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©  Micronutrient  compositions. 

©  Substantially  dry  micronutrient  compositions  comprise  up  to  15%  by  weight  of  a  micronutrient,  a  binding 
amount  of  a  binder,  and  a  densifying  amount  of  a  densifying  agent  of  particle  size  from  approximately  40  mesh 
to  approximately  325  mesh,  and  have  a  tapped  density  of  from  about  0.7  g/cm3  to  about  1.2  g/cm3,  whereby  the 
densifying  agent  is  substantially  coated  with  the  micronutrient  and  the  binder.  The  process  for  producing  the 
compositions  includes  the  steps  of  dissolving  or  dispersing  appropriate  amounts  of  the  micronutrient  and  the 
binder  in  water,  suspending  an  appropriate  amount  of  the  densifying  agent  in  the  so-obtained  solution  or 
dispersion  and  spray  drying  the  resulting  suspension,  optionally  in  the  presence  of  silicon  dioxide,  to  produce 
the  desired  micronutrient  composition.  The  invention  also  embraces  the  suspension.  The  substantially  dry 
micronutrient  compositions  of  the  invention  feature  a  considerably  higher  density  than  conventional  micronutrient 
compositions. 
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The  invention  relates  to  micronutrient  compositions  and  to  methods  of  preparing  such  micronutrient 
compositions.  More  particularly,  the  invention  concerns  substantially  dry  micronutrient  compositions,  aque- 
ous  suspensions  containing  micronutrients  and  a  method  for  producing  the  compositions  and  aqueous 
suspensions. 

5  Within  the  class  of  vitamins,  several  have  recommended  daily  allowances  (RDA)  which  are  relatively  low 
and  are  thus  conveniently  expressed  in  micrograms  per  day  (u.g/day).  Such  vitamins  are  known  as 
micronutrients.  Examples  of  micronutrients  are  vitamin  Bi2,  which  has  an  RDA  of  1.5  to  12.0  u.g/day;  folic 
acid,  with  an  RDA  of  100  to  800  tig/day;  and  biotin,  with  an  RDA  of  75  to  300  ug/day.  The  proper 
distribution  of  these  micronutrients  in  tablets  or  other  vehicles  of  administration  like  foods  is  a  difficult  task 

io  unless  special  steps  are  taken  to  reduce  the  crystal  size  and  serially  dilute  the  active  substance  prior  to  or 
during  the  manufacture  of  the  end  product. 

United  States  Patent  No.  5,000,888  to  Kilbride  et  al.  discloses  spray  drying  a  riboflavin  slurry  to  a 
granulate.  The  slurry  is  composed  of  about  10-50  parts  (by  weight)  of  riboflavin,  about  0.5-15  parts  of  a 
binder  and  about  50-75  parts  of  water,  such  that  the  mixture  contains  about  40-75  weight  %  water.  In  an 

75  example,  the  process  yielded  a  final  composition  containing  94  weight  %  riboflavin,  5  weight  %  binder  and 
1  weight  %  water.  As  an  optional  feature  the  spray  drying  can  be  effected  in  the  presence  of  a  small 
quantity  of  an  absorbant,  e.g.  silicon  dioxide,  magnesium  carbonate  or  di-  or  tricalcium  phosphate. 

Kilbride  (U.S.  Patent  No.  4,994,458)  teaches  a  riboflavin  composition  made  via  a  rotary  fluidized  bed 
granulator.  The  product  of  the  process  comprises  about  75-99.5  weight  %  riboflavin,  and  about  0.5-25 

20  weight  %  binder,  e.g.  starch,  cellulose,  dextrin  or  gelatin. 
Schmidt  et  al.  (U.S.  Patent  No.  4,533,674)  teach  a  process  for  preparing  a  powder  containing  at  least  90 

weight  %  ascorbic  acid,  a  maximum  of  9  weight  %  binder,  0.2-2  weight  %  absorbent,  e.g.  silicon  dioxide, 
and  0.2-5  weight  %  lubricant. 

