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Many consumers are demanding 
that foods should not 
contain what they perceive 

to be artificial and/or harmful 
chemicals and preservatives. There 
is growing interest in more natural, 
non-synthetic antimicrobials as 
potential alternatives to conventional 
antimicrobials to extend shelf life 
and combat foodborne pathogens. 
Historically, essential oils (EOs), 
spices, and herbs have been widely 
promoted for their potential 
antimicrobial capabilities. 
Herbs, spices, and EOs are Generally 
Recognized As Safe (GRAS) products 
that have been used for centuries 
in food systems as preservatives 
and for flavor. Herbs are any plants 
used for food, flavoring, medicine, 
or fragrance and are known for 
their savory or aromatic properties. 
Culinary use typically distinguishes 
herbs from spices. Herbs refer to 
the leafy green or flowering parts 
of a plant (either fresh or dried). 
Examples of plants that are herbs 
include basil, oregano, thyme, 
rosemary, parsley, and mint. Spices 
are produced from other parts of 
the plant (usually dried) and include 
seeds, berries, bark, roots, and fruits. 
Examples of spices are cinnamon, 
cloves, ginger, and pepper.¹ EOs 
are natural antimicrobials and 
have been widely investigated 
for their antimicrobial (antifungal, 
antibacterial, antiviral), antioxidant, 
and antimutagenic properties. 
EOs, also known as volatile oils, are 
aromatic oily liquids obtained from 
plant material (buds, flowers, leaves, 
bark, twigs, seeds, herbs, wood, fruits, 
and roots).EOs are usually prepared 
by different extraction techniques 
such as distillation (including 
steam distillation), cold pressing, or 
maceration.² The extraction process 
usually involves the use of chemical 
solvents or heat, which could 
affect the functionality of active 
compounds,³ and plays a significant 
role in the overall effect of natural 
antimicrobial products.

        There has been recent 
growing research about EOs’ 
therapeutic antibacterial potential 
in food processing, particularly 
for combating the spread of 
bacterial pathogens. A bacterial 
microorganism is any organism 
capable of injuring its host by 
competing with it for metabolic 
resources, destroying its cells or 
tissues, or secreting toxins.4 Some 
spices’ essential oil compounds 
have been found to act as self-
defense mechanisms to protect 
the plant against infectious 
bacterial microorganisms.5 This 
article will explore the antibacterial 
herbs, spices, and EOs and their 
different applications in food 
preparation, preservation, and 
safety, particularly against spoilage 
bacterial microorganisms such as 
Salmonella species, Escherichia coli, 
Staphylococcus aureus, and Listeria 
monocytogenes.

        Mechanism of Action of Herbs, 
Spices, and Essential Oils
        There are more than 1340 
plants with specific antimicrobial 
and antibacterial compounds. 
Over 30,000 components have 
been isolated from phenol group–
containing plant-oil compounds used 
in the food industry.6 Plants such as 
herbs and spices are rich in a variety 
of antimicrobial compounds such as 
saponins, tannins, alkaloids, alkenyl 
phenols, glycoalkaloids, flavonoids, 
sesquiterpenes, lactones, terpenoids, 
and phorbol esters.6 The exact 
mechanism(s) or target(s) of natural 
antimicrobials are often unknown or 
not fully understood, but there are 
some possible theories as to what 
modes of actions are at work.

        The primary EO components with 
antimicrobial effects are phenolic 
compounds, terpenes, aliphatic 
alcohols, aldehydes, ketones, acids, 
and isoflavonoids.5 EO constituents 
are low-molecular-weight organic 
compounds with significant 
differences in antimicrobial activity. 
Phenols exhibit the greatest 
antimicrobial effect and are the most 
abundant component.7

        Phenols have also been shown 
to disrupt the cellular membrane, 
inhibit ATPase activity, and 
release intracellular ATP and other 
constituents of microorganisms. Up 
to 34 phenolic compounds also can 
alter the bacterial cell membrane 
permeability leading to the loss of 
macromolecules thereby negatively 
affecting the microbial growth and 
energy production, leading to cell 
death.7

        

        The antimicrobial compounds 
in plant materials are commonly 
found in the EO fractions of leaves 
(rosemary, sage, basil, oregano, 
thyme, and marjoram), flowers or 
buds (clove), bulbs (garlic and onion), 
seeds (caraway, fennel, nutmeg, and 
parsley), rhizomes (asafetida), fruits 
(pepper and cardamom), or other 
parts of plants. Plant EOs and their 
constituents have been widely used 
as flavoring agents in foods since 
the earliest recorded history, and it 
is well established that many have a 
full spectrum of antimicrobial action. 
These compounds may be lethal 
to microbial cells, or they might 
inhibit the production of secondary 
metabolites (eg, mycotoxins). Plant 
EOs tend to exert a greater inhibitory 
effect against gram-positive bacteria 
(such as S aureus, L monocytogenes, 
and Bacillus cereus)than against 
gram-negative bacteria (such as 
E coli and Salmonella Enteritidis).2  
Some agents, such as oregano, clove, 
cinnamon, and citral, however, are 
active against both groups.6

