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ermented foods have been an integral part of human diets for centuries and play an 

important role in food preservation, nutritional improvement, sensory development, and 

cultural traditions. Food fermentation is a biochemical process in which microorganisms, 

including bacteria, yeasts, and moulds, convert food components into metabolites such as 

organic acids, alcohol, carbon dioxide, and flavour compounds. These changes can influence 

taste, texture, digestibility, and shelf life. Fermented foods are widely consumed across the 

world and include dairy products such as curd and yoghurt, cereal-based foods such as idli and 

dosa, fermented vegetables, soy-based products, and traditional beverages. In India, 

fermentation is an important component of traditional food preparation and contributes to 

dietary diversity. Certain fermentation processes may improve the bioavailability of minerals, 

reduce selected antinutritional factors, and alter the availability of some bioactive compounds. 

Some fermented foods also contain live microorganisms that may contribute to gut health, 

although benefits depend on the microorganisms, food matrix, quantity consumed, and 

individual health status. Food safety, microbial contamination, process standardization, and 

storage conditions remain important considerations. This review discusses the definition, types, 

microorganisms, processing methods, nutritional significance, potential health benefits, safety 

concerns, and future prospects of fermented foods, with emphasis on traditional Indian foods. 

Keywords: Fermented foods, fermentation, probiotics, gut microbiota, nutritional quality, 

traditional foods, lactic acid bacteria, food preservation. 

Introduction 
Fermentation is one of the oldest food-processing techniques used by humans. Before modern 

refrigeration and advanced food-preservation technologies became available, fermentation 

helped communities preserve perishable foods and extend their usability. Over time, fermented 

foods became important components of traditional diets because of their distinctive flavours, 

textures, nutritional characteristics, and cultural significance. Fermentation is a biological 

process in which microorganisms utilize carbohydrates, proteins, and other food components 

to produce metabolites. Depending on the microorganisms and environmental conditions, these 

metabolites may include lactic acid, acetic acid, ethanol, carbon dioxide, and various flavour 

compounds. These changes influence the physicochemical and sensory properties of the final 

food product. Fermented foods are consumed worldwide in different forms. Examples include 

yoghurt, cheese, sauerkraut, kimchi, sourdough bread, tempeh, miso, and fermented beverages. 

In India, traditional fermented foods include idli, dosa, dhokla, dahi, buttermilk, appam, and 

several region-specific cereal, pulse, and vegetable preparations. 
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The importance of fermented foods extends beyond preservation. Fermentation can influence 

nutrient availability, reduce certain antinutritional factors, modify proteins and carbohydrates, 

and produce compounds that contribute to food flavour and quality. Some fermented foods 

contain beneficial live microorganisms, although not all fermented products contain live 

cultures at the time of consumption. In recent years, interest in fermented foods has increased 

because of growing awareness of the relationship between diet, gut microbiota, and health. 

Researchers are investigating their possible roles in digestive health, nutritional improvement, 

food sustainability, and the development of functional foods. However, fermentation does not 

automatically make every food healthier or safer. The outcome depends on raw materials, 

microorganisms, processing conditions, hygiene, and storage practices. 

Definition and Concept of Food Fermentation 
Food fermentation is a controlled or naturally occurring process in which microorganisms 

transform food components into different chemical substances through their metabolic 

activities. The principal microorganisms involved are bacteria, yeasts, and moulds. The major 

objectives of food fermentation include: 

Preservation and improvement of food stability. 

Development of characteristic flavours and aromas. 

Improvement of texture and palatability. 

Modification of nutritional composition. 

Reduction of certain antinutritional factors. 

Production of organic acids and other metabolites. 

Development of traditional and innovative food products. 

Types of Fermentation 
Lactic Acid Fermentation 

Lactic acid fermentation is one of the most common forms of food fermentation. In this process, 

lactic acid bacteria convert fermentable carbohydrates into lactic acid. Commonly involved 

groups include Lactococcus, Leuconostoc, Streptococcus, and selected Lactobacillaceae. 

Examples include curd and yoghurt, fermented milk products, sauerkraut, kimchi, and 

fermented cereal and pulse batters. Lactic acid production reduces pH and contributes to sour 

taste. Acidification can help control many undesirable microorganisms when appropriate 

conditions are maintained. 

