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Table S1: Yeast colony count on potato dextrose agar 

	Yeast isolate
	Colony count at 10-6
serial dilution 
	Cell count at 
10-6 dilution

	Cy
	44
	4.4x108

	Sor4 
	35
	3.5x108

	Sor8
	31
	3.1x108

	Sor9
	36
	3.6x108

	Fm23
	30
	3x108

	Ba7
	34
	3.4x108

	Ba9
	33
	3.3x108

	Ba11
	35
	3.5x108

	Ba12
	32
	3.2x108

	Wh17
	31
	3.1x108

	Wh5
	40
	4.0x108

	Wh8
	38
	3.8x108

	Wh13
	35
	3.5x108

	Maz 1
	41
	4.1x108

	Maz 2
	37
	3.7x108

	Te3
	39
	3.9x108

	Te19
	31
	3.1x108
















































Key: Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean


Characterization of Wild Yeasts Isolated from Cereal Sourdoughs and Their Potential for Leavening Wheat Dough
Melaku Mekonen Kasegn1, Getachew Tafere Abrha1, Micheale Yifter Weldemichael1, Addisu Dessalegn Berhanu1, Tesfakiros Semere Gebrelibanos1, Yemane Tsehaye Bayratsion3, Habtamu Taddele Menghistu2, Lijalem Tareke Weldeabzgi4, Abraha Birhan Kassa5, Etsay Mesele Egigu1, Ashenafi Teklay Yaekob1, Mohammed Mebrahtu Mossa 3, Samson Zemikael Haftu1, Hailay Mehari Gebremedhn1, Birhanu Kahsay Meresa1 and Yisehak Tsegaye Redda2
1Department of Biotechnology, College of Dryland Agriculture and Natural Resources, Mekelle University, Mekelle Ethiopia
2College of Veterinary Sciences, Mekelle University, Mekelle, Ethiopia
3Department of Crop and Horticultural Sciences, College of Dryland Agriculture and Natural Resources, Mekelle University, Ethiopia
4Department of Food Science and Post harvesting Technology, Mekelle University, Mekelle, Ethiopia
5Department of Chemistry, College of Natural and Computational Sciences, Mekelle University, Mekelle, Ethiopia 
Corresponding Author’s email: melaku4mekonen@gmail.com

[bookmark: _Toc138369137]Growth of yeasts at different temperatures

Table S2: Temperature tolerance test: effect of temperature and incubation period for yeast growth

	IP (hrs) 
	Temp(oC)
	Cy
	Sor4
	Sor8
	Sor9
	Fm23
	Ba7
	Ba9
	Ba11
	Ba12
	Wh17
	Wh5
	Wh8
	Wh13
	Maz 1
	Maz 2
	Te3
	Te19

	24
	27
	0.825
	0.752
	0.894
	1.254
	1.920
	0.879
	0.756
	0.891
	0.645
	0.947
	0.896
	0.729
	1.250
	1.510
	0.912
	0.577
	0.693

	
	32
	0.953
	0.592
	0.774
	0.909
	0.832
	0.879
	0.756
	0.891
	0.645
	0.947
	0.896
	0.729
	1.250
	1.510
	0.912
	0.577
	0.693

	
	37
	0.825
	0.752
	0.894
	1.254
	1.920
	0.798
	0.698
	0.879
	0.545
	0.847
	0.952
	0.699
	0.832
	1.210
	0.721
	0.747
	0.813

	
	42
	0.395
	0.192
	0.125
	0.401
	0.123
	0.174
	0.410
	0.121
	0.385
	0.134
	0.379
	0.369
	0.296
	0.128
	0.298
	0.384
	0.396

	48
	27
	0.912
	0.752
	0.678
	0.674
	0.598
	0.957
	0.856
	0.992
	0.894
	0.876
	0.894
	0.875
	0.856
	0.994
	0.849
	0.895
	0.869

	
	32
	0.893
	0.847
	0.842
	0.545
	0.589
	0.687
	0.579
	0.634
	0.761
	0.625
	0.753
	0.795
	0.654
	0.634
	0.698
	0.687
	0.531

	
	37
	0.984
	0.396
	0.625
	0.389
	0.987
	0.584
	0.554
	0.401
	0.582
	0.601
	0.632
	0.399
	0.565
	0.594
	0.575
	0.498
	0.475

	
	42
	0.386
	0.101
	0.045
	0.124
	0.165
	0.143
	0.231
	0.171
	0.138
	0.36
	0.492
	0.181
	0.419
	0.146
	0.486
	0.1492
	0.583

	72
	27
	0.694
	0.598
	0.599
	0.587
	0.674
	0.751
	0.591
	0.524
	0.571
	0.652
	0.675
	0.672
	0.596
	0.601
	0.624
	0.603
	0.621

	
	32
	0.71
	0.393
	0.598
	0.393
	0.734
	0.632
	0.561
	0.548
	0.596
	0.631
	0.625
	0.539
	0.492
	0.487
	0.537
	0.508
	0.519

	
	37
	0.582
	0.621.
	0.651
	0.469
	0.691
	0.710
	0.651
	0.599
	0.583
	0.499
	0.566
	0.594
	0.456
	0.471
	0.474
	0.495
	0.455

