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Abstract Soil samples (collected from El-Madina El-Monawara, Kingdom Saudi Arabia) were

mixed with human saliva, incubated in media suitable for bacterial and fungal growth and filtered.

Eighteen bacterial and five fungal species were isolated and identified. The bacterial and fungal fil-

trates as well as the isolated species were evaluated for their antimicrobial activities against some

pathogenic microbes causing dermatological diseases (Staphylococcus aureus, methicillin resistant

S. aureus (MRSA) and Aspergillus niger). The bacterial filtrate showed significant antagonistic effect

against S. aureus and methicillin resistant S. aureus (MRSA), whereas showed non inhibitory action

on the pathogenic fungus. In contrast, the fungal filtrate antagonized the growth of the pathogenic

fungus (A. niger) and did not produce any inhibitory effect on the two tested pathogenic bacteria.

The isolated bacterial species showed different levels of antagonistic activities against the three

tested microbes. Bacillus subtilis was described as potent isolate against the three pathogens, fol-

lowed by Esherichia coli. However, Bacillus megaterium strongly inhibited the growth of the path-

ogenic bacteria only. On the other side, all the fungal filtrates of the isolated species, except

Cochliobolus lanatus showed antagonistic activity against the pathogenic fungus (A. niger). The fil-

trate of Fusarium oxysporum and Emericella nidulans counteracted the growth of S. aureus, whereas,

the growth of MRSA was inhibited only by the filtrate of E. nidulans. From the passage way of our

respected prophet, how is never tells from him self, if any person complains from awound or ulcer,

the messenger of Allah (prayers and peace be upon him) put his forefinger on the ground and lift it

then he says: (In the Name of God, soil of our land, with the saliva of some of us, our sick person
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will get well after the permission of our God) Al-Bukhari. The meaning of this Hadith that the pro-

phet takes his saliva on the forefinger then he put it on the soil and wipe on the wound place while

saying the above Hadith that is shows the Prophet’s miracle, which is evidence of healing by using

soil and saliva.

ª 2010 King Saud University. All rights reserved.
1. Introduction

The dermatological pathogenic microbes could endure in the

skin through the cracks, ulcers causing skin infections. The
treatment depends on using antibiotics, which have several side
effects. The remarkable increase in antibiotics resistant bacte-

rial species (Kina, 2003; Motta et al., 2004) lead to search
for new sources of antibiotics through the isolation and iden-
tification of new types of microorganisms such as bacteria,
fungi and actinomycetes (Alexander, 1982). The antibiotics

produced by bacteria have been gaining importance by many
investigators. Bacterial species producing antibiotics have been
used as biocontrol agents against pathogenic fungi (Yilmaz et

al., 2005; Gebree1 et al., 2008).
Soil is considered one of the most suitable environments for

microbial growth (Cavalcanti et al., 2006), for that the micro-

organisms which have been isolated from the soil having lead-
ing in this area. The genus Streptomyces which is antibiotics
producer has been isolated from the soil of Yemen (Ahmed,

2003). Also, one hundred bacterial isolates were isolated from
six different soil samples collected from Egypt, 20 of them
could antagonized some selected plants and human pathogenic
fungi such as Apergillus sp., Fusarium oxysporum, Penecillium

digitatum and Alternaria solani (Gebree1 et al., 2008). More-
over, 20 bacterial strains isolated from soil stressed ecological
niches of Eastern Uttar Pradesh, India showed strong antimi-

crobial activities (Singh et al., 2009).
On the other hand, some studies showed that saliva con-

tains many antimicrobial substances. B-defensins which are

cationic peptides with broad-spectrum antimicrobial activity
are produced by human salivary glands and oral mucosal sur-
faces and most abundant in tissues of associated inflamma-
tions. Human B-defensins play an important role in the

innate defenses against oral microorganisms (Mathews et al.,
1999). Murakami et al. (2002) detected cathelicidin antimicro-
bial peptides in human saliva, contributing to broad-spectrum

defense of the oral cavity. Also, cathelicidin are essential for
the protection of skin against invasive bacterial infection. In
addition, salivary histatins are potent in vitro antifungal agents

and have great promise as therapeutic agent in humans with
oral candidiasis caused by Candida albicans. Histatins caused
loss of fungal cell integrity followed by its death (Edgerton

et al., 1998). Further more, Liu et al. (2008) purified and
cloned a noval antimicrobial peptide from salivary glands of
hard tick named ixoxin-B.

