  found  that,  especially  when  aqueous  KOH  is 
used  instead  of  KOH/methanol,  less  foam  occurs 
when  soap  is  formed  insitu.  Likewise,  when  the  wa- 
ter  is  removed  quickly  under  vacuum,  less  foam  is 
formed  than  when  KOH/methanol  is  used. 

Furthermore,  it  appears  in  practice  that,  when 
the  RIZZI/TAYLOR  process  is  carried  out  on  a  pilot 
plant  scale  with  catalysts  like  NaH  or  sodium  meth- 
oxide,  formation  of  foam  can  also  occur  at  a  degree 
of  conversion  of  about  60-70%,  accompanied  by 
the  formation  of  poor  products  which  caramellize 
during  steaming  at  190°C  in  the  ultimate  refining.  The 
foaming  problems  mentioned  do  not  arise,  or  to  a  far 
lesser  degree,  when  using  the  process  according  to 
the  invention,  in  particular  when  in  step  (2)  aqueous 
KOH  is  used  for  forming  soap  in  sjtu  from  the  methyl 
esters  or  from  the  fatty  acids  and  in  step  (1)  for  the 
formation  of  the  liquid  system  containing  polyol  and 
alkaline  catalyst. 

The  invention  further  relates  to  the  polyol  fatty 
acid  polyesters  prepared  by  a  process  according  to 
the  invention. 

20 

25 
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The  invention  also  relates  to  a  process  for  the 
preparation  of  foodstuffs,  in  which  a  substantial 
amount  of  polyol  fatty  acid  polyester  is  incorporat- 
ed  which  has  been  prepared  according  to  the  inven- 
tion.  Preference  is  expressed  for  the  preparation 
of  a  low-calorie  foodstuff,  in  which  a  non-digestible 
polyol  fatty  acid  polyester  is  incorporated  as  essen- 
tial  fat  component. 

Another  aspect  of  the  invention  is  a  process  for 
the  prepartion  of  pharmaceutical  preparations, 
there  being  incorporated  in  such  a  preparation  a 
polyol  fatty  acid  polyester  which  has  been  prepared 
according  to  the  invention. 

The  invention  is  now  illustrated  by  the  following 
Examples  without,  however,  being  restricted  there- 
to. 

In  Examples  l-VIII  as  emulsifier  soap  was  used 
which  was  prepared  in  situ.  In  Examples  I  and  VIII 
this  was  done  by  partial  saponification,  in  Examples 
ll-VII  by  neutralization  of  fatty  acids  added. 

Example  I 

Step  1.  Forming  of  the  liquid  system  containing  the 
sucrosed  and  alkaline  catalyst 

25.4  g  (74.3  mmol)  sucrose  and  0.896  g  85%  KOH 
(13.6  mmol)  were  dissolved  in  25  ml  water  at  room 
temperature  and  at  atmospheric  pressure. 
Step  2a.  Forming  of  soap 

8  g  85%  KOH  (0.12  mol)  dissolved  in  60  ml  metha- 
nol  was  added  to  125  g  methyl  ester  of  groundnut  oil 
fatty  acids  (0.422  mol).  The  methanol  was  removed 
by  boiling,  followed  by  drying  at  100-1  10°C  and  1-2 
mbar.  Subsequently  225  g  (0.760  mol)  methyl  ester 
of  groundnut  oil  fatty  acids  was  added. 
Step  2b.  Reaction 

With  vigorous  stirring  at  60°C  and  2  mbar,  the  su- 
crose-containing  alkaline  solution  of  step  (1)  was 
added  to  the  reaction  product  of  step  (2a),  resulting 
in  quick  removal  of  the  water  during  the  addition. 
Thereafter,  drying  was  carried  out  under  the  same 
conditions  for  about  30  minutes,  resulting  in  a  water 
content  of  less  than  0.04%.  Subsequently  the  tem- 
perature  was  raised  to  120°C,  after  which  sugar  es- 
ter  started  to  form.  This  could  be  observed  by  de- 
velopment  of  methanol,  which  was  collected  in  a  cold 
trap. 

