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Abstract

Teft (Eragrostis tef) is used to supply staple food “injera” for many Ethio-
pians. The present study was aimed toward determining the extent of selected
metals that can exist in three types of teff cultivated in selected districts of
southern Ethiopia. The level of those metals was determined by flame atomic
absorption spectrometry. The optimized wet digestion procedure was eva-
luated employing a spiking method and an acceptable percentage recovery of
(91.1% - 108.9%) has been obtained for metals in the teff. Oven dried 1 g of
teff samples were digested using 5 mL of HNO; and 1 mL of HCIO, at 300°C
for 3 hours. The result indicated that the mean concentration of metals (in
mg/kg dry weight basis) in teff samples were found to be from 1206.9 to
1768.9 of Ca, 2463.9 to 2554.7 of Mg, 82.6 to 109.9 of Na, 2879 to 3075 of K,
207.4 to 239.5 of Fe, 55.9 to 100.4 of Mn, 27.1 to 87.1 of Zn, 5.4 to 45.5 of Cu
and 0.118 to 0.130 of Pb respectively. However, Cd is below the method de-
tection limit. A statistical analysis of variance revealed that there was a signif-
icant difference (p < 0.05) between the mineral content in three teff types and
teff from the three districts. Red teff had higher essential metal contents ex-
cept Cu followed by brown teff. Strong positive correlation was recognized
between Mg with Ca and K, the rest have moderate or weak correlation. Fur-
ther study has been done on the mineral contents of similar variety or three
types of teff with the soil analysis from different locations.
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1. Introduction

Teff (Eragrostis tef (Zucc.) Totter) is a tropical cereal crop. It had been believed

DOI: 10.4236/jacen.2020.94020 Nov. 10, 2020 255 Journal of Agricultural Chemistry and Environment


https://www.scirp.org/journal/jacen
https://doi.org/10.4236/jacen.2020.94020
https://www.scirp.org/
https://doi.org/10.4236/jacen.2020.94020
http://creativecommons.org/licenses/by/4.0/

A. Habte et al.

that the origin and diversification of Eragrostis tef are Ethiopia, but recently it
has been used in different parts of the world due to its attractive nutritional pro-
files as grains for human consumption and as forage for animal feed [1] [2] [3].
Teff is greatly valued by farmers and consumers in Gamogofa, Gurage, Hadiya,
Kembata-Tembaro, Halaba and kaffa which are the main producing zones in
Southern Nations, Nationalities, and Peoples Regional State (SNNPRS) [4]. Teff
varieties were adaptable to the ecological conditions in altitudes that range from
near sea level to 3000 m.a.s.l and are often grown in an environment unfavorable
for many cereals, but in Ethiopia the best performance occurs between 1100 and
2950 m.a.s.] [5]. It grows in dry as well as water-logged soils, can tolerate anoxic
situations better than other cereals, and is resistant to many pests and diseases
[6].

Teff is an important food security crop in Ethiopia and East African High-
lands [7]. In Ethiopia, the crop occupies over 2.8 million hectares equivalent to
25% - 30% of the entire area covered by cereals [8]. It is a daily food staple for
more than 60 million people in the country. “Injera” is a major food staple, and
provides approximately two thirds of the diet in Ethiopia [9].

Teff grain has been begun to be utilized in mixtures with soybean, chickpea
and other grains in the baby food industry due to its high mineral content [10].
Non-teff consumers have a lower level of hemoglobin, and hookworm anemia
develops in non-teff eaters if they are infected with hookworm. On the other
hand, since teff eaters have higher levels of hemoglobin in their blood, they do
not suffer from hookworm anemia even when infested. Malaria is also frequently
found in the groups with lower hemoglobin levels. Moreover, consuming teff
prevents the anemia related to pregnancy [11].

The quantity of teff produced worldwide is increasing rapidly due to the
plant’s popularity as an especially nutritious grain and as high quality straw [7].
The grain features a very high protein, carbohydrate, fat, vitamin A and C, fiber,
Thiamin, Riboflavin, Niacin, and essential minerals like Calcium, Iron, Magne-
sium, Manganese, Phosphorus, Potassium, Sodium, Zinc, Copper, Chloride and
Chromium [12] [13] [14].

Various kinds of cereal crops serve as the main food item for peoples in the
world due to their diverse ecological, environmental and preparation custom
differences. Teff is a fine stemmed, tufted annual grass like cereal crop, preferred
over other cereal crops in Ethiopia. It is estimated to feed millions of people and
is extremely important for peoples comprising rural producers, processors and
consumers in Ethiopia [15].

The knowledge on the importance of trace, minor and major elemental con-
tent analysis of food for human health has generated interest in different food
preparation practices and hence, the necessity for its quantitative and qualitative
determination of cereal crops is important for both producers and consumers
[16].

Relative to common cereal crops such as wheat, rice and sorghum, little is
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known about the nutritional composition and potential health benefits of teff. In
Ethiopia, there is a prolonged consideration of teff grain as low nutritional value
because of limited information in this regards. However, there has been a grow-
ing research interest globally by the nutritionist and food scientists due to its
gluten-free nature, nutritional composition and accelerated teff-based products.
Studies conducted on the nutritional composition and health benefits of teff are
limited and cannot take into account the differences in teff varieties and growing
conditions. A few studies so far confirmed that teff has excellent nutritional pro-
files and suggested as considerable potential to be a functional food for health
promotion and disease prevention [3].

Most of the researches conducted on teff are associated with genetic variety
improvement and adaptability. No literature is found on the determination of
essential and non-essential metals in teff types with respect to area of cultivation.
Therefore, studying the content of essential and non-essential metals in different
sorts of teff is extremely important in dietary applications of food. Hence, the
present study aimed toward determining the level of selected essential and
non-essential metals (K, Mg, Ca, Na, Mn, Zn, Fe, Cu, Pb and Cd) that can exist
in three types of teff mainly used by the peoples of study area in order to ensure
health benefits of individuals. Furthermore, the results of this study may help to

identify the difference in mineral content of teff with area of cultivation.

