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Abstract
The search for alternative medicine for the treatment of pathogenic organisms associated with urinary tract 
infection (UTI) is on increase. The study was carried out to determine the antimicrobial activities of Ocimum 
gratissimum leaf extracts on three urinary tract pathogens; Escherichia coli, Staphylococcus aureus and Candida 
albicans, using their corresponding standard oganisms as controls. The phytochemical analysis of aqueous and 
alcoholic contents of Ocimum gratissimum leaf extracts revealed the presence of; alkaloids, carbohydrates, 
flavonoids, glycosides, phenolics, saponins, steroids, and tannins. The minimum inhibitory concentration (MIC), 
minimum bacteriostatic concentration (MBC) and minimum fungustatic concentration (MFC) of the extracts 
tested on the three uropathogens was 62.5 to 125 mg/ml. The ethanolic extracts at the concentration of 500mg/ml 
exhibited strong activity against the urinary pathogens with maximum zones of inhibitions of 23.5±1.5, 23.6±0.6 
and 18.25±1.3mm while the aqueous extracts at the same concentration showed weak antimicrobial activity at 
3.5±0.5mm as the highest zone of inhibition and 1.4±0.0mm as the lowest zone of inhibition. Notably, the inhibition 
zones increased with increase in extracts concentration and decreased with decrease in the concentration of 
extracts. Meanwhile, 12 fractions were eluted from O. gratissimum leave extract. The major phytochemical 
fractions were mainly alkaloids, flavonoid, and saponins. This study showed that the ethanolic extracts of Ocimum 
gratissimum is a good antimicrobial agent in-vitro and should not be neglected as an alternative medicine for 
treatment of pathogenic UTIs. 

Introduction
The use of medicinal plants as traditional and alternative 
medicine is well known in rural areas of many developing 
countries and has been globally accepted and encouraged 
(WHO, 2016; Ezekwesili-Ofili & Okaka, 2019; Obeta et al., 
2020). In Nigeria, Ocimium gratisimum (scent leave) have been 
used for making soup and stew (Obeta et al., 2021), eradication 
of Mosquitoes (Agbalaka et al., 2021; Anzaku et al., 2021) and 
for various medicinal uses (Bhavani et al., 2021; Lunyera et 
al., 2016). Nwinyi et al. (2009) investigated the antibacterial 
activity of the aqueous extracts of Ocimum gratissimum against 
Escherichia coli and Staphylococcus aureus. Dhanalakshmi 
et al. (2013) and Chijioke et al. (2014) also investigated the 
antibacterial activity of some medicinal plants used against 
Uropathogen pathogens and concluded that extracts of plants 
origin has remarkable anti microbial activity as compared 
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to antibioticactivity. It was made known that organisms are 
gaining resistance day by day towards most of the anti biotics 
used for the treatment of UTI. As a result of this, so many 
natural products are being tried to overcome the antibiotic 
resistant action of these organisms. The present study has been 
undertaken to identify effective herbal medicines to control 
UTI since herbal medicines are available in our environment 
and believed to be safe when compared to antibiotics. If these 
medicinal plants continue to show antimicrobial activities 
against most pathogenic organismtht threatens human health, 
it will be an evidence that natural medicine can complement 
or take the place of antibiotics in future (Dhanalakshmi, 2013; 
Bazzaz et al., 2021) .

It has also been investigated that the essential oil of Ocimum 
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gratissimum contains eugenol and shows some evidence of 
antibacterial activity (Nweze & Eze, 2009). A polyherbal 
preparation of aqueous extract obtained from the leaves of 
Gongronema latifolia, Vernonia amygdalina and Ocimum 
gratissimum showed analgesic activity against many pathogenic 
organisms (Iroanya et al., 2009). The essential oil has potential 
for use as a food preservative (Nguefack et al., 2009) and is 
toxic to Leishmania. The oil of Ocimum gratissimum has been 
formulated into creams for clinical trials where favourable 
against certain dermatological disorders caused by pathogenic 
microbes (Sofowora, 1993). Many scientists have carried 
out researches on Ocimum gratissimum leaf extracts and 
discovered that the leaf possess antidiabetic properties and 
anti-hyperlipidemic effect against many pathogenic organisms 
(Owoyele et al., 2005), (Egesie et al., 2006), (Ayinla et al., 
2011), (Shittu et al., 2016).

Lexa et al(2006) was able to demonstrate the anti fungal 
property of Ocimum gratissimum and discovered that the 
chloroformic fraction of  the extract  in hibited 23 isolates 
(92%) of Cryptococcus ne of or mans at a concentration of 
62.5µg/ml (Silva et al., 2007) in vitro against humanpathogenic 
dermatophytes (Lexaetal., 2006). The essential oil of O. 
gratissimum has antimicrobial activities against pathogenic 
strains of Gram positive (S. aureus, Bacillus spp) and Gram 
negative (E. coli, P. aeruginosae, S. typhi, K. pneumonia, 
P.mirabilis) bacteria and pathogenic fungus C. albicans 
(Matasyoh et al., 2007). Ocimum gratissimum is rich in 
alkaloid, tannins, phytates, flavonoids,oligos accharides and has 
tolerable cyanogenic content (Nakaruma et al., 1999), (Lemos 
et al.,2005). The plant contains terpenoids, eugenol, thymol, 
saponins and alkaloids. The essential oil of O. gratissimum 
has antimicrobial activities against pathogenic strains of Gram 
positive (S. aureus, Bacillus sp) and Gram negative (E. coli, P. 
aeruginosae, S. typhi, K. pneumonia, P.mirabilis) bacteria and 
pathogenic fungus C. albicans (Matasyoh et al., 2007).

In traditional medicine, the leaves have been used in the 
treatment of UTIs, rubbed between palms to prevent cold, 
sniffed inside the nose to clear blocked nostrils, used as anti-
diarrhea agent, and for the treatment of conjunctivitis by 
instilling directly into the eyes. Despite all thes, there is no 
evidence to back it up. 

This study was carried out to evaluate the antimicrobial effects 
of ethanolic and aqueous extracts of Ocimium gratisimum L. 
(Lamiaceae) used in traditional medicine for the treatment 
of several ailments such as urinary tract infection on clinical 
isolates namely: Escherichia coli and Staphylococcus aureus 
and Candida albicans in comparison with a typed bacterium 
of E.coli (ATCC 11775), S. aureus (ATCC 6538) and typed 
fungal strain of Candida albicans (ATCC 10231). 

The specific objectives was to carry out Ocimum gratissimum 
leaf extraction; to determine the in vitro activities on 
E .coli, S. aureus and C. albicans respectively through 
antimicrobial susceptibility assay; to determine the Minimum 
inhibitory Concentration (MIC) and Minimum Bacteriocidal 

Concentration (MBC) and to identify the bioactive compounds 
and fractions in the extracts that has the highest antimicrobial 
activity against the UTI isolates. 

