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Consumer concern about health via nutrition has grown in recent years and the majority of the population is
attempting to live a healthy lifestyle by eating a balanced diet. Pseudo cereals are gaining popularity among con-
sumers and experts due to their nutritional value and deliciousness. Teff (Eragrostis tef [Zucc.] Trotter) (Poaceae)
is an annual crop with a very tiny grain. The crop is mainly cultivated in Ethiopia and Eritrea, where it is used in
preparing a pancake-like staple food called injera. Teff can be cultivated in any climatic condition as it is resistant
to drought and waterlogging. Teff is thought to be made up of complex carbohydrates and slowly digestible starch.
Teff has a similar protein composition to other common cereals like wheat. However, it is higher in the vital amino
acid lysine than other cereals. Teff is also high in fiber, minerals (particularly calcium and iron) and phytochemicals
(polyphenols and phytates). Over the past decade, the recognition that teff is gluten-free has raised global interest.
Several health advantages have been associated with the grain, including the prevention and treatment of illnesses
including celiac disease, diabetes and anemia. The principal objective of this review is to know the nutritional im-

portance, human health benefits and anti-nutritional properties of the teff.
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INTRODUCTION

Teff (Eragrostis tef) is a fascinating grain that is ancient,
small and high in nutrients. Williums love grass, teffa and annual
bunch grass are all popular names for teff. It is said to have
originated in Ethiopia between 4000 and 1000 BC (Melak-Hail,
1966; Tadesse, 1969; Costanza, et al. 1979; Seyfu, 1997). Teff
signifies the modern re-discovery of an ancient civilization’s
crop (Stallknecht, 1993). Teff is a member of the Poaceae
family, subfamily Eragrostidae and the genus Eragrostis, with
a diploid chromosome number of 2n=40. There are 350 species
in this genus and it is the only domesticated cereal species. The
word teff is thought to have been derived from the Ambharic
word teffa, which means “lost,” due to the small size of the
grain and how easily it is lost if dropped. It is the world’s tiniest
grain, measuring 1-1.7 mm in length and 0.6-1 mm in diameter,
with an average seed weight of 0.3-0.4 g for 1000 seeds and
150 grains required to equal one grain of wheat (Umeta, et al.
1996; Lacey, et al. 2005; Adebowale, et al. 2011; Bultosa and
Geremew, 2007).
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Teff is intermediate between tropical and temperate grass.
It is grown on 3.01 million hectares in Ethiopia, with a yield
of 5.01 million tonnes and productivity of 1.664 tonnes per
hectare (Lee, 2018). Depending on the type, teff grains can be
white, light tan to deep brown or dark reddish-brown purple
(Eba, 1975; Roseberg, et al. 2005; Gamboa and van Ekris,
2008). In Ethiopia, the market price of teff grain is directly
linked to the production area and soil type, which is strongly
correlated with grain colour (Minten, et al. 2013; Assefa, et
al. 2015; Abewa, et al. 2019). Teff has a mellow, nutty flavour
with a hint of molasses sweetness. The white teff has a chestnut
flavour, while the darker types have a more earthy hazelnut
flavour. The grain has a mucilaginous texture. Surprisingly,
papers from the late 1800s show that the upper cast ate the
lighter grains. It is perhaps an area of growing concern for
scientists such as nutritionists, chemists, food engineers and
traders to rediscover this appealing tiny grain that is old but
new to emerging countries. It is of tiny size but with a giant
nutritional content.

Teff’s nutritional worth and health advantages and its quality
value as a gluten-free grain have piqued attention throughout



the world (Baye, 2014; Spaenij-Dekking, et al. 2005; Hopman,
et al. 2008; Bergamo, et al. 2011). According to Akansha et al.
(2018), 100 g teff grains contain 11.0 per cent protein, 2.5 per
cent fat, 70.2 per cent carbohydrate, 3.0 per cent fiber, 10.5 per
cent moisture, 2.8 per cent ash, calcium (165.2 mg), iron (15.7
mg), copper (2.6 mg), magnesium (181.0 mg), manganese (3.8
mg), phosphorous (425.4 mg), potassium (380.0 mg), sodium
(15.9 mg), potassium (380.0 mg) and sodium (15.9 mg (4.8
mg). Due to the continuous ingestion of wheat protein, i.e.,
gluten, celiac disease is quite common in Western nations.
As a result, teff is gluten-free and can be used to avoid celiac
disease when used as a substitute for wheat (Hopman, et al.
2008; Mamo and Parsons, 1987). It has a higher nutritional
content than other cereal grains, containing all necessary amino
acid composition, notably lysine and greater mineral content
(mostly iron, calcium, phosphorus and copper). It is high in
fiber and includes the B1 vitamin (Umeta, et al. 1996).

Teff is richer in lysine than most other cereals (Gebremariam,
et al. 2012) and can reduce iron deficiency which causes
anaemia diseases (Abebe, et al. 2007; Urga, et al. 1998; Umeta,
et al. 2005). It also has a complete set of essential amino acids
with excellent composition (Umeta, et al. 2005; Jansen, et al.
1962; Campo, et al. 2016).

REVIEW OF LITERATURE

Many developing nations have thoroughly investigated
the lack of anemia, osteoporosis, celiac disease and diabetes
in the Ethiopian population. They strive to provide new goods
to customers and meet their nutritional demands. Ethiopian
athletes’ resilience and overall fitness are likewise widely
recognized on a global scale. That is why modern scientists are
curious about the content of teff, its nutritional characteristics
and the changes that occur during grain fermentation and also
which occurs during the manufacture of injera, a flatbread
that feeds roughly 70% of Ethiopians. Universities carried
out this study in Ethiopia and also in other countries as well
as commercial firms working with this crop to turn it into a
“golden grain.”

Its flour is mainly used to make “Injera,” a fermented
sourdough flatbread. It’s also used in porridge and is a key
ingredient in many traditional alcoholic drinks. Its flour is
used to make the majority of bread items, either entirely or
partially substituting for other baking flours (Stewart and
Getachew, 1962). Teff intake has several health advantages,
including the development of strong bones and teeth, reduction
of premenstrual syndrome, blood sugar regulation, long-lasting
energy and weight loss. A daily dose of 100 g of teff suffices
to make up for the iron deficiency in the diet. Teff straw is best
utilized as animal feed because it has more crude protein (9-
14%), acid detergent fiber (32-38%), neutral detergent fiber
(53-65%), total digestible minerals (55-64%) and has a more
excellent relative feed value (80-120) than other minor millets
straw (Miller, 2007).

Agronomic practices

Teff is a warm-season annual grass crop (Stallknecht, 1993).
Teff is a chasmogamous self-pollinating plant. Teff is a tufted
annual grass with fine stems, numerous shoots and a shallow

fibrous varied root structure. When planted at an average
depth of 1.2 cm, teff germinates quickly. However, unless a
strong root system is formed, early development is sluggish.
The seedlings sprout fast and are adaptable to a variety of
circumstances, including dryness and waterlogged soil. At
elevations of 1800-2100 m, rainfall of 450-550 mm (Ketema,
1997) throughout the growing season and temperatures ranging
from 10-27°C maximum teff production occurs. Teff planting,
like alfalfa planting, needs a solid wet seedbed. Due to the
incredibly tiny seed size, excellent soil moisture-seed contact
is a must. Seeding rates range from 2.3 to 9 kg/ha, with 5 to 8
kg/ha being the most common. Teff should be seeded 1.2-1.5
cm deep either broadcast or in narrow rows (Stallknecht, 1993).

It’s frequently seen as a rescue crop during seasons when
early-planted crops like maize fail due to a lack of rainfall.
Teff thrives in heavy black to light red soils and is chemically
suited to acidic to alkaline soils, although it performs better
agronomically in light sandy to heavy clay soils and mild
acidic to low alkaline environments (Takelel, 2001). Different
varieties take different numbers of days to mature and most
cultivars finish their life cycle in 60-180 days, depending on the
agro-ecology, but the optimal time to produce the crop is 90-
130 days (Deckers, et al. 2001). It is suitable for a wide range
of environmental conditions due to its adaptability it is grown
as major cereal crop in 10 of the 18 broad agro-ecologies found
in Ethiopia (Forum for Environment, 2010).

To avoid lodging, use a moderate amount of nitrogen
and phosphorus fertilizer. Teff is a day length sensitive crop
that blooms best when there are 12 hours of daylight. Light
is one of the most important factors influencing many vital
plant processes like seed germination, leaf expansion, growth
of stem and shoot, production of tillers, branches, flowering,
fruiting, root development, growth movements in plants.
It’s a low-risk crop that may be sown in late May, much like
millets. Teff is an inferior competitor with weeds during the
early development phases. Therefore, late plantings benefit
from controlling emerging weeds by tillage prior to planting,
which can be important. Teff germinates quickly and the
broadcast and narrow row planting methods allow for better
weed control competition (Stallknecht, 1993). Teff is adapted
to environments ranging from drought stress to waterlogged
soil conditions.

The inflorescence is a tiny seed-producing open panicle
(1000 weigh 0.3 to 0.4 g). A lemma, three stamens, two stigmas
and two lodicules make up the florets. Florets come in a range
of colours from white to dark brown. Teff plant height ranges
between 25 and 135 cm, depending on cultivar and growth
conditions. Panicle length ranges from 11 to 63 cm, with 190
to 1410 spikelets per panicle. Panicles come in various shapes
and sizes, including loose, lax, compact, numerous branching
multi-lateral and unilateral loose to compact. The time it takes
for a plant to reach maturity ranges between 93 and 130 days
(Stallknecht, 1993).

Teff grain yields in the United States range from 700 kg/
ha on dry soil to 1400 kg/ha in irrigated fields in Montana
(Stallknecht, et al. 1993). Depending on the moisture levels
during the growing season, forage yields range from 9.0 to 13.5



Mg/ha (Boe, et al. 1991; Stallknecht, et al. 1993). Ethiopians
thresh teff by stomping the chopped crop collected on a level
surface with oxen. Teff grain is separated by tossing the grain
and material out of the grain mix in the air and exploiting the
difference in aerodynamic characteristics to separate them. The
grain chaff mix is cleaned by physically blowing air over it with
a dried firm leather strap (Zewdu, 2007).