Ono  et  al.  (EP  416,773)  describe  a  vitamin  Bi2  composition  in  which  the  vitamin  is  dispersed  in  a 
25  mixture  of  starch  and  dextrin,  e.g.  maltodextrin.  The  dextrin  and  starch  are  mixed  together,  and  an  aqueous 

solution  of  vitamin  Bi2  is  added  to  form  a  slurry,  which  is  then  spray  dried  to  form  the  composition.  The 
vitamin  B12  is  present  in  the  dried  composition  at  about  0.05-1.0  weight  %  based  on  the  total  weight  of 
vitamin,  dextrin  and  starch  in  the  composition. 

Cannalonga  et  al.  (U.S.  Patent  No.  3,914,430)  teach  a  spray  drying  technique  for  preparing  agglomer- 
30  ated  powders  containing  vitamins  and  hydrolysed  gelatin.  The  technique  involves  the  introduction  of  an 

absorbent  material,  e.g.  silicon  dioxide  or  dicalcium  phosphate,  into  the  spray  drying  chamber  with  an 
emulsion  of  water,  vitamin  and  hydrolyzed  gelatin.  The  absorbent  particles  are  coated  onto  the  emulsion 
ingredients  to  form  the  agglomerates.  Examples  of  resulting  products  include  vitamin  E  encapsulated  in 
hydrolyzed  gelatin,  vitamin  A  encapsulated  in  hydrolyzed  gelatin,  vitamin  A  encapsulated  in  gum  acacia, 

35  vitamin  D  encapsulated  in  hydrolyzed  gelatin  and  riboflavin  encapsulated  in  maltrin.  When  dl-a-tocopherol 
acetate  is  used  as  the  vitamin  the  resulting  powders  have  a  bulk  density  in  the  range  of  from  25  to  32 
lbs/ft3. 

Cavalli  et  al.  (U.S.  Patent  No.  3,396,226)  teach  dry-mixed  compositions  containing  up  to  about  80 
weight  %  ascorbic  acid,  up  to  about  50  weight  %  microcrystalline  cellulose  and/or  a  corn  starch,  and  a 

40  minor  amount  of  a  lubricant,  e.g.  calcium  stearate. 
Stoyle  et  al.  (U.S.  Patent  No.  3,293,132)  disclose  compositions  containing  75-95  weight  %  ascorbic 

acid,  5-25  weight  %  carbohydrate,  e.g.  a  sugar  or  starch,  and  0.5-7  weight  %  binder,  e.g.  gelatin.  The 
compositions  are  prepared  by  dissolving  the  carbohydrate  and  binder  in  water,  adding  the  ascorbic  acid  to 
form  a  slurry  having  40-60  weight  %  solids,  and  spray  drying  the  homogenized  slurry  to  form  a  powder.  To 

45  form  tablets  from  this  powder  a  lubricant,  e.g.  magnesium  stearate,  and  other  ingredients,  e.g.  silicon 
dioxide,  may  be  added  prior  to  compression. 

Schmidt  et  al.  (WO  85/01877)  teach  compositions  containing  a  water-soluble  vitamin,  e.g.  ascorbic  acid, 
a  salt  thereof,  folic  acid  or  biotin,  a  binder,  e.g.  gelatin  or  a  cellulose,  a  lubricant,  e.g.  stearic  acid,  and 
preferably  also  an  adsorbent,  e.g.  silicon  dioxide.  Other  excipients  may  also  be  present  e.g.  sugars,  starch, 

50  etc.  The  compositions  are  prepared  by  spray  drying  an  aqueous  slurry  of  a  water-soluble  vitamin  and  a 
binder,  in  the  presence  of  a  lubricant  and  preferably  also  an  adsorbent. 

The  substantially  dry  micronutrient  compositions  of  the  present  invention  comprise  up  to  approximately 
15%  by  weight  of  a  micronutrient,  a  binding  amount  of  a  binder  and  a  densifying  amount  of  a  densifying 
agent  having  a  particle  size  of  from  approximately  40  to  approximately  325  mesh,  and  have  a  tapped 

55  density  of  from  about  0.7  g/cm3  to  about  1  .2  g/cm3,  whereby  the  densifying  agent  is  substantially  coated 
with  the  micronutrient  and  the  binder. 

