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Abstract: This study compared the antibacterial effects of some herbal sticks commonly used for oral hygiene 
in Ilorin, Nigeria, on oral isolates. Aqueous extracts of the sticks were used to challenge bacteria isolated from 
various parts of the oral cavity. Stem extract of Distemonanthus benthamianus (Baill) was effective against all 
the isolates except Pseudomonas aeruginosa, with activity indices ranging from 0.59 to 1.35 compared to 
streptomycin. Micrococcus species was inhibited by all the extracts while the other isolates including 
Streptococcus pyogenes, Staphylococcus aureus, Bacillus subtillis, Staphylococcus epidermidis, 
Streptococcus mutans, Micrococcus luteus, Lactobacillus bulgaricus and Staphylococcus saprophyticus 
showed various patterns of susceptibility. Inhibition zone ranged from 10.0 mm for extract of Spilanthes calva 
(DC) to 33.0 mm for that of D. benthamianus. This study showed that herbal sticks have antibacterial effects 
on oral organisms and their extracts are recommended as components of products used in maintaining oral 
hygiene. 
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I. Introduction 

The human oral cavity comprises of the teeth, gingival sulcus, tongue, cheeks, hard and soft 
palates, and the tonsils, which provides suitable habitats for over 600 species of 
microorganisms including bacteria and fungi [1]. Members of the genera Streptococcus, 
Neisseria, Actinomyces, Veillonella Corynobacterium and Lactobacillus are among the dominant 
bacteria that inhabit the oral cavity [2]. Unhygienic attitude with the oral cavity may cause 
proliferation of these microorganisms with the consequence of dental plague which may 
eventually lead to dental caries, or any other orodental diseases. Streptococcus mutans, S. 
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sanguis, other Streptococcus, Lactobacillus and Actinomycetes species are important agents of 
oral diseases. 

Herbal sticks are common means of maintaining oral hygiene in Nigeria, particularly in rural 
communities. Sticks are made from roots, stems and twigs of many plants with or without the 
bark. Teeth are cleaned by chewing the root or slim stem of the plants until they acquire brush-
like end [3].  While chewing, the plant’s phytochemicals which may include phenolic 
compounds, steroids, alkaloids, glycosides and a host of others are extracted into the mouth 
cavity. Most of the chemicals possess antimicrobial properties which contribute to maintenance 
of oral hygiene [4]. World Health Organization (WHO) recommends the use of herbal sticks 
and/or their extracts in the ethno-medical treatment of oral infections [5].  

A variety of herbal sticks are used in Ilorin, Kwara State of Nigeria, with claims of one being 
more effective than others. “Pako Ijebu” is a very popular one made from a shrub/small tree 
known as Massularia accumunata. “Orin emi gbegiri” is produced from the shea butter tree, 
Vitellaria paradoxa; “orin ayin” is from (African birch) Anogeissus leiocarpa (DC.) Guill. & Perr.; 
and “orin ayan” from Distemonanthus benthamianus (Baill).  Other plants used include Fagara 
zantholoides, “orin ata”; Garcinia kola, “orin orogbo”; Terminalia glaucescens; “Orin idi” and 
Spilanthes calva (DC) “orin sesedo”. Each of these plants has reported antimicrobial activities 
which are being exploited in the treatment of various illnesses. In this study, the efficacy of 
herbal sticks from these plants in controlling the microbial population of the oral cavity was 
compared. 

 

II. Materials and Methods 

Herbal sticks 

The herbal sticks used in this study were purchased from a retail market, Ilorin, Nigeria. The 
sticks were identified at the herbarium of the Department of Plant Biology, University of Ilorin. 
The details of the plants and parts used for chewing stick is presented in Table 1. 

Isolation of bacteria 

Bacteria were isolated from the oral cavity of five human volunteers whose teeth appeared 
healthy. Sterile swab sticks were used to rub the teeth, tongue and palate of volunteers in the 
morning, before cleaning the mouth. The sticks were inserted back into their containers and 
taken to the laboratory for microbiological analyses within one hour of collection. Sample swab 
sticks were used to rub the surface of sterile Nutrient Agar plates and incubated at 37oC. Plates 
were observed for growth after 24 and 48 hours of incubation. The colonial morphology of the 
organisms was described, individual isolates were transferred to fresh agar plates, and pure 
cultures maintained on agar slants. Isolates were further characterized by microscopic and 
biochemical techniques. 

