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Abstract—The global market of food, cosmetics, and
pharmaceutical products requires continuous tracking
of harmful ingredients and microbial contamination for
the sake of the safety of both products and consumers as
these products greatly dominate the consumer’s health,
directly or indirectly. The existence, survival, and
growth of microorganisms in the product may lead to
physicochemical degradation or spoilage and may infect
the consumer at another end. It has become a challenge
for industries to produce a product that is safe, self-
stable, and has high nutritional value, as many factors
such as physical, chemical, enzymatic, or microbial
activities are responsible for causing spoilage to the
product within the due course of time. Thus,
preservatives are added to retain the virtue of the
product to ensure its safety for the consumer. Nowadays,
the use of synthetic/artificial preservatives has become
common and has not been widely accepted by consumers
as they are aware of the fact that exposure to
preservatives can lead to adverse effects on health, which
is a major area of concern for researchers. Naturally
occurring phenolic compounds appear to be extensively
used as bio- preservatives to prolong the shelf life of the
finished product. Based on the convincing shreds of
evidence reported in the literature, it is suggested that
phenolic compounds and their derivatives have massive
potential to be investigated for the development of new
moieties and are proven to be promising drug molecules.
The objective of this article is to provide an overview of
the significant role of phenolic compounds and their
derivatives in the preservation of perishable products
from microbial attack due to their exclusive antioxidant
and free radical scavenging properties and the problems
associated with the use of synthetic preservatives in
pharmaceutical products. This article also analyzes the
recent trends in preservation along with technical
norms that regulate the food, cosmetic, and
pharmaceutical products in the developing countries.

Index Terms—antimicrobials, antioxidants, sodium
benzoate, potassium sorbate, parabens, and natural
preservatives like rosemary extract, vinegar, and salt.

IJIRT 194072

I. INTRODUCTION

Shelf life refers to the duration between manufacturing
and expiry date, during which the product is expected
to retain its original characteristics and remain
acceptable for consumers as far as its quality is
concerned. During this duration, the product is
susceptible to chemical, biological, and physical
deterioration, which ultimately degrade the qualitative
characteristics of the product [1]. Therefore,
preservatives have been extensively used in various
pharmaceuticals, cosmetics, and food products to
prevent them from deterioration [2,3]. Many factors
are responsible for governing the mean life of the
product such as the growth of microorganisms,
heating, inappropriate temperature, long storage,
change in moisture content, reaction with light and
oxygen, fermentation, acidification, enzymatic
changes, etc., which result in the loss of important
properties of the finished product. Pharmaceutical
preparation consists of a diverse range of structures
and moieties that are susceptible to deterioration.
Deterioration is the result of chemical reactions that
occur between the various ingredients present in the
formulation and the external environment. The
deterioration of a product generally occurs during
longer storage, affecting its stability, ultimately
resulting in the product’s decline in its intended
natural quality due to microbial contamination and
rendering the product harmful to the consumer. In
general, there are three processes by which the product
degrades [4]. Chemical breakdown includes chemical
incompatibilities, such as hydrolysis, oxidation,
photolysis, polymerization, hydration, dehydration,
and decarboxylation. [5,6]. A change in temperature,
particle size, evaporation, vaporization, efflorescence,
hygroscope, deliquescence, etc. are all examples of
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physical degradation. Everywhere we look,there are
microbes that assault the product once it is opened.
The product starts losing its quality quickly on a
microbiological level

II. COMPARATIVE ANALYSIS OF COMMON
PHARMACEUTICAL PRESERVATIVES

e Parabens: (Methyl/Propyl): These are widely
used, effective against molds and yeast,
particularly in oral suspensions, but their
effectiveness decreases at higher pH levels.

e Benzalkonium Chloride (BAK): Highly effective
cationic surfactant, commonly used in nasal and
ophthalmic formulations due to its low binding
affinity and efficacy at 0.01%.

e Benzyl alcohol: Commonly used in parenteral
and oral formulations (0.5-10%), it also
offers anesthetic properties. It should be avoided
in neonates due to toxicity risks.

e Benzoic acid: Suitable for oral products at low
pH (<5.0), with the sodium salt providing better
aqueous solubility.

e Phenolic compound: (e.g., Chlorocresol, m-
Cresol): Effective over a wider pH range, often
used in injections, though they can be more toxic.

