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ABSTRACT 
 

Malaria remains a major infectious disease ravaging the tropical part of the world with more 
deleterious effects on tropical low- and middle-income nations. Aside from the complications, 
secondary infections by bacteria have become rampant; hence, the need for the antibacterial 
properties of Boerhaavia diffusa and Huntaria umbellate extracts. Bioactive ingredients of the plants 
were extracted using standard methods and the extracts were subjected to filtration using a 
membrane-injection filter. Malaria positive blood samples were obtained and the bacteria present in 
them were isolated and identified before subjecting them to sensitivity test on the extracts. The 
results showed that steroids and tannin were not detected in both cold and hot water extracts while 
glycoside was the most abundant in the extracts, followed by terpenoid and phenol. The probable 
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bacteria generally identified are Acinetobacter, Escherichia, Klebsiella, Staphylococcus, Salmonella, 
Streptococcus and Pseudomonas. The bacteria with the highest frequency of occurrence were 
Salmonella and Staphylococcus. The least occurred bacteria was Pseudomonas. Both 
Staphylococcus and Salmonella had 28% of occurrence in all the samples. Salmonella was most 
susceptible to ampicillin having a diameter of zone of inhibition of 18.33±0.58 mm, while it was not 
susceptible at all to nitrofurantoin. Escherichia was most susceptible to tetracycline with a zone 
diameter of 14.33±0.58 mm, while Pseudomonas was most susceptible to ampicillin having a zone 
diameter of 10.00±0.00 mm. At 100mg/mL concentration, the highest diameter of zone of inhibition 
was 11.33±0.58. The results obtained in this study have shown that both B. diffusa and H. 
umbellate extracts have a high antibacterial effect. 
 

 
Keywords: Antibacterial; extracts; malaria; isolates. 

 
1. INTRODUCTION 
 
“Malaria is a preventable and curable disease, 
yet it remains a devastating tropical disease, with 
high infection and mortality statistics. Malaria, a 
life-threatening disease caused by a parasitic 
infection of the red blood cells by Plasmodium 
parasites transmitted through a bite of the female 
Anopheles mosquitoes, is undoubtedly the single 
most destructive and dangerous infectious agent 
in the developing world, predominantly tropical 
and subtropical regions, including parts of the 
Americans, Asian and Africa” [1]. “Fifth species, 
Plasmodium knowlesi which is a simian parasite 
has been shown to infect humans but rarely” [2]. 
 
Boerhaavia diffusa (Spreading Hogweed in 
English) named in honour of Hermann 
Boerhaave, a famous Dutch physician of the 18th 
century [Chopra, 1969], is mainly a diffused 
perennial herbaceous creeping weed of India 
(known also under its traditional name as B. 
diffusa) and of Brazil (known as Erva tostão) and 
is up to 1 m or more in length, having spreading 
branches. It belongs to the family Nyctaginaceae. 
The leaves are simple, thick, fleshy, and hairy, 
arranged in unequal pairs, green and glabrous 
above and usually white underneath. The shape 
of the leaves varies considerably ovate - oblong, 
round, or subcordate at the base and smooth 
above. 
 
“Hunteria umbellata (K. Schum.) Hallier f. belong 
to the Apocynaceae family, a West African 
glaborous tree known as Abeere in Yoruba, 
Southwest Nigeria” [3]. “It has been widely used 
by different folk, which include the management 
of infections, diseases, treatment of pain and 
metabolic disorders such as diabetes mellitus 
and obesity” [4]. Many genera in the 
Apocynaceae family have been well-studied, 
especially their chemical composition and 
economic importance. Studies have revealed 

that the aqueous seed extract of H. umbellata 
has been tested on different experimental 
models of diabetes [5] for its anti-hyperglycemic 
effect coupled with anti-obesity and anti-
hyperlipidemic potentials, which are well-
documented. Likewise, oral toxicity studies have 
been conducted that authenticate its safety prior 
to oral administration in experimental animals [6]. 

 
2. COLLECTION AND AUTHENTICATION 

OF PLANT MATERIALS  
 
Fresh dried seeds of H. umbellata and leaves of 
B. diffusa were collected from various locations 
in Akure and its environs and identified at the 
Department of Crop, Soil and Pest Management, 
Federal University of Technology, Akure. The 
plant samples were authenticated at the 
Herbarium of the Department of Plant Science, 
Ekiti State University, Ado-Ekiti, Nigeria.  

 
2.1 Preparation of Plant Extracts 
 
The plant samples were air-dried at ambient 
temperature (25-30°C) for 5-10 days. The dried 
plant samples were blended and each plant 
sequentially extracted using cold water, hot water 
and ethanol [7]. The essential oil of the dried H. 
umbellata seed was extracted adopting the 
method of Rants [8]. 

 
2.2 Phytochemical Analysis  
 
The plant extracts were analyzed for the 
presence and amounts of different classes of 
secondary metabolites using the technique 
described by Das et al. [9] as follows: 
 
Phytochemical Analysis of A. paniculata 
leave extract (Qualitative): The leaves extract 
of A. paniculata was tested for the presence of 
different phytoconstituents like alkaloids, 
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saponin, tannin, phlobatanin, anthraquinone, 
flavonoid, steroids, terpenoid and cardiae 
glycosides using standard methods [10]. 
 

Test for Alkaloids: About 0.5g of the extract 
was stirred with 5mL of 1% aqueous hydrochloric 
acid (HCl) on a steam water bath for 2 mins. One 
mL of the filterate was treated with a few drops of 
Dragendorff’s reagent. Blue black turbidity was 
taken as preliminary evidence for the presence of 
alkaloid. 
 