Preparation of extracts from herbal sticks 

The sticks were first broken into coarse pieces using wooden mortar and pestle; and finally into 
fine particles in the laboratory ceramic mortar and pestle. Ten grams each of the crushed 
samples was measured into a 250ml Erlenmeyer’s flask containing 50ml sterile distilled water to 
make 20% w/v suspension. The flask was covered with cotton plug which was in turn wrapped 
with aluminum foil; and placed on an orbital shaker at 150 rpm. Aqueous samples containing the  
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extract were withdrawn after 3 and 24 hours of shaking, by filtering through Whattman no 1 filter paper. 

Antibacterial sensitivity tests of extracts on bacterial isolates 

Fresh cultures of isolates were grown in nutrient broth for 18 hours at 37oC and standardized to McFarland scale 0.5. Aliquots, 0.1 ml 
of these were used to inoculate Mueller-Hinton agar plates by spread plate technique. Wells measuring 4mm each were made on the 
seeded agar. Herbal stick extracts (0.1 ml), was transferred into appropriately labeled wells. Plates were incubated at 37oC; and 
observed after 24 hours for growth. Clearance around loaded wells indicates inhibition of growth by the extract and hence 
antimicrobial activity. Sterile distilled water and 5% streptomycin (0.1 ml each) represented the negative and positive controls 
respectively. 

 

 

Table 1: List of herbal sticks used in the study 

Botanical name of plants Indigenous name 
of herbal sticks 

Plant part 
used 

Phytochemical components 

Massularia accuminata (G. Don) “Pako Ijebu” Stem Flavonoids, anthocyanins, anthraquinones, tannins and 
phlobatanin [6] 

Vitellaria paradoxa (Gaertn.F) “Orin emi gbegiri” Branches Flavonoids, cardiac glycosides, anthraquinones, tannins, 
steroids, alkaloids and saponins [7] 

Anogeissus leiocarpa (DC Guill 
& Perr) 

“Orin ayin” Stem Flavonoids, tannins, steroids, alkaloids and phenols [8] 

Distemonanthus benthamianus 
(Baill) 

“Orin ayan” Stem Tannins, steroids, alkaloids and saponins [9] 

Fagara zantholoides (Lam) “Orin ata” Roots Tannins, flavonoids, alkaloids and saponins [10] 

Garcinia kola (Heckel) 
 

“Orin orogbo” Bark Flavonoids, alkaloids, glycosides, saponins, tannins, 
anthraquinones, and phlobatanin [11] 

Terminalia glaucescens “Orin idi” Roots Flavonoids, alkaloids, steroids, saponins, tannins, 
anthraquinones, and phlobatanin [12] 

Spilanthes calva (DC) “Orin sesedo” Roots and 
branches 

Hydrocarbons, terpenoids, esters, alcohols, alkamides 
aldehydes and ketones [13] 
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III. Results and Discussion 

Bacterial isolates 

Ten bacteria were isolated and characterized by morphology and biochemical tests as 
Streptococcus pyogenes, S. mutans Staphylococcus aureus, S. epidermidis S. saprophyticus, 
Micrococcus species, Micrococcus luteus, Pseudomonas aeruginosa, Lactobacillus bulgaricus  
and Bacillus subtillis (Table 2). These bacteria are among the microbiota of human oral cavity 
[1] some of which have been implicated in oral health challenges such as carries, plagues and 
periodontal diseases, and were also isolated from healthy humans [14]. Pseudomonas 
aeruginosa and Bacillus subtilis were isolated as biofilm forming bacteria from oral cavity [15]. 
B. subtilis may serve beneficial role since it is an effective probiotic material and has been so 
proven in patients with periodontitis [16,17]. 

