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ABSTRACT. Traditional toothbrushes are used by the vast majority of people who cannot afford to buy the 
commercial toothbrush and toothpaste. The traditional toothbrushes are generally obtained from any slim woody 
part of a toothbrush tree. The main purpose of this study was to determine selected metals (Ca, Fe, Mg, Al, Cu, Cr, 
Ni, Zn, Mn, Pb, and Cd) in traditional toothbrushes obtained from three plants including Ligustrum vulgare L., 
Phoenix reclinata and Olea africana, which are extensively used in Addis Ababa, Ethiopia, by using microwave 
plasma-atomic emission spectroscopy (MP-AES) after wet digestion. Recoveries of the metals in spiked samples 
varied from 90.4–107%. The overall mean concentrations determined (mg/kg, dry weight) were in the ranges of 
Ca (4267–36514) > Fe (131–318) > Al (81.6 –224) > Mg (45.6–122) > Zn (27.2–175) > Mn (20.1–29) > Cu (6.6–
20.3) > Cr (6.7–8.9) > Ni (2.6–7.9). Analysis of variance at 95% indicated significant differences in the metals’ 
contents of three toothbrushes. The results indicated that the selected traditional toothbrushes are good sources of 
essential metals and free from Pb and Cd. Therefore, the investigated Ethiopian traditional toothbrushes are found 
to be safe for human use. 
  
KEY WORDS: Metal contents, Traditional toothbrushes, Wild privet (Ligustrum vulgare), Wild date palm 
(Phoenix reclinata), African wild olive (Olea africana), Ethiopia 
 

INTRODUCTION 
 

Oral health is part of total health and essential to the quality of life. The World Health 
Organization puts oral diseases among the top five causes of burden in ‘lost healthy years’ 
worldwide [1]. The major cause of such oral diseases is due to dental caries which are mainly a 
result of poor hygiene. Moreover, systemic health may be affected as a result of problems in oral 
hygiene [2]. One of the important ways to decrease oral health problem is the use of toothbrush. 
The toothbrush is an oral hygiene instrument used to clean the teeth and gums that consists of a 
head of tightly clustered bristles mounted on a handle, which facilitates the cleansing of hard-to-
reach areas of the mouth. In the world people use two broad types of toothbrushes which are 
traditional and synthetic toothbrushes. Traditional toothbrushes are used by the vast majority of 
people who cannot afford to buy the commercial toothbrush and toothpaste. The traditional 
toothbrushes are important for the oral and dental hygiene of the users and hence may be useful 
in decreasing dental caries [3]. The traditional toothbrush is generally obtained from any slim 
woody part of the tree. Mostly it is harvested from branches although harvest from woody roots 
is also known. Long twig sections of 50 or 100 cm are cut and transported to the market before 
being cut to retail sizes. The thickness of these toothbrushes is dependent on the type of tree and 
the part of branch harvested while the length is more dependent on the retailer [4]. The World 
Health Organization has encouraged the use of chewing sticks (traditional toothbrushes) as an 
alternative source of oral hygiene in poor countries where many people cannot afford 
commercial dental products.  

Although commercially made toothbrushes from leading international brands are available 
in Addis Ababa supermarkets and pharmacies, many people say they prefer the chewing sticks. 
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It is better because it is natural. The present study is based on the three most widely used plants 
in Addis Ababa, Ethiopia. These are wild privet (Ligustrum vulgare), wild date palm (Phoenix 
reclinata) and African wild olive (Olea africana). L. vulgare also sometimes known as common 
privet is native to central and southern Europe, North Africa and southwestern Asia [5]. L. 
vulgare is cultivated in Ethiopia in different area specially urban areas in Harar, Bahir Dar, 
Addis Ababa, Hawasa, etc. for evergreen the campus compound (in the green field) and parks in 
addition to use as toothbrush. 

P. reclinata the wild date palm is a species of flowering plant in the palm family native to 
tropical Africa, the Arabian Peninsula, Madagascar and the Comoro Islands [6]. P. reclinata is 
cultivated in Ethiopia in different area especially urban areas and hot regions like Amhara 
region, Bahir Dar, Finote Selam, Debre Markos, Addis Ababa, Hawasa, etc. for ever greening 
the road and compounds in addition to use as toothbrush. 

The African wild olive, previously known as O. africana subspecies cuspidata is now 
regarded as O. europaea subspecies africana. The names depend on which taxonomy and 
nomenclature are followed. Its common name is African wild olive. The plant belongs to the 
family Oleaceae [7]. It is geographically distributed throughout the Southern Africa and 
Northwards through East Tropical Africa into Eritrea [8]. O. africana is cultivated in Ethiopia in 
all regions both rural and urban and especially in hot regions, for most of the time it is cultivated 
evergreen for traditional uses, e.g. for its smoke for coffee ceremony in addition to use as 
toothbrush. The O. europaea subspecies africana plant branches are used in traditional 
toothbrush as a substitute of synthetic plastic brush and paste used for oral health and prevention 
of dental. 

Leaves of L. vulgare have been used for treatment of oropharyngeal inflammations or as an 
anti-rheumatic, diuretic, and hypotensive agents in folk medicine in southern Europe [9]. The O. 
europaea subspecies africana plant leaves are used in folk medicine as a remedy for eye 
infections, sore throat, urinary tract infections, kidney problems and backaches or headaches. It 
is also used as a hypotensive, emollient, febrifuge and styptic [10]. The leaves of the tree were 
reported to be potent for the treatment of malaria [11]. In vitro antioxidant activity of olive leaf 
extract (Olea europaea L.) and its protective effect on oxidative damage in human erythrocytes 
have been reported [12]. O. europaea has a number of traditional and contemporary uses in 
medicine. O. europaea is extensively used in traditional medicine for a wide range of ailments 
in various countries. Its bark, fruits, leaves, wood, seeds, and oil are used in different forms, 
alone or sometimes in combination with other herbs. The oil of the seed is taken orally as a 
laxative and also applied externally as a balm for inflammation [13]. Decoctions of dried leaves 
and fruit are used orally to treat diarrhea, respiratory and urinary tract infections, stomach and 
intestinal diseases, and as mouth cleanser [14]. Continuous application of olive oil is also useful 
to prevent hair loss. In East-Africa the infusion of the bark of the olive tree is taken for 
tapeworm infestation [15]. 

