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ABSTRACT

Aim: To evaluate three common chewing sticks and two brands of toothpaste in south west Nigeria
for the ability to control caries-causing bacteria.

With an increase in tooth decay and gum diseases all over the world, there is need to produce oral
cleaning agents that will better control caries-causing bacteria.

Study Design: Three common chewing sticks in South-West Nigeria- Fagara zanthoxyloides (FZ),
Vernonia amygdalina (VA) and Massularia accuminata (MA)- and two brands of toothpaste- Close
Up and Macleans- were evaluated for their anti-caries activities.

Fifty isolates of Staphylococcus aureus, one of the bacteria often implicated in dental caries,
isolated from patients presenting with various dental problems at the University College Hospital
(UCH), Ibadan, Nigeria were obtained from the Medical Microbiology Department of the Hospital.
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Methodology: The isolates were challenged with the toothpastes, undiluted, as well as ethanol and
aqueous extracts of the chewing sticks using the agar cup diffusion method. The chewing sticks
were also screened for secondary metabolites using standard procedures.

Results: The ethanol extracts of Fagara zanthoxyloides (FZ) showed the highest anti-caries activity
followed by Vernonia amygdalina (VA) and then Massularia acuminata (MA). 43 isolates (86%)
were sensitive to the ethanol extract of Fagara zanthoxyloides while 36 (72%) and 25 (50%) were
sensitive to Vernonia amygdalina and Massularia acuminata respectively.

Both brands of toothpaste were inferior to the ethanol extracts of all the chewing sticks in anti-caries
activity. Only 15 (30%) and 20 (40%) of the isolates were sensitive to Close up and Macleans

respectively.

16 (32%), 14 (28%) and 10 (20%) of the isolates were sensitive to the aqueous extracts of FZ, MA

and VA respectively.

Conclusion: The active constituents in the ethanol extracts of the chewing sticks will be useful as
anti caries components of herbal toothpastes which are becoming common in the market.

Keywords: Chewing sticks; Fagara zanthoxyloides; Vernonia amygdalina; Massularia accuminata;

Staphylococcus aureus; dental caries.

1. INTRODUCTION

Although there is more attention on oral and
dental hygiene all over the world, tooth decay
and other oral diseases are on the increase daily.
This has been attributed to a change in eating
habits and increased sugar consumption among
people of different age groups [1].

The use of chewing sticks has been documented
since ancient times [2]. They were widely used
by the Israelites, Ethiopians, Egyptians and
Nigerians.

In many African homes, teeth are cleaned in the
morning by chewing the root or stem of certain
plants, until they acquire brush like ends [3]. The
fibrous end is then cleaned and it brushes the
teeth thoroughly. In certain parts of West Africa,
e.g. Ghana, Nigeria and Senegal, chewing sticks
are used frequently during the day. These
chewing sticks impact varying taste sensations
which could be a tingling, peppery taste, a bitter
taste or numbness [4].

Some of these chewing sticks have been shown
to possess varying degrees of antimicrobial
activity against oral microbial flora which
indicates therefore, that the chewing sticks, in
addition to providing mechanical stimulation of
the gums, also destroy microbes, a feature which
is absent in the common toothpaste and brush
method. This advantage of the chewing sticks
over the conventional toothpaste and brush could
explain why many Africans have strong teeth [5].
The extracts of some chewing sticks have been
demonstrated to have anti-plaque and
antimicrobial activities against certain oral

bacteria like Streptococcus mutans, Bacteroides
gingivitis and oral anaerobes commonly
implicated in dental caries and orodental
infections [6].

Chewing sticks therefore can safeguard against
dental problems, which is probably the reason
why dental caries (decay) is not rampant in
certain parts of Nigeria where the use of chewing
sticks is frequent. Thus, the use of chewing
sticks has been encouraged by the World Health
Organization [7]. In Nigeria, about 80-90% of the
population in rural areas use chewing sticks,
mainly because they are readily available, cheap
and efficacious [8]. The cleansing efficacy of
chewing sticks is attributed to the mechanical
effects of its fibers, the release of beneficial
chemicals or a combination of both [9]. Some
African chewing sticks have also been reported
to contain fluoride ions, silicon, tannic acid,
sodium bicarbonate and other natural plaque
inhibiting substances that can reduce bacterial
colonization and plaque formation [10].

The common chewing sticks in Southwest

Nigeria include Zanthoxylum zanthoxyloides
(sym. Fagara  zanthoxyloides), Vernonia
amygdalina and Massularia acuminata.

