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Abstract
This study compares the phytochemicals and antimicrobial activity of Icacina oliviformis tuber 
and seed extracts on Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aerugino-
sa, Escherichia coli and Candida albicans. False yam tubers were washed and peeled and the 
mesocarp removed to obtain the seeds. Methanol was used to obtain tuber and seed extracts 
of the false yam, after they were pulverized. Phytochemical screening showed the presence of 
tannins, saponins, alkaloids and glycosides in both extracts but the proportion of tannins and 
alkaloids were relatively higher in false yam seed extract than tuber extract. Antimicrobial 
assay showed that both extracts had antimicrobial activity justifying its use in the treatment 
of diseases in Northern Ghana. False yam seed extract had a relatively higher antimicrobial 
activity than tuber extract. The least minimum inhibition concentration recorded was 1.56 mg/
ml for false yam seed on Gram-positive bacteria and Candida albicans. False yam seed extract 
exhibited a higher antimicrobial activity against the microorganisms than the tuber extract, this 
provides a cheaper source of antimicrobial agent to treat infectious diseases.
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Introduction
Infectious pathogens cause serious threats to 
humans and the environment. They are ranked 
as the leading cause of death worldwide and 
responsible for almost one-third of mortality 
in the torrid countries (Rahman et al., 2009). 
The contributing factors to the increase in 
infectious disease mortality rate include the 
recurring of diseases that were controlled 
before, the emergence of new diseases, and the 
increase in pathogenic microorganisms that 
are resistance to antimicrobial agents (Cohen, 

2000). The most compelling contributing 
factor is due to the uncontrolled usage of 
synthetic antimicrobial agents (Abutbul et al., 
2005). The increase in antimicrobial resistant 
pathogens have generated a lot of public health 
concerns and one of the proposed solutions to 
curb this issue is to develop new antimicrobials, 
a proposed solution by the Center for Disease 
Control, (CDC), United State of America 
(Fauci, 1998).
	 Plants with medicinal property used 
as a source for relief and cure of illness can 
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be tracked down from the early civilization to 
the present times (Thomson et al., 1978). Ac-
cording to literature, medicinal plants form the 
basis of traditional medicine and that various 
metabolites are reserved in indigenous plants 
which possess an extensive source of potent 
compounds with numerous biotic properties 
(Nitta et al., 2002). Nature has endowed hu-
mankind with numerous plants with medicinal 
property but a lot of these plants are yet to be 
fully exploited. One of such medicinal plants 
is Icacina oliviformis (false yam plant). False 
yam is a small drought resistant shrubby and 
perennial plant which has underground fleshy 
tuber with erect leafy shoot (Umoh, 2013). It 
belongs to the family Icacinaceae and grows 
in the arid areas of West and Central Africa. 
In Ghana, it is found mainly in the Savannah, 
Northern, North East, Upper East and Upper 
West regions (Timothy et al., 2011). Icacina 
oliviformis is substantially use in most house-
holds in the rural communities as medicine for 
the treatment of diabetes, edema etc. because 
of its analgesic, anti-inflammatory as well as 
antidiabetic properties (Asuzu et al., 1999). 
Timothy et al. (2011) have shown that the 
leaves of Icacina oliviformis possess a broad 
antibacterial property. Nevertheless, there is 
insubstantial knowledge on the antimicrobial 
potential of false yam tuber and seed extract.
Considering the potential threat of diseases as-
sociated with the use of synthetic antibiotics 
on human health and the environment, disease 
management must focus on more preventive 
and environmentally friendly methods such 
as the use of plants with antimicrobial prop-
erty, which are relatively cheaper and provide 
greater therapeutic agents to mitigate (Punitha 
et al., 2008), and, if possible, curb the con-
comitant effects of synthetic antimicrobial. 
This study sought to assess the antimicrobial 

activity of false yam tuber and seed extracts on 
micro-organisms.

Experimental
False yam tubers and seeds
The false yam tubers were harvested from the 
soil, after which they were peeled, whereas the 
seeds were obtained from freshly harvested 
fruits that had been crushed open between De-
cember, 2017 and March, 2018. The false yam 
tubers and seeds were washed and the tubers 
cut into smaller pieces. Both samples were air-
dried for five days (Timothy et al., 2011).

