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ABSTRACT. The levels of essential and non-essential metals in niger seed (Guizotia abyssinica (L. f.) Cass.)
cultivated in different parts of Ethiopia were determined by flame atomic absorption spectrometry after wet
digestion using 2.5 mL of HNO; (69.5%), 1 mL HClO,4 (60%) and 0.5 mL of 30% H,O, at 210 °C for 150 min.
Sampling was carried out randomly from nine different sites from Ethiopia and one sample from Eretria for
comparison. The following metal concentration ranges (pg/g) were determined in niger seed samples,
respectively: Na (159-736), K (5594-8203), Ca (340—-680), Mg (2404-4656), Mn (13.4-34.3), Fe (31.6-370), Cu
(9.5-61.2), Zn (23.4-46.2), Cr (4.0-16.8), Co (4.9-27.3), Ni (13.0-32.4), Pb (15.5-19.3) and Cd was not detected
in all the samples. The analysis of variance indicated the presence of significance difference at 95% confidence
level among niger seeds collected from different sites. Pearson correlation coefficients indicated that there were
significant correlations among some metals in the niger seed. The study revealed that niger seed is good source of
essential metals and free from toxic metal such as Cd and hence safe for human consumption. Generally, the metal
concentration in niger seed is comparable with other oil seeds.
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INTRODUCTION

Oilseeds are a mainstay of the rural and national economy in Ethiopia. After coffee, oilseeds are
the second largest export earner for the country and more than 3 million smallholders are
involved in its production. Exports of the country consist of sesame and niger seed [1] to
different countries in the world.

Niger is an oilseed crop mainly cultivated in different parts of Ethiopia and India. It
constitutes about 50% of the Ethiopian and 3% of Indian oilseed production. The two countries
are the first and second niger seed producers and users in the world, respectively. In Ethiopia, it
is cultivated on waterlogged soils where most crops and all other oilseeds fail to grow and
contributes a great deal to soil conservation and land rehabilitation. Niger is a crop of the cooler
parts of the tropics. It is being cultivated in many countries of tropical and temperate zones.
Ethiopia and India are the major niger seed producing countries of the world [2]. It is also minor
oil crop in India, Kenya, Uganda, Sudan, Malawi and other African countries [3, 4]. The major
niger producing areas in Ethiopia are characterized by moderate temperatures ranged between
16 °C and 20 °C during the growing season. In Ethiopia, niger is cultivated at altitudes ranging
from 500 m to 2980 m but mainly grown in mid-altitude and highland areas (1700-2200 m). It
grows well in areas where rainfall is 1000 to 1300 mm per year [5].

The niger plant is consumed by sheep but not by cattle, to which only niger silage can be
fed [6]. Moreover, niger is used as a green manure for increasing soil organic matter [5]. Niger
seed is the most important oil crop in Ethiopia and a minor crop in India but it is not involved in
the world-wide oilseed trade rather than used as bird feed. Besides cookery, niger seed oil can
be used in the manufacture of soap, paints, or as a lubricant or illuminant. The protein-rich meal
which remains after oil extraction is used as animal feed, manure or fuel [7]. In addition to its
oil, the crop offers an important source of seed protein [8] that significantly contributes to the
human dietary protein intake [9]. The oil of niger seeds appears to be nutritionally valuable, as
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the high content of linoleic acid is known to prevent cardiovascular diseases and to be the
precursor of structural components of plasma membranes and of some metabolic regulatory
compounds [10]. Additionally, it is accompanied by a significant antioxidant activity, mainly
due to sterols and tocopherols [11].

The niger seed contains up to 40% edible semidrying oil, 20.9% carbohydrate and 27.8%
protein [3-5]. Niger meal remaining after the extraction of oil contains approximately 30%
protein and 23% crude fiber. The oil, protein and crude fiber contents of niger seeds are affected
by the hull thickness and thick-hulled seeds tend to have less oil and protein and more crude
fiber. Niger oil has a fatty acid composition typical for seed oils of the Asteraceae plant family
(for example, safflower and sunflower) with linoleic acid being the dominant fatty acid. The
linoleic acid content of niger oil was approximately 55% in seed grown in India [12] and 75% in
seed grown in Ethiopia [13, 14]. In general, the Ethiopian niger meal contains less protein
and more crude fiber than the niger meal grown in India [6, 13]. Dutta et al. [11] reported 29—
39% oil in niger seed collected from different regions of Ethiopia, while Almaw and Teklewold
[14] reported the oil content as ranged from 39.8-46.9%. Seegeler [13] reported oil contents of
30-50%. Other than being very important for their nutritional value, oilseeds have considerable
importance for industrial and pharmaceutical purposes [7].

Recently, trace elements and heavy metal contents in some spices and herbs widely
cultivated and consumed in Ethiopia has been determined. These studies include levels of
selected metals in the leaves of different species of thyme (Thymus schimperi and Thymus
vulgaris) [15], metallic nutrients in enset (Ensete ventricosum) corm [16], levels of major and
trace metals in onion (Allium cepa L.) [17], levels of metals in vegetables [18], levels of
essential and non-essential metals in Rhamnus prinoides (Gesho) [19], mineral composition of
sorghum landrace accessions from Ethiopia [20], mineral contents of fruits of cactus pear
(Opuntia ficus indica) [21] and levels of major, minor and toxic metals in tubers and flour of
Dioscorea abyssinica [22]. Mineral contents of seed and seed oils of Capparis species growing
wild in Turkey have been report during last year [23]. Levels of essential and non-essential
metals in linseed (linum usitatissimum) cultivated in Ethiopia have also been reported during
last year [24].

