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Introduction: Teff (Eragrostis tef) is an indigenous crop in Ethiopia and exists in white, red, and mixed varieties. Several types of research
confirmed that teff'is rich in many essential amino acids, slowly digesting carbohydrates, essential fatty acids, minerals, vitamins, fibers, and
other components. Since teff has a low glycemic index, is enriched in essential amino acids and fatty acids, and contains nutritionally
balanced minerals, vitamins, and their precursors, it could be a promising food for the prevention and management of diabetes. People with
diabetes mellitus are recommended to feed on a diet having a low glycemic index and enriched in essential nutrients.

Objective: This review aimed to summarize the nutritional composition of teff (Eragrostis tef) and its value in diabetic patients.
Methodology: We searched Web of Science, PubMed, Medline, Embase, and Google Scholar for studies on the nutritional
composition of teff and its value for diabetic patients published in English since 2010.

Conclusion: According to available data, teff is a nutritionally valuable food type for diabetic patients.
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Introduction

Teff (Eragrostis tef) is a tropical grain crop that belongs to the grass family and common food in Ethiopia and Eritrea.
Physically, teff is the smallest grain, which is 1.0 mm in length and 0.60 mm in width and consumed as a whole grain.
Mainly, teff grain exists in three main varsities; white (Magna), brown (key), and mixed (sergegna). All varieties of teff
have almost similar chemical composition except brown (red) which is rich in iron and commonly used for prevention,
treatment, and management of iron deficiency anemia.' According to many published pieces of research, teff contains
balanced ingredients like carbohydrates, fiber, lipids, and essential amino acids, and it is the best source of iron, calcium,
and zinc.? Since teff is proven to be free from gluten, a large number of researchers are conducting a study on the
nutritional composition of teff and its processing qualities. The gluten-free nature of teff makes it preferable for celiac
patients.” A study done by Gebru et al showed that teff injera, which is a common food in Ethiopia and Eritrea, is rich in
necessary minerals, vitamins, healthy fiber, essential amino acids, and carbohydrates with a low glycemic index. In
addition, teff injera and bread have slower staling property and longer shelf life as compared to others. As a result, teff
injera and bread are used to manage and treat different chronic diseases.”

Injera is the most common food item in Ethiopia, and it is mainly made up of teff, especially in the urban area. Injera
can also be prepared from a mixture of teff flour and other grain flour like barley, wheat, maize, and others in different
proportions. Ethiopians and Eritreans utilize teff in the forms of injera, bread (dabo), porridge (genfo), and others. In
Ethiopia, different stews or sauces like Doro wat, tibs, Shiro, beyaynetu, siga wat, kitfo, misir wat, and different dairy
products are being consumed with teff injera. Almost all hotels and restaurants in Ethiopia use teff injera for scooping
stews, meat, vegetable, etc.” Nowadays, people are starting to prepare pasta, macaroni, and other industrial food products
from teff flour.®
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Diabetic mellitus (DM) is becoming a huge public health problem in the world especially in developing countries.’
According to the International Diabetes Federation report, in 2020, more than half a billion people are living with
diabetes worldwide and this figure will increase by more than 20% in the coming 10 years. Several studies showed that
the prevalence of DM is higher among people who live in urban areas and developing countries.® Available data showed
that the mortality rate as a result of diabetes is getting increased from time to time.”

Nutritional compositions of individual food consumed frequently affect the occurrence of non-communicable diseases
mainly diabetes, hypertension, cardiovascular diseases, cancer, and others.'” Even though food plans vary from person to
person, there are shared qualities of diet that play role in preventing and managing diabetes. A diet with a low glycemic index,
enriched in essential amino acids, fatty acids, and fiber, containing a sufficient number of vitamins and minerals, is
recommended for the prevention and management of diabetes.'' Many studies indicate that the quality of food is more
crucial than the quantity of food for the prevention and management of diabetes. The nutritional intervention significantly
reduces both acute and chronic diabetic complications in diabetic patients and becomes more effective when combined with
physical exercise.'*!* A study done by Demir et al showed that individuals who consume teff in their daily life have better
control of blood glucose and atherogenic lipoproteins'* Diabetic-specific food formula is characterized by having a balanced
composition of essential amino acids, essential fatty acids, vitamins, and minerals. In addition, it needs to have low
carbohydrates with a low glycemic index, and all of these are the quality of teff.'> This review aims to summarize the
nutritional value of teff for the prevention and management of diabetes mellitus.

Methodology

Information used to write this paper was searched from Web of Science, PubMed, Medline, Embase, and Google Scholar by
using key terms “teff”, “Eragrostis tef”, “Nutritional value”, and “diabetic patients”. Published papers in the English language
since 2010 were used. To write this narrative review more than 500 published papers were collected and finally 74 articles

were used and cited according to their relevance.