Test for Saponins: The ability of saponin to 
produce frothing in aqueous solution was used 
as a screening test for saponin. About 0.5g of the 
extract was taken with distilled water in a test 
tube; frothing which persist on warming was 
taken as preliminary evidence for the presence of 
saponin. 
 

Test for Tannins: About 5g of the extract was 
stirred with 10 mL of distilled water, filtered and 
ferric chloride reagent was added to the filtrate; a 
blur black green or blue green precipitate was 
taken as evidence for the presence of tannin. 
 

Test for Anthraquinone: Borntrager’s test was 
used for the detection of Anthraquinone. 0.5g of 
the extract was shaken with 10ml of benzene, 
filtered and 5ml of 10% ammonia solution added 
to the filtrate. The mixture was shaken and the 
presence of pink red or violet colour in the 
ammonia layer indicator the presence of free 
Anthraquinone. 
 

Test for Flavonoid: About 0.5g of the extract 
was stirred with 20ml of dilute ammonia solution, 
a yellow colouration was observed, the 
disappearance of the yellow colour after the 
addition of 1ml concentrated H2SO4 indicates the 
presence of flavonoid. 
 

Test for Steroid: 20ml of acetic anhydride was 
added to 0.5g of the extract and filter, 2ml of 
concentrated H2SO4 was added to the filtrate. 
There was a colour change from violet to blue or 
green which indicate the presence of steroid. 
 

Test for Terpenoids: About 5g of the extract 
was mixed with 20ml of chloroform and filtered; 
3ml of concentrated H2SO4 was added to the 
filtrate to form a layer. A reddish brown colour at 
the interface was observed which indicate the 
presence of terpenoid. 
 

Test for Cardiac Glycosides: The following 
tests were carried out to test for cardiac 
glycosides. 

Legal’s Test: The extract was dissolved in 
pyridine and a few drops of 2% sodium 
nitroprusside with a few drops of 20% sodium 
hydroxide (NaOH) were added. A deep red 
colouration which faded to a brownish yellow 
indicates the presence of cardenolides [11]. 
 

2.3 Quantitative Phytochemical Analysis 
 
Determination of Tannin: About 2g of finely 
ground sample was weighed into a 50ml sample 
bottle. A 10ml of 70% aqueous acetone was 
added and properly covered. The bottle was put 
in an ice bath shaker and shaken for 2 hours at 
300C. Each solution was then centrifuge and the 
supernatant store in ice. Exactly 0.2ml of each 
solution was pipetted into the test tube and 0.8ml 
of distilled water was added. Standard tannin 
acid solutions were prepared from 0.5mg/ml of 
the stock and the solution made up to 1ml with 
distilled water. Exactly 0.5ml of folin ciocateau 
reagent was added to both sample and standard 
followed by 2.5ml of 20% Na2CO3; the solution 
was then vortexed and allowed to incubate for 40 
minutes at room temperature, its absorbance 
was read at 725nm against a reagent blank 
concentration of the same solution from a 
standard tannin acid curve was prepared [12]. 
 
Determination of Total Flavonoid: The total 
flavonoid content of the extract was determined 
using a colourimeter assay developed by Bao 
[13]. 0.2ml of the extract was added to 0.3ml of 
5% NaNO3 at zero time. After 5mins, 0.6ml of 
10% AlCl3 was added and after 6min, 2ml of 1m 
NaOH was added to the mixture followed by the 
addition of 2.1ml of distilled water. Absorbance 
was read at 510nm against the reagent blank 
and flavonoid content was expressed as mg rytin 
equivalent. 
 
Determination of Saponin: The 
spectrophotometric method of Brunner [14] will 
be used for saponin determination. 2g of the 
finely grinded sample will be weighed into a 
250ml beaker and 100ml of Isobutyl alcohol or 
(But-2-ol) will be added. Shaker was used to 
shake the mixture for 5 hours to ensure uniform 
mixing. The mixture was filtered using No 1 
whatman filter paper into 100ml beaker 
containing 20ml of 40% saturated solution of 
(MgCO3). The mixture obtained was then filter 
through No 1 whatman filter paper; a clean 
colourless solution was taken into 50ml 
volumetric flask using pipette, 2ml of 5% iron (iii) 
chloride (FeCl3) solution was added to make up 
with mark of the distillated water. Allow to stand 
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for 30mins for the colour to develop. The 
absorbance is read against the blank at 380nm. 
 
Determination of Phenol: A 5g of the sample 
was weighed into a 250ml beaker and 200ml of 
10% acetic acid in ethanol was added and 
allowed to stand for 4 mins this was filtered and 
extract was concentrated on a water bath to one 
quarter of the original volume. 
 
Concentrated ammonium hydroxide added drop 
wise to the extract until the precipitation was 
completed. The whole solution was allowed to 
settle and the precipitated was collected and 
wash with dilute ammonium hydroxide and then 
filtered. The residue was then dried and weighed 
[15]. 
 
Determination of Cardiac Glycosides: The 
procedure described by Sofowora [16] was used. 
10ml of the extract pipetted into a 250ml conical 
flask. 50ml chloroform was added and shaken on 
vortex mixer for 1 hour. The mixture was filtered 
into 100ml conical flask: 10ml of pyridine and 2ml 
of 29% of sodium nitroprusside were added and 
shaken thoroughly for 10mins. 3ml of 20% 
sodium hydroxide (NaOH) was added to develop 
a brownish yellow colour. Glycosides standard 
(Digitoxin). A concentration which range from 0 – 
5mg/ml were prepared from stick solution the 
absorbance was read at 510nm. 
 
