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ANTIMICROBIAL ACTIVITIES OF EXTRACTS FROM SELECTED MEDICINAL
PLANTS AGAINST SOME BACTERIAL AND FUNGAL PATHOGENS

ABSTRACT

Many microorganisms have the potential to cause diseases for which the human body is prone. The
discovery of antibiotics has, however, provided important tools to combat bacterial diseases. But due to
the indiscriminate use of commercial antimicrobial drugs in the treatment of infectious diseases multiple
drug resistance has developed among some pathogens. This creates a need for searching new effective and
safe antimicrobial therapeutic agents. The aim of this study was to test the antibacterial and antifungal
activities of crude extracts of leaves of Psidium guajava, Occimum lamifolium, Euclea schimperi and aerial
parts of Euphorbia candelabrum against four pathogenic bacterial species, i.e. Staphylococcus aureus,
Streptococcus agalactiae, Escherichia coli and Salmonella Typhi and two species of fungal pathogenic
species, i.e. Aspergillus niger and Aspergillus flavus. The leaves of the three-plant species and the aerial
parts of the remaining plants were shade dried and ground to powder and the bioactive compounds were
extracted using (99.8%) methanol, absolute ethanol and distilled water. In the present study, the results
showed that the percentage yield of the methanol, absolute ethanol and distilled water extracts varied
among the plant species. The highest percentage yield (22.34 +.59%) was recorded for methanol extract of
P. guajava and the lowest yield (6.28+.1.21%) was obtained for the distilled water extract of E. schimperi.
The antimicrobial activities of the extracts were also evaluated using the disc diffusion method. In addition,
the Minimum Inhibitory Concentrations and Minimum Lethal Concentrations of the plant extracts against
the test pathogens were assessed using broth dilution method. Chloramphenicol and Tilt were used as
positive controls against bacterial and fungal pathogens, respectively, while Dimethyl sulphoxide was used
as a negative control against both groups of pathogens. Moreover, the present study results revealed that
the crude extracts of all solvents had antimicrobial activities against all test pathogens except A. flavus.
The distilled water extracts of O. lamifolium had the highest growth inhibitory activity at a concentration
of 20 pl/disc with zonal inhibitions ranging from 14.67+ .67- 37.67£.88 mm against S. aureus and E.
coli, respectively. At the same time, P. guajava and E. schimperi leaves and extracts from aerial parts of
E. candelabrum at a concentration of 20 pl/disc showed 15.5+ .57, 24.0+.57and 17.0£.1.0 mm of zone
of inhibitions against E. coli and S. aureus, respectively. S. aureus and S. agalactiae were found to be the
most affected by the distilled water extract of O. lamifolium showed MIC and MLC of 31.25 mg/ml and
62.5 mg/ml, respectively, whereas E. coli and S. Typhi were the least inhibited by all of the crude extracts.
Similarly, of the two-fungal species, A. niger was more strongly inhibited than A. flavus by all of the crude
extracts at a concentration of 50 pl/disc. The findings of this current study suggested that the selected
medicinal plants have the potential to be used as a source of alternative antimicrobial agents in the
treatment of diseases resulting from infection with the studied test pathogens as well as in combating
problems of drug resistance. At last the present study suggested that specific antimicrobial agents with
specified recommendations on the reductions of bacterial and fungal pathogenic activities. However,
further extensive studies have to be undertaken for developing concrete recommendations for antimicrobial
agents to reduce the effects of bacterial and fungal pathogenic activities.

KEY WORDS: Broth dilution, crude extract, Disc diffusion, Minimum Inhibitory Concentration,
Minimum Lethal Concentration.
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1. INTRODUCTION

According to World Health Organization WHO (2010), more than 80% of the world's population
relies on traditional medicine for its primary health care needs. Plants used in traditional
medicine contain a wide range of ingredients that can be used to treat chronic as well as infectious
diseases (Thomson, 2010).

Many microorganisms such as virus, bacteria and fungi causes disease on humans. The discovery
of antibiotics in the early twentieth century provided an increasingly important tool to combat
bacterial diseases. But due to the indiscriminate use of commercial antimicrobial drugs in the
treatment of infectious diseases multiple drug resistance has developed among some pathogens
(Ahamad,1998). In addition to this problem, antibiotics are sometimes associated with adverse
effects on the host including hypersensitivity, immune suppression and allergic reactions
(Monroe and Polk, 2000).

This creates a need for searching new effective antimicrobial therapeutic agents from medicinal
plants antimicrobials of plant origins. The beneficial medicinal effects of plant materials typically
result from the combinations of secondary metabolites activities of several products present in
the plant. In plants, these compounds are mostly secondary metabolites such as alkaloids, steroids,
tannins, and phenol compounds, flavonoids, steroids, resins, fatty acids and gums (Agrawal,
1996).

There are many medicinally important substances in nature which are the basis for the
development of significant number of modern medicines. Plants generally produce many
secondary metabolites which constitute an important source of microbicides, pesticides and many
pharmaceutical drugs (Bobbarala et al., 2009). According to World Health Organization (2001),
medicinal plants would be the best source to obtain a variety of drugs. Therefore, such plants
should be investigated to better understand their properties, safety and efficacy (Nascimento et
al., 2000).



In many developing countries, medicinal plants play an important role in meeting the primary
health care need of the population and traditional medicine practitioners are the main or sole

providers of health care in their communities.

Thousands of plant products with inhibitory effects against microorganisms have shown in vitro
activities and have been used for centuries by various cultures in the treatment of different
diseases. Plant-derived medicines continue to occupy an important position in the treatment of

diseases worldwide (Prasad and Tyagi, 2015).

In many parts of the world the impact of antibiotic resistant bacteria on the health-care sector and
the wider society has not been studied (WHO, 2010). Many resistance mechanisms that emerge
and spread in bacterial populations are those of wide broad spectra, which compromise all or the
majority of currently available antibiotics in the treatment of various infections. Multidrug
resistant bacteria occur as part of the natural evolutionary process and as a result, there is a great
need for novel compounds with unique mechanisms of action in the field of medicine. Searching
for antimicrobial compounds from medicinal plants has been found to be an important segment
of modern medicine to overcome multidrug resistance (Strateva and Yordanov, 2009). Therefore,
there is currently a growing need to screen medicinal plants for bioactive compounds as a basis

for further pharmacological studies and developments of drugs.

This study was aimed at providing information on antimicrobial activities of crude solvent
extracts obtained from selected medicinal plants (Psidium guajava, Occimum lamifolium,

Euphorbia candelabrum and Euclea schimperi) against selected bacterial and fungal pathogens.

Hence, the general objective of this study was to screen for the antimicrobial activities of the
crude extracts of the leaves of Psidium guajava, Occimum lamifolium, Euclea schimperi and the

aerial part of Euphorbia candelabrum against selected bacterial and fungal pathogens.
The specific objectives were to:

1. Determine the antibacterial and antifungal activities of the crude extracts obtained using the

three extraction solvents.



2. Determine the Minimum Inhibitory Concentration (MIC), and the Minimum Lethal
Concentration (MLC) of each crude extract against the selected bacterial and fungal test

pathogens.



2. LITERATURE REVIEW

2.1. Medicinal Plants

According to Barboza et al. (2009), plant medicines is any manufactured medicine obtained
exclusively from plants, either in the crude state or as a pharmaceutical formulation. Plants
produce and contain a variety of chemical substances that act upon the body. Therefore, any plant
that contains active materials for treating the body or that can be the origin of pharmacologically
active drugs is medicinal plant. Medicinal plants make up the base of heath care systems in many
societies as part of traditional medicine. Traditional medicine defined as “the knowledge, skills
and practices of holistic health care, recognized and accepted for its role in the maintenance of
health and the treatment of diseases. It is based on indigenous theories, beliefs and experiences

that are handed down from generation to generation” (Ahmad et al., 2009).

As reported by World Health Organization (2010), the majority population of the world,
particularly in developing countries presently uses herbal medicine for primary health care.
Herbal medicine is major components in all indigenous people’s traditional medicine. According
to Maregesi et al. (2007), in many countries, traditional medicines are deeply rooted in their
cultures. Specially, in the poor communities’ medicinal plants have remained the most affordable
and accessible source of treatment in controlling several human and animal ailments. This means,
about 3.5 to 4 billion, which is the majority of the global population rely on plants resources for
drugs (Lawal et al., 2010).

Even though a great advancement of modern medicine has been observed in recent decades,
plants still make an important contribution to health care. Convincingly, there is a revival of an
interest in plant derived modern drugs. Medicinal plants have become a crucial treatment
regimens and a subject of interests for the pharmaceutical companies for the following reasons.
Primarily, it has little side effects as opposed to modern drugs (Lawal et al., 2010). Secondly, the
traditional medicines are cheap and easily available in the markets (raw materials), especially in
developing countries as compared to modern drugs which are very expensive (Tariq et al., 2008).
Thirdly, traditional medicines are the reservoirs of ethno medical and ethnobotanical information

which is the keys for opening many new modern drugs leads i.e. they serve as source of important



pure chemicals that have become mainstays of modern therapy (Shrivastava and Patel, 2007).
Lastly, the chemical diversity and versatility of active components of herbal plants as compared
to synthetic drug chemicals make them more preferable to conventional synthetic drugs. So, the
huge body of traditional knowledge of herbal plants is becoming part of the scientific knowledge
(Barboza et al., 2009).

Patients must have good awareness before using plants as medicine (WHO, 2010). According to
Anastasi et al. (2011), there are some recommendations that must be strictly followed during
herbal medicine use. Patients such as pregnant in surgery operation or with allergens are not
advised to take herbal medicines. Moreover, taking herbal medicine together with modern
medicine may have an adverse effect on the body. Optimizing the dosage is also very important

since it can have unwanted consequence.

2.2. Importance of Medicinal Plants

Plants are universally recognized as a vital part of the world’s biological diversity and an essential
resource for the planet. Many thousands of wild plants have a great economic and cultural
importance, providing food, medicine, fuel, clothing and shelter for humans around the world.
Plants also play a key role in maintaining the Earth’s environmental balance and ecosystem
stability. They also provide habitats for the world’s animals and insects life. Plants resource
contain and provide materials for survival, i.e. economic, medicinal, forage values, and also
possess and preserve cultural heritages, biological information and indigenous knowledge on
their utility (SCBD, 2009).

The use of traditional medicine remains widespread in developing countries, including herbal
medicines (WHO, 2002). WHO (2002) and UNAIDS (2002), have initiated activities towards
recognizing and encouraging medicinal plants and the roles of traditional healers in primary
health care delivery. Furthermore, medicinal plants are often the only health care resources
available for sample population sectors because of poverty, lack of formal health services and
international legal barriers in the access to modern medicines. Over centuries, indigenous people
have developed their own local specific knowledge on plant resource use management and

conservation and in these cultures; the knowledge resides within individuals, families or villages



and socio-cultural groups. Retrieval of such knowledge is possible through the use of ethno

biological methodology (Mander et al., 2006).

2.2.1. Global Use of Plants as Medicine

Throughout the past decade, the practice of traditional healers served as an increasing global
interest for their use of medicinal plants to treat illness (Akerele, 1994). Presently a medicinal
plant (used to treat disease) is defined as a plant that has pharmacological activity where an edible
plant is used as food in daily life (Park & Pezzuto, 2002).

2.2.2. Uses of Medicinal plants in Africa

Throughout history and even today mankind was provided with plants to serve as herbal remedies
for many illnesses or diseases, they continue to be an important part in developing countries as
therapeutic remedies in primary health care (Tshikalange et al., 2005). Herbal medicines or
traditional remedies play a major role in the culture, traditions and religious life of African people
(Fennell et al., 2004; Steenkamp, 2003).

The traditional healer or practitioner relies on symptomatic diagnosis of disease and pays special
attention to the use of herbs in treating various diseases. The plant-part used depends on the nature
and state of the disease and varies from one species to another; it varies also from practitioner to

practitioner (Steenkamp, 2003).

The possibility of serious toxicity can arise in few of these plants. Other dangers also exist with
the misadministration or dosage, misidentification, especially of toxic plants, mutagenic effects
and the potential of genotoxicity that follow prolonged use of some of the popular herbal and
traditional remedies (Fennell et al., 2004).

Detailed analysis of the pharmacological properties of medicine used traditionally brought to light
the presence of innumerable acids, alkaloids, flavonoids, terpenoids, oils, gums, resins, fats etc.
in medicinal plants. Some of these ingredients with a specific pharmacological action have been
identified by pharmacologists. The traditional use of medicinal plants and the pharmacological

activity of extracts previously investigated show a viable approach to pharmaceutical research in



the areas of various diseases such as arthritis, tuberculosis (TB), cancer, diabetes, bacterial and
viral infections (Lall, 2000).

