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ABSTRACT

Oral health challenges arising from dental caries is a
major health challenge worldwide. Chewing stick
and toothpastes containing fluorides and plant
bioactives have been useful in the management of
oral diseases. Microbes such as Actinomycetes spp
and Lactic acid bacillus have been implicated in
tooth caries. Literature report of antimicrobial
properties of Anogiessus leicarpus exist. This study
is aimed at the formulation and evaluation of herbal
toothpastes containing bioactives of ethanol extract
of Anogiessus leicarpus (EAL) root. Root cuttings of
Anogiessus leicarpus were cold macerated in ethanol
(95%v/v) for 72h. The EAL was dried,
phytochemically and anti-microbiologically
screened. Toothpastes containing 0.5, 1.0 and 1.5 %
of EAL were prepared. Colgate® toothpaste
containing fluorine was used as comparing standard.
The toothpastes were evaluated for organoleptic
properties, pH, spreadability, viscosity, foamability
and antimicrobial assay using standard methods.
Phytochemical results showed presence of
triterpenoids, alkaloids, steroids, saponins, fixed oil
and carbohydrate. Antimicrobial results showed
Minimum Bactericidal concentration (MBC) of
25mg/ml and Minimum Inhibitory Concentration
(MIC) of 6.0 £ 0.1 — 7.5 £ 0.5 mm and 4.0 + 0.3-5.5
+ 0.5 mm for Actinomycetes and Lactic acid bacillus
respectively in  both EAL and toothpaste
formulations while Colgate® showed MBC of 12.0
+ 0.1 mm and MIC of >10 mm for both microbes.
The pH of the herbal toothpaste was 7.2, they were
spreadable and foamed well. The EAL extract and
toothpaste ~ formulated  therefrom  exhibited
antimicrobial properties against the test organisms
although Colgate® showed better activities (p<0.05).
The EAL toothpastes had good physical properties, a
stable pH and therefore has the potential of serving
as intervention in the management of dental diseases.

Key Words: Tooth caries, Anogeissus leicarpus,
Herbal  toothpaste, Minimum
inhibitory concentration

I. INTRODUCTION

Tooth decay is a contagious microbial
disease that is characterized by the localized
dissolution and destruction of the calcified tissue of
the teeth. When dental caries is not well treated, it
may result to tooth pain, tooth loss, infection and
sometimes to death in severe cases. Dental illness is
painful, and it has also been suggestively linked to
diabetes, high blood pressure and heart disease. Its
pain gets worsened by heat, cold or sweet foods and
drinks (Taylor, 2004; Dwivedi ef al., 2011). Dental
caries can also lead to bad breath and foul tastes. In
most cases, infection can spread from the tooth
surrounding soft tissues which may result to an
edentulous mouth (Featherstone, 2000). Some
antibiotics like Amoxicillin and Gentamicin have
been ascertained to effectively prevent dental decay
in animals and humans, although they are not used
clinically because they have some undesirable side
effects as reported by Bowen in 2004. Dental
medications are focused on diagnosing, treating and
preventing illnesses and conditions in the oral cavity.
The structure of the tooth consists of a strong outer
layer of an inorganic mineral referred to as
hydroxyapatite and a solid supporting structure
called dentine (In ef al., 2010). The accumulation of
bacteria on teeth destroys the teeth enamel leading to
dental caries. Some of these bacteria that may
accumulate on the teeth include Streptococcus
mutan, Streptococcus sobrinus, Lactobacilli sp,
Actinomyces spp, Norcardia spp, Oodontomyces
viscoses etc. The accumulation of the bacteria on the
teeth can be controlled by mechanical removal,
antimicrobial  toothpaste = and  antimicrobial
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mouthwashes (Vranie et al., 2004). Good oral
hygiene can slow down formation of accumulated
bacteria on the teeth and also dental disease can be
prevented especially dental caries or cavities, which
develop because of the

breaking down of the teeth structure.
According to the American Dental Association

(ADA) ‘s guidelines, it is recommended
that patients brush their teeth twice a day with
fluoride toothpaste, clean between teeth per day, eat
a healthy food with reduced sugar content, and
consulting a dentist regularly for prevention and
treatment of oral diseases (ADA, 2020). The ADA
also recommend that dentists should have certain
formula, ingredient, or brand to be used accordingly
for examination of the teeth.