        The EOs possessing the most 
potent antibacterial properties 
against foodborne pathogens 
contain a high percentage of 
phenolic compounds such as 
carvacrol, eugenol [2-methoxy-4-
(2-propenyl) phenol], and thymol.8 
Carvacrol is one of the significant 
components of oregano and thyme 
oils and appears to have received the 
most recognition from researchers. 
Thymol is structurally very 
comparable to carvacrol, having the 
hydroxyl group at a different location 
on the phenolic ring. Both substances 
appear to make the cell membrane 
permeable.8 Carvacrol and thymol 
can disintegrate the outer membrane 
of gram-negative bacteria by 
releasing lipopolysaccharides and 
increasing the permeability of the 
cytoplasmic membrane to ATP. 
A vital component in clove oil, at 
approximately 85%, is eugenol. 
There are sub-lethal concentrations 
of eugenol that have been found 
to hinder the creation of amylase 
and proteases by B cereus. Cell wall 
deterioration and a high degree of 
cell lysis were present.8 

Factors Impacting Antimicrobial 
Activity
        Antimicrobial compounds are 
used in food for two main reasons: (1) 
to control natural spoilage processes 
(food preservation) and (2) to prevent 
growth of microorganisms, including 
pathogenic microorganisms (food 
safety).6 The antimicrobial effect of 
EOs in food systems is affected by 
intrinsic and extrinsic properties 
of the food such as pH, nutrient 
composition, use of preservatives, 
antioxidants, temperature, and 
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packaging procedure. It is presumed 
that high levels of fat and protein 
in food decrease the antimicrobial 
efficiency of EOs. The lower water 
content of food is also a factor since 
it may slow down the progress of 
antimicrobial agents to the target 
area in the cell.9

        A primary function of food 
packaging is to retard the natural 
processes that lead to food 
deterioration. Antioxidants can be 
incorporated into food-packaging 
materials during processing and 
released into the packaged food 
through a controlled mechanism 
of diffusion. This process also helps 
to delay both lipid oxidation and 
protein denaturation.10

        Antimicrobial activity of EOs 
also increases with the decreasing 
temperature and oxygen level 
in the packaging.9 Antioxidative 
compounds can help to inhibit 
oxidation reactions caused by free 
radicals such as singlet oxygen, 
superoxides, peroxyl radicals, 
hydroxyl radicals, and peroxynitrites, 
thereby delaying or preventing 
damage to the cells and tissues.10

        Optimal microbial growth occurs 
at pH values between 6.5 and 7 
although most microorganisms 
continue to grow within the range 
of 4 to9.5. For fresh meat, pH 
varies between 5 and 6.5. Hence, 
microorganisms in meat can develop 
quickly.11A decrease in pH improves 
the dissolubility of EOs in lipids found 
in the cell membrane of the target 
bacteria and contributes to their 
antimicrobial activity.9,12

 
Safety Data
        It is required that the safety, 
chemical constituents and the 
range of concentrations of EOs be 
evaluated. EOs are considered GRAS 
at flavoring levels.13 Some EOs and 
components are known to cause 
allergic dermatitis with frequent 
use due to their lipophilic nature 
and capacity to penetrate the skin. 
Preventive measures might be 
needed to ensure the well-being 
of workers if these substances 
were to be used on a larger scale.8 
Specification of biological origin, and 
physical and chemical properties 
with chemical assays are a necessary 
part of the safety evaluation of 
essential oils.13

Plant Species and Antimicrobial 
Activity
        The reported antimicrobial 
activity of EOs derived from the same 
plant species is often very different. 
Different geographic locations where 
plants are grown, harvest time, 

genotype, and weather conditions 
during growth and harvest account 
for these differences, and therefore, 
the composition and the activity 
of EOs obtained from plants grown 
in a defined region need to be 
characterized.14