Determination of Terpenoid: The procedure 
described by Sofowora [16] was used.  Five 
gram of finely grounded sample was weighed 
into a 50ml conical flask. 20ml of chloroform: 
methanol 2:1 was added the mixture was shaken 
thoroughly and allowed to stand for 15mins at 
room temperature. The suspension was 
centrifuged at 3000rpm; the supernatant was 
discarded and the precipitate was re-washed 
with 20ml chloroform: methonal 2:1 and then re-
centrifuge again the precipitate was dissolved in 
40ml of 10% SDS solution. 1ml of 0.01m ferric 
chloride was added and allowed to stand for 
30mins before taking the absorbance at 510nm. 
The STD Terpenoid (alpha terpineol). 
Concentration ranging from 0.5mg/ml from the 
stock solution. 
 
Determination of Steroid: A quantitative 
determination of steroid was determined by 
weighing a 5gm of the finely powdered sample 
into 100ml conical flask and 50ml of pyridine was 
added to it, and shake for 30mins at room 
temperature; 3ml of 250mg/ml metallic copper 
powder or copper(i)oxide and allow to incubate 

for 1hr in the dark and the absorbance was 
measure at 350nm against reagent blank [16]. 
 

2.4 Collection of Blood Samples 
 
The blood was collected using Anaesthetization 
methods as described by Bada et al. [17]. The 
blood was carefully transferred into EDTA bottles 
for haematological assays and lithium heparin 
bottles for determination of liver functioning and 
biochemical parameters respectively [18]. 
 
Collection of human malaria positive blood 
samples: The collection of human malaria 
positive blood samples was done using the 
method of Kayiba et al. [19] after obtaining 
ethical clearance from the Ondo State Hospital 
Management Board, Akure. The blood samples 
were collected from the Federal University of 
Technology Medical centre and the University of 
Medical Science Teaching Hospital laboratories 
with the scientist on duty filling a simple 
questionnaire by asking the patient few 
questions. 
 
Bacteria isolation from blood samples: The 
bacteria isolation was done using standard 
microbiological methods outlined by Prescott et 
al. [20]. Purification and identification of the 
isolates was done using colonial morphology and 
biochemical tests [21].  
 

2.5 Standardization of Test Bacteria 
 
A loopful of the bacterial culture was aseptically 
inoculated into freshly prepared sterile nutrient 
broth and incubated for 24 hours. Zero-point-two 
millimetre was pipette from the 24 hours broth 
culture of the test organism and was dispensed 
into 20 ml sterile nutrient broth and incubated for 
another 4 hours to standardise the culture to 0.5 
McFarland’s standard (106cfu/ml) before use as 
described by Prescott et al. [22].  
 

2.6 Antibiotic Sensitivity Profile 
 

The antibiotic sensitivity profile was investigated 
in order to compare the sensitivity of the 
microorganisms to the different conventional 
antibiotics as described by Baker et al. [23]. The 
disc ]diffusion method was used to determine the 
susceptibility and resistance of the organisms to 
the antimicrobial drugs. Twenty millilitres of 
sterile Mueller-Hilton agar was aseptically poured 
into sterile Petri dishes and allowed to gel. Each 
plate was seeded with the test organism before 
aseptically introducing the antibiotic disc with 
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sterile forceps onto the surface of the solidified 
Mueller Hilton agar plate and incubated at 37 oC 
for 24 hours. After incubation, clear zones 
around the disk were measured in millimetres 
and recorded as the zones of inhibition. 
Diameters of zone of inhibition was measured 
with a calibrated ruler and then compared with 
Clinical and Laboratory Standards Institute 
(CLSI) standard for their sensitivity or resistance. 
Seeded plates without antibiotic disks served as 
the control. The antibiotic sensitivity profile was 
carried out in triplicates.  
 

2.7 Preparation of Plant Extracts 
 
The air-dried sample of H, umbellata and B. 
diffusa were powdered in a table model grinder 
for extraction. The powdered materials were 
extracted using methanol. Three hundred gram 
(300 g) of the grinded samples was weighed into 
three different containers, and was labeled. Then 
2000ml of the solvents was added, covered, 
shaken and mixtures were left for about 72 
hours, after which the solvents along with the 
extracts were drained out with muslin cloth, 
filtered with no 1 Whatman filter paper and semi-
solid extracts were obtained in vacuo using 
rotary evaporator. 
 
Reconstitution of the H. umbellata and B. 
diffusa extract: One gram of the extracts was 
dissolved in 10 ml of 30% Dimethyl sulfoxide 
DMSO 
 
Antibacterial assay of H. umbellata and B. 
diffusa extract: The potential antibacterial 
activity of H. umbellata and B. diffusa                  
extracts were carried out has described by      
Lawal et al. [24] with slight modification. The 
sterile petri dishes were filled with 25ml of Muller 
Hinton agar and allowed the agar to get 
solidified. Prior to streaking the plates with 
bacterial culture, 5mm diameter wells were 
punched in the medium using a sterile borer. 
After the agar gets solidified the bacterial 
cultures were inoculated by spreading in the petri 
plates using sterile cotton swabs. Then 0.1ml of 
plant extract in peptone water was directly 
applied to the well made on the surface of Muller 
Hinton agar containing bacterial lawn. Positive 
control was maintained with antibiotic 
ciprofloxacin and wells containing solvent alone 
was maintained as negative control. The 
inoculated plates were incubated overnight at 
37oC for allowing the bacterial growth and the 
diameter of zone of inhibition was measured in 
mm. 

2.8 Statistical Analysis 
 

Data obtained were subjected to analysis of 
variance (ANOVA) on window 10 and means 
were separated using Duncan’s New Multiple 
Range Test (DNMRT). Statistical software 
Package for Social Science (SPSS) version 26 
was applied in analysing the data. 
 

