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Abstract
Consuming fermented foods has been reported to result in improvements in a range of health parameters. These positive effects can be exerted by a combination of the live microorganisms that the fermented foods contain, as well as the bioactive components released into the foods as by-products of the fermentation process. In many instances, and particularly in dairy fermented foods, the microorganisms involved in the fermentation process belong to the Lactic Acid group of Bacteria (LAB). An alternative approach to making some of the health benefits that have been attributed to fermented foods available is through the production of ‘fermentates’. The term ‘fermentate’ generally relates to a powdered preparation, derived from a fermented product and which can contain the fermenting microorganisms, components of these microorganisms, culture supernatants, fermented substrates, and a range of metabolites and bioactive components with potential health benefits. Here, a brief overview of a selection of in vitro and in vivo studies and patents exclusively reporting the health benefits of LAB ‘fermentates’ are provided. Typically, in such studies, the potential health benefits have been attributed to the bioactive metabolites present in the crude fermentates and/or culture supernatants rather than the direct effects of the LAB strain(s) involved. 
Introduction
Lactic Acid Bacteria (LAB) are widespread microorganisms which can be found in any environment rich mainly in carbohydrates, such as plants, fermented foods and the mucosal surfaces of humans, terrestrial and marine animals. In the human and animal bodies, LAB are part of the normal microbiota or microflora, the ecosystem that naturally inhabits the gastrointestinal and genitourinary tracts, which is comprised by a large number of different bacterial species with a diverse amount of strains [1,2].
Moreover, nowadays, LAB play an important role in the industry for the synthesis of chemicals, pharmaceuticals, or other useful products (Figure 1). Also, the biotechnological production of lactic acid has recently reported that offers a solution to the environmental pollution by the petrochemical industry [3].
The term Lactic Acid Bacteria cover a large group of micro-organisms. The first pure culture of a lactic acid bacterium was obtained in 1873 and the similarity between milk souring bacteria and other Lactic Acid-producing Bacteria of other habitats was recognized in the early 1900s. The basis of systematic classification of LAB was elaborated and published in 1919 by Orla-Jensen. Although revised to a considerable extent, the main characteristics of classification have remained unchanged. In the framework of this article, primarily the classification, physiology and industrial use of Lactic Acid Bacteria will be treated. In addition, a short review will be given about health aspects of LAB and some future aspects in research and product development on Lactic Acid Bacteria.
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Lactic Acid Bacteria as source of probiotics
Etymologically the term probiotics is derived from the Greek “probios” which means “for life”. In 1974 Parker [4] defined probiotics as “organisms and substances which contribute to intestinal microbial balance”. Fuller in 1989 [5] defined probiotic as “a live microbial feed supplement which beneficially affects the host animal by improving its intestinal microbial balance”. Later the Food and Agriculture Organization / World Health Organization defined probiotic bacteria as “live microorganisms which when administered in adequate amounts confer a health benefit on the host” [6]. Since probiotics can colonize the gastrointestinal tract    and exert their beneficial effect long term, without requiring continuous medical intervention, they have been used for a century to treat a variety of mucosal surface infections (gut, vagina), but their use decreased after the appearance of antibiotics. However, today, probiotics are considered as an alternative solution to antibiotics due to the increasing spread of antibiotic resistance and the need for treatment cost reduction [7].
Microorganisms considered as commercial probiotics are mainly of the Lactobacillus genus with over one hundred species recognized, for example: L. acidophilus, L. rhamnosus, L. reuteri, L. casei, L. plantarum, L. bulgaricus, L. delbrueckii, L. helveticus [8]. Lactobacilli are Generally Recognized as Safe (GRAS) organisms [9,10].
Effects on Gastrointestinal Tract 
About 10 billion of bacteria belong to 500 species coexist in human gastrointestinal tract. 20 genera are dominant among these including LAB. These are Bacteroids, Lactobacillus, Clostridium, Fusobacterium, Bifidobacterium, Eubacterium, Peptococcus, Poststreptococcal, Escherichia, and Veillonella. Microbial balance is very important for maintaining the intestinal homeostasis. Live Lactic Acid Bacteria intake through dairy products have Myriad beneficial   effects on gastrointestinal tract of human beings ranges from correction of lactose mal absorption, alleviation of viral and drug induced diarrhoea, post operative pouchitis, irritable bowel syndrome, inflammatory bowel syndrome, antineoplastic effects on human cell line, maintenance of normal insulin level in blood and also helpful to enhance the absorption of fatty acids through intestine. LAB produce these beneficial effects by restoration of normal intestinal flora, elimination of intestinal pathogens, reinforcement of intestinal barrier capacity to foreign antigens, stimulation of nonspecific immunity such as phagocytosis, stimulation of humoral immunity and production of anti-inflammatory products, [11,12] .
