


INVITRO ACTIVITIES OF ETHANOLIC EXTRACT OF CORIANDRUM SATIVUM (CORIANDER SEED) ON SOME SELECTED UTI ORGANISM



Abstract 
Urinary tract infection (UTI) is a common bacterial infection (contagion) known to affect the different parts of the urinary tract and the occurrence is found in both males and females. The urinary system includes the kidneys, ureters, bladder and urethra. Despite the fact, that both the genders are susceptible to the infection, UTI is more profound in women due to their anatomy and reproductive physiology. The infection is usually caused as a consequence of bacterial invasion of the urinary tract including the lower and the upper part of the urinary tract. The infection is named after the part that gets infected and is referred to as cystitis (bladder infection) and phylonephritis.
This study investigated the in vitro activities of the ethanolic seed extract of Coriandrum sativum (Coriander) against selected urinary tract infection (UTI) organisms. The quality and quantity of the secondary metabolites present in Coriandrum sativim (Coriander) seed extract, antioxidant potential and antimicrobial activity of the extract was assessed using standard methods. 
The phytochemical screening revealed the presence of bioactive compounds, including flavonoids, saponins, and alkaloids. The antioxidant potential was evaluated using DPPH, FRAP, and TBARS assays, showing significant dose-dependent antioxidant activity, though lower than the standard ascorbic acid. The extract demonstrated moderate antimicrobial activity against Escherichia coli and Klebsiella pneumoniae, with inhibition zones observed at higher concentrations (50 mg/mL for E. coli and 25 mg/mL for K. pneumoniae), though it required a higher concentration for bactericidal effects. These results suggest that coriander seed extract holds promise as an antioxidant agent but exhibits limited antimicrobial efficacy.	Comment by Dellse: Full form
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Introduction
Urinary tract infection (UTI) is a common bacterial infection (contagion) known to affect the different parts of the urinary tract and the occurrence is found in both males and females. The urinary system includes the kidneys, ureters, bladder and urethra. Despite the fact, that both the genders are susceptible to the infection, UTI is more profound in women due to their anatomy and reproductive physiology. The infection is usually caused as a consequence of bacterial invasion of the urinary tract including the lower and the upper part of the urinary tract. The infection is named after the part that gets infected and is referred to as cystitis (bladder infection) and phylonephritis (kidney infection) (Vasudevan, 2014). The term urinary tract infection applies to a heterogeneous group of clinical syndromes. Clinical entities encompassed by “UTI” include asymptomatic bacteriuria, acute uncomplicated cystitis, recurrent cystitis, complicated UTI, catheter-associated asymptomatic bacteriuria, catheter-associated UTI (CAUTI), prostatitis, and pyelonephritis. Appropriate classification of the UTI syndrome is crucial for optimal diagnosis and management (Kalpana Gupta, 2012). Clinically, UTIs are categorized as uncomplicated or complicated. Uncomplicated UTIs typically affect individuals who are otherwise healthy and have no structural or neurological urinary tract abnormalities; these infections are differentiated into lower UTIs (cystitis) and upper UTIs (pyelonephritis) (Ana L. Flores-Mireles, 2015).
Several risk factors are associated with cystitis, including female gender, a prior UTI, sexual activity, vaginal infection, diabetes, obesity and genetic susceptibility(Foxman, 2014). Complicated UTIs are defined as UTIs associated with factors that compromise the urinary tract or host defence, including urinary obstruction, urinary retention caused by neurological disease, immunosuppression, renal failure, renal transplantation, pregnancy and the presence of foreign bodies such as calculi, indwelling catheters or other drainage devices (Levison, 2013). Bacteria are the prime perpetrator responsible for conferring the infection among humans but the role of certain fungi and viruses cannot be over looked. However, the incidence of UTI as a result of viral or fungal infection is considered to be rare phenomena. Though the infection seems to be harmless in the initial stages, the patient shows a variety of symptoms as the stage progresses and can lead to death in severe circumstances (Vasudevan, 2014). 