Nutritional Values of Teff for Diabetic Patients
Glycemic Index (GIl) of Teff and Diabetes

Glycemic index (GI) is one of the common parameters, which is used to measure how much specific food increases
the blood glucose level within a given time. The glycemic index of foods is expressed on a scale of 1 to 100, based
on how fast they increase blood sugar levels after ingestion.'® Based on the value of GI, different food items can be
categorized into the low glycemic diet (less than 55), medium glycemic diet 55 to 69, and high glycemic (greater
than 70)."7

According to several studies, food items with low and medium GI have better health benefits as compared to high
glycemic index foods, especially for those with chronic diseases like diabetes and hypertension.'® The International
Diabetic Federation showed that diabetic patients can reduce and delay both acute and chronic complications by
restricting a high glycemic index diet.'” Studies done by Dereje et al and Assefa et al showed that all variants of teff
have a low glycemic index, which makes it a preferred food for diabetic patients.’*?' The carbohydrate composition of
food ingredients determines its GI. Quantitatively, teff grain contains 73g/100g of carbohydrate, which is comparable
with the amount of carbohydrate in wheat 75g/100g, and rye 76g/100g. But, the GI and glycemic load of wheat are (54
and 11.5) and rye is (45 and 29) which is higher than teff. The glycemic index and glycemic load of food are also
determined by the quality of carbohydrates it contains. Teff contains a mixture of complex carbohydrates which is slowly
digested and absorbed into the bloodstream. According to a study done by Dereje et al, the glycemic index of teff injera,
corn injera, and white wheat bread is 35.6, 97.3, and 50.7, respectively.'®** An experimental study done to assess the GI
of teff injera in healthy human and mice showed that it is low; in average 36.7 (Table 1). A published article done by
Mechanick et al showed that a diet with a low glycemic index is beneficial for diabetic patients in decreasing
cardiovascular disease risks. Thus, teff could be a good ingredient for diabetic-specific food formulas.?
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Table | Glycemic Index of Teff

No. Author Publication Year Study Subjects Glycemic Index Average
l. Dereje et al'® 2019 Healthy human 35.6 (95%; Cl 26.2-46.1) (teff injera) 36.7
2. Assefa et al'® 2017 Healthy mice 35.2 (white teff injera)

39.3 (red teff injera)

Essential Amino Acid Composition of Teff and Diabetes

Besides the appearance, texture, and flavor, the quantitative and qualitative composition of essential amino acids in foods
determines their quality.”* Some studies showed that the quality of life highly depends on the quality of food. The mental,
emotional, social, and psychological well-being of individuals are influenced by the quality of foods they consume.?
Individuals who suffer from non-communicable chronic diseases like diabetes mellitus should give special attention to
the quality of foods they feed.?® Different clinical trials reported that oral supplementation of essential amino acids for
diabetic patients can decrease insulin resistance, blood glucose, and glycated hemoglobin, thereby reducing acute and
chronic diabetic complications.?’ 2° Diet rich in essential amino acids, and other supplements are used to prevent and
treat different chronic diseases including diabetes.?”-*°

Most Ethiopian traditional foods are organic and assumed that they have a positive effect on the prevention and
treatment of non-communicable diseases like diabetes, cardiovascular diseases, hypertension, cancer, and others.®! Teffis
enriched in all essential amino acids as compared to other crops.’” Teff is free from gluten which makes it essential for
the treatment of celiac disease and contains balanced essential amino acids that have nutritional benefits to the
community, especially for diabetic patients.® A study done by Lemecha et al on mice showed that teff can improve
glucose tolerance, control body weight, and regulate inflammation and all of these are used to reduce acute and chronic
complications of diabetes mellitus patients.>* In addition, teff has an anti-mutagenic effect and prevents different types of
mutation; as a result, adding teff to the daily diet can prevent and treat cancer.”*

Essential amino acids directly or indirectly play an indispensable role in preventing and managing different chronic
diseases such as diabetes, cardiovascular disease, cancer, etc. In some clinical cases like diabetes, the need for essential
amino acids increases by many folds, and food rich in these essential amino acids becomes more valued. According to
some studies, teff is a promising crop for diabetic patients because of its essential amino acid composition.* According to
published studies, greater than 10% of the dry mass of teff is protein and more than 40% of this is an essential amino
acid. Indispensable amino acid, lysine, which plays a great role in general protein metabolism, is found in large amounts
in teff.*> Essential amino acid, lysine, is very important in assisting mineral absorption from the intestine, synthesis of
different body proteins, and regulating blood glucose. Lysine is one important component of carnitine. The catabolic
product of lysine amino acid, acetoacetyl CoA, is a substrate for the Krebs cycle.*® A clinical trial on type 2 DM patients
done by Mirmiranpour et al showed that L-lysine can significantly reduce advanced glycation end products (AGEs),
glycated hemoglobin, and risk of infection. In addition, T2DM patients who get enough lysine have better wound healing
capacity.’” Teff flour contains up to 12mg/g of lysine amino acid, which is the highest compared to other grains. In
general, existing data support that diabetic patient are benefited from essential amino acids of teff.*?

