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ABSTRACT

This was a cross sectional study conducted during the period from April to
December 2019, aimed to testing the antibacterial activity of of Allium
sativum ethanolic extract against urinary tract bacterial isolates. A total of
one hundred bacterial isolates were collected from from Ribat University
Hospital, Albaraha Hospital and Khartoum Army Hospital. These bacterial
isolates were inoculated into nutrient agar slope for preservation and then re
identified by using different biochemical tests. About 100 bacterial isolates,
35(35%) was Escherichia coli, then 25(25%) Pseudomonas aeruginosa
followed by 20(20%) Klebsiella pneumonia, 11(11%) Enterococcus feacalis
and finally 9(9%) proteus mirabilis. After re identification, these isolates
were subjected to antibiotics sensitivity by using disc diffusion method, the
antibiotics used includes Gentamicin, Ciprofloxacin, Ceftazidime,
Cotrimoxazole and Imipinem. The results showed that Ceftazidime (67%)
had higher resistant rates. Then test activity of different concentration (100,
50, 25, and 12.5) of Allium sativum ethanolic extract against bacterial
isolates by using cup plate agar diffusion method. The results showed that
Allium sativum have antibacterial activity against all pathogenic and
reference strains. The results revealed that Enterococccus faecalis was more
susceptible organism to Allium sativum extract and Pseudomonas
aeruginosa was less susceptible organism to extract with mean of inhibition
zones (20.8mm, 17.2mm) respectively at 100 (%wi/v). Also the result
showed that MIC of Garlic extract for all tested bacteria was 12.5 (%w/v).
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Chapter One
1. INTRODUCTION

1.1 Introduction

According to World Health Organization (WHO) about 80% of people
worldwide are currently depending on traditional medicine for their primary
health care needs (Khalil et al., 2017). Herbal drugs have found wide spread
use in many countries because they are easily, available, cheaper, and safer
than synthetics drug (Retnam and De-Britto, 2007; Prustiet al., 2008).
Antimicrobial resistance is a major and increasing problem, a large number
of bacteria have responded to the use of antibiotics with their ability to
evolve and transmit antibacterial resistance to other species (Nerino et al.,
2013).The increase consumption of antimicrobial agents and inappropriate
use accelerates this phenomenon. Also the continuous migration of people
plays an important role on acquisition and spread of multidrug resistant
strains (Nerino et al., 2013).

Urinary tract infection (UTI) is the second most common infectious
presenting in community practice. Almost 95% of cases of UTI are caused
by bacteria (Bishop et al.,, 2007). UTI causing bacteria become more
resistant to available antibiotics, there is urgency to explore new strategies
for managing UTIs (Foxman, 2003). Development of resistance in
microorganisms to antibiotics and emergence of new infectious disease
create urgent need to discover novel safe and effective antimicrobial

compounds (Rajas et al., 2003).



Natural products are major sources of new natural drugs and alternative
medicine for treatment of various diseases has been increased in the last few
decades. In comparison to the formulated drugs the herbs and spices have
fewer side effects. They are also inexpensive, show better patient tolerance
and are ready available for low socioeconomic population. In recent years, in
view of their beneficial effects, use of spice or herbs is gradually increasing
not only in developing countries but also in developed countries (Iramet al.,
2012).

Allium sativum (A.sativum) commonly known as Garlic which belongs to a
family of Alliaceae, has more than 500 species in 30 genera and the family is
taxonomically intermediate between the Liliaceae and Amaryllidaceae
(Divyaet al., 2017). Garlic is widely used in culinary and medicine; it has
been utilized to fight infection such as cough, cold asthma, diarrhea, flu,
headache sore throat, abdominal discomfort and respiratory infection
(Bandna, 2013). Garlic is probably one of the earliest known medicinal
plants, which used for ancient time to cure different disease condition in
human. Garlic’s principal medicinal uses are to lower blood pressure and

cholesterol, fight infection and prevent cancer (Gavasane et al., 2011).



1.2. Rationale

Recently, modern societies face serious problems with using of the synthetic
chemotherapeutic agents, in order to their multiple disadvantages such as
harmful side effects, high cost and development of multiple drug resistant
due to recurrent usage. The most common UTI causing bacteria become
more resistant to available antibiotics, this phenomenon led to explore new
strategies to managing UTI and find novel alternatives (Foxman, 2010).So
use of herbs and spice are very important because of their antimicrobial
properties and useful as therapeutic agent against many pathological
infections. Also play an important role as a safer cheaper alternative solution
(Iram et al., 2012).In Sudanese culture and as a part of traditional medicine
Garlic is used for the treatment of many infections such as wound infections
and urinary tract infections, therefore it is of interest to test and prove this

actively scientifically using standard microbiological techniques.



1.3. Objectives

1.3.1. General objective

To find out the antibacterial activity of Allium sativum (Garlic) ethanolic
extract against clinical isolates from urinary tract infections in Khartoum
State.

1.3.2. Specific objectives
1. To re identify bacterial isolates by using different biochemical tests.

2. To detect antibacterial activity of commonly used antibiotics against UTI

pathogens.

3. To test antibacterial activity of Allium sativum ethanolic extract using

cup-plate agar diffusion method against the urinary bacterial isolates.

4. To determine minimum inhibitory concentration (MIC) of Allium sativum

ethanolic extract.



Chapter Two
2. LITERATRE REVIEW

2.1. Allium sativum Garlic)

Allium sativum (A.sativum) belongs to a family of Alliaceae, it has more
than 500 species in 30 genera and the family is taxonomically intermediate

between the Liliaceae and Amaryllidaceae (Divya et al.,2017).
2.2. Scientific classification of A.sativum
Kingdom:plantae

Division: Angiosperms

Class: Monocotyledoneae

Order: Asparagales

Family:AlliaceaeorLiliaceae

Genus:Allium

Species: A.sativum(Divyaet al.,2017).
2.3. Origin and history

A member of the liliaceae family, garlic (Allium sativum) is a cultivated
food highly regarded throughout the world. Originally from central Asia,
garlic is one of the earliest of cultivated plants (Gavasane et al., 2011).Garlic
is one of the earliest document examples of plants employed for treatment of

disease and maintenance of health. It was in use at the beginning of recorded



history and was found in Egyptian pyramids and ancient Greek temples.
Medical applications of garlic have been documented in ancient medical
texts from Egypt, Greek, Rome, China and India (Prasan, 2012).A bulb of
Garlic itself presented a whole pharmacy industry due to broad spectrum of
effects at the time when antibiotics and other pharmacy products did not
exist. The garlic was given different names that are still in use such as
“Russian penicillin”, “natural antibiotic”, “vegetable Viagra”, “plant

talisman”, “rustics’ theriac” and “snake grass (Petrovska and Cekovska,

2010).
2.4. Common names

Garlic, Lasuna, Rasonam, lasan, Vellulli, Valli-pundu, Seer, Ullippoondu
and Maharu (Divyaet al., 2017).