The  molar  ratio  KOH:sucrose  in  step  (1)  was  0.183 
and  that  of  methyl  estensucrose  was  14.3.  The 
amount  of  soap  was  10.2%,  calculated  on  the  total 
reaction  mixture. 
The  yield  of  methanol  collected  after  reaction  for  10 
hours  was  88%  of  the  maximum  amount  of  octa-es- 
ter  calculated  theoretically. 

Example  II 

As  in  Example  I,  sucrose  (25.4  g  =  74.3  mmol)  and 
85%  KOH  (1  .054  g  =  16  mmol)  were  dissolved  in  wa- 
ter  (25  ml). 
Subsequently  a  mixture  of  methyl  esters  of  ground- 
nut  oil  fatty  acids  (314  g  =  1061  mmol)  and  fatty  acids 

(32.67  g  =  121  mmol  of  the  product  Pristerene  491  1  R, 
ex  Unichema,  mainly  consisting  of  saturated  C16-18 
fatty  acids)  was  prepared,  to  which  a  solution  of 
85%  KOH  (8  g  =  1  21  mmol)  in  water  (1  0  ml)  was  added 

5  at  60°C  under  vacuum. 
Thereafter,  the  sucrose/sucrate  solution  was  add- 
ed  to  the  soap  dispersion  in  about  30  minutes  at 
60°C  and  2  mbar.  Further  drying  was  then  carried 
out  for  30  minutes  at  60°C  and  2  mbar  and  the  mix- 

10  ture  was  subsequently  heated  to  125°C,  after  which 
methanol  started  to  develop.  After  reaction  for  10 
hours  under  these  conditions,  when  95%  of  the  the- 
oretical  amount  of  methanol  had  been  collected,  cal- 
culated  on  complete  conversion  of  the  sucrose  into 

15  octa-ester,  the  reaction  was  stopped  by  cooling  to 
about  60°C. 

After  further  processing  the  reaction  mixture  ac- 
cording  to  the  BOSSIER  method  with  2-propa- 
nol/water  in  order  to  remove  the  soap,  a  hydroxyl 

20  number  of  9.8  was  measured. 
The  molar  ratio  KOH:sucrose  in  step  (1)  was  0.215 

and  the  molar  ratio  methyl  estensucrose  was  14.3. 
The  weight  percentage  of  soap  in  the  total  mixture 
was  10.2. 

25 
Example  III 

Example  II  was  repeated,  except  that  the  product 
Pristerene  4941®,  ex  Unichema  (36.8  g  =  121  mmol, 

30  mainly  consisting  of  saturated  C18-22  fatty  acids) 
was  now  used  as  fatty  acid  source.  The  reaction 
was  carried  out  at  140°C  instead  of  125°C.  After  6 
hours,  99%  of  the  theoretical  amountl  of  methanol 
had  been  collected.  The  weight  percentage  of  soap, 35  calculated  on  the  total  mixture,  was  10.9.  The  hy- 
droxyl  number  before  steaming  but  after  washing 
with  a  mixture  of  2-propanol/water  for  removal  of 
the  soap  and  after  drying  was  4. 

40  Example  IV 

Example  II  was  repeated,  except  that  the  product 
Prifrac  7960  ®,  ex  Unichema  (containing  about  60% 
linoleic  acid  and  about  22%  oleic  acid)  was  used  as 

45  fatty  acid  source.  After  reaction  for  9  hours,  95% 
of  the  theoretical  amount  of  methanol  had  been  col- 
lected. 

Example  V 
50 

Example  II  was  repeated,  except  that  methyl  es- 
ters  of  fatty  acids  of  soybean  oil  were  used,  hard- 
ened  to  69°C  (314  g  =  1061  mmol)  and,  as  fatty  acid 
source,  the  product  Priolene  6930  ®,  ex  Unichema 

55  (mainly  consisting  of  oleic  acid;  33  g  =  121  mmol).  10 
wt.%  soap  was  used,  calculated  on  the  total  mixture. 
After  reaction  for  9  hours,  96%  of  the  theoretical 
amount  of  methanol  had  been  collected. 