However, there is no report in literature about the metal content of niger seed which is
consumed in Ethiopia and other countries. The purpose of this study was to determine the
concentration and distribution of major, minor and toxic elements in niger seeds grown in
Ethiopia and Eretria. The study was also aimed to assess the role of niger seeds as sources of
essential nutrition.

EXPERIMENTAL
Chemicals and reagents

HNO; (69.5%, Scharlau, European Union), HCIO, (60%, BDH, England) and H,O, (30%,
Scharlau, European Union) were used for digestion of samples for metal determination.
Lanthanum nitrate hydrate (BDH, England) was used to avoid refractory interference (for
releasing calcium and magnesium from their phosphates). Standard solution of concentration
1000 mg/L in 2% HNO; of the metals such as, Na, K, Ca, Mg, Mn, Cu, Zn, Co, Cr, Fe and Ni as
nitrate salt were used for calibration standard and spiking experiment.

Instrumentation

Flame atomic absorption spectrophotometer (Buck Scientific Model 210VGP AAS, East
Norwalk, USA) equipped with deuterium arc back ground correctors and hollow cathode lamps
with air-acetylene flame was used for the analysis of the analyte metals in niger seed. Kjeldahl
digestion apparatus (Gallenkamp, England) fitted with round bottomed flask and reflux
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condenser was used for digestion of powdered niger seed samples. A drying oven (Digitheat,
Spain) was used for evaporation and dryness of niger seed samples. A refrigerator (Hitachi,
Japan) was used for the preservation of digested samples before AAS analysis was made.

Description of the sampling areas

Niger seeds were collected from different parts of Ethiopia and Eretria (Figure 1). The samples
sites were the major niger seed production areas in Ethiopia and for comparison Eretria were
used. The sites were also selected based on different parameters such as different rainfall level,
altitude, soil fertility and climate condition. The samples were collected from Jimma, Debre
Markos, Kombolcha, Mekelle, Gondar, Debre Birhan, Awi Zone and Alamata. While Wellega
samples were collected from Ethiopian biodiversity institution which had twelve different sites
and were mixed together as Wellega sample. Eritrean samples were also collected from
Ethiopian biodiversity institution which had ten accessions. The samples other than Eretria and
Wellega were collected from the source (production area) which was grown in 2012. The
sample sites and their location are given in Table 1.

Figure 1. Map showing niger seed sampling sites in Ethiopia and Eritrea.

Table 1. The regions and locations of sampling sites.

Sample site Region Latitude Longitude

Jimma Oromia 07-40-00-N 36-50-00-E
Debre Markos Ambhara 100-21-00-N 370-23-00-E
Kombolcha Ambhara 11-05-00-N 39-44-00-E
Mekelle Tigray 13-29-00-N 39-28-00-E
Gondar Ambhara 12-36-00-N 37-28-00-E
Debre Birhan Ambhara 09-41-00-N 39-32-00-E
Awi Zone Amhara 10-05-00-N 36-47-00-E
Alamata Tigray 12-20-00-N 39-30-00-E
Wellega Oromia 08-35-00-N 35-43-00-E
Eritrea Eritrea 15-46-84-N 37-59-20-E
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Sample collection

Niger seed samples were collected from the production area from three different places for each
site except Wellega and Eretria. Half a kilo niger seeds from each places were mixed together in
a polyethylene bag, labeled and brought to the laboratory for further pretreatments, the same
was done for all the eight samples. Twelve accessions from Wellega and ten from Eretria were
collected from the Gene Bank. A three gram sample (one full pack) from each accession was
mixed in a polyethylene bag, labeled and brought to the laboratory for further pretreatments.

Sample preparation for metals determination

The niger seed samples collected from the ten sampling areas were sieved through a
polyethylene sieve to remove large debris, stones, and pebbles. The sieved samples were washed
two times with tap water and rinsed with deionized water three times to remove soil from the
seed and were dried in the sun light until dried. The dried samples were ground with blander and
sieved with 1.4 mm polyethylene sieve.

Half g of dried, powdered and homogenized niger seed samples were transferred into a 100
mL round bottomed flask. To this 2.5 mL of HNO; (69.5%), followed by 1 mL HCIO, (60%)
and 0.5 mL of 30% H,O, were added and the mixture was digested on a Kjeldahl digestion
apparatus (Gallenkamp, England) fitting the flask to a reflux condenser by setting the
temperature first to dial at 1 (30 °C) for the first 10 min and raised to dial 2 (60 °C) for the next
10 min then raised to dial at 4 (120 °C) for the next 10 min. Finally raised to dial 7 (210 °C) for
the remaining 110 min. The digest was allowed to cool to room temperature for 30 min without
dismantling the condenser from the flask and for 30 min after removing the condenser. To the
cooled solution 10 mL of deionized water was added to dissolve the precipitate formed on
cooling and to minimized dissolution of filter paper by the digest residue while filtering with
Whatman, (70 mm, diameter). The folded filter was put on the plastic funnel fitted with 50 mL
volumetric. The round bottom flask was rinsed subsequently with deionized water until the total
volume reached around 45 mL. To this final solution, 2 mL lanthanum nitrate solution (1%
w/w) was added and the solution was filled to the mark (50 mL) with deionized water. The
digestion was carried out in triplicate for each bulk samples. Digestion of triplicate reagent
blanks were also performed in parallel with the niger seed samples keeping all digestion
parameters the same.

