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Pathogenic microorganisms not only cause edible quality deterioration and 
resulting postharvest losses but also produce toxins. Essential oils and plant 
extracts have been historically used as a natural source of antimicrobials 
for managing harmful microbial invasions on food products, particularly 
fresh fruits and vegetables. These are categorized as “generally recognized 
as safe” by the United States Food and Drug Administration as they are envi-
ronmental friendly and leave no residues behind. Synthetic antimicrobials 
have wide-ranging applications, are more stable and hence are more persis-
tent in biological system inducing consumer health hazards, which creates 
an aversion for their usage. The occurrence of antimicrobial-resistant micro-
organisms is widespread, due to their wide range of defense mechanisms, 
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raising difficulties in food preservation. Antimicrobial activity of natural 
plant extracts and essential oils ascribes to several molecules, favorable for 
combating antibiotic-resistant microbial populations. In this chapter, source, 
composition, and activity of natural antimicrobials of plant origin, plant 
extracts and essential oils are discussed with the aim to identify their possible 
varied applications to the postharvest fruit and vegetable commodities.

The need for antimicrobial agents, natural or synthetic, to prevent both food 
quality degradation and contamination with harmful human pathogens is 
more apparent now than ever due to demands of an increasing food supply.  
In spite of the use of available means of food protection during produc-
tion and modern storage, molds, mycotoxin and bacterial contamination, 
and oxidative deterioration still present different challenges for producers 
along the postharvest chain in all corners of the world (Alvarez et al., 2015; 
Prakash et al., 2015). Moreover, processed fruit and vegetable products, 
such as beverages, require either antimicrobial processing or additives to 
protect both consumers and the product quality. Due to the wide range of 
defense mechanisms in microorganisms, there is no “magic bullet” in terms 
of antimicrobial agents. Rather there are important questions to be addressed 
when designing food preservation systems for specific products (Roller and 
Board, 2003).

antimicrobials and antioxidants in the food industry. For fruits and vegeta-
bles, potent fungicides are applied using dipping methods, during produc-
tion or immediately postharvest. Other common postharvest antimicrobial 
control agents include chlorine, carbonates and bicarbonates, ammonia, 
sulfur dioxide, and low-molecular weight amines. While postharvest fungi-
cides and antimicrobial agents in food crops are among the most rigorously 
tested and regulated chemicals, recently their use has faced concerns over 

it has been suggested that there are human health risks associated with anti-
microbial residues, particularly in the diets of children, as they can persist 
in fatty tissues and organs such as liver and kidneys. On the other hand, 
the occurrence of antimicrobial-resistant microorganisms is widespread, and 
there are still research gaps in approved antimicrobial agents for the control 
of some plant pathogens (Smilanick and Sorenson, 2001).
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For application in the food industry, ideal antimicrobials must be avail-
able in large volumes and have already established as “generally recognized 
as safe” (GRAS) by the United States Food and Drug Administration (Calo 
et al., 2015). Whether consumers are aware of it or not, the source of most 
antimicrobials has historically been from “natural” sources or products 
(i.e., plants, bacteria) and has been subjected through approval process. The 
main “natural” antimicrobial compounds are essential oils (EOs), bacterio-
cins, organic acids, and naturally occurring polymers (Lucera et al., 2012) 
and often provide the “structural motifs” for the development of synthetic 
and commercial products (Morcia et al., 2011). During the last 25 years, 

sources of these natural antimicrobial agents for use against agricultural 
pests and the number of publications in this area over the past 10 years has 
quintupled. The environmental and human toxicity advantage of naturally 
sourced preservatives, in contrast to synthetic, is that they break down more 
rapidly because they lack the persistent, unnatural structures and seldom 
contain halogens that contribute to the high stability of synthetic compounds 
(Regnier et al., 2012). Additionally, their antimicrobial activity is usually 

This chapter will focus on two categories of natural antimicrobial agents 
of plant origin, EOs, and plant extracts, in terms of their sources, compo-
sition, and demonstrated activity as antimicrobial agents, with the goal of 
providing insight into their potential for postharvest application to the fruit 
and vegetable industry.

Plants have been proven to contain a wide array of natural compounds with 
antimicrobial activity. The antimicrobial effect of plant extracts obtained 
from spices, herbs, fruits, and vegetables has been well documented in recent 
years (Burt, 2004; Tajkarimi et al., 2010; Tiwari et al., 2009; Davidson, 
1997; Sánchez et al., 2014; Heredia et al., 2005). The antibiotic resistance 
observed in pathogenic microorganisms has been a factor for the research 
into plant extracts as a more sustainable alternative. Plant extracts seem 
to be a promising solution to the increasing antibiotic resistance and may 
also provide better results than synthetic preservatives (Hayek et al., 2013), 
promoting synergistic effects between natural antimicrobials and antibiotics 
at the same time.
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Antibiotic resistance has been largely increased due to extensive use of 
these compounds in foods and produce; this urging the need of new, safe, 

derived compounds could be used in the development of new preservation 
systems; thus, these compounds could prove to be among the most promising 
solutions for microbial resistance (Hayek et al., 2013; Perez-Montaño et al., 
2012; Castillo et al., 2015). Natural compounds could meet the consumer 
demand for healthier foods. Plant antimicrobials could also be used to 
combat infections caused by multidrug-resistant bacteria. Extracts from 

of these drugs for resistant pathogenic bacteria (Chinsembu, 2016; Abreu et 
al., 2012; Celestino et al., 2014).

According to Davidson (1997), there are some possible mechanisms of anti-
microbial activity; these include membrane-disrupting, causing leakage of 
the cellular content, interference with active transport or metabolic enzymes, 
dissipation of cellular energy in ATP form, depression of the internal cellular 
pH, or disruption of substrate transport by alteration of cell membrane 
permeability (Sánchez et al., 2010, 2013). Organic acids can also inhibit 
nicotinamide adenine dinucleotide (NADH) oxidation, thus eliminating 
supplies of reducing agents to electron transport systems. Other mechanisms 
reported include the attack of the phospholipid bilayer of the cell membrane, 
disrupting the cell enzyme systems and compromising the genetic material 
of a bacterial cell (Burt et al., 2007).

