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ABSTRACT: In realization of the widespread use of  herbal 

medicines across the globe, World Health Organization (WHO) in 

1985 estimated that perhaps more than 80% of the world’s 

population relies on plant based herbal medicine for their primary 

health care needs. The present study was carried out to evaluate 

the antimicrobial, antioxidant, and toxic potentials of the ethanolic 

extract of the leaves of Ocimum gratissimum, Gongronema 

latifolium and rhizomes of Zingiber officinale. The plant materials 

were extracted using standard methods. The qualitative and 

quantitative phytochemical analyses were carried out using 

standard methods. The antimicrobial activity of the extracts was 

evaluated by determination of the diameter zone of inhibition on 

five different organisms namely; Bacillus subtilis, Candida albicans, 

Escherichia coli, Salmonella typhi and Staphylococcus aureus using 

agar well diffusion method. Gentamycin and Fluconazole were 

used as positive control while 70% ethanol was used as negative 

control. The minimum inhibitory concentration and the minimum 

bactericidal/fungicidal concentration were determined using 

standard methods. The extracts were screened for antioxidant 

activity using 2, 2-Di Phenyl – 1- Picryl- Hydroxyl (DPPH). 

Standard vitamin C was used as a reference antioxidant. The 

toxicity potential of the plant extracts was evaluated on albino rats 

using the LD50. The phytochemical analyses of the three plant 

species revealed the presence of alkaloids, tannins, saponins, 

flavonoids, carbohydrates, steroids, terpenes and cardiac 

glycoside. Ocimum gratissimum exhibited high zones of inhibition 

on Candida albicans (27.5± 1.44 mm) at the concentration of 400 

mg/ml, Salmonella typhi (23.67 ± 6.7 mm) at the concentration of 

400 mg/ml. The zones of inhibition of Gongronema latifolium were 

higher on Staphylococcus aureus (28.33 ± 2, 47 mm) and Candida 

albicans (26.1.7± 1.26 mm) at the concentration of 400mg/ml. The 

ethanolic extracts of Ocimum gratissimum, Gongronema latifolium 

and Zingiber officinale were bactericidal and fungicidal at different 

concentrations. The antibiotic drug exhibited higher antimicrobial 

activity than the plant extracts. The plant extracts exhibited 

antioxidant potential at various concentrations. Ocimum 

gratissimum exhibited the highest antioxidant activity (96%) 

followed by Zingiber officinale (92%) while G. latifolium has the 

least antioxidant activity (46%). The LD50 of the plant extracts 

revealed that the extracts were toxic to the laboratory animals at 

high dose. The findings of the present study justify that  O. 

gratissium, G. Latifolium and Z. officinale possess significant 

antimicrobial, antioxidant and safety potentials which make them 

potential candidates for chemotherapy. 

 

Keywords: Antimicrobial, antioxidant, toxic, ocimum gratissimum, 

gongronema latifolium, zingibe officinale  

 

 
INTRODUCTION 
 
The use of herbs in the treatment of ailments in Africa 
has been an age long practice. Man’s continuous reliance  

 
 
 
on herbs for therapeutic and nutritional benefits cannot 
be overemphasized and the use  of  plants  for  variety  of  
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purposes predates human history and forms the origin of 
what is known as modern medicine (Bovin, 2009). Plant 
materials have remained central to trado-medical 
practices and have become useful source of new drugs. 
It is no longer news that a lot of plants have played 
effective roles in the production of drugs. Although, 
orthodox medical practice is generally acceptable, 
alternative healthcare is still relied on all over the world 
(Alquasoumi 2011). Medicinal plants are important 
sources of drugs for the treatment of several ailments.  

Various parts of the plants such as stems, roots, seeds, 
barks and roots are used to prepare herbal medicine 
(Reshma, 2010). Also, plants containing phytochemical 
compounds with various bioactivities, including, 
antibacterial, antifungal, anti-inflammatory and anticancer 
activities. 

Currently, about 25% of the bioactive components 
identified from these plants are used as prescribed 
medicines (Rios and Recio, 2005). In effects, indigenous 
plants are reservoirs of various metabolites and provide 
unlimited source of important chemicals that have diverse 
biological properties.  

Phytochemical and secondary metabolites have been 
the subject for many research studies, because these 
compounds exhibit many pharmacological and biological 
activities. Thus, the importance of herbs in the 
management of human ailments cannot be over 
emphasized.  

Despite the overwhelming popularity and long term 
usage of herbal remedies through the world, there are 
still insufficient scientific studies to ascertain their safety 
and more effectiveness in the treatment of diseases 
especially in developing countries. It is regrettable to note 
that, in African countries especially in Nigeria, the most 
populous black nation in the world, medicinal plants are 
yet to be fully harnessed.  It has been that, in Nigeria, 
less than 5% of the plant derived drugs is used in its 
health care (Souleymane, 2012). Several plants have 
been associated with nutritional and therapeutic benefits. 
O. gratissimum, G. latifolium and Z. officinale are among 
such plants proven to have both nutritional and medicinal 
properties (Saraswat et al,. 2009). Therefore, this 
research seeks to determine the antimicrobial, 
antioxidant and toxic potentials of the ethanolic leaf 
extracts of these plant species. 
 