Materials and Methods
Collection and Preparation of Ocimum gratissimuml leaf
The Ocimum gratissimum leaves as shown in figure 1 used for 
this study was collected from Polo area of Jos in Jos North LGA, 
Plateau State within the month of July, 2020. It was identified 
in Habarium of Plant Science Department in University of Jos 
with voucher number UJH16000270. The leaves were washed 
and allowed to air dry and then grinded into fine powder in line 
with the method described by Nweze et al. (2009). The extract 
was sieved, labeled, weighed into sterile dry containers and 
stored at room temperature for use. The two solvents used for 
the extraction of the leaves were Water, and Alcohol.

Figure 1: Ocimum gratissimum Leaf

Extraction Method 
Aqueous extraction was carried out using the cold maceration 
method accoding to the method described by Ncube et al. (2008) 
while the method described by Nweze et al. (2009) was used 
for the ethanolic extractions. The extracts were concentrated 
at reduced pressure to dryness at 40°C using rotary evaporator 
and a greenish black coloured sticky residue was obtained 
which was used to calculate the yield of each extract (formula 
1). The extracts were then stored in refrigerator at 40C.

Percentage yield of extracts = W2 - W1         (1)
                                                 W0 x 100
Where:
W2 is the weight of the extract and the container,
W1 is the weight of the container alone and  
W0 is the weight of the initial dried sample

Phytochemical Analysis of Extracts
Phytochemical analysis of each extract was carried out using 
the description of Kolkate et al. (2003) to a certain the presence 
or absence of phenols, alkaloids, flavonoids, tannins, saponins, 
steroids and glycosides. Identification of Fractions was carried 
out using Thin-Layer chromatography (TLC) and column 
chromatography respectively. 
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The Preparation of the TLC Plates, choice of Solvent 
System (hexane, ethyl acetate and water (4:2:1), preparation 
of stock extracts to be spotted, development of Thin layer 
chromatography (TLC), procedure for column chromatography, 
detection of bands and calculation of retardation factor (Rf) 
was done using formular (2) according to method earlier 
described by Harwood et al. (1980) and Martins (2013).

Rf        =   Distance traveled by the solute                                                (2)
             Distance traveled by the solvent front TLC plate
Distance traveled by the solvent front TLC plate

Antimicrobial activity of the fractions was carried out on 
the 5 fractions of the leaves against the 3 different organisms 
used. The zones of inhibitions were measured and recorded.

Collection of Standard Strain
Standard strains species which were used as controls were; 
Escherichia coli (ATCC 11775), Staphylococcus aureus 
(ATCC 6538) and Candida albicans (ATCC 10231) obtained 
from Microbiology laboratory of National Veterinary Research 
Institute (NVRI) Vom. The Staphylococcus aureus strains 
was cultured on Blood agar plates at 37°C and maintained 
on nutrient agar slants while the Candida albicans strain was 
grown on Sabroud dextrose agar (SDA) plate and maintained 
on SDA slant at 40C. 

Collection and culturing of urine samples
Already confirmed urine samples of patients suffering from 
urinary tract infection were collected from the Laboratory of 
Bingham University Teaching Hospital Jos. 

Identification of organisms 
Colonies from the cultured plates were selected and 
characterized on the basis of morphological, cultural, 
physiological and biochemical characteristics. 

Standardization of Test Organisms 
Standardization of test organisms was done in Microbiology 
laboratory of Jos University. The suspension was incubated at 
37oC for 24hours and the size was adjusted by diluting each 
suspension with sterile broth to the 0.5 MacFarland standard 
turbidity (CLSI, 1998) approximately 1.5 × 106 CFU/ml.

Antimicrobial susceptibility testing 
The antimicrobial activities of the extracts were tested on the 
organisms using the agar-well diffusion method according to 
method described by Pottumarthy et al., 2006 using Mueller-
Hinton agar plates.

Assessment of Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration was determined 
according to national committee for clinical laboratory 
standard (NCCLS) (1998) using standard two-fold dilution 
broth methodology. 

Determination of Minimum Bacteriocidal Concentration 
and Minimum Fungicidal Concentration (MBC and MFC)

5ul of each extract from each tube that exhibited no growth 
was taken and incubated at 37oC for 24h. With the aid of 
positive and negative cultures, the lowest concentration that 
shows no visible bacterial growth after sub-culturing was 
taken as MBC and MFC. Freshly prepared sterile nutrient agar 
was poured separately into sterile petridishes and allowed to 
set firmly, a loopful of mixture in the tube not showing growth 
was transferred to the agar in the plates and incubated for 24 
hrs. At 37oC and observed for growth. The plate that did not 
show growth was recorded as MBC and MFC against the test 
organisms, respectively.

Statistical Analysis 
One way analysis of variance (ANOVA) was used to statistically 
analyze all the data obtained from research using Statistical 
Package for Social Sciences (SPSS) Software version 22 and 
results were recorded. 

  
   (a) Dried, weighed extracts            (b) Soaking of extracts

  
       (c) Crude extracts                   (d) Drying of extract in  
        rotaroy evaporator

  
    (e) Drying of ethanolic         (f) Drying of aqueous extracts 
          extracts on hot plate               In hot water bath
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   (g) Phytochemical tests  (h) Macfarland standard

     
(i) Column packed with silica gel    (j) Elution of fractions

(k) Frictions elluteded from column

Figure 2: Extraction Processes of Ocimum gratissimum leaves

Results
The results of the analysis carried out on the Ocimum 
gratissimum leaves extract are presented as follows:

NAME OF 
PLANT

SOLVENT
USED 
FOR 
EXTRACTION

WEIGTH OF 
POWDERED     
EXTRACT

W E I G H T 
OF CRUDE 
EXTRACTS

Ocimum 
gratissimum 

Water 300g 147.0g

Ocimum 
gratissimum

Ethanol 300g 130.1g

Table 1: The Yield of Extracts of Ocimum gratissimum

Extraction Solvents Ocimum gratissimum
AQUEOUS ETHANOL 

Phytochemicals
Tannins + ++
Alkaloids                                                 + +++
Flavonoids ++ +++
Saponins                                                 + +++
Glycosides                                              - +
Steroids                                                 - +
Phenolics ++ +++
carbohydrates + -

Key:  (+++) = Highly present,
           (++)  = Moderately present,
           (+)     = Slightly present, (–) =Absent
Table 2: Phytochemical Composition of Aqueous and 

Ethanolic Extracts of Ocimum gratissimum Leaves

Thin Layer Chromatography (TLC)
Thin-layer chromatographic study revealed that the ethanolic 
and aqueous extracts of O. gratissimum has a maximum of 5 
bands. The solvent front was 7.0cm with RF of between 0.14-
0.53 as shown in figure bellow. 

  
a. Aqueous extract

b. Ethanolic extract
Figure 3: Thin-layer chromatographic bands of Ocimum 

gratissimum leaves extract
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FRACTIONS OF OCIMUM GRATISSIMUM LEAVES EXTRACT ELUTED FROM COLUMN CHROMATOGRAPHY 
During column chromatography, 12 fractions were eluted from O. gratissimum leaves extract.For the, bioactive compounds the 
distance moved by the solvent front was 8.0cm with RF value of between 0.06- 0.44 as shown in Tables 3 and Figures 4. 

