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Abstract

Despite centuries of developing strategies to prevent food-associated illnesses, food safety remains a significant concern, even
with multiple technological advancements. Consumers increasingly seek less processed and naturally preserved food options.
One promising approach is food biopreservation, which uses natural antimicrobials found in food with a long history of safe
consumption and can help reduce the reliance on chemically synthesized food preservatives. The hurdle technology method
that combines multiple antimicrobial strategies is often used to improve the effectiveness of food biopreservation. This review
attempts to provide a research summary on the utilization of lactic acid bacteria, bacteriocins, endolysins, bacteriophages,
and biopolymers helps in the improvement of the shelf-life of food and lower the risk of food-borne pathogens throughout
the food supply chain. This review also aims to evaluate current technologies that successfully employ the aforementioned
preservatives to address obstacles in food biopreservation.
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Introduction

The demand for food both high-quality and has a long
shelf-life is increasing significantly, mainly due to changes
in food habits and the growing global population. Aston-
ishingly, one-third of the world's food production—equiv-
alent to approximately 1.3 billion tons—goes to waste
yearly. In the United States, for instance, a staggering
30% of food intended for human consumption has been
wasted annually, with the bulk of the waste occurring in
households, restaurants, and food service businesses. Sim-
ilarly, according to Eurostat's 2006 data, Europe wastes
89 million tons of food each year during production and
harvest stages. To combat this issue, the US Environmen-
tal Protection Agency has suggested the development of
composting technology to aid in reducing food spoilage.
The reduction of food waste is necessary to conserve food
resources and make them available in regions that experi-
ence scarcity. To achieve this objective, food produced in
one area must be preserved using cost-effective and sus-
tainable techniques so that it can be transported and served
in other locations at a later time.

Disinfectants play a crucial part in the food processing
industry for effectively controlling the pathogenic microor-
ganisms. The main purpose of disinfection is to remove the
microorganism on the surface of the food contact, which
prevents contamination in the food products by harmful
pathogens and spoilage microorganisms (Nair et al., 2017).
Traditional methods of food preservation such as cooking,
drying, smoking, refrigeration, freezing, canning, pasteur-
izing, dehydrating, freeze-drying, salting, pickling, antiox-
idants, and fermentation also enhance the shelf-life of food
while improving its nutritional value by converting com-
plex compounds into biologically available ones. These
methods offer benefits like slowing down or stopping bac-
terial growth at different temperatures, creating a sterile
environment, and destroying microbes. However, these
methods also have limitations, such as altering the texture
of fruits, promoting the growth of anaerobic microbes in
canning and bottling, cost-effectiveness, and decreasing
the nutritional value of food during pasteurization.

Disinfection methods can be physical, chemical, or
biological. Physical methods like sterilization, filtration,
ultrasounds, ultraviolet light, pasteurization, freezing,
irradiation, and drying remove visible waste, external
matter, or ooze on instruments, among which heat is the
most reliable and effective method for destroying micro-
organisms (Reda, 2019). Chemical methods involve the
removal of unwanted chemical residues using electro-
lyzed oxidizing water, chlorine dioxide, ozone, organic
acids, and direct and indirect antimicrobial preservatives.
Chemical methods are currently used in many industries to
control pathogens. Disinfectants typically contain various
active chemical agents such as chlorine, alcohol, per oxy-
gen, quaternary ammonium compounds, and aldehydes.
Despite being flammable and damaging to metals, alcohol
is inexpensive, easy to obtain, provides an immediate bac-
tericidal impact, and does not have bacteriostatic activity
or harmful effects (Song et al., 2019).

The chlorine chemical group consists of hypochlo-
rite, chlorine dioxide, and chloramine-t-trihydrate, with
hypochlorite being widely used for its quick action and low
cost. It has a broad range of bactericidal effects without leav-
ing harmful residues and is unaffected by water hardness.
However, it can corrode metal, is naturally inactivated by
organic matter, and causes irritation to the skin, eyes, and
mucous membranes (Song et al., 2019). Different concen-
trations of disinfectants can disrupt the cell wall and mem-
branes of target organisms, leading to growth inhibition or
lethal activity (Song et al., 2019). Chemical preservatives
effectively control surface-attached microbes, limit product
contamination, prolong product shelf life, and reduce the
risk of food-borne illness (Yuan et al., 2020). Multi-targeted
activity methods are utilized, such as modifying the position
of membrane cations in the gram-negative bacteria and pas-
sive diffusion in the gram-positive bacteria (Ifiiguez-Moreno
et al., 2017). However, the consumption of chemical addi-
tives can cause hyperactivity and neurophysiological prob-
lems in children.

The utilization of biopreservatives presents a potential
solution to counteract the negative impacts of conventional
preservatives. Table 1 listed out the foods that use bio-pre-
servative over conventional preservatives. Biological meth-
ods are effective in eliminating pathogens and preventing

Table 1 Foods that use bio-
preservative over conventional

Food

Conventional preservative Replaced with biopreservative

preservative Dairy products

Meat

Animal feed

Pickle

Biofilm formation on meat
Fish

Sodium benzoate Plant essential oils

Benzoic acid Lactone parasorbic acid
Synthetic propionic salts Fermented propionic acids
Acetic acid Rosemary extract
Peptidomimetic Polyurethanes

Nitrites

Bacteriophages

Nisin
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food spoilage, utilizing a variety of techniques such as
bacteriocins, enzymes, phytochemicals, bacteriophages,
and protective cultures (Meireles et al., 2016). This strat-
egy extends the food products' shelf life without degrading
their quality (Mani Lopez et al., 2018). Several research-
ers have been developing novel bio-preservation strategies
to overcome these obstacles and extension of the shelf life
of food while preserving its natural quality. The numerous
kinds of biopreservatives that are accessible as cutting-edge
disinfection technologies for food preservation are covered
in this review, along with methodology, procedures, targeted
microorganisms, and applications. Many biopreservatives
used to preserve food directly or through packaging are
also highlighted. Overall, this review provides an extensive
framework for understanding the developments in food dis-
infectants known as biopreservatives, which can help manu-
facturers produce foods with high levels of nutrients and
extended shelf lives.