Major, trace and toxic metal determination in niger seed

Four standard solutions for each metal (Na, K, Ca, Mg, Mn, Fe, Cu, Zn, Cr, Co, Ni, Cd and Pb)
were prepared from stock solution (1000 mg/L). Flame atomic absorption spectrophotometer,
FAAS, equipped with deuterium arc background corrector and standard air-acetylene flame
system using external calibration curve after optimizing the parameters in to maximum signal
intensity of the instrument was used for determination of metal of interest. All the metals were
determined by absorption/concentration mode and the instrument readout was recorded for each
solution manually. Triplicate samples, six blank samples and four working standards for each
metal were determined under the same conditions. The analytical wavelengths, method
detection limits, correlation coefficients of the calibration curves and the correlation equations
are given in Table 2.

Method detection limit

Method detection limit (MDL) is defined as minimum concentration of a substance (in a given
matrix) that can be measured with 99% confidence that the analyte concentration is greater than
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zero, and is determined from analysis of a sample in a given matrix containing the analyte. In
this study, six blank samples were used and pooled standard deviation was calculated. Method
detection limit was calculated by multiply pooled standard deviation of blank sample by three.
Result below method detection limit was not reported. The method detection limits (Table 2)
clearly indicate that the selected metals can be determined at trace labels in the niger seed.

Table 2. The analytical wavelengths, method detection limits, correlation coefficients of the calibration
curves and the correlation equations for determination of metals in niger seed samples by FAAS.

Metal Wavelength *MDL Correlation Equation of calibration curve
(nm) (ng/g) coefficient

Na 589.0 10 0.9999 Y =0.0014 x 107+ 0.0729*X
K 766.5 9.0 0.9998 Y =-5.32x 10° + 0.00618*X
Ca 422.7 3.0 0.9999 Y =-7.04 x 10” + 0.00266%X
Mg 285.2 5.0 0.9999 Y =0.0017 x 10 + 0.186*X
Mn 279.5 1.1 0.9999 Y =6.52x 107 +0.024*X
Fe 248.3 4.2 0.9999 Y =7.15x 10” + 0.00411*X
Cu 324.7 3.0 0.9996 Y =-6.76 x 10° + 0.0113*X
Zn 213.9 9.0 0.9999 Y =-1.70 x 10° + 0.116*X
Cr 357.9 5.6 0.9993 Y =4.18x 107 +0.0101*X
Co 240.7 6.0 0.9999 Y =6.35x 107 + 0.00341*X
Ni 232.0 6.0 0.9999 Y =-2.48 x 10 + 0.00697*X
Cd 228.9 6.0 0.9999 Y =6.27 x 107 + 0.06712*X
Pb 283.2 13 0.9999 Y =-5.30x 10” + 0.00312*X

*MDL = Method detection limit.
Method validation for metal determination

The method validation for metal analysis was done by spiking experiment. Niger seed sample
spiking was done by adding, 43 puL of 1000 mg/L Na, 570 uL of 1000 mg/L K, 42 uL of 1000
mg/L Ca, 275 puL of 1000 mg/L Mg, 30 pL of 100 mg/L Mn, 14 pL of 1000 mg/L Fe, 55 pL of
100 mg/L Cu, 35 pL of 100 mg/L Zn,10 pL of 100 mg/L Cr, 10 pL of 100 mg/L Co, 35 puL of
100 mg/L Ni, 5 pL of 10 mg/L Cd and 20 pL of 100 mg/L Pb standard solution to 100 mL
round bottomed flask containing 0.5 g niger seed sample. The spiked and non-spiked (as blank
during recovery test) sample were digested with similar condition within triplicate.

RESULTS AND DISCUSSION
Optimization of digestion of niger seed sample

During digestion, four parameters (composition of reagents, volume of reagents, temperature
and time) were adjusted to make the niger seed sample free from organic matter and to get the
metal ion in free form. The one which produces clear and colorless solution within minimum
amount of reagent proportion, time and temperature was selected.

Volumes of reagents (HNO;, H,O, and HCIO,) were optimized first by varying the
proportion of the reagents within constant temperature (270 °C) and time (240 min). Then
temperature was optimized within the range of 120-270 °C at constant time (240 min) and
within optimized proportion of reagents (2.5 mL (HNO;), 1 mL (HCIO,4) and 0.5 mL (H,0,).
Lastly, the favorable time was optimized at constant optimized temperature (210 °C) and
constant proportion of reagents (2.5 mL (HNO;), 1 mL (HCIO,) and 0.5 mL (H,0,). Finally, 2.5
mL (HNO3), 1 mL (HCIO,) and 0.5 mL (H,0,) reagent proportion at 210 °C temperature for 140
min was selected for digestion of niger seed sample.
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Recovery results

The percentage of recoveries for the studied metals in niger seeds were found in the ranges of
90-107% (Table 3). These ranges fall in the acceptable range [25, 26]. Therefore, this verifies
that the optimized digestion procedures and instruments were valid for metal determinations in
niger seed.

Table 3. Recovery test results for metals determination in niger seed.

