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Introduction

The spread of emergence of multiple drugs derived from 
medicinal plants have been an encouragement to the scientist 
to constantly search for natural products as a source of new 
drugs that can act as an alternative to the already existing 
drugs. Research has been done on the determination of 
antimicrobial effi cacy and properties of various plant extract, 
however continued research in this area is still promising, this 
is because of the emergence of new diseases that could either 
be treated by the use of natural products. Therefore scientists 
have been subjected to a constant search for medicinal plants 
with therapeutic potential.

T. diversifolia plant species are perennial herbs, typical 
woody herb or succulent shrub-like, cultivated in many areas 
of the world.  This invasive plant species grows up to the height 
of three meters and ten centimeters wide in disturbed areas 
and can withstand heat and drought. It is studied because of its 
multipurpose benefi ts; the leaves have been used for treatment 

of various ailments them being stomach aches, sore throats, 
indigestion etc. [1]. Numerous literatures indicate that most of 
researchers have dealt with the screening of phytochemicals 
from the leaves of T. diversifolia ignoring its stems and roots. 
Aside from this, information on the secondary metabolites and 
proximate composition of the plant is very scanty  Figure 1.

T. diversifolia is an important medicinal plant with its leaf 
considered as the major organs used solely or in combination 
with other plants for treatment of different ailments. Various 
researches have been done using leaves ignoring the roots and 
stems. 

T.diversifolia has been used as a subject of research 
interest because of its various indigenous medicinal uses in 
Kenya. Pharmacological research of T. diversifolia indicates its 
possession of many active constituents including antimicrobial, 
ant-fungal, ant- malarial (Madureira, 2002) and cancer chemo 
preventive activities [2]. T. diversifolia are traditionally used for 
skin diseases, menstrual pain, hepatitis, treatment of diabetes, 
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diarrhea, wound healing among others, the effects of this 
drug are said to be attributed to the presence of terpenoids 
and fl avonoids in its aerial parts. With the exploration and 
incorporation on the scientifi c understanding of plants, there 
has been the need to collect information on various kinds 
of plants that can be used in treatment of various specifi c 
ailments  [3].

Secondary biologically active molecules contained within 
the leaves, roots and stems of T. diversifolia are described to be 
of importance, these secondary metabolites to be determined 
are the tannins, alkaloids, fl avonoids, saponins steroids, 
terpenoids and glycosides. 

In this study, crude extracts from the leaves, roots and 
stem of T.  diversifolia will be used to test for the antimicrobial 
effi cacy against   bacterial and fungal pathogens, where the 
aim of this study was to establish whether extracts from T. 
diversifolia have an antimicrobial tendency against the fungal 
and bacterial pathogen. 

Methodology

Study site

Maasai Mara University is located 1 km off Narok-Bomet 
highway and 2 kilometers from Narok town in Kenya. It is 
nationally located 150 kilometers of Nairobi capital city of 
Kenya. It has latitude of 1.083°S and 35.867°E.

Plant collection and identifi cation

Tithonia diversifolia parts were collected around Maasai Mara 
University in Narok County, Kenya during the September- 
December 2019 season. The Five year (5) old plants were 
identifi ed by a taxonomist in the department of Biological 
Science within the university laboratory. Voucher specimens 
were deposited in Maasai Mara university herbarium Table 1. 

Test organisms

Four species of microorganisms were selected for the 
study which included Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa and Candida albicans.

Extraction Plant parts; leaves, stems and roots of 
T.diversifolia were collected around Maasai Mara University. 
They were washed with clean water and rinsed with distilled 
water to remove debris and dried under a shade in an open air 
for a period of twenty days. The plants were then grounded 
into powder and powder stored in the plastic bags using a 
laboratory mortar and pestle. Approximately fi ve grams of each 
plant extract were soaked in a quarter liter of each solvent for 
72 hours to allow extraction of crude active compounds.

Phytochemical tests

Phytochemical screening of the crude extract for saponins, 
tannins, terpenoids, alkaloids fl avonoids and steroids were 
done by the use of methods described best by Sofowora Evans  
and Harbone [4-6].

Antimicrobial assays

Filter paper disc 6mm in diameter containing crude extracts 
were placed on the surface of solidifi ed nutrient medium and 
the petri dishes incubated under favorable conditions for two 
to three days depending on the type of microorganism. Plant 
extracts diffused into nutrient medium and formation of an 
inhibition zone on surface of medium indicated antibacterial 
activity. The diameters of zones of inhibition were measured 
with respect to the diameter of the fi lter paper disk.

Data analysis

Antimicrobial activity of different plant parts and solvents 
used were compared using ANOVA, and separation means, 
over test, percentage of mean standard error was carried out.  
Micrographs were taken.

