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Abstract

Tef grain and straw are important food and feed resources, respectively, in Ethiopia.
Chemical analysis was carried out on tef grain and straw grown on Vertisols of
three areas of the central and northern districts in Ethiopia in 2008. The grain and
straw samples were analyzed from nitric acid- hydrogen peroxide digest using
Inductively Coupled Plasma Atomic Emission Spectrometry (ICPAES) in Australia.
Variability among districts in trends and concentrations of different elements of tef
grain and straw were observed. The variability could be due to the differences in
agro-ecology and soil mineral composition in the different districts. Even though
there were some inconsistencies, chemical composition of tef grown in different
agro-ecologies was similar. The current study serves to give basic information on
the elemental concentration of tef grain and straw to researchers and professionals
in tef mineral element composition and nutrition. Additional studies may require
across soil types and using different varieties of tef to strengthen the quality of tef in
terms of nutrient composition, and to give indications for further research on
nutrients that are deficient in soils and plants.

Introduction

Relative to cereals like wheat, rice, and maize, little is known about the nutritional
composition and potential health benefits of tef. This, along with technological limitations
in processing tef, has for long restricted its more widespread consumption from its center
of origin, Ethiopia. Although tef is the preferred grain for making the staple Injera
(Senayit et al., 2005), the limited information available to the general public and the lack
of global interest in tef, has prolonged thinking by Ethiopians that their grain is of inferior
nutritional quality. However over the past decade, the recognition that tef is gluten-free
has spurred global research interest by nutritionists and food scientists. Consequently,
studies on the nutritional composition of tef and its processing qualities have grown, and
the development of new tef-based products has accelerated (Baye et al., 2014).
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Mengesha (1966) had studied mineral composition of tef grain and the iron content of tef
grain was reported as 115 and 196 mg/kg grain for white and red types, respectively. The
difference in mineral content between and within tef varieties is wide ranging. Red tef has
a higher iron and calcium content than mixed or white tef (Abebe et al., 2007). On the
other hand, white tef has a higher copper content than red and mixed tef. Kabaja and
Little (1989) reported that tef straw is unlikely to supply adequate sodium and is marginal
to deficient in phosphorous, copper and possibly zinc.

Comparing uncontaminated tef to barley, wheat, maize and sorghum, Mengesha (1966)
reported that tef is superior in its mineral content, particularly in calcium and iron. More
recently, Baye et al. (2014) examined the content of iron, zinc and calcium in tef, barley,
wheat, and sorghum before and after washing with de-ionized water. As tef grain and
straw are the very important food and feed source to Ethiopian human and livestock,
respectively, detailed and up-to-date information on the chemical (mineral) composition
of tef is beneficial. Hence, the aim of this research was to determine some chemical
composition of tef grain and straw grown on Vertisols of three different agro ecologies in
Ethiopia.

Methodology

Sampling

Tef grain and straw samples were collected from three tef growing districts in Ethiopia.
The samples were collected from thirty-four tef growing Vertisol fields. Sample tef
varieties were Dz-Cr-387 and Dz-Cr-196 in Ada Liben and La’elay Michew districts,
respectively, but local variety in the case of Alamata district. The general characteristics
of sampling districts and selected soil properties partly adapted from Bereket et al. (2011)
are depicted in Tables 1 and 2.
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Table 1. Description of the study areas

Site Altitude (m) Rain fall Rainfall 2008 Agro-ecological Zone (AEZ) Major crop types Farming system
average | (June-Nov), mm
(mm)

Eude, Ada liben, Oromiya 1886 867.70 811.20 (709.4) | Tepid to cool sub-moist Tef, wheat, chickpea, faba Cereal-legume-

mountains and plateau (SM2-5) bean, grass pea, lentil livestock
Hateseb, La’elay Michew, 2083 768.72 620.30 (442.2) | Tepid to cool sub-moist Tef, wheat, barley, chickpea, | Cereal-legume-
Tigray mountains and plateau (SM2-5) faba bean, grass pea, livestock

fenugreek, field pea and lentil

Selam Bikalisi, Alamata, 1525 706.80 499.00(424) Hot to warm sub-moist lowland Sorghum and Tef Sorghum/Tef-
Tigray plains (SM1-3) livestock
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Table 2: Selected soil properties of Tef fields on Vertisols

