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@  Methods  of  drying  biological  products. 
(g)  Enzymes  and  other  biologically  produced  materials  are 
recovered  from  the  fermentation  broth  or  other  liquor  in  which 
they  are  provided  initially  and  simultaneously  distributed 
throughout  particles  of  a  polymeric  matrix  by  dissolving  the 
polymer  in  the  liquor,  dispersing  the  resultant  polymer  solution 
in  a  non-aqueous  liquor  in  the  presence  of  a  stabiliser,  and 
azeotroping  the  dispersion  to  produce  either  dry  beads  or  a 
dispersion  of  small  particles  in  the  non-aqueous  liquid. 
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Description 

Methods  of  Drying  Biological  Products 

Biologically  produced  materials  are  generally 
provided  initially  in  the  form  of  a  dilute  aqueous 
liquor.  For  instance  natural  products  may  be  ex-  5 
tracted  from  plants  by  squeezing  or  solvent  extrac- 
tion  to  form  an  aqueous  liquor  containing  the  natural 
product  and  fermentation  products  are  made  by 
fermentation  in  a  fermentation  broth.  Examples  are 
macromolecular  materials  such  as  xanthan  and  10 
other  microbial  polysaccharides,  enzymes,  spores, 
mycelia,  bacteria  and  cellular  materials. 

The  fermentation  broth  can  be  concentrated  to  a 
fermentation  broth  concentrate  by  conventional 
techniques  comprising  filtration  (for  instance  centri-  15 
fuging)  and/or  ultra  filtration,  and  these  can  be 
facilitated  by,  for  instance,  flocculation.  However  the 
concentrate  still  contains  a  relatively  large  amount  of 
water.  It  is  therefore  necessary  to  evaporate  this. 
Similarly  it  is  necessary  to  evaporate  the  plant  20 
extracts. 

Many  biologically  produced  material  are  liable  to 
be  damaged  by  exposure  to  heat  and  so  it  is 
necessary  to  try  to  avoid  overheating,  even  on  a 
microscopic  scale,  during  the  drying.  25 

It  is  often  desirable,  or  in  some  instances 
necessary,  to  provide  the  dried  biologically  pro- 
duced  material  in  the  form  of  particles  containing 
that  material  encapsulated  by  polymeric  material, 
either  as  a  shell  around  the  biological  material  or  as  a  30 
matrix  through  which  the  biological  material  is 
distributed.  For  instance,  one  method  of  drying  a 
fermentation  liquor  that  is  widely  used  involves  spray 
drying,  but  a  difficulty  with  spray  drying  is  that  it 
generates  a  large  amount  of  dust,  and  dusting  of  the  35 
product  can  create  serious  problems.  The  process 
must  therefore  be  conducted  under  carefully  con- 
trolled  conditions  and  it  is  generally  necessary  to 
agglomerate  the  product,  for  instance  by  spray 
drying  it  with  a  binder  or  by  applying  a  binder  to  the  40 
dried  product.  However  dusting  remains  a  problem 
and  spray  drying  can  damage  the  fermentation 
product.  For  instance  there  can  be  a  significant  loss 
in  enzymatic  activity  during  spray  drying  a  broth  or 
concentrate  containing  enzymes.  45 

Attempts  have  been  made  to  combine  encapsula- 
tion  with  drying  of  an  enzyme  solution.  Thus,  in  JP 
75-22506  polysaccharide  or  polyacrylamide  polymer 
is  added  to  an  enzyme  solution  before  spray  drying, 
in  DE  2,435,008  a  solution  of  methyl  cellulose  is  50 
sprayed  on  to  afluidised  bed  of  an  enzyme  and  in  GB 
1  ,377,725  aqueous  enzyme  solution  is  sprayed  on  to 
a  fluidised  bed  of  starch  but  these  methods  still  tend 
to  give  dusting  problems  and  can  give  non-uniform 
coating  with  the  polymer.  55 

In  EP  0128661  and  0180366  there  are  described 
methods  of  drying  polysaccharides  comprising 
emulsifying  a  fermentation  concentrate  into  a  water 
immiscible  liquid  and  then  either  azeotroping  it  to 
form  a  concentrated  dispersion  or  spray  drying  it.  60 
However  these  methods  do  not  provide  the  required 
polymeric  matrix. 

A  method  of  providing  this  is  described  in  EPO 

0284367  but  it  requires  formation  of  the  polymeric 
matrix  by  polymerisation  from  monomer  in  the 
presence  of  the  microbial  polysaccharide  and  this 
incurs  certain  disadvantages.  Thus  other  processes 
are  known  in  which  the  biological  material  is 
incorporated  into  a  monomer  mixture  that  is  poly- 
merised  to  form  the  polymeric  matrix.  For  instance, 
in  Chemical  Abstracts  Vol  85  147053J  an  enzyme  is 
encapsulated  in  particles  of  a  cross  linked  acryla- 
mide  acrylic  acid  copolymer  as  a  result  of  being 
blended  with  the  monomers  prior  to  suspension 
polymerisation.  However  some  biological  materials 
inhibit  the  polymerisation.  Others  are  desensitised 
by  contact  with  monomeric  or  other  components 
present  during  the  polymerisation  process.  In  par- 
ticular,  the  polymerisation  is  generally  exothermic 
and  many  active  ingredients  are  sensitive  to  the  high 
temperatures  generated  within  the  polymeric  matrix 
during  the  polymerisation.  For  instance  the  active 
ingredient  may  be  deactivated  or  it  may  be  volatilised 
out  of  the  polymerisation  mixture.  For  instance  it  is 
generally  necessary  to  avoid  exposing  enzymes  to 
the  temperatures  that  prevail  during  conventional 
bead  polymerisation  or  other  exothermic  polymeri- 
sation  processes. 

Methods  have  been  proposed  for  trying  to 
minimise  the  problems  caused  by  the  exothermic 
polymerisation  (see  for  instance  EP  239633  and 
Chemical  Abstracts  volume  95  81582c).  However  all 
these  methods  incur  serious  practical  disadvant- 
ages.  It  is  also  known  to  use  a  polymerisation 
mixture  comprising  a  blend  of  monomer  and  a 
difunctional  low  molecular  weight  polymer  as  cross 
linking  agent  (U.S.  4,177,056)  but  this  process  still 
involves  exposing  the  active  ingredient  to  the 
monomer  and  the  exotherm. 

