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Abstract: Many factors threaten food safety, such as physical, chemical, and biological hazards. In this 

regard, biological hazards are of paramount importance. Among them, the bacteria play important roles 

in causing food spoilage and food-borne diseases. Besides, a new approach has been used in recent 

years, which is based on probiotics and postbiotics to control the growth of pathogenic germs and their 

mediated corruption due to their significant antimicrobial properties. The outcomes of recent 

investigations suggest that postbiotics might be appropriate alternative elements for probiotic cells and 

can be employed as novel antimicrobial agents. The main antimicrobial mechanisms of postbiotics 

include acidifying the cellular cytoplasm and preventing energy regulation and production, suppressing 

the growth of pathogenic microorganisms by the formation of pores in cell membranes, and 

morphological and functional changes of sensitive components such as proteins and peptides by 

creating acidity in the bacterial cell membrane as well as inducing the oxidation of bacterial cells. 

Therefore, presently scientific literature approves that postbiotics can be applied as promising tools in 

food practice to prevent microbial corruption and develop functional foods due to their unique features. 

This review addresses the latest postbiotic applications with regards to food safety. Potential postbiotic 

applications in the inhibition of food spoilage and pathogenic microbes, food biopreservation, and 

biofilm control are also reviewed. 
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1. Introduction 

Safe food can become hazardous to many food-transmitted diseases. A healthy diet 

pattern is the first step in ensuring the physical health of human beings. Safe and healthy food 

is free of food-borne, pathogenic germs [1]. On the other hand, if the food is contaminated with 

both microbially and/or chemically hazards, it may cause some serious diseases [2]. 

Contaminated foods can lead to the development of infectious diseases, affecting the whole 

world [3]. To deal with food problems, an important issue is food safety [4, 5]. Food safety 

means ensuring that the food does not harm the consumer when preparing and consuming [6]. 

Recently, the concept of food safety has become increasingly self-centered because unsafe 
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foods cause problems and pathogenicity, especially in sensitive people (infants, young 

children, elderly, and patients) [7, 8].  Food safety is an important issue for consumers and 

producers. In European industrial and academic societies, many efforts have been made to 

increase food safety. Safe foods should be free of any contamination. It is essential to set up a 

complex of control systems to reduce the risk of the presence of contaminants in foods and thus 

increase food safety [9]. To enhance food safety in industrialized and developed countries, 

various standards, such as GAP (good agricultural production practices), GHP (good hygiene 

practices), GMP (good production management systems), and HACCP (hazard analysis and 

critical control point), have been developed [10]. Despite these efforts, there are 23 million 

food-borne diseases and 5,000 deaths in Europe annually because of poor food safety. Risk 

factors for food safety include physical factors (hair, animal waste, colored patches, grease, 

and paper), chemicals (heavy metals, pesticide residues, agricultural pesticide residues, 

antibiotics, and biogenic amines), and biological factors (parasites, viruses, bacteria, and fungi) 

[11]. Bacteria play a major role in threatening food safety, as they are capable of causing 

spoilage and pathogenicity. Some examples of food safety-threatening bacteria include 

Salmonella spp, Campylobacter jejuni, Staphylococcus aureus, Clostridium spp, Escherichia 

coli, and Listeria spp [12].   

 
Figure 1. Illustrates the increase in the number of papers in the food safety field. Comparison between the 

number of publications with a focus on food safety, food safety and probiotic, and postbiotic in PubMed 

December 2020. 

 

As mentioned above, one of the main factors that affect food safety and quality is the 

contamination of foods via pathogenic microbes throughout various manufacturing processes. 

Therefore, pathogenic microbial growth inhibition is the main approach to maintain food safety 

and control food-borne diseases. In recent decades, various methods have been employed for 

this purpose; for instance, the application of bioactive agents, such as probiotics and their by-

products to inhibit pathogenic microbial growth and subsequently promote the shelf life of food 

are considered as novel strategies, particularly in developing countries [13]. Despite favorable 

effects of probiotics, the results of some studies have indicated particular adverse clinical and 

technological effects of probiotics (e.g., the existence of virulence factors in some probiotic 

microbial strains, diverse patterns of colonization capable of preventing the standard 

colonization of other microbiota, mainly in neonates, metabolic disturbances including 

biogenic amine production, the lack of clear clinical recommendations, and the lack of large 

and long-term clinical trials). Therefore, postbiotics may be suitable substitutes for living 

probiotic cells due to their specific characteristics [14] (Figure 1). This study highlights the 

definitions and characteristics of postbiotics and their latest applications in improving food 
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safety. Potential postbiotic applications in controlling spoilage and pathogenic microbes, 

biological food preservation, and control of food-borne biofilms are thoroughly investigated. 