2. Experimental

Equipment and apparatuses

Digital balance (Mettler Toledo, Model AG204 Switzerland) with +0.0001
precision was used for weighing the samples. The washed teff samples were dried
using a drying oven (DIGITHEAT, Spain). A high speed universal disintegrator
was used to grind and powder the dried teff samples. A volumetric flask (100 ml)
with grounded glass fitted with condenser was employed in digesting the sample
on Kjeldahl heating apparatus (Gallenhamp, England). A 50, 100 and 250 ml
volumetric flask were used during dilution of sample and preparation of metal
standard and infusion solutions. Reagents, sample solutions and standard solu-
tions of metals have been measured using measuring cylinders, pipettes, micro-
pipettes (Dragonmed, 1 - 10 pl, 100 - 1000 pl, Shangai, China). A refrigerator
(Hitachi, Tokyo, Japan) was used to keep the digested sample before analysis.
Buck Scientific Model 210VGP FAAS (East Norwalk, USA) equipped with deu-
terium arc background correctors was used for analysis of the metals (K, Mg, Ca,
Na, Mn, Zn, Fe, Cu, Pb and Cd) using air-C,H, flame [17] [18].

Reagents and Chemicals

Analytical grade reagents and standards were used in the analysis. Digestion
of teff samples was done using HNO; (69% - 72%) and HCIO, (70%) (Re-
search-Lab Fine Chem. Industries Mumbai 400002 (India)). Hydrated Lantha-
num nitrate, La(NO,);-6H,0 98% (BDH Chemicals Ltd, Poole, England) was
used to avoid the precipitation of Ca and Mg ions in the form of phosphates and

DOI: 10.4236/jacen.2020.94020

257 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2020.94020

A. Habte et al.

sulfates. Stock standard solutions of 1000 mg/L, in 2% HNO;, of the metals K,
Mg, Ca, Na, Mn, Zn, Fe, Cu, Pb and Cd were used for the preparation of calibra-
tion standards of each metal and in the spiking experiments. The working stan-
dards of each metal were prepared from intermediate standard solutions. Deio-
nized water (Milli-Q) was used throughout the experiments for sample prepara-
tion, dilution, and rinsing apparatus prior to analysis and during analysis [7]
[19].

Description of Study Area

The study was conducted in Gurage (Abeshege), Hadiya (Soro) and Halaba
(Wera) zones, one district from each zone, of SNNPRS Ethiopia. The climatic
condition and location of the study area are shown in Table 1 and Figure 1.

Sample Collection

White, brown and red teff samples were collected in polyethylene plastic bags
from Soro, Abeshege and Wera districts of Southern Ethiopia which are known

cultivating teff in large amount. To draw the representative sample from each

Table 1. Description of climatic condition of the study area.

District Latitud Loneitud Elevation Annual  Annual Rain Ref.
1STric atitude ongitude ererence
& (m) Temp (°C) fall (mm)
Abeshege 8°27'30"N 38°10'50"E 1001 - 2000 21.25 801 - 1400 [20]
Soro 7°30"N - 7°43"N 37°35'E - 38°05'E 1454 - 2850 19 1260 [21]
Wera 7°17"N 38°06'E 1554 - 2149 18 857 -1085  [22] [23]
ites Zone B .
Study sites Zone oundag Ethiiopia
L0NB s N ;)> :
z = /' Alaba
37°00°E 38°00"E 39°00"E
Legend
’ . - .
Study Sites/Districts
P-4 4
g -Eg I Aveshege
© «©
I Halaba
F - Soro
37°00"E 38°00"E 39°00"E
Figure 1. Map of the study area.
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sampling sites, four sub samples for every sort of teff (200 g each) were pur-
chased from open market of those selected district towns, about 200 gm of teff
sub sample for every type was collected from the bag of four teff producers that
come from different sites of the chosen district, then the sub samples were
pooled and mixed together for every variety. A total of 800 g were collected from
each of the above selected districts per sort of samples. The sample size was re-
duced to about 200 g by coning and quartering process for every sort of sample.
For each kind, nearly 50 g of sample was taken for the analysis [7] [19].

Sample Preparation

The husk and other light and heavy contaminants were removed from the
samples by siftings, winnowing and sieving to make sure it had been free from
chaffs, dust and other impurities. The samples were washed in a plastic bag by
vigorous up and down shaking first with water as repeatedly until all dust was
removed and then three times with distilled water [7]. Having a constant mass,
the washed teff samples were dried in universal hot air oven at 105°C for 5 hours
before digestion so as to express the result in terms of dry mass basis. The min-
eral content of samples should not be affected at a drying temperature [14]. The
dried teff samples were powdered using high speed universal disintegrator until
it feels smooth to the touch. Nine samples with 1 g aliquot (three from each bulk
sample) were taken for final digestion.

Optimization of the Working Procedure

Optimum working procedure has been developed so as to urge a reliable re-
sult from an analytical experiment. Thus, to prepare a clear and colorless sample
solution that was suitable for the analysis using FAAS, different working proce-
dures for the digestion of teff samples were assessed using variable parameters to
the mixtures of HNO, and HCIO, acids like volume of the acids mixture, diges-
tion time and digestion temperature. The optimized procedure was selected de-
pending upon the clearness of the ultimate digests obtained as of less digestion
time, less reagent volume consumption and ease [24] [25] [26].

