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In vitro antimicrobial activity of methanolic extracts of six medicinal plants
(black seed, camphor, cloocynth, clove, ginger and white cedar) were investigated against
pathogenic bacteria and fungi at 3, 6 and 9% concentrations. Results obtained in this
study showed that the six plant extracts exhibited varied extents of antimicrobial activity
against the tested organisms even at low concentration. Among the tested plant extracts,
ginger recorded the highest antifungal activity against Alternaria radicina, Fusarium
oxysporum, F. solani, Macrophomina phaseolina, Nigrospora oryzae, Phoma destructiva,
Rhizoctonia solani and Sclerotium rolfsii at 9% concentration. Whilst, the maximum
antibacterial activity was achieved by black seed extract at 9% concentration against the
Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa) and Gram-
positive bacteria (Staphylococcus aureus and Streptococcus pneumonia). Chemical
compositions of ginger and black seed methanolic extracts were studied using GC-MS
analysis and resulted in the identification of 19 and 17 compounds, respectively. Further
studies are needed to investigate the antimicrobial potentiality of the active constituents
singly or in mixtures with other antibiotics.

Key words: Antibacterial, Antifungal, Black seed, Camphor,
Cloocynth, Clove, Ginger, Medicinal plant and White cedar.

Medicinal plants are a rich source of many
economically important compounds such as
phenolic compounds, nitrogen containing
compounds, vitamins and minerals which have
antimicrobial, antioxidant, antitumor,
antimutagenic, anticarcinogenic and diuretic
activities'. According to World Health Organization
80% of the developed countries use traditional
medicine that obtained from medicinal plants. It is
cheaper than modern medicine. In fact, essential
oils and medicinal plant extracts are gaining
increasing interest because of their relatively safe
status, their wide acceptance by consumers, and
their exploitation for potential multi-purpose
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functional uses®. So, essential oils and plant extracts
are one of the most promising groups of natural
compounds for the development of safer
antimicrobial agents. A wide range of medicinal
plant parts is used for extract as raw drugs and
they possess varied medicinal properties. The
different parts used include root, stem, flower, fruit,
twigs exudates and modified plant organs®.

Syzygium aromaticum (L.) Merr. and
Perry., commonly called clove, which belongs to
the family Myrtaceae, is an important aromatic
spice. Clove oil is widely used for flavouring pastry,
special sauces and condiments. It is also used in
medicines, especially in the preparations for gum
and teeth. The tinctures, extracts and oleoresins
are also used*. It has biological activities, such as
antibacterial, antifungal, insecticidal and
antioxidant properties®.



160 AL-ASKAR et al.: ANTIMICROBIAL ACTIVITY OF SELECTED MEDICINAL PLANTS

Citrullus colocynthis (L.) Schrad.,
commonly known as the colocynth or bitter apple,
and belongs to the family Cucurbitaceae. Itis a
desert wild herb that grows in sandy arid soils.
Medicinally root, bark and leaves are used.
Colocynth has antimicrobial, antiinflammatory,
antidiabetic, and antilithic properties®.

Nigella sativa L., commonly known as
black seed or black cumin, is an annual herb of the
family Ranunculaceae. It has a great medicinal
importance and is known to include many
pharmaceutical properties. In addition to its
antimicrobial action, it showed antiinflammatory
and antiparasitic effects. Black seed has been
reported to have antihelminthic and anticoccidial
activities. Moreover, it has an immune stimulating
effect’.

Cinnamomum camphora (L.) Nees and
Eberm., commonly known as camphor tree, is an
evergreen tree that belongs to the family
Lauraceae. Roots, branches, leaves, and wood of
C. camphora can be used for extracting camphor
and camphor oil for pharmaceutical use and as a
flavorant. Camphor is used as an anesthetic,
antitussive, expectorant, and antipruritic,
analgesic, antifungal, antiseptic and antibacterial
among many other uses®.

Zingiber officinale Roscoe, commonly
known as ginger, is an herbaceous perennial that
belongs to the family Zingiberaceae. It is grown
for its edible rhizome (underground stem) which is
widely used as a spice. The main pharmacological
actions of ginger include immunomodulatory,
antimicrobial, antitumorigenic, antiinflammatory,
antiapoptotic, antihyperglycemic, antilipidemic and
antiemetic actions’.