3. RESULTS 
 

Qualitative and Quantitative Phytochemical 
properties of selected medicinal plants: The 
result of the qualitative phytochemical analysis 
showed that different constituents were present 
in the different extract of the plants. In the B. 
diffusa extracts, only phenol and saponin were 
detected in the cold-water extract while the hot 
water extract showed the terpenoid, flavonoid 
and glycosides in addition to the two detected in 
cold extract. The result is shown in Table 1. 
Table 2 shows the result of the quantitative 
phytochemical analysis of the same extract. 
Steroids and tannin in were not detected in both 
cold and hot water extracts while glycoside was 
the most abundant in the extracts followed by 
terpenoid and phenol. 
 

The result of the qualitative phytochemical 
analysis showed that different constituents were 
present in the different extract of the plants. In 
the B. diffusa extracts, only phenol and saponin 
was detected in the cold-water extract while the 
hot water extract showed the terpenoid, flavonoid 
and glycosides in addition to the two detected in 
the cold extract. The result is shown in Table 1. 
Table 2 is the result of the quantitative 
phytochemical analysis of the same extract. 
There is no presence of steroids and tannin in 
both cold and the hot water extract while 
glycoside was the most abundant in the extracts 
followed by terpenoid and phenol. 
 

Fig. 1 shows the quantitative phytochemical 
compounds of H. umbellate (Abeere and 
represented as ABH). Also, glycoside was only 
present in the hot water extract and was the most 
abundant phytochemical in the extract. Only 
flavonoid, phenol and saponin was present in the 
cold-water extract. However, the hot water 
extract had in addition to the three four more 
phytochemicals in abundant and they are 
glycosides, steroid, tannin and terpenin. 
 

A total of fifty malaria positive blood samples 
were obtained with basic information obtained 
from anonymous donors. Table 11 shows the 
age and gender distribution of the samples 
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collected. The highest number of samples were 
obtained from age 0-10 years, while the least 
number of samples were obtained from age 51 
and above. On the basis of gender distribution, 
more samples were obtained from females than 
males with each of them amounting to ratio 8:17 
respectively. Also, the number of males 
decreased with increase in age. Table 12 shows 
the educational distribution of the samples 
collected with the highest number of the samples 
obtained from children in primary schools and the 
least from those without any form of education 
background respectively. 

 
Table 3 shows the result of the isolation of 
bacteria from blood samples of malaria infected 
patients. Out of the fifty blood samples, forty-two 
had bacteria while eight were sterile. Table 13 
shows the probable identity of the bacteria after 
subjecting them to various biochemical tests. A 
total of seven bacteria were identified from the 

thirty-two blood samples that have bacteria using 
different media, biochemical tests and sugar 
fermentation tests. The probable bacteria general 
identified are Acinetobacter, Escherichia, 
Klebsiella, Staphylococcus, Salmonella 
Streptococcus and Pseudomonas.  The bacteria 
with the highest frequency of occurrence were 
Salmonella and Staphylococcus. The least 
occurred bacteria was Pseudomonas.  

 
Table 4 shows the percentage occurrence of 
each bacterial isolate from the blood samples. 
Both Staphylococcus and Salmonella had the 
highest percentage of occurrence in the           
samples with 28% of occurrence in all the 
samples. The bacteria with the least percentage 
of occurrence were Pseudomonas with a 
percentage of 4% occurring in two samples only. 
Escherichia coli also recorded 24% along with 
Streptococcus, Klebsiella only had 22% 
percentage occurrence. 

  

 
 

Fig. 1. Quantitative Phytochemicals in Extracts of H. umbellate 
Keys: PNL= Phenol; GSD= Glycoside; STD=Steroid; TNN=Tannin; TPN=Terpinene; SPN=Saponin; FND= 

Flavonoid 
 

Table 1. Qualitative phytochemical result of B. diffusa extract 
 

Compounds Hot water Cold water  Ethanol 

Saponins + ++ + 
Terpenoids + - + 
Steroids - - + 
Tannins - - + 
Flavonoids + - + 
Glycosides + - + 
Phenol + + + 
Anthraquinones - - - 

Key: += Present; - = Absent 



 
 
 
 

Omoya et al.; J. Adv. Microbiol., vol. 24, no. 4, pp. 51-64, 2024; Article no.JAMB.109810 
 
 

 
57 

 

Table 2. Phytochemical composition of the B. diffusa extracts 
 

Compounds Hot water Cold water  Ethanol 

Saponins 3.18 4.209 5.63 
Terpenoids 4.689 - 25.95 
Steroids - - 7.04 
Tannins - - 4.29 
Flavonoids 2.821 - 0.68 
Glycosides 1.376 - 26.36 
Phenol 2.907 4.301 24.54 

 

Table 3. Age and gender distribution of samples collected 
 

S/N Age Male Female 

1 0-10 7 13 
2 11-20 5 5 
3 21-30 2 4 
4 31-40 2 7 
5 41-50 0 3 
6 51 and above 0 2 
7 Total 16 34 

 

Table 4. Educational distribution of samples 
 

S/N Educational qualification Number 

1 Primary 18 
2 Secondary 12 
3 Tertiary 17 
4 None 3 
5 Total 50 

 

Table 5. Morphological characteristics of bacterial isolates 
 

Isolate no Pigmentation/color Shape Edge Optical characterized Consistency Colony surface Spore formation Gram’s reaction Motility 

1 White Circular Entire Translucent Butyrous Smooth Negative -ve rod + 
2 White Irregular Lobate Translucent Viscid Smooth Negative -ve rod + 
3 Milky white Circular Entire Opaque Butyrous Smooth Negative -ve rod + 
4 Milky white Circular Entire Translucent Swarmy Smooth Negative +ve cocci + 
5 Black Circular Entire Translucent Butyrous Smooth Negative -ve rod + 
6 Milky white Circular Entire Opaque Butyrous Smooth Negative +ve cocci + 
7 Green Circular Entire Translucent Butyrous Smooth Negative -ve rod + 