Soil parameter Site
Ude (n=12) Hatsebo (n=12) Selam Bikalisi (n=10)

PH water (1:2.5) 6.71+0.08 7.84 £0.10 7.96 + 0.05
EC water (1:2.5) ds m*) | 0.05+ 0.01 044 +£0.13 0.21+0.02
Organic carbon (%) 1.26 £ 0.07 0.84 + 0.05 1.15 +£0.05
CEC (meq100g -) 44.0 £0.93 55.4 + 1.45 52.1+0.83
Calcium carbonate (%) | 1.29+0.12 214 £0.30 417+£0.43
Sand (%) 15.2+£0.95 144 +£1.10 242 +1.17
Silt (%) 27.0%0.95 275+0.97 351+£1.17
Clay (%) 57.9+0.78 58.2 £ 1.11 40.8 +1.60

Data represent means + standard error. 1 Figure in parenthesis indicated the number of farmers’ fields
sampled. Soil pH, electrical conductivity (EC) and organic carbon (Jackson 1967); Cation exchange
capacity (Chapman 1965); CaCO; (Allison and Moodie 1965) and Soil texture (Day, 1965).

Preparation of Grain and Straw Samples and Analysis

Straw samples were washed with deionized water and finally in distilled water until the
foreign materials were completely removed. The extra moisture was wiped out and the
samples were placed in paper bags and dried in an oven at 70°C for 24 hours. Straw
samples were ground in a stainless steel grinder. Grain samples were cleaned from any
dust and oven dried. After receiving phytosanitary certificate and material export
permit from the Ministry of Agriculture and Rural Development, and Institute of
Biodiversity in Ethiopia, the grain and straw samples were shipped to Waite Analytical
Services, University of Adelaide, Australia for analysis. The grain and straw samples
were analyzed for the different elemental concentration from nitric acid- hydrogen
peroxide digest using Inductively Coupled Plasma Atomic Emission Spectrometry
(ICPAES).

Data Analysis

Data analysis was performed using SPSS software Version 20 for windows
(International Business Machine (IBM), 2011) to compile the mineral elemental
composition of tef grain and straw and some selected soil properties.

Results and Discussion

Tef Grain Mineral Element Composition

Table 3 presents mineral composition of tef grain grown on Vertisols of Ethiopia. The
major elemental composition of tef grain followed the order of P >K > Mg > S >Ca >
Fe > Mn >Al > Zn >Na > Cu in Ada Liben district, K> P > Mg > S >Ca > Mn > Fe
>Na > Zn > Cu > Al in La’elay Michew district and P > K > Mg > S >Ca > Fe > Mn >
Al > Na > Zn > Cu in the district of Alamata. The variability among the districts in the
trend and elemental concentration could be due to differences in agro-ecology and
growing potential of tef in the different districts (Bereket et al., 2011). In the present
study tef grain P concentration was comparable while K content which was higher than
earlier studies (Mengesha, 1966) and lower than that of Tekalign and Parsons (1987).
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Tef grain Mg concentration was higher than the previous studies while the Ca
concentration was in between the results of these two studies (Mengesha, 1966, and
Tekalign and Parsons, 1987). Mean Fe concentration of tef grain samples collected from
La’elay Michew district was lower than the previous studies whereas the samples
collected from Ada Liben and Alamata districts were in between the results of the
previous studies (Mengesha, 1966, and Tekalign and Parsons ,1987). Considering the
mean Fe tef grain concentrations of the three districts, the assumption of the richness of
tef grain in Fe content did not correspond with the results of this study. However, very
high Fe concentrations were recorded from one tef grain sample in Ada Liben (150
mg/kg grain) and two samples in Alamata (152 and 200 mg/kg grain) districts. These
samples might not represent the inherent characteristics of Tef. The concentration of Mn
in tef grain was higher and tef grain concentrations of Zn, Cu and Na were lower than
the previous studies (Mengesha, 1966; Tekalign and Parsons, 1987). In contrast, in the
present study the concentrations of Cu, Zn, and Ca were higher than the study reported
by Abebe et al. (2007). The grain Zn concentration in all the study sites was lower
compared with the recommended target Zn concentration in grains (40-60 mg kg™) for
human nutrition (HarvestPlus, 2014; Graham et al., 2007). However, results from the
present study indicated tef grain tremendously contribute P, K, Mg, Ca, Fe, Mn and Zn
in the daily human food requirement (Table 3). While its contribution for Na, Se, Mo
and Cr in the daily human requirement is small.

