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Introduction N\

Due to the low amount of prolamin, rice flour is the.most suitable raw-material for preparing food for
patients with celiac disease. Particle size classificationiand thermal treatments are among the physical
methods to improve the funetionalcharacteristics of gluten-free flours and as a result, improve the quality
of the products obtained from thema,Particle size can/increase the quality of gluten-free products by
affecting the physicochemical properties,of flour during hydration. Dry heat treatment and moist heat
treatment are common techniques for, physical modification which, depending on the intensity of
temperature and storage time, lead tethe improvement of gluten-free products by modifying starch grains,
aroma, andflavor, and redugcing ic‘h)ial load. Considering that the effect of rice flour particle size on the
quality of gluten-free bread has not been studied so far, in the current research, by dividing rice flour into
particles with sizesvof 180, 150, and 125 microns and using moist and dry heat treatment, it is possible to
Improving the funetional’eharacteristics of rice flour and improving the quality characteristics of gluten-
free bread were investigated.

Materials and Methods

The content of moisture, pH, ash, and protein of rice flour was measured using AACC standard method
(2000) and the total amount of starch was measured by the alkaline extraction method and the amount of
starch damage was measured by non-enzymatic rapid method. To classify the size of the particles, waxy
rice flour was divided by a shaker sieve with different sizes of 180, 150, and 125 microns, then under the
influence of dry heat treatment for 2 hours and moist heat treatment with humidity, 25% for 5 hours at a
temperature of 110 degrees. Celsius was placed. To produce gluten-free bread, the formulation used by
Haghighat- Kharazi in 2020 was used with a slight change. Ingredients for gluten-free bread formulation for


mailto:jmilany@yahoo.com

100 grams of rice flour included 125 ml of water, 4.5 grams of sugar, 2 grams of salt, 6 grams of vegetable
oil, 3 grams of yeast, and 2 grams of xanthan gum. Bread tests, which include weight loss, specific volume,
oven spring, Crumb crust ratio Shape index, porosity, crust and Crumb color, and bread texture analysis
were studied to evaluate the quality of bread. Finally, the factorial test was used to investigate the effects
of particle size and heat treatment of rice flour, and Duncan's multiple range test was used to compare the
means at the 5% probability level.

Results and Discussions

The results showed that the effect of particle size on weight loss, specific volume, oven spring, Crumb to
crust ratio, crust, and Crumb color parameters, and bread texture was not significant. (p>0.05).,Regarding
the sample volume index, C80 and DHT120 significantly had theowest volume index(p<0.05). The
HMT80-treated sample significantly increased the weight loss, and the moist\heat-treated samples
significantly increased the specific volume and the core to shell Crumb (p<0:05). Inthis study, the sample
treated with HMT 120 had the highest volume index. moist heat treatment-and dry heat significantly led to
a decrease in brightness and an increase in the yellowness of the crustiand Crumb of the bread compared to
the control sample, but there was no change in the amount of redness (p<0:05)sMoist heat treatment samples
had the lowest hardness and Chewiness in this research compared to the control sample and the dry heat
treatment sample. In general, the sample obtained from 125-migron particles and moist heat treatment led
to the improvement of gluten-free bread quality:
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Table 1- The extent of starch damage.in differ%gt treatments of waxy rice flour
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Starch damage(%) Treatments
3.98+0.01° C 80
3.77£0.01° DHT 80
2.86+ 0.02¢ HMT 80
4.69+ 0.09% C 100
4,25+ 0.07° DHT 100
2.64+0.01° HTT 100
4.77+ 0.04 C 120
3.52+ 0.02¢ DHT 120
2.30+0.02¢ HTT 120
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Different letters in each column indicate significant differences between samples (p<0.05).
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Table 2- Physicochemical characteristics of gluten-free breads
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Crumb/crust ratio (mm) volume (cm?/gr) Weight loss (%)
1.63+0.01° 0.45+ 0.05%® 2.14+0.01% 25.19+ 0.63? ,C380
1.67+0.03° 0.45+ 0.05%® 2.13+ 0.00°¢ 24.90+ 0.142 DHT 80
1.82+ 0.072 0.5+ 0.14% 2.56x0.032 28.91+,0,10P HMT 80
1.64+0.01° 0.5+ 0.00%® 2.17+0.03° 25.43£0.472 \ C 100
1.68+ 0.01° 0.45+ 0.05%® 2.17+0.04° 24,11+ 0.25% DHT 100
1.84+ 0.01° 0.55+ 0.07% 2.59+ 0.022 26:16+ 0:502 HMT 100
1.67+0.01° 0.5+ 0.14% 2.19+0.01° 24.56% 0:13? C 120
1.70+ 0.01° 0.4+ 0.00° 2.07£0.03¢ 24.08+ 0.48? DHT 120
1.87+ 0.05% 0.6+ 0.002 2.61+0.032 24,99+ 0.518 HMT 120