Although the World Health Organization has promoted the use of toothbrush sticks [16] and 
has encouraged further research of their efficacy, few studies have been undertaken on the 
potential antimicrobial properties of chewing sticks [17]. These traditional toothbrushes have 
high importance in removing parts of food left on the teeth, in addition to their antibacterial 
property. Synthetic toothpaste contain known metal content which are important for oral health, 
however, there exists no current studies which evaluate the metal content of traditional 
toothbrushes obtained from the plants. Because dietary habits are among the major concerns of 
human health, and are of increasing importance in almost all countries of essential nutrients are 
fundamental [18]. 

Most Ethiopian people use traditional toothbrush especially in Addis Ababa. Besides many 
essential metals required for human health some toxic metals may also present in toothbrushes 
from L. vulgare, P. reclinata, and O. africana. Since these plants take essential and non-
essential metals from the soil and water to grow, the source of toxic metals may originate from 
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polluted air, water and soils, or may also be naturally occurring. In the world especially in 
Ethiopia all traditional toothbrush users have no information about metal content in different 
types of traditional toothbrushes. Therefore, it is necessary to create awareness about the metal 
content of each traditional toothbrush in the world especially developing countries like Ethiopia.  

The literature survey revealed that there are no studies on the content of heavy metals in the 
branch part of three plants namely L. vulgare, P. reclinata, and O. africana commonly used as 
traditional toothbrushes in Ethiopia. Therefore, this study is focused on the determination of 
eleven selected metals such as Ca, Mg, Al, Fe, Cu, Zn, Mn, Pb, Cr, Ni and Cd in L. vulgare, P. 
reclinata, and O. africana by microwave plasma-atomic emission spectroscopy (MP-AES). The 
study aims to compare the levels of the identified metals in the three plants cultivated in three 
different areas in Addis Ababa to the concentration of each metal in other medicinal plants and 
commercial toothpastes reported in the literature. 
 

EXPERIMENTAL 
 
Apparatus and equipments 
 
Chopping board (PTFE, China) and Teflon (PTFE, China) knife were used to cut the branch of 
selected plants and to reduce the size into small pieces. A drying oven (Griffin and George Ltd, 
Britain) was used to dry the plant samples. Mortar and pestle were used to ground the samples. 
Analytical balance (Larko, LA114, 110 g/0.1 g) with precision of ± 0.0001 g was used to weigh 
the samples. A 250 mL round bottomed flasks (24/29) fitted with reflux condensers were used in 
Kjeldahl apparatus hot plate to digest the dried and powdered samples. Borosilicate volumetric 
flasks (50 mL) were used during dilution of sample and preparation of metal standard solutions. 
Measuring cylinders (Duran, Germany), micro-pipettes (1-20 L and 10-100 L, Pyrex, USA), 
were used during measuring different quantities of volumes of sample solution, acid reagents 
and metal standard solutions. Microwave plasma-atomic emission spectrometer (Agilent 4200 
MP AES, USA) was used for the determination of the analyte metals (Al, Ca, Mg, Cu, Zn, Mn, 
Ni, Fe, Co, Cr, Pb and Cd in the L. vulgare, O. africana and P. reclinata samples. 
 
Reagents and chemicals  
 
Reagents used in the analysis were all analytical grade. HNO3 (69.5% reagent grade, ACS, ISO, 
European Union) and HClO4 (70%, Fine-Chem, Mumbai, India) were used for digestion of 
samples. Stock standard solutions containing 1000 mg/L of the metals Al, Ca, Mg, Cu, Zn, Mn, 
Ni, Fe, Co, Cr, Pb and Cd (Perkin Elmer, Boston, USA) were used for preparation of calibration 
standards and in the spiking experiments. Deionized water (chemically pure with conductivity ≤ 
1.5 μs/cm) was used for dilution of samples and standards. 
 
Description of the study area  
 
Addis Ababa is the capital city of Ethiopia. The area of Addis Ababa covers about 540 km2 of 
which 18 km2 are rural. Addis Ababa has a subtropical highland climate with precipitation 
varying considerably by the month. Addis Ababa is provided with an average 1089 mm of 
rainfall per year, or 90.8 mm per month (2009-2017). The city has a complex mix of highland 
climate zones, with temperature differences of up to 10 oC, depending on elevation and 
prevailing wind patterns. The high elevation moderates temperatures year-round, and the city's 
position near the equator means that temperatures are very constant from month to month. As 
such as no month is above 22 oC in mean temperatures. The highest temperature on record was 
30.6 oC on 26 February 2019, while the lowest temperature on record was 0 oC recorded on 
multiple occasions. The three types of traditional toothbrushes were collected from three 
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different parts of Addis Ababa, Ethiopia namely: Kotebe, Ferensay and Arat Kilo Addis Ababa 
University campus where the three plants are more cultivated in Addis Ababa. Kotebe is located 
in Yeka sub-city, Ferensay is located in Gulele sub-city, and Arat Kilo, Addis Ababa University 
campus is located in Arada sub-city. The location map of Addis Ababa showing the three sub-
cities is shown in Figure 1. 

 

Figure 1. The location map of Addis Ababa showing the three sub-cities. 

Optimization of the digestion procedure for selected traditional toothbrush samples  
 

It is common practice in any scientific experiments in general and in analytical chemistry in 
particular that the optimum working conditions should be determined before carrying out any 
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experimental activities for sample preparation before analysis [19]. The basic requirements for 
sample preparation for analysis are to establish an optimum condition for the digestion. The 
optimum condition in the wet digestion is the one which required minimum reagent volume 
consumption, minimum reflux time, clarity of digests, and ease of simplicity. In this study, to 
prepare a clear colorless sample solution for the analysis using MP-AES, 0.5 g of powdered and 
homogenized traditional toothbrush sample was weighed and transferred to 250 mL of a round 
bottom flask. To this, different volumes of nitric acid and perchloric acid at specified 
proportions (v/v) were added and digested at different temperature and for different time (Table 
1). During the optimization, the total volume was kept constant while studying the volume ratio 
of the two acids. Similarly, the volume ratio of the two acids was kept constant while varying 
the total volume. Different volumes of nitric and perchloric acids are commonly used for the 
decomposition of plant materials [20-26]. Therefore different volumes of nitric and perchloric 
acids were used for the decomposition of traditional toothbrushes in this study.   
 
