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Abstract

:

Lactic acid fermentation is one of the oldest and most commonly used methods of bioconservation. This process is widely used for food preservation and also for a production technique that relies on the metabolism of lactic acid bacteria (LAB) to convert carbohydrates into lactic acid. This fermentation imparts unique flavors and texture of foods, extends their shelf life, and can offer health benefits. There are both traditional and new microorganisms involved in the lactic acid fermentation of food. The current review outlines the issues of fermented foods. Based on traditional fermentation methods, a broad panorama of various food products is presented, with the microorganisms involved. The methods of both traditional fermentation (spontaneous and back-slopping) as well as the importance and application of starter cultures in mass food production are presented. Currently, based on the results of scientific research, the health-promoting effect of fermented foods is becoming more and more important. This is due to the presence of probiotic microorganisms that are naturally presented or may be added to them, as starter cultures or additives, and from the presence of prebiotics and postbiotics. New innovative methods of using probiotic microorganisms open up new and broad perspectives for fermented functional foods.
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1. Introduction


Fermentation is one of the oldest processes in food technology. It is natural, ecological and leads to products with a wider taste range and higher nutritional value. This is a process confirmed by the history of thousands of years of successful food preservation. It meets the preferences and expectations of consumers and continuously gains more and more attention and popularity [1]. Lactic acid fermentation bacteria cause rapid acidification of the raw material through the production of beneficial organic acids, mainly lactic acid, but also acetic acid, ethanol, aromas, enzymes, and bacteriocins [2].



In the beginning, spontaneous fermentation was carried out with the participation of microorganisms naturally found in raw materials. In this case, however, the composition of the microflora participating in fermentation processes was not known. Spontaneous fermentation is still used, mainly in the production of fermented vegetables, fruits, fish, and traditional, raw-ripened meat products. An innovative solution was the use of so-called “starter cultures”, which limited the development of the dangerous phenomenon of the development of wild bacterial strains [2]. Starter bacteria are used in the production of most fermented products: dairy, meat, cereals, and oriental products.



In recent years, new microorganisms and probiotic bacteria have been used in food production, thus obtaining a new type of products called functional food. Probiotic bacteria can be introduced as starter cultures or in addition to traditional bacteria. That way, products with completely new properties are obtained, containing live colonies of intestinal bacteria, which, through the ability to colonize the digestive tract, influence various metabolic processes of the body and improve human health. It has also been demonstrated that probiotics may have certain advantageous qualities because of compounds they secrete, byproducts of their metabolism, or molecules released when their cells lyse. These substances are referred to as paraprobiotics, non-viable probiotics, inactivated probiotics, ghost probiotics, or bacterial metabolites, postbiotics, metabiotics, cell-free supernatants, or metabolic residues of probiotic action [3].



In the case of food with the addition of probiotic bacteria, the beneficial effect on the human body depends not only on the strain of bacteria but also on the medium used to introduce them. A food matrix is a raw material into which probiotic bacteria can be introduced and a food product can be obtained. The introduced probiotic bacteria may cause fermentation or will be present in a non-fermented product. In both cases, the challenge is to keep as many probiotic bacteria alive as possible.



One of the most commonly used carriers is dairy products. Other drinks with the addition of probiotic bacteria have also gained great popularity. These include, among others, fruit and vegetable juices. A relatively new direction is the introduction of probiotic bacteria into meat products. Fermented products with probiotic bacteria differ sensorially from those produced in a traditional way.



In newer products, the additives are the so-called prebiotic substances, e.g., carbohydrates, such as lactulose, fructooligosaccharides, and galactooligosaccharides, which selectively stimulate the growth of probiotic bacteria in the gastrointestinal tract [4].




2. The Historical Overview of Lactic Acid Fermentation in Food Production


Fermentation is one of the most effective traditional methods of food preservation, which for millennia has provided people around the world with rational management of valuable food resources. Perishable food and beverage products are transformed through fermentation into stable and safe products that can be stored and transported. In addition, fermented foods gain a number of organoleptic qualities and are more easily digestible. Fermentation prevents food spoilage, meaning increased availability and reduced food waste. Since the dawn of time, humans have used microorganisms to preserve food—from ancient civilizations such as Assyria, Babylonia, Egypt, and Persia to Slavic ones. Over the centuries, experience has been gained in which products can be ensiled, which speeds up the whole process, and what causes their spoilage—as well as learning methods that extend the durability of food products [5].



Due to the long history of effective usage of food fermentation, beginning in ancient civilizations, it should be acknowledged that fermentation is a great human cultural heritage. Fermentation is recognized as a safe method of food preservation and is widely accepted in the household and artisanal production of indigenous food products. Native fermentation-related microorganisms are naturally found in foods. In accordance with tradition, they can also be added in the form of batches of fermented food, the so-called back-slopping technique. Nowadays, at the industrial level, selected starter cultures are preferred to achieve the reproducibility of the final product. Tamang (2010) assessed that, nowadays, more than 5.000 various fermented food products are consumed worldwide [6].



The earliest archeological evidence of fermented beverage consumption came from Israeli stone mortars dated as being from 13,000 BC [7]. Other archaeological proof came from investigations in Qiaotou, China. It is suggested that 9.000–8.700 cal. BP fermented beer was made from rice and was consumed during prehistoric funerary rituals [8]. In human history, the fermentation of milk was a very important step, which enabled humans to obtain non-perishable food. Dairy products are a valuable source of protein. Archaeological evidence indicates that during the early Neolithic (6500 BC), in the Near East, milk was processed by the people. In Poland, evidence of dairy residues was found in pottery “cheese-strainers” dated around 5.200 and 4.900–4.800 BC (European Linear Pottery culture), which suggests milk fermentation for cheese making [9]. In ancient Egypt, a variety of fermented foods, including bread, wine, and beer, were part of the diet. For centuries, hunting and fishing were primary sources of food [10]. The preservation of meat excess was of great importance to help people survive periods of food shortage. Fermentation, along with curing, smoking, salting, and sun-drying, is one of the conservation techniques transforming meat into a longer-lasting product. To save meat for the winter, Romans used the methods of meat preservation of the Gauls and Celts [11]. They further developed them, laying the foundations for a whole range of fermented Mediterranean meat products. Food fermentation and preservation run along with the development of human civilization. An example is lactic acid-fermented cabbage consumed around the ancient world: in the Roman Empire, as sauerkraut; in Asia, as a Chinese PaoCai gundrunk; in the Himalayas or in Korea, as a kimchi [12,13,14]. The history of kimchi is around 3000 years. Nowadays, it is an emblematic health-promoting product of the Korean diet and, since 2013, has been acknowledged as a Korean heritage culture product [15]. In the 18th century, Commodore John Byron and Captain James Cook, among others, found that rich-in-vitamin-C sauerkraut is an effective antiscorbutic agent of great value for lengthy sea voyages [16].




3. The Traditional Application of Lactic Acid Fermentation in Food Production


3.1. Dairy Products


Bacteria are one of the oldest living microorganisms on Earth. Despite their simple structure compared to eukaryotic organisms, they play an important role in nature, participating in the circulation of elements or the distribution of dead matter. These organisms have also been used in food production. The main food-fermenting microorganisms, irrespective of food kind, are LAB species. The data from the whole genome sequence distinguish 261 LAB species grouped in 26 genera (http://lactotax.embl.de/wuyts/lactotax/) accessed on 10 October 2023 [17]. Lactic acid fermentation bacteria are most commonly used in the food industry. The food industry uses LAB to produce food and probiotic cultures to improve food quality. Some LAB species are probiotic strains with health advantages.



LAB has a long history of applications in milk processing and preservation. Natural fermentation of milk with LAB converts lactose into lactic acid, leading to the acidification of dairy products. Lactic acid production during fermentation is essential because it results in a pH decrease, creating an environment in which pathogens cannot exist, and the spoilage is inhibited [18]. LAB degrades milk proteins into peptides and amino acids, and transforms lipids into free fatty acids. Fermentation influences the physical and chemical properties of dairy fermented products and is responsible for their specific texture and rheological parameters and contributes to flavor, shelf life, and safety [19].



The traditional, natural milk fermentation methods include spontaneous, native LAB fermentation or the techniques of back-slopping, where the fermented product is added to the new batch to facilitate the next process. In the back-slopping technique, a successful batch is reused, contributing to the selection of the best starter cultures for the quality of fermented products [20]. However, the implementation of empirical and artisanal techniques often leads to inconsistent food products [21]. In traditional dairy products, raw milk is used for containing a variety of autochthonous microorganisms, including different LAB strains. The natural and safe preservatives of traditional dairy products are ensured by LAB-produced antimicrobial peptides called bacteriocins [19]. According to Limosowtin et al. (1996), a starter culture can be divided into “Defined Strain Starters” including commercial single strain starters and “Mixed Strain Starters” including, among other categories, “Artisanal or Natural Mixed Starter Cultures” [22]. Microflora of mixed starters contain a wide range of microorganisms; however, LAB species are predominant [23]. Nowadays, the above-mentioned techniques are replaced in the dairy industry via the addition of specific starter cultures for inoculation, which gives the possibility to ensure the safety and predictability of fermented products. Starter cultures are selected by considering features, such as hetero- and homofermentation, probiotic properties, acid tolerance, organic acid production, temperature range, salt tolerance, oleuropein separation ability, flavor development, and bacteriocin production, in order to dominate the natural microbiota [24]. In the case of the use of traditional starter cultures together with intestinal bacteria, the new fermented products obtained as a result of fermentation are classified as second-generation beverages. When intestinal strains are exclusively used, the new fermented product is recognized as a third-generation beverage [25].



The dairy fermentation starter cultures contain mainly lactic acid bacteria; other microorganisms like yeasts and molds are rarely used. The following hygienic standards for pasteurized milk are used on an industrial scale. The development of molecular biology allowed for the detection, typing, and identification of microorganisms, and, consecutively, the commercially produced starters consist of well-selected high counts of suitable strains [26]. Recently, there has been a growing interest in exopolysaccharides producing LAB and their applications in the food industry. Exopolysaccharides influence interactions with milk proteins and micelles, resulting in improvements in casein network firmness and ability to bind water [27]. It contributes to unique rheological and sensory characteristics of dairy-fermented products.



Many distinct products can be obtained as a result of milk fermentation with huge diversity in organoleptic traits according to the fermented microorganisms, recipes, and additives. The main dairy-fermented products are yoghurts, kefirs, and cheeses. Yoghurt is a commonly consumed dairy product and is made by fermenting milk. Mostly Lactobacillus bulgaricus and Streptococcus thermophilous, Lactobacillus acidophilus and Bifidobacterium bifidum are isolated from yoghurt samples. The fermentation process not only causes a sour taste but also increases the health benefits, such as promoting gut health and digestion [28]. In yoghurt and yoghurt-like products, moderate thermophile LAB as starter cultures are produced: Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus [29]. These strains also produce exopolysaccharides, which have an impact on reduced syneresis, increased viscosity, smoother, and creamier texture of the yoghurt. Kefir is a fermented beverage made from milk or water using kefir grains, consumed in different Asian countries. “Kefir name is produced from the Turkish word “keyif” and means “good feeling” [30]. Kefir grains contain a diverse community of bacteria and yeast, including Lactobacillus kefiranofaciens, Lacticaseibacillus paracasei, Lactiplantibacillus plantarum and Saccharomyces cerevisiae. This diversity contributes to the complexity of kefir’s flavor and probiotic content [31]. During the fermentation process of kefir, lactose is converted by lactic acid bacteria into lactic acid, which gives kefir its characteristic flavor. The yeasts in kefir grains also contribute to the fermentation process by producing ethanol and carbon dioxide, giving kefir its effervescent structure [32]. The fermentation of kefir not only enhances its flavor but also leads to the formation of various bioactive compounds, such as vitamins, organic acids, and peptides, which contribute to its nutraceutical benefits [33].



