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Background: The interest in phenolic compounds 
present in foods of vegetable origin has shown a 
notable increase in recent decades. This interest 
is due to the growing number of scientific studies 
concerning their beneficial role in human health. 
The interest in polyphenols has been supported 
by the current and growing awareness, and 
attention of consumers to food from a food safety 
viewpoint and also because of the beneficial effects 
ascribed to polyphenols. Objective: The aim of this 
article is to highlight antibacterial, antifungal, and 
anti-inflammatory activities of various phenolic 
compounds normally found in certain foods. 
Conclusions: Phenolic compounds exert different 
biological functions, such as antioxidant activity, 
modulation of detoxifying enzymes, stimulation 
of the immune system, reduction of platelet 
aggregation, modulation of hormonal metabolism, 
reduction of blood pressure, and anti-inflammatory, 
antibacterial, antiviral, and antifungal activities.

In the recent years, consumers have developed a growing 
interest in the wholesomeness of food. The current trend 
concerns foods that are not only nutritious but also active 
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in the protection of human health because of enrichment in 
bioactive secondary metabolites. In this regard, the concept 
of functional food refers to foods that are provided with one 
or more compounds useful for the prevention or treatment of 
certain diseases, often pathologies with a strong social impact. 
Since the 1990s, particular attention has been paid to phenolic 
compounds present in plant foods. This phenomenon is due to 
the growing number of scientific studies that signify the benefits 
of these compounds for human health. A boost to research has 
also been given by the food industry through the production of 
supplements or additives.

This trend has determined a profound change in the study 
of natural products. The interest of the scientific world has 
been strongly motivated by the applicability and bioactivity of 
these substances in different ambits, including the medical and 
biological, nutraceutical, alimentary, veterinary, and feed sectors. 
At the same time, an interdisciplinary network was born in recent 
years, perhaps unique in the scientific world, that developed from 
the considerable increase in experimental studies on molecules 
of various origins that have contributed to the knowledge of their 
versatile and multifaceted properties (1–4).

Polyphenols include a wide variety of compounds, present 
in foods of plant origin, with evident in vitro and in vivo 
antioxidant properties. Most of their biological activities 
have been attributed to the capacity to act as reducing agents. 
Animals and humans have taken advantage of the availability 
of antioxidant substances present in vegetable foods, which 
support the functioning of antioxidant enzymes, as well.

In fact, polyphenols present in foods of vegetable origin, such 
as fruits, vegetables, oils, and other foods made from tea, cocoa, 
and grapes, constitute a very large and heterogeneous group 
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that can be broadly divided into classes such as hydroxybenzoic 
acids, hydroxycinnamic acids, stilbenes, lignans, and flavonoids. 
In turn, flavonoids can be further divided into various subclasses 
such as anthocyanins, flavonols, flavones, flavanols, flavanones, 
and isoflavones.

In food products, phenolic compounds are mainly found in 
the form of glycosides linked to a sugar molecule, especially in 
leaves, flowers, fruits, and seeds. Aglycones, molecules without 
sugar, are ubiquitous, especially in woody tissues and seeds. The 
content of phenolic compounds in plant tissues varies depending 
on the particular species, variety, organ, physiological stage, 
and pedoclimatic conditions and from plant to plant within a 
population.

Phenolic compounds are preferentially accumulated in air 
organs rather than in the roots and more in the epidermal and 
subepidermal layers of the plant because of the light-inducing 
effect on the phenolic metabolism. Lignin, the most abundant 
organic substance in plants after cellulose, is the exception to the 
rule, representing the only phenolic compound that accumulates 
in plant roots (5).