The  substantially  dry  compositions  of  the  invention  have  direct  blendability,  excellent  flow  properties, 
high  densities,  and  excellent  color  and  chemical  stability,  making  them  very  suitable  for  use  as  additives  for 
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foodstuffs  and  in  tablets. 
The  substantially  dry  micronutrient  compositions  of  the  present  invention  feature  a  core  of  densifying 

agent  substantially  enclosed  in  a  coating  of  micronutrient  and  binder.  The  binder  adheres  the  micronutrient 
around  the  central  core  of  densifying  agent.  In  featuring  such  a  laminated  structure,  the  particles  of  the 

5  composition  are  relatively  uniform  and  the  micronutrient  on  the  exterior  of  the  particles  is  readily  accessible. 
Accordingly,  powder  formed  by  the  particles  of  the  composition  are  substantially  homogenous  and  of 
suitable  density  to  be  formed  into  tablets. 

The  "substantially  dry"  micronutrient  compositions  according  to  the  invention  are  dry  to  the  extent  that 
their  moisture  content  is  in  the  range  of  about  1  weight  percent  to  about  5  weight  percent.  As  a  result  of  this 

io  substantial  dryness  they  feature  inter  alia  excellent  free-flowing  properties. 
Typical  micronutrients  suitable  for  the  compositions  of  the  invention  are  vitamin  Bi2,  folic  acid,  biotin 

and  nutritionally  useful  derivatives  thereof.  The  micronutrient  is  present  in  the  composition  generally  in 
amounts  of  up  to  approximately  15%  by  weight  of  the  total  composition.  Preferably,  vitamin  B12  or  biotin  is 
present  in  an  amount  from  about  0.5%  to  about  5%  by  weight  of  the  total  composition,  most  preferably  in 

is  an  amount  of  about  1%  by  weight.  For  folic  acid,  the  preferred  amount  is  in  the  range  of  about  5  to  about 
15  weight  %,  most  preferably  about  10  weight  %. 

Species  of  vitamin  Bi2  suitable  for  the  invention  include  cyanocobalamin,  cyanocobalamin  hydrate  and 
indeed  any  nutritionally  useful  members  of  the  family  of  natural  and  semisynthetic  cobalamins.  Folic  acid 
and  biotin  may  also  be  present  as  such  or  as  any  nutritionally  useful  derivative  thereof. 

20  The  term  "micronutrient"  as  used  in  this  specification  may  designate  a  single  micronutrient  compound, 
such  as  cyanocobalamin,  folic  acid  or  biotin  itself,  or  two  or  more  micronutrient  compounds.  The 
percentage  weight  data  are  accordingly  to  be  understood  to  relate  to  the  single  micronutrient  or  to  the  total 
of  two  or  more  micronutrient  compounds  present,  as  the  case  may  be.  Analogous  considerations  apply  to 
the  terms  "binder"  and  "densifying  agent". 

25  The  compositions  of  the  invention  contain  a  binder  which  is  preferably  present  in  an  amount  of 
approximately  7%  to  10%  by  weight  of  the  total  substantially  dry  composition.  Suitable  binders  include,  for 
example,  those  materials  which  are  usually  polymeric  in  nature,  which  exhibit  cohesive  properties  and  which 
are  capable  of  adhering  the  active  material  (micronutrient)  to  the  densifier,  and  in  addition  can  protect  the 
active  material  from  chemical  hydrolysis,  oxidation  and  any  other  adverse  effect  which  would  normally  lead 

30  to  its  deterioration.  Preferred  binders  are  maltodextrins,  gelatins,  starches,  and  celluloses,  with  maltodextrins 
being  the  most  preferred  binders.  Preferably  the  binder  is  present  in  an  amount  of  approximately  7%  to  8% 
by  weight  of  the  total  substantially  dry  composition. 