2. Definition of Postbiotics 

According to the definition of postbiotics, they are metabolites produced by the bacteria 

living in the intestine and probiotic bacteria in fermented foods [15, 16]. Many terms have been 

used for metabolites produced by probiotics, for example, biogenic, supernatant, abiotic, 

metabolic, pseudobiotic, and postbiotic [16].  Postbiotic are very common among these terms, 

and the word postbiotic is mostly used [17]. In the fermentation process, probiotic cells utilize 

dietary fibers (prebiotics) and frequently produce a wide range of postbiotics [18]. Today, these 

compounds are also being producing by laboratory methods. These methods include Thermal 

Treatment (TT), High Pressure (HP), Formalin Inactivation (FI), Ultraviolet (UV), Ionizing 

Radiation (IR), and sonication [5]. Postbiotics include three major components of inactivated 

microbial cells (cell wall), cell fractions (Teichoic acid), and cell metabolites (enzymes, short-

chain fatty acids, bacteriocins, and organic acids) [18, 19], which, if consumed in sufficient 

quantities, possess health effects. Postbiotics have positive properties such as definitive 

chemical structure, safety profile, and longer shelf life, in addition to possessing immune-

modulatory, anti-inflammatory, antioxidant, anti-obesity, anti-hypertensive, cholesterol-

lowering, and antiproliferative properties [16, 20].  There have been many studies on the 

beneficial effects of postbiotics (Table 1). 

Table 1. Some important biological activities of postbiotics. 

Probiotic strains 
Derived 

postbiotics 

Activation 

method 
Type of study Biological activity References 

Lactobacillus rhamnosus 
Cell-free 

Supernatant 
UV* 

Animal model 

(Mouse, pig) 

Significant reduction in 

symptoms of necrotic 

enteritis 

[21] 

Lactobacillus paracasei, 

Lactobacillus casei 
Cell 

Inactivated 
TT** In vitro Immune system modulator [22] 

Lactobacillus rhamnosus GG 
Cell-free 

Supernatant 
TT 

Human muscle 

cell line 
Anti-inflammatory [23] 

Lactobacillus bulgaricus , 
Lactobacillus thermophiles 

Cell-free 

Supernatant 
TT In vitro 

Protective role of Intestinal 

cells 
[24] 

Lactobacillus rhamnosus MD 
Cell-free 

Supernatant 
UV In vitro Decreased cell proliferation [25] 

Lactobacillus fermentum 

BGHV110 TT 
Lysed cell 

suspension 
TT 

In vivo 
 

Protect the liver [26] 

Bifidobacterium pomilus SE5 
Inactivated 

cell 
TT 

Animal model 

(Fish) 

Inhibition the growth of 

pathogenic germs in the fish 

intestines 

[21] 

Lactobacillus plantarum I-

UL4 
Bacteriocin Not determined 

Animal model 

(Fish) 

Inhibition of the growth of 

Aeromonas hydrophila 
[27] 

 

Lactobacillus plantarum 
Cell-free 

Supernatant 
UV In vitro Increased apoptosis ]28[ 

*UV, Ultraviolet; **TT, Thermal Treatment.  

Also, given their good antimicrobial effect, they are a promising alternative to 

antibiotics [5, 29].   Some studies have reported the translocation of probiotics from gut lumen 

(which might be pre-mature, inflamed, and/or leaky) to the bloodstream and from there into 

vital organs, which could trigger systemic infections. On the other hand, postbiotics are 

properly absorbed and metabolized and possess high stability, easy transportation, and 

significant signaling potential with various tissues and organs. Due to their unique properties 

(shelf life up to 5 years, non-toxicity, facile transportation, and low-cost maintenance) [14, 30], 
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postbiotics can be used as a worthy antimicrobial compound to prevent food spoilage in the 

food industry [19, 31]. 

