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Abstract

Injera is a sourdough traditional flatbread that is a staple in Ethiopian cuisine. This study aimed to investigate the effect of flour particle size and dough kneading time on the physicochemical, microbial and sensory quality of injera. The flour particle sizes (fine (0-180 µm), medium (181-355 µm), coarse (356-500 µm), and whole flour as control) and dough kneading times (4, 8, and 12 min) with the constant kneading speed of 164 rpm was considered. The qualities of injera were determined using standard methods. The results of proximate compositions showed that flour particle size and dough kneading time had a significant effect (p<0.05) on the injera qualities. The flour particle size and dough kneading time have an impact on fermenting dough protein network, protein digestibility, and amino acid availability. This is due to the particle size that influences fermentation performance and CO2 release by altering the substrates surface area for microbial action and providing nucleation sites for CO2 bubble formation.  Significantly higher phytochemicals and mineral contents were achieved on coarse flour particle size injera than fine due to the higher outer layers in coarse flour. The phenolic content of injera (130.59 mg GAE/100 g) was observed in coarse flour particle size injera kneaded for 12 min, while the lowest value (114.86 mg GAE/100 g) was observed in fine flour particle size kneaded for 4 min. The injera samples made from coarse flour had the highest values 16.93, 2.18 and 162.65 for iron, zinc and calcium, respectively. Injera samples made from fine flour particle size had lower values of 13.60, 1.85 and 134.14 for iron, zinc and calcium content, respectively. The highest bacterial (4.54 log cfu/g) and mold (5.08 log cfu/g) load of injera was detected in samples of fine flour kneaded for 12 min on day five of storage. The highest overall sensory acceptability and the most consistent physicochemical quality of injera were obtained from fine flour particle size at 12-min dough kneading time. Injera from control and fine particle size with 12 min dough kneading time has high acceptance in terms of texture with 3.9 sensory values. In conclusion, fine flour particle size distribution ranges from 0-180µm with a mechanical dough kneading time of 12 min is investigated to make overall quality and acceptable injera.
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1. Introduction

Injera is a widely consumed, fermented flatbread, traditional, and major staple food in Ethiopia commonly made from teff flour [1]. Injera that is considered good by the consumer is soft, fluffy, rich in eyes, rollable without cracking [2], and has a distinct flavor that is slightly sour. According to Girma et al., (2013a), the most tolerable (sensory) injera should have a lot of eyes, be softer, thin, rollable, and have a sour taste because of the fermenting process. The surface of injera has evenly spaced holes that form a honeycomb-like structure due to carbon dioxide gas production during fermentation and baking [3]. It has a smooth and shiny bottom surface [4]. Teff injera-making holds a considerable economic and social interest that demands a detailed investigation of the process variables that influence the quality of the final product [5]. The intrinsic and functional properties of flour are greatly influenced by particle size, which in turn influences the quality of the product obtained from that flour [6]. Sieving flour can result in samples with homogeneous particle size distribution, which can lead to the production of products with improved functional qualities [7].  

Injera dough is a sticky mass made by combining water, teff flour and Ersho in a mixing bowl while the batter is the dough that is ready to bake injera [8]. The visco-elastic characteristics and their rheological parameters of dough are affected by the kneading time of dough preparation [9]. The quality of dough is determined by the perfect mixing of all ingredients in the correct ratio in precise equipment, which ultimately affects the final injera qualities. The addition of water and the formation of suitable mixing operations are the first steps in the dough development process. Assefa et al., (2018) studied the effect of kneading time on the quality of injera. They reported that the color, quantity of eyes, taste, and odor of injera formed from dough obtained under various kneading conditions were different. The sensory qualities, such as texture, eye size, distribution, top and bottom surfaces, and overall acceptability, were, considerably influenced by the kneading circumstances [9]. However there are limited findings on the effect of flour particle size and dough kneading time on the rheological characteristics of dough and its final product qualities. By considering the gaps, this study was focused on investigating the effects of flour particle size and dough kneading time on the quality of injera made from teff flour.    
2. Materials and Methods
2.1.  Sample Collection

Teff (Tseday variety, seed of 2022) was collected from Adet Agricultural Research Center and manually cleaned by winnowing and sifting to remove foreign materials and debris followed by sun drying before milling. The cleaned and sifted sample was milled into different particle size using local attrition miller (stainless steel pin miller, China) which is commonly used for commercial teff grinding in Ethiopia. The flour was subsequently separated into different particle-size ranges using different mesh size of sieve as previously reported [5]. Then, the flour was packed in polyethylene plastic bag and kept at refrigeration temperature (4 °C) for further quality analysis.  

