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ABSTRACT

of wheat-based composite dough.

This study was conducted to determine the effect of wheat, soybean, and tef flour blending ratio on the
rheological property of wheat-based composites dough. The experiment was conducted using a custom design.
The corresponding proportion of wheat from 70% to 90%, soybean 5% to 15%, and tef 5% to 15% were taken
from a similar study, and using wheat (100%) flour bread as a control. Supplementing soybean and tef to wheat
increased Dough Development Time (DDT), dough Stability Time (ST), Time to Breakdown (TB), Farinograph
Quality Number (FQN), of the blended dough and decreased Water Absorption (WAS) and Mixing Tolerance Index
(MTI). Maximum WAS was obtained at control bread. DDT and ST were optimum at 70% wheat, 15% soybean and
15% tef, and 75% wheat, 15% soybean, and 10% tef, respectively. High values of TB (18.00 min) and FQN (180.00
FU) were obtained at the levels of wheat 70%, soybean 15%, and tef 15%. In general, the proportion of wheat from
80% to 85%, soybean from 5% to 10%, and tef from 5% to 10% were found optimum for the rheological property
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INTRODUCTION

Bread is one of the major products of baked foods and is consumed
worldwide [1]. Bread products and production techniques vary from
country to country. Basic ingredients are wheat flour, water, yeast,
and salt [2,3]. Other ingredients that may be added include flours
of other cereals, legumes, fat, malt flour, yeast foods, emulsifiers,
milk and milk products, fruit, and gluten [3]. With appropriate
process optimization, breads with acceptable quality can be made
with the addition of nontraditional ingredients [4].

In bread making, the physical properties of the dough determine
the quality of the finished product. The procedure in which wheat
flour, salt, yeast, and bread additives are treated to produce a
homogeneous mixture is called dough mixing. Gluten is the main
factor defining dough rheology, and since the dough mixing stage
influences gluten development, it is thus a component of the chief
factor in dough formation. Dough development during mixing is
the phase of the bread-making process where gluten functionality is
critical. The dough mixing process in bread making has the further
important objective of physically developing the gluten proteins
into a coherent three-dimensional structure that will impart to the
dough the desired degree of plasticity, elasticity, and viscosity. As

mixing proceeds, the initial incoherent dough mass develops visco-
elastic properties [2]. It is an important factor in bread making that
dough temperature should be kept under control during dough
mixing.

Wheat is a good source of calories and other nutrients but its
protein is of lower nutritional quality than milk, soy, pea and lupin
proteins as its protein is deficient in essential amino acids such
as lysine and threonine [5]. It is known that legumes contribute
significantly the protein, mineral and B-complex vitamin needs of
people in developing countries. Soybean (Glycine max) is a source
of high-quality cheap protein that is often used to improve protein
quantity and quality of most cereals and starch-based foods. Its use
in the production of bread as composite flour has been reported [6].
The principal use of tef grain for human food is the Ethiopian bread
(injera). Injera is a major staple food and provides approximately
two-thirds of the diet in Ethiopia [7]. Even, the reported high iron
content of tef injera has been refuted by some workers, the lack of
anemia in Ethiopia was implicated due to the available iron from
injera [8]. Several studies about the influence of the addition of
cereal flours such as sorghum, maize, and barley, as well as rich
lysine legumes to wheat flours on the physicochemical properties
of wheat bread dough and the quality of its final products have
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been reported in the last three decades [9]. In this research, an
attempt was made to study rheological property of cereallegume
composite dough.

MATERIALS AND METHODS

Experimental site

These experiments were done at Wolkite University College of
Engineering and Technology in the Food Process Engineering
Laboratory.

Experimental design

In this study, the effect of the blending ratio on rheological
properties of wheat-based composite dough was studied using the
custom design. The blending ratio of wheat were ranged from 70%
to 90% whereas tef and soybean from 5% to 15%. The constraints
proportions are decided based on a previous study [10-12] where
the percentage of wheat, and tef, and soybean ranged from 80% to
100% and 0% to 20%, respectively. 100% wheat flour dough was
used as a control in this study. The formulations had 12 runs and
it was done in three replications.