The most common bacteria that are found in the supragingival plaque include gram positive 
cocci belonging to the genera Streptococcus and Staphylococcus which together with some 
other gram positive and gram negative rods and cocci, are responsible for plaque formation as a 
result of their interactions with each other and with the tooth surface [18,19,20]. Lactobacilli are 
among the organisms that infest the human oral cavity during the first year of life due to affinity 
for milk, and play major roles in dental caries development [21]. 

Susceptibility of isolates to the extracts 

The bacterial isolates were challenged with crude aqueous extracts of the herbal sticks. The 
susceptibility pattern of the isolates to the extracts is presented in Table 3. The extracts 
produced varying antibacterial effects on the isolates with diameter zone of inhibition ranging 
from 10 to 33 mm (Table 4). Among the isolates, P. aeruginosa was not inhibited by any of the 
extracts; S. mutans by only two, Distemonanthus benthamianus and Terminalia glaucescens; 
while Micrococcus species and Staphylococcus aureus were susceptible to all. In general, 
extracts of Distemonanthus benthamianus produced the highest activity and together with 
Terminalia glaucescens was active against all the isolates except P. aeruginosa. The ability of 
D. benthamianus and T. glaucescens to inhibit a variety of oral isolates has been demonstrated 
earlier [22]. Spilanthes calva was the least active of the extract as it produced activity only against 
Micrococcus species and Staphylococcus aureus. Streptococcus pyogenes was not inhibited by 
extracts of Massularia accumunata, Vitellaria paradoxa and Spilanthes calva. Two of the 
isolates from the oral cavity were resistant to Garcinia kola, four to each of Anogeissus 
leiocapus and Fagara zantholoides; and five to Massularia accumunata and Vitellaria paradoxa 
(Table 4).  

 

 

 

 

 

 

 



Algerian Journal of Natural Products 9:1 (2021) 820-829                                                                         824 

© Authors.  2021 Algerian Journal of Natural Products (Online ISSN: 2353-0391) 
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

 

Table 2: Colonial, microscopic and biochemical characteristics of bacterial isolates 

ISOLATES A B C D E F G H I J 

Colony Morphology 
Margin L E E E E E W F F E 

Size (mm) 7.0 10.0 3.0 2.0-
3.0 

1.5-
2.0 

1.5 3.0 25.
0 

20.
0 

4.0 

Shape of colony Ir Rd Rd Rd Rd Rd Ir Rd Ir Rd 
Elevation Cvx Flat Flat Cvx Cvx Cvx Flat Flat Flat Flat 
Pigmentation W Crm Y O-Y O/W W G-Y Cr

m 
C O/W 

Surface texture  Dry Sm Sm; 
Gl 

Sm Sm Sm Rgh Dry Dry Rgh;
Gl 

Transparency Opa
q 

Opa
q 

Opa
q 

Opa
q 

Opa
q 

Opa
q 

Opa
q 

Tra
n 

Tra
n 

Opa
q 

Cellular Morphology 
Gram reaction + + + + + + - + + + 
Shape of cell C C C R C C R C R C 
Arrangement Cl Ch Cl Sgl Sgl Ch Cl Cl Cl Sgl 

