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Abstract 

 
    Today, Libya is by far the most important world source region of 
medicinal plants collected from the wild. Despite, Libyan countryside 
provides the most important market with considerable amounts of raw 
material against many dieses, which have been used for hundred years ago. 
However, many works have been done elsewhere that aimed to knowing the 
different antimicrobial and phytochemical constituents of medicinal plants 
and using them for the treatment of microbial infections in exist way. The 
increase in number of antibiotic resistant bacteria is no longer matched by 
expansion in the arsenal of agents available to treat infections. Furthermore, 
their side effect   and cost, many efforts have been made to discover new 
antimicrobial compounds from plants. 
This work aims to studying the component activities of four of the well 
known, very important, volatile plants of medicinal applications, 
Cymbopogon citratus , Mentha piperita , Ocimum basilicum and 
Pelargonium graveolens. The study supposing the presence of some 
chemical components in addition to the volatile oils as main components of 
leaves of different plants used, different methods have been applied and 
different kinds of solvents have been used to extract all the chemical 
substances expected to be effective agents determining the specific 
pathogenic microbes. 
Different types of extracts have been investigated for their antimicrobial 
activities against the growth of different test microorganisms representing 
different microbial groups (Bacillus subtilis, Pseudomonas aeruginosa, 
Streptomyces albaduncus, Aspergillus candides, Penicillium expansam and 
Saccharomyces serevisiae). 
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Introduction. 

     Plants and their extracts have been used many centuries ago as remedies 
for the cure or alleviation of diseases (Kotb, 1985., Shariff,2001). Lucas 
and Lewis (1944) found many plants to contain substances active in vitro 
against gram negative, gram-positive bacteria and fungi. Carlson et al. 
(1946) have shown several of these plant extracts to be active in vivo 
against bacterial infections. Most investigators have tested plant juices or 
water extracts on seeded agar plates in which zones of inhibition of growth 
and diffusion of the extract were observed. 
Prasad et al. (1985) studied the antimicrobial effects of essential oils 
extracted from leaves and inflorescence of different species of Ocimum. 
The extracts were antibacterial and inhibited the growth of Bacillus 
anthrucis, B. sacharolyticus, B. subtilis, Staph. aureus, Sarcina lutea and 
Salmonela Spp. and antifungal affecting the growth of Candida albicans 
and Histoplasma capsulatum. 

Farag et al. (1989) studied the effects of essential oils of Theyme leaves, 
Cumin fruits, Clove flower, Caraway fruits, Rosemary leaves, and Sage 
leaves against Aspergillus sp. The essential oil caused complete inhibition 
of both mycelial growth and production of aflatoxins. The inhibition 
potencies followed the order: Theyme, Cumin, Clove, Carawy, Rosemary 
and Sage. 
Other several investigations were done on essential oils of aromatic plants 
for controlling the growth of fungi which cause diseases to man, animals 
and plants. Lis-Balchin et al. (1995) studied the antimicrabial activities of 
leaf extracts of Pelargonium species. The extracts were proved to be 
inhibitory for the growth of Alcaligenes faecalis, Flavobacterium suaveolen 
and leuconostoc cremoris. Also antifungal activities for Pelargonium 
extracts were observed. The 80% ethanol extracts of powder aliquots of air 
dried plant materials of some Italian medicinal plants studied for 
antibacterial activities gave good results against the growth of some Gram 
positive bacteria (Bacillus subtilies, Staphylococcus aureus, and 
Streptococcus haemolyticus) and Gram negative bacteria (E. coli,  
Klebsiella pneumonia).  Essential oil extracted from plants have been used 
in bee colonies for the control of chalkbrood, a fungal disease caused by the 
pathogen Ascosphaera  apis (Colin et al., 1989). 



