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Fermented foods are having a moment now!
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ARE YOU EATING ENOUGH
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The scientific question
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What could fermentation add?

LIVE MICROBES TRANSFORMED MICROBIAL HOST RESPONSE
MATRIX PRODUCTS

Transient exposure Bioavailability Organic acids Gut barrier

community interactions reduced antinutrients peptides » metabolites immune & metabolic signalling

Plausible mechanisms # demonstrated cardiometabolic benefit
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Fermented foods are entering dietary guidelines — but health
claims remain limited

CHALMERS

THEN Fermented foods have historically received little explicit attention in
food-based dietary guidelines.

Marco et al., Nat Rev Gastroenterol Hepatol 2021

NOW - USA US Dietary Guidelines explicitly link fermented foods — including
2026 sauerkraut, kimchi, kefir and miso —to a diverse gut microbiome- which
may be beneficial for health.

Dietary Guidelines for Americans 2025-2030, p. 2

EU CLAIMS Only one EU-authorised health claim specifically involves live
microorganisms: live yoghurt cultures improve lactose digestion.

European Commission, EU Register of Health Claims, ID 1143

DIETARY GUIDANCE IS MOVING AHEAD - BUT HOW STRONG IS THE
EVIDENCE?

2026-09-18



Microbial content of common fermented foods-
“fermented foods” are not all the same

Name

Description

Region of Origin

Source of Microorganisms

Microorganisms Identified in Final Product *

Kefir

Fermented milk beverage

Caucasus

Starter culture

Lactobacillus kefiri, Lactobacillus paracasei, Lactobacillus parabuchneri, Lactobacillus
casei, Lactobacillus lactis, Lactococcus lactis, Acetobacter lovaniensis, Kluyveromyces
Lactis, Saccharomyces cerevisiae

Kombucha

Fermented tea beverage

China

Starter culture

Komagataeibacter xylinus, Saccharomyces cerevisiae, Zygosaccharomyces bailii.
Brettanomyces bruxellensis, Acetobacter pasteurianus, Acetobacter aceti, Saccharonyces
cerevisine, Zygosaccharomyces bailii, Brettanomyces bruxellensis, Acetobacter xylinum,

Zygosaccharomyces spp., Acetobacter, Gluconacetobacter

Sauerkraut

Fermented cabbage

China

Spontaneous

Lactobacillus sakei, L. plantarum, Candidatus accumulibacter phosphatis, Thermatoga
spp., Pseudomonas rhizosphaerae, L. hokkaidonensis, L. rhamnosus, Leuconostoc
carnosum, Clostridium saccharobutyrilicum, Rahnella aquatillis, Citrobacter freundii,
Enterobacter cloacae, Bifidobacterium dentium, Enterococcus faecalis, Lactobacillus
casei, Lactobacillus delbrueckii, Staphylococcus epidermidis, Lactobacillus curvatus,
Lactobacillus brevis, Weissella confusa, Lactococcus lactis, Enterobacteriaceae,
Leuconostoc spp., Yarrowia brassicae

Tempeh

Fermented boiled and dehulled
soybeans

Indonesia

Starter culture
(Rhizopus oligoporus)

Enterococcus faecium, Rhizopus oryzae, Rhizopus oligoporus, Mucor indicus, Mucor
circinelloides, Geotrichum candidum, Aureobasidium pullulans, Alternaria alternata,
Cladosporium oxysporum, Trichosporon beigelii, Clavispora lusitaniae, Candida maltosa,
Candida intermedia, Yarrowia lipolytica, Lodderomyces elongisporus, Rhodotorula
mucilaginosa, Candida sake, Hansenula fabiani, Candida tropicalis, Candida
parapsilosis, Pichia membranefaciens, Rhodotorula rubra, Candida rugosa, Candida
curvata, Hansenula anomola

Natto

Fermented soybean

Japan

Starter culture
(Bacillus subtilis natto)

Data not available

Miso

Fermented soybean paste

Japan

Starter culture
(Aspergillus oryzae)

Bacillus subtilis, Bacillus amyloliquefaciens, Staphylococcus gallinarum, Staphylococcus
kloosii, Lactococcus sp. GMO005

