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ENCAPSULATION ~CES~ 

FIELD.OF THE INVENTION 

The ::present invention relates ~o an eI1capsulation process, 
more particularly to a process for encapsulating a core 
materia1•with a natural polymer. 

BACKGROUND OF THE INVENTION 

In the.food industry, encapsulation may be used to 
stabilize the core material, and to control the timing and 
rate of the release of the core materia_l. Thus, 
encapsulation·makes it possibie to protect sensitive food 

·_,:is comppnents, to ensure against nutritional loss and to mask 
or.preserve flavors and aromas. Encapsulation also 
increases. the stability of vitamin or mineral supplements, 
for example, which are normally sensitive to UV radiation, 

·light, oxygen, metals, humidity and temperature. Moreover, 
· encapsulation is also utilized in the pharmaceutical 
industry to protect the lining of the ~outh and oesophagus 
from harsh.orally administered drugs which are released in 
the stomach ·by the action of stomach· acids and enzymes on 
the capsule .. coating, or for controlled· release of drugs 
delivered .th.rough intramuscular, subcutaneous or 
intravenou·~ routes. 

Proteins (whey, soy, gelatin, egg alburdin, casein, human 
serum albumin etc.) and polysaccharides (starch, 
carboxymethyl cellulose et~.) have been used as wall 
materiaJ.s for the encapsulation of various ingredients. A 
review of the techniques used is given by Gupta, P.K. and 
Hung, C.T., "Albumin Microspheres: app~ications in drug 
delivery," J.Microencapsulat:i.,on, (1989):; 6, 464-472 and 
R.Arschady~ ·"Albumin Microspheres and M_icrocapsules: 

.· Methodolog~ of manufactu~_ing tec::hniques,'.'" ;Joµrnal of 
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Controlled Release, 14 (1990) 111-131. Typically, the 
active ingredient is dissolved, emul~ified or dispersed in a solution of protein in water and then the protein is 
denatured and becomes water insoluble,·thus entrapping the active ingredient. Depending on the de.sired capsule shape and size, ·various techniques are also ~~escribed in the 

•, •;·. literature ranging from simple grinding to forming double 
emulsions in oil media prior to denat:U,I'c:ltion. However, it 

. :·.·. is common in all techniques that the ~denaturation process is performed either by heat (100-180°C) or by chemical 
crosslinking with suitable crosslinking agents su9h as glutaraldehyde. It is clear that heat ·cienaturation is not suitable in the case of heat sensitive'active ingredients 
such as some vitamins, aromas, flavors or drugs such as 
methotrexate, epinephrine, salbumatol ··is discussed by Gupta and Hung "Albumin Microspheres: Physico_;chemical 
characteristics," J.Microencapsulation1 (1989), 6 427-461. Chemical crosslinking is also not suitable when the use of chemicals is not approved by food or drug regulations. 

SUMMARY OF THE INVENTION 

We have devised an encapsulation process whereby the above 
disadvantages of the use of heat and chemicals can be 
overcome by using a natural polymer as~encapsulating 
material and treating a mixture of the.c:ore material and .,. .. the encapsulating material at high pressure and at a 
temperature from 0°C to 100°C • 

. , ·: '3.0 According to the present invention the;e is provided a 
process for encapsulating a core material which comprises mixing the core mate.rial with an aqueous medium comprising a natural food polymer and treating the formed mixture at a ·c, .· pressure of from 15, 000 to 200, 000 psi and at a temperature .35 of from 0° to 100°C to· form a gel matrix comprising the 
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core material encapsulated within the:natural polymer and 
dryi.ng • 

DETAILED DESCRIPTION OF THE INVENTION 

If desired, before the pressure treatment, the process 
comprises mixing the formed mixture w;ith melted fat to form 
a water in oil emulsion containing dr.oplets, cooling the 
emulsion to solidify the fat phase, then pressure treating 

10 the emulsion to transform the droplets into gel particles, 
separating the gel particles from the.fat phase and washing 
the separated gel particles. 