Majalat  Al-Ulum  Al-Insaniya  wat - Tatbiqiya 

43 
 

In 1997 lis-Balchin and Deans, studied the antimicrobial potencies of a 
large number of essential oils extracted from 50 different plants of 
economical and medicinal plants against 20 different strains of Listeria 
monocytogenes. The best results were recorded for Camphor, Verbena, 
Angelica, Cassia, Cinnamon leaf, Clove bud, Clove leaf, Basil, Bergamot, 
Pimento, Bay, Eucalyptus radiata, Eucalyptus citriodora, tea-tree and 
lemon grass. The essential oils of each were found to be inhibitory against 
all the 20 strains tested. 
Nair, et al. (2005) studied nine Indian plants for there potential antibacterial 
activity. The plants screened were Sapindus emarginatus, Hibiscus rosa-
sinensis, Mirabilis jalapa, Rheo discolor, Nyctanthes arbortristis, 
Colocasia esculenta, Gracilaria corticata, Dictyota spps., and Pulicaria 
wightiana. Their antibacterial activity was tested against six bacterial 
strains, Pseudomonas testosteroni, Staphylococcus epidermidis, Klebsiella 
pneumoniae, Bacillus subtilis, Proteus morganii, and Micrococcus flavus 
.The results showed that the antibacterial activity of all these plants. P. 
testosteroni and K. pneumoniae were the most resistant bacterial 
strains,where S. emarginatus showed strong activity against the tested 
bacterial strains. 
     Dewanjee., et al. (2007) examined the antimicrobial activity of methanol 
extract of Diospyros peregrina fruits (MEDP), Coccinia grandis leaves 
(MECG) and Swietenia macrophylla barks (MESM).They  used some 
selective gram positive and gram negative bacterial and fungal strains. 
Their results have showed that MEDP and MESM had the highest 
sensitivity against Escherichia coli strains, where MEDP was found 
resistant to Sarcina luteus and Bacillus spp whereas MESM was resistant to 
all Shigella strains. MECG has shown major activity against 
Staphylococcus aureus, Escherichia coli, Shigella dysenteriae, Shigella 
soneii and Pseudomonas aeruginosa; whilst resistant to Shigella flexneri 
and Shigella boydii. Against fungi strains extracts were found effective at 
higher concentrations. Candida albicans has shown highest sensitivity 
whilst Penicillium spp. was least effective to all three extracts. 
    Plant used history as describe in Erteb (1994) and preparation of the 
material extracts;  Steam distillation method Farag, et al (1989), Saline 
Solution extraction Carlson and Douglas (1948), Extraction with Hexane 
Lis-Balchin et al (1995) and  extraction with Ethanol Autore  et  al ( 1984). 
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Test microorganisms  

The following microorganisms have been tested for their susceptibilities to 
different types of leaf extracts of the four investigated plants: Bacillus 
subtilis DSM10, Pseudomonas aeruginosa ATCC 10145, Streptomyces 
albaduncus;  Saccharomyces cerevisiae  Aspergillus candidas & 
Penicillium expansum. 

Testing the antimicrobial effects of extracts  

Hole plate method, Wet Filter paper disc method, On liquid cultures and 
Colourimetric method for bacteria as described by Fay & Farias (1975).  

Colourimetric method for actinomycetes and Colourimetric method for 
yeasts as described by Gharieb,( 1993).Dry weight method for fungi as 
described by Farag et al., (1989). 

Inhibitory effects of different plant extracts 

1.1- On solid media. 

A test for the antimicrobial potencies of three types of extracts hexane, 
ethanol and essential oils on solid media was found to be suitable for 
bacteria and actinomycetes. A Gram (+ve) bacterium, (Bacillus subtilis), a 
Gram (–ve) bacterium (Pseudomonas aeruginosa), and a (Streptomyces 
albaduncus) have been used in this test which have been preformed by two 
methods namely the hole plate method and the filter paper disc method. 

1.2- Hole plate method. 