Effects on Lactose Intolerance and Malabsorption 
Lactose intolerance is the inability to digest lactose into its constituent’s, i.e., glucose and galactose owing to low level of lactase enzyme in the brush border of duodenums. It commonly occurs in children. Symptoms of lactose intolerance appear from 30 minutes to 2 hours after consumption of food that contain lactose in it. Symptoms include, bloating, cramping, flatulence, and loose stool. There are three clinical forms of lactose intolerances, i.e., primary lactose intolerance occurs after weaning, secondary lactose intolerance due to   diarrhoea, inflammatory bowel disease and HIV infection and third type is congenital lactose intolerance which has genetic origin. Lactose malabsorption is the condition in which lactose is digested in to its constituents but because of deficiency of anatomical and cofactors these constituents are not properly absorbed by the intestine. About 50 million of Americans are affected by lactose intolerance every year. Study conducted in United States suggested that 95–100% of American Indians, 80–90% of blacks, Asian, Mediterranean, Jews, and 50% of Northern and Central European descent have primary lactose intolerance. Incidences of secondary lactose intolerance are variable depend upon the under lying etiology [13].
Role of Lactic Acid Bacteria in Treating Ulcer 
Myllyluoma et al., in their study reported the beneficial effects of Lactic Acid Bacteria in gastric ulcer. They proposed that these effects were due to the destructive actions of Lactic Acid Bacteria on H. pylori. If LAB are used in combination of an ulcerative therapy, then results are astonishingly fast recovery and improved delicacy of therapy. In LAB use of Lactococcus rhamnosus as an adjuvant therapy during H. pylori eradication has been proved [14]. Lactococcus rhamnosus not only is used as adjunct in anti-ulcerative therapy but also reduced ethanol-induced mucosal lesion. Pre-treatment with Lactococcus rhamnosus also significantly increases the basal mucosal prostaglandin E2 (PGE2) level, also attenuates the suppressive actions of ethanol on mucus secreting layer and transmucosal resistance and reduces cellular apoptosis in the gastric mucosa. Hence, we can say Lactococcus rhamnosus is an antiulcerative in many ways as reported by researchers [15].
Effects of Lactic Acid Bacteria on Human Immune System 
Immunity is denied as the resistance of body against foreign invaders or anybody abnormalities. Immunity is basically of two types innate and acquired immunities. Former is nonspecific type of immunity and latter is specific type of immunity. Innate immunity includes mechanical barriers, antiseptic actions of body fluids, inflammatory response while acquired immunity consists of lymphocytes, specific types of proteins and antibodies to defend the body [16]. These pathways are helpful to maintain the body functional. Antibodies are the major component of immune system. These may be monoclonal and polyclonal. LAB especially Staphylococcus aureus if injected in its inactive state can generate IgA. The antibodies produced in this way are polyclonal and can provide immunity against various antigens. To provide a cheap source of immunization cow milk can be used. This can provide immunity against Staphylococcus aureus infections as reported by Plat-Sinninge et al [17].
Antifungal activity of Lactic Acid Bacteria 
LAB have been found to show antifungal activity. Fungal diseases are difficult to treat. Different strains of LAB have been screened out to identify their potential anti-fungal activity. Among various strains of LAB, Lactobacillus fermentum has been marked possessing a strong antifungal property, especially against Candida albicans and Candida glabrata. As LAB possesses anti-mycotic property they can be uses as probiotics against various lethal fungal diseases. Fungal infection causes by Candida glabrata and Candida albicans are common. LAB use as probiotics may address these issues in a better way.[18]. Hydrogen per oxide has deleterious effects on fungi. Hydrogen per oxide is also effective against bacterial infections. Some types of LAB produce hydrogen per oxide. These strains possess antibacterial as well as anti-fungal activity. Mijac et al., in their work demonstrated that lactobacilli are the special type of LAB which have this unique property of producing Hydrogen per oxide. These bacteria can be used in a wide range of infections including vulvovaginal candidiasis (VVC) and trichomoniasis (TV) and trichomoniasis (TV). 
In fact, vagina is the main site of infection in females. Different types of fungal infections are common to this area. Use of LAB as probiotics may contribute a lot of ease in therapy of these infections [19]. Lactobacillus casei and Lactobacillus acidophilus possess good antifungal properties and are able to protect immunocompromised people from opportunistic infections by Candida albicans. LAB show antifungal activity by possessing anti adhesive actions against Candida albicans.