60  Example  VI 

Example  V  was  repeated,  except  that  methyl  es- 
ters  of  coconut  oil  fatty  acids  (244  g  =  106  mmol) 
were  used  and  the  reaction  was  carried  out  at  110- 

5 
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118°C.  12.5%  soap  was  used,  calculated  on  the  total 
mixture.  After  10.5  hours,  no  methanol  was  formed 
any  more,  after  which  the  reaction  mixture  was 
cooled  and  further  processed. 

Example  VII 

As  in  Example  I,  sucrose  (254  g  =  0.743  mol)  and 
85%  KOH  (10.54  g  =  0.16  mol)  were  dissolved  in  250 
ml  water. 
Subsequently  a  solution  of  85%  KOH  (80  g  =  1  .21 
mol)  in  100  ml  water  was  added  to  methyl  esters  of 
soybean  oil  fatty  acids  (3500  g  =  11.82  mol)  at  70°C 
under  1  atm.  nitrogen.  After  heating  for  1.5  hours  at 
95°C,  water  and  methanol  were  removed  under  vac- 
uum.  The  sucrose/sucrate  solution  was  then  added 
to  the  soap  dispersion  at  60°C  and  2  mbar.  After 
drying  under  the  same  conditions,  the  mixture  was 
heated  to  125°C  in  order  to  start  the  reaction;  12 
hours  later,  99%  of  the  theoreticl  amount  of  metha- 
nol  had  been  collected. 

Example  VIII 

A  sucrose/sucrate  solution  was  prepared  as  indi- 
cated  in  Example  II. 
Subsequently  22.0  g  of  the  product  Pristerene  4941 
®,  ex  Unichema  (=  72  mmol)  was  added  to  methyl  es- 
ters  of  groundnut  oil  fatty  acids  (314  g  =  1061  mmol) 
at  room  temperature,  which  mixture  was  then  neu- 
tralized  by  the  addition  of  85%  KOH  solution  (4.94  g 
=  75  mmol  in  6  ml  water)  at  60°C  under  vacuum. 
Thereafter,  the  sucrose/sucrate  solution  was  add- 
ed  to  the  soap  dispersion  as  in  Example  II.  After 
drying  for  30  minutes  under  the  same  conditions, 
the  mixture  was  heated  to  125°C  in  order  to  start  the 
reaction;  about  5  hours  later,  100%  of  the  theoreti- 
cal  amount  of  methanol  had  already  been  collected. 

The  molar  ratio  KOH:sucrose  in  step  (1)  and  me- 
thyl  ester:sucrose  was  the  same  as  in  Example  II. 
The  amount  of  soap  was  6.8  wt.%,  calculated  on  the 
total  mixture. 

Claims 

1  .  Process  for  the  preparation  of  polyol  fatty  acid 
polyesters  of  which  more  than  half  of  the  hydroxyl 
groups  have  been  esterified  with  fatty  acid,  in 
which  one  or  more  fatty  acid  lower  alkyl  esters  are 
reacted  with  a  polyol  having  at  least  4  hydroxyl 
groups  in  the  presence  of  an  alkaline  catalyst  and 
the  polyol  fatty  acid  polyesters  formed  are  separat- 
ed  from  the  other  reaction  products  and  starting  ma- 
terials,  characterized  in  that 

(1)  the  polyol  is  mixed  with  the  alkaline  catalyst, 
forming  a  liquid  system,  if  required  using  a  non- 
toxic  or  easily  removable  solvent,  in  which  sys- 
tem  the  alkaline  catalyst  may  react  with  the  polyol 
forming  a  catalytically  active  polyol  anion,  and 
(2)  this  liquid  system,  optionally  after  any  solvent 
used  has  first  been  removed,  is  combined  with  ex- 
cess  fatty  acid  lower  alkyl  esters  preferably  con- 
taining  an  emulsifier,  and  the  mixture  thus  formed 
is  reacted  under  conditions  such  that  the  polyol 
fatty  acid  polyesters  are  formed. 