Dairy beverages are very popular fermented milk products, widely consumed in the whole world and, nowadays, they are recognized as vehicles for probiotic delivery [34]. It is essential to select the right probiotic strains of viability and functional activity throughout the shelf life of the product. The success of probiotic milk beverages can be limited by the nature of the ingredients and the fear of contamination as well as low strain viability during storage.



The viability of bacteria of the former genus Lactobacillus spp. and Bifidobacterium spp. in milk beverages, including the probiotic strains used, can be influenced by many factors: pH, presence of hydrogen peroxide and dissolved oxygen, concentration of metabolites such as lactic and acetic acids, buffering capacity of the medium, storage temperature, and type of added ingredients [35].



There are at least 1000 varieties of cheeses available, which can be classified into the following: soft-to-hard bacterially ripened internally, bacterial surface-ripened, and mold-ripened [36]. Due to exceptional sensory properties, regional, low-processed cheeses are becoming more popular [37]. The fermentation of dairy products can be conducted by an unknown mix of adventitious or environmental microbiota or via the addition of microbial inoculation. Spontaneous fermentation can be optimized by using the back-slopping technique, which provides a higher number of suitable and best-adapted-for-fermentation microorganisms. The advantages of back-slopping include maintaining microbes’ genetic biodiversity. This technique is still widely used at home and in artisanal whey and cheese manufacturing [26]. The traditional manufacturing process of raw milk fermentation with diverse microbial compositions has a direct impact on the final product, maintaining its uniqueness. In regional cheesemaking, the predominance of LAB and hygienic standards are key determinants in reductions in undesirable pathogenic and spoilage microorganism occurrence, resulting in product safety [38]. During further manufacturing (ripening) and maturation of non-LAB, secondary flora can occur, influencing the original cheese [39].



In large-scale cheesemaking, the usage of starter cultures ensures control over fermentation and contributes to product standardization and safety. However, the use of commercially selected starter cultures strictly limits biodiversity and influences sensory properties of produced cheeses. The direct addition of a large number of cells of selected microorganisms rapidly and successfully acidifies pasteurized milk and inhibits other microorganism occurrence, including secondary microflora. Moreover, the wide use of commercially selected starter cultures may lead to the disappearance of certain wild strains, leading to the loss of genetic material [40]. In the cheesemaking industry, starter bacteria according to the produced cheese can be divided into groups: mesophilic like Lc. lactis subsp. cremoris and Lb. lactis ssp. (Cheddar, Gouda, Edam, Blue, and Camembert) or thermophilic, including Lb. delbrueckii ssp. delbrueckii, Lb. delbrueckii ssp. bulgaricus, Lb. delbrueckii ssp. lactis or Lb. helveticus (Emmental, Gruyere, Parmesan and Grana). The most-often used starter bacteria are members of the genera Lactococcus, Lactobacillus, Streptococcus, Leuconostoc, and Enter-coccus [39]. In cheesemaking, starters contribute significantly to the beginning of manufacturing, in the young curd. In the further process of cheese production, which takes many months or even years of ripening, the microflora changes. Subsequently, secondary microflora appears and dominating microorganisms are non-starter LAB. The population of non-starter LAB consists of mesophilic and thermophilic lactic acid bacteria and lactococci, pediococci, enterococci, and Leuconostoc spp. [41]. The composition of many cheese types’ microbiota differs; therefore, the non-starter LAB significantly influences the cheese quality traits unique for regions and factories.



In accordance with scientific evidence, fermented dairy products are one of the best available health-beneficial natural products, which are well tolerated without causing undesired side effects [42]. Fermented dairy products have immunomodulatory and antioxidant activity. The results of numerous studies and clinical trials suggest their potential health advantages, including anticancer, antihypertensive, and anti-cholesterol effects.




3.2. Fermented Plant-Origin Foods


Fresh fruits and vegetables are prone to spoilage and have short shelf life. Therefore, preservation is a very important issue in human nutrition. Fermented foods are a common source of many essential nutrients available to the population in many countries around the world. Fermented fruits, vegetables, and cereals are excellent examples of native food products with high nutritional value. They are primary and rich sources of fiber, carbohydrates, vitamins (thiamine, riboflavin, niacin, or folic acid), and minerals (iron, calcium, and phosphorus), and other valuable nutraceuticals, such as polyphenols, tannins, flavonoids, and flavonols [43]. Due to seasonal availability of fruits and vegetables, fermentation allows for the preservation of this valuable food during winter months. Moreover, fermentation processes increase the nutritional value and improve the bioavailability of minerals and vitamins, as well as contributing to food safety [44]. Fermentation of plant-origin food products is an alternative to the methods and techniques including chemicals used in the food industry.



Fruits and vegetables have a vast diversity of native microbiota that include small contents of LAB, ranging from 2.0 to 4.0 log CFU g−1. Therefore, the effective LAB fermentation of fruits and vegetables may require the use of autochthonous or commercially selected starters [45]. The microbial community of fermented vegetables is dominated by LAB genera Weissella, Leuconostoc, Pediococcus, and Lactococcus (Lactiplantibacillus plantarum, Levilactobacillus brevis, Leuconostoc mesenteroides, Pediococcus pentosaceus, Limosilactobacillus fermentum, and Lactococcus lactis) [18,46]. Back-slopping is a traditional, indigenous technique used to ensure the dominance of selected microbiota, contributing to successful plant fermentation (in exp. sauerkraut). Plant-based fermentations can be a suitable environment for the introduction of probiotics, and additionally, the presence of active metabolites including prebiotics (in ex. dietary fibers) can augment the health-beneficial effect. In the field of functional food, vegetables and fruits became an attractive area of development for new products and are also an alternative to dairy products, especially for consumers who are lactose-intolerant, allergic to milk proteins, or vegan [47].



Seasonal vegetables (cabbages, cucumbers, beetroot, carrot, horseradish, olives, radish, onion, garlic, eggplant, zucchini, tomato capers, cauliflower, and young edible bamboo) are traditionally preserved by means of fermentation methods with the involvement of LAB. All plant organs are suitable for fermentation: roots, bulbs, fruit, leaf, stems, and flowers. Among the many fermented plant products, fruit and vegetable juices are becoming increasingly popular. They are obtained traditionally as a result of spontaneous fermentation or by starter culture addition [48]. Fruit and vegetable beverages are preferred by consumers. According to Garcia et al. (2020), the most common fermentation microorganisms of fruit and vegetable juices are species L. plantarum, Lactobacillus bavaricus, Lactobacillus xylosus, Lactobacillus bifidus, and L. brevis. Fruit and vegetable juices are a promising environment for the delivery of probiotic delivery, therefore ensuring combined health benefits [48]. Nowadays, fermentation of vegetables is widespread at household, artisanal, and industrial levels. Sauerkraut is one of the most common and popular European fermentation products. The fermentation of cabbage is conducted by Lb. mesenteroides, Lb. brevis, P. pentosaceus, and Lb. plantarum in anaerobic conditions after the addition of salt. Sauerkraut is usually a product of spontaneous fermentation. Two phases can be distinguished: first, heterofermentative phase with a predominance of Leuconostoc mesenteroides, and, second, where the homofermentative Lactobacillus plantarumin dominates [18]. In this regard, at least two strains should be applied as a starter culture for the fermentation of high-quality probiotic sauerkraut [49]. Table olives are eagerly eaten and are an ingredient in many dishes. Olives after harvesting due to bitterness are not suitable for consumption. In the process of conversion into table olives, LAB and yeasts are involved. Each olive-growing country follows local processing olive traditions. There are differences in the microbiota of composition of natural black and green olives as well as in lye-treated olives [50].



LAB encountered during olive fermentation are Lactobacillus, Streptococcus, Pediococcus, and Leuconostoc. Among Lactobacillus, the most frequent are Lb. plantarum, Lb. pentosus, and Lb. paraplantarum [51]. According to the method (in exp. Greek, Spanish, Sicilian, or Californian), LAB and other indigenous microbiota, especially yeast, in various proportions are involved.



The nutritional benefits of plant-fermented products with the contribution of a variety of LAB species potential health benefits respond to the consumers’ preferences and food market demands. This is also in agreement with the growing interest of research development. Plant-fermented products, including fruit and vegetable juices, are suitable candidates to be an important food carrier for probiotics [47].




3.3. Bakery Products


Since ancient times, sourdough has been utilized as a leavening agent in baking production. This is accomplished by making a sourdough starter from a combination of wheat and water that has been naturally fermented by yeasts and lactic acid bacteria.



Two types of fermentation are used in bakery production: alcoholic, yeast, and lactic—carried out by lactic acid bacteria. Lactic acid fermentation plays a significant role in the bakery industry, particularly in the production of certain types of bread and other baked goods. This fermentation process primarily involves the conversion of sugars into lactic acid by lactic acid bacteria, contributing to changes in homo- or heterofermentation, and offers many technological and nutritional benefits, as well as affecting the quality of bread [52,53,54].



The genus Lactobacillus, which has recently been divided into 23 new genera, is one of the more than 70 bacterial species that have been isolated from sourdough fermentation [17,55].



A traditional method for fermenting cereals used to make bread or steamed bread (mainly in China) is called sourdough fermentation. When compared to the instant active dry yeast frequently used in the food sectors, sourdough-produced bread/steamed bread offers distinctive flavor, texture, nutrition, and shelf-life properties as well as reduced allergenicity [56,57].



In industrial bread production, starter cultures are widely used to obtain good-quality bread. Around the world, sourdough has recently been utilized more frequently as customers’ desire for savory, natural, nourishing, and healthy dishes has expanded [58].



The introduction of diverse starter cultures is in line with the current consumer trend of returning to traditional food production methods, as it replaces or limits the use of technological baking additives (e.g., enhancers, enzymes, acids, etc.).



Bakery starter cultures have their own selected bacterial strains that are characterized by the ability to quickly acidify the dough environment, synthesis of compounds shaping the aroma of bread, positively affecting the rheological properties of the dough, bread texture as well as the simultaneous ability to quickly master and colonize the acid environment. Differentiation of the composition of starter cultures is also one way to counteract the unification of bread flavors [59].



Some authors reported that the LAB diversity of sourdough has the potential for geographical indication [60,61].



In Figure 1, the impact of using a starter culture on shortening the process of pre-paring bread dough is presented.



The use of lactic fermentation in the bakery industry can be considered in many aspects:




	(a)

	
Lactic acid fermentation is a key component in the production of sourdough-based bread [62]. In this process, a mixture of flour and water is left to ferment, allowing wild yeast and LAB, naturally present in the environment, to thrive. These microorganisms metabolize the carbohydrates in the dough, producing lactic acid and acetic acid. This acidification of the dough imparts a distinct tangy flavor to sourdough bread and contributes to its unique texture and extended shelf life.




	(b)

	
pH Control: Lactic acid fermentation is utilized to control the pH levels in bakery products. By adding lactic acid or using starter cultures with specific LAB strains, bakeries can adjust the acidity of the dough. This helps to improve the texture, flavor, and overall quality of the final product.




