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Table 1. Physicochemical characteristics of flour

Physicochemical

characteristics (%) Amaranth Quinoa Millet Rice

Moisture 13.8+£0.24 10.2 £0.03 9.80+0.32 10.1+£0.12
Protein 14.2+0.39 15.4+0.53 10.9+0.41 9.72 £ 0.06
Ash 1.97+£0.00 2.17+0.36 1.29+0.03 0.82£0.01
Fat 3.60+0.12 3.15+0.01 2.54+0.01 1.51+0.01
Fiber 1.93+£0.03 6.11+£0.16 4.16 £ 0.05 0.63 £ 0.02
Carbohydrate 65.59 + 1.08 62.57 + 1.66 71.03+1.25 77.20 £ 2.63

Data is in the form of average + Standard deviation.
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Fig 1. The effect of the type of flour and lactic starter in preparing the sourdough on moisture of molded
gluten free bread
(Similar letters have no significant difference in p<0/05 statically)
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Table 2. The effect of the type of flour and lactic starter in preparing the sourdough on the rate of acidity,
PH, and organic acids of molded gluten free bread

The type of Acetic acid Lactic acid (gram
consumed flour ~ The type of lactic  (gram in 100 in 100 rarr? of pH Acidity
in preparing the starter gram of samg le) =) (Milliliter)
sourdough sample) P
Millet ngi‘;f’;ﬁﬂms 0.23+0.01b 0.79 + 0.05¢ 5.3+ 0.05¢ 45+0.1°
Lgﬁ;ﬁ:ﬁ'}:ﬁs 0.14 % 0.01¢ 1.08 +0.03 5.4+ 06° 4.1+0.2¢
Mixed 0.26 + 0.00% 1.12 +0.04 5.1 +0.04¢ 4.8+0.10
Amaranth ng:‘r’rf’e"’:]"tﬂms 025+002% (.87 +0.06™ 5.5+ 0.10 4.8+0.10
Lg‘i‘;ﬁ:ﬂm‘s 0.16 % 0.01 1.13+0.05 5.6+ 0.05" 4.4+0.1°
Mixed 0.30  0.012 1.25 + 0.042 5.3+ 0.03° 5.2 +0.2°
Quinoa Lli‘gfr’:;ctﬂms 0.31 4 0.022 0.94 + 0.04" 5.6+ 0.02% 5.1+0.0°
L‘E‘,‘iﬁgfﬂ#’s 0194001  1.24+0.03%® 5.8+ 0.05° 4.6+0.10
Mixed 0.33 4 0.012 1.41 +0.042 5.5+ 0.07° 5.7 +0.12

Data is in the form of average * Standard deviation.

Different letters in each column have significant difference in p<0/05 statically.

L O S 5 oS Sls s 55 OGI (Y4 TY)
3 b galS ) e g g e Sl esbisa
s bsSY 5 psti 5 sl Gla ST 5 s
Lol Olppe dizils Ol 5033 13wy 03550 l)’,sjjl:j){f
ST Sl et S ol (€on U s S5
[YA] ol sl 23l o s kbl ST a0 cnd gm0 b

P s o —0-Y=0
Slad gad S sl QLA o sense > Olsme Lol @l:d
LI oS 5 sl ST 5l el e 35 nest (55l
315l ed s g 55 et (Sl Sladped 5 2eS
o Oljn o s ) p gt b skl 8V 5 TS

98

Sl dsl 5 SIS Al —0-Y-£

o Jlize 5 Jas 5148 as 8 pasie mli o ax s L
Do 2 ologinn b aslinl 5,50 sla ST 5 5
s (P<ev0o) muils 508 o B O T glaa ol
Lo | Olsee (0 A Sl (oS 5 5 e G5l gladd e
L oS e Gl kel 5 Sl el 5 SSY
oo |02l Olszn 25508 51 psttn f sl L555Y g 5
oS Gl e Ol el ol (Y Jsd) din Sls 55
st fpan o st p ST O opoliidly S5l
Lol 0505 D30 4 Ol o Jol slacdslie 5 035
O s Zare o5 opl 5 [1] it e SSY



VEAT AT YN oys 08 o led

Q|ﬁ| @‘.’\.’9 @W}f}l&d;u

%B 5
RS

(5]

g 3 be be b b be
— - C =

>° )

Q

=

Q

2.

