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Preface

Plants are rich sources of beneficial secondary metabolites which are attractive as
flavors, fragrances, pesticides, pharmaceuticals, and antimicrobials. The use of
plants for combating different fungal pathogens of humans and animals dates back
to the beginning of human civilization. Plants and plant-derived products are well
known in ‘Ayurveda’ (ancient science of life) and in other traditional systems as
antifungal remedies. They are important sources for a diverse range of antifungal
metabolites. The extracts and oils from plants have usually no side effects and as a
unique advantage, they are within the reach of the common people all over the
world. Aside from a brilliant role to combating fungal diseases of human beings,
plant-derived natural products can also be used for the management of phyto-
pathogens of fungal origin. It is a natural way of coping with fungal infections.

Worldwide occurrence of fungal infections, especially from commensal
pathogens such as Candida, has been dramatically increased in recent years due to
a continuous increase in immunosuppressive conditions like AIDS, organ trans-
plantation, cancer, and diabetes mellitus. Increasing trends of health organizations
and pharmaceutical industries to use plants as safe and effective alternative sources
of synthetic antifungals is due to major problems of slow growing and high costs
of synthetic pharmaceutics, their life-threatening side effects, rapid increasing of
new fungal infections, and the dramatic emergence of multidrug resistance fungal
pathogens. World trade in medicinal plants is now more than 43 billion dollars and
is predicted to reach to 5 trillion dollars in 2050.

The main goal of this book is to provide information to readers regarding use of
different medicinal plants and their bioactive metabolites in combating various
fungal diseases of humans, animals, and plants.

The book has been divided into four parts: Part I incorporates global distri-
bution of antifungal compounds, Part II deals with antifungal activities of plants
and plant-derived natural products, Part III includes plants used in ‘Ayurveda’ and
traditional systems for treatment of fungal diseases, and Part IV discusses the use
of plant-derived products to protect fungal diseases of plants/fruits.

The book will be of utmost importance to students, researchers, and teachers of
medicine, botany, mycology, microbiology, and pharmacology. The readers
should find the book full of information and reader-friendly.
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Chapter 1
Antifungal Compounds from Latin
American Plants

Laura Svetaz, Marcos Derita, Ma. Victoria Rodríguez, Agustina
Postigo, Estefanía Butassi, Ma Victoria Castelli, Maximiliano
Sortino, Elisa Petenatti and Susana Zacchino

Abstract Latin American region comprises six of the most biologically diverse
countries in the world, thus constituting one of the planet areas richest in biodi-
versity. Some efforts have been made to screen plants of the whole region and also
of each country, but the amount of studies in each country is not correlated with its
vegetal diversity. Regarding antifungal compounds isolated from this region, many
structural types that have demonstrated antifungal properties are presented here.
These previous studies are important starting points for the development of new
antifungal drugs. However, most studies are preliminary and begin and end with
in vitro assays without comparative toxicity studies or in vivo tests. Few of them
deepen the mechanisms of action and with rare exceptions, no clinical studies were
carried out. A close collaboration among Latin American countries one each other
and with the whole world is highly needed and might help in the discovery of new
natural antifungal structures from Latin American plants.

1.1 Introduction

Fungi have emerged over the past two decades as major causes of human infec-
tions, especially among immunocompromised hosts. They produce serious inva-
sive mycoses in individuals submitted to organ transplants or antineoplastic

L. Svetaz �M. Derita � A. Postigo � E. Butassi �M. V. Castelli �M. Sortino � S. Zacchino (&)
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chemotherapy, those with acquired immunodeficiency syndrome (AIDS), extre-
mely aged persons and patients in intensive care units, among others (Espinel-
Ingroff 2009; Mathew and Nath 2009), and have an enormous impact on morbidity
and mortality. They also produce superficial fungal infections (those involving the
skin and mucosal surfaces) not only in immunocompromised hosts but also in
healthy individuals, including children of less developed nations that receive
deficient sanitary attention and education, highly diminishing the quality of their
lives (Weitzman and Summerbell 1995). Although it appears to be a big arma-
mentarium of antifungal drugs in clinical use, in fact only a modest number of
drugs, derived from six antifungal classes, are available (Mathew and Nath 2009)
and most of them have been isolated from natural sources (mainly fungi) or are
natural-derived compounds. So, the polyenes, nystatin and amphotericin B, were
isolated from Streptomyces spp. (Gold et al. 1955); the tricyclic spirodiketone
griseofulvin (Brian et al. 1949) was isolated from Penicillium griseofulvum, and
among the more recently approved antifungal drugs, caspofungin acetate (Merck
& Co. Inc.) was obtained by semi-synthesis of pneumocandin B, which, in turn,
was isolated from the aquatic fungus Glarea lozoyensis (Peláez et al. 2000); mi-
cafungin sodium and anidulafungin were derived from the lipopeptide FR901379,
which was isolated from the fungus Coleophoma empetri, a plant pathogen
associated with post-harvest fruit rot in cranberries (Espinel-Ingroff 2009).

The limited availability of effective antifungal agents, the increasing resistance
of fungi to the existing drugs and the very few new drugs in development have led
to a general consensus that new antifungal structures are highly needed (Mathew
and Nath 2009).

Among the different possible sources of new antifungal drugs, natural products
maintain a great interest because they provide unlimited opportunities for the
isolation of new antifungal compounds due to their unmatched availability of
chemical diversity (Odds 2005; Cos et al. 2006).

An analysis of the papers published in Journal of Natural Products in the last
decade reveals that among the different types of organisms investigated for anti-
fungal properties: 41 % were plants; 34 %, fungi; 20 %, marine organisms and
5 %, bacteria

This analysis evidences the interest of researchers in natural sources for the
discovery of antifungal compounds in recent years, that is in contrast to the trend
showed by most big pharmas which abandoned antifungal drug discovery pro-
grammes based on natural products, including plant biodiversity (Rouhi 2003). In
addition, it is clear that among natural resources, plants have been the most used
source for antifungal research.

Regarding the evolution of papers devoted to the search of antifungal com-
pounds in plants, the analysis of two Journals devoted to natural products (Journal
of Ethnopharmacology and Planta Medica), showed that 221 papers on antifungal
screening of plants were published in the JEP in the last three decades, increasing
from 16 in 1981–1990, 66 in 1991–2000 up to 139 in 2001–2010. Regarding
Planta Medica, 151 papers on antifungal plants were published in the same period,

4 L. Svetaz et al.



24 in the first 10 years (1981–1990), 43 in the second (1991–2000) and 84 in the
third (2001–2010) (source: unpublished personal analysis by the authors).

The first important concern within a programme of discovery of new plants
with antifungal properties is the selection of species to be submitted to biological
evaluation.

According to a recent review of Ríos and Recio (2005), a wide range of criteria
were followed to select plants to be submitted to antimicrobial studies. Some
researchers investigated plants growing in a specific region or country; others
focused on plant families; others on ethnopharmacology and many others on the
random screening of plants.

Particularly, the study of antifungal plants delimited to a certain region or
country is clearly correlated with the region biodiversity, accessibility, research
possibilities and many others.

Among the flora of different regions of the world, Latin America represents one
of the wealthiest sources of material with pharmacological activity due to its
biodiversity (Brandão et al. 2008). It possesses a very high number of vascular
plants existing a recent evidence that neotropical forests located in Latin America
possess the highest diversity of plants in the world (Berry 2002). In addition, some
factors critically distinguish the medicinal plants of Latin America. (1) This region
possesses a huge unexplored biodiversity (Cruz et al. 2007); (2) there is a rich
tradition of use of medicinal plants (Gupta 1995, 2008); and (3) the ethnophar-
macological knowledge has been tightly kept or transmitted by many indigenous
populations still living in this region (Correia 1984; Cleaves 2001; Portillo et al.
2001; Coelho de Souza et al. 2004; Scarpa 2004; Goleniowski et al. 2006; Cruz
et al. 2007; Estévez et al. 2007)

This chapter aims to examine the antifungal plants detected within Latin
America region. The information has been organized into sections that include a
general information about the vegetal diversity in Latin America, the antifungal
plants of each country referring first to the screening of crude extracts and then to
antifungal isolated constituents.

1.2 General Information About Latin America Region
and its Vegetal Diversity

1.2.1 Definition of the Term Latin America

Latin America refers to regions of the Americas extending south of the US, where
Romance languages are spoken, specifically Spanish, French and Portuguese
(Ardao 1993).

1 Antifungal Compounds from Latin American Plants 5



1.2.2 Latin American Countries Vegetal Diversity

Latin American region comprises six of the most biologically diverse countries in
the world (Brazil, Colombia, Ecuador, Mexico, Venezuela and Peru), thus con-
stituting one of the areas of the planet richest in biodiversity (Bovarnick et al.
2010). Only the Amazon region contains approximately 16 % of all plant species
that exist today on the Earth (that is calculated in 300,000–500,000) (Hammond
1995), and this wealth is higher towards the west of the region (Sanz-Biset et al.
2009). Table 1.1 summarizes the number of total species of each Latin American
country and the number of endemisms (number of species that are unique to a
region or country) which, when known, is a highly important datum.

1.2.3 Value of the Ethnomedical Information
for the Discovery of Plants with Antifungal Properties
in Latin American Countries

Within a multidisciplinary collaborative project within the Organization of the
American States (OAS) carried out during the period 2001–2004, plant extracts
from seven countries (Argentina, Bolivia, Brazil, Colombia, Costa Rica,

Table 1.1 Total number of plant species that inhabit the different Latin American countries
including the endemisms when known

Country No. of spp. No. of endemisms

Brasil 40,982 8,000
Colombia 40,000
México 26,000 10,000
Venezuela 30,000
Ecuador 18,137 5,400
Bolivia 17,367
Perú 13,300 5,354
Costa Rica 12,119 600
Cuba 11,000 6,300
Panamá 10,444 1,200
Argentina 9,690 1,906
Guatemala 9,317 686
Paraguay 8,000
Nicaragua 5,796 79
Honduras 7,525
Rep. Dominicana and Haití 5,400 1,800
Chile 5,000 151
Uruguay 2,500

6 L. Svetaz et al.



Guatemala and Panama) were screened for antifungal properties with a stan-
dardized methodology against the same fungi, in a single laboratory.

Results showed (Svetaz et al. 2010) that a significant higher chance of detecting
plants with antifungal activity against at least one fungus was found within the
group named plants with related reports of antifungal ethnopharmacological uses
(PAU) group (40 %) than within the random group named plants with not related
reports of antifungal ethnopharmacological uses (PNAU, 20 %, p \ 0.01)
(Fig. 1.1a). Within the detected antifungal plants from both groups, plants of the
PAU group tend to display better activities (lower MICs) only against dermato-
phytes than those of PNAU group (p \ 0.05) (Fig. 1.1b), demonstrating that the
ethnopharmacological approach is useful in guiding the discovery of antifungal
Latin American plants mainly for infections in which the pathological expression
is obvious (superficial infections due to dermatophytes).

1.2.4 Random Screening of Latin American Plants
for Antifungal Activities

Some papers devoted to the screening of random selected antifungal Latin
America plants were published (Gutkind et al. 1981; Freixa et al. 1998). A recent
paper reported the screening of 151 Latin American plants against Sporothrix
schenckii and Fonsecaea pedrosoi which are the cause of subcutaneous chronic
mycoses occurring in tropical and subtropical regions. Twenty-eight plants showed
activity (Gaitan et al. 2011), opening an avenue for the further isolation of new
antifungal compounds to treat these mycoses difficult to eradicate.

MICs (µg/ml)
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Fig. 1.1 a Percentage of active extracts against: at least one fungal species; dermatophytes;
Aspergillus spp: and yeasts, within PAU (plants with ethnopharmacological uses related to
mycoses ) groups and PNAU (plants without ethnopharmacological uses related to mycoses).
b Percentage of all MICs B 1,000 lg/mL (considered 100 %) acting against dermatophytes that
fall into each of the different MIC values (in lg/mL): from 1,000 to 15.62, within PAU or PNAU
group of plants
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1.3 Latin American Countries’ Plants as Sources
of Antifungal Metabolites

1.3.1 Argentina

Although the vegetal diversity of Argentina is moderate (*10,000 spp), it exists a
high endemism (20 %). There are some studies devoted to random screening
(Quiroga et al. 2001; Lima et al. 2011) and others following the ethnopharma-
cological approach (Zacchino et al. 1998; Muschietti et al. 2005; Petenatti et al.
2008).

Below, some selected antifungal compounds isolated from Argentinean plants
are detailed grouped by vegetal families.

1.3.1.1 Asteraceae

From Heterothalamus alienus (Spreng) Kuntze (common name ‘‘romerillo’’)
collected in the central Cordoba province (Pacciaroni et al. 2008), sakuranetin 1,
(2R, 3R)-dihydroquercetin-7,40-dimethyl ether 2 and 3-acetoxy-5.7.40-trihydr-
oxyflavanone 3, with moderate antifungal properties against dermatophytes, were
isolated. From Baccharis darwinii of the southern Chubut province, the prenylated
coumarin 50-oxoaurapten 4 was highly active only against dermatophytes (Kurd-
elas et al. 2010). From Tagetes mendocina, the thiophenes 5-(4-hydroxy-1-buty-
nyl)-2, 20-bithienyl (BBTOH) (5) and its acetate (BBTOAc) (6) showed high
activity against dermatophytes (Lima et al. 2009).

1.3.1.2 Fabaceae

From Geoffroea decorticans (Gill.et Arn.) Burk., collected in arid regions of
Tucuman province, two 50-prenylisoflavanones 7 and 8 were isolated when tested
against four species of Aspergillus genus (Quiroga et al. 2008). From Zuccagnia
punctata Cav., a monotypical sp., endemic to central and western semi-arid
regions of Argentina, 20,40-dihydroxy chalcone 9 and 20,40-dihydroxy-30-methoxy
chalcone 10 were isolated. Studies on mechanism of action showed that 9 acted by
a different mode of action that the antifungal drugs in current use. Its essential oil
(EO) also showed antifungal activity, and although (-)-5,6-dehydrocamphor was
the main component, the activity would be probably due to carvacrol, thymol and
linalool (Alvarez et al. 2012). From Dalea elegans, which is the only species
growing in Cordoba province from the exclusive American genus Dalea, pino-
cembrin 11 showed to inhibit rhodamine 6G efflux in both azole-sensitive and
azole-resistant Candida albicans, effect that was enhanced in the presence of
fluconazole (Peralta et al. 2012).
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1.3.1.3 Gentianatae

Xhantones 12–15 from Gentianella multicaulis (Gillies ex Griseb.) Fabris (com-
mon name ‘‘nencia’’), collected at 2,750 m over sea level at San Juan province,
showed moderate activity against dermatophytes (Lima et al. 2012).

1.3.1.4 Phytolaccaceae

From Phytolacca tetramera Hauman (common name ‘‘ombusillo’’), an endemic
species in critic risk (Hernández et al. 1998) of Buenos Aires province, phytol-
accoside B 16 was isolated showing high antifungal activities (Escalante et al.
2002). It produced hyphal malformations similar to those produced the inhibitors
of the synthesis of (1,3)b-D-glucan, major polymer of the fungal cell wall.
However, it did not inhibit the synthesis of this glucan, but produced a notable
enhancement of the fungal chitin content increasing the thickness of its cell wall
and therefore leading to fungal death (Escalante et al. 2008).

1.3.1.5 Polygonaceae

Several species of Polygonum genus belonging to Persicaria section were evalu-
ated for antifungal properties. From Polygonum ferrugineum, 20,40-dihydroxy-60-
methoxychalcone (cardamonin, not shown) displayed the highest antifungal
activity and selectivity towards Epidermophyton floccosum. In addition, it induced
Neurospora crassa malformations suggesting that it could act by inhibiting the
fungal cell wall (López et al. 2011). From the most active extract of Polygonum
acuminatum Kunth., polygodial 17, isopolygodial 18, drimenol 19 and confertif-
olin 20 were isolated. Leaves of Autumn possess the highest content of 17 and the
lowest MICs (Derita et al. 2008, 2009). In turn, the antifungal behaviour of
Polygonum persicaria L. could be attributed to drimane 17 too, but also to car-
damonin (Derita and Zacchino 2011). The drimane-type dialdehyde 17 was first
isolated from Polygonum hydropiper L. in Australia (Barnes and Loder 1962), and
its activity against C. albicans was previously reported (Mc Callion et al. 1982;
Lee et al. 1999). Studies on mode of action of 17 showed that it uncouples
mitochondrial ATP synthesis by affecting the electrical properties of the mem-
brane surface and consequently collapsing the membrane potential (Castelli et al.
2005) which constitutes a biochemical basis for explaining its antifungal activity.

1.3.1.6 Zygophyllaceae

From Larrea nitida Cav. collected at San Juan province, 30-methyl nor-di-
hydroguaiaretic acid 21 and meso 7S, (8S, 70R, 80R)-3,4,30,40-tetrahydroxy-7,70-
epoxylignan 22 showed strong activity against standardized strains of
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dermatophytes and clinical strains of Candida spp. and Cryptococcus neoformans
(Agüero et al. 2011).
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1.3.2 Brazil

Brazil is considered to have the greatest biodiversity of any country on the planet,
and the 20 % of the Angiosperms of the whole world are found in Brazil. There are
some studies devoted to either antifungal random screening (Fenner et al. 2005;
Teixeira et al. 2005; Silva Jr et al. 2008) or following the ethnopharmacological
approach (Cruz et al. 2007; Braga et al. 2007).

Below, some selected antifungal compounds from Brazilian plants are detailed
grouped by vegetal families.

1.3.2.1 Annonaceae

From Porcelia macrocarpa (Warm.) R.E.Fries, the alkaloids cleistopholine 23 and
its methoxy derivative 24 showed high antifungal activity against Cladosporium
spp. (Lago et al. 2007).
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1.3.2.2 Asteraceae

From Acmela brasiliensis Spreng (synonym Wedelia paludosa, common name
margaridão) collected at Santa Catarina State, kaurenoic acid 25 showed low
activity only against E. floccosum (Sartori et al. 2003).

From the aerial parts of Pterocaulon polystachyum DC collected at Rio Grande
do Sul State, a mixture of 6-hydroxy-7-(30-methylbutyl-20-en-oxy)-coumarin
(prenyletin) 26 and prenyletin methyl ether 27 showed moderate activity only
against dermatophytes (Stein et al. 2006).

In turn, 2-hydroxy-4,6-dimethoxyacetophenone (xanthoxyline) 28 was isolated
from Phyllanthus sellowianus Müll. Arg. (common name sarandí blanco) and
Sebastiania schottiana Müll. Arg. (common name sarandí negro), from Rio
Grande do Sul and Santa Catarina States, respectively, showing to possess fun-
gicide (rather fungistatic) activity against Microsporum canis (Lima et al. 1995).

1.3.2.3 Lythraceae

From Lafoensia pacari St.-Hill. of Mato Grosso State, the antifungal ellagic acid
29 was isolated (Silva Jr. et al. 2010). Interesting enough, sorbitol (Frost et al.
1995) and Neurospora crassa assays (Fukuda et al. 1991) suggested that it could
act through the inhibition of the fungal cell wall synthesis or assembly. This
mechanism represents an ideal mode of action for antifungal drugs since human
cells are devoid of walls.

1.3.2.4 Melastomataceae

From Tibouchina grandifolia (common name orelha de onça) collected at Espirito
Santo State, quercitrin 30 and quercetin-3-O-b-D-(600-E-p-cumaroyl)-glucopyran-
oside 31 showed activity against Cladosporium cucumerinum (Kuster et al. 2009).

1.3.2.5 Myristicaceae

From Virola surinamensis (from Amazonas), dihydrochalcone 32, flavanone 33,
isoflavonoids 34–36 and 1,3-diarylpropanes 37, 38 showed the best antifungal
activities against Cladosporium cladosporioides (Lopes et al. 1999). In turn, 7,8-
threo alcohols of 8.O.40-neolignan structure, 39, 40 from V. surinamensis showed
moderate activity against E. floccosum but not against yeasts or Aspergillus spp.
The erythro analogues found in Myristica fragrans showed better activity (Zac-
chino et al. 1997).
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1.3.2.6 Piperaceae

Four chromenes (41–44) and a prenylated benzoic acid 45 isolated from Piper
aduncum were active against mutants of Saccharomyces cerevisiae lacking DNA
cleavage repair mechanism (Baldoqui et al. 1999). Although the activity was
weak, they were selective towards this mutant being inactive against the wild-type
strain, laying the groundwork to look for new compounds with antifungal activities
in the Piperaceae family. Amides 46 and 47 from Piper hispidum and Piper
tuberculatum demonstrated high antifungal activity in bioautographic methods
against Cladosporium sphaerospermum, while analogues including those with cis
geometry in their side chain showed 5 or 10 times lower activity (Debonsi et al.
2000).

Bioassay-guided fractionation of Piper arboreum using C. sphaerospermum
and C. cladosporioides led to the isolation of amides 48 and 49 which showed the
best antifungal activity among the 12 other isolated amides. Unfortunately MIC
values were not reported (Vasques da Silva et al. 2002).

In a further paper, the same authors isolated the prenylated hydroquinone 50
and the flavanone sakuranetin 51 from Piper crassinervium against C. sphaero-
spermum and the same compounds plus naringenin 52 when used C. cladospo-
rioides (Danelutte et al. 2003).

The bioassay-guided fractionation of the EtOH–H2O extract of the leaves of
Piper regnelli (common name pariparoba) from Maringá, Parana State, Brazil,
against four Candida spp. led to the isolation of four compounds, the eupomate-
noids 53–55 and the lignin (+)-conocarpan 56 which showed high fungistatic as
well as fungicide activities against C. albicans, Candida krusei and Candida
tropicalis with MICs below 20 lg/mL (Pessini et al. 2005). In a further paper,
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Koroishi et al. reported that 54 was active also against Trichophyton rubrum with
MIC 6.2 lg/mL (Koroishi et al. 2008).

From leaves of P. aduncum and Piper hostmannianum C. DC., the flavanone
pinocembrin 57 and three prenylated benzoic acid derivatives 58–60 showed
antifungal activities against C. sphaerospermum and C. cladosporioides (Lago
et al. 2009). Instead, other prenylated benzoic acid derivatives such as caldensinic
acid 61 did not show antifungal activity against the same fungi (Freitas et al.
2009).
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1.3.2.7 Polygonaceae

From Polygonum punctatum Ell. (common name ‘‘herva do bicho’’), from the state
of Minas Gerais (de Almeida Alves et al. 2001), the sesquiterpene polygodial 17
was isolated against C. sphaerospermum. As it was stated above, there are other
reports on the antifungal activity of native antifungal Polygonum plants from
Argentina containing 17 and also studies on its mechanism of action. From
Polygonum spectabile, collected at Minas Gerais State, 20,40-diOH-30,60-dimethoxy
chalcone (not shown) was found to be antifungal only against dermatophytes
(Brandão et al. 2010).
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1.3.2.8 Sapindaceae

From Serjania salzmanniana Schlecht., three oleanolic monodemosidic saponins
62–64 showed high activity mainly against C. neoformans (Ekabo et al. 1996).

1.3.2.9 Winteraceae

From Drimys brasiliensis collected at Santa Catarina State, other drimanes related
to 17, 1-b-(p-methoxycynammoyl)-polygodial 65 and 1-b-(p-cumaroyloxy)-
polygodial 66 showed moderate antifungal activity only against dermatophytes
(Malheiros et al. 2005).

1.3.3 Chile

Chile is divided into fifteen regions and has a rich diversity in spite of its small
surface. There are some studies devoted to random antifungal screening (Avello
et al. 2012) or following the ethnopharmacological approach (Morales et al. 2008).
Below, some antifungal compounds isolated from Chilean plants.

1.3.3.1 Phytolaccaceae

The activity of the saponin-rich extract of Phytolacca dioica L. berries, collected
in the surroundings of Santiago, was low, but its acid hydrolysate and its major
aglycone, phytolaccagenin (not shown), showed promising antifungal potency
against ATCC strains of C. albicans and C. neoformans, and against clinical
isolates of these fungi (Di Liberto et al. 2010).

1.3.4 Colombia

Most research of antifungal compounds for human beings at Colombia is related to
the analysis of antifungal activities of essential oils grouped by families such as
Verbenaceae (Lippia genus) (Mesa-Arango et al. 2008, 2009; Betancur-Galvis
et al. 2011), Piperaceae (Mesa-Arango et al. 2007), Asteraceae (Zapata et al.
2010), Lamiaceae and others.
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1.3.5 Costa Rica

This country is not big, but over 10,000 species of vascular plants (the main
category of plant species) have been recorded in Costa Rica. In addition, its
tropical rain forests contain nearly 2,000 species of trees. Costa Rica is a diverse
mixture of plant habitats and it is considered to be one of the 20 countries with
greatest biodiversity in the world. Regarding screening of antifungal plants, this
country has participated of the screening of antifungal plants made within OAS
projects (Svetaz et al. 2010; Gaitán et al. 2011).

1.3.5.1 Canellaceae

From Pleodendron costarricense N. Zamora, Hammel and R. Aguilar, 1-OH-4-
acetyl polygodial (not shown) was isolated as the main antifungal component
(Treyvand et al. 2006).

1.3.6 Guatemala

This country has performed screenings of antifungal Guatemalan plants (Cáceres
et al. 1991) against human opportunistic pathogenic fungi, but the most interesting
advances were the screenings made against the subcutaneous fungi F. pedrosoi and
S. schenckii, which are not commonly used as targets in the antifungal panels
(Gaitán et al. 2011).

1.3.6.1 Solanaceae

Antifungal Solanum nigrescens extracts from Guatemala led to the isolation of the
steroid heterosyde cantalasaponin-3 (67) (He et al. 1994).
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1.3.7 Mexico

1.3.7.1 Screening for Antifungal Mexican Plants

Mexico has a great plant diversity with about 40 % of endemism. Some studies
performed at random screening of plants (Damian-Badillo et al. 2008) and others
followed the ethnopharmacological approach (Navarro et al. 2003; Alanis-Garza
et al. 2007).

Below, some selected antifungal compounds isolated from Mexican plants are
detailed grouped by vegetal families.

1.3.7.2 Convolvulaceae

From Ipomoea tricolor and Ipomoea orizabensis, sixteen glycolipids of A–F-type
macrocyclic lactones proved to be strong inhibitors of (1,3)b-glucan-synthase
(Castelli et al. 2002), enzyme that catalyses the synthesis the major polymer of the
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fungal cell wall, (1,3)b-glucan.
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1.3.7.3 Phytolaccaceae

From Mexican folk medicinal Phytolacca octandra L., the fungistatic saponin
serjanic acid 3-O-b-D-galactopyranosyl(1 ? 4) - b-D-galactopyranoside (yia-
moloside B) was isolated (Moreno and Rodriguez 1981).

1.3.7.4 Solanaceae

An interesting series of papers accounts for the antimycotic activity of Solanum
chrysotrichum Schldl (common name ‘‘sosa’’) traditionally used in Mexico for
Athlete’s foot. First, the antimycotic in vitro activity was assessed against der-
matophytes and C. albicans (Lozoya et al. 1991). Then, in a controlled and ran-
domized double-blind clinical trial with a standardized cream containing S.
chrysotrichum for the treatment of tinea pedis, the safety and effectiveness were
demonstrated (Herrera-Arellano et al. 2003). Other studies achieved the isolation
of five antifungal steroidal saponins from its extracts, of which 68 was the most
active (Alvarez et al. 2001; Zamilpa et al. 2002). Recently, a controlled and
randomized double-blind clinical trial was made on a S. chrysotrichum herbal
medicinal product (Sc-hmp), standardized in a high percentage of 68, for the
topical treatment of vaginal infections (Herrera-Arellano et al. 2009). The study
concluded that Sc-hmp exhibited similar activity than ketoconazole but with lower
percentages of mycological eradication. In the same year, studies on mechanism of
action on 68 showed that this compound produced structural changes such as loss
of cytoplasmic membrane continuity, organelle degradation, irreversible damage
to the fungal wall and cellular death of dermatophytes. Steroidal saponins,

1 Antifungal Compounds from Latin American Plants 17



analogues to those of S. chrysotrichum, were isolated from Solanum hispidum
Pers. but they showed marginal antifungal activity (Gonzalez et al. 2004).

1.3.7.5 Theophrastaceae

Recently, the triterpenoid saponin sakurasaponin 69 was isolated from Jaquinia
flammea Millsp. ex Mez and demonstrated to be fungicide (Garcia-Sosa et al.
2011). Although the activities were moderate, the complex structure of this
saponin shows again that plants possess unpredictable structures that it is neces-
sary not to dismiss.

1.3.8 Panama

This country has performed screenings of antifungal Panamanian plants (Rahali-
son et al. 1993) and was the leader of OAS screenings projects of antifungal Latin
American plants (Svetaz et al. 2010; Gaitan et al. 2011).

1.3.8.1 Asteraceae

Lachnophyllum lactone, a prenylated coumarin, and a 3-methyl ether flavone (not
shown) were the antifungal principles isolated from Baccharis pedunculata (Mill.)
Cabr. The first one showed the best activity (Rahalison et al. 1995).

1.3.8.2 Boraginaceae

The meroterpenoid naphthoquinones named cordiaquinones 70–73 isolated from
Cordia curassavica Roemer et Schultes showed high antifungal activities against
C. albicans and C. cucumerinum (Ioset et al. 2000a). In turn, the phenylpropanoid
derivative 1-(30-methoxypropanoyl)-2,4,5-trimethoxybenzene 74 and the preny-
lated hydroquinone 2(2Z)-(3-hydroxy-3,7-dinethoxylocta-2,6-dienyl)1,4-benzene-
diol 75 from Cordia alliodora showed activity only against C. cucumerinum (Ioset
et al. 2000b).

1.3.8.3 Clusiaceae

Three antifungal xanthones were detected as the antifungal principles of Marila
laxiflora Rusby against C. cucumerinum (Ioset et al. 1998).

18 L. Svetaz et al.



1.3.8.4 Myrtaceae

The essential oil from leaves of Plinia cerrocampensis Barrie (Myrtaceae) showed
antifungal properties against dermatophytes. This species showed to be an out-
standing source of a-bisabolol, a compound highly appreciated in the pharma-
ceutical and cosmetic industries (Vila et al. 2010).

1.3.8.5 Polygonaceae

Epicatechin gallate (not shown) was the antifungal principle of Coccoloba
dugandiana Fern. Alonso (Maillard et al. 1987).

1.3.9 Paraguay

Portillo et al. tested three extracts of each of 14 Paraguayan plants (Portillo et al.
2001).

Below, some selected antifungal compounds isolated from Paraguayan plants
are detailed grouped by vegetal families.

1.3.9.1 Asteraceae

The antifungal sesquiterpene 6-cinnamoyloxy-1-hydroxyeudesm-4-en-3-one 76
was isolated from Vernonanthura tweediana (Baker) H. Rob., with high activities
against the clinically important fungi C. albicans and C. neoformans, (Portillo
et al. 2005).

1.3.9.2 Piperaceae

From Piper fulvescens C. DC., three antifungal neolignans, eupomatenoid 53 and
54 and conocarpan 56 were isolated (Freixa et al. 2001).

1.3.10 Peru

Thirty-six ethanol extracts from 24 plants were screened for antifungal activities
against four fungi including C. albicans, two dermatophytes and S. schenckii
(Rojas et al. 2003).
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1.3.10.1 Myrtaceae

From Psidium acutangulum DC., 30-formyl-20,30,60trihydroxychalcone (not shown)
was isolated as the main antifungal compound (Wen et al. 2011).

1.3.10.2 Studies on Mechanism of Action of Compounds Isolated
from Peruvian Plants

An important paper deals with natural compounds isolated from the Peruvian plants
Chlorophora tinctoria (L.) Gaudich. ex Benth., Paspalum conjugatum P. J. Berg.,
Symphonia globulifera L., Buchenavia parviflora Ducke and Miconia pilgeriana
Ule which showed inhibitory properties of fatty acid synthase (FAS) identified as a
potential antifungal target (Li et al. 2002). The length of this chapter does not allow
presenting the structures of the 13 natural inhibitors.

1.3.11 Uruguay

A screening of ten Uruguayan medicinal plants against C. albicans and S. cere-
visiae was performed with agar diffusion methods (Alonso Paz et al. 1995).

1.4 Conclusions

Latin American constitutes one of the planet areas richest in biodiversity. Some
efforts have been made to screen plants of the whole region and of each country
but, compared to the great vegetal diversity of this region, they are insignificant.
The amount of studies in each country is not correlated with its biodiversity.
Regarding antifungal compounds isolated from this region, many structural types
that have demonstrated antifungal properties are presented here. These studies are
important starting points for the development of new antifungal drugs. However,
most studies are preliminary and they begin and end with in vitro assays without
comparative toxicity studies or in vivo tests. Few of them deepen the mechanisms
of action and with rare exemptions, no clinical studies were carried out.

1.5 Future Trends

The antifungal compounds detected from Latin American plants deserve attention
considering that some of them possess selective mechanisms of action. Develop-
ment of assays in different laboratories and a close collaborative research among
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Latin American countries one each other and with the whole world is highly
needed and might help in the development of new natural antifungal structures
from Latin American plants.
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Chapter 2
Antifungal Plants of Iran: An Insight
into Ecology, Chemistry, and Molecular
Biology

Mehdi Razzaghi-Abyaneh, Masoomeh Shams-Ghahfarokhi
and Mahendra Rai

Abstract Worldwide occurrence of fungal infections has been dramatically
increased in recent years due to a continuous increase in immunosuppressive
conditions like AIDS, organ transplantation and hematologic malignancies. Fungal
infections are major concerns in Iran with an increasing numbers of new reports
from superficial to deep hospital-acquired infections every year. Although there
are no comprehensive data on the real incidence of fungal infections, especially
systemic ones in Iran, about 50 % of suspected individuals referred to our labo-
ratory (Mycology Department of the Pasteur Institute of Iran) were found to have
dermatophytosis, candidiasis, and pityriasis versicolor (Sadeghi et al. 2011). Plants
are rich sources of beneficial secondary metabolites which are attractive as flavors,
fragrances, pesticides, pharmaceuticals, and antimicrobials. Increasing trends of
health organizations and pharmaceutical industries to use plants as safe and
effective alternative sources of synthetic antifungals are due to major problems of
slow growing and high costs of synthetic pharmaceutics, their life-threatening side
effects, rapid increase in new fungal infections, and dramatic emergence of mul-
tidrug-resistant fungal pathogens. Interestingly, antifungal drug discovery from
medicinal plants is a rapidly growing industry worldwide (WHO 2002). World
trade of medicinal plants is now more than 43 billion dollars and has been pre-
dicted to reach to 5 trillion dollars in 2050. It has been estimated that around
7,500–8,000 plant species are growing in Iran of which only 130 species have
been routinely used as anti-infective drugs in traditional medicine (Rechin-
ger 1982). Iran’s contribution to this market is about 60 million dollars, which
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increases every year (Noorhosseini Niyaki et al. 2011). This chapter highlights the
current status of antifungal plant flora of Iran regarding their ecology, biochem-
istry, and molecular biology. Special attention will be made to effective plant
components responsible for antifungal properties.

Abbreviations

Albugo A. candida
Aspergillus A. niger, A. flavus, A. parasiticus, A. fumigatus
Botrytis B. cinerea
Candida C. albicans, C. glabrata, C. tropicalis, C. parapsilosis
Cladosporium C. cucumerinum
Cochliobolus C. sativus
Corynespora C. cassilicola
Epidermophyton E. floccosum
Fusarium F. oxysporum f. sp. radicis-cucumerinum, F. solani,

F. oxysporum, F. poae, F. equiceti, F. verticillioides
Macrophomina M. phaseolina
Malassezia M. furfur, M. globosa, M. obtusa
Microsporum M. canis, M. gypseum
Phytophthora P. drechsleri
Rhizoctonia R. solani
Saccharomyces S. cereviciae
Trichoderma T. harzianum
Trichophyton T. mentagrophytes, T. rubrum
Verticillium V. dahliae

2.1 Introduction

Despite tremendous success in development of medical sciences in recent years,
infectious diseases remain the second leading cause of human death worldwide
(WHO 2002). Fungi comprise a major part of biodiversity, second to insects owing
to have an estimated number of 1.5 million species on our planet. Among 100,000
known fungal species, around 400 species are known as human and animal
pathogens. Although fungal diseases are not important as much as bacterial and
viral infections, however, they are increasing in number and severity due to easy
airborne distribution of fungal spores as infective propagules and unique adapt-
ability to various environmental conditions. Increasing resistance of fungal
pathogens especially life-threatening genera, that is, Aspergillus and Candida to
synthetic antibiotics urged pharmaceutical industries all over the world to search
for safer and more effective alternatives from natural sources. Among beneficial
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biodiversity, plants are in the first line of such investigations due to having a large
number of antifungal metabolites with unique structural diversity (Balunas and
Kinghorn 2005). Plant metabolites have advantages to microbial metabolites
regarding their low molecular weights, which makes them suitable for formulating
as antifungal drugs (Cowan 1999).

The history of using plants as healing agents dates back to around 60,000 years
ago when the Neanderthals, landed in present-day Iraq, used hollyhock (Alcea
rosea L.) as a remedy (Stockwell 1988). Plants are important not only as essential
part of the ecosystem as food but also for being unique sources of natural anti-
microbials which makes them interesting as alternatives of synthetic antimicro-
bials (Clark 1996; Cowan 1999; Bakkali et al. 2008; Razzaghi-Abyaneh
et al. 2010; Abdallah 2011; Razzaghi-Abyaneh and Shams-Ghahfarokhi 2011). It
has been estimated that around 25,000–50,000 plant species exist in our planet
have ethnobotanical importance (Borris 1996).

Iran with an area of 1,648,195 million km2 is the eighteenth largest country in
the world located in three spheres of Asia (West, Central, and South) in Middle
East. It has about 33 % of cultivable land, 14 million ha pasture, 60 million ha
steppes, and 16 million ha deserts. Because of particular climatic significance
owing to possess 11 climates out of 13 world climates, Iran is a rich source of
medicinal plants, and some of them were employed in traditional medicine for
centuries (Sharafzadeh and Alizadeh 2012).

The first description of use of medicinal plants as remedies in Iran dates back to
the earliest known civilizations, the Sumerians in 3000 B.C. (Price 2001). It seems
that the earliest and the oldest production in prose of the Neo-Persian literature on
pharmacology is the ‘‘kitabulabnyat and haqa’iq-uladviyat’’ or ‘‘Book of the
Foundations of the True Properties of the Remedies’’ written about 970 A.D. by
the Persian Physician Abu Mansur. The book has been examined by R. Seligmann
from the oldest existent Persian manuscript of Vienna dated 1055. During 200–460
BC, the famous university and the hospital at Jundishapur were established. It was
a start to the golden age of herbal-based medicine in Iran which reached to the top
by the famous scientists Zakariya-Al-Razi (Rhazes 865–925), Al-Biruni
(973–1048), and Abu Ali Sina (Avicenna 980–1037). The Canon of Medicine (Al-
Qanoon fi al-Tibb, The Laws of Medicine), written by Avicenna, described the
ethnobotanical and therapeutic effects of about 811 medicinal plants. It was a
standard medical text in Europe and the Islamic world until the eighteenth century
and played a crucial role in European Renaissance (Price 2001).

In a Tehran publication of 1874 written in French by Professor J.L. Schlimmer
of the Polytechnic College of Teheran entitled ‘‘Terminologie Médico-Pharma-
ceutique et Anthropologique Francaise-Persane,’’ a full list of medicinal plants of
Iran was published. In 1890, Dr. J.E.T. Aitchison botanically explored portions of
Iran and the neighboring regions in ‘‘Notes on the Products of Western Afghan-
istan and of North–Eastern Persia’’ published in Edinburgh. During 1929–1958,
five collections of medicinal plants of Iran were published which comprised about
200,000 herbarium specimens from different parts of Iran (Pasrsa 1959a, b, c;
1960). Three of these collections were published in ‘‘Useful plants and drugs of
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Iran and Iraq’’ by David Hooper, 1937. Other two collections were originated from
the work of Ahmad Pasha, founder and leader of the Museum of Natural History of
Teheran, during 1946–1958, which published under the names ‘‘Flore de I’Iran’’
and ‘‘Medicinal plants and drugs of plant origin in Iran; parts I–IV.’’

We represent here current data about antifungal properties of essential oils and
extracts prepared from various parts (leaves, stems, roots, flowers, seeds, shoots)
of indigenous plants of Iran.

2.2 Medicinal Plants with Antifungal Properties

A total of 83 plant species from flora of Iran distributed into 28 families were
found in various surveys to have antifungal properties. Table 2.1 illustrates
detailed data about these plants and their bioactive metabolites inhibitory to a wide
array of fungal pathogens. The following sections will discuss the antifungal
properties of the most effective plants listed in Table 2.1.

2.2.1 Matricaria chamomilla

Matricaria chamomilla L. (syn: M. recutita L.; German chamomile) resides in the
Asteraceae (Compositae) family and is the most important species within the
genus, and it is endemic to Iran as a carminative, stimulant, and febrifuge remedy.
It has a long history of application in herbal medicine as carminative and anti-
inflammatory agent. Camomile tea prepared from the daisies is given to relieve
intercostal neuralgia. An infusion of the drug is prescribed for dysentery.

Essential oil of plant flowers has shown antifungal properties by inhibiting the
growth and conidiogenesis of Aspergillus niger (Tolouee et al. 2010). Comple-
mentary electron microscopic studies revealed that the plant oil inhibited A. niger
growth by affecting fungal cell membrane, probably through interaction with
ergosterol biosynthesis (Fig. 2.1). A monocyclic sesquiterpene alcohol named a-
bisabolol, the main component of plant oil, is accounted for antifungal properties
because of structural similarities to zymosterol, an important intermediate in
ergosterol biosynthesis pathway (Pauli 2005, 2006).

2.2.2 Stachys Inflata

The genus Stachys (Lamiaceae) is represented by 270 species with 34 species
found in Iran of which 13 species are endemic (Zargari 1992; Ghahreman 1995).
Stachys species are well known to have chemically diverse compounds including
phenylethanoid glycosides, terpenoids, steroids, diterpenes, and flavonoids.
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Stachys inflata Benth. (Persian names: poulk, gole arghavan) is one of the endemic
species of Iran with routine application as herbal tea in the treatment for various
infections and inflammatory disorders (Zargari 1992).

Methanolic extract of plant aerial parts was shown to effectively inhibit the
growth of Candida albicans, while the plant essential oil did not affect fungal
growth even at a concentration of 1,000 lg/ml (Ebrahimabadi et al. 2010a). The
main plant constituents, that is, linalool 1 (C10H18O, 154.24 g/mol) and a-terpineol
2 (C10H18O, 154.24 g/mol), were shown to be responsible for antifungal properties
with minimal inhibitory concentrations (MICs) between 125 and 500 lg/ml for C.

Fig. 2.1 Electron microscopic study of A. niger grown on PDB with or without M. chamomilla
flower essential oil (EO; 1,000 lg/ml) after 96-h incubation at 28 �C. Transmission electron
micrographs (TEM) of control (untreated) fungal mycelia (a) show uniform hypha with normal
septum, walls, and organelles, while TEM of EO-treated sample (b) indicates deformation of
hyphae and massive destruction of cellular organelles. Scanning electron micrographs (SEM)
reveal normal conidia and hyphae and conidiophores with uniform tubular shape in all parts for
control sample (c), while it shows massive collapse and folding of whole hyphae and lack of
conidiation for EO-treated sample (d)
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albicans and A. niger.

HO
OH
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2.2.3 Satureja hortensis

The genus Satureja (Lamiaceae) comprises about 30 species called savories
(Marzeh in Persian) with 12 species found in Iran of which three species, that is, S.
hortensis (‘‘summer savory’’ or ‘‘Koc Out’’), S. khuzistanica, and S. bachtiarica,
are the most important ones. Besides the routine use in food industry as aromatic
and flavoring agents, they have received major consideration due to their anti-
inflammatory, antioxidant, antibacterial, and antifungal properties (Sharafzadeh
and Alizadeh 2012).

Methanolic extracts of aerial parts of S. khuzistanica showed strong inhibitory
activity toward the growth of C. albicans and A. niger with MICs of 1–8 mg/ml
(Amanlou et al. 2004). Essential oil of aerial parts of S. bachtiarica is found to be
effectively inhibiting cell growth of C. albicans in concentrations of 10–55 lg/disk
in disk diffusion assay (Ghasemi-Pirbalouti et al. 2009). Essential oil of S. hort-
ensis leaves inhibited mycelia growth of aflatoxigenic A. parasiticus dose-
dependently (Razzaghi-Abyaneh et al. 2008). The leaves were reported to contain
thymol 3 (C10H14O, 150.21 g/mol) and carvacrol 4 (C10H14O, 150.21 g/mol) as
effective antifungal components with IC50 values of 0.86 and 0.79 lM, respec-
tively.

HO

HO

43
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2.2.4 Thymus vulgaris

The genus Thymus (Lamiaceae) comprises about 350 species of aromatic peren-
nial plants which are native to temperate regions of Europe, North Africa, and
Asia. The plant leaves are fragrant and best known for antispasmolytic, antibac-
terial, antifungal, antiseptic, carminative, anthelmintic, and antitussive properties.
In this genus, four species growing in Iran are identified to have growth inhibitory
activities against a wide array of fungal pathogens of which T. vulgaris (green
thyme) is the most important species distributed in all the countries.

Essential oil of leaves of T. vulgaris was found to strongly inhibit mycelia
growth of an aflatoxigenic Aspergillus parasiticus with minimal fungicidal con-
centration (MFC) value of 1,000 lg/ml (Razzaghi-Abyaneh et al. 2009). Essential
oils of T. x-prolock and T. eriocalyx aerial parts inhibited the growth of A. par-
asiticus dose-dependently (Rasooli and Razzaghi-Abyaneh 2004). The aerial parts
were reported to contain b-phellandrene 5 (C10H16, 136.23 g/mol) and thymol 3 as
the main constituents which are reported to have antifungal properties. Growth
inhibition of the yeast pathogen, C. albicans, has been reported for the fungus
exposed to 10–55 ll/disk of essential oil of T. daenensis aerial parts (Ghasemi-
Pirbalouti et al. 2009).

5

2.2.5 Heracleum persicum

The genus Heracleum (Golpar in Persian) with 120 species in the world is widely
distributed in Asia. Within eight species exist in the flora of Iran, four including H.
persicum, H. rechingeri, H. pastinacifolium, and H. transcaucasicum are reported
to have antifungal properties. H. persicum as the most important species is
indigenous to the moist valleys of the Elburz Mountains and is related to H.
pubescens of a wider range. The fruits and leaves of this genus are used as odorant,
antimicrobial, antiseptic, carminative, digestive, and analgesic in the Iranian folk
medicine.

Essential oil of aerial parts of H. persicum was reported to inhibit the growth of
A. niger, C. albicans, and some Fusarium species with MIC values of 70–4,500
and 1100 lg/ml for two latter fungi (Firuzi et al. 2010; Naeini et al. 2010). Ethyl
acetate extract of plant seed showed strong inhibitory activity against A. para-
siticus by an IC50 value of 370 lg/ml (Alinezhad et al. 2011). In a disk diffusion
assay, essential oils of aerial parts of H. rechingeri, H. pastinacifolium, and H.
transcaucasicum were reportedly inhibiting the growth of A. niger and C. albicans
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(Firuzi et al. 2010). The main oil constituents of these species and H. persicum
reported to have antifungal properties were identified by the authors as myristicin 6
(C11H12O3, 192.21 g/mol), elemicin 7 (C12H16O3, 208.25 g/mol), hexyl butanoate
8 (C10H20O2, 172.26 g/mol), and trans-anethole 9 (C10H12O, 148.20 g/mol),
respectively.
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2.2.6 Artemisia dracunculus

The genus Artemisia (Asteraceae) comprises 200–400 species of which many of
them possess different biological activities owing to have a wide range of sec-
ondary metabolites like flavonoids, phenylpropanoids, coumarins, terpenoids, and
sesquiterpene lactones. A. dracunculus L. (Azerbaijan tragon) is one of the most
important species native to northwest of Iran which has a long history of use in
culinary traditions. It is cultivated 1,340 m above sea level in Urmia, and the
leaves are well known for antimicrobial, laxative, carminative, and antispasmodic
properties. Usually, an infusion made from a teaspoon of its twigs is consumed an
hour before meals.

Essential oil of A. dracunculus leaves reportedly showed antifungal activity
against aflatoxigenic A. parasiticus with a maximum of 70 % fungal growth
inhibition at 1,000 lg/ml (Razzaghi-Abyaneh et al. 2009). The main oil constit-
uents, that is, trans-ocimene 10 (C10H16, 136.23 g/mol), trans-anethole 9, and
terpinolene 11 (C10H16, 136.23 g/mol), were found to be responsible for plant
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biological activities. Essential oils of aerial parts of three other native species
including A. scoparia, A. sieberi, and A. kermanensis inhibited the growth of
pathogenic yeasts, C. albicans and C. glabrata, by microbroth and disk diffusion
methods (Ramezani et al. 2004; Naeini et al. 2009; Khosravi et al. 2011). Cam-
phor 12 (C10H16O, 152.23 g/mol) and b-thujone 13 (C10H16O, 152.23 g/mol), the
main oil constituents of A. sieberi, are well known to have antifungal properties.

H

O

H
O

H

10 11

12 13

2.2.7 Zataria multiflora

Zataria multiflora Boiss. (Zattar; Lamiaceae) is a thyme-like plant which grows
wild in central and southern parts of Iran. Globally, it is cultivated only in warm
climates of Iran, Afghanistan, and Pakistan. The plant is well known as a remedy
due to its odorant, food preservative, antispasmodic, antiseptic, analgesic, carmi-
native, anesthetic, antinociceptive and antibacterial and antifungal properties
(Zargari 1992). The plant is a rich source of bioactive metabolites suitable for
producing medicines. Today, efforts are made to develop it as expectorant, cough
suppressant, vaginal douche and pain-relieving creams and antimicrobial and
antifungal mouth wash in Iran.

Essential oil of plant aerial parts was shown to effectively inhibit the growth of
a wide array of pathogenic yeasts and molds (Gandomi et al 2009; Naeini et al.
2009, 2010, 2011; Saei-Dehkordi et al. 2010; Ghasemi-Pirbalouti et al. 2011). The
growth of C. albicans and C. glabrata was significantly inhibited by the plant oil
with MICs of 62–2,000 lg/ml for different fungal strains (Naeini et al. 2009; Saei-
Dehkordi et al. 2010). In a disk diffusion assay, the plant oil exhibited strong
antifungal activity against main pathogenic Malassezia species including
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M. furfur, M. globosa, and M. obtusa in a concentration of 30 lg/disk (Naeini et al.
2011). The growth of various species of pathogenic molds from the genera
Aspergillus (A. niger, A. flavus, A. fumigatus, and A. parasiticus) and Fusarium
(F. equiceti, F. oxysporum, F. poae, F. solani, and F. verticillioides) was strongly
inhibited by the oil with MICs of 8–256 lg/ml and 66–62 lg/ml, respectively
(Gandomi et al. 2009; Naeini et al. 2010; Ghasemi-Pirbalouti et al. 2011).

Thymol 3 and carvacrol 4 identified as main oil constituents of Z. multiflora
aerial parts may account for the plant antifungal properties.

2.2.8 Achillea millefolium subsp. elborsensis

A. millefolium (Asteraceae) is a flowering plant grown in any well-drained soil in
full sun. Besides the diaphoretic and astringent properties, the plant is well known
as a ‘‘healing herb’’ used topically for treatment for wounds, cuts, and abrasions. It
has been reported to contain a wide array of bioactive metabolites including
asparagine, bitters, coumarins, flavonoids, isovaleric and salicylic acids, and tan-
nins. Among more than 10 subspecies identified, A. millefolium subsp. elborsensis
is native to Alborz Mountains extending about 650 km from west to east along the
border of Iran, at the southern shore of the Caspian Sea (Kamrani et al. 2011).

In the only documented work on antifungal activity of this plant variety, a
powerful growth inhibitory activity was reported against aflatoxigenic A. para-
siticus exposed to the flowers’ essential oil with an IC50 value of 580 lg/ml
(Alinezhad et al. 2011). Chamazulene 14 (C14H16, 184.27 g/mol) identified as the
main constituent of plant oil by the authors may account for antifungal properties
due to its proven antimicrobial activities against a wide array of microorganisms.

2.2.9 Hymenocrater calycinus

The genus Hymenocrater Fisch.et Mey., (Lamiaceae) named Gol-e-Arvaneh in
Persian, comprises about eleven species, nine of them reported in Iran of which
four species including H. longiflorus, H. calycinus, H. yazdianus, and H. incanus
are endemic. H. calycinus is growing wildly in the northeast of Iran and some parts
of Turkmania as a native plant. Another important species, that is, H. longiflorus,
with strong characteristic aroma is only distributed in Oramanat region, Ker-
manshah Province, where it is commonly known as ‘‘Oraman’s tulip’’ used as a
house freshener and an antimosquito agent.

Among four compounds isolated from ethyl acetate and methanolic extracts of
H. calycinus aerial parts which identified as b-sitosterol, ursolic acid, rosmarinic
acid, and quercetin 3-O-rutinoside by NMR and MS spectral data, only rosmarinic
acid 15 (C18H16O8, 360.31 g/mol) showed antifungal activity against C. albicans
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and A. niger in broth dilution assay (Gohari et al. 2009). MIC values of the
compound for these fungi were reported as 250 and 1,000 lg/ml, respectively.

Essential oil of aerial parts of H. longiflorus exhibited strong inhibitory activity
against C. albicans and A. niger with MICs of 240–480 lg/ml (Ahmadi et al. 2010).
D-cadinol 16 (C15H26O, 222.36 g/mol) and a-pinene 17 (C10H16, 136.23 g/mol)
were identified as main constituents account for 18.49 and 10.16 % of plant oil,
respectively.
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2.2.10 Glaucium oxylobum

The genus Glaucium (Papaveraceae) named Lal-e-Koohi in Persian contains about
25 species native to Europe, North Africa, and Southwest and Central Asia of
which 19 species are found in Iran as one of the most plant habitats in the world.
Glaucium species are known in Iranian traditional medicine for their laxative,
hypnotic, antidiabetic, and antimicrobial properties.

The methanolic extract and total alkaloids of the aerial parts of G. oxylobum
showed strong inhibitory activity against Microsporum gypseum, Microsporum
canis, Trichophyton mentagrophytes, and Epidermophyton floccosum as the main
causative fungal species of zoonotic dermatophytosis (Morteza-Semnania
et al. 2003). Four alkaloids, that is, dicentrine 18 (C20H21NO4, 339.38 g/mol),
glaucine 19 (C21H25NO4, 355.42 g/mol), protopine 20 (C20H19NO5, 353.36 g/mol),
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and a-allocryptopine 21 (C21H23NO5, 369.41 g/mol), were identified by the authors
as the bioactive compounds responsible for antifungal activity of this plant.
Methanolic extract and isolated plant alkaloids were effective against tested der-
matophytes at concentrations of 1,000 and 300 lg/ml, respectively. The fifth
alkaloid, O-methylflavinantine, did not show any inhibitory effect on tested fungi.
Neither isolated alkaloids nor plant methanolic extract was able to inhibit the
growth of C. albicans, A. niger, and Penicillium sp.
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2.2.11 Diplotaenia damavandica

The genus Diplotaenia (Apiaceae) was described by Boissier (1844) as a mono-
typic genus based on D. cachrydifolia Boiss. from Iran. D. damavandica (kozal in
Persian) is a perennial wild herb exclusively found in central Alborz Mountains
around Tar Lake, Damavand, Iran. The extracts obtained from the aerial parts of
the plant have been reported to have antifungal activity against the genera
Aspergillus, Candida, and Cryptococcus with furanocoumarins as the effective
constituents (Sardari et al. 2000).
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Essential oil of plant leaves reportedly inhibited the growth of C. albicans,
Saccharomyces cereviciae, and A. niger with MICs of 3.6–7.2 mg/ml (Eftekhar
et al. 2005).The leaves constituents terpinolene 11, dillapiole 22 (C12H14O4,
222.23 g/mol), c-terpinene 23 (C10H16, 136.23 g/mol), and p-cymene 24 (C10H14,
134.21 g/mol) were shown to have strong antifungal activities against tested fungi
with MICs between 6.6 and 110.1 mM.
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2.2.12 Semenovia tragioides

The genus Semenovia (Apiaceae) consists of about 300 genera and 3,000 species of
aromatic permanent plants growing mostly in the mountain regions of Iran and
Turkey, and Mediterranean region (Ghahreman 1995). The plant is mainly used as
edible vegetable and as sources of volatile oils and drugs. Among 20 Semenovia
species growing in Asia, eleven are found in Iran and five are endemic. Semenovia
tragioides is one of the most important endemic species of Iran that its fragrant
leaves and fruits are frequently used as carminative and flavoring agent in southwest
Iran.

Essential oils of aerial parts of S. tragioides exhibited strong antifungal activity
against pathogenic yeast C. albicans with MIC of 5 mg/ml, while the plant oil did
not show any obvious effect on the growth of mycelia fungus A. niger (Bamoniri
et al. 2010). The main compounds identified by the authors in plant oil including
lavandulyl acetate 25 (C12H20O2, 196.28 g/mol), geranyl acetate 26 (C12H20O2,
196.28 g/mol), trans-ocimene 10, p-cymene 24, and c-terpinene 23 may account
for its antifungal properties.
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2.3 Concluding Remarks and Future Perspectives

Dramatic increase in emerging fungal diseases, restricted availability of antifungal
drugs suitable for treating systemic fungal infections, and appearance of multi-
drug-resistant fungi as major global health problem in the twenty-first century urge
the health organizations and pharmaceutical industries to return back to biodi-
versity for more effective, safer, and broad spectrum antifungals that battle against
these life-threatening microbial infections. Among existing biodiversity, medicinal
plants are still in the first line of investigation owing to have a large number of
bioactive metabolites with huge structural diversities. In this chapter, we carried
out a comprehensive literature review with the aim to introduce antifungal
activities of medicinal plants from flora of Iran. We characterized 83 native
medicinal plants with proven benefits against a wide array of fungal pathogens.
Actually, majority of enlisted plants were shown to contain different numbers of
bioactive constituents with strong antifungal activities when isolated from same or
other plants in bioassays. The a-bisabolol from M. chamomilla is a very good
example of such compounds which has a potential for being a unique antifungal
drug candidate. We believe these comprehensive data could help the researchers in
further phytochemical characterization of medicinal plants, which finally will lead
to development of more effective drugs and candidates suitable for treatment for
life-threatening fungal infections. Development of bioinformatic and computa-
tional chemistry approaches to routine screening for antifungal drug discovery
from medicinal plants will accelerate such process in a best way.
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Chapter 3
Antifungal Property of Selected Nigerian
Medicinal Plants

Victor Olusegun Oyetayo and Ayodele Oluyemisi Ogundare

Abstract The effectiveness of common antimicrobial substances to microbial
entities has been in doubt in the last three decades. This is as a result of resistance
of microbial spoilers and pathogens to these antimicrobial agents. Fungi which are
microbial entities are not exempted from the problem of antimicrobial resistance.
Most common fungicidal agents are becoming ineffective in treating fungal
infections. Hence, the search for antifungal agents has double paced recently.
Plants that have the potential to synthesize aromatic substances with antimicrobial
properties have been proposed as the sources from which novel and effective
antimicrobial substances can be derived. This chapter X-rays the resistance of
fungi to common antifungal agents and the possibility of using bioactives from
plants to solve the increasing problem of fungal resistance.

3.1 Introduction

In the last two to three decades, there has been a renewed search for antimicrobial
agents that are effective and safe. The search has been necessitated based on the
fact that microorganisms had developed resistance to commonly used antimicro-
bial agents and also the issue of safety of some of the available antimicrobial
agents. The side effects associated with the use of antibiotics in the treatment of
gastroenteritis and other infections definitely necessitated the search for a suitable
and friendlier alternative.

Fungi which are microbial entities are not exempted from the problem of
antimicrobial resistance. Most fungi have developed resistance to commonly
available fungicidal agents. For instance, the broad-spectrum drug amphotericin B
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was the sole drug for nearly 30 years, and it is one of the few drugs that actually
kill fungal cells, but can cause significant nephrotoxicity in the patients (Arif et al.
2009). One group of antifungal agents is the azole group. The question of fungal
resistance to the azole drugs is considerably more complex and is currently under
evaluation (Como and Dismukes 1994). For instance, pathogenic fungus, Candida
albicans strains have been reported to be susceptible to fluconazole and other azole
antifungals; however, increasing resistance especially in HIV-infected hosts has
been observed in hosts undergoing repeated courses of azole antifungal therapy
(Iwata 1992).

Synthetic chemicals such as Blitox, Captan, Dithane M-45, and Thiram used in
controlling plant diseases and preventing seed biodeterioration during storage are
known to have residual toxicity and nonbiodegradable in nature and hence can
cause carcinogenicity, teratogenicity on nontarget organisms and pollute the
environment, soil, and ground water (Pimentel and Levitan 1986; Satish et al.
2009). Therefore, there is restriction on the use of many of the synthetic fungicides
because of their undesired attributes, such as high and acute toxicity, long deg-
radation period and accumulation in the food chain and an undesirable extension
of their power to destroy useful microorganisms (Satish et al. 1999).

Plants have a long history of antibiotic usage for the cure of disease caused by
microbial agents, including viral, bacterial, and fungal agents (Bhadauria and
Kumar 2011). Plants have been described as the sleeping giants that possess the
bioactive agents that can solve the problem of antibiotic resistance which is cur-
rently a major global issue. Several researchers have reported the antifungal
activities of some plants (Caceres et al. 1993; Mehrabian et al. 1995; Farombi
2003; Oyelami et al. 2003; Nair et al. 2005; Mahesh and Satish 2008; Prusti et al.
2008).

Despite the efforts of researchers in screening plants for their antifungal
property, there are still so many plants that are yet to be assessed for their anti-
fungal property and this require more careful investigation to reveal their hidden
characteristics (Bhadauria and Kumar 2011). Humans have utilized relatively
1–10 % of the estimated 250,000–500,000 species of plants on Earth (Brinker
1993). In essence, 90 % of these plants are yet to be utilized. Specifically, a lot of
these yet to be investigated plants with potential antifungal properties are still in
the wild in Nigeria and most West African Countries. Scientific documents of the
identities and antifungal properties of these plants are still scanty. Natural products
have been the single most productive source of leads for the development of drugs
(Harvey 2008). Generally, natural products from plants are more preferred,
because they are harmless or have minimum side effects when compared to syn-
thetic drugs.

Fungi are eucaryotes and are more evolutionarily advanced forms of microor-
ganism. They are genetically more complex than prokaryotes (prions, viruses, and
bacteria). Their genetic complexity had resulted in complex structural features that
are used in classifications. Fungi can be classified into two, yeasts and molds,
based on their morphological features. Molds form hyphal and a mass of hyphal is
referred to as mycelium. Some fungi are able to exhibit dimorphism, that is, to
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exist either as yeast or hyphal. Molds are achlorophyllus fungi and they exist as
heterotrophs, that is, they live on preformed organic matter.

Fungi are widely spread and this has made infection caused by these entities
frequent (Fleming et al. 2002). The pathogenic effect of fungi can be confirmed by
the Koch postulate. This involves isolating the suspected fungus from a serial
specimens and the fungus isolated must be consistent in morphology with the
isolate observed in infected tissue(s).

There are some obvious challenges in application and evaluation of fungicidal
agents in the treatment of infection caused by fungi. Fungi are eukaryotes, and
consequently most agents toxic to fungi are also toxic to the host; unlike bacteria
which are prokaryotic and hence offer numerous structural and metabolic targets that
differ from those of the human host. It also known that fungi generally grow slowly
and often in multicellular forms, hence, they are more difficult to quantify than
bacteria. Inability to easily quantify fungi has complicated experiments designed to
evaluate the in vitro or in vivo properties of a potential antifungal agent.

3.2 Resistance of Fungi to Common Antifungal Agents

The attention of researchers on antifungal drug has not been as serious as what is
observed for bacteria and viruses. This is obvious as demonstrated by the fact that
the amphotericin B, a polyene antibiotic discovered as long ago as 1956, is still
used as antifungal agent (Abad et al. 2007). Antifungal agents are drugs that
selectively eliminate fungal pathogens from a host with minimal toxicity to the
host. These agents can be fungistatic or fungicidal. Effective antifungal agent must
possess fungicidal property (ability to kill the fungal cell).

Antifungal agents are sourced from these groups of drugs: Polyene (nystatin,
amphotericin B, and pimaricin), Azole (imidazoles are clotrimazole, miconazole,
and ketoconazole), Allylamine (naftifine, terbinafine), Morpholine (amorolfine),
and Antimetabolite such as 5-Fluorocytosine which acts as an inhibitor of both
DNA and RNA synthesis via the intracytoplasmic conversion of 5-fluorocytosine
to 5-fluorouracil. These antifungal agents have different modes of action. Polyene
antifungal drugs, for instance, interact with sterols in the cell membrane (ergos-
terol in fungi, cholesterol in humans) to form channels through which small
molecules leak from the inside of the fungal cell to the outside. Azole group of
antifungal drugs, on the other hand, inhibits cytochrome P450- dependent enzymes
(particularly C14-demethylase) involved in the biosynthesis of ergosterol, which is
required for fungal cell membrane structure and function. Allylamine/morpholine
and antimetabolite antifungal agents inhibit ergosterol biosynthesis at the level of
squalene epoxidase and acts as an inhibitor of both DNA and RNA synthesis via
the intracytoplasmic conversion of 5-fluorocytosine to 5-fluorouracil, respectively.

There is an increasing problem of antifungal drug resistance even with the
development of more antifungal agents. The two drawbacks of antifungal drugs
are the development of fungal resistance and toxic side effects. Two common

3 Antifungal Property of Selected Nigerian Medicinal Plants 61



groups of antifungal agents, imidazoles and the triazoles which act by inhibiting
processes of the fungal cell have been found to result in recurrence of the infection
and the development of resistance to the drug (Rex et al. 1995). The issue of
toxicity and nonbiodegradability of some of these currently available antifungal
agents calls for alternative agents. It is therefore expedient to search for new, safer,
and more potent agents to combat serious fungal infections of plants and animals
(Arif et al. 2009).

3.3 Fungi Pathogenic to Plants and Animals

Fungi are etiological agents implicated in several plants and animal diseases. Stored
food crops are usually spoiled by fungi. Plants in field are not also spared from the
pestiferous activity of fungi. Some of the field fungi are usually transported to
storage facilities where they cause spoilage of stored products. Members of the
genera Aspegillus, Fusarium, and Penicillium have been implicated in the spoilage
of grains, fruits, vegetables, and other plant products during picking, transit, and
storage rendering them unfit for human consumption by producing mycotoxins and
affecting their nutritive value (Miller 1995; Janardhana et al. 1998; Galvano et al.
2001). Other species of fungal genera of importance in the spoilage of agricultural
produce are Colletorichum coccodes, Botrytis cinerea, Xanthomonas campetris
Pseudomonas syringae, Alternaria alternata, and Phytophthora drechsleri.
The overall effects of these fungi activities lead to lower economic value of agri-
cultural products and make them unfit for human consumption.

Humans and animals are not exempted from fungal infection. Fungal related
diseases may not be as common as other microbial infections in animals but, when
present, they are difficult to treat especially in immunosuppressed persons (Bryce
1992). Fungal infections have contributed to the increase of life-threatening sys-
temic fungal infections in recent years (Perea and Patterson 2002). Some of the
factors responsible for these are: the expansion of severely ill and/or immuno-
compromised patient population, including HIV-infected patients, patients with
cancer who have chemotherapy-induced neutropenia, and transplant recipients
who are receiving immunosuppressive therapy (Beck-Sague et al. 1993; Perea and
Patterson 2002). Individuals with weakened immune system are more susceptible
to fungal infections. Hostettmann and Marston (1994) listed the commonly
observed infections in the immuno-compromised host to include candidiasis
(Candida albicans and other species) of the esophagus and mouth, cryptococcosis
(Cryptococcus neoformans), and aspergillosis (Aspergillus flavus, A. fimigatus,
and A. niger).

Infection caused by fungi is known as mycosis. Mycoses can be classified based
on the site of infection in human. Superficial infections are infections of the outer
layer of the stratum corneum of the skin. Cutaneous infections involve the
infections of the hair, skin, and nails while subcaneous and deep mycoses are the
infections of the inner tissues and infections caused by primary and opportunistic
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fungal pathogens, respectively (Odds et al. 1992; Rinaldi and Dixon 1994).
Superficial fungal infections are common in most tropical areas and in developing
countries. The factors responsible for this include the hot climatic conditions and
high humidity coupled with malnutrition and overcrowding (Oyelami et al. 2003).

Some common fungi involved in human and animal mycoses are: superficial
mycoses (Piedraia hortae, Trichosporon beigelii, and Malassezia furfur Pha-
eoannellomyces werneckii); cutaneous mycoses (Candida spp., Epidermophyton
floccosum, Trichophyton spp.); and subcutaneous mycoses (Fonsecaea pedrosoi,
Fonsecaea compacta, Cladosporium carionii, Phialophora verrucosa, Nocardia
brasiliensis, and Sporothrix schenckii).

3.4 Antifungal Compounds from Plants

Natural products are made up of several chemical compounds and hence possess
great potentials in the discovery of new and probably more effective pharmaceuti-
cals. Researchers had turned to natural products from plants, microbes, and animals
as sources of new pharmaceuticals for treating various ailments. Harvey (2008)
listed some compounds from natural products to include elliptinium, galantamine,
and huperzine from plants; daptomycin from microbes and exenatide and ziconotide
from animals, as well as synthetic or semi-synthetic compounds based on natural
products (e.g., tigecycline, everolimus, telithromycin, micafungin, and caspofun-
gin). Natural products had been very important in drug discovery and were the basis
of most early medicines (Sneader 1996; Newman et al. 2000; Buss et al. 2003).
Development in the field of analytical chemistry over the last 10–15 years with
advances in X-ray crystallography, nuclear magnetic resonance (NMR), and alter-
native drug discovery methods such as rational drug design and combinatorial
chemistry have placed great pressure upon natural product drug discovery
programmes (Butler 2005; Newman et al. 2000).

Reports show that most antifungal drugs in use today have some connection to
natural products (Butler 2005). The polyenes and griseofulvin are natural products,
while the echinocandins are semi-synthetically derived from natural products. 5-
Fluorocytosine is a nucleoside that interferes with DNA and RNA synthesis and is
primarily used in combination with the polyene amphotericin B (Butler 2005).
Sneader (1996) traced the origin of azole, generally considered to be synthetic in
origin, to drug prototype pathway in Streptomyces metabolite, azomycin.

Siva et al. (2008) stated that higher plants possess bioactives which are active
against fungi and could be used in disease control. These compounds possess two
important characteristics. They are biodegradable and also selectively toxic, hence
of value in the control of plant disease (Siva et al. 2008). Bioactives in plants can
serve two purposes; they may be the base for the development of new drugs or, a
phytomedicine in the treatment of diseases (Iwu 1993). Approximately 25 % of the
active substance prescriptions in the United States come from plant material
(Céspedes et al. 2006).
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Plants have an almost limitless ability to synthesize aromatic substances of
different functional groups, most of which are phenols or their oxygen-substituted
derivatives (Cowan 1999; Arif et al. 2009). About 12,000 of these aromatic sub-
stances and their derivatives have been isolated and this represents roughly 10 %
of the total (Schultes 1978; Cowan 1999). Plants use these metabolites for defense
against predators such as microorganisms, insects, and herbivores. These com-
pounds are also responsible for plant odors (terpenoids) and pigments (quinones
and tannins).

Some major groups of antifungal compounds found in plants are listed below.

3.4.1 Crude Extracts

Crude extracts could be infusion or decoction from medicinal plants. These
extracts are made up of 10–1,000 different bioactive compounds. Their activities in
many cases are as a result of synergy between 2 or more of the bioactives present
in extracts. Crude extracts had been used in various parts of the world to treat
fungal infection. Bergeron et al. (1996) reported the antifungal activities of crude
extract of 19 plant species from 14 families used in traditional North American
Indian medicine against Cladosporium cucumerinum and C. albicans. Researchers
in Europe, Asia, Africa, Mexico, and Brasil had also reported antifungal activities
of extracts of medicinal plants on various pathogenic fungi (Verastegui et al. 1996;
Tadeg et al. 2005; Turchetti et al. 2005; Lamidi et al. 2005).

3.4.2 Phenolic Compounds

Phenolics constitute one of the major groups of nonessential dietary components in
plants. There are two types of phenolics, the nonsoluble phenols such as tannins,
lignins, cell-wall bound hydrocinammic acids, and soluble phenols such as phenolic
acids, phenylpropanoids, flavonoids, and quinines (Rispail et al. 2005). Phenolic
acids possess potential protective role, through ingestion of fruits and vegetables,
against oxidative damage diseases (coronary heart disease, stroke, and cancers).
They are essential for the growth and reproduction of plants, and are produced as a
response for defending injured plants against pathogens. Some phenolic classes with
antifungal properties found in medicinal plants are simple phenolic compounds,
flavones and related flavonoid glycosides, coumarins and derivatives, and anthra-
quinones (Abad et al. 2007). Phenolic compounds such as tannins present in plant
cells are potent inhibitors of many hydrolytic enzymes such as pectyolytic macer-
ating enzymes used by plant pathogens (Cowan 1999). These compounds had been
reported to have exhibit good antioxidant property. Three new phenolic compounds
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isolated from the leaves of Baseonema acuminatum P. Choux (Asclepiadaceae)
showed antifungal activity against two clinically isolated C. albicans strains with
IC50 values in the range of 25–100 lg/ml (De Leo et al. 2004). Four phenolic acid
derivatives were isolated from an ethyl acetate extract of the root bark of Lycium
chinense Miller (Solanaceae). All had antifungal effect and inhibited the dimorphic
transition of the pathogen, C. albicans. Flavonoid compounds from spices of Fab-
aceae and Moraceae have been reported to have antifungal activity (Abad et al.
2007). Some of these flavonoids were isolated by bioassay-guided fractionation,
after previously detecting antifungal activity on the part of the plant.

3.4.2.1 Saponins

Saponins are secondary metabolites that occur in a wide range of plant species. They
are stored in plant cells as inactive precursors but are readily converted into bio-
logically active antibiotics by enzymes in response to pathogen attack (Cowan 1999;
Arif et al. 2009). Saponnins can be divided into three major groups; a triterpenoid, a
steroid, or a steroidal glycoalkaloid (Arif et al. 2009). Two new steroidal saponins
isolated from the roots of Smilax aspera subsp. mauritanica exhibited antifungal
activity against the human pathogenic yeasts, C. albicans, C. glabrata, and
C. tropicalis in the range of 25–50 mg/ml (Belhouchet et al. 2008). Other saponins
such as Phytolaccosides B and E from Phytolacca tetramera showed antifungal
activities against a panel of human pathogenic opportunistic fungi (Escalante et al.
2002); Tigogenin-3-O-b-D-xylopyranosyl-(1-2)-[b-D-xylopyranosyl-(1-3)]-b-D-
glucopyranosyl-(1-4)-[a-L-rhamnopyranosyl-(1-2)]-b-D-galactopyranoside was
found to have in vivo activity in C. albicans vaginal infection model (Zhang et al.
2005). Tigogenin-3-O-b-D-glucopyranosyl-(1-2)-[b-D-xylopyranosyl-(1-3)]-b-D-
glucopyranosyl-(1-4)-b-D-galactopyranoside was found to be in vitro very effective
against several pathogenic Candida species.

3.4.2.2 Alkaloids

Alkaloids are heterocyclic nitrogen compounds. They are a large group of sub-
stances that occur naturally in plants and usually have a bitter taste. Alkaloids
protect plants against pest and microorganisms.

Some common examples include caffeine, morphine, nicotine, quinine, and
strychnine. Morphine was the first medically useful alkaloid isolated in 1805 from
the opium poppy, Papaver somniferum (Facchini et al. 1996). Several alkaloids such
as 2-(3, 4-dimethyl-2,5-dihydro-1H-pyrrol-2-yl)-1-methylethyl pentanoate isolated
from the plant Datura metel; 6,8-didec-(1Z)-enyl-5,7-dimethyl-2,3-dihydro-1H-
indolizinium from Aniba panurensis; Bromo-8-n-hexylberberine, a derivative of
berberine have been reported to have antifungal activities (Arif et al. 2009).
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3.4.2.3 Peptides and Proteins

The antifungal properties of peptides and proteins isolated from medicinal plants
have been isolated from species of the Fabaceae family. Wong and Ng (2005)
purified an antifungal peptide named vulgarinin from the seeds of haricot beans,
Phaseolus vulgaris L. (Fabaceae) which display antifungal activity toward fungal
species such as Fusarium oxysporum, Mycosphaerella arachidicola, Physalospora
piricola, and Botrytis cinerea. There has been report of other antifungal agents
such as chitinase isolated from mung bean (Phaseolus mungo L.) seeds (Wang
et al. 2005), defensins isolated from Trigonella foenum-graecum L., (Olli and Kirti
2006), AFP-J purified from potato tubers, Solanum tuberosum cv L. Jopung
(Solanaceae) (Park et al. 2005), and a thaumatin-like protein from banana Musa
acuminata Colla (Musaceae) (Wang and Ng 2005).

3.5 Some Selected Nigerian Plants with Antifungal
Properties

Nigeria with her geographic spread from the Northern Savannah to the Southern
forest is a home to diverse kinds of medicinal plants. Most of these plants are still
in the wild. The antifungal properties of some of these plants reported by several
authors are listed below.

3.5.1 Brysocarpus coccineus Schum and Thonn

This plant belongs to the family Connaraceae. It is a climbing shrub and native to
Africa. Traditionally, there are reports that the leaf of the plant is used in treating
ailments such as veneral diseases, impotency, diarrhea, jaundice, piles, dysentery,
earache, sore of mouth and skin, tumor, wounds, stomatitis, rheumatism, swell-
ings, and urinary disorders (Dalziel 1955; Burkill 1985; Akindele and Adeyemi
2006). In a recent study, Hamid and Aiyelaagbe (2010) reported that ethylacetate
and methanol extracts of the stem of Brysocarpus coccineus exhibited antifungal
properties against Rhizopus stolonipher and Epidermophyton floccosum, while
hexane also inhibited the growth of Rhizopus stolonipher, Epidermophyton floc-
cosum, Tricophyton rubrum, and Aspergillus niger with activity comparable to that
of the reference drug tioconazole. Preliminary phytochemical screening of the
three extracts revealed the presence of saponins, reducing sugar, steroids, glyco-
sides, flavonoids, and anthraquinones (Hamid and Aiyelaagbe 2010).
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3.5.2 Ocimum gratissimum

This plant belongs to the family lamiaceae. There are 20–150 Ocimum species
spread across Asia, Africa, Central and South America (Darrah 1980). Ocimum is
very rich in aromatic compounds and essential oils. Bioactives present in extracts
from Ocimum had been reported to possess insecticidal, nematicidal, fungicidal, and
generally antimicrobial (Morales and Simon 1996). Antifungal activity of Ocimum
extract on Aspergillus repens, Curvularia lunata, and Fusarium moniliforme was
reported by Amadi et al. (2010). Water, ethanol, and acetone extracts of ocimum
impaired radial growth of the three fungi, A. repens, C. lunata, and F. moniliforme.
Phytochemical screening of Ocimum extracts in this study showed that carbohy-
drates, reducing sugars, lipids, alkaloids, and steroids tannins (Amadi et al. 2010).

3.5.3 Acalypha wilkesiana (Muell Arg.)

Acalypha wilkesiana belongs to the Euphorbiaceae family. Oliver (1959) reported
that the leaf of Acalypha wilkesiana is used for treating Pityriasis versicolor, Tinea
versicolor, and other similar skin infections. Antimicrobial activity of Acalypha
species has been linked to the presence of phytochemical such as geranin, cori-
lagin, and gallic acid (Adesina et al. 2000). Polyphenols such as ellagitannins,
acalyphidins M1 and M2, and a dimer of geranin, calyphidin D1 have also been
isolated from A. hispida (Yoshiaki et al. 1999). In a study conducted by Oyelami
et al. (2003), it was observed that A. wilkesiana ointment was very efficacious in
the treatment of Tinea pedis, Pityriasis versicolor, and Candida intetrigo where
the cure rate was 100 % in each condition.

3.5.4 Anogeissus leiocarpus (DC.) Guill and Perr

Anogeissus leiocarpus is a tall evergreen tree native to savannas of Tropical
Africa. It belongs to the family, Combretaceae. It is also used in traditional
medicine as a remedy for many ailments of livestock and man, which include
helminthosis, schistosomiasis, leprosy, diarrhea, and psoriasis (Burkill 1985;
Onyeyili 2000). Mann et al. (2008) reported the antifungal activity of chloroform,
ethanolic, methanolic, ethyl acetate, and aqueous root extracts of Anogeissus
leiocarpus against A. niger, Aspergillus fumigatus, Penicillium species, Micros-
porum audouinii, and T. rubrum using radial growth technique.
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3.5.5 Terminalia avicennoides Guill and Perr

Terminalia avicennoides is a tree that is abundant in the Savannah region of West
Africa. Ethnomedicinal uses of the plant cover various medical conditions.
Abdullahi et al. (2001) reported that the powered roots are used for treating
wounds and ulcers and a root decoction is used for the treatment of gastrointestinal
disorders. In a study using radial growth technique, Mann et al. (2008) observed
that chloroform, ethanolic, methanolic, ethyl acetate, and aqueous root extracts of
Terminalia avicennoides have antifungal activities against A. niger, A. fumigatus,
Penicillium species, Microsporum audouinii, and T. rubrum. The minimum
inhibitory concentration (MIC) of the extracts ranged between 0.03 and 0.07
lg/ml while the minimum fungicidal concentration ranged between 0.04 and
0.08 lg/ml (Mann et al. 2008). The major phytochemicals present in T. avicen-
noides are saponins, tannins, and glycosides (Aboaba et al. 2006).

3.5.6 Funtumia elastica (Preuss)

Funtumia elastica is a medium-sized African rubber tree with glossy leaves, milky
sap, and long woody seedpods. It belongs to the family Apocynaceae. The genus
consists of two common species: F. elastica (female) and F. africana (male)
(Adekunle and Ikumapayi 2006). The decoction of the leaf is used as a cure for mouth
and venereal diseases (Sofowora 1982). Phytochemical screening of F. elastic
revealed that it contains anthocyanins, butacyanin, flavonoids, steroids, and tannins.
F. elastica also exhibited pronounced antifungal activity Aspergillus flavus,
C. albicans, Microsporum audouinii, Penicillium sp., Trichophyton mentagrophytes,
Trichoderma sp, and Trichosporon cutaneum (Adekunle and Ikumapayi 2006).

3.5.7 Mallotus oppositifolius (Geisel) Müll. Arg

Mallotus oppositifolius belongs to the family Euphorbiaceae. The twig of the plant
is used as chewing sticks for cleaning the teeth, the stem is used as yam stakes.
Phytochemical screening of M. oppositifolius revealed the presence of secondary
metabolites such as alkaloids, phenols, flavonoids, anthraquinones, and cardeno-
lides. Higher concentration of these phytochemicals resides in the leaves than in
the root (Farombi et al. 2001). The leaves of M. oppositifolius are used in pre-
paring antimalarial and antiinflammatory remedies (Burkhill 1994). The antifungal
property of aqueous and ethanol extracts of M. oppositifolius against fungi such as
A. flavus, C. albicans, Microsporum audouinii, Penicillium sp., T. mentagrophytes,
Trichoderma sp. and Trichosporon cutaneum was reported by Adekunle and
Ikumapayi (2006).
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3.5.8 Asystasia gangetica (Linn) T. Anders.

