
Mikrobiom-Forschung für Qualität und Sicherheit von 

Milchprodukten

 Martin Wagner, Viktoria Neubauer, Evelyne Mann

Zentrum für Lebensmittelwissenschaften und Öffentliches 

Veterinärwesen,

Veterinärmedizinische Universität



A bit about FFoQSI

Austrian Competence Center for Feed and Food Quality, 

Safety and Innovation

One of 21 K1 Centers in Austria across all sciences

Excellent collaborative research between scientific partners

and company partners (COMET program managed by FFG) 

Funding for eight years (after 4 years interim evaluation)  

Founded in 2017, 66 employees, located in Tulln
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What is microbiomics?

Microbiome: all microorganism existing in an environment (niche) 

Very few species (60 in the stomach of a vulture) to ~100.000 (in 1g of soil)

Has brought inspiring new insights in infectious disease research but 

also in biotechnology
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Why groundbreaking: the

cultivation bias

Manipulate microbial composition

Selective enrichment

Unselective enrichment

Understimate microbial composition



Intrinsic factors

Extrinsic factors

Which factors influence the

interaction of microbes with food?

pH Value

A  Value

Ingredients…

Temperature

Humidity

…

Implicit factors

Technological factors



16 S RNA Gen

Sequencing strategies
Metagenome Diversity

All genes and mobile elements (virulence, 

AMR etc.)

Result is expressed as the number of reads instead of CFU (KBE) 

PCR

1 25% 3 75%

O1 O2

Bioinformatics
O1 O2 O3

Gen 1 - + +

Gen 2 + - -

Gen 3 + + +



Food microbiome-research at 

Vetmeduni



Some main conclusions

73 cheese plants; 4 European regions (Italy, Ireland, Austria, Spain; 

n=1250 samples;  five niches (FC, NFC, final product, operator, milk 

associated samples) 

Hard cheeses richer microbiome than soft cheeses

Cheeses at the end of ripening richer microbiome than at the beginning

FPE higher diversity than the product, 

and a higher frequency of bacteriocins

Brine has the highest microbial diversity, least in whey



Who is there in dairy?

239 species (0.01% abundance) found, top 

three L. lactis, Streotococcus thermophilus and 

L. cremosis
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Cheese core microbiome vs. Cheese rind
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Brine as a source
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New cellar management

Reduction of temperature, humidity

Production 1 Production 2



How diverse is the MC?

Which part of MC can be cultured?

MC assessment as part of QM

(ripening management)

From where does it come?

Which part of the MC is metabolically active?

Hard cheeses management



Overall procedures

Cheese rind samples

Comparative approach (A, B, C)  over 3 – 12 month

A (32000 wheels)

Culture-dependent analysis of 

microbial community
Culture-independent analysis by 16 S 

RNA sequening (bacteria and fungi)

PCRs designed (quantification)

Ripening experiments

Metagenomic approach to show

metabolically active parts of microbiome

Most abundant flora described

B (5000 wheels) C (4000 wheels)

Sequencing of the most abundant species

in dependence of the ripening stage



How diverse is the MC over the

ripening period



The cheese rind communities are

cellar-specific



Relative abundance of 16S rRNA 

operational taxonomic units

Schornsteiner et al., IJFM 2014



Both bacteria and fungi matter!

Quijada et al., Foods 2018

Bacteria Fungi



From where does the rind microbiome

come?

Species Short ripening Long ripening

Halomonas Racks, Wall, Air 

filter, wall

Racks, Wall, 

Air filter, floor

Brevibacterium Shelves,

Racks

Racks

Staphylococcus Shelves Racks

Psychrobacter Shelves Floor, Air filter

Oceanisphaera Wall Floor

Pseudo-

alteromonas

Air filter Floor

Pseudomonas - Shelves,

Racks,Wall

Quijada et al., IJFM, 2018



DEZIMALE VERDÜNNUNGSREIHEN 

QUANTITATIV 
ISO 4833/4832/6611

QUALITATIV
ISO 11290/6579

SELEKTIVE ANREICHERUNG

PC
AGAR

VRG
AGAR

BCA 
AGAR

M17
AGAR

MYP
AGAR

KÄ
AGAR

MRS
AGAR

BP
AGAR

GSP
AGAR

ALOA
AGAR

XLD 
AGAR

GKZ 
(mesophile)

Coliforme Hefen und
Schimmel

Pseudomonas
spp.

Listeria
monocytogenes

Bacillus
cereus

Laktobazillen
Milchsäure-
Streptokokken

Salmonella
spp.