The different biological activities ascribed to polyphenols 
are linked not only to the heterogeneity of these molecules 
and to their structural and functional characteristics but also 
to how these compounds are absorbed and metabolized in the 
gastrointestinal district. The oral cavity and the gastrointestinal 
tract play a significant role in the conjugation of polyphenols 
before they arrive in the circulatory system and in the liver. 
There, polyphenols undergo different chemical transformations 
leading to the formation of metabolites with their own biological 
activity. In saliva, flavonoid glycosides are hydrolyzed to 
aglycones and turned into compounds that can be absorbed by the 
oral cavity. In the stomach, there is the reduction of polyphenols 
to monomeric units. In the small intestine, and subsequently in 
the liver, the real transformation takes place in two phases: (1) 
deglycosylation and aglycone formation and (2) transformation 
through oxidative metabolism by the enzymes belonging to the 
cytochrome P450 family or metabolic transformations leading 
to the formation of methylated, sulfated, and glucuronidated 
products but also to the opening of the aromatic ring. Further 
transformation occurs in the colon, where microflora degrade 
flavonoids to simple phenolic acids, which are then absorbed 
and metabolized in the liver.

Currently, nutritional epidemiology has made considerable 
progress, demonstrating that a high consumption of foods 
of plant origin is inversely related to the incidence of many 
diseases, such as cardiovascular, metabolic, neurovegetative 
(e.g., hypersomnia, hyperphagia, weight gain, etc.), and 
inflammatory diseases.

Essential nutrients present in the plant kingdom alone 
cannot be responsible for these beneficial effects on humans. 
They are, in fact, assisted by other substances that perform 
powerful biological activities as well as essential proteins, 
fats, carbohydrates, and micronutrients such as vitamins and 
minerals. These substances are phytochemicals and include 
thousands of molecules belonging to various chemical classes. 
This extremely inhomogeneous set includes some common 
characteristics: they are products of the secondary metabolism, 
and, in addition, they have complementary and overlapping 
mechanisms of action. These compounds have different 
biological functions, such as antioxidant activity, modulation 
of detoxifying enzymes, stimulation of the immune system, 

reduction of platelet aggregation, modulation of hormonal 
metabolism, reduction of blood pressure, and antibacterial, 
antiviral, and antifungal activities (6).

In this article, we want to highlight antibacterial, antifungal, 
and anti-inflammatory activities of various known phenolic 
compounds.

Antimicrobial Properties

Antimicrobial properties of phenolic compounds are 
widely reported in the literature, with a large number of 
studies demonstrating the existence of a correlation between 
phenols and antimicrobial power. This activity, carried out 
against bacteria, viruses, or fungi, is now, more than ever, 
an interesting field of study that is potentially able to offer 
new antibiotic therapies (antiviral, antifungal, and alternative 
strategies) relevant in cases of antibiotic resistance or 
antiviral therapies, as well as revolutionary methods for 
food preservation, replacing artificial preservatives (7), thus 
representing a valuable innovation for the pharmaceutical and 
food industries.

Antibacterial Properties

The antibiotic activity of phenolic compounds can be carried 
out on a wide range of bacterial microorganisms, modifying the 
structure, the pathogenic capacities, or the metabolism of the 
germ, thus giving rise to the bactericidal or bacteriostatic action.

Various studies published on the subject represent a wide 
range of possible mechanisms by which these compounds 
are able to exert their antibiotic power. However, at the base 
of these processes, there seems to be a single main activity 
carried out by the phenols: protein and enzymatic inactivation 
carried out mainly by tannins and flavonoids (8–10), which 
are capable of inactivating membrane proteins like adhesins 
and transport proteins (11). This is possible because of the 
formation of weak bonds (such as hydrogen or covalent 
bonds) between the phenolic compound and membrane 
proteins of the bacterium (12–17).

However, such protein inactivation, responsible for the 
antibiotic function of the phenolic compounds, can be 
implemented on various pathogenic bacteria structures, thus 
giving different outcomes.

The main observed and reported effects are as follows: (1) 
reduction of adhesion capacity to substrates, mainly carried 
out by phenolic acids and tannins (5, 8), which, by binding to 
membrane proteins, prevent the bacterium from adhering to 
the mucous membranes (such as oral cavity and urinary tract) 
and, therefore, alter the infectious process; (2) alteration of the 
cell membrane and lysis, mainly carried out by phenols and 
flavonoids that alter the bacterial structure and determine cell 
death by binding to membrane proteins (9, 18); (3) closure of 
ionic channels, mainly carried out by flavonoids that bind to 
membrane proteins and alter the metabolism of the bacterium, 
causing damage and cell death (19); (4) complexes of metal 
ions, mainly carried out by phenols and tannins that, by binding 
to membrane proteins, alter the metabolism of the bacterium, 
causing damage and cell death (8, 20); and (5) inhibition of 
energy metabolism, mainly carried out by tannins and flavonoids 
that bind to intra- or extracellular protein structures, inhibiting 
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oxidative phosphorylation or the production of adenosine 
triphosphate, resulting in cell death (20, 21).

