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ABSTRACT

Aims: To determine the antibacterial effect of the ethanol stem extract of Vernonia
amygdalina (bitter-leaf) and some mouth washes against some bacteria that have been
implicated in causing tooth decay so as to establish the role of herbal medicine and
chemical compounds in oral hygiene.

Study Design: In vitro assay of antibacterial activities

Place and Duration of Study: Dental Department of the State Specialist Hospital, Akure,
Ondo State, Nigeria and Department of Microbiology, Federal University of Technology,
Akure, Nigeria, between October, 2012 and January, 2013.

Methodology: Bacterial isolates were collected, identified, standardized and the stem
extract was prepared. Phytochemical screening of the extracts was carried out as well as
the in vitro antibacterial assay using agar well diffusion technique. Minimum Inhibitory
Concentration and antibiotics sensitivity test (disc diffusion assay) were also determined.
Results: The stem extract showed the presence of anthraquinone, alkaloid, saponin,
steroid and cardiac glycoside. The ethanolic stem extract of Vernonia amygdalina inhibited
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all the test isolates at a concentration of 50 mg/ml with the highest zone of inhibition
observed against Staphylococcus aureus (26.0 mm) while the least zone of inhibition of
14.0 mm was observed against Streptococcus mutans. Colgate mouthwash exhibited the
highest zone of inhibition against Staphylococcus aureus while the least was recorded by
Brett against Staphylococcus epidermidis. The antibacterial assay compared well with
Ciprofloxacin, and in most cases higher zones of inhibition were recorded than the
commercial antibiotics. The Minimum Inhibitory Concentration of the mouth washes ranged
from 30 to 70% while it was 12.5 mg/ml for the stem extract.

Conclusion: Bioactive components of Vernonia amygdalina can be incorporated as
ingredients in manufacturing mouthwashes and the plants’ stem can be used in the form of
chewing stick. Further purification of the extract is necessary to further enhance greater
antibacterial activity.

Keywords: In-vitro; antibacterial; zone of inhibition; antibiotics; phytochemical screening;
mouthwash, Kirby- Bauer test, Muslin cloth.

1. INTRODUCTION

The oral flora consists of a diverse and populous collection of bacteria, fungi, and transient
viruses. Bacteria make up the largest number of varieties. More than 350 cultivable bacteria
species have been identified in the mouth and molecular analyses suggest that an equal
number of non- cultivable flora are also present [1]. Dental caries is largely due to the
colonization of the teeth by a group of species of Streptococci, although both Actinobacillus
and Lactobacillus have been implicated as well. Dental caries is readily prevented through
oral hygiene after the morning meal and prior to going to bed [2]. It has been clearly shown
in many in-vivo and in-vitro studies that a process starting with the colonization of
Streptococcus mutans and continuing with the contribution of Lactobacillus acidophilus in
susceptible individuals, leads eventually to caries initiation [3].

Mouthwash may be recommended as an antimicrobial, a topical anti-inflammatory agent, a
topical analgesic, or for caries prevention [4]. They often contain antibacterial agents
including cetylpyridinium chloride, chlorhexidine, zinc gluconate, essential oils, and chlorine
dioxide. Zinc and chlorhexidine provide strong synergistic effect [5].

Before colonialism, herbal medicine was the major form of medicine in Nigeria. Although,
orthodox medicine has overshadowed the development of herbal medicine in developing
countries, it has proved ineffective in providing permanent cures to some tropical diseases
[6]. The use of chewing sticks has been documented since ancient times, this kind of tooth
brushing has been used by the Babylonians some 7000 years ago and its use ultimately
spread throughout the Greek and Roman Empires. It is also used by Egyptians, Jews,
Islamic Empires and presently in Africa, South America, the Middle East and Asia [7]. The
plants used are very carefully selected for such properties such as foaminess, hardness, or
bitterness and certain species are more popular than the others, in which a great number of
these plant species have related medicinal properties that may be antibacterial and are as
important today as they were thousands of years ago [8]. Extracts of these chewing sticks
can be incorporated into tooth pastes or used as mouth washes [9].