Toothpaste formulation has gigantically
developed from the earliest recorded tooth cleaning
preparation in 4000 BCE. Modern dentifrices used
aesthetic purposes to aim at removing odours from
the mouth, strengthening teeth, allaying pain and as
prophylactic epidemic illnesses. In the toothpaste
formulation, everything that was available is
recognizable in today’s market. In America, families
stopped making homemade toothpaste and started
buying products on the market (Segrave, 2010). The
formulations of toothpaste were switched to more
paste and gel constructions rather than liquid and
powder.

Oral hygiene is an integral part of the
body’s general well-being, which begins with clean
teeth. The cleaning of one’s teeth is a cultural habit
that is followed from generation to generation and is
usually performed as a daily morning routine. It is
regarded as an indispensable component of oral
health (Ersoy et al., 2008).

Chewing sticks, a traditional method of
cleaning the teeth to maintain oral hygiene, has been
practiced for thousands of years and is still being
widely used in Africa, Asia, and the Middle East
(Darout et al., 2000). Some studies have reported that
the effectiveness of chewing stick lies in the presence
of antibacterial bioactive compounds in these sticks
that help remove dental plaque, thereby preventing
dental caries and periodontal diseases (Saha et al.,
2012). Some of the chewing sticks that have been
investigated include Terminalia glaucescens,
Sorindeia warneckei, Vitex doniana, Vernonia
amygdalina, Fagara zanthoxyloides, Xanthoxylum
zanthoxyloides, Massularia acuminata,
Pseudocedrela  kotschyi,  Anogeissusschimperi,
Anogeissus leiocarpus, and Azadirachta indica

(Oloke et al., 2017; Ogundiya et al., 2006; Taiwo et
al., 1999).

Plants are the basis of the traditional
medical system (Dramane ef al., 2010) and represent
a primary resource for traditional medicine. Because
of their importance in the prevention and treatment
of human and animal diseases, several studies were
conducted and aimed at identifying the chemical
compounds responsible for their actions. In fact, in
developing countries, more than 80% of the
population use medicinal plants for the first intention
because of their easy access compared to modern
drugs (Kuiseu et al., 2021; OMS, 2014; Muthu et al.,
2006).

Among these plants, is Anogeissus
leiocarpus belonging to the Combretaceae family
and found in West Africa, from Senegal to Cameroon
and extended to Ethiopia and East Africa (Arbab,
2014). Growing in dry forests and gallery forests
(Arbab, 2014; Ouédraogo et al., 2013), its
distribution goes from the borders of the Sahara to
the outer layer of tropical rain forests. Itisa 15 to 18
m tall tree with a trunk up to 1 m in diameter, found
in woodlands and savannas of the Sudanese regional
center of endemism, with drooping branches bearing
alternate, opposite, pubescent, ovate and lanceolate
leaves of 2 to 8 cm long and 1.3 to 5 cm wide. The
leaves are acute at the apex, attenuated at the base,
pubescent below and the barks are greyish to beige
in colour with fine scales, a yellowish edge streaked
with brown (Arbab, 2014). It is used in the
manufacture of chewing sticks for oral hygiene
(Arbab, 2014; Sereme et al., 2008) and in the
treatment of some diseases (Olutayo ef al., 2011).

II. MATERIALS AND METHODS
Collection and Processing of Plant material
The root of Anogeissus leiocapus was collected from
the forest in Ilorin, Kwara State, Nigeria. The sample
was identified and authenticated in the Department
of Pharmacognosy and Phytotherapy, University of
Port-Harcourt. where a voucher specimen was
deposited. The sample was air-dried under a shade at
ambient conditions for 7 days during which the
sample was properly dried. The dried sample was
ground to fine powder using a domestic grinder
(Binatone, Japan) and stored in air-tight container
until further use.
Extraction process
A 500 g quantity of the dry powdered root of
Anogeissus leiocapus was extracted with 2 liters
ethanol successively by maceration at room
temperature (29 + 1 °C) for 48 hours, and filtered
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using Whatman No. 1 filter paper. The ethanol
filtrate was concentrated using rotary evaporator and
the yield obtained was noted.

Phytochemical screening

The phytochemical screening was carried out on the
dried powdered sample extract obtained according to
Harborne (1998), Houghton and Raman (1999)
methods. The analysis was carried out to detect the
phytoconstituents such as alkaloids, tannins,
flavonoids, steroids, saponins,  terpenoids,
glycosides, etc from the sample.