Accordingly, ten trials were tested for digestion of the teff samples. The op-
timal digestion procedure chosen was the one that needs 3 hr for complete di-
gestion of 1 g of teff powders, with 5 ml of 70% HNO, and 1 ml of 70% HCIO,
(Table 2) were used throughout the analysis.

Instrument Operating Conditions

Secondary standard solutions containing 10 mg/L were prepared in 100 ml
volumetric flask from the atomic absorption spectroscopy standard stock solu-
tions that contained 1000 mg/L which was prepared from soluble salts of each
metal. These secondary standards were diluted with deionized water to get five
working standards for every metal of interest (Table S2). Then, the metal con-
tents of sample (K, Mg, Ca, Na, Mn, Zn, Fe, Cu, Pb and Cd) were analyzed by
FAAS equipped with deuterium arc background corrector and standard
air-acetylene flame system using external calibration curve after the parameters

(burner and lamp alignment, slit width and wavelength) were optimized for
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Table 2. Conditions tested for the optimization of digestion procedures for 1 g of teff
flour samples.

Trial Regent used R\a/g:)u(mnfl) Fl;erél)P ,]?iiie:t(i}(:; Observation
1 HNO;:HCIO, 4:8 200 4:25 Clear Light yellow
2 HNO,;:HCLO, 5:2 210 4:35 Deep yellow with suspension
3 HNO,;:HCIO, 3:2 210 3:05 Deep Yellow
4 HNO;:H,0, 10:1 210 3:15 Clear yellow
5 HNO;:HCIO, 4:8 240 4:00 Clear Colorless
6 HNO;:HCIO, 5:8 240 4:10 Clear Light yellow
7 HNOsHCIO;H,0, 3:2:1.5 240 4:00 Yellow
8 HNO,;:HCIO4:H,0, 3:2:1 240 4:35 Clear light yellow
9 HNO,:HCIO, 5:1 300 3:00 Clear & colorless (optimized)
10 HNO;:HCIO, 3:2 300 3:10 Cloudy suspension

*The bold font indicates optimum conditions.

maximum signal intensity of the instrument. Hallow cathode lamp for each met-
al operated at the manufacturer’s recommended conditions were used at its re-
spective primary source line and therefore the solutions were successively aspi-
rated into the flame. The acetylene-air flow was managed to make ensure suita-
ble flame conditions. The measurements were conducted in a triplicate on each
sample. The metals were determined by absorption/concentration mode then,
the instrument readout was recorded for every sample solution manually. The
same analytical procedure was employed for the determination of metals within
the seven blank solutions [17] [27]. The operating conditions for FAAS em-
ployed for each analyte are given in Table S1.

The results obtained from FAAS were in mg/L, but it was converted into

mg/kg (dry mass) by using the following equation.
Concentration (mg/L)xV
w

Concentration (mg/ L) =

where, Wis the weight in g of the sample, and V'is the final volume of solution
[28].

Instrumental Calibration

The instrument was calibrated using five series of working standards for each
metal of interest. The working standard solutions of each metal were prepared
freshly from 10 mg/L intermediate standard solutions of their respective metals.
Concentrations of the working standards, value of the correlation coefficients of
the calibration curve and equations for calibration curves of each metal are listed
in Table S2. From the correlation coefficients in Table S2 it is possible to say
that, the change in absorbance with the concentration of each metal was in a
good positive correlation and linearly fit.

Method of Performance and Method of Validation
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Method Detection Limit (MDL)

MDL is that the minimum amount of analyte which will be measured and re-
ported within 99% confidence level that the analyte concentration is greater than
zero [29]. In other words, it is the minimum amount of analyte which will be
distinguished from statistical fluctuations in a blank, usually correspond to the
signal of blank and three times the standard deviation of the sample blank [30].
In the present study, Seven blank samples were digested following an equivalent
procedure as the teff samples and each of the blank samples were analyzed for
metal concentrations of Na, K, Mg, Ca, Mn, Zn, Fe, Cu, Pb and Cd by FAAS.
The standard deviations for each metal were calculated from the seven blank
triplicate measurements to work out method detection limit of the instrument.
Then the method detection limit of each metal was calculated as three times the
standard deviation of the blank (3S,,,,,, n = 21) (Table 3).

Method Quantification Limits (MQL)

MQL is the lowest concentration at which a measurement is quantitatively
meaningful. It is also commonly defined as 10 times the signal/noise ratio. If the
noise is approximated as the standard deviation of the blank (S,,,.,), then MQL is
10 X Sy 1 = 21 [18] [31]. The results in Table 3 have revealed that both MDL
and MQL values were greater than the IDL; hence, the result of analysis could be
reliable.

Recovery Tests

Analytical method is suitable when it’s validated for its intended purpose. Due
to the absence of certified reference material for the samples within the labora-
tory, the optimized digestion procedure was validated by spiking the samples
with a typical of known concentration of the analyte metals and therefore the ef-
ficiency of the optimized procedure was checked. The spiked samples were di-

gested in triplicate following an equivalent digestion procedure developed for

Table 3. Instrument detection limit, method detection limit and quantification limit for
metals of interest determined in teff samples.

Metal IDL (mg/kg) MDL (mg/kg) MQL (mg/kg)

K 0.010 0.0549 0.1749
Mg 0.001 0.1144 0.3642
Ca 0.010 0.0807 0.2568
Na 0.002 0.0542 0.1725
Mn 0.001 0.0067 0.0215
Zn 0.005 0.0229 0.0730
Fe 0.030 0.0617 0.1965
Cu 0.020 0.0468 0.1492
Pb 0.100 0.1159 0.3691
Cd 0.005 0.0107 0.0341

IDL = Instrument detection limit, MDL = Method detection limit for teff sample, MQL = Method quantifi-
cation limit for Teff.
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teff sample. The digested spiked samples were analyzed for respective metals us-

ing FAAS (Table 4). Finally, % recovery decided by using recovery formula [32].