However, despite these processes involving many species of 
bacteria, it is important to note that the efficacy of antibiotic 
action differs between Gram-positive and Gram-negative forms 
of bacteria. In fact, the latter are more resistant precisely because 
of their peculiar structure, in which we observe the presence of a 
lipopolysaccharide external to the bacterial membrane, eliciting 
a strong protective function (8, 22, 23).

A multitude of species belonging to the plant kingdom have one 
or more phenolic compounds in their biochemical composition. 
Among these, some plants clearly show antibacterial power, 
attributed in some cases to the presence of the phenols, which 
are reputed to be the creators of this action. This phenomenon 
is particularly interesting, as it allows humans to easily come 
into contact with natural antibiotics, e.g., through feeding. For 
example, it is possible to cite some plants (and derived foods) 
provided with phenolic compounds to which antibiotic power 
has been attributed.

First of all, given their peculiarity, are algae, and specifically 
brown algae, which are edible and widely used in Asian cuisine 
and rich in phlorotannins. Examples are Ecklonia cava and  
E. stolonifera (24, 25). Some species of edible mushrooms, such 
as Lactarius deliciosus, Sarcodon imbricatus, and Tricholoma 
portentosum (26), can be also considered.

Plant organisms have also been extensively studied for 
their antibacterial power, particularly some species of edible 
medicinal plants used by various populations in the field of 
traditional medicine for various purposes (from the treatment 
of enteritis to oral hygiene) as infusions, oils, or seasonings 
and flavorings. Examples are Salvia officinalis and Thymus 
vulgaris, Sida acuta, Ocimum sanctum, Hypericum perforatum, 
and Pulicaria odora (27–31).

With respect to aromatic plants, which are also used in 
Mediterranean cuisine, the following species can be mentioned: 
some species of chili (Capsicum annuum), garlic (Allium 
roseum var. Odoratissimum), basil (Ocimum gratissimum), 
oregano (Origanum vulgare), pepper (Piper nigrum), parsley 
(Petroselinum crispum), rosemary (Rosmarinus officinalis), and 
myrtle (Myrtus communis; 32–39).

Even some portions of trees, such as bark, leaves, fruits, or 
roots, show the same properties. Examples are Ginkgo biloba, 
Bridelia retusa, and Magnolia grandiflora as well as some fruit 
plants whose products are used in the kitchen, such as chestnut 
(Castanea sativa), date palm (Phoenix dactylifera), Crataegus 
azarolus, and moscatina (Vitis rotundifolia; 40–46).

Moreover, even some edible tropical species whose leaves, 
flowers, roots, or fruits are used for infusions, jams, or as 
food have the aforementioned capacities. This is the case for 
Murraya paniculata, Grewia asiatica, Eugenia jambolana, 
Carissa caranda, Spondias mombin, and Manihot utilissima 
(34, 47–49).

Furthermore, some fruits with antibacterial activity should be 
mentioned. Examples are berries, which represent an interesting 
category of plant products, being edible and widely used for food. 
These include strawberries and berries such as red raspberry, 
some varieties of blueberry, blackcurrant, raspberry, sorb, 
empetrum, eleagnus, and blackberry (50–56). Likewise, it is 
also possible to mention several fruits in common use, including 
cherries, figs, pomegranates, dates, some varieties of grapes, and 
apples (such as Golden Delicious), as well as tropical fruits such 

as persimmon, guava, and sweetsop (57–66). Also, some edible 
vegetables used in traditional cooking demonstrate the same 
activity, such as artichoke, kale, tomato, radish, soy, fennel, and 
Chinese potato (Plectranthus rotundifolius; 67–73). Finally, 
even some edible flowers used in traditional Asian cuisine as 
spices, vegetables, or preparations for infusions show the same 
properties, such as Sesbania grandiflora, Rosa damascena, and 
pomegranate flowers (Punica granatum; 74–76).