Motility - - - + - - + - - - 
Spore - - - + - - - - - - 
Biochemical characteristics 
Catalase + - - + + - + + + + 
Oxidase + - - + - + + + - + 
Urease + - + - + + - + + + 
Indole + + - - - + - - - - 
Citrate + + + - - + + - - - 
Methyl red + + - - - + - + - + 
Voges poskauer - - + + + - - - + + 
Oxygen relationship FA A FA A FA FA FA A AN FA 
Starch hydrolysis + - - + + + + + + + 
Growth on 6.5% NaCl + + + + + + + + + + 
Growth on MacConkey - - - - - - + - - - 
Glucose + + + + + + + + + + 
Sucrose + + - + + + - - + + 
Lactose + + + - + + - - + + 
Gas production - - + - + + - - - - 
H2S production - - - + - - - - - - 
+ denotes positive reaction, while – denotes negativity; Margin (E = Entire, L = Lobate, F = Filamentous, W = Wavy); 
Shape of colony (Ir = Irregular, Rd = Round); Elevation (Cvx = convex); Pigmentation (W = White, Crm = Cream,
 Y = Yellow O = Orange, G = Green); Surface texture (Sm = Smooth, Gl = Glistening, Rgh = Rough); 
Transparency (Opaq = Opaque, Tran = Transparent); Shape of cell (C = Cocci, R = Rod); Arrangement (Sgl = Single, 
Cl = Cluster, Ch = Chain); Oxygen relationship (A = Aerobic, An = Anaerobic, FA = Facultative); Isolates were 
identified as A to J - Micrococcus species, Streptococcus pyogenes, Staphylococcus aureus, Bacillus subtillis, 
Staphylococcus epidermidis, Streptococcus mutans, Pseudomonas aeruginosa, Micrococcus luteus, Lactobacillus 
bulgaricus and Staphylococcus saprophyticus respectively. 
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Table 3: Susceptibility pattern of oral isolates to aqueous extracts of the studied herbal sticks 

Plant Antibacterial susceptibility 

A B C D E F G H I J 

Massularia 
accumunata 

++ - ++ ++ - ++ - + - - 

Vitelleria 
paradoxa 

++ - ++ - ++ - - ++ - ++ 

Spilanthes 
calva 

++ - - ++ - - - - - - 

Fagara 
zantholoides 

++ ++ ++ - + - - ++ + - 

Anogeisus 
leiocarpus 

++ + + ++ - - - - ++ ++ 

Distemonanthus 
benthamianus 

++ ++ ++ ++ + + - ++ ++ ++ 

Terminalia 
glaucescens 

++ ++ ++ ++ ++ + - ++ + ++ 

Garcinia kola ++ + + ++ ++ - - ++ ++ ++ 
+ denotes static inhibition, ++ denotes cidal effects, - denotes no inhibition. Acronyms A to J represent bacterial 
isolates which were characterized as presented on Table 2. 
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Table 4: Antibacterial effects of aqueous extracts of the oral isolates 

Plants Inhibition Zone (mm) 

A B C D E F G H I J 

Massularia 
accumunata 

15.3±0.6 0.0±0.0 15.7±0.6 17.3±1.2 0.0±.0.0 16.3±0.6 0.0±0.0 12.3±1.5 0.0±0.0 0.0±0.0 

Vitelleria 
paradoxa 

12.7±1.5 0.0±0.0 15.3±0.6 0.0±0.0 11.3±0.6 0.0±0.0 0.0±0.0 18.3±0.6 0.0±0.0 22.3±0.6 

Spilanthes calva 10.3±0.6 0.0±0.0 0.0±0.0 14.7±1.5 0.0±0.0 00.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
 

Fagara 
zantholoides 

17.7±0.6 22.3±0.6 17.7±1.5 0.0±0.0 17.7±0.6 0.0±0.0 0.0±0.0 18.3±1.5 10.3±1.5 0.0±0.0 

Anogeisus 
leiocarpus 

18.0±1.0 12.3±0.6 15.3±0.6 17.7±1.5 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 12.7±0.6 12.3±1.5 

Distemonanthus 
benthamianus 

33.3±1.5 31.0±1.0 24.0±1.0 23.3±0.6 17.7±0.6 15.3±0.6 0.0±0.0 26.0±2.0 15.7±1.5 23.3±1.5 

Terminalia 
glaucescens 

26.7±1.5 21.3±0.6 22.3±0.6 15.3±0.6 19.3±1.2 16.3±0.6 0.0±0.0 18.3±0.6 12.3±0.6 22.7±0.6 

Garcinia kola 20.3±1.5 18.3±0.6 11.7±0.6 15.7±0.6 16.3±0.6 0.0±0.0 0.0±0.0 16.3±0.6 24.3±2.5 16.3±1.5 
Values represent mean of 3 independent readings ± standard deviation. Acronyms A to J represent bacterial isolates which were characterized as presented on Table 2. 