Results 

Presence or absence of Phytochemicals

Table 2 shows phytochemical compounds present in 
methanolic, acetone and aqueous crude extract of the leaves, 
stems and roots of T. diversifolia. Presence of saponins in leaves 
and absence in both stems and roots extracted using methanol. 
In acetone saponins were absent in all the three plant parts. 
Using distilled water, saponins were present in all the plant 
parts used Figure 2. 

All plant parts, leaves, stems and roots indicated the 
existence of fl avonoids in distilled water, acetone and methanol 
(Table 2).  Alkaloids were present in all the plant material used 
extracted using all the three solvents except only in roots 
extracted using acetone (Table 2).

Steroids were present in both leaves and roots and absent 
in stems extracted using methanol. Using acetone, steroids 
were only present in leaves and missing in both stems and 
roots. Using distilled water, steroids were present in leaves and 
missing in the two parts; stems and roots.

 

 

 

 

 

 

Figure 1: Tithonia diversifolia aerial parts.
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In methanolic extract, terpenoids were absent in all the 
plant materials used. Terpenoids were only present in stems 
and leaves using acetone and methanolic extract respectively 
(Table 2).

Tannins were present in all the plant materials used 
extracted using methanol, acetone and distilled water. 
Glycosides were present in leaves, stems and roots extracted 
using methanol, in acetone, glycosides were present in leaves 
and absent in both stems and roots. Using distilled water, 
glycosides were present in both stems and leaves and absent 
in roots (Table 2). 

Antimicrobial activity

There were remarkable variations in diameters of zones of 
inhibition from crude extract, methanolic extract and acetone 
extracts from leaves (P=0.0016). The greatest zone of inhibition 

was recorded by crude extracts (10.33) followed by methanolic 
extract (8.67) and lastly acetone (6.17) Figure 3. 

There were signifi cant differences in zones of inhibition 
from crude extracts, methanolic extracts and acetone 
extracts(0.005) and methanolic extract recording the highest 
zone of inhibition (9.00) followed by crude extract (6.67) and 
acetone (6.17).  There were no remarkable distinction in zones 
of inhibition from the three extracts in roots (P=0.1715).

There were signifi cant differences in zones of inhibition in  
leaves, stems and roots from crude extracts (p=0.0001), leaves 
recording the highest zone of inhibition (10.33) followed by  
stems (6.67) then roots recording the least (6.33). In methanolic 
extract, there were signifi cant differences in leaves, stems 
and roots (p=0.0460) stems recording the highest zone of 
inhibition (9.00) followed by the leaves (8.67) then the roots. 

Table 2: Phytochemical Compounds in leaves, stems and roots of T. diversifolia.
Phytochemicals Plant parts Methanolic Acetone Aqueous  

Saponins
Leaves + - +
Stems - - +
Roots - - +

Flavonoids 
Leaves + + +
Stems + + +
Roots + + +

Alkaloids
Leaves + + +
Stems + + +
Roots + - +

Steroids 
Leaves + + -
Stems - - +
Roots + - -

Terpenoids 
Leaves - - +
Stems - + -
Roots - - -

Tannins 
Leaves + + +
Stems + + +
Roots + + +

Glycosides 
Leaves + + +
Stems + - +
Roots + - -

Key + Presence of metabolites
- Absence of metabolites

Table 1a: Zone diameter (mm) of growth inhibition of extract from three plant parts 
against s. aureus.

Leaves  (mm) Stems  (mm) Roots  (mm)

Crude extract 10.33 ± 0.17A 6.67 ± 0.33B 6.33 ± 0.17A

Methanolic extracts 8.67 ± 0.67B 9.00 ± 0.58A 6.00 ± 0.33A

Acetone 6.17 ± 0.17C 6.17 ± 1.17B 6.67 ± 0.00A

P value 0.0016 0.005 0.1715

Table 1b: Zone diameter (mm) of growth inhibition recorded as per the solvents used 
in extraction against S. aureus.

Crude extract (mm) Methanol (mm) Acetone (mm)

Leaves 10.33  ±0.33A 8.67  ±0.67B 6.17   ±0.17A

Stems 6.67    ±0.33B 9.00  ±0.58A 6.17   ±0.17A

Roots  6.33    ±0.17B 6.67  ±0.33C 6.00   ±0.00A

P value 0.0001 0.0460 0.6297

Table 2a: Zone diameter (mm) of growth inhibition of extracts of three plant parts 
against E. coli.

Leaves (mm) Stems (mm) Roots (mm)

Crude extract 7.33±0.33A 7.33±0.33AB 7.33±0.29A

Methanolic extract 7.00±0.58A 7.67±0.33A 6.50 ±0.33AB

Acetone 6.33±0.33A 6.33±0.33B 6.00 ±0.00B

P value 0.3170 0.0685 0.0270

Table 2b: Zone diameter (mm) of growth inhibition recorded as per the solvents used 
in extraction against E. coli.

