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Abstract

ackground: As we are facing continuously increasing antibiotic resistance, increased infections,

diseases and pandemics, the researching community is turning to find the solutions from nature and

plants play a vital role in this scenario. Pakistan due to its unique geography and a variety of climatic
zones harbors a huge floral diversity.

Methods: In this study extracts of four plants of Pakistan namely Azadirachta indica, Curcuma longa,
Moringa oleifera and Eucalyptus camaldulensis prepared by Aqueous. Ethanol and Methanol extract
preparation methods were examined for their phytochemical content by employing various reagents and
methods like foam test for saponins, xanthoprotein test for proteins, Braemar’s test for tannins etc.
Antibacterial activity against stored human skin flora samples was performed using the agar well diffusion
assay and statistical analysis was performed using ANOVA one way analysis on Microsoft Excel 2010.

Result: Each plant extract exhibited antibacterial activity and statistical analysis performed for extracts of
each plant showed p value for A. indica as 0.36 (P > 0.05), for C. longa as 0.09 (P > 0.05), for M. oleifera as 0.67
(P > 0.05) and for E. camaldulensis as 0.02 (P < 0.05), which indicates significant antibacterial activity of £.
camaldulensis depending on the size of zones of inhibition produced by it.

Conclusion: All the extracts prepared from selected plants showed some degree of antibacterial activity
against the human skin flora that can also act as opportunistic pathogen. This supports the use of
traditionally used plants and herbs for fighting present day soaring health related issues as antimicrobial
resistance. Study also suggests further investigations for estimating exact concentrations of extracts to be
used that work efficiently in relevant cases and molecular mechanism of action of these extracts.
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Introduction

The need of developing advanced scientific approaches,
establishment of novel therapeutic values and
discovery of unique antibacterial agents has escalated
under the pressure of quickly emerging bacterial strains
resistant against present antimicrobials due to
unsupervised consumption of drugs and overly
expressed ROSs (Reactive Oxygen Species). Researchers
and scientists around the globe are keenly exploring
the hidden and novel potentials of natural treasures
termed as traditional herbal remedies [1,2]. Plants and
herbs owe their therapeutic properties to the presence
of phytoconstituents which are products of secondary
metabolism of plants and render plants with various
biological potentials namely reduction, anti-microbial,
anti-oxidant, anti-coagulant, anti-tumor, anti-diabetic,
anti-inflammatory  etc. [3,4]. World Health
Organization stated that in order to obtain a variety of
drugs, medicinal plants are a premier source [5,6].
Traditional medicines that are consumed by almost
80% individuals in developed countries contain
medicinal plants derived compounds in them and plant
extracts are incorporated in 85% of these traditional
medicines [3,7,8]. Pakistan has a unique geography
with a variety of climatic zones which enables the
existence of a huge floral diversity and this paves the
path for exploitation of plants from perspective of
medicinal application and also for exportation in which
Pakistan stands as one among the leading countries
[4,9,10]. Some medicinal plants of significant value in
Pakistan are as under.

Azadirachta indica (A. indica) known as Neem in Urdu
is an evergreen plant of family Meliaceae and is found
naturally in India, Pakistan, Iran, Bangladesh, Sri
Lanka, Nepal, Burma, Malaysia, Thailand, Australia,
and Indonesia and is reported to be used for disease
such as Malaria, Tuberculosis, Rheumatism, Arthritis,
Jaundice, intestinal worms and skin diseases [11,12].
Leaves were used in our study.

Curcuma longa (C. longa), also known as Haldi in
Urdu is a rhizomatous plant that belongs to the family
Zingiberaceae. 1t is an inhabitant of tropics and sub
tropics of South and Southeast Asia. It serves as a
natural source of food, spices, dyes and herbal
medicine for humans. It is reported to be used for body
vitality enhancement, digestion and menstruation
regulation, arthritis treatment, pain reliever and for
skin diseases along with many other minor and major
applications [13]. Rhizome of this plant was utilized in
current study.

M. oleifera, also known as Suhanjhna in Urdu is a
tropical flowering plant that belongs to the family
Moringaceae [14]. This specie is found in South Asia
and grows in the foothills of Himalaya ranging from dry
forests of North-Eastern Pakistan to North-Western

Bengal, India. Antispasmodic, diuretic, hypotensive,
antifungal,  hypoglaecemic, antioxidant, anti-
inflammatory, cholesterol lowering, neuroprotective,
cardio protection and hepatoprotective activities are
referred among those exhibited by Moringa[15]. Leaves
of this plant were collected for our study.