 
MATERIALS AND METHODS 
 
The fresh leaves of Ocimum gratissimum, Gongronema 
latifolium and rhizomes of Zingiber officinale were 
procured from Katako market, Jos North Local 
Government Area of Plateau State, Nigeria and 
authenticated at the Department of Plant Science and 
Biotechnology of University of Jos, Nigeria by Mr. O.E 
Agyeno with voucher numbers UJH19000289, 
UJH19000290, UJH19000291 respectively. 
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Preparation and extraction of plant materials 
 
Plant extracts were prepared by cold maceration method 
described by Olukoya et al. (1993). The various plant 
species were rinsed with distilled water, dried under 
shade and pulverized using an electric blender. One 
hundred g each of the pulverized plant materials was 
macerated in 5 00 mls of 70% ethanol for 48 h to allow 
full extraction of the biochemical constituents. The 
mixtures were filtered into beakers using Whatman No. 1 
filter paper and the filtrates were evaporated to dryness 
using rotary evaporator at 70

o
C. The extracts were 

collected in airtight bottles and stored in a refrigerator 
before used (Ardzard et al., 2009). 
 
 
Preparation of various concentrations of the plant 
extracts 
 
Stock solutions of the plant extracts were prepared 
separately. Four grams each of the plant extracts was 
dissolved in 10 ml of distilled water in sterilized 
McCartney bottles to give concentration of 400 mg/ml. A 
doubling dilution was carried out for each of the stock 
solutions. Five ml of each of the stock solutions was 
transferred into 5 ml distilled water in sterilized 
McCartney bottle labeled 1 and the mixture was shaken. 
5 ml was then transferred from bottle 1 into bottle 2 
containing 5 ml distilled water and shaken lightly. The 
same procedure was repeated to 4; 5 ml was taken from 
the last bottle and was discarded. The same procedure 
was repeated for each of the stock solutions to give 
various concentrations of 200, 100, and 50 mg/ml. The 
various concentrations were all kept in the refrigerator at 
4°C prior to use. Gentamicin and Fluconazole were used 
as positive control (Ardzard et al., 2009) 
 
 
Phytochemical screening 
 
Qualitative Phytochemical analysis of the pulverized 
plants was carried out using the method described by 
Trease and Evans, (2002), Sofowora, (2008) and 
Harbone, (1973).  
 
 
Quantitative phytochemical screening 
 
Quantitative phytochemical screening was carried out 
according to the method of Harbone, (1973). 
 
 
Antimicrobial screening of the plants 
 
Source of microorganisms 
 
The microorganisms used for   the    antimicrobial   study 
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were S. aurues, E. coli, S. typhi, B. subtilis and C. 
albicans. These organisms were collected from the 
Central Diagnostic Laboratory of National Veterinary 
Research Institute (NVRI) Vom, Plateau State, Nigeria. 
The organisms were collected in sterile McCartney 
bottles and transferred immediately into the laboratory. 
The organisms were then incubated at 37

0
C for 48 hours. 

 
 
Sensitivity test 
 
The antimicrobial effects of ethanolic leaf extracts of O. 
gratissimum, G. latifolium and rhizhomes of Z. officinale 
was determined using the agar well diffusion method as 
described by Perez et al., (1990) and Olukoya et al. 
(1993). About 0.1 ml of the standardized culture of the 
organism was aseptically transferred into Petri dishes 
containing Muller Hilton using a sterile wire loop and 
allowed to solidify. Four wells (6 mm in diameter) were 
made equidistance to each of the plates using a sterile 
cork borer and one well was made at the center of the 
medium. Up to 0.1 ml of the various concentrations of the 
extracts (400 mg/ml, 200mg /ml, 100 mg/ml, and 50 
mg/ml) were respectively introduced into the well using 
sterile Pasteur pipette while 0.1 ml of 70% ethanol was 
introduced into the well at the center to serve as a 
control. They were allowed to diffuse at room 
temperature for 2 h and then incubated at 37°C for 24 h 
and were observed to determine the diameter of the 
zones of inhibition. The diameter zones of inhibition were 
determined in millimeter using a transparent ruler and the 
mean was calculated. The presence of zones of inhibition 
was regarded as antimicrobial activity. The experiments 
were carried out in triplicates and the means taken.  
 
 
Determination of minimum inhibitory concentration 
(MIC) 
 
The minimum inhibitory concentration (MIC) of the 
extracts was determined using broth dilution method by 
Cowan and Steel, (1985). 5 ml nutrient broth was 
distributed in seven test tubes. Tube 1 contained only 5 
ml of the stock concentration. About 5 ml of each extract 
was added into each of the test tubes (numbered 2) using 
Pasteur pipette. The content was mixed thoroughly so as 
to achieve even dilution and distribution of the extract 
within the broth. Five ml of the mixture was withdrawn 
from tube 2 and transferred into the tube numbered 3 and 
evenly mixed. This was repeated for all the tubes until 
they were exhausted. Finally, 5ml of the mixture was 
discarded from the last tube in the set. This process was 
done for all sets of the tubes. About 0.1ml inoculums of 
the test organism was taken and inoculated into each 
tube (numbered 1-6) using the micropipette. The tubes 
were thoroughly mixed and incubated at 37

o
C for 24 h, 

after which they were examined for visible turbidity.  