When selecting, plants used to treat cancer it has been recommended that ethnopharmacological
usages such as immune and skin disorder, inflammatory, infectious, parasitic and viral diseases
be taken into account, since these reflect disease states bearing relevance to cancer or a cancer
symptom (Steenkamp & Gouws, 2006). Anticancer therapeutics has gained enormous attention
by scientists from the enormous pool of synthetic, biological and natural products that spawn a

prolific output, all over the world (Mukherjee et al, 2001).

2.2.3. Traditional Medicinal Plants in Ethiopia

The introduction of modern medicine to Ethiopia dates back to the 16th century during the regime
of Emperor Libne Dingel (1508-1540). The first government who run modern health care was
established in 1906 with the opening of Menelik Il Hospital in Addis Ababa. Since then the
government has taken the formal responsibility of delivering health care to the populations and
health institutions were established in the different regions of the country. The vast majority of
the rural populations, therefore, still depend on traditional medicine and its practitioners
(Messeret, 1996).

According to Tigist et al. (2006) more than 85% the Ethiopian population rely on traditional
medicine for the fight against various diseases. Plants are thus the major sources of medicine used
by the majority of the population. The Ethiopian traditional medical system is a subcategory of
the African traditional medical system, which has its own characteristic features. Ethiopian
traditional life is painted with the whole mark of wide spread use of traditional medicinal plants
with various levels of sophistication and specialization within the indigenous medical lore
(Mander., et al 2006).

2.3. Antimicrobials

An antimicrobial is a substance that kills or inhibits the growth of micro-organisms such as
bacteria, fungi, protozoans, etc. On the basis of mode of action, antimicrobials are classified into
two broad categories as Microbiocidal that kill microbes without leaving any option for their



survival and Micro biostatic that cease all the metabolic activities of microbes that are important
for their survival so they are called as growth inhibitors of microbes. The history of antimicrobials
begins with the observation of Pasteur and Joubert who discovered that one type of microbe could
prevent the growth of the other. That growth inhibition was due to secretion of a compound that
later on was named as an Antibiotic. Nowadays the term antibiotics is not confined to secretions
of microbes only, but also includes all those synthetic drugs that help the body to get rid of any
bacterial infection. The discovery of antimicrobials like Penicillin and Tetracycline paved the
way for better health of people in the world by curing diseases like Gonorrhea, Strep throat and

Pneumonia (Jahir and Sonali,2011).

In an attempt to combat the various forms of disease that have continued to plague humans from
time immemorial to this day, different types of antimicrobials have been developed to fight the
pathogens responsible for these diseases. Antimicrobials, which are substances that kill or inhibit
the growth of microorganisms, could be in the form of antibiotics, which are products of
microorganisms or synthesized derivatives (Cowan 1999), antimicrobial peptides produced by
complex organisms as well as some microbes (Jenssen et al., 2006) and medicinal plants, which

appear to be the focus of mainstream medicine today (Cowan, 1999).

2.3.1 Types and Sources of Antimicrobials

Different types of antimicrobials exist: antibiotics, anti-viral, anti-bacteria, anti-fungal and anti-
protozoan etc. Antibiotics are used in the treatment of bacterial infections and can be obtained
from either natural or synthetic sources. Examples of those with a natural origin are phenyl
propanoids (chloramphenicol), polyketides (tetracycline), aminoglycosides (streptomycin,
gentamycin), macrolides (erythromycin), glycopeptides (vancomycin) and second-generation -
lactams (cephalosporins). Those from synthetic sources are sulphonamides, quinolones and
oxazolidinones. Most antibiotics exert their action either by inhibition of the bacterial cell wall
or protein synthesis. Exceptions are the quinolones that inhibit DNA synthesis, and the
sulphonamides that inhibit the synthesis of metabolites used for the synthesis of deoxyribonucleic
acid (DNA) (Singh and Barrett, 2006). Most anti-viral, anti-fungal, anti-protozoa and anti-cancer

drugs however are obtained from synthetic sources.



2.3.2. Significance of Antimicrobial Susceptibility Testing

In screening, new antimicrobials or antibiotics, evaluation of biological activity is essential for
the assessment of susceptibility of pathogens to the antimicrobial agent. Antimicrobial
susceptibility testing is used in pathology to determine the resistance of certain microbial strains
to different antimicrobials and in pharmacology research it is used to determine the efficacy of

novel antimicrobials from biological extracts against different microorganisms (Das et al., 2010).

Microbial growth or its inhibition can be measured in a number of ways, e.g. viable counts, direct
microscopic counts, turbidity measurement, bioluminescence and fluorimetry (Grare et al.,
2008). The disk diffusion method is used in determining the zones of inhibition exhibited by the
plant extracts, while the broth microdilution method, which has been recommended by the
Clinical and Laboratory Standards Institute (2003), is used in determining the minimum
inhibitory concentration (MIC) of plant extracts. This method is less cumbersome, less expensive
and quite reproducible when compared with the disk diffusion method. The use of microplates
allows large amounts of data to be generated quickly.

Bacterial growth could be assessed either visually by grading turbidity or better
spectrophotometrically by measuring optical density (Grare et al., 2008). The disadvantage of
visual assessment of bacterial growth is that it lacks objectivity and precision; whereas the
accuracy of spectrophotometric readings may be hampered by (i) additives or antibacterial
compounds that affect the spectral characteristics of growth media, (ii) the aggregation of
bacteria, or (iii) bacterial pigments (Eloff, 1998).

2.3.3. Mechanisms of Action of Antimicrobial Agents

In order to appreciate the mechanisms of resistance, it is important to understand how
antimicrobial agents act. Antimicrobial agents act selectively on vital microbial functions with
minimal effects or without affecting host functions. Different antimicrobial agents act in different
ways. The understanding of these mechanisms as well as the chemical nature of the antimicrobial
agents is crucial in the understanding of the ways how resistance against them develops. Broadly,
antimicrobial agents may be described as either bacteriostatic or bactericidal. Bacteriostatic

antimicrobial agents only inhibit the growth or multiplication of the bacteria giving the immune
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system of the host time to clear them from the system. Complete elimination of the bacteria in
this case therefore is dependent on the competence of the immune system. Bactericidal agents
kill the bacteria and therefore with or without a competent immune system of the host, the bacteria
will be dead. However, the mechanism of action of antimicrobial agents can be categorized
further based on the structure of the bacteria or the function that is affected by the agents (Butaye
et al., 2003). These includes: Inhibition of the cell wall synthesis, Inhibition of ribosome function,
Inhibition of nucleic acid synthesis, Inhibition of folate metabolism, Inhibition of cell membrane

function.

2.3.4. Mechanisms of Antimicrobial Resistance

Prior to the 1990s, the problem of antimicrobial resistance was never taken to be such a threat to
the management of infectious diseases. But gradually treatment failures were increasingly being
seen in health care settings against first-line drugs and second-line drugs or more.
Microorganisms were increasingly becoming resistant to ensure their survival against many of
antimicrobial agents to which they were being bombarded. They achieved this through different
means, but primarily based on the chemical structure of the antimicrobial agent and the
mechanisms through which the agents acted. The resistance mechanisms therefore depend on
which specific pathways are inhibited by the drugs and the alternative ways available for those
pathways that the organisms can modify to get a way around in order to survive (Butaye et al.,
2003). Resistance can be described in two ways: intrinsic or natural whereby microorganisms
naturally do not possess target sites for the drugs and therefore the drug does not affect them or
they naturally have low permeability to those agents because of the differences in the chemical
nature of the drug and the microbial membrane structures especially for those that require entry
into the microbial cell in order to affect their action or acquired resistance whereby a naturally
susceptible microorganism acquires ways of not being affected by the drug (Butaye et al.,
2003;Wegaw, 2015).

2.4. Extractions of Plant and Extraction Techniques

Pharmaceutically the term extractions involve the separation of the antimicrobial agents of the
active portions of plant or animal tissues from the inactive or inert components by using selective

solvents in standard extraction procedures. During extraction, solvents diffuse into the solid plant
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material and solubilize compounds with similar polarity. A typical extraction process may
contain steps of collection and authentication of plant material and drying, size reduction,
extraction, filtration, concentration, drying & reconstitution (Handa et al., 2008). Quality of an
extract is influenced by several factors such as, plant parts used, solvent used for extraction,

extraction procedure, and plant material: solvent ratio etc. (Pandey and Tripathi, 2014).

The choice of solvent is influenced by what is intended with the extract. Since the end product
will contain traces of residual solvent, the solvent should be nontoxic, ease of evaporation at low
heat, promotion of rapid physiologic absorption of the extract, preservative action, inability to
cause the extract to complex or dissociate and should not interfere with the bioassay. The choice
will also depend on the targeted compounds to be extracted (Pandey and Tripathi, 2014). For
selection of solvents ‘like dissolves like’ principle is applicable. Thus, polar solvents will extract
out polar substances and non-polar material will be extracted out by non-polar solvents (Huie,
2002).

In the analysis of medicinal plants, extraction is the crucial first step because it is necessary to
extract the desired chemical components from the plant materials for further separation and
characterization (Sasidharan et al., 2011). Different extraction techniques are available, but the
most common ones used in plants extraction are the conventional techniques. In conventional
extraction, the release of the desired compounds traditionally requires soaking and maceration in
mild solvents (Chan et al., 2012). Decoction in water is broadly employed in traditional Chinese
medicinal practices and is an effective method that can be considered in cases where the presence
of a chemical solvent is undesirable (Das et al., 2010). Other solvents that can be used in
conventional extraction are methanol, ethanol, chloroform, acetone, petroleum ether, hexane and
distilled water. Non-conventional methods that can be used are the supercritical fluid extraction
and microwave-assisted techniques. In research carried out by Taiwanese research teams,
supercritical fluid extraction was used to investigate the antioxidant activity of the extract of lotus
gem (Li et al., 2009). Microwave-assisted extraction has also been used to investigate the

bioactivity of tea flower polysaccharides (Wei et al., 2010).
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2.5. Active Components of Plant Extracts

The beneficial medicinal effects of plant materials typically result from the combination of
secondary products present in plants. These compounds are mostly secondary metabolites such
as alkaloids, steroids, tannins, and phenol compounds, which are synthesized and deposited in
specific parts or in all parts of the plant (Joseph and Raj, 2010). Generally, leaves are the favorable
storage site for desired compounds. Fruits also contain a substantial number of active ingredients,
and thus are often consumed as juice via oral administration to obtain the desired compounds.
Other parts of plants that can be extracted for therapeutic compounds are roots, aerial parts,

flowers, seeds, stem barks, etc. (Chan et al., 2012).

Plant secondary metabolites are used as the basis for the production of valuable synthetic
compounds such as pharmaceuticals, cosmetics, or more recently nutraceuticals (Bourgaud et al.,
2001). These secondary metabolites are largely viewed as potential sources of new drugs,
antibiotics, insecticides and herbicides (Crozieret al., 2006). This is because of their biological
significance and potential health effects, such as antioxidant, anticancer, anti-aging, anti-

atherosclerotic, antimicrobial and anti-inflammatory activities.

2.5. Botanical Descriptions and Antimicrobial Activities of Selected Medicinal

Plants

2.5.1. Psidium guajava

Guava (Psidium guajava) in Ethiopia is a common shade tree or shrub in door-yard gardens in
the tropics. It belongs to family of Myrtaceae, genus: Psidium, species: guajava and common
names of the plant are guajava, goiaba, guayaba etc. (Vyas et al., 2010). It is originated in the
tropical, South America and grows widely in Bangladesh, India, Thailand, Brazil, Florida, and
West Indies, California and also in several other countries (Mittal et al., 2010). Generally, guajava
plant has spread widely throughout the tropics because it thrives in a variety of soils, propagates
easily, and bears fruit relatively quickly. The guajava berry is an important tropical fruit that is

mostly consumed fresh (Joseph et al., 2011).
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The ethanoic extracts of P. guajava leaves have anti-inflammatory effects. The guajava leaves
extract it may have a potential to prevent inflammatory disorders (Jang et al., 2014). Moreover,
the aqueous extracts of Psidium guajava leaves indicated hepatoprotective activity when
administered at doses 250mg/kg and 500mg/kg orally in carbon tetrachloride (CCI4) induced
acute and chronic liver damage, paracetamol-induced liver damage and thioacetamide-induced

liver damage. These activities may be due to an antioxidant effects of the plants (Roy et al., 2006).