Asystasia gangetica belongs to the family Acanthaceae. It is an ascending, bran-
ched, quadrangular fast growing plant with stem up to 2 m long and roots at lower
nodes (Ensermu 1994). The hexane, ethylacetate, and methanol extracts showed
antifungal activities against C. albicans, Penicillium notatum, T. rubrum, and
Epidermophyton floccosum with activity comparable to that of the reference drug,
Tioconazole (Hamid et al. 2011). The MIC of the plants against the fungi ranged
from 6.25 to 200 mg/ml. Extracts of this plant contain saponins, reducing sugar,
steroids, glycosides, flavonoids, and anthraquinones (Hamid et al. 2011).

3.5.9 Carica papaya Authority

Carica papaya belongs to the family Caricaceae. It is a cultivated tropical fruit
tree. Pawpaw is the fruit of the plant. Previous report shows that Papaya seed could
be used as an antibacterial agent for Escherichia coli, Staphylococcus aureus, and
Salmonella typhi (Yismaw et al. 2008). Methanol extracts of leaves of Carica
papaya at 20, 40, 60, and 80 % concentrations had been reported to possess
fungitoxic components that retarded the mycelia growth of Alternaria solani,
isolated from rotting yam tubers (Suleiman 2010).

3.5.10 Lemna pauciscostata (Helgelm)

Lemna, a group of tiny, free-floating vascular plants with worldwide distribution
are found in small water bodies such as fishponds, ditches and lagoons, which are
nutrient rich (Effiong and Sanni 2009). Earlier study had shown that Lemna
possess antimicrobial property (Skilicorn et al. 1993; Mbagwu 2001). In a study,
Effiong and Sanni (2009) reported the antifungal effect of Lemna against Fusarium
oxysporium, Penicillium digitatum, A. niger, A. flavus, A. fumigatus, Rhizopus
oryzae, and R. stolonifer. Ethanolic extracts exhibited higher antifungal properties
with total growth inhibition in some test organisms than the aqueous extract.
Phytochemical screening revealed the presence of tannins and steroids in duck-
weed (Effiong and Sanni 2009).

3.5.11 Diodia scandens Sw

Diodia scandens belongs to the family Rubiaceae. It is a straggling herb with a
taproot, slender stem, and compound leaves used for treatment of various diseases
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(Essiett et al. 2010). D. scandens has a lot of medicinal uses. In Nigeria, the leaves
are used for curing eczema (antifungal property), as fodder to poultry, its juice is
used to stop bleeding, its extract is used to treat bruises and minor cuts and drunk
as tonic during treatment of ear problems, it is also used as antiabortifacient
(Etukudo 2003). Phytochemical screening of the leaf of D. scandens revealed the
presence of saponins, tannins, cardiac glycosides and absence of flavonoids,
phlobatannins, alkaloids, and anthraquinones (Essiett et al. 2010).

3.5.12 Senna alata Linn

Senna alata belongs to the family Fabaceae. It is an ornamental shrub, which
grows well in forest areas of West Africa (Owoyale et al. 2005). S. alata plants
contain a group of phytochemicals like saponin, alkaloid, steroid, flavonoid, tan-
nin, phenol, and carbohydrate (Akinyemi et al. 2000). Stem bark of S. alata is used
to treat fungal infections such as ringworm. It is a common ingredient in soaps,
shampoos, and lotions because of its antifungal properties (Sule et al. 2011). Crude
extract of the stem bark of S. alata exhibited marked antifungal effects on
Microsporum canslaslomyces, Trichophyton verrucosum, T. mentagrophytes, and
Epidermophyton floccosum. The crude extract showed the highest inhibition on
T. verrucosum and E. floccosum with 21.00 and 20.05 mm zones of inhibition,
respectively (Sule et al. 2011). Phytochemical analysis of the stem bark of S. alata
revealed the presence of tannins, steroids, alkaloids, anthraquinones, terpenes,
carbohydrates, and saponins (Sule et al. 2011).

3.5.13 Calotropis procera Ait. f

This plant belongs to the family Asclepiadaceae. It is commonly called Sodom
apple. It is un-branched with soft wooden trunk, yellowish brown stem bark and
the slash exudes caustic latex that turns yellow on exposure to air (Aliero et al.
2001). The juice from the plant is used in cuddling milk in the production of a
local milk product called wara. Ethnomedicinal uses of the plant include the
treatment of fungal diseases, convulsion, asthma, cough, and inflammation (Hassan
et al. 2006). Organic solvents and aqueous extracts of the stem bark, leaves, and
roots were found to significantly inhibit common dermatophytes such as T. rubrum
and Microsporum gypseum, and a common spoilage fungus, A. niger (Hussain and
Deeric 1991). Alkaloids, flavonoids, tannins, steroids, triterpenoids saponins, and
saponin glycosides have been reported in the leaves and roots extracts while stem
bark contains flavonoids, triterpenoids, and saponins (Hussain and Deeric 1991).
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3.6 Other Indigenous Nigerian Plants with Antifungal
Property

Researchers in Nigeria had assessed the antifungal property of several other plants
indigenous plants. A list of some of these plants is presented below in Table 3.1.
The list, however, is not exhaustive.

3.7 Future Perspectives

Antifungal agents sourced from plants hold the wand in solving the problem of
resistance to antifungal agent. Renewed efforts to screen yet to be explored plants
for their potential antifungal properties should be intensified. Most research reports
on antifungal potentials of Nigerian plants were assessed using extracts. Extracts
contain ten to hundreds of compounds. The observed antifungal effect may be as a
result of synergy between two or more bioactive agents present in the extract. It is
therefore important to isolate and identify the specific bioactive compound(s)
responsible for the expressed antifungal property observed in the plants. Extracts
and their isolated/identified bioactive compounds assessed by in vitro techniques
should also be verified using in vivo techniques. This will help to know if what is
observed outside a living system can be replicated in a living system. A well-
structured in vivo study will determine the effectiveness of such antifungal agent in
whole organism systems. In the search for antifungal agent, attention should be
focused on fungicidals that are nontoxic to the host rather than fungistatic agents.

Molecular farming is also desirable to increase the productivity and efficacy of
medicinal plants in the production of bioactives of interest. Molecular biological
techniques will bring about the development of novel antifungal agent that will be
safe and effective. Plants have the advantages: Can be grown under conditions of
biological and physical containment e.g., green house; do not carry most human
disease pathogens, hence reducing the risk of drugs being contaminated with
animal pathogens; can be transformed to produce a wider variety of novel and
more suitable bioactive compounds and at higher concentration. Moreover,
structural modification of the existing plant products is also expedient to increase
their activity. Isodilapiole tribromide, a derivative of dillapiole was found to be
more active than the initial compound. Similarly, echnicandin-type peptide
FR901379, chemical modification led to the formation of more active FK463
compound (Arif et al. 2009).
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3.8 Conclusion

Natural products of plant origin still remain the main source of novel compounds
that can solve the problem of drug resistance posed to currently available drugs by
microbial agents. Concerted effort should be geared toward screening the about
90 % of plants whose activities are still unknown for their antifungal property. The
yet to be screened plants are therefore a source to search for new chemotypes for
drug development in antifungal therapeutics.

Antifungal agents that are currently available are costly and therefore unaf-
fordable to poor peasants in the developing world. Plant extracts, on the other
hand, are affordable, safer, and easily available to common men. Plants are source
of thousands of new useful phytochemicals of great diversity, which have inhib-
itory effects on all types of microorganisms in vitro. Application of plant products
in integrated pest management may reduce over reliance on one source of agri-
cultural chemical to the farmer, as well as cut down cost of production.
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Chapter 4
Review of the Antifungal Potential
of African Medicinal Plants

Jean Paul Dzoyem and Victor Kuete

Abstract Human fungal infections are increasing due to increased cancer, AIDS,
and immunocompromised patients. Herbal drug is an integral part of the treatment
of mycosis alongside pharmaceutical antifungal drugs. However, up to 80 % of
populations living in Africa rely on medicinal plants for the treatment of diverse
affections. Herein, we will discuss the state-of-art in the medicinal plants research
in tropical Africa as potential antifungal drugs, the most significant advances as
well as the most promising compound so far isolated.

4.1 Introduction

Human fungal infections are increasing due to increased cancer, acquired immune
deficiency syndrome (AIDS), and immunocompromised patients (Chian-Yong and
Coleman 2011).

The increased use of antifungal agents also resulted in the development of
resistance to the drugs. The prevalence of resistance to antifungal agents signifi-
cantly increased in the past decade (Chian-Yong and Coleman 2011). Resistance
to antifungal agents has important implications for morbidity, mortality, and
healthcare in the community. Candida albicans and Cryptococcus neoformans are
the most common opportunistic infections in HIV/AIDS patients (Fan-Harvard
et al. 1991; Samie et al. 2010), and management of such infections particularly in
HIV/AIDS patients is faced with some difficulties, such as resistance to antifungal
agents, drug toxicity, and high cost of antifungal agents (Traeder et al. 2008). Up
to 90 % of all HIV patients contract fungal infections during the course of the
disease, of which 10–20 % die as a direct consequence of fungal infections
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(Hamza et al. 2006; Back-Brito et al. 2009). Therefore, there is a need to search for
alternative control methods and the utilization of medicinal plants by the local
populations constitutes an important source of new active and renewable anti-
fungal drugs. For centuries, plants have been used by indigenous people to produce
medicines that were used to treat different kinds of ailments. Up to 80 % of the
African population rely on medicinal plants as antimalarial, antibacterial, and
antidiabetic (Schmidt et al. 2008; Samie et al. 2010; Madureira et al. 2012) as well
as antifungal remedies (Kuete et al. 2007a, b, c, d, 2008a, b). The present chapter
brings out the state-of-art on the antifungal research from medicinal plants in
Africa and provides insight of significant results documented up to date.

4.2 Fungal Infections in Africa

Certain fungi have the ability to cause diseases in humans, plants, and animals.
Diseases caused by fungi are called mycoses and those affecting humans are
classified according to the tissue levels that are colonized. Superficial infections
are generally limited to the outer layers of the skin and hair; cutaneous infections
are located deeper in the epidermis, hair and nails while subcutaneous infections
involve the dermis, and subcutaneous tissues and muscle. In addition, mycotic
infections may be systemic: these are invasive infections of the internal organs
with the microorganism gaining entry by the lungs, gastrointestinal tract, or
through intravenous lines. They may be caused by primary pathogenic fungi or by
opportunistic fungi that are of marginal pathogenicity but can infect the immu-
nocompromised host (Vandeputte et al. 2012).

Fungal infections represent a relatively common problem especially in the
tropical and subtropical regions of the world, where the warm and humid climates
provide a favorable environment for organisms causing superficial mycoses
(Shrum et al. 1994). It has been shown that up to 90 % of all immunocompromised
patients contract fungal infections at some point during the course of the disease
(Diamond 1991) and 10–20 % die as a direct consequence of fungal infection.
Dermatophytes and Candida species are the most frequent pathogens in humans
and animals while Cryptococcus neoformans is the fungus that is an important
cause of morbidity and mortality in immunocompromised patients (Gumbo et al.
2002; Hiroshi et al. 2008). In Africa, the HIV pandemic has contributed greatly to
the emergence of opportunistic fungal pathogens and increased incidence of
opportunistic fungal infections over the last two decades (Ampel 1996). The
morbidity and mortality impact is especially pronounced in sub-Saharan Africa.
Their distribution varies in different countries and in geographical areas and
depends on several factors, such as age and host defenses, individual and social
behaviors, life style, type of the population, migration of people, and climatic
conditions
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4.3 Diseases Burden Estimation and Epidemiology Data
Collection

Although mycoses are a frequent health problem in African countries, clinical and
epidemiological data remain scarce and fragmentary. These mycoses have a sig-
nificant impact on public health and a devastating impact on the socioeconomic
value of Africa low-income rural workers with limited access to public or private
health systems. Despite the considerable morbidity and mortality associated with
fungal diseases in sub-Saharan Africa, it is recognized that these diseases have been
omitted from an expanded list of neglected tropical diseases (Nelesh et al. 2011).
The epidemiology of mycoses in Africa has dramatically altered, fungal diseases
are not well described, and data regarding incidence are scanty for several reasons.
Lack of adequate diagnostic tests makes the identification of the true disease burden
resulting fungal diseases difficult. Most African countries are economically dis-
advantaged and may therefore lack resources for the implementation of infection
control practices and diagnostic laboratory services. A majority of the existing
mycology laboratories in Africa employ only conventional diagnostic tests such as
direct microscopy and cultures. These methods are not sensitive for many important
fungal infections, such as invasive candidiasis, where blood culture sensitivity may
be as low as 50 %. Data on epidemiology of the mycoses are based on location and
activities of trained investigators while other regions go unreported due to lack of
personnel. There is a need for systematic collection of global morbidity and mor-
tality data to reveal the dimensions of fungal diseases in Africa. There are some data
about the epidemiologic surveys and reports on geographic distribution as well as
the burden of the mycotic diseases in some African regions. However, much of this
information continues to be either fragmentary or unavailable as fungal diseases are
not classified among the notifiable diseases. Consequently, much of the data on
their incidence and prevalence, as well as reports on morbidity and mortality are
very incomplete or lacking.

During the last three decades, there has been a marked and steady rise in the
global incidence of mycotic infections in Africa. The widespread use of broad-
spectrum antibiotics, corticosteroids, and invasive surgical procedures has con-
tributed significantly to this increase. Increasingly, fungi that normally occur as
saprobes, commensals, or plant pathogens have been recognized as opportunistic
pathogens, which possess latent capabilities to cause life-threatening infections in
immunodeficient hosts, particularly AIDS patients. In turn, this has increased
interest in pathogenic fungi and the diseases they cause. Research on fungal dis-
eases in most institutions is on clinical and epidemiological aspects; some of them
concentrate on superficial mycoses while in some others the emphasis is on sys-
temic mycoses. There have been significant contributions on epidemiological and
clinico-pathological aspects of several mycoses prevalent in Africa, namely der-
matomycoses, mycetoma, sporotrichosis, candidiasis, aspergillosis, cryptococco-
sis, and histoplasmosis. With the emergence of AIDS, there is greater awareness
and interest in studying the prevalence of opportunistic fungal infections in
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immunocompromised patients. The publication trends in Africa over the last
10 years showed that most relate to candidiasis and dermatophytosis but publi-
cations related to cryptococcosis, histoplasmosis, and zygomycosis are currently
on the rise mainly from South Africa.

4.4 Overview of Major Fungal Infections Found in Africa

4.4.1 Dermatophytosis

Dermatophytic fungal infections are among the most commonly diagnosed fungal
diseases in Africa. The pathogen spectrum and the clinical manifestations in Africa
are totally different from those seen in other continents. The hot and humid
environment in Africa is probably the major reason for their high prevalence.
Previous epidemiological studies have shown varying prevalence of dermato-
phytoses in different countries (Shrum et al. 1994; Lohoue et al. 2004; Ada and
Tosanwumi 2007; Nweze 2010). In Tunisia, the most common etiologic agent of
Tinea capitis in adults remains T. violaceum. The incidence of M. canis seems to
increase steeply because of the high frequency of asymptomatic carriage of
domestic animals (Mebazaa et al. 2010).

4.4.2 Candidiasis

Candidiasis is a fungal infection caused by any of the Candida species. A number
of studies have been reported on the prevalence and the epidemiology of different
types of candidosis in different countries in Africa. (Blignaut 2007; Enwuru et al.
2008; Pienaar et al. 2010; Nweze and Ogbonnaya 2011; Agwu et al. 2011).
Candida albicans remains the predominant cause, accounting for over half of all
cases, but Candida glabrata has emerged as the second most common cause of
invasive Candidiasis (Okonkwo and Umeanaeto 2010).

4.4.3 Cryptococcosis

Cryptococcal meningitis is a common and often devastating disease in areas of
high HIV prevalence, such as sub-Saharan Africa. Prospective studies from Africa
have shown that 10–20 % of deaths among HIV-infected patients are attributable
to cryptococcal meningitis. The mortality rate remains unacceptably high, espe-
cially in resource-poor areas, with estimation that more than half a million deaths
globally per year can be attributed to cryptococcal meningitis (Arthur and
Hosseinipour 2010; Kathleen et al. 2011). Researchers have estimated that there
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were about one million infections and half a million deaths from HIV-related
cryptococcal meningitis worldwide in 2006; sub-Saharan Africa had the highest
global burden of cryptococcal meningitis among people living with HIV (Harrison
2009). Studies from Zimbabwe, Rwanda, Central African Republic, Kenya, and
Tanzania have all shown increased incidence of cryptococcal meningitis as an
AIDS-dependent illness and a leading cause of AIDS mortality (Park et al. 2009).

4.4.4 Blastomycosis

Blastomycosis is a systemic infection caused by the dimorphic fungus Blastomyces
dermatitidis and most commonly affecting the lungs, skin, and bone. After a
number of reports, blastomycosis has now been reported from at least 17 countries
in all the major regions of Africa (Baily 1989; Alvarez et al. 2006; Ferchichia et al.
2006; Cheikh et al. 2008). Between 1983 and 1987, 12 new cases were seen in
South Africa and Zimbabwe alone; a large proportion of cases has come from
these countries in previous years (Carman et al. 1989; Cheikh et al. 2008). Many
reported cases, believed to have been acquired in Africa have been diagnosed
elsewhere (El Euch et al. 2004; Harket and Baki 2007; Lahmiti et al. 2009); thus
the disease appears to be underreported within Africa.

4.4.5 Sporotrichosis

Sporotrichosis is a subcutaneous fungal infection caused by the traumatic
implantation of the dimorphic, pathogenic fungus, Sporothrix schenckii. It occurs
sporadically in many countries but has been particularly common in the mining
areas of South Africa (Barros et al. 2011). Sporotrichosis is also known to have a
high prevalence in Kwazulu-Natal, but occurs sporadically in the Western Cape.
However, the geographical and epidemiological information is still lacking in
these and other parts of South Africa (Vismer and Hull 1997). Three cases of
sporotrichosis had been encountered in Sudan by 1978, and two in Nigeria (Barros
et al. 2011; Motswaledi et al. 2011). It is suggested that the soil in North Africa
differs from that in countries with endemic sporotrichosis, and that the plants
normally associated with the disease are not found in that part of Africa. The
disease is not well documented in the rest of Africa.

4.4.6 Histoplasmosis

Classical histoplasmosis caused by Histoplasma capsulatum var. capsulatum, and
African histoplasmosis caused by H. capsulatum var. duboisii are both endemic in
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Africa. Histoplasma capsulatum var. capsulatum is known to occur naturally in
South Africa, Zimbabwe, and Tanzania (Gugnani 2000; Gumbo et al. 2001;
Loulergue et al. 2007). The occurrence of African histoplasmosis associated with
HIV infection has been rarely reported although both pathogens coexist in this area
(Ndiaye et al. 2011). About 250 cases of the disease have been recorded, nearly
50 % of them have occurred in Nigeria and 25 % of them have been recorded in
Niger, Senegal, Congo, Zaire, and Uganda (Sangare et al. 2008; Garcia-Guinon
et al. 2009; Ahogo et al. 2009; Eboi et al. 2011). The clinical features and epi-
demiology of the two forms of the disease in Africa are reviewed (Gugnani 2000;
Sanz-Pelaez et al. 2007).

4.5 Plants Used in African Folk Medicine
with Documented Antifungal Properties

Several scientific papers have been published by African scientists on the anti-
fungal activities of the medicinal plants used throughout the continent. More than
60 fungal species (Table 4.1) were subjected to the anti-infective studies. Insights
of the most representative and most valuable results as collected from scientific
databases such as PubMed, Sciencedirect, Scopus, Scirus, Web of Knowledge, and
Google Scholar are recorded in Table 4.2. Classification criteria for the activity as
previously documented by Kuete (2010) for plant extract [significant activity
(MIC B 100 lg/ml), moderate (100 \ MIC B 625 lg/ml), and low or negligible
(MIC [ 625 lg/ml)] also served as the standard herein. Up to 60 plant families
and 160 plant species are reported in the present work (Table 4.2). The most
investigated plants families include Acanthaceae, Anacardiaceae, Apocynaceae,
Asteraceae, Burseraceae, Combretaceae, Euphorbiaceae, Fabaceae, Guttiferae,
Moraceae, Podocarpaceae, Rubiaceae, Rutaceae, and Verbenaceae. The antifungal
potential of species from these families will be further discussed.

4.5.1 Acanthaceae

The family Acanthaceae is a taxon of dicotyledonous flowering plants containing
almost 250 genera and about 2,500 species. Several plants species of this family
are reported for their antifungal activities (Sudhakar et al. 2006; Moshi et al. 2009;
Ogunwande et al. 2010; Madhumitha and Saral 2011). Some of the African
medicinal plants of the family Acanthaceae reported for their antifungal properties
include Crabbea velutina, Hygrophila auriculata, Thunbergia alata that showed
inhibitory activities against Candida albicans, Microsporum canis and Tricho-
phyton mentagrophytes (Vlietinck et al. 1995; Deborah et al. 2006).
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Table 4.1 Alphabetic list of
the fungal species

Species Abbreviations

Alternaria alternata A. alternata
Alternaria citri A. citri
Alternaria solani A. solani
Aspergillus flavus A. flavus
Aspergillus fumigatus A. fumigatus
Aspergillus niger A. niger
Botrytis cinerea B. cinerea
Candida albicans C. albicans
Candida glabrata C. glabrata
Candida guilliermondii C. guilliermondii
Candida kefyr C. kefyr
Candida krusei C. krusei
Candida lusitaniae C. lusitaniae
Candida parapsilosis C. parapsilosis
Candida pseudotropicalis C. pseudotropicalis
Candida tropicalis C. tropicalis
Candida zeylanoides C. zeylanoides
Cladosporium cladosporioides C. cladosporioides
Cladosporium cucumerinum C. cucumerinum
Cochliobolus heterostrophus C. heterostrophus
Colletotrichum gloeosporioides C. gloeosporioides
Cryptococcus neoformans C. neoformans
Epidermophyton floccosum E. floccosum
Fusarium culmorum F. culmorum
Fusarium oxysporum F. oxysporum
Fusarium solani F. solani
Geotrichum candidum G. candidum
Lasiodiplodia theobromae L. theobromae
Malassezia furfur M. furfur
Microsporum audouinii M. audouinii
Microsporum boulardii M. boulardii
Microsporum canis M. canis
Microsporum gypseum M. gypseum
Microsporum langeronii M. langeronii
Microsporum nanum M. nanum
Penicillium digitatum P. digitatum

(continued)

4 Review of the Antifungal Potential of African Medicinal Plants 85



4.5.2 Anacardiaceae

Anacardiaceae is a family of flowering plants bearing fruits that are drupes and in
some cases producing urushiol, an irritant (Yi et al. 2008). Anacardiaceae include
numerous genera with several of economic importance. They are also known to
possess several medicinal checked properties including antifungal potencies (Barra
et al. 2007; Rayne and Mazza 2007; Alves et al. 2009; Johann et al. 2010). Anti-
fungal plants of this family as documented by African scientist include Harpe-
phyllum caffrum, Lannea velutina, Loxostylis alata, Ozoroa insignis,
Pseudospondias microcarpa, Rhus vulgaris, Schlerocarya birrea, and Protorhus
longifolia. Minimal inhibitory concentration below 100 lg/ml was reported with the
acetone extract of Lannea velutina against Aspergillus fumigatus, Microsporum
canis, Sporothrix schenkii (Suleiman et al. 2010), and Schlerocarya birrea against
Candida tropicalis and C. krusei (Hamza et al. 2006).

4.5.3 Apocynaceae

The Apocynaceae or dogbane family include trees, shrubs, herbs, and lianas.
Several plants of this family worldwide were reported for their antifungal prop-
erties (Sequeira et al. 2009; Gaitán et al. 2011; Vital and Rivera 2011). Though
exceptional activities were not reported from African plants of the family

Table 4.1 (continued) Species Abreviations

Phytophthora cryptogea P. cryptogea
Pyrenophora teres P. teres
Pythium ultimum P. ultimum
Rhizoctonia solani R. solani
Rhodotorula rubra R. rubra
Saccharomyces cerevisiae S. cerevisiae
Sclerotium rolfsii S. rolfsii
Scopulariopsis brevicaulis S. brevicaulis
Sporothrix schenckii S. schenckii
Trichoderma viride T. viride
Trichophyton concentrum T. concentrum
Trichophyton longiformis T. longiformis
Trichophyton mentagrophytes T. mentagrophytes
Trichophyton rubrum T. rubrum
Trichophyton soudanense T. soudanense

86 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
A

fr
ic

an
m

ed
ic

in
al

pl
an

ts
w

it
h

ev
id

en
ce

of
th

ei
r

an
ti

fu
ng

al
ac

ti
vi

ti
es

F
am

il
y

P
la

nt
s

sp
ec

ie
s

T
ra

di
ti

on
al

us
ed

A
re

a
of

pl
an

t
co

ll
ec

ti
on

P
ot

en
ti

al
ly

ac
ti

ve
co

m
po

un
ds

S
cr

ee
ne

d
ac

ti
vi

ty

A
ca

nt
ha

ce
ae

C
ra

bb
ea

ve
lu

ti
na

S
.

M
oo

re
S

pi
ri

ts
,

W
or

m
s

(T
ab

ut
i

et
al

.
20

03
)

T
an

za
ni

a
/

Q
lt

ag
ai

ns
t

C
al

fo
r

C
hl

or
of

or
m

/
M

et
ha

no
l

ex
tr

ac
t

of
th

e
w

ho
le

pl
an

t
(D

eb
or

ah
et

al
.

20
06

)
H

yg
ro

ph
il

a
au

ri
cu

la
ta

(K
.

S
ch

um
.)

H
ei

ne

A
nt

hr
ax

,
an

ti
se

pt
ic

,
go

no
rr

he
a,

la
ry

ng
it

is
,

le
pr

os
y,

m
al

ar
ia

,
po

li
om

ye
li

ti
s,

so
re

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

b
-S

it
os

te
ro

l
(P

at
ra

et
al

.
20

10
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
fo

r
et

ha
no

l
ex

tr
ac

t
fr

om
le

av
es

(V
li

et
in

ck
et

al
.

19
95

)

T
hu

nb
er

gi
a

al
at

a
B

oj
.

ex
.

S
im

s
A

ph
ta

,
ch

ol
er

a,
di

ar
rh

ea
,

im
pe

ti
go

,
m

al
ar

ia
,

ot
it

is
,

pn
eu

m
on

ia
,

sy
ph

il
is

,
ya

w
s

(V
li

et
in

ck
et

al
.

19
95

)

R
w

an
da

ca
ff

eo
yl

m
al

ic
,

fe
ru

lo
yl

m
al

ic
an

d
p-

co
um

ar
oy

lm
al

ic
ac

id
s

(F
at

im
a

et
al

.
20

02
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
fo

r
et

ha
no

l
ex

tr
ac

t
fr

om
th

e
w

ho
le

pl
an

t
(V

li
et

in
ck

et
al

.
19

95
)

A
ga

va
ce

ae
D

ra
ca

en
a

st
eu

dt
ne

ri
E

ng
l.

O
ti

ti
s,

sc
ab

ie
s,

sy
ph

il
is

,
ya

w
s

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
fo

r
et

ha
no

l
ex

tr
ac

t
fr

om
th

e
le

av
es

,
ro

ot
s,

fr
ui

ts
ex

tr
ac

ts
(V

li
et

in
ck

et
al

.
19

95
)

A
m

ar
yl

li
da

ce
ae

C
yr

ta
nt

hu
s

ob
li

qu
us

(L
.f

.)
A

it
on

V
en

er
ea

l
di

se
as

es
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

O
bl

iq
ui

ne
,

11
a-

hy
dr

ox
yg

al
an

th
am

in
e,

3-
ep

im
ac

ro
ni

ne
,

na
rc

is
si

di
ne

,
ta

ze
tt

in
e

an
d

tr
is

ph
ae

ri
di

ne
(B

ri
ne

et
al

.
20

02
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
fo

r
w

at
er

,e
th

an
ol

an
d

et
hy

l
ac

et
at

e
bu

lb
s

ex
tr

ac
ts

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 87



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

A
na

ca
rd

ia
ce

ae
H

ar
pe

ph
yl

lu
m

ca
ffr

um
B

er
nh

.e
x

K
ra

us
s

G
on

or
rh

ea
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

K
ae

m
pf

er
ol

3-
O

-b
-(

20
0 -

su
lp

ha
to

ga
la

ct
op

yr
an

si
de

),
qu

er
ce

ti
n

3-
O

-b
-(

20
0 -

su
lp

ha
to

ga
la

ct
op

yr
an

os
id

e)
,

3
-

m
et

ho
xy

el
la

gi
c

ac
id

4-
O

-b
-

ga
la

ct
op

yr
an

os
id

e;
3-

m
et

ho
xy

ga
ll

ic
ac

id
5-

so
di

um
su

lf
at

e,
1,

3-
di

-O
-g

al
lo

yl
gl

uc
os

e,
2,

3-
di

-O
-

ga
ll

oy
l

g
lu

co
se

,
ga

ll
ic

ac
id

,
ge

nt
es

ic
ac

id
2-

O
-g

lu
co

si
de

,
ge

nt
es

ic
ac

id
5-

O
-g

lu
co

si
de

,
pr

ot
oc

at
ec

hu
ic

ac
id

,
p-

hy
dr

ox
yb

en
zo

ic
ac

id
,

3-
m

et
ho

xy
ga

ll
ic

ac
id

,
3,

30
0 d

im
et

ho
xy

el
la

gi
c

ac
id

4-
O

-g
lu

co
si

de
,

qu
er

ce
ti

n
3-

O
-

ar
ab

in
op

yr
an

os
id

e,
ka

em
pf

er
ol

3-
O

-r
h

am
no

si
de

,
qu

er
ce

ti
n

3-
O

-
rh

am
no

si
de

,
ka

em
pf

er
ol

3-
O

-
ga

la
ct

os
id

e,
qu

er
ce

ti
n

3-
O

-
ga

la
ct

os
id

e,
3,

30
,4

-
tr

im
et

ho
xy

el
la

gi
c

ac
id

,k
ae

m
pf

er
ol

,
qu

er
ce

ti
n

(N
aw

w
ar

et
al

.
20

11
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
fo

r
th

e
st

em
ba

rk
ex

tr
ac

t
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

L
an

ne
a

ve
lu

ti
na

A
.

R
ic

h.
S

to
m

ac
ha

ch
e,

m
al

ar
ia

,
he

pa
ti

ti
s,

w
ou

nd
he

al
in

g,
co

ug
h

an
d

se
xu

al
ly

tr
an

sm
it

te
d

di
se

as
es

(D
ia

ll
o

et
al

.
19

91
)

M
al

i
C

at
ec

hi
n,

ep
ic

at
ec

hi
n,

ta
nn

in
s

(M
ai

ga
et

al
.

20
07

)
Q

lt
ag

ai
ns

tC
al

an
d

C
cu

fo
r

C
H

2
C

l 2
an

d
ro

ot
s

M
eO

H
ex

tr
ac

ts
(D

ia
ll

o
et

al
.

20
01

)

L
ox

os
ty

li
s

al
at

a
A

.
S

pr
en

g.
ex

R
ch

b.

S
ti

m
ul

at
io

n
of

im
m

un
e

sy
st

em
,

re
li

ef
of

pa
in

du
ri

ng
ch

il
d

bi
rt

h
(P

oo
le

y
19

93
;

P
el

l
20

04
)

S
ou

th
A

fr
ic

a
/

M
IC

\
10

0
l

g/
m

l
ag

ai
ns

t
A

fu
,

M
ca

,
Sc

h
fo

r
ac

et
on

e
ex

tr
ac

t
(S

ul
ei

m
an

et
al

.
20

10
)

(c
o
n
ti
n
u
ed
)

88 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

O
zo

ro
a

in
si

gn
is

D
el

il
e

D
ia

rr
he

a
(T

ab
ut

i
et

al
.

20
03

)
T

an
za

ni
a

6-
pe

nt
ad

ec
yl

sa
li

cy
li

c
ac

id
(H

e
et

al
.

20
02

)
Q

lt
ag

ai
ns

t
C

al
fo

r
ba

rk
ex

tr
ac

t
(D

eb
or

ah
et

al
.

20
06

)
P

se
ud

os
po

nd
ia

s
m

ic
ro

ca
rp

a
(A

.
R

ic
h)

E
ng

l.

C
hr

on
ic

co
ug

h
(K

is
an

gu
et

al
.

20
07

)
T

an
za

ni
a

ph
en

ol
ic

s,
ta

nn
in

s,
ch

al
co

ne
s

in
th

e
le

av
es

(K
is

an
gu

et
al

.2
00

7)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

R
hu

s
vu

lg
ar

is
M

ei
kl

e
A

ng
in

a,
so

re
s

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
);

Q
lt

ag
ai

ns
t

C
al

,T
ru

,E
fc

,M
ca

(C
os

et
al

.
20

02
)

Sc
hl

er
oc

ar
ya

bi
rr

ea
(A

.
R

ic
h)

H
oc

hs
t.

F
ev

er
,

st
om

ac
h

ul
ce

rs
,

w
ou

nd
s,

in
fe

rt
il

it
y,

S
na

ke
po

is
on

(M
ab

og
o

19
90

)

Z
im

ba
bw

e,
S

ou
th

A
fr

ic
a,

T
an

za
ni

an

/
Q

lt
ag

ai
ns

t
C

al
(A

do
um

et
al

.
19

97
)

an
d

10
0
\

M
IC

B
62

5
lg

/m
l

ag
ai

ns
t

C
al

,
C

gl
C

ne
,

M
IC

\
10

0
l

g/
m

l
ag

ai
ns

t
C

tr
an

d
C

kr
(H

am
za

et
al

.
20

06
)

P
ro

to
rh

us
lo

ng
if

ol
ia

(B
er

nh
.

E
x

C
.

K
ra

us
s)

E
ng

l.

D
ia

rr
he

a
(A

pp
id

i
et

al
.

20
08

)
S

ou
th

A
fr

ic
a

3-
hy

dr
ox

yl
an

os
ta

-9
,2

4-
di

en
-

21
-o

ic
ac

id
;

3�
-

hy
dr

ox
yl

an
os

ta
-8

,2
4-

di
en

-
21

-o
ic

ac
id

(M
os

a
20

11
)

Q
lt

ag
ai

ns
tA

fu
,C

al
,C

ne
,M

ca
,S

ch
(S

ul
ei

m
an

et
al

.
20

10
)

C
yt

ot
ox

ic
it

y
of

is
ol

at
ed

co
m

po
un

ds
:

w
ea

k
cy

to
to

xi
c

ef
fe

ct
s

on
H

E
K

29
3

(h
um

an
em

br
yo

ni
c

ki
dn

ey
)

an
d

H
E

P
G

2
(h

ep
at

oc
el

lu
la

r
ca

rc
in

om
a)

ce
ll

s
(M

os
a

20
11

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 89



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

A
nn

on
ac

ea
e

M
on

od
or

a
m

yr
is

ti
ca

D
un

al

V
en

er
ea

l
di

se
as

es
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
an

d
M

al
ar

ia
(R

uk
un

ga
et

al
.

20
07

);
in

te
st

in
al

di
se

as
es

(N
ou

m
i

an
d

Y
om

i
20

01
);

sc
ab

ie
s,

he
lm

in
th

ia
si

s,
m

al
ar

ia
an

d
dy

se
nt

er
ic

sy
nd

ro
m

es
(O

kp
ek

on
et

al
.

20
04

);
pn

eu
m

on
ia

,
co

ug
h,

ep
il

ep
sy

an
d

ty
ph

oi
d

(J
er

ut
o

et
al

.
20

08
)

C
am

er
oo

n
a-

ph
el

la
nd

rè
ne

,p
-c

ym
èn

e,
a-

pi
nè

ne
,b

-
m

yr
cè

ne
,

li
m

on
èn

e,
ci

s-
pi

no
ca

rv
eo

l,
ca

rv
ac

ro
l

(K
ou

do
u

et
al

.
20

07
)

M
IC

\
10

l
g/

m
l

w
it

h
li

ne
ar

al
ip

ha
ti

c
al

co
ho

ls
,

n-
he

xa
co

sa
no

l
an

d
m

ix
tu

re
of

fa
tt

y
ac

id
es

te
rs

of
di

un
sa

tu
ra

te
d

li
ne

ar
1,

2-
di

ol
s

an
d

10
\

M
IC

B
10

0
l

g/
m

l
w

it
h

ex
tr

ac
ts

an
d

ot
he

r
co

m
po

un
ds

ag
ai

ns
t

C
al

,
C

kr
(T

ei
nk

el
a

et
al

.
20

10
)

X
yl

op
ia

ae
th

io
pi

ca
C

ou
gh

,
br

on
ch

it
is

,
dy

se
nt

er
y,

fe
m

al
e

st
er

il
it

y
(T

at
sa

dj
ie

u
et

al
.

20
03

)

C
am

er
oo

n
N

ot
id

en
ti

fi
ed

bu
t

th
e

ac
ti

ve
es

se
nt

ia
l

oi
l

fr
om

fr
ui

ts
co

nt
ai

ne
d

b
-p

in
en

e;
te

rp
in

en
-4

-o
l;

sa
bi

ne
ne

;
a-

ph
el

la
nd

re
ne

;
a-

te
rp

in
eo

l;
a-

an
d

tr
an

s-
b

-o
ci

m
en

e
(T

at
sa

dj
ie

u
et

al
.

20
03

)

(f
ru

it
s

es
se

nt
ia

l
oi

ls
)

Q
lt

on
C

gl
(T

at
sa

dj
ie

u
et

al
.

20
03

)

A
pi

ac
ea

e
C

en
te

ll
a

as
ia

ti
ca

(L
in

n)
U

rb
an

P
ha

ry
ng

it
is

,
dy

sr
m

en
or

rh
oe

a
(P

ie
m

e
et

al
.

20
08

)
C

am
er

oo
n

U
rs

ol
ic

ac
id

la
ct

on
e,

ur
so

li
c

ac
id

,
po

m
ol

ic
ac

id
,

2a
,3

a
-

di
hy

dr
ox

yu
rs

-1
2-

en
-2

8-
oi

c
ac

id
,

3-
ep

im
as

li
ni

c
ac

id
,

as
ia

ti
c

ac
id

,
co

ro
so

li
c

ac
id

,
8-

ac
et

ox
y-

1,
9-

pe
nt

ad
ec

ad
ie

ne
-4

,6
-d

iy
n-

3-
ol

,
b

-
si

to
st

er
ol

3-
O

-
b

-g
lu

co
py

ra
no

si
de

,
ro

sm
ar

in
ic

ac
id

in
ae

ri
al

pa
rt

s
(Y

os
hi

da
et

al
.

20
05

)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)
A

nt
ip

ro
li

fe
ra

ti
ve

ac
ti

vi
ty

ag
ai

ns
t

M
K

-1
,

H
eL

a
an

d
B

16
F

10
tu

m
or

ce
ll

li
ne

s
(Y

os
hi

da
et

al
.

20
05

)

(c
o
n
ti
n
u
ed
)

90 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

A
po

cy
na

ce
ae

A
co

ka
nt

he
ra

sc
hi

m
pe

ri
(A

.D
C

.)
S

ch
w

ei
nf

.

H
ea

da
ch

e,
ep

il
ep

sy
,

am
ne

si
a,

ey
e

di
se

as
e,

sy
ph

il
is

,
rh

eu
m

at
ic

pa
in

,
el

ep
ha

nt
ia

si
s,

sc
ab

ie
s,

le
pr

os
y,

T
in

ea
ca

pi
ti

s,
w

ou
nd

,
ec

ze
m

a,
w

ar
ts

an
d

sw
el

li
ng

(A
be

be
an

d
A

ye
hu

19
93

)

E
th

io
pi

a
/

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

P
le

io
ce

ra
s

ba
rt

er
i

B
ai

ll
A

bo
rt

if
ac

ie
nt

,
em

m
en

ag
og

ue
(A

la
de

sa
nm

i
et

al
.

20
07

)
N

ig
er

ia
/

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)
T

ab
er

na
em

on
ta

na
cr

as
sa

B
en

th
G

on
or

rh
ea

fu
ng

al
in

fe
ct

io
ns

,
ov

ar
ia

n
tr

ou
bl

e,
an

th
ra

x,
he

ad
ac

he
,

co
ns

ti
pa

ti
on

,
di

si
nf

ec
ti

on
s,

ho
m

eo
st

as
is

(B
ur

ki
ll

19
85

)

C
am

er
oo

n
de

hy
dr

oc
or

yd
al

m
in

e;
pa

lm
at

in
e;

is
ou

rs
en

ol
;

ac
et

at
e

of
is

ou
rs

en
ol

;
lu

pe
ol

(K
ue

te
20

05
)

W
ea

k
ac

ti
vi

ty
fo

r
ba

rk
m

et
ha

no
l

ex
tr

ac
t,

w
it

h
M

IC
va

lu
e
[

62
5

lg
/m

la
ga

in
st

C
al

,
C

kr
(K

ue
te

20
05

)

C
al

ot
ro

pi
s

pr
oc

er
a

A
it

on
.

R
in

gw
or

m
,

sy
ph

il
it

ic
so

re
s,

to
ot

ha
ch

e,
co

ug
h

an
d

le
pr

os
y

(K
ew

19
85

),
fe

ve
rs

,
rh

eu
m

at
is

m
,

in
di

ge
st

io
n,

co
ld

,
ec

ze
m

a
an

d
di

ar
rh

ea
(K

ar
ee

m
et

al
.

20
08

)

N
ig

er
ia

P
ro

ce
st

er
ol

(K
ha

n
an

d
M

al
ik

19
89

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
A

fl,
A

ni
,

M
bo

(K
ar

ee
m

et
al

.
20

08
)

C
ra

ss
oc

ep
ha

lu
m

m
ul

ti
co

ry
m

bo
su

m
(K

la
tt

)
S

.
M

oo
re

A
nt

hr
ax

,
an

ti
se

pt
ic

,
le

pr
os

y,
so

re
s

(V
li

et
in

ck
et

al
.1

99
5)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t)
C

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

X
ys

m
al

ob
iu

m
un

du
la

tu
m

(L
.)

A
it

.
f.

S
yp

hi
li

s
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

P
re

gn
en

ol
on

e
(G

eu
ns

19
78

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 91



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

A
sp

id
ia

ce
ae

D
ry

op
te

ri
s

in
ae

qu
al

is
(S

ch
le

ch
t.)

K
un

tz
e

W
or

m
s

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

A
ra

li
ac

ea
e

C
us

so
ni

a
ba

rt
er

i
S

ee
m

an
n

S
to

m
ac

ha
ch

e,
m

al
ar

ia
,

he
pa

ti
ti

s,
w

ou
nd

he
al

in
g,

co
ug

h
an

d
se

xu
al

ly
tr

an
sm

it
te

d
di

se
as

es
(D

ia
ll

o
et

al
.

19
91

)

M
al

i
3-

O
-b

-D
-g

lu
co

py
ra

no
sy

l
be

tu
li

ni
c

ac
id

28
-O

-g
lu

co
py

ra
no

sy
l

(1
?

6)
-
b

-
D

-g
lu

co
py

ra
no

sy
l

es
te

r,
C

us
so

sa
po

ni
n

A
,

B
,

C
,

D
,

E
(H

ar
in

an
te

na
in

a
et

al
.

20
02

)

Q
lt

ag
ai

ns
t

C
al

an
d

C
cu

(D
ia

ll
o

et
al

.
20

01
)

A
st

er
ac

ea
e

E
ri

ge
ro

n
flo

ri
bu

nd
us

(K
un

th
)

S
ch

.
B

ee
p.

sk
in

di
so

rd
er

s
(K

on
e

et
al

.
20

02
)

Iv
or

y
C

oa
st

/
10

0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
M

gy
,

M
ca

,
E

fl,
M

la
,

T
m

e,
tr

u,
T

so
,

Sb
r.

M
IC

[
62

5
l

g/
m

l
on

M
ca

(T
ra

B
i

et
al

.
20

08
)

L
ag

ge
ra

br
ev

ip
es

O
li

v.
&

H
ie

rn
H

er
pe

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)
So

la
ne

ci
o

m
an

ni
i

H
oo

k.
V

en
er

ea
l

di
se

as
es

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

an
d

M
al

ar
ia

(R
uk

un
ga

et
al

.
20

07
);

in
te

st
in

al
di

se
as

es
(N

ou
m

i
an

d
Y

om
i

20
01

);
sc

ab
ie

s,
he

lm
in

th
ia

si
s,

m
al

ar
ia

an
d

dy
se

nt
er

ic
sy

nd
ro

m
es

(O
kp

ek
on

et
al

.
20

04
);

pn
eu

m
on

ia
,

co
ug

h,
ep

il
ep

sy
an

d
ty

ph
oi

d
(J

er
ut

o
et

al
.

20
08

)

C
am

er
oo

n
n-

he
xa

co
sa

no
l

(T
ei

nk
el

a
et

al
.

20
10

)
M

IC
\

10
0

l
g/

m
l

w
it

h
li

ne
ar

al
ip

ha
ti

c
al

co
ho

ls
,

n-
he

xa
co

sa
no

l
an

d
m

ix
tu

re
of

fa
tt

y
ac

id
es

te
rs

of
di

un
sa

tu
ra

te
d

li
ne

ar
1,

2-
di

ol
s

an
d

10
\

M
IC

B
10

0
l

g/
m

l
w

it
h

ex
tr

ac
ts

an
d

ot
he

r
co

m
po

un
ds

ag
ai

ns
t

C
al

,
C

kr
(T

ei
nk

el
a

et
al

.
20

10
)

(c
o
n
ti
n
u
ed
)

92 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

V
er

no
ni

a
ad

oe
ns

is
(W

ar
p.

)
S

L
T

ub
er

cu
lo

si
s

(K
is

an
gu

et
al

.
20

07
)

T
an

za
ni

a
M

et
ha

cr
yl

at
e,

m
et

hy
lb

ut
yr

at
e

(P
er

du
e

et
al

.
19

93
)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

V
er

no
ni

a
ae

nu
la

ns
V

at
ke

D
ia

rr
he

a,
ga

st
ro

en
te

ri
ti

s,
go

no
rr

he
a,

sy
ph

il
is

,
ya

w
s

(V
li

et
in

ck
et

al
.

19
95

)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)
V

er
no

ni
a

am
yg

da
li

na
D

ia
rr

he
a,

ga
st

ro
en

te
ri

ti
s,

he
pa

ti
ti

s,
dy

se
nt

er
y,

m
al

ar
ia

,
w

or
m

s
(V

li
et

in
ck

et
al

.
19

95
)

T
on

ic
,

co
ns

ti
pa

ti
on

,
fe

ve
r,

hi
gh

bl
oo

d
pr

es
su

re
,

in
fe

ct
io

us
di

se
as

es
(I

w
al

ok
un

et
al

.
20

06
)

R
w

an
da

N
ig

er
ia

V
er

no
li

de
,

V
er

no
da

lo
l

(E
ra

st
o

et
al

.
20

06
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
Q

lt
ag

ai
ns

t
C

al
(O

ki
gb

o
an

d
M

m
ek

a
20

08
)

V
er

no
ni

a
la

si
op

u
H

ep
at

it
is

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
)

B
ig

no
ni

ac
ea

e
M

ar
kh

am
ia

lu
te

a
B

ro
nc

hi
ti

s,
go

no
rr

he
a,

le
pr

os
y,

m
al

ar
ia

(V
li

et
in

ck
et

al
.

19
95

)

R
w

an
da

V
er

ba
sc

os
id

e,
is

ov
er

ba
sc

os
id

e,
lu

te
os

id
e

A
,

lu
te

os
id

e
B

(K
er

na
n

et
al

.
19

98
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

M
ar

kh
am

ia
to

m
en

to
sa

(B
en

th
)

K
.S

ch
um

A
nt

i
sn

ak
e

ve
no

m
/b

it
e,

so
re

ey
es

,
he

ar
t

pa
in

,
sc

ro
ta

l
el

ep
ha

nt
ia

si
s

(A
la

de
sa

nm
i

et
al

.
20

07
)

N
ig

er
ia

/
Q

lt
on

C
al

,
C

ps
,

T
ru

(A
la

de
sa

nm
i

et
al

.
20

07
)

N
ew

bo
ul

di
a

la
ev

is
S

ee
m

.
D

ia
rr

he
a,

dy
se

nt
er

y,
w

or
m

s,
m

al
ar

ia
,s

ex
ua

ll
y

tr
an

sm
it

te
d

di
se

as
es

,
de

nt
al

ca
ri

es
(E

yo
ng

et
al

.
20

06
)

C
am

er
oo

n
N

ew
bo

ul
di

aq
ui

no
ne

A
(E

yo
ng

et
al

.2
00

6)
;

ch
ry

so
er

io
l;

ne
w

bo
ul

di
aq

ui
no

ne
;2

-
ac

et
yl

fu
ro

-1
,4

-n
ap

ht
ho

qu
in

on
e;

2-
hy

dr
ox

y-
3-

m
et

ho
xy

-9
,1

0-
di

ox
o-

9,
10

-
di

hy
dr

oa
nt

hr
ac

en
e-

1-
ca

rb
al

de
hy

de
;

la
pa

ch
ol

;ß
-s

ito
st

er
ol

-3
-O

-
ß

-
dg

lu
co

py
ra

no
si

de
;o

le
an

ol
ic

ac
id

;
ca

nt
hi

c
ac

id
;n

ew
bo

ul
di

am
id

e;
2-

(4
-

hy
dr

ox
yp

he
ny

l)
-E

th
yl

tr
io

ct
an

oa
te

(K
ue

te
et

al
.2

00
7a

)

10
0
\

M
IC

\
62

5
fo

r
ba

rk
m

et
ha

no
l

ex
tr

ac
t

on
C

al
,

C
kr

,
C

gl
(K

ue
te

et
al

.
20

07
a)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 93



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

Sp
at

ho
de

a
ca

m
pa

nu
la

ta
P

.
B

ea
uv

.

W
ou

nd
he

al
in

g
(M

en
sa

h
et

al
.

20
03

,H
ou

gh
to

n
et

al
.2

00
5;

S
y

et
al

.
20

05
),

dy
sp

ep
si

a
an

d
pe

pt
ic

ul
ce

r,
st

om
ac

h
ul

ce
r,

m
al

ar
ia

(O
fo

ri
-

K
w

ak
ye

et
al

.
20

09
)

G
ha

na
U

rs
ol

ic
ac

id
,

to
m

en
to

so
li

c
ac

id
,

3b
,2

0
b

-d
ih

yd
ro

xy
ur

s-
12

-e
n-

28
oi

c
ac

id
.

(A
m

us
an

et
al

.
19

96
)

Q
lt

ag
ai

ns
t

C
al

(O
fo

ri
-K

w
ak

ye
et

al
.

20
09

)

B
ur

se
ra

ce
ae

B
os

w
el

li
a

ca
rt

er
i

B
ir

dw
.

In
fl

am
m

at
io

n,
w

ou
nd

he
al

in
g,

sk
in

di
se

as
es

,
ur

in
ar

y
tr

ac
t

in
fe

ct
io

ns
,

gy
ne

co
lo

gi
ca

l
di

so
rd

er
s,

re
sp

ir
at

or
y

in
fe

ct
io

ns
,

an
ti

se
pt

ic
,

as
tr

in
ge

nt
,

ci
ca

tr
is

an
t,

rh
eu

m
at

is
m

(S
he

al
y

19
98

;
S

te
ve

ns
en

19
98

;
W

oo
tt

on
20

05
)

S
ou

th
A

fr
ic

a
b

-B
os

w
el

li
c

ac
id

,
A

ce
ty

l
b

-b
os

w
el

li
c

ac
id

,
11

-K
et

o-
b

-b
os

w
el

li
c

ac
id

,
A

ce
ty

l
11

-k
et

o-
b

-b
os

w
el

li
c

ac
id

,
A

ce
ty

l
11

-m
et

ho
xy

-a
-b

os
w

el
li

c
ac

id
,

9,
11

-D
eh

yd
ro

-b
-b

os
w

el
li

c
ac

id
,

A
ce

ty
l

9,
11

-d
eh

yd
ro

-b
-

bo
sw

el
li

c
ac

id
,
a-

B
os

w
el

li
c

ac
id

,
A

ce
ty

l
a-

bo
sw

el
li

c
ac

id
,

L
up

eo
li

c
ac

id
,

A
ce

ty
l

lu
pe

ol
ic

ac
id

,
12

a-
E

le
m

ol
ic

ac
id

,E
le

m
on

ic
ac

id
,3

a
-

H
yd

ro
xy

ti
ru

ca
ll

a-
7,

24
-d

ie
n-

21
-o

ic
ac

id
,

3a
-A

ce
to

xy
ti

ru
ca

ll
a-

7,
24

-
di

en
-2

1-
oi

c
ac

id
,

3
b

-
H

yd
ro

xy
ti

ru
ca

ll
a-

8,
24

-d
ie

n-
21

-o
ic

ac
id

,
In

ce
ns

ol
e,

In
ce

ns
ol

e
ac

et
at

e
(B

an
no

et
al

.
20

06
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(V

an
V

uu
re

n
et

al
.

20
10

)

B
os

w
el

li
a

fr
er

ea
na

In
fl

am
m

at
io

n,
w

ou
nd

he
al

in
g,

sk
in

di
se

as
es

,
ur

in
ar

y
tr

ac
t

in
fe

ct
io

ns
,

gy
ne

co
lo

gi
ca

l
di

so
rd

er
s,

re
sp

ir
at

or
y

in
fe

ct
io

ns
,

an
ti

se
pt

ic
,

as
tr

in
ge

nt
,

ci
ca

tr
is

an
t,

rh
eu

m
at

is
m

(S
he

al
y

19
98

;
S

te
ve

ns
en

19
98

;
W

oo
tt

on
20

05
)

S
ou

th
A

fr
ic

a
a

-P
in

en
e,

a
–T

hu
je

ne
,
b

-P
in

en
e,

S
ab

in
en

e,
M

yr
ce

ne
,

L
im

on
en

e,
p-

C
ym

en
e,

a
–C

op
ae

ne
,
b

-C
ar

yo
-

ph
yl

le
ne

,
a

H
um

ul
en

e
(V

an
V

uu
re

n
et

al
.

20
10

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(V

an
V

uu
re

n
et

al
.

20
10

)

(c
o
n
ti
n
u
ed
)

94 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

B
os

w
el

li
a

ne
gl

ec
ta

B
ir

dw
In

fl
am

m
at

io
n,

w
ou

nd
he

al
in

g,
sk

in
di

se
as

es
,

ur
in

ar
y

tr
ac

t
in

fe
ct

io
ns

,
gy

ne
co

lo
gi

ca
l

di
so

rd
er

s,
re

sp
ir

at
or

y
in

fe
ct

io
ns

,
an

ti
se

pt
ic

,
as

tr
in

ge
nt

,
ci

ca
tr

is
an

t,
rh

eu
m

at
is

m
(S

he
al

y
19

98
;

S
te

ve
ns

en
19

98
;

W
oo

tt
on

20
05

)

S
ou

th
A

fr
ic

a
C

an
ar

ic
ac

id
,
a-

am
yr

in
,
a-

am
yr

on
e,

ep
i-
a-

am
yr

in
(D

ek
eb

o
et

al
.

20
02

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(V
an

V
uu

re
n

et
al

.
20

10
)

B
os

w
el

li
a

sa
cr

a
F

lu
ec

ki
ge

r
In

fl
am

m
at

io
n,

w
ou

nd
he

al
in

g,
sk

in
di

se
as

es
,

ur
in

ar
y

tr
ac

t
in

fe
ct

io
ns

,
gy

ne
co

lo
gi

ca
l

di
so

rd
er

s,
re

sp
ir

at
or

y
in

fe
ct

io
ns

,
an

ti
se

pt
ic

,
as

tr
in

ge
nt

,
ci

ca
tr

is
an

t,
rh

eu
m

at
is

m
(S

he
al

y
19

98
;

S
te

ve
ns

en
19

98
;

W
oo

tt
on

20
05

)

S
ou

th
A

fr
ic

a
a

-p
in

en
e,

a
–t

hu
je

ne
,
b

-p
in

en
e,

sa
bi

ne
ne

,
m

yr
ce

ne
,

li
m

on
en

e,
p-

cy
m

en
e,

a
–c

op
ae

ne
,
b

-c
ar

yo
-

ph
yl

le
ne

,
a

hu
m

ul
en

e,
d-

ca
di

ne
ne

,
b

-c
ar

yo
ph

yl
en

e
ox

id
e

(V
an

V
uu

re
n

et
al

.
20

10
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(V

an
V

uu
re

n
et

al
.

20
10

)

B
os

w
el

li
a

th
ur

if
er

a
In

fl
am

m
at

io
n,

w
ou

nd
he

al
in

g,
sk

in
di

se
as

es
,

ur
in

ar
y

tr
ac

t
in

fe
ct

io
ns

,
gy

ne
co

lo
gi

ca
l

di
so

rd
er

s,
re

sp
ir

at
or

y
in

fe
ct

io
ns

,
an

ti
se

pt
ic

,
as

tr
in

ge
nt

,
ci

ca
tr

is
an

t,
rh

eu
m

at
is

m
(S

he
al

y
19

98
;

S
te

ve
ns

en
19

98
;

W
oo

tt
on

20
05

)

S
ou

th
A

fr
ic

a
a

–p
in

en
e,

b
-p

in
en

e,
li

m
on

en
e,

m
yr

ce
ne

,
b

-c
ar

yo
-p

hy
ll

en
e,

sa
bi

ne
ne

,
a-

hu
m

ul
en

e,
d-

ca
di

ne
ne

,
b

-c
ar

yo
ph

yl
en

e
ox

id
e

(V
an

V
uu

re
n

et
al

.
20

10
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(V

an
V

uu
re

n
et

al
.

20
10

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 95



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
ac

ta
ce

ae
O

pu
nt

ia
li

nd
he

im
er

i
L

.
B

en
so

n

S
to

m
ac

h
pa

in
s,

di
ar

rh
ea

an
d

ty
pe

II
di

ab
et

es
(B

er
ga

ou
i

et
al

.
20

07
)

T
un

is
ia

T
et

ra
de

ca
no

ic
ac

id
,

he
xa

de
ca

no
ic

ac
id

,
bu

ty
l

te
tr

ad
ec

an
oa

te
,

(E
)-

3-
bu

ty
ld

ie
ne

ph
th

al
id

e
(B

er
ga

ou
i

et
al

.
20

07
)

Q
lt

on
A

so
,

B
ci

,
F

so
,

F
ox

,
P

ul
(B

er
ga

ou
i

et
al

.
20

07
)

O
pu

nt
ia

m
ac

ro
rh

iz
a

E
ng

el
m

S
to

m
ac

h
pa

in
s,

di
ar

rh
ea

an
d

ty
pe

II
di

ab
et

es
(B

er
ga

ou
i

et
al

.
20

07
)

T
un

is
ia

B
ut

yl
te

tr
ad

ec
an

oa
te

(B
er

ga
ou

i
et

al
.

20
07

)
Q

lt
on

A
so

,
B

ci
,

F
so

,
F

ox
,

P
ul

(B
er

ga
ou

i
et

al
.

20
07

)

O
pu

nt
ia

m
ic

ro
da

sy
s

(L
eh

m
an

n)

S
to

m
ac

h
pa

in
s,

la
di

ar
rh

ea
an

d
ty

pe
II

di
ab

et
es

(B
er

ga
ou

i
et

al
.

20
07

)

T
un

is
ia

H
ex

ad
ec

an
oi

c
ac

id
,

(E
)-

3-
B

ut
yl

di
en

e
ph

th
al

id
e,

bu
ty

l
te

tr
ad

ec
an

oa
te

(B
er

ga
ou

i
et

al
.

20
07

)

Q
lt

on
A

so
,

B
ci

,
F

so
,

F
ox

,
P

ul
(B

er
ga

ou
i

et
al

.
20

07
)

C
ae

sa
lp

in
ia

ce
ae

A
lb

iz
ia

gu
m

m
if

er
a

(J
.F

.
G

m
el

.)
C

.A
.

S
m

it
h

V
en

er
ea

l
di

se
as

es
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
an

d
al

m
ar

ia
(R

uk
un

ga
et

al
.

20
07

);
in

te
st

in
al

di
se

as
es

(N
ou

m
i

an
d

Y
om

i
20

01
);

sc
ab

ie
s,

he
lm

in
th

ia
si

s,
m

al
ar

ia
an

d
dy

se
nt

er
ic

sy
nd

ro
m

es
(O

kp
ek

on
et

al
.

20
04

);
pn

eu
m

on
ia

,
co

ug
h,

ep
il

ep
sy

an
d

ty
ph

oi
d

(J
er

ut
o

et
al

.
20

08
)

S
ou

th
A

fr
ic

a
an

d
C

am
er

oo
n

B
et

ul
in

ic
ac

id
,m

on
oa

cy
lg

ly
ce

ro
l

es
te

rs
(T

ei
nk

el
a

et
al

.
20

10
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
M

IC
\

10
l

g/
m

l
w

it
h

li
ne

ar
al

ip
ha

ti
c

al
co

ho
ls

,
n-

he
xa

co
sa

no
l

an
d

m
ix

tu
re

of
fa

tt
y

ac
id

es
te

rs
of

di
un

sa
tu

ra
te

d
li

ne
ar

1,
2-

di
ol

s
an

d
10

\
M

IC
B

10
0

l
g/

m
l

w
it

h
ex

tr
ac

ts
an

d
ot

he
r

co
m

po
un

ds
ag

ai
ns

t
C

al
,

C
kr

(T
ei

nk
el

a
et

al
.

20
10

)
B

au
hi

ni
a

ga
lp

in
ii

D
ia

rr
he

a,
in

fe
rt

il
it

y
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
Q

ue
rc

et
in

-3
-O

-g
al

ac
to

py
ra

no
si

de
,

m
yr

ic
et

in
-3

-O
-g

al
ac

to
py

ra
no

si
de

,
20
0 -

O
-r

ha
m

no
sy

lv
it

ex
in

(A
de

ro
gb

a
et

al
.

20
07

)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

(c
o
n
ti
n
u
ed
)

96 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

Se
nn

a
al

at
a

(L
)

R
ox

b
H

em
or

rh
oi

ds
,

co
ns

ti
pa

ti
on

,
in

gu
in

al
he

rn
ia

,
in

te
st

in
al

pa
ra

si
to

si
s,

go
no

rr
he

a,
sk

in
in

fe
ct

io
ns

,
sy

ph
il

is
,

di
ab

et
es

,
ga

st
ro

en
te

ri
ti

s,
ja

un
di

ce
,

ec
ze

m
a,

th
yp

ho
en

te
ri

ti
s,

ri
ng

w
or

m
,

fo
od

po
is

on
in

g
(P

ie
m

e
et

al
.

20
08

),
co

ns
ti

pa
ti

on
,

st
om

ac
h

pa
in

s,
li

ve
r

di
se

as
e,

pr
e-

he
pa

ti
c

ja
un

di
ce

(S
se

ga
w

a
an

d
K

as
en

en
e

20
07

),
sk

in
di

se
as

es
in

ge
ne

ra
l

(A
ji

be
si

n
et

al
.2

00
8)

,
de

rm
at

it
is

(R
oo

si
ta

et
al

.
20

08
),

sk
in

ra
sh

,
he

rp
es

zo
st

er
(P

es
ew

u
et

al
.2

00
8)

,
in

fe
ct

io
us

di
se

as
es

(M
ag

as
so

ub
a

et
al

.
20

07
),

an
ti

di
ab

et
ic

(A
bo

et
al

.
20

08
),

C
am

er
oo

n
E

m
od

in
,

ka
em

pf
er

ol
,

al
oe

-e
m

od
in

,
rh

ei
n

(Y
ag

i
et

al
.

19
98

)
Q

lt
on

C
al

,
C

ke
,

G
ca

,
M

fu
,

A
fl,

F
us

p,
P

sp
.

(P
ie

m
e

et
al

.
20

08
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
G

ca
(A

de
da

yo
et

al
.

19
99

)

C
an

el
la

ce
ae

W
ar

bu
rg

ia
sa

lu
ta

ri
s

(B
er

to
l.

f.
)

C
hi

ov
.

B
ar

k
fo

r
ap

hr
od

is
ia

c,
ve

ne
re

al
di

se
as

es
,

co
ld

s,
so

re
th

ro
at

,
m

al
ar

ia
(M

as
hi

m
by

e
et

al
.

19
99

)

S
ou

th
A

fr
ic

a
S

al
ut

ar
is

ol
id

e;
w

ar
bu

rg
an

al
;

m
uk

aa
di

al
;

po
ly

go
di

al
;

is
op

ol
yg

od
ia

l
(M

as
hi

m
by

e
et

al
.

19
99

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(M

ot
se

i
et

al
.

20
03

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 97



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
ap

pa
ra

ce
ae

B
os

ci
a

se
ne

ga
le

ns
is

S
to

m
ac

ha
ch

e,
m

al
ar

ia
,

he
pa

ti
ti

s,
w

ou
nd

he
al

in
g,

co
ug

h
an

d
se

xu
al

ly
tr

an
sm

it
te

d
di

se
as

es
(D

ia
ll

o
et

al
.

19
91

)

M
al

i
/

Q
lt

ag
ai

ns
t

C
al

an
d

C
cu

(D
ia

ll
o

et
al

.
20

01
)

M
ae

ru
a

ed
ul

is
F

un
ga

l
in

fe
ct

io
ns

,
w

ou
nd

s,
ve

ne
re

al
di

se
as

es
(S

am
ie

et
al

.
20

10
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

C
ap

pa
ri

da
ce

ae
B

uc
hh

ol
zi

a
co

ri
ac

ea
e

H
ea

da
ch

e,
si

nu
si

ti
s

an
d

na
sa

l
co

ng
es

ti
on

,
ch

es
t

pa
in

,
br

on
ch

it
is

,
an

d
ki

dn
ey

pa
in

s,
ea

ra
ch

e,
sm

al
l

po
x,

fe
ve

r,
fi

sh
po

is
on

(D
al

zi
el

19
37

;K
er

ha
ro

an
d

B
ou

qu
et

19
50

;
B

ou
qu

et
an

d
D

eb
ra

y
19

74
;

Ir
vi

ne
19

61
)

po
t

he
rb

in
so

up
s

(W
al

ke
r

19
53

;
A

in
sl

e
19

37
;

W
at

t
an

d
B

re
ye

r-
B

ra
nd

ig
k

19
62

);
ey

e
w

as
h

(D
al

zi
el

19
37

;
O

li
ve

r
19

60
;

W
al

ke
r

an
d

S
il

li
an

s
19

61
;

W
al

ke
r

19
53

)

N
ig

er
ia

L
up

eo
l,

be
ta

-s
it

os
te

ro
l(

A
ja

iy
eo

ba
et

al
.

20
03

)
Q

lt
ag

ai
ns

t
C

al
,

P
es

p,
F

ox
,

A
fl,

A
ni

(A
ja

iy
eo

ba
20

00
)

C
ap

pa
ri

s
to

m
en

to
sa

L
am

H
ep

at
it

is
,

le
pr

os
y,

m
al

ar
ia

,
op

ht
ha

lm
ia

(V
li

et
in

ck
et

al
.

19
95

),
li

ce
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

R
w

an
da

,
S

ou
th

A
fr

ic
a

24
-e

th
yl

ch
ol

es
ta

n-
5-

en
-3

-o
l,

N
-

be
nz

oy
lp

he
ny

la
la

ny
la

ni
no

l
ac

et
at

e
(A

ko
to

et
al

.
20

08
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

(c
o
n
ti
n
u
ed
)

98 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

G
yn

an
dr

op
si

s
gy

na
nd

ra
H

ea
da

ch
e,

si
nu

si
ti

s
an

d
na

sa
l

co
ng

es
ti

on
,

ch
es

t
pa

in
,

br
on

ch
it

is
,

ki
dn

ey
pa

in
s,

ea
ra

ch
e,

sm
al

l
po

x,
fe

ve
r,

fi
sh

po
is

on
(D

al
zi

el
19

37
;

K
er

ha
ro

an
d

B
ou

qu
et

19
50

;
B

ou
qu

et
an

d
D

eb
ra

y
19

74
;

Ir
vi

ne
19

61
),

po
t

he
rb

in
so

up
s

(W
al

ke
r

19
53

;A
in

sl
e

19
37

;
W

at
t

an
d

B
re

ye
r-

B
ra

nd
ig

k
19

62
);

ey
e

w
as

h
(D

al
zi

el
19

37
;

O
li

ve
r

19
60

;
W

al
ke

r
an

d
S

il
li

an
s

19
61

;
W

al
ke

r
19

53
)

N
ig

er
ia

/
Q

lt
ag

ai
ns

t
C

al
,

P
es

p,
F

ox
,

A
fl,

A
ni

(A
ja

iy
eo

ba
20

00
)

C
ar

ic
ac

ea
e

C
ar

ic
a

pa
pa

ya
L

.
O

ve
rc

om
e

cr
im

in
al

ca
se

,
C

ou
gh

,
P

ro
m

ot
e

la
bo

r,
S

te
ri

li
ty

,
M

ig
ra

in
e,

S
na

ke
bi

te
(T

ab
ut

i
et

al
.

20
03

)

T
an

za
ni

a
P

ro
to

ca
te

ch
ui

c
ac

id
,

p-
co

um
ar

ic
ac

id
,

ca
ff

ei
c

ac
id

,
ka

em
pf

er
ol

,
qu

er
ce

ti
n

(C
an

in
i

et
al

.
20

07
),

bu
ta

no
l,

3-
m

et
hy

lb
ut

an
ol

,
be

nz
yl

al
co

ho
l

an
d

a-
te

rp
in

eo
l

(A
lm

or
a

et
al

.
20

04
)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

C
ae

sa
lp

in
oi

di
ae

P
el

to
ph

or
um

af
ri

ca
nu

m
C

ol
ds

,
fe

ve
r,

so
re

th
ro

at
,

so
re

s,
ul

ce
rs

,
bl

is
te

rs
in

th
e

or
al

ca
vi

ty
,

go
no

rr
he

a
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
11

-O
-(

E
)-

p-
co

um
ar

oy
lb

er
ge

ni
n,

be
rg

en
in

no
rb

er
ge

ni
n

(M
eb

e
an

d
M

ak
uh

un
ga

19
92

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
st

an
da

rd
A

T
C

C
an

d
cl

in
ic

al
st

ra
in

s
of

C
al

(S
te

en
ka

m
p

et
al

.
20

07
)

Sc
ho

ti
a

br
ak

ip
et

al
a

H
ea

rt
di

so
rd

er
s,

dy
se

nt
er

y,
di

ar
rh

ea
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
L

in
ol

ei
c

an
d

ol
ei

c
ac

id
s

(Z
he

ng
et

al
.

20
05

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 99



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
as

si
a

pe
te

rs
ia

na
B

ol
le

(C
ae

sa
lp

i-
ni

oi
de

ae
)

R
oo

t
fo

r
ap

hr
od

is
ia

c,
go

no
rr

he
a,

sy
ph

il
is

,
st

om
ac

h
ac

he
an

d
ep

il
ep

sy
(S

am
ie

et
al

.
20

10
)

S
ou

th
A

fr
ic

a
P

et
er

so
ne

A
,

st
ig

m
as

te
ro

l-
3-

O
-b

-
gl

uc
os

id
e,

5-
ac

et
on

yl
-7

-h
yd

ro
xy

-2
hy

dr
ox

ym
et

hy
le

ne
ch

ro
m

on
e,

5-
ac

et
on

yl
-7

-h
yd

ro
xy

-2
m

et
hy

lc
hr

om
on

e.
(D

je
m

go
u

et
al

.
20

07
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

C
el

as
tr

ac
ea

e
C

as
si

ne
tr

an
sv

aa
le

ns
is

P
il

es
,

ve
ne

re
al

di
se

as
es

,
an

th
he

lm
in

ti
c,

la
xa

ti
ve

,
st

om
ac

h
ac

he
,

co
ug

h,
di

ar
rh

ea
,

ki
dn

ey
an

d
bl

ad
de

r
in

fe
ct

io
ns

.

S
ou

th
A

fr
ic

a
40

-O
-M

et
hy

le
pi

ga
ll

oc
at

ec
hi

n,
(+

)-
11

,1
1-

di
m

et
hy

l-
1,

3,
8,

10
te

tr
ah

yd
ro

xy
-9

-
m

et
ho

xy
pe

lt
og

yn
an

,
ca

na
ph

yl
ol

,
ca

no
ph

yl
la

l(
M

ot
lh

an
ka

et
al

.2
00

8)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(S

te
en

ka
m

p
et

al
.

20
07

)
10

0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

C
om

br
et

ac
ea

e
A

no
ge

is
su

s
le

io
ca

rp
us

(D
C

.)
G

ui
ll

.
et

P
er

r.
(L

)

S
to

m
ac

h
in

fe
ct

io
n,

an
ti

di
ar

rh
oi

c,
m

al
ar

ia
,

sk
in

di
se

as
es

(F
yh

rq
ui

st
et

al
.

20
02

)

T
og

o
ca

st
al

ag
in

,
fla

vo
ga

ll
on

ic
ac

id
,

el
la

gi
c

ac
id

(S
hu

ai
bu

et
al

.
20

08
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
gu

,C
gl

,
C

kr
,

C
pa

,
C

tr
,

C
ze

,
G

ca
,

R
ru

,
C

ne
,

T
m

e,
T

ru
,

B
ci

,
M

na
,

M
gy

,
A

al
an

d
C

cl
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

A
fu

,
T

vi
an

d
Sb

r,
(B

at
aw

il
a

et
al

.
20

05
)

C
om

br
et

um
fr

ag
ra

ns
F

.
H

of
fm

.
(L

)

S
ki

n
di

se
as

es
,

In
cu

ra
bl

e
w

ou
nd

s,
hy

pe
rt

en
si

on
(F

yh
rq

ui
st

et
al

.
20

02
),

he
ar

t
pr

ob
le

m
s,

w
or

m
,

w
ou

nd
dr

es
si

ng
s,

m
en

ta
ll

y
il

l,
sc

or
pi

on
st

in
gs

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ed

be
rg

an
d

H
ed

be
rg

19
82

)

T
og

o,
T

an
za

ni
a

b
-s

it
os

te
ro

l,
st

ig
m

as
te

ro
l

(M
ai

m
a

et
al

.
20

08
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

ze
,

G
ca

,
C

ne
,

T
m

e,
B

ci
,

M
na

,
T

ru
,

C
cl

.
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
tC

al
,C

gu
,C

gl
,C

kr
,C

pa
,

C
tr

,
R

ru
,

A
fu

,
T

vi
,

M
gy

,
Sb

r,
A

al
,

(B
at

aw
il

a
et

al
.

20
05

)
Q

lt
ag

ai
ns

t
C

al
.

(F
yh

rq
ui

st
et

al
.

20
02

)

(c
o
n
ti
n
u
ed
)

100 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
om

br
et

um
gl

ut
in

os
um

P
er

r.
ex

D
C

U
ri

na
ry

di
so

rd
er

s,
re

na
l

ca
lc

ul
i,

ef
fe

ct
iv

e
as

tr
in

ge
nt

an
d

ga
rg

le
fo

r
ul

ce
ra

te
d

su
rf

ac
es

,
re

ju
ve

na
ti

ve
,

la
xa

ti
ve

,
ne

rv
in

e,
an

d
ex

pe
ct

or
an

t,
he

lm
in

th
ia

si
s

(A
dj

an
oh

ou
n

et
al

.
19

86
,

19
89

;
D

ra
m

an
e

an
d

H
ou

ng
no

n
19

86
)

B
en

in
an

d
T

og
o

C
om

br
eg

lu
ti

ni
n,

2,
3-

(S
)-

he
xa

hy
dr

ox
yd

ip
he

no
yl

- D
-g

lu
co

se
,

pu
ni

ca
li

n,
pu

ni
ca

la
gi

n
(J

os
sa

ng
et

al
.

19
94

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

E
fl,

M
gy

,
T

m
e,

T
ru

(B
ab

a-
M

ou
ss

a
et

al
.

19
99

)

C
om

br
et

um
hi

sp
id

um
L

aw
s.

S
of

t
ch

an
cr

e,
se

m
in

al
de

fe
ct

s,
ef

fe
ct

iv
e

as
tr

in
ge

nt
an

d
ga

rg
le

fo
r

ul
ce

ra
te

d
su

rf
ac

es
,

re
ju

ve
na

ti
ve

,
la

xa
ti

ve
,

ne
rv

in
e,

an
d

ex
pe

ct
or

an
t,

he
lm

in
th

ia
si

s
(A

dj
an

oh
ou

n
et

al
.

19
86

an
d

19
89

;
D

ra
m

an
e

an
d

H
ou

ng
no

n
19

86
)

B
en

in
an

d
T

og
o

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
E

fl,
M

gy
,

T
m

e,
T

ru
(B

ab
a-

M
ou

ss
a

et
al

.
19

99
)

C
om

br
et

um
ka

is
er

an
a

F
.H

of
fm

.

G
on

or
rh

ea
an

d
di

ar
rh

ea
(F

yh
rq

ui
st

et
al

.
20

02
)

H
ea

rt
pr

ob
le

m
s,

w
or

m
,

w
ou

nd
dr

es
si

ng
s,

m
en

ta
ll

y
il

l,
sc

or
pi

on
st

in
gs

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ed

be
rg

an
d

H
ed

be
rg

19
82

)

T
an

za
ni

a
/

Q
lt

ag
ai

ns
t

C
al

.
(F

yh
rq

ui
st

et
al

.
20

02
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 101



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
om

br
et

um
m

ol
le

G
.D

on
F

ai
nt

in
g,

ep
il

ep
sy

,
ef

fe
ct

iv
e

as
tr

in
ge

nt
an

d
ga

rg
le

fo
r

ul
ce

ra
te

d
su

rf
ac

es
,l

ax
at

iv
e,

ne
rv

in
e,

an
d

ex
pe

ct
or

an
t,

he
lm

in
th

ia
si

s
(A

dj
an

oh
ou

n
et

al
.

19
86

,
19

89
;

D
ra

m
an

e
an

d
H

ou
ng

no
n

19
86

),
go

no
rr

he
a,

P
ro

te
ct

ag
ai

ns
t

il
ln

es
s

(T
ab

ut
i

et
al

.
20

03
);

sy
ph

il
is

,i
nfl

ue
nz

a,
oe

de
m

a,
S

ki
n

di
se

as
es

an
d

w
ou

nd
s

(F
yh

rq
ui

st
et

al
.

20
02

);
H

ea
rt

pr
ob

le
m

s,
w

or
m

,
w

ou
nd

dr
es

si
ng

s,
m

en
ta

ll
y

il
l,

sc
or

pi
on

st
in

gs
(W

at
t

an
d

B
re

ye
r-

B
ra

nd
w

ij
k

19
62

;
H

ed
be

rg
an

d
H

ed
be

rg
19

82
)

B
en

in
,

T
og

o,
T

an
za

ni
a

E
ll

ag
it

an
ni

n,
pu

ni
ca

la
gi

n,
ar

ju
ng

lu
co

si
de

,
se

ri
co

si
de

(A
sr

es
et

al
.

20
01

a,
b)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

gy
,

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
E

fl,
T

m
e,

T
ru

(B
ab

a-
M

ou
ss

a
et

al
.

19
99

)
Q

lt
ag

ai
ns

t
C

al
(F

yh
rq

ui
st

et
al

.
20

02
;

D
eb

or
ah

et
al

.
20

06
)

C
om

br
et

um
ni

gr
ic

an
s

L
ep

r
C

ep
ha

lg
ia

,
na

rc
os

is
,

ef
fe

ct
iv

e
as

tr
in

ge
nt

an
d

ga
rg

le
fo

r
ul

ce
ra

te
d

su
rf

ac
es

,
re

ju
ve

na
ti

ve
,

ex
pe

ct
or

an
t,

he
lm

in
th

ia
si

s
(A

dj
an

oh
ou

n
et

al
.

19
86

an
d

19
89

;
D

ra
m

an
e

an
d

H
ou

ng
no

n
19

86
)

B
en

in
an

d
T

og
o

11
a-

ac
et

ox
y-

20
,2

4-
ep

ox
y-

25
-h

yd
ro

xy
-

da
m

m
ar

-3
-o

ne
,

20
,2

4-
ep

ox
y-

11
a,

25
-d

ih
yd

ro
xy

-d
am

m
ar

-3
-o

ne
(S

im
on

et
al

.
20

03
)

ar
ju

ng
en

in
,

ar
ju

ng
lu

co
si

de
,

co
m

br
eg

en
in

,
co

m
br

eg
lu

co
si

de
(J

os
sa

ng
et

al
.

19
96

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

gy
,

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
E

fl,
T

m
e,

T
ru

(B
ab

a-
M

ou
ss

a
et

al
.

19
99

) (c
o
n
ti
n
u
ed
)

102 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
om

br
et

um
ps

id
io

id
es

W
el

w
.

D
ia

rr
he

a,
m

us
cl

e
pa

in
an

d
oe

de
m

a
(F

yh
rq

ui
st

et
al

.
20

02
)

H
ea

rt
pr

ob
le

m
s,

w
or

m
,

w
ou

nd
dr

es
si

ng
s,

m
en

ta
ll

y
il

l,
sc

or
pi

on
st

in
gs

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ed

be
rg

an
d

H
ed

be
rg

19
82

)

T
an

za
ni

a
/

Q
lt

ag
ai

ns
t

C
al

.
(F

yh
rq

ui
st

et
al

.
20

02
)

C
om

br
et

um
se

ri
ce

a
B

ur
ch

.e
xD

C
.

D
ia

rr
he

a,
fe

ve
r,

hy
pe

rt
en

si
on

,
ba

ct
er

ia
l

in
fe

ct
io

ns
(F

yh
rq

ui
st

et
al

.
20

02
)

H
ea

rt
pr

ob
le

m
s,

w
or

m
,

w
ou

nd
dr

es
si

ng
s,

m
en

ta
ll

y
il

l,
sc

or
pi

on
st

in
gs

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ed

be
rg

an
d

H
ed

be
rg

19
82

)

T
an

za
ni

a
/

Q
lt

ag
ai

ns
t

C
al

.
(F

yh
rq

ui
st

et
al

.
20

02
)

C
om

br
et

um
ve

nd
ae

A
.E

.
va

n
W

yk
L

ep
ro

sy
,

op
ht

ha
lm

ic
re

m
ed

y,
an

d
bl

oo
d

pu
ri

fi
ca

ti
on

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
)

S
ou

th
A

fr
ic

a
/

M
IC

\
10

0
l

g/
m

l
ag

ai
ns

t
M

C
a

fo
r

A
ce

to
ne

ex
tr

ac
t,

C
ne

fo
r

H
ex

an
e

ex
tr

ac
t

(S
ul

ei
m

an
et

al
.

20
10

)
C

om
br

et
um

ze
yh

er
i

S
on

d.
D

ia
rr

he
a

an
d

ca
nc

er
(F

yh
rq

ui
st

et
al

.
20

02
)

T
an

za
ni

a
/

Q
lt

ag
ai

ns
t

C
al

.
(F

yh
rq

ui
st

et
al

.
20

02
)

H
ea

rt
pr

ob
le

m
s,

w
or

m
,

w
ou

nd
dr

es
si

ng
s,

m
en

ta
ll

y
il

l,
sc

or
pi

on
st

in
gs

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ed

be
rg

an
d

H
ed

be
rg

19
82

).

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 103



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
te

le
op

si
s

su
be

ro
sa

E
ng

l.
an

d
D

ie
ls

D
er

m
at

os
is

,
m

yc
os

is
,

ja
un

di
ce

,
br

on
ch

it
is

,
ef

fe
ct

iv
e

as
tr

in
ge

nt
an

d
ga

rg
le

fo
r

ul
ce

ra
te

d
su

rf
ac

es
,

re
ju

ve
na

ti
ve

,
la

xa
ti

ve
,

ne
rv

in
e,

an
d

ex
pe

ct
or

an
t,

he
lm

in
th

ia
si

s,
(A

dj
an

oh
ou

n
et

al
.