UTIs are caused by both Gram-negative and Gram-positive bacteria, as well as by certain fungi. The most common causative agent for both uncomplicated and complicated UTIs is uropathogenic Escherichia coli (UPEC). For the agents involved in uncomplicated UTIs, UPEC is followed in prevalence by Klebsiella pneumoniae, Staphylococcus saprophyticus, Enterococcus faecalis, group B Streptococcus (GBS), Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus and Candida spp. (Foxman, 2014). For complicated UTIs, the order of prevalence for causative agents, following UPEC as most common, is Enterococcus spp., K. pneumoniae, Candida spp., S. aureus, P. mirabilis, P. aeruginosa and GBS(Ana L. Flores-Mireles, 2015). 
Pathogens associated with UTI are known to exhibit a property called as bio film formation which is responsible for causing the infection. 
Coriandrum sativum(coriander) is a widely used culinary spice recognised for its medicinal values and containing bioactive phytochemicals with a range of biological activities, including antioxidant, anticancer and anti-inflammatory properties. It is an upright and short-lived herbaceous plant usually growing 1-2 m. Stems and leaves: The branched stems are hairless (i.e. glabrous), mostly hollow, and have fine lengthwise (i.e. longitudinal) grooves. They are pale green in color but covered in distinctive purplish or pinkish blotches. The alternately arranged leaves are borne on long hollow leaf stalks (i.e. petioles) that tend to sheath the stem at their bases. The use of coriander dated back to around 1550 BC, and it will be one of the oldest spice crops in the world. Traditionally, it has been used as a stimulant, aromatic and carminative and to disguise the taste of purgatives. The powdered fruit, fluid extract and oil are chiefly used medicinally as flavouring to disguise the taste of active purgatives and correct their griping tendencies. The seeds can be applied locally to alleviate swelling and pains. Paste of green coriander are used for headache. The seeds can be included in many prescriptions as carminative and for the treatment of fever, diarrhoea, vomiting and indigestion (Al-Snafi, 2016). The green herb is also employed for the preparation of either steam-distilled essential oil or the solvent extracted oleoresin (Nadia G, 2012). This plant is used to cure digestive tract disorders, respiratory tract disorders, and urinary tract infections (S. Bhat, 2014).
SOME SELECTED ORGANISM CAUSING UTI
UTI is an inflammatory reaction caused by the invasion of pathogenic microorganisms in the urinary tract, which is a common infection among the inpatients in recent years, and the inappropriate use and abuse of broad-spectrum antibiotics for decolonization not only results in a decrease in the effectiveness of standard treatments, but also leads to the emergence of multidrug resistance. A modelling study showed that about 3 million severe infections will be caused by carbapenem-resistant Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae) worldwide (Yanhui Ding, 2021 ).
[bookmark: _Toc167979820]ESCHERICHIA COLI (E. COLI)
The bacteria Escherichia coli was discovered by German pediatrician Theodor Escherich (1857–1911), who isolated it from babies' feces in 1885 (B.S. Gunashree, 2022). E. coli is a gram-negative, non-sporulating, rod-shaped, facultative anaerobic, and coliform bacterium pertaining to the genus Escherichia that commonly inhabits the environment, foods, and warm-blooded animals' lower gut (B.S. Gunashree, 2022). In the domains of biotechnology and microbiology, it is the most widely studied prokaryotic model organism. It can live for long periods of time in feces, soil, and water, and is frequently used as a water contamination indicator organism. For 2–3 days, the bacterium multiplies rapidly in fresh feces under aerobic circumstances, but its numbers gradually fall after that. E. coli is gram-negative, straight, rod-shaped, non-sporing, non-acid fast, and bacilli that exist in single and pairs. Cells are typically rod-shaped, with 1–3 μm × 0.4–0.7 μm (micrometer) in size around 1 μm long, 0.35 μm wide, and 0.6–0.7 μm in volume (Britanica, 2015). It is motile due to peritrichous flagellar arrangement, and very few strains are non-motile. The optimal growth of E. coli occurs at 37°C (98°F) but some laboratory strains can multiply at temperatures of up to 49°C (120.2°F). It takes as little as 20 min to reproduce in favorable conditions (B.S. Gunashree, 2022), Fimbriated strains exist both as motile and non-motile. A polysaccharide capsule has been discovered in some E. coli strains isolated from extraintestinal infections. The E. coli capsules can be clearly seen using negative staining procedures, which produce a bright halo over a dark backdrop. They have a thin cell wall with only one or two layers of peptidoglycan (Köhler CD, 2011).
