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Abstract

This review examines the impact of essential oils (EOs) in food manufactu-
ring and their potential as natural preservatives. Food is a substance
ingested by an organism and assimilated by the organism's cells to supply
energy to maintain life and stimulate growth. Chemical preservatives like
benzoates, nitrites, sulphites, and sorbates added to the processed food
items have various side effects on humans. An approach that uses EOs
enhance the shelf-life of the manufactured foods, which have no side effects
on the consumer’s health. EOs has shown significant antioxidant, and anti-
microbial effects in food industries. Due to their various activities, EOs could
be used as alternative preservatives to increase the shelf lives of processed
food. Additionally, the use of EOs as natural preservatives aligns with the
growing consumer demand for clean label and natural ingredients in food
products. The potential applications of EOs in food preservation are wide-
ranging, including their use in meat products, bakery products, dairy
products, and beverages. Moreover, their effectiveness against a wide range
of microorganisms, including pathogenic bacteria, yeast, and molds, makes
them an attractive option for food preservation. Despite the potential
benefits, there are some challenges associated with the use of EOs in food
manufacturing. The purpose of this review was to advocate the use of EOs
as natural, safe, and eco-friendly preservatives that have the potential to
revolutionize the food industry by reducing the use of chemical preserva-
tives and providing consumers with healthier and safer food products.
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Introduction

Bacteria always exist right through the food production and infect food
products in various ways, at the farming stage, by workers, fecal contamina-
tion by animals and insects. They are also contaminated by post-harvest
source like handling by worker, processing equipments and infected from
other food. These bacteria cause two major problems to food supplier as
food borne-sickness and monetary loss related with food loss because of
food contamination (1). The functions of food additives are to reduce or
inactivate the bacteria present in street and packed foods (2). Overuse of
chemical preservatives lowers food quality since they may be poisonous
and cause microbiological deterioration, which alters food patterns and
promotes the growth of pathogen. There is also a growing demand by food
manufacturer to replace chemical based preservatives from food products
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in order to reduce their side effects (3) (Table 1). This
makes food industries to seek “green” and “clean” logos
for their product market outreach. World Health Organiza-
tion (WHO) are advising consumers and food manufa-
cturers to reduce salt level to reduce the possibility of
heart related problems, but salt is commonly used as food
preservatives in most processed food. Now a days,
consumers are aware of the use of processed food having
no chemical preservatives (4). Today’s trend is making use
of natural additives or biocides rather than chemical
preservatives. Natural components known as “biocides”
have the ability to preserve food in a variety of way with-
out having a harmful effect on the environment or people
(5). The aim of the study was to show that, using EOs as
natural preservatives to preserve food can reduce the
need and negative impact of chemical preservatives and,
enhance the quality of food products.

Table 1. Side effects of chemical preservatives.
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In particular, when applied in vapour phase, the study
reports a significant improvement in the efficacy of EOs
(13). Anti-microbial property of EOs and mode of action,
constituents of EOs, nano-encapsulated EOs, and the
mixture that can make possible applications to solve the
problem of multi drug-resistant microbes (10). The
alcoholic essence of plants was more effective than the
aqueous essence of Camellia sinensis with significant my-
celial growth inhibition, followed by Citrus limon and Ci-
trus limetta when compared with synthetic preservatives
(14). EOs of clove bud and cinnamaldehyde have anti-
microbial activity and their mixture was active in reducing
the development of in vitro inoculated food-borne mi-
crobes as well as the natural toxins of watermelon juice
(15). Anti-microbial potential of peppermint oil and euge-
nol was evaluated over 2 (Gram-positive) and 2 (Gram-
negative) bacteria. Both oils repressed the development of
test bacteria with MICs (minimum inhibitory concentra-