19
86

an
d

19
89

;
D

ra
m

an
e

an
d

H
ou

ng
no

n
19

86
)

B
en

in
an

d
T

og
o

G
al

lo
ca

te
ch

in
,

ka
em

pf
er

ol
,

qu
er

ce
ti

n,
ag

ly
co

ne
s

an
d

tr
it

er
pe

no
id

s
sa

po
ni

ns
(L

eo
et

al
.

20
06

a,
b)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
E

fl,
T

m
e,

T
ru

C
al

,
M

gy
,

(B
ab

a-
M

ou
ss

a
et

al
.

19
99

)

T
er

m
in

al
ia

av
ic

en
ni

oi
de

s
G

ui
ll

.
an

d
P

er
r

O
ph

th
al

m
ic

di
se

as
es

,
in

te
rm

it
te

nt
fe

ve
rs

,
ef

fe
ct

iv
e

as
tr

in
ge

nt
an

d
ga

rg
le

fo
r

ul
ce

ra
te

d
su

rf
ac

es
,

ne
rv

in
e,

an
d

ex
pe

ct
or

an
t,

he
lm

in
th

ia
si

s.
(A

dj
an

oh
ou

n
et

al
.

19
86

an
d

19
89

;
D

ra
m

an
e

an
d

H
ou

ng
no

n
19

86
)

B
en

in
an

d
T

og
o

P
un

ic
al

ag
in

,
el

la
gi

c
ac

id
,

fl
av

og
al

lo
ni

c
ac

id
,

te
rc

he
bu

li
n

(S
hu

ai
bu

et
al

.
20

08
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

gy
,

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
E

fl,
T

m
e,

T
ru

(B
ab

a-
M

ou
ss

a
et

al
.

19
99

)

T
er

m
in

al
ia

br
ac

hy
st

em
m

a
W

el
w

.e
x

H
ie

rn

S
yp

hi
li

s,
to

ot
ha

ch
e,

ga
st

ri
c

ul
ce

r,
ve

ne
re

al
di

se
as

es
,

he
ar

t
di

se
as

es
,

cl
ea

ns
th

e
ur

in
ar

y
sy

st
em

,
dy

se
nt

er
y,

ga
ll

st
on

es
,

so
re

th
ro

at
s,

no
se

-b
le

ed
s,

an
d

ge
ne

ra
l

w
ea

kn
es

s
(H

ut
ch

in
gs

et
al

.
19

96
;V

an
W

yk
et

al
.1

99
7;

M
as

ok
o

et
al

.
20

05
)

S
ou

th
A

fr
ic

a
B

et
ul

in
ic

ac
id

,
ur

so
li

c
ac

id
,

ca
te

ch
in

,
is

oo
ri

en
ti

n,
or

ie
nt

in
,

is
ov

it
ex

in
,

pu
ni

ca
la

gi
n

(L
iu

et
al

.
20

09
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
ne

,
A

fu
,

M
ca

,
Sc

h
(M

as
ok

o
et

al
.

20
05

)
P

un
ic

al
ag

in
sh

ow
ed

go
od

ac
ti

vi
ty

ag
ai

ns
t

C
a,

C
k,

C
p

(L
iu

et
al

.
20

09
)

T
er

m
in

al
ia

ga
ze

ns
is

B
ak

.f
.

D
ia

rr
he

a,
dy

sm
en

or
rh

oe
a,

ea
ra

ch
e,

fa
tt

en
in

g
ba

bi
es

,
fe

ve
r,

he
ad

ac
he

,
ho

ok
w

or
m

,
in

fe
rt

il
it

y
in

w
om

en
(H

ut
ch

in
gs

et
al

.1
99

6;
V

an
W

yk
et

al
.

19
97

;
M

as
ok

o
et

al
.

20
05

)

S
ou

th
A

fr
ic

a
/

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
ne

,
A

fu
,

M
ca

,
Sc

h
(M

as
ok

o
et

al
.

20
05

)

(c
o
n
ti
n
u
ed
)

104 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

T
er

m
in

al
ia

gl
au

ce
sc

en
s

P
la

nc
h.

E
x

B
en

th
.

(L
)

S
ki

n
di

se
as

es
(F

yh
rq

ui
st

et
al

.
20

02
)

T
og

o
/

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
gu

,C
gl

,
C

kr
,

C
pa

,
C

tr
,

C
ze

,
G

ca
,

R
ru

,
C

ne
,

T
m

e,
T

ru
,

M
na

,
C

cl
.M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

A
fu

,
B

ci
,

T
vi

,
M

gy
,

Sb
r,

A
al

.
(B

at
aw

il
a

et
al

.
20

05
)

T
er

m
in

al
ia

la
xi

flo
ra

(E
ng

l.
E

t
D

ie
ls

(L
)

A
st

he
ni

a,
S

ki
n

di
se

as
es

,
de

rm
at

it
is

,S
cu

rf
y

af
fe

ct
io

n,
le

pr
os

y
an

d
tu

be
rc

ul
os

is
(F

yh
rq

ui
st

et
al

.
20

02
)

T
og

o
/

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
gu

,C
gl

,
C

kr
,

C
tr

,
C

ze
,

G
ca

,
R

ru
,

C
ne

,
T

m
e,

T
ru

,
M

na
,

A
al

.
C

cl
.M

IC
[

62
5

l
g/

m
l

ag
ai

ns
tC

pa
,A

fu
,B

ci
,T

vi
,M

gy
,

Sb
r,

(B
at

aw
il

a
et

al
.

20
05

)
T

er
m

in
al

ia
m

ac
ro

pt
er

a
G

ui
ll

.
et

P
er

r.
(L

)

S
ki

n
di

se
as

es
,

in
fe

ct
io

us
di

se
as

es
(F

yh
rq

ui
st

et
al

.
20

02
)

T
og

o
A

ni
ll

ic
ac

id
4-

O
-b

-D
-(

60
-O

-g
al

lo
yl

)
gl

uc
op

yr
an

os
id

e,
3,

30
,4
0 -

tr
i-

O
-

m
et

hy
le

ll
ag

ic
ac

id
,

24
-d

eo
xy

-
se

ri
co

si
de

,
ch

eb
ul

os
id

e
II

(C
on

ra
d

et
al

.
20

01
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
gu

,C
gl

,
C

kr
,

C
pa

,
C

tr
,

C
ze

,
G

ca
,

R
ru

,
C

ne
,

T
m

e,
T

ru
,

M
na

,
C

cl
.M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

A
fu

,
B

ci
,

T
vi

,
M

gy
,

Sb
r,

A
al

.
(B

at
aw

il
a

et
al

.
20

05
)

T
er

m
in

al
ia

m
ol

li
s

L
aw

s.
ca

rd
ia

c
di

so
rd

er
s,

fi
la

ri
al

,
ob

es
it

y,
ne

ur
op

at
hy

,
re

ju
ve

na
ti

ve
,

la
xa

ti
ve

,
ne

rv
in

e,
an

d
ex

pe
ct

or
an

t,
he

lm
in

th
ia

si
s

(A
dj

an
oh

ou
n

et
al

.
19

86
an

d
19

89
;

D
ra

m
an

e
an

d
H

ou
ng

no
n

19
86

,
K

ok
w

ar
o

19
76

)

B
en

in
an

d
T

og
o

fr
ie

de
li

n,
ca

te
ch

in
,g

al
lo

ca
te

ch
in

,3
-

O
-

m
et

hy
le

ll
ag

ic
ac

id
40

-O
-a

–
rh

am
no

py
ra

no
si

de
(L

iu
et

al
.2

00
9)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
M

gy
,

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
E

fl,
T

m
e,

T
ru

(B
ab

a-
M

ou
ss

a
et

al
.1

99
9)

Q
lt

on
C

al
,

A
ni

,
A

fl,
A

fu
,

C
ne

,
M

us
p

(M
ai

ne
n

et
al

.
20

06
)

T
er

m
in

al
ia

pr
un

io
id

es
M

.A
.

L
aw

so
n

D
yp

hi
li

s,
to

ot
ha

ch
e,

ga
st

ri
c

ul
ce

r,
ve

ne
re

al
di

se
as

es
,

he
ar

t
di

se
as

es
,

cl
ea

ns
th

e
ur

in
ar

y
sy

st
em

,
dy

se
nt

er
y,

ga
ll

st
on

es
,

so
re

th
ro

at
s,

no
se

-b
le

ed
s

an
d

ge
ne

ra
l

w
ea

kn
es

s
(H

ut
ch

in
gs

et
al

.
19

96
;V

an
W

yk
et

al
.1

99
7;

M
as

ok
o

et
al

.
20

05
)

S
ou

th
A

fr
ic

a
/

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
ne

,
A

fu
,

M
ca

,
Sc

h
(M

as
ok

o
et

al
.

20
05

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 105



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

T
er

m
in

al
ia

sa
m

be
si

ac
a

E
ng

l.
&

D
ie

ls
.

L
ep

ro
sy

,
pn

eu
m

on
ia

,
sc

or
pi

on
bi

te
,

sn
ak

e
bi

te
,

sw
el

li
ng

ca
us

ed
by

m
um

ps
(H

ut
ch

in
gs

et
al

.1
99

6;
V

an
W

yk
et

al
.

19
97

;
M

as
ok

o
et

al
.

20
05

)

S
ou

th
A

fr
ic

a
/

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
ne

,
A

fu
,

M
ca

,
Sc

h
(M

as
ok

o
et

al
.

20
05

)

T
er

m
in

al
ia

se
ri

ce
a

B
ur

ch
ex

In
fe

ct
ed

w
ou

nd
s,

m
en

or
rh

ag
e,

to
dr

es
s

on
m

ag
ic

al
w

ou
nd

s
(M

ab
og

o
19

90
);

S
yp

hi
li

s,
to

ot
ha

ch
e,

ga
st

ri
c

ul
ce

r,
ve

ne
re

al
di

se
as

es
,

he
ar

t
di

se
as

es
,

cl
ea

ns
th

e
ur

in
ar

y
sy

st
em

,
dy

se
nt

er
y,

ga
ll

st
on

es
,

so
re

th
ro

at
s,

no
se

-
bl

ee
ds

,
ge

ne
ra

l
w

ea
kn

es
s,

ab
do

m
in

al
di

so
rd

er
s,

ab
do

m
in

al
pa

in
s,

ba
ck

ac
he

,
bi

lh
ar

zi
as

is
,

ch
es

tc
ou

gh
s,

co
ld

s,
co

nj
un

ct
iv

it
is

(H
ut

ch
in

gs
et

al
.1

99
6;

V
an

W
yk

et
al

.
19

97
;

M
as

ok
o

et
al

.
20

05
)

S
ou

th
A

fr
ic

a
A

no
li

gn
an

B
(E

ld
ee

n
et

al
.

20
06

)
10

0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
ne

,
A

fu
,

M
ca

,
Sc

h
(M

as
ok

o
et

al
.

20
05

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)

C
ra

ss
ul

ac
ea

e
K

al
an

ch
oe

pe
ti

ti
an

a
T

ap
ew

or
m

,
tr

ac
ho

m
a,

sy
ph

il
is

,
di

ff
er

en
t

w
el

li
ng

s
(A

be
be

an
d

A
ye

hu
19

93
)

E
th

io
pi

a
24

-e
th

yl
-2

5-
de

hy
dr

oc
ho

le
st

er
ol

,
24

-
et

hy
l-
D

0-
,D

5-
st

er
ol

s,
24

-e
th

yl
-D

5,
22

E
-s

te
ro

ls
(A

ki
hi

sa
et

al
.

19
92

)

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

C
uc

ur
bi

ta
ce

ae
C

it
ru

ll
us

co
lo

cy
nt

hi
s

S
ch

ra
d

R
he

um
at

is
m

(L
e

F
lo

ck
,1

98
3;

B
ou

ke
f

19
86

),
hy

pe
rt

en
si

on
B

ou
ke

f
19

86
)

de
rm

at
ol

og
ic

al
pr

ob
le

m
s

an
d

gy
ne

co
lo

gi
ca

l,
ur

in
ar

y
an

d
pu

lm
on

ar
y

in
fe

ct
io

ns
(L

e
F

lo
ck

,1
98

3;
B

ou
ke

f
19

86
;

M
ar

zo
uk

et
al

.
20

09
)

T
un

is
ia

Is
os

ap
on

ar
in

,
is

ov
it

ex
in

,
is

oo
ri

en
ti

n
3’

-
O

-m
et

hy
l

et
he

r,
2-

O
-b

-D
-

gl
uc

op
yr

an
os

yl
cu

cu
rb

it
ac

in
I,

2-
O

-
b

-D
-g

lu
co

py
ra

no
sy

lc
uc

ur
bi

ta
ci

n
L

(D
el

az
ar

et
al

.
20

06
)

M
IC

[
62

5
l

g/
m

la
ga

in
st

C
al

,C
gl

,
C

kr
,C

pa
.(

M
ar

zo
uk

et
al

.2
01

0)

(c
o
n
ti
n
u
ed
)

106 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

E
be

na
ce

ae
D

io
sp

yr
os

ab
ys

si
ni

ca
S

to
m

ac
ha

ch
e,

m
al

ar
ia

,
he

pa
ti

ti
s,

w
ou

nd
he

al
in

g,
co

ug
h

an
d

se
xu

al
ly

tr
an

sm
it

te
d

di
se

as
es

(D
ia

ll
o

et
al

.
19

91
)

M
al

i
C

H
2
C

l 2
an

d
M

eO
H

ex
tr

ac
ts

(D
ia

ll
o

et
al

.
20

01
)

Q
lt

ag
ai

ns
t

C
al

an
d

C
cu

(D
ia

ll
o

et
al

.
20

01
)

E
uc

le
a

na
ta

le
ns

is
A

.
D

C
.

br
on

ch
it

is
,

pl
eu

ri
sy

,
ch

ro
ni

c
as

th
m

a
an

d
ur

in
ar

y
tr

ac
t

in
fe

ct
io

n,
dy

e
fo

r
sk

in
in

fe
ct

io
ns

ca
us

ed
by

M
yc

ob
ac

te
ri

um
le

pr
ae

,
he

ad
ac

he
an

d
to

ot
ha

ch
e

(P
al

gr
av

e
an

d
D

ru
m

m
on

d,
19

77
)

S
ou

th
A

fr
ic

a
L

up
eo

l,
be

tu
li

n,
b-

si
to

st
er

ol
,

20
(2

9)
-

lu
pe

ne
-3

-b
-i

so
fe

ru
la

te
,

sh
in

an
ol

on
e

an
d

oc
ta

hy
dr

oe
uc

le
in

(L
al

l
et

al
.

20
06

)

Q
lt

ag
ai

ns
t

P
hy

sp
,

A
ni

,
A

fl,
C

cl
(L

al
l

et
al

.
20

06
)

D
io

sp
yr

os
cr

as
si

flo
ra

H
ie

rn

W
ho

op
in

g
co

ug
h,

le
pr

os
y,

sn
ak

e
bi

te
s,

sc
ab

ie
s,

sk
in

er
up

ti
on

s,
dy

se
nt

er
y,

ey
e

in
fe

ct
io

ns
,

m
en

st
ru

al
tr

ou
bl

es
,

ab
do

m
in

al
(B

ou
qu

et
an

d
D

eb
ra

y,
19

74
;

Ir
vi

ne
,1

96
1)

C
am

er
oo

n
P

lu
m

ba
gi

n,
M

eO
H

/C
H

2
C

l 2
(1

:1
)

ex
tr

ac
t

(D
zo

ye
m

et
al

.
20

06
an

d
20

07
)

M
IC

\
25

l
g/

m
l

fo
r

pl
um

ba
gi

n
an

d
M

IC
\

10
0

l
g/

m
l

fo
r

ex
tr

ac
t

on
C

al
,C

gl
,

C
kr

,
C

tr
,

C
ne

,
A

fu
,

A
fl,

A
ni

,
A

ls
p,

C
ls

p,
G

ca
,

F
us

p,
P

es
p,

M
gy

(D
zo

ye
m

et
al

.
20

06
an

d
20

07
)

D
io

sp
yr

os
ca

na
li

cu
la

ta
D

e
W

il
de

m
an

pa
in

s,
w

ou
nd

s,
ul

ce
rs

,
ch

es
t

pa
in

s
sk

in
in

fe
ct

io
ns

(B
ou

qu
et

an
d

D
eb

ra
y,

19
74

;
Ir

vi
ne

,1
96

1)

C
am

er
oo

n
M

eO
H

ex
tr

ac
t

(D
zo

ye
m

et
al

.
20

11
)

Q
lt

;
M

la
,

M
ca

,
T

so
,

T
ru

(D
zo

ye
m

et
al

.
20

06
a,

20
07

)
M

IC
\

25
l

g/
m

l
fo

r
pl

um
ba

gi
n

an
d

M
IC

\
10

0
m

g
fo

r
ex

tr
ac

t
on

C
ke

,
C

pa
,

M
fu

,
T

ss
p,

R
os

p,
Ss

p,
A

fl,
H

es
p,

F
so

(D
zo

ye
m

et
al

.
20

11
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 107



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

E
up

ho
rb

ia
ce

ae
B

ri
de

li
a

m
ol

li
s

A
nt

i-
em

et
ic

,
pi

le
s,

dy
se

nt
er

y,
bu

rn
in

g
an

d
it

ch
in

g,
w

ou
nd

s
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

B
ri

de
li

a
m

ic
ra

nt
ha

B
ur

ns
,

in
fe

ct
ed

w
ou

nd
s,

to
ot

h
ac

he
,

ey
e

pa
in

s,
he

ad
ac

he
s,

fe
ve

rs
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
F

ri
ed

el
in

,
ta

ra
xe

ro
ne

,
ep

if
ri

ed
el

in
ol

,
ta

ra
xe

ro
l,

ga
ll

ic
ac

id
,

el
la

gi
c

ac
id

,
le

uc
od

el
ph

in
id

in
,

ca
ff

ei
c

ac
id

,
(P

eg
el

an
d

R
og

er
s

19
68

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(S

te
en

ka
m

p
et

al
.

20
07

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)
C

lu
ti

a
ab

ys
si

ni
ca

G
on

or
rh

ea
,

he
pa

ti
ti

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)
E

up
ho

rb
ia

gr
an

ti
i

G
on

or
rh

ea
,

le
pr

os
y,

po
li

om
ye

li
ti

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)
E

up
ho

rb
ia

hi
rt

a
A

ph
ta

,
di

ar
rh

ea
,

dy
se

nt
er

y,
go

no
rr

he
a,

sc
ab

ie
s,

ti
ne

a
(V

li
et

in
ck

et
al

.
19

95
)

A
st

hm
a,

re
sp

ir
at

or
y

tr
ac

t
in

fl
am

m
at

io
ns

,
co

ug
hs

,
ch

ro
ni

c
br

on
ch

it
is

an
d

ot
he

r
pu

lm
on

ar
y

di
so

rd
er

s,
di

ar
rh

re
a,

dy
se

nt
er

y,
ul

ce
ra

te
d

or
al

m
uc

os
a,

po
ly

hy
dr

am
ni

os
,

ch
es

t
pa

in
,

pn
eu

m
on

ia
,

sc
hi

zo
ph

re
ni

a
an

d
he

m
or

rh
oi

ds
(P

ie
m

e
et

al
.

20
08

)

R
w

an
da

an
d

C
am

er
oo

n
A

fz
el

in
,

qu
er

ci
tr

in
,

m
yr

ic
it

ri
n,

ga
ll

ic
ac

id
,

3,
4-

di
-O

-g
al

lo
yl

qu
in

ic
ac

id
,

2,
4,

6-
tr

i-
O

-g
al

lo
yl

- D
-g

lu
co

se
,

1,
2,

3,
4,

6-
pe

nt
a-

O
-g

al
lo

yl
-b

- D
-

gl
uc

os
e

(L
iu

et
al

.
20

07
;

C
he

n
19

91
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

(c
o
n
ti
n
u
ed
)

108 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

F
lu

eg
ge

a
vi

ro
sa

(R
ox

b.
ex

W
il

d.
)

V
oi

gt
.

H
yd

ro
ce

le
in

ch
il

dr
en

,
P

ro
te

ct
ga

rd
en

(T
ab

ut
i

et
al

.
20

03
)

T
an

za
ni

a
F

lu
eg

gi
ne

s
A

an
d

B
(Z

ha
o

et
al

.
20

11
)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

Ja
tr

op
ha

cu
rc

as
L

B
od

y
so

re
s

sk
in

in
fe

ct
io

ns
(K

is
an

gu
et

al
.

20
07

),
ab

sc
es

s
in

th
e

st
om

ac
h

(S
an

db
er

g
et

al
.

20
05

)

T
an

za
ni

a
C

ur
ca

cy
cl

in
e

A
,

co
m

pl
ex

of
5-

hy
dr

ox
yp

yr
ro

li
di

n-
2-

on
e

an
d

py
ri

m
id

in
e-

2,
4-

di
on

e
(V

an
de

n
B

er
g

et
al

.
19

95
;

S
ta

ub
m

an
n

et
al

.
19

99
)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

M
ac

ar
an

ga
ki

li
m

an
ds

ch
ar

ic
a

A
ng

in
a,

bi
lh

ar
zi

os
is

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

P
se

ud
ol

ac
hn

os
ty

s
m

ap
ro

un
ei

fo
li

a
B

ar
k

fo
r

no
is

y
st

om
ac

h,
ve

ne
re

al
di

se
as

es
,

ro
ot

fo
r

pn
eu

m
on

ia
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

F
ab

ac
ea

e
A

br
us

pr
ec

at
or

iu
s

L
.

C
on

ju
nc

ti
vi

ti
s,

ab
do

m
in

al
pa

in
,

pr
ot

ec
to

ne
ag

ai
ns

t
da

ng
er

,
go

no
rr

he
a,

im
m

un
it

y
ag

ai
ns

t
m

ea
sl

es
,

pr
em

at
ur

e
ej

ac
ul

at
io

n
(T

ab
ut

i
et

al
.

20
03

)

T
an

za
ni

a
A

br
uq

ui
no

ne
B

,
ab

ru
qu

in
on

e
G

(L
im

m
at

va
pi

ra
t

et
al

.
20

04
)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

B
ur

ke
a

af
ri

ca
na

S
to

m
ac

ha
ch

e,
m

al
ar

ia
,

he
pa

ti
ti

s,
w

ou
nd

he
al

in
g,

co
ug

h
an

d
se

xu
al

ly
tr

an
sm

it
te

d
di

se
as

es
(D

ia
ll

o
et

al
.

19
91

),
he

ad
ac

he
,

m
ig

ra
in

e,
di

zz
in

es
s,

pa
in

,
in

fl
am

m
at

io
n

an
d

th
ru

sh
,i

n
ad

di
ti

on
to

ut
il

iz
at

io
n

as
an

an
ti

ne
ur

al
gi

c,
w

ou
nd

-
he

al
in

g
an

d
to

ot
hc

le
an

in
g

ag
en

t
(E

li
n

et
al

.
20

02
;

D
el

av
ea

u
et

al
.

19
79

)

M
al

i
3-

m
et

hy
l-

5,
6-

di
hy

dr
o-

be
ta

-c
ar

bo
li

ne
(F

io
t

et
al

.
20

06
)

Q
lt

ag
ai

ns
t

C
al

an
d

C
cu

(D
ia

ll
o

et
al

.
20

01
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 109



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
aj

an
us

ca
ja

n
G

on
or

rh
ea

,
pn

eu
m

on
ia

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
B

et
ul

in
ic

ac
id

,
bi

oc
ha

ni
n

A
,

ca
ja

no
l,

ge
ni

st
ei

n,
20

-h
yd

ro
xy

ge
ni

st
ei

n,
lo

ng
is

ty
li

n
A

,
lo

ng
is

ty
li

n
C

,
pi

no
st

ro
bi

n
(D

uk
er

-E
sh

un
et

al
.

20
04

)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
tC

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

)

C
al

pu
rn

ia
au

re
a

A
m

oe
bi

c
dy

se
nt

er
y

an
d

di
ar

rh
ea

in
an

im
al

s,
ki

ll
in

g
he

ad
li

ce
in

hu
m

an
s

an
d

ti
ck

s
in

an
im

al
s,

sy
ph

il
is

,
di

ar
rh

ea
,

le
is

hm
an

ia
si

s,
ta

pe
w

or
m

,
tr

ac
ho

m
a,

T
in

ea
ca

pi
ti

s,
w

ou
nd

,
sc

ab
ie

s,
el

ep
ha

nt
ia

si
s

an
d

di
ff

er
en

t
w

el
li

ng
s

(A
sr

es
19

86
;

A
be

be
an

d
A

ye
hu

19
93

;
F

ul
la

s
20

01
)

E
th

io
pi

a
3b

,4
a,

13
a-

tr
ih

yd
ro

xy
lu

pa
ni

ne
,

ca
lp

au
ri

ne
,

lu
pi

ni
ne

,
ep

il
up

in
in

e,
ca

lp
ur

m
en

in
e,

13
-

hy
dr

ox
yl

up
an

in
e,

ca
lp

um
in

e,
vi

rg
il

in
e,

vi
rg

il
in

e
py

rr
ol

ec
ar

bo
xy

li
c

ac
id

es
te

r,
ca

lp
ur

m
en

in
e

py
rr

ol
ec

ar
bo

xy
li

c
ac

id
es

te
r

(A
sr

es
et

al
.

19
86

)

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

C
ro

ta
la

ri
a

m
es

op
on

ti
ca

A
nt

hr
ax

,
la

ry
ng

it
is

,
so

re
s

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
)

E
ry

th
ri

na
ab

ys
si

ni
ca

G
on

or
rh

ea
,

he
pa

ti
ti

s,
le

pr
os

y,
m

al
ar

ia
,

m
en

in
gi

ti
s

(V
li

et
in

ck
et

al
.

19
95

)

R
w

an
da

5-
pr

en
yl

bu
te

in
,

5-
de

ox
ya

by
ss

in
in

II
,

A
by

ss
in

in
II

I,
A

by
ss

in
on

e
IV

,
V

,
S

ig
m

oi
di

n
A

,
B

,
C

,
E

(Y
en

es
ew

et
al

.
20

04
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

G
ly

ci
ne

ja
va

ni
ca

P
ne

um
on

ia
,

sy
ph

il
is

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

In
di

go
fe

ra
ar

re
ct

a
H

ep
at

it
is

,
le

pr
os

y,
m

al
ar

ia
,

sc
ab

ie
s,

so
re

s,
w

or
m

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)

(c
o
n
ti
n
u
ed
)

110 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

Se
nn

a
di

dy
m

ob
ot

ry
a

R
oo

ts
ar

e
us

ed
to

tr
ea

t
se

xu
al

ly
tr

an
sm

it
te

d
in

fe
ct

io
ns

(S
am

ie
et

al
.

20
10

)

S
ou

th
A

fr
ic

a
E

m
od

in
,

ch
ry

so
ph

an
ol

,
ph

ys
ci

on
,

kn
ip

ho
lo

ne
,

10
-h

yd
ro

xy
-1

0-
(p

hy
sc

io
n-

7’
-y

l)
-c

hr
ys

op
ha

no
l

an
th

ro
ne

,
5,

10
-d

ih
yd

ro
xy

-2
-

m
et

hy
l-

9-
(p

hy
sc

io
n-

70
-y

l)
-l

,4
-

an
th

ra
qu

in
on

e
(A

le
m

ay
eh

u
et

al
.

19
96

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

G
ra

m
in

ae
/P

oa
ce

ae
C

ym
bo

po
go

n
ci

tr
at

us
In

fl
ue

nz
a

(T
ab

ut
i

et
al

.
20

03
)

M
al

ar
ia

(N
ad

em
be

ga
et

al
.

20
11

)

N
ig

er
ia

G
er

an
io

l,
a-

ox
ob

is
ab

ol
en

e,
ci

tr
al

(A
be

ga
z

et
al

.
19

83
)

Q
lt

ag
ai

ns
t

C
al

.
(O

ki
gb

o
an

d
M

m
ek

a
20

08
)

G
un

ne
ra

ce
ae

G
un

ne
ra

pe
rp

en
sa

L
in

n.
G

on
or

rh
oe

a,
sy

ph
il

is
,

ur
in

ar
y

in
fe

ct
io

ns
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

S
ou

th
A

fr
ic

a
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

G
ut

ti
fe

ra
e

A
ll

an
bl

ac
ki

a
flo

ri
nb

un
da

C
ou

gh
(P

ie
m

e
et

al
.

20
08

)
C

am
er

oo
n

/
Q

lt
on

C
al

,
C

ke
,

G
ca

,
M

fu
,

A
fl,

F
us

p,
P

sp
.

(P
ie

m
e

et
al

.
20

08
)

G
ar

ci
ni

a
ko

la
H

ec
ke

l
M

as
ti

ca
to

ry
(s

ti
m

ul
at

e
th

e
sa

li
va

),
dy

se
nt

er
y,

ja
un

di
ce

(A
de

bi
si

20
07

)

N
ig

er
ia

C
yc

lo
ar

te
no

l,
24

-m
et

hy
le

ne
-

cy
cl

oa
rt

en
ol

,p
re

ny
lc

ou
ra

na
la

ct
on

e,
ko

la
no

ne
(M

ad
ub

un
yi

19
95

)

Q
lt

ag
ai

ns
t

C
al

.
(O

ki
gb

o
an

d
M

m
ek

a
20

08
)

B
ro

nc
hi

ti
s

an
d

th
ro

at
nf

ec
ti

on
s

(A
de

si
na

et
al

.
19

95
;

O
ri

e
an

d
E

ko
n

19
93

)
S

ti
m

ul
an

t(
A

ta
w

od
i

et
al

.1
99

5)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 111



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

C
ou

gh
,

pu
rg

at
iv

e,
an

ti
-

pa
ra

si
ti

c,
an

ti
-m

ic
ro

bi
al

(M
ad

ub
un

yi
19

95
,

O
ku

nj
i

an
d

Iw
u

19
91

;
A

de
fu

le
-

O
si

te
lu

et
al

.
20

04
)

T
re

at
m

en
t

of
di

ar
rh

ea
(B

ra
id

e
19

91
)

L
iv

er
di

so
rd

er
s

(I
w

u
et

al
.

19
90

)
P

oi
so

n
an

ti
do

te
(K

ab
an

gu
et

al
.1

98
7)

A
ph

ro
di

si
ac

(A
ji

bo
la

an
d

S
at

ak
e

19
92

)
G

ar
ci

ni
a

sm
ea

th
m

an
ii

ol
iv

er

B
ac

te
ri

al
an

d
fu

ng
al

in
fe

ct
io

ns
(K

ue
te

et
al

.
20

07
b)

C
am

er
oo

n
C

he
ff

ou
xa

nt
ho

ne
;

1,
5

di
hy

dr
ox

yx
an

th
on

e;
1,

3,
5-

tr
ih

yd
ro

xy
xa

nt
ho

ne
;

ba
ng

an
gx

an
th

on
e

A
;

sm
ea

th
xa

nt
ho

ne
B

;
sm

ea
th

xa
nt

ho
ne

A
;

gu
tt

if
er

on
e

I;
is

ox
an

th
oc

hy
m

ol
;

fr
ie

de
li

n;
tr

ia
co

nt
an

yl
ca

fe
at

e
(K

ue
te

et
al

.
20

07
b)

10
0
\

M
IC

\
62

5
fo

r
ba

rk
ex

tr
ac

t
on

C
al

,
C

gl
,

C
kr

(K
ue

te
et

al
.

20
07

b)

H
ar

un
ga

na
m

ad
ag

as
ca

r-
ie

ns
is

(L
am

)

S
to

ps
m

en
st

ru
at

io
n

(H
am

il
l

et
al

.
20

03
)

T
an

za
ni

a
B

az
ou

an
th

ro
ne

,
fe

ru
gi

ni
n

A
,

ha
ru

ng
an

in
,

ha
ru

ng
an

ol
A

,
ha

ru
ng

an
ol

B
,

fr
ie

de
la

n-
3-

on
e,

be
tu

li
ni

c
ac

id
,

as
ti

lb
in

(M
ou

la
ry

et
al

.
20

06
;

L
en

ta
et

al
.

20
07

)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

C
hr

on
ic

di
ar

rh
ea

,
m

al
ar

ia
,

ja
un

di
ce

(K
is

an
gu

et
al

.
20

07
)

(c
o
n
ti
n
u
ed
)

112 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
so

ro
sp

er
m

um
fe

br
if

ug
um

S
pa

ch
,

S
ki

n
in

fe
ct

io
ns

(B
od

y
so

re
s,

sk
in

ru
sh

es
-H

er
pe

s
zo

st
er

)
(K

is
an

gu
et

al
.

20
07

),
F

ev
er

,s
to

m
ac

h
ac

hE
,c

ou
gh

(H
am

il
l

et
al

.
20

03
),

di
ar

rh
ea

,
S

ki
n

ra
sh

(T
ab

ut
i

et
al

.
20

03
)

T
an

za
ni

a
P

so
ro

fe
br

in
,

50
-h

yd
ro

xy
is

op
so

ro
fe

br
in

,
vi

sm
io

ne
D

,
vi

sm
io

ne
F

,
bi

an
th

ro
ne

s
A

1
,A

3
a

an
d

A
3
b
,(

B
ot

ta
et

al
.1

98
5;

A
bo

u-
S

ho
er

et
al

.1
99

3)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

V
is

m
ia

gu
in

ee
ns

is
(L

in
n.

)
C

ho
is

y
M

al
ar

ia
,s

ki
n

di
se

as
es

,b
ac

te
ri

al
in

fe
ct

io
ns

(M
ba

ve
ng

et
al

.
20

08
a)

C
am

er
oo

n
3-

ge
ra

ny
lo

xy
-6

-m
et

hy
l-

1,
8-

di
hy

dr
ox

ya
nt

hr
aq

ui
no

ne
;

vi
sm

ia
qu

in
on

e;
vi

sm
ia

qu
in

on
e

B
;

be
tu

li
ni

c
ac

id
(r

oo
ts

)
(M

ba
ve

ng
et

al
.

20
08

a)
vi

sm
ia

qu
in

on
e;

ca
lo

xa
nt

ho
ne

J;
O

1-
de

m
et

hy
l-

30
,

40
-d

eo
xy

ps
or

os
pe

rm
in

-3
0 ,

40
-d

io
l;

6-
de

ox
yi

so
ja

ca
re

ub
in

;
1,

7-
di

hy
dr

ox
yx

an
th

on
e

(b
ar

ks
)

(M
ba

ve
ng

et
al

.
20

08
a)

;
fr

ie
de

li
n;

1,
8-

di
hy

dr
ox

y-
6-

m
et

ho
xy

-3
-

m
et

hy
la

nt
hr

aq
ui

no
ne

;
ka

em
pf

er
ol

(l
ea

ve
s)

(M
ba

ve
ng

et
al

.
20

08
a)

M
IC

\
10

0
l

g/
m

l
fo

r
le

av
es

,
ba

rk
an

d
ro

ot
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
T

m
e,

T
ru

(M
ba

ve
ng

et
al

.
20

08
a)

H
ya

ci
nt

ha
ce

ae
B

ow
ie

a
vo

lu
bi

li
s

H
ar

v.
ex

H
oo

k.
P

ou
lt

ic
e

fo
r

th
e

tr
ea

tm
en

t
of

sy
ph

il
is

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

L
ed

eb
ou

ri
a

ov
at

if
ol

ia
(B

ak
.)

Je
ss

op
V

en
er

al
,

di
se

as
es

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 113



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

H
yp

ox
id

ac
ea

e
H

yp
ox

is
la

ti
fo

li
a

H
oo

k.
ur

in
ar

y
in

fe
ct

io
ns

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
Ir

id
ac

ea
e

G
la

di
ol

us
da

le
ni

i
V

an
G

ee
l

M
en

in
gi

ti
s,

m
al

ar
ia

,d
ia

rr
he

a,
ul

ce
rs

an
d

H
IV

re
la

te
d

fu
ng

al
in

fe
ct

io
ns

(O
dh

ia
m

bo
et

al
.

20
10

;
L

uk
ho

ba
et

al
.

20
06

)

K
en

ya
/

Q
lt

ag
ai

ns
t

A
ni

(O
dh

ia
m

bo
et

al
.

20
10

)

Ir
vi

ng
ia

ce
ae

Ir
vi

ng
ia

ga
bo

ne
ns

is
(A

ub
ry

L
ec

om
te

ex
O

’R
or

ke
)

B
ai

ll
.

G
on

or
rh

ea
,

ga
st

ro
-i

nt
es

ti
na

l
an

d
he

pa
ti

c
di

so
rd

er
s,

w
ou

nd
s

in
fe

ct
io

ns
,

di
ab

et
es

,a
na

lg
es

ic
(N

go
nd

i
et

al
.

20
05

)

C
am

er
oo

n
3-

fr
ie

de
la

no
ne

;
be

tu
li

ni
c

ac
id

;
ol

ea
no

li
c

ac
id

;
3,

30
,4
0 -

tr
i-

O
-

m
et

hy
le

ll
ag

ic
ac

id
;

3,
4-

di
-O

-
m

et
hy

le
ll

ag
ic

ac
id

;
ha

rd
w

ic
ki

ic
ac

id
(K

ue
te

an
d

E
ff

er
th

20
10

)

M
IC

\
10

0
l

g/
m

l
fo

r
ba

rk
m

et
ha

no
l

ex
tr

ac
t

on
C

al
(K

ue
te

an
d

E
ff

er
th

20
10

)

L
am

ia
ce

ae
L

eo
no

ti
s

ne
pe

ta
ef

ol
ia

(L
.)

R
.

B
r.

A
nt

hr
ax

,
he

pa
ti

ti
s,

pn
eu

m
on

ia
,

sy
ph

il
is

,
w

or
m

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

10
-O

-(
tr

an
s-

3,
4-

di
m

et
ho

xy
ci

nn
am

oy
l)

ge
ni

po
si

di
c

ac
id

,
10

-O
-(

p-
hy

dr
ox

yb
en

zo
yl

)g
en

ip
os

id
ic

ac
id

,
ac

te
os

id
e,

m
ar

ty
no

si
de

,
la

va
nd

ul
if

ol
io

si
de

(T
ak

ed
a

et
al

.
19

99
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

P
le

ct
ra

nt
hu

s
ba

rb
at

us
A

nd
r.

,
O

ra
l

th
ru

sh
,

sk
in

ra
sh

es
,

ri
ng

w
or

m
s,

D
ia

rr
he

a
(K

is
an

gu
et

al
.

20
07

),
N

au
se

a
(H

am
il

l
et

al
.

20
03

)

T
an

za
ni

a
R

os
m

ar
in

ic
ac

id
,

sc
ut

el
la

re
in

40
-

m
et

hy
l

et
he

r
7-

O
-g

lu
cu

ro
ni

de
,

(1
6S

)-
co

le
on

E
(F

al
e

et
al

.
20

09
)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

T
et

ra
de

ni
a

ri
pa

ri
a

(H
oc

hs
t.)

C
od

d
A

ng
in

a,
an

ti
se

pt
ic

,
di

ar
rh

ea
,

ga
st

ro
en

te
ri

ti
s,

go
no

rr
he

a,
in

fl
ue

nz
a,

m
al

ar
ia

,
w

or
m

s,
ya

w
s

(V
li

et
in

ck
et

al
.1

99
5)

R
w

an
da

8(
14

),
15

-s
an

da
ra

co
pi

m
ar

ad
ie

ne
-7

a,
18

-
di

ol
,

ib
oz

ol
,

7a
-

hy
dr

ox
yr

oy
le

an
on

e,
um

ur
av

um
bo

li
de

,
de

ac
et

yl
um

ur
av

um
bo

li
de

,
de

ac
et

yl
bo

ro
no

li
de

,
10

,
20

-
di

de
ac

et
yl

bo
ro

no
li

de
(H

ak
iz

am
un

gu
t

et
al

.
19

88
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
tC

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

)

(c
o
n
ti
n
u
ed
)

114 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

L
ee

ac
ea

e
L

ee
a

gu
in

ie
en

se
R

oy
en

ex
L

.
S

pl
ee

n
in

ch
il

dr
en

,
ed

em
at

og
en

ic
pe

lv
ic

in
fl

am
m

at
or

y
(P

ie
m

e
et

al
.

20
08

)

C
am

er
oo

n
/

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

L
il

ia
ce

ae
A

lb
uc

a
ne

ls
on

ii
N

.E
.

B
r.

G
on

or
rh

ea
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

L
og

an
ia

ce
ae

St
ry

ch
no

s
de

cu
ss

at
a

S
or

e
th

ro
at

,
fe

ve
r,

he
ad

ac
he

,
w

ou
nd

s,
va

gi
na

l
in

fe
ct

io
ns

(S
am

ie
et

al
.

20
10

)

S
ou

th
A

fr
ic

a
A

ka
ge

ri
ne

,
17

-O
-m

et
hy

l
ak

ag
er

in
e,

10
-

hy
dr

ox
y-

21
-O

-m
et

hy
lk

ri
bi

ne
,

10
-

hy
dr

ox
y-

17
-O

-m
et

hy
la

ka
ge

ri
ne

(R
ol

fs
en

et
al

.
19

80
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

L
or

an
th

ac
ea

e
L

or
an

th
us

m
ic

ra
nt

hu
s

L
.

E
pi

le
ps

y,
hy

pe
rt

en
si

on
,

he
ad

ac
he

,
in

fe
rt

il
it

y,
ca

nc
er

,
m

en
op

au
sa

l
sy

nd
ro

m
e

an
d

rh
eu

m
at

is
m

(N
w

ud
e

an
d

Ib
ra

hi
m

19
80

)

N
ig

er
ia

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

A
ni

an
d

C
al

w
it

h
pe

tr
ol

eu
m

et
he

r
ex

tr
ac

t
(O

sa
de

be
an

d
A

ka
bo

gu
20

06
)

L
yc

op
er

da
ce

ae
L

yc
op

er
do

n
gi

ga
nt

eu
m

(P
er

s.
)

S
or

es
,a

br
as

io
n

or
br

ui
se

s,
de

ep
cu

t,
he

m
or

rh
ag

e
as

w
el

l
as

ur
in

ar
y

tr
ac

t
in

fe
ct

io
n

(B
us

w
el

l
an

d
C

ha
ng

19
93

)

N
ig

er
ia

/
Q

lt
ag

ai
ns

t
(J

on
at

ha
n

an
d

F
as

id
i

20
03

)

L
yc

op
er

do
n

pu
si

lu
m

(B
at

.
E

x)
so

re
s,

ab
ra

si
on

or
br

ui
se

s,
de

ep
cu

t,
he

m
or

rh
ag

e
as

w
el

l
as

ur
in

ar
y

tr
ac

t
in

fe
ct

io
n

(B
us

w
el

l
an

d
C

ha
ng

19
93

;
O

so
19

77
)

N
ig

er
ia

/
Q

lt
ag

ai
ns

t
C

al
,

A
ni

,
A

fl,
M

bo
an

d
T

co
(J

on
at

ha
n

an
d

F
as

id
i

20
03

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 115



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

M
al

va
ce

ae
G

os
sy

pi
um

ar
bo

re
tu

m
M

al
e

co
nt

ra
ce

pt
iv

e
(A

la
de

sa
nm

i
et

al
.

20
07

)
N

ig
er

ia
/

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)
H

ib
is

cu
s

su
ra

tt
en

si
s

D
ia

rr
he

a,
pn

eu
m

on
ia

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

M
al

va
pa

rv
ifl

or
a

A
st

hm
a,

w
ou

nd
s

(A
ba

te
19

89
)

E
th

io
pi

a
/

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

M
en

is
pe

rm
ac

ea
e

A
lb

er
ti

si
a

vi
ll

os
a

M
al

ar
ia

an
d

m
an

y
in

fe
ct

io
us

di
se

as
es

(K
am

bu
19

90
)

D
em

oc
ra

ti
c

R
ep

ub
li

c
of

C
on

go

C
yc

le
an

in
e,

N
-d

es
m

et
hy

lc
yc

le
an

in
e,

C
oc

so
li

ne
(L

oh
om

bo
-E

ko
m

ba
et

al
.

20
04

)

Q
lt

ag
ai

ns
t

T
lo

,C
al

,
A

fl,
M

ca
an

d
F

so
(L

oh
om

bo
-E

ko
m

ba
et

al
.

20
04

)
Sp

he
no

ce
ut

ru
m

jo
ll

ya
nu

m
P

ie
rr

e
C

he
w

in
g

st
ic

ks
,

st
om

ac
hi

c
A

la
de

sa
nm

i
et

al
.

20
07

)
N

ig
er

ia
C

ol
um

bi
n,

is
oc

ol
um

bi
n,

fi
bl

eu
ci

n
(M

oo
dy

et
al

.
20

06
)

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)
M

el
ia

nt
ha

ce
ae

B
er

sa
m

a
lu

ce
ns

(H
oc

hs
t.)

S
zy

sz
yl

.

L
ic

e
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

M
el

ia
ce

ae
E

ke
be

rg
ia

se
ne

ga
le

ns
is

A
Ju

ss

A
nt

ie
pi

le
pt

ic
,

an
ti

m
al

ar
ia

A
la

de
sa

nm
i

et
al

.
20

07
)

N
ig

er
ia

E
ke

be
rg

in
in

e
(S

ax
to

n
19

87
)

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)

T
ri

ch
il

a
he

ud
el

ot
ti

(O
li

ve
r)

P
la

nc
h

S
or

es
,

he
ar

t
tr

ou
bl

es
(P

ie
m

e
et

al
.

20
08

)
N

ig
er

ia
/

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)
M

im
os

ac
ea

e
A

ca
ci

a
si

eb
er

ia
na

D
C

.
va

r.
w

oo
di

i
(B

ur
tt

D
av

y)
K

ea
y

&
B

re
na

n

A
nt

hr
ax

,
di

ar
rh

ea
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

D
ih

yd
ro

ac
ac

ip
et

al
in

,
pr

oa
ca

ci
be

ri
n

(S
ei

gl
er

et
al

.
19

75
;

N
ar

te
y

et
al

.
19

81
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

(c
o
n
ti
n
u
ed
)

116 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

M
or

ac
ea

e
D

or
st

en
ia

an
gu

st
ic

or
ni

s
E

ng
l.

G
as

tr
oe

nt
er

it
is

,
di

ar
rh

ea
l

in
fe

ct
io

ns
(K

ue
te

et
al

.
20

07
d)

C
am

er
oo

n
G

an
ca

on
in

Q
;

S
ti

pu
li

n;
A

ng
us

ti
co

rn
in

B
;B

ar
te

ri
ci

n
A

(K
ue

te
et

al
.2

00
7d

)
M

IC
\

10
0

l
g/

m
l

fo
r

tw
ig

s
m

et
ha

no
l

ex
tr

ac
t

on
C

al
an

d
C

kr
(K

ue
te

et
al

.
20

07
d)

D
or

st
en

ia
ba

rt
er

i
B

ur
ea

u
S

na
ke

bi
te

,
rh

eu
m

at
iS

M
,

in
fe

ct
io

us
di

se
as

es
,a

rt
hr

it
is

(T
so

pm
o

et
al

.
19

99
)

C
am

er
oo

n
Is

ob
av

ac
ha

lc
on

e;
st

ip
ul

in
;

4-
hy

dr
ox

yl
on

ch
oc

ar
pi

n;
ka

nz
on

ol
C

;
am

en
to

fl
av

on
e

(M
ba

ve
ng

et
al

.
20

08
b)

M
IC

\
10

0
l

g/
m

l
fo

r
tw

ig
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
C

gl
,

C
kr

,
M

au
an

d
10

0
\

M
IC

\
62

5
l

g/
m

l
on

T
ru

(M
ba

ve
ng

et
al

.
20

08
b)

D
or

st
en

ia
el

li
pt

ic
a

B
ur

ea
u

E
ye

s
in

fe
ct

io
ns

(B
ou

qu
et

19
69

)
C

am
er

oo
n

P
so

ra
le

n;
O

-[
3-

(2
,

2-
di

m
et

hy
l-

3-
ox

o-
2H

-f
ur

an
-5

-y
l)

bu
ty

l]
be

rg
ap

to
l

or
D

or
st

en
in

;
B

er
ga

pt
en

;
O

-[
3-

(2
,

2-
di

m
et

hy
l-

3-
ox

o-
2H

-f
ur

an
-5

-y
l)

-3
-

hy
dr

ox
yb

ut
yl

]b
er

ga
pt

ol
;

3-
(3

,3
-

di
m

et
hy

la
ll

yl
)-

4,
2’

,4
’-

tr
ih

yd
ro

xy
ch

al
co

ne
(K

ue
te

et
al

.
20

07
e)

M
IC

\
10

0
l

g/
m

l
fo

r
tw

ig
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

an
d

10
0
\

M
IC

\
62

5
l

g/
m

l
on

C
gl

,
M

au
,

T
ru

(K
ue

te
et

al
.

20
07

e)

D
or

st
en

ia
tu

rb
in

at
a

E
ng

l.
G

as
tr

oe
nt

er
it

is
,

sk
in

in
fe

ct
io

ns
,

ga
st

ro
-e

nt
ér

it
es

,
in

fe
ct

io
ns

cu
ta

né
es

,
rh

eu
m

at
is

m
(N

ga
m

en
i

et
al

.
20

09
)

C
am

er
oo

n
5-

m
et

ho
xy

-3
-[

3-
(b

-
gl

uc
op

yr
an

os
yl

ox
y)

-2
-h

yd
ro

xy
-3

-
m

et
hy

lb
ut

yl
]p

so
ra

le
n;

5-
m

et
ho

xy
-

3-
(3

-m
et

hy
l-

2,
3-

di
hy

dr
ox

yb
ut

yl
)p

so
ra

le
n;

(2
0 S

,
30

R
)-

30
-h

yd
ro

xy
m

ar
m

es
in

;
4-

hy
dr

ox
y-

3-
et

ho
xy

be
nz

al
de

hy
de

;
4-

m
et

ho
xy

ph
en

ol
;p

so
ra

le
n;

ka
nz

on
ol

C
;

4-
hy

dr
ox

yl
on

ch
oc

ar
pi

n;
um

be
ll

if
er

on
e

(N
ga

m
en

i
et

al
.

20
09

)

M
IC

\
10

0
l

g/
m

l
fo

r
tw

ig
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
C

gl
,

M
au

,T
ru

(N
ga

m
en

ie
ta

l.
20

09
)

F
ic

us
co

rd
at

a
T

hu
nb

.
F

il
ar

is
,

di
ar

rh
ea

l
in

fe
ct

io
ns

an
d

tu
be

rc
ul

os
is

(K
ue

te
et

al
.

20
08

a)

C
am

er
oo

n
b

-A
m

yr
in

;
b

-s
it

os
te

ro
l-

3-
O

-b
-d

-
gl

uc
op

yr
an

os
id

e;
C

at
ec

hi
n;

E
pi

af
ze

le
ch

in
(K

ue
te

et
al

.
20

08
a)

M
IC

\
10

0
l

g/
m

l
fo

r
ba

rk
m

et
ha

no
l

ex
tr

ac
t

on
C

al
,

C
gl

(K
ue

te
et

al
.

20
08

a)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 117



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

M
or

us
m

es
oz

yg
ia

S
ta

pf
.

A
rt

hr
it

is
,

rh
eu

m
at

is
m

,
m

al
nu

tr
it

io
n,

de
bi

li
ty

;
pa

in
-

ki
ll

er
s,

st
om

ac
h

di
so

rd
er

s,
w

ou
nd

in
fe

ct
io

ns
,

ga
st

ro
-

en
te

ri
ti

s,
pe

pt
ic

ul
ce

r,
in

fe
ct

io
us

di
se

as
es

(N
ou

m
i

an
d

D
ib

ak
to

20
02

)

C
am

er
oo

n
M

ar
sf

or
m

ox
id

e
B

;
m

or
ac

in
Q

;
m

or
ac

in
T

;
ar

to
ca

rp
es

in
;

cy
cl

oa
rt

oc
ar

pe
si

n;
m

or
ac

in
R

;
m

or
ac

in
S

;
m

or
ac

in
U

;
m

or
ac

in
C

;m
or

ac
in

M
(K

ue
te

et
al

.
20

08
a)

M
IC

\
10

0
l

g/
m

l
fo

r
ba

rk
m

et
ha

no
l

ex
tr

ac
t

on
C

al
(K

ue
te

et
al

.
20

08
a)

T
re

cu
li

a
ac

um
in

at
a

B
ai

ll
on

T
re

at
sk

in
di

se
as

es
,

de
nt

al
al

le
rg

y,
am

oe
bi

c
dy

se
nt

er
y

an
d

A
ID

S
(K

ue
te

et
al

.
20

07
f)

C
am

er
oo

n
C

at
ec

hi
n;

6,
9-

di
hy

dr
ox

y-
m

eg
as

ti
gm

an
e-

3-
on

e;
2,

3-
ih

yd
ro

xy
pr

op
yl

he
xa

de
ca

no
at

e
(K

ue
te

et
al

.
20

08
b)

10
0
\

M
IC

\
62

5
l

g/
m

l
fo

r
tw

ig
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
C

gl
,

C
kr

(K
ue

te
et

al
.

20
08

b)

T
re

cu
li

a
af

ri
ca

na
D

ec
ai

sn
e

T
re

at
sk

in
di

se
as

es
,

de
nt

al
al

le
rg

y,
am

oe
bi

c
dy

se
nt

er
y

an
d

A
ID

S
(B

ok
es

ch
et

al
.

20
04

)

C
am

er
oo

n
P

hy
ll

oc
ou

m
ar

in
;

ca
te

ch
in

;
6,

9-
di

hy
dr

ox
y-

m
eg

as
ti

gm
an

e-
3-

on
e

(K
ue

te
et

al
.

20
08

b)

M
IC

\
10

0
l

g/
m

l
fo

r
le

av
es

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
C

kr
an

d
10

0
\

M
IC

\
62

5
l

g/
m

l
on

C
gl

(K
ue

te
et

al
.

20
08

b)
T

re
cu

li
a

ob
ov

oi
de

a
N

.E
.

B
ro

w
n

T
re

at
sk

in
di

se
as

es
,

de
nt

al
al

le
rg

y,
am

oe
bi

c
dy

se
nt

er
y

an
d

A
ID

S
(B

ok
es

ch
et

al
.

20
04

)

C
am

er
oo

n
P

so
ra

le
n;

be
rg

ap
te

n;
7-

m
et

ho
xy

co
um

ar
in

;
7-

hy
dr

ox
yc

ou
m

ar
in

;
4,

20
,4
0 -

tr
ih

yd
ro

xy
ch

al
co

ne
;

4,
20

,4
0 -

tr
ih

yd
ro

xy
-3

-p
re

ny
lc

ha
lc

on
e;

3-
hy

dr
ox

y-
4-

m
et

ho
xy

be
nz

oi
c

ac
id

;
O

-[
3-

(2
,2

-d
im

et
hy

l-
3-

ox
o-

2H
-

fu
ra

n-
5-

yl
)

bu
ty

l]
be

rg
ap

to
l

(K
ue

te
et

al
.

20
08

b)

M
IC

\
10

0
l

g/
m

l
fo

r
tw

ig
s

m
et

ha
no

l
ex

tr
ac

t
on

C
al

,
C

kr
an

d
10

0
\

M
IC

\
62

5
l

g/
m

l
on

C
gl

(K
ue

te
et

al
.

20
08

b)

F
ic

us
sy

co
m

or
us

L
.

S
to

m
ac

h
pa

in
s,

w
ei

gh
t

in
ch

il
dr

en
.

S
ou

th
A

fr
ic

a
P

so
ra

le
ne

,b
-a

m
yr

in
lu

pe
ol

,b
-s

it
os

te
ro

l
(A

bu
-M

us
ta

fa
et

al
.

19
63

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(S
te

en
ka

m
p

et
al

.
20

07
)

(c
o
n
ti
n
u
ed
)

118 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

T
ri

le
pi

si
um

m
ad

ag
as

ca
ri

en
se

V
en

er
ea

l
di

se
as

es
,

ar
th

ri
ti

s,
rh

eu
m

at
is

m
an

d
st

om
ac

h
tr

ou
bl

es
(d

ia
rr

he
a

an
d

dy
se

nt
er

y)
an

d
al

so
as

a
pa

in
-k

il
le

r
cu

ta
ne

ou
s

an
d

su
bc

ut
an

eo
us

pa
ra

si
ti

c
in

fe
ct

io
ns

(B
ur

ki
ll

19
85

)

C
am

er
oo

n
V

an
il

li
c

ac
id

,
is

ol
iq

ui
ri

ti
ge

ni
n

(T
ek

e
et

al
.

20
11

)
M

IC
\

10
l

g/
m

l
w

it
h

is
ol

iq
ui

ri
ti

ge
ni

n
an

d
M

IC
[

62
5

l
g/

m
lf

or
ot

he
r

sa
m

pl
es

ag
ai

ns
t

C
al

,
C

kr
,

C
tr

,
C

pa
,

C
lu

,
C

gl
,

C
gu

,
C

ne
(T

ek
e

et
al

.
20

11
)

M
ol

lu
gi

na
ce

ae
G

li
nu

s
op

po
si

ti
fo

li
us

(L
.)

A
ug

.D
C

.
S

to
m

ac
ha

ch
e,

m
al

ar
ia

,
he

pa
ti

ti
s,

w
ou

nd
he

al
in

g,
co

ug
h

an
d

se
xu

al
ly

tr
an

sm
it

te
d

di
se

as
es

(D
ia

ll
o

et
al

.
19

91
);

w
ou

nd
he

al
in

g;
jo

in
t

pa
in

s,
in

fl
am

m
at

io
ns

,
di

ar
rh

ea
,

in
te

st
in

al
pa

ra
si

te
s,

fe
ve

r,
bo

il
s

an
d

sk
in

di
so

rd
er

s
((

D
ia

ll
o

et
al

.
19

99
;

D
ia

ll
o

20
00

)

M
al

i
L

-(
-)

-(
N

-t
ra

ns
-c

in
na

m
oy

l)
-

ar
gi

ni
ne

,
ka

em
pf

er
ol

3-
O

-
b

-D
-g

al
ac

to
py

ra
no

si
de

,
is

or
ha

m
ne

ti
n

3-
O

-b
-D

-
xy

lo
py

ra
no

sy
l-

(1
?

2)
-b

-
D

-g
al

ac
to

py
ra

no
si

de
,

vi
te

xi
n,

vi
ce

ni
n-

2,
ad

en
os

in
e,

L
-

ph
en

yl
al

an
in

e
(S

ah
ak

it
pi

ch
an

et
al

.
20

10
)

Q
lt

ag
ai

ns
tC

al
an

d
C

cu
(D

ia
ll

o
et

al
.

20
01

)

L
im

eu
m

pt
er

oc
ar

pu
m

S
to

m
ac

ha
ch

e,
m

al
ar

ia
,

he
pa

ti
ti

s,
w

ou
nd

he
al

in
g,

co
ug

h
an

d
se

xu
al

ly
tr

an
sm

it
te

d
di

se
as

es
(D

ia
ll

o
et

al
.

19
91

)

M
al

i
L

im
ep

li
de

,
co

nf
er

ti
fo

li
ne

,
ci

nn
am

ol
id

e
(I

kh
ir

i
et

al
.

19
95

)

Q
lt

ag
ai

ns
tC

al
an

d
C

cu
(D

ia
ll

o
et

al
.

20
01

)

M
yr

si
na

ce
ae

M
ae

sa
la

nc
eo

la
ta

F
or

ss
ka

l
S

or
e

th
ro

at
,

ta
pe

w
or

m
s,

he
pa

ti
ti

s
an

d
ch

ol
er

a
(K

ub
o

et
al

.
19

87
)

K
en

ya
M

ae
sa

sa
po

ni
n

I,
II

,
II

I,
IV

2,
IV

3,
V

2,
V

3,
V

I2
,

V
I

3,
an

d
V

II
1

(A
pe

rs
et

al
.

19
99

)

Q
lt

ag
ai

ns
t

F
ox

,
A

ni
,

P
ul

,
R

so
,

P
cr

,
C

he
.

Sr
o,

P
te

,
P

hs
p

(O
ke

m
o

et
al

.
20

03
)

D
ys

en
te

ri
a

(S
in

da
m

bi
w

e
et

al
.

19
96

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 119



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

M
yr

ta
ce

ae
P

si
di

um
gu

aj
av

a
L

in
.-

H
ol

l.
L

ea
f

us
ed

as
an

ti
se

pt
ic

,
an

ti
di

ar
rh

ea
,

D
ia

rr
he

a,
dy

se
nt

er
y

(H
am

il
l

et
al

.
20

03
;

A
la

de
sa

nm
i

et
al

.
20

07
)

N
ig

er
ia

M
or

in
-3

-O
-a

-L
-l

yx
op

yr
an

os
id

e,
m

or
in

-
3-

O
-a

-a
rb

op
yr

an
os

id
e,

gu
ai

ja
va

ri
n,

qu
er

ce
ti

n
(A

ri
m

a
an

d
D

an
no

20
02

)

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)

Sy
zy

gu
im

gu
in

ee
ns

is
D

C
A

nt
it

us
si

ve
,

co
ug

hs
pe

lv
ic

in
fl

am
m

at
or

y
di

se
as

es
(P

ie
m

e
et

al
.

20
08

)

C
am

er
oo

n
B

et
ul

in
ic

ac
id

,
ol

ea
no

li
c

ac
id

,
2-

hy
dr

ox
yo

le
an

ol
ic

ac
id

,
2-

hy
dr

ox
yu

rs
ol

ic
ac

id
,a

rj
un

ol
ic

ac
id

,
as

ia
ti

c
ac

id
,

te
rm

in
ol

ic
ac

id
,

6-
hy

dr
ox

ya
si

at
ic

ac
id

,
ar

ju
no

li
c

ac
id

28
-b

-g
lu

co
py

ra
no

sy
l

es
te

r,
as

ia
ti

c
ac

id
28

-b
-g

lu
co

py
ra

no
sy

l
es

te
r

(D
jo

uk
en

g
et

al
.

20
05

)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

N
yc

ta
gi

na
ce

ae
B

oe
rh

av
ia

di
ffu

sa
L

in
n

D
ia

be
te

s,
an

ti
in

fl
am

m
at

or
y,

A
bs

ce
ss

,
B

oi
ls

(A
la

de
sa

nm
i

et
al

.
20

07
)

N
ig

er
ia

B
oe

ra
vi

no
ne

D
,

bo
er

av
in

on
e

E
,

bo
er

av
in

on
e

G
,

bo
er

av
in

on
e

H
(B

or
re

ll
i

et
al

.
20

05
)

Q
lt

on
C

al
,

C
ps

,
T

ru
(A

la
de

sa
nm

i
et

al
.

20
07

)

O
ch

na
ce

ae
O

ch
na

na
ta

li
ti

a
(M

ei
sn

.)
W

al
p.

H
ea

da
ch

e,
an

d
re

sp
ir

at
or

y
di

se
as

es
(W

at
t

an
d

B
re

ye
r-

B
ra

nd
w

ij
k

19
62

)

S
ou

th
A

fr
ic

a
/

M
IC

\
10

0
l

g/
m

l
ag

ai
ns

t
M

ca
,

Sc
h

fo
r

he
xa

ne
ex

tr
ac

t
(S

ul
ei

m
an

et
al

.
20

10
)

L
op

hi
ra

al
at

a
B

an
ks

.
E

x
G

ae
rt

n.
f.

T
oo

th
ac

he
,

in
fl

am
m

at
or

y
di

se
as

es
an

d
an

al
ge

si
c

(P
ie

m
e

et
al

.
20

08
)

C
am

er
oo

n
lo

ph
ir

ofl
av

an
s

A
,

B
an

d
C

,
io

ph
ir

oc
ha

lc
on

e
(T

ih
et

al
.

19
92

)
Q

lt
on

C
al

,
C

ke
,

G
ca

,
M

fu
,

A
fl,

F
us

p,
P

sp
.

(P
ie

m
e

et
al

.
20

08
)

O
la

ca
ce

ae
X

im
en

ia
ca

ffr
a

B
lo

od
in

fe
ce

s,
m

en
or

rh
ag

e,
co

ug
h,

in
fe

rt
il

it
y,

ve
ne

re
al

di
se

as
es

,
sc

ur
vy

(S
am

ie
et

al
.

20
10

)

S
ou

th
A

fr
ic

a
/

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

O
li

ni
ac

ea
e

O
li

ni
a

ro
ch

et
ia

na
E

cz
em

a,
ac

ne
a,

sc
ab

ie
s

(A
be

be
an

d
A

ye
hu

,1
99

3)
E

th
io

pi
a

/
Q

lt
ag

ai
ns

t
A

ni
,

C
al

,
T

m
e

(H
ai

lu
et

al
.

20
05

)

(c
o
n
ti
n
u
ed
)

120 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
ap

il
io

no
id

ea
e

D
es

m
od

iu
m

ad
sc

en
de

ns
(S

W
)

D
C

D
ys

en
te

ri
a,

ab
do

m
in

al
pa

in
,

he
m

or
rh

oi
ds

,
ur

in
al

in
fe

ct
io

ns
an

d
go

no
co

rr
he

a
(P

ie
m

e
et

al
.

20
08

)

C
am

er
oo

n
D

eh
yd

ro
so

ya
sa

po
ni

n
I

(D
H

S
-I

),
so

ya
sa

po
ni

n
I

an
d

so
ya

sa
po

ni
n

II
I

(R
as

to
gi

et
al

.
20

11
)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

P
hy

to
la

cc
ac

ea
e

P
hy

to
la

cc
a

do
de

ca
nd

ra
A

sc
ar

ia
si

s,
go

no
rr

ho
ea

,
m

al
ar

ia
,

ra
bi

es
,

so
re

th
ro

at
,

rh
eu

m
at

ic
pa

in
,

ja
un

di
ce

,
sy

ph
il

is
pr

ur
it

us
,

ec
ze

m
a,

an
d

vi
il

ig
o

(A
ba

te
19

89
;

A
be

be
an

d
A

ye
hu

19
93

;
F

ul
la

s
20

01
)

E
th

io
pi

a
D

od
ec

an
dr

in
(R

ea
dy

et
al

.
19

84
)

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

P
ip

er
ac

ea
e

P
ip

er
ca

pe
ns

e
W

ou
nd

s,
va

gi
na

l
di

sc
ha

rg
e,

in
fe

rt
il

it
y,

so
re

th
ro

at
an

d
to

ng
ue

so
re

s,
in

fe
rt

il
it

y
(M

ab
og

o
19

90
)

S
ou

th
A

fr
ic

a
re

l-
(7

S
,8

S
)-

D
80

-3
,4

,3
0 ,4
0 -

B
is

-
m

et
hy

le
ne

-d
io

xy
-7

.O
.2
0 ,8

.3
0 -

li
gn

an
,
D

8-
l0 ,

20
-D

ih
yd

ro
-3

,4
,3
0 ,4
0 -

bi
s-

m
et

hy
le

ne
di

ox
y-

20
-o

xo
-8

.l0
-

li
gn

an
,

W
al

li
ch

in
in

e,
C

ap
en

ti
n

(P
ar

m
ar

et
al

.
19

97
)

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
st

an
da

rd
A

T
C

C
an

d
cl

in
ic

al
st

ra
in

s
of

C
al

(S
te

en
ka

m
p

et
al

.
20

07
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

P
la

nt
ag

in
ac

ea
e

P
la

nt
ag

o
pa

lm
at

a
D

ys
en

te
ry

,
he

pa
ti

ti
s,

w
or

m
s

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
G

en
ip

os
id

ic
ac

id
,

ep
il

og
an

ic
ac

id
,

ga
rd

os
id

e,
ar

bo
re

sc
os

id
e,

au
cu

bi
n,

ve
rb

as
co

si
de

,
pl

an
ta

m
aj

os
id

e
(R

on
st

ed
et

al
.

20
03

)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

P
lu

m
ba

gi
na

ce
ae

P
lu

m
ba

go
ze

yl
an

ic
a

L
in

.-
H

ol
l.

S
pi

ri
ts

,
ap

pe
ti

te
st

im
ul

an
t,

an
ti

se
pt

ic
sk

in
di

se
as

e,
sc

ab
ie

s,
ul

ce
rs

(T
ab

ut
ie

ta
l.

20
03

;
A

la
de

sa
nm

i
et

al
.

20
07

)

N
ig

er
ia

/
Q

lt
on

C
al

,
C

ps
,

T
ru

(A
la

de
sa

nm
i

et
al

.
20

07
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 121



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
od

oc
ar

pa
ce

ae
P

od
oc

ar
pu

s
el

on
ga

tu
s

(A
it

.)
L

’
H

er
it

.
ex

P
er

s.

G
al

ls
ic

kn
es

s
(W

at
t

an
d

B
re

ye
r-

B
ra

nd
w

ij
k

19
62

;
H

ut
ch

in
gs

et
al

.
19

96
)

S
ou

th
A

fr
ic

a
P

he
no

li
c

co
m

po
un

ds
,

C
on

de
ns

ed
ta

nn
in

s,
G

al
lo

ta
nn

in
s,

fl
av

on
oi

ds
(A

bd
il

la
hi

et
al

.
20

11
)

M
IC

\
10

0
lg

/m
l

w
it

h
C

H
2
C

l 2
ex

tr
ac

t
M

IC
[

62
5

l
g/

m
l

w
it

h
ot

he
r

ex
tr

ac
ts

ag
ai

ns
t

C
al

(A
bd

il
la

hi
et

al
.

20
08

)
P

od
oc

ar
pu

s
fa

lc
at

us
(T

hu
nb

.)
R

.
B

r.
ex

M
ir

b.

S
to

m
ac

ha
ch

e
an

d
ca

tt
le

di
se

as
es

(B
ee

nt
je

19
94

),
go

no
rr

ho
ea

an
d

he
ad

ac
he

s
(P

an
kh

ur
st

20
00

),
G

al
ls

ic
kn

es
s

(W
at

t
an

d
B

re
ye

r-
B

ra
nd

w
ij

k
19

62
;

H
ut

ch
in

gs
et

al
.

19
96

)

S
ou

th
A

fr
ic

a
M

IC
\

10
0

lg
/m

l
w

it
h

C
H

2
C

l 2
ex

tr
ac

t
M

IC
[

62
5

l
g/

m
l

w
it

h
ot

he
r

ex
tr

ac
ts

ag
ai

ns
t

C
al

(A
bd

il
la

hi
et

al
.

20
08

)

P
od

oc
ar

pu
s

he
nk

el
ii

S
ta

pf
.

ex
D

al
li

m
.

&
Ja

ck
s.

G
al

ls
ic

kn
es

s
(W

at
t

an
d

B
re

ye
r-

B
ra

nd
w

ij
k

19
62

;
H

ut
ch

in
gs

et
al

.
19

96
)

S
ou

th
A

fr
ic

a
M

IC
\

10
0

lg
/m

l
w

it
h

C
H

2
C

l 2
ex

tr
ac

t
M

IC
[

62
5

l
g/

m
l

w
it

h
ot

he
r

ex
tr

ac
ts

ag
ai

ns
t

C
al

(A
bd

il
la

hi
et

al
.

20
08

)
P

od
oc

ar
pu

s
la

ti
fo

li
us

(T
hu

nb
.)

R
.

B
r.

ex
M

ir
b.

S
to

m
ac

ha
ch

e
an

d
ca

tt
le

di
se

as
es

(B
ee

nt
je

19
94

),
ga

ll
si

ck
ne

ss
(W

at
t

an
d

B
re

ye
r-

B
ra

nd
w

ij
k

19
62

;
H

ut
ch

in
gs

et
al

.
19

96
)

S
ou

th
A

fr
ic

a
M

IC
\

10
0

lg
/m

l
w

it
h

C
H

2
C

l 2
ex

tr
ac

t
M

IC
[

62
5

l
g/

m
l

w
it

h
ot

he
r

ex
tr

ac
ts

ag
ai

ns
t

C
al

(A
bd

il
la

hi
et

al
.

20
08

)

P
ol

yg
on

ac
ea

e
P

ol
yg

on
um

pu
lc

hr
um

S
ki

n
in

fe
ct

io
ns

(V
li

et
in

ck
et

al
.

19
95

)
R

w
an

da
/

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
) (c
o
n
ti
n
u
ed
)

122 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
ol

yg
al

ac
ea

e
Se

cu
ri

da
ca

lo
ng

ep
ed

un
cu

la
ta

F
re

se
n

B
ac

te
ri

al
in

fe
ct

io
ns

(D
e

T
om

m
as

i
et

al
.

19
93

;
A

rn
ol

d
an

d
G

ul
um

ia
n

19
84

),
in

fl
am

m
at

io
n

(D
e

T
om

m
as

i
et

al
.

19
93

),
in

sa
ni

ty
an

d
ep

il
ep

sy
(M

at
hi

as
19

82
).

T
he

le
av

es
ar

e
us

ed
fo

r
tr

ea
ti

ng
w

ou
nd

s
an

d
so

re
s,

co
ug

h,
ve

ne
re

al
di

se
as

es
,

sn
ak

e
bi

te
an

d
as

a
pu

rg
at

iv
e

(C
hh

ab
ra

et
al

.
19

91
;

H
ed

be
rg

et
al

.
19

83
).

T
he

y
ar

e
al

so
us

ed
to

tr
ea

t
tu

be
rc

ul
os

is
(A

sr
es

et
al

.
20

01
),

bi
lh

ar
zi

a
(K

am
w

en
do

et
al

.
19

85
),

rh
eu

m
at

is
m

(A
ka

h
an

d
N

w
am

bi
e

19
94

;
A

sr
es

et
al

.
20

01
),

sk
in

di
se

as
es

(O
de

bi
yi

19
78

),
he

ad
ac

he
an

d
m

en
ta

l
il

ln
es

s
(M

so
nt

hi
an

d
M

ag
om

bo
19

83
),

in
cl

ud
in

g
co

nv
ul

si
on

s
in

ch
il

dr
en

(S
of

ow
or

a
19

80
).

T
he

ro
ot

de
co

ct
io

n
is

us
ed

to
ha

st
en

la
bo

r
(K

ok
w

ar
o

19
76

;
Y

u
19

82
),

to
tr

ea
t

m
al

ar
ia

(C
hh

ab
ra

et
al

.
19

91
),

rh
eu

m
at

is
m

(K
lo

os
et

al
.

19
78

),
go

no
rr

he
a,

pa
lp

it
at

io
ns

,
pn

eu
m

on
ia

,
sy

ph
il

is
(D

es
ta

19
93

),
In

fu
si

on
re

du
ce

s
sw

el
li

ng
s

(K
ar

er
u

et
al

.
20

08
)

T
an

za
ni

a,
S

ou
th

A
fr

ic
a

(4
-m

et
ho

xy
-b

en
zo

[1
,3

]d
io

xo
l-

5-
yl

)-
ph

en
yl

m
et

ha
no

ne
,

1,
7-

di
hy

dr
ox

y-
4-

m
et

ho
xy

xa
nt

ho
ne

(2
),

be
nz

yl
2-

hy
dr

ox
y-

6-
m

et
ho

xy
be

nz
oa

te
,

an
d

m
et

hy
l

2-
hy

dr
ox

y-
6-

m
et

ho
xy

be
nz

oa
te

.
(J

os
ep

h
et

al
.

20
06

)

Q
lt

ag
ai

ns
t

A
ni

,
A

fu
,

C
al

,
P

es
p.

(J
os

ep
h

et
al

.
20

06
)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

Q
lt

ag
ai

ns
t

Sc
e

(T
an

ig
uc

hi
et

al
.

19
78

)
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 123



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

R
an

un
cu

la
ce

ae
K

no
w

lt
on

ia
br

ac
te

at
a

H
ar

v.
E

x
Z

ah
lb

ar
.

L
ic

e
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)
S

ou
th

A
fr

ic
a

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

R
ha

m
na

ce
ae

B
er

ch
em

ia
di

sc
ol

or
In

fe
rt

il
it

y
(M

ab
og

o
19

90
),

va
gi

na
l

in
fe

ct
io

ns
.

S
ou

th
A

fr
ic

a
N

it
id

ul
in

,
am

or
ph

ig
en

in
,

da
bi

no
l

(C
hi

n
et

al
.

20
06

)
Q

lt
ag

ai
ns

t
C

al
(G

un
di

dz
a

an
d

S
ib

an
da

19
91

)
M

IC
[

62
5

l
g/

m
la

ga
in

st
C

kr
,C

ne
an

d
10

0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,(

S
am

ie
et

al
.2

01
0)

Z
iz

ip
hu

s
m

uc
ro

na
ta

W
il

ld
H

yd
ro

ce
le

,
It

ch
ys

ki
n

(T
ab

ut
i

et
al

.
20

03
)

T
an

za
ni

a
M

uc
ro

ni
ne

J,
ab

ys
se

ni
ne

A
,

m
uc

ro
ni

ne
D

(A
uv

in
et

al
.

19
96

)
Q

lt
ag

ai
ns

t
C

al
(D

eb
or

ah
et

al
.

20
06

)
R

os
ac

ea
e

R
ub

us
ri

gi
du

s
A

nt
hr

ax
,

an
ti

se
pt

ic
,

ga
st

ro
en

te
ri

ti
s,

go
no

rr
he

a,
po

li
om

ye
li

ti
s,

so
re

s,
sy

ph
il

is
,

w
ho

op
in

g-
co

ug
h

(V
li

et
in

ck
et

al
.

19
95

)

R
w

an
da

C
ya

ni
di

n
3-

(6
00

-O
-a

-r
ha

m
no

py
ra

no
sy

l-
b

-g
lu

co
py

ra
no

si
de

),
cy

an
id

in
-3

-O
-

b
-g

lu
co

py
ra

no
si

de
(B

ya
m

uk
am

a
et

al
.

20
05

)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

R
ub

ia
ce

ae
M

as
su

la
ri

a
ac

um
in

at
a

(G
.

D
on

)
B

ul
lo

ck

C
ur

e
of

m
ou

th
in

fe
ct

io
ns

(A
la

de
sa

nm
i

et
al

.
20

07
)

N
ig

er
ia

/
Q

lt
on

C
al

,
C

ps
,

T
ru

(A
la

de
sa

nm
i

et
al

.
20

07
)

M
or

in
da

lu
ci

da
B

en
th

,
F

ev
er

,
ab

do
m

in
al

pa
in

,
dy

se
nt

er
ia

an
d

sp
le

no
m

eg
al

y
(P

ie
m

e
et

al
.

20
08

)

C
am

er
oo

n
O

ru
w

al
,

or
uw

al
ol

,
da

m
na

ca
nt

ha
l,

no
r-

da
m

na
ca

nt
ha

l,
so

ra
nj

id
io

l,
al

iz
ar

in
-

1-
m

et
hy

l
et

he
r,

ru
bi

ad
in

,
ru

bi
ad

in
-

1-
m

et
hy

l
et

he
r,

2-
m

et
hy

la
nt

hr
aq

ui
no

ne
,

an
th

ra
qu

in
on

e-
2-

al
de

hy
de

,
1-

hy
dr

ox
y-

2-
m

et
hy

la
nt

hr
aq

ui
no

ne
,1

-
m

et
ho

xy
-2

-m
et

hy
la

nt
hr

aq
ui

no
ne

;
he

xa
co

sa
no

ic
ac

id
(A

de
so

ga
n

19
73

)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

(c
o
n
ti
n
u
ed
)

124 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

P
av

et
ta

te
rn

if
ol

ia
(O

li
v.

)
H

ep
at

it
is

,
m

al
ar

ia
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

/
Q

lt
ag

ai
ns

t
C

al
,

M
ca

,
M

m
e

(V
li

et
in

ck
et

al
.

19
95

),
Q

lt
ag

ai
ns

t
C

al
,T

ru
,

E
fc

,
M

ca
(C

os
et

al
.

20
02

)
P

av
et

ta
cr

as
si

pe
s

K
.

S
ch

um
F

ev
er

,
sc

hi
st

os
om

ia
si

s,
m

en
ta

l
il

ln
es

s,
co

nv
ul

si
on

s,
m

al
ar

ia
,h

oo
kw

or
m

s
(A

m
os

et
al

.
19

98
)

an
d

go
no

rr
he

a
(K

at
sa

ya
l

an
d

A
bd

ur
ah

m
an

20
02

)

G
ui

ne
a

Q
ue

rc
et

in
-3

-O
-r

ut
in

os
id

e
(B

el
lo

et
al

.
20

11
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(E

lh
ad

j
et

al
.

20
10

)

R
ut

ac
ea

e
T

ec
le

a
no

bi
li

s
D

el
W

ei
gh

t
lo

ss
,

C
hr

on
ic

co
ug

h
(K

is
an

gu
et

al
.

20
07

),
de

nt
al

ca
ri

es
(H

am
il

l
et

al
.

20
03

)

T
an

za
ni

a
T

ec
le

ab
in

e,
te

cl
eo

xi
ne

,
is

ot
ec

le
ox

in
e,

m
et

hy
ln

ko
lb

is
in

e,
ch

lo
ro

-
de

sn
ko

lb
is

in
e,

pt
el

ei
ne

,
is

oh
ap

lo
pi

ne
-3

,3
0 -

di
m

et
hy

la
ll

yl
et

he
r,

no
bi

li
ne

,
ha

pl
op

in
e-

3,
30

-d
im

et
hy

la
ll

yl
et

he
r,

an
hy

dr
oe

vo
xi

ne
,

ko
ku

sa
gi

ni
ne

,
8-

m
et

ho
xy

-fl
in

de
rs

in
e,

ar
bo

ri
ni

ne
,

40
,5

-d
ih

yd
ro

xy
-7

-
pr

en
yl

ox
yfl

av
an

on
e

(A
l-

R
eh

ai
ly

et
al

.
20

03
)

Q
lt

ag
ai

ns
t

C
al

(K
is

an
gu

et
al

.
20

07
)

Z
an

th
ox

yl
um

ca
pe

ns
e

(T
hu

nb
.)

H
ar

v.
S

yp
hi

li
s

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

S
ou

th
A

fr
ic

a
b

-s
it

os
te

ro
l,

si
to

st
er

ol
-b

-D
-g

lu
co

si
de

,
pe

ll
it

or
in

e,
xa

nt
ho

xy
lo

l-
c,

c-
di

m
et

hy
la

ll
yl

et
he

r
(S

te
yn

et
al

.
19

98
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
(B

uw
a

an
d

V
an

S
ta

de
n

20
06

)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 125



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

Z
an

th
ox

yl
um

ch
al

yb
eu

m
E

ng
l.

P
yo

m
yo

si
ti

s,
st

er
il

it
y,

ut
er

in
e

fi
br

oi
ds

(T
ab

ut
i

et
al

.2
00

3)
T

an
za

ni
a

/
Q

lt
ag

ai
ns

t
C

al
(D

eb
or

ah
et

al
.

20
06

)
Z

an
th

ox
yl

um
le

pr
ie

ur
ii

G
ui

ll
.

et
P

er
r

st
om

at
it

is
,

gi
ng

iv
it

is
,

bi
lh

ar
zi

as
,

an
ti

ul
ce

ra
ti

ve
,

an
ti

se
pt

ic
ur

in
ar

y,
an

ti
se

pt
ic

,
an

ti
-s

ic
kl

er
,

an
ti

m
ic

ro
bi

al
,

an
ti

di
ar

rh
ei

c,
di

ge
st

iv
e

ai
d,

si
al

al
og

ue
,

an
ti

-
od

on
to

lo
gi

c,
an

ti
ca

nc
er

ou
s,

pa
ra

st
ic

id
e,

la
xa

ti
ve

(K
er

ha
ro

an
d

A
da

m
19

74
;

S
of

ow
or

a
et

al
.

19
75

;
N

ou
m

i
19

84
;

C
om

oe
19

87
)

C
am

er
oo

n
C

he
le

ry
th

ri
ne

,
tr

an
s-

a-
oc

im
en

e,
a-

te
rp

in
ol

en
e,

3-
d-

ca
re

ne
,
a-

pi
ne

ne
,

p-
cy

m
en

e,
sa

bi
ne

ne
,
c

–
te

rp
in

en
e,

m
yr

ce
ne

,
li

m
on

en
e,

E
-b

-o
ci

m
en

e,
he

le
be

li
ci

ne
A

(N
go

no
et

al
.