2.5. Geographical distribution

Garlic is one of the earliest documented examples of plants employed for
treatment of disease and maintenance of health; it is used in medicine and
foodstuff for almost three thousand years as evidence by ancient writings

from China, Egypt, Greece, and India (Cardelle et al., 2010).
2.6. Chemical compounds

There are more than two hundred chemical compounds in the garlic bulb, of
which, contain volatile oil with sulfur containing compounds abundantly like
Ajoene (4,5.9-trithiadodeca-1,6,11-triene-9-oxide), Alliin and Allicin,
enzymes like peroxidase, allinase, myrosinase and other compounds like a-
phallandrene, B-phallandrene, linalool, citral and geraniol (Eiaz et al., 2003).

Garlic contains at least 33sulfur compounds and minerals like germanium,
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calcium, copper, iron, potassium, magnesium, selenium and zinc; vitamins
A, Bl and C, fiber and water (Gebreselema and Mebrahtu, 2013). It also
containl7 amino acids like lysine, histidine, arginine, aspartic acid,
threonine, swine, glutamine, proline , glycine, alanine, cysteine, valine,
methionine, isoleucin,leucine, tryptophan and phenylealanine (Josling,
2005). Approximately 1% Alliin (S-allyl cysteine sulfoxide) is present dried,
powdered garlic. Allicin (diallylthiosulfinate or diallyl disulfide), which is
the most biologically active compound in garlic, does not exist until garlic is
crushed or cut.Enzyme allinase, which is activated upon injuring the garlic
bulb, metabolisesaliin to allicin, Allicin is subsequently metabolized to
vinyldithiines, This process requires hours at room temperature and minutes
during cooking, also Allicin, which has antimicrobial effects against many

viruses, bacteria, fungi and parasites (Prasan, 2012).
2.7. Medicinal and therapeutic use

The importance of garlic is due to it is use not only for culinary but also for
therapeutic and medicinal purposes in both traditional and modern medicine
(Lanzottiet al., 2014). Garlic constituents scavenge free radicals, protect
membrane from damage and maintain cell integrity, also play role in the
reduction of cholesterol, blood pressure, anti-platelet activities, and
inhibition of thromboxane formation prevents atherosclerosis-related

disorder, thus conffering cardioprotective benefits (prasan, 2012).



Tablel. Uses of garlic plant for treatment of different diseases

Part of garlic

Preparation

Treatment for

Leaves Hot concoction Common cold

Leaves Tea Reduce serum
cholesterol

bulbs Crushed bulbs Defense against flu

(Ravi, 2016)

2.8. Internal uses

The broad spectrum activities of garlic include anti-microbial, anti-

helminthic, anti-protozoal,

anti-fungal,

insecticidal, anti-tumor, anti-

thrombotic, anti-cancer, anti-arthritic, hypolipidemic, and hypoglycemic

proprieties (Mohammad et al., 2006).




Table2.The medicinal spectra of garlic compounds

Pharmacologic Activity

Chemical components of garlic

contributed to activity

Anticoagulation

Ajoene

Antihypertensive

Selenium, germanium

Antimicrobial Selenium, germanium
Antiparasitic Allicin- alliin
Antibiotic Allicin- alliin
Antimycotic Allicin- alliin,Ajoene
Antiviral Allicin, Ajoene
Hypolipemic Diallyl disulfide

Detoxification of heavy metals

Selenium, allylmercaptangermimation

Antitumour Selenium, germanium
Vitamins Thaimine, vitamin A and C
Antioxidant Selenium, germanium
Antiaging Selenium, diallyl disulfide

Natural Killer Cell activity

Selenium, germanium

Humoral immunity

Germanium, allicin

Complement activity

Magnesium, calcium

(Divya et al., 2017).

2.9. Urinary tract infection (UTI)

Urinary tract infection (UTI) is an infection that begins in urinary system; it

is the second most common disease after respiratory infection. The urinary

tract consists of the kidneys, ureters, bladder and urethra (Betty et al., 2007).

It is associated with multiplication of organisms in the urinary tract and is
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defined by the presence of more than a hundred thousand organisms per mi
of midstream sample of urine. UTI is common in women more than in men
(Mohamed, 2015). UTI causing by different microorganisms, including
fungi, viruses, and bacteria are major causative organisms and are
responsible for more than 95% of UTIs cases (Banado et al., 2001). Bacteria
most often involved in UTIs acquired in a community are Escherichia coli
and Staphylococcus saprophyticus, responsible for more than 80% and 10%
to 15% of UTI respectively, occasionally other microorganisms such as
Klebsiella spp, Proteus mirabilis, and Enterococcus faecalis (Banfitebiya et
al., 2018).

2.10. Etiological factors

The microbial etiology of urinary infections has been regarded as well
established and reasonably consistent. Escherichia coli remains the
predominant uropathogen (80%) isolated in acute community-acquired
uncomplicated infections, followed by Staphylococcus saprophyticus (10%
to 15%). Klebsiella, Enteribacter, Proteus species, and Enterococci
infrequently cause uncomplicated cystitis and pyelonephritis. The etiology
of UTI is affected by underlying host factors that complicate UTI, such as
age, diabetes or catheterization. The majority of community-acquired
symptomatic UTI in elderly women are caused by E.coli. Etiologic
pathogens associated with diabetes include Klebsiella spp, Group B

streptococci, and Enterococcus spp (Allan, 2002).
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2.11. Most common bacteria that cause urinary tract infection

2.11.1. Escherichia coli (E.coli)

E.coli is Gram-negative rods, facultative anaerobic, Lipopolysaccaride
consists of outer somatic O polysaccharide, core polysaccharide (common
antigen), lipid A (endotoxin) and Virulence factors (Parrick et al., 2009).1t is
the best known and most important species of the genus Escherichia, one of
the most prevalent members of Enterobacteriaceae, and the most common
opportunistic pathogen that lives in human and animal gut (Irving et al.,
2006). E.coli is the most common cause of urinary tract infection and gram-
negative sepsis. It is one of two important causes of neonatal meningitis and
the agent most frequently associated with traveler’s diarrhea. Some strains of
E.coli are enterohemorrhagic (EHEC) can cause bloody diarrhea (Levension,
2012). Treatment of E.coli has been increasingly complicated by the
emergence of resistance to most first-line antimicrobial agents (Sabate et al.,
2008). Antibiotic resistance rate in E.coli are rapidly rising, especially with
regard to third and fourth generation cephalosporins and extended-spectrum
B- Lactams (Laupland et al., 2008).