Zanthoxylum zanthoxyloides (Fagara

zanthoxyloides) is a glabrous shrub or tree with
an English or common name of candlewood or
Senegal prickly ash. It belongs to the family
Rutaceae [11]. Its chewing sticks are obtained
either from the stems or the roots and they give a
warm pungent and numbing effect on the palate.
These plants have also been reported to possess
antisickling, antiparasitic and antiseptic activities
and have been known to be used to treat other




ailments including toothache, sexual impotence,
gonorrhoea, malaria, dysmenorrhoea, urinary
and venereal diseases and abdominal pain [12].

Vernonia amygdalina commonly called bitter leaf,
is a perennial shrub belonging to the family
“Asteraceae”. It is mostly found in Southwestern
Nigeria where it is called ‘Ewuro’. The plant is
used as an anti-helminth, anti-malarial, laxative,
digestive tonic, appetizer and febrifuge and for
the topical treatment of wounds. This plant also
has a measure of anti caries activity. The roots
and stems of this plant are used as chewing
sticks and have been known to possess a
measure of anti caries activity.

Massularia acuminata of the family Rubiaceae is
known as “Pako ljebu” especially among the rural
communities in Southwestern Nigeria. It grows
as a shrub or small tree. The inhibitory properties
of the plant are attributed to its phytochemicals
which include saponins, flavonoids, glycosides,
tanins and anthraquinones [13].

This study therefore evaluated the antimicrobial
activities of ethanolic and aqueous extracts
of  Zanthoxylum  zanthoxyloides, Vernonia
amygdalina and Massularia acuminata and two
common brands of toothpaste for the prevention
of tooth decay.

2. MATERIALS AND METHODS

2.1 Collection of Plant Materials and

Preparation of Extracts

The chewing sticks, (Zanthoxylum
zanthozyloides, Vernonia amygdalina, and
Massularia acuminata) were purchased from
Lafenwa market in Abeokuta, Ogun state of
Nigeria. They were authenticated at the Forestry
Research Institute of Nigeria (FRIN).

The chewing sticks were washed under running
tap water, chopped into small pieces and sun-
dried for 3 days. They were milled properly and
stored in dry containers. 25 grams of each
chewing stick was placed in screw-capped bottle
containing 250 mis of 50% ethanol and sterile
distiled water. It was soaked for 7 days after
which it was filtered using Whatmann No.1 filter
paper. It was then concentrated using a rotary
evaporator and put in the fridge for further use.

2.1.1 Sourcing of toothpastes

Two brands of tooth paste, Macleans and Close
up, were purchased from Sabo market in
Sagamu, Ogun state, Nigeria.
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2.2 Collection of Isolates

Stapylococcus aureus isolates from dental
plaque were collected from the Microbiology
laboratory of the University College Hospital
(UCH), Ibadan, Oyo state of Nigeria. The study
population was drawn from patients attending
different clinics of the hospital, presenting with
various symptoms of dental disease, such as
tooth ache, hole in the teeth, and varying
degrees of tooth dentures. Those patients that
were already on antibiotics therapy were
excluded from the study.

Gram staining and standard biochemical tests
including coagulase and catalase, were used to
confirm the isolates as Staphylococcus aureus.

2.3 Phytochemical Screening of the Plant
Extracts

2.3.1 Alkaloids

Alkaloid levels were analyzed using Dragendorffs
test as described by Evans [10]. Two milliliters
(2 mls) of the plant extract was warmed with 2%
H,SO, for two minutes. It was filtered and a few
drops of Dragendorff reagent (potassium bismuth
iodide solution) were added to the filtrate. An
orange or red precipitate indicated the presence
of alkaloids.

2.3.2 Saponins

The method described by Harbone [14] was
used. One milliliter (1 ml) of each plant extract
was measured into test tubes and 5mls of
distiled water was added and boiled. The
presence of froths after standing for few minutes
indicated the presence of saponins.

2.3.3 Tanins

Two milliliters (2 mls) of each plant extract was
stirred into 10 mis of distilled water and filtered. A
few drops of ferric chloride were then added to
the filtrate. Presence of tannin was indicated by a
blue-black, green or blue-green precipitate [10].

2.3.4 Anthraguinones

Two milliliters (2 mls) of each plant extract was
added to 10 mls of benzene and shaken. It was
filtered and 5 mls of 10% ammonium solution
was added to the filtrate and shaken properly.
Presence of anthraquinone was indicated by
pink, red or violet colour in the lower phase [10].