Secondary plant metabolites, particularly resins, isolated from the family 
Apiaceae, Burseraceae, Anacardiaceae, Palmaceae, Euphorbiaceae, Dracena-
ceae, Pinaceae, and Cupressaceae have revealed antifungal, antibacterial, 
and antiprotozoal activity (Termentzi et al., 2011; Paraschos et al., 2012; 
Rosas-Taraco et al., 2011; García et al., 2006). Various species of the plant 
genus Hypericum, used in traditional medicine, contain several compounds 
including hyperenone A, hypercalin B, and hyperphorin, responsible for anti-
bacterial activity against antibiotic-resistant Staphylococcus aureus and also 
against Mycobacterium tuberculosis (Osman et al., 2012; Shiu et al., 2011). 

resistant strains of S. aureus were reported by Braga et al. (2005). The syner-

gentamicin, ampicillin, tetracycline, and oxacillin, indicated the potential 
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for plant extracts to enhance the activity of these antibiotics. Because plant 
extracts kill bacteria or inhibit their growth, quorum-sensing, and virulence 
factors, plant products could become important ingredients in new antimi-
crobial drugs to combat antibiotic-resistant microorganisms (Castillo et al., 
2014; Clatworthy et al., 2007).

For example, a study tested 10 commonly used spices and herbs on 41 
foodborne bacterial strains using a series of evaluation methods to identify 
synergistic combinations in vitro with the goal of guiding more focused in 
vivo studies. Only three showed promising antibacterial activity across the 
pathogens (with inhibition zone diameter >11 mm), those being coriander, 
cumin, and mustard seed. Of the possible combinations, only coriander/
cumin seed showed synergism (FICI 0.25–0.5) with 2 log reduction in 24 
h (Bag and Chattopadhyay, 2015). Other tested combinations showed addi-

-
ings demonstrate the potential for further study in food systems but raise 
questions regarding the desired level of microbial reduction or duration of 
activity.

11.2.2 POTENTIAL APPLICATIONS OF PLANT EXTRACTS IN 
FOOD AND PHARMACEUTICAL INDUSTRY

Green tea extract has been used in various food applications such as bread, 
extra virgin olive oil (Rosenblat et al., 2008), meat, fish (Alghazeer et 
al., 2008), dehydrated apple products (Lavelli et al., 2010), rice starch 
products (Wu et al., 2009), and biscuits (Mildner-Szkudlarz et al., 2009). 
Grape seed extract has also demonstrated antimicrobial activities alone or 
in combination with other technologies in various food applications such 
as tomatoes, frankfurters, raw and cooked meat, poultry products, and fish 
(Bisha et al., 2010; Brannan, 2009; Perumalla and Hettiarachchy, 2011). 
According to Pina-Pérez et al. (2013), the combined effect of polyphenol-
rich cocoa powder with pulsed electric field significantly inactivated the 
level of Cronobacter sakazakii in infant milk formula over 12 h at 8°C 
storage. García et al. (2005) and Heredia et al. (2005) reported that partial 
purification of the active fraction suggested that polyphenols may play a 
role in the antimicrobial activity exhibited by Haemathoxylon brasiletto 
extracts against Vibrio cholera and enterohemorrhagic Escherichia coli 
0157:H7, respectively.
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The extract of lime alone or in combination with other edible fruits has 
been reported to reduce the population of Campylobacter jejuni and Campy-
lobacter coli in chicken skin by >4.0 log cycles (Valtierra-Rodríguez et al., 

-
tive against the growth of Salmonella and could be used in food products to 

(Capsicum annum) extract against Salmonella typhimurium in raw beef was 
reported by Careaga et al. (2003); the authors reported 1.5 mL/100 g of meat 
as the minimum concentration of the extract to prevent the growth of this 
bacterium.

Gram-positive bacteria are more susceptible to antimicrobial plant 
extracts (Deans et al., 1995; Yoda et al., 2004; Shan et al., 2007; Belguith et 

medium than in food systems (Orue et al., 2013). According to Burt (2004), 

experiments as in vitro (growth media). Poor water solubility of most EOs 

EOs into complex food systems (Ananda Baskaran et al., 2009; Friedman 

properties of the food products, altering the taste and the organoleptic 

Conversely, lower concentrations of these extracts in combination with other 

EOs are complex mixtures of aromatic oily liquids synthesized and obtained 
from vegetal organisms as secondary metabolites and may vary depending 
on the part of the plant (flowers, stems, leaves, seeds, fruits, roots, wood). 
The functions of the EOs are diverse, including the defense system of 
higher plants (Burt, 2004; Avila-Sosa et al., 2012; Teixeira et al., 2013). The 
amount and chemical composition of the plants oils vary greatly depending 
on external factors such as seasonal variation, ripeness, geographical region, 
nutrition, and climate. The EOs usually contain about 20–60 components in 
different proportions. These components are mixtures of different lipophilic 
and volatile substances, chemically derived from terpenes and their oxygen-
ated derivatives, terpenoids, which are low-weight aromatic and aliphatic 
acid esters and phenolic compounds. Normally, just a few components (two 
to three) are present in high concentration; such molecules tend to determine 
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the biological proprieties of the EO (Hussain et al., 2010; Bakkali et al., 
2008; Solórzano-Santos and Miranda-Novales, 2012; Reichling et al., 2009; 
Fisher and Phillips, 2008).

The composition of EOs is dynamic and is dependent of several factors. 
-

carbons synthetized from the combination of several isoprene units and do 
not represent a group of constituents with high antimicrobial activity. The 
main terpenes are monoterpenes, which constitute up to 97% of citrus oils 

other hand, terpenoids
in oxygen molecules and methyl groups, show antimicrobial activity related 
to their functional groups, carvacrol being a good example. Phenylpropenes 
represent organic compounds synthesized from phenylalanine, an amino acid 
precursor, in plants, and constitute a small fraction in EOs, having represen-
tative compounds such as eugenol. Flavonoids are nonvolatile compounds 

oils, like citrus oils (Fisher and Phillips, 2008; Hyldgaard et al., 2012).