Tef Straw Mineral Concentration

Minerals, both macro and micro minerals, are required for the normal functioning of all
metabolic processes in ruminants. Dietary deficiencies or excesses of certain minerals
and vitamins can result in sever health consequences and substantial economic losses
in animal productivity (Spears and Weiss, 2014). Different minerals though are
required in trace amount enhances the metabolism of ruminant animals thereby feed
intake. A study by Lai et al. (2009) reported cows supplemented with Cr manifested
higher blood glucose, which is attributed to higher Dry Matter Intake and
gluconeogenesis. Table 4 presents elemental concentrations of tef straw grown on
Vertisols of Ethiopia. Samples of K, Ca, P, S, Mg, Fe, Al, Mn, B, and Ti
concentrations of tef straw followed the order of Alamata > La’elay Michew > Ada
Liben. The highest Zn concentration of tef straw was recorded in the district of
Alamata. The concentrations of Zn tef straw samples collected from Ada Liben and
La’elay Michew were comparable. Tef straw Na concentration was the highest in the
district of La’elay Michew followed by Alamata and Ada Liben. Copper and Cr
concentrations of tef straw were comparable in all the three districts. The
concentrations of K, P, Ca, Na and Zn tef straw of the present study were lower than
the previous study by Kabaja and Little (1989). Magnesium and Mn concentrations of
tef straw collected from the district of Alamata were higher and samples collected from
the districts of Ada Liben and La’elay Michew were lower than the previous study by
Kabaja and Little (1989). The Fe concentration of tef straw was the highest in Alamata
district followed by La’elay Michew and Ada Liben.
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Table 3. Mineral element composition of tef grain grown on Vertisols of three districts in Ethiopia

Elemental content Site

(mg kg") Ude (12)t Hatsebo (12) | Selam Bikalisi (10) Human requirement

(mg/day)#

P 4375+ 109 4400 + 110 4340 + 86 1500
K 3950 + 61 4892 + 69 4290 + 111 4700
Mg 1978 £ 34 2073 + 31 2023 + 46 310-420
S 1510 £ 23 1676 £33 1708 £ 34
Ca 1361+ 25 1449 £ 40 1545 + 60 1000-1200
Fe 764 +8.8 473+26 7814171 8-18
Mn 704+79 60.00 £ 5.6 65.5+4.9 1.8
Al 425+9.8 6.7+2 42.9+19.0
Zn 276406 28.8+0.5 31.0+15 8
Na 205+ 1 43941 36.3+ 3.3 1500
Cu 7702 73+0.2 8+04
B 1.5+0.04 2101 2101
Ni 1.5+0.1 1.2+0.04 5.56 £ 0.2
Ti 06+0.1 0.2+0.05 1.6+0.5
Se <10 <10 <10 55
Pb <3 <3 <3
Mo <1 <1 <1 45
Co <1 <1 <1
Cr <06 <06 <1 30-35
Cd <03 <03 <03

Data represent means + standard error 7 Figure in parenthesis indicate the number of Tef farmers’ fields sampled
http://healthyeating.sfgate.com®