On the basis of the previous finding, the guajava leaves possess the capabilities of being a
good candidate in the search for a natural antimicrobial agent against infections and/or disease

caused by B. cereus and S. aureus (Shirur et al., 2013). The antimicrobial activity was maximum
at concentration of 240 mg/ml against S. aureus and B. subtilis as compared to Streptomycin
(Img/ml) and the activity was moderate against Proteus vulgaris and E. coli when compare to
Streptomycin. Alcoholic extracts of Psidium guajava showed minimum activity at 10, 20, 40,
80, 160 mg/ml concentration against the test organisms compared to Streptomycin. According
to the investigation of (Shirur et al., 2013), the largest inhibition zone diameters were recorded
with gram positive bacteria i.e. S. aureus and B. subtilis, because of the presence of tannins and

other phytochemicals in root bark of P. guajava.

Phytochemicals screening of alcoholic extract of root bark of Psidium guajava contains presence
flavonoids, tannins, alkaloids and saponins, these constituents could be responsible for the
activity. In general, the pharmacological studies conducted on Psidium guajava indicate the
immense potential of this plant in the treatment of conditions such as diarrhea, gastroenteritis and
rotavirus enteritis, wounds, acne, dental plaque, malaria, allergies, coughs, diabetes,
cardiovascular disorder, degenerative muscular diseases, inflammatory ailments including
rheumatism and menstrual pain, liver diseases, cancer, etc. Not surprisingly, guava also exhibits
antioxidant and anti-inflammatory effects as oxidative injury underlies many of these diseases
(Gutierrez et al., 2008).

2.5.2. Occimum lamifolium

The genus Occimum(Lamiaceae) consists of about 30 Old and New worlds, with some species
cultivated in temperate areas. Occimum lamifolium (locally the called Demakese) is mostly found

in clearings and edges of primary and secondary mountain forests and bush lands, tall grasslands,
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abandoned fields, at altitudes between 1200 and 2900 m. traditionally, the fresh leaves are
squeezed and the juice is sniffed to treat cough and cold. Th juice is also used as eye rinse to treat
eye infections. At the same time, the crushed leaves are put in the nostrils to stop nose bleeding
(Asfaw and Demissew, 2009).

The amount of research that has been done on this species is relatively small. Although Occimum
species often referred to as the “king of the herb. O. lamifolium is an important medicinal herb
belonging to family Lamiaceae. A study conducted by Destaw and Yalemtsehay (2015), reported
that the crude extract of O. lamifolium used to inhibit the growth of some selected pathogenic
bacteria such as Escherichia coli, Pseudomonas aeruginosa, and Shigella boydii and
Staphylococcus aureus. The maximum effects of O. lamifolium extracts was observed against E.
coli which followed by S. aureus and P. aeruginosa. However, the study conducted by Amare
and Unakal (2013), reported that a maximum effect of O. lamifolium extract was observed against
S, agalactia followed by S. aureus rather than E. coli.

2.5.3. Euclea schimperi

Euclea schimperi is called (locally the called “miessa”). The family Ebenaceae consists of about
500 species which is widespread in the tropics and subtropics. In southern Africa two genera are
found namely; Diospyros and Euclea. There are sixteen Euclea species to be found in southern
Africa, with Euclea schimperi. Occurring in the Eastern Cape, KwaZulu-Natal and Swaziland.
E. schimperi is a shrub or small to medium size tree, which grows in coastal and inland forests
and also in the bushveld. E. schimperi is a shrub or small browse tree having alternate or
subopposite leaves with a blunt apex. The leaves are usually about 6.25 cm in size light green in
colour and without hairs. The flowers are small, creamy-white in colour and sweetly scented. Its
fruits are almost spherical in shape, with a reddish to purplish colour when mature. The wood is

heavy and hard and is used mainly for fuel (Jordan, 2003).

Euclea racemosa Murr ssp schimperi (A. DC.) F. White (Ebenaceae), an evergreen shrub widely
distributed in eastern and southern Africa, has been used since early times in Eastern Africa to
treat various diseases including Cancer. In Ethiopia, the leaf macerate is used to treat gonorrhea,
eczema, and constipation. In Uganda, the root bark is chewed for toothache and the cold

decoction is drunk for malaria. In eastern Tanzania, the root decoction is used against cancer,
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abdominal pain and convulsive dysmenorrhoea (Neuwinger, 2000). Ethiopians treat the pots in
which milk is kept with the smoke of an Euclea racemosa SSP. schimperi branches file to prevent

the milk from curdling. .

Isodiospyrin has been examined for its inhibition of human DNA topoisomerase | (Ting et al.,
2003), antibacterial (Adeniyi et al., 2000), and anti-inflammatory activities (Kuke et al., 1998).
E. schimperi consist of a number of biologically active ingredients therefore they are used for the
treatment a large number of infectious diseases. These biological active ingredients are alkaloids,
flavonoids, steroids, glycosides, Terpenes. tannins and phenolic compounds. Root bark was very
rich in secondary metabolites content. it contained high amount of saponins, coumarins,
cyanogenic glycosides, tannins, alkaloids, navonoids, triterpenes, resins, phenols, cardiac

glycosides and etc. (Shmous,2010).

The amount of research that has been done on this species is relatively small. The publications
are mostly on the chemical constituents of E. schimperi reported on the use of the root as
toothbrushes and speculated that the naphthoquinones in the roots are responsible for the activity
against Streptococcus species (Stander and Van Wyk, 1991).

2. 5.4. Euphorbia candelabrum

Euphorbia candelabrum is (locally the called “Adami” Oromifa). E. candelabrum is a tree
species with a multibranch habit reaching heights of about 10 meters and forms very sturdy main
trunks with time. It is large and somewhat rounded crowns which consists a mass of irregularly
branched, and four -angled branches that are segmented and dark green in color. The segments
are variable in size with angles that are wing-like or occasionally crenate and bear poorly

developed separated spine shields. Spines may be absent or short and stubby.

E. candelabrum is a very widespread species and with a high degree of variability throughout its
distribution range that requires an in depth taxonomic study which will probably result in new
varieties and may remain a very complicated and extremely variable species. As for all
Euphorbia species of the Transvaal the latex of E. candelabrum is very poisonous. It can cause
temporary to permanent blindness when it comes in contact with the eyes. It is also highly
irritating to the skin, burning the skin and even forming large blisters (Sean, 2006).
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The amount of research that has been done on this species is relatively very small. It uses as a
purgative the latex is consumed with added sugar — fatalities have occurred in people who
consumed too much of this deadly treatment. It is believed that the latex is a cure for ulcers and
cancer. The wood is light and also used by the locals. E. candelabrums have been observed as a
host plant of a hemi parasite plant in the Loranthaceae family (Sean, 2006).

2.6. The Selected Bacterial and Fungal Pathogens.

Plants are generally known to possess medicinal properties with microbicidal activities. A
significant proportion of pharmaceutical products in current use are designed from plants. A large
number of phytochemicals belonging to several chemical classes have been shown to have
inhibitory effects on all types of microorganisms in vitro and some plant extracts have shown
activities on both Gram negative and Gram positive organisms (Nascimento et al., 2000; Cowan,
1999). The use of plant extracts and phytochemicals, both with known antimicrobial properties

can be great significance in therapeutic treatments.

In the last few years, a number of studies have been conducted in different countries to prove
such efficiency and the antimicrobial properties of plants have been investigated by a number of
researchers worldwide. Plant extracts have great potential as antimicrobial compounds against
microorganisms. Thus, they can be used in the treatment of infectious diseases caused by resistant
microbes (Nascimento et al., 2000). A number of these agents appear to have structures and
modes of action that are distinct from those of the antibiotics. Extracts from medicinal plants are
known to have antimicrobial activities against a range of pathogenic bacteria in humans. There
has been growing interest to find new and safer substances from medicinal plant extracts as an
alternative approach to discover new antimicrobial compounds. The antimicrobial activities of
some herbal medicines in inhibiting and destroying bacterial pathogens have been reported from

different countries (Morrison, 2009).

2.7.1. Staphylococcus aureus

Staphylococcus aureus is one of the most versatile organisms. It is found worldwide and is a

leading cause of disease. It is a transient colonizer of the skin and body entry portals (ears, eyes,
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nasal passages, etc.), and an estimated 20% of humans are carriers (asymptomatic permanent
colonization). However, any break in the skin, or colonization of individuals with compromised
immune systems can provide an opportunity for these bacteria to cause infections. The disease
process can be mediated via two possible mechanisms: production of toxins, and colonization
that causes tissue invasion and destruction. This microbe comes naturally armed with a long list
of virulence factors, and becoming resistant to antimicrobial drugs is just an added bonus
(Carboneau et al., 2010).

Most infections with S. aureus are localized at the area of entry and are self-limiting and not life
threatening. However, increasingly this bacterium is found to invade deeper into the body causing
more serious, and even life threatening infections. Because of many virulence factors it possesses,
S. aureus is well adapted for causing serious infections, even without the threat of antimicrobial
resistance. Now that S. aureus has become resistant to so many antimicrobial agents, the
infections caused by this bacterium have become even more dangerous. S. aureus is commonly
found in most environments and may survive on dry surfaces for long periods. These bacteria are
susceptible to high temperatures, and many disinfectants and antiseptics. It would seem that we
should be able to control this bacterium fairly easily, but with the ability to become resistant to
many antimicrobial agents, this is not the case. It is now known that S. aureus is the most
commonly transferred bacteria among health care workers due to poor hand washing techniques.
Studies have shown that by simply improving the hand washing compliance in hospitals, not only
are S. aureus infections decreased, but antimicrobial susceptible may also be improved
(Carboneau et al., 2010; Zoabi et al., 2011).

Because infections with S. aureus are so prevalent, the healthcare costs involved (hospitalization
and treatment) can be staggering. In New York City, in 2005, there were an estimated 13,550
cases of infection with S. aureus, which resulted in an estimated cost of over 435 million dollars
(Rubin et al., 1999). In addition, infections with methicillin-resistant Staphylococcus aureus
(MRSA) increase these costs even more. In the European Union (EU), the estimated additional
costs of MRSA infections are €380 million annually; and with a result of 1 million extra days of
hospitalization (Gould et al., 2010). Studies in the United States show an increase in costs for
treating a patient with a MRSA infection compared to a methicillin susceptible Staphylococcus

aureus (MSSA) infection range from $3836 - $13,901 per patient, per incident (Cosgrove
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etal.,2005). Mortality rates for MRSA vs. MSSA infections are also increased. Studies compared
from several countries showed that the mortality rate for patients with MRSA infections was
generally 2 to 3 times higher than that for patients with MSSA infections (Kdck et al., 2010).

There is a wide variety of antimicrobial drugs that have been used to treat S. aureus infections,
and most of these are still available. Some of these (such as the sulfa drugs) were in development
at the same time as the early penicillin. Since antimicrobial resistance is often based on the

mechanism of activity of the antimicrobial drug (Kock et al., 2010).

2.7.2. Streptococcus agalactiae

Streptococcus agalactiae is a bacterial pathogen, distributed worldwide, that causes diseases in
humans and animals (Farley et al., 2001). In humans, it is frequently associated with meningitis,
neonatal sepsis and may also affect immune compromised adults and the elderly. (Park et al.,
2012). S. agalactiae is responsible for the most fatal bacterial infections in human newborns
(Rajagopal, 2009). In fish, the pathogen causes meningoencephalitis and septicemia worldwide,
in both freshwater and salt-water species (Delannoy et al., 2013). Consumption of fish has been
associated with an increased risk of colonization by S. agalactia serotypes la and Ib in people
(Foxman et al., 2007).

Streptococcus agalactiae continues to be a major cause of subclinical mastitis in dairy cattle,
which is the dominant health disorder affecting milk production in the dairy industry, and is
responsible for substantial financial losses in that industry worldwide (Richards et al.,2011). S.
agalactiae is of great medical and veterinary importance due to a high social and economic impact
together with the incidence of disease in different host (Pereira et al., 2010). The incidence of
invasive infections unrelated to pregnancy in human adults and animals is increasing worldwide

(Phares et al., 2005). Therefore, further studies in the area remains necessary.

Streptococcus agalactiae is a Gram stain-positive, non-sporulating bacterium having a spherical
shape with dimensions ranging from 0.2 to 1.0 microns in diameter (Phares et al., 2005). On solid
medium, S. agalactiae may form short chains or may form groups of double cocci. In liquid cells,
the microorganism can form long chains. The bacterium is a facultative anaerobe, catalase and

oxidase negative, and is capable of lactic acid fermentation (Schuchat et al.,1998). Lancefield
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identified the group B antigen, a peptidoglycan-anchored antigen (galactose, N-acetyl
glucosamine, and glucitol), that defines the S. agalactiae species (Caliot et al., 2012). There is a
high degree of variation in the capsular structure of S. agalactia species is related to the virulence
of different strains of S. agalactia (Luce, 2010). Those variations in the capsular structure may
also explain its infection of unusual hosts such as camels, dogs, horses, seals, chickens, dolphins,

cats, hamsters, frogs, and monkeys (Pereira et al., 2010).

