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Teft (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 grain is the smallest of all whole flour grains in the
world with alength of about 1.0 mm and a width of about 0.60 mm. The popularity of the crop is rapidly increasing throughout the
world because of its attractive nutritional and functional properties. Thus, the crop is being successfully introduced and cultivated
in many parts of the world including the USA, Canada, Australia, Switzerland, and the Netherlands. The growing global demand
for the grain is due to its gluten-free nature, high level of essential amino acids (EAA), high mineral content, low glycemic index
(GI), high crude fiber content, longer shelf life, and slow staling of its bread products compared to that of wheat, sorghum, rice,
barley, and maize. The grain is linked to several health benefits including prevention and treatment of diseases such as celiac
disease, diabetes, and anemia. These call for huge research opportunities to explore the nutritional and functional properties of

the grain.

1. Introduction

Teft (Eragrostis tef (Zucc.) Trotter) (Poaceae) is an indige-
nous Ethiopian annual crop cultivated mainly for its small
grain used in the preparation of a pancake-like staple food
called injera (Amharic, Tigrinya) [1]. The genus Eragrostis
consists of about 350 varieties. But teff is the only cultivated
species [2]. The crop is a stress-tolerant, domesticated about
3,000 years ago. It grows in a diversity of environmental
conditions extending from lowlands to highlands. Teff grain
is also tolerant to storage pests [3]. Therefore, teff can be
considered as a low-risk crop since it can be cultivated and
thrived in a wide range of ecological conditions including
under harsher environmental conditions where many other
cereals fail.

Teft is more preferred by farmers and consumers over
many other common Eritrean and Ethiopian grain crops

such as wheat due to its agronomic traits and uses. But less is
known about the crop by the academic and scientific
communities outside Eritrea and Ethiopia. It is an unex-
plored and underexploited grain crop that needs increased
attention by researchers for many purposes. Giving in-
creased focus to such underutilized and understudied food
crops like teft contributes to food and nutrition security,
healthy food availability, income generation for livelihoods
of small-scale farmers, and environmental services in the
current depleting plant resources and increasing world
population [4].

Recently, there is a growing interest on the crop since its
grain is gaining global popularity for its outstanding nu-
tritional properties [5]. It is successfully introduced and
cultivated in many parts of the world including the USA,
Canada, Australia, Switzerland, and the Netherlands [6]. The
total population consuming teff products on daily basis in
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Ethiopia alone has currently reached more than 30 million.
The most attractive property is its gluten-free nature that
gives it a big potential to be utilized in a wide range of food
products to help people with celiac disease [7]. Food
products of teff are rich in crude fiber as the whole grain
flour of the crop incorporates the bran of the grain. The grain
of the crop provides relatively higher protein content with an
excellent balance and a complete set of essential amino acids
[8]. The grain is also high in iron content and other minerals
such as calcium, copper, and zinc compared to other cereal
grains consumed as whole grain flours such as wheat, maize,
barley, and sorghum [9, 10]. It was also recently proven to be
a significant source of bioactive compounds including
polyphenols, especially very rich in flavonoid derivatives
[6, 11] which are rare in the other common grains.

Even though more studies are yet to be conducted, a
range of health benefits have so far been established due to
the grain’s physical and nutritional properties. For instance,
some studies reported in vitro antioxidant activities of the
grain; thus, it is believed to improve the hemoglobin level in
the human body and help prevent malaria, anemia, and
diabetes [5, 12]. The rich chemical composition and func-
tional properties of the grain encouraged researchers in
many laboratories across the globe to explore and develop
teff food products with functional properties [13, 14]. This
review is prepared to summarize and present the latest
scientific evidence regarding the nutritional compositions,
functional properties, and health benefits of teff grain as well
as suggest some directions for future research on its ap-
plications in the health food industries.

2. Physical Characteristics and Nutritional
Compositions of Teff Grain

2.1. Physical Characteristics. Teff grain is the smallest of all
whole flour grains in the world with a length of about
1.0 mm and a width of about 0.60 mm. The average thousand
grain weight of teff kernels is only 0.26 g. The grain color
ranges from a light ivory to very dark reddish brown
depending on the variety (Figure 1). However, when the
whole grain is finely ground, the difference in flour color
becomes less noticeable. This may indicate that the pig-
menting compounds of the brown teff grains are mainly
accumulated on the grain pericarp.