2.  Process  according  to  Claim  1,  wherein  a  sugar 
polyol,  preferably  sucrose,  is  used  as  polyol. 

3.  Process  according  to  Claim  1  ,  wherein  the  alka- 
line  catalyst  is  selected  from  the  group  consisting 

5  of  alkali  metals  and  alkaline  earth  metals,  and  the 
alkoxides,  carbonates,  bicarbonates,  hydrides,  hy- 
droxides  and  alloys  of  these  metals,  and  preferably 
KOH  is  used  as  alkaline  catalyst. 

4.  Process  according  to  Claim  1,  wherein  step  (1) 
10  is  carried  out  at  atmospheric  pressure  and  at  a  tem- 

perature  of  about  10-80°C,  and  preferably  a  sol- 
vent  is  used  selected  from  the  group  consisting  of 
C-i-5  alcohols,  C1-5  ketones  and  water  and/or  the  al- 
kaline  catalyst  is  added  in  an  amount  such  that  the 

15  molar  ratio  of  catalyst  to  polyol  is  in  the  range  of 
about  (0.05-1):1. 

5.  Process  according  to  Claim  1  ,  wherein  in  step 
(2)  a  fatty  acid  soap,  preferably  in  an  amount  of 
about  2-12  wt.%  of  the  total  reaction  mixture,  is  in- 

20  corporated  as  emulsifier  in  the  fatty  acid  lower  alkyl 
esters,  which  fatty  acid  soap  is  preferably  formed 
jn  situ  either  by  partial  saponification  of  the  fatty 
acid  esters  or  by  neutralization  of  fatty  acids  add- 
ed,  whereby  more  preferably  during  the  in  sjtu  for- 

25  mation  of  soap  a  solvent  is  used  in  which  an  alkaline 
substance  used  for  the  saponification  or  neutraliza- 
tion  can  dissolve,  which  solvent  is  preferably  se- 
lected  from  the  group  consisting  of  C1-5  alcohols 
and  water  and  after  the  in  situ  soap  formation,  the 

30  solvent  used  can  be  removed  by  evaporation  be- 
fore  the  resulting  mixture  containing  fatty  acid  lower 
alkyl  esters  and  soap  is  further  processed  in  step 
(2). 

6.  Process  according  to  Claim  1,  wherein  esters 
35  of  C8-22-fatty  acids  and  C1-5  alcohols  are  used  as 

fatty  acid  lower  alkyl  esters. 
7.  Process  according  to  Claim  1,  wherein  step  (2) 

is  carried  out  at  a  temperature  of  about  100-180°C, 
preferably  110-145°C  and  a  reduced  pressure,  in 

40  particular  of  about  1-50  mbar. 
8.  Process  for  the  preparation  of  foodstuffs, 

wherein  a  substantial  amount  of  polyol  fatty  acid  pol- 
yesters  prepared  according  to  any  of  Claims  1-7  is 
incorporated  in  these  foodstuffs. 

45  9.  Process  according  to  Claim  8,  wherein  as  food- 
stuff  a  low-calorie  foodstuff  is  prepared  in  which  a 
non-digestible  polyol  fatty  acid  polyester  is  incorpo- 
rated  as  essential  fat  component. 

10.  Process  for  the  preparation  of  pharmaceuti- 
50  cal  preparations,  wherein  a  polyol  fatty  acid  polyes- 

ter  prepared  according  to  any  of  Claims  1-7  is  incor- 
porated  in  such  a  preparation. 

