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Microbioal foods

Jahn et al. (2023) Cell

Fermented foods— traditionally produced from 
grains, seeds, nuts, legumes, fruit, vegetables, roots, 
milk, meat, and fish through the controlled 
transformation by microorganisms. 

Microbial biomass --- produced from a defined 
sugar source such as glucose but also possibly from 
different waste streams or atmospheric gases, 
followed by the harvesting of microbial biomass and 
its processing into palatable and safe foods.

Cell factories --- defined microorganisms that are 
selected and (genetically) optimized to produce 
certain compounds. These compounds are usually 
purified and used for various applications—such as 
enzymes for baking. 

All types of microbial foods 
have the potential to 
positively impact human and 
planetary health.



Fermented foods and beverages

“Foods made through desired microbial growth and 
enzymatic conversions of food components”
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Marco et al., 2021, The International Scientific Association for Probiotics and 
Prebio cs (ISAPP) consensus statement on fermented foods 



Fermented foods
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>3500 fermended food products

Milk, cereals, legumes, vegetables, 
the, meat and fish

~8000 BC
~1/3 of the world’s food consumption

(Xiang et al., 2019. Food Science and Human Wellness) 



Fermented foods
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Food stability Food saftey Sensory characteristics Perceived health-
benefits



Perceived health-benefits of fermented foods
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Recommendations & claims?

• Despite the many potential benefits of fermented foods, their 
recommended consumption has not been widely translated to global 
inclusion in food guides.

• One exception in Asia is the Indian food guide, which stresses the 
consumption of fermented foods for the public and specifically, for 
pregnant women (“eat more whole grains, sprouted grams and 
fermented foods”

• Only one claim for beneficial microbes has been approved in the European 
Union (EU) (yoghurt improves lactose tolerance)



Description and microbial content of common fermented foods

Dimidi et al. (2019)



Perceived health-benefits of fermented foods

• Little is known

• Observational studies, few intervention trials

• Yoghurt

9Żółkiewicz et al. (2020) Nutrients



Postbiotics

Żółkiewicz et al. (2020) Nutrients

Postbiotics- Preparation of inanimate 
microorganisms and/or their 
components that confers a health 
benefit on the host. 

Effective postbiotics must contain 
inactivated microbial cells or cell 
components, with or without 
metabolites, that contribute to 
observed health benefits

Salminen et al. (2021) Nat Rev Gastroenterol Hepatol.



Products of gut microbial 
fermentation of 
carbohydrates, protein and 
dietary polyphenols

Mediators of health effects?

Krautkrame et al. (2021) Nature Reviews



Health-benefits of fermented foods - yoghurt

•
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Tutunchi,2021, Public Health Nutrition

Associations between yoghurt and 
reduced risk of: 

- Breast and coloncancer

- Type 2 diabetes

- Improved weight management

- Improved inflammatory markers, 
cardiovascular, bone, and GI health

Savaiano, 2020, Nutrition Reviews
SaeidiFard, 2019, Clinical Nutrition ESPEN
Baruah, 2022, Journal of Applied Microbiology

CONCLUSIONS
Consistent associations exist between fermented milk 
consumption and reduced risk of breast and colorectal 
cancer, T2D, improved weight maintenance, and improved 
cardiovascular, bone, and GI health.

Savaiano and Robert W. Hutkins (2020) Nutrition Reviews



Effects of Kefir on gasatrointestinal health (intervention 
studies)

Dimidi et al. (2019) Nutrients



Effects of sauerkraut, soy products and kimchi in 
gastrointestinal health and disease (interventions)

Dimidi et al. (2019) Nutrients



Effects of sourdough bread in gastrointestinal health and disease

Dimidi et al. (2019) Nutrients



Fermented foods and gastrointestinal health

In summary:

- Very limited evidence on the effectiveness of most fermented foods in 
gastrointestinal health

- Majority of studies being of low quality

- Kefir most studied
- Lactose malabsorption

- H Pylori eradication



AIMS:
- Difference between fermented and unfermented bread?

