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What are fermented foods? A recent consensus

CONSENSUS
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Abstract | An expert panel was convened in September 2019 by The International Scientific
Association for Probiotics and Prebiotics (ISAPP) to develop a definition for fermented foods

and to describe their role in the human diet. Although these foods have been consumed for
thousands of years, they are receiving increased attention among biologists, nutritionists,
technologists, clinicians and consumers. Despite this interest, inconsistencies related to the

use of the term 'fermented’ led the panel to define fermented foods and beverages as “foods
made through desired microbial growth and enzymatic conversions of food components”.

This definition, encompassing the many varieties of fermented foods, is intended to clarify what is
(and is not) a fermented food. The distinction between fermented foods and probiotics is further
clarified. The panel also addressed the current state of knowledge on the safety, risks and health
benefits, including an assessment of the nutritional attributes and a mechanistic rationale for how
fermented foods could improve gastrointestinal and general health. The latest advancementsin
our understanding of the microbial ecology and systems biology of these foods were discussed.
Finally, the panel reviewed how fermented foods are requlated and discussed efforts to include
them as a separate category in national dietary guidelines.

.foods made through
desired microbial growth
and enzymatic conversions
of food components.”

Fermented foods and beverages accompanied and
likely facilitated the transition from hunter-gatherer
to sessile agricultural ies in the
Neolithic revolution about 14,000 years ago™. They have
remained staples of human diets for centuries and are
an increasingly popular food category. Yet, their emer-
gent popularny in the past 20 years has led to numerous
dings and questi What constitutes
fermentation? Do f:zmcnl.ed foods necessarily contain
live microorg; ? Are fe d foods the same as
biotic foods? Do mi isms in f d foods

(a category that mdudes fermented beverages). The m:un
goals of this C: are to provide
ers, health-care providers, industry, regulators and con-
sumers with a clear and concise definition of fermented
foods, to differentiate between fermented foods and pro-
biotics, and to summarize what is known about the health
effects and safety of fermented foods. This Consensus
Statement also discusses the mechanistic rationale for
how l’crmenled foods could improve gastrointestinal and
Y ic health, the ad in knowledge on the
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become established in the gut or infl the gut micro-

bial ecology and systems biology of those rmd_g
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Abstract

For thousands of years, humans have enjoyed the novel flavors, increased
shelf-life, and nutritional benefits that microbes provide in fermented foods
and beverages. Recent sequencing surveys of ferments have mapped pat-
terns of microbial diversity across space, time, and production practices. But
a mechanistic understanding of how fermented food microbiomes assem-
ble has only recently begun to emerge. Using three foods as case studies
(surface-ripened cheese, sourdough starters, and fermented vegetables), we
use an ecological and evolutionary framework to identify how microbial
communities assemble in ferments. By combining in situ sequencing sur-
veys with in vitro models, we are beginning to understand how dispersal,
selection, diversification, and drift generate the diversity of fermented food
communities. Most food producers are unaware of the ecological processes
occurring in their production environments, but the theory and models of
ecology and evolution can provide new approaches for managing fermented
food microbiomes, from farm to ferment.

Generalizable principles of microbiome
assembly across ferments
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Dispersal Interactions

Vellend & Agrawal, Q. Rev. Biol., 2010
: : Nemergut et al., Microbiol. Mol. Biol. Rev., 2013
Basic science Louw et al., Annu. Rev. Microbiol., 2023
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Cheese rind microbiomes
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Cheese rind microbial communities
s Biofilm

A limited diversity of easy-to-

culture fungi and bacteria
Wolfe et al., Cell, 2014

Saak et al., mSystems, 2023
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Fungi strongly affect the growth of bacteria in cheese rinds
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Fungi are keystone species in cheese rind microbiomes

| Alter abiotic
N environment
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Mold networks are Penicillium molds Fungal volatiles Fungal resource Bacteria and

superhighways for kill rind bacteria promote bacterial provisioning fungi compete for
rind bacteria via antibiotics growth promotes bacteria scarce metals
Zhang et al. Tannous et al. Cosetta & Wolfe, Kastman et al. Cleary et al.