55  Patentanspriiche 

1.  Verfahren  zur  Herstellung  von  Polyolfettsau- 
reestern,  von  denen  mehr  als  die  Halfte  der  Hy- 
droxylgruppen  mit  Fettsaure  verestert  werden,  in 
welchem  ein  Oder  mehrere  Fettsaureniedrigalkyl- 

60  ester  mit  einem  Polyol  mit  mindestens  4  Hydroxylg- 
ruppen  in  Gegenwart  eines  alkalischen  Katalysa- 
tors  umgesetzt  wird  bzw.  werden  und  die  gebildeten 
Polyolfettsaurepolyester  von  den  anderen  Reak- 
tionsprodukten  und  Ausgangsmaterialien  abge- 

6 
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trennt  werden,  dadurch  gekennzeichnet,  daB 
(1)  das  Polyol  mit  einem  alkalischen  Katalysator 
unter  Bildung  eines  flussigen  Systems,  nach  Be- 
darf  unter  Verwendung  eines  nicht-toxischen 
oder  leicht  entfernbaren  Losungsmittels,  ge- 
mischt  wird,  wobei  in  diesem  System  der  alkali- 
sche  Katalysator  mit  dem  Polyol  unter  Bildung  ei- 
nes  katalytisch  aktiven  Polyolanions  reagieren 
kann,  und 
(2)  dieses  flussige  System,  gegebenenfalls  nach- 
dem  irgendwelches  verwendetes  Losungsmittel 
zuerst  entfernt  worden  ist,  mit  uberschiissigen 
Fettsaureniedrigalkylestern,  die  vorzugsweise 
einen  Emulgator  enthalten,  kombiniert  wird  und 
die  so  gebildete  Mischung  unter  solchen  Bedin- 
gungen  umgesetzt  wird,  daB  die  Polyolfettsaure- 
polyester  gebildet  werden. 
2.  Verfahren  nach  Anspruch  1,  worin  ein  Zucker- 

polyol,  vorzugsweise  Saccharose,  als  Polyol  ver- 
wendet  wird. 

3.  Verfahren  nach  Anspruch  1,  worin  der  alkali- 
sche  Katalysator  aus  der  aus  Alkalimetallen  und 
Erdalkalimetallen  und  den  Alkoxiden,  Carbonaten, 
Bicarbonaten,  Hydriden,  Hydroxiden  und  Legierun- 
gen  dieser  Metalle  bestehenden  Gruppe 
ausgewahlt  ist  und  vorzugsweise  KOH  als  alkali- 
scher  Katalysator  verwendet  wird. 

4.  Verfahren  nach  Anspruch  1,  worin  Stufe  (1) 
bei  atmospharischem  Druck  und  einer  Temperatur 
von  etwa  10  bis  80°C  durchgefuhrt  wird  und  vor- 
zugsweise  ein  Losungsmittel  verwendet  wird,  aus- 
gewahlt  aus  der  aus  Ci-s-Alkoholen,  d-s-Ketonen 
und  Wasser  bestehenden  Gruppe,  und/oder  der  al- 
kalische  Katalysator  in  einer  solchen  Menge  zuge- 
fiigt  wird,  daB  das  Molverhaltnis  von  Katalysator 
zu  Polyol  im  Bereich  von  etwa  (0,05-1  ):1  liegt. 

5.  Verfahren  nach  Anspruch  1,  worin  in  Stufe  (2) 
eine  Fettsaureseife,  vorzugsweise  in  einer  Menge 
von  etwa  2  bis  12  Gew.-%  der  gesamten  Reaktions- 
mischung,  als  Emulgator  den  Fettsaureniedrigalkyl- 
estem  einverleibt  wird,  wobei  diese  Fettsaureseife 
vorzugsweise  in  situ  entweder  durch  teilweise  Ver- 
seifung  der  Fettsaureester  oder  durch  Neutralisati- 
on  der  zugefugten  Fettsauren  gebildet  wird,  wobei 
insbesondere  wahrend  der  in  situ-Bilduna  der  Seife 
ein  L6sungsmittel  verwendet  wird,  in  welchem  sich 
eine  zum  Verseifen  oder  Neutralisieren  verwende- 
te  alkaiische  Substanz  losen  kann,  wobei  dieses  Lo- 
sungsmittel  vorzugsweise  aus  der  aus  Ci-s-Alko- 
holen  und  Wasser  bestehenden  Gruppe  ausgewahlt 
ist,  und  nach  der  in  situ-Seifenbilduna  das  verwen- 
dete  LSsungsmittel  durch  Abdampfen  entfernt  wer- 
den  kann,  bevor  die  erhaltene,  Fettsaureniedrigal- 
kylester  und  Seife  enthaltende  Mischung  in  Stufe 
(2)  weiterverarbeitet  wird. 