Antibiotic-resistant E. coli
Antibiotic resistance genes have been generated in many gram-negative bacteria and E. coli is not an exception. These bacteria evolved different mechanisms that confer resistance to anti-biotics. E. coli can produce extended-spectrum beta-lactamase (ESBL) that makes the bacteria resistant to beta lactams (e.g., cephalosporins, monobactams, etc.). Carbapenemase-producing E. coli strains, on the other hand, have genes that confer carbapenem resistance (e.g., imipenem, ertapenem, and meropenem). ESBL producing E. coli are a rapidly evolving group of β-lactamases, produced by certain types of bacteria where E. coli are the major ones. These enzymes can break down the active ingredients by cleaving the beta-lactam ring of penicillins and cephalosporin antibiotics, resulting in the inactivation of these drugs, there are at least 200 different types of ESBL enzymes, increasingly isolated as causes of complicated UTIs and remain an important cause of failure of therapy with cephalosporin’s and have serious infection control consequences. ESBL producing Enterobacteriaceae have been responsible for numerous outbreaks of infection throughout the globe and pose challenging infection control issues (B.S. Gunashree, 2022). These organisms are associated with multidrug resistance causing a high rate of mortality and treatment failure (Gandra S, 2019).
KLEBSIELLA PNEUMONIAE (K. PNEUMONIAE)
K. pneumoniae is gram-negative, non-motile, encapsulation-fermenting, optional anaerobic bacteria that are rod-shaped, established in normal mouth, skin, and intestines flora and feces of about 5% of people. It triggers tiny bacterial pneumonias. It may cause substantial hemorrhagic necrotizing lung consolidation. Occasionally, it induces urinary tract infection and focal lesion bacteremia in compromised patients (Farhan, 2020). K. pneumoniae is often linked to hospital infection. Some underlying diseases including malignantness, cirrhosis, biliary diseases, urinary and Infections of biliary tract, diabetes mellitus osteomas and bacteremia and alcoholism can impair the defenses of the person and increase the risk of K.  pneumoniae infection. 
This species is a second most common cause of GNB after Escherichia coli. K. pneumoniae bacteremia in general populations are responsible for significant morbidity and mortality. The most important features of K. pneumoniae infections are metastatic infections – for example, pyogenic brain abcess, meningitis, and endophthalmitis (Vuotto, 2014). 
K.  pneumoniae has been shown to develop in vitro as a biofilm since the late 1981s, but only in 1992 did Reid and his colleagues scan the bladder epithelial cells of a patient with spinal cord K. pneumoniae infection (Farhan, 2020). In vitro studies subsequently showed that approximately 41% of K. pneumoniae will be capable of developing biofilms not only from urine but also from sputum, blood and wound swabs (Farhan, 2020). 
K. pneumoniae was first isolated from the lungs of pneumonia patients by Friedlander in 1882. In 1886, this encapsulated bacterium, originally known as the bacillus of Friedlander, will be renamed Klebsiella. It will be later identified as a microorganism saprophyte that colonizes not only human gastrointestinal, skin and nasopharynx (Vuotto, 2014). 
  In respiratory tract and feces of approximately 5% of normal people, K. pneumoniae is found. It causes a small proportion of bacterial pneumonia (approximately 1%). K. pneumoniae can achieve extensive lung consolidation by hemorrhagic necrotizing. It sometimes triggers urinary tract infection and bacteremia with focal lesions in compromised patients. Some enterics can also cause pneumonia. K. pneumonia and K. oxytoca cause infections from hospitals. 
K. pneummiae an individual from the human digestive system verdure is every now and again related with clinic obtained contamination. Certain hidden sicknesses, for example, danger, cirrhosis, biliary lot issues, urinary and biliary plot diseases, osteomyelitis and bacteremia diabetes mellitus, and liquor abuse may hinder a person's guards and increment the danger of K. pneumoniae contamination. K. pneumoniae is the second greatest regular reason for gram-negative bacteremia after Escherichia coli. K. pneumoniae bacteremia causes noteworthy bleakness and mortality all in all populaces. Metastatic diseases, for example, pyogenic cerebrum boil, meningitis, and endophthalmitis–are the best significant attributes of K. pneumonia diseases. (Tsai, 2010). 
K. pneumoniae could be divided into three sequence clusters; K. pneumoniae subsp. pneumoniae, K. pneumoniae subsp. ozaenae and K. pneumoniae subsp. Rhinoscleromatis (Farhan, 2020).