Formulation of the herbal toothpaste
The oral toothpaste containing the alcohol root
extract of A. leicarpus was formulated using the

ingredients contained in Table 1. Three formulations
(batches) of herbal toothpastes containing 0.5, 1.0
and 1.5 % of the bioactive (EAL) were prepared. The
accurate quantities were calculated and weighed out.
The sodium carboxymethyl cellulose was hydrated
with sufficient amount of distilled water over a
period of 10 hours to form a gel, glycerol and
peppermint oil were added to the gel. The calcium
carbonate and sodium lauryl sulphate powders and
EAL were triturated together and the powdered blend
added in aliquots to the gel with further trituration
until a homogeneous mass was formed. Distilled
water was added in sufficient amounts to make up to
the required weight and the entire mixture blended
together to form a homogeneous toothpaste.

Table 1: Formulation Table for herbal toothpastes

Ingredient II 111
Calcium carbonate (%) 40.0 40.0
Glycerol (%) 10.0 10.0
Sodium lauryl sulphate (%) 1.4 1.4
Sodium carboxymethyl cellulose (%) 2.0 2.0
Peppermint oil (%) q.s q.s
EAL (%) 1.0 1.5
Distilled water to (%) 100.0 100.0 100.0

Evaluation of the Formulated Herbal Toothpaste
Organoleptic evaluation

The formulated herbal toothpaste was observed for
its appearance, colour, odour and texture.
Determination of pH

The glass electrode of digital pH meter (Hanna,
USA) was inserted into a portion the paste (5g) to
determine the pH and the result recorded.
Determination Foamability

The foam ability of the product was evaluated by
shaking 0.5 g of the paste with 20 ml of water in a
measuring cylinder. The initial volume was noted
and then shaken 10 times. The final volume of foam
was noted (Asha et al 2018).

Determination of Spreadability

A 0.5 g of the paste was weighed and kept at the
center of the glass slide (10 x10 cm) and, another
glass slide was placed over it carefully. A1.0 kg
standard weight was placed at the center of the glass
slide and was left for 15 min. The distance moved by
the glass slide was measured (Asha et a/ 2018). Three
replicate determinations were carried out.

The Spreadability (S) was calculated using Equation
1:

Where:
S = spreadability, L= length moved by the glass slide

T =time taken, M = weight applied to the upper plate
Determination of Viscosity

Paste viscosity measurements were evaluated using a
Brookfield digital viscometer (LV DV-II Ultras
programmable Remoter, USA) using spindle no.3 by
applying increasing values of the shear rate, in order
to reveal possible flow behaviour of the pastes. All
viscosities measurements were performed at
controlled temperature of 30 °C (Asha et al., 2018).
Collection and Identification of Test Organisms
Twenty (20) swab samples were obtained aseptically
from the mouth of patients attending the University
of Port Harcourt Teaching Hospital, Choba, Port
Harcourt, Rivers State using sterile swab sticks
already moistened with normal saline. The swab
samples were cultured on Nutrient agar, MacConkey
agar and Sabouraud Dextrose agar respectively. The
agar plates were incubated at 37°C for 24 hours and
later examined for growth. The isolates were further
purified through repeated subculturing methods to
obtain pure isolates. These pure isolates were then
identified using Gram staining method and other
biochemical test methods. They were then stored in
agar slants, labelled appropriately and kept in the
refrigerator at 4°C.

Biochemical Tests for Organism Identification
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The biochemical tests were carried out on the pure
isolates to identify each organism, using standard
procedures.

Gram Staining

A light smear of the test organism was made on a
clean glass slide, heat fixed thrice to prevent washing
off the organism while staining. The smear was
flooded with basic dye (crystal violet) for 1 minute,
washed off with water and drained. The smear was
stained with Lugol's iodine solution (which serves as
amordant) for 1 minute, washed off and drained. The
smear was flooded with 95% alcohol (decolourizer)
for a few seconds, washed off with water and
drained. The smear was then counter-stained with
safranin red (secondary dye) for 30 seconds, washed
off and drained. A drop of oil of immersion was
placed on the glass slide and rotated to ensure even
dispersion of the oil. The glass slide was then
mounted on a microscope and examined. The
bacteria present were identified due to their
characteristic colours: blue (gram positive), pink
(gram negative) and shapes: circular (cocci), and rod-
like (bacilli) characteristics.