2.4 Screening of Chewing Sticks for
Antibacterial Activity

2.4.1 Antibacterial sensitivity bioassay

The sensitivity test was carried out using Kirby-
Bauer agar well diffusion method. Wells were
made in previously seeded Mueller Hinton agar
plates using a sterile cork borer (6 mm in
diameter). The wells were filled with different
concentrations (25 mg/ml, 50 mg/ml, 75 mg/ml
and 100 mg/ml) of the plant extract. The plates
were allowed to stand for about 1 hour to allow
for diffusion of the extracts before incubation.
The plates were incubated at 37<C for 48 hours.
Zones of inhibition were measured in millimeters
(mm) after incubation.

The antimicrobial susceptibility bioassay for the
toothpaste was carried out by agar well diffusion
method also. Each well in previously seeded
Mueller Hinton agar plate was filled with
undiluted toothpaste. The plates were allowed to
stand for about 1 hour for diffusion before being
incubated at 37C for 48 hours. Zones of
inhibition were measured in mm after incubation.

3. RESULTS

3.1 Phytochemical Plant

Extracts

Screening of

Saponins and tannins were common to the three
chewing sticks while they varied in other
components. Table 1 shows the various
secondary metabolites in the plants.

Table 1. Phytochemical screening of plant

extracts
SIN Tests FZ VA MA
1 Alkaloids + + -
2 Saponins + + +
3 Tannins + + +
4 Anthraguinones - - +

Legend: FZ: Fagara zanthoxyloides, VA: Vernonia
amygdalina, MA: Massularia acuminate, (-) negative i.e.
absent, (+) positive i.e. present

3.2 Confirmation of the

Bacterial Isolates

Identity of

All the isolates were confirmed to be Gram
positive cocci arranged in clusters and were
coagulase and catalase positive. The result of
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the microscopic and biochemical tests carried out
for the identification of the bacterial isolates is
shown in Table 2 below.

Table 2. Microscopic and biochemical tests
results of isolates

Tests Result

Gram staining/ shape +/ spherical shaped
Mannitol salt +

Catalase +

Coagulase +

Oxidase -

Legend, (+) positive, (-) negative

3.3 Antibacterial Activity of Ethanol and
Aqueous Extracts of Plant Materials
and Toothpastes

Appreciable antibacterial activity of the extracts
was obtained at 100 mg/ml.

The highest zone of inhibition was recorded for
the ethanol extract of Fagara zanthoxyloides with
30 mm in diameter and the lowest (9 mm) was
recorded for the aqueous extract of Fagara
zanthoxyloides and macleans toothpaste. Table
3 shows the zones of inhibition in millimeters
(mm) of ethanol and aqueous extracts of
plant materials, the toothpastes and ethanol
(control).

The sensitivity of the test isolates to extracts of
the chewing sticks and toothpastes, expressed
as percentage are presented in Tables 4, 5 and
6.

4. DISCUSSION

The presence of saponins and tannins in all the
three plants, of anthraquinone in Massularia
acuminata and of alkaloids in Fagara
zanthoxyloides and Vernonia amygdalina can be
linked to the antibacterial activity of the plants.
Cowan [15] had shown that antibacterial effect of
plant materials was due to the presence of
alkaloids, tannins and anthraquinones.

It had also been reported by Hagerman et al. [16]
that tannins form irreversible complexes with
proline- rich proteins which could lead to
inhibition of cell wall protein synthesis, a property
that may explain the mode of action of the
chewing stick extracts used in this work. In
addition to its antibacterial effect, saponins also
have antifungal properties.
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Table 3. Zones of inhibition of ethanol extracts, aqueous extracts of plant materials and
toothpastes (mm)

