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Abstract 

Fermentation has been used since the Early Neolithic period to preserve foods. It has inherent 

organoleptic and nutritive properties that bestow health benefits, including reducing inflammation 

and oxidative stress, supporting the growth of salutogenic microbiota, enhancing intestinal 

mucosal protection and promoting beneficial immunometabolic health effects. The fermentation 

of food with specific microbiota increases the production salutogenic bioactive compounds that 

can activate Nrf2 mediated cytoprotective responses and mitigate the effects of the ‘diseasome of 

ageing’ and its associated inflammageing, which presents as a prominent feature of obesity, type-

2 diabetes, cardiovascular and chronic kidney disease. This review discusses the importance of 

fermented food in improving health span, with special reference to cardiometabolic diseases. 
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Introduction 

Natural fermentation of food has been in use since the Neolithic age and was popular 

among classical civilizations as a means of food preservation (HUANG, 2016). The degree and 

type of fermented food in the diet is contextualized by culture, lifestyle and geographical region.  

Fermentation is an anaerobic process whereby nutrients such as carbohydrates, are processed by 

microbial metabolism into end products comprising alcohols, gases, and acids. Besides 

preservation of the food, fermentation increases its range of available nutrients, changes its flavor 

and increase the digestibility of its constituents (Şanlier et al., 2019; Sibbesson, 2022). The most 

commonly used fermentation process incorporates lactic acid bacteria (LAB), however, alkaline, 

acetic acid, alcoholic fermentation has also been used. Typical examples of fermented foods 

include kefir, kimchi, cheese, pickles, chorizo, kombucha and beverages such as beer, whisky, and 

wine. All are highly valued due to their organoleptic properties (Şanlier et al., 2019; Sibbesson, 

2022) 

The fermentation process improves the nutritional value of foods, increasing the 

concentration of phenolic acids, flavonoids, short-chain fatty acids, vitamins and small peptides; 

all associated with health benefits (N. Kumar & Goel, 2019). For example, alkyl catechols such as 

4-methyl catechol, 4-vinylcatechol, and 4-ethylcatechol, produced by the fermentation of phenolic 

acids (from fruits and vegetables) by Lactobacillus species are potent agonists of nuclear factor 

erythroid- 2 related factor (Nrf2), a master mediator of cellular stress defenses (Senger et al., 2016). 

These processes are not supported by a Western diet and modern food preservation methods, which 

has led to a reduction in dietary accquired alkyl catechols (Senger et al., 2016). Industrialization 

has also led to a diet based on processed, non-fermented foods. Consequently, with an 

industrialized Western diet, fewer fermented foods are being consumed; thus, new strategies are 

required to restore fermented food to the diet to enable support for a normative human microbiome. 

This is critical, as a normative microbiome established through natural selection over millennia in 

a non-industrialized world and now only found in a few traditional societies (Slattery et al., 2019), 

has evolved in concert with humans, while the modern industrialized microbiome has only evolved 

over several generations, hence our biology has had little time to adapt to its’ associated health 

deficits. than a and  that has not  diet (Marco et al., 2020). 

This is in keeping with the “the old friend's hypothesis” (Strachan, 1989), that postulates that a 

stimulated immune system is important for protection against ‘burden of lifestyle diseases’ that 

accumulate with age, such as cancer, dementia, cardiovascular disease (CVD), obesity, type-2 

diabetes (T2D), and chronic kidney disease (CKD). Notably in traditional societies, such as Hadza 

hunter gatherers, there are higher levels of microbial richness and biodiversity than industrialised 



societies (Schnorr et al., 2014). These include absence of Bifidobacterium and differences in 

microbial composition between the sexes. Additionally, their microbiota is configured to enhance 

the Hadza’s ability to digest and extract nutrition from fibrous plant foods. Moreover, this  alternate 

microbiome configuration helps maintain metabolic homeostasis through reduction of 

inflammatory factors, which are instead highly represented in the industralised metabolome 

(Turroni et al., 2016). Consequently, the Hadza are less prone to many features of the ‘diseasome 

of ageing’. 

Gut dysbiosis is a prominent feature of chronic burden of lifestyle diseases in industralised 

societies,  where it has been shown that the risk of developing CVD and T2D may be reduced due 

to the actions of specific microbial metabolites from organisms supported by fermented food 

(Garcia-Gonzalez et al., 2021). For example, vitamin K derived from fermented food like natto 

(Japanese fermented soybeans) may have an important role in the reduction of osteoporotic 

fracture risk in women (Kojima et al., 2020). Furthermore, it has been suggested that fermented 

vegetables that support the growth of  salutogenic Lactobacilli may be a potent source of Nrf2 

activators and mitigate damage provoked by viruses, including COVID 19 (Bousquet et al., 2021, 

Mirashrafi et al. 2021 ). In this review we discuss the potential of fermented food in improving 

health span with focus on cardiometabolic diseases. 

 

The food fermentation process 

Based on the seminal observation in 1857 by Louis Pasteur that yeast is a living organism, 

studies on microbiology and pasteurization were initialized (Bach et al., 2020). As observed by 

Pasteur, microbes “capable of living without free oxygen” can use carbohydrates to produce 

energy in an anaerobic environment. In contrast to aerobic metabolism, in which oxygen is the 

receptor for the generated protons and electrons, the receptors for anaerobic derivatives are 

pyruvate and acetyl CoA (Figure 1). Depending on the strain of organism, the fermentation 

process produces lactic, acetic, propionic, or butyric acids, ethanol even gamma-aminobutyric acid 

(GABA) from L-glutamate fermentation. During the fermentation process, hydrogen peroxide, 

carbon dioxide, antimicrobial peptides, and H2S are also produced (The International Scientific 

Association for Probiotics and Prebiotics (ISAPP) Consensus Statement on Fermented Foods, 

2021; Sun et al., 2017). 

 



 

Figure 1. Carbohydrate fermentation and their end products. 

 

Propionic acid bacteria (PAB), e.g., P. freudenreichii, are important for cheese production 

mainly Emmental and Swiss-type cheese, but also Feta and Raclette cheese. PAB use sugars 

(lactose and galactose) to produce acetate, CO2 and propionate (Bücher et al., 2021). Gram-positive 

LAB from the Firmicutes group produce lactic acid during carbohydrate fermentation. Moreover, 

non-LAB bacteria are commonly used as aid in the fermentation process. Fermentation of fungi 

produces alcoholic beverages, such as sake and awamori, different kinds of cheese, such as 

Camembert and Roquefort and Asian fermented foods, such as miso and soy sauce.  

 

Yeasts and fermentation 

Yeasts are also important microorganisms in fermentation. These are members of the 

fungal kingdom, widely used in a range of common fermentation reactions, such as bread making 

(Voidarou et al., 2021). Saccharomyces is the most widely used yeast in the production of alcoholic 

beverages. Kluyveromyces is well-known to produce dairy products whereas Pichia and Yarrowia 

are used for vegetables, Candida, Wickerhamomyces, Metschnikowia, and Debaryomyces are 

used for fish and meat fermentation (Tamang & Lama, 2022). Additionally, Pseudomonas, has 

been shown to be critical for the fermentation of shark meat to produce hákarl (traditional dish 

from Iceland made with Greenland shark). Pseudomonas has also been reported to enable 
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detoxification of trimethylamine (TMA) or trimethylamine N-oxide (TMAO) present at high 

concentration in this fish, which is toxic before fermentation (N. Kumar & Goel, 2019).  

Fermented food in the diet 

The fermentation process can improve the organoleptic characteristics of food (i.e., taste, 

color, texture and odor) and increases its nutritional value, by lowering pH and enhancing synthesis 

of bacteriocins, acids and ethanol which contribute to the preservation of the food. Fermentation 

of food produces many important healthy substances including bioactive compounds, such as 

quercetin-3-glucoside, monacolin K, bacteriocin, amino acids and small peptides, 

exopolysaccharides, vitamin B complex, polyamines, conjugated linoleic acid (CLA), γ-

aminobutyricacid (GABA), short-chain fatty acids (SCFA), phytoestrogen, indole alkaloid, 

genistein, daidzein, nitric oxide (Figure 2). In addition, the direct effect of consumption of specific 

bacteria promotes probiotic effects (Baruah et al., 2022a). Consequently, fermented food plays a 

crucial role in maintaining a normative balanced gut microbiota (Derrien & van Hylckama Vlieg, 

2015; Kårlund et al., 2020).  

 

Figure 2. Examples of bioactive compounds produced by fermentation of foods. 

 

Some examples of fermented foods with scientific evidence of health benefits (H. Chen et 

al., 2016; Devanthi & Gkatzionis, 2019; Dimidi et al., 2019; Pražnikar et al., 2020a; Rezac et al., 

2018), such as dairy and fruits and vegetable-based fermented food, are listed in Table 1. 

Surprisingly, despite their known health benefits, with few exceptions, fermented foods are 



generally absent as a recommended category in general dietary guidelines. As fermented food 

mitigates inflammation, control enteric diseases, and has anti-ageing, anti-hypertensive, anti-

diabetic effects, the health benefits are potentially staggering (Baruah et al., 2022a; Marco et al., 

2020), e.g., it has been suggested that fermented milk promotes longevity as LAB can modulate 

the gut microbiota, degrade carbohydrates (galactose and lactose) and branched-chain amino acids 

(including leucine), which are involved with activation of the target of rapamycin complex 1 

(mTORC1), known as a key regulator of ageing (Melnik & Schmitz, 2021).  

Fermented food may have a number of senotherapeutic properties(Das et al., 2020). A 

range of such food stuffs, such as genistein, spermidine and daidzein from fermented soybeans 

(Natto, Chungkookjang, Tempeh, Douchi), β-sitosterol and linoleic acid produced by Kimchi have 

also been described to have salutogenic properties including: 

• Acting as an antioxidant and thus mitigate the effects of age-related oxidative 

damage.  

•  Extending health span (e.g., years of healthy living) via improving mitochondrial 

functions. 

• Acting as anti-inflammatory that can combat inflammageing. 

 

Table 1. Common fermented foods and dominant strains. 

 
Food Typical 

from 

Made with Strains 

Cheese USA, 

France 

Milk Mesophilic streptococci, lactococcus, and lactobacillus or 

thermophilic streptococci and lactobacillus. 

Chongkukjang Korea Soybean B. amyloliquefaciens, B. subtilis and B. licheniformis or by 

fungi such as R. oligosporus, Aspergillus oryzae and, 

Rhizopus oryzae 

Dadih Indonesia Raw buffalo 

milk bamboo 

tubes and 

covered with 

banana leaves 

Leuconostoc spp., Lactococcus spp., Klebsiella spp., 

Lactobacillus spp., Bifidobacterium spp., Streptococcus spp.  

