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Tablel- Abbreviations used for different formulation of cake

Microwave treatment

Abbreviation

Rice flour (%) Millet flour (%)

Moisture (%) Time (S)

C** 0 0 50 50
C-0.15 0 0 50 50
MT*** 10-30 10 30 50 50
MT 10-60 10 30 50 50
MT 10-90 10 30 50 50
MT 15-30 15 60 50 50
MT 15-60 15 60 50 50
MT 15-90 15 60 50 50
MT 20-30 20 90 50 50
MT 20-60 20 90 50 50
MT 20-90 20 90 50 50

**Control ***Microwave treatment
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Table 2- Proximate composition of rice flour and millet flour (wb %)

Sample Moisture Protein Lipid Ash
Rice flour 10+0.152 9.06+0.21° 1.4%0.07° 0.56+0.052
Millet flour 10+0.10? 11.1+0.25? 2.85+0.12 0.95+0.022

Mean values + SD. Means with different superscripts in columns indicate significant differences among samples at

P<0.05.
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Figure 1- Specific gravity of cake batters prepared from different treatment
Mean values + SD. Means with different superscripts indicate significant differences among treatments at P<0.05.
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Figure 2- Viscosity of cake batters prepared from different treatment
Mean values + SD. Means with different superscripts indicate significant differences among treatments at P<0.05.
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Table 3- Baking loss values of cake samples prepared from different treatment

Treatments Baking loss (%) Volume (cmd) Porosity (%)
C 14.84+0.04 2 45.93+0.08' 27.81+0.09"
C-0.15 14.22+0.05 ¢ 57.35%0.07" 34.70+0.032
MT 10-30 14.74+0.04 46.53+0.09" 27.81+0.09"
MT 10-60 14.68+0.04 © 51.34+0.08¢ 28.86+0.248
MT 10-90 14.51+0.07 © 52.54+0.11 29.62+0.23f
MT 15-30 14.64+0.08 © 54.34+0.13¢ 28.63+0.15¢
MT 15-60 14.31+0.07 ¢ 55.23+0.05¢ 30.01+0.09¢
MT 15-90 13.97+0.07 © 56.92+0.03¢ 32.15+0.25¢
MT 20-30 14.24+0.07 ¢ 55.18+0.05¢ 30.40+0.324
MT 20-60 13.86+0.14 ¢ 58.61+0.03% 34.71+0.172
MT 20-90 13.72+0.08f 58.83+0.02? 34.97+0.142

Mean values + SD. Means with different superscripts in columns indicate significant differences among treatments at

P<0.05.
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Table 4- Hardness values of cake samples prepared from different treatment

Microwave Hardness (N)
treatments (2 hours after baking) (7 days after baking)
C 6.545+0.10742 9.049+0.07652
C-0.15 5.113+0.173%¢ 7.7960.0658¢
MT 10-30 6.546+0.101%2 9.042+0.079B2
MT 10-60 6.256+0.12440 8.805+0.076BP
MT 10-90 5.799+0.0974¢ 8.281+0.1298¢
MT 15-30 6.313+0.1067° 8.810+0.12980
MT 15-60 5.568+0.149Ad 8.311+0.174°"¢
MT 15-90 5.223+0.040%¢ 7.818+0.0358¢
MT 20-30 5.641+0.076A 8.132+0.153B¢
MT 20-60 5.189+0.1074¢ 7.484+0.0265¢
MT 20-90 4.814+0.192Af 7.293+0.0355f

Mean values + SD. Means with different superscripts in columns indicate significant differences among treatments and
means with different superscripts in rows indicate significant differences in treatment at P<0.05.
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Table 5- Cohesiveness values of cake samples prepared from different treatment