Table 1. Different conditions tested for optimization of digestion procedure for 0.5 g of O. africana, L. 

vulgare and P. reclinata. 
 

P
ar

am
et

er
 Trial Reagents used Reagent 

volume ratio 

(mL) 

Temperature 

(oC) 

Digestion 

time (h) 

Observation  

 O. africana 

O
pt

im
iz

at
io

n 
fo

r 
 

re
ag

en
t 

vo
lu

m
e 

1 HNO3:HClO4 3:3 300 3:00 Light yellow 

2 HNO3:HClO4 4:2 300 3:00 Deep yellow 

3 HNO3:HClO4 3:2 300 3:00 Yellow 

4 HNO3:HClO4 4:1* 300 3:00 Clear and colorless  

5 HNO3:HClO4 2:2 300 3:00 Clear light yellow 

6 HNO3:HClO4 3:1 300 3:00 Deep yellow 

O
p
ti

m
iz

at
io

n 
fo

r 

te
m

p
er

at
ur

e 

1 HNO3:HClO4 4:1 150 3:00 Deep yellow  

2 HNO3:HClO4 4:1 180 3:00 Clear light yellow  

3 HNO3:HClO4 4:1 210 3:00 Clear light yellow 

4 HNO3:HClO4 4:1 240 3:00 Clear and light yellow  

5 HNO3:HClO4 4:1 270* 3:00 Clear and colorless 

6 HNO3:HClO4 4:1 300 3:00 Clear and colorless 

O
pt

im
iz

at
io

n
 f

or
 t

im
e 

1 HNO3:HClO4 4:1 270 1;45 Deep yellow  

2 HNO3:HClO4 4:1 270 2:00 Clear and light yellow  

3 HNO3:HClO4 4:1 270 2:15* Clear and colorless 

4 HNO3:HClO4 4:1 270 2:30 Clear and colorless 

5 HNO3:HClO4 4:1 270 2:45 Clear and colorless 

6 HNO3:HClO4 4:1 270 3:00 Clear and colorless 

L. vulgare 

O
pt

i

m
iz

a

ti
o
n 

1 HNO3:HClO4 3:3 300 3:00 Deep yellow 

2 HNO3:HClO4 4:2 300 3:00 Deep yellow 
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3 HNO3:HClO4 3:2 300 3:00 Clear and light Yellow 

4 HNO3:HClO4 4:1* 300 3:00 Clear and colorless  

5 HNO3:HClO4 2:2 300 3:00 Clear  and light yellow 

6 HNO3:HClO4 3:1 300 3:00 Deep yellow 

O
pt

im
iz

at
io

n 
  

fo
r 

  
 T

em
p
er

at
u
re

 

1 HNO3:HClO4 4:1 150 3:00 Deep yellow  

2 HNO3:HClO4 4:1 180 3:00 Deep yellow  

3 HNO3:HClO4 4:1 210 3:00 Clear and light yellow 

4 HNO3:HClO4 4:1 240* 3:00 Clear and colorless 

5 HNO3:HClO4 4:1 270 3:00 Clear and colorless 

6 HNO3:HClO4 4:1 300 3:00 Clear and colorless 

O
pt

im
iz

at
io

n 
fo

r 
ti

m
e 

1 HNO3:HClO4 4:1 240 1;45 Deep yellow  

2 HNO3:HClO4 4:1 240 2:00 Clear and light yellow  

3 HNO3:HClO4 4:1 240 2:15 Clear and light yellow 

4 HNO3:HClO4 4:1 240 2:30 Clear and light yellow 

5 HNO3:HClO4 4:1 240 2:45* Clear and colorless 

6 HNO3:HClO4 4:1 240 3:00 Clear and colorless 

P. reclinata 

O
pt

im
iz

at
io

n
 f

or
  

re
ag

en
t 

v
ol

u
m

e 

1 HNO3:HClO4 3:3 300 3:00 Deep yellow 

2 HNO3:HClO4 4:2 300 3:00 Deep yellow 

3 HNO3:HClO4 3:2 300 3:00 Clear and light yellow 

4 HNO3:HClO4 4:1 300 3:00 Clear and light yellow 

5 HNO3:HClO4 2:2 300 3:00 Clear and light yellow 

6 HNO3:HClO4 3:1* 300 3:00 Clear and colorless  

O
pt

im
iz

at
io

n 
  

fo
r 

  
 T

em
p
er

at
u
re

 

1 HNO3:HClO4 3:1 150 3:00 Deep yellow  

2 HNO3:HClO4 3:1 180 3:00 Deep yellow  

3 HNO3:HClO4 3:1 210* 3:00 Clear and colorless 

4 HNO3:HClO4 3:1 240 3:00 Clear and colorless  

5 HNO3:HClO4 3:1 270 3:00 Clear and colorless 

6 HNO3:HClO4 3:1 300 3:00 Clear and colorless 

O
pt

im
iz

at
io

n 
fo

r 
ti

m
e 

1 HNO3:HClO4 3:1 210 1:45 Deep yellow  

2 HNO3:HClO4 3:1 210 2:00* Clear and colorless 

3 HNO3:HClO4 3:1 210 2:15 Clear and colorless 

4 HNO3:HClO4 3:1 210 2:30 Clear and colorless 

5 HNO3:HClO4 3:1 210 2:45 Clear and colorless 

6 HNO3:HClO4 3:1 210 3:00 Clear and colorless 

*The bold font indicates the optimum condition.  
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Digestion of traditional toothbrushes samples  
 