In  WO83/03102  the  active  ingredient  is  either 
mixed  with  monomers  which  are  then  polymerised 
(thus  incurring  the  disadvantages  discussed  above) 
or  is  mixed  into  a  solution  of  a  pre-formed  polymer 
which  is  dispersed  in  a  non-aqueous  medium  and  is 
gelled  in  that  medium,  for  instance  by  cooling,  cross 
linking,  neutralisation  followed  by  heating  or  enzy- 
matic  reaction.  These  processes  are  all  rather 
difficult  to  operate  successfully  and,  in  particular,  it 
is  difficult  to  obtain  particles  having  adequate 
physical  strength.  This  method  may  be  suitable  for 
making  laboratory  reagents  but  is  inapplicable  to 
large  scale  commercial  production. 

In  JP-A-61  -254244  enzyme  and  water  soluble 
polymer  are  dispersed  in  liquid  hydrocarbon  and 
then  acetone  is  added.  Although  the  use  of  a 
"culture  solution"  is  mentioned,  it  is  clear  that  the 
intention  is  to  precipitate  the  polymer  around  the 
enzyme,  rather  than  to  form  a  matrix  throughout 
which  the  enzyme  is  distributed,  and  for  this  purpose 
a  previously  dried  enzyme  can  be  used.  If  the 
resultant  "shell"  of  polymer  is  damaged,  all  the 
"core"  of  enzyme  is  exposed  to  the  environment.  We 
aim  at  distributing  the  enzyme  throughout  a 
polymeric  matrix  so  as  to  avoid  this  risk 
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In  JP-A-63-1  05098  relatively  large  (e.g.,  150  to 
iOOjim)  microcapsules  are  made  that  are  suitable  for 
jse  in  liquid  or  gel  detergents  and  one  method  of 
nanufacture  that  is  mentioned,  but  not  exemplified, 
nvolves  dispersing  into  a  hydrophobic  solvent  an 
iqueous  phase  containing  enzyme,  polyhydroxy 
;ompound  and  polyvinyl  alcohol  and  then  removing 
he  water  content  by  heating  or  reducing  pressure. 

In  GB  1,353,317,  various  methods  are  described 
or  forming  a  precipitated  complex  between  an 
jnzyme  and  an  anionic  polymer,  and  in  example  2 
his  is  achieved  by  adding  a  particular  polymer 
solution  to  a  concentrated  culture  filtrate  followed  by 
:he  addition  of  acid  to  form  a  precipitate  which  is 
:hen  filtered  and  washed  with  acetone. 

If  a  method  of  recovering  dry  biological  material, 
Jistributed  throughout  a  polymeric  matrix,  is  to  be 
;ommercialIy  successful,  it  must  be  operable  repro- 
Jucibly  on  a  large  commercial  scale,  but  none  of  the 
echniques  described  in  the  literature  offer  this 
possibility. 

In  the  invention,  particles  containing  biologically 
Droduced  material  distributed  through  a  matrix  of 
jolymeric  material  are  made  by  mixing  polymeric 
naterial  with  an  aqueous  liquor  that  contains  the 
Diologically  produced  material  and  that  is  a  fermen- 
:ation  liquor  or  a  plant  extract  to  form  an  aqueous 
Dolymer  phase  containing  the  biologically  produced 
naterial  substantially  uniformly  distributed 
:hroughout  the  phase,  simultaneously  or  subse- 
quently  dispersing  the  aqueous  phase  as  a  water 
mmiscible  liquid  in  the  presence  of  a  dispersion 
stabiliser  to  form  a  substantially  stable  dispersion, 
and  azeotroping  the  dispersion  to  form  substantially 
dry  particles  each  comprising  a  matrix  of  the 
Dolymeric  material  with  the  biologically  produced 
material  dispersed  substantially  uniformly 
throughout  the  matrix. 

The  process  of  the  invention  has  the  great 
advantage  that  it  produces  the  desired  polymeric 
particles  in  a  single  stage  starting  from  an  aqueous 
fermentation  liquor  or  aqueous  plant  extract  in  which 
the  biological  material  is  first  produced.  Thus  in  the 
invention  it  is  not  necessary  to  extract  the  biological 
material  from  its  initial  liquor,  e.g.,  by  spray  drying, 
before  combining  it  with  the  polymer  and,  instead, 
the  process  of  the  invention  is  used  as  a  simulta- 
neous  recovery  and  encapsulation  process.  Thus 
the  process  avoids,  for  instance,  the  difficulties  of 
spray  drying  followed  by  agglomeration  or  encapsu- 
lation. 

It  avoids  the  exposure  of  the  fermentation  product 
to  the  exotherm,  initiator  and  other  conditions 
associated  with  a  polymerising  mixture.  It  allows  the 
drying  to  be  carried  out  under  carefully  controlled 
conditions  so  as  to  avoid  overheating  both  on  a 
macro  scale  and  on  a  micro  scale.  Since  the  heating 
can  be  controlled  very  carefully,  it  is  possible  to 
minimise  the  risk  of  deactivation  of  the  biological 
material  and  thus  it  is  possible  to  produce  particles 
having  a  very  satisfactory  biological  activity,  often 
considerably  greater  than  can  conveniently  be  made 
by  known  recovery  techniques. 

The  size  of  the  substantially  dry  particles  is 
dictated  by  the  size  of  the  dispersed  aqueous  phase 

particles  in  tne  immiscioie  iiquiq.  u  is,  pnen  aesireg 
that  the  dry  particles  are  beads  that  have  a  size  of  at 
least  30u.m,  often  at  least  100u.m,  for  instance  up  to 
500u.m  or  up  to  1mm  or  even  2mm  or  larger.  With 

5  particles  of  this  size,  the  substantially  dry  particles 
will  be  separated  from  the  water  immiscible  liquid  by 
filtration,  centrifugatipn  or  other  conventional  separ- 
ation  methods  and  may  be  subjected  to  further 
drying  after  the  separation.  This  further  drying  may 

10  be  by  solvent  exchange  but  is  preferably  by  warm 
air,  for  instance  in  a  fluidised  bed. 