2.2.  Experimental Design

This experiment was carried out in two factors arranged in a completely randomized design (CRD) with a two-way analysis of variance performed in triplicate (n=3). The experimental design of the research was with the specific value of 4, 8, and 12 min of dough kneading time with a constant moderate kneading speed of #K2 (164 rpm) (by Customized 10L Home Standing Dough Food Cake Mixer Planetary Electric Home Kitchen Twin Dough Hooks Food Mixer, China) and fine (0-180 µm), medium (181-355 µm) and coarse (356-500 µm) flour particle sizes. Maximum and minimum values of parameters were determined by doing a preliminary analysis. Whole teff flour commonly used by society was taken as control.

2.3.  Preparation of Teff Dough and Injera

Teff dough was prepared according to Baye et al., (2013) with little modification. The dough was prepared by mixing 1kg of teff flour and 1.5L water with 5% “Ersho” prepared three days before dough preparation at kneading times of 4, 8 and 12 min using a constant kneading speed of #K2/164 rpm. Dough was fermented for 60 hours at room temperature for the first phase fermentation. About 10% of the fermented dough was thinned with 750 mL water and boiled for 10 min to gelatinize the starch and prepare “Absit”. The 'absit,' was cooled to temperature of 45OC and then reintroduced to the fermenting dough [1]. About 200 mL ratio of batter to water was used to thin the batter to have the right consistency and was fermented at room temperature for 6 hours. About 250 mL of  fermented batter was spread in a circular pattern on a heated clay griddle (metad) with a diameter of 50 cm, covered and baked for about 3 min at 220OC [2] 
2.4.  Determination of Batter Viscosity
The viscosities of all the batter samples were evaluated by a rotational digital viscometer (Visco Star plus FUNGI LAB S.A.). About 50 mL of ready-to-bake batter was taken and R4 spindle number was immersed up to the mark into the beaker containing the batter sample at 30OC. 

2.5.  Batter pH Test

The pH of fermented batter  was measured by dipping the precision scientific electronic pH meter (Model: PHS-25/3C) in homogenate batter after calibrating with pH 4.0 and 7.0 standard buffers [1].

2.6. Determination of Titratable Acidity of Batter

The titratable acidity of batter samples was determined following to AOAC protocol 947-03 (AOAC, 2006). About 10 mL of the sample was mixed with 100 mL distilled water and titrated with 0.1 N NaOH using phenolphthalein as an indicator to an endpoint pH of 8.2 (Titroline Alpha Plus TA 20, S.I. GmbH, Mainz, Germany). 
2.7. Texture Analysis
The texture (firmness) of 12 injera samples were determined according to the methods described by Fox et al., (2020) using a TA-XT plus texture analyzer (Stable Micro Systems, Godalming, UK). The peak force (N) of fresh and stored injera (1st, 2nd and 3rd day), was measured in compression mode with a sharp blade cutting probe and TA 90 heavy-duty platform. The testing profiles were considered pre-test speed (1.0mm/s), test speed (3.0mm/s), post-test speed (10.0mm/s), distance (15mm) and trigger type (0.049N auto).

2.8.  Sensory Evaluation

The sensory acceptability of injera (after 2hrs. of baking) was evaluated by using 50 (25 male and 25 female) untrained panelists with a structured five point hedonic scales (1=dislike very much to 5=like very much). The panels were recruited from staff and students of the Food Engineering department at Bahir Dar Institute of Technology. The Test was conducted in two sessions with six samples.  Samples were coded and arranged in random three-digit blinding numbers using identical containers to prevent any prejudice. 
2.9.  Microbial Analysis 
The microbial quality (total plate count and total yeast and mould count) of injera samples were determined according to AOAC (2005) immediately after baking and at the 1st, 3rd, and 5th days of room temperature storage. Injera samples (10 gram) were taken from every quarter part aseptically and homogenized in 90 mL sterile peptone water (0.1%) and appropriate dilution of 0.1 mL of each sample was inoculated and spread plated on pre-solidified plate count agar media and incubated at 35OC for 48 hours. In the case of mould enumeration, the serially diluted sample was spread onto the pre-solidified Potato Dextrose Agar (PDA) media and incubated at 25OC for 5 days. Tartaric acid was used as a bacterial inhibitor. The viable colonies were counted and recorded as colony forming units (CFU) per gram of injera sample and transferred to log cfu/g of a sample [1].  