Crude extract (mm) Methanol (mm) Acetone (mm)

Leaves 7.33±0.33A 7.00±0.58A 6.33±0.33A

Stems 7.33±0.33A 7.67±0.33A 6.37±0.33A

Roots 7.50±0.89A 7.33±0.33A 6.00±0.00A

P value 0.1842 0.5787 0.6297

 

 

 

 

 

 

Figure 2: Showing test for alkaloids (A), terpenoids (B), fl avonoids (C) and 
terpenoids in roots (D).
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There were no signifi cant differences in zones of inhibition 
as recorded by  leaves, stems and roots from acetone extracts  
(p=0.6297) (Table 1b).       

There were no signifi cant differences in zones of inhibition 
from crude extracts, methanolic extracts and acetone extract 
from prepared leaves(p=0.3170), the highest zone of inhibition 
was recorded by the crude extract against E. coli (7.33) followed 
by methanolic extract (7.00) and acetone (6.33).  There 
were no signifi cant differences in zones of inhibition from 
crude, methanolic and acetone extract from prepared stems 
(p=0.0685) and methanolic extract recording the highest zone 
of inhibition (7.67) followed by crude extract (7.33) and acetone 
(6.33).In roots there were signifi cant differences in zones of 
inhibition from crude extracts, methanolic extract recorded 
in roots (p=0.0270), crude extract recording the highest zone 
of inhibition (7.33) followed by methanolic extract (6.50) and 
acetone (6.00). 

There were no signifi cant differences in zones of inhibition 
from leaves, stems and roots from crude extract against E. coli 
(p=0.1842), with roots recording  the highest zone of inhibition 
(7.50) followed by both stems and leaves recording  (7.33) each. 
There were no signifi cant differences from leaves, stems and 
roots as recorded in methanolic extract (p=0.5787), the stems 
recorded the highest zone of inhibition (7.67) followed by the 
roots (7.33) then the leaves (7.00). There were no signifi cant 
differences in zones of inhibition as recorded by acetone 
extracts (p=0.6297). The roots recorded the least zone of 
inhibition (6.00) followed by leaves (6.33) then stems recording 
the highest zone of inhibition (6.37) (Table 2b).

There were no signifi cant differences in zones of inhibition 
from crude extracts, methanolic and acetone extract from 
prepared leaves (p=0.0685). The highest zone of inhibition was 
recorded by the methanolic extract against P. areuginosa (7.67) 
followed by crude extract (6.67) and acetone (6.33).  There were 
signifi cant differences in zones of inhibition from prepared 
roots (p=0.0078) and methanolic extract recorded the highest 
zone of inhibition (8.00) followed by crude extract (6.67) and 
acetone (6.17). With the extracts from the stem there were also 
signifi cant differences (p=0.0135), methanolic extract showing 
highest zone of inhibition (7.33) followed by crude extract 
(6.67) and acetone (6.00) (Table 3a).

There were no signifi cant differences in zones of 
inhibition from leaves, stems, and roots from crude extract 
(p=0.1000), with all the plant parts showing the same value 
of zone of inhibition (6.67). In methanolic extract, there were 
no signifi cant differences in leaves,  stems and roots from 
methanolic extract (p=0.3945) with the leaves recording the 
highest zone of inhibition followed by stems(7.67) and roots 
(7.33) Lastly there were no signifi cant differences in zones of 
inhibition from leaves, stems and roots as recorded by acetone 
extract  (p=0.6297) (Table 3b).

There were no signifi cant differences in zones of inhibition 
from crude extracts, methanolic extract and acetone extracts 
from prepared leaves of Tithonia diversifolia, (p=0.1222). The 

highest zone of inhibition was recorded by the methanolic 
extract against C. albicans (8.00)) followed by crude extract 
(6.83) and acetone (6.50).  There were no signifi cant differences 
in zones of inhibition from prepared stem (p=0.2963). Crude 
extract recorded the highest zone of inhibition (7.33) followed 
by methanolic extract (7.17) and acetone (6.17). With the extracts 
from the roots there was a signifi cant differences (p=0.0010), 
methanolic extract showing highest zone of inhibition (9.00) 
followed by crude extract and acetone each obtaining a value 
of (6.00) (Table 4a).

In all the observations made and values recorded there 
were no signifi cance differences in zones of inhibition  from 
leaves, stems and roots with crude extracts (p=0.652), 
methanol (p=0.1291) and acetone (0.2963). the highest zones 
of inhibition were recorded stems in crude extract(7.33), roots 
in methanol(9.00) and both leaves and stems in acetone(6.50).

 

 

 

 

 

Figure 3: Zones of inbition against S.aureus (a), E.coli(b), C.albicans(c) and 
P.aureginosa (d).

