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Abstract 

A total of 50 samples of suspected tinea capitis were collected in the period from 

October 2008 to December 2009, primarily diagnosed by the dermatologist in the four 

primary health centers in North Gaza district.  The present work followed complete 

cascade of examination to identify the main causative agent of tinea  capitis  in  North 

Gaza  district. Indirect and direct  microscopical examinations were the   first  step in 

the cascade of identification.  Cultural characteristics, morphology characteristics and 

physiological tests( e.g. urease test, NaCl 3% test, hair perforation test, rice grain test) 

represent the complementary system in the cascade of identification.  The latter tests 

were used mainly for differentiation between the dermatophytes close similarities to 

each other even after the application of the first and second steps in the cascade.  The 

present results revealed the most common dermatophytes caused tinea capitis in North 

Gaza district was M.canis as zoophilic dermatophytes in percent of (92.5%) and (7.5%) 

was T.mentagrophytes.  The previous results concluded that the domestic animals were 

the main causative agent  in transporting the disease  and high prevalence of tinea 

capitis in North Gaza district in comparison to the neighboring countries  and might be 

indicated to the low limitations of peoples in dealing with the household animals  e.g. 

cats ,dogs, rodents. 

 The screening of antimicrobial activity of the essential oils (mentha piperta, thymus 

vulgaris, Cymbopogon citratus, and oreganum magoranum oil) against M. canis was 

determined by disc diffusion method and agar broth method.  Mentha piperta oil 

determined as the strongest antifungal activity among oils of study while the 

Cymbopogon citratus oil was the second potential oil, Oreganum majoranum and 

Thymus vulgaris in the present study were  the least potent antidermatophytic agents 

respectively .The present work  revealed also that all oils were used in low 

concentrations and produced promised results in comparison to the positive control 

(Clotrimazole).  
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1Introduction 

1.1 The dermatophytes 

The dermatophytes are a group of closely related fungi that have the ability to invade the 

stratum corneum of the epidermis and keratinized tissues derived from it, such as skin, 

nail, and hair of humans and animals (Dobrowolska et al., 2006). Dermatophytes choose 

areas of safety for their growth, such as superficial keratinous tissues, in order to escape 

from host defense mechanisms rather than due to an inability to invade deeper tissues.  If 

so then dermatophytosis in immunocompromised individuals, including patients with 

severe diabetes, may progress to deep cutaneous and subcutaneous infections (Nir-Paz et 

al., 2003; Gong et al., 2007).   

 

Dermatophyte infections constitute a major public health problem in different countries.  

Dermatophytosis, commonly referred to as ringworm, is a superficial fungal infection 

caused by filamentous fungal species (dermatophytes) belonging to three anamorphic 

genera, Trichophyton, Microsporum, and Epidermophyton. It is the most common 

superficial fungal infection in the world (Garber, 2001).  

 

The dermatophytes belong to the small category of disease causing organisms that almost 

every human alive will be infected by at some point over the course of his or her lifetime.  

Over USD, $500,000,000 per year is spent worldwide for drugs targeted against 

dermatophytosis (Kane et al., 1997).   

 

Dermatophyte species are closely related to each other phylogenetically and drugs that are 

effective against one species are generally effective against others as well (Gupta et al., 

1999).  The main template of twentieth century dermatophyte morphotaxonomy was 

fashioned by Emmons, made synonyms of some entities that were later recognized as 

distinct species examined morphologically, physiologically or genetically (Gra¨ser et al., 

2008).  The incidence of dermatophytic infections has increased considerably during the 

past several decades (Jessup et al., 2000a). Dermatophytes are responsible for most 

superficial fungal infections (Aly et al., 1994). 
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1.1.1   Dermatophytes species 

Dermatophytes are divided into three ecological groups depending on their natural, animal 

or environmental host: 

(i) Anthropophilic species, which have humans as the natural, host (Trichophyton). 

(ii) Zoophilic species, which normally live on  animals (Microsporum). 

(iii) Geophilic species whose natural habitat is still the soil (Epidermophyton). 

 
Trichophyton spp.  The type species is Trichophyton tonsurans is an anthropophilic 

fungus, which spreads from person to person.  In the recent years the incidence of 

anthropophilic infections has increased. The reason for this change is unclear, but 

hairdressing practices such as shaving the scalp, plaiting, and using hair oils may increase 

spreading (Higgins et al., 2000). Macroconidia, when present, have smooth, usually thin 

walls and one to 12 septa, are borne singly or in clusters, and may be elongate and pencil 

shaped, clavate, fusiform, or cylindrical. The range in size from 8 to 86 by 4 to 14 mm.  

Microconidia, usually more abundant than macroconidia, may be globose, pyriform or 

clavate, or sessile or stalked, and are borne singly along the sides of the hyphae or in 

grape-like clusters (Borelli, 1965). 

 
Microsporum spp.  The type species is Microsporum audouinii.  Originally, the 

macroconidia were described by Emmons as spindle shaped or fusiform, but the discovery 

of new species extended the range from obovate (egg shaped) as in Microsporum nanum.  

to cylindrofusiform as in Microsporum vanbreuseghemii. The macroconidia may have thin, 

moderately thick-to-thick walls and 1 to 15 septa and range in size from 6 to 160 by 6 to 25 

mm. Microconidia are sessile or stalked and clavate and usually arranged singly along the 

hyphae or in racemes as in Microsporum racemosum, a rare pathogen (Borelli, 1965). 

 
Epidermophyton spp.  The type species is Epidermophyton floccosum. The macroconidia 

are broadly clavate with typically smooth, thin to moderately thick walls and one to nine 

septa, 20 to 60 by 4 to 13 mm in size.  They are usually abundant and borne singly or in 

clusters. Microconidia are absent. This genus has only two known species to date, and only 

E. floccosum is pathogenic (Borelli, 1965). 
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Table �1-1: Anamorphic genera and species of dermatophytes (Weitzman and 

Summerbell, 1995) 

Species  Date of exploring 

Epidermiphyton  1907 

E. floccosum   1930 

Microsporum  1843 

M. audouinii   1843 

M. canis   1902 

M. equinum  1904 

M. ferrugineum   1921 

M. fulvum  1909 

M. gallinae  1929 

M. gypseum 1928 

M. nanum  1956 

M. persicolor   1928 

M. praecox 1987 

M. racemosum  1965 

M. vanbreuseghemii  1962 

Trichophyton  1845 

T. concentricum  1895 

T. equinum  1902 

T. gourvilii  1933 

T. kanei  1989 

T. megninii  1896 

T. mentagrophytes   1896 

T. raubitschekii   1981 

T. rubrum  1911 

T. schoenleinii  1930 

T. simii  1965 

T. soudanense  1912 

T. tonsurans  1845 

T. verrucosum 1902 

T. violaceum   1902 
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 Table �1-2: Current synopsis of dermatophyte species and congeners: ecological 

classification, host preference, and endemicity.  (Weitzman and Summerbell, 1995) 

Anthrophilic species 
Zoophilic species 

(typical host) 
Geophilic species 

E. floccosum M. canis                      (cat, dog) E. stockdaleae 

M. audouinii M. equinum                 (horse) M. amazonicum 

M. ferrugineum M. gallinae                  (fowl) 
T. gloriae, T. 

longifusum 

T. concentricum M. persicolor                (vole) M. boullardii 

T. gourvilii T. equinum                   (horse) M. cookie 

T. kanei T. mentagrophytes      ( rodents, rabbit) M. gypseum 

T. megninii T. sarkisorii                (Bactrian camel) M. nanum 

T. mentagrophytes T. simi                         (monkey, fowl) M. praecox 

T. raubitschekii T. verrucosum             (cattle, sheep) M. racemosum 

T. rubrum M. ripariae A benhamiae                (rodents ) M. vanbreuseghemii 

T. schoenleinii  T. ajelloi 

T. soudanense  T. flavescens 

T. tonsurans  T. phaseoliforme, 

T. violaceum  T. terrestre 

  T. vanbreuseghemii 

           
T = Trichophyton, M = Microsporum, and E = Epidermiphyton. 
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1.1.2 Tinea capitis 

Tinea capitis (scalp ringworm) is a highly communicable infection of the scalp and hair 

caused by dermatophyte fungi. It occurs in all age groups, but predominately children.  It is 

endemic in some of the poorest countries (Gonzalez et al., 2004). The commonest cause of 

tinea capitis worldwide is Microsporum canis (Aly et al., 1994). Tinea capitis is divided 

into microsporosis, trichophytosis, and favus. 

 

Microsporosis 

The primary lesion is a small red papule one mm above the scalp.  More than one patch 

may be present and they can confluent to larger around a hair shaft, later on becoming 

paler and scaly, with a dystrophic aspect of the hair. By peripheral extension arises the 

typical non inflammatory or dry type tinea capitis, an area with hair loss with mild scaling 

on an erythematous background. The hairs break off 1�3 bald areas.  In most European 

countries, the anthropophilic M. audouinii has been replaced by the zoophilic M. canis.  

The infection is more common in young boys than in girls. The source of infection is in 

most cases not a dog, as the name suggests, but sick or asymptomatic cats and kittens.  The 

infection can be transmitted from person to person, in the first place children, after short 

contact with an infected person or via cosmetic fomites. Under Wood�s lamp examination, 

microsporosis tinea capitis reveals a greenish fluorescence (Degreef, 2008). 

 

Trichophytosis of the Scalp 

Trichophytosis of the scalp can be caused by endothrix or ectothrix growing fungi. The 

causative agents can be anthropophilic or zoophilic, the latter causing in general more 

inflammatory lesions. The anthropophilic, endothrix growing, T. tonsurans is now the most 

common pathogen in the United States. T. violaceum is common in Eastern Europe, Arabic 

Africa and the Indian subcontinent.  In most cases, they cause dry non-inflammatory 

patches, more angular than round.  Black dots can be seen, as the hairs break off at the 

opening of the follicle. Some folliculitis lesions may be present. In very severe forms, a 

frank kerion may be formed. Kerion is a swollen mass, discharging pus (Degreef, 2008).  
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Favus 

 Favus, which is mainly caused by T. schoenleinii, is a type of inflammatory tinea that is 

characterized by the presence of raised yellow cup-shaped crusts around the hair follicles, 

with keratotic crusts that contain hyphae and are highly infectious. Tinea favosa is 

characterized by the production of hyphae in the hair that run parallel to the long axis of 

the hair follicle. When the hyphae degenerate, they leave long tunnels inside the hair, 

which usually does not break.  These can be seen alongside air bubbles during microscopic 

examination of the parasitized hairs with potassium hydroxide (KOH). This is why the 

disease is called favus, from the Latin for honeycomb.  Tinea favosa can also be caused by 

Microsporum gypseum and T. violaceum (Schwartz and Janniger, 1995;  Elewski, 2000). 

 

Infectious lesions of the scalp in children commonly associated with scarring alopecia, 

include bacterial abscesses, perifolliculitis capitis, tinea capitis, and furunculosis. Several 

inflammatory scalp diseases are associated with scarring alopecia (discoid lupus, lichen 

planopilaris) or nonscarring alopecia (alopecia areata, trichotillomania), and some are not 

associated with alopecia (psoriasis, seborrheic dermatitis, atopic dermatitis) (Thoma-

Greber and Zenker, 2003; Twersky and Sheth, 2005).  

  

1.1.3 Tinea capitis in adults  

Tinea capitis (scalp ringworm) is uncommon after puberty. When it occurs in adults, the 

clinical features may be atypical and this may delay the diagnosis. Tinea capitis is an 

infection caused by dermatophyte fungi mainly found in prepubertal children. The delay in 

diagnosis was considerable in all those patients. This resulted in disfiguring hair loss, 

unnecessary invasive investigations, the development of scarring, and the spread of 

infection to other family members (Elewski, 2000). The quantity of fungistatic saturated 

fatty acids in sebum increases at puberty, and this is thought to explain the rarity of tinea 

capitis in adults (Hay et al., 1988). It is characterised by infection of the hair of the scalp 

and scalp skin associated with symptoms and signs of inflammation and hair loss (Hay et 

al., 1988). The principal pathways of defense are the interaction between fungi and local 

defense mechanisms such as unsaturated transferrin, the migration of polymorphonuclear 

leucocytes into the area of infection and T lymphocyte activation (Hay et al., 2004). 
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1.1.4 Tinea capitis types 

There are two main patterns of tinea capitis infection: ectothrix and endothrix infections.  

In ectothrix infections, fungal arthroconidia cover the outside of infected hairs, which 

eventually break off a few millimeters above the scalp surface, forming circular areas of 

partial alopecia.  Fine scaling is characteristic, and inflammation varies from minimal with 

human or anthropophilic species (e.g. Microsporum audouinii) to moderate or severe with 

animal or zoophilic (e.g. Microsporum canis) or soil-associated geophilic 

(e.g.Microsporum gypseum) dermatophytes. In endothrix infections, for example those 

caused by the anthropophilic species Trichophyton tonsurans, Trichophyton violaceum or 

Trichophyton soudanense, the fungus is confined to the interior of the hair shaft. Infected 

hairs become very fragile, breaking off level with the follicular orifice and producing 

�black dot� tinea capitis in patients with dark hair.  Hair loss can be minimal, with little 

inflammation; patients often present with mild seborrhoeic dermatitis- like or dandruff-like 

scaling (Gupta and Summerbell, 2000; Hay et al., 2004).  