S.No Food products Chemical preservatives Health issues developed by chemical preservatives
1 Juice, tea, coffee Benzoates Brain damage, allergies, asthma, and skin rashes
5 Butter, vegetable oils Butylates S;%h“l\)l?rcﬁ:crzzsnure, increase cholesterol level, effect kidney
3 Candies, bread, cakes, frozen pizza, Caramel Cause Vitamin B6 deficiencies, genetic effect and cancer
4 Pork, sausages, potato chips, instant teas, cake mix Butylated Hydoxyanisole Effect liver function

Plant based biocides: Essential oils

Plant based extracts are fragrant oily liquids extracted
from plants, mostly spices and herbs (6). Essential oils
have anti-microbial activity against large variety of toxic
microbes (7). Essential oils with high vapour pressure have
anti-bacterial potential against microorganisms (through
the gas and liquid phase) has been reported under in vitro
conditions (8). The mixture of EOs from thyme with sage
and oregano with marjoram are active against Listeria
monocytogens and Escherichia coli, they were found effec-
tive only when applied individually (9). EOs isolated from
plant source and spices known for their antibacterial
activity (clove, cinnamon, thyme and oregano) and their
substance (cinnamaldehyde, carvacrol, eugenol and
thymol) exhibit high antibacterial activity (10). EOs and
extracts from plants (Ocimum basilicum, Coriandrum
sativum, Citrus limon, Cuminum cyminum, Anethum
graveolens, Zingiber  officinale, Laurus  nobilis,
Cymbopogon, Origanum majorana, Myristica fragrans,
Salvia rosmarinus, Salvia officinalis, Satureja hortensis,
Melaleuca alternifolia) oils show medium to high activity
against food borne pathogens (11). Eugenol is the compo-
nent with anti-bacterial activity by clove-bud (Eugenia
caryophyllata) oil, comprising of around 70-90% oil. Orega-
no oil is common source of carvacrol, which make up
60-70% of the oil (12). EOs are derived from plants and are
used in food items to extend the shelf life of food by
inhibiting the growth or survival of microbes.

History

The prospective use of various plant extracts and EOs to
control the growth of food-borne bacteria in vitro.

tions) of 0.25% or below (16). Bacterial analysis was con-
ducted on Panipuri, a commonly consumed street food to
assess the efficacy of EOs against isolated microbes. EOs
are natural preservatives and have anti-bacterial nature
against the foodborne bacteria found in street foods (17).
Isolated EOs by hydro-distillation from the peel of citrus
fruit Citrus reticulate Blanco were represented by GC-MS
method. The main constituents were neryl acetate (1.1%),
nerol (2.3%), B-caryophyllene (2.6%), geraniol (3.5%),
geranyl acetate (3.9%), neral (14.5%), geranial (19.0%),
limonene (46.7%) etc. The anti-fungal activity of the EOs
were tested by technique of contaminated food and the
volatile potential assay against 5 plants pathogenic fungi
(viz.; Alternari aalternata, Curvularia lunata, Fusarium ox-
ysporum, Helmintho-sporium oryzae and Rhizoctonia sola-
ni). In the poisoned food (PF) technique, the MIC for A. al-
ternata, C. lunata and R. solani is 0.2 mL/100 mL, while the
MIC for H. oryzae and F. oxysporum is >0.2 mL/100 mL (18).

