


EXPLORING THE BIOPRESERVATION STRATEGIES IN DAIRY 

Abstract 
	Traditional methods of preservation and recent methods including hurdle technologies are altering the nutritional quality of dairy products or affecting the sensory values of the products. Further it is very important that any other preservation method irrespectively kill the beneficial bacteria also in fermented dairy products. Similarly prolonged consumption of chemical preservatives in food is also harming the human life such as tumor in stomach, brain, delirium, reduced fertility etc.  Biopreservation  techniques are  promising means of increasing shelf life of dairy product as well as protecting the health of the consumer. Without harming the life, the dairy products should be preserved without altering the physico chemical and sensory properties is the challenging task of biopreservation in any of the food industry. Fermentation is the oldest technique of preservation taught us the concept of extending the shelf life of dairy foods with beneficial bacteria. In the recent past years many researches showed much interest towards the lactic acid bacteria for natural preservation of dairy foods. In this review it is focussed with advancement and techniques, pros and cons, commercial preparations and applications of each biopreservatives viz., probiotics, postbiotics, bacteriocin, phages and enzybiotics.  Every method has its own advantages and drawbacks with respect to production, purification, application, stability and efficiency against pathogenic bacteria in various types of dairy products. Many of the biopreservatives like bacteriocin, phages etc are identified and tested in the laboratory scale and there are some challenges in commercialisation of biopreservatives. Very few commercial products of bacteriocins and phages are available for dairy food application. 
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Introduction 
The safety of food is of the utmost importance for both consumers and producers. Both economics and health problems are impacted when food is wasted as it becomes stale. Health concerns about food safety are driving demand for natural, less processed or preservative-free foods. An increase in the shelf life of food is a sign that the food is of high quality and does not possess any microbial hazards. Milk and milk products are highly perishable due to their high moisture content and nutritional composition. To ensure the quality and safety of dairy products, good manufacturing procedures are followed at the production level. 	
When discussing preservation, it is important to note that milk or dairy products should not deteriorate before consumption or cause harm after consumption. Preservation procedures include thermization, cooling, freezing, and chemical preservation. Traditional preservation methods alter the physical, chemical, and sensory characteristics of dairy products. This is relevant in today's globalized markets due to the introduction of new foods, technological advancements, and the demand for minimally processed products with extended shelf life. 
Adverse effects of commonly used chemical preservatives in food stuffs are observed by researchers; Butylated hydroxyl toluene (BHT) and Butylated hydroxyl anisole (BHA) induces tumor in stomach (Xu et al., 2021), Tertiary butyl hydroquinone (TBHQ) causes vomiting, diarrohea and delirium (Garg et al., 2022), Benzoates gives mutagenic effect, reduced fertility and hormone effect (Gupta and Basavaraj, 2021), Propyl gallate used in dry milk causes  tumor in brain, prostate inflammation and affect thyroid (Javaheri-Ghezeldizaj et al. 2023).
Some novel preservation techniques such as high-pressure treatment, irradiation also had some negative points such as deteriorating nutritional quality, appearance and sensory properties of dairy products. Further these preservation methods indiscriminately kill microorganisms, including beneficial bacteria especially in fermented dairy foods. 
Bio-preservation, is a technique in which antimicrobial potential of naturally occurring organisms and their metabolites are exploited. It is advantageous over other preservation technique in enhancing the shelf life of food with minimal nutritional and organoleptic losses. Lactic acid bacteria, lysozymes, bacteriophages, and their bacteriocins are the predominant biopreservatives utilized in manufacturing processes. Due to the fact that it is both environmentally sustainable and appealing to consumers, biopreservation is attracting a lot of attention. Biopreservatives, on the other hand, have very few or no negative impacts on human health, in contrast to chemical preservatives that are manufactured intentionally and have deleterious consequences when used for extended periods of time. 
Biopreservation by probiotics
	Fermentation is an ancient technique of preserving food using helpful microbes. It is becoming increasingly common for people to be aware of the significance of preserving a healthy balance in the microbiota of the gut and strengthening the mucosal defenses against infections. In recent years, the food industry has been paying increasing attention to the possibility of using bacteriocins, which are generated by bacteria that are hostile to one another, such as probiotics, as natural preservatives. (Ananou, et al., 2007)
