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ABSTRACT

Synthetic food additives generate a negative perception in consumers. This fact generates an important pressure on food
manufacturers, searching for safer natural alternatives. Phytochemicals (such as polyphenols and thiols) and plant essential oils
(terpenoids) possess antimicrobial activities that are able to prevent food spoilage due to fungi (e.g., Aspergillus, Penicillium)
and intoxications (due to mycotoxins), both of which are important economic and health problems worldwide. This review
summarizes industrially interesting antifungal bioactivities from the three main types of plant nutraceuticals: terpenoids (as
thymol), polyphenols (as resveratrol) and thiols (as allicin) as well as some of the mechanisms of action. These phytochemicals
are widely distributed in fruits and vegetables and are very useful in food preservation as they inhibit growth of important
spoilage and pathogenic fungi, affecting especially mycelial growth and germination. Terpenoids and essential oils are the most
abundant group of secondary metabolites found in plant extracts, especially in common aromatic plants, but polyphenols are a
more remarkable group of bioactive compounds as they show a broad array of bioactivities.

HIGHLIGHTS

� Phytochemicals show antifungal activity, and they act in a synergistic manner.
� Polyphenols are effective against important crop pathogenic fungi.
� Most relevant antifungal thiols are allicin and its derivatives.
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Humans, as well as crops and livestock, are susceptible
to be infected by pathogenic fungi (5, 36, 67). Fungi are also
one of the main problems associated with food spoilage,
because fungal growth on raw and processed foods
produces the deterioration of their sensorial properties,
rotting, off-flavor, and odor emission (70). They also have
the advantage of dispersing easily by spores, and in this
stage they are more resistant to food processing and other
treatments, such as those implying heat application,
especially when the spores have originated by a sexual
process (17). Moreover, some species are able to produce
mycotoxins, which contaminate approximately 25% of the
crops globally and affect human health. Long-term
ingestion of these mycotoxins, such as those produced by
Aspergillus, Fusarium, and Penicillium, has been associated
with liver and kidney tumors, autoimmune illnesses, free
radical production, and other teratogenic, carcinogenic, and
mutagenic effects (37, 93). For example, some crops are
especially vulnerable to being invaded by microorganisms

because of their nutritional characteristics, such as pepper
(Capsicum sp.), where these mycotoxins are commonly
found (9). It is also important to take into account that these
contaminations can occur during all food manipulation
steps: transport, processing, and storage.

The use of food preservatives can extend food shelf life
by inhibiting bacterial and fungal growth, and we have been
using them for several centuries, when salt, vinegar, or
sugar were the most common preservatives. However, today
the demand of ready-to-eat food is increasing and
consequently so, too, that of food additives. They have to
meet several criteria to ensure food safety, maintaining the
nutritional value and sensorial properties while improving
quality (color, taste, texture, and freshness). In addition, it is
crucial to consider the specificity of the antimicrobial
compounds used as additives to prevent our own micro-
biome being altered (69). But synthetic additives also
present negative aspects and have a poor perception among
consumers, so the food industry tries to reduce their use,
replacing them with natural alternatives (8, 75). The main
problem is that some of them show adverse health effects,
including carcinogenic effects. For example, after several
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reactions, sodium nitrite, used in processed meat, can
produce N-nitrosamines, recognized as carcinogens (65).
The search for new natural molecules with antifungal
activity to improve food preservation is therefore very
interesting.

Natural compounds with antifungal activity are present
in some plants and mushrooms because they need them as
protection to survive in their natural environments (81), and
many of them also act as nutraceuticals, natural components
of food with bioactive functions that provide extra
beneficial properties to human health in addition to their
nutritional value (32, 76). Some examples of specific
molecules with antifungal properties are described herein.

TERPENOIDS AND ESSENTIAL OILS

Terpenes are the widest group of chemical compounds
found in plant extracts, showing important antimicrobial
activity that can be enhanced by the presence of other
phytochemicals (from the plant extract) in a synergistic way.
Depending on the plant species and the plant tissue that is
extracted, the chemical profile of these essential oils will
differ (85).