Meats are prone to both oxidative and microbial
spoilage; therefore Chitosan-Mint extract can be used as a
preservative because it consists of both anti-oxidant and
anti-microbial properties. While Mint extract have
commendable anti-oxidant activity, it falls shorts in terms
of anti-microbial efficacy. Conversely, Chitosan displays
excellent anti-microbial properties but lacks robust anti-
oxidant activity. In the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay, the ICs, value for the Chitosan-Mint mixture
(17.8 pg/mL) was lower than that of Mint extract
(23.8 pg/mL). The combination of Chitosan and Mint is
strategically employed to maximize the generation of
hydroxyl radicals and superoxide radicals (19). Seabuck
thorn seeds extract with acetone, chloroform, ethyl
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acetate and methanol by soxhlet extractor for 8 hrs,
exhibited anti-microbial and anti-oxidative potential.
MIC values, with respect to MeOH extract (B. cereus, B.
coagulans, B. subtilis, L. monocytogenes, Y. entero -colitica)
were discovered to be 200, 300, 300, 300 and 350 ppm
(20). Another study reported the anti-bacterial activity of
EOs (cinnamic acid, carvacrol, euegenol, cinnamaldehyde,
thymol and perillaldehyde) having MIC of 0.05-5 pyL/mLin
vitro against (B. cereus, E. coli, L. monocytogenes, S. dysen-
teria, S. typhimurium and S. aureus). Values are in the mid-
dle of 0.2-10 pL/mL, results indicating that gram-positive
bacteria are more prone than gram-negative bacteria (6).
Utilization of various non-chemical treatments, such as
taste compounds, acetic acid, chitosan, deoxyfusapyrone,
glucosinolates, fusapyrone, jasmonates, propolis and
plants-based EOs, control fungal decaying of vegetables
and fruits for prolonging shelf life (21).

The anti-oxidant and anti-microbial activity of
phenolic substances extracted from naringenin-producing
S. cerevisiae strain over the pure flavonoids naringenin and
its prenylated derivatives, shows capacity as organic food-
additives. Disk diffusion method was used to analyze anti-
microbial activity towards (S. aureus ATCC 29213 and
E. coli ATCC 25922) while N, N-dimethyl-p-phenylene
diamine (DMPD) chemi-luminescence assay technique was
used to determine anti-oxidant activity, based on DMPD
radical scavenging potential. Results of yeast metabolites
shows both strong anti-microbial and DMPD radical-
scavenging potential making it suitable and usable as a
source of biotic food additive (22). To ensure that food is
safe for customers and of high microbiological quality,
farms and the food industry mostly rely on the use of
biocides as disinfectants and other antimicrobial agents
and preservatives with antimicrobial capabilities. This
demonstrates how various food processing methods may
have an impact on the emergence of antimicrobial
resistance. According to current research, there are
various methods via which biocides and other anti-
microbials might be chosen to be resistant to related anti-
biotics (5). A suitable amount of Rosmarinus officinalis EQs
is used to enhance the grade of meat because it slows
down lipid oxidation and reduces the rancidity (23). The
analysis explores two substitutes for regulating the growth
of L. monocytogenes in raw cattle’s meat, both relying on
the utilization of rosemary and thyme EOs. This represents
a novel and promising natural/organic approach to con-
trol pathogenic bacteria in meat industry (24). While the
EOs of Baill (Croton blanchetianus) demonstrates effec-
tiveness as an antibacterial components in vitro, their effi-
cacy on fresh meat declines, necessitating an increase in
the concentration of EOs to inhibit bacterial growth. The
outcome showed a bacteriostatic impact against
Salmonella enteritidis and a bacteriocidal effect against
Aeromonas hydrophila and Listeria monocytogenes (25).
Anti-microbial potential of two extracts from Olea
europaea L. and wine, both rich in poly-phenols and three
standards predicted as anti-oxidants (oleuropein, querce-
tin and hydroxytyrosol) were analyzed against five bacte-
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rial species (E. coli, S. cerevisiae, S. poona, Bacillus cereus
and C. albicans) (26).

Composition of essential oils (EOs) and bacteriocins

EOs contain around 20-60 different bioactive components,
with only two or three main elements existing at a high
concentration of 20%-70% in comparision to others.
Factors like location, natural habitats, maturity stage,
harvest season, or extraction technique may have an
impact on the components (27). EOs are type of secondary
metabolites synthesized by plants that helps plants by
protecting them against abiotic and biotic stress. They are
primarily composed of other aromatic components,
terpenes and aliphatic components that have lower
molecular weight (6). Terpenes have chemical formula
(CsHs)n and are categorized into many different groups:
(CiwoHis) monoterpenes, (CisHa) sesquiterpenes, (CxoHs))
diterpenes, and (CsHs) triterpenes. Monoterpenes
constitute major bioactive components about 90% of
essential oils and are formed in the cell cytoplasm via the
pathway of mevalonic acid. The major component
includes hydrocarbons in the form of monoterpene, mono-
terpene alcohols, sesquiterpene alcohol, oxygenated
monoterpenes, diterpenes, oxygenated sesquiterpenes,
phenols, coumarins and aldehydes (27). Phenolic
compounds with hydroxyl (-OH) groups like eugenol,
thymol and carvacrol, are the highly effective against food-
borne microbes as they interact with cell membranes of
bacteria, leading to the outflow of cytoplasmic materials
(28). The (Table 2) in this document mentions common
EOs and their significant constituents (29-33).

