




























































Additional statements 

 

1.  Also disclosed herein are encapsulated microbial cells, wherein the microbial cells are 

encapsulated in microcapsules having a porous capsule wall, wherein the porous capsule wall 

comprises a complex formed from sodium cellulose sulphate and poly[dimethyldiallyl-

ammonium chloride], and wherein the microcapsules protect the microbial cells from being 

degraded by acidic aqueous solution. 

 

2.  The encapsulated microbial cells according to statement 1 wherein the cells produce 

and excrete digestive enzymes, and wherein the porous capsule wall is permeable to said 

digestive enzymes. 

 

3.  A method according to statement 1 or 2, wherein the acidic aqueous solution is 

simulated gastric juice, gastric juice or gastric acid. 

 

4.  The encapsulated microbial cell according to statement 2 or 3, wherein the 

microcapsules release the enzymes generated by the microbial cells upon treatment with 

intestinal fluid or duodenal fluid. 

 

5.  The encapsulated microbial cells according to statement 4, wherein the intestinal fluid 

is simulated intestinal fluid (SIF) and the duodenal fluid is simulated duodenal fluid (SDF). 

 

6.  The encapsulated microbial cells according to statement 1 or 5, wherein the majority 

of encapsulated microbial cells survive a treatment with acidic aqueous solution according to 

statement 3 having a pH range between 1.0 and 3.0, preferably between 1.5 and 2.5, most 

preferably of 2.0 for at least 1.5 hours, preferably for at least 2.5, and more preferably for at 

least 4 hours. 

 

7.  The encapsulated microbial cells according to statement 6, wherein the majority of 

microbial cells survive a passage through the stomach of an animal. 

 

8.  The encapsulated microbial cells according to statement 7, wherein the majority is 

defined as at least 51 % of the cells. 
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9.  The encapsulated microbial cells according to statement 7, wherein the majority is 

defined as 60 % to 90 % of the cells. 

 

10.  The encapsulated microbial cells according to statement 7, wherein the majority is 

defined as 60 % to 80 % of the cells. 

 

11.  The encapsulated microbial cells according to statement 7, wherein the majority is 

defined as 60 % of the cells. 

 

12.  The encapsulated microbial cells according to anyone of statements 1 to 11, wherein 

the microbial cells are at least partially released in the gut of an animal. 

 

13.  The encapsulated microbial cells according to anyone of statements 1 to 12, wherein 

the animal is a mammal or an avian. 

 

14.  The encapsulated microbial cells according to statement 13, wherein the avian is 

selected from the group comprising turkeys, chicken and geese. 

 

15.  The encapsulated microbial cell according to statement 13, wherein the mammal is 

selected from the group comprising pigs, ruminants, cats, dogs and humans. 

 

16.  The encapsulated microbial cells according to any of statements 1 to 15 wherein the 

microcapsules have a diameter of between 0.01 and 5 mm, preferably between 0.05 and 3 

mm, and most preferably between 0.1 and 1 mm. 

 

17.  The encapsulated microbial cells according to any of statements 1 to 16, wherein the 

surface pores of the porous capsule wall have a molecular weight cut off between 50 and 200 

kDa, preferably between 60-150 kDa and most preferably between 60 and 100 kDa. 

 

18.  The encapsulated microbial cells according to anyone of statements 1 to 17, wherein 

the microbial cells are selected from the group comprising bacterial cells, yeast cells, fungal 

cells and probiotic cells. 
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19.  The encapsulated microbial cells according to statement 18, wherein the microbial 

cells are a mixture of different microbial cells. 

 

20.  The encapsulated yeast cells according to statement 18 or 19, wherein the yeast cells 

are selected from the group comprising Saccharomyces, Debaromyces, Candida, Pichia and 

Torulopsis. 

 

21.  The encapsulated fungal cells according to statement 18 or 19, wherein the fungal 

cells are selected from the group comprising Aspergillus, Rhizopus, Mucor, and Penicillium. 

 

22.  The encapsulated bacterial cells according to statement 18 or 19, wherein the bacterial 

cells are selected from the group comprising Bifidobacterium, Bacteroides, Clostridium, 

Fusobacterium, Melissococcus, Propionibacterium, Streptococcus, Enterococcus, 

Lactococcus, Staphylococcus, Peptostrepococcus, Bacillus, Pediococcus, Micrococcus, 

Leuconostoc, Weissella, Aerococcus, Oenococcus, Geobacillus and probacteria such as 

Lactobacillus. 