2.10. Analysis of Proximate Composition
The moisture content of the injera samples was determined according to AOAC (2000) 925.10 using the dry air oven method.  The crude protein content was determined from the nitrogen content of injera samples using the Micro Kjeldahl as described in the AOAC (2005) 991.20 with a conversion factor of 6.25. The fat content of injera samples was determined by the Soxhlet extraction (AOAC, 2005), according to the official method No. 920.39, using hexane as the extraction solvent. The ash and crude fiber content was determined according to AOAC approved standard methods 923.03 and 978.10, respectively (AOAC, 2000). Ash content was measured after incineration at 550OC. The total carbohydrate content was calculated by deducting the sums of the crude protein, total fat, moisture, and ash in a portion from the injera overall weight. The total energy content of the injera samples was determined according to AOAC (2000), by multiplying the mean value of crude fat, total carbohydrate and crude protein by the factors 9, 4 and 4, respectively [1].

2.11. Determination of Mineral Content

The iron, zinc and calcium content of injera samples were determined by atomic absorption spectrophotometer (PG Instruments Ltd, model AA500G, England) following AOAC (2005) 984.27. About 2 grams of samples were digested (model DK20) using 20 mL of concentrated HNO3 (65%) and 10 mL of 70% HClO4 at 420OC for 30 min.  Then, the digested samples were cooled and filtered with Whatman No 1 filter paper into a 100-mL volumetric flask and filled up by distilled water to the calibration mark. A calibration curve was prepared by plotting the absorption or emission values against the standard solution in ppm with 0.04, 0.08, 0.16, and 0.32, 0.64 ppm to calculate the values of mineral content. The concentrations of the samples were calculated from the absorbance measured at 248nm, 422.7nm, and 213.9 nm for iron, calcium and zinc, respectively. 

2.12. Determination of Total Phenolic Compounds, Tannin and Phytic Acid 
The total phenolic content of the injera samples were determined using the adapted Folin-Ciocalteu method [12]. About 5g of the sample was homogenized with 10 mL of 60% methanol containing 0.1% HCl solution and placed in a water bath for 2hrs at 85OC to eliminate vitamin C as described by Anberbir et al., (2023). The solution was transferred to a 100-mL volumetric flask and filled by distilled water up to the calibration mark. The absorbance was measured at 750 nm using a UV-spectrophotometer (Agilent, Model G6860A, Malaysia). The total phenolic content was calculated from calibration curves obtained with standard Gallic acid and expressed as mg GAE/100g.  

Condensed tannin content of injera samples were determined by the modified vanillin-HCl method (Dykes, 2019). About 0.3g of sample was weighed and transferred to a screw cap test tube. The samples were extracted with 10 ml of 1% HCl in methanol for 24 h at room temperature with mechanical shaking and the solutions were centrifuged at 4000 rpm for 10 min. The supernatant was decanted carefully to avoid the ground sample from being transferred into the supernatant. The aliquot (1 mL) from the supernatant was taken to two different test tubes that were labeled as a sample tube and a blank tube. Catechin solution (1000 ppm) was prepared first as a standard curve by using 0.24, 0.48, 0.72, 0.96 and 1.2 mL of the catechin solution that was diluted with 1.0mL methanol placed in test tubes. Finally, the absorbance of the samples was measured after placing for 20 min in water bath and measures at 500 nm on a spectrophotometer starting from blank. 
The phytic acid content of injera samples were determined using a modified version of Hang and Lantzseh rapid spectrophotometric method as described by Anberbir et al., (2023). The samples were prepared by taking about 0.1 g of injera samples into a screw-capped test tubes and 1mL of 1M HCl (1mL) was added. The mixture was boiled in a boiling water bath (100OC) for 45 min. Supernatant aliquots (500 µL) were transferred to new centrifuge tubes and diluted with 2 mL of deionized water. The FeCl3 (800 µL) was added to the diluted solution (400 µL) and then these mixtures were incubated at 100OC for 45 min in a shaking water bath. Further, samples were cooled in an ice bath for 15 min to allow the formation of an iron-phytate precipitate and subsequently centrifuged at 13,000 × g for 10 min at 0°C. Supernatant aliquots (600 µL) were mixed with the 800 µL of the completing reagent (consisting of 1 g of 2, 2-bipyridine, and 0.13 mL thioglycolic acid in 100 mL 0.2 M HCl), and absorbance was measured at 540 nm. 

