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Abstract

Boerhavia procumbens is a medicinal herb used in the treatment of various
ailments including asthma, cough and jaundice. The concentration of calcium
(280.7 £ 0.0 mg/100 g, 102.3 + 0.0 mg/100 g), potassium (240.4 + 0.0 mg/100 g,
921 £+ 0.0 mg/100 g), aspartic acid (30.9 = 0.0 g/100 g, 26.1 + 0.0 g/100 g),
glutamicacid (25.2 £ 0.0 g/100 g, 17.7 + 0.0 g/100 g) and alanine were the
abundant in the stem and root than leaf while carbohydrate (79.9 + 0.0%) was
found higher in the leaf of B. procumbens. The leaf and root extracts revealed
the presence of alkaloids, flavonoids, tannins and phenol. Leaf extract was
found to be more active against S. aureus (11.5 + 0.3 mm), C. michiganensis
(12.1 £ 0.2 mm) and F. oxysporum (23.6 £ 0.2 mm) than the root extract of B.
procumbens. It is concluded that stem and root of B. procumbens contain
essential nutrients and the antimicrobial study encourages the use of leaf
extract for the treatment of most common microbial diseases.

Introduction

Boerhavia procumbens (Family Nyctaginaceae) is an her-
baceous, widespread tropical herb, occurs plentifully as
a weed and found in the plains, waste places in clay
loam soil. It has been traditionally used for the treat-
ment of jaundice, enlarged spleen, dyspepsia, abdomi-
nal pain and stress condition (Sankaranarayanan et al.,
2010). Some of the other biological activities of B.
procumbens include anti-asthmatic (Bokhari and Khan,
2015), anti-inflammatory and anti-oxidant (Bokhari et
al., 2015). It has reported a multitude of phytochemical
constituents such as alkaloids, phenolics, flavonoids
and cardiac glycosides in the plant sample. Several stu-
dies indicate that every part of the plant sample
contained vital nutrients such as carbohydrates, pro-
tein, lipids, minerals and amino acid profile in the
genus of Boerhavia (Ujowundu et al.,, 2008; Miralles et
al., 1988).

The therapeutic efficacy of herbal plants is on the basis
of proximate and elemental compositions. It has been
reported that B. procumbens can be used as food along
with its medicinal benefits and assessing the nutritional
values which can help to understand the value of this
plant (Shinwari et al., 2015).

The analyses of proximate and elemental composition
in herbal plants are not sufficient to know their thera-
peutic potential as it may also depend on the amino
acid compositions (Ahmad et al., 1994). Amino acids are
essential in the synthesis of protein and act as precur-
sors in the formation of secondary metabolite com-
pounds (Pérez-Urria and Avalos Garcia, 2009). These
compounds are known to be biologically active and
therefore, aid in the antimicrobial activity of plant used
in this study.

The antibiotic play crucial role in the extenuation of
various ailments but it produce side effects such as the

This work is licensed under a Creative Commons Attribution 4.0 License. You are free to copy, distribute and perform the work. You must attribute
v the work in the manner specified by the author or licensor.



428 Bangladesh ] Pharmacol 2017; 12: 427-433

appearance of multidrug resistant pathogenic species
and the outbreak of the new contagious diseases
(Abdalla, 2011; Shaheen et al., 2012; Shinwari et al.,
2012). In the prevailing situation, the appearance of
varied drug resistance to human pathogenic organisms,
there is a need to search for new antimicrobial agents
from various plant sources (Gul et al., 2012; Nadeem et
al., 2013; Rajkumar and Malathi, 2015; Calni et al., 2016).

Keeping in view the importance of B. procumbens as a
natural and traditional healer, it was felt necessary to
analyze proximate, elemental, amino acid compositions
along with phytochemical and antimicrobial analysis of
its leaf, stem and root, which may provide a scientific
database for the researchers.

Materials and Methods
Collection of plant materials

The plant sample was collected during flowering
season in the month of June from the botanical garden
of PCSIR Labs. Complex Peshawar, Pakistan and
identified by the taxonomist at the Department of
Botany, University of Peshawar, Pakistan. A voucher
specimen (Catalogue No. Bot. 20077) has been deposi-
ted in the herbarium of University of Peshawar for
future reference.