2018, Nat. Comm. 2023, mBio 2020, Env. Micro. 2016, mBio 2018, mSystems



Fungal antibiotics can shape cheese rind communities

Community-level
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The pseurotin BGC is widespread in fungal genomes, and
may be impacting bacterial communities in other systems
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Fermented foods are a farm-to-gut microbial pipeline

Coalescence of Gut
and Food Microbiome

Initial Microbial
Species Pool |

Probiotic I I
lactic Phvllosphere Fermented Vegetable Gut
acid I yrosp I Microbiome i i
Kiscteris Microbiome Microbiome
1 [

Esther Miller

Basic science Miller et al., AEM, 2019



How do fermented food microbes affect human microbiomes?
Positive probiotic functions

. Further transformation of food constituents into bioactive substances in situ

Consumption
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Basic science Marco et al., Nat. Rev. Gastroenterol. Hepatol., 2021



How do fermented food microbes affect human microbiomes?

Are fermented foods an overlooked reservoir of
antimicrobial resistance?

Benjamin E Wolfe

Despite their many cultural, culinary, and health benefits,
fermented foods may amplify and disseminate antimicrobial
resistance in our food supply. This review summarizes our
current understanding of the diversity, distribution, and
potential risks of antimicrobial resistance in fermented foods
and beverages. Most studies have focused on antibiotic
resistance genes (ARGs) in lactic acid bacteria and coagulase-

4o Cianfid, < 2

Potential negative functions

Available online at www.sciencedirect.com
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cause UTls and
fermented foods may[fl ]
be a source of this
bacterium
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In addition to their many potential benefits, fermented
foods may also harbor microbes with undesirable traits
that could pose long-term risks for human microbiomes.
Microbes in the food supply that are resistant to anti-
microbials have received increased scrutiny over the past
several decades as human and animal pathogens have

become resistant to clinically important antibiotics [6].
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How do fermented food microbes affect human microbiomes?

Potential negative functions

RESEARCH

Debaryomyces is enriched in Crohn’s disease
intestinal tissue and impairs healing in mice

Umang Jain®, Aaron M. Ver Heul™?, Shanshan Xiong*, Martin H. Gregory?, Elora G. Demers®,
Justin T. Kern', Chin-Wen Lai'*, Brian D. Muegge'*®, Derek A. G. Barisas', J. Steven Leal-Ekman’,
Parakkal Deepak®, Matthew A. Ciorba?, Ta-Chiang Liu', Deborah A. Hogan®, Philip Debbas®,
Jonathan Braun®, Dermot P. B. McGovern®”, David M. Underhill®’, Thaddeus S. Stappenbeck'®t

Alterations of the mycobiota composition associated with Crohn's disease (CD) are challenging to link to
defining elements of pathophysiology, such as poor injury repair. Using culture-dependent and
-independent methods, we discovered that Debaryomyces hansenii preferentially localized to and was
abundant within incompletely healed intestinal wounds of mice and inflamed mucosal tissues of CD
human subjects. D. hansenii cultures from injured mice and inflamed CD tissues impaired colonic healing

———
B e <

when introduced into injured conventionally raised or gnotobiotic mice. We reisolated D. hansenii from
injured areas of these mice, fulfilling Koch's postulates, Mechanistically, D. hansenii impaired mucosal
healing through the myeloid cell-specific type 1 interferon-CCL5 axis. Taken together, we have identified
a fungus that inhabits inflamed CD tissue and can lead to dysregulated mucosal healing.

hen a tissue is injured, appropriate | (7, 8). 2 : FUF SlGan

T ; - LS A

wound healing is necessary to regain | phasety @ o NP A

function. Wounds can remain chron- | charact ‘E s it .
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to a persistent injury stimulus and/or | that the
failure of repair. This occurs in inflammatory | cin, nec —
bowel disease (IBD), including Crohn’s dis- | (VNAM =§ [ 1Y .
ease (CD) and ulcerative colitis (UC) (1), and is | mice ol 3 . " A TR e 2,
associated with shifts in luminal microbial | (Fig.1,4 &~ ______
populations (2-6). The potential link between | rolefor] <
specific microbes and inflammation in IBD has | to prom Q ; R
been of long-standing interest. host prc = i

To test the role of microbes in intestinal | typein’ ,g. PRSI 4§ SN
mucosal repair, we and others have used a | denton g \ : ™ i
biopsy injury model where the timing and site | BtoD). @
8
%)

and no significant difference in the relative
abundance of any detectable fungal genera
in the mycobiota composition when we com-
pared control and VNAM-treated mice (fig. S3).
However, similar analysis of ITS amplicons
from mucosal wounds showed a single dom-
inant genus, Debaryomyces, in the VNAM-
pretreated mice but not controls (Fig. 2, A and
B). These data from wounds are in contrast
to the luminal data, where Debaryomyces

li

a

1 The yeast Debaryomyces
u hansenii is remarkably

¢ widespread in fermented

=NTQY

foods, and may impair
mucosal healing in the

gut

Are food yeasts

associated with

ulcerative colitis
treatment outcomes?