Kimchi

Fermented vegetable dish

Korea

Spontaneous,
Addedcommercially

Leuconostoc gasicomitatum, Leuconostoc gelidum, Leuconostoc mesenteroides, Weissella

koreensis, Weissella confuse, Lactobacillus sakei, Lactobacillus plantarum, Lactobacillus

curvatus, Trichosporon domesticum, Trichosporon loubieri, Saccharomyces unisporus,
Pichia kluyveri

Sourdough bread

Bread made from longer
ferment

Middle East and Europe

Spontaneous or backslopping

Data not available

Dimidi et al. (2019)
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2026-09-18



Products of gut microbial fermentation of
carbohydrates proteln and dietary polyphenols

Metabolite Geners or specie CHALMERS
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Effects of fermented food microbes and metabolites

CE“ MetabOIism é CellPress e
Review

A Metabolite-host endocrine interaction

@ Fatty Acids 1 expression of GLP-1

m"ﬂ IEGFM; ™ and PYY secreting calls
‘ ™ .. \ tGLP-1 and PYY secretion

Caffrey et al. (2024) Cell
Metabolism
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The extended microbiome: a metabolic paradigm
linking fermented food-derived metabolites to

health

Fermiented food-metaboliie producion
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Cardiometabolic health-benefits of fermented i
foods

e Little is known
* Observational studies, few intervention trials

* Yoghurt

DX Y

Zbtkiewicz et al. (2020) Nutrients 2026-09-18



Fermented foods and cardiometabolic health-
what does epidemiology tell us?

CHALMERS

CARDIOVASCULAR ADIPOSITY &
TYPE 2 DIABETES HEALTH METABOLIC RISK
, : : favourable
¥ risk ¥ risk / mortality .
sighals

Generally favourable

Most consistent signal - Associations with weight
: associations :
(particularly yoghurt / and metabolic health
: but heterogeneous across .
fermented dairy) fo0ds are less consistent

The evidence base is dominated by food-specific analyses rather than fermentation as an
exposure.
{ PROMISING ASSOCIATIONS — BUT LITTLE EVIDENCE FOR FERMENTATION J
PER SE

Ahn et al. (2025), Nutr Rev
Matalas et al. (2026), Front Nutr

Companys et al. (2020), Adv Nutr 2026-09-18



Health-benefits of fermented foods - yoghurt

Table 2 Summary of studies

Area studied Total no.  Study Fermented Comparators No. of No. of
of studies  types - products studies studies
studied withno  with
significant unfavorable . .
effect . outcome Associations between yoghurt and
hesthand dsease | RCOT-8  ainks, pateurzed yogurt probiotic  fermented daiy product,milk, °° reduced risk of:
C5=1 yogurt, kefir pasteurized yogurt, acidified
NRCT=1 milk. vogurt, lactose water, ice T 2 dlabetes
CONCLUSIONS ype
Consstent_assomatlons exist .between fer.mented milk | N 1 - Improved weight management
consumption and reduced risk of T2D, improved
weight maintenance, and improved cardiovascular, - Improved inflammatory markers,
health. and cardiovascular health
C5=8 isoenergetic sucrose bever- ’ °
CH=9 age, low-dairy calcium diet
Cancer 17 RCT=1 Yogurt, fermented milk No yogurt 5 3
o Savaiano, 2020, Nutrition Reviews
Diabetes 9 RCT1  Yogurt, probiotic in fermented milk S"‘ffaf;:fuﬁ?ﬂg'ff:f&ﬂ:hta- L 0 SaeidiFard, 2019, Clinical Nutrition ESPEN
Co= tion, nonfermented milk Baruah, 2022, Journal of Applied Microbiology
Bone health 7 RCT_:1 Yogurt, laban No yogurt 2 0
CS=3
CH=3

Abbreviations: CC, case-control (study); CH, onal (study); NRCT, nonrandomized controlled trial; RCOT, randomized crossoveltrial; RCT, ranflomized controlled

Savaiano and Robert W. Hutkins (2020) Nutrition Reviews

trial.
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Plant-based fermented foods: intervention evidenc

Botanical fermented foods

Cardiovascular

Lipid metabolism . ;
« Total cholesterol (6) + Diastolic BP (2)
« LDL-C (4) . S){stoll? BP (2)
« HDL-C (4) + Nighttime BP (1)
e i Glucose metabolism
. « Fasting blood glucose (5)
« hsCRP (1)

« HbAlc(2)