Eucalyptus camaldulensis ( E. camaldulensis) known
as sufaida in Urdu is an aromatic evergreen tree that
belongs to the family Myrtaceae and is native to
Australia and Tasmania but as it adapted to
environments in other parts of the world so is also
found there [16]. Various biological and
pharmacological activities demonstrated by £
camaldulensis are  hypoglycaemic, antioxidant,
cytotoxic, antimicrobial, larvicidal, anti-dermatophyte
etc [17].

This study is comprised of these aforementioned four
plants from Pakistan, their extract preparation,
phytochemical analysis and applications of extracts on
various samples of normal human skin flora. Objective
of this study was to assess the antibacterial activity of
extracts prepared from these medicinal plants collected
from Multan, Punjab, Pakistan against the flora of
human skin that can also act up as opportunistic
pathogen, and to provide some baseline information to
act as a basis for further extract concentration and
dilution-based studies.

Methods

Collection of materials

Four medicinally important plants namely Azadirachta
indica, Curcuma lIonga, Moringa oleifera and
Eucalyptus were collected from Sahiwal and Multan,
Punjab, Pakistan based on their traditional utility
found in literature. Appropriate plant material/parts
(stem, roots, leaves, flower, bark etc.) were selected and
processed based on the knowledge shared in previously
published studies and research articles [7,13,17].

Stored Human skin flora samples obtained from
Microbiology lab of Microbiology and Molecular
Genetics Department of The Women University,
Multan, were subcultured on Nutrient agar and
incubated at 37°C for this study.

Extraction

Extraction of selected and powdered plant material by
maceration was performed following the protocol of
[18] with a few modifications. Appropriate amount of
powdered plant material was separated for each
extraction method to be followed i.e. extraction by
maceration for which ethanol 50% (1:1 ethanol:
Distilled water), methanol 50% (1:1 methanol: Distilled
water) and Distilled water were used as extraction
solvents. Each plant material was extracted by
following the same ratio i.e. 1:10 (one-part powdered
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material added to ten parts of solvent). 10mg of
powdered material for every 100ml of solvent was used.
The material-solvent mixture was placed in incubator
shaker for 18- 24 hours, set at 120 rpm and 25° C -
30°C temperature. The mixture was then filtered using
Whatman filter paper No.4. Filtrate was covered with
surgical gauze to avoid any possible contamination.
Filtrate was concentrated at room temperature until
1/4™ of original volume remained. This procedure was
completed in almost 5 days and then micelle was stored
in glass vials at 4°C for further processing.

Aqueous extract preparation

Powdered plant material was mixed with autoclaved
distilled water in 1:10 ratio respectively and processed
as mentioned above.

Ethanol extract preparation

Powdered plant material was mixed with 50% ethanol
in 1:10 ratio respectively and processed as mentioned
above.

Methanol extract preparation

Powdered plant material was mixed with 50% methanol
in 1:10 ratio respectively and processed as mentioned
above.

Phytochemical screening

Qualitative screening of phytochemicals namely
Saponins, Proteins, Tannins, Alkaloids, Flavonoids,
Phenols, Steroids/Terpenoids and Carbohydrates
(coded as S, P, T, A, F, Ph, St/Tr and C respectively)
were performed for the Distilled water (D.W), Ethanol
(E) and Methanol (M) (coded as 1, 2 and 3 respectively)
extracts of all the plants included in this study after
diluting each extract with autoclaved distilled water in
1:5 ratio [3,19,20].

Saponins were detected by foam test for which 1ml of
required extract was placed in a test tube and then 1ml
of distilled water was added, shaken for 15 minutes and
observed for foam formation. The appearance of froth
stable for at least 10 seconds indicated the presence of
saponins. Proteins were detected by Xanthoprotein test
in which 3ml of extract was taken in test tube to which
few drops of HNOs; were added and observed for
appearance of intense vyellow color which was
indicative of the presence of proteins in the extract.
Braemer’s test was performed for detection of tannins;
1ml of extract was taken in a tube, 2 ml of 5% ferric
chloride was added to it and observed for formation of
dark blue or greenish black which confirmed the
presence of tannins in the extract. Presence of alkaloids
was detected by employing the Wagner’s test for which
a few drops of Wagner’s reagent were added to a little
amount of plant extract and a reddish-brown
precipitate depicted the presence of alkaloids.

Iodine was dissolved in hot distilled water on a hot
plate, to which KI was then added gradually and stirred

continuously by using magnetic stirrer. Detection of
Flavonoids was done by Alkaline reagent test in which
2 ml of 2% solution of NaOH was added to the crude
extract and observed for development of an intense
yellow colour which turned colorless when few drops of
diluted acid were added to it. This confirmed the
presence of flavonoids. Detection of phenols was done
by employing Ferric chloride test; 2ml of distilled water
and then few drops of 10% ferric chloride were added to
1ml of the extract. Formation of blue or green color
showed the presence of phenols. Carbohydrates were
detected by Molish's test: To 2 ml extract, few drops of
a-naphthol solution in alcohol were added, shaken and
then concentrated H2SO4 from sides of the test tube
was also added, observed for violet ring at the junction
of two liquids. Terpenoids and steroids were detected
by treating 0.5 ml of the extract with 2 ml of
chloroform and concentrated sulphuric acid. Formation
of red brown colour at the interface indicated the
presence of terpenoids/steroids.