Douchi China Soybean Bacillus subtilis, Rhizopus oryzae, Aspergillus oryzae  

Kefir North 

Caucasus 

Goat, ewe, or 

cow milk 

LAB, yeasts, fungi, Bacillus such as for e.g.  Lactococcus 

lactis, Lactobacillus bulgaricus and Saccharomyces kefir 

Kimchi Korea  

 

Cabbage or 

radish 

Lactobacillus sakei, L. plantarum, L. brevis, Leuconostoc 

citreum, L. gasicomitatum, L. mesenteroides, Weissella 

cibaria, W. koreensis, W. confuse, L. carnosum, L. gelidum 

Kombucha China Black and green 

tea 

Komagataeibacter xylinus, Saccharomyces cerevisiae, 

Zygosaccharomyces bailii. Brettanomyces bruxellensis, 

Acetobacter pasteurianus, Acetobacter aceti, Acetobacter 

xylinum, Zygosaccharomyces spp., Gluconacetobacter 



 

 

Fermented food and inflammation: a role in regulating Nrf2 and NF-kB activity 

An intermediate inflammatory phenotype, coincident with oxidative stress, mitochondrial 

dysfunction, tissue hypoxia, gut dysbiosis and depletion of Nrf2 are common features that drive 

the pathology of the ‘diseasome of ageing’, including cancer, T2D, dementia, hypertension, CVD, 

obesity and CKD (Shiels et al., 2021a). Chronic inflammation is characterized by a continuous 

inflammatory response, with consequent tissue dysfunction. The inflammatory process generates 

reactive oxygen species (ROS) and impairs maintenance  of cellular antioxidant systems (Checa 

Miso Japan Soybean Starter culture of Aspergillus oryzae plus Bacillus subtilis, 

Bacillus amyloliquefaciens, Staphylococcus gallinarum, 

Staphylococcus kloosii, Lactococcus sp. 

Natto Japan Bean Bacillus subtilis, Bacillus natto. 

Pickles China Vegetables 

(mainly 

cucumber and 

mustard) 

Lactobacillus paracasei 

Red yeast rice 

 

China rice and red 

yeast 

Monascus purpureus 

Sauerkraut Germany Cabbage L. plantarum, L. sakei, Candidatus accumulibacter phosphatis, 

Thermatoga spp., Pseudomonas rhizosphaerae, L. 

hokkaidonensis, L. rhamnosus, Leuconostoc carnosum, 

Clostridium saccharobutyrilicum, Rahnella aquatillis, 

Citrobacter freundii, Enterobacter cloacae, Bifidobacterium 

dentium, L. casei, L. delbrueckii, Staphylococcus epidermidis, 

L. curvatus, L. brevis, Weissella confusa, Lactococcus lactis, 

Enterobacteriaceae, Leuconostoc spp., Yarrowia brassicae 

Sourdough Middle East 

and Europe 

Bread made with 

longer ferment 

LAB and yeasts 

Soy sauce China Soybean Tetragenococcus halophilus and Zygosaccharomyces rouxii 

Squid jeotgal Korea Fermented 

seafood 

 Bacillus velezensis Kh2-2 

Tempeh Indonesia Soybean Starter culture of Rhizopus oligoporus plus 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 

Vinegar China Grains 

(sorghum, rice or 

wheat) or fruit 

(apple or grapes) 

Acetic acid bacteria 

Yoghurt Balkan 

regions and 

Asiatic 

Turkey 

Milk S. thermophiles, L. delbrueckii subsp. bulgaricus 



& Aran, 2020) and the epigenetic landscape of ageing (Shiels et al., 2017). The impaired regulation 

of nuclear factor-kappa B (NF-κB) under such conditions is known to exacerbate such pathogenic 

processes in several inflammatory diseases (T. Liu et al., 2017). To activate NF-kB be, the IκB 

kinase (IKK) complex must phosphorylate and promote the degradation of the IκB that 

subsequently release NF-κB to the nucleus, inducing cytokine synthesis. These effects are 

mitigated or prevented by the action of the cytoprotective transcription factor Nrf2, which is 

responsible for activation of >300 antioxidant and cytoprotective genes (Abed et al., 2015; Checa 

& Aran, 2020; Stenvinkel et al., 2020).  

As a range of  bioactive compounds, such as sulforaphane, curcumin and alkyl catechols, 

stimulate Nrf2 they decrease chronic inflammation and improve the antioxidant responses 

(Alvarenga et al., 2020; Cardozo et al., 2021; De Almeida Alvarenga et al., 2019). Furthermore, 

the biotransformation of bioactive compounds such as oligopeptides, phenolic acids, and flavanols 

present in fermented food by LAB during the fermentation process potentiates antioxidant and 

anti-inflammatory action of such compounds by improving their bioavailability (Bautista-Expósito 

et al., 2019; Chiu et al., 2019; Khan et al., 2020; Senger et al., 2016; P. S. Wu et al., 2018). 

Some types of fermented foods mitigate inflammatory processes by inhibiting Receptor 

Activator of NF-kB ligand (RANKL) (Ali et al., 2020; C. H. Jeong et al., 2018; J. W. Jeong et al., 

2019) and Mitogen-Activated Protein Kinases (MAPK), such as ERK, p38, and JNK. Thus, the 

attenuation of the  phosphorylation of these proteins, prevents the transcriptional activity of NF-

κB (S. M. Kim et al., 2020; D. Y. Lee et al., 2016) resulting in reduced cytokines synthesis. 

Moreover, fermented foods can attenuate the inflammatory process through increase of IκB Kinase 

(IKK) expression/activity and inhibition of NF-kB Inhibitor alpha (IκB ) phosphorylation (Cheng 

& Pan, 2016; J. Y. Jung et al., 2015; S. M. Kim et al., 2020; Suo et al., 2015; Yoo et al., 2020) 

with a subsequent decrease of pro-inflammatory cytokines expression, such as tumor necrosis 

factor-alpha (TNF), and interleukin (IL) -1beta (β) (Ali et al., 2020; C. H. Jeong et al., 2018; J. W. 

Jeong et al., 2019). 

 In addition, fermented foods, especially kefir (fermented milk with LAB), prevent 

activation in the Nod-Like Receptor Pyrin domain containing (NLRP3) inflammasome and the 

maturation of cytokine IL-1 β and caspase 1 by blocking the NF-κB pathway (H. L. Chen et al., 

2019). Fermented food products facilitate the dissociation of Keap1 from Nrf2 (Zhao & Shah, 

2016) (increase the phosphorylation of extracellular signal-regulated kinase (ERK) (S. B. Ahn et 

al., 2018; Lin et al., 2018), and facilitate Nrf2 translocation to the nucleus (Ardiansyah et al., 2015; 

Bautista-Expósito et al., 2019; Khan et al., 2020). Consequently, there is an increase in the 

expressions of Nrf2-dependent phase II enzyme genes such as heme oxygenase-1 (HO-1) (S. Kim 



et al., 2018; Park et al., 2020), catalase, glutathione peroxidase (GPx), superoxide dismutase 

(SOD), quinone oxidoreductase (NQO1) (Fuda et al., 2019). Indeed, a recent study showed that 

healthy individuals who consumed meals contained fermented food (cheese and sour cream) 

presented lower expression of genes related to inflammation, chemokine and cytokine signaling 

and lymphocyte activation (Rundblad et al., 2020). The action of several fermented foods on NF-

κB and Nrf2 pathways in vitro and experimental studies are shown in Table 2. 

 



Table 2. Summary of in vitro and in vivo studies involving fermented foods and their effects on inflammation and oxidative stress. 

References Sample Intervention Results 

  In vitro  

La Marca et al. 

(2015) (La Marca et 

al., 2015) 

Hepatocytes from Wistar 

male rats treated with 200 

μM of H2O2 

0.7 mg/ml of fermented powder of 

bean Lady Joy (Phaseolus vulgaris 

L.) for 24h 

↑ Cytosol and mitochondrial GSH levels 

↑ NQO1, CAT activity 

↑ HO-1 and Nrf2 protein expression 

↓ NF-κB protein expression and Endoplasmatic reticulum 

stress 

Cheng & Pan (2016) 

(Cheng & Pan, 2016) 

Hepatic stellate cells 30 μM of ankaflavin and monascin 

for 24h 

↓ phospho-Akt/Akt ratio and NF-κB expression 

↑ IκB expression  

↔ MAPKs 

Ahn et al. (2018) (S. 

B. Ahn et al., 2018) 

Human hepatoma cell line 

HepG2 

200 μM of palmitic acid and 

0.04%-1.0% Fermented soymilk 

for 24h 

↑ protein levels of Nrf2 

↓ phosphorylation of ERK 

↓ ROS 

Jeong et al. (2018) (C. 

H. Jeong et al., 2018) 

Human colorectal cell line 

exposure to 1 μg/mL 

Escherichia coli LPS 

Yogurt produced using 1, 2, or 3% 

Green tea powder for 15h 

↓ ROS 

↑ Nrf2 and HO-1 protein expression 

↓ mRNA levels of IL-1β and TNF-  

Fuda et al. (2019) 

(Fuda et al., 2019) 

Human hepatoma-derived 

cells 

0−500 μM dose of Flazin (β-

carboline-derived alkaloid) from 

Japanese fermented foods 

↑ protein levels of Nrf2 in the nucleus fraction 

↓ levels of Nrf2 in the cytoplasmic fraction 

↑ Nrf2, NQO1, GCLC and GCL, HO-1, SOD, GR, GPx, 

CAT genes expression in the liver 

Jeong et al. (2019) (J. 

W. Jeong et al., 2019) 

RAW264.7 macrophage 

cells 

100 ng/mL of Fermented Sea 

tangle extract for 72h 

↓ RANKL and NF-κB expression 

↓ ROS 

↑ Nrf2 expression 

Chiu et al. (2019) 

(Chiu et al., 2019) 

RAW 264.7 macrophage 

cells 

50–200 μg/ml ethyl acetate extract 

of fermented pine needle for 24h 

↓ NO, PGE2, TNF‐α, and IL‐1β, IL-6 

↓ ROS 

↓ iNOS, COX‐2, and NF‐ΚB p65 subunit protein 

expression 

Kim et al. (2020) (S. 

M. Kim et al., 2020) 

LPS-induced 

inflammation in RAW 264.7 

murine macrophages 

25, 50, 100, and 200 μg/mL 

fermented lotus root for 24h 

↓ NF-κB and MAPKs activity 

↓ NO production 

↓ degradation of IκBα 

↓ TNF‐α, and IL‐1β, IL-6 genes 



Kim et al. (2020) (H. 

Y. Kim et al., 2020) 

LPS-induced RAW264.7 

macrophage cells 

400 μg/mL fermented Inula 

britannica 

↓ NO production 

↓ TNF-𝛼 IL-1β, IL-6, iNOS, and COX-2 expression 

↓ p-p65, ↓ IκB𝛽 phosphorylation, and NF-κB activation 

↓ MAPKs expression 

Khan et al. (2020) 

(Khan et al., 2020) 

RAW 264.7 macrophage 

cells treated with 1 μg/mL 

LPS 

Antioxidant peptide MS15 from 

Bacillus velezensis obtained from 

Kimchi at dosages of 2.5, 5, 10, 

and 20 μM for 24h 

↑ mRNA levels of CAT, GPx, SOD and Nrf2  

↓ ROS and NO 

↑protein levels of HO-1 

 

Tonolo et al. (2020) 

(Tonolo et al., 2020) 

Caco-2 cells 0,05 mg/mL of bioactive peptides 

of fermented soybeans for 24h 

↓ ROS, TBARS 

↑ Nrf2 levels in the nucleus 

↑ SOD, TrxR1, GR and NQO1 

Park et al. (2020) 

(Park et al., 2020) 

Hydrogen peroxide induced-

MC3T3-E1 osteoblasts 

Fermented Pacific oyster 

(Crassostrea gigas) extracts 

↓ DNA damage and cytotoxicity 

↑ mitochondrial membrane potential and cytosolic release 

of cytochrome C 

↓ Bax/Bcl-2 expression and activity of caspase-9 and 

caspase-3 

↑ Nrf2 and HO-1 expression 

Sha et al. (2021)(Sha 

et al., 2022) 

Caco-2 cell 12 LAB strains isolated from 

Chinese fermented foods 

↓ mRNA expression of DPP-4 

↓ TNF and MAPK signaling pathways 

Kim et al. (2021)(S. 

