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Abstract
The pivotal objective of this study was to focus on the importance of one species of lactic acid bacteria “Lactobacillus
plantarum” and its influences on human health as well the applications in food industry. Lactobacillus plantarum is Grampositive bacteria usually found in nature, has industrial importance as a vital element of fermenters used in probiotic
fermented food products, which are consumed by an increasing around the worldwide. Further, the potential benefits of L.
plantarum as a probiotic for human health include regulating the immune system, reducing cholesterol levels, keeping
intestinal flora in balance, and reducing the risk of tumours. Substantially, L. plantarum produce lactic acid, antibacterial
bioactive compounds, and further exopolysaccharide for express the antagonistic potential against intestinal foodborne
pathogens activity. In conclusion, we expressed that review article to focus on the most important aspects of Lactobacillus
plantarum in human health and fermented probiotic food productions.
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INTRODUCTION
1. Probiotics:
In recent decades, Foods play a vital role in inhibiting diseases and ensuring health. The main challenge for consumers‟ requirements for safe, healthy, highquality food, and find innovative new dietary focused on preventing chronic diseases and disorders [1]. The consumption of functional foods (beneficial
compounds or foods containing microorganisms) has been shown to enhance health benefits by preventing chronic degenerative diseases (obesity, diabetes,
cancer, heart disease, [2]. Interestingly nowadays, various organisms considered probiotic have conventionally been used as starter cultures in fermented foods.
Moreover, probiotics available include extremely categories of products for instance pharmaceuticals, different kinds of foods including juices, nutrition bars,
infant formulas, relishes and condiments, sweeteners, waters, pizza crust, and other products as well gum, lozenges, dietary supplements, toothpaste, and cosmetics
[3]. FAO/WHO [4], reported the definition of the probiotic as, characterized live microorganisms as food or feed supplement, which, when ingested in sufficient
amounts, have a beneficial effect on the bacterial flora of the host [5]. Health benefits were expanding interest in developing new models of foods have probiotic
microorganisms [6]. Therefore, Probiotics reduce the lactose intolerance symptoms; prevent many kinds of bowel disease and enhancing the balance of intestinal
microorganisms [7]. Numerous reports have proven that potential property of probiotics for inhibition of cognitive deficits and enhance brain activity via the
microbiome-gut-brain axis. Moreover, numbers of studies suggested that L. rhamnosus and L. plantarum have a vital role on cognitive impairment [8] depression
and anxiety or tension [9] and abnormal behaviour in autism spectrum disorder [10]. These impacts are essentially ascribed to the direction of inflammatory
signals along the microbiome-gut-brain axis and on the host metabolism. In spite of the exact mechanisms are not clear, these discoveries have recognized a
potential probiotic therapy for impeded behavioural reactions [11].
1.1 Genus and species of probiotics:
Probiotics existing in a healthy gastrointestinal tract contains a number of genus and species of not less than (85%) farther pathogeneses (15%).On the other
hand, an unhealthy flora has a dominance of pathogeneses and gets the gastrointestinal tract to be "unbalanced". That causes disease or symptoms of illness.
Reasons as a regime, lifestyle, age, stress, and medication might cause the gut flora "imbalance" [12]. Scientific assessments suggested the number of bacterial
species between 300 [12] and 1000 [13] with many evaluations around 500 [14]. However, this area of research is still not possible to culture most of these
bacteria. On the contrary, we think that the actual numbers of bacteria in the digestive tract are likely to be much greater. Whereas, [15] suggested that microflora
about 1014 organisms constituting 400 diverse categories of bacteria. This complicated population of microbial may be considered as ''an open the door of
comprising the ecosystem groups of microbial populations coexisting in equilibrium in a spatiotemporally defined region”.
Figure (1) refers to the complexity of the gastrointestinal microflora ecosystem While the understanding of this system and its interaction is still limited [15].
Therefore, we recommended that all of the people have a unique mix of microorganisms that make up their intestinal microbes, particular species of
microorganisms are more common and numerous than others. The main important groups in the human gastrointestinal tract are Lactobacillus and Bifidobacterium
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it obviously uses as probiotic microorganisms in food products [16]. There are several diverse species of these probiotic bacteria further a numerous probiotic as
well yeast were expressed in the list below [12].

Fig. 1: Microbial colonization of the human gastrointestinal tract (15).
Lactobacilli: Lactobacillus acidophilus; Lactobacillus brevis; Lactobacillus bulgaricus; Lactobacillus casei; Lactobacillus helveticus; Lactobacillus
plantarum; Lactobacillus reuteri, and Lactobacillus rhamnosus. Further, Bifidobacteria: Bifidobacterium bifidum; Bifidobacterium infantis; Bifidobacterium lactis;
Bifidobacterium longum; Bifidobacterium adolescentis, and Bifidobacterium breve, in addition, Yeast: Saccharomyces boulardii.
2. Lactic acid bacteria (LAB):
Lactic acid bacteria (LAB) constitute the main group of the Lactobacteriaceae family [17]. They are genetically diverse fermentative organisms with 32–54%
GC content [18]. In addition, lactobacilli demonstrate antifungal [19] anti-tumor activities [20] reduce cholesterol level [21], and antioxidant activity [22].
Furthermore, Lactic acid bacteria (LAB) are one of the most vital probiotic group associated with several functional properties.