No. of Bands Fraction Rf values Colour of bands Spraying Reagent Colour of bands appeared Phytochemicals 
Detected

1 F1 0.31 Light green Ammonia solution Dark grey Flavonoid
2 F2-3 0.43 Dark green Conc. HCl Dark brown Saponins
3 F4-6 0.29 Orange D r a g e n d o r f f s 

reagent
Orange Alkaloid

4 F7-9 0.14 Light yellow Ammonia solution Yellow Flavonoid
5 F10-12 0.17 Light grey FeCl3 Red Phenol

Table 3: ELUTION PROFILE OF COLUMN CHROMATOGRAPHY OF ETHANOLIC LEAF EXTRACTS OF OCIMUM 
GRATISSIMUMIN ON MOBILE PHASE OF N- HEXANE: ETHYL ACETATE: WATER (4:2:1)

  
               (a)    F1-4,                           (b)     F5-8,                                               (c)      F9-12
Figure 4: TWELVE FRACTIONS OF O.GRATISSIMUM LEAVES EXTRACT ELUTED FROM COLUMN 

CHROMATOGRAPHY
SUCEPTIBLITY OF THE DIFFERENT FRACTIONS 
AGAINST TEST ORGANISMS
The antimicrobial activity of the extract of Ocimum gratissimum 
were located at RF values of between 0.06- 0.44. F1 has the 
highest activity on Escherichia coli with zone of inhibition of 
20.00mm, 9.11mm on Staphylococcus aureus and 6.01mm 
against Candida albicans. F 2-3 shows the antimicrobial 
activity on Escherichia coli with zone of inhibition of 
15.00mm, 8.01mmon Staphylococcus aureus and 7.00mm on 
Candida albicans, F4-6 also showed activity on Escherichia 
coli with zone of inhibition of 6.03mm, 4.02 against S.aureus 
and 2.00mm against Candida albicans while F 7-9 did not 
show activity against Escherichia coli, Staphylococcus aureus 
and Candida albicans, F10-12 also did not show any activity 
on any of the organisms.

Ocimum gratissimum        
Fraction E. coli   Staph aureus  Candida albicans
F1 20.00          9.11                 6.01
F 2-3      15.00 8.01 7.00
F4-6      6.03 4.02 2.00
F 7-9     - - -
F10-12 - - -

Key: 
(-) = No inhibition     F = Fraction
Table 4: THE ANTIMICROBIAL ACTIVITY OF THE 
DIFFERENT FRACTIONS OF O.gratissimum LEAVE 

EXTRACT AGAINST THE THREE UROPATHOGENS

 
  (a)    (b)

(c)
Key: F = Fraction
Figure 5: Inhibition zones of the fractions from column 
chromatography on the uropathogens (a. E.coli, b. S.aureus, c. 

C. albicans ) respectively
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Identification of Test Organisms 
Each organism was identified using their specific biochemical 
tests. Confirmatory tests carried out to identify the isolates were 
Gram staining reaction, indole test, catalase test, coagulase test 
and germ tube test. It was observed that E. coli was negative 
for Gram staining reaction, positive for indole test, negative for 
catalase, coagulase tests, and germ tube test. Staphylococcus 
aureus was catalase positive, positive for gram staining 
reaction, negative forindole test, and coagulase positive and 
germ tube test negative. C. albicans was only positive for 
germ tube test negative for Gram staining reaction, indole test, 
catalase production and coagulase test as shown in table 5. 

Gs In Cat Cao Gtt Identity of isolates
- + - - - E. coli
+ - + + - Staph aureus
+ - - - + C.albicans

Key: Gs-Grams staining Reaction, In-indole; Cat- catalase; 
Coa-coagulase, Gtt-germ tube test, +: Positive -: Negative. 

Table 5: IDENTIFICATION OF UTI ISOLATES

Antimicrbial Activity of Aqueous Extract of The Leaves on 
The Three Uropathogens
The aqueous extract of Ocimum gratissimum leaves extract 
showed weak antimicrobial activity on the test organisms with 
3.5±0.5mm as the highest zone of inhibition at a concentration 
of 500mg/ml and 1.4±0.0mm as the lowest zone of inhibition at 
a concentration of 31.25mg/ml.

Table 6 shows the susceptibility of aqueous extract of Ocimum 
gratissimum leaves extract on the three UTI isolates and 
also on standard strains. It was observed that all the three 
isolates were inhibited at concentration of 500mg/ml with 
varying zones of inhibitions. Also at 250mg/ml and 125mg/
ml all the three isolates were also inhibited at varying zones 
of inhibitions but at concentration of 62.5mglml, only S. 
aureus was inhibited with zone of inhibition of 0.5±0.7c while 
the other test organisms were not inhibited. At 31.25mg/ml 
none of the organisms was inhibited. The LSD was calculated 
against each organisms with S.aureus having the highest LSD 
of 1.80 and E.coli ATCC11775 having the least LSD of 0.74. 
Means tagged with different letter alphabet are significantly 
different at P=0.05 example 5.5±0.5a and 2.1±0.1b against 
E.coli while Means tagged with the same letter of alphabet 
are not significant at P=0.05 example 2.1±0.1b and 1.6±0.6b 
against E.coli.

conc(mg/ml)         E.coli   
(mm)            

S.aureus  
(mm)                   

C.albicans   
(mm)                      

E.coli 
ATCC11775     
(mm)                           

S.aureus ATCC 
6538  (mm)                                

C .a lb icans 
ATCC10231
(mm)

500 3.5±0.5a 3.0±1.1a 2.0±0.0a 3.9±0.1a 3.1±0.1a 2.5±0.5a
250 2.1±0.1b 2.1±0.0b 1.8±0.1b 2.0±0.0b 2.0±0.0b 1.9±0.1a
125 1.6±0.6b 1.9±0.1b 1.4±0.1c 1.4±0.0b 1.8±0.1c 1.7±0.1a
62.5 - 0.5±0.7c - - - -
31.25 - - - - - -
LSD 1.21          0.8                       0.18                      0.74 0.18 0.82

