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Table 1 Gluten free formulations containing
corn starch, rice flour and soy flour.

Ingredients Weight(g)
Corn starch 700
Buckwheat flour 200
Rice flour 100
Soy flour 100
Xanthan gum 18
CMC 2
Salt 15
Sugar 60
Yeast 20
Water 80-130
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1. Completely Randomized Design
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Table 2 Chemical composition (g/100 g dry matter) of flour samples.

s::r::ires Moisture (%) Lipid (%) Protein (%) Ash (%) Carbohydrate (%)
Rice 9.04+0.33 1.11£0.08 8.70+ 0.37 0.73+£0.03 89.46
Soy 13.04+0.12 6.26+0.01 49.50+0.20 6.14+ 0.04 38.10
Buckwheat 13.30+ 0.19 2.60+ 0.02 12.60+ 0.22 2.01+0.03 82.79

The results are shown as mean + SD.
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Fig 1 Maximum force required to extrude dough
samples with different levels of water. Data are
mean of triplicate measurements (n=3). Error bars
indicate SD values. Different letters indicate
significant (p<0.05) difference between means.
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Table 3 Variation of dough volume(Cm®) upon time during leavening period

Wateraddlltlon 0 10 min 20 min 30 min 40 min
level /Time
80 20.00+1.00 a 22.00+1.00b 26.30+1.52¢ 36.00+ 1.00d 41.60+£2.51¢
90 20.00+1.00 a 22.60+0.57b 27.00+ 1.00b 37.30+ 1.15¢d 46.60+3.51c
100 20.60+0.57 a 2430+ 1.15a 29.60+ 1.52b 40.00+ 1.00bc 52.30+2.51b
110 20.00+1.00 a 24.60+0.57 a 3030+ 2.51b 42 .00+ 3.00bc 55.00% 2.00ab
120 19.60+0.57 a 24.60+0.57 a 31.00+ 1.00b 4330+ 2.08ab 57.3+2.51ab
130 20.00+1.00 a 25.00+1.00 a 31.60+£1.52 a 46.30+2.08 ab 59.60+3.51 a

Data are mean of triplicate measurements + SD. Different letters in the same column indicate significant
(p<0.05) differences between means.
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Table 4 Variation of loaf volume, specific volume and height of gluten-free breadat different levels of
added water

Water addition level Volume Specific volume Height
(% w/w based on dry ingredient) (mL) (mL/g) (mm)
80 88+ 1.15f 1.86+0.03 £ 37.0+1.00 e
90 102+£2.00 e 2.18+0.03 ¢ 413+1.15d
100 126£1.15d 2.76£0.01d 46.6+£1.52¢
110 131£1.00 ¢ 2.87£0.04 ¢ 490+ 1.00b
120 135£1.00b 3.00£0.02b 51.0+1.00b
130 137£0.57 a 3.14+0.03 a 533+0.57a

Data are mean of triplicate measurements + SD. Different letters in the same column indicate significant
(p<0.05) differences between means.
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Fig 2 Breadbaking weight loss at different levels of
water. Data are mean of triplicate measurements
(n=3). Error bars indicate SD values. Different
letters indicate significant (p<0.05) difference
between means.
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Table 5 Crumb grain characteristics of gluten-free breadwith different level of water

Samples Porosity (%) Mean cell area (mm”)
W80 3320+1.18d 0.06+ 0.004 ¢
W90 38.05+1.53 ¢ 0.06+ 0.004 ¢

w100 39.07+0.86 ¢ 0.07+0.003 b
WI110 41.30+0.72 b 0.08+0.001 a
W120 41.90+ 0.95 ab 0.08+0.002 a
W130 43.70+ 0.60 a 0.07+ 0.007 b

Data are mean of triplicate measurements + SD. Different letters in the same column indicate significant
(p<0.05) differences between means.
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Fig 4 Shelf-life (number of days to appearance of
the first mold colony) of bread at different levels of
added water. Data are mean of triplicate
measurements (n=3). Error bars indicate SD values.
Different letters indicate significant (p<<0.05)
difference between means.
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Fig 3 Variation of crumb firmness (Fy.y) at
different levels of added water.Data are mean of
triplicate measurements (n=3). Error bars indicate
SD values. Different letters indicate significant
(p<0.05) difference between means.
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Table 6 Sensory scores of gluten-free breads at different levels of added water

Water addition level Shape and

Crumb

(% w/w based on dry ingredient) form Crumb Porosity firmness Overall acceptability
80 240+ 1.17¢ 2.90+0.73¢ 2.20+ 1.03¢ 3.20+0.67c
90 2.80+0.78¢ 3.30+ 1.05 be 3.10+ 0.99b 3.20+0.78b
100 3.00+ 0.81bc 3.30+ 0.69abc 3.80+0.91ab 3.30+ 0.67ab
110 3.80+ 1.03ab 3.60+ 1.34 abc 3.90+ 1.28ab 3.50+ 0.70ab
120 3.90+ 1.10ab 4.00+ 1.05 ab 4.10+0.73a 3.80+ 0.78ab
130 4.10£0.87a 430+ 0.82a 420+ 0.78a 4.00+ 0.94ab

Data are mean of triplicate measurements + SD. Different letters in the same column indicate significant
(p<0.05) differences between means.
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Water plays a key role in dough formulation and bread quality. Particularly in gluten-free
doughscontaining hydrocolloids, water is important in regulating the solubility of the
components,dough consistency and resulting bread texture and quality. Therefore, the texture and
quality of gluten-free bread is strongly influenced by the selection of its ingredients, especially the
amount of water.The purpose of this study was to investigate the effect of adding different amounts of
water in 6 levels (80, 90, 100, 110, 120 and 130%) on the rheological properties of the dough
(extrusion test and leavening properties), technological properties (volume, baking loss, porosity,
firmness and shelf-life) and the sensory properties of gluten-free bread. Rheology results showed that
by increasing the amount of water from 80 to 130%, the consistency of the dough decreased and the
leavening ability of the dough was improved.An increase in the amount of water up to 130%
increased the amount of bread specific volume from1.86 to3.14mL/g. In terms crumb structure, an
increase in the amount of water up to 130% increased crumb porosity.Bread firmness (24 h after
baking) decreased from 0.325 N to 0.273 N by increasing the amount of water.The results showed that
samples containing high amounts of water (120 and 130%) were more susceptible to moldgrowth than
those with low water content (80 and 90%).Sensory results showed that increasing the amount of
water from 80 to 130% improved sensory characteristics such as bread volume, porosity and firmness,
and increased the overall acceptance of samples. Overall, samples containing 120 and 130%water in
formulation, received the highest overall acceptance scores.

Keywords: Water, Dough, Bread, gluten free, Quality, Rheology, Shelf life.
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