2.2. Proteins. Cereals are alternative sources of proteins in
overcoming protein deficiencies and replacing the expensive
animal proteins. It is well established that the nutritional and
food product qualities of cereals are mainly attributed to the
physiological functions and food processing characteristics
of their seed storage proteins (SSPs) [15]. Even though there
are wide-ranging data on the protein and amino acid profiles
of teff, some studies put the protein content of the grain from
12.8 to 20.9% [4, 16]. Our recent study reported a total
protein content of 9.37% and an average essential amino acid
content of 40.9%. Of the total amino acid content, lysine
constituted the highest concentration with 12.8 mg/g of flour
dry weight. Regarding the SSP fractions of teff, glutelins
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(46.6%) constituted the major proteins followed by albumins
(39.1%), prolamins (29.4%), and globulins (21.1%) [17]. The
rheological properties such as gelation, foaming, and water
hydration of teff proteins were also studied in different
solutions. High NaCl concentration of up to 1.0 M decreased
the least gelation concentration (LGC) of teff protein from 6
to 2% [18]. The foaming capacity of teff protein concentrates
increased by twofold in 0.05 to 0.5 M NaCl. However, there
is no report that compares these properties of teff with those
of other common grains. Therefore, the effects of teff pro-
teins on the quality of food processing such as dough-
making and bread qualities in comparison with those of
wheat and other common flours are interesting areas of
future research.

2.3. Carbohydrates: Starch and Dietary Fiber. The tiny size of
teff grain increases the surface area of its coating layer that
results in a higher concentration of insoluble polysaccharides in
its whole flour [19]. The total carbohydrate content of teff grain
was reported to be 85.6% with starch content ranging from 74 to
75.5% [20]. Its amylose content ranged from 20 to 30% and the
molecular weights of its amylopectin and amylose ranged from
10.1x 107 gm/mol to 165x10" gm/mol and 1.0x10° to
1.3x10° gm/mol, respectively [21, 22]. The physicochemical
studies of teff also resulted in interesting reports. The paste of
teft starch had lower viscosity than that of maize starch [22]. Teff
starch also showed higher water absorption index (WAI) (mean
108%) and lower water solubility index (WSI) (mean 0.34%)
compared to maize starch. One study reported that the total
dietary fiber content of whole grain teft is 9.8% (dry basis). This
is much higher than that of the common cereals such as wheat
(3.4%), rice (0.43%), oat (4.05%), quinoa (7.14%), buckwheat
(2.18%), sorghum (4.51%), and maize (2.62%) [23]. The higher
dietary fiber of teff grain is accounted to the higher proportion
of bran, an important source of fiber. These imply that increased
consumption of teff brings about important health benefits.

2.4. Lipids. A comparative evaluation study of lipid contents
of several grains showed that teff grain flour has 4.4% lipid
content. This lipid content of teff grain flour was higher than
that of wheat (3.6%), rice (0.9%), sorghum (3.5%), and maize
(2.5%) grain flours and lower than that of oat (6.7%) and
quinoa (8.6%) grain flours [24]. Of the total lipid in teff, 80%
of it exists in free form. This value was similarly higher than
the free lipid of wheat, rye, and buckwheat. One study on teft
flour using the acid hydrolysis method reported the presence
of relatively lower lipid bound to starch as compared to
wheat, rye, quinoa, and buckwheat flours [25]. The majority
of the teff lipids were found to be unsaturated, with linoleic
and oleic acids accounting for 50% and 29%, respectively
[24]. Hence, teff can also be a good source of healthy lipids
with a comparable potential as other common grains.

2.5. Bioactive Phytochemicals. Teff is rich not only in
macronutrients and micronutrients but also in a variety of
bioactive nonessential metabolites such as phenolic com-
pounds and saponins. The majority of the studies in teff
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F1GURE 1: Teff crop field in Northern Ethiopia (Mekelle, Tigray). (a) Mature teff crop field showing its genetic diversity; (b) closer look at the

grain heads; (c) white teff grains; (d) brown teff grains.

phytochemistry often focused on phenolic compounds due
to their potential in reducing the risk of chronic diseases. In
vitro studies on the chemical constituents of teff grain
showed that the constituents have antioxidant anti-in-
flammatory properties and other health-promoting effects.
But estimating the exact contents of the constituents such
phenolic compounds is very difficult as the constituents are
highly complex which can exist in free, conjugated, and
bound forms [26, 27]. One comparative analysis study on teff
grain flour reported a total phenolic content (TPC) of 123.6
GAE (gallic acid equivalent)/100g dry weight TPC. This
value is much higher than the TPC of other Ethiopian staple
cereals such as maize and wheat [28]. Another study ana-
lyzed the total flavonoid contents (TFCs) and TPCs of five
teff varieties [29]. The TFCs and TPCs of brown teff varieties
were higher than those of the white varieties. The TFCs and
TPCs ranged from 0.62 to 1.16 mg RE (rutin equivalent)/g)
and 1.41 to 2.19 mg GAE/g, respectively. These imply that teff
varieties vary widely in their phenolic contents.