Biopreservatives

People utilized salt, drying, and smoking to preserve food
in ancient times. After some time, novel preservation meth-
ods were developed, including packaging, refrigeration,
and chemical additions (Shajil et al., 2018). However, these
methods lead to a loss of nutrients and natural flavor and can
pose health risks. Advanced techniques are being explored
to preserve food quality and texture to overcome these limi-
tations. Amongst these techniques, biopreservation is highly
effective in maintaining sterility and preserving food qual-
ity with minimal loss of nutrients and flavor (Singh, 2018).
Biopreservatives are antimicrobial substances extracted from
natural sources or produced by fermentation, enhancing food
quality and safety (Mani-Lépez et al., 2018). These natural
additives are derived from microorganisms, plants, animals,
and their metabolites are eco-friendly and have antimicrobial
properties, which make them applicable to a broad range of
food-borne microorganisms (Pisoschi et al., 2018).

Lactic acid bacteria (LAB), bacteriocins, yeast, bacterio-
phages, and endolysins are among the most common bio-
preservatives. Sourdough fermentation is a recent approach
to creating an unfavorable environment for fungal growth
by increasing food acidity. Saccharomyces cerevisiae and
Pediococcus pentosaceus have been shown to exhibit anti-
fungal activity against Aspergillus flavus by producing
high levels of organic acids, particularly acetic and lactic
acids (Jin et al., 2021). Adding natural compounds to food
products is the best solution for improving their nutritional
value. The technological advancements in this preservation
technique are highly beneficial for the public and the food
industry. Bio-preservation methods ensure the safety and
quality of perishable food items by increasing their shelf life

and sanitation. Biopreservation can be successfully achieved
by combining various natural additives to restrict microbial
growth and achieve food safety. It also supplements addi-
tional nutrition and protects food quality and nutritional
properties (Gémez-Sala et al., 2016).

Biopreservatives serve as both starter cultures and protec-
tive cultures in food preservation. Starter cultures initiate
fermentation and produce compounds that give fermented
foods their unique texture and flavor, while protective cul-
tures control antimicrobial activity and reduce the growth
of microorganisms in food. These cultures are commonly
utilized in the food sector. As a by-product of fermentation,
organic acids serve as an antibacterial agent by lowering the
pH of the immediate surroundings and establishing a barrier
against non-acidophiles.

Lactic acid, in particular, kills bacteria by disrupting their
cytoplasmic membrane and interfering with their membrane
potential (Singh, 2018). For example, when stored in the
refrigerator, olives fermented with lactic acid bacteria and
packaged with a modified gas medium retained probiotic
features for up to 6 months (Babich et al., 2019). Figure 1
illustrates recent advancements in biopreservatives for food
products.

Natural antimicrobials for food preservation

Preventing food-borne illnesses caused by microbial patho-
gens is one of the growing concerns for consumers, the food
sectors, and food safety authorities. Biopreservation involves
using natural additives or secondary metabolites from micro-
organisms, algae, plants, and animals that possess antimicro-
bial properties, which can protect food from a wide range of
pathogens. Additionally, the antioxidant properties of fruits,
vegetables, seeds, leaves, herbs, spices, oil, and organic com-
pounds can enhance the nutritional value of food products
(Han et al., 2023). The demand for natural antimicrobial
compounds is increasing as they offer a safer alternative to
synthetic compounds that can pose health hazards.

Fish balls can be preserved naturally with liquid smoke
without compromising their nutritional or aesthetic qualities.
Liquid smoke is derived from palm kernel shells through
pyrolysis at 340 °C, 360 °C, and 380 °C, followed by a
two-stage distillation process at 200 °C to eliminate impuri-
ties. The preservation status of the fish balls is monitored
by measuring total volatile bases, pH, and organoleptic test
results. Aromatic and therapeutic plants contain a range of
auxiliary metabolites, terpenoids, and alcoholic compounds
that can be harnessed for food preservation. For instance,
while refrigerating meat, Satureja essential oil can be
coated with chitosan to combat Pseudomonas spp., molds,
and yeasts (Noori et al., 2018). Organo essential oil can be
microencapsulated with whey protein isolate to prevent mold
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Fig. 1 Recent advancements in bio-preservatives for food products

and yeast growth and preserve grated cheese. The ginger
essential oil can be nano-emulsified with sodium casein-
ate to protect chicken fillets from Listeria monocytogenes,
Salmonella typhimurium, psychrophilic bacteria, molds, and
yeasts (Kim et al., 2020).

Bacteriocins

Bacteriocins, antimicrobial proteins produced by bacteria,
can prevent similar growth or closely associated bacteria
and fungi from growing, thereby reducing microbiologi-
cal spoilage (O’Connor et al., 2020). Bacteriocins have
various applications in human, livestock, and aquaculture
industries (Hammami et al., 2019). When combined with
selected hurdles, such as pulsed electric field and modified
atmospheric packaging, bacteriocins can be more effective
by influencing the permeability of the external membrane
and thus enhancing their efficacy against microorganisms.
Nisin, pediocin, and enterocin are some bacteriocins used
with hurdles (Pb and Gowda, 2021). Bacteriocins can be
used in dairy products in two different ways: injecting the
food along with a LAB that generates bacteriocins or sim-
ply introducing purified or semi-purified bacteriocins to the
food. Using bacteriocin-releasing LAB cultures is preferred
over semi-purified bacteriocins because bacteriocins can
easily be adsorbed onto food matrices and degraded, lead-
ing to a lack of antibacterial activity (Silva et al., 2018).

