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ABSTRACT 

Stability of vitamin B-12 and i ts  uniform mixing in multi- 

vitamin solid dosage forms was attempted to increase by micro- 

encapsulating the vitamin by emulsion technique. The prepared 

products were evaluated for  their  strength, dissolution ra te ,  and 

s ize  distribution and compared for  the biological stability with 

various other forms  of vitamin B- 12. The technique and adopted 

method were realised to be feasible and therefore,  attempts were 

made for  scaling up the procedure to manufacturing scale.  

INTRODUCTION 

Formulation of solid dosage forms of vitamin B-12 in  multi- 

vitamin products poses two significant problems. 

B-12 stability in these dosage forms has continued to  be a major 

concern. Campbell (1) pointed out from a survey on marketed 

products that vit. B-12 w a s  below level in a l l  liquid and tablet 

formulations which w a s  tested by t h i s  group. Instability of vit. 

Firs t ly ,  vit. 
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42 GUPTA AND RAO 

B-12 in presence of other vitamins like ascorbic acid, nicoti- 

namide, thiamine and i ts  interactions with the excipients like 

talc,  sugars ,  metallic ions etc. in solid dosage forms,  has 

been a proved problem. 

ide ions, alpha-hydroxy nitri les ( 2 )  and other s tabl izers  has 

been t r ied out, but none has gained much success  except in 

some cases  where only a limited number of incompatible comp- 

atible components were used. 

Stablization of this vitamin with cyan- 

The second problem associated in formulating the solid 

dosage forms of this vitamin, is content disuniformity due to  

i ts  minute dose falling in merely micrograms i.e. 5 t o  50 micr -  

ograms per  dose. 

These problems a r e  realised t o  be of much significance and 

concern on the industrial level which have been observed by 

these authors in formulating multivitamin tablets and capsules. 

Microencapsulation of vitamin B- 1 2  on large scale is usually 

done by spray drying methods, but high initial investment of the 

equipments and process complexity yield to switch over to a 

simple and cheaper method. 

Method of production of microcapsules has been described. 

This method w a s  selected after several  preliminary experimen- 

tations. Microcapsules prepared with varying ratio of shellac 

and PEG-6000 were selected on the basis  of strength and diss- 

olution rate.  Selected product w a s  subjected to s ize  distribut- 

ion and stability studies. Stability of selected product w a s  con- 

ducted in comparison with the powedered vitamin, simple trit - 
urate in mannitol, microcapsules prepared by spray coating and 

the microencapsulated vitamin B- 12 prepared by spray drying. 

The last  product w a s  obtained on request from a manufacturer 
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MICROENCAPSULATION OF VITAMIN B-12 BY E N J L S I O N  4 3  

and remaining were prepared by the authors. 

EXPERIMENTAL 

Materials and Reagents. Vitamin B- 12  (Roche, Switzerland), 

PEG - 6000 (Loba-Chem. Indoaustranal Co. ), Shellac (B. P. C. ), 

Liquid Paraffin (I. P. ) Acetone (Analar) ,  Cylohexane (Sarabhai 

M. Chemicals),  Mannitol (Sarabhai M. Chemicals),  Tween 80 

(John Baker  Inc. , U. S. A. ) Span 20 (John Baker  Inc. U. S. A. ). 

Prel iminary Experimentation. Microcapsules were prepared 

by the method of Kitajima and Kondo ( 3 )  with some modifications. 

The used concentrations of tween 80  and span  20 as emulsif iers  

were determined by prel iminary experimentation. 

t ra t ions of emulsif iers  were found to  form a bet ter  and more  s t -  

able acetone/liquid paraffin emulsion. 

These concen- 

Selection of coating agents,  solvents and washing solvent 

w a s  made on the bas i s  that  the co re  mater ia l ,  vitamin B-12  and 

diluent (mannitol) should be insoluble in  the solvent (acetone) of 

coating agents (shel lac  & PEG-6000), dispersion medium (liquid 

paraffin) and washing solvent (cyclohexane). Coating mater ia l s  

were selected on the bas i s  of cost ,  the i r  hardness  contribution 

and dissolution r a t e  of the vitamin from final product. 