Biological activity evaluation

Antibacterial activity evaluation by agar well diffusion
assay

Antibacterial evaluation of plant extracts was
performed by agar well diffusion method as mentioned
by Akbar et al (2019) with some modifications
[21].Crude extracts of the plants included in our study
were evaluated for their antimicrobial potential against
several already identified bacterial strains namely

Staphylococcus  aureus  [22,23],  Staphylococcus
epidermidis [24], Corynebacterium Xerosis,
Corynebacterium  kutscheri,  Klebsiella  [25,26],

Escherichia  coli  [27,28], Pseudomonas [29],
Staphylococcus saprophyticus [30], Micrococcus luteus
and maintained on nutrient agar plates. Solvents used
for making each extract were employed as control here
for the respective extract. Fresh culture of each target
bacteria was utilized to prepare the inoculum in
nutrient broth prepared from the ingredients
mentioned in Table 2. For this purpose, a very small
amount of fresh bacterial culture from nutrient agar
plate was picked with a sterilized inoculation loop and
dissolved in 2 — 3mL of broth in a test tube; each for
one target bacteria, then incubated for 8-10 hours at 37
°C. 0.D of the broths were adjusted between 0.08 and
0.1 at 600 wavelength (0.D600 = 0.08 - 0.1) which is
the O.D of 0.5M McFarland standard solution. The
samples were then inoculated over the surface of
sterilized dry plates of nutrient agar using sterilized
cotton swab. 8 wells (6 mm) were bored per media plate
and 50-80 pL of plant extract was aseptically poured
into each well. For each bacterium, two plates were
prepared. Control wells containing pure solvents as
negative control were also run parallel in the same
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plate. The Petri dishes were placed in incubator for 16-
24 h at 37°C. Then diameter of the inhibitory zone was
recorded in millimetre (mm). Presence of clear zone
around well was indicative of positive result and
absence of a clear zone showed a negative result.

Statistical analysis

One-way analysis (ANOVA) was performed for
aqueous, ethanol and methanol extracts of A. indica, C.
longa, M. oleifera and E. camaldulensis using Microsoft
Excel 2010 and P-value for each result was considered
for evaluating the result as significant or non-
significant where P < 0.05 indicates significant result.

Results

Qualitative analysis

Test results for phytochemicals in aqueous extract are
denoted as Saponin (S-1), Protein (P-1), Tannins (T-1),
Alkaloids (A-1), Flavonoids (F-1), Phenols (Ph-1),
steroids/Terpenoids (St/Tr-1), Carbohydrates (C-1).
Test results for phytochemicals in Ethanolic extracts
are denoted as Saponin (S-2), Protein (P-2), Tannins
(T-2), Alkaloids (A-2), Flavonoids (F-2), Phenols (Ph-2),
steroids/Terpenoids (St/Tr-2), Carbohydrates (C-2).
Test results for phytochemicals in Methanolic extracts
are denoted as Saponin (S-3), Protein (P-3), Tannins
(T-3), Alkaloids (A-3), Flavonoids (F-3), Phenols (Ph-3),
steroids/Terpenoids (St/Tr-3), Carbohydrates (C-3). In
case of A. indica, the results for S-1, P-1, A-1, F-1, Ph-
1, St/ Tr-1 and C-1 (mentioned qualitative test results
for distilled water extracts i.e., AIE-1) were positive
while T-1 was negative. All results for the tests on
Ethanol extracts (AIE-2) were positive and in case of
Methanol extract (AIE-3) again all the results were
positive with S-3 being an exception here. In case of C.
longa extracts, CLE-1 i.e., aqueous extract was positive
for S-1, A-1, F-1, St/Tr-1 and C-1 while negative for P-
1, T-1 and Ph-1. Ethanolic extract of C. longa i.e. CLE-2
was positive for A-2, F-2, St/Tr-2, C-2 and negative for
S-2, P-2, T-2 and Ph-2. In case of Methanol extract
(CLE-3) all the results were same as for CLE-2. All the
qualitative test results for M. oleifera i.e., MOE-1,
MOE-2, and MOE-3 were positive with only St/ Tr-1
being negative as an exception. In case of F.
camaldulensis, ECE-1 and ECE-2 showed positive
results for all qualitative tests while ECE-3 showed
negative S-3 and positive results for all other tests.