In conclusion, having so far treated only plants in possession 
of phenolic compounds with antibiotic power, the discussion 
should concern some products deriving from such plants. These 
substances are widely used in the culinary tradition of some 
peoples. Among these foods, we remember above all cocoa, 
honey, oil, tea, and wine as most relevant.

The olive tree (Olea europaea) is a fruit tree that boasts 
antibacterial activities presumably related to the presence of 
phenolic compounds. Both leaves and fruits contain various 
phenolic compounds (oleuropein, rutin, vanillin, and caffeic 
acid) that show antibiotic capacity against some bacteria, 
such as Staphylococcus aureus, Escherichia coli, Salmonella 
enterica, and Bacillus cereus (77–82). However, it is extremely 
interesting to observe that some derivatives of the olive tree, 
especially olive oil, also have a remarkable antibiotic power 
attributed to the presence of some phenolic compounds 
(such as oleuropein, leuteolin, ferulic acid, and cinnamic 
acid), which can explain their useful effects against some 
bacterial microorganisms, such as E. coli, S. enterica, Listeria 
monocytogenes, and Helicobacter pylori (83–85).

Other foods produced from the vegetable kingdom show 
the same capacity. For example, there are many varieties of 
honey in which some phenolic compounds have been found 
to be present, mainly flavonoids and phenolic acids capable 
of causing damage to bacteria such as E. coli, Staphylococcus 
lentus, and Klebsiella pneumoniae (86–89).

Another derivative is wine. This drink, obtained from multiple 
grape varieties, has phenolic compounds (rutin, quercetin, 
vanillic acid, gallic acid, and caffeic acid) that, in various studies, 
seem to be associated with the antibacterial capacity observed 
against a large slice of microorganisms such as E. coli, Serratia 
marcescens, Proteus mirabilis, K. pneumoniae, Pseudomonas 
aeuruginosa, Moraxella catarrhalis, Enterococcus faecalis,  
S. aureus, Streptococcus agalactiae, and Streptococcus pneumoniae 
(90–93). Finally, cocoa also appears to be a potential helper in the 
fight against bacterial infections, being able, thanks to its phenolic 
compounds, to damage some bacteria, such as E. coli (94).

Antifungal Properties

In recent decades, there has been a worldwide increase in 
the incidence of fungal infections, just as an increase in the 
resistance of some species of fungi to different fungicides 
used in medical practice has been observed. The significant 
increase in fungal opportunistic infections has been observed 
especially in patients treated with immunosuppressive drugs 
or with chemotherapeutics or in people with acquired immune 
deficiency syndrome.

Candida albicans is the most frequent cause of opportunistic 
infections in humans and is responsible for a variety of 
pathological manifestations ranging from superficial skin 
lesions to disseminated infections. The discovery of fungicidal 
drugs has allowed the eradication of many fungal infections, 
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substances. Honey is mainly composed of fructose and glucose, 
but it also contains fruit oligosaccharides and many amino acids, 
vitamins, minerals, and enzymes. The honey composition varies 
depending on the plants on which the bee feeds. However, 
almost all natural honey contains flavonoids (such as apigenin, 
pinocembrin, kaempferol, quercetin, galangine, chrysin, and 
esperperin), phenolic acids (such as ellagic, caffeic, p-coumaric, 
and ferulic acids), ascorbic acid, tocopherols, catalase, 
superoxide dismutase, reduced glutathione, Maillard reaction 
products, and peptides.

Honey has a very complex chemical composition that depends 
on the botanical source. It has been used both as food and medicine 
since ancient times. In addition to the important role of natural 
honey in traditional medicine, in recent decades it has been studied 
in laboratory and clinical investigations by different research 
groups, having found a place in modern medicine. It has been 
reported that honey has an inhibitory effect on around 60 species of 
bacteria and some fungi and virus species (98–100).