Materials and Methods
Reagents and plantmaterials
Solvents and chemicals used in the experiment were analytical grade and purchased from yola, nigeria. Distilled water was used throughout the experiment. Coriander seed was purchased from Jimeta market in Adamawa State, Nigeria. It was identified and authenticated in Plant Sciences Department of Modibbo Adama University, Yola.
[bookmark: _Toc167979826]Collection of test organism
Clinical Isolates of Escherichia coliand Klebsiella pneumoniae obtained from the Specialist Hospital Jimeta Yola North, was used for the determination of the antimicrobial effectiveness of the Coriander seed. The bacteria were pre-cultured in Nutrient broth (NB) overnight in an incubator at 370C. Afterward, each strain was adjusted at a concentration of 108 cells/ml using 0.5 McFarland standard (Bhalodia and Shukla, 2011; Gonelimali et al., 2018).
Processing of Sample
The Coriander seed was rinsed, kept under shade at room temperature to exclude direct sunlight in order to prevent the active constituents of the seed from being degraded due to photochemical reactions. They were air dried for eight days after which, they were  observed to dry. The dried seed was gathered, and crushed with grinder (mortar and pestle). The powder was weighed using an electric weighing balance and was stored in air tight bags at room temperature and used for further extraction. (Unaeze et al., 2017).
[bookmark: _Toc167979829]Extraction of Coriander seed
Two types of extracts were prepared for each studied plant: ethanolic extracts (ethanol) and aqueous extract (distilled water) (Lawaly et al., 2017; Unaeze et al., 2017).
Ethanolic Extraction
Firstly, 50 grams of grounded air-dried plant material was shaken (120 cycles /min) in 400 ml of the solvent (ethanol), at room temperature for 48 hours. The insoluble material was filtered using filter paper (Whatman No.4) and evaporated to dryness in a water bath at 60 ⁰C. The extracts were weighed and placed in a refrigerator at -4 °C in sealed glass bottles until use (Lawaly et al., 2017).
Aqueous maceration
50 grams of grounded air-dried plant material was macerated in 250 ml of distilled water, at room temperature, under shaken, for 48 hours. The macerate was filtered using filter paper (Whatman No.4) and the filtrate was concentrated to dryness in a water bath at 60⁰C. The extracts weighed and placed in a refrigerator at -4 °C in sealed glass bottles until use (Lawaly et al., 2017).
Phytochemical Screening  
Standard methods were used for the screening of the selected medicinal plants for various phytochemical constituents (Sofowora, 1993). The extract were tested for the presence of tannins, saponins, flavonoids, alkaloids, terpenoids, steroids, phenols and quinones. The reading of the results was carried out by direct visual observation of the coloration profile of the reactions and or the formation of precipitates (Lawaly et al., 2017).
Determination of In Vitro antioxidant assay
The quantitative antioxidant activity of the methanol extracts was determine using FRAP assay, DPPH assay and TBARS, carried out according to the method described by Suthar singh et al., (2011).
Preparation of Media 
All the media used (MacConkey agar, Mueller-Hinton agar, Nutrient agar, Nutrient broth, Triple sugar iron (TSI), and Simon citrate agar), was prepared according to the producer’s manuscript and was used for the microbial culture. Prior to culturing, test for sterility was carried out by incubating the plate at 37 0C for 24 hours in order to confirm the sterility of the media (i.e. to check for presence or absence of contaminants (Cheesbrough, 2009). 
Identification of Bacteria
The pre-cultured strains were sub-cultured on freshly prepared MacConkey agar using streak plate method. All the isolates were further subjected to Gram Staining and a series of biochemical tests for identification.
[bookmark: _Toc167979840]Gram Staining
A drop of distilled water was placed on a clean grease-free glass slide using a sterile wire loop, and then a loop of the bacterial isolate was smeared on the water which will be then allowed to air dry. It was then passed through a flame twice in order to heat fix it. One to two drops of crystal violet were added and left for 60 seconds before will behing it with distilled water. Grams iodine (mordant) was added and will behed away with distilled water after 1 minute. It was then decolorized by flooding with 95% acetone and will behed with distilled water after 15 seconds and then finally adding safranin which was also will behed with distilled water after 2 minutes. The glass slide was left to air dry and examined under the microscope using the x100 (oil immersion lens) (Cowan et al., 2002; Emmanuel et al., 2017).
[bookmark: _Toc167979841]Biochemical Tests
The following biochemical tests; Methyl red - Voges-Proskauer, catalase, Indole, citrate, and Triple sugar iron (TSI) test was carried out according to standard laboratory district practice described by Cheesbrough, (2012).
