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Now, in this lecture today, which is lecture 42, we will talk about the chemical and bio-
preservation of foods.

 ——

* Chemicals as food preservatives
v Approved list
* Mechanism of antimicrobial action of chemical preservatives
« Limitation of using chemical preservatives
v' Factors affecting antimicroblal activity of a chemical preservative
* Biological preservation

v Use of microorganisms and bacteriocins

We will discuss chemicals as food preservatives, what the various approved lists are, and
then the mechanism of antimicrobial action of chemical preservatives. Limitations of using
chemical preservatives, like the various factors that affect a chemical preservative's



antimicrobial activity. And then finally, we will talk about biological preservation, where
the use of microorganisms and bacteriocins to preserve food will be discussed.

Chemical preservative

* A chemical preservative can be defined as a substance that is capable of inhibiting,
retarding, or arresting microbial spoilage, fermentation, acidification or other
decomposition of foods.

* Criterion for chemical preservative

¥ Non toxic and suitable for application

v Must not impart off Bavors when used at levels effective in controlling
microbial growth

¥ Readily soluble

v Exhibit anti microbial properties over the pH range

¥ Economical & practical to use.

v It should have quality to be tested under actual conditions of
manufacture.

Must be degraded or metabolized In a non toxic way

So, what are chemical preservatives? In an earlier class, when we discussed food additives,
we discussed functional food additive applications, and these chemicals can be added to
food to improve certain functional characteristics. At the same time, certain chemicals
extend the shelf life of food. So, those chemicals are used for food preservation, and
accordingly, the method where chemicals are used to inhibit, retard, or arrest microbial
growth, fermentation processes, acidification processes, or some other decomposition of
food is known as chemical preservation of the food. Criteria for a chemical to be used in
food as a preservative means that it should be non-toxic. The chemical should be non-toxic
and suitable for application in food. Also, the chemical must not impart off-flavour when
used at low levels, which is effective in controlling microbial growth. The chemical
obviously should be readily soluble, exhibit antimicrobial properties over the pH range of
the food, be economical and practical to use, have the quality to be tested under actual
conditions of manufacture, and, more importantly, it must be degraded. degraded or
metabolized in a non-toxic way. This means that while providing its preservative action, it
should not lead to the development of any toxic metabolites.

So, here you see the characteristics of antimicrobial chemical preservatives. A chemical
may be bacteriostatic, bactericidal, or it may be bacteriolytic. After a certain point, you can
see this bacteriostatic effect here, where the total viable cell count becomes stationary.



* Characteristics of antimicrobial chemical preservatives
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But in the bactericidal case, when the chemical is applied, you see, after a certain point,
there is a decrease in the viable cell count. So, that becomes bactericidal. Bacteriolytic
means that the total cell count, as well as the viable cell count, decreases after a certain
time. These chemicals, particularly those used as antimicrobial agents, have another very
important characteristic: they should be effective at lower concentrations. So, there is a
concept of minimum inhibitory concentration, which is the lowest concentration of a
chemical that prevents the visible growth of bacteria.

* Considerations lor use of chemical preservatives in food

* Health concerns: There are concerns about the potential long-term health effects of
consuming certain chemical preservatives, Including possible links to cancer or other
health issues,

* Regulations: Chemical preservativ e subject to strict regulations and must be uss

hin approved Hn

* Nutrient loss: Some chemical preservatives can interact with nutrients in food,
potentially Jeading to nutrient loss or altered nutritional profiles.

» Stability issues: The effectivencss of e preservatives can be influenced

ueh as temperature, lght, und pl

* Chemical interactions: Preservatives can interact with other ingredient
causing unintended chemical reactions or altering quality.

So, the consideration for using chemical preservatives in food involves various health
concerns; the chemical should not impart any undesirable health effects, and it should not
have any potentially long-term health effects on the consuming person. Consuming certain
chemical preservatives, including possible links to cancers and other health issues, etcetera
IS a concern. So, using chemicals should not pose any risk to the consumer’s health. Thus,
chemical preservatives are strictly regulated and must be used within the approved limits.



Then, there are certain chemicals which can be used as a preservative. They can interact
with certain nutrients in the food, and this interaction may sometimes lead to loss of the
nutritional value or nutritional profile. So, that is another concern one should take care of:
the chemical should be such that it does not result in any loss of nutritional value. It should
be stable; that is, it should be effective, and the effectiveness of some preservatives can be
influenced by factors such as temperature, pH, light, etc. So, that chemical which is used
in the food as a preservative should have stability over the various factors, that is,
temperature, light, etcetera, and it should not get so that it gives the maximum result
benefit, and then chemical interactions | already talked about, that is the altering the quality,
etcetera; these chemicals should not influence them. They should not encourage inter-
ingredient interactions, etcetera, in such a way that lowers the quality.