2.7.3. Escherichia coli

Escherichia coli, originally called “Bacterium coli commune,” was first isolated from the feces
of a child in 1885 by the strain pediatrician Theodor Escherichia (Escherichia, 1885). Escherichia
coli are a common inhabitant of the gastrointestinal tract of humans and animals. There are E.
coli strains that are harmless commensals of the intestinal tract and others that are major
pathogens of humans and animals. The pathogenic E. coli are divided into those strains causing
disease inside the intestinal tract and others capable of infection at extra-intestinal sites (Kaper et
al., 2004). Escherichia coli are Gram-negative and non-spore forming bacilli. They are
approximately 0.5 um in diameter and 1.0-3.0 um in length within the periplasm is a single layer
of peptidoglycan. The peptidoglycan has a typical subunit structure where the N-acetylmuramic
acid is linked by an amide bond to a peptide consisting of L-alanine, D-glutamic acid, meso-di
amino pimelic acid and finally D-alanine. Escherichia coli are commonly motile in liquid by
means of peritrichous flagella. Most E. coli strains are capable of growing over a wide range in
temperature (approximately 15-48°C). The growth rate is maximal in the narrow range of 37—
42°C (Ingraham and Marr, 1987). E. coli can grow within a pH range of approximately 5.5-8.0
with best growth occurring at neutrality. Some diarrheagenic E. coli strains have the ability to
tolerate exposure to pH 2.0. Such an acid shock mimics transit through the stomach and induces
expression of sets of genes involved in survival and pathogenesis (Waterman and Small, 1996).
Escherichia coli is a facultative anaerobe. Most diarrheagenic strains cannot utilize D-serine as a
carbon and nitrogen source, but uropathogenic and commensal fecal strains can use this

enantiomer of serine (Roesch et al., 2003).
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2.7.4. Salmonella typhi

Salmonella typhi belongs to the family Enterobacteriaceae and genus Salmonella. It is a gram-
negative bacterium, facultative anaerobic and flagellated bacilli from the family of
Enterobacteriaceae. It measures 2-4 um long and 0.6 um wide. S. Typhi is a non-acid fast and
motile bacterium with peritrichous flagella. These organisms are non-spore forming, facultative
anaerobic bacilli, which produce acid on glucose fermentation and reduce nitrates. Salmonella
Typhi is a non-fastidious organism which can grow in basal media like nutrient agar. On
MacConkey agar, these organisms produce colorless colonies since S. Typhi is a non-lactose
fermentor. Low selective media such as MacConkey and deoxycholate agar and intermediate
selective agar such as Salmonella and Shigella agar are widely used in laboratories to cultivate
the organism. High selective media such as brilliant green and bismuth sulfite agar can also be
used in the detection of Salmonella typhi. Strontium selenite and selenite F broth were the

enrichment broth for the organism (Parkhill et al., 2001).

It grows best between 35 and 37°C but can grow between 7 and 45°C. It also grows through a pH
range of 3.8 t0 9.5, has a minimum water activity level of 0.94, and growth under nitrogen is only
slightly less than that under oxygen. It is killed by heating, 70°C for 1 minute or less. Salmonella
survives well in foods and on surfaces, 190 days on chocolate biscuits, 230 days on sweets, for 4
days in shellfish at 10 to 13°C and in excess of 90 days in ice. Growth is greatly reduced at less
than -15°C (Sehra et al., 2013).

Salmonella typhi is a particular Salmonella serovar that causes Typhoid fever, which is a systemic
febrile illness, is transmitted by the fecal-oral route, mainly via contaminated food and water in
the developing world (Qamar et al., 2014). Typhoid fever without therapy, the illness may last
for three to four weeks and death rate range between 12% and 30%. Although the global burden
of typhoid fever has reduced, emergence of multidrug resistant S. Typhi (MDRST) is still a threat
to public health.

Salmonella typhi has a combination of characteristics that make it an effective pathogen. This
species contains an endotoxin typical of Gram negative organisms. Many of the S. typhi virulence
factors, such as adhesion, invasion, and toxin genes are clustered in certain areas of the

chromosome known as Salmonella pathogenicity islands (SPI) (Kaur and Jain, 2012). S. Typhi
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gained resistance to antibiotics like ampicillin, ceftriaxone, and co-trimoxazole, besides
developing resistance to efficacious drugs like ciprofloxacin. The emergence of multidrug
resistance to the commonly used antibiotics has further complicated the treatment and
management of enteric fever and this is recognized as one of the greatest challenges in the

management of this disease (Sehra et al., 2013).

2.7.5. Aspergillus niger

Aspergillus niger is a member of the genus Aspergillus which includes a set of fungi that are
generally considered asexual, although perfect forms (forms that reproduce sexually) have been
found. Aspergilli are ubiquitous in nature. They are geographically widely distributed, and have

been observed in a broad range of habitats because they can colonize a wide variety of substrates.

Aspergillus niger thrives in the soil and on decaying plant material but is also abundant in man-
made environments. For instance, it can be found on the floor and in carpet and mattress dust
(Flannigan et al., 2011). Pitt and Hocking (2009) state that A. niger is by far the most common
Aspergillus species responsible for postharvest decay for instance guavas, litchis, mangoes,
papaya’s, pineapples, pomegranates, apples, pears, and grapes. Other food products such as
onions, rice, coffee, nuts and sunflower seeds are also substrates for A. niger. During colonization,
A. niger may produce the mycotoxins ochratoxin A and fumonisins. Apart from being a
saprotroph, A. niger is also an opportunistic pathogen of plants and animals. Aspergillus niger
contains several toxins, some harmless and others harmful to certain people. The main toxins it
contains are malformin C, and ochratoxin A. A. niger can be as beneficial as it is harmful. It is
those who suffer from leukemia, HIVV or AIDS, severe fungal allergies and other immune
deficiencies that could become very sick to the intake of A. niger spores (Paul et al., 2010).

2.7.6. Aspergillus flavus

First described by Link (1809), Aspergillus flavus is the name now used to describe a species as
well as a group of closely related species. A. flavus is second only to A. fumigatus as the cause of
human invasive aspergillosis. In addition, it is the main Aspergillus species infecting insects
(Campbell, 1994), and it is also able to cause diseases in economically important crops, such as

maize and peanuts, and to produce potent mycotoxins. Like other Aspergillus species, A. flavus
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has a worldwide distribution. This probably results from the production of numerous airborne

conidia, which easily disperse by air movements and possibly by insects.

Atmosphere composition has a great impact on mold growth, with humidity being the most
important variable (Gibson et al., 1994). A. flavus grows better with water activity (aw) between
0.86 and 0.96 (Vujanovic et al., 2001). The optimum temperature for A. flavus to grow is 37 °C,
but fungal growth can be observed at temperatures ranging from 12 to 48 °C. Such a high optimum
temperature contributes to its pathogenicity in humans. A. flavus appears to spend most of its life
growing as a saprophyte in the soil, where it plays an important role as nutrient recycler, supported
by plant and animal debris (Scheidegger & Payne, 2003).

The ability of A. flavus to survive in harsh conditions allows it to easily out-compete other
organisms for substrates in the soil or in the plant (Bhatnagar et al., 2000). The fungus overwinters
either as mycelium or as resistant structures known as sclerotia. The sclerotia either germinate to
produce additional hyphae or they produce conidia (asexual spores), which can be further
dispersed in the soil and air surface reservoirs and not from deep ground wells (Warris et al.,
2001). This variation is often attributed to factors such as raw water source (surface versus well),
water temperature patterns, treatment patterns and maintenance of distribution systems.
Additionally, it was reported that fungi can pass through treatment processes by means of leaks
in the system, or from air in contact with water stored in distribution system reservoirs, and can
even survive water disinfection with chlorine (Niemi et al., 1982). Interestingly, Paterson et al.

(1997) detected aflatoxin in water and identified A. flavus from a cold-water storage tank.
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3. MATERIALS AND METHODS

3.1. Collections of Medicinal Plants

The medicinal plant; leaves of Psidium guajava (Zeytuna), Occimum lamifolium (Demakese),
Euclea schimperi (Miessa) and aerial parts of Euphorbia candelabrum (Adami) were collected
from East Arsi Zone, of Oromia Regional State, Ethiopia, at about 175 km south-east from Addis
Ababa, the capital of Ethiopia. Geographically, which is located at 7° 57°N and 39°7’E latitude
and longitude, respectively from end of September to begging of October 2016. The area has an
altitude of 2430 meters above sea level, and its annual rainfall distribution ranges from 1050-
1650 mm, while its average minimum and maximum temperatures are 100 and 22°C,
respectively. The rainfall pattern of the area is bimodal with short dry season occurring between
December and March, and the long rainy season between April and mid-October. The dominant
soil type in the area is reddish brown clay with about 11.10% dark soil, which is characterized by
a pH of about 4.2 (Birhan, 2011).

However, the study was conducted in the Department of Biology and the School of Plant Sciences
and Crop Protection laboratories at Haramaya University. Haramaya university is located
between latitudes of 9° 24'53.13"N and 9° 24'51.34"N, and between longitudes of 42° 01'55.69"E
and 42° 01' 56.62"E at a distance of 14 km and 508 km west of Harar and east of Addis Ababa,
respectively (Wogayehu, 2005).

Fresh and healthy aerial parts of Euphorbia candelabrum, leaves of Euclea schimperi, Psidium
guajava and Occimum lamifolium were collected (Table 1). The voucher specimens were
identified by comparing them with specimens kept at the herbarium of Haramaya University with

the help of technical assistant.



Table 1:The traditional medicinal plants used in the present study
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S.  Scientific Family Local Name Parts Uses
No Name (Ethiopia) Used
1 P.guajava Myrtaceae Zeytuna Leaves Itisused for treatment of
(both diarrhea (Abhijit, 2015)
Ambharic and
Oromic)
2  O.lamifolium Lamiaceae Demakese Leaves Fresh leaf juice is mixed with
(Amharic) coffee and drunk for
treatment of Cough and fever
(Fisseha et al., 2014).
3  E.schimperi  Ebenaceae Miessa Leaves Superative wound and
(Oromic) gonorrhea, eczema, and
constipation
(Shmous,2010)
4 E. Loranthaceae Adami Aerial The latex of the plant is
candelabrum (Oromic) part mixed with milk of camel

and drunk for treatment of
diarrhea (Fisseha et al.,
2014).

3.2. Study Design

This study involved a laboratory based experimental design with 4x1x3x6x3 treatments. The

treatments included four different plants from which one parts of the plants (the aerial parts of

Euphorbia candelabrum, and leaves of Euclea schimperi, Psidium guajava and Occimum

lamifolium) were collected and used as sources of extracts. The extraction was done using three

different solvents and the resulting crude extracts were applied against six test pathogens in three

replications. In addition, Chloramphenicol and Tilt were used as positive controls for

antimicrobial activity tests against bacterial and fungal test pathogens, respectively, while DMSO

was used as a negative control for both test pathogens.

3.3. Preparation of Crude Extracts from the Selected Plant Materials.

3.3.1. Methanol and ethanol extractions
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The aerial parts of E. candelabrum and leaves of the other three plants were washed thoroughly
with tap water to remove dirt and insects from the plant part. Then, the three plant materials were
dried under shade for 10 days while the aerial parts of E. candelabrum were dried for 27 days by
protecting them from direct exposure to sunlight to prevent degradation of active ingredients
(Pinkee et al., 2001). The resulting dry plant materials were ground using a grinding machine to
obtained a fine powder of diameter 40 um using laboratory sieve. Fifty grams of plant powder
were added into two separate 1000 ml volume conical flask labeled with ethanol and methanol.
Two hundred fifty milliliter of each of ethanol and methanol were poured into the different
labeled flasks. The flasks were wrapped by aluminum foil and placed on rotary shaker to mix
well the plant powder at 120 rpm for 24h and placed in a refrigerator for 12h. Then, the mixture
filtered through Whatman No.1 filter paper into two different clean flasks and each was
transferred into two different sterilized round bottom flasks for both methanol and ethanol
extracts. The solvents were evaporated using a Rota vapor at 40-45°. Finally, the extract yield
was measured using an electronic balance and kept in a refrigerator at 4°C until use for

antimicrobial testing (Chew et al.,2011).