To get the formulation JMP version 8 was used as shown in Table 1.

Table 1: Experimental design.

Run Wheat Soybean Tef Response
1 0.80 0.15 0.05
2 0.80 0.10 0.10
3 0.70 0.15 0.15
4 0.80 0.05 0.15
5 0.75 0.15 0.10
6 0.75 0.10 0.15
7 0.85 0.05 0.10
8 0.85 0.10 0.05
9 0.70 0.15 0.15
10 0.80 0.15 0.05
11 0.80 0.05 0.15
12 0.90 0.05 0.05

Mixture model has no constant term [, (intercept) and squared
terms P, X%
established to describe the relationship between the response y and

In building the model, a regression equation is

the variables X. Second-order model was generated for the three
mixture components as follows.

Y=B1X1+BZX2+B3X3+B12X1X2+Bl3X1X3+B23XZX3

Where Y is predicted response; B,, B, and B, are linear coefficients;
B, B,; and B, are the cross product (interaction) coefficients; X,
X, and X, are independent variables.

Raw materials collection

The materials for the investigation, bread wheat (Digalo variety),
and tef (Quncho variety) were collected from Debre Zeit Agricultural
Research Center and the soybean (Afgat variety) from Awassa
Agricultural Research Center. All the samples were cleaned
manually to remove foreign matters, immature and damaged seeds.
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Milling and flour production

Cleaned wheat and tef grain were milled into flour using cottage
commercial grain mill. Following milling, the flour was sifted to
pass through 710 pm test sieve [13], sealed in plastic bags, and
stored at dry and darkroom temperature until the experiment was
conducted.

The soybean was cleaned/sorted for physical impurities. The
soybean was blanched in a boiling water bath (95°C) for 20 minutes
to arrest the lipoxygenase enzyme [14,15] and dried at (100-120)°C
for 3-4 hours in an oven [14]. Then the soybeans were roasted until
light brown to inactivate/reduce the antinutritional factor and
to remove seed coats (decorticate) using a commercial mill. The
decorticated beans were manually winnowed to separate the hulls
and milled to flour using a commercial mill. The flour was sifted to
pass through a 710 pm test sieve, sealed in plastic bags, and stored
at dry and darkroom temperature until analysis.

Rheological analysis

Dough strength was measured by Farinogragh according to [16]
method No. 54-21 of constant dough weight method at (30 *
0.2)°C using a 300 g mixing bowl, operating at 63 rpm. Farinogragh
values: Water Absorption (WAS in %), Dough Development Time
(DDT in min), Stability Time (ST in min), Mixing Tolerance Index
(MTI in FU) and Time to Breakdown (TB in min) was evaluated
by AACC method using the Farinogram software (Brabander ®
Farinogragh version: 2.3.6, 1996-2005, Microsoft Corporation).

Statistical analysis

At least a triplicate data was analyzed and modeled using the
statistical software JMP™ 8, 2008 (by SAS Institute Inc., Cary,
NC, USA). A polynomial equation was fitted to the data to
obtain a regression equation. Statistical significance terms in the
models were identified. Data obtained were analyzed through
Analysis of Variance (ANOVA), using the General Linear Models
Procedure (GLM) [17] and the Least Significant Difference (LSD)
were calculated on SAS package. Significance was judged if the

probability level of the F-statistic calculated from the data was less
than 0.05.

RESULTS AND DISCUSSIONS

Rheological properties of dough

Rheological properties of the dough depending on the quantity
and quality of the gluten protein fraction. This is because a certain
quantity and quality of gluten proteins must be present for flour
to form the sufficiently cohesive dough to trap the gas produced
during the fermentation process [18]. The rheological behaviors
were evaluated by using Brabender Farinograph in terms of Water
Absorption (WAS) (%), Dough Development Time (DDT) (min),
Dough Stability (ST) (min), Mixing Tolerance Index (MTI) (FU),
Time to Breakdown (TB) (min) and Farinograph Quality Number
(FQN) of composite flour dough’s samples.