« Fasting blood insulin (1)

+ 2-hour postprandial glucose (1)
+ 2-hour postprandial insulin (1)

Liver function
« ALT (1)
« AST (1)

Gut microbiota composition

« Relative abundance: T beneficial
species; | pathogens (2)

+ Beneficial correlations with
metabolic outcomes (2)

Anthropometric measures
« Body fat percentage (3)
« Body weight (2)

« Waist circumference (2)
« Visceral fat area (2)
« Waist hip ratio (1)

« Body fat mass (1) Immune function

+ C-reactive protein (2)

Chan et al. (2024), Nutr Res Rev
Ahn et al. (2025), Nutr Rev

CHALMERS

® 26 RCTs

31 reports; adults with metabolic syndrome
components or T2D

® 73% reported 21 between-group

improvement

Signals across glucose, lipids, blood
pressure, adiposity and CRP

® But evidence remains
heterogeneous

Foods, populations and comparators
differed; microbiota assessed in only 4
studies

2026-09-18



13

Fermented foods and cardiometabolic

health — proposed mechanisms

Fermented foods

Energy homeostasis

Live Short-chain fatty acids + Obesity
. . | Insulin resistance
e e a Modify gut microbiota B o
robiotics)
P composition | Low-gra.de )
N / inflammation
é o) . .
i Inanimate R Enhance gut-epithelial T Weight lflam.tenance
microorganisms [ barrier function ) ! Adlp0§lty
_ (postbiotics) | } Obesity
il Bioactive peptides \_ ! Blood cholesterol /
o -
Metabolic products Bioactive metabolites = ACE inhibition
X = =
< ofifesmentation ¥ Increase nutrient Immune modulation
1 bioavailability H Multiple metabolic

Li, 2022, Frontiers in Nutrition

g signaling pathways

J

Y)[eaY d1[0qeIdWOIpIE))

CHALMERS
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Are fermented foods healthy —
or healthier because they are fermented?

UNFERMENTED FERMENTATION FERMENTED

FOODS FOODS

Microorganisms
convert sugars
into beneficial

compounds

(e.g., acids, peptides)

CJ/’ What is the role of fermentation itself in determining

the health effects of fermented foods?

2026-09-18



A landmark trial: high-fermented vs. high-fiber

diets

Graphical abstract

[High fiber diet

Increased microbiome function
(CAZymes, SCFA's) :

- "\
= '\-v,

g}—

=D Decreased inflammatory
signals and activity

=

Wastyk et al. (2021), Cell

Cell © CelPress

CHALMERS

Gut-microbiota-targeted diets
modulate human immune status

Hannah C. o dakis,” " Dalia P Dlj'l.unl:lu.rnn Bryan D. Merrill," Felgiao B. Yw,*
Mladelin Togf,' Gnﬂuul:i -E-unznhz. Iﬂnl-n'lm'l‘run E‘luann. JmﬂuLFmrum Josshua E. Elias ™
Erica D, Somnanburg,' * " Chrisiopher DL Gardnor, ™ " and Justin L. Sonmesnbaing

Highlights
e Diet intervention with systems profiling reveals link:
microbiome-immune axis

» High-fiber diet changes microbiome function and e
personalized immune responses

* Fermented-food diet increases microbiome diversii
decreases markers of inflammation

e Small exploratory trial: n=18/arm

e T Microbiome diversity and ¥ inflammatory markers
with fermented foods

e No effects on glucose, insulin, lipids, BP or waist
circumference

17-week randomized prospective study in generally healthy adults 2026-09-18



High fermented-food intake: microbiome and

Wk

immune effects Wyt

* Gut microbiota diversity Vv Inflammatory markers
A. B-NGF LIF-R IL-12B IL10 CASP-8 LAP TGF—B-1 CcD6 CcD5 MCP-2
A. p-value = 09,,9 Q-Qq;\ 0-6@ 0'6:\ B. "
. o
45 :
> 0- IJ'I-L
5% > E éﬁ% ‘%‘%T:Lfé ‘%ﬁ? PHE ‘%]é'éﬂ#
5 : :
< g 4.0 ":1:: -1
- 150- o 2
2 5 E
8 E 35 E IL6 CCL20 IL18 VEGFA MMP-10 MCP—-4 CcCL4 CXCL10 CCL19
2 400 © x
O £ a4
n =
3
3.0 > J_ IJ'I J_I l l é é] |‘|‘\ |J_1
50+ R ol !
2 0 2 4 6 8 10 12 14 =0 5 & B 8 40 15 % :E: 0 i l? I_] er + FLI s T$ % Ij'_l IJ_'I I'-L-I
Baseline Ramp  Maintenance Choice Baseline Ramp  Maintenance Choice g T T IT LlJ LIJ L|'|
Time (weeks) Time (weeks) < o ]-

