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ABSTRACT 

Medicinal plants have been identified and used throughout human history. Chemical 

compounds in plants mediate their effect on the human body through process identical 

to those already will understood for the chemical compounds in conventional drugs 

thus herbal medicines don’t differ guilty from conventional drugs in terms of how they 

work. This study was aimed to investigate the antibacterial properties of the mixture 

of Allium sativum(garlic) and Azadirachta indica (neem) against staphylococcus 

aureus ,bacilus cereus and  Shiga Toxin E.coli  . Medicinal plants were extracted with 

99.9% (v/v) ethanol  against tested pathogenic bacteria. MH agar disk and well 

diffusion method used for antibacterial susceptible tested.Antibiotic disk were used as 

positive control .Among the  tested pathogenic bacterial both staphylococcus aureus  

and  shiga toxin E.coli were susceptible to crude extracts.  Bacillus cereus was 

resistance to crude extracts of both plant and individual extracts .The inhibition zone 

of ethanol crude extract of neem and garlic(18 mm) against Shiga toxin E.coli was 

significantly far greater than S.Aurasis . Natural species of neem and garlic possess 

effective anti-microbial activity could be used for prevention of pathogenic bacteria  

and further evaluation was necessary.  

Keywords: Allium sativum, Antibacterial activity, Azadirachta indica, Inhibition zone 
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1. INTRODUCTION 

1.1 Background of The Study 

Traditional medicine serves as the most affordable and readily available form of 

healthcare in impoverished communities, where alternative therapies are the primary 

method of treatment(Yinger and Yewhalaw,2007). The effectiveness of traditional 

medicine among African traditional communities cannot be overstated. Over 

generations, indigenous societies have developed intricate social systems, and their 

traditional healers have gathered and preserved knowledge on the use of medicinal 

plants through oral tradition and empirical methods(Abel and  Busia . This knowledge 

has been passed down from one generation to another, ensuring the continued 

existence of traditional and alternative therapies. 

 

The World Health Organization defines traditional medicine as a comprehensive 

approach that encompasses health practices, beliefs, and knowledge, incorporating 

plant, animal, and mineral-based medicines, spiritual therapies, manual techniques, 

and exercises. These methods are employed individually or in combination to treat, 

diagnose, prevent illness, and maintain overall well-being. In developed nations, the 

use of traditional medicine is often referred to as complementary and alternative 

medicine (CAM). CAM, also known as non-conventional or parallel medicine, 

includes a wide range of healthcare practices that are not part of a country's own 

traditions or integrated into its primary healthcare system(WHO,2011) 

 

Conversely, African Traditional Medicine encompasses the entirety of knowledge and 

practices, whether explainable or not, utilized in the diagnosis, prevention, or 

treatment of physical, mental, or social diseases. It relies solely on past experiences 

and observations that have been handed down through generations, either verbally or 

in written form. In many developing countries across Asia, Latin America, and Africa, 

including Ethiopia, traditional medicine fulfills the primary healthcare needs of the 

population(Fokunang et al ,2011) 

 

 In Ethiopia specifically, traditional medicine plays a significant role in the healthcare 

system, with more than 80% of the population relying on it due to cultural acceptance, 

relatively low cost, and limited access to modern healthcare facilities. Given that the 
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majority of Ethiopia's population resides in rural areas with challenging access to 

healthcare services, traditional medicine serves as a crucial resource(Wubet Birhan et 

al 2011).Generally, in Ethiopian traditional medicine, medicinal plants and the 

indigenous knowledge are useful; yet, both of them are threatened due to different 

anthropogenic factors, which need appropriate conservation measures, and sustainable 

utilization. Natural compounds isolated from various parts of the plant parts such as 

leaves, fruits, stem, roots, and seeds have been shown to possess excellent medicinal 

values. Thousands of plant varieties used in folklore medicine have been studied for 

treatment of various diseases such as cancer, diabetes, arthritis, and infectious 

diseases.(Melaku Tafese 2021).  

 

However, it currently remains as an area of research interest for presenting the 

medicinal values of several plant species that are not studied thoroughly. 

Therefore,our conducting studies focuses on identifying and documenting the 

important medicinal plants and their importance, means of indigenous knowledge 

transfer, and conservation practices used for managing medicinal plants in the 

country.In various study medicinal use garlic was obviously known through out in 

Ethiopian people.where as medicinal use of neem plants is not widely recognized and 

their synergistic activity of antibacterial of these plants not give attention and un 

exploited widely in our country and  including  the society of at guragie zones.So  the 

aim of this study to determine their antibacterial activity of the two plants and 

recognize and advert for our campass students and society where lived in our 

university. 
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1.2 Objectives 

1.2.1 General Objectives 

To determine synergistic antimicrobial activity of garlic and leaf extracts of neem 

against staphylococcus aureus,bacillus cereus and shiga toxin   escherechia coli 

1.2.2 Specific Objectives  

Specific objectives of this study is; 

 To evaluate the effects of crude extract of  garlic and neem leaves against 

selected pathogenic bacteria 

 To determine the synergistic  effects of crude extracts   against selected 

pathogenic bacteria  

1.3 STATEMENT of  PROBLEM 

The use of traditional medicine which is extract from plants such as garlic and neem 

is still worldwide in under developed and developing countries for their health care 

needs. Most people in Ethiopia is affected in case of Economical problems especially, 

those people found in rural areas. Because of highly observable shortage of money 

and financial problems to buy the medicine and also lack of health center and far from 

their linked home to arrive in a short period of time in order to save their life. So this 

study is conducted to solve such kind of problems by using Minimum Inhibitory 

Concentration ,Precise determination of antimicrobial susceptibility. MIC assays 

provide quantitative data on the lowest concentration of an antimicrobial agent that 

inhibits the growth of a specific pathogen, enabling precise determination of 

antimicrobial susceptibility.Guidance for antibiotic selection, MIC values help 

clinicians select the most effective antibiotics for treating infections, optimizing 

patient outcomes and reducing the risk of antimicrobial resistance. 

1.4 Significance of  Study 

Conducting this research provide significance to solve the problems facing to the 

society in a day to day life and can solve the following societal problems.  