Table 3a: Zone diameter (mm) of growth inhibition of extracts from the three plant 
parts against P. aeruginosa.

Leaves (mm) Roots (mm) Stems (mm) 

Crude extract 6.67±0.33AB 6.67±0.17B 6.67±0.33AB

Methanolic extract 7.67±0.33A 8.00±0.33A 7.33±0.29A

Acetone 6.33±0.33B 6.17±0.00B 6.00±0.17B

P value 0.0685 0.0078 0.0135

Table 3b: Zone diameter (mm) of growth inhibition recorded as per the solvents used 
in extraction against P. areuginosa.

Crude extract (mm) Methanol (mm) Acetone (mm) 

Leaves 6.67±0.33A 8.00±0.29A 6.33±0.33A

Stems 6.67±0.33A 7.67±0.33A 6.17±0.17A

Roots 6.67±0.17A 7.33±0.33A 6.00±0.00A

P value 1.000 0.3944 0.5787
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Discussion

The results for chemical substances analysis of the extracts 
of Tithonia diversifolia indicated the presence of fl avonoids, 
alkaloids and tannin in all the plant parts and in all the solvents 
used. The existence of alkaloids, glucosides and tannins in the 
leaves extracts of Tithonia diversifolia are in accordance to the 
results of  while the fi ndings of the absence of saponins in 
acetone extracts is contrary to his fi ndings. Steroids are the 
least secondary metabolites found in the leaves stems and roots 
of Tithonia diversifolia according to the obtained results. As the 
leaves leads in the number of metabolites they contain which is 
accordance to my fi ndings, they contain all the tested secondary 
metabolites except terpanoids in methanolic, acetone extracts 
and saponins in acetone extracts. According to Adesokan and 
Akanji  [7]. Flavonoids contain anti-spasmodic antifungal and 
antibacterial activity and its presence in T. diversifolia gives 
the plant ability to be employed in the cure of stomach aches, 
diarrhea and microbial infections such as urinary and general 
diseases. The presence of saponins shows the ability of the 
plant to be used in the treatment infl ammation related diseases 
due to its infl ammatory properties. The roots on the other hand 
had negative results recorded which authenticated the absence 
of the metabolites, a good example being the terpenoids. The 
presence of glycosides indicated the plant can be used in the 
treatment of heart related diseases  [8]. The presence or absence 
of these secondary metabolites may be due to an explainable 
reason for the difference in their ability to dissolve in either 
of the solvents that recorded the absence of these metabolites 
e.g. saponins were present in methanolic and distilled water 
extracts reasons being may be saponins best dissolves in the 
two solvents other than acetone [9-33]. 

Results obtained from antimicrobial activity testing of crude 
extracts of Tithonia diversifolia, Tables 3-10 shows variability 
in the inhibitory activity of Tithonia diversifolia crude extracts 
against the test organisms.  Among all the microorganisms 
used Staphylococcus aureus is much more susceptible to the 
crude leaves extracts showing the highest inhibitory zone 
followed by methanolic extracts then acetone shown by letters 
A, B and C respectively and therefore a signifi cant differences 
in the solvents used, preferably crude leaves extract should be 

used may be because some of the metabolites might have been 
well dissolved in distilled water. Methanolic extracts of stems 
showed the largest zone of inhibition against S. aureus (Table 
3) reasons being maybe there were some metabolites that 
inhibited the growth of S. aureus unlike the other plant parts. 

There is no signifi cant difference in the antimicrobial 
activity of the stems and leaves extracts against E. coli leaving 
the crude roots extracts having the highest inhibitory zone 
therefore creating a signifi cant differences. In line with this 
acetone root extracts did not show any inhibitory characteristics.  
S. aureus gram positive bacteria are more susceptible to 
antimicrobial agents compared to E. coli and P. aeruginosa 
gram negative bacteria this can be attributed to the nature of 
their cell wall. The gram negative bacteriais characterisd by 
a thick cell wall because their outer phospholipid membrane 
carries lipopolysaccharide components making their cell wall 
impermeable to antimicrobial substances. Gram positive 
bacteria have only a peptidoglycan layer which is permeable 
to substances.

Conclusion 

Chemical substance analysis of the crude extract of T. 
diversifolia discloses presence of saponins, glycosides fl avonoids, 
, steroids, terpenoids, tannins and alkaloids from methanolic, 
acetone and aqueous extracts. The present investigation 
showed revealed a general trend that the leaves had the highest 
antimicrobial activity against test microorganisms followed by 
stems and roots respectively against the entire test organisms 
used. The presence of these phytochemical and their ability to 
react against tests organisms indicates that the leaves, roots 
and stems of T. diversifolia could serve as basic ingredients in 
drug making for use in treatment of various ailments.
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