' y
Sushrut Jangi,
Tufts Medicine
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Fermented food producers create
ecological and evolutionary opportunities for microbes

Food System
Food-adapted
populations

Repeated colonization and assembly on y
fresh food substrate
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We know that many food microbes have been domesticated

Aspergillus oryzae
100; A. oryzae RIB 333 ----------o:
Jl A. oryzae RIB 642 -
81 A. oryzae RIB 331 -
[A. oryzae RIB 302 ---~
© 100L A. oryzae RIB 40 -+~
88 A. 0ryzae RIB 537w wwswsrsrssasensas
1001 A. oryzae RIB 632:--+-wswseeesesencianen
A. 0ryzae RIB 949 - - omrmesmmnncniannennnnn:
A. flavus SRRC 1357-+--+-ssseseresusssacancanns

A. flavus SRRC 2112 -----+errmrvesanananaan
A. f’avus SRRC 2632 ++-+++rrresererersassrsnsranseansnnansnnnsassnans

99 —I_ A. flavus SRRC 2524 -++-srsessssrsenmnsanisnsnssissinssininnns
100 A. flavus SRRC 2653

A_f[avus SRRC 2114 -+----reeranenneansnanns
I A. flavus SRRC 1273
100k A. flavus NRRL 3357

Gibbons et al., Current Biology, 2012

1 A .
| Penicillium camemberti

7 )) -_— @ Penicillium fuscoglaucum

] S @ Penicillium biforme

— @ Penicillium camemberti var. "caseifulvum"
— O Penicillium camemberti var. "camemberti"

Ropars et al., Current Biology, 2020

Previously named P. commune

100

Can we watch microbial domestication
happen in a food production facility?

Practicing/Crafting



A marriage proposal provided a microbial time capsule

2016

Bayley Hazen Penicillium solitum

B R BI e Cheese
Rachel Dutton says “yes!” to her .

future husband Charlie Kalish

nnnnnnnnnnnnnnnnn
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A long-term collaboration with Jas allowed us to document
unintentional microbial domestication

2016

N 4 ‘A;’\E‘é
A SN
Mateo Kehler  Nicolas Louw

Penicill(qm solitum

. >§ Bayley Hazen
] — Blue Cheese

PracticingICrafting Louw et al., Curr. Biol., 2025



Social media helped us confirm the
green to white transition of Penicillium solitum

R TR

)

2, - S
> A £ - e,
) PR et R

2.4 SEUN

| | | | | | | R
2012 2014 2016 2018 2020 2022 2024
Penicillium solitum 1st 2nd 3rd
#12 reference population population population
isolate sampling sampling sampling

Practicing/Crafting

Louw et al., Curr. Biol., 2025



A phenotypic shift in Penicillium solitum

from green to white

Proportion of colonies

0%-

75%

50%

2016

2022

Practicing/Crafting

2024

Colony Type
~ White

B Green @&

2016

2024

Louw et al., Curr. Biol., 2025



White mutant molds have altered melanin biosynthesis

The only gene with mutations
in all white strains (and no

green strains) was alb1
alb1 encodes the first enzyme in the DHN-melanin pathway

AIb1 Ayg1
—p
(Polyketlde (Hydrolase)
Synthase) l

Aayg1 No@m Aarp2 Ho/Cé\m

YWA1 1,3,6,8-THN Scytalone

Frequency (%)
g Phenotype
75 Green White

50 5
: @

Hypothetical protein 1 (Ps.00g118770) [

Putative ste11 (Ps.00g076990) '
Hypothetical protein 2 (Ps.00g048350)

Hypothetical protein 4 (Ps.00g013460)

Aarp1 (SDH)

Arp1 ijé

1,3,8-THN
Putative extradiol ring cleavage dioxgenase (Ps.00g066180)