Thuja occidentalis L., commonly known
as white cedar, is an evergreen coniferous tree, in
the cypress family Cupressaceae. White cedar has
been reported to have immunostimulating, antiviral,
antifungal, antipyretic, antiinflammatory,
expectorant activities'”.

To obtain effective and promising
substances, many plant extracts have to be
assayed. For example, Suffredini et al.,'" assayed
705 plant extracts and found only three extracts
with strong antibacterial activity. Furthermore, the
screening of plant extracts as antimicrobial agents
is necessary to go insight into medicinal flora and
get the molecules responsible for this activity'.
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Over the next few years, the study of medicinal
plants as antimicrobial agents should be focused
in part on ascertaining specific information about
the plant’s antimicrobial activity, avoiding studies
in which researchers use this criterion merely as a
complement to a phytochemical study'?.

Therefore, the aim of the present study is
(a) to evaluate the antifungal and antibacterial
activities of the methanolic extracts of some
medicinal plants (black seed, camphor, cloocynth,
clove, ginger and white cedar); (b) to examine the
chemical composition of the methanolic extracts
of the most effective plants by GC-MS/MS.

MATERIALSAND METHODS

Plant samples

Healthy, disease free plant samples of
black seed (seeds), camphor (leaves), colocynth
(pulp), clove (buds), ginger (rhizome) and
white cedar (leaves) were used for the study. The
plant samples were washed thoroughly 2-3 times
with running water and once with sterile distilled
water, then air-dried on sterile blotter under shade.
The dried materials were then grinded to powder
separately and stored in the airtight containers.
Test organisms

Eight plant pathogenic fungi, kindly
provided by Plant Pathology Institute, Agricultural
Research Center, Egypt and four human pathogenic
bacteria, obtained from the american type culture
collection (ATCC), were used for antimicrobial test
organisms (Table 1). The bacteria were maintained
on nutrient broth (NB) at 37°C and fungi were
maintained on Potato dextrose agar (PDA) at 28°C.
Preparation of plant extracts

Fifty grams of each plant material in
powder form was homogenized by laboratory
blender in 200 ml of methanol (95%) and distilled
water (20: 80 v/v) for 10 min, and then left in dark
glass bottles for 72h for complete extraction. The
extracts were filtered through thin cheesecloth
sheets. The final extracts were collected separately
in other dark glass bottles and exposed to 60°C in
water bath for 30 min for methanol evaporation.
The collected extracts were then stored in a
refrigerator at 5°C until needed.
Preparation of inocula

The gram positive (S. pneumoniae and S.
aureus) and gram negative bacteria (E. coli and P,
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aeruginosa) were pre-cultured in NB medium
overnight in a rotary shaker at 37°C, centrifuged at
10,000 rpm for 5 min, pellet was suspended in
double distilled water and the cell density was
standardized spectrophotometrically (A, nm).
The fungal inocula (4. radicina, F. oxysporum, F.
solani, M. phaseolina, N. oryzae, P. destructiva,
R. solani and S. rolfsii) were prepared from 5 to 10
day old culture grown on PDA medium. The Petri
dishes were flooded with 8 to 10 ml of distilled
water and the conidia/mycelia were scraped using
sterile spatula. The suspension density of each
fungus was adjusted with spectrophotometer (A,
nm) to obtain a final concentration of 10°cfu. ml™.
Antibacterial assay

The methanolic extracts of black seed
(seeds), camphor (leaves), colocynth (pulps), clove
(buds), ginger (rhizomes) and white cedar (leaves)
were tested by the disc diffusion method. Different
concentrations of the extracts (3, 6 and 9 %) were
prepared by reconstituting with methanol (100 pg.
ml ). The test microorganisms were seeded into
respective medium by spread plate method 10 pl
(10 cells. mlI") with the 24h cultures of bacteria
growth in nutrient broth. After solidification the
filter paper discs (7 mm in diameter) impregnated
with the extracts were placed on test organism-
seeded plates. Streptomycin sulphate (10 pg. ml™)
used as positive Blank disc impregnated with water-
methanol followed by drying off was used as
negative control. Three replicates of each treatment
were used. The antibacterial assay plates were
incubated at 37°C for 24h. The diameters of the
inhibition zones were measured in mm.
Antifungal assay