Y. Kim et al., 2021) 

Osteoblastic MC3T3-E1 

cells 

Fermented extract of sea tangle 

with Lactobacillus brevis (0 to 

1000ug/mL) 

↓ ROS 

↑ Nrf2/HO-1 antioxidant pathway 

Monmai et al. 

(2021)(Monmai et al., 

2021) 

RAW264.7 macrophage 

cells 

fermented rice cake, + strawberry 

powder 

↓ genes iNOS, IL-1β, IL-6, COX-2, and TNF-α 

↓ NO 

Paparo et al. 

(2021)(Paparo et al., 

2021) 

Caco-2 cells infected with 

SARS-CoV-2 

 milk fermented with L. Paracasei 

CBAL74 (48 h with 11.5 mg/mL) 

In cells pretreated with L. Paracasei CBAL74: 

↓ number of infected cells 

↓ ACE2, IL-6, VEGFβ, IL-15, IL-1β  

↔ TMPRSS2, MCP-1, TNF-α and CXCL1 expression  

Sirilun et al. 

(2022)(Sirilun et al., 

2022) 

Colon adenocarcinoma (HT-

29) cells 

Thai purple rice (2.5 to 100ug/mL) ↓ IL-6, nitric oxide, iNOS, and COX-2 production  

↑ IL-10 



Wu et al. (2022)(H. 

Wu et al., 2022) 

Hepatocarcinoma cells Phenolic extracts from fermented 

barley (0 to 20 μg/mL) 

↓ ROS 

↑ viability and membrane integrity cell,  

↑ SOD, GSH  

Tobita et al. 

(2022)(Tobita & 

Meguro, 2022) 

Macrophage cell line, 

J774.1 

Bacillus subtilis BN strain - 

isolated from natto 

↓ TLR-4, IL-12, NF-κB, and IκB kinase 

Huang et al. 

(2021)(Huang et al., 

2021) 

HUVECs Nattokinase (alkaline protease) 

from traditional food Natto (10 

ng/mL) 

↓ IL-17, IL-6, TNF-α, MCP-1  

↓ VEGF-induced cell migration 

↑ Nrf2/HO-1 pathway 

  In vivo  

Ardiansyah et al. 

(2015) (Ardiansyah et 

al., 2015) 

Stroke-prone spontaneously 

hypertensive rats 

4 and 20 g/kg of fermented barley 

extract for 3 weeks 

↓ mRNA level of Nox1 

↑ mRNA expression of Nrf2, CAT, GPx, GR, and Prdx2 

at 4g/kg dose 

Zhao & Shah (2016) 

(Zhao & Shah, 2016) 

Male Balb/c mice 8 ml/kg black tea yogurt for 8 

weeks 

↓MDA 

↑Nrf2, GSH, γ-GCS, GR and GPx expression 

Qian et al. (2016) 

(Qian et al., 2018) 

Six-week-old SPF KM 

(Kunming) mice 

1.0 x 109 CFU/kg of isolated lactic 

acid bacterium from Chinese 

pickled cabbage for 4 weeks 

↑ SOD, GSH-Px, and GSH  

↑ nNOS, eNOS, Cu/Zn-SOD, Mn-SOD, CAT, HO-1, 

Nrf2, and NQO1 genes 

↓ NO and MDA 

Xia et al.( 2018) (Xia 

et al., 2018) 

Mice model of alcoholic 

liver injury 

0.625, 1.250 and 2.500 mL/kg of 

Shanxi aged vinegar for 2 weeks 

↓ ROS, MDA, IL-1β 

↓TLR4 expression, MyD88, p-IκB, p-NF-κB p65 

↑ IL-10, GSH-Px, SOD and CAT 

↑ Nrf2, NQO1, HO-1 and GCLM protein expression 

↓ iNOS and COX-2 activity and NO production 

Moreno-Fernandez 

et al. (2019) (Moreno-

Fernandez et al., 2019) 

Male Wistar albino breed 

rats with anaemia 

Fermented cow milk or fermented 

goat milk-based diet, with normal-

Fe content for 4 weeks 

 

↑TAS 

↓8-OHdG, 15-F2t-isoprostanes and TBARS, AOPP 

↓DNA oxidative damage in testis germ cells, IL-6 and 

TNF-α in fermented goat milk group 

↑ NRF2 and PGC-1α protein expression in fermented goat 

milk group 

Chen et al. (2019) (H. 

L. Chen et al., 2019) 

Luciferase transgenic mice 150 mg/kg low-dose kefir peptide 

or 500 mg/kg high-dose kefir 

peptide for 4 weeks 

↓ NF-κB, IL-lβ, IL-4 and TNF-α expression 

↓ NLRP3, caspase-1 expression 



Cui et al. (2020) (Cui 

et al., 2020) 

Male C57BL/6J mice Fermented soybean food 

 (Low, 30 mg/kg; medium, 150 

mg/kg; high, 750 mg/kg) for 3 

weeks 

↑LDH level 

↑ expression levels of Nrf2, NQO1, GCLC and GCLM 

mRNA in the liver 

↓ MDA in medium group 

Ali et al. (2020) (Ali 

et al., 2020) 

Adult male Sprague Dawley 

Strain rats with γ-irradiation 

inducing liver injury 

5 ml/kg of kefir milk orally for 4 

weeks 

↓ NO and lipid peroxidation 

↑ TAC, GSH level, and CAT activity 

↓ MCP-1 and NF-κB gene expression 

Zareian et al. (2020) 

(Zareian et al., 2020) 

45 Spontaneously 

Hypertensive Rats 

0.0065 g of fermented food (idli) 

with enhanced γ-aminobutyric acid 

for 10 weeks 

↓ lipid peroxidation 

↓ NF-κB and iNOS genes 

↑ SOD, GR 

Agista et al. 

(2021)(Agista et al., 

2021) 

Female mice in a post-colitis 

period 

Fermented rice bran (diet 

supplemented with 10%) for 35 

days 

In intestine: 

↓ IL-lβ, IL-6, TNF-α, CXd2 iNOS genes expression 

↑ IκB  mRNA level 

Bae et al (2021) (Bae 

et al., 2021) 

Mouse model of allergic 

rhinitis 

Fermented red ginseng (6mg/day) 

for 2 weeks 

↓IL-4 

In lung: 

↓IL-4, COX-2, iNOS expression 

Garcia-Burgos 

(2021)(García-Burgos 

et al., 2022) 

Anemic male rats Fermented goat´s or cow´s milk 

with normal iron content or iron 

overload for 30 days 

Fermented goat´s: ↑ INF-y, IL-4, IL-10 

↓TNF-α, MCP-1, IL-6, neutrophil/lymphocyte ratio 

Cardoso et al. 

(2021)(Cardoso et al., 

2021) 

Rats fed a high-fat high-

fructose diet 

Black and green tea kombuchas 

(dilution equivalent to the 17mg 

total phenolics/kg/day) for 10 

weeks 

↓ neutrophil/lymphocyte ratio 

In liver: ↑ TAC, SOD and CAT activity 

↓ NO 

↔ MDA, TNF-α 

Kaur et al. (2021) 

(Kaur et al., 2021) 

Murine ulcerative colitis 

model  

Whey fermented with 

Lactobaccilus rhamnosus (1.0 x 

109CFU mL) for 4 weeks 

In the intestinal fluid: ↓IL-4, TNF-α, CRP, MPO activity 

↑TGF-β 

Kumar et al.  (2021) 

(M. R. Kumar et al., 

2021) 

BALB/c mice Water kefir (10 or 2.5mL/kg) for 4 

weeks 

Both dosages: ↑ SOD activity in brain and spleen 

↑ FRAP in brain and kidney 

In 2.5ml/kg dosage: ↓NO in kidney  

Lee et al., 2021) (C. S. 

Lee et al., 2021) 

Rat model of ovariectomy-

induced post-menopausal 

primary osteoporosis. 

Milk products fermented by 

Lactobacillus plantarum and 

Lactobacillus fermentum (1x 

1010CFU mL) for 8 weeks 

↓ TNF-α, IL-1β  

In gut: 

↓ TNF-α, IL-1β, IFN-y gene expression 

 



Abbreviation: BUN: blood urea nitrogen; LA: lactic acid, LDH: lactate dehydrogenase, ALT: alanine aminotransferase; AST: aspartate aminotransferase, MDA: malondialdehyde, Nrf2: 

nuclear factor-erythroid 2-related factor 2, NQO1: NAD(P)H dehydrogenase [quinone] 1, GCLC: Glutamate-Cysteine Ligase Catalytic Subunit; GCLM: Glutamate-Cysteine Ligase 

Modifier Subunit, LPS: lipopolysaccharide, ROS: Reactive oxidative stress, HO-1: Heme Oxygenase 1, IL: Interleukin, TNF: tumor necrosis factor, AOPP: advanced oxidation protein 

products, TAS: total antioxidant status, TBARS: Thiobarbituric acid reactive substances, 8-OHdG: 8-hidroxy-2′-deoxyguanosine guanosine, PGC-1α: peroxisome-proliferator-activated 

receptor-γ coactivator-1α, CAT: catalase, GPx: glutathione peroxidase, SOD: superoxide dismutase, NO: Nitric oxide, TrxR1: thioredoxin reductase 1, GR: glutathione reductase, Prdx2: 

peroxiredoxin 2, Nox1: NADPH-oxidase 1, GSH: Glutathione, GSH-Px: glutathione peroxidase, nNOS: neuronal nitric oxide synthase, eNOS: endothelial nitric oxide synthase, Cu/Zn-

SOD: cuprozinc-superoxide dismutase, Mn-SOD: manganese superoxide dismutase, γ-GCS: γ-glutamylcysteine synthetase, TAC: total anti-oxidant capacity, iNOS: NO synthase, cox-2: 

cyclooxygenase 2, NF‐κB: nuclear factor Kappa B, MAPKs: mitogen-activated protein kinases; DPP-4: dipeptidyl peptidase-4; TLR-4: toll-like receptor 4; ACE2: receptor angiotensin-

converting enzyme-2; IL: interleukin; VEGFβ, vascular endothelial growth factor-beta; MCP-1: Monocyte Chemoattractant Protein-1; CHCL1: C-X-C Motif Chemokine Ligand 1; 

TMPRSS2: transmembrane protease serine 2; HUVECs: Human umbilical vein endothelial cell

Papai et al. (2021) 

(Pápai et al., 2021) 

Murine colitis mouse model Yogurt fermented by 

Bifidobacterium animalis and 

Lactobacillus acidophilus 

(200mcL/day) for 10 days  

Yogurt fermented by Lactobacillus acidophilus: ↓MPO 

activity 

Wang et al. (2021) (P. 

