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Abstract 
Streptococcus pneumoniae is the common cause of pneumonia, meningitis, bacteremia and Septicemia among adults and 

children worldwide. Resistance to antimicrobials agents has been reported among S. pneumoniae which necessitate the need 

for alternative intervention such as ethno-medicinal plants. Cymbopogon citratus is an ethno-medicinal plant which is known 

to have pharmacological activities including antibacterial activity. This study aimed at determining the in vitro antibacterial 

activity of C. citratus ethanolic leaves crude extract against clinical isolates of S.  pneumoniae. Fresh leaves of C. citratus were 

collected early in the morning; shed dried, pulverized and extracted in ethanol (96%) using standard extraction method. The 

antibacterial activity, Minimum Inhibitory and Minimum Bactericidal Concentrations of C. citratus ethanolic leaves crude 

extract were determined against clinical isolates of S. pneumoniae. C. citratus ethanolic crude extract showed antibacterial 

activity against S. pneumoniae at 500mg/ml concentration with mean and standard deviation zone of inhibition (26.33 ± 1.53 

mm) in comparison with that of 250mg/ml concentration which gave 20.33 ± 2.08 mm mean and zone of inhibition. The 

minimum inhibitory concentration of the plant crude extract against S. pneumoniae was 15.63 mg/ml while the minimum 

bactericidal concentration was 125mg/ml. The study found that C. citratus leaves ethanolic crude extract was active against S. 

pneumoniae. It is recommended that studies should be done focusing on isolation of specific phytochemicals of the C. citratus 

leaves crude extract and then determines their antibacterial activity against clinical isolates of S. pneumoniae. 
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Introduction 

Streptococcus pneumoniae belongs to the genus 

Streptococci which is the normal flora of the human skin 
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and throats which is later aspirated to the lungs causing 

infections (Lindstrand et al., 2016). It can also be 

transmitted through the inhalation of infectious droplet or 
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direct contact with respiratory secretions colonizing the 

nasopharynx leading to blood borne diseases (WHO, 2009). 

Sheppard et al. (2017) reported that, there about 92 

serotypes of S. pneumoniae that contain the capsular 

polysaccharide. Serotypes 3 and 37 are the most common 

Serotypes identified to contain the polysaccharide capsule 

and yet involved in majority of the prevalent diseases due 

to S. pneumoniae. The polysaccharide capsule of S. 

pneumoniae is an essential virulence factor that plays a 

significant role in its pathogenesis. The capsule is also the 

target of all current licensed vaccines for S. pneumoniae, 

and the introduction of conjugate vaccines to common 

capsular types has led to a dramatic reduction in circulating 

vaccine serotypes and an increase in non-vaccine serotype 

disease (Waight et al., 2015).  Pneumococcal disease is a 

worldwide public health encumbrance and has been cited 

among the main cause of high morbidity and mortality in 

young children and adults, in both developed and 

developing countries like Uganda (UNAS, 2015; WHO, 

2018; CDC, 2017). The range of diseases caused by 

pneumococci includes severe manifestations, e.g., 

bacteremia, septicaemia, meningitis and pneumonia, to less 

serious ones, such as bronchitis, sinusitis and otitis media 

Sheppard et al. (2017).  Lindstrand et al., 2016 and CDC, 

2017 reported that, S. pneumoniae caused more than 

900,000 deaths annually among children less than five years 

of age globally. In Uganda, acute lower respiratory tract 

infections are the second major cause of morbidity after 

malaria and the major cause of death among children less 

than five accounting for 25-33% of patients admitted at 

Mulago National Referral Hospital (Nantanda et al., 2008). 

The risk of pneumonia infection is increased by a number 

of factors, including; pathogens, environment, health 

systems and antibiotics resistance. Therefore, no single 

intervention can efficiently prevent, treat, or control 

pneumonia (Mathew et al., 2011). As such, predictable 

ways of controlling pneumonia would include; 

immunization against specific pathogens, early diagnosis 

and treatment of the disease, and improvements in nutrition 

and environmental living conditions (WHO, 2013). Study 

showed that oral amoxicillin and intravenous penicillin G 

were equally effective in the treatment of hospitalized 

children with non-severe Community Acquired Pneumonia 

(CAP) (Atkinson et al., 2007). However, another study 

showed that oral amoxicillin was more cost effective for 

most hospitalized children with CAP (Atkinson et al., 

2007). In adults and children older than five years, treatment 

options for moderate pneumonia in ambulatory patients 

include Cotrimoxazole, Amoxicillin, Doxycycline or 

Erythromycin. For severe pneumonia, antibiotic therapy 

options are parenteral Benzyl Penicillin or 

Chloramphenicol (UNAS, 2015; Lorgelly et al., 2010). 