Alcoholic Fermentation 

Alcoholic fermentation is mainly carried out by yeasts. Sugars are converted into ethanol and 

carbon dioxide. Saccharomyces cerevisiae is an important yeast used in food processing. 

Examples include bread, wine, beer, and certain traditional fermented beverages. In bread-

making, carbon dioxide helps the dough rise. 

Acetic Acid Fermentation 

Acetic acid fermentation involves acetic acid bacteria that oxidize ethanol into acetic acid in 

the presence of oxygen. Vinegar is a common example. Acetic acid contributes to the 

characteristic sharp taste and acidity of vinegar. 

Alkaline Fermentation 

Alkaline fermentation occurs when microorganisms break down proteins and produce alkaline 

compounds, causing pH to increase. Certain Bacillus species participate in this process. 

Examples include natto, a traditional Japanese fermented soybean food, and some fermented 

legume and seed products from Africa. 

Mixed Fermentation 

Mixed fermentation involves two or more microbial groups that contribute to different stages 

of food transformation. Examples include sourdough bread and certain traditional fermented 

cereal products and beverages. Different microorganisms may produce acids, gases, alcohol, 

enzymes, and flavour compounds. 
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Important Microorganisms Involved in Fermentation 
Lactic Acid Bacteria 

Lactic acid bacteria are widely used in fermented dairy products, vegetables, and cereal-based 

foods. Their functions include producing lactic acid, reducing pH, developing sour flavour, 

modifying texture, and producing certain antimicrobial substances. Examples include 

Lactococcus lactis, Leuconostoc species, and selected species of Lactiplantibacillus and 

Lacticaseibacillus. 

Yeasts 

Yeasts are important in bread-making, alcoholic fermentation, and several traditional fermented 

foods. They produce carbon dioxide and, in suitable conditions, ethanol; they also contribute 

aroma and dough expansion. 

Moulds 

Selected moulds are used in specific fermented food processes. Rhizopus species are used in 

tempeh production, while selected Aspergillus oryzae cultures are used in certain Asian 

fermented foods. These organisms produce enzymes that break down starches and proteins. 

Only appropriate food-grade strains should be used because uncontrolled mould growth may 

cause spoilage or harmful substances. 

Acetic Acid Bacteria 

Acetic acid bacteria are important in vinegar production and certain fermented beverages. They 

convert ethanol into acetic acid under suitable aerobic conditions and contribute to acidity and 

flavour. 

Traditional Fermented Foods of India 
Idli 

Idli is a traditional South Indian steamed food prepared from fermented batter, commonly 

containing rice and black gram. Fermentation produces organic acids and gases that contribute 

to acidity, flavour, and batter structure. Idli provides carbohydrates and some protein; the final 

nutrient composition depends on ingredient proportions and preparation. 

Dosa 

Dosa is a fermented cereal-and-pulse-based preparation commonly made from rice and black 

gram. Fermentation contributes to sourness and influences batter viscosity and spreadability. 

Nutritional composition depends on ingredients, fermentation conditions, cooking method, and 

the amount of oil used. 

Dahi and Yoghurt 

Dahi is a traditional fermented milk product widely consumed in India. Yoghurt is generally 

produced using defined starter cultures, particularly Streptococcus thermophilus and 

Lactobacillus delbrueckii subsp. bulgaricus. Lactic acid formation causes milk proteins to 

coagulate. These foods provide milk protein and calcium; live culture content depends on the 

product and processing. 

Dhokla 

Dhokla is associated particularly with Gujarat. Many varieties are prepared from fermented 

chickpea flour or cereal-and-pulse mixtures. Fermentation may contribute to softness, flavour, 

and changes in nutrient availability. Nutritional composition depends on the recipe and cooking 

method. 

Appam 

Appam is a traditional fermented rice-based preparation consumed in parts of southern India. 

Fermentation develops characteristic flavour and texture. Coconut milk or other ingredients 

used in some recipes influence the final nutrient composition. 

Kanji 

Kanji is a traditional fermented beverage prepared in some regions of India, often using black 

carrots or other suitable ingredients. Fermentation can produce acidity and characteristic 

flavour. Clean utensils and appropriate fermentation conditions are essential. 
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Fermented Pickles 

Traditional fermented pickles may be prepared from vegetables or fruits using salt and naturally 

occurring or selected microorganisms. Lactic acid production contributes to flavour and 

preservation when suitable conditions are maintained. Not all pickles are fermented; some rely 

mainly on vinegar, oil, or other preservation methods. 