* Advantages of the use of chemical preservatives

¢ Extended shell life: Preservatives help food last longer, reducing food waste and allowing
for more flexible storage and transportation

o Safety: By prever the g th of harmh

o Quality maintenance: They help in maintaining the flavor, texture, and nutritional
value of food over time

* Convenience

* Economic value: Reducing spollage and extending shelf life contribute to cost
savings for both producers and consumers

o Reduced need for

So, obviously, the advantage of using a chemical preservative is an extension in the shelf
life; sometimes, you can get that by preventing the harmful microorganisms, we preserve
or reduce the risk of foodborne illness. So, food becomes safe; it might improve the quality
of the food and result in convenience, like preserved foods are often more convenient for
consumers. It may, by preserving the food by reducing the spoilage and extending the shelf
life, contribute to the cost savings for both the producers and consumers. So, it results in
the economic value benefits, etcetera. And obviously, that is, it may reduce the need for
refrigeration, etcetera, that is by, there are certain examples where you can, instead of going
for refrigeration, you can use certain chemical preservatives, that is, but once again, one
should be very careful while using these chemicals to replace the physical methods,
etcetera.



* Mechanism of action of chemical preservatives

* Chemical preservatives Interfere with the cell membrane of micro-organisms, thelr
enzymes, or their genetic mechanisms.

* Working mechantsm difter for different preservatives, however major preservatives

wurk on the principle of

¢ Antimicroblal action: Preservatives kill or inhibit the growth of bacteria,
yeast, and mold

Antioxidant actvity: T} prevent oxidat

* Acidification: Lowering the pH of food to create an environment
that inhibits microblal growth

v Water activity reduction: Reducing molsture or hind wate

bial growth a

Then, the mechanism of action of a chemical preservative. The chemicals used for
preservation purposes interfere with the cell membrane of microorganisms. There are
microbial enzymes present inside the membrane; they are active and interfere with and are
regulated by these chemicals, and the genetic mechanism of the cell is influenced and
affected. So, the working mechanism may be different for different preservatives.
However, the major preservatives work on the principle of antimicrobial actions; that is,
they kill or inhibit the growth of bacteria, yeast, and moulds. They have antioxidant
activities; they prevent oxidation, which causes rancidity. They lower the pH of the food
to create an environment that inhibits the growth of microorganisms and also chemicals
like salt, sugars, etcetera. They reduce the moisture or bind certain moisture in the food,
lowering the water activity or raising the product's osmolality, resulting in lower microbial
growth. So, these are, you can say, the mechanisms of ideal chemical preservatives, as |
have already discussed.

The action of sorbates like potassium sorbate, if used in an aqueous solution, produces
sorbic acid, and the sorbic acid interferes with the cell materials in the enzyme inactivation,
resulting in spore inactivation, cell disruption, etc., and ultimately, cell death. Similarly,
potassium, sodium sulfite, etc., also produces sulfur dioxide, and the resulting interaction
leads to cell death.
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As discussed in the earlier class, antioxidants interfere with the free radical chain
mechanism, converting free radicals into non-radical products, thereby reducing their
activity.

QO Classification of chemical preservatives

Types of chemical preservative
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So, the different classes of chemical preservatives can be divided into two major categories:
Class I chemical preservatives and Class Il chemical preservatives. Class | preservatives
include mostly natural preservatives like salt and sugars. They are further developed by
acid, alcohol, oil, spices, etcetera. One important thing is that there is no control or limit to
using class | chemical preservatives in food. It is the will and wish of the manufacturer to
use them. However, the class Il chemical preservatives include those listed, such as
antimicrobial agents, acidulants, antioxidants, etcetera. Mostly, they are synthetic or
synthesized chemicals. Antimicrobials have a broad spectrum and require a small
concentration. Similarly, acidulants and antioxidants act on cell membranes. Antioxidants
reduce ROS and inhibit chemical reduction.



* (Class | preservatives

* Class | preservatives refer to natural substances used in food preservation to extend shelf life
and maintiin safety by inhibiting microblal growth or chemical spoilage.

* These preservatives include ingredients commonly found in everyday food preparation

* They are considered natural compared to Class |1 (synthetic) preservatives.
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* Salt when added to food get dissociate into lons which when comes in
contact with microblal cells interfere with cell membrane followed by

penctration into cell and acting on cell with different mechanizms.