@ Springer

Hydrocolloid biopolymers were commonly used as edible
coatings and films on dairy products to improve their sta-
bility and shelf life. However, subsequent studies showed
limited effectiveness in reducing pathogens such as Listeria
monocytogenes, increased risk of food-borne illnesses, and
decreased quality and acceptability (Pinnaduwa et al., 2020).
Bacteriocins, which are powerful antimicrobial proteins pro-
duced by marine organisms, have become a valuable tool in
reducing potential pathogens in the marine food industry
(Ahmad et al., 2017). These proteins not only completely
inhibit pathogenic microbes in water bodies but also enhance
the production of inhibitory compounds and promote the
nutritional status of species by synthesizing digestive pro-
teins (Sharma et al., 2022). For instance, the growth of Aero-
monas hydrophilia, Listeria monocytogenes, Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli, and
Salmonella typhimurium has been inhibited when the bacte-
riocin generated by Weissella hellenica has been integrated
into poly-composite films and utilized with fish fillers.
Additionally, spray treatments had no detrimental effects
on salmon's sensory attributes on a commercial scale and
were demonstrated to be efficient against Listeria monocy-
togenes (cold-smoked salmon) produced by the bacteriocin
producer Carnobacterium divergens V41. (Wiernasz et al.,
2017). Table 2 lists the available forms of bacteriocins, their
sources, and the targeted microorganisms.

The use of bacteriocins in fruit juices, raw vegetables, and
fruits has been limited, with only a few bacteriocins being
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Table 2 Various forms of bacteriocins and their target microorganism in various food types

Bacteriocin Source of bacteriocin Target microorganism Food application Shelf life References
Nisin & Natamycin Lactococcus lacti Listeria innocua Cheese >28 days Feichtmayer et al. (2017)
Nisin & Galactomannan  Lactococcus lacti L. monocytogenes Cheese 35days  Feichtmayer et al. (2017)
Nisin encapsulated in Lactococcus lacti L. monocytogenes Cheese 50 days  Fahim et al. (2016)
phosphatidyl choline
nanoliposomes
Pediocin & Zinc Oxide  Pediococcus spp. S. aureus and L. monocy- Apple 46 days  Brillet-Viel et al. (2016)
Nanoparticles togenes
LJR1 Pediococcus pentosaceus L. monocytogenes White leg Shrimp 7 days Ladha and Jeevaratnam
(2020)
Divercin V41 Carnobacterium diver- L. monocytogenes Cold smoked Salmon 7 days Brandelli et al. (2017)
gens V41
Bac23 & Silver Nano- Lactobacillus plantarum  Shigella flexneri, S. Common food 7 days Kumar et al. (2009)
particles aureus and P. aerugi-
nosa
Divergicin M35 Chitosan Carnobacterium diver-  Listeria sp. Ready to eat foods 21 days  Benabbou et al. (2020)
Film gens
Nisin loaded Chitosan Lactococcus lacti S. aureus, L. mono- Orange juice 3 days Lee et al. (2018)
Nanoparticles cytogenes, E. coli
0157:H7 and Salmo-
nella typhimurium
Enterocin AS48 with Enterococcus L. monocytogenes Apple 7 days Lopez Aguayo et al. (2016)
EDTA
Fermencin SA715 Lactobacillus fermentum L. monocytogenes, Bacil- Banana 9 days Wayah and Philip (2018)
JAT15 lus cereus, S. aureus,
Micrococcus luteus, P.
aeruginosa & E. coli
BacBS2 Bacillus velezensis BS2 L. monocytogenes Fermented foods 54 days  Perumal et al. (2019)
Plantaricin JLA 9 Lactobacillus plantarum — Bacillus spp. Fermented food 54 days  Zhao et al. (2016)

JLA-9

considered for this application. However, recent studies on
Enterocin AS-48 have shown promising results, indicating
that this bacteriocin can be used, when combined with other
antimicrobials, to avoid the deterioration of fruit juices and
fruit and vegetable decontamination. This approach can
increase the effectiveness of treatments and broaden the
range of inhibition against gram-negative bacteria. Moreo-
ver, recent research has explored the potential of other bac-
teriocins, such as colicins, microcins, and antimicrobial pep-
tides from non-bacterial sources, that have been developed
via combinatorial peptide design, for use on raw vegetables,
fruits, and juices and against food borne pathogenic bacteria
in pork (Dong et al., 2022).

The use of bacteriocins in fruit juice preservation has
been shown to reduce bacterial load by 14-25% in apple
and pomegranate juice. This suggests bacteriocins could
be a safe and non-toxic solution for preserving natural fruit
juice (Krasniewska et al., 2020). Bacteriocin from B. meth-
ylotrophicus BM47, coated with carboxymethyl cellulose,
has been employed to improve the shelf life of fresh straw-
berries. Using BM47 with carboxymethyl cellulose-based
edibles improves fresh strawberries' quality, commercial

appearance, and shelf life (Tumbarski et al., 2019). Although
lactic acid bacteria can thrive at lower temperatures and
provide desired properties, significant temperature changes
can result in the freezing of bacteria. A combination of 2%
lactic acid and nisin has significantly decreased the growth
of Pseudomonas spp. and H,S production during chilled
shrimp storage. Lactic acid bacteria culture can also provide
specific advantages for seafood products, such as improving
shelf life and reducing economic costs by minimizing prod-
uct spoilage. LAB such as Enterococcus faecium and Lacto-
coccus lactis produce large amounts of LAB, which can be
used at low inhibitory concentrations as a bio-preservative
for fruits, vegetables, and meat products against Listeria spp.
and Staphylococcus aureus (Yépez et al., 2017). Recently,
other bacteriocins like colicins, microcins, and antimicro-
bial peptides from non-bacterial sources developed through
combinatorial peptide design have been tested for crude veg-
etables, fruits, and juices. Novel bacteriocin like peptides is
characterized and studied against pathogenic bacteria, which
showed inhibitory activity against Listeria monocytogenes,
Staphylococcus aureus, Serratia marcescens, and Escheri-
chia coli (Abitayeva et al., 2021).