Probiotics prevent the growth of harmful bacteria in food products during processing, storage, and in the human body. During manufacturing, probiotics will produce organic acids, alcohols etc. creating unfavorable conditions for harmful bacteria. Certain probiotics generate bacteriocin when added to food products. When probiotics are consumed, they may work by preventing harmful microorganisms from attaching to the intestinal lining, competing out them for nutrients, and releasing substances like bacteriocins that can kill pathogenic microorganisms. It is possible that the probiotics have antagonistic effects on pathogenic bacteria owing to a variety of mechanisms. These include the change of the gut microbiota, the enhancement of the gut epithelial barrier, the increased adherence to the epithelium and intestinal mucosa, and the manipulation of the immune system to provide advantages to the host. (Plaza-Diaz et al., 2019). 
On the other hand, not all of these pathways are significant due to the biopreservative qualities they possess. It could be considered that the production of bacteriocin by probiotic bacteria is an essential component of their antagonistic activity in the treatment of biopreservation. Likotrafiti et al. 2015 reported the antimicrobial properties of Lactobacillus kefiri, isolated from kefir grains. Valdes-Varela et al., 2016 identified the co culture of Bifidobacterium longum IPLA20022 and Bifidobacterium breve IPLA20006 reduces the growth of pathogenic Clostridium difficile. Papadopoulou  et al., 2021 demonstrated the addition of probiotic culture, Lactobacillus plantarum T571  adjunct with yoghurt culture reduces Listeria monocytogenes and improved the shelf life of yoghurt. Amenu and Bacha,  2023 and 2024 isolated 11 eleven isolates from fermented foods and they are potential probiotics and bacteriocin  producers. They reported their antimicrobial activity against Staphylococcus aureus, Salmonella typhimurium, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Candida albicans. Several studies demonstrated that metabolites of lactic acid bacteria Lp. Plantarum, Lacticaseibacillus paracasei, Lactobacillus delbrueckii (L. delbrueckii) and Lactobacillus delbrueckii subsp. lactis (L. lactis) such as diacetyl, acetoin had good antifungal activity. (Russo et al., 2017; Muhialdin et al., 2020; Leyva Salas et al., 2019 and Shi and Maktabdar, 2022)
In Burrata cheese preparation, modified atmospheric packing combined with bioprotective starter improved the shelf life from 14 days to 21 days without using chemical preservatives. Further, it is detected that lower count of undesired bacteria like coliform, staphylococcus, pseudomonas than control Burrata cheese (Natrella et al., 2024). Rajanikar et al., 2021 described the phenyllactic acid (PLA), synthesised by lactic acid bacteria had antagonistic activity of food spoilage or pathogenic organisms. It is a broad spectrum antibiotic and to overcome the limitations in commercial production, green compound PLA from lactic acid bacteria is advisable. 
Biopreservation by bacteriocin 
Bacteriocins are ribosomally synthesised polypeptides primarily produced by lactic acid bacteria and have antibacterial action again other bacteria; nevertheless, they are not considered to be antibiotics. Antibiotics used for medicinal purposes can elicit allergic reactions in human bodies, whereas bacteriocins do not cause such reactions. Further, they are distinct from therapeutic antibiotics as they are proteinaceous in composition and are simply digestible. Mostly bacteriocins are cationic, hydrophobic or amphiphilic  and composed of 20-60 amino acid. They are classified into 3 major groups such as class I, II, III and further sub groups such as  type A,B and C. Bacteriocin will interact mainly with the  bacterial membrane. Amphiphilic property induces the disruption of cell membranes of pathogenic bacteria by formation of pore.  Pore size, stability and conductivity will differ with bacteriocins. 
	The bacteria Lactococcus lactis subsp. lactis is responsible for the production of nisin, widely employed in the food sector. Nisin is able to manage a wide variety of pathogens, including Aeronomas, Staphylococcus, Bacillus, Listeria, Clostridium, and Enterococcus, etc.. The World Health Organization (WHO) has deemed it safe, and the Food and Drug Administration (FDA) approved it for food application. In the commercial sector, Nisin is utilized in the production of pasteurized milk, processed cheese, ice cream, and canned milk in order to inhibit the growth of pathogens that are able to survive heat treatments such as 85°C-105°C environments. Furthermore, it does not do any harm to the body texture or look of the product, making it safe for the texture of the product. There is a commercially available nisin called Nisaplin that contains 2.5% pure NisinA. In the process of fermenting food with a bacteriocin-producing strain, bacteriocin might be added as an ingredient, pure or semi-purified bacteriocin, or in-situ manufacture with culture addition (Deegan et al., 2006). Sen and Sett, 2023 stated that lantibiotics are used to enhance the shelf life of packaged dairy products and as taste enhancers.
There will be some adverse effect of bacteriocin when there is thermal processing involved in food products. Physico chemical properties like pH, acidity and fat content, also influences the action of bacteriocin. Application of nisin is limited to dairy products with pH less than 7.0(Favaro et al., 2015) and fat rich dairy products (de Arauz et al., 2009). However bacteriocin combined with food grade chelating agent like EDTA, exerts good effect against gram negative bacteria. 