Fig. 2: The diagram for representation of various functions and health benefits of probiotics [23]
Figure (2) illustrate various probiotics advantageous roles of the host [23] such as promoting intestinal advancement, maintaining barrier integrity, regulating
the immune system and function of the central nervous system [24]. Synthesis of vitamins, imparting immune-boosting effect, improving lactose absorption etc.
[25]. Besides probiotic properties, the starter characteristics of potential probiotics are also critically important, as well fermentability and sensory properties of
final products [26]. Probiotics have also been displayed to encourage the treatment of several chronic diseases [27, 28] For instance, diabetes, Alzheimer's,
Parkinson's, heftiness, hypertension, liver disorders and urogenital complications and acts as an antioxidant, anti-inflammatory, and anti-obesity agents [29].
Furthermore, it considered as magnificent agents to overproduced compounds of interest, as they own relative simple energy and carbon metabolism and small size
of genome compared to other microorganisms as well yeast or fungi [30].
Lactic acid bacteria (LAB) are considered one of the greatest possibilities for assembling for manufacturing “natural food”, benign and healthy. These
microorganisms are a different group of Gram-positive bacteria, non-sporulation bacteria that produce lactic acid as the most important end product of
carbohydrate fermentation. They are a heterogeneous group of bacteria, normally exhibit in naturally rich nutrient environments such as decomposing plants and
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milk products common among bacteria populating skin and mucosal tissues of humans and animals [31]. In addition, LAB has a low G + C content of their
genomes and incorporates the accompanying genera: Lactobacillus, Lactococcus, Leuconostoc, Oenococcus, Streptococcus, Pediococcus, Carnobacterium,
Enterococcus, Sporolactobacillus, Tetragenococcus, Vagococcus, Weissella and Bifidobacterium [32].
3. Lactobacillus plantarum:
Lactobacillus plantarum suggested Streptobacterium plantarum by Orla-Jensen in 1919, is a facultative heterofermentative lactic acid bacterium, which is too
great extent dispersed in nature [33]. Lactobacillus plantarum is amazing microbes. Thus, it can adapt to a varied range of different environments. Moreover,
because it has the biggest genome (~3.3 Mb) among the LAB group it can be isolated from varies sources [34]. Furthermore, it extremely tolerance to various
harsh conditions including the digestive system stresses [35], gastrointestinal, vaginal, and urogenital tracts [36]. Recently, the focus of using L. plantarum has
been increased, particularly in its probiotic potential [37- 39] as well its applications in diverse fermented foods and beverages [40,41] as well fermentation of
dairy products likewise cheese, kefir, sauerkraut [42,43], silage [44], wine [45].Moreover, fermented meat products [46], fermented vegetables [47].
3.1. Physiological, characteristics and growth condition of Lactobacillus plantarum:
Lactobacillus plantarum generally found in the human and other mammalian gastrointestinal tracts, saliva, and various food products. Furthermore,
Furthermore, it is considered one of the most important microbes of positive gram according to the division of lactic acid bacteria (LAB) with short-rod-shaped;
also, it is a catalase negative, non-spore forming, facultatively with short-rod-shaped, also it is a catalase negative, non-spore forming, facultatively anaerobic
bacterium, micro-aerophilic. Moreover, it acid-tolerant, non-respiring, low G + C content, a heterofermentative group of lactobacilli with a range of applications in
the food industry as a starter culture and preservatives[48].
In addition, Lactobacillus plantarum grows under the low buffering capacity in the gastrointestinal tract that shows a high tolerance to the consecutive
exposure to HCL (pH 2.0) and bile salts. Furthermore, it used as cultures in artisanal food fermentation and industrial application. Meanwhile, they contribute to
the conservation, flavour, and texture of the fermented foods. Therefore, it can grow at temperatures between 15 – 45oC [49, 50].
As a LAB species, Lactobacillus plantarum requires a fermentable carbohydrate as an energy source, besides it produces lactic acid as the major end-product.
The noteworthy adaptation of Lactobacillus plantarum to different ecological niches reflects its capacity to ferment a wide range of carbohydrates, including
monosaccharides, disaccharides, and polysaccharides [51]. Table (1) refers to the ability of L. plantarum to grow on a wide variety of sugars [52]. Moreover, it can
ferment sugars to produce organic acids, such as acetic acid, succinic acid, and lactic acid, ethanol or carbon dioxide as major metabolites under specific
conditions and selective substrates. Whereas depending on the carbon source, these bacteria can switch from using heterofermentative and homofermentative ways