So, the class | chemical preservatives, as | already told you in the last slide, refer to the
natural substances used in food for preservation purposes. These preservatives include
ingredients commonly found in everyday food preparations. They are considered a natural
compound compared to class I1, which is synthetic. So, you can say the common salt in the
aqueous solution, which we put as the macrinia voxel if you look at the common salt. So,
it dissociates into sodium ions and chloride ions, and these sodium ion and chloride ions
interfere with the cell and may cause the cell to. So, when added to food, salts get
dissociated into the ion, which comes in contact with microbial cells and interferes with
the cell membrane, followed by penetration into the cell and acting on the cell with a
different mechanism. So, similarly, the various chemicals we use either in the similar way
they interact with the cell, another plant cell, a microbial cell, etcetera and have their effect.

= Common types of class | preservatives

* Sugar/honey: Lowers water activity, causes leaching, kills microbial cell, increase
concentration.

* Salt; Lowers water activity, increase asmotic pressure, causes leaching, Interfere with
respiratory mechanism, increase CO, sensitivity, toxicity due to Na and Cl like jons

* Acids: Lowers the pH, aggregate on cell membrane, interfere with nutrient transport,
Interfere with enzymes, damage cell organelles, cell lysis.

* Essontial olls (Rosemary, thyme, oregano, and garlic olls): Antimicrobial and
antioxidant compounds, interact with cell mombrane peptides, interfere with
nutrient transport, interfere with enxymes, cell lysis.

* Alcohol: Interfere with proteins in cell membrane, enzymes and other
mechanisms.

* Spices: Compounds interfere with cell membrane proteins, enzymes and
DNA, e.g eugenol- clove, curcumin- turmeric, allicin- garlic

So, a common class of class 1 preservatives include sugar or honey, salt, and acids. Then
essential oils like rosemary, thyme, oregano, garlic, etcetera, alcohol, and spices are also



important. Like sugars and honey, all these lower water activities cause leaching, Kkill
microbial cells, and increase concentration. Salt again lowers water activity; it increases
carbon dioxide sensitivity, and its toxicity due to sodium and chloride-like ions, etcetera,
might be present. Toxicity to the microbial cells. Then, acids lower the pH and aggregate
the essential oils from spices, etcetera, on the cell membrane. They have antimicrobial
activity. They contain antioxidant compounds, so they interfere with the cell membrane
peptides, interfere with nutrient transport, and may cause cell lysis. Alcohol also interferes
with the proteins in the cell membrane. Spice-like compounds present in spices interfere
with the cell membrane profiles, enzymes, DNA, etc. For example, eugenol in clove,
curcumin in turmeric, and allicin in garlic, etcetera, have antimicrobial or even antioxidant
properties.

» Class |l Preservatives

* Class If preservatives refer to synthetic or chemical substances used 1o inhibit the growth
of microorganisms and extend the shelf life of food products

¢ These preservatives are effoctive ARRinst large spectrum of MICroorganisms

* Due to possible toxicity, Class Il preservatives are subject to strict regulation and approval
to ensure food safety and applicability
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produced by some strains of lactic achd bacteria are also considered a

type || preservatives

Class Il preservatives are synthetic or chemical substances. These preservatives are
effective against a broad spectrum of microorganisms. Due to possible toxicity, Class 1l
preservatives are subject to strict regulations and approval to ensure food safety and
applicability. There are legal control and their levels of how much this would be used,
which class Il preservatives should be used in a portion of food, and in what concentration
that is all is regulated and concerned regulatory agency of the country’s approval is required
should be taken for use. So, class Il preservatives can be used for microbial control, such
as antimicrobial agents and acidulants, or they can be used for reaction control, such as
antioxidants, chelating agents, etc. These antimicrobial preservatives, like bacteriocins
produced by some strains of lactic acid bacteria, are also considered type Il preservatives.



* Common types of class Il preservatives
* Sorbates [Potassium sorbate }: Inhibits the growth of mold, yeast, and some bacteria,
Commanly used in baked goods, beverages, and cheeses.

* Benzoates (Sodium benzoate): Prevents the growth of bacteria and fungl. Often found in

acidic toods like soft drinks, pickdes, and sauces

* Sulphites (Sulfur dioxide): Acts as an antioxidant and antimicrobial agent, Used in dried
fruits, wines, and some processed foods to prevent browning and spoilage.

* Nitrates and nitrites (Sodium nitrate / nitrite): Inhibit bacterial growth and
maintain color and flavor in cured meats like bacon, bam, and sausages

* Proplonates (Calclum proplonate ) Prevents mold and some bacteria.
Commonly used In bread and baked goods.

