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Many  products,  such  as  foods  and  pharmaceutic  or  cosmetic  creams  are  aerated.  The  gas  phase  may 
be  introduced  in  order  to  provide  a  specific  textural  character,  such  as  brittleness  in  confectionery,  lightness 
in  whipped  cream,  scoopability  in  ice-cream,  or  opacity  of  cosmetics.  Alternatively,  the  gas  phase  may 
function  as  a  structuring  element  in  part  of  a  cooking  process,  as  with  "creamed"  margarines  in  cake 

5  baking,  or  the  egg-based  aerated  structure  in  a  meringue  or  souffle.  Though  widely  different  in  chemical 
composition,  the  aeration  processes  of  these  products  have  much  in  common.  For  example,  each  can  be 
prepared  by  whipping  with  a  simple  mechanical  whisk  or  beater,  the  initial  stage  being  the  incorporation  of 
large  gas  cells,  which  are  then  broken  down  during  whipping  by  the  shear  field  of  the  whisk  or  beater 
blades.  In  each  case,  the  process  is  known  to  be  influenced  to  varying  extents  by  several  physical  factors, 

io  of  which  the  most  important  are  normally  taken  to  be  the  rheological  properties  and  the  interfacial 
behaviour. 

A  problem  encountered  with  many  foam  products  is  the  stability  with  time:  this  is  because  a  foam  or 
gas  cell  dispersion  comprising  large  cells  is  vulnerable  to  creaming  separation  of  the  dispersion  into 
discrete  layers  of  different  gas  phase  volume,  the  larger  cells  in  the  high  gas  phase  volume  layer  will 

75  coalesce  through  film  rupture,  while  the  smaller  gas  cells,  say  under  100  urn,  are  unstable  with  time,  due  to 
disproportionation  in  favour  of  larger  cells  and  this  is  in  particular  true  if  the  gas  cells  become  finer. 

In  practice  there  is  a  need  for  stable  foam  products  and  stable  gas  cells.  Surprisingly  a  foam 
comprising  gas  cells  dispersed  in  a  continuous  liquid  medium  could  be  obtained  in  a  stable  condition,  i.e.  a 
foam  having  a  stability  in  excess  of  two  weeks,  the  gas  cells  of  which  foam  having  a  measured  D3,2 

20  average  diameter  of  less  than  10  urn  and  the  gas  phase  volume  of  which  foam  being  in  excess  of  0.0001. 
Although  the  gas  cells  of  the  foam  may  appear  in  different  embodiments  in  a  characteristic  appearance  the 
boundary  surface,  i.e.  the  surface  separating  the  gas  of  each  cell  and  the  liquid  medium,  is  structured  and 
comprises  a  multitude  of  adjacent  domes.  Specific  stability  is  obtained  if  the  great  majority  of  the  domes 
has  hexagonal  and  some  pentagonal  outlines.  Usually  some  irregularities,  e.g.  higher  polygons  are  present 

25  amongst  the  domed  structures.  These  polygons  may  be  of  very  irregular  shape. 
Gas  cells  of  a  good  stability  with  respect  to  creaming  and  disproportionation  can  be  obtained  when  the 

cells  have  diameters  in  the  range  from  0.1  to  20  urn  and  more  preferably  from  0.5  to  3  urn. 
Diameter  throughout  this  description  and  claims  refers  to  a  measured  D  3,2  (volume  surface)  average 
diameter. 

30  The  expression  "liquid  medium"  in  this  description  and  claims  comprises  any  medium  showing  molecule 
mobility,  i.e.  including  gels  and  viscous  liquids  but  definitely  not  glasses. 

A  suitable  method  of  preparing  a  multitude  of  gas  cells  in  a  liquid  medium  is  also  provided  by  the 
present  invention  and  comprises  whipping  a  liquid  medium  with  a  gas  such  that  gas  cells  of  the  required 
dimension  are  formed  while  having  a  surface  active  agent  contained  in  that  liquid  medium  for  stabilising  the 

35  gas  cells.  For  obtaining  the  gas  cells  of  the  required  dimensions  sufficient  shear  should  be  exerted  on  the 
larger  gas  cells  that  initially  are  formed.  Factors  influencing  this  shear  are  the  type  of  mixer  or  beater  or 
whisk,  the  viscosity  of  the  liquid  medium  and  the  temperature  thereof.  In  practice  a  high  shear  mixer,  e.g.  a 
Kenwood  Chef  mixer,  a  colloid  mill,  an  Oakes  mixer,  a  cavity  transfer  mixer  or  a  Silverson  will  be  used.  By 
increasing  the  viscosity  and/or  lowering  the  temperature  of  the  liquid  medium  the  size  reducing  effect  of  the 

40  mixer  on  the  gas  cells  is  increased.  If  a  Kenwood  Chef  mixer  is  used  at  room  temperature  a  suitable 
dynamic  viscosity  of  the  liquid  medium  is  from  0.1  Pa  s  to  20  Pa  s  although  the  range  of  from  0.2  to  0.4  Pa 
s  is  preferred. 

