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A bit about FFoQS| vetmedn @

Austrian Competence Center for Feed and Food Quality,
Safety and Innovation

Founded in 2017, 66 employees, located in Tulln
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)
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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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Which factors influence the Y ienna @
« Jinteraction of microbes with food?

Technological factors

Extrinsic factors

Temperature
Humidity
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Metagenome

Diversity

16 S RNA Gen All genes and mobile elements (virulenc

AMR etc.)
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Result is expressed as the number of reads instead of CFU (KBE)
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Microbiome mapping in dairy industry reveals new
species and genes for probiotic and bioprotective
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Some main conclusions vienne

“5cheese plants; 4 European regions (ltaly, Ireland, Austria, Spain;
n:1250 samples; five niches (FC, NFC, final product, operator, milk
associated samples)

Hard cheeses richer microbiome than soft cheeses
Brine has the highest microbial diversity, least in whey

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

npj | biofilms and microbiomes

Explore content ¥ About the journal ¥ Publlish with us v

FPE higher diversity than the product,
and a higher frequency of bacteriocins

cles » article

Microbiome mapping in dairy industry reveals new
species and genes for probiotic and bioprotective
activities

) a De Flippi, Vincenze Yalentro, Mo Yap, Ray
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Who is there in dairy?

&7 239 species (0.01% abundance) found, top

three L. lactis, Streotococcus thermophilus and
| cremnsis
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B xnown

B unknown

Phylum
B Actinomycetota
[ Bacillota

B Bacteroidos
Deinococcus_Thermus

[] cyanabacteria

[7] candidatus_Saccharibacteria
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New cellar management

Cellar: NewCellar
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vorariberg

How diverse is the MC? s B

Autochthonous facility-specific microbiota dominates
washed-rind Austrian hard cheese surfaces and its
production environment
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From where does it come?
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Which part of MC can be cultured?

Which part of the MC is metabolically active?
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o= i~ Metatranscriptomic Analvses Unravel Dynamic
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Ik Overall procedures vetmedun:

landwirtschaftskammer
A (32000 wheels) B (5000 wheels) C (4000 wheels)
— —y J« —

Cheese rind samples
Comparative approach (A, B, C) over 3 — 12 month

/\

Culture-dependent analysis of Culture-independent analysis by 16 S
microbial community RNA sequening (bacteria and fungi)

|

Most abundant flora described PCRs designed (quantification)

Metagenomic approach to show
metabolically active parts of microbiome

|

Sequencing of the most abundant species
in dependence of the ripening stage

Ripening experiments <«
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ripening period

vorariberg

A B
807 100 mmm Actinobacteria
) ) mm Proteobacteria
E 50 e .
" © 80 e Firmicutes
e 2 BN Bacteroidetes
@ 107 m
=] O &0
= |
3 ap o
L L
114] m
40
2 20 2
o ©
D g - w 207
o o
o o J_l—l
A B c Al AZ B1 c2 AS B2 c1
Cheese pr-:::-du-::ing fEIC”it}I' 04 m-nr:ths 0-4 months  0-6 months D—Em}nnlhs 4-1S‘munlhs 6-1?mnnth¢ &:14 manths
Ripening cellars Ripening cellars

young cheeses old cheeses



|k vetmedun @z,
vienna &=

landwirtschaftskammer

The cheese rind communities are
cellar-specific

A B
e facility C 4] ong-
H ripened cheeses
2 2 E
< < :
< : @ :
o0 . [ .
O J{esessassesssssnnsenssnes feressassesssssensensensss N ({sssssssssssnnsingannnnns -RILCILILLEILITEILEIR S LT
& O :
facility B o :
-2 : -2 E
facility A E short- E
-4 y : -4 ripened cheeses .
: -
1 I I I I I T I I T
-4 -2 0 2 4 -4 -2 0 2 4

PC 1 (29.5%) PC 1 (32.5%)
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Relative abundance of 16S rRNA

operational taxonomic units

Targat] OTU no. *RODP, similarity [%)]. GenBank accession no.

gene | (number

of clones) “*Bast Blast Hits (GenBank nr), similarty [%]
GenBank accession no

QTU A - (7T} Halormiongs Salievars srain LO1 (B8%) AY2454a0
ATUZ - (& Brevibacisrum suasecun sirain NCDO T8 (BES), X566
OTU 3 - (55) STopfh#WnC000us Squovem sirain ATCC 43558 (89%). ABOOSS30
OTU 4 - (38) Braahacieus piocatines sirain Tpi2 (5%, EUMB4180
ATUS - (0 Advansily kashimrenay shaim WTO0T (8050 AJBSIATI
aTUE - {15) Sphingobaciodum dagleosensa simin TRE-04 (36% ), AB2453T2
OTUT - {1 Bracids gk sirairs JCM 11608 (8% ), ABSIT 165
OTUE-(1T) | Akakbachenir kapd siesn T2E-1-2 (98% ), ABSMITI
OTUS-(14) | Pepchmbecter aguaticus strain GRS 55 (34% ), AJS2481
OTU - (12|  Conemetacdiem wadanie stain DEM 20132 [999%), AK222815