Antibacterial mechanism of action of essential oils (EOs)

The anti-microbial properties of EOs are achieved through
complex biochemicals sequential reaction that depends
on the specific chemical component found in the oils (34).
The action mechanism of EOs is highly turn on the main
chemical components as well as the type of microorga-
nisms targeted. EOs can control the microbial growth
(bacteriostatic and fungistatic) or damage bacterial and
fungal cells. To measure antimicrobial activity, scientists
use a method called MIC (minimum inhibitory concentra-
tion), determined the little concentration of EOs have an
anti-microbial property that can inhibit the growth of a
microbes after a period of incubation (6). The antibacterial
effects of EOs are caused by destabilizing the cellular
structure of microorganisms, resulting in the destruction
of membrane increase permeability and integrity. As a
result, cellular activities such as energy production and
membrane transport are disrupted. The lipophilic nature
of EOs allowed them to enter opening channels of cell
membrane of bacteria, causing the outflow of cytoplasmic
components and cause ion loss (35). Additionally, the anti-
bacterial effects of EOs can alter proton pumps and
deplete ATP, resulting in a cascade effect that affects other
cell organelles. Various constituents of essential oils, like
trans-cinnamaldehyde, linalyl acetate, carvacrol, menthol
and thymol, produce different antibacterial effects.
For example, thymol, menthol, and linalyl acetate perturb
the lipid-fraction of plasma membranes of bacteria, while
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Table 2. Essential oils with their major components.

361

S.No Essential oil Part Major components

Methods for extraction of EOs References

Monoterpenoid:
iso-menthone (3.7%),

menthone (4.3%), pulegone
(86.1%),

Aliphatic hydrocarbon:

Mentha arvensis Leaves

Limonene (1.0%)

Leaves and Monoterpene:

Origanum vulgar stem

Aliphatic:
Limonene (29.8%)

Monoterpene:

Citrus limon var. pompai Leaves

(1.3%) and Menthol

Steam-distillation 29

Steam-distillation 30

y-terpene (23.69%) and Thymol (45.43%)

Steam-distillation 31

Myrcene (9.7%), linalool (9.1%), and geraniol (8.9%)

Eugenyl acetate (~20%)
caryophyllene (12-17%)
Eugenol (70-90%),

Syzygium aromaticum Bud

Cinnamaldehyde (50-90%),
Eugenol (2-15%) and
Terpens:

Limonene (5-12%)

Cinnamon zeylandiucum Stem

Steam-distillation 32

Steam-distillation 33

carvacrol alters the composition of fatty-acids, affecting
cell membrane permeability and fluidity. Trans-
cinnamaldehyde penetrate into periplasm of the cell and
interrupt bacterial cell functions (36) (Fig. 1).

Several food-borne bacteria, including B. cereus,
E. coli, L. monocytogenes, Salmonella sp., S. aureus can
cause severe illness in humans (37). EOs of cedar is most
inhibitory at the concentration of 100 and 300 ppm against
B. cereus T and C. botulinum 62A (38). Studies have also
been conducted on the antimicrobial activity of EOs and

their bioactive elements against food-borne bacteria
(39-48) (Table 3).