@ Springer
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Microencapsulation

Microencapsulation is a technique utilized in food indus-
tries, defined as packaging active materials in small com-
partments that gradually release their contents at controlled
rates over an extended period. This process improves food
additives’ the sensory, enzymatic, and nutritional quality
with controlled bioactive delivery and enhances uniform
coloration in food products (Shamloo et al., 2019). Micro-
encapsulation shields active compounds from environmen-
tal conditions, such as oxygen, light, and temperature, and
can also mask unpleasant flavors for various food applica-
tions (Rajam and Anandharamakrishnan, 2015). Polymers
commonly used in microencapsulation techniques include
cellulose, chitosan, alginate, hydrolyzed starches, pectin,
proteins, polysaccharides, yeast cells, and vitamins (Shah-
bazi and Shavisi, 2019). The microencapsulation market
has recently expanded to include probiotic encapsulation,
multiple emulsions, cell electro-spinning, and spray chill-
ing, all viewed as future trends in the food and beverage
industry. Additionally, plant-derived food, animal-derived
food, and its additives are used in microencapsulation
(Alotaibi et al., 2019).

Microencapsulation has been used in plant-derived
foods to enhance their nutritional value. Research sug-
gested that adding the microencapsulated garden cress
seed oil prevented the oxidation of a-linolenic acid and
then enhanced the products’ shelf-life. Another study
reported the use of microencapsulated Garcinia cowa fruit
with whey protein in bread preparation. Alginate microbe-
ads have also been found effective in reducing fermenta-
tion, preventing bacteriophage contamination, and enhanc-
ing the sensory properties of organic food varieties.

Microencapsulated clove oil presents an alternative anti-
microbial additive for animal-derived food products. A low
concentration of 0.70% microencapsulated clove oil and
other additives were found to be effective in reducing mold
and spore formation, making it suitable for use in cooked
meat products. While nisin has antibacterial properties, it
was not freely available after 28 days at 4 °C. In addition,
microencapsulation technology has been widely employed in
dairy products, particularly in yogurt, to enhance the viabil-
ity of probiotics. This microencapsulation is achieved by
lowering the pH, inhibiting gastric juice production, prevent-
ing post-acidification, and releasing microbial cells in the
intestinal environment, which increases their bioavailability.
According to a study, Lactobacillus plantarum microencap-
sulated along with whey protein and gum Arabic through
complex coacervation demonstrated much greater viability
in mimicking gastric juice and higher rates of survival over
60 days of the preservation at 4 °C than nano-encapsulated
cells (Reineccius, 2017).

@ Springer

In the food and beverage organization, spray drying
has been established technique for microencapsulating
goods, including milk powder, starch, flavoring, oats, cof-
fee, and tea. Spray drying, freeze drying, and spray chill-
ing are the most often used procedures compared to other
approaches. In this method, the active materials are sus-
pended in water to form a slurry and then atomized at a
high temperature. Initially, the slurry forms micelles, which
transform into small droplets that eventually become solid
shells, preserving all their natural properties (Tumbarski
et al., 2019). The use of bacterial cellulose film containing
Lactobacillus acidophilus and Bifidobacterium animalis,
either free or microencapsulated with sodium alginate and
pectin, has been shown to have antifungal properties that
help preserve white brined cheese for up to 45 days. Of the
microencapsulated options tested, Lactobacillus acidophi-
lus encapsulated in sodium alginate was most efficient at
preventing Aspergillus niger growth in white brined cheese
over the 45 days. As a result, the bacterial cellulose film,
which contains microcapsules of Lactobacillus acidophilus
in alginate, was determined to be the better bioactive film
for preserving white brined cheese, making it an appropri-
ate and efficient bio preservative used to produce cheese
(Motalebi Moghanjougi et al., 2020). Table 3 summarizes
of LAB, its sources, target pathogens, and methods used in
this study.

Immobilization

Immobilization of preservatives has found widespread use
in various products, and modern techniques continue to be
developed to create various immobilized proteins with supe-
rior efficiency and utility (Chourasia et al., 2020). Products
that benefit from immobilized proteins such as confectioner-
ies, syrups, flavors, fruit beverages, milk products, yeasts for
baked goods, and whey lactose hydrolysates. The application
of immobilized proteins in the dairy industry is particularly
important, as many people are lactose intolerant and cannot
digest milk. Lactose hydrolysis, which results in lactose-free
milk, can be facilitated by immobilized lactase, which can
be used to address this issue. In addition to being employed
as biosensors to distinguish between different compounds
and regulate product quality, immobilized enzymes are also
utilized to manufacture fruit juice (Alotaibi et al., 2019).
They are also used in food packaging, a newly developed
method for increasing the quality and prolonging the life
span of packaged foods.