of metabolism [53].In addition, Lactobacillus plantarum has developed behaviours to deal with oxidative stress by having catalases, peroxidases, and reductases, as
well as a high intracellular concentration of manganese ions [Mn2+] to scavenge oxygen radicals also able to obtain and accumulate manganese ions due to the Ptype manganese translocation ATPase [54].
Lactobacillus plantarum can possess tannase activity and are able to metabolize phenolic acids. Furthermore, a strain of Lactobacillus plantarum [IFPL935]
was capable of metabolizing a flavan-3-ol enriched grape seed extract by means of galloylesterase, decarboxylase, and benzyl alcohol dehydrogenase activities
[55].
3.2. Applications of Lactobacillus plantarum in industry:
Lactobacillus plantarum is easy to be cultured. Therefore, it highly interested by researchers in the food industry application since it considered a safe
probiotic [56].whereas, it can suppress the number of pathogenic microorganisms or maladies that can negatively affect humans or food products. Moreover,
Lactobacillus plantarum has widespread applications of the pharma industry by contributing significantly to human medicine without causing any side effects this
belongs to the LAB and has been broadly used as a live diet supplement food industry. In addition, recent research reported that Lactobacillus plantarum could be
used as a vaccine vehicle [57].
3.3 Lactobacillus plantarum as bio-preservative:
Lactobacillus plantarum is an adaptable and broadly appropriated LAB, it has more notable potential as a probiotic bio-preservative than numerous different
Lactobacillus species because of its dual role as an indigenous human gut inhabitant and its long history of safe use as a starter culture in food fermentation. As
well, it is one species particularly important as it used in dairy, vegetable and meat fermentations, in the conversion of grass to silage and some strains are
marketed as commercial probiotics with health-promoting properties [50].
4. Antimicrobial and Antagonistic activity against some adverse microorganisms:
The health claims of L. plantarum permitted to develop different probiotic formulations, and its antibacterial properties are interesting for food safety as in
the biopreservation technology (41). Several Lactobacillus plantarum strains have been found to produce different antimicrobial compounds and exhibit
antagonistic activity against pathogenic and spoilage bacteria [58- 60].
Numerous in vivo reports suggested that the consuming fermented milk containing Lactobacillus plantarum brings activity to the host [61]. In addition, using
nine of Lactobacillus plantarum strains identified to suppress the growth of five common foodborne pathogens specifically (Escherichia coli, Staphylococcus
aureus, Listeria monocytogenes, Salmonella typhimurium, and Shigella flexneri) that could be presented in fermented milk [39; 62]. Therefore, L. plantarum
commonly used with other LAB for the production of some fermented foods with quality products and good organoleptic properties such as texture, taste,
chemical content, and flavour nor enhance acidification during the processes of milk fermentation and product storage [63, 64]. In addition, more intermediate
antagonistic activity against Helicobacter pylori it has also a strong inhibitory effect in vitro against Streptococcus mutans and Candida albicans, which both are
suggested to be associated with caries [65]. Therefore, they can possibly serve additionally as normal probiotic bio-preservatives. However, this continues to be a
challenging task due to the stressful environment created by the probiotic bacteria during fermentation and storage.
4.1 Production of bacteriocins:
Minutely, lactic acid bacteria (LAB) are well known for their ability to produce pathogen inhibiting substances such as organic acids, hydrogen peroxide,
CO2, diacetyl or antimicrobial peptides, i.e. bacteriocins [66]. In the food industry, bacteriocins “Nisin”, produced by Lactococcus lactis subsp lactis, has already
been used in more than 50 countries as an antagonistic additive to reduce using the chemical additive such as chemical preservatives. Although nisin has already
been applied to food products (e.g. Dairy products) to inhibit pathogen contamination, it is limited to Gram-positive pathogens mainly Listeria monocytogenes
(67).
Lactobacillus plantarum strains have several forms of bacteriocins, which isolated from various niches, such as fermented milk, cheese, fermented cucumber,
fermented olives, pasta, pineapple, grapefruit juice, sorghum beer and barley, molasses, Boza, kefir, and amasi [68]. Moreover, several reports proved that
Lactobacillus plantarum strains have a capability to produce different antimicrobial compounds and exhibit antagonistic activity against pathogenic and spoilage
microorganisms [60]. One of the most important groups of these compounds is the bacteriocins, likewise ribosomal synthesized antimicrobial peptides and works
against closely related species (69).
Lactobacillus plantarum strains were used for fortifications in the food manufacturing, particularly in the dairy industry. In addition, bacteriocins produced
