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Teff (Eragrostis tef) is one of the principal cereals grown in Ethiopia. It is a gluten free grain and can be
suitable for use in the diet of patients with celiac disease. Mineral content of teff is poorly characterized
and considerable variations in the concentration of elements such as iron, magnesium, and calcium have
been reported. Therefore, in an effort to determine major and trace elements content of E. tef, inductively
coupled plasma mass spectrometry (ICP-MS) was used. In this study, 44 major and trace elements were
detected and quantified in white and red teff varieties. The most abundant elements were K, P, Ca, Mg, Na,
B, Al, and Fe. Trace amounts of Er, Eu, and Sb were also detected.
� 2018 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Teff (Eragrostis tef) has been used for centuries as one of the
main sources of nutrient in Ethiopia. It is grownmajorly in the cen-
tral and northern part of the country. Teff is reported to have
higher nutrition and fiber content as compared to cereals such as
wheat, rice, oats, and barley (Gebremariam et al., 2014). In addi-
tion, it is a gluten free grain that could be suitable for use in the
diet of patients with celiac disease (CD), a disorder that leads to
gluten intolerance (Hopman et al., 2008, Spaenij-Dekking et al.,
2005).

Trace elements play a vital role in proper functioning of
enzymes through modulating reactions, constitute their active
sites, stabilize their structure, and mediate oxidation-reduction
process (Fraga, 2005, Ingrao et al., 1995). They also play an impor-
tant role in the proper functioning of the immune system (Rolla
et al., 1983). While several metals like Cu, Zn, and Fe are essential
micronutrients, metals such as Cd and Pb, constitute non-essential
and toxic elements (Luis-Gonzalez et al., 2015). Contamination of
food by these metals commonly occur from sources such as munic-
ipal and industrial discharges, irrigation water, geogenic, agricul-
tural imputes, pharmaceutical, and atmospheric sources (Gimou
et al., 2014; Hajeb et al., 2014; He et al., 2005). Despite the fact that
various studies on teff grain have been published, only limited data
are available regarding its major and trace element contents. More-
over, the data reported for elements such as Fe, Mg, and Ca are not
consistent and show great variations in literature. Therefore, the
present study aimed at detecting and quantifying trace elements
in E. tef using ICP-MS.
2. Material and methods

2.1. Sample collection

To represent the grain as normally obtained by the consumers,
10 samples (5 from each variety) were purchased from markets in
Addis Ababa, Ethiopia.

2.2. Sample preparation

One g of each sample was grinded into powder in liquid nitro-
gen using a mortar and pistil. From the powder, 0.2 g was digested
in a falcon tube with H2O2 and HNO3 (Vrček and Vinković Vrček,
2012). Briefly, 3 ml of H2O2 was added to the samples. The mixture
was sonicated in a water bath for 10 min and vortexed. This step
was repeated followed by the addition of 4.5 ml of 2% HNO3 to
the samples. The mixture was further vortexed and kept in boiled
water for 10 min. Finally, the samples were centrifuged and the
supernatant was used for ICP-MS analysis.

2.3. Multielement analysis

Perkin-Elmer SciexElan 6000 quadrupole coupled plasma mass
spectrometry (ICP-MS) operating in a dual detector mode was used
for the analysis. Internal standard (In, Bi, and Sc) correction and
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blank subtraction was done. Calibration curve (a four point) was
used to quantify the elements (0, 0.025, 0.050, and 0.100 mg/g for
Na; 0, 0.25, 0.50, and 1.00 mg/g for Ca, Mg, Fe, K; 0, 0.005, 0.010,
and 0.020 mg/g for the remaining elements). The sample uptake
rate was adjusted to 1 mL/min with 35 sweeps per reading. Certi-
fied reference standards (whole rock powders; BE-N and DR-N
available from the SARM laboratory at the (Centre de Recherches
Pétrographiqueset Géologiques (CRPG)) were used to evaluate
the accuracy of the analytical protocol.