A 0.5 g of each dried and homogenized samples were transferred to individual 250 mL round 
bottom flask, and a total of 5 mL of the mixture of nitric acid (69.5%) and perchloric acid (70%) 
with a volume ratio of 4:1 (v/v) for O. africana and 4:1 (v/v) for L. vulgare and total 4 mL of 
the mixture of nitric acid (69.5%) and perchloric acid (70%) with a volume ratio of 3:1 (v/v) for 
P. reclinata sample was added and the mixture was digested on a Kjeldahl digestion apparatus 
fitting the flask to a reflux condenser by setting the temperature at 270 oC, 240 oC, and 210 oC 
for 2:15, 2:45, and 2:00 hours, respectively. The digest was allowed to cool to room temperature 
for 10 min without dismantling the condenser from the flask and a further 10 min after removing 
the condenser. To the cooled solution, 20 mL of deionized water was added to dissolve the 
precipitate formed on cooling and to minimize dissolution of filter paper by the digest residue 
while filtering with Whatman (110 mm diameter) filter paper in to 50 mL volumetric flask. The 
round bottom flask was rinsed subsequently with 5 mL deionized water until the total volume 
was reached around 45 mL and finally the solution was diluted to 50 mL.  
   
Calibration of MP-AES instrument  
 
Working standard solutions were prepared for each of the metals from an intermediate standard 
solution containing 10 mg/L, which was prepared from the atomic absorption spectroscopy 
stock standard solutions that contained 1000 mg/L. These standards were diluted with deionized 
water to obtain four working standards for each metal of interest. The selected metals (Al, Ca, 
Mg, Cu, Zn, Mn, Ni, Fe, Cr, Pb and Cd) in the digest from three different traditional toothbrush 
samples from three different areas were determined three times by MP-AES.  

It should be noted that even though the MP-AES is multi-element technique, working 
standard solution of each metal individually is required for the construction of calibration curve 
of individual metal.  
 
Table 2.  The wavelength, method detection limit correlation coefficient and calibration curve equations. 

 
Method detection limit (MDL) 
 
Limit of detection (LOD) is the smallest amount or concentration that can be detected by the 
analytical method with a given certainty. Limit of detection can be calculated by multiplying the 
standard deviation of the blank (SDb) by three (LOD = 3SDb). The detection limit (with all steps 
of the analysis included) is called the MDL. The limit of quantification (LOQ) is the smallest 
quantity of analyte that can be measured with acceptable accuracy and precision and it is 
described as 10 times the standard deviation of the blank. The wavelength, method detection 

Metal Wavelength 
(nm) 

MDL 
(mg/kg) 

MQL 

(mg/kg) 
Correlation 
coefficient 

Calibration curve  
Equation 

Ca 422.673 0.285 0.95 0.998 y = 66713c + 32373 
Mg 279.553 0.364 1.21 0.999 y = 19334c + 1884  
Cu 327.395 0.21 0.699 0.999 y = 33562c+ 525.3 
Zn 213.857 0.163 0.543 0.999 y = 4541c + 301.9 
Mn 259.372 0.188 0.626 0.999 y = 2977c + 206.3 
Ni 305.081 0.96 3.195 0.999 y = 4453c + 270.2 
Fe 371.993 0.39 1.298 0.999 y = 5024c + 203.5 
Cr 427.480 0.77 3.85 0.999 y = 21959c – 180.5 
Cd 226.502 - - 0.998 y = 660.3c+ 118.9 
Pb 368.346 - - 0.999 y = 1722c + 6.594 
Al 396.152 0.31 1.03 0.999 y = 24298c +753.3 
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limit (MDL), method quantification limit (MQL), correlation coefficient and calibration curve 
equations are given in Table 2. 

The wavelengths for the selected metals listed in Table 2 are apparently looks in 
contradiction to reported wavelengths. This is because MP-AES is an optical emission 
spectrometer. The wavelengths were selected according to the manual of the instrument 
provided by the manufacturer and the instrument was operated in emission mode.  
 
Validation of digestion procedure  
 
The validity of the digestion procedures was assured by spiking the samples with a standard 
solution of known concentration of target analaytes. For this purpose a stock standard solution 
of 1000 mg/L of each analayte was used. Thus, spiking was done for one of the three samples 
that is O. africana branch sample in triplicates. From the stock solution of 1000 mg/L, 4.5 µL of 
Zn, 1.5 µL of Cr, 3.6 µL of Cu, 1 µL of Ni, 4.4 µL of Mn, and 27.7 µL of Fe were added to 0.5 
g of O. africana sample. These small volumes of solutions were measured using a micropipette 
of the volume range 1-20 L. The spiked and unspiked samples were digested and analyzed in a 
similar manner. As shown in Table 3, selected metals were analyzed in triplicate to evaluate the 
efficiency of the procedure and the percentage recoveries lies within the range from 91 to 107%.  

The spiking experiment was performed only for O. africana. This is because the digestion 
procedures for the three plants are not much different and the analysis procedure is the same for 
all the three plants.  
 
Table 3. Analytical results for recovery test of O. africana sample.  
 

Metals Concentration of unspike 
sample  (mg/kg) 

% 
spiking 

Amount 
added (mg/kg) 

Spiked sample 
(mg/kg) 

% 
Recovery 

Zn 35.1 ± 0.1 25 8.78 43.1  ± 3.0 91.0 
Cr 6.68 ± 0.1 45 3.0 9.49 ± 0.74 93.7 
Cu 17.9  ± 1.7 40 7.16 24.9 ± 0.72 97.8 
Ni 3.6  ± 0.2 50 1.8 5.43 ± 0.36 102 
Mn 29.0  ± 1.1 30 8.7 37.1 ± 4.9 93.0 
Fe 221  ± 19.9 25 55.3 280.3 ± 1.2 107 

 
Statistical analysis 
 
The analysis of variances (ANOVA) and the correlation among metals were assessed by 
Pearson correlation methods and the graphical expression was done using Microsoft excel 7. 
 