S/IN Zones of inhibition (mm)
FZ VA MA
E.E A.E E.E A.E E.E A.E CL MAC ETH

1 15 0 14 0 14 15 0 0 0
2 18 0 16 0 16 0 0 0 0
3 18 12 16 0 16 14 0 0 0
4 0 0 0 0 0 0 0 0 0
5 16 12 14 11 14 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 18 0 0 0 0 0 0 0 0
8 16 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 18 0 0 0 0 0 0 14 0
12 20 0 0 0 0 0 0 0 0
13 15 0 11 0 11 0 0 0 0
14 18 0 20 0 0 0 20 0 0
15 18 0 15 0 14 0 0 15 0
16 20 0 12 0 16 0 0 0 0
17 12 0 13 0 12 15 0 0 0
18 10 0 13 0 10 0 0 0 0
19 18 0 12 0 15 0 0 20 0
20 30 0 12 0 0 0 0 0 0
21 13 0 17 0 0 0 0 0 0
22 30 10 17 0 0 0 0 0 0
23 30 9 17 0 0 0 0 0 0
24 0 12 0 10 0 10 0 0 0
25 30 0 12 0 0 0 0 0 0
26 11 0 0 0 0 0 0 0 0
27 20 0 18 0 14 0 19 9 0
28 16 0 16 0 0 0 10 10 0
29 15 11 20 0 16 0 0 17 0
30 0 9 0 0 11 0 12 10 0
31 15 10 13 0 0 0 10 13 0
32 0 0 20 0 0 0 16 9 0
33 16 10 20 11 17 11 17 20 0
34 16 0 0 0 0 0 0 0 0
35 18 0 12 0 15 0 10 10 0
36 16 10 0 0 0 0 0 17 0
37 19 10 12 0 16 0 0 16 0
38 20 0 20 0 18 0 20 17 0
39 25 10 16 0 20 0 20 15 0
40 20 0 20 10 15 10 20 16 0
41 20 0 26 0 17 0 0 17 0
42 22 10 21 0 20 0 0 20 0
43 17 0 17 0 12 0 0 0 0
44 16 0 12 0 12 0 0 0 0
45 20 0 23 0 15 0 0 0 0
46 16 10 0 9 0 0 12 14 0
47 15 0 9 0 0 0 20 0 0
48 20 10 29 0 17 10 17 0 0
49 18 10 19 0 0 0 0 23 0
50 11 0 10 0 0 0 17 20 0

Legend, FZ- Fagara zanthoxyloides, VA- Vernonia amygdalina, MA- Massularia acuminate, CL- Close up,
MAC- Macleans, E.E- Ethanolic Extract



Table 4. Percentage sensitivity of isolates to
ethanol extracts of plant materials

Ethanol extracts of Percentage (%)/No

plant material sensitivity
Fz 86 (43)
VA 72 (36)
MA 50 (25)

Table 5. Percentage sensitivity of isolates to
aqueous extracts of plant materials

Aqueous extracts of Number / percentage

plant material sensitivity
Fz 32 (16)
VA 10 (5)

MA 14 (7)

Legend, FZ- Fagara zanthoxyloides
VA- Vernonia amygdalina
MA- Massularia acuminata

Table 6. Percentage sensitivity of isolates to

toothpastes
Toothpaste Percentage sensitivity
Close up 30 (15)
Macleans 40(20)
The test organism wused for this study,

Staphylococccus aureus is one of the organisms
often implicated in dental caries. It accounts for
over 70% of dental caries cases from the
research works carried out by Daniyan and
Abalaka [17] and had highest proportion in the
work of Oluremi et al. [18]. It is a pathogenic
organism that causes dental infections and are
now widely isolated from the oral cavity.

The extracts of the three chewing sticks
produced a greater activity at a concentration of
100mg/ml than the two brands of toothpaste.
This is similar to the work carried out by Antwi-
boasiako et al. [19] where the plant extracts of
Garcinia kola had a greater antimicrobial effect
than the pepsodent toothpaste used.

The ethanol extract of Fagara zanthoxyloides
gave a better antimicrobial activity against all the
fifty isolates than the ethanol extracts of Vernonia
amygdalina and Massularia acuminata. 43 (86%)
of the isolates were sensitive to the ethanol
extracts of Fagara zanthoxyloides while 36(72%)
and 25(50%) were sensitive to Vernonia
amygdalina and Massularia acuminata
respectively.

The ethanol extracts of the plant materials had a
better antimicrobial action than the aqueous
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extracts which is in accordance with a research
work by Isawumi [11] and Rotimi et al. [20].

The aqueous extracts of the plant materials
showed a poor inhibitory action against the test
organism. This may be due to poor solubility
nature of the active principles of the plants in
water.

The two brands of toothpaste had weaker
antimicrobial activity than the plant extracts. This
is not unexpected since chemical toothpastes
owe their antimicrobial property to the presence
of fluorides as part of their ingredients. Macleans
however had a better inhibitory action than close

up.
5. CONCLUSION

The chewing sticks used in this study showed
good antimicrobial activity against the isolates
and could provide better care than fluoride
toothpastes. The active compounds if isolated
would be good caries-controlling components of
herbal toothpastes.
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