Microwave cohesiveness (N)
treatments (2 hours after baking) (7 days after baking)
C 0.543+0.012%9 0.215+0.0075f
C-0.15 0.667+0.006"2 0.325+0.00682
MT 10-30 0.561+0.001Af 0.215+0.0045f
MT 10-60 0.567+0.002Af 0.218+0.0025f
MT 10-90 0.577+0.0024¢ 0.230+0.0035¢
MT 15-30 0.568+0.002Af 0.219+0.0015f
MT 15-60 0.602+0.002Ad 0.236+0.0025¢
MT 15-90 0.616+0.005¢ 0.244+0.0038d
MT 20-30 0.606+0.004A¢ 0.234+0.0028¢
MT 20-60 0.640+0.0054° 0.256+0.0035¢
MT 20-90 0.662+0.00342 0.284+0.00380

Mean values £ SD. Means with different superscripts in columns indicate significant differences among treatments and
means with different superscripts in rows indicate significant differences in treatment at P<0.05.
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Table 6- Springiness values of cake samples prepared from different treatment

Microwave cohesiveness (N)
treatments (2 hours after baking) (7 days after baking)
C 0.921+0.003%¢ 0.747+0.00359
C-0.15 0.948+0.008A 0.839+0.009820
MT 10-30 0.925+0.002¢ 0.756+0.0045f
MT 10-60 0.932+0.001A¢ 0.782+0.0028¢
MT 10-90 0.935+0.001A¢ 0.803+0.0045¢
MT 15-30 0.930+0.003A¢ 0.782+0.0035¢
MT 15-60 0.943+0.004¢ 0.798+0.0045¢
MT 15-90 0.950+0.001A% 0.829+0.005B¢
MT 20-30 0.944+0.0014¢ 0.797+0.0035¢
MT 20-60 0.948+0.002Ab¢ 0.834+0.003B
MT 20-90 0.955+0.00442 0.845+0.00252

Mean values £ SD. Means with different superscripts in columns indicate significant differences among treatments at

P<0.05.
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Figure 3- Moisture content values of cake samples prepared from different treatment
Mean values = SD. Means with different superscripts indicate significant differences among treatments and means with
different superscripts in rows indicate significant differences in treatment at P<0.05.
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Table 7- Crust indices of cake samples prepared from different treatment

Microwave treatments L" a’ b”

C 70.2+0.2° 11.8+0.1° 19.2+0.2°
C-0.15 71.8+0.28 11.1+0.1¢ 19.1+0.1°
MT 10-30 70.2+0.3° 11.4+0.1° 19.2+0.1%

MT 10-60 69.4+0.1° 12.1+0.1° 20+0.1°
MT 10-90 65.7+0.3¢ 12.2+0.1° 20.7x0.22
MT 15-30 70.7+0.2° 11.8+0.3° 19.5+0.3%
MT 15-60 69.3£0.4° 12.1+0.1° 19.6+0.20d
MT 15-90 68.4+0.5% 12.8+0.12 19.7+0.5%¢
MT 20-30 70.3+0.2° 11.3+0.1% 18.3+£0.19
MT 20-60 69.3+0.2° 12.1+0.1° 18.5+0.29
MT 20-90 68+0.2° 12.8+0.12 18.7+0.49

Mean values = SD. Means with different superscripts in columns indicate significant differences among treatments at

P<0.05.
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Table 8- Crumb indices of cake samples prepared from different treatment

Microwave treatments L* a b*

C 84.5+0.1% 4.9+0.1¢ 20.2+0.28
C-0.15 85.3+0.22 4.4+0.1° 20.2+0.12
MT 10-30 84.3+0.7° 4.3+0.1° 20.3+0.5%
MT 10-60 83.7+0.2 4.9+0.2¢ 20.1+0.18
MT 10-90 83.1+0.4% 5.1+0.1¢% 20.3+0.5%
MT 15-30 83.7+0.2 5.1+0.1¢% 20.3+0.52
MT 15-60 82.4+0.2¢ 5.4+0.2° 20.4+0.32
MT 15-90 80.9+0.3¢ 6.3+0.42 20.3+0.5°
MT 20-30 79.2+1.1F 5.8+0.2° 19.94+0.32
MT 20-60 82.4+0.6f 5.9+0.1° 19.9+0.12
MT 20-90 80.9+0.2¢ 6.4+0.52 20+0.22