by Lactobacillus plantarum, which called plantaricins, such as PlnA and the two-peptide bacteriocins, PlnJK, PlnEF and plantaricin NC8. Some of these
plantaricins have antibacterial activity against both major foodborne pathogens Gram-positive and Gram-negative bacteria, for instance, Salmonella enterica,
Escherichia coli, Staphylococcus aureus and Listeria monocytogenes that could contaminate dairy products and cause extreme human diseases [70, 71]such as
infective endocarditis, gastroenteritis, maternofetal infections meningoencephalitis etc [72].
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Moreover, both PlnEF and PlnJK are two-peptide bacteriocins that belong to the large group of small heat-stable, non-antibiotics termed class II bacteriocins
[73]. Plantaricin E, plantaricin F, plantaricin J (Punj) and plantaricin K (PlnK) are cationic peptides that consist of 33, 34, 25, and 32 amino acids having molecular
weights of 3703, 3545, 2929, and 3503 Dalton respectively [74]. PlnJ and PlnK are efficient antimicrobials when present together. Notable, no other combinations
of these four peptides can improve the antimicrobial activity. The amphiphilic structure of these peptides was assumed to have a role in pore structure. Further,
they are usually low molecular weight proteins that reach target cells by binding to cell surface receptors.
4.2. Antifungal activity:
Definitely, degradation of cellular DNA, disruption through specific cleavage of 16S rRNA, and inhibition of peptidoglycan synthesis [75, 76]. More than
300 different bacteriocins have been described for the genera Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and Enterococcus [77]. Nowadays, scientists
are focused on using a LAB that prevents fungal contamination and consuming demand dramatically increased desire-preserved products. Therefore, reducing
potential negative effects of chemical antifungal [78]. It is well known that some lactic acid bacteria produce metabolites that inhibit the growth of fungi and other
species of bacteria [79].
Several antifungal compounds have been reported from LAB includes organic acids such as lactic and acetic acids [80, 81], caproic acid [82], a synergic
antifungal metabolite like phenyl lactic acid, 3-hydroxylated fatty acids and cyclic dipeptides [83- 85].
Lactobacillus plantarum as a lactic acid bacterium produces antifungal activities that can replace for potentially harmful preservatives in food products [86].
Therefore, several studies reported the ability to inhibit the growth of Rhodotorula mucilaginosa yeast that spoils dairy products and orange juice was determined
by examining Lactobacillus plantarum. Inhibition of R. mucilaginosa by Lactobacillus plantarum was tested commercially, FDA approved preservatives such as
sodium benzoate and potassium sorbate.
4.3.Antiviral effects:
In the past decade, the interest in the immunomodulatory properties of LAB strains has significantly increased. Hence the wide variety of strain-dependent
properties have been reported [87], and several in vitro cellular models have been developed in order to analyze and classify the immunomodulatory properties of
these strains. Viruses are the most important cause of severe mucosal infections worldwide especially in high-risk populations such as in infants, young children,
elderly and immunocompromised hosts. The ability of Lactobacillus plantarum 299v in preventing rotavirus infection was assessed by plaque assays and genomic
analysis. Plaque assays showed that priming with Lactobacillus plantarum 299v decreased the concentration of live viruses at least by 100-fold. The gene
expression recommended that homeostasis in the gut are maintained in probiotic-primed cells despite infection with rotavirus [88].
The advances in medicine common respiratory virus infections (RVI) such as the common cold or flu continue to cause a considerable economic burden;
fortunately, some probiotic strains have been studied for their positive effects on these virus infections [89]. Indeed, products containing probiotics have been
shown to have an immunomodulatory effect and a protective effect against RVI in both mice and humans [90]. Daily oral administration of heat-killed
Lactobacillus plantarum L-137 (a strain selected for its proinflammatory properties in vitro) enhances protection against influenza virus H1N1 infection by
stimulation of type I interferon production challenge in mice enhanced survival and decreased virus titers in lungs of infected mice [91].
Children congenitally exposed to the human immune-deficiency virus [HIV] have received Lactobacillus plantarum 299v in a fermented oatmeal formula
[freeze-dried], in pilot-study. The results suggested that Lactobacillus plantarum 299v stimulates specific systemic immune responses after oral supplementation
[92].
5. Production of exopolysaccharide (EPS):
The EPS are microbial polysaccharides secreted extracellularly; the amount and their structures depend on the individual microbes and the available carbon
substrate [93].