Plants have the major advantage of still being the most effective and cheaper alternative

source of drugs, one of such with promising medicinal principle is Vernonia amygdalina, a
member of the family Asteraceae [10]. Verninia amygdalina is commonly called bitter leaf in
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English because of its bitter taste, African common names include grawa (Amharic), ewuro
(Yoruba), etidot (lbibio), onugbu (Igbo), ityuna (Tiv), oriwo (Edo), chusar-doki (Hausa),
muluuza (Luanda), labwori (Acholi), and olusia (Luo) [11-13]. Vernonia amygdalina have
been in many homes in the eastern and Western parts of Nigeria as food especially in the
preparation of soups, the characteristic bitter taste is believed to have after taste of
sweetness and its peeled stem is often used as chewing stick for cleaning the teeth and is
very effective as anticaries [14].

This research is therefore aimed at comparing the antibacterial activity of different brands of
mouthwashes and ethanolic stem extract of V. amygdalina against bacteria that are
associated with tooth decay.

2. MATERIALS AND METHODS
2.1 Collection and Identification of Bacterial Isolates

The 24 - hour grown bacterial isolates used for this study were collected from the Dental
Department of the State Specialist Hospital, Akure, Ondo State, Nigeria and they include
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae,
Streptococcus pyogenes, Streptococcus mutans and Lactobacillus acidophilus and their
identities were confirmed using standard microbiological methods [15].

2.2 Standardization of the Test Organisms

A loop full of test organism was inoculated on nutrient broth and incubated for 24 hours.
Exactly 0.2 ml from the 24 - hour grown culture of the organisms was dispensed into 20 ml
sterile nutrient broth and incubated for 3 - 5 hours to standardize the culture to 0.5
McFarland standards (1060fu/ml) before use according to Oyeleke et al. [16].

2.3 Collection and Extraction of Plant Material

Vernonia amygdalina (bitter-leaf) was harvested on a farmland the Federal University of
Technology, Akure, Ondo State, Nigeria, where it was found growing naturally. The plants
were authenticated at the Department of Crop Science and Pest Management, Federal
University of Technology, Akure, Nigeria. The harvested stems were air dried and ground to
fine powder. Exactly 400 g of the ground bitter-leaf stem was soaked in 300 ml absolute
ethanol and allowed to stand for 72 hours. The mixture was sieved using a clean muslin
cloth. The filtrate was however passed through the Whatman No.1 filter paper. The filtrate
obtained was passed through a rotary evaporator at 37°C to recover a dry filtrate [17]. This
was kept to be used for further studies.

2.4 Phytochemical Screening

The stem extract was screened for anthraquinone, alkaloid, tannin, saponin, phlobatannin,
steroid, flavonoid, terpenoid and cardiac glycoside [18].

751



British Microbiology Research Journal, 4(7): 749-758, 2014

2.5 Experimental Procedure

2.5.1 Antibacterial activity

2.5.1.1 Determination of antibacterial activities of stem extract and mouth washes

The antibacterial activity of the plant extract was determined using agar diffusion method
described by Madigan et al. [19]. About 1 ml of each of the standardized test organism was
transferred into different sterile petri dishes. Mueller Hilton agar was then poured on these
inocula and the plates swirled for even dispersion of the organism in the agar. After
solidification of the agar, a 6 mm diameter cork borer was used to make wells in to each
plate and the prepared extract was introduced. The concentration of the extract used was 50
mg/ml while the concentration of the mouth washes used was 100%. The plates were
incubated at 37°C for 24 hours. Clear zones around the bored holes are indicative of the
inhibition of the organisms by the extract. 30% DMSO which is a reconstituiting solvent was
used as negative control to determine if it has inhibitory effect on the test organisms.

2.5.1.2 Determination of the minimum inhibitory concentration

This was carried out using the agar dilution method described by Doughari et al. [20].
Different concentrations of the stem extract (30 mg/ml, 25 mg/ml, 12.5 mg/ml, 10 mg/mi,
6.25 mg/ml, and 5mg/ml) and mouth washes (70%, 50% and 30%) were used. Plates were
incubated at 37°C for 24 hours, after which they were observed for clear zones around the
wells, indicating inhibition. The lowest concentration of the extract that caused complete
inhibition of the test bacterial culture was taken as MIC.