Structural property of teff grain

Teff grain is hull less (naked) and occurs in a variety of hues
ranging from milky white to practically black. White, creamy
white, light brown and dark brown are the most frequent hues
(Tefera, et al. 1995). The teff kernel is a tiny oval-shaped
grain with a mean length of 0.61-1.17 mm and a mean width
of 0.13-0.59 mm, resulting in a thousand kernel weight of
0.264 g (Bultosa, 2007), 2500-3000 grains weighing about 1
g (Babatunde and Manyasa, 2002). Different researchers used
Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM), and light microscopy to investigate the
anatomy of the teff kernel (LM) (Parker et al., 1989; Kreitschitz,
et al. 2009). Teff grain outer thin and membranous structure of
the kernel is termed pericarp, containing some starch granules,
equivalent to the bran of wheat, beneath the cuticle toward
the nuclear epidermis, teff grain is known to bear slime layer
(slime layer to absorb and maintain moisture around the
grain is implicated as a contributor to teff adaptive features to
moisture stress) rich in pectins (Arendt and Emanuele, 2013).
A pigmented substance was found surrounding the testa of the
brown-seeded teff in light microscopy research. This layer is
thought to contain tannins or polyphenolic chemicals that give
the seed its brown colour (Parker, et al. 1989). However, no
coloured substance was found in white-seeded teff. Review
(Bultosa and Taylor, 2004) indicate that teff grain bears an
insignificant level of condensed tannins.

In teff seeds, the endosperm is the main component of the
grain and is divided into outer and inner layers. The outer
layer is vitreous and includes most of the endosperm’s protein
reserves and a few starch granules. The inner layer is mealy,
with thin-walled cells largely made up of starch granules and a
few protein structures. The endosperm is the essential part of the
grain, and it has an exterior vitreous coating. This includes the
majority of the kernel’s protein as well as a few starch granules,
with an inner floury portion containing mostly starch granules
and a few protein structures (Babatunde and Manyasa, 2002;
Arendt and Emanuele, 2013; Bultosa and Taylor, 2004).

NUTRITIONAL IMPORTANCE OF TEFF

Carbohydrates

Carbohydrates are the most important energy source in the
humandietand play acrucialrole inmetabolism and homeostasis.
Carbohydrates are categorized as sugars, oligosaccharides,
starch (amylose, amylopectin) and non-starch polysaccharides
based on their molecular size and degree of polymerization.
Bultosa (2007) revealed that complex carbohydrates account
for 80% of the teff grain in his experiment. Teff is a starchy
grain with a starch content of around 73%. The amylose
percentage of 13 teff varieties examined ranged from 20% to
26%, equivalent to other cereals like sorghum.

Teff grain has an 85.6% total carbohydrate content, with
starch levels ranging from 74 to 75.5% (Wolter, et al. 2013). As
shown in Table 1. Teff flour has a carbohydrate content of 73
2/100 g, which is similar to other cereal grains such as white
wheat flour (75 g/100 g) and rye flour (76 g/100 g), but lower
than maize flour (92 g/100 g) and higher than soya flour (28
g/100 g) and brown wheat flour (69 g/100 g), according to the
(National Research Council).

Table 1. Carbohydrate content of teff grain

Quantity (%) Reference

85.6 Wolter et al., 2013
73 Bultosa and Taylor, 2004
74-75.5 National Research Council
(NRQC), 1996
Carbohydrates  85.6 Abebe and Ronda, 2014
73.33 Zhu, 2018
70.2 Gebremariam et al., 2014;

Awadalkarem et al., 2008 and
Saturni et al., 2010

61.6 Tadessa Daba, 2017

In the case of the teff, the amylopectin reported around
83% (Tari, et al. 2003). Teff grains have a high amylopectin
content, which is comparatively higher than certain rice type’s
varieties (Tukomane and Saiyavit, 2008). Teff starch pastes at
a comparable temperature to maize starch, but it takes longer
to reach maximal viscosity. The viscosities of peak, breakdown
and setback are lower than maize starch (Bultose and Taylor,
2004). Teff starch functions well as a flavour and fragrance
transporter or fat replacer since its granules are smooth, small,
and consistent in size.

Teff starch granules are composed of numerous simple
polygonal granules and they are very small (2-6 um in diameter)
(Bultose, et al. 2002). They are, however, bigger than amaranth
and quinoa and resemble the granules of rice starch (Bultose, et
al. 2002). Like those of other cereal grains, teff’s starch granules
are mostly made up of a branching fraction called amylopectin
and a linear fraction called amylose, which accounts for about
25-30% of total starch.

Bultose, et al. 2002; Wolter, et al. 2013 reported that teff
starch was measured to be 2-6 m in diameter using a Scanning
Electron Microscope (SEM). This makes teff starch granules
smaller than those of wheat (A type 20-35 pum), sorghum (20
um) and maize (20 pm) (Delcour, et al. 2010). The A-type
starches are well-known for their high digestibility. The
delayed retrogradation characteristic of tef starches is linked
to the high digestion and keeping quality of teff injera, such as
dirqoosha (dried-form of injera, shelf-stable) (Bultose, et al.
2008). Smaller starch granules are more vulnerable to enzyme
attack because of their greater surface area (Tester, et al. 2004).
Despite this, teff’s in vitro starch digestibility was substantially
lower than wheat, containing bigger starch granules (Wolter, et
al. 2013).

The Glycemic Index (GI) of a food can determine the
rate of carbohydrate digestion (Harris and Raymond, 2009).
The GI of a food is determined by endogenous food matrix
variables, including starch sensitivity to o - amylase, protein



and fat content and the food’s microscopic structure (Fardet,
et al. 2006). The structure, encapsulation, crystal structure,
degree of gelatinization, the proportion of damaged granules
and retrogradation of the starch granules all influence starch
sensitivity to o - amylase (Fardet, et al. 2006). Teff had a
projected glycemic index of 74%, which was lower than white
wheat (100%) but equivalent to sorghum (72%) and oats (71%)
but higher than quinoa (71%) (Bultose, et al. 2002).

Protein

Plants store proteins in the embryo to provide nutrients for
growth and development (Herman and Larkins, 1999). Proteins
in seeds are the protein source eaten directly by humans in plant
meals (Shewry, 2009). A food’s nutritional value is defined
by its protein quality, determined by amino acid quantity,
digestibility, anti-nutritional factors, and tryptophan ratio to
large neutral amino acids ratio (Comai, et al. 2007). Amino
acids are a primary source of nitrogen for the body and a minor
quantity of sulphur compounds. They carry various compounds
in lipoproteins (triglycerides, cholesterol, phospholipids and
fat-soluble vitamins). The majority of the diet is derived from
animal sources, high quality protein is a big issue. Thus, it is
advised that animal diets be replaced with protein-rich plant
sources. This strategy may be helpful for the prevalence of
malnutrition by contributing essential amino acids to the diet.

Teff has an average crude protein level of 8 to 11 per cent,
similar to other popular cereals like wheat (Table 2). Glutamine
(45%) and albumins (37%) are the primary protein storages in
Teff, whereas prolamins (12%) are a minor element (Bekele, et
al. 1995; Tatham et al., 1996). Adebowale, et al. 2011 reported
that prolamins, on the other hand, are the primary protein
storages in teff, according to current studies. The different
methods of extraction between these studies may explain the
contradictory findings. By studying the amino acid profile, the
greater glutamine, alanine, leucine and proline levels, as well
as the lower lysine content, it’s clear that prolamins are the
primary storage proteins (Adebowale, et al. 2011).

Table 2. Protein content of teff grain

Quantity (%) Reference

8-11 Bekel et al., 1995

8.7-11.1 Bultosa, 2007

11 Bultosa and Taylor,
2004

10.7 Sadik et al., 2013

) 13.3 Zhu, 2018
Protein 10-12 Gamboa et al.,

2008

12.8 Tadessa Daba, 2017

11 Gebremariam et al.,
2014; Awadalkarem
et al., 2008; Saturrni
etal., 2010

8-10.8 Seyfu, 1997

8-11 Tatham et al., 1996

12.8-20 Zhu, 2018; El-Alfy
etal., 2012

Another vital feature of teff is that it has no gluten (Hopman,
et al. 2008). Spaenij-Dekking et al. (2005) investigated the

presence or absence of gluten in pepsin and trypsin digests of
14 teff varieties. T-cell-stimulatory epitopes were searched
for in the digests. In contrast to recognised gluten-containing
cereals, no T-cell stimulatory epitopes were found in the protein
digests of any of the teff types tested, proving that teff is gluten-
free. As a result, teff is an excellent component for gluten-free
functional meals aimed at celiac sufferers.

Fiber

Whole grains offer more fiber than decorticated grains and
tiny grains have a large amount of bran, which is high in fiber
(Tefera, et al. 1995). As a result, increasing consumption of
teff is predicted to result in higher dietary fiber intake and the
accompanying health advantages. Teff has more excellent fiber
content since it is always ingested whole grain (bran and germ
intact), as fractionation during the milling process is difficult
owing to the tiny size of teff grains (Bultosa and Taylor, 2004).

The crude fiber, total and soluble dietary fiber content of
teff (3%, 4.5% and 0.9%,) respectively is several folds higher
than that found in wheat (2%), sorghum (0.6%) and rice (0.6-
1.0%) (Gebremariam, et al. 2012). In contrast to most common
cereals, the amount of uronic acid in tef grain is high (Umeta,

1986).

The intake of gluten-free dietary fiber is considered
inadequate, so experts recommend a higher intake of whole
grains rich in fiber, unlike grains and refined products in the diet
of patients with celiac disease, relieving, at least partially, the
deficit of fiber intake by that portion of the population (Alvarez,
et al. 2010). According to studies, many human diseases, such
as colon cancer, coronary heart disease, and diabetes, are
prevented by high fiber diets, according to studies (Abebe, et
al. 2007). Fiber content of teff grain is showed in Table 3.