3. Postbiotics and Food Safety 

The use of specific microorganisms (probiotics) to increase shelf life and prevent 

microbial spoilage of foods and use their associated antimicrobial metabolites (organic acids, 

peptides, hydrogen peroxide, proteins, vitamins, and bacteriocins) has a long history in the food 

industry. Despite the many advantages of using lactic acid-producing bacteria over antibiotics 

and chemical additives, there are many challenges in using these bacteria [32, 33]. An example 

in this regard includes the maintenance and use of live probiotics. Consumption of foods 

containing live probiotic bacteria in some cases can lead to clinical problems, particularly for 

people of different ages and physical conditions, as well as in people with weakened immune 

systems [34, 35]. These include people with Crohn’s disease, pregnant women, the elderly, and 

infants. Therefore, the use of live probiotics in the mentioned cases may be associated with 

serious health problems [36, 37].   Another important challenge in this field is the emergence 

of resistance to conventional employed antibiotics and the possibility of transmitting resistance 

genes to pathogenic organisms located in the host intestine [21, 38]. It is noteworthy to state 

that there are also opportunistic pathogenic bacteria in the intestinal microbiome, in which the 

acquisition of antibiotic resistance could be associated with serious problems [39].  Also, a piece 

of evidence suggests the presence of antibiotic-resistant species in food production processes. 

These bacteria's resistance profile indicates that infants are more sensitive to antibiotics 

compared to older age groups [40]. Other notable challenges and limitations are related to 

producing and maintaining live bacteria with beneficial performance. In the industry, most of 

the probiotics belong to the Lactobacillaceae family, which are non-spores and very sensitive 

to adverse environmental conditions, such that they lose their optimal performance over time 

and storage [41, 42]. On the other hand, providing the appropriate platform to enable a 

continuous cold chain from production to consumption often requires high costs [41]. In the 

food industry, some dairy foods or beverages as a carrier system for probiotics are common 

[43, 44]. Due to the high cost of storing probiotics and the clinical problems that live probiotics 

cause, using non-living forms of probiotics (postbiotics) is a good solution [31, 45]. Postbiotics 

enhance food safety by possessing an antimicrobial role (preservation and packaging of food, 

control and elimination of food-borne pathogen biofilms, and preventing the growth of spoilage 

microorganisms) [46, 47]. Of course, postbiotics' antimicrobial role in the food industry 

depends on factors such as the strain of postbiotics’ parent live cells, the type and concentration 

of postbiotics, the type of food model,  and the characteristics of the food matrix. Here we 

discuss the antimicrobial mechanism of postbiotics to inhibit food spoilage and pathogenic 

microbes . 

3.1. The antimicrobial roles of postbiotics.  

One of the most important effects of postbiotics in the food industry involves using 

inhibiting food spoilage microbes. The fundamental portion of postbiotics' antimicrobial 

properties is due to the presence of organic acids, bacteriocins, peptides, fatty acids, and 

hydrogen peroxide compounds (Table 2). 
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Table 2. The growth inhibitory role of postbiotics against food safety-threatened bacteria. 

Probiotic 

strain (s) 

Derived 

postbiotic 
Pathogen 

Antimicrobia

l mechanism 

Food model or 

culture medium 

Method for measuring 

antimicrobial activity 
Reference 

Lactobacillus 

reuteri, Ent 

erococcus 

faccium, L. 

acidophilus, 

Pediococcus 

acidilactici 

Cell-free 

supernatant 

Clostridium 

perfringens 

Peptides (By 

creating 

cavities in the 

bacterial cell 

membrane) 

Chicken 

Infected by kinematic 

analysis using peptide 

embodiment of poultry 

meat (food model) 

[48] 

L. acidophilus 

LA5, L. casei 

431, 

L.salivarius 

(Ls-BU2) 

Cell-free 

supernatant 

Listeria 

monocytogenes 

Organic acid 

(by acidifying 

the cell 

cytoplasm) 

Ground meat Agar-disk diffusion [49] 