2.13. Statistical Analysis
Data were analyzed using analysis of variance performed with Minitab Software (version 21). Honestly significant difference (Tukey`s test) was used to separate the means when there were significant differences among treatments at a 5% level of significance. Each analysis was completed in triplicate.  Sigma Plot version 12.5 were used to create graphs.
3.  Results and Discussions

3.1.  pH, Titratable Acidity and Viscosity of Batter

The combination of flour particle size and dough kneading time had a significant (p˂0.05) effect on the pH, TA and batter viscosity as shown in Figure 1a. The pH value of injera batter was ranged from 3.75 to 4.33. The highest pH value (4.33) was recorded from coarse flour particle size with 12 min dough kneading time, while the lowest pH value was observed from control flour batter with 4 min dough kneading time (3.75). The difference might be due to the difference of fermentable starch content in the flour. Dough kneading time affect fermentation kinetics [14]. Kneading increased the fermentation and maximizes the acidity of batter [11]. The TA of batter samples scored from 1.27 to 1.63 related with flour particle size and dough kneading time interaction effect (Figure 1a). The highest TA value (1.63) was observed from the fine and medium flour particle size batter sample kneaded for 12 min while the lowest TA value (1.27) was obtained from the coarse flour particle size batter sample kneaded for 4 min. The titratable acidity of the batter increased significantly (p˂0.05) as the kneading time increased. Measurements of batter viscosity of the samples were made at each baking time. Figure 1b shows what appears to be a viscosity of batter for 60 hours first phase fermentation and 6 hours second phase fermentation with varied kneading time of dough. The batter viscosity was significantly (p˂0.05) different as a result of flour particle size and dough kneading time combination effect. The batter sample obtained from fine flour particle size at 4 min dough kneading time had highest (19.68cP) viscosity while the batter sample obtained from coarse flour particle size with 12 min dough kneading time had lowest (10.18cP) viscosity. Viscosity of batter increased with decreasing both flour particle size and dough kneading time. The difference was due to the higher gas evolution (increase in air bubbles) observed during long kneading time [12]. Fine flour absorbs more water than coarse flour that helps to make thick batter in lower particle size of flour than coarser one. A similar result was reported by Sun et al., (2022), who observed the viscosity of finer flour particle size is higher than the viscosity of coarser flour particle size [17] .
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where P1, P2, P3 and CF are fine, medium, coarse and control flour particle size respectively. K1, K2 and K3 are dough kneading time of 4, 8 and 12 min respectively.

Figure 1a) pH and TA of batter  Figure 1b) Batter viscosity

3.2. Texture of Injera

The combination of flour particle size and dough kneading time had a significant (p˂0.05) effect on the firmness and compression force required to cut injera samples. The highest cutting force value (19.92N, 18.51N, and 16.44N) was obtained for injera made from coarse flour particle size kneaded for 4 min while the lowest value (11.33N, 11.12N, and 10.04N) was recorded for injera prepared from control flour kneaded for 12 min dough kneading time from the 1st, 2nd and 3rd days of storage, respectively (table 1). The injera prepared from coarse flour particle size had higher firmness than the other treatments due to the larger flour particle size. The instrumental texture analysis indicated that injera prepared from the fine particle size and the control flour requires higher compression force to cut. Stale injera is harder and firmer than fresh injera and easily broken which requires less force to cut [5]. 
Table 1.  Texture of Injera
	Factors
	Texture of injera in F/N

	Flour Particle Size
	Dough Kneading Time
	1st Day Storage
	2nd Day Storage
	3rd Day Storage

	FFPs
	4 min
	15.52±2.41bcde
	14.04±0.13bcde
	12.12±0.43cde

	
	8 min
	15.25±0.31bcde
	12.65±1.00de
	11.58±2.34de

	
	12 min
	13.70±1.38cde
	11.44±0.99e
	11.12±0.33de

	MFPs
	4 min
	17.89±1.24ab
	17.12±1.46ab
	16.01±0.85ab

	
	8 min
	17.55±2.32abc
	16.34±3.32abc
	15.57±2.12abc

	
	12 min
	16.17±0.30ab
	13.53±0.68bcde
	12.09±0.85cde

	HFPs
	4 min
	19.92±1.66a
	18.51±2.32a
	16.44±3.05a

	
	8 min
	18.42±1.15a
	16.15±0.63abcd
	14.35±1.35bcd

	
	12 min
	14.10±0.42bcde
	13.85±0.97bcde
	11.92±0.97de

	CF
	4 min
	15.85±1.25bcd
	12.65±1.00de
	12.65±1.00bdce

	
	8 min
	12.33±0.41de
	12.30±0.59e
	11.57±1.34de

	
	12 min
	11.33±0.41e
	11.12±0.33e
	10.04±0.53e

	P-value
	
	0.035
	0.003
	0.001


Means that do not share a letter on superscript in the same column are significantly different
3.3. Proximate Composition of Injera

Table 2 shows the proximate compositions of injera samples. The moisture content of injera was significantly affected (p<0.05) by the interaction of flour particle size and dough kneading time. The moisture content of injera ranged from 5.90 to 6.45%. The highest moisture value (6.45%) of injera was obtained from control flour kneaded for 12 min while the lowest moisture value (5.90%) was observed in injera prepared from coarse flour particle size kneaded for 4 min. The difference in moisture content could be due to the water absorption capacity of flour particle sizes. Fine flour particle sizes have higher water absorption capacity than coarse flour particle sizes [5], which is in line with the current findings. 