06 810 0 6 810 0 6 810 0 6 810 0 6 810 0 6 810 O 6 810 O 6 810 0O 6 8 10
Time (weeks)
|=] { o=

No detectable changes in glucose, insulin, lipids, blood pressure or waist circumference

Wastyk et al. (2021), Cell 2026-09-18
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Fermented Plant-based Portfolio Diet
4 Metabolic Health (FermDiHealth)

Randomized controlled crossover study ermented plant
Individuals aged 20-70 y with sign of based foods
metabolic syndrome/increased risk of

CVD, n=100

Inclusion criteria:

BMI between 25-35, and waist circumference
>102 cm (men)/88 cm (women) and at least one of the following:

= High density lipoprotein (HDL) 1.0 mmol/L (men)/HDL 1.3 mmol/L (women)
= Triglycerides=1,7 mmol/L

= Blood pressure =2130/85 mmHg

= Fasting blood glucose =5.6 mmol/L

= | ow density lipoproteins (LDL) 24.1 mmol/L

Habitual diet

2026-09-18
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Fermented Plant-based Portfolio Diet
4 Metabolic Health (FermDiHealth)

Sequence riod 1 riod 2 ariod 3
1 [FermPlantFoods | (" PlantFoods | (Habitual diet )
2 [FermPlantFoods) [ Habitual diet | (_PlantFoods )
3 [_PlantFoods | (FermPlantFoods) (_Habitual diet )
® 4 (PlantFoods ] [ Habitual diet | (FermPlantFoods |
?, :é, 5 (_Habitual diet ) (PlantFoods ) | FermPlantFoods |
§ § saseline ¢ (IHabitualdiet) (FermPlantFoods) (—PlantFoods ]
5 . Visk ) - . Washout . Washout . _ .
Visit '1 2 ; 4 5 6 7 8 9 10 11 12 13
Biosampling & & &/ a ba ba' & ba ba! & ba!
Clinical H B B = # “ “
Questionnaires
Home food
tolerance test 4 & 4 -
Continous glucose
monitoringg(CGTVI) S P—‘ I —
Blood Capitainer® Iy ¢ I\ s
Collect food
products X X X X X X X X X
Intake sweet corn {)j @ @ \Oj

 Q

3
N

CHALMERS

‘ Blood drawn
& Feces collection
© Urine collection

a Anthropometric
- measurements

2026-09-18
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Fermented Plant-based Portfolio Diet .
4 Metabolic Health (FermDiHealth)

Primary aim: Difference in the inflammatory biomarker hsCRP

Secondary aims: Lipid profile, glucose and insulin levels, blood pressure,

glycaemic variability, microbiota, metabolome,
(stratification — low/high prevotella), saliva microbiome

Questionnaires: 24 h recall method ”Riksmaten Flex” (22 d
in total), cognitive test "Mindmore” — online

Gl symptoms GSRS and Rome IV IBS and FD module,
physical activity, stress (PPS), general wellbeing (PGWB),
general health (SF36_v2), medical history + follow up

Qualitative assessment (N=15)

Sequence
1 [FermPlantFoods) (—PlantFoods )
2 (FermPlantFoods) (—PlantFoods )
3 (PlantFoods ) FermPlantFoods)
T’:" E" 4 (_PlantFoods ) (" Habitual diet ) [FermPlantFoods)
£ 8 5 (PlantFoods ) (FermPlantFoods)
% 3 pascine (FermPlantFoods) (—PlantFoods )
. - v:sit X 5 4 Washout X X N , Washout N | ,
Visit 1 2 é 4 5 6 7 8 9 10 11 12 13 #8lood drawn
Biosampling b & o ba ba ba ba (7Y & Feces collection
Clinical . 8 1) 5 8 8 8 Urine collection
Questionnaires 1 Anthropometric
Home food measurements
tolerance test 4 L 4 £
Continous glucose
monitoring (CGM) — — i —
Blood Capitainer® Y s Iy '
Collect food
products X X
Intake sweet corn \Oj @ 9} @