C,, in spiked sample — C, in nonspiked sample N
C,, added for spiking

100

% Recovery =

where: C, isthe concentration of metals in the sample.

Statistical Analysis

Data obtained from laboratory entry management and preliminary summaries
were done on Microsoft excel spreadsheet. All analyses were administered in
triplicate and therefore the data was presented as mean + standard deviations.
Differences between treatments of means were done by using analysis of va-
riance (ANOVA). For comparison of the means of treatments, the Fisher’s least
significant difference (LSD) test was used at a = 0.05 significance level. Linear
correlations coefficient (r) were determined using the Pearson product-moment
correlation. All statistical analysis was done using SAS 9.1.3 windows version

software program [33].

3. Results and Discussions

Concentration of Metals in Teff Samples

The results indicated that the samples had variable concentration of analyte
metals in three types of teff from the three districts. Among the analyzed metals,
cadmium was below the method detection limit. The results determined from
each sampling sites were listed in terms of mean value and standard deviation of
mg/kg dry weight (Table 5).

Distribution Patterns of Metals in Different Teff Samples

There was a variation in macro-essential metals concentration in three teff
types (Table 6). The concentration of K was the highest of all the major metals
and ranges from 2879.3 - 3074.7 mg/kg dry weight followed by Mg (2463.9 -
2555.2 mg/kg dry weight) while Na (82.3 - 109.7 mg/kg dry weight) was the least

Table 4. Recovery test for the optimized procedure of teff samples and %RSD.

Conc. In sample Conc. in spiked Amount recovered

Metal (mg/L) Amount added (mg/L) sample (mg/L) (mg/L) Recovery (%)
Na 843+ 1.7 200 302.1 £0.85 217.8 108.9 + 2.64
K 28829 +3.7 200 3089.1 £ 3.2 206.2 103.1 £0.93
Mg 2479.2 £ 4.2 200 26725+7.1 193.3 96.7 £ 3.08
Ca 1352.6 + 10.4 200 1539.6 + 6.5 187.0 93.5+3.48
Mn 56.1 +£0.2 200 2383+ 1.1 182.2 91.1 £0.44
Cu 42 +35 200 258.7 £ 4.5 216.7 108.4 £ 0.52
Zn 452 +6.2 200 2543+74 209.1 104.6 £2.1
Fe 223+ 1.1 200 412.3+0.5 189.3 94.7 £ 0.76
Pb 0.130 £ 0.002 200 213.1 £0.002 200.8 106.4 £ 0.20
Cd ND - - - -
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Table 5. Concentration of metals (Mean + SD, n = 3 in mg/kg dry weight) in white, brown and red teff from Soro, Abesehege and
Wera districts.

T £ Metals
District ype;fo
Te Ca Mg Na K Fe Mn Zn Cu Pb cd
White 1320314 2479 +425 84+17 2883437 212403 70406 46468 7.5+1.08 012440002 ND
Soro  Brown 12114447 2469+46 88+15 2948+32 214+0.5 68+0.6 38+0.00 67+13 0.121+0.002 ND

Red 1739 £30.5 2552+3.2 90+08 3071+3.7 232+24 58+0.7 85+x23 16+0.7 0.12+0.002 ND
White 1242 £8.31 2467 +3.1 94+17 2902+3.7 212+1.1 71+0.8 35+8 41+£0.7 0.128+0.002 ND
Abeshege  Brown 1382 +£13.7 2485+2.1 95+15 3007+3.7 234+£37 56+02 62+81 42+35 0.128+0.002 ND
Red 1489 £2.98 2507 +43 96+29 2956+7.4 239+09 99+1.1 42+36 27+18 0.121+£0.002 ND
White 1408 £5.17 2478 +6.2 98+08 2896+1.8 212+1.1 62+04 79+£68 25+13 0.127+0.002 ND
Wera Brown 1460 £1.49 2498 +14.5 103+0.8 3021 +3.7 216+82 64+13 56+103 25+3 0.125+0.002 ND
Red 1696 = 9.07 2508 £8 106 +3.7 2979+14.8 217+114 67+40 45+6.2 22+24 0.123+0.002 ND
LSD 27.5 11.35 3.34 10.8 8.2 2.65 11.2 3.35 0.04 -

Ccv 1.11 0.265 2.05 0.212 2.17 2.25 12.04 8.31 1.72 -

*ND = not detected, LSD = least significant difference, CV = coefficient of variation.

3500 (a) Soro District (b) Abeshege District
© 2000 . % 3500
B 1500 3 5 % 3000 N - .
g é 2500
c
5 2000 & 2000
S 1500 = ;
g T g 1500
5 1000 5 1000
g 500 2 500
S o B - L S o m m m
White teff brown teff Red teff White teff brown teff Red teff
mCa .Mg » Na K MmFe ®Mn HZn ECu EPb mcd mCa .Mg “ Na K MFe ®Mn HZn ECu HPh mCd
(c) Wera District
__ 3500
¥ N
< 3000 _ = -
£ 2500
<
S 2000
51500 - z
S
€ 1000
o
2 s00
§ o Mim_ S - S -
White teff brown teff Red teff

mCa mMg "Na "K mFe "Mn BZn mCu HPb mCd

Figure 2. Concentrations of Metals in the white, brown and red teff samples of (a) Soro district, (b) Abeshege district, (c) Wera
district.

one among the macro-essential minerals. Briefly, the concentration profile of
macro-essential metals determined in teff was K > Mg > Ca > Na.
The higher levels of potassium and magnesium in teff are probably due to the

fact that nutrient elements such as N, P, K, S, and Mg are highly mobile in the
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Table 6. Ranges of metals concentration in three teff types (in mg/kg).