Water absorption (WAS%): Water absorption is the point chosen
by the baking industry which represents a target water-to-flour ratio
in bread dough. It is important to determine taste and texture of
bread and dough performance during proofing and baking. The
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water absorption data of the blend bread are shown in (Table 2).
Blending of wheat, soybean and tef had a significant (p<0.05)
effect on the water absorption of the blend flour. Highest value
(57.66%) was obtained when 80% wheat, 10% soybean and 10%
tef were blended at 30°C. The lower value (56.33%) was obtained
when 70% wheat, 15% soybean and 15% tef were blended at
30°C. This decrease might be because of reduced level of gluten in
the blend. The results indicated that addition of tef flour caused
non-significant increase in water absorption. Several studies also
reported that the dough made from composite flour absorbed
more water than that made from wheat flour alone [19,20]. The
absorption of more water during mixing is a typical characteristic
of composite starches [21].

The combined effect of wheat, soybean, and tef had a significant
(p<0.05) effect on the water absorption of the blended bread. All
liner terms (except wheat flour dough) had an insignificant effect
on the water absorption of the blend bread. The interaction terms
(W*S) and (S*t) had nonsignificant (p>0.05) effect on water
absorption of the blend bread, except the interaction term of
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wheat and soybean had a significant (p<0.05) effect on the water
absorption, which significantly increased the water absorption of
the blend bread. The following model was developed to predict the
water absorption content of the blend flours as shown (Figure 1).

WAS=53.22W-25.385-65.58t+117.47(W*S)+164.13(W*t)+138.52(
S*t) (R?=0.42)

Where WAS is predicted water absorption (%); W: Wheat (%); S:
Soybean (%); t: Tef (%),

Dough Development Time (DDT): Development time is the time
from the first addition of water to the time the dough reaches the
point of greatest torque. During this phase of mixing, the water
hydrates the flour components and the dough is developed.
Blending of wheat, soybean and tef had a significant (p<0.05)
effect on the dough development time of the blend flour (Table
2). Longest time (14.30 min) was obtained when 70% wheat, 15%
soybean and 15% tef were blended at 30°C. The longest DDT
for this blend could be due to the lowest fraction of wheat flour
in the blend which resulted in the lowest gluten content which

WiAS (%) Residual

-1.4 T T T T T
55 5545 56 565 &Y &7.5 A8

WAS (%) Predicted

(b)

Figure 1: Analyzed value versus predicted (a) and residual versus predicted (b) plot of WAS.

Table 2: Farinograph characteristics of the blended flours.

a8
_araT
(1]
E a7
T
g a6.57
i)
% LY}
a5.87
Ll T T T T T
A% 5545 A6 AES5 AT ATY5 Al
WihS (%) Predicted P=0.004
RSg=0.42 RMSE=0.4236
(a)
Run w s t WAS (%) DDT (min)
1 0.80 0.5 0.05 57.53 + 0.05® 11.10 + 0.26¢
2 0.80 0.10 0.10 57.66 + 0.25 10.06 + 0.30¢
3 0.70 0.15 0.15 56.33 £ 0.91¢ 14.30 + 0.30°
4 0.80 0.05 0.15 57.20 £ 0.34 7.96 £ 0.15¢
5 0.75 0.5 0.10 57.40 + 0.17" 13.66 + 0.15"
6 0.75 010 0.15 57.30 + 0.00b 10.33 £ 0.05¢
7 0.85 0.05 0.10 5713 +0.23hd 7.20 £ 0.00
8 0.85 0.10 0.05 57.00 + 0.69bde 10.23 £ 0.05¢
9 0.70 0.5 0.15 56.76 + 0.11<k 11.33 £ 0.15¢
10 0.80 0.15 0.05 57.10 £ 0.69> 12.46 £ 0.41¢
11 0.80 0.05 0.15 57.20 + 0.10° 8.43 + 0.11°
12 090 0.05 0.05 56.60 + 0.52% 8.03 £ 0.15¢
Control 1 0 0 58.20 £ 0.10° 6.73 + 0.30!
Mean 57.18 £ 0.58 10.14 £ 2.35
Range 56.33-58.20 6.73-14.30

