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ABSTRACT. The purpose of this study was to determine the levels of essential and non-essential metals in
sesame seeds (Sesamum indicum L.). Six sesame seed samples (three red and three white) were purchased
randomly from six shops in Sheraro, Tigray, Ethiopia. The levels of Fe, Zn, Cu, Cd and Pb in the sesame samples
were determined by FAAS. 5 g of dried and homogenized samples were digested using 30 mL of HNO; (70%)
and 25 mL of HCI1 (37%) at 120 °C for 5 hours. The efficiency of the procedure was validated by spiking and the
percent recovery for all studied metals varied from 90-120%. The mean levels of the metals (mg/kg) were found in
the ranges 35.5-43.1, 58.1-67.0, 15.3-21.3, 0.202-0.262 and 0.08-0.114 for Fe, Zn, Cu, Cd and Pb, respectively.
Analysis of variance at 95% confidence level indicated significant variations only for Cu and Zn. Thus, the sesame
seeds analyzed are safe for human consumption.
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INTRODUCTION

Sesame seeds (Sesamum indicum L.) are one of the edible seeds. Sesame seeds are probably the
most ancient oilseed cultivated in several countries such as India, Sudan, China, Ethiopia and
Burma which are considered as the major producers (60% of its total world production) [1, 2].
Currently, food safety is considered to be one of the concerns of consumers of developed
and developing countries. In the last decades, an increasing demand for food safety has initiated
research works regarding the risk associated with consumption of foodstuffs contaminated by
pesticides, heavy metals and/or toxins [3]. Thus, food safety issues and its subsequent problems
are among the serious public and environmental concerns. Heavy metal accumulations in plants
depend upon plant species and their efficiencies in absorbing metals, which is also evaluated by
either plant uptake or soil to plant transfer factors of the metals [4]. Toxic heavy metals are
given due attention due to their toxicity and mutagenic effects even at very low concentration [5,
6]. Preventing food items from heavy metal contamination is therefore one of the important
aspects of food quality assurance. Accordingly, the content of micro-essential and non-essential
heavy metals in sesame (Sesamum indicum L.) is of great interest to consumers [7].
Micro-elements play important roles in chemical, biological, biochemical, metabolic,
catabolic and enzymatic reactions in the living cells of plants, animals and human beings [8].
Among these, zinc is found in several enzymes and involved in genetic material transcription
[9]. Copper is also a key component of oxidation-reduction enzymes [10]. Iron is vital in oxygen
transport and also enables metabolism [11]. These micro-elements are required in very small
amounts. Otherwise, their deficiency causes diseases and their presence in excess results in
toxicity to human life by disturbing the normal functioning of organs and central nervous system
[8]. For instance, anemia which affects more than half of pregnant women and at least one third
of children under five years is caused by the deficiency of iron [12]. Metals like lead and
cadmium are among the non-essential heavy metals and are particularly toxic. Both metals cause
adverse health effects in humans, and their widespread presence in the human environment
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comes from natural and anthropogenic activities [13]. Cadmium has been considered as an
extremely significant pollutant, even in small amounts, affecting all forms of life because of its
high toxicity and great solubility in soil and water [14, 15]. Studies indicated that highest
cadmium concentrations are found in rice, wheat, oyster, mussels, and the kidney cortex of
animals [16]. Lead is also a well-documented metal toxicant and its exposure leads to many fatal
diseases, including the dysfunction of renal blood and neurological systems [17]. No level of
lead in blood should be considered safe for children due to its neurotoxicity [14, 15]. Studies
also indicated that the effect of lead is similar to that of cadmium [18]. Thus, because of their
possible health effects it is important to control the level of these toxic elements in food,
especially in products, which are known to have beneficial effects on public health.

Sesame crop production is the major farming system in the western part of Tigray, Ethiopia.
Thus, sesame is one of the export crops in Ethiopia. This attracts the agricultural areas to be
covered by sesame and ultimately boosts its production due to the attractive prices in the export
market. The presence of toxic heavy metals in sesame crops affect its quality and ultimately will
hamper the attraction of hard currency for the country. But, the survey of literature showed that
no study has been reported on the levels of metals in Sesamum indicum L. which is found in
Shiraro, northwest of Tigray, Ethiopia. This initiates an interest to determine the levels of
essential and non-essential metals in sesame seeds. Therefore, the main objectives of this study
were to determine the levels of essential (Fe, Zn and Cu) and non-essential metals (Cd and Pb)
in Sesamum indicum L. which is commercially available in Shiraro town, Tigray, Ethiopia;
compare the levels of these metals in red and white sesame seed samples; and compare the
levels of these metals with values reported in the literatures.