As shown in table (1), the hexane extract of  Cymbopogon citratus leaves 
was inhibitory only to the growth of Pseudomonas aeruginosa (8mm 
inhibition zone), while the ethanol extract of the same plant inhibited the 
growth of Pseudomonas aeruginosa and Streptomyces albaduncus (6 and 4 
mm inhibition zones respectively). 

The hexane extract of Mentha piperita inhibited only the growth of Bacillus 
subtilis (2 mm inhibition zone) while the ethanol extract inhibited only the 
growth of Pseudomonas aeruginosa (4 mm inhibition zone). 
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The growth of both Bacillus subtilis and Pseudomonas aeruginosa was 
affected by the hexane extract of Ocimum basilicum (6mm and 5mm 
inhibited zones respectively), while ethanol extract inhibited only the 
growth of Pseudomonas aeruginosa (2 mm inhibition zone). 

Ethanol extract of Pelargonium graveolens had no effect on the growth of 
any of the test organisms and the hexane extract exhibited limited inhibition 
only upon the growth of Pseudomonas aeruginosa (2mm inhibition zone). 

1.3- Filter paper disc method. 

As shown in plates 1 and 2, the results obtained were as follow: 

The ethanol extract of Cymbopogon citratus was inhibitory for the growth 
of Bacillus subtilis, Pseudomonas aeruginosa and Streptomyces albaduncus 
causing inhibition zones of (9mm, 6mm and 8mm respectively), while the 
hexane extract inhibited only the growth of Bacillus subtilis and 
Pseudomonas aeruginosa (7mm, 2mm inhibition zone respectively). 

The ethanol extract of Mentha piperita inhibited the growth of Bacillus 
subtilis, Pseudomonas aeruginosa and Streptomyces albaduncus causing 
(6mm, 13mm and 2mm, respectively). The hexane extract of the same plant 
inhibited only the growth of Bacillus subtilis and Pseudomonas aeruginosa 
(3mm and 7mm inhibition zone respectively). 

The growth of Bacillus subtilis, Pseudomonas aeruginosa and 
Streptomyces albaduncus was affected by the hexane extract of Ocimum 
basilicum showing inhibition zone of (6mm, 10mm and 9mm respectively), 
while the ethanol extract affected only Pseudomonas aeruginosa and 
Streptomyces albaduncus (11mm and 4mm inhibition zone respectively). 

The ethanol extract of Pelargonium graveolens was found to be inhibitory 
for the growth of Bacillus subtilis, Pseudomonas aeruginosa and 
Streptomyces albaduncus causing (4mm, 2mm and 5mm inhibition zones 
respectively), while only Bacillus subtilis and Pseudomonas aeruginosa 
were inhibited by the hexane extract of the same plant (6mm and 4mm 
inhibition zones respectively). 

The essential oils extracted by steam distillation from the leaves of Mentha 
piperita and Pelargonium graveolens have been examined for their 
antimicrobial activities against the growth of Bacillus subtilis and 
Pseudomonas aeruginosa. No inhibitory effects were observed in the case 
of Bacillus subtilis, while sufficient and clear inhibition zone (12mm) has  
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been observed around the filter paper discs saturated by the essential oils 
extracted from the leaves of Mentha piperita on the growth of 
Pseudomonas aeruginosa. The amounts of essential oils extracted from the 
leaves of Cymbopogon citratus and Ocimum basilicum were not enough to 
perform this test. 
 

                           
                               C                                                                            B                               

    
 
 

                                         
                                                                    A 

 
Plate (1): Antimicrobial effects (inhibation zone) of the hexane extract of (1) C. citratus, 
(2) M. piperita, (3) O. basilium, (4) P. graveolens, and (C) Solvent (hexane) against the 
growth of (A) B. subtilis, (B) P. aeruginosa, and (C) Str. albaduncus. On solid agar plates 
using filter paper discs method. 
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Plant 
species 