Metal Conc. in unspiked Amount added Conc. in spiked sample Recovery (%)
sample (ng/g) (ng/g) (ng/g)

Na 430 86.0 509+3 9143
K 7640 1142 8760+4 98+4
Ca 850 84.0 93343 99+3
Mg 4800 560 5333+ 6 9545
Mn 35.0 6.0 41.3+0.6 105+1
Fe 253 28.0 280+5.0 95+5
Cu 71.7 11.0 81.7+1.2 91+1
Zn 64.0 7.0 71.5+1.1 107+1
Cr 21.9 2.0 23.7+£1.0 90+1
Co 16.4 2.0 18.3£0.9 95+1
Ni 29.6 7.0 37.0+0.8 107+1
Cd 3.0 3.0 5.7£0.5 901
Pb 17.0 4.0 20.7+0.5 93+1

Conc. = concentration.
Distribution patterns of metals in niger seed samples

The concentration of thirteen metals (major, trace, toxic) (Na, K, Ca, Mg, Mn, Fe, Cu, Zn, Cr,
Co, Ni, Cd, and Pb) were determined in niger seed samples by flame atomic absorption
spectrometry. The results are given in Table 4.

Nutrient interrelationships are complex, especially among the trace elements. A mineral
cannot be affected without affecting at least two other minerals, each of which will then affect
two others, etc. Mineral relationships can be compared to a series of intermeshing gears which
are all connected, some directly and some indirectly. Two relationships exist among the trace
elements, antagonistic and synergistic, which occur at two levels, metabolic and absorptive [27].
Therefore the concentration of major, trace and toxic metals in niger seed samples will be
affected by the above factor. The distribution of metals are also affected by different factors;
physical and chemical properties of the soil, application of natural (manure) and artificial
fertilizers, increasing industrialization and associated pollution of the biosphere, climatic
condition and rainfall of the place, and storage are the main factor for the mineral contents of the
niger seed.

The niger seed samples collected from ten sample sites contained detectable major (Na, K,
Ca, and Mg) and trace (Mn, Fe, Cu, Zn, Cr, Co, Ni). Pb was detected in the samples from four
sites (Kombolcha, Awi Zone, Debre Markos, and Mekelle) only and Cd was below detection in
samples from all sites. The distribution of metal varies from site to site. The pattern of
concentration of metal in niger seed collected from ten sites was decreased as K > Mg > Ca >
Na>Fe>Zn> Cu>Ni>Mn > Co >Pb > Cr.
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Table 4. Mean concentration (X + SD, n =9, pug/g dry weight) of metals in niger seed samples.

Sample sites Concentration (pg/g)*
Na K Ca | Mg Mn Fe Cu Zn Cr Co | Ni | Cd | Pb

Kombolcha | 425 | 7616 | 420 | 3660 | 26.2 | 139 | 55.1 329 | 7.50 | 104 | 32.4 | ND° | 19.3
+26 | £50 | +11 | £70 | 0.4 |+4.8 | £2.2 | £0.45 | 0.8 | £1.1 [ £1.1 +1.8

Gondar 436 | 8203 | 540 | 3576 | 19.0 [33.1| 19.8 | 43.8 | 7.80 |25.1 | 13.6 | ND° | ND°
+22 | £71 | +12 | 490 | +0.6 |[+3.3 | £1.5 | £042 | 0.8 | £1.9 [ £1.1

Debre 430 | 7063 | 680 | 2404 | 16.1 | 130 | 612 | 23.4 | 6.00 | 13.0 | 20.3 | ND® | ND®

Birhan +25 | £56 | +11 | £30 | +0.5 | +4.0 | £2.0 | £0.36 | 0.6 |14 | £1.1

Awi Zone 519 | 7823 | 350 | 4656 | 16.1 | 105 | 9.50 | 43.1 8.10 | 273 ]29.2 | ND° | 19.2
+26 | +68 | +12 | £130 | +0.6 | +3.2 | +1.1 | £0.47 | +09 | +1.6 [ +0.9 +2.0

Debre 736 | 7244 | 480 | 3593 | 23.2 | 158 | 16.6 | 35.1 7.00 [ 19.2 265 | ND* | 16.9

Markos +33 | #£162 | +11 | £70 | £0.6 [ +4.2 | £1.2 | £0.40 | 0.6 | 1.2 [ £1.3 +1.5

Jimma 230 | 5594 | 380 | 2649 | 29.8 | 355 | 44.1 46.2 | 4.00 |23.9]21.6 | ND* | NDP
+25 | £39 | +10 | 80 | #0.9 [ +3.3 | £1.7 | £0.52 | +0.3 | +2.8 | £0.7

Wellega 558 | 7710 | 340 [ 3983 | 343 [ 214 | 350 | 31.7 | 7.80 [ 4.90 | 159 | ND° [ ND"
+33 | 483 | +11 | 50 | 0.4 [+3.3 | £1.6 | £045 | +0.7 | £0.3 [ £0.5

Alamata 158 | 6852 | 520 | 3115 | 149 | 308 | 20.1 26.1 14.8 | 22.5]257 | ND* | NDP
+22 | 486 | 10 | 50 | +0.4 [+4.0 | £1.2 | £0.34 | +1.4 [ £2.1 [£1.3

Mekelle 214 | 6188 | 540 | 3837 | 13.4 |31.6| 373 37.9 | 580 159 |13.0 | ND" | 155
+25 | £78 | 35| 490 | £0.5 [ +3.6 | £2.0 | £0.49 | +0.5 | +£14 [+0.7 +1.6

Eretria 408 | 7638 | 430 | 3432 | 29.2 | 369 | 26.6 | 35.5 16.8 | 12.5] 253 | ND* | NDP
+22 | 66 | +11 | £70 | 04 [ +33 | £1.6 | £040 | +1.4 [£1.3 [ «£1.1

*Mean concentration (X + SD, n = 9, pg/g dry weight). "Concentration of tested toxic metal below method
detection limit (Cd < 6 pg/g, Pb < 13.5 ng/g).