Pure honey inhibits the growth of fungi, and diluted honey 
seems able to inhibit the production of toxins (101). An 
antifungal action has also been observed for some yeasts and 
species of Aspergillus and Penicillium, as well as for all common 
dermatophytes (102). Candidiasis, caused by C. albicans, 
and some superficial skin fungal infections such as ringworm  
and athlete’s foot respond to honey. This reactivity is partly due 
to the inhibition of the growth of fungi and partly to the inhibition 
of bacterial infections (103). Furthermore, some studies have 
reported that topical honey application can be effective in the 
treatment of seborrheic dermatitis and dandruff (104, 105).

Another important food is garlic, used in folk medicine for 
its antimicrobial and antifungal properties. Otomycosis due 
to saprophyte keratolytic fungi represents a small percentage 
of clinical external otitis. Although some antibacterials and 
antifungal agents are available, their use should be limited 
because they are potentially ototoxic, and they cannot be used 
if the eardrum is perforated. In response to the lack of other 
preparations, in the study by Pail and coworkers (106), the 
authors studied the effectiveness of garlic extracts against fungi 
belonging to the genus Aspergillus, which are the most common 
cause of this infection. Two garlic preparations, aqueous garlic 
extract (AGE) and concentrated garlic oil (CGO), along with 
various commercial garlic supplements and pharmaceutical 
prescriptions, were used in an in vitro study. It has been 
shown that AGE and especially CGO have antifungal activity. 
These agents showed similar or better inhibitory effects than 
pharmaceutical preparations (106).

Antifungal properties are ascribed to tea, belonging to the 
family Camellia sinensis, an evergreen shrub of Chinese origin 
that can reach a maximum height of 2 m whose leaves are 
infused to obtain a drink. The first mention of tea in a written 
text, a treaty of pharmacopeia, dates to 200 BC. Recent studies 
have shown that black and green tea polyphenols show strong 
antimicrobial and anticancer properties. Some studies have 
been conducted to determine the effects of these polyphenols 
on C. albicans. The impairment of proteasome activity by tea 
polyphenols contributes to the cellular metabolic and structural 
alterations, accelerating the inhibition of the formation and 
maintenance of biofilm by C. albicans (107). In the study by 
Ning and colleagues (108), epigallocatechin gallate (EGCG), 
the main antimicrobial polyphenol in tea, is reported to inhibit 
the growth of C. albicans planktonic cells and potentiate the 

but the prolonged or inadequate use of the therapies has led to 
the establishment of strains of drug-resistant C. albicans. The 
spread of multiresistant fungal strains and the small number 
of available drugs have made it necessary to discover new 
classes of antifungals and compounds that inhibit these resistant 
mechanisms. The increase in fungal resistance to classic drugs, 
their toxicity, and high treatment costs justify the search for new 
strategies. This situation has led to the search for therapeutic 
alternatives, particularly among medicinal plants and isolated 
compounds for their empirical antifungal properties. In these 
natural sources, a series of molecules have been found with 
antifungal activity against different fungal strains, which are of 
great importance for humans and plants.

There is a great demand for new antifungal drugs belonging to a 
wide range of structural classes that act selectively on new targets 
with fewer side effects. Medicinal plants are important not only for 
millions of people for whom traditional medicine is the only health 
care opportunity and for those using plants for various purposes in 
their daily lives but also as a source of new drugs (95, 96).

The use of medical herbs represents a long history of human 
interaction with the environment. Plants used in traditional 
medicine contain a large variety of substances that can be used 
to treat different infectious diseases. Natural products, both as 
pure compounds and as standardized plant extracts, provide an 
unlimited number of opportunities for the creation of new drugs 
because of the availability of unparalleled chemical diversity.  
A large number of studies have been carried out on the anti-
fungal activity of natural phenolic compounds, namely simple 
phenolic compounds, flavones and related flavonoid glycosides, 
coumarins, and anthraquinone derivatives.

Essential oils represent one of the most important groups of 
compounds of natural origin because of their high antimicrobial 
power, recognized since ancient times. Essential oils have a 
broad spectrum of antimicrobial activity, attributable in most 
cases to the high content of terpenes. To increase the efficacy of 
synthetic antifungal drugs, it could represent a winning strategy 
to combine them with essential oils. Several studies have been 
directed in this direction; in many cases, a synergistic effect 
has been demonstrated, as, e.g., with thyme essential oil in 
association with amphotericin B or fluconazole and nystatin in 
association with essential oregano oil. In both associations, a 
synergistic effect was obtained, thus allowing the reduction of 
drug doses to a minimum amount and also reducing toxic and/or 
side effects of antifungal drugs. Moreover, this strategy appears 
to substantially lower the costs of medical treatments (97).