extracted 

Test organism

Inhibition zones in mm 

Hole plate method Filter paper disc method 

Hexane 
ext 

Ethanol ext Hexane ext Ethanol ext 

C. citratus 

Bacillus subtilis - - 7 9 

Pseudomonas aeruginosa 8 6 2 6 

Streptomyces albaduncus - 4 - 8 

M. piperita 

Bacillus subtilis 2 - - 6 

Pseudomonas aeruginosa - 4 3 13 

Streptomyces albaduncus - - 7 2 

O. basilicum 

Bacillus subtilis 6 - 6 - 

Pseudomonas aeruginosa 5 2 10 11 

Streptomyces albaduncus - - 9 4 

P. graveolens 

Bacillus subtilis - - 6 4 

Pseudomonas aeruginosa 2 - 4 2 

Streptomyces albaduncus - - - 5 

 

2- In liquid Cultures 

2.1 The turbidity method for bacteria: 

This method was found to be suitable for bacteria, actinomycetes and 
yeasts. The crude extracts of the four plants were added in contact to 
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different representative microorganisms Pseudomonas aeruginosa as a 
Gram negative bacterium, Bacillus subtilis as a gram positive bacterium, 
Streptomyces albaduncus as a representative actinomycete, and 
Saccharomyces cerevisiae as a representative yeast. The growth from the 
lag phase reaching to the decline phase was followed for each treatment, 
measuring the optical densities at constant intervals in comparison to a 
control without addition of the plant extract. 

As shown in table (2) and fig. (1), the four extracts affected the growth of 
Pseudomonas aeruginosa in different manners. Long lag phases in the 
presence of extracts of Menthe piperita and Ocimum bacillus (about 8 
hours) was observed compared by that with other extracts and control. 
Short logarithmic phases were recorded for Pseudomonas aeruginosa with 
all the extracts compared by the control expect in the case of Mentha 
piperita in which it continued with that of the control but the growth rate 
(increase in optical density) was very low. Pseudomonas aeruginosa 
growth was highly affect by Mentha piperita extract reaching a maximum 
OD of 0.483 only followed by extract of Ocimum basilicum maximum OD 
0.583, the extract of Pelargonium graveolens maximum OD 1.086 and the 
lowest effect was recorded for the extract of Cymbopogon citratus 
recording maximum OD of 1.316. While the maximum OD recorded for the 
control was (1.522). 
With Bacillus subtilis as shown in table (3) fig.(2) the extract of Mentha 
piperita enhanced the growth reaching a maximum growth OD 1.421 after 
36 hours of incubation, while for the control the maximum OD recorded 
was 1.329 after only 32 h. the highest inhibitory effect was recorded for 
Ocimun basilicum with a very low growth rate (maximum OD 0.337 
followed by the extract of Pelargonium graveolens reaching a maximum 
OD 0.575 and the weakest inhibitory effect was recorded for the extract of 
Cymbopogon citratus with which the maximum OD recorded was 1.191 
after 36 hours of incubation. 

Testing the effects of the extracts of the four plants against the growth of 
Streptomyces albaduncus  as a representative of actionmycetes the results 
as recorded in table (4) and  

fig. (3) showed that the extracts of Ocimum basilicum, Pelargonium 
graveolens and Cymbopogon citratus have very weak effects against the 
growth of Streptomyces albaduncus .The maximum optical densities 
recorded were; 1.066 with Ocimum basilicum extract, 1.083 with 
Pelargonium graveolens extract and 1.012 with Cymbopogon citratus 
extract, while for the control the maximum OD recorded was 1.165. 
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Mentha piperita extract showed a comparable inhibitory effect against the 

growth Streptomyces albaduncus, the growth was weaker compared with, 
the control and the maximum optical density recorded was 0.704 after 30 
hours of incubation. 