Based on the above mentioned literatures, this study is an

attempt to investigate the antimicrobial activity of certain soil
microorganisms isolated from the soil of El-Medina El-
Monawara mixed with human saliva against some pathogenic

microorganisms that cause wounds inflammation and ulcers
such as Staphylococcus aureus, methicillin resistant S. aureus
(MRSA) and the pathogenic fungus Aspergillus niger isolated

from dermatological infections as fungal foot disease
(Kown-chung and Bennett, 1992). Moreover, identification
of the most active isolates was done.

Through the guidance of our prophet (peas be upon him)
Aisha said: if someone complained to messenger of God (peas
be upon him) from ulcer or wound, the prophet used to put his
finger on the earth and saying (name of God, our soil, our sal-

iva, to accrue our patient with helping of our lord) Al-Bukhari
and Muslim narrated.
2. Materials and methods

Soil samples were collected from different localities at El-
Madina El-Monawara city (Qurban El Nazel – Eastern Hora

– Ohod mountain) Kingdom Saudi Arabia, and were kept at
25 �C. Human saliva samples were taken from healthy persons.
One gram of soil, 1 ml of saliva and 1 ml of mixture (1 g

soil + 1 ml of saliva) were inoculated to the nutrient Browth
medium for bacterial growth and Sabourand Dextrose liquid
medium for fungal growth, incubated for 10 days. Thereafter,
the culture media were filtered using sterilized bacterial filters

(NALGENE 0.45 Mm) produced by Nalge Nunc Interna-
tional. Isolation of different bacterial and fungal isolates was
carried out from the mixture and purified. The bacterial iso-

lates were identified according to Bergey’s manual of system-
atic bacteriology (Krieg and Holt, 1984; Sneath et al., 1986).
The fungal isolates were identified in Botany Department, Fac-

ulty of Science, Cairo University, Egypt.
The pathogenic isolates of S. aureus were obtained from

King Fahd – Hospital, Jeddah city. The methicillin resistant

S. aureus (MRSA) was obtained from King Fahd – Hospital,
Gizan. Whereas, the pathogenic fungus A. niger was taken
from microbial culture collection (MIRCN), Faculty of Agri-
culture, Ain Shams University, Egypt.

The nutrient Browth medium was used for quantitative
determination of both pathogenic and soil bacterial isolates.
The blood agar culture medium recommended by Madigan

and Martinko (2005) was used for cultivation of pathogenic
bacterial isolates. Whereas, Sabouraud Dextrose agar medium
was used for fungal growth (Georg et al., 1954).

The antagonistic activities of soil alone (1 g), saliva alone
(1 ml) and the mixture of both (1 g soil and 1 ml saliva) were
tested against the pathogenic microbes.

The method described by Umechuruba and Nwachukwa
(1997) was used for testing the antimicrobial activities of the
cell free culture media of both soil bacteria and fungi on the
growth of the tested pathogenic microbes.

The pathogenic fungus and bacteria were treated with dif-
ferent concentrations of fungal and bacterial filtrates of the
mixture (soil + saliva).

The dry weight of the pathogenic microbes was determined
as mg according to the method of Bouknight and Sadoff
(1975).



Figure 1 The antagonistic activity (expressed by the inhibition zone) of soil alone (a), saliva alone (b), and their mixture (c) on the

pathogenic bacteria S. aureus.
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The antagonistic effects of the bacterial and fungal species
isolated from the mixture of soil and saliva were tested accord-

ing the methods of Weller and Cook (1983) and El-Sohaibani
(1999) for bacteria and Umechuruba and Nwachukwa (1997)
for fungi.

3. Results and discussion

The antimicrobial activities of soil, saliva and mixture of both
soil and saliva were tested against the three tested pathogenic

organisms. The results revealed that, soil alone showed moder-
Figure 2 The antagonistic effect of bacterial cell free culture medium

aureus (b) S. aureus cultures with hole filled with bacterial filtrate.