Grifolin (Fig. 1), a sesquiterpene compound isolated
from fruiting bodies of the fungus Albatrellus dispansus,
inhibits the mycelial growth of plant pathogenic fungi such
as Sclerotinina sclerotiorum and also produces an almost
total inhibition of spore germination on Fusarium grami-
nearum, Gloeosporium fructigenum, and Pyricularia or-
yzae. Other sesquiterpenes such as rufuslactone (Fig. 1),
extracted from the fruiting bodies of the basidiomycete

Lactarius rufus, show also antifungal activity against
phytopathogenic fungi (51).

Another fungus, Crinipellis rhizomaticola, a species
discovered in 2009, synthesizes the compound crinipellin A
(Fig. 1), a diterpenoid that shows a strong activity in vivo
and in vitro against Magnaporthe oryzae, Collectotrichum
coccodes, Botrytis cinerea (gray mold), and Phytophthora
infestans, some of the most important crop pathogenic fungi
(33).

The European Commission has accepted many essen-
tial oil components (mainly volatile terpenoids) and other
phytochemicals (such as polyphenols) for their use as
flavorings in food products. These molecules, such as the
terpenoids carvacrol, carvone, citral, limonene, linalool, and
thymol (Fig. 1), and the polyphenols cinnamaldehyde,
eugenol, and vanillin (Fig. 2), are considered to present no
risk to consumer’s health. The U.S. Food and Drug
Administration classifies crude essential oils of some plants
such as clove, oregano, thyme, nutmeg, basil, mustard, and
cinnamon as generally recognized as safe compounds (39,
89). Essential oils, or their purified components, are good
candidates for use as preservatives, especially in highly
perishable foods such as meat or fish (66).

Extracts from Origanum vulgare (oregano), Satureja
montana (winter savory), Mentha piperita (peppermint),
Cinnamomum verum (cinnamon tree), and Cymbopogon
flexuosus (East Indian lemongrass) exert a potent antifungal
activity against the yeast Candida albicans (80, 87) and also
against Saccharomyces cerevisiae in the case of Origanum
sp. (21). Origanum essential oil is rich in terpenoids with
antifungal properties, such as carvacrol and thymol (79)

FIGURE 1. Chemical structures of anti-
fungal terpenoids. 1, carvacrol; 2, citral;
3, linalool; 4, thymol; 5, carvone; 6,
limonene; 7, grifolin; 8, rufuslactone; 9,
isopulegol; 10, β-ionone; 11, litseacubebic
acid; 12, 1,8-cineole; 13, α-terpineol; 14,
terpene-4-ol; 15, 3-carene; 16, crinipellin
A; 17, β-ocimene.
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(Fig. 1). Recently, oregano and clove (Eugenia spp.)
essential oils have been tested on nanoemulsions in vitro
and in salad dressings, and both show activity against
Zygosaccharomyces cerevisiae (74). Other studies have
shown that subinhibitory concentrations of these terpenoids
are able to sensitize Candida albicans biofilms, making
them more sensitive to fluconazole treatment (18). Interest-
ingly, different terpenes show specific activity against
biofilms, depending on their developmental state. For
example, isopulegol, thymol, carvone, and β-ionone (Fig.

1) are potent inhibitors of biofilm initiation, whereas
carvacrol and eugenol were the most efficient against
mature biofilms (73). The terpenes linalool and citral (Fig.
1) exhibit great activity against Candida albicans, and both
compounds have an excellent synergistic effect in combi-
nation with fluconazole against a fluconazole-resistant
Candida albicans strain (98). The bioactivity of citral was
tested against another fluconazole-resistant species, Candi-
da tropicalis, showing synergistic effects, too, apart from
the antifungal activity of isolated citral (84). This compound