11.3.1 ANTIMICROBIAL ACTIVITY OF ESSENTIAL OILS

Throughout history, humans have used plants for different purposes including 
food preservation and different medicinal purposes, such as pharmaceuticals 
and natural therapies. As science has progressed, new techniques have made 
it possible to study, isolate, and characterize the bioactive secondary metab-
olites of plants. EOs show antimicrobial activity against a broad spectrum of 
microorganisms: Gram-positive and Gram-negative bacteria, viruses, fungi, 
and protozoa. Tables 11.1–11.4 summarize relevant insights about antimi-
crobial activity of EOs against various microorganisms.

As previously mentioned, EOs are composed of a wide variety of compo-
nents which qualitative and quantitative composition determines their prop-
erties. The antimicrobial activity of the majority of the EOs is the result of 

a certain target inside cells. In general, because of their hydrophobicity, EOs 

the lipid ordering and the bilayer stability, decreasing the membrane integ-
-

quence, membranes become more permeable and there can be leaking of 
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and Phillips, 2008; Ben Arfa et al., 2006; Carson et al., 2002) (Fig. 11.1).

 Antibacterial Activity of Essential Oils and Compounds.

EO/compound Bacteria Concentration/method References

Pinus densiflora S. typhimurium Filter paper disks Hong et al. (2004)

Pinus koraiensis L. 
monocytogenesis

Filter paper disks

Chamaecyparis 
obtuse

E. coli
K. pneumoniae
S. aureus

Filter paper disks

Cinnamomum 
zeylanicum

S. aureus
B. subtilis
K. pneumonia
P. vulgaris
P. aeruginosa
E. coli

MIC: 3.2 mg/mL
MIC: >1.6 mg/mL
MIC: 3.2 mg/mL
MIC: >1.6 mg/mL
MIC: >0.8 mg/mL
MIC: >1.6 mg/mL

Prabuseenivasan et 
al. (2006)

Satureja hortensis L. A. actinomycetem-
comitans
F. nucleatum
P. micra
P. gingivalis
P. intermedia
P. nigrescens
T. forsythia

MIC: <0.125 µL/mL Gursoy et al. 
(2009)

Tamarix boveana S. aureus
S. epidermidis
E. coli
P. aeruginosa

1–0.3 mg/mL
4–0.5 mg/filter paper 
disk
MIC: 0.3–0.8 mg/mL

Saïdana et al. 
(2007)

Eucalyptus 
camaldulensis

S. aureus
L. monocytogenes
E. durans
E. coli
P. aeruginosa

MIC: >1–0.5 (% v/v) Akin et al. (2010)

Eucalyptus globulus Methicillin-
resistant S. aureus 
(MRSA)
E. coli
S. pyogenes
S. agalactiae
S. aureus
S. pneumonia
S. maltrophila

MIC: 85.6 µg/mL
Disk diffusion method
50 µL/mL
25 µL/mL
1.25 µL/mL

Tohidpour et al. 
(2010), Prabu-
seenivasan et al. 
(2006), Cermelli et 
al. (2008)
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EO/compound Bacteria Concentration/method References

Myrtus communis S. aureus
L. monocytogenes
E. durans
S. typhi
E. coli
P. aeruginosa
B. cereus

MIC: >1–0.5 (% v/v)
MIC 1.4–11.2 mg/MI

Akin et al. (2010), 
Rosato et al. 
(2007)

Cinnamomum cassia E. coli O157:H7
S. typhimurium
S. aureus
L. monocytogenes

MIC: 0.05 (vol/vol)
MIC 0.025 (vol/vol)
MIC: 0.05 (vol/vol)

Oussalah et al. 
(2006)

Dracocephalum 
foetidum

B. subtilis
S. aureus
M. lutens
E. hierae
S. mutans
E. coli

MIC: 26–2592 µg/mL Lee et al. (2007)

Origanum vulgare B. subtilis MIC: 0.35–0.70 mg/mL Rosato et al. 
(2007)

Carvacrol S. aureus
S. epidermidis

MIC: 0.35–2.80 mg/mL Rosato et al. 
(2007), Solór-
zano-Santos and 
Miranda-Novales 
(2012)

Thymol S. aureus MIC: 0.7–1.40 mg/mL Rosato et al. 
(2007)

Actinidia 
macrosperma

S. aureus
B. subtilis
E. coli

MIC: 0.78–25.50 µL/mL Lu et al. (2007)

Salvia rosifolia Sm. 
(Lamiaceae)

MRSA MIC: 125 µg/mL Özek et al. (2010)

Thymus vulgaris L. MRSA MIC: 18.5 µg/mL Tohidpour et al. 
(2010)

Eugenia 
caryophyllus

E. coli O157:H7
S. typhimurium
S. aureus
L. monocytogenes
B. subtilis
K. pneumonia
P. vulgaris
P. aeruginosa

MIC: 0.1 (vol/vol)
MIC: 0.05 (vol/vol)
MIC: 0.2 (vol/vol)
MIC: >3.2 mg/mL
MIC: >6.4 mg/mL
MIC: >3.2 mg/mL
MIC: >1.6 mg/mL

Oussalah et al. 
(2007), Prabu-
seenivasan et al. 
(2006)

 (Continued)
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EO/compound Bacteria Concentration/method References

C. operculatus E. aerogenes
E. coli
S. enteritidis
L. monocytogenes
S. typhimurium

MIC: 1–4 µL/mL Dung et al. (2008)

Laurus nobilis E. faecalis
L. monocytogenes
S. aureus
B. cereus

MIC: 0.02–0.2 % (v/v)
MIC: 1% (v/v)

Erkmen and Ozcan 
(2008)

Mentha pulegium L. S. aureus
V. cholerae
B. cereus
E. coli
L. monocytogenes
S. typhimurium

MIC: 0.5–4 µL/mL Mahboubi et al. 
(2008)

Mentha longifolia L. S. mutans
S. pyrogenes
K. pneumoniae
L. monocytogenes

Disk diffusion Al-Bayati (2009), 
Mkaddem et al. 
(2009)

Mentha viridis L. K. pneumoniae
L. monocytogenes

Disk diffusion Mkaddem et al. 
(2009)

Origanum 
compactum

E. coli O157:H7
S. typhimurium
S. aureus
L. monocytogenes

MIC: 0.025 (vol/vol)
MIC: 0.05 (vol/vol)
MIC: 0.013 (vol/vol)
MIC: 0.1 (vol/vol)

Oussalah et al. 
(2007)

Pimenta dioica E. coli O157:H7
S. typhimurium
S. aureus
L. monocytogenes

MIC: 0.1 (vol/vol)
MIC: 0.2 (vol/vol)

Oussalah et al. 
(2007)

Lantana trifolia L. M. tuberculosis MIC: 80 µg/mL Juliao et al. (2009)

Rosmarinus 
officinalis

S. aureus
B. subtilis
K. pneumonia
P. vulgaris
P. aeruginosa
E. coli

MIC: >12.8 mg/mL
MIC: >6.4 mg/mL
MIC: >12.8 mg/mL
MIC: >6.4 mg/mL

Prabuseenivasan et 
al. (2006)

MIC, minimum inhibitory concentration.