 To change the traditional knowledge about the treatment of pathogen disease 

using natural products to scientific supported knowledge.  
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 To determine the concentration of the mixture of garlic and neem leaves used as 

medicine and help the society to use correct concentration which is effective to 

the microbial infections and less distress our body.  

 To avoid the over dose of traditional medicine of mixture of garlic and leaves 

neem used by local healers without scientific measurement.  

 Finally,  to solve the societal problems by getting more viability of medicine in 

their near clinics with cost effective manner.  

1.5 Scope of the Study  

The study was conducted at wolkite University particularly in Biotechnology 

department and mainly focused on antibacterial activity of garlic(Alliums ativum)and 

neem (Azadirachta indica) in combination for the treatment of different pathogenic 

bacterial species that may cause a severe illness for human beings. Currently, there 

are so many bacteria that have the ability to resist the antibiotic drugs but by using the 

natural medicinal plants they may be inhibited. 

  

1.6 Limitation of the Study  

In this study the researchers have been faced for several problems.Antibiotic disks 

used as a positive control were expired. Availability of  the necessary media, paper 

disk and time were the major problems in the finding of this project which make the 

researchers not conduct further lab sessions to identify different types of  pathogenic 

bacteria which may be present in the sample.  
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2 LITERATURE REVIEW 

2.2. Traditional Medicinal Plants as Potential Sources of Antibiotics 

The prevalence of plants in current healthcare practices should not come as a surprise, 

especially when one considers their predominance in ancient texts and in 

paleobotanical findings at archaeological sites. Many of these ancient medical 

practices persist in various forms of traditional medicine currently practised across the 

globe. Plants are capable of producing a vast array of structurally diverse compounds, 

each of which serves a specific role for the plant itself.Sometimes, these compounds 

are also active against human pathogens. There are four major groups of antimicrobial 

compounds made by plants: phenolics and polyphenols, terpenoids and essential oils, 

lectins and polypeptides, and alkaloids . In most cases, bioactive plant extracts contain 

complex mixtures of these groups, and their combined action can yield an enhanced 

effect(Abdallah,et al,2023). These compounds act on bacteria via a number of 

mechanisms, including inactivation of proteins, adhesins and enzymes, among other 

targets. More recent work has revealed that certain plant compounds can also block 

cell-to-cell signaling pathways and quench production of virulence factors  and 

disrupt or inhibit the formation of biofilms which confer a protective advantage to 

pathogens during an infection . It is clear that we have only uncovered the tip of the 

iceberg in our understanding of the chemical diversity and bio activity of plant natural 

products. 

2.3. Extraction Methods of Medicinal Plants  

 Alcohol is the better activity of the ethanolic extracts compared to the aqueous 

extract can be attributed to the presence of higher amounts of polyphenols in 

comparison to aqueous extracts. It manner that they're greater efficient in cell walls 

and seeds degradation which have nonpolar character and cause polyphenols to be 

released from cells. More beneficial reason behind the decrease in activity of aqueous 

extract may be ascribed to the enzyme polyphenol oxidase, which degrade 

polyphenols in water extracts, while in methanol and ethanol they may be 

inactive(Milan Hait ,2019). Moreover, water is a better medium for the occurrence of 

the micro-organisms compared to ethanol . The higher concentrations of greater 

bioactive flavonoid compounds have been detected with ethanol 70% due to its higher  
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polarity than pure ethanol. By including water to the pure ethanol up to 30% for 

making ethanol 70% the polarity of solvent was elevated (Bimakr, 2010). 

Additionally, ethanol was found easier to penetrate the cell membrane to extract the 

intracellular ingredients from the plant material(Wang, 2010) 

 

 

2.4. Antibiotic Resistance 

The beginning of the era of antibiotics was one of the most important events and a 

turning point in the history of medicine.Antibiotics are powerful drugs that are used to 

combat once fatal diseases. As with any powerful medication, antibiotics carry a wide 

range of adverse effects. antibiotics disrupt the composition of the infectious agent, 

leading to bacterial adaptation or mutations, and in turn, to new strains that 

are resistant to the current antibiotic regimen.Antibiotic resistance, loss of 

susceptibility of bacteria to the killing or growth-inhibiting properties of an 

antibiotice agent. When a resistant strain of bacteria is the dominant strain in an 

infection, the infection may be untreatable and life-threatening. Antimicrobial 

resistance is natural phenomenon that occurs when microorganisms are exposed to 

antibiotic drugs. Under the selective pressure of antibiotics, susceptible bacteria are 

killed or inhibited, while bacteria that are naturally (or intrinsically) resistant or that 

have acquired antibiotic-resistant traits have a greater chance to survive and multiply 

(Prestinaci et al 2015).  

Resistance can be defined as the temporary or permanent ability of an organism and 

its progeny to remain viable or multiply under environmental conditions that would 

destroy or inhibit them (Denyer et al 2005). Antimicrobial resistance makes it harder 

to eliminate infections from the body as existing drugs become less effective.The 

importance and value of antibiotics cannot be overestimated; we are totally dependent 

on them for treatment of infectious diseases and they should never be considered mere 

commodities..  

2.5. Medicinal Plants and Its Uses 

Medicinal plants are very vital in their uses for medication,The world primary means 

of treating diseases and fighting infections have been based on the use of medicinal 
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plants. From ancient times, plants have been rich sources of effective and safe 

medicines. Globally, about 64% of the total world population is reliant on traditional 

medicine for their healthcare needs.The plant parts used for medication preparation by 

the traditional healers are variables. Healers mostly used fresh specimens from 

commonly available plants to prepare remedies for their patients; this might be mostly 

due to the effectiveness of fresh medicinal plant parts in treatment since the contents 

are not lost before use compared to the dried ones(Singh, 2017).The traditional 

healers have harvested leaves, roots,seeds, fruits, stems . In Ethiopia medicinal plants 

have been used as traditional medicine to treat different human ailments by the local 

people from time immemorial.The main reason that many traditional medicine 

practitioners used the leaf parts compared to others for remedial preparation is due to 

their accessibility and for preventing them from extinction(Admasu Moges,and  

Yohannes Moges ,2020). 