RESULTS AND DISCUSSION 
 
The concentrations of metals shown in Table 4 were determined by using MP-AES and 
precision of the results were assessed as relative standard deviation. The relative standard 
deviation of the results with a few exception were less than or equal to 10% which is within the 
recommended range. Mean values were determined from triplicate analysis of each sample and 
triplicate samples were used for each sample site. 
 
Concentration of metals in L. vulgare samples  
 
As shown in Table 4, the maximum concentration of elements Ca, Fe, Zn, Al, Mg, Mn, Cu, Cr, 
and Ni are 6143, 318, 175, 143, 102 , 26.7, 12.6, 8.9 and 4.8 mg/kg, respectively, in the L. 
vulgare samples. Similarly, the minimum concentration of elements Ca, Fe, Zn, Al, Mg, Mn, 
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Cu, Cr and Ni are 5619, 216, 134, 126, 89, 22.6, 10.2, 6.3 and 3.9 mg/kg, respectively, in L. 
vulgare samples. The results showed that the L. vulgare samples collected from Kotebe site 
have higher amounts of Zn, Cr, Cu, Ni, Mg, Al, Ca, and Fe compared to the concentrations of 
those metals in L. vulgare samples from other sample sites. But the concentrations of Mn in 
samples collected from Arat Kilo sample site was higher than samples collected at Kotebe and 
Ferensay sample sites. The concentrations of Cd and Pb in the L. vulgare samples collected 
from the three different sample sites were below detection limit. The concentrations of Ca are 
higher than other metals and the concentrations of Ni are lower as compared to other metals in 
L. vulgare samples collected from the sites.  
  

Table 4. Concentration of metals (mg/kg, mean ± SD, n = 3) in traditional toothbrushes obtained from L. 

vulgare, P. reclinata and O. afiricana 

Metals Concentration of metals (mg/kg, mean ± SD, n = 3) 
L. vulgare P. reclinata O. afiricana 

Kotebe Arat Kilo Ferensay Kotebe Arat Kilo Ferensay Kotebe Arat Kilo Ferensay 
Zn 175±11.9 134 ± 1.2 145 ± 2.4 29.5  ± 0.6 47.8  ± 2.4 27.2  ± 1.3 36.8  ± 1.2 45.7  ± 4.1 35.1 ±  0.1 
Cr 8.9 ± 0.8 8.8 ± 0.1 6.3 ± 0.7 8.6  ± 0.1 8.3  ± 0.3 8.2  ± 0.7 7.66 ± 0.5 7.0  ± 0.5 6.7  ± 0.1 
Cu 12.6 ± 0.4 10.4 ± 0.7 10.2 ± 0.8 6.6  ± 0.4 12.5 ± 0.5 10.3  ± 1.0 10.1  ± 0.9 20.3 ± 0.6 17.9 ± 1.7 
Ni 4.8 ± 0.4 4.7 ± 0.5 3.9 ± 0.2 7.9 ± 1.1 4.4  ± 0.3 2.6 ± 0.2 4.9  ±1.1 3.5 ± 0.2 3.6 ±0.2 
Mn 24.9 ± 1.2 26.7 ± 2.6 22.6 ± 0.6 15.1 ± 0.9 20.1 ± 1.1 16.6 ± 0.5 23.7 ± 1 20.7 ± 0.5 29.0 ± 1.1 
Mg 102 ± 8 94 ± 2 89 ± 5 75  ± 1 55  ± 5 46  ± 4 122 ± 4 117 ± 4 108  ± 8 
Al 143± 13.1 136 ± 12.0 126 ± 5.2 121 ± 3.1 115 ± 9.4 81.6  ± 0.7 224 ± 12.1 200  ± 6.1 224 ± 5.2 
Ca 6143±535 5619± 554 6061± 293 7397± 593 36514±2991 27676±2800 4267± 368 23414±699 28178±2142 
Fe 318± 34.4 235 ± 14.1 216  ± 8.2 168  ± 12 200  ± 6.9 131 ± 4.5 194 ± 14 275 ± 9.9 221 ± 19.9 
Pb BDL BDL BDL BDL BDL BDL BDL BDL BDL 
Cd BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BDL = below detection limit.  
 
Concentration of metals in P. reclinata samples  
 
As shown in Table 4, the maximum concentration of metals Ca, Fe, Al, Mg, Zn, Mn, Cu, Cr, 
and Ni are 36514, 200, 121, 75, 47.8, 20.1, 12.5, 8.6, and 7.9 mg/kg, respectively, in the P. 
reclinata samples. Similarly, the minimum concentration for elements Ca, Fe, Al, Zn, Mg, Mn, 
Cu, Cr, and Ni are 7397, 131, 81.6, 46, 27.2, 15.1, 6.6, 8.2, and 2.6 mg/kg, respectively, in P. 
reclinata samples. The results showed that the P. reclinata samples collected from Arat Kilo site 
have higher amounts of Zn, Cu, Mn, Ca, and Fe compared to the concentration of the metals in 
P. reclinata samples from other sample sites. But the concentrations of Cr, Ni, Mg, and Al in P. 
reclinata samples collected from Kotebe sample site are higher than samples collected Arat Kilo 
and Ferensay sample sites. The concentrations of Cd and Pb in P. reclinata samples collected 
from three different sample sites are below detection limit. The concentration of Ca was higher 
than other metals and the concentration of Ni was lower than other metals in P. reclinata 
samples collected from three different sample sites. 
 
Concentration of metals in O. africana samples  
 
As shown in Table 4, the maximum concentration of metals Ca, Fe, Al, Mg, Zn, Mn, Cu, Cr, 
and Ni are 28178, 275, 224, 122,  45.7, 29.0, 20.3, 7.66, and 4.9 mg/kg, respectively, in the O. 
africana samples. Similarly, the minimum concentration levels for elements Ca, Fe, Al, Mg, Zn, 
Mn, Cu, Cr, and Ni are 4267, 194, 200, 108, 35.1, 20.7, 10.1, 6.7 and 3.5  mg/kg, respectively, 
in O. africana samples. The results of concentrations of metals showed that the O. africana 
samples collected from Ferensay site have higher amounts of Mn, Al, and Ca, and O. africana 
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samples collected from Arat kilo site have higher amounts of Fe, Zn, and Cu, and O. africana 
samples collected from Kotebe site have higher amounts of Cr, Ni, and Mg as compared to the 
concentration of metals in O. africana samples from other sample sites. The concentrations of 
Cd and Pb in O. africana samples collected from three different sample sites were below 
detection limit. The concentration of Ca was the highest compared to other metals and the 
concentration of Ni was the lowest compared to other metals in in O. africana samples collected 
from the three different sample sites. 
 