The present investigation analyzes the advantages and
requirements for using probiotic cultures as it explores the
utilization of probiotic bacteria to produce innovative food
items. This study also examines and assesses the potential
future effects of immobilization methods used in the food
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sector to increase cell viability. The most frequently con-
sumed probiotic-containing food items are fermented milk
and cheese; however yogurt, beverages, and soy products are
all becoming increasingly popular. The primary probiotics
found in fermented dairy products are Bifidobacteria and
Lactobacillus acidophilus. Other bacteria, including Ente-
rococcus, Streptococcus, Propionibacterium, and yeasts, can
also enhance human gut health, even though these strains
are frequently utilized for human food. As immobilization
supports, inorganic materials are not acceptable for intake
by humans or animals. Consequently, the research empha-
sizes using substances with non-digestible sugars to manu-
facture probiotic food (Motalebi Moghanjougi et al., 2020).

The movement limitations of bacteriocins have restricted
their use as bio-preservatives. Immobilization, however, is
a promising solution to this issue, as it involves the con-
finement of these antimicrobials within food-grade materi-
als, liposomes, and nanocarriers. One such approach which
incorporating the bacteriocins into polymeric packaging
systems, which provides a protective barrier and acts as a
bio-preservative. Liposomes made from neutral phosphati-
dylcholine have been found to be more effective than those
made from anionic phosphatidylglycerol. To ensure easy
handling and lower costs, choline recovery from lecithin
derived from soy, sunflower, and egg yolk is a viable option.
In addition to that, the mutli-walled carbon nanotubes with
nisin showed a sevenfold higher antimicrobial activity
against Staphylococcus aureus, Pseudomonas aeruginosa,
Bacillus subtilis, and Escherichia coli than the carbon nano-
tubes without nisin.

The positive outcomes observed in using immobilized
bio-preservatives compared to free ones have led to a grow-
ing interest in the immobilization of bacteriocins produced
by LAB as an innovative approach to quality improvement,
natural food preservation, and safety (Huang et al., 2020).
Recently, researchers studied the immobilization and freeze-
drying of bacteriocin-producing Lactobacillus plantarum to
explore its potential for bio-preservation of pineapple wine.
Especially in the food business, carbohydrases are often uti-
lized in industrial processes and products. These enzymes
enable the production of various types of sugar syrups, serve
as a sucrose substitute for improving the sensory properties
in juices and wines and reducing lactose in milk.

Ahmad et al. (2017) demonstrated that soybean cotyle-
dons immobilized with 2% NaOH, autoclaved at 125 °C for
15 min, and activated with 2.5% glutaraldehyde achieved an
immobilization efficiency of 97%. In another study, a poly-
lactic acid (PLA) film was produced using the extrusion-
casting method. Plasma treatment was carried out to create
carboxylic acid groups on the PLA film surface, followed
by the covalent addition of the antibacterial agents, nisin or
e-polylysine, to the modified film surface. The quality and
shelf life of fresh beef was determined to be improved by
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the antibacterial packing sheets that were produced. There-
fore, covalently immobilized antimicrobial packaging tech-
nology has the potential to revolutionize the field of food
preservation.

Likewise, the immobilization of soybean cotyledons was
adjusted with 2% NaOH, autoclaved at 125 °C for 15 min,
and actuated with 2.5% glutaraldehyde to provide immobi-
lization effectiveness of 97%. The film made of polylactic
acid (PLA) has been produced using the extrusion-casting
technique. After plasma treatment to create carboxylic acid
groups on the PLA film surface, the antibacterial agent nisin
or e-polylysine was covalently added to the modified film
surface. The antibacterial packaging films with covalent
immobilization positively impacted the shelf-life and qual-
ity of fresh beef. As a result, a covalently immobilized anti-
microbial packaging technology could be a revolutionary
means of food preservation.

Biopolymers

In ancient times, there has been a remarkable advancement
in the application of biopolymers as intelligent and active
polymer systems within the food industry. These biopoly-
mers have been effective in encapsulating micronutrients and
antioxidants within microparticles while also maintaining
food quality. The use of smart and dynamic biopolymers
in food quality monitoring systems and microparticles can
potentially increase the nutritional content and shelf life of
food items (Chiralt et al., 2020).

Producing biopolymers involves multiple steps that
require expertise and a thorough understanding of their
behavior during preparation. Depending on the process-
ing pathway, biopolymers can be processed into a range of
products, including packaging films, coated paper, plates,
glasses, and cutlery. The first step in processing any biopoly-
mer involves melting the biopolymer blend through casting,
extrusion, or blow molding (Ataei et al., 2020). Biodegrad-
able polyesters are currently the most dominant materials
used in food packaging, which are readily available through
standard procedures. These materials are used in mon-
olayer and multi-layer applications within the food packag-
ing industry. Among the most widely used thermoplastics
are effective biopolymers, such as starch, polyhydroxyal-
kanoates, and polylactic acid, obtained from natural or
genetically modified sources.

Fruit softening is a significant issue that requires atten-
tion. The degradation of pectin by enzymes such as pec-
tin methylesterase and polygalacturonase leads to cell wall
disintegration and methanol production. Thiol-containing
substances, another group of active agents, are ineffective
in restraining polyphenol oxidase enzymes (Ananda et al.,
2017). Furthermore, silver nanoparticles have garnered a
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lot of interest in the production of biodegradable polymers.
Coating dried silver nanoparticles have increased the shelf
life of apples and sapota by 25 days. In another study, chi-
tosan coating impregnated with nano silver showed anti-
fungal properties against the significant pathogen Botrytis
cinerea and was applied to strawberries, resulting in effec-
tive outcomes (Krasniewska et al., 2020).