 
 
 
 
The tube that contains only nutrient broth and the plant 
material without the inoculate served as the negative 
control. The minimum inhibitory concentration (MIC) was 
reported as the lowest concentration that prevents visible 
growth (Cheesbrough, 2000).  
 
 
Determination of minimum bactericidal concentration 
(MBC)/minimum 
 
Fungicidal concentration (FC) 
 
The Minimum Bactericidal Concentration (MBC) was of 
the plant extracts was determined by sub-culturing all the 
tubes in each set in which there was no visible growth 
during the test for MIC. A loop full of the contents of the 
tubes showing no microbial growth were sub-cultured by 
streaking over the surface of already set nutrient agar 
plates without extract. The plates were incubated at 37°C 
for 24 h. The Minimum Bactericidal / Fungicidal 
Concentration (MBC) were recorded as the lowest 
concentration which no growth was observed after sub-
culturing. All plates showing no visible growth on the 
nutrient agar were recorded as the Minimum Bactericidal 
and Fungicidal Concentration (Cheesbrough, 2000). 
 
 
Determination of antioxidant activity 
 
The ability of each extract to scavenge DPPH radicals 
was measured according to standard described by 
(Morebise et al., 2002). Each plant extract was prepared 
at different concentration (200μg /ml, 150μg /ml 100 
μg/ml, 75μg /ml, 50 μg /ml, 25 μg /ml, 15 μg /ml, 5 μg /ml, 
0 μg /ml). 3 ml each of the plant extracts at different 
concentration was mixed well with 1 ml of (0.1 M of 2, 2-
diphenyl-1-picrylhydrazyl; DPPH) in methanol and 
distributed in test tubes. The mixture was shaken and left 
for 30 minutes in the dark at room temperature. 
Absorbance was measured at 517 nm against the blank 
using UV/VIS spectrophotometer (Model-ST-UV-7558). 
Standard Vitamin C 67μg/ml was used as a standard 
antioxidant. Control contains only solvent and DPPH 
without any extract. The experiments were carried out in 
triplicate. The capability of the extracts to scavenge 
DPPH radical is calculated using the following equation.  
 
DPPH scavenge (%) = (Acont - Atest)/Acont x100 
 
 
Toxicity test 
 
Experimental animals 
 
Forty five healthy albino rats (Rattus norvegicus) of both 
sexes weighing between 100-240 g were procured from 
the animal house of the University of Jos, Nigeria.  
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The animals were kept in clean and well ventilated cages 
under a 12/12 h normal light /dark cycle and allowed to 
adjust to the laboratory environment before the 
commencement of the experiment. 
 
 
Determination of LD50 
 
The method of Lorke, (1983) was used to determine the 
LD50 of each of the plant extracts that would be lethal to 
50% of the population of the animals. In phase 1, nine 
animals were divided into three groups of three animals 
each. The three groups of animals were administered 
different doses (10 mg/kg, 100 mg/kg, and 1000 mg/kg) 
of the plant extract intra-peritoneal. Three rats were 
administered 0.2 ml of normal saline and were used as 
controls. In phase 2, three animals were used which were 
distributed into three groups of one animal each. The 
animals were administered higher doses (1600 mg/kg, 
2900 mg/kg, and 5000 mg/Kg) of the test substance; all 
the animals were kept at room temperature for 24hours 
and observed for possible mortality. A solution of each 
extract was administered to albino rats by intra-peritoneal 
route. The concentration required was given according to 
the weight of each rat. The LD50 was calculated using the 
formula 
 
√D0xD100 
 
D0 =Highest dose that gave no mortality 
D100= Lowest dose that produce mortality 
 
 
Statistical analysis  
 
The data were expressed as Mean ± Standard Error 
(SE). A two way Analysis of Variance (ANOVA) with a 
statistical significance level set at p<0.05 was carried out. 
 
 
RESULTS 
 
The percentage yield of the plant extracts for the three 
plant species showed that, Zingiber officinale has the 
highest percentage yield (25.2%), followed by Ocimum 
gratissimum (21.9%), while Gongronema latifolium has 
the lowest percentage yield (16.4%).  
 
Phytochemical screening of the plant species 
 
Table 1 shows the phytochemical analysis of the plant 
species. The result showed that, extracts of the plant 
species possess alkaloids, tannin, flavonoid, 
carbohydrates, Cardiac glycosides, steroids and 
terpenes. Some of the constituents were highly present, 
and some were moderately present and others were 
slightly present. In O. gratissimum, tanins, saponins, and  
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flavonoids were highly present while alkaloid, 
carbohydrate, steroid and cardiac glycoside were 
moderately present. Akaloid and cardiac glycoside were 
highly present in G. latifolium while other constituents 
were moderately present except saponin that was slightly 
present. Furthermore, alkaloids, flavonoids and 
carbohydrate were highly present in Z. officinale while 
tanins,  and cardiac glycoside were moderately present 
whereas steroids and saponins were slightly present. 
Finally, anthraquinone was absent in all the plants.  The 
results in (Table 2) shows the quantitative phytochemical 
screening of the plant species,   

