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Abstract: The increased price of tef, makes tef injera unaffordable for low income households that depend on it as a daily staple
food despite tef ’s excellent amino acid composition, lysine levels higher than wheat or barley, as very high calcium, phosphorous,
iron, copper, aluminum, barium, and thiamine thus there should be a study which fills the gap to optimize the blending of tef with
other crops while ensuring nutritional quality, sensory acceptability and cost feasibility to be popularized and consumed. Injera
made from whole wheat tef blend can be an important vehicle for conveying nutrition to pregnant women, young females in areas
where there is less tendency of consuming wheat and teff blended injera. Red tef grain (Asgori), white teff grain (Quncho) was
obtained from DZARC and bread wheat variatty (kingbird) was collected from Kulumsa Agricultural Research center. Proximate
composition, mineral and sensory analysis of 100% tef, 100% wheat and wheat tef blend (10 to 50% wheat added to tef) were
carried out. 30% wheat: 70% tef blended injera proves to be acceptable with respect to 100% tef injera and it has shown
nutritional quality higher value for both iron and zinc content compared to 10% wheat, 20% wheat, 40% wheat and 50% wheat
blended tef injera. Thus, 30% wheat and 70% tef blended injera has shown similar sensory quality with respect to overall
acceptability to 100% tef injera and it is also economical important to substitute 30% of tef flour with 70% wheat flour in injera
preparation.
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sorghum, maize, barley, wheat and finger millet are
sometimes used [3]. Tef [Eragrostis tef (Zucc) Trotter] has
the largest share of area (23.42%, 2.6 million hectares) under
cereal cultivation and third (after maize and wheat) in terms
of grain production (18.57%, 29.9 million quintals) in
Ethiopia; about two-third of Ethiopian diet consists of injera
and it accounts for about two-third of the daily protein intake
of the Ethiopian population. The major quality attribute of a
good injera is its slightly sour taste, which is due to the acidic
(low pH) nature of injera [3] Teff is considered to have an
excellent amino acid composition, with lysine levels higher
than wheat or barley, as well as very high calcium,
phosphorous, iron, copper, aluminum, barium, and thiamine
[9] Teff flour is higher in ash and lower in protein as
compared to wheat flour, teff grain protein ranged from 11.1
to 8.7% with mean of 10.4%, and the ash content had ranged

1. Introduction

Tef (Eragrostis tef) is a cereal crop widely cultivated in
Ethiopia mainly to process its grain flour into injera (a
fermented, staple food for the majority of Ethiopians).
Making features teff grain is superior as compared to other
cereal grains used [8]. Teff injera is known to be high in its
micronutrients (Fe, Ca and Zn) partly because of agronomic
practices used in teff productions in Ethiopia and reduction of
mineral inhibitors like phytates on fermentation that
enhances bio-availability of minerals [8]. Injera is thin,
fermented Ethiopian traditional bread made from flour, water
and starter (ersho), which is a fluid saved from previously
fermented dough [5].

Teff (Eragrostis teff (Zucc) Trotter) is the most popular
grain for making injera, although other grains such as



46 Cherinet Kasahun: Nutritional Composition and Sensory Quality Evaluation of Injera Prepared from
Supplementation of Bread Wheat and Tef Flours

from 3.16 to 1.99% with mean of 2.45% [9]. The protein
content of wheat grains may vary between 10% - 18% of the
total dry matter [11]. Whole grains are good sources of
insoluble fiber. Arabinoxylan (insoluble type of fibre) is
considered to be an optimal substrate for fermentative
generation of short-chain fatty acids (SCFAs)—in particular,
of butyrate in the colon. Butyrate at high concentrations in
the colon is hypothesized to improve bowel health and lower
cancer risk by several possible mechanisms. The increasing
awareness of the potential benefits of high-fibre diets has
promoted a growing interest for the consumption of whole-
grain foods [11]. Food products of teff are rich in crude fiber
as the whole grain flour of the crop incorporates the bran of
the grain. %e grain of the crop provides relatively higher
protein content with an excellent balance and a complete set
of essential amino acids [15]. %e 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 [16]. The
chemical composition of teff is not far from those of other
cereals, nonetheless the micro-and macronutrients level of
grain teff is apparently higher than that of barley, wheat and
sorghum [4] and therefore the nutrient composition of grain
teff indicates that it has good potential to be used in foods
and beverages worldwide.