Processing of the plant

The whole plant was washed with tap water and dried
under shade at room temperature for a period of 7-10
days. The leaf, stem and root of the dried plant were
separated and pulverized in a Willy mill. The pulve-
rized part of the plant (150 g of each part) was divided
into two portions. One portion was used for the
analysis of chemical composition. The second portion
was macerated in 80% methanol in a glass jar for 72
hours with occasional shaking throughout the period.
The separated extract was then filtered through What-
man No. 1 filter paper. The methanol filtrate was eva-
porated to dryness using rotary vacuum evaporator
(Buchi, Switzerland) under reduced pressure and
temperature at 40-45°C to obtain a greenish brown resi-
due. The dried extracts were kept in an air tight glass
jar and stored at 4°C in a refrigerator until used for
phytochemical screening and antimicrobial activity.

Proximate composition

Proximate analysis of the leaf, stem and root of B.
procumbens were carried out in triplicate for measuring
moisture, inorganic matter, lipids, protein and fiber
contents by methods as described previously (AOAC,
2005). Ash content (inorganic matter) was analyzed by
dry ashing method. The moisture contents were con-
ducted through an oven at a temperature of 105°C. The
crude fat was extracted through Soxhlet apparatus in an

organic solvent (petroleum ether) at 40-60°C and the
crude fiber was investigated by titrimetric method.
Auto-Kjeldahl equipment was used for the assessment
of nitrogen while the total protein content was calcula-
ted as N x Factor (100/16: 6.25). The amount of nitrogen
free extract (carbohydrate) was calculated by the
difference between the weight of the sample taken and
the sum of its moisture content, inorganic matter, crude
lipid, crude protein, and fiber as described previously
(James, 1995).

Percent digestible carbohydrate was calculated as

=100 - (%Moisture + %Crude fiber + %Inorganic matter
+ %Crude lipid + %Crude protein)

Minerals composition
Dry ashing

This process was carried out according to the method
(AOAC, 2000) with slight modifications in the proce-
dure of the preparation of ash solution (Hussain et al.,
2005). The powdered sample of the leaf, stem and root
were placed in a crucible for charring process. The
process was accomplished on a low flame inside a fume
hood till all the organic matter was decomposed
completely. The carbon-free sample was then ashed in a
muffle furnace (MTI Corporation, USA) at 600°C for 5
hours. The grey-white ash was dissolved in 2 mL
concentrated HNO3 (Merck) and heated on a low flame
for 1 min. Afterward, it was cooled and filtered through
Whatman No. 42 filter paper and the volume was made
up with triple distilled water (Germany) in a 50 mL
volumetric flask. A blank sample was also prepared
using a similar experimental procedure. The minerals
analysis was performed in replicates in the study.

Instrumentation

The concentrations of mineral elements like Fe, Cu, Zn,
Cr, Cd, Pb, Ar, Mn and Ni were determined through
flame atomic absorption spectrometer (Hitachi Polari-
zed Z-8000 Japan) and the macro-elements like Na, K
and Ca were analyzed using flame photometer (Jenway
PFP7, UK).

Amino acid composition
Sample preparation

Normal hydrolysis was carried out by the method
described in HPLC amino acid analysis system applica-
tion data book (Shimadzu). Sample (23.3 mg) was taken
in separate digestion tube with the addition of HCl (6
N; 2 mL) and kept for 18-24 hours at 110°C under
vacuum. The hydrolyzed sample was then washed with
water and evaporated to dryness on a rotary evaporator
in vacuo, at 70°C. The final volume was made up at 10
mL with deionized water. The sample was then filtered
through a syringe filter (0.22 micron) and diluted with
buffer A solution in a sample vial, prior to injection (20
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pL) into the amino acid analyzer.
Instrumental conditions

Amino acid analysis was conducted on the Shimadzu
Amino Acid Analyzer with Shim-Pack Amino- Na
column (4.6 mm, I.D x 100 mm). Sample was injected by
the auto injector. The mobile phase consisted of 0.2 N
sodium citrate (pH 3.2, MA), 0.6 N sodium citrate and
0.2 M boric acid (pH 10, MB), and 0.2 M NaOH (MC). A
gradient program of 72 min was set for mobile phase A,
B, C with the initial flow rate of 0.4 mL/min. Ammonia
trap column was used prior to column elution. Reaction
solutions were kept at a flow rate of 2 mL/min at 60°C.
The column oven was set at 60°C. Flow rate of reaction
solution was kept constant by peristaltic pump.