EXPERIMENTAL
Reagents and chemicals

During the study 70% HNO,; (BDH, England) and 37% HCI (Riedel-de Haen, Germany) were
used for the digestion of sesame seed samples. Stock standard solutions containing 1000 mg/L,
in 2% HNO;, of the metals Fe, Zn, Cu, Cd, and Pb (SPECTROSCAN, Industrial Analytical Ltd,
South Africa) were used for the preparation of calibration standards and spiking experiments.
De-ionized water was used throughout the experiments for sample preparation, dilution and
rinsing apparatus prior and during analysis. The reagents used during the analysis were all of
analytical grade.

Instruments

The sesame seed samples were washed with deionized water and then dried in an oven (FED 53,
USA). Mortar and pestle were also used to grind and powder the dried sesame seed samples. A
digital analytical balance (Mettle Toledo, Model AG204, Switzerland) with + 0.0001 g precision
was used to weigh the sesame seed samples. The dried and powdered sesame seed samples were
digested in hot plate using 100 mL beaker in the laboratory.

The essential and non-essential metals (Fe, Zn, Cu, Cd and Pb) were determined using a
Varian AA240 FS Fast Sequential Atomic Absorption Spectrophotometer (FAAS) (Varian,
Australia), fully automated and PC-controlled using Apectra AA Base and PRO software
versions equipped with fast sequential operation for multi-element flame determinations with
four lamp positions and automatic lamp selection. A deuterium background corrector was used
for background corrections. For flame measurements, a 10 cm long slot-burner head, a lamp and
an air-acetylene flame were used. The operating parameters of FAAS for the elements
determined in this study are presented in Table 1.

Bull. Chem. Soc. Ethiop. 2019, 33(2)



Levels of selected essential and non-essential metals in sesame seeds 193

Table 1. Working conditions of air-C,H, flame atomic absorption spectroscopy, FAAS.

Element | Wavelength, nm Instrument detection limit, mg/L
Cd 228.8 0.002
Pb 217.0 0.01
Cu 324.8 0.003
Zn 2139 0.001
Fe 248.3 0.006

Description of the study area

The study was conducted in Sheraro town which is found in Northwest Tigray, Northern
Ethiopia, 1140 km far from Addis Ababa and 357 km away from Mekelle town, the capital city
of Tigray Regional State. It is found between 14°24'00" N latitude and 37°56'00" E longitude
with altitude of 1,246 m above sea level (Figure 1). The area is characterized by a mean annual
temperature range of 26-39 °C, receiving an annual mean rainfall of 29 mm. The town has a
total population of 24,246 and 7,131 households [19]. The major economic activity of the town
is subsistence agriculture and mainly accounts to cereal production and animal husbandry.
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Figure 1. Map of the study area: A) Ethiopia; B) Tigray; C) Sheraro.

Collection of samples

Sesame seed samples were purchased randomly from six shops (three red and three white
sesame seeds) in Sheraro town, Northwest Tigray, Northern Ethiopia. The samples were packed
into six polyethylene plastic container bags, labeled and transported to the Ezana Mining
development P.L.C Analytical Laboratory (Mekelle, Tigray, Ethiopia) for further treatment and
analysis.
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Sample preparation for elemental analysis

The sesame seed samples were washed with tap water and there after rinsed in de-ionized water
S0 as to remove surface contaminants like soil, dust, spray residues and sun dried. Stones and
other wastes were removed manually from sesame seed samples. The samples were placed in
acid washed clean aluminum pans labeled according to the sample and oven dried at 105 °C for
48 hours in drying oven until they reached constant weight. Next, the dried sesame seed samples
grounded and homogenized into fine powder using mortar and pestle and sieved using 0.3 mm
sieve to obtain fine powder which is appropriate for digestion. Then after, the fine powder of
sesame seed samples were kept in polyethylene plastic bags until the samples were taken for
digestion.