2.11.2. Pseudomonas aeruginosa (P.aeruginosa)

P.aeruginosa are Gram-negative, aerobic, non-motile, rod-shaped bacteria
with widespread occurrence in nature, especially in damp biotopes (Fritz et
al., 2005). It is usually recognize by by pigment production including
pyocyanin a blue- green pigment and pyoverdin a yellow- green fluorescent
pigment. P.aeruginosa can be found in the intestinal tract, water, soil and
sewage. It frequently found in moist environment in hospital and able to

grow in some eye drops, saline and aqueous solution. Many infections with
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P.aeruginosa are opportunistic hospital acquired and often difficult to
eradicate (Cheesbrough, 2006). It has become increasingly clear that
resistance development in P.aeruginosa multifactorial, with mutations in
genes encoding protein, efflux pump, Pencillin-binding protein and
chromosoma [- lactamase, all contributing to resistance to [-lactamase,

carbapenems, fluroquinone and aminoglcosides (Ozer et al., 2009).
2.11.3. Klebsiellapneumoniae (K.pneumoniae)

K. pneumonia is a Gram negative, non motile, usually capsulated rods,
aerobes and facultative anaerobes. K. pneumonia causes chest infection and
occasionally severebronchopneumoniae with lung abscesses and urinary
tract infection (Cheesbrough, 2006). K. pneumoniaisthe most frequently
encountered carbapenemase-producing Enterobacteraceae (Won et al.,
2011).

2.11.4. Proteus mirabilis (P.mirabilis)

Member of enterobactericea that are non lactose fermenting, non motile and
produce phenylalanine deaminase. There are several species of proteus but
proteus mirabilis and proteus vulgaris account for the vast majority of
clinical isolates in this genus, both produce urease and member of this genus
also produce hydrogen sulphide. These bacteria are capable of swarming
motility as they differentiate. Proteus spp are common cause of UTISs,
occasionally in normal hosts and very commonly in those with indwelling

catheter or functional abnormalities of urinary tract (Parrick et al., 2009).
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2.11.5. Enterococcus faecalis(E.faecalis)

E.faecalis is Gram-positive cocci, occurring in pairs or short chains. They
are non-capsulated and the majorities are non-motile. Enterococci are part of
normal intestinal flora, although they are capable of producing disease in
many settings such as opportunistic urinary tract infection and occasionally

wound infection (James et al., 2004).
2.12. Previous studies

Many researches to date have addressed Allium sativum (Garlic)
antibacterial properties and its effect on many infections. The following
Laboratory studies and clinical trials show that Allium sativum is effective
broad spectrum antibacterial agents. Previous study carried out by (Kumar.,
Sharma, 2009) in India to determine antibacterial activity of Allicin from
Allium sativum against antibiotic resistant Uropathogenic bacteria, the
results showed that A.sativum remarkably sensitive agent against antibiotics

resistant Gram positive and Gram negative bacteria.

In Togo,(Banfitebiyi et al., 2018) study the antimicrobial activity of aqueous
garlic extract against Uropathogenic bacteria isolated from female which
includes (E.coli, K.pneumoniae, P.aeruginosa, E.faecalis, S.aureus,
S.saprophyticus and Citobacter freudii), the result showed that diameter of
inhibition ranged from20 + 3 (Klebsiellapeumoniae), 45+ 1 (E.faecalis),
32+ 4 (E.coli), 25+ 4(Proteus mirabilis), 27+ 3 (Pseudomonas

aeruginosa).Previous authors described the antibacterial activity of garlic
extract against streptococcus mutans (Ohara et al., 2008) and against
staphylococcus aureus (Silva and Fernandes, 2010;Daka, 2011). In

addition,garlic was shown antimicrobial activity against E.coli, Salmonella

13



typhi, Shigella flexineri, Proteus mirabilis (Shobana et al., 2009) and Vibrio
parahaemolyticus (Vuddhakul et al., 2007).

In Sudan,(Emad, 2017), study antimicrobial activity of garlic against
S.aureus, P.aeruginosa and E.coli, The result showed that gram positive
bacteria more susceptible to garlic extract than gram negative bacteria. Also
(Shaimaa et al., 2014), described Antimicrobial activity of garlic extract on
bacteria isolated from teeth, the result showed that garlic have broad
spectrum activity against isolated bacteria. Other study in Sudan carried out
by (Rashid; Omer, 2018) described in vitro relation of antimicrobial activity

of garlic and onion extracts on some clinical isolates.
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Chapter Three

3. MATERIALS and METHODS

3.1. Study design
This was prospective cross sectional study.
3.2. Study area

This study was conducted in Ribat University Hospital, Albaraha hospital
and Khartoum Army Hospital.

3.3. Study duration
This study was conducted from April to December, 20109.
3.4. Study subject

Different clinical pathogens isolated from patients with urinary tract

infection.

3.5. Inclusion criteria

Most common pathogenic urinary tract bacterial isolates.
3.6. Exclusion criteria

Non pathogenic urinary tract bacterial isolates.

15



3.7. Sample size

One hundred of different clinical bacterial isolates that already isolated from

urine specimens received during study duration.
3.8. Ethical consideration

Permission to carry out the study was taken from the College of Medical

Laboratory Science in Sudan University for Science and Technology.
3.9. Identification of clinical isolates

All the 100 collected clinical isolates were subjected to purification
processes followed by re identification procedure based on microscopic

examination, culture characteristics and biochemical reactions.
3.9.1. Gram stain

The Gram stain differentiates bacteria into two fundamental varieties of
cells. Bacteria that retain the initial crystal violet stain (purple) are said to be
Gram-positive, whereas those that are decolorized and stain red with
safranine are said to be Gram-negative. This staining response is based on
chemical and structural makeup of the cell walls of both varieties of bacteria.
Gram-positives have a thick, relatively impermeable wall that resists
decolorization and is composed of peptidoglycan and secondary polymers.

Gram-negatives have a thin peptidoglycan layer plus an overlying lipid-

16



protein bilayer known as the outer membrane, which can be disrupted

bydecolorization (Beveridge, 2009).

3.9.2. Biochemical tests
A. lIdentification of Gram positive clinical isolates:
1. Litmus milk reduction test

Litmus milk is a milk-based medium used to distinguish between different
species of bacteria. The lactose (milk sugar), litmus (Ph indicator), and
casein (milk protein) contained within the medium can all be metabolized by
different types of bacteria; the litmus in the medium acts as both a pH
indicator. The test itself tells whether the bacterium can ferment lactose,
reduce litmus, form clot, form gas, or start peptonization (Schierl et al.,
2011).