FIGURE 2. Chemical structures of anti-
fungal polyphenols. 1, eugenol; 2, cinna-
maldehyde; 3, vanillin; 4, salicylic acid; 5,
gallic acid; 6, p-hydroxybenzoic acid; 7, p-
coumaric acid; 8, cinnamic acid; 9,
resveratrol; 10, curcumin; 11, osthenol;
12, daphnoretin; 13, scopoletin; 14, um-
belliferone; 15, epigallocatechin gallate;
16, theaflavin digallate; 17, kaempferol;
18, hildegardiol; 19, 2-hydroxymaackiain;
20, farrerol; 21, galangin; 22, punicala-
gin; 23, candelitannin; 24, quercetin; 25,
catechin; 26, rutin; 27, hyperoside; 28,
nordihydroguaiaretic acid.
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also affects the mitochondrial function of Penicillium
digitatum, the cause of green mold of citrus, by producing
a deformation and loss of matrix and consequently the
inhibition of its growth (97). By contrast, linalool, the main
component of the Achillea ligustica (Ligurian yarrow)
essential oils, shows antifungal activity against several
phytopathogenic fungi, such as Alternaria solani or
Fusarium graminearum, either alone or in combination
with terpinen-4-ol and 1,8-cineole (30) (Fig. 1). In addition,
as it occurs with citral, linalool is active against a
fluconazole-resistant fungus strain, Trychophyton rubrum
(14).

The essential oils from other aromatic plants such as
Salvia officinalis (common sage), Lavandula dentata (French
lavender), and Laurus nobilis (laurel) contain the monoter-
pene 1,8-cineole as their major constituent, which has a high
activity against the fungus Aspergillus carbonarius (12).

Diánez et al. (16) tested 12 different essential oils
facing eight pathogenic fungi, including pathogens. The
most effective oils were those from clove, rose geranium,
peppermint and patchouli, having total or partial inhibitory
effect against Fusarium oxysporum, Sclerotinia sclerotio-
rum, Phytophthora parasitica, Alternaria brassicae, and
Cladobotryum mycophilum. These pathogenic fungi infect
several important crops such as tomato and cabbage and the
mushroom Agaricus bisporus.

Venkatesh et al. (90) studied the response of 15
pathogen fungi to Boswellia serrata (Indian oli-banum)
essential oil extract (mostly composed by the monoterpenes
3-carene and β-ocimene and the tetranotriterpene D-
limonene; Fig. 1), with Alternaria brassicicola, Alternaria
geophila, and Curvularia tetramera being the most
susceptible fungi. This extract also showed a significant
antifungal activity in comparison to synthetic fungicides,
such as Fungicop-50. Moreover, the aflatoxin B1 production
by Aspergillus flavus was totally inhibited. In a similar way,
production of the mycotoxin fumonisine B1 by Fusarium
verticiloides was almost totally inhibited as well.

Raimundo et al. (71) compared the action of essential
oils from Gallesia integrifolia (garlic wood), native to
Brazil, with the action of the synthetic antifungal ketocona-
zole. This essential oil was 25 times more effective against
Aspergillus fumigatus, Aspergillus versicolor, Aspergillus
ochraceus, and Trichoderma viride than ketoconazole.

The fruit essential oil of the tree Litsea cubeba
(aromatic litsea) contains 75% citral and is widely used as
a flavor enhancer in foods, as an antimicrobial and
insecticidal agent, and as raw material for the synthesis of
vitamin A. This essential oil also contains the monoterpe-
noid litseacubebic acid (Fig. 1), which shows good
fungicidal activity against diverse plant pathogenic fungi
such as Sclerotinia sclerotiorum, Rhizoctonia solani,
Phaeoseptoria musae, and Colletotrichum gloeosporioides
(96), even though the most active compound in Litsea
cubeba is citral (92). The leaf extract of another species of
this genus, Litsea monopetala, also has a significant
antifungal activity against Aspergillus niger, Saccharomyces
cerevisiae, and Candida albicans (34).

Growth of Phytophthora drechsleri, a phytopathogenic
fungi that damages many crops consumed by humans, has

been successfully inhibited by application of Zataria
multiflora (satar) essential oil (55). Similar results have
been reported with essential oils from black and green
pepper (Piper nigrum and Capsicum annuum) or eucalyptus
(Eucalyptus spp.), which are also rich in sesquiterpenes and
monoterpenes, preventing yeast spoilage of fruit juices (62,
88).