Comparison of metal concentrations (mg/kg) in L. vulgare, P. reclinata, and O. africana 
samples 
 

 
                                         (a) 

 

 
                                 (b) 

 
Figure 2. Comparison of metals concentration (A) Cr, Cu, Ni, and Mn and (B) Zn, Mg, Al, and 

Fe and (C) Ca in L. vulgare (LV), P. reclinata (PR), and O. africana (OA) samples. 
 
Comparison of metal concentrations (mg/kg) in the traditional toothbrushes from L. vulgare, P. 
reclinata, and O. africana are shown in Figure 2. The metals are grouped according to their 
concentrations and not according to their classification as essential, trace or toxic metals. The 
results of this study showed that there is a variation in the metal contents of the three traditional 
toothbrushes. This variation may be due to genetic factors and can also be due to environmental 
factors as well. The highest concentration of Ca (23862 mg/kg) was observed in P. reclinata 
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samples as compared to concentration of Ca in L. vulgare (5941 mg/kg) and O. africana (18620 
mg/kg) samples, respectively. The concentration of Ni was the lowest in the three traditional 
toothbrushes as compared to the concentrations of other selected metals. The highest 
concentration of Ca, Fe, Al, Mg and Zn were observed in the three traditional toothbrush 
samples and relatively lower amounts of Cr, Cu, Ni and Mn were observed compared to 
concentration of Ca, Fe, Al, Mg and Zn. 
 

Comparison of metals concentration (mg/kg, dry mass) of the three traditional toothbrushes 
with other medicinal plants reported in literature 
 

The metal concentrations (mg/kg, dry mass) in the three Ethiopian traditional toothbrushes are 
compared with other medicinal plants reported in literature. The results are summarized in Table 
5. The Ca contents determined in the three traditional toothbrushes are higher than Ca contents 
in other medicinal plants: Rhamnus prinoides [27] and Zingiber officinal [28]. The Mg contents 
determined in this study are lower compared with Mg contents determined from other medicinal 
plants like Rhamnus prinoides and Zingiber officinal reported by Gebre and Chandravanshi [27] 
and Wagesho and Chandravanshi [28]. The concentrations of Fe and Al in this study are higher 
than concentrations of Fe and Al from other medicinal plants reported. The concentrations of 
other metals such as Ni, Cr, Zn and Cu in this study and the reported values from the medicinal 
plants are comparable. The concentrations of Pb and Cd in this study were below detection 
limit. 

Table 5. Comparison of metals concentration (mg/kg, dry mass) of the three traditional toothbrushes with 
other medicinal plants reported in the literature.  

 

Plant types Plant 
parts 

Country Method Metal concentration (mg/kg) Reference 
Pb Cd Cu Zn Fe  

Rhamnus  
prinoides 

Branch Ethiopia FAAS ND 1.0-1.26 16.8-233 17.4-28.2 22-124 [27] 

Zingiber  
officinale 

Root Ethiopia FAAS BDL 0.38-0.97 1.1-4.78 38.5-55.2 41.8-89 [28] 
 

Phoenix  
dactylifera   

Fruit  ICP-AES 0.78-5.83 0.04-0.18 0.92-1.53 0.23-0.95 120-315 [29] 
 

Phoenix 
 reclinata 

Branch Ethiopia MP-AES BDL BDL 6.6-12.5 27.2-47.8 131-200 This study 

 Ligustrum  
 valgare 

Branch Ethiopia MP-AES BDL BDL 10.2-12.6 134-175 216-318 This study 

 Olea  
africana 

Branch Ethiopia MP-AES BDL BDL 10.1-20.3 31.5-45.7 194-275 This study 

 
Plant types Parts Country Method Metal concentration (mg/kg) References 

Cr Ca Mg Mn Ni Al  
Rhamnus 
prinoides 

Branch Ethiopia FAAS 5.42-17.4 360-5750 2635-
5528 

2.16-3.98 9.68 ND [27] 

Zingiber  
officinal 

Stem Ethiopia FAAS 6.02-10.8 200-2543 2700-
4094 

184-401 5.46-8.4 ND [28] 

Phoenix  
dactylifera  

Fruit Saudi ICP-AES ND 110-200 ND 31.8-89.3 8-11.75 13.6-74.9 [29] 
 

Phoenix 
reclinata 

Branch Ethiopia MP-AES 8.2-8.6 7397-
36514 

89-102 15-20.1 2.6-7.9 81.6-121 This study 

Ligustrum   
valgare  

Branch Ethiopia MP-AES 6.3-8.9 5619-6143 46-75 22.6-26.7 3.9-4.8 126-143 This study 

Olea 
 africana 

Branch Ethiopia MP-AES 6.7-7.66 4267-
28178 

108-122 20.7-29 3.5-4.9 200 -224 This study 

ND = not detected, BDL = below detection limit. 
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Comparison of metals concentration (mg/kg) of the three traditional toothbrushes with 
toothpastes metals concentrations reported in the literature 
 

The metal concentrations (mg/kg) in the three traditional toothbrushes are compared with the 
metals concentrations in commercial toothpastes reported in the literature. The results are 
summarized in Table 6. The concentrations of Ni are higher in local toothpastes used in Nigeria 
and toothpastes imported to Nigeria as compared to this study, but the concentration of Ni in 
other commercial toothpastes is comparable to this study. The concentrations of Fe, Cu and Mn 
in this study are higher as compared to concentrations in commercial toothpastes. The 
concentrations of Cr in the local toothpastes used in Nigeria and toothpastes imported to Nigeria 
are comparable to the values of this study. The concentration of Zn in commercial toothpastes is 
higher than in present study. The toxic metals Pb and Cd concentrations in commercial 
toothpastes in Malta, local toothpastes in Nigeria, toothpastes imported to Nigeria are present in 
appreciable amount, but were below detection limit in the three Ethiopian traditional 
toothbrushes, which is preferable. 
 