Table 3. Fiber content of teff grain

Quantity (%) Reference

3 Gebremariam et al., 2014;
Awadalkarem et al., 2008 and Saturr-
nietal., 2010

Fiber 26-3.8 Bultosa, 2007

3 Obilana, 2003

1.9-35 Bultosa and Taylor, 2004

Fat

Cereals are not the best form of fat, but since they are so
widely consumed by people, they may provide a considerable
quantity of necessary fatty acids to the diet (Michaelsen, et al.
2011). Fatty acids may help with long-term health, growth and
development. As a result, there has been a lot of buzz about
including them in people’s diets in recent years. Increased
consumption of n-3 fatty acids (a-linoleic acid), for example,
has been reported to lower biological markers linked to
cardiovascular disease, cancer, inflammatory and autoimmune
disorders (Simopoulos and Artemis, 2001).

Teff, the grain contains lower levels of lipids (approximately
2.0-3.0% of total grain weight) and other cereals such as maize,
oats (6.9%), millet (4.2%) and sorghum (3.4%) as compared to
quinoa. Teff grains are high in unsaturated fatty acids (72.46%),



with polyunsaturated fatty acids accounting for 39.91 per cent
and saturated fatty acids accounting for 20.06 per cent (EI-Alfy,
et al. 2012). Teff lipids were found to be mostly unsaturated,
with linoleic and oleic acids contributing for 50% and 29%,
respectively (Hager et al., 2013). The limited available
information (Fuf Hundera, 1998) indicates that the major fatty
acids [linoleic (C18:2)>oleic (C18:1)>palmitic (C16:0)] were
found similar to other small cereal grains. Fat percent of teff
grain determined by different scientist is listed in Table 4.

Table 4. Fat content of teff grain

Quantity (%)  Reference

2-3.1 Bultosa and Taylor, 2004

3.2 Tadessa Daba, 2017

Fat 2.5 Gebremariam et al., 2014;

Awadalkarem et al., 2008 and Saturrni
etal., 2010

2-3 El-Alfy et al., 2012

2.38 Zhu, 2018

2-3 Bultosa, 2007

4.4 Hager et al., 2013

Minerals

Unlike carbohydrates, lipids, and proteins, Minerals are
inorganic and cannot be synthesized by living organisms that
perform vital activities in the body. Low intake or reduced
bioavailability can lead to physiological imbalances and
impaired essential processes. Among the bestknown are calcium,
phosphorus, iron, potassium, sulfur, sodium, magnesium, zinc,
copper, selenium and chromium (Vega et al., 2010). The Fe
and Ca content of brown teff variants was greater than that of
white teff types. On the other hand, white teff cultivars have a
greater Cu content than brown teff types (Gujral, et al. 2012).
Teff has a mineral concentration that is two to three times that
of wheat, barley and sorghum, especially Fe (16 mg 100 gl)
(Mengesha, 1966). Teff eaters have more haemoglobin in their
blood than non-teff eaters, according to studies. Even when
infected, they do not get hookworm anaemia; nevertheless,
non-teff eaters acquire hookworm anaemia if they are infected
with hookworm. In Ethiopia, the lack of anaemia appears to
be linked to teff intake, which is thought to be owing to the
grain’s high iron concentration. According to the same study,
malaria is often seen in people with lower haemoglobin levels
(Molineaux and Biru, 1965; Tadesse, 1969).

Teff also contains high levels of Ca, P, Cu, Zn and Mg
(Bultosa and Taylor, 2004a; Seyfu Ketema, 1997). Teff has
a high calcium content (147 mg per 100 g), considerably
surpassing other cereals such as maize (16 mg per 100 g),
sorghum (5.8 mg per 100 g), wheat (39.5 mg per 100 g) and
rice (23 mg per 100 g). Mineral content of teff grain is listed
in Table 5.

Table 5. Mineral content of teff grain

Miner- Quantity  Reference
als (mg/100 g)
Iron 16 Mengesh, 1966
7.63 USDA., 2017
7.63 Zhu, 2018
15.7 Gebremariam et al., 2014; Awadalkarem
et al., 2008 and Saturrni et al., 2010
18.7 Tadessa Daba, 2017
15.7 Bultosa and Taylor, 2004
Calci- 180 USDA., 2017; Zhu, 2018
um 165.2 Bultosa and Taylor, 2004; Seyfu ketem,
1997
117 Tadessa Daba, 2017
165.2 Gebremariam et al., 2014; Awadalkarem
et al., 2008 and Saturrni et al., 2010
Copper 2.6 Gebremariam et al., 2014; Awadalkarem
et al., 2008 and Saturrni et al., 2010
1.01 Tadessa Daba, 2017
2.6 Bultosa and Taylor, 2004; Seyfu ketem,
1997
Zinc 3.63 USDA., 2017; Zhu, 2018
49 Gebremariam et al., 2014; Awadalkarem
et al., 2008 and Saturrni et al., 2010
4.05 Tadessa Daba, 2017
Phos- 425.4 Gebremariam et al., 2014; Awadalkarem
phorus et al., 2008 and Saturrni et al., 2010
270 Tadessa Daba, 2017
425.4 Bultosa and Taylor, 2004
429 USDA., 2017; Zhu, 2018
Magne- 184 Alvarez-Jabete wijngaard, 2010a
sium g Mengesha, 1966
184 USDA., 2017; Zhu, 2018
158 Tadessa Daba, 2017
380 Bultosa and Taylor, 2004

Potassi- 427 USDA., 2017; Zhu, 2018

um 438 Tadessa Daba, 2017
Sodium 11.9 Tadessa Daba, 2017
15.9 Gebremariam et al., 2014; Awadalkarem
et al., 2008 and Saturrni et al., 2010
15.9 Bultosa and Taylor, 2004
12 USDA., 2017; Zhu, 2018
Vitamins

Vitamins aid in the prevention and treatment of a variety
of ailments, including heart disease, excessive cholesterol,
eye issues, and skin conditions. The majority of vitamins aid
the body’s mechanisms and perform activities that no other
nutrients can (WHO, 2003). In comparison to other whole cereal
grains like sorghum (0.24 mg/100 g, 2.9 mg/100 g) and maize
(0.25 mg/100 g, 1.9 mg/100 g), the vitamin B (thiamine and
niacin) contents in teff grain (0.39 mg/100 g and 3.4 mg/100 g)
are high. Teff has a higher amount of riboflavin (0.27 mg/100 g)
than sorghum (0.14 mg/100 g), maize (0.08 mg/100 g), wheat
(0.17 mg/100 g) and millet (0.07 mg/100 g) (Bultosa and Tylor,
2004a). In the injera, somewhat an increase in the riboflavin
and a decrease in the niacin levels are observed compared to the
content in the teff grain.

Teff is higher in B-vitamins than cereals like wheat and



maize because the vitamins B are concentrated in the bran
section of the grain and it is taken as a whole grain, whereas
in wheat and maize, the bran position is removed during
processing. An adult female and man need to take 344 g and
377 g of dry injera, respectively, to meet their daily thiamine
requirement, whereas around 100 g of dry injera meets their
daily riboflavin requirement.

The respective figures for niacin for an adult female and
male are 1077 g and 1231 g of dry injera, respectively. USDA
Food Composition Databases (USDA, 2017) included the
contents of some vitamins. Raw teff has niacin (3.363 mg/100
g), vitamin B6 (0.482 mg/100 g), thiamin (0.39 mg/100 g),
riboflavin (0.27 mg/100 g), vitamin K (phylloquinone) (1.9
ng/100 g), vitamin A (9 1U) and a-tocopherol (0.08 mg/100 g)
(Table 6).

Table 6. Vitamin content of teff grain

Vitamins Quantity (mg/100 g) Reference

Thiamin 0.39 Bultosa, 2007; Zhu, 2018

(B1) 0.39 USDA, 2017
0.83 Tadessa Daba, 2017
0.30 NRC., 1996

Riboflavin ~ 0.30 Bultosa and Taylor, 2004

(B2) 0.27 Bultosa, 2007; Zhu, 2018
0.27 USDA, 2017
0.11 Tadessa Daba, 2017
0.20 NRC., 1996

Niacin (B3) 0.20 Bultosa and Taylor, 2004
34 Bultosa, 2007
3.36 USDA, 2017; Zhu, 2018
2.5 NRC., 1996
2.5 Bultosa and Taylor, 2004

PHYTO CHEMICALS IN TEFF

Minerals must be absorbed by the small intestine in order
to be utilised for regular metabolic processes (bioavailability)
(Fairweather, 2002). Mineral bioavailability is influenced by
factors such as the subject/host and the food (Hurrell, et al.
2010). Phytochemicals, such as polyphenols and phytates, are
important mineral absorption inhibitors and were thus referred
to as anti-nutritional factors for a long time. However, in recent
years, recognizing their health-promoting effects, including
anti-diabetic, anti-cancer and anti-oxidative properties
(Shamsuddin and Abulkalam, 1995) made the term anti-

nutritional factor obsolete (Schlemmer, et al. 2009).
Phytates

Phytates are a common constituent of cereals and legumes
(Schlemmer, et al. 2009). It’s the most common way for seeds
to store phosphorus, accounting for 60-90 per cent of total
phosphorus. It can make up to 1.5 per cent of the dry weight
of grains (Loewus, 2002; Bohn, et al. 2008). Teff contains a lot
of phytates, although the amount varies a lot depending on the
variety and growing circumstances (Schlemmer, et al. 2009).
The development of insoluble phytate-mineral or peptide-
mineral-phytate complexes in the gastrointestinal system is the
mechanism by which phytate limits mineral absorption (Weaver
and Kannan, 2002). Furthermore, phytates form complexes

with endogenously secreted minerals such as zinc (Sandstrom,
1997; Manary, et al. 2002) and calcium (Morris and Ellis,
1985), making these minerals unavailable for reabsorption into
the body.