	
	42
	0.102
	0.120
	0.090
	0.087
	0.091
	0.101
	0.102
	0.109
	0.071
	0.019
	0.052
	0.063
	0.083
	0.074
	0.085
	0.140
	0.092


Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean


[bookmark: _Toc19518484]Table S3: ANOVA for the temperature tolerance test at different incubation days 
	Source
	DF
	Seq SS
	Contribution
	Adj SS
	Adj MS
	F-Value
	P-Value

	  IP
	2
	2.9707
	14.33%
	2.95
	1.48
	64.98
	0

	  Temp
	3
	11.09
	53.49%
	11.07
	3.69
	162.39
	0

	  Yeast
	16
	0.9785
	4.72%
	0.97
	0.06
	2.66
	0.002

	  IP*Tem
	6
	0.4846
	2.34%
	0.48
	0.08
	3.55
	0.003

	  IP*yeast
	32
	1.6907
	8.15%
	1.69
	0.05
	2.32
	0.001

	 Tem*yeast
	48
	1.3596
	6.56%
	1.36
	0.03
	1.25
	0.18

	Error
	95
	2.1584
	10.41%
	2.16
	0.02
	
	

	Total
	202
	20.7325
	100.00%
	 
	 
	 
	 


Key: IP = incubation period; Temp = temperature

[bookmark: _Toc138369138]Table S4: Pairwise comparisons of IP vs. yeast interaction values using the Tukey in temperature tolerance test

	IP*yeast
	Mean      
	Grouping

	24 Fm23
	1.20
	a
	
	
	
	

	24 Maz1
	1.09
	a b
	
	
	
	

	24 Sor9
	0.95
	a b c
	
	
	
	

	24 Wh13
	0.91
	a b cd
	
	
	
	

	48 Cy
	0.79
	a b cd
	
	
	
	

	24 Wh15
	0.78
	a b cde
	
	
	
	

	24 Cy
	0.75
	b cde
	
	
	
	

	24 Wh17
	0.72
	b cde
	
	
	
	

	24 Maz2
	0.71
	b cde
	
	
	
	

	24 Ba11
	0.70
	b cde
	
	
	
	

	48 Wh15
	0.69
	bcde
	
	
	
	

	24 Ba7
	0.68
	bcde
	
	
	
	

	24 Sor8
	0.67
	bcde
	
	
	
	

	24 Ba9
	0.66
	bcde
	
	
	
	

	48 Maz2
	0.65
	bcde
	
	
	
	

	24 Te19
	0.65
	bcde
	
	
	
	

	24 Wh8
	0.63
	cde
	
	
	
	

	48 Wh13
	0.62
	cde
	
	
	
	

	48 Wh17
	0.62
	cde
	
	
	
	

	48 Te19
	0.61
	cde
	
	
	
	

	48 Ba12
	0.59
	cde
	
	
	
	

	48 Ba7
	0.59
	cde
	
	
	
	

	48 Maz1
	0.59
	cde
	
	
	
	

	48 Fm23
	0.58
	cde
	
	
	
	

	24 Sor4
	0.57
	cde
	
	
	
	

	24 Te3
	0.57
	cde
	
	
	
	

	48 Wh8
	0.56
	cde
	
	
	
	

	48 Te3
	0.56
	cde
	
	
	
	

	48 Ba9
	0.56
	cde
	
	
	
	

	24 Ba12
	0.56
	cde
	
	
	
	

	48 Ba11
	0.55
	cde
	
	
	
	

	72 Ba7
	0.55
	cde
	
	
	
	

	48 Sor8
	0.55
	cde
	
	
	
	

	72 Fm23
	0.55
	cde
	
	
	
	

	48 Sor4
	0.52
	cde
	
	
	
	

	72 Cy
	0.52
	cde
	
	
	
	

	72 Sor8
	0.48
	de
	
	
	
	

	72 Wh15
	0.48
	de
	
	
	
	

	72 Ba9
	0.48
	de
	
	
	
	

	72 Wh8
	0.47
	de
	
	
	
	

	72 Ba12
	0.46
	e
	
	
	
	

	72 Wh17
	0.45
	e
	
	
	
	

	72 Ba11
	0.45
	e
	
	
	
	

	72 Te3
	0.44
	e
	
	
	
	

	48 Sor9
	0.43
	e
	
	
	
	

	72 Maz2
	0.43
	e
	
	
	
	

	72 Te19
	0.42
	e
	
	
	
	

	72 Maz1
	0.41
	e
	
	
	
	

	72 Wh13
	0.41
	e
	
	
	
	

	72 Sor4
	0.39
	e
	
	
	
	

	72 Sor9
	0.38
	e
	
	
	
	




Table S5: Tukey pairwise comparisons of different incubation periods at 95% confidence
	IP
	Mean

	24
	0.753 a 

	48
	0.593 b

	72
	0.456 c


This means that do not share the same letter are significantly different.  Key: IP = incubation period
Table S6: Tukey pairwise comparisons of temperature values at 95% confidence
	Temp
	Mean
	Grouping