6.  Verfahren  nach  Anspruch  1,  worin  Ester  von 
C8-22-Fettsauren  und  Ci-s-Alkoholen  als  Fettsau- 
reniedrigalkylester  verwendet  werden. 

7.  Verfahren  nach  Anspruch  1,  worin  Stufe  (2) 
bei  einer  Temperatur  von  etwa  1  00  bis  1  80°C,  vor- 
zugsweise  110  bis  145°C,  und  einem  verminderten 
Druck,  insbesondere  von  etwa  1  bis  50  mbar,  durch- 
gefuhrt  wird. 

8.  Verfahren  zur  Herstellung  von  Nahrungsmit- 
teln,  in  welchem  eine  wesentliche  Menge  an  gemaB 

irgendeinem  der  Anspruche  1  bis  7  hergestellten  Po- 
lyolfettsaurepolyestern  diesen  Nahrungsmitteln  ein- 
verleibt  wird. 

9.  Verfahren  nach  Anspruch  8,  in  welchem  als 
5  Nahrungsmittel  ein  kalorienarmes  Nahrungsmittel 

hergestellt  wird,  dem  ein  nicht-verdaulicher  Polyol- 
fettsaurepolyester  als  wesentliche  Fettkomponente 
einverleibt  ist. 

10.  Verfahren  zur  Herstellung  von  pharmazeuti- 
10  schen  Praparaten,  worin  ein  gemaB  irgendeinem  der 

Anspruche  1  bis  7  hergestellter  Polyolfettsaure- 
ester  einem  derartigen  Praparat  einverleibt  ist. 

Revendications 
15 

1.  Procede  pour  la  preparation  de  polyesters 
d'acides  gras  et  de  polyol  dont  plus  de  la  moitie  des 
groupes  hydroxyle  a  ete  esterifiee  avec  des  acides 
gras,  dans  lequel  on  fait  reagir  un  ou  plusieurs  es- 

20  ters  alkyliques  inferieurs  d'acides  gras  avec  un  po- 
lyol  ayant  au  moins  quatre  groupes  hydroxyle  en 
presence  d'un  catalyseur  alcalin  et  on  separe  les 
polyesters  de  polyol  et  d'acides  gras  formes  des 
autres  produits  de  la  reaction  et  autres  produits  de 

25  depart,  caracterise  en  ce  que 
(1)  on  melange  le  polyol  avec  un  catalyseur  alca- 
lin,  pour  former  un  systeme  liquide,  si  necessaire 
a  I'aide  d'un  solvant  non  toxique  ou  facilement  eli- 
minable,  systeme  dans  lequel  le  catalyseur  alcalin 

30  peut  reagir  avec  le  polyol  en  formant  un  anion  de 
polyol  catalytiquement  actif,  et 
(2)  on  combine  ce  systeme  liquide,  eventuellement 
apres  ('elimination  prealable  de  tout  solvant  utili- 
se,  avec  un  exces  des  esters  alkyliques  infe- 

35  rieurs  d'acides  gras  contenant  de  preference  un 
emulsionnant,  et  on  fait  reagir  le  melange  ainsi 
forme  dans  des  conditions  telles  que  se  forment 
les  polyesters  de  polyol  et  d'acides  gras. 
2.  Procede  selon  la  revendication  1,  dans  lequel 

40  on  utilise  a  titre  de  polyol,  un  polyol  sucre,  de  prefe- 
rence  le  sucrose. 