Biological activity evaluation

Antibacterial activity evaluation by well diffusion assay
All the extracts were tested for their antibacterial
potential against these 9 Dbacteria namely
Staphylococcus aureus, Staphylococcus epidermidis,
Corynebacterium xerosis, Corynebacterium kutscheri,

Klebsiella spp., Escherichia coli, Pseudomonas spp.,
Staphylococcus saprophyticus, and Micrococcus luteus.

Among A. indica extracts, none showed any activity
against S. aureus, for C. xerosis AIE-2 and AIE-3
showed inhibition zones of 6mm and 7mm respectively
and no zone with AIE-1. With C. kutscheri AIE-1 gave
zones of 15mm, 13mm, 12mm, 14mm, 13mm and
12mm against B3, B3.1, B3.2 and B3.3, B3.4 and B3.5
respectively. For strain B3 no zone with AIE-2 and AIE-
3 was obtained while for strain B3.1, B3.2 and B3.3,
B3.4 and B3.5 zones of 12mm, 15mm, 13mm, 8mm,
Omm with AIE-2 and zones of 15mm, 11mm, 9mm,
7mm and 9mm with AIE-3 were obtained, respectively.
No extract gave any zones against S. epidermidis,
Klebsiella spp. and Pseudomonas spp. in case of A.
indica. Zones of 122mm, 8mm and 1lmm were
obtained against £. coli and for M. luteus 11mm, 7mm,
and 10mm zones were observed on the plates with AIE-
1, AIE-2, and AIE-3 extracts respectively. Only a single
zone of 9mm was obtained against S. saprophyticus
with AIE-1. Controls (C-1, C-2, C-3) used were
respective solvents and they produced no zones of
inhibition. Table 1 holds the results for A. indica
extracts against the selected bacterial strains.

Bacteria Strains | Zone of inhibition (mm)
AIE-1 AIE-2 AIE-3 C-1 [ C2 | C3

S. aureus B1 - - - - - -
C. xerosis B2 - 6 7
C. kutscheri B3 15 - -

B3.1 13 12 15

B3.2 12 15 11

B3.3 14 13 9

B3.4 13 8 7

B3.5 12 - 9
S. B4 - -
epidermidis
Klebsiella B5
spp.
E. coli B6 12 8 11
Pseudomonas | B7 - -
spp.
S. B8 9
saprophyticus
M. luteus B9 11 7 10

(mm= millimetres; AIE-1: distilled water extract of A. indica, AIE-
2: ethanol extract of A. indica, AIE-3: methanol extract of A.
indica, C-1: Distilled water as control, C-2: Ethanol as control, C-
3: Methanol as control)

Table 1: Inhibition zones for antibacterial effect of A. indica
extracts.

In case of C. Jonga extracts, no inhibition zones
appeared against C. xerosis, Klebsiella spp. and E. coli.
CLE-2 and CLE-3 gave zones 9 mm and 12mm
measurements respectively for S. aureus while CLE-1
gave no zone here. With C. kutscheri CLE-1 was
observed to give 8mm, 10mm and 12mm zones for B3,
B3.2 and B3.3 respectively, no zone for B3.1, B3.4 and
B3.5. 8mm, 8mm, 9mm,8MM and 7mm zones with CLE-
2 against B3.1, B3.2 and B3.3, B3.4 and B3.5 while no
zone for B3. CLE-3 also produces no inhibition zone
with B3 and 8mm, 10mm, 11mm, 8mm and 8mm zones
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against B3.1, B3.2 and B3.3, B3.4 and B3.5 respectively.
Against S. epidermidis CLE-2 and CLE-3 produced
clearance zones of 11mm each and none with CLE-1.

zones of inhibition. Table 3 contains information on M.
oleifera extracts.