3.4.2. Extraction using distilled water

Extractions using distilled water were performed by soaking fifty grams of the dry powdered
plant materials with 250 ml of distilled water in 1000 ml of conical flask and shaking the mixture
for 24 hours using rotary shaker. The mixtures were filtered through muslin clothes and further
filtered by Whitman no 1 filter paper. The filtrate was then kept in a water bath at 80°C until the
water was evaporated. The extract yield was measured and kept in refrigerator until use for

antimicrobial testing (Antara and Amla, 2012).

3.4.3. Determination of Percentage Yields of Plants Crude Extracts

Clean and stile round bottom flask and beakers were arranged and weighed using a sensitive
balance and labeled. Then the filtered suspension was transferred into the labeled round bottom
flask and the concentrated crude extract was obtained by evaporating the solvent. These were
followed by measurement of the weight of the round bottom flask and the extract together as well

as beaker with extract together. The weight of the crude extract was then determined by
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subtracting the initial weight of the round bottom flask (empty round bottom flask) from the final
weight (empty round bottom flask + crude), in the same manner subtracting the empty beaker

from beaker with extract together. All extracts were prepared in three replications.

The percentage yield for each plant was the amount of crude extract recovered in mass compared
with the initial amount of powdered plant material used. The yield, expressed in percentage (%),
was determined gravimetrically for each extraction solvent employed using the following
formula:

Percentage yield = x/y * 100

Where, x= dry weight of the extract and y=the weight of soaked sample material (Antara and
Amla, 2012).

3.5. Preparation and Sterilization of Culture Media

Mueller-Hinton agar, Nutrient Broth, Potato Dextrose Agar, and Potato Dextrose Broth were
prepared according to the manufacturer’s instruction. All media were first sterilized in autoclave

at 121 °C and 15 psi for 15 minutes before bacterial and fungal test pathogens were cultured.

3.6. Test Pathogens

Pure cultures of the test bacterial pathogens were obtained from Ethiopian Public Health Institute
(EPHI), Addis Ababa. These included, Staphylococcus aureus ATCC 25923, Streptococcus
agalactiae ATCC 12386, Salmonella Typhi ATCC 13311, Escherichia coli ATCC 25922.Two
fungal pathogens, Aspergillus niger and Aspergillus flavus, were obtained from infected
groundnut in plant pathology laboratory of the School of Plant Sciences, Haramaya University.
The bacterial pathogens were cultured on Mueller Hinton Agar (MHA) (and incubated at 37°C
for 18-24 h). Fungal pathogens were also cultured and maintained using Potato Dextrose Agar
(PDA) and incubated at 27 °C for 5-7 days (Kesatebrhan, 2013). Well separated bacterial and

fungal colonies were then used for development of the respective inocula.
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3. 7. Preparation of Inoculum for Determination of Antimicrobial Activities

Inoculum preparation was carried out using direct colony suspension method. Three to five well
isolated colonies of the same morphology were selected from Mueller Hinton agar (MHA) plates.
The colonies were picked up using sterile inoculation loop and transferred into test tubes
containing normal saline solution and agitated with a vortex shaker. The turbidity of the
suspension was matched with a turbidity standard (0.5 McFarland or 1 x 108 CFU/ml) by using
UV-Visible spectrophotometer at 620 nm (Roopashree et al.,2008). Adjustment of the inoculum
was done by adding more colonies or normal saline solution to the suspension until the equivalent
suspension was obtained. Pure culture of A. niger and A. flavus was maintained on PDA medium,
Inoculum was prepared by dislodging spores on the surface of 5-7 days old culture with sterile
distilled water and adjusting the concentration of the spore suspension to 10° CFU/ml using a
hemacytometer (Bazie et al., 2014). The suspensions of S. aureus, S. typhi, E. coli and S.
agalactiae were mixed with autoclaved and cooled but still molten Mueller Hinton agar (MHA)
while A. niger and A. flavus were mixed in the same way with molten Potato Dextrose Agar
(PDA) using micro pipette and then poured into sterile Petri plates to test for antimicrobial

activities.

3.8. Assay for Antimicrobial Activities of Crude Extracts

Antimicrobial activities of different extracts were evaluated by the agar disc diffusion method
(Murray et al., 1995), while the Minimum Inhibitory Concentration (MIC)and the Minimum
Lethal Concentration (MLC) were determined using the broth dilution method described in
Akinyemi et al. (2004).

3.8.1. Assay for antibacterial activity

The Antibacterial activities of the ethanol, methanol and distilled water crude extracts of the aerial
part of E. candelabrum and leaves of the remaining three plants were tested using the disc
diffusion method according to Kirby-Bauer susceptibility testing method (Bauer et al., 1966).
Diffusion discs of approximately 6 mm diameter were prepared from Whatman No. 1 filter paper

by using puncher and placed in a beaker and sterilized by oven at 180°C for 30 minutes. Then the
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required numbers of sterile discs were impregnated on slides using forceps aseptically. Stock
solutions containing 1000 mg of each extract per ml of 99% DMSO were prepared. 20 ul of each
extract was taken from the prepared concentrations and impregnated on sterile 6-mm disc using
sterile micropipette tips followed by air drying for 15 minutes. Two milliliters of a bacterial
culture suspension consisting of 1x108 CFU/ml was added to 250 ml of molten MHA (maintained
at 45-50 °C) (Bazie et al.,2014). The medium was then poured into 190 mm diameter Petri plate
and allowed to solidify. This was followed by placing each piece of sterile assay disc impregnated
with each plant extract on the surface of MHA petri plates using sterile forceps. Paper discs that
were similarly handled but without plant extract (DMSQ) served as negative controls and paper
discs impregnated with Chloramphenicol (at the concentration of 0.1 mg/ml) were used as
positive controls. The antibiotic was reconstituted by dissolving 50 mg of powder/ granule in a
500 ml DMSO to get a concentration of 0.1 mg/ml (Arekemase, 2013). The plates were then left
at room temperature for 30-60 minutes for proper diffusion and incubated at 37°C for 24 hours
for each bacterium. Plates were observed for inhibition zones (zones showing no microbial
growth) around the discs after the incubation period and then the resulting diameters of zones of
inhibition were measured using a ruler. The results were indicated by the net zone of inhibition
excluding the diameter (6 mm) of the paper disk. All the tests were conducted in triplicates to

minimize test error and the average of the three measurements was used to represent the results.

3.8.2 Assay for antifungal activity

Antifungal activities of the crude extracts against A. flavus and A. niger were similarly determined
using the disc diffusion method. Sterile filter paper discs (6 mm in diameter) were impregnated
with 50 pl of each plant extract (at a concentration of 1000 mg/ml) and allowed to dry for 15
minutes. Two milliliters of the fungal culture suspension with a concentration of 1x10® CFU/ml
was added to 250 ml of sterile molten PDA which had been previously cooled down to 45°C-
50°C (Bazie et al., 2014). The medium was then poured into 190 mm diameter Petri plates and
allowed to solidify. Following this, the impregnated discs were placed with forceps aseptically
on the surface of the pre-inoculated PDA medium. Paper discs that were similarly handled but
without plant extract (DMSQO) served as negative controls while paper discs impregnated with
commercial fungicide Tilt (at a concentration of 20 ul) served as positive controls. 72 h after

incubation (at 27°C), the diameter of zone of inhibition around each test disc was measured in
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mm. The results were indicated by the net zone of inhibition excluding the diameter (6 mm) of
the paper disk. All the tests were conducted in triplicate to minimize test error and the average of

the three measurements was used to represent the results.

3.8.3. Determination of Minimum Inhibitory Concentration

The ethanol, methanol and distilled water extracts of the different plant parts that showed
significant antimicrobial activity in the previous test were selected for determination of MIC. The
MIC of the crude extracts were determined by the broth dilution method. The initial concentration
of the plant extract (1000 mg/ml) was diluted using two-fold serial dilution by transferring 1ml
of the sterile plant extract (stock solution) into 1ml of sterile nutrient broth and mix it into a vial
and then serially diluted it into 5 vials then mixing well using vortex shaker the serial dilution
gave concentrations of 500 mg/ml, 250 mg/ml, 125 mg/ml, 62.5 mg/ml and 31.25 mg/ml (Hadia
et al., 2001). Each concentration was inoculated with 0.02 ml of the standardized bacterial cell
suspension and incubated at 37°C for 24 h. The growth of the bacteria in broth was indicated by
turbidity or cloudiness of the broth and using the formation of gas at the bottom of Durham tube.
To confirm the work quality, Nutrient broth only, nutrient broth with plant extract and nutrient

broth inoculated with bacterial test pathogens served as control.

Similarly, the MIC of the crude extracts against the fungal pathogens were performed using an
initial concentration of the plant extract (1000 mg/ml). This was diluted using two-fold serial
dilution by transferring 2 ml of the sterile plant extract (stock solution) into 2 ml of sterile potato
dextrose broth. The serial dilutions were carried out in 5 vials giving concentrations of, 500
mg/ml, 250 mg/ml, 125 mg/ml, 62.5 mg/ml and 31.25 mg/ml (Hadia et al., 2001). Each
concentration was inoculated with 0.02ml of the standardized fungal cell suspension and
incubated at 27 °C for 72 h. The growth of the fungus in broth was indicated by turbidity or
cloudiness of the broth. In this experiment, the lowest concentration of the extract which inhibited
the growth of the test organism was recorded as the Minimum Inhibitory Concentration (MIC).
Similarly, Potato dextrose broth only, potato dextrose broth with plant extract and potato dextrose

broth inoculated with fungal test pathogens served as control
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3.8.4. Determination of Minimum Lethal Concentrations

To determine the minimum lethal concentration of the crude extract, the broth dilution method
was followed (Hadia et al., 2001). Samples were transferred from each tube showing no growth
in the previous MIC of (500 mg/ml, 250 mg/ml, 125 mg/ml, 62.5 mg/ml and 31.25 mg/ml)
determination set to fresh nutrient broth media. Then after the completion of the transfer, all broth
media were incubated at 37°C for 24h. At the end of incubation, the test tubes were observed for
growth. The lowest concentration that showed no growth of microorganism was recorded as the
MLC of the crude extract against the particular bacterial pathogen under test.

In a similar manner, the MLC of the crude extract against the fungi was determined by
transferring 2 ml of sample from dilutions showing no growth in the MIC determination set into
a set of test tubes containing each 2ml of sterile fresh potato dextrose broth. Then the inoculated
broth media were incubated at 27°C for 72h. After incubation, the test tubes were observed
growth. The lowest concentration in which no growth of fungi was observed and recorded as
minimum lethal concentration (MLC) of the crude extract against the particular fungus under

study.

3.9. Data Analysis

All the experiments were carried out in triplicate. Data were entered into Microsoft excel spread
sheet and analyzed using SPSS version 20 software. Results of the study were expressed as mean
values of zone of inhibition + standard error of the mean (M + SEM). Data were tested statistically
using analysis of variance (one way ANOVA) post-hoc test at p<0.05 coupled with a test of Least
Significant Difference (LSD). All data were analyzed at 95% confidence (a = 0.05) and p<0.05
values were considered o indicate statistically significant difference (Antara and Amla, 2012).
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4. RESULTS AND DISCUSSION

4.1. Percentage Yield of Plant Extracts from Dried Plant Material

The percentage yield of the crude extracts from four selected medicinal plants is summarized in
Table 2. The highest percentage yield was recorded from methanol extract of P. guajava leaves
(22.34 £.59%) and the lowest yield was obtained for distilled water extract which was
(11.13£.27%). The maximum amount of crude extract from O. lamifolium leaves (15.48+.98%)
was obtained from distilled water extraction and followed by the yield from methanol extraction
which was (12.75+.12%). According to Seid and Ayisha (2015), the yield from methanol extract
of O. lamifolium leaves was (38.76%), which was almost three times of the present study. This is
due to the fact that the activity of a plant substance depends on several factors such as the plant
part (i.e. leaves, stems, roots, peels, and whole plants) used, the extraction method and

concentration of the active ingredient (Pandey and Tripathi, 2014).

The present study also revealed that the highest percentage yield from E. schimperi leaves was
obtained using methanol extraction (14.84+2.1%) (Table 2). Which was much less than the report
of the Shmous (2010), that was 23.5% yield from E. Schimperi leaves. The data also showed in
the case of the aerial part of E. candelabrum, distilled water extraction gave the highest yield
(12.23+.29%). In general, the present study revealed that the percentage yields obtained from
methanol, ethanol and distilled water extraction of P. guajava leaves were significantly(p<0.05)
different from crude extracts of methanol and distilled water extraction from O. lamifolium leaves
(Table 2). Methanol and ethanol extracts of E. schimperi leaves as well as methanol and distilled
water extracts of aerial part of E. candelabrum were not significantly (p>0.05) different, the

percentage yields of methanol extracts of P. guajava leaves significantly(p<0.05) varied.