2.5.1.3 Antibiotics sensitivity test

The Kirby - Bauer test also known as disc diffusion method was used to determine the effect
of ciprofloxacin on the bacterial isolates as described by Willey et al. [21]. Standard antibiotic
disc containing ciprofloxacin (30ug) was placed aseptically on agar plates already seeded
with the test organisms using sterile forceps. The plates were then incubated at 37°C for 24
hours. Zones of inhibition around the antibiotics disc were measured in millimeters.

3. RESULTS AND DISCUSSION

In this study, the mouthwashes and the ethanolic extract of the stem of Vernonia amygdalina
contain active ingredients that are responsible for the antibacterial effects against the test
isolates. The varying susceptibility of each of the organisms may be a function of the
available binding sites on the bacterial cell walls [22].

The effects of the antibiotics and 30% DMSO used as positive and negative controls
respectively on the test isolates were observed and recorded as zones of inhibition (mm).
The 30% DMSO did not inhibit the growth of the organisms; however, ciprofloxacin had
varying effects against all the test isolates except Streptococcus pyogenes. This is similar to
the findings of Daniels et al. [23], wherein their work on the screening of Daniella Oliveria
against three bacteria and one fungus, demonstrated Sirepfococcus pyogenes to be
resistant to ciprofloxacin. The resistance might also be attributed to the clinical history of the
organism. Moreover, at 100% concentration, all the mouthwashes inhibited the growth of the
test isolates except for Brett which had no effect against Staphylococcus aureus and
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Lactobacillus acidophilus. Colgate Plax was the most effective, followed by Dentiplus and
Listerine while Brett was the least effective against the test isolates. The highest zone of
inhibition (28 mm) was observed against Staphylococcus aureus by Colgate Plax while the
least (6.0 mm) was against Staphylococcus epidermidis by Brett, as shown in Table 1.

Colgate Plax mouthwash displayed inhibitory activity against all the Streptococci species
when compared to the other mouthwashes. This suggests that it plays a vital role in
the prevention of dental caries since Streptococcus species have been implicated in its
initiation [3].

The minimum inhibitory concentration (MIC) of the mouthwashes ranged from 30% to 70%
with Colgate Plax inhibiting all the test isolates at a least MIC value of 30%, followed by
Dentiplus and Listerine, with Brett having a MIC value of 50% as shown in Table 2.

All mouthwashes examined contain one or more different active agents. Thus the high
efficacy of Colgate Plax and Dentiplus could be due to the presence of active ingredients like
cetylpyridinium chloride and sodium fluoride. Listerine and Brett mouthwashes do not
contain cetylpyridinium chloride and that reflected in the level of antibacterial activity exerted
by them on the bacteria. Listerine and Brett mouthwashes both contain thymol and ethanol
as their active ingredients.

Cetylpyridinium chloride (CPC) is a quaternary compound that reduces plaque and calculus.
It is a cationic surface-active agent and has a broad antimicrobial spectrum and kills gram
positive pathogens. Contact with bacteria occurs by the disturbance of the cell membrane,
inhibition of cell function, seepage of cell contents, and eventually cell death [24]. Sodium
fluoride is often present in toothpastes and mouthwashes to prevent dental caries [25]. It
also has antibacterial properties and therefore has been explored in its use against
periodontal diseases. It prevents pellicle formation and the adherence of bacteria to pellicle-
covered teeth by competing for calcium ions known to be important in the bridging between
acidic groups on the pellicle surface and the bacterial cell walls [26]. Phenolic compounds
such as thymol in Listerine also have the ability to inhibit the accumulation of dental plaque;
however, it has been reported as potentially irritant [27]. Thymol has been found to be more
effective when used in combination with chlorhexidine or cetylpyridinium chloride to reduce
dental plaque than when used alone [28].

Table 3 shows the antibacterial activity of the stem extract of V. amygdalina on the test
isolates, the extract inhibited all the test isolates at a concentration of 50 mg/ml with the
highest zone of inhibition observed on Staphylococcus aureus (26.0 mm) while
Streptococcus mutans was the least inhibited (14.0 mm) which compared favourably well
with the commercial antibiotics. Moreover, an inhibitory effect of the extract was observed
against Streptococcus pyogenes (16.0 mm) which otherwise, was totally resistant to
ciprofloxacin. It highlighted the importance of V. amygdalina stem extract to be used against
test organisms which do not show any sensitivity even to standard antibiotics i.e.
ciprofloxacin, thus indicating the better efficacy of plant extracts. The varying degree of
sensitivity of all the bacterial strains to the extract might be due to the intrinsic tolerance of
the bacteria, nature and combinations of phyto-compounds present in the extracts as
observed by Suree and Pana [29].