3.  Procede  selon  la  revendication  1,  dans  lequel 
on  choisit  le  catalyseur  alcalin  dans  le  groupe  com- 
prenant  les  metaux  alcalins  et  les  metaux  alcalino- 

45  terreux  et  les  alcoolates,  les  carbonates,  les  bicar- 
bonates,  les  hydrures,  les  hydroxydes  et  les  allia- 
ges  de  ces  metaux,  et  on  utilise  de  preference  KOH 
I  titre  de  catalyseur  alcalin. 

4.  Procede  selon  la  revendication  1,  dans  lequel 
50  on  effectue  I'etape  (1)  a  pression  atmospherique  et 

a  une  temperature  comprise  entre  environ  10  et 
80°C,  et  on  utilise  de  preference  un  solvant  choisi 
dans  le  groupe  comprenant  les  alcools  en  O-s,  les 
cetones  en  C1-5  et  I'eau  et/ou  on  ajoute  le  cataly- 

55  seur  alcalin  en  une  quantite  telle  que  le  rapport  mo- 
laire  du  catalyseur  au  polyol  soit  compris  dans  I'in- 
tervalle  d'environ  (0,05-1  ):1. 

5.  Procede  selon  la  revendication  1,  dans  lequel 
dans  I'etape  (2),  on  incorpore  a  titre  d'emulsionnant 

60  dans  les  esters  alkyliques  inferieurs  d'acides  gras, 
un  savon  d'acides  gras,  de  preference  en  une 
quantite  allant  d'environ  2  a  12%  en  poids  du  melan- 
ge  total  de  la  reaction,  ledit  savon  d'acides  gras 
itant  de  preference  forme  in  situ  soit  par  saponifi- 

65  cation  partielle  des  esters  d'acides  gras  soit  par 

7 
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neutralisation  des  acides  gras  ajoutes,  et  ainsi  on 
utilise  plus  particulierement  au  cours  de  la  formation 
in  situ  du  savon,  un  solvant  dans  lequel  peut  se  dis- 
soudre  une  substance  alcaline  utilisee  pour  la  sapo- 
nification  ou  la  neutralisation,  ce  solvant  etant  de  5 
preference  choisi  dans  le  groupe  comprenant  les  al- 
cools  en  O1-5  et  I'eau,  et  apres  la  formation  in  situ 
du  savon,  on  peut  etiminer  le  solvant  utilise  par  eva- 
poration  avant  que  le  melange  resultant  contenant 
les  esters  alkyliques  inferieurs  d'acides  gras  et  le  10 
savon  ne  soit  ulterieurement  traite  dans  I'etape  (2). 

6.  Procede  selon  la  revendication  1,  dans  lequel 
on  utilise  des  esters  d'acides  gras  en  Cs-22  et  d'al- 
cools  en  C1-5  a  titre  d'esters  alkyliques  inferieurs 
d'acides  gras.  15 

7.  Procede  selon  la  revendication  1,  dans  lequel 
on  effectue  I'etape  (2)  a  une  temperature  comprise 
entre  environ  100  et  180°C,  de  preference  entre  110 
et  145°C,  et  sous  une  pression  reduite,  en  particu- 
lier  d'environ  1  a  50  mbar.  20 

8.  Procede  pour  la  preparation  de  produits  ali- 
mentaires,  dans  lequel  on  incorpore  dans  ces  pro- 
duits  alimentaires  une  quantite  importante  des  poly- 
esters  de  polyol  et  d'acides  gras  prepares  confor- 
mement  a  I'une  quelconque  des  revendications  1  a  7.  25 

9.  Procede  selon  la  revendication  8,  dans  lequel 
on  prepare  a  titre  de  produit  alimentaire,  un  produit 
alimentaire  basses  calories  dans  lequel  est  incorpo- 
re  un  polyester  de  polyol  et  d'acides  gras  non  diges- 
tible  a  titre  de  composant  principal  de  matieres  gras-  30 
ses. 

10.  Procede  pour  la  preparation  de  preparations 
pharmaceutiques,  dans  lequel  on  incorpore  dans 
une  telle  preparation  un  polyester  de  polyol  et  d'aci- 
des  gras  prepare  conformement  a  I'une  quelconque  35 
des  revendications  1  a  7. 
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