Motility Test

A sterile needle was used to pick a loopful of the test
organisms and stabbed into an already prepared
nutrient agar. The bottles were incubated at 37 °C for
24 hours. Non-motile bacteria showed growth
confined to the stab line with definite margins
without spreading to surrounding areas while the
motile bacteria gave diffused growth extending from
the surface.

Catalase Test

A loop of the test organism was transferred onto a
grease-free glass slide containing a drop of 3%
Hydrogen peroxide solution with the air of a sterile
inoculating loop. Gas seen as white froth indicates
the presence of catalase enzyme (Cheesbrough,
2006).

Citrate Test

This test detects the ability of an organism to use
citrate as a sole source of carbon and energy. A2 g
of citrate agar was dissolved in 100 ml of distilled
water. A 10 ml of citrate medium was then dispensed
into each test tube and covered. They were sterilized
and allowed to cool in a slanted position. The tubes
were inoculated by streaking the organisms once
across the surface. A change from green to blue
indicates utilization of the citrate.

Oxidase Test

A piece of filter paper was soaked with few drops of
oxidase reagent. A sterile inoculating loop was then
used to pick a loopful of the test organism and

smeared on the filter paper. If the organism is oxidase
producing, the phenylenediamine in the reagent will
be oxidized to a deep purple colour.

Triple Sugar Iron Agar (TSI) Test

A sterile straight inoculating needle was used to
touch the top of the test organism. The TSI agar was
inoculated by first stabbing through the centre of the
medium to the bottom of the tube and then streaking
on the surface of the garage slant. The tube was
capped and incubated at 37 °C for 24 hours.
Carbohydrate Fermentation Test

The microorganisms were evaluated on their ability
to ferment glucose, lactose and sucrose respectively.
The bacteria isolates were incubated into bottles
already containing these carbohydrates and
incubated for 24 hours, after which they were
observed for colour change.

Standardization of Test Organisms

A sterile wire loop was used to inoculate the test
organism into a universal bottle containing 10 ml
nutrient broth. The turbidity of the culture was
adjusted to 0.5 McFarland standards. This procedure
was repeated for all the test organisms used.

Preparation of Stock Solution of Crude Extract
One gram (1g) of the AEL extract was reconstituted
into 10 ml of 70 % ethanol to obtain 100 mg/ml stock
solution.

Preparation of the Dilutions of the Stock Solution
The 100 mg/ml stock solution obtained from the
ethanol extract was double serially diluted to obtain
lower concentrations which served in the
determination of the specific concentration of the
AEL where microbial growth inhibition started. The
respective concentrations: 50 mg/ml, 25 mg/ml, 12.5
mg/ml, 6.25 mg/ml, 3.125 mg/ml and 1.563 mg/ml
were obtained.

Susceptibility of the Microbial Isolates.

Agar Well Diffusion Method

A 0.1 ml of standardized inoculum (0.5 McFarland
standard) of the various organisms were introduced
into 20 ml of Muller-Hinton agar and poured
aseptically into a sterile petri dish. A sterile cork
borer, of 6 mm was used aseptically to bore wells on
the solidified agar and the several dilutions of the
AEL was transferred using sterile syringes into the
bored wells, 0.1 ml of the extracts in their respective
concentrations was transferred. This was carried out
in duplicates. The petri dishes were set on the work
bench aseptically for few minutes to allow for the
settling of the introduced extracts. The plates were
then incubated at 37 °C for 24 hours after which they
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were observed for zone of inhibition. The above
procedure was repeated for the positive control
(Colgate®).
Determination of  Minimum
Concentration (MIC)

The MIC of the respective AEL was determined for
each of the isolated organism using the Agar Dilution
Technique. To 1 ml of the respective concentrations
of the AEL gotten (50mg/ml, 25 mg/ml, 12.5 mg/ml,
6.25 mg/ml, 3.125 mg/ml and 1.563 mg/ml) in test
tubes, a loopful of the isolates containing 0.1 ml was
transferred, which was then mixed with an equal
volume of sterile molten Muller-Hinton Agar. The
mixture was poured into sterile petri dishes, allowed
to solidify and then incubated at 37 °C for 24 hours.
This procedure was carried out for test organism.
Statistical Analysis

Inhibitory

The data obtained was analysed using IBM SPSS
version 21 (SPSS Inc., Chicago, Illinois, USA)
software. Data were subjected to one way analysis of
variance (ANOVA) and results considered
significant at p < 0.05.