Mannitol as a diluent w a s  selected since i t  w a s  found to  form 

more  elegant, f ree  flowing, spherical ,  fine and smooth micro-  

capsules.  

Microencapsulation. 

ods using emulsion technique. 

Microcapsules were prepared  by two meth- 

The first began with dispersion 
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44 GUPTA AND RAO 

of vit. B-12  (one par t )  in a solution of shellac (58 par t )  and P E G -  

6000 ( 4 1  par t )  dissolved in acetone containing tween 80 as an 

emulsifier. 

20 (as an complementary emulsifier)  in liquid paraffin. 

s t i r r ing w a s  continued while slowly raising the temperature to  

5 2  and maintaining it fo r  30 minutes, Acetone w a s  completely 

evaporated to  precipitate out solid film of shellac and PEG-6000 

encapsulating the vitamin to  produce fine microcapsules. How- 

ever ,  the procedure proved t o  be lengthy due to evaporation of 

high amount of acetone required to dissolve large amounts of 

polymers and therefore the method was superseded by reducing 

the amount of polymers and hence acetone and using mannitol a s  

a diluent. 

0 This was emulsified in  warm (40  ) solution of span 

The 

0 

1 gm. of vit. B-12  powder passed through 240 mesh and 24 

gm. mannitol (100  mesh) were dispersed in the solution of shellac 

and PEG-6000 (total 75 gms)  in acetone (700 ml. ) containing 0.5% 

v / v  tween 80. This vitamin dispersion was emulsified by s t i r r ing 

in liquid paraffin (3 .0  l i t re )  containing 0.3870 v / v  span 20. Acetone 

was evaporated during the process.  

cooled down to  ambient temperature under st irring. 

sules settled down to bottom when allowed to stand for  30 minutes. 

Liquid paraffin was decanted off and microcapsules were washed 

with cyclohexane to remove liquid paraffin and dried at room tem- 

perature.  

of shellac and PEG-6000.  

were fine, f ree  flowing, spherical ,  shiny and having smooth sur -  

face (microphotograph shown in fig. 1). 

Subsequently, system w a s  

Microcap- 

Microcapsules were prepared by using varying ratios 

Microcapsules prepared by this method 

Triturate of vitamin B-12  for  comparison in stability studies 

w a s  prepared Sy dissolving the vitamin in  alcohol and mixing it 
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MICROENCAPSULATION OF VITAMIN B-12 BY EMULSION 45 

FIGURE- 1 Microphoto graphs of vitamin B- 12  microcapsules  
prepared with equal ra t io  of shellac and PEG-6000 
and mannitol. ( Magnification X 200  ) 

in  100 mesh  mannitol powder. 

a ture  and passed through 90  mesh  seive. 

It w a s  then dr ied at room temper -  

A par t  of above t r i tu ra te  w a s  coated using ethyl cellulose and 

PEG-6000 as coating mater ia l  i n  Uni-Glatt Machine (Wurs te r  a i r  

suspension technique) and s tored  for  the purpose of comparison 

of stability studies. 

RESULTS AND DISCUSSION 

Stren&h of Microcapsules. A s  the objectives were t o  use vit. 

B- 12  i n  multivitamin tablets  and capsules,  microcapsules  should 

he  hard enough to  withstand the compaction forces  during comp- 
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46 GUPTA AND RAO 

TABLE - I 

Effect of Compression on Integrity of Microcapsules 

Prepared  with Varying Ratios of Shellac and PEG-6000. 

S.No. Percentage of Condition of Microcapsules 
Shellac : PEG- 6 000 af ter  Compression 

1. 100 : 0 

2. 90 : 10 

3. 80 : 20 

4. 70 : 30 

5. 6 0 :  40 

6. 50:  50 

7. 40 : 60  

did not rap ture  

did not rap ture  

did not rap ture  

did not rapture  

did not rap ture  

did not rap ture  

raptured and deformed. 

ression. 

cium carbonate dummy granules with sufficient lubricants.  

compression w a s  ca r r i ed  out in  16 station Cadmack Rotary Mach- 

ine ming four 9 mm. flat bevelled punches at  4 tons /cm 

ure .  

obtained after s t ra ining off the white coloured additives through 

a fine nylon cloth. Microcapsules were mounted on a slide and 

observed on 'Vasopan Projection Mi croscope'  f o r  the integrity 

of w a l l  after bearing compression forces .  

i n  table-I. 

w e r e  found to possess  more  strength. 

