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Abstract
The aim of this study was to evaluate the antimicrobial activity of ten traditionally 
used chewing sticks in Eritrea against oral pathogens which are responsible 
for dental carries. In this experimental study Aqueous ethanol extracts of ten 
different chewing sticks (Cadaba farisonia (CF), Citrus lemon (CL), Dodonea 
angustifolia (DA), Euclea schimperi (ES), Grewia ferruginea (GF), Olea europea 
(OE), Parkinsonia aculeate(PA), Rumex nervosus (RN),  Salvadora persica (SP), 
Schinus molle (SM)) from different parts of Eritrea were tested against isolated 
microorganisms from the plaque sample of patients of dental carries without 
previous antibiotic history. Furthermore the cultural, morphological, microscopic 
and biochemical identification of the ten isolates was also performed. All the 
extract from selected chewing sticks showed good antimicrobial activity against 
all the isolated pathogens except Grewia ferruginea and Parkinsonia aculeta 
which showed negligible zone of inhibition. It was also observed that extract of 
Cadaba farisonia at 500 mg/ml showed a maximum zone of inhibition of 28 mm 
against DC3 whereas Citrus lemon at same concentration produced a maximum 
zone of inhibition of 25 mm against DC5 and DC7. Extract of Dodonea angustifolia 
produced a maximum zone of inhibition of 28 mm against DC5 at concentration 
of 500 mg/ml while extract of Euclea schimperi exhibited a maximum zone of 
inhibition (27 mm) against DC10. Likewise extract of Olea europae produced a 
maximum zone of inhibition of 29 mm against DC7, whereas Rumex nervosus 
extract showed a maximum zone of inhibition of 32 mm against DC5. Cold extract 
of Salvadora persica and Schinus molle produced a maximum zone of inhibition of 
23 mm and 33 mm respectively at 500 mg/ml against. Comparison of antimicrobial 
potential was performed against isolated pathogens. Among all the extracts of 
chewing sticks, eight chewing sticks were active against all the organisms while 
two sticks were showing negligible inhibition. Chewing sticks were ranked 
according to their antimicrobial potential. The present finding supports the use of 
these chewing sticks in oral hygiene since their potential anti-plaque effect is likely 
to complement the mechanical plaque-removing property of chewing sticks. This 
is however likely to be the first time report made on the effect of sticks on oral 
pathogenic bacteria in Eritrea.
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Introduction
Dental caries is one of the most common chronic infectious 
diseases in the world. Bacterial plaque accumulated on dental 

surfaces and composed of native oral flora is the primary 
etiologic agent of dental carries. Dental plaque formation is the 
complementary process for the cause of dental carries. Therefore 
mechanical removal of plaque using chewing sticks is needed 
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to inhibit the action of bacteria as well as chemically killing the 
bacteria and other oral pathogens responsible for dental carries 
[1]. Different oral hygiene methods have been in practice to 
defeat widely common diseases such as dental caries and oral 
infections. Various chemical and mechanical approaches are being 
used for maintaining good oral hygiene [2]. Due to Increasing 
awareness and expected evolving population; the use of safe, 
effective and economical products have expanded drastically 
and vary from country to country and from culture to culture [3]. 
Despite the widespread use of toothbrushes and toothpastes, 
natural methods of tooth cleaning using chewing sticks selected 
and prepared from the twigs, stems or roots from a variety of 
plant species have been practiced for thousands of years in Asia, 
Africa, the Middle East and the Americas [4]. School children in 
the mainly rural province of Matabeleland South, in Zimbabwe, 
were examined for dental caries and interviewed about their oral 
hygiene practices [5].The effect of oral hygiene programs was also 
studied in 248 children from five school classes in Asella, Ethiopia 
[6].Various clinical studies have shown that chewing sticks, when 
properly used, can be as efficient as toothbrushes in removing 
dental plaque due to the combined effect of mechanical cleaning 
and enhanced salivation [3]. It has also been suggested that 
antimicrobial substances that naturally protect plants against 
various invading microorganisms or other parasites may leach 
out into the oral cavity, and that these compounds may benefit 
the users by protection against cariogenic and periodontopathic 
bacteria [7]. A few recent studies have identified some of the 
active antimicrobial compounds [8]. The use of miswak becomes 
very popular in the Muslim world including several African and 
Arab countries [9]. Present study with an aim to evaluate the 
antimicrobial activity of ten traditionally used ten chewing sticks 
in Eritrea against oral pathogens isolated from dental plaque oral 
pathogens which are responsible for dental carries.