* Phasphates (Sodium phosphate ): Enhance texture and moisture retention
Used In processed meats and cheese

* Butylated hydroxyanisole [BHA), Butylated hydroxytoluene (HHT): Act

as antioxidants to prevent the oxidation of fats and olls, Found in cereals,

snacks, and packaged foods.

So, a common class of type 2 preservatives include sorbets, which are popularly potassium
sorbets and inhibit mould, yeast, and some bacteria growth. It is commonly used in baked
goods, beverages, and cheeses. Benzoate, like sodium benzoate, prevents the growth of
bacteria and fungi used in acidic foods like soft drinks, pickles, and sauces. Sulfites like
sulfur dioxide act as antioxidants and antimicrobial agents. It is used in dried fruits, wines,
and some processed foods to prevent browning and spoilage. Nitrites and nitrates like
sodium nitrite, sodium nitrate, etcetera. They inhibit bacterial growth and maintain colour
and flavour in cured meats like bacon, ham, sausage, etc. Propionates like calcium
propionate prevent mold and some bacteria. They are used in bread and baked goods. For
example, sodium phosphate enhances texture and moisture retention. It is used in processed
meat and cheese. Then, butylated hydroxyanisole or butylated hydroxytoluene act as
antioxidants and are used extensively to preserve oils, fats, and such products.

* Some important chemicals permitted as antimicrobials by international

regulatory agencies

¥ Alkyl esters of p-hydroxy benzole
acld (Parabens; methyl, ethyl,
propyl, butyl & heptyl)

v Acetic acids & acetate salts,
diacetates & dehydro acetic acids

¥ Benzolc acids & benzoate salts

v Dimethyl/ Diethyl dicarbonate

¥ Lactic acids & lactate salts

v Lysozyme

¥ Natamycin

v

Nisin

¥ Nitrites & nitratyes

v Phosphates

¥ Propionic acids &
proplonate saits

v Sorbic acids & sorbate
saltx «

v Sulfur dioxide and
sulfite derivatives

v Medium chain fatty
acids and esters




So, some of the important chemicals permitted as antimicrobials are permitted as
preservatives by international regulatory agencies, including alkyl esters of para-
hydroxybenzoic acids, acetic acid and their salts, benzoic acid and their salts, dimethyl or
diethyl dicarbonates, lactic acid and their salts. lysozyme, natamycin, nisin, nitrites and
nitrates, phosphates, propionic acids and propionate salts, sorbic acids and sorbate salts,
sulphur dioxide and sulphide derivatives, and medium-chain fatty acids and esters. So, this
is a list, but this list is exhaustive. These are the major ones that international regulatory
agencies have approved for using the chemicals as antimicrobial agents.

* Some important chemicals permitted as food preservatives by FSSAI

* Antimicroblal * Antioxidants * Acidulants * Chelating Agents
v Sodium ¥ Butylated v Citric acid v Ethylenediaminetetra
benzoate hydroxyanisole v Acetic acld acetic acid (EDTA)
v Potassium (BHA)
sorbote v Butylated
v Calclum hydroxytoluene * Other preservatives

- BHT ;
proplonate (BHT v Lactic acid

7 S, ¥ Ascoriic sl v Propionic aci
v Sodium nitrite [Vitamin C)

v Sulfur dioxide ¥ Tocophemls

¥ Sarbic acid ‘ (Vitamin E)

v Bernzoic acid v Propyl gallate

So, some of the important chemicals which are proven and permitted to be used as food
preservatives by the FSSAI (Food Safety and Standards Authority of India) and that is in
the antimicrobial category: sodium benzoate, potassium sorbate, calcium propionate,
sodium nitrate, nitrite, sulphur dioxide. acid, sorbic acid, and benzoic acid; in the
antioxidants like BHA, BHT, vitamin C, vitamin E, and propyl gallates; acidulants like
citric acid and acetic acid; chelating agents like EDTA,; other preservatives like lactic acid
and propionic acid. Again, the list is exhaustive, and many times even if the list is not
included, the manufacturer can go to the FSSAI with the required relevant data, and they
can consider it for inclusion in the preservative list.

So, the factors affecting the antimicrobial activity of a chemical preservative are again here,
such as Preservative properties like solubility and toxicity of the chemical. Then, microbial
factors like microbial inherent resistance to preservatives, that is, initial microbial load, the
growth rate and phase of the microorganism, and how it is affected by the presence of the
chemical in the food.