 

23.  The encapsulated probiotic cells according to statement 18 or 19, wherein the 

probiotic cells are selected from the group comprising Saccharomyces cereviseae, Bacillus 

coagulans, Bacillus licheniformis, Bacillus subtilis, Bifidobacterium angulatum, 

Bifidobacterium animalis, Bifidobacterium bifidum, Bifidobacterium breve, Bifidobacterium 

infantis, Bifidobacterium lactis, Bifidobacterium longum, Enterococcus faecium, 

Enterococcus faecalis, Lactobacillus acidophilus, Lactobacillus amylovorus, Lactobacillus 

alimentarius, Lactobacillus bulgaricus, Lactobacillus casei subsp. casei, Lactobacillus casei 

Shirota, Lactobacillus curvatus, Lactobacillus delbrueckii subsp. lactis, Lactobacillus 

fermentum, Lactobacillus farciminus, Lactobacillus gasseri, Lactobacillus helveticus, 

Lactobacillus johnsonii, Lactobacillus lacti, Lactobacillus paracasei, Lactobacillus 

pentosaceus, Lactobacillus plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus 

(Lactobacillus GG), Lactobacillus sake, Lactobacillus salivarius, Lactococcus lactis, 

Micrococcus varians, Pediococcus acidilactici, Pediococcus pentosaceus, Pediococcus 

acidilactici, Pediococcus halophilus, Streptococcus faecalis, Streptococcus thermophilus, 

Staphylococcus carnosus, and Staphylococcus xylosus. 
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24.  The encapsulated probiotic cells according to statement 23, wherein the probiotic cells 

are selected from the group comprising Lactobacillus acidophilus, Lactobacillus caseei, 

Lactobacillus delbrueckii subsp bulgaricus, Lactobacillus johnsonii, Lactococcus lactis 

subsp lactis, Lactococcus lactis subsp cremoris, Streptococcus thermophilus, Bifidobacterium 

bifidum, Bifidobacterium angulatum and Bifidobacterium longum. 

25.  The encapsulated probiotic cells according to statement 24, wherein the cells are 

Lactobacillus acidophilus cells. 

 

26.  The encapsulated microbial cells according to statement 19, wherein the microbial 

cells are independently selected from the groups of statements 20 to 23. 

 

27.  Encapsulated Lactobacillus acidophilus or Bacillus subtilis cells, wherein the 

encapsulated cells produce and excrete digestive enzymes and wherein the cells are 

encapsulated in microcapsules having a porous capsule wall, wherein the porous capsule wall 

comprises a complex formed from sodium cellulose sulphate and poly[dimethyldiallyl-

ammonium chloride], thereby providing that these encapsulated cells are resistant to a 

treatment with acidic aqueous solution of a pH value of 2 for a time period of 2 to 4 hours. 

 

28.  The encapsulated cells according to any of statements 2 to 27, wherein the digestive 

enzymes are selected from the group comprising alpha amylases, glucoamylases, alpha 

galactosidases, proteases, bromelain proteases, subtilisin, cellulases, pectinases and lipases. 

 

29.  The encapsulated cells according to statement 28, wherein the encapsulated cell is 

Bacillus subtilis and the digestive enzyme is subtilisin. 

 

30.  A food supplement comprising encapsulated microbial cells according to any of the 

statements 1 to 29 and optionally a suitable carrier. 

 

31.  A pharmaceutical composition comprising encapsulated microbial cells according to 

any of statements 1 to 29 and a suitable carrier. 

 

32.  A method to protect microbial cells from being degraded by treatment with an acidic 

aqueous solution by microencapsulation comprising 
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a) suspending the living microbial cells in an aqueous solution of a polyelectrolyte 

sodium cellulose sulphate 

b) introducing the suspension in form of preformed microcapsules into a precipitation 

bath containing an aqueous solution of the counter-charged polyelectrolyte 

poly[dimethyldiallyl- ammonium chloride], 

c) terminating the reaction in the bath after 1-10 minutes, preferably 3-5 minutes, and 

more preferably after 4 minutes, 

d) harvesting the encapsulated cells from the bath. 