The results revealed that, all the compounds were 
presents in the three plants, some in appreciable amount 
and others in trace amount.  Saponin and tannin were 
present in appreciable amount in O. gratissimum, while 
alkaloid and flavonoid were present in appreciable 
amount in Z. officinale where as these phytochemicals 
were present in trace amount in G. latifolium. Tables 3-5 
represent the susceptibilty testing of different 
concentrations of the ethanolic leaf extract of the three 
plant species on the microorganisms. The result in Table 
3 shows that, O. gratissimum exhibited antimicrobial 
activity at different concentrations on all the 
microorganisms except S. aureus which found to be 
resitant to the plant extract. The plant exhibited highest 
antimicrobial activity on C. albicans, and S. typhi with 
zones of inhibition of 27.5 ±1.44 mm and 23.67 ± 1.26 
mm at 400 mg/ml respectively. In addition,  the plant 
extract was found to be potent against B. subtilis and E. 
coli with mean zones of inhibition of 15.00 ± 0.00 mm and 
10.17 ± 0.28 mm respectively at the same concentration. 
The results in (Table 4) revealed that, the plant extract 
demonstrated antimicrobial activity on all the 
microorganisms at the concentrations between 100–400 
mg/ml with zones of inhibition ranging from 1.56 ± 0.51–
26.17 ± 1.26 mm.  

Table 5 revealed  that extract of the plant inhibited the 
growth of all the microorganisms except Bacillus 
subtilis.The antimicrobial activity of the extract on the 
organisms was high at the concentrations of 200 mg/ml 
and 400 mg/ml with mean zones of inhibition ranging 
from 9.33 ± 0.57–27.67 ± 2.52 mm. The higher the 
concentration of the extract, the higher the zone of 
inhibition. The results in Tables 3–5 also revealed that 
the antimicrobial activity of the plant extracts on most of 
the test organisms were concentration dependent. Table 
6 shows the antimicrobial activity of gentamycin and 
fluconazole on the test organisms with zones of inhibition 
varying between 16.00 ±0.50–33.17 ± 0.29 mm at all 
concentrations. The results showed that, gentamycin 
exhibits higher zones of inhibition on all the organisms 
tested at all concentrations except on E. coli at the lowest 
concentration (5µg/ml). Fluconazole also exhibited high 
zones of inhibition on C. albicans at all concentrations 
with zones of inhibition ranging from 10.17 ± 2.25–27.5 
±1.44 mm.  
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Table 1. Phytochemical components of the ethanolic extracts of ocimum 
gratissimun, gongronema latifolium and zingiber officinale. 
 
Phytochemical constituents Plant species 

O. gratissimum G. latifolium Z. officinale 

Alkaloids ++ +++ ++ 
Tannins  +++ ++ + 
Saponins +++ + + 
Flavonoids +++ ++ +++ 
Carbohydrates ++ ++ +++ 
Steroids ++ ++ + 
Anthraquinones - - - 
Cardiac glycoside ++ +++ ++ 

 
 - = absent, + = slightly present, ++ = moderately present, +++ = highly present 

 
 

Table 2. Quantitative analysis of the phytochemical components of the extracts of 
ocimum gratissimun, gongronema latifolium and zingiber officinale. 
 
Phytochemical constituents Plant species 

O. gratissimum G. latifolium Z. officinale 

Alkaloids 2.82 2.13 13.66 
Tannins  12.10 0.71 3.84 
Saponins 11.10 1.16 1.32 
Flavonoids 3.16 1.2 6.52 
Steroids 0.88 0.05 0.11 

 
 

Table 3. Susceptibility testing of different concentrations of the ethanolic leaf extracts of ocimum gratissimum 
on the test  microorganisms. 
 
Microorganism Zones of inhibition (mm)/Concentrations of Extract (mg/ml) 

400                             200                               100                           50 

Salmonella typhi 
Bacillus subtilis 

23.67 ± 1.26
d
 

15.00 ± 0.00
c
 

19.67 ±0.58
d
 

12.33 ± 0.76
 c
 

16.33±1.26
 d
 

9.67 ± 1.04
 c
 

10.00 ± 1.00
d
 

4.83 ± 0.28
c
 

Staphylococcus aureus 0.00  ± 0.00
a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

Escherichia coli 10.17 ± 0.28
b
 6.17 ± 1.26

 b
 2.50± 0.50

 b
 0.50 ± 0.50

b
 

Candida albicans 27.5  ±1.44
e
 21.67 ± 1.44

e
 14.17 ± 1.44

 e
 10.17 ± 2.25

e
 

 
Superscripts with same letters within column means there is no significant difference while supercripts with different letter 
within same column means there is significant difference. 