Lactobacillus 

plantarum 

Cell-free 

supernatant 

Shigella 

dysenterie 

Organic acid 

(lactic acid 

and       acetic 

acid), 

Bacteriocin 

(By affecting 

cell wall 

peptides) 

Muller Hinton 

Agar 

The good diffusion 

method 
[50] 

Lactobacillus 

plantarum 

Cell-free 

supernatant 

Listeria 

monocytogenes 

Organic acid 

(by acidifying 

the cell 

cytoplasm) 

Pasteurized milk 

and Ground  meat 

The well diffusion 

method 
[49] 

 

Lactobacillus 

salivarius (Ls

-BU2) 

Cell-free 

supernatant 
Escherichia coli 

Organic acid 

and 

bacteriocins 

(by acidifying 

the cell 

cytoplasm) 

Muller Hinton 

Agar 

Agar-disk diffusion 

 

 

[51] 

3.1.1. Organic acid. 

Organic acids are compounds appropriate as antimicrobial agents [52]. Organic acids 

are known as one of the key postbiotics. Lactic acid (produced by bacterial fermentation 

processes) is available in two isomers, L and D, which effectively inhibits pathogenicity [53]. 

Also, citric acid and acetic acid inhibit the growth of pathogens by creating an acidic 

environment. Among organic acids, lactic acids (pka= 3.86) and acetic acids (pka=4.76) inhibit 

the growth of pathogens by reducing pH value under in vitro or/and in vivo conditions [54]. 

The inhibitory effect of organic acids is related to their effect on bacterial cell membranes. The 

main mechanisms here involve lowering the intracellular pH and membrane integrity [55]. The 

antimicrobial activity of organic acids can be linked in two ways. Acidification of cellular 

cytoplasm and prevention or/and energy production regulation [54] (Figure 2). 

 
Figure 2. Organic acids are an example of postbiotics that are mainly produced from different probiotic types 

through the fermentation process. Organic acids have good antimicrobial effects through special mechanisms 

https://doi.org/10.33263/BRIAC116.1452914544
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1452914544  

 https://biointerfaceresearch.com/ 14534 

In a study, Chang‐Hui Hu1 et al. (2019) isolated organic acids (lactic acid, acetic acid, 

tartaric acid, malic acid, and citric acid)  produced by three strains of Lactobacillus plantarum 

(P1, S11, and M7) and investigated the antimicrobial effect of these acids against pathogenic 

bacteria (Escherichia coli and Salmonella). They found that the organic acids secreted by L. 

plantarum strains prevent the development of pathogenic bacteria.   The antibacterial effects of 

organic acids are exerted by reducing the pH and acidification of bacteria's cell membrane. 

Among organic acids, lactic acid and acetic acid have very strong antibacterial activities. Given 

these results, this is a potential approach to developing new antimicrobial agents for extensive 

use in the food sector for biopreservation, which involves mixing different organic acids [56].   

3.1.2. Bacteriocins.  

Bacteriocins are peptides or proteins with antimicrobial activity and are produced by 

various bacteria, such as Archaebacteria and Eubacteria [55]. Bacteriocins have a high 

antimicrobial activity that has been used for thousands of years by humans in fermented foods 

[57]. Bacteriocins are divided according to size, mechanism of action, and inhibitory spectrum. 

Bacteriocins have many beneficial effects, such as inhibiting gastrointestinal pathogens' growth 

and development and being heat- and pH-resistant. According to the study's results, 

bacteriocins' main activity is in the bacterial cytoplasmic membrane [58]. The antimicrobial 

mechanism of bacteriocins is directly related to their effects on bacterial peptides' structure and 

function and their inhibitory activities on spores and pore formation on pathogenic cell 

membranes (Figure 3).  

 
Figure 3. Main mechanisms of bacteriocins. Bacteriocins may action as colonizing peptides, assisting the race 

of a probiotic with the gut resident microbiota; they may act as killing peptides, straightly removing pathogen 

germs; or they may assist as signaling peptides, signaling other microorganisms or the host immune system. 