20
00

;
K

ue
te

20
10

;
N

go
um

fo
et

al
.

20
10

)

Q
lt

ag
ai

ns
t

C
al

,
C

ne
,

M
gy

,
M

m
e,

T
ru

,
A

fu
,

A
fl,

Sb
r

an
d

B
ci

.
(N

go
no

et
al

.
20

00
)

Z
an

th
ox

yl
um

xa
nt

ho
xy

lo
id

es
W

at
er

m

S
ca

ri
ng

,
an

ti
se

pt
ic

,
as

tr
in

ge
nt

,
la

xa
ti

ve
an

ti
se

pt
ic

,
an

ti
-

si
ck

le
r,

di
ge

st
iv

e
ai

d,
pa

ra
si

ti
ci

de
(K

er
ha

ro
an

d
A

da
m

19
74

;
S

of
ow

or
a

et
al

.
19

75
;

N
ou

m
i

19
84

;
C

om
oe

19
87

)

C
am

er
oo

n
A

-p
in

en
e,

tr
an

s-
b

-o
ci

m
en

e,
ci

tr
on

el
lo

l,
sa

bi
ne

ne
,

m
yr

ce
ne

,
li

m
on

en
e,

cy
tr

on
el

ly
l

ac
et

at
e,

a-
ph

el
la

nd
re

ne
(K

ue
te

20
10

)

Q
lt

ag
ai

ns
t

C
al

,
C

ne
,

M
gy

,
M

m
e,

T
ru

,
A

fu
,

A
fl,

Sb
r

an
d

B
ci

.
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

an
d

C
ne

an
d

10
0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
M

gy
an

d
M

m
e(

N
go

no
et

al
.

20
00

)
S

cr
op

hu
la

ri
ac

ea
e

V
er

ba
sc

um
si

na
it

ic
um

A
nt

hr
ax

,
po

st
pa

rt
um

di
ar

rh
ea

,
he

m
or

rh
ag

e,
rh

eu
m

at
ic

pa
in

,
el

ep
ha

nt
ia

si
s,

m
ea

sl
es

,
su

pe
rfi

ci
al

fu
ng

al
in

fe
ct

io
ns

an
d

w
ou

nd
s

(A
ba

te
19

89
;

A
be

be
an

d
A

ye
hu

19
93

;
F

ul
la

s
20

01
)

E
th

io
pi

a
H

yd
ro

ca
rp

in
,

si
na

it
ic

in
,

ch
ry

so
er

io
l,

lu
te

ol
in

(A
fi

fi
et

al
.

19
93

)
Q

lt
ag

ai
ns

t
A

ni
,

C
al

,
T

m
e

(H
ai

lu
et

al
.

20
05

)

(c
o
n
ti
n
u
ed
)

126 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

S
im

ar
ou

ba
ce

ae
H

ar
ri

so
ni

a
ab

ys
si

ni
ca

O
li

v.
S

na
ke

bi
te

,
fe

ve
r,

he
rn

ia
(T

ab
ut

i
et

al
.

20
03

)
T

an
za

ni
a

b
-s

it
os

te
ro

l,
st

ig
m

as
te

ro
l,

ca
m

pe
st

er
ol

,
b

-s
it

os
te

no
ne

,
st

ig
m

as
te

no
ne

,
ca

m
pe

st
en

on
e,

st
ig

m
as

ta
-3

,5
-d

ie
n-

7-
on

e,
st

ig
m

as
ta

-3
,5

,2
2-

tr
ie

n-
7-

on
e,

ca
m

pe
st

a-
3,

5-
di

en
-7

-o
ne

(B
al

dé
et

al
.

20
00

)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

S
ol

an
ac

ea
e

So
la

nu
m

in
ca

nu
m

G
on

or
rh

ea
,

m
al

ar
ia

,
w

ho
op

in
g-

co
ug

h
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

S
ti

gm
as

te
ro

l-
3-

b
-D

-g
lu

co
si

de
,

kh
as

ia
ni

ne
,

in
ca

nu
m

in
e

(L
in

et
al

.
19

90
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
t

C
al

,T
ru

,
E

fc
,

M
ca

(C
os

et
al

.
20

02
)

So
la

nu
m

ac
ul

ea
st

ru
m

Ji
gg

er
w

ou
nd

s,
go

no
rr

he
a,

ca
nc

er
,

pa
rt

ic
ul

ar
ly

D
un

al
su

bs
p

co
ns

ti
pa

ti
on

,
tu

ba
l

bl
oc

ka
ge

,
ga

st
ri

ti
s

an
d

ep
il

ep
sy

(P
ie

m
e

et
al

.2
00

8)

C
am

er
oo

n
S

ol
am

ar
gi

ne
;

S
ol

am
ar

in
e;

S
ol

ac
ul

in
e

A
(W

an
yo

ny
i

et
al

.
20

02
)

Q
lt

on
C

al
,

C
ke

,
G

ca
,

M
fu

,
A

fl,
F

us
p,

P
sp

.
(P

ie
m

e
et

al
.

20
08

)

T
il

ia
ce

ae
G

ly
ph

ae
ab

re
vi

s
(S

pr
en

g)
V

en
er

ea
l

di
se

as
es

(B
uw

a
an

d
V

an
S

ta
de

n
20

06
)

an
d

M
al

ar
ia

(M
ur

eg
i

et
al

.
20

07
;R

uk
un

ga
et

al
.2

00
7)

;
in

te
st

in
al

di
se

as
es

(N
ou

m
i

an
d

Y
om

i
20

01
);

sc
ab

ie
s,

he
lm

in
th

ia
si

s,
m

al
ar

ia
an

d
dy

se
nt

er
ic

sy
nd

ro
m

es
(O

kp
ek

on
et

al
.

20
04

);
pn

eu
m

on
ia

,
co

ug
h,

ep
il

ep
sy

an
d

ty
ph

oi
d

(J
er

ut
o

et
al

.
20

08
)

C
am

er
oo

n
H

ex
an

e,
E

tO
A

c
ex

tr
ac

ts
m

es
o-

er
yt

hr
it

ol
,

li
ne

ar
al

ip
ha

ti
c

al
co

ho
ls

,
n-

he
xa

co
sa

no
l,

m
ix

tu
re

of
m

on
o-

ac
yl

gl
yc

er
ol

es
te

rs
,

M
ix

tu
re

of
un

sa
tu

ra
te

d
li

ne
ar

fa
tt

y
ac

id
,

M
ix

tu
re

of
fa

tt
y

ac
id

es
te

rs
of

di
un

sa
tu

ra
te

d
li

ne
ar

1,
2-

di
ol

s
(T

ei
nk

el
a

et
al

.
20

10
)

M
IC

\
10

l
g/

m
l

w
it

h
li

ne
ar

al
ip

ha
ti

c
al

co
ho

ls
,

n-
he

xa
co

sa
no

l
an

d
m

ix
tu

re
of

fa
tt

y
ac

id
es

te
rs

of
di

un
sa

tu
ra

te
d

li
ne

ar
1,

2-
di

ol
s

an
d

10
\

M
IC

B
10

0
l

g/
m

l
w

it
h

ex
tr

ac
ts

an
d

ot
he

r
co

m
po

un
ds

ag
ai

ns
t

C
al

,
C

kr
(T

ei
nk

el
a

et
al

.
20

10
)

(c
o
n
ti
n
u
ed
)

4 Review of the Antifungal Potential of African Medicinal Plants 127



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

T
ri

um
fe

tt
a

rh
om

bo
id

ea
A

ng
in

a,
pn

eu
m

on
ia

,
w

or
m

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

T
ra

ns
-b

-c
ar

yo
ph

yl
le

ne
,

ke
ss

an
e,

ca
ry

op
hy

ll
en

e
ox

id
e

(M
ev

y
et

al
.

20
06

)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
tC

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

)
U

tr
ic

ia
e

P
ou

zo
lz

ia
m

ix
ta

D
ia

rr
he

a,
dy

se
nt

er
y

(M
ab

og
o

19
90

)
S

ou
th

A
fr

ic
a

/
M

IC
[

62
5

l
g/

m
l

ag
ai

ns
t

C
al

,
C

kr
,

C
ne

(S
am

ie
et

al
.

20
10

)
V

er
be

na
ce

ae
C

le
ro

de
nd

ro
n

m
yr

ic
oi

de
s

A
ph

ta
,

di
ar

rh
ea

,
go

no
rr

he
a,

he
pa

ti
ti

s,
la

ry
ng

it
is

,
le

pr
os

y,
sy

ph
il

is
,

ya
w

s
(V

li
et

in
ck

et
al

.
19

95
)

R
w

an
da

M
yr

ic
oi

di
ne

,
di

hy
dr

om
yr

ic
oi

di
ne

(B
as

hw
ir

a
an

d
H

oo
te

le
19

88
)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
tC

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

)
L

an
ta

na
tr

if
ol

ia
A

ng
in

a,
go

no
rr

he
a,

he
pa

ti
ti

s,
le

pr
os

y,
m

al
ar

ia
(V

li
et

in
ck

et
al

.
19

95
),

C
hr

on
ic

co
ug

h
(K

is
an

gu
et

al
.

20
07

)

R
w

an
da

,
U

ga
nd

a,
T

an
za

ni
a

S
cu

te
ll

ar
ei

n-
7-

O
-b

-D
-a

pi
of

ur
an

os
id

e,
ce

lt
id

if
ol

in
e,

be
to

ny
os

id
e

F
,

ve
rb

as
co

si
de

,
va

ni
ll

ic
ac

id
,

pr
ot

oc
at

ec
hu

ic
ac

id
,

4-
hy

dr
ox

yb
en

zo
ic

ac
id

,
ca

ff
ei

c
ac

id
,

co
um

ar
ic

ac
id

,
m

ar
ty

no
si

de
,

S
cu

te
ll

ar
ei

n-
7-

O
-b

-D
-

gl
uc

op
yr

an
os

id
e,

so
rb

if
ol

in
,

sa
m

io
si

de
(J

ul
iã

o
et

al
.

20
10

)

Q
lt

ag
ai

ns
t

C
al

,
M

ca
,

M
m

e
(V

li
et

in
ck

et
al

.
19

95
),

Q
lt

ag
ai

ns
tC

al
,T

ru
,E

fc
,M

ca
(C

os
et

al
.

20
02

)
Q

lt
ag

ai
ns

t
C

al
(H

am
il

l
et

al
.2

00
3)

L
ip

pi
a

ja
va

ni
ca

F
ev

er
,

m
al

ar
ia

,
in

fl
ue

nz
a,

m
ea

sl
es

,
lu

ng
in

fe
ct

io
ns

,
as

th
m

a,
ch

ro
ni

c
co

ug
hs

an
d

pl
eu

ri
sy

,
sk

in
di

so
rd

er
s

st
in

gs
an

d
bi

te
s

(V
an

W
yk

et
al

.
19

97
)

S
ou

th
A

fr
ic

a
4-

et
hy

l-
no

na
co

sa
ne

,
(E

)-
2(

3)
-

ta
ge

te
no

ne
ep

ox
id

e,
m

yr
ce

no
ne

,
pi

pe
ri

te
no

ne
,a

pi
ge

ni
n,

ci
rs

im
ar

it
in

,
6-

m
et

ho
xy

lu
te

ol
in

40
-m

et
hy

l
et

he
r

(M
uj

ov
o

et
al

.
20

08
)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

L
ip

pi
a

ad
oe

ns
is

S
ki

n
di

se
as

es
in

cl
ud

in
g

ec
ze

m
a

an
d

su
pe

rfi
ci

al
fu

ng
al

in
fe

ct
io

ns
(A

ba
te

19
89

)

E
th

io
pi

a
/

Q
lt

ag
ai

ns
t

A
ni

,
C

al
,

T
m

e
(H

ai
lu

et
al

.
20

05
)

(c
o
n
ti
n
u
ed
)

128 J. P. Dzoyem and V. Kuete



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

L
ip

pi
a

re
hm

an
ni

i
H

.
P

ea
rs

on
G

as
tr

oi
nt

es
ti

na
l

an
d

re
sp

ir
at

or
y

ai
lm

en
ts

(L
in

de
et

al
.2

01
0)

S
ou

th
A

fr
ic

a
C

it
ra

lb
or

ne
ol

,
ca

m
ph

or
,

ne
ry

l
ac

et
at

e,
is

oc
ar

yo
ph

yl
le

ne
,

p-
cy

m
en

e,
b

-
ca

ry
op

hy
ll

en
e

an
d

b
-c

ar
yo

ph
yl

le
ne

ox
id

e
(L

in
de

et
al

.
20

10
)

Q
lt

ag
ai

ns
t

L
th

,
C

gl
,

A
al

,
P

di
,

A
ci

,
B

ci
,

F
ox

(L
in

de
et

al
.

20
10

)

V
it

ac
ea

e
R

ho
ic

is
su

s
tr

id
en

ta
ta

D
ia

rr
he

a,
m

is
ca

rr
ia

ge
s

(M
ab

og
o

19
90

).
A

bd
om

in
al

pa
in

s
an

d
sw

el
li

ng
s,

an
ti

-e
m

et
ic

s
in

ch
il

dr
en

,
br

ok
en

bo
ne

s,
cu

ts
,

ep
il

ep
sy

,
in

fe
rt

il
it

y,
m

en
or

rh
ag

ia
,

du
ri

ng
pr

eg
na

nc
y

to
en

su
re

a
sa

fe
de

li
ve

ry
,

re
na

l
co

m
pl

ai
nt

s,
sp

ra
in

ed
an

kl
es

,
st

om
ac

h
ai

lm
en

ts
,

an
d

so
re

s
(H

ut
ch

in
gs

et
al

.1
99

6;
V

an
W

yk
et

al
.

19
97

;
V

ea
le

et
al

.
19

92
)

S
ou

th
A

fr
ic

a,
T

an
za

ni
an

E
pl

ga
ll

oc
at

ec
hi

n,
ga

ll
oc

at
ec

hi
n,

ca
te

ch
in

hy
dr

at
e,

m
ol

li
sa

ca
ci

di
n,

ep
ic

at
ec

hi
n,

fi
se

ti
ni

do
l,

ep
ic

at
ec

hi
n-

3-
O

-g
al

la
te

,
pr

oc
ya

ni
di

n
B

3,
pr

oc
ya

ni
di

n
B

4,
S

it
os

te
ro

l
(B

ro
ok

es
an

d
K

at
so

ul
is

20
06

)

N
o

ac
ti

vi
ty

ag
ai

ns
t

C
al

(L
in

et
al

.
19

99
)

an
d

M
IC

of
12

5
l

g/
m

l
ag

ai
ns

tC
kr

(H
am

za
et

al
.2

00
6)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
,

C
kr

,
C

ne
(S

am
ie

et
al

.
20

10
)

4 Review of the Antifungal Potential of African Medicinal Plants 129



T
ab

le
4.

2
(c

on
ti

nu
ed

)
F

am
il

y
P

la
nt

s
sp

ec
ie

s
T

ra
di

ti
on

al
us

ed
A

re
a

of
pl

an
t

co
ll

ec
ti

on
P

ot
en

ti
al

ly
ac

ti
ve

co
m

po
un

ds
S

cr
ee

ne
d

ac
ti

vi
ty

Z
yg

op
hy

ll
ac

ea
e

B
al

an
it

es
ae

gy
pt

ia
ca

(L
.)

D
el

il
e.

M
ea

sl
es

(T
ab

ut
i

et
al

.
20

03
)

T
an

za
ni

a
N

-t
ra

ns
-f

er
ul

oy
lt

yr
am

in
e,

N
-c

is
-

fe
ru

lo
yl

ty
ra

m
in

e,
va

ni
ll

ic
ac

id
,

sy
ri

ng
ic

ac
id

,
3-

hy
dr

ox
y-

1-
(4

-
hy

dr
ox

y-
3-

m
et

ho
xy

ph
en

yl
)-

1-
pr

op
an

on
e

(S
ar

ke
r

et
al

.
20

00
)

Q
lt

ag
ai

ns
t

C
al

(D
eb

or
ah

et
al

.
20

06
)

P
eg

an
um

ha
rm

al
a

L
.

N
ar

co
ti

c
(B

ru
ne

to
n

20
09

),
ab

or
ti

f
(B

el
la

kh
da

r
19

97
;

N
at

h
et

al
.

19
93

)

E
gy

pt
H

ar
m

an
e,

H
ar

m
in

e,
H

ar
m

al
in

e,
H

ar
m

al
ol

(G
om

ah
20

10
),

di
pe

gi
ne

,
di

pe
gi

no
l

(F
as

kh
ut

di
no

v
et

al
.

20
00

)

M
IC

[
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
A

ni
(G

om
ah

20
10

)
10

0
\

M
IC

B
62

5
l

g/
m

l
ag

ai
ns

t
C

al
an

d
A

ni

Q
lt

:
qu

al
it

at
iv

e
an

al
ys

is
ba

se
d

on
th

e
di

am
et

er
of

in
hi

bi
ti

on
zo

ne
,

th
e

pe
rc

en
ta

ge
of

gr
ow

th
in

hi
bi

ti
on

or
th

e
bi

oa
ut

og
ra

ph
ic

T
L

C
M

ic
ro

or
ga

ni
sm

s:
A

ls
p:

A
lt

er
na

ri
a

sp
;

A
al

:
A

lt
er

na
ri

a
al

te
rn

at
a;

A
ci

:
A

lt
er

na
ri

a
ci

tr
i;

A
so

:
A

lt
er

na
ri

a
so

la
ni

;
A

fl:
A

sp
er

gi
ll

us
fla

vu
s;

A
fu

:
A

sp
er

gi
ll

us
fu

m
ig

at
us

;
A

ni
:

A
sp

er
gi

ll
us

ni
ge

r;
B

ci
:

B
ot

ry
ti

s
ci

ne
re

a;
C

al
:C

an
di

da
al

bi
ca

ns
;

C
gl

:C
an

di
da

gl
ab

ra
ta

;
C

gu
:

C
an

di
da

gu
il

li
er

m
on

di
i;

C
ke

:
C

an
di

da
ke

fy
r;

C
kr

:
C

an
di

da
kr

us
ei

;
C

lu
:

C
an

di
da

lu
si

ta
ni

ae
;

C
pa

:C
an

di
da

pa
ra

ps
il

os
is

;
C

ps
:

C
an

di
da

ps
eu

do
tr

op
ic

al
is

;
C

tr
:C

an
di

da
tr

op
ic

al
is

;
cz

e:
C

an
di

da
ze

yl
an

oi
de

s;
C

ls
p:

C
la

do
sp

or
iu

m
;

C
cl

:
C

la
do

sp
or

iu
m

cl
ad

os
po

ri
oi

de
s;

C
cu

:
C

la
do

sp
or

iu
m

cu
cu

m
er

in
um

;
C

he
:

C
oc

hl
io

bo
lu

s
he

te
ro

st
ro

ph
us

;
C

gl
:

C
ol

le
to

tr
ic

hu
m

gl
oe

os
po

ri
oi

de
s;

C
ne

:
C

ry
pt

oc
oc

cu
s

né
of

or
m

an
s;

E
fl:

E
pi

de
rm

op
hy

to
n

flo
cc

os
um

;
F

cu
:

F
us

ar
iu

m
cu

lm
or

um
;

F
ox

:
F

us
ar

iu
m

ox
ys

po
ru

m
;

F
so

:
F

us
ar

iu
m

so
la

ni
;

F
us

p:
F

us
ar

iu
m

sp
;

G
ca

:
G

eo
tr

ic
hu

m
ca

nd
id

um
;

H
sp

:
H

el
m

in
th

os
po

ru
m

sp
;

L
th

:
L

as
io

di
pl

od
ia

th
eo

br
om

ae
;

M
fu

:
M

al
as

se
zi

a
fu

rf
ur

;
M

au
:

M
ic

ro
sp

or
um

au
do

ui
ni

i;
M

bo
:

M
ic

ro
sp

or
um

bo
ul

ar
di

i;
M

ca
:

M
ic

ro
sp

or
um

ca
ni

s;
M

gy
:

M
ic

ro
sp

or
um

gy
ps

eu
m

;
M

la
:

M
ic

ro
sp

or
um

la
ng

er
on

ii
;

M
m

e:
M

ic
ro

sp
or

um
m

en
ta

gr
op

hy
te

s;
M

na
:

M
ic

ro
sp

or
um

na
nu

m
;

M
us

p:
M

uc
or

sp
;

P
di

:
P

en
ic

il
li

um
di

gi
ta

tu
m

;
P

es
p:

P
én

ic
il

li
um

sp
;

P
hs

p:
P

ho
m

a
sp

.;
P

cr
:P

hy
-

to
ph

th
or

a
cr

yp
to

ge
a;

P
hy

sp
:

P
hy

to
ph

th
or

a
sp

;
P

te
:

P
yr

en
op

ho
ra

te
re

s;
P

ul
:

P
yt

hi
um

ul
ti

m
um

;
R

so
:

R
hi

zo
ct

on
ia

so
la

ni
;

R
ru

:
R

ho
do

to
ru

la
ru

br
a;

R
os

p:
R

ho
do

to
ru

la
sp

;
Sc

e:
Sa

cc
ha

ro
m

yc
es

ce
re

vi
si

ae
;

Ss
p:

Sc
ed

os
po

ri
um

sp
;

Sr
o:

Sc
le

ro
ti

um
ro

lf
si

i;
Sb

r:
Sc

op
ul

ar
io

ps
is

br
ev

ic
au

li
s;

Sc
h:

Sp
or

ot
hr

ix
sc

he
nk

ii
;

T
co

:
T

ri
ch

op
hy

to
n

co
nc

en
tr

um
;

T
T

m
e:

T
ri

ch
op

hy
to

n
m

en
ta

gr
op

hy
te

s;
T

lo
:T

ri
ch

op
hy

to
n

lo
ng

if
or

m
is

;
T

ru
:

T
ri

ch
op

hy
to

n
ru

br
um

;
T

so
:

T
ri

ch
op

hy
to

n
so

ud
an

en
se

;
T

ss
p:

T
ri

ch
os

po
ro

n
sp

;
vi

:
T

ri
ch

od
er

m
a

vi
ri

de

130 J. P. Dzoyem and V. Kuete



Apocynaceae, several of them have been documented for their inhibitory effects
against some fungal species. This include Acokanthera schimperi, Pleioceras
barteri, Tabernaemontana crassa, Calotropis procera, Crassocephalum multi-
corymbosum, and Xysmalobium undulatum (Vlietinck et al. 1995; Cos et al. 2002;
Hailu et al. 2005; Kuete 2005; Buwa and Van Staden 2006; Aladesanmi et al.
2007; Kareem et al. 2008) (Table 4.2).

4.5.4 Asteraceae

The Asteraceae or Compositae is an exceedingly large and widespread family of
vascular plants. Plants of this family are known to have a variety of pharmaco-
logical activities. The antifungal potential numbers of them are reported
(Tomczykowa et al. 2008; Thembo et al. 2010; Nazaruk et al. 2010; Tabanca et al.
2011; Latha et al. 2011). Some African plants of this family with reported anti-
fungal effects include Erigeron floribundus, Laggera brevipes, Solanecio mannii,
Vernonia adoensis, and V. aenulans, V. amygdalina (Vlietinck et al. 1995; Cos
et al. 2002; Kisangu et al. 2007; Okigbo and Mmeka 2008; Tra Bi et al. 2008;
Teinkela et al. 2010) (Table 4.2).

4.5.5 Burseraceae

Burseraceae is a moderate-sized family of 17–18 genera and about 540 species of
flowering plants. Within this family, several plants of the genus Boswellia from
South Africa were found to have antifungal properties against C. albicans (Van-
Vuuren et al. 2010). However, this activity was rather found to be weak with MIC
values above 625 lg/ml (Table 4.2).

4.5.6 Combretaceae

Combretaceae is a family of flowering plants in the order Myrtales. The family
includes about 600 species of trees, shrubs, and lianas in 18 genera. The family
includes the leadwood tree, Combretum imberbe. Three genera, Conocarpus,
Laguncularia and Lumnitzera, grow in mangrove habitats (Lumnitzera 2010).
Plants of the family Combretaceae are known to possess medicinal purposes. The
antifungal potencies of some of them found in all part of the world are docu-
mented. This is one of the most investigated plant families in Africa in terms of
antifungal activities. Some of the reported antifungal plants of this family include
Anogeissus leiocarpus, Combretum fragrans, C. glutinosum, C. hispidum
C. kaiserana, C. molle, C. nigricans, C. psidioides, C. sericea, C. vendae,
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C. zeyheri, Pteleopsis suberosa, Terminalia avicennioides, T. brachystemma,
T. gazensis, T. glaucescens, T. laxiflora, T. macroptera, T. mollis, T. prunioides,
T. sambesiaca, and T. Burchex (Baba-Moussa et al. 1999; Fyhrquist et al. 2002;
Batawila et al. 2005; Masoko et al. 2005; Deborah et al. 2006; Mainen et al. 2006;
Liu et al. 2009; Samie et al. 2010) (Table 4.2). Many plants of this family
exhibited moderate to good antifungal activities (Table 4.2) on several fungal
species. Combretum vendae exhibited a significant antifungal activity
(MIC \ 100 lg/ml) against M. Canis and C. neoformans (Suleiman et al. 2010).

4.5.7 Euphorbiaceae

Euphorbiaceae is a large family of flowering plants with 300 genera and around
7,500 species. Most are herbs, but some, especially in the tropics, are also shrubs
or trees. Some are succulent and resemble cacti (http://en.wikipedia.org/wiki/
Euphorbiaceae). Though good numbers of medicinal plants of the family
Euphorbiaceae have been studied in Africa (Table 4.2), few researchers empha-
sized on the extent of their antifungal activities. However, qualitative evaluation
revealed the inhibitory activity of Clutia abyssinica, Euphorbia grantii, E. hirta,
Macaranga kilimandscharica against C. albicans, M. canis, M. mentagrophytes,
T. rubrum, and Epidermophyton floccosum (Vlietinck et al. 1995; Cos et al. 2002),
Flueggea virosa, Jatropha curcas, and Abrus precatorius against C. albicans
(Deborah et al. 2006; Kisangu et al. 2007).

4.5.8 Fabaceae

The Fabaceae or Leguminosae, commonly known as the legume, pea, or bean
family, is a large and economically important family of flowering plants. The
group is the third largest land plant family, behind the Orchidaceae and Aster-
aceae, with 730 genera and over 19,400 species (Stevens 2001). Several plants of
these families are known to have a variety of medicinal purposes including
antifungal effects (Lopes et al. 2011; Mikaeili et al. 2011). Qualitative activities
were reported for Abrus precatorius against C. albicans (Deborah et al. 2006),
Burkea africana against C. albicans and C. cucumerinum (Diallo et al. 2001),
Cajanus cajan against C. albicans, M. canis, Microsporum mentagrophytes
(Vlietinck et al. 1995), Erythrina abyssinica, Glycine javanica, Indigofera
arrecta against C. albicans, M. Canis, and M. mentagrophytes (Vlietinck et al.
1995).
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4.5.9 Guttiferae

The Clusiaceae or Guttiferae is a family of plants formerly including about 37
genera and 1,610 species of trees and shrubs, often with milky sap and fruits or
capsules for seeds (Gustafsson et al. 2002). Some of the reported antifungal plants
of this family from Africa include Allanblackia florinbunda, Garcinia kola,
Garcinia smeathmanii, Harungana madagascariensis, Psorospermum febrifugum,
and Vismia guineensis (Kisangu et al. 2007; Kuete et al. 2007b; Mbaveng et al.
2008a; Pieme et al. 2008; Okigbo and Mmeka 2008). Significant activity with MIC
values below 100 lg/ml was reported with leaves, bark, and roots methanol extract
of V. guineensis on C. albicans, T. mentagrophytes, T. rubrum (Mbaveng et al.
2008a) meanwhile G. smeathmanii exhibited a moderate activity against
C. albicans, C. glabrata, C. krusei (Kuete et al. 2007b).

4.5.10 Moraceae

Moraceae, often called the mulberry family or fig family, are a family of flowering
plants comprising about 40 genera and over 1,000 species. Several genus of this
family were reported for their antifungal properties, the most represented being
Dorstenia, Ficus, Morus, Artocarpus etc. (Aref et al. 2010; Jagtap and Bapat 2010;
Mokoka et al. 2010; Kuete et al. 2007f, 2011). Several plant extracts from the
genus Dorstenia, Ficus, Morus, and Treculia significantly (MIC values below
100 lg/ml) inhibited the growth of many fungi such as C. albicans, C. glabrata,
C. Krusei and M. audouinii (Table 4.2).

4.5.11 Other Most Investigated Plant Families:
Podocarpaceae, Rubiaceae, Rutaceae,
and Verbenaceae

Podocarpus is the well-investigated genus of the family Podocarpaceae, and
several taxons such as P. elongatus, P. falcatus, P. henkelii, and P. latifolius
showed significant antifungal activity against C. albicans (Abdillahi et al. 2008)
(Table 4.2). Within the family Rubiaceae, plants such as Massularia acuminate,
Morinda lucida, and Pavetta spp were also reported to have antifungal activities
against many fungal species (Cos et al. 2002; Aladesanmi et al. 2007; Pieme et al.
2008), though the reported data were rather qualitative. Some plants of the families
Rutaceae and Verbenaceae were also reported for their antifungal activities.
However, the effects published were either qualitative, or moderately active
(Table 4.2).
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4.6 Antifungal Natural Products of African Medicinal
Plants

Plants are rich sources of bioactive secondary metabolites of wide variety such as
tannins, terpenoids, saponins, alkaloids, flavonoids, and other compounds, reported
to have in vitro antifungal properties (Arif et al. 2009). Since the plant kingdom
provides a useful source of lead compounds of novel structure, a wide-scale
investigation of species from the tropics has been considered. Therefore, the
research on natural products and compounds derived from natural products has
accelerated in recent years due to their importance in drug discovery (Arif et al.
2009). A series of molecules with antifungal activity against different strains of
fungus have been found in plants, which are of great importance to humans.
Numbers of scientific data were published providing the scientific evidence of
African medicinal plants, most of them dealing with crude extracts. However,
some African scientists put more emphasis on phytochemical studies of antimi-
crobial extracts and documented some compounds, belonging mostly to two main
groups of secondary metabolites, namely phenolics and alkaloids for their anti-
fungal activities. Compounds belonging to terpenoids rather showed poor anti-
fungal inhibitory effects. In the present review, the classification criteria for the
activity that will as previously documented follows: significant activity
(MIC \ 10 lg/ml), moderate (10 \ MIC B 100 lg/ml), and low or negligible
(MIC [ 100 lg/ml) (Kuete 2010; Kuete and Efferth 2010).

4.6.1 Terpenoids

Terpenoids are the largest and most widespread class of secondary metabolites,
mainly in plants and lower invertebrates. A few of them have been used for
therapeutic purposes for centuries; but in recent decades the level of research
activity in isolating and studying new terpenoids has shown no sign of abation (De
las Heras et al. 2003). Generally, terpenoids have low antimicrobial potentials,
compared to phenolic compounds. Nevertheless, some of the terpenoids such as
the cymbopogonol and citral showed antifungal activity against C. albicans
(Ragasa et al. 2008). Also, the hardwiickic acid, isolated from Irvingia gabonensis
presented moderate activity on many other bacterial species and Candida spp
(Kuete et al. 2007c).

4.6.2 Phenolic Compounds

Flavonoids isolated from African medicinal plants have been reported for their
antimicrobial activities (Fig. 4.1). Amongst them are chalcones, flavones, and
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isoflavones. Prenylated chalcones compounds such as angusticornin B (1) and
bartericin A (2), stipulin (3) were reported to be very active against C. albicans,
C. glabrata, and C. krusei (Kuete et al. 2007d). Mbaveng et al. (2008b) also
demonstrated the antifungal activity of kanzonol C (4), isobavachalcone (5),
4-hydroxylonchocarpin (6). MIC below 2 lg/ml was reported for compound 2
against C. albicans, C. glabrata, and C. krusei (Kuete et al. 2007d). Aryl-
benzofurans (Fig. 4.1) were isolated from Morus mesozygia, moracin T (7) was
very active (MIC of 10 lg/ml) against C. albicans (Kuete et al. 2009).

Naphthoquinones isolated from African plants were reported for their activities
against fungi (Fig. 4.1). MIC \ 10 lg/mL were documented for many of them
including 2-acetylfuro-1,4-naphthoquinone (8) against C. albicans and C. glabrata
(Kuete and Efferth 2010). Several other quinones (Fig. 4.1) also demonstrated
significant antifungal activities namely newbouldiaquinone A (9), plumbagin (10),
and vismiaquinone (11) (Dzoyem et al. 2006a, 2007; Kuete et al. 2007a, g). MIC
values below 25 lg/ml for plumbagin were reported on C. albicans, C. glabrata,
C. krusei, C. tropicalis, Cochliobolus heterostrophus, Aspergillus flavus, A. niger,
Geotrichum candidum, and Microsporum gypseum (Dzoyem et al. 2006a, b and
2007). A xanthones (Fig. 4.1) isolated from Garcinia smeathmanii (Kuete et al.
2007b) named cheffouxanthone (12) showed good activity against C. albicans,
C. glabrata and C. krusei (Kuete et al. 2007b).

4.6.3 Alkaloids

Compared with phenolics, very few antifungal alkaloids have been isolated so far
from African medicinal plants. This is due to the fact that few numbers of plants
families contain this class of compounds (Bruneton 1999). Four of the most active
antifungal alkaloids reported so far from the medicinal plants of Africa include
norcassaide (13) and norerythrosuaveolide (14) isolated from Erythrophleum
suaveolens and reported to have significant inhibitory (MIC \ 10 lg/mL) activi-
ties against C. albicans and C. krusei (Ngounou et al. 2005) as well as dehyd-
rocorydalmine (15) and palmatine (16) from Tabernaemontana crassa with
significant effects C. krusei (Kuete 2005).

4.7 Conclusions

The present chapter brings some insight on the state-of-art in the potential of
medicinal plant research in Africa as antifungal agent, on the basis of published
works available in Pubmed, Sciendirect, Scopus, Web of Knowledge, Scirus, and
so on. It highlights the efforts made by researchers from African countries.
However, the study of the mechanism of action is still at a very preliminary phase.
This gap is to be taken as a challenge for the near future.
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Chapter 5
Natural Products as Potential Resources
for Antifungal Substances: A Survey

Mahmud Tareq Hassan Khan

Abstract Due to many reasons, potent and new antifungal agents are still
required, especially for the large populations of immunocompromised patients; it
is lifesaving to protect them from systemic infections. Scientists around the globe
are hunting for new and potent antifungal molecules. Nature as well as ethno-
medicine thought to be a very good source of novel molecules not only against
fungal infections, but also against many other clinical complications, like cancers
and so on. This chapter puts some emphasis on and discusses about the natural
products as source of antifungal agents.

5.1 Introduction

All the way through the history and across the globe, the plant kingdom has
provided a variety of medicines. In the modern era, plants have been a source of
analgesics, anti-inflammatory, anticancer molecules, substances for asthma, anti-
arrhythmic agents, and antihypertensive. Plants with antimicrobial activity are also
known to be numerous, yet prior to a decade ago, minimal research had been
conducted in the area of antifungal medicinal plants (Webster et al. 2008).

The requirements for new antifungal agents remain, driven by devious infec-
tions in immunocompromised patients and by the development of resistance to
existing agents (Jacob and Walker 2005). The incidence and prevalence of inva-
sive fungal infections have dramatically increased in recent years due to a
remarkable elevation in the number of immunocompromised patients and those
hospitalized in intensive care units (ICUs) (Arendrup et al. 2005; Enoch et al.
2006; Espinel-Ingroff 2009). In addition, the mortality and morbidity of these
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infections are quite substantial. The most common fungal pathogens continue to be
the species of Candida and Aspergillus (Arendrup et al. 2005; Lass-Florl et al.
2005; Pfaller and Diekema 2007; Espinel-Ingroff 2009).

Although the current antifungal therapies for invasive fungal infections have
been significantly improved, the outcome is still unsatisfactory because of the
limited target sites available for antifungal drug design, the development of
resistance to current antifungals, and the problems of early diagnosis. Recent
advances in the development of new antifungals, although still in the investiga-
tional stages, offer some new hope of improving the future of antifungal therapy
(Vazquez 2007; Zhai and Lin 2011).

Several studies investigating the antifungal susceptibility of clinical strains of
Candida species implied emergence of new resistant strains (Resende and Resende
1999). Disseminated cryptococcosis affects a more limited percentage of patients
(6–8 %), yet is still a serious life-threatening condition (Chen et al. 1996; Fostel
and Lartey 2000; Fortes et al. 2008).

Natural products propose virtually an unlimited source of novel and diverse
bioactive compounds and not only serve as a reservoir for new potential drugs and
drug prototypes, but also for probes of fungal biology (Jacob and Walker 2005).

This chapter highlights a critical survey on scientific reports on antifungal
substances identified in plants and natural products.

5.2 Antifungal Agents: Present Status

In the United States, only limited numbers of antifungal drugs belonging to three
major classes, that is, polyenes, pyrimidines, and azoles, are currently approved by
the Food and Drug Administration (FDA) for the therapy of systemic fungal
infections. Some drugs belonging to other classes are also approved as topical
antifungal drugs (Dismukes 2012). The use of standard antifungal therapies
encounters many challenges due to their toxicities, limited routes of administra-
tion, low efficacy rates, and drug resistance. Various new antifungal agents have
now provided good alternatives for overcoming the limitations of current treat-
ments (Gupta and Tomas 2003). The azole antifungal agents represented a major
advance in the management of systemic fungal infections (Dismukes 2012) over
the past two decades. In contrast to miconazole, the first azole drug to be approved,
the three oral azoles, that is, ketoconazole, itraconazole and fluconazole, have been
frequently used as alternatives to amphotericin B (Hoesley and Dismukes 1997;
Kauffman and Carver 1997a, b). These antifungals received major attention due to
broad spectrum of activity against common fungal pathogens from pathogenic
yeasts, that is, Candida species and Cryptococcus neoformans to dimorphic true
pathogens (Blastomyces dermatitidis, Histoplasma capsulatum, Coccidioides
immitis, Paracoccidioides brasiliensis), Sporothrix schenckii, and Aspergillus
species (Dismukes 2012). Among the oral azoles, fluconazole is a drug of choice
due to possessing high bioavailability, high water solubility, low levels of protein
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binding, wide distribution into body tissues and fluids, especially cerebrospinal
fluid and urine, and long half-life (Grant and Clissold 1989, 1990; Goa and Bar-
radell 1995). In addition, fluconazole and itraconazole are better tolerated and
more effective than ketoconazole (Dismukes 2012).

Due to the escalation of HIV, opportunistic fungal pathogens have become a
common source of morbidity and mortality (Garbino et al. 2001). Consequently,
the frequency of opportunistic infections, including fungal infections, has also
increased (Bathoorn et al. 2013). Therefore, antifungal therapy is playing a greater
role in health care, and the screening of traditional plants in search of novel
antifungals is now more frequently performed (Motsei et al. 2003).

5.3 Traditional Medicine Against Fungal Infections

Tendency toward use of herbal drugs has dramatically increased due to a large
number of drawbacks in synthetic antifungal drugs (Meena et al. 2009). Recent
interests in traditional pharmacopoeias have meant that scientists around the globe
are concerned not only with determining the scientific rationale for the usage of
plants, but also with the discovery of novel compounds with pharmaceutical values
(Fennell et al. 2004). Instead of depending on ‘‘trial and error,’’ as in random
screening procedures, knowledge from ethnomedicinal or traditional medicines
helps researchers to target plants that may be medicinally beneficial (Cox and
Balick 1994). An estimated number of 122 drugs from 94 plant species have been
discovered through ethnobotanical studies (Fabricant and Farnsworth 2001).

Several plants are used by traditional healers in the treatment for oral candi-
diasis (Fennell et al. 2004). Extracts were tested for antifungal activity against
Candida albicans in a microdilution assay (Fennell et al. 2004). This assay is
widely used and is a well-recognized technique in the screening of plants for
antimicrobial activity (Espinell-Ingroff and Pfaller 1995). Aqueous extracts from
Tulbaghia violacea Harv., Allium sativum L. (both are from the Family Alliaceae),
Polygala myrtifolia L. (Family Polygalaceae), and Glycyrrhiza glabra L. (Family
Fabaceae) exhibited activity with minimal inhibitory concentration (MIC) values
between 6.25 and 12.5 mg/ml (Motsei et al. 2003).

5.4 Plant and Plant Extracts Against Fungi and Fungal
Infections: Examples

Johann et al. (2007) reported the antifungal properties of extracts from eight
Brazilian plants traditionally used in popular Brazilian medicines against five
clinically relevant Candida species, C. neoformans, and S. schenckii. Their results
demonstrated that all the extracts possessed antifungal activities. The ethanolic
extract from the leaves from Schinus terebinthifolius exhibited potential antifungal
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activity against both the fungi. Authors also reported preliminary phytochemical
analyses of the extract of S. terebinthifolius which exhibited the presence of
biologically active compounds, like saponins, flavonoids, triterpenes, steroids, and
tannins.

During 2008, Bansod and Rai screened and reported the antifungal activities of
essential oils extracted from fifteen medicinal plants against Aspergillus fumigatus
and A. niger (Bansod and Rai 2008). Utilizing agar diffusion method, authors
measured the minimum inhibitory concentrations (MICs) of oils against the fungi.
Their results exhibited that the maximum antimycotic activity was demonstrated
by oils from Cymbopogon martini, Eucalyptus globulus, and Cinnamomum zy-
lenicum when compared to control, followed by Cymbopogon citratus which
showed activity similar to control (miconazole nitrate). The oils from Mentha
spicata, Azadirachta indica, Eugenia caryophyllata, Withania somnifera, and
Zingiber officinale showed moderate activities, and oils from Cuminum cyminum,
Allium sativum, Ocimum sanctum, Trachyspermum copticum, Foeniculum vulgare,
and Elettaria cardamomum exhibited comparatively lower antifungal activities
(Bansod and Rai 2008).

The total extracts from the aerial parts of Senecio aegyptius var. discoideus
Boiss (Family Asteraceae) exhibited very good antifungal activity against C.
albicans and Saccharomyces cerevisiae. A new eremophilane sesquiterpene,
1-beta-hydroxy-8-oxoeremophila-7,9-dien-12-oic acid, in addition to two known
flavonol glycosides, rutin and quercetin-3-O-glucoside-7-O-rutinoside, has been
isolated from the ethyl acetate fraction obtained from the aqueous alcoholic extract
of the plant (Hassan et al. 2012).

5.5 Antifungal Compounds from Natural Resources

Medicinal plants have been a source of wide variety of biologically active com-
pounds for many centuries and used extensively as crude material or as pure
compounds for treating various disease conditions (Arif et al. 2009, 2011). There
are number of compounds isolated and reported from plants to be moderate to
potent antifungal.

Phenolic acid derivatives—crassinervic acid (structure shown in Fig. 5.1), ad-
uncumene, hostmaniane and gaudichaudianic acid—have been isolated and
reported from Piper crassinervium, Piper aduncum, Piper hostmannianum, and
Piper gaudichaudianum, respectively, reported to show fungitoxic properties
(Lago et al. 2004). Eriosemaones A–D (structures are shown in Fig. 5.1) exhibited
good antifungal activities (Ma et al. 1995). Constituents from Croton hutchin-
sonianus, and pinosylvin (structure shown in Fig. 5.1), a constituent of pine,
showed growth inhibitory activity against C. albicans and S. cerevisiae (Ath-
ikomkulchai et al. 2006).

Flavonoids isolated from the stem bark of Erythrina burtii were reported for
antifungal activity (Yenesew et al. 2005). The compound 4-methoxy-5,7-
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dihydroxyflavone 6-C-glucoside (isocytisoside) isolated from the leaves and stems
of Aquilegia vulgaris exhibited activities against A. niger (Bylka et al. 2004).

The compound petalostemumol (structure is shown in Fig. 5.1) from Petalos-
temum purpureum showed strong antifungal activity against many pathogenic
fungi (Hufford et al. 1993). Galangin (structure shown in Fig. 5.1), derived from
the perennial herb Helichrysum aureonitens, exhibited antifungal activities against
wide range of fungi (Afolayan and Meyer 1997).

O O

O OH

Fig. 5.1 Molecular structures of some antifungal compounds reported in literatures (Hufford
et al. 1993; Ma et al. 1995; Afolayan and Meyer 1997; Lago et al. 2004; Athikomkulchai et al.
2006; Rahman et al. 2007; Svetaz et al. 2007; Arif et al. 2009, 2011)
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Some of the representative compounds with antifungal activities and their
structures are shown in Fig. 5.1.

The compound N-trans-feruloyl-4-methyldopamine (structure shown in
Fig. 5.1) has been isolated from Achyranthes ferruginea and was reported to be
active against a broad range of fungi (Rahman et al. 2007).

The antifungal chromenes, methyl 2,2-dimethyl-2H-1-chromene-6-carboxylate
and methyl 2,2-dimethyl-8-(30-methyl-20-butenyl)-2H-1-chromene-6-carboxylate,
have been isolated and reported from the leaves of Piper aduncum (Tan et al.
1996a, b).

The compounds iridodial b-monoenol acetate, from Nepeta leucophylla, and
actinidine from N. clarkei were found to be endowed with antifungal activities
(Saleh et al. 2006).

Anofinic acid and fomannoxin acid (structure shown in Fig. 5.1) from Gentiana
algida were found to be active against fungi (Arif et al. 2009, 2011).

The antifungal activity of Artemisia herba-alba was found to be associated with
two major volatile compounds as carvone and piperitone (Vollekova et al. 2003).

The compounds 20,40-dihydroxy-30-methoxychalcone and 20,40-dihydroxychal-
cone (structures shown in Fig. 5.1) have been isolated from the dichloromethane
fraction of Zuccagnia punctata found to have antifungal properties (Svetaz et al.
2007).

5.6 Conclusion

In the concluding remarks, Fennel et al. (2004) in their review mentioned that
in vitro screening programs, using the ethnomedicinal approaches, are important in
validating the traditional use of herbal remedies and for providing leads in the
search for new active principles (Fennell et al. 2004). Whereas, activity identified
by in vitro tests do not necessarily confirm that plant extracts are effective med-
icines, nor a suitable candidate for drug development, though it does provide basic
understanding of a plant’s efficacy and, in some cases toxicity, in a traditional
herbal remedy (Fennell et al. 2004).

Most of the numerous compounds with proven antifungal activity are at the
in vitro or animal models of efficacy stages. Therefore, further investigation should
be carried out to realize the true efficacy of these compounds in clinic (Espinel-
Ingroff 2009). According to Denning and Hope (2010), the critical characteristic
for a new antifungal drug is oral bioavailability in treatment for invasive asper-
gillosis, invasive candidiasis, cryptococcal meningitis, and mucosal and urinary
Candida infections. They implied that beyond antifungal drug resistance as a
major problem, early mycological diagnosis and improvements in underlying risk
estimation enable the clinicians to improve outcomes.

Among seven classes of antifungal agents currently available only three classes
including polyenes, azoles, and echinocandins are suitable for treatment of sys-
temic infections. ‘‘None match all the characteristics of an ideal agent, the Holy
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Grail of antifungal therapy’’ (Chapman et al. 2008). Academia and industry need
to collaborate in the search for new lead antifungal molecules using traditional and
the new pharmacogenomics methods. Enhancing efficacy and reducing toxicity of
the currently available antifungal agents may also consider as another important
aspect of the study (Chapman et al. 2008).
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Chapter 6
Recent Advances on Medicinal Plants
with Antifungal Activity

María Pilar Gómez-Serranillos, Olga María Palomino,
María Teresa Ortega and María Emilia Carretero

Abstract Fungi are ubiquitous in the environment, and fungal infections have
become more frequent. Medicinal plants are well-known natural sources for the
treatment of various diseases since antiquity; in fact, despite emphasis being put in
research of synthetic drugs, the body of literature identifying the antifungal
potential of many traditional plants is growing mainly due to the fact that a lot of
synthetic drugs are potentially toxic and are not free of side effects on the host.
This chapter reviews the potential efficacy of natural products, either pure com-
pounds, or plant extracts that provide unlimited opportunities to provide safe and
efficient antifungal drugs.

Keywords Mycosis � Antifungal � Medicinal plants

6.1 Introduction

Human medicine has experienced a great development during the last decades;
nonetheless, infections caused by microorganisms are still the cause of millions of
human diseases. Those that are caused by fungi are called mycoses and show a
wide variety of clinical signs; they usually represent painless subacute or chronic
illness that begins after having contact with an environmental reservoir or from the
patient’s own flora. According to the affected area they can be classified as
superficial, subcutaneous, or deep mycoses (Brandt and Warnock 2003).

When infection begins in healthy people it usually affects superficial areas such
as the skin, hair, or nails; they are benign and are frequently solved spontaneously.
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They represent a major problem in those patients suffering from an impaired
immunological system such as AIDS or immunosuppressive therapy because they
may affect deeper tissues such as airways, kidneys, heart, or central nervous
system (CNS) and even cause death (Ascioglu et al. 2002; Itin and Battegay 2012).
The distribution of microorganism along the whole body may cause septicemia
(Pemán and Salavert 2012).

Candida sp. represents the most frequent pathogenic fungi in human beings,
mainly C. albicans (Calderone 2002; Sobel 2007). They cause diseases known as
candidiasis that may affect oral cavity, sexual and deeper organs; they also may
become chronic diseases in immunodeficient patients.

The oropharyngeal candidiasis itself is not clinically significant, but could be
the focus of spread to other tissues or organs such as esophagus and interfere with
normal nutrition or medicines intake.

Other interesting fungus because of being the cause of 25 % of fungal infections
in humans is Aspergillus sp. (Calderone 2002; Sobel 2007; Karkowska-Kuleta
et al. 2009; Chakrabarti and Singh 2011; Rotta et al. 2012); it usually affects
superficial tissues such as impaired skin, nose, or ear ducts.

Dermatophytes such as Microsporum, Epidermophyton, and Trichophyton
affect keratinized tissues of the organism (skin, nails, hair, or toes). These
pathogens cause dermatophytoses (or tineas) that are not life threatening but are
sometimes difficult to eradicate and may extend up to inflammatory lesions.

Deep mycoses with greater relevance are also systemic candidiases (C. albi-
cans), aspergilloses (A. fumigatus, A. flavus, A. niger, A. terreus), or cryptococ-
coses (Cryptococcus neoformans) that may induce meningitis. Tropical areas are
also affected by several other microorganisms that originate deep mycoses
(Calderone 2002; Sobel 2007).

Therapeutic approach includes oral, intravenous, or topical medicines that
modify the structure of the fungal cell wall by increasing its permeability (Walsh
et al. 2008; Fortún 2011; Rotta et al. 2012). Amphotericin B, azolic drugs
(fluconazole, ketoconazole), and enzymatic inhibitors such as caspofungin are
some examples. The similar characteristics found between human cells and fungus
derived from their eukaryotic nature makes it necessary to develop new molecules
that are efficient in eliminating the pathogen but not affect human cells. The
existence of polymorphic forms, such as yeast, plain cells, round cells, hyphae,
pseudohyphae, spherulas, isolated cells, or mixed forms also creates difficulty in
the development of an efficient drug.

Apart from the secondary effects and pharmacological interactions that may
happen, chronic treatment may induce resistance (Pfaller 2012). As with several
other diseases, developing countries are specially affected by mycoses due to the
lack of specific effective medicines and the emergence of drug resistances.

All the above explained justify the need for having a wide range of molecules
with proven antifungal efficacy and improved security.

Herbal remedies have been used since ancient times to treat fungal diseases,
among others; many of them are still in the use in several traditional medicines,
but most of them are lacking experimental assays that prove their antifungal
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efficacy. So ethnopharmacological knowledge may represent a good source for
safe and efficient antifungal drugs.

This chapter reviews the last advances in antifungal plants and their bioactive
metabolites. A literature research was carried out including the last 10 years on the
antifungal activity of plants and their active principles in the database Medline.
The following keywords were applied: ‘‘antifungal; medicinal plant’’; ‘‘antifungal;
herbal’’; ‘‘antifungal; medicine plant’’; publication year 2002–2012; language
English, French, or Spanish.

6.2 Recent Trends on Antifungal Properties of Medicinal
Plants

6.2.1 Medicinal Plants with Antifungal Properties

Articles included in this chapter evaluate the in vitro or in vivo antifungal activity
of herbal products in humans or experimental animals. Results are shown in
Table 6.1; plants are listed under their botanical family that are alphabetically
ordered; the used part, extract (or active principle), tested microorganism, and
antifungal efficacy for each species are included, together with their bibliographic
reference.

Some of the articles refer to the assay of antifungal activity of a high number of
plants; only those species showing the strongest activity has been included in the
table.

More than one thousand scientific publications have been found that fulfill any
of the search criteria. Among them, there are 180 articles which have been selected
because they completely fulfilled the scope of this chapter.

There are 91 botanical families representing 223 different species that have
been recorded. Fabaceae is the one that contains the highest number of active
species (23), followed by Asteraceae (15) and Lamiaceae. Finally, Schinus tere-
binthifolius Raddi (Anacardiaceae) and Piper regnelli (Miq) CDC (Piperaceae) are
the species that have been the focus of the highest number of research works (but
only three in each case) and demonstrated a potent antifungal activity.

No clinical trials with good quality have been found to prove antifungal efficacy
of herbal products.

Most of the published studies refer to the efficacy toward pathogenic fungi in
humans, mainly against Candida sp. A panel of standardized pathogenic yeasts
and filamentous fungi such as Trichophyton mentagrophytes, Epidermophyton
floccosum, Aspergillus niger, and Fusarium solani is also included in the tests.
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6.2.2 In vitro Methods Used to Study Antifungal Properties
of Medicinal Plants

The experimental methods usually evaluate the antifungal activity of natural
products based on the inhibition of growth of several pathogenic fungi. There are
several methods for detecting activity, but since they do not posses equal sensi-
tivity or are not based upon the same principle, results will be greatly influenced by
the method.

The antifungal test methods are classified into three main groups, i.e., diffusion,
dilution, and bioautographic methods. It should be emphasized that many research
groups have modified these methods for specific samples, such as essential oils and
non-polar extracts and these small modifications make it almost impossible to
directly compare results. It is, therefore, a ‘must’ to include at least one, but
preferentially several reference compounds in each assay.

6.2.2.1 Agar-Diffusion Methods

In the diffusion technique, the tested sample at a known concentration is brought
into contact with an inoculated medium and the diameter of the clear zone around
it is measured at the end of the incubation period.

The tested sample is placed on the medium as filter paper discs (disc diffusion,
DD), or stainless steel cylinders placed on the surface and holes punched in the
medium (agar well-diffusion bioassay, AWDA). The hole-punch method is the
only suitable diffusion technique for aqueous extracts, because interference by
particulate matter is reduced to a minimum.

As a general rule, the diameter of fungal colonies and the percentage inhibition
of the fungal growth at each tested sample are determined, taking those of the
controls as 100 %. The minimum inhibitory concentration (MIC) is considered as
the minimum concentration of the drug, which inhibited 80–100 % of the fungal
growth.

6.2.2.2 Dilution Methods (Microbroth Dilution, MD)

To carry on dilution methods, test compounds are mixed with a suitable medium
that has previously been inoculated with the test organism; this method could be
developed in liquid or solid media and the microorganism growth can be measured
in different ways. In the agar-dilution method, the MIC is defined as the lowest
concentration able to inhibit any visible microbial growth.

In general, dilution methods are appropriate for assaying polar and non-polar
extracts or compounds for determination of MIC and Minimum bactericidal/fun-
gicidal concentration (MBC/MFC)-values. IC50- and IC90-values, which are the
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concentrations required to produce 50 and 90 % growth inhibition, can be
obtained.

The most commonly used methods are dilution, diffusion, and direct
bioautography.

6.2.2.3 Bio-Autographic Methods

Bio-autography method localizes the antimicrobial activity on a chromatogram by
three different approaches: (a) direct bio-autography, when microorganism growth
takes place directly on the thin-layer chromatographic (TLC) plate, (b) contact bio-
autography, where the tested antimicrobial compounds are transferred from the
TLC plate to an inoculated agar plate through direct contact, and (c) agar overlay
bio-autography, where a seeded agar medium is applied directly onto the TLC
plate. This technique is not directly applicable in high capacity screening designs
and its applicability is limited to microorganisms that easily grow on TLC plates.

Some works include the percent spore germination inhibition (PSGI) of
medicinal herbs on spores (Rajesh 2002; Dabur et al. 2004; Mishra et al. 2010).
PSGI is a simple method to evaluate the activity of new compounds against
germination of fungi. Test compounds are placed in micro-culture plates at dif-
ferent concentrations; then, a spore’s suspension is added to each plate and
incubated at 37 �C for 16 h after which the number of germinated and non-
germinated spores is counted using an inverted microscope. The PSGI is calcu-
lated using the following formula.

PSGI ¼ 100� No: of spores germinated in treated well
No: of spores germinated in control well

� 100

This assay is repeated three times; the lowest concentration of the compound
that achieved a 97–100 % inhibition of germination is considered as MIC.

According to Cos et al. (2006), it is necessary to adopt stringent endpoint
criteria in order to correct too many false-positives. For all anti-infective bioas-
says, IC50-values should be below 100 lg/ml for mixtures and below 25 lM for
pure compounds. Some microorganisms even require more severe endpoint
criteria.

It must be taken into account that the infective dose may exert a profound
impact on the test results. For yeasts and fungi, a satisfactory value is about 103

and 104 CFU/ml.
Several tests were carried on experimental animals such as the vaginal infection

model. For this purpose, an experimental vaginal infection model (oestrogen-
dependent rat vaginitis) was established. Animals were infected with C. albicans
and assessed mycologically 3 days after infection. According to the literature, the
candidal vaginitis rat model is a stable model that can be used for study of drug
effect on candidal vaginitis (Pietrella et al. 2011; Yano and Fidel 2011).
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Related to the published studies, the screening of herbals growing in a certain
area or against a concrete fungus is the most abundant in the literature.

The most studied fungus, with a great percentage difference from the rest is
C. albicans, followed by A. niger and, at great distance, a wide list of other
microorganisms such as Alternaria alternaria, Aspergillus flavus, A. fumigatus,
A. nidulans, Botryodiplodia theobromae, Botrytis cinerea, Candida krusei,
C. parapsilosis, C. tropicalis, C. glabrata, or Cladosporium cladosporioides,
among others.

Most of the studied vegetal samples show a marked efficacy on the fungus
growth that is represented by the MIC or IC values included in the table.

6.3 Conclusions and Future Perspectives

A thorough survey of literature confirms the suitability of herbal preparations as
antifungal remedies. As already proven for many other diseases, plant kingdom is
still one of the most important approaches to find new compounds that show
efficacy and safety towards fungal infections.

In this sense, ethnopharmacology and ethnobotany play a crucial role as they
provide with traditional knowledge on the use of herbal remedies for certain
diseases. In fact, a great variety of plant species has been employed for cure of
various infections; the long traditional use of these species supports their efficacy.

Its relevance is higher if we take into account the high number of biological
resistances that have emerged toward synthetic antifungal medicines that are
nowadays being used. The obtained information could provide with cheaper and
more effective antimicrobial agents that could potentially be used to treat diseases
caused by microorganisms that have developed a resistance to antibiotics.

Nonetheless, further research is needed to identify molecular targets, active
compounds and structure-activity correlation, and even to prove their beneficial
effects on human beings through the corresponding well-designed and performed
clinical trials.
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Chapter 7
Recent Progress in Research on Plant
Antifungal Proteins: A Review

Tzi Bun Ng, Randy Chi Fai Cheung and Jack Ho Wong

Abstract The intent of this article is to review plant antifungal proteins that have
been purified and characterized in the last 5–6 years. The antifungal proteins
reported encompass 2S albumins, amidases and ureases, chitinases, defensins and
defensin-like peptides, beta-1, 3-glucanases, beta-lactoglobulin-like protein, lec-
tins, lipid transfer proteins, peroxidases, proteases, protease inhibitors, ribonu-
cleases, thaumatin-like proteins, and other antifungal proteins. These proteins
demonstrate a diversity of structures. Some of them possess additional activities
such as antiproliferative activity toward cancer cells, inhibitory activity toward
viral enzymes, and specific aforementioned enzyme activities. The antifungal
mechanism may involve permeabilization of fungal cell membrane, induction of
reactive oxygen species, and triggering of apoptosis.

7.1 Introduction

Antimicrobial proteins and peptides with potent antifungal, antibacterial, and
antiviral activities contribute significantly to the innate host defense mechanisms
of most living organisms. The emergence of microbes recalcitrant to currently
deployed antibiotics has motivated researchers to hunt for new antimicrobial
proteins and examine their modes of action. Genes encoding chitinase, chitinase-
like protein, beta-1, 3-glucanase, the ribosome inactivating protein trichosanthin,
Aspergillus giganteus antifungal protein, synthetically prepared antifungal genes
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Ap-CecA and ER-CecA, N-terminally-modified antimicrobial cationic peptide
temporin-A, and mustard defensin have been employed for developing fungi-
resistant transgenic millet, potato, tobacco, and peanut plants (Ceasar and Igna-
cimuthu 2012).

Besides antifungal proteins, there are nonpeptidic molecules with antifungal
activity. Glyceollin is one of the major phytoalexins and phytoestrogens and an
important prenylflavonoid in soybean. It exhibits antifungal activity (toward
Fusarium solani, Phakospora pachyrhizi, Diaporthe phaseolorum, Macrophomina
phaseolina, Sclerotina sclerotiorum, Phytophthora sojae, Cercospora sojina,
Phialophora gregata, and Rhizoctonia solani). Hence, plants have an armamen-
tarium of peptidic as well as nonpeptidic compounds to defend themselves against
fungal pathogens.

Plants produce a host of proteins involved in the defense against pathogens and
invading organisms, one of which is protease inhibitor. Plant protease inhibitors
inhibit the proliferation of pathogenic fungi and bacteria and represent candidates
for use as lead compounds for the development of new antimicrobials (Kim et al.
2009). Besides protease inhibitors, there is a sizeable number of other plant
antifungal proteins that contribute to the defense against fungal pathogens. The
variety of antifungal proteins and peptides reported in recent years are reviewed in
the following sections.

7.2 Antifungal Proteins

7.2.1 2S Albumins

Five isoforms of an antifungal protein from dandelion (Taraxacum officinale)
seeds, including To-A1, which exhibited N-terminal amino acid sequence
homology to sunflower 2S albumin, inhibited phytopathogenic fungi and the
oomycete Phytophthora infestans at micromolar concentrations (Odintsova et al.
2010).

7.2.2 Amidases and Ureases

A 60 kDa antifungal amidase with an N-terminal amino acid sequence closely
resembling those of amidases was purified from Peltophorum pterocarpum seeds.
It exhibited amidase activity and hydrolyzed iodoacetamide, acrylamide, and urea.
Its optimum pH and temperature were at pH 9 and 50 �C, respectively. It also
inhibited mycelial growth in Rhizoctonia solani and HIV-1 reverse transcriptase
with an IC50 of 0.65 lM and 27 nM, respectively. Congo red staining after
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incubation with peltopterin disclosed chitin deposition at hyphal tips in R. solani.
Its antifungal activity was pH-stable and thermostable. Lam and Ng 2010a).

Soybean (Glycine max) and jack bean (Canavalia ensiformis) ureases exhibited
antifungal and insecticidal activities. Cotton (Gossypium hirsutum) seed urease
displayed potent antifungal properties despite low ureolytic activity. Like other
ureases, the antifungal effect of cotton urease was preserved even following
exposure to an irreversible inhibitor of its urease activity (Menegassi et al. 2008).

7.2.3 Chitinases

A 3,184 Da protease-stable and thermostable antifungal peptide from Amaranthus
hypochondriacus seeds, Ay-AMP, was a chitin-binding and chitinolytic protein
with a single cysteine/glycine-rich chitin-binding domain. It inhibits various
fungal pathogens, such as Aspergillus candidus, A. ochraceus, Alternaria alter-
nata, Candida albicans, F. solani, Geotrichum candidum, Penicillium chrysoge-
num, and Trichoderma sp. (Rivillas-Acevedo and Soriano-García 2007).

Two 30 kDa proteins from fruits of the emperor banana, with N-terminal
sequence homology to chitinases, hampered mycelial growth in Fusarium oxy-
sporum but not in Mycosphaerella arachidicola. The protein more strongly bound
on Mono S had a higher antifungal activity toward F. oxysporum than the less
strongly bound protein (Ho and Ng 2007).

A 30.4 kDa chitinase-like protein from peanut (Arachis hypogaea) seeds with
both antifungal and antibacterial activities exerted potent antifungal action toward
a variety of fungal species, including A. alternata, Botrytis cinerea,, F. solani, F.
oxysporum, Physalospora piricola, and Pythium aphanidermatum. It also exhib-
ited antiproliferative activity against tumor cells (Wang et al. 2007).

A class III chitinase cDNA (BoChi3-1) was cloned using a cDNA library from
suspension-cultured bamboo (Bambusa oldhamii) cells and then transformed into
yeast (Pichia pastoris X-33) for expression. A recombinant 28.3 kDa chitinase
together with another recombinant 35.7 kDa chitinase were purified from the
yeast’s culture broth. Both recombinant chitinases were encoded by BoChi3-1.
The 35.7 kDa isoform but not the 28.3 kDa isoform was glycosylated. The optimal
pH values and optimal temperatures for hydrolysis of ethylene glycol chitin
(EGC), were pH 3 and pH 4, and 80 and 70 �C, for 35.7 and 28.3 kDa, isoforms,
respectively. The Km values were 1.35 and 0.65 mg/ml, respectively. EGC
hydrolysis catalyzed by the 35.7 kDa isoforms was more efficient than that cata-
lyzed by the 28.3 kDa isoform. Both recombinant BoCHI3-1 isoforms inhibited
Scolecobasidium longiphorum and displayed remarkable thermal stability (up to
70 �C) and storage stability (up to a year at 4 �C) (Kuo et al. 2008).

Recombinant rice chitinase purified from P. pastoris exhibited different anti-
fungal activities against the fungi Aspergillus niger, Botrytis squamosa,
P. aphanidermatum, and Rhizopus stolonifer. There was a direct correlation to the
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surface microstructure and the proportion of chitin in the fungal cell wall as shown
by scanning electron microscopy and Fourier transform infrared spectroscopy. The
findings provide an insight to the mechanism of antifungal action of the recom-
binant chitinase and the prospects of its application to crop protection and post-
harvest storage of fruits and vegetables (Yan et al. 2008).

A 30.6 kDa monomeric antifungal chitinase with a pI of 7.6 was isolated from
the Canadian cranberry beans (Phaseolus vulgaris). The optimum temperature and
optimum pH for activity toward the substrate N-acetyl-glucosamine was 40–55 �C
and 5.4, respectively. The enzyme potently inhibited B. cinerea, F. oxysporum, P.
piricola, and P. aphanidermatum. The chitinase and antifungal activities were
stable up to 58 �C (Wang et al. 2009b).

A 32 kDa chitinase-like antifungal protein from Acacia confusa seeds, desig-
nated as acaconin, possessed an N-terminal sequence with pronounced homology
to chitinases, but devoid of chitinase activity. It inhibited mycelial growth in R.
solani with an IC50 of 30 ± 4 lM. The antifungal activity was unaffected when
the ambient pH fluctuated between pH 4 and pH 10 and when the temperature
changed from 0 to 70 �C. Congo Red staining at the tips of R. solani hyphae
signified inhibition of fungal growth. In contrast, no inhibitory activity toward M.
arachidicola, F. oxysporum, Helminthosporium maydis, and Valsa mali could be
discerned. Acaconin inhibited proliferation of breast cancer MCF-7 cells with an
IC50 of 128 ± 9 lM, but there was no effect on hepatoma HepG2 cells. Its IC50

value toward HIV-1 reverse transcriptase was 10 ± 2.3 lM. The unique features
of acaconin encompass specific antifungal and antitumor actions, potent HIV-
reverse transcriptase inhibitory activity, and relatively high stability when sub-
jected to variations in ambient pH and temperature (Lam and Ng 2011a).

Two proteins (a 18.8 kDa hevein-like protein PMAPI and a 31 kDa class I
chitinase PMAPII) with activity against Trichoderma viride were obtained from
paper mulberry (Broussonetia papyrifera) leaves. They both had an IC50 of 0.1 lg/
ll against T. viride (Zhao et al. 2011).

7.2.4 Defensins and Defensin-Like Peptides

Plant defensins are antimicrobial peptides with an abundance of cysteine residues,
and analogous of three-dimensional structures. They are composed of an a-helix and
three anti-parallel b-strands stabilized by four disulfide bonds. In one investigation,
small putative proteins containing eight cysteines and with a molecular mass below
10 kDa were screened based on the sugarcane expressed sequence tag base. Open
reading frames that demonstrated 25–100 % similarity in amino acid sequence with
other defensins in the NCBI database and possessing eight cysteines were chosen.
This resemblance is adequate for the purpose of folding prediction, but not good
enough for inference of biological activity. Six putative defensins (Sd1–6) were
selected, and activity assays showed that recombinant Sd1, Sd3, and Sd5 expressed
antifungal but not antibacterial activity. Structural characterization, based on
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circular dichroism and nuclear magnetic resonance spectroscopy, disclosed that the
structures of these Sds were compatible with alpha/beta proteins, a characteristic
anticipated for plant defensins. Phylogenetic analysis indicated that sugarcane
defensins could be classified within defensins from the Poaceae family and the
Andropogoneae tribe. The study shows that defensins manifest high conservation in
the Poaceae family and that a similar conservation may be encountered in other
families. Evolutionary relationships within plant families can be employed to pre-
dict and annotate new defensins in genomes and group them in evolutionary classes
to facilitate explorations of their biological role (De-Paula et al. 2008).

RsAFP2 (Raphanus sativus antifungal peptide 2) is a plant defensin that is
nontoxic to mammalian cells and has prophylactic efficacy against murine can-
didiasis. It inhibits C. albicans and other Candida species. It interacts with fungal
glucosylceramides. Glucosylceramide levels in Candida species exhibit a corre-
lation with RsAFP2 sensitivity (Tavares et al. 2008). RsAFP2 interacts with
glucosylceramides (GlcCer) in membranes of susceptible fungi and yeast to bring
about membrane permeabilization and subsequently death. However, permeabili-
zation due to insertion of RsAFP2 in carboxyfluorescein-containing small unila-
mellar vesicles containing purified GlcCer could not be demonstrated. RsAFP2
elicits production of reactive oxygen species (ROS) in wild-type C. albicans, but
did not affect an RsAFP2-resistant Deltagcs C. albicans mutant deficient in the
membrane RsAFP2- binding site. Upstream binding of RsAFP2 to GlcCer is
requisite for reactive oxygen species production culminating in yeast cell death.
Both ROS generation and inhibition of fungal growth caused by RsAFP2 are
undermined by the antioxidant ascorbic acid. The findings suggest the presence of
an intracellular plant defensin-triggered signaling cascade involving ROS forma-
tion and resulting in arrest of fungal growth (Aerts et al. 2007).

Sequence analysis of the cloned cDNA, defensin from P. vulgaris cv. Pérola
seeds (PVD1), demonstrated 314 bp encoding a polypeptide composed of 47
amino acid residues. The deduced peptide shows high homology to defensins from
Cicer arietinum (95 % identity), Vigna unguiculata (93 % identity), and Pachy-
rhizus erosus (87 % identity). PvD1 hampered growth in the yeasts, C. albicans,
C. guilliermondii, C. parapsilosis, C. tropicalis, Kluyveromyces marxiannus, and
Saccharomyces cerevisiae. PvD1 also inhibited the phytopathogenic fungi
Fusarium lateritium, F. oxysporum, F. solani, and Rizoctonia solani (Games et al.
2008).

A berry-specific cDNA sequence designated as Vitis vinifera antimicrobial
peptide 1 (Vv-AMP1) was isolated from V. vinifera. Vv-AMP1 encodes a peptide
with sequence resemblance to plant defensins and only expressed in berry tissue
since the onset of berry ripening. Recombinant Vv-AMP1, which exhibited a
molecular mass of 5.495 kDa, manifested pronounced thermostability and potent
antifungal activity against a diversity of fungal phytopathogens including F.
oxysporum and Verticillium dahliae. Vv-AMP1 potently suppressed hyphal
elongation. Its antifungal activity might be attributed to permeabilization of the
fungal membranes as evidenced by results of the propidium iodide uptake assay
(de Beer and Vivier 2008).
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Plant defensins are small (45–54 amino acids), highly basic, and cysteine-rich
peptides structurally related to defensins of other organisms, including insects and
mammals. The antifungal activity of the 6 kDa defensin-like antifungal peptide
from French bean (P. vulgaris) seeds was stable in the temperature range of
0–90 �C for 20 min, in the pH range of 4–10, and following treatment with trypsin
(1 mg/ml) at 37 �C for 1 h (Leung et al. 2008).

An 7.3 kDa defensin-like antifungal peptide from dried ‘‘Cloud Bean’’
(P. vulgaris) seeds inhibited the fungi F. oxysporum and M. arachidicola and
proliferation of L1210 mouse leukemia cells and MBL2 lymphoma cells with an
IC50 of 2.2, 1.8, 10 and 40 lM, respectively (Wu et al. 2011)

A 7.1 kDa defensin-like antifungal peptide from dried Nepalese large red
beans (Phaseolus angularis) inhibited mycelial growth in M. arachidicola and
F. oxysporum with an IC50 value of 1.8 and 1.4 lM, respectively. It exerted an
antiproliferative action on L1210 leukemia cells and MBL2 lymphoma cells with
an IC50 of 15 and 60 lM, respectively (Ma et al. 2009).

The cloned plant defensin corn 1 (Pdc1) gene expressed in P. pastoris was more
efficacious than the same gene expressed in E. coli in inhibiting growth of
Fusarium graminearum. FTIR analysis disclosed that the more active protein
possessed more beta-sheets and less random unordered structure. Elimination of
the His-tag employed for protein purification augmented the antifungal activity
(Kant et al. 2009).

A 6.8 kDa moderately thermostable (up to 80 �C) defensin-like peptide from
the large lima bean Phaseolus limensis designated as limyin, impeded mycelial
growth in A. alternata, B. cinerea, and F. solani. It showed antiproliferative
activity toward Bel-7402 human hepatoma cells and SHSY5Y neuroblastoma
cells, although there was no effect on the bacteria Staphylococcus aureus and
Salmonella (Wang et al. 2009a).

Recombinant, cysteine-rich plant proteins snakin-1 (SN1) and defensin (PTH1)
potently inhibited the phytopathogenic fungi Colletotrichum coccoides and
B. cinerea (IC50 5–14 lM) and the phytopathogenic bacterium Clavibacter
michiganensis subsp. sepedonicus (IC50 1.5–8 lM). However, Pseudomonas
syringae pv. syringae and P. syringae pv. Tabaci were inhibited with an attenuated
potency. A pronounced synergistic antimicrobial effect against P. syringae pv.
syringae SN1 and PTH1 in conjunction produced an additive effect against P. sy-
ringae pv. tabaci. SN1 alone or in combination with SN1 caused C. michiganensis
cells to undergo aggregation (Kovalskaya and Hammond 2009).

Two highly homologous defensins, Sm-AMP-D1 and Sm-AMP-D2, from
common chickweed (Stellaria media) seeds inhibited phytopathogenic fungi and
oomycetes in the micromolar range (Slavokhotova et al. 2011).

The 5,601 Da Pinus sylvestris defensin 1 demonstrated antifungal potency
against an array of fungal pathogens. An escalated level of defensin is detected in
Scots pine seedlings during germination and infection by the pathogen Hetero-
basidion annosum (Kovaleva et al. 2011).

Plant defensins MsDef1 and MtDef4 potently suppressed the growth of several
filamentous fungi including F. graminearum. Both defensins own a highly
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conserved c-core motif (GXCX(3-9)C), composed of b2 and b3 strands and the
interposed loop, which is a salient feature of disulfide-stabilized antimicrobial
peptides. Nevertheless, significant differences in amino acid sequence and in net
charge appear in the c-core motifs of these two defensins. The chief determinants
of the antifungal activity and morphogenicity of MsDef1 and MtDef4 lie in the c-
core motifs. MsDef1 but not MtDef4 induced extensive hyperbranching of fungal
hyphae. The MsDef1-c4 variant with the c-core motif of MsDef1 substituted by
that of MtDef4 evinced a potency similar to MtDef4 and was also incapable of
stimulating hyphal hyperbranching. The c-core motif of MtDef4 alone but not that
of MsDef1was capable of inhibiting fungal growth. The cationic and hydrophobic
amino acids played a pivotal role in antifungal activity. MtDef4 altered the per-
meability of fungal plasma membrane more readily than MsDef1. The antifungal
activity of MsDef1, MsDef1-c4, MtDef4, and peptides derived from the c-core
motif of each of the defensins did not rely only on their membrane permeabilizing
ability. The results suggest that the c-core motif accounts for the distinctive
antifungal characteristics of each defensin (Sagaram et al. 2011).

TPP3 is a member of the class II plant defensin family from tomato. The sitting-
drop vapor-diffusion method for crystal preparation and diffraction data collection
to 1.7 Å resolution were employed to obtain crystals of the hexagonal space group
P6(1)22, with unit-cell parameters a = 64.97, b = 64.97, c = 82.40 Å, a = 90,
b = 90, c = 120� at 293 K. (Lay et al. 2012).

7.2.5 Beta-1, 3-Glucanases

A beta-1, 3-glucanase gene (TaGluD) is a fungal defense candidate in wheat.
Subsequent to Rhizoctonia cerealis infection, induction of its transcript in
Shannong 0431, a resistant wheat line, was some 60-fold higher than that in
Wenmai 6, a susceptible wheat line. The TaGluD protein was overexpressed as
inclusion bodies in Escherichia coli. Following refolding and purification, TaGluD
exerted an antifungal activity in vitro against Alternaria longipes, Phytophthora
capsici, R. cerealis, and R. solani, with 30, 32, 43, and 42 % inhibition, respec-
tively. Hence, TaGluD is exploitable for augmenting fungal resistance in crops
(Liu et al. 2009).

7.2.6 Beta-Lactoglobulin-Like Protein

A dimeric 67 kDa antifungal protein from passion fruit (Passiflora edulis) seeds,
designated as passiflin, manifests N-terminal amino acid sequence similarity to
beta-lactoglobulin. The protein impeded mycelial growth in R. solani and breast
cancer (MCF-7) cell proliferation with an IC50 of 16 and 15 lM, respectively.
Passiflin did not cross-react with antiserum to beta-lactoglobulin. Intact beta-
lactoglobulin lacks antifungal and antiproliferative activities and is much smaller
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in molecular size than passiflin. However, it has been reported that hydrolyzed
beta-lactoglobulin shows antifungal activity. The data suggest that passiflin is
distinct from beta-lactoglobulin (Lam and Ng 2009b).

7.2.7 Lectins and Lectin-Like Proteins

The lectin from Talisia esculenta seeds suppressed the growth of arthroconidial
chitin-rich forms of Microsporumcanis collected from hairs of infected animals
and strains in culture. The antifungal action was abolished in the presence of
N-acetyl-glucosamine and D-mannose. Fluorescent microscopy revealed the
presence of the FITC-labeled lectin in macroconidial and arthroconidial forms of
M. canis. Hence it appears that there is an association between the growth-
suppressive effects of the lectin on M. canis and interaction of the lectin with
superficial carbohydrates, predominantly D-mannose and N-acetyl-glucosamine,
found on the fungi (Pinheiro et al. 2009).

Dendrobium findleyanum agglutinin was a 14.5 kDa mannose-binding protein
showing 94 % homology to a D. officinale lectin precursor. It exerted an inhibitory
action on the fungi A. alternata and Collectotrichum sp. Higher intensity of the
lectin band in nearly mature and mature stages, compared to very young and young
stages of the orchid pseudobulb, was observed in sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (Sattayasai et al. 2009)

A 30 kDa monomeric acidic lectin-like protein from the leaves of the medicinal
herb Withania somnifera, exhibiting sequence similarity to concanavalin A,
inhibited major phytopathogens under in vitro conditions. The protein brought
about cell wall adhesion of the hyphae as revealed by scanning electron micros-
copy (Ghosh 2009).

A 29.8 kDa homodimeric sialic acid-specific lectin from Phaseolus coccineus
seeds inhibited some plant pathogenic fungi. Subsequently, the lectin-induced
apoptosis in L929 cells via a caspase-dependent pathway. The lectin also exhibits
sialic acid-specificity correlates with antifungal activity and cytotoxicity (Chen
et al. 2009).

A dimeric 64 kDa hemagglutinin from dried seeds of P. vulgaris cultivar
‘‘French bean number 35’’ suppressed mycelial growth in V. mali with an IC50 of
10 lM. Its hemagglutinating activity was stable in the temperature range 0–50 �C
and in the pH range 6–8. It inhibited HIV-1 reverse transcriptase with an IC50 of
2 lM. It inhibited proliferation of hepatoma HepG2 cells and breast cancer MCF-7
cells with an IC50 of 100 and 2 lM, respectively. It had no antiproliferative effect
on normal embryonic liver WRL68 cells (Lam and Ng 2010b).

A novel 19.8 kDa mannose-specific lectin from the roots of the traditional
Chinese herbal medicine Ophioglossum pedunculosum inhibited the fungi
F. graminearum and Sclerotium rolfsii. Its antifungal activity was stable at tem-
peratures under 50 �C and within the pH range of 4.0–8.0. Tryptophan and argi-
nine residues were critical to its hemagglutinating activity (He et al. 2011).
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7.2.8 Lipid Transfer Proteins

Lipid transfer proteins (LTPs) facilitate the transfer of lipids between membranes
in vitro. Antifungal peptides, with a 9 kDa molecular mass and an N-terminal
sequence demonstrating marked semblance to those of nonspecific lipid transfer
proteins, were isolated from Brassica campestris seeds and the mung bean. The
antifungal activity of Brassica and mung bean LTPs were thermostable, pH-stable,
and protease-stable. In contrast, the antifungal activity of mung bean chitinase was
much less stable. Although the Brassica LTP inhibited proliferation of breast
cancer MCF 7 cells and hepatoma HepG2 cells with an IC50 of 1.6 and 5.8 lM,
respectively, and the activity of HIV-1 reverse transcriptase with an IC50 of 4 lM,
mung bean LTP and chitinase lacked these activities. Mung bean LTP, but not
Brassica LTP, exhibited antibacterial activity. All three antifungal peptides were
devoid of mitogenic activity toward splenocytes. The findings suggest that the two
LTPs have more desirable activities than the chitinase and that there is a disso-
ciation between the antifungal and other activities of these antifungal proteins (Lin
et al. 2007b).

A 9,412 Da antifungal peptide from B. campestris seeds, with an N-terminal
sequence homology to lipid transfer proteins, inhibited mycelial growth in
F. oxysporum and M. arachidicola with an IC50 value of 8.3 and 4.5 lM,
respectively. It demonstrated dose-dependent binding to lyso-alpha-lauroyl phos-
phatidylcholine (Lin et al. 2007a). An 9.4 kDa thermostable and pH-stable anti-
fungal peptide designated as campesin, isolated from cabbage (B. campestris)
seeds, inhibited mycelial growth in F. oxysporum and M. arachidicola, with an
IC50 of 5.1 and 4.4 lM, respectively. It impeded proliferation of HepG2 and MCF
cancer cells with an IC50 of 6.4 and 1.8 lM, and inhibited HIV-1 reverse trans-
criptase with an IC50 of 3.2 lM. It demonstrated lysolecithin binding activity
(Lin et al. 2009).

The peptide fraction containing the lipid transfer protein from chili pepper seeds
inhibited the growth of the fungi Colletotrichum lindemuthianum, F. oxysporum, the
yeasts, Candida tropicalis, C. albicans, Pichia membranifaciens, and S. cerevisiae
(Cruz et al. 2010).