 (Continued)
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 Antifungal Activity of Essential Oils.

EO/compound Fungi Concentration/method Reference

Chamaecyparis 
obtusa

C. albicans Dilutions on filter paper 
disks

Hong et al. (2004)

Melaleuca 
alternifolia

C. albicans
C. glabrata
S. cerevisiae

0.25–1% (v/v) Hammer et al. (2004)

Melaleuca 
alternifolia

Filamentous fungi 
Dermatophytes

MFC: 0.03–8%
MIC: 0.004–0.25%

Hammer et al. (2004)

Citrus 
macroptera

T. mentagrophytes MIC: 12.5 µg/mL Waikedre et al. 
(2010)

Melissa 
officinalis

Trichophyton MIC: 15–30 µL/mL Mimica-Dukic et al. 
(2003)

Pimpinella 
anisum

C. albicans
C. parapsilosis
C. tropicalis
C. pseudotropicalis
C. krusei
C. glabrata
T. rubrum
T. mentagrophytes
Microsporum canis
Microsporum 
gypseum

MIC: 0.1–1.56% v/v Kosalec et al. (2005)

Artemisia 
absinthium

Microsporum canis
M. gypseum
T. rubrum
F. pedrosi

Agar diffusion test Lopez-Lutz et al. 
(2008)

Artemisia 
ludoviciana

Microsporum canis
M. gypseum
T. rubrum
F. pedrosi

Agar diffusion test Lopez-Lutz et al. 
(2008)

Calocedrus 
macrolepis var. 
formosana

F. oxysporum
R. solani
P. funereal
C. gloesporioides
G. austral
F. solani

Antifungal index: 15%
Antifungal index: 33.1%
Antifungal index 65%
Antifungal index: 16.7%
Antifungal index: 22.5%
Antifungal index: 52.1%

Chang et al. (2008)

Artemisia 
biennis

M. canis
M. gypseum
T. rubrum
F. pedrosoi

Agar diffusion test Lopez-Lutz et al. 
(2008)

Dracocephalum 
foetidum

C. albicans
S. cerevisiae

MIC: 26–2592 µg/mL Lee et al. (2007)
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EO/compound Fungi Concentration/method Reference

Chenopodium 
ambrosioides

A. niger
A. fumigatus
B. theobromae
F. oxysporum
S. rolfsii
M. phaseolina
C. cladosporioides
P. debaryanum

100 µg/mL Kumar et al. (2007)

Laurus nobilis 
L.

A. niger
R. oryzae

MIC: 0.02% (v/v) Erkmen and Ozcan 
(2008)

Mentha 
longifolia

A. ochraceus
M. ramamnianus

Diffusion test Mkaddem et al. 
(2009)

Mentha viridis A. ochraceus
M. ramamnianus

Diffusion test Mkaddem et al. 
(2009)

P. dulcis var. 
amara

M. canis
E. floccosum
T. rubrum
T. mentagrophytes

Mycelial growth inhibition: 
2–4 µL/mL

Ibrahim and 
El-Salam (2015)

Thymol F. oxysporum 500 µL/L Manganyi et al. 
(2015)

Eugenol F. oxysporum 500 µL/L Manganyi et al. 
(2015)

Salvia officinalis A. gossypii
A. niger
R. oryzae
T. reesei

MIC: 0.03–0.25 µL/mL Bouaziz et al. (2009)

P. armeniace M. canis
E. floccosum
T. rubrum
T. mentagrophytes

Mycelial growth inhibition: 
2–4 µL/mL

Ibrahim and 
El-Salam (2015)

Thymus vulgaris F. oxysporum 500 µL/L Manganyi et al. (2015)

O. europaea M. canis
E. floccosum
T. rubrum
T. mentagrophytes

Mycelial growth inhibition: 
2–4 µL/mL

Ibrahim and 
El-Salam (2015)

M. piperita M. canis
E. floccosum
T. rubrum
T. mentagrophytes

Mycelial growth inhibition: 
2–4 µL/mL

Ibrahim and 
El-Salam (2015)

MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.

plate and Db is the diameter of growth zone in the control plate.

 (Continued)
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 Antiviral Activity of Essential Oils.

EO/compound Virus Concentration References

Zingiber officinale HSV-1 strain KOS

HSV-2 IC
50

 (%): 0.0001

Schnitzler et al. 
(2007), Koch et al. 
(2008)

Houttuynia cordata HSV-1 ED
50

: 0.00038–
0.0091% (w/v)

Hayashi et al. (1995)

Cymbopogon spp. MNV Infectivity reduction 
at 2–4% (vol/vol)

Gilling et al. (2014a)

Zanthoxylum 
schinifolium

Calicivirus-F9 EC
50

: 0.0007% 
(pretreatment)

Oh and Chung (2014)

L. nobilis HSV-1

SARS-CoV

IC
50

 (µg/mL): 60

IC
50

 (µg/mL):120

Loizzo et al. (2008)

Hyssopus officinalis HSV-1 strain KOS

HSV-2 IC
50

 (%): 0.0006

Schnitzler et al. 
(2007), Koch et al. 
(2008)

Pimienta sp. MNV Infectivity reduction 
at 4% (vol/vol)

Gilling et al. (2014b)

b-Triketone (Lepto-
spermum scoparium)

HSV-1, HSV-2 IC
50

: 0.58, 0.96 µg/
mL

Reichling et al. (2005)

Santalum album HSV-1 strain KOS

HSV-2 IC
50

 (%): 0.0005

Schnitzler et al. 
(2007), Koch et al. 
(2008)

T. orientalis HSV-1

SARS-CoV

IC
50

 (µg/mL): >1000

IC
50

 (µg/mL): 130

Loizzo et al. (2008)

Eucalyptus globulus H. influenza

H. parainfluenzae 
MV

MIC: 1.25 µL/mL

0.25 µL/mL (Mild 
antiviral activity)

Cermelli et al. (2008)

Zataria multiflora 
Boiss.