753



British Microbiology Research Journal, 4(7): 749-758, 2014

Table 1. Antibacterial activities of different mouthwashes as compared with ciprofloxacin

Isolates Zone of inhibition (mm) at 100% concentration
Brett Colgate Plax Listerine Dentplus Positive control Negative control
(ciprofloxacin 30pg) (30% DMSO)
Staphylococcus aureus 0.00+0.00°% 28.00+2.00° 20.00+1.00° 15.00+1.00° 13.00+1.73° 0.00+0.00°
Staphylococcus epidermidis 6.00+1.00° 26.00+1.73% 18.00+2.00° 19.00+3.00° 10.00+1.00° 0.00+0.00%
Streptococcus mutans 7.00+2.00° 22.0042.00%° 23.00+1.73¢ 10.00%1.73% 3.00+1.00° 0.00+0.00°
Streptococcus pneumoniae 10.00+2.00° 25.00+3.00%° 12.00+1.73% 15.0042.64° 21.00+2.00° 0.00+0.00°
Streptococcus pyogenes 11.00+1.00° 27.00+2.00° 14.00+1.73° 24.00+1.00° 0.00+0.00° 0.00+0.00%
Lactobacillus acidophilus 0.00+0.00% 20.00+2.00% 11.00+1.00° 20.00+1.00° 23.00+1.00° 0.00+0.00°
Values are mean zone of inhibition (mm) + Standard deviation of three replicate
a9\ eans in the same column not sharing a common letter are significantly different (P < 0.05) by Duncan’s multiple range test
Table 2. Minimum inhibitory concentration (MIC) of the mouthwashes on the test isolates
Organisms Brett Colgate Plax Listerine Dentiplus
70% 50% 30% 70% 50% 70% 50% 30% 70% 50% 30%
Staphylococcus 10.00+0.00° 8.00+0.00°  0.00+0.00 20.00+2.64%® 15.00+1.73° 12.00+1.00° 18.0+1.00° 16.00+1.73° 12.00+1.00° 10.00+1.73® 6.00+1.00° 0.00+0.00°
aureus
Staphylococcus ~ 0.00+0.00°  0.00+0.00°  0.00+0.00 20.00+1.73° 15.00+#1.00°  10.00+1.73%  6.00+0.00°  0.00+0.00% 0.00+0.00% 15.00+1.73° 11.00+0.00°  0.00+0.00°
epidermidis
Streptococcus 5.00+1.00° 0.00£0.00°  0.00+0.00 18.00+1.73% 14.00+1.00° 11.00+0.00° 18.00+1.73%  12.00+2.64° 8.00+1.73° 7.00+2.64° 0.00+0.00° 0.00+0.00%
mutans
Streptococcus 0.00+0.00% 0.00£0.00°  0.00+0.00 18.00+1.00° 16.00+2.00° 10.00+1.00° 8.00+1.00°°  6.00+2.00° 0.00+0.00° 13.00+1.73° 10.00+1.00° 6.00+1.00”
pneumoniae
Streptococcus 8.00+1.73° 5.00+1.73°  0.00£0.00 22.00+1.00° 16.00+1.73% 11.00+1.73° 12.00+1.73°  0.00+0.00% 0.00+0.00° 20.00+1.00° 14.00+2.64%  12.002.00°
pyogenes
Lactobacillus 0.00+0.00? 0.00+0.00°  0.00+0.00 18.00+2.64% 15.00+2.00° 12.00+1.00° 8.00+1.73° 6.00+0.00° 0.00+0.00° 16.00+1.73° 12.00+2.64° 8.00+2.64°
acidophilus

Values are mean zone of inhibition (mm) + Standard deviation of three replicate
@I\ eans in the same column not sharing a common letter are significantly different (P = .05) by Duncan’s multiple range test
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Table 3. Antibacterial activities of ethanolic extract of Vernonia amygdalina as
compared with ciprofloxacin on the test isolates

Isolates Zones of inhibition (mm)