 

In some cases, the kerion celsi types of tinea capitis were caused by two different 

dermatophytes, T. verrucosum, and A.  benhamiae.  Both are zoophilic dermatophytes.  T. 

verrucosum has been isolated mainly in cattle and A. benhamiae mainly in rodents.  The 

severe inflammatory pattern involving pustules and erythema is called a kerion (kerion 

celsi).  This highly inflamed lesion covered with crusting, pus, or keratin debris can be 

misdiagnosed as a bacterial abscess (Elewski, 2000; Pomeranz and Sabnis,  2002). The 

kerion type of tinea capitis is, in almost all cases, caused by zoophilic organisms such as T 

verrucosum, and may be accompanied by cervical or occipital lymphadenopathies 

(Elewski , 2000). 

 

1.2  Etiology of tinea capitis 

There are around 30 species, which act as etiologic agents of dermatophytosis. Of these, 

Trichophyton rubrum constitutes the majority of isolates from dermatophytosis. 

Trichophyton mentagrophytes var. interdigitale, Trichophyton tonsurans, Microsporum 

canis, Microsporum gypseum, and Epidermophyton floccosum are also known as 

representative species of this infection (Das et al., 2007).  
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1.2.1  Microsporum canis 

Microsporum canis is a dermatophyte, which causes ringworm of the scalp and skin in 

children and has been occasionally reported as the cause of nail infection (Summerbell et 

al.,   2007a).  Tinea or ringworm is the result of the host reaction to the enzymes released 

by the fungus during the digestive process (Larone, 2002). Microsporum canis is complex 

species with several variants, M. canis and var. canis is the most commonly encountered 

species in human infections and is distributed worldwide; however, it is less common in 

North America, the United Kingdom, and Scandinavia than the rest of the world.  Most M. 

canis infections in humans are acquired from infected dogs or cats. They concluded that 

while M. canis is an infrequent cause of tinea infections in the USA, it should remain in the 

differential diagnosis when a fungal infection presents in an atypical fashion.  From the 

sanitary point of view, isolation of either an anthropophilic or zoophilic species requires 

different interventions (Marques, 2005).  

 

 Microsporum differs from Trichophyton and Epidermophyton by having spindle-shaped 

macroconidia with echinulate to rough walls. On Sabouraud's dextrose agar, Microsporum 

canis matures within 6 to 10 days producing colonies that are flat, spreading, white to 

cream-colored, with a dense cottony, granular to coarsely fluffy to hairy surface which 

may show some radial grooves.  

 

Colonies usually have a bright golden yellow to brownish yellow reverse pigment, but non-

pigmented strains may also occur. There are variants that are slow growing, heaped and 

folded, yellow surface, no reverse pigment, macroconidia absent, but which revert to 

typical colony on rice grains (Larone, 2002; Summerbell et al., 2007a). 

 

Microsporum canis produces septate hyphae, macroconidia, and few or rare microconidia.  

Macroconidia are typically long spindle-shaped, with 5-15 cells, verrucose, thick-walled 

and often have a terminal knob.  The septal walls are thin. Microconidia are rare, 

unicellular, and clavate to pyriform in shape.  Raquet hyphae, nodular bodies, and 

chlamydospores may be present. Macroconidia and/or microconidia are often not produced 

on primary isolation media and it is recommended that sub-cultures be made onto boiled 

polished rice grains to stimulate sporulation (Larone, 2002).  
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 No special growth factor is required to grow Microsporum canis, urease test positive, and 

hair perforation test positive. Invaded hairs show an ectothrix infection and fluoresce a 

bright greenish-yellow under Wood's ultra-violet light, rice grains test is typically 

produced deep yellow pigment (Summerbell et al., 2007 b). 

 

Figure �1-1: Knob endy macroconidia of M. canis and spiny with a rough, thick wall 6 or 

more cells (Rebel and Taplin, 1979). 
��

 

1.2.2 Trichophyton mentagrophytes (robin)  

T. mentagrophytes like other dermatophytes has the ability to break down or digest 

keratinized areas in humans, birds and other mammals, Trichophyton mentagrophytes a 

zoophilic dermatophyte has at least five different variants, T. mentagrophytes var 

interdigitale is anthropophilic, T. mentagrophytes var nodulare is a rare anthropophilic 

form occasionally isolated from cases of tinea pedis, T. mentagrophytes var 

mentagrophytes, T. mentagrophytes var quinckeanum and T. mentagrophytes var erinacei 

are zoophilic dermatophytes. All these variants make up the T. mentagrophytes complex, 

and differentiating these variants is impossible on any one medium (Houck et al ., 1996). 
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1.2.2.1 Morphology and physiology 

Trichophyton mentagrophytes is a very variable organism and many characteristics are not 

consistent.  The anthropophilic form grows on Sabouraud's dextrose agar (SDA), as a flat 

downy thallus with white edges and a cream-tinted central area. A colony with sparse 

aerial mycelium with numerous spores is observed on potato dextrose agar (PDA).  

Zoophilic isolates produce a flat rapidly growing granular cream, yellowish, buff to tan 

colony. Microscopically, the most consistent feature of T. mentagrophytes is the 

production of globose microaleuriospores arranged in grape-like clusters (engrappe).  

These are most abundant in zoophilic strains. The spores are more clavate-shaped and 

resemble those of Trichophyton rubrum. They are generally cigar-shaped with a narrow 

attachment at the base.  These spores measure 20-50 x 4-8 ìm and they have three to five 

cells.  The typical features of T. mentagrophytes are numerous microaleuriospores, some 

macroaleuriospores, and several spiral or coiled hyphae. Using neutral red stain in an 

ultrastructural study of T. mentagrophytes (Naka et al., 1995). The vacuoles were the only 

ultra structural components to be associated with neutral red particles. The vacuoles are 

considered to be counterparts of mammalian lysosomes and play a role in hydrolysis of old 

intracellular organelles and in storage of amino acids, minerals and other metabolites 

(Klionsky et al., 1990). 

 

Figure �1-2:  Numerous rounds to pyriform microconidia often with coiled or spiral hyphae 

(Rebel and Taplin, 1979). 
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Figure �1-3:  Cigar-shaped macroconidia with thin smoothed walls (Rebel and Taplin, 1979). 

 

1.3 Prevalence of tinea capitis 

Tinea capitis was the most common manifestation of dermatophytosis followed by tinea 

corporis.  Tinea capitis is dominant in other countries in Africa (Gargoom et al., 2000) and 

Asia (Lestringant et al., 1991; Ng et al., 2001). However, in Europe tinea corporis and 

tinea pedis were the most common clinical forms of dermatophytosis (Babic-Erceg, 2004; 

Panasiti et al., 2006).  In Europe, tinea unguium was widespread and accounted for 13.5�

27.5% (Panasiti et al., 2006).   

 

In fact, T. violaceum has been detected as the most prevalent species in several African and 

Asian countries: Ethiopia (81.6%), Libya (50%), the West Bank of Palestine (83%), and 

Pakistan (65%)  (Hussain et al., 1994; Ali-Shtayeh et al., 1997; Gargoom et al., 2000; 

Woldeamanuel et al., 2005). 

  

Tinea capitis prevalence rate decreased between 1996 and 1998, by 10, 3, and 2 folds in 

rural, refugee camp and urban schoolchildren, respectively. This could be attributed to 

improvements in hygienic and socioeconomic conditions in the study area. It's prevalence 

is much higher in developing than in industrialized countries (Falahati et al., 2003; 

Woldeamanuel et al., 2005; Popoola et al., 2006). 
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1.4  Epidemiology and Ecology 

Tinea capitis is a dermatophyte infection of the scalp and hair shaft. The disease occurs 

mainly in prepubescent children (Elewski, 2000).  Around 30 species act as etiologic 

agents of dermatophytosis. Of these, Trichophyton rubrum constitutes the majority of 

isolates from dermatophytosis. Trichophyton mentagrophytes var. interdigitale, 

Trichophyton tonsurans, Microsporum canis, Microsporum gypseum, and Epidermophyton 

floccosum are also known as representative species of this infection (Das et al., 2007).  

Tinea capitis is a dermatophyte infection of the scalp with�invasion of the hair shafts.  Most 

species of dermatophytes are capable of invading hair but some species have a distinct 

predilection for the hair shaft. Those species of dermatophyte fungi most likely to cause 

tinea capitis vary from country to country and from region to region.  Additionally, in any 

given location, the species may change with time.  In most parts of Europe, Microsporum 

canis has become the dominant organism in tinea capitis (Hay et al., 1988).  

 

In North America, in the 1940s and early 1950s, Microsporum audouinii was the most 

common organism responsible for tinea capitis. However, since the late 1980s to 1990s, 

there has been a shift in causative organism with Trichophyton tonsurans largely replacing 

Microsporum audouinii (Gupta et al., 2003). The epidemiology of tinea capitis in the 

United Kingdom has recently changed dramatically (Higgins et al., 2000).  Worldwide the 

most common cause of tinea pedis, tinea unguium (onychomycosis), tinea cruris, tinea 

mannum, tinea corporis, and tinea faciei is Trichophyton rubrum (Aly et al., 1994).  

Although the incidence of Trichophyton tonsurans dermatophytoses in adults is variable, 

this organism has emerged as a leading cause of pediatric dermatophytoses in the United 

States (Williams et al., 1995; Abdel-Rahman et al., 2006). Consequently, heightened 

transmission and increased rates of infection are observed in environments in which 

individuals are in close contact, such as schools, day care centers, households, and sporting 

clubs (Pomeranz et al., 1999; Poisson et al., 2005; Viguie-Vallanet et al., 2005; Ergin et 

al., 2006; Shiraki et al., 2006; Hedayati et al., 2007). In the United Kingdom, tinea 

capitis is becoming a major public health problem and Afro-Caribbean children are 

particularly affected (Fuller et al., 2003). The predominant organism was M. canis, but 

now Trichophyton tonsurans causes 90% of cases in the United Kingdom and the United 

States (Higgins et al., 2000).  
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Worldwide tinea capitis is most commonly caused by the following dermatophytes: 

Microsporum canis, Microsporum gypseum, Microsporum fulvum, Microsporum nanum, 

Trichophyton mentagrophytes and T. verrucosum, whereas on the European continent M. 

canis, T. tonsurans, T. violaceum, T. verrucosum and T. soudanense are the most 

frequently encountered etiological agents (Elewski , 2000).  

 

In 1997 European survey, conducted among 92 medical mycology laboratories across 19 

European countries, M. canis was reported to be the most common organism with the 

highest incidence in the Mediterranean countries (Hay and Robles, 2001). The high 

contagiosity of M. canis and its different modes of transmission by humans, animals 

(infectious as well as carriers) and by fomites remain major problems. It has been 

presumed that domestic animals in large cities, especially stray cats are the most important 

carriers and transmitters of this zoophilic dermatophyte (Brajac, 2004). Trichophyton 

tonsurans is the most often reported from the UK, whereas T. soudanense and M. 

audouinii are the most common dermatophytes associated with tinea capitis in France 

(Hay and Robles, 2001). 

 

1.4.1 Dermatophytes in the worldwide 

Although, dermatophytes can be isolated worldwide, many species are only encountered in 

geographically restricted areas. Of the more than 40 species of dermatophytes previously 

identified, only about 12 are common causes of human infection (Elewski, 2000). 

 

1.4.1.1 Mediterranean countries 

T. violaceum and M. canis were also reported to be the predominant scalp ringworm 

pathogens in many countries of the Near East, including Saudi Arabia (Venugopal and 

Venugopal, 1993), Kuwait (Al-Fouzan et al., 1992), and Iran (Knosravi et al., 1994). 
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1.4.1.1.1 West bank  

An epidemiological study of tinea capitis was also carried out in 1996 among 7,525 

primary school children in the Nablus district in Palestine (Ali-Shtayeh et al., 1997).  

Seventy-five cases of tinea capitis (1%) were mycologically proven. The incidence was 

higher in young children (1.4%) aged from 6 to 10 years than in older children (0.5%) aged 

from 10 to 14 years. Trichophyton violaceum was the most common causative agent 

(82.7%) followed by M. canis (16%) and T. schoenleinii (1.3%). T. violaceurn as the most 

common aetiological agent of tinea capitis cases in the Nablus district (from 49.8% of total 

isolates in 1986 to 72.6% in 1996) and a decrease in the role of the zoophilic M. canis, the 

second leading dermatophyte, as a causative agent of tinea capitis (from 31.8% to 23.8%), 

T. mentagrophytes (from 3.7% to 2.4%) and T. schoenleinii (from 8.7% to 1.2%).  This rise 

in the incidence of anthropophilic fungi means that there has been a trend towards more 

infections transmissible among children, with T. violaceum being the commonest 

organism. The fluctuations in the etiology of tinea capitis are believed to be the result of 

factors attributable to the environment, human migratory patterns, new therapies, the 

pathogen and the host (Rippon, 1985; Filipello et al., 1996).  In some other Mediterranean 

countries, e.g. Italy, this zoophilic dermatophyte has become increasingly prominent, either 

as anthropophilic species, e.g. T. violaceum, have disappeared or are in decline (Filipello et 

al., 1996). The findings demonstrated the wide distribution of several dermatophytes, 

including M. canis and T. mentagrophytes, on the hair of different healthy animals, 

including cats, dogs, cattle, sheep, goats, and others surveyed in previous studies in the 

Palestinian area (Ali-Shtayeh et al., 1988; Ali-Shtayeh, 1989). This may partly explain 

the present decline in M. canis as a cause of tinea capitis in this area, where a decline in 

animal populations has been observed in the last few years.  