Having  obtained  the  stable  gas  cells  in  the  form  of  a  thick  creamy  foam  these  gas  cells  may  then  be 
separated  from  the  liquid  medium  used  for  preparing  the  cells.  Separation  may  be  done  by  centrifuging  or 

45  using  a  dialysis  membrane  after  modifying  the  liquid  phase  of  the  gas  cell  suspension  such  as  by  dilution 
with  a  miscible  fluid. 

The  invention  will  be  explained  in  the  following  description  of  some  presently  preferred  embodiments. 
The  figures  show  some  electron  micrographs  of  domed  and  differently  structured  gas  cells  according  to  the 
invention,  each  made  at  a  different  magnification  factor. 

50 
Example  1 

An  aqueous  solution  was  prepared  containing  70%  by  wt  of  maltodextrin  63DE  and  2%  by  wt  of 
sucrose  mono  stearate  ester.  Using  a  Kenwood  chef  mixer  this  solution  was  whipped  with  air  for  1  hour  at 

55  speed  5.  A  thick  creamy  foam  resulted. 
This  foam  showed  an  air  phase  volume  of  0.6  and  the  great  majority  of  the  gas  cells  has  a  diameter  of 

the  order  of  2u.m  and  below.  On  standing  for  40  days  little  visible  change  had  occurred. 
Electron  microscopy  photographs  showed  (see  fig.  1  and  2)  that  the  air  cells  had  surfaces  compartmen- 
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talised  into  domes,  most  of  the  domes  having  a  hexagonal  (1)  and  some  a  pentagonal  (2)  outline.  Few 
showed  a  differently  polygonal  (3)  outline.  A  representation  showing  part  of  a  domed  surface  and  made  with 
the  largest  magnification  factor  is  shown  in  fig.  3. 

The  foam  as  prepared  could  be  diluted  1000  times  with  water  resulting  in  a  white  milky  liquid.  The 
5  same  result  was  obtained  on  1000  times  dilution  with  a  30%  by  wt  aqueous  maltodextrin  63DE  solution. 

Though  no  longer  suspended/dispersed  in  a  thick  viscous  aqueous  liquid  the  gas  cells  with  diameters  less 
than  5-10  urn  remained  in  suspension,  although  with  some  creaming.  This  creaming  could  be  reversed  by 
simple  stirring  or  swirling.  No  significant  change  took  place  over  20  days. 

Even  though  some  flocculation  of  cells  occurred  over  extended  times  (normally  greater  than  several 
io  days  depending  on  ionic  concentration)  the  cells  remained  essentially  stable  with  respect  to  dispropor- 

tionation.  Flocculation  did  however  cause  an  increase  in  the  rate  of  creaming  of  the  gas  cell  suspension. 
When  not  flocculated  the  cells  smaller  than  10  urn  can  be  seen  to  be  strongly  under  the  influence  of 
Brownian  motion,  showing  that  the  stability  of  these  cells  does  not  result  from  the  cells  being  constrained  in 
a  rigid  matrix. 

is  The  gas  cells  could  be  concentrated  again  to  a  gas  phase  volume  of  0.4  by  centrifuging  the  diluted  liquid  in 
a  centrifuge  at  a  speed  of  2500  rpm  for  5  minutes. 
As  expected  the  rate  of  concentration  of  the  gas  cells  by  centrifugation  could  be  manipulated  by  varying  the 
viscosity  of  the  suspending  phase  and  by  the  magnitude  of  the  applied  gravitational  force. 

The  thick  foam  prepared  by  the  method  just  described  was  diluted  with  distilled  water  to  air  phase 
20  volumes  <f>  of  0.1;  0.01  and  0.001  respectively.  After  standing  for  14  days  gas  cell  sizes  determinations  were 

made  both  with  a  Coulter  Counter  (aperture  size  70u.m)  and  a  Malvern  Zetasizer. 
For  the  Coulter  Counter  determination  samples  of  each  of  the  three  amounts  of  diluted  foams  were  taken 
after  gently  shaking  and  these  samples  were  diluted  with  distilled  water  to  a  dilution  suitable  for  the 
determination. 

25  The  results  were  as  follows: 
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7 . 9 6   7 .0   0  !  7 . 9 6   1 .1   0 

1 0 . 0 3   2 .6   0  |  1 0 . 0 3   0  0 

t o t a l   119  1 7 9  

A  blank  gas  cell  size  determination  of  distilled  water  resulted  in  a  total  background  count  from 
particulate  impurities  of  600. 

