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1. Water holding capacity
2. Oil-binding capacity
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Table 1 Formulations of gluten free cookies.

millet flour substituted for rice flour (g)

Ingredients (g) 0 (Control) 15 25 50
Rice flour 100 85 75 50
millet flour 0 15 25 50
Shortening 30 30 30 30
Sugar 45 45 45 45
Egg 8 8 8 8
Baking powder 0.9 0.9 0.9 0.9
Sodium Bicarbonate 0.75 0.75 0.75 0.75
vanilla 0.375 0.375 0.375 0.375
water 20 20 20 20
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3. Water activity
4. Baking weight loss
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Table 2 Flour color parameters of heat-moisture treated millet

Moisture Temperature * a* b*
(%) ©

blank 90.27+0.3° 2.27+0.23°  12.9+0.69%
10 90 80.53+£0.23°  2.13+0.46/° 13.30+0.00%
110 88.20+0.40° 3.63£0.46*  14.9+0.00°

15 90 83.93+0.23®  2.40+0.00° 13.2440.10°
110 88.60+0.40° 3.10+0.00°  13.83+0.10"

20 90 89.67+0.23° 2.40+0.00°  12.5+0.00°
110 88.33+0.23¢ 3.10£0.00°  14.1+0.00°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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6. Hydrothermal
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3. Water holding capacity


https://fsct.modares.ac.ir/article-7-29562-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 |

B S5 p Jseme 055 4l sb - SOl sled 30

Q\)&»A}dﬂ;e)ju

25 . ab  Moisture (% 0)- Temperature (¢)

BC (ml

cd
2
g
M5
: 1
0.5
0

Aigyla) 10%90¢ 10%-110¢ 15%-90¢ 15%-110¢ 20%-90¢ 20%-110¢
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treated millet
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Table 3 Hardness, Baking weight loss and Water activity of cookie containing heat-moisture treated
millet flour

Moisture (%) Temperature (¢)  Flour (%) Hardness (N) Baking weight loss (%)  Water activity
blank 19.95+1.23"¢ 12.05+0.53" 0.465+0.005"
Untreated millet 15 21.01+1.45" 12.20+0.11" 0.234+0.009'™
25 24.59+1.12% 12.56+0.36" 0.231+0.001'

50 27.04+3.21°® 14.23+£0.15° 0.221+0.002"

10 90 15 25.1842.94%¢ 12.68+0.30% 0.315+0.019'
25 26.2942.93% 11.50+0.17 0.297+0.017"¢

50 32.32+2.51° 12.70+0.38% 0.242+0.0114

110 15 20.61+0.82" 11.94+0.31" 0.254+0.023"

25 22.67+1.33 13.40+0.11® 0.318+0.003

50 23.88+0.75° 12.87+0.24% 0.345+0.015%

15 90 15 22.98+2.65" 12.75+0.18% 0.355+0.015¢
25 26.254+2.77% 13.10+0.124¢ 0.289+0.011"

50 31.91+4.07° 12.82+0.72¢% 0.266+0.016'

110 15 22.75+1.71 13.12+0.50% 0.328+0.015%

25 28.1940.53 13.24+0.09%° 0.288+0.008"

50 30.72+2.96™ 13.23+0.13% 0.310+0.015'

20 90 15 24.4842.44% 12.52+0.28"" 0.319+0.001°
25 25.71+1.22% 13.06+0.29% 0.414+0.006"

50 27.69+4.04 13.79+0.18%® 0.325+0.014°

110 15 18.24+1.97' 12.75+0.05% 0.418+0.005"

25 19.32+1.48" 13.14+0.50%¢ 0.381+0.002¢

50 25.5241.85% 12.78+0.14% 0.356+0.006°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Table 4 Thickness, Diameter and Spread ratio of cookie containing heat-moisture treated millet flour

Moisture (%) Temperature (c) Flour (%) Thickness (mm) Diameter (mm) Spread ratio
blank 13.65+0.85% 47.97+0.87' 3.53+0.28"
Untreated millet 15 13.39+0.574 50.41+056%" 3.77+0.16"
25 12.40+0.58" 51.56+0.55™ 4.16+0.21°°