 
 
Minimum inhibitory concentration of the plant 
extracts 
 
Figure 1 shows the minimum inhibitory concentration of 
the ethanolic extracts of the three plant species on the 
the test organisms. The minimum concentration of the 
extract of O. gratissimum that inhibited the growth of 
Salmonella typhi, Bacillus subtilis, and Candida albicans 
was 25 mg/ml, while the minimum concentration of the 
extract that inhibited the growth of E. coli was 50 mg/ml. 
The results in Figure 1 also reveal the minimum inhibitory 
concentration of the ethanolic leaf extract of G. latifolium 
on the test organisms. The extract of G. latifolium 
exhibited highest minimum inhibitory concentration on S. 
aureus at the concentration of 50 mg/ml while the 
minimum inhibitory concentration exhibited by the extract 
on S. typhi, B. subtilis, E. coli and C. albicans was same 

(100 mg/ml). The results of the minimum inhibitory 
concentration of the extract of Z. officinale on the 
microorganisms show that  the ethanolic extract of the 
plant exhibits highest minimum inhibitory concentration 
on C. albicans at 25 mg/ml, while the minimum inhibitory 
concentration exhibited by the extract on S. typhi, and E. 
coli was 100 mg/ml. The minimum concentration of the 
extract that inhibited S. aureus was 200 mg/ml. 
 
 
Minimum bactericidal concentration and minimum 
fungicidal concentration of the plant extracts 
 
The results of the Minimum Bactericidal and Fungicidal 
Concentration of the plant extracts are presented on 
(Figure 2). The results show that, the extract of O. 
gratissimum was bactericidal to S. typhi, B. subtilis at the  
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Table 4. Susceptibility testing of different concentrations (mg /ml) of the ethanolic leaf extracts of gongronema latifolium on 
the test microorganisms. 
 

 Microorganism Zones of inhibition (mm)/Concentrations of Extracts (mg/ml) 
400                         200                   100                         50 

Salmonella typhi 
Bacillus subtilis 

15.33 ± 2.93
b 

9.33 ± 1.15
a
 

8.17 ± 1.61
b
 

5.83 ± 1.44
a
 

5.67 ± 1.45
b  

 
5.17 ± 1.26

a
 

0.00 ± 0.00
b
 

0.00 ±  0.00
b
 

Staphylococcus aureus 28.33 ± 2.47
c
 16.00 ± 5.22

c
 4.33 ± 0.58

c
 3.00 ± 1.00c   

Escherichia coli 9.17 ± 0.76
a
 5.00  ± 1.00

a
 1.56 ± 0.51

a
 0.00 ±  0.00

b
 

Candida albicans 26.17 ± 1.26
c
 16.17 ±1.04

c
 9.67 ± 1.21

c
 0.00 ± 0.00

b
 

 
Superscripts with same letters within column means there is no significant difference while supercripts with different letters 
within same column means there is significant difference. 

 
 

Table 5. Susceptibility testing of different concentrations (mg/ml) of the ethanolic rhizome 
extracts of zingiber officinale on the test microorganisms. 
 

Microorganism 
Zones of Inhibition( mm)/Concentrations of Extract (mg/ml) 

400 200 100 50 

Salmonella typhi 22.67 ±   0.76
b
 9.50 ±  0.50

b
 4.67 ±  0.57

b
 0.00 ±  0.00

b
 

Bacillus subtilis 0.00 ±  0.00
b
 0.00 ±  0.00

b
 0.00 ±  0.00

b
 0.00 ±  0.00

b
 

Staphylococcus aureus 27.67 ± 2.52
c
 21.33 ± 2.31

c
 0.00 ±  0.00

c
 0.00 ±  0.00

c
 

Escherichia coli 19.33 ± 1.15
b
 9.33 ± 0.57

b
 5.33 ± 0.29

b
 0.00 ±  0.00

c
 

Candida albicans 12.67 ± 0.29
b
 9.67 ± 0.58

b
 8.00 ±  1.00

b
 5.00 ±  1.00

b
 

 
Superscripts with same letters within column means there is no significant difference while supercripts 
with different letters within same column means there is significant difference. 

 
 

Table 6. Susceptibility testing of different concentrations of gentamycin and fluconazole on 
the microorganisms. 
 

Microorganisms 
Zones of Inhibition( mm)/Concentrations of Extract (mg/ml) 

400 200 100 50 

Salmonella typhi 29.67 ± 0.58
b
 23.17 ±  1.04

b
 19.83 ±  0.57

b
 16.83 ±  0.29

b
 

Bacillus subtilis 30.50 ±  0.00
c
 28.50 ±  0.87

c
 22.5 ±  0.50

c
 19.00 ±  1.00c 

Staphylococcus aureus 33.17 ± 0.29
b
 25.50 ± 1.00

b
 19.50±  0.50

b
 15.50 ±  0.50

b
 

Escherichia coli 30.67 ±  0.58
a
 24.17 ± 0.7

a
 16.00  ±  0.50

a
 0.00 ±  0.00

a
 

Candida albicans 30.33 ± 0.58
b
 27.00 ± 0.87

b
 23.17 ±  1.04

b
 18.67 ± 0.58

b
 

 
Superscripts with same letters within column means there is no significant difference while supercripts 
with different letters within same column means there is significant difference. 

 
 
concentration of 100 mg/ml, E. coli at the concentration of 
200 mg/ml and also fungicidal to C. albicans at 100 
mg/ml. The extract was also fungicidal at the 
concentration of 100 mg/ml. The extract of G. latifolium 
was bactericidal and fungicidal to S. aureus and C. 
albicans respectively at the concentration of 200 mg/ml, 
S. typhi, E. coli and B. subtilis at 400 mg/ml. The extract 
of Z. officinale was bactericidal and fungicidal at 200 
mg/ml. 
 