Globally, antibiotic resistance with S. pneumoniae was 

reported to have increased in the last two decades (WHO, 

2001; CDC, 2017). Pneumococcal strains have developed 

resistance to several antibiotics including penicillin and 

other groups of antibiotics causing 40% of pneumococcal 

diseases worldwide (Lynch and Zhanel, 2009). Antibiotic 

resistance is spread among Pneumococcal strains through 

transformation which is the uptake of the free DNA from 

closely related bacterial strains or species or through 

conjugative transposons carrying resistance genes (CDC, 

2018). Development of antimicrobial resistance against 

commonly used antimicrobial agents has been 

demonstrated to be a major threat to the pharmaceutical 

industry (Bedos et al., 1996; Roca et al., 2015). In Uganda, 

according to UNAS, 2015 the prevalence of resistance of S. 

pneumoniae to older antibiotics penicillin and Co-

trimoxazole is high, between 83 and 100%, even though 

resistance may be partial in the case of penicillin. 

Prevalence of resistance to newer antibiotics such as 

rifampicin, erythromycin and cefotaxime is low and lies 

between 0 and 3%. But the later drugs seem to be costly and 

cannot be afforded by common people within developing 

countries. These show the needs for cheaper and safe drug 

to face this global challenge.  

Herbal therapies can therefore provide an option for 

treatment of infections caused by microorganisms that are 

resistant to synthetic drugs.  According to Rego et al., 2016; 

Silivano et al., 2018, plants have been cited as an alternative 

source of remedy against drug resistant pathogens since 

they accumulate vital phytochemical constituents:  the 

secondary metabolites which are produced as by-product 

which may/or may not be directly useful to them. Thus 

secondary metabolites give plants their medicinal potential 

some of which include; alkaloids, tannins, saponins, 

flavonoids, antraquinones, glycosides, volatile oils, 

terpenes, essential oils, resins, phenolic compound among 

others.  C. citratus belongs to the family Poacea, herb 

commonly known as lemongrass, barbed wire grass and 

silky heads among others (Rego et al., 2016). It is a fast 

growing, aromatic perennial grass which is native to South 

India and Sri Lanka, now widely cultivated in the tropical 

areas of America and Asia (Manvitha et al., 2014). Freshly 

cut and partially dried leaves are used medicinally and are 

the source of the essential oil (Manvitha et al., 2014). The 

essential oil is commercially valuable and widely used in 

food technology as well as in traditional medicine. 

Treatment using plant-based medicine appears to be an 

alternative approach due to the adverse effect of synthetic 

drugs and emerging antibiotic resistance (Mirghani et al., 

2012). Studies indicated that C. citratus possesses various 

pharmacological activities such as anti-amoebic, anti-

bacterial, anti-filarial, anti-fungal and anti-inflammatory 

properties (Manvitha et al., 2014). Various other effects like 

anti-malarial, anti-mutagenicity, anti-mycobacterial, anti-

oxidant, hypoglycemic and neurobehavioral have also been 

studied (Manvitha et al., 2014). In India the leaves of C. 

citratus are used as stimulant, sudorific, antiperiodic, and 

an-ticatarrhal (is a symptom usually associated with the 
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common cold and chesty coughs), Bad breath, toothache 

while the essential oil is used as  carminative, depressant, 

analgesic, antipyretic, antibacterial, and antifungal agent 

(Manvitha et al., 2014). However, no research has been 

done to validate the usage of C. citratus leaves ethanolic 

extract against S. pneumoniae, therefore, this study aimed 

at determining the antibacterial activity of C. citratus leaves 

ethanolic crude extract against clinical isolate of S. 

pneumoniae. 