Materials and Methods
Plants selected for the present study 
Ten different types of plants which are locally used as chewing 
sticks in different parts of Eritrea were collected in the month 
of February 2014 from different locations and were used for 
the present experimental study. The selected plants were 
authenticated by taxonomist from botany department of Eritrean 
Institute of Technology (EIT), Eritrea.

Preparation of aqueous extracts
The chewing sticks samples were washed under running tap 
water to remove dirt. The samples were shade dried for 7 days 
to curb distortion in the composition of the active principle in the 
chewing sticks [10]. The dried samples were well pulverized into 
a fine powder with a mixer grinder. The powder was stored in air 
tight aseptic containers (28ºC ± 2) for subsequent use. Weighed 
material (50 g each) was placed in conical flask containing 50:50 
Ethanol Aqueous solution, then placed on an electronic shaker 
for 48 hours at the speed of 100 rpm. The fluids were then 
filtered using what-man number 1 filter paper. The extracts were 
rotary dried to obtain the concentrate which was then kept at 
4ºC prior to use [11].

Plaque samples collection
Dental plaques from eight patients were picked up through 
forceps and periodontal probe and transferred into 5 ml of 
reduced transport fluid medium (0.4% agar, 0.15% thioglycollate/
phosphate buffered saline) in sterile tubes and stored at 4°C and 
processed within one night of collection [12]. After explanation of 
the purpose of the study, all subjects or their families voluntarily 
provided informed written consent.

Isolation of bacteria from dental plaque 
Each sample in tubes was inoculated separately into nutrient agar 
and blood agar. Nutrient agar media is prepared by weighing 28 
gram of nutrient agar powder is added to 1000 ml of distilled 
Water. Uniform mixing of the media is carried out by a magnetic 
stirrer and is heated till vapor rises. After heating, it is autoclaved 
at 121°C for 15 minutes and is dispensed in to a sterile Petri-plate 
in a biosafety cabinet. Blood agar media is prepared by adding 50 
ml defibrillated (by glass beads) fresh sheep blood to the sterilized 
nutrient agar media just before dispensing. The inoculated plates 
were incubated at 37°C for 3 days under aerobic conditions. The 
isolated colonies were picked up and subsequently streaked on 
slants for pure culture preservation [13,14].

Antimicrobial study
The antimicrobial assay was performed by using the agar well 
diffusion method [15]. Wells of 8mm in diameter were made into 
previously seeded Muller Hinton agar plates. The pathogenic 
microorganisms used for the study were inoculated in Nutrient 
broth also plated in agar media and incubated for 24 hours to 
check the viability of the organisms. Cultures that were grown 
on a media were used to take 3-5 colony forming units (CFU) 
for preparation of suspension which was further checked for 
turbidity equilibration against 0.5 McFarland turbidity standards. 
Each well was filled with 0.14 ml of the extract. The same quantity 
of sterile distilled water and 50% ethanol both without plant 
extract served as controls. The plates were incubated overnight 
at 37ºC. However, same was repeated for the fungal assay. The 
diameter of clear zone was measured in mm. Triplicate plates 
were prepared for each extract and controls [16].

Results 
The chewing sticks were powdered and extracted with ethanol-
aqueous (50: 50) solution. The extracts were concentrated under 
reduced pressure at 40°C. Yield percentage of different extracts 
was calculated and summarized in Table 1. 