Whole grain flour is one strategy for the development of
healthy food as the consumption of whole grain has been
shown to reduce the risk of colorectal cancer, cardiovascular
diseases, diabetes and obesity, Injera made from whole teff
blend can be an important vehicle for conveying nutrition to
pregnant women, young females in areas where there is less
tendency of consuming wheat and teff blended injera. Due to
the lack of the acceptable organoleptic properties of injera
made from wheat and barley, many people do not prefer to
eat injera made from other cereals such as wheat and barley
[5]. On other hand, increase legumes utilization in Ethiopian
for the production of injera in both house and industrial level
and used to compact protein and energy malnutrition problem
in Ethiopia [13].

Though pure teff injera has enormous health benefits, its
cost in the market makes it less available to the poor
comminuties. Hence, there should be a study which fills the
gap to optimize the blending of teff with other crops while
ensuring nutritional quality, sensory acceptability and cost
feasibility to be popularized and consumed. According to
research report of [12] Supplementations of teff (Eragrostis
teff (ZUCC.) Trotter) grain flour to wheat flour at 0, 5, 10, 15
and 20% levels on organoleptic and nutritional evaluation of
the supplemented bread. Giving increased focus to such
underutilized and understudied food crops like teff
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 [14].

Due to high domestic grain prices, exports of tef from
Ethiopia are banned, but some fresh injera made from teff is

being exported to the Ethiopian Diaspora and non-Ethiopians.

Although this positively impacts foreign currency earning, it
further increases the price of tef, making tef injera
unaffordable for low income communities that depend on it
as a daily staple food. Therefore, the aim of this study is to
prepare nutritionally enriched and socially accepted injera
from the blended of wheat and tef composite flours.

2. Materials and Methods
2.1. Study Areas

The analysis was carried out at Agricultural Quality
Research Laboratory (AQRL) and Melkassa Agricultural
Research Center Food Science and Nutrition Laboratory,
EIAR.

2.2. Sample Collection and Preparation

Whole wheat flour prepared for injera making was
prepared for further studies like product development/flour
formulation, nutritional analysis (proximate analysis) and
injera making quality, and sensory quality.

Red tef grain (Asgori tef variety) and white tef grain
(Quncho tef wvariety) were collected from Debre Zeit
Agricultural Research Center and the bread wheat (Kingbird
variety) was collected from Kulumsa Agricultural Research
Center; the grain was then cleaned from dirt by sorting out
contaminants such as sands, sticks and leaves, and later was
washed and sun dried. The dried tef and wheat was milled
using perten laboratory mill tef at 0.5 mm sieve and wheat at
0.5mm. The obtained flour was packed in polyethylene bags
and stored at room temperature until further analysis.

Formulation of Composite Flour

Bread wheat flour was incorporated tef flour at inclusion
level of 10% interval from 0 to 50% in the following ratios:

100% red or white teff grain flour (control).

90% red or white teff grain flour + 10% bread wheat Flour.

80% red or white teff grain flour + 20% bread wheat Flour.

70% red or white teff grain flour + 30% bread wheat Flour.

60% red or white teff grain flour + 40% bread wheat Flour.

50% red or white teff grain flour + 50% bread wheat Flour.