The  beads  must  be  dried  sufficiently  that  they  are, 
non-sticky  and  are  generally  dried  to  a  moisture 
content  that  is  in  equilibrium  with  the  environment  or 

15  is  drier  than  this. 
A  particular  advantage  of  the  invention  is  that  it  is 

easily  possible  to  produce  beads  of  a  very  regular 
shape  and  narrow  size  range.  This  is  only  possible 
because  the  drying  is  by  azeotroping  and  because 

20  the  active  ingredient  and  polymer  are  first  dispersed 
in  water-immiscible  liquid. 

Although  the  production  of  these  beads  is  usually 
preferred,  another  benefit  of  the  process  is  that  it  is 
possible  also  to  make  much  smaller,  dry,  particles. 

25  Thus  the  particles  may,  however,  be  belpw  30|im.,  for 
instance  generally  below  10um  and  often  below 
3u.m.  If  such  particles  are  separated  from  the  water 
immiscible  liquid  there  is  a  risk  of  dusting  problems 
and  such  particles  are  preferably  left  as  a  stable 

30  dispersion  in  the  immiscible  liquid.  These  do  not 
have  to  be  dried  to  atmospheric  equilibrium  and  may 
be  left  with,  for  instance,  a  moisture  content  of  25% 
based  on  the  polymer.  Preferably  however  they  are 
dried  to  atmospheric  equilibrium  or  less,  e.g.,  below 

35  10%  moisture  based  on  polymer. 
An  important  feature  is  that  the  biological  material 

is  not  protected  from  the  environment  merely  by  an 
encapsulating  shell  of  polymer  (that  is  liable  to 
become  damaged)  but  is  instead  protected  by  being 

40  distributed  throughout  a  matrix  of  the  polyme/. 
Sufficient  polymer  must  be  present  to  form  a  
continuous  matrix  and  to  give  the  particles  the 
strength,  release  or  other  properties  that  are 
required.  Generally  this  means  that  the  amount  of 

45  polymer  must  be  at  least  0.5  times  the  amount  of 
active  ingredient  (on  a  dry  weight  basis).  Preferably 
there  is  an  excess  of  polymer,  for  instance  at  least 
two  times  the  amount  of  active  ingredient  and 
preferably  there  is  a  large  excess,  for  instance  .at 

50  least  seven  times.  The  use  of  this  seven-fold  excess 
(or  more)  of  polymer  means  that  the  biological 
material  is  protected  very  effectively  from  .the 
environment  and  even  if  the  particles  are  damaged 
the  amount  of  active  ingredient  that  is  liable  to  be 

55  exposed  to,  or  escape  into,  the  environment  is  very 
low.  Generally  the  amount  of  polymer  is  ,  at  least  \0 
times  and  usually  at  least  15  times  the  amount  of 
active  ingredient  (on  a  dry  weight  basis).  It  is  usually 
unnecesary  for  it  to  be  more  than  ;50  times,  and 

.60  amounts  in  the  range  15  to  30  times  are  often 
suitable  although  amounts  up  to  100  .times  or  more 
can  be  used. 

Small  amounts  of  filler  and  other  additives  can  be 
included  in  the  matrix.  Generally  trie  polymeric 

65  material  constitutes  at  least  50%,  preferably  at  least 
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'50/0  and  most  preferably  at  least  90%  by  weight  of 
he  solid  composition  formed  of  a  matrix,  active 
ngredient  and  any  inert  material  distributed  through 
he  matrix. 

The  biologically  produced  material  that  is  encap- 
sulated  by  the  process  of  the  invention  can  be  a 
slant  extract,  for  instance  a  natural  oil  or  other 
sssence  or  flavour  that  is  squeezed  from  or 
sxtracted  from  the  whole  or  part  of  a  plant,  or  it  can 
De  a  fermentation  product  such  as  enzymes,  fungi, 
spores,  bacteria  or  cells,  or  secondary  metabolites 
rom  them  such  as  antiobiotics.  When  it  is  a  plant 
sxtract,  the  aqueous  medium  is  usually  a  dilute 
aqueous  solution  of  the  natural  oil  or  other  essence. 
i/Vhen,  as  is  preferred,  it  is  a  fermentation  product 
this  is  provided  initially  as  a  fermentation  liquor 
which  can  be  the  fermentation  broth  itself  or  may  be 
a  filtrate  or  concentrate  derived  from  the  broth.  For 
nstance  when  the  biologically  produced  material  is  a 
soluble  component,  for  instance  an  enzyme,  the 
Droth  will  often  first  have  been  filtered  to  remove 
insoluble  cellular  material.  Concentration  techniques 
that  can  be  carried  out  on  the  broth,  or  a  filtrate  of 
the  broth,  before  use  in  the  invention  include 
standard  concentration  techniques  such  as  f  lobula- 
tion  and/ultra  filtration. 

The  invention  is  of  particular  value  when  the  active 
ingredient  is  one  that  would  interfere  with  or  be 
damaged  by  monomer  from  which  the  polymer  is 
made  or  would  tend  to  be  deactivated  (either  by 
evaporation  or  desensitisation)  if  exposed  to 
exothermic  polymerisation.  The  invention  is  there- 
fore  of  particular  value  when  the  active  ingredient  is 
a  sensitive  material  that  is  liable  to  be  desensitised. 

One  particularly  preferred  type  of  active  ingredient 
is  an  enzyme.  The  enzyme  is  preferably  a  protease, 
especially  an  alkaline  protease,  of  the  type  used  in 
washing  powders  or  other  detergents,  but  other 
suitable  enzymes  for  these  purposes  include  amy- 
lases  and  lipases. 

Naturally  if  the  enzyme  is  to  be  included  in  a  solid 
detergent  then  the  particles  of  the  invention  will 
preferably  be  in  bead  form.  If  it  is  to  be  included  in  a 
liquid  detergent  then  it  is  generally  preferred  for  the 
product  to  be  in  the  form  of  a  dispersion  of  the 
particles  in  non-aqueous  liquid. 