B. Identification of Gram negative clinical isolates
1. Oxidase test

The Oxidase test is used to detect the presence of the cytochrome oxidase, in
the presence of an organism that contain cytochrome oxidase enzyme, the
released color less reagent become an oxidized purpule colored product
(Patrica et al, 2010).

2. Kligler’s iron agar test (KIA)

The tested organism was inoculated in KIA medium, using a straight wire
loop, agar butt was stabed, the opening was closed and then the top slope
was streaked (as Zigzag). The medium was incubated at 37C for 24hr,

17



glucose fermentation, lactose fermentation, hydrogen sulphide production;

gas production was looked for (Cheesbrough, 2006).

3. Indole test

The indole test screens for the ability of an organism to degrade the amino
acid tryptophan and produce indole, it is used as part of IMVic procedure a
battery of tests designed to distinguish between a members of the family

Enterobacteriaceae (Maria, 2009).
3.10. Antibacterial susceptibility testing
Modified Kirby-Bauer Method

Isolated organisms were tested against disc-diffusion method in which 3-5
selected colonies were touched by sterile standard loop then emulsified into
sterile normal saline and adjusted to 0.5 McFarland standards (Cheesbrough,
2006). The following antibiotic discs were used: Ciprofloxacin, Gentamicin,

Ceftazidime Cotrimoxazole, and imipinem.
3.11. Quality control

3.11.1. Control of culture media

The performance of culture media was controlled by testing each patch with
control strains Pseudomonas aeruginosa ATCC 27853and Enterococcus
faecalisATCC29212 to check the quality of the media.

3.11.2. Control of susceptibility testing method

18



The quality control strain Pseudomonas aeruginosa ATCC27853 and
Enterococcus faecalis ATCC29212 were used as described by CCSI
document M7-A7 (NCCLS,2000) to assess the antimicrobial disks
efficiency. The control strains were brought from National Health
Laboratories in Khartoum. Susceptibility test was tested within reference
strains to determine if zone diameter obtained within the expected range or

not and to check the quality of test.
3.12. Preparation of Allium sativum ethanolic extract

Extraction was carried out according to method described by Melvin et
al.,(2009)100gm of Garlic bulbs were dried under the shade, then coarsely
powdered using mortar and pestle, Coarsely sample were soaked and
extracted with ethanol alcohol 95% using soxhlet apparatus, then the solvent
was evaporated on a rotary evaporator under reduced pressure and dried by

oven then different concentration made by distilled water.
3.13. Cup-plate agar diffusion method

The agar well diffusion method was done on Muller Hinton Agar (MHA)
medium for the assay of antimicrobial activity of A.sativum (Garlic) bulbs
ethanolic extracts against different isolates from urine specimens, 3 colonies
with the same characteristics were emulsified in 1ml normal saline and
adjusted to 0.5Mcfarland turbidity standard. A sterile cotton swab was
inserted into the bacterial suspension, rotated and then compressed against
wall of the test tube to expel any excess fluid. The swab was then streaked
on the surface of MHA plate. To ensure a uniform, confluent growth, the
swab streaked three times over entire plate surface (Cheesbrough, 2006).

Sterile cork borer was then used to make wells 6mm in diameter) on MHA
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medium. Under a septic conditions 100micriliter of four concentration of
A.sativm extract (100(%w/v),50(%wl/v), 25(%wi/v) and 12.5(%w/v) were
introduced into the wells. The plates were allowed to stand for 1hours in the
refrigerator for diffusion of the extract take place and incubated at 37C for
24hrs. Zone of inhibition were measured (in mm) and the mean were
calculated (Aneja and Joshi, 2009).

3.14. Determination of minimum inhibitory concentration

(MIC) of Garlic extract by agar diffusion method

Determination of inhibition zones and MIC of A.sativum (Garlic extract
were assessed using agar diffusion method as described by NCCLS(2000).
One gram from extract was dissolvedin  10mI(100%) distilled
water(D.W)and then serially diluted two fold to obtained final concentration
of (50 (5%wl/v), 25 (%wl/v)and 12.5 (%w/v). 100uLeach prepared
concentration was added into corresponding well. The plates were left for 1
hour in refrigerator (4C°) for diffusion of effective compounds of Garlic in
media and then incubated at 37C°for 24 hours. Inhibition zone around each
well were measured using a ruler in millimeters. MIC considered as the
lowest concentration of extract that prevent visible bacterial growth (Anja
and Joshi, 2009).

3.15. Statistical analysis

Data was computed and analyzed by using Statistical Package for Social
Sciences (SPSS) computer software version 20 to check frequency and

mean.
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Chapter Four

4. RESULTS

4.1. Clinical isolates frequency

In this study 100 clinical isolates were tested as follows; 35(35%)
Escherichai coli, 25(25%) Pseudomonas aeruginosa, 20(20%) Klebsiella

pneumonia, 11(11%) Enterococcus faecalis and 9(9%) Proteus mirabilis.

40
35%
35
30
25%
25
20%
20
15
11%

10 2%
5 I
0

E.coli P.aeruginos Klebsiella E.faecalis Proteus

Figurel. Frequency of clinical isolates
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4.2. Susceptibility of Clinical isolate to selected antibiotics

Table3.Antimicrobial Susceptibility Testing Results of UTIs isolates

Antibiotics IPM coT CiP GEN CAZ
Tested S% | R% | S% | R% | S% | R% | S% | R% | S% | R%
organisms
E.coli 60% | 40% | 37.1% | 62.9% | 34.3% | 65.7% | 28.6% | 71.4% | 20% | 80%
N=35 20 | 14 | 13 | 2 | 12| 23| 10| 25 | 7 | 28
Ps.aeruginos | 88% | 12% | 40% | 60% | 36% | 64% | 24% | 76% | 36% | 64%
2 2 | 3 | 10| 15| 9 | 16| 6 | 19| 9 | 16
N=25
Kiebsiella | 85% | 15% | 50% | 50% | 45% | 550% | 50% | 50% | 65% | 35%
N=20 7 | 3 | 10| 10| 9 | 11| 10| 10| 13| 7
Efaccalis | 63.6% | 36.4% | 27.3% | 72.7% | 36.4% | 63.6% | 72.7% | 27.3% | 18.2% | 81.8%
N=11 7 4 3 8 4 7 8 3 2 9
Proteus 77.8% | 22.2% | 44.4% | 55.6% | 66.7% | 33.3% | 33.3% | 66.7% | 22.2% | 77.8%
N=9 7 2 4 5 6 3 3 6 2 7
Totaland% | 74% | 26% |40% | 60% | 40% |60% |37% |63% |33% |67%
74 |26 |40 |60 |40 |60 |37 |63 |33 |67