The antimicrobial potencies of the four extracts against Saccharomyces 
cerevisiae were also tested and the results recorded in table (5) and fig (4) 
showed that the four extracts affected the growth to some extent. The 
inhibitory potencies were limited. The highest effect was recorded for the 
extract of Ocimum basilicum maximum OD 0.785 followed by the extract 
of Cymbopogon citratus maximum OD 0.835, the extract of Pelargonium 
graveolens maximum OD 0.859 and the weakest inhibitory effect was 
recorded for the extract of Mentha piperita (maximum OD 1.302), while the 
maximum OD recorded for the control was 1.032. 

 

2.2 Dry weight measurements method (for fungi).  
The crude extracts of the four plants were tested for its effects on growth 

of Aspergillus candides and Penicillium expansum in liquid Dox’s medium, 
compared with control cultures to which non of the extracts were added. 

As shown in table (6) and fig (5) the four extracts were found to be 
effective against the growth of Aspergillus candides, being inhibitory 
compared by the growth of the control. The highest inhibition potency was 
recorded to the extract of Mentha piperita the maximum dry weight 
recorded was 0.343g while the maximum dry weight recorded for the 
control was 0.563g. The extract of Pelargonium graveolens, Ocimum 
basilicum, and Cymbopogon citratus exhibited similar effects to some 
extent against the fungal growth, the maximum dry weights, recorded were 
0.403g, 0.396g, 0.416g respectively.  

In the case of Penicillium expansum all the extracts exhibited remarkable 
inhibitory effects. The highest inhibitory effects as recorded in table (7) and 
fig (6) caused by the extracts of Cymbopogon citratus and Mentha piperita 
(the maximum dry weights recorded were 0.482g and 0.503g respectively, 
while the extracts of Pelargonium graveolens and Ocimum basilicum 
exhibited weak inhibitory effects (the maximum dry weight recorded were 
0.652g. and 0.663g respectively, while the maximum fungal dry weight 
recorded for the control was 0.792g. It was also noticed from fig. (6) that 
the growth curves of the control and the four treatments had the same 



Majalat  Al-Ulum  Al-Insaniya  wat - Tatbiqiya 

51 
 

shapes to some extent, showing equal lag phase periods and equal 
logarithmic phase periods. 
Table (2): The optical densities readings (OD) at 660 nm as a measure of 
growth of Pseudomonas aeruginosa in absence and presence of different 
plant extracts in liquid cultures. 

 

Treatment 

660 nm 

zero time 4h. 8h. 12h. 16h. 20h. 24h. 28h. 32h. 36h. 40h. 44h. 48h. 

Control 0.028 0.59 0.83 0.905 1.03 1.19 1.35 1.36 1.52 1.52 1.50 1.49 1.42 

Ext. of C. 

citratus. 
0.08 0.45 0.97 1.09 1.17 1.22 1.29 1.31 1.27 1.27 1.23 1.23 1.21 

Ext. of 

M.piperita. 
0.07 0.10 0.11 0.17 0.18 0.20 0.30 0.35 0.47 0.48 0.47 0.47 0.47 

Ext. of 

O.basilicium

. 

0.07 0.14 0.15 0.48 0.49 0.58 0.56 0.47 0.47 0.47 0.45 0.45 0.43 

Ext. of P. 

graveolens. 
0.06 0.32 0.73 0.89 1.03 1.08 1.08 1.07 0.87 0.72 0.69 0.61 0.51 

 
Table (3): The optical densities readings (OD) at 660 nm as a measure of 
growth of Bacillus subtilis in absence and presence of different plant 
extracts in liquid cultures 
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Treatment 
O.D at 660 nm after. 

00 4h. 8h. 12h. 16h. 20h. 24h. 28h. 32h. 36h. 40h. 44h. 48h. 