Materials and Methods 

Study Design 

The study was an experimental laboratory study carried out 

in the Pharmacognosy laboratory, School of pharmacy and 

Microbiology Laboratory, Department of Microbiology and 

Immunology Faculty of Biomedical Sciences Kampala 

International University to determine the antibacterial 

activity of C. citratus leaves ethanolic crude extract against 

clinical isolate of S. pneumoniae. 

Study Area/Sampling Site 

The study was conducted at Microbiology laboratory, 

Department of Microbiology and Immunology, Kampala 

International University, Western Campus. Fresh leaves of 

plant sample were collected from the local gardens in 

Bwegiragye Village within Ishaka Municipality-Bushenyi 

District (00o 32′19′′S, 30o08′40′′E). This is approximately 

330 Kilometers (210 miles) by road, Southwest of Kampala. 

Plant Sample Collection and Identification 

The C. citratus plant were collected from the local gardens 

in Bwegiragye Village within Ishaka Municipality-

Bushenyi District and then taken for identification by a 

Botanist at Mbarara University of Science and Technology. 

After the identification, fresh sample leaves were collected 

early in the morning and transported to the Pharmacognosy 

laboratory, Kampala International University, Western 

Campus in a sterile nylon bag. 

Preparation of Plant Material 

The collected C. citratus leaves samples were thoroughly 

washed with tap water and rinsed with distilled water. The 

leaves were then chopped into small pieces and shade dried 

to prevent evaporation and loss of the volatile oils and also 

to prevent degradation of phytochemicals by direct sun 

light. The chopped samples were spread on a dry cemented 

table in the Pharmacognosy laboratory under shade and 

turned daily to prevent fungal attack until it completely 

dried. The dried plant leaves were grounded using a mortar 

and pestle into a powder and stored in clean closed 

containers under room temperature until extraction was 

done. The powdered leaves facilitated dissolution into the 

solvent during extraction (Gurnani et al., 2016).  

Extraction of Plant Sample and Percentage Yield of 

Extract 

Extraction was done using maceration method as described 

by Gideon et al., 2012. One Hundred and fifty grams (150g) 

of powdered leaves sample were soaked in 500ml of 96% 

ethanol in a beaker (1L) and allowed to mix for 48hrs 

following a frequent shaking using a sieve shaker. After 

24hrs the mixture was filtered using a clean white cotton 

cloth followed by the use of Whatman No. 1 filter paper 

grade 1 of 0.5µL. The filtrate was concentrated by drying in 

the oven (Binder, Model E28) at 40℃. The percentage yield 

of extract was calculated using method described by Kumar 

et al., 2016. The dried crude extract was store at 4oC for 

further study (Anokwuru et al., 2011).  

Phytochemical Screening 

Phytochemical screening of the crude leaves extract of C. 

citratus was done to determine the presence of 

carbohydrates, volatile oils, phenolic compounds, 

flavonoids and tannins. The analysis was carried out 

according to standard method described by Ewansiha et al., 

2012.  

Test Organism 

The test microorganism used in this study was a clinical 

isolate of S. pneumoniae obtained from Microbiology 

Laboratory, Kampala International University Teaching 

Hospital. The isolate was further confirmed according to 

methods described by Sheppard et al., 2017 for α-hemolysis 

5% defibrinated sheep blood, gram reaction, positive 

catalase test, negative tube coagulase test, optochin 

susceptibility (≥14mm diameter), and bile solubility. 

Additional biochemical testing was performed using API 

Rapid ID Strep 32 (bioMérieux, Basingstoke, UK) 

according to the manufacturer’s instructions. The isolate 

was then maintained on slopes of Tryptic soy broth 

supplemented with plasma (BBL, Cockeysville, MD) at 4 

°C. 

Antibacterial Activity Testing of Leaves Crude Ethanolic 

Extract  

Antibacterial activity of C. citratus leaves ethanolic crude 

extract was determined using agar well diffusion method 

according to method described by Rego et al.,2016; Gurnani 

et al., 2016. A sterile Mueller Hinton agar plates (Hi-Media 

Laboratories Pvt Ltd, Mumbai, India, M173) supplemented 

with 5% defibrinated sheep blood were inoculated with the 

prepared suspension of the test bacteria by surface 

spreading using a sterile cotton swab after been 

standardized with 0.5 McFarland standard. Using sterile 

glass cork borers, four wells of 4 mm depth and 6 mm 

diameter were carefully made on the agar plates without 

distorting the media sufficiently spaced and were 

sufficiently spaced. The dried crude leaves ethanolic extract 

of C. citratus was dissolved in 10% sterile dimethyl 

sulfoxide (DMSO) to prepare two concentrations of 

500mg/ml and 250mg/ml. Two well made in Mueller 
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Hinton agar plate were each filled with 50µl of 500mg/ml 