 

1.4.1.1.2 1948 Arab land 

In occupied Palestinian territories, M. canis was first reported in 1975 (Alteras et al., 

1979). Since then, this dermatophyte has spread throughout the country becoming an 

important cause of scalp ringworm (Alteras et al., 1986).  
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1.4.1.1.3 Egypt 

The most frequently isolated dermatophyte species was Trichophyton violaceum, which 

accounted for most (71.1%) of all the recovered dermatophytes, followed by Microsporum 

canis (21.09%), Trichophyton rubrum (6.2%), and Microsporum boullardii (0.49%), both 

Epidermophyton floccosum and Trichophyton tonsurans were only rarely isolated (0.24%)  

(Zaki et al., 2008). 

 

1.4.1.1.4 Turkey 

In two recent studies, the anthropophilic T. violaceum was isolated most frequently, 

followed by M. canis and T. mentagrophytes.  T. tonsurans and M. gypseum were only 

infrequently detected (Akpolat et al., 2005; Gumusay and Likit, 2006). 

 

1.5 Diagnosis of tinea capitis 

Two studies reported more optimistically about the role of  Polymerase Chain Reaction 

(PCR) based techniques in the diagnosis of dermatophyte infections in general (Yang et 

al., 2007; Bagyalakshmi et al., 2008).  Arabatzis et al. (2007) reported in a third study 

the first use of a multiplex real time PCR detection and identification scheme, which by 

employing specific fluorphore-labelled probes aims to be able to rapidly detect and identify 

the major pathogenetic dermatophytes in clinical specimens. 

 

1.5.1 New confirmating tests 

1.5.1.1 Mating test 

Dermatophytes are heterothallic species. To obtain a sexual reproduction, it is necessary to 

confront strains from the same species with complementary (positive and negative) 

isolates. Observation of the teleomorph (Arthroderma genus) state of Microsporum or 

Trichophyton species, required reference strains with complementary polarity. Takashio or 

De Vroey�s (Guizotia abyssinica seeds) media, that are poor culture media stimulating the 

sexual conidiation of fungi, can be used. The isolate is inoculated on two separate plates 

near a tester strain (��positive�� on one plate, ��negative�� on the other plate).  
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This test allows the differentiation of strains of M. gypseum from Microsporum fulvum, as 

well as of T. mentagrophytes var. mentagrophytes from T. mentagrophytes var. 

interdigitale (Takahashi et al., 2002). In addition to a positive urease test on urea-indole 

agar and a requirement for histidine, Trichophyton megninii can also be readily 

differentiated from other dermatophytes, particularly T. rubrum, by its ��positive�� mating 

type (Sequeira et al., 1991). 

 

1.5.1.2 Vitamin requirements and nutritional tests 

Nutritional requirements are determined by comparing the growth on control medium and 

on medium enriched with a specific vitamin or amino acid.  Inositol, thiamine, nicotinic 

acid, and histidine have been tested in casein agar-based media or ammonium nitrate agar 

to study the vitamin or amino acid requirement, respectively. T. concentricum require for 

growth the presence of thiamine and inositol. When the vitamin requirement is partial, 

reduced growth is observed on control medium and for instance, thiamine stimulates 

Trichophyton tonsurans and T. violaceum (De Hoog et al., 2002). 

   

1.5.1.3 Miscellaneous tests 

The interest of Fourier transform infrared spectroscopy (FTIR-S) in the diagnostics of 

dermatophytes was analyzed using clinical isolates of the three more common species in 

Central Europe, i.e. T. rubrum, T. mentagrophytes var. interdigitale and M. canis (Bastert 

et al., 1998). Although preliminary, the obtained data suggest that FTIR-S could be used 

for species identification of dermatophytes. Likewise, volatile organic compound profiles, 

determined by gas chromatography-mass spectrometry, have been evaluated as a potential 

tool for species identification in dermatophytes (Verscheure et al., 2002). 

 

1.5.1.4 Animal  Inoculation 

Although experimental infections in Guinea pigs or rabbits are still needed for antifungal 

susceptibility testing (Uchida et al., 2003); also to study the pathogenesis of 

dermatophytosis (Svecova, 2000).  In some research laboratories, there are no more use for 

routine identification of dermatophytes.  This is due in particular to the difficulty to obtain 

animals without previous contact with dermatophytes, and to development of more 

promising methods, including molecular methods. 
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1.5.1.5 Molecular biological methods 

Molecular methods which will be the topic of another review of this issue which are 

expensive and require an experienced staff can be useful when the identification of a strain 

is not possible with conventional methods such as of Polymerase chain reaction- restriction 

fragment length polymorphism  PCR�RFLP (Blanz et al., 2000; Machouart-Dubach et 

al., 2001). However, most of these molecular approaches are used only in research 

laboratories. Deoxyribonucleic acid (DNA) of dermatophytes can also be detected directly 

in clinical samples (Machouart-Dubach et al., 2001). Indeed, a PCR- ELISA (Enzyme-

linked immunosorbent assay) based kit using dermatophyte-specific probes has been 

recently commercialized and its sensitivity was found to be close to that of mycological 

conventional techniques (Savin et al., 2007). This test allows the diagnosis of 

onychomycosis within only 24-48 hour after sampling. However, as no species 

identification is provided, cultures remain essential with such a kit.  This could be 

definitively solved by the use of oligonucleotide hybridization methods, which allow both 

direct detection of fungal DNA in clinical samples and identification at the species level, 

and an oligonucleotide array has been developed recently which allows correct 

identification of 17 dermatophyte species (Li et al., 2007). 
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1.6 Treatment 

1.6.1 Treatment strategies 

Understanding the clinical presentations of tinea capitis in the context of host and fungal 

factors may help determine treatment strategies. Tinea capitis requires systemic treatment 

because antifungal creams are unable to penetrate the hair shaft sufficiently to clear the 

infection (Elewski, 1996). The actual treatment regimens may differ for different 

dermatophyte species: for example, Trichophyton tonsurans in tinea capitis tends to require 

shorter treatment times than M. canis. The latter fungus to some extent evades drug 

exposure by forming arthroconidia outside the hair shaft; while the former forms 

arthroconidia inside the hair shaft where contact with conventional anti-fungal drugs is 

relatively high (Gupta and Shear, 1999).   

Because treatment takes a long time, it is essential to have a positive mycology result 

before starting.  However, patients with the more aggressive clinical variants, pustular 

tinea capitis and kerion, should use antifungal creams or shampoos to reduce the risk of 

progression while waiting for the mycology results (Allen et al., 1982). 

 

1.6.1.1 Chemical therapy 

Oral griseofulvin is considered the gold standard for treatment of tinea capitis, although 

treatment failures have become more common and the dose required for effective treatment 

has been increasing (Roberts and  Friedlander, 2005; Gonzalez et al., 2007; Elewski et 

al., 2008; Gupta and Cooper, 2008). It is unclear whether there is emerging fungal 

resistance to griseofulvin or whether poor adherence 6 to 8 weeks course leads to a failure 

of treatment. Newer antifungal agents, including itraconazole, fluconazole, and terbinafine, 

are similar in efficacy to griseofulvin and are safe in the pediatric population (Gonzalez et 

al., 2007; Elewski et al., 2008). In recent years, a number of safe and highly effective 

antifungal agents have been introduced into clinical practice. Among them terbinafine, 

itraconazole, fluconazole, and more recently voriconaole and other azoles, still under 

investigation (Weitzman & Summerbell, 1995; McGinnis & Rinaldi, 1996).  Alternative 

formulations of these drugs may make oral administration in children easier (Elewski et 

al., 2008).  Adjunctive treatment with topical 2% Ketoconazole and 1% Selenium Sulfide 

shampoos has been shown to reduce shedding of fungal spores and recommended for the 
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patient and household contacts (Greer, 2000).  Dermatophytosis generally responds well 

to topical antifungal therapy, although local therapy may be inappropriate for extensive 

infections or for infections affecting the nail or scalp. Therefore, the appropriate choice and 

dosing of an oral antifungal agent and continued treatment at least 2 weeks beyond 

mycologic cure is recommended for eradication of the dermatophyte and to prevent relapse 

(Chan and Friedlander, 2004).   

 

The newer fungicidal drugs such as oral terbinafine and itraconazole are effective in tinea 

capitis (Jones et al., 1995; Fuller et al., 2001). Because of their fungicidal action, they 

require shorter treatments than griseofulvin. However, these drugs are unlicensed for use in 

children in the United Kingdom. Patients sometimes develop papules after starting 

treatment, particularly around the ears, and face. The results of microscopy can take a 

week and culture up to four weeks, and these variants can be painful. Conventional 

antifungal agents such as Chlorhexidine and Imidazole derivatives have limited uses in the 

pregnant and the young due to their common side effects such as hepatotoxicity, nausea, 

diarrhea, and impotency (Curtis, 1998). The susceptibility of dermatophytes was 

determined by minimum inhibitory concentration method (Murray et al., 1995). 

 

1.6.1.2 Natural therapy 

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). Aromatic plants have been widely used in folk medicine. It is 

known that most of their properties are due to their volatile oils.  Essential oils from many 

plants are known to possess antifungal activity (Kalemba & Kunicka, 2003). Several 

researchers have shown interest in biologically active compounds isolated from plants and 

spices for eliminating pathogenic microorganisms because of the resistance that many 

microorganisms have built up to antibiotics (Essawi and Srour, 2000). Furthermore, the 

application of higher concentrations of chemicals in an attempt to overcome this problem 

increases the risk of high-level toxic residues in the products (Daferera et al., 2003).  

Recently, there has been considerable interest expressed in extracts and essential oils from 

aromatic plants with antimicrobial activities for controlling pathogens and toxin producing 

microorganisms in foods (Soliman and Badeea, 2002; Tepe et al.,  2005). Numerous 

studies have documented the antifungal properties of plant essential oils (Bouchra et al., 
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2003; Daferera et al., 2003; Sokmen et al., 2004). These properties are caused by many 

active phytochemicals, including flavonoids, terpenoids, carotenoids, coumarins, and 

curcumines (Tepe et al., 2005). Essential oils and extracts have long been known and used 

throughout the world for treatment of many conditions, including skin conditions, and 

there is at least some evidence that natural antimicrobials such as essential oil and extracts 

may tend to have less deleterious side effects than corresponding synthetic drugs (Tavares 

et al., 2008). 

 
In general, plant-derived essential oils and extracts are considered as non-phytotoxic 

compounds and potentially effective against several microorganisms including many 

fungal and bacterial pathogens (Chung et al., 2007). Since ancient times, interests have 

been given on the development of  safer antifungal agents to control severe fungal diseases 

by the  essential oils and extracts (Prasad et al., 2004; Chung et al., 2007). 

  

1.6.1.3 The Cymbopogon citratus oil 

1.6.1.3.1 Traditional use 

Cymbopogon citratus (Poaceae) is commonly known as lemon grass, growing 

spontaneously in tropical regions. It is widely used as essential ingredient in Asian cuisine 

due to its sharp lemon flavor; in India, a tea prepared from C. citratus is used as a sedative 

for central nervous system (Schaneberg and Khan, 2002).   

  

1.6.1.3.2 Chemical composition 

Essential oils (EOs) of some plants have recently proved to be successful biocontrol agents 

that are non-hazardous, easily biodegradable and ecofriendly (Sokovic and Van 

Griensven, 2006; Chutia et al., 2006). The inhibitory effect of citral and C. citratus  crude 

oil on spore germination was higher at concentrations 0.45 mg/ml (Palhano et al., 2004). 

High-quality C. citratus oil is composed primarily of citral greater than 75%, it consists of 

a mixture of bioactive isomers neral and geranial (Schaneberg and Khan, 2002).   
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1.6.1.4 The Oreganum majoranum oil 

1.6.1.4.1 Traditional use 

The antimicrobial properties of volatile aromatic oils from edible plants have been 

recognized since antiquity. O. majoranum oil, which is used as a food-flavoring agent  has 

been shown to possess a broad spectrum of antimicrobial activity due to its high content of 

phenolic derivatives such as carvacrol and thymol (Knobloch et al., 1989; Laredo et al., 

1995; Leung and Fostere, 1996).  

 

1.6.1.4.2 Chemical composition 

The major components of oregano essential oil, included carvacrol (61.21%) and p-cymene 

(15.12%). There is then, great variability in the chemical composition of essential oils 

obtained from spices. Such variability depends on several factors including climatic, 

season, geographical location, geology, part of the plant and the method used to obtain the 

essential oil (Vijaya et al., 2001). 
 
 

1.6.1.4.3 Mechanism of action 

Davidson, (2001) reported that the exact cause for the mode of action of phenolic 

compounds, such as thymol, eugenol and carvacrol, has not been determined, although it 

seems that they may inactivate essential enzymes, react with the cell membrane or disturb 

genetic material functionality. Several studies have attempted to determine the efficacy of 

extracts from selected plants as antimicrobial and antifungal agents (Lopez et al., 2000).  

The antifungal activity of essential oils is mainly attributable to their major components 

although the possibility of other phenomena, such as synergy or antagonism with minor 

components (Daferera et al., 2003). 

 



 

CCHHAAPPTTEERR  IIII  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  



Materials and Methods 

 

 
23 

2Materials and Methods 

2.1 Materials  

Sterile Cotton swab (Himedia company), petridishes plastic 9cm, petridishes glass 15 cm. 