Mean values = SD. Means with different superscripts in columns indicate significant differences among treatments and
means with different superscripts in rows indicate significant differences in treatment at P<0.05.
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Table 9- Sensory evaluation values of cake samples prepared from different treatment

Microwave Color and appearance odor taste texture Total_ .
treatments acceptability
C 7.55+0.45¢ 5.59+0.55¢ 5.70+0.71¢% 5.75+0.59¢ 6.31+0.43%
C-0.15 8.20+0.428° 7.15+0.88°¢ 7.50+0.58° 7.35+0.75%¢ 7.75+0.61°
MT 10-30 6.75+0.49" 5.35+0.71°f 4.90+0.74" 5.35+0.47¢ 5.16+0.35
MT 10-60 7.05+0.28¢f 5.10+0.52f 4.85+0.530%f 5.33+0.37¢ 5.19+0.35
MT 10-90 7.35%0.53% 6.80+0.42° 6.05+0.37% 5.55+0.44¢ 6.19+0.32¢
MT 15-30 7.05+0.28¢f 5.83+0.35% 5.40%0.46° 5.40+0.57¢ 6+0.25°¢
MT 15-60 7.80+0.26% 7.88+0.58% 6.35+0.41° 6.78+0.48¢ 6.88+0.41°
MT 15-90 8.10+0.21%¢ 6.90+0.61° 7.55+0.44° 7.80+0.26° 6.69+0.35%
MT 20-30 7.45+0.37¢ 6.95+0.28°¢ 6.28+0.36° 6.93+0.44% 7.13+0.31°
MT 20-60 8.38+0.43%® 7.80+0.48% 8.60+0.392 7.78+0.34° 8.19+0.35%
MT 20-90 8.85+0.242 7.93+0.392 8.35+0.532 8.33+0.442 8.75+0.35%

Mean values = SD. Means with different superscripts in columns indicate significant differences among treatments at

P<0.05.
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Introduction: The production and improvement of the quality of gluten-free products for celiac
patients is one of the major challenges in the food industry. Celiac disease is a digestive
autoimmune disease caused by intolerance to the use of gluten. At present, the only treatment is a
gluten-free diet. For this purpose, gluten-free grains such as rice, millet, sorghum and corn can be
used to produce gluten-free products (Fasano and Catassi 2008). Rice is one of the most suitable
cereals for gluten-free products for patients with celiac disease. But since in the rice milling process
(for the preparation of white rice) a significant amount of fiber and minerals are lost, in the
production of gluten-free products from rice flours, we should use other cereals flour, some beans
flour or admittable additives, So that the product has a good balance in terms of nutrients and
provides the needs of celiac patients. Millet is one kind of gluten-free cereals that is resistant to
pests and diseases, has a short growing season and can be produced in drought conditions (Devi et
al., 2014). In gluten-free products, due to the lack of gluten protein, some qualitative problems such
as low volume and poor texture are present in the product (Gallagher et al., 2004). In order to
improve the quality of gluten-free products, it is possible to use common methods such as gums
(Turabi et al., 2008) or physical methods such as microwave (Yadav et al., 2010) treatment.
Microwave is electromagnetic waves that range in frequency from 300 MHz to 300 GHz. In a
microwave oven, heat is a result of the reaction of a magnetic field with chemical compounds in the
food substance, due to the molecular friction that generates internal heat. After absorbing the
microwave energy and converting it to heat energy, the heat is transferred to all parts of the food by
convection and conduction processes (Schubert and Regier 2005). Microwave treatment improves
the functional properties, such as water holding capacity, Emulsifier property, foaming capacity and
protein solubility index (Ashraf et al., 2012). Therefore, microwave treated flour or grains can be
used to produce different products and improve their quality. So far, research has been conducted
about the effect of microwave treatment on starch and cereal flour. Since in industrial scale,
Manipulation cereals for moisturing, giving treatment and storing cereals is much easier than flour,
grains can be used as a raw material for treatment. However, our review on the researches showed there
is no study about using microwave treated grain in the gluten-free cake formulation. Therefore, the
objectives of this study was to investigate the use of flour from microwave treated millet grain
(treated at different condition) in the formulation of gluten free cake (made from millet and rice
flour mix with 50:50 constant ratio) and it's effect on the physicochemical properties of batter and
cake. Also, this treatment can be used as a gum substitute in gluten-free cake formulations.