Methyl Red – Vorges-Proskauer (MR-VP)
Colonies from each stock culture was inoculated into a MR-VP broth and incubated at 37oC for 24 hours. Each broth showing growth was divided into two, 5 drops of methyl red indicator was added to the first broth, and the presence of red color on the surface of the medium suggested a positive test.While the other half was added upon by the first reagent for V.P test (0.6ml of 5% alpha naphthol) followed by second V.P reagent (0.2ml 40% potassium hydroxide: KOH). Appearance of red colour within 15 minutes indicates a positive result (Cheesbrough, 2012).
Indole
Each of the isolates was inoculated into 5ml of peptone water and was incubated at 37oC for 24hours. Five drops of Kovacs reagent were added to each and the presence of pink color indicates a positive result (Cheesbrough, 2012).
Citrate Test
A colony from each of the isolates was stabbed into Simmon’s citrate agar medium in a straight direction and the surface streaked. The tubes was incubated over night at 37oC. The medium was observed for colour change from green to blue which indicated a positive test (Cheesbrough, 2012).
Catalase test
 A drop of 10% Hydrogen peroxide (H 2O2) was placed on each side of the slide, and then the colony of the test organism was emulsified on the H2O2 on one side of the slide to observe the presence of bubbles which indicated a positive test (Cheesbrough, 2012).
Triple Sugar Iron Test (TSI)
Colony from each isolate was stabbed into TSI medium in straight direction and the slant streaked. The tubes were incubated over the night at 37oC.The medium was observed for colour change at the slant and butt (Cheesbrough, 2012).
Antimicrobial Assay
[bookmark: _Toc167979843]Standardization of Inoculum
Suspension of each of the test organism was made by collecting a loop full of colony from each plate and was incubated at 37oC for 18 hours in 5ml of nutrient broth. The broth culture of the test organisms grown 24 hours, was diluted using distilled water to inoculums load of approximately 1x108cfu/ml (Lalitha, 2004). The active growing culture was adjusted or standardized by the gradual addition of a sterile distilled water to achieve an optimally comparable turbidity with that of 0.5 McFarland standards which is approximately 1.0x108cfu/ml as described by Lalitha (2004).
[bookmark: _Toc167979844]Antimicrobial Screening
Agar well diffusion method was used to screen the antibacterial activities of different solvent extracts as displayed by (Daoud et al., 2015). One ml of fresh bacterial culture was spread (lawn culture) using a spreader on a freshly prepared Muller Hinton agar (MHA) in a sterile Petri dish an allowed to be absorbed. Upon absorption, wells were made using a sterile cork borer (6 mm in diameter) into agar plates containing inoculums. Then, 100 µl of each extract (20% w/v) was added to the respective wells. The plates were then placed in the refrigerator for 30 min to let the extracts diffuse well into the agar. Then, the plates was incubated at 370C for 18 hours. Antimicrobial activity was recorded by measuring the zone of inhibition (including the wells diameter) appeared after the incubation period. Distilled water at was employed as a negative control (Gonelimali et al., 2018).
[bookmark: _Toc167979845]Determination of Zone Inhibition
Nutrient agar medium was prepared and autoclaved at standard temperature of 1210 C, pressure of 15 psi (pounds per square inch) for a time period of 15 minutes. The autoclaved medium was aseptically transferred into pre sterilized Petri plates which are allowed to cool for solidification of medium. Now in aseptic conditions, on the solid agar surface, culture of Escherichia coli, Klebsiella pneumoniae, was inoculated by spread plate method in different Petri plates respectively. Thereafter, under aseptic conditions, saturated filter paper discs were placed on the inoculated solid agar surface. Similarly, commercially available streptomycin (10mcg) antibiotic discs was placed aseptically on the inoculated solid agar surface. The Petri plates was finally marked accordingly and incubated at 370 C for 48 hours. (A. O. T. Ashafa, 2010)
[bookmark: _Toc167979846]Invitro Determination Using ABTS Radical Scavenging Assay
The method of Re et al. (1999), was adopted for this experiment. The stock solutions included 7 mM ABTS. + solution and 2.4 mM potassium persulfate solution. Varying concentrations of the plant extracts (1.0 ml) was allowed to react with 1 ml of the ABTS. + solution and the absorbance taken at 734 nm after 7 min using the spectrophotometer (Beckman, DU 7400, USA). The ABTS. + scavenging capacity of the extract was compared with that of standard (BHT) antioxidant and percentage inhibition was calculated thus. ABTS radical scavenging activity (%) = [(Abscontrol - Abssample)]/(Abscontrol)] x 100 where Abscontrol is the absorbance of ABTS radical + methanol; Abssample is the absorbance of ABTS radical + sample extract /standard. (Nayan R. Bhalodia, 2012).