Phytochemical analysis

The preliminary screening of phytochemical constitu-
ents of methanol extract of the leaf, stem and root of the
study plant were done for the investigation of secon-
dary metabolites compounds such as alkaloids, flavo-
noids, saponins, tannins, phenols, and steroidal glycol-
sides by using the standard procedures (Sofowora,
1993; Trease and Evans, 2002; Harborne, 1973; Parekh
and Chanda, 2008).

Antimicrobial assay
Strains and culture media

The antimicrobial activity of methanol extracted sam-
ples from the leaf, stem and root was tested against
Gram positive bacteria: Staphylococcus aureus: ATCC
No. 6538, Bacillus subtilis, Clavibacter michiganensis and
Gram negative bacteria: Escherichia coli: ATCC No.
15224, Klebsiella pneumonia, Pseudomonas aeruginosa:
ATCC No. 9721, Xanthomonas campestris and Proteus
vulgaris followed by antifungal activity against
Fusarium oxysporum, Fusarium solani: FCBP No. 0291,
Aspergillus niger: FCBP No. 0198, Musculus piriformis
and Aspergillus flavus: FCBP No. 0064. All the tested
microorganisms were procured from the Department of
Microbiology, Quaid-e-Azam University Islamabad,
Pakistan. The purity and identity of the strains were
verified by the Department of Plant Pathology, Univer-
sity of Agriculture Peshawar, Pakistan. Bacterial strains
were cultured and maintained on nutrient agar slants
and incubated at 37°C while fungal strains were cultur-
ed and maintained on potato dextrose agar at 28-30°C.
Stock cultures of bacteria and fungi were maintained at
4°C.

Disc diffusion method

The antibacterial and antifungal activities were evalua-
ted by disc diffusion following the method described by
the National Committee for Clinical Laboratory Stan-
dard (NCCLS, 2002). The discs of Whatman No. 1 filter
paper, 6 mm in diameter, were used to screen out the

antimicrobial activity. A sterile disc was impregnated
with 100 mg of samples extract/mL (20 pL/disc) placed
on the inoculated agar. Cefixime (standard antibacte-
rial) was served as a positive control for bacteria and
clotrimazole (30 pg/mL) as a positive control for fungi
while DMSO was used as a negative control. Bacteria
were incubated at 37°C for 18-24 hours whereas, the
fungi at 30°C for 24-72 hours. At the end of the incuba-
tion period, the antimicrobial activity was evaluated by
measuring the diameter of the zone of inhibition (mm)
of the samples as well as control treated discs. The
analysis was performed in triplicate.

Statistical analysis

In this study, all the results were expressed as mean
values of three replicates + standard deviation. The
significance difference was determined using Statistix
8.1 computer software by performing one-way
(ANOVA). The comparisons among means were
carried out using Least Significant Difference (LSD) test
at 5% level of significance (Steel et al., 1997).

Results

In the proximate analysis, the moisture content (Table I)
was determined on the wet basis while other
parameters on the dry weight basis in leaf, stem and
root of B. procumbens. The moisture content of the root
(74 £ 0.0%) was higher as compared to stem (5.7 %
0.0%) and leaf (6.2 £ 0.0%). The protein and inorganic
matter of the root (37.5 £ 0.0%, 21.3 + 0.0%) were
significantly higher at (p<0.05) than those of the leaf
(0.7+0.0,11.1 £ 0.0) and stem (6.3 + 0.0%, 2.0 £ 0.0%) of
plant sample. The value of crude fiber (6.6 + 0.0%) was
found higher in the stem as compared to leaf and root.
The higher values of carbohydrate was recorded in the
leaf (79.2 £ 0.0%) followed by the stem (78.7 £ 0.0%)
than the root.

Results show that calcium and potassium were the
highest elements in the stem and root of the study plant
species. Sodium (30.3 + 0.0 mg/100 g) and iron (32.6 +
0.0 mg/100 g) were found to be significantly higher in
concentration (p<0.05) in stem as compared to the leaf
while iron content (80.3 + 0.0) was recorded higher in
the root than the leaf and stem. A similar trend was also
observed in the root for Cu and Zn (6.9 + 0.0 mg/100 g,
2.7 £ 0.0 mg/100 g) than the stem and leaf. Nickel
content was recorded lowest in the leaf, root and stem
whereas Cd was not detectable in the same parts of
plant.