LTPs from Coffea canephora seeds inhibited C. albicans, and also induced
morphological changes such as pseudohypha formation on C. tropicalis, perme-
abilized yeast plasma membranes to SYTOX green (Zottich et al. 2011).

Capsicum annuum lipid transfer protein, which existed in three isoforms with
isoelectric points of 6.0, 8.5, and 9.5, inhibited Colletotrichum lindemuthianum
and C. tropicalis, bringing about morphological alterations to the cells comprising
pseudohypha formation and plasma membrane permeabilization. The protein
exhibits, in addition, a-amylase inhibitory activity (Diz et al. 2011).
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7.2.9 Peroxidases

An antifungal peroxidase with an optimum pH and the optimum temperature at 5.5
and 30 �C, respectively, was isolated from the large lima bean (P. limensis) seeds.
The enzyme was stable up to 55 �C. It potently suppressed mycelial growth in F.
solani, M. arachidicola, and P. aphanidermatum with an IC50 of 76, 103, and
119 lM, respectively. The enzyme is a basic protein with a pI of 8.6 (Wang et al.
2009c).

7.2.10 Proteases

A 43 kDa cysteine protease from Curcuma domestica exhibited optimal activity in
the temperature range 37–60 �C. Its protease activity was inhibited by iodoacetic
acid. There were peptide matches to proteasome subunit alpha type 3 of Oryza
sativa ssp. japonica (Rice). It exhibited antifungal activity at 10 lg/ml toward
pathogens Fusarium sp. P. aphanidermatum, and T. viride (Nagarathnam et al.
2011)

A 48 kDa protease from crude latex of a Artocarpus heterophyllus (jackfruit)
tree demonstrated an isoelectric point of 4.2. It inhibited the growths of P. aeru-
ginosa ATCC 27853 and clinical isolate of C. albicans at a minimum inhibitory
concentration of 2.2 mg/ml and a minimum microbicidal concentration of 8.8 mg/
ml (Siritapetawee et al. 2012).

7.2.11 Protease Inhibitors

A 9 kDa proteinase inhibitor from ginkgo (Ginkgo biloba) seeds manifesting circa
40 % sequence homology with plant type-I nonspecific lipid transfer proteins
noncompetitively inhibited the aspartic acid proteinase pepsin and the cysteine
proteinase papain (Ki = 10-5–10-4 M). Expression of its gene was detected only
in seeds, but not in leaves, roots, and stems, indicating a role in seed development
and/or germination. Ginkgo proteinase inhibitor manifested lipid transfer as well
as lipid-binding activity, but not antifungal and antibacterial activities. Site-
directed mutagenesis study using recombinant ginkgo nsLTP1 revealed that pro-
line (Pro)-79 and pH-80 are crucial to phospholipid transfer activity and that Pro-
79 and isoleucine-82 are essential for the binding activity toward cis-unsaturated
fatty acids. The alpha-helical content of P79A and F80A mutants was reduced
compared with that of the wild-type protein. The papain-inhibitory activity of
P79A and F80A mutants was elevated twice as much as that of the wild-type
protein. Pro-79 plays a critical role in both the lipid transfer and binding activities
of ginkgo nsLTP1 (Sawano et al. 2008).
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ApTIA, ApTIB, and ApTIC are three approximately 20 kDa Kunitz-type serine
protease inhibitor isoforms from Acacia plumosa seeds. Each isoforms was
composed of two polypeptide chains joined by a disulfide bridge, with different
acidic isoelectric points. Circular dichroism studies revealed the predominance of
both disordered and beta-strands in the secondary structure of pTI isoforms as
expected for beta-II proteins. The proteins were characterized by pronounced pH
and thermostability The isoinhibitors could prolong, up to 10 times, the in vitro
blood coagulation time and inhibited the action of trypsin (Ki = 1.8 nM), alpha-
chymotrypsin (Ki = 10.3 nM), and kallikrein (Ki = 0.58 lM). Study of he bind-
ing of ApTIA, ApTIB, and ApTIC to trypsin and alpha-chymotrypsin by surface
plasmon resonance yielded dissociation constants of 0.39, 0.56, and 0.56 nM with
trypsin and 7.5, 6.9, and 3.5 nM with alpha-chymotrypsin, respectively. The
growth of A. niger, Thielaviopsis paradoxa and Colletotrichum sp. P10 was also
inhibited by allisoforms (Lopes et al. 2009).

A 14 kDa trypsin inhibitor from the seeds of the tartary buckwheat (Fagopyrum
tataricum) (FtTI) with potent inhibitory activity against fungal phytopathogens
possessed two disulfide bonds linking Cys(8)–Cys(65) and Cys(49)–Cys(58). Its
active site had an Asp(66)–Arg(67) bond. It competitively inhibited trypsin with
an inhibition constant of 1.6 nM (Ruan et al. 2011).

7.2.12 Ribonucleases

A new 15.43 kDa Lycoris radiata pathogenesis-related (PR)-4 gene, LrPR4 was
isolated with pI of 7.56. The putative LrPR4 protein shows remarkable homology
to various plant PR4 type proteins and is a member of the Barwin family. Similar
to other monocot PR4 s, LrPR4 protein has a conserved Barwin domain and an N-
terminal signal peptide. Recombinant LrPR4 expressed in E. coli hydrolyzes L.
radiata bulb RNA and exhibits antifungal activity. Thus LrPR4 may be involved
in the disease resistance responses of plants against pathogens (Li et al. 2010).

7.2.13 Thaumatin-Like Proteins

An antifungal protein named CkTLP, with sequence similarity to thaumatin-like
proteins and possessing an acid cleft and a hydrophobic patch, was isolated from
seeds of the desert plant Cynanchum komarovii. It showed antifungal activity
against B. cinerea, F. oxysporum, R. solani, V. mali and V. dahliae. Its tran-
scriptional level was upregulated in response to abscisic acid, methyl jasmonate,
salicylic acid, NaCl, and drought. Thus CkTLP may play an important role in
response to abiotic stresses. In transgenic Arabidopsis, CkTLP was located in the
extracellular space/cell wall by CkTLP::GFP fusion protein. Overexpression of
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CkTLP significantly enhanced the resistance of Arabidopsis against V. dahliae
development (Wang et al. 2011).

A 20.1 kDa protein from Calotropis procera latex, similar to osmotin- and
thaumatin-like proteins, exerted an antifungal action against F. solani
(IC50 = 67.0 lg/ml), Neurospora sp. (IC50 = 57.5 lg/ml), and Colletotrichum
gloeosporioides (IC50 = 32.1 lg/ml). The presence of disulfide bonds stabilizing
the protein is disclosed by the decline in antifungal activity after exposure to the
reducing agent dithiothreitol (de Freitas et al. 2011).

7.2.14 Other Antifungal Proteins

A 4 kDa antifungal peptide from buckwheat seeds hindered mycelial growth in F.
oxysporum and M. arachidicola with an IC50 of 35 and 40 lM, respectively. Its
antifungal activity was stable between 0 and 70 �C, and between pH 1.0/2.0 and
13. It inhibited proliferation of breast cancer (MCF-7) cells, L1210 (leukemia)
cells, HepG2 (hepatoma) cells, and liver embryonic WRL 68 cells with an IC50 of
25, 4, 33, and 37 lM, respectively. The peptide failed to elicit a mitogenic
response from murine splenocytes or enhance nitric oxide production by murine
macrophages. It inhibited HIV-1 reverse transcriptase with an IC50 of 5.5 lM
(Leung and Ng 2007).

One of the chromatographic fractions of chili pepper seeds (C. annuum), named
F3, enriched with basic proteins with a molecular mass of 6–16 kDa, suppressed
the growth of a variety of yeasts including, C. albicans, Candida guilliermondii,
Candida parapsilosis, C. tropicalis, K. marxiannus, P. membranifaciens, and S.
cerevisiae. It inhibited glucose-stimulated acidification of the medium by S. ce-
revisiae cells and evoked morphological alterations in different yeasts, comprising
cell wall disorganization, bud formation, and pseudohypha production. The RP3
and RP4 fractions derived from fraction F3 by reverse-phase HPLC chromatog-
raphy inhibited the growth of S. cerevisiae (Ribeiro et al. 2007).

Pomegranin from fresh pomegranate peels displayed a molecular mass of
11 kDa and an N-terminal sequence similar to that of rice disease resistance NB-S-
LRR-like protein. It inhibited mycelial growth in the fungi F. oxysporum. and
B. cinerea with an IC50 of 6.1 and 2 lM, respectively (Guo et al. 2009).

A 38 kDa protein from fresh Capparis spinosa melon seeds, possessing an N-
terminal amino acid sequence with certain resemblance to imidazole glycerol
phosphate synthase, suppressed mycelial growth in the fungus V. mali. It slowed
proliferation of breast cancer MCF-7 cells, colon cancer HT29 cells, and hepatoma
HepG2 cells, with an IC50 of about 60, 40, and 1 lM, respectively. It inhibited
HIV-1 reverse transcriptase with IC50 of 0.23 lM (Lam and Ng 2009a).

Shahid et al. (2008) reported the activity-guided isolation and purification of a
50 kDa antimicrobial protein with potent, broad-spectrum antimicrobial activity
from Croton tiglium seeds.
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An optimized and established cell-suspension culture of maize (Zea mays) was
demonstrated to constitutively secrete a number of pathogenesis-related proteins
comprising the antifungal protein zeamatin (P33679) with a final yield in the
vicinity of 3 mg/l medium. The zeamatin produced elicited antifungal activity
toward a clinical strain of C. albicans, with a potency analogous to that reported
for zeamatin extracted from maize kernels. A 26 kDa xylanase inhibitor, a 9 kDa
lipid transfer protein, and another pathogenesis-related protein PR-5 were pro-
duced concurrently (Perri et al. 2009).

A 15 kDa antifungal protein, amaryllin, from the underground bulbs of Ama-
ryllis belladonna, showed antifungal activity against Aspergillus flavus and F.
oxysporum. The protein was crystallized using the hanging-drop vapor-diffusion
method with 30 % PEG 8000 as precipitating agent. The crystals diffracted to 2.7
A/orthorhombic space group I222 or I2(1)2(1)2(1), with unit-cell parameters
a = 48.6, b = 61.9, c = 79.6 A (Kumar et al. 2009).

A 5,907 Da antifungal peptide from kale seeds with striking pH stability and
thermostability inhibited mycelial growth in various fungi comprising F. oxy-
sporum, H. maydis, M. arachidicola and V. mali. The IC50 values were, respec-
tively, 4.3, 2.1, 2.4, and 0.15 lM. It retarded proliferation of breast cancer (MCF7)
cells and hepatoma (HepG2) with an IC50 of 3.4 and 2.7 lM, and inhibited the
activity of HIV-1 reverse transcriptase with an IC50 of 4.9 lM (Lin and Ng 2008).

A 5,716 Da antifungal peptide from Brassica parachinensis seeds, designated
as brassiparin, potently curtailed mycelial growth in the fungi F. oxysporum, H.
maydis, M. arachidicola and V. mali. The antifungal activity toward M. arach-
idicola was exceedingly thermostable and pH-stable. It inhibited proliferation of
breast cancer (MCF7) and hepatoma (HepG2) cells and the activity of HIV-1
reverse transcriptase (Lin and Ng 2009).

The 18.9 kDa juncin from Japanese takana (Brassica juncea var. integrifolia)
seeds inhibited mycelial growth in the phytopathogenic fungi F. oxysporum, M.
arachidicola, and H. maydis, with IC50 values of 3.5, 10, and 27 lM, respectively.
Proliferation of breast cancer (MCF7) and hepatoma (HepG2) cells and the activity
of HIV-1 reverse transcriptase were inhibited with IC50 values of 6.4, 5.6, and
4.5 lM, respectively It was devoid of mitogenic activity toward splenocytes and
nitric oxide inducing activity toward macrophages. Juncin differed in N-terminal
sequence differed in molecular mass and N-terminal amino acid sequence from
Brassica campestris and Brassica alboglabra antifungal peptides, but displayed
similar biological activities (Ye and Ng 2009).

A 30 kDa antifungal protein from red cabbage (Brassica oleracea) seeds
retarded mycelial growth in Bipolaris maydis, M. arachidicola, Setospaeria tur-
cica, and C. albicans. The antifungal activity remained intact from pH 3 to 11 and
from 0 to 65 �C. The antifungal action was achieved by permeabilizing the fungal
membrane as witnessed by Sytox green staining. The antifungal protein exerted an
antibacterial action against P. aeruginosa (IC50 = 53 lM). Proliferation of
nasopharyngeal cancer and hepatoma cells was suppressed with IC50 of 50 and
90 lM, respectively, after 48 h of culture in the presence of the antifungal protein
(Ye et al. 2011)
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Canola (Brassica napus), an agriculturally important oilseed crop, can be
adversely affected by diseases such as alternaria black spot, blackleg, and scle-
rotinia stem rot, ensuing in a considerable deterioration of crop productivity and
quality. The cDNA encoding PmAMP1, an antimicrobial peptide isolated from
western white pine (Pinus monticola), has been successfully incorporated into the
genome of B. napus. In planta expression of PmAMP1 conferred protection
against Alternaria brassicae, Leptosphaeria maculans and Sclerotinia sclerotio-
rum (Verma et al. 2012)

A 14,865 Da thermostable antifungal protein (Pr-2) void of cytotoxicity was
identified from pumpkin rinds. The protein potently inhibited, at 10–20 lM, the
growth of B. cinerea, C. coccodes, F. oxysporum, F. solani, and Trichoderma
harzianum in vitro. It targets the fungal cell membrane (Park et al. 2009).

Acafusin from A. confusa seeds was a dimeric 34 kDa antifungal protein. It
inhibited mycelial growth in R. solani and HIV-1 reverse transcriptase with an
IC50 of 28 and 80 lM, respectively (Lam and Ng 2011b).

The 14 kDa protein from the Aloe vera leaf gel exhibited a potent anti-fungal
activity against C. albicans, Candida krusei, and C. parapsilosis. It demonstrated
an anti-inflammatory activity as judged by 84 and 73 % inhibition of lipoxygenase
and cyclooxygenase-2 activity (Das et al. 2011).

Two antifungal proteins from rosemary pepper (Lippia sidoides) flowers with a
molecular mass of 10 and 15 kDa, respectively, inhibited B. cinerea, but did not
inhibit all bacterial species examined. Both proteins showed N-terminal sequence
homology with NBS-LRRR proteins (Moreira et al. 2011).

A 26.9 kDa antifungal peptide from dry seeds of the foxtail millet (Setaria
italica.) inhibited mycelial growth in A. alternate with an IC50 of 1.3 lM, and also
in B. cinerea, F. oxysporum, and T. viride. Drastic ultrastructural changes in the
mold forms of A. alternate were revealed following exposure to 20 lg/ml of the
antifungal protein for 48 h (Xu et al. 2011).

A 7.3 kDa antifungal peptide from dried red kidney beans slowed mycelial
growth in F. oxysporum with an IC50 of 3.8 ± 0.4 lM and also in M. arachidicola.
It hampered growth of leukemia L1210 cells and lymphoma MBL2cells with an
IC50 of 7.6 ± 0.6 and 5.2 ± 0.4 lM, respectively. HIV-1 reverse transcriptase
was inhibited with an IC50 of 40 ± 3.2 lM. However, no inhibitory activity on
other viral enzymes was observed (Li et al. 2011).

A 50 kDa antifungal protein from Sesbania virgata seeds inhibited the fila-
mentous fungi A. niger, Cladosporium cladosporioides, C. gloeosporioides and F.
solani (Praxedes et al. 2011).

7.3 Conclusion

From the foregoing account, an impression can be gathered that plants elaborate a
spectacular array of antifungal proteins and peptides. Although they share the
defense function of combating pathogenic fungi which can inflict massive damage,
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they display distinctly different structures (Fig. 7.1 and Table 7.1). Some of these
antifungal proteins manifest desirable characteristics including a broad-spectrum
antifungal action, lack of toxicity, a small molecular size, and outstanding ther-
mostability and pH stability. In case of antifungal proteins and peptides such as
defensins, attempts have been made to unravel the antifungal mechanism. Per-
meabilization of fungal membranes, induction of reactive oxygen species, and
triggering of apoptotic changes are implicated. The chitinase and glucanase
activities of some antifungal proteins may contribute to their antifungal activity. It
is noteworthy that plant antifungal proteins and peptides are efficacious against
phytopathogens as well as fungi pathogenic to humans, e.g. C. albicans and related
species. Due to the need for new antifungals to circumvent the development of
fungal resistance to existing therapeutics, these plant antifungal proteins and

Fig. 7.1 Structure of different classes of proteins with antifungal activities. a Class I Chitinase
from Oryza Sativa L. Japonica (Mizuno et al. 2008). b Defensin from Pisum sativum (Almeida
et al. 2002). c Lectins from Gastrodia elata (Liu et al. 2005). d Thaumatin-like protein from
Solanum lycopersicum (Ghosh and Chakrabarti 2008)
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peptides may be exploitable as an alternative solution. It is well documented that
transgenic plants overexpressing antifungal proteins and peptides acquire an
augmented ability to resist fungal pathogens. Undoubtedly, basic and applied
research on antifungal proteins and peptides will continue to contribute to the
welfare of mankind.
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Chapter 8
Antifungal Metabolites of Endophytic
Fungi

Karsten Krohn and Barbara Schulz

Abstract Not only medicinal plants, but also the endophytic fungi that colonize
them are excellent sources of antifungal metabolites. In some cases, the substances
detected in plants have been shown to be secondary metabolites synthesized by
their fungal inhabitants. As we have shown, most endophytic fungi produce bio-
logically active metabolites, many of which are antifungal. We speculate that in situ
these antifungal metabolites protect the endophytic fungi from competitors within
the plant host. The metabolites belong to diverse structural groups and include
many unprecedented carbon skeletons, but also derivatives of known structural
groups: the benzofuranes, biaryl ethers, botryanes, coniothyriomycins, dinema-
sones, epoxydon derivatives, fusidilactones, isocoumarins, massarilactones,
palmarumycins, pestalotheols, pyranocines, pyrenocines, naphthalenes, oblongo-
lides and xanthones. The chemical diversity of the fungal metabolites by functional
group transformation and the quality of diversity by ring closure of open-chain
compounds and dimerization is demonstrated with examples from our research. We
conclude that endophytic fungi are creative masters of chemical synthesis.

8.1 Introduction

Medicinal Plants continue to be a valuable source of pharmaceutically important
compounds (Butler 2004; Baker et al. 2007; Newman and Cragg 2007). However,
in many cases, the active compounds isolated from the plant may have been
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produced by the endophytic fungi that colonize it (Zhang et al. 2006). Thus, a
report on antifungal metabolites could compliment the other contributions to this
book that report on antifungal compounds present in medicinal plants. In fact, in
our almost 30 years of research, antifungal metabolites were detected in the cul-
ture extracts of most of the investigated endophytes. A reason for this could be the
protection against competing fungi in the same host plant. The role of microor-
ganisms in the discovery and development of pharmaceutical products was
described in a recent review (Pearce et al. 2010); the specific potential of fungi in
the discovery of novel low-molecular weight pharmaceuticals was discussed in a
further publication (Dreyfuss and Chapela 1994). General information on
screening, cultivation (Schulz et al. 2008) and structure elucidation can be found in
several reviews (Schulz et al. 1995, 2002; Krohn and Schulz 2011).

In this chapter, we describe the antifungal compounds produced by endophytic
fungi, arranged by chemical compound classes.

The first structurally comparatively easy, but highly antifungal metabolite,
isolated from an unidentified Coniothyrium sp. was an open chain imide, named
coniothyriomycin (1) (Fig. 8.1) (Krohn et al. 1992). This metabolite is included
here, although the fungus was isolated from a soil sample from Mali. It belongs to
the genus, Coniothyrium, of the Fungi imperfecti.

The compound is decomposed in protic solvents such as methanol or water by
hydrolysis of the imide functionality. Therefore, in spite of very good short time
antifungal activities in vitro as well as in vivo, the compound had no long-term or
curative activity.

To improve the stability and hopefully the antifungal activities, an extensive
synthetic study of the analogs was undertaken. The structure of the antifungal
metabolite coniothyriomycin was systematically modified by changing the acids of
the open chain imide, modification of the hydrophobicity, variation in the degree
of saturation, replacement of carbons by nitrogen or oxygen, and incorporation of
the open chain molecule into cyclic arrangements (Krohn et al. 2003). Thus, as
shown in Scheme 8.1, benzamide (2) or phenylacetic acid (3) was reacted with the
monochlorides (4) of malonic or succinic acid monomethyl ester chloride (5 or 6)
to afford the condensed imides 7–10.

In another series, it was possible to introduce an additional nitrogen or oxygen
atom into the molecule by condensation of the malic ester monochloride (13) with the
hydrazide 11 or the benzoylbenzamide (12) to afford the analogs 14 or 15.
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coniotyriomycin (1)

Fig. 8.1 Structure of
coniothyriomycin (1)
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Structure–activity studies showed that antifungal activity was retained by
replacement of phenylacetic acids by benzoic acids in the imide structure such as
7, but diminished by hydrogenation of the fumaric ester part as in compounds 8–10
(Krohn et al. 2003).

The tested synthetic coniothyriomycin analogs primarily showed control of
plant diseases caused by representatives of the fungal-like Oomycetes, e.g., late
blight on tomatoes caused by Phytophthora infestans or downy mildew on grape
vine caused by Plasmopara viticola. The inhibitions were found both in vitro and
on intact plants in a greenhouse.

Changing the molecular fragment from phenylacetic amide to benzoic amide in
1–5 h retained the same good in vitro activity as the lead structure coniothyrio-
mycin had had. Compounds 5a to 7 controlled P. infestans. Also, control of the
causal organism of rice blast, Pyricularia oryzae, and of the causal organism of
leaf blotch on wheat, Septoria tritici, was observed. The hydrogenation of the
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Scheme 8.1 Synthesis of coniothyriomycins by changing the chain length of the benzamide and
diacid components (Krohn et al. 2003)
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double bond in the fumaric acid fragment, which resulted in 8 and 9, led to total
loss of fungicidal activity both in vitro and in vivo. The other structural variations
in the compounds resulted in reduced in vitro activity against P. infestans.

The naphthol (16) and the new nitronaphthalenes 17–20 and ergosterol (21)
(Fig. 8.2), usually present in fungal cultures, were isolated from another Conio-
thyrium species, an endophyte in the shrub Sideritis chamaedryfolia, from an arid
habitat near Alicante, Spain (Krohn et al. 2008a). The culture extract of the fungus
was found to have strong antibacterial, antifungal, antialgal, and herbicidal
activities. The nitronaphthalenes 17–20 were known from chemical synthesis, but
new as natural products. Compounds 17–19 showed very good antifungal activity
against Microbotryum violaceum. Compound 19 was also active against the bac-
teria Bacillus megaterium and Escherichia coli and the algae Chlorella fusca
(Krohn et al. 2008a).

Likewise, derivatives of naphthalenes 22–24 were isolated as dimers of 8-
methoxy-naphthol from the endophytic fungus Nodulisporium sp. from Juniperus
cedre from Gomera (Dai et al. 2009). The dimeric naphthalenes nodulisporin A
(23) and B (24) were new natural products, whereas daldinol (22) was known. The
new dimers 23 and 24 showed antifungal activity against M. violaceum (Dai et al.
2009) (Fig. 8.3).

The dimeric naphthalenes 22 and 24 were also prepared synthetically by oxi-
dative dimerization using ammonium metapervanadate (NH4VO3) (Krohn and
Aslan 2009).

Structurally related metabolites, this time produced by coupling of the 8-
methoxy-naphthol to a benzopyran unit, were isolated from the culture of another
endophytic Nodulisporium sp., which had been isolated from Erica arborea, also
from Gomera (Fig. 8.4) (Dai et al. 2009). Interestingly, all of the monomers were
also found in both fungi that produced the dimer.
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Fig. 8.2 Structures of naphthol (16), nitronaphthalenes 17–20, and ergosterol (21)
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The very simple 1,8-dihydroxynaphthalene 28 is biosynthetically converted
into a dimer, named palmarumycin CP1 (29) after the producing strain, Conio-
thyrium palmarum (Krohn et al. 1994a) for biosynthetic studies see (Bode et al.
2000; Bode and Zeeck 2000). A related cyclization could be performed chemically
with silver oxide as the oxidant (Krohn et al. 1997a). This initial metabolite 29 is
further modified by different fungi into an enormous variety of more than a
hundred different biologically highly active metabolites. The occurrence, isolation,
structure elucidation, and biology are covered in two recent reviews (Krohn 2003;
Cai et al. 2010). Figure 8.4 only shows a very small selection of the metabolites,
i.e., the bridged palmarumycin CP1 (30) (Krohn et al. 1994a) and related spiro-
dioxynaphthalenes, also named palmarumycins (Krohn et al. 1994b, 1997b; Dai
et al. 2007), the monoepoxide Sch 49211 (31) and other derivatives isolated by the
Schering group (Chu et al. 1994, 1995, 1996), the diepoxides such as 32 (Sch-
lingmann et al. 1993), the chlorinated palmarumycin CP4 (33) (Krohn et al. 1994a)
or the hydroxylated derivatives cladosporin H (34) (Baer and Hanna 1980) and
decaspirone (35) (Jiao et al. 2006) (Fig. 8.5).

Many of the derivatives have also been synthesized employing the biomimetic
oxidation (Wipf and Jung 1998; Inoue et al. 2003; Wipf and Lynch 2003; Rod-
ríguez and Wipf 2004) or the Diels–Alder approach (Ragot et al. 1999; Coutts
et al. 2000; Barrett et al. 2002; Krohn et al. 2010; Aslan et al. 2011).

Related, biologically active spirobisnaphthalenes, the preussomerins A–F,
coupled by three oxygen bridges, were initially discovered by Gloer et al. (Weber
et al. 1990; Weber and Gloer 1991). Later, we also isolated the antifungal
metabolites preussomerins J, K, and L from an endophytic fungus, a Mycelia
sterilia, from the root of Atropa belladonna (Krohn et al. 2001a) (Fig. 8.6). The
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Fig. 8.3 Dimeric naphthols 22–24
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Fig. 8.4 Dimers isolated from a Nodulisporium sp. (Dai et al. 2009)
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culture extract of the fungus was found to have antibacterial and antifungal activity
toward early successional coprophilous fungi. However, the activity against the
fungi M. violaceum and Eurotium repens is relatively moderate compared to that
of related preussomerins A–F against coprophilous fungi as determined by Weber
and Gloer (1991) and Weber et al. (1990).

In 1995, we discovered highly antifungal biaryl ethers isolated from cultures of
Phomopsis sp., the phomosines A–C (39, 40, and 41) (Krohn et al. 1995)
(Fig. 8.7). Later, we isolated further derivatives, the phomosines D–G (Dai et al.
2005) and H–J (Krohn et al. 2011) and further analogs from another Phomopsis sp.
with variation at the aldehyde function and on the benzoic acid group (Ahmed
et al. 2011).

All isolated substances showed moderate fungicidal and antibacterial activity
against four fungal and two bacterial test organisms. Almost 40 derivatives were
prepared semisynthetically, changing mostly the aldehyde and the phenolic groups
(Krohn et al. 2012). However, the very good antifungal properties of the natural
product 39 have not yet been able to be improved.

Replacing one carbon by one oxygen atom in the naphthalene skeleton leads to the
isochromene and isochromanone (isocoumarin) group of antifungal natural prod-
ucts. These mostly ketide-derived (Hill 1986; Pontius et al. 2008) natural products
are very often found in fungi and have been known for many years. We first isolated
mellein and derivatives from an endophytic Pezicula sp. (Schulz et al. 1995).
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Later, in addition to known mellein derivatives, we found many such compounds, for
instance 42–44 from Plectophomella sp. (Krohn et al. 1997c) (Fig. 8.8). Others were
isolated from the culture extract of an endophytic Mycelia sterilia from the Canadian
thistle, Cirsium arvense (Krohn et al. 2001b), or from an endophytic Scytalidium sp.,
which had been isolated from a leaf of a Salix species growing in the Harz Mountains
in Lower Saxony, Germany (Krohn et al. 2004). An unidentified endophyte from
Erica arborea from Gomera also produced isocoumarins (Hussain et al. 2007).
Crude ethyl acetate culture extracts, both from fungi grown on malt-soya and biomalt
semi-solid agar culture media, were active in the agar diffusion assays against E. coli,
M. violaceum, E. repens, Mycotypha microspora, and inhibited the growth of the
alga, C. fusca, and the plant, Lemna (Krohn et al. 2004). More recently, we also
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isolated isocoumarin derivatives from a Phomopsis sp. along with biaryl ethers (Dai
et al. 2005; Ahmed et al. 2011) from a Seimatosporium sp. (Hussain et al. 2011a).

The highly active unsaturated asconin (45) was isolated from the endophytic
fungus Ascochyta sp. from Melilotus dentatus (Krohn et al. 2007a). The absolute
configuration was assigned by a combination of X-ray analysis, solid-state CD,
and TDDFT calculations (review: Pescitelli et al. 2009).

Hydrogenation of the aromatic ring in chromanones leads to the creation of new
functionalities. For instance, a remaining double bond can be epoxygenated to
yield highly chemically and biologically active 2,3-epoxycyclohexanes. The
endophytic fungus, Phomopsis sp., from Laurus azorica produced such new,
bioactive 2,3-epoxycyclohexanes, cycloepoxylactone (46), cycloepoxytriol A and
B (47 and 48) (Fig. 8.9), together with known isocoumarins (Hussain et al. 2009a)
Cycloepoxylactone (46) showed good antibacterial, antifungal, and algicidal
activities against B. megaterium, M. violaceum, and C. fusca, respectively,
whereas cycloepoxytriol B (48) had good algicidal activity against C. fusca. Cy-
cloepoxytriol A (47) was inactive in these tests (Hussain et al. 2009a).

Replacing the six-membered ring in the isocoumarin skeleton by a five-mem-
bered ring leads to benzofuranes. These compounds 49–52 (Fig. 8.10) retained
antifungal activity and were isolated from the endophytic fungus Melilotus den-
tatus. Compounds 49–51 were tested for herbicidal, antibacterial, and antifungal
activities. Compounds 50 and 51 showed good algicidal activity against the alga C.
fusca and also antifungal activity against M. violaceum (Hussain et al. 2009b).

Absence of the lactone carbonyl group in the isocoumarins of type 42 leads to
benzopyrans (isochromanes). Pseudoanguillosporin A (53) and B (56), two new
isochromanes, were isolated from the endophytic fungus Pseudoanguillospora sp.
(Kock et al. 2009) (Fig. 8.11)
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The antibacterial, fungicidal, and algicidal properties of 53 and 56 were tested
in comparison to four standard antibiotics both in an agar diffusion assay and in a
microtiter assay in liquid culture. Although all of the compounds were biologically
active, the strongest antifungal inhibitions were caused by 53. Substances 53 and
56 were antibacterial against the Gram-positive bacterium B. megaterium. The two
compounds were both active in assays against the fungal-like Oomycete, P. in-
festans, 53 causing the greatest inhibition (Kock et al. 2009).

The presence of two oxygen atoms in the bicyclic skeleton leads to another
group of strongly antifungal metabolites, the 7,8-dihydropyrano[4,3-b]pyran-
2(5H)-ones, generally named pyranocines. Two representatives, pyranocines 57
and 58, were isolated from an endophytic Phomopsis sp. (Hussain et al. 2012).

The isolated compounds 57 and 58 (Fig. 8.12) were tested in an agar diffusion
assay for their antifungal, antibacterial, and algicidal properties toward Botrytis
cinerea, S. tritici, P. infestans, M. violaceum, E. coli, B. megaterium, and C. fusca.
Both compounds showed not only good antifungal toward S. tritici and M. vio-
laceum, but also antibacterial and algicidal properties against E. coli, B. megate-
rium, and C. fusca (Hussain et al. 2012).

Four new pyrenocines, phomopsinones 59–62 (Fig. 8.12), were isolated from
an endophytic strain of Phomopsis sp., which had colonized the halotolerant plant,
Santolina chamaecyparissus, from Sardinia (Hussain et al. 2011a).
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Compounds 59–62 were tested in an agar diffusion assay for their antifungal
activity toward B. cinerea, P. oryzae, and S. tritici, whereby compound 59 showed
very strong antifungal activity against B. cinerea, P. oryzae, and S. tritici, and 62
showed good activity against B. cinerea and S. tritici, comparable to that of the
control substances. Compound 60 had moderate antifungal, antibacterial, and
algicidal properties toward P. oryzae, S. tritici, M. violaceum, E. coli, B. mega-
terium, and C. fusca. Similarly, 61 showed moderate antifungal, antibacterial, and
algicidal properties toward M. violaceum, E. coli, B. megaterium, and C. fusca and
good antifungal activity against B. cinerea and P. oryzae (Hussain et al. 2011a).

When investigating the fungus Phomopsis sp., isolated from the plant Notobasis
syriaca, the culture extract showed excellent fungicidal activity, particularly
against P. infestans, as well as moderate algicidal and bacterial activities (Hussain
et al. 2011b). From this fungus, we isolated new and known derivatives of the
monocyclic, but highly active, epoxidone derivatives 2-hydroxymethyl-4b,5a,6b-
trihydroxycyclohex-2-en (63), (-)-phyllostine (64), (+)-epiepoxydon (65), and (+)-
epoxydon monoacetate (66) (Hussain et al. 2011b, c).

The isolated compounds 63–66 were tested in an agar diffusion assay for their
antifungal, antibacterial, and algicidal properties toward M. violaceum, E. coli, B.
megaterium, and C. fusca. Metabolite 63 was also tested for antibacterial activity
in a MIC (minimum inhibitory concentration)-assay in liquid medium against
Legionella pneumophila Corby, E. coli K12, and B. megaterium. All of the tested
metabolites were antibacterial against at least one of the test organisms, metabolite
63 even at a concentration of 25 lg/ml against L. pneumophila. The metabolites
were also antifungal (Hussain et al. 2011b, c).

A number of other epoxidone derivatives were found in the culture extract of an
endophytic Phoma sp., isolated from the plant Salsola oppositifolia. One new
derivative was named epoxydine B (67) (Qin et al. 2009a, b). Compound 67 was
also antifungal against M. violaceum (Qin et al. 2009a, b).

The interesting groups of massarilactones and massarigenins were initially
isolated by Gloer et al. from the freshwater aquatic fungus, Massarina tunicate
(Oh et al. 2001, 2003) and also synthesized by Snider and coworker (Gao and
Snider 2004) and Gao et al. (2003). In our group, we isolated in addition to the
known massarilactone A (68), the related derivatives massarilactones C (69) and D
(70) from the endophytic fungus Coniothyrium sp. from Carpobrotus edulis (Kock
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et al. 2007) and others (massarilactones E–G) from Coniothyrium sp. that was
associated with the plant Artemisia maritime (Krohn et al. 2007b). The absolute
configuration of massarigenin A from Microsphaeropsis sp. was elucidated by the
‘‘solid-state circular CD/TDDFT’’ method (Hussain et al. 2011d) (Fig. 8.13). The
massarilactones proved to be of only moderate antifungal activity.

In contrast, the bicyclic exomethylene furofuranones 71–75, derivatives of
discosiolide (71) that were isolated from Sporothrix sp., Discosia sp,. and Pezzi-
cula livida all showed good activity against M. violaceum and E. repens (Krohn
et al. 1994c) (Fig. 8.14).

Tricyclic oxygen heterocycles, the pestalotheols A–D were first isolated from
the endophytic fungus Pestalotiopsis theae by Li et al. (2008). Later, in our group,
we isolated new derivatives, the pestalotheols E–G (76–78) from an unidentified
Ascomycete, isolated from the tree, Arbutus unedo (Qin et al. 2011) (Fig. 8.15).
Compounds 76–78 were tested in an agar diffusion assay for their antifungal,
antibacterial, and algicidal properties toward M. violaceum, E. coli, B. megateri-
um, and C. fusca, respectively; all the metabolites inhibited all four test organisms
(Qin et al. 2011).

Other tricyclic dioxygen heterocycles 80–83, but incorporating the isocoumarin
skeleton, were isolated from Microdochium bolleyi, an endophytic fungus from
Fagonia cretica, a herbaceous plant of the semi-arid coastal regions of Gomera,
together with the known monocerin (79) (Zhang et al. 2008a, b) (Fig. 8.16).

Compounds 79, 81, and 82 showed good antifungal, antibacterial, and antialgal
activities against M. violaceum, E. coli, B. megaterium, and C. fusca. Compound
80 was only moderately antifungal and antialgal (Zhang et al. 2008a, b).
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Very often, relatively simple lactones show good antifungal activity. For
instance, the pyrenocines (citreopyrones) 84 and 85, isolated from an unidentified
endophytic fungus, which had been isolated from the plant, Trifolium dubium,
exhibited good antifungal and algicidal activities (Krohn et al. 2008b) (Fig. 8.17).

Bicyclic lactones, named fusidilactones (86), were isolated from the endophytic
Fusidium sp., an endophyte in the leaves of Mentha arvensis, growing in a mea-
dow near Hahausen, Lower Saxony, Germany. The compound showed good
activity against the fungus M. violaceum (Krohn et al. 2002; Qin et al. 2009a, b).

A number of antifungal polycyclic lactones are oxidation products of terpenoids
rather than of polyketide origin. For example, the oidiolactones are metabolites of
Oidiodendron truncata. The fungus was isolated from an extreme location: the top
of Enlang mountain (4,000 m) in China. Oidiolactone 87 was strongly antifungal
against M. violaceum.

Similarly, a number of novel botryane (88) metabolites (Fig. 8.18) were iso-
lated from the fungus Geniculosporium sp., which had been associated with the red
alga, Polysiphonia sp. The botryanes showed inhibitory activity against the test
organisms used in these studies: C. fusca, B. megaterium, and M. violaceum. The
fungicidal and antibacterial activities could play a role in the association by
defending the host from microbial pathogens (Krohn et al. 2005).

Thirteen new metabolites, named oblongolides were found in the culture media
of an endophytic strain of Phomopsis sp., which had colonized the halotolerant
plant, Melilotus dentatus, from the shores of the Baltic Sea, near Ahrenshoop,
Germany. These new botryane metabolites (for instance 89–90) were all biolog-
ically active against some or all of the test organisms: the gram-positive bacterium,
B. megaterium, and the fungi, M. violaceum and S. tritici.
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Interesting structures are displayed in the spirodioxo compound dinemasones A
(91) and the condensed bicyclic bispyrane dinemasones B (92) (Fig. 8.19). The
compounds were in the culture extracts of the endophytic fungus, Dinemasporium
strigosum, which had grown in the roots of Calystegia sepium. Both compounds
were very active against the fungus M. violaceum (Krohn et al. 2008c).

Other tricyclic oxygen heterocycles are represented by xanthones, a large and
biologically highly active class of compounds. Only a few representatives from
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our research can be shown here; the topic has recently been covered in a review by
Masters and Bräse (2012). Blennolide A (93) is a monomer of the known dimeric
secalonic acid and was isolated from Blennoria sp. (Zhang et al. 2008a, b). A
widely distributed xanthone is diversonol (94), the key starting material for a
plethora of derivatives, isolated in our group from a Microdiplodia sp.(Siddiqui
et al. 2011) Structurally very interesting is the oxepino[2,3-b]chromen-6-one
derivative microsphaeropsone A (95) (Fig. 8.20), isolated from a Microsphaer-
opsis sp. (Krohn et al. 2009). All of these xanthones are antifungal.

Last but not least, we shall mention the strobilurins, which are the lead com-
pounds for perhaps the most important antifungal drugs today (Sauter et al. 1999).
The strobilurins were originally isolated by Anke et al. (1977) from the Basidio-
mycete, Strobilurus tenacellus. The active principle is the (E)-b-methoxyacrylate
unit. We isolated strobilurin G (96) from the culture medium of a fungus found in
the soil found near Richards Bay in South Africa (Krohn et al. 2001c) (Fig. 8.21).

8.2 Conclusion

Almost all plants that have been studied to date are colonized by endophytic fungi,
and approximately half of these fungal endophytes produced antifungal metab-
olites (Schulz et al. 1999). These metabolites belong to diverse structural groups,
and an unusually high proportion of the structures is novel. However, there have
only been very few studies that have investigated whether the antifungal com-
pounds isolated from plants were in effect those synthesized by their fungal
inhabitants. In the future, when searching for antifungal plant metabolites,
chemists and biologists should also consider whether these are in effect fungal
metabolites.
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Chapter 9
Combining Plant Essential Oils
and Antimycotics in Coping
with Antimycotic-Resistant
Candida Species

Kateryna Kon and Mahendra Rai

Abstract Resistance of microorganisms to antimicrobial agents is becoming a
growing concern worldwide. Plant essential oils have potential in treatment of
fungal infections not only due to direct antifungal activity but also because of their
complex healing properties. Combining essential oils with antimycotics opens
perspectives in increasing activity of both agents and also in prolonging use
of antimycotics which are currently becoming less effective due to rising resistance
of fungi. The aim of this chapter is to summarize studies on anti-Candida effect of
combinations between essential oils and antimycotics, and to formulate prospects
for future researches in this area. Analysis of published studies has shown that the
most studied are combinations of essential oils with either amphotericin B or
fluconazole in vitro. There is a lack of in vivo studies, and furthermore, even results
of in vitro studies it is difficult to compare because of absence of uniform standard
techniques for evaluation of antimycotic-essential oil combinations. These gaps
should be filled in future researches. Moreover, future studies should be directed on
antifungal activity of combinations between essential oil components and
antimycotics, and between essential oils and other classes of antimicrobial agents,
such as antiseptics, metallic nanoparticles, and quorum-sensing inhibitors.
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9.1 Introduction

Resistance to antimicrobial agents is a constantly progressive process which
involves all types of antimicrobials, including also antimycotics (Anderson 2005).
Although resistance to antifungal agents does not seem to be as much of a problem
as resistance to antibiotics (Sanglard and Odds 2002), the number of effective
antifungal classes is small. This is explained by the close location of humans and
their fungal pathogens clades in the tree of life (Baldauf et al. 2000), and, because
of this, there are few targets in fungal cells which are significantly different from
potential targets in human cells. Antifungal drugs inhibit sterol biosynthesis of the
membrane components (azoles, allylamines and morpholines), directly interact
with the fungal cell membrane (polyenes) or affect cell wall biosynthesis (echi-
nocandins) (Casalinuovo et al. 2004).

Most antifungal drugs target ergosterol and its biosynthesis. Ergosterol is the
functional fungal analog of cholesterol in animal cells; it is found in the fungal cell
membrane and takes part in modulation of membrane fluidity and as a signal for
cell division. Ergosterol has different chemical properties from cholesterol and
because of this is exploited as a target for antifungals such as polyenes
(Amphotericin B). Amphotericin B is bound to ergosterol and is thought to form
membrane-spanning channels with hydrophilic interiors (Matsumori et al. 2002).
This leads to the leakage of essential components from the fungal cell and ulti-
mately results in fungal cell death. Apart from ergosterol itself, in its synthesis
there are several unique enzymatic steps that are chosen as targets for several other
antifungal drugs, including terbinafine and the azoles (White et al. 1998). How-
ever, there are only few other targets in antifungal therapy other than ergosterol
and its biosynthesis (Anderson 2005).

Resistance to antifungal drugs is commonly attributed to one of the following
mechanisms: increased efflux of the drug from fungal cell by efflux pumps,
alteration of structure or concentration of a target enzyme, or alteration of
metabolism (Anderson 2005). Among mechanisms of Candida resistance to azoles
the two most common ways are induction of the efflux pumps encoded by the
MDR or CDR genes and acquisition of point mutations in the gene encoding for
the target enzyme (ERG11). Resistance to echinocandins is caused by acquisition
of point mutations in the FKS genes encoding the major subunit of target enzyme
of the drug (Pfaller et al. 2012).

Despite more than 30 years of clinical use of amphotericin B, only minimal
resistance has developed to this drug and it continues to be important in the
treatment of a variety of fungal pathogens. However, some species of Candida
including C. lusitaniae, C. glabrata, and C. guilliermondii are capable of
expressing resistance to amphotericin B (Martins and Rex 1996). Because
ergosterol is the target of polyene action, a change in its content, replacement with
a different sterol, or reorientation of ergosterol in the membrane resulting in steric
interference of the ergosterol-amphotericin B interaction are responsible for the
decreased activity of this antifungal.
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Azoles (fluconazole, itraconazole, ketoconazole, etc.) also target ergosterol
biosynthesis; their target of action is a lanosterol demethylase enzyme, 14-a-
demethylase, which is involved in the conversion of lanosterol to ergosterol.
Another effect of these drugs is azole-induced accumulation of toxic 14-methyl
sterols (Kelly et al. 1995). The three most commonly proposed mechanisms of
azole resistance among Candida isolates are alteration of 14-a-demethylase,
decreased accumulation of drugs inside the cell, and loss of function of the enzyme
5,6-desaturase. Resistance to azoles was reported in the late 1980s when resistant
C. albicans was isolated after prolonged therapy with miconazole and ketocona-
zole (Casalinuovo et al. 2004). In recent time, fluconazole-resistant C. albicans
strains and intrinsically resistant Candida species such as C. glabrata and C.
krusei, have emerged in immunocompromised patients treated both for the therapy
or prophylactic purposes (Martins et al. 1997; Krcmery and Barnes 2002).

Various studies have indicated increasing resistance to antifungal agents as an
alarming sign of Candida nosocomial infections (Badiee and Alborzi 2011; Huang
and Kao 2012; Pfaller 2012). Badiee and Alborzi (2011) evaluated minimal
inhibitory concentrations (MICs) of different antimycotics against Candida spe-
cies. The lower MIC90 was demonstrated by caspofungin (0.5 lg/ml) and
amphotericin B (0.75 lg/ml), while for fluconazole MIC achieved 64 lg/ml.
Multicenter prospective survey conducted in Spain reported the overall rather high
susceptibility level of Candida spp., such as 77.6 % susceptibility rate for itrac-
onazole and 91.9 % for fluconazole, but at the same time the study also demon-
strated 24.1 % resistance rate to itraconazole and 14.5 % resistance to
posaconazole in C. glabrata; furthermore, among C. krusei 81.5 % of isolates
were resistant to itraconazole (Pemán et al. 2012).

The echinocandins are considered to be the first-line treatment of bloodstream
infections caused by C. glabrata. However, in recent time resistance to these
agents has also been emerged. Results of the two large surveillance programs, the
SENTRY Antimicrobial Surveillance Program conducted in 2006–2010 and the
Centers for Disease Control and Prevention population-based surveillance con-
ducted in 2008–2010, demonstrated that a total of 162 isolates (9.7 %) among
1669 studied were resistant to fluconazole (MIC C 64 lg/ml). Among fluconaz-
ole-resistant strains 98.8 % were nonsusceptible to voriconazole (MIC [ 0.5 lg/
ml) and 9.3 % were resistant to caspofungin (Phaller et al. 2012). Strains of C.
albicans, C. glabrata, and C. krusei with acquired resistance to echinocandins
(caspofungin MIC [ 0.5 lg/ml) were also reported by the recent French study
conducted in 2004–2010 (Dannaoui et al. 2012).

Increase in the rates of antifungal resistance explains increasing interest of
scientists to alternative methods of antifungal treatment (Anderson 2005). Plant
essential oils (EOs) have demonstrated high antifungal activity in many studies
(Rai and Mares 2003; Pauli 2006; Palmeira-de-Oliveira et al. 2009). Their
advantage compared with synthetic antimycotics is a broad spectrum of action
(Reichling et al. 2009; Bassolé and Juliani 2012) including simultaneous activity
not only against fungi but also against bacteria (Hyldgaard et al. 2012), viruses
(Garozzo et al. 2011), and protozoans (Monzote et al. 2007), which is especially
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important in mixed infections. EOs have also complex healing properties including
antioxidant (Miguel 2010; Serrano et al. 2011), anti-inflammatory (Miguel 2010),
immune modulatory (Sadlon and Lamson 2010), and regenerative effect (Woolard
et al. 2007). Moreover, combinations of EOs and antimycotics provide further
potential in overcoming fungal resistance and in reducing toxicity of both an-
timycotics and EOs toward mammalian cells.

9.2 Methods of Studying the Combinations Between
Essential Oils or Their Components and Antimycotics

Common methods used for study of antimicrobial interactions are disk diffusion,
checkerboard and time-kill curves (Verma 2007). All these methods are widely
used for both studies on antibiotic and antimycotic combinations. However, they
are optimized for antimicrobial substances which are generally hydrophilic in
nature. In contrast, EOs are volatile, water insoluble, viscous, and complex sub-
stances. Because of this, many researchers proposed different approaches to adjust
standard sensitivity and synergy testing methods to the use of EOs.

Special methods are proposed in order to increase water solubility of EOs and
to provide better diffusion to the medium. It is achieved by using different solvents,
such as DMSO in the concentration not exceeding 1 % v/v ( Ahmad et al. 2010;
Tangarife-Castaño et al. 2011), DMSO not exceeding 2 % v/v (Silva et al. 2011),
DMSO 5 % (Hendry et al. 2009), DMSO 10 % (Amber et al. 2010) or 5 % Tween
80 (Nozaki et al. 2010). At the same time, volatile character of EOs is used by
some researchers in assessment of antimicrobial activity produced just by volatile
oil phase (Tyagi and Malik 2010; Rózalska et al. 2011).

Disk diffusion method has the easiest performance and because of this can be
applied for the screening of large amount of combinations. However, in the studies
with EOs this method has serious limitations as evaporation of EOs may signifi-
cantly distort results. Furthermore, diffusion rate into a medium also significantly
differs in various EOs. Difficulties in comparison between results of the studies
also take place due to use of different volumes and different dilutions of EOs or
their components spotted on disks. Such as, Nozaki et al. (2010) placed on disks
10 ll of EOs or their constituents at the concentration 100 mg/ml when used
against C. albicans and 200 mg/ml when used against C. tropicalis. Ahmad et al.
(2010) used eugenol and methyleugenol at the final concentration on disks 500 and
350 lg, respectively. Results in both studies were assessed also in different way.
Nozaki et al. (2010) compared diameters of inhibition zones of agents alone and in
combination; increase in the diameter of combination over at least one of diam-
eters alone the authors considered as beneficial effect. In turn, Ahmad et al. (2010)
and Amber et al. (2010) calculated the sensitivity index (SI) as a ratio between the
diameter of inhibition zone (mm) and concentration of drug (mg/ml), which was
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also defined as ‘clearing’ (mm/mg); then the authors compared SIs of agents alone
and in combinations.

In the study of combinations between EOs or their components and antimy-
cotics, disk diffusion method is used not widely and only as preliminary assess-
ment (Table 9.1). More common are microdilution and especially checkerboard
methods. In the microdilution method there is also no agreement between meth-
odologies in different studies.

There are two main modifications of determining interactions by the dilution
method. First modification implies preparation of series dilutions of the first agent
(antimycotic) and addition of some definite sub-inhibitory concentration of the EO
or its component into the medium with antimycotic dilutions. Then MIC of
antimycotic in the presence of EO is compared with MIC of antimycotic alone.
Second modification includes preparation of oil/antimycotic mixture in some ratio
and then comparison of MICs of mixture with MICs of agents alone. In antimy-
cotic/EO combinations the first modification became more popular (Giordani et al.
2004; Nozaki et al. 2010), while the second one is used more in the study of EOs
blends (e.g., Fu et al. 2007). Giordani et al. (2004, 2006) determined MIC 80 % for
amphotericin B by a macrobroth dilution method followed by a modelling of
fungal growth, and studied its activity either alone or in the presence of different
concentrations of Thymus vulgaris thymol chemotype EO (0.00031–0.03 lg/ml)
(Giordani et al. 2004) and Cinnamomum cassia EO (0.0125–0.3 ll/ml) (Giordani
et al. 2006). Nozaki et al. (2010) added EOs or their components at concentrations
corresponding � and � of MIC to media with serial dilutions of amphotericin B.
Then the authors determined EOs and their components which caused decreasing
MIC of amphotericin B twice, and also oils, which caused decreasing by 4 times or
more, such effect actually corresponded to synergism.

Checkerboard method is the most precise and the most commonly used in the
studies of combinations between antimycotics and EOs or their components. The
majority of studies use the similar procedures, either preparation of stock solutions
of both agents and then mixing them at different ratios (Van Vuuren et al. 2009;
Van Zyla et al. 2010), or preparation of serial dilutions of both agents and then
their paired mixing (Hendry et al. 2009; Amber et al. 2010; Ahmad et al. 2010;
Mahboubi and Ghazian Bidgoli 2010; Silva et al. 2011; Tangarife-Castaño et al.
2011). MICs are determined for combinations of all concentrations and then are
used for the calculation of fractional inhibitory concentration (FIC) indexes
(Verma 2007). Minor discrepancies between studies present in interpretation of
FIC indexes. While majority of works uses definition of synergy as FIC
index B 0.5, antagonism as FIC index C 4, and indifference for other values
(more than 0.5 but less then 4), in some studies another interpretation is present.
For example, Van Vuuren et al. (2009) and Van Zyla et al. (2010) defined FIC \ 1
as synergy, FIC [ 1 as antagonism and FIC = 1 as indifference. Mahboubi and
Ghazian Bidgoli (2010) defined synergy as FIC B 0.5, antagonism as FIC [ 2 and
indifference between these values; however, because studied combinations
exhibited only FIC indexes less then 0.5, interpretation of results is not changed
depending on chosen criteria.
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Classical procedure of time-kill curves assumes making sub-cultures from tubes
containing antimicrobial agents and growing microorganisms on a fresh solid
medium with calculation of colony-forming units. Although this method gives an
opportunity to study time-dependent interactions between agents in combinations,
but it is the most cumbersome and laborious. Measuring optical density of liquid
cultures in dynamics also gives some information on time-dependent effect of the
combination, and such method is used in some studies. One of such studies was
performed by Nozaki et al. (2010), who measured optical densities of C. albicans
cultures in media containing different concentrations of clove oil and amphotericin
B at 530 nm in dynamics during 48 h. Although measuring optical density does
not allow determining viable cell count, it gives information about time-dependent
stability of antimicrobial effect.

9.3 Combinations Between Essential Oils and Antimycotics

9.3.1 Combinations Between Essential Oils and Polyenes

Combinations between antimicrobial agents open wide perspectives in increase of
antimicrobial properties and reduction of toxic effect for both combined compo-
nents (Verma 2007). In contrast to combinations of antibiotics against bacteria,
antifungal combinations, especially combinations between synthetic antifungals
and natural products, are not so well investigated (Table 9.2).

Giordani et al. (2004) revealed interesting concentration-dependent interactions
between T. vulgaris EO of thymol chemotype and amphotericin B: higher con-
centration of oil in the medium (0.01–0.3 lg/ml) had enhancing effect on activity
of amphotericin B, with the highest enhancing effect at thyme oil concentration of
0.2 lg/ml (MIC 80 % of amphotericin B decreased by 48 %); while lower oil
concentration (0.00031–0.0025 lg/ml) demonstrated antagonistic effect. Two
years later, Giordani et al. (2006) published results of the study on combination
between C. cassia EO and amphotericin B against C. albicans. Similar method-
ology was used: the authors investigated influence of the presence of different
concentrations of C. cassia EO in the medium on MIC of amphotericin B. EO
concentrations 0.08–0.1 ll/ml in the medium caused a decrease of the MIC 80 %
of amphotericin B. The characteristic feature of this study is that the authors not
only determined effects of agents experimentally but also used mathematical
modelling of fungal growth, which helped to determine the most efficient EO
concentration in combination with amphotericin B. EO in the concentration of
0.1 ll/ml caused the strongest decrease (by 70 %) of MIC 80 % of amphotericin
B. In contrast to thyme oil, no antagonistic effect was detected. The authors
emphasized that the potentiation of amphotericin B demonstrated in vitro have
potential in the development of less toxic and more effective therapies, which may
be especially useful for the treatment of candidiasis in HIV infection.
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Nystatin is the antifungal drug for which the use is limited due to side effects,
first of all, renal failure. However, its combined application with other agents
leading to decrease of dosages may be good option in order to restore its usage. For
this purpose Rosato et al. (2009) studied combinations of nystatin with three EOs,
Origanum vulgare, Pelargonium graveolens and Melaleuca alternifolia, against
several Candida strains. The strongest synergistic effect was present in O. vulgare
EO with FIC indexes in range of 0.11–0.17. Combinations between nystatin and P.
graveolens EO showed synergistic effect against some of strains, while combi-
nation between nystatin and M. alternifolia was only additive.

Van Vuuren et al. (2009) investigated interactions between amphotericin B and
EOs of M. alternifolia, T. vulgaris, Mentha piperita, and Rosmarinus officinalis
against C. albicans using checkerboard method. Combinations were studied in nine
different ratios (9:1; 8:2; 7:3; 6:4; 5:5; 4:6; 3:7; 2:8, and 1:9) and assessment of
results was done by the calculation of FIC indexes, where FIC \ 1 was defined as
synergy, FIC [ 1—antagonism and FIC = 1—indifference. Accordingly to these
criteria, synergistic interactions were present between R. officinalis EO and
amphotericin B in ratio 9:1, between M. alternifolia EO and amphotericin B in
ratios 6:1 and 9:1, and between M. piperita EO and amphotericin B also in ratio 9:1.
In other ratios, combinations were either indifferent or mainly antagonistic; par-
ticularly, in case of T. vulgaris EO, all combinations were antagonistic. However, it
is worth to emphasize that interpretation of FIC indexes in this study significantly
differs from commonly used, such as definition of synergy as FIC index B 0.5,
antagonism as FIC index [ 4, and indifferent interaction at FIC indexes from 0.5 to
4 (Verma 2007). In the case of application of commonly used criteria, all combi-
nations were indifferent: FIC indexes for the combination between R. officinalis EO
and amphotericin B were in range from 0.93 to 2.53 depending on ratios of agents,
FIC indexes for M. alternifolia EO/amphotericin B combination were in range of
0.93–1.73, for T. vulgaris EO/amphotericin B—in range of 1.39–2.60, for M.
piperita EO/amphotericin B—in range from 0.92 to 1.87.

Van Zyla et al. (2010) apart from examination of antimicrobial activity of
combinations of several components of EOs, also studied combined effect of
carvacrol with amphotericin B against C. albicans. The combination showed
strong synergy with FIC index of 0.41 achieving MIC values 0.00141 mM for
amphotericin B and lower than 1.66 mM for carvacrol. Synergistic effect was
explained by the authors due to damaging activity of both agents on fungal cell
membrane. Amphotericin B binds selectively to ergosterol with formation of
transmembrane pores leading to leakage of intracellular ions and macromolecules
with cell death. This, in turn, is enhanced by carvacrol which has non-selective
tropism to fungal and bacterial cell membranes.

Nozaki et al. (2010) studied activity of 26 different EOs (two bergamot oils,
chamomile German, chamomile Roman, clary sage, clove, cypress, two eucalyptus
oils, frankincense, juniper, two lavender oils, lemon, lemongrass, melissa, mirrh,
neroli, orange, peppermint, rose, rose absolute, rosemary, rose otto, sandalwood,
and vetiver) and 11 EO components (1,8-cyneole, citral, citronellal, citronellol,
eugenol, farnesol, geraniol, guaiacol, (+)-limonene, linalool, and (-)-a-pinene)
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against two isolates of C. albicans and one isolate of C. tropicalis by the disk
diffusion methods, alone and in combinations with amphotericin B. 10 EOs and 9
EO components were then studied by microdilution method. Synergistic effect was
documented in clove EO against all tested strains: MIC of amphotericin B
decreased from 0.5-1 lg/ml alone to 0.16 lg/ml in the presence of � MIC of clove
oil against C. albicans and from 4 to 0.25 lg/ml against C. tropicalis. Bergamot
and chamomile German EOs had additive effect against one of the strains of C.
albicans. Lemograss and rose otto EOs showed synergy against C. tropicalis (MIC
of amphotericin B decreased from 4 to 0.5 lg/ml). Furthermore, the majority of
studied EO components demonstrated either synergistic or additive effect in
combination with Amphotericin B. Eugenol and guaiacol were synergistic against
C. albicans, while citronellal, citronellol, farnesol, geraniol, and linalool were
additive. Against C. tropicalis effect was only additive in eugenol, farnesol, and
guaiacol. Further advanced investigations revealed that against C. tropicalis syn-
ergistic effect was present not only in clove oil but in related compounds such as
isoeugenol and b-caryophyllene.

Saad et al. (2010) investigated combinations between EOs of the two Moroccan
endemic thymes, T. maroccanus and T. broussonetii, and two antifungals,
amphotericin B and fluconazole, against C. albicans. The FIC indexes of T. ma-
roccanus and T. broussonetii EOs combined with amphotericin B and fluconazole
were calculated from the checkerboard assay and were 0.49, 0.27, 0.37, and 0.3,
respectively, and indicated presence of synergy in all combinations. Moreover,
fluconazole possessed stronger synergistic effect with EOs compared with
amphotericin B.

Mahboubi and Ghazian Bidgoli (2010) studied activity of myrtle EO (Myrtus
communis) against nine strains of C. albicans and different species of Aspergillus,
and evaluated its combination with amphotericin B. The major active components
of the studied oil were 1,8-cineole (36.1 %), alpha-pinene (22.5 %), linalool
(8.4 %), bornyl acetate (5.2 %), alpha-terpineol (4.4 %), linalyl acetate (4.2 %),
and limonene (3.8 %). Myrtle oil not only exhibited good antifungal activity but
also high activity in the combination with amphotericin B, and therefore, has
potential in reducing dosages of amphotericin B and its toxic effect. Marked
synergy was noticed with FIC index of 0.28 against C. albicans and 0.26 against
Aspergillus niger.

Silva et al. (2011) studied interactions between Coriandrum sativum and
amphotericin B against three reference strains, C. albicans ATCC 90028, C.
albicans ATCC 24433, and C. tropicalis ATCC 750 by checkerboard method. The
main component of C. sativum EO was linalool (64.38 %); the other major
components ([4 %) were a-pinene, p-cymene, camphor, and geranyl acetate.
Against both strains of C. albicans the combination was synergistic (FIC indexes
were 0.375 and 0.185), while against C. tropicalis effect was additive with FIC
index of 1.0. The authors explained observed results by the inhibition of germ
tubes formation in C. albicans strains leading to the synergistic effect with
amphotericin B related to the permeation of cellular membrane and leakage of
intracellular components. In C. albicans amphotericin B has effect on germ tube
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formation potentiated by coriander oil. At the same time, C. tropicalis is char-
acterized by inability to produce germ tubes and, therefore, coriander oil cannot
potentiate effect of amphotericin B against this species.

Tangarife-Castaño et al. (2011) studied anti-candida activity against reference
and clinical strains of 59 plant EOs and interactions of the most active of them,
Piper bredemeyeri EO, with amphotericin B and itraconazole by checkerboard
method. Combination with amphotericin B showed indifference with FIC index of
1.06, while with itraconazole it was strongly synergistic (FIC index was in ranges
0.09–0.13). The authors also demonstrated inhibition of germ tube formation by P.
bredemeyeri EO and suggested its action on an important process in the morpho-
transformation of C. albicans from yeast to filamentous form, along with the
affecting membrane integrity or reorganization of the fungal cytoskeleton. The
major components of the oil were monoterpene hydrocarbons alpha- and beta-
pinene (20.3 and 32.3 %, respectively), to which such antifungal action was
attributed. Alpha- and beta-pinene have shown to destroy cellular integrity in
fungi; they inhibit respiration and transportation of ions, and also they can increase
membrane permeability in C. albicans (Tangarife-Castaño et al. 2011).

9.3.2 Combinations Between Essential Oils and Azole
Antimycotics

The EO of Ocimum sanctum and its combination with two azoles, fluconazole, and
ketoconazole, against both fluconazole-sensitive and resistant isolates was studied
by Amber et al. (2010). The major component of O. sanctum EO was identified as
methyl chavicol, linalool, limonene, carvone, and alpha-caryophyllene, among
them methyl chavicol and linalool were found to be the most active constitutes
with MIC values ranging from 125 to 200 lg/ml and from 200 to 250 lg/ml,
respectively. O. sanctum EO was active also against intrinsically resistant to
fluconazole isolates. Moreover, its combination with both fluconazole and keto-
conazole showed synergistic effect against majority isolates with FIC indexes in
ranges from 0.24 to 0.53 and from 0.25 to 0.54, respectively.

Ahmad et al. (2010) tested 64 fluconazole-susceptible and 34 fluconazole-
resistant Candida strains studying the activity of two EO components, eugenol,
and methyleugenol, alone and in combination with fluconazole. Eugenol and
methyleugenol are components of EOs with documented high antimicrobial
activity, such as clove (Eugenia caryophyllus) and basil (O. sanctum) EOs. Among
susceptible isolates combination between eugenol and fluconazole exhibited
indifferent effect against six strains, while against others effect was synergistic;
combination between methyleugenol and fluconazole had indifferent effect in five
cases, in other 59—synergistic. Among resistant isolates eugenol/fluconazole
combination was indifferent in five cases and in other 29—synergistic, methyl-
eugenol/fluconazole combination was indifferent in three cases and in other—
synergistic. Therefore, both eugenol and methyleugenol showed great potency in
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enhancement of fluconazole activity against resistant isolates. Mode of action of
eugenol and methyleugenol is not much studied and mostly is attributed to
entering between the fatty acid chains of fungal membrane bilayers, altering their
fluidity and permeability. Damage to cell membranes disregulates important
membrane-bound enzymes that catalyze the synthesis of a number of major
polysaccharide components of cell wall, including b-glucans, chitin, and mannan.
This, in turn, disturbs cell growth and envelope morphogenesis (Ahmad et al.
2010). Mechanism of action of fluconazole, like in other azoles, is in inhibiting the
fungal cytochrome P-450-dependent enzyme lanosterol 14-a-demethylase which
converts lanosterol to ergosterol. Inhibition of this enzyme disrupts synthesis of
fungal membrane (Sheehan et al. 1999; Pfaller et al. 2006). Synergistic effect
between eugenol or methyleugenol and fluconazole can be explained by simul-
taneous damage to fungal membranes.

Rózalska et al. (2011) proposed a modified gradient-diffusion method of MIC
Test Strip for assessment of EO-antifungal combinations in the liquid and volatile
phases, and studied action of combinations between geranium, clove oils, cy-
tronelal, and two antifungals, fluconazol and voriconazole, against C. albicans and
C. glabrata. Geranium oil applied in concentration of � MIC caused decrease in
fluconazole MIC from 12.0 lg/ml to 0.064 lg/ml and voriconazole MIC from
0.125 lg/ml to 0.006 lg/ml against C. albicans in agar dilution test. The similar
effect was observed against C. glabrata, and also by using volatile clove oil and
cytronelal in sub-inhibitory MIC.

Study involving fungal biofilms was performed by Khan and Ahmad (2012). Two
strains of C. albicans, reference and clinical, were used for production of biofilms
and the effect of four EO components, cinnamaldehyde, citral, eugenol, and geraniol,
either alone or in combination with fluconazole was studied. Inhibitory effect of the
test compounds on fungal biofilms was determined by the XTT reduction assay, light
microscopy, and scanning electron microscopy (SEM); while effect of combinations
was assessed using checkerboard method. The highest inhibitory effect was observed
in eugenol and cinnamaldehyde, which was higher than in the two other compounds
and also higher than in fluconazole and amphotericin B. SEM showed that target of
tested compounds in both biofilm and planktonic cells was the cell membrane. The
highest synergy was revealed in eugenol/fluconazole combination against reference
C. albicans strain, as proved by FIC index of 0.14.

9.4 Combinations Between Essential Oils and Other
Antimicrobial Agents Against Candida spp

9.4.1 Combinations Between Essential Oils and Antiseptics
Against Candida spp

Hendry et al. (2009) studied combinations made of eucalyptus EO or its major
component 1,8-cineole and antiseptic chlorhexidine digluconate against several
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bacteria and C. albicans by checkerboard method. The study is especially inter-
esting because combinations were tested against planktonic and biofilm cells of
microorganisms. Combination between crude eucalyptus oil and chlorhexidine
digluconate exhibited synergy against both suspension and biofilm cells of C.
albicans; furthermore, synergy was especially evident in biofilm form (FIC index
was 0.094, while for suspension cells FIC index was 0.500). Combination between
1,8-cineole and chlorhexidine digluconate was synergistic against cells in sus-
pension (FIC index 0.469) but indifferent against biofilm cells (FIC index 1.125).
From these results the authors made a conclusion that the combination between
crude eucalyptus EO and chlorhexidine digluconate is preferable in order to inhibit
the growth of C. albicans compared with pure 1,8-cineole.

Synergistic effect between either eucalyptus oil or its component 1,8-cineole
with chlorhexidine digluconate was explained by attacking the same target in
fungal cell—cytoplasmic membrane, which resulted in damaging the structural
stability of fungal cell and increasing membrane permeability.

9.4.2 Combinations Between Essential Oils and Silver Ions
Against Candida spp

Silver in form of silver ions and silver nanoparticles is broadly investigated and
used to inhibit growth of different microorganisms including fungi (Zhang et al.
2006; Monteiro et al. 2011; Kumar and Mamidyala 2011). Combining silver
nanoparticles with other agents possessing antifungal activity has potential in
decreasing their toxicity, as well as in enhancing antifungal effect. However,
studies on combinations of silver nanoparticles or ions with antifungals are very
limited and mainly devoted to traditional antimycotics, for example, to combi-
nation with fluconazole (Gajbhiye et al. 2009).

A study on combination between silver ions and EO of M. alternifolia was
performed by Low et al. (2011), who investigated activity of tea tree oil in
combination with silver ions against three microbial species, two bacterial
strains—Pseudomonas aeruginosa and Staphylococcus aureus, and one C. albi-
cans strain. The assessment of results was done by determination of fractional
lethal concentration index (FLCI). Combination was in general active but effect on
fungi was weaker than on bacteria. Action of combination decreased in the fol-
lowing order P. aeruginosa [ S. aureus [ C. albicans with FLCI 0.263, 0.663,
and 1.197, respectively. However, in spite of the absence of synergistic effect
against C. albicans, combination between tea tree oil and silver ions can be
anyway used as a base for decreasing doses of both agents and, therefore, potential
in decreasing side effects.
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9.5 Conclusions and Future Perspectives

Combinations between EOs or their components and antimycotics have shown
promising activity against both antimycotic-sensitive and resistant Candida iso-
lates. The best studied are combinations composed of EOs and either amphotericin
B or fluconazole. There are studies devoted either to crude EOs or to discrete
components. However, in general, in contrast to antibiotic or antimycotic com-
binations, combinations between antimycotics and natural products are studied
insufficiently and require more attention.

Ongoing studies on antimycotic-EOs interactions should be devoted to better
understanding the mechanisms of synergistic and antagonistic effects, which can
be done by evaluation of combinations composed of antimycotics and discrete EO
components with observation of visible and metabolic changes in fungal cells.

Reviewing methods used for the studies of combinations showed absence of
uniform standard techniques which makes it more difficult to compare results
obtained in different studies. Further efforts, therefore, should be directed to
standardization of techniques and criteria of scientific researches used in studies of
combinations composed of natural products.

Most Candida infections belong to topical infections for which application of
EOs is not difficult. However, pharmaceutical formulations applicable for systemic
use of combinations composed of antimycotics and EOs or their components
should be developed and evaluated in vitro and in vivo. Future studies should be
also directed to combining EOs not only with antimycotics but with other agents
possessing antifungal activity, such as metallic nanoparticles and quorum-sensing
inhibitors.
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Chapter 10
Flavonoids as Antifungal Agents

Roseli Maria De Conti Lourenço, Patricia da Silva Melo
and Ana Beatriz Albino de Almeida

Abstract Flavonoids are phenolic compounds widely distributed in the plant
kingdom. These natural compounds have been known to be active against a variety
of microorganisms. This chapter aims to report the efforts of the scientific dis-
coveries and developments of new antifungal flavonoid molecules and also to
understand the flavonoids chemistry. An overview of the recent papers on the
antifungal activity of flavonoids which represent a potential alternative to con-
ventional fungicides is presented.

10.1 Introduction

Flavonoids constitute the largest group of polyphenols, and are considered to be
responsible for the color and taste of many fruits and vegetables. Flavus means
yellow in Latin. This group of natural products shows extraordinary diversity and
variation. Flavonoids are secondary metabolites which together with other plant
compounds share a common origin: the amino acid phenylalanine and the acetate
coenzyme A esters. These compounds are generally synthesized by the shikimate
pathway, from which they are produced using carbohydrate metabolism. Sec-
ondary metabolites are distinct from the components of intermediary metabolism
in that they are nonessential for the basic metabolic process of growth and
development in plant. In spite of this, they are indeed crucial for many important
functional aspects of plant life (Bueno et al. 2012).
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It was suggested that the biochemical and pharmacological activities of phe-
nolic compounds, in particular flavonoids, are due to their long association with
animal species and other organisms (Ndhlala et al. 2010). Some of the proven
biological activities include antimicrobial, antiviral, antiinflammatory, antiallergic,
vasodilator effects and inhibition of lipid peroxidation (Ndhlala et al. 2010),
anticancer activity (Cushinie and Lamb 2005; Estelle et al. 2011), enzyme inhi-
bition (Cushinie and Lamb 2005), antiulcer (Batista et al. 2004), antioxidant
(Karimi et al. 2011), antidiarrheal, antidiabetic, anti-inflammatory (Cushinie and
Lamb 2005), antiplasmodial, antihypertensive, anticonvulsant, antinociceptive
(Ojewole et al. 2010), and nutraceutical (Tapas et al. 2008).

Harborne and Williams (2000) extensively reviewed the advances of the
flavonoids science since 1975. There are excellent reviews on the flavonoid
properties as antimicrobial agents and many other biological activities as well as
cytotoxicity (Nijveldt et al. 2010; Cesco et al. 2012; Zheng et al. 2012; Pierson
et al. 2012; Wink et al. 2012). Phenolic compounds as flavonoids have a con-
siderable dual mode of action: reducing risks of severe human diseases and pro-
moting a deleterious impact due to adverse side effects. The classical antioxidant
capacity of flavonoids might exert modulatory activities in cells through cell
signaling acting mainly in protein kinases. These interactions could trigger
unpredictable results, depending on cell type, cell cycle, and the kind of stimulus
applied (Kyselova 2011).

The flavonoids biosynthesis, differential in situ accumulation of flavonoids in
various pathway mutants as well as flavonoid uptake and movement within the
plant has been reviewed by Buer et al. (2010). In this work the roles played by
flavonoids in plant physiology and development, were discussed including efforts
to define molecular targets for flavonoids.

Types and amounts of plant-released flavonoids concerning their effects on soil
activities have been studied by Cesco et al. (2012). The effects of root-borne
flavonoids on mycorrhizal and pathogenic fungi have been reviewed.

A very recent review has been carried out on polyphenol including flavonoids
mainly concerning their analysis and antioxidant capacity as well as their large
amount of biological properties concerning human health. Also, standardized
methods for the determination of antioxidant capacity and anthocyanin pigments in
foods and diets have been published. In this paper various recently published
reviews on the biological properties of flavonoids are stated (Bueno et al. 2012).

The occurrence of potential bioactive compounds isolated and identified from a
selection of tropical fruit plants of importance in Australia, was reported by
Pierson et al. (2012). In this work secondary metabolites isolated from fruits such
as flavonoids, flavones, flavonols, isoflavonols, isoflavones, and anthocyanins with
biological activities have been extensively discussed.

An up-to-date paper report on the way that botany, ethnobotany, phytochemistry,
and pharmacology of extracts from Rheum australe, which constituted of many
different secondary metabolites including many flavonoid compounds were exten-
sively studied by Rokaya et al. (2012). The antifungal activity of the plant extracts, as
well as many of their other biological activities, was extensively reviewed. The
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possible uses of Rheum australe species to treat different diseases have been high-
lighted providing a basis for future research.

Phyllantus amaru, a small Indian herb of the Euphorbiaceae family, with
medicinal properties used Worldwide, was reviewed by Patel et al. (2011) cov-
ering literature from 1980 to 2011. Phytochemical studies of P. amaru showed to
be constituted of many active compounds including the flavonoid class of natural
products. The extracts and the isolated compounds from P. amarus showed a wide
spectrum of pharmacological activities (including antifungal activity) thus
emphasizing the extensive potential of this plant for future work and commercial
exploitation.

Himesh et al. (2011) reported on a preliminary screening and HPLC analysis of
flavonoids from methanolic extracts of leaves of Annona squamosa, commonly
known as custard apple, and cultivated throughout India. The data generated in this
work have provided the basis for its wide uses as the therapeutics in traditional and
folk medicines.

Very important and extensive review papers related to the pharmacological
properties of the flavonoids were published showing the important role of this class
of compounds for the discovery of new drugs which may possess a wide range of
applications (Cowan 1999; Cushnie and Lamb 2005; Friedman 2007).

Structural analysis of flavonoids is of great interest. Pinheiro and Justino (2010)
reported their spectroscopic application.

Sophora, a genus of the Fabaceae family is widely distributed in Asia, Oceania,
and the Pacific Islands. It is commonly used in traditional Chinese Medicine. It
was found to possess various pharmacological and therapeutic properties due to its
active components; such as many alkaloids, along with flavonoids, isoflavonoids,
isoprenylated flavonoids, isoflavones, flavones, flavonols and its glycosides, cou-
marochromes, saponins, triterpene glycosides, phospholipids, polysaccharides, and
fatty acids (Krishna et al. 2012). In a review paper the authors discussed the
ethnopharmacology, the biological activities, and the correlated chemical com-
pounds of genus Sophora.

Recently, many reviews concerning the antifungal, antibacterial, or antiviral
activities of flavonoids have been published (Recio and Rios 1989; Harborne and
Williams 2000; Cushnie and Lamb 2005; Friedman 2007; Orhan et al. 2010; Cesco
et al. 2012; Pierson et al. 2012; Zheng et al. 2012)

Tapas et al. (2008) reported the nutraceutical properties of flavonoids showing
the important role of the antifungal properties of this class of compounds.

The antifungal properties along with many other biological activities of
Artocopus species, which is known to occupy a variety of ecological niches across
different habitats, also possessing many flavonoid compounds as their components
were described (Jagtap and Bapat 2010).

A review by Wink et al. (2012) summarizes the evidence that secondary
metabolites from plants such as alkaloids, phenolic compounds (flavonoids,
isoflavonoids, and anthocyanins), and terpenoids can interfere with ABC trans-
porters in cancer cells, parasites, bacteria, and fungi. Polar phenolic compounds
such as phenolic acids, flavonoids, catechins, chalconnes, xanthones, stilbenes,
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anthocyanin, tannins, anthraquinones, and naphthoquinones are shown to directly
inhibit proteins to form several hydrogen and ionic bonds and thus to disturb the
3D structure transporters. These natural products may be of interest in medicine or
agriculture as they can enhance the activity of chemotherapeutic compounds or
pesticides or even reverse multidrug resistance (at least partially) of adapted and
resistant cells. These secondary metabolites when applied in combination with a
cytotoxic antimicrobial agent, may reverse resistance in a synergistic fashion.

10.2 Chemical Structure of Flavonoids

Flavonoids are low molecular weight bioactive polyphenols (Sandhar et al. 2011).
The basic structural feature of flavonoid is 2-phenyl-benzo-c-pyrane nucleus
consisting of two benzene rings (A and B) linked through a heterocyclic pyran ring
(C). They can occur both as the free form aglycones and as glycosides, and differ
in their substituents (type, number, and position) and in their unsaturation.
Figure 10.1 shows the basic structure of the different flavonoid classes.

The most common classes are flavones, flavonols, flavanones, catechins, iso-
flavones, and anthocyanins, which account for around 80 % of flavonoids. All
flavonoids share a basic C6-C3-C6 phenyl-benzopyran backbone. The position of
the phenyl ring relative to the benzopyran moiety allows a broad separation of
these compounds into flavonoids (2-phenyl-benzopyrans, isoflavonoids (3-phenyl-
benzopyrans) and neoflavans 4-phenyl- benzopyrans) (Pinheiro and Justino 2010)
(Fig. 10.2).

Flavonoids differ in their arrangement of hydroxyl, methoxyl, and glycoside
side groups and in the conjunction between the A and B rings. A variation in the C
ring provides a division of subclasses. According to their molecular structure, they
are divided into eight classes (Fig. 10.3) (Pinheiro and Justino 2010).

10.3 Medicinal Plants as Therapeutic Agents

The use of higher plants and preparations made from them to treat infections is an
age-old practice and possibly it was the only method available. Since time began,

Fig. 10.1 Basic structure of
flavonoids
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man has used plants to treat common infectious diseases and some of the tradi-
tional medicines are still included as part of the habitual treatment of various
diseases (Recio and Rios 1989; Rios and Recio 2005). Archeologists have shown

Fig. 10.2 Position of phenyl ring relative to benzopyran

Fig. 10.3 Flavonoid subclasses according to the variation in C Ring
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that around 50,000 B.C., humans used plants for flavoring meats and, in ancient
Egypt and Assyria, herbs and spices were used for medicinal purposes (Kaefer and
Milner 2008). People on all continents applied poultices and drank infusions of
hundreds if not thousands, of indigenous plants, dating back to prehistory times
(Cowan 1999). Plants are still widely used in ethnomedicine around the world.
Historically, therapeutic results have been mixed; and quite often cures or relief
symptoms resulted. Poisoning also occurred at a high rate (Cowan 1999). The
increase in the use of dietary supplements is related to the concept of ‘‘wellbeing,’’
but has been associated with toxic effects. One example is the several cases of
aloe-induced hepatotoxicity in contrast to the anti-inflammatory, wound, and
immune modulation pharmacologic effects (Yang et al. 2010).

A large body of evidence has accumulated to demonstrate the promising potential
of medicinal plants. They are rich in a wide variety of secondary metabolites such as
tannins terpenoids, alkaloids, flavonoids ,etc., which have been found to have anti-
microbial properties (Cushnie and Lamb 2005). The molecular structures of these
secondary metabolites can interfere with group targets in microorganisms such as
proteins, nucleic acids, and bio membranes (Wink et al. 2012).

Recently, there has been an increasing interest in the biological properties of
flavonoids from medicinal plants which have been used in folk medicine (Recio and
Rios 1989; Harborne and Williams 2000; Sohn et al. 2004; Cushnie and Lamb 2005;
Kumar et al. 2006; Friedman 2007; Tapas et al. 2008; Sher 2009; Ndhlala et al. 2010;
Ojewole et al. 2010; Orhan et al. 2010; Sandhar et al. 2011; Karimi et al. 2011;
Kanwal et al. 2011; Ruddock et al. 2011; Bueno et al. 2012; Cesco et al. 2012; Kuete
et al. 2012; Rokaya et al. 2012; Zampini et al. 2012; Zheng et al. 2012).

Nowadays scientists have realized an immense potential in natural products
from medicinal plants such as flavonoids, which may serve as alternative source of
combating infections in human beings with lower cost and lesser toxicity than
synthetic compounds (Recio and Rios 1989; Sher 2009; Himesh et al. 2011). This
area of research is of particular interest and holds out the possibility of microbial
drug development based upon novel structures and new biochemical target
enzymes.

10.4 Antifungal Properties of Flavonoids

Flavonoids are a group of about 4,000 naturally occurring compounds known to
have contribution to human health through our daily diet; generally they are found
as plant pigments in fruit, vegetables, nuts, seeds, stems and flowers as well as tea,
wine, propolis, and honey, and represent a common constituent of the human diet
(Sharma et al. 2011). In the US, daily dietary intake of mixed flavonoids is esti-
mated to be in the range 500–1,000 mg, but this Fig. can be as high as several
grams for people supplementing their diets with flavonoids or flavonoid-containing
herbal preparations. The dietary intake of flavonoids is estimated to be 1–2 g/day
(Sandhar et al. 2011). The function of flavonoids in flowers is to provide colors
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attractive to pollinators and in several other processes, such as pigmentation,
response to environmental stresses, plant growth regulation, resistance against
pathogens, etc. (Fraga et al. 2010). In leaves, these compounds are increasingly
believed to promote the physiological survival of the plant, protecting it from, for
example, fungal pathogens and UV-B irradiation. In addition, flavonoids are
involved in photosensitization, energy transfer, the actions of plant growth
hormones and hormone regulators, control of respiration and photosynthesis,
morphogenesis, and sex determination. They are involved in the defense of plants
against invading pathogens including insects, bacteria, fungi, and viruses (Cowan
1999; Cushinie and Lamb 2005; Friedman 2007; Sher 2009; Ojewole et al. 2010;
Orhan et al. 2010; Kanwal et al. 2011; Ruddock et al. 2011).