Biodegradable coatings have been developed to protect
fruits and vegetables from spoilage caused by microorgan-
isms. Chitosan-coated natural products exhibited only 10%
contamination, while non-coated ones had a 90% contami-
nation rate. Additionally, chitosan and silver nanoparticles
coating on fresh-cut melons were effective in inhibiting
the growth of various microorganisms such as mesophiles,
psychrophiles, enterobacteria, yeasts, and molds (Kumari
et al., 2021). Alginate coated with silver nanoparticles also
increases in the shelf life of mushrooms by preventing the
development of mesophilic, psychrophilic, pseudomonas,
yeasts, and molds. Researchers have additionally observed
how the microbiological condition of kinnow mandarin at
various temperatures can be influenced by coatings derived
from guar gum and carboxymethyl cellulose, both of which
contain silver nanoparticles. Hence, modifying biopolymers
with silver nanoparticles, chitosan, and alginate can alter
the structure of the edible film and improve its physical and
mechanical properties while also providing antimicrobial
properties (Shankar and Rhim, 2018).

A study utilized Aspergillus niger to produce chitosan,
which was subsequently used to generate nano chitosan
(NCt) particles. The deacetylation rate of the chitosan was
88.7%, and its molecular weight of 24.5 kDa, with 98%
soluble in dilute acetic acid. The NCt particles ranged in
size from 35 to 65 nm. Edible coating films were created
using chitosan, nano chitosan, pomegranate peel extract,
and composites. These films were tested for their antifungal
properties against mycotoxigenic fungi, such as Aspergillus
ochraceus, Aspergillus flavus, and Fusarium moniliforme
(Luong et al., 2021). The combination of NCt and antifungal
films successfully controlled the fungal growth of date fruits.
After 48 h of coating, the most effective films were found to
be NCt+ extract and Cts+ extract-based films, which fully
inhibited the growth of fungal spores on date fruits (Alotaibi
et al., 2019).

Renewable edible films have become increasingly impor-
tant in response to the environmental challenges posed by
plastic materials. Sodium caseinate is a promising material
for this purpose due to its excellent mechanical properties,
strong air barrier properties, and high nutritional value.
Listeria monocytogenes is a well-known food-borne patho-
gen that causes food spoilage and human illness. To combat
this, Lactobacillus casei PTCC1608 was directly added to
the film-forming solution to provide biopreservation. The
bio-caseinate film was found to have the highest survival

rate of Lactobacillus casei 1608 on the eighth day of cul-
ture, while the bio-methyl cellulose film had the highest
inhibitory effect on the growth rate of Lactobacillus innocua
10,799 on the fourth day of the 12-day study period, accord-
ing to data presented by (Li et al., 2015).

Bacteriophage

Bacteriophages have a wide range of potential uses in
the food business, such as bio-preservatives, antibiotics
for human beings, and instruments for detecting harmful
microbes throughout the food chain. These viruses infect
and lyse bacterial cells, offering several benefits for bio-pres-
ervation, such as safety, high specificity and activity, neg-
ligible impact on the intestinal microbiota, harmlessness to
mammalian cells, auto-replication, and effectiveness against
biofilms. Additionally, bacteriophages are genetically con-
trollable and flexible for use across different environments,
aiding pathogen detection. In the food industry, bacterio-
phages can be used to reduce colonization and illnesses
in livestock, and sanitize carcasses and raw products like
fruits and vegetables. As natural preservatives, clean equip-
ment, and contact areas also help manufactured products
endure longer shelf-life.

Bacteriophages have emerged as a potential solution
to combat food-borne pathogens in the food industry,
with applications in primary production, bio-sanitization,
and biopreservation (Moye et al., 2018). Biopreservation
involves the direct application of bacteriophages to food
products to extend their shelf life. The European Food
Safety Authority and the USFDA have approved using bac-
teriophage mixtures in the agri-food sector. Studies on food
preservation using high hydrostatic pressure have shown
promising results when combined with lysins. The use of
lysine-secreting recombinant bacteria is another promising
approach to introducing bacteriophages to food. Bacterio-
phages can be used pre-harvest or post-harvest, and there
is growing interest in utilizing lytic phages as biocontrol
agents. Some companies have already started contributing
to phage innovation to combat pathogens in food. Bacterio-
phages offer a “green” technology to address food-borne
microbes and have multiple potential applications in the food
industry (Potaska and Sokotowska, 2019; Moye et al., 2018).

Phages have emerged as a promising and safe biopreserv-
ative for food products as they specifically target bacterial
pathogens without affecting natural commensal microbes
present in the gastrointestinal tract of humans and animals.
Listeria monocytogenes is a significant cause of food-borne
illness, commonly associated with fresh or minimally pro-
cessed meals and processed foods stored at low tempera-
tures. Due to its high fatality rate, Listeria spp. is consid-
ered an essential pathogen. A combination of bacteriocin
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nisin and a phage cocktail was used to control Listeria sp.
on fresh, sliced apples and melon, demonstrating the poten-
tial for phages to be used as a biocontrol agent against this
pathogen (Chang, 2020). Phages have also been successfully
encapsulated in alginate capsules, allowing for extended
storage periods at low temperatures without loss of potency
(Gouvéa et al., 2016). In addition, using bacteriophages in
refrigerator trays has been shown to reduce the availability
of Salmonella typhimurium in the environment, thus extend-
ing the shelf life of refrigerated foods (Yan et al., 2021).
Phages have generally shown potential in managing food-
borne infectious agents and prolonging the shelf life of food
goods, making them an essential tool in the food sector.

Bacteriophage lysins have gained attention as possible
antibacterial drugs because they break down bacterial cell
walls in recent years. Broad lytic spectra against Staphy-
lococcus aureus, especially Methicillin-resistant Staphy-
lococcus aureus (MRSA), have been observed for one of
the lysines, LysGH15. It has been demonstrated to be effec-
tive against MRSA and six other S. aureus strains. Addi-
tionally, LysGH15 has shown potential biocontrol efficacy
in foods high in salt, whereas CHAPLysGH15 has been
reported to be efficient in meals low in salt. These lysins
have specifically been employed in animal flesh and Chi-
nese bacon, with CHAPLysGH15 being used for pork and
LysGH15 for bacon. MRSA was significantly reduced by
using these lysins, going from 104 to 0 CFU/cm? (Gonzalez-
Menendez et al., 2018) strengthening the potential in the
food industry as biocontrol agents.