Digestion of sesame seed samples

For digestion with wet ashing, 5 g of dried, powdered and homogenized sesame seed samples of
approximately 0.3 mm in size were transferred into 100 mL beakers. Wet digestions of the
samples were performed by using mixtures of two acids: HNO; (70%) and HCI (37%). First, 30
mL of Conc. HNO; was added to a 5.0 g sample and the mixture was digested at a temperature
of 120 °C for 5 hours until 3 to 6 mL of digest remained. Then, 25 mL of Conc. HCI (37%) was
added. The heat was increased to boil the sample until 10 to 15 mL of volume remained. After
cooling, 15 mL of de-ionized water was added and then the residue was filtered through
Whatman No. 42 (75 um size) filter paper and diluted to 50 mL with de-ionized water. Five
blank solutions were also prepared following the same digestion procedure as the samples [20].

Analytical procedures

Before the analysis of heavy metals in the sesame seed samples, calibrations of the instrument
with the known concentration of standards were done for each metal of interest (Fe, Zn, Cu, Cd
and Pb). First, 20 mg/L intermediate standard solutions of each metal were prepared from the
stock solutions (1000 mg/L). The working standards were prepared from the intermediate
standard solutions using serial dilutions. The intermediate standard solutions were diluted with
deionized water to obtain three working standards for each metal of interest (Table 2). Then
after, analyses of the sesame seed samples were performed after determining the detection limits
and validating the procedures with recovery tests [21]. Finally, samples were taken by 16 x 150
mm test tubes and the levels of essential (Fe, Zn and Cu) and non-essential (Cd and Pd) metals
were determined directly in the extract solution using FAAS.

Instrument calibrations

The instrument used for analysis, FAAS, was calibrated using three series of working standards
for each metal of interest. Triplicate readings were taken for each working standard solutions.
The correlation coefficients obtained for the calibration curves for Fe, Zn, Cu, Cd and Pb were
0.9998, 0.9892, 0.9989, 0.9988 and 1.0000, respectively confirming a very good positive
correlation between the absorbance and the concentration and the working solutions were
linearly fitted. Finally, the same analytical procedure was used for the determination of elements
in the digested blank and sample solutions.

Method performance and validation

Method validation is the process used to confirm the analytical procedure employed for a
specific test to be suitable for its intended use. Results from method validation can also be used
to judge the quality, reliability and consistency of analytical results; and it is considered as an
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integral part of any good analytical practice [22]. The parameters: accuracy, precision,
sensitivity, limit of detection were used for method validation [23, 24].

Accuracy

The accuracy and validity of the measurement were determined by analyzing spiked samples
using standard solutions with triplicate measurements.

Precision

In this study the precision of the results were evaluated by the standard deviation (SD) values.
Triplicate readings were taken for each sample. Thus, in this work the data are reported as mean
+ SD, mg/L, (n = 6) to show the degree of precision.

Limit of detection (LOD)

In the present study, limit of detection (LOD) for the metals were estimated by digesting five
analytical blanks following the same procedure used for sesame seed samples. Triplicate
readings of the five blank samples for each interest of metals were performed and the pooled
standard deviations of the five blank reagents were calculated. Finally, the detection limits were
obtained by multiplying the standard deviation of the reagent blank (sg) by three (LOD = 3sg, n
=3)[25].

Validation of the procedure

The efficiency of the procedure can be checked by various methods. Among these, the use of
certified standard reference material for analyses and spiking the sample with known
concentration of the analyte are common. Thus, in this work the validation of the procedure was
established by spiking experiments. The spiked samples were prepared by adding a small known
quantity of metal standard solutions. For spiking sesame seed sample, 6 mL of 5.0 mg/L Fe, Cu,
Zn, Pb and Cd standard solutions were added to a 250 mL beaker containing 5 g ground sesame
seed sample. The spiked and non-spiked samples were digested and analyzed with the same
procedure following the procedure used for the analysis of sesame seed samples.

Statistical analysis

All data were statistically analyzed by evaluating the mean and standard deviation. Mean values
obtained for the elemental concentrations of sesame seed samples were compared by One-Way
ANOVA using SPSS 20.0 for Windows. Level of significance was set at p < 0.05.

RESULTS AND DISCUSSION

Instrument calibration

Calibration curves were used to understand the instrumental response to the metal analyzed and
predict the concentration in an unknown sample. Accordingly, a set of standard solutions were
prepared at various concentrations with a range that includes the unknown of the metal
concentration. In this regard, concentrations of the working standards, analytical wavelengths,
regression equation, and value of correlation coefficient for each analyzed metal are
summarized in Table 2. The correlation coefficients (R®) for the calibration curves were
obtained in the ranges of 0.9892 to 1.0000 indicating that there was a very high correlation
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(relationship) between concentration and absorbance [26]. Therefore, the method employed for
the analysis of metals in sesame samples was acceptable.