Essential Fatty Acid Composition of Teff and Diabetes

Essential fatty acids, which are obtained only from the diet, are crucial for the survival of humans. Missing these
ingredients from the food individuals eat leads to different deficiency disorders. Essential fatty acids are the main
precursor of biologically important metabolites like prostaglandins (PGs), thromboxanes (TXs), leukotrienes (LTs),
neurotransmitters, and lipoxins (LXs), resolvins, isoprostanes and hydroxy- and hydroperoxyl eicosatetraenoates.®® As
a result, the quality of food is determined by the qualitative and quantitative composition of essential fatty acids.>® The
availability of essential fatty acids in the diet becomes more valuable at the growing stage and in some clinical cases.*’
Individuals with chronic non-communicable diseases such as diabetes, hypertension, cardiovascular diseases, and
different types of cancers are highly benefited from essential fatty acids. Getting a sufficient amount of essential fatty
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acids from the diet is used to manage the effect of those non-communicable diseases. In addition, essential fatty acids
help in the improvement of treatment outcomes.*'**>

According to a study done by Amare et al, teff contains more than 3 grams of fat per 100 grams. In addition, teff is
rich in essential fatty acids such as linoleic (C18:2, cis, cis-9,12), oleic (C18:1 cis 9), and a-linolenic (C18:3). The
presence of a higher percentage of a-linolenic acid and other polyunsaturated fatty acids in teff is used to protect diabetic
patients from developing cardiovascular disease, atherosclerosis, and hypertension.****** Different studies indicated that
diabetic patients can control dyslipidemia by adding omega-3 fatty acids to their daily diet and teff could be the best
source.*> Diabetic patients who can get a sufficient amount of omega-3 fatty acids can improve insulin resistance and
inflammatory disorder. Teff, which is an important source of omega-3 fatty acids, shows antioxidant effects and benefits
diabetic patients and patients suffering from other chronic diseases.*® In addition, polyunsaturated fatty acids play a great
role in delaying diabetic peripheral neuropathy and preventing the development of retinopathy and for this teff contains a
high percentage of polyunsaturated fatty acids.>**’*° Based on its essential fatty acids composition, world nutritionists
nowadays, recommend teff as one of the important components of diabetic-specific food formulas.’® Diabetic patients
who get more than a gram of omega-3 fatty acids significantly reduce triglycerides, thereby controlling dyslipidemia-
induced cardiovascular disease. In addition, omega-3 fatty acids can control glycated hemoglobin and atherogenic
lipoprotein.®' Available studies support the idea that diabetic patients can get enough amount of essential fatty acids

from teff and it is a promising food type used to manage acute and chronic diabetic complications.>**%3

Fiber Composition of Teff and Diabetes

Fiber is another important component of the diet and determines the quality of foods. Prevention, treatment, and
management of different diseases are highly dependent on the qualitative and quantitative availability of fiber in
individual daily diets. Especially, individuals with chronic non-communicable diseases such as diabetes, hypertension,
cardiovascular diseases, and cancer need to consume fiber-rich diets.”*>> Some published articles showed that type 2
diabetic patients who consume enough amount of fiber in their diet can improve blood glucose homeostasis, insulin
resistance, blood lipids, body weight, inflammations, and reduce hemoglobin Alc level, thereby preventing the risk of
premature mortality in adults with diabetes.’®>” A study done by Fujii et al showed that diabetic patients taking a better
amount of dietary fiber significantly reduce abdominal obesity, hypertension and metabolic syndrome, albuminuria, low
estimated glomerular filtration rate, and chronic kidney disease.’® Dietary fiber plays a significant anti-inflammatory,
antioxidant, hypocholesterolemic, hypoglycemic, and antihypertensive role for all populations. For diabetic patients, the
role of fiber becomes more critical.”