Hepatitis A virus

MNV

FCV

Reduced titers at 1% 
(vol/vol)

Sánchez and Aznar 
(2015), Elizaquível et 
al. (2013)

Thymus vulgaris HSV-1 strain KOS

HSV-2s

MNV

IC
50

 (%): 0.0007

2% (vol/vol)

Schnitzler et al. 
(2007), Koch et al. 
(2008), El Moussaoui 
et al. (2013)

Thymol FCV

MNV

Reduced titers: 
0.5–2% (vol/vol)

Sánchez and Aznar 
(2015)

Melaleuca alternifolia HSV-1

HSV-2

0.125% (vol/vol) Garozzo et al. (2009)

Oregano sp. MNV 4% (vol/vol) Gilling et al. (2014a)
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EO/compound Virus Concentration References

Origanum elongatum MNV 2% (vol/vol) El Moussaoui et al. 
(2013)

Origanum compactum FCV

MNV

2% (vol/vol) Elizaquível et al. 
(2013)

Carvacrol MNV

FCV

0.25–1% (vol/vol) Gilling et al. (2014b), 
Sánchez and Aznar 
(2015)

S. thymbra HSV-1 IC
50

 (µg/mL): 220 Loizzo et al. (2008)

Santolina insularis HSV-1

HSV-2

80% inhibition at 
1.87 mg/mL

80% inhibition at 
1.25 mg/mL

De Logu et al. (2000)

Mentha piperita HSV-1

HSV-2

IC
50

: 0.002%

IC
50

: 0.0008%

Schuhmacher et al. 
(2003)

EC
50

, effective concentration to reduce the 50% plaque number; ED
50

, the 50% effective 
dose; FCV, feline calicivirus; IC

50
, 50% inhibitory concentration; MIC, minimum inhibitory 

concentration; MNV, murine norovirus; MV, mumps virus.

 Antiprotozoa Activity of Essential Oils.

EO/Compound Protozoa Concentration References

Annona vepretorum T. cruzi
Plasmodium spp.

IC
50

: <20 µg/mL Meira et al. (2014)

Annona squamosa T. cruzi
Plasmodium spp.

IC
50

: <20 µg/mL Meira et al. (2014)

Syzygium aromaticum Giardia lamblia
T. cruzi (epimastigote)

IC
50

: 134 µg/mL
IC

50
/24 h: 99.5 µg/

mL

Machado et al. 
(2011), Santoro et 
al. (2007a)

Syzygium cumini (L.) L. amazonensis:
Axenic amastigote
Intracellular 
amastigote

IC
50

: 43.9 µg/mL

IC
50

: 38.1 µg/mL

Rodrigues et al. 
(2015)

L. amazonensis:
Promastigote
Axenic amastigote
Intracellular 
amastigote

IC
50

: 19.7 µg/mL
IC

50
: 16.1 µg/mL

IC
50

: 15.6 µg/mL

Rodrigues et al. 
(2015)

Calamintha officinalis Botrytis cinerea 10–250 ppm Bouchra et al. 
(2003)

 (Continued)
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EO/Compound Protozoa Concentration References

Origanum vulgare L. T. cruzi (epimastigote)
T. cruzi 
(trypomastigote)

IC
50

/24 h: 175 µg/
mL
IC

50
/24 h: 115 µg/

mL

Santoro et al. 
(2007b)

Ocimum basilicum Giardia lamblia
T. cruzi (epimastigote)

2 mg/mL
IC

50
/24 h: 102 µg/

mL

de Almeida et al. 
(2007), Santoro et 
al. (2007b)

Eugenol (S. 
aromaticum)

Giardia lamblia IC
50

: 101 µg/mL Machado et al. 
(2011)

Thymus vulgaris L. T. cruzi (epimastigote)
T. cruzi 
(trypomastigote)

IC
50

/24 h: 77 µg/mL
IC

50
/24 h: 38 µg/mL

Santoro et al. 
(2007b)

Lavandula 
angustifolia

Giardia duodenalis
Trichomonas 
vaginalis
Hexamita inflata

Moon et al. (2006)

Achillea millefolium 
L.

T. cruzi (epimastigote) IC
50

/24 h: 145.5 
µg/mL

Santoro et al. 
(2007a)

IC
50

, concentration that inhibits 50% parasite growth.

 General mechanisms of action of the essential oils and their compounds 
against bacteria. Disruption of cell membrane and leakage of cell contents (1), interaction 
with DNA (2), disruption of cellular components, such as proteins (3), and depletion of the 
proton motive force (4).

 (Continued)
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In eukaryotic cells, EOs can act in mitochondrial membranes and 
decrease the membrane potential, causing depolarization of the mitochon-
drial membranes. This results in altered ionic Ca2+ cycling, reduction of the 
pH gradient, and disruption of the proton motive force, as in bacteria. Also, 

-
cals, cytochrome C, and proteins. Finally, the permeation of both outer and 
inner mitochondrial membranes leads to cell death (Bakkali et al., 2008).

When an EO damages the cellular and organelle membranes, it provokes 
cytotoxicity
molecules, such as proteins and nucleic acids, such as DNA, with poste-
rior production of reactive oxygen species. In other cases, however, these 
oils may be able to pass through cellular membranes without resulting in 
any sort of damage to the organisms until they are exposed to activating 

they are excited, producing oxygen singlet. This phenomenon is known as 
phototoxicity
molecules including DNA, lipids, and proteins. The fact that an EO may be 
cytotoxic or phototoxic is primarily due to the composition of molecules of 
the oil (Bakkali et al., 2008).