Wang et al., 2021) 

LPS-induced sepsis in 

mouse model 

Kombucha (free drinking or 

intragastric administration of 

100mcl/100g) for 60 days 

↓ IL-1β, IL-6, TNF-α 

In lung tissues: 

↓ IL-1β, TNF-α, CCL-2, CXCL10 gene expression 

↓NF-kB signaling 

Zeng et al. (2021) 

(Zeng et al., 2021) 

Colorectal cancer mice 

model 

Kefir fermented for 24hour 

(200mcL) for 16 weeks 

In colon tissue: ↓ TNF-α, IL-6, IL-17a protein levels and 

gene expression↓ NF-kB gene expression 



 

Fermented foods and gut microbiota 

The gut microbiota exerts a marked influence on host metabolic homeostasis, and research 

demonstrate that good health and well-being require a healthy gut (Bell et al., 2018). Processed 

food – the hallmark of the Western diet – has recently been shown to drive microvascular disease 

via increased intestinal barrier permeability (Hall et al., 2020; Snelson et al., 2021). In keeping 

with this, it has recently been reported that differences in the microbiota are associated  with ageing 

and health in the general population (Craven et al., 2021). It has been speculated that an 

industrialized microbiota due to many factors associated with the exposome of  modern living, 

such as environmental cues, antibiotic exposure, processed food consumption, lack of plant-based 

diet, and mode of assisted birth, contribute to the burden of lifestyle diseases (Shiels et al., 2021b; 

Sonnenburg & Sonnenburg, 2019). Indeed, altered composition, diversity, and gut microbiota 

function have been described in several burden of lifestyle diseases including CKD (Mafra et al., 

2019, 2020). In patients with CKD, gut dysbiosis leads to increased generation of toxic metabolites 

from microbial metabolism, resulting in increased circulating levels of gut-derived uremic toxins, 

which accumulate in the blood, promoting an intermediate inflammatory phenotype, metabolic 

disorders and progression and complications of CKD (Mafra et al., 2019, 2020). At the same time, 

it should be acknowledged that the uremic milieu enhances the fermentation process and both 

indoxyl sulphate and cresyl sulphate originate from dietary acid bacterial fermentation in the colon 

(Meijers & Evenepoel, 2011). 

The expression of genes in the human intestinal tract, including genes involved in intestinal 

barrier function and immunity, can be modulated by the composition of the gut microbiota. As 

many immune cells reside in the gut an imbalanced gut microbiota affect the host’s immune system 

function (Bell et al., 2018; Mohajeri et al., 2018). The gut microbiota is susceptible to 

environmental pressures, with the diet being crucial for gut microbiome variation (Mohajeri et al., 

2018; Moschen et al., 2012). In this context, modern lifestyle and western diet lead to high 

exposure of harmful factors from foods such as xenobiotics, refined sugar, artificial sweeteners, 

processed meat and saturated fat, contributing to gut microbiota imbalance and disruption of the 

intestinal barrier, increases the host's susceptibility to immunological and metabolic disorders (Bell 

et al., 2018). On the other hand, probiotics, prebiotics, and bioactive compounds from vegetables 

have been pointed out as positive modulators of gut microbiota diversity and considered 

therapeutic agents for restoration of a normative gut microbiota (Mafra et al., 2019, 2020). 

Fermented foods can contain up to 106 viable microbial cells/g (Dimidi et al., 2019; Marco 

et al., 2017)  depending on the product type and processing. According to the hygiene hypothesis, 



microbial exposures are essential for the normal development of the immune system. In this sense, 

the ingestion of "living fermented foods" can potentially introduce new transient bacteria into the 

host's gut microbiota, unlike the highly processed and sanitized foods typical of the western diet 

that limit microbial exposures (Marco et al., 2017). Thus, microorganisms present in fermented 

products could exert immunomodulatory effects that benefit health in burden of lifestyle diseases.  

Fermented foods also provide polysaccharides and polyphenols with prebiotic action. 

Prebiotic oligosaccharides are formed as products from food fermentation (Aslam et al., 2020; Cho 

et al., 2015; Poutanen et al., 2009). These compounds act as substrates for fermentation by colonic 

bacteria, promoting health benefits to the gastrointestinal tract (Aslam et al., 2020; Poutanen et al., 

2009). Moreover, particular LAB found more frequently in dairy fermented foods and present in 

other non-dairy foods such as fermented vegetables, meat, and cereals, produce bioactive 

molecules named exopolysaccharides (EPSs) during fermentation (Mathur et al., 2020). EPSs are 

long-chain bacterial glycan polymers secreted to the environment during growth, attributed to the 

gut microbiota (Mathur et al., 2020; Welman & Maddox, 2003) and considered effector molecules 

involved in the interaction among probiotics, the intestinal barrier and gut microbiota of the host 

(Castro-Bravo et al., 2018). It has been hypothesized that EPSs form a biofilm layer in the gut that 

helps probiotic bacteria to colonize and remain established for prolonged periods. Moreover, EPS 

has been postulated to have an antagonist role against bacterial pathogens (Castro-Bravo et al., 

2018; Welman & Maddox, 2003). Another effect attributed to EPSs short-chain fatty acids 

(SCFAs) production, which contributes to the maintenance of the intestinal barrier (Oerlemans et 

al., 2021; Salazar et al., 2016). EPSs also interact with the gastrointestinal tract's mucosal immune 

system through different receptors present on the immune cells. Recently, C-type lectin receptors 

(CLRs), expressed on cells like monocytes, macrophages, and dendritic cells, have gained 

attention due to their ability to recognize bacterial EPS and trigger signaling pathways resulting in 

immunomodulatory effects (Castro-Bravo et al., 2018; Oerlemans et al., 2021). 

Table 3 lists clinical trials involving fermented foods and their effects on gut microbiota in 

conditions such as metabolic syndrome, inflammatory bowel disease, irritable bowel syndrome 

and healthy individuals. No clinical trials involving CKD patients have yet been conducted. 

Commonly, the authors have attributed the observed results to specific components of the studied 

foods/ beverages, such as polyphenols in wine and or Lactobacillus in Kefir (Moreno-Indias et al., 

2016; Yılmaz et al., 2019). However, it can be hypothesized that, together, the components present 

in fermented foods could act synergistically, potentiating each other's actions, conferring benefits 

to the gut microbiota and, consequently, to the host’s health. 



Table 3. Summary of randomized clinical trials involving fermented foods and their effects on gut microbiota. 

 

References Sample Intervention Results 

Nielsen et al. 

(2018)(Nielsen et 

al., 2018) 

34 IBS patients 75 g of unpasteurized sauerkraut (contained 

viable LAB) or pasteurized sauerkraut for 6 weeks 

In both groups: 

Gastrointestinal symptoms improved and changed gut 

microbiota composition  

unpasteurized sauerkraut group: 

↑ Lactobacillus plantarum and Lactobacillus brevis 

Nagino et al. 

(2017)(Nagino et 

al., 2018) 

60 healthy 

premenopausal 

women 

200mL/d of fermented soymilk (Lactobacillus 

casei Shirota YIT 9029) or unfermented soymilk 

for 8 weeks 

fermented soymilk:  

Lactobacillaceae ↑,   Bifidobacteriaceae tended to ↑, 

Enterobacteriaceae, Porphyromonadaceae, and 

Ruminococcaceae ↓   

Bellikci-Koyu et 

al. 

(2019)(Bellikci-

Koyu et al., 

2019b) 

22 patients with 

MetS 

180 mL/d of kefir or unfermented milk for 12 

weeks 

↑ in the relative abundance of Actinobacteria compared to 

the baseline.   

↔ relative abundance of Bacteroidetes, Proteobacteria or 

Verrucomicrobia. 

Yılmaz et al. 

(2018)(Yılmaz et 

al., 2019) 

45 patients with 

IBD 

400 mL/d of kefir or no kefir intake for 4 weeks ↑ Lactobacillus in feces in the kefir group 

Alvarez et al. 

(2020)(Alvarez et 

al., 2020) 

96 healthy 

adults 

1 or 3 bottles/day of fermented milk 

(Lactobacillus paracasei subsp. paracasei CNCM 

I-1518 and CNCM I-3689 and Lactobacillus 

rhamnosus CNCM I-3690) or control (non-

fermented dairy drink) for 2 weeks 

↔ alpha or beta-diversity between groups or doses; 

Few bacterial genera were dose- and consumption period-

responsive.  

Functional contribution to the gut microbiome 

Burton et al. 

(2020)(KJ et al., 

2020) 

Study 1: 14 

healthy young 

men 

 

Study 2: 11 

healthy 

adults 

Study 1: 400 g /day of fermented yogurt 

(Lactobacillus delbrueckii spp. bulgaricus, 

Streptococcus thermophilus, Lactobacillus 

rhamnosus GG ATCC 53103). 

Control: acidified milk for 2 weeks 

Study 2:  100 g of Gruyère cheese (fermented 

dairy)   

Fermented Food: ↓ circulating and urinary TMAO  

 ↔ association with gut microbiota taxa. 



Control: 600 mL of milk or 600 mL of soya drink, 

performed 6 h and 24 h after consumption  

Ba et al. 

(2021)(Ba et al., 

2021) 

36 healthy 

adults 

4 treatments: control yogurt smoothie (YS), yogurt 

smoothie with BB-12 added prefermentation 

(PRE), yogurt smoothie with BB-12 added 

postfermentation (POST), and capsule containing 

BB-12 (CAP) for 4 weeks 

YS versus CAP: ↑ percentage of Streptococcus 

PRE and POST: ↑ percentage of Bifidobacterium animalis 

BB-12 consumption: ↔ fecal SCFA  

Beghin et al. 

(2021)(Béghin et 

al., 2021) 

70 infants 

breastfed 

3 infant formulas: bioactive compounds (short-

chain alactooligosaccharides (scGOS)/long-chain 

fructo-oligosaccharides (lcFOS) 9:1) and prebiotics 

(FERM/scGOS/lcFOS); prebiotics (scGOS/lcFOS); 

or bioactive compounds (FERM); compared to a 

standard cow's milk-based control formula 

(Control) for 6 months.  

At four months of age: ↑ the median SIgA concentration in 

the FERM/ scGOS/ lcFOS group compared to the Control 

group.  

↑ Bifidobacterium over time in all groups. 

FERM/scGOS/lcFOS combination = microbiota 

composition and metabolic activity closer to the breastfed 

infants’ microbiome 

Guillemard et al. 

(2021)(Guillemard 

et al., 2021) 

136 adults under 

14-day Hp 

treatment 

Test product: fermented milk containing Lp CNCM 

I-1518, Lp CNCM I-3689, and Lr CNCM I-3690 

strains and four yogurt strains. Control product: 

acidified milk, depleted in lactose, containing 

phosphoric acid, and Carboxy Methyl Cellulose. 

Two bottles (100 g/bottle) of Test or Control; for 

28 days.  

In test product group:  

- Intra-subject beta-diversity distance from baseline was 

lower 

↓ abundant of Enterobacteriaceae, including Escherichia-

Shigella and Klebsiella 

↑ concentrations of SCFA and valerate  

Hric et al. 

