













































































































































































of control (8.7) is similar with the report of Bultosa (2007)(8.7-11.1). But had slight variation
with Solomon ( 2007) (9.4-13.3) and Taylor (2004) (9.38-13.3). The slight variations might be

due to variety differences of teff used for analysis and fermentation time.

4.4.3 Total Ash

The mean total ash content of injera prepared from prefermented flour dried using sun, oven and
freeze drying methods ranged from 3.4 - 4.7 (g/100g) (Tables 4). Total ash content of control
was significantly different from the other samples prepared from prefermented flour. The higher
total ash content of freeze dried sample might be due to the extended time used to dry the sample
which might lead to the higher chance of contamination. Similarly the relatively higher value of
the sun dried and oven dried from control might be due to contamination during drying and
milling processes after fermentation of dough. The ash content of traditionally harvested teff
grain is especially high because of grain contamination with the soil during harvest (Refera,
2001) but the sample we took was not traditionally harvested. The total ash content of control
was 2.1 g/100g. The result of the control was not in close agreement with the findings of
Solomon ( 2007) (2.7-3.0 g/100g), Taylor (2004) (2.66-3.00) and Bultosa ( 2007)(2.7-
3.0g/100g). The variation between the different reports might be due to variety difference or the

way the teff grain was harvested.

4.4.4 Crude fat content

The mean crude fat content of injera which were prepared from instant prefermented flour using
different drying methods ranged from 2.6 g/100g -3.5 g/100g (Table 4). The fat content of
control was significantly different from sun and freeze dried samples. However, fat content of
control sample was not significantly (P>0.05) different from oven dried samples. The low crude
fat content of freeze dried sample might be due to open porous structure of dried flour might
allow oxygen to enter and cause oxidative deterioration of lipids (Fellows, 2000).The samples
prepared with differently dried flour has significantly lower than control. This might be due to
lipid oxidation during drying. The fat content of control was (4.3 g/100g), which is not in close
agreement with the finding of Bultosa (2002), (2.7-3.0 g/100g), Solomon (2007) , 2.0-3.1
g/100g, Taylor (2004) (2.0-3.1g/100g) and Bultosa (2007). The variation in fat content might be

due to the difference in the variety of feff used for analysis.
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4.4.5 Crude fiber content

Dietary fiber is a physiological and nutritional concept relating to those carbohydrate
components of foods that are not digested in the small intestine (FAO, 2003). The result of
treatments effects on the crude fiber of processed injera was ranged from 1.9-2.7g/100g for
control and freeze dried samples (Table 4). The crude fiber content of control sample was not
significantly (p<0.05) different from oven dried samples. The crude fiber content of control
sample was significantly different from freeze and sun dried samples. The freeze dried sample
gave higher mean value and this might be due to contamination during long drying process. The
result found for the fiber content of control (1.84%) has variation with a report of (Solomon,
2007) ranged from 1.98-3.5 g/100g and Taylor (2004) (1.98-3.5g/100g). The slight variation
might be attributed to the variety difference in feff grain used for analysis.

4.4.6 Crude Carbohydrate

The mean crude carbohydrate content of injera which were prepared from instant prefermented
flour using different drying methods ranged from 81.7-83.0 g/100g (Table 4).The control sample
was not significantly(p<0.05) different from sun dried and oven dried samples. However control
sample was significantly different from freeze dried sample. The higher carbohydrate content of
the control sample may be attributed to the lesser values found in the other nutrients. The freeze
dried sample has the lowest carbohydrate content and this might be due to the higher values
found in the other nutrients. In the present study the crude carbohydrate content of the control
sample was 83.4% is not in close agreement with (Solomon, 2007; Taylor, 2004) 73 g/100g was

also reported as carbohydrate content of white reff injera.

4.4.7 Gross energy

The mean crude protein content of injera which were prepared from instant prefermented flour
using different drying methods ranged from 386.9-392.8 (Table 4). The Gross energy content of
control sample was significantly (p < 0.05) different from freeze which also significantly
differed from sun dried and oven dried samples. The proximate composition of teff flour is given
in Table 4. The protein, fat and ash contents of control were found to be 8.7, 2.1, 1.8, (g/100g)
respectively. These values are not in agreement with the finding of Solomon (2007) which is
reported as (9.3, 2.4 and2.4 g/100g) respectively. However, the crude fat content of control

sample is higher than the fat content reported by Solomon (2007). The variations in fat content
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leads to the variation in gross energy content. The lesser value of the oven dried samples might
be due to the higher protein content. The mean gross energy content of control was
405.9Kcal/100g, which shows variation with Solomon (2007), who reported 339.9Kcal/100g as

crude energy content of white feff injera.