ST (min) MTI (Fu) TB (min) FQN
6.70 £ 0.10° 29.00 + 0.50~ 16.80 + 0.20° 168.00 + 2.00°
5.70 £ 0.20¢ 44.50 + 0.50' 13.23 £ 0.25¢ 132.33 £ 2.51¢
10.53 + 0.49" 45.00 + 0.00! 18.00 + 0.00? 180.00 + 0.00?
3.93 +0.05# 70.33 £ 0.28¢ 9.73 + 0.11f 98.00 + 0.00
12.76 + 0.32¢ 47.00 = 0.20" 16.56 + 0.38" 165.66 + 3.78°
7.00 £ 0.00¢ 51.50 + 0.50f 12.80 £ 0.30¢ 128.00 + 3.00¢
3.00 + 0.00 74.00 £ 0.00° 8.76 + 0.05¢ 87.66 £ 0.57"
5.13 £0.05¢ 40.00 + 0.00! 13.73 £ 0.25¢ 137.33 £ 2.52¢
2.86 + 0.05' 47.83 +0.29¢ 14.10 + 0.10¢ 141.00 + 1.00¢
4.70 + 0.00f 26.00 + 0.00" 17.86 £ 0.11° 178.66 + 1.15*
3.36 +0.21" 71.83 £0.29° 9.40 + 0.30 94.00 £ 3.00¢
3.73 + 0.06# 55.50 + 0.50¢ 12.73 + 0.15¢ 127.33 + 1.52¢
2.73 £ 0.15° 57.00 + 1.00¢ 8.40 £ 0.40¢ 84.00 + 4.00
5.55+2.97 51.19 £ 15.42 13.24 + 3.32 132.46 £ 33.21

2.13-12.76 26.00-77.83 8.40-18.00 84.00-180.00

Values are in Mean + SD. Means within a column with the same letter are not significantly different (p>0.05) (a>b>c.....k>]). w, s and t are fractions of

wheat, Soybean and tef, respectively
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absorbs the water. Furthermore, the highest proportion of soybean
(15%) has resulted in the long DDT, as shown in the data, probably
because of the high fat and fiber content which interferes with
water absorption. Dough development time increases with the
increase in the proteolytic degradation of protein [22]. This is also
may be due to decrease in their gluten contents and weakening
of protein network due to proteolytic activity of composite flours.
The shortest time (period) (6.73 min) was obtained at 100% wheat
(the control). The lowest value of dough development time was
recorded for wheat dough with the highest gluten (Figure 2).

The combination of wheat, soybean and tef had significant
(p<0.0001) effect on dough development time of the blend flour.
The linear terms of wheat (p<0.05) had significant effect on
the blend. However, the liner terms of soybean and tef showed
insignificant (p>0.05) effect on the dough development time. All
the interaction terms had no significant (p>0.05) effect on the
amount of dough development time in the blend. The following
model was developed to predict dough development time.