Ten bacterial pathogens were isolated from eight patients. 
Cultural  characteristics  of  isolated  bacteria such  as  size,  
shape,  pigmentation,  elevation  and margin  of  colony, and their 
biochemical properties were also evaluated. 

The ethanol aqueous extract of each selected chewing stick 
was diluted and two different concentrations (500mg/ml and 
250mg/ml) were made. These concentrations were then tested 
in triplicates for their antimicrobial potential against the isolated 
bacterial pathogens by using well as agar well method and results 
are tabulated in Table 2.
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Table 2 antibacterial activity of the Cold Extracts of selected 
chewing sticks

Figures 1-4 indicate the antimicrobial activity against the isolated 
pathogens. Nearly all the extract from selected chewing sticks 
showed good antimicrobial activity against all the isolated 
pathogens except Grewia ferruginea and Parkinsonia aculeta 
which showed negligible zone of inhibition. 

The inhibition zone size increased as the concentration of extract 
increased. From the result it was observed that extract of Cadaba 
farisonia at 500 mg/ml showed a maximum zone of inhibition of 
28 mm against DC3 whereas Citrus lemon at same concentration 
produced a maximum zone of inhibition of 25 mm against DC5 and 
DC7. Extract of Dodonea angustifolia produced a maximum zone 
of inhibition of 28 mm against DC5 at concentration of 500mg/ml 
while extract of Euclea schimperi exhibited a maximum zone of 
inhibition (27mm) against DC10. Likewise extract of Olea europae 
produced a maximum zone of inhibition of 29 mm against DC7, 

Figure 1 Antimicrobial activity against DC1.

S.No. Name of the plant Percentage yield ( w/w) %
1  Cadaba farisonia 18%
2 Citrus lemon 28%
3 Dodonea angustifolia 36%
4 Euclea schimperi 20.4%
5 Grewia ferruginea 15.2%
6 Olea europea 22%
7 Parkinsonia aculeate 10.4%
8 Rumex nervosus 16%
9 Salvadora persica 13.6%

10 Schinus molle 38%

Table 1 Yield Percentage of various plant extracts. 

Organism 
isolated

Concentration 
of Extract

Cadaba 
farinose

ZOI in 
mm

Citrus 
lemon 
ZOI in 
mm

Dodenia 
angustifolia 
ZOI in mm

Euclea 
schimperi 
ZOI in mm

Grewia 
ferruginea 
ZOI in mm

Olea 
europae 

ZOI in mm

Parkinsonia 
aculeta 

ZOI in mm

Rumex 
nervosus 

ZOI in mm 

Salvadora 
persica 
ZOI in 
mm

schinus 
molle ZOI 

in mm

DC 1 500 mg/ml 23 mm 23 mm 26 mm 22 mm 2 mm 22 mm ---- 28 mm 23 mm 33 mm
250 mg/ml 16 mm 17 mm 20 mm 15 mm ----- 17 mm ---- 24 mm 17 mm 27 mm

DC 2 500 mg/ml 24 mm 16 mm 19 mm 20 mm 3 mm 25 mm 3 mm 27 mm 15 mm 32 mm
250 mg/ml 25 mm 13 mm 14 mm 16 mm 1mm 20 mm ----- 21 mm 10 mm 26 mm

DC 3 500 mg/ml 28 mm 19 mm 23 mm 22 mm 4 mm 27 mm 2 mm 26 mm 13 mm 29 mm
250 mg/ml 20 mm 13 mm 18 mm 16 mm 1mm 21 mm ---- 21 mm 10 mm 23 mm

DC 4 500 mg/ml 27 mm 16 mm 20 mm 19 mm 5 mm 28 mm 4 mm 26 mm 14 mm 31 mm
250 mg/ml 22 mm 13 mm 16 mm 14 mm 2 mm 23 mm ---- 21mm 10mm 26