 

  

2.5.1.Garlic (Allium sativum) 

The scientific name of garlic is Allium sativum and its common name in (English) is 

“garlic “and in Amharic is “Nech Shinkurt ” . It is a species in the onion genus, 

Allium. Garlic is a member of the onion family and is one of nature's most multi 

purpose medicinal plants. Garlic is native to Central Asia, and Mediterranean region 

as well as Africa and Europe. It was known to ancient Egyptian (Salunkhe and 

kadam,1998). Allium sativum(Garlic)is a bulbous plant. It grows up to 1.2 cm in 

height and it produces hermaphrodite flowers. Pollinated is through bees and other 

insects. Garlic is easy to grow and can be grown year round in mild climate. Biologicl 

classification of garlic:kingdom: Plantae, phylum: Tracheophyta,class: 

Liliopsida,order: Asparagales, family: Amaryllidaceae species: Allium sativum(Sethi 

Neeraj et al 2014) 

2.5.2.Medicinal Values of  Garlic 

. Garlic is more effective with least side effects as compared to commercial antibiotics; 

as a result, they are used as an alternative remedy for treatment of various infections . 

Garlic extract inhibits the growth of Gram positive and Gram negative bacteria, such 

as Staphylococcus, Streptococcus, Micrococcus, Enterobacter, Escherichia, 

Klebsiella, Lactobacillus, Pseudomonas, Shigella, Salmonella, Proteus, and 
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Helicobacter pylori. Its antibacterial activity is mainly due to the presence of allicin 

produced by the enzymatic activity of allinase on alliin. Allicin is considered to be the 

most potent antibacterial agent in crushed garlic extracts, but it can be unstable, 

breaking down within 16 h at 23°C. However, the use of a water-based extract of 

allicin stabilizes the allicin molecule due to the hydrogen bonding of water to the 

reactive oxygen atom in allicin or there may be water soluble components in crushed 

garlic that destabilize the molecule. The disadvantage of this approach is that allicin 

can react with water to form diallyl disulphide, which does not exhibit the same level 

of antibacterial activity of allicin( Gebreselema  and Mebrahtu,2013) 

2.5.3.Neem(Azadirachta indica) 

Neem is a tree and the scientific name of neem tree is (Azadirachta indica) and Indian 

Lilac .It is a tree in mahogany family maliaiceae .It is one of the two genes of 

Azadirachta indica and is native to Indian subcontinent.Neem Trees will reach up to 

30 m tall with limbs reaching half as wide. The shiny dark green pinnately compound 

leaves are up to 30 cm long. Each leaf has 10–12 serrated leaflets that are 7 cm long 

by 2.5 cm wide. It will grow where rainfall is as little, and thrives in areas that 

experience extreme heat of up to 48°C. Even some of the most cautious researchers 

are saying that neem deserves to be called a “wonder plant.The taxonomic 

classification of neem is as follows: Kingdom : Plantae, Order: Rutales, Suborder: 

Rutinae, Family: Meliaceae, Subfamily : Melioideae, Tribe : Melieae, Genus : 

Azadirachta, Species: indica(Imam Hashmat, et al,2012) 

2.5.4.Medicinal Values  of Neem 

The crucial role of A. indica in antibacterial activity, further studies have been carried 

out and found that methanolic and acetone extracts were more effective against the 

bacteria compared to that of aqueous extract (Rajasekaran 2008, Singh et al. 

2016).Studies at molecular level demonstrate that A.indica contains chemical 

constituents of alkaloids, terpenoids tannins and flavonoids(Makkar et al. 

2007)responsible to overcome microbial infection specially having antioxidant 

andantimicrobial biological activities. These chemicas might show the antibacterial 

activity having the ability to make a complex with the bacterial cell walls. Inhibitory 

activity towards DNA topoisomerase enzyme II by azadiractin, a bioactive metabolite 

of neem might also involvein the antibacterial potential. Moreover, the Gram-positive 

bacterial strains were foundmore sensitivethan the Gram-negative ones(Sinaga et al. 

2016) 
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2.6. Bacterial Test Organism  

2.6.1 Staphylococcus Aureus 

Staphylococcal infections, commonly called staph infections, are caused by a genus of 

bacteria called Staphylococcus.Staphylococcus aureus is a gram-positive bacteria that 

cause a wide variety of clinical diseases. Infections caused by this pathogen are 

common both in community-acquired and hospital-acquired settings.There are more 

than 30 strains (types) of Staphylococcus bacteria. The most common human 

pathogen is Staphylococcus aureus. A pathogen is an organism that causes 

disease.Healthcare providers prescribe antibiotics to treat staphylococcal 

infections(Giovanni Gherardi, 2023) 

2.6.2 Bacillus Cereus 

Bacillus cereus is a Gram-positive aerobic or facultatively anaerobic, motile, spore-

forming, rod-shaped bacterium that is widely distributed environmentally. While B. 

cereus is associated mainly with food poisoning, it is being increasingly reported to be 

a cause of serious and potentially fatal non-gastrointestinal-tract infections. The 

pathogenicity of B. cereus, whether intestinal or non intestinal, is intimately 

associated with the production of tissue-destructive exoenzymes. Among these 

secreted toxins are four hemolysins, three distinct phospholipases, an emesis-inducing 

toxin, and proteases( Gharib,et al 2020). 

2.6.3 Shiga Toxin Escherichia Coli 

Escherichia coli (E. coli) Shiga toxin-producing Escherichia coli (STEC) are zoonotic 

Gram-negative bacteria. While raw milk cheese consumption is healthful, 

contamination with pathogens such as STEC can occur due to poor hygiene practices 

at the farm level. STEC infections cause mild to serious symptoms in humans.Most 

strains of E. coli are harmless. Some strains however, such as Shiga toxin-

producing E. coli (STEC), can cause severe food borne disease. It is transmitted to 

humans primarily through consumption of contaminated foods, such as raw or under 

cooked ground meat products, raw milk, and contaminated raw vegetables and 

sprouts.STEC produces toxins, known as Shiga-toxins because of their similarity to 

the toxins produced by Shigella dysenteriae(Cheleste M. Thorpe, 2004). 

https://my.clevelandclinic.org/health/drugs/16386-antibiotics
https://www.researchgate.net/profile/Ahlam-Gharib?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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3.MATERIALS and METHODS 

3.1. Description of the Study Area  

The study was  conducted  at Wolkite, Ethiopia, The administrative center of 

the Central Ethiopia regional state ,at biotechnology laboratory in Wolkite  University 

College of natural and computational science which is found in Gurage zone. The 

town has a latitude and longitude of 8°17′N 37°47′E and an elevation between 1910 

and 1935 meters above sea level.The distance between Addis Ababa to Wolkite 

University is 166 Km by road. 