Ranges of metal concentration (mg/kg)

Metal Overall range (mg/kg)
White Brown Red
Na 82.3-98.8 86.5-103.8 89.2-109.7 82.3-109.7
K 2879 - 2906 2944.8 - 3024.7 2948.6 - 3074.7 2879 - 3074.7
Mg 2464 - 2483 2464.4 - 2512.5 2502.7 - 2555.2 2464 - 2555.2
Ca 1234 - 1413 1206.5 - 146.5 1486 - 1769.5 1206.5 - 1769.5
Fe 211.7 - 213 213.5 - 237.7 205.6 - 239.9 205.6 - 239.9
Mn 61.6-71.8 55.8 - 68.6 57.3-100.1 55.8 - 100.1
Zn 27 -85.8 38-70.1 38.4-87.3 27 -87.3
Cu 6.42 - 41.7 5.4-45.5 15.3-28.8 5.4-45.5
Pb 0.122 - 0.130 0.119 - 0.130 0.118 - 0.125 0.118 - 0.130
Cd ND ND ND ND

ND = not detected.

plant tissue and trans-located from old plant tissue to new plant tissue [34]. The
other probable reasons for a higher concentration of K, Mg and Ca is if the soil
that has been used for cultivating the plant, are highly fertilized with manure
and organic residues, they were high in available potassium, calcium and mag-
nesium. Hence, the plant has high amount of these metals [35].

From the level of essential trace metals, Fe (205.6 - 239.9 mg/kg) was the most
accumulated trace metal followed by Mn (55.8 - 100.1 mg/kg) and Zn (27 - 87.3
mg/kg) while Cu (5.4 - 45.5 mg/kg) took the lowest level in teff samples. The
highest concentration of Fe may be attributed to its higher levels in the soil [17]
[36].

The level of non-essential heavy metals, Pb, detected in teff samples was in the
range of 0.118 - 0.13 mg/kg and that of Cd, was found to be below the method
detection limit. In general the concentration pattern of metals in teff was ob-
served as K > Mg > Ca > Fe > Na> Mn > Zn > Cu > Pb (Figure 2, Table 5). Similar-
ly, the levels of a given metal vary with types of teff. The concentration of all metals
except Cu and Pb was highest in red teff varieties while the lowest values vary from
metal to metal in different types of teff. The highest level of metals in red teff might
be attributed to its genetic potential to absorb and accumulate these metals.

The uptake of metals by plants is taking place through different complex bio-
chemical processes. These up taking processes vary based on the ability of the
plants to absorb metals from the soil, the availability of the minerals in the so-
luble and usable forms, the abundance of particular minerals at the particular
areas, the degree of contamination of the soil with heavy metals, etc. The differ-
ences in the levels of metals in soil arise mainly due to pollution of the biosphere
resulting from the rapid industrialization and modern large scale agricultural ac-
tivities, Ze. use of different types of fertilizers, pesticides, herbicides and other

chemicals [18].
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Comparison of Individual Metals Status in Different Types of Teff

Calcium

Analysis of variance showed that the mean concentration of Ca was signifi-
cantly (p < 0.05) different among the three types of teff and in the sample sites
(Table 5). The highest value (1738.5 £ 30.5 mg/kg) was detected in red teff from
Sore district followed by the same type of teff from Wera district. The lowest lev-
el (1211 + 4.47 mg/kg) of Ca was recorded from brown teff of Soro followed by
white teff of Abeshege district. Fisher’s combined probability test using the LSD
criterion for significance indicated that the mean concentration of Ca in red teff
significantly (p < 0.05) higher than brown and white teff. In red teff, there was
significant (p < 0.05) difference in the mean concentration of calcium in three
sample areas where the maximum and minimum level of Ca were recorded from
Soro and Abeshege districts, respectively. Similarly, the mean concentration of
Ca in brown and white teff was significantly (p < 0.05) different over the three
locations where the highest levels of Ca were recorded from Wera district for
both types of teff. While, the lowest values of Ca for both teff types were record-
ed from Soro district (Table 5).

The variation on the level of Ca with differences on the types of teff and loca-
tion might be attributed to genetic difference of the teff types to absorb the met-
als from the soil and accumulate in their tissues and also differences on soil con-
ditions and agronomic practices carried out in this site. In addition to the genet-
ic properties of crop numerous factors such as climatic conditions, soil characte-
ristics and agronomic management practices influence the concentration of
metals in plant tissues [37].

The concentration of Ca (1206.9 - 1769.5 mg/kg) in this study agrees with the
range of the value (124 - 155 mg/100 g) reported by [14]. However, lower than
the value (1800 mg/kg) reported by [38] and the value (168.64 + 11.03 to 180.7
14.65 mg/100 g) reported by [24]. But, it is higher than the values (83.85 + 0.78
mg/100 g and 116.15 + 0.35 mg/100 g) for white and brown teff respectively as
reported by [39].

Magnesium

Magnesium was the second most accumulated essential metal in the teff next
to K (Table 6). The mean concentration of Mg was significantly (p < 0.05) va-
ried among the three types of teff over the three locations (Table 5). The highest
(2551.5 * 3.2 mg/kg) and lowest (2467.3 + 3.1 mg/kg) concentration of Mg were
recorded from Soro for Red type of teff and Abeshege district for white type of
teff, respectively (Table 5). There was significant difference in the mean concen-
tration of Mg in three types of teff in the three districts. The mean concentration
of Mg in red teff from Soro district was significantly higher than Abeshege and
Wera districts. But, there was no significant difference in the mean concentra-
tion of Mg in red teff in Abeshege and Wera districts. The mean concentration
of Mg in brown teff from Wera district was significantly higher than Abeshege
and Soro districts. While, the mean concentration of Mg in brown teff from Ab-

eshege district was significantly higher than Soro district. Also, the mean con-
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centration of Mg in white teff from Abeshege district was significantly lower
than Soro and Wera districts. However, there is no significant difference in the
mean concentrations of metals in Soro and Wera districts. Such differences
might be related to the environmental conditions of the study areas and the cha-
racteristics of the teff varieties. Differences in the environmental conditions and
crop inherent potential to take nutrient from the soil resulted in the differences
on their metabolic activities like accumulations of different metals in their body
[40].