Role of Lactic Acid Bacteria in preventing colon cancer 
Kim et al. (2006) [21] in their study found that LAB such as Lactobacillus rhamnosus ATCC 9595 was useful in preventing colon cancer in human being. hey conducted experiments on two cell lines of cancer, i.e., PANC-I (pancreas) and HI-29 (colon). hey found that Lactic Acid Bacteria successfully decreased the cancer growth. he anticancer activity of Lactobacillus rhamnosus was might be due to the induction of apoptosis by two expolysaccarides of bacteria name rEPS (released exopolysaccharides) and cbEPS (cell bound exopolysaccharides). rEPS were more effective in preventing cancer than cbEPS. Uncontrolled growth of colon cells may be affected by the different strains of LAB. Different strains of LAB exhibit different action which ranges from inhibition of proliferation of cancerous cells. Various types of LAB were investigated by Baricault et al (1995) the most important strains with anticarcinogenic property were Lactobacillus helveticus, Biido-bacterium, Lactobacillus acidophilus, or a mixture of Streptococcus thermophilus and L. bulgaricus. From these Lactobacillus helveticus is the most effective one in inhibiting the uncontrolled growth of colonic cells.
 Lactococcus lactis possesses anticolonic cancer activity because of its ability to increase the level of antiproliferative protein and decrease the effects of mutagenic protein more these organisms can be given orally. Orlando et al. (2009) [20] have shown the anticancer effects of another lactic acid bacterium Lactobacillus rhamnosus. Another study conducted by Golden et al. (1996) [22] shown that Lactococcus rhamnosus show antimutagenic effects and their antimutagenic effects can be potentiated by giving them with fat.
Role of Lactic Acid Bacteria in allergy
 LAB also play a vital role in minimizing allergic responses but also in circumstances potentiation of its responses. Antibody E (IgE) is involved in immediate type hypersensitivity which is commonly occurring reactions. It has been found that Lactobacillus citreum regulates serum IgE generation controls over-all antibody production. Lactobacillus citreum can be useful in preventing the development and progression of IgE production. Hence it is possible to prevent hypersensitivity reactions by the use of this microbe.  Here is no doubt in an anti-allergic role of Lactic Acid Bacteria. Interest in anti-allergy immuno-regulation by LAB has been developed in recent years. Here are evidences that suggest that Enterococcus faecalis could relieve the clinical symptoms of Japanese cedar pollinosis. Shimada et al. (2004) has demonstrated an improved clinical symptom in allergic rhinitis. Enterococcus role was investigated in eosinophil aggregation. As eosinophils play an important role in the development of allergic reaction. Hence this role has a greater importance. Accumulation of eosinophil is inhibited by Enterococcus faecalis. It can be concluded here that Enterococcus may play a role in alleviation of allergic reactions.
Production of Inhibitory Compounds
The LAB can produce a wide range of inhibitory compounds to reduce pathogens invasion. These include AMPs such as bacteriocins, organic acids, ethanol, diacetyl, carbon dioxide, and hydrogen peroxide (Liao and Nyachoti, 2017) [23]. Bacteriocins are ribosomally synthesized AMPs produced by both Gram-negative and Gram-positive bacteria. Bacteriocins produced by LAB referred here as LAB-bacteriocins are most often devoid of cytotoxic traits, and endowed with antagonistic functions as well as additional beneficial attributes. LAB-bacteriocins are emerging as a novel wave of antibiotics with potent in vitro and in vivo activities. In contrast to traditional antibiotics, LAB-bacteriocins target specific species and do not affect other population within the same ecosystem. 
                [image: ]
LAB-bacteriocins are known to exert either bacteriostatic or bactericidal activity toward sensitive organisms. Their modes of action have been widely but not thoroughly investigated. Recent insights on modes of action are reviewed elsewhere. Combinations of LAB-bacteriocins and antibiotics are emerging as novel therapeutic options for food-producing animals. Different reports have established the main advantages and synergistic actions of LAB-bacteriocins with other biomolecules. These are the case of enterocin AS-48 and ethambutol against Mycobacterium tuberculosis (Aguilar-Pérez et al., 2018) [24], nisin and citric acid against Staphylococcus aureus and Listeria monocytogenes , nisin and beta-lactams against Salmonella enterica serovar Typhimurium and Garvicin KA-farnesol against a set of Gram-positive and Gram-negative bacteria (Chi and Holo, 2018) [25]. Orally administration of these substances is a challenge because of their enzymatic degradation. 
Conclusion
In a worldwide concern, the use of LAB-probiotics stands as an efficient and promising alternative. Different benefits have been observed in animals fed with various LAB-probiotics. As supported by a variety of studies, LAB-probiotics can control the development of bacterial diseases, increase weight gain in healthy and affected animals, stimulate the quality of the (by-) products of this industry or even improve aquaculture water quality. LAB-probiotics can control bacterial infections by excretion of inhibitory compounds, or by other mechanisms including competitive exclusion, decreasing bioavailability of toxins, strengthening intestinal barrier or positively stimulating the immune system. Their actions are exerted in strain and host-specific manners. Finally, there are a variety of synergistic effects when combining LAB with other probiotic species, prebiotics, or enzymes. In terms of future design, recombinant LAB-probiotics may offer additional advantages. 
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