Endolysins

By focusing on bacterial pathogens and prolonging the shelf
life of food items, bacteriophage-encoded endolysins have
become effective antibacterial agents in the food sector. In
order to develop variations with a more extensive activ-
ity range against common infectious agents, including
Staphylococcus aureus, Salmonella sp., Escherichia coli,
Listeria monocytogenes, and Clostridium spp., these kinds
of enzymes were additionally employed in DNA shuffling
and protein engineering techniques (Song et al., 2019).
Endolysins can operate as a strong antibacterial agent by
dissolving the peptidoglycan of gram-positive bacteria, and
disruption of cell walls happens when administered to the
bacterial cell. With the help of cytoplasm, the holin protein,
which assists the endolysin to get to the cell wall, aids in the
release of the phage offspring. Endolysins have been demon-
strated to function as biocontrol agents in the food business,
notably in the dairy sector. One illustration of the innovative
theories and techniques being explored in this area involves
the staphylococcal phage endolysin LysHS5. Endolysins
provide a novel method for preventing the development of
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antibiotic-resistant bacteria, which is a growing challenge in
the food sector. Apart from acting as an antibacterial agent
in food industries, endolysins can also remove biofilms on
the surfaces of utensils. Biofilms are a collection of microbes
that stick to moist surfaces and can reproduce, leading to
food decay. Endolysins effectively break down the biofilm,
destroying the targeted bacterial pathogens. The cell wall-
binding domain, a functional domain of lysins from gram-
positive backgrounds, guides endolysins to specific cell
wall-associated ligands and identifies bacterial pathogens.
Meanwhile, the enzymatically active domains provide the
necessary enzymatic activity to cleave the peptidoglycan
layer.

In food processing equipment, as well as in the food itself,
biofilms can form and harbor pathogenic bacteria, which
endolysis can effectively target. Endolysins typically contain
one or two enzymatically active domains at their N-terminal,
which cleave the bonds in the bacterial peptidoglycan. A cell
wall-binding domain recognizes and binds to the host bacte-
ria at the C-terminal end. The use of endolysins has become
increasingly relevant due to the significant economic losses
incurred by the food industry in the USA caused by food-
borne pathogenic bacteria, which endolysins can effectively
combat. As a result, endolysin-based techniques have gained
recognition as novel food antimicrobials, effectively manag-
ing outbreaks of food-borne diseases (Shannon et al., 2020).
When tested, carvacrol has been shown to have a synergistic
effect with LysSA97, which can provide a broad application
in the food industry when combined with other endolysins.
This has been demonstrated by the inactivation of Staphy-
lococcus aureus in skim milk through the synergistic effect
of endolysin and carvacrol, which was more effective than
whole milk (Huang et al., 2020).

Endolysin Lysdb has a muramidase domain and cata-
lytic site, which shares homology with Chalaropsis-type
lysozymes. Lysdb cleaves the 6-O-acetylated peptidoglycan
found in the cell wall of Staphylococcus aureus due to its
specific peptidoglycan hydrolytic bond specificity. The effi-
cacy of Lysdb in lysing living cells of Staphylococcus aureus
is demonstrated under mesothermal and acidic conditions,
making it a widely used enzyme in the cheese manufacturing
industry. In this context, the engineered strain Lactobacillus
casei BL23 provides Lysdb to act against Staphylococcus
aureus, reducing 105 folds compared to raw milk. There-
fore, Lysdb has great potential to prevent Staphylococcus
aureus and food-borne spoilage bacteria in cheese produc-
tion, resolve dairy industry and animal health issues, and
ensure milk safety and quality (Guo et al., 2016). Purified
endolysins can either be produced and released by ferment-
ing bacteria like Lactococcus lactis or Lactobacillus spp.,
or directly added to food items. Before employing endolysin
in foods and food-processing plants, assessing their stability
and safety is crucial.
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In this review, the possible applications for endolysins
in food processing have been discussed. A putative endoly-
sin gene discovered from the Bacillus cereus phage BPS13
genome and expressed in E. coli was used to make one of
these new endolysins such as LysBPS13. The higher lytic
activity of LysBPS13 against B. cereus ATCC 10876 sug-
gests that it may be used as a decontaminant in food process-
ing applications. The dairy industry has also shown interest
in using endolysins to manage the maturation of cheese. For
instance, extracellular hemolysins and muramidase isolated
from Lactobacillus delbrueckii phage can disturb the cell
wall preparations of different subspecies of L. delbrueckii,
providing activity against specific microbes. Despite facing
certain legal and logistical challenges, the future of endoly-
sin treatment looks promising with the introduction of engi-
neered "next-generation" lysins.

Ozonization

Over the years, various food preservation technologies have
emerged, but the focus has now shifted to ozone as a potent
antibacterial agent that meets the needs of the food industry
and is accepted by food regulatory bodies and consumers.
Ozone can eliminate unwanted microorganisms, bacterial
spores, and viruses at low concentrations and within a mini-
mal time frame. As a result, it is regarded as one of the
most potent compounds for water treatment and an efficient
antibiotic and disinfection agent. Ozone has been considered
an ideal method for the food processing sector, given such
exceptional properties, capable of producing high-quality
food products. The US FDA has granted the ozone technique
GRAS status, as it is capable of destroying a broad range of
microorganisms, such as bacteria, viruses, yeast, parasites,
and fungi in the food sector due to its pro-oxidant proper-
ties (Abouloifa et al., 2022). The effectiveness of the ozone
technique is expected to be higher against gram-negative
bacteria. Ozone has various applications and can be benefi-
cial for food preservation, sanitization, and product safety.
The dose of ozone used varies depending on the product's
chemical composition. For instance, fresh meat requires a
higher amount of ozone due to its high-fat content, whereas
fruits and vegetables require less due to their low-fat and
high-carbohydrate content. The meat’s shelf life depends
on the microbial population’s number and diversity. The
meat contamination usually results from microorganisms
such as Campylobacter spp., Salmonella spp., L. monocy-
togenes, and pathogenic E. coli during slaughtering, han-
dling, storage, and distribution.