The combined effect of flour particle size and dough kneading time had a significant effect (P<0.05) on the crude protein contents of injera. The control flour injera kneaded for 12 min had the highest protein content (12.82%), whereas the fine flour particle size injera kneaded for 4 min had the lowest protein content (10.32%). As the dough kneading time increased from 4 min to 12 min, the protein content of treatments increased from 10.50% to 11.69%. Thus, extended kneading time traps more air and provide conducive environment for fermentative bacteria and yeast, which initiates the dough fermentation kinetics [13] and contributes to the increased protein content of injera due to the microbial protein production from metabolic intermediates during their growth cycles [5]. 
Fat content of injera varies from 1.18 to 1.73%. The highest crude fat content (1.73%) was obtained from injera prepared from fine flour particle size and 8 min kneading time. Fine flour particle size had more germ part of the grain that holds more fat content. The current results are in line with the observations of   Fikre, et al., (2019)  who reported the fat content of injera from 0.74-2.7%. 

The crude fiber content of injera was significantly affected (P<0.05) by the interactions between flour particle size and dough kneading time and the values ranged from 2.01 to 3.37%. The values were linearly increased with the increasing flour particle size and decreased with the dough kneading time. The high content of bran in the coarse particle size flour increases the fiber content of injera made from it [5]. The result also revealed that long kneading time reduced the fiber content of injera due to favorable conditions created for fermentation that help the partial solubilisation of cellulose and hemi-cellulosic type of material by microbial enzymes [15]. 

The ash content of the injera samples was in the range of 2.40-2.73%. Injera prepared from coarse flour particle size and kneaded for 4 min had the highest total ash (2.73%) value. The difference might be due to the flour nature that coarse particle size flour has bran that holds more total mineral content than fine particle size flour [15].

The highest carbohydrate content (77.66%) was revealed in injera made from the combination of fine flour particle size and 4 min kneading time. The results indicated that fine flour particle size had more carbohydrate content than coarse flour injera. 
The particle size and dough kneading time influence the structure, digestibility, and physical properties of fermented products. These factors may also impact how effectively the energy contents of these products can be accessed and utilized. The gross energy of injera samples varied from 356.81 to 364.25 kcal/100g. The highest gross energy content (364.25 kcal/100 g) was observed in injera samples prepared from a fine flour particle size kneaded for 4 min whereas the lowest energy content (356.81 kcal/100 g) was observed in injera samples prepared from control flour and kneaded for 12 min.

Table 2. Proximate Composition of Injera
	particle size(µm)
	Kneading time(min)
	
	Moisture 

(% db)
	Crude protein (db%)
	Crude fat (db%)
	Crude fiber 
(db%)
	Total ash (db%)
	Carbohydrate
(%db)
	Gross Energy

(kcal/100g)

	FFPs
	4
	
	6.22±0.06abc
	10.32±0.26c
	1.53±0.09bc
	2.42±0.01f
	2.42±0.03de
	77.66±0.20a
	364.25±0.89a

	
	8
	
	6.32 ±0.01ab
	10.58±0.03bc
	1.73±0.05a
	2.25±0.05g
	2.41±0.03e
	77.26±0.01ab
	361.99±0.32bc

	
	12
	
	6.44±0.03a
	11.69±0.95ab
	1.51±0.04bc
	2.01±0.03h
	2.40±0.03e
	75.86±1.11c
	361.02±0.43cd

	MFPs
	4
	
	5.94±0.24d
	10.96±0.11bc
	1.37±0.13cd
	3.30±0.08abc
	2.59±0.06bc
	75.92±0.12c
	361.28±0.74cd

	
	8
	
	5.98±0.63d
	11.11±0.01bc
	1.28±0.01d
	3.27±0.01abc
	2.60±0.01bc
	75.86±0.13c
	363.43±0.86ab

	
	12
	
	6.06±0.28cd
	11.71±0.002ab
	1.31±0.05d
	3.07±0.01e
	2.50±0.02cd
	74.92±0.16cd
	360.08±0.29def