2026-09-18
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Preliminary results bl

Screened
N=199
Randomized
N=89

Not meeting inclusion criteria N=80 (too healthy,
recent intake of antibiotics, too unhealthy)
Declined to participate N=30

v

Drop-out N=16

Completed all three interventions N=73

» Fermented diet (A) N=75

* Non-fermented diet (B) N=74
» Habitual diet (C) N=76

Nybacka, Nordin et al. (2026) In preparation
2026-09-18
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P-CRP (mg/L)

No effects on hs-CRP

5

w

N

Distribution of end-of-period P-CRP (primary; CRP>5 excluded)

; No significant treatment
4 |effects were observed on

Fermented

, , hs-CRP.

... L ]

s ot
o‘. . ...

T = I:..'.

Nybacka, Nordin et al. (2026) In preparation
Fibre-rich Habitual
Intervention

2026-09-18
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Effects on other CMD-factors

Treatment effects after fermented (A), non-fermented (B) and habitual (C)

diet period.

Fermented adj mean  Non-fermented adj
(95% CI) mean (95% ClI)

Body weight (kg) 87.4 (86.81087.9)  87.4 (86.8 to 88.0)

Variable

Diastolic BP (mmHg) 81.7 (80.6 to 82.9) 82.2 (81.1 to 83.4)

5.13 (4.91105.36)  5.26 (5.04 to 5.49)
1.38 (1.30 t0 1.47)  1.46 (1.38 to 1.54)
3.75(3.55103.95)  3.80 (3.60 to 4.00)
114 (1.02t01.26)  1.12 (1.00 to 1.24)
134 (131.9t0 136.5) 135 (132.4 to 137.0)
101.9 (78.0t0 125.9)  91.5 (67.5 to 115.4)
0.54 (04510 0.62)  0.26 (0.18 to 0.35)

Habitual adj mean
(95% ClI)

87.7 (87.1 to 88.3)

Systolic BP (mmHg) 129.4 (127.1 to 131.6) 130.0 (127.8 to 132.3) 127.3 (125.1 to 129.6)

81.4 (80.2 to 82.5)

VETS AT LN ()l 102.5 (101.7 to 103.4) 103.0 (102.1 to 103.8) 103.0 (102.2 to 103.8)

5.45 (5.23 to 5.68)
1.48 (1.40 to 1.57)
3.99 (3.79 to 4.19)
1.15 (1.03 to 1.27)

135 (132.5 to 137.1)

99.4 (75.5 to 123.3)

0.16 (0.08 to 0.25)

Intervention

p
0.510

0.158
0.585
0.755
<0.001
<0.001
<0.001
0.822
0.735
0.037
<0.001

p P p
(Avs.B) (Avs.C) (Bvs.C)
0.994 0625 0.780
0.957 0424 0.182
0.904 0964 0.654
0.833 0.828  1.000
0.114 <0.001 0.007
<0.001 <0.001 0.364
0.720 <0.001 0.004
0915 0978 0.816
0.833 0.741 0.985
0.041 0.829 0.150
<0.001 <0.001 0.111

CHALMERS

No clear effect on
hs-CRP, our primary
outcome

Cardiometabolic
effects were more
closely related to
fibre intake than to
fermentation per se

Potential effects on
iron status to be
further explored

Multi-omics
analyses may reveal
mechanisms and
individual response
patterns

Nybacka, Nordin et al. (2026) In preparation  2026-09-18



Conclusions

Fermented foods are promising — but evidence remains limited

Findings vary substantially between foods and studies.

Fermentation changes the food — but added cardiometabolic benefit

is uncertain
Biologically plausible effects through microbes, metabolites and the gut microbiome.

FermDiHealth: no clear additional cardiometabolic benefit of

fermentation
No clear effect on hs-CRP; responses appeared more closely related to dietary fibre.

The most interesting biology may lie beyond conventional risk

markers
Multi-omics may reveal what fermentation adds — and who responds.



Does fermentation matter
for cardiometabolic health?

- Based on current evidence- Probably less than the underlying food matrix

and fibre
2026-09-18
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