Another  preferred  type  of  active  ingredient  is  a 
microbial  agriculturally  or  pharmaceutical^  useful 
product  such  as  an  antibiotic  for  human  and/or 
veterinary  use,  a  biopesticide,  bioherbicide  or  biofer- 
tiliser.  An  example  is  Bacillus  Thuringiensis  toxin  for 
killing  lavae.  With  this,  and  with  many  other  microbial 
products,  the  cells  can  be  encapsulated  either  dead 
or  alive  because  it  is  the  toxic  protein  within  the  cell, 
rather  than  the  living  cell  that  is  required.  However  in 
some  instances  it  is  desirable  for  the  cell  to  be  alive 
within  the  polymeric  matrix  in  order  that  it  can 
metabolise  and  multiply  as  soon  as  it  is  released 
from  the  matrix,  for  instance  on  a  leaf  surface,  in  the 
ground,  or  at  some  point  in  the  alimentary  canal. 

Other  suitable  biological  materials  are  bacteria,  or 
enzymes  derived  from  bacteria,  suitable  for  use  in 
silage  or  compost  manufacture  for  promoting  the 
necessary  silaging  or  composting  fermentation 
processes.  Other  suitable  biological  materials  are 

enzymes  or  whole  cells  that  can  be  usea  Tor 
breaking  down  fats,  cellulose  or  proteins,  or  for 
removing  nitrates  or  heavy  metals,  from  effluent 
streams  or  from  water  that  is  being  purified  for  use 

5  as,  for  instance,  potable  water. 
The  polymer  should  be  film  forming  in  the  sense 

that  the  polymeric  residue  will  form  a  coherent 
matrix  as  a  result  of  the  azeotropic  evaporation  of 
most  or  all  of  the  water. 

10  The  polymer  is  preferably  soluble  in  the  aqueous 
liquor  containing  the  biologically  produced  material 
and  may  be  introduced  into  the  aqueous  liquor  either 
as  a  preformed  aqueous  solution  or  in  any  other 
convenient  form.  The  polymer  can  be  a  natural  or 

15  modified  polymer  such  as  a  starch  or  a  cellulose 
(e.g.,  carboxy  methyl  cellulose)  or  gum.  Preferably  it 
is  a  synthetic  polymer  formed  from  an  ethylenically 
unsaturated  water  soluble  monomer  or  monomer 
blend,  which  may  be  non-ionic  or  ionic. 

20  Suitable  anionic  monomers  are  ethylenically  un- 
saturated  carboxylic  or  sulphonic  monomers,  most 
preferably  monomers  such  as  (meth)  acrylic  acid, 
crotonic  acid,  itaconic  acid,  maleic  acid,  (meth)  allyl 
sulphonic  acid,  vinyl  sulphonic  acid  and  2-acryla- 

25  mido-2-methyl  propane  sulphonic  acid.  Acrylic  or 
methacrylic  acid  is  preferred. 

Suitable  cationic  monomers  are  dialkylaminoalkyl 
(meth)  -acrylamides  and,  preferably,  -acrylates, 
usually  as  acid  addition  or  quaternary  ammonium 

30  salts.  Particularly  preferred  are  monomers  such  as 
diethylaminoethyl  (meth)  acrylate. 

Suitable  non-ionic  monomers  of  this  type  are 
(meth)  acrylamide  and  hydroxy-lower  alkyl  (meth) 
acrylates.  The  anionic  and  cationic  monomers  may 

35  be  either  in  the  free  acid  or  free  base  form  when  they 
are  sufficiently  soluble  in  this  form  (for  instance 
acrylic  acid)  but  more  usually  in  the  form  of  an  alkali 
metal  or  ammonium  salt  of  anionic  monomers  or  an 
acid  addition  or  quaternary  ammonium  salt  of 

40  cationic  monomers. 
The  preferred  polymer  is  usually  based  on  0-50% 

acrylamide  and  50-100%  acrylic  acid  or  soluble  salt 
thereof. 

The  soluble  polymer  may  have  been  made  by  any 
45  conventional  polymerisation  technique,  such  as 

reverse  phase  suspension  polymerisation,  solution 
polymerisation,  reverse  phase  bead  polymerisation 
or  gel  polymerisation. 

Alternatively,  the  polymer  may  be  a  copolymer  of 
50  soluble  and  insoluble  monomers  (e.g.,  methacrylic 

acid  and  ethyl  acrylate)  and  may  have  been  made  by 
oil-in-water  emulsion  polymerisation  followed  by 
addition  of  sodium  hydroxide  or  other  alkali  to 
convert  it  to  a  soluble  form. 

55  Instead  of  introducing  the  polymer  in  a  soluble 
form,  the  polymer  can  be  a  polymer  that  is  insoluble 
in  water  but  is  soluble  in  alkali  and  which  is 
introduced  as  an  oil-in-water  emulsion  that  has  been 
made  by  emulsion  polymerisation  of  ethylenically 

60  unsaturated  monomer  or  monomer  blend  that  is 
insoluble  in  the  water  phase  of  the  polymerisation 
mixture.  The  monomers  are  generally  a  blend  of 
anionic  solubilising  monomers  (typically  selected 
from  the  anionic  monomers  discussed  above)  and 

65  ethylenically  unsaturated  non-ionic  monomers,  the 

4 



/erall  blend  being  insoluble  at  tne  pi-i  or  tne 
nulsion.  Thus  the  emulsion  polymerisation  may  be 
Dnducted  at  a  pH  below  7  but  when  the  polymer  is 
jbsequently  exposed  to  more  alkaline  conditions 
le  polymer  becomes  soluble  (or  highly  swellable). 
uitable  non-ionic  water  insoluble  monomers  in- 
lude  alkyl  (meth)  acrylates,  styrene,  acrylonitrile, 
nyl  chloride,  vinyl  acetate  or  vinyl  butyl  ether.  Ethyl 
srylate  is  preferred,  with  the  polymer  preferably 
eing  formed  from  10  to  70%  methacrylic  acid  or 
ther  anionic  monomer,  10  to  70%  ethyl  acrylate  or 
ther  insoluble  monomer  and  0  to  70%  acrylamide 
r  other  soluble  non-ionic  monomer. 
The  use  of  an  emulsion  polymer  of  this  type  is  of 