Bacteria Strains | Zone of inhibition (mm;
CLE-1 and CLE-3 produces 13mm and 16mm clear MOE1 | MOEZ | MOE3 T ¢i 1 cz 1 c3
zones against Pseudomonas spp. while no zone with S. aureus Bl 7 - - - - -
. C. xerosis B2 - 14 13
CLE-2. In case of S. saprophyticus and M. luteus CLE-2 C torscherr T B3 5 g -
produced 7mm and 8mm zones and CLE-3 gave 8mm B3.1 10 14 15
and 9mm zones respectively and no zones with CLE-1. g;é i i‘; ;(2)
Controls (C-1, C-2, C-3) used were respective solvents B34 - - 3
and they produced no zones of inhibition. All results B3.5 9 12 7
. . . S. B4 7 - -
with C. longa extracts are listed in Table 2. epidermidis
Klebsiella BS - - 8
Bacteria Strains | Zone of inhibition (mm) spp.
CLE-1 | CLE-2 | CIE-3 | C-1 | c2 | C-3 E. colt B6
S, aureus Bl B 5 12 } } Pseudomonas | BT
Spp.
C. xerosis B2 - - - - - sl.)p B8 - 7 10
C. kutscheri B3 8 _ _ _ _ saprophyticus
B3.1 3 3 R R M. luteus B9 6 10 8 - -
B3'Z 0 s 0 (mm= millimetres; MOE-1: distilled water extract of M. oleifera,
- ~ ~ MOE-2: ethanol extract of M. oleifera, MOE-3: methanol extract of
B3.3 12 9 11 - - M. oleifera, C-1: Distilled water as control, C-2: Ethanol as control,
B34 8 8 - - C-3: Methanol as control)
B3.5 7 8 - - Table 3: Inhibition zones for antibacterial effect of M. oleifera
S. B4 - 11 11 - - extracts.
epidermidis
Klebsiell. . .
om0 BS - - - -] Among the E. camaldulensis extracts, excluding some
E. coli B6 R R R B B of the extracts almost all of them gave positive results
Pseudomonas | 7 13 - 16 - - in the form of inhibition zones. Against S. aureus ECE-
. - - ; 2 and ECE-3 produced zones of 1lmm and 12mm
saprophyticus respectively while ECE-1 gave no zone. 13mm and
M. luteus B9 8 9 - - - 14mm clear zones appeared with ECE-2 and ECE-3

(mm= millimetres; CLE-1: distilled water extract of C. longa, CLE-
2: ethanol extract of C. longa, CLE-3: methanol extract of C. longa,
C-1: Distilled water as control, C-2: Ethanol as control, C-3:
Methanol as control)

Table 2: Inhibition zones for antibacterial effect of C. longa
extracts.

No zone at all was obtained with M. oleifera extracts
against £. coli and Pseudomonas spp. Only MOE-1 gave
a zone of 7mm against both S aureus and S.
epidermidis while no zone appeared with either MOE-2
or MOE-3. Zone of 13mm and 14mm were produced
against C. xerosis with MOE-2 and MOE-3 respectively.
Zones of 9mm, 10mm, 13mm and 13mm with MOE-1,
8mm, 14mm, 14mm,19mm, 9mm and 12mm with MOE-
2 were obtained against B3, B3.1, B3.2, B3.3, B3.4 and
B3.5 respectively against C. kutscheri. MOE-3 gave no
inhibition zone for B3 but 15mm against B3.1, 12mm
against B3.2, 20mm zones against B3.3, 8mm zone
against B3.4 and 7mm zone against B3.5. A single zone
of 8mm with MOE-3 was obtained against Klebsiella
spp. and none with MOE-1 and MOE-2. Zones of 7mm
and 10mm were obtained with MOE-2 and MOE-3
respectively against S. saprophyticus while MOE-1
produced no zone against it. Against M. /uteus zones of
6mm, 10mm and 8mm were obtained with MOE-1,
MOE-2 and MOE-3 respectively. Controls (C-1, C-2, C-
3) used were respective solvents and they produced no

respectively against C. xerosis while no zone was
observed by ECE-1. In case of C. kutscheri 16mm,
10mm, 13mm, 13mm, 13mm,15mm zones with ECE-1,
22mm, 14mm, 14mm, 19mm, 15mm, 13mm zones with
ECE-2 and 18mm, 15mm, 12mm, 20mm, 12mm, 13mm
zones with ECE-3 were formed against B3, B3.1, B3.2,
B3.3, B3.4 B3.5 strain respectively. When tested against
S. epidermidis ECE-2 and ECE-3 generated two zones of
15mm and 14 mm respectively while ECE-1 made none.
Only ECE-3 gave a clear 10mm zone against Klebsiella
spp. while growth remained unbothered by ECE-1 and
ECE-2. Clear zones of 17mm, 10mm and 11mm were
formed with ECE-1 ECE-2 and ECE-3 on E. coli plates.
11mm and 12mm zone with ECE-2 and ECE-3 against
Pseudomonas spp., 12mm, 10mm, 11mm clear zones
with ECE-1, ECE-2 and ECE-3 against S. saprophyticus
and 13mm, 20mm, 21mm clear zones with ECE-1, ECE-
2, ECE-4 against M. luteus were obtained. Controls (C-
1, C-2, C-3) used were respective solvents and they
produced no zones of inhibition. Table 4 comprises of
the test results for testing antibacterial potential of £.
camaldulensis with figure 1 (A, B, C, D) giving a
graphical representation of inhibition zones for all four
plants. Figure 2 (A, B, C and D) shows some inhibition
zones obtained on various bacterial plates.
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Bacteria Strains | Zone of inhibition (mm)
ECE-1 | ECE-2 | ECE-3 [ C1 [ C2 | C3