III. RESULTS

Percentage yield of the extract

Bioactive ingredients were successfully extracted
from the root of A. leiocarpus using n-hexane and
ethanol respectively. The percentage yield of the
ethanol root extract of Anogeissus leiocarpus was
2.12% while that of n-hexane extract was 1.44%.
This shows that ethanol which is a polar solvent gave
a better yield than n-hexane which is non-polar
(Table 2) and therefore was chosen as the more
appropriate extraction solvent.

Table 2: Percentage yield of root extract from Anogeissus leiocarpus in ethanol and n-hexane

Extract Yield (g) Yield (Yow/w)
N-hexane 7.2 1.44
Ethanol 10.6 2.12

Key: Weight of dried sample: 500g

Phytochemical screening

The Phytochemical screening carried out on the powdered root of Anogeissus leicarpus revealed the presence of
bioactive components such as triterpenoid, alkaloid, steroids, saponin, fixed oil, and carbohydrate as shown in

Table 3.

Table 3: Phytochemical Properties of the root of Anogeissus leiocarpus.

Phytochemical Test Result
Alkaloid +ve
Anthraquinone -ve
Cardiac glycoside -ve
Flavonoids -ve
Carbohydrate +ve
Phenolic -ve
Fixed oil +ve
Tannins -ve
Saponin +ve
Cyanogenic glycoside -ve
Triterpenoid +ve
Steroids +ve

KEY: (+) = Present, (-) = Absent

Evaluation of formulated herbal toothpastes
The physical characterization of the formulated
herbal toothpastes shows light brown coloration,

minty smell, smooth consistency, and good
homogenity as shown in Table 4. The stability
profile of the formulated toothpaste was good as the
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pH was 7.2 = 0.5 which falls within the pH of the
mouth which is in the range of 7.18 - 7.83. This will
be expected to help normalize the pH of the mouth
and prevent bacterial growth. The spreadability test
also fell within the normal range of spreadability for

toothpaste which was 7.1 £ 1.0 kg/cm/min. The
herbal formulated toothpastes showed good
foamability with a viscosity of 1791 centipoise (cP).

Table 4: Physical Characterization of the Formulated Paste

Physical parameters Observation
Colour Light brown
Odour Characteristic
Stability Stable
pH 72+0.5
Viscosity(cP) 1791.0 £4.2
Abrasiveness Smooth
7.1£1.0

Spreadability (kg/cm/min)
Foamability

Very formable

Biochemical Characterization

The biochemical identification test was carried out
on the isolates gotten from the mouth swab of
patients  for  identification, characterization,
authentication and confirmation. The results gotten
are properly arranged and aligned in Table 5.

The biochemical test carried out on the mouth swab
of patients with dental caries shows presence of
Lactic acid bacillus spp and Actinomycetes spp
isolates.

Table 5. Biochemical Tests Result of mouth swab

<
-
7
=
3 @ ) ) L Qo
g £ gz £ 2 3z 2 z Butt Slant H.S  Gas
< g S Z S i S R ? Cell . Isolated
Samples £ = H S =1 S = g = > h Grain o .
S @) 8 = = 5 5 & shape rganism
+ + + + + + R R Rods + Actnnomycettes
+ + + + Y Y Rods + Lactic acid
Bacillus

Antimicrobial Effects of the Ethanol Root extract
of Anogeissus leiocarpus on the Isolates
Antimicrobial assay carried out on the n-
hexane extract showed no zone of inhibition but the
ethanol extract shows zone of inhibition at 5.0 + 0.0
mm for Lactic acid bacillus and 5.5 = 0.5 mm for
Actinomycytes spp with minimum inhibitory

concentration (MIC) against the different organisms
at 25 mg/ml as shown in Tables 6-8. This indicate
that the n-hexane extract has no bioactive substance.
The positive control (streptomycin) displayed greater
zone of inhibition at 12.0 £ 0.0 mm and 14.0 £ 0.5
mm for Lactic acid bacillus and Actinomycytes spp
respectively.
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Table 6: Inhibitory zone diameter of n-hexane and ethanol root extract of 4. leicarpus
Sample code Zone of Inhibition (mm)
Lactic acid bacillus Actinomyces

AEL 5.0+0.0 55+0.0
Negative control 0.0+0.0 0.0+0.0

Positive control 12.0+£0.0 14.0+0.0

*Positive control = Streptomycin
*Negative control = N- Hexane

Table 7: Minimum inhibitory concentration of Anogeissus leicarpus extracts on Lactic acid bacillus spp
and Actinomyces spp.