Control 

(without extract) 
0.03 0.55 0.77 0.93 1.06 1.15 1.26 1.29 1.32 1.25 1.240 1.21 1.10 

Ext. of C. 

citratus. 
0.08 0.26 0.55 0.96 1.02 1.15 1.14 1.16 1.18 1.19 1.189 1.17 1.16 

Ext. of M. 

piperita. 
0.07 0.48 0.83 0.90 1.15 1.31 1.35 1.40 1.41 1.42 1.405 1.39 1.38 

Ext. of O. 

basilicium. 
0.06 0.08 0.12 0.14 0.14 0.19 0.31 0.31 0.33 0.32 0.327 0.31 0.31 

Ext. of P. 

graveolens. 
0.06 0.61 0.65 0.78 0.73 0.63 0.57 0.57 0.57 0.57 0.558 0.55 0.55 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
                      Fig. (1): Growth curve of Pseudomonas aeruginosa 
                          grown on liquid medium containing plant extract 
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                       Fig. (2): Growth curve of Bacillus subtilis grown 
                            on liquid medium containing plant extract 
 
 
Table (4): The optical densities readings (OD) at 660 nm as a measure of 
growth of Streptomyces species in absence and presence of different plant 
extracts in liquid cultures. 

 

Treatment 

O.D at 660 nm after. 

00 6h. 12h. 18h. 24h. 30h. 36h. 42h. 48h. 54h. 60h. 66h. 72h. 78h. 

Control 0.032 0.12 0.24 0.34 0.40 0.62 0.80 1.01 1.08 1.10 1.15 1.15 1.15 1.12 

Ext. of C. 

citratus. 
0.086 0.19 0.31 0.44 0.66 0.81 0.97 1.01 1.00 0.90 0.89 0.76 0.76 0.76 

Ext.of M. 

piperita. 
0.08 0.11 0.29 0.49 0.65 0.70 0.70 0.68 0.65 0.54 0.51 0.50 0.49 0.48 

Ext.of O. 

basilicium. 
0.07 0.27 0.37 0.50 0.65 0.77 0.89 0.96 1.03 1.03 1.06 1.06 1.05 1.04 

Ext. of P. 

graveolens. 
0.07 0.14 0.26 0.43 0.64 0.75 0.87 0.97 1.04 1.05 1.08 1.05 0.92 0.89 
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                                   Fig. (3): Growth curve of Streptomyces albaduncus 
                                     grown on liquid medium containing plant extract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                 Fig. (4): Growth curve of Saccharomyces cerevisiae 
                                    grown on liquid medium containing plant extract. 
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Table (5): The optical densities readings (OD) at 550 nm as a measure of 
growth of Saccharomyces cerevisiae in absence and presence of different 
plant extracts in liquid cultures. 

 

Treatment 
O.D at 550 nm after. 

zero time 4h. 8h. 12h. 16h. 20h. 24h. 28h. 32h. 36h. 40h. 44h. 

Control 0.02 0.31 0.51 0.78 1.06 1.29 1.30 1.25 1.21 1.20 1.16 1.09 

Ext. of C. 

citratus. 
0.08 0.34 0.43 0.75 0.78 0.81 0.82 0.83 0.81 0.78 0.77 0.75 

Ext. of M. 

piperita. 
0.07 0.28 0.43 0.73 0.88 0.92 1.03 0.98 0.96 0.91 0.88 0.88 

Ext. of O. 

basilicium. 
0.07 0.18 0.31 0.57 0.78 0.70 0.72 0.73 0.70 0.68 0.66 0.65 

Ext. of P. 

graveolens. 
0.06 0.34 0.63 0.65 0.81 0.82 0.83 0.85 0.84 0.83 0.81 0.79 

 
  Table (6): Dry weight (in gram) of Aspergillus candides as a growth 
criterion in absence and presence of different plant extracts in liquid 
culture. 
 