(2021)(Hric et al., 

2021) 

22 healthy 

females 

WLP group: weight loss program (WLP) + 

exercise training sessions (3 times a week – 30 

minutes) or WLPB group: 30-day WLP + Bryndza 

cheese + exercise for 4 weeks 

Between the groups: 

↔ relative abundance of bacteria at the phylum level, alpha 

diversity 

within the groups: 

↑ abundance of order Erysipelotrichales  

WLPB group: 

↑ abundance of the genera Lactococcus and Streptococcus  

↑ genus level of Phascolarctobacterium and 

Butyricimonas (SCFA producing bacteria)  

↓ family Lachnospiraceae  



Kageyama et al. 

(2021) (Kageyama 

et al., 2021) 

10 patients with 

SMID  

Malted rice amazake (35g/d) or control group for 6 

weeks. 

All patients were divided into 3 groups according 

their fecal bacteria compositions: 

Group 1 (n=5): higher abundance of Firmicutes. 

Group 2 (n=4): higher abundance of 

Actinobacteria. 

Group 3 (n=1):  higher abundance of 

Proteobacteria. 

Overall: 

↔ alpha diversity 

 ↑ Lactobacillales order 

↓ Constipation Assessment Scale (CAS) and constipation 

symptoms. 

↓ Enterobacteriaceae and Escherichia-Shigella, 

Proteobacteria 

↔ Blautia genus, Clostridiales  

Group 1: 

↓ Proteobacteria 

↑ changes in the higher abundance Bifidobacterium genus 

Group 2: 

↔ abundance of Bifidobacterium, Enterobacteriaceae and 

Escherichia-Shigella 

Liu et al. 

(2021)(Y. Liu et 

al., 2021) 

182 Chinese 

participants with 

H. pylori (HP) 

infection 

FRB group: high-fibre whole grain rye + 

fermented rye bran (with Lactiplantibacillus 

plantarum (DSMZ13890) 109UFC mL-1) or RW 

group: high-fibre whole grain rye + refined wheat 

for 12 weeks 

FRB group: 

↑ abundance of Romboutsia (genus Clostridium) and 

Faecalibacterium 

↓ abundance of Bilophila  

↑ fecal acetic acid concentration 

↓ isobutyric acid and 2-methylbutyric acid  

Both groups: 

↔ butyric acid concentrations  

Merensteins et al. 

(2021)(Merenstein 

et al., 2021) 

62 healthy 

individuals  

BB-12 group: antibiotic (amoxicillin/clavulanate 

for 7 days + strawberry-flavored yogurt beverage 

(100mL daily) + Streptococcus thermophilus and 

Lactobacillus bulgaricus or Control group: 

antibiotics + strawberry-flavored yogurt beverage 

(100mL daily) for 14 days 

↓ fecal acetate levels in both groups following antibiotic 

administration. 

Control group: 

↓ relative abundance of 48 taxa (several members of 

Firmicutes phylum and enrichment in Bacteroides and 

Enterobacter  

↓community diversity 

greater deviation in the AUC analysis 

BB-12 group:   

↑ Bifidobacterium animalis  



Abbreviations: SMID: severe motor and intellectual disabilities; TMAO: trimethylamine N-oxide; MetS: Metabolic syndrome; RCT: Randomized Clinical Trial; IBD: inflammatory 

bowel disease; IBS:  irritable bowel syndrome; LAB: lactic acid bacteria; LPS: lipopolysaccharides.

stable taxonomic attenuated antibiotic-induced decreases 

and more rapid return to the baseline of butyrate, acetate 

and propionate levels 

Morales et al. 

(2021)(Márquez-

Morales et al., 

2021) 

45 medical 

students from 

the SISCO 

Inventory of 

Academic Stress 

100 mL of a beverage fermented with lactic acid 

bacteria (3 × 108 cfu/mL) or Control group (100 

mL of coconut water) for 8 weeks 

Intervention group: 

↓ perception of academic stress 

↑phyla Firmicutes and Bacteroidetes 

↔ Gammaproteobacteria 

Control group: 

↑ phylum Firmicutes 

Wang et al. 

(2021)(R. Wang et 

al., 2021) 

BALB/c mice 

constipation-

induced 

50 adults with 

functional 

constipation 

 

BALB/c mice:  Bifidobacterium animalis subsp. 

lactis MN-Gup by gavage for 14 days.  

Humans: 100 ml of yogurt containing 1010 cfu B. 

animalis subsp. lactis MN-Gup) or Placebo group: 

100 ml of yogurt containing Streptococcus 

thermophilus + Lactobacillus bulgaricus for 4 

weeks 

Animal study: 

↓ first black stool defecation time 

↑increased black faecal wet weight, black faecal number 

and the gastric intestinal transit rate 

Human study:  

↑ Defecation frequency, stool consistency, straining and 

incomplete feeling during defecation 

↑ acetate-producing Bifidobacterium, 

Ruminoccaceae_UCG-002 and Ruminoccaceae_UCG-

005 

Wastyk et al. 

(2021)(Wastyk et 

al., 2021) 

36 healthy 

adults 

High-fibre diet or high-fermented-foods diet for 10 

weeks 

Fermented diet 

↑ microbiome diversity 

↓ inflammatory signals and activity        

Fibre diet:  ↑ microbiome function (CAZymes, SCFAs)      

Zhang et al. 

(2021)(Zhang et 

al., 2021) 

82 patients with 

constipation 

100 mL of Fermented yogurt (Lacticaseibacillus 

paracasei strain Shirota) for 9 weeks 

 

↔ constipation-symptom (PAC-SYM) scores 

↓ rectal tearing or bleeding after a bowel movement and 

stool symptom subscale 

↑ Adlercreutzia, Megasphaera and Veillonella levels 

↓ Rikenellaceae, Sutterella and Oscillibacter 

↓ IL-6 levels 



Fermented foods and diabetes mellitus 

It has reported that fermented foods could effectively protect against T2D. A meta-analysis 

carried out with seven cohort studies has reported that the consumption of 200g of yoghurt per 

day, the standard commercialized portion, is sufficient to reduce the risk of developing T2D by up 

to 14% (Aune et al., 2013). This effect has been confirmed by others (M. Chen et al., 2014; Gijsbers 

et al., 2016), the most significant benefits were observed using low-fat yoghurts. A recent meta-

analysis investigated the beneficial effect of kefir on diabetes complications, and the results 

pointed out a significant reduction in fasting blood sugar and insulin without a significant effect 

on glycated hemoglobin (Salari et al., 2021). During the fermentation process, several metabolites 

with anti-diabetic potential are produced, such as phytoestrogen, bioactive peptides, quercetin-3- 

glucoside and monacolin K (Baruah et al., 2022b). LABs play an essential role in preventing the 

colonization of exogenous bacteria and reducing the toxigenic and mutagenic effects of 

endogenous bacteria (Torres et al., 2019; Yao et al., 2017). In T2D, probiotics such as fermented 

milk fortified with Lactobacillus acidophilus La-5, Bifidobacterium animalis subsp lactis BB-12 

or Lactobacillus Plantarum OLL2712, improve glycemic control and reduced inflammatory 

profile (Tonucci et al., 2017; Toshimitsu et al., 2020). Although scientific evidence indicates that 

yoghurt has the best positive impact on the risk of T2D (Gille et al., 2018), other dairy products, 

such as cheese (Aune et al., 2013; Gao et al., 2013), fermented milk (Aune et al., 2013; Drouin-

Chartier et al., 2016) and milk (Jakubowicz & Froy, 2013; Rice et al., 2011) may have similar 

benefits (Mohamed & Schaalan, 2018; Takahashi et al., 2021). 

The mechanisms that explain the association of dairy consumption with a reduction in the 

risk of T2D have not been fully elucidated (Aune et al., 2013). However, it has been suggested 

that whey protein exert insulinotropic activities and decreasing glucose levels through its bioactive 

peptides and amino acids (Jakubowicz & Froy, 2013). Recently, L6 myotubes cells treated with 3 

Douchi-derived peptides (soybean fermented) activated glucose pathways such as AMPK, p38 

MAPK, and p44/42 MAPK, promoting the GLUT4 translocation, leading to glucose uptake (Yu 

et al., 2022). 

Moreover, the beneficial anti-diabetic effects of fermentation are not limited to dairy 

products alone. A positive association has also been ascribed to the consumption of Kimchi, which 

has been reported to result in better endurance and insulin sensitivity in experimental studies (An 

et al., 2013; Islam & Choi, 2009). Additionally, fermentable drinks rich in polyphenols, such as 

red wine, has been reported to have health beneficial effects in the context of T2D (Chiva-Blanch 

et al., 2013; Szkudelski & Szkudelska, 2011). Other randomized controlled trials and results 

regarding the effects of fermentable foods on T2D are described in Table 4. 



Table 4. Summary of randomized clinical trials involving fermented foods and their effects on patients with Diabetes Mellitus. 

References Sample Intervention Results 

Ejtahed et al. 

(2011)(H. S. 

Ejtahed et al., 

2011) 

60 patients with 

T2D and LDL-C > 

2.6 mmol/L 

300g/d of probiotic yogurt containing Lactobacillus 

acidophilus La5 and Bifidobacterium lactis Bb12 or 

300g/d of conventional yogurt for 6 weeks 

In probiotic group: ↓ TC and LDL-c 

Ejtahed et al. 

(2012)(Hanie 

S. Ejtahed et 

al., 2012) 

64 patients with 

T2D 

300g/d of probiotic yogurt containing Lactobacillus 

acidophilus La5 and Bifidobacterium lactis Bb12 or 

300g/d of conventional yogurt for 6 weeks 

In probiotic group: ↓ FPG, HB A1c. 

↑ erythrocyte SOD, GPX activities and total 

antioxidant status.  

Both groups: ↓ MDA  

An et al. 

(2013)(An et 

al., 2013) 

21 individuals 

with pre-diabetes 

100g of fresh kimchi/meal or 100g of fermented 

kimchi/meal for 8 weeks (4 weeks of washout) 

Both types of Kimchi: ↓ BW, BMI, and WC.  

Fermented kimchi: ↓ insulin resistance, systolic and 

diastolic BP; ↑ insulin sensitivity, QUICKI and 

disposition index values 

Oh et al. 

(2014)(Oh et 

al., 2014) 

42 subjects with 

impaired fasting 

glucose or TD2 

2.7g/d (3 capsules) of fermented red ginseng or 2.7 g/d 

of dry yeast for 4 weeks 

Group 1: ↓ postprandial glucose levels 

 ↑ postprandial insulin levels compared to the placebo 

group.  AUC improvement.  

↔ fasting glucose, insulin and lipid profiles  

Hove et al. 

(2015)(Hove 

et al., 2015) 

41 patients with 

T2D 

300mL/d of milk fermented with L. helveticus or 

300mL/d artificially acidified milk for 12 weeks 

Fermented milk: ↓ daytime and 24-h HR but did not 

↓ 24-h systolic or diastolic BP, day or night, 

compared to placebo. 

↔HbA1c, plasma lipids, CRP, plasminogen activator 

inhibitor 1 and TNFα between groups.  

↑ Serum glucose in the placebo group 

Golan et al. 