	 Sen, C and Ra, P.R., 2019  discussed the applications of bacteriocin with combination of heat treatment, chelating agent, MAP (modified atmospheric packaging), lactoperoxidase and other antimicrobials to overcome the limitation of bacteriocin in food.  When Nisin is combined with heat treatment 550C to 650C, it is effective against L.monocytogenes and  Salmonella Enteritidis. Simlarly when nisin is used with chelating agent such as EDTA, citrate or lactate, effectively control the gram negative bacteria like Salmonella typhimurium and E.coli. MAP with 80 or 100% Co2 and 1000-10000 IU/ml of nisin inhibits Listeria monocytogenes and Pseudomonas fragi. Lacticin 3147, is a bacteriocin produced by Lactococcus lactis used in Cheddar Cheese to prevent pathogenic bacterial growth. This will promote the ripening also in Cheddar cheese and improving the flavour and texture of the product. (Guinane et al, 2005). Application of semi-purified lacticin on fresh cheese  reduced listeria by 3-7 log cells on storage at refrigerated temperature (Ribeiro et al., 2016).
Pediocin PA-1 produced by pediococci used in used in cottage cheese, ice-cream and reconstituted dried milk (Rodriguez et al, 2002). Yildrim et al, 2016 used Lactococcin BZ to control Listeria monocytogenes in High Fat UHT milk and identified the reduction of L.monocytogenes as undetectable level 4˚c or 20˚c. Verma et al., 2017 discussed that semipurified pediocin reduced the salmonella aureus in fermented cheese whey and enhanced the shelf life of raw buffalo milk
Enterocin, bacteriocin produced by Enterococcus species and semi-purified enterocin reduced the Listeria monocyogenes contamination in fresh cheese. Addition at the level of  2000 AU per gram of cheese reduced the pathogen in undetectable level. (Ribeiro et al. 2017). Ananou et al. 2010 reported that addition  of enterocin AS-48 powder in to skim milk inactivated the L. monocytogenes reduced the counts of S. aureus  Aureocin A70, produced by Staphylococcus aureus  tested on UHT treated milk  and observed the reduction of L.monocytogenes (Fagundes et al.,2016). Another bacteriocin produced by Leuconostoc Mesentrides, Leucocin inhibits the growth of L. monocytogenes when added with glycine (5mg/ml) in UHT milk upto 7 days. (Shi et al, 2016).
Shehata M.G. 2024 found that fortification of Lb. paracasei MG847589 and its bacteriocin is effective on cheese as biopreservative and antimyotoxigenic. Shehata et al. (2018) found that a bacteriocin produced by Lac. paracasei KC39 from a traditional Egyptian cheese (Kareish) and it was effective against pathogenic fungi Aspergillus parasiticus ITEM11 and Aspergillus carbonarius ITEM 5010.
Bacteriocin in packaging  
	It can be incorporated in edible coating and films of food packaging to control the growth of pathogenic bacteria and to prevent the post processing contamination. The most commonly used biopolymer in cheese coating, hydrocolloid expedited with bacteriocin or bacteriocin producing LAB to increase stability and shelf life of cheese . (Aguayo et al., 2016). Marques et al., 2017 studied  that biodegradable film of cheese with cell free supernatant  of Lactobacillus curvatus control the Listeria monocytogenes growth  for 10 days of storage.  
MicroGARD is a natural line of antimicrobial ingredient developed to extend the shelf life of food products. (Makhal et al. 2003). Addition of MicroGARD  400 at 0.5 % level in fresh cottage cheese extended the shelf life from 12 days to 26 days.
Nisin, Sakacin, Pediocin are commercially available as BioSafe® and Bactoferm®, from Chr. Hansen produced by Lactococcus lactis, Latilactobacillus curvatus, Latilactobacillus sakei, or Pediococcus acidilactici. These products can be used in preparation of cheese against L. monocytogenes. 
Figureoa et al., 2024 described the fermentates of lactic acid bacteria are cost effective alternative to cell free supernatants having antimicrobial activity. They can be used in dairy food to extend the shelf life without affecting the sensory characteristics. They listed the commercial antimicrobial fermentates with antifungal activity such as Natamax®, Microgard® 100, 210, 400, 430, 730, 740, and CM1-50). Some of the  Nisaplin®, Microgard® 520,740, CS1-50 possessed anti -Listeria or anti-lactic bacterial effect. DuraFresh™  is having organic acids and peptides and used commercially in dairy products.
When the question arises that, is bio-preservative safe to human health, further studies needs to be done to clarify the safety of bacteriocin in human health. Several animal studies revealed that the toxicity of bacteriocin.  Todorov et al., 2022 stated that some of the bacteriocins had observable cytotoxicity and it depends with concentration and targeted cell. They suggested that post-production modifications are to be carried out to increase the stability, delivery to target sites in the biopreservation of foods. Bioengineering of bacteriocins and replacing specific amino acids or specific regions is necessary to ensure the safety. 