Precision

As it is indicated in Table 4, the relative standard deviations were obtained less than 10% for all
elements. Thus, the precision of the procedure revealed the closeness or agreement of replicate
measurements analyzed by using FAAS.

Limits of Detection (LOD)

The LOD values for Fe, Cu, Zn, Pb and Cd elements are given in Table 2. Thus, the results
obtained for the five metals of interest detected in the sesame seed samples were above
detection limits.

Recovery test of the procedure

The efficiency of the digestion procedure was checked by spiking methods. Thus, the results of
recovery tests for the studied metals are presented in Table 3.

Table 2. Analytical wavelengths, working standards, correlation coefficients and correlation equations of
the calibration curves, instrument detection limit and method detection limit for determinations of

heavy metals using FAAS.
Metal| Wavelength | Concentration of | Correlation coefficient |Equation for calibration curves| IDL* |MDL**
(nm) working of (A=mC +Db) * (mg/L) | (mg/L)
standards (mg/L) | calibration curves (R%)
Fe 248.3 2,5,10 0.9998 A=0.063C + 0.184 0.006 | 0.02
Zn 213.9 5, 10,20 0.9892 A=0.033C +0.16 0.003 | 0.03
Cu 324.8 5, 10,20 0.9989 A=0.027C +0.022 0.001 | 0.20
Cd 228.8 0.5,1.0,2.0 0.9988 A=0.175C +0.034 0.010 | 0.05
Pb 217.0 0.5,1.0,2.0 1.0000 A=0.034C 0.002 | 0.02

*A = absorbance, C = concentration in mg/L), “IDL = instrument detection limit; “"MDL = method detection limit.

Table 3. Recovery test for the procedure of sesame seed samples

Metal | Conc. of metal in Amount Conc. of metal in the spiked 5 g sample Percent

the un-spiked added (mg/L) (mg/L) recovered (% R)
sample (mg/L)

Fe 35.2+0.41 5 41.24+0.11 120

Cu 20.4 +0.38 5 24.9 £0.06 90.0

Zn 63.6 £0.57 5 68.7£0.36 101

Pb 0.08 £0.01 5 5.25+0.12 104

Cd 0.27 £0.01 5 5.20 +£0.02 98.7

The results of percent recoveries of the heavy metals in the spiked sesame seed samples
were ranged from 90-120%, which falls within the acceptable range of recoveries (80-120%)
[27]. Thus, good recoveries were obtained for all interest of the studied metals indicating that a
good accuracy was obtained for the employed procedures. Therefore, the laboratory
performance for each analyte was under control showing that the method was efficient.
Recovery values recorded in the above range was acceptable for metal analysis because the
digestion procedure is believed to remove metal fractions associated with organic matter [28].
The lower recovery recorded for copper may be due to incomplete digestion of the sesame seed
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samples while the high recovery (excess recovery) value of iron could be attributed due to
contamination of the sesame seed samples.

Levels of essential and non-essential metals in sesame seed samples

The mean levels of essential (Fe, Zn and Cu) and non-essential (Pb and Cd) metals (mean + SD)
obtained from the red and white sesame seed samples are summarized in Table 4.

Table 4. Average concentration (mean + SD, mg/kg, dry wt.) of essential and non-essential heavy metals of
sesame seeds samples (N = 3); average means followed by same letter in the same column are not
significantly different at p < 0.05.

Sample type Sample Concentration | Concentration | Concentration | Concentration |Concentration
Fe Zn Cu Cd Pb

© *Sample-1 41.6+0.01 61.9+0.86 17.24£0.01 0.20+0.00 0.15+0.01
ﬁ K *Sample-2 36.0+£0.48 60.7+0.16 15.3+0.02 0.22+0.00 0.16+0.01
= 8 2 *Sample-3 37.540.32 57.9+0.34 18.9+0.05 0.23+0.00 0.11+0.01
Average of white sesame 38.4+0.27% 60.2+0.45" 17.1+0.03° 0.22+0.00" 0.14+0.01°
seeds

© **Sample-1 | 43.1+£0.29 67.3+1.97 21.3+0.16 0.20+0.00 0.14+0.01
- K **Sample-2 | 39.240.38 63.8+0.04 19.8+0.13 0.21£0.00 0.14+0.01
28 § **Sample-3 | 35.240.16 63.6+0.32 20.4+0.14 0.27+0.00 0.08+0.00
Average of red sesame seeds | 39.1+0.28" | 64.9+0.78" 20.5+0.14° 0.23+0.00* | 0.12+0.01°

- ] -
- White sesame seeds, - Red sesame seeds.