The  compositions  of  the  invention  also  contain  a  densifying  agent,  preferably  in  an  amount  of 
approximately  75%  to  92%  by  weight  of  the  total  substantially  dry  composition,  more  preferably,  approxi- 

35  mately  80%  to  90%  by  weight.  Typical  densifying  agents  include,  for  example,  alkaline  earth  sulfates,  alkali 
carbonates  and  alkaline  earth  phosphates.  Preferred  densifying  agents  are  calcium  sulfate,  barium  sulfate 
and  dicalcium  phosphate  dihydrate.  As  indicated  hereinabove  the  densifying  agents  used  in  the  preparation 
of  the  compositions  have  a  particle  size  of  from  approximately  40  mesh  to  approximately  325  mesh. 

As  well  as  a  micronutrient,  a  binder  and  a  densifying  agent  the  substantially  dry  micronutrient 
40  compositions  of  the  invention  also  preferably  contain  silicon  dioxide.  When  present,  the  silicon  dioxide  is 

preferably  present  in  an  amount  in  the  range  of  about  0.5  to  about  1.5%  by  weight  of  the  total  composition. 
The  compositions  of  the  invention  typically  have  tapped  densities  of  from  about  0.7g/cm3  to  about 

1.2g/cm3.  Preferably,  the  tapped  density  of  the  composition  is  from  about  0.8g/cm3  to  about  1.1  g/cm3.  The 
indicated  "tapped"  densities  are  those  as  determined  in  the  commercially  available  Van  der  Kamp  tap 

45  density  tester.  The  procedure  involves  placing  a  100  ml  graduated  cylinder,  which  has  been  charged  with  a 
50  g  portion  of  the  pulverous  or  granulated  test  material,  into  the  tap  density  tester  and  applying  3  taps 
(movements)  per  second  at  a  travel  distance  of  1.9  cm  per  tap.  Alter  100  taps  the  volume  of  the  test 
material  in  the  graduated  cylinder  is  measured.  The  procedure  is  repeated  several  times  using  a  fresh  50  g 
portion  of  test  material  each  time,  and  the  average  of  the  volumes  measured  taken  for  the  final  tapped 

50  density  calculation. 
Another  aspect  of  the  invention  is  an  aqueous  suspension  comprising  at  least  35%  by  weight  of  water 

and  up  to  65%  by  weight  of  solids,  the  solids  therein  including  up  to  15%  by  weight  of  the  total  solids  of  a 
dissolved  or  dispersed  micronutrient,  approximately  7%  to  10%  by  weight  of  a  binder  and  approximately 
75%  to  92%  by  weight  of  a  substantially  water-insoluble  densifying  agent.  Typically,  the  suspensions 

55  according  to  the  present  invention  have  a  density  of  about  1  .4  g/cm3  to  about  1  .6  g/cm3.  For  example,  the 
suspensions  of  the  invention,  at  room  temperature  (23  °C)  and  with  a  65%  solids  content  have  densities  of 
approximately  1.57  g/cm3  (1%  biotin),  1.57  g/cm3  (1%  cyanocobalamin)  or  1.44  g/cm3  (10%  folic  acid).  In 
contrast,  conventional  spray  dried  feed  solutions  have  densities  in  the  range  of  about  0.98  to  about  1.2 

3 
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g/cm3.  The  densities  of  some  typical  conventional  spray  dried  feed  solutions  are  presented  in  the  following 
table: 

TABLE 

Product  Description  Density  of  Feed  Temp.,  °C 
Solution  (g/cm3) 

Dry  Vitamin  E  50%  -  Emulsion  (oil  +  H20/gelatin)  1.047-1.050  55-60 
Rocoat®  Thiamine  Mononitrate  33  1/3%  -  Suspension  in  Wax  1.010  75 
Rocoat®  Riboflavin  33  1/3%  -  Suspension  in  Wax  1.075  75 
Rocoat®  Pyridoxine  HC1  33  1/3%  -  Suspension  in  Wax  1.000  75 
Rocoat®  Niacinamide  33  1/3%  -  Suspension  in  Wax  0.980  75 
Vitamin  D3  2000  SD  -  Emulsion  1.102  60 
Sodium  Sulfadimethoxine  -  Solution  1  .1  90  -  1  .200  25 

The  aqueous  suspensions  of  the  invention  can  be  spray  dried  to  the  substantially  dry  micronutrient 
compositions  according  to  the  invention. 