False yam tuber and seed extracts
The dried false yam tuber and seed were pul-
verized in an electric mill at the Faculty of 
Agriculture, Kwame Nkrumah University of 
Science and Technology (KNUST), Kumasi - 
Ghana. The false yam tuber and seed extract 
were obtained by dissolving 100 g of each 
sample in 300 ml of 70% methanol (MtOH) 
at normal room temperature for 24 hours. The 
samples were filtered using sterile filter papers 
and filtrates were placed in a hot oven at a tem-
perature of 49°C for 24 hours for methanol to 
evaporate and gel-like extracts were obtained. 
The extracts were collected into sterile plastic 
containers and stored at room temperature for 
further use. 

Phytochemical analysis of false yam tuber and 
seed extracts
Qualitative test for the presence of tannins, sa-
ponins, glycosides, alkaloids, and flavonoids 
were performed according to Evans (2002). 
No precipitate/ no color change was recorded 
as not present, precipitate/ color change was 
recorded as present, and when one precipitate/ 
color was more/deeper than the other, it was 
recorded as present and in abundance.
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Growth and maintenance of selected microor-
ganisms for antimicrobial assay
Pure cultures of Staphylococcus aureus 
(ATCC 25923), Streptococcus pyogenes (Clin-
ical strain) which are Gram-positive bacteria, 
Pseudomonas aeruginosa (CS/ATCC 4853), 
Escherichia coli (CS/ATCC 25922) which are 
Gram-negative bacteria and the fungus Can-
dida albicans (Clinical strain) were obtained 
from the Microbiology Laboratory, KNUST.
Pure cultures were pre-enriched to increase 
the number of microorganisms to a detectable 
level by placing each culture in a test tube con-
taining 5 ml of sterile nutrient broth and incu-
bated for 24 hours at a temperature of 37°C.

Antimicrobial assay using agar-well diffusion 
method
Two hundred milligram per milliliter (200 mg/
ml) stock solution was prepared for each ex-
tract and concentrations of 100 mg/ml, 50 mg/
ml, 25 mg/ml and 12.5 mg/ml were prepared 
from the stock solutions. 0.1 ml of each of the 
cultured microorganisms were inoculated into 
different sterile Petri dishes under the shield 
chamber. Nutrient agar was prepared by mixing 
14 g of powdered nutrient agar (OXOID) with 

150 ml of distilled water, brought to boil for 
homogeneity and sterilized by autoclaving at 
121°C for 15 min. 20 ml of sterile nutrient agar 
was poured into the Petri dishes and swirled 
to allow uniform distribution of the microor-
ganisms and allowed to cool for 30 minutes. A 
12 mm diameter Cork borer was sterilized and 
used to bore five wells into each of the agar 
plates. 200 µl of the false yam tuber and seed 
extracts in their various concentrations were 
aseptically pipetted into their designated agar 
wells. The antibiotics, Ciprofloxacin and Clo-
trimazole, were used as positive controls. The 
plates were left for 30 minutes for diffusion of 
the extracts into the nutrient agar and incubat-
ed at a temperature of 37°C for 24 hours. Plates 
were observed for zone of inhibition around 
the well. The inhibition zones were measured 
using a meter rule, by measuring the diameter 
of the wells and the surrounding clear area in 
millimeters. Plates with inhibition zones were 
considered as having antimicrobial activity 
whilst those without inhibition zones were 
considered having no antimicrobial activity. 
The experiment was carried out in triplicates. 
The various treatments were designated with 
codes and are shown in Table 1. Data obtained 
were analyzed using Genstat (Edition 12).

TABLE 1                                                                                                                                                                         
Treatments for antimicrobial activity designated with codes

Treatment Concentration Code
Ciprofloxacin/ Clotrimazole 50 µg/ml T1

False yam tuber extract 100 mg/ml T2
False yam tuber extract 50 mg/ml T3
False yam tuber extract 25 mg/ml T4
False yam tuber extract 12.5 mg/ml T5
False yam seed extract 100 mg/ml T6
False yam seed extract 50 mg/ml T7
False yam seed extract 25 mg/ml T8
False yam seed extract 12.5 mg/ml T9
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Determination of the Minimum Inhibitory 
Concentration (MIC)
Using three microtitre plates of 96 wells each, 
100 µl of nutrient broth was pipetted into each 
of the wells. 10 µl of pure cultures of the vari-
ous microorganisms where pipetted into desig-
nated rows on the microtitre plates to the wells 
on the first row, 100 µl of 100 mg/ml of the ex-
tracts were pipetted into it. 100 µl of 50 mg/ml 
was pipetted into the second row, 100 µl of 25 
mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.125 mg/ml, 
1.563 mg/ml and 0.7813 mg/ml of the extracts 
were pipetted consecutively down the plates. 
Each extract was given a different plate. 100 
µl of 5 mg/ml, 2.5 mg/ml, 1.25 mg/ml, 0.625 