O Factors affecting antimicrobial activity of chemical preservatives

Important factors
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of food ¥ Gas compositian

¥ Stress reaction of microorganisms

¥ Homwostasis ability of
Macroarganisms

¥ Use of additional preservative
methods

Then, the stress reaction of the microorganism, the homeostasis ability of the
microorganism, is how the microorganism can act and manage itself against those stresses
created by the microorganism. The use of additional preservative methods, intrinsic factors
of food like the food's pH, water activity, and extrinsic factors: storage time, temperature,
gas composition, and so on.

Foactors alffecting aotinecrobial activity of chemical presesvatrves [Lontd...)

« Concentration: Higher concentrations of preservatives generally increase antimicrobial
effectiveness. However, exceeding certaln limits can affect foed safety and quality,

« pH Level: Pressrvatives like benzcates and sorbates are more effective in

witlons and ) ellective as pH becnn neutral or alkalin

* Water activity: Preservatives like salt and sugar work by reducing water activity,
Higher water activity in food can dilute the preservative's effectiveness.

* Temperature: Temperature can influence the solubllity and effectiv

So, the concentration means a higher concentration of preservatives generally increases the
antimicrobial effectiveness. However, exceeding the concentration may exceed the limit
under the regulation, and it can affect the safety and quality of the food. So, one has to be
careful. Then, pH levels of preservatives like benzoate and sorbets are more effective in
acidic conditions and less effective as pH becomes more alkaline or even neutral. Then,
preservatives like salt and sugar reduce the water activity; higher water activity in food can
dilute the preservative's effectiveness. Temperature can influence the solubility and
effectiveness of preservatives, with higher temperatures potentially increasing or



decreasing their efficacy based on their stability. So, these factors influence the
antimicrobial activity of a chemical preservative in food.

Factors affecting antimicredial activity of chemacsl proservatives (Coned.. )

* Food matrie The presence of fats, protelns, or other food components can Interact with
preservatives, potentially reducing their antimicrobial activity.

* Packaging and storage conditions: Packaging materials and storage conditions [such as

exposure to light and air) can affect the stability and effectiveness of preservatives
* Formulation and dosage: The form in which a preservative is added (e.g., liquid,

powder] and its dosage can Influence Its distribution and effectiveness in the food
product.

* Microbtal resistance: Some microorganisms can develop resistance to
certain preservatives over time, which may reduce the efficacy of the

preservative in preventing spoilage or microbial growth

Even in the food matrix, the presence of certain components of materials like food, fats,
proteins, or other components can interact with the preservatives and potentially reduce
their antimicrobial activities. The packaging materials and storage conditions like exposure
to light and air, etcetera, can affect the stability and effectiveness of preservatives. The
form in which a preservative is added, whether it is a liquid or a powder form, and its
dosage can influence its distribution and effectiveness in the food product. Then, some
microorganisms can develop resistance to certain preservatives over time, that is, if you are
using chemicals in the food. So, continuously, microbial resistance development takes
place, which may reduce the efficacy of the preservative in preventing spoilage or
microbial growth, etc. So, these need to be considered and taken into account.

Bio preservation
* Biological preservation extends food shelf life and maintains quality by using natural
processes, organisms, or thelr products, Including beneficlal microorganisms, enzymes, and
antimicrobial compounds to prevent spoilage and inhibit harmful microerganisms,
Methods of bio-preservation
T

i . A .
Fermentation J[‘r‘l roblal culture l | Bacteriocing | l Enzymse J

+ Fermentation: The use of beneficial bacteria, yeasts, or molds to ferment loods,

such as In saverkraut, kimchi, yogurt, and cheese
* Microblal cultures: Addition of sturter cultures like Loctobaciluy or
Bifidobucterium to dalry products or fermented foads
* Bacteriocins: Natural antimicroblal peptides produced by bacteria, such
as nisin, used in dairy and meat products.
* Enzymes: Enzymes like lysozyme, derived from egg whites or certain
bacteria, used to inhibit microblal growth (n various foods