Key words:IPM: Imipinem, COT: Co-trimoxazole, CIP: Ciprofloxacin,
GEN: Gentamicin, CAZ: Cefatzidime, S: Sensitive, R: Resistant.
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4.3. Susceptibility of standard isolates to Allium sativum

ethanolic extract

Antimicrobial activity of Allium sativumethanolic extract was firstly

screened reference strains (E.faecalis ATCC29212 and

P.aeruginosaATCC27853).

against

Table4. Antibacterial activity of A.sativum ethanolic extract against

standard isolates

Standard Mean of inhibitory zones in mm

isolates Con 100 | Con50 Con25 Con 12.5
Mg/ml Mg/mi Mg/mi Mg/mi

E.faecalisAT 25 23 22 20

ce292lz VA VA VA VA

Pseudomonas 22 20 17 14

ATCC27853 VA VA A A

Key words: VA: Very active, A: Active, PA: Partial active, NA: Non active
Interpretation of results:-

After 24 hr incubation, antibacterial activity result were expressed in
diameters of inhibition zones were measured in millimeter <9mm zones was
considered as inactive, 9-12mm as partially active while 13-18mm as active

and > 18mm as very active (Mukhtar and Ghori, 2012).
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4.4. Susceptibility of clinical isolates to Allium sativum extract

Table5.Antibacterial activity of A.sativum ethanolic extract against

different isolates

Bacterial Mean of inhibitory zone In mm
isolates
Con of 100 | Con of 50 Con of 25 Conof 12.5
Mg/ml Mg/mi Mg/mi Mg/mi
E.coli 18.4 15.8 8.4 5.4
VA A NA NA
P.aeruginosa 17.2 14.9 10.9 4.3
A A PA NA
K.pneumoniae 18.4 155 11 6.2
VA A PA NA
E.faecalis 20.8 18 13.9 11
VA A A PA
P.mirabilis 18.6 16 9.6 8.2
VA A PA NA
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4.5. Activity of Allium sativum extract against Gram positive

standard and Clinical isolates.

Table6. Shows comparison between E.faecalis ATCC29212 and

E.feacalis

acterial isolates E.feacalis E.feacalis

ATCC29212

Concentration
Concentration of 100 | 25(VA) 20.8(VA)
Mg/mi
Concentration of 50 | 23(VA) 18(A)
Mg/mi
Concentration of 25| 22(VA) 13.9(A)
Mg/mi
Concentration of 12.5|20(VA) 11(PA)
Mg/mi
P-value 0.216 0.216
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4.6. Activity of Allium sativum extract against Gram positive

standard and Clinical isolate

Table7.Shows comparison between Pseudomonas ATCC27853 and other

Gram negative clinical isolates

terial isolates | Pseudomonas | E.coli P.aeroginosa | K.pneumoniae | P.mirabili
ATCC27853 S

Concentratio
Concentration of | 22(VA) 18.4(VA) | 17.2(A) 18.4(VA) 18.6(VA)
100 mg/ml
Concentration of | 20(VA) 15.8(A) |14.9(A) 15.5(A) 16(A)
50 mg/ml
Concentration of | 17(A) 8.4(NA) | 10.9(PA) 11(PA) 9.6(PA)
25 mg/ml
Concentration of | 14(A) 54(NA) | 4.3(NA) 6.2(NA) 8.2(NA)
12.5 mg/ml
P-value 1.0 0.173 0.113 0.115 0.115
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4.7. Minimum inhibitory concentration (MIC) of Allium
sativum ethanolic extract obtained by using agar diffusion
method

Table 8: MIC of A.sativum ethanolic extract

Bacterial isolates MIC mg/ml
E.coli 12.5
p.aeruginosa 12.5
K.pneumoniae 12.5
E.faecalis 12.5
P.mirabilis 12.5
E.faecalis ATCC29212 12.5
P.aeruginosa ATCC27853 12.5
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Chapter Five
5. DISSCUSSION

5.1. Discussion

Due to prescription of antibiotics without sensitivity testing microorganisms
develop resistance to many antibiotics, in addition to this many of them are
known to have side effects, therefore there is a need to screen local
medicinal plants with possible antibacterial properties to find novel
alternatives (Ahmed et al., 2000).

This study was carried out to evaluate antibacterial activity of A.sativum
ethnolic extract against bacterial isolates from urinary tract infections. The
most common bacterial isolates were E.coli 35 (35%), P.aeruginosa
25(25%), K.pneumniae 20(20%), E.faecalis 11(11%) and P.mirabilis 9(9%),

this results were in agreement with Agaluet al., (2014).

The result showed that Ceftazidime had high resistant rates (67%) followed
by Gentamicin (63%) then Cotimoxazole (60%) and Ciprofloxacin (60%)
and finally Imipinem (26%), increasing rate of resistance of this antibiotics
that due to overuse and misuse of these medication (Gould and Bal, 2013;
Viwanathan, 2014 and Michael et al., 2014).

Garlicethanolic extract used in this study had shown antibacterial activity on
Gram positive (E.faecalis) and Gram negative (E.coli, P.aeruginosa,

K.pneumoniae and P.mirabilis)clinical isolates and also showed activity on
standard isolates ( E.faecalis ATCC29212 and P.aeruginosa ATCC27853),
this results agreed with Banfitebiyi , (2018) who demonstrate activity of

garlic extract against uropathogenic bacteria isolated from female which
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includes (E.coli, K.pneumoniae, P.aeruginosa, E.faecalis, S.aureus,

S.saprophyticus and Citobacter freudii).

The results showed that the E.faecaliswas more susceptible organisms to
garlic extract with inhibition zone (20.8mm) at concentration 100(%w/v)
and P.aeruginosa was less susceptible organisms to garlic extract with
inhibition zone (17.7mm) at the same concentration. This findings in
agreement with Kumar, Sharma (2009) whom reported that Gram positive
bacteria showed significant higher sensitivity to garlic extract than Gram
negative bacteria. In (2006) Indeu et al. have also reported that garlic extract
possessed low level of antibacterial activity against Gram negative bacteria
due to major plant pathogens are Gram negative having an effective
permeability barrier such as outer membrane. The antibacterial activity
A.sativum ethanolic extract has been evaluated in vitro against clinical and
standard isolates (P.aeruginosa ATCC27853 and E.faecalis ATCC29212).
E.feacalis ATCC29212 showed higher sensitivity to garlic extract than
P.aeruginosa ATCC27853 with inhibition zones (25mm, 22mm) at

concentration 100(%w/v) respectively.

The study revealed that ethanolic extract of Garlic bulbs inhibits growth of

all clinical and standard strains with MIC 12.5 % (w/v).
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5.2. Conclusion

The most common bacterial isolates were E.coli 35 (35%), P.aeruginosa
25(25%), K.pneumniae 20(20%), E.faecalis11(11%) and P.mirabilis 9(9%).