(2017)(Golan 

et al., 2017) 

48 patients with 

T2D 

150mL/d of dry red wine (16,9g of ethanol + 270,1mg 

of gallic acid equivalent of total phenols), 150mL/d of 

dry white wine (15,8g of ethanol + 38,5mg of gallic 

acid equivalent of total phenols) or 150mL/d of 

mineral water for 2 years 

Wine consumption did not promote weight gain or 

abdominal adiposity.  

Ahn et al. 

(2018)(H. Y. 

Ahn et al., 

2018) 

60 individuals 

with pre-diabetes 

or newly 

diagnosed T2D 

40g of a mixture of Jerusalem artichoke and fermented 

soy powder or powdered rice flour for 12 weeks 

Fermented soy: ↓ fasting glucose, glucose within 60 

min, AUC, HOMA-IR, urinary level 8-epi-PGF2α 

and FFAs. 

https://pubmed.ncbi.nlm.nih.gov/?term=Ejtahed+HS&cauthor_id=21700013


Abbreviations: T2D: Diabetes Mellitus type2; LDL-C: Low-density lipoprotein cholesterol; TC: Total Cholesterol; SOD: superoxide dismutase; GPX: glutathione peroxidase; MDA: 

malondialdehyde; Vit D: Vitamin D; PTH: parathormone; HbA1c: Hemoglobin glycated; FPG: fasting plasma glucose; TAG: triacylglycerol; HOMA-IR: homeostasis model 

assessment of insulin resistance; BW: body weight; BMI: body mass index; WC: waist circumference; FM: total body fat mass; Quicki: Quantitative Insulin Check Index; hs-CRP: 

High-Sensitivity C-Reactive Protein; AUC: glucose areas under the response curve; FFAs: Free fatty acids; TPV: total plaque volume; TNFα: tumor necrosis factor alpha; CRP: C-

reactive protein; HR: heart rate; BP: Blood pressure; FRG: Fermented red ginseng; SIRT: sirtuin; interleukin-6:IL-6. 

Golan et al. 

(2018)(Golan 

et al., 2018) 

174 patients with 

T2D 

150mL/d of dry red wine (16,9g of ethanol), 150mL/d 

of dry white wine (15,8g of ethanol) or 150mL/d of 

mineral water for 2 years 

Carotid TPV progression was not observed. But, in 

subgroup analyses, those with the highest detected 

carotid plaque burden who were assigned to wine 

may have had a regression of plaque burden after two 

years 

Yanni et al. 

(2021)(Yanni 

et al., 2019) 

33 

overweight/obese 

T2D patients 

200g/d of non-fat yogurt enriched with vitamins B1, 

B5 and B6 or conventional yogurt for 12 weeks 

yogurt enriched: ↓ body weight and BMI 

↓ energy intake when compared to group 2 

Conventional: ↓ IL-6 

Toshimitsu et 

al. (2020)(T. 

T et al., 2020) 

130 Prediabetic 

adults 

112 g yogurt containing heat-treated Lactobacillus 

plantarum OLL2712 (> 5 × 109 cells/112 g of yogurt) 

or placebo yogurt for 12 weeks 

Yogurt with OLL2712: ↓ HbA1c 

placebo: ↑ inflammation marker levels and HOMA-

IR 

↔FPG 

Schmidt et 

al. (2021) 

(Schmidt et 

al., 2021)  

67 participants 

with metabolic 

syndrome 

Limited dairy diet: 3 servings/week of nonfat milk  

Low-fat dairy diet: 3.3 servings/d of low-fat dairy 

Full-fat dairy diet: 3.3 servings/d of full fat dairy 

↔ Insulinogenic index and glucose sensitivity in all 

groups 

↓ Insulin sensitivity and ↑ HOMA-IR in both dairy 

groups 

↑ Fasting insulin in low-fat dairy group 

↓ Oral disposition index in the full-fat group 

Nikooyeh et 

al. (2021) 

(Nikooyeh et 

al., 2021) 

75 T2D patients 

D-fortified -yogurt drink (DY): 500mL/d of DY - 

1000IU vitamin D and 300mg of calcium 

Ca+D-fortified-yogurt drink (CDY): 500mL/d of 

CDY - 1000IU vitamin D and 500mg of calcium 

Plain yogurt drink (PY): 500mL PY - no detectable 

vitamin D and 300mg of calcium 

↑ Serum adiponectin, ↓ BMI, FM and HbA1c in DY 

and CDY groups 

↑SIRT1 and SIRT6 in CDY group compared to 

baseline 

↑SIRT1 in DY and CDY groups compared with PY 

group 

Changes of serum 25(OH)D concentrations were a 

significant predictor of changes of serum 

adiponectin, Hb1Ac and FM. 



Fermented food in obesity 

As reported above, fermented food has beneficial effects on insulin resistance, 

inflammation, high body index mass or abdominal adiposity. Thus, fermented food may be a 

nutritional strategy to reduce body weight and complications caused by obesity. Indeed, recent 

analysis with 4,886 males and 7,431 females from Korea National Health and Nutrition 

Examination Survey VI, to evaluate the abdominal obesity risk with Korean health eating index 

(MKHEI), which is rich in fermented food as kimchi and pickled vegetables and fermented beans, 

showed that in women, the MKHEI scores were negatively related with abdominal obesity (Yang 

et al., 2022). Clinical trials (Table 5) have shown that interventions with fermented food (most 

with yoghurt) can reduce body mass index (BMI), visceral adiposity also, reduce LDL cholesterol 

(Madjd et al., 2016; Manzanarez-Quín et al., 2021), including alteration in the genes involved with 

lipid metabolism (Seo et al., 2017).  

Some mechanisms are proposed to activation of PPARα by metabolites formed from 

fermented food such as conjugated linoleic acid (CLA) or octadecenoic acid and even by 

components from the bacterial, leading to β-oxidation of fatty acids (D. H. Kim et al., 2017). 

Intestinal hormones involved with satiety (cholecystokinin, glucagon-like peptide 1, gastric 

inhibitory peptide) may be stimulated by protein hydrolysates from fermented milk (Chaudhari et 

al., 2017). Bioactive compounds formed by fermentation process as surface layer proteins, 

exopolysaccharide, lipoteichoic found in kefir, may regulate the inflammation, attenuating 

inflammatory pathways (NF-κB and NLRP3 inflammasome), commonly seen in obesity (E. Kim 

et al., 2021). Moreover, probiotic, polyphenols and bacteriocins produced by fermented food can 

modulate the gut microbiota composition, mitigating dysbiosis (Ağagündüz et al., 2021; Zhou et 

al., 2021). Finally, probiotics from fermented food can activate mRNA expression of thermogenic 

proteins, reducing adiposity and also inflammatory cytokines (Pothuraju et al., 2016). Isoflavone 

and isoflavonoid aglycone produced by Cheonggukjang (fermented soybean paste) induce insulin 

secretion in pancreas and in preadipocytes, which inhibit lipid accumulation, (I. S. Kim et al., 

2021). 

  



Table 5. Randomized clinical trials involving fermented foods and obesity. 

References Sample Intervention Results 

Cha et al. 

(2014)(Cha et al., 

2014) 

51 overweight 

subjects 

9.8 g/day of doenjang (fermented soybean paste) 

or placebo for 12 weeks 

In doenjang group 

↓ visceral fat area and ↑ CAT  

in subjects with a mutant T allele of PPAR-γ2 

Han et al. (2015) 

(Han et al., 2015) 

24 obese women 180 g of fresh or fermented kimchi per day for 8 

weeks 

In fermented kimchi 

↑Bacteroides and Prevotella  

↓Blautia 

Madjd et al. (2016) 

(Madjd et al., 2016) 

89 overweight and 

obese women 

400g/day of probiotic yoghurt or low-fat yoghurt 

during a hypoenergetic program for 12 weeks 
↔ weight loss, FPG, HDL, TG in both groups 

In probiotic yoghurt 

↓ TC, LDL 

↓ HOMA-IR, 2-h postprandial glucose  

↓ fasting insulin levels 

Byun et al. 

(2016)(Byun et al., 

2016) 

120 

overweight/obese 

adults 

 

 

35 g/day of freeze-dried Chungkookjang (Korean 

fermented soybean) or placebo for 12 weeks 

Chungkookjang group  

In women - ↓ fat %, WC, lean body mass, waist-

to-hip ratio  

↓CRP 

↑ApoA1 

Fathi et al. 

(2017)(Fathi et al., 

2017) 

75 overweight or 

obese premenopausal 

women 

2 servings/d of low-fat dairy products, milk or kefir 

for 8 weeks 

Kefir 

↓ TC, LDLC,  

↓ non-HDLC, TC/HDLC 

↓ LDLC/HDLC 

Lee et al. (2017) (Y. 

Lee et al., 2017) 

60 Sixty 

overweight/obese 

adults 

32 g/day Kochujang (a Korean fermented soybean-

based red pepper paste) or placebo for 12 weeks 
↔body composition, insulin resistance, or 

antioxidant biomarkers 

In Kochujang group 

↓ TG, TG/HDL except on individuals with mutant 

PPARγ2 T allele 

Mohammadi-

Sartang et al. 

(2018)(Mohammadi-

Sartang et al., 2018) 

87 adults with MetS 500mg/day of fortified yoghurt (whey protein, 

calcium, vitamin D, prebiotic fibre and probiotic 

cultures) or a low-fat plain yoghurt for 10 weeks 

Fortified Yoghurt 

↓ HOMA-IR 

↓BMI, WC, fat% 

↓TG, QUICKI 



 

↑ total 25-hydroxyvitamin D (25(OH)D) levels, 

HDL 

Zarrati et al. (2019) 

(Zarrati et al., 2019) 

60 obese or 

overweight adults 

200 g/day of probiotic yoghurt (Lactobacillus 

acidophilus La5, Bifidobacterium BB12 and 

Lactobacillus casei DN001) or regular yoghurt for 

8 weeks 

Yoghurt 

↔BMI, WC, adropin, nesfatin-1 

Rezazadeh et al. 

(2019) (Rezazadeh 

et al., 2019) 

44 adults with MetS 300g/d of probiotic yoghurt (Lactobacillus 

acidophilus La5 and Bifidobacterium lactis Bb12) 

or a regular yoghurt for 8 weeks 

Yoghurt 

↓FPG, insulin, HOMA-IR, Quicki 

↓VCAM-1, PAI-1 

Asgharian et al. 

(2020) (Asgharian et 

al., 2020) 

130 overweight and 

obese pregnant 

women 

100 g/day of probiotic or conventional yoghurt 

group for 14 weeks (from 24 weeks until delivery) 

Yoghurt 

↓FPG 

↓2-h OGTT 

Chen et al. 

(2019)(Y. Chen et 

al., 2019) 

100 obese women 

(with NAFLD and 

MetS) 

220 g/d of yoghurt or milk for 24 weeks Yoghurt: 

↓ insulin resistance, fasting insulin, ALT, 

intrahepatic lipid, TC, fat mass, WC 

↓ LPS, FGF-21, TNF-α  

↓ relative abundance of the Firmicutes phylum, 

Clostridia and Erysipelotrichia classes, 

Clostridiales and Erysipelotrichales orders 

↑ relative abundance of the Negativicutes class, 

Selenomonadales order, Acidaminococcaceae 

family, and Phascolarctobacterium genus, 

Razmpoosh et al. 