An  amount  of  the  original  foam  was  diluted  with  distilled  water  to  an  air  phase  volume  of  0.05  and 
dialysed  against  distilled  water  overnight  to  reduce  the  maltodextrin  in  the  liquid  phase. 

After  suitable  dilution  the  following  data  were  obtained  for  gas  cell  sizes  and  size  distribution  using  a 
Malvern  Zetasizer. 
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gas  cell  size  class  nm  relative  number  of  gas  cells  % 

below  353.9  0.0 
353.9-  414.6  0.8 
414.6-490.4  4.7 
490.4-  577.2  10.8 
577.2-  679.3  19.1 
679.3-  799.6  27.7 
799.6-  941  .2  20.2 
941.2-1107.8  10.8 

1107.8-  1303.9  4.7 
1303.9-  1534.8  1.1 

over  1534.8  0 

The  same  dialysed  sample,  gently  sonicated  in  an  ultrasonic  cleaning  bath,  was  subjected  to  a  particle 
size  determination  in  a  Malvern  Zetasizer,  giving  the  following  data: 

gas  cell  size  class  nm  relative  number  of  gas  cells  % 

below  241  .4  0 
241.4-  278.1  1.2 
278.1-  320.5  4.5 
320.5-  369.3  8.6 
369.3-  425.5  14.5 
425.5-  490.3  20.4 
490.3-  564.9  19.2 
564.9-  650.9  15.1 
650.9-  750.0  9.8 
750.0-  864.2  5.1 
864.2-  995.8  1  .6 

over  995.8  0 

These  gas  cells  sizes  and  distributions  are  all  confirming  that  the  major  amount  of  gas  cells  is  well 
35  under  10u.m  size. 

Example  2 

An  aqueous  solution  containing  1.5%  (w/w)  hydroxyethylcellulose  and  6%  (w/w)  sucrose  ester,  S-1670 
40  Ryoto  Sugar  Ester  ex  Mitsubishi  Kasei  Food  Corporation,  which  is  a  mixture  of  predominantly  sucrose 

mono  and  distearates  was  aerated  in  the  bowl  of  a  planetary  mixer  using  a  fine  wire  whisk.  After  30  minutes 
the  concentration  of  sucrose  esters  was  increased  by  2%  by  the  addition  of  a  more  concentrated  aqueous 
solution  (25%  w/w).  Subsequent  identical  additions  were  made  during  whipping  at  10  minute  intervals  until 
the  sucrose  ester  concentration  reached  12%  w/w  on  the  total.  The  overall  viscosity  of  the  aerated  matrix 

45  was  maintained  approximately  constant  by  the  addition  of  an  appropriate  amount  of  water.  Optionally  gas 
cell  suspensions  prepared  in  this  manner  could  be  processed  through  a  colloid  mill  to  quickly  remove  the 
larger  gas  cells. 

Two  gas  cell  suspensions  so  formed  were  allowed  to  stand  for  1  hour  and  subsequently  for  1  day.  After 
100  fold  dilutions  of  both  samples  no  change  could  be  recorded  over  time  in  the  gas  cell  size  distribution  as 

50  measured  by  light  microscopy.  Observed  in  this  was  gas  microcells  had  typical  diameters  in  the  range  1-10 
urn.  By  light  microscopy  the  microcells  could  be  seen  to  be  freely  mobile  both  in  the  flowing  liquid  on  the 
microscope  slide  and  to  be  moving  under  the  influence  of  Brownian  motion.  By  increasing  the  surfactant 
concentration  in  this  way  an  increased  proportion  of  gas  microcells  relative  to  larger  cells  could  be  formed. 
After  dilution  to  a  viscosity  which  allowed  removal  of  cells  larger  than  the  required  size  (in  this  case  20  urn) 

55  and  separation  by  creaming  the  gas  cell  suspension  had  a  phase  volume  of  gas  of  -0.4  and  contained  in 
the  region  of  109  cells  per  ml.  If  required,  excess  surfactant  could  be  removed  by  dialysis. 

Gas  microcells  prepared  in  this  way  could  be  mixed  with  solutions  containing  a  gelling  or  a  viscosity 
imparting  agent  with  appropriate  yield  strength  properties  to  produce  a  suspension  of  known  phase  volume 

5 
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which  is  substantially  stable  to  creaming  of  the  cells.  With  suitable  microbiological  precautions  the  gas  cell 
suspension  remained  unchanged  over  a  period  of  many  weeks. 