Relatively higher Fe in Tef than a legume grass pea content was observed in a study by
Lemma and Smit (2005). Exceptionally the K content of the straw across all the
locations exhibited higher values than the K grain content and the requirement for both
sheep and cattle. Sheep are sensitive to Cu and the current result lies exactly to the
requirement for all the locations. The results from the present study indicated tef straw
tremendously contribute P, S, Mg, Ca and Zn in the daily feed requirement of sheep
and cattle (Table 4). While its contribution for Na was small and for K, Fe and Mn

were high.
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Table 4. Straw mineral composition of tef grown on Vertisols

Elemental content Site Requirement*
(mg kg) Ude (12)t | Hatsebo (12) | Selam Bikalisi (10) | Sheep* Cattle **
K 8908 +354 | 9725+497 | 10120 524 5000 5000
Ca 2229+ 94 | 2957165 | 3660 * 130 1400-7000 | 2000-11000
P 969 + 70 1224 +206 | 1291+ 180 900-3000 | 1000-3800
S 959 + 53 1603 + 79 1722+ 85 2000 1500
Mg 755 + 47 1680 £70 | 2202 + 147 900-1200 | 1300-2200
Fe 108+9 175 £ 12 247 +28 40 40
Al 74+8 133 £ 11 171£20
Na 499 21177 9216 700-1000 | 800-1200
Mn 48+33 517 80 +6.6 20-25 20-25
Zn 16£0.8 15+14 19+26 9-20 9-20
Cu 4402 42+02 4403 4.0-14 414
Mo 33+05 15£0.2 18£05
Ti 33+03 46+03 13+2
B 26+0.2 4+03 42+03
Ni 2.3+0.1 20+0.11 3702
Cr 3£03 29402 3£0.2
Se <10 <10 <10 0.05 0.04
Pb <3 <3 <3
Co <1 <1 <1 0.11-0.15 | 0.07-0.15
Cd <0.3 <0.3 <0.3

Data represent means * standard error 1 Figure in parenthesis indicate the number of Tef farmer fields sampled

*lower values show maintenance requirement and higher values for pregnancy or productivity ** NRC (National
Research Council), (1996)

Conclusion

Tef is a good source of essential fatty acids, fiber, minerals (especially calcium and
iron), and phytochemicals, such as polyphenols and phytates. Relative to wheat, rice,
and maize, little is known about the nutritional composition and potential health
benefits of tef. Even though there were some inconsistencies, chemical composition of
tef grown in the three different agroecologies (Adaliben, Alamata and Laelay
maichew) was similar. Potassium, calcium, and iron concentrations were higher in
straw than grain in the study areas while P and Cu were higher in tef grain than straw.
The current study is up-to-date, informative on the elemental composition of tef grain,
and straw. The information generated from this study can be beneficial to researchers
and professionals working on tef production and nutrition both for human food and

livestock feed.

Acknowledgments

The authors would like to thank Wageningen University and Tigray Agricultural
Research Institute for funding the study.



Bereket et al. [90]

References

Abebe Yewelsew, Alemtsehay Bogale, K Hambidge, BJ Stoecker, K Bailey, and RS Gibson. 2007.
Phytate, Zinc, Iron and Calcium Content of Selected Raw and Prepared Foods Consumed in
Rural Sidama, Southern Ethiopia, and Implications for Bioavailability. J. of Food Composition
and Analysis. 20(3): 161-168.

Abraham Besrat, A Admasu, and Ogbai M. 1980. Critical study of the iron content of tef J Ethiopian
Medicinal. 18:45-52

Alemu Yami. 2013. Tef Straw: a Valuable Feed Resource to Improve Animal Production and
Productivity. In: Kibebew Assefa, Solomon Chanyalew and Zerihun Tadele (eds.),
Achievements and Prospects of Tef Improvement;, November 7-9, 2011, Debreziet, Ethiopia.
Ethiopian Institute of Agricultural Research Institute, Addis Ababa; Institute of Plant Sciences,
Univeristy of Bern, Switzerland. Printed at Stampfli AG, Bern, Switzerland.

Allison LE and CD Moodie. 1965. Carbonate, pp. 1379-1396. In Black CA (Eds.) Methods of soil
Analysis; Part 2, American Society of Agronomy, Madison, W 1.