50 12.57+0.24" 53.39+0.67°" 4.24+0.08"™

10 90 15 12.72+0.38% 50.22+0.81" 3.95+0.08%
25 12.28+0.60"" 51.40+0.50% 4.19+0.21°°

50 12.20+0.53"" 52.45+0.85% 4.30+0.22°

110 15 12.04+0.46" 50.45+0.61" 4.19+0.20°°

25 12.51+0.47" 52.84+0.78% 4.23+0.20™

50 12.26+0.51"F 54.21+0.66" 4.43+0.20°

15 90 15 13.42+0.50®° 50.93+0.84¢" 3.80+0.19%
25 12.56+0.68" 52.79+0.69% 4.22+0.30®

50 12.5940.55" 53.86+0.74® 4.28+0.18"

110 15 14.25+0.65" 51.28+0.59%¢ 3.58+0.20

25 12.39+0.45" 53.07+0.63% 4.28+0.18"

50 12.16+0.36"" 52.99+0.59®° 4.36+0.15"

20 90 15 12.89+0.48% 50.18+0.76" 3.90+0.20°
25 12.89+0.53% 54.17+0.64° 4.2140.21°°

50 12.63+0.81" 53.81+0.96™ 4.27+0.34"

110 15 13.06+0.50% 52.01+0.45% 3.99:+0.18°%

25 12.21+0.40"" 53.01+0.64° 4.34+0.19"

50 11.95+0.36" 52.53+0.86% 4.40+0.17"

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Table 5 color parameters of cookie containing heat-moisture treated millet flour

Moisture (%) Temperature (c) Flour (%) L* a* b*

blank 80.13+0.92¢  5.37+0.23" 15.43+0.46"
Untreated millet 15 75.13+£0.96" 6.70+0.40% 15.97+0.46%"
25 74.27+0.67"  7.9240.21° 16.23+0.46

50 70.66+1.11° 8.73+0.65° 16.670.40%"

10 90 15 77.80+0.205  5.90+0.40™¢ 15.30+0.40'
25 78.40+0.69¢ 6.03+0.46°¢ 16.23+0.46%

50 74.4740.72"  6.73+0.40%" 16.05+0.51¢"

110 15 86.97+0.46" 3.63+0.46" 17.77+0.40%°

25 84.73+0.75° 5.77+0.46" 18.00+0.00%°

50 83.10+0.40%  6.83+0.46" 18.00+0.00°
15 90 15 78.93£0.61¢  6.83+0.46%¢ 16.50+0..00%"
25 78.93+0.46%  6.57+0.46% 17.03+0.46%

50 77.87+0.238 6.30+0.00% 16.77+0.46"

110 15 87.374+0.23% 4.70+0.00" 18.00+0.00°

25 84.70+1.39° 6.03+0.92°¢ 18.27+0.46®

50 82.23+1.10¢ 7.3340.40% 18.80+0.00°

20 90 15 83.90+1.44  6.30+0.80% 16.77+0.46°"
25 80.80+0.40° 6.16+0.23% 17.03+0.46%

50 79.07+0.83%  7.10+0.00 17.53+0.40%

110 15 87.47+0.35% 3.90+0.009 17.03+0.46%

25 86.57+0.92° 4.70+0.80" 17.77+0.40%°

50 82.87+0.57%  7.33+0.40* 18.80+0.00°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Table 6 Sensory evaluation of cookie containing heat-moisture treated millet flour

Moisture (%) Temperature Floour Color and Texture Aroma Taste Mouth feel acceptability
(o) (%) appearance

blank 4.90+0.88 1 5.3541.25°®  7.00+1.05%  6.50+1.18" 6.75£1.09%®  5.75+1.03®
Untreated millet 15 7.10+1.66%° 6.35+1.63 7.20+1.14° 7.05+1.50°  6.70+1.34%  6.75%1.25®
25 6.00+1.65 & 6.00+2.21 520+1.14°  6.40£1.65"  6.15+2.24°°  5.95+2.33%

50 7.30£0.67 ° 515170 6.58+1.69 "  6.10+2.33®  5.80+1.87 "  5.95+1.64%°

10 90 15 6.20+1.03 & 5.85£1.49®°  550+1.58°  6.00£1.33°° 585+1.20°  6.05+1.01®
25 6.00+1.63 & 5.00+£1.94 ¢ 5.551.46°  5.00£2.00°  5.10+1.73° 5.40+1.51°

