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 Chemical Composition of Teff (Eragrostis tef)

 Compared With That of Wheat,

 Barley and Grain Sorghum

 MELAK H. MENGESHA2

 The chemical composition of teff, analyzed from uncontaminated seeds,
 revealed the superiority of the species in mineral nutritive value. Teff's ex-
 ceedingly high iron and calcium content was confirmed. The high iron con-
 tent of teff reported by the Ethiopia Nutrition Survey must have been due
 to certain inherent factors of the species, not only a result of contamination.
 The magnitude of mineral absorption varied among tested teff strains which
 was considered an important criterion for future selection program within
 the species.

 Ethiopia is the only country in the world
 that uses teff as a cereal crop. The species
 is cultivated for its hay in a few other
 places of the world, such as Kenya, South
 Africa and Australia. In Ethiopia, the pro-
 duction of teff exceeds all other cereal crops
 put together. Most of the fertile and best
 agricultural highlands in Ethiopia are an-
 nually tilled for the cultivation of teff. The
 best kind of "Ingera"3 is made out of teff
 flour. The Ethiopion farmer has grown teff
 as far back as recorded history goes. The
 earliest use of teff seeds for human con-
 sumption is lost in antiquity.

 Few and scattered reports have been pub-
 lished on the early history of teff. Vavilov
 (1957) recorded Ethiopia as the center of
 origin for teff. According to Ciferri and
 Baldrati (1939), Unger (1866) found
 a small quantity of teff seeds in a brick of
 the old Egyptian pyramid of Dassur, built

 1 Undiscussed portion of a Ph. D. research
 project at Purdue University, Agronomy De-
 partment, West Lafayette, Indiana, supported
 by Rockefeller Foundation Scholarship.

 2 Presently Associate Head, Department of
 Plant Sciences, Haile Selassie I University,
 College of Agriculture, Alemaya, Ethiopia.

 3 An Amharic name for a flat, very soft,
 tircular and slightly sour homemade bread,
 made only in Ethiopia from teff, wheat, barley,
 maize, grain sorghum or from their mixtures.

 Received for publication June 14, 1965.

 in 3359 B.C. In 1867, Unger again reported
 that he found teff seeds in a brick taken
 from the ruins of the ancient Jewish town of
 Ranses, built in 1400-1300 B. C. He then
 concluded that teff was grown in Egypt be-
 fore the 13th Century B.C. However, Koer-
 nicke (1885), according to Ciferri and
 Baldrati, thought that the seeds found by
 Unger were those of Eragrostis pilosa (L.)
 P.B. which apparently grows abundantly
 in Egypt. It is most probable that the ma-
 tured plants of E. pilosa were then used to
 solidify the clay bricks. Even now, the same
 method of plastering and solidifying mud
 walls with teff straw is commonly practiced
 in Ethiopia.

 According to Rouk and Hailu Mengesha
 (1963), the Biochemistry Department of
 Oklahoma State University reported 10 to
 11% protein, 2 to 3% fat, about 81% nitro-
 gen free extract; and about 0.2% calcium
 and 0.4% phosphorus from moisture free
 basis analysis of teff seeds. Di Maio et al.
 (1962) stated that the balance among the
 essential amino acids was excellent in teff,
 except for lysine. Chichaibelu (1965)
 showed experimentally that it was possible
 to improve the teff diet by supplementing
 with fenugreek ( Trigonella foenum-grae-
 cumn) and L-Lysine.

 The Interdepartmental Committee on Nu-
 trition for National Defense (Ethiopia Nu-
 trition Survey, 1959) reported that the iron
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 270 ECONOMIC BOTANY

 and calcium content of teff was much higher
 than that of wheat, barley and sorghum.
 This finding on high iron content of teff was
 cliallenged by Alingard (1963). According
 to Aliigard (1963), Darby reported a low
 frequency of anemia in Ethiopia which he
 thought was the result of the high iron con-
 tent of teff. It is known that anemia re-
 suilts when the iron intake by huimians is low
 or when the iron is not properly assimilated
 by the body (Gilbert, 1953). Almgard
 (1963) stated that the iron content of
 cleaned red and white teff was 0.0052% and
 0.0055%, respectively. He also reported
 that the iron content of cleaned teff seeds was
 the same as that of wheat, barley and other
 cereals, which is contrary to reports made by
 Ethiopia Nutrition Survey (1959), Darby,
 according to Almgard (1963) and Mengesha

 (1964).
 Almgard (1963) concluded that the high

 content of iron in teff -and other Ethiopian
 pulses was due to soil and species contami-
 nation. His work, however, does not show

 that he had analyzed uncontaminated teff
 seeds. The Ethiopia Nutrition survey stated
 also that the high iron content of teff
 may reflect some contamination. However,
 the coimmittee related the fact that all sam-
 ples analyzed, as well as the prepared foods,
 showed the high iron content of teff. No
 analysis has been published on previously
 uncontaminated teff seeds.