	(c)

	
Staling Prevention: Lactic acid can also help in preventing staling (the process where bread becomes dry and less palatable) in bakery products. The staling process, in general, explains the mechanism of bread aging and begins immediately after baking [63,64]. When the thermal energy input is stopped, phase transition processes occur, changing the texture of the bread. The recrystallization of amylose within the first few hours after baking has a favorable impact on the solidification of the crumb structure, whereas amylopectin, the second principal macromolecule accounting for the starch percentage in wheat, crystallizes over a longer period of days.




	(d)

	
Flavor improving: Lactic acid produced during fermentation contributes to the flavor profile of bakery products. Flavor composition in fermented wheat flour foods depends on some factors, such as fermentation process, cooking procedure, fat oxidation, and also where fermentation by sourdough-associated microbiota plays an important role in geographical indication of cereal [65,66] goods.



It imparts a mild tangy taste, which can be desirable in various bread varieties, such as bagels, pretzels, and some types of rolls.




	(e)

	
Improving food safety: Lactic acid, along with acetic acid produced during fermentation, has antimicrobial properties. It helps in preserving the freshness of baked goods and inhibiting the growth of harmful microorganisms, extending the shelf life of products [67].









One of the most prevalent dangerous byproducts found in a variety of cooked and fried carbohydrate-rich foods, including baked breads, is acrylamide [68]. Some authors reported that the application of some LAB strains (Levl. brevis, Lacp. plantarum, P. pentosaceus, and Pediococcus acidilactici) in baked bread showed significantly reduced acrylamide content [69,70].



Recently, strains synthesizing anti-mold compounds are also sought, which allows one to extend the shelf life of bread [71,72].



During fermentation, LAB causes the raw materials to quickly become acidic, resulting in the production of organic acids, CO2, H2O2, fatty acids, antifungal peptides, volatile chemicals, and other antifungal substances that prevent the growth of fungi [68]. Furthermore, LAB can use one or more pathways to assist the detoxification of mycotoxins, for example, the use of enzymes and metabolites made by LAB strains, the adsorption of mycotoxins by LAB, or the competition between LAB and other fungi that create mycotoxin [73]. Mycotoxins can be biodegraded by LAB into less poisonous and hazardous chemicals by producing a variety of proteolytic enzymes, such as cell-wall proteinases, peptide transporters, and abundant intracellular peptidases [74]. Additionally, LAB produces citric acid and other organic acids that are highly effective in breaking down aflatoxins.



Overall, lactic acid fermentation is an essential and versatile process in the bakery industry, contributing to the taste, texture, and preservation of various bread and baked goods. It is particularly valuable in the production of sourdough-based bread, where it is responsible for the characteristic flavor and texture.



The principal pathway for the creation of volatile compounds in SD and breadcrumbs is through fermentation, which mostly produces acids, alcohols, aldehydes, esters, and ketones [75]. Lactic acid (sharp acidity) and lactic acid (fresh acidity) are the two main flavors that LAB contributes to in SD bread. This also plays a role in the accumulation of amino acids (such as glutamate, which gives food its umami flavor), as well as the production of 2-acetyl-1-pyrroline, an end metabolite that forms when ornithine undergoes the Maillard reaction in the arginine deiminase (ADI) pathway and gives food its aroma. Furthermore, the kokumi taste is caused by the accumulation of peptides, such as glutathione and glutamyl dipeptides, which are impacted by LAB activity [76]. Additional flavor molecules can be formed via the conversion of amino acids, such as phenylalanine (sweet), isoleucine (acidic), glycine, serine, and alanine (vinegar/sour) to aldehydes and ketones [75].




3.4. Meat and Fish Products


Meat is a very valuable source of food, containing proteins, essential amino acids, minerals, and vitamins (group B). Due to its high nutrition value, moisture content, neutral pH, and possible contamination with pathogens, raw meat and meat products are prone to spoilage. Meat preservation, since ancient times, has been the main concern in human nutrition. Natural preservation methods, including salting fermentation, drying, marinating, smoking, or molding, were the only possible methods ensuring meat storage for a long time in ancient time. Nowadays, chemical preservation additives are applied at industry levels, with possible consumer health disadvantages (in exp. possible carcinogenicity and toxicity of nitrates) and lessening the sensory value of meat products [77]. Fermentation is a traditional, safe, and convenient method of meat bioprotection and conservation, with no negative effects on human health. The most common meat biofermentating agent is LAB, which is usually present in raw meat [78]. LAB metabolites have antibacterial and antioxidant activity; moreover, they contribute to nitrate degradation. During fermentation, LAB produces lactic acid, and the meat acidity increases, which, along with LAB bacteriocins and organic acids, hydrogen peroxide, and diacetyl, inhibits the pathogenic and spoilage microorganism occurrence [10]. Historically, the main purpose of meat biopreservation was meat storage; however, nowadays, for consumers, the key aspects are unique organoleptic properties of fermented meat products, including unique taste, aroma, texture, and color [79].



Traditional meat products subjected to spontaneous fermentation by unspecified autochthonous microbiota have unique local sensory characteristics. The native microbiota is well adapted to meat matrices and intrinsic and extrinsic factors occurring during fermentation and maturation [80]. For hundreds of years, a variety of regional, artisanal fermented meat products have been created [81]. The manufacturing of fermented sausages requires the addition of salt and nitrates; therefore, the fermentative microorganism should be adapted to such an environment. Subsequent drying, smoking, and temperature modifications depend on the used formula. Manufacturing conditions favor the growth of LAB, like Lactobacillus sakei, Lactobacillus curvatus, Pediococcus pentosaceus, and coagulase-negative staphylococci, like Staphylococcus xylosus, Staphylococcus equorum, Staphylococcus warneri, and Staphylococcus succinus [82]. However, there are regional and geographical differences in meat-manufacturing processes, including salt levels, temperature, pH as well as bacterial diversity. In a study of 80 randomly selected European fermented meat products, Van Reckem et al. (2019) showed that, in Northern Europe, fermented meat had lower pH (even less than pH 5), was fermented at higher temperatures, and salt levels varied from 2% to 6%. The prevalence of Pediococcus pentosaceus and Staphylococcus carnosus in Northern European fermented meat products is higher, while in less-acidified fermented meat of Southern European origin, more frequently Lactobacillus sakei, Staphylococcus xylosus, and Staphylococcus equorum are present [83].



Commercialization of fermented meat products reflects growing consumer demands. For industrial fermented sausage production, starter cultures are used to achieve safety and uniformity of the final product. Selected microorganisms of starter cultures should tolerate the presence of acid, sodium nitrite, and sodium chloride, and must be able to dominate the product’s microflora. In this regard, the preferred source for isolation of bacteria for starter cultures is traditional fermented meat [84]. Starter cultures designed for meat fermentations consist of LAB (in exp. Lb. sakei) to ensure proper acidification safety as well as flavor, taste, color, and texture, and other bacteria strains (Staphylococcus, Pediococcus, Kocuria), yeasts, or molds to provide unique organoleptic properties [2,85]. Recently, there has been growing interest in the introduction of probiotics into meat products. Reports of the successful introduction of various probiotics strains (Lactobacillus plantarum, Lactobacillus paracasei, and Lactobacillus rhamnosus) have shown that fermented meat is a probiotic food of great potential [86].



Fish fermentation is the traditional technique of fish preservation used by people in coastal regions. Fish is a valuable source of protein and fatty acids, including essential omega-3 fatty acids, minerals, and vitamins. Fermented fish and fish products have unique sensorial proprieties appreciated by consumers. According to the FAO report in 2019, aquatic foods provided about 17 percent of animal proteins worldwide [87]. Due to the action of autolytic enzymes and microbe activity, the spoilage of fish meat is usually rapid. Therefore, the preservation of fish meat is essential. It consists of several stages. Salting is very important. The hypersaline environment deteriorates enzymatic activity and facilitates the growth of properly fermented microorganisms.



Different organoleptic characteristics depend on the type of fish fermentation method: spontaneous with natural microbes or with the use of different starter cultures, and as well as to specific environmental conditions, and ingredients or spices added. Fish can be fermented whole, sliced, or in the form of paste [88]. Salt has a pivotal role in the preservation of fish meat. It reduces water activity and the development of pathogenic and spoilage microorganisms. According to the amount of added-salt, high-salt products (salt content >20%) and low-salt products (salt content: 3–8%) can be distinguished [89]. In low-salt fermented fish, LAB is predominant. In high-salt products, halophilic lactic acid bacterium Tetragenococcus spp. resistant to salt stress is predominant [90].



The use of selected starter cultures in the fish industry is limited. Most fermented fish products are from spontaneous fermentation. According to the analysis of Belleggia and Osimani (2023) of data from 168 research papers, lactic acid bacteria are predominant in most fermented fish and fish-based products, with counts up to 9.5 log CFU g−1 [91]. Among LAB, the most important fermentative strains are Lactiplantibacillus plantarum, Latilactobacil-lus. sakei, and Latilactobacillus curvatus. Other predominant microorganisms present in fermented fish are Staphylococci, Bacillus spp., and yeasts [91].




3.5. Oriented Fermented Food Products


Fermentation is an ancient technique for food preservation and transformation and also has a significant role in traditional culinary cultures [92]. The historical significance of oriental fermented food products dates back centuries, and their origins are deeply rooted across Asia, including China, Japan, Korea, and Southeast Asian nations. Oriental fermented food products are valuable with their unique flavors, potential health benefits, and extended shelf life. Producing these products requires traditional knowledge, microbiology, and culinary expertise. These food products include a variety of raw materials, such as milk, cereals, millet, vegetables and meat [93,94,95]. The fermentation techniques include balance of ingredients, temperature, and time control, which can be different from one region to another and result in regional specialties [96].



Oriental fermented foods often rely on naturally occurring microorganisms, including bacteria, yeasts, and molds [97]. That is why it is common for oriental cultures to ferment their foods in specific types of fermenting vessels, such as earthenware pots or wooden barrels, to ensure a stable microbiological environment for fermentation [98]. Lactic acid fermentation is the most essential way to prepare traditional fermented oriental foods, contributing to their unique flavor profiles, textures, and nutritional compositions [93].



Tarhana is a fermented cereal-based soup mix and includes a combination of grains, vegetables, and yoghurt from Turkey [99]. Fermentation methods for tarhana can be divided into two types: lactic acid fermentation with yoghurt addition and lactic acid fermentation combined with yeast fermentation (baker’s yeast addition). Lactic acid fermentation determines the sensory characteristics of tarhana; it gives it a sour and acidic flavor [100]. Lactic acid bacteria have been identified in different tarhana samples: Pedicoccus acidilactici, Streptococcus thermophilus, Lactobacillus fermentum, Entericoccus faecium, Leuconostoc pseudo-mesenteroides, Weissella cibaria, Lactobacillus plantarum, Lactobacillus bulgaricus, Leuconostoc citreum, Lactobacillus paraplantarum, Lactobacillus casei, Lactobacillus brevis, and Lactobacillus plantarum [101].



Another fermented product is Boza, which is made from grains, like millet, wheat, or corn, and is a popular fermented cereal-based beverage in Turkey and the Middle East. During the fermentation process, starches are broken down into sugars and lactic acid, giving a sour and sweet taste to the drink [102]. Boza is often enjoyed during special occasions and festivals. The identified strains during fermentation are Lactobacillus paracasei, Lactobacillus plantarum, and Lactococcus lactis [103]. In another study, various kinds of lactic acid bacteria strains were isolated from Boza samples, including newly identified species, such as Lactococcus garvieae, Pediococcus parvulus, and Streptococcus macedonicus [104].



