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The antibacterial activity of crude methanolic extract of Ziziphus mucronata Willd. subsp. mucronaia
Willd. against both gram-positive and gram-negative bacteria were investigated using agar and
macrobroth dilution methods. The extract had effective activities against both Gram-positive and Gram-
negative bacteria. The agar dilution method indicated that the organisms were susceptible at
concentrations ranging between 0.5 and 2.5 mg/ml. While the minimum inhibitory concentration (MIC)
values ranged between 0.0391 and 0.625 mg/ml, the minimum bactericidal concentration (MBC) values
range between 0.3125 and 1.25 mg/ml. Generally, the Gram-negative bacteria were more susceptible to
the extract than the Gram-positive bacteria. The MIC;,4ex indicated that the extract was bactericidal at
higher concentrations and bacteriostatic at lower concentrations. Our study revealed the broad-
spectrum potential of the plant as well as established its ethnobotanical relevance in the traditional

treatment of diarrhoeae and dysentery.
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INTRODUCTION

Herbal medicine, being used by all cultures throughout
history, is the use of plants for their therapeutic value
(Duke, 2002). According to Farnsworth (1984), a number
of herbal plants and their compounds have been used,
and have served as models for modern medicine. Apart
from 30 to 40% of plants used in today’s conventional
drugs, other plants are used as herbal supplements,
botanicals and teas (Kirby, 1996; Hostetmann and
Marston, 2002). World Health Organization (WHO)
recognized that 74% of the 119 plant-derived
pharmaceutical medicines used in modern medicine
correlated directly with their traditional uses as plant
medicines by native cultures (Schulz et al., 2001).
According to Lopez et al. (2001) and Karaman et al.
(2001), these plants contain numerous biological active
compounds. Many of these compounds have been
shown to have antimicrobial activity acting individually or
in combination on the human body to prevent health
disorders (Palombo and Semple, 2001; van Wyk and
Wink, 2004). Medicinal plants have been used for
centuries as remedies for human diseases because
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they contain components of therapeutic values (Nostro et
al., 2000). They have been shown to have genuine utility
and long been utilized as source of therapeutic agents
worldwide. About 80% of the world population depend on
it as sources of their primary health care (WHO, 1993)
and have increasingly been used to treat many diseases
(Basile et al., 1999). The scientific studies available on a
good number of medicinal plants indicate that promising
phytochemicals can be developed for many human
health problems (Gupta, 1994; Dahiru et al., 2005). They
are also a possible source for new potent antibiotics to
which  pathogenic  strains are not resistant
(Mohanasundari et al., 2007).

The genus Ziziphus found in desert areas (Jawanda
and Bal, 1978) belongs to the Rhamnaceae family. The
members of the taxon are known to be drought tolerant
and very resistant to heat (Paroda and Mal, 1989).
Ziziphus species are important versatile fruit trees in
many arid countries and are planted as hedges to protect
livestocks from predators (Cherry, 1985). Ziziphus
mucronata Willd. subsp. mucronata Willd., also known as
buffalo thorn, is a small to medium-sized tree, with a
spreading canopy. It is distributed throughout the summer
rainfall areas of sub-Saharan Africa, extending from
South Africa northwards to Ethiopia. Its bark and roots
are used medicinally for the treatment of various
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ailments, including  rheumatism,  gastrointestinal
complaints, and snake bites (Tas et al., 1991). Warm
bark infusions are used to relieve body pains, as
expectorants for cough, against respiratory infections and
for chest problems. The root infusions are used for
treating gonorrhea, diarrhoea and dysentery. Decoctions
of roots and leaves are applied externally to ooze boils,
treat sores and glandular swellings (Venter and Venter,
2002; Amusan et al., 2005). While the fruits are
sometimes sucked by small children, some rural dwellers
believe that the tree serves as a protection against
lightning and others cultivate this species to mark burial
sites.

Although, the antimicrobial activity of some members of
the Ziziphus genus has been reported in literatures
(Sarfaraz et al., 2002; Adamu et al., 2006; Abalaka et al.,
2010), there is a dearth of such information on Z
mucronata since the pharmacological importance of the
plant has not been scientifically documented. For
example, the root extract of Z. mauritiana was reported to
be antimycobacterial (Taylor et al., 1995) while Z. spina-
christi has been reported to have activity against bacteria
and fungi (Shahat et al., 2001) including some other
resistant pathogens (Nazif et al., 2002). Although, Z.
mucronata is a South African plant used in treating
infections, there is lack of scientific studies on the
pharmacological importance of this plant especially
antimicrobial study. The aim of this study was to
investigate the antibacterial potential of the methanolic
extract of the bark of Z. mucronata subsp. mucronata in
order to validate its ethnomedical use in the treatment of
infectious diarrhoea and dysentery.