Now, let us talk about biopreservation. Biological preservation extends the shelf life and
maintains quality by using natural processes and natural microorganisms or their products,
including beneficial microorganisms, enzymes, and antimicrobial compounds, to prevent
spoilage and inhibit harmful microorganisms. Biopreservation includes fermentation, use
of microbial cultures, bacteriocins, or even enzymes. Like in fermentation, live bacteria or
beneficial bacteria are used, such as yeasts in fermented foods like sauerkraut, kimchi,
yoghurt, and cheese, and when these microorganisms in fruits, vegetables, etcetera, are
inoculated with certain bacteria like lactic acid bacteria, Streptococcus, or even
thermophilus in the dahi or yoghurt, etcetera. So, these foods are inoculated with
microorganisms and given the required conditions for their fermentation. These bacteria
grow, multiply in number, and bring about desirable changes in such products, and that is
the taste, color, texture, flavor, etcetera. The food is changed, and we get a more valuable
product, food with more value and a higher shelf life. Then, microbial culture, that is, the
addition of starter cultures like lactobacillus or bifidobacterium to dairy products in
fermented foods. So, these microbial cultures are used sometimes; that is, the dairy
products are even taken, and where these microorganisms are grown, these extracts are
used as preservatives in some other foods. Then, bacteriocins, which are the natural
antimicrobials produced by bacteria such as niacin, are used in dairy and meat products.
Then finally, enzymes like lysozyme, derived from egg whites or certain bacteria, are used
to inhibit microbial growth in various foods.

Working principles of bio-preservation

* Production of antimicrobial compounds: Beneficial microorganisms produce acds
(lactic acid), alcohols (ethanol), or antimicroblal peptides (bacteriocins) that inhibit the
growth of spoilage organisms and pathogens.

* Fermentation: Fermentation by microarganisms lowers the pH of the food, creating

an acidic environment that inhibits the growth of harmful bacteria

Competitive exclusion: Beneficlal microornganisms outcompete pathogenic
microbes for nutrients and space, thereby reducing their growth

* Erzymatic activity: Enzymes break down microbial cell walls or other

ritical structures, making it difficult for microorganisms to thrive

If you talk about the working principles of bio-preservation technologies, it obviously
means the production of antimicrobial compounds. That is, beneficial microorganisms
produce acids like lactic acid in the case of dairy products, alcohols, ethanol, and
antimicrobial peptides like bacteriocins, and these compounds these metabolites inhibit the



growth of spoilage microorganisms and pathogens. Then, fermentation by microorganisms
lowers the pH of the food, creating an acidic environment that inhibits the growth of
harmful bacteria. Then there is competitive exclusion: beneficial microorganisms
outcompete pathogenic microbes for nutrients and space, thereby reducing the growth of
pathogenic microorganisms. Then, enzyme activity: enzymes break down the microbial
cell walls or other structural or critical structures, making it difficult for microorganisms
that are undesirable spoilage or pathogenic microorganisms to thrive in the food.

* Benefits of bio preservatior

* Natural method: Utilizes natural processes and organisms, avolding synthetic chemicals
and additives.

* Health benefits: Fermented foods can provide problotics and other health benefits, such

as improved digestion and immune function

ustainability: Often more environmentally friendly compared to chemical
preservatives

Enhanced flavor: Fermentation can enhance the flavor, texture, and nutritiona

value of foods

* Salety: Effective at preventing the growth of harmful microorganisms
and reducing foodbome linesses.

The benefits of biopreservation include that it is obviously a natural method, utilizes natural
bioprocesses and organisms, and avoids synthetic chemicals and other additives. It has a
lot of health benefits, like fermented foods, which can provide probiotics and other health
benefits such as improved digestion and immune functions even if the probiotic bacteria
microorganisms are used. They modulate the gut microbiota and other things than
sustainability. Often, they are more environmentally friendly compared to chemical
preservatives. These preservatives enhance the flavour that the fermentation can enhance
the flavour, texture and nutritional value of foods and, more importantly, the safety. They
are effective at preventing the growth of harmful microorganisms and thereby reducing the
food burn illnesses caused by biopreservation.

However, consistency is one major limitation. Biological preservation methods may vary
in effectiveness due to factors like strain variability and environmental conditions. Then,
the process can be harder to control than chemical methods, leading to potential
inconsistency in preservation. It may require better control equipment, like fermentation
chambers or certain environmental control chambers, that may add to the cost.



* Limitations of bio-preservation

Lonsistency: Biological preservation methods may vary in eflectiveness due to factors like
strain variability and environmental conditions

Control: The process can be harder to control compared to chemical methods, leading 1o

potential inconsistencies in preservation

Time consuming: Some biological methods, like fermentation, require time to
achleve desired preservation effects.

Flavour impact: Fermentation and microblal cultures can alter the taste

and texture of foods, which might not be desirable in all cases

Regulatory challenges: The use of certain microorganisms or enzymes
may face regulatory hurdles and require specific approval

Then, time-consuming biological methods like fermentation require time; they need more
time to achieve the desired preservation effect or desired value in the food. Then,
fermentation and microbial cultures can alter the taste and texture of food, which might not
be desirable in all cases. Then, certain regulatory challenges exist; using certain
microorganisms may face regulatory hurdles and require specific approvals. For example,
many times, if you use these bacteriocins, etcetera, they are extracts and natural forms. So,
they are treated as chemicals. So, regulatory approval has to be obtained. So, these are
some of the limitations in the use of biopreservation.