Bacteriocins, had some barrier like narrow antibacterial spectrum and require a high dosage requirements. Recently, bacteriocin-nanoconjugates have emerged as a potential strategy for overcoming these obstacles. The use of bacteriocins in conjunction with silver nanoparticles (Ag-NPs) has the potential to exhibit enhanced antibacterial action against bacteria that cause food 	spoilage. 	(Manna 	and 	Mondal, 	2023; sharma et al., 2023). These nanoconjugated Ag-Nps mostly used in biopolymer based food packaging or spraying over the food for long lasting the antibacterial effect. 
Biopreservation using Phages 
	When it comes to the fight against bacteria, bacteriophages are an alternative to antimicrobials. The utilization of bacteriophages for the purpose of ensuring food safety, which is commonly referred to as "bacteriophage biocontrol," is gaining more widespread acceptance among food technologists due to its ability to overcome the limits of conventional methods of food preservation. Wagh et al., 2023. 
Bacteriophages have a host range that is almost unique, which contributes to their high level of specificity. In food manufacturing, bacteriophages have been successfully tested for their ability to eliminate or weaken biofilms created by several types of Gram-negative and Gram-positive pathogens. This is in addition to their selective action, which has been demonstrated to be effective. Bacteriophages are causing harm to eukaryotic cells and can be used to control muti resistant  bacteria with cocktails of phages. A good biopreservative should be stable in different environment of food and phage is considered as stable and supported by many studies. They are ubiquitous in nature and there 10  phages for every bacterium present. Phages are isolated from fish, ready to eat products, vegetables and milk products and all of us already in contact with them. This is the reason that phages could be used to control the harmful bacteria in food industry. There are more than 100 phages of three important farmilies of Myoviridae, siphoviridae and podoviridae against the common food pathogen such as listeria, clostridium, salmonella, staphylococcus, campylobacter and coliforms. Vivas et al., 2021. Phages are infecting the host bacteria and control by lytic cycle or lysogenic cycle. Lytic bacteriophages are advantageous than other one to be used in food industry. Some of the countries adopted the commercialised phage for controlling pathogenic bacteria in food manufacturing viz., E. coli (EcoShield™), L. monocytogenes (ListShield™ and PhageGuard Listex™), and Salmonella spp. (SalmoFresh™) 
Bacteriophages in fermented products will work symbiotically with fermentation organisms. Reduction of salmonella in cheddar production, Modi et al., 2001; Complete eradication of Listeria monocytogenes  in cheese, Carlton et al., 2005; and inhibition of Enterobacter sakazakii in reconstituted infant formula milk (Kim et al., 2007)  are the evidence of controlling pathogenic bacteria in food systems by phages. 
Reccent researches demonstrated the bioactive packaging materials with immobilised bacteriophages to control pathogens in food without affecting the beneficial bacteria. Lone et al., 2016. PhiIPLA-RODI in gelatin polymer and Phage T4in maltodextrin layer are the phages in active packing system reported in cheese and skim milk respectively against Staphylococcus aureus and E.coli K12. Weng et al., 2021 and Choi et al., 2023.
There are some studies reported that variation in stability of phages during processing and storage of food. In some cases complete inhibition or suppression of bacteriophage is reported (Lopez et al., 2021). Microencapsulation would be suggested to increase their stability and release on food to make them efficient as antimicrobial agent. 
Biopreservation with enzybiotics 
The main disadvantages of use of phage are lack of knowledge about virulence, lysogeny and genetics of phage. Hence alternatively, enzybiotics (phage lysine) can be used to overcome the limitations of phage application in dairy. The phage lysine targets the bacterial cell wall peptidoglycan and enzybiotic (Enzyme antibiotics) synthesised at the end of lytic cycle and by which lyse the bacterium from “with in” in gram negative and “from outside” in gram positive bacteria (Vermassenet al., 2019).  Enzybiotics are classified in to endopeptidase, amidases and glycosidases, based on possessing the enzymatically active domain. Endolysins are differ in structure viz., globular or modular and globular is found in phage with gram negative host. Further, some phages produce depolymerases to overcome the protective proteinaceous – S layer of some bacteria. 
Enzybiotics are removing partially or fully the biofilms created by bacteria over the surface of inert or living or food matrix. Some of the phages had restricted effect on the biofilms and underlying bacteria are protective inside the biofilms. In this case, endolysins are capable of removing the biofilms irrespective of the metabolic state of bacterial cells. But the limitation of phage is production and purification is complicated; and resistance to high temperature during processing is very low. Limitations of lytic enzymes can be modified through molecular biology processes, and can be used for direct application against pathogenic bacteria, as well as for inclusion in food matrices. 
Some of the recent researches shown that enzybiotics effective against food borne pathogen and listed in table .1
Table 1 : Application of enzybiotics against food borne pathogen
	Enzybiotic 
	Source 
	Food application
	Reference 