and 250mg/ml concentration of C. citratus leaves ethanolic 

extract. The third well was filled with 50µl of 0.2mg/ml of 

Amoxicillin antibiotic as positive control and the fourth 

with 50µl of 10% sterile DMSO as negative control. The 

culture plates were left for 30 minutes to allow the extracts 

to diffuse through the media and then incubated in 

Bacteriological incubator (MEMMERT TYPE BTI-26) at 

37℃ in 5% Carbon dioxide (CO2) for 24 hours (Sheppard 

et al., 2017). After 24 hours of incubation, the diameters 

zone of inhibition of both the plant leaves ethanolic crude 

extract and the positive control antibiotics were measured 

using a metric ruler in millimeter (mm). The zone of 

inhibition is the diameter of the area of no growth of the 

organism from the well filled with plant extract or 

amoxicillin antibiotic. A diameter of inhibition > 6mm was 

indicative of susceptibility to the extract and so the MIC and 

MBC tests were done too. 

Determination of Minimum Inhibitory Concentration 

(MIC) 

The MIC of C. citratus leaves crude ethanolic extract was 

lowest concentration required to inhibit the growth of S.  

pneumoniae. It was determined using broth tube dilution 

method as described by Rachuonyo et al., 2016 with 

modification. A two-fold serial dilution was performed 

using ten sterile tubes containing 0.5 ml of Brain Heart 

Infusion broth (BHI) (Hi-Media Laboratories Pvt Ltd, 

Mumbai, India, M210). Zero point five milliliter of 500 

mg/ml extract concentration was introduced to the first test 

tube containing 0.5 ml of BHI broth and mixed thoroughly. 

Zero point five milliliter (0.5 ml) of this dilution was 

transferred subsequently to tubes in two-fold dilution of the 

original extract concentration up to the last tube from where 

0.5 ml broth was discarded. A pre-pre-prepared organism 

suspension equivalent to 0.5 McFarland standard of 24 hour 

clinical culture of S. pneumoniae was further diluted to 

obtain 1.0 x 106 cfu/ml as described by EUCAST and 

ESCMID, 2003. Then 0.5 ml of organism of this 

concentration was added into each of the tubes that 

contained serially diluted extract. This formed a decreasing 

final dilution extract concentration of 250 mg/ml, 125 

mg/ml, 62.5 mg/ml, 31.25 mg/ml, 15.63 mg/ml, 7.81 

mg/ml, 3.91 mg/ml, 1.95 mg/ml, 0.98 mg/ml and 0.49 

mg/ml in each of the tubes and now with an organism 

concentration of 5.0x105 cfu/ml as described by EUCAST 

and ESCMID (2003; Perumal et al. (2012). Triplicates of 

each tube concentration were made. Two controls were 

prepared as follows; Control one had broth and bacteria but 

no extract in order to find out whether the media supported 

the growth of S. pneumoniae and whether the organism was 

actually viable. Control 2 had only broth and no bacterium 

inoculated but with extract, thus helped to find out whether 

the broth was contaminated with other organisms. 

Thereafter, the tubes were incubated at 37°C in 5% CO2 for 

24 hours (Koneman et al., 1997). After incubation 50 µl of 

0.2 mg/ml p-iodonitrotetrazolium chloride was added in all 

the test tubes (INT, Sigma-Aldrich, USA) and incubated at 

37°C for 30 min. Development of pinkish-red color in the 

respective tubes was indicative of bacterial growth 

(conversion of INT to formazan) and clear solution was 

suggestive of no growth. The lowest concentration of the 

crude extract at which there was no color change (clear) and 

was apparently invisible as compared to the next tube 

dilution was taken as the minimum inhibitory concentration 

(MIC) of the C.  citratus leaves crude ethanolic extract 

against the test clinical S. pneumoniae clinical isolate 

(Rachuonyo et al.,2016; Perumal et al., 2012). 