MATERIALS AND METHODS
Plant collection and identification

The bark materials of Z mucronata subsp. mucronata were
collected from the plant growing within the University of Fort Hare
campus in Alice, South Africa. The plant was authenticated in the
Department of Botany and a voucher specimen was prepared and
deposited in the Griffen Herbarium of the University. The bark
samples were air-dried at room temperature and pulverized using a
milling machine before extraction. Portions of about 100 g each of
the pulverized samples were extracted with methanol for 48 h. The
extraction was repeated for another two consecutive periods. The
extracts were filtered with Whatman No. 1 filter paper and
evaporated to dryness under reduced pressure at a maximum
temperature of 40°C using a rotary evaporator. The extract was
redissolved in methanol to the required concentrations for the
bioassay analysis. The corresponding concentration was expressed
in term of mg of extract per ml of solvent (mg/ml).

Test organisms

Ten bacteria used in this study included five Gram-positive
(Staphylococcus aureus (ATCC 6538), Streptococcus faecalis
(ATCC 29212), Micrococcus Iuteus, Bacillus subtilits KZN,
Staphylococcus aureus (OK2a)) and five Gram-negative bacteria
(Escherichia coli (ATCC 8739), Klebsiella pneumonia (ATCC

4352), Proteus vulgaris (CSIR 0030), Shigella flexneri KZN,
Shigella sonnei (ATCC 29930). These organisms were obtained
from the Department of Biochemistry and Microbiology, University
of Fort Hare, Alice, South Africa. The organisms were maintained in
nutrient broth and nutrient agar (Biolab) while Mueller Hinton Il Agar
(Biolab) was wused for susceptibility, minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC)
assay.

Antibacterial assay

The antibacterial screening was essentially by the agar dilution
method described by Afolayan and Meyer (1997). The dried plant
extracts were dissolved in methanol to final concentration of 50
mg/ml and sterilized by filtration through 0.45 pm millipore filters
(Schleicher and Schuell, Microscience, Dassel, Germany). This was
used to prepare dilutions of the extract in molten Mueller Hinton
agar maintained in a water bath at 50°C to concentrations ranging
between 0.1 and 10 mg/ml. The inoculum of each test strain was
standardized at 5 x 10° cfu/ml using McFarland Nephe-lometer
standard (NCCLS, 1993). The organisms were streaked in radial
patterns on the agar plates. Two nutrient agar plates containing 5%
methanol representing the final methanol concentration in the test
plates without the extract served as positive controls. Another two
blank plates containing only nutrient agar served as negative
controls (Afolayan and Meyer, 1997). Plates were incubated under
aerobic conditions at 37°C for 24 h. Each test was done in triplicate
and lack of visible growth on the test plates was used to indicate
the inhibitory activity of the extracts.

Determination of minimum inhibitory concentration (MIC)

The in vitro antibacterial activity of the extract and minimum
inhibitory concentration was determined by the macrobroth dilution
methods (NCCLS, 1993). Nutrient broth medium was used to
prepare different concentrations ranging from 0.0195 to 10 mg/ml
by serial dilutions. Each prepared concentration in tubes was
inoculated with 100 pl of each of the 10° cfu/ml bacterial strain.
Blank nutrient broth was used as negative control. The tubes were
incubated aerobically at 37°C for 18 to 24 h. The first tube in the
series with no sign of visible growth was taken as the MIC.

Determination of minimum bactericidal concentration (MBC)

For the determination of the MBC, one standard loopful of culture
was taken from each of the first three broth tubes that showed no
growth in the MIC tubes and inoculated on fresh nutrient agar
plates. After incubation for 24 h, the least concentration of the
extracts that showed no colony formation on the agar was taken as
the MBC. In order to elucidate whether the observed antibacterial
effects were bactericidal or bacteriostatic, MICingex (MBC/MIC) ratios
were calculated against each test strain. MBC/MIC ratios greater
than 1 was considered bacteriostatic while other MBC/MIC ratios
were considered bactericidal (Shanmughapriya et al., 2008).

RESULTS AND DISCUSSION

The result of the antibacterial assay indicated that
methanol extract of Z mucronata subsp. mucronata
showed good antibacterial activity against both Gram-
positive and Gram-negative bacteria by agar dilution
method (Table 1). The result obtained from macrobroth
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Table 1. Antibacterial activity of methanolic extract of the bark of Ziziphus mucronata subsp.

mucronata by agar dilution method.

Organisms Gram +/- ve MIC (mg/ml)
Escherichia coli (ATTC 8739) - 1
Proteus vulgaris (CSIR 0030) - 1
Klebsiella pneumoniae (ATCC 4352) - 0.5
Shigella flexneri (KZN) - 2.5
Shigella sonnei (ATCC 29930) - 1
Staphylococcus aureus (ATCC 6538) + 2.5
Streptococcus faecalis (ATCC 29212) + 0.5
Bacillus subtilits (KZN) + 2.5
Micrococcus luteus + 2.5
Staphylococcus aureus (OK2a) + 2.5

Table 2. Antibacterial activity of methanolic extract of the bark of Ziziphus mucronata subsp. mucronata by macrobroth dilution method.