	LysCPAS15 
	C. perfringens phage CPAS-15
	Inhibition of C. perfringens in sterilised milk
	Cho et al., 2021

	PlyP100 
	Phage from L. monocytogenes
	Antimicrobial biopreservative in fresh cheese.
	Van Tassell et al., 2017

	LysH5 
	Staphylococcal bacteriophage phi-SauS-IPLA88
	Elimination of S. aureus in pasteurized milk
	García et al., 2010

	HydH5, HydH5Lyso, HydH5SH3b, CHAPSH3b and lysostaphin 
	S. aureus bacteriophage vB_SauS-phiIPLA88
	Biocontrol of S. aureus in dairy products
	Rodríguez-Rubio et al., 2013

	λSA2 
	Streptococcus agalactiae (serotype III GBS strain 3330) bacteriophage B30
	Inactivation of Strepcococcus spp. in cow milk
	Schmelcher et al., 2015

	Ctp1L 
	Bacteriophage CTP1 isolated from landfill Cheese manufacture,
	reduction of clostridial activity in cheese
	Garde et al., 2020

	LysGH15 
	Phage isolated from Sewage samples
	Biopreservative in whole and skim milk
	Yan et al., 2021


Source: Ramos-Vivas et al., 2021
Biopreservation with postbiotics
Postbiotics are naturally present in fermented foods like curd, yogurt, sauerkraut, and pickles They mainly produced by lactic acid bacteria which include Lactobacillus, Bifidobacterium, Streptococcus and some yeast like Saccharomyces. Postbiotics are metabolites produced by the bacteria and it is inclusive of inactivated microbial cells, cell fractions and metabolites. Intake of live probiotic bacteria with dairy products may lead to complication in people of different ages and physical conditions, as well as in people with weakened immune systems viz., 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. Homayouni Rad et al., 2020. Owing to its goodness of postbiotics, such as good absorption, metabolization , stability and easy for transportation, it is highly suitable for food industry as biopreservatives. 
Many studies proved that, fatty acids, peptides, hydrogen peroxide and vitabmins produced by probiotics like L.acidophilus rhamnosus, L.fermentum, L.paracasei,  B.longum, B.infantis are suitable alternative to antimicrobials  to prevent spoilage of food. (Mahsa Abbasi et al. 2020; Forkus et al., 2017; Higashi et al., 2020). Moradi et al., 2019 reported that postbiotic in milk influences the sensory scores and negative score for consumer acceptance. It might be due to preparation of postbiotics in laboratory scale using mannitol salt agar. 
Postbiotics used in elimination of biofilms in food industry. Postbiotics derived from probiotics viz., Lactobacillus acidophilus LA5, Lactobacillus casei 431, and Lactobacillus salivarius had effect on biofilm formed by L. monocytogenes on the polystyrene surface. Sharma et al., 2018; Moradi et al., 2019. Food components viz., fat, protein, carbohydrate, endogenous microflora will influence the function of postbiotics and specifically the proteolytic enzyme will dysfunction of postbiotics. The best pH ranged from 4 to 9 for proper function of postbiotics and high acidity or alkaline nature of food affect the function of postbiotics. Heat is also an important factor responsible for antimicrobial action of postbiotics. Protection of postbiotics from adverse environment could be employed through microencapsulation methods. Encapsulated postbiotic of Lactobacillus plantarum antimicrobial effects in adverse conditions like incubation temperature, moderate pH, and EDTA, sodium dodecyl sulfate (SDS), and twin) against Escherichia coli, Salmonella, staphylococcus aureus, Listeria monocytogenes, and Bacillus subtilis. Mogahed Fahim et al., 2021 demonstrated that postbiotics had detoxification effect against aflatoxin M1 in milk powder. However sun et al., 2023 demonstrated that thermal treatment above 1000C diminished the antioxidant activity of postbiotics of Bifidobacterium lactis and Lactobacillu paracasei. Hence more research shall putforth towards the mechanism and environmental factors influencing the postbiotics before application in dairy products. 
Postbiotics can be applied as coating or adding to the packing material for effective antimicrobial action. Organic acids viz., lactic acid, acetic acid  and citric acids  are diminish growth of pathogen by decreasing their cytoplasmic pH (Hosseini,  et al., 2021). Darwish et al., 2022 reported in their study that, sensory qualities of yoghurt added with postbiotic of E.coli  were good except colour and declining the sensory scores during storage. Garnier et al., 2019 revealed that postbiotic of LAB, inhibit the fungal growth in sour cream and cheese without any deviation in sensory scores. Further it is reported that high concentration of postbiotics caused negative effects on sensory qualities. Safety and quality aspects of postbiotic need to be explored further and it is still in infant stage. Aggarwal et a., 2022.