The antifungal activity of the methanolic
plant extracts (3, 6 and 9 %) was tested by disc
diffusion method. The tested fungi were pre-
cultured on PDA medium and adjusted at 10°cfu.
ml™' then added to PDA plates before solidification.
The filter paper discs (7 mm in diameter)
impregnated with the extracts were placed on test
organism-seeded plates. Methanol was used to
dissolve the extract and was completely evaporated
before application on test organism-seeded plates.
Blank disc impregnated with water-methanol
followed by drying off was used as negative
control and Nystatin (10 pg. disc') used as positive
control. Three replicates of each treatment were
used. The activity was determined after 72 h of

incubation at 28°C. The diameters of the inhibition
zones were measured in mm.
Gas chromatography—mass spectrometry (GC-
MS)

For GC-MS analysis, the samples were
injected into a DP-5 column (30 m X 0.25 mm i.d.
with 0.25 um film thickness), SHIMADZU Europe,
GC-MS-QP 2010 model. Chromatographic
conditions are as follows: helium as carrier gas,
flow rate of 1 ml. min’'; injector and column oven
temperature 220 °C and 40 °C; injection mode,
“Split” and Split ratio 1:20. Oven temperature was
1sothermal at 40 °C for 1 min, then increased to 220
°C, at arate of 4 °C/min and held isothermal for 40
min. MS conditions are as follows: ionization
voltage of 70 eV; ion source temperature of 260 °C;
interface temperature of 250 °C °. The identity of
the components in the extracts was assigned by
the comparison of their retention indices and mass
spectra fragmentation patterns with those stored
on the computer library and also with published
literatures. The Wiley 7 library (Wiley, New York,
Japan) and NISTOS (National Institute of Standards
and Technology, Gaithersburg, United Sates) mass
spectral database and literature were used for
matching the identified components from the plant
material.

RESULTS

Antifungal activity

The antifungal activity of the methanolic
plant extracts of black seed, camphor, cloocynth,
clove, ginger and white cedar were investigated
against some pathogenic fungi at different
concentrations i.e. 3,6 and 9 % (Tables 2, 3). Results
obtained in this study showed that the tested six
medicinal plants extracts posses potential
antifungal activity against 4. radicina, F.
oxysporum, F. solani, M. Phaseolina, N. oryzae, P.
destructiva, R. solani, and S. rolfsii even at the
least concentration. The inhibition effect on the
tested organisms increased with increasing the
concentration of plant extracts, while no inhibition
was found in the negative control. Comparing with
the control treatment, the highest antifungal
activity was recorded for the plant extract of ginger
followed by black seed extract and the lowest
antifungal activity was obtained by the plant extract
of colocynth even at the highest concentrations.
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When tested by the disc diffusion method, the
plant extract of the black seed plant showed
antifungal activity against all tested pathogenic
fungi with different degrees. At concentration 9%
of black seed extract, the highest inhibition (22
mm) was recorded for N. oryzae and the lowest
activity recorded in S. rolfsii measured 15 mm. On
the other hand, plant extract of camphor exhibited
antifungal activity against all tested fungi at all
concentrations. The highest activity was achieved
against NV. oryzae (20 mm) and the lowest with £
solani (15 mm). The plant extract of colocynth
showed the lowest antifungal activity between the
tested plant extracts against all tested fungi even
at the highest concentration. At concentration 9%
of colocynth extract, the highest inhibition zone
was recorded with F. solani and A. radicina (16
and 16 mm) and the lowest in S. rolfsii (1 mm). On
the other hand, clove extract showed the maximum
activity at 9% concentration against P. destructiva
and R. solani (22 mm) and the lowest zone of
inhibition was observed in F. oxysporum (15 mm).
The plant extract of ginger exhibited the maximum
antifungal activity between the tested plant extracts
against all tested fungi. Methanolic extract of
ginger at 9% concentration showed almost similar
or higher activity when compared with the nystatin.
The fungus N. oryzae was the most susceptible to
ginger extract (23 mm) while; S. rolfsii was the
lowest susceptible (17 mm). On the same time, the
plant extract of white cedar at concentration 9%
showed varied degrees in the zones of inhibition
from 14-19 mm against all the tested fungi. The
highest antifungal activity was achieved with M.
Phaseolina and the lowest with S. rolfsii.
Antibacterial activity