 

In a study, Yao Wang (2019) used bacteriocins from Lactobacillus plantarum LPL-1 

isolated from fish against Listeria monocytogenes. As a result, it was found that the bacteriocins 

could inhibit the growth of L. monocytogenes by acidifying the cell membrane of L. 

monocytogenes and creating pores in the bacterial membrane [59]. In another study, Sam 

Woong Kim (2020) and colleagues assessed the effect of bacteriocins produced by 

Lactobacillus taiwanensis against Salmonella gallinarum and Escherichia coli. Resultantly, it 

was observed that the bacteriocin produced by L. taiwanensis could inhibit bacterial growth 

through the lysis of the membrane of pathogenic bacteria and thus damage their protein 
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structure. Based on the results of the mentioned studies, bacteriocins can be used as a tool to 

inhibit the bacteria that cause food spoilage. 

3.1.3. Fatty acids. 

Fatty acids and their derivatives are a good alternative to antibiotics. The antimicrobial 

activity of fatty acids has been identified for more than 100 years. Fatty acids are formed from 

a saturated and unsaturated carbon chain attached to a carboxylic (hydrophilic) group [60, 61]. 

Fatty acids are also recognized as potential postbiotics that have meaningful antimicrobial 

properties. Long-chain fatty acids, such as Eicosapentaenoic acid (EPA), act against Gram-

positive bacteria [61].  Among other fatty acids, lauric and meristic acids are highly active 

against microbes’ growth and development [62].  Antimicrobial mechanisms of fatty acids on 

bacteria include increasing membrane permeability, lysing the cell, disrupting the electron 

transport chain, disrupting enzymes' structure and activity, and inducing 

morphological/functional changes on sensitive components such as proteins [63]. Bruna 

Higashi and colleagues (2020) explored the effect of fatty acids produced by Lactobacillus 

acidophilus, L. fermentum, L. paracasei ATCC 335, and L. brevis against Klebsiella oxytoca. 

They observed that fatty acids produced by the probiotic bacteria inhibit the growth of these 

bacteria through lysing the cell wall of Klebsiella oxytoca.    

3.1.4. Peptides.  

Microorganisms produce antimicrobial peptides. Peptides destroy microbes through 

pleiotropic (multiple actions) mechanisms, such as microbial membrane degradation and 

macromolecule synthesis inhibition [64]. Antimicrobial peptides are divided into ribosomal 

and non-ribosomal types. Peptides produced by the bacteria are ribosomal [65] and show strong 

antimicrobial activity in vitro by disrupting microbial membranes [66]. Peptides are commonly 

present in all bacteria. As mentioned, some peptides' main target is the cell membrane, while 

for others, it is the cytoplasm and sensitive structures of bacteria. Antimicrobial mechanisms 

of the peptides include (a) creating acidity in the bacterial cell membrane, (b) creating physical 

holes that leak cellular content, (c) activating lethal processes such as inducing hydrolases that 

have detrimental effects on the cell-wall, (d) and damaging sensitive intracellular components 

of the microbes [67].  

Brittany Forkus et al. (2017) used peptides from E. coli Nissle 1917 against Salmonella 

enterica isolated from the turkey digestive tract. In this study, it was found that the 

antimicrobial peptides produced by E. coli Nissle 1917 inhibit the growth of Salmonella 

enterica by damaging the cell wall structure. Vadakedath Nithya (2012) evaluated the effect of 

antibacterial peptides produced by Bacillus subtilis against L. monocytogenes and E. coli. In 

this study, it was found that peptides produced by Bacillus subtilis inhibit bacteria's growth by 

damaging sensitive structures. These observations suggest the possibility of using 

antimicrobial peptides produced by probiotics in food preservation. 

3.1.5. Hydrogen peroxide.  

Hydrogen peroxide is mainly produced by all bacteria but is generally visible in aerobic 

cultures of catalase-negative bacteria and is the major metabolite  of lactic acid bacteria [68]. 

Inhibitory and antibacterial effects depend on various factors, the most important of which is 

the concentration of hydrogen peroxide (H202), which could exert antibacterial effects 
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depending on its concentration. Some factors, such as selected bacterial strains and 

environmental conditions (temperature and pH), can also influence bacterial concentration 

[69]. The antimicrobial effects of H202 are related to its potent oxidizing functions on the 

bacterial cell and the damage to cytoplasmic protein structures [70]. 