5 gms.  microcapsules  were dispersed in  95 gms. , cal- 

The 

2 pres s -  

Tablets were disintegrated in  w a t e r  and microcapsules  w e r e  

Results are shown 

The p r o d x t s  containing higher amounts of shel lac  

Assay of Vitamin B- 12. 

w a s  assayed by USP method (4 )  at 361 nm using double beam sp-  

Vitamin B- 12  content i n  the microcapsules  
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MICROENCAPSULATION OF VITAMIN B-12 BY EMULSION 47  

TABLE - I1 

Vitamin B- 12 Content and Percentage Yield 

of Various Products. 

&No.  Shellac : Vitamin B- 1 2  Percentage Pract-  
PEG- 6 0 00 Content(% w / w )  ical  yield. 

1. 100 : 0 0.9874 

2. 90 : 10 1.0806 

3. 80  : 20 0.8934 

4. 70 : 30 0.9344 

5. 6 0 :  40  0.9987 

6.  50 : 50 1.0030 

7. 40 : 6 0  1.0506 

93.5 

91. 7 

96.01 

93.08 

90.97 

93.07 

94.09 

ectrophotometer. 

three estimations. 

Results shown in table-I1 a r e  the average of 

Percentape Yield, Percentage yield of all products prepared by 

using different shellac and PEG-6000 ratio w a s  determined by 

dividing the weight of obtained product by theoretical  yield and 

multiplying the whole by 100. Results a r e  included in table-11. 

In all the cases  the practical  yield w a s  found between 90 to 97%. 

Dissolution Rate. Steps of absorption of vit. B-12 begins from 

stomach where 'Intrinsic factor' o r  t ransferase enzyme secreted 

by mucosal cel .1~ of stomach binds wi th  it to  make it bioavailable 

(5).  

the product which may release the vitamin with a stipulated t ime 

s o  as to  be released in stomach. 

Therefore,  dissolution studies were car r ied  out to select  

D.R. studies were conducted with the USP Apparatus-2 and 

performed on microcapsules containing 20 mg. of vit. B-12. 
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GUPTA AND RAO 48 

10 

8 0  

ti0 

20 

( 

FIGURE- 2 

20 4'0 60  8'0 i o o  i 2 0  
Time minutes 

D. R. of vit. B- 12  from microcapsules prepared 
with varying ratio of Shellac and PEG-6000 ,  

900 ml. simulated gastr ic  fluid U S P  w a s  maintained at 3 7  2 l0C 

and s t i r red  at  50 rpm. 10  ml. of samples were withdrawn at 

various t ime intervals and assayed f o r  drug content using double 

beam spectrophotometer at 3 6 1  nm. To maintain a constant 

volume of dissolution medium, 1,l ml. volumes of f resh  medium 

were replaced after each withdrawl. 

are average of tr iplicate dissolution runs. 

The data shown in fig. 2 

PEG-6000  being a water soluble substance fo rms  channels 

on dissolution and allows the release of drug from microcapsu- 

les .  

D. R. 

Therefore,  higher percentage of PEG-6000  showed fas te r  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MICROENCAPSULATION OF VITAMIN B-12 BY EMULSION 4 9  

Diameter microns 

FIGURE - 3 Size distribution of microcapsules  prepared  
with equal amounts of shel lac  and PEG-6000. 

On the bas i s  of strength of microcapsules  to withstand com- 

press ion  forces  and D. R. of vit. B- 1 2 ,  the product prepared 

with shellac:  PEG-6000 (50:50) w a s  selected fo r  fur ther  studies.  

Microcapsule Size Distributions. 

Shellac and PEG-6000 (50:50) w a s  s ized for  microcapsule s ize  

distribution using 'Vasopan Projection Microscope'. 

capsules w e  prepared followed log normal. distribution. 

revealed from the fig. 3 which is a plot between frequency and 

microcapsule size.  

many particulate sys tem including microcapsules  ( 6 ) .  