Table 5 shows that the concentration (in pg/g) of K (5594-8203) is larger compared to other
metal, Mg (2404-4656), Ca (340-680), Na (159-736), Fe (31.6-370), Zn (23.4-46.2), Cu (9.5—
61.2), Ni (13.0-32.4), Mn (13.4-34.3), Co (4.9-27.3), Pb (15.5-19.3), and Cr (4.0-16.8) are
decreasing order of the concentration. The comparison of metal concentrations in niger seed
samples from different sites are shown in Figure 2.

Table 5. Mean and range of concentration of metals in niger seed samples.

Metal Mean concentration (ug/g) Concentration range (ug/g)
Na 412 159-736
K 7193 5594-8203
Ca 468 340-680
Mg 3490 24044656
Mn 222 13.4-34.3
Fe 153 31.6-370
Cu 325 9.5-61.2
Zn 35.6 23.4-46.2
Cr 8.56 4.0-16.8
Co 17.5 4.9-27.3
Ni 224 13.0-32.4
Cd - -

Pb 17.2 15.5-19.3

Sodium was present in larger amount in the sample from Debre Markos (736+33.1) relative
to sample from others sites. Samples from Wellega (558+33), Awi Zone (519+£26), Gondar
(436£22), Debre Birhan (430£25), Kombolcha (425+£26), Eretria (408+£22), Jimma (230£25),
Mekelle (214425) and Alamata (158+22) were in decreasing order of Na concentration. The
presence of large amount of Na in sample from Debre Markos may be due to the presence of
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water body around it. The absence of much amount of water in the surface and shortage of
rainfall makes the sample from Mekelle and Alamata to contain small amount of Na.

Niger seed sample from Gondar (8203+70) had large amount K than samples from other
sites. Samples from Awi zone (7823 +£68), Wellega (7710+83), Eretria (76384+67), Kombolcha
(7616+50), Debre Markos (7244+162), Debre Birhan (7063£56), Alamata (6852+87), Mekelle
(6188+78), and Jimma (5594+39) were in decreasing order of K concentration.

Calcium was present in higher amount in niger seed sample from Debre Birhan (680+11)
relative to sample from other sites. Niger seed sample from Mekelle (540+35) had equal
concentration with sample from Gondar. Samples from Alamata (520+10), Debre Markos
(480£12), Eretria (430+11), Kombolcha (420+11), Jimma (380+10), Awi zone (350+12), and
Wellega (340+11) were in decreasing order of Ca concentration.
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Figure 2. Distribution pattern of metals in niger seed sample.

Sample from Awi Zone (4656+130) had larger Mg concentration than the sample from other
sites. Samples from Wellega (3983+51), Mekelle (3837+90), Kombolcha (3660+70), Debre
Markos (3593+£71), Gondar (3576+90), Eretria (3432+71), Alamata (3115+£51), Jimma
(2649+80), and Debre Birhan (2404+30) were in decreasing order of Mg concentration. The
concentration of K, Ca and Mg in niger seed sample was higher in northern part of Ethiopia.

Manganese was present in larger amount in sample from Wellega (34.3+£0.4) relative to
sample from other sites. Samples from Jimma (29.8+0.9), Eretria (29.2+0.4), Kombolcha
(26.2+0.4), Debre Markos (23.2+0.6), Awi Zone (16.1£0.6), Debre Birhan (16.140.5), Alamata
(14.9+0.4), and Mekelle (13.4+0.5) were in decreasing order of Mn concentration. Niger seed
from Eretria (36943.3) had larger amount of Fe concentration relative to sample from other
sites. Samples from Alamata (308+4.0), Wellega (21443.3), Debre Markos (158+4.2),
Kombolcha (139+4.8), Debre Birhan (130+4.0), Awi Zone (105+3.2), Jimma (35.5+3.3),
Gondar (33.1£3.3), and Mekelle (31.6+3.6) were in decreasing order of Fe concentration.

Copper was present in larger amount in sample from Debre Birhan (61.2+2.0) relative to
sample from other sites. Samples from Kombolcha (55.1£2.2), Jimma (44.1+1.7), Mekelle
(37.3£2.0), Wellega (35.0+1.6), Eretria (26.6+1.6), Alamata (20.1£1.2), Gondar (19.8+1.5),
Debre Markos (16.6+1.2), and Awi Zone (9.50+1.1) were in decreasing order of Cu
concentration.

Zinc was present larger amount in niger seed sample from Jimma (46.2+0.52) relative to
sample from other sites. Samples from Gondar (43.8+0.42), Awi Zone (43.1+0.47), Mekelle
(37.94£0.49), Eretria (35.5+£0.40), Debre Markos (35.1+0.40), Kombolcha (32.9+0.45), Wellega
(31.7+0.45), Alamata (26.1+0.34), and Debre Birhan (23.44+0.36) were in decreasing order of Zn
concentration.

Niger seed sample from Eretria (16.8+1.4) had larger amount of Cr concentration relative to
sample from other sites. Samples from Alamata (14.8+1.4), Awi Zone (8.10+0.9), Gondar
(7.80+0.8), Wellega (7.80+0.7), Kombolcha (7.50+0.8), Debre Markos (7.00+0.6), Debre
Birhan (6.00+0.6), Mekelle (5.80+0.5), and Jimma (4.00+0.3) were in decreasing order of Cr
concentration. This variation may be due to the presence of tannery factories on some of the
sample sites, which makes the concentration of Cr to be raised.
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Cobalt was present in larger amount in sample from Awi Zone (27.3£1.6) when compare to
sample from other sites. Samples from Gondar (25.1£1.9), Jimma (23.9+2.8), Alamata
(22.5+2.1), Debre Markos (19.2+1.2), Mekelle (15.9+1.4), Debre Birhan (13.0+1.4), Eretria
(12.5+1.3), Kombolcha (10.4+1.1), and Wellega (4.90+0.3) were in decreasing order of Co
concentration.