The highest concentration of non-essential amino acids
in the stem and root was aspartic acid (30.9 + 0.1 g/100
g, 26.1 £0.0 g/100 g), glutamic acid (25.2 + 0.0 g/100 g,
17.7 £ 0.0 g/100 g) and alanine (12.9 £ 0.0 g/100 g, 7.9 +
0.0 g/100 g). On the other hand, the higher amount of
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Table I

Proximate (%), minerals (mg/100 g) and amino acids

compositions (g/100 g) of B. procumbens

Compositions Boerhavia procumbens

Leaf Stem Root
Proximate
Moisture 6.2 +0.00 5.7 £0.0¢ 7.4 +£0.0a
Inorganic matter 11.1 £ 0.0° 2.0+0.0c 21.3+0.02
Crude protein 0.7 £0.0c 6.3 £0.0° 37.5+0.0
Crude fiber 2.1 +0.0° 6.6 £ 0.0 1.0 £0.0¢
Crude fat 0.6 £ 0.00 0.6 £0.0¢ 1.8 £0.0
Carbohydrate 79.2 +0.03a 78.7 £ 0.0b 31.3+0.0¢
Minerals
Na 18.4 £ 0.00 30.3 £ 0.0 22 £0.0¢
Ca 60.2+0.1c 280.7+0.00 1023 £0.0°
K 53+0.0c 2404 +0.0a 92.1+0.00
Fe 30.5 £ 0.0¢ 32.6 £0.0° 80.3 £ 0.0a
Zn 1.3 £0.0¢ 1.7 £0.0° 2.7 £0.0a
Cu 1.6 £0.1b 0.6 £0.0¢ 6.9 £0.0a
Ni 0.1+0.00 0.1£0.0a 0.1 £0.0ab
Cr 0.2+0.00 0.1 £0.0¢ 0.3 £0.0
Pb 1.9+£0.00 2.8 £0.0a 0.9 +£0.1¢
Cd ND ND ND
Ar 0.2£0.0¢ 0.3£0.1a 0.7 £0.1°
Amino acids
Aspartic acid 0.0 £0.0¢ 30.9+0.1a 26.1 +0.0°
Glutamic acid 0.1£0.0¢ 252 +0.0 17.7 £ 0.0b
Alanine 0.1£0.0¢ 12.9+0.0a 7.9 +0.0b
Glycine 0.0 £0.0¢ 7.8 £0.0a 57 +0.1°
Proline ND ND 0.7 £0.02
Tyrosine ND 0.8£0.52 0.5+0.00
Cysteine 0.1£0.0c 0.2£0.0° 1.8+0.0a
Threonine 0.0 £0.0¢ 0.4 £0.0° 3.6+£0.0a
Tryptophan 0.2+0.0¢ 6.2+0.0° 8.9+0.02
Histidine 0.0+0.0 0.8 £0.0a 0.7 £0.0
Arginine 0.1+£0.0¢ 3.7+£0.00 8.9+0.0a
Lysine 0.0+0.0 0.4 £0.0° 4.8£0.02
Leucine 0.0+£0.0 0.7£0.1a 0.7 £0.0a
Methionine 0.1+0.0c 1.1+0.00 3.8+0.0a
Valine 0.1£0.0¢ 3.6+0.0a 2.9 +0.0°
Phenylalanine 0.1+0.0e 1.8+0.00 3.4+0.00

Values are mean * SD; n = 3. Means followed by different superscript in
the same row are significantly different at (p<0.05). ND: Not detected

essential amino acid of tryptophan was recorded in the
root (8.9 £ 0.0 g/100 g) and stem (6.2 + 0.0 g/100 g) as
compared to the leaf. A similar trend was also found in
roots and stem for arginine. In the study, histidine and
leucine were not found significantly different (p>0.05).

Table II

Phytochemical screening of the methanol extract of

leaf, stem and root of B. procumbens

Phytochemical con- Boerhavia procumbens
stituents Leaf Stem Root
extract extract extract

Alkaloids +++ +++ ++
Flavonoids - + +
Tannins ++++ ++ -
Saponins ++ ++ ++
Phenols +++ ++ ++
Steroidal glycosides b + -

— Absent; + Less; + + Moderate; + + + High; + + + + very high

Tannins were found in leaf extract as compared to stem
and root extracts (Table II). The contents of alkaloids
and phenol were also found in the leaf extract than the
stem and root extracts. Saponins compounds were pre-
sent in the extracts of all parts of the plant. The flavo-
noids compound was absent in the leaf while found in
the stem and root extracts.