Stinky tofu is also another traditional fermented food in Asian cuisine. The fermentation of tofu is made in a brine solution, and it gives a distinct odor and flavor. Stinky tofu is typically deep-fried or grilled for various dishes [105]. According to studies for the identification of the microbial composition of stinky tofu, the most dominant strains are belonged to Lactobacillus and Bacillus genera [106]. In addition, Chao et al. conducted an analysis and identified a total of seven different genera and thirty-two species, including Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Streptococcus, and Weissella [107]. These findings underline the diverse microbial community present in stinky tofu and its fermentation process. The texture of stinky tofu can differ from soft to firm for possibilities in culinary experimentation.



Natto is a traditional Japanese dish that is made through the fermentation of soybeans with Bacillus subtilis [108]. The fermentation of natto produces several bioactive components, including nattokinase, daidzein, phytosterols, superoxide dismutase, and several biologically active peptides, improving nutritional quality [109]. Miso is a seasoning made from fermenting soybeans and grains with koji mold (Aspergillus oryzae) and LAB strains. After yeast fermentation, LAB leads to a sour and umami taste with increasing acidity. Miso can be of several types, such as white, red, and mixed, each one of them offering different flavors suited for soups, marinades, and dressings [110]. In recent years, soy sauce has become an increasingly popular oriental fermented condiment. Lactic acid bacteria with other microorganisms such as molds and yeasts break down the complex proteins and carbohydrates in soybean into simpler ones. This fermentation process enhances the umami flavor of soy sauce. Moreover, the presence of LAB in these products offers potential probiotic benefits [110,111].



Fermentation preserves vegetables as well as enhancing their flavor, texture, and nutritional value [112]. Fermentation can naturally occur by their own lactic acid bacteria, such as Lactobacillus, Leuconostoc, and Pediococcus [48].



For example, kimchi is a side dish from fermented vegetables, such as napa cabbage and radishes in Korean cuisine. This side dish is rich in fiber, vitamin A, riboflavin, vitamin C, thiamine, potassium, iron, and calcium, also with a low-calorie count. In addition, the nutritional value of raw material kimchi produced with spontaneous fermentation includes different kinds of lactic acid bacteria [113]. Lactobacillus, Weissella, Lactococcus, Pedicoccus, and Leuconostoc were isolated from kimchi samples [114]. Due to its health benefits and nutritional value, kimchi is considered in the list of the five healthiest foods in the world. The other four are Indian lentils, Spanish olive oil, Greek yoghurt, and Japanese soybeans [115]. Regular consumption may contribute to heart health, regulating cholesterol levels and blood pressure. These factors make kimchi not only a flavorful addition to meals but also a valuable component of a health-conscious diet [116].



Similarly, sauerkraut, meaning “sour cabbage”, is a traditional fermented vegetable dish known for its distinctive taste and long shelf life. The production process involves shredding fresh cabbage and mixing it with 2.3–3.0% salt, initiating natural fermentation. In the beginning of fermentation, Leuconostoc spp. starts the process and then Lactobacillus spp. and Pediococcus spp. complete the process. The final product has a pH of 3.5 to 3.8. Fermentation gives sauerkraut its unique taste, as well as preserving and adding nutritional value [112].



Chinese-style sausage is a popular indigenous fermented meat product in China. Lactic acid bacteria play a key role in enhancing the flavor of the meat. The fermentation process produces lactic acid by decomposing carbohydrates, leading to a decrease in pH within the meat [117]. This acidic environment is unsuitable for the growth of food-borne pathogens, making it an effective natural preservative (Wang, 2019) [118]. Nasezushi is a traditional Japanese fermented meat product that is made with salted fish and cooked rice and ferments spontaneously for more than a month [119]. Studies have identified the presence of beneficial bacteria, like Lactobacillus acidipiscis, Lactobacillus versmoldensis, Lactobacillus plantarum, Tetragenococcus muriaticus, and Tetragenococcus halophilus, in narezushi [120,121]. Furthermore, narezushi has been found to have inhibitory effects on Listeria monocytogenes infection, highlighting its potential as a food with natural antimicrobial properties [122]. Another notable Chinese fermented fish product is Chouguiya, also known as Stinky Mandarin fish. This fish-based fermented food contains a variety of bacteria, including Lactobacillus sakei, Lactococcus garvieae, Lactococcus lactis, Lactococcus raffinolactis, Vagococcus species, Enterococcus hermanniensis, Macrococcus caseolyticus, and Streptococcus parauberis. The unique fermentation process gives Chouguiya its distinct flavor and character, making it a significant part of Chinese culinary heritage [123].



The microbiological complexity and potential health benefits of oriental fermented foods have attracted scientists. Several studies have revealed the diverse range of microorganisms involved in fermentation, providing insight into the microbial composition of these products. Further, investigations into the bioactive compounds produced by fermentation can have an impact on potential applications in functional foods and nutraceuticals.





4. Probiotics as Novel Microorganisms in Lactic Acid Fermentation of Food


The growing consumer interest in food that is “natural”, “without preservatives” and, at the same time, “high quality” makes food producers look for new technological solutions to meet these market requirements. Today, however, bioconservation is defined as using natural or isolated primary and/or secondary metabolites from sources, such as bacteria, fungi, plants, and animals, for food preservation. Examples of bioconservants are oils and plant extracts or enzymes of plant and animal origin [124].



The term “probiotic microorganisms” is defined as “live microorganisms that, when administered in adequate amounts, confer a health benefit on the host” [125]. Microorganisms should be precisely defined in order to be classified as probiotic strains by defining appropriate criteria for safety of use, functional and technological characteristics. Microorganisms—candidates for “probiotic”—must meet three key requirements: (1) must be alive at the time of administration and must be microorganisms, (2) must be administered in a sufficiently high dose to have a health-promoting effect, and (3) must have a beneficial effect on the host [126,127].



Our intestinal microbiota includes lactic acid bacterial strains, which are also frequently utilized as probiotics. In addition to Lactobacillus and Bifidobacterium, other significant and prevalent probiotic microorganisms include Lactococcus, Streptococcus, Enterococcus, Propionibacterium, and Saccharomyces yeasts [128,129].



The mechanisms of action of probiotic bacteria, thanks to which they have a positive effect on the human body, have not yet been fully understood. However, some scientific reports indicate, in this case, such factors as: competitiveness in relation to intestinal pathogens, neutralization of anti-nutritional and carcinogenic factors, production of metabolites with antibacterial activity and modulation of the mucosa and systemic immune system [126,127,130].



Many health benefits of LAB bacteria include alternatives to antibiotic, lowering cholesterol level, inhibition of harmful microorganisms in the gut, and boosting the immune system, making them promising probiotic candidates, which are studied to explore their potential applications and affect the safety in fermented food products [131].



The diversity of microorganisms found in naturally fermented foods makes them an excellent source of potential probiotics [132].



Until recently, strains of probiotic bacteria were isolated only from the gastrointestinal tract of healthy people. In recent years, interest in new strains isolated from other unconventional sources has been growing, which are also able to survive the difficult conditions in the human digestive tract [133]. Some researchers concluded that probiotic microbes can also come from unusual sources, like animal digestive tracts, breast milk, food (both fermented and unfermented), air, or soil, in addition to the traditional source (a healthy human digestive system). In particular, for the advancement of technology for the creation of food-specific vaccines, the isolation, identification, and assessment of safety and probiotic qualities of novel, “wild” strains of microbes from traditional food encompass a vital technique. In addition to their defensive (bactericidal and bacteriostatic) qualities, new vaccinations may also have benefits for enhancing consumer health [134,135,136,137]. It seems acceptable to expand the definition of “probiotic” to include microorganisms isolated from conventional, naturally fermented food. The microflora of the environment in which the products were produced is made up of microorganisms that have been isolated from fermented products. They could make an intriguing alternative to gut bacteria if studied, especially in terms of their probiotic capabilities and safety. The production of fermented foods today is based on the use of lactic acid bacteria as starter cultures in order to initiate and provide controlled and predictable [138] fermentation (Figure 2).



When compared to spontaneous fermentation, the use of starter cultures can provide a number of advantages, including improved overall fermentation control, a shorter ripening period, a lower risk of the growth of pathogenic microorganisms, and improved quality of preservation between batches [80,139].



Consumer interest in the probiotic food segment has set a new trend related to sales by specialized companies of the so-called “starter cultures” for food production. Thanks to the probiotic properties of the microflora used, this industry is developing towards health-promoting food. It is also important for numerous research laboratories around the world to work on designing new technological solutions in the field of fermented food production, with the participation of microorganisms with probiotic properties, which enhances consumer confidence in this type of food in the daily diet [140,141,142,143].



It is important to note that not all probiotics are suitable for lactic acid fermentation, and the choice of probiotic strains should be carefully considered. Bacterial strains with probiotic properties, used in lactic acid fermentation, should be selected based on their ability to thrive and ferment the specific food matrix and their compatibility with the desired flavor profile.



Food matrices are raw materials, into which probiotic bacteria can be introduced to enable their development and acceptance of the food product. Introduced probiotic bacteria may cause fermentation or remain alive in the unfermented product.



Characteristics of individual probiotic strains, food matrices, and dietary interactions between them are new areas of food research for technologists. On the other hand, factors affecting the viability of probiotic bacteria in probiotic products include product parameters, such as pH, titration acidity, oxygen, water activity, the presence of salt, sugar, and other compounds (peroxide hydrogen, bacteriocins, artificial flavorings and coloring agents, etc.), processing parameters, including fermentation conditions (incubation temperature, heat treatment, product cooling and storage conditions, packaging materials, production scale), or, finally, microbiological parameters (strain of probiotic used, rate and proportion of implantation) [144,145]. The main problems associated with designing probiotic food are as follows:




	
Providing conditions in the food matrix that will guarantee the viability of probiotics, i.e., their growth and/or survival during food processing and storage, and at the same time maintaining a beneficial effect on health;



	
Ensuring adequate sensory properties of the product;



	
Ensuring a sufficiently high number of probiotic bacteria. The probiotic features and health benefits conferred are known to be LAB-strain-specific [146]. Probiotic food products must have a high concentration of microorganism cells (≥106 colony-forming units (CFU mL−1), or between 108 and 1011 colony-forming units (CFU) per day), to have the required positive impact [147]. Such a high number of bacterial cells should persist throughout the shelf life of food. Probiotic cells must survive the passage through the gastrointestinal tract, reach the colon in sufficient numbers, and, finally, adhere to, and colonize the gut epithelium [148,149,150].








Products containing probiotics must undergo a number of technological processes that will properly prepare them for action in the human body after ingestion. At the beginning of the design of the probiotic product, it should be decided to which group of society it will be dedicated. This action will allow for the selection of an appropriate probiotic strain that has proven action based on scientific evidence in a given disease entity [151].



Another important aspect of the choice of probiotic bacteria is their characteristics and functional screening. This step is necessary because it allows for the examination of the individual characteristics of a given species of probiotic bacteria and assesses which of them meets the criteria assumed by the manufacturer. The screening models used in this step include both simple in vitro cell tests and more complex ex vivo tests or animal model tests. Another important stage in the selection of microorganisms for the production of probiotic products is the identification and assessment of the safety of probiotic strains.



After choosing the strain and examining its safety, another important stage is an assessment of whether the production process of a given strain will be possible in the right quantity. This is an important stage in production because, in end products, probiotics must be stable and have consistent performance with the intended use [151]. This is crucial for high-quality probiotic preparations with doses established based on clinical trials, with a large number of cells and a long duration in many different temperature and humidity conditions. By controlling the production process and, thus, the quality of each strain in the final probiotic preparation, it is common practice that the cell mass of each strain is produced separately [151].