Nickel was present in larger concentration in sample from Kombolcha (32.4 +1.1) relative to
the sample from other sites. Samples from Awi Zone (29.2+0.9), Debre Markos (26.5+1.3),
Alamata (25.7+1.3), Eretria (25.3%1.1), Jimma (21.6+0.7), Debre Birhan (20.3+1.1), Wellega
(15.9+0.5), Gondar (13.6%1.1), and Mekelle (13.0+£0.7) were in decreasing order of Ni
concentration.

Toxic metal was present in niger seed sample in very trace amount. Sample from some of
sites were below detection limit. Cadmium was present below detection limit (Cd < 6 pg/g) in
the sample from all sites.

Sample from Kombolcha (19.3+1.8) had larger amount Pb concentration when compare to
sample from other sites. Sample from Awi Zone (19.2+2.0), Debre Markos (16.9+1.5) and
Mekelle (15.5+1.6) were in decreasing order of Pb concentration. The remaining sample from
sites (Gondar, Debre Birhan, Jimma, Wellega, Alamata and Eretria) were below detection limit
(Pb < 13.5 pg/g). The presence of detectable Pb concentration samples from Kombolcha, Awi
Zone, Debre Markos and Mekelle is due to the presence of factories that is related to dyes.

Comparison of metal levels in this study (niger seed) with literatures values

The concentrations of metals in plant mostly depend on the nutrient absorbing capacity of
individual plant. Level of metals in plant also depend on metal content of the soil in which it
grow, the accessibility of metal by plant or water soluble property of metal complex in the soil,
rain fall level and climate condition.

Sodium is one of major element present in plant. The minimum sodium requirement of
human is about 1,500 mg each day. This is less than 1 teaspoon of table salt. The maximum
recommended level of sodium intake is 2,300 mg per day [28-30]. Sodium is present in oil seeds
and differs with the seeds type. Sodium contents of oil seeds determined in different places are
briefly discussed below. Niger seed (412 ng/g) (Ethiopia) in this study, linseed (324 pg/g)
(Pakistan) [31] and sesame (153 ng/g) (Turkey) [32] were the Na content of dry weight of the
seeds. Niger seeds relatively contain large amount of Na than the other seeds. Sodium in niger
seed is higher (nearly 90 pg/g) than linseed and it is also more than double of sesame. This
indicates niger seeds are highly nutritious in Na and more salty than other oil seeds.

Plant requires potassium in large amount for growth and reproduction. The daily
recommended allowance for potassium has been established 3500 mg per day for adults (over
18 years) of both sexes [28-30]. The distribution of potassium in oil seeds is different. Niger
seed (7193 ng/g) (Ethiopia) in this study, linseed (8263 ng/g) (Pakistan) [31] and sesame (5259
pg/g) (Turkey) [33] were content of K of the dry weight of the seeds. Niger seed contain
intermediate amount of K. Potassium content of niger seeds is relatively smaller than linseed but
some what larger than sesame. This indicates niger seed contain moderate amount of K.

Calcium is the major nutrient present in plant for production of new growing points and root
tips. In the elementary composition of the human body, it ranks fifth after oxygen, carbon,
hydrogen, and nitrogen, and it makes up 1.9% of the body by weight. The daily recommended
allowance for calcium has been established 2000 mg per day [34, 35]. The distribution of
calcium in oil seed differ with the type and place of oil seeds. Niger seed (468 pg/g) (Ethiopia)
in this study, linseed (2408 ng/g) (Pakistan) [31] and sesame (4154 pg/g) (Congo-Brazzaville)
[36] were Ca content of the dry weight of the seeds. Calcium concentration in niger seed is
relatively much smaller than the other oil seeds. The other seeds (linseed and sesame) contain
around 5-9 times Ca than niger seed. This indicates niger seed had poor calcium content relative
to other oil seeds.
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Magnesium ion is the major nutrient present in plant as a critical cation and cofactor in
numerous intracellular processes. The human body contains about 760 mg of magnesium at
birth, approximately 5 g at age 4-5 months, and 25 g when adult [37]. The magnesium intake
recommendation is 420 mg for adult men. No exact figures have been given for other groups,
but the weight-based corresponding value for women would be approximately 300 mg a day
[38]. The distribution of Mg in oil seeds is discussed below. Niger seed (3490 pg/g) (Ethiopia)
in this study, linseed (4305 pg/g) (Pakistan) [31] and sesame (3499 pg/g) (Turkey) [33] were
Mg content of the dry weight of the seeds. Niger seeds had larger amount of Mg content. Niger
seeds have less Mg content than linseed, nearly equal to sesame. This indicates that niger seed is
rich in Mg content.

Manganese is present in plant with trace amount for activation of enzymes [32]. Manganese
is present in all tissues of the human body. The precise requirement has not been determined,
2.5 to 5.0 mg per day has been estimated to constitute an adequate and safe intake [39]. The
distribution of Mn differs in oil seeds. Niger seed (22.2 pg/g) (Ethiopia) in this study, linseed
(27.6 ng/g) (Pakistan) [31] and sesame (34.6 pg/g) (Turkey) [33] were the Mn content of dry
weight seeds. Niger seeds had larger Mn content. Niger seed had nearly similar content of Mn
with linseed, smaller than sesame. This indicates that niger seed has intermediate amount of Mn
content.