The chemical composition, proportions, and interactions among the 

biological features of the EOs from which they were isolated. Thus, there 

-
vidual’s activity, an additive
activity of one or more compounds is less than the combination individually; 

antagonism. In the case of synergism, the activity 
of combined components or substances is greater than sum of individual 

et al., 2009), it was hypothesized that the synergism shown by the combina-
tion of eugenol/carvacrol and thymol/eugenol against E. coli might result 
from the ability of carvacrol and thymol to disintegrate the bacterial outer 
membrane, enabling eugenol to penetrate into the cytoplasm and react with 

combinations of EOs of oregano/basil against E. coli and oregano/perilla 
against Saccharomyces cerevisiae was able to disrupt the integrity of the cell 

with synergistic activity will diminish the concentration needed to induce 
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and Juliani, 2012).
Abroad screening of the antimicrobial activity of EOs, and their general 

a discussion about the general mechanism of action of the EOs and their 
components in the various microbes follows.

Because of the variability in structure and functional groups, the antibac-

bacterial wall, having consequences such as degradation of the cell wall, 
depletion of the proton motive force, damage to membrane proteins, leakage 
of cell contents, damage to cytoplasmic membrane, coagulation of cyto-

-
sion (Burt, 2004; Bakkali et al., 2008; Oussalah et al., 2006).

Terpenes have shown the ability to pass through the cell wall in bacteria, 

such as proteins, and the destruction of cell membrane. Consequently, the 
leakage of cytoplasmic content leads to cell death (Fisher and Philips, 2008). 
Also, it has been observed that the decrease in pH that occurs in bacteria is 

of cellular metabolic pathways such as DNA transcription, protein synthesis, 
and enzyme activity (Oussalah et al., 2006). For example, an important 
compound that has shown to have important antibacterial activity and is 
present in a wide variety of plants is carvacrol, which is a lipophilic mono-
terpenoid phenol and, because of the free hydroxyl group in the chemical 

De Sousa et al., 2012).
-

microbial activity against Gram-positive or Gram-negative bacteria. Prabu-
seenivasan et al. (2006) tested the antibacterial activity of 19 oils against 
Gram-negative (E. coli, Klebsiella pneumonia, Pseudomonas aeruginosa, 
and Proteus vulgaris) and Gram-positive bacteria (Bacillus subtilis and S. 
aureus) and concluded that, overall, Gram-positive bacteria were more resis-
tant to the EOs than Gram-negative bacteria. However, some oils appeared 
more active exerting a greater inhibitory activity against Gram-positive 
bacteria. Oussalah et al. (2007) concluded that Gram-positive bacteria 
are more susceptible to the antimicrobial activity of EO compared with 
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Gram-negative bacteria with some exceptions, such as Listeria monocyto-
genes, as the cell wall of Gram-negative bacteria is composed of lipopoly-
saccharides, which prevents accumulation of the oils on the cell membrane, 
blocking the penetration of hydrophobic EOs into target cell membrane 
(Al-Bayati, 2008).

In some cases, EOs alone are not enough to display greater antimicrobial 
activity and the combination of two or more results in additive or synergistic 

of EOs, Thymus vulgaris and Pimpinella anisum enhanced antimicrobial 
P. aeruginosa, which showed prior 

resistance to the individual oils (Al-Bayati, 2008).
The components of EOs also show antibacterial activity. Eugenol, a 

methicillin-resistant and methicillin-sensitive S. aureus, being able to eradi-

lipophilic characteristics, which enable the compound to pass through the cell 
wall and cytoplasmic membrane and permeate the cell membrane, eventu-
ally resulting in cell lysis (Yadav et al., 2015); also, other reports proved that 
leakage of intracellular components also occurs in Gram-negative bacteria, 
such as Salmonella typhi, as a result of the possible formation of pores in 
the membrane (Devi et al., 2010). Citral, an acyclic unsaturated monoter-
pene aldehyde, is also present in the EOs of many plants (lime, lemons, 
and lemongrass to cite some) and has been shown to be able to inhibit and 
cause sublethal damage in membranes against E. coli, requiring important 
amounts of energy to repair such damages (Somolinos et al., 2010).

Although the EOs and their compounds show potent antimicrobial 

compounds. P. aeruginosa has intrinsic resistance to several antimicrobials, 
including the EO of Melaleuca alternifolia. This attribute has been associ-
ated with its outer membrane, which protects the bacteria from accumula-
tion of compounds at toxic levels in cytoplasmic membranes; also, there 
might be other mechanisms conferring resistance to these compounds, such 

presence. According to Ultee et al. (2000), Bacillus cereus in the presence of 
sublethal concentrations of carvacrol in growth media can adapt to its pres-
ence, gaining resistance by changing the fatty acids ratio and composition 
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of the bacterial membrane. Thus, EOs not applied properly may, in fact, 
promote the generation of resistant bacteria.

EOs also show potential antimicrobial activity in microbial eukaryotic 
organisms. The antifungal activity of EOs has also been studied and reported 
(Bansod and Rai, 2008; Moghtader, 2012). The mechanisms underlying this 
activity are dependent on the nature of the oil components. For example, 

is the main sterol in fungi (Hyldgaard et al., 2012; Dupont et al., 2012). This 

that the EO of Ocimum sanctum and two of its main components, methyl 
chavicol and linalool, alter the integrity of the cytoplasmic membrane in 
Candida, disrupting structural and functional capacity of the lipid bilayer 
(Khan et al., 2010). Indeed, in previous studies, Manganyi et al. (2015) have 
shown that the antimicrobial activity of the EO of thyme and clove, capable 

Fusarium isolates, could 
be associated with their major constituents, which are thymol and eugenol, 
respectively. Interestingly, an isolate was more resistant to the EO than the 
others, showing that some strains of the same species may have higher resis-
tance or susceptibility to certain EOs or compounds than others. The mecha-
nisms responsible for resistance against EOs are variable and complex such 
as altering the lipid layer of the cell membrane, resulting in impermeability 

been completely understood. Previous studies showed that the EO of cori-
ander (Coriandrum sativum L.) does not interfere with DNA synthesis; 
however, when cultures were incubated with the oil, there was an increase 

functions (Silva et al., 2011).
-
-

to medium, whereas smaller compounds, such as allyl isothiocyanate and 

volatiles (Suhr and Nielsen, 2003). Thus, the antifungal activity of the EO 
and their compounds may vary depending of these circumstances.