Figure 3 The antagonistic effect of bacterial cell free culture medium

of MRSA (b) MRSA culture with holes filled with bacterial filtrate.
ate antimicrobial activity compared to saliva which did not
produce any antagonistic effect. On the other hand, mixture

of soil and saliva showed the highest antimicrobial activity
(Fig. 1). The same trend was observed for the cell free bacterial
and fungal culture media. Thus, the pathogenic organisms
showed higher sensitivity to the filtrates resulted from mixing

soil and saliva. Based on the above mentioned results, all the
experiments were carried out using the mixture of soil and
saliva. This is may be due to that the alkalinity of saliva may

favour the growth of antibiotic producing microorganism.
Furthermore, saliva act as oral antiseptic because it contain
on the growth of Staphylococcus aureus. (a) Control culture of S.

on the growth of methicillin resistant S. aureus (a) control culture
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lysozyme and prevent the growth of dental bacteria. Moreover,
when saliva decreased the growth of pathogenic fungi in-
creased leading to different oral diseases.

Many workers proved that saliva contain antibacterial sub-
stances such as lactoferrin (iron binding protein), thiocyanate
and lactoperoxidase (Tenovuo, 2002; Komine et al., 2006).

In this connection, Dodds et al. (2004) indicated that saliva
contain proline-rich proteins such as statherin and histatins
that influence Candida infection. Huang (2004) identified and

characterized 10 antimicrobial proteins in saliva such as -1-a
antrypsin, thioredoxin and peroxiredoxin B. In addition, sali-
vary nitrite enhances its bactericidal effects through the gener-
ation of reactive nitrogen intermediates including nitricoxide

and nitrosonitrosyl species against Esherichia coli and C. albi-
cans (Bjorne et al., 2006). The presence of horseradish peroxi-
dase–iodide–hydrogen peroxide in saliva increase the salivary

bactericidal effect on Fusobacterium nucleatum which associ-
ated with the infection of tooth supporting tissues, periodonti-
tis, (Ihalin et al., 2003). Furthermore, Liu et al. (2008) Purified
Table 1 Effect of different concentrations of bacterial and fungal fil

and methicillin resistant S. aureus after four days of incubation (±s

Treatment (%) Conc. S. aureus

Dry weight

Bacterial filtrate Control 140.0 ± 33.0

2 100.0 ± 0.58**

4 82.0 ± 0.58**

6 60.0 ± 0.33

8 20.00 ± 1.00**

Fungal filtrate Control 140.33 ± 0.58

2 139.33 ± 0.58**

4 140.00 ± 1.53**

6 138.00 ± 1.00**

8 140.33 ± 0.58**

* Significant at 5%.
** Significant at 1%.

Table 2 Effect of different concentrations of bacterial and funga

Aspergillus niger at different incubation periods (±standard deviatio

Treatment (%) Conc. 4 days of incubation

Dry weight

Bacterial filtrate Control 280 ± 2.00

2 280 ± 0.33**

4 280 ± 0.67*

6 279.33 ± 0.58*

8 279 ± 0.67*

Fungal filtrate Control 103.33 ± 15.28

2 60.33 ± 0.58**

4 50.33 ± 1.53**

6 40.33 ± 0.58**

8 35.0 ± 1.00**

* Significant at 5%.
** Significant at 1%.
and cloned a noval antimicrobial peptide from salivary glands
of hard tick named ixoxin-B.

The results revealed that the bacterial cell free culture med-

ium showed highly effective antibacterial action against the
growth of S. aureus (Fig. 2) and methicillin resistant S. aureus
(MRSA) (Fig. 3) as appeared from the inhibition zones around

the holes filled with the bacterial filtrates.
The effects of different concentrations of bacterial and fun-

gal cell free culture media on the dry weight of the two tested

pathogenic bacterial species were presented in (Table 1). As ap-
peared from the data, the dry weight of S. aureus and MRSA
decreased with increasing the concentration of the bacterial fil-
trate and consequently the percentage of inhibition increased.