PATHOGENE

Enterokokokken Staphylococcus
aureus

TOXINBILDNERINTRINSISCHE FLORAHYGIENE INDIKATOR

QUANTITATIV
ISO 6888/7932

QUANTITATIV
ISO 6888/7932

PLATTENGUSS / SPATELVERFAHREN FRAKTIONIERTER 
ÖSENAUSSTRICH

DECIMAL SERIAL DILUTION

QUANTITATIV E
ISO 4833/4832/6611

QUALITATIVE
ISO 11290/6579

SELEKTIVE ENRICHMENT

PC
AGAR

VRG
AGAR

BCA 
AGAR

M17
AGAR

MYP
AGAR

KE
AGAR

MRS
AGAR

BP
AGAR

GSP
AGAR

ALOA
AGAR

XLD 
AGAR

GKZ 
(mesophile)

Coliforme Hefen und
Schimmel

Pseudomonas
spp.

Listeria
monocytogenes

Bacillus
cereus

Laktobazillen
Milchsäure-
Streptokokken

Salmonella
spp.

PATHOGENE

Enterokokokken Staphylococcus
aureus

TOXINBILDNERINTRINSISCHE FLORAHYGIENE INDIKATOR

AMC
(mesophilc

Coliforms Yeasts &
Moulds

Pseudomonas
spp.

Listeria
monocytogenes

Bacillus
cereus

Lactic acid

bacteria

Salmonella
spp.

PATHOGENES

Enterococci Staphylococcus
aureus

TOXINE PRODUCERSINTRINSIC FLORAHYGIENE INDICATORS

QUANTITATIVE
ISO 6888/7932

QUANTITATIVE
ISO 6888/7932

POUR PLATE / SPATULA METHOD LOOP INOCULATION

10g cheese rind

Culture dependent characterisation still 

needed?



Comparative analysis of culturable

versus the non-culturable part of the MC

Rel. abundance in %;

Threshold > 5% (molecular)

Rel. abundance in %;

Threshold >5% (n=230 isolates)

OTU1 Halomonas boliviensis 19 -

OTU2 Brevibacterium spp. 25 30

OTU3 Staphylococcus equorum 14 19

OTU5 Advenella kashmiriensis 7 <5%

OTU6 Sphingobacterium daejeonense 6 <5%

OTU7 Brachybacterium konglomeratum >5% 10

OTU8 Alkalibacterium kapii >5% <5%

OTU10 Corynebacterium spp. 6 8

OTU14 Citricococcus alkalitolerans <5% 7

Microbacterium gubensee 6



A modified culture medium for Gram negative 

rod Halomonas boliviensis (spp.)

Modified Halomonas Agar according to

Dzieciol
Crystal formation (calcite, magnesian

calcite, aragonite, dolomite, 

monohydrocalcite, hydromagnesite und 

struvite, was described before, 

Rivadeneyra et al., 2006)



We know the…..

Diversity

Changes over time 

Culture collection

Which species is doing what

when?
Transcriptome

Proteome



Which part of the MC is metabolically

active?

Quijada et al., Front. Microbiol. 2022



Sequencing of most abundant species: 

example Brevibacterium

Anast et al., Sci. Rep. 2020

Steady increase of Brevibacterium over ripening

time (measured by qPCR)

Three isolates sequenced: one B. auriaticum, two

isolates new species in the genus Brevibacterium

Highly detectable by Day   , raw milk origin?

Highly proteolytic and lipolytic (gene cluster duplications)

L261, S22 and S111 encode a putative Linocin-M18 

bacteriocin (active against Listeria)

L261, S22 and S111 habour a putative histamine

catabolism pathway and 

a novel plasmid for adaptation to the cheese

environment.

0



Ripening trials

Culture mix of main ripening drivers

Smear preparation is pivotal

10 Test wheels: 107 KBE cultures mix plus smear

10 Control wheels: only smear 

Smearing 1x/week

Picturecredits: Biorender, Moritz Hartmann

In-House Ripening cultures

No commercial ripening cultures allowed 

in PDO cheese, but…..

Benefits:

Controlled ripening

Treatment of cheese defects

Faster ripening

Less food waste

Economic benefit



Ripening trials

Photocredits Thomas Kaufmann

Sensory with 6 months

Test-Wheels:

- rind more intensive brown colour (10/10)

- riper taste (8/10)

- firmer consistency (9/10)

- no rind or core defects

Control-Wheels:

- impure taste (2/10)

- no rind defects

Final evaluation by sensory panel with 12 

months

Sampling of rind and core for microbial

comparison along ripening time

Test cheese Control cheese
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Microbiome gamechanger

Impact on microbial safety: MC decide on

Impact on product stability and quality: 

Impact on technology: supports particular microbial

processes by tailored solutions

+Growth of pathogens in food

+Transmission patterns (Biofilm)

+Survival in the processing environment

+spoilage and other defects

+shelflife

+stabile and efficient ripening microbiome

Impact on nutrional and health aspects : supports

choice and physiological properties

+breakdown of macromolcules

+flavour and taste (consumer acceptance)

+transfer through gastroenteral barrier
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