Few studies attempted to identify individual phenolic
compounds in teff grain. A study that identified individual
molecules through mass spectroscopic tools reported that
the extractable phenolic compounds in the grain were al-
most exclusively flavones, primarily their C-glycosides [11]
(Table 1). The results show that there is a distinct difference
in phenolic profile between white and brown teff varieties,
where the white varieties contain only apigenin glycosides
and the brown varieties mostly contain luteolin glycosides.
The higher concentrations of flavones in teff compared to
other common cereals become the ground to suggest that the
grain can be applied as a valuable source of rare dietary
phenolic compounds.

2.6. Minerals. A comparative mineral content analysis of teff
grain showed that P, Mg, Mn, and Cu are present in higher
concentrations in the grain than in other common cereals
like maize and wheat [28]. Data from the Agricultural Re-
search Service Database of the United States Department of
Agriculture showed that the mineral contents of the grain on
a wet basis are Ca (180 mg/100g), Fe (7.63mg/100g), Mg
(184mg/100g), P (429mg/100g), K (427 mg/100g), Na
(12mg/100g), and Zn (3.63mg/100g) [30]. Variations in
mineral contents have been reported between brown and
white teff grain varieties. The brown teff varieties were found

to have a higher Fe and Ca content than the white varieties.
On the other hand, the white teff varieties have higher Cu
content than the brown varieties [31]. However, the bio-
availability of most minerals is affected by chelating com-
ponents such as phytic acid. This can be a nutritional
concern in the grain as its whole grain phytic acid content is
estimated to be up to 1,544 mg/100 g dry weight [32]. Hence,
processing methods such as fermentation of teff batter with
lactic acid bacteria and fungi are believed to enhance the
bioavailability of teff minerals.

2.7. Vitamins. 'The vitamin composition and contents in teff
are yet to be experimentally explored. The USDA Food
Composition Databases [30] included the contents of some
vitamins. Raw teft has niacin (3.363 mg/100 g), vitamin B6
(0.482mg/100g), thiamin (0.39mg/100g), riboflavin
(0.27 mg/100 g), vitamin K (phylloquinone) (1.9 ug/100 g),
vitamin A (9 IU), and a-tocopherol (0.08 mg/100 g).

3. Significance of Teff on Public Health

3.1. Celiac Disease. Celiac disease is a disease of the digestive
system characterized by abnormal nutrient adsorption in the
inner lining of the small intestine due to intolerance to
gluten, a protein found in wheat, barley, and rye [33]. The
disease affects about 1% of the world population [31]. The
prevalence of celiac disease increases with conditions such as
type 1 diabetics and symptomatic iron deficiency anemia.
The disease affects 3 to 6% of people with type 1 diabetics and
10 to 15% of people with symptomatic iron deficiency
anemia [34]. The only effective and safe treatment available
for those affected by celiac disease so far is a strict and
lifelong gluten-free diet [35]. The fact that the most common
and abundant food products are made from gluten-con-
taining cereals like wheat makes following a strict gluten-free
diet difficult. Hence, formulating gluten-free food products
is an interesting subject for food technologists and nutri-
tionists. But many of the gluten-free products such as quinoa
and amaranth cannot meet the recommended daily nutrient
intake of celiac disease patients. The energy intake of such
patients may also be limited to only animal fats. Therefore,
these limitations are solved by teft-based gluten-free food
products. Teff, as nutrient-rich gluten-free grain, is being
frequently used as the best choice for celiac disease patients
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TaBLE 1: Concentration of tentatively identified flavones in white and brown teff grains.
Variety Tentatively identified compounds Concentration (4g/g dry weight)
Sample 1 Sample 2

Apigenin-6,8-C-diglucoside 130.8+08.9 121.9+£10.9
Apigenin-8-C-glucosyl-7-O-glucoside 209.4+12.0 113.6 £04.9

White Apigenin-6-C-glucosyl-2"-O-glucoside 590.4 +13.9 375.1+05.7
Apigenin-8-C-glucoside 388.3+07.4 195.2+03.9

Apigenin-7-O-(6"-syringyl) glucosyl-8-C-arabinoside 252.4+06.2 168.7 +03.6
Luteolin-8-C-glucosyl-7-O-glucoside 148.6 +08.3 190.5+01.1
Luteolin-6-C-glucosyl-7-O-glucoside isomer 599.3+32.9 570.9+10.0