Hypothetical protein 3 (Ps.00g045230)
Hypothetical GPR1/FUN34/yaaH protein (Ps.00g093820)

Putative glycoside hydrolase GH18 (Ps.00g119940)

Hypothetical protein 5 (Ps.00g091710)
polyketide synthase alb1 (Ps.00g075410) J

Louw et al., Curr. Biol., 2025

Aarp2

H
Vermelone

Cleere et al., 2024, npj Sci Food
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A transposable element insertion upstream of alb1
iIs the most common mutation in white Penicillium solitum strains

_ __ Truncation Deletion Genomic Frameshift e tion of unknown
Putative LINE retrotransposon insertion 1AW (%) rearrangement (bp insertion) :
5A_W: 6A_W: 24A_W: 27A_W: 39A_W: 41A_W; 44B_W: 45A_W: CS1W T e A W 33A. W G . 2A_W4A W 34A W, genomic repeat
48A_W: 49A_W: 60_W; 62_W: 67_W; 80_W; 85_W; 90_W F{Zabmesrt hli)‘t A e Genomic fA—W 50A_W g o
p Insertion .
Putative reverse transcriptase 22A_W; 9A_W rearr?&gﬁ e

| |

P. solitum strain #12
Ancestor strain 24A_W strain 9A_W strain 81_W

N\

We also experimentally
evolved white strains from
“— green strains

Knockout created by Justin
Eagan in Keller Lab confirms _
alb1 control of pigmentation Louw et al., Curr. Biol., 2025




Low light levels of cheese caves = loss of melanin?

Practicing/Crafting



Dark cave environments lead to relaxed
selection on melanin production

Louw et al., Curr. Biol., 2025
Practicing/Crafting

Proportion

.Ancestor P. solitum

D White P. solitum

T
| |
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PiIIium sm

Jeffery et al., (2004)



Can we harness this unintentional domestication
process to provide new starter cultures?

@he Washington Post .

Food Recipes News HowTo Dining Newsletter Instagram

Will brie and Camembert cheeses go
extinct? Here’s what scientists say.

= @MNtraye] Destinations Food &Drink News More - ® Watch £ Listen ¢

1 / Food & Drink

France’s favorite cheese is facing an
| ‘extinction’ crisis. Not everyone is worried

Z=NBCNEWS routcs 1ocAL USNEWS WORLD  HEA

Sacre bleu! Camembert and brie 'on the
f extinction,' F h scientists warn

.....

Practicing/Crafting

Paris (CNN) — When Napoleon first encountered a Camembert cheese, legend has it, he
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An emerging fungal problem in New England cheese caves
Aspergillus westerdijkiae

https://doi.org/10.1016/j.fm.2019.05.007 https://twitter.com/CranMycology

» Often found in carbon-rich environments such as coffee, cereals, and plants.
It can also colonize the outside surfaces of aged meats and cheeses.
» Distinct appearance of yellow dust is due to the production of yellow conidiophores

* Produces large quantities of ochratoxin A

Practicing/Crafting



An emerging fungal problem in New England cheese caves

Multiple introductions of distinct
Aspergillus westerdijkiae strains to
New England cheese caves

A. westerdijkiae strain Aw2012 a:,

= Aspergillus
. westerdijkiae strain Westerdl:l'kiae »

-A. westerdijkiae strain CBS 112803

A. westerdijkiae strain fc-1

>
B/

A. westerdijkiae strain Aw2019 \_r,
A

A. westerdijkiae strain Aw2023_1 | .

A. melleus strain CBS 546.65

A. ochraceus strain AO.MF010

Whole-genome phylogeny L A. ostianus strain Aw2023_3 a\* ASperg[”US

based on 6885 Single copy i A. ostianus strain Aw2023_5 g::, OStianUS
OrthOlOgOUS geneS A. ostianus strain IFST Aos1 E

A. ochraceus strain NRRL 3512

|— A. elegans strain IMI 345568

|— A. steyni strain IBT 23096

0.02
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A. westerdijkiae is antimicrobial and produces penicillic acid

e Control
+Aspergillus

" Control N\ Total Community
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Practicing/Crafting Grundmann et al., mSystems, 2026



A. westerdijkiae can be easily controlled with colder temperatures

Maintaining low
temperatures
(below 12°C/54°F)
can help reduce
the impacts of
Aspergillus in
cheese caves

10°C 11°C
(~50 °F)  (~52 °F)

Practicing/Crafting

1

Asperygillus spp.
¢

Penicillium spp.