A.sativum possesses high antibacterial activities against pathogenic bacteria
(E.coli, P.aeruginosa, K.pneumoniae, E.faecalis and P.mirabilis, that cause
UTIs in human), and standard isolates (P.aeruginosa ATCC 27853 and
E.faecalis ATCC 29212). E.faecalis was more susceptible isolate to
A.sativum ethanolic with inhibition zone (20.8mm) at concentration
100(%W/V) and P.aeruginosa was less susceptible to garlic extract with

inhibition zone (17.7mm).

MIC of ethanolic extract of A.sativum against all clinical isolates and

standard organisms were 12.5(%w/v).
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5.3. Recommendations
1. Further studies in A.sativum should be done by using large sample size.

2. Examine ethanolic extract of A.sativum on different isolates and use

different methods and different solvents for extraction process.

3. Determination of Minimum Inhibitory Concentration by using tube

dilution method.

4. Determination of active ingredients compounds found in garlic by gas

chromatography.

31



REFERENCES

Agalu A., Mekonen G. A. and Denbob A. A. (2014) Prevalence and
antibiotic resistance pattern of urinary tract bacterial infections in Dessie
area, North East Ethiopia, 2(7): 687.

Ahmed A. A., Osman H., Mansour A. M., Musa H. A., Ahmed A. B. and
Karrar Z. (2000) Antimicrobial agent resistance in bacterial isolates from
patients with diarrhea and urinary tract infections. Am J Trop Med
Hyg,5:259-263.

Allan R. (2002) The etiology of urinary tract infection. Amer.J.Med. 113(1),
14-109.

Aneja K.and Joshi R.(2009). Evaluation of antimicrobial properties of fruit
extracts of Terminaliachebul against dental caries pathogens.
June.Jou.Micro,2:105-111.

Bandna C. (2013) Antibacterial effect of garlic and ginger against
Staphylococcus aureus, Salmonella typhi, Echerichia coli and Bacillus
cereus.J. Micro. Biotechnic, foodSci2(4) p.2481-2491.

Banfitebiyi G., AbdoulKarim Q., Essodolom T., Simplice D. k., Yaovi A.
A. And Jacques S. (2018) Garlic as Alternative Therapy to Treat
Uropathogenic Bacteria in Women with Urinary Tract infection in lometogo.
V1.

Betty A. Forbes., Daniel F. Sahm. and Alice S. Weissfeld.(2007)
Diagnostic Microbiology.12™ edition.pp842-846.

32



Beveridge T. J. (2009) Use of Gram stain in of microbiology.
J.Biotechnic.Histo.VV76. P.111-118

Bishop B. L., Duncan M. J., Song J., Li G., Zaas D. and Abraham S.
N.(2007) Cyclic AM pregulated exocytosis of Escherichia coli from infected
bladder epithelial cells. Nat Med,13: 625-630.

Bonado H. W., S. Alloussi., G. Egger., H. M. Blumlein., G. Cozma. and
Schulman C. C. (2001) Along-term, multicenter, double-blind study of an
Echerichia coli extract (OW-89) in female patients with recurrent urinary
tract infections.Eur,Urol,47: 542-548.

Cardelle A., Soria A.C., Corzo-Martine Z.M. and Villamiel M. (2010)
Acomperhensive survey of garlic functionality. In: Pacurar M. Krejci G. ed.

Garlic consumption and health. New York: Nova Science publisher, 1-60.

Cheesbrough M. (2006) District Laboratory practice In Tropical countries.
2" edition. United States of America by Cambridge University press. part2.
64-90.

Cheesbrough M. (2009) District Laboratory practice in tropical countries.
2" edition.In NewYork in USA.Chapter 7.132-134.

Daka D. (2011)Antibacterial effect of garlic (Allium sativum) on
Staphylococcus aureus: an in vitro study. Afr.J. Biotechnol, V10. PP 666-
669.

Divya B.J., Suman B., Lakshman L. K., Venkatas M. W., Eswari B. and
Thyagarju K. (2017) The role of Allium sativum (Garlic) in various Disease
and its health benefits. Int. J. Adv. Res, 5(8). p.592-602.

33



Eiazl C.S., Woong .andEiaza.(2003) Allium Vegetables and stomach cancer
risk in china.Exp.Oncol, p.93.

Emad M. A. (2017) Antimicrobial activity of garlic bulb against some gram
negative and gram positive bacteria. Acad. J. life Sci, 3(11).p.89-93.

Fritz H. K., Kurt A. B., Johannes E., Rolf M. Z. (2005) Medical
microbiology. P.308. ch4.

Foxman B. (2003) Epidemiology of Urinary tract infection: incidence,

morbidity and economic cost. Dis. Mon,49: 53-70.

Gavasane A.T., Nipate S., Bandawane D. D. and Chandhari P. D. (2011)

Role of Garlic in various diseases. J. Pharmacol. Res, 1: 4 p.129-134,

Gebreselema G. and Mebrahtu G. (2013) Medicinal values of Garlic.
Areview Int. J. Med. Med. Sci, 5 (9) p. 401-408.

Gorter K., Hak E. and Zuithoff N. (2010) Risk of recurrent acute lower

urinary tract infection and prescription pattern. Fam. Pract, 27: 379.

Gould I. and Bal A. (2013) New antibiotic agents in the pipeline and how

they can overcome microbial resistance. Vir,4: 185-191.

Indu M., Abirosh C., and Vivekanandan G. (2006) Antibacterial activity of
some the south-indianspecies against serotypes of Escherichia coli,
Salmonella, Listeria monocytogenes and Aeromonas hydrophila.Braz. J.
Microbiol, 37: 153-158.

Iram G., Mariam S., Halima S., Shahba Z.M. Aslam., Zahoor Q. S. and
Amin MAthar. (2012) Inhibitory effect of Allium sativum and Zingiber

34



officinale extracts on clinical important drug resistant pathogenic
bacteria.Ann. Clin. Microb.Anti, 11(1).1-6.

James J. C., Laweence D., Fredrick C. N., James J. P. (2004) Sherris
Medical microbiology. P294.

Josling P. A. (2005) The heart of garlic Nature’s aid to healing the human
body, HEC Publishing, Chicago Illinois.pp20.

Khalil H., Nadir A. I., Ahmed A., Hassan A. H., Mouostafa A. A. and
Hassan A.(2017) Evaluation of the antimicrobial activities of
Cymbopogenschoenanthus. Afr. J. Micro. Res, 11(17).653-659.

kumar A. and Sharma V.(2009) Antibacterial activity of allicin from Allium

sativum against antibiotic resistant uropathogens. Int. J. Infec. Dis, 8(1).