As compared to the four crude extracts, the methanol extraction of P. guajava leaves gave the
highest yield (22.34 £.59%) while the distilled water extraction of E. schimperi gave the least
percentage yield (6.28+.1.21%) of crude extracts. This indicated that the bioactive compounds
were not found uniformly among different plants and some plant parts tend to have more bioactive
compounds than others (Wynn and Fougere, 2006). This might be attributed to different polarity

and extraction potentials of methanol, ethanol and distilled water. Generally, the present study
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revealed that methanol (22.34 £.59%), distilled water (7.74 £ .49%), methanol (7.42 £.59%), and
distilled water (6.12 £.59%) were the most effective solvent to produce relatively higher yield of
crude extracts from P. guajava, O. lamifolium, E. schimperi and E. candelabrum respectively.
from medicinal plants for producing antimicrobial substances as compared to ethanol and distilled
water. Such effectiveness was an indication of the extraction ability of the solvents used with

respect to both polar and non-polar substances.

Table 2. The percentage yields of crude extracts of the selected plants (values are shown as M
+SEM, n=3) from 50 gm of plant materials of the 3 selected plants

Plants Plants  part Extraction Crude mass Percentage
species used type (M £ SEM).  vyield
(M = SEM).
P. guajava Leaves Meth. 11.17+. 29 22.34 +.592
Eth. 9.34+ .75 18.68 +.31°
Dw 5.67+.14 11.13£.27¢
O. lamifolium Leaves Meth. 6.47 +.59 12.75+.12°¢
Eth. 4.34+.19 8.69+.38¢
Dw 7.74+.49 15.48+.98¢
E. schimperi  Leaves Meth. 7.42+.74 14.84+2.1°
Eth. 6.24+.40 12.48+.81°¢
Dw 3.14+.37 6.28+.1.21°
E. Aerial part Meth. 5.22+.67 10.44+.1.34
candelabrum Eth. 3.48+.36 6.96+.7¢
Dw 6.12 +.17 12.23+.29¢

(M=mean, SEM= Standard error mean, n = number of replications, Meth=Methanol, Eth=
Ethanol, Dw=Distilled water.

Note: The percentage yields with the same letter superscript in the column are not significantly
different within plant to plant and solvent to solvent (P>0.05).

4.2. Antimicrobial Activities of the Crude Extract

In the present study, the antimicrobial activities of the methanol, ethanol and distilled water crude

extracts of the tested plants were evaluated using the disc diffusion methods (Tables 3 and 4).
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4.2.1. Antimicrobial activities of crude extracts of P. guajava leave against test pathogens.

In this test, methanol extract of P. guajava leaves showed significant growth inhibition against all
tested bacterial (Table 3). Accordingly, zonal inhibitions of methanol extracts against S. aureus and
S. agalactiae was in the range of 10.3+.73 and 15.3+.73 mm. In addition, distilled water extracts
of P. guajava leaves were showed zonal inhibitions of 7.0 £ 0.86 and 7.2 £ 0.6 mm against S.
aureus and S. agalactiae, respectively. Similarly, ethanol extract of P. guajava showed zonal

inhibitions of 5.0+ 1.2 and 10.3+ .60 mm against S. typhi and S. aureus, respectively.

According to Egharevba et al. (2010) P. guajava root bark was effective against S. aureus and B.
subtilis. These researchers attributed the activities to the presence of tannins and other
phytochemicals in root bark of P. guajava. Phytochemical screening of alcoholic extracts of the
root bark of P. guajava was revealed the presence of flavonoids, tannins, alkaloids and saponins
(Egharevba et al., 2010). The present study also revealed that methanol and ethanol extraction of
P. guajava leaves were active against E. coli and these results coincide with the previous findings
(Egharevba et al., 2010). Similarly, the results documented in this study showed in agreement with
the report of Egharevba et al. (2010) by the fact that there were no antibacterial activities detected
on E. coli and S. typhi using distilled water extracts of P. guajava leaves. When these extract type
were compared to their activities, the methanol extracts of P. guajava leaves gave the maximum
zone of inhibition against S. agalactia (15.3+.73mm) while ethanol extracts were the least against
all tested pathogens (5.0 .12mm). Generally, all solvents of the crude extracts of P. guajava had
an inhibitory effect on both Gram positive and Gram negatives bacterial except for distilled water
extracts against both Gram negatives bacteria (Table 3).

In a similar manner, extract of P. guajava at concentrations of 1000 mg/ml was also tested for the
antifungal properties against the test pathogens. The present study showed methanol and distilled
water extracts of P. guajava gave the diameter zones of inhibition (8.3+.6mm and 21.0%+ .57mm)
against A. niger, respectively (Table 3). According to the finding reported by Goncalves et al.
(2008),
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methanol and ethyl acetate extracts did not show antifungal activity against clinical isolates (A.
flavus and A. fumigates). Similarly, methanol, ethanol and distilled water extracts of the plant

leaves were not effective against A. flavus.



35

Table 3:Antibacterial and antifungal activities of the crude extracts leaves of P. guajava and O. lamifolium and controls against test
pathogens (mean + SEM, n = 3)

Test Zone of inhibition (mm) Antibiotics
pathogen
ME. P. guajava EE. P. guajava DWE. P. guajava Chl. Tilt
Sa 12,5+ .865%% - 10.3+ .60%% - 7.0+ .86"° 31.33t15 -
Sg 15.3+.73% - 12.5+ .765° 7.2+.607¢ 37.00£1.52 -
Ec 10.3+.738 - 15.5+ 574 - .00+008¢ - 21.67+2.18 -
Sal 15.17+.1.0% - 5.0+ 1.2¢P .00+008¢ - 35.0£2.30 -
An - 8.3+.6"° - - - 21.0+ 574 - 34.3+.88
Af - - - - - - - 24.3+ .88
Test
pathogens Zone of inhibition (mm)
ME. O. lamifolium EE. O. lamifolium DWE. O. lamifolium
Sa 24.0+.0080 - 15.7+.1.2¢¢ - 28.33+ .67¢% - 31.3t145 -
Sg 29.3+.174¢ - 35.0+ .0 - 37.67+.88% - 37.0£1.52 -
Ec 6.8+.44C¢ - 11.0£.0% - 14.67+ .67%% - 21.7+2.18 -
Sal 30.5+.1.8% - 24.3+ 1.7% - 34.67+ .675% - 35+23 -
An - 14.2+.17% - 11.8+1.36™ - - - 34.3+.88
Af - - - - - - - 24.3+.88

Where, n = number of experimental replicates; SEM = Standard Error of the Mean, ME=Methanol Extract, EE= Ethanol
Extracts, DWE= Distilled water Extracts, Sa=Staphylococcus aureus, Sg=Streptococcus agalactiae, Ec= Escherichia coli,
Sal=Salmonella typhi, An= Aspergillus niger, Af= Aspergillus flavus,

Note: Means with the same lower case superscript letters in the same row are not significantly different; means with the same upper
case superscript letters in the same column are not significantly different.
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4.2.2. Antimicrobial activities of crude extracts of O. lamifolium leaves against test

pathogens.

The antimicrobial activities of the ethanol, methanol and distilled water crude extracts of O.
lamifolium leaves at concentrations of 500 mg/ml were evaluated against the bacterial test
pathogens (Table 3). In the current study, distilled water extracts of O. lamifolium leaves showed
maximum zone of inhibition against S. agalactiae, S. typhi and S. aureus with a mean value of
37.67+.88, 34.67% .67 and 28.33% .67 mm, respectively, and a minimum zone of inhibition
against E. coli (14.67+ .67mm). The results documented in this study were not, however, in
agreement with the reports of Destaw and Yalemtsehay (2015), distilled water extracts of O.
lamifolium leaves inhibited S. aureus and E. coli each with a mean zone of inhibition 8 mm at
the concentration of 25 mg/ml. Moreover, maximum zone of inhibition (12 mm) was recorded

on S. boydii at concentration of 100 mg/ml.

The present study results also revealed that all the tested bacterial were inhibited by methanol
extracts of O. lamifolium and zones of inhibition had in the range of 6.8+.44 to 30.5+.18mm
against E. coli and S. Typhi, respectively (Table 3). This finding was not corresponding with the
finding of Destaw and Yalemtsehay (2015), in which the concentrations of 25 mg/ml had not
inhibited S. aureus, while P. aeruginosa, E. coli and S. boydii had inhibited by this dose with
inhibition zone of below 10mm. In addition to this, 50 mg/ml concentration of the methanol
extracts, on the other hand, inhibited all the bacterial activities with mean zone of inhibition
range from 6 mm for S. aureus to 10 mm for E. coli (Destaw and Yalemtsehay, 2015). In the
case of ethanol extracts, zones of inhibition ranged from 11.0+ .0 to 35.0+ .0 mm were recorded

against E. coli and S. agalactiae (Table 3).

Methanol extracts of O. lamifolium leaves at concentrations of 1000 mg/ml had exhibited better
activity against Aspergillus niger (14.2+.17 mm) than A. flavus. However, distilled water
extracts of the plant were not inhibitory against both A. niger and A. flavus at concentration of
50 pl/disc. Generally, the results showed significance (p<0.05) differences activities towards
the test pathogens. The distilled water and methanol extracts showed high antibacterial activities
and their values were significantly varied on the tested pathogens. This indicated that these

extracts had significant effect on the selected bacterial. This finding showed the plant extracted
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by distilled water provided more consistent antibacterial activities than those extracted crude

using methanol and ethanol.

4.2.3. Antimicrobial activities of crude extracts leave of E. schimperi against test

pathogens

The antimicrobial activities of ethanol, methanol and distilled water crude extracts of E.
schimperi at concentrations of 500 mg/ml were evaluated against the bacterial tested pathogens
(Tables 4). In the current study, methanol extracts of E. schimperi showed the highest
antimicrobial activity on the tested pathogenic species, while distilled water extract showed
lower activities as compared to other extract type. Maximum zonal inhibition of (24.0£.57 mm)
was recorded for methanol extracts of E. schimperi at concentration of 20 pl/disc against S.
aureus. There was no from water crude extracts against S. aureus and S. typhi. The study also
showed the ethanol crude extracts of E. schimperi was (16.6£.66 mm) against E. coli (Table 4).
The results were much lower inhibitions (28 mm) obtained from ethanol extracts of E. schimperi
root against E. coli (Shmous, 2010). The difference between these results might be related to
many factors: age of the plant, plant part used, solvent concentration, strain difference between
tested pathogens (Tiwari et al., 2011). Similarly, ethanol extracts of E. schimperi inhibited S.
typhi and with a mean zone of inhibition (8.2+.88mm) at concentrations of 20 pl/disc (Table 4).
The results obtained in this study were not, however, in agreement with the report of Shmous
(2010), in which ethanol extracts of E. schimperi root exhibited strong inhibition on the growth

of S. typhi with a mean of 25 mm.

Generally, Methanol extracts exhibited strong inhibition on the growth of S. aureus and S.
agalactia. However, distilled water extracts of E. schimperi showed less inhibitory activities
than methanol and ethanol extracts. This is due to the higher volatility of the ethanol and
methanol which tends to extract more active compounds from the samples than water (Ibekwe
et al., 2000). Therefore, the present study revealed that, all extracts type of E. schimperi leaves

were significantly different on S. aureus, E. coli and S. Typhi (p<0.05) (Table 4).

All solvents of crude extracts of E. schimperi leaves at concentrations of 1000 mg/ml showed
potent anti-fungal activity against A. niger (Table 4). Maximum zone of inhibition was recorded

for methanol crude extracts (20.7+1.69 mm) and ethanol extracts (19.3+£1.6mm) exhibited better
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activity than distilled water extracts ( 6.83+.1.64) (Table 4). The results were in agreement with
the reports of Shmous (2010), ethanol extracts of E. schimperi leaves exhibited zone of
inhibition (15 mm) on the growth of A. niger. In this current study, crude extracts of E. schimperi
were found to be even more effective on A. niger than on all the tested bacteria except for the
two Gram positive bacteria, S. aureus and S. agalactiae. The differences between the effect of
E. schimperi on A. niger and the tested bacteria might be the differences in concentrations of the
extracts were used (20ul/disc and 50ul/disc for bacteria and fungi, respectively) and the nature
of the pathogens (Table 4). However, all solvent crude extracts of E. schimperi leaves were not

showed any activities against A. flavus at concentration of 50ul/disc (Table 4).
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Table 4. Antibacterial and antifungal of the crude extracts of E. schimperi and E. candelabrum and the controls against test pathogens

(mean £ SEM, n = 3).