The tea tree (Melaleuca alternifolia) essential oil
contains mainly α-terpineol and terpene-4-ol (Fig. 1), the
most effective compounds of this oil against the fungus
Aspergillus niger, causing metabolic and morphological
damage on it. This fungus grows on the grape (Vitis
vinifera) pericarp and pulp and causes black mold disease
after harvesting. Also, it produces mycotoxins, affecting
human health. Therefore, tea tree oil could be a potential
grape crop preservative (4).

Rice (Oryza sativa) seeds are susceptible to be infected
by several species of the genera Alternaria, Fusarium,
Bipolaris, and Pyricularia. Such infections cause losses in
product quality and can be dangerous because some
Fusarium species produce mycotoxins. Origanum compac-
tum essential oil causes fungal growth inhibition on rice
samples spiked with Alternaria alternata, Bipolaris oryzae,
and Fusarium spp., suggesting that this essential oil could
be useful as a rice preservative (79).

MICs of carvacrol and thymol can completely block
ergosterol biosynthesis, a fungal membrane sterol, and
below the MIC they cause a decrease in ergosterol content
in a dose-dependent manner, which can explain their
antifungal effects against Candida species (2). This
disruption of ergosterol biosynthesis has also been found
for other species, such as Fusarium graminearum, with
thymol (28), and the mechanism of action of the compound
citral, mentioned previously, is also based on the interrup-
tion of the biosynthesis pathway of ergosterol, as Sousa et
al. (84) evidenced testing it against Candida tropicalis.

POLYPHENOLS

Penicillium expansum is an aggressive fungus that can
affect apples (Malus domestica), one of the most cultivated
and consumed fruits worldwide, spreading quickly and
producing the mycotoxin patulin, potentially harmful to
human health. Salicylic acid (Fig. 2), a phenolic acid
involved in plant growth development, has shown antifun-
gal properties against postharvest pathogens, including
Penicillium expansum, Botrytis cinerea, and Rhizopus
stolonifera, even at low concentrations. Because salicylic
acid is considered safe for the environment and human
health, and because of its good antifungal properties, it has
been proposed as an alternative to the fungicides used
against apple postharvest infections (13). Penicillium
expansum is also vulnerable to one Italian endemic variety
of Allium sativum (wild garlic), called Rosato, whose
phenolic extract is mainly composed of gallic acid,
hyperoside (Fig. 2), and allyl isothiocyanate, a thiol
derivative (Fig. 3). Another Italian endemic variety,
Caposele, has antifungal activity against Aspergillus versi-
color and Penicillium citrinum, due to the same chemical
compounds (24). Similarly, several Fusarium species can
cause plant diseases that produce losses in agricultural crops
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and a risk to human health due to their ability to produce
mycotoxins. Gallic acid (Fig. 2), the main compound of
Spirulina LEB-18 cyanobacteria extract, reduces mycelial
growth of Fusarium graminearum while decreasing the
mycotoxin concentration (64). This compound, isolated
from Terminalia nigrovenulosa bark, was also effective
against Fusarium solani, decreasing root rot diseases; thus,
it is recommended to control these types of infections in
some plants such as cucumber (Cucumis sativus) (61).
Coprinopsis atramentaria mushroom extract, containing p-
hydroxybenzoic, p-coumaric, and cinnamic acids (Fig. 2),
shows antifungal activity against Aspergillus and Penicil-
lium, with a remarkable demelanizing activity over
Aspergillus niger, Aspergillus fumigatus, and Penicillium
verrucosum var. cyclopium, an effect that is interesting as
melanin is an important factor in fungal virulence (35).

Another aggressive fungus that affect crops (e.g.,
pineapple [Ananas comosus], avocado [Persea americana])
is Phytophthora cinnamomi. Polyphenolic extracts from
Larrea tridentata (greasewood) and Flourensia cernua
(tarbush) are effective against it, with very low MICs (6.96
and 8.6 mg/L), showing mycelium growth inhibition (9).