Footnote: Means tagged with different letter alphabet are significant at P=0.05
Key: - = No inhibition

Table 6: Suceptibility Of Aqueous Extract of Ocimum Gratissimum Leaf on The Three Uti Isolates and   Standard Strains

      
    a) O.gratissimum against E. coli  b) O.gratissimum against S.aureus c) O.gratissimum against C.albicans
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d) O.gratissimum against E.coli ATCC 11775    e) O.gratissimum against S.aureus ATCC 6538 f) O.gratissimum against C.   
           albicans ATCC 10231

Figure 6: Suceptibilty of aqueous extract of O.gratissimum leaves on the UTI Pathogens with their corresponding standards

ETHANOLIC EXTRACTS OF Ocimum gratissimum LEAF
The ethanolic extract of Ocimum gratissimum leaves extract exhibited strong antimicrobial activity Escherichia coli, 
Staphylococcus aureus and Candida albicans. It also inhibited the organisms with maximum zones of inhibitions of 23.5±1.5, 
23.6±0.6 and 18.25±1.3mm, respectively at contration of 500mg/ml.

The susceptibility of ethanolic extract of Ocimum gratissimum leaves extract on the three UTI isolates and standard strains 
is shown in Table 7. It was observed that all the three isolates were inhibited at concentration of 500mg/ml with varying 
zones of inhibitions- 23.5±1.5a, 23.6±0.6a, 18.25±1.3a, 22.0±1.9a, 24.6±0.4a and 19.0±1.0 on Escherichia coli, ATCC11775, 
Staphylococcus aureus ATCC 6538 and Candida albicans ATCC10231 respectively. Also at 250mg/ml and 125mg/ml all the 
three isolates were inhibited at concentration of with varying zones of inhibitions but at concentration of 62.5mg/ml, only E.coli 
isolate, and E.coli strain- ATCC11775 were inhibited with zones of inhibition of 4.1±4.1b and 3.5±3.5b respectively while the 
other test organisms were not inhibited. At 31.25mg/ml, none of the organism was inhibited. The LSD were calculated against 
each organisms with C.albicans ATCC10231 having the highest LSD of 10.00 and S.aureus, having the least LSD of 3.30. Means 
tagged with different letter alphabet are significantly different at P=0.05 as in table 7. 

Conc
(mg/ml) 

E.coli isolate
(mm) 

S.aureus 
isolate(mm)

C.albicans 
isolate (mm)

E.colistrain-
ATCC11775 
(mm)

S.aureus 
strain-ATCC 
6538(mm)

C.albicans 
strain-
ATCC10231
(mm)

500 23.5±1.5a 23.6±0.6a 18.25±1.3a 22.0±1.9a 24.6±0.4a 19.0±1.0 a
250 19.7±0.4a 19.2±1.3b 12.1±2.1b 19.3±0.1a 18.7±1.7b 7.5±5.5b
125 15.3±3.3a 8.5±1.5 c 6.6±0.6c 14.6±3.4a 9.2±1.3c 3.5±2.5b
62.5 4.1±4.1b - - 3.5±3.5b - -
31.25 - - - - - -
LSD= 8.87 3.30 4.10 8.55 3.51 10.00

Footnote: Means tagged with different alphabet are significant at P=0.05
Key: (-) = No inhibition
Table 7: Antimicrobial Activity of Ethanolic Extract of Ocimum Gratissimum Leaf on The Three Uti Isolates And Standard 

Strains

                      
a) O.gratissimum against E. coli   b) O.gratissimum against S.aureus      c) O.gratissimum against C.albicans
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d) O.gratissimum against E.coli ATCC 11775     e) O.gratissimum against S.aureus ATCC 6538 f) O.gratissimum against C.   
           albicans ATCC 10231
Figure 7: Susceptibility test of ethanolic extract of O.gratissimum leaves on the Uropathogens with their corresponding standards 

strains

Positive and Negative Controls
Positive (Nitrofurantoin) was used on E coli, Streptomycine was used on S. aureus while Fluconazole was used on C.albicans. 
The zones of inhibitions were 25.6±0.5, 20.0±0 and 18.0±1.0 on E. coli, S.aureus, and C.albicans respectively at the concentration 
of 500mg/ml. The zones of inhibitions for the standard strains were; 21.1±0.1, 20.5 ±2.5 and 18.0±1.0 at the concentration 
of 500mg/ml for E. coli ATCC 11775, S.aureus ATCC 6538, and C.albicans ATCC 10231 respectively. At the concentration 
of 250mg/ml and 125mg/ml all the three isolates were inhibited at concentration of with varying zones of inhibitions but at 
concentration of 62.5, only E.coli was inhibited with zones of inhibition of1.00mm. At 31.25 none was inhibited.

Comparing the zones of inhibition of the antibiotics to that of plant extracts, it was observed that the highest zone of inhibition 
of the control was 25.6±0.5mm while the highest zone of inhibition of the Plant extracts was 24.7±0.5mm. There is statistical 
difference as the difference between the zones of inhibition of the plant extract to that of the antibiotics was just as little as 
0.9±0.0mm. The negative control (sterile distilled water) did not show any antimicrobial activity in both the aqueous and 
ethanolic leave extracts as presented in plates below.

Conc. 
of positive controls

E.coli E.coli  
ATCC11775

S.aureus S.aureus 
ATCC 6538

C.albicans C.albicans 
ATCC10231

500 25.6±0.5 20.0±0 18.0±1.0 21.1±0.1 20.5±2.5 18.1±0.0
250 18.6±1.0 16.6±1.0 10.0±1.0 10.0±1.0 12.0±1.0 11.5±0.5
125 8.5±0.5 5.5±0.5 4.3±0.5 3.5±0.5 2.2±0.0 2.0±0.0
62.5 1.0±0.0 - - - - -
31.25 - - - - - -
Negative  Control 
(Sterile Distilled 
water)

- - - - - -

Key: = No inhibition
Table 8: SUSCEPTIBILITY TEST ON POSITIVE AND NEGATIVE CONTROLS

Positive controlsNitrofurantion StreptomycinFluconazole

Figure 8: Positive and negative controls
NOTE: Positive control – Antibiotics Negative control - Distilled water
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Minimum Inhibitory Concentrations (Mic) of The Extract on The Isolates
The Minimum Inhibitory Concentration (MIC) was determined using broth dilution method. The organisms were observed for 
their ability to produce visible growth on series of broth dilutions containing diluted antimicrobial agent. It was observed that 
each microorganism has a level of antimicrobial agent which inhibits their growth. The lowest concentration of antimicrobial 
agent in (mg/ml) that prevents the appearance of visible growth of a microorganism within 24hours was taken as the MIC. 