a

Millet

The type of

a 1 .
g lactic starter

a8

Lactobacillus Fermentuny
a

Lactobacillus Plantarum
a

Mixed

Amaranth  Quinoa

The type of consumed flour in preparing the sourdough

Fig 2. The effect of the type of flour and lactic starter in preparing the sourdough on the rate of specific
volume of molded gluten free bread (Similar letters have no significant difference in p<0/05 statically)
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Fig 3. The effect of the type of flour and lactic starter in preparing the sourdough on the rate of porosity of
molded gluten free bread (Similar letters have no significant difference in p<0/05 statically)
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Table 3. The effect of the type of flour and lactic starter in preparing the sourdough on the crust color of

molded gluten free bread

The type of

Crust color (-)

consumed flour The type of lactic

in preparing the starter L* a* b*
sourdough
Lactobacillus 41.4 +0.8° 8.54 +0.22 243 +0.8°
Fermentum
Millet Lactobacillus 41.3+0.9° 8.50+0.22 246 +0.5°
Plantarum
Mixed 414 £1.0° 8.52 +0.18 24.6 +0.6°
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Lactobacillus 456+ 1.1% 8.58 +0.28 24.8+0.9°
Fermentum

Amaranth Lactobacillus 45.3 +0.9% 8.59 + (.22 248 +0.7°
Plantarum

Mixed 452 +1.0% 8.58 +0.12 24.7+0.3°

Lactobacillus 47.8 +0.122 8.56 +0.12 25.7 +0.82
Fermentum

Quinoa Lactobacillus 477 +2.28 8.58 + 0.22 25.8+1.22
Plantarum

Mixed 47.7 +0.6° 8.53 +0.28 25.7 +0.92

Data is in the form of average + Standard deviation.

Different letters in each column have significant difference in p<0/05 statically.
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Table 4. The effect of the type of flour and lactic starter in preparing the sourdough on the texture
hardness of molded gluten free bread during storage time

The type of Hardness (N)
_consume_d flour The type of lactic 2 hours 3 days 7 days
in preparing the starter frer baki fter baki fter baki
sourdough after baking after baking after baking
Lactobacillus 1.0 + 19.12208 3.0 £ 74.08%8 4.0 £97.14%4
Fermentum
Millet Lactobacillus 2.0 +£02.15% 3.0 £ 83.10¢8 5.0 £11.15%
Plantarum
Mixed 1.0 + 65.080B 3.0 £ 58.1230A8 4.0 £ 23.120A
Lactobacillus 1.0 + 72.092bcB 3.0 £ 31.15"°8 4.0 £ 32.20°A
Fermentum
Amaranth Lactobacillus 1.0 + 76.10%cB 3.0 £ 55.0020A8 4.0 £ 68.10
Plantarum
Mixed 1.0 + 59.13bB 3.0 £ 22.06A8 4.0 + 17.090A
Lactobacillus 1.0 + 68.12bcB 3.0 + 26.080AB 4.0 + 27.085A
Fermentum
Quinoa Lactobacillus 1.0 + 72.098 3.0 + 40.06"48 4.0 +51.12
Plantarum
Mixed 1.0 + 35.06% 3.0 £ 15.05%48 4.0 +03.10%A

Data is in the form of average * Standard deviation.

Different English lowercase letters in each column have significant difference in p<0/05 statically.
Different English capital letters in each row have significant difference in p<0/05 statically.
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Fig 4. The effect of the type of flour and lactic starter in preparing the sourdough on the acceptance score
of molded gluten free bread (Similar letters have no significant difference in p<0/05 statically)
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Breads Produced by sourdough have a lighter texture and a higher quality of
chewing. Due to the fact that sourdough prepared from wheat or rye flour
cannot be used in the formulation of gluten-free products. Therefore, in the
present study, millet, amaranth and quinoa flours and Lactobacillus
fermentum and Lactobacillus plantarum starters were used individually and
in combination in the sourdough formulation. Produced gluten-free
sourdoughs were added to gluten-free bread dough in level of 10% and
quantitative and qualitative characteristics of the produced bread samples
were evaluated in a completely randomized design with factorial
arrangement (P<0.05). The results of evaluating the moisture content of the
produced breads showed that two samples prepared from sourdough
containing mixed starter and quinoa flour and the sample prepared from
sourdough containing Lactobacillus plantarum starter and millet flour had
the highest and lowest moisture content, respectively. Also, the samples
containing sourdough prepared from quinoa flour had the highest amount of
pH, acidity and organic acids. In the evaluation section of porosity and
specific volume of the product, it was determined that the samples prepared
from sourdough containing Lactobacillus fermentum starter and quinoa flour
had the highest porosity and specific volume. Also, the texture evaluation
results showed that the samples prepared from sourdough containing mixed
starter and quinoa flour had the lowest hardness. On the other hand, the
examination of the crust color values showed that the amount of L* and b*
values increased by using sourdough prepared from quinoa flour in the
gluten-free bread formulation. While the type of starter used had no
significant effect on these values. At the end, by sensory evaluation, assigned
the highest overall acceptance score to the sample prepared from sourdough
containing mixed starter and quinoa flour.
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