The antibacterial activity of the six
medicinal plant extracts was investigated against
some pathogenic bacteria at different
concentrations i.e. 3, 6 and 9 %. Results presented
in Tables (4, 5) revealed that the tested plants
extracts posses potential antibacterial activity
against E. coli, P. aeruginosa, S. aureus and S.
pneumoniae even at the least concentration, while
no inhibition was found in the negative control.
Among the tested plant extracts, black seed extract
exhibited the maximum antibacterial activity against
all tested bacteria followed by ginger extract while,
the colocynth extract showed the lowest
antibacterial activity when comparing with control.
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For all tested plant extracts, the antibacterial
activity was directly proportional with the
concentration of the extract. When tested by the
disc diffusion method, the plant extract of the black
seed showed antibacterial activity against all tested
pathogenic bacteria with different degrees. At
concentration 9%, it recorded better activity
against £. coli (20 mm) followed by S. pneumoniae
(19 mm) while, the lowest was against P. aeruginosa
(17 mm). Even at the lowest concentration, plant
extract of camphor exhibited antibacterial potential
against all tested bacteria. The highest activity was
achieved against E. coli (18 mm) and the lowest
with both P. aeruginosa and S. pneumoniae (16
mm). Comparing with the control, colocynth plant
extract showed the lowest activity between all
tested extracts against all tested bacteria even at
the highest concentration. The best activity of
colocynth extract was recorded against E. coli and
S. aureus (15 mm) and the lowest with P.
aeruginosa (12 mm). Plant extract of clove showed
varied extents of inhibition zones ranged between
14-19 mm against all the tested bacteria. The most
susceptible bacterium was P. aeruginosa and the
least S. pneumoniae. Ginger extract exhibited
highest activity against £. coli (19 mm) .The lowest
activity were observed against S. aureus around
16 mm zone of inhibition. Plant extract of white
cedar showed highest activity against S. aureus

Table 1. Tested organisms used in this investigation

Fungi

Alternaria radicina Meier, Drechsler and Eddy
Fusarium oxysporum (Schl.) emend. Snyd. and Hans.
Fusarium solani (Mart.) App. and Wr. emend. Snyd.
and Hans.
Macrophomina phaseolina (Tassi) Goid.
Nigrospora oryzae (Berk. and Br.) petch.
Phoma destructiva Plowr.
Rhizoctonia solani Kithn
Sclerotium rolfsii Sacc.

Bacteria
Gram-negative:
Escherichia coli (Migula) Castellani and Chalmers
(ATCC® 13706™)
Pseudomonas aeruginosa (Schroeter) Migula (ATCC®
19429™)
Gram-positive:
Staphylococcus aureus Rosenbach. (ATCC® 33591™)
Streptococcus pneumoniae (Klein) Chester (ATCC®
6301™)
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Table 6. Chemical constituents of the methanolic extract from ginger rhizomes by GC-MS

No. Retention Peak Molecular Molecular Compound
time (min) area (%) weight formula name
1 13.65 0.71 204.35 C.H, trans-beta-Farnesene
2 14.15 8.33 202.33 C.H,, Ar-Curcumene
3 14.39 18.82 204.35 C.H, Zingiberene
4 14.67 6.41 222.36 CH,O0 Farnesol
5 14.87 10.02 204.35 C.H, B-Sesquiphellandrene
6 15.46 1.35 222.36 C,H,O0 Peruviol
7 15.97 1.63 222.36 CH,O0 1,10-Bisaboladien-3-ol
8 16.53 11.14 204.35 CH,, B-Bisabolene
9 17.10 0.83 222.36 C,H,0 Globulol
10 18.64 0.76 326.55 C,H,0, Eicosanoic acid, methyl ester
11 19.43 1.30 154.25 C,H.O Isoborneol
12 20.17 0.56 150.22 CH,O Verbenone
13 20.82 11.37 154.24 C,H.O B-Geraniol
14 21.56 0.58 294.47 C,H,,0, Linoleic acid methyl ester
15 22.41 9.46 276.37 C.H,0, (6)-shogaol
16 24.12 12.65 294.39 C,H,0, Gingirol
17 26.49 0.37 222.36 C,H,O0 Elemol
18 27.28 1.63 360.40 C,H,,0, Lariciresinol
19 27.76 2.08 402.65 C,,H,0, delta —tocopherol

Table 7. Chemical constituents of the methanolic extract from black seed plant by GC-MS