	HFPs
	4
	
	5.90±1.88de
	10.66±0.002bc
	1.18±0.05d
	3.37±0.02a
	2.73±0.01a
	76.07±0.00bc
	358.43±0.10gh


	
	8
	
	6.10±0.91bcd
	10.66±0.09bc
	1.20±0.12d
	3.34±0.05ab
	2.68±0.0.01ab
	76.06±0.01bc
	358.67±0.72fgh

	
	12
	
	6.11±0.71bcd
	10.57±0.11bc
	1.23±0.05d
	3.20±0.07cd
	2.68±0.03ab
	76.05±0.20bc
	357.54±0.09hi

	CF
	4
	
	6.33±0.19ab
	10.41±0.08c
	1.60±0.03ab
	3.23±0.02bcd
	2.52±0.01c
	76.09±0.06bc
	360.37±0.18de

	
	8
	
	6.44±0.44a
	10.70±0.21bc
	1.55±0.01abc
	3.12±0.04de
	2.52±0.01c
	75.65±0.27c
	359.37±0.34efg

	
	12
	
	6.45±0.17a
	12.82±0.93a
	1.20±0.02d
	3.06±0.02e
	2.62±0.06b
	73.68±0.95d
	356.81±0.12i

	P-value
	
	0.002
	0.000
	0.000
	0.000
	0.000
	0.003
	0.000


Means that do not share a letter on superscript in the same column are significantly (p<0.05) different. Where, FFPs= fine flour particle size (180µm), MFPs= medium flour particle size (355µm), HFPs=coarse flour particle size (500µm) and CF= control flour respectively

3.4. Mineral Contents of Injera

The combination effect of flour particle size and dough kneading time had significantly affected the iron, zinc and calcium content of injeras (Figure 2a, 2b, 2c). Iron content of the injera samples ranged from 12.87 to 17.73 mg/100g. The highest iron content (17.73mg/100g) was obtained in injera samples prepared from control flour kneaded for 8 min, followed by the same flour with 12 min kneading time. The iron content of the injera had risen significantly (P<0.05) during extended dough kneading time as shown on Figure 2a. This might be due to the long kneading time that initiates the fermentation and enhances the removal of ant-nutritional factors, which are thought to be responsible for protein and mineral unavailability [16]. Generally, the combined effects of particle size, kneading time, and fermentation can enhance the bioavailability of protein, fat, energy content, and minerals; however, they do not increase the actual amounts of these nutrients. 
Zinc contents of injera samples varied between 1.62 and 2.50 mg/100g. The highest value was recorded on injera samples prepared from coarse flour particle size kneaded for 12 min which is given on Figure 2b. It was observed that zinc contents were more with an increase in the kneading time of dough. This is due to the reduction of anti-nutritional factors aggravated due to an extended kneading time of dough. 
Calcium contents of injera were ranged from 131.70 mg/100g to 165.95 mg/100g as shown on Figure 2c. The maximum (165.95 mg/100g) value was obtained for injera samples prepared from coarse flour particle size kneaded for 12 min, while the lowest (131.70 mg/100g) value was obtained for injera samples prepared from fine flour particle size and 4 min kneading time. According to the previous studies reported by Yimer Mihrete  (2019), the calcium content of injera had been found in the ranges of  123-187.25 mg/100g which is comparable to the current findings. 
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3.5. Total Phenolic Compounds and Anti-nutritional Contents of Injera

The interaction of flour particle size and dough kneading time showed a significant (P<0.05) difference in the overall phenolic content of injera (Figure 3a), with values ranging from 114.86 mg GAE/100g to 130.59 mg GAE/100g. The highest value (130.59 mg GAE/100g) was observed in coarse flour particle size injera kneaded for 12 min. The coarse flour particle size was enriched with bran and germ which was high in total phenolic content [17]  than the fine flour. Polyphenol content increased with increasing dough kneading time due to bounded phenolic compounds released with elongated kneading time as a result of heat induced because of friction during kneading. 
The highest tannin content (5.90 mg catechin Eq/100g) was obtained in the injera samples of coarse flour particle size kneaded for 4 min, while the lowest (2.26 mg catechin Eq/100g) value was observed on fine flour particle size kneaded for 12 min (Figure 3b). Condensed tannin content of injera samples was decreased with elongated dough kneading time. Long dough kneading will initiate enzyme activities and fermentation by introducing air and heat to the dough. This activity helps to lose the tannin content of food due to active oxidative enzymes and degradable of the pericarp part of cereals with fermentation [18]. The higher tannin content in the coarse flour particle size over fine, medium and control flour injera might be due to the amount of bran found in coarse flour. Tannins are known to accumulate in the outer layers of grains decrease the protein quality of foods and interfere with dietary iron and calcium absorption [19].