Cycloheximide (sigma - Aldrich), chloramphenicol (Sigma - Aldrich). Sigma Company 

kindly provided Mentha piperta oil, Oreganum majoranum oil, Cymbopogon citratus oil 

and Thymus vulgaris oil through department of microbiology of Pamplona University in 

Spain (The oils in study were European Pharmacopeia grade). Urease media (Himedia, 

India), Dextrose (Himedia, India), Tween 80 (Himedia, India), filter papers, funnels, 

micropipette, spreader glass rod, tips, cotton, aluminum foil, parafilms, oven, autoclave, 

laminar flow hood, incubator, refrigerators and screw test glass tube 12 cm.  

 

Table �2-1: List of essential oils used in the antimicrobial assay 

 

2.1.1 Culture media 

Dermatophytes grow on non-selective media e.g. Sabouraud's dextrose agar, Sabouraud's 

broth, and selective differential media used to differentiate between dermatophyte and 

other fungi, and also between dermatophytes e.g. urease media and potato dextrose agar. 

 

Scientific name Names of oil Family Local Arabic Name 

Mentha piperta Mentha oil Labiateae ϲϠϔϠϔϟ�ωΎϨόϨϟ 

Oreganum majoranum Oreganum oil Labiateae εϮϗΩήϤϟ 

Cymbopogon citratus Lemon grass oil Poaceae ϥϮϤϴϠϟ�ΔθϴθΣ 

Thymus vulgaris Thymi oil Labiateae ήΘϋΰϟ 
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2.1.1.1 Sabouraud's dextrose agar         

                Peptone                                                                   10 g 

                Dextrose                                                                  40 g 

                Agar                                                                        15 g 

                Distilled water                       add to                         1 L 

                 PH: 6.5          

The media were sterilized by autoclaving at 121oC for 20 minutes; pH of the media was 

adjusted to 5.5 for fungal growth before autoclaving. Chloramphenicol 0.05% w/v to 

suppress of bacterial growth and 0.05% w/v cycloheximide to prevent growth of all moulds 

other than dermatophytes, were added after autoclaving before pouring media directly to 

petridishes. 

 

2.1.1.2 Sabouraud's broth           

���������������� Peptone                                                                   10 g 

                Dextrose                                                                  40 g 

                Distilled water                   add to                           1 L 

 

2.1.1.3 Urease media 

               Peptone                                                                   1 g  

               NaC1                                                                       5 g   

               KH2PO4                                                                  2 g   

               Glucose                                                                   5 g   

               Agar                                                                        20 g  

               Distilled water                   add to                          1 L 

   
Twelve  gram of media were dissolved in 475 ml distilled water, autoclaved at 121oC for 

20 minutes in addition to 25 ml autoclaved  previously in the same conditions. After 

autoclaving, 10 grams urea were added and gentamycin as antibacterial agent on the 

autoclaved 25 ml water .the melted media were poured in petridishes and slants in slope 

position. A small amount of fungal growth was transferred from the culture under 

investigation to the urea slope and incubated at 27oC.  
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2.1.1.4 Rice grain test 

Half teaspoonful polished white rice grains placed into wide neck 20 ml vials.  Eight ml 

distilled water were added to each vial.  Lids, then slope on racks ensuring rice grains are 

evenly distributed.  Racks were autoclaved at 121oC for 15 minutes. With a long-handled 

inoculating needle, a small portion of the isolate was transferred to be tested to a vial 

containing sterile rice grains.  The flasks were incubated at 30 oC and examined for growth 

for 10 days. 

 

2.1.1.5 NaCL 3% Sabouraud's agar media          

               Peptone                                                                   10 g 

               Dextrose                                                                  40 g 

               Agar                                                                        15 g 

               NaCl                                                                        30 g 

               Distilled water                add to                                1 L 

               PH: 6.5 

 

 

Figure �2-1: Pharmacopial grade of M. piperta, C. citratus, O. majoranum, and                              

T. vulgaris (European Pharmacopeia). 
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2.2 Methods 

2.2.1 Samples selection  

Samples were selected from clinically diagnosed children came to primary health centers 

of North Gaza district  (Beit Hanoun clinic, Jabalia clinic, and El-Sheimaa primary health 

centers) from October 2008 to December 2009.  Improving the efficiency of mycological 

examination  by obtaining samples before any local or systemic antifungal treatment.          

A total of 300 children aged 1�14 years, comprising 192 males and 108 females attending 

3 primary Clinics in North Gaza district, were diagnosed  tinea capitis infections from 

October 2008 to December 2009. Fifty samples only were diagnosed by the dermatologists 

in these  clinics. The primary health clinics were selected in a way as to represent different 

hygienic conditions, habitats, and socioeconomic backgrounds (i.e. urban area, refugee 

camp, and rural area). In all cases, details were taken of age, sex, and parents� profession, 

and family size, number of rooms in home and presence of animal pets or domestic 

animals in the child�s environment. 

 

2.2.2  Samples collection 

Samples were collected by friction the infected place in the head of children by sterile 

cotton swab for 30 seconds and the swabs were pressed onto plates containing Sabouraud's 

dextrose agar plus chloramphenicol and cycloheximide (Friedlander et al .,  2009). The 

specimens were harvested in a sufficient amount and taken from the edge of the infected 

area, which corresponds to the active zone of the lesion. The surface of the affected area 

was first rubbed with a cotton swab impregnated with 70 % ethyl alcohol to remove 

surface adhering organisms. Skin scales were collected by scraping of the margin of the 

lesion using a sterile scalpel blade into sterile petridishes.   

 

2.2.3 Transportation of samples  

Specimens were covered tightly by parafilms and wrapped in sterile brown paper packets, 

and transported to the laboratory, transferred immediately and incubated at 25oC for 2 

weeks. All samples were for children from the determined regions (from 1-12 years age 

old).  
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2.2.4 Samples cultivation 

The Petri plates were incubated at 25oC up to 2 weeks (after 5 days, the plates were 

inspected for growth daily), it is advisable not to screw too tightly the Petri plates, since 

dermatophytes are aerobic organisms. Incubation period of dermatophytes controls in the 

size and shape of colony. 

 

2.3 Identification of dermatophytes 

2.3.1 Isolation of dermatophytes 

Fifty isolates were collected over fourteen-month period. All isolates were identified by 

standard methods, which included identification based on the cultural characteristics and 

morphological characteristics of the colonies (Larone, 1993; Kane & Summerbell, 

1999). Additional tests included the ability to produce urease, as well as the hair 

perforation test (Larone, 1993). Isolation was carried out on Sabouraud�s dextrose agar 

medium (SDA). The   glass Petri plates were incubated at 25oC for 2 weeks. 

 

2.3.2 Keys of identification of dermatophytes 

Results of the mycological diagnosis may vary according to the quality and quantity of 

submitted material, but some information concerning the patient may also be essential.  

Sex, age, presence of domestic animals, number of rooms in the home, and their life style 

of the patients are standard requirements collected during collection of samples. 

  

2.3.3 Morphological characteristics 

Each sample collected was divided into two portions.  One portion was used for direct 

microscopic examination. The second portion was cultured on Sabouraud's dextrose agar, 

incubated at 28 °C for 2-6 weeks and examined for the colony formation. Microscopic 

examination for positive fungi cultures was done using the lacto phenol cotton blue wet 

mount method. 

��

��
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2.3.3.1 Direct microscopy 

Direct microscopic examination for each specimen was performed using 10% KOH 

(potassium hydroxide) solution to check for the presence of hyphae and / or arthrospores.  

Direct microscopic examination was carried out to confirm primarily of the presence of 

fungi.  The positive specimens are therefore submitted to culture on sabouraud's agar (Lilly 

et al., 2006). 

 

2.3.3.2 Indirect microscopy 

Slides of the fungi were prepared from the colonies grown on agar media.  Lacto phenol 

with cotton blue was used for staining and mounting of fungi. The slides were examined 

under calibrated optical microscope M7000D series cat, with different magnifications.  

Photographs were taken with digital camera (6 mega pixels, DSC-S500 Kodac).  Fungus 

was identified up to species level by consulting with standardized mycological literature 

(Kirk and Cooper, 2008). Identification of dermatophytes carried out according to key 

classification of Rebell and Taplin, 1979.  

 

2.3.4 Cultural characteristics 

Identification of the samples after 2 weeks of incubation at 25oC in the microbiology 

research laboratory carried out according to (Rebell and Taplin, 1979). The cultural 

character of each colony was very important step in the cascade of identification.  

Identification of the pathogenic fungi macroscopic and microscopic examination was 

performed and included time of appearance of the growth, colony morphology, color, 

shape, size, and colony reverse side morphology. After incubation of samples for at least 2 

weeks at 25oC, colony morphology that appeared, determined partially to type of 

dermatophyte e.g. Inspection of colony morphology for our isolated dermatophytes carried 

out periodically each five days. 
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2.3.4.1 Physiological characteristics 

2.3.4.2 Biochemical reactions 

2.3.4.2.1  Urease test 

Urease test applied on all the collected samples after growing of cultures, incubating for 5-

7 days at 27oC, urea is splitted into ammonia, resulting in a pH change to alkaline and 

therefore in the change of the colour of the phenol red containing medium from a straw 

yellow to pink fuschia after 6 days on Christensen�s agar of incubation at 27oC. The 

presence of urease in both T.mentagrophytes and T. rubrum produced fuschia pink. The 

rate of hydrolysis was rapid, five days in T. Mentagrophytes and ten days in M. canis. 

 

2.3.4.3 Confirmatory tests 

2.3.4.3.1   Rice grain test    

With a long-handled inoculating needle, a small portion of the isolated colony was 

transferred to be tested on a vial containing sterile rice grains. The flasks were incubated at 

30oC and inspected for growth for 10 days. 

 

2.3.4.3.2   In vitro hair perforation test 

Short strands of disinfected hair are deposited on a fragment of the studied culture, in Petri 

dishes with 25 ml of sterile distilled water containing 3 drops of 10% dermatophyte extract 

(De Hoog et al, 2002). After two weeks of incubation at 25oC, the hair strands covered by 

mycelium were examined under microscope by mounting in chloral- lacto phenol. The 

perpendicular to the long axis of the hair was as special character for hair perforation test.  

 

2.3.4.3.3 3% NaCl Tolerance test 

Sabouraud's glucose agar supplemented with 3% NaCl was used to detect species salt 

tolerance, as well as the stimulation of macroconidia formation (Summerbell and Kane, 

1997).  All isolates were subcultured on 3% NaCl and incubated at 25 oC for 8 days. 
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2.4 Antimicrobial activity of some essential oils  

2.4.1 Screening methods 

2.4.1.1 Disc diffusion method 

The isolated pathogenic fungi were tested by the disc diffusion method (Fraternale et al., 

2003), with some modifications, in the appropriate culture medium (Sabouraud's dextrose 

agar). The tested oils were added to the culture medium at a temperature of 40�45oC, 

Tween 80 was added in concentration of 1% then poured to petri dishes (9 cm in diameter).  

Concentrations of 5 ìl, 10 ìl, 15 ìl, 20 ìl, 40 ìl, and 80 ìl of each oil per 20 ml 

Sabouraud's dextrose agar medium (0.25, 0.5, 0.75, 1.0, 2.0, and 4.0 ìl /ml culture 

medium, respectively) were tested for the pharmaceutical grade oils of Menthe piperta, 

Oreganum majoranum, Cympobogon citrates, and Thymus vulgaris. The dermatophytes 

were inoculated as soon as the medium had solidified. Using clotrimazole as positive 

controls for the isolated dermatophyte. A disk (9 mm in diameter) of dermatophytes colony 

was taken from the edge of 10-day-old fungi cultures and placed at the center of each petri 

dish.  The petri dish was incubated at 25oC. All tests were performed in triplicate, all 

dishes were examined for zones of growth inhibition, and its diameters were measured in 

millimeters (Viuda-Martos et al., 2007). Diameters of microbial inhibition zones were 

measured using vernier calipers. The percentage mycelial inhibition calculated by the 

equation: I=1−T/C×100, where I is inhibition (%), C is the colony diameter of mycelium 

from a control Petri plate (mm) and T is the colony diameter of mycelium from a test Petri 

plate (mm) was used (Rasooli and Mirmostafa, 2003). 

 

2.4.2 Determination of minimum inhibitory concentration  

The most potent essential oil of the study was determined. Different concentration of this 

oil in the range of concentration of efficacy and incubation for 8 days determined the 

minimum inhibitory concentration of this oil.  
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2.4.2.1 Agar broth method 

Twenty small volumetric flask (30 ml of the solution) in addition to gentamycin 0.5 mg/ml 

and cycloheximide 0.5 mg/ml were autoclaved at 121oC for 20 min.  The first flask was 

negative control (with fungal disk 9 mm in diameter only), and the second flask positive 

control (disc and clotrimazole 20 ìl).  Different concentrations of each oil (Menthe piperta, 

Oreganum majoranum, Thymus vulgaris, and Cymbopogon citratus) was performed in 

triplicates from 1 ìl, 5 ìl, 10 ìl, 15 ìl, 20 ìl, 40 ìl, and 80 ìl/30 ml incubated for 8 days.  

Clearance of solution and turbidity were the characters for the determination of efficacy of 

each oil and its promising concentration. Clarity of solution was the determinant of 

inhibition of mycelial growth followed by weighing of the dried mycelium.  Growth (G) 

was noted when there was full growth visible (i.e. the flask appeared as cloudy as the 

positive control flask). Partial activity (P) was recorded when the broth in the flask was 

less turbid than the positive control tube. No growth (I) was recorded when there was total 

inhibition and the broth in the flask appeared clear (in comparison with the negative 

control tube).    