Lanzotti V., Scala F. and Bananomi G.(2014) Compound from Allium
species with cytotoxic and antimicrobial activity, Phytochemisry reviews
13.769-791.

Laupland K., Chruch D., Vidakovich J. and Mucenski J. (2008)
Community- onse extended-spectrum Beta-Lactamase (ESRL)-producing

Echerichia Coli: Important of interntional travel. J. infect,57: 441-448.

Levension W. (2012) Medical Microbiology and immunology. Escherichia

coli and peptidioglycan.12"edition.United States.p.7 and 150.
Maria P. M. (2009) Indole test protocol. Amer. Soci. Micro.

Melvin M. J., Jayachitra J. and Vijayapriya M.(2009) Antimicrobial activity
of some common spices against certain human pathogens. J. Med. Plant Res,
V3.pp 1134-1136.

35



Micheal C., Dominey D. and Labbate M. (2014) The antibiotic resistance

cricis: causes, consecquences and management. Fron,Pub.Heal. 2:145.

Mohamed 1. D. (2015) Short text book of medical diagnosis and

management.Scientific international.11"edition.

Mohammed S. R., Houd I. A., Mohd H. A., Ann M. S., Nejib G. and
Gumar B. (2006) Assessment of the dried garlic powder produced by
different methods of drying, Int. J. Food, 9:503-513.

Mukhtar S. and Ghori 1.(2012)Antibacterial activity of ageous and
ethanolic extract of Garlic, Cinnamon and Turmeric against Escheichia coli
ATCC25922 and  Appl. Biol. Pharm. Bacillus subtilis Dsm3256.
Inte.J,3:131-136.

Nrashan T.S., Kumar D., Kewal L.S., Raisuddin A. and Sahup. (2010)
adverse health effects due to arsenic exposure, modification by dietary

supplementation of Jaggey in mice. Toxicol. App. Pharm, 242 (3): 247-255.

Nerino A., Michelem M., Mikhaail F. and Carmine D. (2013) Echerichia
coli in Europe. Intj. Environ Res. pub. Heal, 10:6234-6254.

Ohara A., Saito F. and Matsuhisa T. (2008) Screening of antibacterial
activites of edible plants against streptococcus mutans. Food. Sci. Technol.
Res, V14.p.190-193.

Ozer B., Tatman M., Memis D. and Otkun M. (2009) Characteristics of
pseudomonas aeruginosa Isolates from Intensive Care Unit. Cen. Eur. Jou.
Med, 4:156-163.

36



Parrick R.M., Ken S. R. and Micheal A. P. (2009) Medical Microbiology,
6" edition, p209-212.

Patrica S and Laura C. (2010) Oxidase test procedure, Amer.Soci.Micro, 3.
P.1-15

Petrovska B.B. and Cekovskas. (2010) Extracts from the history and

medicinal properties of garlic. Pharmacogn Rev, 4:106-110.

Prasan R. B. (2012) Garlic (Allium sativum): A review of potential

therapeutic applications. Int. J. Green Pharm,6: 118-129.

Prusti A., Mishra S., Shoo S. and Mishra S.(2008). Antibacterial activity of
some Indian Medical plants. Ethno.Leaf.12: 227-230.

Ravi K. U. (2016) Galic: Apotential source of pharmaceutical and
pesticides: Areview Int. J.Green Pharm (10).1-28.

Retnam K. and De-Britto A.(2007). Antimicrobial activity of Medicinal
plant Hybanthusenneaspermus (linn) Muell,N. Prod. Rad, 6:366-368.

Rajas R., Bustamante B. and Bauer J. (2003) Antimicrobial activity of
selected Peruvian medicinal plants.J. Ethanopharm, 88.199-204.

Rashida A. and Omer A. A. (2018) In vitro relation of antimicrobial activity

Garlic and Onion Extract on some clinical isolate.Afr. J. Med. Sci, 3(5).

Sabate M., Balanch A. and Andreu A. (2008) Virulence and antimicrobial
resistance profiles among Escherichia coli strains isolated from human and
animal waste water. Res. Micro,159: 288-293.

Shaimaa R., Qutuba G. and Anfal S. M. (2014) Antimicrobial activity of
garlic extract against bacteria isolated from teeth. D. J.P.S, 10(3). 50-58.

37



Schierl., Elizabeth A., Blazevic. and Donna J. (2011) Rapid identification of
Enterococci by Reduction of Litmus milk. J. Clin. Micro,14(2) :227-228.

Shobana S., Vidhya V.G. and Ramya M.(2009) Antibacterial activity of
garlic varieties (ophioscordan and sativum) on enteric pathogens. Res. J.
Biol. Sci.V1.P123-126.

Silva N. and Fernandes J. A. (2010) Biological properties of Medicinal
plants: A review of their antimicrobial activity. J. Venom. Anim.Toxins, V
16.p402-413

Viswanathan V. (2014) Off-label abuse of antibiotic by bacteria. Gut.
Micro, 5: 3-4.

Vuddhakul V., Bhoopong P. and Ral S. (2007) Antibacterial effect of herbs

and spices extract on Escherichial coli. In Electron. J. Biol, V5. P.40-44.

Won S., Munoz L., Lolnas K., Hota B., Weinstein R. and Hayden M. (2011)
Emergence and rabid regional spread of klebsiela pneumonia cabapenemase-

producing Enterobacteriaceae. Clin. Infec. Dis, 53:532-540.

World Health Organization (2015) Antimicrobial resistance. Fact sheet N

194: /lwww.who.in/mediacentre/factsheets/fs194/en/.

38



APPENDICIES

Appendix (1): Reagents and media
A. Reagents

1. Crystal violet
Content

To make 1 litter

Crystal violet...........cooiiiiiiii
Ammonium oxalate....................oociiiii.
Ethanol or methanol, absolute.........................

Distilled water......cooveeeeii i

Procedure

1. Weight the crystal violet on a piece of clean paper. Transferred to a brown

bottle pre marked to hold ne litter.

2. Add the absolute ethanol or methanol and mix until the dye is completely

dissolved.

3. Weight the ammonium oxalate and dissolve in about 200ml of distilled

water. Add the stain, make up to one litter with distilled water and mix well.

4. Label the bottle and store it at room temperature. The stain is stable for

several months.
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2. Kovac’s reagent
Content

To make 20 ml

4-dimethylaminobenzaldehyde.....................oooiiiiii lg
Isoamylacohol (3-methyl-1-butanol).................ccoooiiiiiiiiiiin..s. 15ml
Concentrated hydrochloric
ACIA. ... Sml

Procedure

Weight the dimethylaminobenzaldehyde, dissolve in the isoamylalcohol.
Add concentrated hydrochloric acid and mix well. Transfer to a clean brown
bottle and stored at 2-8C.