Iron is one of mineral which is present in the plant in trace amount for the formation of
chlorophyll. Iron is a mineral that is found in every cell in the body. The recommended dietary
allowance for iron for non-vegetarian pre-menopausal women is 18 mg/day and 14 mg/day for
vegetarian men. For non-vegetarian men and post-menopausal women is 8 mg/day. The upper
level of intake should not exceed 45 mg/day [40]. Iron distributed in the oil seed plant evenly as
follow. Niger seed (153 pg/g) (Ethiopia) in this study, linseed (61.0 pg/g) (Pakistan) [31], and
sesame (114 pg/g) (Turkey) [33] were the Fe content of dry weight seeds. Niger seed contain
largest amount of Fe concentration in comparison to the other oil seeds. Niger seed had larger
Fe content than sesame and more than double of the linseed. This indicates niger seed is rich
with Fe content.

Copper is trace element present in the plant as an enzyme activator. The distribution of Cu in
oil seeds is discussed below as follow. Niger seed (32.5 pg/g) (Ethiopia) in this study, linseed
(19.6 pg/g) (Pakistan) [31] and sesame (21.5 ng/g) (Turkey) [33] were the Cu content of dry
weight of seeds. Copper is present in higher amount in niger seeds relative to other oil seeds.
Copper content in niger seed is larger than that of linseed and nearly double content than sesame
and sunflower. This indicates niger seed is rich in Cu content.

Zinc is an essential element for activation of enzymes, present in trace amount. Zinc is
present in all body tissues and fluids. The recommended intake for human is 7-15 mg/day [41].
Zinc distributed through plant differently and discussed below about the distribution of Zn in oil
seeds. Niger seeds (35.6 pg/g) (Ethiopia) in this study, linseed (Pakistan) (45.1 pg/g) [31] and
sesame (88.7 pg/g) (Turkey) [33] were the Zn content of dry weight seeds. Zinc is present in
niger seeds with intermediate amount when compare to the other oil seeds. Niger seed had
smaller Zn content than linseed but sesame had double Zn content than niger seed. This
indicates the Zn content in niger seed is appreciable.

Chromium is one of the essential elements which is present in trace amount. The human
body requires small amounts of it to function properly. On average, adults take in an estimated
60 micro gram of trivalent chromium every day with their food [42, 43]. Chromium is
distributed in oil seeds differently as the individual plant and discussed below. Niger seed (8.56
pg/g) (Ethiopia) in this study and linseed (< 2 pg/g) (Pakistan) [44] were the Cr content of dry
weight seeds. Chromium is present in large amount in niger seed than that of linseed.

Cobalt is present in the plant in trace amount. Cobalt is an essential trace element as a part of
vitamin By, which is necessary for folate and fatty acid metabolism. Adults (over 15 years old)
ingested around 7.5 pg of Co per day and children (aged 3 to 14 years) ingested approximately
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7.3 ug of Co per day [45, 46]. Distribution of Co is different in different plant and discussed as
follow. Niger seed (17.5 ug/g) (Ethiopia) in this study and linseed (76 pg/g) (Pakistan) [44]
were the Co content of dry weight seeds. This indicates niger seed is poor with Co content from
linseed.

Nickel is a nutritionally essential trace metal for at least several animal species, micro-
organisms and plants. About 170 pg of nickel is required in our food every day. Our daily intake
of nickel from drinking water is only about 2 pug. We breathe in between 0.1 and 1 pg
nickel/day, excluding nickel in tobacco smoke [47, 48]. Nickel is present in plant in trace
amount and distributed evenly in different plant. Nickel presents in niger seeds (22.4 ng/g)
(Ethiopia) in this study and linseed (19 pg/g) (Pakistan) [35] of dry weight seeds. Nickel content
in niger seed is almost similar with that of linseed.

Cadmium is one the toxic element that mostly present in ultra trace amount. The normal
intake of cadmium (1-3 micrograms/day) does not appear to cause health problems [49].
Cadmium is present in oil seeds in very small amount and discussed below about Cd content of
some oil seeds. Niger seed (below detection limit) (Ethiopia) in this study and linseed (0.13
pg/g) (Turkey) [S50] were the Cd content of dry weight seeds. Niger seed had much smaller
amount of Cd than linseed and indicates that it is free from Cd toxicity.

Lead is present in plant in very trace level and it is toxic for the plant. Adult human’s body
contains approximately 200 mg of lead [51]. Lead is presents in the oil seeds differently. Niger
seeds (17.2 pg/g) (Ethiopia) in this study and linseed (1.7 pg/g) (Pakistan) [44] were the Pb
content of dry weight seeds. Niger seed had large Pb relative to linseed.

Pearson correlation of metals in niger seed
There are several ways that this correlation coefficient can be found. In this study the Pearson’s
product moment correlation coefficient were used due to fast, easy to calculate and easy of

interpreting the output are the main reasons.

Table 6. Correlation matrices for metals in niger seed samples.