The concentrations of Mg found in this study ranges from 2464 - 2555.2
mg/kg dry weight which was higher than the value (153.16 + 9.45 to 173.7 + 8.89
mg/100 g) reported by [19] and the value (1840 mg/kg) reported by [38]. The
results of this study are in agreement with the study conducted by [39].

Sodium

The concentration of Sodium in the studied teff samples ranged from 82.3 -
109.7 mg/kg dry weight which showed a significant (p < 0.05) difference over
locations for the three types of teff (Table 5). The higher concentration of Na
was found in red teff from Wera district and the lower concentration was ob-
served in white teff from Soro district (Table 5). The concentration of sodium
was relatively lower than other macro essential metals in this study. The mean
concentration of Na in white teff from Soro district was significantly higher than
Abeshege and Wera districts. The mean concentration of Na in white teff from
Wera district was significantly higher than Abeshege and Soro districts. The
mean concentration of Na in brown teff from Abeshege district was significantly
higher than the Soro district. The mean concentration of Na in red teff from
Wera district was significantly higher than Abeshege and Soro districts. Also, the
mean concentration of Na in red teff from Abeshege district was significantly
higher than Wera district.

The range of mean concentration of Na in this study (82.3 - 109.7 mg/kg dry
weight) was higher than the values 2.32 + 0.35 and 2.85 + 0.20 mg/100 g for white
and brown teff respectively, as reported by [39]. But, lower than the value (22.06 -
25.68 mg/100 g) reported by [19] and the value (150 mg/kg) reported by [38].

Potassium

Potassium was the most accumulated metal in teff with the mean concentra-
tion ranges from 2879 - 3074.7 mg/kg. Analysis of variance showed that the
mean concentration of K was significantly (p < 0.05) different among teff types
as well as locations (Table 5). The highest level of K (3070.9 + 3.7 mg/kg) was
observed in Soro district red teff and the lowest (2882.9 + 3.7 mg/kg) concentra-
tion was found in Soro district white teff. The higher concentration of K in the
teff may be due to its higher abundance in the soil. The addition of K fertilizers
to the soils rapidly increases the concentration of available K that could be attri-
buted to mineralization of organic matter, the solubilization effect of rain water
and due to increased chemical and biological fixation of potassium in the pres-

ence of fertilizers [35].
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The mean concentration of K in white teff from Soro district was significantly
(p < 0.05) lower than Abeshege and Wera districts. However, there was no sig-
nificant difference in Abeshege and Wera districts. The mean concentration of K
in brown teff from Wera district was significantly (p < 0.05) higher than Abe-
shege and Soro districts. The mean concentration of K in brown teff from Abe-
shege district was significantly (p < 0.05) higher than that in Soro district. The
mean concentration of K in red teff from Soro district was significantly (p <
0.05) higher than Abeshege and Wera districts. The mean concentration of K in
red teff from Wera district was significantly higher than Abeshege district.

The range of mean concentration of K (2879 - 3074.7 mg/kg) in this study was
higher than the result (198.7 - 230.8 mg/100 g) reported by [19] while lower than
the reported values (486.80 + 8.48 mg/100 g) for brown teff, 383.70 + 3.25
mg/100 g for white teff [39] and the mean concentration of (4270 mg/kg) as re-
ported by [38].

Iron

Analysis of variance showed that the mean concentration of Fe was signifi-
cantly (p < 0.05) different among three teff types (Table 5). The highest mean
concentration (238.6 £ 0.9 mg/kg) was observed in red teff from Abeshege dis-
trict followed by the same type of teff from Soro district. The lowest mean con-
centration (211.7 £ 1.1 mg/kg) was found in white teff from Wera district fol-
lowed by the same type of teff from Abeshege district. Fisher’s combined proba-
bility test using the LSD criterion for significance indicated that the mean con-
centration of Fe in red teff is significantly (p < 0.05) higher than that in brown
and white teffs. There was no significant difference in the mean concentration of
Fe in white and brown teff in all sample sites. The mean concentration of Fe in
red teff from Wera district was significantly (p < 0.05) lower than Abeshege and
Soro districts. However, there is no significant difference in the mean concentra-
tions of Fe in red teff in Soro and Abeshege districts.

The concentration of Fe was found to be the highest of all trace essential met-
als measured in teff samples. The mean concentration of Fe in this study varies
from 205.6 - 239.9 mg/kg. The pattern of mean concentration of Fe in teff varie-
ties was in the order of red > brown > white in the sample sites. The concentra-
tion range of Fe obtained in this study was in agreement with the range of values
(14.1 - 27.1 mg/100 g) reported by [19] and lower than the value reported by
[14].

The mean concentration of Fe in teff samples of this study ranges from 205.6 -
239.9 mg/kg, which was below the maximum permissible level of 425.5 mg/kg
set by [41].