Endogenous phytases can breakdown phytate, which can
be triggered by food processing procedures such as soaking,
fermentation and germination and, to a lesser extent, heating.
For example, injera fermentation has been found to activate
endogenous phytases, resulting in phytate breakdown (Umeta,
et al. 2005; Baye, et al. 2013; Baye, et al. 2014). On the other
hand, exogenous commercial enzymes may be more efficient in
Phytate degradation (Troesch, et al. 2009; Baye, et al. 2013).
On the plus side, phytates have been found to reduce the risk of
kidney stones by acting as calcium salt crystallisation inhibitors
in biological fluids (Curhan, et al. 2004). They also have
glucose-lowering (Lee, et al. 2006; Lee, et al. 2005) and anti-
cancer properties (Singh, et al. 2003). Given these favourable
benefits of phytates, it is unclear if there is an optimum phytate
concentration at which the beneficial effects may be enjoyed
with little or no compromise in mineral bioavailability. Further
investigations are needed to find more conclusive results.

Polyphenols

Polyphenols are secondary plant metabolites that help to
protect plants from diseases and UV radiation (Manach et al.,
2004). Polyphenols also protect cell components from oxidative
damage, reducing the incidence of oxidative stress-related
illnesses (Scalbert, et al. 2005). Baye, 2013 reported the total
polyphenol content of teff, wheat, barley and sorghum whole
grains using the modified Folin-Ciocalteu’s method. Total
polyphenols per 100 g gallic acid equivalents (GAE) of flour
are highest in red sorghum (1,607 mg), followed by barley (310
mg), wheat (143 mg), teff (140 mg) and white sorghum (140
mg) (81 mg). However, because only one kind of teff, sergegna,
was studied, it is unclear to what degree varietal variations in
teff impact polyphenol content.

Polyphenols can hamper iron absorption from plant-
based foods (Hurrell, et al. 2010). Consequently, reducing
polyphenol contents in predominantly plant-based diets
has been encouraged (Matuschek, et al. 2002). The catechol
(ortho-dihydroxy benzene) and galloyl (trihydroxy-benzene)
functional groups, on the other hand, are related with the
iron-binding characteristics of polyphenols. Hence, not all
polyphenols possess inhibitory effects (Brune, et al. 1989).

Teff had galloyl levels equivalent to wheat, white sorghum
and barley, but greater catechol levels than wheat and white
sorghum (Baye, et al. 2013). The polyphenol profile of teff was
reported by Mc Donough, et al. (2000). Teff’s main phenolic
acid component is ferulic acid. Phenolic acids also contain
vanillic, cinnamic and coumaric acids.

Teff’s main phenolic acid components lack galloyl and
catechol functional groups, making them less likely to obstruct
iron absorption. This implies that benefiting from the anti-
oxidative effects of the polyphenols in teff without sacrificing
iron bioavailability may be achievable. Indeed, Alaunyte, et al.
(2014) demonstrated that adding 30 percent teff flour to wheat
bread increased the overall anti-oxidant capacity from 1.4 to
2.4 mM trolox equivalent anti-oxidant capacity (TEAC) per
100 g substantially.



ANTI OXIDANT PROPERTIES OF TEFF

Anti-oxidants are well-known for their ability to initiate
anti-oxidation chain reactions in many parts of the human
body. According to Vega, et al. 2010, anti-oxidants are used as
a food preservative (it stops rancidity, toxic product formation
and maintains nutritional quality and shelf life). Natural anti-
oxidants have recently received a lot of attention for their
demonstrated efficacy in improving brain functioning and
lowering the risk of numerous degenerative illnesses, cancer,
cardiovascular disease and osteoporosis (Alvarez, et al. 2009;
Vega, et al. 2010; Yawadio, et al. 2008). Fruits, vegetables,
whole grains and pseudocereals, which are high in antioxidants,
may contribute to excellent health. Cereals and pseudocereals
are crucial among these foods (Calderelli, et al. 2016; Shela, et
al. 2008).

In the brown teff from the United States (Kotaskova, et al.
2016) reported the various polyphenols in teff, as ferulic acid
is the main phenolic component in teff and reported 160.0 pg
g ! as the free and 290.0 pg g' as the bounded form. Other
phenolic compounds found in significant levels in teff include
protocatechuic (25.5 pg g'), Gentisic (15 ug g™'), vanillic
(54.8 pg g, syringic (14.9 ug g!), coumaric (36.9 ug g,
and cinnamic (46 ug g') acids (Blandino et al., 2003). Anti-
oxidative chemicals of teff grain are listed in Table 7.

Table 7. Anti-oxidative components of teff grain

Phytochem- Quantity  Reference

icals (mg/100 g)
Ferulic acid 285.9

Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014

Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014

Protocatechuic 25.5

Gentisic 15 Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014
Vanillic 54.8 Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014
Syringic 14.9 Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014
Coumaric 36.9 Mc Donough et al., 2000; Abebe et
al., 2007; Baye et al., 2014
Cinnamic 46 Mc Donough et al., 2000; Abebe et

al., 2007; Baye et al., 2014

BENEFICIARY EFFECT OF TEFF ON HUMAN
HEALTH

Celiac disease

Teff grain products are gaining popularity across the world,
owing to the absence of gluten, the cause of the celiac disease
(CD) (Spaenij-Dekking, et al. 2005; Hopman, et al. 2008 and
Bergamo, etal. 2011), which affects around 1% of the population
in the United States and Europe (Engleson and Atwell, 2008;
See and Murray, 2006). The following is a list of the disease’s
prevalence among persons at risk of CD: 3 to 6 per cent in type
1 diabetic patients, up to 20 per cent in first-degree relatives,
10 to 15 per cent in those with symptomatic iron-deficiency
anemia (IDA), 3 to 6 per cent in those with asymptomatic IDA
and 1 to 3 per cent in individuals with osteoporosis (Dube et
al., 2005). Abnormal T-cell responses to glutens and gluten-like
proteins present in wheat, barley, rye and perhaps oats cause

CD (Vader, et al. 2003; Arentz, et al. 2004).

Gluten (from wheat, barley and rye) destroys the lining of
the small intestine and inhibits normal digestion and nutritional
absorption in CD patients, resulting in chronic nutrient
deficiency illnesses such as anaemia, diarrhoea and weight
loss (See and Murray, 2006). Too far, the only therapy for CD
patients is to adhere to a rigorous gluten-free diet (Fasano, et al.
2001). Teff is more nutrient-dense than gluten-free cereals and
pseudocereals including quinoa, amaranth, buckwheat, maize,
brown rice and sorghum (Arentz, et al. 2004; Gebremariam, et
al. 2012).

Diabetes

Diabetes mellitus, or diabetes, is a metabolic disease
marked by high blood glucose levels and improper insulin
control. The contemporary world’s new tendencies toward a
high-fat diet, obesity prevalence, and a more sedentary lifestyle
have increased diabetes incidence worldwide (Guariguata, et
al. 2013). The quantity and quality of carbohydrates in one’s
diet are the major determinants of blood glucose levels and
insulin responses in the body (Wolever, 2000).

The postprandial glucose response of carbohydrate-
containing foods is reflected by the glycemic index (GI). Its
impact is thought to be strongly connected to the fiber content
of the foods ingested (Gutschall, et al. 2009; Wolever, 1990).
Compared to other popular grains, teff has more excellent
crude fiber content and a lower GI (Wolter, et al. 2013). Teft-
based foods are expected to have outstanding contributions to
the prevention and amelioration of diabetes. Furthermore, the
grain’s high calcium content can help to avoid weight gain,
fat buildup and osteoporosis, all of which can contribute to
diabetes. Future study is needed because there is no empirical
data on the impact of a teff-based diet on diabetes.

Anemia

Anemia is a disease in which the number of red blood
cells, which represents the quantity of haemoglobin in the
blood, diminishes, causing the blood’s ability to carry oxygen
throughout the body to be reduced. Dietary iron deficiency
is the leading cause of anaemia all over the world. In poor
and middle-income nations, iron deficiency is widespread,
especially in babies and young children and pregnant women
(Gibson, et al. 2010; Clark and Susan, 2008). Iron deficiency
can be prevented through food fortification and nutritional
supplements (Stoltzfus and Rebecca, 2011). Teff can be a good
alternative (Gebre-Medhin, et al. 1976; Adish, et al. 1999).
The iron content of wheat bread was more than double when
supplemented with 30% teff flour (Alaunyte, et al. 2014). It
is feasible to meet between 42% and 81% and 72% and 138%
of daily iron intake needs in women and men, respectively,
by assuming an average daily consumption of 200 g of teff-
enriched bread (Ieva, et al. 2012).

Iron bioavailability in teff is expected to vary according
to the processing method. Significant reductions in phytate
concentration, for example, result in an optimum phytate to
iron molar ratio during injera fermentation (Umeta, et al. 2005;
Baye, et al. 2014). Given that soil contamination is responsible
for a portion of the iron in teff, it’s been questioned whether



molar ratios can properly predict iron bioavailability (Baye,
et al. 2014). However, Bokhari et al. (2012) found that eating
30% teff-enriched wheat bread can assist pregnant women in
maintaining their blood iron levels. The findings also showed
that phytate breakdown might improve iron bioavailability.

Further research on the iron bioavailability of teff is needed,
given its high iron content and potential contribution to food-
based initiatives to enhance nutrition. Indeed, suppose the
bioavailability of iron in teff can be confirmed. In that case,
teff can be an excellent ingredient for celiac patients due to the
absence of gluten and its high iron content.

CONCLUSION

Teff is a reliable and low-risk cereal that grows on a wider
ecology under moisture stress and waterlogged areas with few
plant diseases and grain storage pest problems. It is a small-
seeded crop packed with high nutrient content compared to
other cereal crops like rice, wheat and maize. The nutrient
point of view contains a high amount of protein, fiber and
carbohydrates compared to rice and wheat. It also has a
balanced number of amino acids and phytochemicals, such as
polyphenols and phytates. It is reported that teff contains anti-
nutritional factors such as tannic acid and phytic acid. Teff also
contains anti-oxidant property, which is beneficial to human
health, like reducing the risk of several degenerative diseases,
cancer, cardiovascular disease and osteoporosis.