Fermented food producers place high demands on starter cultures used in food processing, which increases the possibility of adapting microorganisms to more effective food fermentation. Progress in biotechnology and genetic engineering allows for the discovery of new strains of probiotic microorganisms, which has an innovative impact on the basic technological processes used, i.e., lactic acid fermentation, and the obtained products are characterized by broadly understood functionality [152,153,154,155].




5. Conclusions


In summary, this article provides in-depth knowledge about the evaluation of the lactic fermentation process over the years, depending on the nature of the microflora used. Lactic acid bacteria (LAB) are commensal habitants of the human gastrointestinal tract (GIT). They have a long history of being used in foods and fermented products as starter cultures.



Nowadays, the increasing use of LAB bacterial strains isolated from different sources as starters has attracted the attention of researchers. Carrying out the lactic fermentation process with the participation of these new microorganisms with probiotic properties, supporting the reconstruction of the quantitative and qualitative balance of microorganisms inhabiting the intestines during dysbiosis, enables linking the issue of food preservation, with increasing health value in the final product.



Probiotics can serve as novel microorganisms in the lactic acid fermentation of food, offering the dual benefits of improved preservation and enhanced nutritional value, especially in terms of promoting gut health. The choice of probiotic strains and their application in various food products depends on the specific desired outcomes and consumer preferences.



To conclude, using starter cultures in the course of the lactic fermentation process seems to be a promising alternative to improving the technological and functional properties of final food products.







Author Contributions


Conceptualization, D.K.-K., B.S. and A.S.; methodology, A.S., B.S. and K.K.; software, A.S., B.S. and K.K.; validation, A.S. and B.S.; formal analysis, D.K.-K., B.S. and A.S.; investigation, B.S., A.S. and K.K.; resources, A.S. and B.S.; data curation, A.S. and B.S.; writing—original draft preparation, B.S., A.S., K.K. and D.K.-K.; writing—review and editing: B.S., A.S. and D.K.-K.; visualization, B.S. and A.S.; supervision, B.S. and A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gaggia, F.; Di Gioia, D.; Baffoni, L.; Biavati, B. The role of protective and probiotic cultures in food and feed and their impact in food safety. Trends Food Sci. Technol. 2011, 22, S58–S66. [Google Scholar] [CrossRef]

	



Kołożyn-Krajewska, D.; Dolatowski, Z.J. Probiotic meat products and human nutrition. Process. Biochem. 2012, 47, 1761–1772. [Google Scholar] [CrossRef]

	



Karbowiak, M.; Zielińska, D. Postbiotyki—Właściwości, zastosowanie i wpływ na zdrowie człowiek/ Postbiotics—Properties, application and impact on human health. Żywność Nauka Technol. Jakosc/Food Sci. Technol. Qual. 2020, 27, 22–37. [Google Scholar] [CrossRef]

	



Kołożyn-Krajewska, D.; Dolatowski, Z.J. Probiotics in fermented meat products. Acta Sci. Pol. Technol. Aliment. 2009, 8, 61–76. [Google Scholar]

	



Niakousari, M.; Razmjooei, M.; Nejadmansouri, M.; Barba, F.J.; Marszałek, K.; Koubaa, M. Current Developments in Industrial Fermentation Processes. In Fermentation Processes: Emerging and Conventional Technologies; Koubaa, M., Barba, F.J., Rooh-Inejad, S., Eds.; Wiley: Hoboken, NJ, USA, 2021; pp. 23–96. [Google Scholar]

	



Tamang, J.P. Diversity of fermented foods. In Fermented Foods and Beverages of the World, 1st ed.; Tamang, J.P., Kailasapathy, K., Eds.; CRC Press: New York, NY, USA, 2010; pp. 41–84. [Google Scholar] [CrossRef]

	



Liu, L.; Wang, J.; Rosenberg, H.; Zhao, G.; Lengyel, D. Nadel Fermented beverage and food storage in 13,000 y-old stone mortars at Raqefet Cave, Israel: Investigating Natufian ritual feasting. J. Archaeol. Sci. Rep. 2021, 21, 783–793. [Google Scholar]

	



Wang, J.; Jiang, L.; Sun, H. Early evidence for beer drinking in a 9000-year-old platform mound in southern China. PLoS ONE 2021, 16, e0255833. [Google Scholar] [CrossRef]

	



Salque, M.; Bogucki, P.I.; Pyzel, J.; Sobkowiak-Tabaka, I.; Grygiel, R.; Szmyt, M.; Evershed, R.P. Earliest evidence for cheese making in the sixth millennium bc in northern Europe. Nature 2013, 493, 522–525. [Google Scholar] [CrossRef]

	



El-Gendy, S.M.; Shaker, M. Fermented foods of Egypt and the Middle East. J. Food Prot. 1983, 46, 358–367. [Google Scholar] [CrossRef]

	



Leroy, F.; Geyzen, A.; Janssens, M.; De Vuyst, L.; Scholliers, P. Meat fermentation at the crossroads of innovation and tradition: A historical outlook. Trends Food Sci. Technol. 2013, 31, 130–137. [Google Scholar] [CrossRef]

	



Xiong, T.; Guan, Q.; Song, S.; Hao, M.; Xie, M. Dynamic changes of lactic acid bacteria flora during Chinese sauerkraut fermentation. Food Control 2012, 26, 178–181. [Google Scholar] [CrossRef]

	



Peñas, E.; Martinez-Villaluenga, C.; Frias, J. Chapter 24—Sauerkraut: Production, Composition, and Health Benefits. In Fermented Foods in Health and Disease Prevention; Frias, J., Martinez-Villaluenga, C., Peñas, E., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp. 557–576. [Google Scholar] [CrossRef]

	



Lee, S.; Lee, J.; Jin, Y.-I.; Jeong, J.-C.; Chang, Y.H.; Lee, Y.; Jeong, Y.; Kim, M. Probiotic characteristics of Bacillus strains isolated from Korean traditional soy sauce. LWT Food Sci. Technol. 2017, 79, 518–524. [Google Scholar] [CrossRef]

	



Chang, H.C. Healthy and safe Korean traditional fermented foods: Kimchi and chongkukjang. J. Ethn. Foods 2018, 5, 161–166. [Google Scholar] [CrossRef]

	



De Grijs, R. Plague of the Sea, and the Spoyle of Mariners—A Brief History of Fermented Cabbage as Antiscorbutic—Hektoen International. 2021. Available online: https://hekint.org/2021/06/17/plague-of-the-sea-and-the-spoyle-of-mariners-a-brief-history-of-fermented-cabbage-as-antiscorbutic/ (accessed on 10 October 2023).

	



Zheng, J.; Wittouck, S.; Salvetti, E.; Franz, C.M.A.P.; Harris, H.M.B.; Mattarelli, P.; O’Toole, P.W.; Pot, B.; Vandamme, P.; Walter, J.; et al. A taxonomic note on the genus Lactobacillus: Description of 23 novel genera, emended description of the genus Lactobacillus Beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782–2858. [Google Scholar] [CrossRef] [PubMed]

	



Thierry, A.; Baty, C.; Marché, L.; Chuat, V.; Picard, O.; Lortal, S.; Valence, F. Lactofermentation of vegetables: An ancient method of preservation matching new trends. Trends Food Sci. Technol. 2023, 139, 104112. [Google Scholar] [CrossRef]

	



de Souza, E.L.; de Oliveira, K.; de Oliveira, M.E. Influence of lactic acid bacteria metabolites on physical and chemical food properties. Curr. Opin. Food Sci. 2023, 49, 100981. [Google Scholar] [CrossRef]

	



Holzapfel, W. Appropriate starter culture technologies for small-scale fermentation in developing countries. Int. J. Food Microbiol. 2001, 75, 197–212. [Google Scholar] [CrossRef] [PubMed]

	



Skowron, K.; Budzyńska, A.; Grudlewska-Buda, K.; Wiktorczyk-Kapischke, N.; Andrzejewska, M.; Wałecka-Zacharska, E.; Gospodarek-Komkowska, E. Two Faces of Fermented Foods—The Benefits and Threats of Its Consumption. Front. Microbiol. 2022, 13, 845166. [Google Scholar] [CrossRef] [PubMed]

	



Limosowtin, G.K.Y.; Powell, I.B.; Parente, E. Types of starters. In Dairy Starter Cultures; Cogan, T.M., Accolas, J.P., Eds.; Wiley-VCH: New York, NY, USA, 1996; pp. 101–130. [Google Scholar]

	



Bernardeau, M.; Vernoux, J.P.; Henridubernet, S.; Guéguen, M. Safety assessment of dairy microorganisms: The Lactobacillus genus. Int. J. Food Microbiol. 2008, 126, 126278285. [Google Scholar] [CrossRef] [PubMed]

	



Montet, D.; Ray, R.C.; Zakhia-Rozis, N. Lactic Acid Fermentation of Vegetables and Fruits. In Microorganisms and Fermentation of Traditional Foods; CRC Press: Boca Raton, FL, USA, 2014; pp. 118–150. [Google Scholar]

	



Mojka, K. Charakterystyka mlecznych napojów fermentowanych. Probl. Hig. Epidemiol. 2013, 94, 722–729. [Google Scholar]

	



Bassi, D.; Puglisi, E.; Cocconcelli, P.S. Comparing natural and selected starter cultures in meat and cheese fermentations. Curr. Opin. Food Sci. 2015, 2, 118–122. [Google Scholar] [CrossRef]

	



Abarquero, D.; Renes, E.; Fresno, J.M.; Tornadijo, M.E. Study of exopolysaccharides from lactic acid bacteria and their industrial applications: A review. Int. J. Food Sci. Technol. 2022, 57, 16–26. [Google Scholar] [CrossRef]

	



Hadjimbei, E.; Botsaris, G.; Chrysostomou, S. Beneficial Effects of Yoghurts and Probiotic Fermented Milks and Their Functional Food Potential. Foods 2022, 11, 2691. [Google Scholar] [CrossRef]

	



Lick, S.; Drescher, K.; Heller, K.J. Survival of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus in the Terminal Ileum of Fistulated Göttingen Minipigs. Appl. Environ. Microbiol. 2001, 67, 4137–4143. [Google Scholar] [CrossRef]

	



Pothuraju, R.; Yenuganti, V.R.; Hussain, S.A.; Sharma, M. Chapter 29—Fermented Milk in Protection Against Inflammatory Mechanisms in Obesity. In Immunity and Inflammation in Health and Disease; İçinde, S., Chatterjee, W., Jungraithmayr, D.B., Eds.; Academic Press: Cambridge, MA, USA, 2018; pp. 389–401. [Google Scholar] [CrossRef]

	



Azizi, N.F.; Kumar, M.R.; Yeap, S.K.; Abdullah, J.O.; Khalid, M.; Omar, A.R.; Osman, M.A.; Mortadza, S.A.S.; Alitheen, N.B. Kefir and Its Biological Activities. Foods 2021, 10, 1210. [Google Scholar] [CrossRef]

	



Joseph, R.; Bachhawat, A.K. Yeasts: Production and Commercial Uses. In Encyclopedia of Food Microbiology, 2nd ed.; İçinde, C.A., Batt, M.L.T., Eds.; Academic Press: Cambridge, MA, USA, 2014; pp. 823–830. [Google Scholar] [CrossRef]

	



Kesenkaş, H.; Gürsoy, O.; Özbaş, H. Chapter 14—Kefir. In Fermented Foods in Health and Disease Prevention; Frias, İ.J., Martinez-Villaluenga, C., Peñas, E., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp. 339–361. [Google Scholar] [CrossRef]