Fig. 3. Exopolysaccharide pathway of lactic acid bacteria [94].
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Figure (3) explain Exopolysaccharide of lactic acid bacteria pathway [94]. In addition, EPS types namely homopolysaccharides and heteropolysaccharides
are secreted by the LAB are long-chain polysaccharide consisting of glucose, galactose, fructose, mannose or other monosaccharides. EPS from LAB can be
functional to improve the texture, rheology, and taste of fermented dairy products such as yoghurt and cheese [95].
Recently, some researchers have described LAB exopolysaccharides for their anti-biofilm, antioxidant, antitumor, and immunostimulatory activities
[96].Therefore, one of the greatest important bioactive compounds produced by Lactobacillus plantarum is exopolysaccharide (EPS). Various strains of
Lactobacillus plantarum can produce hetero-polysaccharides after growing in glucose or lactose [97, 98] or homopolysaccharides, Galatians when lactose is the
one of a kind sugar source [99] or glucans when sucrose is the sugar source [100].
Lactobacillus plantarum is a resourceful bacterium of LAB group. Therefore, it has been presented with potential temperance to use as a fruitful probiotic to
develop a functional meat product with superior qualities. As well, its capacity with the ability to produce antimicrobial and exopolysaccharides productivity to
withstand in harsh conditions as acid, bile and another sensory attribute of the final product with antioxidant potential as the most important idiosyncrasy [101;
85].
Lactobacillus plantarum EPS can interact dynamically over prolonged periods with intestinal mucosa, which presents the greatest surface of interchange
between the human body and the external environment. The mucous intestinal microflora, mucosal barrier, and the mucosal immune system can protect the host
from detrimental compounds it ingests, such as pathogens [102]. A few reviews were proved that organization of probiotic-fermented milk for a long time could
increase dendritic cell numbers in the intestinal mucosal immune system [103].
6. The health benefit of Lactobacillus plantarum:
The potential benefits of L. plantarum as a probiotic for human health include regulating the immune system, reducing cholesterol level, stable balance of
intestinal microorganisms, and reducing the hazard of tumours [50].
Lactobacillus plantarum cannot expressed the ability as a probiotic to improve the health benefits as long as it cannot aide culture to overcome the physical
and chemical barriers such as acid and bile stress in the gastrointestinal tract and keep up a high viability (no less than 106 CFU/g) during the quantified product
shelf life [16]. The most frequently used probiotic microorganisms are LAB; specifically, lactobacilli and bifidobacteria are considered to have the most amazing
potential. Among the lactobacilli, Lactobacillus plantarum is a flexible and commonly distributed species. Its dual role as a native human gut occupant and a
protected starter culture in food fermentation, that has stable on it an ideal decision to be utilized as a part of novel food fermentation[50].
6.1 The benefits of Lactobacillus plantarum and Immunomodulatory properties as a recombinant vaccine:
In the late 1970s, Lactobacillus plantarum was described as a potential immunological adjuvant [104]. Currently, many studies support the view that L.
plantarum enhances the mucosal immune response without negatively influencing immune homeostasis [105]. These traits increase the attractiveness of L.
plantarum as a candidate vehicle for antigen delivery.
Recombinant strains of the LAB are used to produce therapeutic proteins and to deliver these proteins to safe mucosal sites. These mucosal surfaces are a
major site of pathogen entry. Both systemic and mucosal immune responses can be induced at these surfaces [106]. In addition, they can use to secrete other
proteins such as interleukins and antibodies. Moreover, mucosal vaccines can cause IgA secretion and a systemic immune response with T-cells to stimulate the
immune system [107].For instance, Lactobacillus plantarum expressing allergens provide a worthwhile technique for immunotherapy compared to subcutaneous
and sublingual therapies [108], that beneficial because the allergen will be protected from proteases since it is contained within the bacteria and is cost-effective
since the antigen does not have to be processed. Moreover, the components of the allergen and the LAB are presented at the same time as the immune response.
Reported have shown that specific strains of Lactobacillus plantarum can be used as delivery vehicles with an allergen to avoid certain allergies, such as dust mite
allergies [109]. If a recombinant strain has the dust mite allergen for antigen delivery, it can reduce or prevent the stimulation of the ERK-pathway, which would
lead to the suppression of the chemokines that would cause inflammation. In addition, pro-inflammatory recombinant strains of Lactobacillus plantarum are
hypothesized to be effective mucosal delivery vehicles for vaccine antigens [106].
The recent study used a strain of Lactobacillus plantarum that expressed invasin from Yersinia pseudotuberculosis. Invasion is a virulence influence that
binds to β1-integrins on the surface of microfold cells and encourages the uptake of Y. pseudotuberculosis in the intestines. It can also cause inflammation of the
host cell by activating the innate immune system by modifying Lactobacillus plantarum so that the extracellular domain of invasin is anchored to the bacterial
surface by N-terminal anchoring motifs, this strain of the bacterium can imitate the early infection symptoms of Y. pseudotuberculosis, leading to increasing
adjuvant characteristics. In other words, this strain of Lactobacillus plantarum can, using different N-terminal anchoring motifs, target Y. pseudotuberculosis
invasin of the cell surface of the bacterium. Since this strain of Lactobacillus plantarum can change the immunological tolerance of an immune response, it can be
used to increase antigen immunogenicity and as a delivery vehicle for mucosal vaccines [106].
6.2 Lactobacillus plantarum enhancing the immunity of human health:
The intestine is not only an essential place for digestion and absorption but also one of the biggest immune organs of organisms [110]. The gut mucosal
immune system is exposed to a wide variety of antigens derived from foods, occupied bacteria, and attacking microorganisms. These need to be limited by a
barrier that allows the absorption of nutrients. furthermore, provides immune defence from harmful antigens [111]. However, it remains unknown whether dietary
Lactobacillus plantarum in different treatments have any positive effects on the growth performance, the anti-stress proficiency of L. vannamei under normal
conditions, and especially under the stress of low salinity.
Lactobacillus plantarum strains have been used for lactic acid fermentation to enhance nutrition, flavour and shelf life, and to reduce levels of toxic heavy