articular  value  when  it  is  desired  for  the  polymeric 
latrix  to  permit  substantially  no  release  of  the 
iological  material  in  one  environment  (for  instance 
eutral  or  acidic)  and  rapid  release  in  an  alkaline 
nvironment. 
Controlled  release  of  biological  material  can  also 

e  obtained  when  the  polymer  is  introduced  initially 
s  a  salt  with  a  volatile  amine  (for  instance  ammonia) 
f  a  polymer  derived  from  ethylenically  unsaturated 
arboxylic  acid  monomer  such  as  (meth)  acrylic 
cid.  The  salt  is  soluble  in  water  but  the  ammonia  or 
ther  volatile  amine  evaporates  during  the  azeotrop- 
lg  to  render  the  polymer  less  hydrophilic.  Accord- 
lgly  at  least  the  outer  shell  of  the  particles,  and 
lossibly  substantially  the  entire  polymeric  matrix, 
/ill  be  less  hydrophilic  and  water  soluble  than  when 
he  carboxylic  groups  are  in  alkali  or  amine  salt  form, 
he  particle  therefore  has  relatively  low  permeability 
o  ambient  moisture  but,  upon  exposure  to  a  slightly 
ilkaline  aqueous  solution  (for  instance  as  typically 
irevails  in  a  wash  liquid)  the  polymer  will  be 
iufficiently  solubilised  to  permit  rapid  release  of  the 
rapped  enzyme  or  other  biological  material.  For  this 
jurpose  the  polymer  is  preferably  based  on  0  to 
i0%  acrylamide  and  50  to  1000/o  acrylic  acid  or, 
)referably,  methacrylic  acid.  Products  of  these  types 
ire  described  in  more  detail  in  our  copending 
ipplication  no.  filed  even  date  herewith  (reference 
50/2970). 

The  molecular  weight  of  the  polymer  will  be 
selected  having  regard  to  the  concentration  and 
solution  viscosities  that  are  required  and,  especially, 
[he  gel  strength  that  is  required  in  the  final  beads.  If 
the  molecular  weight  of  a  solution  polymer  is  too 
nigh  it  can  be  difficult  to  form  a  stable  dispersion  of 
aqueous  polymer  particles  containing  a  commer- 
cially  useful  concentration  of  active  ingredient  and 
so  for  many  polymers  the  molecular  weight  should 
be  below  1  million,  often  below  500,000.  If  the 
molecular  weight  is  too  low  the  final  gel  strength  may 
be  inadequate,  even  if  the  beads  do  have  surface 
cross  linking.  In  some  instances  the  molecular 
weight  may  be  down  to,  for  instance,  4,000  or  even 
2,000.  A  range  of  5,000  to  300,000  is  often  suitable. 

The  polymers  that  are  used  in  the  invention  may 
be  unreactive  polymers,  i.e.,  polymers  that  cannot 
undergo  any  significant  chain  extension  even  though 
it  may  be  possible  to  cause  cross  linking  through 
pendant  groups  since  any  such  cross  linking  does 
not  usually  result  in  any  significant  exotherm  or  other 
conditions  that  might  damage  the  active  ingredient. 

chain  extension  by  addition  polymerisation  during 
the  process  provided  this  does  not  involve  the 
presence  of  deleterious  amounts  of  initiator,  exo- 

5  therm  or  other  conditions  that  might  damage  the 
active  ingredient.  The  risk  of  this  can  be  minimised 
by  ensuring  that  the  reactive  polymer  already  has  a 
substantial  chain  length,  for  instance  at  least  50  and 
usually  at  least  100  carbon  atoms  in  the  chain. 

l0  Depending  upon  the  degree  of  unsubstitution  in  the 
reactive  polymer,  the  final  polymer  may  be  linear  or 
may  be  cross  linked  and,  if  cross  linked,  the 
polymeric  matrix  will  then  be  swellable  rather  than 
soluble.  Preferred  reactive  polymers  are  described 

\5  in  EP-A-0328321. 
The  polymer  may  undergo  cross  linking  before, 

after  or  preferably  during  the  azeotroping.  For 
instance  it  is  known  that  many  polymers,  especially 
those  containing  anionic  groups,  can  undergo  ionic 

W  cross  linking  if  exposed  to  polyvalent  metal  com- 
pounds  and  so  the  inclusion  of  such  compounds  in 
the  aqueous  solution  of  polymer  or  in  the  non- 
aqueous  liquid  or  both  can  result  in  cross  linking.  If 
the  polyvalent  metal  compound  is  preferentially 

?5  soluble  in  the  non-aqueous  liquid  (for  instance  being 
aluminium  isopropoxide  or  other  polyvalent  metal 
alkoxide)  then  the  cross  linking  will  be  concentrated 
primarily  at  the  surface  of  the  particles.  If  the  cross 
linking  agent  is  preferentially  soluble  in  the  aqueous 

30  solution  of  polymer  then  the  cross  linking  may  occur 
substantially  uniformly  throughout  the  particles. 
Cross  linking  agents  such  as  glutaraldehyde  can  be 
used  with  appropriate  polymers. 

By  appropriate  selection  of  the  type  and  amount 
35  of  cross  linking  it  is  possible  to  control  the  physical 

properties  of  the  particles.  For  instance  it  is  possible 
to  control  the  release  of  active  ingredient  from  the 
particles  and/or  to  increase  the  gel  strength  of  the 
particles  and/or  to  increase  the  hardness,  or  reduce 

40  the  stickiness,  of  the  surface  of  the  particles.  Also,  if 
the  cross  linking  is  concentrated  on  the  surface  of 
the  particles,  the  resultant  particles  tend  to  dissolve 
more  rapidly  into  water. 

Instead  of  achieving  cross  linking  during  the 
45  process  of  the  invention,  it  is  also  possible  (espe- 

cially  when  the  polymer  is  initially  produced  as  an 
oil-in-water  emulsion)  to  provide  the  polymer  initially 
as  a  cross  linked  polymer.  However  generally  the 
polymer  is  linear  and  has  been  made  substantially  in 

50  the  absence  of  cross  linking  monomer  or  other 
cross  linking  agent. 