The antifungal efficacy of some foods, such as honey, garlic, 
tea, and turmeric, and some extracts of essential oils is extremely 
interesting and widely reported. There are many findings found 
in nature, from simple foods to medicinal herbs, that express an 
antifungal power suitable for any fungal infection. Starting from 
the diet, the first advice is to reduce sugars in the diet because the 
proliferation of mycosis is stimulated by the high presence of these 
elements in the blood and in the normal secretions of the body. 
In addition, it may be useful to introduce foods such as garlic, 
grapefruit, chamomile, mallow, cloves, and honey into the diet. 
You can also use the more specifically phytotherapeutic findings, 
which can be used both by ingestion and by topical application.

The first food treated is honey, the human use of which is 
traced to about 8000 years ago, as depicted by stone-age 
paintings. Honey is a natural product widely used for its 
therapeutic effects. It has been reported that it contains about 200 
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phenolic compounds. The existence of a similar antiviral 
property in natural products opens the door to the possibility 
of using them in the pharmacological field as an alternative 
to drugs or adjuvants to it (115) or as a solution for antiviral 
therapies against specific pathogens currently not managed by 
any treatment, if not aspecific.

The antiviral activity of phenolic compounds, expressed 
mainly by flavonoids (116) and phenolic acids (90, 115), seems 
to depend on factors such as the number of hydroxyl groups, 
their position, and the presence of specific phenolic molecules 
(such as procyanidin) with extracellular action (117–119).

In the literature, the existence of a multiplicity of possible 
processes by which the phenolic compounds exert their 
antiviral power has been observed. However, it seems that 
protein and enzymatic inactivations (carried out by all 
flavonoids and phenolic acids, as mentioned above) are the 
main activities. Specific mechanisms of action by which 
the phenolic compounds perform their antiviral function 
include the following. (1) Inhibition of reverse transcriptase: 
Among the enzymes inhibited by some phenolic compounds, 
such as phenols and phenolic acids, there is the polymerase 
responsible for the transcription of the viral genetic patrimony 
and, therefore, its replication. In this way, the proliferation 
and diffusion of the virus within the host organism and the 
relative onset of the related pathology are prevented. (2) Viral 
alteration: Compounds such as flavonoids are able to bind to 
viral proteins, denaturing them and irreversibly altering the 
viral activity itself. (3) Prevention of viral adhesion: Some 
compounds (such as phenolic acids) seem capable of inhibiting 
the link between cell and virus by binding to membrane proteins 
to prevent the fusion between the viral envelope and the plasma 
membrane. (4) Prevention of entry into the cell nucleus: Some 
phenols (such as tannins and flavonoids) are able to avoid 
the entry of the virus into the cell nucleus, preventing viral 
replication and diffusion (120–124). The antiviral capacity 
of phenolic compounds has long been studied, and it has 
been observed that not all compounds are effective in equal 
measure against all viruses that can infect humans, e.g., herpex 
simplex virus (HSV-1 and HSV-2), human immunodeficiency 
virus (HIV), influenza and parainfluenza virus, poliovirus, 
cytomegalovirus, rabies virus, hepatitis B virus, and Epstein-
Barr virus (EBV; 116, 118, 125–138).

Some examples can be given, including first of all, given their 
peculiarity, the fungi, represented by Inonotus hispidus (active 
against type A and B viruses responsible for influenza; 139) 
and some medicinal plants, from which emerges the antiviral 
capacity attributable to the presence of phenolic compounds 
(such as tannins), as in the case of Hamamelis virginiana and 
Shepherdia argentea against HSV-1 and HIV-1, Geranium 
sanguineum against HSV-1 and HSV-2, Geum japonicum 
and Syzygium aromaticum active against HSV (140–145), 
Chamaesyce thymifolia against HSV-1 (130), and Plantago 
major active against HSV (121).