Table 6. Comparison of metals concentration (mg/kg) of the three traditional toothbrushes with other 

toothpastes metals concentrations reported in the literature. 
 

Type of 
toothpaste 

Country Method Metal concentration (mg/kg) Reference 
Cd Cr Cu Ni Pb 

Commercial 
toothpastes 

Malta MP-AES - 0.28-7.35 0.73-3.68 0.43-2.54 2.23-12.04 [30] 

Local 
toothpastes  

Nigeria FAAS 0.001-1.284 0.001-5.97 ND 5.472-18.63 4.514 -
23.575 

[31] 
 

Commercial 
toothpastes 

Nigeria FAAS 0.001-2.49 0.001-
10.85 

ND 8.975-
18.535 

6.329-
18.092 

[31] 
 

Commercial 
toothpastes 

India AAS ˂0.031 - - - 0.84-1.58 [32] 

Ligustrum 
vulgare 

Ethiopia MP-AES BDL 6.3-8.9 10.2-12.6 3.9-4.8 BDL This study 

Olea 
africana 

Ethiopia MP-AES BDL 6.7-7.66 10.1-20.3 3.5-4.9 BDL This study 

Phoenix 
reclinata 

Ethiopia 
 

MP-AES BDL 
 

8.2-8.6 6.6-12.5 
 

2.6-7.9 BDL This study 

 
Type of 
toothpaste 

Country Method Metal concentration (mg/kg) Reference 
Fe Mn Zn  

Commercial 
toothpastes 

Malta MP-AES 1.76-17.7 0.2-2.02 0.00-2417 [30] 
 

Ligustrum 
vulgare 

Ethiopia MP-AES 216-318 22.6- 26.7 134-175 This study 

Olea africana Ethiopia MP-AES 194- 275 20.7- 29 31.5-45.7 This study 
Phoenix 
reclinata 

Ethiopia 
 

MP-AES 131- 200 
 

15.1-20.1 27.2-47.8 
 

This study 

 
Comparison of maximum heavy metal contents in the traditional toothbrush samples with the 
international standards in cosmetics and toothpastes 
 

The maximum heavy metal contents in Ethiopian traditional toothbrush samples are compared 
with available international standards in toothpastes (Table 7). The toxic heavy metals Pb and 
Cd were not detected in Ethiopian traditional toothbrush samples while Ni and Cr are within the 
range of international standards for toothpastes. Therefore, the Ethiopian traditional 
toothbrushes are found to be safe for human use. 
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Table 7. Comparison of heavy metal contents (mg/kg) in the traditional toothbrush samples with available 
international standards in cosmetics and toothpastes. 

 

International standards      Pb Cd Ni Cr Reference 
European Union  0.1 0.05 - - [33] 
World Health Organization  2 2 - - [34] 
Canada  10 3 - - [35] 
Germany  0.5 0.1 - - [33] 
Ethiopian traditional 
toothbrushes 

BDL BDL 2.6–7.9 6.3–8.6 This study 

BDL = below detection limit. 
 

Analysis of variance (ANOVA) 
 

Analysis of variance (ANOVA) is a statistical method used to test differences between two or 
more means. ANOVA use the F statistic to compare whether the difference between sample 
means is significant or not [36]. In this study, traditional toothbrush samples were collected 
from three different areas and the metal levels of each sample were analysed by MP-AES. 
During the processes of sample preparation and analysis a number of random errors may be 
introduced in each aliquot and in each replicate measurement. The variation in sample mean of 
the analyte was tested by using ANOVA, whether the source for variation was from 
experimental procedure or heterogeneity among the samples (i.e., difference in mineral contents 
of soil, water, atmosphere; variation in application of agrochemicals like fertilizers, pesticides, 
herbicides etc or other variations in cultivation procedures). The results are summarized in Table 
8. 
 
Table 8. Analysis of variance (ANOVA) between Ligustrum vulgare, Phoenix reclinata and Olea africana 

samples at 95% confidence level. 
 

Metal Ligustrum vulgare Phoenix reclinata Olea africana 
FCalculated FCritical p-value FCalculated FCritical p-value FCalculated FCritical p-value 

Zn 270 5.14 1.33x10-6 114 5.14 1.7x10-5 23.4 5.14 0.0015 
Cr 13.8 5.14 0.0057 0.15 5.14 0.86 61 5.14 9.99x10-5 

Cu 181 5.14 4.36x10-6 103 5.14 2.24x10-5 81 5.14 4.45x10-5 

Ni 61.3 5.14 0.000102 41.5 5.14 0.000307 4.12 5.14 0.075 
Mn 4.2 5.14 0.07 121 5.14 1.4x10-5 222 5.14 2.36x10-6 

Mg 13.0 5.14 0.0063 51.5 5.14 0.000167 4.86 5.14 0.0555 
Al 2.06 5.14 0.208 541 5.14 1.689x10-7 144 5.14 8.59x10-6 

Ca 1.06 5.14 0.405 117 5.14 1.56x10-5 439 5.14 3.11x10-7 

Fe 70 5.14 6.67x10-5 250 5.14 1.67x10-6 74.3 5.14 5.84x10-5 

 

Results of ANOVA showed that there were significant differences (p < 0.05) in the mean 
values of Cu, Zn, Ni, Mg, Cr, and Fe between L. vulgare samples while there was no significant 
difference (p > 0.05) in the mean values of Ca, Mn, and Al between the samples. 

Results of ANOVA showed that there were significant differences (p < 0.05) for Cu, Zn, 
Mn, Ni, Mg, Al, Ca, and Fe between P. reclinata samples while there was no significant 
difference (p > 0.05) for Cr between these parameters.  