Na K Ca Mg Mn Fe Cu Zn Cr Co Ni
Na [1.000
K ]0.604 [1.000
Ca [-0.207 |-0.107 [1.000
Mg [0.386 [0.511 [-0.568 [1.000
Mn [0.302 ]0.076  |-0.643 |-0.10 1.000
Fe [0.039 10.277 |-0.122 |-0.039 [0.274 [1.000
Cu [-0.250 |-0.347 ]0.329 |-0.577 ]0.193 [-0.172 [1.000
Zn [0.004 [-0.086 [-0.450 [0.415 [0.132 |-0.599 |-0.352 |1.000
Cr [-0.155 ]0.342 |-0.052 [0.153 ]0.082 [0.914 [-0.361 |[-0.218 [1.000
Co [-0.017 |-0.144 [-0.074 [0.109 |-0.468 |[-0.355 |-0.542 [0.192 [-0.011 [1.000
Ni [0.205 |0.160 |-0.322 |0.158 |0.121 |0.394 |-0.049 |-0.063 |0.371 |0.145 [1.000

*Correlations based on the probability levels at 0.05.

Table 6 showed that strong positive correlation was obtained from Cr with Fe due to highly
synergetic relationship between them. K with Na and Mg with K have moderate positive
correlation due to synergism between the elements occurs largely on a metabolic level. Mg with
Ca, Mn with Ca, Cu with Mg, Zn with Fe and Co with Cu have moderate negative correlation
due to antagonisms relationship between the element occurs on a metabolic level. Positive and
weak relation occurred between Mg with Na, Mn with Na, Fe with K, Fe with Mn, Cu with Ca,
Zn with Mg, Cr with K, Ni with Fe and Ni with Cr. Cu with Na, Cu with K, Zn with Ca, Zn with
Cu, Cr with Cu, Co with Mn, Co with Fe and Ni with Ca have weak negative relationship
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between the elements. Ca with Na, Ca with K, Mn with K, Mn with Mg, Fe with Na, Fe with
Ca, Fe with Mg, Cu with Mn, Cu with Fe, Zn with Na, Zn with K, Zn with Mn, Cr with Na, Cr
with Ca, Cr with Mg, Cr with Mn, Cr with Zn, Co with Na, Co with K, Co with Ca, Co with
Mg, Co with Zn, Co with Cr, Ni with Na, Ni with K, Ni with Mg, Ni with Mn, Ni with Cu, Ni
with Zn and Ni with Co have no linear relationship.

Analysis of variance (ANOVA)

In this study niger seeds were collected from ten different sites randomly. Each sample was
mixed to be homogenized and represent the sample site. Niger seed was dried, ground, digested
and diluted before analyzed. During all the steps random error may be introduced in each
measurement or triplicate analysis. Difference in the results happened inter-sites and intra-sites.
Therefore the results that are determined need to be checked by different statistical data analysis
methods whether there is significant difference between the result or not. To decide whether the
result has significant difference or not, analysis of variance (ANOVA) is compatible.

There was a significant difference (p > 0.05) in Na concentration between Kombolcha,
Gondar, Debre Birhan, Awi Zone, Debre Markos, Jimma, Wellega, Alamata, Mekelle, and
Eritrea Niger seeds samples. Similarly, there was significant difference (p > 0.05) was observed
in K, Ca, Mg, Mn, Fe, Cu, Zn, Cr, Co and Ni between the sites, such as Kombolcha, Gondar,
Debre Birhan, Awi Zone, Debre Markos, Jimma, Wellega, Alamata, Mekelle, and Eritrea. The
results indicated that there was inter-sites variation in mean concentration of metals, such as Na,
K, Ca, Mg, Mn, Fe, Cu, Zn, Cr, Co and Ni. The presence of significance difference between the
sites may be due to the presence different geographical distribution, rainfall, soil composition,
and harvesting and storing methods.

There was no significant difference (p > 0.05) in Pb concentration between Kombolcha, Awi
Zone, Debre Markos and Mekelle niger seeds samples. This indicated that there was no inter-
sites variability in mean concentration of Pb in niger seeds sample. The absence of significance
differences (p > 0.05) between the sites may be due to the similarity of Pb pollution of the soil
and water by different factories.

CONCLUSION

In this study the levels of major mineral elements (Na, K, Ca and Mg), trace (Mn, Fe, Cu, Zn,
Cr, Co, Ni), and toxic (Cd, Pb) metals were determined in the niger seed which is produced in
major parts of Ethiopia and Eritrea. The optimum reagent, temperature and time were identified
for digestion and determination of the level of metals in niger seed. The efficiency of sample
preparation and digestion was assessed by recovery experiment. The optimized wet digestion
method for niger seeds was found efficient for all the metals and had good recovery results
(100£10).

The levels of major (Na, K, Ca and Mg), trace (Mn, Fe, Cu, Zn, Cr, Co, Ni), and toxic (Cd,
Pb) metals were found in niger seed in the order of abundance: K (5594-8203 pg/g) > Mg
(24044656 ng/g) > Ca (340-680 pg/g) > Na (159-736 ng/g) > Fe (31.6-370 pg/g) > Zn (23.4—
46.2 pg/g) > Pb (15.5-19.3 ng/g) > Mn (13.4-34.3 pg/g) > Ni (13.0-32.4 pg/g) > Cu (9.5-61.2
pg/g) > Co (4.9-27.3 pg/g) and Cr (4.0-16.8 pg/g). Pb was detected only in samples from
Kombolcha, Awi Zone, Debre Markos and Mekelle sites but not in the samples from other sites,
such as Gondar, Debre Birhan, Jimma, Wellega, Alamata and Eretria. Cd was not detected in
samples from all sites. Niger seed is a good source of essential metals and free from toxic metals
and hence safe for daily human consumption. Niger seed has comparable concentration of metal
with other oil seeds.
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