In some cases, EOs might not show high antifungal activity; instead, 
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enhance the antimicrobial activity of these oils. For example, ketoconazole 
Pelargo-

nium graveolens or its main components against Trichophyton spp. (Shin 
and Lim, 2004). Another example is that anfotericin B shows synergism 
with the coriander EO (Silva et al., 2011).

EOs display antiviral activity for enveloped DNA and RNA viruses. 

Optimally, the most desirable characteristic in antiviral drugs is the capacity 
-

essential compounds and their components can provide such valuable ideal 
drugs (Reichling et al., 2009).

Past studies have concluded that the main mechanism of antiviral action 
against enveloped virus is the direct interaction of essential compounds and 
their components with the viral envelope, diminishing their adsorption in the 
host cell (Fig. 11.2). For example, Koch et al. (2008) found that EO from 

before adsorption, suggesting that the oils interfere with the envelope struc-
tures of the virus or might mask viral compounds, which are necessary for 
adsorption or entry into host cells; Oh and Chung (2014) also suggested that 

General mechanism of action of the essential oils and their compounds 
against enveloped virus. EOs and their compounds interact with the viral envelope, masking 
the critical sites to achieve adsorption in cells.
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the EO of Zanthoxylum schinifolium
(MNV)-1 by blocking virus attachment to the host cell. In other studies, De 
Logu et al. (2000) concluded that EOs from Santolina insularis inactivate 

Astani et al. (2010) and Schuhmacher et al. (2003) also support this mecha-
nism of action.

In some instances, lacking the viral envelope may prevent the inactiva-
tion of EOs as reported by Cermelli et al. (2008), who observed that adeno-

to lack of a viral envelope. The capsid in such nonenveloped viruses serves 
to protect the integrity of the viral nucleic acid and to initiate infection by 
adsorbing to the host cell (Cliver, 2009). The lemongrass oil and one of its 
major compounds, citral, showed the ability to leave the capsid and genome 
intact of the MNV but instead display their antiviral activity by coating the 

(Gilling et al., 2014a). In addition, the authors reported that the allspice oil 
appeared to cause the viral capsid to lose its integrity in the MNV, resulting 
in exposure of the viral genome. The EO was shown to act upon the viral 

of the viral genome. The EO of oregano and the compound carvacrol also 
share similarities in their mode of action compared with the EO of allspice 
(Gilling et al., 2014b) (Fig. 11.3).

General mechanisms of action of the essential oils and their compounds are 
against nonenveloped virus; masking the critical sites to achieve adsorption in cells (1), loss 
of the capsids integrity (2), and interactions with the nucleic acids (3).



338 Emerging Postharvest Treatment of Fruits and Vegetables

parasitic microbes other than fungi. These organisms are complex as 

Leishmania, the IC
50

 (concentration that inhibits 50% of parasite growth) 

and amastigotes, suggesting that such molecules may target common 
molecules or pathways (Pastor et al., 2015); however, other reports have 
shown that intracellular amastigotes of Trypanosoma cruzi are as suscep-
tible as bloodstream trypomastigotes, while epimastigote forms are more 
resistant (Santoro et al., 2007a). Also, the resistance and susceptibility 
of parasites may vary depending on the organisms. An example of this 
is the fact that Trypanosoma parasites are more resistant to the oil action 
than Leishmania (Santoro et al., 2007b). Nevertheless, the mode of action 
of the EOs against these organisms, as in bacteria, fungi, and virus, is 
dependent on the oil’s characteristics. Because of the lipophilic manner, 

composition and causing a deformation in its structure and functionality, 
rendering changes in permeability and promoting cell lysis. In addition, 

-
elles by interfering, for example, with the potential of the mitochondrial 
membranes, leading to a release of free radicals that can act on the DNA 
and lead to apoptosis or necrosis of the cells (de Almeida et al., 2007; 
Rodrigues et al., 2015).

Despite the activity of the EOs related to its major compounds, in some 
cases, the presence of other constituents renders an increase in the oil’s 
activity. For example, it has been reported that the EO of Syzygium aromat-
icum induces changes in the viability and adherence of Giardia lamblia 
trophozoites; in contrast, eugenol inhibits only adhesion (Machado et al., 
2011). The mode of action that results in inhibition of adherence involves 
the loss of cell polarity with consequently cytoskeleton alterations. Also, 
there are other reports that show synergistic activity of compounds, such 
as combinations of ascaridol–carvacrol against Leishmania (Pastor et 
al., 2015); Santoro et al. (2007b) also found better activity of the EO of 
clove compared with eugenol against T. cruzi. However, in some cases, 
the activity of a major component alone may show greater antiparasitic 

EO Syzygium cumini against Leishmania promastigotes (Rodrigues et al., 
2015).
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11.3.2 APPLICATION OF ESSENTIAL OILS IN INDUSTRY

The increasing research in EOs has highlighted multiple benefits of their 
commercial use to address current global trends. Several isolated compounds 
have proven to be GRAS and approved for use for different purposes. 
Eugenol, a phenolic compound present in several plants, has been approved 
by the European Union to use as a flavoring ingredient in foodstuffs (Yadav 
et al., 2015). Another well-characterized compound used as a food additive 
is carvacrol, which can prevent the bacterial growth and contamination in 
food (Nabavi et al., 2015). However, because of their volatility, EOs demand 
special storage conditions, such as avoiding exposure to light and the use of 
airtight reservoirs (Lang and Buchbauer, 2012).

To date, there are alternatives to EOs and their major compounds are 
available commercially as sanitizers or disinfectants. These products are 
derived from and based on the EOs or compounds of several plants and 
have gained acceptance due to their “natural” origin rather than synthetic. In 
addition, their standardized qualitative and quantitative characteristics with 

additives for food, disinfectants of surfaces, washing materials, and many 

disinfectants, sanitizers, and hydrosols, based on EOs and their compounds, 

including the bacteria Salmonella, E. coli O157:H7, and L. monocytogenes 
(Valeriano et al., 2012; Upadhyay et al., 2012; Tornuk et al., 2011; Oliveira 
et al., 2010; García-Heredia et al., 2013). The EOs have also shown potential 
as pesticides (Isman et al., 2011), bioherbicide (Fisher and Phillips, 2008), 
larvadicidal, molluscicidal, and nematicidal (Sousa et al., 2015).