Thus, 8% of the bacterial filtrate inhibited the growth of S.
aureus and MRSA by 85.7% and 50%, respectively below
the control level. Although the bacterial filtrate exerted strong

antagonistic effect, MRSA showed more resistance than S.
aureus to the inhibitory action of the bacterial filtrate. In con-
trast, the fungal cell free culture medium did not show any
trates (cell free culture media) on the dry weight (mg) of S. aureus

tandard deviation).

MRSA

% Inhibition Dry weight % Inhibition

0.0 40.00 ± 0.58 0.0

28.57 35.0 ± 0.33** 12.5

41.43 33.0 ± 1.00** 17.5

57.14 25.0 ± 0.58** 37.5

85.71 20.0 ± 1.53** 50.0

0.0 40.67 ± 1.15 0.0

0.71 38.33 ± 0.58** 5.75

0.23 40.0 ± 1.00** 1.65

1.66 39.33 ± 0.58** 3.29

0.00 40.67 ± 1.15** 0.00

l filtrates (cell free culture media) on the dry weight (mg) of

n).

8 days of incubation

% Inhibition Dry weight % Inhibition

0.0 550 ± 0.58 0.0

0.0 540 ± 1.67** 1.82

0.0 550 ± 0.33 0.0

2.3 550 ± 0.58* 0.0

0.35 550 ± 1.45* 0.0

0.0 134.0 ± 16.37 0.0

41.61 67.0 ± 12.12** 50.0

51.29 70.33 ± 3.51** 47.51

60.97 70.33 ± 2.52** 47.51

66.13 64.67 ± 1.15** 51.74



Figure 4 The antagonistic effect of fungal cell free culture medium on the growth of Aspergillus niger. (a) Control culture of A. niger (b)

A. niger culture with holes filled with fungal filtrate.

Table 4 The antagonistic effect of bacterial suspensions of

species isolated from mixture of soil and saliva against S.

aureus, MRSA and Aspergillus niger expressed by inhibition

zones (mm).

Sym. Bacterial species Inhibition zone (mm)

S. aureus MRSA A. niger

D1 Bacillus sp. 9 0.0 0.0

D2 Escherichia coli 9 7 30

D3 Bacillus megaterium 17 17 0.0

D4 Micrococcus sp. 9 0.0 0.0

D5 Bacillus sp. 0.0 0.0 13
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antagonistic action against the two pathogenic bacteria. Thus,
the dry weights of the treated cultures were nearyl the same as

the control weight at all concentrations of the fungal filtrate.
All the concentrations used from the bacterial filtrates did

not show any antifungal effect against the growth of the tested

pathogenic fungus (A. niger) at all incubation periods (Table
2). However, the fungal filtrate exerted strong antagonistic ac-
tion against the growth of A. niger. Thus, concentration of 8%
inhibited the fungal growth by 64.7% at the end of the incuba-

tion period. This results could be confirmed by the appearance
of the inhibition zone of the fungal growth in response to treat-
ment with fungal filtrate not with bacterial one (Fig. 4). These

results are in confirmity with those of Hentschel et al. (2006)
who indicated that most of bacterial isolates showed antago-
nistic effects against bacteria more than fungi specially the

strains isolated from hospitals as Staplylococcus epidermis
and S. aureus. The ability of bacterial filtrate to antagonize
the pathogenic bacteria whereas the fungal filtrate counteract

the pathogenic fungus may be referred to that some microbial
species produce antimicrobial substances which affect only the
systematically related species (Abu Arkoub, 2002).

On the other side, some soil bacteria showed antifungal

properties because of the production of chitinase which may
be a part of a lytic system that enables bacteria for living on
hyphae as actual growth substrate (De Boer et al., 1998). At

the same time, Barakate et al. (2002) indicated that some soil
Streptomycetes were active against yeasts and some filamen-
tous fungi. Also, the antifungal effect of some microbes may

be due to the production of extracellular antifungal secondary
metabolites such as iron chelators produced by some bacterial
species such as pyocheline, pyoverdine and pseudopactin
which inhibit or prevent the growth of pathogenic organisms

(Osman, 2004). De Boer et al. (2007) indicated in vitro sup-
Table 3 The bacterial species isolated from the soil of El-

Madina mixed with saliva.