 

Unlike most earlier reported researches on the susceptibility of P. aeruginosa to herbal stick extract, Ayankunle et al. (2012) [23] agreed 
with findings in this study that the bacterium, along with Streptococcus pyogenes  are resistant to stem bark extract of Vitellaria paradoxa. 
Stem bark of Anogeissus leiocarpus contains tannins, flavonoids, terpenes and saponins [24,25] and this may account for its antibacterial 
activity against six of the isolates. It has also been shown to inhibit S. aureus, Streptococcus pyogenes, B. subtilis, and P. aeruginosa [26].  

Ethanol extracts of Fagara zanthoxyloides and Massularia acuminata showed anti-caries activity [27]. Massularia accumunata 
phytochemicals include alkaloids, saponins, polyphenolics, tannins, anthraquinones and phenolics [28] which were attributed for its 
antimicrobial activities [29] while Alkaloids, Tannins, Saponins, Flavonoids, Phenolic compounds, and Phytosterols were found in Fagara 
zanthoxyloides [30]. 
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Antimicrobial activity of Terminalia glaucescens and Fagara zanthoxyloides against 
Pseudomonas aerugenosa, Streptococcus mutans, Streptococcus pyogenes, and 
Staphylococcus aureus was also reported [31]. Susceptibility of Streptococcus mutans, 
Staphylococcus sp and Lactobacillus salivarius to Vitellaria paradoxa, Distermonanthus 
benthamianus (Baill), Anogeisus leiocaspus (DC Guill & Perr) and Terminalia schimperianah 
(Flanch) has also been demonstrated [22,32]. Spilanthes calva DC was described as an 
important herb for oral health care due to its antibacterial and antifungal activities [33]. 

Compared to streptomycin, higher activity was obtained from D. benthamianus against 
Streptococcus pyogenes, Bacillus subtilis, and Micrococcus luteus indicating that extracts of the 
plants may serve better value in controlling the population of the organisms in the oral cavity. 
This further supports claims of its potency in the treatment of gingivitis [34]; which can be 
attributed to its content of flavonoids, phenol, steroid and tannin as active principle [35]. Higher 
activity index was also obtained for extract of Garcinia kola against Lactobacillus bulgaricus. 
Fifty three percent of the test produced activity indices greater than 0.50, of which 29% were 
greater than 0.75 (Table 5). 

  

Table 5: Activity index of extracts against reference drug, streptomycin 

Plants Activity index 

A B C D E F G H I J 

Massularia 
accumunata 

0.43 0.00 0.39 0.78 0.00 0.53 0.00 0.50 0.00 0.00 

Vitelleria 
paradoxa 

0.37 0.00 0.37 0.00 0.55 0.00 0.00 0.75 0.00 0.58 

Spilanthes 
calva 

0.29 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.00 0.00 

Fagara 
zantholoides 

0.51 0.96 0.44 0.00 0.90 0.00 0.00 0.75 0.56 0.00 

Anogeisus 
leiocarpus 

0.51 0.52 0.37 0.78 0.00 0.00 0.00 0.00 0.72 0.32 

Distemonanthus 
benthamianus 

0.94 1.35 0.59 1.00 0.90 0.50 0.00 1.08 0.89 0.61 

Terminalia 
glaucescens 

0.77 0.91 0.54 0.65 0.95 0.53 0.00 0.75 0.67 0.58 

Garcinia kola 0.57 0.78 0.29 0.70 0.75 0.00 0.00 0.67 1.33 0.42 

Legend: Acronyms A to J represent bacterial isolates which were characterized as presented on Table 2. Activity 
index was determined as the mean inhibition zone of crude extract of herbal sticks divided by the mean inhibition 
zone of streptomycin (100 µl of 10% solution) 

 

IV. Conclusion Overall, most of the extracts showed potentials in controlling the microbial 
population of the oral cavity thereby supporting claims in folk medicine about the use of herbal 
sticks to prevent some common oral diseases. Extracts from the herbal sticks particularly that of 
D. benthamianus are hereby recommended as herbal components of mouth care formulas such 
as tooth paste and mouth wash. 
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