Another  aspect  of  the  invention  concerns  the  process  used  in  producing  the  substantially  dry  micro- 
nutrient  compositions  of  the  invention.  This  process  is  characterized  by  the  steps  of  a)  dissolving  or 
dispersing  appropriate  amounts  of  the  micronutrient  and  the  binder  in  water,  b)  suspending  an  appropriate 
amount  of  the  densifying  agent  in  the  solution  or  suspension  obtained  from  step  a)  and  c)  spray  drying  the 
suspension  obtained  from  step  b)  to  produce  the  desired  substantially  dry  micronutrient  composition. 

The  aqueous  suspension  of  the  present  invention  is  produced  according  to  the  steps  a)  and  b)  as 
indicated  hereinabove,  using  appropriate  amount  of  solids  and  water.  A  suspension  is  formed  in  step  b) 
because  the  densifying  agent  is  substantially  insoluble  in  the  solution  or  dispersion  formed  in  step  a). 

The  process  of  the  invention  is  advantageous  in  that  the  regulation  of  the  particle  size  of  the  so 
obtained  substantially  dry  micronutrient  composition  is  automatically  regulated,  i.e.  regulated  without  the 
need  to  manipulate  the  spray  drying  conditions  of  the  process  step  c).  This  advantage  is  attributable  to  the 
use  of  a  unique  combination  of  micronutrient  and  binder,  and  to  the  size  selection  of  the  densifying  agent 
(particle  size  of  from  approximately  40  mesh  to  approximately  325  mesh)  which  is  substantially  insoluble  in 
the  solution  or  suspension  of  micronutrient  and  binder  in  water  obtained  in  the  process  step  a).  In  the 
process  the  densifying  agent  acts  as  a  core  to  which  the  micronutrient  becomes  adhered  with  the  help  of 
the  binder.  The  result  is  a  particle  of  slightly  larger  size  than  the  particle  of  densifying  agent  itself. 

Preferably,  the  inlet  temperature  of  the  spray-dryer  is  between  180°C  and  200  °C,  and  the  outlet 
temperature  is  between  85  °C  and  110°C,  with  the  overall  change  in  temperature  between  inlet  and  outlet 
being  approximately  70  °C  to  115°C.  Since  the  process  of  spray  drying  is  well  known  in  the  art,  the 
specific  spray  drying  process  conditions  needed  for  the  invention  are  not  critical  and  thus  can  be 
determined  by  one  having  skill  in  the  art.  Thus,  amongst  other  factors,  the  spray  drying  is  preferably 
effected  in  the  presence  of  silicon  dioxide,  and  in  this  case  the  amount  of  silicon  dioxide  used  is  preferably 
such  as  to  yield  a  substantially  dry  micronutrient  composition  containing  silicon  dioxide  in  an  amount  from 
about  0.5  to  about  1.5%  by  weight  of  the  total  composition. 

In  a  particularly  preferred  embodiment  of  the  process  of  the  present  invention  vitamin  B12,  maltodextrin 
and  calcium  sulfate  are  used  as  the  three  solid  components  in  a  weight  ratio  of  approximately  1:10:89 
respectively,  and  the  suspension  obtained  from  step  b)  is  spray  dried  in  the  presence  of  silicon  dioxide 
such  that  the  final  product  also  contains  silicon  dioxide  to  the  extent  of  about  0.5  to  1  .5%  by  weight. 

The  following  examples  illustrate  the  present  invention: 

EXAMPLES 

In  general,  the  procedure  for  preparing  the  compositions  of  the  invention  entails  charging  a  suitable 
vessel  with  the  formulation  amount  of  distilled  or  deionized  water  at  approximately  45-60  °C.  With 
continuous  agitation,  the  formulation  amount  of  binder  is  added  and  mixed  until  dissolved.  The  micronutrient 
then  is  added  to  the  solution  and  mixed  until  completely  solubilized  or  dispersed.  To  the  solution  is  added 
the  formulation  amount  of  the  insoluble  densifying  agent  and  the  slurry  is  mixed  until  homogeneous  flow 
properties  are  obtained.  The  slurry  then  can  then  be  spray  dried  according  to  conventional  methods. 