DDT=5.42W+54.915-34.48¢12.31(W*S)+47.68(W*t)+108.37(S*t)
(R*=0.86)

Where DDT is Predicted dough development time (min); W:
Wheat (%); S: Soybean (%); t: Tef (%)

Dough Stability Time (ST): Dough stability time is the time in

DODT (min) Actual

7 e B e e e R
1m 11 12 13 14 14
DOT imin) Predicted P=.0001
RSg=0.86 RMSE=02396A

(@)
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minutes during which the curve remains on 500 BU line. The
stability time is the gluten quality parameters which describe the
visco-elastic properties of formed gluten complex. There were
significant differences (p<0.05) in the dough stability time of the
composite flours (Table 2). The longest (12.76 min.) was observed
for the blend of 75% wheat, 15% soybean and 10% tef and the
shortest (2.73 min.) was observed for control flour (100% wheat).
The long ST values are associated with the relatively low starch (70%
and 75%) and high soybean (10% and 15%) contents. Likewise,
the short ST values correspond to blends with relatively high starch
(> 80%) and low soybean (5%) contents. The dough stability time
recorded increased with higher levels of soy substitution; increasing
from 7% with whole wheat flour to 17.0% with 30% substitution
[23].

The stability time had increased with the addition of soybean
flours. Similar results were obtained by Khalil et al. [24] who found
that the dough stability time of wheat flour blended with cassava
flour markedly increased at 30% level of substitution (Figure 3).

The combined effect of wheat, soybean and tef had significant
(p<0.05) changes on the dough stability time of the blended flour.
The linear terms of wheat and soybean had no significant (p>0.05)
effect on the dough stability time of the blend flour. However, the
linear term of tef had a significant (p<0.05) effect on the dough
stability time. The interaction terms of (W*S) and (S*t), had no

2.0
1.5
1.0
0.5 - .
(]I EEE RPN g eenngansannnanas
-0.57 ’
-1.0
-1.587
-2.0 T T T T T T T
o8 9 10 11 12 13 14 14
DOT {min Predicted

DOT {rnin)
Residud

(b)

Figure 2: Analyzed value versus predicted (a) and residual versus predicted (b) plot of DDT.
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Figure 3: Analyzed value versus predicted (a) and residual versus predicted (b) plot of ST.
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significant effect (p>0.05) on the dough stability time whereas that
of (S*t) had. The following model was developed to predict the
dough stability time.

ST=-6.68W-51.225-664.75t+102.18(W*S)+828.85(W*1)+979.05(S
*t) (R*=0.45)

Where ST is Predicted stability time (min); W: Wheat (%); S:
Soybean (%); t: Tef (%)

Mixing Tolerance Index (MTI): Mixing tolerance index is used by
bakers to determine the amount that dough will soften throughout
mixing. Blending of wheat, soybean and tef had significant
(p<0.05) influence on the mixing tolerance index (Table 2). The
highest value (77.83 Fu) was observed for the blend of 80% wheat,
5% soybean and 15% tef and the lowest (26.00 Fu) was observed
for the blend of 80% wheat, 15% soybean and 5% tef flour blend.
Blending wheat flour with tef had somewhat increase the mixing
tolerance index (Figure 4).

The combination of wheat, soybean and tef had a significantly
(p<0.0001) affected the mixing tolerance index. The linear terms
of wheat, soybean and tef (p<0.0001) had significant effect on the
mixing tolerance index of the blends. The result showed when the
level of tef increased in the blend the mixing tolerance index also
increased. Wheat is known to have low MTI [23]. The addition of
tef and soybean had increased the MTI of the blend. The interaction
terms of (W*S) and (W*t) had significant effect on the MTI of the
blend flour. As compared to the control (100% wheat sample) the
MTI values of the blend flours were significantly (p<0.05) lower.
This is due to the presence of low amount of wheat flour in the
blend. The interaction terms of (S*t) (p>0.05) had no significant
effect on the mixing tolerance index of the blend. The following
model was developed to predict the mixing tolerance index of the

blend.

MTI=71.46W+2503.85-1766.52t-3410.55(W*S)+2489.44(W*t)-
772.82(S*t) (R=0.96)

Where MTI is Predicted mixing tolerance index (Fu); W: Wheat
(%); S: Soybean (%); t: Tef (%)

The analyzed (experimental) value versus predicted to MTI (Figure
4a) was correlated with the experimental data as demonstrated by
regression coefficient (R?=0.96). The majority of the points were
randomly distributed nearby the diagonal line.