The wide range of biological activities of flavonoids is attributed to their
capacity to exert effects as antioxidants, free radical scavengers, and chelators of
divalent cations. They are also demonstrated to inhibit a variety of enzymes like
hydrolases, hyaluronidase, alkaline phosphatase, arylsulfatase, cAMP phosphodi-
esterase, lipase, a-glucosidase, kinase (Sandhar et al. 2011).

Resistance to antimicrobial agents has become an increasing and pressing
global problem (Cushinie and Lamb 2005). Pathways of resistance are complex,
including activation of ATP, binding cassette (ABC) transporters, activation of
enzymes of cytochrome P-450, and conjunction with glutathione (Wink et al.
2012). Fungal infections, especially ringworm infections and dermatophytosis, can
affect various parts of the body, such as the skin, hair, or nails (Ponnusamy et al.
2010; Zheng et al. 2012). The increasing resistance of microorganisms against
available antimicrobial agents is of major concern among scientists and clinicians
worldwide. The World Health Organization cited that antimicrobial resistance is
one of the three most serious problems for public health (Bassetti et al. 2011). To
develop new or more efficient and safe antifungal drugs is an urgent requirement
(Ahmidi et al. 2010; Zheng et al. 2012). Despite the advances in science and
technology, surprisingly the development of novel and efficient antifungal drugs is
still lagging behind due to the very fact that fungi are also eukaryotic cells and
have mechanisms similar to human beings. Hence it becomes very difficult to
develop an antifungal agent that is more specific in targeting the fungi alone
without any damage to human beings (Lakshmipathy and Kannabiran 2010). To
overcome the drawbacks of the current antimicrobial drugs and to obtain more
efficient drugs, an antimicrobial drug having a novel mode of action should be
found (Orhan et al. 2010; Zheng et al. 2012).

The function of flavonoids in protecting plants against microbial invasion does
not only involve their presence in plants as constitutive agents but also their
accumulation as phytoalexins in response to microbial attack. Because of their
widespread ability to inhibit spore germination in plant pathogens, they have been
proposed also for use against fungal pathogens in humans (Harborne and Williams
2000).

In vitro experimental screening of potential antibacterial and antifungal com-
pounds from plants may be performed with pure substances or crude extracts. The
methods used for the two types of organisms are similar. The two most commonly
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used screening methods to determine the antimicrobial susceptibility are the broth
dilution assay and the disk or agar well diffusion assay. Antifungal phytochemicals
can be also analyzed by the spore germination assay (Cowan 1999).

Sharma et al. (2011) studied the antimicrobial activities from the leaf and seed
extracts of Pongomia pinata and Vitex negundo. The antifungal activity was
screened against Candida albicans and Trichoderma viride. The results showed
good antifungal activity of all leaf and seed extracts of Pongomia pinata and Vitex
negundo tested.

Many biological activities have been reported in Slerocarya birrea (A. Rich)
Hochst., subspecies of Anacardiaceae, which is a commonly used plant in Africa.
The antifungal properties of this plant containing flavonoids as secondary
metabolites was reviewed by Ojewole et al. (2010).

Antibacterial and antifungal activities of plant-derived flavonoids representing
two different structural groups were evaluated against C. albicans and Candida
krusei and their drug-resistant isolates using the microdilution broth method. The
compounds after extraction were tested and showed high antimicrobial activities
employing the microdilution method. The antifungal activities of the compounds
tested showed that these compounds presented similar minimal inhibitory con-
centrations against C. albicans compared to the control ketoconazole and fluco-
nazole. The compounds also exhibited a higher degree of antifungal activity
against C. krusei as compared with fluconazole. The mechanism of action of the
compounds should be further investigated. The structures of investigated com-
pounds are shown (Fig. 10.4) (Orhan et al. 2010).

The antifungal effect of total flavonoid extracts from Patrinia villosa on
Microsporum gypseum, Trichophyton mentagrophytes, and Trichophyton rubrum
were studied. The effects of antifungal activity of P. villosa on Trichophyton was
more efficient when compared to Microsporum, however less effective than the
commercially available control drug ketoconazole (Zheng et al. 2012).

The antimicrobial activity as well as cytotoxicity of 18 prenylated flavonoids
(Fig. 10.5) isolated from medicinal plants were evaluated against four bacterial
and two fungal (C. albicans, Saccharomyces cerevisiae) microorganisms. For the
antifungal activity the results of this work were categorized into five subgroups
based on the activity spectrum as shown: (1) strong antifungal and antibacterial
activity by papyriflavonol A, kuraridin, sophoraflavanone D, and sophoraisoflav-
anone A, (2) strong antibacterial activity by kuwanon C, mulberrofuran G, albanol
B, kenusanone A, and sophoraflavanone G, (3) specific activity against Gram
positive bacteria by morusin, sanggenon B and D, kazinol B, kurarinone,
kenusanone C, and isosophoranone, (4) moderate activity against C. albicans
shown by broussochalcone A, and (5) no antimicrobial activity observed for 5-
methylsophoraflavanone B. The results suggested that most of the prenylated
flavonoids possess a good potential as antimicrobial agents. The authors also
suggested that although the pharmacological mechanisms underlying the antimi-
crobial action of these compounds are unknown, these prenylated flavonoids may
act by damaging the membrane and/or cell wall function of the microorganisms
(Sohn et al. 2004).
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Fig. 10.4 Structural variation of the flavonoid compounds with antifungal activity
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Flavonoids extracted from mango (Mangifera indica L.) leaves were tested
against five fungal species, Alternaria alternata (Fr.) Keissler, Aspergillus
fumigatus Fresenius, Aspergillus niger van Tieghem, Macrophomia phaseolina
(Tassi) Goid and Penicillium citrii. The flavonoids (-)-epicatechin-3-0-gluco-
pyranoside, 5-hydroxy-3-(4-hydroxylphenyl)pyrano[3,2-g]chromene-4(8H)-one,
6-(phydroxybenzyl)taxifolin-7-0-b-D-glucoside, quercetin-3-0-a-glucopyranosil-
(1-2)-b-D-glucopyranoside, (-)-epicatechin-2-(3,4-dihydroxyphenyl)-3,4-dihydro-

Fig. 10.5 Prenylated flavonoids
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2H-chromene-3,5,7-triol (Fig. 10.6) showed high antifungal activity against all
five fungal species, and at the highest concentration of (1,000 ppm) the five
flavonoids reduced the growth of the different target fungal species by 63–97,
56–96, 76–99,76–98, and 82–96 %, respectively (Kanwal et al. 2011).

Kanwal et al. (2011) screened the antimicrobial activity of flavonoids isolated
from Azadirachta indica A. Juss leaves. The antifungal activity of two isolated
flavonoids genistein 7-0-glucoside and epicatechin were evaluated against 5 fungal
species (A. alternata, A. fumigatus, A. niger, P. citrii, and M. phaseolina) and the
bacteria species Lactobacillus sp., Escherichia coli, Azospirillium lipoferum and
Bacillus sp. Analysis of the variance showed that there were highly significant
difference in antifungal activity of the two tested flavonoids. Similarly, the effect
of concentration was studied as well as response of various species. However in
general it was found that in all tested concentrations, both flavonoids significantly
reduced the growth of all five test fungal species.

Fig. 10.6 Flavonoids extract from mango leaves
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A series of 61 Indian medicinal plants were screened for antimicrobial activity
in various bacterial strains and three fungal strains (C. albicans, A. niger, and
S. cerevisiae). The results obtained in the study showed that the crude extracts of
Dorema ammoniacum, Sphaeranthus indicus, Dracaena cinnabari, Mallotus phi-
lippinensis, Jatropha gossypifolia, Aristolochia indica, Lantana camara, Nar-
dostachys jatamansi, Randia dumetorum, and Cassia fitula exhibited a broad
spectrum of antimicrobial activity and properties that support the folkloric use of
these plants (Kumar et al. 2006).

Wächter et al. (1999) screened plants with biomedical use from south Texas and
isolated from the methanolic-dichoromethane extract of Eysenhardtia texana Kunth
novel flavanones 4’,5,7-trihydroxy-8-methyl-6-(3-methyl-[2-butenyl])-(2S)-flava-
none, and 4’,5,7-trihydroxy-6-methyl-8-(3-methyl-[2-butenyl])-(2S)-flavanone, as
well as previously reported 4’,5-dihydroxy-7-methoxy-6-(3-methyl-[2-butenyl])-
(2S)-flavanone (Fig. 10.7), which showed antifungal properties in C. albicans.

The aqueous-ethanolic fraction from extractions of Cheilanthes dubia which
has been used as a traditional medicine by some ethnic groups of the central
Himalaya showed antifungal activity against A. niger. From the active fraction of
C. dubia, three flavonol probably responsible for the activity against A. niger, were
isolated and identified as quercetin-3,7-dimethyl ether, quercetin-3-metyl ether,
and kaempferol-3,4’-dimethyl ether (Fig. 10.8), by (Verma and Kabdwal 2010).

The flavonoids eriodictyol, homoeriodictyol, dihyroquercetin, and luteolin iso-
lated from Ficus samentosa var. Henry (King) Comer, were found to be effective
against the pathogenic fungi, Fusarium graminearum, pumpkin Fusarium- Wilt
Curvularia lunata (Wakker) Boed, Septoria zeicola Stout, Botrytis cinerea, and
Rhizoctonia solani (Wang et al. 2010).

Tapas et al. (2008) in a review article on flavonoids such as nutraceuticals
stated that a number of flavonoids isolated from the peelings of tangerines tested
for the fungistatic activity towards Deuterophoma tracheiphila were found to be
active; nobiletin and langeretin (Fig. 10.9) exhibited strong and weak activities,
respectively, while hesperidin could stimulate fungal growth slightly.

Impatiens balsamina L. Stems, a herbaceous plant of the Balsaminaceae family,
has been used traditionally in Chinese medicine. The antioxidant and antimicrobial
activities as well as the quantity of phenolic compound substances of this plant,
has been studied by Su et al. (2012). Extraction with various solvents showed that
all the solvent extracts presented antioxidant activity. The plant extracts were also
used to evaluate the antimicrobial activity against the fungal strains, Penicillium
italicum, Penicillium digitatum, A. niger, Aspergillus oryzae, S. cerevisiae, and
C. albicans. The I. balsamina extracts showed good antifungal efficiency against
the selected food-borne pathogens.

Three flavanones 5,7-dihydroxyflavanone (pinocembrin), 7-hydroxy-5-
methoxiflavanone (alpinetin) and 5,7-dimethoxyflavanone (chrysin dimethyl
ether), and the flavones 5,7-dhydroxiflavone (chrysin) (Fig. 10.10) were isolated
and identified from the Combretaceae tree. The compounds studied showed anti-
fungal activity against C. albicans and Proteus vulgaris as well as antibacterial
activity against many bacterial strains (Katerere et al. 2012).
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Fig. 10.7 Flavonoids
extracted from Eysenhardtia
texana Kunth

Fig. 10.8 Flavonoids
isolated from C. dubia
(Verma and Kabdwal 2010)
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The antibacterial, inflammatory, antiparasitic, and cytotoxic activities of
Laennecia confusa were investigated by Martínez Ruiz et al. (2012). The extract
fractions of L. confusa presented good activity against C. albicans and Crypto-
coccus neoformans fungal strains.

Pandley et al. (2010) evaluated the antifungal activity of leaves and bark
extracts of Cinnamomum zeylanicum against the pathogenic and spoilage fungi,
Aspergillus flavus, A. fumigatus, A. niger, Penicillium sp., and C. albicans. This
work suggested that good antifungal, low minimal fungicidal concentration values,
and marked antioxidant activity of some extract fractions of C. zeylanicum could

Fig. 10.9 Flavonoids isolated from tangerine orange

Fig. 10.10 Flavonoids isolated from Combretaceae species tree
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be attributed to the presence of differential amount of phenolics, flavonoids,
tannins, and terpenoids present in the extracts.

10.5 Concluding Remarks and Perspectives

Flavonoids are present in nature in a wide range of medicinal plants, grains, fruits,
vegetables, and flowers. The intake in the daily diet is highly recommended. The
large amount of bioactive flavonoid molecules in nature makes them an important
and interesting class of compounds for many biological investigations. Nowadays,
the flavonoids have extensively been studied mainly because of their broad ther-
apeutical actions which have been proved when experimentally tested in vitro,
in vivo, and also in human clinical trials.

The biological activities are due to their structural and chemical similarities
with a great range of biomolecules, which gives them a great potential as new
molecules of therapeutic interest.

Although the great interest of the scientists in the search for new therapeutic
uses of flavonoids as antimicrobial agents is well known, their mechanism of
action is still unclear and studies concerning their role in biological interactions,
their bioavailability, pharmacokinetics, physiological processes should be further
investigated for a better understanding on molecular targets.

The antifungal activity of flavonoid compounds has greatly contributed to the
therapeutic benefits of medicinal plants. The flavonoid biosynthetic pathway has
been one of the most extensively studied metabolic systems in plants. This will
allow the production of structural analogues of active flavonoids through genetic
manipulation to be of remarkable value on the search for new therapeutically
active molecules.

In addition, the increasing investigations concerning the mechanisms of action
of new flavonoid molecules discovered is a promising area of research.

Information about the large variety of flavonoid compounds in nature, their
wide range of applications as potent therapeutic agents, the increased research
found in the literature on the flavonoids chemistry, and mechanism of action,
might provide new commercially available flavonoid molecules which could be
used for many therapeutic purposes.
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Chapter 11
Antifungal Metabolites from Medicinal
Plants used in Ayurvedic System
of Medicine in India
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Radha Krishna Reddy and Madhan Mohan Padhi

Abstract India has rich heritage of using medicinal plants in traditional medicine
such as Ayurveda, Siddha, and Unani besides folklore practices. Ayurvedic system
of medicine has its long history of therapeutic potential. The use of both plant
extracts and phytochemicals with known antifungal properties is of great signifi-
cance. The increasing failure of chemotherapeutics and antifungal resistance
exhibited by pathogenic microbial agents has led to the screening of several
medicinal plants for their potential antimicrobial activity. The most important
bioactive constituents of plants are alkaloids, tannins, flavonoids, and phenolic
compounds. Phytomedicines derived from plants have shown great promise in the
treatment of various fungal diseases. Single and poly herbal preparations have been
used for the treatment of various types of illnesses. Interest in plants with antifungal
properties has revived as a result of current problems associated with the use of
chemically synthesized antifungals. The aim of present communication is to sum-
marize the antifungal agent and metabolite from plants. Human fungal infections are
increasing due to the increased cancer and AIDS patient. Infection with HIV leads to
immune suppression and up to 90 % of HIV infected individuals contract fungal
infections of which 10–20 % die as a direct consequence of these infections.
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11.1 Introduction

Fungal diseases represent a critical problem to health and they are one of the main
causes of morbidity and mortality worldwide (Wealth of India 1998). Human
infections, particularly those involving the skin and mucosal surfaces, constitute a
serious problem, especially in tropical and subtropical developing countries
(Portillo et al. 2001). In humans, fungal infections range from superficial to deeply
invasive or disseminated, and have increased dramatically in recent years. The
treatment of mycoses has lagged behind bacterial chemotherapy and fewer anti-
fungal than antibacterial substances are available. Therefore, a search for new
antifungal drugs is extremely necessary (Fortes et al. 2008). During the past
several years, there has been an increasing incidence of fungal infections due to a
growth in immune compromised population such as organ transplant recipients,
cancer, and HIV/AIDS patients. This fact coupled with the resistance to antibiotics
and with the toxicity during prolonged treatment with several antifungal drugs
(Giordani et al. 2001) has been the reason for an extended search for newer drugs
to treat opportunistic fungal infections (Fostel et al. 2000). In developing coun-
tries, microorganisms are frequently a cause of prevailing diseases, presenting a
serious public health issue in a significant segment of the population as uncovered
by either private or official health care systems. An antifungal drug is a medication
used to treat fungal infections such as athlete’s foot, ringworm, candidiasis
(thrush), serious systemic infections such as cryptococcal meningitis, etc. Such
drugs are usually obtained by a doctor’s prescription or purchased over-the-
counter. But use of this type of drugs used in large way makes the unusable due to
resistance to antibiotics and with the toxicity during prolonged treatment. There
are large numbers of drawback in synthetic drugs so people move toward herbal
drugs which are safer. Yeasts of the genus Candida (in particular C. albicans) and
of the species Cryptococcus neoformans are the fungal agents most frequently
involved in the etiology of infectious processes in subjects affected by AIDS.
Many studies investigating the antifungal susceptibility of clinical strains of
Candida spp. have been performed with a variety of results and these studies point
to the emergence of new resistant strains (Resende 1999). Disseminated crypto-
coccosis, on the other hand, affects a more limited percentage of patients (6–8 %),
yet is still a serious life-threatening condition. In the present scenario, an emer-
gence of multiple drug resistance in human pathogenic fungi and the small number
of antifungal classes available stimulated research toward the discovery of novel
antifungal agents from other sources, such as medicinal plants (Chen et al. 1996;
Fostel and Lartey 2000; Elisabetsky and Souza 2002; Fortes et al.2008).
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11.2 Important Antifugal Plants and Ayurvedic Drugs

Ayurvedic system of medicine has its long history of therapeutic potential. The use
of both plant extracts and phytochemicals with known antimicrobial properties is
of great significance. The increasing failure of chemotherapeutics and antibiotic
resistance exhibited by pathogenic microbial infectious agents has led to the
screening of several medicinal plants for their potential antimicrobial activity
(Rojas et al. 2003). Many plants have been used because of their antimicrobial
traits, which are due to compounds synthesized in the secondary metabolism of the
plant. These products are known by their active substances, for example, the
phenolic compounds that are a part of the essential oils (Jansen et al. 1987) as well
as tannin (Saxena et al. 1994). The medicinal value of plants lies in some chemical
substances that produce a definite physiological action on the human body. The
most important of these bioactive constituents of plants are alkaloids, tannins,
flavonoids, and phenolic compounds. Traditional medicine relies on many plants,
and many current medicines have been developed from plants. Phytomedicines
derived from plants have shown great promise in the treatment of various diseases
including viral infections. Single and poly herbal preparations have been used
throughout history for the treatment of various types of illness. Interest in plants
with antimicrobial properties has revived as a result of current problems associated
with the use of antibiotics (Kavya et al. 2007). In India, a number of plant extracts
are used against diseases in various systems of medicine such as Ayurveda, Unani,
and Siddha. Only a few of them have been scientifically explored. Plant-derived
natural products have received considerable attention in recent years due to their
diverse pharmacological activities. The ayurvedic approach to the prevention and
treatment of microbial infection recognizes the emergency use of modern drugs,
but recommends traditional herbal combinations and extracts known to balance the
individual and improve health, as well as herbs that help to combat or prevent
microbial infections. The Indian plants possessing significant antimicrobial
activity are neem, long pepper fruit, Tinospora cordifolia (Willd.) Hook. F. and
Thomson, and Emblica officinalis Gaertn. among others (Treadway 1998). The
antibacterial and antifungal activity of powders of single herbs (Amalaki and
Yastimadhu churna) and two ayurvedic formulations containing combination of
herbs (DN-90 and Asanadi Kwatha Churna) against bacteria and fungi has been
studied. Result of antibacterial activity of Amalaki churna was comparable with
standard drug Streptomycin. Asanadi Kwatha Churna inhibited bacteria to more
extent than Yastimadhu churna and DN-90. Among fungi tested, more antifungal
activity was observed against Mucor Sp. (Prashith et al. 2010). Medicinal plants
represent a rich source of antimicrobial agents (Mahesh and Satish 2008). Many of
the plant materials used in traditional medicine are readily available in rural areas
at relatively cheaper than modern medicine (Mann et al. 2008). Plants generally
produce many secondary metabolites which constitute an important source of
microbicides, pesticides, and many pharmaceutical drugs. Plant products still
remain the principal source of pharmaceutical agents used in traditional medicine
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(Ibrahim 1997; Ogundipe et al. 1998). The effects of plant extracts on bacteria
have been studied by a very large number of researchers in different parts of the
world (Reddy et al. 2001; Ateb and ErdoUrul 2003).

Ethyl acetate extract of Taenia asiatica showed significant antifungal activity
against most of the tested fungi. The lowest MIC was observed against Tricho-
phyton rubrum (0.62 mg/mL). n-Hexane and methanol extracts did not inhibit
many tested fungi. Antibacterial and antifungal activity of essential oil from this
plant has been reported (Saxena and Sharma 1999; Jeevan et al. 2004; Liu et al.
2009). The strongest effect was reported for Eupatorium rotundifolium and Ter-
minalia triora, T. mentagrophytes and T. rubrum being the most susceptible
species with MICs ranging from 100 to 250 lg/mL. The maximum antifungal
activity is in ethyl acetate extract of C. fistula (flower), T. asiatica (leaves), and n-
Hexane extract of A. tetracantha (leaves) (Duraipandiyan and Ignacimuthu 2011).
Water extracts of Acacia nilotica, Justicia zelanica, Lantana camara, and Saraca
asoca exhibited good activity against all the bacteria tested and the MIC was
recorded in range of 9.38–37.5 and 75–300 lg/ml against the bacterial and fungal
pathogens, respectively (Dabur et al. 2007). Four plants including Grewia arborea,
Melia azedarach, Peltophorum pterophorus, and Terminalia chebula showed
exceptionally prominent activity. Methanolic extract of plant Grewia arborea
showed maximum activity even at lower concentrations (100 mg/ml) (Bobbarala
et al. 2009).

Curcuma longa Linn. leaf oil showed antifungal activity against six phyto-
pathogenic fungi even in 2 ll/disk concentrations. All six fungi were found sen-
sitive to this oil, Macrophomina phaseolina and Botrydiplodia theobromae
showed more inhibition (Chowdhry et al. 2005). Ayurvedic medicines Haridra
khand, Mahasudarshan kwath, Prasadan, Sanhanan, Seera have C. longa as a main
ingredient. These formulations are used in bacterial and fungal infections. Various
extracts of Swertia chirata known as Chirayta have been studied for antibacterial
and antifungal activity. Tests showed inhibitory activity against various gram
positive and gramnegative bacteria. The study also showed moderate inhibitory
action on various fungi (Awasti et al. 2005). Swertia chirata is main ingredient of
Bhunumbadi kwath, Bhunimadi vati ayurvedic medicines. Chemical analysis and
antimicrobial activity of the essential oil of Eucalyptus cinerea (Myrataceae) has
been investigated. The essential oil showed antimicrobial activity against yeast and
Candida albicans. Nilgiri oil is used as ayurvedic formulation in fungal infection
(Franco et al. 2005). The aqueous extract of Peganum harmala seeds (wildrue)
exhibited significant antibacterial and antifungal activity against most of the
phytopathogenic fungi tested (Kumar et al. 2004). Antifungal activity of P. har-
mala on 6 and 3 species of Candida and Aspergillus, respectively, was evaluated
in vitro. Alcoholic extract of P. harmala seeds showed; MIC of 0.312 mg/ml on
Candida glabrata and MIC of 1.25 mg/ml on C. albicans as the highest and lowest
inhibitory effects, respectively. Moreover, minimum fungicidal concentration of
the extract on Candida isolates was determined in a range of 0.625–2.5 mg/ml
(Diba et al. 2011). Fresh extract of Tephrosia purpurea (Sharapunkha) roots was
treated for antibacterial and antifungal activity, and thus showed antibacterial
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activity. Sharapunkha churna (fine powder) an ayurvedic medicine was used as
antifungal ayurvedic medicines (Deshpande et al. 2005). Bioassay-guided frac-
tionation of Tribulus terrestris (Gokhru) yielded eight steroid saponins. They
showed significant in vitro and in vivo antifungal activity, weakening the virulence
of C. albicans and killing fungi through destroying the cell membrane (Zhang
et al. 2006). Gokshuradiguggulu, Gukshurasav, Gokshuradi ghruta was prepared
by using T. terrestris (Gokhru) as main ingredient. Ethanolic extract of Punica
granatum (Dadima-pomegranate) showed activity against three Candida species
whereas it was ineffective against C. albicans. The methanol, acetone, and pro-
panol extracts were effective against C. albicans, Candida krusei, Candida par-
apsilosis, and Candida tropicalis (Nair and Chanda 2005). Punica granatum is
used to prepare important antifungal ayurvedic formulations like Dadimavelha,
Dadimadichoorna, Dadim Twak kwath, Dadimadi ghruta. The ethanolic extracts of
C. longa (Turmeric) (Haridra) and Alpina galanga (Rasna) exhibited excellent
phytotoxic activity against Lemna minor (duckweed). These extracts were also
found to possess good antifungal activities against Trichophyton longifusus (65
and 60 %, respectively) (Khattak et al. 2005). Curcuma longa is used as main
ingredient in formulation of Haridra churna, Maharasnadi kwath. Leptospirosis is
one of the most widespread zoonosis in the world. It is a recurring epidemic in
tropics, especially among those who work in waterlogged areas. Neem oil is
traditionally known for its antibacterial and antidermatophytic activities. This was
evaluated as a preventative against Leptospiral (Leptospiricidal activity) through
skin. Neem oil was found as an effective antibacterial film on skin and prevents the
portal entry at bacteria. Oil water solution produced acidic pH (6) and it is le-
ptospiricidal activity. The acidic effect was found up to a radius of 20 cm and
persistent throughout while the person in water (Kurian and Thomas 2004). Neem
oil is used to prepare Paribhadra oil and Panchnimba churna an Ayurvedic for-
mulations. Ethanolic extracts of Trigonella foenum-graecum (leaves) (Methika-
fenugreek), C. longa (rhizome) (Haridra-Turmuric), Aloe vera (aerial part) (Ku-
mari), Allium sativum (stem) (Rasona-garlic), Zingiber officinale (rhizome)
(Shunthi—ginger), and Centella asiatica (leaves) (Mandukparni-indian penny-
wort), exhibited good fungicidal activity (Perumal et al. 2004). Bioactivity at
flavonoids Ocimum sanctum (Tulsi) were studied and observed that it is useful
against Pseudomonas, Staphylococcus (gram positive), Escherichia coli) (gram
negative), bacteria, and C. albicans (fungus). Tulasi churna (powder), Tulasi
kwath are important Ayurvedic formulations which used O. sanctum (Tulsi) as
main ingredient (Kulkarni 2012).

11.3 Assay of Antifungal Activity

Antifungal assays are regularly used to determine whether plant extracts will have
potential to treat human fungal infections (e.g., tinea) or have use in agricultural/
horticultural applications. In general these assays are quick, low cost, and easily
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access. Activity against filamentous fungi can be evaluated in well diffusion, agar
dilution, and broth/micro-broth dilution methods with many of the same limita-
tions and advantages as discussed in Table 11.1. MIC is defined as the lowest
concentration of test substance that prevents visible fungal growth. Anti-sporula-
tion activity can be assessed by using scanning electron microscopy, while effects
on conidia germination can be evaluated by exposing the conidia to the test
substance and subsequently counting the number of conidia with germ tubes equal
to 1–1.5 time’s conidia length. Additional observations of germinated conidia over
a set period will also allow evaluation of the effect of the plant extract on germ
tube growth. Inouye and co-workers (2001a, b, c) have investigated the suscep-
tibility of fungi to several essential oils and have shown that MIC values can be
calculated using a range of methods. Most significantly, they have shown that
when assays are done under closed conditions (i.e., the Petri dish is sealed) the
MICs are significantly lower than when performed under open conditions. The
action of essential oil and plant extract volatiles on fungal growth has been
demonstrated against a range of fungi and has important implications for the
screening of plant extracts for antifungal activity. Results in these assays will
depend not only on the antifungal activity mediated by direct contact with the test
substance but also on the volume of the experimental chamber and whether it is
open or closed (and hence the presence and concentration of extract or oil vola-
tiles). The method for evaluating the antifungal activity of extract volatiles is
straightforward and involves the placement of a paper disk with test substance on
the inverted lid of a Petri dish and subsequent evaluation of fungal growth;
however, this is rarely considered in antifungal screening assays. Given the impact
that volatiles can have on fungal growth it is recommended that this be included as
a standard part of antifungal assessment of plant extracts (Antonov et al. 1997;
Inourye et al. 2001a, b, c; Edris and Farrag 2003; Jenny 2006).

11.3.1 Preparation of the Extract for Assay

For alcoholic extractions, plant parts are dried, ground to a fine texture, and then
soaked in methanol or ethanol for extended periods. The slurry is then filtered and
washed, after which it may be dried under reduced pressure and redissolved in the
alcohol to a determined concentration. When water is used for extractions, plants
are generally soaked in distilled water, blotted dry, made into slurry through
blending, and then strained or filtered. The filtrate can be centrifuged multiple
times for clarification (Kubo et al. 1993). Crude products can then be directly used
in the drop test and broth dilution micro well assays to test for antifungal and
antibacterial properties and in a variety of assays to screen bioactivity. Tween 80
resulted in weaker bioactivity in agar dilution assays. Antifungal assay was altered
by modifying the pH of the fungal growth media. As the media pH became more
alkaline the Eucalyptus essential oil had greater inhibitory effect on the fungi.

308 A. K. Meena et al.



T
ab

le
11

.1
V

ar
io

us
m

et
ho

ds
fo

r
an

ti
fu

ng
al

as
sa

y
w

it
h

th
ei

r
st

re
ng

th
s

an
d

li
m

it
at

io
ns

M
et

ho
d

fo
r

as
sa

ys
S

tr
en

gt
hs

L
im

it
at

io
ns

D
is

k
w

el
l

di
ff

us
io

n
L

ow
co

st
D

if
fe

re
nt

ia
l

di
ff

us
io

n
of

ex
tr

ac
t

co
m

po
ne

nt
s

du
e

to
pa

rt
it

io
ni

ng
in

th
e

aq
ue

ou
s

m
ed

ia
R

es
ul

ts
av

ai
la

bl
e

in
1–

2
da

ys
In

oc
ul

um
si

ze
,

pr
es

en
ce

of
so

lu
bi

li
zi

ng
ag

en
ts

,
an

d
in

cu
ba

ti
on

te
m

pe
ra

tu
re

ca
n

af
fe

ct
zo

ne
of

in
hi

bi
ti

on
D

oe
s

no
t

re
qu

ir
e

sp
ec

ia
li

ze
s

la
bo

ra
to

ry
fa

ci
li

ti
es

U
se

s
eq

ui
pm

en
t

an
d

re
ag

en
ts

re
ad

il
y

av
ai

la
bl

e
in

a
m

ic
ro

bi
ol

og
y

la
bo

ra
to

ry
V

ol
at

il
e

co
m

po
un

ds
ca

n
af

fe
ct

ba
ct

er
ia

l
an

d
fu

ng
al

gr
ow

th
in

cl
os

ed
en

vi
ro

nm
en

ts
D

at
a

is
on

ly
co

ll
ec

te
d

at
on

e
or

tw
o

ti
m

e
po

in
ts

C
an

be
pe

rf
or

m
ed

by
m

os
t

la
bo

ra
to

ry
st

af
f

L
ar

ge
nu

m
be

rs
of

sa
m

pl
es

ca
n

be
sc

re
en

ed
R

es
ul

ts
ar

e
qu

an
ti

fi
ab

le
an

d
ca

n
be

co
m

pa
re

d
st

at
is

ti
ca

ll
y

A
ga

r
di

ff
us

io
n

L
ow

co
st

H
yd

ro
ph

ob
ic

ex
tr

ac
ts

m
ay

se
pa

ra
te

ou
t

fr
om

th
e

ag
ar

D
oe

s
no

t
re

qu
ir

e
sp

ec
ia

li
ze

s
la

bo
ra

to
ry

fa
ci

li
ti

es
In

oc
ul

um
si

ze
,

pr
es

en
ce

of
so

lu
bi

li
zi

ng
ag

en
ts

an
d

in
cu

ba
ti

on
te

m
pe

ra
tu

re
ca

n
af

fe
ct

zo
ne

of
in

hi
bi

ti
on

U
se

s
eq

ui
pm

en
t

an
d

re
ag

en
ts

re
ad

il
y

av
ai

la
bl

e
in

a
m

ic
ro

bi
ol

og
y

la
bo

ra
to

ry
V

ol
at

il
e

co
m

po
un

ds
ca

n
af

fe
ct

ba
ct

er
ia

l
an

d
fu

ng
al

gr
ow

th
in

cl
os

ed
en

vi
ro

nm
en

ts
C

an
be

pe
rf

or
m

ed
by

m
os

t
la

bo
ra

to
ry

st
af

f
D

at
a

is
on

ly
co

ll
ec

te
d

at
on

e
or

tw
o

ti
m

e
po

in
ts

U
se

of
sc

or
in

g
sy

st
em

is
op

en
to

su
bj

ec
ti

vi
ty

of
th

e
ob

se
rv

er
.

S
om

e
fu

ng
i

ar
e

ve
ry

sl
ow

gr
ow

in
g

B
ro

th
di

ff
us

io
n

A
ll

ow
s

m
on

it
or

in
g

of
ac

ti
vi

ty
ov

er
th

e
du

ra
ti

on
E

ss
en

ti
al

oi
ls

m
ay

no
t

re
m

ai
n

in
so

lu
ti

on
fo

r
th

e
du

ra
ti

on
of

th
e

as
sa

y;
em

ul
si

fi
er

s
an

d
so

lv
en

ts
m

ay
in

te
rf

er
e

w
it

h
th

e
ac

cu
ra

cy
of

re
su

lt
s

M
or

e
ac

cu
ra

te
re

pr
es

en
ta

ti
on

of
an

ti
ba

ct
er

ia
l

ac
ti

vi
ty

M
ic

ro
-b

ro
th

m
et

ho
ds

ca
n

be
us

ed
to

sc
re

en
la

rg
e

nu
m

be
rs

of
sa

m
pl

e
in

a
co

st
ef

fe
ct

iv
e

m
an

ne
r

L
ab

or
an

d
T

im
e-

in
te

ns
iv

e
if

se
ri

al
di

lu
ti

on
s

ar
e

us
ed

to
de

te
rm

in
e

ce
ll

co
un

ts
H

ig
hl

y
co

lo
re

d
ex

tr
ac

ts
ca

n
in

te
rf

er
e

w
it

h
co

lo
ri

m
et

ri
c

en
dp

oi
nt

s
in

m
ic

ro
br

ot
h

m
et

ho
ds

T
L

C
B

io
-a

ut
og

ra
ph

y
S

im
ul

ta
ne

ou
s

de
te

rm
in

at
io

n
an

d
fr

ac
ti

on
at

io
n

of
bi

oa
ct

iv
it

y
U

ns
ui

ta
bl

e
w

he
re

ac
ti

vi
ty

is
du

e
to

co
m

po
ne

nt
sy

ne
rg

y
D

ep
en

de
nt

on
ex

tr
ac

ti
on

m
et

ho
d

an
d

T
L

C
so

lv
en

t
us

ed
T

ec
hn

iq
ue

is
m

or
e

di
ffi

cu
lt

w
it

h
fu

ng
i

be
ca

us
e

th
ey

gr
ow

sl
ow

er
an

d
co

nt
am

in
at

io
n

ca
n

be
a

pr
ob

le
m

11 Antifungal Metabolites from Medicinal Plants used in Ayurvedic System 309



11.3.2 Antifungal Activity Test

Agar diffusion and micro-dilution methods were used to determine the antifungal
activities of the medicinal plant extracts against C. albicans, C. krusei, and C.
neoformans. Sabouraud dextrose broth (SDB) was used for the preparation of
fungal cultures and for the determination of the MIC and was prepared following
the manufacturer’s instructions. Sabouraud dextrose agar (SDA) was used to
determine the activity of the plant extracts against the fungal organisms and was
prepared following the instruction of the manufacturer.

11.3.2.1 Agar Diffusion Assay

Using the micropipette, 100 ll of 0.5 Mcfarland solution of C. albicans culture (in
SDB) was spread over the surface of an agar plate using a sterile hockey stick. The
same procedure was followed for C. krusei and C. neoformans. Using a sterile
5 cm plastic pipette, four holes were punched (2 mm in diameter) in each of the
culture plates. In the first hole, 10 ll of the positive control drug was added; 10 ll
of DMSO was added as a negative control in the second hole; 5 and 10 ll of the
plant extract were added in the third and last holes. The culture plates were then
incubated at 37 �C and the results were observed after 1 to 6days depending on the
fungi. The clear zone around the plant extract was measured in mm and indicated
the activity of the plant extract against the fungal organisms. The experiments
were done in triplicate.

11.3.2.2 Microdilution Assay

The micro dilution method was employed to determine the minimum inhibitory
concentration (MIC) of the plant extracts using 96 well micro titration plates as
previously described (Samie et al. 2005). Briefly, 185 ll of the broth was added
into each well in the first row of micro titration plate and 100 ll to the rest of the
wells from the second row downwards. 15 ll of the plant extracts was then added
into each well on the first row (row A), starting with the positive control (Nystatin,
Roche), followed by the negative control (the 20 % DMSO used to dissolve the
plant extracts) and the plant extracts in the rest of the wells on that row. A twofold
serial dilution was done by mixing the contents in each well of the first row and
transferring 100 ll to the second well of the same column and the same was done
up to the last well of the same column and the last 100 ll from the last well was
discarded. Then 100 ll of yeast suspensions was added. The results were observed
after 24 h incubation at 37 �C followed by the addition of 40 ll of a 0.2 % Iodo
Nitro Tetrazolium (INT) solution after a further incubation of 4 h at 37 �C. The
wells that did not show any color change after INT was added indicating the
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concentration of the plant extract that was able to inhibit fungal growth whereas
the pink color change indicated fungal growth.

11.3.2.3 Determination of the MFC

The MFC was determined by inoculating the contents from the MIC plates onto
SDA plates and the results were observed after 24 h incubation at 37 �C. The
presence of the fungal colonies on agar plates was an indication that the plant
extract only inhibited fungal growth without killing them and the absence of fungal
growth indicated that the plant extract was able to kill the fungal organisms. The
lowest concentration of the plant extract that was able to kill the microorganisms
was considered as the minimum fungicidal concentration.

11.3.2.4 Time-Kill Experiment

Determination of the rate of kill of the crude extract was done following the
procedure described by Aiyegoro et al. (2008) with slight modifications. Briefly,
inocula were prepared as described above. The resultant suspension was diluted
1:100 with fresh sterile broth and used to inoculate 50 ml volumes of SDB
incorporated with extract at MFC to a final cell density of approximately
2 9 106 cfu/ml. The flasks were incubated at 37 �C on an orbital shaker at
120 rpm. A 500 ll sample was removed from cultures at 0, 2, 5, 10, and 24 h,
diluted serially and 100 ll of the diluted samples were placed on SDA plates and
incubated at 37 �C for 24 h. Controls included extract free Mueller–Hinton broth
seeded with the test inocula (Samie et al. 2010).

11.3.2.5 TLC Direct Bioautography

In this method TLC is performed using crude extracts, extract fractions, or whole
essential oils (Rahalison et al. 1991). The developed TLC plate is then sprayed
with, or dipped into, a bacterial or fungal suspension (direct bioautography) or
overlain with agar and the agar seeded with the microorganism (overlay bioau-
tography) (Hoult and Paya 1996; Stern et al. 1996; Yemele et al. 2006). This
technique may be utilized with either spore-forming fungi or bacteria, and can be
used to track activity through a separation process. It is a sensitive assay and gives
accurate localization of active compounds. For the assessment of antifungal
activity, the plant pathogen Cladosporium cucumerinum can be used as it is
nonpathogenic to humans, readily forms spores, and can be easily grown on TLC
plates with the correct medium. A simple method is outlined as follows:
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(a) Extracts or pure compounds may be spotted onto analytical TLC plates in
duplicate (plastic-backed, Kieselgel 60 PF254, Merck Art 5735), developed
with the appropriate mobile phase and dried.

(b) A slope of C. cucumerinum is prepared from a culture and allowed to sporulate
for two days.

(c) A TLC growth medium is prepared as follows: NaCl (1 g), KH2PO4 (7 g),
Na2HPO4–2H2O (3 g), KNO3 (4 g), MgSO4 (1 g), and Tween 80 (20 drops
added to water (100 mL). A volume of 60 mL of this solution should be added
to 10 mL of aqueous glucose (30 % w/v).

(d) A fungal suspension is prepared by adding the above solution to the fungal
slope and shaking it.

(e) The suspension is sprayed onto one of the TLC plates and incubated at 25 �C
for 2 days in an assay tray with wet cotton wool to ensure a moist atmosphere.

(f) The inoculated TLC plate is observed at regular intervals, and the presence of
antifungal compounds is indicated by inhibition or reduced lack of mycelial
growth. This is frequently observed as light spots against a dark green back-
ground. The spraying is performed in a lamina flow cabinet.

(g) The remaining TLC plate is visualized using a spray reagent and/or UV
detection and compared with the incubated plate.

Aspergillus niger, a more easily sporulating fungus, may be used in the place of
Cladosporium sp., but care must be taken with this organism because of the risk of
aspergillosis, and all microbes should be handled aseptically in a lamina flow
cabinet. Controls of antifungal compounds such as amphotericin B should be used
each time this assay is performed. This assay does not distinguish between fun-
gicidal and fungi static metabolites and further assays such as a liquid broth assay
will need to be performed to measure minimum inhibitory concentration (MIC). It
should be noted that amphotericin B is highly toxic and care must be exercised in
its use (Cole 1994).

Dellar et al. (1994) isolated the antifungal sesquiterpenes aristolen-2-one (1)
and prostantherol (2) from two species of Prostanthera (Labiatae). Activity was
assessed and tracked through the separation procedure by the use of direct bio-
autography with C. cucumerinum as the target fungus. Compound inhibited the
growth of C. cucumerinum for 70 h at a dose of 1 mg, whereas caused inhibition at
10 mg for the same duration. The antifungal activity of many plant phenolic
compounds can be readily assessed using this simple procedure. Hostettmann and
Marston (1994) have investigated a series of xanthones (3–5) from Hypericum
brasiliense (Guttiferae) for activity against C. cucumerinum (Natarajan et al.
2001). One of these compounds (xanthone 1) exhibited a low inhibitory dose
(25 mg), which may warrant further investigation of the antifungal function of
these interesting compounds.
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11.3.3 In vivo Assessment of Antifungal Activity

A smaller number of research groups have moved beyond the in vitro environment
and are investigating the in vivo efficacy of those extracts that show promise i the
laboratory. This is a more complex and costly activity which not only does the
activity against the microorganisms need to be evaluated, but there must also be
consideration of mammalian cell toxicity and allergic reactions. To date most
in vivo testing of plant extracts has involved the use of essential oils against human
skin infections, particularly fungal infections, and testing of extracts follow
standard clinical trial protocols. Tea tree oil has been evaluated for use in athlete’s
foot with equivocal results, PolyToxinol (a mix of various essential oils) has
shown promise against chronic methicillin-resistant Staphylococcus aureus
(MRSA) osteomyelitis, and essential oil-containing mouthwashes have demon-
strated efficacy against oral bacteria. It is important to note here that demonstrated
activity in vitro does not always translate to activity in vivo. The best example of
this is tea tree oil, which has been shown to have excellent activity in vitro against
the fungi responsible for various types of ringworms (MIC 0.004–0.06 %) yet the
results from clinical trials have been far from conclusive. This illustrates the
caution with which researchers should view results from in vitro assays and
reinforces the need for clinical trials of plant extracts that show therapeutic
promise (Natarajan et al. 2001; Jenny 2006).
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11.4 Antifungal Metabolites in Medicinal Plants

Since the plant kingdom provides a useful source of lead compounds of novel
structure, a wide-scale investigation of species from the tropics has been consid-
ered. The common herbs tarragon and thyme both contain caffeic acid, a repre-
sentative of a wide group of phenylpropane-derived compounds which is effective
against fungi (Cole 1994). Various plant sources possessing antifungal metabolite
are summarized in Table 11.2.

11.5 Major Groups of Antifungal Metabolites

Mostly essential oils are showing antifungal activity, for e.g., Ajoene, thymol,
carvacrol, and linalool which are proved to be antifungal and tested against various
fungal species such as Sclerotinia sclerotiorum, Rhizopus stolonifer, and Mucor sp.
in a closed system. Plants have limitless ability to synthesize aromatic substances of
different functional groups, Most of phenols and their oxygenated derivatives.
Grapes contain several antifungal compounds (e.g. caffeic acid, chlorogenic acid,
pterostilbene, resveratrol, and viniferin). These compounds were not likely idly
generated. They probably evolved to protect the grape from its fungal enemies, Most
plant effective constituents are secondary metabolites, out of which at least 13,000
have been isolated that is less than 10 % of the total (Schultes 1978). Plants are rich
source of bioactive secondary metabolites of wide variety such as tannins, terpe-
noids, saponins, alkaloids, flavonoids, and other compounds, reported to have
in vitro antifungal properties given in Table 11.3 (Arif et al. 2011).

A novel alkaloid, 2-(3,4-dimethyl-2,5-dihydro-1H-pyrrol-2-yl)-1-methylethyl
pentanoate was isolated from the plant Datura metel showed in vitro as well as
in vivo activity against Aspergillus and Candida species (Bahceevli et al. 2005).
Another novel alkaloid, 6, 8-didec-(1Z)-enyl-5, 7-dimethyl-2, 3- dihydro-1H-ind-
olizinium from Aniba panurensis demonstrated the activity against a drug-resistant
strain of C. albicans (Ferheen et al. 2005). The antifungal alkaloids b-carboline, a
tryptamine- and two phenyl ethylamine-derived alkaloids and N-methyl-N-formyl-
4-hydroxy-beta-phenylethylamine from Cyathobasis fruticulosa and haloxylines A
and B, new piperidine from Haloxylon salicornicum showed antifungal potentials
(Singh et al. 2003). Cocsoline, a bisbenzylisoquinoline alkaloid from the Epine-
trum villosum showed antifungal activities (Morteza et al. 2003). The alkaloids N-
methylhydrasteine hydroxylactam and 1-methoxy -berberine chloride from
Corydalis longipes showed high efficacy individually (Thouvenal et al. 2003).
Four alkaloids, dicentrine, glaucine, protopine, and alpha-allocryptopin from
Glaucium oxylobum exhibited good activity against Microsporum gypseum,
M. canis, T. mentagrophytes, and Epidermophyton floccosum (Singh et al. 2000).
From the root bark of Dictamnus dasycarpus two antifungal furoquinoline alka-
loids were isolated. 3-methoxysampangine from Cleistopholis patens exhibited
significant antifungal activity against C. albicans, A. fumigatus, and C. neoformans
(Slobodmikova et al. 2004).
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Flavonoids are hydroxylated phenolic substances synthesized by plants in
response to microbial infection. Their activity is probably due to their ability to
interact with extracellular and soluble proteins and with fungal cell walls. High
lipophilic nature of flavonoids may also disrupt fungal membranes (Tsuchiya et al.
1996). Flavonoids isolated from the stem bark of Erythrina burtii were reported for
antifungal activity (Yenesew et al. 2005). 4-methoxy-5,7-dihydroxyflavone 6-C-
glucoside (isocytisoside) from the leaves and stems of Aquilegia vulgaris showed
activity against the mold A. niger (Bylka et al. 2004). Pelalostemumol (6) from
Pelalostemium had strong antifungal activity against many pathogenic fungi
(Hufford et al. 1993). Galangin (7) derived from the perennial herb Helichrysum
aureonitens, seems to be a particularly useful compound, since it has shown
activity against wide range of fungi (Afolayan and Meyer 1997). A flavonoid from
rhizome of Alpinia officinarum had strong antifungal activity against different
pathogenic fungi (Ray and Majumdar 1975, 1976). Minimum inhibitory concen-
tration (MIC) of the identified flavonoid against the fungi was determined as 3 lg/
mL. A flavon 3,4’,5,7-tetraacetyl quercetin isolated from heartwood of Adina
cordifolia exhibited moderate antifungal activity against A. fumigatus and C.
neoformans (Rao et al. 2002). Flavonoid derivative phloretin from Malus sylvestris
have antifungal properties (Hunter et al. 1993). Isopiscerythrone (8), allolicoi-
soflavone A (9), piscisoflavones A and B from different plants were reported to be
endowed with antifungal activity (Moriyama et al. 1992).

OH

O

HO

O

OH

OH

HO

O

HO

OH

Pelalostemumol (6) Galangin (7)

O

O OH

OH

HO

O

OH

O

OHHO
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OHHO

Isopiscerythrone (8) Allolicoisoflavone (9)
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Increased hydroxylation results in increased toxicity and more highly oxidized
phenols have more antifungal activities (Mason and Wasserman 1987; Thornes
et al. 1997). The mechanisms thought to be responsible for phenolic toxicity to
microorganisms include enzyme inhibition by the oxidized compounds, reaction
with sulfhydryl groups or nonspecific interactions with the proteins. Tannins and
salicylic acid are polyphenol compounds extracted from Gaullher procumbens,
Rhammus purshiana, and Anacardium pulsatilla showed antifungal activity
(Thornes et al. 1997; Otshudi et al. 2005). Piper crassinervium, P. aduncum,
P. hostmannianum, and P. gaudichaudianum, contain phenolic acid derivatives
crassinervic acid (10), aduncumene, hostmaniane, and gaudichaudanic acid,
respectively, were reported for fungitoxic activity (Lago et al. 2004). A phenolic
compound from Croton hutchinsonianus, and pinosylvin (11), a constituent of
pine, showed growth inhibitory activity against C. albicans and Saccharomyces
cerevisiae (Guang et al. 1995; Lee et al. 2005;Athikomkulchal et al. 2006).

OH
OOH

O OH

O

O
OH O

OH

HO

Crassinervic acid (10) Pinosylvin (11)

Saponins are stored in plant cells as inactive precursors but are readily converted
into biological active antibiotics by enzymes in response to pathogen attack. Saponins
are glycosylated compounds widely distributed in plant kingdom and can be divided
into three major groups, a triterpenoid, a steroid, or a steroidal glycoalkaloid. CAY-1, a
triterpene saponin from the Capsicum frutescens was found to be active against 16
different fungal strains, including Candida spp., A. fumigatus and C. neoformans
(Renault et al. 2003). Importantly, CAY-1 appears to act by disrupting the membrane
integrity of fungal cells. Mollugo pentaphylla, a tropical herb, contains an antifungal
saponin, mollugogenol-A. Phytolaccosides B (12) and E (13) from Phytolacca tet-
ramera showed antifungal activities against a panel of human pathogenic opportunistic
fungi. Two saponins from the stems of Anomospermum grandifolium jujubogenin
3-O-a-l-arabinofuranosyl(1–[2)- [b-D-glucopyra -nosyl(1–[6)b-D-glucopyrano-
syl(1–[3)]-a-l-arabinopyranoside, ujubogenin 3-O-a-l-arabinofuranosyl(1–[2)-[6-
O-[3-hydroxy-3-methylglutaryl]- b-D-glucopyranosyl(1–[3)]-a-l-arabinopyranoside
and a new lupane saponin, 3b-hydroxylup-20(29)-en-27,28-dioic acid 28-O-b-D-
glucopyranosyl(1–[2)-[b- D-xylopyranosyl(1–[3)]-b-D-xylopyranosyl(1–[2)-b-D-
glucopyranoside ester, jujubogenin 3-O-a-l-arabinofuranosyl(1–[2)-[b-D-glucopyr-
anosyl (1–[3)]-a-larabinopyranoside, and 3b-hydroxylup-20(29)-ene-27,28-dioic
acid revealed antifungal properties against C. albicans (Du et al. 2003).
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Coumarins have been reported to stimulate macrophages which could have an
indirect negative effect on infections. Coumarins are phenolic substances made of
fused benzene and a-pyrone rings. Hydroxycoumarin, scopoletin (14) was isolated
from seed kernels of M. azedarach reported to be antifungal against Fusarium
verticillioides (Carpinella et al. 2005). Phytoalexins, which are hydroxylated
derivatives of coumarins, are produced in carrots in response to fungal infection and
can be presumed to have antifungal activity (Hoult and Paya 1996). Tithoniamarin is
a new isocoumarin dimer isolated from Tithonia diversifolia showed antifungal and
herbicidal activities (Yemele et al. 2006). A coumarin namely, 6,7-dimethoxy -
coumarin (15), isolated from P. digitatum-infected Valencia fruit confers resistance
against the mycotoxigenic fungi A. parasiticus (Mohanlall et al. 2006).

O

HO O O

O O

O

O

Scopoletin (14) 6,7- dimethoxycoumarin (15)

The essential oils are secondary metabolites that are highly enriched in com-
pounds based on isoprene structure. They are called terpenes, their general
chemical structure is C10H16, and they occur as diterpenes, triterpenes, and tet-
raterpenes (C20, C30, and C40), as well as hemiterpenes (C5) and sesquiterpenes
(C15). The mechanism of action of terpenes is not fully understood but is spec-
ulated to involve membrane disruption by the lipophilic nature. Mendoza et al.
(1997) found that increasing the hydrophilicity of kaurene diterpenoids by addition
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of a methyl group drastically reduced their antimicrobial activity. The antifungal
activities of the essential oil from Agastache rugosa and its main component,
estragole, combined with ketoconazole, were reported to show significant syner-
gistic effects (Shin 2004). The roots of Delphinium denudatum have yielded 8-
acetylheterophyllisine, panicutine, and 3-hydroxy-2-methyl-4H-pyran-4- one has
shown antifungal activity against a number of human pathogenic fungi (Ahmed
et al. 2004). From other Centaurea species, C. thessala and C. attica, two
eudesmanolides, 4-epi-sonchucarpolide, 8-(3-hydroxy-4-acetoxy-2-methylene-
butanoyloxy) derivative, and eudesmane derivative named atticin showed a con-
siderable antifungal effect against nine fungal species (Srinivas et al. 2006). A-
mesterol, isolated from Amaranthus viridis strongly inhibited the growth of
pathogenic fungus (Tripathi et al. 1978). A. sativum oil exhibited the growth of
T. rubrum, T. erinacei, and T. soudanense with MIC of 4.0 lg/mL, while the
activities of A. cepa and A. fistulosum were relatively mild (D’Auria et al. 2005). A
fruit pulp extract of Detarium microcarpum endowed with four new clerodane
diterpenes which showed antifungal activity (Cavin et al. 2006). The diterpenoids
16a-hydroxy-cleroda-3,13-(14)-Z-diene-15,16-olide and 16-oxo-cleroda-3,13-
(14)-E-diene-15-oic acid isolated from the hexane extract of the seeds of Pol-
yalthia longifolia demonstrated significant antifungal activity (Marthanda et al.
2005). Five new diterpenoids from Casimirella namely, humirianthone, 1-
hydroxy-humirianthone, 15R-humirianthol, patagonol and showed activity against
pathogenic fungi. The triterpenoids pristimerin and celastrol isolated from the
roots of Celastrus hypoleucus exhibited inhibitory effects against diverse patho-
genic fungi (Adou et al. 2005). Carvone, dinydrocarvone, limonene, dillapiole, and
dillapional from Anethum sowa revealed antifungal activity at a concentration of
1:100 and 1:250 (Saksena et al. 1984; Shankaracharya et al. 2000; Tostao et al.
2005). A derivative of dillapiole, isodilapiole tribromide found to more active
(Saxena et al. 1990). An Indian chemotype Ocimum gratissimum, with a high level
of ethyl cinnamate, showed, in vitro, an interesting spectrum of antifungal prop-
erties (Atta-ur-Rahman and Choudhary 1995).

Quinones are aromatic rings with two ketone substitutions and characteristically
highly reactive. They can switch between diphenol (or hydroquinone) and diketone
(or quinone) easily through oxidation and reduction reactions. These compounds,
being colored, are responsible for the browning reaction in cut or injured fruits and
vegetables. In addition to providing a source of stable free radicals, quinones are
known to complex irreversibly with nucleophilic amino acids in proteins (Stern
et al. 1996). Therefore the quinone inactivates the protein and impairs their
function. Quinones bind with surface-exposed adhesins, cell wall polypeptides,
membrane-bound enzymes and form complex which inactivate the enzymes.
Alizarin (16) and emodin (17) of Rubia tinctorum and Rhamnus frangula have
antifungal activity. The naphthoquinones kigelinone (18), isopinnatal, dehydro-
alpha- lapachone, and lapachol from Kigelia pinnata were reported for antifungal
activity (Singh et al. 1986).
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Recent interest has been focused mostly on studying fungi by these macro-
molecules, such as that from the herbaceous Amaranthus, has long been known
(Mendez et al. 1990). Thionins are peptides commonly found in barley and wheat
and consist of 47 amino acid residues. Thionins AX1 and AX2 from sugar beet
were active against fungi but not bacteria (Kragh et al.1995; Ankri and Mirelman
1999). A novel lectin was isolated from the roots of Astragalus mongholicus and a
protein with a novel N-terminal sequence from Ginger rhizomes exerted antifungal
activity toward various fungi (Ngai et al.2005). An antifungal peptide was reported
from fresh fruiting bodies of the mushroom Agrocybe cylindracea (Ye et al. 2001).
Two antifungal peptides from seeds of Pharbitis nil exhibited potent antifungal
activity against fungi. Concentrations required for 50 % inhibition of fungal
growth were ranged from 3 to 26 lg/mL and from 0.6 to 75 lg/mL (Wang and Ng
2005). A novel antifungal peptide, cucurmoschin, was isolated from the seeds of
the black pumpkin inhibited mycelial growth in the fungi (Ye and Ng 2002). A
peptide designated cicerarin from seeds of the green chickpea Cicer arietinum
showed antifungal activity. The antifungal activity was preserved after exposure to
100 �C for 15 min (Ye et al. 2002). Two other antifungal peptides cicerin and
arietin were reported from seeds of the chickpea (C. arietinum). Arietin manifested
a higher antifungal potency toward Mycosphaerella arachidicola, Fusarium oxy-
sporum and Botrytis cinerea (Wang and Ng 2001). An antifungal peptide desig-
nated angularin isolated from the adzuki bean was shown antifungal activity
against a variety of fungal species (Park et al. 2005). Two novel antifungal pep-
tides, designated alpha- and beta-basrubrins, respectively, were isolated from seeds
of the Ceylon spinach Basella rubra (Taira et al. 2005). An antifungal protein,
AFP-J, was purified from potato tubers, Solanum tuberosum strongly inhibited the
growth of yeasts C. albicans, Trichosporon beigelii and S. cerevisiae (Shenoy
et al. 2006). Pineapple leaf chitinase-B from Ananas comosus exhibits strong
antifungal activity toward Trichoderma viride (Yadav et al. 2007). Another chi-
tinase with antifungal activity was also purified from the bulbs of the plant
Urginea indica, known as Indian squill.

11.6 Importance of Antifungal Agents

Antifungal compounds are investigated in plant extracts so that they can assist in
protecting cultivated plants from fungal attack. Resin is secreted in response to
physical wounding or attack by fungal pathogens and insects such as bark beetles.
Resins, however, are not all related to gum, which may have the same function in
other species. This defense reaction by conifers is adaptively important to the
survival of conifers in natural habitats, because the oleoresins are antifungal and
toxic to bark beetles. Wounded areas in the bark of a tree trunk or branch phys-
ically become sealed by the solidification of the resin acids after the turpentine has
evaporated.
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Antifungal metabolites help in storing of extracts. It was expected that dried
extracts would be very stable. But surprisingly the acetone extracts of the com-
bretaceae retained antibacterial and anti-inflammatory activity over prolonged
periods even when stored in a dissolved state at room temperature. This may be
possible due to antibacterial and antifungal activity of these compounds (Eloff
et al. 2001).

11.7 Conclusions

These successes emphasize the potential value of newly developed plant products.
The emergence of drug resistance in pathogenic fungi as well as bacteria and the non
availability of suitable antifungal drugs for certain infections such as systemic and
mucosal mycoses (e.g., Vaginal candidiasis) points out the urgent need for the dis-
covery and development of alternative drugs from natural sources. Biological
resources such as plants hold a great promise as source of curative molecules.
However these need thorough screening for their scientific and large-scale use as
drugs.

Single and poly herbal preparations have been used throughout history for
treatment of various types of illnesses. Ayurvedic drugs have been Proven Pro-
moting in inhibiting microbes that have developed drug resistance. The ultimate
conclusion of this study supports the ayurvedic medicines use of different plant in
treating different infections conserved by pathogenic fungal inflation by using a
single or combined formulation. It also suggested that a great alternation should be
paid to medicinal plants which are found to have plant of pharmacological art uses.
That could be better when considering a natural forced and feed additional to
improve human and animal health.

11.8 Future Prospects

A large number of metabolites from plants have been screened for their antifungal
activity. A large variety of formulations already exist for intravaginal therapy
(tablets, creams, suppositories, pessaries, foams, solutions, ointments, and gels).
However, their efficiency is often hindered by poor retention at the site of action
due to the self-cleansing action of the vaginal tract. Thus we can look forward for
formulating the antifungal metabolite into a modernized formulation. Liposomes
offer an effective delivery option because of their ability to prolong contact of drug
with the mucosal surface without inducing adverse local effects on the epithelium.
The therapeutic potential of any drug depends on its bioavailability, retention time,
and amount of drug at target site. One experiment showed that incorporating clove
oil into liposomes can considerably increase its therapeutic efficacy. Although the
MIC of clove oil suggests it to be less potent than antifungal drugs such as
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nystatin, it can be safely said that the fungicidal potency of a liposomal formu-
lation of the oil compares very well with that of nystatin, while providing for a less
toxic, safe, and inexpensive alternative to commercial drugs without the risk of
ever-increasing resistance shown by the target pathogens, toxicity problems at the
increasing required doses, and side-effects.
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Chapter 12
Plants Used in Folk Medicine
of Bangladesh for Treatment
of Tinea Infections

Rownak Jahan, Taufiq Rahman and Mohammed Rahmatullah

Abstract Tinea (often known as ringworm) is a fungal infection caused by
various fungi like Trichophyton rubrum, T. tonsurans, T. interdigitale, Micros-
porum canis, and Epidermophyton floccosum. These fungi are known as derma-
tophyte fungi. Tinea can affect any age group but usually is seen in children.
Patients suffering from tinea versicolor are quite common in the occasional rural
clinics or even city hospitals of Bangladesh. The rural people of Bangladesh
depend on folk medicinal practitioners, otherwise known as Kavirajes for treat-
ment of various ailments, including tinea infections. The main characteristic of
Kavirajes is that they depend on administration (topical or oral) of various
medicinal plants for treatment of tinea infections. Ethnomedicinal surveys were
carried out among the Kavirajes of Bangladesh, as well as tribal medicinal prac-
titioners of more than 20 indigenous communities of the country to document the
use of medicinal plants used for treatment of tinea infections by these healers. A
total of 26 plants distributed into 23 families were found in the various surveys to
be used by the Kavirajes. Although various plant parts were used, leaves consti-
tuted the majority of uses. The present review focuses on the medicinal plants used
by Kavirajes and tribal medicinal practitioners for treatment of tinea diseases in
Bangladesh along with any relevant scientific findings on the anti-fungal activities
of the plants, which can validate the plants’ traditional uses. The need for novel,
efficacious, safer, and broader spectrum antifungal agents cannot be over
emphasized. From this perspective, the above-mentioned medicinal plants may
lend themselves to systematic modern scientific explorations in pursuit of novel
antifungal agents.
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12.1 Introduction

Tinea (often known as ringworm) is a fungal infection caused by various fungi like
T. rubrum, T. tonsurans, T. interdigitale, M. canis, and E. floccosum. These fungi
are known as dermatophyte fungi. Tinea is referred to by various names depending
on the part of the body infected with the fungi. Tinea corporis is fungal infection of
the skin of the body, tinea capitis refers to scalp, tinea cruris (jock itch) refers to
groin, tinea pedis (athlete’s foot) refers to feet, and tinea unguium (onychomy-
cosis) refers to fungal infections of the nails. Tinea can affect any age group but
usually is seen in children. The fungi may spread from person to person
(anthropophilic), from animal to person (zoophilic), or from the soil to person
(geophilic). Heat and moisture help the fungi to grow and survive. Thus, tinea
infections often occur in the groin or between toes, where excessive sweat or
moisture can lead to a damp surface on the skin, enabling the fungi to infect and
proliferate. Tinea infections may cause red skin rash that forms a ring, which can
be itchy or cause cracking of the skin.

Bangladesh is a hot and humid country with nearly 9 months of the year having
high temperatures with humidity in excess of 80 % or with monsoon rains. The
majority of the population is rural based with agriculture being their chief occu-
pation. Agriculture necessitates working in fields under the hot sun or during rains,
conditions leading to excessive sweating or wetting of the entire body. Moreover,
the village people live in earthen houses with thatched or tin roofs; since the roofs
are not changed periodically due to the poor economic status of the people, they
leak and allow rain to enter the house, leading to creation of damp conditions
within the rooms. Under such circumstances, skin diseases are common. Ban-
gladesh also has a number of tribes living in the forested hilly regions of the
southeast, north central, and northeast regions of the country. Tribal people also
develop skin infections like tinea. Patients suffering from tinea versicolor are quite
common in the occasional rural clinics or even city hospitals (Sadeque et al. 1995;
Muhammad et al. 2009). Tinea versicolor (also known as dermatomycosis fur-
furacea, pityriasis versicolor, and tinea flava) is a condition characterized by a rash
on the trunk and proximal extremities. Recent research has shown that the majority
of tinea versicolor is caused by the Malassezia globosa fungus, although M. furfur
is responsible for a small number of cases.

Since allopathic doctors or modern clinics and hospitals are mostly absent in the
villages, the rural people depend on folk medicinal practitioners, otherwise known
as Kavirajes for treatment of various ailments, including tinea infections. The main
characteristic of Kavirajes is that they depend on administration (topical or oral) of
various medicinal plants for treatment of a diverse variety of ailments. Folk
medicine is considered to have been present within the country for centuries. The
medicinal plant knowledge accumulated by any particular Kaviraj is passed on to
successive generations (usually within the family), and thus over the centuries,
Kavirajes have gained considerable knowledge on the medicinal plants found in
the vicinity of their habitat. Our various ethnomedicinal surveys conducted among
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the Kavirajes of different regions and various tribes of Bangladesh have indicated
that skin disorders are quite common among the rural population and tribes and
that these disorders are treated by the Kavirajes and tribal medicinal practitioners
with medicinal plants (Rahmatullah et al. 2010a, b, c, d, e, f, g; Rahmatullah and
Biswas 2012; Rahmatullah et al. 2012a, b, c). The present review shall focus on
the medicinal plants used by Kavirajes and tribal medicinal practitioners for
treatment of tinea diseases in Bangladesh along with any relevant scientific find-
ings on the anti-fungal activities of the plants, which can validate the plants
traditional uses.

12.2 Ethnomedicinal Surveys and Identification of Plants

The ethnomedicinal surveys were carried out in randomly selected villages cov-
ering almost all the 64 districts of Bangladesh and over 20 tribes or indigenous
communities present within the country. The Kavirajes were asked to describe the
skin disorders that they treated, and tinea infections among the patients were
visually identified. Kavirajes were next specifically requested to name and point
out the plants that they used for treatment of tinea infections through guided field
walks through areas from where they collected their plants. Plant specimens were
photographed and collected on the spot and identified at the Bangladesh National
Herbarium at Dhaka.

12.3 Medicinal Plants Used for Treatment of Tinea
Infections

A total of 26 plants distributed into 23 families were found in the various surveys
to be used by the Kavirajes. Although various plant parts were used, leaves con-
stituted the majority of uses. The results are shown in Table 12.1. The mode of use
was fairly simple. Whole plants or plant parts (singly or in combination) were
macerated to obtain juice followed by topical application of the juice to the
infected area. There was no generalized time period for treatment; juice was
advised to be applied at least once a day following cleansing of the infected area
with water, and applications were continued till cure. There was only one
exception to this rule. The fruits of Terminalia belerica were advised to be taken
orally; at the same time, juice obtained from macerated leaves and barks of the
plant were topically applied to infected areas. The following sections shall discuss
the anti-fungal properties of the various plants used by the Kavirajes and tribal
medicinal practitioners for treatment of tinea infections.
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12.3.1 Justicia Gendarussa

The leaves are reported to contain friedelin (Shikha et al. 2010). Friedelin isolated
from Azima tetracantha Lam. (Salvadoraceae), reportedly showed high antifungal
activity against T. rubrum and Curvularia lunata with MIC value of 62.5 lg/ml
(Duraipandiyan et al. 2010). The compound isolated from Syzygium jambos (L.)
Alston (Myrtaceae) demonstrated anti-dermatophytic activity against three der-
matophyte species, namely, M. audouinii, T. mentagrophytes, and T. soudanense
(Kuiate et al. 2007).

O

H

H

H

Friedelin

12.3.2 Aloe Vera

Various Aloe species are used in traditional medicinal system of Nigeria for various
skin diseases including tinea capitis (Ajose 2007). Extract of fresh leaves of the plant
showed anti-fungal properties by inhibiting the growth and germ tube formation by
Candida albicans (Bernardes et al. 2012). A 14 kDa protein has been isolated from
leaf gel possessing antifungal properties against C. paraprilosis, C. krusei, and
C. albicans (Das et al. 2011). Hydroalcoholic extract of fresh leaves reportedly
inhibited the mycelia growth of Botrytis gladiolorum, Fusarium oxysporum f.sp.
gladioli, Heterosporium pruneti, and Penicillium gladioli (Rosca-Casian et al.
2007). Extracts of both fresh and dry leaves of Aloe eru A. Berger, A. vera L. Webb
and Berth, and A. arborescens Mill reportedly exhibited anti-fungal activity against
Cladosporium herbarum and F. moniliforme (Ali et al. 1999).

The antifungal activity of A. vera leaves is possibly due to the presence of
anthraquinone alkaloids like emodin, physcion, rhein, and aloe-emodin. Rhein,
physcion, and aloe-emodin isolated from Rheum emodi Wall. ex Meisn. (Polygon-
aceae) rhizomes have been shown to exhibit anti-fungal activity against C. albicans,
Cryptococcus neoformans, T. mentagrophytes, and Aspergillus fumigatus with MICs
of 25–250 microg/ml (Agarwal et al. 2000). Various anthraquinones (emodin,
physcion, aloe emodin and rhein) isolated from Cassia tora L. (Fabaceae) showed
anti-fungal activities against the phytopathogenic fungi B. cineria, Erysiphe
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graminis, Phytophthora infestans, Puccinia recondita, Pyricularia grisea, and
Rhizoctonia solani (Kim et al. 2004). Antifungal activity has also been reported for
emodin isolated from Rhamnus frangula L. (Rhamnaceae) (Manojlovic et al. 2005).

Overall, anthraquinones are noted for their anti-fungal properties. To cite a few
examples, purpurin (1,2,4-trihydroxy-9,10-anthraquinone) isolated from Rubia
tinctorum L. (Rubiaceae) has been shown to be active against six Candida species
(Kang et al. 2010). A new anthraquinone, 1-methyl-2-(30-methyl-but-20-enyloxy)-
anthraquinone, isolated from seeds of Aegle marmelos Correa (Rutaceae) exhibited
significant anti-fungal activity against pathogenic strains of Aspergillus species
and C. albicans (Mishra et al. 2010). Anthraquinones isolated from the roots of
Prismatomeris malayana (Roxb.) K. Schumann (Rubiaceae) also reportedly
demonstrated anti-fungal activities (Tuntiwachwuttikul et al. 2008).

O
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OH

O

O

OH OH

OH

O

O

OH OH

OH
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Emodin Aloe-emodin

Rhein

12.3.3 Cocos nucifera

Oil obtained from fruit pulp of Cocos nucifera (coconut oil) has been found to be
effective against experimentally produced dermatophytic infection on hairy skin in
guinea pigs (Abraham et al. 1975). Coconut oil has effectiveness against Tinea
capitis (tinea infections on the scalp). A 10 kDa anti-fungal peptide has been
isolated from coconut flesh, which showed inhibitory actions against F. oxyspo-
rum, Mycosphaerella arachidicola, and Physalospora piricola (Wang and Ng
2005). The alcoholic extract of coconut shell also has been reported to possess
anti-fungal properties (Venkataraman et al. 1980). Coconut kernel and tender
coconut water have been reported to numerous properties including anti-bacterial,
anti-fungal, anti-parasitic, and anti-viral (DebMandal and Mandal 2011). Coconut
oil contains oleic acid, which can be the basis of its anti-fungal activity against
dermatophytic infections on hairy skin including the scalp (Abraham et al. 1975).
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12.3.4 Impatiens balsamina

Naphthoquinones like lawsone and lawsone methyl ether are two of the main
naphthoquinones in leaf extracts of Impatiens balsamina (Sakunphueak and Pan-
ichayupakaranant 2012). Anti-microbial activities of these two compounds against
dermatophytic fungi, yeast, aerobic bacteria, and facultative anaerobic and
anaerobic bacteria have been demonstrated with the second compound showing
higher activity against dermatophytic fungi and C. albicans. Ethanol extracts of
flower petals reportedly showed anti-pruritic and anti-dermatitic effects, which
have been attributed to the presence of kaempferol 3-rutinoside and lawsone (2-
hydroxy-1,4-naphthoquinone) in the extract (Oku and Ishiguro 2001). Lawsone,
isolated from Lawsonia inermis L. (Lythraceae), has been reported to exhibit
fungicidal activity with a wide fungitoxic spectrum and nonphytotoxicity (Tripathi
et al. 1978). The anti-fungal activity of lawsone methyl ether has been reported
against Candida species (Sritrairat et al. 2011). A set of related anti-microbial
peptides (Ib-AMPs) have been reported in seeds, which demonstrated activity
against various yeast and fungal strains (Thevissen et al. 2005).

O

O
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Lawsone

O

O

OCH3

Lawsone methyl ether

12.3.5 Carica papaya

A chitinase with a molecular weight of 26.2 kDa has been isolated from fruits,
which showed anti-fungal activity by completely inhibiting the spore germination
of Alternaria brassicicola (Chen et al. 2007). A mixture of Carica papaya latex
sap and fluconazole showed a synergistic action on the inhibition of C. albicans
growth (Giordani et al. 1997). The fungicidal activity against C. albicans has been
shown for plant latex sap alone (Giordani et al. 1996). The anti-fungal activity of
latex sap could be due to the presence of fungal cell wall hydrolyzing latex
proteins like a-D-mannodidase and N-acetyl-b-D-glucosoaminidase (Giordani
et al. 1991).
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12.3.6 Chenopodium ambrosioides

The essential oil obtained from the plant showed strong fungitoxicity against two
dermatophytic fungi, T. rubrum and M. gypseum. Experimental ringworm in guinea
pigs could be cured within 7–12 days in ointment formulation (Kishore et al. 1993).
Anti-fungal activity of methanol and n-hexane extracts of three Chenopodium
species, namely, Chenopodium album L., C. ambrosioides L., and C. murale L. has
been reported against a soil-borne fungal plant pathogen, Macrophomina phaseo-
lina (Javaid and Amin 2009). A synergistic activity has been reported with essential
oils of Cymbopogon martini and C. ambrosioides against induced ringworm
infection in guinea pig model in vivo and dermatophytes and some filamentous
fungi in vitro (Prasad et al. 2010). Volatile components isolated from leaves
inhibited hyphal growth and sclerotia formation of Sclerotium rolfsii (Singh 2005).

The essential oil from the plant has been evaluated and found to be fungitoxic
against A. flavus, A. glaucus, A. niger, A. ochraceus, Colletotrichum gloesporio-
ides, C. musae, F. oxysporum, and F. semitectum. The identified components of the
oil included p-cymene, carvacrol, (Z)-ascaridole, and (E)-ascaridole. It has been
suggested that ascaridoles were the principal fungitoxic components of the oil
(Jardim et al. 2008). Essential oil obtained from leaves exhibited broad spectrum
fungitoxic activity against A. flavus, A. niger, A. fumigatus, Botryodiplodia theo-
bromae, F. oxysporum, S. rolfsii, M. phaseolina, C. cladosporioides, Helmintho-
sporium oryzae, and Pythium debaryanum at 100 lg/ml (Kumar et al. 2007).

Ascaridole

Besides ascaridole, p-cymene and carvacrol may also contribute to the observed
anti-fungal activity. These two compounds are present in essential oil of
C. ambrosioides as described above. The essential oil of fruits of Cuminum cy-
minum L. (Apiaceae) tested positive for inhibition of dermatophytes (T. rubrum
was the most inhibited dermatophyte) and other fungi including yeasts and some
Aspergillus species; p-cymene was one of the most abundant component of the oil
and may have contributed to its anti-fungal properties (Romagnoli et al. 2010).
Carvacrol and p-cymene were also major components of essential oil from Thymus
x vicisoi (Pau) R. Morales (Lamiaceae), which demonstrated anti-fungal activity
against C. albicans, Cryptococcus, Aspergillus, and dermatophyte species. Fun-
gicidal activity was caused through disruption of cytoplasmic membrane integrity
leading to leakage of vital intracellular components (Vale-Silva et al. 2010). Very
strong anti-fungal activities were obtained with essential oil from T. vulgaris
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L. and T. tosevii L., p-cymene and carvacrol, respectively, being the major com-
ponents of oil from the two species of plants (Soković et al. 2009). Carvacrol and
p-cymene, components of essential oils obtained from T. vulgaris, T. zygis sub-
species zygis and T.mastichina subspecies mastichina, reportedly showed anti-
fungal activity against Candida species (Pina-Vaz et al. 2004). The essential oil
from aerial parts of Rosmarinus officinalis L. (Lamiaceae) collected from Turkey
and which exhibited anti-fungal activity against A. alternata, B. cinerea, and
F. oxysporum also had p-cymene as the major component (Ozcan and Chalchat
2008). Carvacrol and p-cymene were among the components of essential oil
obtained by hydrodistillation of aerial parts of Turkish Origanum acutidens (Hand-
Mazz) Ietsw. (Lamiaceae), and which displayed anti-fungal and insecticidal
properties (Kordali et al. 2008). Strong anti-fungal activity against F. oxysporum
was displayed by p-cymene isolated from Bunium persicum (Boiss.) B. Fedtsch.
(Apiaceae) (Sekine et al. 2007). Taken together, the results strongly suggest that
C. ambrosioides and other species belonging to the Chenopodium genera may be
good candidates for isolation of compounds like ascaridole, carvacrol and p-
cymene, which compounds may prove to be of therapeutic value for treatment of
dermatophytic fungi including tinea infections.

p-Cymene Carvacrol

12.3.7 Mesua ferrea

The root barks of the plant contain friedelin and betulinic acid (Teh et al. 2011). The
anti-fungal activity of friedelin has been discussed in Sect. 12.3.1. Betulin has been
shown to have significant fungistatic activity against some filamentous fungi
(Jasicka-Misiak et al. 2010). Betulin and betulinic acid, isolated from Eugenia
umbelliflora Berg. (Myrtaceae) exhibited selective antifungal activity against
dermatophytes like E. floccosum, M. canis, M. gypseum, T. rubrum, and
T. mentagrophytes (Machado et al. 2009). Anti-fungal activity has also been
reported for betulinic acid, isolated from the South African plant, Curtisia dentata
(Burm.f.) C.A. Sm. (Curtisiaceae) (Shai et al. 2008).
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Xanthones appear to be another group of compounds present in Mesua ferrea
which can account for the use of this plant by the Kavirajes of Bangladesh for
treatment of tinea infections. Mesuaxanthone-A, mesuaxanthone-B, and euxanth-
one have been isolated from the plant (Gopalakrishnan et al. 1980). Various
xanthones isolated from plants like Hypericum perforatum L. subsp. angustifolium
(DC.) Gaudin (Clusiaceae) and Rhus coriaria L. (Anacardiaceae) have been shown
to possess anti-fungal activity (Tocci et al. 2011; Singh et al. 2011). Another
xanthone, a-mangostin has been found to be active against C. albicans with a
minimum inhibitory concentration (MIC) of 1,000 lg per ml (Kaomongkolgit
et al. 2009). Four antifungal active xanthones (1,6-dihydroxy-5-methoxyxanthone,
1-hydroxy-5,6-dimethoxyxanthone, 1-hydroxy-5-methoxyxanthone, and 1-meth-
oxy-5-hydroxyxanthone) have been isolated from Calophyllum thwaitesii Planch.
& Triana (Callophyllaceae) (Dharmaratne et al. 2009). Bioassay guided fraction-
ation lead to isolation of two xanthones, cudraxanthone S and toxyloxanthone,
from the roots of Cudrania cochinchinensis (Lour.) Kudô & Masam. (Moraceae).
The xanthones showed inhibitory activities against C. neoformans, A. fumigatus,
C. glabrata, and A. nidulans (Fukai et al. 2003). Antifungal xanthones, namely
caledonixanthones E and F have been isolated from the stem bark of C. caledon-
icum Vieill. ex Planch. and Triana (Calophyllaceae). The xanthones were active
against A. fumigatus and C. albicans (Morel et al. 2002).

12.3.8 Ipomoea fistulosa

An alkaloid, ergosine, has been reported from Ipomoea fistulosa leaves along with
its anti-fungal activity (Shah and Mehta 2006). The flavonol glycoside, quercetin
3-glucoside has also been isolated from the leaves of the plant (Lamidi et al. 2000).
There are evidences that quercetin and related glycosides may contribute to anti-
fungal activity.
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Quercetin-3-O-a-glucopyranosyl-(1 ? 2)-b-D-glucopyranoside, isolated from
Mangifera indica L. (Anacardiaceae) significantly suppressed fungal growth of
A. alternata, A. fumigatus, A. niger, M. phaseolina, and P. citrii (Kanwal et al.
2010). Quercetin and chlorogenic acid were among the bio-active constituents
isolated from Adesmia aegiceras Phil. (Fabaceae) showing inhibitory activity
against C. albicans (Agnese et al. 2001).

A study of the nonpolar constituents of leaves of the plant revealed the presence of
16-hentriacontanone (Ahmad et al. 1998). 16-hentriacontanone (palmitone) has
been isolated from the leaf cuticular wax of Annona squamosa L. (Annonaceae) and
has been shown to possess anti-fungal activity (Shanker et al. 2007). Chlorogenic
acid (3-caffeoylquinic acid) has been reported from the seeds of I. fistulosa (Sattar
et al. 1995). Chlorogenic acid-based peptidomimetics has been shown to be a novel
class of anti-fungals (Daneshtalab 2008). Derivatives of chlorogenic acid or its
analogs exhibited significant potency against C. neoformans, A. fumigatus, and
Candida species (Ma et al. 2007). The compound has been further used successfully
for treatment of septic arthritis in mice model caused by C. albicans (Lee et al. 2008).
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O
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12.3.9 Kalanchoe pinnata

The flavonoids quercetin and quercetrin have been reported to be present in the
plant (Muzitano et al. 2006; Cruz et al. 2008; Muzitano et al. 2011; Cruz et al.
2012). The anti-fungal activity of quercetin has been discussed in Sect. 12.3.8.
Extract of Rumex vesicarius L. (Polygonaceae) and Ziziphus spina-christi (L.)
Willd. (Rhamnaceae) containing quercetrin among other components, reportedly
inhibited totally spore production and germination of F. solani, and to a lesser
extent, that of Drechslera biseptata (Abu-Taleb et al. 2011). Quercitrin, isolated
from H. perforatum L. (Hypericaceae), was observed to inhibit the growth of the
phytopathogenic fungus, H. sativum (Lu et al. 2002). From the ethanolic extract
of leaves, a novel phenenthrene alkaloid has been isolated and identified as
1-ethanamino 7 Hex-1-yne-51-one phenanthrene. The alkaloid has been shown to
be active against C. albicans and A. niger (Okwu and Nnamdi 2011a).