In the fresh food industry, acid-tolerant Salmonella spp.,
Listeria monocytogenes, and Escherichia coli, as well as
microbes resistant to preservation factors, have been identi-
fied as a severe problem. Precut fruits and vegetables are

especially prone to contamination by S. javiana, S. monte-
video, and S. poona. Ozone has demonstrated the ability to
inactivate various microorganisms, including bacteria, bac-
terial spores, molds, yeasts, protozoan cysts, and viruses,
with low concentrations and brief exposure times. Ozone has
been applied to almost every type of food to enhance safety
and prolong shelf life. However, the effectiveness of ozone
in disinfecting food contaminants varies depending on the
type of microflora present. In some cases, ozone reduced
food microflora by over 5 log units. The United States FDA
has granted the ozone technique GRAS status, making it a
safe and useful tool for the food industry.

Ozone has effectively reduced microbial pathogens
and pesticide residues, such as azinphos-methyl, captan,
formethanate-HC1, and ethylene thiourea, on fresh food
products. This approach also helps to decrease the accu-
mulation of inorganic waste in the environment. Ozone is a
desirable, environmentally friendly sanitizer due to its rapid
decomposition to oxygen and lack of toxic residues. Among
the various techniques for food biopreservation, ozone treat-
ment has distinct advantages, particularly for decontamina-
tion. This approach is characterized by short treatment times,
the absence of residues, and reduced energy requirements,
with no significant economic challenges except for the sup-
ply of power and filling of oxygen cylinders. In recent bio-
chemical studies, it has been observed that ozone treatment
has no adverse effect on the quality of seafood products
and improves the shelf life of cauliflower under modified
atmospheric conditions (Fasake et al., 2022). Intermittent
ozonation has been identified as an efficient method of ozone
delivery in freezing chambers. In addition, ozone pretreat-
ment followed by pasteurization has effectively eliminated
Cronobacter sakazakii from milk. In cheese production,
ozone has been found to maintain the physicochemical
properties of cheese, and ozonated water has been observed
to partially disinfect microbes in mozzarella cheese (Bro-
dowska et al., 2018).

Future prospects of bio-preservatives
in food preservation

Despite the various advancements in the food industry,
microbial spoilage continues to cause significant financial
and food losses. Therefore, upgrading existing technolo-
gies is critical. In the future, research can focus on the
direct application of bacteriocins infusion into food mate-
rials rather than just packaging. The bacteriocins’ shelf life
and stability can be improved by using nanoencapsulation
technology. Milk fermentate-derived powders could also
be used as a cost-effective means of introducing bacterioc-
ins into milk-based foods. Genetic research on bacterioc-
ins will continue to pave the way for its applications. The
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ability to overproduce bacteriocins could make it a more
cost-effective option. Further research into the prevalence
of natural bacteriocin genetic strains in retail foodstuffs
and toxicological considerations could provide more evi-
dence for the safe utilization of bacteriocins in the food
chain (Krivorotova et al., 2016).

In recent years, nanotechnology has been increasingly
utilized in the food industry for various purposes, includ-
ing tracking, tracing, and monitoring food quality, detect-
ing toxic proteins, and developing packaging materials
using carbon nanotubes (Bouarab Chibane et al., 2019).
Additionally, there has been an increase in the desire for
natural biopreservatives, and studies are currently being
conducted to determine how well polyphenols and flavo-
noids are utilized to preserve food (Gutierrez-del-Rio et
al., 2018). The combination of phages and endolysins
has also shown great potential in food preservation, as
they exhibit high specificity in targeting only undesirable
food-spoiling pathogens. Additionally, endolysins can pre-
vent the formation of biofilms in the food processing area
(Afsah-Hejri et al., 2020). The bioengineering of altered or
novel endolysins is another promising avenue for develop-
ing effective tools for killing or detecting germs, as these
enzymes’ modular or globular structure presents unique
engineering possibilities. Furthermore, the utilization of
biopolymers in processed food packaging products has
shown great potential for the food preservation industry.
To meet the vast need for novel preservation methods in
the food processing industry, further research requires
funding from both public and private collaborations.

A significant conclusion drawn from this review is the
need to move away from traditional disinfectant methods
due to their harsh impact on food and the use of chemical
preservatives with potential long-term consequences. New
techniques such as bacteriocins, bacteriophages, biopol-
ymers, LAB, ozonation, and endolysins have emerged
as alternative preservative methods. In addition, using
smart packaging and modified atmosphere packaging has
expanded the range of preservation methods. Immobiliza-
tion strategies have helped to overcome the limitations of
bacteriocins and made them effective as alternative disin-
fectants. However, non-thermal methods have their limita-
tions as food preservatives and are often combined. Bacte-
riophages have become popular due to their natural origin
and multifunctional benefits in food preservation. Preserv-
atives in packaging materials are also gaining momentum
in the industry. The review provides a brief overview of
various materials and approaches used in the inhibition
of the microorganism growth that cause food spoilage.
Endolysins have been found to be effective as biopreserva-
tive agents, particularly in eliminating biofilms. While pre-
serving food is crucial, it is essential to identify and study
sustainable and effective biopreservative agents.
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