4 
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EXAMPLE  1 

1  %  Vitamin  Bi  2  Formulation 

5  In  a  6  liter  vessel,  1500  ml  of  water  were  heated  to  approximately  70  °C.  To  the  water  were  added  200 
grams  of  Maltrin  MD  040  (maltodextrin)  with  continuous  mixing  until  dissolved.  Then  25.0  grams  of  vitamin 
B12  hydrate  (88.1%  B12)  were  added  to  the  solution  and  the  solution  mixed  until  the  vitamin  was  dissolved. 
With  continuous  mixing,  calcium  sulfate  (1775  grams)  was  slowly  added  to  the  vitamin  solution  until  a 
uniform  suspension  resulted.  The  suspension  was  then  gravity  fed  into  a  Niro  40  Utility  spray  dryer  having 

io  an  inlet  temperature  of  185°C,  an  outlet  temperature  of  100°C,  and  a  wheel  speed  of  15,000  rpm,  with  1.5 
weight  percent  silicon  dioxide  (Syloid®  74)  being  simultaneously  fed  into  the  dryer. 

The  tapped  density  of  the  resulting  substantially  dry  composition  was  0.88g/cm3  (54.9  lb/ft3). 

EXAMPLE  2 
15 

10%  Folic  Acid  Formulation 

In  a  6  liter  vessel,  1000  ml  of  water  were  heated  to  approximately  60  °C.  To  the  water  were  added  200 
grams  of  Maltrin  MD  040  (maltodextrin)  with  continuous  mixing  until  dissolved.  Then  240  grams  of  folic  acid 

20  (92%)  were  added  to  the  solution  and  the  solution  mixed  until  the  folic  acid  was  dissolved.  With  continuous 
mixing,  calcium  sulfate  (1560  grams)  was  slowly  added,  along  with  an  additional  1000  ml  of  water,  to  the 
folic  acid  solution  until  a  uniform  suspension  resulted.  The  suspension  was  then  gravity  fed  into  a  Niro  40 
Utility  spray  dryer  having  an  inlet  temperature  of  180°C,  an  outlet  temperature  of  90°C-100°C,  and  a 
wheel  speed  of  20,000  rpm,  with  1.5  weight  percent  silicon  dioxide  (Syloid®  74)  being  simultaneously  fed 

25  into  the  dryer. 
The  tapped  density  of  the  resulting  substantially  dry  composition  was  0.89  g/cm3  (55.6  lb/ft3). 

EXAMPLE  3 

30  1%  Biotin  Formulation 

In  a  6  liter  vessel,  1500  ml  of  water  were  heated  to  approximately  70  °C.  To  the  water  were  added  200 
grams  of  Maltrin  MD  404  (maltodextrin)  with  continuous  mixing  until  dissolved.  Then  22.0  grams  of  Biotin 
USP,  Food  Chemicals  Codex  (FCC),  were  added  to  the  solution  and  the  solution  mixed  until  the  biotin  had 

35  dispersed.  With  continuous  mixing,  calcium  sulfate  (1778  grams)  was  slowly  added  to  the  biotin  solution 
until  a  uniform  suspension  resulted.  The  suspension  then  was  gravity  fed  into  a  Niro  40  Utility  spray  dryer 
having  an  inlet  temperature  of  190°C-200°C,  an  outlet  temperature  of  100°C-110°C,  and  a  wheel  speed  of 
15,000  rpm,  with  1.5  weight  percent  silicon  dioxide  (Syloid®  74)  being  simultaneously  fed  into  the  dryer. 

The  loose  bulk  density  of  the  resulting  substantially  dry  composition  was  86.5  g/100  cm3  (54  lb/ft3),  and 
40  the  tapped  density  was  103.0g/100  cm3  (64.3  lb/ft3). 