4.5 Effect of processing on antinutritonal factors

Antinutritional factors are components of food that discourage the use of important food
nutrients by the human body. One such effect is chelation of various metals and binding of
protein, therefore diminishing the bioavailability of proteins and nutritionally important minerals
(Bing-Lan Liu, 1998).The results obtained in antinuiritional factor analysis are presented in

Table 5.

4.5.1 Phytic acid (phytate)

The mean phytate content of injera which were prepared from instant prefermented flour using
different drying methods ranged from 232.9-264.97mg/100g (Table 5). The phytate content of
the control sample was not significantly (p< 0.05) different from freeze dried samples. In
contrary the control sample was significantly different from sun and oven dried samples. The
phytate content of injera show a decrease on the oven dried, sun dried, and freeze dried and
control respectively. According to Konietzny (2006) temperature applied might be the cause for
the more concentrated lactic acid that will lead to the lowering of pH which will improve the
degradation of phytate. But the temperature applied might not be the cause for the decrease in
phytate content because phytate is heat-stable, significant heat destruction of phytate during
cooking is not expected to occur. Umeta ( 2006) also agrees on the idea that degradation of
phytate is higher in lower pH. The mean phytate content of the control value has variation with
the result obtained by (Umeta, 2006) which is 273.9mg/100g for white feff injera. The result of
phytate content in the present study has shown 290.3mg/100g. The slight variation might be due

to difference in variety of feff used for analysis or/and fermentation time.
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Table 5 Phytate and condensed Tannin composition of teff injera prepared from prefermented

flour prepared with different drying methods.

Drying tech. Phytate mg/100g Tannin mg/100g
Control 290.30+16.68537* 36.58+6.60"
Sun dried 248.9033+5.96 ¢ 38.38+7.49°
Oven dried 232.5533+10.23° - 35.43+7.27°
Freeze dried 264.97+21.79° 38.29+3.66"

*Data is expressed as meant SD [range] on a dry -weight basis. ¥ Any two means in the same
column not followed by the same letters are significantly different (P<0.05).* Control represents

the traditionally prepared injera.

4.5.2 Tannin content

The mean tannin content of injera which were prepared from instant prefermented flour using
different drying methods ranged from 35.4-38.4 mg/100g (Table 5).There is no significant
difference in the tannin content of injera prepared from prefermented flour and control sample.
According to Elhadi (2003) the attempts of tannin reduction include removal of seed testum and
pericarp, inactivation of the seed tannin, the use of alkaline solution, and the use of fertilizers,
fermentation, and sprouting. In our study fermentation was the only treatment applied in the
products from the use of alkaline solution, and the use of fertilizers, fermentation, and sprouting.
However fermentation is applied to all of the samples, which may be the reason for no

significant difference among the drying methods used. The tannin content of the control sample
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is in agreement with the tannin content reported by (Ahenafi, 2006) see (Table 2.2). The slight

variation might be due to the teff variety used for analysis.

4.6 Effect of processing on mineral content

According to Nwachukwu (2007) mineral content as a result of drying was increased. Since
minerals are derived from the ash content left after burning off the fresh part of the plant, it is
reasonable that drying could increase the mineral contents. It is also possible that drying may
have provided a large surface area for increased reaction rate than in the wet analysis. .Anaemia,
rickets, osteoporosis, and immune diseases are caused by a deficiency of iron, calcium and/or

zinc (Frontela, 2009). The results obtained in mineral analysis are presented in the following

table.

';la:le 6 Mineral content of feff injera prepared from prefermented flour prepared with

different drying methods
Drying tech. Fe (mg/100g) Ca(mg/100g) Zn(mg/100g) P (mg/100g)
Control 9.46+0.25° 35.08+2.04° - - 1.51+0.0° 239.90+11.31°
Sun dried 14.18+1.96" 34.92+0.96" 1.6340.049° 567.85+22.69°
Oven dried 13.27+0.43% 33.65+.78° 1.53+0.07° 659.80+11.31°
Freeze dried 12.12+1.48" 33.62+2.23° 1.60+0.028" 507.85+11.38°

*Data is expressed as mean+ SD [range] on a dry -weight basis. *Any two means in the same
column not followed by the same letters are significantly different (P<0.05). *Control represents

the traditionally prepared injera.