No. Retention Peak Molecular Molecular Compound
time (min) area (%) weight formula name
1 12.35 4.24 136.23 C,H, B-Limonene
2 16.71 21.82 164.20 C,H,0, Thymoquinone
3 17. 66 3.47 150.22 Cc,H,0 Thymol
4 18.03 11.37 154.24 C,H0 f-Terpinen-4-ol
5 22.26 3.11 220.35 C.H,0 Butylhydroxytoluene
6 23.18 0.74 166.17 C,H, 03 Acetoguaiacon
7 26.46 0.31 270.51 C,H,02 hexadecanoic acid, methyl ester
8 28.19 0.10 166.21 C,H,0, 3-Methoxy-4,5,6-trimethylphenol
9 30.21 14.21 150.21 Cc,H.,0 Carvacrol
10 31.79 3.47 256.42 C,H,,0, Cetylic acid
11 33.86 2.34 226.36 CH,0, Citronellyl butyrate
12 35.04 3.48 296.53 Cc,H,0 trans-phytol
13 36.21 11.13 134.22 CH, p-cymene
14 37.80 18.61 280.44 C,H,,0, Linoleic acid
15 40.01 0.27 155.28 C,H,N Propylhexedrine
16 41.13 0.88 412.69 C,H,,0 Stigmasterol
17 42.51 0.45 410.71 C,H,0 Squalene

followed by E. coli and the minimum activity was
observed in S. pneumoniae. White cedar extract
showed highest inhibitory activity against S.
aureus and least activity observed in S.
pneumoniae. Among the tested plant extract, black
seed extract exhibited higher activity when

compared with the streptomycin sulphate. Based
on the antimicrobial activity, extracts of ginger and
black seed were selected to the next test as a best
antifungal and antibacterial extracts, respectively.
Chemical composition by GC-MS analysis

The plant extract of ginger rthizomes was

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.
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studied for their chemical composition using GC-
MS analysis. Nineteen components were identified
in the methanolic extract. The identified compounds
are listed in Table (6) according to their elution
order. The major compounds were zingiberene
(18.82%), gingirol (12.65%), B-geraniol (11.37%),
B-bisabolene (11.14%), B-sesquiphellandrene
(10.02%), (6)-shogaol (9.46%), Ar-curcumene
(8.33%) and farnesol (6.41%). The other
components including delta -tocopherol,
lariciresinol, 1,10-bisaboladien-3-ol, peruviol and
isoborneol were found to be less than 3%. Rest of
the constituents was found to be insignificant
amounts. On the other hand, the chemical
constituents of methanolic extract of black seed
plant were investigated using GC-MS analysis.
Seventeen components were identified and
presented in Table (7) according to their elution
order. The major compounds were thymoquinone
(21.13%), linoleic acid (18.61%), carvacrol (14.21%),
p-cymene (11.82%) and a-Terpinen-4-ol (11.37%).
The other components including o-limonene, trans-
phytol, thymol, cetylic acid, butylhydroxytoluene
and citronellyl butyrate were found to be less than
5%. Rest of the constituents was found to be in
trace amounts.

DISCUSSION

Medicinal plants represent a rich source
of antimicrobial agents. Although hundreds of
plant species have been tested for antimicrobial
properties, the vast majority of have not been
adequately evaluated'. In this study, we
investigated the antimicrobial activity of the
methanolic extracts of black seed, camphor,
cloocynth, clove, ginger and white cedar against
some pathogenic bacteria and fungi. Results
obtained revealed that all tested plants extracts
showed varied extents of antimicrobial activity
against the tested fungi and bacteria even at low
concentrations. The obtained results are in
agreement with that of Al-Askar and Rashad®, Auta
etal.,", Aisham et al.,”®, and Pragadheesha et al.,'®.
Diversity in the antimicrobial potentiality of a plant
extract against different organisms depends on
many factors, including the plant part, geographical
source, soil conditions, harvest time, moisture
content, drying method, storage conditions, post-
harvest processing, the solvent used for extraction,
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and the susceptibility of the tested organism. For
example, the relatively high temperatures that can
be generated during tissue grinding can denature
chemical constituents and the extraction solvent,
time period, and temperature can affect the level
and composition of secondary metabolites
extracted from plant tissues'”.