3.2 Study Design 

The study design was experimental factorial design: This design allows  to 

simultaneously evaluate the effects of multiple factors neem leaf extract concentration, 

garlic extract concentration on bacterial growth inhibition. It also enables the 

assessment of potential interactions between these  two factors.  In his design provides 

comprehensive information on the individual and combined effects of the extracts. 

3.3. Collection of Samples 

Bulb of garlic (Allium Sativum) was obtained from local farmers of herbal products 

around gubrie town  and fresh form of neem leaf used for this study was  collected 

from  welkite university compound around male dormitory near to social library 

building .The test organisms  , S. aureus ,  B. cereus and shiga toxin E.coli was  

obtained from our microbial  biotechnology laboratory . These test organisms was 

grown  on  Nutrient agar   and maintained at 4
o
C in the refrigerator for 48 hours 

before use our study.  

3.4. Preparation of Plant Extracts 

The plant materials was collected thoroughly  washed in running tap water to remove 

debris and dust particles and then was   rinsed in distilled water. The plants(neem leaf) 

was   dried in the shade area of the laboratory in an open air at room temperature for 

about seven days and it was  protected from sun light. After completely dry, these was  

grounded to a fine powder by using electric grinder  and   fresh garlic bulbs was 

crushed by using mortar and pestle. The  plant samples 50g(25g of garlic and 25gof 

neem leaf powder) were weighed  by using an electronic balance and then synergetic 

https://en.wikipedia.org/wiki/Central_Ethiopia_Regional_State
https://geohack.toolforge.org/geohack.php?pagename=Welkite&params=8_17_N_37_47_E_
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powder of plant samples were added into a conical  flask contained   300 ml of 99.9% 

ethanol   for synergistic crude extract  ,  25g of galic  and 25g of neem leaf powder 

were poured into  each separate conical flask contained  150ml of 99.9% of ethanol(. 

Abubakar and  Haque,2020).  then after shacked for about 3 days manually (by hand) 

and instrumental laboratory shaker. The crude extracts of garlic and neem were   

filtered through Whatman  filter paper and then it were   evaporated the alcohols by 

rotary evaporator. Each extracts were  transferred to glass  jar  and labeled 

accordingly and then stored at 4
0
C refrigerator until use.(Jeyaseelan, et,al,2012)    

3.5. Preparation of Bacterial Suspension 

3.5.1. Preparation of Suspension for Staphylococcus Aureus,Bacillus Cereus and 

Shiga Toxin Escherichia Coli 

The test microorganisms were cultured on nutrient agar at 37°C for 24 hrs.The 

Colonys were Selected by using a sterile inoculating loop  used  to picked up a single 

bacterial colony from the original culture plate. Ensure the loop  was sterilized by 

flaming it until red hot and  it was allowed to cool.The selected colonys were Streaked 

onto a fresh agar plate.The quadrant streak method was  performed to obtained 

isolated colonies. The newly inoculated plate was Incubated again at 37
0
C.After 

incubation,  the plate was observed to ensure that single, isolated colonies were 

formed.By streaking the inculcating loop containing bacteria at the top end of the agar 

plate moving in a zigzag horizontal pattern until 1/3 of the plate was covered.Then, 

three to five well isolate overnight and culture colonies of the same morphological 

type was  selected from an agar plate culture. The top of each colony were touched 

with sterile bent wire-loop and the growth were transferred into the test tube 

contained 5ml of saline solution  .Then after  saline suspension was incubated for 30 

minutes to initiate the bacterial suspension(Nadia Belkebla,2022).  

3.6 Preparation of Media  

Meuler Hinton  agar was prepared from a commercially available dehydrated base 

according to the manufacturer’s instructions. About 23.4g of nutrient agar powder 

was weighed using a clean electronic weighing balance and then about 600 mL of 

sterile distilled water poured into a conical flask . Then,covered by aluminium foil 

shacked by hand and heated by hot oven for 60 second  to mix properly   and finally 

autoclaved for 15 min at 121
0
C. Soon after autoclaving, the Meuler Hinton agar  

medium was allowed to cool to room temperature prior to poured it into the petri-plate. 

https://pubmed.ncbi.nlm.nih.gov/?term=Abubakar%20AR%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Abubakar%20AR%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Haque%20M%5bAuthor%5d
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Plates were dried faster in low humidity. The freshly prepared and cooled medium 

was poured into flat-bottomed petri dishes on a level, horizontal surface to give a 

uniform depth of approximately 4 mm. This was achieved by pouring 25 mL of the 

medium for plates with diameters of 100 mm.  

3.7 Determination of Antibacterial Activity of Garlic and Neem 

Leaves Extracts by MHA Agar Well Diffusion Method 

Suspensions of bacterial isolates were prepared in sterile normal saline, and sterile 

swabs were used to inoculate the entire surface of the MHA plates by streaking in 

three directions to evenly distribute the inoculum. This was repeated two more times, 

rotating the plate to ensure even distribution, and finally swabbing the rim of the agar. 

MH agar wells were prepared by using blue colour  sterilize micropipette  instead of 

cork borer with 6 mm diameter and about 2.5 cm apart to minimize overlapping of 

zones .  50 µL  of garlic and neem individually and mixture of them were carefully 

added to the respective wells in the plate in triplicate by using micropipette,and the 

antibiotic disc was dispensed by  sterile pair of forceps onto the surface of the 

inoculate MH agar plate and presse down to ensure complete contact with the agar 

surface. Crude extracts and antibiotic discs will be allowed to diffuse for about 40 

minutes before incubation and then the plates were incubate in an upright position at 

37
0
C for 24 hours(Edward ,et al,2017).  