mg/ml, 0.3125 mg/ml, 0.15625 mg/ml, 0.0781 
mg/ml and 0.039 mg/ml of the Ciprofloxacin 
and Clotrimazole were also pipetted consecu-
tively down on a different plate. MTT dye was 
pipetted into all the wells and incubated for 24 
hours. If the concentration of the extract was 
able to inhibit the growth of the microorgan-
ism, clear well will be observed but if the ex-
tract was not able to inhibit the growth of the 
microorganisms, there will be no color change. 
The minimum inhibitory concentration is the 
lowest concentration of the extract that inhib-
ited or that did not show the growth of the mi-
croorganism under study.

Results
Phytochemical screening

TABLE 2
Phytochemical screening of false yam tuber and seed extracts

Phytochemical False yam tuber extract False yam seed extract
Tannins ++ +
Saponins + ++
Glycosides + ++
Alkaloids ++ +
Flavonoids - -

(+) = present, (-) = not detected, (++) = present and in abundance

Phytochemical screening of both extracts in-
dicates the presence of tannins, saponins, gly-
cosides and alkaloids whilst flavonoids were 
absent in both extracts. Tannins and alkaloids 
were observed to be more in seed extract than 
tuber extract whilst glycosides and saponins 
were found to be more in tuber extract than 
seed extract (Table 2). 

Antimicrobial activity
The values in Table 3 are means of the zone of 
inhibition ± 95% CI (Confidence Interval) of 
two independent replicates. At P<0.05, there 
was significant difference between some of 
the treatments on the various microorganisms.
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TABLE 3
Zone of inhibition + 12 mm (± 95% CI) of different microbes treated with different concentration of false yam 

tuber and seed extracts
Treatment Candida albi-

cans
Pseudomonas 
aeruginosa

Streptococ-
cus pyogenes

Staphylococcus 
aureus

Escherichia coli

T1 13.5 ± 0.707ᵃᵇ 43.25 ± 1.061c 27.3 ± 0.353c 21.5 ± 0.707d 40.5 ± 0.707b

T2 13 ± 0.000ab 12 ± 0.000a 14 ± 0.000ab 13 ± 0.000abc 13 ± 0.000abc

T3 12.5 ± 0.707ab 12 ± 0.000a 13.5 ±0.707ab 12.5 ± 0.707ab 12 ± 0.000a

T4 12 ± 0.000a 12 ± 0.000a 13 ± 0.000ab 12 ± 0.000a 12 ± 0.000a

T5 12 ± 0.000a 12 ± 0.000a 12.5 ± 0.000a 12 ± 0.000a 12 ± 0.000a

T6 15.5 ± 0.707b 18.5 ± 0.707b 15.5 ± 
0.707ab 15.5 ± 0.707c 13 ± 0.000a

T7 14.5 ± 0.707ab 12 ± 0.000a 12 ± 0.000a 12 ± 0.000a 12 ± 0.000a

T8 14 ± 0.000ab 14 ± 1.414a 16.5 ± 2.121b 15 ± 0.000bc 12 ± 0.000a

T9 14 ± 1.414ab 13 ± 0.000a 15 ± 0.000ab 14 ± 1.414abc 12 ± 0.000a

P-value 0.006* <.001* <.001* <.001* <.001*

LSD (0.05) 1.508 1.436 1.788 1.411 0.5332
CV% 5.0% 3.8% 5.1% 4.4% 1.5%

*: significant, 95% CI :95% confidence interval, P-value: probability value, LSD: least significant difference, 
CV: coefficient of variation.

Minimum Inhibitory Concentration (MIC)
Table 4, shows the MIC of false yam tuber and 
seed extract as well as the MIC for the stan-
dard drugs (Ciprofloxacin and Clotrimazole). 

The MIC for the seed extract was relatively 
lower than the MIC for the tuber extract on the 
selected microorganisms. 

TABLE 4
Minimum inhibitory concentration (MIC) of false yam tuber and seed extracts

Microorganism Minimum inhibitory concentration (mg/ml)

False yam tuber 
extract

False yam seed 
extract

Ciprofloxacin/ Clotri-
mazole

Candida albicans 6.25 1.56 0.078
Pseudomonas aeruginosa - 100 0.078
Streptococcus pyogenes 1.56 1.56 0.078
Staphylococcus aureus 6.25 1.56 0.078
Escherichia coli 100 25 0.078
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Discussion
Phytochemical screening
The absence of flavonoids in both extracts 
as shown in Table 2 was due to the fact that 
flavonoids are mostly found in fruits, vege-
tables and beverages (Pridham, 1960). The 
higher proportions of tannins and alkaloids in 
the false yam seed extract as compared to the 
false yam tuber extract can be attributed to the 
differences in the proportion of phytochemi-
cals present in different plant parts (Pridham, 
1960).