Mahsa Abbasi et al. (2020) investigated the effects of Lactobacillus acidophilus, L. 

rhamnosus Bifidobacterium longum, and B. infantis do bacterium breve against methicillin-

resistant Staphylococcus aureus (MRSA) in vitro. In this study, it was found that probiotic 

bacteria could prevent Staphylococcus aureus' growth through hydrogen peroxide production. 

Based on such studies, it can be concluded that postbiotic compounds, such as hydrogen 

peroxide, can be used as a suitable alternative to antibiotics against pathogenic bacteria and 

food spoilage.  

3.1.6. Vitamins. 

Probiotic bacteria in the host gut and the food matrix produce large amounts of vitamins 

[71]. Although the production of vitamins by probiotic bacteria in the intestine is very low, its 

production significantly increases in the food matrix, especially in dairy products [72]. By 

examining the antimicrobial role of probiotic bacteria, it was revealed that the vitamins 

produced by these bacteria play an important role in inhibiting harmful microbes.  In laboratory 

models, vitamin compounds are produced by lysing probiotic bacteria (Lactobacillus 

plantarum) [73]. Vitamin C has a greater antimicrobial role than others.  Vitamin C increases 

bacterial cell membrane lipids' acidity, resulting in the lysis of cell membrane and bacterial cell 

wall [74]. Due to the valuable antimicrobial properties of postbiotic compounds, these 

compounds can be used in the food industry in various ways to preserve food and increase food 

shelf life.   

4. Postbiotic Application in Food 

Preservation of food by using postbiotic compounds is called food-biopreservation 

[31]. This is a new method in the food industry in which most perishable foods can be stored.   

4.1. Biopreservation of dairy products. 

In the past, dairy products were used as a vehicle to boost beneficial intestinal 

microbiota (probiotics). However, spoilage of dairy compounds by external factors could 

negatively impact the survival of probiotic strains throughout processing and storage [75]. The 

use of postbiotics in dairy products is a new way to improve the safety of dairy products. Of 

course, factors involved in the performance of postbiotics are very important in food 

preservation. Regarding safety, preparing postbiotic compounds in a Mannitol Salt Agarculture 

medium will not be interesting compared to industrially prepared postbiotics. For example, the 

results by Mehran Moradi et al. have shown that MRS-prepared postbiotics might have 

considerable negative effects on the sensory features of the product and affect overall consumer 

acceptance. Due to the whiteness, fluidity, and opacity of milk, several additives could lead to 

alterations in the color and form of the milk [49].  A recent study aimed to use postbiotics 

prepared from three probiotic strains in milk as antifungal agents to prevent fungal spoilage 

growth in semi-hard cheese and sour cream [76]. They found that postbiotics could 

considerably reduce the fungal population in cheese, without any impacts on sensory uptake. 
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Recently, it has been suggested that postbiotics can be used as an antimicrobial compound in 

spray form to inhibit harmful microbes [31]. 

4.2. Biopreservation of meat products. 

The decay of meat is mostly caused by bacteria [77]. The most important of these 

bacteria are  Clostridium perfringens and different genera of the Enterobacteriaceae family. 

These bacteria cause undesirable organoleptic changes in meat, making it unattractive for the 

consumer [78]. As antimicrobial agents in preserving the products of meat, postbiotic 

compounds could be directly applied to the product through coating and spraying techniques. 

For example, in minced meat, the spray method is preferred, while the coating is suggested for 

meat fillets. Several experiments have shown the advantageous effects of postbiotic 

compounds for preserving meat in the refrigerator. In a recent study, the direct addition of 

Bifidobacterium lactis Bb-12 to Bifidobacterium caused the minced meat to survive for up to 

3 months at 4 °C [79]. Lactobacillus rhamnosus EMCC 1105 postbiotics at a concentration of 

100 mg/g killed Clostridium perfringens on minced chicken on the fourth day of storage at 6°.  

Of course, the amount of antimicrobial activity of postbiotic compounds depends on the type 

of postbiotic compound [80]. Among postbiotic compounds, bacteriocins have a very strong 

antimicrobial effect.  In this regard, a study investigated the antimicrobial effects of postbiotics 

derived from three probiotics (Lactobacillus acidophilus LA5, Lactobacillus casei 431, and 

Lactobacillus salivarius) on Listeria monocytogenes in minced meat and Luria Bertani broth. 