2.3. Methods

2.3.1. Mineral Determination

About 1 g of ground sample was ground and put in
aluminum dish over night at 105°C in an oven, then the
sample was Cooled in a desiccator. 0.5 g of dried sample was
weighed and put into a porcelain crucible and put it in a
muffle furnace. Then the furnace was switch on and the
temperature was increased to 450°C. The sample was
calcinated for 4 hours at this temperature and then the
furnace was switch off and allowed to cool inside the closed
furnace overnight.

The ashed material was into 200 ml Erlenmeyer flask with
20 ml 20% HNOs;. Then the acid treated sample with content
was heated on hot plate to boiling and maintained for 30
minutes with periodic stirring by glass rod, and allowed to
cool. The sample was then filtered through a no. 1 filter paper
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into a 100 ml volumetric flask and the contents were washed
until 90 ml of the filtrate was collected, and brought to
volume with distilled water.

This solution was used for the determination of Iron (Fe) at
259.940 nm and Zinc (Zn) at 213.857 nm using 4210 MP — AES
(Microwave Plasma - Atomic Emission spectrophotometer).

2.3.2. Proximate Composition Analysis

The crude fiber and crude protein content the wheat tef
composite flour was analyzed using Near Infrared
Spectroscopy (NIRS) at AQRL.

2.3.3. Sensory Analysis

The injera for sensory analysis was made based on the
method described in [3].

The sensory evaluation of 100% wheat, 100% tef and
wheat tef blended injera (10% wheat to 50% wheat) was
assessed by 20 semi trained panelists, men and women. All
the samples were presented to panelists in a flat tray white
color at ambient temperature (about 25°C) 2—4 hours after
baking. Since the panelists were not fully-trained, and to
make the evaluation process consistent, a simple 5-point
hedonic scale was used [7].

2.4. Data Analysis

Data obtained from mineral analysis, proximate analysis
and sensory evaluation were evaluated using one-way
ANOVA and significance of means were declared at p < 0.05
and mean separation was carried out with Least Significant
Difference (LSD) comparison. SPSS software version 22 and
Minitab 17 were used for the statistical analysis.

3. Results and Discussion

As table 1 below shows the addition of wheat to teff (10%
to 50%) has changed the crude protein and crude fiber
content significantly. As the proportion of wheat added to red
teff increased the protein content decreased but the fiber
content increased. The crude protein content has decreased
from 11.88 in 10% wheat in red teff flour to 9.99% in 50%
wheat: 50% red teff flour. Meanwhile, the crude fiber content
has increased significantly and wheat white teff composite
flour has shown increase in crude fiber content than wheat
red teff composite flour.

Tables below have shown that the addition of wheat to teff
(10% to 50%) has changed the iron and zinc content
significantly. But it is shown in the table that pure red teff
flour has higher iron and zinc content than pure ‘nech’ tef.
Teff flour (7.64 mg/100 g) contains significantly more iron
than wheat flour (2.54 mg/100 g) [2].

Pure white or red teff flour has shown highest ash content
(2.33%) than pure wheat flour (1.33%) and wheat teff blends.
As the addition of wheat to red teff decreases the fat content
has shown an increment, fat content of 2.37% in 30% wheat:
70% red teff flour to fat content of 3.08% in 10% wheat: 90%
red teff flour. There is significant difference among pure teff
flour, pure wheat and wheat teff blends in crude protein,
crude fiber, crude fat, ash content but no significant
difference in moisture content. 30% wheat flour blended with
70% white or red teff flour has shown higher value for both
iron and zinc content. Tef grain flour when incorporated in
wheat bread is known to improve iron and antioxidant
contents of the bread [8].

Table 1. Proximate composition of wheat - teff blended flour.