3.8 Determination of Antibacterial Activity of Garlic and Neem 

Leaves Extracts by MHA Agar Disk  Diffusion Method 

Aseptically apply 25 microliters (µL) of each extract (garlic and neem) were added 

onto separate sterile disks Instead of Sterilize filter paper disks using antibiotic disk 

then Using sterile forceps.The solvent was  Allowed to evaporate completely in a 

sterile cabinet. the extract-impregnated disks were carefully placed onto the 

inoculated MHA plates ,by using sterile forceps. the plates were allowed  to stand for 

30 minutes at room temperature to allow for diffusion of the extract and 

antibiotics.the plates were up right position  and incubated them at 37°C for 24 

hours(Zihadi ,et al,2019). 
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4. RESULT  

After done the above procedure  properly ,the data was  analyzed through  

Quantitative Analysis: Measuring inhibition zones and interpreting the diameters 

quantitatively can help compare the effectiveness of the extracts against selected 

pathogenic bacteria as illustrated in the following figures and tables below  

4.1 Evaluation of Crude Extract of  Garlic Against Selected 

Pathogenic Bacteria 

    

Figure 1 The diameter of inhibition zone of garlic ethanolic crude extracts against 

selected pathogenic bacteria:(A) Diameter inhibition of garlic extract on Shiga Toxin 

E.coli bacteria by well  Diffusion Method ,(B) Diameter inhibition of garlic extract on 

Shiga Toxin E.coli bacteria by disk  Diffusion Method,(C)  Diameter inhibition of 

garlic extract on S. aureus bacteria by disk  Diffusion method,(D)Diameter inhibition 

of garlic extract on S. aureus bacteria by well  Diffusion method 

Table 1: Antibacterial  activity testing garlic extract using MH agar well and disk 

diffusion assay 

Test organisms  

 

Determination of Antibacterial Activity   

Inhibition zone of garlic extract By 

well  Diffusion Method (mm) 

Inhibition zone of garlic  

extract by Disk  

Diffusion Method (mm) 
S. aureus  

 

15 14.5 

B. cereus  

 

No inhibition No inhibition 

Shiga Toxin 

E.coli 

17 13 

 

(A (B

(C) 

(D) 
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4.2 Evaluation  of Crude Extract of  Neem Against Selected 

Pathogenic Bacteria  

  

Figure 2 The diameter of inhibition zone of neem leaf crude extracts against 

pathogenic bacteria:(A) Diameter inhibition of neem leaves extract on Shiga Toxin 

E.coli bacteria by well  Diffusion Method ,(B) Diameter inhibition of  neem leaves 

extract on Shiga Toxin E.coli bacteria by disk  Diffusion Method,(C)  Diameter 

inhibition of neem leaves extract on S. aureus bacteria by disk  Diffusion 

method,(D)Diameter inhibition of neem leaves extract on S. aureus bacteria by well  

Diffusion method 

Table 2 : Antibacterial activity testing neem extract by using MH agar well and disk 

diffusion assay 

Test 

organisms 

Determination of Antibacterial Activity 

Inhibition zone of neem leaves  extract 

By well  Diffusion Method (mm) 

Inhibition zone of neem 

leaves  extract by Disk  

Diffusion Method (mm) 

S. aureus 14 13 

B. cereus No inhibition No inhibition 

Shiga Toxin 

E.coli 

15 12 

 

 

 

(A (B) (C (D) 
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4.3 Determination of  the Synergistic  Effects of Crude Extracts   

Against Selected Pathogenic Bacteria  

   

Figure 3 The diameter of inhibition zone of synergetic effect of crude extracts against 

tested pathogenic bacteria:(A) Diameter inhibition of  synergetic crude extracts on 

Shiga Toxin E.coli bacteria by well  Diffusion Method ,(B) Diameter inhibition of  

synergetic crude extracts extract on Shiga Toxin E.coli bacteria by disk  Diffusion 

Method,(C)  Diameter inhibition of synergetic crude extracts extract on S. aureus 

bacteria by disk  Diffusion method,(D)Diameter inhibition of synergetic crude 

extracts extract on S. aureus bacteria by well  Diffusion method. 

Table 3 :Antibacterial activity of synergetic effect  tested on selected pathogenic 

bacteria by using MH agar well and disk diffusion assay 

Test 

organisms 

Determination of Antibacterial Activity 

Inhibition zone of synergetic  extract By 

well  Diffusion Method (mm) 

Inhibition zone of 

synergetic extract By disk 

Diffusion Method (mm) 

S. aureus 16 13.5 

B. cereus No inhibition No inhibition 

Shiga Toxin 

E.coli 

18 15.5 

 

 

 

 

(A) (B) (C (D) 
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5. DISCUSSION 

The traditional knowledge about the treatment of infectious disease using natural 

products or substances should be investigated using scientific methods. Larger 

inhibition zones indicate greater antibacterial activity. In this study, mixture of garlic 

and neem crude extract against tested pathogenic bacteria had larger inhibition zone 

than the inhibition zones of garlic and neem crude extracts used separately According 

to (Makhulu Edmond Edward et al 2017) 

 Although mixture of garlic and neem extract had high antimicrobial activity, garlic 

extract and neem extract alone also had good potential of a broad spectrum of activity 

against both Gram-positive and Gram-negative bacteria .Both disk diffusion and well 

diffusion assays can be used to compare the antibacterial activity of garlic, neem and 

their potential synergistic extract.But according to this study disk diffusion assays 

their inhibition  zone was less than well diffusion method there was due to in disk 

diffusion method extract diffuse radially outward from the disk(Farrah Nurkhaliza et 

al,2023) 

But  individual and synergetic garlic and neem leaf  crude extracts respectively  not 

against  Bacillus Cereus pathogenic bacteria(there was not obtained inhibition 

zone) ,this due to may be several factor such as ,bacillus cereus can be naturally 

resistant to some compounds found in garlic and neem extracts and also  intrinsic 

resistance could be due to factors like ,bacillus cereus can form spores that are highly 

resistant to various environmental stresses, including some antimicrobial,The cell wall 

of Bacillus Cereus might be less susceptible to the action mechanisms of the plant 

extracts and  Bacillus Cereus  was not  specifically against by individually and 

synergetic effect of crude extracts(Yang,et al 2023) .Antibiotic disks were used as a 

positive control to compare inhibition zone of ethanol  crude extracts but the 

antibiotic disks were expired their inhibition zone were not obtained and it was given 

unreliable result. 