Treatment 

Dry weight in Grams 

at zero 

time 

1st. 

day 

2nd. 

day 

3rd. 

day 

4th. 

day 

5th. 

day 

6th. 

day 

7th. 

day 

8th. 

day 

Control without extract 0.0 0.20 0.27 0.46 0.49 0.52 0.53 0.56 0.58 

Ext. of C. citratus. 0.0 0.09 0.11 0.20 0.24 0.28 0.32 0.41 0.41 

Ext. of M. piperita. 0.0 0.01 0.06 0.16 0.18 0.20 0.28 0.34 0.32 

Ext. of O. basilicium. 0.0 0.02 0.07 0.19 0.21 0.28 0.34 0.39 0.39 

Ext. of P. graveolens. 0.0 0.06 0.08 0.23 0.24 0.27 0.36 0.40 0.39 
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Table (7): Dry weight (in gram) of Penicillium expancium as a growth 
criterion in absence and presence of different plant extracts in liquid 
culture. 

 

Treatment 

Dry weight in Grams 

at zero time
1st. 

day 

2nd. 

day 

3rd. 

day 

4th. 

day 

5th. 

day 

6th. 

day 

7th. 

Day 

8th. 

day 

Control without extract 0.0 0.27 0.32 0.70 0.73 0.78 0.81 0.89 0.89 

Ext. of C. citratus. 0.0 0.22 0.31 0.45 0.46 0.48 0.47 0.47 0.47 

Ext. of M. piperita. 0.0 0.20 0.27 0.35 0.41 0.50 0.50 0.50 0.500 

Ext. of O. basilicium. 0.0 0.21 0.31 0.55 0.57 0.65 0.65 0.66 0.66 

Ext. of P. graveolens. 0.0 0.20 0.27 0.45 0.52 0.65 0.65 0.63 0.62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         Fig. (5): Growth curve of Asprgillus candides grown 
                          on liquid Doxs medium containing the plant extract 
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                         Fig. (6): Growth curve of Penicillium expansum grown 
                            on liquid Dox medium containing the plant extract 
 

Discussion 

The methods and the solvents used in the extraction processes insured the 
extraction of most of the leaf components essential oils have been extracted 
using steam distillation method. Crude extracts were prepared by 
mechanical maceration and filtration, two solvents have been used to 
extract water insoluble materials namely hexane, a low polar solvent, and 
ethyl alcohol, a solvent with high polarity. Both the solvent were 
recommended by many workers, as hexane extracts of some Pelargonium 
species were proved to have antimicrobial activities against Gram positive 
and Gram negative bacteria (Lis-Balchin et al., 1995). On contrary to the 
results obtained by Sharma et al. (1990) who showed that ethanol extracts 
were inhibitory while hexane extracts had no inhibitory effects. Six 
microorganisms have been chosen for this investigation; 

The media used and techniques applied have been chosen to be suitable 
for the growth and confirmed Investigation of each of the previously 
mentioned examined microorganisms.  

On solid media the examination was suitable for Bacillus subtilis, 
Pseudomonas aeruginosa and Streptomyces albaduncus. Two methods of  
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application of the extracts were applied namely the hole plate method and 
the filter paper extract saturated discus.  

The examination was suitable, although the results obtained applying the 
hole plate method showed (+ve) inhibitory effects in some cases, but the 
results were not convincing at all may be because of the interference 
between the inhibitory affect of either the solvent and the extract with 
microbial growth. The results obtained from the application of filter paper 
extract saturated discs were clear sufficient for both types of extracts 
hexane extracts and ethanol extracts. In general, all the ethanol extracts 
exhibited somewhat higher inhibitory effects and all the organisms were 
affected except one case (Bacillus subtilis) in presence of Ocimum 
basilicum ethanol extract. While with regard to hexane the extract of 
Ocimum basilicum was the most effective inhibitor for the growth of all the 
three tested microorganisms. The highest susceptibility was recorded for 
Pseudomonas aeruginosa (10 mm inhibition zone) followed is 
Streptomyces albaduncus (9mm inhibition zone) and Bacillus subtilis (6mm 
inhibition zone). The results were some what in accordance with that 
obtained by (Sharma et al., 1990; Lis-Balchin et al., 1995). The essential 
oils of Mentha piperita & Pelargonium graveolens have been extracted by 
steam distillation method being in very small quantities have been tested 
only against Bacillus subtilis and Pseudomonas aeruginosa, no inhibitory 
effects have been noticed by each of the extract against the growth of the 
first. While the growth of Pseudomonas aeruginosa was efficiently 
inhibited only by the essential oil of Mentha piperita on solid medium using 
filter paper disc method, the antimicrobial effect of essential oil of different 
plants have been recorded by many authors, (Prasad et al., 1985; Alippi et 
al., 1996; Lis-Balchin and Deans, 1997). Aspiring to more confirmed 
undoubtful results, liquid media also have been used for this test for many 
reasons, 1st it enabled to bring the microorganisms in more tight direct 
contact with the effective agent (plant leaf extracts), 2nd it was suitable to 
investigate the susceptibility of fungi (Penicillium expancum, Aspergillus 
candides) and yeasts Saccharomyces cerevisiae in addition to the three 
previously mentioned microorganisms, 3rd in liquid media it was able to 
follow up the effect of the plant leaf extracts on different phases of the 
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growth curves. 4th the comparison with the control was very clear and easy 
to be perform. 