Leaf extract was found effective against K. pneumonia, E.
coli and S. aureus having zone of inhibition of 19.6 + 0.3,
11.3 £0.2 and 11.5 + 0.3 mm respectively than stem and
root extracts (Table III). Stem and leaf extracts revealed
no inhibitory activity against P. vulgaris as compared to
root extract with least activity. In case of plant
pathogenic bacteria, the stem extract exhibited
significant activity against X. campestris (12.6 + 0.3 mm).
The stem and leaf extracts also showed higher level of
zone inhibition of 10.7 + 0.1 and 12.1 £+ 0.3 mm against
C. michiganensis as compared to the root extract.

The antifungal activity of leaf, stem and root extracts
showed varied growth of fungal inhibition (Table III).
Leaf extract showed to be the most effective in
inhibiting the growth of F. oxysporum (23.6 £ 0.2 mm)
than stem and root extracts. F. solani displayed similar
growth against stem and roots extracts and was not
found significantly different at value (p>0.05). A. niger
and A. flavus exhibited an early similar diameter of the
growth of colonies up to 14.4 £ 0.1 and 14.6 + 0.2 mm in
the leaf extract respectively. Root extract showed some
activity against M. piriformis.

Discussion

Higher level of carbohydrate was detected in the leaf of
plant sample, while the high contents of protein in the
root can be used as vegetables to supplement the predo-
minant starchy staple foods. Similarly, high amount of
inorganic matter found in the root indicates that it is
rich in minerals. In addition, the comparatively high-
fiber level and low-fat contents in the stem may be an
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Table III
Zone of inhibitory activity (mm) of stem, leaf and root extracts of B. procumbens against bacterial and fungal strains

Strains Boerhavia procumbens

Stem extract Leaf extract Root extract Standards
Bacterial strains Cefaxime
X. campestris 126 £0.3b 0.0+0.0d 8.5+0.2c 13.3+0.1a
P. vulgaris 0.0 +0.0c 0.0£0.0c 6.5+0.3b 11.3+0.2a
E .coli 9.6 +0.3c 11.3+0.2b 85+0.2d 123 +0.1a
S. aureus 85+0.1c 11.5+0.3b 75+0.2d 11.5+0.2a
K. pneumonia 126+0.2d 19.6 £0.3b 15.6 £0.2c 20.5+0.2a
P. aerugonosa 124+0.2c 8.9+0.3b 16.5+0.2d 18.6 £0.2a
B. subtilis 12.5+0.2d 10.5+0.2b 13.6 +£0.2c 19.3+0.2a
C. michiganensis 10.7 £0.1c 12.1+0.3b 8.7+0.2d 12.4+0.2a
Fungal strains Clotrimazole
F. oxysporum 15.7+£0.2c 23.6£0.2a 18.6 £0.2b 23.2+0.2a
F. solani 8.6 +0.2c 13.3+0.2b 85+0.2¢ 15.6 +0.3a
A. niger 0.0 +0.0d 14.4+0.1b 10.6 +0.2c 17.4+0.2a
M. piriformis 85+0.3c 0.0 £0.0d 12.5+0.3b 244+02a
A. flavus 0.0 £0.0d 14.6 £0.2b 9.6 +0.2¢ 15.5+0.2a

Values are mean + SD; n = 3. Means followed by different superscripts in the same rows are significantly different using LSD value at p<0.05

important contributing factor in the applications of
medicinal plant. Juna Beegum et al. (2014) reported the
higher concentration of carbohydrate and protein in leaf
and root than the whole plant of B. diffusa respectively.
The moisture contents, crude protein and fat in leaf of
plant sample were found lower as observed in the leaf
of B. diffusa have been reported previously (Gupta and
Yadav, 2013).