 

2.4.2.2  Determination of lethal�and sub lethal concentration 

Flasks containing mycelia were filtered through pre weighed Whitman filter No. 1 and 

were then washed with distilled water.  The mycelia were placed on pre weighed Petri 

plates and were allowed to dry at 50°C for 6 h and then at 40°C over night.  The net dry 

weight of mycelia was then determined (Iraj et al., 2008). Determination of mycelial 

weight after application of oils determines lethal (weight of disc only before incubation), 

sub lethal (weight of disc plus 10% increase in original weight), and other percentage of 

growth inhibition for different concentrations.  

 

 



 

CCHHAAPPTTEERR  IIIIII  
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3Results and Discussion 

3.1 Identification of isolated dermatophytes 

A total of 50 samples, obtained from patients with suspected tinea capitis, were diagnosed 

by the dermatologists in the primary health care centers. Diagnosis was confirmed by 

microscopic examination in 40 cases and the causal agents were isolated from all of them 

(80%). The identification of the most common dermatophyte which causing tinea capitis in 

our study in North Gaza district was carried out through multistep process each one depend 

on the other. Firstly, direct microscopy using KOH was applied immediately to confirm 

partially the presence of fungi (due to low sensitivity of the test).  Part of the sample was 

inoculated on the Sabouraud's dextrose agar. Subsequently, identification of the growing 

colony was carried out by macroscopical and microscopical characterization. The 

macroscopical and microscopical examinations in addition to a series of biochemical and 

physiological tests represent the key applied to confirm precisely the type of the isolated 

dermatophyte in North Gaza district.  The criteria used for identification and isolation were 

as those described by (Rebel and Taplin, 1970). 

 

3.1.1 Morphological characteristics 

3.1.1.1 Direct microscopical examination 

Fourty samples out of the total (50 samples) were KOH positive; showing clear hyphae and 

characterized mycelium, with sensitivy of the test was 80%.  Panasiti et al. (2006) 

reported that direct examination is essential, as it allows the clinician to start treatment.  

Although false-negative results have been reported in 5-15% of cases in routine practice, 

depending essentially on the skill of the observer and on the quality of sampling, this is a 

highly efficient screening technique.  Diagnosis of ringworm depends mainly upon the 

demonstration of the fungal agent by direct microscopic examination and culture 

techniques. Our results showed that only 80% of the samples examined by direct 

microscopic examination were positive for fungi.  Other researchers reported that direct 

microscopic examination could provide a positive diagnosis in 40 to 60 per cent of samples 

from which dermatophytes are cultured (Carman et al., 1979; Sparkes et al., 1993). 
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3.1.1.2 Indirect microscopical characteristics of dermatophytes 

According to the indirect microscopical examination, 37 samples of the fourty samples 

(KOH positive) produced septate hyphae, macroconidia, and few microconidia.  

Macroconidia were typically long spindle-shaped, with 5-15 cells, verrucose, thick-walled 

and often had a terminal knob, its diameter between 8.9 -12 ìm (figure 3-2). The septal 

walls were thin, microconidia were rare, unicellular and clavate to pyriform in shape, 

nodular bodies, and chlamydospores were present, these characters of the isolated 

dermatophytes which are shown in (figures 3-3 to 3-9) are in agreement with keys 

identification of (Rebell and Taplin, 1970) can reported that these characters were 

indicated to a degree for presence of M. canis. 

 

��

Figure �3-1: Septate hyphae with KOH test characterizing the fungi. 
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Figure �3-2: Morphological characteristics for spindle macroconidia with endy knob of 

11cells with diameter 8.9 ìm characterizing theM . canis (magnification 4x100). 

 
Figure �3-3: Morphological characteristic for microconidia, pyriform to round with a long 

hyphae characterizing the M. canis (1000× magnification). 
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Figure �3-4: Morphological features for microconidia, pyriform to round with a long hyphae 

characterizing for M. canis (1000× magnification). 

 

Figure �3-5: Multimacroconidia with spindle shape & thin septal walls, characterizing the   

M. canis (400× magnification). 
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Figure �3-6: Multimacroconidia of spindle shape from (7-12 cells) characterizing the M. 

canis (1000× magnification). 

 
Figure �3-7: Multimacroconidia with spindle shape & terminal knob, characterizing the     

M. canis (400× magnification). 
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Figure �3-8: Macroconidia of 9 cells, spindle shape & terminal knob characterizing the       

M. canis (400×magnification). 

 

Figure �3-9: Multimacroconidia of spindle shape, with endy knob, characterizing the           

M. canis (400 × magnification). 
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The present study revealed that the obvious difference in the microscopical features of 

macroconidia of M. canis according to the time of sporulation e.g. the terminal knob, 

length of macroconidia, number of cells and  thickness of  wall (figures 3-7 to 3-9).  As 

shown in (figures 3-10 and 3-11) morphological characteristics of three samples were 

dissimilar visibly of the total samples. The macroconidial and microconidial form of these 

isolates, which recognized presence of another species of isolated dermatophytes. As in 

figures 3-10 and 3-11, morphologically the most consistent feature of these isolates was the 

production of globose microaleuriospores arranged in grape-like clusters (engrappe).  

 
 The present work showed thin walled macroaleuriospores, smooth and variable in shape.  

The current work showed (figure 3-10) cigar-shaped macroconidia with a narrow 

attachment at the base. These spores measured 20-50 x 4-8 ìm and they had three to five 

cells. The typical features of these samples are numerous microaleuriospores, some 

macroaleuriospores, and several spiral or coiled hyphae. Vacuoles were the only ultra-

structural components to be associated with neutral red particles. The vacuoles are 

considered to be counterparts of mammalian lysosomes and play a role in hydrolysis of old 

intracellular organelles and in storage of amino acids, minerals and other metabolites 

(Klionsky et al., 1990).  

 

The present study revealed that macroconidia and microconidia are produced on primary 

isolation media, without needing for subculturing on media to stimulate sporulation and the 

morphological characteristics of macroconidia differentiated according to the examination 

of colony age.  Identification of dermatophytes is often based on phenotypic characteristics 

of colonies grown in pure culture on Sabouraud's dextrose agar and their morphological 

characteristics. However, these criteria alone may be insufficient since cultural features 

may vary within a taxon or be similar to other fungi. Characteristic pigmentation may fail 

to develop the isolates, especially Trichophyton spp., may not sporulate. Special media 

may be required to induce pigment production, as well as to obtain sporulation, and 

physiologic tests in conjunction with morphological pattern could be needed for correct 

identification (Summerbell et al., 2007a). 
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Figure �3-10: Morphological characteristics of unicellular macroconidia and clavate to 

pyriform in shape characterizing the T.mentagrophytes (1000× magnification). 

 

Figure �3-11: Morphological characteristics of microconidia arranged in grape-like clusters 

(engrappe) characterizing the T.mentagrophytes (400× magnification). 

vacuoles 
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3.1.2 Cultural characteristics of dermatophytes 

After incubation period, isolated colonies were diagnosed and identified as dermatophytes.  

Also, the present result showed that mycobiotic agar (Sabouraud's dextrose agar plus 

cycloheximide and gentamycin) is a selective media for the isolation of pathogenic fungi 

from samples heavily contaminated with bacteria and saprophytic fungi.  The colony 

morphology (the macroscopical characteristics of the colony) of the isolated samples after 

incubation for 2 weeks at 25 oC as apparent in table (3-1) revealed primarily not accurately 

that might be M. canis is the main causative agent of tinea capitis in North Gaza district in 

the period of September 2008 to December 2009.  

 
 Cultural characteristics of the colonies of the fourty isolates in table (3-1) showed that 

thirty-seven samples produced whitish, cottony surface growth with a golden yellow 

reverse pigment, additionally to presence of considerable variation between growing 

colonies in its cultural characteristics from deep yellow to golden yellow cottony surface.  

There are variants that are slow growing, heaped and folded, yellow surface, no reverse 

pigment, but on the other hand, three samples developed red-pigmented, granular colonies. 

 
Table �3-1: Cultural characteristics of dermatophytes 

Sample No. Cultural characteristics Incubation period 

37 sample 
Whitish ,cottony colony a golden � yellow  with 

prominent grooves  reverse pigment 
5- 14 days 

3 samples. 
Red-pigmented, granular colony, buff to tan 

colony. 
5 -14 days 
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Figure �3-12: (A) Seventh �day-old, white to deep yellow cottony colony of Microsporum canis 

on Sabouraud�s dextrose agar, its diameter 8.7 cm. (B) Eighth �day-old, white to deep yellow 

powdery colony of Microsporum canis on Sabouraud�s dextrose agar. 

 

 

Figure �3-13: (A) Tenth-day-old, white to deep golden yellow colony of Microsporum canis on 

Sabouraud�s dextrose agar. (B) Ninth-day-old, white to deep yellow powdery colony of 

Microsporum canis on Sabouraud�s dextrose agar. 

B A 

A B 
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The result of the  the cultural characteristics of the colonies (Figures 3-12 and 3-13) of 

these dermatophytes indicates incompletely to its identity and can differentiated not 

entirely about other dermatophytes, also colony morphology of dermatophytes differs in 

appearance  according to period of incubation e.g.  Microsporum canis on Sabouraud's 

dextrose agar showing a spreading whitish, cottony surface growth after one week of 

incubation but after 2 weeks, a golden yellow reverse pigment will be appeared.  

Microsporum canis matures within 6 to 10 days produced colonies that were flat, 

spreading, white to cream colored, with a dense cottony, granular to coarsely fluffy to 

hairy surface (figure 3-12 B) which showed some radial grooves (figure 3-13 A).   

 
The present work showed that the colonies had a bright golden yellow cottony to brownish 

yellow reverse pigment in the first week of incubation, but non-pigmented strains also 

occurred (figure 3-12 A and B).  In the second week of incubation of culture noted that 

growth rate is rapid and colonies are flat to sparsely grooved, texture is downy to wooly, 

and the diameter of the growing colonies were increased to 9 cm in all; and  the surface 

colony color is white to yellowish while the reverse ranges from deep yellow to yellow  

orange, occasionally pale (figure 3-13 A, and B).   

 
The previous characteristics of thirty-seven isolates of the total indicated to some extent to 

presence of M. canis according to the description of (Rebell and Taplin, 1970). On the 

other hand, as in figure 3-14 and 3-15, while three samples developed red-pigmented, 

granular colonies. Growth rate of these colonies is moderate, had 8-10 days for complete 

growing, its texture is deep and cottony.  The present work revealed that the presence of T. 

rubrum species or presence of T.mentagrophytes.   

 
Recently, Guoling et al. (2006) reported that T. rubrum shows a high degree of 

morphological diversity, including the presence or absence of reflexively branching 

hyphae, micro- and macroconidia, red colony pigmentation and urease activity (Gra¨ser et 

al., 2008). The present observations showed that the colonies had a red white to white 

creamy in the first week of incubation, but non pigmented strains also occurred (figure 3-

14 A and B). On the contrast of M. canis, noted no changes in growth rate and in the 

second week of incubation of culture colonies and the diameter of the growing colonies 

were constant in all (figure 3-15 A and B).  In agreement of the current observation in 

(figure 3-15 A and B), no halos until the tenth day of incubation, this indicates to presence 

of T .mentagrophytes. 
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Figure �3-14: (A) Seventh-day-old, red to white to cream-colored powdery colony 

characteristic for T. mentagraphytes on Sabouraud�s dextrose agar. (B) The reverse of 

Seventh-day-old T. mentagraphytes colony on Sabouraud�s dextrose agar. 

 

 

 

 

 

Figure �3-15: (A) Tenth-day-old, red to white to cream-colored powdery colony 

characteristic for T. mentagrophytes on Sabouraud�s dextrose agar. (B) The reverse of tenth-

day-old T. mentagrophytes colony on sabouraud�s dextrose agar. 

 

A B 

B A 
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3.1.3 Physiological characteristics  

3.1.3.1 Biochemical reactions  

Physiological characteristics included biochemical reactions were used to differentiate 

between the species of dermatophytes after microscopical examination and cultural 

characteristics of isolates. In the present study urease test was used, hair perforation test, 

vitamins requirement test, NaCl 3% test, rice grain test to confirmate the identification.  

Most of samples did not need all tests but little of samples needed application of one or 

more test to identify accurately. 

 

Table �3-2: Physiological characteristics for isolated cultures of dermatophytes  

No. of samples Urease test Rice grain test  Nacl 3% test Hair perforation test 

37 samples Positive Positive  Negative  Positive within 14 days 

3 samples slow positive  Positive Negative  Positive within 14 days 

3.1.3.1.1 Urease test 

As appearing in (figures 3-16 to 3-18) urease test was done to differentiate between various 

species of dermatophytes. In the present study, colonies with a golden - yellow reverse 

pigment were urease positive, also colonies with flat rapidly growing granular cream, 

reddish-brown in color were urease positive; however, the later colonies consumed shorter 

time to appear the fuschia colour. In general, T. mentagrophytes hydrolyses urea in less 

than 7 days much earlier than T. rubrum, which hydrolyses urea in more than 7 days 

(Larone, 2002).  

 Figures 3-16 and 3-17 showed considerable differences  in cultural characteristics after 

incubation in urease media in spite of the result of test e.g. all of collected samples in our 

study produced positive urease test either the thirty seven samples as yellow cottony 

colonies or the three samples as flat white puff colony. Figure 3-18 showed that the 

difference in period of appearing of result of test between T. mentagrophytes and M. canis.  