As EOs show important antimicrobial activity, pharmaceutical compa-
nies have also considered development of commercial products based on 

remedies, as potent antitumors, and for other applications (Chung et al., 
2010; Silva et al., 2003; Menichini et al., 2009). However, toxicity studies 
are required because, when overdosed, essential oils may be toxic and can 

and their compounds in the food industry in the near future. One of these 

barriers and can serve as carriers to release antimicrobials onto food surface 
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the oxygen uptake, moisture transfer, loss of volatile aromas, and have shown 
to improve shelf-life and food quality (Avila-Sosa et al., 2012; Rojas-Graü 

-

against microorganisms such as , E. coli O157:H7, 
Aspergillus niger, Penicillium digitatum, Serratia marcescens, Shewanella 
putrefaciens, , Photobacterium phosphoreum, 
Alcaligenes faecalis, Aeromonas hydrophila, Listeria innocua, and Lactoba-
cillus acidophilus (Avila-Sosa et al., 2012; Rojas-Graü et al., 2007; Gómez-
Estaca et al., 2010; Ruiz-Navajas et al., 2013). Another strategy studied 
nanoencapsulation of bioactive compounds. This comprises an approach to 
increase the stability of active substances and protect them from interac-
tions with other components and increase bioactivity (Donsì et al., 2011). 
In food areas, encapsulation can increase the concentration of the bioactive 
compounds where microorganisms are preferably located, such as water-

against E. coli, Lactobacillus delbrueckii, and S. cerevisiae (Donsì et al., 
2011; Lv et al., 2014). As noted, more studies are required to standardize the 
proper use of this technology in future.

As mentioned previously, these natural compounds are secondary metabo-
lites produced with varying presence, concentration, and chemical composi-
tion across growth conditions, age of or source from the plant, etc., not to 
mention the variability that comes during extraction and collection assays 
(Prakash et al., 2015; Calo et al., 2015). Therefore, these plant sources of 
antimicrobials are often active due to a complex mixture of compounds. 
While this does have some social and environmental benefits, in practical 
applications, this provides a great challenge. For large-scale production of 
food products, chemical composition of the EOs or plant extracts should be 
ascertained via gas chromatography prior to their use and a consistent chem-
ical composition is required to ensure consistent antimicrobial activity. Two 
options for addressing this include using pure compounds (less economical) 
or selecting an agent with a known main antimicrobial compound (Regnier 
et al., 2012).

Furthermore, while there have been few in vivo studies, it has been 
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meaning higher concentrations are required to achieve the same antimi-

pork sausage, 50-fold in soup, and 25–100-fold in soft cheese (Gyawali et 

to interactions with food components, such as lipids, protein, carbohy-
drates, water activity, pH, and enzymes (Prakash et al., 2015; Calo et al., 
2015). For application to fruits and vegetables, the main components of 
concern for interaction with antimicrobial agents would be carbohydrates 

not unique to EOs and plant extracts, but their poor water solubility does 
contribute to their poor incorporation into food products. In general, high 
water, salt, and simple sugar content, as well as low pH and low tempera-
tures, will all favor antimicrobial activity of EOs. On the other hand, high 
fat, protein, and starch content will either encapsulate bacteria or absorb 
the EO, thus hindering its antimicrobial activity (Perricone et al., 2015). 
In addition, their high volatility complicates the delivery method, which is 
why they are normally suggested for use as fumigants in the vapor phase 
(Prakash et al., 2015).

These higher required concentrations would likely alter sensorial and 

no longer be desirable to consumers. Furthermore, these levels could mask 
consumer perception of spoilage and leave them with an undesirable eating 
experience. Alternatively, these higher concentrations would no longer 

average cost of EO is six times that of a chemical fungicide necessary to 
treat the same quantity of citrus (Sivakumar and Bautista-Banos, 2014). For 
these reasons, current uses in food products are at inhibitory levels instead 
of microbicidal levels (Calo et al., 2015). While economy-of-scale produc-

it is a main consideration for producers and distributors. Existing GRAS 
status and proven nontoxicity means that legislative and regulatory issues 
are not major challenges for plant sources of antimicrobials; rather, the lack 
of collaboration between research and industry has perpetuated this lag time 

Given the limitations and challenges mentioned above, the future direc-
-

bles is toward improving the delivery method with in vivo experimentation. 
There is still much work in the area of synergistic combinations.
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Some other proposed application methods involve combination with 
hurdle approaches, such as with organic acids or incorporation in edible 

-
tion; smart packaging designed with antimicrobials incorporated (Regnier 
et al., 2012; Gyawali et al., 2015; Vergis et al., 2015); and even application 
as crop-protecting products for preharvest treatment (Regnier et al., 2012). 
As modern processing and ingredient technologies continue to advance, the 

and vegetables.
Lastly, there have been many in vitro studies that test compounds and 

combinations of compounds against an array of microorganisms; however, 
prediction modeling may allow for better guidance on in vivo experimental 

-

predict the most consistent high inhibitory and low inhibitory compounds 
-

with development of more directed commercial usage for preservation of the 
products and their sensory appeal.

Overall, research on plant sources of antimicrobial agents has been benefi-
cial to many sectors of society, including produce industry. EOs and plant 
extracts have demonstrated broad in vitro antimicrobial activity against 
common postharvest pests in agriculture. Characterization of the main 
active compounds provides “structural motifs” for development of synthetic 
versions with reduced complexity and improved function for commercial-
ization. Due to recent environmental and consumer concerns in the produce 
industry, the desire for alternatives to these natural compounds has led to 
experimentation with EOs and plant extracts on fruits and vegetables. The 
main advantages of using some natural antimicrobials could include biodeg-
radation, lack of residues on food products, consumer acceptance, and 
activity retention in vapor phase. However, some limitations to overcome 
include compositional complexity, in vivo inconsistency, physicochem-
ical interactions, cost, sensory, and organoleptic degradation. Therefore, 
the future direction of research will be aimed at improving their mode of 
delivery and consistent activity so as to minimize required effective concen-
trations and cost.
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