        A study was done to determine 
the chemical composition of EOs 
obtained from 10 exotic plant 
species cultivated in the south 
of Brazil and to evaluate their 
antimicrobial activity against 12 
bacterial species that may cause 
food poisoning and spoilage. Those 
plants species were the EOs of basil 
(Ocimum basilicum), cinnamon 
(Cynnamomum zeylanicum), fennel 
(Foeniculum vulgare), laurel (Laurus 
nobilis), lemongrass (Cymbopogon 
winterianus), mint (Mentha 
arvensis), pennyroyal (Mentha 
pulegium), orange (Citrus sinensis), 
oregano (Origanum vulgare), and 
rosemary (Rosmarinus officinalis).
The plants went through steam 
distillation and were analyzed 
by gas chromatography and 
gas chromatography/mass 
spectrometry. The EOs were tested 
against 12 bacterial strains: S 
aureus, Lactobacillus plantarum, 
L monocytogenes, Enterococcus 
faecalis, B cereus, Bacillus subtilis, 
E coli, Salmonella Typhimurium, 
Proteus vulgaris, Enterobacter 
aerogenes, Pseudomonas aeruginosa, 
and Yersinia enterocolitica. The 
outcome of this study showed 
that the EOs presenting the most 
active antimicrobial activity and 
broadest range of action were, in 
descending order, lemongrass, basil, 
oregano, cinnamon leaf, laurel, 
and rosemary. The species with the 
highest sensitivity to all EOs tested 
was Y enterocolitica. Lemongrass EO 
strongly inhibited all tested gram-
positive bacteria and showed higher 
activity on S aureus as compared 
to ampicillin. Among the gram-
negative bacteria, it presented 
substantial inhibition of Salmonella 
Typhimurium, Y enterocolitica, and 
P vulgaris and moderately inhibited 
E coli. Results showed that the 
evaluated EOs offer high potential as 
natural preservatives.14

        Another study compared the 
antimicrobial properties of extracts 
of 30 types of commercial herbs 
and spices commonly used in the 
production of ready meals. Various 
extracts of spices were evaluated 
for their antimicrobial activities 
against E coli, Listeria innocua, S 
aureus, and Pseudomonas fluorescens 
using a microdilution broth method. 
Ethanol and hexane extracts of 
oregano, clove, sage, rosemary, 
and celery showed relatively strong 
antimicrobial activities against all 

bacteria tested. In contrast, water 
extracts displayed little or no 
antimicrobial activity. There were 
some additive effects observed when 
oregano was combined with sage 
or rosemary against L innocua or S 
aureus.15

        The aforementioned studies 
demonstrate that there are a few 
herbs, spices, and EOs that have 
greater antibacterial response. 
Certain oils such as eugenol, 
coriander, clove, oregano, and thyme 
were also found to be effective 
in inhibiting L monocytogenes, 
Aeromonas hydrophila and 
autochthonous spoilage flora in 
meat products.16 Mint oil is effective 
against Salmonella Enteritidis with 
low-fat yogurt and cucumber salad.17 

The high fat content of fish and meat 
appears to reduce the effectiveness 
of antibacterial EOs. Oregano 
oil is more efficient against the 
spoilage organism Photobacterium 
phosphoreim on cod fillets than on 
salmon, a fatty fish.8 The effect of the 
combination oregano EOs with salt 
treatment has been investigated on 
the shelf-life of refrigerated trout 
fillets. The results indicated that 
combination leads to a significant 
shelf-life extension to 11 to 12 days.13 

In vegetable dishes, the antimicrobial 
activity of EOs is enhanced by a 
decrease in storage temperature 
and a reduction in the pH of the 
food.18 Vegetables have a low fat 
content, which may contribute to the 
favorable results obtained with EOs.

        Cinnamaldehyde and thymol 
are active against six Salmonella 
serotypes. Oregano oil was effective 
at inhibiting E coli in vegetables.8  
Carvacrol and cinnamaldehyde 
were very efficient at reducing the 
viable count of the natural flora on 
kiwifruit.8 It may have to do with 
the difference in pH since the lower 
the pH, the more useful the EOs and 
their components. Overall, carvacol, 
eugenol, and thymol possess the 
most potent antibacterial properties 
against foodborne pathogens.17

Conclusion
        It is important to understand 
that there are natural alternatives to 
protecting our food from bacterial 
microorganisms. As stated, research 
exists proving that herbs, spices, 
and EOs possess the most active 
antibacterial properties against 
foodborne pathogens and spoilage 
organisms in vitro. When these 
antimicrobial compounds have the 
correct physical conditions— low 
pH, low temperature, low oxygen 
levels, appropriate amounts of fat, 
protein, water content, antioxidants, 
preservatives, incubation time/
temperature, packaging procedure, 
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and physical structure of food 
combined with oxygen concentration 
and availability—they can positively 
affect food preparation, preservation, 
and safety.

        There is future work that is still 
needed to investigate the effect of 
natural plant extracts in combination 
with other food processing 
techniques to extend the shelf life 
of food. This field of research has 
great potential for the possibility of 
utilizing antimicrobials from the vast 
source of plants worldwide.
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