80
70
B0
504
40

MTI(FIL Actual

04

20—
20 30 40 50 B0 7O AD
MTI {FLIY Predicted P=.0001

RSu=0.496 RMSE=3.3393

(@)
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The residual versus predicted plot is presented in Figure 4b. The
points were randomly distributed about the zero value horizontal
line on the vertical axis. This indicates that the model was adequate
in describing the data.

Time to Breakdown (TB): Time to break down is a time from
start of mixing until there has been a decrease of 30 FU from peak
point. The data of time to break down of the dough of the blended
flours are shown in Table 2. Blending of wheat, soybean and tef
had significant effect (p<0.05) on time to break down of the dough.
The highest (17.86 min) was observed for blending of 80% wheat,
15% soybean and 5% tef flour and the lowest (8.40 min) observed
for 100% wheat (control) flour. This may be due to the high fiber
contents of soybean flour. The result in this work is within the
range (2.90-25.4) minutes reported by Maghirang et al. for hard red
winter wheat (Figure 5) [25].

The combining wheat, soybean and tef brought significant
(p<0.0001) effect on time to break down of the blend dough. The
linear terms of wheat showed significant (p<0.05) effect on the time
to break down of the blend. The effect of linear term of soybean
and tef, and all interaction terms were insignificant (p>0.05). The
following model was developed to predict time to break down of

the blend.

TB=14.09W+133.365+245.76t-91.01(W*S)+331.01(W*t)-
271.98(S*t) (R*=0.89)

Where TB is Predicted time to break down (Fu); W: Wheat (%); S:
Soybean (%), t: Tef (%)

Farinograph Quality Number (FQN): The farinograph quality
number of the flour dough was significantly (p<0.05) affected by the
wheat, soybean and tef blending (Table 2). The FQN of the blend
product had ranged from (84.00-180.00) FU. The highest value
(180.00FU) was obtained when 70% wheat flour, 15% soybean
and 15% tef flour were blended. The lowest value (84.00FU) was
for 100% wheat flour (control). The farinograph quality number
of composite flour dough’s increased as the soybean and tef flours
blending ratios increased in wheat flour (Figure 6).

The combined effect of wheat, soybean and tef was significant
(p<0.0001) on FQN of the blend dough. The linear term of wheat
had a significant (p<0.0001) effect on the FQN of the blend. The

effect of linear term of soybean and tef, and all interaction terms

MTI{FL) Residual

-G T T .| T T
20 30 40 &0 O YO 8O

MTI (FLI Predicted

(b)

Figure 4: Analyzed value versus predicted (a) and residual versus predicted (b) plot of MTL.
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Figure 5: Analyzed value versus predicted (a) and residual versus predicted (b) plot of TB.
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Figure 6: Analyzed value versus predicted (a) and residual versus predicted (b) plot of FQN.

(W*S), (W*t) and (S*t) were insignificant (p>0.05). The following
model was developed to predict FQN of the blend.

FQN=141.00W+1354.33S+2481t-933.33(W*S)-3333.33(W*¢)-
2800.00(S*t) (R?=0.89)

Where FQN is Predicted Farinograph Quality Number (Fu); W:
Wheat (%); S: Soybean (%),

t: Tef (%)
CONCLUSION

Rheological property of wheat composite dough analysis is
important to determine the final quality of bread. Supplementing
soybean and tef to wheat increased Dough Development Time
(DDT), dough Stability Time (ST), Time to Breakdown (TB) and
Farinograph Quality Number (FQN) of the blend dough and
decrease Water Absorption (WAS) and Mixing Tolerance Index
(MTI) of wheat base composite dough. It was thus concluded that,
the proportion of wheat from 80% to 85%, soybean from 5% to
10% and tef from 5% to 10% were optimum levels for rheological
property of the wheat-based composite dough. An optimum mixing

J Food Process Technol, Vol.11 Iss.10 No:847

level is important in determining rheological property of wheat-

based composite dough.
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