DC 5 500 mg/ml 24 mm 25 mm 28 mm 20 mm 5 mm 27 mm ----- 32 mm 20 mm 30 mm
250 mg/ml 18 mm 20 mm 19 mm 17 mm 3 mm 20 mm ----- 26 mm 16 mm 25 mm

DC 6 500 mg/ml 24 mm 22 mm 25 mm 21mm 4 mm 26 mm 3 mm 28 mm 19 mm 30 mm
250 mg/ml 19 mm 17 mm 20 mm 18 mm ------ 19 m ----- 22 mm 14 mm 24 mm

DC 7 500 mg/ml 23 mm 25 mm 24 mm 22 mm 6 mm 29 mm 1 mm 27 mm 16 mm 32 mm
250 mg/ml 17 mm 19 mm 19 mm 16 mm 2 mm 23  mm ------ 23 mm 12 mm 26 mm

DC 8 500 mg/ml 22 mm 24 mm 26 mm 22 mm 3 mm 28 mm 2 mm 29 mm 17 mm 31 mm
250 mg/ml 16 mm 18 mm 22 mm 16 mm ------ 23 mm ------ 25 mm 13 mm 27 mm

DC 9 500 mg/ml 19 mm 21 mm 23 mm 23 mm 3 mm 26 mm 4 m 28 mm 18 mm 30 mm
250 mg/ml 15 mm 17 mm 18 mm 18 mm ---- 22 mm ------ 23 mm 13 mm 25 mm

DC 10 500 mg/ml 20 mm 23 mm 25 mm 27 mm 5 mm 28 mm 3 mm 30 mm 19mm 32mm
250 mg/ml 16mm 18 mm 20 mm 22 mm 2 mm 24 mm ------ 26mm 14mm 28mm

Table 2 Antibacterial activity of the Cold Extracts of selected chewing sticks.
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whereas Rumex nervosus extract showed a maximum zone of 
inhibition of 32 mm against DC5. Cold extract of Salvadora persica 
and Schinus molle produced a maximum zone of inhibition of 23 
mm and 33 mm respectively at 500 mg/ml against. Comparison 
of antimicrobial potential was performed against isolated 
pathogens. Among all the extracts of chewing sticks, eight 
chewing sticks were active against all the organisms while two 
sticks were showing negligible inhibition. Chewing sticks were 
ranked according to their antimicrobial potential. Schinus molle 
was most effective against nine bacterial isolates and ranked as 
first while Parkinsonia aculeta ranked tenth. Different chewing 
sticks showed different activity against selected pathogens, this 
may be due to various phyto-constituents present in the plant 
as well as their mechanism of action. All the chewing sticks were 
ranked from first to tenth accordingly to their activity (Tables 3 
and 4). All the chewing sticks exhibited great antibacterial effects 
against the test organisms. 

Note: Cadaba farisonia (CF), Citrus lemon (CL), Dodonea 
angustifolia(DA),  Euclea schimperi (ES), Grewia ferruginea (GF), 
Olea europea(OE), Parkinsonia aculeate(PA), Rumex nervosus 
(RN),  Salvadora persica(SP), Schinus molle(SM) 

Discussion
The isolated bacteria were gram stained, and both gram positive 
and gram negative bacterial isolates were found. The shapes 
of bacterial cells were cocci, bacilli, single, paired, chain and 
dense clusters. Biochemical properties of the isolates were 
tested according to Bergey’s Manual of Systematic Bacteriology 
[17]. The properties of catalase test and acid production 
from carbohydrates (glucose and lactose) were determined. 
Haemolysis by the bacteria on blood agar media was recorded 
in case of isolate DC5 only. Carbohydrate fermentation test was 
done to identify the bacteria as acidogen. The carbohydrate 
fermentation test result showed that most of the isolates were 
highly acidic while DC3 was low and DC10 very low. Destruction 
of calcified tissue was caused by acids which are by product of 
carbohydrate metabolism of acidogenic bacteria consequent to 
dental caries [18].