NH

O

1-ethanamino7Hex-1-yne-5I-onephenanthrene
Quercitrin

12.3.10 Juniperus chinensis

An anti-fungal compound, widdrol has been reported from the plant (Kwon et al.
2010a, b). Widdrol, isolated from Juniperus lucayana (Britton) R.P. Adams
(Cupressaceae), was found to be the most active compound (among various ses-
quiterpenes and flavonoids) against B. cinerea, demonstrating a 71 % inhibition
level on mycelia growth after 6 days (Nuñez et al. 2007). Anti-fungal activity of
widdrol has also been reported against B. cinerea and C. gloeosporioides, both
being plant pathogenic fungi (Nuñez et al. 2006).
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HO

Widdrol

An anti-fungal screening done with 30 Japanese conifers against a wood blue-
stain fungus (Ceratocystis piceae), a clothing fungus (A. alternata) and three
dermatophytic fungi (T. mentagrophytes, T. rubrum and E. floccosum) revealed the
presence of three active compounds in J. chinensis pyramidalis. The compounds
were 8-acetoxyelemol, 8-hydroxyelemol and hinokiic acid and were all sesqui-
terpenes (Ohashi et al. 1994).

H

O

O

H

OH

H

OH

H

OH

8-Acetoxyelemol 8-Hydroxyelemol

H

OH

O

Hinokiicacid

Bornyl acetate, sabinene and limonene have been found in essential oil from this
plant (Raina et al. 2005; Lee et al. 2009). There are evidences that these compounds
may contribute to anti-fungal activities. The essential oils obtained from Jasonia
candicans (Delile) Botsch (Asteraceae) and J. montana (Vahl.) Botsch showed
marked anti-fungal activity against T. mentagrophytes, C. neoformans, and C. albi-
cans. Borneol and bornyl acetate were among the major constituents of the essential
oil obtained from the second plant (Hammerschmidt et al. 1993). Essential oil
obtained from Chamaecyparis obtusa Siebold and Zucc. (Cupressaceae) containing
bornyl acetate as the major component showed anti-fungal effect (Hong et al. 2004).
In vivo anti-fungal activity against Plasmopara halstedii has been reported for the
essential oil from Bupleurum gibraltarium Lam. (Umbelliferae); sabinene and
a-pinene were the major components of the oil (Fernández-Ocaña et al. 2004).
Essential oil obtained from C. nootkatensis (D. Don) Spach. (Cupressaceae) con-
taining limonene as its major component showed promising activity against
C. albicans (Palá-Paúl et al. 2009). The cyclic terpenes—limonene, menthol,
menthone and thymol has been found to inhibit F. verticillioides MRC 826 growth
and fumonisin B1 biosynthesis (Dambolena et al. 2008). Another anti-fungal
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compound, quercetin, has been reported to be present in J. chinensis heartwood
methanolic extract (Lim et al. 2002) (see Sect. 12.3.8 for discussion on quercetin as
anti-fungal compound).

O
O

Bornylacetate Limonene Sabinene

12.3.11 Phyllanthus niruri

Antifungal activity studies, with one exception, have not been carried out with this
plant. Some activity with n-butanol, methanol, and aqueous extracts of the plant has
been observed against the plant pathogenic fungi, P. debaryanum (Ambikapathy
et al. 2011). However, other species belonging to the Phyllanthus genera have been
studied for their anti-fungal activities. The essential oil from Phyllanthus muel-
lerianus (Kuntze) Excell (Euphorbiaceae) has been shown to possess weak activity
against T. rubrum LM 237 (Brusotti et al. 2012). Essential oil from P. emblica L.
was effective against three pathogenic fungi. The major components of the oil were
identified as b-caryophyllene, b-bourbonene, 1-octen-3-ol, thymol, and methyl-
eugenol (Liu et al. 2009). Chloroform extract of the plant, P. amarus Schumach.
and Thonn. showed significant inhibitory effect against the dermatophytic fungus
M. gypseum (Agrawal et al. 2004). Anti-fungal activity has been observed with
methylene chloride and methanol extracts of P. acuminatus Vahl (Goun et al.
2003). Dichloromethane extract of P. piscatorum Kunth showed inhibitory activity
against C. albicans leading to the isolation of the arylnaphthalide lignin justicidin
B, which inhibited the growth of the pathogenic fungi A. fumigatus, A. flavus, and
C. albicans (Gertsch et al. 2003).

12.3.12 Cassia alata

The plant is considered of dermatologic importance in the traditional medicine of
Nigeria (Ajose 2007). The plant is extensively used in folkloric medicines for
treatment of ringworm infections and skin-related diseases in Tamil Nadu, India
(Ponnusamy et al. 2010). A 10-year human study indicated that leaf extract of the
plant can be reliably used as herbal medicine against Pityriasis versicolor (tinea
versicolor) infections (Damodaran and Venkataraman 1994). Further purification
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of methanol extract of leaves reportedly led to the isolation of the compounds,
kaempferol, kaempferol 3-O-b-glucopyranoside, kaempferol 3-O-gentiobioside,
and aloe emodin (Hazni et al. 2008). The anti-fungal activity of aloe emodin has
been discussed earlier in Sect. 12.3.2. The chloroform extract of leaves also
showed potent activity against T. mentagrophytes, while the ethyl acetate extract
was active against C. albicans (Villaseñor et al. 2002). Ethanolic extract of leaves
exhibited high activity against various species of dermatophytic fungi, but low
activity against nondermatophytic fungi. An MIC of 125 mg/ml was noted against
T. mentagrophytes var. interdigitale, T. mentagrophytes var. mentagorophytes, T.
rubrum, and M. gypseum, while M. canis had MIC of 62.5 mg/ml (Ibrahim and
Osman 1995). A combination of ethanol extracts of leaves of C. alata and Ocimum
sanctum showed inhibitory activity against Cryptococcus species (Ranganathan
and Balajee 2000).

Ethanol and water extracts of barks showed inhibitory activities against
C. albicans (Somchit et al. 2003). Inhibitory activity of aqueous extract of the
plant has been reported against C. albicans infections with MIC and minimum
fungicidal concentration (MFC) of 0.39 and 60 mg/ml (Crockett et al. 1992).

Potential anti-fungal components of the plant include emodin, aloe emodin and
rhein (see Sect. 12.3.2 for discussion of anti-fungal properties of these anthra-
quinones). Presence of these anthraquinones along with chrysophanol and phys-
cion and a flavonoid—kaempferol has been confirmed in root extracts of the plant
(Fernand et al. 2008; Villaroya and Bernal-Santos 1976). Kaempferol has been
shown to inhibit in vitro various enzyme activities of C. albicans, which can lead
to suppression of symptoms in cutaneous infections and accelerate elimination of
the yeast from the site of inoculation (Yordanov et al. 2008).
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Investigation of compounds present in roots of the plant also showed the
presence of the anthraquinones, viz., 1,5-dihydroxy-2-methylanthraquinone and
alatinone in addition to n-octacosane, a-amyrin arachidate, tetracosanol, b-sitos-
terol, ursolic acid, and b-sitosterol-b-D-glucoside (Jain et al. 2010). The anti-
fungal activity of Melia azedarach L. (Meliaceae) leaf methanolic extract against
Ascochyta rabiei, the causative agent of destructive blight disease of chickpea has
been investigated. Among the bio-active compounds present in the extract were
ursolic acid and b-sitosterol (Jabeen et al. 2011). Ursolic acid as well as betulinic
acid, isolated from C. dentata leaves also showed promising anti-fungal activity

350 R. Jahan et al.



against C. albicans (Shai et al. 2008). Ursolic acid, isolated from Lythrum sali-
caria L. (Lythraceae), was also reportedly active against the phytopathogenic
fungus, C. cucumerinum (Becker et al. 2005). Ethanol extract of Clytostoma ra-
mentaceum Bur. and K. Scum reportedly inhibited the growth of A. niger and
F. oxysporum in standardized cultures, and which activity has been attributed to
ursolic acid and 2-(30,40-dihydroxyphenyl) ethanol (Rocha et al. 2004).

4-Hydroxy benzoic acid has been reported from the leaves of C. alata (Rahman
et al. 2006). The inhibitory activity of this compound has been demonstrated
against T. mentagrophytes (MIC 0.5 mg/ml) and E. floccosum (MIC 0.5 mg/ml)
(Duraipandiyan and Ignacimuthu 2007).

HO

OH

O

4-hydroxy Benzoic acid
O

OH

H

H

Dronabinol

Investigation of the bioactive constituents of the plant further led to the iso-
lation of a cannabinoid alkaloid, 4-(butylamino)-10-methyl-6-hydroxy cannabi-
noid, dronabinol. The isolated compound inhibited C. albicans and A. niger (Okwu
and Nnamdi 2011b).

The major volatile constituents isolated from the essential oil obtained from
leaves of the plant indicated presence of 1,8-cineole, b-caryophyllene, and
caryophyllene oxide in addition to the minor constituents, limonene, germacrene D
and a-selinene (Ogunwande et al. 2010). Various dermatophytes, C. neoformans
and C. albicans, have been shown to the most sensitive against the essential oil
obtained from Lavandula viridis L’Hér. (Lamiaceae) containing 1,8-cineole as the
main constituent (Zuzarte et al. 2011). Essential oils obtained from Eucalyptus
largiflorens F. Muell and E. intertexta R.T. Baker (Myrtaceae) having 1,8-cineole
as the major component also demonstrated anti-microbial and anti-fungal prop-
erties (Safaei-Ghomi and Ahd 2010). Inhibitory activity of 1,8-cineole has further
been demonstrated against yeast like and filamentous fungi (Pattnaik et al. 1997).

H H

β-caryophyllene

H H

Caryophyllene oxide

O

O

1,8-Cineole
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The volatile extract of Eryngium duriaei subsp. juresianum (Apiaceae) dem-
onstrated anti-fungal activity against several dermatophytic fungal species, namely
T. mentagrophytes, T. rubrum, E. floccosum, T. verrucosum, T. mentagrophytes
var. interdigitale, M. canis, and M. gypseum. The anti-fungal activities were
attributed to caryophyllene-derived compounds like isocaryophyllen-14-al, 14-
hydroxy-b-caryophyllene, caryophyllene oxide and E-b-caryophyllene (Cavaliero
et al. 2011). Essential oil obtained from clove (E. caryophyllata Thunb. Myrta-
ceae) has been shown to possess inhibitory activity against human pathogenic
yeasts (clinical Candida species); b-caryophyllene is one of the components of the
oil (Chaieb et al. 2007). Volatile oil from rhizomes of Zingiber nimmonii (J.
Graham) Dalzell has been reported to be a unique caryophyllene-rich oil, its major
components being a-caryophyllene and b-caryophyllene. The oil reportedly
showed significant inhibitory activity against various fungi like C. albicans,
C. glabrata, and A. niger (Sabulal et al. 2006).

12.3.13 Cassia tora

Emodin has been reported to be present in seeds of C. tora (Jang et al. 2007). The
anti-fungal properties of emodin have been discussed in Sect. 12.3.2. A major anti-
fungal compound has been isolated from defatted seed powder and has been shown
to be chrysophanic acid-9-anthrone. The compound was found to be active against
T. rubrum, T. mentagrophytes, M. canis, M. gypseum, and Geotrichum candidum
(Acharya and Chatterjee 1975).

Chrysophanic acid-9-anthrone

OOH OH

12.3.14 Erythrina variegata

Wighteone (an isoflavone) and oleanolic acid (a triterpenoid) have been isolated
from stem bark extract of the plant (Xiaoli et al. 2006). Synthetic oleanolic acid as
the aglycone form reportedly possessed fungicidal activity against Sclerotina
sclerotiorum, R. solani, B. cinerea, and P. parasitica (Zhao et al. 2011). Oleanolic
and ursolic acid, isolated from L. salicaria L. (Lythraceae) showed activity against
the phytopathogenic fungus, C. cucumerinum (Becker et al. 2005). Oleanolic acid
also showed the highest anti-fungal activity against Saccharomyces carlsbergensis
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among 49 pentacyclic triterpenoids and their glycosides derived from plants or of
semi-synthetic origin (Anisimov et al. 1979). Wighteone has been shown to pos-
sess excellent anti-fungal activity against S. cerevisiae (MIC value of 4 lg/ml).
Wighteone, isolated from Cudrania fruticosa (Roxb.) Wight ex Kurz (Moraceae)
also demonstrated anti-fungal activity against C. albicans (MIC value of 12.5 lg/
ml) (Wang et al. 2005; Yin et al. 2006). The compound isolated from C. cochin-
chinensis (Lour.) Kudo. and Masam (Moraceae) exhibited anti-fungal activities
against C. neoformans, A. fumigatus, and A. nidulans (MICs = 2–8 lg/ml) (Fukai
et al. 2003).
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12.3.15 Lablab purpureus

Direct evidence for anti-fungal activity is not available for this plant. However, a
lectin-like protein has been reported for the plant, which can inhibit A. flavus and
fungal a-amylases (Fakhoury and Woloshuk 2001; Kim et al. 2007). Six rotenoids
have been isolated from the plant with bioefficacy against malaria, dracunculiasis,
and amoebiasis (Kamal and Mathur 2010). Rotenone has been observed to enhance
the anti-fungal properties of staurosporine against A. fumigatus, C. albicans, and
Neurospora crassa (Castro et al. 2010).
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12.3.16 Asparagus racemosus

Extract of roots and tubers showed anti-fungal activity against a number of
Candida species isolated from vaginal thrush patients like C. albicans, C. tropi-
calis, C. krusei, C. guillermondii, C. parapsilosis, and C. stellatoida (Uma et al.
2009). Crude ethanol extract of dry powdered roots showed a MIC value between
5 and 20 mg/ml for dermatopathogens (Potduang et al. 2008).

12.3.17 Lawsonia inermis

The plant is used by rural area patients of Turkey for treatment of tinea pedis
infections (Kiraz et al. 2010). Dry leaves of the plant (also known as henna)
reportedly showed in vitro anti-fungal activity against C. albicans (Habbal et al.
2005). Extract of bark of the plant showed broad fungitoxic spectrum when tested
against 13 ringworm fungi, including M. gypseum and T. mentagrophytes (Singh
and Pandey 1989). The fungitoxic principle from leaves of the plant appears to be
lawsone (see Sect. 12.3.4).

12.3.18 Piper betle

Free and bound flavonoids of the plant have been reported to be most effective as
an antidermatophytic against human pathogenic dermatophytes T. rubrum, T.
mentagrophytes, M. gypseum, and C. albicans (Bhadauria and Kumar 2012).

OH

HO

Hydroxychavicol

OCH3

HO

Eugenol

Eugenol and acetyleugenol have been identified as the major components of the
essential oil obtained from the plant effective against A. flavus (Prakash et al.
2010). In vitro anti-fungal activity against various Aspergillus and Candida species
was observed with hydroxychavicol, isolated from chloroform extraction of the
aqueous leaf extract of the plant (Ali et al. 2010). Crude ethanolic extracts of
leaves suppressed growth of M. canis, M. gypseum, and T. mentagrophytes with
average IC50 values ranging from 110.44 to 119.00 lg/ml (Trakranrungsie et al.
2008).
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The anti-fungal activity of eugenol has been well established. The compound
has been reported to exhibit excellent fungicidal activity against pathogenic yeasts,
including isolates resistant to azoles. In various Candida species, the anti-fungal
mechanism has been attributed to effects on H(+)-ATPase mediated H(+)-pumping
(Ahmad et al. 2010a). Against clinical Candida isolates, eugenol and methyleu-
genol have been shown to demonstrate synergistic action with fluconazole (Ahmad
et al. 2010b; Khan and Ahmad 2012). Eugenol and carvacrol reportedly inhibited
oral Candida strains isolated from denture wearers (Marcos-Arias et al. 2011).
Eugenol has been demonstrated to inhibit fungal growth of A. niger, A. terreus,
Emericella nidulans, P. expansum, P. glabrum, P. italicum, F. oxysporum, and
F. avenaceum (Campaniello et al. 2010). The anti-fungal activity of eugenol
against Candida isolates has been shown to increase with the addition of a methyl
group to the compound (Ahmad et al. 2010c). Eugenol has further been shown to
have in vitro inhibitory activity against C. albicans biofilms (He et al. 2007). In
guinea pig models, eugenol isolated from Japanese cypress oil showed inhibitory
activity against M. gypseum (Lee et al. 2007). Extract of O. gratissimum L.
(Lamiaceae) has been found effective against C. neoformans; the active ingredient
has been identified as eugenol (Lemos Jde et al. 2005). Carvacrol and eugenol have
been showed efficacious as anti-fungal agents in the treatment of oral candidiasis
induced by C. albicans in immunosuppressed rats (Chami et al. 2005).

12.3.19 Curcuma aromatica

There is no direct evidence for anti-fungal activity of this plant. However, the plant
reportedly contains constituents like sesquiterpene and curcuminoids (curcumin,
demethoxycurcumin) (Bamba et al. 2011), which are reported to possess anti-
fungal activities. A number of reports have mentioned the anti-candidal activity of
curcumin, particularly against C. albicans (Dovigo et al. 2011a, b; Neelofar et al.
2011; Khan et al. 2012; Sharma et al. 2012). Tetrahydrocurcuminoids reportedly
showed in vitro inhibitory effect on F. proliferatum growth and fumonisin B1

biosynthesis (Coma et al. 2011). Curcumin has been shown to act alone or syn-
ergistically with azoles and polyenes to inhibit C. albicans through a mechanism
involving generation of reactive oxygen species leading to apoptosis (Sharma et al.
2010a, b).

O O

H3CO

HO

OH

OCH3Curcumin
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Other anti-fungal components isolated from essential oils from rhizomes of the
plant cultivated in Japan include 1,8-cineole and linalool, whereas Indian culti-
vated plants showed presence of xanthorrhizol in the essential oil from rhizomes
(Kojima et al. 1998). The anti-fungal properties of 1,8-cineole have been discussed
in Sect. 12.3.12. Linalool, present in essential oil of O. sanctum L. (Lamiaceae),
showed inhibitory activity against Candida species by disrupting ergosterol bio-
synthesis and fungal membrane integrity, as well as inhibition of H+ extrusion
(Khan et al. 2010a, b). Linalool not only has been shown to inhibit C. albicans, but
also along with fluconazole exhibited synergistic activity against a fluconazole-
resistant strain of C. albicans (Zore et al. 2011). Linalool, isolated from essential
oil of L. angustifolia Mill. (Lamiaceae), has also been reported to inhibit growth
and hyphal elongation of C. albicans (D0Auria et al. 2005). Linalool, isolated from
Melaleuca alternifolia (Maiden and Betche) Cheel (Myrtaceae) essential oil, has
been reported to demonstrate anti-fungal activity against a range of fungi (Hammer
et al. 2003).

HO Linalool

HO

Xanthorrhizol

Xanthorrhizol has been shown to demonstrate in vitro activity against C. glabrata,
C. guilliermondii, and C. parapsilosis biofilms (Rukayadi et al. 2011). A synergistic
anti-candidal activity of xanthorrhizol in combination with ketoconazole or
amphotericin B has been observed against C. albicans, C. glabrata, C. guillier-
mondii, C. krusei, C. parapsilosis, and C. tropicalis (Rukayadi et al. 2009). Xan-
thorrhizol isolated from Curcuma xanthorrhiza Roxb. (Zingiberaceae) reportedly
inhibited the growth of M.furfur ATCC 14521 and M.pachydermatis ATCC 14522
(Rukayadi and Hwang 2007a) and opportunistic filamentous fungi like A. flavus,
A. fumigatus, A. niger, F. oxysporum, Rhizopus oryzae and T. mentagrophytes (Ru-
kayadi and Hwang 2007b), as well as various Candida species like C. albicans,
C. glabrata, C. guilliermondii, C. krusei, C. parapsilosis, and C. tropicalis (Rukayadi
et al. 2006).

12.4 Conclusions

Our ethnomedicinal surveys among the traditional medical practitioners of Ban-
gladesh have led to the enlisting of 26 local medicinal plants that haven proven
benefit against tinea infection among the tribal and rural people. In this review, we
carried out independent and the exhaustive literature mining with a view to finding
any scientific rationale underlying such use of these plants. It is rather impressive
and reassuring that few plants have exact use (i.e., against tinea) elsewhere in the
world whilst many have proven global use against some forms of fungal infections.
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What is most intriguing is that almost all the enlisted plants contain few or several
chemical constituents that evidently possess antifungal activity when isolated from
same or other plants in bioassay-guided way. We believe these findings will pave
the way for further phyto-pharmacological characterization and development of
more effective (both pharmacologically and cost wise) crude as well as modern
medicinal preparations not only for tinea but also for other forms of common
fungal infections.

12.5 Future Perspectives

Fungal infections including tinea are not easy to deal with (the problem often, in
simple term, is nagging affecting the quality of life) and the situation is even worse
for the immunocompromised (e.g. AIDS) and malnourished people. Although
quite a few drugs are clinically available for treating systemic and topical fungal
diseases, the efficacy in most cases is not that great and more importantly, most of
them have limited spectrum and are fungistatic, not fungicidal. The latter requires
prolong use of those drugs that not only frustrate patient compliance but more
seriously can predispose to some unwanted effects due to their interactions with
off-targets, other drugs, or food ingredients. The efficacy of these drugs may also
diminish upon prolong use due to emergence of resistant fungal strains. The
potential for developing cross-resistance is also not trivial. Therefore, the need for
novel, efficacious, safer and broader spectrum antifungal agents can not be over
emphasized. From this perspective, the above-mentioned medicinal plants may
lend themselves to systematic modern scientific explorations in pursuit of novel
antifungal agents. The fact that we need to know the identity and precise mech-
anism of action of specific antifungal constituent(s) will always remain as the
priority. The medicinal chemists can then appreciate some chemical scaffolds
common to these antifungal compounds and pursue detail structure–activity
relationships with the lead compounds. The growing advancements in various in
silico approaches (i.e., ligand-driven cheminformatic searches, computational
docking against published 3D protein targets of fungal origin etc.) may aid such
process.
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Chapter 13
Usefulness of Plant Derived Products
to Protect Rice Against Fungi
in Western Europe

Olívia Matos, Ana Magro and António Mexia

Abstract The ethnopharmacobotanical usages of aromatic plants, from the
Mediterranean region, as spices, for human or animal health applications, among
other purposes, are well-known. However, natural products from plant origin can
also play a role as natural chemical substances for crop and food protection leading
to an increased interest on the plants auto protective capacity against pathogenic
agents. Search on plant derived bioactive products, which could be less toxic to the
environment and more biologically selective than synthetic compounds are of
major importance, for rural and agro-industrial economic sectors. Naturally
occurring biologically active compounds from plant extracts and essential oils are
examples of GRAS compounds, that are of increased importance due to restric-
tions on pesticides and to environmental and food safety concerns. Rice is a staple
food for over half of the world population being one of the cheapest sources of
food energy and protein. This crop cereal raises interest in Europe. It is cultivated
in the south of Europe for centuries, being Italy the major rice producer and
Portugal the main rice consumer. Fungi infection and the inherent occurrence of
mycotoxins can be responsible for serious economic losses and public health risks.
Knowledge about the origin of the growth of toxigenic fungi is a prerequisite to the

O. Matos (&)
INIAV—Instituto Nacional de Investigação Agrária e Veterinária, Quinta do Marquês,
Av. República 2784-505 Oeiras, Portugal
e-mail: oliviamatos@sapo.pt

O. Matos
IHMT—UPMM, Rua da Junqueira, Lisbon, Portugal

A. Magro
IICT—Instituto de Investigação Científica Tropical, Tapada da Ajuda, Apartado 3014 1301-
901 Lisbon, Portugal
e-mail: mico.anamagro@gmail.com

A. Mexia
Universidade Técnica de Lisboa, Instituto Superior de Agronomia, Tapada da Ajuda 1349-
017 Lisbon, Portugal
e-mail: amexia@isa.utl.pt

M. Razzaghi-Abyaneh and M. Rai (eds.), Antifungal Metabolites from Plants,
DOI: 10.1007/978-3-642-38076-1_13, � Springer-Verlag Berlin Heidelberg 2013

369



establishment of mycotoxins control programs. Rice samples collected in Portu-
guese farms or from factories were analyzed for fungal infection. Several fungi
taxa were isolated (Absidia, Alternaria, Aspergillus, Bipolaris, Botrytis, Chaeto-
mium, Curvularia, Cunninghamella, Epicoccum, Fusarium, Geotrichum, Helico-
ma, Nigrospora, Penicillium, Pyricularia, Rhizopus, Scytalidium, Stemphylium,
Sordaria, Trichoconiella, Trichoderma, Trichothecium, and Ulocladium), some of
them being potentially mycotoxigenic. The knowledge on the plant synthesis of
substances potentially useful to control microbial infections, led to evaluate the
bioactivity of extracts, and essential oils of a set of aromatic plants against fungi
affecting rice. We enhance the good results achieved with Cuminum cyminum,
Laurus nobilis, Mentha pulegium, Origanum vulgare, and Satureja montana both
with extracts and essential oils against Aspergillus candidus, Aspergillus flavus,
Aspergillus niger, Botrytis cinerea, Cladosporium cucumerinum, Fusarium cul-
morum and Penicillium sp.

Keywords Aromatic plants � Bioactive products � Rice crop � Antifungal
potential

13.1 Introduction

The increased public concern over the level of pesticide residues on food
encouraged researchers to look at other solutions apart from synthetic pesticides.
Naturally occurring bioactive compounds from plants are generally assumed to be
more acceptable and less hazardous than synthetic compounds for food and crop
protection (Bishop and Reaga 1998). Effectively, plant bioactive products related
to auto protective capacity against pathogenic agents, which are registered food
grade materials, could be used as alternative antimicrobial treatments.

Aromatic plants and their bioactive constituents can play a role as generally
regarded as safe (GRAS) substances for crop and food protection leading to an
increased interest on these plants (Mari and Guizzardi 1998; Qin et al. 2004;
Ippolito et al. 2005).

The replacement of synthetic fungicides by natural plant products has been
referred as a success when applied to control fungi affecting food or stored grains
like Penicillium sp. (Link). (Chen 1990; Neri et al. 2006), Botrytis cinerea (Pers.)
(Matos and Barreiro 2004; Matos et al. 2008; Matos 2011a), Fusarium sp. (Link)
and Aspergillus sp. (Fr.: Fr.), (Matos and Ricardo 2006; Magro et al. 2008, 2010),
and other phytopathogenic fungi on several crops (Cowan 1999; Matos et al. 1999,
2001).

370 O. Matos et al.



13.1.1 Rice Cultivation in Western Europe

Rice is a staple food for over half of the world population, being the primary
source of human nutrition and one of the cheapest sources of food energy and
protein. It is grown on approximately 146 million ha, i.e., more than 10 % of the
total available land for agriculture (Cantrell 2002; Mejia 2003).

Rice is one of the most consumed food plants since antiquity, it is impossible to
determine precisely when man began to cultivate it. There are two cultivated
species of rice, Oryza sativa L. and Oryza glaberrima Steud, the first coming from
the south and southwest Asia (Asian Continent) and the second from the Niger
River Delta (African Continent) (Maurici 1999). However, in Europe only the
cultivars ‘indica,’ ‘japonica,’ and ‘aromatic’ of Oryza sativa are cultivated. Rice
was known in Europe only after the expedition of Alexander the Great to India.
The Arabs brought it to the Iberian Peninsula at the time of its conquest in 711. In
the middle of the fifteenth century was introduced in Italy and France, spreading its
cultivation for the rest of the world as a result of European conquests. Portugal
played an important role on the introduction of rice in the American Continent.
Effectively, in 1694 rice appears in the South Carolina and in the early eighteenth
century, it begins to be produced in South America (Vianna e Silva 1969).

In Portugal, the first written references to the cultivation of rice correspond to
the reign of King Dinis (1279–1325). In those times, it was only for the tables of
rich people. A strong incentive for the production of this cereal was given by King
Jose (XVIII century) and wetland, under flooding, especially in the estuaries of
major rivers was used for such purpose. However, the adoption of poor cultivation
techniques at that time gave rise to areas of ‘‘standing water’’ supporting the
development of mosquitoes and other insects, which led to strong opposition from
the local people, which attributed responsibility to the crop of various diseases
such as malaria. As a consequence rice culture was even prohibited, however, such
decision was not enforced in practice (Viana e Silva 1975).

The expansion of rice culture in Portugal took place around 1909, after the
drafting of rules for the preparation of land and water management (irrigation and
drainage), and a large number of different cultivars were extensively studied for
yield improvement through plant breeding programs.

Presently, the major producers of rice in Europe are Italy, Spain, Portugal,
Greece, and France (Fernandes 2003). Portugal is the biggest consumer per capita
of milled rice in Europe (15 kg per person and per year) and is the third producer
with an annual paddy rice production of about 129,000 tonnes of japonica variety
(short-grain), 26,000 tonnes of indica variety (long-grain) distributed mainly by
Sado, Tejo, and Mondego river Valleys. Besides national production, 98,000
tonnes of rice are imported to satisfy consumer needs (Brites et al. 2006; INE
2007).

13 Usefulness of Plant Derived Products 371



13.1.2 Diseases Affecting Rice

Rice is one of the most important crops for food security, contributing almost a
quarter of the calories to mankind (Pennisi 2010), and it is also a staple crop of
economic importance in many countries. It is estimated that its production
(600 million tons in 2000) will have to increase by 40 % in 2030. This increase
will have to face less land and water for rice cultures as well as fewer fertilizers
and chemicals. According to the FAO, diseases, insects, and weeds are responsible
for yield losses of up to 25 % in rice (Ribot et al. 2008). Diseases are considered
major constraints in rice production and are mainly caused by fungi, bacteria, or
viruses (Wopereis et al. 2009).

13.1.3 Fungi Diseases of Rice on the Field

There are several diseases affecting rice in the field, likely rice blast, sheat blight,
brown spot, leaf scald, narrow brown spot, stem rot, sheath rot, bakanae, and false
smut. The three major diseases of rice worldwide are the rice blast, sheath blight,
and false smut (Wopereis et al. 2009).

Rice blast disease is one of the most devastating of all cereal diseases world-
wide and also the most important in Europe. It is estimated that each year rice blast
causes harvest losses of 10–30 % of the global rice yield (Talbot 2003), but even
10 % is significant, being sufficient to feed 60 million people for 1 year. Rice blast
disease has been found in more than 85 countries (Kato 2001), leading to serious
epidemics throughout rice-growing regions of the world, and contributing signif-
icantly to the cost of rice production. Today, blast-preventive, low-cost measures
include the burning of crop residues, such as diseased straw and stubble, planting
of disease-free seed, avoiding excess nitrogen-based fertilizer, water-seeding, and
growth under conditions of continuous flooding. However, these low-impact
control measures are rarely efficient enough under blast-favorable conditions.
Understanding the biology of rice blast disease is, therefore, of particular signif-
icance, because it offers the promise of developing new and durable disease
control strategies (Skamnioti and Gurr 2009). This disease is caused by the
hemibiotrophic fungal pathogen Magnaporthe grisea [(T.T. Hebert) M.E. Barr]
(Kou and Wang 2011). This fungus can infect all aerial parts of the rice plant,
causing leaf blast, neck and panicle blast, collar rot, and node blast.

Rice sheath blight is another fungal disease caused by the soil-borne necro-
trophic pathogen Rhizoctonia solani (J.G. Kühn), which has a broad host range and
occurs in most rice producing areas (Zou et al. 2000). The disease appears both on
sheaths and on laminar portion of leaves, and on most prominent and common
symptom caused by R. solani is sheath blight. The asexual phase of R. solani,
sclerotia, can survive in the soil for 2 years and are spread quickly during field
preparation and flood application (Webster and Gunnell 1992).
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Rice false smut is caused by hemibiotrophic Ustilaginoidea virens [(Cooke)
Takah]. Although it has long been considered a minor disease (Ou 1972), rice false
smut has become a serious problem in recent years in at least some rice-growing
areas, such as Asia (Ashizawa et al. 2010). Prior to the heading stage, the fungus
invades rice spikelets and the grains of the panicle are covered by powdery, dark
green spores during maturation (Ou 1972). False smut may occupy any part of the
panicle, which results in yield loss. In addition, U. virens produces ustiloxin that is
poisonous to humans and other animals (Koiso et al. 1992). Since this disease is
visible only after panicle exsertion, the use of fungicides is not effective to prevent
yield loss.

Fungicides, resistant cultivars, agronomical practises, and biotechnological
methods have been developed and used to control these important diseases (Ribot
et al. 2008).

13.1.4 Fungi Diseases of Rice on Storage

Paddy rice is a seasonal crop in Portugal, so storage of paddy and milled rice is of
major importance for year-round availability. The storage of cereals is a specific
ecosystem, subject to several correlated factors, like temperature, relative
humidity, moisture content, oxygen availability, which are difficult to manage.

According to Mew and Gonzales (2002) Pyricularia grisea (anamorph) Sacc.
(Cooke), the rice blast pathogen, although considered the most important rice
pathogen, has the lowest incidence when screening rice seeds for fungi
contamination.

Presently, it is not possible to find data in the literature compare the incidence
of storage fungi in rice in Portugal and in Europe to the results obtained from Asia
and America. To solve this problem, the fungi diversity in rice stored was studied
in Portugal. The results obtained from compilation of data from several countries
are resumed in the Table 13.1.

In storage, the development of fungi, especially Aspergillus spp. and Penicil-
lium spp., is an unsolved problem. These fungi are responsible for rice quantitative
and qualitative losses and are mycotoxins potential producers. Mycotoxins are
hazardous to animal and human health and constitute a factor for economic losses
in food products worldwide (Omidbeygi et al. 2007; Pitt and Hocking 2009).

13.2 Mycotoxin Contamination

Mycotoxin production is unavoidable and at times unpredictable, which makes it a
unique challenge to food safety. Mycotoxin contamination often occurs in the field
prior to harvest. Post-harvest contamination can occur if the drying is delayed and
along the storage of the crop if moisture is allowed to exceed critical values for
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Table 13.1 Fungi identified from rice samples, worldwide (Manabe and Tsuruta 1991; Pitt et al.
1994; Tonon et al. 1997; Broggi and Moltó 2001; Pacin et al. 2002; Maity et al. 2004; Park et al.
2005; Makun et al. 2007; Pitt and Hocking 2009)

Genus Species

Absidia A. corymbifera
Acremonium sp.
Alternaria A. alternata, A. longissima, and A. tenuissima
Arthrium A. phaeospermum
Aspergillus A. aureus, A. avenaceus, A. awamori, A. candidus, A. carbonarius,

A. clavatus, A. conicus, A. elegans, A. flavus, A. fumigatus, A. giganteus,
A. glaucus, A. japonicus, A. melleus, A. niger, A. ochraceus,
A. parasiticus, A. penicillioides, A. phoenicis, A. restrictus,
A. sclerotiorum, A. sydowii, A. tamarii, A. terreus, A. ustus, A. versicolor,
and A.wentii

Bipolaris B. oryzae and B. sorghicola
Chaetomium C. brasiliense, C. funicola, and C. globosum
Cladosporium C. cladosporioides and C. herbarum
Colletotrichum sp.
Curvularia C. aeria, C. affinis, C. eragrostidis, C. geniculatus, C. lunata, C. oryzae, and

C. pallescens
Cryptococcus C. neoformans
Diplodia D. maydis
Drechslera D. sorokiniana
Emericella E. nidulans
Epicoccum E. nigrum
Eupenicillium E. cinnamopurpureum, E. hirayama, and E. ochrosalmoneum
Eurotium E. amstelodami, E. chevalieri, E. herbariorum, E. montevidense,

E. pseudoglaucum, E. repens, and E. rubrum
Fusarium F. acuminatum, F. chlamydosporum, F. graminearum, F. heterosporum,

F. moniliforme, F. oxysporum, F. proliferatum, F. semitectum, F. solani,
and F. verticilloides

Geosmithia Geosmithia sp
Geotrichum G. candidus
Helminthosporium Helminthosporium sp.
Lasiodiplodia L. theobromae
Macrophomina M. phaseolina
Mucor M. hiemalis and M. racemosus
Neosartorya N. fischeri
Nigrospora N. oryzae
Paecilomyces P. variotii
Penicillium P. aurantiogriseum, P. capsulatum, P. chrysogenum, P. citreonigrum,

P. citrinum, P. corylophilum, P. crustosum, P. cyclopium, P. decumbens,
P. diversum, P. expansum, P. funiculosum, P. glabrum, P. granulatum,
P. griseofulvum, P. herquei, P. implicatum, P. islandicum,
P. janthinellum, P. notatum, P. oxalicum, P. piceum, P. puberulum,
P. purpurescens, P. purpurogenum, P. roquefortii, P. roseopurpureum,
P. rugulosum, P. thomii, P. variabile, P. verrucosum, P. viridicatum, and
P. waksmanii

Phoma P. glomerata and P. herbarum
Rhizomucor R. pussillus

(continued)
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fungi growth. However, mycotoxin contamination is less commonly reported for
rice than for many other cereal crops (Tanaka et al. 2007).

The major mycotoxigenic fungi in rice belongs to Aspergillus sp. (Reddy et al.
2004), Fusarium sp. (Abbas et al. 1999), and Penicillium sp. (Makun et al. 2007),
and fungal invasion effects can be recognized by the discolorated aspect of glume
or grain, loss of quality, and viability and presence of mycotoxins. Reddy et al.
(2008) in their study on the incidence of mycotoxigenic fungi and on the relevance
of mycotoxins on rice, reported aflatoxins, fumonisins, trichothecenes, ochratoxin
A, cyclopiazonic acid, patulin, zearalenone, deoxynivalenol (DON), citrinin,
gliotoxin, and sterigmatocystin as the most important.

Aflatoxin B1 (AFB1), fumonisin B1, and ochratoxin A are reported as the most
toxic for mammals having hepatotoxic, teratogenic, and mutagenic activity and
causing damage such as toxic hepatitis, hemorrhage, edema, immunosuppression,
hepatic carcinoma, equine esophageal cancer, and nephrotoxicity (Norred 1993;
Altuntas et al. 2003). AFB1 has been classified as a group 1 human carcinogen and
fumonisin B1 and B2 as group 2B carcinogens by the International Agency for
Research on Cancer (Reddy et al. 2008).

Considering that decontamination of mycotoxins from contaminated food or
complete elimination of mycotoxins from food commodities seems difficult or
even impossible, prevention is the best control strategy.

13.3 Strategies to Control Fungi

Strategies to reduce the risk associated with fungi incidence on rice are essential
and must be improved on a permanent basis.

At present sustainable control strategies, like Integrated Pest Management as
part of integrated production schemes, include either indirect control measures
such as cultural practises, the adoption of resistant varieties, or direct control
measures like chemical control, through synthetic fungicides or antifungal plant

Table 13.1 (continued)

Genus Species

Rhizopus R. oryzae and R. stolonifer
Scopulariopsis S. brevicaulis
Sordaria sp.
Syncephalastrum S. racemosum
Talaromyces T. wartmanii
Themoascus T. crustaceus
Trichoconiella T. padwickii
Trichoderma T. viride
Trichothecium T. roseum
Ulocladium U. chartarum
Wallemia W. sebi
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products, with risk periods and spraying times being determined by risk assess-
ment methodologies and action thresholds (economic thresholds) adjusted to each
pest problem.

13.3.1 Cultural Practices

Several cultural practices like early sowing, amounts and type of nitrogen fertil-
izers, appropriate level of phosphates, or even silicium are indicated as cultural
measures to reduce disease severity on rice (Lima 1998).

Portuguese rules for Integrated Production impose water and soil analysis on a
regular temporal scale and fertilization should be adjusted to the analytical results up
to a total nitrogen maximum amount of 180 kg/ha to the ‘‘indica’’ varieties and to
160 kg/ha to the ‘‘japonica’’ varieties, with the use of nitrates being excluded (Costa
et al. 2003). Minimum tillage is recommended and only officially registered varieties
should be sown, with sowing densities around 180–200 kg/ha, when the average
temperature above soil reaches 13 �C, usually in April. Water must be removed from
the paddy fields 8–10 days before harvesting, and mechanical harvest must occur
with a grain moisture content of 20–22 %. The seeds must be dried to a moisture
content below 14 % before storage (Fernandes and Rasquilho 2004).

13.3.2 Resistant Varieties

The adoption of resistant varieties by farmers is by far the most efficient control
method for fungi. Indeed, resistant varieties for major rice fungi have been breed
since the beginning of the last century.

A significant number of resistance genes are known for the major rice diseases,
some being specific of ‘‘indica’’ varieties while others occur in ‘‘japonica’’ vari-
eties, only. Mixtures of different varieties carrying different resistance genes seem
to be an interesting strategy to control rice fungi (Lima 1998).

An example of recent achievements is the variety called Macassane, released
recently in Mozambique by IRRI, with some effectiveness against rice blast on the
leaves and roots (Kerr 2011).

13.3.3 Chemical Control

Bordeaux mixtures, based on copper sulfate, have been used to control rice fungi
since the beginning of the last century on a world basis. Since than many fungi-
cides from several chemical groups were applied to prevent rice diseases, like
dithiocarbamates, mercurials, benzimidazoles, antibiotics (Kasugamycin), and
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triazoles, but for environmental problems or resistance phenomena all have been
withdrawn from rice agroecosystems.

Nowadays, apart from copper witch is still in use, strobilurins, namely azox-
ystrobin are widely used for rice disease control, since 1999. This fungicide
inhibits conidia germination and mycelia growth through inhibition of mito-
chondrial respiration at the cytocrome bc1 pathway. This active ingredient is
photodegradable, presents biological activity during 10–12 days, and is absorbed
by leaves with a translaminar distribution mainly during the 3 h after spraying.
The harvest interval is 28–30 days and the product is highly toxic to algae and
aquatic invertebrates and toxic to fish, which cause difficulties to this widespread
use in rice agroecosystems. But any present no other active ingredient is allowed
under the portuguese Integrated Pest Management rules for rice.

13.4 Use of Plants for Antifungal Purposes

Since pre-historical times plants play a role in man’s life, mainly as food and feed
products, but being applied in health, as cosmetics and perfumery and in religion.
Ancient Greek (Hippocrates, Theophrastus, Dioscroides) and Roman (Pliny,
Galen) civilizations were familiarized with medicinal properties of plants (De
Pasquale 1984). However, with the discovery of synthetic chemical drugs in the
twentieth century, this empirical evidence was rejected and medicine lost confi-
dence in the healing properties of plants (Pepeljnjak et al. 2003).

Plants synthesize a wide variety of secondary metabolites (flavonoids, terpe-
noids, carotenoids, coumarins, alkaloids, non-protein amino acids, and phenolic
compounds). Such compounds are not directly linked to the functions of growth
and reproduction of plants, but they result from the adaptive defense mechanisms
against biotic and abiotic stresses, and interactions with the environment.

For a long time, plant secondary metabolites have been considered ‘‘junk’’,
despite having interesting structures and in many cases, exploitable biological
properties. Currently most of these compounds are economically important, and
biologically interest and/or therapeutic for humans. They are therefore used as
flavors, fragrances, stimulants, dyes, hallucinogens, poisons, or pesticides (Matos
2001; Hill and Wang 2009).

Although better known for its use in herbal medicine, plants have also played a
significant role in crop protection and food conservation. Industrial revolution and
the organic chemistry development lead to an increased preference for compounds
from organic synthesis for the treatment of diseases and pests organisms. How-
ever, the excessive and indiscriminate use of organic pesticides has led to the
contamination of soil and water, with consequent harm to the health of animals and
man (Matos and Ricardo 2006). Alternatives to synthetic pesticides are needed,
and substances from plants and microorganisms constitute a viable option. In
reality, substances of plant origin can be more advantageous than synthetic
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pesticides because they are easily degradable, environmentally low-polluting, and
having non-phytotoxic or residual properties.

The plant extracts and essential oils became important again to crop protection
after the development of the Integrated Pest Management strategy, which rec-
ommends for the control of pests and diseases the minimal use of synthetic pes-
ticides (Magro 2001). Considering that is not possible to stop using substances to
control pests and diseases, research into natural pesticides, especially of plant
origin, is of major importance.

Present studies on the control of rice fungal contaminants, are in this context.
Despite the improvement of hygiene conditions and techniques of food production,
food security became increasing by important in a public health perspective. It is
estimated that over 30 % of the population in industrialized countries suffers from
food poisoning. For instance, in 2000 at least 2 million people died from diseases
caused by food poisoning worldwide (WHO 2002).

Storage is a critical milestone on the conservation of food, especially of agri-
cultural products. Changes during this phase, even when not detectable, have an
impact throughout the distribution process, processing, and marketing of products
(Navarro and Noyes 2002). The effects of the deterioration caused by fungi can
lead to total loss of food or health problems, due to the presence of mycotoxins,
with serious toxicity risks to consumers (Vargas et al. 2001; Matos 2011b).

Natural products of plant origin have an increasingly importance, because there
is still need for research of active natural substances to the protection of agri-
cultural products, particularly to control fungal pathogens of cereals and dried
foods stored.

13.5 Aromatic Plants Assayed

Literature revision on antimicrobial usefulness and the results previously achieved
(Matos and Ricardo 2006; Matos et al. 2001; Gata-Gonçalves et al. 2003; Magro
2009; Magro et al. 2010; Serrano et al. 2011; Ramos et al. 2011; Teixeira et al.
2012) allows the selection for the present work of the aromatic plants Cuminum
cyminum, Laurus nobilis, Mentha pulegium, Origanum vulgare, Satureja montana,
traditionally used as spices or for medicinal purposes.

C. cyminum L. is a native spice from east India and east Mediterranean of the
Apeaceae family. Seeds of C. cyminum are consumed as condiment across the
globe, having a distinctive popular aroma, due to their content in the compound
cuminaldehyde (Viuda-Martos et al. 2007). C. cyminum can also be a source of
generally recognized as safe (GRAS) constituents that can be used for fresh food
application to increase clean sanitation by reducing to a minimum the microbial
population (Gachkar et al. 2007) and by reducing oxidative undesired processes.

The chemical composition of cumin seeds essential oil can present a significant
variability due to several factors such as climate, soil composition, vegetative cycle
stage, harvest-time, storage conditions, extraction method (El-Sawi and Mohamed
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2002; Gachkar et al. 2007; Hajlaoui et al. 2010; Karbin et al. 2009; Lee et al. 2007;
Viuda-Martos et al. 2007). Such chemical differences can affect the biological
properties of cumin, what reinforce the importance of the cumin integrated analysis
of chemical profile and biological pattern. However, the GC–MS analysis showed
that 73.0 % of the total compounds of cumin oil were composed by 2-methyl-3-
phenyl-propanal (46.6 %) and 1-methyl-3-(1-methylethyl)-benzene (26.4 %). The
most representative monoterpene hydrocarbons are 2-b-pinene (3.8 %), c-terpinene
(2.0 %) and 1-isopropylidene-3-n-butyl-2-cyclobutene (3.4 %). Eucalyptol (0.2),
trans-pinocarveol (0.2 %), 2,6-dimethyl-3,5,7-octatriene-2-ol (9.5 %), and carva-
crol (0.7 %) are the most representative oxygenated monoterpenes, while very low
concentrations of oxygenated sesquiterpenes (*0.1 %.) and sesquiterpene hydro-
carbons (*0.1 %) were detected in the cumin seed oil.

L. nobilis L. belongs to the laurisilva forests that originally covered much of the
Mediterranean Basin when the climate of the region was more humid. Laurel
forest flora still persist in the mountains of southern Turkey, northern Syria,
southern Spain, north-central Portugal, and northern Morocco. L. nobilis are used
almost exclusively as flavor agents for food preparation, and its leaves have a long
shelf life of about 1 year, under normal temperature and humidity. L. nobilis
leaves are used as a valuable spice and flavoring agent in the culinary and food
industry. This plant does not have important uses in traditional medicine but
recently has been the subject of scientific research (Conforti et al. 2006). However,
Laurel’s antiseptic, antibacterial, and antifungal properties are known. Laurel
leaves contains about 1.3 % essential oils, consisting of eucalyptol (27.2 %), a-
terpinyl acetate (10.2 %), linalool (8.4 %), methyleugenol (5.4 %), sabinene
(4.0 %), and carvacrol (3.2 %) (Conforti et al. 2006; Vaughan and Geissler 2009;
Ramos et al. 2011).

M. pulegium L. is a plant that occurs spontaneously in the Mediterranean
region, in Europe, Asia Minor and northern Iran (Beghidja et al. 2007). It is native
from the southwestern Iberian Peninsula being frequent and abundant in Portugal.
Antimicrobial activity have been reposted (Sivropoulou et al. 1995; Teixeira et al.
2012) including antifungal effects against soilborne phytopathogenic fungi (Mu-
eller-Riebau et al. 1995). Major components of M. pulegium oil are piperitone
(38.0 %), piperitenone (33.0 %), alpha-terpineol (4.7 %), and pulegone (2.3 %)
(Mahboubi and Haghi 2008; Teixeira et al. 2012).

O. vulgare L. is a well-known culinary aromatic herb, from Lamiaceae family,
from Asia, Europe, and northern Africa. It is highly appreciated in gastronomy
being also used in folk medicine in the treatment of respiratory disorders, dys-
pepsia, painful menstruation, rheumatoid arthritis, scrofulosis and urinary tract
disorders, expectorant, diaphoretic, and herb (Gruenwald et al. 2000). Studies on
the isolation of O. vulgare essential oils are known, from different regions of the
world including Greece (Daferera et al. 2002), Lithuania (Mockute et al. 2001),
India (Bisht et al. 2009), Poland (Figiel et al. 2010), and Italy (Russo et al. 1998),
among others are known. Such studies are mainly focused on the chemical com-
position, but antioxidant and antimicrobial properties were also explored (Faleiro
et al. 2005).
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The essential oil of O. vulgare is mainly composed by oxygenated monoter-
penes (40.6 %) and monoterpene hydrocarbons (26.4 %). Within oxygenated
monoterpenes, carvacrol (14.5 %), b-fenchyl alcohol (12.8 %), and d-terpineol
(7.5 %) were the major compounds detected, while c-terpinene (11.6 %) and a-
terpinene (3.7 %) were the most abundant monoterpene hydrocarbon detected
(Teixeira et al. 2012). Additionally, thymol (12.6 %) and 1-methyl-3-(1-methyl-
ethyl)-benzene (6.8 %) represent substantial fractions of O. vulgare essential oil.
Carvacrol, thymol, c-terpinene, and linalool are known to possess strong antiox-
idant and antifungal properties (Adam et al. 1998; Yanishlieva et al. 1999; Ruberto
and Baratta 2000; Aligiannis et al. 2001).

S. montana L. whose center of distribution is located in the eastern part of the
Mediterranean area, is an annual or perennial semi-bushy that inhabit arid, sunny,
stony, and rocky regions. In Portugal, S. montana is spontaneous in the Northeast
region and in Madeira islands (Cunha et al. 2007). The genus Satureja is known to
have several biological properties, such as bactericidal, fungicidal (Azaz et al.
2005; Bezbradica et al. 2005; Cavar et al. 2008), and anti-HIV-1 (Yamasaki et al.
1998; Cavar et al. 2008).

Major constituents of the essential oil are phenols, like carvacrol (30.6 %),
thymol (14.1 %), and carvacrol methyl ether (6.3 %). (Serrano et al. 2011). Var-
ious flavonoids, flavonoid glycosides (eriodictyol 7-0-rutinoside), phenolic acids
(caffeic, q-hydroxylbenzoic, q-coumaric, ferulic, rosmarinic), tannins (3–8 %),
and triterpenes (b-sitosterol-b-D-glucoside, oleanolic acid, ursolic acid, crataeg-
olic acid) have been mentioned as constituents of S. montana extracts (Escudero
et al. 1985).

13.6 Experimentation

A set of assays was performed either as a first screening for the incidence of fungi
on rice cultivated in Portugal, or to evaluate the antifungal potential of a set of
aromatic plants from the Mediterranean Region against mycotoxigenic fungi
isolated from sampled rice.

13.6.1 Screening for Fungi Incidence on Rice

Rice samples, namely paddy rice, brown rice, and milled rice were collected
regularly during the experimental period in a farmer’s storage and in a rice mill in
different points of the milling process. Five samples per place were collected in
sterilized containers and taken into the laboratory.

Rice samples were then divided in sub-samples of 110 grains. The surface of
these sub-samples was disinfected with 1 % sodium hypochlorite, for two minutes,
as described by Magro et al. (2011) and Pitt and Hocking (2009). Ten dried grains
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were placed in Petri dishes with 20 mL of potato dextrose agar (PDA) medium
with chloramphenicol (1 %). For each sample, ten replicates were made.

The grains in Petri dishes were incubated at 28 �C for 8 days and then exam-
ined under a light stereomicroscope for fungal growth. Isolation of the colonies
was made to obtain pure cultures. Slides of fungal growth were prepared and
observed under a compound microscope for fungal morphology study.

The identification was carried out using identification keys (Ellis 1971; Car-
michael et al. 1980; Domsch et al. 1980; Onions et al. 1981; International
Mycological Institute 1991; Hanlin 1997; Malloch 1997; Barnett and Hunter 1998;
Samson et al. 2004 and Pitt and Hocking 2009).

13.6.2 Aromatic Plants Analyzed for Antifungal Properties

13.6.2.1 Plant Material

The aromatic plant species C. cyminum, L. nobilis, M. pulegium, O. vulgare, S.
montana, were selected to be assayed against mycotoxigenic fungi. Plant speci-
mens were collected from the field, identified, and voucher specimens were
deposited at the Herbarium of INIAV.

13.6.2.2 Preparation of Plant Extracts and Essential Oils

Ethanol and water extracts were obtained by maceration of dried material (150 g)
in an Erlenmeyer flask with 1,000 mL ethanol (purity grade 990 g L-1) or with
1,000 mL deionized boiling water using a continuous hot extraction method in a
Soxhlet apparatus (30 min, about 100 �C). Plant material was pressed and the
resultant liquids were filtered under vacuum through a Buckner funnel (90 mm
diameter) with filter paper Whatman n� 1 (Whatman, Maidstone, UK).

The essential oils were obtained by hydro-distillation using a modified Cle-
venger apparatus in a ratio of 100 g of dry plant material to 700 mL of deionized
water. The essential oils were obtained after 3 h of distillation, dried over anhy-
drous sodium sulfate, filtrated and stored at 4 �C until further analysis. The ethanol
extract was poured into a round-bottomed flask and brought to dryness in a rotary
evaporator (40 �C; and at about 178 mbar). Finally, plant extracts were freeze
dried and stored at -80 �C. The ethanol and the water extracts were redissolved in
ethanol or water, respectively, prior the use in individual assays while the essential
oils were directly applied.
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13.6.2.3 Preparation of Fungus Inocula

The mycotoxigenic fungi Aspergillus candidus Link, Aspergillus flavus Link,
Aspergillus A. niger Tiegh.nom.cons., Botrytis cinerea, Fusarium culmorum (WG
Smith) Sacc., Penicillium islandicum Sopp obtained from samples of rice grains,
were selected as targets to perform the in vitro and in vivo biological evaluations
of the antifungal potential of plant extracts and essential oils.

The fungi were grown on PDA media in the dark at 28 �C, for 5–10 days,
depending on the fungus, and then used to provide the inocula necessary for the
antifungal tests. Petri dishes (9 cm Ø) containing 20 ml of solidified PDA medium
were used for all the different antifungal assays.

13.6.3 Assay Procedures

13.6.3.1 Plant Screening for Antifungal Potential

In the first plant, screening for antifungal activity aqueous suspension cultures was
prepared by disintegrating the mycelium of each fungus previously grown in PDA
media. These fungi suspensions, prepared in 200 ml of an adequate liquid media
(Matos and Ricardo 2006), were filtered through a Buckner funnel with nylon nets
(pore size 100 lm), under vacuum, in order to ensure their homogeneity, adding
liquid media until a spore count of about 5 9 104 per ml was achieved. A liquid
inoculum (1 ml) of each of the fungi was pipetted and homogeneously dispersed
over the surface of the agar. A 7 mm in diameter hole was pierced in the agar in
the center of the dish, to receive 250 ll of the ethanol extract, 500 ll of the
aqueous extracts, or 50 ll of the essential oil. Only one plant extract or plant oil
was tested per dish, and four replicates of each assayed modality were done. The
plates were incubated at 28 �C, for 8 days.

13.6.3.2 Antifungal Tests with Essential Oils Under Saturated
Atmospheres in Vitro and in Vivo

To evaluate the potential of the plants essential oils, a method based on ‘‘saturated
atmospheres‘‘ was used, where the samples analyzed and each fungus tested are
confined to a particular sealed shell, in this case Petri dishes.

For such in vitro tests, Petri dish containing 20 ml of PDA (sterilized by
autoclaving at 121 �C for 15 min) were prepared and inoculated with a disk of
mycelium, 0.5 cm in diameter, taken from the periphery of each fungus colony.
After this, filter papers (Whatman No. 1, 90 mm Ø) impregnated with 50, 100,
250, 500, or 750 ll of the essential oils were placed in the upper side of the Petri
dishes, and the system was sealed with parafilm, and placed in an incubation
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chamber at 28 �C for 25 weeks. Replicates without the essential oil were also
prepared. The assays were monitorized for fungal growth weekly.

In vivo tests under saturated atmospheres were also performed using the
methodology described above with the proviso that a sample of 1 g of sterile rice
was placed over the PDA before the application of each plant oil. In these assays
doses of 500 and 1,000 lL of essential oils were tested. Four replicates of each
assayed modality were prepared.

13.7 Results and Discussion

13.7.1 Screening for Fungi Incidence on Rice

The incidence of field and storage fungi on rice collected from farmers and
industry storages with different origins was studied. The totality of isolated and

Table 13.2 Fungi identified in all samples of rice

Taxa

Genus Species

Absidia A. corymbifera
Alternaria A. alternata, A. arborescens, A. infectoria, and A. tenuissima
Aspergillus A. candidus, A. flavus, A. fumigatus, A. niger, A. ochraceus, A. penicillioides,

A. sydowi, A. terreus, A. versicolor, and A. wentii,
Bipolaris B. australiensis, B. cynodontis, B. hawaiiensis and B. oryzae
Botrytis Botrytis sp.
Chaetomium C. globosum, C. spirale, and C. trilaterale
Cunninghamella Cunninghamella sp.
Curvularia C. aeria, C. intermedia,, C. lunata, and C. pallescens
Epicoccum E. purpurascens
Eurotium E. chevalieri and E. rubrum
Fusarium F. equiseti, F. moniliforme (group), and F. semitectum
Geotrichum Geotrichum sp.
Mucor M. racemosus
Nigrospora N. oryzae
Penicillium P. citreonigrum, P. citrinum, P. islandicum, P. rugulosum, P. steckii, and P.

viridicatum
Pyricularia P. oryzae
Rhyzopus R. oryzae
Scytalidium Scytalidium sp.
Sordaria S. fimicola
Stemphylium S. botryosum
Syncephalastrum S. racemosum
Trichoconiella T. padwickii
Trichoderma T. harzianum
Trichothecium T. roseum
Ulocladium U. atrum
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Table 13.3 Taxa isolated from national and imported rice samples

Taxa National rice Imported rice

Paddy Brown Milled Brown Milled

Absidia corymbifera x – – – –
Alternaria spp. x x – – –
A. alternata x x – x x
A. arborescens x – – – –
A. infectoria – x – – –
A. tenuissima – x – – –
Aspergillus sp – x x x x
A. candidus x x x x x
A. flavus x x – x x
A. fumigatus x x x x x
A. niger x x – x –
A. ochraceus – x – – –
A. penicillioides – – x – –
A. sydowii – x – – –
A. terreus x x – – –
A. versicolor – x – – –
A. wentii – – – x –
Bipolaris spp. x x – – –
B. australiensis x – – – –
B. cynodontis – x – – –
B. hawaiiensis x – – – –
B. oryzae x x – x –
Botrytis sp. x – – – –
Chaetomium globosum x – – – –
C. spirale – x – – –
C. trilaterale x x – – –
Cunninghamella sp. x – – – –
Curvularia aeria x – – – –
C. intermedia x – – – –
C. lunata x – – – –
C. pallescens – – – x –
Epicoccum purpurascens – x – – –
Eurotium chevalieri – x x x x
E. rubrum – – – x –
Fusarium spp. – x – x –
F. equiseti – x – – –
F. moniliforme x – – – –
F. equiseti – x – – –
F. moniliforme x – – – –
Geotrichum sp. x x – – –
Helicoma sp. – – – x –
Nigrospora oryzae x x x – –
Mucor racemosus x – – – –
Penicillium spp. x x x x –

(continued)
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identified taxa is present in Table 13.2. Table 13.3 presents the different fungi
isolated from national and imported rice.

The results obtained clearly show that in Portugal, the national rice showed
greater fungi diversity then the imported rice. In fact, in present study a total of 73
taxa were identified, 68 taxa in the national rice, and 24 in that imported rice. The
fungi with higher incidence either in national or in imported were Alternaria spp.,
Aspergillus candidus, A. flavus, A. niger, A. terreus Thom, Fusarium spp,
Nigrospora sp. Zimm., Penicillium spp., Rhyzopus sp. Ehrenb., Trichoconiella
padwickii (Ganguly) B.L.Jain, and Trichoderma sp. Pers.. The higher incidence of
storage fungi agrees with reports of other authors that over time field fungi tend to
decrease, being replaced by storage fungi (Mourato 1984; Manabe and Tsuruta
1991; Pitt and Hocking 2009).

Considering the economic and nutritional importance of rice, it is desirable to
improve and monitorize rice production both in field and under storage conditions
to reduce fungi incidence. Fungus contamination of rice is a problem to be solved
due the fact that some of the isolated fungi are potential mycotoxin producers, such
is the case of Aspergillus sp. and Penicillium sp.. However, the presence of a
particular fungus does not necessarily imply the existence of dangerous myco-
toxins and the diet should be as diversified as possible in order to minimize the
impact of toxins.

Table 13.3 (continued)

Taxa National rice Imported rice

Paddy Brown Milled Brown Milled

P. citreonigrum – – – x –
P. citrinum x – – x –
P. islandicum x x – x –
P. rugulosum – x – – –
P. steckii – x x – –
P. viridicatum x – – – –
Pyricularia oryzae – x – – –
Rhizopus oryzae x – – x –
Scytalidium sp. x x – – –
Sordaria fimicola x – – – –
Stemphylium botryosum – x – – x
Syncephalastrum racemosum x x – – –
Trichoconiella padwickii x x x x x
Trichoderma harzianum x x – – –
Trichothecium roseum x x – – –
Ulocladium atrum – x – – –
Total of identified Taxa 37 38 9 21 8
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13.7.2 Plant Screening for Antifungal Potential

The antifungal potential of aqueous (250 ll), ethanol (250 ll) extracts, and of the
essential oil (50 ll) of C. cyminum, L. nobilis, M. pulegium, O. vulgare, and
S. montana were preliminarily tested in vitro against A. candidus, A. flavus,
A. niger, B. cinerea, F. culmorum, and P. expansum. Results observed, 8 days after
incubation (Table 13.4), showed antifungal efficacy for all the plants and formu-
lations used, despite the low concentrations used.

As a whole the Aspergillus species were less affected by all the extracts while
F. culmorum and P. islandicum were the more susceptible. Aqueous extracts were
the less effective reaching a maximum of 60.8 ± 2.5 %, observed for O. vulgare
tested on F. culmorum. The extracts of O. vulgare obtained in ethanol were also
the most active against all the fungi reaching 67.3 ± 2.8 % against F. culmorum.
The essential oils were the most active plant material against this set of fungi. The
oils of O. vulgare (73.5 ± 4.6 %), S. montana (66.2 ± 4.2), and C. cyminum
(64.2 ± 10.4) were the most active also against F. culmorum. The results observed
above conduced to the selection of essential oils to be used in the assays under
saturated atmosphere.

13.7.3 Saturated Atmosphere In Vitro

The effects of the different doses of L. nobilis and M. pulegium essential oil
assayed in saturated atmosphere in vitro on the growth of A. candidus, A. niger,
F. culmorum, and P. islandicum are presented in Tables 13.5 and 13.6.

The growth of F. culmorum was completely inhibited by L. nobilis essential oil
along the 25 weeks when the doses of 100, 250, and 500 lL were used, while the
total inhibition of P. islandicum was achieved only with the doses of 250 and
500 lL. The dose of 50 lL was inefficient for these two fungi while with 100 lL
P. islandicum was controlled only for the three first weeks. L. nobilis oil was
efficient to control the growth of A. candidus and A. niger only when the dose of
750 ll was applied, along 16 and 19 weeks, respectively, with the dose of 500 lL
for 4 and 7 weeks, respectively, and with the dose of 250 lL for 1 and 3 weeks,
respectively.

As shown in Table 13.6 all the doses of M. pulegium essential oil were efficient
to control the growth of F. culmorum and P. islandicum along the 25 weeks of the
assays. In the case of A. candidus and A. niger such level of inhibition was
observed only for the dose of 500 lL. With the dose of 250 lL the total growth
inhibition was achieved only during 14 and 12 weeks, respectively against
A. candidus and A. niger, while the dose of 100 lL was efficient for both fungi
only during the first 6 weeks.
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13.7.4 Saturated Atmosphere In Vivo

The antifungal effects of the essential oils of L. nobilis and M. pulegium, assayed
under saturated atmosphere in vivo, are presented in the Tables 13.7 and 13.8.

In these assays, the doses of 1,000 lL, for the case of L. nobilis, and 500 lL,
for M. pulegium, were selected based on the results obtained from the previous
assays performed in saturated atmospheres in vitro. The growth of F. culmorum,
P. islandicum and A. niger was completely inhibited along the 25 weeks with the
application of 1,000 lL of L. nobilis oil, while for A. candidus these level of
control was observed only during 20 weeks.

The total fungi inhibition was observed with M. pulegium along the 25 weeks in
the cases of F. culmorum and P. islandicum while this plant oil was efficient for
A. candidus and A. niger only during 12 and 11 weeks, respectively.

The previous results allow the conclusion that the set of plants used showed
considerable good activity against the mycotoxigenic fungi used as biological
targets.

The assays performed to screen aromatic plants for their antifungal potential,
revealed that the selected plants species are good sources of bioactive products to
control all the mycotoxigenic fungi used as biological targets. This in vitro test
allows to the selection of the plant species and the plant extract to be used in the
following tests for long periods of observation. However, it is necessary to
increase the dose of essential oil in the case of in vivo assays for total growth
inhibition of all studied fungi. Indeed, Omidbeygi et al. (2007) and Matan et al.
(2006) claim that when the test is done in vivo, the effectiveness of the oils is
decreased and it is necessary to increase the dose to achieve the same level of
effectiveness.

From the five plants screened for antifungal potential L. nobilis and M. pule-
gium were selected to perform the assays under saturated atmospheres based on
their less palatability impact in food. In fact best results were observed with
C. cyminum, O. vulgare, and S. montana. However, under saturated atmospheres
tests only the oil formulations were applied and an increased amount of the doses
was needed.

Analyzing the results obtained with L. nobilis, they are in accordance with others
authors (Suhr and Nielsen 2003; Angelini et al. 2006) for studies with fungi
responsible for food spoilage. However, when Suhr and Nielsen (2003) and Angelini
et al. (2006) compared the effectiveness of L. nobilis essential oil with other essential
oils such as Syzygium aromaticum (L.) Merrill and Perry, Cinnamomum zeylanicum
J.Presl and Thymus sp. L., they found that L. nobilis essential oils were the most
effective. Also Panizzi et al. (1995) compared the antifungal properties of Laurus
essential oils to these from Cedrus atlantica (Man), assayed in solid media,
on Fusarium moniliforme var. subglutinosus, Pyricularia grisea, A. niger and
B. cinerea and found better results with L. nobilis then with C. atlantica.
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Otherwise, the tests performed by Atanda et al. (2007), in liquid medium with
the essential oil of L. nobilis reduced the concentration of aflatoxins, although it
stimulated the growth of A. parasiticus Speare but when the essential oil was
placed in contact with sorghum grain, it was found that this reduced the growth of
A. parasiticus. It is thought that this reduction is not related only to the volatility of
the active compounds in oil, but is also from possible effects resulting from direct
contact with the grain.

According to Bouchra et al. (2003) M. pulegium essential oil has a moderate
activity when compared to the Origanum compactum Benth. and Thymus gland-
ulosus Lag. ex H. del Villar essential oils. However, when comparing the anti-
fungal action of M. pulegium to Lavandula dentata L., Salvia aegyptiaca L.,
Calamintha officinalis Moench, and Rosmarinus officinalis L., those authors
referred the high efficacy of M. pulegium essential oil against B. cinerea. These
differences in behavior are related to the essential oils composition. In fact, the
major constituent of the M. pulegium essential oil are pulegone and piperitona,
while those of Origanum compactum and Thymus glandulosus are carvacrol and
thymol, respectively, which are described in the literature as compounds with high
fungicidal activity (Chami et al. 2005; Valero et al. 2006; Michiels et al. 2007).
However, Cardenas-Ortega et al. (2005) demonstrated that piperitone in low
concentrations completely inhibited the growth of Aspergillus flavus.

13.8 Conclusions

Despite the wide knowledge of aromatic plants and their bioactive components for
different uses it is important to understand their biological mode of action for new
applications in human health, agriculture, and the environment. Plant extracts and
essential oil components can constitute effective alternatives or complements to
synthetic compounds without secondary effects.

The selection of a method based on the concentration of essential oil vapor, the
so-called saturated atmospheres, to protect cereals revels to be advantageous due
to the smaller influence on the final flavor of the cereal product. Residual problems
were also avoided because oils are not in direct contact with the grains. Besides the
use of plant oils do not change the food flavor since the oil component volatized
easily through aeration.

Comparative analysis of the two methodologies used for in vitro assays con-
firmed the importance of methodology selection. For instance L. nobilis and M.
pulegium oils showed very different performances when tested in vitro using the
common method or the saturated atmospheres.

The use of plant products to treat or to prevent the incidence of fungi during
storage increases importance due to the high losses of rice due to storage fungus
contamination. Effectively losses caused by fungi reaching 25–30 % are registered
every year mainly in developing countries, such as the Portuguese speaking
countries like Mozambique and Guiné-Bissau. Plant products are cheaper sources
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of bioactive products, and in general farmers and rural communities have good
practical knowledge on their utility and use. The present work can supply infor-
mation on methods that can be easily applied to different crop storage systems.
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Chapter 14
Plant Bioactive Metabolites for Cereal
Protection Against Fungal Pathogens

Caterina Morcia, Giorgio Tumino and Valeria Terzi

Abstract The yield, the quality, and the nutritional safety of cereals can be
seriously affected by the development, both in the field and during storage, of fungi
that can produce several classes of mycotoxins, characterized by strong negative
effects on the human and animal’s health. For the diseases control, modern
strategies include the development of cereal resistant varieties obtained through
classical or innovative breeding strategies, together with the application of bio-
logical agents and new ‘‘green’’ chemicals as pesticide. To this purpose, Medicinal
and Aromatic Plants are a source of natural products useful in ‘‘environmental-
friendly’’ organic and conventional farming. This chapter reviews the wide range
of essential oils (EOs) and natural compounds that have been demonstrated to have
fungicide and fungistatic effects against mycotoxigenic fungi of cereals. It also
addresses their mechanisms of action against fungi and their impact on plants
tissues both at cellular and molecular levels.

14.1 Introduction

The growing environmental impact of human activities makes it urgent to address
the problem of sustainability. Also in agriculture the requirement for innovative
sustainable solutions will be one of the topics of this century. Modern agriculture
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will have to be able to increase productivity per hectare, reducing losses due to
abiotic and biotic agents. For the diseases control, modern strategies include the
use of marker-assisted selection breeding, genetic engineering of resistance genes,
biological agents, and new ‘‘green’’ chemicals as pesticide.

In the course of evolution the plants have developed many chemical compounds
of defense, both constitutive and broad-spectrum, and induced following the
recognition of a specific pathogen (Bennett and Wallsgrove 1994). Plants are
therefore a potential source of new natural products usable in ‘‘environmental-
friendly’’ organic and conventional farming. Aromatic and medicinal plants
(AMPs) have a long history of use in all Mediterranean areas for food preservation
and for pest control (Ait-Ouazzou et al. 2011a, b; Lang and Buchbauer 2011).

In particular several plant species belonging to Myrtaceae, Lauraceae, Ruta-
ceae, Lamiaceae, Asteraceae, Cupressaceae are ‘‘aromatics’’ and synthesize and
secrete aroma/essential oils (EOs) characterized by two or three major components
at quite high concentrations (up to 80 %) compared with other components present
only in trace amounts. The main group is composed of terpenes and terpenoids,
and the other group contains aromatic and aliphatic constituents. The monoter-
penes are the most representative molecules, constituting 90 % of EOs and
comprising a great variety of structures. These secondary metabolites can be
overproduced in plants under specific environmental conditions, in all or in spe-
cific organs and structures. Many of them are the results of an adaptive evolu-
tionary process in which convergent, independent, and repeated evolution steps are
brought to the development, from ancestor genes, of structurally definite secondary
metabolites in different plant groups, reflecting the plasticity of responses to
environment and the different adaptive strategies of species. The variability of EOs
composition is therefore related both to the plant genomes and to the geographical
origin of the plants. Mediterranean areas are undoubtedly a unique reservoir of
genetic resources of both wild and cultivated AMPs, that can have stronger and
innovative applications as antimicrobials in several fields related to crop yield,
food and feed production, safety, and quality. In a recent review (Morcia et al.
2011a) we have reported several studies focused on the use of EOs and their
components for the control of phytopathogenic fungi that can affect the quality and
safety of crops. In this short review, results more focused on fungi that can affect
specifically cereals during the growing period or during the grain storage step are
reported. The attention on cereals is justified by their fundamental role in human
and animal nutrition at planetary level (Fig.14.1) and by the fact that fungal
growth, occurring during the crop development in the field or during grains storage
period, causes significant quantitative and qualitative losses, with lowering of the
nutritional properties and accumulation of highly dangerous mycotoxins (Carde-
nas-Ortega et al. 2005; Paster et al. 1995).
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14.2 EOs and Natural Compounds Against Fungi
that Attack Cereals Mainly in the Fields

Some plant-derived products are already marketed as fungicides: GC-3TM, 30 %
cottonseed oil, 30 % corn oil, 23 % garlic extract, labeled for powdery mildew on
various crops; OrganocideTM, 5 % sesame oil, labeled broadly for several fungal
diseases and insects; PromaxTM, 3.5 % thyme (Thymus vulgaris) oil, labeled for
several soil-borne fungal diseases and nematodes on many crops; TrilogyTM, 70 %
clarified hydrophobic extract of neem (Azadirachta indica) oil, labeled for several
diseases and insects; Sporatec AGTM, 18 % rosemary oil, 10 % clove oil, and
10 % thyme oil, labeled for several bacterial and fungal diseases on many crops;
MilsanaTM, 5 % giant knotweed (Reynoutria sachalinensis) extract.

Starting from the results obtained with these commercial compounds as envi-
ronmental-friendly alternatives to synthetic ones, several studies have been now
activated to evaluate the efficacy of wide range of EOs to protect cereals against
field and postharvest pathogens. Table 14.1 summarizes successful in vitro or
in vivo results obtained using EOs or their components for the control of fungi that
can affect the cereal growth in open field.

In the work of Morcia et al. (2012) the antifungal activities of terpinen-4-ol,
eugenol, carvone, 1,8-cineole (eucalyptol), and thymol, taking part in the compo-
sition of EOs, were observed in vitro on Fusarium subglutinans, Fusarium cerealis,
Fusarium verticillioides, Fusarium proliferatum, Fusarium oxysporum, Fusarium

Fig. 14.1 The 20 most important crops in 2010. In the graph are reported the total areas (Ha)
harvested in the world. Cereals, like wheat, maize, rice, barley, sorghum and millet, are within the
first eight (according to FAOSTAT data, publicly available at http://faostat.fao.org/site/567/
DesktopDefault.aspx?PageID=567#ancor)
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sporotrichioides, Aspergillus tubingensis, Aspergillus carbonarius, Alternaria
alternata, Penicillium. All the compounds showed toxic effects on in vitro myce-
lium growth of all the fungal strains, although with different level of potency.

The EO of Asarum heterotropoides F. Schmidt var. mandshuricum exhibited
antimycotic properties against several phytopathogens, including Alternaria spp.,
Fusarium spp., Ustilago maydis (Liu et al. 2007). The main component of the oil is
methyleugenol (59 %), that in vitro inhibits the colony growth of plant pathogens
Alternaria humicola, Colletotrichum gloeosporioides, Rhizoctonia solani, Phy-
tophthora cactorum, and Fusarium solani (IC50 value of 0.052 lg ml-1) by micro-
organellar membrane disruption (Dan et al. 2010).

The mycelial growth and aflatoxin B1 production by Aspergillus flavus are
inhibited by the EO of Ageratum conyzoides (Asteraceae), in yeast extract-sucrose
broth assay (Nogueira et al. 2010). At crude oil concentrations C0.1 lg ml-1 the
aflatoxin production is completely inhibited and the fungal growth is reduced 50 %
or more when compared with control. The GC/MS analysis indicated that the EO
major components were precocene II (46.35 %), precocene I (42.78 %), cumarine
(5.01 %), and trans-caryophyllene (3.02 %) (Nogueira et al. 2010).

Also the leaf EO of Lantana indica exhibited in vitro antifungal and antiafla-
toxigenic properties against A. flavus (Kumar et al. 2010). The fungitoxic activity
of the L.indica EO, tested by disk diffusion assay (for fungal growth) and by
SMKY broth-medium culture (for spectrophotometric determination of aflatoxin
B1), completely inhibited fungal growth and aflatoxin production at 1.5 and
0.75 lg ml-1, respectively (Kumar et al. 2010).

The antimicrobial activity of the EO and various organic extract from flowers of
Cestrum nocturnum (Al-Reza et al. 2010) and leaf of Metasequoia glyptostroboides
(Bajpai and Kang 2010) was investigated. In vitro mycelial growth of Botrytis
cinerea, Colletotrichum capsici, F. oxysporum, F. solani, Phytophthora capsici,
R. solani, and Sclerotinia sclerotiorum was tested on PDA medium by disk diffusion
assay method. The EO and the methanol extract of C. nocturnum exhibited anti-
fungal activity against all tested fungi, with MIC values ranged from 62 (P. capsici)
to 500 lg ml-1. Moreover, EO activity resulted in 80–100 % spore germination
inhibition at 500 lg ml-1 concentration (Al-Reza et al. 2010). The disk diffusion of
F. oxysporum and F.solani was markedly affected by M.glyptostroboides EO, with
MIC values of 62 and 125 lg ml-1, respectively (Bajpai and Kang 2010).

The EO of Spiraea alpina, an aromatic plant growing in the Southwest China,
had strong antifungal activity against R. solani and Fusarium graminearum, with
mycelial growth inhibition of 95.1 % for 125 lg ml-1. Linolenic acid ethyl ester
(18.3 %), palmitic acid (9.84 %), cinnamic acid (5.92 %) and its derivatives,
trans-phytol (5.38), ethyl palmitate (5.21), and linalool (2.79) were the main
components of the oil, as showed by gas chromatography/mass spectrometry
analysis (Teng et al. 2010).

The crude leaf extract of Agapanthus africanus was shown to promote in vitro
activity of the PR-proteins b-1,3-glucanase, chitinase, and peroxidase in suscep-
tible (Thatcher) and resistant (Thatcher/Lr15) near-isogenic wheat lines, both for
plants uninfected and infected with the obligate biotrophic pathogen Puccinia
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triticina. In susceptible Thatcher line the A. africanus extract treatment resulted in
the reduction of leaf rust pustule by 40 %, in comparison with control. Moreover,
the germ tube development of P.triticina spores was significantly inhibited (3 %
germination) (Cawood et al. 2010).

Particularly effective seems to be the EOs action against Blumeria graminis, as
demonstrated in vivo both in wheat and in barley. More in details, plant extracts
from ginger (Zingiber officinale Roscoe), curcuma (Curcuma longa L.) rhizomes,
and giant knotweed (R. sachalinensis L.) leaves were strongly efficient to control
B. graminis in wheat under field conditions (Vechet et al. 2009). Pre-infection
treatment by the plant extracts on naturally infected susceptible wheat cultivar
Kanzler reduced the cumulative proportion of leaf area disease (CPLAD) by
70–75 %, in comparison with untreated control. CPLAD reduction for the resistant
cultivars Alka, Ramiro and Vasta ranged from 80 to 95 %. Moreover the progress
of powdery mildew was monitored over 50 days after treatment, on both treated
and untreated Kanzler cultivar. For the treated plants, the initial powdery mildew
development was completely inhibited after 27 days, in contrast to the continuous
disease progression for the untreated control plants (Vechet et al. 2009). The long-
lasting increased resistance to the disease suggests that treatments induced sys-
temic acquired resistance in plants. Physcion, that is an active ingredient of the
giant knotweed extract and of its commercial preparation MilsanaTM, has been
reported to elicit plant defence-related mechanisms and especially to enhance
expression of leaf-specific thionins in barley leaves (Ma et al. 2010).

A strong inhibitory effect of TTO, the EO extracted from Melaleuca alterni-
folia, on the growth of B. graminis f. sp. hordei has been demonstrated in barley
(Morcia et al. 2011a). The results obtained showed that even a single treatment
with a spray solution containing TTO as low as 0.5 % is effective in the powdery
mildew control and completely prevented the colonization of barley leaves
(Fig. 14.2). Moreover, 24 h after the single treatment, the mycelium is necrotic,

Fig. 14.2 Effect of 0.5 % TTO solution on powdery mildew colonies grown on barley leaves
(barley cultivar Golden Promise, susceptible to the disease). Left barley control (i.e., not treated)
plantlets 3 days after the inoculum with powdery mildew. Right barley treated (i.e., sprayed once
with 0.5 % TTO solution) plantlets 3 days after the inoculum with powdery mildew
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with drastic reduction of sporulating colonies and conidia and with the appearance
of about 60 % of irregular conidia with fissured cell wall. No phytotoxic effects
were observed on barley leaves treated with TTO solution and the growth of the
sprayed leaves, monitored until the fourth leaf stage, did not differ from that of the
control leaves.

14.3 EOs and Natural Compounds Against Fungi
that Attack Cereals Mainly During Storage

The contamination of cereal products with harmful molds occurs even during
storage, where specific conditions of temperature and humidity may contribute to
implement their development. Undesirable microorganisms change the nutritive
value of cereal-derived food and feed, are often responsible for off-flavor forma-
tion and produce toxins that can propagate along whole production chains. A
growing body of control measures are continuously implementing in developed
countries, but it is estimated that approximately 4/5 people living in developing
countries are exposed to uncontrolled quantity of toxins (Williams et al. 2004).

Currently, synthetic preservatives, that prevent or retard pathogens growth, are
used to control the dangerous microorganisms and, consequently, diseases caused
by them. However, the massive use of synthetic preservatives can lead to the
development of resistance in the pathogen populations (Dwivedi and Dubey 1993;
Ahmed et al. 2011).

Alternative methods have therefore been studied in order to reduce the use of
chemical treatments: natural extracts from plants appear to be a good alternative
because these substances have the advantages of low toxicity and rapid degrada-
tion. EOs and their components can be postharvest bio-treatments due to their
antibacterial, antiviral, antiparasitic, insecticidal, and fungicidal properties. In
addition, most of EOs have been recognized as safe by the ‘‘United States Food
and Drug Administration’’ (Burt 2004).

At present, many in vitro tests have shown that specific AMP extracts can limit
spore germination and the development of mycotoxigenic spoilage fungi. EOs
isolated from 18 plant species showed great variability in inhibition of in vitro
growth of A. flavus, the main postharvest pathogen in storage cereals. Among the
tested oils, those extracted from Mentha arvensis (0.5 mg ml-1) is the most
effective, causing complete inhibition of fungus growth and of aflatoxin B1 pro-
duction (Kumar et al. 2007).