metals (112; 113). Thus far, no studies have evaluated the effects of LAB strains of Al-induced neuronal injury. One of the recent studies demonstrated that
Lactobacillus plantarum CCFM639, a selected candidate probiotic strain with enhanced Al-binding, antioxidative and immunomodulatory abilities in vitro and in
vivo, provides significant protection against Al - toxicity in mice (114, 15).
The previous studies as shown in the table (2) have demonstrated that Lactobacillus plantarum could improve immunity [116], disease resistance and survival
[117]. Moreover, it demonstrated that probiotics have beneficial effects on human health. Lactobacillus plantarum as an important member of a Probiotic group
that can improve the balance of beneficial intestinal microflora in the host organism [118]. Furthermore, Lactobacillus plantarum, specifically, displays various
beneficial effects as an anti-cancer agent, an anticoagulant, an antiviral, immune modulator, an anti-inflammatory, an anti-diabetic agent, and an antioxidant; it also
exhibits free radical scavenging activity [119]. Moreover, following consumption including maintenance of the colonic microbial balance elimination of potential
food toxicants, protection from intestinal infections, and lowering of blood cholesterol [120]. In addition, clinical studies have shown the efficacy of Lactobacillus
plantarum strains in the treatment or prevention of gastrointestinal disorders, including irritable bowel syndrome and ulcerative colitis, along with diarrheal
diseases, such as antibiotic-associated diarrhoea and Clostridium difficile associated diarrhoea [121]. Moreover, as shown in the table (3), the effects of
Lactobacillus plantarum on decreased of total cholesterol in vivo and in vitro experiments.
Lactobacillus plantarum strains can be used to stimulate the production of antibodies. A study using Lactobacillus plantarum that expressed Borrelia
burgdorferi OspA lipoprotein found that it stimulated the production of OspA- particular IgA and IgG antibodies as wells as pro- and anti-inflammatory cytokines.
It did not lead to secretion of cytokine (IL-8) by epithelial cells and did not induce inflammatory effects. The recombinant Lactobacillus plantarum is fit for
empowering a protective immune response via T-cell (Th1/Th2) mediated immunity [107].
6.3.Anti-allergic activity:
Some Lactobacillus plantarum strains shown inhibit type I allergic diseases by regulating the immune system [122]. These investigations have revealed that
specific probiotic bacteria may be a promising tool for promoting potentially anti-allergic processes through immune regulation. Indeed, the most common antiallergic activity of Lactobacillus plantarum were glycoproteins isolated from some Lactobacillus strains have been known to have beneficial effects, such as
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controlling immature dendritic cells, regulating T cell function, and inhibiting the adherence of pathogens in the gut [123]. The glycoprotein [18 kDa] isolated
from Lactobacillus plantarum L67 is known to have anti-inflammatory and anti-allergy effects [124].
7. Application of Lactobacillus plantarum in food production:
Dairy products are a standout amongst the common carrier for probiotics because milk has all the growth factors required for probiotics [125]. Further, dairy
products are frequently supplementary with Probiotics, for instance, cheese, yoghurt and frozen yoghurt [126, 127]. Not surprisingly, several species of this genus,
such as L. brevis, L. acidophilus, L. delbrueckii, L. johnsonii, L. salivarius, L. rhamnosus, L. casei, L. paracasei, L. fermentum, L. plantarum, and L. helveticus,
are used as starters or non-starters to help in the fermentation and preservation of food [128], as well the production of aroma compounds and bacteriocins which
extend their role to biotechnological applications [129]. Lactobacillus plantarum is commonly used in dairy, meat, and plant fermentations also is found in
fermented food products such as yoghurt, cheese, kimchi, sauerkraut, sourdough, and pickles [6;130]. The bacterium gives food certain tastes and flavours
depending on the balance between acetate (volatile) and lactate (nonvolatile) organic acids [57].Using oxygen and aerating food, producers can control the amount
of acetic acid that is produced as the final product of fermentation. An example of this is sourdough fermentation. The bacterium is mainly used for dough
acidification, but it can assume a role in the fermentation process.
A particular example of a food item that is produced by Lactobacillus plantarum fermentation is sauerkraut that is spontaneously produced from cabbage
through a LAB that is acid tolerant homolactic fermenters. Nonetheless, the essence of sauerkraut varies depending on the type of bacteria used, substrate for
fermentation, salt concentration, and temperature of the fermentation. Due to the variation, a study set out to find starter cultures that could be universally used to
produce sauerkraut. Leuconostoc mesenteroides was used for the first phase of fermentation and Lactobacillus plantarum for the second. L. mesenteroides provides
a mild, pleasant aromatic flavour to the sauerkraut while Lactobacillus plantarum provides it with an acidic, vinegar taste. The researchers observed that by using
both bacteria the fermentation time was shortened compared to other fermentation processes [131]. In addition, Lactobacillus plantarum being overwhelming in
the acidic, second stage of the fermentation resulted in the inhibition growth of other microorganisms. These two starter bacteria improved the final product of
sauerkraut by reducing the fermentation time and the growth of pathogenic microbes.
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CONCLUSION
Our study demonstrates Lactobacillus plantarum is a bacterium that is extremely versatile and can adapt to various environmental conditions since it can
ferment different types of carbohydrates and sugars. In particular, it can withstand and grow in harsh conditions of the gastrointestinal tract. Therefore, it extremely
used as probiotic for human health. A diversity of strains or recombinants of Lactobacillus plantarum can assist in reestablishing the homeostasis of the luxuriance
of the flora in the intestines, restrain various pathogenic microorganisms, and could be conceivably utilized as vehicles for vaccines. Within the next few years, it
is expected that more developments will be made to utilize the probiotic properties of Lactobacillus plantarum to benefit human health.
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Table 1: the ability of L. plantarum to grow on a wide variety of sugars (Hedberg, M., et al., 2008)
Sugar
Growth
Sugar
Control
Inositol
Glycerol
(+)
Mannitol
Erythritol
Sorbitol
D-arabinose
α- methyl-D- mannoside
L-arabinose
+
α- methyl-D-glycoside
Ribose
+
N-acetylglucosamine
D-xylose
Amygdalin
L-xylose
Arbutin
Adonitol
Esculin
β-methylxylidose
Salicin
Galactose
+
Cellobiose
D-glucose
+
Maltose
D-fructose
+
Lactose
D-mannose
+
Melibiose
L-sorbose
Sucrose
Rhamnose
(+)
Trehalose
Dulcitol
Inulin