Resveratrol (Fig. 2) is a stilbene phytoalexin produced
by some plants in response to UV radiation and the growth
of fungal pathogens, such as Botrytis cinerea, reducing
germination of the conidia and mycelial growth (20, 74).
Resveratrol, found in red wine, red grapes, peanuts (Arachis
hipogaea), cranberries, and blueberries (Vaccinium spp.)
(91), also induces apoptosis in the human pathogen Candida
albicans through the caspase-dependent mitochondrial
pathway (46). It also inhibits other dermatophytes such as
Trichophyton mentagrophytes, Trichophyton tonsurans,
Trichophyton rubrum, Epidermophyton floccosum, and
Microsporum gypseum (91). In addition, resveratrol analogs
are being analyzed for antifungal activity with favorable
results, probably related to their imine group (54).

Curcumin (Fig. 2) is a polyphenol produced in the
rhizome of the plant Curcuma longa (turmeric), and in
addition to its antioxidant, antimutagenic, and antitumoral
properties, it also has a potent antifungal property, with
stronger activity than fluconazole in the inhibition of
Paracoccidioides brasiliensis and Candida spp. growth

(53). Curcumin is also active against Sporothrix schenckii,
the cause of sporotrichosis, redistributing chitin in its cell
wall (38). The activity of this compound can be modified in
combination with other molecules, such as dodecanol or
ascorbic acid (42, 95). This antifungal activity could reside
in the induction of alterations of membrane-associated
ATPases, ergosterol biosynthesis inhibition, and reduction
in the levels of proteinase secretion, an important virulence
factor (60, 95). However, curcumin is insoluble in water, so
it must be microencapsulated to be used as a preservative in
food, thereby increasing the solubility and antifungal effect
of curcumin (14, 31).

Different coumarins (Fig. 2) were tested against
Candida albicans, Aspergillus fumigatus, and Fusarium
solani. Osthenol, a prenylated coumarin with an alkyl group
at C-8 position (Fig. 2) found in the seeds of Apium
graveolens (celery) and Angelica pubescens (shishiudo) (6),
among others, showed the best results, with a MIC of 125
μg/mL for Fusarium solani and 250 μg/mL for Candida
albicans and Asprgillus fumigatus (57). Daphnoretin (Fig. 2)
is a biscoumarin from the medicinal plant Loeselia mexicana
(Mexican false calico), which is used in Mexican traditional
medicine to treat skin diseases caused by dermatophytes.
This compound, along with its two monomeric precursors
scopoletin and umbelliferone (Fig. 2), exhibit good antifun-
gal activity against Candida albicans, Trichophyton menta-
grophytes, and Trichophyton rubrum (59). Other natural
derivatives of coumarin (simple coumarins, furanocoumar-
ins, and pyranocoumarins) have shown a remarkable
antifungal activity against fungi such as Sclerotinia
sclerotium, Botrytis cinerea, Fusarium graminearum, Fu-
sarium oxysporum, and Fusarium solani (48, 83).

Flavonoids inhibit fungal spore germination and have
been proposed to control fungal pathogens (11, 68).
Flavonoids from leaves of Camelia sinensis (tea tree), such
as epi-gallocatechin-3-gallate (Fig. 2) and theaflavin digal-
late (Fig. 2), exhibit a concentration-dependent fungicidal
activity against several pathogenic fungi (26). Moreover,
with flavonoid diglycosides, extracted fromMentha piperita
(peppermint), inhibition against Phoma sorghina and
Fusarium moniliforme was observed, reducing their myce-
lium growth. This is an important result because both species

FIGURE 3. Chemical structures of anti-
fungal thiols. 1, alliin; 2, allicin; 3, diallyl
disulfide; 4, diallyl trisulfide; 5, ajoene; 6,
petiveriin; 7, allyl isothiocyanate; 8, ben-
zylsulfonic acid.