adicty QATU A1 -3 aneia hakclvarans siran YIM TOOBRS (99% ), AVZI04TS

WA |aTu12.@) | Manocbacker manymes strain CRAT (58% ), AJTO435E
OTU 13- 8} Laiznbacier chyowminasisnans simin JG 31 (D5%) GUID0ESET
ATU 14 -8 Gilncocts shacasvras sirain FS24 (97% ), EU0ESETE
AT 1% -5 Leucohacier chromnesmsfons siran JG 1 (B0 GLAB0ET
OTU 18 - [5) Pusilimaoas ginsang'acd sirain DCY2ST (92%), EFETINGEE
OTu AT -5 Braalucsvue auasecuss drars NCDO T30 |05, XTeSa8
OTU 18- 4) Advansily kashmrenns sirain WTO0 (82%) AJBEMATO
OTU 19 - (3) Browihackeriiioy ponmense strain VM Ac-J2B0 (SE% ), AY243340
OTU 30 - (3 Luenbecier aatscwa siomn W18 (0805, GO53403
DTU2T-2) | Alposipes swolnscsis siran PFPCTS (07%), AF4ai248
OTUZZ - @) | Emchytactensm e sirain DSM 48107 (S5%), XB3290
OTUZE -2 | M Vil e srin CAAS J52 {055 ELISBAET
OATU 24 - (2) Conprabacionm wadabie sirsin DEM 20132 (0%, AJ222815
OTUZE - 2) | EBmcytactensm akmectanum sirain CHRZ 526 (B59E), X81001
OTU - (1271| Soopeanops’s Grovioauls (99% ) MISTEITA
OTU 2 - B3] Fyuidiophon arvamansis AFTOL-ID 2197 (98%), FJ1TEE3S.1
OTU 3 - (58} Dobsrpompoas fansand (59%), ABE2E0ET |

.:ﬁ OTU A - d] | MNeciva mevanosses (5551 ABOEE0G0.1
OTU5- @) Arshagmyoes plasasus solale CBE 116120 (9%), F1358341.1
OTUE - [4) Apgaug rrimodads LIWMGE BIWOC 00-1103-002 ADASE (99%), JOO00104.1
OTU T - 1) Sfarmevods sp. 2-1361 (99%), JNE1 52A5.1

ey
producing
Tacikilies

Ralative abundanca [%]

Relatve
abundance

Ripering callars  Ripening caliars | among all cellars

[
04 04 04
A1 A2 BA
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i
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1
Of 418 &0 &N
C2 A3 B2 CY
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Genera abundance (%)

1004

754

504

25+

Bacteria

Both bacteria and fungi matter!

0

14 30 9 180 0

1'4 3'0 9'0 160

(a)

Genera
B staohyiococeus
. Brevibacterium
Corynebacterium
. Halomonas
BB Psychrobacter
. Leucobacter
I Sstreptocoocus
- Brachybacterium
. Lactobacillus
B Anaivacterium

Days of ripening

Genera abundance (%)

100

50

25

Fungi

14 30 90 160 O

Quijada et al.,

F]Hl[\‘;
14 30 90 180

(b)

vetmeduni
vienna

)

Scopulanopsis

B Penicitium
. Arachnomyces
B Aseergius
B crrysosporium

Days of ripening

Foods 2018
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come”?

A)

F)

=

100

= Species Short ripening | Long ripening
Q
s Phyla Halomonas Racks, Wall, Air Racks, Wall,
= M Proteobacteria . o
5 60 B Actinobacteria filter, wall Airr filter, floor
© B Firmicutes . q
s B Bacteroidetes Brevibacterium  Shelves, Racks
g 0= Racks
()]
2
£ 204 Staphylococcus Shelves Racks
w - -
o« Psychrobacter  Shelves Floor, Air filter

0.._

@ o © X A o o © N &5 & .
& Qg 9 §g» Q\°5 g ¢ Q{;f 9 §9 & Oceanisphaera Wall Floor
Q& £ & & 5 & A
X 9 % R g Pseudo- Air filter Floor
4~ Short-ripenig cellar Long-ripenig cellar alteromonas

20

Corynebacterium
B Leucobacter
WM Sphingobacterium

< Quijada et al., IJFM, 2018

Short-ripenig cellar Long-ripenig cellar

Relative genera abundance (%) o
- (o] [o+]
o o o
[ I I
o5 W

Pseudomonas - Shelves,
Racks,Wall
Genera
B Halomonas
W Brevibacterium
Staphylococcus
l Pseudoalteromonas
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B Oceanisphaera
-— B Pseudomonas
o B Psychrobacter
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o = - jien] !
@ N ] Ny
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" Culture dependent characterisation still
needed?

10g cheese rind

HYGIENE INDICATORS INTRINSIC FLORA

AMC Coliforms Yeasts & Pseudomonas  Enterococci Lactic acid Staphylococcus Bacillus Listeria Salmonella

(mesophilc Moulds spp. bacteria aureus cereus monocytogenes spp.