Name of Organism and Concentration Minimum inhibitory conc. (mm)

50 mg/ml 25 mg/ml 12 mg/ml 6.125 mg/ml
Lactic acid Bacillus spp. 3.0£0.0 1.5+0.0 0.0+0.0 0.0+0.0
Actinomyces spp. 3.0 +£0 1.5+£0.0 0.0£0.0 0.0+0.0

Table 8: Minimum Inhibitory Concentration (MIC) of A. leicarpus root Extracts

Organism n-hexane extract (mg/ml) Ethanol extract (mg/ml)
Lactic acid bacillus spp 0.0 £0.0 25.0+0.0
Actinomyces spp 0.0 £0.0 25.0+0.0

Antimicrobial Assay on the Ethanol root extract
formulated toothpaste

The antimicrobial assay carried out in the
ethanol root extract formulated toothpaste showed
activity on the microorganisms with inhibition zone
diameter (IZD) of 4.0 £lmm, 4.5+0.5mm, and
5,5+0.5mm for Lactic acid bacillus and 6.0=0mm,
7.0 £ 1.0 mm, and 7.5 = 0.5 mm for Actinomycetes

spp based on the quantities of the bioactive as shown
in Table 9. The minimum inhibitory concentration
against the different organisms was shown at 25
mg/ml. This implies that the ethanol root extract
showed activity on the Actinomycetes spp than the
Lactic acid bacillus. The positive control (Colgate®
toothpaste) showed greater zone of inhibition at 12.0
+ 0.0 mm for both organisms.

Table 9: Zone of Inhibition for the Ethanol root extract of A. leicapus Toothpastes
INHIBITION ZONE DIAMETER (mm)

AEL toothpaste Colgate® Lactic acid bacillus spp Actinomycetes spp
(%)

0.5 12.0+0.0 40+1.0 6.0+0.0

1.0 12.0+0.0 45+0.5 7.0+ 1.0

1.5 12.0£0.0 5.5+0.5 75+0.5

IV.  DISCUSSIONS

The phytochemical screening of the
ethanolic root extract of Anogeissus
leiocarpus revealed the presence of triterpenoids,
alkaloids, steroids, saponins, fixed oils, and
carbohydrates. This finding agrees with several
published studies on this plant. Diatta et al. (2019)
reported that Anogeissus leiocarpa (synonymous

with Anogeissus leiocarpus) contains high contents
of polyphenols and alkaloids, which are known to
possess germicidal functions beyond the mechanical
removal of dental plaque. Similarly, Nauzo et al.
(2020) documented the presence of alkaloids,
flavonoids, saponins, tannins, phenols, and steroids
in the methanolic extracts of Anogeissus leiocarpus,
noting that the stem bark additionally contained
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cardiac glycosides. A comprehensive review by
Adekunle ef al. (2021) further confirmed that the
plant contains ellagitannins, ellagic acid derivatives,
flavonoids, stilbenes, and triterpenes as its main
bioactive constituents.

The present study did not detect the
presence of tannins and flavonoids in the ethanolic
root extract, which contrasts with the findings of
Mann et al. (2008), who reported significant
quantities of tannins and flavonoids in the aqueous
and methanolic extracts of the plant's stem bark and
leaves. Also, Salisu et al. (2019) found high tannin
content specifically in the root extract. This
discrepancy may be attributed to differences in the
plant part used (root versus stem bark or leaves), the
solvent system employed (ethanol versus methanol
or aqueous), or the geographical location and
seasonal variation at the time of collection.

The percentage yield of the ethanolic root
extract (2.12% w/w) was higher than that of the n-
hexane extract (1.44% w/w), indicating that the
bioactive constituents are predominantly polar in
nature. This finding is similar to the work of Umar et
al. (2017), who reported that polar solvents such as
ethanol and methanol consistently gave higher
extraction yields from Anogeissus
leiocarpus compared to non-polar solvents like n-
hexane and petroleum ether. The observation is also
in agreement with the general principle of "like
dissolves like," where the polar phytochemicals
identified in this study (saponins, alkaloids,
carbohydrates) are more soluble in polar ethanol than
in non-polar n-hexane.