(2020)(Razmpoosh 

et al., 2020) 

70 women with 

overweight/obesity 

Low energy diet contained 50 g of condensed 

processed yoghurt or a low energy diet without 

yoghurt for 8 weeks 

Yoghurt: 

↓ LDL, TG,  

↓ BMI, fat%, WC 

↓ SBP 

Pražnikar et al. 

(2020) (Pražnikar et 

al., 2020b) 

28 overweight adults 300 mL kefir or 300mL milk supplementation for 3 

weeks 

↑ serum zonulin levels (intestinal barrier marker) 

+ mood 



Santurino et al. 

(2020)(Santurino et 

al., 2020) 

68 overweight and 

obese subjects (BMI 

27 – 40) 

60g/d of goat cheese with PUFA + CLA or 60g/d 

goat cheese (control) for 12 weeks 

Enriched goat cheese 

↑ HDL, Apo B 

↓ CRP 

Pan et al. 

(2020)(Pan et al., 

2020) 

30 patients with 

MetS 

fermented barley - wheat flour compound noodle or 

whole wheat noodles group for 8 weeks 

Fermented food group: 

↓ glucose level, HbA1c, and TG 

↓ fat mass, fat rate, and visceral fat  

↑ muscle mass and basal metabolic rate 

Noer et al. 

(2021)(Noer et al., 

2021) 

13 young females 

(BMI 25-30) 

Breakfast with fermented soybean or control after 

an overnight fast 

Breakfast with fermented food: 

↓ plasma acyl-ghrelin  

↑ plasma insulin 30% greater than control 

↑ plasma arginine levels  

↔ appetite questionnaire 

Abbreviations: FPG: fasting plasma glucose; CAT: catalase; OGTT: oral glucose tolerance test; MetS: metabolic syndrome; LPS: lipopolysaccharides; PUFA: polyunsaturated fatty 

acids; NAFLD: nonalcoholic fatty liver disease; ALT: alanine aminotransferase; FGF-21: fibroblast growth factor 21; CLA: conjugated linolenic acid; SBP: systolic blood pressure; WC: 

waist circumference; BMI: body mass index; TC: total cholesterol; TG: triglycerides; LDL: low density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; ApoB: 

apolipoprotein B; CRP: C-reactive protein; HOMA-IR: homeostasis model assessment of insulin resistance; Quicki: quantitative insulin sensitivity check index; VCAM-1: vascular cell 

adhesion molecule cell; PAI-1: plasminogen activator inhibitor.



Fermented Food and cardiovascular diseases  

Hypertension is a major cardiovascular risk factors that could be targeted nutritionally. 

One nutritional strategy is the consumption of fermented foods, such as milk, cheese, and 

yoghurt, as milk fermentation produces many peptides (called antihypertensive peptides) such 

as Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) that are involved in the inhibition of the 

angiotensin-converting enzyme (L. M. Beltrán-Barrientos et al., 2016; Lilia M. Beltrán-

Barrientos et al., 2018a; Mamo, 2016; Nestel & Mori, 2022; Rai et al., 2017; Udenigwe & 

Mohan, 2014). A direct relationship between intake of fermented dairy products and blood 

pressure regulation has been documented (Lilia M. Beltrán-Barrientos et al., 2018b). Usinger 

et al. (2010) observed that individuals with borderline hypertension had lower systolic blood 

pressure after intervention with fermented milk inoculated with Lactococcus lactis and 

Lactobacillus helveticus (Usinger et al., 2010). Moreover, a study of patients with metabolic 

syndrome reported a significant reduction in both systolic and diastolic blood pressure after 

ingestion of 180mL of Kefir per day for 12 weeks (Bellikci-Koyu et al., 2019a). 

Other cardiometabolic risk factors include the lipid profile. As fermented food reduces 

total cholesterol, LDL cholesterol, and triglycerides, it exerts additional cardioprotective 

effects (Lilia M. Beltrán-Barrientos et al., 2018a; Nestel & Mori, 2022). Correspondingly, 

supplementation with kefir, milk, kimchi, cheonggukjang and red ginseng cheonggukjang, 

reduced total cholesterol and LDL-c levels (Choi et al., 2013; Pražnikar et al., 2020b). 

Moreover, a drink prepared with skimmed milk and Streptococcus thermophilus reduced 

MDA-LDL/LDL cholesterol ratio and blood pressure (Ito et al., 2017). Similar beneficial 

effects have been observed in a clinical trial involving healthy individuals who received 

different fermented foods derived from milk, where levels of trimethylamine-N-oxide TMAO, 

a derivative of the proinflammatory microbial metabolite trimetylamine (TMA), were lower 

than in controls (Burton et al., 2020). Furthermore, recent evidence supports that consumption 

of dairy foods is inversely associated with cardiovascular outcomes and that patients with 

CVD may enjoy the salutogenic effects of these foods (Nestel & Mori, 2022; Silva et al., 

2022). Several studies describing the consumption of dairy products and other fermented 

foods and their relationship with cardiovascular health are shown in Table 6. 

 

 

 



Table 6. Summary of randomized clinical trials involving fermented foods and their effects on patients with cardiovascular disease. 

References Sample Intervention Results 

Kim et al. 

(2011)(E. K. 

Kim et al., 

2011) 

22 overweight 

and obese 

subjects 

300g/d of fresh Kimchi or 300g/d of fermented 

Kimchi for 4 weeks (2 weeks of washout) 

Both groups: ↓ weight, BMI, body fat. 

Fermented: ↓waist-hip ratio, BP, fasting glucose and 

insulin, TC, MCP-1 and leptin. 

Fresh: ↓TAG, E-selectin and adiponectin. 

Nestel et al. 

(2013) (Nestel 

et al., 2013) 

12 

overweight/obese 

subjects 

Full-fat fermented dairy or Full-fat non-fermented 

dairy diet for 3 weeks, and Low-fat dairy diet (for 2 

weeks) consumed between and at the end of the 

full-fat dairy dietary periods 

Low-fat dairy diet: ↓MCP-1, macrophage inflammatory 

protein-1α, hs-CRP, LDL-c and HDL-c 

Full-fat non-fermented dairy: ↑IL-6 and sphingomyelin 

Full-fat fermented dairy: ↓ IL-6 

 

Thorning et 

al. (2015) 

(Thorning et 

al., 2015) 

14 overweight 

postmenopausal 

women 

Cheese diet: high cheese intervention (96-120g/d).; 

Meat diet: nondairy, high content of high-fat 

processed and unprocessed meat; Carb diet: 

nondairy, low-fat, high-carbohydrate for 2 weeks 

each 

Cheese diet: 5% higher HDL-c, 8% higher ApoA-I and 

5% lower ApoB: ApoA-I ratio than Carb diet;  

Meat diet: 8% higher HDL-c and 4% higher ApoA-I 

than Carb diet. 

Fecal fat, energy, and bile acid excretion 

Cheese diet: 40% higher fecal fat excretion than Carb 

diet and 16% higher than Meat diet; 28% higher fecal 

bile acid excretion than Carb diet; higher taurine-

conjugated bile acids excretion than other diets; lower 

deconjugated bile acids excretion than Meat diet. 

Hütt et al. 

(2015) (Hütt et 

al., 2015) 

Study 1: 82 

healthy adults. 

Study 2: 43 

healthy adults 

Probiotic cheese (cheese containing L. plantarum) 

and control cheese (50g/d). 

Probiotic yogurt (yogurt containing L. plantarum 

TENSIA®) and control yogurt (150g/d) for 3 weeks 

(2 weeks of washout) 

Both probiotic groups (cheese and yogurt): ↓diastolic 

BP and LDL-c 

Probiotic cheese: ↓systolic BP 

Fathi et al. 

(2017) (Fathi 

et al., 2017) 

75 Iranian 

women  

4 servings/d of kefir drink or 4 servings/d of dairy 

products or 2 servings/d of low-fat dairy products 

for 8 weeks 

Kefir and milk group: ↓TC, LDL-c, non-HDL-c, 

TC/HDL-c ratio and LDL-c/HDL-c ratio. 



Abbreviations: BMI: body mass index; BP: blood pressure; CVD: cardiovascular disease; TC: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density 

lipoprotein cholesterol; ApoA: apolipoprotein A; ApoB: apolipoprotein B; TAG: triacylglycerol; MCP-1: monocyte chemoattractant protein-1; hs-CRP: high-sensitivity c-reactive 

protein; IL-6: interleukin 6; ORAC: oxygen radical absorbance capacity; CAT: catalase; TBARS: thiobarbituric acid reactive substance; oxLDL: oxidized LDL; NO: nitric oxide; 

TMAO: trimethylamine-N-oxide. 

Escudero-

López et al. 

(2017) 

(Escudero-

López et al., 

2018) 

30 healthy 

subjects 

500mL/d of fermented and pasteurized orange 

beverage or no fermented food for 2 weeks (3 

weeks of washout) 

Experimental group: ↑ORAC, ↓uric acid, CAT activity, 

TBARS and oxLDL 

Tenore et al. 

(2019) (Carlo 

Tenore et al., 

2019) 

90 individuals 

with CVD risk 

factors  

125g/d of Annurca apple puree group or 125g/d of 

Lactofermented Annurca apple puree or 125 g of 

lactofermented Annurca apple puree + LAB for 16 

weeks 

All groups: ↑HDL-c levels and ↓TMAO levels, but 

fermented puree exerted the highest influence on these 

parameters.  

All groups: strong ↑Bifidobacterium and Lactobacillus 

population and ↓Bacteroides and Enterococcus genera, 

but non fermented puree exerted the highest influence 

on these parameters. 

Jung et al. 

(2021) (S. M. 

Jung et al., 

2021)  

27 men and 

women (aged 

29–75 y) with 

CVD risk factors 

Two packets (12.5g each) daily of a fermented 

powdered soy product, or an isoenergic control 

powder made from germinated brown rice, for 12 

weeks 

Fermented soy powder product:  

↓ Reduces Total and LDL Cholesterol 



Could fermented food benefit patients with chronic kidney disease? 

As fermented foods have beneficial effects on both diabetes and hypertension, the two 

most common causes of CKD, it could also be a nutritional strategy to prevent CKD. Indeed, 

fermented food may mitigate many complications associated with CKD progression and its 

accompanying  inflammation, reduced Nrf2, expression, increased oxidative stress levels  and 

gut dysbiosis (Mafra et al., 2020). Studies in pre-clinical experimental models (Table 7) report 

amelioration of blood, morphological and histological parameters associated with kidney 

damage following consumption of a range of fermented foods.  

Few studies have evaluated the effects of fermented foods in clinical outcomes in CKD 

or in patients at risk of CKD. In T2D nephropathy patients Nakamura et al. (2009)(Nakamura 

et al., 2009) evaluated the effects of ingestion of 118mL (4oz) of red or white wine on 

proteinuria and markers of oxidative stress over a six-months period. In response to red wine, 

urinary 8-hydroxydeoxyguanosine (a marker of DNA damage) and liver-type fatty acid-

binding protein (an indicator of clinical progression of CKD) were reduced. However, only 

patients with a S-creatinine level <1.5mg/dL or 24-h creatinine clearance >80mL/min, were 

included. It remains to be determined if the reno-protective effects of red wine are linked to a 

reduction in oxidative stress by polyphenolic content. As no beneficial effects were observed 

after white wine it is not likely that they were attributed to fermented compounds and red wine 

having a high content of the senotherapeutic compound resveratrol, can act as a modulator of 

cellular ageing processes. In a prospective, randomized crossover study, Migliori et al. 