 

33.  A method of producing encapsulated microbial cells which generate and excrete 

digestive enzymes according to anyone of statements 2 to 29 with sodium cellulose sulphate 

and poly[dimethyldiallyl-ammonium chloride], resulting in microcapsules containing 

microbial cells that are resistant to treatment with aqueous acidic solutions and wherein the 

microcapsules have a porous wall allowing the generated enzymes to pass through, 

comprising the following steps 

i) suspending a culture of microbial cells with a sodium cellulose sulphate solution, 

preferably containing 1.8 % sodium cellulose sulphate and 0.9 % sodium chloride, ii) 

introducing the suspension in form of preformed microcapsules into a precipitation bath, 

preferably comprising 1.3 % poly[dimethyldiallyl-ammonium chloride] 

iii) harvesting microcapsules containing microbial cells from the bath, preferably after 

having them washed. 

 

34.  Use of encapsulated microbial cells, according to any one of statements 1 to 29 or of a 

pharmaceutical composition according to statement 31 for treating or preventing of diarrhoea, 

antibiotic caused diarrhoea, arthritis, obesity, irritable bowel syndrome, heartburn, chronic 

fatigue syndrome and other forms of suffering from an unbalanced bacterial population in the 

intestine. 

 

35.  Method for introducing viable microbial cells into the intestine of an animal 

comprising administering of encapsulated cells according to any of statements 1 to 29. 

 

36.  Method to treat or prevent diarrhoea, antibiotica caused diarrhoea, arthritis, obesity, 

irritable bowel syndrome, heartburn, chronic fatigue syndrome and other forms of suffering 

from an unbalanced microbial population in the intestine by administering encapsulated 

35



microbial cells according to any one of statements 1 to 29 or of a pharmaceutical composition 

according to statement 31 to animals suffering or expected to suffer from said diarrhoea, 

antibiotica caused 

diarrhoea and other forms of suffering unbalanced microbial population in intestine. 

  

36



 

What is claimed is: 

1. Encapsulated microbial cells, wherein the microbial cells are bacterial cells, yeast cells, fungal 

cells, probiotic cells or mixtures thereof, wherein the microbial cells are encapsulated in microcapsules 

having a porous capsule wall comprising surface pores with a molecular weight cut off between 50 and 

200 kDa, wherein the porous capsule wall comprises a complex formed from sodium cellulose sulphate 

and poly[dimethyldiallyl-ammonium chloride], wherein the microcapsules protect the microbial cells 

from being degraded by acidic aqueous solution, and wherein a majority of the encapsulated microbial 

cells survive a treatment with acid aqueous solution having a pH range between 1.0 and 3.0 for at least 1.5 

hours. 

 

2. The encapsulated microbial cells according to claim 1, wherein the cells produce and excrete 

digestive enzymes, and wherein the porous capsule wall is permeable to said digestive enzymes. 

 

3. The encapsulated microbial cells according to claim 1 or 2, wherein the acidic aqueous solution is 

simulated gastric juice, gastric juice or gastric acid. 

 

4. The encapsulated microbial cells according to any one of claims 1 to 3, wherein the majority of 

microbial cells survive a passage through the stomach of an animal. 

 

5. The encapsulated microbial cells according to claim 4, wherein the majority is defined as at least 

51 % of the cells.  

 

6. The encapsulated microbial cells according to any one of claims 1 to 5, wherein the microbial 

cells are at least partially released in the gut of an animal. 

 

7. The encapsulated microbial cells according to claim 6, wherein the animal is a mammal or an 

avian. 

 

8. The encapsulated microbial cells according to any of claims 1 to 7, wherein the microcapsules 

have a diameter of between 0.01 and 5 mm. 

 

9. The encapsulated microbial cells according to any one of claims 1 to 8, wherein the microbial 

cells are a mixture of different bacterial cells, yeast cells, fungal cells, and probiotic cells.  
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10. The encapsulated microbial cells according to any one of claims 1 to 8, wherein the microbial 

cells are yeast cells selected from the group consisting of Saccharomyces, Debaromyces, Candida, Pichia 

and Torulopsis. 

 

11. The encapsulated microbial cells according to any one of claims1 to 8, wherein the microbial 

cells are fungal cells selected from the group consisting of Aspergillus, Rhizopus, Mucor, and 

Penicillium. 

 

12. The encapsulated microbial cells according to any one of claims 1 to 8, wherein the microbial 

cells are bacterial cells selected from the group consisting of Bifidobacterium, Bacteroides, Clostridium, 

Fusobacterium, Melissococcus, Propionibacterium, Streptococcus, Enterococcus, Lactococcus, 

Staphylococcus, Peptostrepococcus, Bacillus, Pediococcus, Micrococcus, Leuconostoc, Weissella, 

Aerococcus, Oenococcus, Geobacillus and Lactobacillus. 

