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History 

1970 1975 1996

Traditional backslopping

+ Taste

+ Phage robust

- Consistent product

++ Taste

++ Phage robust

++ Consistent product
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CULTURES
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Microbial community

L. Lactis subsp lactis

L. Lactis subsp lactis biovar diacetylactis

L. Lactis subsp cremoris

Leuconostoc sp.

Lactose utilization

Proteolytic activity

Citrate utilization

Phage defense mechanisms

Genomic diversity
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Diversity as result of decades of evolution



BACTERIOPHAGES

Viruses that infect bacteria

Out rule bacteria 10 times

Omnipresent: raw milk and survive pasteurization

Dairy

head

tail

baseplate

tail fibers

DNA



BACTERIOPHAGES
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adsorption

DNA injection

replication

lysis

assembly

Lytic infection cycle

Adsorption blocking

R/M

Abi
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BACTERIOPHAGES

Control phage infections

Ф1 Ф2 Ф3 Ф4

Strain 1 + + + +

Strain 2 - - - +

Strain 3 + + - -

Strain 4 - - - -

Strain 5 - - - -

Phage – host relations
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PHAGE  STRATEGY
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Defined cultures

HTS Selection Challenge 
test

pH

Time

Strain 1 Strain 2 Strain 3 Strain 4 Strain 5 Strain 6 Strain 7 Strain 8

Without phages

With phages
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PHAGE STRATEGY
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Defined cultures

HTS Selection Challenge 
test

Rotation system design 
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Provoke phage evolution

?

Phage alternative

Extreme phage pressure 

Multiple generations

Phage 

related?

Rotation system designPhage related



TRADITIONAL CULTURES

Decades of evolution in dairy driven by

Utilization of (raw) milk

Lactose utilization

Proteolytic activity

Population dynamics

Growth rate

Synergy 

Bacteriophages
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TRADITIONAL CULTURE

Traditional culture

Shannon index >2

No impact phage infection

1/22/2020

Defined vs Traditional culture
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PHAGE STRATEGY

Challenge the culture under 

extreme phage pressure

Improved phage robustness

Maintaining complexity

Maintaining performance
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PHAGE STRATEGY

Phage alternative 

tradition cultures

1/22/2020

Traditional cultures
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CULTURES AND PHAGES

Phage strategy

Provoke phage evolution 

Unravel phage – host relationships

Improve traditional cultures

Decades of evolution has result in an enormous complexity

Subtypes with various phage sensitivity

Strain diversity maintained

Complex aroma bouquet
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