Iron is an essential element in human body metabolism acting as a catalyst and its acceptable
limit for human consumption is 80 to 110 mg/L [29]. In the absence of enzymatic catalysis,
most biochemical reactions are so slow that they would not occur under the mild conditions of
temperature and pressure that are compatible with life [30]. The iron content obtained from
sesame samples was ranged from 35.2 to 43.1 mg/kg, which is below the recommended safety
limits for consumption (80 to 110 mg/L) [29]. Therefore, sesame seeds which contain iron can
be consumed without any health problems. In this study, the results of ANOVA analysis also
showed that there were no any significantly differences between the red and white sesame
samples in their iron contents.

Zinc is also an important element in human body which is needed for the proper work of the
immune systems. It plays a great role in cell division, cell growth, wound healing, and the
catabolism of carbohydrates [31]. The level of zinc is present in greater amounts than other
elements analyzed. The acceptable limit for human consumption of zinc is 150 mg/L [32]. The
mean levels of Zn in the analyzed sesame seed samples were within the range of 57.9 to 67.3
mg/kg, which is below the recommended safety limit for human consumption. Therefore,
sesame seeds which contain zinc can be consumed without any health risks. In this regard,
higher level of Zn in red sesame sample (64.9+0.78 mg/kg) was obtained than the white sesame
sample (60.2+0.45 mg/L) which was significantly different at 95% confidence level. This could
be due to the fact that micronutrients are significantly affected by soil pH and decreased with
increasing soil pH [33]. Other findings also indicated that mineral fertilization with nitrogen
contributed to a decrease of soil pH and thus enhances mobility of some metals like Zn [34, 35].
Thus, the difference in the levels of Zn metal could be due to the differences on the nature of
soil composition and soil pH.

Copper is also an essential element which is necessary for normal biological activities of
amino-oxides and tyrosinase enzymes [8]. Therefore, certain amount of copper is vitally
necessary for human beings. The acceptable limit for human consumption of copper is 20.4
mg/L [29]. The present investigation showed that the mean levels of copper varied from 15.3 to
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21.3 mg/L, which is found slightly below the safety limit set for copper consumption. Thus, our
findings indicated that sesame seeds which contain copper can be consumed without any health
problems for human. This study also indicated that the red sesame seed samples (20.5+0.14
mg/kg) was obtained in higher concentration of copper than the white sesame seed samples
(17.1£0.03 mg/kg) which is significantly different at 95% confidence level. This could be due to
the differences in soil pH and soil composition where the sesame seeds grown [35].

Cadmium is a severe pulmonary and gastrointestinal irritant, which can be fatal if inhaled or
ingested [36] and is classified as human carcinogen by several regulatory agencies [37, 38]. The
permissible limit for cadmium in foods is 0.5 mg/L [39]. In the present investigation, the mean
levels of Cd in the analyzed sesame seed samples were within the ranges of 0.20 to 0.27 mg/kg,
which is below the safety limit set for cadmium consumption. Therefore, the local sesame seeds
can be consumed without any health problems for human consumptions. The results of ANOVA
analysis also showed that there were no any significance differences in the amounts of Cd
between the red and white sesame seed samples.

Lead is one of the chemical pollutants of the environment and is known to be toxic to human
being [36]. In the present study, the lead content varied from 0.08 to 0.16 mg/kg, which is
recorded below the safety limit (2 mg/L) set for human consumption [40]. Thus, the local
sesame seeds can be consumed without any health risks. The results of ANOVA analysis also
indicated that there were no any significant differences in the amounts of Pb between the red
and white sesame seed samples. In general, the trend of concentrations of essential and non-
essential heavy metals in sesame seeds studied in this work is recorded in the order of Zn > Fe
>Cu>Cd > Pb.

Comparison of the mean levels of studied metals with literature data

Comparison on the levels of the studied essential and non-essential metals in sesame samples of
this study has been made with literature values (Table 5).