	27
	0.81
	a

	32
	0.71
	b

	37
	0.68
	b

	42
	0.21
	c


Means that do not share the same letter are significantly different

Table S7: Tukey pairwise comparisons for different isolates at 95% confidence
	Yeast
	Mean
	Grouping

	Fm23
	0.78
	a
	

	Maz1
	0.70
	a b
	

	Cy
	0.69
	a b
	

	Wh15
	0.65
	a b
	

	Wh13
	0.65
	a b
	

	Ba7
	0.61
	a b
	

	Maz2
	0.60
	a b
	

	Wh17
	0.59
	a b
	

	Sor9
	0.59
	a b
	

	Sor8
	0.57
	a b
	

	Ba11
	0.56
	a b
	

	Ba9
	0.56
	a b
	

	Te19
	0.56
	a b
	

	Wh8
	0.55
	b
	

	Ba12
	0.53
	b
	

	Te3
	0.52
	b
	

	Sor4
	0.49
	b
	


Means that do not share the same letter are significantly different.

Table S8:  Pairwise comparisons for IP vsTemp values using the Tukey method 
	IP*Temp
	Mean  
	Grouping 

	24 27
	0.96
	a

	24 37
	0.91
	a

	24 32
	0.87
	a

	48 27
	0.85
	ab

	48 32
	0.69
	bc

	72 27
	0.63
	c

	48 37
	0.58
	c

	72 32
	0.56
	c

	72 37
	0.55
	c

	24 42
	0.28
	d

	48 42
	0.25
	de

	72 42
	0.09
	e


Means that do not share the same letter are significantly different. Key: IP=incubation period. Key: IP = Incubation period; OD below 0.2 (no growth); OD 0.2 to 0.4 (positive but inhibited growth) and OD above 0.4 (positive growth) 

Table S9: ANOVA for the effect of yeast in the leavening of dough incubated at 37oC and room temperature for different hours 
 
	Source of variation
	DF
	SS
	MS
	VR
	F pr.

	Yeast
	17
	131.43
	7.73
	123.22
	<.001

	IP
	4
	616.63
	154.16
	2457.04
	<.001

	Temp
	1
	63.31
	63.31
	1009.09
	<.001

	Yeast. IP
	68
	76.13
	1.12
	17.84
	<.001

	Yeast.Temp
	17
	21.21
	1.25
	19.89
	<.001

	IP.Temp
	4
	19.92
	4.98
	79.37
	<.001

	Yeast. IP.Temp
	68
	12.52
	0.18
	2.94
	<.001

	Residual
	360
	22.59
	0.06
	
	 

	Total
	539
	963.73
	
	 
	 




Characterization of Wild Yeasts Isolated from Cereal Sourdoughs and Their Potential for Leavening Wheat Dough
Melaku Mekonen Kasegn1, Getachew Tafere Abrha1, Micheale Yifter Weldemichael1, Addisu Dessalegn Berhanu1, Tesfakiros Semere Gebrelibanos1, Yemane Tsehaye Bayratsion3, Habtamu Taddele Menghistu2, Lijalem Tareke Weldeabzgi4, Abraha Birhan Kassa5, Etsay Mesele Egigu1, Ashenafi Teklay Yaekob1, Mohammed Mebrahtu Mossa 3, Samson Zemikael Haftu1, Hailay Mehari Gebremedhn1, Birhanu Kahsay Meresa1 and Yisehak Tsegaye Redda2
1Department of Biotechnology, College of Dryland Agriculture and Natural Resources, Mekelle University, Mekelle Ethiopia
2College of Veterinary Sciences, Mekelle University, Mekelle, Ethiopia
3Department of Crop and Horticultural Sciences, College of Dryland Agriculture and Natural Resources, Mekelle University, Ethiopia
4Department of Food Science and Post harvesting Technology, Mekelle University, Mekelle, Ethiopia
5Department of Chemistry, College of Natural and Computational Sciences, Mekelle University, Mekelle, Ethiopia 
Corresponding Author’s email: melaku4mekonen@gmail.com













Growth of yeasts at different pH values

[bookmark: _Toc138369139]Table S10: Analysis of variance for the effect of pH on the yeast growth 
	Source
	DF
	Seq SS
	Contribution
	Adj SS
	Adj MS
	F-Value
	P-Value

	  PH
	2
	0.4207
	35.08%
	0.4207
	0.21036
	18.23
	0.000

	  Yeast
	16
	0.4092
	34.12%
	0.4092
	0.02557
	2.22
	0.027

	Error
	32
	0.3694
	30.80%
	0.3694
	0.01154
	 
	 

	Total
	50
	1.1993
	100.00%
	 
	 
	 
	 



Table S11: Tukey pairwise comparisons for pH values in of pH tolerance test at 95% confidence
	pH
	Mean
	Grouping

	4
	0.870118
	a
	 
	 

	5
	0.750000
	 
	b
	 

	6
	0.647882
	 
	 
	c


Means that do not share a letter are significantly different.