According to studies, teff contains enough fibers, which can benefit diabetic patients. Teff, a wonderful grain,
originated from Ethiopia, and the best ingredient to prepare traditional Ethiopian food called “Enjera” is small in size
and used as a whole grain.®® The cover of teff grain contains slowly digestible carbohydrates and fiber, which benefit
diabetic patients more. As compared to other grains, teff contains higher crude fiber, total and soluble dietary fibers.> An
experimental study done by Dereje et al indicated that teff injera contains around 2.58 grams of crude fiber per 100
grams, which is higher than other grains’ fiber.?’ This fiber content in combination with other factors makes it teff highly

important grain used in the treatment and management of diabetes.®'%*

Vitamins and Minerals Composition of Teff and Diabetes

Vitamins and minerals are highly essential micro-nutrients for life and are primarily obtained from the diet we eat. As a
result, the quality of food is highly dependent on the composition of vitamins and minerals. They are needed in small
amounts and perform an indispensable role in the general health of individuals. People who can obtain the recommended
amount of vitamins and minerals have a high chance to be healthy.®® In addition, people with non-communicable chronic
diseases like diabetes have to obtain the required amounts of vitamins and minerals from the food they eat. Some studies
showed that diabetic patients who obtain sufficient vitamins and minerals from the diet they eat, significantly reduce
acute and chronic complications.®*¢

Teff contains an essential amount of minerals (P, K, Mg, Ca, Fe, Mn, and Zn), which are necessary for normal

biological processes. Compared to other cereals, teff contains a healthy concentration of calcium, iron, polyphenols, and
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phytate.**°*¢7 A deficiency of manganese and magnesium is common in people with diabetes. Both are a key co-factor
in glucose metabolism. Magnesium has a major role in cellular defenses against oxidation damage in diabetes and this
helps to reduce its complication. The deficiency of magnesium may increase insulin resistance and interrupt the insulin
secretion process. In diabetes, potassium-containing diet supplementation may improve insulin sensitivity and the
effectiveness of the insulin hormone.***’

Zinc is an essential element in insulin metabolism that regulates more than 100 enzymes for protein folding, and gene
expression, as well as in the production and neutralization of reactive oxygen species. Zinc is a vital ingredient for the
appropriate processing, storage, secretion, and action of insulin in pancreatic cells and its disturbances are associated with
diabetes. Zinc reduces cytokine production and its deficiency may cause cytokine-induced damage in the autoimmune
attack, destroying the islet cell in TIDM.”®

Teff contains a high concentration of calcium that can prevent weight gain, accumulation of fat, and osteoporosis
which often lead to diabetes.* A study done by Koubova et al indicated that teff is an important grain recommended as a
safe and valuable mineral and trace element source.”' Besides these, teff contains less amount of phytic acid and inositol
phosphates, which can inhibit the bioavailability of iron and zinc. Compared to other cereals, fermentation of teff
increase the bioavailability of minerals and the generation of the vitamin B family. A high concentration of iron in teff,
especially in red teff, is used to prevent and treat iron-deficiency anemia.’”? Some literature shows that teff seeds contain
more than 20mg/100gram iron which, is higher than in other cereals In addition, teff is a very important source of
vitamins and their precursors.® According to a review done by Satheesh and Fanta, teff is enriched in vitamin A, B
complex, C, K, and a-tocopherol, which are highly essential for the immunological quality of individuals. Vitamin B6
supplements may be able to improve glucose tolerance, particularly for those who are suffering from gestational diabetes.
It also plays a major role in the prevention of diabetes-related complications. Vitamin C is important in lowering the
amount of sorbitol in type 1 diabetic patients. Sorbitol is an unsafe sugar that may lead to an increased risk of diabetic
complications such as neuropathy, retinopathy, and kidney insufficiency. In type 2 diabetics, vitamin C may play a role in
improving glucose tolerance. Vitamin D plays a role in boosting insulin sensitivity, which is vital for blood glucose
regulation.*’® Furthermore, teff contains different polyphenols, which are effective antioxidants. All these factors make

teff an important daily food ingredient for diabetic patients.>**"

Strength and Limitations of the Study

In this narrative review, 74 published articles are used. The review tried to explain the compositions of teff and its
functions in diabetic patients. In addition, the review is easy to understand by the community, and it provides information
on the nutritional values of teff for diabetic patients. However, this narrative review lacks research that is done on the
direct function of teff for diabetic patients.

Conclusion

Teff could be a good food ingredient and people can be benefited more from it. Overall, this review summarized several
studies published on the nutritional values of teff (Eragrostis tef). In general, its nutritional compositions make teff to be
one of the healthy nutrients recommended for diabetic patients. Particularly, having a low glycemic index and load,
containing essential amino acids and fatty acids, balanced minerals and vitamins, and high fiber compositions make it a
reliable and promising food that can ameliorate diabetic complications. Finally, we would like to recommend that further
studies involving diabetic patients should be conducted on teff to determine the mechanism by which it can decrease
blood glucose levels in diabetic patients.
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