Table 5. Comparison of range of mean values of the studied metals in Sesame seeds with literature value.

Mean values of studied metals (mg/kg) Reference
Country Fe Cu Zn Pb Cd
Ethiopia 35.2-43.1 15.3-21.3 57.9-67.3 0.08-0.16 0.20-0.27 This study
Iran NR* NR* NR* 0.0516 0.0157 [20]
Ethiopia 102-108 NR* 42.3-44.5 NR* NR* [41]
Nigeria 113 204 93.2 NR* NR* [42]
Turkey 63.3-254 15.1-19.8 28.3-36.3 NR* NR* [43]

As it can be seen from Table 5, the levels of essential and non-essential metals determined in
the sesame seed samples of this work are either lower than the reported data or in good
agreement with other studies obtained in the same and other countries. Thus, the amount of Fe
recorded in this study was lower than the concentrations of iron reported by Zebib et al. [41]
(102-108 mg/L), Ozcan et al. [43] (63.3-254 mg/L) and Obiajunwa et al. [42] (113 mg/L). Zinc
is present in appreciable amount in the ranges of 57.9-67.3 mg/kg indicating higher
concentrations when compared to the literature reported from Zebib et al. [41] (42.3-44.5 mg/L)
and Ozcan et al. [43] (28.3-36.3 mg/L), but lower in concentrations than the values given by
Obiajunwa et al. [42] (93.2 mg/L). The concentration of Cu (15.3 to 21.3 mg/kg) determined in
this study is also in good agreement with that of the values reported by other researchers such as
Obiajunwa et al. [42] (20.4 mg/L) from Nigeria and Ozcan et al. [43] (15.1-19.8 mg/kg) from
Turkey. Regarding to the non-essential elements (Cd and Pb), in the present study, the
concentrations of cadmium (0.20-0.27 mg/kg) and lead (0.08-0.16 mg/kg) were lower compared
to the literature data reported [20] (15.7 ng/g for Cd and 51.6 ng/g for Pb). The variations
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between the results of this study and literature values may be due to sample size, soil type,
genetic variation and environmental factors [28]. Environmental factors such as urban waste,
fertilizer use, irrigation, pollution as well as climate variation can also affect the rates of
bioaccumulation of metals by plants and their bioavailability [44, 45].

Statistical analysis

The statistical tool F-test is applied for the analysis of variance [46]. To detect whether the
difference in means of the concentration of the samples is significant at 95% confidence level,
the one-way ANOVA was applied, and results are summarized in Table 4.

As it is shown in Tables 4, only Zn and Cu showed significant differences among the red
and white sesame seed samples. These differences could be attributed due to the differences on
the nature of soils (soil type), soil pH, and use of different fertilizers, pesticides, agro-climatic
conditions, and harvest mechanisms, contamination through air pollution and during transport to
the market or at the point of sale [28, 33, 44, 45].

CONCLUSION

In this study, six sesame samples (three red and three white sesame seeds) purchased from shops
of Sheraro town, Northwest Tigray, Ethiopia were analyzed for five selected metals using FAAS
using the acid digestion method. Wet digestion method for sesame seed analysis was evaluated
through the recovery experiment and a good percentage recovery was obtained in the range of
90 to 120% for both essential and non-essential heavy metals. The levels of essential and non-
essential metals in sesame seed analyzed in this study were in the order of Zn (57.9-67 mg/kg) >
Fe (35.2-43.1 mg/kg) > Cu (15.3-21.3 mg/kg) > Cd (0.20-0.27 mg/kg) > Pb (0.08-0.16 mg/kg).
The results of this study indicated that sesame seed contains highest concentration of Zn in both
red and white sesame samples followed by iron and copper, respectively. The concentration of
copper and zinc were higher in red sesame seed samples than white sesame seed samples. The
statistical analysis by using one-way ANOVA also indicated that there were only significant
differences in mean levels of Zn and Cu in between the red and white sesame seed samples. This
may be due to the differences in physical and chemical composition of soils (soil type), use of
different fertilizers, pesticides, agro-climatic conditions, and harvest mechanisms, contamination
through air pollution and during transport to the market or at the point of sale. The concentration
of essential and non-essential heavy metals in sesame seeds obtained in this study were within
the safety limit and thus advisable for consumption as healthy foods.
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