All the microorganisms (E coli, S. aureus and C.albicans) used in this research were inhibited at varying concentrations of between 
500(mg/ml) and 31.25(mg/ml). The minimum inhibitory concentrations of the ethanolic extract showed remarkable activities on 
the test organisms. It was equally observed that the extract has MIC of 62.5mg/ml on all the isolates except C.albicans which was 
inhibited at concentration of 125 mg/ml as shown in table 9.

Clinical/typed 
strains

500(mg/ml) 250
(mg/ml)

125(mg/ml) 62.5(mg/ml) 3 1 . 2 5 ( m g /
ml)

ESC 
control

MIC

S. aureus 
ATCC 6538                   

+ + + - - NG 62.5

S.auerus + + + - - NG 62.5
E.coli ATCC 
11775                        

+ + + - - NG 62.5

E.coli + + + - - NG 62.5
C. albicans 
ATCC 10231

+ + - - - NG 125

C.albicans + + - - - NG 125
Key: + = Growth  -= No growth ESC = Extract sterility control

Table 9: Mic of Ethanolic Extracts of Ocimum Gratissimum Leaves on The Isolates
Mean Diameter of zone of inhibitions shown by different concentration of the extract (mm)

Minimum Bacteriostatic Concentration (Mbc) and Minimum Fungistatic Concentration (Mfc) of The Extracts
It was observed that the extracts have MBC of 62.5mg/ml on both the isolates and their standard strains.

Clinical/typed strains 500(mg/ml) 250 (mg/ml) 125(mg/ml) 62.5(mg/ml) 31.25(mg/ml) ESC MIC
S.aureus strain-ATCC 
6538

+ + + - - - 62.5

S.auerus isolate + + + - - - 62.5
E.coli strain-ATCC 
11775

+ + + - - - 62.5

E.coli isolate + + + - - - 62.5
C.albicans strain-
ATCC 10231

+ + + - - - 62.5

C.albicans isolate + + + - - - 62.5
Key: + = Growth -= No growth ESC = Extract sterility control

Table 10: The Mbc and Mfc Results of The Ethanolic Extract on The Organisms
Mean Diameter of zone of inhibitions shown by different concentration of the extract (mm)

Discussion
Several phytochemical compounds which exhibited 
antimicrobial activities were extracted from the leaves of 
O.gratissimum and this suggest that urinary tract infections 
can be reduced or treated with natural products (Flores-Mireles 
et al., 2015) such as the leaves of O. gratissimum which may 
aid in the reduction of the prevalence of UTI if well harnessed. 
The phytochemical tests of the aqueous and ethanolic extracts 
showed that the leaves contains Tannins, Alkaloids, Flavonoids, 
Saponins, Glycosides, Steroids, Phenolics, and carbohydrates. 
These compounds have been documented by other researchers 
in previous studies (Sofowora, 1993). The presence of these 
phytochemicals in O. gratissimum leaves extract is an indication 

that the plant has pharmacological importance which may be 
used as drug in treating UTI pathogens (Adebolu & Salu, 
2005). 

This is in affirmation to the result obtained by Cowan 
(1999) who reported that plant extracts possess different 
phytochemicals. In this study it was observed that alkaloids, 
flavonoids, saponins and phenol were higher in concentration 
than the other phytochemical compounds. This is in accordance 
to the work of Nweze et al. (2009) who also observed the 
presence of alkaloids, flavonoids, saponins and phenol in higher 
concentration, this maybe as a result of using the same method 
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of extraction. Sterols was equally extracted from the leaves of 
O. gratissimum and present sterols have also been reported to 
have antibacterial properties in other studies (Cowan, 1999; 
Okwu, 2001). The presence of alkaloids and saponins in the 
present work is in agreement with the opinion of Kasolo et al. 
(2010) who noted that saponins and alkaloids were two active 
constituents in plants.

It was equally documented by other studies that alkaloids 
are nitrogenous compounds occurring naturally which are 
commonly found to have antimicrobial properties like in 
this study due to their ability to intercalate with DNA of 
microorganisms. However, the presence of saponin in this plant 
is in agreement with the previous findings of Yusha’a et al. 
(2011) who also extracted saponin in his study (Yusha’a et al., 
2011). The activity of plant extracts against bacteria have been 
studied for years, but in more intensified way during the last three 
decades.Duringthisperiod, numerousantimicrobialscreening 
have been published based on different traditional regions like; 
Chinese, AfricanandAsiancountries who have used some of 
theseplant asdrugs (Suffredim et al., 2004).

 The aqueous extracts of O.gratissimum leave extracts showed 
weak antimicrobial activities and this maybe as a result of the 
extraction solvents used, knowing fully well that water is more 
polar than other compounds, so non polar compounds may not 
have been extracted from the leaves. This means that a lot of 
bio-active compound may not have been extracted by water. 
This result is contrary to the result of Lapornik et al. (2005) who 
reported that water is a better extraction solvent as compared to 
ethanol because in this study, water was not the best solvent for 
extraction. Hower, it is in accordance with the findings of Das 
et al. (2010) who reported that water soluble flavonoids have 
no antimicrobial significance and water soluble phenolics are 
only important as antioxidant compounds. Though traditional 
healers use primarily water to extract plant but organic solvents 
have been found to give more consistent antimicrobial activity 
compared to water extract (Lapornik et al., 2005). 

In this present study, the results of the antimicrobial properties 
of the plant extracts on different organisms varied depending 
on the organism tested and the concentration of the extracts, 
it was observed that the zone of inhibition decreased with 
decrease in concentration of the extracts and increase with 
increased in concentration of the extracts. This is comparable 
to to previous studies (Taylor et al., 2001; Farnsworth, 1993) 
which recorded that active compound may be present in 
insufficient quantities in extracts which may or may not show 
antimicrobial activity on pathogenic organisms. It is observed 
that the higher the concentration, the higher the antimicrobial 
activity, it is therefore suggested that in order to rule out the 
inability of plants extract to show antimicrobial activity, high 
concentration should be used (Farnsworth, 1993; Jager et al., 
1993).

The ethanolic extracts exhibited stronger activity on all the UTI 
pathogens at varying concentrations. This may be attributed to 
the extraction solvent (ethanol) used or maybe the compounds 

in the leaves were less polar since ethanol is polar. It should be 
noted that ethanol was not inhibiting the uropathogens rather 
it was the bioactive compounds in the ethanolic extracts doing 
the inhibition because all the ethanol used in the extraction was 
evaporated via rotary evaporator. Ethanol was considered to be 
more efficient in cell walls and seeds degradation which have 
unipolar character and cause polyphenols to be released from 
cells (Cowan, 1999).