Test Zone of inhibition (mm)
pathogens
ME. E. schimperi EE. E. schimperi DWE. E. schimperi Antibiotics
Chl. Tilt

Sa 24.0+.577 - 9.2+ .17 - - - 31.3+145 -

Sg 22.3+.33% - 4.00+.28P 6.0+.34 37.00£1.52 -

Ec 12.6+.9380 16.6+.66"2 8.2+.1.20%¢ 21.67+2.18 -

Sal 13.3+.3382 - 8.2+.888> - - 35.0+23 -

An - 20.7+1.69% - 19.3+1.6”2 6.83+.1.64°° - 34.33+.88

Af - - - - - - - 24.33+.88
Test Zone of inhibition (mm)
pathogens

ME.E. candelabrum EE. E. candelabrum DWE. E. candelabrum Antibiotics
Chl. Tilt

Sa 17.0+.1.07@ - 12.7+ 98P 4,17+ 3B° - 31.33+15 -
Sg 16.66+.1.48%% - 17.0+2.1%2 - 8.00+.58”" - 37.00+1.52 -
Ec 6.50+.28%2 - 9.0+ 5752 3.16+.448b . 21.67+2.18 -
Sal 12.50+.5782 11.33+.382 - 7.83+.73% - 35.00+2.30 -
An - 10.67+2.0"° - 9.67+.93" - 18.00+.76" - 34.33+.88
Af - - - - - - - 24.33+.88

Where, n = number of experimental replicates; SEM = Standard Error of the Mean, Sa=Staphylococcus aureus,
Sg=Streptococcus agalactiae, Ec= Escherichia coli, Sal=Salmonella typhi, An= Aspergillus niger, Af= Aspergillus flavus, ME
= methanol extract, EE = ethanol extracts, DWE =distilled water.

Note: Means with the same lower case superscript letters in the same row are not significantly different; means with the same upper
case superscript letters in the same column are not significantly different.



40

4.2.4. Antimicrobial activities of crude extracts of E. candelabrum aerial part against test

pathogens.

The present study showed, zonal inhibitions of methanol, ethanol and distilled water extracts of
E. candelabrum aerial part were in the range of 12.6+.93-24.0+.57, 9.0+ .57-17.0+2.1 and
4.00+.28- 16.6£.66 mm, respectively (Table 4).. Accordingly, methanol and ethanol extracts of
E. candelabrum had maximum inhibition growth against S. aureus and S. agalactiae with zonal
inhibition of 17.0+.1.0 and 17+2.1 mm, respectively, and minimum zonal inhibition against
E.coli with 6.50£.28 and 9.0+ .57 mm, respectively (Table 4).. The result was much agreement
with the reports of Musiwalo (2005), the ethyl acetate extracts of the fleshy inner part of E.
candelabrum was effective against S. aureus with zone of 4 mm at concentration of 5.15 mg/ml.

In this current study, the results showed distilled water extracts of E. candelabrum showed the
zone of inhibitions with a mean value of (3.16+.44mm) on E. coli, that may be due to their thick
murein layer preventing the inhibitors entry (Martin,1995). In additions to this 10 mm against
S. aureus at concentrations of 6.59 mg/ml and slight activities (1 mm at concentrations 13.2

mg/ml) was observed against E. coli.

The present study also revealed that all types of extracts of E. candelabrum showed significant
inhibited on S. aureus showed (p<0.05), while ethanol extracts of E. candelabrum against all
tested bacteria showed insignificant (P>0.05) different except for S. agalactiae (p<0.05) (Table
4). Similarly, different solvents extract of E. candelabrum gave zonal inhibition ranged from
9.67+.93-18.00+.76 mm against A. niger. Interestingly distilled water crude extracts of E.
candelabrum were more effective on A. niger than on all the tested bacteria. The differences
between the effects of E. candelabrum on A. niger and the tested bacteria might be the
differences in concentrations of the extracts were used (20ul/disc and 50ul/disc for bacteria and

fungi, respectively), types of solvent and the nature of the pathogens (Table 4).

Generally, the three solvents (methanol, ethanol and distilled water) crude extracts of the plants

were presented in the following graphs:
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Graph 1. Methanol crude extracts of the
plants
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Key: PG=Psidium guajava SA=Staphylococcus aureus
OL=0Occimum lamifolium SG=Streptococcus agalactiae
ES=Euclea schimperi EC=Escherichia coli
EC= Euphorbia candelabrum ST=Salmonella typhi

AN= Aspergillus niger

4.3. Minimum Inhibitory Concentration (MIC) of the Crude Extracts

The minimum inhibitory concentration (MIC) assay was employed to evaluate the effectiveness
of the extracts that showed significant antimicrobial activities of the crude extracts (Table 5 and
6). Distilled water extracts of O. lamifolium were the most effective on all tested bacteria at
concentrations of (MIC=31.25 mg/ml) among other plants and solvents, while methanol and
ethanol extracts were effective on all tested bacteria at concentration of 62.5 mg/ml except for
S. agalactiae which was 31.25 mg/ml (Table 5). The results were contrary to the Destaw and
Yalemtsehay (2015), minimum inhibition concentration values of methanol extracts of O.
lamifolium ranged from 10 to 50 mg/ml. Moreover, methanol extracts of O. lamifolium leaves

inhibited S. aureus and E. coli at concentrations of 50 mg/ml.

Methanol, ethanol and distilled water extracts of P. guajava leaves inhibited the growth of S.
aureus, S. agalactia and S. typhi at a concentration of 62.5mg/ml, while E. coli was inhibited at
concentrations of 125 mg/ml (Table 5). On the other hand, Methanol and ethanol extracts of E.
schimperi were inhibited S. aureus and S. agalactiae at concentrations values of 62.5 mg/ml
(Table 6). Similarly, Methanol and ethanol extracts of E. schimperi inhibited E. coli and S. typhi
at concentrations of 125 mg/ml (Table 6). In the same manner, methanol and ethanol extracts of
E. candelabrum inhibited all tested bacteria at concentrations of 125 mg/ml, while distilled water

extracts inhibited all tested bacteria at concentrations of 250 mg/ml (Table 6).

In the current study, no inhibitory activity was observed on A. flavus for all crude extracts of P.
guajava, O. lamifolium, E. schimperi and E. candelabrum at all concentrations, while methanol
and distilled water extracts of P. guajava leaves had effective on A. niger at concentrations of
125 and 62.5 mg/ml, respectively (Table 5). At the same time, methanol and ethanol extracts of
O. lamifolium leaves have effective on A. niger at concentrations of 62.5 mg/ml, while distilled
water extracts of O. lamifolium were not tested (Table 5). Moreover, methanol and ethanol

extracts of E. schimperi were inhibited at concentrations of 62.5 mg/ml, however, distilled water
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extracts were inhibited at concentrations of 62.5 mg/ml. In similar manner, methanol and ethanol
extracts of E. candelabrum had effective on A. niger at concentrations of 125 mg/ml while
distilled water extracts were inhibited at concentrations of 62.5 mg/ml (Table 6). The positive
control had effective on A. niger and A. flavus at concentrations of 0.97mg/ml and 1.95mg/ml,

respectively.

4.4. Minimum Lethal Concentration (MLC) of the Crude Extracts

Similarly, the MLC of the extracted material had determined by two-fold dilution method based
on the MIC value of previous test. The MLC of the crude extracts of all plants against the tested
bacteria were summarized in (Table 5 and 6). Methanol and ethanol extracts of P. guajava leaves
were lethal to S. aureus and S. agalactiae at concentrations of 250 mg/ml while lethal to E. coli
at concentrations of 250 mg/ml. However, methanol and ethanol extracts of P. guajava leaves
were lethal to S. typhi at concentrations of 125 and 250 mg/ml, respectively (Table 5). The
results were much lower than reported by Egharevba et al. (2010), lethal concentration of
methanol extract against S. aureus, E. coli and S. typhi were 2.5 mg/ml. In the same manner,
distilled water extracts of P. guajava leaves were lethal to S. aureus and S. agalactiae at
concentrations of 250 mg/ml (Table 5). The present study also revealed that methanol and
ethanol extracts of O. lamifolium leaves had lethal to S. aureus, E. coli and S. Typhi at
concentrations of 125 mg/ml while distilled water extracts were lethal to all tasted bacteria at

concentrations of 62.5 mg/ml (Table 5).

This study also showed that methanol and ethanol extracts of E. schimperi were lethal to S.
aureus and S. agalactiae at concentrations of 125 mg/ml, while that E. coli and S. typhi were
inhibited at concentrations of 250 mg/ml (Table 6). However, all tested bacteria were not lethal
to distilled water extracts of E. schimperi at all concentrations. The current study also revealed
that methanol and ethanol extracts of E. candelabrum were lethal to all tested bacteria at
concentrations of 250 mg/ml while that distilled water extracts inhibited at concentrations of
500 mg/ml (Table 6).

The MLC of the crude extracts of all plants against the A. niger were summarized in Table 5

and 6. Accordingly, methanol and distilled water extracts of P. guajava leaves showed lethal
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acting on A. niger at concentrations of 250 and 125 mg/ml, respectively. However, ethanol
extractions did not show inhibitions on the tested fungi (Table 5). Moreover, in the current study,
the results indicated that methanol and ethanol extracts of O. lamifolium was lethal to A. niger

at concentrations of 125 mg/ml.

The present study, also revealed that methanol and ethanol extracts of E. schimperi were lethal
to A. niger at concentrations of 125 mg/ml while distilled water extracts were lethal at
concentrations of 250 mg/ml (Table 6). Moreover, methanol and ethanol extracts of E.
candelabrum had lethal acting against A. niger at concentrations of 125 mg/ml while that

distilled water extracts had lethal at concentrations of 125 mg/ml.

Relatively low MIC and MLC values was recorded for the distilled water extract of O.
lamifolium leaves against the test pathogens, this showed the high activities of the extract at low
concentrations. Extracts with in MLC scores had very effective antimicrobial agents. Therefore,
the high activity of antimicrobial agents at low concentrations was very essential for
chemotherapeutic purposes because of their low toxicity to patients administered with such
agents. As a general, the minimum inhibitory concentrations and minimum lethal concentrations

of the crude extract plants summarize in table 5 and 6.

Table 5. Minimum Inhibitory Concentrations (MIC) and Minimum Lethal Concentrations
(MLC) of the crude extracts of P. guajava and O. lamifolium leaves against the test pathogens.

MIC (mg/ml) for Pg. MLC(mg/ml) MIC(mg/ml) for Ol. | MLC (mg/ml) for
for Pg. Ol.
Solvents
Testpathogens M E D |[M E D |[M E Dw M  EDw
w w
S. aureus 62. 62. 12 |125 125 25 |625 625 3125 |125 125 625
5 5 5 0
S. agalactiae 62. 62. 12 |125 125 25 |31.2 312 3125 |625 625 625
5 5 5 0 |5 5
E. coli 125 125 NT [ 250 250 NT |625 625 3125 |125 125 625
S. typhi 62. 125 NT |125 250 NT |625 625 3125 |125 125 625
5




A. niger M Dw

M Dw | M

E

M

E

125 62.5

250 125 | 625

62.5

125

125

MICPg=Minimum Inhibitory Concentration for P. guajava, MLCPg=Minimum Lethal
Concentration for P. guajava., MICOI=Minimum Inhibitory Concentration for O. lamifolium,
MICOI=Minimum Lethal Concentration for O.

Dw=Distilled water. NT= not tested.