3. Lugol’s iodine solution
Content

To make one litter

Potassium 10dine solution............coooeiiiiiiiiiiiiiiiii i, 20g
LOAING. .. e 10g
Distilled Water.........ooouiiiii 1 litter
Procedure

1. Weight the potassium iodine, and transfer to brown bottle pre marked to
hold 1 litter.
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2. Add about quarter of the volume of water, and mix until the potassium

iodine solution is completely dissolved.

3. Weight the iodine, and add to potassium iodine solution. Mix until the

iodine is dissolved.

4. Make up llitter distilled water, mix well. Label the bottle and marked

toxic. Store at dark place.
4. Turbidity standard Equivalent to 0.5 McFarland (Barium sulphate)
Content

To make 1%v/v

Concentrated sulphuric acid..............cooiiiiiiiiii i 1ml
Dihydrate barium chloride (BaCI2.H2)...........coooiiiiiiiiii i, 0.5
Distilled water....... ..o 150ml
Procedure

1. Prepare 1%v/v solution of sulphuric acid by adding 1 ml of concentrated

sulphuric acid to 99ml of distilled water and mix

2. Prepare 1%v/v solution of barium chloride by dissolving 0.5g of
dehydrates barium chloride in 50ml of distilled water. Add 0.6ml of barium

chloride 99.4mlof sulphuric acid solution and mix well.
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B. Media

1. Kligler’s Iron Agar

KIA reactions are based on the fermentation of lactose and glucose

(dextrose) and the production of hydrogen sulphide.

Formula in grams per litter

Peptic digest of animal tiSSUe............ovviiiiiiiiiiiiiiii i 15
Y EaSt EXLIACE ...ttt 3
Beet eXtract. ... oo 3
Peptose PePLone. ....covnni i 5
DEXITOSE. . ..t ee ettt e |
7 0] 101 10
Ferrous sulphide ... 0.20
Sodium chloride..........c.oiiiii 5
Sodium thiosulphate..............coooiiiiiiii 0.3
Phenolred........c.oouiiiiii 0.042
N . ) 15
Final PH (At 25 C)enniii e, 7.4
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2. Litmus Milk Medium

Litmus milk medium is used in the rapid litmus milk reduction test to

identify enterocooci.
Formula

To make about 20ml of medium:

Skimmed milk powder. ... 2g

Distilled Water.........ooooiiii 20ml

Litmus (indicator).........oooeeiiiii e small amount
Preparation

Dissolve the milk in the water, add the litmus. Sterilize by autoclaving at

110C for 10 minute and Dispense aseptically in sterile tubes.
3. Muller Hinton Agar

Formula in grams per litter

Beef infusion .........ooiiiiiiii e 2
Casein acid hydrolysate............c.ooiiiiiiiiii e 17
Starch soluble. ... 1.5
N . | 17
Final PH (At 25C) o.uiiniiii e e, 7.3
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Preparations

Suspended 38g in 1000ml distilled water. Heat to boiling to dissolve

medium completely. Sterile by autoclave at 15 ibs pressure (121 C) for 15

min. Mix and pour.

4. Nutrient agar

Nutrient agar is used for cultivation of less fastidious organisms, can be

enriched with blood or other biological fluids.

Formula in grams per litter

a0 0] 4 1S 10
Beef eXtract.....c.oooiii i e 10
Sodium chloride. ... ... 5
Y CaASt EXIIACE. ..ttt e 1.5
N . ) 15
Final PH (at 25C) oo 7.3
Preparation

Suspended 28g in 1000ml distilled water. Heat to boiling to dissolve

medium completely.Sterile by autoclave at 15 ibs pressure (121 C) for 15

min. Mix and pour.

5. Peptone water
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Use for culturing organisms to proceed indole test in the presence of
Kovac’s or Erlich’s reagent that react with the indole to produce a red

coloured compound.

Formula in grams per litter

Peptic digest of animal tiSSue............oovviiiiiiiiiiiiieeee, 10
Sodium chloride. ... ..o 5
Final PH (At 25 C) cuvinii e 7.2
Preparation

Suspended 15g in 1000ml distilled water. Heat to boiling to dissolve
medium completely.Sterile by autoclave at 15 ibs pressure (121 C) for 15

min. Mix and pour.
6. Simmons citrate agar

This test used to assist in identification of enterobacteria. The test is based

on the ability of an organism to use citrate as its only source of carbon.

Formula in grams per litter

Magneseium sulphide.............coooiiiiiiiiii i 0.02
Ammonium dihydrogen phosphate ....................oooiiinl 1
Dipotassium phosphate..............cooiiiiiiiiiiiiiiiii e, 1
SodIUmM CIErate ...ooueee i 2
Sodium chloride. .........coooiiii 5
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Bromothymol blue ... 0.08

N . ) T 15
Final PH (at 25 C)eennii e 6.8
Preparation

Suspended 24.28g in 1000ml distilled water. Heat to boiling to dissolve
medium completely. Sterile by autoclave at 15 ibs pressure (121 C) for 15

min. Mix and pour. Set as slope.
7. Urea Agar (Christensen)

Testing for urease enzyme activity is important in differentiating

enterobacteria. Especially for proteus spp.

Formula in grams per litter

Peptic digest of animal tisSue...........oooviiiiiiiiiiiiii 1
DEXIIOSE ...ttt e 1
Disodium phosphate ...........cooiiiiiiii 1.20
Mono potassium phosphate............ccovviiiiiiiii i 0.80
Sodium chloride ..o 5
Phenol red ... ..o 0.012
N . ) 15
Final PH (At 25 C)unniii e e 6.8
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Preparation

Suspended 24g in 950 ml distilled water. Heat to boiling to dissolve medium
completely. Sterile by autoclave at 15 ibs pressure (121 C) for 15 min. Cool
to 50C and aseptically add 50ml of sterile 40% of urea solution mix and

pour. Set as slope.

Appendix (2): Interpretation chart for antimicrobial

susceptibility testing

Antibiotic disc Sensitive Resistance
Imipinem (30mcg) > 23mm <19mm
Co-trimoxazole(25mcq) > 16mm <10mm
Ciprofloxacin (5mcg) >21mm <15mm
Gentamicin (30mcg) > 17mm < 14mm
Ceftazidime (25mcq) >21mm <17mm
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Appendix (3) culture media and Allium sativum plant

Figure (3): Allium sativum plant
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Figure (4): The inhibition zone of Allium sativum extract against
Pseudomonas aeruginosa

Figure (5): The inhibition zone of Allium sativum extract against
Escherichia coli
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Figure (6): The inhibition zone of Allium sativumextract against
klebsiellapneumonia
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