QUANTITATIV E QUANTITATIVE QUANTITATIVE QUALITATIVE
ISO 4833/4832/6611 ISO 6888/7932 ISO 6888/7932 ISO 11290/6579
DECIMAL SERIAL DILUTION | | SELEKTIVE ENRICHMENT |
POUR PLATE / SPATULA METHOD LOOP INOCULATION
VRG BCA MRS M17 GSP MYP ALOA XLD
AGAR AGAR AGAR AGAR AGAR AGAR AGAR AGAR AGAR AGAR AGAR

OOOOOOO00 OO
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Comparative analysis of culturable
versus the non-culturable part of the MC

Rel. abundance in %; Rel. abundance in %;
Threshold > 5% (molecular) Threshold >5% (n=230 isolates)

OTUl1 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
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A modified culture medium for Gram negative
rod Halomonas boliviensis (spp.)

Modified Halomonas Agar according to

@ Crystal formation (calcite, magnesian
Dzieciol

calcite, aragonite, dolomite,
monohydrocalcite, hydromagnesite und
struvite, was described before,
Rivadeneyra et al., 2006)
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Diversity

Changes over time {
—_—

Culture collection

Which species is doing what @ 6

I)
when’ ‘ Transcriptome

Proteome
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Glycolysis

Pentose P pathway

Which part of the MC is metabolically vet

meduni

active?
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Quijada et al., Front. Microbiol. 2022

vienna &



Ik
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example Brevibacterium

Steady increase of Brevibacterium over ripening
time (measured by gPCR)

Three isolates sequenced: one B. auriaticum, two
isolates new species in the genus Brevibacterium

Highly detectable by Dayo , 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.

-
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Brevibactesiuwm L2861 (RHFF00000000)

Bravbectenum aurantiacunt SMQ-1335 (CP017150)

Bravibactenum aurantiacun ATCC 9174 (NZ_AAGPO1000013)

Braubsclenum surantiecum ATOC 9175 (FXZB01000052)

Brevbaclevium piclvse [T) LMG 22061 (AJE20364)

Brovbactenwm manmam (T) HFW-26 (AM421807)

Bruwbectenum anfiquum (T) VKM Ac-2118 (AY243344)

Bredbactariun antiquon CNRZ 818 (FXZDO1000043)

Breqbactenan sangurss (T) CFE3 (AJ564850)

Brovhactenum colm (T) KMM 3837 (AY228463)

Brewbactanm casal (T) DSM 20557 (AJ251418)

Brewbactaroen ammanilyticum (T) A1 (JFE37067)

Brevibactenum oceary (T) BBHT (AM158906)

Brevibacterium $22 (RHFG00000000)

Bravhactenium siiguianss (T) MB18T (NR_115085)

Bresibiactarium Wnens (T) ATCCI172 (XTT7451)
Bravibacterium $111 (RHFH00000000)

Bravibaclenium apidermiais (T) NCDO 2286 (X76565)
Braubactenum ioavium (T) DEM 20626 (X83813)
Brevibactenun permense (T) VKM Ac-2280 (AY243343)

EBm«mtemrm Aaeoum (T) CFBT (AJ488509)
Brovibactenum otitichs (T) (X83583.1)
Braubecteviurm motvelnan (T) ATCC 49030 (X83504)
‘B.wmcum pavcivorans (T) CF 62 (AJ251463)
_*Bivibac{emn rawnspurgense (T) 20 (EUCSSTES)
8 wm (T} 5401306 (EUBG3814.1)
Breubactenum piyocampee (T) Tp12 (EU484189)
Brovbacisdium atbam (T) YIM 90718 (EF150842)
Breubacievium sallcferans TRM 415 (GU17108 1)
Brovbactenum jeatgal (T} S15.8 (IX162779)
Bravbacienum yomogidense (T) (ABB0S748.1)

e Brewbactanun samyanpanse (T) SST-3 (DQ344485)

Ox bacter h (1) (1024 1)

Carynebactenum casel (T) LMG S-19264 (AF267152)

Agromyces ramaswm (T) DEM 43045 (X77447 1)

Anast et al., Sci. Rep. 2020
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Ripening trials

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

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

4 <l
[ Y
f—
|oo | ~—
laa ©® .
|00 }
Mixing brine and liquid culture Application of brine to cheese

Picturecredits: Biorender, Moritz Hartmann
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Ripening trials

Test cheese Control cheese 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

1.25 months

T;‘M’.W‘M

|
e

53 S - | Control-Wheels:

et e . e B Mt

- impure taste (2/10)
- no rind defects

3 months

Final evaluation by sensory panel with 12
months

6 months

Sampling of rind and core for microbial
comparison along ripening time

Photocredits Thomas Kaufmann
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FFOQS.@ Microbiome gamechanger

Impact on microbial safety: MC decide on
+Survival in the processing environment

+Transmission patterns (Biofilm)
+Growth of pathogens in food

Impact on product stability and quality:
+shelflife

+spoilage and other defects

Impact on technology: supports particular microbial
processes by tailored solutions

+stabile and efficient ripening microbiome

Impact on nutrional and health aspects : supports
choice and physiological properties

+breakdown of macromolcules

+transfer through gastroenteral barrier

+flavour and taste (consumer acceptance)
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