Other Traditional Fermented Foods 

Other examples include fermented rice preparations, regional fermented soybean products, 

fermented fish products, and various traditional beverages. Their microbial composition and 

nutritional properties vary between regions and production methods. 

Nutritional Significance of Fermented Foods 
Improvement in Digestibility 

Microbial enzymes can break down certain complex food components into smaller molecules. 

This may improve the digestibility of some foods, although the extent depends on ingredients, 

fermentation, and subsequent cooking. 

Reduction of Antinutritional Factors 

Some plant foods contain compounds that reduce nutrient absorption. Phytate can bind 

minerals such as iron and zinc. Under suitable conditions, microbial enzymes and changes in 

acidity may reduce phytate levels. Fermentation does not eliminate all antinutritional factors. 

Mineral Bioavailability 

Reducing certain mineral-binding compounds may improve the potential availability of iron 

and zinc. The effect depends on the food matrix, mineral content, other dietary components, 

and individual nutritional status. 

Changes in Vitamins 

Certain microorganisms can synthesize selected vitamins during fermentation. In other 

situations, vitamin concentrations may decrease due to microbial use, oxygen exposure, heat, 

or storage. Effects vary by food and process. 

Protein Modification 

Microbial proteases can break down proteins into peptides and amino acids. These changes 

may affect digestibility, flavour, texture, and the formation of bioactive peptides. 

Changes in Carbohydrates 

Microorganisms may consume some fermentable carbohydrates. In fermented dairy products, 

part of the lactose is converted into lactic acid. Cereal fermentation can modify carbohydrates 

and influence flavour and texture. 

Formation of Bioactive Compounds 

Some fermentation processes release or produce compounds with biological activity, including 

selected peptides, organic acids, and transformed plant phenolics. Laboratory activity alone 

does not establish a health benefit in humans. 

Potential Health Benefits of Fermented Foods 
Gut Health and Digestion 

Some fermented foods contain live microorganisms that may interact with intestinal 

microbiota. Certain yoghurt cultures have demonstrated benefits in lactose digestion. Effects 

vary, and heat treatment after fermentation may remove live cultures. 

Relationship with Gut Microbiota 

Fermented foods may provide live microorganisms or microbial metabolites that interact with 

gut microbial communities. Effects depend on the food, microbial composition, amount 

consumed, and the individual's existing microbiota. 

Immune Function 

The relationship between fermented foods, gut microorganisms, and immune function is an 

active research area. Fermented foods should not be considered a guaranteed method of 

preventing infections or treating immune disorders. 
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Nutrient Availability 

Fermentation may improve the availability of selected nutrients by reducing certain 

antinutritional factors. For example, reduced phytate in some cereal and pulse foods may 

improve the potential absorption of iron and zinc. 

Possible Metabolic Effects 

Research has examined fermented foods in relation to blood glucose, blood pressure, blood 

lipids, and body weight. Findings vary by product and population, so individual foods should 

be assessed according to their composition. 

Food Tolerance and Dietary Diversity 

Fermented foods add variety to the diet. Some products may be better tolerated than 

unfermented counterparts by certain individuals, but allergies, intolerances, sodium, and 

medical conditions should be considered. 

Factors Affecting the Quality of Fermented Foods 
Raw Material Quality 

Fresh, suitable ingredients are essential. Contaminated, spoiled, or poor-quality raw materials 

can compromise safety and quality. 

Microorganisms 

Microbial type and activity influence acidity, aroma, texture, and nutrient changes. Appropriate 

starter cultures can improve consistency. 

Temperature 

Temperature affects microbial growth and activity. The optimum temperature depends on the 

particular food and culture. 

Fermentation Time 

Duration influences acidity, flavour, texture, and microbial populations. Too little or excessive 

fermentation can affect quality. 

Salt Concentration 

Salt influences microbial selection, texture, and fermentation in products such as fermented 

vegetables. Incorrect concentrations may interfere with the process. 

Hygiene and Sanitation 

Clean equipment, safe water, suitable ingredients, and hygienic handling are essential to reduce 

contamination risks. 