50mg/ml Positive control Negative control

Concentration (ciprofloxacin 30ug) (30% DMSO)
Staphylococcus aureus 26.00+2.00° 13.00+1.73° 0.00+0.00°
Staphylococcus epidermidis ~ 22.00+2.00° 10.00+1.00° 0.00+0.00°
Streptococcus mutans 14.0042.00% 3.00+1.00° 0.00+0.00°
Streptococcus pneumoniae  15.00+2.64° 21.00+2.00° 0.00+0.00°
Streptococcus pyogenes 16.00+2.00° 0.00+0.00? 0.00+0.00?
Lactobacillus acidophilus 17.00+2.64° 23.00+1.00° 0.00+0.00%

Values are mean zone of inhibition (mm) + Standard deviation of three replicate
a9 Means in the same column not sharing a common letter are significantly different (P < 0.05) by
Duncan’s multiple range test

The minimum inhibitory concentration (MIC) of the stem extract of V. amygdalina was
observed to be 12.5 mg/ml, with the least value observed on Streptococcus mutans and
lactobacillus acidophilus as shown in Table 4.

This is in line with the findings of Anibijuwon et al. [30] in their research on the Antimicrobial
activities of Vernonia amygdalina against oral microbes, where the ethanolic extract of V.
amygdalina had a least minimum inhibitory concentration on S. mutans. It is known to be the
chief pathogen responsible for the formation of dental plaque which normally results in caries
[31]. Its susceptibility to V. amygdalina in this study confirms the use of this plant as a
chewing stick locally in removing dental plaque.

Table 4. Minimum Inhibitory concentration of the ethanolic extract of
Vernonia amygdalina on the test isolates

Organisms Zones of inhibition(mm)
25mg/ml 12.5mg/ml 6.25mg/ml

Staphylococcus aureus 20.00+1.73° 12.00+2.00° 0.00+0.00
Staphylococcus epidermidis 15.00+2.00° 11.00+2.00° 0.00+0.00
Streptococcus mutans 11.00+1.73% 6.00+1.73% 0.00+0.00
Streptococcus pneumoniae 10.00+1.00°% 7.00+2.64° 0.00+0.00
Streptococcus pyogenes 11.00+1.00° 9.00+1.00% 0.00+0.00
Lactobacillus acidophilius 15.00+1.00° 6.00+1.00° 0.00+0.00

Values are mean zone of inhibition (mm) + Standard deviation of three replicate
#°Means in the same column not sharing a common letter are significantly different (P < 0.05) by
Duncan’s multiple range test.

Phytochemical test of the plant extracts revealed the presence of some bioactive

components like saponins, and steroids which might be responsible for the antibacterial
activity of the extract [32] as shown in Table 5.
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Table 5. Phytochemical screening of ethanol extract of Vernonia amygdalina

Phytochemical tests Presence/absence
Saponins +ve
Flavonoids -ve
Phlobatannin -ve
Alkaloids +ve
Anthraquinone +ve
Steroids +ve
Cardiac glucoside

Legals Test +ve
Salkowski Test +ve
Keller Killian Test +ve
Liebermans +ve

Keys: + = presence, - = absence

The presence of cardiac glycosides and steroids have been documented to inhibit many
bacteria and found to possess antioxidant potentials. Also, alkaloids have been found to
interfere with cell division in microorganisms, these phytochemicals inhibit life processes in
microbes [23].

Studies have revealed some other medicinal plants also possess antimicrobial activity
against these test isolates. The ethanolic extract of Polish propolis has been shown to inhibit
Streptococcus mutans and Lactobacillus acidophilus [33]. Remarkable results were obtained
using leaf, phloem and latex of Croton urucurana against the bacteria Staphylococcus
aureus, Staphylococcus epidermidis, and Streptococcus pyogenes [34]. Ethanolic extracts of
Fagara xanthoxyloides (Pako Ata), Garcinia kola (Pako Orogbo) and Anogeissus leiocarpus
(Pako Ayin) exerted great antibacterial effects on Lactobacillus acidophilus [35].