Example  3 
5 

Gas  microcells  have  been  prepared  using  a  mixture  of  two  types  of  surfactants  having  different  head 
group  sizes  but  the  same  or  very  similar  saturated  hydrophobic  chains.  This  example  illustrates  that 
microcells  of  substantial  stability  can  be  prepared  by  the  addition  of  various  amounts  of  co-surfactant(s)  in 
which  the  characteristic  surface  dome  features  can  be  expanded  such  that  the  radius  of  the  dome  is 

io  modified  to  become  more  (or  less)  similar  to  that  of  the  gas  cell  surface.  This  can  be  illustrated  by 
transmission  electron  micrograph  (Figure  4).  The  sample  was  prepared  by  the  procedure  of  Example  1  but 
from  a  composition  of  surfactants  of  sucrose  ester  (1  .3  w/v)  and  stearic  acid  (0.07%  w/v).  In  such  microcells 
the  regular  pattern  is  disturbed.  Whilst  the  cell  surface  remains  curved  and  separated  into  domains  these 
are  no  longer  regular.  An  otherwise  identical  preparation  but  this  time  containing  1.3%  w/v  sucrose  ester 

is  and  0.7%  stearic  acid  produced  gas  microcells  containing  essentially  smooth  surfaces  with  only  a  few  lines 
or  discontinuities  separating  the  curved  surfaces.  Many  cells  showed  no  separate  regions.  After  aging  for  13 
days  and  separation  of  the  microcells  by  10  times  dilution  and  removal  of  the  larger  cells  by  creaming,  the 
microcells,  in  two  separate  determinations  of  size  distribution  gave  a  D3,2  of  1.19  and  1.25  urn  for  the 
dispersion.  Microcells  in  these  examples  showed  stability  characteristics  analogous  to  those  microcells 

20  described  above. 

Example  4 

Defatted  and  fully  hydrogenated  phosphatidylcholine  (PC)  (98%  pure  and  containing  1% 
25  lysophosphatidylcholine  plus  other  phospholipids  as  impurities  (Emulmetic  950  ex  Lucas  Meyer))  was  used 

in  a  small  scale  preparation  of  gas  microcells.  0.5  g  PC  was  heated  to  65°  C  in  10  g  60%  maltodextrin 
solution.  A  homogenous  dispersion  was  prepared  by  stirring  whilst  controlling  the  temperature  for  1  hour. 
Further  dispersion  using  an  ultrasonic  probe  was  used  in  a  second  run  with  similar  results.  The  suspension 
was  aerated  at  room  temperature  for  1  hour  using  a  microscale  whipping  apparatus  comprising  a  cage  of 

30  stainless  steel  wires  driven  by  a  variable  speed  motor.  A  phase  volume  of  typically  0.7  was  obtained  in  the 
initial  aeration  step.  After  aging  for  24  hours  the  foam  comprising  microcells  could  be  stripped  of  the  larger 
cells  by  creaming.  The  microcells  when  viewed  by  transmission  electron  microscopy  had  surfaces 
characterised  by  the  presence  of  waves  or  wrinkles  (Figure  6)  and  frequently  deviated  substantially  from  an 
overall  spherical  (Figure  5).  Cells  in  the  range  1-20  urn  could  be  harvested  by  standard  separation 

35  techniques. 

Claims 

1.  Foam  comprising  gas  cells  dispersed  in  a  continuous  liquid  medium,  characterised  in  that  the  foam  has 
40  a  stability  in  excess  of  2  weeks,  the  gas  cells  have  a  measured  D  3,2  average  diameter  of  less  than  10 

urn  and  the  gas  phase  volume  is  in  excess  of  0.0001  . 

2.  Foam  according  to  claim  1,  the  cells  having  a  boundary  surface  comprises  a  multitude  of  adjacent 
domes. 

45 
3.  Foam  according  to  claim  1,  the  cells  having  a  diameter  ranging  from  0.1  to  20  urn. 

4.  Foam  according  to  claim  1,  the  cells  having  a  diameter  ranging  from  0.5  to  3  urn. 

50  5.  Foam  according  to  claim  2,  characterised  in  that  the  great  majority  of  the  domes  has  hexagonal  and 
some  pentagonal  outlines. 

6.  A  method  of  preparing  a  multitude  of  gas  cells  in  a  liquid  medium  by  whipping  in  gas  characterised  by 
subjecting  the  initially  formed  gas  cells  to  sufficient  shear  by  increasing  the  whipping  force,  increasing 

55  the  viscosity  of  the  liquid  medium,  lowering  the  temperature  or  any  combination  thereof  sufficiently  to 
obtain  gas  cells  the  majority  of  which  having  a  diameter  of  under  20  urn. 

7.  The  method  of  claim  6,  characterised  in  that  the  gas  cells  are  dispersed  into  a  different  liquid  medium 

6 
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from  the  one  in  which  they  are  formed. 

The  method  of  claim  7,  characterised  in  that  the  liquid  medium  is  modified  by  addition  of  constituents 
thereto. 

The  method  of  claim  7  or  8,  characterised  in  that  the  liquid  medium  is  modified  by  removing 
constituents  therefrom. 
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FIG.  I 
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S o o   n  rv\ 

FIG.  2 
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