Results & Discussion
STATISTICAL ANALYSIS
The experimental results were expressed as mean ± standard deviation (SD) of three replicates. EC50 values (concentration at which 50% inhibition will be achieve) was obtain from the regression plots. Where applicable, the results were treated to a one-way analysis of variance (ANOVA) and the significant difference (P < 0.05) between means was determine by LSD using SPSS version 15.0 for Windows.
The qualitative phytochemical screening for secondary metabolites of the seed ethanolic extract of Coriandrum sativumis presented in Table 1. Antioxidant activity of the extract using 1,1-diphenyl-2-picryhydrazyl (DPPH), ferric reducing antioxidant potential (FRAP) and thiobarbituric acid reactive substances (TBARS) were presented in Table1,2,3,4 respectively.

Table 1: Qualitative Phytochemicals Screening of the Ethanolic Seed Extract of Coriandrum sativum (Coriander)
	 Chemical constituents  
	Coriandrum sativum

	Phenols
	-

	Flavonoids
	+

	Saponins
	+

	Alkaloids
	+

	Tannins
	-

	Steroids
	-

	Cardiac glycosides 
	-



Keys:   ‘+’ presence of compound;    ‘-’ absence of compound.



Table2: Antioxidant Potential of Ethanolic Seed Extract of Coriander sativum using 1,1-diphenyl-2-picryhydrazyl (DPPH)
	Concentrations (mg/ml)
	Percentage Inhibition (%)

	
	Ascorbic acid
	Coriander seed extract

	20
	60.19 ± 0.54
	41.47 ± 0.53

	40
	74.30 ± 0.71
	45.64 ± 0.10

	60
	77.32 ± 0.47
	57.74 ± 0.80 

	80
	84.59 ± 0.62
	61.27 ± 1.28

	100
	93.95 ± 0.53
	62.92 ± 0.97


IC50				51.85				50.20

Values are expressed as mean ± standard deviation of triplicate measurements (n = 3)
FIG 1.
[image: ]



Table 3: Antioxidant Potentialof Ethanolic Seed Extract of Coriander sativum using Ferric Reducing Antioxidant Power (FRAP)
	Concentrations (mg/ml)
	Percentage Inhibition (%)

	
	Ascorbic acid
	Coriander seed extract

	20
	75.49 ± 0.30
	73.03 ± 0.11

	40
	79.30 ± 0.47
	77.74 ± 0.03

	60
	86.67 ± 0.20
	84.61 ± 0.06

	80
	91.48 ± 0.10
	84.43 ± 0.19

	100
	92.43 ± 0.03
	89.06 ± 0.35


IC50					51.58				50.28	

Values are expressed as mean ± standard deviation of triplicate measurements (n = 3)
FIG 2.
[image: ]


Table 4: Antioxidant Potential of Ethanolic Seed Extracts of Coriander sativum using Thiobarbituric Acid Reactive Substances (TBARS)
	Concentrations (mg/ml)
	Percentage Inhibition (%)