Organisms MIC (mg/ml) MBC (mg/ml) MICingex
Escherichia coli (ATTC 8739) 0.1562 0.6250 4
Proteus vulgaris (CSIR 0030) 0.0391 0.6250 16
Klebsiella pneumoniae (ATCC 4352) 0.3125 0.625 2
Shigella flexneri (KZN) 0.3125 0.3125 1
Shigella sonnei (ATCC 29930) 0.1562 0.6250 4
Staphylococcus aureus (ATCC 6538) 0.6250 1.2500 2
Streptococcus faecalis (ATCC 29212) 0.6250 1.2500 2
Bacillus subtilits (KZN) 0.6250 1.2500 2
Micrococcus luteus 0.1563 0.1563 1
Staphylococcus aureus (OK2a) 0.3125 0.3125 1

assay indicated that this extract exerted a high degree of
inhibitory effect on these test organisms (Table 2).
However, the MIC and MBC values varied from one
organism to the other. Generally, the MBC values were
higher than the MIC values. The differences in the values
of MICs and MBCs suggested a selective antibacterial
activity of the extract. The susceptibility of all these
bacteria to the methanol extract of Z. mucronata subsp.
mucronata in both agar and macrobroth dilution methods
were complementary. The extract exhibited the highest
MIC against Proteus vulgaris and highest MBC on
Micrococcus luteus. Comparatively, the Gram-negative
bacteria were more susceptible to the extract than the
Gram-positive strains. This is contrary to the general
reports of many workers who have reported that plant
extracts are more active against Gram-positive than
Gram-negative bacteria (Jigna and Sumitra, 2006;
Sofidiya et al., 2009; Afolayan and Ashafa, 2009). The
difference in sensitivity between Gram-positive and
Gram-negative bacteria to the plant extract could be
ascribed to the anatomical or structural differences
between these microorganisms. Gram-positive bacteria
lack the normal outer membrane and the cell wall is

usually much thicker than that of Gram-negative species
(Archibald et al., 1993; Ghuysen and Hakenbeck, 1994).
The Gram-positive cell wall is made up of multiple
layers of peptidoglycan, a polymer comprising repeating
subunits of N-acetylglucosamine (NAG) and N-
acetylmuranic acid (NAM) which are attached by a 3(1-4)
linkage, and a small string of four amino acids (L-alanine,
D-glutamic acid, diaminopimelic or lysine, and D-alanine)
that extend from NAM. The subunits are covalently
attached by peptide glycine interbridges formed between
the amino acid chains. Physiologically, the peptidoglycan
in the cell wall gives shape, rigidity and protects the cell,
but remains porous allowing certain biomolecules to
translocate. The Gram-negative cell wall is structurally
more complex than the Gram-positive cell wall. It
comprises the peptidoglycan biopolymers which are only
a few layers when compared to several hundreds present
in Gram-positive bacteria. Gram-negative bacteria
possess inner and outer cell membranes unlike the
Gram-positive bacteria. The amino acid side chains of the
peptidoglycan subunits are not connected by peptide
interbridges but are directly covalently bonded to each
other and are suspended in the periplasmic space
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(Nelson et al., 2009). The cell wall in Gram-positive
bacteria does not restrict the penetration of antimicrobials
(Lambert, 2002). In Gram-negative bacteria, the outer
membrane together with a set of multi-drug resistance
pumps are effective barriers to antimicrobial compounds
(Tegos et al., 2002). The extract of Z. mucronata could
have promoted a local disturbance and the alteration of
the physicochemical properties of the outer membrane,
the membrane proteins and porin pathways to cause an
increase in membrane permeability and the inflow of the
extract (Chapple et al., 2004; Lohner and Blondelle,
2005). These events probably allowed sufficient amount
of the extract to adsorb, diffuse, penetrate and interact
with the target sites thereby preventing the active
mechanism of resistance in the Gram-negative bacteria.
This property of the extract is particularly noteworthy as it
might be an indication of its broad spectrum antibacterial
capability.

While Reuben et al. (2008) once stated that the MIC
and MBC are often close or hooked values, EI-Mahmood
(2009), however, reported that the MBC values can either
be the same or higher than the corresponding MIC
values. Using turbidity as a measure of growth in this
study, the MBC values appeared to be more reliable than
the MIC values because it indicated that the extract is
bactericidal. The MICi,4x however, and expectedly,
suggested that the plant extract was bacteriostatic at
lower concentration and bactericidal at higher
concentration. This observation is of potential importance
in the health care delivery system. It showed that the
plant could be used as an alternative to orthodox
antibiotics in the treatment of infectious diseases caused
by these microbes.

CONCLUSION

In conclusion, the activity of the extract against both
Gram-negative and Gram-positive bacteria has testified
to its broad spectrum antimicrobial activity. The results of
this study have further revealed the great therapeutic
potentials of Z. mucronata subsp. mucronata and justified
its ethnobotanical use in the treatment of diarrhoeae and
dysentery in this part of the world.
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