Growth rate (mm/day)
LB N B BN BN

Other fungi
t ¢

Temperature (°C)

o A. westerdifkiae strain Aw2023_1

A. ostianus strain Aw2023_3
A. ostianus strain Aw2023_5
A. westerdijkiae strain Aw2012
A. westerdijkiae strain Aw2019

P. solitum strain #12
P. biforme strain 162_3FA

o~ P. candidum strain SAM

P. sp. strain 258
P. sp. strain 259
P. sp. strain 261
P. sp. strain 277
P. chrysogenum strain 280
P. sp. strain 285
P. sp. strain 288

Bifusarium domesticum strain 554A
Scopulariopsis sp. strain 165_5
Geotrichum candidum strain 242A



A. westerdijkiae is not naturally found in New England

3 Aprgillus
westerdijkiae

Practicing/Crafting

a vector?

Is sea salt

Global distribution of A. westerdijkiae based on

ITS sequences in GlobalFungi.com
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How do practitioners/practices affect the
ecology and evolution of food microbes?

Practicing/ \why do some food microbiomes fail, and how
Crafting  can broken food microbiomes be fixed?

Can we use microbial ecology/evolution
to develop novel ferments?




Can we create novel fermented foods using
rational design and ecological principles?

“Accidental rot” Refinement
. P Sninininiainie il ol hase of phase
@ CellPress Current Biology . Global pool of ° fernFl)ented food of traditional
fermentation microbes development fermented

Novel fermentations integrate traditional practice
and rational design of fermented-food microbiomes
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\
SUMMARY N emecmmemm =
Fermented foods and beverages have been produced around the world for millennia, providing humans with 5Py
a range of gastronomic, cultural, health, and scientific benefits. Building on these traditional forms, a conver- ¢ Global l of
gence of factors, including culinary innovation, globalization, shifts in consumer preferences, and advances obal pool o
in microbiome sciences, has led to the emergence of so-called ‘novel fermentations’. In this review, we define food substrates
novel fermentation as the confluence of traditional food practices and rational microbiome design. Using
principles of microbial ecology and evolution, we develop a microbiological framework that outlines several —— [ ‘ '*\

strategies for producing and characterizing novel fermentations, including switching substrates, engrafting
target species, assembling whole-community chimeras, and generating novel phenotypes. A subsequent
analysis of existing traditional ferments points to gaps in ‘fermentation space’ where novel ferments could
potentially be produced using new combinations of microbes and food substrates. We highlight some impor-
tant safety and sociocultural issues presented by the repurposing and modification of microbes from tradi-
tional ferments that fermented-food producers and microbiologists need to address.
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Practicing/Crafting



Gaps in “fermentation space” suggest potential for
new combinations of substrates and communities
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Arrigan et al., Current Biology, 2024



Novel fermentations integrate ecological principles,
synthetic biology, and traditional practice

White blue cheese

Novel substrates Flaxseed Camembe_v

for oncom fungus

Cleere et al,
npj Sci. Food, 2024

Koji Camembert

Maini Rekdal et al,
Nat. Microbiol., 2024

Lopusiewicz et al.,
Microorganisms, 2020

. . _— Hayas; et al,
Practicing/Crafting J. Dairy Sci., 2023
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to develop novel ferments?




My lab is now offering food microbiome testing services

The Wolfe Lab @ Tufts RESEARCH  TEACHING AND QUTREACH ~ PEOPLE *  PUBLICATIONS OPEN LAB Ploase smail complated form to wallolabi@tufts edu, Please also includ & copy with your samples.

UniverSity FOOD MICROBIOME TESTING SERVICES ~
Wolfe Food Microbiome
Lab Testing Services

Ecology &
Evolution of
Microbiomes

Test options:
1. Targeted microbial
2. Sourdough starter microbiome profile

ermented food microbiome profile (CULTURE)

Food Microbiome Testing Services

4. Fermented food mi profile (METAGENOMIC)
{ p tuft: icrobi ting
| services/service-options/):
Submitter information: Ship ples to:
Submitter's name: Wolfe Lab at Tufts University

200 College Ave., Room 103
Medford, MA 02155
wolfelab@tufts.edu

ph: 617-627-0694

We are excited to begin offering food microbiome testing services to both professional and home fermenters. We provide a range of services to

o : 1 A u Submitter's phone number:
help food producers identify the microbes in their food products, diagnose microbial defects, and how to contro/ that deter- Submitter's address:
mine food quality.