J. Food Prot., Vol. 83, No. 1 PLANT ANTIFUNGALS FOR FOOD PRESERVATION 167



cause several diseases in cereal crops (40). Maize (Zea
mays), one of the most important crops for human and
animal nutrition, can be contaminated with Fusarium spp.,
resulting in mycotoxin contamination (86). The plant extract
from Equisetum arvense (common horsetail), rich in
flavonoids such as kaempferol (Fig. 2), has significant
inhibition on Fusarium growth and could be used to control
maize optimal cultivation and growth (29). Extracts from the
trees Eysenhardtia texana (Texas kidneywood), Terminalia
bellirica (bahera), and Hildegardia barteri contain the
flavonoids hildegardiol, 2-hydroxymaackiain, and farrerol
(Fig. 2), all of which are active against Candida albicans
growth (55). Another plant species, Praxelis clematidea
(praxelis), contains flavonoids with antifungal activity
against different Candida albicans strains, too, perhaps
interfering with ergosterol and its function in the cell wall
(22). Also, some flavonoids have been isolated from mango
(Mangifera indica) leaves, and they inhibit the growth of
Alternaria alternata, Aspergillus fumigatus, Aspergillus
niger, Macrophomina phaseolina, and Penicillium citrii
(41). Furthermore, the antibacterial and antifungal activity of
bee propolis has been attributed, at least partially, to its
phenolic content (flavonoids, phenolic acids, and their
esters), such as the flavonoid galangin (25, 63) (Fig. 2),
although the composition of the propolis varies depending
on the plant and bee species of each location (72).

Calendula (marigold) is a plant with a high nutritional
value that is usually added to several beverages, salads, and
soups. Its extract contains mainly saponins, flavonoids
(quercetin derivatives), and caffeic acid, all of which show
activity against several fungi. For example, Calendula
suffruticosa subsp. algarbensis is particularly active against
Aspergillus sp., against yeasts such as Cryptococcus neo-
formans, and also against some dermatophytes species such
as Microsporum canis, Microsporum gypseum, and Tricho-
phyton mentagrophytes (19).

Other plant compounds with interesting antifungal
activities are tannins. The major active component of
pomegranate (Punica granatum) fruit peel extract, the
ellagitannin punicalagin (Fig. 2), selectively inhibits the
growth of the dermatophyte fungi Trichophyton mentagro-
phytes, Trichophyton rubrum, Microsporum canis, and
Microsporum gypseum (23). This compound could be used
to combat tomato wilt because it has antifungal activity
against Fusarium oxysporum (78). Punicalagin also displays
good antifungal activity against Candida parapsilosis (MIC
of 6.25 μg/mL), Candida krusei (MIC of 6.25 μg/mL),
Candida albicans (MIC of 12.5 μg/mL) (50), and
Cryptococcus neoformans (MIC of 0.5 to 4 μg/mL) (82).
Currently, this pomegranate peel extract, which contains
catechin and rutin (flavonoids) in addition to the major
compound punicalagin, has been used to inhibit Colleto-
trichum gloeosporioides, a fungus that infects Persea
americana (avocado tree). This antifungal activity was
enhanced by adding an alginate and chitosan coating (58).
This antifungal edible coating could be developed on other
perishable fruits.

Candelitannin (Fig. 2) and the ellagitannins of
Euphorbia antisyphilitica (candelilla) have also shown
growth inhibition of plant pathogens such as Alternaria

alternata, Fusarium oxysporum, Colletotrichum gloeospor-
ioides, and Rhizoctonia solani (49). Ellagitannins from the
Brazilian medicinal plant Ocotea odorifera (American
cinnamon) show potent inhibitory activity against Candida
parapsilosis (MIC of 1.6 μM) (94), and these compounds
were also extracted from Rubus idaeus (raspberry) by
Klewicka et al. (45), who verified their antifungal activity
against the fungus Geotrichum candidum to use them as
food biopreservatives.