4. CONCLUSION

This study has been able to establish the antibacterial activity of V. amygdalina against
bacteria causing tooth infection as compared to various brands of mouthwashes and
commercial antibiotics. Quaternary compounds, like Cetylpyridinium chloride (CPC) should
be among the active ingredients being used in the production of mouthwashes as it has a
broad spectrum antimicrobial activity. Since the extract contains natural antimicrobial
ingredients, the plant’s stem in the form chewing stick is therefore recommended for usage
by the local populace. The bioactive components can also be incorporated as ingredients in
manufacturing mouthwashes. Further purification of the extract and identification of the
active component is necessary to enhance greater antibacterial potency.

ACKNOWLEDGEMENTS

Authors are thankful to the Dental Department of the State Specialist Hospital, Akure, Ondo
State, Nigeria, for providing the test organisms.

COMPETING INTEREST

Authors have declared that no competing interests exist.

756



British Microbiology Research Journal, 4(7): 749-758, 2014

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Marcotte H, Lavoie M. Oral microbial ecology and the role of salivary immunoglobulin
A. Microbiology and Molecular Biology Reviews. 1998;62 (1):71-109.

Egharevba F, Ohenhen RE, Imarenezor EP, Ebune C. The Effect of Mouthwash on
Oral Microflora. Continental Journal of Medical Research. 2009;3:1-6.

Oluremi BB, Osungunna MO, Idowu OA, Adebolu OO. Evaluation of Anticaries activity
of selected Mouthwashes marketed in Nigeria. Journal of Pharmaceutical Research.
2010;9(6): 581-586.

Aneja KR, Joshi R, Sharma C. The Antimicrobial Potency of Ten Often Used
Mouthwashes against Four Dental Caries Pathogens. Jundishapur Journal of
Microbiology. 2010;(3):15-27.

Thrane PS, Young A, Jonski G, Rélla G. A new mouthrinse combining zinc and
chlorhexidine in low concentrations provides superior efficacy against halitosis
compared to existing formulations: a double-blind clinical study. The Journal of Clinical
Dentistry. 2007:18 (3): 82—6

Azoro C. Towards Effective Integration of Herbal Medicine into Nigerian Practice.
Nigerian Journal of Research and Production. 2004;3(1):132-137.

Muhammad S, Lawal MT. Oral Hygiene and the Use of Plants. Scientific Research
and Essays. 2010;5(14):1788-1795.

Hullins CB. Herbal Medicine and its potentials. 4th ed. Aspen Publications,
Cambridge; 2003.

Hooda A, Rathee M, Singh J. Chewing Sticks in the Era of Toothbrush: A Review. The
Internet Journal of Family Practice. 2010;9(2). DOI: 10.5580/795, ISSN: 1528-8358.
Tula MY, Azih AV, Iruolaje FO, Okojie RO, Elimian KO, Toy BD. Systematic Study
Comparing Phytochemicals and Antimicrobial Activity from Different Parts of Vernonia
amygdalina. African Journal of Microbiology and Research. 2012;6(43):7089-7093.
Igile GO, Olezek W, Jurzysata M, Burde S, Fafunso M, Fasamade AA. “Flavonoids
from Vernonia amygdalina and Their Antioxidant Activities”. Journal of Agriculture and
Food Chemistry. 1994:42(11): 2445-2446.

Enyi-ldoh KH, Ofor SE, Mandor UA, Ogar M. Evaluation of the Antibacterial Potential
of Vernonia amygdlina on Foodborne Pathogens Isolated from Kunu Sold in Calabar,
Nigeria. Journal of Microbiology and Biotechnology Research. 2012;2(5):778-782.

lieh 1l, Ejike CE. Current Perspectives on the Medicinal Potentials of Vernonia
amygdalina Del. Journal of Medicinal Plants Research. 2011;5(7):1051-1061.
Adekunle AA. Ethnobotanical studies of some medicinal plants from Lagos State of
Nigeria. Nigeria Journal of Botany. 2002;14(1):71-79.

Fawole MO, Oso BA. Laboratory Manual of Microbiology. 1% ed, Spectrum Books
Limited, Ibadan, Nigeria; 2004.

Oyeleke SB, Dauda BE, Boye OA. Antibacterial activity of Ficus capensis. African
Journal of Biotechnology. 2008;7(10):1414-1417.

Ogu GI, Williams TO, Nwachukwu PU, Igere BE. Antimicrobial and Phytochemical
Evaluation of The Leaf, Stem Bark and Root Extracts of Cyathula Prostrata (L) Blume
Against Some Human Pathogens. Journal of Intercultural Ethnopharmacology.
2012;1(1):35-43.