Material and methods: In this research, microwave treatment was applied at different levels of
moisture (10, 15 and 20%) and times (60, 30 and 90 seconds) with a constant microwave power of
900 w. The millet grains were tempered to reach 15 and 20% moisture content. For this purpose,
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adequate amount of distilled water was sprayed to the millet grains and mixed entirely. Then, to
equalize the moisture, samples were kept in the 4°C overnight. Next, the moistened grains in a
Pyrex container were treated in microwave oven (Smary, MWS-280 model, Iranian) at 900 W for
30, 60 and 90 s. Then, the treated grains were spread on an aluminum tray and dried in an oven at
40°C up to a moisture content of about 10%. After that, the millet grains were milled by using a
laboratory mill, screened through a standard sieve (NO. 80) and were kept in polyethylene bags.

For study of effect of microwave treatment on the quality of gluten free cakes, 50% of microwave
millet grain flour was mixed by rice flours. Untreated millet grain flour was used for the control
sample. Moreover, some degrees of cake samples such as volume, porosity, moisture content (MC),
textural parameters, and sensory properties of gluten-free cake (containing treated grain flour) was
examined and results were compared with the sample containing 0.15% xanthan gum.

Results and discussion: According to the results, the use of the microwave treatment of millet
grain reduced the specific gravity and increased the viscosity of the gluten-free cake batter (p<0.05).
So that, the highest specific gravity and the lowest viscosity related to the control sample and the
lowest specific gravity and the highest viscosity for the treated sample related to 90-20 MT and
sample containing gum. This could be due to an increase in the ability to keep air bubbles in the
batter cake during mixing. Moreover, some degree of improvement in cooking loss, volume,
porosity, moisture content (MC), textural parameters, and sensory properties of gluten-free cake
(containing treated grain flour) was observed, in comparison to the raw cake (made from raw
millet). Cooking loss of samples containing microwave-treated grain flour decreased significantly
compared to the control sample and the lowest cooking loss was for the sample containing MT 20-
90 treatment. Reducing cooking loss in samples containing microwave-treated grain flour can be
due to increased water holding capacity in treated millet flour. The cake samples prepared from the
microwave treated grain with 20% moisture content at 60 or 90 s showed the highest volume,
porosity, and sensory acceptance. This could be because of the use of flour from microwave-treated
grains in cake formulation increases the amount of air bubbles entering the batter cake, which
results in a special gravity reduction and increased viscosity of the batter and ultimately effect on
the volume and the cake texture features. Moreover, the softest texture and the highest moisture
content during storage belonged to the sample prepared with flour from the microwave treated grain
under 20% and 90s.

Conclusion: In conclusion, the results of this study showed that microwave treatment of millet
grain have the potential to improve qualitative characteristics of gluten-free cake samples. In order
to increase consumer demand for products without additives, the use of physical treatment of grain
or flour (including microwave treatment) can improve the quality of gluten-free products. In this
regard, the results of this study showed that the use of microwave-treated grain under 20% MC at
90 and 60 seconds can improve the quality of gluten-free products without the use of gum.
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