- Appetite
- GLycemia

Metabolic effects of fermeted vs non-fermented rye crisp bread



1-3,1-4-β-D-
glucans

Arabinoxylans
LM11 antibody

Fermented whole grain rye
crisp bread

Refined wheat crisp 
bread

Unfermented whole grain rye
crisp bread

José Luis Vázquez Gutiérrez and Maud Langton



Results- Satiety

Differences between White- Husman & White- Delikatess (P<0.001)

D. Johansson, I Lee, U Risérus, M Langton, R Landberg (2015) PloS One

Refined wheat

Unfermented WG rye

Fermented  WG rye
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Results- Glucose
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No significant difference in glucose profiles

D. Johansson, I Lee, U Risérus, M Langton, R Landberg (2015) PloS One

Refined wheat
Unfermented WG rye
Fermented  WG rye

Refined wheat
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Lower insulin secretion after rye- The ”rye factor”-effect

Plasma insulin

Significant differences at certain time points (treatment x time P<0.05)
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Johansson et al. (2015) PloS One



Follow-up study ”Crisp II”
AIMs: 

- Confirm effects of uRCB on appetite and postprandial insulin responses

- Evaluate the role of sourdough fermented rye crisp bread on appetite
and metabolic effects

Zamaratskaia et al (2017)



0

50

100

150

200

250

300

350

Delikatess Husman Celle Rågsur

Vi
sc

os
ity

 a
t 1

80
 rp

m
 (c

P)

a

b
bc

c

β-glucan in green and arabinoxylan in magenta

Unfermented (uRCB) Yeast (RCB) Refined wheat Sourdough
fermented



Effects on appetite

Fullness

- Unfermented rye differed slightly vs 
control (boarderline significant)

- Sourdough fermented rye about
20% different vs control

Zamaratskaia et al (2017)



Effects on insulin

Zamaratskaia et al (2017)

Lower postprandial insulin responses at 
some time points (significant interaction)



Effects of rye and sourdough content- A cross-over breakfast study
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• 6 armed cross-over design
• 5 sourdough rye breads
• 1 refined wheat bread

7:30
Breakfast

11:30
Lunch

Appetite records every 30 minutes

Nöhr-Iversen et al. (2018) Nutrients



Cross-over breakfast study
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• 23 healthy volunteers 
• 8 males / 15 females

• 23-63 years old

Nöhr-Iversen et al. (2018) Nutrients



Sourdough rye bread
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Nöhr-Iversen et al. (2018) Nutrients



Sourdough rye bread
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51 %

30 %

9 %

35 % 42 % 48 %

0% / 0%

Nöhr-Iversen et al. (2018) Nutrients



6/15/2023 Chalmers 30

Bread sourdough/rye

R.

sourdou

gha Rye flour

Rye 

totalb

Wheat 

flour

Total 

waterc

% Sourdough of 

total dough

% Rye flour of 

total flour

1. MS/MR 1250 500 1000 900 1570 30 42

2. HS/LR 2125 0 850 1050 1540 51 35

3. HS/HR 2125 300 1150 750 1540 51 48

4. LS/LR 375 700 850 1050 1600 9 35

5. LS/HR 375 1000 1150 750 1750 9 48
a Sourdough consisting of 40:60 whole grain rye flour:water.
b Sum of whole grain rye flour added and included in sourdough.
c Sum of water added and included in sourdough

Table: Rye bread recipes and design

Nöhr-Iversen et al. (2018) Nutrients
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MS/MR HS/LR HS/HR LS/LR LS/HR Reference

