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Abstract 

Medicinal plants have been used in treatment of illness from time immemorial. Adenodolichos paniculatus is a 

medicinal plant used for traditional remedy of sore throat infections. This study therefore, evaluated the antibacterial 

activities of the root extracts and time-kill kinetics of the most potent extract. Five extracts, obtained by maceration 

using n-hexane, chloroform, ethyl acetate, methanol and water sequentially were evaluated for antibacterial activities 

and time-kill kinetics against Streptococcus pyogenes, Staphylococcus aureus, Pseudomonas aeruginosa and 

Escherichia coli. Chloroform root extract at 100 mg/ml was active against Streptococcus pyogenes, Staphylococcus 

aureus and Pseudomonas aeruginosa with zones of inhibition 25.00, 21.00 and 14.75 mm respectively but not against 

Escherichia coli. Minimum inhibitory concentrations were 1.56, 6.25 and 25.00 mg/ml respectively and the minimum 

bactericidal concentrations were 3.12, 12.50 and 50.00 mg/ml. Complete elimination of S. pyogenes, S. aureus and P. 

aeruginosa was achieved   at concentrations 1.56 mg/ml, 6.25 mg/ml and 25.00 mg/ml within 300, 720 and 960 

minutes exposure respectively and at concentrations 3.12 mg/ml, 25.00 mg/ml and 50.00 mg/ml within 180, 300 and 

720 minutes exposure respectively. Chloroform root extract has the potential to be used as antibacterial agent and was 

better than the other solvent extract two-fold. 
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______________________________________________________________________________ 

 

INTRODUCTION 

For decades, plants have been used by 

man as a natural source of therapy for the 

management of several illnesses and diseases. 

The use of plant compounds for 

pharmaceutical purposes has increased in 

Nigeria. The full integration of herbal 

medicine into the mainstream primary health 

care programs will require rigorous scientific 

study of both their therapeutic potentials as 
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well as the assessment of safety [1]. 

Adenodolichos paniculatus (a shrub of 4 - 5 m 

high) found in the savanna, bush and jungle, 

from Guinea to Northern Nigeria, and across to 

Sudan [2] is also known by various ethnic 

names such as kpàrák (Berom), gargung 

(Mwaghavul), kilikainawa (Fulfulde) and 

waken wuta (Hausa) to mention but a few in 

Nigeria [3]. It is one of the important medicinal 

plants with widespread traditional uses in the 
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remedy and management of sore throat 

infections in Pushit community. Other 

folkloric uses include dressing of burns, 

dysentery, liver trouble, venereal diseases, 

dysentery, diarrhea, blennorrhoea and also 

used as a pain-killer [4, 6].   

The scientific study of A. paniculatus 

has become imperative due to the alarming 

incidence of antibiotic resistance in bacteria of 

medical importance and the need to look for 

other sources of novel antibacterial agents 

particularly from medicinal plants, based on 

ethnopharmacological information [5] 

The present study was therefore 

conducted to evaluate the antibacterial 

susceptibility of Streptococcus pyogenes, 

Staphylococcus aureus, Pseudomonas 

aeruginosa and Escherichia coli to A. 

paniculatus root extracts and to determine the 

rate of bactericidal activities within a given 

contact time of the most potent root extract. 

 

EXPERIMENTAL METHODS 

Materials. The roots of the plant 

Adenodolichos paniculatus were the specimen 

used for this study. The typed bacteria and 

clinical bacteria isolate used for the study 

included: Staphylococcus aureus-ATCC6538, 

Escherichia coli -ATCC43888 and 

Pseudomonas aeruginosa-ATCC9027 were 

obtained from central diagnostic lab-National 

Veterinary Research Institute (NVRI), Vom, 

Plateau state and Streptococcus pyogenes- 

Clinical isolate was obtained from Department 

of Microbiology and Bacteriology, National 

Institute for Pharmaceutical Research and 

Development-Diagnostic Centre, Abuja-

Nigeria.  

Collection, identification and extraction of 

plant materials. The plant specimens were 

harvested from the wild plant between October 

2018 and March 2019. An herbalist was 

consulted as his experience was used to 

determine the best collection time and accurate 

location of the plant within the District of 

Pushit in Mangu LGA of Plateau State. The 

collected roots were cleaned, cut into bits, 

spread over a rack covered with cheesecloth 

and air-dried at room temperature (25-28°C). 