Hydrolysis of urea on urea agar and reported that high percent of T. mentagrophytes strains 

were urease positive in less than 10 days.   
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Figure �3-18: (A) Seventh -day-old colony of M. canis on urease media (B) Fifth day-old 

colony of T. mentagrophytes on urease media. 

 

  

Figure �3-16: Urease test of characterized colony of M. canis, change color from yellow to 

fuchsia pinkish after 10 days (slow positive test) 

  
Figure �3-17: Urease test of characterized colony of T.mentagrophytes, change color           

from yellow to fuschia pinkish after 5 days (rapid positive test).   

B A 
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3.1.3.2 Confirmatory tests 

3.1.3.2.1 Rice grain test 

All isolated samples in the study were typically produce a bright yellow pigment, which 

revert to typical colony on rice grains as showed in (figures 3-20 to 3-23). Rice grain test 

was applied to differentiate between M. canis and M. audouinii to confirm the presence of 

M. canis in most of collected isolates (Larone, 2002; Summerbell et al., 2007a). 

 

      

 Figure �3-20: Rice grains with isolated samples of M. canis after ten days of incubation. 

 

Figure �3-19: Rice grains with isolated samples of M. canis before incubation. 
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3.1.3.2.2 In vitro hair perforation test  

The present study showed perforation for the most samples in 8-15 days (figure 3-22).  It 

was used for the distinction between atypical strains of M. canis (positive test) and M. 

audouinii or M. equinum (negative test) (Padhye et a1., 1980).   

 

 
 

Figure �3-22:  Hair perforation by the isolated M. canis after 2 weeks of incubation. 

 

Figure �3-21: Rice grains with isolated samples of T. mentagrophytes after ten days of 

incubation. 
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3.1.3.2.3 3% NaCl Tolerance test 

All the collected samples produced negative test with Sabouraud's dextrose agar 

supplemented with NaCl 3%.  Kane et al. (1997) reported that T. rubrum strains with 

fischeri, kanei, megninii, and raubitschekii morphotypes had strong, restricted growth on 

3% NaCl-supplemented Sabouraud's dextrose agar and produced no conidia.  This test 

revealed that no presence of T. rubrum between isolates. The growth in NaCl 

concentrations was found to be statistically significant for 3% NaCl.  It was observed that 

the salt tolerance test was not as effective in differentiating the two taxa, as well as the two 

related species and morphotypes (Aylin et al., 2008). 

 

 
 

Figure �3-23: No growth on 3% NaCl supplemented SDA after 8 days of incubation. 
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3.1.4 The identified dermatophyte caused tinea capitis  

Table �3-3: Period of maturation of isolated dermatophytes 

Isolated dermatophyte Number of examined samples Period of maturation 

M. canis 37 samples 5- 10 days 

T. mentagrophytes 3 samples 5 -10 days 

 

The present study revealed that, M. canis was the main causative agent of tinea capitis in 

North Gaza district (92.5%); this in agreement with Jhangir et al. (1999) they reported 

that M. canis is predominant in Iran, although there are reports of a large number of cases 

caused by T. violaceum, T. schoenleinii, and T. verrucosum. In occupied Palestinian land, 

M. canis was first reported in 1975 (Alteras et al., 1979).  Identification of dermatophyte 

species is essentially based on cultural and morphological characteristic. However, the 

identification is complicated and laborious due to the morphological similarity, variability, 

and polymorphism shown by dermatophytes (Toshio, 2008). The causative agent varies 

between continents and from one country to another.  For instance, Microsporum canis is 

the predominant pathogen worldwide, while Trichophyton tonsurans is the main causative 

agent in the USA (Fitzpatrick�s, 2003).   

 
Tinea capitis is a classic example of the changing geographic patterns of dermatophytosis 

during the late 19th and early 20th century.  Microsporum audouinii and M. canis were the 

main causative agents of the disease in Western Europe and the Mediterranean, while 

Trichophyton schoenleinii predominated in Eastern Europe, and now both have almost 

disappeared. The geographic distribution and prevalence vary due to the factors such as 

climate and migration among others (Raza, 1994; Elewski, 1996; Elewski, 2000).  

 
 The present work revealed that most of infections were due to M. canis, thus agreed that 

contact with domestic animals is probably the most important factor affecting the rapid 

spread of tinea capitis. Tinea capitis occurs predominantly in rural or suburban areas and 

some of the factors associated with this increased frequency include poor personal hygiene, 

overcrowding and low socioeconomic level. The organism responsible for tinea capitis also 
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cultured from fomites such as combs, hats, pillows, and theater seats, where the spores can 

live for long periods, contributing to spread of the disease (Navarrete et al., 1999; 

Arenas, 2002). 

 
Elewski, (2000) reported that the predominant organisms vary according to the geographic 

region and it is often difficult to determine the precise distribution of a particular 

dermatophyte. Consequently, the causative agents in tinea capitis have not been 

investigated in many parts of the world, and the agents responsible for dermatophytosis 

tend only to be identified in regions where there are laboratories to perform the mycologic 

studies.  

 

The current study demonstrated a lower prevalence rate; this could be attributed to 

improvements in hygienic and socioeconomic conditions in the study area.  M. canis was 

the most commonly isolated etiologic agent, and accounted for 92.5% (37 cases) of the 

total.  The present work observed that M. canis could be differentiated from other species 

of Microsporum in regular sequence by its morphological and physiological 

characteristics. The distinctive shape of the macroconidia produced by M. canis in figure 

(3-2) and cultural characteristics colony figures (3-12 and 3-13), its slow urease reaction 

figures (3-16 and 3-18), yellow colour with rice grain test figures (3-20 and 3-21), its 

capacity to perforate hair in vitro figure (3-22), and negative results of all isolates with    

3% NaCl supplemented sabouraud's dextrose media agar figure (3-23) provided accurate 

tests to identify M. canis.   

 

The results on etiological agents of tinea capitis from the current work revealed that the 

zoophile dermatophyte, M. canis continued to be the predominant etiological agent of tinea 

capitis in North of Gaza district.  92.5% of total isolates and this attributed to presence of 

much domestic animals such as cats (the major reservoir in M. canis) and dogs. As shown 

in the current work, T. mentagrophytes as a causative agent of tinea capitis, with very low 

percentage indicated that the peoples had the good idea about the dealing with the infected 

patients.  T. mentagrophytes is a very variable organism and many characteristics are not 

consistent.  

 

 Mode of transmission of T. mentagrophytes mostly by human-to-human (anthropophilic) 

or rarely rodents or rabbits (zoophilic) according to the strain. T. mentagrophytes was 
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ranked second in frequency at 7.5 % (3 cases). The current results  are in contrast to the 

study which revealed that the predominant pathogens causing tinea capitis are 

dermatophyte fungi of the genus Trichophyton, more specifically T tonsurans, and less 

commonly of the genus Microsporum, mainly Microsporum canis and M audouinii         

(Al Sogair and Hay, 2000). This indicated that transmission of infection among humans is 

very low in comparison to zoophilic transmission, these fungi seem to become increasingly 

more prominent as scalp ringworm causative agents in this area and there is sufficient 

evidence to indicate these changes in anthropophilic and zoophilic dermatophyte as 

causative agents for tinea capitis  might be return to alertness of infected children as 

reservoir for infection and unlimited dealings with domestic animals e.g. cats and dogs.   
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3.2 Antifungal activity of essential oils  

The antifungal activities of essential oils of Mentha piperta, Cymbopogon citratus, 

Oreganum majoranum, and Thymus vulgaris were determined by the disc diffusion method 

and microdilution broth method. Determination of the minimum inhibitory concentration 

of the essential oils is required to avoid the caustic effects of essential oils due to their 

lipophilic character (Inouye et al., 2000). Plant essential oils are a potentially useful source 

of antimicrobial compounds (Mondello et al., 2006; Pyun and Shin, 2006).  

 
 The current study revealed that the essential oils of medicinal plants (e.g. Mentha piperta, 

Oreganum majoranum, Cymbopogon citratus, and Thymus vulgaris) had strong antifungal 

activity particularly against dermatophytes with reference of Clotrimazole as positive 

control. Tables 3-4 and 3-5 showed that all essential oils used in the study at concentration 

40 ìl /20ml (0.2%) produced total inhibition in figures 3-24 and 3-25 in case of solid agar 

in disc diffusion, also table 3-6 and 3-7 showed lethal dose for the isolated dermatophyte 

(M. canis) for all essential oils at 0.133% in case of liquid agar in broth method.  

 
 Essential oils from medicinal plants are excellent candidates for the development of 

remedies for many infectious diseases, including mycosis, due to the increasing 

development of antimicrobial resistance as well as the appearance of undesirable effects of 

some antifungal agents (Mondello et al., 2006). Recent data suggest that essential oils may 

disrupt the permeability barrier of cell membranes and inhibit respiration (Cox et al., 

2000).   

 
The increasing recognition and importance of fungal infections, the difficulties 

encountered in their treatment and the increase in resistance to antifungal agents have 

stimulated the search for therapeutic alternatives (Pina-Vaz et al., 2004). Although 

numerous studies have documented antibacterial and anticandidal effect of the essential 

oils (Inouye et al., 2001; Burt, 2004; Chami et al., 2004; Friedman et al., 2004; 

Hammer et al., 2004). There have been few comprehensive in vitro studies of the effects 

exerted by essential oils on filamentous fungi, probably due to the difficulties encountered 

in standardized susceptibility methods for these mycetes (Hammer et al., 2002; Koc et al., 

2005; Silva et al., 2005). 
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3.2.1    Screening methods 

3.2.1.1 The disc diffusion method 

Colony diameter of M. canis without applying oil was 50.3 mm in the petri plates (negative 

control) (figure 3-33). The current observations in table (3-4) revealed that the essential 

oils in the study had strong antifungal activity, because all oils in concentration of 40 ìl/20 

ml (0.2%) prevented totally the growth of the isolated identified M. canis (figures 3-24 and 

3-25). Moreover, revealed that Mentha piperta oil had the strongest antidermatophytic 

activity even at conc. 15 ìl/20 ml (0.075%) prevented the growth not entirely but with high 

reduction of colony diameter (5mm), nearly reduced 90% of zone of growth   as shown in 

(fig. 3-34), while at concentration 20 ìl/20 ml (0.1%) of C. citratus, O .majoranum, and T. 

vulgaris oils, the mycelium growth diameter were 10.7, 1.23, and 1.28 respectively.   

 

The results also showed the mentha piperta oil at conc. (0.1%) inhibited totally the growth 

of M. canis.  These findings indicated that the required dose of the essential oils in the 

study to inhibit the growth of the isolated M. canis was very low and the dose of M. piperta 

oil was almost the half of the other oils of study. Oreganum majoranum, Cymbopogon 

citratus, and Thymus vulgaris were of the best broad-spectrum candidates for inhibition    

of food-borne pathogens and spoilage organisms. Cymbopogon citratus and Thymus 

vulgaris were all clearly inhibitory towards the fungi (Conner and Beuchat, 1984; Deans 

and Ritchie, 1987; Smith-Palmer et al., 1998; Hammer et al., 1999; Dorman and        

Deans, 2000).   

 

The present work revealed that the concentration of oil was the most important factor, 

positively correlated with growth inhibition of fungi.  Maximum inhibition growth 

obtained during 8th day. Clotrimazole used as a positive control was prepared at 

concentration (0.075%) in all experiments. Table (3-5) showed that the high percentage of 

zone of inhibition of M. piperta oil at conc. 0.075% produced 90% of inhibition, while      

C. citratus at the same concentration produced 75.75% of inhibition; moreover,                 

O. majoranum and T. vulgaris produced 72.4% and 71.2% respectively.      

 

The previous work concluded that at 0.1% conc. the M. piperta oil only produced 100% as 

in figures 3-29 and 3-30, but in 0.2% conc. all oils used in the study produced total 
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inhibition 100%. Consequently, indicated to the high power of M. piperta as 

antidermatophytic agent among oils of study, also the significant activities of all oils as 

antidermatophytic agents in comparison with Clotrimazole.  

 

  

Figure �3-24: Antimicrobial activity of C. 

citratus oil at 40 ìl against M. canis. 

Figure �3-25: Antimicrobial activity of                

O. majoranum oil 40 ìl against M. canis. 

Table �3-4: Antimicrobial activities of essential oils against identified M. canis growth 

inhibition zones (mm) 

Conc. of oil M. piperta C. citratus O. majoranum T. vulgaris Negative control 

5 ìl/20ml 15.6 ±0 .5 22.0±0.6 24.5 ±0.4 26.0 ±0.41 50.3 ±0.2 

10 ìl/20ml 11.4 ±0.45 16.3±0.5 17.7±0.31 18.3±0.37 50.3 ±0.2 

15 ìl/20ml 5.0 ±0.15 12.2 ±0.34 13.9±0.56 14.5 ±0.36 50.3 ±0.2 

20 ìl/20ml TI 10.7 ±0.32 12.3±0.12 12.8 ±0.24 50.3 ±0.2 

40 ìl/20ml TI TI TI TI 50.3 ±0.2 

TI, total inhibition of fungal growth.  Each experiment was repeated at least twice. 
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Table �3-5:  Percentage of diameters of fungal inhibition zones of M. canis growth by 

essential oils 

Conc. of 

oil 

Conc. 

percentage 
M. piperta C. citratus O. majoranum T. vulgaris 

5 ìl/20ml 0.025% 69% 56.27% 52.3% 48.32% 

10 ìl/20ml 0.05% 78.5% 67.6% 64.82% 63.32% 

15 ìl/20ml 0.075% 90.06 % 75.75% 72.4% 71.2% 

20 ìl/20ml 0.1% TI 78.7 75.55% 74.56% 

40 ìl/20ml 0.2% TI TI TI TI 

TI, total inhibition of fungal growth.  Each experiment was repeated at least twice. 