Growth
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Table 2: Uses of Lactobacillus plantarum strains to improve the health benefits and of natural immune response.
Lactobacillus
Action
Dose / Sources Intake
plantarum strains

Sugar
Melezitose
D-raffinose
Starch
Glycogen
Xylitol
β-gentiobiose
D-turanose
D-lyxose
D-tagatose
D-fucose
L- fucose
D-arabitol
L-arabitol
Gluconate
2-ketogluconate
5-ketogluconate

Host

L. plantarum 299v

Increased short-chain fatty acid content of faeces

2.0 X 1010

3 weeks

Human

L. plantarum 299v
and L. plantarum 299

Changing microbiota in ileum and rectum Dominant
recovery of L. plantarum (2/3 of recovered strains)

5.0 X 108

10 days

Human

L. plantarum 299v

No effect on post-operative wound infection

2.5 X 1010

Differed

Human

L. plantarum 299v

Up to six times reduction in carriage of faecal
Enterobacteriaceae

Unknown

13 days

Human

L. plantarum 299v

Improved natural immune response

Unknown

4 weeks

Children exposed to HIV

Growth
+
(+)
+
+
(+)
+
-

References
(Johansson,
M.L., et al.,
1998)
(Johansson,
M.L., et al.,
1993)
(McNaught
, C.E., et
al., 2002)
(Kingamko
no, R., et
al., 1999)
(Cunningha
m-Rundles,
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L. plantarum 299v

1/3 reduction in recurrence of Clostridium difficile
associated diarrhoea

5.0 X 1010

38 days

Human

L. plantarum 299v

Reduction in symptoms IBS

2.0 X 1010

4 weeks

Human

L. plantarum 299v

No reduction in symptoms IBS

6.3 X 109

4 weeks

Human

L. plantarum

Decrease enterobacteriaceae and clostridia and slight
increase enterococci

1.4 X 109

7 days

SHIME (GI-tract
model)