 
 
 
 

Omoya et al.; J. Adv. Microbiol., vol. 24, no. 4, pp. 51-64, 2024; Article no.JAMB.109810 
 
 

 
58 

 

Table 6. Biochemical characteristics of bacterial isolates 
 

Isolate no Cat Oxi Ind H2S Nit red Ure Lact Fruc Malt Gala Glu Arab Raf Man MR VP Identified organism 

1 + - + + - + - + - - + - - - + - Acinetobacter spp 
2 + - - - - + + + + + + - - + + + Escherichia coli 
3 - - - - + - + + + + + + + - + + Klebsiella pneumonia 
4 + + - +  + + - + + + - + + - + + Staphylococcus aureus 
5 + + - + - - - + + - + - - + + + Salmonella typhi 
6 - - - - + - + + + + + + + - + + Streptococcus pneumonia 
7 + + - + - - - + + - + - - + + + Pseudomonas aeruginosa 

 

Table 7. Percentage occurrence of isolates 
 

S/N Name of bacteria No of samples positive No of samples negative Percentage of occurrence 

1 Enterobacter spp 8 42 16% 
2 Escherichia coli 12 38 24% 
3 Klebsiella pneumonia 11 39 22% 
4 Staphylococcus aureus 14 36 28% 
5 Salmonella typhi 14 36 28% 
6 Streptococcus pneumonia 12 38 24% 
7 Pseudomonas aeruginosa 2 48 4% 

 
Table 8. Antibiotic sensitivity test of Gram-negative isolates on commercial antibiotics 

 

Antibiotics Salmonella typhi Escherichia coli Pseudomonas aeruginosa Klebsiella pneumoniae 

Ampicillin (25µg) 18.33±0.58e 12.67±0.58e 10.00±0.00e 12.33±0.58b 
Chloramphenicol (30µg) 13.33±0.58c 9.67±0.58d 9.33±0.58b 15.18±0.58d 
Colistin sulphate (30µg) 10.00±0.00a 6.33±0.58c 8.33±0.58c 8.33±0.58b 
Kanamycin (30µg) 10.33±0.58c 12.00±0.00a 0.00±0.00d 11.33±0.58c 
Nalidixic acid (30µg) 12.33±0.58c 10.00±0.00e 8.67±0.58c 4.33±0.58a 
Nitrofurantoin (30µg) 0.00±0.00a 6.67±0.58c 4.33±0.58a 8.33±0.58b 
Streptomycin (30µg) 6.67±0.58b 14.00±0.00b 6.33±0.58c 12.33±0.58b 
Tetracycline (30µg) 10.33±0.58d 14.33±0.58c 6.00±0.00c 12.00±0.00b 
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Table 9. Antibiotic sensitivity test of Gram-positive isolates on commercial antibiotics 
 

Antibiotics Enterobacter spp Staphylococcus aureus Streptococcus Pneumoniae 

Ampicillin (25µg) 11.67±0.58e 16.33±0.58e 10.67±0.58e 
Chloramphenicol (30µg) 4.67±0.58b 12.33±0.58c 8.67±0.58d 
Colistin sulphate (30µg) 5.33±0.58c 0.00±0.00a 6.33±0.58c 
Kanamycin (30µg) 0.00±0.00a 12.33±0.58c 0.00±0.00a 
Nalidixic acid (30µg) 0.00±0.00a 12.33±0.58c 10.00±0.00e 
Nitrofurantoin (30µg) 4.67±0.58b 0.00±0.00a 6.67±0.58c 
Streptomycin (30µg) 0.00±0.00a 6.67±0.58b 4.00±0.00b 
Tetracycline (30µg) 7.33±0.58d 14.33±0.58d 6.33±0.58c 

 

Table 10. Susceptibility test of B. diffusa extracts isolates 
 

B. diffusa extracts S pneumoniae S aureus K. pneumonia S typhi E. coli P. aeruginosa E. aeroginosa 

50mg/ml (H) 6.33±0.58a 4.33±0.58a 5.00±0.00a 3.33±0.58a 3.33±0.58a 0.00±0.00a 7.33±0.58a 
100mg/ml (H) 10.33±0.58b 9.67±0.58b 11.33±0.58b 5.33±0.58b 8.67±0.58b 4.33±0.58b 15.67±0.58b 
50mg/ml (E) 8.00±0.00c 6.67±0.58c 8.33±0.58b 8.00±0.00c 6.33±0.58c 6.00±0.00c 8.33±0.58c 
100mg/ml (E) 14.33±0.58d 12.33±0.58d 14.67±0.58b 12.33±0.58d 12.00±0.00d 9.33±0.58d 16.00±0.00d 

Keys: H= Hot; E= Ethanol 
 

Table 11. Susceptibility test of H. umbellata extracts isolates 
 

B. diffusa extracts S pneumonia S aureus K. pneumoniae S typhi E. coli P. aeruginosa E. aeroginosa 

50mg/ml (H) 4.33±0.58a 5.33±0.58a 4.00±0.00a 5.33±0.58a 5.33±0.58a 2.33±0.58a 5.13±0.58a 
100mg/ml (H) 9.3±0.58b 10.67±0.58b 9.33±0.58b 9.33±0.58b 9.67±0.58b 6.33±0.58b 13.37±0.58b 
50mg/ml (E) 6.00±0.00c 6.67±0.58c 5.33±0.58b 6.00±0.00c 10.33±0.58c 4.00±0.00c 6.33±0.58c 
100mg/ml (E) 11.33±0.58d 13.33±0.58d 11.67±0.58b 10.33±0.58d 15.00±0.00d 8.33±0.58d 14.00±0.00d 