It is majorly grown and consumed in Ethiopia hence; people
in this region are less susceptible to celiac disease because
of gluten free nature of seeds. The popularity of this crop is
increasing majorly in European countries because people in
these countries mainly have celiac disease due to continuous
consumption of wheat (contains gluten) and wheat containing
products, so their preferences are being changed to gluten-free
products where teff is a naturally gluten free product. It also
has a high amount of minerals, mainly iron. It supplies a good
amount of iron, so people suffering from anemia (deficiency of
iron) prefer teff and its products and diabetic patients also prefer
it and all these indicate the potential of teff to be a future global
functional food for health promotion and disease prevention.

REFERENCES

1. Abebe W, Ronda F (2014). Rheological and textural
properties of tef [Eragrostis tef (Zucc.) Trotter] grain
flour gels. J Cereal Sci. 60(1): 122-130.

2. Abebe Y, Bogale, A, Hambidge KM, Stoecker BJ,
Bailey K, Gibson RS (2007). Phytate, Zinc, Iron and
Calcium Content of Selected Raw and Prepared Foods
Consumed in Rural Sidama, Southern Ethiopia, and
Implications for Bioavailability. ] Food Compost Anal.
20(3):161-168.

3. Abewa A, Adgo E, Yitaferu B, Alemayehu G, Assefa
K, Nyssen J, Cools J (2019). Perception of the quality
of the food grain tef across the value chain in ethiopia;
Bahir Dar University: Bahir dar, Ethiopia, unpublished data.

4. Adebowale, Abdul-Rasaq A, Emmambux NM,
Beukes M, RN Taylor J (2011). “Fractionation and

10.

I1.

12.

13.

14.

15.

16.

17.

characterization of teff proteins.” J Cereal Sci. 54(3):
380-386.

Adish AA, Esrey SA, Gyorkos TW, Johns T (1999).
“Risk factors for iron deficiency anaemia in preschool
children in Northern Ethiopia.” Public Health Nutrition.
2 (3): 243-252.

Akansha, Sharma K, Chauhan ES. (2018). Nutritional
composition, physical characteristics and health
benefits of teff grain for human consumption: A review.
J Pharm Innov, 7(10): 03-07.

Alaunyte I, Stojceska V, Plunkett A, Derbyshire E
(2014). Dietary iron intervention using a staple food
product for improvement of iron status in female
runners. J Int Soc Sports Nutr. 11(1): 50.

Alvarez-Jubete L, Arendt EK, Gallagher E. (2010).
Nutritive value of pseudocereals and their increasing
use as functional gluten-free ingredients. Trends in
Food Science and Technology. 21: 106-113.

Alvarez-Jubete L, Auty M, Arendt EK, Gallagher
E (2009). Baking Properties and microstructure of
pseudocereal flours in gluten-free bread formulations.
European Food Research and Technology. 230: 437-
445.

Ambaw A (2013). Determination of iron fractions of
laboratory threshed and field threshed teff injera. Addis
Ababa University.

Arendt E, Emanuele Z (2013). Cereal grains for the
food and beverage industries (1st Ed.). London: Wood
house publications.

Arentz-Hansen H, Fleckenstein B, Molberg O, Scott
H, Koning F, Jung G, Roepstorff P, et al. (2004). “The
molecular basis for oat intolerance in patients with
celiac disease.” plos medicine. 1(1): el.

Assefa B, Demeke M, Lanos B. (2015). FAO. Analysis
of price incentives for teff in ethiopia; technical notes
series: Rome, Italy.

Awadalkareem AM, Mustafa Al, El Tinay AH (2008).
Protein, mineral content and amino acid profile of
sorghum flour as influenced by soybean protein
concentrate supplementation. Pak J Nutr. 7(3):475-
479.

Babatunde OA, Manyasa (2002) Millets. In P. S.
Belton and J. R. Taylor (Eds.), Pseudo-cereals and less
common cereals Berlin: Springer-Verlag. 281-304.

Baye KTE (2014). Nutrient composition and health
benefits. Ethiopian strategy support program working
paper 67; international food policy research institute
(ifpri): Washington, dc, USA; Ethiopian development
research institute (edri): addis ababa, ethiopia,

Baye K, Mouquet-Rivier C, Icard-Verniere CE. (2014).
Changes in mineral absorption inhibitors consequent


https://www.sciencedirect.com/science/article/abs/pii/S0733521014000484?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521014000484?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521014000484?via%3Dihub
https://example.comahttps://www.sciencedirect.com/science/article/abs/pii/S0889157506001621?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889157506001621?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889157506001621?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889157506001621?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521011001317?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521011001317?via%3Dihub
https://www.cambridge.org/core/journals/public-health-nutrition/article/risk-factors-for-iron-deficiency-anaemia-in-preschool-children-in-northern-ethiopia/27692151D7B6972DC14A333EEB912FC7
https://www.cambridge.org/core/journals/public-health-nutrition/article/risk-factors-for-iron-deficiency-anaemia-in-preschool-children-in-northern-ethiopia/27692151D7B6972DC14A333EEB912FC7
https://jissn.biomedcentral.com/articles/10.1186/s12970-014-0050-y
https://jissn.biomedcentral.com/articles/10.1186/s12970-014-0050-y
https://jissn.biomedcentral.com/articles/10.1186/s12970-014-0050-y
https://www.sciencedirect.com/science/article/abs/pii/S0924224409002945?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224409002945?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224409002945?via%3Dihub
https://link.springer.com/article/10.1007/s00217-009-1184-z
https://link.springer.com/article/10.1007/s00217-009-1184-z
https://link.springer.com/article/10.1007/s00217-009-1184-z
https://www.sciencedirect.com/science/article/pii/B9780857094131500127?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780857094131500127?via%3Dihub
https://agris.fao.org/agris-search/search.do?recordID=DJ2012053609
https://agris.fao.org/agris-search/search.do?recordID=DJ2012053609

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

to fermentation of Ethiopian injera: Implications for
predicted iron bioavailability and bioaccessibility. Int
J Food Sci Technol. 49(1):174-180.

Baye K, Mouquet-Rivier C, Icard-Verniere C, Rochette
I, Jean-Pierre G (2013). “Influence of flour blend
composition on fermentation kinetics and phytate
hydrolysis of sourdough used to make injera.” food
chemistry. 138(1): 430-436.

Bekele E, J.Fifo R, Tatham AS, Shewry PR (1995).
“Heterogeneity and polymorphism of seed proteins in
teff (eragrotis tef).” hereditas. 122(1): 67-72.

Bergamo P, Maurano F, Mazzarella G, laquinto G,
Vocca I, Rivelli AR, De Falco E, Gianfrani C, Rossi
M (2011). Immunological evaluation of the alcohol-
soluble protein fraction from gluten-free grains in
relation to celiac disease. Molecular nutrition & food
research, 55:1266-1270.

Blandino A, Al-Aseeri ME, Pandiella SS, Cantero D,
Webb C (2003). Cereal-based fermented foods and
beverages. Food Research International. 36: 527-543.

Boe A, Twidewell EK, Casper DP. (1991). Forage
potential of teff in Proc. Forage Grassland Conf.
Columbia, Mo. American forage and grassland council
pp. 236-239.

Bohn L, Meyer AS, Rasmussen SK (2008). “Phytate:
Impact on environment and human nutrition. a
challenge for molecular breeding.” journal of zheijang
university science. 9(3): 165-191.

Bokhari F, Derbyshire E, Li W, Brennan CS, Stojceska
V (2012). “A Study to establish whether food-based
approaches can improve serum iron levels in child-
bearing aged women.” J Hum Nutr Diet. 25(1): 95-100.

Brune M, Rossander L, Hallberg L. (1989). “Iron
absorption and phenolic compounds: importance of
different phenolic structures.” Eur J Clin Nutr. 43(8):
547-557.

Bultosa G (2007). “Physicochemical characteristics of
grain and flour in 13 tef [eragrostis tef (zucc.) Trotter]
grain varieties.” J Appl Sci Res. 3(12): 2042-2051.

Bultosa G, Taylor JRN, C Wrigley, H Corke, C Walker
(2004). Encyclopedia of Grain Science Oxford: 20-36.

Bultosa G, Taylor JRN (2004). Paste and gel properties
and in vitro digestibility of tef [Eragrostis tef (Zucc).
Trotter]. Starch. 56: 20-28.

Bultosa G, Hall AN, Taylor J. (2002). “Physico-
chemical characterization of grain tef [eragrostis tef
(zucc.) Trotter] starch.” starch-starke 54(10): 461-468.

Bultosa G, Hamaker BR, Bemiller JN (2008). An sec-
malls study of molecular features of water-soluble
amylopectin and amylose of tef [eragrostis tef (zucc.)
trotter] Starches. 60: 8-22.

Rizzello CG, Lorusso A, Montemurro M, Gobbetti

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

M (2016). Use of sourdough made with quinoa
(chenopodium quinoa) flour and autochthonous
selected lactic acid bacteria for enhancing the
nutritional, textural and sensory features of white
bread. J Cereal Sci. 37: 1-13.

Campo E, Del Arco L, Urtasun L, Oria R, Ferrer-Mairal
A (2016). Journal of Cereal Science. 67: 75-82.

Clark, Susan F (2008). “Iron deficiency anemia.”
Nutrition in Clinical Practice. 23(2): 128-141.

Comai S, Antonella B, Lucia B, Mirella Z, Carlo V
LC, Graziella A (2007). The content of proteic and
nonproteic (free and protein-bound) tryptophan in
quinoa and cereal flours. Food Chemistry. 100: 1350-
1355.

Costanza SH, Dewet JMJ, Harlan JR. (1979). Literature
review and numerical taxonomy of eragrostis tef (tef).
Economic botany. 33:413-424.

Curhan GC, Willett WC, Knight E L, Stampfer MJ
(2004). “Dietary factors and the risk of incident kidney
stones in younger women: Nurses’ health study ii.”
archives of internal medicine. 164(8): 885-891.

Deckers JA, Nachtergaele FO, Spaargaren OC. (2001).
World reference base for soil resource: introduction.
acco leuven/amersfoort. belgium; 165 p.

Delcour JA, Bruneel C, Derde LJ, Gomand SV, Pareyt
B, Putseys JA, Wilderjans E, et al. (2010). “Fate of
starch in food processing: from raw materials to final
food products.” food science and technology. 1: 87-
I11.