The garlic ethanolic crude extracts has potential antibacterial activity against some 

bacteria, but not all. S. aureus showed the most susceptibility, while B. cereus was 

resistant.The neem leaves ethanolic crude extract has potential antibacterial activity 

against some bacteria, but not all. Based on the above tables ,Shiga Toxin E. coli 
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appears to be the most susceptible, while B. cereus was resistant.The synergistic 

ethanolic crude extract demonstrates potential as a broad-spectrum antibacterial agent. 

It seems effective against S. aureus and shiga toxin E. coli, with Shiga Toxin E. coli 

showing slightly higher susceptibility. However, B. cereus appears 

resistant(Agnieszka Magryś1 et al 2021) 
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6. CONCLUSION and RECOMMENDATION 

6.1 Conclusion 

From the overall study it can be concluded that, the mean inhibition zones of the 

combined antibacterial activity of garlic and neem crude extracts of the plants have 

significant antibacterial activity against the   tested pathogenic bacteria were greater 

than the mean inhibition zones of crude extracts of garlic and neem used individually.  

And also the antibacterial activity of garlic and neem crude extracts were greater than 

the activity of currently used antibiotics against the selected organisms.This 

experiment investigated the antibacterial activity of a garlic and neem leaves ethanolic 

crude extracts against three different bacteria,S. aureus, B. cereus, and Shiga Toxin E. 

coli.Larger diameter of inhibition Zone  indicates stronger antibacterial activity.Well 

diffusion method and disk diffusion method results were provided for comparison.The 

garlic,neem and their synergetic ethanolic crude extracts has potential antibacterial 

activity against some bacteria, but not all. S. aureus and shiga toxin e. coli showed the  

susceptibility, while B. cereus was resistant. 

 

6.2 Recommendation 

Based on the findings of this study, the following recommendations have been 

forwarded:   

 Further in vivo studies should be conducted to evaluate the effect of antimicrobial 

agent to treat bacterial infections.  

 There is a need for detailed scientific study of traditional medical practices to 

ensure that valuable therapeutic knowledge of the society on some plants and 

thereby to preserve such important natural antimicrobial resources. 

 It is necessary to study other locally produced and prepared drugs from different 

sources for their antimicrobial activities. 

  Further research should be conducted to investigate the synergistic antimicrobial 

effect of the mixture of garlic and neem crude extracts against many other  

bacterial pathogens and fungal species because this study was carried out only on 

three selected pathogenic bacteria. 



 

 19 

 Investigate the specific bioactive compounds responsible for the observed effects 

and their mode of action against the target bacteria. 

  Explore optimal concentrations and ratios of garlic and neem leaf extracts to 

maximize their synergistic effect while minimizing any potential cytotoxicity or 

adverse effects 

  Further research and validation are essential to harness the full therapeutic 

potential of these plant extracts in combating bacterial infections and addressing 

the global challenge of antibiotic resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 20 

7.REFERENCE 

Abebe Tibebu,Geremew Haile,Abriham Kebede, 2017"Review on Medicinal Value 

 and other Application of Neem Tree: Senior Seminar on Animal Health" ARC 

 Journal of Immunology and Vaccines. ; 2(2) : 16-24. 

Abel, C. & Busia, K, (2005), An exploratory ethnobotanical study of the practice of 

 herbal medicine by the Alan people of Ghana. Alternative Medicine  

 Review, 10(2), 112-122 

Abdullahi R. Abubakar and Mainul Haque,2020,Preparation of Medicinal Plants: 

 Basic Extraction and Fractionation Procedures for Experimental 

 Purposes,Journal of Pharmacy and  Bioallied Science,12(1): 1–10  

Admasu Moges,and  Yohannes Moges ,2020,IMPORTANT MEDICINAL PLANTS 

 OF  ETHIOPIA: USES, KNOWLEDGE TRANSFER AND 

 CONSERVATION  PRACTICES 

Aditi Singh, Parul Tripathi, Apeksha Srivastava, S Marzia Ali and Lavie Rekhi, 2016. 

 Antibacterial activity of six indigenous Indian plants: Acacia nilotica 

 (Fabaceae), Albizia saman (Fabaceae), Azadirachta indica (Meliaceae), Carica 

 papaya (Caricaceae), Cymbopogon citratus (Poaceae) and Mangifera indica 

 (Anacardiaceae). African Journal of Biotechnology 15(16): 666-669. 

Agnieszka Magryś1,  Alina Olender,Dorota Tchórzewska,2021,Antibacterial 

 properties of Allium sativum L. against the most emerging multidrug-resistant 

 bacteria and its synergy with antibiotics,203:2257–2268   

Al Akeel, R., Mateen, A., Janardhan, K, Gupta, V.C, 2017, Analysis of anti-bacterial 

  and anti-oxidative activity of Azadirachta indica bark using various solvents 

  extracts, Saudi Journal of Biological Sciences 24(1), 11–14 

Ahlam Abdelaziz Gharib,Marwa Abd El-Hamid,Norhan K Abd El-Aziz,Engy Y. 

 Yonan, 2020,Bacillus cereus: Pathogenicity, Viability and  Adaptation,Article  

 in  Advances in Animal and Veterinary  Sciences, 

https://pubmed.ncbi.nlm.nih.gov/?term=Abubakar%20AR%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Haque%20M%5bAuthor%5d
https://www.researchgate.net/profile/Ahlam-Gharib?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Marwa-Abd-El-Hamid-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Norhan-Abd-El-Aziz?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Engy-Yonan?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Engy-Yonan?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19


 

 21 

Anupama Sapkota,January 6, 2022 ,Nutrient Agar- Principle, Composition,  

 Preparation, Results, Uses,,microbenotes 

Asha Roshan and Navneet Kumar Verma,2015,A brief study on neem 

 (Azarrdirachta indica A.) and its application,,Research Journal of 

 Phytomedicine 

Bacilus Food and Drug Administration (FDA),2017 . Bacillus cereus and Other 

 Bacillus spp. Bad Bug Book: Foodborne Pathogenic Microorganisms and 

 Natural  Toxins Handbook. 92–95.  