[bookmark: _Toc138369140]Table S12: Tukey pairwise comparisons for yeasts in of pH tolerance test at 95% confidence
	Yeast
	Mean
	Grouping

	Wh17
	0.896667
	a
	 

	Sor9
	0.886000
	ab
	

	Maz 2
	0.873333
	ab
	

	Maz 1
	0.831000
	ab
	

	Sor8
	0.810333
	ab
	

	Ba12
	0.807333
	ab
	

	sTe3
	0.776333
	ab
	

	Sor4
	0.773667
	ab
	

	Wh8
	0.751667
	ab
	

	Te19
	0.749000
	ab
	

	Ba11
	0.744667
	ab
	

	Cy
	0.733000
	ab
	

	Ba9
	0.684000
	ab
	

	Fm23
	0.678000
	ab
	

	Wh5
	0.667333
	ab
	

	Wh13
	0.628000
	ab
	

	Ba7
	0.561667
	 b
	


Means that do not share a letter are significantly different.
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Growth of yeasts at different slat concentration 
[bookmark: _Toc138369141]Table S13: Grouping the effect of NaCl on yeast growth using the Tukey method and 95% confidence
	NaCl (%)
	Mean
	Grouping

	0.5
	0.949118
	a
	 
	 
	 

	1
	0.812882
	 
	b
	 
	 

	1.5
	0.663882
	 
	 
	c
	 

	2
	0.549118
	 
	 
	 
	d


Means that do not share a letter are significantly different. 
[bookmark: _Toc138369142]Table S14:  Grouping potential of yeasts via the Tukey method and 95% confidence in salt tolerance test
	Yeast
	Mean
	Grouping

	Wh13
	0.83200
	a
	 

	Ba7
	0.80725
	ab 
	

	Cy
	0.80125
	ab
	

	Sor4
	0.78575
	ab
	

	Ba11
	0.78400
	ab
	

	Ba9
	0.77550
	ab
	

	Wh17
	0.77450
	ab
	

	Wh5
	0.76225
	ab
	

	Maz 2
	0.74000
	ab
	

	Ba12
	0.72850
	ab
	

	Te3
	0.72575
	ab
	

	Maz 1
	0.71175
	ab
	

	Fm23
	0.69875
	ab
	

	Wh8
	0.68850
	ab
	

	Sor8
	0.68800
	ab
	

	Sor9
	0.67075
	 b
	

	Te19
	0.66925
	 b
	



Means that do not share a letter are significantly different. 
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Table S15: Effect of selected yeast isolates in the leavening activity of wheat flour incubated at 37oC 
21

	T (hrs)
	
	Dough volume (ml) by selected yeast isolates

	
	Rep
	Cy
	Sor4
	Sor8
	Sor9
	Fm23
	Ba7
	Ba9
	Ba11
	Ba12
	Wh17
	Wh5
	Wh8
	Wh13
	Maz 1
	Maz 2
	Te3
	Te19
	VC

	0
	I
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	II
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	III
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	2
	I
	1.4
	2.0
	1.7
	0.9
	0.8
	1.1
	1.3
	1.2
	1.6
	2.5
	2.1
	1.9
	2.3
	1.3
	1.2
	0.8
	1.1
	0.6

	
	II
	1.6
	1.8
	1.4
	1.1
	0.7
	1.3
	1.8
	2.0
	2.1
	2.8
	2.2
	2.3
	2.5
	1.1
	1.0
	1.0
	0.9
	0.6

	
	III
	3.0
	1.6
	1.4
	1.0
	1.2
	1.2
	1.4
	1.0
	1.7
	2.2
	2.0
	1.5
	2.4
	1.2
	1.4
	0.9
	1.0
	0.6

	4
	I
	3.0
	2.1
	2.1
	2.3
	1.9
	1.7
	2.5
	2.9
	2.7
	4.1
	3.2
	2.2
	2.4
	1.8
	2.3
	2.7
	2.1
	0.6

	
	II
	2.9
	1.9
	2.0
	2.4
	1.8
	1.9
	2.2
	2.4
	2.8
	3.9
	4.0
	2.4
	3.2
	2.1
	1.9
	2.5
	2.9
	0.6

	
	III
	3.4
	2.0
	2.2
	2.2
	1.7
	2.1
	2.5
	2.8
	3.2
	4.3
	3.3
	2.3
	2.2
	1.2
	2.4
	3.2
	2.5
	0.6

	6
 
 
	I
	3.8
	2.2
	3.2
	2.8
	1.7
	3.3
	3.6
	2.9
	3.9
	5.8
	4.8
	3.4
	3.3
	2.9
	2.5
	3.1
	3.3
	0.6

	
	II
	4.1
	2.1
	2.2
	2.9
	2.1
	3.1
	3.1
	3.3
	4.1
	5.5
	4.9
	3.8
	3.7
	3.6
	2.7
	3.5
	3.7
	0.6

	
	III
	3.8
	3.2
	3.3
	2.4
	2.2
	3.5
	3.2
	3.4
	4.3
	6.1
	4.7
	4.2
	4.1
	3.7
	3.2
	3.9
	3.8
	0.6

	8
 
 
	I
	3.9
	3.4
	4.1
	3.6
	3.1
	3.7
	4.6
	4.2
	5.2
	6.7
	5.4
	3.6
	4.8
	3.7
	3.3
	3.8
	3.8
	0.6

	
	II
	4.4
	3.5
	4.5
	3.3
	3.0
	4.1
	4.8
	4.0
	5.4
	6.9
	5.9
	4.2
	5.2
	3.4
	3.5
	3.5
	3.9
	0.6

	
	III
	4.6
	3.9
	4.3
	3.9
	3.5
	3.9
	4.4
	5.0
	5.6
	5.0
	5.5
	4.2
	4.1
	4.6
	3.7
	4.4
	4.3
	0.6



Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean; VC = negative control ; Rep = replication