 
Antioxidant activity of the plant species 
 
The antioxidant activities of the leaf extracts of the 
medicinal plants with DPPH are given on (Table 7). The 
results showed that, the extract of Ocimum gratissimum 
has     the   highest     antioxidant    activity    at    all    the 

concentrations used followed by Zingiber officinale while 
Gongronema latifolium has the lowest antioxidant activity. 
For instance, at the contration of 200 mg/ml, the 
antioxidant activity of O. gratissimum was 96% Zingiber 
officinale has 92% while G. latifolium has 46%.  
 
 
Determination of toxic effect of the plant extract 
 
The results of the estimated LD50 of the three plant 
species after 24 hours of intraperitoneal administration to 
the albino rats are presented in (Table 8). The extracts of 
the plant show various toxicity levels in the rats. The 
application of 10mg /kg of rat body weight just as in 
control produced no mortality.  Ocimum gratissimum has 
the highest LD50 value (2828.42 mg/kg) followed by 
Gongronema     latifolium      (2236.06 mg/kg)    while    Z. 
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Figure 1. Minimum inhibitory concentration (mic) of ethanolic extracts of the three plant species on the test 
microorganisms.  

 

 

 
 
Figure 2. Minimum bactericidal / fungicidal concentration (mbc/mfc) of the ethanolic extracts of the three plant 
species on  the test microorganisms. 

 
 
officinale has the lowest LD50 value (2154 mg/kg).  
 
 
DISCUSSION 
 
The present findings show that the ethanolic extracts of 
the plant species possess phytochemical constituents 
such as tannins, flavonoids, saponins, alkaloids, 
carbohydrates, steroids, cardiac glycoside, and terpenes 
which agreed with the report of Oboh and Ayoola, (2005). 
The presence of alkaloids, tanins, saponins, flavonoids, 
carbohydrates, steroids and cardiac glycoside in O. 
gratissimum, G. latifolium and Z. officinale agreed with 
the report of Ramzi et al. (2013) respectively while the 
absence of terpenes in the three plants agreed with the 

report of Akeem et al. (2016) who reported the presence 
of anthraquinone in O. gratissimum, and G.latifolium. The 
presence of these phenolic compounds in these extracts 
indicates that these plants can serve as antimicrobial and 
antioxidant agents. This is because phenolic compounds 
have been extensively used in disinfection and remain 
the standard with which other antifungal and antibacterial 
are compared with (Doherty et al., 2010). According to 
Agbafor and Nwachukwu (2011), antimicrobial activities 
of plants are associated with the phytochemical 
constituents of the plants which diffuse into and damage 
the membrane. Similarly, Matasyoh et al. (2007) stated 
that, secondary metabolites and other chemical 
constituents medicinal plants accounted for their 
medicinal value. Furthermore, phytochemical compounds  
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Table 7. Percentage antioxidant activity of the plant extracts 
 

   Volume (µg/mL) 
% Antioxidant scavenging activity of Extracts 

O. gratissimum G. latifolium Z. officinale 

 
5 4 ± 3.0 1 ± 5.0 13 ± 5.0 

 
20 32 ± 4.0 7 ± 6.0 29 ± 2.0 

 
33 47 ± 2.0 11 ±7.0 40 ± 3.0 

 
67 72 ± 5.0 16 ±4.0 68 ± 7.0 

 
100 85 ± 4.0 19 ±5.0 75 ± 3.0 

 
133 91 ±4.0 34 ±6.0 85 ± 6.0 

 
200 94 ± 3.0 40 ±5.0 90 ± 3.0 

 
267 96 ± 3.0 46 ±5.0 92 ± 3.0 

Vitamin C [67 µg/mL] 100 ± 0 100 ±0 100 ± 0 
 
 
 

Table 8. Toxicity of the plant extracts on albino rats. 
 
Dose mg/kg O. gratissimum G. latifolium Z. officinale 

Number used Number died Number used Number died Number used Number died 

Control 3 0 3 0 3 0 
10 3 0 3 0 3 0 
100 3 0 3 0 3 1 
1000 3 2 3 3 3 1 
1600 1 1 1 0 1 1 
2900 1 0 1 0 1 0 
5000 1 0 1 1 1 1 
Total 15 3 15 4 15 4 
LD 50 2828.42 mg/kg  2236.06 mg/kg  2154 mg/kg  