S. aureus Bl - 11 12 - - -
C. xerosis B2 - 13 14
C. kutscheri B3 16 22 18

B3.1 10 14 15

B3.2 13 14 12

B3.3 13 19 20

B3.4 13 15 12

B3.5 15 13 13
S. B4 - 15 14
epidermidis
Klebsiella B5 - - 10
spp.
E. coli B6 17 10 11
Pseudomonas | BT - 11 12
spp.
S. B8 12 10 11
saprophyticus
M. luteus B9 13 20 21

(mm= millimeters; ECE-1: distilled water extract of E.
camaldulensis, ECE-2: ethanol extract of E. camaldulensis, ECE-3:
methanol extract of E. camaldulensis, C-1: Distilled water as
control, C-2: Ethanol as control, C-3: Methanol as control)

Table 4: Inhibition zones for antibacterial effect of E.
camaldulensis extracts.

-MOE-1

WECE-1 WECE-2 W ECE-3 D

Figure 1: Figure giving graphical representation of Zones of
inhibition for extracts of (A) A. indica (B) C. longa(C) M. oleifera
(D) E. camaldulensis.

Figure 2: Zones of inhibition on plates inoculated with (A) C
kutscheri (B) Klebsiella (C) S. saprophyticus (D) M. luteus.

Discussion

As increasing degree of bacterial resistance and
emergence of pan- and multi-drug resistant bacteria
has become a global issue, the world is turning to
exploring the plant kingdom in need of new
antimicrobial agents and treatment strategies [4,31,32],

Plants owe these medicinal properties to the presence
of many bioactive substances which render plants with
various biological potentials namely reduction, anti-
microbial, anti-oxidant, anti-coagulant, anti-tumor,
anti-diabetic, anti-inflammatory etc [1,16].

In current study four plants namely Azadirachta
indica, Curcuma JIonga, Moringa oleifera and
Eucalyptus camaldulensis were selected and their
extracts were prepared to study their antimicrobial
effects on human skin flora. Leaves of A. indica, M.
oleifera and E, camaldulensis while rhizome of C. longa
was collected for this study, and after proper cleaning
these were set to dry in shade under ambient
conditions. Dried material was powdered and extracts
were prepared using distilled water, 50% ethanol and
50%  methanol as  solvents. Presence  of
phytoconstituents namely saponins, proteins, tannins,
alkaloids, flavonoids, phenols, steroids/terpenoids, and
carbohydrates was determined qualitatively in each
extract and their antibacterial potential was then
evaluated by agar well diffusion assay.

In current study, extract of A. indica prepared with
ethanol as solvent contains highest amount of
phytoconstituents followed by distilled water and
methanol solvents as they lack tannins saponins
respectively as mentioned below. AIE-1 was found to
contain all the above-mentioned phytochemicals which
was basically in accordance with the findings of [33]
with the exception of tannins as they were not found
here in current study. All of these phytochemicals were
present in AIE-2 in our study while another study
reported the presence of some with absence of
saponins, protein and alkaloids in extracts with same
solvent [34]. AIE-3 in this study was only lacking in the
presence of saponins and this finding was majorly
compatible with the findings of [33] where the only
exception was presence of saponins.

C. longa extract for which distilled water served as a
solvent contained five out of eight tested
phytochemicals while those prepared with ethanol and
methanol contained four of them only as is explained
further. CLE-1 was found to carry saponins, alkaloids
flavonoids, steroids/terpenoids and carbohydrates with
absence of proteins, tannins and phenols while [35]
reported the same extracts to carry phenols and
absence of saponins and terpenoids, but another study
reported the same extract with absence of alkaloids,
saponins and presence of tannins [36] yet another
study reported the absence of tannins and phenols and
presence of saponins, alkaloid,, flavonoids, terpenoids
and carbohydrates as is the case in our study [37]. CLE-
2 showed only the presence of alkaloids, flavonoids,
steroids/ terpenoids and carbohydrates with absence of
all others in current study while another study reported
the presence of alkaloids and terpenoids along with
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phenols, tannins and absence of flavonoids and
carbohydrates [1]. CLE-3 in current study also showed
the presence of alkaloids, flavonoids,
steroids/terpenoids and carbohydrates. This presence
was pretty much in accordance with the findings of
another study but absence of phytochemicals reported
in our study was contradictory due to their presence in
study of [37] Yet another study showed almost similar
results with exception of the results for flavonoids,
phenols and saponins in the same extracts [1].