Additionally, aromatic herbs, e.g., cloves (S. aromaticum), 
appear to be effective against HSV (144, 145), whereas oregano 
(O. vulgare) seems effective against HSV-1 and HSV (146).

Some shrubs and plants show this capacity, including a 
species of hawthorn (Crataegus sinaica) effective against  
HSV-1 (119), Rubus sanctus against HIV (147), Vitex polygama 
against HSV-1 (128), and Mosla scabra against influenza 
virus (148). Some trees, such as Millettia erythrocalyx and 

antifungal activity of antimycotics. EGCG increases the 
antifungal effects of miconazole, fluconazole and amphotericin 
B. Combined treatment with EGCG may reduce the dosages of 
antifungal agents, thus preventing adverse effects and the onset 
of drug-resistant oral candidiasis (108).

Curcuma longa Linn (Zingiberaceae family) and curcumin, 
the related polyphenolic compound, have undergone a variety 
of experiments because of the wide range of traditional uses 
and its low side effects. The antimicrobial activity of curcumin 
and of the rhizome extract of C. longa has been reported 
against various bacteria, viruses, fungi, and parasites (109). 
As with other plant materials, there are differences in the 
curcumin content of C. longa due to the different geographical 
regions of cultivation and hybridization with other turmeric 
species. These differences have to be taken into account for 
the choice of the plants with higher curcumin contents (110). 
A study of curcumin against 14 Candida strains and 10 clinical 
isolates showed that curcumin is a potent fungicidal compound 
with minimal inhibitory concentration values between 250 and 
2000 μg/mL (111). In another study, the anti-Candida activity 
of curcumin was demonstrated against 38 different strains of 
Candida (albicans, glabrata, krusei, tropicalis, guilliermondii, 
etc.), including some strains resistant to fluconazole (112).

Essential oils are rich mixtures of chemical components with 
complex biochemical and biological properties, particularly 
terpenes and phenols, which have the peculiarity of interfering 
with the viability of the bacterial and fungal wall and with the 
protein replication of bacterial and viral components. Most of 
these essential oils belong to the Lamiaceae family, i.e., plants 
with a strong aromatic component and rich phytocomplexity. 
Spices and aromatic herbs have been used mainly for their 
aromatic characteristics, and many among those known have 
been used in the treatment of various diseases, including 
infections. Studies have shown that, in some cases, these 
extracts have a remarkable antimicrobial, antifungal, and 
nematicidal activity. The composition of essential oil 
from T. pulegioides and its antifungal activity on Candida, 
Aspergillus, and dermatophytes have been studied.

Essential oils of plant aerial parts were obtained by 
hydrodistillation and analyzed by GC and GC–MS. The oils 
showed high content of carvacrol and thymol. Antifungal 
activity has been evaluated for essential oil and its main 
components. To clarify its mechanism of action on yeasts 
and filamentous fungi, studies were performed using 
cytofluorimetry of cytoplasmic membrane integrity, and the 
effect on the amount of ergosterol was studied. Obtained 
results showed that the essential oil of T. pulegioides showed 
significant activity against some mushrooms with clinical 
significance, mainly because of the formation of lesions in the 
cytoplasmic membrane and a considerable reduction of the 
content of ergosterol (113).

The results of the study carried out by Giordani and coworkers 
(114) indicate that the essential oil of T. vulgaris enhances the 
antifungal action of amphotericin B, suggesting a possible  
use of this essential oil in addition to antifungal medications for 
the treatment of mycosis.

Antiviral Properties

In addition to antibiotic and antifungal features, some plants 
also have a clear antiviral ability due to the presence of some 
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For these reasons, it is evident that there is a need to intensify 
the research to deepen and improve the related knowledge, a 
need that requires ever more appropriate and usable responses, 
given the whirlwind progress of humanity and related problems. 
The analytical research concerning polyphenols and other 
natural substances that may be related to polyphenols, if only in 
that these compounds are all “natural” principals (e.g., lactones, 
fructans, natural antibiotics, etc.), has to be taken into account 
(166–169). On the other hand, certain products, both historical 
and new, may be found with unknown allergenic substances 
and, consequently, justify new hygiene and safety worries for 
official institutions and unaware consumers (170–176).
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