The dried samples were pulverized with a 

mechanical grinder, sieved with 2.5 mm sieve 

and packed into clean, dried bottles and 

covered tightly. The bottles were labeled with 

the plant name and date of collection and 

stored at room temperature (25-28°C) until 

ready for extraction. The plant was identified 

as Adenodolichos paniculatus on voucher 

number FHJ 205 and deposited at the 

Herbarium unit of Federal College of Forestry, 

Jos. The bioactive constituents of the plant 

were extracted with five solvent systems (n-

hexane, ethyl acetate, chloroform, methanol 

and water). This was to ensure that compounds 

with a wide range of polarity could be 

extracted.  The serial maceration extraction 

technique was employed and successive 

extraction was carried out with solvents of 

increasing polarity from non-polar to more 

polar solvents [7]. 

One kilogram (1 kg) of the powdered 

sample was extracted in a flat bottom flask 

with 2.5 liters hexane by maceration for 24 

hours with intermittent shaking. The sample 

mixture was filtered with muslin cloth and with 

vacuum pump filtration. The filtrate was 

concentrated using rotary vacuum evaporator 

at 40°C. The concentrated/dried extract was 

collected into a pre-weighed sterile universal 

bottle and stored until required for 

microbiological assay. This process was 

repeated using chloroform, ethyl acetate and 

methanol. The percentage extract yields of the 

plant samples were calculated as: 

Percentage extract yield (%) =  

Weight of dried extract x 100 [8]. 

   Weight of dried powder 

The purity of the isolate (Streptococcus 

pyogenes) was ascertained by plating on 

different selective agar media before carrying 

out biochemical tests. The purity of the test 

bacteria was confirmed by sub-culturing into 

nutrient broth and incubating at 37°C for 18 
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hours. The 18-hour broth culture was streaked 

unto sterile nutrient agar plates and incubated 

at 37°C for 18 hours. The colonies were 

observed under the light microscope after 

simple Gram staining. Isolation of specific 

bacteria was done by streaking on selective 

media. A loopful of inoculum from the 18-hour 

broth culture was streaked on selective agar 

and incubated at 37°C for 18 hours. The 

cultural characteristics of the untyped 

Streptococcus pyogenes was checked on blood 

agar. The cultural characteristics and 

biochemical tests were observed and compared 

to standard references [9].  

Standardization of inocula: The Clinical 

Laboratory Standard Institute (CLSI, 2000 a) 

as described by Adeshina, Onaolapo, 

Ehinmidu & Odama (2010) was adopted to 

standardize the inoculum [5, 10].  Eighteen-

hour broth culture of each test organism was 

standardized by gradually adding normal 

saline to compare its turbidity to McFarland 

standard of 0.5 which is approximately 1.0 x 

106 cfu/ml. The turbidity of the cell culture was 

matched with that of the 0.5 McFarland 

standard by holding the mixture and the 

standard in front of light against a white 

background with contrasting black lines 

through visual comparison with its density by 

the addition of normal saline. 

Antibacterial susceptibility test:  The agar-

well diffusion method of CLSI [12] as adopted 

[14] was employed to screen the root extracts 

for antibacterial activity. Overnight broth 

cultures were diluted appropriately using the 

McFarland scale (0.5 McFarland which is 

approximately 1.0 x 106cfu/ml). The molten 

sterile Mueller-Hinton agar (20 ml) was 

poured into a sterile Petri dish and allowed to 

set. The sterile MHA plates were flooded with 

1.0 ml of the standardized culture of each test 

organism and the excess drained off. Wells of 

6 mm diameter were bored into the inoculated 

plates using sterile a cork borer (6 mm). One 

drop of the molten agar was used to seal the 

bottom of the bored hole so that the extract 

would not seep beneath the agar. Five grams (5 

g) of each root extract was dissolved in 10 ml 

of 10% dimethyl sulfoxide (DMSO) solution 

in water to obtain a stock solution of 500 

mg/ml concentration. Using micropipette, two 

hundred microliters (200 µl) of the root extract 

stock concentration was dispensed into each 

agar-well. Standard antibiotic (ofloxacin) was 

used as positive control while sterile distilled 

water and 10% DMSO served as negative 

controls. These were allowed to diffuse into 

the agar at room temperature (25-28°C) for one 

hour before incubation at 37°C for 24 hours. 