[bookmark: _Toc138369144]Table S16: Effect of potential yeast isolates in the leavening activity of wheat flour dough incubated at room temperature
	T (hrs) 
	
	Dough volume (ml) by selected yeast isolates

	
	Rep
	Cy
	Sor4
	Sor8
	Sor9
	Fm23
	Ba7
	Ba9
	Ba11
	Ba12
	Wh17
	Wh5
	Wh8
	Wh13
	Maz 1
	Maz 2
	Te3
	Te19
	VC

	0
	I
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	II
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	III
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	2
	I
	1.1
	0.8
	1.1
	0.7
	0.6
	0.9
	0.6
	0.6
	0.7
	0.8
	1.1
	0.8
	1.3
	1.3
	0.9
	0.9
	1.1
	0.6

	
	II
	1.5
	1.2
	0.9
	0.6
	0.6
	1
	0.9
	0.8
	0.6
	0.9
	1
	0.7
	1.6
	1.2
	1.2
	0.7
	0.9
	0.6

	
	III
	1
	0.70
	0.7
	0.8
	0.6
	0.8
	1.2
	1.0
	0.8
	1
	0.8
	0.9
	1.3
	1.1
	1.2
	1.1
	1
	0.6

	4
	I
	2.3
	1.4
	1.5
	1.3
	1.1
	1.2
	2.2
	1.2
	2.1
	1.3
	2.9
	1.6
	1.5
	1.5
	1.9
	1.6
	1.4
	0.6

	
	II
	2.2
	1.5
	1.4
	1.6
	1.2
	1.2
	2.1
	1.3
	1.9
	1.1
	2.6
	1.8
	1.9
	1.7
	1.7
	1.8
	1.6
	0.6

	
	III
	2.1
	1.6
	2.2
	1.3
	1
	1.5
	2.3
	1.4
	1.7
	1.2
	2.6
	2.3
	2.3
	1.6
	2.1
	2
	1.5
	0.6

	6
 
 
	I
	2.9
	2.4
	1.9
	1.8
	1.2
	2.7
	2.1
	2.1
	2.5
	3.1
	3.3
	2.2
	2.5
	2.7
	2.4
	2.1
	2.8
	0.6

	
	II
	2.7
	2.2
	2.1
	1.7
	1.4
	2.5
	2.4
	2.6
	2.7
	2.9
	3.1
	2.1
	2.7
	2.9
	2.5
	2.4
	2.5
	0.6

	
	III
	2.8
	1.7
	2
	1.3
	1.3
	2.6
	2.7
	2.2
	2.3
	2.4
	3.2
	2.6
	2.9
	2.8
	2.9
	2.1
	2.5
	0.6

	8
 
 
	I
	2.9
	2.7
	3.3
	2.7
	1.7
	2.9
	3.6
	3.2
	3.5
	3.6
	3.8
	3.1
	3.4
	2.8
	2.9
	3.2
	3
	0.6

	
	II
	3.4
	2.4
	3.5
	2.5
	1.9
	2.8
	3.4
	3.6
	3.9
	3.9
	4.1
	3.3
	3.6
	3.1
	3
	2.8
	3.3
	0.6

	
	III
	3.3
	2.7
	3.4
	2.9
	2.1
	3.3
	3.5
	3.1
	3.7
	4.2
	4.4
	3.2
	3.8
	2.8
	3.1
	3.6
	2.7
	0.6



Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean; VC = negative control; Rep = replication 
[bookmark: _Toc138369145]Table S17: Means of yeast isolates in the dough leavening activity test

	Grand mean 2.044 


		Yeast	 Ba11	 Ba12	 Ba7	 Ba9	 Cy	 Fm23	 Maz 1
		 2.060	 2.420	 1.930	 2.200	 2.390	 1.400	 1.990
	 
	Yeast	 Maz 2	 Sor4	 Sor8	 Sor9	 Te19	 Te3	 VC
		 1.950	 1.820	 2.000	 1.720	 2.040	 2.040	 0.600
	 
	Yeast	 Wh13	 Wh17	 Wh5	 Wh8	 	 	 
		 2.420	 2.860	 2.817	 2.140	 	 	 
 

		IP	 0	 2	 4	 6	 8
		 0.600	 1.205	 2.033	 2.814	 3.569

	 

		Temp	 37	 Room
		 2.387	 1.702



Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean; VC = negative control ; IP=incubation period


Table S17a: Standard errors of means
 
	
	Yeast
	IP
	Temp
	Yeast* IP
	Yeast*Temp
	IP* Temp
	Yeast*IP*Temp

	rep.
	 30
	 108
	 270
	 6
	 15
	54
	3

	d.f.
	 360
	 360
	 360
	 360
	 360
	360
	360

	e.s.e.
	 0.0457
	 0.0241
	 0.0152
	 0.1023
	 0.0647
	0.0341
	0.1446


 
 