Storage Conditions 

Storage affects microbial survival, acidity, flavour, and shelf life. Some fermented foods 

require refrigeration. 

Food Safety Concerns Associated with Fermented Foods 
Microbial Contamination 

Uncontrolled fermentation may allow harmful microorganisms to grow, especially when 

ingredients, temperature, acidity, or sanitation are unsuitable. 

Mycotoxins 

Certain moulds can produce mycotoxins. Only appropriate food-grade cultures should be used 

in foods requiring mould fermentation. Unintended mould growth should not be assumed safe. 

Biogenic Amines 

Some microorganisms can produce biogenic amines, including histamine. Levels depend on 

raw materials, microbial species, processing, and storage. 

Excessive Salt and Sugar 

Some fermented foods contain high levels of salt or added sugar. Consumers should consider 

the nutritional composition rather than assuming all fermented foods are automatically healthy. 

Alcohol Production 

Some fermentation processes produce alcohol. Content depends on ingredients, 

microorganisms, and processing. 
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Need for Standardization 

Standardized procedures, appropriate cultures, quality testing, and food-safety controls can 

improve consistency and reduce risks. 

Industrial Applications of Fermented Foods 
Dairy Industry 

Fermentation is used to manufacture yoghurt, cheese, cultured milk, and other dairy products. 

Microbial activity influences acidity, flavour, texture, and stability. 

Bakery Industry 

Yeast fermentation is widely used in bread production. Carbon dioxide contributes to dough 

expansion and bread structure. Sourdough fermentation also contributes to flavour. 

Vegetable Processing 

Fermentation is used to produce sauerkraut, kimchi, and other fermented vegetables. Acid 

production contributes to flavour and can support preservation under appropriate conditions. 

Soybean and Pulse Processing 

Fermentation produces foods such as tempeh, miso, and natto. Microbial enzymes modify 

proteins and carbohydrates. 

Functional Food Development 

Researchers and manufacturers are exploring fermented ingredients for functional foods. 

Claims about specific health benefits should be supported by scientific evidence. 

Future Prospects of Fermented Foods 
Development of Improved Starter Cultures 

Research into microbial diversity may identify cultures that produce consistent flavour, texture, 

acidity, and selected technological characteristics. 

Nutritional Improvement 

Research may optimize fermentation to improve nutrient availability and reduce selected 

antinutritional factors, particularly in cereal- and pulse-based foods. 

Development of Plant-Based Fermented Products 

Interest in plant-based diets has encouraged research into fermented products prepared from 

soybeans, oats, legumes, nuts, and other plant materials. 

Modernization of Traditional Foods 

Traditional Indian fermented foods have potential for standardized production and wider 

distribution through improved packaging, hygienic processing, starter cultures, and storage. 

Microbiome Research 

Further research is needed to understand how different fermented foods influence gut 

microbiota and health outcomes, distinguishing live microorganisms from metabolites and the 

overall food matrix. 

Sustainable Food Processing 

Fermentation may help utilize selected agricultural raw materials and food-processing by-

products, provided safety, nutritional value, feasibility, and consumer acceptability are 

assessed. 

Conclusion 
Fermented foods are an important part of traditional diets and modern food-processing systems. 

They contribute to food preservation, sensory quality, dietary diversity, and distinctive food 

products. Microorganisms transform food components and produce metabolites that influence 

acidity, flavour, texture, and stability. Traditional Indian foods such as idli, dosa, dahi, dhokla, 

appam, and selected fermented vegetables demonstrate the cultural and nutritional importance 

of fermentation. Depending on raw materials and processing conditions, fermentation may 

improve digestibility, reduce certain antinutritional factors, and influence nutrient availability. 

Some fermented foods contain live microorganisms and may contribute to digestive health, but 

effects vary between products and individuals. Fermentation does not automatically guarantee 

probiotic benefits, improved nutritional quality, or food safety. Appropriate ingredients, 
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suitable microorganisms, hygienic preparation, controlled processing, and correct storage 

remain essential. Future research should focus on microbial diversity, nutritional improvement, 

standardized processing, food safety, and evidence-based health evaluation. Integrating 

traditional practices with modern food science can support safe, nutritious fermented foods and 

sustainable food systems. 
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