 Materials and Methods

 Twelve white and 12 purple line teff
 strains were randomly selected from 124 teff
 selections collected by the author from the
 imiajor teff-producing areas of Ethiopia.
 The 24 strains were grown out in the field
 at Purdue University's Agronomy farm,
 West Lafayette, Indiana. The matured pan-
 icles of each strain were cut by hand with
 the aid of grass shears and immediately
 put in paper bags. The panicles in paper
 bags were dried at 38?C for a minimum of
 72 hours. The dried panicles were then

 threshed by hand, and the uncontaminated

 TABLE 2

 COMPARISON OF THE PRESENT CHEMICAL ANALYSES WITH THE RESULTS GIVEN BY THE NATIONAL
 ACADEMY OF SCIENCES (1958). FIGUiRES ARE GIVEN IN PER CENT OF DRY MATTER

 Mg K P Ca Fe
 Cropa Y

 Crop A a BEY A B A B A B A B

 Purple 176 - .362 .438 _ .18 _ .019 -

 W.hite .1(86 - .200 - .460 - .17 _ ,012
 teff

 Spring .150 .13 .375 .40 .515 .44 4,.10 .09 .007 .005
 wheat

 lIinter . 125 .11 .355 .44 .405 .33 .10 .o6 .004 .005
 wheat

 Barley .150 .14 .440 .60 .480 .47 (.10 .09 .oo4 .oo6

 Grain .180 .19 .440 .38 .520 .35 4.10 .05 .oo6 .005
 sorghum

 a/Figures ziven under column A represent M1engesha's report

 b/Figures given under column B represent The National Academy of
 Sciences' report

 It rerorted by National Academy of Sciences
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 CHEMICAL COMPOSITION OF TEFF 271

 seeds were kept in glass containers for sub-
 sequent treatment. Soil and weed seed con-
 tamination was carefully avoided.

 For comparison, clean and uncontamiii-
 nated seeds of spring wheat (variety Ax-
 minister Cl 8195), winter wheat (Knox 62,
 Cl 13701, winter barley hull-less Purdue
 5627-A-12-11) and grain sorghum (mixed
 strains) were obtained from the Agronomy
 Department, Purdue University. All seeds
 were ground with chromium knives and
 cleaned with chromiunm screens to avoid iron

 chips which might enter into the samples
 and influence the results. The flour samples
 of all the seeds were assigned random num-
 bers and were sent in four to six replications
 to the Ohio State University, Agricultural
 Experiment Station, Wooster, Ohio, for
 chemical analysis. The analysis of the pur-
 ple and white teff flour were from pure and
 mixed batches. The Direct Reading Emission

 Spectrography method of Ohio State Univer-
 sity was used to determine the chemical com-
 position of all the samiiples.

 Results and Discussion

 Table 1 shows the complete result of the

 cheimical analyses of purple teff, white teff,

 spring wheat, winter wheat, winter barley
 and grain sorghumn. In phosphorus, mag-

 nesiuim, boron, strontium and molybdenumn

 content, all of the crops included in this
 study show relative equal amounts. Both
 purple and white teff yielded lower content
 of manganese than the other crops. But in

 most of the rest of the mineral elements,

 particularly calcium, iron, copper, zinc,
 aluminum (not so for white teff), sodiumi

 (except winter barley) and barium, teff
 had a higher content. The cereal crops seem

 to be uniformly low in strontium. Purple

 teff was higher in potassium and alumiinumi

 than white teff. White teff was slightly high-
 er manganese than purple teff. In many of
 the rest of the mineral elements, purple teff
 was silghtly higher than white teff.

 Examination of the results in Table 1
 shows variation in chenmical content between
 strains of teff. This is shown, for example,
 in alumiiinum content. When the pure strain
 (code No. 106) of the purple teff gave fronm
 19 to 26 ppmi of aluminum, the 12 mixed

 strains of purple teff together gave 115 to
 134 ppm of alumiiinum. Apparently, there

 TABLE 3
 IRON CONTENT Or TEFF FROM THREE INDEPENDENT ANALYSES

 Fe content of Fe content of un- Fe content of

 Name and cleaned seed contaminated seed cleaned seed as
 condition recounted to as % of dry matter % of dry matter

 of crop % of dry matter (Mengesha 1964) (Eth. Nut. Survey
 (Almgard 1963) (eesa1959)

 Purple teff ,0052 o196 _
 mixed strain

 Purple teff -. .0127 -
 pure strain

 White teff .0059 .0115 -
 mixed strain

 White teff - .0106 -
 pure strain

 Teff, purple
 and white .0055 .0155 .1050

 mixed

 unavailable data
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 272 ECONOMIC BOTANY

 wer e certain strains within the remaining
 11 purple strains which were high in alunii-
 numll content. Strain variability was indi-
 cated also in potassium content of white
 teff. Such an inherent capacity of teff
 strains to absorb soil mineral nutrients at
 different rates could be a variable to con-
 sider in future selection and hybridization
 progranms.