Almgard G. 1963. High content of iron in tef, Eragrosits abyssinica (link) and some other crop
species from Ethiopia-a result of contamination. Land ruskshogskolans Annaler 29:215-220

Baye Kaleab, Claire Mouquet-Rivier, Christéle Icard-Verniere, Christian Picq, and Jean-Pierre
Guyot. 2014. "Changes in Mineral Absorption Inhibitors Consequent to Fermentation of
Ethiopian injera: Implications for Predicted Iron Bioavailability and Bio-accessibility."
International Journal of Food Science & Technology. 49 (1): 174-180.

Bereket Haileselassie, TJ Stomph, and E Hoffland, E. 2011. Tef (Eragrostis tef) production
constraints on Vertisols in Ethiopia: Farmer’s perceptions and evaluation of low soil zinc as
yield-limiting factor. Soil Science and Plant Nutrition 57(4):587-596.

Blokhuis WA. 1982. Morphology and genesis of Vertisol. p 23-47. In: Vertisols and rice soils of the
tropics. Transactions of the 12th International Congress of Soil Science. New Delhi, India, 8-16
February 1982. Int. Soc. Soil Sci., New Delhi.

Chapman HD. 1965. Cation Exchange Capacity. In Black CA (eds.) In Methods of Soil Analysis,
Part 11, p 891-901, American Society of Agronomy, Madison, WI, USA.

Costanza SH, JMJ De Wet, and JR Harlan. 1979. Literature review and numerical taxonomy of
Eragrosits tef. Economic Botany. 339:413-424.

Crymes. AR. 2015. The International Footprint of Tef: Resurgence of an Ancient Ethiopian Grain.
MSc. Thesis. Graduate School of Arts and Sciences, Washington University, USA.

CSA. 2015. Agricultural Sample Survey 2014/2015. Report on Area and Production of Major Crops,
Statistical Bulletin 578, Volume VI.1. http://Aww.
csa.gov.et/survey/Agricultural_Sample_Survery.

D’Andrea AC. 2008. Tef (Eragrostis tef) in ancient agricultural systems of Highland Ethiopia.
Economic Botany. 62: 547-566.

Day PR. 1965. Particle fractionation and particle-size analysis. In Black CA (eds.) In Method of Soil
Analysis Part 1, 545-567. American Society of Agronomy, Madison, WI, USA.

Debele Berhanu. 1985. The Vertisols of Ethiopia: their properties, classification, and management.
In Fifth meeting of the East African sub-committee for soil correlation and land evaluation. Wad
medani, Sudan, 5-10 December 1983. World Soil Resources Report no. 56. Food and
Agricultural organization (FAO), Rome, pp31-54

Efrem, Bechere. 2001. Performance of some cereals under drained Vertisols in the Ethiopian
highland, p151-157. In Paulos D Asgelil D Asfaw Z Gezahegn A and Abebe K (Eds). Advances
in Vertisol management in Ethiopian Highlands Ethiopian Agricultural Research Organization
Addis Ababa, Ethiopia.

Ethiopian Nutrition Survey Team 1959. Interdepartmental Committee on Nutrition for National
Defence. Washington D.C.


http://www/

Mineral composition of grain and straw of Tef [911

Getachew Agegnehu, C Vanbeek, and M Bird. 2014. Influence of integrated soil fertility
management in wheat and tef productivity and soil chemical properties in the highland tropical
environment. Journal of soil science and plant nutrition 14(3): 532-545.

Gete Zeleke, Getachew Agegnehu, Dejene Abera, and Rashid, S. 2010. Fertilizer and soil fertility
potential in Ethiopia: Constraints and opportunities for enhancing the system. International food
policy research institute (IFPRI), Washington, DC, USA, pp. 63.