3. Results and discussion

In the current study, a total of 44 elements were detected
and quantified in teff grain samples (Table 1). The most
abundant elements measured were K (1289 mg/kg), P (992 mg/kg),
Table 1
Multi-element analysis in E. tef samples using ICP-MS.

Analyte DL (mg/kg) White teff Red teff

Concentration (mg/kg)

Aluminum (Al) 0.0002 20.80 24.21
Arsenic (As) 0.00006 0.34 0.16
Boron (B) 0.002 87.41 77.67
Barium (Ba) 0.00003 2.12 3.63
Calcium (Ca) 0.031 315 444
Cerium (Ce) 0.00003 0.04 0.21
Chromium (Cr) 0.00005 0.71 0.54
Cobalt (Co) 0.00003 0.05 0.05
Copper (Cu) 0.00003 1.65 1.64
Gallium (Ga) 0.00001 0.02 0.02
Iron (Fe) 0.0037 11.41 14.20
Lanthanum (La) 0.00003 0.01 0.06
Lead (Pb) 0.00003 0.04 0.05
Lithium (Li) 0.00005 0.12 0.12
Magnesium (Mg) 0.002 543 437
Manganese (Mn) 0.00003 12 38
Molybdenum (Mo) 0.00002 0.26 0.081
Niobium (Nb) 0.00004 0.01 0.01
Neodymium (Nd) 0.00003 0.01 0.07
Nickel (Ni) 0.00006 0.69 0.54
Osmium (Os) 0.00008 0.29 0.16
Palladium (Pd) 0.00001 0.02 0.01
Phosphorus (P) 0.005 992 703
Potassium (K) 0.006 1289 1147
Rubidium (Rb) 0.00004 0.73 1.79
Selenium (Se) 0.0002 1.08 0.50
Sodium (Na) 0.0005 127.85 115.43
Strontium (Sr) 0.00003 1.05 1.16
Titanium (Ti) 0.00009 0.30 0.51
Tin (Sn) 0.00009 0.23 0.04
Tungsten (W) 0.00009 0.05 0.02
Vanadium (V) 0.00005 1.17 0.59
Yttrium (Y) 0.00002 0.01 0.05
Zinc (Zn) 0.00008 9.58 8.71
Zirconium (Zr) 0.00009 0.04 0.03
Antimony (Sb)* 0.00001 1.00 1.00
Cadmium (Cd)* 0.00006 3.00 5.00
Cesium (Cs)* 0.00002 2.00 3.00
Dysprosium (Dy)* 0.00004 2.00 1.10
Erbium (Er)* 0.00004 1.00 6.00
Europium (Eu)* 0.00003 1.00 4.00
Gadolinium (Gd)* 0.00003 3.00 1.30
Hafnium (Hf)* 0.00005 2.00 1.00
Samarium (Sm)* 0.00004 3.00 20.00

NANot available.
a Vrček and Vinković Vrček (2012).
b Zhang and Rui (2012).
c Cynthia Bosnak (2014).
d Cynthia Bosnak (2014).
e Mengesha (1966).
f Kibatu et al. (2017).
g Gebremariam et al. (2014).
* Concentration (mg/kg).
Ca (444 mg/kg), Mg (543 mg/kg), and Na (127 mg/kg) respectively
(Fig. 1). The least abundant elements were Er, Eu, and Sb with a
concentration of 0.001 mg/kg. While the number of major and
trace elements detected and quantified using ICP-MS in this study
represents the highest number of elements ever identified in E. tef,
concentrations of few elements such as Fe and Mg have previously
been reported in literature. Comparison of our result against the
values reported in literature shows that the concentration of Fe
in white (11 mg/kg) and red (14 mg/kg) teff varieties are compara-
ble to concentrations reported for wheat (15 mg/kg) and corn
(13 mg/kg) (Table 1). On the other hand, previous studies indicated
that teff has the highest concentration (196 mg/kg) of Fe among
cereals including wheat and corn (Mengesha, 1966). However, this
conclusion was contradicted by a study done by Besrat et al.
(1980), which suggested that soil contaminations contribute to
White teff Red teff Wheat Corn