Table 6. Minimum Inhibitory Concentrations (MIC) and Minimum Lethal Concentrations
(MLC) (mg/ml) of the crude extracts of E. schimperi and E. candelabrum against the test

lamifolium, M=Methanol,

E=Ethanol,

pathogens.
MIC (mg/ml) forEs. | MLC(mg/ | MIC(mg/ml) for | MLC (mg/ml) for Ec.
ml) for Es. | Ec.
Solvents

Test Pathogens | M E M E M E Dw M E Dw
S. aureus 625 625 125 125 | 125 125 250 250 250 500
S. agalactiae 625 625 125 125 | 125 125 250 250 250 500
E. coli 125 125 250 250 | 125 125 250 250 250 500
S. Typhi 125 125 250 250 | 125 125 250 250 250 500

M E Dw| M E Dw | M E Dw | M E Dw
A.niger 625 625 125|125 125 250|125 125 625|250 250 125

MICEs=Minimum Inhibitory Concentration for Euclea schimperi, MLCEs=Minimum
Lethal Concentration for Euclea schimperi., MICEc=Minimum Inhibitory Concentration
for Euphorbia candelabrum, MICEc=Minimum Lethal Concentration for Euphorbia
candelabrum, M= Methanol, E=Ethanol, Dw=Distilled water.
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5. SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1. Summary

The bioassay study was undertaken using disc diffusion and broth dilution method to determine
the antimicrobial activities and MIC as well as MLC, respectively. The highest percentage yield
was recorded from methanol extract of P. guajava leaves (22.34 £.59%) and the lowest yield
was obtained for distilled water extract which was (11.13+.27%). The present study showed
that all solvent extracts of O. lamifolium leaves and aerial parts of E. candelabrum showed
growth inhibition against all tested bacteria at a concentration of 20 pl/disc. But, distilled water
extracts of O. lamifolium and ethanol extracts of P. guajava did not show inhibition growth on

A. niger and A. flavus at concentrations of 50 pl/disc.

In general E. coli and S. typhi showed relatively low zone of inhibition as compared to others
tested pathogens. Distilled water extracts of E. schimperi and E. candelabrum induced less
inhibitions on all tested bacteria. When inhibition effect of the 12 crude extracts was compared
with each other, the distilled water extracts of O. lamifolium leaves showed the highest acting.
In additions, distilled water extracts of O. lamifolium was lethal against all tested bacteria at the
concentrations of 62.5 mg/ml. However, E. candelabrum had lethal to all tested bacteria at

concentrations of 500 mg/ml.

5.2. Conclusion

The study indicated that the crude extracts of selected medicinal plants exhibited significant
antimicrobial effect against the test pathogenic species, which was an indication for the
presence of antimicrobial agents in it. The antimicrobial effect of the crude extracts of each
solvent was concentration dependent against the tested pathogens. The three solvents employed
for the extraction process i.e., methanol, ethanol and distilled water have showed variations in
their extraction efficiency that may be because of difference in polarity. The present study also
showed that the plant might be a good as antimicrobial activity against bacteria, but might not
be very useful as antifungal especially on A. flavus. This current study also showed that the

different solvent extracts showed varying degrees of antibacterial and antifungal activities
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against the tested pathogens. In particular, distilled water extracts of O. lamifolium leaves offer
effective bioactive compounds for the growth of inhibition of bacterial and fungal pathogenic
species except for A. flavus. Therefore, further studies are needed to determine the chemical
identity of the bioactive compounds responsible for the observed antimicrobial activity for all
plants described in this study. The positive findings from this study provide a scientific basis
for the traditional use for selected plants and could pave the way for further investigation in this

area.
5.3. Recommendation

Based on the findings of the present study and limitations, the following points were

recommended.

+ In the extraction process, high percentage yield of a crude was obtained when methanol
used as the extracting solvent. So, methanol could be used as a choice of extracting solvent.

+ The present studies had revealed that distilled water extracts of O. lamifolium leaves were
more effective against the tested bacteria than others plants.

+ It should be suggested that further investigation to be carried out on the identification of the
active compound(s) or marker compound(s) that can be a value in the standardization of the
botanicals or for the development of the active constituent into a drug.

+ Studies should also be conducted to examine the combinations effect of different plants
within their different parts extracts with antibiotics on both bacterial and fungal pathogenic
species.

+ In this study, the antimicrobial activities of the selected plants were conducted only on
limited bacterial specie. So, the same study should be carried out on a large variety of
microbial species.

+ All experiments in this study were conducted using plants collected from the same locality.
Therefore, similar work is recommended to be conducted on the same species collected
from different localities in the country so as to assure reproducibility of results or have
information on the effect of geographical variation on the constituents and hence biological

activity.
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Table 1. ANOVA, post-hoc test with coupled to LSD values for the comparison of crude

extracts of the of selected plants using three extract solvent.

Plant species

Extraction type

Mean

difference  SEM Sign.

P. guajava M E 2.86" .66 .005
Dw 5.61° 66 .000

E Dw 2.75" .66 .006

O. lamifolium M E 1.42 .95 .184
Dw 1.30 .95 .218

E Dw 2.72" .95 .028

E. schimperi M E .84 75 302
Dw 361" 75 003

E Dw 2.77" 75 .010

E. candelabrum M E 1.73" .63 .033
Dw 89 63 206

E Dw 2.63" .63 .006

SEM= standard error mean, sig= significant at P<0.05, M=methanol, E=ethanol,

Dw= distilled water, *. The mean difference is significant at the 0.05 level.



Table 2. ANOVA, post-hoc test with coupled to LSD values for the comparison of the
antibacterial and antifungal effect of the crude extracts of the P. guajava using three
extracting solvents on the test pathogens.

Test Solvents Mean
pathogens difference SEM Sign.

Sa M E 2.17 1.05 .061
Dw 5.50" 1.05 .000
E Dw 3.33° 1.05 .008
Sg M E 2.83" 7 .003
Dw 8.17" A7 .000
E Dw 5.33" 77 .000
Ec M E 417" 1.37 .010
Dw 10.33" 1.37 .000
E Dw 14.50" 1.37 .000
ST M E 10.17" 1.60 .000
Dw 15.17" 1.60 .000
E Dw 5.00" 1.60 .009
An M E 8.33" .70 .000
Dw 12.67" .70 .000
E Dw 21.00° .70 .000
Af M E .00 .50 1.000
Dw .00 .50 1.000
E Dw .00 50 1.000
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Table 3. ANOVA, post-hoc test with coupled to LSD values for the comparison of the
antibacterial and antifungal effect of the crude extracts of the O. lamifolium using three

extracting solvents on the test pathogens.

Test Solvents Mean
pathogens difference SEM Sign.

Sa M E 8.33" 1.15 000
Dw 4.33" 1.15 .003
E Dw 12.67" 1.15 .000
Sg M E 5.67" 1.02 .000
Dw 8.33" 1.02 .000
E Dw 2.67 1.02 .023
Ec M E 417" 1.34 .009
Dw 7.83" 1.34 .000
E Dw 3.67" 1.34 .018
ST M E 6.17" 1.98 .009
Dw 4.17 1.98 .058




E Dw 10.3" 1.98 .000

An M E 2.3 94 .029
Dw 14.17" 94 .000

E Dw 11.83" 94 .000

Af M E .00 50 1.000
Dw .00 50 1.000

E Dw .00 50 1.000
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Table 4. ANOVA, post-hoc test with coupled to LSD values for the comparison of the
antibacterial and antifungal effect of the crude extracts of the E. schimperi using three extracting

solvents on the test pathogens.

Test Solvents Mean
pathogens difference SEM Sign.

Sa M E 14.83" 91 .000
Dw 24.07 91 .000
E Dw 9.17" .90 .000
Sg M E 18.3" 93 .000
Dw 16.3" 93 .000
E Dw 2.0 93 .053
Ec M E 4.0 1.58 027
Dw 45" 1.58 015
E Dw 8.5" 1.58 .000
ST M E 5.17" 1.4 .004
Dw 13.3" 1.4 .000
E Dw 8.17" 1.4 .000
An M E 1.3 1.7 453
Dw 13.83" 1.7 .000
E Dw 12.5" 1.7 .000
Af M E .00 51 1.000
Dw .00 51 1.000
E Dw .00 51 1.000

Sa=Staphylococcus aureus, Sg=Streptococcus agalactiae, Ec= Escherichia coli,
ST=Salmonella Typhi, An=Aspergillus niger, Af=Aspergillus flavus, SEM=
Standard Error of the Mean, sig= significant, M=methanol, E=ethanol, Dw= distilled

water.

*. The mean difference is significant at the 0.05 level.
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Table 5. ANOVA, post-hoc test with coupled to LSD values for the comparison of the
antibacterial and antifungal effect of the crude extracts of the E. candelabrum using three
extracting solvents on the test pathogens.

Test Solvents Mean
pathogens difference SEM Sign.

Sa M E 4.33" 1.19 .003
Dw 12.83" 1.19 .000

E Dw 8.54" 1.19 .000

Sg M E .33 1.75 .852
Dw 8.67" 1.75 .000

E Dw 9.0 1.75 .000

Ec M E 2.50 1.34 .087
Dw 3.3 1.34 .029

E Dw 5.83" 1.34 .001

ST M E 1.17 1.45 437
Dw 4.67" 1.45 .007

E Dw 3.54" 1.45 .033

An M E 1.00 1.45 507
Dw 7.3" 1.46 .000

E Dw 8.3" 1.46 .000

Af M E .00 51 1.000
Dw .00 51 1.000

E Dw .00 51 1.000

Sa=Staphylococcus aureus, Sg=Streptococcus agalactiae, Ec= Escherichia coli,
ST=Salmonella Typhi, An=Aspergillus niger, Af=Aspergillus flavus, SEM=
Standard Error of the Mean, sig= significant, M=methanol, E=ethanol, Dw= distilled
water.

*, The mean difference is significant at the 0.05 level.
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Table 6. Minimum Inhibitory Concentration of the crude extracts against test bacterial
pathogens

Plant species Typesof  Conc. of Test pathogens
extraction antimicrobial
types so/n in mg/ml

P. guajava Methanol Sa Sg Ec Sal
31.25 + + + +
62.5 - - + -
125 - - - -
250 - -

31.25 + + + +
62.5 - - + +
Ethanol 125 - - - -
250

31.25

62.5
D.water 125

250

+ o+
+ +|
pd
_|
pd
_|

zz
43
zz
43

O. lamifolium Methanol 31.25
62.5 - - - -
125 - - - -
250 - - - -

+
1
+
+

31.25 + + + +
62.5 - - - -
Ethanol 125 - - - -
250 - - - -

31.25 - - - -
D.water 62.5 - - - -
125 - -
250 - -

E. schimperi  Methanol  31.25 + +
62.5 - -
125 - -
250 - -

+ +
+ +

31.25 + +
62.5 - -
Ethanol 125 - -
250

+ +|!
+ +|!

E. Methanol 31.25 +
candelabrum 62.5 +
125 -

+ +|
+ +|
+ +|
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250 - - - -
31.25 + + + +
62.5 + + + +
Ethanol 125 - - - -
250 - - - -
31.25 + + + +
62.5 + + + +
D.water 125 + + + +
250 - - - -

Conc. of antimicrobial so/n in mg/ml= concentration of antimicrobial solution in milligram
per milliliter *= no zone of inhibition detected, += microorganism growth, - = no
microorganism growth, Sa= Staphylococcus aureus, Sg= staphylococcus agalactia, Ec=
Escherichia coli, ST= Salmonella typhi, an= Aspergillus niger, Af= Aspergillus flavus,
NT= not tested.

Table 7:MIC of crude extract against fungal pathogen.

Tests Types of Conc. of Antifungal agents
pathogen extraction antimicrobial
so/n in mg/ml PG OL ES EC

A. niger Methanol 62.5 + - - +
125 - - - -

250 - - - -

500 - - - -

1000 - - - -

Ethanol 62.5 NT - - +

125 NT - - -

250 NT - - -

500 NT - - -
1000 NT -
D. water 62.5 - NT + -
125 - NT - -
250 - NT - -
500 - NT - -
1000 NT - -

PG= Psidium guajava, OL= Occimum lamifolium, ES= Euclea schimperi, EC= Euphorbia
candelabrum, NT= not tested, += microorganism growth, - = no microorganism growth,
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7.2. Appendix Figures

Figure 1.Field and laboratory activities of the study: A. Collections of the selected plants B. Shade dried of the plants C. Ground
plant to powder D. Plant powder dissolved in solvent and filtered.

E. Concentrate crude extract using rotary evaporator. F. Crude extracts preserved in refrigerators at -4°C.
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Figure 2. Antibacterial activities of the crude extracts against: S. aureus(A) S. agalactiae(B), E. coli (C) and S. Typhi (D)
respectively.

Note: The numbers labeled on the Petri dishes represented:

1. Ethanol extracts of O. lamifolium, 2. Ethanol extracts of E. schimperi, 3. Ethanol extracts of P. guajava, 4. Ethanol
extracts of E. candelabrum, 5. Methanol extracts of O. lamifolium, 6. Methanol extracts of E. schimperi, 7. Methanol
extracts of P. guajava, 8. Methanol extract of E.candelabrum, 9. Distilled water extracts of O. lamifolium, 10. Aqueous
extract of E. schimperi, 11. Aqueous extracts of P. guajava, 12. Distilled water extracts of E. candelabrum , 13.
Negative control (DMSO), 14. Positive control (Chloramphenicol for bacteria and Tilt for fungi).

B

Figure 3.Antifungal activities of the crude extracts against A. niger and A. flavus respectively(A) and Broth Dilution Methods for
determining of MIC and MLC of the crude extracts against the tested pathogens(B).
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