EXAMPLE  4 

1%  Biotin  Formulation 
45 

In  a  6  liter  vessel,  1500  ml  of  water  were  heated  to  approximately  70  °C.  To  the  water  were  added  200 
grams  of  Maltrin  MD  404  (maltodextrin)  with  continuous  mixing  until  dissolved.  Then  22.0  grams  of  Biotin 
USP,  FCC,  was  added  to  the  solution  and  the  solution  mixed  until  the  biotin  had  dispersed.  With  continuous 
mixing,  dicalcium  phosphate  dihydrate  (1778  grams)  was  slowly  added  to  the  biotin  solution  until  a  uniform 

50  suspension  resulted.  The  suspension  was  then  gravity  fed  into  a  Niro  40  Utility  spray  dryer  having  an  inlet 
temperature  of  190°C-200°C,  an  outlet  temperature  of  100°C-110°C,  and  a  wheel  speed  of  15,000  rpm, 
with  1  .5  weight  percent  silicon  dioxide  (Syloid®  74)  being  simultaneously  fed  into  the  dryer. 

The  loose  bulk  density  of  the  resulting  substantially  dry  composition  was  76.6  g/100  cm3  (47.8  lb/ft3), 
and  the  tapped  density  was  87.9g/100  cm3  (54.9  lb/ft3). 

55 
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Claims 

1.  A  substantially  dry  micronutrient  composition  comprising  up  to  approximately  15%  by  weight  of  a 
micronutrient,  a  binding  amount  of  a  binder  and  a  densifying  amount  of  a  densifying  agent  having  a 

5  particle  size  of  from  approximately  40  mesh  to  approximately  325  mesh,  and  having  a  tapped  density 
of  from  about  0.7  g/cm3  to  about  1  .2  g/cm3,  whereby  the  densifying  agent  is  substantially  coated  with 
the  micronutrient  and  the  binder. 

2.  A  composition  according  to  claim  1,  wherein  the  micronutrient  is  vitamin  B12,  folic  acid  or  biotin. 
10 

3.  A  composition  according  to  claim  1  or  2,  wherein  the  binder  is  a  maltodextrin,  gelatin,  cellulose  or 
starch. 

4.  A  composition  according  to  any  preceding  claim,  wherein  the  densifying  agent  is  an  alkaline  earth 
is  sulfate,  an  alkali  carbonate  or  an  alkaline  earth  phosphate. 

5.  A  composition  according  to  claim  4,  wherein  the  densifying  agent  is  calcium  sulfate,  barium  sulfate  or 
dicalcium  phosphate  dihydrate. 

20  6.  A  composition  according  to  any  preceding  claim,  wherein  the  binder  is  present  in  an  amount  of 
approximately  7%  to  10%  by  weight,  and  the  densifying  agent  is  present  in  an  amount  of  approxi- 
mately  75%  to  92%  by  weight,  of  the  total  substantially  dry  composition. 

7.  A  composition  according  to  any  preceding  claim,  comprising,  in  addition  to  the  micronutrient,  binder 
25  and  densifying  agent,  silicon  dioxide. 

8.  A  composition  according  to  claim  7,  wherein  the  silicon  dioxide  is  present  in  an  amount  in  the  range  of 
about  0.5  to  about  1.5%  by  weight  of  the  total  substantially  dry  composition. 

30  9.  An  aqueous  suspension  comprising  at  least  35%  by  weight  of  water  and  up  to  65%  by  weight  of  solids, 
the  solids  comprising  up  to  approximately  15%  by  weight  of  total  solids  of  a  dissolved  or  dispersed 
micronutrient,  approximately  7%  to  10%  by  weight  of  a  binder  and  approximately  75%  to  92%  by 
weight  of  a  substantially  water-insoluble  densifying  agent. 

35  10.  A  process  for  producing  a  substantially  dry  micronutrient  composition  as  defined  in  any  one  of  claims  1 
to  9,  characterized  by  the  steps  of 

a)  dissolving  or  dispersing  appropriate  amounts  of  the  micronutrient  and  the  binder  in  water, 
b)  suspending  an  appropriate  amount  of  the  densifying  agent  in  the  solution  or  dispersion  obtained 
from  step  a)  and 

40  c)  spray  drying  the  suspension  obtained  from  step  b)  to  produce  the  desired  substantially  dry 
micronutrient  composition. 
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