 
 
 
have pharmacological effects and have been the basis of 
chemical synthesis of drugs used in modern medicine 
responsible for the medicinal use in traditional medicine 
(Edeoga et al., 2005). Alkaloids comprising a large group 
of nitrogeneous compounds are widely used as cancer 
chemotherapeutic agents, anaesthetics and central 
nervous stimulants (Noble, 1990: Madziga et al., 2010). 
Alkaloids are known to play some metabolic roles and 
control development in living system (Edeoga et al., 
2005). It can also interfere with cell division; hence the 
presence of alkaloids in the three plants extracts account 
for their use as antimicrobial agents.  Flavonoids are 
important groups of polyphenol with more than one 
benzene ring in the structures (Kar, 2007). Flavonoids 
have antioxidant and antimicrobial activities as well as 
much health promoting effects such as anti-allergic, 
antispasmodic, anti-cancer, anti-diabetic, hypoglycaemic, 
anti-inflammatory, anti-thrombotic, vasoprotective, tumour 
inhibitory and anti-viral effects (Trease and Evans, 2002: 
Tanko et al., 2007). Flavonoids possess antioxidant 
properties and ensure healthy circulation of blood. 
Saponins possess both beneficial and harmful effects 
(cytototoxic permeability of the intestine) and also exhibit 
structure dependent biological activities (Osagie and Eka, 
1998). In addition, it has been documented that, saponins 
have antitumour, antioxidant and anti-mutagenic activities 
and can lower the risk of human cancers by inhibiting the 
growth of cancer cells (Roa et al., 1995). Tannins are 

used in the internal protection of the inflamed surfaces of 
mouth and throat, antidote for poisoning by heavy metals.  
It is also, used as antitumor and anti HIV demonstrated 
(Sofowora, 1982). 

The results from the antimicrobial activity of the 
extracts revealed that, the activities of the plant extracts 
were concentration dependent, that is, the higher the 
concentration of the extract, the higher the inhibition and 
this agrees with the work of Veena et al.  (2018). The 
three plants possess significant antimicrobial properties 
against the test organisms. According to Reshma, (2010) 
zone of inhibition greater than 15 mm was considered as 
highly active for extracts. Ocimum gratissimum 
possesses significant antimicrobial activity on all the 
organisms except Staphylococcus aureus.  This agreed 
with the report of Adebolu and Salau, (2005) who 
reported that, only the steam distillation extract of 
Ocimum gratissimum. The strong antimicrobial activity of 
the leaf extract of O. gratissimum on S. typhi, C. albicans 
and B. subtilis agreed with the work of Morebise et al. 
(2002). The present study showed that, Ocimum 
gratissimum has better antimicrobial activity on 
Salmonella typhi (23.67±1.26 mm), Bacillus subtilis 
(15±0.00 mm) and Escherichia coli (10.17±0.28 mm) at 
400mg/ml compared to the one obtained by Veena et al. 
(2018) who recorded 11 mm, 7 mm and 11mm on S. 
typhi, B. subtilus and E. coli respectively at the 
concentration of 500 mg/ml.  
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Ocimum gratissimum produces antimicrobial activity even 
at the least concentration. According to Veena et al. 
(2018), the lower the concentration of the extract that 
shows activity the more acceptable it is, this means there 
is possibility that this extract could be used to cure 
diseases that are caused by these agents. Gongronema 
latifolium shows antimicrobial activity on all the test 
organisms, however does not show any activity at the 
lowest concentration (50 mg/ml) on the organisms except 
on Staphylococcus aureus, of all the inhibitory activity of 
the extract it shows better activity on Staphylococcus 
aureus and Candida albicans, which confirms the work of 
Ugochukwu et al. (2002) thereby confirming the plant as 
a chemotherapeutic agents against these causative 
agents. The antimicrobial activity exhibited by Z. officinale 
on Candida albicans, Staphylococcus aureus Salmonella 
typhi and Escherichia coli in the present study agreed 
with the report of Oboh and Ayoola, (2003) who found out 
that, the ethanolic rhizhome extract of Z. officinale has 
antimicrobial activity against the above organism at the 
various concentrations therefore confirming the plant as a 
chemotherapeutic agent. These natural herbs are 
therefore effective in controlling microbial growth by 
selectively inhibiting protein synthesis, cell wall and 
membrane synthesis, nucleic acid synthesis and the 
essential metabolic pathways that exist in bacteria. The 
basis for these anti-microbial activities can be associated 
with with the presence of phytochemicals like alkaloids, 
terpenes, flavonoids, saponin, tannin, anthraquinone, 
which had been reported to have antimicrobial and 
medicinal activity (Oboh and Ayoola,2003). 

Comparing the activity of the plant extract and that of 
the standard antibiotics (Gentamycin and Fluconazole), 
activities of the antibiotic drugs and plant extracts were 
dose dependent that is the activities decrease with 
decrease in concentration.  

The activities of the plant drugs were higher than the 
activity of the plant extracts which justified the work of 
Adeleye et al. (2011). The standard antibiotics inhibited 
the growth of all the test organisms at all concentrations 
except Escherichia coli that was not inhibited at the 
lowest concentration (50 µg/ml). The inhibitory effect of 
the antibiotics were higher than that of the ethanolic 
extracts of the three plants used, however, the activity of 
the plant extract of O. gratissimum, competes fairly with 
the antibiotics on C. albicans and S. typhi. This agreed 
with the report of Ayoola et al. (2003) while the 
antimicrobial activity of Gongronema latifolium on C. 
albicans and S. aureus in the present study confirmed the 
work of Ugochukwu et al. (2002). More so, the activity of 
Z. officinale on S. typhi and S. aureus competes fairly 
with the antibiotics at various concentrations bearing in 
mind that the commercial antibiotics are already refined 
while the extracts are still crude, there is a very great 
possibility that the concentration of the extracts will 
become smaller as the active ingredients in the extracts 
are isolated and purified. 