The  polymer  can  serve  to  give  controlled  release, 
for  instance  under  selected  pH  conditions  as 
described  above,  or  can  serve  merely  as  a  relatively 

55  inert  material  that  will  bond  the  biological  material 
into  the  desired  on-dusty  particles  and  that  will  give 
release  at  the  appropriate  time,  or  the  polymer  can 
serve  to  provide  useful  properties  in  the  environ- 
ment  in  which  the  biologically  active  material  is  to  be 

60  used.  In  particular,  when  the  biological  material  is  an 
enzyme  that  is  to  be  included  in  a  detergent  it  is 
particularly  convenient  for  the  polymeric  matrix  to  be 
a  polymer  that  is  useful  as  a  component  in  a 
detergent,  for  instance  as  a  detergent  builder  or 

65  detergent  anti-redeposition  aid.  Suitable  polymers 
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include  carboxy  methyl  cellulose  polyvinyl  pyrolli- 
done,  polyvinyl  alcohol  and  anionic  synthetic  poly- 
mers,  for  instance  polymers  of  ethylene  and  (meth) 
acrylic  acid  and  other  polymers  preferably  of 
molecular  weight  4,000  to  300,000  and  formed  from 
water  soluble  ethylenically  unsaturated  carboxylic  or 
sulphonic  monomer,  optionally  with  water  soluble 
non-ionic  monomer.  Preferably  the  polymer  is  of 
sodium  polyacrylate  but  copolymers  with  arylamide 
and  homopolymers  or  copolymers  with,  for  instance, 
ally!  sulphonate  or  2-acrylamido  methyl  propane 
sulphonate  may  be  used.  Copolymers  of  maleic 
anhydride  with,  for  instance,  acrylic  acid  are  also 
suitable. 

The  polymeric  material  can  be  blended  with  the 
fermentation  liquor  or  other  aqueous  liquor  contain- 
ing  biological  material  to  form  an  aqueous  polymer 
phase  containing  both  the  polymer  and  the  biologi- 
cal  material,  and  this  phase  can  then  be  dispersed  in 
the  water  immiscible  liquid.  Alternatively,  the  fermen- 
tation  liquor  or  plant  extract  can  be  dispersed  in  the 
water  immiscible  liquid  and  the  polymer  then  added 
(usually  as  a  pre-formed  solution  or  emulsion)  or 
alternatively  the  polymer  can  be  dispersed  and  the 
fermentation  broth  or  plant  extract  then  added.  In 
each  instance  sufficient  agitation  should  be  provided 
to  ensure  that  the  dispersed  aqueous  particles  in  the 
water  immiscible  liquid  have  a  substantially  uniform 
content  of  both  polymer  and  biological  material. 

The  aqueous  phase  must  itself  be  substantially 
stable  since  if  there  is  a  tendency  for  it  to  undergo 
phase  separation  this  will  interfere  with  the  formation 
and  maintenance  of  a  uniform  dispersion  in  the  water 
immiscible  liquid.  The  aqueous  phase  is  preferably 
therefore  one  which  is  stable  in  bulk  and  does  not 
undergo  phase  separation.  If  the  active  ingredient  is 
ionic,  it  is  preferred  for  the  polymer  to  be  non-ionic 
or  co-ionic.  For  instance  when  the  active  ingredient 
is  an  enzyme,  which  is  slightly  cationic,  there  can  be 
a  risk  that  some  anionic  polymers  may  cause 
destabilisation,  in  which  event  the  aqueous  phase 
should  be  stabilised.  This  can  be  achieved  by 
thickening  the  aqueous  phase  and/or  by  adding  a 
polyhydroxy  compound,  especially  sucrose  or  other 
sugar  or  a  glycol  or  other  low  molecular  weight 
polyhydroxy  compound,  e.g.,  propylene  glycol. 

The  aqueous  phase  can  also  include  other 
additives  that  are  optional  for  the  intended  use  of  the 
final  product.  For  instance  the  solution  may  often 
contain  inert  fillers  such  as  clays  and/or  pigments  or 
dyes. 

The  resultant  dispersion  of  aqueous  particles 
containing  polymer  and  active  ingredient  must  be 
sufficiently  stable  that  it  can  be  subjected  to 
azeotropic  distillation  and  for  this  purpose  it  is 
generally  necessary  for  the  dispersion  to  include  a 
polymeric  dispersion  stabiliser,  and  sometimes  also 
an  emulsifier  surfactant. 

The  concentration  of  the  polymer  in  the  polymer 
solution  will  be  selected  according  to  the  molecular 
weight  and  solution  viscosity  of  the  polymer  but  is 
often  in  the  range  5  to  50%,  typically  20  to  30°/o. 

The  particle  size  of  the  aqueous  droplets  and  the 
final  dry  particles  can  be  controlled  by  choice  of  the 
amount  of  shear  to  which  the  dispersion  is  sub- 

jected,  choice  and  amount  of  stabiliser,  and  choice 
and  amount  of  surfactant.  When  the  end  product  is 
to  be  a  stable  dispersion  in  oil  or  other  immiscible 
liquid,  it  is  preferred  to  use  a  water-in-oil  emulsifier 

5  to  promote  the  formation  of  small  particles  having  a 
size  below  10u.m,  for  instance  below  3u,m.  However 
when  beads  are  required,  for  instance  above  30  and 
usually  above  70u,m,  the  emulsifier  may  be  omitted. 

The  polymeric  stabiliser  is  generally  an  amphipa- 
10  thic  stabiliser,  for  instance,  formed  from  hydrophilic 

and  hydrophobic  acrylic  monomers.  Suitable  surfac- 
tants,  non-aqueous  liquids  and  polymeric  stabilisers, 
and  suitable  azeotroping  conditions,  are  described 
in,  for  instance,  EP  0128661  and  EP  0126528.  The 

15  stabilisers  described  in  GB  2,002,400  or,  preferably, 
2,001  ,083  or  1  ,482,515  are  particularly  preferred. 