Conclusion
Having done thorough investigation beyond any reasonable 
doubt, the leaves extract of O. gratissimum have exerted strong, 
good and promising antimicrobial activities on Uropathogens. 
The antimicrobial activities it shows on both the gram positive 
and gram negative bacteria as well as on fungi shows that it 
has a broad spectrum effect which is very impressive. The 
differences observed in the antimicrobial activities between 
aqueous and ethanolic extracts shows that solvent used for 
extraction is very paramount. 

Thispresentdemonstratedthatherbalmedicinescan also be 
effectiveasmodernmedicinestocombatsome pathogenic 
microorganisms if well harnessed. The actual bioactive 
phytochemicals in the Ocimium gratisimum leaves 
chromatographically identified are flavonoids, saponins and 
phenols. 

It is recommendable that further study should be carried on 
Ocimium gratisimum leaves extract in order to convert the 
essential phytochemicals in the leaves to complimentary 
medicine in the treatment of urinary tract infections leading to 
the formulation of natural UTI drugs. 

Acknowledgments
The Authors acknowledge Medical Laboratory Scientists who 
are contributing in alternative medicine discovery research.
Conflict of Interest
None
Financial Support
None
Ethics Statement
None.

References
1. World Health Organization. (2013). WHO Traditional 

Medicine Strategy: 2014- 2023. Retrieved from WHO 
traditional medicine strategy: 2014-2023

2. Ezekwesili-Ofili, J. O., Okaka, A. N. C., (2019). Herbal 
Medicines in African Traditional Medicine Chapter 10, 
IntechOpen. http://dx.doi.org/10.5772/intechopen.80348

3. Obeta M. U., Ikeagwulonu, R. C., Ohanube G. A. K., & 
Jwanse, I. R. (2020). Some Igbo Indigenous Plants with 
Anti-COVID-19 Properties, a Chapter. In Alternative 
Medicine Update. IntechOpen     
DOI: http://dx.doi.org/10.5772/intechopen.94244

4. Obeta, M. U., Ohanube, G. A. K., & Akram, M. (2021). 
The Truth about Vitamin C Enriched Plants and Vegetables 
used in Nigeria for the Management of COVID-19. 



Volume 3 | Issue 2 | 11 of 13J N food sci tech; 2022 www.unisciencepub.com

Edelweiss Food Sci Tech, 7-9.     
https://doi.org/10.33805/2765-8821.109

5. Agbalaka, P., Matthew, G., Obeta, U., Sabulu, J., Joshua-
Ojokpe, R., & Pada, N. (2021). Comparative Insecticidal 
Effects of Dry Ocimum Gratissium (Scent Leaves) 
and Rambo™ Paper on Mosquitoes in Jos, Nigeria. 
Bioremediation Science and Technology Research, 9(2), 
13-16. https://doi.org/10.54987/bstr.v9i2.620

6. Anzaku, F. A., Obeta, K. O., Mairiga, J. P., Obeta, M. U., 
Ejinaka, O. R., Akram, M., Ekpere-Ezeugwu, M. O., & 
Elbossaty, W. (2021). Evaluation of the Insecticidal Effects 
of Ocimum Sanctum on Mosquito. International Journal 
of Pharmaceutical and Phytopharmacological Research, 
11(6), 11-17 https://doi.org/10.51847/oRXfaNnQNG

7. Bhavani, T., Mohan, R. R., Mounica, C., Nyamisha, J., 
Krishna, A. G., Raja, R. R., & Harinadha, B. K. (2019). 
Phytochemical screening & antimicrobial activity of 
Ocimum gratissimum review. J Pharmacogn Phytochem, 
8(2), 76- 9. Retrieved from 8-1-533-370.pdf (phytojournal.
com)

8. Lunyera, J. D., Wang, V., & Maro, V. (2016). Traditional 
medicine practices among community members with 
diabetes mellitus in Northern Tanzania: An ethnomedical 
survey. BMC Complementary and Alternative Medicine, 
16(1), 282. DOI: 10.1186/s12906-016-1262-2

9. Nwinyi, Obinna. C., Chinedu. Nwodo, S., Ajani, 
Olayinka, O., Ikpo. Chinwe, O., & Ogunniran, Kehinde. 
O. (2009). Antibacterial effects of extracts of Ocimum 
gratissimum and Piper guineense on Escherichia coli and 
Staphylococcus aureus. African Journal of Food Science, 
3(3), 077-081. Retrieved from Microsoft Word - Nwinyi et 
al pdf.doc (academicjournals.org)

10. Dhanalakshmi, J., S. Selvi. (2013). Antibacterial Activity 
of Medicinal Plants used against UTI (Urinary Tract 
Infection) causing Pathogens. International Journal of 
Research in Sciences. pp. 01-07

11. Chijioke, A., Nsofor, Chikezie, U.N, Azuwuike, C.O. 
(2014) Antibacterial activity of Ocimumgratissimum 
leaves extract on Escherichia coli O157. Pjpalgo journal 
of medicine and medical sciences, Page 15-18.

12. Bazzaz, B. S. F., Fork, S. D., Ahmadi, R., & Khameneh, 
B. (2021). Deep insights into urinary tract infections and 
effective natural remedies. Afr J Urol, 27(6).   
https://doi.org/10.1186/s12301-020-00111-z 

13. Nweze, E.I., & Eze, E.E. (2009). Justification for the use 
of Ocimum gratissimum L in herbal medicine and its 
interaction with disc antibiotics. BMC Complementary 
and Alternative Medicine, 9(37).   
DOI:10.1186/1472-6882-9-37

14. Iroanya, O.O., Okpuzor, J.E., Mbagwu, H., & Ojobo, P.D. 
(2009). Analgesic properties of an indigenous polyherbal 
preparation. The FASEB Journal, 23(S1), 712.2-712.2. 
https://doi.org/10.1096/fasebj.23.1_supplement.712.2

15. Nguefack, J., Dongmo, J.B.L., Dakole, C.D., Leth, V., 
Vismer, H.F., Torp, J., Guemdjom, E.F.N., Mbeffo, M., 
Tamgue, O., Fotio, D., Zollo, P.H.A., & Nkengfack, 
A.E. (2009).Food preservative potential of essential 
oils and fractions from Cymbopogon citratus, Ocimum 

gratissimum and Thymus vulgaris against mycotoxigenic 
fungi. International Journal of Food Microbiology, 131(2-
3), 151-156.       
https://doi.org/10.1016/j.ijfoodmicro.2009.02.009

16. Sofowora, AE. (1993). Medicinal Plants and Traditional 
Medicine in Africa. Spectrum Books Ltd. Ibadan, Nigeria, 
pp. 191-289. Retrieved from Sofowora, A. (1993) 
Medicinal Plants and Traditional Medicine in Africa. 
Spectrum Books Ltd., Ibadan, 191-289. - References - 
Scientific Research Publishing (scirp.org)