It was observed that this postbiotic compound could inhibit the growth of L. monocytogenes 

and prevent the spoilage of minced meat and Luria Bertani broth.  Further identification of 

postbiotic compounds revealed that such antimicrobial effect of postbiotics is related to the 

presence of bacteriocins and organic acids [49, 81]. Therefore, the use of postbiotic compounds 

can be a new method in the preservation of meat products. 

4.3. Application of postbiotics in the removal of biofilms. 

Biofilms are a collection of one or more types of microorganisms that can grow at 

different levels. A biofilm is a complex microbial community enclosed within a polysaccharide 

or protein matrix [82]. Biofilms can be caused by microorganisms such as fungi and bacteria. 

Both gram-positive and gram-negative bacteria enjoy such ability [83]. Bacterial resistance in 

the biofilm phase to antimicrobials is a major global issue.  The formation stages include a 

reversible and irreversible attachment to the surface and microclone formations with 

exopolysaccharide production  [84].  In the food industry, irreversible biofilms and colony 

constituents are very important, and control over them is essential for food safety [85]. Biofilms 

formed in the food industry are more resistant to cleaning and disinfection processes.  Listeria 

monocytogenes, Yersinia enterocolitica, Campylobacter jejuni, Staphylococcus aureus, and 

Bacillus cereus are important biofilm-forming bacteria in the food industry [86]. Many 

methods have been used to control and destroy the biofilms formed by bacteria. Using 

postbiotics to kill biofilms is a new approach. In addition to having antimicrobial properties, 

postbiotics also can destroy biofilms formed by the bacteria.  In recent years, the effect of 

postbiotics on the elimination of bacterial biofilms has been studied, which have yielded 

positive results [87]. In one study, postbiotics' antibiofilm effect was derived from the probiotic 

bacteria Lactobacillus acidophilus LA5, Lactobacillus casei 431, and Lactobacillus salivarius 

on a biofilm formed by L. monocytogenes on the polystyrene surfaces was observed. It was 
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demonstrated that postbiotics destroy biofilm formation. The authors established that the 

presence of bacteriocin- and organic acid-based postbiotics are the main cause for the biofilm 

reduction of L. monocytogenes. Therefore, postbiotics can be used as a tool to control and 

eliminate biofilm formation by bacteria in the food industry [49]. 

There are some factors that may affect the performance of postbiotics and prevent the 

proper functioning of postbiotics.  

5. The Effect of Food Factors on the Performance of Postbiotics 

Some factors affect the performance of postbiotics, which include internal or external 

factors. Internal factors and external factors are associated with all food matrix compounds and 

all factors in the food storage environment, respectively [49]. The results of investigations have 

demonstrated that these factors significantly affect the nature, structure, and functions of 

postbiotics, which are necessary considering the optimal condition in the production and 

applying postbiotics in the food matrix or/and pharmaceutical products.  

5.1. Internal factors. 

Various compounds in food can affect the function of postbiotics. The interaction 

between active metabolites of postbiotic and specific food substances (endogenous microflora, 

enzymes, carbohydrates, proteins, and fats) can inhibit metabolites' function [31]. For example, 

proteolytic enzymes in food may interfere with the activity of postbiotic compounds. 

Proteolytic enzymes can break down postbiotic protein compounds and prevent their function. 

These enzymes may either be in the food or be secreted by the proteolytic bacteria in the food. 

The most important enzymes are pepsin, trypsin, chymotrypsin, papain, and proteinase K. For 

example, if the proteinaceous postbiotics are applied, the protease enzyme breaks down the 

protein and prevents the postbiotic effect. Therefore, proteolytic enzymes are one of the factors 

that should be considered with regard to postbiotic dysfunctions [88, 89].   However, there are 

no reports of synergistic and antagonistic activity of postbiotic mixtures with food compounds.   

5.2. External factors. 

Food pH can affect the antimicrobial activity of postbiotics.  High acidity and alkaline 

foods can affect the function of postbiotics.  There exists a specific scope for postbiotic activity. 