	



Ashraf, R.; Shah, N.P. Selective and differential enumerations of Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus, Lactobacillus acidophilus, Lactobacillus casei and Bifidobacterium spp. in yoghurt—A review. Int. J. Food Microbiol. 2011, 149, 194–208. [Google Scholar] [CrossRef]

	



Shori, A.B. Influence of food matrix on the viability of probiotic bacteria: A review based on dairy and non-dairy beverages. Food Biosci. 2016, 13, 1–8. [Google Scholar] [CrossRef]

	



Fox, P.F. Cheese—Overview. In Encyclopedia of Dairy Sciences, 2nd ed.; John, W.F., Ed.; Academic Press: Cambridge, MA, USA, 2011; pp. 533–543. ISBN 9780123744074. [Google Scholar]

	



Łepecka, A.; Okoń, A.; Szymański, P.; Zielińska, D.; Kajak-Siemaszko, K.; Jaworska, D.; Neffe-Skocińska, K.; Sionek, B.; Trząskowska, M.; Kołożyn-Krajewska, D.; et al. The Use of Unique, Environmental Lactic Acid Bacteria Strains in the Traditional Production of Organic Cheeses from Unpasteurized Cow’s Milk. Molecules 2022, 27, 1097. [Google Scholar] [CrossRef]

	



Nalepa, B.; Markiewicz, L.H. Microbiological Biodiversity of Regional Cow, Goat and Ewe Milk Cheeses Produced in Poland and Antibiotic Resistance of Lactic Acid Bacteria Isolated from Them. Animals 2022, 13, 168. [Google Scholar] [CrossRef]

	



Beresford, T.P.; Fitzsimons, N.A.; Brennan, N.L.; Cogan, T.M. Recent advances in cheese microbiology. Int. Dairy J. 2001, 11, 259–274. [Google Scholar] [CrossRef]

	



Leroy, F.; De Vuyst, L. Lactic acid bacteria as functional starter cultures for the food fermentation industry. Trends Food Sci. Technol. 2004, 15, 67–78. [Google Scholar] [CrossRef]

	



Gobbetti, M.; De Angelis, M.; Di Cagno, R.; Mancini, L.; Fox, P.F. Pros and cons for using non-starter lactic acid bacteria (NSLAB) as secondary/adjunct starters for cheese ripening. Trends Food Sci. Technol. 2015, 45, 167–178. [Google Scholar] [CrossRef]

	



García-Burgos, M.; Moreno-Fernández, J.; Alférez, M.J.; Díaz-Castro, J.; López-Aliaga, I. New perspectives in fermented dairy products and their health relevance. J. Funct. Foods 2020, 72, 104059. [Google Scholar] [CrossRef]

	



Ramos, C.L.; Bressani, A.P.; Batista, N.N.; Martinez, S.J.; Dias, D.R.; Schwan, R.F. Indigenous fermented foods: Nutritional and safety aspects. Curr. Opin. Food Sci. 2023, 53, 101075. [Google Scholar] [CrossRef]

	



Gänzle, M.G. Food fermentations for improved digestibility of plant foods—An essential ex situ digestion step in agricultural societies? Curr. Opin. Food Sci. 2020, 32, 124–132. [Google Scholar] [CrossRef]

	



Di Cagno, R.; Coda, R.; De Angelis, M.; Gobbetti, M. Exploitation of vegetables and fruits through lactic acid fermentation. Food Microbiol. 2013, 33, 1–10. [Google Scholar] [CrossRef]

	



Tamang, J.P.; Watanabe, K.; Holzapfel, W.H. Review: Diversity of Microorganisms in Global Fermented Foods and Beverages. Front. Microbiol. 2016, 7, 377. [Google Scholar] [CrossRef]

	



Wuyts, S.; Van Beeck, W.; Allonsius, C.N.; Broek, M.F.v.D.; Lebeer, S. Applications of plant-based fermented foods and their microbes. Curr. Opin. Biotechnol. 2020, 61, 45–52. [Google Scholar] [CrossRef]

	



Garcia, C.; Guerin, M.; Souidi, K.; Remize, F. Lactic Fermented Fruit or Vegetable Juices: Past, Present and Future. Beverages 2020, 6, 8. [Google Scholar] [CrossRef]

	



Beganović, J.; Pavunc, A.L.; Gjuračić, K.; Špoljarec, M.; Šušković, J.; Kos, B. Improved Sauerkraut Production with Probiotic Strain Lactobacillus plantarum L4 and Leuconostoc mesenteroides LMG 7954. J. Food Sci. 2011, 76, M124–M129. [Google Scholar] [CrossRef]

	



Heperkan, D. Microbiota of table olive fermentations and criteria of selection for their use as starters. Front. Microbiol. 2013, 4, 143. [Google Scholar] [CrossRef]

	



Randazzo, C.L.; Rajendram, R.; Caggia, C. Lactic Acid Bacteria in Table Olive Fermentations in Olives and Olive Oil in Health and Disease; Preedy, V.R., Watson, R.R., Eds.; Academic Press: Singapore, 2010; pp. 369–376. [Google Scholar]

	



Cizeikiene, D.; Juodeikiene, G.; Paskevicius, A.; Bartkiene, E. Antimicrobial activity of lactic acid bacteria against pathogenic and spoilage microorganism isolated from food and their control in wheat bread. Food Control 2013, 31, 539–545. [Google Scholar] [CrossRef]

	



Chavan, R.S.; Chavan, S.R. Sourdough Technology-A Traditional Way for Wholesome Foods: A Review. Compr. Rev. Food Sci. Food Saf. 2010, 10, 169–182. [Google Scholar] [CrossRef]

	



Arora, K.; Ameur, H.; Polo, A.; Di Cagno, R.; Rizzello, C.G.; Gobbetti, M. Thirty years of knowledge on sourdough fermentation: A systematic review. Trends Food Sci. Technol. 2020, 108, 71–83. [Google Scholar] [CrossRef]

	



Oshiro, M.; Tanaka, M.; Zendo, T.; Nakayama, J. Impact of pH on succession of sourdough lactic acid bacteria communities and their fermentation properties. Biosci. Microbiota Food Health 2020, 39, 152–159. [Google Scholar] [CrossRef]

	



Li, H.; Li, Z.; Qu, J.; Wang, J. Bacterial diversity in traditional Jiaozi and sourdough revealed by high-throughput sequencing of 16S rRNA amplicons. LWT-Food Sci. Technol. 2017, 81, 319–325. [Google Scholar] [CrossRef]

	



Liu, T.J.; Li, Y.; Chen, J.C.; Sadiq, F.A.; Zhang, G.H.; Li, Y.; He, G.Q. Prevalence and diversity of lactic acid bacteria in Chinese traditional sourdough revealed by culture dependent and pyrosequencing approaches. LWT-Food Sci. Technol. 2016, 68, 91–97. [Google Scholar] [CrossRef]

	



Palla, M.; Cristani, C.; Giovannetti, M.; Agnolucci, M. Identification and characterization of lactic acid bacteria and yeasts of PDO Tuscan bread sourdough by culture dependent and independent methods. Int. J. Food Microbiol. 2017, 250, 19–26. [Google Scholar] [CrossRef]

	



Ravyts, F.; De Vuyst, L. Prevalence and impact of single-strain starter cultures of lactic acid bacteria on metabolite formation in sourdough. Food Microbiol. 2011, 28, 1129–1139. [Google Scholar] [CrossRef]

	



Gänzle, M.; Ripari, V. Composition and function of sourdough microbiota: From ecological theory to bread quality. Int. J. Food Microbiol. 2016, 239, 19–25. [Google Scholar] [CrossRef]

	



Comasio, A.; Verce, M.; Van Kerrebroeck, S.; De Vuyst, L. Diverse microbial composition of dourdoughs from different origins. Front. Microbiol. 2020, 11, 1212. [Google Scholar] [CrossRef]

	



Nionelli, L.; Rizzello, C.G. Sourdough-Based Biotechnologies for the Production of Gluten-Free Foods. Foods 2016, 5, 65. [Google Scholar] [CrossRef]

	



Le-Bail, A.; Boumali, K.; Jury, V.; Ben-Aissa, F.; Zuniga, R. Impact of the baking kinetics on staling rate and mechanical prop-erties of bread crumb and degassed bread crumb. J. Cereal Sci. 2009, 50, 235–240. [Google Scholar] [CrossRef]

	



Fadda, C.; Sanguinetti, A.M.; Del Caro, A.; Collar, C.; Piga, A. Bread Staling: Updating the View. Compr. Rev. Food Sci. Food Saf. 2014, 13, 473–492. [Google Scholar] [CrossRef]

	



Pétel, C.; Onno, B.; Prost, C. Sourdough volatile compounds and their contribution to bread: A review. Trends Food Sci. Technol. 2017, 59, 105–123. [Google Scholar] [CrossRef]

	



Graça, C.; Edelmann, M.; Raymundo, A.; Sousa, I.; Coda, R.; Sontag-Strohm, T.; Huang, X. Yoghurt as a starter in sourdough fermentation to improve the technological and functional properties of sourdough-wheat bread. J. Funct. Foods 2022, 88, 104877. [Google Scholar] [CrossRef]

	



Sadeghi, A.; Ebrahimi, M.; Mortazavi, S.A.; Abedfar, A. Application of the selected antifungal LAB isolate as a protective starter culture in pan whole-wheat sourdough bread. Food Control 2019, 95, 298–307. [Google Scholar] [CrossRef]

	



Forstova, V.; Belkova, B.; Riddellova, K.; Vaclavik, L.; Prihoda, J.; Hajslova, J. Acrylamide formation in traditional Czech leavened wheat-rye breads and wheat rolls. Food Control 2014, 38, 221–226. [Google Scholar] [CrossRef]

	



Nachi, I.; Fhoula, I.; Smida, I.; Ben Taher, I.; Chouaibi, M.; Jaunbergs, J.; Bartkevics, V.; Hassouna, M. Assessment of lactic acid bacteria application for the reduction of acrylamide formation in bread. LWT-Food Sci. Technol. 2018, 92, 435–441. [Google Scholar] [CrossRef]

	



Esfahani, B.N.; Kadivar, M.; Shahedi, M.; Soleimanian-Zad, S. Reduction of acrylamide in whole-wheat bread by combining lactobacilli and yeast fermentation. Food Addit. Contam. Part A 2017, 34, 1904–1914. [Google Scholar] [CrossRef]

	



Sadiq, F.A.; Yan, B.; Tian, F.; Zhao, J.; Zhang, H.; Chen, W. Lactic acid bacteria as antifungal and anti-mycotoxigenic agents: A comprehensive review. Compr. Rev. Food Sci. Food Saf. 2019, 18, 1403–1436. [Google Scholar] [CrossRef]

	



Siepmann, F.B.; Ripari, V.; Waszczynskyj, N.; Spier, M.R. Overview of Sourdough Technology: From Production to Marketing. Food Bioprocess Technol. 2018, 11, 242–270. [Google Scholar] [CrossRef]

	



Ahlberg, S.H.; Joutsjoki, V.; Korhonen, H.J. Potential of lactic acid bacteria in aflatoxin risk mitigation. Int. J. Food Microbiol. 2015, 207, 87–102. [Google Scholar] [CrossRef]

	



Bangar, S.P.; Sharma, N.; Kumar, M.; Ozogul, F.; Purewal, S.S.; Trif, M. Recent developments in applications of lactic acid bacteria against mycotoxin production and fungal contamination. Food Biosci. 2021, 44, 101444. [Google Scholar] [CrossRef]