15 

The capsules formed may be microcapsules having a particle 
size of from 1 micron to 3mm, preferably from 2 microns to 
2 mm and more preferably from 5 microns to 0.5 mm. The core 
material may· be solid or liquid and may be a substance used 
in the food industry such as a flavour, colour, vitamin, 
mineral, spice or oil, or it may be a pharmaceutical. The 

20 present invention is particularly advantageous when the 
core material is heat sensitive or chemically sensitive. 

The polymer encapsulating material may be a polysaccharide 
such as pectin or a gum, e.g. carboxymethyl cellulose, low 

25 methoxy pectin, alginate, starch, etc.: or it may be any 
protein whether of animal or vegetable· origin and which is 
water-soluble or water-dispersible, e•,9. whey protein, 
casein, gelatin, human serum albumin, :egg white or soy 
isolate. The polymer encapsulating ma~~rial should 

30 preferably be non-toxic, water-insolu.J::>:ie after the high 

35 

:··. 

pressure treatment, biocompatible and ):>iodegradable, a good 
barrier against oxygen and diffusion ~asses, and approved 
by regulatory bodies for use in food or pharmaceutical 
products. 
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·.-,:·:·.· A detailed review of the behaviour.of:.various 
macromolecules under high pressure tz'eatment is given in 
"High Pressure and Biotechnology", Ecls'.·; C.Balny, R.Hayashi, 
K.Heremans & P~Masson, Colioque INSE~/John Libey Eurotext 

5 Ltd., 1992. Vol 224, pp. 89, 105, 1851 ·195 • 

10 

The core material may conveniently;be,mixed with the ....... · ... 

aqueous polymer medium by either diss.9:1-ving, emulsifying 
or dispersing it into an aqueous soll,ition, dispersion or 
slurry of the polymer. The temperatu.r.~:·:of the high pressure . . . . treatment is preferably from 15°C to -~0°C, more preferably 
from 20°C to 40°C and suitably at a.mb*ent temperature. The 
pressure is preferably from 40,000 to 150,000 psi and more 
preferably from 60, 000 to 120, 000 psi~. :The high pressure 

15 treatment may be carried out in a vessel which can 
withstand the high pressures involved, preferably a 
hydrostatic press using for instance~ ~water and/or oil as 
the liquid medium •. Before being placed in the vessel, the 
mixture of the core material with the polymer may be sealed 

20 in a flexible bag made of rubber or a :plastics material 
which may be made of any food-acceptable flexible plastics 

25 

30 

35 

·:· material, e.g. PVC. A review of available high pressure 
equipment and the types of flexible b~gs ·that can be used 
with high pressure treatment is given.·;by "High Pressure and 
Biotechnology," Eds C.Balny, R.Hayash.j:)'.K.Heremans 
&P.Masson, Colloque INSERM/John Libey:E:urotext Ltd., 1992. 
Vol. 224~ pp. 509, 515. The duration .dfthe high pressure 
treatment should be sufficient to foI'.Ill:ci. gel, e.g. at least 
30 seconds, preferably from 1 to 60 mi~l.J.tes and more 
preferably from 5 to 45 minutes. Perio'd.1$ .of time longer 
than 60 minutes may be used but there fs no advantage in 
doing so. The pH during the high pres~µ~e treatment may be 
from 2 to 8 but is advantageously from;:;4 to 7 and, when the 
polymer is a protein, is usually the natural pH of the 
protein. 

. ;··. 
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In one.encapsulation method, after th$ high pressure 
treatment, the gel matrix containing the dissolved, 
emulsified or dispersed active ingredients is first ground 
to the desired particl,e size and then dried by any known 

5 methods such as vacuum drying, chemical dehydration, freeze 
drying, convection oven drying, absorptive drying, etc. 
Alternatively, the gel the matrix is dried first and then 
ground to the desired particle size. 