4.6.1 Iron

Iron is an essential trace element whose biological importance arises from its involvement in
vital metabolic functions by being an intrinsic component of hemoglobin, myoglobin and
cytochromes (Hemalatha, 2007). The mean iron content of injera which were prepared from

instant prefermented flour using different drying methods ranged from 12.1 -14.2mg/100gm
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(Table 6). The iron content of control sample was significantly (p<0.05) different from sun, oven
and freeze dried samples. The result obtained in the control sample is in agreement with result
obtained by Urga (1997). It was reported as 9.2 mg/100zm for the iron content of white reff
injera (Urga, 1997). But it is in contrast to the results obtained by Refera (2001)(10.4mg/100g).
Refera (2001) suggested that feff seed is especially high in iron and calcium content. When it is
harvested traditionally (15.7 mg per 100 g), this is in part because of grain contamination with
the soil during harvest. Therefore the disagreement might be due to our sample, was not

harvested traditionally. It was brought from DARI.

4.6.2 Zine

The importance of zinc (Zn) for growth and development of human beings has been documented
widely. Although Zn (and also Fe) from plant sources could be as high as animal sources,
bioavailability could be reduced as a result of antinutritional factors. Zn deficiency is suspected
to be widespread in populations heavily dependent on cereal-based diets containing few animal
products (Karunaratne, 2008 ). In the present study the mean zinc content of injera prepared
from prefermented flour ranged from 1.5-1.6 (mg/100g) as shown in (Table 6). There is no
significant difference in zinc content between control and sun, oven and freeze dried samples.
Our result for the control sample is less than that of the value reported by Urga (1997);
2.3mg/100g. The variation in the zinc content of the samples might be due to contamination

during harvesting and injera processing or the difference in the variety of feff used for analysis.

4.6.3 Calcium

Calcium is an essential mineral required for the diverse physiological and biochemical functions
in the human body (Kamchan, 2004). Its deficiency results in osteoporosis in adult and
osteomalacia in growing children (Ukoha, 2007). Calcium in association with phosphorous is
essential for growth and maintenance of strong bones especially in infants (Fubara, 2011). In the
present study the mean calcium content of injera prepared from prefermented flour ranged from
33.7-34.9mg/g (Table 6). The calcium content of control was not significantly different from sun
dried; oven dried and freeze dried samples. 202.4mg/100g was reported as Ca content of white

teff injera (Urga, 1997). The difference may be due to the variety of teff used for analysis.
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4.6.4 Phosphorous

In the present study, mean phosphorous content of injera prepared from prefermented flour of
different drying methods ranged from 507.9-659.8 (g/100g) (Table 6). The mean phosphorous
content of control gave significantly (p<0.05) lower mean followed by sun dried injera which
also significantly differed from freeze dried and oven dried samples. Three of the samples
prepared from prefermented flour showed a higher mean value. This might be attributed to the
use of baking powder which contains phosphates of sodium (Noori, 2010). According to Noori
(2010) food additives like leavening agents increase the phosphorous content of foods. The
mean value of the control sample has a variation with the report of Urga (1997) 277.21mg/100g

phosphorous content of white feff injera. The variation might be due to the variety difference.

4.7 Phytate and non phytate phosphorus content

Phosphorous is readily available in a wide range of foodstuffs and bioavailable from several
foods. With dietary intakes of 775-1860 mg/d (Kemi, 2010), Common sources of inorganic
phosphorus include certain beverages, enhanced or restructured meats, frozen meals, cereals,
snack bars, processed or spreadable cheeses, instant products, and refrigerated bakery products.
Currently, there is no accurate or reproducible method to distinguish between protein-based
organic and preservative- or additive-based inorganic phosphorus in the food (Noori, 2010). 60-
80% of phosphorous will be absorbed in the gut. The absorption rate is greatest in the jejunum,
although absorption occurs throughout the small intestine. Evidence has emerged that some
forms of dietary phosphorous are less bioavailable. Although total phosphorous per g of protein
is similar in animal products and plants, in plants most of the phosphorous (~75%) is in the form
of phytate, which is poorly digested. Therefore, less phosphorous is absorbed from foods (Kemi,
2010). The results obtained in the present study in the proportion of phytate and non phytate
phosphorus in the samples in mg/100g and percentage (Table 7).

4.7.1 Phytate phosphorus content

The mean phytate phosphorous content of injera which were prepared from instant prefermented
flour using different drying methods ranged from 63.5-74.9mg/100g as shown in (Table 7). In
the present study the phytate phosphorous ranged from 9.6 - 34 % for control and oven dried
respectively. The phytate phosphorous content of control injera was significantly different from

freeze dried sample which also significantly differed from sun dried and oven dried sample. The
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low phytate phosphorous content of injera prepared from prefermented flour might be due to the
less phytate content. The phytate phosphorous of the control sample has a slight variation with
the report of (Urga, 1997) which was reported as 38.4, in a white feff injera in a dry weight
bases. The variation might be due to the agronomical practices in the production or variety of teff
used for analysis.