Natural preservatives are derived from natural sources

(plants, animals, minerals, or fermentation) like salt,

sugar, and rosemary extract, focusing on safety and

cleaner labels but often having shorter shelf lives.

Synthetic preservatives are lab-created (e.g., sodium

benzoate, BHA), providing superior, long-lasting,

and cost-effective antimicrobial protection but may
carry higher risks of allergic reactions and health
concerns.

III. KEY DIFFERENCES

e Source: Natural preservatives are derived from
natural sources such as herbs, spices, minerals, or
fermentation.  Synthetic  preservatives  are
artificially synthesized in a laboratory, sometimes
from chemical compounds.

e Effectiveness &  Shelf Life:  Synthetic
preservatives are generally more effective and
provide a longer shelf life. Natural preservatives
may have limited efficacy and, in some cases,
shorter product stability.

e Cost: Natural preservatives (e.g., rosemary
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extract) can be more expensive, while synthetic
alternatives (e.g., BHT) are generally cheaper.
Health Impact: Natural preservatives are often
perceived as healthier and safer with fewer side
effects. Synthetic preservatives are linked to
potential health concerns, including allergic
reactions, skin irritations, and other sensitivities.
Mechanism: Natural preservatives often work by
changing the pH or reducing water content (e.g.,
salt, sugar, acid). Synthetic preservatives are
designed to be broad-spectrum, inhibiting specific
mold and bacterial growth.

IV. EXAMPLES

Natural: Salt, sugar, vinegar, rosemary extract,
citric acid, lemon juice, clove, cinnamon.
Synthetic: Sodium benzoate, potassium sorbate,
calcium propionate, BHA, BHT, nitrates.

Natural vs. Synthetic
PRESERVATIVES

Natural Synthetic

= PES

Salt Vinegar Sodium benzoate
Potassium sorbate

Traditional methods

Fig.1- Natural vs. Synthetic Preservatives
V.NATURAL MATERIALS

Salt (Sodium Chloride): Dehydrates microbes
through osmosis.

Sugar (Sucrose): Acts as a humectant, reducing
water activity to prevent bacterial growth in jams
and jellies.

Vinegar (Acetic Acid): Lowers pH to create an
acidic, unfriendly environment for
microorganisms.

Lemon Juice (Citric Acid): Acts as an antioxidant
and acidulant.
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5. Spices/Herbs: Rosemary (contains carnosic
acid), oregano, cloves, thyme, and sage
(contain antimicrobial terpenoids like thymol and
carvacrol).

6. Oils: Olive oil and coconut oil (provide a
protective Dbarrier). Microbial Agents: Nisin
(produced by Lactococcus lactis) used in dairy.

7. Animal-Based: Chitosan (from crustacean
shells), Lysozyme (from egg white).

VI. DEFINE: NATURAL

A natural preservative is a substance derived from
plants, animals, or microbes that extends a product's
shelf life by preventing spoilage from mold, bacteria,
or oxidation, acting as a healthier alternative to
artificial additives, with examples including salt,
sugar, vinegar, rosemary extract, citric acid (lemon
juice), and spices like cloves and garlic. They work by
creating unfavorable conditions (like high acidity or
low water activity) or by disrupting microbial cells.
preserving flavor and texture.

Direct antimicrobial action: Essential oils in spices
like thyme and oregano disrupt microbial cell

functions.
- ke o

Fig. 1- Natural preservatives technique.

Methods
1. Fermentation: Produces natural alcohol or lactic
acid, acting as a preservative.
Pickling: Soaking in acid (vinegar) or brine (salt)
3. Smoking: Exposes food to phenols that inhibit
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bacteria and prevent lipid rancidity.

4. Extraction & Application: Steam distillation of
oils (rosemary, oregano) or solvent extraction
of phenolic compounds.

Edible Coatings: Using chitosan or alginate-based

films.