  
Table S17b: Least significant differences of means (5% level)
 
	sv
	Yeast
	IP
	Temp
	Yeast*temp
	Yeast IP
	IP* Temp
	Yeast*IP*Temp

	rep.
	30
	108
	270
	15
	6
	54
	3

	d.f.
	360
	360
	360
	360
	360
	360
	360

	l.s.d.
	0.1272
	0.0670
	0.0424
	0.1799
	0.2844
	0.0948
	4022


 
 key; sv = source of variation
 
Table S17c: Stratum standard errors and coefficients of variation
 
Variate: Data
 
	d.f.
	s.e.
	cv%

	 360
	 0.2505
	 12.3




Table S18: t-test comparison of the leavening activity of dough volume incubated at 37oC and room temperatures
	t-Test: Two-Sample Assuming Equal Variances

	
	
	
	

	 
	37 oC
	Room 
	

	Mean
	2.387
	1.702
	

	Variance
	2.278
	1.069
	

	Observations
	270
	270
	

	Pooled Variance
	1.674
	
	

	Hypothesized Mean Difference
	0
	
	

	Df
	538
	
	

	t Stat
	6.150
	
	

	P(T<=t) one-tail
	0.000
	
	

	t Critical one-tail
	1.648
	
	

	P(T<=t) two-tail
	0.000
	
	

	t Critical two-tail
	1.964
	 
	


Key: room = room temperature (oC)

[bookmark: _Toc138369146]Table S19: The interaction effect of temperature, IP and yeasts on the leavening activity of wheat dough
	Yeast isolate 
	IP (h)
	Temp (oC)
	Volume (ml)
	Grouping  