0.12e 83e 6.2 ± 0.3 a 1.15d

0.00035f NA 5.4 ± 0.4 a 0.006d

13e 14e 0.62d 3.2d

23.5e 19e 2.04d 2.26 d

NA NA 209.3 ± 10.1 a 434d

NA NA <0.1 e NA
NA NA 0.023c 0.08d

0.64e 0.52e 6.6 ± 0.0 a 0.005d

0.043f 20.6 g 2.5 ± 0.3 a 2.54 d

NA NA NA NA
115e 196e 15.0 ± 1.8a 13.7d

NA NA NA NA
NA NA 0.023c 0.122d

NA NA 0.02b NA
0.005f NA 360.7 ± 64.0a 787d

NA NA 9.4 ± 0.9 a 2.53d

0.74e 0.78e 0.175b 0.255d

NA NA NA NA
NA NA NA NA
NA NA 0.17c 0.14d

NA NA NA NA
NA NA NA NA
NA NA 2330d 158d

NA NA 1172.9 ± 49.5 a 548d

NA NA 2 c NA
0.0009f NA 0.067b 0.056d

212.2e 220e 17.0d 399d

<0.1e <0.1e 1.19c 4.56d

NA NA 0.001c NA
NA NA 0.032d 0.015d

NA NA NA NA
NA NA 1.1 ± 0.1 a 0.005d

NA NA NA NA
0.27f 40.8 g 13.5 ± 0.7a 17.0d

NA NA NA NA
NA NA 0.2d 0.003d

NA NA NA 27.50 a

NA NA 12 e NA
NA NA NA NA
NA NA NA NA
NA NA 0.7e NA
NA NA <220e NA
NA NA <11 NA
NA NA NA NA



Fig. 1. Selected element content in white and red teff grain.
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the high Fe content observed in teff. Likewise, concentrations of Ba,
Co, Ca, and Zn measured by ICP-MS in the current study were also
lower than those previously reported in literature (Table 1).

According to Kibatu et al., concentration of iron is found to be
16.05 ± 1.63 (mg/100 g dry weight) in white teff (Kibatu et al.,
2017) as measured by portable total X-ray fluorescence spectrom-
eter (PTXRF). Similarly the previously reported concentrations of B
in both white and red teff varieties and Al in white teff however,
were less than the values we measured in this study. According
to Abebe et al., Fe, Ca, and Zn contents of red teff were 37.7, 124,
and 2.8 (mg/100 g) respectively, while their concentration in white
teff were 150, 155, and 4.02 (mg/100 g) respectively (Abebe et al.,
2007); these values are comparable with the concentrations we
measured and lower than the values that were reported by Menge-
sha (Mengesha, 1966).

The elements concentration ranges observed among literature
could be due to a number of factors, including the local environ-
ment (soil, pH, organic matter, water, and contaminants), and
instrument differences both in sensitivity and accuracy. In addi-
tion, sample variations plays a role as the grain shows considerable
diversity in terms of agronomic, genetic, and morphological char-
acters (Assefa et al., 2015; Espelund et al., 2000). On the other
hand, the values we obtained using ICP-MS agree reasonably well
with the figures reported for wheat and corn standard samples
(Table 1). Based on their overall abundance and their detection in
other grains (corn and wheat), these trace elements appear to be
normal constituents of teff but have not been previously reported.
Since ICP-MS is a method of choice for the identification and quan-
tification of trace metals in a biological sample, it is reasonable to
accept the values derived via this instrument over those measured
by other analytical tools (Benkhedda et al., 2000, Heitland and
Koster, 2006).
4. Conclusions

In the current study we were able to identify and quantify a
total of 44 major and trace elements in teff grain samples. This
number represents the highest number of major and trace ele-
ments ever detected and quantified in teff grain. As this study,
however, was conducted on a limited sample size, extensive study
covering samples collected from the different teff growing areas in
the country should be conducted in order to establish the level of
major and trace elements in the grain.
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