10 If it is desired that spherical microcapsules are formed, 
an alternative procedure can be followed. The solution, 
emulsion or dispersion of the core material in the 
water/polymer system is added to a fat.phase which is kept 
at a temperature slightly higher than the· melting of the 

15 fat point {typically 30-60°C). By stirring, an emulsion is 
formed of the desired droplet size. Any suitable surfactant 
can be added in this phase to·form a stable emulsion. Then, 
the system is sealed in the flexible bag and is cooled 
rapidly so that the fat phase solidifies before the 

20 emulsion droplets are allowed to coalesce. The bag is then 
treated at high pressure. After high pressure application 
for the desired time, the immobilized droplets within the 
fat phase will form a gel phase because of protein 
denaturation and a spherical shell will form that surrounds 

25 the core. By raising the temperature of the system above 
the fat melting point, the spherical capsules can be 
separated from the fat phase (by any known technique such 
as filtration, centrifugation, decantation, etc.). Any 
food-acceptable oil or fat may be used, e.g. cocoa butter, 

30 corn oil, safflower oil, olive oil, hydrogenated soybe~n 
oil or any other hydrogenated vegetable oil. It is desired 
to have the fat solidified during the high pressure 
treatment so that the microcapsules do not coalesce and 
this may be achieved with any oil if the resulting emulsion 

35 is stable throughout the duration of the treatment. 
Suitable lipophilic emulsifiers to prepare water in oil 
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emulsions are glyceryl monooleat~, propylene glycol 
monostearate, glyceryl monostearate, ·1ecithin and sorbitan 
monostearate, etc. 

The amount of core material in the mixture with the aqueous 
polymer medium may be from 0.5 to 30%, preferably· from 1 to 
10% and more.preferably from 2 to 8% by weight based on the 
total weight of the mixture. The amount of polymer in the 
aqueous polymer medium may be from 1 to 50% and preferably 
from 5 to 30% by weight based on the total weight of the 
aqueous polymer· medium. 

If desired, preservatives such as sodium citrate or sodium 
bisulphite may be added to the mixture of the core material 

l5 with the aqueous polymer to prevent oxidation of the core 
·material. 

EXAMPLES 

20 The present invention will now be further illustrated with 
reference to the following examples in which parts and 
percentages are given by weight. 

25 

Example 1 

1 part of egg albumin was mixed with 0.1 part of FD&C Blue # 

1 dye and dissolv~d in 3 parts of water. The solution was 
added to 200 parts of Malaysian cocoa butter containing 0.1 
part of Tween 80 as emulsifier and stirred continuously at 

30 300 rpm at a temperature of 35°C. Tbe em.ulsion was than 
placed in a flexible PVC pouch. It was then immediately 
cooled in order to solidify the cocoa butter phase and 
prevent coalescence of the droplets. T~~ flexible pouch was 
placed in a Quintus QFP-6 High Pressure'Processor supplied 

· .. 35 by ABB Autoclave Systems, Inc. and pressurized to 128, 000 
psi for 40 min. During pressurization the temperature 
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increased frbrn 16°C to 42°C. The caps'll:les formed were 
':- .. 

filtered from th~ fat phase and wasne~. fr01ll surface fat 
with ethyl ether. The blue dye release from the capsules 
was tested by adding a.as parts of the capsules in 1000 

parts of room temperature water under: continuous stirring. 
A Spectronic 210 absorption meter was· calibrated against 
standards of blue dye of known concent~ation and used to 
measure the release of the dye vs. time·. Figure 1 shows 
that a fast release of dye (probably .~urface dye) was 
followed by a much slower release. App~oximately 50% 

released during the first 8 hours and only 55% had released 
after 2 days. 

Comparative Example A 

By following an essentially similar procedure to that 
described in Example 1 but using cor.n oil instead of th~ 
Malaysian cocoa butter, and excluding the high pressure 
treatment in the flexible pouch, as shown in Figure 2 

20 approximately 7a% of the dye (probably surface dye) 
release~ from the capsules after 8 hours and 90% had 
released after 2 d~ys. This indicates poorer encapsulation 
when. compared with the capsules of Example 1 in which the 
emulsion had undergone a high pressure.treatment. 