The  immiscible  liquid  is  non-aqueous  and  must 
include  liquid  that  will  form  an  azeotrope  with  water. 
Often  the  water  immiscible  liquid  is  a  blend  of  a 

20  relatively  high  boiling  liquid  that  remains  in  the 
dispersion  and  a  low  boiling  liquid  that  is  azeotroped 
from  the  dispersion.  The  temperature  at  which 
azeotroping  occurs  is  generally  below  100°C  and  is 
controlled  by  the  choice  of  liquid  and,  especially,  the 

25  pressure  at  which  the  distillation  is  conducted. 
Generally  the  distillation  is  conducted  under  re- 
duced  pressure  and  when  the  active  ingredient  is 
temperature  sensitive  (e.g.,  an  enzyme)  the  reduced 
pressure  is  preferably  such  that  the  azeotroping 

30  occurs  at  a  maximum  temperature  of  not  more  than 
80°  C,  often  below  70°  C  and  most  preferably  below 
50°  C.  For  instance  by  applying  a  relatively  high 
vacuum  it  is  possible  to  azeotrope  at  very  low 
temperatures,  for  instance  as  low  as  30°  C.  Sodium 

35  sulphate  or  other  salt  may  be  added  to  lower  the 
azeotroping  temperature. 

The  polymer  should  be  film  forming  at  the 
distillation  temperature,  and  usually  is  film  forming  at 
20°  C  or  lower. 

40  After  azeotroping  sufficient  of  the  water  from  the 
particles  to  convert  the  particles  into  a  substantially 
solid  and  non-sticky  form,  the  particles  (if  sufficiently 
large)  can  then  be  separated  from  the  non-aqueous 
liquid  and  can  be  further  dried,  if  desired,  in 

45  conventional  manner,  for  instance  on  a  f  luidised  bed. 
Before  or  after  azeotroping,  the  particles  may  be 

given  a  surface  treatment  to  adjust  their  properties. 
For  instance  a  polymer  containing  a  water  soluble 
salt  of  a  relatively  insoluble  monomer  may  be 

50  converted  to  its  less  soluble  form  (e.g.,  sodium 
methacrylate  in  the  surface  of  the  particles  may  be 
converted  to  methacrylic  acid).  A  relatively  insoluble 
polymer  or  other  hydrophobic  material  may  be 
applied  (e.g.,  an  oil-in-water  emulsion  polymer  may 

55  be  applied,  and  will  dissolve  when  the  particles  are 
mixed  with  wash  water). 

The  following  are  some  examples. 

Example  1 
60  A  25%  aqueous  solution  is  formed  of  sodium 

polyacrylate  having  molecular  weight  30,000  and  is 
blended  with  sufficient  of  fermentation  broth  con- 
taining  a  detergent  alkaline  protease  (or  an  amilease 
or  lipathase)  to  give  a  polymenenzyme  dry  weight 

65  ratio  of  19:1.  The  solution  is  stirred  into  a  paraffinic 

6 
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>il  in  the  presence  of  an  amphipathic  polymeric 
tabiliser  formed  from  stearyl  methacrylate,  methyl 
nethacrylate  and  methacrylic  acid.  The  resultant 
lispersion  is  subjected  to  azeotropic  distillation 
inder  reduced  pressure  such  that  the  maximum 
emperature  in  the  dispersion  does  not  exceed 
ibout  50°  C.  Once  sufficient  water  has  been  taken 
iff  for  the  dispersed  particles  to  be  substantially  dry 
0  touch,  they  are  separated  from  the  remaining 
quid  by  filtration  and  can  then  be  further  dried  in 
:onventional  manner.  They  have  a  particle  size  in  the 
ange  100  to  1,000u.m. 

The  resultant  beads  are  non-dusting  and  so  can 
>e  handled  with  safety.  When  a  detergent  powder 
;ontaining  them  is  mixed  with  water,  they  rapidly 
iissolve  to  release  the  enzyme  into  the  water. 

Example  2 
A  solution  is  formed  of  640g  25%  sodium 

)olyacrylate  and  160g  of  a  fermentation  broth 
:oncentrate  that  is  a  50/o  detergent  protease 
solution  (i.e.,  8g  dry  weight  enzyme  and  160g  dry 
veight  polymer)  and  its  pH  is  adjusted  to  7.  1600g  of 
1  water  immiscible,  aliphatic  hydrocarbon  liquid 
Solvent  41)  and  53g  of  a  15%  solution  in  organic 
solvent  of  an  amphipathic  polymeric  stabiliser  is 
;harged  to  a  3  litre  resin  pot  equipped  with  a 
nechanical  stirrer  and  a  Dean  &  Stark  apparatus 
5onnected  to  a  condenser  and  the  aqueous  phase  is 
idded  and  the  mixture  stirred  for  five  minutes, 
eading  to  the  formation  of  small  bead  droplets.  The 
contents  are  then  warmed  to  45°  C  and  the  pressure 
•educed  sufficiently  to  cause  solvent  and  water  to 
distill  azeotropically.  The  volume  of  water  that  is 
•emoved  is  observed  and  distillation  is  continued 
jntil  no  further  water  is  collected  (at  least  2  hours). 

The  contents  of  the  flask  are  cooled,  the  beads 
lltered,  washed  in  acetone  and  dried  in  hot  air. 

The  final  product  has  12  to  15%  moisture  content, 
s  in  the  form  of  beads  of  regular  almost  spherical 
shape  that  are  hard  and  free  flowing  and  dissolved 
-eadily  in  cold  and  hot  water.  The  beads  have  a 
narrow  size  range  of  approximately  250  to  500u,m 
and  the  product  was  substantially  free  of  dust. 

Example  3 
The  process  of  example  2  is  repeated  except  that 

5%  (on  dry  polymer  and  enzyme)  of  titanium  dioxide 
is  added  to  produce  beads  that  are  almost  white  and 
opaque. 

Example  4 
The  process  of  example  2  is  repeated  except  that 

the  aqueous  phase  is  formed  of  160g  dry  weight 
sodium  polyacrylate,  160  dry  weight  sucrose  and 
water  to  make  800g.  The  beads  have  an  active 
protein  content  of  about  3%  and  have  similar 
properties  to  those  described  in  example  2.  White 
beads  could  be  obtained  by  replacing  16g  sucrose 
by  16g  titanium  dioxide. 