Keys: H= Hot; E= Ethanol 
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Table 12. Educational distribution of Samples 
 

S/N Educational Qualification Number 

1 Primary 18 
2 Secondary 12 
3 Tertiary 17 
4 None 3 
5 Total 50 

 
Table 13. Sequenced bacteria Isolates from Blood Samples 

 

S/no Sample  ID Organism % Identity Accession no of BLAST Hit 

1 A1 Klebsiella pneumoniae 99.79% CP131949.1 
2 B1 Enterobacter hormaechei 99.47% OR208196.1 
3 C1 Enterobacter hormaechei 99.75% CP027111.1 
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Table 8 is the result of the antibiotic sensitivity 
test of Gram-negative bacteria on commercial 
antibiotics they were subjected to. Salmonella 
was most susceptible to ampicillin having a 
diameter of zone of inhibition of 18.33±0.58 mm, 
while it was not susceptible at all to 
nitrofurantoin. Escherichia was most susceptible 
to tetracycline with a zone diameter of 
14.33±0.58 mm, while Pseudomonas was most 
susceptible to ampicillin having a zone diameter 
of 10.00±0.00 mm. Klebsiella on the other hand 
was most susceptible to chloramphenicol, with a 
zone diameter of 15.18±0.58. 

 
The Gram-positive bacteria were also most 
susceptible to ampicillin with the two bacteria 
(Staphylococcus and Streptococcus) having 
zones of inhibition of 16.33±0.58 and 10.67±0.58 
mm diameter respectively. Staphylococcus was 
completely unsusceptible to colistin sulphate and 
nitrofurantoin antibiotics while Streptococcus was 
not susceptible to kanamycin. Generally, the 
Gram-positive bacteria were not susceptible to 
streptomycin. The result for the Gram-positive 
bacteria is presented in Table 8. 

 
Table 9 shows the result of the susceptibility test 
of B. diffusa hot water and ethanol extracts at 
50mg/ml and 100mg/ml respectively. The hot 
water extract at 50mg/ml was not that effective 
against the bacteria isolates. For example, 
Pseudomonas was not susceptible at all to the 
extract at this concentration, while at 10mg/ml 
concentration the susceptibility value was only 
4.33±0.58 mm diameter zone of inhibition. At 
100mg/ml concentration, the highest diameter of 
zone s of inhibition was 11.33±0.58; which was 
obtained for Klebsiella while the lowest level of 
diameter of zones of inhibition was 0.00 obtained 
for the hot water extract. The ethanol extract was 
however, more effective invitro 

 
4. DISCUSSION 
 
A total of fifty malaria positive blood samples 
were obtained with basic information obtained 
from anonymous donors. Table 11 shows the 
age and gender distribution of the samples 
collected. The highest number of samples were 
obtained from age 0-10 years, while the least 
number of samples were obtained from age 51 
and above. On the basis of gender distribution, 
more samples were obtained from females than 
males with each of them amounting to ratio 8:17 
respectively. Also, the number of males 
decreased with increase in age. Table 12 show 

the educational distribution of the samples 
collected with the highest number of the samples 
obtained from children in primary schools and the 
least from those without any form of education 
background respectively. 
 
Table 3 shows the result of the isolation of 
bacteria from blood samples of malaria infected 
patients. Out of the fifty blood samples, forty-two 
had bacteria while eight were sterile. Table 13 
shows the probable identity of the bacteria after 
subjecting them to various biochemical tests. A 
total of seven bacteria were identified from the 
thirty-two blood samples that have bacteria using 
different media, biochemical tests and sugar 
fermentation tests. The probable bacteria general 
identified are Acinetobacter, Escherichia, 
Klebsiella, Staphylococcus, Salmonella 
Streptococcus and Pseudomonas.  The bacteria 
with the highest frequency of occurrence were 
Salmonella and Staphylococcus. The least 
occurred bacteria was Pseudomonas.  
 
Table 4 shows the percentage occurrence of 
each bacterial isolate from the blood samples. 
Both Staphylococcus and Salmonella had the 
highest percentage of occurrence in the samples 
with 28% of occurrence in all the samples. The 
bacteria with the least percentage of occurrence 
were Pseudomonas with a percentage of                 
4% occurring in two samples only.             
Escherichia coli also recorded 24% along with 
Streptococcus, Klebsiella only had 22% 
percentage occurrence.  
 

Table 5 is the result of the antibiotic sensitivity 
test of Gram-negative bacteria on commercial 
antibiotics they were subjected to. Salmonella 
was most susceptible to ampicillin having a 
diameter of zone of inhibition of 18.33±0.58 mm, 
while it was not susceptible at all to 
nitrofurantoin. Escherichia was most susceptible 
to tetracycline with a zone diameter of 
14.33±0.58 mm, while the Pseudomonas was 
most susceptible to ampicillin having a zone 
diameter of 10.00±0.00 mm. Klebsiella on the 
other hand was most susceptible to 
chloramphenicol, with a zone diameter of 
15.18±0.58. 
 

The Gram-positive bacteria were also most 
susceptible to ampicillin with the two bacteria 
(Staphylococcus and Streptococcus) having 
zones of inhibition of 16.33±0.58 and 10.67±0.58 
mm diameter respectively. Staphylococcus was 
completely unsusceptible to colistin sulphate and 
nitrofurantoin antibiotics while Streptococcus was 
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not susceptible to kanamycin. Generally, the 
Gram-positive bacteria were not susceptible to 
streptomycin. The result for the Gram-positive 
bacteria is presented in Table 6. 
 

