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6. Power law

7. Consistency coefficient
8. Flow behavior index

9. Storage modulus

10. Loss modulus
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1. Kenwood, AW34655, Germany
2. Parallel plate

3. Strain sweep

4. Frequency sweep

5. Apparent viscosity
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1. Loss tangent
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Figure 1. Apparent viscosity changes of cake dough samples by shear rate increasing
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Fc: Control sample (dough contained wheat flour), F1: sample 1 (0% DWGF), F2: sample 2 (5% DWGF), F3: sample
3 (10% DWGF), F4: sample 4 (15% DWGF), F5: sample 5 (20% DWGF)
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Figure 2. Loading and unloading curves of cake dough samples
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Fc: Control sample (dough contained wheat flour), F1: sample 1 (0% DWGF), F2: sample 2 (5% DWGF), F3: sample
3 (10% DWGF), F4: sample 4 (15% DWGF), F5: sample 5 (20% DWGF)
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Table 1. Power law model parameters for cake dough samples

(el JSl) 50 87 s e s g0 S 2 . KPas" (F) &S 45
Viscosity at 50 s (Pa.s) Cake sample
14+ 0.289 0.98 0.56 74.91 1
14.6+0.14¢ 0.98 0.54 102.45 2
19.2+074° 0.98 0.53 130.27 3
19.65+ 0.07® 0.99 0.56 98.15 4
20.45+0.21° 0.99 0.52 123.98 5
18.40+0.42° 0.89 0.49 182.92 dals
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*Values with the same letter(s) have no significant difference.
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Figure 3. Comparison of storage modulus of cake dough samples
(DWGF 710) ¥ & 50 : FAMWGEF 7)) ¥ & 50 F3 (DWGF 70) ¥ ¢ 503 F2 (DWGF 7)) 6503 F1 oS 5,7 g5l ) dalis 505 FC
DWGF/y+)0 <4 F5

Fc: Control sample (dough contained wheat flour), F1: sample 1 (0% DWGF), F2: sample 2 (5% DWGF), F3: sample
3 (10% DWGF), F4: sample 4 (15% DWGF), F5: sample 5 (20% DWGF)
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Fc: control sample (dough contained wheat flour), F1: sample 1 (0% DWGF), F2: sample 2 (5% DWGF), F3: sample
3 (10% DWGF), F4: sample 4 (15% DWGF), F5: sample 5 (20% DWGF)
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Figure 5. Comparison of tan delta of cake dough samples
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Fc: control sample (dough contained wheat flour), F1: sample 1 (0% DWGF), F2: sample 2 (5% DWGF), F3: sample
3 (10% DWGF), F4: sample 4 (15% DWGF), F5: sample 5 (20% DWGF)
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Table 2. Hysteresis surface of cake dough samples

E PV P BRI SO I, N PRP

(Pa.§) Loty C-loa

4 500
Hystersis area (Pa/s)
5444368+ 61.96° 1
54931.65+290.37° 2
14745.3 +141.43¢ 3
11285.83+£84.92¢ 4
11246.8 £155.35¢ 5
75892.51+636.38° Jals

AL e b sad p Hls pme OOV 55 5 eias OLES Qj;ﬂf)zoju;u\_éjfﬁ

*In each column, values with different levels have significant differences (p<0.05).
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Table 3. Rheological parameters from amplitude sweep tests (Frequency sweep: 1 Hz)

(Pa.s) ;oSS g5 8 <l el Pa) &l s Pa) o x5 Jse & e
Complex viscosity Loss tangent Loss modulus Storage modulus Sample

66.20+ 0.7° 0.948+ 0.12° 534.46% 83.59 % 608.67+46.1% 1
96.03% 0.45® 0.754+ 0.06® 506.96+80.07% 607.35456.55" 2
112.46% 0.95® 0.598+ 0.05° 559.89+ 78.04 % 856.03+55.88% 3
123.19+ 3.45%® 0.659+ 0.05° 566.96% 83.55%® 892.53+154.81%° 4
152.63+ 0.2° 0642+ 0.01° 626.89°+90.15 964.75+149.02° 5

100.57+ 2.45%® 0.547+ 0.05° 332.14+ 45.56° 550.92+32.65° dals

Al o Lt sl s ime SVl 342 5 0 A3 OIS Ot a3 osline g

*In each column, values with different levels have significant differences (p<0.05).
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Abstract

Background and objective: Sponge cake as a snack food has great popularity among
individuals. It seems by fortifying its formulation as a popular snack food, can prepare a
functional and nutritive formulation. On the other hand, with increase in sensitivity to gluten
and celiac disease, demanding for gluten free or gluten reduced has increased. Due to the
importance of proteins forming the viscoelastic gluten network products in creating of desirable
rheological characteristics of bakery product, the necessity of using proteins with similar
characteristics to replace the gluten proteins is inevitable. The aim of this study was to prepare a
functional and nutritive product by using rice flour and wheat germ flour as substitute of wheat
flour in sponge cake formulation. The cake batter samples were prepared based on 100 percent
rice flour, also, wheat germ flour were used at levels of 0, 5, 10, 15, and 20 percent in batter
formulations. Also, one sample containing wheat flour was prepared as control. Due to
important role of wheat protein in forming of texture of dough and cake, Impact of replacing
wheat flour with rice flour and wheat germ flour on dough rheological properties of resulting
cake was investigated.

Materials and Methods: After defatted wheat germ flour, cake samples were prepared
according to specified the preparation of formulations. To study the rheological behavior, stable
rheological tests (flow behavior) and sweep tests (strain sweep and frequency sweep) on
obtained dough were applied by using rheometer equipped with two parallel plates.

Results: Results of flow behavior test indicated that all batter samples exhibited thixotropic
shear thinning behavior under steady shear tests, which fitted by Power law model and the
factors related to this model were specified in the samples. Also, it was observed that batters
exhibited weak- gel like properties, by using dynamic oscillatory shear tests and had significant
effects on acquired parameters from frequency sweep test, such as storage modulus, loss
modulus and tan delta (P<0.05). Sample containing rice flour exhibited weak rheological
characteristics compared with control. However, with increasing wheat germ flour levels (from
10 percent to 20 percent), viscosity and consistency coefficient increased, and the combination
of rice flour and 10% wheat germ flour was closest to the control.

Conclusion: It can be concluded, this is possible to prepare a functional product with desirable
rheological characteristics by applying appropriate levels of rice flour and wheat germ flour as

wheat flour substitutes in sponge cake formulation.

Keywords: Rice flour, Defatted wheat germ flour, Sponge cake, Rheological characteristics
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