 

13. The encapsulated microbial cells according to any one of claims 1 to 8, wherein the microbial 

cells are probiotic cells selected from the group consisting of Saccharomyces cereviseae, Bacillus 

coagulans, Bacillus licheniformis, Bacillus subtilis, Bifidobacterium angulatum, Bifidobacterium 

ammalis, Bifidobacterium bifidum, Bifidobacterium breve, Bifdobacterium infantis, Bifidobacterium 

Bifidobacterium longum, Enterococcus faecium, Enterococcus faecalis, Lactobacillus acidophilus, 

Lactobacillus amylovorus, Lactobacillus alimentarius, Lactobacillus bulgaricus, Lactobacillus casei, 

Lactobacillus curvatus, Lactobacillus delbrueckii subsp lactis, Lactobacillus fermentum, Lactobacillus 

farcinumus, Lactobacillus gasseri, Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus lacti, 

Lactobacillus paracasei, Lactobacillus pentosaceus, Lactobacillus plantarum, Lactobacillus reuteri, 

Lactobacillus rhamnosus (Lactobacillus GG), Lactobacillus sake, Lactobacillus salivarus, Lactococcus 

lactis, Micrococcus varians, Pediococcus acidilactier Pediococcus pentosaceus, Pediococcus acidilactici, 

Pediococcus halophilus, Streptococcus faecalis, Streptococcus thermophilus, Staphylococcus carnosus, 

and Staphylococcus xylosus. 

 

14. The encapsulated microbial cells according to claim 13, wherein the probiotic cells are selected 

from the group consisting of Lactobacillus acidophilus, Lactobacillus casei subsp Shirota, Lactobacillus 

delbrueckii subsp bulgaricus, Lactobacillus Johnsonii, Lactococcus lactis subsp lactis, Lactococcus lactis 

subsp cremoris, Streptococcus thermophilus, Bifidobacterium bifidum, Bifidobacterium angulatum and 

Bifidobacterium longum. 
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15. The encapsulated microbial cells according to claim 1, wherein the microbial cells are 

Lactobacillus acidophilus or Bacillus subtilis cells which produce and excrete digestive enzymes and 

wherein the encapsulated microbial cells are resistant to a treatment with acidic aqueous solution of a pH 

value of 2 for a time period of 2 to 4 hours. 

 

16. The encapsulated cells according to any of claims 2 to 15 , wherein the digestive enzymes are 

selected from the group consisting of alpha amylases, glucoamylases, alpha galactosidases, proteases, 

bromelain proteases, subtilisin, cellulases, pectinases and lipases. 

 

17. A food supplement comprising the encapsulated microbial cells according to any one of the 

claims 1 to 16 and optionally a suitable carrier. 

 

18. A pharmaceutical composition comprising encapsulated microbial cells according to any one of 

claims 1 to 16 and a suitable carrier. 

 

19. A method to protect microbial cells from being degraded by treatment with an acidic aqueous 

solution having a pH range between 1.0 and 3.0 for at least 1.5 hours, by microencapsulation within 

microcapsules each having a porous capsule wall comprising surface pores with a molecular weight cut 

off between 50 and 200 kDa, the method comprising  

a) suspending the living microbial cells in an aqueous solution of a polyelectrolyte sodium 

cellulose sulphate, 

b) introducing the suspension in form of preformed microcapsules into a precipitation bath 

containing an aqueous solution of the counter-charged polyelectrolyte poly[dimethyldiallyl- 

ammonium chloride],  

c) terminating the reaction in the bath after 1-10 minutes, and 

d) harvesting the encapsulated cells from the bath. 

 

 

20. A method of producing the encapsulated microbial cells according to any one of claims 2 to 16, 

wherein the microbial cells produce and excrete digestive enzymes and wherein the porous capsule wall is 

permeable to said digestive enzymes, the method comprising the following steps  
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i) suspending a culture of microbial cells with a sodium cellulose sulphate solution,  

ii) introducing the suspension in form of preformed microcapsules into a precipitation bath 

comprising poly[dimethyldiallyl-ammonium chloride], and 

iii) harvesting microcapsules containing microbial cells from the bath. 
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