	 Wh17 
	8
	37
	 6.200
	a

	Wh17  
	6
	37
	 5.800
	 a

	Wh5  
	8
	37
	 5.600
	 ab

	Ba12  
	8
	37
	 5.400
	 abc

	Wh5  
	6
	37
	 4.800
	 bcd

	Wh13 
	8
	37
	 4.700
	 bcde

	Ba9  
	8
	37
	 4.600
	 cdef

	Ba11 
	8
	37
	 4.400
	 defg

	Cy 
	8
	37
	 4.300
	 defgh

	Sor8 
	8
	37
	 4.300
	 defgh

	Ba12 
	6
	37
	 4.100
	 defghi

	Wh17 
	4
	37
	 4.100
	 defghi

	Wh5 
	8
	Room 
	 4.100
	 defghi

	Wh8 
	8
	37
	 4.000
	 defghij

	Te19 
	8
	37
	 4.000
	 defghij

	Cy 
	6
	37
	 3.900
	 defghijk

	Maz1 
	8
	37
	 3.900
	 defghijk

	Ba7 
	8
	37
	 3.900
	 defghijk

	Te3 
	8
	37
	 3.900
	 defghijk

	Wh17 
	8
	Room
	 3.900
	 defghijk

	Wh8  
	6
	37
	 3.800
	 efghijkl

	Ba12 
	8
	Room
	 3.700
	 fghijklm

	Wh13 
	6
	37
	 3.700
	 fghijklm

	Wh13 
	8
	Room
	 3.600
	 ghijklmn

	Sor4 
	8
	37
	 3.600
	 ghijklmn

	Sor9 
	8
	37
	 3.600
	 ghijklmn

	Te19 
	6
	37
	 3.600
	 ghijklmn

	Ba9 
	8
	Room
	 3.500
	 ghijklmno

	Te3 
	6
	37
	 3.500
	 ghijklmno

	Wh5 
	4
	37
	 3.500
	 ghijklmno

	Maz 2 
	8
	37
	 3.500
	 ghijklmno

	Maz 1 
	6
	37
	 3.400
	 hijklmnop

	Sor8 
	8
	Room
	 3.400
	 hijklmnop

	Ba11 
	8
	Room
	 3.300
	 ijklmnopq

	Ba7 
	6
	37
	 3.300
	 ijklmnopq

	Ba9 
	6
	37
	 3.300
	 ijklmnopq

	Cy 
	8
	Room
	 3.200
	 ijklmnopqr

	Wh8 
	8
	Room
	 3.200
	 ijklmnopqr

	Te3 
	8
	Room
	 3.200
	 ijklmnopqr

	Wh5 
	6
	Room
	 3.200
	 ijklmnopqr

	Ba11 
	6
	37
	 3.200
	 ijklmnopqr

	Fm23 
	8
	37
	 3.200
	 ijklmnopqr

	Cy 
	4
	37
	 3.100
	 jklmnopqrs

	Maz2  
	8
	Room
	 3.000
	 klmnopqrst

	Te19 
	8
	Room
	 3.000
	 klmnopqrst

	Ba7 
	8
	Room
	 3.000
	 klmnopqrst

	Sor8 
	6
	37
	 2.900
	 lmnopqrstu

	Ba12 
	4
	37
	 2.900
	 lmnopqrstu

	Maz1  
	8
	Room
	 2.900
	 lmnopqrstu

	Cy  
	6
	Room
	 2.800
	 mnopqrstuv

	Maz1 
	6
	Room
	 2.800
	 mnopqrstuv

	Wh17 
	6
	Room
	 2.800
	 mnopqrstuv

	Maz2 
	6
	37
	 2.800
	 mnopqrstuv

	Te3  
	4
	37
	 2.800
	 mnopqrstuv

	Sor9 
	6
	37
	 2.700
	 nopqrstuvw

	Sor9 
	8
	Room
	 2.700
	 nopqrstuvw

	Wh13 
	6
	Room
	 2.700
	 nopqrstuvw

	Wh5 
	4
	Room
	 2.700
	 nopqrstuvw

	Ba11  
	4
	37
	 2.700
	 nopqrstuvw

	Ba7 
	6
	Room
	 2.600
	 opqrstuvwx

	Maz2  
	6
	Room
	 2.600
	 opqrstuvwx

	Te19 
	6
	Room
	 2.600
	 opqrstuvwx

	Sor4  
	8
	Room
	 2.600
	 opqrstuvwx

	Wh13  
	4
	37
	 2.600
	 opqrstuvwx

	Wh17 
	2
	37
	 2.500
	 pqrstuvwxy

	Ba12 
	6
	Room
	 2.500
	 pqrstuvwxy

	Sor4  
	6
	37
	 2.500
	 pqrstuvwxy

	Te19  
	4
	37
	 2.500
	 pqrstuvwxy

	Ba9 
	6
	Room
	 2.400
	 qrstuvwxyz

	Ba9 
	4
	37
	 2.400
	 qrstuvwxyz

	Wh13  
	2
	37
	 2.400
	 qrstuvwxyz

	Wh8 
	6
	Room
	 2.300
	 rstuvwxyza

	Ba11 
	6
	Room
	 2.300
	 rstuvwxyza

	Sor9 
	4
	37
	 2.300
	 rstuvwxyza

	Wh8 
	4
	37
	 2.300
	 rstuvwxyza

	Maz2 
	4
	37
	 2.200
	 stuvwxyzab

	Te3 
	6
	Room
	 2.200
	 stuvwxyzab

	Ba9 
	4
	Room
	 2.200
	 stuvwxyzab

	Cy 
	4
	Room
	 2.200
	 stuvwxyzab

	Sor8 
	4
	37
	 2.100
	 tuvwxyzabc

	Wh5  
	2
	37
	 2.100
	 tuvwxyzabc

	Sor4  
	6
	Room
	 2.100
	 tuvwxyzabc

	Fm23 
	6
	37
	 2.000
	 uvwxyzabcd

	Sor8  
	6
	Room
	 2.000
	 uvwxyzabcd

	Cy 
	2
	37
	 2.000
	 uvwxyzabcd

	Sor4  
	4
	37
	 2.000
	 uvwxyzabcd

	Fm23 
	8
	Room
	 1.900
	 vwxyzabcde

	Wh8 
	2
	37
	 1.900
	 vwxyzabcde

	Wh8 
	4
	Room
	 1.900
	 vwxyzabcde

	Ba7  
	4
	37
	 1.900
	 vwxyzabcde

	Maz2 
	4
	Room
	 1.900
	 vwxyzabcde

	Ba12  
	4
	Room
	 1.900
	 vwxyzabcde

	Wh13  
	4
	Room
	 1.900
	 vwxyzabcde

	Sor4  
	2
	37
	 1.800
	 wxyzabcdef

	Ba12 
	2
	37
	 1.800
	 wxyzabcdef

	Fm23 
	4
	37
	 1.800
	 wxyzabcdef

	Te3  
	4
	Room
	 1.800
	 wxyzabcdef

	Maz1 
	4
	37
	 1.700
	 xyzabcdefg

	Sor8  
	4
	37
	 1.700
	 xyzabcdefg

	Maz1 
	4
	Room
	 1.600
	 yzabcdefgh

	Sor9  
	6
	Room
	 1.600
	 yzabcdefgh

	Ba9 2 
	2
	37
	 1.500