In this study, the highest element among the macro-
minerals in stem and root was calcium and potassium.
It has been reported that calcium is the simplest and
cheapest approach for reducing risks of osteoporosis
(Wallace et al., 2004). The highest calcium level in stem
suggests that the plant can be used as a supplement in
the diet for the treatment and prevention of osteoporo-
sis. Similarly, the presence of a suitable amount of iron
indicates that the stem can also be used to improve the
anemic condition of a patient. The value of Na/K ratio
of stem and root were 0.1 and 0.02 which is less than 0.6
of the recommended value for hypertensive patients
(Nieman et al., 1992). So, Na/K ratio in the stem and
root is of great concern in the body for prevention of
high blood pressure. Therefore, these parts (stem and
root) may have a beneficial effect on hypertensive
patients. In toxic metals, cadmium is not detected,
whereas the concentration of arsenic and lead are lower
than the permissible limits (WHO, 1998).

The data of the toxic metals show that every part of this
plant is safe for human consumption that can be used in

the preparation of herbal medicine. Abd EI-Salam et al.
(2013) reported the value of iron and zinc in the root
(117.9, 46 mg/kg), stem (82, 23.6 mg/kg) and leaf (97,
21.8 mg/kg) of B. procumbens was found higher than the
results of our study. In the present study, the leaf of
sample has lower concentrations of sodium (18.4 + 0.1
mg/100 g) and calcium (60.2 = 0.1 mg/100 g) while
potassium and iron have higher contents in comparison
with those reported earlier (Puranik et al., 2012).

Glutamic and aspartic acids are used in higher
concentration for the stimulation of brain activities and
maintain the cognitive functions of the brain (Leon,
1986; McEntee and Crook, 1993). In this study, the
aspartic acid and glutamic acid are recorded in higher
amount in the roots and stem. It is suggested that these
parts of the plant sample can be used as neurotrans-
mitters and stabilizing agent for the brain. Other
interesting amino acids such as tryptophan and argi-
nine found in the same parts of B. procumbens are
involved in modulating neurological and immuno-
logical functions through multiple metabolites, inclu-
ding serotonin and melatonin.

The phytochemical screening of the leaf, stem and roots
extracts of the study plant species confirms the presence
of tannin, alkaloids, phenol and saponins in leaf and
root extracts. These secondary metabolite compounds
are known to be biologically active and possess signi-
ficant pharmacological activity such as anti-inflamma-
tory, analgesic, antibacterial and antibiotic. In this
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study, tannin was the most abundant compound in leaf
extract and exerts antimicrobial activity through differ-
ent mechanisms as tannins form irreversible complexes
with proline-rich protein (Shimada, 2006) resulting in
the inhibition of cell protein synthesis of the microbes.

Our results indicate that the leaf extract is more
effective in inhibiting the growth of pathogenic bacte-
rial and fungal strains. This activity of leaf extract is due
to its phytochemical constituents such as alkaloids,
flavonoids, tannins, phenols, saponins, and several
other aromatic compounds (Bonjar et al.,, 2004). These
bioactive compounds inhibit the growth of many
human diseases and infections causing by micro-orga-
nisms (Cowan, 1999). Moreover, these bioactive
compounds delay the growth of microbes by attaching
to their surface proteins, breaking the peptide bonds,
changing their biochemical systematics or by stopping
the ingestion of available nutrients to the micro-
organisms. In the present investigations, the antibac-
terial activity of stem, leaf and root of B. procumbens
against phytopathogenic bacteria such as C.
michiganensis and X. campestris are reported for the first
time. These bacterial strains also showed a strong
inhibitory effect in stem and leaf extracts than root
extracts. Baskaran et al. (2011) reported that methanol
extract of B. diffusa showed a lower zone of inhibition
for K. pneumonia (11 mm) and S. aureus (9 mm) as
compared to our results. The methanol soluble fraction
of B. repens displayed higher activity against S. aureus
(12.2 mm), B. subtilis (11.8 mm) and E. coli (16.7 mm)
than the methanol leaf extract of plant sample (Rahman
et al., 2014). However, the petroleum ether and carbon
tetrachloride fractions of B. repen showed mild activity
against A. niger as compared to our results recorded for
leaf and root extracts of B. procumbens (Dey et al., 2012).

Conclusion

Stem and root of B. procumbens contain vital nutrients
suggesting its use as a supplement for human diet and
may be added in fodder for livestock with reasonable
safety. The in vitro antimicrobial evaluation of leaf
extract shows that there is a huge potential for develop-
ment of new antibiotic drugs.
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