Determination of Minimum Bactericidal Concentration 

(MBC) 

The minimum bactericidal concentration of C. citratus 

leaves crude ethanolic extract required to kill S. pneumoniae 

was determined by plating out the contents of clear tubes 

(tube with no visible turbidity of growth) from MIC results 

using sterile wire loop on sterile Mueller Hinton agar (Hi-

Media Laboratories Pvt Ltd, Mumbai, India, M173) 

supplemented with 5% defibrinated sheep blood and 

incubated at 37°C in 5% CO2 for 24 hours. The least 

concentration that showed no colony growth on the plates 

was considered as the Minimum Bactericidal Concentration 

(MBC) (Tiwari et al., 2018). 

Data Analysis  

The measurements for inhibition zone diameters and the 

respective concentrations used were entered into Microsoft 

Excel and then exported to SPSS-20 software for analysis. 

One-way ANOVA was used to compute descriptive 

statistics of mean and standard deviation of inhibition zone 

diameters in mm. Tukey’s post hoc test was used to obtain 

multiple comparisons between the antibacterial activity of 

plant extract, positive control and negative control. 

Statistical significance was considered at p-value ≤ 0.05. 

Results 

Percentage Yield of Extract 

Extraction was done using 150g of the powdered C. citratus 

plant leaves and yielded 5.5g of dried crude ethanolic 

extract which was equivalent to a percentage yield of 

3.667% was obtained as shown in Table 1. 

Table 1: Percentage extractive yield of C. citratus leaves crude ethanolic (96%) extract 

Weight of powdered 
plant material(g) 

Weight of extract+ 
container(g) 

Weight of 
container alone(g) 

Weight of 
extract(g) 

Percentage 
yield (%) 

150 108.1 102.6 5.5 3.667 

Key: g: gram, %: percentage. 
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Phytochemical Screening 

Phytochemical analysis of C. Citratus leaves crude 

ethanolic extract results showed that, the extract contained 

four phytochemicals compounds which included; tannins, 

phenolic compounds, carbohydrates, volatile oils and 

saponins as shown in Table 2.  

Table 1:  Phytochemical screening of the ethanolic leaves 

crude extracts of C. citratus 

Phytochemical constituents Results 

Tannins + 

Phenolic compounds + 

Flavonoids  - 

Carbohydrates + 

Volatile oils  + 

Saponins + 

Steroids - 

Key: +: presence   - : negative  

Antibacterial Activity of C.  Citratus Ethanolic Leaves 

Crude Extract Against S. Pneumoniae  

The susceptibility of S. pneumoniae to C. citratus leaves 

crude extract was determined by agar well diffusion method 

where the diameter zones of inhibition in mm were 

measured after 24 hours of incubation at 37ᵒC and it was 

done in triplicate (3times), the final results were reported as 

mean ±SD as shown in Table 3. The C. citratus leaves crude 

extract showed a high level of antibacterial activity with the 

highest mean and standard deviation inhibition zone 

diameters of 26.33 ± 1.53 mm  at 500 mg/ml concentration  

compared at half way concentration of 250 mg/ml which 

showed mean and standard deviation inhibition zone 

diameter of 20.33 ± 2.08 mm. There was a statistically 

significant difference (p= 0.002) between the antibacterial 

activity of C. citratus leaves ethanolic crude extract at 

500mg/ml and 250 mg/ml. The statistical analysis using one 

way ANOVA multiple comparison showed that at both 

concentrations of the extract used, there was a significant 

difference (p <.0001) between the extracts and the negative 

control (DMSO) which showed no inhibition zone diameter 

(0.0mm). The positive control (Amoxicillin, 0.2 mg/ml) 

showed a higher mean and standard deviation inhibition 

zone diameter of 40.00 ± 0.00 mm compared to the C. 

citratus leaves crude extract at both concentrations used in 

the study. This was also statistially significant (p < 0.0001) 

as shown in Table 3 and Fig. 1. 

 

Fig. 1:  Inhibition zone diameters of C. citratus ethanolic leaves 

crude extract against S.  pneumoniae clinical isolate on 5% 
defibrinated sheep blood. Amx : Amoxicillin antibiotic.  