Graham RD, RM Welch, DA Saunders, | Ortiz-Monasterio, HE Bouis, M Bonierbale, Haan, S de, G
Burgos, G Thiele, R Liria, CA Miisner, SE Beebe, MJ Potts, M Kadian, PR Hobbs, RK Gupta,
and S Twomlow, S. 2007. Nutritious subsistence food system. Advances in Agronomy. 92:1-74

HarvestPlus, 2014. Biofortification progress briefs. http://www.HarvestPlus.org. (Accessed August
2016).

Hopman GD, EHA Dekking, MLJ Blokland,MC Wuisman,WM Zuijderduin,F Koning, and JJ
Schweizer. 2008. Tef in the diet of Celiac patients in the Netherlands. Scand J Gastroenterol, 43:
277-282.

International Business Machine (IBM). 2011. IBM SPSS Statistics Version 20 release. USA.

Jackson, ML. 1967. Soil Chemical Analysis. New Delhi: Prentice Hall of India.

Kabaja E and DA Little. 1989. Potential of agricultural by products as a source of mineral nutrients
in ruminant diets, P 379-389. In Said A N and Dzowela A H (Eds.) Overcoming constraints to
the efficient utilization of agricultural by products as animal feed. ILCA, Addis Ababa, Ethiopia.

Lai AQ, ZS Wang, and AG Zhou. 2009. Effects of Chromium Picolinate supplementation on Early
Lactation performance, Rectal Temperatures, Respiration rates and plasma biochemical response
of Holstein cows under heat stress. Pakistan Journal of Nutrition. 8(7): 940-945.

Lemma Gizachew and GN Smit. 2005. Crude protein and mineral composition of major crop
residues and supplemental feeds produced on Vertisols of the Ethiopian highland. Animal Feed
Science and Technology. 119(2005): 143-153.

Logan C and Yeshtila Bekele. 2018. Average crop yield (2001-2017) in Ethiopia: Trends at national,
regional and zonal levels. Data in Brief 16 (2018)1025-1033

Lyddon C. 2015. Focus on Ethiopia. World Grain, Sosland Publ. Co.

Mengesha Melak Haile. 1966. Chemical composition of teff (Eragrostis tef) compared with that of
wheat, barley and grain sorghum. Economic Botany. 20(3) : 268-273

NRC (National Research Council), 1996. Nutrient Requirements of Beef Cattle, 7th ed. National
Academy Press, Washington, DC

Senayit Yetneberk, LW Rooney, and J Taylor. 2005. Improving the quality of sorghum Injera by
decortications and compositing with Teff. Journal of the Science of Food and Agriculture.
85(8):1252-1258.

Seyfu Ketema. 1997. Tef. Eragrostis tef (Zucc.) Trotter. Promoting the conservation and use of
underutilized and neglected crops 12. Institute of Plant Genetic and Crop Plant Research,
Gatersleben/International Plant Genetic Resources Institute. Rome, Italy.

Spears JW and WP Weiss. 2014. Invited Review: Mineral and Vitamin nutrition in ruminants. The
Professional animal Scientist. 30 (1014): 180-191.

Tareke Berhe, Zewdie Gebretsadik, S Edwards, and Hailu Araya. 2013. Boosting tef productivity
using improves agronomic practices and appropriate fertilizer. In Kibebew Assefa, Solomon
Chanyalew and Zerihun Tadele (eds.), Achievements and Prospects of Tef Improvement;
Proceedings of the second international workshop, November 7-9, 2011, Debreziet, Ethiopia.
Ethiopian Institute of Agricultural Research Institute, Addis Ababa; Institute of Plant Sciences,
Univeristy of Bern, Switzerland. Printed at Stampfli AG, Bern, Switzerland

Tefera Hailu and Getachew Belay. 2006. Eragrostis tef (Zuccagni) Trotter. In: Brink, M.; Belay, G.
(eds), PROTA (Plant Resources of Tropical Africa/Resources végétales de I'Afrique tropicale),
Wageningen, Netherlands.

Tekalign Mamo and JW Parsons. 1987. Iron nutrition of Eragrosits tef (tef). Trop. Agric. 64, 313-
317.



http://www.harvestplus.org/