Dube C, Rostom A, Richmond SY, Cranney A,
Saloojee N, Garritty C, Sampson M, et al. (2005).
“The prevalence of celiac disease in average-risk and
at-risk western european populations: a systematic
review.” Gastroenterology. 128 (4): s57-s67.

Eba T (1975). Tef (Eragrostis tef) -cultivars:
Morphology and classification. Part II; Expt. Sta. Bull.

No. 66; Addis Ababa University: Dire Dawa, Ethiopia.

El-Alfy TS, Ezzat SM, Sleem AA (2012). Chemical
and biological study of the seeds of Eragrostis tef
(Zucc.) Trotter Nat Prod Res. 26: 619-629.

Engleson J, Atwell B (2008). Gluten free product
development. Cereal Foods World 53:180-184.

Fairweather-Tait SJ (2002). “Bioavailability of Trace
Elements in Human Diet.” Trace Elements in Man and
Animals. 10: 255-260.

Fardet A, Fanny L, Delphine L, Augustin S, Christian R
(2006). Parameters controlling the glycaemic response
to breads. Nutrition Research Reviews. 19: 18-25.

Fasano A, Catassi C (2001). “Current Approaches
to Diagnosis and Treatment of Celiac Disease: An
Evolving Spectrum.” Gastroenterology. 120 (3): 636-
51.

Forum for environment, (2010). Occasional Report


https://www.sciencedirect.com/science/article/abs/pii/S0308814612016494?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814612016494?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814612016494?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1601-5223.1995.00067.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1601-5223.1995.00067.x
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201100132
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201100132
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.201100132
https://www.sciencedirect.com/science/article/abs/pii/S0963996903000097?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996903000097?via%3Dihub
https://link.springer.com/article/10.1631/jzus.B0710640
https://link.springer.com/article/10.1631/jzus.B0710640
https://link.springer.com/article/10.1631/jzus.B0710640
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-277X.2011.01185.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-277X.2011.01185.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-277X.2011.01185.x
https://onlinelibrary.wiley.com/doi/10.1002/star.200200191
https://onlinelibrary.wiley.com/doi/10.1002/star.200200191
https://onlinelibrary.wiley.com/doi/10.1002/star.200200191
https://onlinelibrary.wiley.com/doi/10.1002/star.200700642
https://onlinelibrary.wiley.com/doi/10.1002/star.200700642
https://onlinelibrary.wiley.com/doi/10.1002/star.200700642
https://onlinelibrary.wiley.com/doi/10.1002/star.200700642
https://www.sciencedirect.com/science/article/abs/pii/S0740002015002531?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002015002531?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002015002531?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814605010551?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814605010551?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814605010551?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15111375/
https://pubmed.ncbi.nlm.nih.gov/15111375/
https://pubmed.ncbi.nlm.nih.gov/22129331/
https://pubmed.ncbi.nlm.nih.gov/22129331/
https://pubmed.ncbi.nlm.nih.gov/22129331/
https://www.gastrojournal.org/article/S0016-5085(05)00183-6/fulltext
https://www.gastrojournal.org/article/S0016-5085(05)00183-6/fulltext
https://www.gastrojournal.org/article/S0016-5085(05)00183-6/fulltext
https://www.tandfonline.com/doi/full/10.1080/14786419.2010.538924
https://www.tandfonline.com/doi/full/10.1080/14786419.2010.538924
https://www.tandfonline.com/doi/full/10.1080/14786419.2010.538924
https://link.springer.com/chapter/10.1007/0-306-47466-2_76
https://link.springer.com/chapter/10.1007/0-306-47466-2_76
https://www.gastrojournal.org/article/S0016-5085(01)25187-7/fulltext
https://www.gastrojournal.org/article/S0016-5085(01)25187-7/fulltext
https://www.gastrojournal.org/article/S0016-5085(01)25187-7/fulltext

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

on Tef: The Story of Ethiopia’s Biodiversity. Addis
Ababa, Ethiopia.

Fufa Hundera (1998). Variations of morpho—agronomic
characters and grain chemical composition of released
varieties of tef [Eragrostis tef (Zucc.) Trotter]. J Plant
Breed Genet. 52: 307-311.

Gamboa Arguedas P, Ekris V (2008). Teff Survey on
the Nutritional and Health Aspects of Teff (Eragrostis tef).

Gebremariam MM, Zarnkow M, Becker T. (2014). Tef
(Eragrostis tef) as a raw material for malting, brewing
and manufacturing of gluten-free foods and beverages:
A review. J Food Sci Technol. 51: 2881-2895.

Gebremariam MM, Zarnkow M, Becker T. (2012). Teff
(Eragrostis tef) as a raw material for malting, brewing
and manufacturing of gluten-free foods and beverages:
A review. J Food Sci Technol. 51: 2881-2895

Gebre-Medhin M, Killander A, Vahlquist B, Elizabeth
Wuhib (1976). “Rarity of Anaemia of Pregnancy in
Ethiopia.” Scandinavian journal of haematology.
16(3): 168-175.

Gibson RS, Bailey KB, Gibbs M, Ferguson EL (2010).
“A Review of Phytate, Iron, Zinc, and Calcium
Concentrations in Plant-Based Complementary Foods
Used in Low-Income Countries and Implications for
Bioavailability.” Food & Nutrition Bulletin. 31: 134-146.

Guariguata L, Whiting DR, Hambleton I, Beagley J,
Linnenkamp U, Shaw JE (2014) “Global estimates of
diabetes prevalence for 2013 and projections for 2035,”
Diabetes Research and Clinical Practice. 103(2): 137-
149.

Gujral N, Freeman HJ, Thomson ABR (2012). “Celiac
disease: Prevalence, diagnosis, pathogenesis and
treatment.” World J Gastroenterol. 18(42): 6036-6059.

Gutschall MD, Miller CK, Mitchell DC, Lawrence
FR (2009). “A randomized behavioral trial targeting
glycaemic index improves dietary, weight and
metabolic outcomes in patients with type 2 diabetes,”

Public Health Nutrition. 12(10): 1846-1854.

Hager AS, Czerny M, Bez J, Zannini E, Arendt EK
(2013). Starch properties, in vitro digestibility and
sensory evaluation of fresh egg pasta produced from
oat, teff and wheat flour. J Cereal Sci, 58(1): 156-163.

Harris P, Raymond JG (2009). Primer on dietary
carbohydrates and utility of the glycemic index in
equine nutrition. Vet Clin North Am Equine Pract. 25:
23-37.

Herman EM, Larkins BA (1999). Protein storage
bodies and vacuoles. Plant Cell. 11: 601-614.

Hopman E, Dekking L, Blokland M, Wuisman M,
Zuijderduin W, Koning F, Schweizer, J (2008). “Teff in
the Diet of Celiac Patients in the Netherlands.” Scand J
Gastroenterol. 43(3): 277-282.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Hurrell Richard, Ines Egli (2010). “Iron Bioavailability
and Dietary Reference Values.” Am Journal of Clinical
Nutrition. 91 (5): 1461S-1467S.

Alaunyte L, Stojceska V, Plunkett A, Ainsworth P,
Derbyshire E (2012). Improving the Quality of Nutrient-
Rich Teff (Eragrostis Tef) Breads by Combination of
Enzymes in Straight Dough and Sourdough Bread
making. J Cereal Sci. 55(1): 22-30.

Jansen GR, Dimaio LR, Hause NL. (1962). Amino acid
composition and lysine supplementation of teff Cereal
Proteins. 10: 62-64.

Ketema S, (1997). Tef Eragrostis tef (Zucc.) Trotter.
Promoting the Conservation and Use of Underutilized
and Neglected Crops series no.12. Gatersleben:
institute of plant genetics and crop plant research &
Rome: international plant genetic resources institute.

Kotaskova E, Sumczynski D, Mlcek J, Valasek P
(2016). Determination of free and bound phenolics
using hplc-dad, antioxidant activity and in vitro
digestibility of Eragrostis tef. ] Food Compost Anal,
46: 15-21.

Kreitschitz A, Zerihun Tadele, Gola EM. (2009). Slime
cells on the surface of Eragrostis seeds maintain a level
of moisture around the grain to enhance germination.
Seed Sci Res.19: 27-35.

Lacey, Trevor, Carol Llewellyn, (2005). “Eragrostis
Teff as a Specialised Niche Crop.” Government
of Western Australia, Department of Agriculture
Farmnote. 42.

Lee H (2018). Teff, A rising global crop: Current status
of teff production and value chain. Open Agricul J.
12(5): 16-40.

Lee Sung-Hyen, Hong-Ju Park, Hye-Kyung Chun,
So-Young Cho, Soo-Muk Cho, Hyun Soon, Lillehoj
HS. (2006). “Dietary Phytic Acid Lowers the Blood
Glucose Level in Diabetic Kk Mice.” J Nutr Res.
26(9): 474-479.

Lee Sung-Hyeon, Hong-Ju Park, So-Young Cho, Hyun-
Jin Jung, Soo-Mook Cho, Yong-Sick Cho, Lillehoj HS.
(2005). “Effects of Dietary Phytic Acid on Serum and
Hepatic Lipid Levels in Diabetic Kk Mice.” J Nutr Res.
25(9): 869-876.

Loewus FA. (2002). Biosynthesis of Phytate in Food
Grains and Seeds. CRC Press, Boca Raton, Florida. USA.

Mamo T, Parsons JW (1987). Iron nutrition of
Eragrostis-tef (teff). J Trop Agric. 64(4): 313-317.

Manach Claudine, Scalbert A, Morand C, Remesy C,
Jimenez L (2004). “Polyphenols: Food Sources and
Bioavailability.” Am J Clin Nutr. 79(5): 727-747.