Manganese

The mean concentration of Manganese in teff was ranged from 55.8 - 100.1
mg/kg dry weight which showed significant (p < 0.05) difference over locations
for the three types of teff (Table 5). The highest level of Mn was observed in red
teff from Abeshege district sample and the lowest concentration was found in

brown teff from Abeshege district (Table 5). Fisher’s combined probability test
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using the LSD criterion for significance indicated that there was significance (p <
0.05) difference in the mean concentration of Mn in three types of teff. The
mean concentration of Mn in red teff from Abeshege district was significantly (p
< 0.05) higher than that in Soro and Wera districts. Also, the mean concentra-
tion of Mn in red teff from Wera district was significantly (p < 0.05) higher than
in Soro district. The mean concentration of Mn in brown teff from Soro district
was significantly higher than Abeshege and Wera districts. Similarly, the mean
concentration of Mn in brown teff from Wera district was significantly (p <
0.05) higher than Abeshege district. The mean concentration of Mn in white teff
from Abeshege district was significantly (p < 0.05) higher than Soro and Wera
districts. Also, the mean concentration of Mn in white teff from Soro district was
significantly higher than Wera district.

The result (55.8 - 100.1 mg/kg) of Mn in this study was in agreement with the
range of value (4.84 - 22.36 mg/100 g) reported by [19]. The concentration of
Mn in this study was below maximum permissible level 500 mg/kg dry weight
set by [41].

Zinc

The mean concentration of Zn in teff was ranged from 27 - 87.3 mg/kg dry
weight. The highest level (84.7 + 2.3 mg/kg) of Zn was observed in red teff of
Soro district and the lowest (35.1 + 8 mg/kg) concentration was found in white
teff of Abeshege district. Fisher’s combined probability test using the LSD crite-
rion for significance indicated that there was significant (p < 0.05) difference in
the mean concentration of Zn in three types of teff in the three districts (Table
5). The mean concentration of Zn in red teff from Soro district was significantly
(p < 0.05) higher than that in Abeshege and Wera districts. Also, the mean con-
centration of Zn in red teff from Abeshege district was significantly (p < 0.05)
higher than that in Wera districts. The mean concentration of Zn in brown teff
from Abeshege district was significantly (p < 0.05) higher than Soro and Wera
districts. Similarly, the mean concentration of Zn in brown teff from Wera dis-
trict was significantly (p < 0.05) higher than of Soro districts. The mean concen-
tration of Zn in white teff from Wera district was significantly higher than that
in Abeshege and Soro districts. Also, the mean concentration of Zn in white teff
from Soro district was significantly higher than Abeshege districts with p < 0.05.

The concentration range of Zn (27 - 87.3 mg/kg) in this study was higher than
the value (2.98 - 4.79 mg/100 g) reported by [19] and the value (36.3 mg/kg) re-
ported by [38]. The mean concentration of Zn in this study ranges from 27 - 87.3
mg/kg dry weight which was below maximum permissible level 99.4 mg/kg dry
weight set by [7].

Copper

The concentration of Cu in this study varies from 5.4 - 45.5 mg/kg dry weight.
The highest concentration (42 + 3.5 mg/kg) of Cu was observed in brown teff in
the Abeshege district and the lowest level (6.7 + 1.3 mg/kg) was found in brown
teff in the Soro district. Analysis of variance revealed that the mean concentra-

tion of Copper was significantly different among teff types in the sample dis-
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tricts. Fisher’s combined probability test using the LSD criterion for significance
indicated that the mean concentration of Cu in white teff from Abeshege district
was significantly (p < 0.05) higher than that in Soro and Wera districts. Also, the
mean concentration of Cu in white teff from Wera district was significantly (p <
0.05) higher than Soro district. Similarly, the mean concentration of Cu in
brown teff from Abeshege district was significantly (p < 0.05) higher than Soro
and Wera districts. The mean concentration of Cu in brown teff from Wera dis-
trict was significantly (p < 0.05) higher than Soro district. Also, the mean con-
centration of Cu in red teff from Abeshege district was significantly (p < 0.05)
higher than that in Soro and Wera districts. The mean concentration of Cu in
red teff from Wera district was significantly (p < 0.05) higher than Soro district.

The mean concentration of Cu (5.4 - 45.5 mg/kg) in this study was higher
than the value (1.08 - 2.51 mg/100 g) reported by [19] and the value (8.1 mg/kg)
reported by [38]. The permissible limit of copper for human consumption rec-
ommended by FAO/WHO is 73.3 mg/kg [42]. The present investigation revealed
that the concentration of Cu was below the maximum permissible limit 73.3
mg/kg for human health set by [41].

Lead

In this study, the concentration of lead in teff ranged from 0.118 - 0.130
mg/kg dry weights. The highest (0.128 + 0.002 mg/kg) concentration of Pb was
found in white teff from Abeshege district and the lowest (0.12 + 0.002 mg/kg)
concentration of Pb was detected in red teff from the Soro district. One-way
Analysis of variance revealed that the mean concentration of Pb was significantly
different among teff types in the sample districts. Fisher’s combined probability
test using the LSD criterion for significance indicated that the mean concentra-
tion of Pb in white teff from Abeshege district was significantly (p < 0.05) higher
than that in Soro and Wera districs. The mean concentration of Pb in white teff
from Wera district was significantly (p < 0.05) higher than Soro districts. The
mean concentration of Pb in brown teff from Soro district was significantly (p <
0.05) lower than Abeshege and Wera districts. However, there was no significant
difference in brown teff from Abeshege and Wera districts with p < 0.05. The
mean concentration of Pb in red teff from Wera district was significantly (p <
0.05) higher than Soro and Abeshege districts. Also, the mean concentration of
Pb in red teff from Abeshege district was significantly (p < 0.05) higher than that
in Soro district.

The concentration of Pb (0.118 - 0.13 mg/kg) in this study was lower than the
value (0.05 mg/100 g) reported by [39]. The concentration of lead observed in
teff in this study was below the recommended limit 0.3 mg/kg as set by [41].

Cadmium

The level of cadmium in teff varieties of all sample districts was below the
method detection limit indicating that there is no Cd contamination.