Table 7 shows the result of the susceptibility               
test of B. diffusa hot water and ethanol                
extracts at 50mg/ml and 100mg/ml respectively. 
The hot water extract at 50mg/ml was not that 
effective against the bacteria isolates. For 
example, Pseudomonas was not susceptible at 
all to the extract at this concentration, while at 
10mg/ml concentration the susceptibility value 
was only 4.33±0.58 mm diameter zone of 
inhibition. At 100mg/ml concentration, the highest 
diameter of zone s of inhibition was 11.33±0.58; 
which was obtained for Klebsiella while the 
lowest level of diameter of zones of inhibition 
was 0.00 obtained for the hot water extract. The 
ethanol extract was however, more effective in 
vitro 
 

Worthy of note is the fact that the number of 
males decreased with increase in age of the 
blood donors and this trend is similar to the trend 
observed by Despommier et al. [25] in which the 
male sex folks were seen as refusing to go for 
medical care, except in severe cases where they 
hve to be rushed to the hospital. Similarly, 
Chisang et al. [26] observed a similar result in 
Zambia where the males refused to go to the 
hospital for treatment even when they are down 
with malaria. Bofu et al. [27] who also observed a 
similar result in Tanzania where males believe 
that herbs are more appropriate for malaria and 
refuses to go to hospitals. In both references 
above, the educational qualifications were said to 
be minimal. 
 

Out of the fifty blood samples, forty-two had 
bacteria while eight were sterile, which means no 
form of septicaemia. The probable identity of the 
bacteria after subjecting them to various 
biochemical tests showed that all the bacteria 
isolated were common cause of blood 
bacteremia [6]. The total of seven bacteria 
identified from the forty-two blood samples that 
have bacteria using different media, biochemical 
tests and sugar fermentation tests were all 
common cause of bacteremia, and most 
importantly co-infecting bacteria with 
Plasmodium [8]. The probable bacteria general 
identified are Acinetobacter, Escherichia, 
Klebsiella, Staphylococcus, Salmonella 
Streptococcus and Pseudomonas. The bacteria 
with the highest frequency of occurrence were 
Salmonella and Staphylococcus. The least 
occurred bacteria were Pseudomonas.  

The bacteria with the least percentage of 
occurrence were Pseudomonas with a 
percentage of 4% occurring in two samples only, 
while Escherichia coli also recorded 24% along 
with Streptococcus, Klebsiella only had 22% 
percentage occurrence. This result is similar to 
the results obtained by Adelaja et al. [28]. In 
which a similar study was conducted on malaria 
infection of neonates with emphasis on four days 
recall feeding habits. 
 

The susceptibility test of B. diffusa hot water and 
ethanol extracts at 50mg/ml and 100mg/ml 
respectively which showed that the hot water 
was not that effective against the bacteria 
isolates. According to Omara, [29], the 
susceptibility of a bacteria to a substance or an 
extract should be determined by using a 
standard such as the clinical laboratory standard. 
For example, Pseudomonas was not susceptible 
at all to the extract at this concentration, while at 
10mg/ml concentration the susceptibility value 
was only 4.33±0.58 mm diameter zone of 
inhibition and this is still not susceptible to the 
extract by certain standards. However, Klebsiella 
was most susceptible to most of the extract. 
 

5. CONCLUSION 
 

The results obtained in this research have shown 
that both B. diffusa and H. umbellate extracts 
have high antibacterial effect against the bacteria 
isolates coinfecting patients that are down with 
malaria. The plants could also be a good sources 
of novel medicine that could help curb antibiotic 
resistance of the bacteria that were susceptible 
to the extracts. 
 

CONSENT  
 

As per international standard or university 
standard, patient(s) written consent has been 
collected and preserved by the author(s). 
 

ETHICAL APPROVAL 
 

As per international standard or university 
standard written ethical approval has been 
collected and preserved by the author(s). 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Winter RW, Kelly JX, Smilkstein MJ, 
Dodean R., Bagby GC, Rathbun RK, Levin 



 
 
 
 

Omoya et al.; J. Adv. Microbiol., vol. 24, no. 4, pp. 51-64, 2024; Article no.JAMB.109810 
 
 

 
63 

 

JI, Hinrichs D, Riscoe M.K. Evaluation and 
lead optimization of anti-malarial 
acridones. Exp. Parasitol. 2006;114:      
47–56. 

2. WHO. World malaria report; 2023.  
Available:www.who.int/teams/global-
malaria-programme/reports/world-malaria-
report-2023 

3. Adeneye AA, Adeyemi OO. 
Hypoglycaemic effects of the aqueous 
seed extract of Hunteria umbellata in 
normoglycaemic and glucose and nicotine-
induced hyperglycaemic rats. Int J Natural 
Products Research. 2009;2:9-18. 

4. Falodun A, Nworgu Z, Ikponmwonsa MO. 
Phytochemical components of Hunteria 
umbellata (K. Schum) and its effect on 
isolated non-pregnant rat uterus in oestrus. 
J Pharm Sci. 2006;19:256-258. 

5. Igbe I, Omogbai EKI, Ozolua RI. 
Hypoglycaemic activity of aqueous seed 
extract of Hunteria umbellata in normal and 
streptozotocin-induced diabetic rats. 
Pharm Biol. 2009;47:1011-1016. 

6. Adeneye EA, Adzu, B. and Salawu, OA, 
Screening Diospyros mespiliformis extract 
for antimalaria potency. Int J Biol Chem 
Sci. 2010;3(2):271-276. 

7. Rodrigo C, Rajapakse S, Fernando D. 
Tafenoquine for preventing relapse in 
people with Plasmodium vivax malaria. 
The Cochrane Database of Systematic 
Reviews. 2020;9:CD010458. 