Essential oils in food industry as a preservatives
Here are some of the uses of EOs as food additives:
Food industry

In meat goods, it has been discovered that essential oils
derived from herbs such as thyme, rosemary, and oregano
possess antibacterial properties against food borne
bacteria. For instance, a study found that a mixture of

Essential oils

Membrane potential

reduces

Plasma membrane

Increase cell membrane permeability

and hindering the peptidoglycan
synthesis
XXRXARNX
XAEAXXXXX

Outflow of Cytoplasmic
materials
(DNA,RNA and proteins)
Inhibit
Ribosomes

by destructing Cytoplasmic membrane

Decreases Proton-motive
force

Fig. 1. Feasible anti-bacterial mechanism of action of EOs with their possible target sites.
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Table 3. Essential oils and their bioactive components against food bacteria.
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S.No  Essential oil Major bioactive components with antimicrobial effects Bacteria References
1 Mentha spicata Carone (78.76%), Limonene (11.5%) Listeria monocytogenes 39
2 Citrus uranium Limonene (77.37%) Staphylococcus aureus 40
3 Pistacia lentischi, B-mycerne (15.18%), Caracrol (29.19%) L. monocytogenes 41
4 Zingiber officinale a-zongiberene (24.96%), B-sesquiphellandrene (12.74%) L. monocytogenes, Salmonella 42
5 Mentha pulegium Pulegone (26.68%), Piperitenone (16.88%) L. monocytogenes 43
6 Coraiandrum sativum B-linalool (66.07%) Bacillius subtilis 44

Yersinia enterocoliti, L. mono-
7 Rosmarinus officinalis, Thymol (25.05%) , p-cymene (39.18%), 1,8-cineole (45.27%) and cytogenes, Salmonella enteritis, 45
Thymus vulgarise Borneol (12.94%), Escherichia coli, and Pseudo-
monas sp.
S. aureus, E. coli, Salmonella
8 Cymbopogon citratus Neral (50%), Geranial (35%) choleraesuis and L. monocyto- 46
genes
9 Cymbopogon citratus Neral (39%), Geranial (33.3%) S. aureus, E. coli, Bacillus cere- 47
10 Bunium persicum Cuminaldehyde (11.4%) E. coli 0157:H7 L. monocyto- 48

genes

oregano and thyme EOs could help to reduce the growth
of L. monocytogenes in cooked ham (49).

Dairy products

Essential oils extracted from plants such as cinnamon,
clove, and thyme have been found to inhibiting the growth
of bacteria that cause spoilage and foodborne illness in
dairy products. For example, a study found that by adding
of clove EOs to yogurt helped to inhibit the growth of
E. coliand S. aureus (50).

Bakery products

Essential oils extracted from plants such as cinnamon,
thyme, and oregano have been found to have antimicro-
bial effects against bacteria and mold in bakery products.
For instance, a study found that by adding oregano EOs to
bread dough helped to inhibit the growth of mold during
storage (51).

Beverages

Essential oils extracted from plants such as citrus, pepper-
mint, and thyme have been found to have antimicrobial
effects against bacteria and yeast in beverages. Also, a
study found that the addition of lemon EOs to orange juice
helped to reduce the growth of bacterial contamination
during storage (52). It shows great significance to note that
the users of EOs as preservatives by the food producers is
still in its early stages and need to research to examine the
safety and effectiveness. In addition, it is essential for food
manufacturers to follow strict guidelines and regulations
regarding the uses of EOs as food additives.

Conclusion

Consumers increasingly seek natural alternatives to chem-
ical preservatives in the food industry. Plant-based com-
pounds like essential oils (EOs) hold promise as effective

biocides. These EOs can be applied directly or after
ultra-filtration to preserve food, making it healthier and
extending its shelf life. A small amount of EOs is needed for
food technology to work, which can increase the EOs
commercial potential while reducing their effect on the
sensory aspects of food. They have the potential to
improve food stability while being stored, inhibit the
growth of bacteria that cause spoilage and foodborne
illnesses, and reduce oxidation, making them effective
natural preservatives. They are eco-friendly and safe for
human consumption, making them suitable as additives
for street food.
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