	



Limbad, M.; Maddox, N.; Hamid, N.; Kantono, K. Sensory and Physicochemical Characterization of Sourdough Bread Prepared with a Coconut Water Kefir Starter. Foods 2020, 9, 1165. [Google Scholar] [CrossRef]

	



De Vuyst, L.; Van Kerrebroeck, S.; Leroy, F. Microbial ecology and process technology of sourdough fermentation. Adv. Appl. Microbiol. 2017, 100, 49–160. [Google Scholar] [CrossRef]

	



Kaveh, S.; Hashemi, S.M.B.; Abedi, E.; Amiri, M.J.; Conte, F.L. Bio-Preservation of Meat and Fermented Meat Products by Lactic Acid Bacteria Strains and Their Antibacterial Metabolites. Sustainability 2023, 15, 10154. [Google Scholar] [CrossRef]

	



Rantsiou, K.; Cocolin, L. Fermented Meat Products. In Molecular Techniques in the Microbial Ecology of Fermented; Cocolin, L., Ercolini, D., Eds.; Springer: Berlin/Heidelberg, Germany, 2008; p. 92. ISBN 978-0-387-74519-0/978-0-387-74520-6. [Google Scholar]

	



da Costa, W.K.A.; de Souza, G.T.; Brandão, L.R.; de Lima, R.C.; Garcia, E.F.; dos Santos Lima, M.; de Souza, E.L.; Saarela, M.; Magnani, M. Exploiting antagonistic activity of fruit-derived Lactobacillus to control pathogenic bacteria in fresh cheese and chicken meat. Food Res. Int. 2018, 108, 172–182. [Google Scholar] [CrossRef]

	



Dos Santos Cruxen, C.E.; Funck, G.D.; Haubert, L.; da Silva Dannenberg, G.; de Lima Marques, J.; Chaves, F.C.; da Silva, W.P.; Fiorentini, Â.M. Selection of native bacterial starter culture in the production of fermented meat sausages: Application potential, safety aspects, and emerging technologies. Food Res. Int. 2019, 122, 371–382. [Google Scholar] [CrossRef]

	



Tamang, J.P.; Cotter, P.D.; Endo, A.; Han, N.S.; Kort, R.; Liu, S.Q.; Mayo, B.; Westerik, N.; Hutkins, R. Fermented Foods in a Global Age: East meets West. Compr. Rev. Food Sci. Food Saf. 2020, 19, 184–217. [Google Scholar] [CrossRef]

	



Lücke, F.-K. Quality improvement and fermentation control in meat products. In Advances in Fermented Foods and Beverages. Improving Quality, Technologies and Health Benefit; Holzapfel, W., Ed.; Woodhead Publishing: Sawston, UK, 2015; pp. 357–376. [Google Scholar] [CrossRef]

	



Van Reckem, E.; Geeraerts, W.; Charmpi, C.; Van der Veken, D.; De Vuyst, L.; Leroy, F. Exploring the Link Between the Geographical Origin of European Fermented Foods and the Diversity of Their Bacterial Communities: The Case of Fermented Meats. Front. Microbiol. 2019, 10, 2302. [Google Scholar] [CrossRef]

	



Ojha, K.S.; Kerry, J.P.; Duffy, G.; Beresford, T.; Tiwari, B.K. Technological advances for enhancing quality and safety of fermented meat products. Trends Food Sci. Technol. 2015, 44, 105–116. [Google Scholar] [CrossRef]

	



Wang, Y.; Han, J.; Wang, D.; Gao, F.; Zhang, K.; Tian, J.; Jin, Y. Research update on the impact of lactic acid bacteria on the substance metabolism, flavor, and quality characteristics of fermented meat products. Foods 2022, 11, 2090. [Google Scholar] [CrossRef]

	



Pennacchia, C.; Vaughan, E.; Villani, F. Potential probiotic Lactobacillus strains from fermented sausages: Further investigations on their probiotic properties. Meat Sci. 2006, 73, 90–101. [Google Scholar] [CrossRef] [PubMed]

	



FAO. The State of World Fisheries and Aquaculture 2022. Towards Blue Transformation; Food and Agriculture Organization of the United Nations (FAO): Rome, Italy, 2022. [Google Scholar]

	



Zang, J.; Xu, Y.; Xia, W.; Regenstein, J.M. Quality, functionality, and microbiology of fermented fish: A review. Crit. Rev. Food Sci. Nutr. 2019, 60, 1228–1242. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Chen, Q.; Li, L.; Chen, S.; Zhao, Y.; Li, C.; Xiang, H.; Wu, Y.; Sun-Waterhouse, D. Transforming the fermented fish landscape: Microbiota enable novel, safe, flavorful, and healthy products for modern consumers. Compr. Rev. Food Sci. Food Saf. 2023, 22, 3560–3601. [Google Scholar] [CrossRef] [PubMed]

	



Kim, D.H.; Kim, S.-A.; Jo, Y.M.; Seo, H.; Kim, G.Y.; Cheon, S.W.; Yang, S.H.; Jeon, C.O.; Han, N.S. Probiotic potential of Tetragenococcus halophilus EFEL7002 isolated from Korean soy Meju. BMC Microbiol. 2022, 22, 149. [Google Scholar] [CrossRef] [PubMed]

	



Belleggia, L.; Osimani, A. Fermented fish and fermented fish-based products, an ever-growing source of microbial diversity: A literature review. Food Res. Int. 2023, 172, 113112. [Google Scholar] [CrossRef] [PubMed]

	



Mannaa, M.; Han, G.; Seo, Y.-S.; Park, I. Evolution of Food Fermentation Processes and the Use of Multi-Omics in Deciphering the Roles of the Microbiota. Foods 2021, 10, 2861. [Google Scholar] [CrossRef] [PubMed]

	



Ashaolu, T.J.; Reale, A. A Holistic Review on Euro-Asian Lactic Acid Bacteria Fermented Cereals and Vegetables. Microorganisms 2020, 8, 1176. [Google Scholar] [CrossRef]

	



Konuspayeva, G.; Baubekova, A.; Akhmetsadykova, S.; Faye, B. Traditional dairy fermented products in Central Asia. Int. Dairy J. 2023, 137, 105514. [Google Scholar] [CrossRef]

	



Rodzi, N.A.R.M.; Lee, L.K. Traditional fermented foods as vehicle of non-dairy probiotics: Perspectives in South East Asia countries. Food Res. Int. 2021, 150, 110814. [Google Scholar] [CrossRef]

	



Dimidi, E.; Cox, S.R.; Rossi, M.; Whelan, K. Fermented Foods: Definitions and Characteristics, Impact on the Gut Microbiota and Effects on Gastrointestinal Health and Disease. Nutrients 2019, 11, 1806. [Google Scholar] [CrossRef]

	



Leeuwendaal, N.K.; Stanton, C.; O’toole, P.W.; Beresford, T.P. Fermented Foods, Health and the Gut Microbiome. Nutrients 2022, 14, 1527. [Google Scholar] [CrossRef] [PubMed]

	



Ruddle, K.; Rosma, A.; Singh, A.; Ann, A.; Raj, A.; Gupta, A.; Kumar, A.; Thilakaratne, B.M.K.; Neopany, B.; Angchok, D.; et al. Indigenous Fermented Foods in Fermented Meat Products, Fish and Fish Products, Alkaline Fermented Foods, Tea, and Other Related Products; CRC Press: New York, NY, USA, 2015; pp. 645–713. [Google Scholar]

	



Kömürcü, T.C.; Bilgiçli, N. Effect of ancient wheat flours and fermentation types on tarhana properties. Food Biosci. 2022, 50, 101982. [Google Scholar] [CrossRef]

	



Temiz, H.; Tarakçı, Z. Composition of volatile aromatic compounds and minerals of tarhana enriched with cherry laurel (Laurocerasus officinalis). J. Food Sci. Technol. 2017, 54, 735–742. [Google Scholar] [CrossRef]

	



Şimşek, Ö.S.; Çon, A.H. Comparison of lactic acid bacteria diversity during the fermentation of Tarhana produced at home and on a commercial scale. Food Sci. Biotechnol. 2017, 26, 181–187. [Google Scholar] [CrossRef] [PubMed]

	



Arici, M.; Daglioglu, O. Boza: A lactic acid fermented cereal beverage as a traditional Turkish food. Food Rev. Int. 2002, 18, 39–48. [Google Scholar] [CrossRef]

	



Bozdemir, M.; Gümüş, T.; Kamer, D.D.A. Technological and beneficial features of lactic acid bacteria isolated from Boza A cereal-based fermented beverage. Food Biotechnol. 2022, 36, 209–233. [Google Scholar] [CrossRef]

	



Heperkan, D.; Daskaya-Dikmen, C.; Bayram, B. Evaluation of lactic acid bacterial strains of boza for their exopolysaccharide and enzyme production as a potential adjunct culture. Process. Biochem. 2014, 49, 1587–1594. [Google Scholar] [CrossRef]

	



Ilango, S.; Antony, U. Probiotic microorganisms from non-dairy traditional fermented foods. Trends Food Sci. Technol. 2021, 118, 617–638. [Google Scholar] [CrossRef]

	



Ray, R.; El Sheikha, A.; Kumar, S. Oriental Fermented Functional (Probiotic) Foods. In Microorganisms and Fermentation of Traditional Foods; CRC Press: Boca Raton, FL, USA, 2014. [Google Scholar] [CrossRef]

	



Chao, S.-H.; Tomii, Y.; Watanabe, K.; Tsai, Y.-C. Diversity of lactic acid bacteria in fermented brines used to make stinky tofu. Int. J. Food Microbiol. 2008, 123, 134–141. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Y.; Lan, G.; Tian, X.; He, L.; Li, C.; Zeng, X.; Wang, X. Effect of Fermentation Parameters on Natto and Its Thrombolytic Property. Foods 2021, 10, 2547. [Google Scholar] [CrossRef] [PubMed]

	



Kłosowski, G.; Mikulski, D.; Pielech-Przybylska, K. Pyrazines Biosynthesis by Bacillus Strains Isolated from Natto Fermented Soybean. Biomolecules 2021, 11, 1736. [Google Scholar] [CrossRef] [PubMed]

	



Allwood, J.G.; Wakeling, L.T.; Bean, D.C. Fermentation and the microbial community of Japanese koji and miso: A review. J. Food Sci. 2021, 86, 2194–2207. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, R.Y.; Huang, X.; Liu, Z.; Chua, J.-Y.; Liu, S.-Q. Evaluating the effect of lactic acid bacterial fermentation on salted soy whey for development of a potential novel soy sauce-like condiment. Curr. Res. Food Sci. 2022, 5, 1826–1836. [Google Scholar] [CrossRef] [PubMed]

	



Swain, M.R.; Anandharaj, M.; Ray, R.C.; Rani, R.P. Fermented Fruits and Vegetables of Asia: A Potential Source of Probiotics. Biotechnol. Res. Int. 2014, 2014, 250424. [Google Scholar] [CrossRef] [PubMed]

	



Patra, J.K.; Das, G.; Paramithiotis, S.; Shin, H.-S. Kimchi and Other Widely Consumed Traditional Fermented Foods of Korea: A Review. Front. Microbiol. 2016, 7, 1493. [Google Scholar] [CrossRef]

	



Cha, J.; Kim, Y.B.; Park, S.-E.; Lee, S.H.; Roh, S.W.; Son, H.-S.; Whon, T.W. Does kimchi deserve the status of a probiotic food? Crit. Rev. Food Sci. Nutr. 2023, 1–14. [Google Scholar] [CrossRef]