8. Rant ST. Mechanisms of action of 
hydroxychloroquine and chloroquine: 
implications for rheumatology. Nat. Rev. 
Rheumatol. 2023;16(3):155–166.  

9. Das ST, Kabo U, Evans GM. Fine-            
Scale Spatial Distribution of Deltamethrin 
Resistance and Population Structure               
of Anopheles funestus and                
Anopheles arabiensis Populations in 
Southern Mozambique, Malar J. 2023 Mar 
14;23:94. 
Available:https://doi.org/10.1186/s12936-
023-04522-5 

10. AOAC. Laboratory Manual on Basic 
Methods in Analytical Chemistry Education 
Consult. 22nd edition, In: Official Methods 
of Analysis. 2011;25-27. 

11. AOAC. Laboratory Manual on Basic 
Methods in Analytical Chemistry Education 
Consult. 24th edition, In: Official Methods 
of Analysis. 2015. pp 46-61. 

12. Makkar, Harinder. Quantification of 
Tannins in Tree Foliage: A Laboratory 
Manual; 2004. 

13. Bao J, Cai Y, Sun M, Wang G, Corke H. 
Anthocyanins, flavonols, and free radical 
scavenging activity of Chinese bayberry 
(Myrica rubra) extracts and their color 
properties and stability. J Agric Food 
Chem. 2005 Mar 23;53(6):2327-32.  

 DOI: 10.1021/jf048312z 

 PMID: 15769176. 

14. Brunner JH. Direct spectrophometer 
determination of saponin. Animal 
Chemistry. 1994 34: 1314-1326 

15. Harbone, JB Phytochemical methods. A 
guide to modern technique of plant 
analysis. Chapman and Hall, New York. 
1973;278. 

16. Sofowora, A. Medicinal plants and 
traditional medicine. Spectrum books Ltd. 
Ibadan Nigeria. 1995;224-227. 

17. Bada AA, Momoh AO, Kio Y. Prevalence 
and systemic effects of heavy metals on 
selected agricultural products in southern 
ijaw local government area of Bayelsa 
state, Nigeria; 2023. 

18. Baker FJ, Breach MR, Chris P. Medical 
laboratory Science, Chris Publisher, 5th 
Edition, London, United Kingdom. 2020; 
560. 

19. Kayiba NK, Yobi DM, Devleesschauwer B, 
Mvumbi DM, Kabututu PZ, Likwela JL, 
Kalindula LA, DeMol P, Hayette MP, 
Mvumbi GL, Lusamba PD, Beutels P, 
Rosas-Aguirre A, Speybroeck N. Care-
seeking behaviour and socio-economic 
burden associated with uncomplicated 
malaria in the Democratic Republic of 
Congo. Malar J. 2021;20(1):260.  

DOI: 10.1186/s12936-021-03789-w 

20. Prescott AT, James DS, Sargent RM, Jay 
GH. Metal analysis of relationship between 
violet bacteria species, malaria and 
physical aggression over time. Pro Nat 
Acad Sci USA. 2022;115(40): 9882-9888. 

21. Jawetz GF, Butel JS, Morse SA. Medical 
Microbiology 27th edition, McGraw Hill, 
New York, USA. 2021;916. 

22. Prescott AT, James DS, Sargent RM, Jay 
GH. Metal analysis of relationship between 
violet bacteria species, malaria and 
physical aggression over time. Pro Nat 
Acad Sci USA. 2020;115(40):9882-9888. 

23. Baker FJ, Breach MR, Chris P. Medical 
laboratory science, Chris Publisher, 5th 
Edition, London, United Kingdom. 2021; 
560. 

24. Lawal B, Shittu OK, Abubakar A, Kabiru 
AY. Human genetic markers and structural 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8094590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8094590


 
 
 
 

Omoya et al.; J. Adv. Microbiol., vol. 24, no. 4, pp. 51-64, 2024; Article no.JAMB.109810 
 
 

 
64 

 

prediction of plasmodium falciparum multi-
drug resistance gene (Pfmdr1). For ligand 
binding in pregnant women attending 
general hospital minna. Journal of 
Environmental and Public Health. 2018;   
1-13.  

25. Despommier DD, Griffin DO, Gwadz RW, 
Hotez PJ, Knirsch CA. 9. The Malarias. 
Parasitic Diseases (PDF) (7 ed.). New 
York: Parasites Without Borders. 
2019;110–115. Retrieved November 24, 
2021.  

26. Chisang S, Rakholikia K, Dholakia, K. and 
Baravalia Yogesh, B. Antimicrobial, 
Antioxidant, and Synergistic Properties of 
Two Nutraceutical Plants: Terminalia 
catappa L. and Colocasia esculenta L. 

Turkish Journal of Biology. 2023;37:                  
81-91. 

27. Bofu KF, Laleh N, Mustapha, U. Anti-
bacterial and anti-fungal properties of 
garlic extract (Allium sativum): A review. 
Microbiology Research Journal 
International. 2023;28:1-5. 

28. Adelaja OJ, Okolo M, Kanu SN, Sola OO. 
Toxicity of insecticidal plant oils on the 
larval and adult stages of a major malaria 
vector (Anopheles gambiae Giles 1920). 
Parasitol Res; 2023 Mar 9. 

29. Omara T. Antimalarial plants used across 
Kenyan communities. Evid Based 
Complement Alternat Med. 2020;2020: 
4538602. 
DOI: 10.1155/2020/4538602 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/109810 

https://parasiteswithoutborders.com/wp-content/uploads/2020/02/PD7thEditionLowResVersion5-11-2019.pdf
http://creativecommons.org/licenses/by/4.0