The pH range of 4 to 9 is the best range for postbiotic activity. Among the food models that 

have used postbiotics to control the microbes, pasteurized milk and ground meat had a good 

pH, and there were no disturbances in the function of postbiotics [49]. Heat is also an external 

factor that can affect the performance of postbiotics.   Heat can affect the antimicrobial activity 

of postbiotics. The antimicrobial effect of postbiotic compounds is reduced at 30°C for 30 

minutes and then at 121° C for 15 minutes [90]. Therefore, the food heating process also may 

play a significant role in the activity of postbiotics. Suppose postbiotic compounds are applied 

in functional foods formulation. In that case, it is vital to maintain the temperature factor at an 

optimum level during processing and preparing conditions.    

6. Microencapsulation of Postbiotics 

Protection of postbiotics against adverse environments, including antimicrobial agents, 

chemicals, active oxygen in case of obligatory anaerobic microbes, bile salts, and high acidity, 

could be performed through employing microencapsulation methods. Also, through utilizing 
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techniques such as fluidized bed drying, spray cooling, extrusion, chilling, molecular inclusion, 

spray drying, co-crystallization, and co-accretion, it would be possible to develop the 

processing of a forming capsule [91, 92]. Choosing the technique of interest is dependent on 

the material type, application, and release mechanism. Compounds such as carbohydrates, 

proteins, and lipids can be used to microencapsulate postbiotics [93].  Materials used for the 

microencapsulation  of postbiotics should be non-toxic, highly soluble, heat-resistant, oxygen-

permeable through the food matrix, acid-resistant, and unstable at pH above 6 [94, 95]. In the 

process of encapsulation of postbiotics, a biocompatible matrix should be used to encapsulate 

postbiotics against factors such as pH and high temperature. The biocompatible matrix acts as 

a semi-permeable membrane and allows the transfer of postbiotics in two directions. Studies 

in recent years on postbiotics' encapsulation have shown that encapsulation is a suitable method 

to protect these compounds against inappropriate factors. In this regard, Le et al. (2019) 

encapsulated postbiotic (bacteriocin) produced by Lactobacillus plantarum isolated from 

Vietnamese fermented yogurt in alginate-gelatin (ALG-GEL). Also, its antimicrobial effects 

in the presence of factors including incubation temperature, moderate pH, and surfactants 

(Ethylene diamine tetraacetic acid (EDTA), sodium dodecyl sulfate (SDS), and twin) against 

five indicator organisms, such as Escherichia coli, Salmonella, staphylococcus aureus, Listeria 

monocytogenes, and Bacillus subtilis were evaluated in meat. They observed that encapsulating 

postbiotics in the presence of these factors could prevent the spoilage of pork by pathogens 

[91]. It seems that the microencapsulation of postbiotics can be a good way to protect 

postbiotics. Using microencapsulation technology, postbiotics could be used in foods exposed 

to high temperatures and low pH (e.g., vegetables) [96]. 

7. Conclusions  

Currently, novel factors are constantly threatening food safety, increasing with changes 

in food production, distribution, consumption, and the changes in the environment, emerging 

pathogens, and antimicrobial resistance. Food safety hazards are increasing unprecedentedly, 

and strengthening food safety approaches is felt more than ever in all countries. The 

significance of food safety has been so much emphasized that the World Health Organization 

stated its slogan in 2015 to promote enhanced food safety from farm to plate. Food safety 

hazards include physical, chemical, and biological, among which biological hazards are the 

most important. Bacteria are very important in causing diseases and food spoilage, and thus 

preventing them is a top priority. In recent years, new approaches have been used to control 

the bacteria, including the use of probiotics and postbiotics. Postbiotics' main antimicrobial 

activities are associated with bioactive components, such as organic acids, bacteriocins, fatty 

acids, peptides, hydrogen peroxide, and vitamins. Due to their unique features (safe profile and 

stability in the manufacturing and storage conditions), postbiotics can be used as a promising 

tool to prevent the growth of potential food-borne pathogens and promote host health status. 

Further experiments are required to evaluate the biological role of postbiotics in the food 

industry for improving food safety and quality. 
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