L. plantarum 299v

Increase of IL-8 mRNA in epithelial cells and downregulation of IL-8 secretion

1 cfu/1000
cells

3h

Human cell line
HT-29

L. plantarum 299v

Inhibition of EPEC induced neutrophil migration

107, 108, and
109

2.5 h

T-84 cell line

L. plantarum 299v

Inhibition of enteropathogenic E. coli adherence

105, 107, 108
and 109

L. plantarum
936

Increase in specific and unspecific immunity

109

Inhibition of E. coli induced intestinal permeability

Differed
group

CRL

L. plantarum 299v
L. plantarum 299v

Lactobacillus
plantarum OLL2712

Lactobacillus
plantarum Q180

Lactobacillus
plantarum
Lactobacillus
plantarum NCU116

Lactobacillus
plantarum FSGB

Reduction in side effects of external radiation on colon
anastomotic healing
Significantly
decreased
the
production
of
proinflammatory
cytokines
in
vitro.
Significantly suppressed
proinflammatory cytokines levels in both visceral
adipose tissues and the serum of KKAy mice, and
reduced serum triglycerides concentration/ Alleviation
of oxidative stress and adrenaline levels in the serum of
KKAy mice. Of all LAB strains used in this study, this
strain induced the highest levels of IL-10 production in
mouse-derived dendritic cells and peritoneal
macrophages.
Showed a lipase inhibitory activity of 83.61 ± 2.32%
and inhibited adipocyte differentiation of 3T3-L1 cells
(14.63 ± 1.37%) at a concentration of 100 μg/mL. It
also did not produce carcinogenic enzymes such as βglucuronidase.

22 days

per

Human cell line
HT-29
2, 5 or 7
days

Mice

1 week

Rats

2 X 109

Rats

S., et al.,
2000)
(Wullt, M.,
et
al.,
2003)
(Niedzielin,
K., et al.,
2001)
(Sen, S., et
al., 2002)
(Alander,
M., et al.,
1999)
(McCracke
n, V.J., et
al., 2002)
(Michail, S
and
F.
Abernathy,
2003)
(Mack,
D.R., et al.,
1999)
(Perdigon,
G., et al.,
1999)
(Mangell,
P., et al.,
2002)
(Liu, Q., et
al., 2001)

Fermented milk

(Toshimits
u, T., et al.,
2016)

Fecal samples of healthy
adults

(Park, S.Y.,
et
al.,
2014)

Positive correlation with endotoxin levels and lowering
of body weight in studied patients.
Significantly affecting biological pathways and
processes, including metabolism of lipids, lipoproteins,
purine, tryptophan, bile secretion, fatty acid
biosynthesis, glycolysis and gluconeogenesis.
effect on body weight and blood glucose/serum
parameters when administered at a dose of 0.5 g/kg in
obese db/db mice. FSGB improved insulin and glucose
tolerance levels. Furthermore, enhanced immune
activities by increasing immune cell population and
glucose transporter 1 (GLUT1) mRNA expression in
L6 cells was up-regulated, showing that FSGB may
increase glucose activity transport to target cells.

Table 3: Effects of Lactobacillus plantarum in the reduction of cholesterol and decrease triglycerides in vivo and in vitro experiments.
Experimental system
Major findings
Mice

Reduced blood cholesterol Decreased triglycerides

Rat and Culture media

Decreased total cholesterol and LDL-cholesterol

Rat

Decreased LDL, VLDL, and increased HDL with decrease in deposition of cholesterol and
triglyceride in liver and aorta

Culture media

Cholesterol assimilation

(Lee, S.J.,
et
al.,
2014)
(Li, C., et
al., 2016)

(Kim, S.T.,
et
al.,
2012)

Reference
(Nguyen,
T.D., et al.,
2007)
(Kumar, R., et
al., 2001)
(Mohania, D.,
et al., 2013)
(TomaroDuchesneau,
C., et al.,
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Human

Reduction in LDL cholesterol (9.6%) and fibrinogen (13.5%)

Human

Reduction in LDL cholesterol (11.7%) and fibrinogen (21.0%)

Force of Kimchi samples

Naturally-fermented Kimchi
Soy milk fermented products
(SM101 and SM102)

Prevention of weight gain and body fat accumulation in diet-induced obese rats. A significant
decrease in organ weight except in the weight of testis. A significant decrease in total cholesterol,
LDL-cholesterol, and triglycerides. A significant decrease in blood glucose levels, and plasma
levels of insulin, leptin, and ghrelin
A significant decrease in triglyceride levels and increased levels of intracellular glycerol and lipid
lipolysis. Stimulated reduction in the mRNA levels of PPAR-γ, C/EBP-α, and FAS, which are
related to adipogenesis/lipogenesis in 3T3-L1 cells.
Inhibition of 3T3-L1 differentiation and the accumulation of free fatty acids markedly increased
in rats. Greater up-regulation and down-regulation of lipolysis and heparin-releasable lipoprotein
lipase, respectively, were observed in the 3T3-L1 adipocytes of treated rats.

2014)
(Bukowska,
H., et al.,
1998)
(Naruszewicz,
M., et al.,
2002)
(Hong, S.M.,
et al., 2015)
(Lee, K.H., et
al., 2015)
(Lee, B.H., et
al., 2013)
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