Example  5 
The  process  of  example  2  is  repeated  except  that 

the  sodium  polyacrylate  is  replaced  with  the  same 
weight  of  ammonium  polymethacrylate.  The  matrix  in 

tne  Tinai  Deaas  is  Tarmeu  ui  a  mi^iuie  ui  fjuiyintsuiciu- 
rylic  acid  and  ammonium  polymethacrylate,  with  the 
majority  of  the  polymer  in  the  outer  shell  being  in  the 
form  of  the  free  acid.  The  beads  have  less 

5  permeability  to  moisture  than  the  beads  of 
example  2  but  dissolve  rapidly  when  mixed  into  a 
weakly  alkaline  solution. 

Example  6 
'0  The  process  according  to  example  2  is  repeated 

except  that  the  25%  sodium  polyacrylate  solution  is 
replaced  by  a  25%  emulsion  at  pH  4  of  a  copolymer 
of  methacrylic  acid  and  butyl  acrylate. 

The  beads  are  substantially  insoluble  and  non- 
f5  swelling  in  tap  water  but  dissolve  rapidly  when 

exposed  to  an  alkaline  environment.  By  appropriate 
choice  of  the  proportions  of  methacrylic  acid  and 
butyl  acrylate  it  is  possible  to  select  the  pH  at  which 
release  occurs. 

'0 
Example  7 

The  process  of  exaple  2  is  repeated  except  that  a 
small  amount  of  a  water-in-oil  emulsifier  (5g  of 
sorbitan  mono-oleate)  is  included  in  the  aqueous 

?5  phase  and  the  dispersion  is  formed  by  the  applica- 
tion  of  high  shear.  The  azeotroped  product  is  a 
stable  dispersion  in  the  water  immiscible  liquid  of 
particles  having  a  size  below  3um. 

30 
Claims 

1  .  A  process  for  making  particles  containing 
biologically  produced  material  in  a  matrix  of 

35  polymeric  material  comprising 
mixing  polymeric  material  with  an  aqueous 
liquor  containing  the  biologically  produced 
material  and  that  is  a  fermentation  liquor  or  a 
plant  extract  to  form  an  aqueous  polymer  phase 

to  containing  the  biological  material  substantially 
uniformly  distributed  throughout  the  aqueous 
phase, 
simultaneously  or  subsequently  dispersing  the 
aqueous  phase  in  a  water  immiscible  liquid  in 

45  the  presence  of  a  dispersion  stabiliser  to  form  a 
substantially  stable  dispersion,  and 
azeotroping  the  dispersion  to  form  substantially 
dry  particles  each  comprising  the  matrix  of  the 
polymeric  material  with  the  biologically  pro- 

50  duced  material  dispersed  substantially  uni- 
formly  throughout  the  matrix. 

2.  A  process  according  to  claim  1  in  which  the 
said  aqueous  liquor  containing  biologically 
produced  material  is  a  fermentation  broth 

55  concentrate. 
3.  A  process  according  to  claim  1  or  claim  2  in 

which  the  biologically  produced  material  is 
selected  from  plant  extracts,  enzymes,  fungi, 
spores,  bacteria,  cells  and  antiobiotiGS. 

eo  4.  A  process  according  to  any  preceding 
claim  in  which  the  biologically  produced  ma- 
terial  comprises  an  enzyme  suitable  for  use  in 
detergents. 

5.  A  process  according  to  any  preceding 
65  claim  in  which  the  azeotroping  is  conducted  at  a 
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enal  is  an  enzyme  suitaoie  Tor  use  in  aeier- 
jents  and  the  polymer  is  selected  from  carbox- 
methyl  cellulose  and  anionic  synthetic  poly- 
ners  having  a  molecular  weight  of  4,000  to 
!00,000  and  formed  from  ethylenically  unsatu- 
ated  carboxylic  or  sulphonic  monomers  and, 
)ptionally,  non-ionic  ethylenically  unsaturated 
nonomers. 
12.  A  process  according  to  any  preceding 

claim  in  which  the  polymer  is  formed  from 
meth)  acrylic  acid  or  a  soluble  salt  thereof, 
cptionally  with  acrylamide. 
13.  A  process  according  to  any  preceding 

claim  in  which  the  polymer  is  introduced  as  a 
salt  of  a  polymer  of  an  ethylenically  unsaturated 
carboxylic  acid  monomer  with  a  volatile  amine, 
ind  the  amine  is  at  least  partially  evaporated 
during  azeotroping  in  order  to  reduce  the 
wdrophilic  properties  of  the  matrix. 
14.  A  process  according  to  any  of  claims  1  to 

10  in  which  the  polymer  is  introduced  as  an 
cil-in-water  emulsion  of  a  copolymer  of  ethyleni- 
cally  unsaturated  anionic  monomer  and  water 
nsoluble  ethylenically  unsaturated  non-ionic 
Tionomer  and  in  which  the  copolymer  is  soluble 
c-r  swellable  in  alkali. 
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emperature  below  50  C. 
6.  A  process  according  to  any  preceding 

;laim  in  which  the  dispersion  stabiliser  is  an 
imphipathic  polymeric  stabiliser  formed  by 
)olymerisation  of  hydrophilic  monomer  and  5 
lydrophobic  monomer. 

7.  A  process  according  to  any  preceding 
;laim  in  which  the  amount  of  polymeric  material 
s  at  least  7  times  the  weight  of  the  biologically 
croduced  material.  10 

8.  A  process  according  to  claim  7  in  which  the 
imount  of  the  polymeric  material  is  from  15  to 
50  times  the  weight  of  the  biologically  produced 
naterial. 

9.  A  process  according  to  any  preceding  15 
claim  in  which  the  particles  are  beads  having  a 
size  of  at  least  30u.m  and  they  are  separated  as 
substantially  dry  beads  from  the  water  immis- 
cible  liquid. 
1  0.  A  process  according  to  any  of  claims  1  to  8  20 

n  which  the  particles  have  a  size  of  below  10(im 
and  are  present  as  a  substantially  stable 
dispersion  of  the  particles  in  the  water  immis- 
cible  liquid. 
11.  A  process  according  to  any  preceding  25 

claim  in  which  the  biologically  produced  ma- 

8 
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