Table 7 Phytate and non phytate phosphorous composition of feff injera prepared from
prefermented flour prepared with different drying methods

Phytate P ° | Non phytate P "
Drying Tech. mg/100g %o mg/100g %o
Sun Dried 68.70+0.02° 12.10 499.15+22.68" | 87.90
Oven Dried 63.47+0.43° 9.62 596.33+11.75" | 90.38
Freeze Dried 74.92+0.90° 14.76 432.93+10.48° | 85.25
Control 81.46+0.09° 33.96 158.44+11.40¢ | 66.04

a= phytate phosphorous calculated by assuming phytate contains 28.18 % phosphorus (phytate *
0.28) b= non phytate phosphorous = total phosphorous - phytate phosphorous. Control represents

the traditionally prepared injera.
4.7.2 Non phytate phosphorus content

The mean non phytate phosphorous content of imjera which were prepared from instant
prefermented flour using different drying methods ranged from 432.9mg/100g-596.3mg/100g
(Table 7). In percent the non phytate phosphorous ranged from 85.3 % - 90.4%. The non phytate
phosphorous content of control injera gave significantly (p<0.05) lower mean followed by
freeze dried which also significantly differed from sun and oven dried and samples. The non
phytate phosphorous of the control sample has a variation with the report of (Urga, 1997) which
was reported as 277.2, in a white feff injera in dry weight bases. The variation might be due to

the agronomical practices in the production or variety of teff used for analysis.
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5 Conclusion and recommendation
5.1 Conclusion

The prefermented flour prepared was acidic in its properties. Therefore, it will have better shelf
stability than unfermented flour. The freeze drying process takes longer time to dry the
prefermented dough but with better quality flour. The oven drying took shorter time to dry
followed by the sun drying.

In the use of prefermented flour, the preparation of injera was successful when it was baked
using baking powder. The results in the sensory quality evaluation of injera showed that all the
processing methods got acceptability score of greater than five in a nine point hedonic scale.
From these results it can be concluded that there is a potential of preparing injera from
prefermented flour. The freeze dried and control samples got similar acceptability in almost all

attributes. Sun and oven dried has been scored with lesser scores in all attributes.

From the chemical composition analysis of injera prepared from prefermented instant flour
indicated that nutritional composition has been improved. From minerals Fe, Zn and P; from
proximate composition protein, ash and fiber and from were increased. The phytate content was

decreased which will improve the bioavilablity of minerals like iron, calcium, and zinc.
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5.2 Recommendations

The following recommendations are made based on the study conducted and findings on the

possibilities of preparing injera from prefermented instant flour:

>

The results have shown that there is a possibility of industrializing injera preparation
process using instant prefermented flour therefore entrepreneurs can take it as a business
idea and apply.

Other researchers should work on a design and operation of dehydration equipment that
aims to minimize cost and undesirable changes in the drying process with special
specification of the product.

There should be a research on the possibility of enhancing the microorganisms
inactivated in the drying process to be active and produce the desired carbon dioxide in
the eye formation and to avoid use of baking powder.

Other researchers should work on the suitable baking powder to be used in the process of
instant injera preparation from prefermented fiour with optimized speed of action and
minimized after taste.

Other researchers can isolate fast acting yeast strains from the common fermenter yeasts

of injera to be used with the prefermented flour prepared.
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7 Appendixes

7.1.Sensory evaluation score cared

Sensory Acceptability Test

The purpose of this sensory test is to check which processing treatment is more relevant in its

acceptability by panelists.

Instructions

Please rinse your mouth with water before starting and between each tasting.

Taste the samples according to the numbers indicated and give value from 1-9 for each attribute

based on the key given below.

If you have any question please ask the server.

Keys

1. Dislike extremely

2. Dislike very much

3. Dislike moderately

4. Dislike slightly

5. Neither like nor dislike

6. Like slightly
7. Like moderately
8. Like very much

9. Like extremely

Attributes 011

012 013 014

Fluffiness

Taste

Eye Size and distribution

Top and bottom surface color

Appearance

Aroma

Over all acceptability

General Comments:
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7.2 Calibration curves

7.2.1 Phytate
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7.2.3 Iron

Absorbance
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7.2.4 Calcium
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7.2.5 Zinc
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7.3 Equipments Used

Sample drying using freeze drier.

Sample drying using Oven drier.
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Sample drying using sun drying
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