O Use of microorganisms for preservation of foods

* Microorganisms, including bacteria, yeasts, and molds, impact food through
production, preservation, and spoilage. Beneficial ones help ferment and transform
foods like cheese, yogurt, and bread, while harmful ones can cause Iliness and
spoilage. Examples include

* Bacteria
v Lactobacilluy: Found In yogurt and saverkraut,

v Bocillus Used in fermentation processes, such as in natto

* Yeast
v Saccharomyces cerevisioe: Commonly used in baking and brewing
v Candida millers vd ourdough lermentatior

* Molds

v Aspergillus oryeoe: Used in soy sauce and miso production,
Peniciltium condidum: Used in cheese production (e.g. Camembert).

Now, let us talk about the use of microorganisms for the preservation of foods, like
microorganisms, including bacteria, yeast, and moulds, which impact food through
production, preservation, and spoilage. So, beneficial microorganisms help ferment and
transform foods like cheese, yoghurt, and bread, while harmful ones can cause illness and
spoilage. So, for example, in the case of bacteria, lactobacillus is found in yoghurt and



sauerkraut. The bacillus group of bacteria is used in fermentation processes to produce
natto. Yeast is very popular; I hope you all know saccharomyces cerevisiae is commonly
used in bread-making, brewing, or wine-making. Then candida milleri is used in sourdough
fermentation. Molds like Aspergillus oryzae are used in soy sauce and miso production and
Penicillium candidum is used in cheese production like camembert cheese. So, these many
microorganisms have beneficial effects and are used to preserve foods.

Bacteriocins
* Bacteriocins are antimicrobial peptides or proteins produced by bacteria that inhibit
the growth of closely related or even unrelated bacterial species and used as natural
preservatives.

....................

v Nisin: Produced by Lactococcus factis, widely used in dairy and canned foods
‘ediocine Produced by Pediococcus acldilacticr, used In meat products
v Lactach Produced by Loctobocillus spp, used in various fermented foods,

terocin: Produced by Enterococcus species, used in meats and dairy

So, the bacteriocins are antimicrobial peptides. They are proteins produced by bacteria that
inhibit the growth of closely related or even unrelated bacterial species and are used as
natural preservatives. Some common bacteriocins include nisin, which is produced by
Lactococcus lactis and widely used in the dairy industry and canned food. Pediocin is
produced by Pediococcus acidilactici, it is used in meat products. Lactacin produced by
Lactobacillus species is used in various fermented foods and enterocin is produced by
Enterococcus species and used in the meat and dairy industry.

So, these bacteriocins cause the inhibition of peptidoglycan synthesis; there may be poor
formation in the cell walls, etcetera, and then these can cause cell lysis. They interfere with
the cellular reactions inside the cell. So, these bacteriocins, as preservatives, are safe, and
the efficacious use of niacin for more than 40 years is now in several countries. Consumer
resistance to traditional chemical preservatives and concern over the increasing safety of
existing food preservatives, such as sulphide and nitrides, have led to the use of
bacteriocins.
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More and more use of bacteriocins as food preservatives, the advent of novel bacteriocins
with a broad spectrum of activity against food-grade lactic acid bacteria. These bacteriocins
are very effective at low concentrations. The activity of bacteriocins is not lost in the
presence of food additives, and it is effective in dairy foods during storage. It is effective
under a wide pH and temperature range. Bacteriocins do not alter the acceptance quality of
foods, are safe for human consumption, and are economical to use in foods.

2 .
* Benefits of the use of bacteriocins as food preservatives

* Natural and safe: Bacteriocing are produced by naturally occurring bacteria and are
generally regarded as safe for human consumption.

* Targeted action: They solectively inhibit harmful bacteria while often being less

effective against beneficial bacreria, allowing for selective preservation

« Extended shelf life: Effective In preventing spollage and extending the shelf life
of various foods, including dairy products, meats, and processed foods.