The product prepared  with 

The micro-  

It is 

The l a w  has  been reported to be  obeyed by 

Stability Studies. Stability studies of vitamin B- 1 2  i n  micro-  

capsules were performed 011 multivitamin capsules. 

capsiile contained : fe r rous  fumerate  300 mg. ,  thiamine mono- 

nitrate 5 mg. , riboflavine 5 mg. ,  nicotinamide 50 mg. ,  folic 

acid 2 m g . ,  vit. B- 12-equivalent to  20 mcg, and ascorb ic  acid 

75 mg. 

Each 

F o r  comparative pa-pose five multivitamin capsule 
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50 GUPTA AND RAO 

formulations were prepared containing various forms of vitamin 

B - 1 2  as following :- 

1. 

2 .  

3. 

4. 

5. 

Microeiicapsulated vit. B- 1 2  prepared by emulsification 

method wi th  Shellac: PEG-6000 (50:50). 

Pure vit. B - 1 2  2 4 0  mesh powder. 

Spray coated vit. B-12 

Simple t r i turate  

Spray dried vit. B- 1 2  microcapsules 

These five preparations were filled in  zero  s ize  gelatine 

capside s , 

and i r regular  data therefore stability studies were conducted 

at room temperature ( 2 5  2 1 ) storing the samples in an incub- 

ator. 

Accelarate d stability tes t s  showed unpredictable 

0 

The microbiological assay method ( 7 )  w a s  used as stability 

indicating assay method. 

e red  insignificant since the microbiological procedure i.s accur- 

ate to  2 10%~.  

Losses  of 10% o r  l e s s  were consid- 

The stability data plotted in  fig. 4 showed f i r s t  o rder  deg- 

radation. The stability of vit. B - 1 2  in  five preparations were 

found in decreasing order  as 1, 5, 2 ,  3 and 4 with half l ives of 

7 1 5 ,  4 5 5 ,  3 2 0 ,  258 and 136 days respectively. The pure vitamin 

powder showed much more  stability than the t r i turate  and spray 

coated vi-t. B - 1 2  tr i turate but w a s  found l e s s  stable than spray 

dried and microcapsules prepared by emulsification. 

reason may be explained on the basis  of degree of contact of vit. 

B- 1 2  molecules with the incompatible ingredients. 

The probable 

The t r i turate  
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FIGURE-4 

40. 

20 
0 30 6 0  90 120 l i 0  l i 0  

Time days 

Zero order  stability plot of various formulations 
of vitamin B-12.  ( X ) microcapsules presared  
with equal amounts of Shellac and PEG-6000. 
( 0 ) spray  dried. ( V ) 240 mesh powder ( 0 ) 
spray coated and ( A ) simple tr i turate.  

showed the poorest stability because the vitamin w a s  spread un- 

protected on the surface of mannitol, increasing its surface a r e a  

by several  folds, 

prepared by emulsion technique showed bet ter  stability because 

these were completely protected from degrading agents. 

fine powder of vit. B- 12  showed bet ter  stability than the spray 

coated and simple t r i turate  because of its comparatively much 

l e s s  surface a r e a  and hence much l e s s  exposure with incompatiljlrt 

ingredients. 

increased stability af ter  three months. 

might be  attributed t o  ununiform coating and coating c racks  which 

allowed the incompatible mater ia ls  to destroy vit. B- 12. 

The spray dried product and microcapsules 

The 

The product prepared by Uni-Glatt Machine showed 

Initial fast  degradation 

However, 
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52 GUPTA AND RAO 

after three months, bet ter  stability w a s  shown because no unprot- 

ected vit. B- 12 w a s  left to react  fur ther  with incompatible materials.  

CONCLUSIONS 

This method of microencapsulation w a s  found feasible and 

therefore attempts were made to scale  up it to the manufacturing 

scale.  It was possible to scale up the microencapsulation of vit. 

B - 1 2  by this method to prepare 1% w / w  microcapsules of 50 gms. 

vit. B - 1 2 .  However, further scaling up of the process  needs 

further studies which a r e  m d e r  progress .  
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