17. Owoyele, B. V., Funsho, M. A., & Soladoye, A.O. (2005). 
Effect of aqueous leaves extract of ocimum gratissimum 
(sweet basil) on alloxan induced diabetic rats. PHCOG 
MAG, 1(2), 62-64. Retrieved from Effect of aqueous 
leaves extract of ocimum gratissimum (sweet basil) on 
alloxan induced diabetic rats. | Semantic Scholar

18. Egesie, U. G., Adelaiye, A. B., Ibu, J. O., & Egesie, O. J. 
(2006). Safety and hypoglycaemic properties of aqueous 
leaf extract of Ocimum gratissimum in streptozotocin 
induced diabetic rats. Niger Journal of Physiol Sci, 21 
(1-2), 31 35. DOI: 10.4314/njps.v21i1-2.53971

19. Ayinla, M. T., Dada, S. O., Shittu, S. T., Olayaki, L. A., 
Akiode, A. O., & Ojulari, S. L. (2011). Anti hyperlipidemic 
effect of aqueous leaf extract of Ocimum gratissimum 
in alloxan induced diabetic rats. Int Journal of Med Sci, 
3(12), 360 363. https://doi.org/10.5897/IJMMS.9000022 

20. Shittu, S. T., Oyeyemi, W. A., Lasisi, T. J., Shittu, S. 
A., Lawal, T. T., & Olujobi, S. T. (2016). Aqueous leaf 
extract of Ocimum gratissimum improves hematological 
parameters in alloxan-induced diabetic rats via its 
antioxidant properties. International Journal of App Basic 
Med Res, 6(2), 96-100.DOI:10.4103/2229-516X.179016

21. Silva, R. M., Paredes, J. A., Moura, G. R., Manadas, 
B., Lima-Costa, T., Rocha, R., Miranda, I., Gomes, A. 
C., Koerkamp, M. J. G., Perrot, M., Holstege, F. C. P., 
Boucherie, H., & Santos, M. A. S. (2007). Critical roles 
for a genetic code alteration in the evolution of the genus 
Candida. EMBO Journal, 26(21), 4555-4565.   
https://doi.org/10.1038/sj.emboj.7601876 (21): 4555–65. 

22. Lexa, G. Matasyoh., Josphat, C. Matasyoh., Francis, 
N. Wachira., Miriam, G. Kinyua., Anne, W. Thairu,M., 
& Titus, K. M.(2006).Chemical composition and 
antimicrobial activity of the essential oil of Ocimum 
gratissimum L. growing in Eastern Kenya. African Journal 
of Biotechnology, 6(6), 760-765. Retrieved from Chemical 
composition and antimicrobial activity of the essential oil 
of Ocimum gratissimum L. growing in Eastern Kenya | 
Semantic Scholar

23. Matasyoh, L.G., Matasyoh, J.C., Wachira, F.N., Kinyua, 
M.G., Thairu, Muigai. A.W., & Mukiama, T. K. (2007). 
Chemical Composition and antimicrobial activity of 
the essential oil of Ocimum gratissimum L. growing in 
Eastern Kenya. African Journal of Biotechnology, 6(6), 
760-765. Retrieved from Matasyoh, Lexa G. 1*, Josphat 
C. Matasyoh2, Francis N. Wachira3, Miriam G. Kinyua4, 
Anne W. Thairu Muigai1 and Titus K. Mukiama 5(2007) 
Chemical composition and antimicrobial activity of 
the essential oil of Ocimum gratissimum L. growing in 



J N food sci tech; 2022 www.unisciencepub.com Volume 3 | Issue 2 | 12 of 13

Eastern Kenya. | PROF. MUKIAMA TITUS K. (uonbi.
ac.ke)

24. Nakaruma, C.V., T.U. Nakaruma, E. Bando., A.F.N. Melo, 
D.A.G. Cortez.,B.P, DiazFilho. (1999). Antibacterial 
activity of Ocimum gratissimum L.essential Oil. Mem.
Inst. OswardoCruz, 94, 675-578.

25. Lemos, J. A., Passos, X. S., Fernandes, O. F., Paul, J. R., 
Ferri, J. P., Ferri, P. H., Souza, L. K., Lemos, A. A., & 
Silva, K. R. M. (2005). Antifungal activity of Ocimum 
grattisimum towards Cryptococcus neoformans. Journal 
of Ethnopharmacology, 20, 4–13.

26. Kolkate, C. K., A. P, Purohit, Kokhale, S. B. (2003). 
Qualitative chemical examination.In Text book of 
pharmacognosy. Nitani Publication Pune.Pp 108-109.

27. Harwood, L. M, Moody C. J. (1989) Experimental Organic 
Chemistry: Principles and Practice Illustrated Ed. Wiley-
Blackwell, Hoboken, 122-125. Retrieved from Harwood, 
L.M. and Moody, C.J. (1989) Experimental Organic 
Chemistry Principles and Practice (Illustrated Edition). 
Wiley-Blackwell, Hoboken, 122-125. - References - 
Scientific Research Publishing (scirp.org)

28. Martin, D. F. (2013). Chromatographic Separations 
with Selected Supported Chelating Agents. In Column 
Chromatography Eds. Martin DF, Martin BB. Intech Open 
https://doi.org/10.5772/55521 

29. CLSI, Methods for Determining Bactericidal Activity 
of Antimicrobial Agents. Approved Guideline, CLSI 
document M26-A. Clinical and Laboratory Standards 
Institute, 950 West Valley Road Suite 2500, Wayne, 
Pennsylvania 19087, USA, 1998.

30. Flores-Mireles, A. L., Walker, J. N., Caparon, M., 
& Hultgren, S. J. (2015). Urinary tract infections: 
epidemiology, mechanisms of infection and treatment 
options. Nature reviews Microbiology, 13 (5), 269–84. 
DOI: 10.1038/nrmicro3432

31. Adebolu, T. T., & Salu, A. O. (2005). Antimicrobial 
activity of leaf extract of Ocimum gratissimum on selected 
diarrhea causing bacteria in South Western Nigeria. 
African Journal of Biotech, 4(7), 682-684.   
https://doi.org/10.5897/AJB2005.000-3126.