Antimicrobial activity
From Table 3, both the false yam tuber and seed 
extracts had the ability to inhibit the growth of 
Gram-positive bacteria (Staphylococcus au-
reus, Streptococcus pyogenes), Gram-negative 
bacteria (Pseudomonas aeruginosa, Esche-
richia coli) and the fungus, Candida albicans. 
The presence of tannins, saponins, glycosides 
and alkaloids in both the false yam tuber and 
seed extracts gives the extracts the ability to 
inhibit growth of the microorganisms which 
conforms to a study by Timothy et al. (2011) 
who reported that the presence of phytochem-
icals in false yam leaves give the leaves the 
ability to act as an antimicrobial agent. But 
the mean of the zone of inhibition of the seed 
extract was relatively higher than that of the 
tuber extract at the same concentration. The 
higher proportions of tannins and alkaloids in 
the false yam seed extract may account for its 
higher antimicrobial activity than the false yam 
tuber extract (Kathad et al., 2010). This also 
conforms to the report by Taylor et al. (1996)  
which indicated that tannins present in the bark 
of Terminalia alata was responsible for its an-
timicrobial activity. Tannins form irreversible 
complexes with proteins of microorganisms 
which leads to protein inactivation and loss of 
function (Stern et al., 1996). Alkaloids inter-

calate with DNA of foreign organisms which 
subsequently impede their DNA replication 
and transcription leading to frame-shift muta-
tion (Jones et al., 1994). Vaghasiya and Chan-
da (2007)  reported that, some phytochemicals 
become highly effective antimicrobial agents 
in the presence of other phytochemicals. This 
property of phytochemicals may be responsi-
ble for the broad-spectrum antimicrobial activ-
ity of the false yam seed extract.

Minimum Inhibitory Concentration (MIC) 
Streptococcus aureus, Staphylococcus pyo-
genes and Candida albicans were more sus-
ceptible to the false yam seed extract with 
MIC of 1.56 mg/ml, followed by Escherichia 
coli with MIC of 25 mg/ml and Pseudomonas 
aeruginosa being the least with MIC of 100 
mg/ml. However, this is contrary to the report 
by Timothy & Idu. (2011), which showed that, 
Pseudomonas aeruginosa and Escherichia 
coli were more susceptible to the methanol ex-
tract of false yam tuber and conforms to the 
report by Ushimaru et al. (2007) as well as 
that of Pavithra et al. (2010)  which indicates 
that, the Gram-positive bacteria in this study, 
Streptococcus aureus and Staphylococcus pyo-
genes, are more susceptible to plants with anti-
bacterial property than Gram negative bacteria 
(Escherichia coli and Pseudomonas aerugi-
nosa) due to the differences in their cell wall 
structure, i.e., its permeability. The MIC for 
both extracts on the fungus, Candida albicans, 
and the Gram-positive bacteria (Streptococ-
cus aureus and Staphylococcus pyogenes) was 
similar, this may be as a result of similarity in 
the permeability of their cell wall structure in-
vaded by the extracts.

Conclusion
False yam tuber and seed extracts have shown 
the ability of inhibiting the growth of both 
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Gram-negative and Gram-positive bacteria as 
well as the fungus, Candida albicans. Howev-
er, false yam seed extract exhibited a relatively 
greater antimicrobial potential than false yam 
tuber extract as the MIC of seed extract on 
Candida albicans, Escherichia coli and Staph-
ylococcus aureus (1.56 mg/ml, 25 mg/ml, 1.56 
mg/ml respectively) were relatively lower 
than the MIC of tuber extract on Candida al-
bicans, Escherichia coli and Staphylococcus 
aureus (6.25 mg/ml, 100 mg/ml and 6.25 mg/
ml). This suggests that, false yam seed possess 
broad spectrum antimicrobial potential, which 
may be a source of new antimicrobials to treat 
infectious diseases and also provide a cheaper 
source of treatment with higher accuracy and 
curb the side effects associated with synthet-
ic antimicrobials. False yam seed extract also 
competed favorably with the standard drugs, 
the active ingredients (phytochemicals) pres-
ent in the false yam seed extract should be iso-
lated, purified and utilized for the development 
of new antimicrobials for the treatments of in-
fectious diseases.
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