AP /00) Gl s &5 505 g 513 Sra OBl 5 o g oy OLES O 20 8 5> gline (39 >
Different letters in each column indicate significant differences between samples (p<0.05).
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Table 3- Shape indexes of gluten-free breads

ol
Index b gly

o Bl o> Breads
Symmetry Uniformity Volume
0.13+ 0.05? 0.16+ 0.052 9.50+ 0.00° C 80
0.20+ 0.10? 0.10+ 0.00? 9.60+ 0.30° DHT 80
0.16+ 0.05? 0.13+0.05? 9.90+ 0.10° HMT 80
0.23+ 0.05? 0.16+ 0.052 9.85+ 0.20° C 100
0.26+ 0.05? 0.10+ 0.05? 9.70+ 0.00° DHT 100
0.33+0.11° 0.06+ 0.052 10.35£0.15% H 100
0.20+ 0.10° 0.13+0.05? 9.95+ 0.15° C 120
0.16+ 0.05? 0.10+ 0.00? 9.50+ 0.10¢ DHT 120
0.40+ 0.26° 0.13+0.15° 10.65+ 0.26% \ HMT 120

(P /00) ol s & 505 s 1 e SN 3 g 5 aukins DL O glia 55 Soglize g >
Different letters in each column indicate significant differences between iamples (p<0.05).
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Table 4- Crust color parameters of gluten-free breads
b a L ob gl
Breads
36.97+ 0.60¢ 10.35+ 0.282 69.25+ 0.392 c80
40.22+ 0.60%° 10.10+ 0.322 66.06% 0.48° DHT 80
41.01+0.48¢2 9.83+ 0.16? 6790+ 0.20° HMT 80
36.83+0.38¢ 10.29+ 0.552 69.50+ 0.212 C 100
40.02+ 0.16" 9.90+ 0.21° \6.204_- 0.50¢ DHT 100
40.74+0.31® 9.71+ 0.18° 67.34%£0.01° HMT 100
36.24+ 0.42¢ 10.12+0.372 69.98+ 0.312 C 120
39.69+ 0.18° 9.98+ 0.162 66/30+ 0.10° DHT 120
40.52+ 0.21%¢ 9.62+ 0.162 67.47+0.38° HMT 120
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Different letters in each column indicate significant differences between samples (p<0.05).
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Table’5- Crumb color parameters of gluten-free breads

b a L b gl
\ Breads
13.32+0.11°¢ 1.74+ 0.40? 88.07+0.20? C 80
15.15+ 0.35° 2.02+0.252 86.06+ 0.06° DHT 80
17.31+0.528 2.03+0.252 81.45+ 0.32¢ HMT 80
12.85+ 0.50°¢ 1.95+0.21° 88.96+ 0.83? C 100
15.12+0.37° 1.97+0.18? 86.13+ 0.68° DHT 100
16.80+ 0.428 2.40+ 0.142 82.04+ 0.25% HMT 100
12.37£0.39¢ 2.25+ 0.072 89.16+ 0.872 C 120
14.65+ 0.78° 2.20+ 0.572 85.38+ 0.01° DHT 120
16.43+0.182 2.17+0.392 82.70+ 0.05°¢ HMT 120
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Different letters in each column indicate significant differences between samples (p<0.05).
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Table 6-&sults of texture profile analysis of gluten-free breads

o) g bl (o (o) o 8 g e (p)5) cusls) (S 5kS) (st ob eyl
(Js3 Springiness Cohesiveness  Resilience (g)  Hardness (kg) Breads
Chewiness (mm)
(mj)
16.450+ 1.76% 8.025+ 0.17% 0.610+ 0.04° 0.395+ 0.03? 0.383+ 0.39P C 80
16.125+ 0.36% 8.125+ 0.38? 0.435+ 0.03? 0.307+ 0.05? 0.371+0.08° DHT 80
6.650+ 1.27¢ 6.315+ 0.50°¢ 0.360+ 0.15? 0.285+ 0.072 0.209+ 0.032 HMT 80
19.635+ 0.4082 8.615+ 0.65? 0.605+ 0.072 0.380+0.112 0.385+ 0.07° C 100
18.540+ 1.07% 8.585+ 0.44° 0.615+0.19? 0.310+ 0.05? 0.390+ 0.42° DHT 100
7.750+ 2.05°¢ 6.955+ 0.80P° 0.510+ 0.98? 0.320+ 0.03? 0.216+ 0.052 HMT 100
19.900+ 0.422 8.730+ 0.22° 0.590+ 0.06? 0.410+ 0.50? 0.377+0.30° C 120
19.500+ 0.98% 8.265+ 0.29? 0.565+ 0.09? 0.325+ 0.022 0.435+ 0.09° DHT 120
8.100+ 1.06° 7.745+ 0.14% 0.55+ 0.122 0.328+ 0.06? 0.225+ 0.072 HMT 120
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Different letters in each column indicate significant differences between samples (p<0.05).
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Fig. 1.Sensory evaluation results of different gluten-free bread treatments
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