The experiment was carried out in duplicates 

and the inhibition zones diameter were 

measured to the nearest millimeter (mm) and 

mean and standard deviation of the duplicates 

were recorded  

Determination of minimum inhibitory 

concentration (MIC): The agar well dilution 

method (modified) according to CLSI [13] as 

adapted by Campana [11] was employed to 

determine the minimum inhibitory 

concentration of active root extracts. From a 

stock concentration of 4 g/20 ml, different 

concentrations of both aqueous and solvent 

extracts (200, 100, 50, 25, 12.50, 6.25, 3.12 

and 1.56 mg/ml) were prepared in 10 % 

dimethyl sulfoxide (DMSO). 10 ml of each of 

the prepared concentrations of the root extract 

was mixed with 10 ml of double strength 

(doubling the agar manufacturer recommended 

weight of the agar to be dissolved in the same 

volume water) molten Mueller-Hinton agar at 

45 0C and poured into Petri-plates aseptically 

and allowed to solidify. The mixture gave a 

final various extract concentration as 100, 50, 

25, 12.5, 6.25, 3.125, 1.56 and 0.78 mg/ml for 

the study. After setting, sterile paper discs (6 

mm) were placed equidistance to the surface of 

the set agar containing the various extract 

concentrations. Ten microliters (10 µl) of each 

standardized organism/inoculum (106cfu/ml) 

was then spot-inoculated on each disc and 

allowed to diffuse for 30 minutes before 

incubating at 37 °C for 18 - 24 hours. Growth 
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control was prepared by inoculating 10 µl of 

each culture suspensions on 15 ml MHA 

medium without any extract or solvent (drug-

free medium). Solvent control was prepared by 

pouring 1 ml of 10% DMSO to 14 ml of MHA 

medium followed by seeding of cultures. The 

first lowest concentration that showed no 

visible growth of the inoculated test organism 

was recorded as the MIC of the extract for the 

test organism after overnight incubation. 

Determination of minimum bactericidal 

concentration (MBC).  All inoculated paper 

discs showing no visible growth from MIC 

determination were aseptically transferred to 5 

ml of sterile Nutrient broth containing 5 % 

Yeast extract and 3 % Tween 80 to neutralize 

the effect of the extracts and incubated for 

another 18 hours at 37 °C. The discs from the 

lowest concentration of each extract that 

showed no visible growth (cloudiness) was 

taken as the MBC of each plant extract against 

the test organism. 

Determination of time-kill kinetics 

antibacterial study of Adenodolichos 

paniculatus chloroform root extract against 

the test bacteria. The method of [15] 

(modified) as adapted by [8] was employed to 

determine the rate of kill of each test bacteria 

by the chloroform root extract of A. 

paniculatus. One milliliter (1.0 ml) of 

standardized culture (106 cfu/ ml) of S. 

pyogenes, S. aureus and P. aeruginosa was 

separately added to 9.0 ml of different MIC 

concentrations (MIC & 2x MIC) of the 

chloroform root extract (1.56, 6.25, 25 and 

3.12, 12.5 and 50 mg/ml respectively in a 

sterile universal bottle such that the final test 

suspension contained approximately 106cfu/ml 

of each test organism. The suspensions were 

kept in water bath at 37 °C. At pre-determined 

time intervals of 0, 30, 60, 120, 180, 240, 720 

and 960 minutes, 1 ml of the admixture was 

withdrawn and diluted ten-fold with 9 ml 

sterile normal saline containing 3 % Tween 80, 

5% yeast extract and 0.3 % egg lecithin. 

Exactly 0.1 ml of each dilution was aseptically 

plated out in duplicates using pour-plate 

method for viable counts after 24 hours 

incubation at 37 °C. Colony counts were 

plotted against time intervals on a semi-log 

graphing paper to obtain the killing curve for 

each selected fixed concentration of the 

various extracts. The percentage reduction and 

log reduction from initial microbial population 

for each time point was calculated to express 

the change (reduction or increase) of the 

microbial population relative to a starting 

inoculum.  

The change was determined as follows: 

% Reduction =  

Initial Count-Count at x interval x 100 

                               Initial count 

The log reduction was calculated as follows: 

Log10 (initial count) — Log10 (x time interval) = Log10 

reduction [16 & 17] 

 

RESULTS 

The result of the study as presented in 

table 1 showed that the chloroform root extract 

exhibited in vitro antibacterial activity on three 

of the four selected test bacteria at a 

concentration of 100 mg/ml. The chloroform 

root extract proved to be the most active and 

exhibited antibacterial activity against three (S. 

aureus, S. pyogenes and P. aeruginosa) of the 

four bacteria tested with inhibition zone 

diameters ranging from 14.75 to 25.00 mm.  