  
 
 
 
These extracts are very promising alternatives to the 

commercial antibiotics. 
The results of the of the minimum inhibitory 

concentration and Minimum bactericidal / Fungicidal 
Concentrations of the three plants which are very 
important because of their relevance to evaluating the 
efficacy of any therapeutic agents showed that all the 
extracts possess minimum inhibitory concentration and 
minimum bactericidal/fungicidal concentrations. the 
minimum inhibitory concentration and Minimum 
Bactericidal/Fungicidal Concentration exhibited by 
Ocimum gratissimum Gongronema latifolium and 
Zingiber officinale in the present study on different 
organisms justified the use of these plants  as potential 
candidates for antimicrobial activity which could be 
attributed to the presence of the phytochemicals in 
appreciable amount. The result of the antioxidant assay 
also revealed that, all the plants investigated have 
antioxidant potentials. Although the scavenging effect of 
O. gratissimum is greater than Z. officinale and greater 
than Gongronema latifolium. The level of discolouration 
revealed the scavenging potential of the antioxidant. The 
percentage inhibition were lower when compared with the 
standard antioxidant Vitamin C even at the highest 
concentration used. Therefore, the antioxidant activity 
increases with increasing concentration of the extract. 
This study therefore showed that, the ethanolic extracts 
of O. gratissimum, G. latifolium and Z. officinale possess 
significant antioxidant activities, and that the scavenging 
effect increases with increasing concentration. 
Comparing the antioxidant activity of  the plant extracts 
and that of the standard Vitamin C, Ocimum gratissimum 
and Zingiber officinale compete satisfactorily with the 
standard antioxidant at higher concentrations (67µg/ml 
100 µg/ml, 133 µg/ml, 200 µg/ml and 267 µg/ml) while G. 
latifolium is a promising antioxidant. The highest 
scavenging effect revealed by the extracts was due to the 
high concentration of the active compound present in the 
plant material. The antioxidant activity of the extracts may 
be attributed to the presence of identified 
phytochemicals. Flavonoids, tannins, saponins, phenolic 
compounds, glycosides and steroids are the major group 
of compounds that act as primary antioxidants or free 
radical scavengers, (Valko et al., 2007). These 
phytochemicals are widely used in the manufacturing of 
many pharmaceutical and nutritional supplements and 
foods. Reactive Oxygen Species generated 
endogeneously and exogenously during normal human 
metabolism leads to various diseases like diabetes, 
cancer, aging process, artheriosclerosis. The 
consumption of fruits and vegetables containing 
flavonoids, and other natural antioxidants have 
consistently shown to reduce many form of cancer thus 
the antioxidant property of the extract may be strong 
contributing factor to the applications of plants in the 
management and treatment of various diseases (Iwu, 
1988). From the acute toxicity study of the plant extracts,  
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the results showed that, the plants are safe for human 
consumption and the formulation possesses no 
detrimental side effect at moderate dosage since they all 
show a wide range of toxicity. Only very high dosage is 
likely to cause a mishap as was demonstrated on the 
laboratory animals. The leaf extracts of O. gratissimum 
and G. latifolium and root extract of Z. officinale at high 
concentrations were detrimental and above is lethal to 
the laboratory animal. The leaf extract of O. gratissimum 
showed the least toxicity, followed by G. latifolium while 
Z. Officinale showed the highest toxicity. The highest 
toxicity of the extract of Z. officinale observed in this 
study could be attributed to the large amount of 
terpenoids present in the plant. This is supported by the 
observation of Soetan et al. (2006) that the most potent 
quassinoids (terpenes) have toxic effect on the mice. The 
large quantity of saponin could have attributed to the high 
toxicity level of the leaf extract observed in the study. 
According to Harborne (1973), saponins are a group of 
plant glycosides that are toxic to animals when injected 
into their blood stream. The substance may cause death 
by inhibiting the flow of the nervous impulses resulting to 
accumulation of enzyme, acetylcholinesterate, at post-
synaptic membrane. This leads to decrease in oxygen 
uptake, eventually causing death.The leaf extract of O. 
gratissimum, were well tolerated at higher doses 
administered to the rats during the first phase of the 
experiment. The low toxic effect observed in this study 
may be attributed to the fact that they contain large 
amount of chemical compounds that are less toxic to the 
animals. This suggestion is supported by the report of 
Perez et al. (1990).  
 
Conclusion 
 
Athough, there is a significant difference in the activity of 
the extracts and the conventional antibiotics and vitamin 
C, the antimicrobial, antioxidant activity and the toxicity 
test of the extracts provide justification for the 
chemotherapeutic utilization of these herbs because from 
the present investigation, it can be concluded that, 
ethanolic extracts of these plants possessed potent 
antibacterial, antifungal and anti-oxidant agent coupled 
with the presence of some secondary metabolites such 
as alkaloids, anthraquinone, carbohydrates,cardiac 
glycoside, tannins, saponins, flavonoids, and steroids 
which may be accountable for their use in treating 
infections, curing certain diseases and as ingredients in 
traditional medicine. There is also, a high level of safety 
in consuming the formulation since they showed a wide 
toxic range as demonstrated by the toxicological test on 
laboratory animals. 
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