 Table 2 shows that the present chemical
 analyses of wheat, barley and grain sorghum
 was closely related to that reported by the
 National Academy of Sciences (1958),
 which unfortunately did not include teff.
 The close relationship between the two re-
 sults does, however, indicate the reliability
 of the present analysis on the crops other
 than teff. But, since all the crops, including
 teff, were prepared and analysed at the
 samie timiie and in exactly the same way,
 there is no reason to suspect the accuracy
 of the present analysis on teff. Hence, the
 iron content of teff is much higher than the
 iron content of all the cereal grains tabulated
 in the National Academy of Sciences' Com-
 position of Cereal Grains and Forages
 (1958). Therefore, Almgard's statement
 that the iron content of teff is of the same
 aimiount as in other cereals cannot be ac-
 cepted on the basis of the present investi-
 gation. In fact, Table 1 shows that the iron
 content of teff is about two to three times
 as much as that of wheat, barley and grain
 sorghum.

 Both the Ethiopia Nutrition Survey and
 Aliigard analysed teff seeds collected from
 ordinary market places. Hence, there is a
 good possibility that their seeds were con-
 taininated with soil, since the traditional
 threshing method in Ethiopia is by letting
 cattle tread on the harvested and assembled
 plants. Inasmuch as Almgard has stated
 that soil was seen on the surface of the seeds
 even after they had been washed, his con-
 taminated and cleaned teff seeds should have
 given a higher iron content than that being
 reported presently from uncontaminated
 material: Table 3. Such an unexpectedly
 reversed relationship throws some doubt
 on the accuracy of Almgard's analysis. In
 view of the above, the results presently ob-
 tained from the analysis of uncontaminated
 teff seeds would seem to be more reliable.

 The Ethiopia Nutrition Survey and later

 Darby (according to Almgard) repoited in
 separate publications a low frequency of
 anemia in the highlands of Ethiopia. They
 attributed this to the high iron intake. Alim-
 gard, however, did not agree with them,
 since he felt that teff's iron content was not
 higher than the amounts found in wheat
 and other cereals. But now that the high
 iron content of teff is confirmed, it miight be
 advisable for medical people to look closely
 into the true relationship between low fre-
 quency of anemia in Ethiopia and high iron
 content of teff.

 Almgard rejected Darby's equality sign
 between the chemical composition of the spe-
 cies and that of the food. With respect to
 iron content of teff, however, the whole seed
 is ground into flour, and most of the iron
 found in the seed must be found in the
 flour and, subsequently, in the food. There-
 fore, it should be reasonably safe to predict
 a positive correlation between the iron con-
 tent of teff seed and teff ingera. Such a
 correlation cannot be predicted in wheat,
 for example, since only 60 to 80% of the
 wheat is used in bread making (Huffnagel,
 1961).

 Acknowledgments

 I wish to acknowledge my indebtedness
 to the Rockefeller Foundation, without
 whose scholarship grant this investigation
 could not have been conducted. Special
 thanks are due to Professors R. L. Davis,
 R. C. Pickett and Mr. Ted Sherbeek, of the
 Agronomy Departmiient, Purdue University,
 who offered invaluable advice and encour-
 agement throughout this investigation. The
 cooperation and help of the staff members
 of the Department of Plant Sciences and
 that of Mr. Hugh Rouk, Director of Agri-
 culture Research, Haile Selassie I Univer-
 sity, College of Agriculture, is highly appre-
 ciated.

 Literature Cited

 1. Almgard, Gunnar. 1963. High contenit of

 iron in teff, Eragrostis abyssinica Link.,
 and some other crop species from Ethi-

 opia a result of contamination. Lant-
 brukshogskolans Annaler 29: 215-220.

 2. Cliichaibelu, Beyene. 1965. Studies on the
 biological evaluation of the protein

 quality of teff (Eragrostis abyssinica)

This content downloaded from 154.59.124.102 on Sun, 02 Oct 2016 06:21:58 UTC
All use subject to http://about.jstor.org/terms



 CHEMICAL COMPOSITION OF TEFF 273

 anid abish (Trigonetla foenum-graecum)
 and the supplementary value of abish
 when added to tef. (Unpublished Mas-
 ter's thesis, Cornell University, Ithaca,
 New York.