The largest IZD (25.00 mm) was produced by 

chloroform root extract against S. pyogenes, S. 

aureus (21 mm) and P. aeruginosa (14.75 

mm). The chloroform root extract showed no 

activity against E. coli. The minimum 

inhibitory concentration of the extract against 

S. pyogenes, S. aureus and P. aeruginosa were 

1.56, 6.25 and 25.00 mg/ml respectively while 

the minimum bactericidal concentrations for 

the three test bacteria was 3.12, 12.50 and 

50.00 mg/ml. 

The percentage and the log reductions 

from the initial microbial population for each 

time point were calculated to express the 

change (reduction or increase) of the microbial 
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population relative to a starting inoculum. Log 

of death/survival rate of each test bacteria on 

exposure to different concentration (MIC and 

2xMIC) of A. paniculatus chloroform root 

extract was plotted as presented in Figures 1 

and 2. Both Figures depicted the time-kill 

kinetics assay of the extract against the three 

test bacteria (S. aureus, S. pyogenes and P. 

aeruginosa). 

The results indicated that the extract 

exhibited a significant reduction in the viable 

cell count of the test bacteria after 30 minutes 

at the MIC concentrations. The reduction of 

viable cells (log cfu/ml) of the test bacteria 

were 0.11log10, 0.9log10 and 0.9log10 for 

Streptococcus pyogenes, Staphylococcus 

aureus and Pseudomonas aeruginosa 

respectively. This translated to 20.83, 16.36 

and 15.00% respectively. When contact time 

was increased to 60 minutes at the same 

concentration, the log reduction in viable cell 

population were 2.1log10, 1.8 log10 and 

1.6log10 respectively. This reduction in viable 

cells corresponds to 33.33, 30.18 and 31.14 % 

respectively. However, the extract exhibited 

bactericidal effect/activity, reducing the log 

cfu/ml by greater than 3 logs (6.65log), 

(3.1log) and (3.2log) as from 240, 300 and 720 

min exposure when the cells death were 

increased to 79.17, 72.72 and 75 %.     
 

Table 1: Antibacterial Activities of Root Extracts against Test Organisms 
  Extract 

type/concentration 

Test Organisms Zone of Inhibition 

(mm) 

M.I.C (mg/ml) M.B.C 

(mg/ml) 

N-Hexane Extract 

(100mg/ml) 

Streptococcus pyogenes NA NA NA 

Staphylococcus aureus NA NA NA 

Pseudomonas aeruginosa NA NA NA 

Escherichia coli NA NA NA 

Chloroform Extract   

100mg/ml)* 

Streptococcus pyogenes 25.00±0.00 1.56 3.12 

Staphylococcus aureus 21.00±0.00 6.25 12.50 

Pseudomonas aeruginosa 14.75±0.35 25.00 50.00 

Escherichia coli NA NA NA 

Ethyl acetate Extract 

(100mg/ml) 

Streptococcus pyogenes 18.50±0.70 12.50 25.00 

Staphylococcus aureus 13.00±0.00 12.50 25.00 

Pseudomonas aeruginosa NA NA NA 

E. coli NA NA NA 

Methanol Extract 

(100mg/ml) 

Streptococcus pyogenes 14.00±0.00 12.50 25.00 

Staphylococcus aureus 13.50±0.35 25.00 50.00 

Pseudomonas aeruginosa NA NA NA 

Escherichia coli NA     

Water Extract 

(100mg/ml) 

Streptococcus pyogenes 17.75±0.35 12.50 25.00 

Staphylococcus aureus 13.75±0.35 25.00 50.00 

Pseudomonas aeruginosa NA NA NA 

Escherichia coli NA NA NA 

Control (Ofloxacin 

(5µg/disc) 

Streptococcus pyogenes 26.00±0.00 2.5 5 

Staphylococcus aureus 21.00±0.00 5 10 

Pseudomonas aeruginosa 15.75±0.35 10 20 

Escherichia coli 27.75±0.35 5 10 

NA = No activity   MIC = Minimum Inhibitory Concentration    MBC = Minimum Bactericidal Concentration 
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EXPOSURE TIME (min.) 

Fig. 1. Survival curve of test bacteria exposed to chloroform root extracts of Adenodolichos 

paniculatus (at 1 x MIC) 

 
EXPOSURE TIME (min.) 