For M. oleifera, extracts prepared in ethanol and
methanol solvents indicated the presence of all
phytoconstituents but extract prepared in distilled
water was lacking in one of these. MOE-1 showed the
presence of all aforementioned phytochemicals with
exception of steroids/terpenoids which coincides with
the finding of [14]. MOE-2 contained all the
phytochemicals for which the tests were performed in
our study while another study reported ethanol extract
that was lacking flavonoids and steroids [38,39]. MOE-3
was also found to contain all the tested phytochemicals
in current study and this was compatible with the
findings in a study [40]. Aqueous and ethanolic extracts
of E. camaldulensis i.e. ECE-land ECE-2 showed the
presence of all phytochemicals that were tested in our
study, this result was fairly compatible with the
findings of a study but was contradicting regarding the
presence of alkaloids that were reported absent by
them [41]. Another study reported the aqueous extracts
to carry most of the under-study phytochemicals with a
few namely proteins, steroids and alkaloids as
undetected [42].

Methanolic extracts of Fucalyptus camaldulensis
ECE-3 were found to carry all phytochemicals but
saponins in our study and these results were highly in
accordance with the findings of a study conducted by
[43] that also reported these phytochemicals to be
present in E. camaldulensis extracts. Our results also
align with the findings of [44] with proteins being the
undetected part. Among A. indica extracts, no zone of
inhibition against S. aureus, S. epidermidis, Klebsiella
spp. and Pseudomonas spp. at all was present
irrespective of the solvent used while a study reported
the inhibition of growth of S. aureus Klebsiella spp. and
Pseudomonas spp. by methanol extract [45]. Another
study conducted by [46]concluded that aqueous and
ethanol extracts of neem formed zones of inhibition
against S. aureus, S. epidermidis and Pseudomonas spp.
reported aqueous neem extracts to be effective against
Klebsiella spp. and Pseudomonas spp. Only AIE-1
showed activity against S. saprophyticus and none of
the other two extracts. Ethanolic extract i.e., AIE-2
showed zones of various diameters against C. xerosis
and strains of C. kutscheri.

All the extracts irrespective of the solvent showed
zones of inhibition against E. coli, M. luteus which tells
that E.coli and M. [luteus are the most sensitive strains
under study that respond to A. indica extracts
irrespective of the solvent and this finding is
compatible with the findings of various other studies
where E.coli growth was inhibited by A. indica aqueous
extracts [46] ethanol extract [36] and methanol extracts
[45] yet another study reported that irrespective of the
solvent used for A. indica extract preparation, no zone
of inhibition against E.coli appeared and this was
contrary to our findings [47].

Our findings were contradicting with the findings of
another study where aqueous and ethanol extracts
inhibited the growth of S aureus at different
concentrations of extracts while no zones against S.
aureus appeared in our study [48]. No results regarding
S. saprophyticus, C. xerosis and C. kutscheri were found
in the searched literature and this might be because
other bacteria are common findings as compared to
these three.

Among C. Jlonga extracts, no zone of inhibition
against C. xerosis, Klebsiella spp. and E. coli was
formed irrespective of the solvent used in our study
which contradicted with the findings of the study
where aqueous and ethanolic extracts inhibited the
activity of E. coli and Klebsiella spp. [35]. In a study
methanolic extracts of turmeric were found to hinder
the growth of £. coli [49] and yet another study [34]
reported that methanolic extracts of turmeric have
growth inhibitory potential against E. coli and
Klebsiella spp., but our findings were compatible with
the results of [16] where aqueous extract of C. longa
showed no zone of inhibition against Klebsiella spp.
and E. coli and ethanolic extract also showed no
activity against Klebsiella spp. CLE-1 in current study
showed zones of inhibition with varying diameters
against three out of six C. kutscheri strains and
Pseudomonas spp. which contradicts with result of
same extract showing no activity against Pseudomonas
spp. [35] and is compatible with the finding of [1] where
growth of Pseudomonas spp. was hindered by the same
extract. It made no zone against S. aureus, S.
epidermidis, S. saprophyticus and M. luteus while it
showed zone of inhibition against S. aureus [35] and
against S. aureus and S. epidermidis in the study of [1].
CLE-2 in our study showed zones of inhibition with
almost similar diameters against S. aureus, five out of
six C. kutscheri strains, S. epidermidis, S. saprophyticus
and M. luteus and no such zone against Pseudomonas
spp. It falls in accordance with the results of many
studies which concluded in same extract showing
activity against S. aureus [49-51] while contradict with
some studies where activity is exhibited against
Pseudomonas spp. [1,21].
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In this study CLE-3 was also presented with
inhibitory effects by showing inhibition zones against
S. aureus, five out of six C. kutscheri strains, S.
epidermidis, Pseudomonas spp. S. saprophyticus and
M. luteus which is in accordance with the findings of
[21]. Out of all the M. oleifera extracts, neither showed
any zone of inhibition against E£. col/i and Pseudomonas
species which contradicts with the results stated in a
study [22] where activity against E. coli and
Pseudomonas spp. were exhibited by ethanol extracts
of same plant along-with another study where aqueous
as well as methanolic extracts showed activity against
E. coli [52]. But the findings are pretty much in
accordance with the results of a study where M. oleifera
aqueous extracts exhibited no zones of inhibition
against £. coli, Pseudomonas spp. and Klebsiella spp.
and S. aureus [53]. MOE-1 showed a single zone against
S. aureus which is similar to the findings of a study
where aqueous extract also showed antibacterial
potential against S. aureus [51]. MOE-2 gave no clear
zone against either S. aureus or Klebsiella spp. while in
another study it did produces clear zones against
Klebsiella as reported by [12]. A single zone against
Klebsiella spp. was exhibited by MOE-3 and none
against S. aureus while zones against S.aureus were
exhibited by methanolic M. oleifera extracts in a study
[52]. Zones of inhibition against C. kutscheri, S.
epidermidis, M. luteus by MOE-1, against C. xerosis, C,
kutscheri, S. saprophyticus, M. luteus by MOE-2 and
against C. xerosis, C. kutscheri, S. saprophyticus and M.
luteus by MOE-3 were also formed in recent study but
were not discussed because no data about the effect of
these extracts on aforementioned bacteria was found
on repeated search.