50 5.70+1.34%  6.151.63°%®  6.60+1.51 °°  5.70+£1.64°° 5.75+1.65°°  6.05+1.61"

110 15 6.05£0.55%  6.10£0.70°"  6.05:0.69 ®  6.40+1.17® 6.25+0.86 ®°  6.35+0.88®

25 6.50+1.00% 5.3541.03°®  5.95+1.01 °®  5.35+0.94®°  5.35£0.94°°  6.00+0.82%"

50 6.80£0.95%°  6.70 £0.95®  7.00+1.05%  6.05+£0.83 “*  6.30+0.95® 6.30+.95%

15 90 15 6.35+1.42%  5.90+1.79%"  550+£1.58  6.25+1.81°° 6.50+1.35®  6.25+1.34®
25 6.80+1.48 6.75£1.32%®  6.85£1.29®  6.55£1.89°° 6.65£1.56®  6.45+1.26™

50 7.40+1.58 6.10£1.37®°  6.5042.08®°  6.05£2.19°®  6.05+1.86®  6.45+1.34®

110 15 6.50+0.85 6.00£0.82 %  6.00£0.67 “*  6.40+0.84 ®  6.08+1.03®  6.70+0.95®

25 7.00+0.82 700+1.05 * 7.35+1.00*  7.10+0.88%  7.00+1.05° 7.20+1.23°

50 7.80+1.03 ° 6.50+0.85°°  7.00+0.85%  6.50+0.85 " 6.30£0.95°®  7.00+1.05"

20 90 15 5.20+1.40 6.20£1.69°  6.30+1.95° 6504190 ® 5.80+1.69®°  6.10+1.85%
25 6.20+1.14%°  6.40£1.07%®  6.50+1.72°  6.30£1.42°° 5.80+1.62°  6.10/+1.29%

50 6.05+1.50 & 6.40+1.43®°  6.10+1.76®°  6.10£1.85°°  6.00+2.00®  6.80+1.85%

110 15 5.40+0.97 %" 6.45+0.67°  7.00£0.82  7.00£1.05°  6.05+£0.96®°  6.08+1.03®

25 6.75+1.18 6.95+1.07 ° 7.1541.20*  6.85+1.00®  6.05+0.90 “®  6.80+1.03%

50 6.30+0.79 & 7.00£1.05%  6.25+1.01 °®  6.50+1.08 °®  6.50+1.00 ®  7.00+0.94%

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Millet is a type of cereals with high resistancy to pest, disease, and drought which is used in the
production of gluten-free products for patients with celiac disease. Today, production and
improvement of the quality of gluten-free products for Celiac patients are one of the major challenges
in the food industry. Physical modification methods such as heat-moisture and microwave treatments
can be used to improve the performance of flour and gluten-free products in the baking industry. The
goal of this study was to investigate the effects of heat-moisture treatment at three relative humidity
(RH) levels of 10, 15, 20% at 90 and 110 °C, to improve the quality of grain millet, and different
ratios of of millet flour: rice flour (50:50, 25:75, 15:85) to be used in the formulation of gluten-free
cookie. In this regard, physicochemical characteristics of millet (moisture, fat, protein, ash, fiber),
flour (water absorption, oil absorption, color) and cookie (diameter, thickness, spread ratio, color,
texture) were investigated. The results showed that the heat-moisture treatment had a significant effect
on water holding capacity and oil absorption capacity of the samples (p<0.05), in a direct and reverse
trend, respectively. Using flour from treated seeds in the gluten-free cookie improved baking loss,
water activity, texture parameters, and sensory acceptance. By increasing heat-moisture treatment, the
amount of baking loss, water activity and hardness of cookies decreased. Heat-moisture treatment had
a significant effect (p<0.05) on the spreadability and color of the cookies. Increase in the intensity of
the treatment led to higher spreadability and darker color with high redness value The Sensory
evaluation also showed that texture scores were high for most cookies made from treated millet flour,
but the cookie obtained from the 25% replacement level of millet flour under 90 °C and 10% moisture
content had the lowest score in the texture.
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