Bimakr M. Comparison of different extraction methods for the extraction of major 

 bioactive flavonoid compounds from spearmint (Mentha spicata L.) leaves. 

 Food Bioprod Process, 2010, 1-6 

 Behzad Ghasemi1 , Ghasem Sanjarani1 , Zahra Sanjarani1 , Hamidreza  Majidiani,

 August 2015,Evaluation of anti-bacterial effects of some  novel thiazole and 

 imidazole derivatives against some pathogenic  bacteria,,iranian journal of 

 microbiology ,,Volume 7 Number 5 281-286 

CASSANDRA L QUAVE,2016,ANTIBIOTICS FROM NATURE: TRADITIONAL 

 MEDICINE AS A SOURCE OF NEW SOLUTIONS FOR  COMBATING 

 ANTIMICROBIAL RESISTANCE,, 

Cheleste M. Thorpe,May 2004,Shiga Toxin Producing Escherichia coli Infection,  

Clinical Infectious Diseases, Volume 38, Issue 9, 1 , Pages 1298– 1303 

Christy Jeyaseelan1 , Jenothiny , Pathmanathan1 , Jeyadevan,2012,Antibacterial 

 activity of sequentially extracted organic solvent  extracts of fruits, flowers 

 and leaves of Lawsonia inermis L. from Jaffna, 

C Rajasekaran, 2008. Investigations on antibacterial activity of leaf extracts of 

 Azadirachta indica A. Juss (Meliaceae): a traditional medicinal plant of India. 

 Ethnobotanical Leaflets 2008(1): 161 

Denyer SP, Hodges NA and Gorman SP (2005). Hugo and Russell’s Pharmaceutical 

 Microbiology, 7th  edition, Blackwell Scientific publications UK.Emad M. 

Abdallah,Bader Y. Alhatlani,,Ralciane de Paula Menezes,,4 and Carlos  Henrique 

 Gomes Martins,2023,Medicinal Plants as Promising Sources for 

 Antibacterial Drugs in the Post-Antibiotic Era,  

Farrah Nurkhaliza , Mariha Zulfa Risana1, Aprilina Pubasari , Sigit Priatmoko ,  

 Muhammad Eka Prastya , and Agustina Sus Andreani,2023,Comparative  

https://microbenotes.com/author/anupama-sapkota/
https://pubmed.ncbi.nlm.nih.gov/?term=Abdallah%20EM%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Abdallah%20EM%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Alhatlani%20BY%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=de%20Paula%20Menezes%20R%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Martins%20CH%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Martins%20CH%5bAuthor%5d


 

 22 

 study of well diffusion and disc diffusion method to investigate the 

 antibacterial properties of silver nanoparticles synthesized from Curcuma  

 longa extracts 

Fokunang , Ndikum  , Tabi  , Jiofack,Ngameni  , Guedje , 

 TembeFokunang,Tomkins  , Barkwan  , Kechia, , Asongalem  , Ngoupayou  , 

 Torimiro , Gonsu  , Sielinou  , Ngadjui , Angwafor , Nkongmeneck  , Abena , 

 Ngogang  ,  Asonganyi Coliz Lohoue , Kamsu,2011,TRADITIONAL 

 MEDICINE: PAST, PRESENT AND FUTURE  RESEARCH AND  

 DEVELOPMENT PROSPECTS AND INTEGRATION  IN THE  

 NATIONAL HEALTH SYSTEM OF CAMEROON,8(3): 284–295 

Gebreselema Gebre yohannes1  and Mebrahtu Gebreyohannes,,12 August, 

 2013,,Medicinal values of garlic,,International Journal of Medicine and 

 Medical Sciences,,Vol. 5(9), pp. 401-408,,Giovanni Gherardi,May 2023, 

 Staphylococcus aureus Infection: Pathogenesis and  Antimicrobial  Resistance. 

Harinder PS Makkar, Perumal Siddhuraju and Klaus Becker (2007). Plant secondary 

 metabolites, Humana Press 

Irma Seriana, Muslim Akmal ,  Darusman Darusman, Sri Wahyuni,Khairan Khairan, 

 and Sugito Sugito,,31 March 2021,,Neem Leaf (Azadirachta indica A. Juss) 

       

 World   Journal,,Volume 2021 

Imam Hashmat, Hussain Azad and Ajij Ahmed,2012,Neem (Azadirachta indica A. 

 Juss) - A Nature's Drugstore: An overview,International Research Journal of 

 Biological Sciences,Vol. 1(6), 76-79 

Irorere Uhunoma Victor , Igeleke C. L,,05 April 2012,,Antimicrobial properties of 

 the extracts of locally sold garlic and neem leaf in Benin City, 

 Nigeria,,International Journal of Biosciences (IJB) ,,Vol. 2, No. 4, p. 21-27 

Keith R. Schneider, Renée Goodrich Schneider, Rachael Silverberg, Ploy 

Kurdmongkoltham, and Bruna Bertoldi,,Preventing Foodborne Illness: Bacillus 

cereus1,,universityflorida 

 Kshetrimayum Birla Singh,January 2017,Medicinal Plants and Its Therapeutic 

 Uses 

Makhulu Edmond Edward, Nyaga Nderitu Samuel , Wambugu Stanely , Areba 

 Gerald,,29 July 2017 ,,Synergistic antimicrobial activity of crude ethanolic 



 

 23 

 extracts of garlic and neem leaves against bovine mastitis 

 pathogens,,international journal of besic and clinical pharmacology 

Marina R. Wylie and D. Scott Merrell,May 2022,The Antimicrobial  Potential 

 of the Neem Tree Azadirachta indica 

 Md Asief Hossain Zihadi , Marzia Rahman , Sudipta Talukder , Md. Mehedi Hasan , 

 Samsun Nahar , Mahmudul Hasan Sikder,2019,Antibacterial efficacy of 

 ethanolic extract of Camellia sinensis and Azadirachta indica leaves on 

 methicillin-resistant Staphylococcus aureus and shiga-toxigenic Escherichia 

 coli, ,JOURNAL OF ADVANCED VETERINARY AND ANIMAL 

 RESEARCH, VOL 6, NO. 2, PAGES 247–252 

 Melaku Tafese Awulachew , 2021 ,Hand Book of Common Ethiopian Traditional 

 Medicinal Plants: Their Parts and Uses for Human and Animal 

 Treatments,Journal of Diseases and Medicinal Plants, 

Melese Sinaga, Kumar Ganesan, Suresh Kumar P Nair and Sharmila Banu Gani, 2016. 