Cardenas-Ortega et al. (2005) proposed the use of EO of Chrysactinia mexicana,
a plant used in folk medicine, and piperitone, its major pure component, to protect
cereal seeds and to inhibit A. flavus growth. C. mexicana oil has been demonstrated
to be fungistatic and fungicidal at 1 and 1.25 mg/ml concentration, respectively,
and piperitone caused a total fungal inhibition at 0.6 mg/ml in liquid medium. In
vitro studies demonstrated even the potential food preservative capacity of Ocimum
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gratissimum, T. vulgaris, and Cymbopogon citratus EOs against A. flavus, Asper-
gillus fumigatus, and Fusarium moniliforme, the most frequent mycotoxigenic
fungi causing spoilage in African foodstuffs (Nguefack et al. 2004).

Cinnamomum camphora and Alpina galanga EOs are other two promising
natural substances to control A. flavus proliferation: both the oils completely
inhibited the fungal growth (at concentration of 1,000 ppm) and the aflatoxin B1

production (at concentration of 500 ppm for A. galanga and 750 ppm for
C. camphora). Moreover, the combination of the two oils was found superior in
term of efficacy than the single ones. The mix showed in fact complete inhibition
of the fungal development at 750 ppm and inhibition of aflatoxin production
starting from 250 ppm. Hence, the combination of these two extracts resulted in a
significant synergistic antifungal effect (Srivastava et al. 2008). These findings are
in agreement with the assertion that most EOs are complex mixtures of many
constituents and the interaction between volatile components may lead to syner-
gistic phenomena that improve the potency of these natural extracts (Isman et al.
2011) . In Table 14.2 several examples of in vivo EOs antifungal activity on stored
cereal seeds are reported.

14.4 Natural Substances Used in Maize Preservation
and Storage

Maize is the second source of food and feed in the world (Fig. 14.1), representing in
2010 the 35 % of world cereal production quantity (Fig. 14.3) and the 24 % of the
cereal world harvested area (Fig. 14.4). The protection against fungal contamina-
tion and their mycotoxins accumulation during storage is a very critical point for the
safety of several agro-food chains because of the outstanding role of this cereal in
human and animal nutrition. There is strong interest for viable methods alternative
to the use of synthetic fungicides, so a large number of natural products have been
tested for inhibitory effects against mycotoxigenic molds (Chulze 2010). In several
works different types of plant extracts were tested against A. flavus and F. verti-
cillioides, two pathogenic fungi associated with corn diseases as corn ear and kernel
rot and with the production of aflatoxin and fumonisin mycotoxins during storage.
These groups of mycotoxins are associated with devastating neurologic diseases as
equine leukoencephalomalacia (Marasas et al. 1988; Giannitti et al. 2011) and
porcine pulmonary edema (Harrison et al. 1990) and are implicated in the patho-
genesis of esophageal liver cancer in humans (Ross et al. 1992).

Mentha viridis EO can reduce A. flavus aflatoxin production in stored corn: the
use of 300 lL of mint in 100 g of corn is enough to prevent the growth of fungi and
the mycotoxin synthesis (Gibriel et al. 2011). Bankole (1997) showed that this
pathogenic fungus is inhibited by EOs obtained from A. indica seeds and leaves
(50–100 ppm) and from Morinda lucida leaves (100 ppm). Moreover, the presence
of extracts of these two Nigerian plants at concentration ranging from 500 to
1,000 ppm completely inhibited mycotoxin production in inoculated maize grain.
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Extracts of Cinnamomum zeylanicum (cinnamon), Mentha piperita (pepper-
mint), Ocimum basilicum (basil), Origanum vulgare (origanum), Teloxys ambro-
sioides (the flavoring herb epazote), Syzygium aromaticum (clove), and T. vulgaris
(thyme) were tested for maize kernel protection against A. flavus. All essential oils
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caused a total inhibition of the fungus at concentration of 3–8 % and had not phy-
totoxic effects on corn germination and growth. A residual effect of cinnamon was
detected after 4 weeks of kernel treatment (Montes-Belmont and Carvajal 1998).

500–1,000 mg of cinnamon, clove, lemon grass, oregano, and palmarosa EOs
can be directly added to 1 kg of maize grains in order to prevent growth of
F. verticillioides and F. proliferatum and their fumonisin B1 production. Starting
from these data, Velluti et al. (2003, 2004) proposed the use of these EOs and the
control of the water activity to prevent the development of spoilage fungi in stored
corn . These natural extracts were also tested, in controlled conditions, on maize
seeds infected with F. graminearum: all oils (at 500 mg/kg-1 concentration)
exerted a total prevention of deoxynivalenol at 0.995 aw and 30�C and lemongrass,
clove, and palmarosa of zearalenone at 0.995 aw and 30�C (Marìn et al. 2004).

Fandohan et al. (2004) tested nine different extracts (C. citratus, O. basilicum,
O. gratissimum, Lantana camara, Eucalyptus citriodora, Clausena anisata, Mel-
aleuca quinquenervia, Xylopia aethiopica, A. indica), and selected C. citratus,
O. basilicum, and O. gratissimum EOs as the most appropriate for F. verticillioides
inhibition. The authors recommended to use 4.8 lL/g of these three extracts on
stored corn stored in close conditions to prevent fumonisin production. However,
they discouraged the use of EOs in open storage conditions, because oils are
volatile compounds that are more likely to diffuse quickly in air, becoming inef-
fective in these specific storage situations.

14.5 Natural Substances Used in Wheat Preservation
and Storage

Wheat is the most important source of food for human consumption (Fig. 14.1),
representing in 2010 the 27 % of world cereal production quantity (Fig. 14.3) and
the 32 % of the cereal world harvested area (Fig. 14.4). The control of myco-
toxigenic fungi in both bread and durum wheat is essential because bread and pasta
are consumed daily worldwide.

Paster et al. (1995) proposed the use of oregano and thyme EOs as an alter-
native to chemicals against fungi attacking stored wheat; these natural substances
are efficient in controlling mycelia growth of A. flavus, Aspergillus niger and
Aspergillus ochraceus.

EOs of 12 plants (thyme, cinnamon, marigold, spearmint, basil, quyssum, car-
away, anise, ghafath, cinamone, chamomile, hazanbul) were tested at different
concentration for the fungistatic/fungicidal activity against A. flavus, Aspergillus
parasiticus, A. ochraceus and F. moniliforme on wheat grains. The extracts showed
different capacity to inhibit fungi growth, and the effect was dose-dependent with
the concentration of EOs. 2 % of thyme and anise oils was able to protect wheat by
the fungi; moreover the use of thyme, cinnamon, anise, and spearmint at different
concentration inhibited ochratoxin A (OTA) and fumonisin toxin production in
inoculated grain (Soliman and Badeaa 2002).
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Studies were carried out to evaluate the efficacy of thyme, clove, and cinnamon
oil on the control of Penicillium verrucosum and A. ochraceus growth and OTA
production in wheat grain under different water activity and temperature condi-
tions of storage. 500 lg g-1 of all treatments were indispensable for 90 %
reduction of fungal growth (in inoculated wheat grains over 28 day storage period)
and were able to completely stop mycotoxin production when the conditions were
25�C and 0.90 aw (Aldred et al. 2008).

14.6 Natural Substances Used in Rice Preservation
and Storage

Rice is cultivated in more than a hundred countries and is the third source of food
in the world (Fig. 14.1), representing in 2010 the 28 % of world cereal production
quantity (Fig. 14.3) and the 23 % of the cereal world harvested area (Fig. 14.4).

To control A. flavus growth and aflatoxin B1 production on rice, plant extracts
of Allium cepa, Allium sativum, Annona squamosa, A. indica, C. longa, Eucalyptus
tereticornis, Ocimum sanctum, Pongamia glaberrima, and Syzigium aromaticum
have been tested. Among these nine plant extracts, S.aromaticum (5 g/kg) showed
complete inhibition of fungus growth and aflatoxin B1 production, while C. longa,
A. sativum, and O.sanctum effectively inhibited A.flavus development (65–78 %)
and aflatoxin B1 production (72.2–85.7 %) at 5 g/kg concentration (Reddy et al.
2009).

Paranagama et al. (2003) suggested the use of lemongrass (C. citratus) EO to
control fungal pest and mycotoxin production on stored rice. Lemongrass oil in the
liquid culture was fungistatic and fungicidal against A. flavus, isolated from stored
rice, at 0.6 and 1 mg ml-1 , respectively. Furthermore, aflatoxins were not
detected in the liquid culture at concentration higher than 0.2 mg ml-1. The
fumigant toxicity assay of lemongrass oil demonstrated that the sporulation of
A. flavus was completely inhibited at 2.8 mg ml-1 oil concentration. The clove
and laurel EOs showed antifungal capacity on Aspergillus candidus, A. niger,
Fusarium culmorum, and Penicillium islandicum (storage fungi or field fungi
remaining alive during storage) isolated from rice (Magro et al. 2010).

14.7 Natural Substances Used in Sorghum Preservation
and Storage

Today sorghum is one of the most important cereal crops in Africa and parts of
Asia. Sorghum is the seventh most important source of food for human con-
sumption (Fig. 14.1), representing in 2010 the 2 % of world cereal production
quantity (Fig. 14.3) and the 6 % of the cereal world harvested area (Fig. 14.4).
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Sorghum seeds in storage conditions are exposed to a wide typology of fungi and
the use of natural extracts is of interest even in consideration of the traditional use
of EOs in the areas of sorghum cultivation.

EOs of O. basilicum, Cinnamomum cassia, Coriandrum sativum, and Laurus
nobilis at 1–5 % (v/v) concentration were tested for their activities in the control of
A. parasiticus growth and its aflatoxins production. In vitro and in vivo experiment
showed that 5 % of sweet basil is fungistatic and prevent the aflatoxins production
(B1 ? G1) with a residual effect on stored sorghum grains for 32 days. In contrast,
oils of C. cassia and L. nobilis stimulated the mycelia growth of the fungus in vitro
but reduced the aflatoxin concentration of the fungus by 97.92 and 55.21 %,
respectively. C. sativum oil did not have any effect on the mycelia growth and
aflatoxin content. The combination of C. cassia and O. basilicum oils (2.5 % v/v)
completely inhibited the fungal growth. Moreover, it was found that the addition of
whole (5 % w/w) or ground (10 % w/w) dry O. basilicum leaves to 10 g sorghum
seed are capable to control aflatoxins synthesis after 35 days storage period
(Atanda et al. 2007).

14.8 Plant Bioactive Metabolites Involved in Cereal
Protection: Their Mechanisms of Action and Impact
on Fungal Cells

Up to now the identification of antifungal properties of EOs and plant metabolites
has been mainly based on a simple screening among plant extracts and observa-
tions of their bioactivity (Lang and Buchbauer 2011). Despite the fact that many
studies have been carried out on this topic, the EOs mechanisms of action are not
yet deeply understood. A plethora of data indicates that the antimicrobial activity
of EOs cannot be simply ascribed to one specific component neither can be
considered as the sum of the actions of all the components. EOs act in a complex
manner, due to the complexity of synergistic and antagonistic interactions among
their major and minor components. The action of an EO is therefore different from
the action of a mixture that contains only its major components. Because of the
complexity of the problem, more information is available about the mechanisms of
action of single EO components in comparison with whole oil.

One key factor related to EOs antifungal activity is surely their hydrophobicity.
The terpenes that are present in several EOs can in fact attack the lipid structure of
cell membranes, with the consequence that the permeability of cytoplasmic
membranes increase, ions leave the cytoplasm, the cell wall is deteriorated and cell
lysis can occur (Sanchez-Gonzalez et al. 2011). Not only cytoplasmic membrane
can be affected by EOs treatment, but even mitochondrial ones, in which ionic
channels and proton pumps are disrupted, with the consequent depolarization and
permeabilization.
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At cellular level, this attack to the lipophilic structure results in several morpho-
physiological alterations. In B. cinerea EOs can inhibit spore germination and
germ tube elongation. SEM characterization revealed morphological degeneration
of hyphae, cytoplasmic coagulation, vacuolization, hyphal shriveling, and pro-
toplasts leakage (Soylu et al. 2010). A. heterotropoides EO causes in several plant
fungal pathogens loss of micro-organellar membrane integrity (Dan et al. 2010)
explained by the interactions between cyclic hydrocarbons of the oil and hydro-
phobic part of the fungal cell. In this oil, methyleugenol is the main component
and is responsible for damages to membrane, mitochondria and lomasome integ-
rity, and changes in electron density.

The mechanism of action of M. alternifolia EO (TTO) at cellular level, involves
both the loss of membrane integrity accompanied by the release of intracellular
material and the inhibition of cellular respiration, with the consequent inability to
maintain homeostasis associated with changes in cell morphology (Carson et al.
2006). Its biological effects have been deeply evaluated in model fungi, such as
Saccharomyces cerevisiae, that offers advanced toolkits of experimental approa-
ches (Straede and Heinisch 2007). S. cerevisiae has a rigid cell wall whose syn-
thesis is controlled by a highly conserved MAP kinase signal transduction cascade.
In stress conditions, a set of sensors activate, through this cascade, the transcrip-
tion factor Rlm1, which governs expression of many genes encoding enzymes of
cell wall biosynthesis. A set of yeast strains transformed with reporter constructs
which link activation of a hybrid, Rlm1–lexA, by the MAP kinase Mpk1/Slt2 to the
expression of the bacterial lacZ gene was used to have better insight into molecular
response to TTO. The authors found a clear dose-dependent increase in b-galac-
tosidase activities, demonstrating an activation of cell integrity signaling by TTO.

Rao et al. (2010) studied the inhibitory effect of oregano oil on S. cerevisiae
cells and found that single terpenoid phenol contributes at cellular and molecular
level. The data showed that the monoterpenoid phenol carvacrol is the most potent
compound in oregano oil and disrupts ion homeostasis in yeast. After the addition
of carvacrol, in a dose-dependent way, Ca2+ elevation is observed, consistent with
an influx of Ca2+ from extracellular medium, followed by sequestration into
vacuoles or efflux from cell. The structural isomer thymol causes a similar Ca2+

burst, whereas eugenol is less effective. The toxicity of carvacrol or thymol is more
evident in yeast vma2D mutant, in which is lacking a functional vacuolar H+ pump
and therefore the clearance of cytosolic Ca2+ is severely impaired. Accordingly to
these results, the transcriptional response to carvacrol in yeast resembles the Ca2+

stress, with up-regulation of genes involved in energy-handling pathways, stress
response/signaling, and drug efflux mechanisms. On the contrary, the genes
involved in nucleic acid metabolism and RNA synthesis are severely down-reg-
ulated, consistently with cessation of growth. Changes in pH followed the Ca2+

burst, arguing against a simple mechanism of membrane lesion.
The down-regulation of genes involved in several aspects of RNA metabolism

and ribosome biogenesis has been found even in thymol-treated S. cerevisiae cells,
confirming that this energy-demanding process is tightly coordinated with envi-
ronmental growth conditions (Bi et al. 2009). These authors determined the
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transcriptional response of S. cerevisiae upon exposure to thymol, taking a whole-
genome view to elucidate its mechanism of action. Several important genes
involved in different pathways were affected by thymol treatment. In particular, is
strongly inhibited the metabolism of thiamin, that works as cofactor for enzymes
of carbohydrate and amino acids pathways. On the contrary, genes involved in
phospholipid synthesis are strongly induced, together with myo-inositol trans-
porter genes involved in maintaining the cell membrane and cell wall integrity.
These results confirmed that this monoterpene acts by primary lesion of the
membrane. Even genes related to sulfur assimilation category are up-regulated and
their elevated transcripts levels could have the effect of increasing phospholipid
biosynthesis. Specific transcription factors are modulated by thymol, like Msn2p
and Msn4p factors that control stress genes, Pdr1p, and Pdr3p factor that regulate
the multidrug resistance response, TBP factor involved in induction of TATA-
binding proteins and AFT1 factor that regulates the iron uptake.

Of particular interest for the safety of several food and feed production chains,
is the knowledge of the molecular mechanisms by which some EOs act as
inhibitors of mycotoxins production by Fusaria. Yaguchi et al. (2009) isolated
precocenes and piperitone from the EOs of Matricaria recutita and Eucalyptus
dives, respectively, as specific inhibitors of the production of 3-acetyldeoxyni-
valenol, a biosynthetic precursor of deoxynivalenol. These authors demonstrated
that the inhibitory activities against 3-acetyldeoxynivalenol and deoxynivalenol
production happen together with the inhibition of the transcription of genes
encoding proteins required for deoxynivalenol biosynthesis. When precocene II
and piperitone were added to Fusarium strains cultured in liquid medium, a dose-
dependent decrease or suppression of enzyme-encoding genes Tri4 and Tri 5 and
of their regulators Tri6 and Tri10 has been observed. TRI10 is the first key reg-
ulator of the trichothecene biosynthetic pathway and the upstream events have not
yet been clarified. The molecular targets of piperitone and precoceneII are
therefore present in an unknown early step of DON biosynthetic route. To better
elucidate this key point, Tsuyuki et al. (2011) started from the knowledge that in
some fungal species, CoCl2 affects the regulatory system of ergosterol biosyn-
thesis, inducing the expression of fungal genes homologous to sterol regulatory
element-binding protein (SREBP) and SCAP (SREBP cleavage-activating pro-
tein), which leads to further up-regulation of the expression of many enzyme genes
involved in ergosterol biosynthesis. Because in F. graminearum, the mevalonate
pathway is used both for trichothecene and for ergosterol biosynthesis, the
expectation was that CoCl2 affects the regulatory system of not only ergosterol
production but also that of trichothecene production. The CoCl2 presence in liquid
culture strongly enhanced the trichothecene production, but not the ergosterol
production. At transcriptional level, the CoCl2 presence strongly up-regulates
genes encoding trichothecene biosynthetic proteins, ergosterol biosynthetic
enzymes, and enzymes involved in the mevalonate pathway. However, if preco-
cene II is added, the suppression of the effects of cobalt chloride on Tri4, Tri6,
HMGS, and HMGR, is observed, but no effect is observed on erg3 and erg25
levels. Precocenes I and II, major constituents of A. conyzoides EO, completely
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inhibit even aflatoxin B1 production by A. flavus and cause a retarded fungal
growth (Nogueira et al. 2010). The cellular targets are the plasma and mito-
chondrial membranes: the destruction of mitochondria explains the loss of afla-
toxins that are originated from beta-oxidation of short chain fatty acids in these
organelles.

Spiro ethers from M. recutita have inhibitory effects on trichothecene biosyn-
thesis, with a different molecular mechanism, because efficiently inhibit TRI4, the
key P450 monooxygenase involved in the early step of the biosynthetic pathway
(Yoshinari et al. 2008). Spiro ethers have strong inhibitory effect even on aflatoxin
biosynthesis in a dose-dependent manner affecting the pathway from OMST to
aflatoxin G1 and targeting specifically CypA, a P450 monooxygenase enzyme
(Yoshinari et al. 2008). Other phenylpropanoids, apiol, and dillapiole, may inhibit
AFG1 biosynthesis via inhibition of the P450-dependent monooxygenase CypA of
cytochromes (Razzaghi-Abyaneh et al. 2007).

Finally, thymol and carvacrol, targeting the mitochondrial oxidative stress
defense system, inhibit in a dose-dependent manner the aflatoxins G1 production in
A.parasiticus (Kim et al. 2006).

14.9 Plant Bioactive Metabolites Involved in Cereal
Protection: Their Mechanisms of Action and Impact
on Plant Cells

Aromatic plants have long been known to emit volatile growth inhibitors or to
contain EOs responsible for allelopathic interactions that can inhibit seed germi-
nation and plant growth, cause morphological alterations in plant seedlings, and
inhibit the root elongation. Starting from the idea of using EOs as natural fungi-
cides on crop the importance of the knowledge of their cellular and molecular
mechanisms of action in plants has been realized.

Monoterpenes like camphor and menthol at high atmospheric concentrations
enhance the transpiration in Arabidopsis leaves causing a dramatic increase of the
stomata aperture, followed by extreme swelling and break down of the protoplasts
(Schulz et al. 2007). The lipophilic layer of cuticular waxes in the leaf surface is
the target of this allelopathic attack. The block of stomatal closure is accompanied
by changes in cytoskeleton that are directly involved in stomatal movements.
Transient changes in the expression of genes involved in wax production, stress
response, and stomatal opening are observed (Krieg et al. 2010). The final
hypothesis is that the exposure to high concentrations of monoterpenes led to
irreversible damages in the plant, whereas low concentrations have the potential to
strengthen the plant fitness. 1,8-cineole not only inhibits cell elongation in tobacco
protoplasts, but affects a wide spectrum of cellular activities, including starch
accumulation, in a non-specific manner. Several works have demonstrated that
mitochondrial membranes are one of the primary target of monoterpenes: the
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consequent inhibition of mitochondrial energy metabolism can result in distur-
bances in a wide range of physiological and biochemical processes (Yoshimura
et al. 2011).

Kapros and McDaniel (2009) have demonstrated that tea tree oil has a major
effect on membrane permeability not only in bacteria and fungi, but also in tobacco
cells. These authors conclude that Melaleuca oils’ mode of action at the cellular
level can explain the inhibition of germination and seedling growth observed in
nature due to the action of the oil.

A different mechanism of action is shown by citral, present in several EOs,
constituted by a mixture of the two monoterpenes geranial and neral and of great
interest as food additives (Ait-Ouazzou et al. 2011a). In Arabidopsis seedlings
Chaimovitsh et al. (2010) demonstrated that citral disrupts microtubules but not
actin fibers. At lower concentrations citral affects cell division by disrupting
mitotic microtubules and cell plates, whereas at higher concentrations inhibits cell
elongation by disrupting cortical microtubules (Chaimovitsh et al. 2011).

14.10 Conclusions and Future Perspectives

A great body of literature is available on EOs antifungal activities, however, no
obvious linkage is apparent between their chemical composition and their effects.
Some EOs are in fact rich in non-phenolic terpenes, whereas others are predom-
inated by phenolic monoterpenes. Therefore, the finding of new strategies for crop
protection and for post-harvest control based on natural products is now moving
toward a more integrated approach involving disciplines such as molecular and
cellular biology, proteomics, transcriptomics, and bioinformatics. The rationale
behind this innovative approach is that a better knowledge of the molecular targets
and mechanisms of actions of plant metabolites at cellular level can optimize their
utilization, alone or in combination, and maximize the antifungal efficacy. As an
example of this strategy, in the work of Kim et al. (2010) it has been demonstrated
that thymol acts as potent chemosensitizing agent that, when co-applied with the
antifungal azole drugs, gives the complete inhibition of fungal growth at dosages
far lower than the drugs alone. The perspectives of EOs application in cereal
protection require even that the screening of natural molecules will be based on
high-throughput tools, already developed in the field of human pathogens (Kuete
et al. 2011). Moreover, great interest is in the design of combined processes for
cereal preservation, based on combination of EOs and natural metabolites with
other traditional or emerging preservation methods in order to achieve synergistic
antimicrobial effects (Ait-Ouazzou 2011a). Finally, a very interesting route of
application has been developed, in the field of human pathogens, by Makarovsky
et al. (2011) with the design and synthesis of novel hybrid-silica nanoparticles
(NPs) containing antimicrobials covalently linked within the inorganic matrix for
its controlled and slow release. The perspectives are the development of such
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formulations for EOs components to be delivered to cereal fungi for much
improved pathogen control/antimicrobial and antifungal effectiveness.
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Chapter 15
Plant Essential Oils as Antifungal
Treatments on the Postharvest of Fruit
and Vegetables

Gustavo A. González-Aguilar, María Roberta Ansorena,
Gabriela E. Viacava, Sara I. Roura and Jesús F. Ayala-Zavala

Abstract Food safety is one of the major issues related to fresh fruit and vege-
tables. Microbial growth is one of the most important causes of postharvest fruit
losses, being fungi the main causal agent associated with the postharvest diseases.
The preservation of the ‘freshness’ quality of these products is relevant due to their
economical impact. As an alternative to synthetic preservatives, natural antimi-
crobial agents have attracted the attention of modern consumers and the fresh
produce industry. Particularly, natural antimicrobials based on plant essential oils
are gaining support. This chapter is a comprehensive review of the use of essential
oils from different sources and their constituents on the control of postharvest
fungal decay and overall quality preservation of fresh fruit and vegetables.
Emphasis has been on the sources of essential oils and their constituents studied up
to now, and their effects on controlling postharvest fungal decay, either in vitro or
in vivo, and their effect on overall quality and storage life of fresh commodities.

15.1 Introduction

Fruit and vegetables are important components of the human diet and their con-
sumption is essential in healthy diets, preventing a wide number of chronic dis-
eases (Wiley 2000). Fresh fruits and vegetables are highly perishable products as a
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cause of their intrinsic characteristics. Microbial growth, sensorial attributes decay
and loss of nutrients are amongst the major causes that compromise quality and
safety of fresh produce (Ayala-Zavala et al. 2008a, b). In many cases, decay of
commodities is only apparent at the latest steps of the handling process. This latent
damage can be the result of physical impact, stress injury or quiescent infections
by fungi started at the preharvest period. Chemical synthetic additives can reduce
decay rate, but consumers are concerned about chemical residues in the product,
which could affect their health and cause environmental pollution (White and
McFadden 2008), thereby giving rise to the need of developing alternative
methods for controlling fresh fruit and vegetable decay. A new worldwide trend to
explore alternatives that control postharvest diseases, giving priority to decay-
preventing methods with a minimal impact on human health and environment
(Bautista-Banos et al. 2006) has emerged. Indeed, the recent exploitation of natural
products to control biological spoilage and extend the storage life of perishables
has received more and more attention (Tripathi and Dubey 2004). Many fungi that
can be the cause of food decay can be inhibited using natural compounds (Fisher
and Phillips 2008). Among these, several essential oils, alcohols, organic acids and
aromatic compounds have resulted to be biologically active against microbial
growth. Particularly, natural antimicrobials based on plant essential oils are
gaining support (Isman 2000). These natural compounds are generally recognised
as safe (GRAS) for environment and human health, so interest in their use in the
goal for sustainable agriculture has increased and a lot of research has been done
(Ayala-Zavala et al. 2008c) proving, in many cases, that plant-essential oils and
extracts have a role as food preservatives (Hammer et al. 2001). The main reason
for promoting the application of natural products in fresh fruits and vegetables is
the consumer’s demand for natural and/or organic methods to preserve foods.
There is an increasing portion of consumers choosing convenient and ready-to-use
fruits and vegetables with a fresh-like quality, containing only natural ingredients
(Roller and Lusengo 1997). In addition, consumers have become more health-
conscious regarding safety aspects concerning the handling of fruit and vegetables.
Therefore, not only the ‘external aspect’ but also the absence of hazardous sub-
stances has become imperious issues for buyers (Drzyzga 2003; Harker et al. 2003;
Tripathi and Dubey 2004). Different studies have been focused on improving the
efficiency of natural compounds as emerging technologies to preserve fresh fruits
safety and quality (Ayala-Zavala et al. 2008a, c, d). However, regulatory actions
on the use of natural alternative additives are still being analysed. Demands from
increasingly mistrustful consumers have led to numerous legislation reviews,
which are expected to result in well-planned laws regarding regulations on natural
food additives. The main objective of this chapter is to compile the knowledge
concerning the use of essential oils in the postharvest fungal decay control of both
fruit and vegetables, their efficiency and safety, and to address critical issues
requiring further study. In approaching the subject, related issues, such as food
quality and antioxidant properties of essential oils were included in this review.
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15.2 Fungal Decay as a Major Problem During
the Postharvest of Fruit and Vegetables

Harvested fresh produce exhibits two lines of defence: a physical (skin or peel) and
a chemical barrier (proteins, cell walls modifications, organic acids, phenols and
phytoalexins) against microbial growth (Uritani 1999; Wisniewski et al. 2003).
Only a small fraction of bacterial and fungal decay agents can enter the tissue
either by their natural openings (e.g. stomata, lenticels) or by direct penetration of
the intact cuticle (Wiley 2000). Natural fresh produce defences against microor-
ganisms can be weakened and compromised by stress injury and/or physiological
disorders arising from either preharvest and/or handling factors. This is because
injuries and disorders cause disruption of tissues that compromises the integrity of
commodities, providing favourable conditions for the invasion of decay agents
(Batu 2003). Postharvest processing operations include unitary units such as
peeling, cutting, shredding or slicing greatly increase tissue damage of fresh-cut
fruits. These may result in several biochemical deteriorations such as browning,
flavours, loss of texture as well as detriment of nutritional value and microbial
quality of the products. Increases in microbial populations on minimally processed
products are associated with damaged tissues and broken cells, as microbial
growth is much greater on fresh-cut products than intact product. Cell disruption
leads to the release and intermixing of enzymes and substrates that may be used by
native or exogenous microorganisms to grow on the product.

Fungi, the collective term for a rather large group of related eukaryotic
organisms, are the most important group of postharvest decay causal agents,
leading to loss of quality of fresh commodities and economic loss in the post-
harvest period. Moulds are probably the most well known and have the greatest
impact on the postharvest quality of fruit and vegetables. Their growth in food
crops are also responsible for off-flavour formation which lead to quality losses
(Nielsen and Rios 2000). Fungi, besides being responsible for biological spoilage
of fresh produce, can also cause foodborne illnesses. In fact, many fungi respon-
sible for the decay of horticultural commodities, besides breaking the natural
barriers against other microorganisms, such as bacteria and other human patho-
gens, can also produce toxic metabolites in the affected sites, named mycotoxins
(Tournas 2005). These highly toxic compounds produced by fungi in the genera
Aspergillus, Penicillium, Alternaria and Fusarium are mainly present in pome and
stone fruit, and are often carcinogenic and teratogenic. The severity of the toxicity
depends on the type of mycotoxin in question, the respective dose and the person
consuming it (Tournas 2005).

In general, for each species of fruit or vegetables, it is possible to find a wide
range of diseases caused by different agents. Regarding diseases in fruit and
vegetables caused by fungi, these are mostly microscopic and include species from
all classes: lower fungi (or Phycomycetes), Ascomycetes, Basidiomycetes and
Deuteromycetes (Kushalappa and Zulfiqar 2001). Spores and vegetative cells of
yeasts and moulds are abundant in the atmosphere and on the surface of fruits and
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vegetables as they approach maturity in the field. In general, fungi are very sen-
sitive to low temperature and most of them are not able to penetrate the surface of
the host. However, once they gain entry through wounds or natural openings, they
may cause extensive rotting of mature produce (Dennis 1987). Indeed, they are
capable of secreting pectic enzymes that cause the maceration of tissues, pro-
ducing highly severe soft rots (Kushalappa and Zulfiqar 2001).

It is important to note, that all interactions between the commodity and the
respective pathogenic agent are largely influenced by environmental factors,
notably temperature, pH, water activity, nutrients availability, atmosphere com-
position, competition imposed by other organisms and presence of antimicrobial
compounds (Kushalappa and Zulfiqar 2001). In particular, concerning abiotic
factors, there is an optimum level for each specific microorganism at which it can
find the appropriate conditions to grow and reproduce extensively. At these
optimal conditions, decay agents cause great infections and have a large impact on
the food quality. One should also have in mind that the intrinsic conditions of
commodities also change widely during ripening, with the decay microflora
changing accordingly, starting with fungal infections and followed by bacterial
ones, or vice versa. For instance, horticultural produce pH is a major factor in the
prevalence of fungal caused diseases in fruit, due to their higher tolerance to acidic
environments. On the other hand, vegetables are more susceptible to bacteria, due
to their higher pH. Furthermore, moulds are able to neutralise mildly acidic foods,
which can lead to safety problems because acidity is often relied on to prevent the
growth of decay or pathogenic bacteria (Wade and Beuchat 2003).

Several postharvest treatments have been developed to preserve the quality of
fresh produce, including ultraviolet light, controlled and modified atmospheres,
edible coatings, heat treatments and natural compounds, among others. Most
postharvest treatments involve the alteration of the natural conditions of the fruit in
order to prolong its postharvest life. For example, high O2 atmospheres and irra-
diation cause damage to some vital molecules of food deteriorative microorgan-
isms, in addition to altering some biochemical processes in the fruit (Charles et al.
2009); heat treatments affect a wide range of fruit ripening processes such as
ethylene synthesis, respiration, softening and cell-wall metabolism (Zhang et al.
2009). Gas composition in storage atmospheres might also be more or less
favourable to disease spreading, either by fungi or bacteria, although a general
trend is not possible to define (Jacques and Morris 1995; DeEll et al. 2003; Gomez
and Artes 2004).

To manage postharvest losses caused by fungi, producers usually rely on a
release of chemical fungicides (group of benzimidazoles, aromatic hydrocarbons).
Currently, there is a strong debate about the safety aspects of chemical preser-
vatives since they are considered responsible for many carcinogenic and terato-
genic attributes as well as residual toxicity. For these reasons, consumers tend to
be suspicious of chemical additives and thus the demand for natural preservatives
has been intensified. The use of synthetic chemicals to control postharvest decay
has been restricted to few fruit and vegetables, due to their high and acute residual
toxicity, long degradation period, environmental pollution, effects on food and
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other side-effects on humans ( Lingk 1991; Mari and Guizzardi 1998; Tripathi and
Dubey 2004).The increase of fungal resistance to classical drugs, the treatment
costs and the fact that most available antifungal drugs have only fungistatic
activity, justify the search for new strategies (Rapp 2004). Altogether, this has
stimulated intensive research efforts to find alternatives to synthetic chemicals,
such as new technologies, substances and practices to be used in postharvest
preservation (Jobling 2000; Terry and Joyce 2004; Tripathi and Dubey 2004;
Bokshi et al. 2007). Thus, the replacement of synthetic fungicides by natural
products (particularly of plant origin), which are non-toxic and specific in their
action, is gaining considerable attention (Tripathi and Dubey 2004; Bautista-Banos
et al. 2006; Bajpai et al. 2008).

15.3 Essential Oils with Antifungal Power

Natural antimicrobial compounds are a re-emerging alternative to fresh produce
preservation (Corbo et al. 2009). The antimicrobial power of plants and herb
extracts has been recognised for centuries, and mainly used as natural medicine.
Plant volatiles have been widely used as food flavouring agents, and many are
generally GRAS. Essential oils (EOs), also called volatile oils, are aromatic oily
liquids obtained from plant materials (flowers, herbs, buds, leaves, fruits, twigs,
bark, seeds, wood and roots). EOs can be obtained by extraction, fermentation or
expression, but steam distillation is the most commonly used method.

Essential oils are very complex natural mixtures which contain about 20–60
components at quite different concentrations. They are characterised by two or
three major components at fairly high concentrations (20–70 %) compared to
others components present in trace amounts. For example, carvacrol (30 %) and
thymol (27 %) are the major components of the Origanum compactum essential
oil, linalol (68 %) of the Coriandrum sativum essential oil, a- and b-thuyone
(57 %) and camphor (24 %) of the Artemisia herba-alba essential oil, 1,8-cineole
(50 %) of the Cinnamomum camphora essential oil, a-phellandrene (36 %) and
limonene (31 %) of leaf and carvone (58 %) and limonene (37 %) of seed Ane-
thum graveolens essential oil, menthol (59 %) and menthone (19 %) of Mentha
piperita essential oil. Generally, these major components determine the biological
properties of the essential oils. The components include different groups of distinct
biosynthetical origin depending on the plant source (Croteau et al. 2000; Betts
2001; Bowles 2003; Pichersky et al. 2006). The main group is composed of
terpenes and terpenoids and the other of aromatic and aliphatic constituents, all
characterised by low molecular weight.

The inherent aroma and antimicrobial activity of EOs are related commonly to
the chemical configuration of the components, to the proportions in which they are
present and to interactions between them, affecting their bioactive properties
(Fisher and Phillips 2008). Considering the complex mixture of EOs constituents is
difficult to attribute the antimicrobial mode of action to one specific mechanism,
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being reported several targets in the microbial cell. It seems that they may cause
deterioration of cell wall, damage to cytoplasmic membrane, damage to membrane
proteins, leakage of cell contents, coagulation of cytoplasm, depletion of proton
motive active sites, inactivation of essential enzymes and disturbance of genetic
material functionality (Burt 2004; Ayala-Zavala et al. 2008b; Gutierrez et al.
2008).

Several EOs such as oils of garlic, cinnamon, thyme, oregano, clove, basil,
coriander, citrus peel, laurel, ginger, rosemary and peppermint, among others, have
been studied as antimicrobial natural products against both bacteria and moulds
(Burt 2004; Burt et al. 2005; Ayala-Zavala et al. 2008c, d; Corbo et al. 2009). The
biological activity of essential oils and/or their constituents can act as fungistatic
and/or fungicidal agents, this depending, for instance, on the concentrations used.
Indeed, cinnamon (Cinnamomum zeylanicum L.) and clove (Syzygium aromaticum
L.), essential oils tested against anthracnose (Colletotrichum musae) and crown rot
pathogens (Lasiodiplodia theobromae, C. musae and Fusarium proliferatum)
isolated from banana, showed, in vitro, fungistatic and fungicidal activity against
these decay agents within the range 0.3–1.1 mg/L. (Jobling 2000; Ranasinghe
et al. 2002) The essential oil components carvone, cuminaldehyde, perillaldehyde,
cinnamaldehyde, salicylaldehyde and benzaldehyde were found to be the most
potent inhibitors of in vitro growth of Penicillium hirsutum (Smid et al. 1995).
Fungal growth inhibition by carvone was found to be reversible, but exposure to
cuminaldehyde, perillaldehyde, cinnamaldehyde and salicylaldehyde caused irre-
versible inhibition of fungal growth. Specifically, cinnamaldehyde has been shown
to be a very potent fungicidal agent. Smid et al. (1995) found a 40-fold reduction
of the fungal population when dipping tulip bulbs in an aqueous solution of
515 mg/L cinnamaldehyde.

The same essential oil and/or respective compounds can be active against a
wide spectrum of microorganism species, although the minimum inhibitory con-
centration (MIC) used can be very changeable, according to the microbial species
and/or the commodity. A varying degree of growth inhibition by the essential oils
of several plants against some decay agents, such as Fusarium, Botrytis and
Aspergillus spp., due to their different chemical composition, has been reported
(Singh et al. 2002; Bouchra et al. 2003). Bajpai et al. (2008) found that the
essential oil isolated from the floral parts of Silene armenia L. had a remarkable
antifungal effect, against not only B. cinerea growth in vitro but also other critical
decay agents. Cassia oil completely inhibited the in vitro growth of Alternaria
alternata at 300 or 500 mg/L exposure for 6 and 3 days, respectively. When
applied to tomatoes, cassia oil at 500 mg/L reduced the percentage of decay by
40–50 % (Feng and Zheng 2007).

Interestingly, the antifungal kinetics of S. armenia essential oil tested against B.
cinerea correlated positively with increased exposure time and oil concentration. At
concentrations of 62.5 and 125 mg/L, the fungicidal activity was very rapid (120
and 150 min, respectively), due to the presence of 2-butene, caryophyllene oxide,
methylcyclopropane and a-butylene components in the oil (Bajpai et al. 2008).
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However, the fungus Sclerotinia sclerotiorum was found to be slightly resistant to
the same oil, showing a MIC of 1000 mg/L.

Otherwise, different essential oils and/or compounds obtained from different
plant species can exhibit different MICs for the same microbial agent. Bouchra
et al. (2003) found that the essential oils of Origanum compactum Benth and
Thymus glandulosus Req., consisting mainly of carvacrol and thymol, were the
most efficient in the control of B. cinerea, by completely inhibiting mycelial
growth in vitro at 100 mg/L. In contrast, essential oils of species such as Che-
nopodium ambrosioides L., Eucalyptus citriodora Hook, Eupatorium cannabinum
L., Lawsonia inermis L., Ocimum canum Sim., Ocimum Gratissimum L., Ocimum
Sanctum L., Prunus persica (L.) Batsch, Zingiber cassumunar Roxb and Zingiber
officinale Rosc were found to exhibit in vitro fungitoxic activity against B. cinerea
at 500 mg/L (Tripathi et al. 2008). When used to control grey mould in grapes
caused by B. cinerea during storage, essential oils from O. sanctum, P. persica and
Z. officinale showed MIC values of 200, 100 and 100 mg/L, respectively, and
promoted the enhancement of storage life up to 4–6 days (Tripathi et al. 2008).
Thyme oil exhibited a higher degree of inhibition of A. alternata (62.0 % at
500 mg/l) than cassia oil (40–50 % at 500 mg/l) in tomato (Feng and Zheng 2007).

The mechanism underlying the action of essential oil enrichment on the switch
between vegetative and reproductive phases of fungal development remains to be
fully understood. The negative impact of essential oils on fungi sporulation may
reflect the effect of the volatiles emitted by oils on surface mycelia development
and/or the perception/transduction of signals involved in the switch from vege-
tative to reproductive development (Tzortzakis 2007).

Nevertheless, suppression of spore production by essential oils could play a
major role in limiting the spread of the pathogen, by lowering the spore load in the
storage atmosphere and on surfaces (Tzortzakis 2007). Tzortzakis and Economakis
(2007) found that in Colletotrichum coccodes, Botrytis cinerea, Cladosporium
herbarum and Rhizopus stolonifer, spore production grown in vitro was reduced up
to 70 % when exposed to 25 mg/L lemongrass (Cympopogon citratus L.) essential
oil, and completely inhibited at 500 mg/L. In contrast, the same authors found that
lemongrass oil (up to 100 mg/L) accelerated spore germination in Aspergillus
niger. This, however, was reversed at 500 mg/L, when the process was fully
inhibited, as for the other pathogens, due to failure of spore production.

The application mode of essential oils/their compounds has shown to have
different results. For instance, spraying with basil oil (Ocimum basilicum L.)
emulsion of 160 mg/L controlled crown rot and anthracnose, prolonging the
storage life of ‘Embul’ bananas (Anthony et al. 2003). Eucalyptus (Eucaliptus
globules L.) and cinnamon (Cinnamomum zeylanicum, Blume) are essential oil
vapours applied at 50 mg/L concentrations for 8 h at 20 �C reduced fruit decay
and improved the quality of tomatoes and strawberries during late storage life
(Tzortzakis 2007). It is noteworthy that, when applied at 500 mg/L, the results
obtained for the same compounds were similar. Tsao and Zhou (2000) found that
thymol and carvacrol were effective in controlling brown rot caused by Monilinia
fructicola in sweet cherries (Prumus avium L.), in either dipping or fumigation.
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B. cinerea and Alternaria arborescens, isolated from tomatoes, showed com-
plete in vitro growth inhibition when exposed to oregano (Oreganum vulgare L.),
thyme (Thymus vulgaris L.) and lemongrass (Cymbopogon citrates L.) vapours at
50 mg/L for up to 12 h (Plotto et al. 2003). Geotrichum candidum was more
sensitive to lemongrass oil (citral) vapours than to thyme or oregano oils. The
same authors reported that only vapours of thyme and oregano oils (thymol and
carvacrol) inhibited R. stolonifer. Interestingly, when incorporated into the growth
medium, thyme and oregano oils showed a fungicidal or fungistatic activity for all
four fungi at 500 mg/L, while lemongrass oil has the same effect at only 1,000 mg/
L for all species except Rhizopus, for which no inhibition was reported. Cilantro
(Coriandrum sativum L.) oil (trans-2-decenal) was fungicidal to Botrytis, Alter-
naria and Geotrichum as vapour, but lost its activity when incorporated into the
growth medium (Plotto et al. 2003). However, none of the essential oils used by
Plotto et al. (2003) in vitro succeeded in controlling disease development in tomato
fruits inoculated with B. cinerea, A. arborescens or R. stolonifer, when applied as
vapours. Moreover, phytotoxicity has been observed in fruits after 24 h exposure,
either in tomatoes fumigated with the essential oils or with their respective major
constituents alone. When dip treatments were done at 5,000 and 10,000 mg/L, it
was found that thyme and oregano oils reduced disease development in tomatoes
inoculated with B. cinerea or A. arborescens but also caused some phytotoxicity at
those concentrations if the emulsion was not complete (Plotto et al. 2003). Lem-
ongrass was more phytotoxic at 10,000 mg/L than thyme or oregano oils, probably
due to some compounds present in this oil. Neither thyme nor oregano oils could
control Rhizopus spp. inoculated in tomato wounds. On the contrary, the higher the
concentration applied, the more the disease developed, probably due to a local
phytotoxic effect of the essential oils in the wound, making the tissue more sus-
ceptible to this pathogen (Plotto et al. 2003).

Methyl jasmonate (MJ) is a natural compound widely distributed in plants. It
was first detected as a sweet fragrant compound in Jasminum essential oil and
other plant species (González-Aguilar et al. 2006). MJ is known to regulate plant
development and response to environmental stress (Demo et al. 2005; Yao and
Tian 2005), affecting many biochemical and physiological reactions in the tissue
of whole and fresh-cut fruits and vegetables and extending shelf-life of whole and
fresh-cut tomatoes, mangoes, guavas and strawberries (González-Aguilar et al.
2006). Ayala-Zavala et al. (2005, 2008c) reported that MJ alone or in conjunction
with ethanol treatment increased antioxidant capacity, volatile compounds and
post-harvest life of strawberry fruit, as well as extending shelf-life of fresh-cut
tomatoes, suppressing fungal growth. Methyl jasmonate (MJ) either as a vapour or
as an emulsion has shown to suppress green mould growth on grapefruit (Droby
et al. 1999) and inhibit grey mould infection on strawberries alone or as a co-
fumigant with ethanol (Ayala-Zavala et al. 2005).
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15.3.1 Oils Rich in Terpenes

Terpenes form structurally and functionally different classes. The main terpenes
are the monoterpenes (C10) and sesquiterpenes (C15), but hemiterpenes (C5),
diterpenes (C20), triterpenes (C30) and tetraterpenes (C40) also exist. A terpene
containing oxygen is called a terpenoid. The monoterpenes are formed from the
coupling of two isoprene units (C10). They are the most representative molecules
constituting 90 % of the essential oils and allow a great variety of structures. They
consist of several functions, which are displayed in Table 15.1.

The sesquiterpenes are formed from the assembly of three isoprene units (C15).
The extension of the chain increases the number of cyclisations which allows a
great variety of structures. The structure and function of the sesquiterpenes are
similar to those of the monoterpenes.

Examples of plants containing these compounds are angelica, bergamot, cara-
way, celery, citronella, coriander, eucalyptus, geranium, juniper, lavandin, la-
vander, lemon, lemongrass, mandarin, mint, orange, peppermint, petitgrain, pine,
rosemary, sage, thyme.

15.3.2 Oils Rich in Phenolic Compounds

Derived from phenylpropane, the phenolic compounds occur less frequently than
the terpenes. The biosynthetic pathways concerning terpenes and phenylpropanic
derivatives generally are separated in plants but may coexist in some, with one
major pathway taking over (see, cinnamon oil with cinnamaldehyde as major and
eugenol as minor constituents, also clove oil, fennel, etc.). The phenolic com-
pounds are depicted in Table 15.1.

The phenolic compounds found in essential oils normally have a carbon side
chain and here we can look at compounds such as thymol, eugenol and carvacrol,
that are classified as monoterpenic phenolic compounds. These components have
great antiseptic, anti-bacterial and disinfectant qualities and also have greatly
stimulating therapeutic properties. Evidence suggests that phenol induces pro-
gressive loss of intracellular constituents from treated bacteria and produces
generalised membrane damage with intracellular coagulation occurring at higher
concentrations. The plasma membrane of fungi is also damaged. The mechanisms
thought to be responsible for the phenolic toxicity to microorganisms include
enzyme inhibition by the oxidised compounds, possibly through reaction with
sulphydryl groups or through more non-specific interactions with the proteins.
Phenols are always present in conjugated form, usually with glucosidic attach-
ment. They may be released in the free form during the fungal infection through
enzymatic or other hydrolysis mechanisms. The site(s) and number of hydroxyl
groups on the phenol group are thought to be related with the relative toxicity to
microorganisms, with evidence that increased hydroxylation results in increased
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toxicity (Troncoso-Rojas and Tiznado-Hernández 2007). Due to the nature of
phenols, essential oils that are high in them should be used in low concentrations
and for short periods of time, since they can lead to toxicity if used over long
periods of time. The principal plant sources for these compounds are anise, cin-
namon, clove, fennel, nutmeg, parsley, sassafras, star anise, tarragon and some
botanical families (Apiaceae, Lamiaceae, Myrtaceae, Rutaceae).

15.4 Sulphur-Riched Compounds

These compounds are another kind of natural volatiles that had been shown a
strong antifungal activity. They are present in several plants like onion, garlic and
others. The active constituents of garlic and onion are sulphur-riched compounds
that are rapidly absorbed and metabolised. Allicin is considered to be the most
important biologically active compound in garlic; however, during processing of
garlic this compound is transformed to other sulfur compounds. Chemical analysis
of garlic showed that 54.5 % of the total sulphides were the sum of diallyl
monosulphide, diallyl disulphide, diallyl trisulphide and diallyl tetrasulphide
(Troncoso-Rojas and Tiznado-Hernández 2007). Most of the reports in the liter-
ature regarding the antimicrobial effect of garlic oil are referent to antibacterial
activity; while a little information about the antifungal activity is reported.

15.5 Collateral Effects of the Use of Essential Oils
as Treatment of Fruit and Vegetables

The postharvest antifungal activity of essential oils is well and positively docu-
mented from a wide number of in vitro and in vivo experiments. The concentra-
tions of essential oils and the respective compounds necessary to inhibit microbial
growth are usually higher in foods than in culture media, which might be the result
of interactions between EOs compounds and the food matrix (Nuchas and Tassou
2000) and should be taken into account in commercial applications (Tzortzakis
2007). Normally, direct application of antimicrobials to food must be done at high
concentrations to achieve good antimicrobial activity against target microorgan-
isms in food produce meant to be stored for an extended period of time. The ways
in which EOs are applied and the concentrations at which they are used are
important factors related to their effectiveness, and in some circumstances. EOs
could be the cause of changes in flavour, odour and other characteristics of food
products due to the strong odour-flavour that can be transmitted from the oil to the
vegetable product. The chemical reactivity of EOs with the food and package
matrix could significantly affect the sensorial properties of the produce (Ayala-
Zavala et al. 2008d). The intense sensory attributes of some of these compounds
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may also be an impediment for their use in fresh commodities and therefore, in the
application of natural antimicrobial and flavouring compounds such as fresh-cut
fruits and vegetables preservatives, the sensorial impact should be considered
(Ayala-Zavala et al. 2008a). A residual taste from thymol on fumigated cherries
made this alternative treatment not commercially applicable. However, the same
authors have found that when tomatoes were treated at the ‘breaker’ or ‘turning’
stages, enough time passed from initial application to eating maturity to allow
volatilization, since no residual taste appeared on the tomatoes 10 days after
treatment. Encapsulation in b-cyclodextrin (b-CD) is one method to control the
odour and reactivity of active compounds throughout the release of natural anti-
microbial compounds (Ayala-Zavala et al. 2008d). Microencapsulation can be a
solution to solve this problem, because during the microencapsulation process, the
active antimicrobial compounds will be trapped, masking odour and flavour until
release to the atmosphere in constant low doses (Del Toro-Sánchez et al. 2010).
This can protect the product from microbial growth without affecting its sensory
acceptability.

Essential oils, as natural sources of phenolic components, attract investigators
to evaluate their activity as antioxidants or free radical scavengers. The essential
oils of basil, cinnamon, clove, nutmeg, oregano and thyme have proven radical-
scavenging and antioxidant properties in the DPPH radical assay at room tem-
perature (Tomaino et al. 2005). The order of effectiveness was found to be:
clove � cinnamon [ nutmeg [ basil C oregano � thyme. The essential oil of
Thymus serpyllum showed a free radical scavenging activity close to that of the
synthetic butylated hydroxytoluene (BHT) in a b-carotene/linoleic acid system
(Tepe et al. 2005). The antioxidant activity was attributed to the high content of the
phenolics thymol and carvacrol (20.5 and 58.1 %, respectively). Thymus spathu-
lifolius essential oil also possessed an antioxidant activity due to the high thymol
and carvacrol content (36.5, 29.8 %, respectively; Sokmen et al. 2004). The
antioxidant activity of oregano (Origanum vulgare L., ssp. hirtum) essential oil
was comparable to that of a-tocopherol and BHT, but less effective than ascorbic
acid (Kulisic et al. 2004). The activity is again attributed to the content of thymol
and carvacrol (35.0, 32.0 %, respectively).

The essential oils of Salvia cryptantha and Salvia multicaulis have the capacity to
scavenge free radicals. The activity of these oils was higher than that of curcumin,
ascorbic acid or BHT (Tepe et al. 2004). In addition, Curcuma zedoaria essential oil
was found to be an excellent scavenger for DPPH radical (Mau et al. 2003).The
antioxidant activity of essential oils cannot be attributed only to the presence of
phenolic constituents; monoterpene alcohols, ketones, aldehydes, hydrocarbons and
ethers also contribute to the free radical scavenging activity of some essential oils.
For instance, the essential oil of Thymus caespititius, Thymus camphorates and
Thymus mastichina showed antioxidant activity which in some cases was equal to
that of a-tocopherol (Miguel et al. 2004). Surprisingly, the three species are char-
acterised by high contents of linalool and 1,8-cineole, while thymol or carvacrol are
almost absent. The essential oil of lemon balm (Melissa officinalis L.) shows an
antioxidant and free radical scavenging activity (Mimica-Dukic et al. 2004) with
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the most powerful scavenging constituents comprising neral/geranial, citronellal,
isomenthone and menthone. Tea tree (Melaleuca alternifolia) oil has been suggested
as a natural antioxidant alternative for BHT (Kim et al. 2004) with the inherent
antioxidant activity attributed mainly to the a-terpinene, c-terpinene and a-terpi-
nolene content. Essential oils isolated from Mentha aquatica L., Mentha longifolia
L. and Mentha piperita L., were able to reduce DPPH radicals into the neutral
DPPH-H form (Mimica-Dukic et al. 2003). The most powerful scavenging con-
stituents were found to be 1,8-cineole for the oil of M. aquatica while menthone and
isomenthone were the active principles of M. longifolia and M. piperita. It is clear
that essential oils may be considered as potential natural antioxidants and could
perhaps be formulated as a part of daily supplements or additives to prevent oxi-
dative stress that contributes too many degenerative diseases. And its addition to
fruit and vegetables can cause the increment of the antioxidant activity of the treated
produce.

15.6 Physiological Effects

Many authors mentioned beneficial or no detrimental effects on horticultural
product quality parameters when essential oils are used after harvest. Tzortzakis
(2007) reported that decay was reduced in strawberries and tomatoes by the use of
essential oils from eucalyptus and cinnamon, with no effects on fruit firmness.
Similar results were observed for cherries and grapes when treated with vapours of
eugenol, thymol or menthol (Martinez-Romero et al. 2005). Chinese pears (Pyrus
bertschneideri Reld cvs. Laiyang Chili and Ya Li) treated with emulsions (3–9 %)
of commercial or refined (reduced a-tocopherol) plant oils (soybean, corn, olive,
peanut, linseed and cottonseed) at harvest and stored for 6 months at 0 �C main-
tained firmness in a concentration-dependent manner during storage (Ju et al.
2000). In the same way, quality attributes such as colour, soluble solids content and
titratable acidity were preserved through storage. Pears showed no off-flavours
when compared to controls and internal ethanol was not affected by oil treatment.
The higher concentrations reduced internal browning of Chinese pears and scald
incidence in ‘Delicious’ apples (Ju et al. 2000). Oil vapours increased the levels of
total soluble solids during exposure in strawberries and tomatoes but the effect
persisted following exposure only in ‘cherry’ tomatoes (Tzortzakis 2007). The
same authors reported that fruit samples treated with oil vapours did not differ in
percentage weight loss, organic acid content, sweetness and total phenolic content
during or following vapour exposure, compared with untreated fruit. Yet table
grapes impregnated with 0.5 mL thymol or menthol showed significantly lower
weight loss and soluble solids/titratable acidity ratio than controls, as well as
reduced firmness and colour changes during storage (Martinez-Romero et al. 2005).

Tsao and Zhou (2000) found that thymol and carvacrol were effective in con-
trolling brown rot caused by the Monilinia fructicola in sweet cherries (Prumus
avium L.), but caused stem browning of cherry fruits in the fumigation experiment.
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This side-effect was reduced by 69 and 73 %, respectively, when methyl jasmo-
nate was used as a co-fumigant.

15.7 Conclusion

In the last years many studies have been carried out concerning the antifungal
activity of EOs. As this review reveals many EOs possess strong antifungal
activity, however, some collateral responses in the treated fresh produce should be
evaluated. In the application of natural antimicrobial and flavouring compounds,
the sensorial impact should be considered. Therefore, sensorial impact, limited
stability and high volatility represent drawbacks of EOs which complicate the
in vitro tests as well as the storage and application. In addition, the effect of the
treatments on the antioxidant and health-related benefits of the treated fruit and
vegetables must be contemplated considering the bioactive properties of EOs.
Therefore, more research has to be done to develop formulations that maintain the
fungicidal activity while not inducing undesirable effects.
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Chapter 16
Fruit Processing Byproducts as a Source
of Natural Antifungal Compounds

Gabriela E. Viacava, María Roberta Ansorena, Sara I. Roura,
Gustavo A. González-Aguilar and Jesús F. Ayala-Zavala

Abstract Nowadays, there has been an increasing concern of consumers on foods
free or with lower levels of synthetic chemical preservatives, because they could
be toxic for humans and the environment. Concomitantly, consumers have also
demanded foods with long shelf life and fruit producers and processors must deal
with the perishable character of its products and the large percentage of byprod-
ucts, such as peels, seeds, and unused flesh that are generated by different steps of
the industrial process. It has been reported that the wasted byproducts present high
contents of antifungal compounds, providing a potential alternative to protect
foods or feeds from fungal contamination. The aim of this chapter is to highlight
the importance of the integral exploitation of the fruit byproducts, analyzing the
current state of the situation. Additionally, the chapter reviews the most recent
investigations on bioactive compounds with antifungal properties extracted from
fruit residuals and their possible utilization as antimicrobials not only for the food
but also for the cosmetic and pharmaceutical industries.
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16.1 Introduction

The presence and growth of fungi in food may cause spoilage and result in a
reduction in quality and quantity. So far, many molds, such as Fusarium spp.,
Aspergillus spp., Penicillium spp., and Rhizopus spp., have been reported as the
causal agents of foodborne diseases and/or food spoilage (Betts et al. 1999).
Chemical synthetic additives can reduce food decay, but consumers are concerned
about chemical residues in the products (White and McFadden 2008; Ayala-Zavala
and González-Aguilar 2011), combined with the assumption that a number of
common synthetic preservatives may have hazardous effects (Krishnakumar and
Gordon 1996). The consumer’s awareness for ‘‘non-chemical’’ ingredients in
health products has also to be faced by the cosmetic and pharmaceutical industries.
One of the major emerging technologies is the application of natural additives. The
antimicrobial power of plant and herb extracts has been recognized for centuries,
and mainly used as natural medicine; however, the trends in using these com-
pounds as food preservatives are increasing nowadays (Ayala-Zavala and Gon-
zález-Aguilar 2011).

It is a common practice in the food industry to remove the desired part of the
raw fruit from other nonedible constituents of the plant tissue. The most abundant
byproducts of fruit processing are peel, leaves, and seeds. As an example, the
desired bean is separated from the fruit skin and other undesirable constituent
during the processing of coffee (Vignoli et al. 2011). Likewise, crops are typically
valued for their fruits; processing of them involves separating the valuable fruit
flesh part from byproducts such as skin and seeds (Ayala-Zavala et al. 2010).

The mass of plant food byproducts obtained as a result of processing crops may
approach or even exceed that of the corresponding valuable product affecting the
economics of growing crops (Miljkovic and Bignami 2002). In the past, this costly
problem has been mitigated to some extent by processing the byproducts further to
yield a product that presents less of a disposal problem or that has some marginal
economic value (Sun-Waterhouse et al. 2009). In this context, the economics of
processing fruits could be improved by developing higher value use for their
byproducts. For instance, several patents have been published relating the use of
crops as a source of functional compounds (Miljkovic and Bignami 2002; Garrity
et al. 2004; Andrews and Andrews 2008). It is known that the byproducts of several
fruits contain high levels of organic compounds, the majority of which do not
appear to participate directly in growth and development of plant (Croteau et al.
2000). These substances, in many cases, serve as plant defense mechanism to avoid
predation by microorganisms, insects, and herbivores. Based on their known
mechanism of action, efforts had been directed to evaluate the antimicrobial effect
of this kind of compounds, applying them under specific conditions, microorgan-
isms and concentrations, with the goal to find a friendly alternative method to
control fungal diseases (Shrikhande 2000; Gorinstein et al. 2001; Troncoso-Rojas
and Tiznado-Hernández 2007; Muthuswamy et al. 2008; Tuchila et al. 2008). If this
approach is realized, it would be feasible to fulfill the requirements of consumers
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for natural and preserved healthy food. In addition, the full utilization of fruits could
lead the industry to a lower waste agribusiness, increasing industrial profitability.
In this context, the main goal of this chapter is to highlight the agro industrial
potential of fruit byproducts as a source of natural antifungal agents, and their
possible uses in the food, cosmetic, and pharmaceutical industries.

16.2 Fruit Byproducts: Problematic and Needs

In the horticultural sector, there has been a growth in both acreage and agricultural
production to fulfill the requirements of global food demand (Schieber et al. 2001).
This intensity of production generates large amount of plant products, estimated to
be around 800,000 tons/year of fresh fruits and vegetables, without considering the
losses and wastage during processing. The full utilization of horticultural produce
is a requirement and a demand that needs to be met by countries wishing to
implement low-waste technology in their agribusiness (Kroyer 1995).

As an example, fresh fruits are usually washed, peeled, and sliced to obtain
fresh-cut products that retained a high visual and nutritional quality (Robles-
Sánchez et al. 2007, Ayala-Zavala et al. 2010). These production steps produce
several byproducts, usually skins and seeds, which normally have no further usage
and are commonly wasted or discarded (Ajila et al. 2007) affecting the environ-
mental and producing economical lost to producers. Ayala-Zavala et al. (2010)
found that several kinds of fresh-cut fruits produced variable amounts of
byproducts to the extent even exceeding the quantity of end produce (Table 16.1).
In the past, this costly problem has been mitigated to some extent by processing
the byproducts further to yield a product that presents less of a disposal problem or
that has some marginal economic value (Sun-Waterhouse et al. 2009). In this
context, the use of the entire plant tissue, and therefore the developing of higher
value use for its byproducts could have economic benefits to producers.

Citrus is one of the most abundant crops in the world, with a worldwide pro-
duction at around 88 9 106 tons. Among this crop, oranges, lemons, grapefruits,
and mandarins are processed in the food industry for juice, but also for jam in the
canning industry (Izquierdo and Sendra 2003). As half of the citrus mass is
composed of wastes, these processing industries generate over 15 9 106 tons of

Table 16.1 Percentage of recovery of fresh-cut fruits and byproducts

Fresh-cut produce Final product (%) Seed (%) Peel (%) Other (%) Total byproduct (%)

Mandarin 83.95 16.05 16.05
Apple 89.09 10.91 10.91
Papaya 52.96 6.51 8.47 32.06 47.04
Pineapple 48.04 13.48 38.48 51.96
Mangoes 57.56 13.50 11.00 17.94 42.44

Ayala-Zavala et al. (2010)

16 Fruit Processing Byproducts as a Source of Natural Antifungal Compounds 449



byproducts that some chemical industries used to extract flavonoids and essential
oils (EOs) (Marín et al. 2007).

Grapes (Vitis vinifera L.) belong to the world’s largest fruit crops with a global
production of around 69 9 106 tons in 2006 (FAOSTAT 2007). Since about 80 %
of the total amount is used in winemaking, some 10 million tons of grapes arise
within a few weeks of the harvest campaign. Seeds constitute a considerable
proportion of the grape, ranging from 38 to 52 % on a dry matter basis. The seed
oil is rich in unsaturated fatty acids (particularly linoleic acid) and phenolic
compounds (Schieber et al. 2002; Maier et al. 2009).

Other successful examples of fruits that can show the profitability of using their
byproducts are coffee, macadamia, mango, and papaya (Miljkovic and Bignami
2002). Processing of coffee generally involves separating the desired beans from
the byproducts of processing e.g., the so-called ‘‘coffee cherry’’, which consists of
the fruit skin and other undesirable constituents. On the other hand, macadamia is
a tropical exotic fruit that contains an inner and outer shell, and a nut. Processing
generally involves separating the valuable nut (main product) from the shells
considered as byproducts. Also, pineapple, taro, papaya, and mango are typically
appreciated for their flesh but processing of these crops involves separation and
removal of the skin and seed byproducts. For instance, U.S. Patent application U.S.
2002/0187239 A1 have proposed the use of coffee cherry, macadamia, mango,
taro, and papaya byproducts as a source of nutritional constituents (Miljkovic and
Bignami 2002). However, little practical effort to utilize these byproducts has been
reported.

However, to evaluate the feasibility of the use of the entire plant tissue, yield
and economic parameters involved in the extraction of bioactive compounds from
fruit byproducts must be taken into consideration. Characteristics such as pre-
treatment requirements, market opportunities and costs must be assessed. With this
in mind, some byproducts with remarkable bioactive yield might be regarded as
too expensive or of little promise for the market. For instance, Peschel et al. (2006)
informed that the high moisture content of fresh byproducts obtained from
strawberry, tomato, and apple processing required a cost-intensive drying process
for the extraction of bioactive compounds at a temperature below 60 �C to prevent
its deterioration through heat and enzymes.

Additionally, byproducts generated during the processing of fruits that are
discarded as a waste becomes a source of pollution. It has now been reported that
the byproducts of foods contain high levels of residual phenolics (Gorinstein et al.
2011), being necessary to treat these wastes as a specialized residue. High levels of
residual phenolics may have adverse environmental impacts mainly because of its
properties of seed germination inhibition (Negro et al. 2003). Therefore, industry
has increasing cost for its waste treatment. In view of these issues, the use of the
entire plant tissue could also have a beneficial impact on the environment.

In view of the mentioned above, several benefits arise from the integral
exploitation of the plant tissue. On the one hand, producers would have economic
benefits and consumers a greater variety of products. On the other hand, the
negative impact that the large amount of wastes have on the environment would be
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reduced (Schieber et al. 2001). This situation can be extrapolated to different
processing areas, including the food industry, and also the cosmetic and phar-
maceutical industries. These three sectors are drawn together and promoted
products named functional foods, food supplements, nutraceuticals, or cosme-
ceuticals (Peschel et al. 2006). However, the integral exploitation of plant produce
has not yet been achieved.

16.3 Antifungal Agents in Fruit Processing Byproducts

The presence and growth of fungi in food may cause spoilage and result in a
reduction in quality and quantity. So far, many molds, such as Fusarium spp.,
Aspergillus spp., Penicillium spp. and Rhizopus spp., have been reported as the
causal agents of foodborne diseases and/or food spoilage (Betts et al. 1999).

It is thought that some chemicals generally used as food preservatives may have
a residual toxicity and cause carcinogenic and teratogenic diseases. For these
reasons, the demand for natural and socially more acceptable preservatives has
been intensified (Skandamis et al. 2001). The exploration of naturally occurring
antimicrobials for food preservation receives increasing attention due to consumer
awareness of natural food products and a growing concern of microbial resistance
toward conventional preservatives (Schuenzel and Harrison 2002). The antimi-
crobial power of plant and herb extracts has been recognized for centuries, and
mainly used as natural medicine.

The most abundant byproducts of minimal processing of fresh-cut fruits are
peel, leaves, and seeds and those are reported to contain high amounts of EOs and
phenolic compounds with antioxidant and antimicrobial properties (Shrikhande
2000; Gorinstein et al. 2001; Muthuswamy et al. 2008; Tuchila et al. 2008). The
content of these functional compounds in different tissues of the fruits depend on
the evaluated product but, in general, vitamin C is uniformly distributed in fruits,
carotenoids occur mainly on the surface of the tissues such external pericarp and
peel, phenolic compounds are located preferentially in peel and seeds and in a
lesser extent in the flesh (Kalt 2005) and EOs are concentrated in peel or skin.
However, the amount and concentration of individual bioactive compounds is a
function of the type of cultivar, the maturity stage of the fruit, the storage con-
ditions and the preharvest handling, and among others.

Recently, there has been considerable interest expressed in EOs from plants
with antimicrobial activities for controlling pathogens and toxin-producing
microorganisms in foods (Soliman and Badeaa 2002; Tepe et al. 2005). It was
reported that 60 % of EOs derivatives examined to date were inhibitory to fungi
while 30 % inhibited bacteria (Chaurasia and Vyas 1977). EOs are volatile, nat-
ural, and complex compounds characterized by a strong odor and are formed by
aromatic plants as secondary metabolites (Bakkali et al. 2008). Numerous studies
have documented the antifungal properties of plant EOs (Bouchra et al. 2003;
Daferera et al. 2003; Sokmen et al. 2004). These properties are caused by many
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active phytochemicals and several volatile compounds, including flavonoids, ter-
penoids, carotenoids, coumarins and curcumines (Tepe et al. 2005) as well as
organic sulfur compounds, aldehydes, alcohols, and among others (Berger 2007).
Considering the complex mixture of EOs constituents is difficult to attribute the
antimicrobial mode of action to one specific mechanism, being reported several
targets in the microbial cell. Some authors mentioned that these compounds may
cause damage to the cell wall, the cytoplasmic membrane and the membrane of
proteins causing consequently leakage of cell content. Additionally, coagulation of
cytoplasm, depletion of proton motive active sites, inactivation of essential
enzymes, and disturbance of genetic material functionality properties have been
reported (Burt 2004; Ayala-Zavala et al. 2008; Gutierrez et al. 2008). The bio-
logical activity of EOs may be of great importance in several fields, from food
chemistry to pharmacology and pharmaceutics (Cristani et al. 2007). The main
advantage of EOs is that they can be used in any foods and are considered gen-
erally recognized as safe (GRAS) (Kabara 1991), as long as their maximum effects
are attained with the minimum change in the organoleptic properties of the food.

On the other hand, phenolic compounds are an important class of secondary
metabolites with a large range of structures and functions, but generally possessing
an aromatic ring bearing one or more hydroxyl substituents (Croteau et al. 2000).
Evidence suggests that simple phenolic compounds or phenolic acids, such as
tannins, lignans, flavonoids, quinones, coumarines and stilbenes, serve as defenses
against herbivores and pathogens and play an important role in disease resistance
(Osbourn 1999) and in fruits’ protection against spoilage agents, penetrating the
cell membrane of microorganisms, causing lysis (Brul and Coote 1999; Ejechi and
Akpomedaye 2005). Furthermore, it has also been suggested that the site(s) and
number of hydroxyl groups on the phenol group are thought to be related to their
antioxidant and antimicrobial capacity and relative toxicity to microorganisms,
with evidence that increased hydroxylation results in increased microbial toxicity
(Cowan 1999). Plant phenolic compounds that had been reported with antifungal
activity are monophenols, di-, and tri-hydroxy phenols, phenolic acids, pterocar-
pans, isoflavans, isoflavones, isoflavanones, glucosides of isoflavonoids, fur-
anocoumarins, anthocyanidins, tannins, and stilbenes (Vidhyasekaran 1997). Some
studies about the antimicrobial activity of phenolic extract from byproducts of
fruits have been achieved as it is explained in the next sections. In this context, the
fruit byproducts are promising new sources of antimicrobial compounds, offering
new commercial opportunities to food and other industries.

The seed and peel of three varieties of avocado (Shepard, Hass and Fuerte)
showed activity against yeast (Raymond Chia and Dykes 2010). The seed etha-
nolic extracts of avocado Hass with a minimum inhibitory concentration value of
104.2 lg/mL was the most effective against Zygosaccharomyces bailii but no
inhibition was observed against Penicillium spp. and Aspergillus flavus. Taveira
et al. (2010) studied the antimicrobial potential of 10 different tomato seed extracts
from ‘‘Bull’s heart’’ and ‘‘Cherry’’ varieties, a major byproduct of the tomato
processing industry. They analyzed the seed extracts against Candida albicans,
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Aspergillus fumigatus, and Trichophyton rubrum. ‘‘Bull’s heart’’ extracts were the
most active, C. albicans was the most susceptible species (MIC: 5–10 mg/mL).

Pomegranate (Punica granatum L.) is a deciduous shrub native to Iran
(Sarkhoush et al. 2007). Because of its high antimicrobial activity against many
pathogens, pomegranate has been widely used for the treatment of different types
of human disease. During the industrial processing of this fruit, large volumes of
industrial wastes are produced, which have high antioxidant and antifungal
properties (Orzua et al. 2009). Tehranifar et al. (2011) studied the effect of aqueous
and methanolic extracts of three different parts of pomegranate (peel, seed, and
leaf) with four concentrations (0, 500, 1,000, and 1,500 ppm) on three postharvest
fungi (P. italicum, R. stolonifer, and B. cinerea). Based on the results, the meth-
anolic extract showed the highest inhibitory effects on the mycelia growth (IMG)
and spore germination (ISG). On the other hand, peel and seed extracts had more
inhibitory effect (IMG and ISG) than leaf extract. The phenolic content of peel
extract was also measured 2.8-fold higher than pomegranate leaf extract. The
authors concluded that the high percentage of phenolic content in the peel and seed
of pomegranate could cause the high antifungal activity of their extracts.

Mandalari et al. (2007) evaluated a flavonoid-rich extract from the peel of
Bergamot citrus fruit, an important byproduct in the processing industry, against
the yeast Saccharomyces cerevisiae. They found that the antimicrobial potency of
the bergamot extracts increased after enzymatic deglycosylation and that the
aglycone eriodictyol was the most active against S. cerevisiae.

The EOs of lemon (Citrus lemon L.), mandarin (Citrus reticulata L.), grapefruit
(Citrus paradisi L.), and orange (Citrus sinensis L.) obtained by cold pressing the
peel and tested at different concentrations (0.47, 0.27, 0.94, and 0.71 %), showed
the capacity to reduce or inhibit the growth of the molds P. chrysogenum,
P. verrucosum, A. niger, and A. flavus (Viuda-Martos et al. 2008). In the case of
A. niger, orange EO produced the greatest reduction in mycelium growth followed
by lemon EO. With A. flavus, total inhibition of growth was obtained with all the
EOs at the highest concentration of 0.94 %. In this case, though, the mandarin EO
showed the highest inhibitions of mycelial growth. Grapefruit was the most
effective EO in reducing the growth of P. chrysogenum and P. verrucosum while
lemon was the next best EO.

Okwu et al. (2007) also studied the antifungal activity of five varieties of citrus
species: sweet orange (Citrus sinensis), tangerine (Citrus reticulata), lemon
(Citrus limonum), lime (Citrus aurantifolia), and grape (Citrus grandis) against
Fusarium oxysporum. The growth of this fungi was inhibited in vitro by the
extracts of the citrus species. The extracts of the peels of C. sinensis, C. auren-
tifolia, and C. reticulata showed 83.55, 71.10, and 68.14 % inhibition activity,
respectively. The authors found that the fungitoxicity of the extracts from the peels
of C. sinensis was the same as that of benomyl, a synthetic fungicide.

Several authors have attributed the antifungal capacity of citrus EOs to the
presence of components such as D-limonene, linalool, or citral ( Rodov et al. 1995;
Rasooli et al. 2002; Alma et al. 2004; Bezić et al. 2005; Sonboli et al. 2006; Tepe
et al. 2006), which are present in differing concentrations in citric EOs ( Veriotti
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and Sacks 2001; Vekiari et al. 2002). Other author attributed this function to the
phenolic compounds: the amphipathicity of these compounds can explain their
interactions with biomembrane and thus the antimicrobial activity (Veldhuizen
et al. 2006).

Flavanones are a particular class of flavonoids commonly found in citrus leaves
as glycosides. The most common citrus flavanone glycosides are hesperidin or
3’,5,7-trihydroxy-4’-methoxyflavanone-7-a-L-rhamnosyl(1 ? 6)-b-D-glucoside,
which is found in oranges, lemons and other citrus, naringin or 3’,5,7-trihydroxy-
4’-methoxyflavanone-7-a-L-rhamnosyl(1 ? 6)-b-D-glucoside in grapefruits and
sour oranges and neohesperidin or 3’,5,7-trihydroxy-4’-methoxyflavanone-7-a-L-
rhamnosyl(1 ? 2)-b-D-glucoside in sour oranges. This variety of flavonoids has
been obtained as a byproduct of the citrus industries (Ellenrieder 2004). Salas et al.
(2011) studied the antifungal activity of 10 isolated flavonoids from citrus species
on four fungi often found as food contaminants: Aspergillus parasiticus, A. flavus,
Fusarium semitectum, and Penicillium expansum. All flavonoids, at 0.25 mM,
showed the capacity to alter the growth of fungi tested but at this concentration
total inhibition was not achieved. The intensity of the antifungal activity depended
on the type of fungus and compound used. The hesperetin glucoside laurate
strongly inhibited the mycelial growth of P. expansum, while prunin decanoate
was the most inhibiting flavonoid for A. flavus, A. parasiticus, and F. semitectum.

16.4 Conventional and Future Uses of Antifungal
Compounds from Fruit Byproducts

Within the literature, the number of studied residual sources has been augmented
considerably, which is caused by a value adding recycling interest of the agro and
food industry, but also increasing information on the specific location of active
compounds and their modification during processing (Peschel et al. 2006). How-
ever, only a few byproduct derived bioactive compounds have been developed
successfully from the vast quantities of plant residues produced by the food pro-
cessing industry, primarily grape seed, olive waste extracts (Alonso et al. 2002;
Amro et al. 2002), and citrus residues (Marín et al. 2007). Little practical effort to
utilize the byproducts of fruits with a high annual production and a high content of
bioactive compounds (such as apple, tomato, strawberry, and pear) has been
reported. This might be caused by three limiting factors often overlooked in sci-
entific studies: the effectiveness of recovery and extraction, the marketability of
resulting extracts, and the practical suitability for the food, cosmetic or pharma-
ceutical products (Peschel et al. 2006). In the next sections, a review about the
utilization of fruit byproducts as antimicrobials agents in the food industry is
presented. Additionally, possible utilization of fruit wastes for the cosmetic and
pharmaceutical industries are analyzed.
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The usage of bioactive extracts as applied to food preservation is an alternative
to chemical preservatives and helps to achieve consumer demand for fresh,
nutritious, and safe items that are free of synthetic additives. Presently, there are
studies that provide information about the effect of bioactive compounds that are
extracted from plant extracts and applied to food ( Lanciotti et al. 2004; Tripathi
and Dubey 2004; Guillen et al. 2007; Muthuswamy and Vasantha Rupasinghe
2007; Martín-Diana et al. 2008; Muthuswamy et al. 2008; Raybaudi-Massilia et al.
2009). However, the effect of antifungal obtained from fruit byproducts as food
antifungal preservatives has not been extensively reported. As mentioned else-
where, the citrus industry produced large amounts of byproducts. Oils obtained
from skin have been used for different applications. Studies of the application of
lemon extract on dairy products have also been performed (Conte et al. 2007). In
this case, different antimicrobial packaging systems including lemon extracts have
been used to preserve Mozzarella cheese. Results showed an increase in the shelf
life of all active packaged Mozzarella cheeses, confirming that lemon extract may
exert an inhibitory effect on the microorganisms responsible for spoilage phe-
nomena without affecting the functional microbiota of the product.

Ponce et al. (2003) evaluated the inhibitory effects of essential lemon oil on the
native microbial populations of Swiss chard. The essential oil of lemon yielded a
minimum inhibitory concentration of about 0.05/100 mL and the minimum anti-
microbial concentration was not reached at the highest concentration tested,
indicating that high concentrations of this oil would be needed to achieve effects.
The antimicrobial potentials of pomegranate peel extract were investigated in
chicken products (Li et al. 2006; Kanatt et al. 2010). Pomegranate peel extract
showed good antimicrobial activity against Bacillus cereus. In general, addition of
pomegranate peel extract to popular chicken and meat products enhanced its shelf
life by 2–3 weeks, during chilling temperature storage. Although some bioactive
extracts from fruit byproducts have been proven to be effective antimicrobials, it is
important to note that its addition to fruits may cause changes in sensorial attri-
butes. Therefore, undesirable sensorial effects can be a limiting factor and careful
selection of type and concentration according to the type of food must be con-
sidered (Burt 2004).

In another context, the burgeoning consumer demand of the past decade for
natural food additives has prompted the revision of regulatory actions governing
the use of natural plant extracts as food additives (Marriott 2010). As an example,
the regulation EC/1334/2008, introduced in January 2011 to the European legis-
lation, contains new definitions for natural extracts and processes that can be used
in their preparation.

Due to the preserving activity of EOs, these substances could also be applied for
the preservation of cosmetic products. Since some EOs show synergistic effects in
combination with commercially used preservatives, the application of EOs makes
a diminution of these synthetic substances possible as the study mentioned below
revealed (Kunicka-Styczyńska et al. 2009; Patrone et al. 2010). The application of
lemon EOs in body milks was investigated observing the inhibition of microbial
growth. The most abundant substance in lemon oil was limonene (79.8 %). The
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growth of the involved microorganisms S. aureus, P. aeruginosa, Aspergillus
niger, and Candida species was sufficiently inhibited using the lemon EOs in
combination with 0.2 % of a synthetic preservative. Since synergy was noticed
when the EOs were combined with the synthetic agent, the applied quantity of the
synthetical component could be cut down about 8.5 times (Kunicka-Styczyńska
et al. 2009). It can also be of interest for the cosmetic industry, the application of
natural bioactive compounds is a substitute for synthetic preservatives or as active
ingredients, for example, a skin-protecting additive in dermatology.

In the past few decades, a worldwide increase in the incidence of fungal
infections has been observed as well as a rise in the resistance of some species of
fungus to different fungicidals used in medicinal practice (Abad et al. 2007).
Candidiasis and cryptococcosis of continuously expanding global incidence are a
result of increased immunosuppressive disorders, including AIDS and certain
chemo- or radiotherapies (Sobel et al. 2004). The majority of clinically used
antifungals have various drawbacks in terms of toxicity, efficacy and cost, and
their frequent use has led to the emergence of resistant strains.

As we have seen previously, natural compounds, including phenolics and EOs
obtained from fruits, are a potential source of antimycotic agents either in their
nascent form or as template structures for more effective derivatives and are
considered to be innately safe for humans.

16.5 Conclusion

The analyzed information showed that bioactive compounds from fruit byproducts
could be used as natural antifungal additives to offer protection to food. If this
approach is realized, it would be possible to fulfill the requirements of the con-
sumers in natural and preserved healthy and convenient food, and the full utili-
zation of the fruits could lead the industry to a lower waste agribusiness, increasing
industrial profitability through environmentally friendly operating processes.
Additionally, its antioxidant and antifungal properties are of particular interest in
other sectors like cosmetic and pharmaceutical industries.

We consider that future research and development efforts on the treated topic
must be undertaken. From the point of view of legislation, the international reg-
ulations on the use of plant extracts as food additives must be improved. On the
other hand, the industry has to performed toxicological analysis of bioactive
extracts, studies on the metabolism of bioactive compounds, their bioavailability
and bioaccessibility, and the sensorial and nutritional aspects of the food and other
kind of products added with bioactive compounds from fruit residues. In addition,
the analysis of the economic feasibility of the process of extraction of bioactive
compounds and the evaluation of the effect of the extraction procedure (solvents,
temperature, and raw material) on the composition and activity of the obtained
extracts, identifying the optimal application procedure and required doses to
achieve antimicrobial fortification without affecting sensorial acceptability must be
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carry out. Additionally, odor–flavor masking technologies could be contemplated
and investigated if the bioactive compounds affect the sensorial acceptability of
the product. Some of them include the incorporation of extracts in edible coatings,
encapsulation technologies, and controlled release systems. Marketing of natural
bioactive extracts must also be contemplated. Likewise, practical and legal
questions required interdisciplinary cooperation of academia and industry in this
field. The bioactive compounds of fruit byproducts represent a new class of
functional foods that has not been completely exploited and that could also con-
tribute to different health benefits to consumers.
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