Manary MJ, Hotz C, Krebs NF, Gibson RS, Westcott
JE, Broadhead RL, Hambidge KM (2002). “Zinc
Homeostasis in Malawian Children Consuming a
High-Phytate, Maize-Based Diet.” Am J Clin Nutr. 75
(6): 1057-1061.


https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://example.com
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://link.springer.com/article/10.1007/s13197-012-0745-5
https://pubmed.ncbi.nlm.nih.gov/20715598/
https://pubmed.ncbi.nlm.nih.gov/20715598/
https://www.wjgnet.com/1007-9327/full/v18/i42/6036.htm
https://www.wjgnet.com/1007-9327/full/v18/i42/6036.htm
https://www.wjgnet.com/1007-9327/full/v18/i42/6036.htm
https://www.sciencedirect.com/science/article/abs/pii/S073352101300043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S073352101300043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S073352101300043X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0749073909000078?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0749073909000078?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0749073909000078?via%3Dihub
https://academic.oup.com/plcell/article/11/4/601/6008493
https://academic.oup.com/plcell/article/11/4/601/6008493
https://example.comhttps://www.tandfonline.com/doi/full/10.1080/00365520701714871
https://www.tandfonline.com/doi/full/10.1080/00365520701714871
https://www.infona.pl/resource/bwmeta1.element.elsevier-21ddaf71-881d-3130-bc43-5fb6357d8d8b
https://www.infona.pl/resource/bwmeta1.element.elsevier-21ddaf71-881d-3130-bc43-5fb6357d8d8b
https://www.infona.pl/resource/bwmeta1.element.elsevier-21ddaf71-881d-3130-bc43-5fb6357d8d8b
https://www.infona.pl/resource/bwmeta1.element.elsevier-21ddaf71-881d-3130-bc43-5fb6357d8d8b
https://www.sciencedirect.com/science/article/abs/pii/S0889157515002343
https://www.sciencedirect.com/science/article/abs/pii/S0889157515002343
https://www.sciencedirect.com/science/article/abs/pii/S0889157515002343
https://www.cambridge.org/core/journals/seed-science-research/article/abs/slime-cells-on-the-surface-of-eragrostis-seeds-maintain-a-level-of-moisture-around-the-grain-to-enhance-germination/38618D7C7352DCBCDE732DDF87474A1A
https://www.cambridge.org/core/journals/seed-science-research/article/abs/slime-cells-on-the-surface-of-eragrostis-seeds-maintain-a-level-of-moisture-around-the-grain-to-enhance-germination/38618D7C7352DCBCDE732DDF87474A1A
https://www.cambridge.org/core/journals/seed-science-research/article/abs/slime-cells-on-the-surface-of-eragrostis-seeds-maintain-a-level-of-moisture-around-the-grain-to-enhance-germination/38618D7C7352DCBCDE732DDF87474A1A
https://www.semanticscholar.org/paper/Teff%2C-A-Rising-Global-Crop%3A-Current-Status-of-Teff-Lee/c02032e9e135d18ecde5866b6be2ecc17e13c496
https://www.semanticscholar.org/paper/Teff%2C-A-Rising-Global-Crop%3A-Current-Status-of-Teff-Lee/c02032e9e135d18ecde5866b6be2ecc17e13c496
https://www.sciencedirect.com/science/article/abs/pii/S0271531706001199?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0271531706001199?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0271531705001612
https://www.sciencedirect.com/science/article/abs/pii/S0271531705001612
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=7508417
https://example.comhttps://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=7508417
https://academic.oup.com/ajcn/article/79/5/727/4690182?login=true
https://academic.oup.com/ajcn/article/79/5/727/4690182?login=true
https://pubmed.ncbi.nlm.nih.gov/12036813/
https://pubmed.ncbi.nlm.nih.gov/12036813/
https://pubmed.ncbi.nlm.nih.gov/12036813/

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Matuschek Erika, Ulf Svanberg. (2002). “Oxidation of
Polyphenols and the Effect on in Vitro Iron Accessibility
in a Model Food System.” J Food Sci. 67(1): 420-424.

Mc donough, Cassandra M, Rooney LW, Serna-
Saldivar SO. (2000). “The Millets.” Food Science and
Technology. Chapter in: Handbook of Cereal Science
and Technology, Second edition. Kulp, Karel and
Joseph Ponte (Eds.). New York: Marcel Dekker. 177-
201.

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

Mengesha MH (1966). Chemical composition of Teff
(Eragrostis tef) compared with that of wheat, barley
and grain Sorghum. Economic Botany. 20: 268-273.

Michaelsen Kim F, Kathryn G, Dewey Ana B, Perez
Exposito, Nurhasan M, Lauritzen L, Roos N (2011).
“Food Sources and Intake of N-6 and N-3 Fatty Acids
in Low Income Countries with Emphasis on Infants,
Young Children (6-24 Months), and Pregnant and
Lactating Women.” Matern Child Nutr. 7 (52): 124-40.

Miller DR (2007). Management guide for “Tiffany
Teff” forage grass.

Minten B, Tamru S, Engida E, Kuma T (2013).
Using Evidence in Unraveling Food Supply Chains
in Ethiopia: The Supply Chain of Teff from Major
Production Areas to Addis Ababa; International Food
Policy Research Institute/Ethiopia Strategy Support
Program II: Addis Ababa, Ethiopia. 23.

Molineaux L, Biru M (1965). Teff consumption,
hookworm infestation, and hemoglobin levels: A
preliminary report. J Health. 51: 1-5.

Morris ER, Ellis R (1985). “Bioavailability of Dietary
Calcium.” Nutritional bioavailability of calcium.
Washington DC: J Amer Chem Soci. 63-72.

National Research Council (NRC) (1996). ‘Lost
Crops of Africa’ Grains. National Academy Press:
Washington DC. 1: 215-534.

Obilana AB (2003). Overview: importance of millets
in Africa.

Parker ML, Umeta M, Faulks RM (1989). The
contribution of flour components to the structure
of injera, Ethiopian fermented bread made from tef
(Eragrostis tef). J Cereal Scie. 10: 93-104.

Roseberg RJ, Norberg S, Smith J, Charlton B, Rykbost
K, Shock C (2005). Yield and quality of teff forage as
a function of varying rates of applied irrigation and
nitrogen. Klamath Experiment Station Annual Report;
Klamath Experiment Station, Oregon State University:
Klamath Falls, OR. USA, 119-136.

Sadik JA, Demelash B, Gizaw M (2013). Hydration
kinetics of teff grain. Agricultural Engineering
International CIGR Journal. 15:124-130.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Sandstrom B (1997). “Bioavailability of Zinc.” Eur J
Clin Nutr. 51: S17.

Saturni L, Ferretti G, Bacchetti T (2010). The gluten-
free diet: safety and nutritional quality: review.
Nutrients. 2:16-34.

Scalbert Augustin, Manach C, Morand C, Remesy
C, Jimenez L (2005). “Dietary Polyphenols and the
Prevention of Diseases.” Crit Rev Food Scie Nutr.
45(4): 287-306.

Schlemmer U, Frolich W, Prieto RM, Grases F (2009).
“Phytate in Foods and Significance for Humans: Food
Sources, Intake, Processing, Bioavailability, Protective
Role and Analysis.” Mol Nutr Food Res. 53(S2):
S330-S375.

See J, Murray JA (2006). Gluten-free diet: the medical
and nutrition management of celiac disease. Nutr Clin
Pract. 21:1-15.

Seyfu Ketema (1997). Tef. Eragrostis tef (Zucc.)
Trotter. Promoting the conservation and use of
underutilized and neglected crops. 12. Institute of
Plant Genetics and Crop Plant Research, Gatersleben/
International Plant Genetic Resources Institute, Rome,
Italy, 7-10.

Shamsuddin, Abulkalam M (1995). “Inositol
Phosphates Have Novel Anticancer Function.” J Nutr.

125 (3) Supplementary: 725S-732S.

Shela G, Lojek A, Ciz M, Pawelzik E, Delgado
LE, Medina OJ, Goshev I (2008). Comparison of
composition and antioxidant capacity of some cereals
and Pseudocereals. Int J Food Sci Technol. 43: 629-
637.

Shewry PR (2009). Wheat Journal of Experimental
Botany. 60:1537-1553.

Simopoulos Artemis P (2001). “N-3 Fatty Acids and
Human Health: Defining Strategies for Public Policy.”
Lipids. 36(1): S83-S8&9.

Singh Rana P, Chapla Agarwal, Agarwal R (2003).
“Inositol Hexaphosphate Inhibits Growth, and Induces
G1 Arrest and Apoptotic Death of Prostate Carcinoma
Dul45 Cells: Modulation of Cdki-Cdk-Cyclin and
Prb-Related Protein-E2f Complexes.” Carcinogenesis.
24(3): 555-563.

Spaenij-Dekking, Liesbeth, Yvonne Kooy-Winkelaar,
Frits Koning (2005). “The Ethiopian Cereal Teff in
Celiac Disease.” N Engl J Med. 353(16): 1748-1749.

100.Stallknecht GF, Gilbertson KM, Eckhoff JL (1993).

Teff: Food crop for humans and animals. Janick J,
Simon JE. New crops. Wiley, New York, 231-234.

101.Stallknecht GF, Gilbertson KM, Eckhoff JL (1993).

Teff: Food crop for humans and animals. Janick J,
Simon JE. New crops. New York. 231-234.