Conclusion
	Contemporary consumers have a strong preference for food that are abundant in nutrients, free from preservatives, and cater to their health concerns. Probiotic bacteria, postbiotics, bacteriocin, and enzybiotics are being studied as alternatives to the current standard preservation methods.
	The evaluation of safety and analysis of risks associated with the chosen probiotic culture utilized in food preservation are crucial factors connected to the antibacterial effectiveness and quality concerns of the product. Hence, it is imperative to consider many factors and adhere to the stringent safety assessment methods. The creation and storage of live bacterial cells is a difficult process, and the sensory properties of products can change based on storage circumstances. 
Bioactive components of postbiotics, viz., organic acids, fatty acids, peptides, hydrogen peroxide, bacteriocins and vitamins, contribute to their antibacterial properties. Postbiotics have a safe profile and are stable in manufacture and storage, making them a promising tool for preventing food-borne infections and improving host health. More research is needed to determine how postbiotics can enhance food safety and quality in the business. Microencapsulation strategies could protect postbiotics from harmful conditions such as antimicrobial agents, chemicals, active oxygen in the case of obligatory anaerobic microorganisms, bile salts, and excessive acidity. The material type, the application, and the release mechanism all play a role in determining which technique is the technique of interest. The microencapsulation of postbiotics can be accomplished by the use of compounds such as carbohydrates, proteins, and lipids. The application of postbiotics in foods that are subjected to high temperatures and low pH could be accomplished through the use of microencapsulation technology.
Purified and concentrated bacteriocins are more effective for application in food than direct application of bacteriocinogenic cultures. But their efficacy is limited due to adsorption, enzymatic degradation, poor solubility, and uneven distribution in the food matrix. Some of the studies stating that using live bacteriocin-producing culture can be used in dairy food to overcome the limitations of purified bacteriocins. Furthermore, the integration of bacteriocins and other protective measures, such as hurdle technologies, can be employed to achieve bio-preservation and prolong the shelf-life of dairy products. Further investigation is required to ascertain the compatibility of bacteriocin activity with the edible coating and its effectiveness in dairy products, particularly when it is applied in biofilms and active packaging.
Bacteriophage and its derivatives coatings and films have arisen as an alternative to traditional food packaging to address a variety of developing concerns, including bacterial host specificity and antimicrobial resistance. Many investigations say that combining these effects has an antimicrobial effect on foods such as dairy, fruits, and vegetables. It is believed that certain hurdles remain in achieving full-scale harvesting from this unique approach to developing bacteriophage-based food packaging sheets for active packaging applications. More research is needed to create encapsulation strategies/formulations for varied usage throughout the food supply chain. 
It is evident that the incorporation of food microbiota into the biopreservation system, engineering process is necessary to advance the field of food microbiome. This integration will enable the microbiota to effectively protect against pathogens and spoilage bacteria.
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