 PRELIMINARY PHYTOCHEMICAL ANALYSIS AND IN VITRO 

 ANTIBACTERIAL ACTIVITY OF BARK AND SEEDS OF ETHIOPIAN 

 NEEM (AZADIRACHTA INDICA A. JUSS) 

Milan Hait ,2019, Extraction Techniques of Herbal Drugs,(Volume - 5) (pp.17-33)  

Nadia Belkebla  , Sylia Ait Bessai  , Juliana Melo  , Maria Filomena Caeiro  , Cristina 

 Cruz  and El-hafid Nabti,2022,Restoration of Triticum aestivum Growth under 

 Salt Stress by Phosphate-Solubilizing Bacterium Isolated from Southern 

 Algeria   

Norazlina Hashim  , Suhaila Abdullah  , Lili Shakirah Hassan  , Saidatul Radhiah  

 Ghazali  , Rafidah Jalil ,,20 November 2020 ,,A study of neem leaves: 

 Identification of method and solvent in extraction,,DOI: 

 10.1016/j.matpr.2020.11.726  

Prestinaci F, Pezzotti P and Pantosti A 2015. Antimicrobial resistance: a global  

 multifaceted phenomenon. Pathogens and Global Health 109 (7).  

Quelemes, P.V., Perfeito, M.L.G., Guimaraes, M.A., Dos Santos, R.C., Lima, D.F., 

 Nascimento, C., Leite, J.R.S.A., 2015. Effect of neem (Azadirachta indica A. 

 Juss) leaf extract on resistant Staphylococcus aureus biofilm formation and 

 Schistosoma mansoni worms. Journal of Ethnopharmacology 175, 287–294 



 

 24 

Samuel O. Adeniyi1, Olubukola A. Olufemi-Adeniyi1,, Sakiru M. 

 Erinoso,2015,Traditional/Alternative Medicine: An Investigation into 

 Identification, Knowledge and Consumption Practices of Herbal Medicine 

 among Students with Hearing Impairment in Ibadan, South-Western 

 Nigeria,Journal of Education and Practice,Vol.6, No.15,ISSN 2222-1735   

Santosh Khanal1 , Uddav Khadka2 , Laxmi Dhunge,,2017,ANTIMICROBIAL 

 RESISTANCE,,International Journal of Medicine and Biomedical 

 Sciences,vol  2(4): 1-3 

Sethi Neeraj , Kaura Sushila, Dilbaghi Neeraj , Parle Milind and Pal 

 Minakshi,2014,GARLIC: A PUNGENT WONDER FROM NATURE, 

 INTERNATIONAL  RESEARCH JOURNAL OF PHARMACY, DOI: 

 10.7897/2230- 8407.0507106 

Sherkar Rutuja B, Ware Pratiksha V, Kale Tanuja M, Masal Geeta D, Dr.  Kolhe  

 Sunil  D,,/April-2023,,REVIEW ON: PHYTOCHEMICAL 

 SCREENING  OF   ALLIUM SATIVUM [GARLIC],,International 

 Research  Journal of   Modernization in Engineering 

 TechnologyandScience,,Volume:05 

Shuo Yang, Yating Wang, Yangtai Liu , Kai Jia, Zhen Zhang and Qingli  

 Dong ,February 2023,Cereulide and Emetic Bacillus cereus: Characterizations, 

 Impacts and Public Precautions,doi: 10.3390/foods12040833 

 Siham Ourouadi, Hamid Moumene, Naima Zaki, Abdel-Ali Boulli, Aaziz Ouatmane, 

 Aziz Hasib, 04 November 2016, Garlic (Allium Sativum):  A Source of 

 Multiple Nutraceutical and Functional Components ,Journal of  Chemical, 

 Biological and Physical Sciences , Vol. 7, No. 1; 009-021 

Singh Papu , Singh Jaivir , Singh Sweta and Singh B.R,2014,Medicinal values  of 

 Garlic (Allium sativum L.) in Human Life,Vol. 4 (6), pp. 265-280 

Valgas C., De, Souza S.M., Smânia E.F.A.,  2007,Screening methods to determine 

 antibacterial activity of natural products. Braz. J. Microbiol.;38:369– 

 380.  

https://doi.org/10.3390/foods12040833


 

 25 

V. Srinivasa Reddy and P. Neelima,,20th February, 2022,Neem (Azadirachta indica): 

 A Review on Medicinal Kalpavriksha,,International Journal of Economic  

 Plants 

 Wang GS, Han J, Zhao LW, Jiang DX, Liu YT, Liu XL. Anthelmintic activity of 

steroidal saponins from Paris polyphylla. Phytomed. 2010; 17:1102-1105.  

Wubet Birhan , Mirutse Giday and Tilahun Teklehaymanot,2011, The contribution 

 of traditional healers’ clinics to public health care system in Addis Ababa, 

 Ethiopia: a cross-sectional study, Journal of Ethnobiology and 

 Ethnomedicine 

World Health Organizatin,2011 

Xiao-Lian Zhang, Victor Tunje Jeza and Qin Pan,, May 2008,, Salmonella Typhi:  

 from a  Human Pathogen to a Vaccine Vector,,Article  in  Cellular & 

 Molecular  Immunology,,DOI: 10.1038/cmi.2008.11 

Yinger, H. & Yewhalaw, D. (2007). Traditional medicinal plant knowledge and use 

 by local healer in Sekora district, Jimmazone, South-Eastern Ethiopia. Journal 

 of Ethnobiology and Ethnomedicinal, 3:24-30. 

Zubair Khalid Labu, Md. Mostafizur Rahaman,, February 2019,,Proven Health  

 Benefits of Garlic 