The species No. of species (%)

Bacillus sp. 9 50.00

Lactobacillus sp. 2 11.11

Arthrobacter sp. 1 5.56

Micrococcus sp. 3 16.67

Sporosarcia sp. 1 5.56

Sporocytophage sp. 1 5.56

Esherichia coli 1 5.56
pression of some plant pathogenic fungi by non-antagonistic
soil bacteria. They referred the antifungal effect to the sensitiv-

ity of fungi to bacterial secondary metabolites, and to the com-
petitive interactions between bacterial strains. At the same
time, Park et al. (2008) isolated extracellular 17 KDa antimi-

crobial protein from Aspergillus oryza and active against path-
ogenic fungi and bacteria.

Data presents in (Table 3) show that 18 bacterial species
were isolated from the soil samples collected from different

localities from El-Madina Al-Monwara city mixed with human
saliva. The bacterial isolates were identified according to Ber-
geys manual (Holt et al., 1994). As appeared from the data,

Bacillus was the most dominant genus constituting about
50% of the isolated genera. This could explain the strong anti-
microbial activity of El-Madina soil. These results are in con-

formity with others who confirmed the effective antimicrobial
activity of this genus (Bacillus) specially against the pathogenic
microbes (Aunpad and Na-Bangchang, 2007; Dhanapathi

et al., 2008).
D6 Micrococcus sp. 0.0 0.0 4

D7 Sporosarcia sp. 10 10 0.0

D8 Bacillus sp. 10 11 0.0

D9 Bacillus sp. 0.0 2 5

D10 Bacillus subtilis 11 12 40

D11 Micrococcus sp. 0.0 0.0 9

D12 Bacillus sp. 0.0 0.0 0.0

D13 Bacillus sp. 9 0.0 0.0

D14 Arthrobacter sp. 9 0.0 0.0

D15 Bacillus sp. 0.0 0.0 17

D16 Lactobacillus sp. 0.0 3 0.0

D17 Lactobacillus sp. 0.0 0.0 0.0

D18 Sporocytophage sp. 0.0 0.0 0.0



Figure 5 Antagonistic effect of bacterial suspension of (a) Bacillus megaterium (D3) (b) Bacillus subtilis (D10) on the growth of S. aureus

compared to the control culture.

Figure 6 Antagonistic effect of bacterial suspension of (a) Bacillus megaterium (D3) (b) Bacillus subtilis (D10) on the growth of MRSA

compared to the control culture.
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The isolated bacterial genera were tested for their antimi-
crobial activities against the three tested pathogenic microbes

(Table 4). As appeared from the table, Bacillus megaterium
(D3) and Bacillus subtilis (D10) showed the most inhibitory ef-
fects against the two pathogenic bacteria. Thus, the inhibition

zone reached (17 mm) by B. megaterium (D3) and 11 and 12
Figure 7 Antagonistic effect of bacterial suspension of (a) Bacillus su

niger expressed by the inhibition zone.
mm by B. subtilis D10 against S. aureus and MRSA, respec-
tively (Figs. 5a and b, 6a and b). This followed by Bacillus

sp. and Sporosacia sp. which produced inhibition zone reached
(10 and 11 m) against S. aureus and MRSA, respectively. The
bacterial genera D1, D2, D4, D13, D14 produced 9 mm inhi-

bition zone against S. aureus whereas, the other genera could
btilis D10 (b) Bacillus megaterium D3 on the growth of Aspergillus



Figure 8 The growth of the isolated fungi (used as fungal

suspensions in the mid-hole) completely prevent the growth of the

pathogenic bacteria mixed with the media.

Table 5 Effect of cell free culture filtrates of isolated fungi on

the growth of Staphylococcus aureus, methicillin resistant

MRSA and Aspergillus niger (+ low growth, ++ medium

growth, +++ high growth).