	



Dharaneedharan, S.; Heo, M.-S. Korean Traditional fermented foods-a potential resource of beneficial microorganisms and their applications. J. Life Sci. 2016, 26, 496–502. [Google Scholar] [CrossRef]

	



Choi, I.H.; Noh, J.S.; Han, J.-S.; Kim, H.J.; Han, E.-S.; Song, Y.O.; Barghi, M.; Shin, E.-S.; Son, M.-H.; Choi, S.-D.; et al. Kimchi, a Fermented Vegetable, Improves Serum Lipid Profiles in Healthy Young Adults: Randomized Clinical Trial. J. Med. Food 2013, 16, 223–229. [Google Scholar] [CrossRef]

	



Wang, J.; Aziz, T.; Bai, R.; Zhang, X.; Shahzad, M.; Sameeh, M.Y.; Khan, A.A.; Dablool, A.S.; Zhu, Y. Dynamic change of bacterial diversity, metabolic pathways, and flavor during ripening of the Chinese fermented sausage. Front. Microbiol. 2022, 13, 990606. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Wang, S.; Zhao, H. Unraveling microbial community diversity and succession of Chinese Sichuan sausages during spontaneous fermentation by high-throughput sequencing. J. Food Sci. Technol. 2019, 56, 3254–3263. [Google Scholar] [CrossRef] [PubMed]

	



Koyanagi, T.; Kiyohara, M.; Matsui, H.; Yamamoto, K.; Kondo, T.; Katayama, T.; Kumagai, H. Pyrosequencing survey of the microbial diversity of ‘narezushi’, an archetype of modern Japanese sushi. Lett. Appl. Microbiol. 2011, 53, 635–640. [Google Scholar] [CrossRef] [PubMed]

	



Kanno, T.; Kuda, T.; An, C.; Takahashi, H.; Kimura, B. Radical scavenging capacities of saba-narezushi, Japanese fermented chub mackerel, and its lactic acid bacteria. Lwt-Food Sci. Technol. 2012, 47, 25–30. [Google Scholar] [CrossRef]

	



Kiyohara, M.; Koyanagi, T.; Matsui, H.; Yamamoto, K.; Take, H.; Katsuyama, Y.; Tsuji, A.; Miyamae, H.; Kondo, T.; Nakamura, S.; et al. Changes in Microbiota Population during Fermentation of Narezushi as Revealed by Pyrosequencing Analysis. Biosci. Biotechnol. Biochem. 2012, 76, 48–52. [Google Scholar] [CrossRef] [PubMed]

	



Nakamura, S.; Kuda, T.; An, C.; Kanno, T.; Takahashi, H.; Kimura, B. Inhibitory effects of Leuconostoc mesenteroides 1RM3 isolated from narezushi, a fermented fish with rice, on Listeria monocytogenes infection to Caco-2 cells and A/J mice. Anaerobe 2011, 18, 19–24. [Google Scholar] [CrossRef]

	



Dai, Z.; Li, Y.; Wu, J.; Zhao, Q. Diversity of Lactic Acid Bacteria during Fermentation of a Traditional Chinese Fish Product, Chouguiyu (Stinky Mandarinfish). J. Food Sci. 2013, 78, M1778–M1783. [Google Scholar] [CrossRef]

	



Mani-López, E.; Enrique Palou López-Malo, A. Chapter 8—Biopreservatives as Agents to Prevent Food Spoilage. In Handbook of Food Bioengineering, Microbial Contamination and Food Degradation; Holban, A.M., Grumezescu, A.M., Eds.; Academic Press: Cambridge, MA, USA, 2018; pp. 235–270. ISBN 9780128115152. [Google Scholar]

	



Hill, C.; Guarner, F.; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.J.; Salminen, S.; et al. Expert consensus document: The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 506–514. [Google Scholar] [CrossRef]

	



Vieira, A.T.; Teixeira, M.M.; Martins, F.S. The Role of Probiotics and Prebiotics in Inducing Gut Immunity. Front. Immunol. 2013, 4, 445. [Google Scholar] [CrossRef]

	



Brandtzaeg, P. Chapter 1.2—Immunity in the Gut: Mechanisms and Functions. In Viral Gastroenteritis; Lennart Svensson, U., Desselberger, H.B., Greenberg, M.K.E., Eds.; Academic Press: Cambridge, MA, USA, 2016; pp. 23–46. [Google Scholar]

	



Elshaghabee, E.M.F.; Rokana, N.; Gulhane, R.D.; Sharma, C.; Panwar, H. Bacillus as Potential Probiotics: Status, Concerns, and Future Perspectives. Front. Microbiol. 2017, 8, 1490. [Google Scholar] [CrossRef]

	



Azad, M.A.K.; Sarker, M.; Li, T.; Yin, J. Probiotic Species in the Modulation of Gut Microbiota: An Overview. BioMed Res. Int. 2018, 2018, 9478630. [Google Scholar] [CrossRef] [PubMed]

	



Ray, A.; Dittel, B.N. Interrelatedness between dysbiosis in the gut microbiota due to immunodeficiency and disease penetrance of colitis. Immunology 2015, 146, 359–368. [Google Scholar] [CrossRef] [PubMed]

	



Vieco-Saiz, N.; Belguesmia, Y.; Raspoet, R.; Auclair, E.; Gancel, F.; Kempf, I.; Drider, D. Benefits and Inputs From Lactic Acid Bacteria and Their Bacteriocins as Alternatives to Antibiotic Growth Promoters During Food-Animal Production. Front. Microbiol. 2019, 10, 57. [Google Scholar] [CrossRef] [PubMed]

	



Rezac, S.; Kok, C.R.; Heermann, M.; Hutkins, R. Fermented Foods as a Dietary Source of Live Organisms. Front. Microbiol. 2018, 9, 1785. [Google Scholar] [CrossRef] [PubMed]

	



Trindade, D.P.d.A.; Barbosa, J.P.; Martins, E.M.F.; Tette, P.A.S. Isolation and identification of lactic acid bacteria in fruit processing residues from the Brazilian Cerrado and its probiotic potential. Food Biosci. 2022, 48, 101739. [Google Scholar] [CrossRef]

	



Zielińska, D.; Kolożyn-Krajewska, D. Food-Origin Lactic Acid Bacteria May Exhibit Probiotic Properties: Review. BioMed Res. Int. 2018, 2018, 5063185. [Google Scholar] [CrossRef] [PubMed]

	



Domingos-Lopes, M.; Lamosa, P.; Stanton, C.; Ross, R.; Silva, C. Isolation and characterization of an exopolysaccha-ride-producing Leuconostoc citreum strain from artisanal cheese. Lett. Appl. Microbiol. 2018, 67, 570–578. [Google Scholar] [CrossRef] [PubMed]

	



Konkit, M.; Kim, M. Activities of amylase, proteinase, and lipase enzymes from Lactococcus chungangensis and its application in dairy products. J. Dairy Sci. 2016, 99, 4999–5007. [Google Scholar] [CrossRef]

	



Sáez, G.; Hébert, E.; Saavedra, L.; Zárate, G. Molecular identification and technological characterization of lactic acid bacteria isolated from fermented kidney beans flours (Phaseolus vulgaris L. and P. coccineus) in northwestern Argentina. Food Res. Int. 2017, 102, 605–615. [Google Scholar] [CrossRef]

	



Altieri, C.; Ciuffreda, E.; Di Maggio, B.; Sinigaglia, M. Lactic acid bacteria as starter cultures. In Starter Cultures in Food Production; Speranza, B., Bevilacqua, A., Corbo, M.R., Sinigaglia, M., Eds.; John Wiley & Sons, Ltd.: West Sussex, UK, 2017. [Google Scholar] [CrossRef]

	



Laranjo, M.; Elias, M.; Fraqueza, M.J. The Use of Starter Cultures in Traditional Meat Products. J. Food Qual. 2017, 2017, 9546026. [Google Scholar] [CrossRef]

	



Multari, S.; Carafa, I.; Barp, L.; Caruso, M.; Licciardello, C.; Larcher, R.; Tuohy, K.; Martens, S. Effects of Lactobacillus spp. on the phytochemical composition of juices from two varieties of Citrus sinensis L. Osbeck: ‘Tarocco’ and ‘Washington navel’. LWT 2020, 125, 109205. [Google Scholar] [CrossRef]

	



Genevois, C.; Pieniazek, F.; Messina, V.; Flores, S.; Pla, M.d.E. Bioconversion of pumpkin by-products in novel supplements supporting Lactobacillus casei. LWT 2019, 105, 23–29. [Google Scholar] [CrossRef]

	



Barbaccia, P.; Francesca, N.; Di Gerlando, R.; Busetta, G.; Moschetti, G.; Gaglio, R.; Settanni, L. Biodiversity and dairy traits of indigenous milk lactic acid bacteria grown in presence of the main grape polyphenols. FEMS Microbiol. Lett. 2020, 367, fnaa066. [Google Scholar] [CrossRef] [PubMed]

	



Albuquerque, M.A.C.; Bedani, R.; LeBlanc, J.G.; Saad, S.M.I. Passion fruit by-product and fructooligosaccharides stimulate the growth and folate production by starter and probiotic cultures in fermented soymilk. Int. J. Food Microbiol. 2017, 261, 35–41. [Google Scholar] [CrossRef]

	



Grattepanche, F.; Lacroix, C. 13—Production of viable probiotic cells. In Microbial Production of Food Ingredients, Enzymes and Nutraceuticals; McNeil, B., Archer, D., Giavasis, I., Harvey, L., Eds.; Woodhead Publishing: Cambridge, UK, 2013. [Google Scholar]

	



Putta, S.; Yarla, N.S.; Lakkappa, D.B.; Imandi, S.B.; Malla, R.R.; Chaitanya, A.K.; Chari, B.P.V.; Saka, S.; Vechalapu, R.R.; Kamal, M.A.; et al. Chapter 2—Probiotics: Supplements, Food, Pharmaceutical Industry. In Therapeutic, Probiotic, and Unconventional Foods; Grumezescu, A.M., Holban, A.M., Eds.; Academic Press: Cambridge, MA, USA, 2018. [Google Scholar]

	



Jampaphaeng, K.; Cocolin, L.; Maneerat, S. Selection and evaluation of functional characteristics of autochthonous lactic acid bacteria isolated from traditional fermented stinky bean (Sataw-Dong). Ann. Microbiol. 2016, 67, 25–36. [Google Scholar] [CrossRef]

	



Uriot, O.; Denis SJuniua, M.; Roussel, Y.; Dary-Mourot, A.; Blanquet-Diot, S. Streptococcus thermophilus: From yogurt starter to a new promising probiotic candidate? J. Funct. Food 2017, 37, 74–89. [Google Scholar] [CrossRef]

	



Dimidi, E.; Christodoulides, S.; Fragkos, K.C.; Scott, S.M.; Whelan, K. The effect of probiotics on functional constipation in adults: A systematic review and meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2014, 100, 1075–1084. [Google Scholar] [CrossRef]

	



Krawęcka, A.; Libera, J.; Latoch, A. The Use of the Probiotic Lactiplantibacillus plantarum 299v in the Technology of Non-Dairy Ice Cream Based on Avocado. Foods 2021, 10, 2492. [Google Scholar] [CrossRef]

	



Aspri, M.; Leni, G.; Galaverna, G.; Papademas, P. Bioactive properties of fermented donkey milk, before and after in vitro sim-ulated gastrointestinal digestion. Food Chem. 2018, 26