Results of ANOVA showed that there were significant differences (p < 0.05) in the mean 
values of for Cu, Zn, Mn, Cr, Al, Ca, and Fe between O. africana samples while there was no 
significant difference (p > 0.05) in the mean values of Mg and Ni between the three samples 

Results of ANOVA showed that there were significant differences (p < 0.05) in the mean 
values of for Zn, Mg, Al and Mn between L. vulgare, P. reclinata and O. africana samples 
while there was no significant difference (p > 0.05) in the mean values of Ca, Cr, Cu, Fe and Ni 
between the three samples. 
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Pearson correlation of metals 
 
The Pearson correlation coefficient (r) is used to measure the strength of linear association 
between two variables [37]. In this study, to correlate the effect of one metal on the other metal, 
the Pearson correlation matrices using correlation coefficient (r) for the samples were used. The 
correlation values are categorized as no correlation (r = 0.00–0.19), weak correlation (r = 0.20– 
0.5), medium correlation (r = 0.50–0.75) and strong correlation (r = 0.76–0.99). Linear 
regression correlations tests were performed to investigate the correlations between metal 
concentrations in the L. vulgare, P. reclinata and O. africana samples.  

The correlation coefficients between metals in L. vulgare reflected strongly positive 
correlation between Zn/Cu, Zn/Mg Cr/Ni, Cr/Mg, Cu/Al, Cu/Mg, Ni/Mg, Zn/Ca, Zn/Fe, Cr/Mn, 
Ni/Mn, Ni/Al, Cr/Al, Mg/Al, Al/Fe, Cu/Fe, Mg/Fe, moderately positive correlation between 
Zn/Al, Cu/Ni, Ni/Fe, Mn/Al, Cr/Fe, Cr/Ca, Cu/Ca, moderately negative correlation between 
Mn/Ca, weakly positive correlation between, Mn/Mg, Zn/Al, Ca/Fe, Mn/Fe, Mg/Ca, Zn/Cr, 
Zn/Ni, weakly negative correlation between Cr/Ca, Ni/Ca, and no correlation between Zn/Mn, 
Cu/Mn, and Al/Ca. 

The correlation coefficients between metals in P. reclinata reflected strongly positive 
correlation between Zn/Mn, Cr/Ni, Cr/Mg, Cu/Mn, Ni/Mg, Zn/Ca, Zn/Fe, Cu/Ca, Ni/Al, Mn/Ca, 
Mg/Al, Al/Fe, Cr/Al, Ca/Fe and strongly negative correlation between Cr/Cu, Cu/Ni, Cu/Mg, 
moderately positive correlation between Zn/Cu, Mn/Fe, and moderately negative correlation 
between  Cr/Mn, weakly positive correlation between, Zn/Al, Cu/Fe, Ni/Fe, Cr/Fe, Mg/Fe, 
Al/Ca, weakly negative correlation between Mn/Mg, Ni/Mn, Ni/Ca, Mg/Ca, Cr/Ca, Cu/Al, and 
no correlation between Zn/Cr, Zn/Ni, Mn/Al and Zn/Mg.    

The correlation coefficients between metals in O. africana reflected strongly positive 
correlation between Zn/Fe, Cr/Mg, Cr/Ni, Cu/Fe, Mn/Ca, Mg/Ca, Mn/Al, strongly negative 
correlation between Zn/Mn, Zn/Al, Cr/Cu, Cu/Ni, Ni/Fe, Al/Fe, moderately positive correlation 
between Ni/Al, Al/Ca, Zn/Cu, Ni/Mg, moderately negative correlation between Zn/Ni, Zn/Ca, 
Cr/Ca, Cu/Mg, Cu/Al, Mn/Mg, Cr/Fe, Mn/Fe, weakly positive correlation between, Zn/Mg, 
Cr/Al, Ca/Fe, weakly negative correlation between Cr/Mn, and no correlation between Zn/Cr, 
Cu/Mn, Cu/Ca, Ni/Mn, Ni/Ca, Mg/Al, and  Mg/Fe. 

The correlation coefficients between metals in L. vulgare, P. reclinata and O. africana  
plants branch reflected strongly positive correlation between, Cr/Ni, Cu/Mg, Ni/Mg, Mn/Mg, 
Cu/Al, Ni/Al, Mg/Al, Mn/Fe, Mg/Fe and Ca/Fe, strongly negative correlation between Cr/Cu, 
Cu/Ni, Cr/Mg, Cr/Al and Zn/Ca, moderately positive correlation between Zn/Mn, Cu/Mn and 
Zn/Fe moderately negative correlation between Cr/Mn, Mn/Ca, and Cr/Fe, weakly positive 
correlation between, Zn/Ni, Ni/Mn, Mn/Al, Al/Ca, Cu/Fe, Ni/Fe and Al/Fe weakly negative 
correlation between Zn/Cu, Zn/Al, Ni/Ca and Mg/Ca and no correlation between Zn/Cr, Zn/Mg, 
Cr/Ca and Cu/Ca. 

CONCLUSION 
 
The levels of the metals in the three types of traditional toothbrushes from the plants namely L. 
vulgare, P. reclinata and O. africana collected from the three sampling areas indicated that 
there were higher concentrations of Ca, Fe and Al than the other selected metals while Cr and Ni 
were lower in all the three samples. The overall mean concentrations determined (mg/kg, dry 
weight) were in the ranges of Ca (4267–36514) > Fe (131–318) > Al (81.6–224) > Mg (46–122) 
> Zn (27.2–175) > Mn (20.1–29.0) > Cu (6.6–20.3) > Cr (6.7–8.9) > Ni (2.6–7.9). The mean 
concentrations of Ca in P. reclinata and O. africana were much higher as compared to the 
concentrations of Ca in L. vulgare, and the concentrations of Zn in L. vulgare was higher than 
the concentrations of Zn in P. reclinata and O. africana, the concentrations of Mg in L. vulgare 
and O. africana were higher than the concentrations of Mg in P. reclinata. But the 
concentrations of other metals were almost comparable. The toxic metals Pb and Cd were not 
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detected in any of the three traditional toothbrushes studied. Therefore, the three traditional 
toothbrushes are safe for human use.  
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