Fig.2. Survival curve of test bacteria exposed to chloroform root extracts of Adenodolichos 

Paniculatus against (at 2xMIC) 
 

Finally a 100 % complete killed effect was 

achieved at 300, 720 and 960 minutes exposure 

for S. pyogenes, S. aureus and P. aeruginosa. 

The extract exhibited both time-dependent and 

concentration-dependent killing profiles with 

S. pyogenes as the fasted killed at both 

concentrations (MIC and 2x MIC) followed by 

S. aureus and finally P. aeruginosa. 

 

DISCUSSION 

The result of the study showed that the 

chloroform root extract exhibited in vitro 

antibacterial activity on three of the four 

selected test bacteria at a concentration of 100 

mg/ml. This means none of the compounds 

extracted by chloroform have activity against 

E. coli. The antibacterial susceptibility test 

results of the extract compared favorably with 
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the positive control antibiotic as the difference 

between the inhibition zone diameter of each 

the test bacteria between that of the chloroform 

root extract and the control drug was not 

statistically significant (P˃0.05).  

Not many studies have been reported 

on the antibacterial properties of this plant 

against some test bacteria. However, it has 

been reported from the study of antimicrobial 

activity of ethanolic and aqueous extracts of 

Caesalpinia pulcherrima (same family with 

Adenodolichos paniculatus) has demonstrated 

antibacterial activities on Staphylococcus 

aureus and Escherichia coli [18]. Also, it has 

been reported from the study of antimicrobial 

activity of ethanolic and aqueous thorns 

extracts of Mimosa pudica (same family with 

Adenodolichos paniculatus) has demonstrated 

antibacterial activities on Pseudomonas 

aeruginosa [19] 

Time-kill kinetics antibacterial study 

has been used to investigate numerous 

antimicrobial agents and they are also often 

used as the basis for in-vitro investigations for 

pharmacodynamic drug interaction [20]. The 

time kill kinetic antibacterial assay of the root 

extract of A. paniculatus gave variable kinetics 

against susceptible bacteria tested. For the first 

time, efforts were made in this study to explore 

time-kill kinetics of antibacterial activity of 

this plant. The extract demonstrated both 

bacteriostatic and bactericidal effects as it 

shows a concentration-dependent effect. A 

significant decrease in the population of the 

test bacteria with increased contact time was 

observed.   

A complete elimination of S. pyogenes, 

S. aureus and P. aeruginosa was achieved as 

from 300 mins (5 h) at MIC (1.56 mg/ml), 720 

mins (12 h) at 6.25 mg/ml and 960 minutes (16 

h) at 25.00 mg/ml of exposure respectively and 

from 180 mins (3 h) at 2x MIC (3.12 mg/ml), 

300 mins (5 h) at 25.00 mg/ml and from 720 

mins (12 h) at 50.00 mg/ml exposure 

respectively.  These results provided 

quantitative information on dose-response rate 

and time-dependent concentrations required to 

make a significant decrease in the initial 

bacterial inoculum. These findings may be 

considered initial steps of in vitro 

pharmacodynamics of antibacterial activity of 

A. paniculatus. S. pyogenes is the most 

susceptible bacteria that was inhibited and 

eliminated shortly after exposure. At higher 

concentration and longer duration of contact 

time, more bacteria were killed. As the graph 

depicted, the test bacteria were affected, with 

gradual decrease in cell population after which 

there was a total kill. This indicated that the 

bactericidal activity of the chloroform root 

extract was both concentration and time 

dependent with time being more influential as 

earlier observed [21]. 

After contact time of 240, 300 and 720 

mins at MIC there were virtually no surviving 

cells of all the test bacteria (S. pyogenes, S. 

aureus and P. aeruginosa respectively). It was 

observed in the study that the rate of killing 

was higher when the extract concentration was 

increased to 2x MIC. After contact time of 180, 

240 and 300 mins at 2x MIC, there were 

virtually no surviving cells of all the test 

bacteria (S. pyogenes, S. aureus and P. 

aeruginosa respectively). The result obtained 

in this study corroborates the previous study 

[20] in the time-kill study of time kill-kinetics 

antibacterial study of Acacia nilotica that the 

time-kill was time and concentration 

dependent. It also corroborates with a previous 

study in the invitro antibacterial time-kill 

studies of leaves extracts of Helichrysum 

longifolium that the time-kill was both 

concentration and time dependent [22] 

In conclusion, the findings in this study 

provides scientific support for its use 

traditionally. Further study through high 

through put techniques could yield potential 

lead molecules in bio-prospecting for 

phytomedicine. 
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