Pearson Correlation of Metals

In this study, to correlate the effect of one metal concentration on the concen-

tration of another metal, the Pearson correlation matrices using correlation
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coefficient (r) for the samples were used and presented in Table 7.

In the teff samples analyzed for the metal levels, the correlation was strong
(close to £1) for some metals, moderate (around + 0.5) for some other metals
and weak (< +0.5) for the remaining metals. The poor relationship may be due
to the fact that different soil types, environmental conditions and capacity of the
plant to accumulate specific metal.

There was strong positive correlation between Mg with (Ca and K). Moderate
positive correlations were seen between Ca with K, Mg with (Fe and Zn), K with
Fe and Cu with Pb. Metals interact with other metals in the uptake process by
the plants. This is because of some metals have similar properties. For example,
Mn shows properties of both the alkaline earth cations such as Mg and Ca®
and the heavy metals(Zn, Fe) [43]. This could be the probable reason for positive
correlation for Mg with (Ca and K), Ca with K, Mg with (Fe and Zn), K with Fe
and Cu with Pb which may be arise from common anthropogenic or natural
sources as well as from similarity in chemical properties.

Weak positive correlation was seen between Na with (Mg, K, Zn and Pb); Fe
with (Mn and Zn); Cu with (K, Fe and Zn); Pb with Zn. Moderate negative cor-
relation has been observed between Mg with Pb and Mn with Zn. Weak negative
correlation was recognized between Na with Fe; Mn with (Ca, Mg, Na, K, Cu
and Pb); Cu with (Ca and Mg); Pb with (Ca, K, and Fe). The weak positive or
negative correlation indicated that the presence or absence of one metal has an

effect to a lesser extent on the other.

4. Conclusions

The contents of all essential and non-essential metals in the three teff varieties of
present study were within the recommended level. However, the level of toxic
metals such as Pb was below the permissible limit and that of Cd was below the
method detection limit. Hence, it is safe for daily human consumption. So that

this study helped to provide information on that the consumption of these teffs

Table 7. Pearson’s correlation matrices of metals for teff samples.

Ca Mg Na K Fe Mn Zn Cu Pb
Ca 1

Mg  0.890" 1

Na 0.435" 0.142 1
K 0.663"  0.758"  0.281 1
Fe 0.409" 0.553"7 —-0.041 0.526" 1
Mn -0.093 -0.050 -0.041 -0.325 0.264 1

Zn 0.483" 0.5117  0.059 0.445 0.161 —0.542" 1
Cu -0.071 -0.140 0.417 0.061 0.228  -0.042  0.029 1

Pb -0.388" -0.541" 0.147 -0.347 -0.352 -0.288 0.029  0.606" 1

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).
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serves as a good dietary source for the treatment of different health complica-
tions.

A statistical analysis of variance at 95% confidence level revealed that there
were significant differences in the mean concentrations of all metals between the
three types of teff and teff from the three grown districts. This could be attri-
buted to the difference in mineral contents of soil, agricultural practices or the
extent of mineral absorption by teff varieties. The value of Pearson correlation
coefficient revealed strong positive correlation between Mg with (Ca and K), the
rest have moderate or weak positive or negative correlation of metals with each
other in teff.

Experimental investigations indicated that the Red teff contains higher
amount of essential metals than brown and white teffs. It also contains higher
amount of iron relative to brown and white teff kinds. Therefore, based on the
results Red teff can be considered as a good source for prevention of iron defi-

ciency especially for infants and pregnant woman.
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Supporting Information

Table S1. Instrument operating conditions for the determination of metals in teff samples
using FAAS.

Element A (nm) SW (nm) IDL (mg/L) LC (mA) PMT (V) Energy (J)

K 767 0.7 0.010 2 262.2 3.222
Mg 285.2 0.7 0.001 1 344.6 3.934
Ca 423 0.7 0.010 2 178.6 3.912
Na 589 0.2 0.002 2 228.0 3.722
Mn 280 0.7 0.001 3 175.6 3.752
Zn 214 0.7 0.005 2 234.1 3.276
Fe 248 0.2 0.030 7 219.4 3.434
Cu 325 0.7 0.020 1.5 194.6 3.816
Pb 283.2 0.7 0.100 2 - 3.501
Cd 228.9 0.7 0.005 2 166.8 3.142

PMT = photomultiplier tube, SW = slit width, 1 = wave length, LC = lamp current, IDL = Instrument de-
tection limit.

Table S2. Working standard concentration, correlation coefficient and equations of the
calibration curves for the determination of metals using FAAS.

Concentrations of working Correlation coefficient of Equation for calibration

Metal standards (mg/L) the calibration curves curve
Na 0.25,0.5,0.75, 1, 1.25 0.9987 A =0.0684C - 0.0013
K 0.25,0.5,1,1.5,2 0.9990 A =0.0312C - 0.007
Mg 5,10, 15, 20, 25 0.9992 A =0.0816C - 0.265
Ca 5,10, 15, 20, 25 0.9981 A =0.0387C - 0.1187
Mn 0.25,0.5,0.75,1, 1.25 0.9981 A =0.2768C - 0.0634
Cu 0.11, 0.25, 0.3, 0.35, 0.4 0.9992 A =0.0869C - 0.0025
Zn 0.1,0.25,0.5,0.75, 1 0.9995 A =0.0893C - 0.001
Fe 0.5,1,2,3,4 0.9986 A =0.19C + 0.0897
Pb 0.15, 0.25, 0.35, 0.45, 0.55 0.9959 A =0.027C - 0.0031
Cd 0.15, 0.25, 0.45, 0.55, 0.95 0.9976 A =0.1588C - 0.0253

A = Absorbance, C = Concentration.
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