Furthermore,Alternaria alternata, Fusarium oxysporum,
Colletotrichum gloeosporioides, and also Botrytis cinerea
polyphenol vulnerability was studied by Aguirre-Joya et al.
(1). Polyphenols from Larrea tridentata leaves were extract-
ed, and the most abundant polyphenol was nordihydroguaia-
retic acid and the flavonoids kaempferol and quercetin (Fig.
2). All these species were affected by the polyphenol extract,
especially Fusarium oxysporum. Moreover, it was possible to
make films adding glycerol, pectin, and wax to the
polyphenols extract, aiming to coat natural fruits with them.
The results showed that some of the polyphenol films
protected the fruits without changing organoleptic properties,
respiration rate, or maturity processes.

THIOLS AND DERIVATIVES

Cysteine, an important amino acid implicated in plant
sulfur assimilation, is crucial in resistance against pathogens,
among other vital pathways. Roblin et al. (77) verified the
cysteine capacity of inhibiting completely or partially the
growth of some fungal pathogens (Phaeomoniella chlamy-
dospora and Phaeoacremonium minimum), affecting both
spore germination and mycelium development. This could
be tested and applied to control wood-degrading diseases.
Cysteine sulfoxides such as alliin (Fig. 3), from Allium
species such as garlic (Allium sativum) and ransom (Allium
ursinum), are transformed to allicin by the enzyme alliinase
when plant tissues are damaged, and allicin, in the presence
of oxygen, gives rise to diallyl sulfides (3, 52) (Fig. 3).
Allicin is able to inactivate essential enzymes from diverse
pathogens, by reacting with their thiol groups (47). Allium
ursinum extracts, for example, have shown antifungal
activity against Candida albicans, Candida famata, Candida
glabrata, and Candida krusei at concentrations of 1 mg/mL.
The molecular basis for this may be interference with proton
translocation across membranes, causing ATP depletion (7).
Also, allicin and diallyl trisulfide (Fig. 3) from garlic extract
are able to inhibit conidia germination of the saprophytic
fungus Botrytis cinerea on harvested table grapes, in a
similar way to the food additive sodium metabisulfite (27).

The extract from Petiveria alliacea (guinea henweed)
contains other cysteine sulfoxides derivatives that have been
tested against the fungi Aspergillus flavus, Candida albicans,
Candida tropicalis, Mucor racemosus, Pseudallescheria
boydii, and Issatchenkia orientalis. In these experiments, the
most active compounds were the S-benzylcysteine sulfoxide
petiveriin (Fig. 3) and especially benzylsulfonic acid (Fig.
3), the most active compound (44).

Ajoene (Fig. 3), a dimerization derivative of allicin and
the most stable constituent of garlic (42), possesses also a
strong antifungal activity, associated to phosphatidylcholine
biosynthesis inhibition (leading to shortage in membrane
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precursors), alterations in the fungal cell membrane
structure, glutathione oxidase inhibition (causing oxygen
radicals increase), and binding to sulfhydryl groups of
fungal proteins (at L-cysteine residues) (34).

CONCLUSIONS

Food additives are used to diminish microbial contam-
ination, which may be associated with spoilage (due to
fungi and other microorganisms), intoxications (due to
mycotoxins production in the stored food matrix) or
foodborne diseases (due to pathogenic fungi). However,
chemical additives or physical control techniques (such as
thermal treatments) may alter the nutritional or organoleptic
properties of a given food, or be perceived as nonhealthy
processing treatments by consumers. Therefore, at industrial
level, plant metabolites such as terpenoids, polyphenols,
and thiols are gaining increasing importance as food
additives. The antifungal activities for some of these plant
nutraceuticals have been tested in vitro in the stored food
matrix, shedding natural light in the complex field of food
additives and preservatives. Known antifungal mechanisms
of action for these phytochemicals include inhibition of
cellular membrane biosynthesis or spore germination,
alteration of cellular membrane permeability, or reactivity
with protein thiol-moieties, all of which cause reduction in
fungal fitness, cell death, or both. Hence, these phytochem-
icals are promising and should be further studied for
possible applications in the food industry.
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