The phytate content of injera samples was significantly reduced by up to 36% when the flour particle sizes were reduced from 500µm to 180µm and kneading time increased from 4 min to 12 min.  Increased kneading time can degrade phytate content from food [20]. The orders in phytate content are 290.30, 243.07 and 238.22 mg/100g at 4, 8, and 12 min kneading time respectively as shown in Figure 3c. Different content of phytate may come from the influence of kneading time, which can positively affect dough fermentation. 
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Figure 3a) Total Phenolic Content of Injera    Figure 3b) Condensed Tannin Content of Injera.              Figure 3c) Phytates Content of Injera

3.6. Microbial Quality of Injera 

The combination of flour particle size and dough kneading time had shown a significant (p<0.05) effect on the total aerobic bacterial and yeast-mold (Table 3) counts of injera stored on the 1st, 3rd, and 5th days. In all injera samples, total aerobic bacterial counts were counted to a maximum of 4.54 logs CFU/g on the 5th day. The yeast and mould counts of injera samples were found from 1.77 to 5.08 CFU/g from day one to day five storage. According to Kasaye & Jha, (2015) and based on the WHO regulation of 1994 standard, the maximum permissible limits in ready-to-eat baked products (cake, bread, and biscuit) are 2.0x105 cfu/g (5.3),  20 cfu/g (1.30),  and 1.0 x104 cfu/g(4), for total aerobic bacteria, coliforms and yeast and mold, respectively [29]. In the Ethiopian standard 2013, yeasts and molds counts shall not exceed the limits of 1.8x103(3.26). Compared to standard maximum permissible limits in ready-to-eat baked products, the developed injera samples had a lower total plate count profile in all experimental storage days However, the yeast and mold load of injera on the fifth day of storage exceeds the maximum allowable limits. As a result, the current study suggests that using injera made from different particle sizes with different dough kneading times is safe up to day five storage for bacteria and day three for yeast and mold. Mold spoilage is a serious issue that decreases the shelf life of foods [21]. 

The highest bacterial colonies count was obtained in injera samples formulated from fine flour particle size and 12 min dough kneading time and control flour with 12 min dough kneading time having the values of 3.75 and 3.77, respectively. This might be due to favorable conditions (air and temperature) formed during mixing and kneading for microbial growth [22]. Increased dough kneading time that prepare the steps and facilitates the fermentation condition that promotes the growth of bacterial growth [23]. The highest score of total yeast and mold counts were obtained in injera prepared from both fine and control flour kneaded at 12 min. The lowest values of total yeast and-mould counts were recorded in the injera sample prepared from coarse flour particle size with 4 min dough kneading time.  Fine flour particle size and control flour injera containing more nutrients, such as proteins and starch, than medium and coarse flour injera, which could be easily available to microorganisms, leading to higher counts [24]. 

	Factors
	Total aerobic bacterial Count in Log(CFU/g)
	Yeast-Mold Count in Log(CFU/g)

	Flour particle size
	Dough kneading time
	Day One
	Day Three
	Day Five
	Day One
	Day Three
	Day Five

	FFPs
	4min
	ND
	3.63±0.02cde
	4.27±0.13abcde
	1.79±0.04d
	3.90±0.04ab
	4.83±0.12abcd

	
	8min
	1.48±0.15a
	3.73±0.02bc
	4.42±0.16abcd
	2.09±0.02a
	4.01±0.07ab
	4.77±0.02bcde

	
	12min
	1.53±0.38a
	3.75±0.01b
	4.54±0.07a
	2.09±0.02a
	4.04±0.06ab
	5.08±0.17a

	MFPs
	4min
	ND
	3.52±0.03fg
	4.14±0.18de
	1.81±0.03d
	3.91±0.04ab
	4.70±0.15cde

	
	8min
	ND
	3.49±0.02g
	4.18±0.06cde
	1.98±0.04bc
	4.04±0.07ab
	4.70±0.14cde

	
	12min
	1.46±0.06a
	3.61±0.02def
	4.26±0.06abcde
	1.98±0.05bc
	4.07±0.12ab
	4.79±0.02abcd

	HFPs
	4min
	ND
	3.52±0.04efg
	3.97±0.09e
	1.77±0.06d
	3.76±0.05b
	4.48±0.07e

	
	8min
	ND
	3.54±0.06efg
	4.21±0.06bcde
	1.82±0.03d
	3.93±0.02ab
	4.59±0.07de

	
	12min
	1.41±0.15a
	3.68±0.04bcd
	4.27±0.04abcde
	1.86±0.07cd
	3.90±0.06ab
	4.78±0.06abcde