(2015)(M et al., 2015) studied the effects of white wine (4mL/kg body weight ≈ 2-3 

glasses/daily) plus olive oil versus olive oil alone in healthy subjects and CKD stages 3-4. 

They observed that CRP and IL-6 decreased after white wine + olive oil intake; however, there 

was no significant variation with olive oil only intake. As white wine contains simple phenols, 

such as tyrosol and hydroxytyrosol, also characteristic of extra-virgin olive oil, this may 

explain the results. As the anti-inflammatory effects presented were attributed to white wine 

only, other bioactive compounds from the wine fermentation process may be involved in these 

beneficial findings. An analysis of the National Health and Nutrition Examination Survey 

(NHANES) has shown that wine consumption < 1 glass per day, compared to abstinence, was 

related to lower prevalence of urinary albumin/creatinine ratio (UACR) ≥30mg/g but not low 

eGFR) (J. T et al., 2018).  

A secondary analysis of NHANES conducted by Yacoub et al. (2016), showed 

promising findings related to yoghurt consumption. Frequent yoghurt use (≥3 weekly) was 

associated with decreased risk for proteinuria (UACR ≥ 30mg/g). The amelioration of 



dysbiosis induced by yoghurt use could positively impact systemic inflammation and, thus, 

renal dysfunction (Yacoub et al., 2016). Accordingly, in a study with 9,229 subjects with 

normal kidney function, daily intake of fermented vegetables was not associated with the 

incidence of CKD (GFR <60mL/min) after eight years of follow-up. However, the two highest 

tertiles of fermentable vegetable intake were associated with a 14% lower risk of incident 

proteinuria compared to the lowest tertile (Jhee et al., 2019). Taken together, although studies 

with fermented foods in humans are still scarce and focused on few foods, such as yoghurt, 

wine, and vegetables, the results seem encouraging regarding the prevention/deceleration of 

CKD and the modulation of the inflammatory status.   



Table 7. Experimental studies involving effects of food fermented on chronic kidney disease models. 

 

References Sample Intervention Results 

Minamiyama 

et al. (2002) 

(Minamiyama 

et al., 2002) 

Male rats  

(cisplatin-induced 

CKD) 

Control; Control + AOB 6.5% (AOB: antioxidant 

Biofactor from fermentation of grains (wheat 

germ, soybeans, rice bran, tear grass, sesame, 

wheat, citron, green tea, green leaf extract and 

malted rice) or Cisplatin-induced CKD+ AOB 6.5% 

AOB: ↓ renal dysfunction and intestinal damage, DNA 

oxidation and lipid peroxidation induced by cisplatin. 

Du et al. 

(2019)(Du et 

al., 2019) 

Male CKD 

induced by HFD 
 

Control, HFD, Control + FTE (Fu brick tea 

aqueous extract - fermentation); HFD + FTE (400 

mg/kg)  

400mg/kg = ~62 g dry tea/day for a person (70kg) 

HFD + FTE: ↓ body, kidney and epididymis fat weight 

(so, prevent hypertrophy of kidney), ↓ TG, LDL-C, ↑
 glucose tolerance and insulin sensitivity. 

Renoprotection and mitigate insulin resistance (↓  SIRP-

α expression, ↑ p-IRS1/IRS1, p-PI3K/PI3K, and p-

Akt/Akt ratio and ↓ Skeletal muscle FoxO1) 

Prasetyo 

(2019)(Prasetyo 

et al., 2020) 

Pyelonephritic rats 

(by LPS) 

Control, LPS, LPS + lactobacillus plantarum IS-

10506 isolated from fermented buffalo milk dadih 

Lactobacillus -↑ IL-10, ↑ activation and proliferation of 

renal tubular steam cell 

He et al. 

(2020)(He et 

al., 2020) 

Female mice  

(adenine-induced 

CKD) 

 

 

 

Control; CKD model control; CKD with IMB 

(fermented soy extract with koji fermentation 

(Aspergillu soryzae) and LAB (Pediococcus 

parvulus and Enterococcus faecium) or LAP (oligo-

lactic acid product from fermentation of sugar beet 

and corn with Lactobacillus): 

*IMB at 250 mg/kg BW (IMB-L)  

*IMB at 1000 mg/kg BW (IMB-H)  

*LAP at 1000 mg/kg BW (LAP-L)  

*LAP at 2000 mg/kg BW (LAP-H)  

*IMB-L/LAP-L combination  

*IMB-H/LAP-H combination 

IMB and LAP: ↓ MCP-1, IL-1, TLR-4, F4/80, TGF-β1, 

and IL-1β genes in the kidneys 

LAP-L: ↓ inflammation; ↓ tubular dilation, ↓ IL-6 and ↓
 TIMP-1 plasma levels. 

LAP-H:  ↓ IL-12p70; 

IMB-H ↓ tubulointerstitial atrophy, ↓ TIMP-1; 

IMB-L/LAP-L combination:  ↓ tubular dilation and 

interstitial inflammation, ↓ IL-12p70 and ↓ TIMP-1 

plasma levels. 

IMB-H/LAP-H: ↓ IL-6 and IFN-γ and ↓ TIMP-1 plasma 

levels.  

Gut Microbiota: All groups (except IMB-L/LAP-L): ↑
 Clostridium leptum 

LAP-H:  ↑  Clostridium coccoides 



IMB-L: ↑ Clostridium coccoides, 

Bifidobacterium genus, Bacteroides fragilis group, 

and Clostridium leptum 

Xiao et al. 

(2020)(Xiao et 

al., 2020) 

Male rats (model 

of hyperuricemia) 

Control, Hyperuricemia model + LAB strain 

(isolated from pickles)  
LAB: ↓  kidney damage.  

↑ Cr and BUN in all groups (compared to control group) 

Chan et al. 

(2020)(Chan et 

al., 2020) 

Male rat with 

nephropathy in 

streptozotocin-

induced diabetes 

 

Control, Diabetic control (DC); Diabetics with 

different doses of Bacillus subtilis-fermented red 

bean (natto-red bean) extract: 

Low dose (100mg/kg) (DC-L) 

Medium dose (200mg/kg) (DC-M) 

High (500mg/kg) (DC-H) 

Prevent diabetic nephropathy by improving antioxidant 

status and inhibiting inflammation in renal tissue 

All natto groups compared to DC: ↑ adiponectin, ↓ 

urinary albumin excretion, ↓ ROS and AGE, ↑ GSH 

DC-M: ↑  CrCl, ↑ renal SOD activity, ↓ CRP, ↓ renal 

TNF-α and MCP-1 

Xi e al. 

(2020)(Xi et al., 

2020) 

Male SanHua 

geese (Anser 

domestica) 

 

 

Experiment 1: 160, 180, 200, and 220g of 

protein/kg 

Experiment 2: effect on fermented food on gout 

gosling caused by HPD control diet: control diet + 

fermented feed (seed sourdough prepared with 

multiple-strain culture (Lactobacillus plantarum, 

Bacillus subtilis, Saccharomyces, and so on); 

HPD; HPD + fermented food 

Experiment 1:  ↑UA, Cr, BUN, XO activity according 

to the level of protein intake;  

Experiment 2: fermented food ↓  gout incidence; ↓ XO 

activity;  ↓UA and Cr levels; ↑ Lactobacillus ↓ 

enterococcus. 

 
Abbreviations: AOB: antioxidant biofact, AGEs: advanced glycation end-product, AFRW: alcohol free-red wine, BUN: blood urea nitrogen, Cr: creatinine, CKD: chronic kidney 

disease, CRP: C-reactive protein, DC: diabetic control E: ethanol, FOXO1: forkhead box protein O1, FTE: Fu brick tea aqueous extract, HFD: high fat diet, HPD: high protein diet, 

GSH: glutathione, IL-1: interleukin-1, IL-6: interleukin-6, IFN-y: interferon-y, IL12p70: interleukin-12p70, IL-1b: interleukin-1B, IMB: fermented soy extract, IRS-1: insulin receptor 

substrate-1, LPS: lipopolysaccharide, LAP: oligo-lactic acid product, LAB: lactobacillus, LDL-C: low-density lipoprotein cholesterol, MCP-1: monocyte chemoattractant protein–1, 

ROS: reactive oxygen species, RW:  red wine, SOD: superoxide dismutase, SIRP-α: signal regulatory protein-α; STZ: streptozotocin, TGFb: transforming growth factor, TG: 

triglycerides, TIMP-1: inhibitor of metalloproteinases 1, TLR4: toll-like receptor 4, TNF-α: tumor necrosis factor, CrCl: creatinine clearance; UAE: urinary albumin excretion, UA: 

uric acid,  XO: xanthine oxidase.  



Final considerations and conclusions 

Fermented foods are promising nutritional agents with the potential for adjunctive 

treatment for cardiometabolic diseases, including CKD. Fermented foods have the potential 

to control inflammation and oxidative stress by decreasing NF-kB activation and activate Nrf2 

expression, which decrease proinflammatory cytokines and an increase antioxidant protective 

system. Furthermore, fermented foods modulate the intestinal microbiota preventing intestinal 

dysbiosis. Due to these salutogenic properties the consumption of fermented foods may 

benefit patients with both T2D and CVD. Fermented food may also be effective in reducing 

insulin resistance, serum glucose levels and enhancing health beneficial lipid profiles, with a 

consequent decrease in the risk of clinical complications due to the disease (Figure 3). Regular 

intake of fermented foods should be taken into consideration for nutritional treatment in CKD. 

Studies also need to show if consumption of fermented foods can prevent kidney damage and 

decrease proteinuria. As sufficiently powered studies in CKD are scarce, this literature review 

should motivate the renal research community to conduct clinical studies with fermented 

foods. 

Another critical issue is ensuring patients include more fermented food in their diet, 

ideally supported by nutritional education initiatives. 

 

 

Figure 3. Summary of the Fermented Food characteristics and possible effects on human 

health. Compounds present in fermented food (such as sourdough bread, kefir, Kimchi, 

cheeses, pickles, chorizo, natto, tempeh, kombucha, beer, whisky, wine, among others) may 

promote beneficial effects in patients with cardiometabolic diseases through their actions in 



modulating gut microbiota and nuclear transcription factors expression, such as NF-κB and 

Nrf2. EPSs: exopolysaccharides; GPx: Glutathione Peroxidase; GSH: Glutathione; GSTP: 

Glutathione S-transferase pi; HO-1: Heme Oxygenase-1; IKK: IκB Kinase; IL-1β: 

Interleukin-1beta β; IκBα: NF-kappa-B Inhibitor alpha; MAPK: Mitogen-Activated Protein 

Kinases; MCP-1: Monocyte; Chemoattractant Protein-1; NF-κB: nuclear factor-kappa B; 

NLRP3: Nod-Like Receptor Pyrin domain containing; NQO1: Quinone Oxidoreductase; 

Nrf2: nuclear erythroid factor 2; RANKL: Receptor Activator of NF-kappaB Ligand; SOD: 

Superoxide Dismutase; TNF- α: Tumor Necrosis Factor-alpha. 
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