In this study all the chewing sticks exhibited great antibacterial 
effects against the test organisms. Similar kind of study done by 
Bankole, et al. 2012 in Nigeria using two locally used chewing sticks 
Massularia accuminata and Distemonanthus benthamianus, both 
the sticks exhibited great antifungal and antibacterial effects 
against the test organisms. Another study performed by Odongo 
et al. in 2011 on eight commonly used chewing sticks by Ugandan 
rural community, of which R. vulgaris and L. trifolia were active 
against S. Mutans [19].

Astonishingly nearly 300 different species of trees and shrubs 
in east Africa are used in making chewing sticks. Ethnobotanical 
studies in Jimma, Ethiopia were carried by Kothai (2012) on 
eleven chewing sticks. Results revealed that Olea europaea 
showed maximum activity. They also evaluated the synergistic 
effect of chewing sticks with cinnamon and honey and observed 
3 fold increases in the antimicrobial activity [20].

Figure 2 Antimicrobial activity against DC5.

Figure 3 Antimicrobial activity against DC3.

Figure 4 Antimicrobial activity against DC7.
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Conclusion
Chewing sticks are recommended for oral hygiene by the World 
Health Organization, and some of them, or their extracts, are 
also used in the ethnomedical treatment of oral infections. 
Chewing sticks were predominantly prepared from branches 
of shrubs and trees, a practice we consider bio-conservation 
friendly, because it is unlikely to threaten survival of the plants 
used. This study showed that the acidogenic bacteria mainly 
colonized in dental plaque cause dental caries. All the isolates 

were acidogens and they were sensitive against 80% of tested 
chewing sticks. The present finding supports the use of these 
chewing sticks in oral hygiene since their potential anti-plaque 
effect is likely to complement the mechanical plaque-removing 
property of chewing sticks. This is however likely to be the first 
time report made on the effect of sticks on oral pathogenic 
bacteria in Eritrea. These plants (sticks) contain compounds that 
are active against oral pathogens, and merit further investigation 
as they are possible sources of cheap dental health care for the 
rural poor. It is recommended that the chewing sticks will be a 
great help in developing countries with financial constraints and 
limited oral health care facilities for their populations. Hence 
the following recommendations can be forwarded for future 
research; Research for quantification of the active phytochemical 
compounds, purification, patenting of the active principles in the 
chewing sticks, preference of chewing sticks over synthetic tooth 
brushes because they are less likely to traumatize the gums.
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Table 3  Ranking of each extract against bacterial isolates.

Organism 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

DC 1 SM RN DA ES&SP OE CL CF GF PA -
DC 2 SM RN OE DA ES CF CL SP GF PA
DC 3 SM RN RN OE DA ES CL SP GF PA
DC 4 SM RN OE DA ES CL CF SP GF PA
DC 5 RN SM DA OE ES CF CL&SP GF PA -
DC 6 SM RN OE DA CF CL ES SP GF PA
DC 7 SM RN OE CL DA CF ES SP GF PA
DC 8 SM RN OE DA CL CF&ES SP GF PA
DC 9 SM RN OE DA ES CL CF SP  GF PA

DC 10 SM RN OE ES DA CL CF SP GF PA
Note: Cadaba farisonia (CF), Citrus lemon (CL), Dodonea angustifolia(DA),  Euclea schimperi (ES), Grewia ferruginea (GF), Olea europea(OE), 
Parkinsonia aculeate(PA), Rumex nervosus (RN),  Salvadora persica(SP), Schinus molle(SM).

Rank Plant
1st Schinus molle
2nd Rumex nervosus
3rd Olea europea
4th Dodenia angustifolia
5th Eculea schimperi
6th Citrus lemon
7th Cadaba farinose
8th Salvadora persica
9th Grewia ferruginea

10th Parkinsonia aculeate

Table 4 Ranking of chewing sticks. 
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