	
	Ascorbic acid
	Coriander seed extract

	20
	55.53 ± 0.49
	49.14 ± 0.12

	40
	61.40 ± 0.37
	55.87 ± 0.32

	60
	68.22 ± 0.44
	64.16 ± 0.24

	80
	79.45 ± 0.32
	69.43 ± 0.42

	100
	90.59 ± 0.44
	76.08 ± 0.24

	IC50
	65.48
	55.44


Values are expressed as mean ± standard deviation of triplicate measurements (n = 3)
FIG 3.
[image: ]



Table 5: Antimicrobial Activity (MIC and MBC) of Ethanolic Seed Extract of Coriander sativum on Selected Microorganisms
	Isolates
	MIC Zone of Inhibition (mm)
	MBC

	
	50
	25
	12.5
	6.25
	3.125
	

	Escherichia coli
	+
	-
	-
	-
	-
	50

	K. pneumoniae 
	-
	+
	-
	-
	-
	50



[bookmark: _gjdgxs]Keys: 	mm = millimeter
	+	= Activity
· = no activity (no zones of inhibition)
Standard Control	– 	Chloramphenicol


Antimicrobial Activity (MIC and MBC) of Ethanolic Seed Extract of Coriander sativum on Selected Microorganisms
The antimicrobial activity of the ethanolic seed extract of Coriandrum sativum was assessed against Escherichia coli and Klebsiella pneumoniae using minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) tests. The results indicate that the extract exhibits selective antimicrobial activity at higher concentrations.
For Escherichia coli, inhibition was observed at the highest concentration of 50 mg/mL, while no activity was detected at lower concentrations (25 mg/mL and below). The minimum bactericidal concentration (MBC) for E. coli was determined to be 50 mg/mL, indicating that the extract can inhibit growth but requires this concentration to have a bactericidal effect.
[bookmark: _Hlk179095785][bookmark: _Hlk179063708]For Klebsiella pneumoniae, inhibition was detected at 25 mg/mL, with no activity at other concentrations. The MBC for K. pneumoniae was also 50 mg/mL, indicating that a higher concentration is required to effectively kill the bacteria.
The findings of this study showed that the ethanolic seed extract of coriander demonstrated moderate antimicrobial activity, with inhibition at higher concentrations (50 mg/mL for E. coli and 25 mg/mL for K. pneumoniae). However, the extract's bactericidal effectiveness is limited, as it requires concentrations of 50 mg/mL to achieve bacterial death for both microorganisms.
DISCUSSION
Coriandum sativum (coriander seed) has an effective antimicrobial and antioxidant activity  as agreed with the work of Pandey et al. (2020).
With the presence of secondary metabolites (flavonoids,saponins,alkaloids), it is reported that coriandum sativum (coriander seed) can inhibit the growth of Escherichia coli as seen in table 5 of our result and this agrees with the work of Maan, M. A., & Bhadouria, R. (2013). It shows a dependent dependent activity, the higher the dose the higher the inhibition of the organism.  Coriandum Sativum is also reported to inhibit the growth of k.pnuemoniea at low concentration indicating that a higher concentration is required to effectively kill the bacteria as agreed by Zohra M et al., (2016). Klebsiella pneumoniae, inhibition was detected at 25 mg/mL, with no activity at other concentrations. 
We can therefore say, that coriander seed is able to solve problems associated with urinary tract infection by its ability of effectively inhibite the growth of E.coli and K.pnuemoniea at the right concentrations. 
This study showed that the ethanolic seed extract of coriander demonstrated moderate antimicrobial activity, with inhibition at higher concentrations (50 mg/mL for E. coli and 25 mg/mL for K. pneumoniae). However, bactericidal activity is limited, as it requires concentrations of 50 mg/mL to achieve bacterial death for both microorganisms.
 CONCLUSION
This study highlights the potential of Coriandrum sativum seed extract as a natural antioxidant due to the presence of several secondary metabolites such as flavonoids, saponins, and alkaloids, which are known for their antioxidant properties. Although the extract exhibited moderate antimicrobial activity against Escherichia coli and Klebsiella pneumoniae, it was not highly effective at lower concentrations. The findings suggest that while coriander seed extract may serve as a good antioxidant, its use as an antimicrobial agent may be limited unless applied at higher concentrations.
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