* Reduced need for chemical preservatives: They can reduce or eliminate
the need for synthetic preservatives, appealing to consumers seeking

natural food products

So, the benefits of using bacteriocins as food preservatives are that they are natural and
safe. Bacteriocins are produced by naturally occurring bacteria and are generally
considered safe for human consumption. They selectively inhibit harmful bacteria while
often being less effective against beneficial bacteria, allowing selective preservation.
Bacteriocins effectively preserve or prevent spoilage and extend the shelf life of various
foods, including dairy products, meat, and processed foods. These bacteriocins can reduce



or eliminate the need for synthetic preservatives, appealing to consumers seeking natural
food products.

» (lassification of bactericins based on structure and mechanism

« Class I Microcins: These are small, heat-stable peptides with a molecular weight > 10 kDa
« Class IE Lantitviot These are small peptides (typically 2-3 kDa) that undergo post

translational modifications, including the incorporation of lanthionine residues

v Class o [e.g Pediocin): Often have a broad spectrum of activity against Gram (+)

bacteria and act by forming pores in the target membrane
¥ Class Hb: Two-component bacteriocing that work synergistically {eg, Lactocin 160)
155 e Include eyclic peptides with varying mechanisms of action,
¢ Class Hd: Known for thelr ability to target specific strains (e.g. Lactacin F)
* Class 11 Large protein bacteriocins: Larger peptides or proteins

(usually >30 kDa) that can be heat-labile

* Class IV: Bacteriocing with complex structures: These include additional

non-peptidic components or complex post-transiational modifications

Classification of bacteriocins is based on their structural and functional mechanisms. They
can be classified into four major categories: class I, 11, 11, and V. Class I are the microcins.
They are small, heat-stable peptides with a molecular weight of more than 10 kilodaltons.
Class Il bacteriocins include lantibiotics, which are small peptides, typically 2 to 3
kilodaltons, that undergo post-translational modifications, including incorporating
lanthionine residues. Then, these class Il preservatives have further classified as class Ila
that is pediocin often have this class lla has a broad spectrum of activity against gram (+)
bacteria and acts by forming pores in the target membrane. Class 11b has two component
bacteriocins that work synergistically, like lactocin 160. Class Ilc includes cyclic peptides
with varying mechanisms of action. Class Ild is known for its ability to target specific
strains like lactacin F. Class Il bacteriocins include large protein bacteriocins. They are
larger peptides or proteins, usually more than 30 kilodaltons, that can be heat labile. Class
IV includes bacteriocins with complex structures. These include additional non-peptide
components or complex post-translational modifications.

As far as the application of bacteriocins in food preservation is concerned. They are
actively used nowadays in dairy products. For example, niacin is commonly used in
cheeses and milk to inhibit spoilage and pathogenic bacterial growth. In meat products,
pediocin and other bacteriocins are used to prevent microbial contamination and spoilage.
Bacteriocins are used in some ready-to-eat canned foods to extend their shelf life.



* Applications of bacteriocins in food preservation

Dalry products: Nisin is commanty used in cheeses and milk to inhibit spoilage and
pathogenic bacteria,

Meat products: Pediocn and other bacteriocing are

bial contamination and spollag

Packaged loods: Bacteriocins are used in some ready-to-eat and canned foods
to extend shelf life and improve safety.

Fermented foods: Bacteriocins can enhance the safety and quality of

ICroorganisn

In fermented foods, bacteriocins can enhance the safety and quality of fermented foods by
controlling the growth of unwanted microorganisms.

s R

* Preservatives inhibit microbial growth by disrupting cell functions, such as enzyme
activity or membrane integrity. They can be chemical compounds or natural substances.

¢ Chemical preservatives’ effectiveness ks influenced by thelr concentration, pH

temperature, interactions with other ingredients, and microbial reststance

*  Beneficial microorganisms like lactic acid bacteria  (LAB) ferment food,
produce acids and antimicrobial compounds preventing spoilage.

* Natural peptides like nizsin andd pediocin inhibit spoilage and pathogenis

microorganisms, providing a natural preservation method,

Finally, 1 would like to summarize this lecture by saying that preservatives inhibit
microbial growth by disrupting cell functions such as enzyme activity or membrane
integrity. They can be chemical compounds or natural substances. Chemical preservatives'
effectiveness is influenced by their concentration, pH, temperature, interaction with other
ingredients, and microbial resistance. Beneficial microorganisms like lactic acid bacteria
ferment foods and produce acid and antimicrobial compounds, which prevent spoilage.
Natural peptides like niacin and pediocin inhibit spoilage and pathogenic microorganisms,
providing a natural preservation method. So, this opens a large aspect, which is the wide
application of these natural compounds for preserving food, or bacteriocins, or
microorganisms for preserving food.
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So, these are the references used in this lecture.
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Finally, I thank you for your patient attention. Thank you very much.