Treatment Crude protein (%) Crude Fiber (%)  Fat (%) Ash (%) Moisture (%) Total Carbohydrate Energy Kcal/100 g
100W 11.58° 2.66" 2.15" 1.33" 9.995%" 72.285" 354.81°
100 NT 12.78° 3.0 1.44" 233" 9.66" 70.79° 347.24°
90 NTIOW  11.09° 3.12° 2.87% 1.67¢ 10.33" 70.92° 353.87°
8ONT20W  11.11¢ 3.29¢ 2.25% 1.33% 10* 72.02¢ 352.77¢
7JONT30W  11.21° 3.44° 1.7 1.67¢ 10° 71.98° 348.06°
60NT40W  11.09" 343" 2.15" 2" 10.33* 71° 347.71°
50NT50W  11.12¢ 3.61¢ 28" 1.67¢ 10.165* 71.44¢ 348.228
100KT 11.2° 3.1% 207" 233" 8.995" 71.61" 349 87"
90 KTIOW  11.88° 2.86° 3.08" 2 10.5° 69.68 353.96'
80KT20W  11.51° 2.97° 2.86" 1.67" 10.33" 70.66' 354.42
70KT30W  10.46° 3.22¢ 237 1.67° 10.665™ 71.62% 349.63"
60KT40W  10.27° 3.29° 2.89" 1.33" 10.665" 71.56' 353.31"
50KT50W  9.99° 3.4 0.22™" om” 10.165™ 74.23™ 338.84™

The means with different letter has significant difference at p < 0.05.
Key:

100W - 100% wheat flour, 100W - 100% wheat flour

100NT - 100% white teff flour, 100K T - 100% red teff flour

90NTI10W - 90% white teff: 10% wheat, 9OKT10W - 90% red teff: 10% wheat flour

8ONT20W - 80% white teff: 20% wheat flour, 80KT20W - 80% red teff: 20% wheat flour

TONT30W - 70% white teff: 30% wheat flour, 70KT30W - 70% red teff: 30% wheat flour

60NT40W - 60% white teff: 40% wheat flour, 60KT40W - 60% red teff: 40% wheat flour

SONT50W — 50% white teff: 50% wheat flour, SOKTSOW — 50% red teff: 50% wheat flour

*Teff samples obtained from Debrezeit Agricultural Research Center for fat, ash and moisture analysis were Dukem variety (white teff) and Felagot (red teff)

** Adopted from Nascimento et al., 2018 [10].
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Table 2. Mineral analysis (Iron and zinc) of teff flour (red and white teff);
wheat - teff blended flour.

Treatments Iron (ppm) Zinc (ppm)
100% red teff 1.25 0.80°
10% wheat + 90% red teff 0.90° 0.25°
20% wheat + 80% red teff 0.66° 0.30°
30% wheat + 70%red teff 0.91¢ 0.91¢
40% wheat + 60% red teff 0.04° 0.06°
50% wheat + 50%red teff 0.30° 0.02°
100% white teff 0.55 0.45°
10% wheat + 90%white teff 0.96° 0.10°
20% wheat + 80% white teff 1.55¢ 0.51°¢
30% wheat + 70%white teff 0.99¢ 0.92¢
40% wheat + 60% white teff 1.58° 0.09°
50% wheat + 50%white teff 0.29° 0.08"

The means with different letter has significant difference at p < 0.05.

Table 3 below shows that the sensory evaluation of wheat
tef blend injera for eye distribution, color, odor, texture,
taste and overall acceptability was assessed. The result has
shown that 50% teff and 50% wheat blend had significant
difference from 100% teff with respect to eye distribution,
color and overall acceptability. Meanwhile, 100% wheat

has shown significant difference from 100% teff with
respect to eye distribution, color, odor, texture, taste and
overall acceptability which assures the injera making
quality of 100% teff than 100% wheat flour.