Advantages Of Natural Preservatives

1. Healthier Profiles: They are generally considered
safer and non-toxic, with fewer reported side
effects compared to chemical alternatives.

2. Antioxidant & Nutritional Benefits: Many natural
preservatives (like tocopherols or rosemary
extract) provide antioxidant properties that not
only preserve food but also offer health benefits.

3. Consumer Demand: Increasing demand for
organic, "clean label," and minimally processed
products makes them highly desirable for
marketing.

4. Flavor Enhancement: Some natural options can
improve the overall flavor and aroma of the
product.

5. Improved Safety: They offer a, and in some cases,
more effective, way to inhibit microbial growth in
food without relying on synthetic chemicals.

Disadvantages Of Natural Preservatives

1. Lower Effectiveness: Natural preservatives
often require higher concentrations to be
effective, and they generally provide a shorter
shelf life compared to synthetic alternatives.

2. High Cost & Limited Availability: They are
typically more expensive and harder to source
in large, consistent quantities.

3. Variability in Quality: As they are derived from
natural, biological sources, their potency can
vary based on harvest season, soil, or country of
origin.

Sensory Impact: Some natural preservatives can

negatively affect the taste, color, or texture of the food

or cosmetic product.

VII. SYNTHETIC PRESERVATIVES (CLASS 1I)

Synthetic preservatives are manufactured in a
laboratory to specifically target bacteria, molds, or
fungi, or to act as antioxidants.

Materials

1. Benzoates (e.g., Sodium Benzoate): Used in

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2804



© March 2026 | IJIRT | Volume 12 Issue 10 | ISSN: 2349-6002

acidic foods like sodas and pickles to inhibit
yeast and molds.

2. Sorbates (e.g., Potassium Sorbate): Highly
effective against fungi in cheese, wine, and baked
goods.

3. Nitrates/Nitrites (e.g., Sodium Nitrite): Used in
cured meats to prevent Clostridium botulinum
and maintain red color.

4. Sulfites (e.g., Sulfur Dioxide): Used in dried
fruits and wine as both antimicrobial and
antioxidant.

5. Propionates (e.g., Calcium Propionate): Used to
prevent mold in bread.

6. Antioxidants (BHA/BHT): Used to prevent
oxidation of fats in snacks and oils.

7. Chelating Agents (EDTA): Binds metal ions to
prevent color and flavor deterioration.

fig. 2- food preservatives.

Methods

1. Direct Addition: Mixed directly into food
products during manufacturing.

2. Spraying/Dipping: Commonly used for sulfite
treatment on dried fruits.

Incorporation in Packaging: Releasing agents (e.g.,

sulfur dioxide) from packaging material

Synthetic Preservatives Define

Synthetic preservatives are lab-created chemical
compounds added to food, cosmetics, and
pharmaceuticals to extend shelf life by inhibiting
microbial growth (bacteria, mold, yeast) and
preventing oxidative spoilage. These additives
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maintain product quality, safety, and texture over time.
Common types include sodium benzoate, potassium
sorbate, and butylated hydroxytoluene (BHT).

VIII. CHARACTERISTICS AND EXAMPLES

Purpose: To prevent degradation, maintain color, and

prevent illness.

Common Examples

1. Benzoates (e.g., Sodium Benzoate): Used in
acidic foods like drinks and salad dressings.

2. Sorbates (e.g., Potassium Sorbate): Used in
cheese, wine, and baked goods.

3. Nitrates/Nitrites (e.g., Sodium Nitrite): Used in
cured meats to prevent botulism.

4. Antioxidants (e.g., BHA, BHT): Prevent fats and
oils from turning rancid.

Advantages of Synthetic Preservatives:

1. Extended Shelf Life: Significantly slows
spoilage, reducing food waste and making
products last longer.

2. Effective Pathogen Control: Highly efficient at
inhibiting the growth of dangerous bacteria and
fungi.

3. Cost-Effective: Generally cheaper to produce and
use than natural alternatives.

4. Broad Spectrum & Stability: Effective against
a wide range of microorganisms and often
stable in products with varied pH levels.