Trease E, Evans WC. Pharmacognosy William Charlses Evans as edited in 15th ed.
Saunder Publisher London; 2004.

Madigan MT, Martinko MJ, Parker J. Biology of Microorganisms. g ed, Prentice Hall,
Inc, Upper Saddle River New Jersey; 2002.

757



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

British Microbiology Research Journal, 4(7): 749-758, 2014

Doughari J, Pukuma M, De N. Antibacterial effects of Balanites aegyptiaca L. Drel.
and Moringa oleifera Lam. on Salmonella typhi. African Journal of Biotechnology.
2007;6(19):2212-2215.

Willey JM, Sherwood LM, Woolverton CJ. Prescott, Harley, and Klein’s Microbiology,
7" ed. NY, McGraw Hill; 2008.

Rotimi VO, Mosadomi HA. The Effects of Crude Extracts of Nine African Chewing
Sticks on Oral Anaerobes. Journal of Medical Microbiology. 1987;23(1):55-60.

Daniels AO, Famurewa O, Malomo O. Screening of Daniella Oliveria against three
Bacteria and One Fungus. Research Journal of Pharmaceutical, Biological and
Chemical Sciences. 2003;4(1):943—-950.

Gibb R, Witt J, Ramji N, Dunavent J, Flood J, Barnes J. Antibacterial and Antiplaque
Effects of a Novel, Alcohol-Free Oral Rinse with Cetylpyridinium Chloride. Journal of
Contemporary Dental Practice. 2005;6(1):1-9.

Asadoorian J, Williams KB. Cetylpyridinium Chloride Mouthrinse on Gingivitis and
Plaque. Journal of Dental Hygiene. 2008;82(5):42-47.

Perry DA. Fluorides and Periodontal Disease: A Review of the Literature. Journal of
the Western Society of Periodontology. 1982;30(3): 92-105.

Ludin CM, Radzy J. The Antimicrobial Activity of Different Mouthwashes in Malaysia.
Journal of Medical Sciences. 2001;8(2)14-18.

Filoche SK, Soma K, Sissons CH. Antimicrobial Effects of Essential Oil in Combination
with Chlorhexidine Digluconate. Oral Microbiology of Immunology. 2005;20(1):221-
225.

Suree N, Pana L. Antibacterial activity of crude ethanolic extracts and essential oils of
spices against Salmonellae and other Enterobacteriaceae. KMITL Science
Technology Journal. 2005;5(3):527-538.

Anibijuwon 1l, Oladejo BO, Adetitun DO, Kolawole OM. Antimicrobial activity of
Vernonia amygdalina against oral microbes. Global journal of Pharmacology.
2012;6(3):178-185

Adeniyi CB, Odumosu BT, Aiyelaagbe OO, Kolude B. In vitro Antimicrobial Activities of
Methanolic Extracts of Zanthoxylum xanthoxyloides and Pseudocednela kotschyi.
Journal of Biomedical Research. 2010;13(1):61-68.

Eyong EU, Agiang MA, Atangwho JJ, lwara |IA, Odey MO, Ebong PE. Phytochemicals
and Micronutrients Composition of Root and Stem Bark Extracts of V. amygdalina Del.
Journal of Medicine and Medical Science. 2011;2(6):900-903.

Kubina R, Robert DW, Tadeusz M, Kabala DA. The Antibacterial Effects of Ethanol
Extract of Polish propolis on Mutans streptococci and Lactobacilli Isolated from Saliva.
Evidence-Based Complementary and Alternative Medicine. 2013;13(12). Article ID
681891 (In press)

Oliveira IS, Lima JC, Silva RM, Martins DT. In vitro Screening of Antibacterial Activity
of the Latex and Extracts from Croton urucurana - Baillon. Revista Brasileira de
Farmacognosia. 2008;18(4):587-93.

Owoseni AA, Ogunnusi T. Antibacterial Effects of Three Selected Chewing Sticks
Extracts on Lactobacillus sp. International Journal of Tropical Medicine.
2006;1(3):103-106.

© 2014 Akinyele et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//www.sciencedomain.org/review-history.php ?iid=469&id=8&aid=4121

758