Determination of MIC and MBC of C. citratus Ethanolic 

Leaves Crude Extract 

The minimum inhibitory concentration (MIC) of the C. 

citratus ethanolic leaves crude extract against S. 

pneumoniae was 15.63 mg/ml while the minimum 

bactericidal concentration (MBC) of the C. citratus 

ethanolic leaves crude extract against S. pneumoniae was 

found to be 125mg/ml Table 4. 

Table 3:  Mean and standad deviation inhibition zone of C. citratus ethanolic leaves crude extract 

against S.  pneumoniae clinical isolate  

Extract and controls Mean ± SD inhibition zone diameter (mm) 

Ethanolic extract, 500 mg/ml 26.33 ± 1.53a, d 

Ethanolic extract, 250 mg/ml 20.33 ± 2.08a, d 

Amoxicilin 0.2 mg/ml (positive control) 40.00 ± 0.00b, c 

10% DMSO (negative control) 0.00e 

a p = .002; statistically significant (extract at 500 mg/ml Vs extract at 250 mg/ml ) 
b p < .0001; statistically significant (extract at 500 mg/ml Vs amoxicillin (+ve), 0.2 mg/ml ) 
c p < .0001; statistically significant (extract at 250 mg/ml Vs amoxicillin (+ve), 0.2 mg/ml ) 
d p < .0001; statistically significant (10% DMSO (-ve) Vs extract at 500 mg/ml & 250mg/ml ) 
e p < .0001; statistically significant (10% DMSO (–ve) Vs amoxicillin (+ve), 0.2 mg/ml ) 
 mm: millimeters,       +ve = positive control,          -ve= negative control. 

 

http://ijasbt.org/
Umesh
Typewritten Text
35



I. Ntulume et al. (2019) Int. J. Appl. Sci. Biotechnol. Vol 7(1): 31-38 

This paper can be downloaded online at http://ijasbt.org&http://nepjol.info/index.php/IJASBT 

Table 4: Minimum Inhibitory Concentration and Minimum bactericidal concentration of C. 

citratus ethanolic leaves crude extract against S. pneumoniae 

 Concentrations of C. citratus ethanolic leaves crude extract (mg/ml)  

Extract 500 250 125 62.50 31.25 15.63 7.81 MIC MBC 

Reading       -      -     -      -     -    -    + 15.63 125 

Key: - Clear solution, no bacterial growth       + Turned pinkish-red with bacterial growth. 

Discussion 

Plant extracts have been used for thousands of years in food 

preservation, pharmaceuticals, alternative medicine and 

natural therapies to improve the quality of healthcare. C. 

citratus extracts are potential sources of novel antimicrobial 

compounds especially against bacterial pathogens 

(Hindumathy, 2011; Ewansiha et al., 2012; Rego et al., 

2016). S. pneumonia is one the superbugs commonly 

involved in causing severe manifestations, such as: 

pneumoniae, bacteraemia, septicemia and meningitis, to 

less serious ones, such as bronchitis, sinusitis and otitis 

media (Sheppard et al., 2017). Furthermore, CDC, 2018 

reported that these bacteria were resistant to at least one 

antibiotic. However, antibacterial activity of C. citratus 

ethanolic leave crude extracts against S. pneumoniae has not 

been evaluated. In vitro studies in this work showed that the 

C.  citratus ethanolic leaves crude extracts inhibited 

bacterial growth S. pneumoniae clinical isolate and its 

effectiveness varied with change in concentration.  

The present study showed that C. citratus ethanolic leaves 

crude extract had significant antibacterial activity against S. 

pneumoniae clinical isolates with higher mean and standard 

deviation inhibition zone diameters at 500 mg/ml (26.33 ± 

1.53 mm) compared to 250 mg/ml (20.33 ± 2.08 mm). The 

antibacterial activity reported in the present study was in 

agreement with studies done by Singh et al., 2011; Ambade 

and Bhadbhade, 2015 in India and in Nigeria by Ewansiha 

et al., 2012 although established theirs at a lower extract 

concentration. Rêgo et al. (2016) reported similar 

antimicrobial activity of C. citratus against Streptococcus 

spp biofilms. Hindumathy, 2011 reported similar findings 

that the C. citratus ethanolic leaves crude extracts inhibited 

the growth of standard and local strains of the organisms 

used. Several studies (Samy, 2005; Mitchell and Ahmad, 

2006) had shown that lemon grass had strong and consistent 

inhibitory effects against various pathogens which are in 

agreement with the present study findings. The antibacterial 

activity exhibited by C. citratus leaves crude extract against 

S. pneumoniae in this study was attributed to its 

phytochemical composition.  