Protein (g) 7.1 7.2 6.9 7.3 6.3 7.5

Fat (g) 2.2 2.2 2.2 2.2 1.9 3.9

Starch (g) 41.2 41.9 39.9 40.4 39.8 41.9

Total fibera (g) 7.0 6.0 7.2 6.8 8.3 3.6

Soluble fiber (g) 2.3 2.0 2.5 2.1 2.7 1.6

Insoluble fiber (g) 4.7 4.0 4.7 4.7 5.5 3.0

Ash (g) 1.7 1.6 1.7 1.7 1.5 1.4

Water (g) 35.0 35.7 36.1 35.8 35.7 38.0

Energy (kJ)b 959 963 934 946 920 992

pH 4.4 4.2 4.2 5.2 5.3 5.0
Acid equivalentsc 10.3 11.5 12.5 6.3 6.6 4.3

Lactic acid (g) 0.81 0.81 0.89 0.4 0.36 0.27

Acetic acid (g) 0.13 0.14 0.16 0.07 0.04 0.04

Table: Composition of rye breads (100 g- a serving in the study)

Nöhr-Iversen et al. (2018) Nutrients
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Nöhr-Iversen et al. (2018) Nutrients
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Ad libitum lunch
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Nöhr-Iversen et al. (2018) Nutrients



Conclusion
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• No difference between the sourdough rye breads

• No indication of an effect of increasing sourdough content
• Despite large difference, 9-51%

• Some indication of an effect of increasing rye content
• Relatively small difference, 35-48%

Nöhr-Iversen et al. (2018) Nutrients



Fermented foods and cardiometabolic health – proposed
mechanisms

35
Li, 2022, Frontiers in Nutrition



Health benefits of fermented and high fiber foods – clinical
trial
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• Parallel study
• Healthy adults, n=18
• Dietary fiber - 20 g/day
• Fermented food - 6 servings/day

Wastyk et al 2021, Cell, Sonnenburg lab

Primary aim: Change in 
Cytokine Response Score 

Secondary aims: Effect
on microbiota, SCFAs, 
inflammatory markers, 
lipid profile



Health benefits of fermented and high fiber foods – clinical
trial
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Inflammation response groups
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Plant-based fermented foods
for healthier and more sustainable diets
HealthFerm is a Horizon Europe research project 
investigating innovative pulse and cereal-based food 
fermentations together with the health effects and 
consumer perception of novel fermented foods.

4-year project

23 partners



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

• Randomized controlled crossover study

• Subjects with metabolic syndrome, n=100

41

Fermented foods:
- Yogurt like product
- Meat alternative
- Vegetables
- Kombucha
- Bread

FermPlantFoods PlantFoods Control diet

Non-fermented
counterpart

Average
Swedish diet

Primary aim: Difference
in the inflammatory 
biomarker(s)

Secondary aims: Lipid profile, 
glucose 
and insulin, blood pressure, 
inflammatory markers,
glycaemic variability, 
microbiota, metabolome, 
(stratification – Enterotypes)



Fermented Plant-based Portfolio Diet 4 Metabolic Health 
(FermDiHealth)
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Food4GutMarKIT
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Identification of gut microbiota associated with reduction of 
cardiovascular risk factors 

F.prausnitzii, Oscillospiraceae, Faecalibacterium
Step 1

Step 2
Identified foods shown to increase these bacteria in human 
intervention trials

Diet concept

Rich in fibers and whole grains + fermented foods

Palmnäs et al in preparation

Literature review

- Rich in fibers and whole grains + fermented foods (4 servings/day)  
- Nordic Nutrition Recommendations



Food4GutMarKIT – clinical trial
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Primary aim: Effect on gut 
microbiota previously shown 
associated with reduction of 
cardiovascular risk factors

• Randomized controlled cross-over study
• BMI<25, BMI>25
• Completers n=30

Secondary aims: Effects on 
lipids, blood pressure, fasting 
glucose, CRP and the 
metabolome.



GutMarkIT – clinical trial
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Expected findings

- The intervention diet will alter specific microbes previously shown inversely 
associated with risk factors for cardiovascular disease

- Affected microbes will be linked with reduction of cardiovascular risk factors

- The effect on microbiota will be mirrored in the metabolome

- Differ between individuals with BMI <25 and BMI >25



Take home messages

• Fermented foods is s diverse group! Many different MOs and metabolites 
formed

• Several mechanisms at play at the same time

• Studies on non-dairy fermented foods and health are lacking

• RCTs on plant based fermented foods and helath are on the way
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