The formulated herbal toothpaste exhibited
a pH of 7.2, which falls within the normal oral pH
range of 7.18 to 7.83. This finding is in tandem with
the work of Asha et al. (2018), who reported that
herbal toothpastes formulated with plant extracts
should maintain a pH close to neutral to prevent
damage to tooth enamel and oral mucosa. The
spreadability value of 7.1 £ 1.0 kg/cm/min obtained
in this study is comparable to the findings of Patel et
al. (2015), who reported spreadability values
between 6.5 kg/cm/min and 8.0 kg/cm/min for
commercially acceptable toothpastes. The viscosity
of 1791 centipoise is consistent with the work of
Sharma and colleagues (2016), who stated that an
ideal toothpaste should have a viscosity range of
1500 to 2000 cp to ensure ease of extrusion from the
tube while maintaining adequate consistency for
application on the toothbrush.

The ethanolic root extract of Anogeissus
leiocarpus showed inhibitory activity against Lactic

acid bacillus (5.0 mm) and Actinomycetes spp (5.5
mm), while the n-hexane extract showed no activity.
This finding is in tandem with the work of Okwute et
al. (2014), who reported that the antimicrobial
activity of Anogeissus leiocarpus resides
predominantly in the polar fractions, with ethanol
extracts showing greater potency than non-polar
extracts. The minimum inhibitory concentration
(MIC) of 25 mg/ml against both test organisms
is comparable to the findings of Olajuyigbe and
Afolayan (2012), who reported an MIC range of 20
to 30 mg/ml for ethanolic extracts of related
Combretaceae species against oral pathogens.

However, the activity observed in this study
was lower than that of the positive control
(streptomycin), which produced inhibition zones of
12 mm and 14 mm respectively. This contradicts the
work of Taiwo et al. (1999), who reported that
aqueous extracts of Anogeissus leiocarpus chewing
sticks exhibited comparable activity to conventional
antibiotics against oral isolates. This difference may
be due to the concentration of the extract used, the
method of extraction, or the specific oral isolates
obtained from different patient populations.

The  formulated herbal  toothpaste
demonstrated  concentration-dependent  activity
against both test organisms, with higher quantities of
the active pharmaceutical ingredient (API)
producing larger zones of inhibition. For Lactic acid
bacillus, the inhibition zone diameters ranged from
4.0 mm (0.5% API) to 5.5 mm (1.5% API), while
for Actinomycetes spp, the range was from 6.0 mm to
7.5 mm. This similar trend was observed by Oleke et
al. (2017), who reported that toothpaste formulations
containing increasing concentrations of Anogeissus
leiocarpus extract exhibited proportional increases
in antimicrobial activity against oral pathogens.

The greater activity against Actinomycetes
spp compared to Lactic acid bacillus observed in this
study is consistent with the findings of Ogundiya et
al. (2006), who reported that extracts of Anogeissus
leiocarpus showed selective activity against Gram-
positive bacteria, with actinomycetes species being
more susceptible than lactobacilli. This selectivity
may be attributed to differences in cell wall
composition and permeability between the two
bacterial genera.

However, the formulated herbal toothpastes
showed lower activity compared to the positive
control (Colgate® toothpaste) which produced
inhibition zones of 12 mm for both organisms. This
finding is contrary to the work of Saha et al. (2012),
who reported that herbal toothpaste formulations
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containing Azadirachta indica and other medicinal
plants exhibited comparable or superior activity to
commercial fluorinated toothpastes. The lower
activity observed in this study may be due to the
relatively low concentration of the API in the
formulation, suggesting that optimization of the
extract concentration could yield improved
antimicrobial effects.

V. CONCLUSION

The formulated herbal toothpaste containing
bioactive ingredient derived from the root extract of
Anogeissus leiocarpus showed good stability profile
with pH of 7.2, spreadability of 7.1 kg/cm/min and
viscosity of 1791 cP. The physical properties were
also good with smooth consistency and minty smell.

The antimicrobial assay for the formulated
herbal toothpaste result is an indication that the
ethanol root extract of Anogeissus leiocarpus
contains bioactive ingredients that are useful for the
prevention and treatment of dental caries.

Although the ethanol root extract of
Anogeissus leiocarpus showed zone of inhibition to
the clinical isolates but not favorably to the control
(Colgate toothpaste) which contains flourine.

Therefore, it can be said the ethanol root
extract of Anogeissus leiocarpus showed activity as
extract and toothpaste against the test organisms and
has great potential for use as an intervention in oral
health and the management of dental illnesses.
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