	 zabcdefghi

	Sor4 
	4
	Room
	 1.500
	 zabcdefghi

	Sor8  
	2
	37
	 1.500
	 zabcdefghi

	Te19 
	4
	Room
	 1.500
	 zabcdefghi

	Ba11 
	2
	37
	 1.400
	 abcdefghi

	Sor9  
	4
	Room
	 1.400
	 abcdefghi

	Wh13 
	2
	Room
	 1.400
	 abcdefghi

	Fm23  
	6
	Room
	 1.300
	 bcdefghi

	Ba11  
	4
	Room
	 1.300
	 bcdefghi

	Ba7  
	4
	Room
	 1.300
	 bcdefghi

	Ba7  
	2
	37
	 1.200
	 cdefghi

	Maz2  
	2
	37
	 1.200
	 cdefghi

	Cy 
	2
	Room
	 1.200
	 cdefghi

	Maz1  
	2
	37
	 1.200
	 cdefghi

	Maz1  
	2
	Room
	 1.200
	 cdefghi

	Wh17  
	4
	Room
	 1.200
	 cdefghi

	Fm23  
	4
	Room
	 1.100
	 defghi

	Maz2 
	2
	Room
	 1.100
	 defghi

	Sor9 
	2
	37
	 1.000
	 efghi

	Te19  
	2
	37
	 1.000
	 efghi

	Te19  
	2
	Room
	 1.000
	 efghi

	Wh5  
	2
	Room
	 0.967
	 efghi

	Ba7  
	2
	Room
	 0.900
	 fghi

	Ba9  
	2
	Room
	 0.900
	 fghi

	Te3  
	2
	37
	 0.900
	 fghi

	Wh17  
	2
	Room
	 0.900
	 fghi

	Fm23  
	2
	37
	 0.900
	 fghi

	Sor4  
	2
	Room
	 0.900
	 fghi

	Sor8 
	2
	Room
	 0.900
	 fghi

	Te3  
	2
	Room
	 0.900
	 fghi

	Ba11 
	2
	Room
	 0.800
	 ghi

	Wh8 
	2
	Room
	 0.800
	 ghi

	Ba12 
	2
	Room
	 0.700
	 hi

	Sor9 
	2
	Room
	 0.700
	 hi

	Wh17 
	0
	Room
	 0.600
	 i

	Cy 
	0
	37
	 0.600
	 i

	VC  
	8
	37
	 0.600
	 i

	Wh17 
	0
	37
	 0.600
	 i

	Cy 
	0
	Room
	 0.600
	 i

	Ba9 
	0
	37
	 0.600
	 i

	Ba9  
	0
	Room
	 0.600
	 i

	VC  
	8
	Room
	 0.600
	 i

	Ba12 
	0
	37
	 0.600
	 i

	VC 
	4
	Room
	 0.600
	 i

	Wh13  
	0
	Room
	 0.600
	 i

	Ba11  
	0
	Room
	 0.600
	 i

	Ba12  
	0
	Room
	 0.600
	 i

	Ba7  
	0
	37
	 0.600
	 i

	Ba7  
	0
	Room
	 0.600
	 i

	Fm23 
	0
	37
	 0.600
	 i

	Fm23 
	2
	Room 
	 0.600
	 i

	Maz1  
	0
	37
	 0.600
	 i

	Maz1  
	0
	Room
	 0.600
	 i

	Maz2  
	0
	37
	 0.600
	 i

	Maz2 
	0
	Room
	 0.600
	 i

	Sor4 
	0
	37
	 0.600
	 i

	Sor8  
	0
	37
	 0.600
	 i

	Sor8  
	0
	Room
	 0.600
	 i

	Sor9  
	0
	37
	 0.600
	 i

	Te19 
	0
	37
	 0.600
	 i

	Te19 
	0
	Room
	 0.600
	 i

	Te3  
	0
	37
	 0.600
	 i

	Te3  
	0
	Room
	 0.600
	 i

	VC  
	0
	37
	 0.600
	 i

	VC  
	0
	Room
	 0.600
	 i

	VC  
	2
	Room
	 0.600
	 i

	VC  
	4
	37
	 0.600
	 i

	VC  
	6
	37
	 0.600
	 i

	VC 
	6
	Room
	 0.600
	 i

	Wh13  
	0
	37
	 0.600
	 i

	Wh5 
	0
	37
	 0.600
	 i

	Wh5 
	0
	Room
	 0.600
	 i

	Wh8  
	0
	37
	 0.600
	 i

	Wh8 
	0
	Room
	 0.600
	 i

	Ba11 
	0
	37
	 0.600
	 i

	Fm23 
	0
	Room
	 0.600
	 i

	Sor4 
	0
	Room
	 0.600
	 i

	Sor9 
	0
	Room
	 0.600
	 i

	VC 
	2
	37
	 0.600
	 i



Cy= Commercial yeast (positive control); Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff ;Maz = Maize and Wh = Wheat, Be = bean; VC = negative control ; IP=incubation period
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Table S20: Cultural characteristics of yeast isolates from fermented sourdough 
	Sample
	Number of isolates
	Microscopic and colony characteristics

	
	Circular/oval
	Filamentous
	Form/Shape
	Color
	Elevation
	Margin

	Sor
	19
	15
	Oval/circular/ filamentous
	Creamy
	Spread
	Rough/smooth

	Fm
	22
	10
	Circular/ filamentous
	White
	Raised
	Rough

	Ba
	19
	13
	Circular/ filamentous
	Creamy
	Spread
	Rough/smooth

	Te
	27
	19
	Oval/ filamentous
	White
	Convex

	Rough/smooth

	Maz
	13
	23
	Oval/ filamentous
	Creamy
	Convex
	Rough/smooth

	Wh
	11
	
16
	Oval/ filamentous
	White
	Raised
	Rough/smooth

	Be
	0
	30
	Filamentous
	Yellow
	Convex
	Rough

	Cy
	1
	0
	Circular/ filamentous
	White
	Spread
	Smooth














Key: Cy= Commercial; Sor = Sorghum, Fm = Finger millet; Ba = Barley; Te = Teff; Maz = Maize and Wh = Wheat, Be = bean
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Fig. 1 Carbohydrate fermentation by selected yeast isolates 
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