	CF
	4min
	ND
	3.62±0.01b
	4.42±0.07abc
	2.06±0.04ab
	4.14±0.15ab
	5.02±0.06ab

	
	8min
	1.42±0.17a
	3.74±0.09b
	4.48±0.03ab
	2.07±0.02ab
	3.94±0.55ab
	4.92±0.05abc

	
	12min
	1.45±0.18a
	3.77±0.02a
	4.49±0.08ab
	2.01±0.06a
	4.29±0.04a
	5.06±0.15ab

	P-value
	0.000
	0.003
	0.001
	0.000
	0.061
	0.002


 Table 3.  Microbial Qualities of Injera

Means that do not share a letter on superscript in the same column are significantly different. ND= not detected
3.7. Sensory Acceptability 

The sensory quality attributes of injera samples are presented in Figure 4. The interaction of flour particle size and dough kneading time had a significant (P<0.05) effect on the sensory quality of injera. Injera prepared from fine and control flour with 12 min kneading time had higher acceptance in all sensorial characteristics. Color acceptability of injera was affected by particle size and dough kneading time. The lowest color (1.93±0.96) acceptability score was noted for injera with coarse flour particle size and 4 min kneading time while the highest score of 4.59±0.59 was for injera prepared from fine particle size with 8 min dough kneading time. The scores of injera taste were more influenced by particle size than dough kneading time. The highest score, 4.56±0.71 was for injera prepared from fine flour with 12 min of dough kneading time and the lowest score, 2.22±0.99, was for injera with coarse flour particle size and 4 min dough kneading time. This implies that injera prepared from fine flour at higher kneading time had more acceptances for taste than the other injera samples.  The highest score of texture is 3.93 for injera prepared from control flour particle size at 4 min dough kneading time and the minimum score is 1.85 for injera prepared from coarse flour particle size for 4 min dough kneading time. Eye uniformity (eye size and eye distribution) of injera differed significantly (P˂0.05) due to the interaction effect of flour particle size and dough kneading time. The highest scores in the eye sizes (4.63) and eye distribution (4.59) were determined in fine flour at 12 min kneading time and control flour at 8 min kneading time, respectively. The lowest scores in eye size (1.56) and eye distribution (1.61) were obtained in injera prepared from coarse flour at 4 min kneading time. Large size (diameter) and number of eyes are needed to absorb enough sauce to hydrate and soften it and injera prepared from coarse particle size did not meet this standard.  The aggregate of panelist evaluations of a product is referred to as the product's overall acceptability [25]. Fine flour particle size with 12 min dough kneading time had the highest overall acceptability value, followed by injera made from fine flour particle size with 8 min dough kneading time.
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Figure 4.  Web-chart of eight sensory attributes of injera prepared from different particle size of flour with varied dough kneading time

Where OAA= Overall acceptability, TBS= Top and bottom surface, ED= Eye distribution and P1K1 is fine flour particle size with 4 min of dough kneading time, P1K2 is Fine flour particle size with 8 min of dough kneading time, P1K3 is Fine flour particle size with 12 min of dough kneading time, P2K1 is medium flour particle size with 4 min of dough kneading time, P2K2 is medium flour particle size with 8 min of dough kneading time, P2K3 is medium flour particle size with 12 min of dough kneading time and P3K1 is coarse flour particle size with 4 min of dough kneading time, P3K2 is coarse flour particle size with 8 min of dough kneading time, P3K3 is coarse flour particle size with 12 min of dough kneading time, CFK1 is control flour with 4 min dough kneading time, CFK2 is control flour with 8 min dough kneading time and CFK3 is control flour with 12 min dough kneading time

4. Conclusion

The current study investigated the effects of flour particle size and dough kneading time on physico-chemical characteristics, dough rheological properties, microbiological quality and sensory acceptability of injera. The combination of flour particle size and dough kneading time significantly (p<0.05) affected the physicochemical, functional, and rheological characteristics of dough, as well as the sensory acceptability and microbial quality of injera. Mechanical dough kneading for 12 min promotes the injera’s overall acceptability, improves proximate composition and total phenolic compounds of injera. Moreover, kneading time minimizes the anti-nutritional factors of injera and enhances the bioavailability by facilitating fermentation through air and temperature introduction to the dough.  In general, fine flour particle size distribution ranges from 0-180µm with a mechanical dough kneading time of 12 min is important to make quality and acceptable injera. So the findings of this study would contribute to the understanding of flour particle size and mechanical dough kneading time for the development of quality and acceptability of injera especially in commercial scale injera manufacturing.
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