5. Maintains Appearance/Texture: Prevents
rancidity and keeps food looking fresh (e.g., color
retention).

Disadvantages of Synthetic Preservatives

1. Health Concerns: Linked to long-term health
issues, including potential carcinogenicity (e.g.,
BHA/BHT), allergies, and skin irritation.

2. Behavioral Issues: Some studies suggest links to
hyperactivity in children.

3. Negative Public Perception: Consumers are
increasingly wary of artificial ingredients and
prefer "clean label" products.

4. Petroleum-Based: Many are derived from
petroleum, which is undesirable for natural-
focused consumers.

5. Potential Toxicity: While regulated, cumulative
effects of consuming various artificial additives
are still a concern.
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Conclusion on Preservative Use Natural Preservative
Offer consumer-preferred, healthier, and eco-
friendly solutions with strong
antimicrobial/antioxidant properties, but face
challenges in standardization, higher cost, and lower
efficacy in some applications.

IX. SYNTHETIC PRESERVATIVES

Provide high-performance, cost-effective, and long-
lasting protection against spoilage, but are associated
with potential, though often regulated, health risks like
allergies or long-term issues.

Future Direction: The market is heavily shifting
toward natural options, often using technologies
like encapsulation or blending with other natural
methods to overcome efficacy limitations.

Ratural vs Synthetic Food
Preservatives
—j

fig. - Natural vs. Synthetic Preservatives

X. FACTORS MONITORING THE
EFFECTIVENESS OF PRESERVATIVES

Every product in the market, whether food, cosmetic,
or pharmaceutical, comes with a shelf life. During this
period, the product is expected to remain stable
retaining its qualitative characteristics, but what if the
effect of the preservative is lost? The effectiveness of
a preservative depends upon its concentration,
solubility, partition coefficient, nature of surfactants
used in the formulation having antimicrobial activity,
pH, etc. Consumers themselves can easily monitor the
loss of effectiveness of a preservative or tarnished
product by considering several factors such as the
appearance of a greyish-green layer on the top surface
of the product, loss of texture, bad taste and odor,
change in pH, cloudiness, dryness, bleaching/fading,
formation of separation layers, rancidity, staleness,
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etc. Additionally, some biochemical modifications
that affect the organoleptic qualities of foods include
hydrolysis, non-enzymatic browning (Maillard
reaction), enzymatic browning, lipid oxidation,
lipolysis, and proteolysis [13,14,15,16,17]. Therefore,
the purpose of adding preservatives is to provide
stability and protection against microbial attack,
prolong the shelf life, and enhance the efficacy of the
product. Before incorporation into miscellaneous
products, preservatives have been investigated by
researchers worldwide for their decontamination
efficacy. The sorting of preservatives attributed to
their mechanism of action and sources [18] is depicted

below in
Preservatives

Based on Mechanism of Action

I —;l
[ | ]
&

[ ) il . ) [ Y - \
SR Anti- Nl 3
[AnhmxcrobmlsJ I 2 [ Antioxidants [ Natural J Synthetic }
enzymatic

Based on Sources

Fig.no.1

[_. Natural Phenolic Antioxidants l
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ddSh £ Hydrovycinnamic
' VN dervatives

. lgnw
¢ I.mnnins)
€ Coumarins

Gallic acid, syringic acid, Caffeic acid, ferulic acid,
@ vanillic acid, ellagic acid, chlorogenic acid, sinapic
procatechuic acid, et acid, pcoumaric acid, etc.

Fig.no.2
XI. DISCUSSION
Chemically synthesized in a laboratory; used for

broad, reliable protection. Mechanism: Highly
effective at destroying or inhibiting bacteria, yeast,
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and molds.

Examples: Sodium benzoate, potassium sorbate,
calcium  propionate, sodium nitrites, BHA
(butylated hydroxyanisole), and BHT (butylated
hydroxytoluene).

Pros: Very effective, long shelf life, cost-effective,
require lower concentrations.

Cons: Potential health risks (e.g., allergies,
carcinogenicity concerns), consumer scrutiny.
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