Brown Luteolin-8-C-glucosyl-7-O-neohesperidoside 107.9 +£09.8 93.3+£01.5
Luteolin-8-C-glucoside 204.8 £14.4 250.5+19.4

Luteolin-7-O-(2"-syringyl) arabinosyl-6-C-glucoside 288.2+23.5 332.6 +21.0

Ravisankar et al. [11].

without fortification in countries like the Netherlands [35].
Moreover, teff grain is a versatile one with a preferable taste
and texture that can be used in making a variety of food
products including Sourdough bread, non-Sourdough
bread, cookies, pasta, weaning food, and extruded product as
well as beverages like lactic acid beverages and beer
[5, 36-38].

3.2. Diabetes. Diabetes mellitus, commonly known as dia-
betes, is a metabolic disorder characterized by increased
blood glucose level and abnormal insulin regulation. New
trends of the modern world towards high-fat diet, prevalence
of obesity, and increased sedentary lifestyle are leading to a
global increase in diabetes incidence [39]. It has become a
major global health problem with a whopping 415 million
diabetic patients in the world according to estimates in 2015
[40]. The quantity and quality of carbohydrates in diet are
the primary determinants of glucose levels and insulin re-
sponses in the human body [41].

Glycemic index (GI) reflects the postprandial glucose
response of carbohydrate-containing foods and its effect is
considered to be closely related to the fiber content of the
foods consumed [42, 43]. One recent study reported that low
GI foods can reduce the risk of type 2 diabetes [44]. These
imply that the type of carbohydrate in the food plays a
central role in the onset and prevention of diabetes. Teff has
relatively higher crude fiber content compared to other
common grains and lower GI [45]. Therefore, teft-based
foods are expected to have outstanding contributions to the
prevention and amelioration of diabetes. Moreover, the high
concentration of calcium in the grain can prevent the onset
of disorders associated with low calcium consumption like
weight gain, accumulation of fat, and osteoporosis that often
lead to diabetes. The absence of empirical evidence on the
effects of teff-based diet on diabetes calls for future research.

3.3. Anemia. Anemiaisa condition where the amount of red
blood cells, which reflects the hemoglobin content, decreases
leading to impaired capacity of the blood to transport ox-
ygen in the body. Anemia affects more than 25% of the world
population with higher frequencies in the developing
countries [46]. The deficiency of dietary iron is the principal

cause of anemia throughout the world. Iron deficiency
anemia has particularly a substantial effect on the lives of
young children and premenopausal women in both low-
income and developed countries [47]. While food supple-
ments and fortifications increase the dietary intake of iron,
the strategies often have gastrointestinal tract-specific side
effects including constipation, nausea, and diarrhea [46].
Hence, dietary iron intake through the consumption of
naturally iron-rich plants such as teff can be considered as a
more efficient and safer strategy. In fact, a twofold increase
in iron content was observed in wheat bread prepared with
30% teft flour. This indicates that wheat bread diet consisting
of 30% of teff is able to maintain the standard serum iron
levels in pregnant women [46]. With these promising ob-
servations, future research may focus on the beneficial effects
of teff consumption on the cardiovascular disorders, most
importantly on heart failure which is often linked to iron
deficiency.

4. Prospects for Further Exploration

The growing interest in the food and beverage products
designated as health foods in the market embodies a new
development of consumer behavior. The interest of the
present health-conscious society is leading to the growing
demand for foods with additional functional properties.
This, in turn, is driving the academic and research com-
munities towards exploring diet formulations with potential
health benefits. The lack of detailed account on the func-
tional properties of teff in the literature prevents us from
establishing a comprehensive understanding of the mech-
anisms by which it promotes health. Hence, further studies
are required on the specific functional properties of the grain
in order to be fully exploited in the health food industries.
Since teff grain is mostly used as fermented foods, its
functional properties can be enhanced through bacteria and
yeast-mediated fermentations. This is an interesting area of
future research. Establishing standards for the quality and
quantity of starter culture, fermentation conditions, and
other ingredients can generate more data on its biological
activities and potential applications.

The popularity of teff is growing steadily in North
America, Europe, and Australia. Since the crop is well-
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adapted to a diversity of ecological and environmental
conditions, studies in its agronomic features can help in
expanding it to new places all over the world as a sustainable
crop and a popular food. The relatively lower GI of teff hints
its potential therapeutic effects on diabetes. Studies on the
effects of teff grains can result in data that help in the
formulation of food products with health benefits for pa-
tients with diabetics as well as other hyperglycemic and
hypoglycemic diseases.
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