32. Cowan, M. M. (1999). Plant products as antimicrobial 
agents. Clinical microbiology reviews, 12(4), 564 582. 
DOI: 10.1128/CMR.12.4.564

33. Okwu, D. E. (2001). Evaluation of the chemical 
composition of indigenous spices and flavouring agents. 
Global Journal of Pure Appl. Sci, 7(3), 455-459. 
Retrieved from D. E. Okwu, “Evaluation of the Chemical 
Composition of Indigenous Spices and Flavouring 
Agents,” Global Journal of Pure and Applied Sciences, 
Vol. 7, No. 3, 2001, pp. 455-459. - References - Scientific 
Research Publishing (scirp.org)

34. Kasolo, J. N., Bimenya, G. S., Ojok, L., 
Ochieng, J., &Ogwal-Okeng, J. W. (2010).
hemicalsandusesofMoringaoleiferaleavesinUgandanrural 
communities. Journal of Medicinal Plants Research, 4(9), 
753-757. Retrieved from Kasolo, J.N., Bimenya, G.S., 
Ojok, L., Ochieng, J. and Ogwal-Okeng, J.W. (2010) 
Phytochemicals and Uses of Moringa oleifera Leaves in 
Ugandan Rural Communities. Journal of Medicinal Plants 

Research, 4, 753-757. - References - Scientific Research 
Publishing (scirp.org)

35. Yusha’a, M., Taura, D. W., Bello, B., & Abdullahi, 
N. (2011). International Research of Pharmacy and 
Pharmacology, 1(9), 237-241. Retrieved from Screening 
of Annona squamosa extracts for antibacterial activity 
against some respiratory tract isolates (scholarscentral.
com)

36. Suffredini, I. B., Sader, H. S., Gonçalves, A.G., Reis, 
A.O., Gales, A. C., Varella, A. D., & Younes, R. N. (2004). 
Screening of antibacterial extracts from plants native 
to Brazillian amazon Rain Forest and Atlantic Forest. 
Brazillian J. Med. Biol. Res, 37(3), 379-384.   
DOI: 10.1590/s0100-879x2004000300015

37. Lapornik, B., Prosek, M., & Wondra, A. G. (2005). 
Comparison of extracts prepared from plant by-products 
using different solvents and extraction time. Journal of 
Food Engineering, 71(2) 214–222.   
https://doi.org/10.1016/j.jfoodeng.2004.10.036

38. Das, K., Tiwari, R. K. S., & Shrivastava, D. K. (2010). 
Techniques for evaluation of medicinal plant products as 
antimicrobial agent: Current methods and future trends. 
Journal of Medicinal Plants Research, 4(2), 104-111. 
Retrieved from Das, K., Tiwari, R.K.S. and. Shrivastava, 
D.K. (2010) Techniques for evaluation of medicinal plant 
products as antimicrobial agent Current methods and 
future trends. Journal of Medicinal Plants Research, 4, 
104-111. - References - Scientific Research Publishing 
(scirp.org)

39. Taylor, J. L. S., Rabe, T., McGraw, L. J., Jager, A., & Van, 
Staden, J. (2001). Towards the scientific validation of 
traditional medicinal plants. Plant Growth Regul, 34(1), 
23-37. Retrieved from Towards the scientific validation of 
traditional medicinal plants | SpringerLink

40. Farnsworth, N. R.(1993).Biological approaches to the 
screening andevaluationofnaturalproducts.In:Rasoanaivo 
P, Ratsimamanga Urver S (Eds). Biological evaluation of 
plants with reference to the Malagasy Flora (pp. 35-43). 
Madagascar.

41. Jager, A. K., Hutchings, A., Raidoo, D. M., Van, Staden, 
J. (1999) Screening of plants used by southern African 
traditional healers in the treatment of dysmenorrhoea for 
prostaglandin-synthesis inhibitors and uterine relaxing 
activity. J. Ethnopharmacol. 64(1), 9-14.   
DOI: 10.1016/s0378-8741(98)00097-x

42. Okigbo, RN.,& Mmeka, EC.(2008)Antibacterial effects 
of three tropical plant extractson Staphyl ococcusaureus, 
Escherichiacoli andCandidaalbicans. Africa Journal 
Trend, 5(3), 226-229. DOI: 10.4314/ajtcam.v5i3.31277

43. Obi, V. I., & Onuoha, C. I. (2000). Extraction and 
Characterization Methods of Plants and Plant Products. 
In: Ogbulie, J.N. & Ojiako, O. A., (Eds.), Biological 
and Agricultural Techniques (271-286). Websmedia 
Publishers. Retrieved from Obi, V.I. and Onuoha, C.I. 
(2000) Extraction and Characterization Methods of Plants 
and Plant Products. In Ogbulie, J.N. and Ojiako, O.A., 
Eds., Biological and Agricultural Techniques, Websmedia 
Publishers, Owerri, 271-286. - References - Scientific 
Research Publishing (scirp.org)



Volume 3 | Issue 2 | 13 of 13J N food sci tech; 2022 www.unisciencepub.com

44. Wang, C. H., Fang, C. C., Chen, N. C., Liu, S. S., Yu, P. H., 
Wu, T. Y., Chen, W. T., Lee, C. C., & Chen, S. C. (2012). 
Cranberry-containing products for prevention of urinary 
tract infections in susceptible populations: a systematic 
review and meta-analysis of randomized controlled trials. 
Archives of Internal Medicine, 172 (13), 988–996. 
DOI: 10.1001/archinternmed.2012.3004

45. Mbata, T., & Saikia, A. (2007). Antibacterial activity and 
plytochemical screening of crude ethanolic extract of leave 
of Ocimum gratissimum L on Listeria monocytogenes. 
The internet Journal of microbiology, 4(2).  
DOI:10.5580/1b50

46. Noumedem,J.,Mihasan,M.,Lacmata,S.,Stefan,M.,Kuiate, 
J., & Kuete,V. (2013) Antibacterial activities of the 
methanol extracts often Cameroonian vegetables 
against Gramnegativemultidrug-resistant bacteria. BMC 
Complement Altern Me, 13-26.    
https://doi.org/10.1186/1472-6882-13-26

47. Singleton, D. R., Masuoka, J., Hazen, K. C. (2005). 
Surface hydrophobicity changes of two Candida albicans 
serotype B mn4 delta mutants. Eukaryot Cell, 4(4), 639-
48. DOI: 10.1128/EC.4.4.639-648.2005

48. Bele, A.A & Knale, A. (2015). An overview on thin layer 
chromatography. International Journal of pharmaceutical 
sciences and research, 2(6), 256-26.

49. Ijeh,I. I.,Omodamiro,O. D., & Nwanna,I. J.( 2005) 
Antimicrobialeffectsof aqueous and ethanolic fractions of 
two spices,Ocimum gratissimumandXylopiaaethiopica. 
African J Biotech, 4(9), 953-956.    
https://doi.org/10.5897/AJB2005.000-3193.

Copyright: ©2022. Uchejeso Mark Obeta. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in anymedium, 
provided the original author and source are credited.