Phytochemical screening of C. citratus leaves crude extract 

showed four active ingredients including; tannins, saponins, 

phenolic compounds and carbohydrates which were also 

reported in similar studies when methanol was used as the 

extraction solvent (Hindumathy, 2011). According to 

Ewansiha et al., 2012; Hindumathy, 2011 tannins and 

phenolic compounds have been found to inhibit bacterial 

and fungal growth and also capable of protecting certain 

plants against infection. Tannins and tannic acid owe their 

stringent action to the fact that they precipitate protein and 

render them resistant to attack by proteolytic enzymes, 

internally; they form a pellicle of coagulated protein over 

the lining of the alimentary tract (Ewansiha et al., 2012). 

Furthermore, Ewansiha et al., 2012 reported that there are 

three different types of tannins; hydrolysable tannins, Non-

hydrolysable tannins or condensed tannins and Pseudo 

tannins that contribute to antibacterial activity of C. citratus 

extract. Liang and Yi, 2008 reported that the volatile oils 

which are part of the plant’s phytochemicals exhibited great 

antibacterial activity and this confirms the potency of this 

particular plant against S. pneumoniae in this present study.  

Recently, there has been a considerable attention in crude 

extracts and essential oils from aromatic plants with 

antibacterial activities for preventing pathogens and toxin 

producing bacteria in foods  Mitchell and Ahmad, 2006; 

Hindumathy, 2011. The results obtained in the present study 

were not consistent with those of Ambade and Bhadbhade, 

2015 who reported a slightly higher activity against other 

Streptococcus spp other than S. pneumoniae who reported 

lower MIC values ranging from 10 to 2.5 mg/ml as 

compared in this present study. This difference in activity 

could probably be attributed to by differences in 

concentration of the active phytochemicals contained in 

both plants used since the plants have different 

environmental sources and differences in extraction 

procedures used in both studies (Senjobi et al., 2017). 

Additionally, the slight deviation from similar studies could 

be attributed to the genotypic characteristics of S. 

pneumoniae to express polysaccharide capsule, an essential 

virulence factor which could have lowered drug uptake, 

thus leading to the continuous resistance, varying the potent 

extract concentration required 3. The antibacterial activity 

of the two plant extract concentrations used in the present 

study was significantly (p < .0001) lower than that of the 

positive control, 0.2mg/ml amoxicillin. This could probably 

be due to the fact that the leaves crude extract may still 

contain some impurities which may prevent its activity 

compared to purified positive control at low concentration. 

This was in agreement to the reports by Ewansiha et al., 

2012 who conducted a similar study in Nigeria. Therefore, 
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purification is very important because the presence of some 

ingredients which reduce the activity of the bioactive 

components is eliminated, concentrating the active 

component hence, increasing the potency of the active 

components. However, Ewansiha et al., 2012 added that, 

the differences reported could probably be attributed to 

different extraction techniques, purification methods and 

susceptibility methods used before performing the 

antibacterial assays. This agrees with recent reports of no 

doubt to confirm partly that C. citratus has been used 

against gastrointestinal disturbances, but might require high 

dosage due to the level of antimicrobial activity it showed 

in the presence research results.  

Furthermore, the present study showed higher MIC and 

MBC values as compared to similar studies which reported 

lower MIC values of 0.04 mg/mL although different 

bacteria were used and this would be suggestive for the 

differences (Rego et al., 2016). Furthermore, Ewansiha et 

al., 2012 reported slightly higher MIC values ranging from 

20g/ml-26g/ml and MBC of 28 g/ml against gram positive 

bacteria as compared to the present study.  

Conclusion 

The study revealed the antibacterial activity possessed by C. 

citratus ethanolic leaves crude extract against clinical 

isolate of S. pneumoniae. The antibacterial activity was 

attributed by the phytochemical constituents it contains, 

thus validating its usage in the treatment of ailments caused 

by S. pneumoniae.  It’s recommended that similar studies 

should be done focusing on isolation of specific 

phytochemicals of the plant and then establishes their 

antibacterial activity against S. pneumoniae.  
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