Optical density measurement was taken as a growth criterion in cases of 
Bacillus subtilis, Pseudomonas aeruginosa and Streptomyces albaduncus 
(at wave length of 660nm) and Saccharomyces cerevisiae (at wave length 
of 550 nm) 

As the measurements of optical densities was not suitable in the case of 
Aspergillus candides and Penicillium expancum the sole refruge was the 
estimation or the measurements of the dry weights at constant intervals 
covering different stags or phases of the fungal growth. 

 The results obtained from flowing up the growth in liquid cultures in 
presence and absence of plant leaf extracts cleared that: 

(1) Growth of Bacillus subtilis have been stimulated by addition of the 
leaf extract of Mentha piperita in comparison with the control. This may be 
explained on the basis of the fact that menthol is the main component of the 
extract has many derivatives and can be easily chemically converted to 
certain derivatives (Balbaa et al., 1981) which play different stimulatory 
roles at least as pH buffers in the medium. Stimulation of Mentha piperita 
to the growth of some Fungi was observed by El-Gindy (1990). 

(2) Bacillus growth was inhibited by the extracts of Ocimum basilicum, 
Pelargonium graveolens and Cymbopogon citrates respectively. 

(3) Pseudomonas aeruginosa growth was inhibited or affected by the 
different extracts but the highest inhibition potency was exhibited by the 
extracts of Mentha piperita and Ocimum basilicum. 

(4) With exception of the extract of Mentha piperita which have 
efficiently inhibited the growth of Streptomyces albaduncus, all the extracts 
have exhibited similar limited inhibitions. 

(5) Contrary to Streptomyces albaduncus, Saccharomyces cerevisiae 
showed the lowest susceptibility to the extract of Mentha piperita while the 
effects of other extracts were somewhat clear and this may explain the 
isolation of Saccharomyces sp. from only the phylloplane of Mentha 
piperita. 

(6) The highest inhibitory effect among all the plant extracts against 
Aspergillus candidas was recorded for that of Mentha piperita which 
explain the limited representation of Aspergillus candidas in the  
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(7) phylloplane of Mentha piperita. Also, the extracts of Pelargonium 
graveolens, Ocimum basilicum and Cymbopogon citratus exhibited 
somewhat clear inhibitory effects. 

(8) The highest inhibitory effect against the growth (dry weight) of 
Penicillium expensium was recorded for the extract of Cymbopogon citratus 
followed by Mentha piperita, Pelargonium graveolens and Ocimum 
basilicum respectively. These results are, to some extent, correlated to the 
presence & representation of this genus in the phylloplanes of plant species. 

Similar results about the antimicrobial action of the extract of medicinal and 
economical plants were obtained by many authors in different countries e.g 
(Agrawal and Rai 1984; Feir et al., 1985; Jawad et at., 1985; Sharma et al., 
1990; Lis-Balchin 1995a).  
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