 

Figure �3-26:  Percentage of diameters of fungal inhibition zones of M. canis growth          

by concentration 5 ìl/20ml of essential oils. 
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Figure �3-27:  Percentage of diameters of fungal inhibition zones of M. canis growth        

by concentration 10 ìl/20ml of essential oils. 

 

Figure �3-28:  Percentage of diameters of fungal inhibition zones of M. canis growth         

by concentration 15 ìl/20ml of essential oils. 
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Figure �3-29:  Percentage of diameters of fungal inhibition zones of M. canis growth          

by concentration 20 ìl/20ml of essential oils. 

 

Figure �3-30:  Percentage of diameters of fungal inhibition zones of M. canis growth          

by concentration 40 ìl/20ml of essential oils. 
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Figure �3-31: Antifungal activity of M. piperta 

oil 5 ìl against M. canis. 

Figure�3-32: Antifungal activity of             

C. citratus oil 20 ìl against M. canis. 

  

Figure �3-33: Colony diameter of eight day 

old for M. canis (negative control). 

Figure �3-34: Antifungal activity of             

M. piperta oil 15 ìl against M. canis. 
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Figure �3-35: Antifungal activity of (A) 10 ìl Clotrimazole (B) 10 ìl M. piperta  oil against 

M. canis. 

 

 

Figure �3-36: Antifungal activity of 20 ìl of (A) M. piperta oil (B) T. vulgaris oil against M. 

canis. 
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Figure �3-37: Antifungal activity of 10 ìl of (A) O. majoranum (B) T. vulgaris oil against 

characterized isolated M. canis. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure �3-38: Antifungal activity of 10 ìl (A) C. citratus (B) O. majoranum (C) T. vulgaris  

oil   against characterized isolated M. canis. 
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3.2.2 Minimum inhibitory concentration 

3.2.2.1 Agar  broth method 

The antifungal activities of M. piperta, C. citratus, O. majoranum and T. vulgaris oils on 

M. canis were determined in Tables (3-6) and (3-7) respectively. The same results of disc 

diffusion method were revealed in Table (3-6). The previous investigations of the disc 

diffusion method revealed that mentha piperta oil showed the highest potent 

antidermatophytic activity among the other essential oils; the lowest concentration resulted 

in the complete inhibition of growth according to the diameter of colony of M. canis as 

showed in figures 3-24 to 3-33, table (3-4) and (3-5).  

 
Tables (3-6) and (3-7) and  figures (3-36 to 3-42) showed that M. piperta oil had stronger 

inhibitory effect than the the other three oils (T. vulgaris ,C. citratus, and O. majoranum 

oils) in the study in concentrations of 1 ìl, 5 ìl, 10 ìl, 15 ìl ,20 ìl, 40 ìl per 30 ml broth 

media until 8th days of incubation while C. citratus oil completely inhibited the growth .  

(Tables 3-6 and 3-7)  showed that  M. piperta oil at 5 ìl/30 ml (0.0167%) reduced fungal 

growth to (22.21%)of colony weight while C. citratus, T. vulgaris and O. majoranum oils  

at the same concentration reduced fungal growth to 67.68%, 67.17%, 68.68%  respectively 

of colony weight; thus, provided the highest degree of growth inhibition of M. canis  

because at the lowest concentration, it was a more potent inhibitor of growth than the other 

essential oils studied.   

 
While the total inhibition attached when 0.046% was used with M. piperta, the total 

inhibition obtained with the 0.133% of C. citratus oil, which is accounted as the second 

essential oils, also T. vulgaris and O. majoranum oils achieved reductions at 0.133%. As 

shown in table (3-6), T. vulgaris appeared the least potent inhibitor, although both 

reduction values were higher than those achieved with clotrimazole as positive control. 

 
The present work showed 0.066% of the oils/disc per Petri plate, M. piperta oil showed the 

strongest inhibitory effect, there are some reports stating that mentha species exhibit 

antifungal activity (Mimica-Dukic et al., 2003). Terpinene, isomenthone, transcarveol, 

pipertitinone oxide, and caryophyllene isolated from M. piperita showed in vitro activity 

against C. albicans and Escherichia coli (Yadegarinia et al., 2006). Menthol has been 

reported to be responsible for antimicrobial property of M. piperita (Iscan et al., 2002).  

Among the tested organisms, C. albicans was the most sensitive microorganism to M. 
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piperita oil, which supports the current results (Mimica-Dukic et al., 2003). The essential 

oil of M. piperita possesses menthol and 1,8 cineole as main components, which also 

exhibited very good antifungal properties but lower than carvone (Griffin et al., 2000).  

 
Our results were in accordance with previous investigations of antifungal activities of 

mentha piperita essential oils. Previous results of investigation of antifungal properties 

showed that hydrocarbon monoterpenes had the lowest antifungal activity; larger 

antifungal potential could be due to the presence of oxygenated terpenes or of those with 

phenolic structures (Jansen et al., 1987; Knobloch et al., 1998; Adam et al., 1998; 

Kumar et al., 2008).  

 
 The hydrocarbons tend to be relatively inactive regardless of their structural type, and this 

inactivity is closely related to their limited hydrogen binding capacity and water solubility 

(Griffin et al., 1999).  Serial two fold dilutions of each concentration, ranging from 

0.0033% to 0.133%, were tested for essential oil. In addition, the results obtained were 

within the recommended limits.  These experiments performed in duplicate were repeated 

independently three times and yielded essentially the same results. The present study used 

two growth controls, when the positive control showed adequate growth (8 days for M. 

canis), the initial results were recorded in relation to the growth present in the control 

flasks.  Final results were recorded after 8 days.  

 

 

Figure �3-39: Antimicrobial activity of 1 ìl of (A) M. piperta (B) T. vulgaris (C)                           

C. citratus (D) O. majoranum oils. 

A��

B��

C��

D��



Results and Discussion 

 

 
64 

A�� C 

 

Figure �3-40: Antifungal activity of 5 ìl of (A) T. vulgaris (B) C. citratus (C)                       

O. majoranum oils. 
 

Figure �3-41: Antifungal activity of 5 ìl (A) M. piperta (B) T. vulgaris (C) O. majoranum 

(D) C. citratus. 
 

Figure �3-42: Antifungal activity of 10 ìl (A) M. piperta (B) C. citratus (C) O. majoranum 

(D) T. vulgaris oils. 
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Figure �3-44: Antifungal activity of 15 ìl of (A) T. vulgaris (B) M. piperta (C)                  

O. majoranum oils. 

 

Figure �3-45: Antifungal activity at 15 ìl of (A) O. majoranum  (B) M. piperta (C)      

T. vulgaris oil. 

 

Figure �3-43: Antifungal  activity of 10 ìl of (A) M. piperta  (B) C. citratus (C)                             

O. magoranum  (D) T. vulgaris oils. 
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Figure �3-46: Antifungal inhibitory concentration of M. piperta oil at conc. of (A) 15 ìl  

(B) 10 ìl   (C) 5 ìl. 
 

Figure �3-47: Antifungal activity in conc. of 20 ìl of M. piperta, T. vulgaris, C. citratus, and  

O. majoranum oils from left to right respectively. 

 

Figure �3-48: Antimicrobial activity of 20 ìl of (A) M. piperta (B) T. vulgaris (C) C. citratus

oils. 
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Figure �3-50: Antimicrobial activity of (A) negative control (B) 5 ìl of M .piperta oil. 
 

Figure �3-51: Antimicrobial activity of (A) negative control (B) positive control                  

(C) 1  ìl M. piperta oil. 

 

  

Figure �3-49: Antimicrobial activity of 15 ìl (A) T. vulgaris oil (B) M .piperta oil. 
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Figure �3-52: Antifungal activity of M. piperta oil in conc. of (A) 11 ìl (B) 12 ìl        

(C) 13 ìl M. piperta oil. 

 

��

Figure �3-53:  Antifungal activity of M. piperta oil in conc. of (A) 40 ìl (B) 20 ìl. 
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3.2.2.2 Lethal�and sublethal concentration 

Table �3-6: Colony weight of dermatophyte after applying different conc. of essential oils 

80 

ìl/30ml  

40 

ìl/30ml  

20 

ìl/30ml 

10 

ìl/30ml 

5 

 ìl/30ml  

1 

ìl/30ml 

Concentration of oil  

in ìl/30ml 

0.266% 0.133% 0.066% 0.033% 0.0167% 0.0133% Concentration of oil  

198±1 198±1 198±1 226±0 242±2 358 ±2 M. piperta oil* 

198±1 198±1 225±3 241±1 262±2 367±2 C. citratus oil* 

198±1 198±1 234±3 257±0 331±4 379±2 T. vulgaris oil 

198±1 198±1 238±1 259±2 334±1 381±3 O. majoranum oil 

397±4 397±4 397±4 397±3 397±2 397±0.5 Negative control 

221±4 230±4 252±3 287±1 370±2 390±4 Positive control  

Weight of colony in  mg 

According to T-test, the differences among all oils themselves are significant except the 

difference between T.vulgaris and O. majoranum. 

Table �3-7: Colony weight percentage of dermatophyte after applying different conc. of 

essential oils 

80  

ìl/30ml  

40 

ìl/30ml  

20 

ìl/30ml 

10 

ìl/30ml 

5 

 ìl/30ml 

1 

ìl/30ml 
The used oil 

0.266% 0.133% 0.066% 0.033% 0.0167% 0.0133% Conc. of oil   

0% 0% 0% 14.85% 22.21% 80.8% M. piperta oil 

0% 0% 13.6% 21.71% 32.32% 85.35% C. citratus oil 

0% 0% 18.18% 29.79% 67.17% 91.4% T. vulgaris oil 

0% 0% 20.20% 30.80% 68.68% 92.42% O. majoranum oil 

93.43% 93.43% 93.43% 93.43% 93.93% 93.43% Negative control 

16.16% 16.16% 24.35% 45.20% 76.89% 94.40% Positive control  
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Figure �3-54: Colony weight percentage of dermatophyte after applying 1ìl/30ml conc. of 

essential oils. 

 

Figure �3-55: Colony weight percentage of dermatophyte after applying 5ìl/30ml conc. of 

essential oils. 
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Figure �3-56: Colony weight percentage of dermatophyte after applying 10ìl/30ml conc. of 

essential oils. 

 

Figure �3-57: Colony weight percentage of dermatophyte after applying 20ìl/30ml conc. of 

essential oils. 
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The antifungal activities of the essential oils of, M. piperta, C. citratus, T. vulgaris and     

O majoranum, on the isolated M. canis were shown in Tables 3-6 and 3-7. With                

M. piperta, colony growth was completely inhibited (0% wt. of growing colony) at conc. 

0.066% (the least concentration produced complete inhibition among oils of study).           

C. citratus oil at conc. 0.066% reduced mycelium growth significantly (13% weight of 

growing colony) total inhibition being achieved with 0.133%. T. vulgaris oil reduced 

fungal growth when used at 0.0167 %, although the total inhibition was only attached 

when used 0.133%.   

 
The total inhibition was also obtained with the 0.133% concentration of O. majoranum oil 

(no increase of wt of disc), while the 0.0167 % and 0.033% concentrations achieved lower 

reductions, although both reduction values were higher than those achieved with T. 

vulgaris oil.  Only T. vulgaris and O. majoranum showed at the 0.0167 % equal reduction 

of colony growth of M. canis.  Table (3-6) showed that T. vulgaris oil appeared good 

antifungal activity started from concentration of 0.0167 % even reached the MIC of T. 

vulgaris oil for isolated M.canis in concentration 0.133 %.  MIC was defined as the lowest 

 

Figure �3-58: Colony weight percentage of dermatophyte after applying 40ìl/30ml and 

80ìl/30ml conc. of essential oils. 
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concentration, which did not result in any visible growth of the dermatophyte compared 

with the growth in the control plate (Eloff, 2004; Rosato et al., 2007). In agreement with 

earlier publications of (Sokoviã et al., 2009).  The essential oil of T. vulgaris showed very 

strong antifungal activity at low concentrations 0.05-1.0 ìl /ml. Furthermore, previous 

investigations of T. vulgaris oil by (Sokoviã and Van Griensven, 2006) showed very high 

activity against the three major pathogens of the button mushroom, Agaricus bisporus, i.e. 

the fungi Verticillium fungicola and Trichoderma harzianum and the bacterium 

Pseudomonas tolaasii.   

 
 The next essential oil in order of its power to inhibit M. canis growth was C. citratus, and 

T. vulgaris being the third oil in inhibition of growth while the poorest inhibitor was O. 

majoranum oil.  Table (3-6) shows the values of percent growth reductions of M. piperta 

oil, with considerable reduction at concentration 10 ìl. M. piperta oil was applied in 

concentration 10ìl/30ml (0.033%), 11ìl/30ml (0.036%), 12 ìl /30ml (0.04%), 13 ìl 

/30ml(0.043%), 14 ìl /30ml(0.047 %), 15 ìl /30ml(0.5%)  and 16 ìl /30 ml(0.053%) , to 

determine accurately MIC of M. piperta oil. The weight of disc of freshly colony of 

isolated identified M.canis was 198 mg before incubation in the control and the tested 

samples.   