In current study, at least some extent of antibacterial
potential by at least one of the extracts of E.
camaldulensis was exhibited against each selected
bacterial strains. ECE-1 did not show any zone of
inhibition against S. aureus, Klebsiella spp. and
Pseudomonas spp. which was contrary to the results
stated in other studies where Klebsiella spp. and
Pseudomonas spp. growth was inhibited by utilizing
same extracts in these studies [1,37]. [21] reported E.
camaldulensis aqueous extract to be active against
Klebsiella and S. aureus, while a different study
concluded that no zone of inhibition was formed by
aqueous extract of this plant against S. aureus [54].
ECE-1 exhibited inhibitory zones against E. coli. These
outcomes were compatible with the result of other
studies about the activity against £. coli [18]. ECE-2
showed antibacterial potential through zones of
varying diameters against S. aureus, E. coli, and
Pseudomonas spp. and these results aligned with the
findings in some studies. While occurrence of no zone
against Klebsiella spp. in our study was contradictory

to the findings of some other studies [15,33]. ECE-3
formed zones of inhibition against S. aureus, Klebsiella
spp., E. coli and Pseodomonas spp. which was
contradictory to the findings of [11] because they
showed methanolic extract to make no zone against S.
aureus and compatible in showing a zone of inhibition
against Pseudomonas spp. respectively. It was also
compatible with the findings of another study where
zone of inhibition against Kl/ebsiella was observed [55].
Zones against C. kutscheri, S. saprophyticus and M.
luteus were also formed irrespective of the solvent used
while ECE-2 and ECE-3 gave zone of inhibition against
C. xerosis also. Data on the effect of extracts against
these bacteria was surprisingly not found in any of the
searched paper and literature for all the plants which
makes the inclusion of these bacteria, a novelty for our
paper.

Statistical analysis performed for extracts of each
plant showed p value for A. indica as 0.36 (P > 0.05), for
C. longa as 0.09 (P > 0.05), for M. oleifera as 0.67 (P >
0.05) and for E. camaldulensis as 0.02 (P < 0.05), which
indicates significant antibacterial activity of E.
camaldulensis depending on the size of zones of
inhibition produced by it. Most of the human skin flora
included in this study namely Staphylococcus aureus,
Staphylococcus epidermidis, Corynebacterium xerosis,
Corynebacterium kutscheri, Klebsiella spp., Escherichia
coli, Pseudomonas spp., Staphylococcus saprophyticus,
and Micrococcus luteus that can also act as
opportunistic pathogens was susceptible to different
type of extracts prepared from A. indica, C. longa, M.
oleifera and E. camaldulensis by varying degrees. Thus
our study proves the use of various extracts prepared
from these plants for antibacterial purposes after
careful evaluation of concentration, type and presence
or absence of specific phytochemicals required for the
action. This study also suggests the use of these
extracts for evaluation of further health potentials e.g.,
anti- diabetic, anti-oncogenic and anti-oxidant etc. As
the results are based on qualitative analysis, the study
further suggests investigations related to different
concentrations e.g., by dilutions of these extracts that
might be helpful in harnessing the maximum effects
based on the most effective concentration. The study
also suggests investigations about the Molecular
mechanism of action of these extracts and changes in
the target microorganisms.
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