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▪ Why vitamin B12 (vitB12) and introduction to the research project

▪ Fermentation activities

● Co-fermentation by Rhizopus sp. and Propionibacterium 

freudenreichii for tempeh and lupeh alternatives

● Co-product fermentation by Bacillus megaterium or              

P. freudenreichii subsp. freudenreichii

▪ Conclusions and discussion
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Why VitB12 and the Public Private Partnership  

B-twelve Insight project
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Vitamin B12: essential for human health          
Only in animal-derived products or supplements   
It is only produced de novo by microorganisms



Approach
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Species A

Species B 

Species C

Species C

Species C+

Propionibacterium
freudenreichiiRhizopus sp.

*

Strain 

variation

*Wolkers – Rooijackers, J. C. M., Endika, M. F., & Smid, E. J. (2018) 



VitB12 concentration in tempeh and lupeh

alternatives
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Sample Pf* added VitB12 (µg/100g ww or dw)

Chickpea + plant-material X Yes 2.98 ± 0.03  /  7.42 ± 0.09

Chickpea + plant-material X No BD (<0.1  /  <0.3)

Chickpea + plant-material X and Y Yes 3.18 ± 0.17  /  7.75 ± 0.28

Chickpea + plant-material X and Y No BD (<0.1  /  <0.3)

Chickpea + plant-material X and Z Yes 1.36 ± 0.03  /  3.26 ± 0.09

Chickpea + plant-material X and Z No BD (<0.1  /  <0.3)

*Propionibacterium freudenreichii; 
colony-forming-unit levels were stable 
or increased during fermentation
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VitB12 in high protein co-product fermentation 
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VitB12 in high protein co-product fermentation 

8

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

C
U

F/
m

L 
(l

o
g)

B. megaterium strains A, B and C

Bacillus megaterium growth and vitB12 production

T=3 +O2

T=24h -O2

T=24h -O2
+ 12h +O2

0.33

0.60
>0.85

0.55

≥0.75

0.59

Oxygen limitation and full oxygen availability can both be applied to produce vitamin 
B12 by B. megaterium

Of the two-step fermentation, no strain differences are detected, while for the aerobic 
fermentation, strain B produced the highest vitamin B12 level 
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VitB12 in substrates with high and low dry 

matter (DM) content
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*Above detection level (=> actual level is higher)

Dietary reference intake vitB12 adults: 2.4-2.8 µg/day

3% DM
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VitB12 in substrates with high and low dry 

matter (DM) content
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*Above detection level (=> actual level is higher)

Dietary reference intake vitB12 adults: 2.4-2.8 µg/day

23% DM

3% DM

Biological 

duplication

Improved 

fermentation 

conditions



▪ Vitamin B12 is detected in nutritionally relevant concentrations

● In tempeh and lupeh alternatives (up to 3.0 µg/100 g ww

vitB12) 

● In submerged or semi-solid fermented high protein co-

products (up to 17.5 µg/100 g ww vitB12) 

▪ Fermentation can be applied as tool to fortify

protein-rich plant-based products that contain                    

vitamin B12 levels equal to animal-derived products

High protein (co-)product fermentation –

overview
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Thank you for your 

attention

More information

Hermien van Bokhorst-van de Veen

hermien.vandeveen@wur.nl

0317 48 01 98
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Website: B-TWELVE Insight - WUR

mailto:hermien.vandeveen@wur.nl
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