~ resulls/inguires Wil be sent 1o this email
address

This work will provide actionable knowledge for food producers and enthusiasts while also providing training opportunities for students at Tufts, By Sample information:
working with our lab, you can get critical data to support your food pr=ri~tinn am man alen mimnast e misesbial amalams sasnsesb in s sk Sample ID Test Option 14 (see above) | Notes:

3. Fermented food microbiome profile (culture)

Please see our services page for more details on the range of tests \

Are you working with a complex of microbes in cheese, salami or ot
understand haw this community changes from one batch of food 1o anather? Or are you developing a product where y
cultures you are adding are developing a proper community? Our fermented food microbiome profile builds on avera
isolate and identify the dominant moids, yeasts, and bacteria in your ferment.

Sample submission:

See our website for more details on how to collect and ship samples. Samples must arrive by end
of day on Thursday. We cannot receive samples on the weekend. Please ship samples to the
address indicated above. Make sure samples have labels that match the "Sample IDs" noted above.

Notices and agreements:
By submitting this form, you acknowledge that you have read and agreed to the notices below.

Notice about data usage/claims: The data generated by the ordered tests are only o be used for informational purposes
to understand your food/product/submission. The data cannot be used for food safety, healthinutrition claims, or for

marketing purposes.
D i slored in password-
that will not be shared outside of the Wolfe Lab. Product names and info will not be associaled with samples as they are
processed o when data is stored. Samples will be destroyed through i i isposal after
What foods to test: This service works on any fermented food. For sourdough starter profiling, see our Sourdough Ste data has been generated. e

What to send: Please see our sample preparation and shipment page for detalls
How our testing works: We will isolate the dominant bacteria and fungi in your ferment. Specific isolation approaches will depend on your particular

food. Within two weeks of receiving your sample at our lab, you will receive a report providing photos of your microbes, their identities, and basic in-

formation about what is know about their roles in fermentation.

wolfelab@tufts.edu

Practicing/Craftin
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Ecology &
Evolution of
Microbiomes

Education How can we use fermented foods
to promote microbial literacy?




Microbial literacy should be a priority as microbiome science
continues to develop as a field

The public has a limited understanding
of microbes and microbiomes

Hidden virus inside gut‘l?;cteria linked to doubled

gt ? e ic fi
colorectal cancer risk, study finds test? Read this fir

Researchers found colorectal cancer patients twice a:

By Deirdre

A new study suggests a virus living inside common gut |

Doctors have known for years that Bacte

with colorectal cancer, which includes ca

healthy peaple also carry the bacteria, ity '

ses and not others

So researchers looked at subtle genetic ¢
something unexpected.

Education

The \‘Llesh_i_ngl

on Post

Well+Being  Food  Fitness  Mind  Body Llife Newsletter AskaDoctor

New research has found that at-home gut mi

s likely to carry a virus within common intestinal bacterium standardiza

Bardolf  Fox Mews

Scientists find a new clue to help them =
identify a healthy gut microbiome

ook INvasive Group A strep poses

tion, resulting in different result

A common killer bug is endangenng Americans:

Considering a gut microbiome = s e CE -
st -

What to know about the Nipah virus

icrobiome tests lack
Its from the same stool sample.

Pandemlc in plaln s:ght
urdoch Childrer 3

Uy B M gl Ml Bty Fox o

significant threat, doctor warns

As microbiologists and
microbiology educators, we
have not formerly assessed

public understanding of
microbes/microbiomes

What is a microbe?

Differences between bacteria,
viruses, fungi, etc...

Difference between “good”
and “bad” microbes

How do our lifestyles and actions
affect our interactions with microbes?



Fermented foods provide delicious opportunities to promote
microbial literacy

Food Producers
TuftsNow

‘These Cheeses Have a Life, They Have a Story”

to talk about their tasty, funky

“The workshop gave me more
language, more specificity, and |
it reconfirmed what | already
knew,” Norton explained.
“These cheeses have a life.
They have a story.”

AVisual Guide 10 the Microbiology of Natural Rind Cheeses

by
o chatees

NATIONAL
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Award
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Thank you!!
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