Sym. Isolated fungi Staphylococcus

aureus

MRSA A. niger

F1 Chaetomium globosum ++ ++ +

F2 Fusarium oxysporum + ++ +

F3 Aspergillus biplane +++ ++ +

F4 Cochliobolus lanatus ++ ++ ++

F5 Emericella nidulans + + +

Figure 10 The antagonistic effect of the filtrate of Emericella

nidulans F5 on the growth of MRSA.
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not produce any antimicrobial activity. However, only seven
genera showed antimicrobial activity against the pathogenic

fungus A. niger.
B. subtilis D10 showed the strongest antifungal activity fol-

lowed by E. coli D2 producing 40 and 30 mm inhibition zone,

respectively against A. niger (Fig. 7). B. subtilis (D10) and
E. coli (D2) showed inhibitory actions against the three tested
microbes. These results were supported by several studies

which indicated the efficient antimicrobial activity of soil bac-
teria specially the Bacilli. In this connection, Aunpad and Na-
Bangchang (2007) concluded that Bacillus pumilus isolated
from the soil of Thailand produced new antimicrobial peptide

with broad spectrum antibacterial activity including MRSA.
The compound has potential for use as an alternative antibac-
Figure 9 Antagonistic effect of the filtrate of (a) Fusarium oxyspo
terial agent for the treatment of infection with MRSA. Fur-
thermore, the antimicrobial compound subtilin produced by
B. subtilis was found to be effective against the commonly

occurring gram positive S. aureus and Gram negative E. coli
(Beima et al., 2002; Dhanapathi et al., 2008).

Bacillus sp. isolated from soil showed antimicrobial activity

against some pathogenic fungi (Sclerotium rolfsii, F. oxyspo-
rum and Rhizoctonia solani) and the pathogenic bacteria S.
aureus (Ghai et al., 2007). In addition, B. subtilis produce anti-

fungal peptides (Iturine) which have been used as biocontrol
agents (Levenfors et al., 2004; Chung et al., 2005).

Also, some lactic acid bacteria (Magnusson et al., 2003) and
other Bacillus sp. (Yilmaz et al., 2005) produced antifungal

substances. Whereas, E. coli produced chitinase enzyme which
dissolve the wall of the pathogenic fungus F. oxysporum which
cause wilt disease in Cucumber (Soohee and Dal, 2007).

Five fungal species were isolated from the mixture of soil
and saliva which were Chaetomium globosum (F1), Fusarium
oxysorum (F2), Aspergillus biplane (F3), Cochliobolus lanatus

(F4) and Emericella nidulans (F5). The fungal suspensions of
the isolates showed efficient antagonistic activities against the
two tested pathogenic bacteria and completely prevent their

growth on solid media (Fig. 8). At the same time, the fungal
suspensions present in the agar well have been grown vigor-
ously indicating their ability to prevent the pathogenic bacteria
from nutrients and consequently prevent their growth and

reproduction (Berg et al., 1994). In contrast, the fungal isolates
could not counteract the pathogenic tested fungus A. niger,
although, its growth was inhibited by the filtrate of fungi iso-
rum F2 (b) Emericella nidulans F5 on the growth of S. aureus.



Figure 11 The antagonistic effect of the filtrate of (a) Haetomium globosum (F1) (b) Emericella nidulans (F5) (c) Fusarium oxysorum (F2)

and (d) Aspergillus biplane (F3) on the growth of Aspergillus niger.
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lated from the mixture of soil and saliva as mentioned
previously.

The cell free filtrates of the fungal cultures were tested for
their antimicrobial activities against the tested pathogenic mi-
crobes (Table 5). As appeared from the table, the filtrate of

Emericella indulans (F5) showed strong antagonistic activities
against the three tested pathogenic microbes. Whereas, the fil-
trate of F. oxysporum (F2) counteracted the growth of S. aur-

eus and A. niger efficiently (Figs. 9 and 10). At the same time,
the pathogenic fungus A. niger, showed high sensitivity to the
filtrate of Chaetomium globosum (F1), E. nidulans (F5), Fusar-
ium oxysorum (F2) and Aspergillus biplane (F3) (Fig. 11).

These results could be explained supported by those of Wen
et al. (2005) who concluded that some microbes secrete some
extracellular enzymes such as chitinase, cellulase, glucanase

and protease which digest the fungal mycelia. E. nidulans
NK-62 produce cellulase and xylanase which hydrolyse the
fungal wall (Kango et al., 2003). Also, E. nidulans antagonized

the growth of the pathogenic fungus F. oxysporum which
causes wilt disease in tomato (Sibounnavong et al., 2008).
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