20% wheat, 30% wheat and 40% wheat addition to teff
flour injera has not shown significant difference from 100%
teff injera in all sensory attributes measured except for
significant difference in eye distribution between 100% teff
injera and 30% wheat: 70% teff blended injera. The overall
acceptability of 100% teff injera has not shown significant
difference (p> 0.05) from Overall acceptability of 10% wheat,
20% wheat, 30% wheat and 40% wheat added teff injera. But
50% wheat: 50% teff injera and 100% wheat injera has
shown significant difference from 100% teff injera. 30%
wheat: 70% teff blended injera has exhibited a sensory score
above the average in a 5-point hedonic scale and non-
significant (p=> 0.05) in overall acceptability from 100% teff
injera, which is slightly in agreement with [6] that cassava
added to teff up to 30% scored above average in acceptability
tests except color and eye distribution.

Table 3. Sensory analysis of 100% teff, wheat teff blend and 100% wheat injera.

‘Wheat-teff flour mixture

Attributes 100% teff 10%wheat 20% wheat 30% wheat 40% wheat 50% wheat 100%wheat
Eye distribution 2.15+1.14 2.90+0.97° 2.20£1.01%¢ 3+31.08%4 2.30£1.08%4¢  395+1.19" 1.40£0.68 ¢
Color 2.75+0.97*%¢4¢ 3 20+1.06™° 2.50+1.00%¢ 3.40+0.89%%4<f 2 90+0.85*>¢de  3.80+]1.11> 2.05+0.94%¢
Odor 3.25+1.0200¢del 33540 99b¢Al 5 901 07004 3.1541.04%%4  325+].07*bedel 3.8540.99%0F 2.05+0.83¢
Texture 3.05£1.05*%¢4¢  2.9541.05%%%  2.90+£0.91*>¢¢ee 32541 12%0edel 3304080204l 39041.12%0¢f 22541250
Taste 3.50+1.05° 325410704l 2 90409120 3.75+0.97*04ef 32541 p2abedel 3 80+0.95%0 e 1 .70+0.988
Over all acceptability ~ 3.10+£0.97*"%%¢ 3 35+0.88**¢%¢  325+] 07°P¢%¢  3.45+0.99°P¢% 3 45+0.83*>°4¢ 4 20+1.06 2.20+1.198

4. Conclusion

Injera is a widely used food in Ethiopia and improving the
nutrient composition help people from nutrient security as
well as minimize the price of teff by blending teff with other
cereals grains flour such as wheat, maize, and barley. Less
expensive and nutrient-dense food formulation is limited in
the country. Therefore, this study was conducted to support
food and nutrition security problem of the country. In this
case, incorporating wheat flour with Teff flour can produce
low-cost and nutrient-dense injera to improve food and
nutrition security. Considering the continuous increment of
teff grain price in the local market, searching for a less
expensive cereals grain such as wheat, maize, rice, and
sorghum as a substitute to make injera is very important.
According to the research finding, using 70% tef and 30%
wheat to prepare injera will result in injera (flatbread) that is
acceptable in its major sensory attributes. The very good
sensory result and nutrient content were observed for the
treatments 15%, 25%, and 30% of wheat inclusion level this
implies that the ratio of blending could be used as a substitute
to the teff flour both in the urban and in the rural
communities. Moreover, consumers benefited from the use of

injera made from these blending ratios of teff and wheat flour
due to their enhanced nutritional content as well as the
economic advantage due to lower prices of wheat compared
to teff.

From this study, it can be concluded that 30% wheat can
be blended with 70% teff flour and the sensory quality of the
30% wheat: 70% teff blended injera proves to be acceptable
concerning 100% teff injera and it has shown that nutritional
quality higher value for both iron and zinc content compared
to 10% wheat, 20% wheat, 40% wheat and 50% wheat
blended teff injera. Thus, 30% wheat and 70% teff blended
injera have shown similar sensory quality and it is also
economical to substitute 30% of teff flour with 30% wheat
flour in injera preparation.

5. Recommendation

1) Substitute of 30% tef flour with 70% wheat flour in
injera preparation would be acceptable in nutritional
composition and sensory quality acceptance

2) Further research to be conducted on flour functional
properties in the future

3) Another study to be carried out on shelf life of injera
made from composite flour
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