Of all the plants tested in the study, ginger
showed the strongest antifungal activity with the
maximum activity at 9% concentration. Our results
are in accordance with that of Tagoe et al.,'® whom
found that ginger extract had the highest antifungal
activity among the tested plants against
Aspergillus flavus, Aspergillus niger and
Cladosporium herbarum. In the present study,
the plant extract of ginger rhizomes was studied
for their chemical composition using GC-MS
analysis. Nineteen components were identified in
the methanolic extract. The major compounds were
zingiberene, gingirol, B-geraniol, B-bisabolene, 3-
sesquiphellandrene, (6)-shogaol, Ar-curcumene
and farnesol. The antifungal activity of ginger
extract may be attributed to the presence of
gingerol, shogaol and Ar-curcumene as active
ingredient within methanolic extract of ginger. Since
many studies indicated that the antimicrobial
potency of ginger mainly caused by the presence
of oxygenated mono- and sesquiterpenes, phenolic
compounds (shogaol, gingerol) ' 2°. Another
study reports on the bioassay guided isolation of
antifungal compounds from an african land race of
ginger, Zingiber officinale Roscoe, and the
identification of 6, 8 and 10 gingerols and 6
gingerdiol as the main antifungal components?'.
Bajpai et al.? also support our explanation that as
a result of the presence of mono- and
sesquiterpenoids within plant extract, which
consider main cause for their antimicrobial mode
of action. Since these compounds have different
ways of effect since these compounds not only
attack cell walls and cell membranes i.e., affecting
their permeability and release of intracellular
constituents (e.g. ribose, Na glutamate) but they
also interfere with membrane functions (electron
transport, nutrient uptake, protein, nucleic acid
synthesis and enzyme activity). Thus, these
compounds might have several invasive targets
which could lead to the inhibition of fungal
pathogens.

On the other hand, black seed extract
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exhibited the maximum antibacterial activity against
all tested bacteria at 9% concentration. Our results
are in agreement with that of Aisham et a/.,”” whom
recorded a greater inhibition by methanol extract
of black seed at the concentration of 100 mg/ml
against Gram positive bacteria (Streptococcus
pyvogenes) and Gram negative bacteria
(Pseudomonas  aeruginosa, Klebseilla
pneumoniae and Proteus vulgaris). Using GC-MS
analysis, the chemical constituents of black seed
extract was studied in the present study. Seventeen
components were identified in the methanolic
extract. The major compounds were thymoquinone,
linoleic acid, carvacrol, p-cymene and o-Terpinen-
4-ol. The antibacterial activity could be attributed
to their high percentage of phenolic compounds
and, specifically, thymoquinone, carvacrol, p-
cymene, thymol, and their precursor c-terpinene®
2 Ultee et al.,” in previous study has been showed
that carvacrol interacts with membrane, where it
dissolves in the phospholipid bilayer and is
assumed to align between the fatty acid chains.
The interaction of lipophilic compounds with the
phospholipid membrane components causes
dramatic changes in the structure of the membrane.
This distortion of the physical structure would
cause expansion and destabilization of the
membrane, increasing membrane fluidity which, in
turn, would increase passive permeability. The
amphipathicity of phenolic compounds such as
thymol and carvacrol can explain their interactions
with biomembranes and thus the antimicrobial
activity?®. Cowan?’ explained the mechanisms
thought to be responsible for the phenolics toxicity
to microorganisms on the basis of enzyme inhibition
by the oxidized compounds, possibly through
reaction with sulfohydryl groups or through more
nonspecific interactions with the proteins. The
site(s) and number of hydroxyl groups on the
phenol group are thought to be related to their
relative toxicity to microorganisms, with evidence
that increased hydroxylation results in increased
toxicity. In addition, some investigators have found
that the more highly oxidized phenols the more
inhibitory effect to a pathogen?.

CONCLUSION

The results of the present study indicated
that black seed extract exhibited the maximum

antibacterial activity against all tested bacteria,
while ginger recorded the highest antifungal
activity between the tested plant extracts against
all tested fungi. It can be concluded from this study
that these two medicinal plants extracts may be
used to find bioactive compounds from natural
products that might lead to the development of
new antibiotic drugs against human pathogens or
biocontrol agents as an alternative to the synthetic
fungicides for using in agro-industries. This
research raises some interesting possibilities for
future research. These include: 1. Testing whether
mixtures of plant extracts are more effective than a
single one. 2. Testing whether the active ingredients
are more effective when applied singly or in mixture
(synergistic effect) or it may increase the pathogen
susceptibility to another known antibiotic. 3.
Whether the active components have any side
effects when applied in vivo.
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