 
Table (4-4) clarified that (0.053%) was the minimum inhibitory concentration of M. 

piperta oil without increase in wt of disc (lethal concentration), and (0.047 %) was the sub 

lethal concentration of oil with 10% increased in wt of disc. Earlier investigations of the 

antimicrobial activity of M. piperita oils showed strong activity against the three major 

pathogens of the button mushroom, Agaricus bisporus, i.e. the fungi Verticillium fungicola 

and Trichoderma harzianum and the bacterium Pseudomonas tolaasii (Sokoviã and Van 

Griensven, 2006).   

 
Ketones, aldehydes, and alcohols showed activity but with differing specificity and levels 

of activity, which is in connection with the functional groups present but also associated 

with hydrogen-binding parameters in all cases. From our results, it can be seen that MICs 

is generally lower for all the essential oils and components investigated in disc diffusion 

method. The low water solubility of the oil and its components limit their diffusion through 

the agar medium.  Only the more water-soluble components, such as carvone or 1.8-

cineole diffuse into the agar.  The hydrocarbon components either remain on the surface of 

the medium or evaporate that could be the reason for better results obtained by the agar 
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dilution method (Griffin et al., 2000).  Broth method, carried out in Erlenmeyer flasks, has 

the advantage of lower workloads for a larger number of replicates and the use of small 

volumes of the test substance and growth medium. In this method dilution of the oil is 

better and there is no agar in the medium, which both enable better diffusion through the 

liquid medium (Marina et al., 2009). 

 

Table �3-8: Mycelium weight of M. canis after applying different concentration of M. 

piperta oil 

17 

ìl/30ml 

16 

ìl/30ml 

15 

ìl/30ml 

14 

ìl/30ml 

13 

ìl/30ml 

12 

ìl/30ml 

11 

ìl/30ml 

The used oil 

ìl/ml 

0.057% 0.053% 0.05% 0.047% 0.043% 0.04% 0.037% The used oil % 

198±1 198±1 209 ±1 217 ±3 222±1 227±3 232±1 M. piperta oil 

286±1 286±1 286±4 286±3 286±3 286±1 286±3 Negative  control 

233±1 233±1 233±1 233±1 233±1 233±1 233±1 Positive control  

  

 

Figure �3-59: Mycelium weight of M. canis after applying different conc. of M. piperta oil. 
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Mahanta et al. (2007) reported that, the C. citratus oil reduced the colony development of 

T. harzianum, Aspergillus  flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus 

alternata, Penicillium citrinum, and Curvularia lunata. Moreover, 0.13% of C. citratus oil 

employed revealed complete (100%) inhibition on the growth of isolated M. canis. The 

antifungal activity of C. citratus oil believed to be associated with phytochemical 

components such as alkaloids, tannins, and cardiac glycoside.  Essential oils and related 

substances act to make the cell membrane of the fungus permeable, causing leakage (Piper 

et al., 2001).   

 
Palhano et al. (2004) suggested that Colletotrichum gloeosporioides treated with citral 

resulted in a decrease of media pH, indicating a loss of cell membrane integrity. Mishra 

and Dubey, (1994) found that the essential oils of C. citratus not only exhibited a broad 

antifungal spectrum but was superior to synthetic fungicides such as Dithane M43 and 

copper oxychloride.  Moreover, the present results confirm that the C. citratus oil was also 

superior to Clotrimazole as positive control in the same concentration. Geranial and citral 

isomers should probably account for the antifungal activity of C. citratus oil (Abe et al., 

2003). Several monoterpenes were found to affect the structural and functional properties 

of the lipid fraction of the plasma membrane of fungi, causing intracellular material to 

leak, which proves effective against growth and conidia germination of C. gloeosporioides 

and inhibits the respiratory enzymes (Cox et al., 2000; Palhano et al., 2004; Trombetta et 

al., 2005).  Moreover, Griffin et al. (2000) suggested that the free OH group of phenol and 

alcohol might be a key to the antimicrobial activity. The ability of C. citratus essential oil 

at its sublethal dose to prevent completely production of aflatoxin B1  in vitro and in vivo 

from A. flavus (Abou El-khair, E. 2005). 

 

O. majoranum oil has been reported to have some promising effect on rats infected with a 

human dermatophytic fungus, Trichophyton rubrum (Adam et al., 1998). O. majoranum 

oil effectively inhibits in vitro growth of C. albicans, a human yeast-like fungus that can 

cause both systemic and superficial infections in debilitated individuals. In addition, they 

have shown that O. majoranum oil directly inhibits germination and filament formation 

(the two phases required for tissue invasion) by C. albicans (Vijaya et al., 2001).  (Inouye 

et al. (2000) reported that microdilution and vapour contact (VC) methods against 

dermatophytes and other moulds made quantification of the essential oil (EO).  
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Antifungal activity appears to be influenced by the test method used, as evidenced by the 

differences between the MICs obtained by broth method (BM) and (VC) methods. The 

efficacy of EO in vapour state was probably attributable to the direct deposition of EO on 

lipophilic fungal mycelia together with an indirect effect via adsorption through the agar 

medium.  The high antifungal activity of vapours evidenced was in accordance with 

previous findings (Suhr and Nielsen, 2003). Although a comparison of studies with 

different methodologies is difficult, data correlate with those of Suhr and Nielsen (2003), 

who showed that T. vulgaris were more effective in vapour state against A. flavus.  

Cymbopogon citratus and Oreganum majoranum essential oils were the highly effective 

against the microorganisms isolated from juices incubated at room temperature for seven 

days (Abou El-khair, E. 2005). 

 
The EO is complex mixtures of many different aromatic components with various degrees 

of lipophilicity and relative hydrophilicity given by the presence of constituents with polar 

functional groups (Griffin et al., 1999). When added to a medium, the EO distributes more 

or less into the aqueous phase depending on its relative hydrophilicity. Hence, an EO with 

constituents with low water solubility should dissolve little in aqueous medium, and 

consequently should show a weak activity.  This is the case of lemon balm and lavender 

oils whose constituents (linalool, linalyl-acetate, and citronellal, limonene respectively) 

have been reported to possess low water solubility (Griffin et al., 1999). These EO, 

however, showed very good activity when assayed by VC and this might related to their 

high volatility (Inouye et al., 2000).   

 
These observations suggest that the physical and chemical properties (solubility and 

volatility) can have considerable effect on in vitro antimicrobial activity, but it must be 

pointed out that the intrinsic activity of a compound is of paramount importance for the 

evaluation of its efficacy. In this context, the EO-containing aldehyde or phenol was 

reported to exhibit a high inhibitory effect, followed by those containing alcohol, ketone 

and ether (Dorman and Deans, 2000; Inouye et al., 2001).  Hence, it is not surprising that 

T. vulgaris oil proved to be the overall best inhibitors because of phenolic thymol and 

eugenol as the major contributors to their bioactivity. Although thymol possesses moderate 

solubility and low volatility, their vapours have been reported to accumulate in great 

amounts into agar layers (Inouye et al., 2001).   
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Chami et al. (2004) reported the high antifungal activity of carvacrol and eugenol on 

experimental oral candidiasis in immunosuppressed rats and interestingly demonstrated 

that the fungi disappeared completely from the tongue mucosa in all treated animals 

whereas many hyphae were found when Nystatin was used as control. Indeed, it is true that 

these problems could be partly solved making use of their specific volatility at room 

temperature. Overall, the higher potency of EO in vapour state than that in solution 

contact, suggesting that they could have distinct advantages including the reduction of 

effective dose and potential chemical irritation. Despite the differences between the two 

methods, some EO is very active on dermatophytes and dematiaceous fungi.  Similarly, the 

higher sensibility of dermatophytes was observed by other authors with other EO 

(Salgueiro et al., 2004; Cavaleiro et al., 2006).   

 
However, more data will be necessary either to confirm this good in vitro efficacy or to 

explain the EO mechanisms of action.  Further studies are required to study the effect and 

toxicity of these compounds in experimental animals (in vivo) and to establish if they 

could be safely used as antifungal agents against these fungi. Some EO is effective against 

Scop.  brevicaulis and Fus. oxysporum which are often resistant to available antifungal 

agents, open important perspectives in alternative antifungal therapies. All clinical isolates 

used in this study were obtained from the isolated identified dermatophytes.   

 

The extensively used method is diffusion (Zaika, 1988; Sivropoulou et al., 1996; 

Mangena and Muyima, 1999) and broth dilution (Paster et al., 1990; Cosentino et al. 

1999; O¨ zcan and Boyraz, 2000). Unfortunately, results obtained by the different 

methods using the same oils do not always comparable (Hili et al., 1997).  Solubility and 

diffusion rates of the oil compounds in the aqueous agar media are of paramount 

importance, and can lead to misinterpretations in diffusion tests. Emulsifying agents 

(Tween 80) are added to ensure uniform mixing in dilution tests (Smith and Navilliat, 

1997).   

 

Growth or absence of growth was monitored visually the second and fourth day after  

inoculation. Colony diameter was measured on the seventh day and, if no growth had 

occurred, on day fourteen.  In vitro testing can help to determine the activities of new drugs 

and to find the right therapy. However, at present there are no in vitro reference methods 

for dermatophytes.  Data on the use of the disc diffusion method for testing dermatophytes 
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are limited (Ferna´ndez--Torres et al., 2003; Esteban et al., 2005).  For example, in the 

case of itraconazole the influence of the culture medium was observed only for 

Microsporum canis and Trichophyton mentagrophytes (Ferna´ndez-Torres et al., 2002).  

Several monoterpenes were found to affect the structural and functional properties of the 

lipid fraction of the plasma membrane of fungi, causing intracellular material to leak, 

which proves effective against growth and conidia germination of C. gloeosporioides and 

inhibits the respiratory enzymes (Cox et al., 2000; Palhano et al., 2004; Trombetta et al., 

2005).   

 
Griffin et al. (2000) suggested that the free OH group of phenol and alcohol might be a 

key to the antimicrobial activity. It has been observed that the oil acts not only as a 

fungicidal agent but also inhibits sporulation of the pathogens. Treatment was effective as 

a solution or by contact.  O. majoranum oil at 0.25 mg/ml was found to completely inhibit 

the growth of Candida albicans in culture. The results clearly demonstrated that, the O. 

majoranum oil can act as a potent antifungal agent against  C. albicans, and can function 

similar to antifungal antibiotics such as Nystatin or Amphotericin B (Vijaya et al., 2001).  

While the oil and many of its constituents have been demonstrated to be antifungal in vitro 

against non-pathogenic yeasts (Conner et al., 1984; Liewellyn et al., 1981).   

 

Few studies have suggested a potential therapeutic effect against experimental infections in 

rats due to Trichophyton rubrum, a human dermatophytic filamentous fungus (Adam et 

al., 1998). Other mentha essential oils have been reported to exhibit variable degrees of 

antifungal activities against phytopathogenic (Müller-Riebau et al., 1995) and 

keratinophilic fungi (Kishore et al., 1993).  There are some reports stating that Mentha 

species exhibit antifungal activity (Mimica-Dukic et al., 2003). Terpinene, isomenthone, 

trans-carveol, pipertitinone oxide, and b-caryophyllene isolated from M. piperita showed 

in vitro activity against C. albicans and Escherichia coli. (Yadegarinia et al., 2006).  

Menthol has been reported to be responsible for antimicrobial property of M. piperita 

(Iscan et al., 2002). Among the tested organisms C. albicans was the most sensitive 

microorganism to M. piperita oil, which supports our results (Mimica-Dukic et al., 2003). 
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4Conclusion 

Depending on the results of the present study, it could be concluded that  

 

 The most common dermatophytes causing tinea capitis in North Gaza district was M. 

canis as zoophilic dermatophyte in percent of (92.5%) while (7.5%) was 

T.mentagrophytes as anthropophilic or zoophilic dermatophytes. 

 The transmission mode of tinea capitis through the unrestricted contact with domestic 

animals in North Gaza district. 

 Some essential oils are effective against zoophilic dermatophyte e.g. M.canis which 

are often resistant to available antifungal agents, open important perspect`ives in 

alternative antifungal therapies.  Moreover, this study could identify candidate essential 

oil for developing alternative methods to control environmental undesirable 

filamentous fungi. 

 The low prevalence of T. mentagrophytes (2.5%) may be referred to the precautions in 

dealings among people, geographical or environmental factors did not enhancement of 

T. mentagrophytes. 

 The most potential essential oil as antidermatophytic agent against M.canis was the M.  

piperta oil with very low MIC. 

 The C. citratus oil, T. vulgaris, and O. majoranum were potential antidermatophytic 

agents from higher to lower MIC respectively. 

 The M.  piperta oil exhibited a broad antifungal spectrum; Moreover, superior to 

synthetic fungicides such as clotrimazole 
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5Recommendations 

 Control of keeping household animals (e.g. cats, dogs, rodents) the main cause of 

transmission of tinea capitis in North Gaza strip. 

 Starting in treatment of the infected cases to avoid transmission of disease from 

human to human. 

 Considering of Cascade of identification used in study as sharp decision for 

incognito  cases. 

 Recommended the ministry of health to consider the KOH test for identifying the 

fungi is insensitive test. 

 Recommended the companies to adopt the M. piperta oil as antidermatophytic 

agent (for treatment of dermatophytosis types) due to its in vitro potent effect. 

 Recommended for companies to give more attention for efficacy of essential oils as 

antifungal agents and formulated it in medical dosage forms. 

 Recommended for companies to formulate the essential oils in shampoos or topical 

solution for treatment of scalp . 

 Recommended for using the essential oils as safe insecticides due to its friendly 

environmental characteristics. 
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