25 
Example 2 

25 parts of whey protein (Bi-Pro, 95%,~ Bio-Isolates Ltd) 
were dissolved in 100 parts of water a·tjd 0.06 parts of a 

30 · micronutrient vitamin premix was added~·: The experiment was 
conducted at pH 5 and 7. The solution ~as placed in a 
flexible pouch and pressurized at room temperature at 
60, oao psi for _20 min. The resulting g:·~:l matrix was ground 
and vacuum dried. Analysis of the vit~in content of the 

35 dried particles indicated that all vitamin E and vitamin Bl 
contained therein survived the high pressure treatment at 
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both pH levels. The texture of the denatured protein at pH 
7 is more elastic, glossy and transparent than that of pH 5 
which is more brittle and· opaque. 

Example 3. 

A solution of 350 parts of water, 100 parts of whey prote.in 
(same as Example 2) and SO parts of_micronutrient vitamin 
premix (same as Example 2) was.placed in a plastic pouch 
and denatured under high pressure (60,000 psi for 20 min at 
room temperature, and pH 7. The resulting gel matrix was 
ground and vacuum dried. The resulting microcapsules were 
analyzed for vitamin content and Figure 3 shows that the 
retention of all the vitamins was very high. 

Comparative Example B 

A similar procedure to that described in Example 3 was . 
followed except that, instead of the high pressure 

20 treatment in a plastic pouch, the denaturing was carried 
out by heating the composition at 95°C for 15 min~tes. 
Figure 3 shows that the retention of four of the five 
vitamins was significantly less when compared with the high 
pres.sure treated Sample of Example 3. 

25 

30 

35 
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CLAIMS 

1. A process for encapsulating a core materiai which 
comprises mixing the core material with an aqueous medium 
comprising a natural polymer and treat"ing the formed 
mixture at a pre~sure of from 15, 00.0 to 200, 000 psi at a 
temperature of from 0° to 100°c to form a gel matrix 
comprising the core.material encapsulated within the 
natural ·food polymer and drying. 

2. A process according to claim 1 which comprises, before 
the pressure treatment, mixing the formed mixture with 
melted fat to form a water in oil emulsion containing 
droplets, cooling the emulsion to solidify the fat phase, 
then pressure treating the emulsion to transform the 
droplets into gel particles, separating the gel particles 
from the fat phase and washing the separated gel particles. 

3. A process according to claim l wherein the cor~ material 

20 is a flavour, colour, vitamin, minerali spice, oil or 
pharmaceutical. 

·25 

30 

4. A process according to claim 1 wherein the. core material 
is heat sensitive or chemically sensitive. 

5. A process according to claim 1 wherein the polymer 
encapsulating material is a whey protein, casein, gelatin, 
human serum albumin, egg white, soy isolate, pectin or 
carboxymethyl cellulose. 

6. A process according to claim 1 wherein the polymer 
encapsulating material is water-insoluble after the high 
pressure treatment. 

35 7. A process according to claim 1 wherein the core material 
is mixed with the aqueous polymer medium by dissolving, 
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emulsi·fying t:>f dispersing it into an i!lqueous solution or 
dispersion or slurry of the polymer. 

8. A pro~ess according to claim 1 wherein the temperature 
of the high pressure treatment is from 15° to 60°C • 

9. A process according to claim 1 wherein the high 
temperature treatment is carried out in a hydrostatic 
press. 

10. A process according to claim 1 wherein, before the high 
pressure treatment, the mixture of the core material with 
the food polymer is sealed in a flexible bag made of rubber 
of plastics material. 

11. A process according to claim 1 wherein the duration of 
the high pressure treatment process is from 1 to 60 
minutes. 

12. A pro.cess according to claim 1 wherein, after the high 
pressure treatment, the gel matrix is dried and then ground 
or alternatively ground and then dried to form capsules 
having the desired particle size. 

13. A process according to claim 1 wherein the amount of 
core material in th.e ·mixture with the aqueous polymer 
medium is from 0.5 to 15% by weight based on the total 
weight of .the mixture and the amount of .the polymer in the 
aqueous polymer medium is from 1 to 50% by weight based on 
the total weight of the aqueous polymer :medium. 