102.Stewart RB, Getachew A (1962). Investigations of the

nature of Injera. Economic Botonny.16: 127-130.


https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2002.tb11421.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2002.tb11421.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2002.tb11421.x
https://link.springer.com/article/10.1007/BF02904277
https://link.springer.com/article/10.1007/BF02904277
https://link.springer.com/article/10.1007/BF02904277
https://link.springer.com/article/10.1007/BF02904277
https://link.springer.com/article/10.1007/BF02904277
https://link.springer.com/article/10.1007/BF02904277
https://pubmed.ncbi.nlm.nih.gov/21366872/
https://pubmed.ncbi.nlm.nih.gov/21366872/
https://www.nap.edu/catalog/2305/lost-crops-of-africa-volume-i-grains
https://www.nap.edu/catalog/2305/lost-crops-of-africa-volume-i-grains
https://www.nap.edu/catalog/2305/lost-crops-of-africa-volume-i-grains
https://www.semanticscholar.org/paper/OVERVIEW-%3A-IMPORTANCE-OF-MILLETS-IN-AFRICA-Obilana/1263234395589cf0bba6a50ba2edc99114ca270f
https://www.semanticscholar.org/paper/OVERVIEW-%3A-IMPORTANCE-OF-MILLETS-IN-AFRICA-Obilana/1263234395589cf0bba6a50ba2edc99114ca270f
https://www.sciencedirect.com/science/article/abs/pii/S0733521089800384?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521089800384?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521089800384?via%3Dihub
https://cigrjournal.org/index.php/Ejounral/article/view/2272#:~:text=Hydration%20kinetics%20of%20teff%20%5BEragrostis,%E2%84%83%20for%2010%20%2D%20160%20min.&text=Peleg's%20model%20adequately%20predicted%20the,2%20%3D%200.97%20%E2%80%93%200.99).
https://cigrjournal.org/index.php/Ejounral/article/view/2272#:~:text=Hydration%20kinetics%20of%20teff%20%5BEragrostis,%E2%84%83%20for%2010%20%2D%20160%20min.&text=Peleg's%20model%20adequately%20predicted%20the,2%20%3D%200.97%20%E2%80%93%200.99).
https://pubmed.ncbi.nlm.nih.gov/22253989/
https://pubmed.ncbi.nlm.nih.gov/22253989/
https://www.tandfonline.com/doi/abs/10.1080/1040869059096?journalCode=bfsn20
https://www.tandfonline.com/doi/abs/10.1080/1040869059096?journalCode=bfsn20
https://pubmed.ncbi.nlm.nih.gov/19774556/
https://pubmed.ncbi.nlm.nih.gov/19774556/
https://pubmed.ncbi.nlm.nih.gov/19774556/
https://pubmed.ncbi.nlm.nih.gov/16439765/
https://pubmed.ncbi.nlm.nih.gov/16439765/
https://pubmed.ncbi.nlm.nih.gov/7884558/
https://pubmed.ncbi.nlm.nih.gov/7884558/
https://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2007.01498.x
https://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2007.01498.x
https://example.comhttps://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2007.01498.x
https://academic.oup.com/jxb/article/60/6/1537/517393
https://academic.oup.com/jxb/article/60/6/1537/517393
https://pubmed.ncbi.nlm.nih.gov/11837998/
https://example.comhttps://pubmed.ncbi.nlm.nih.gov/11837998/
https://academic.oup.com/carcin/article/24/3/555/2608449
https://academic.oup.com/carcin/article/24/3/555/2608449
https://academic.oup.com/carcin/article/24/3/555/2608449
https://pubmed.ncbi.nlm.nih.gov/16236752/
https://pubmed.ncbi.nlm.nih.gov/16236752/

103.Stoltzfus, Rebecca J (2011). “Iron Interventions for
Women and Children in Low-Income Countries.” J
Nutr. 141(4): 756S-762S.

104.Tadessa daba (2017). Nutritional and soio-cultural
values of tef (Eragrostis tef) in Ethiopia. Int J Food Sci
Nutr. 2:50-57.

105.Tadesse Ebba (1969). Teff (Eragrostis tef): the
cultivation, usage and some of the known diseases
and insect pests. Part 1. Debre Zeit Agricultural
Experiment Station. Addis Ababa University, College
of Agriculture, Dire Dawa, Ethiopia.

106.Tadesse Ebba (1975). Teft (Eragrostis tef) cultivars:
morphology and classification. Experimental Station
Bulletin. No. 66. Addis Ababa University, College of
Agriculture, Dire Dawa, Ethiopia.

107.Takelel A (2001). Physiological Research in tef. In:
Narrowing the Rift: Tef Research and Development.
Hailu Tefera et al. Editors. Proceedings of International
Workshop on Tef Genetics and Improvement. 19-19
October 2000. Addis Ababa, Ethiopia.

108.Tari TA, Uday SA, Rekha SS, Pushpa RK (2003).
Starch-based spherical aggregates: Screening of
small granule sized starches for entrapment of a
model flavouring compound, Vanillin. Carbohydrate
Polymers. 53: 45-5.

109. TathamAS, FidoRJ, Moore CM, KasardaDD, Kuzmicky
DD, Keen JN, Shewry PR (1996). “Characterisation of
the Major Prolamins of Teff (Eragrostis tef) and Finger
Millet (Eleusine Coracana).” J Cereal Sci. 24(1): 65-
71.

110. Tefera H, Ayele M, Assefa K (1995). Improved
varieties of tef (Eragrostis tef) in Ethiopia, releases of
Researches bulletin No 1. Debre Zeit, Ethiopia: Debre
Zeit Agricultural Research Center, Alemaya University
of Agriculture. 1970-1995.

111. Tester RF, Karkalas J, X Qi (2004). “Starch Structure
and Digestibility Enzyme-Substrate Relationship.” J
Poult Sci. 60(2): 186-195.

112. Troesch, Barbara, Egli I, Zeder C, Hurrell R, Pee SD,
Zimmermann MB (2009). “Optimization of a Phytase-
Containing Micronutrient Powder with Low Amounts
of Highly Bioavailable Iron for in-Home Fortification
of Complementary Foods.” Am J Clin Nutr. 89(2):
539-544.

113. Tukomane T, Saiyavit V (2008). Classification of rice
starch amylose content from rheological changes of
starch paste after cold recrystallization. Starch. 60:
292-297.

114.Umeta M (1986). Studies on the fermentation of tef
(Eragrostis ref) and its nutritional Significance, M.Sc.
Thesis. University of East Anglia, UK.

115. Umeta M, Parker ML (1996). “Microscopic Studies of
the Major Macro-Components of Seeds, Dough and
Injera from Teff (Eragrostis Tef).” SINET: Ethiop J
Sci. 19(1): 141-148.

116.Umeta M, West CE, Fufa H (2005). Content of zinc,
iron, calcium and their absorption inhibitors in foods
commonly consumed in Ethiopia. Journal of Food
Composition and Anaylsis.18: 803—-817.

117.Urga K, Narasimha HV, Sasikala BV, Vishwantha S
(1998). Bioavailability of iron and zinc from tef in rats.
Bull Chem Soc Ethiopia. 12: 95-103.

118.USDA Food Composition Databases, Food Data
Central, USDA, Washington, DC, USA. 2017.

119.Vader LW, Stepniak DT, Bunnik EM, Kooy Y, De
Haan W, Drijfthout JW, Van Veelen PA, et al. (2003).
“Characterization of Cereal Toxicity for Celiac Disease
Patients Based on Protein Homology in Grains.”
Gastroenterology. 125(4): 1105-1113.

120. Vega G, Margarita A, Judith M, Elsa V, Luis U, Enrique
P (2010). Nutrition facts and functional potential of
quinoa (Chenopodium quinoa Willd.), an ancient
andean grain: A review. J Sci Food Agric. 90: 2541-
2547.

121.Weaver CM, Kannan S (2002). “Phytate and Mineral
Bioavailability.” Food Phytates. 2002: 211-23.

122.WHO (2003) Diet, nutrition and the prevention of
chronic diseases. WHO technical report series no.916.
Geneva, Switzerland.

123.Wolever TM (1990). “Relationship between dietary
fiber content and composition in foods and the glycemic
index.” Am J Clin Nutr. 51(1): 72-75.

124. Wolever TMS (2000). “Dietary carbohydrates and
insulin action in humans.” Br J Nutr. 83(S1): S97-S102.

125.Wolter A, Anna SH, Emanuele Z, Elke KA (2013).
In vitro starch digestibility and predicted glycaemic
indexes of buckwheat, oat, quinoa, sorghum, teff and
commercial gluten-free bread. J Cereal Sci. 58: 431-
436.

126.Yawadio NR, Hiroe K, Yotaro K (2008). Antioxidant
activity of various extracts and fractions of

Chenopodium quinoa and Amaranthus. Spp Seeds
Food Chem. 106: 760-766.

127.Zewdu AD, Solomon WK (2007). Moisture-dependent
physical properties of tef seed. Biosyst Eng. 96:57-63.

128.Zhu F (2018). Chemical composition and food uses of
teff (Eragrostis tef). Food Chem. 239: 402-415.


https://academic.oup.com/jn/article/141/4/756S/4630683
https://academic.oup.com/jn/article/141/4/756S/4630683
https://www.sciencedirect.com/science/article/abs/pii/S014486170200293X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S014486170200293X?via%3Dihub
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/article/abs/starch-structure-and-digestibility-enzymesubstrate-relationship/3FCED7A2B5FCAAD1AFD61C0C6A23D355
https://www.cambridge.org/core/journals/world-s-poultry-science-journal/article/abs/starch-structure-and-digestibility-enzymesubstrate-relationship/3FCED7A2B5FCAAD1AFD61C0C6A23D355
https://example.comhttps://academic.oup.com/ajcn/article/89/2/539/4596698?login=true
https://academic.oup.com/ajcn/article/89/2/539/4596698?login=true
https://academic.oup.com/ajcn/article/89/2/539/4596698?login=true
https://journals.scholarsportal.info/details/00389056/v60i0006/292_corsacospacr.xml
https://journals.scholarsportal.info/details/00389056/v60i0006/292_corsacospacr.xml
https://journals.scholarsportal.info/details/00389056/v60i0006/292_corsacospacr.xml
https://www.sciencedirect.com/science/article/abs/pii/S088915750400153X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915750400153X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S088915750400153X?via%3Dihub
https://ur.booksc.eu/book/82434716/3f9754
https://ur.booksc.eu/book/82434716/3f9754
https://pubmed.ncbi.nlm.nih.gov/14517794/
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4158
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4158
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.4158
https://academic.oup.com/ajcn/article-abstract/51/1/72/4695000
https://academic.oup.com/ajcn/article-abstract/51/1/72/4695000
https://academic.oup.com/ajcn/article-abstract/51/1/72/4695000
https://pubmed.ncbi.nlm.nih.gov/10889799/
https://pubmed.ncbi.nlm.nih.gov/10889799/
https://www.sciencedirect.com/science/article/abs/pii/S0733521013001525?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0733521013001525?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814607005584?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814607005584?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814607005584?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1537511006003114
https://www.sciencedirect.com/science/article/abs/pii/S1537511006003114
https://www.sciencedirect.com/science/article/abs/pii/S030881461731083X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S030881461731083X?via%3Dihub