 3. Ciferri, R., and Isaia Baldrati. 1939. I
 Cereali dell' Africa Italiana, Col. II.
 "Teff" (Eragrostis teff). Cereale da
 panificazione dell' Africa Italiana Mon-
 tana. Firenze, XI.

 4. De Maio, L. R. et al. Amino acid
 composition and Lysine supplementation
 of teff. J. Agr. Food Chem. 10: 62-64.

 5. Ethiopia Nutrition Survey. 1959. A re-
 port by the Interdepartmental Commit-
 tee on Nutrition for National Defense.
 Wasbington, D. C.

 6. Gilbert, F. A. 1953. Mineral Nutrition
 of Plants and Animals. University of

 Oklaboma Press, Norman, Oklahoma.
 pp. 50-54.

 7. Huffnagel, H. P. 1961. Agriculture in

 Ethiopia. FAO, Rome. pp. 23, 181-183.

 8. Meiigesha, Melak H. 1964. Eragrostis tef
 Zucc.) Trotter. Its embryo sac develop-
 ment, genetic variability and breeding

 behavior. Ph.D. dissertation. Purdue
 University, Department of Agronomy,

 West Lafayette, Indiana.

 9. National Academy of Sciences- National

 Research Council. 1958. Composition of

 cereal grains and forages, Prepared by
 Donald F. Miller. Publication 585,
 Washington, D. C. pp. 226-233.

 10. Rouk, H. and Hailu Mengesha. 1963. An
 introduction to t'ef. A nutritious cereal
 grain of Ethiopia. Agr. Exp. Sta. Bul.

 No. 26. College of Agri., Dire-Dawa,
 Ethiopia.

 11. Vavilov, N. I. 1951. The origin, variation,
 immunity and breeding of cultivated
 plants. Translated from the Russian by
 K. Starr Chester. The Ronald Press Co.,

 New York. pp. 37-38.

This content downloaded from 154.59.124.102 on Sun, 02 Oct 2016 06:21:58 UTC
All use subject to http://about.jstor.org/terms


	Contents
	268
	269
	270
	271
	272
	273

	Issue Table of Contents
	Economic Botany, Vol. 20, No. 3 (Jul. - Sep., 1966), pp. 221-348
	Front Matter
	In Memoriam: P. Maheshwari [p. 221]
	In Memoriam: Basil George Christidis [p. 222]
	The Place of the Olive in the Holy Land and Its History through the Ages [pp. 223-243]
	Leaf Protein Concentrates: A Comparison of Protein Production per Acre of Forage with That from Seed and Animal Crops [pp. 244-250]
	Fungal Protein for Food and Feeds. III. Manioc as a Potential Crude Raw Material for Tropical Areas [pp. 251-255]
	Cottonseed's Role in a Hungry World [pp. 256-267]
	Chemical Composition of Teff (Eragrostis tef) Compared with That of Wheat, Barley and Grain Sorghum [pp. 268-273]
	The Phenylethylamine Alkaloids of Native Range Plants [pp. 274-278]
	Recovery of Natural Insecticide from Tephrosia vogelii. I. Efficiency of Rotenoid Extraction from Fresh and Oven-Dried Leaves [pp. 279-284]
	Studies of Cultivated Plants in Choco Dwelling Clearings, Darien, Panama [pp. 285-301]
	Pejibaye Palm: Yields, Prices and Labor Costs [pp. 302-315]
	The Present Status of Ethnobotany in the Southwest [pp. 316-325]
	Book Reviews
	Review: untitled [p. 326]
	Review: untitled [p. 327]
	Review: untitled [pp. 327-328]
	Review: untitled [p. 328]
	Review: untitled [pp. 328-329]
	Review: untitled [pp. 329-330]
	Review: untitled [p. 330]
	Review: untitled [pp. 330-331]
	Review: untitled [p. 331]
	Review: untitled [pp. 332-333]
	Review: untitled [p. 333]
	Review: untitled [pp. 333-334]
	Review: untitled [p. 334]
	Review: untitled [pp. 334-335]
	Review: untitled [pp. 335-336]
	Review: untitled [pp. 336-337]
	Review: untitled [pp. 337-338]
	Review: untitled [p. 338]
	Review: untitled [p. 338]
	Review: untitled [pp. 339-340]
	Review: untitled [p. 340]
	Review: untitled [pp. 340-343]
	Review: untitled [pp. 343-344]
	Review: untitled [p. 344]
	Review: untitled [p. 344]
	Review: untitled [pp. 344-345]
	Review: untitled [pp. 345-346]
	Review: untitled [pp. 346-347]
	Review: untitled [p. 347]
	Review: untitled [p. 347]
	Review: untitled [pp. 347-348]

	Back Matter



