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ABSTRACT

In Egypt, bread is traditionally produced from wheat "'Triticum aestivum" flour. Due to high demand, about 50%of
needed wheat is imported. The inability to sustain the national wheat imports for making wheat based foods, makes is
imperative that some substitutes for wheat must be incorporated in the bread preparation. Alternative non wheat cereals
that has capacity to substitute wheat in bread flour in Egypt, includes barley, maize, rice and sorghum The recent study
was carried out to determine the possibility of substituting local wheat varieties flour with rice, sorghum and naked barley
flours. Rice flour substitution blends versus sorghum flour substitution blends contained significantly higher 1.396 protein
units in Misr2 cultivar, 0.469 units in Gizal71 cultivar and significant 0.016 units in Gimmezall cultivar. In the
meantime, the difference between flour blends that contained rice flour substitution and those contained barley flour
substitution in protein content were reduction of 1.899 units in Misr2 cultivar, 0.526 units in Gizal71 cultivar and 0.484
units in Gimmezall cultivar. Meanwhile, the influence of fenugreek flour in blends to protein content showed that, less
protein content was associated with fenugreek substitution relative soybean. That reduction reached 0.129 units in Misr2,
0.158 units in Gizal71 and 0.137 units in Gimmezall cultivar. Substitution of wheat flour by rice flour in blends resulted
in significant increase in dry gluten percentage of Misr2 cultivar reached 0.056% over blends with sorghum flour. While,
blends of Gizal71 had significantly 0.233% lower dry gluten. Also, rice/Gimmezall flour blends showed insignificantly
0.010% lower dry gluten percentage relative to blends with sorghum flour. Wheat blends with rice flour in comparison to
blends with barley flour, indicated a reduction in dry gluten percentage reached -0.027, -0.332 and -0.227 for wheat
cultivars Misr2, Gizal71 and Gimmezal 1, respectively. Blend contained substitution with 5% fenugreek flour and 5%
soybean flour contained significantly less 0.078, 0.251 and 0.084% dry gluten in comparison to blends that contained a
substitution of 5% fenugreek for cultivars, Misr2, Gizal71 and Gimmezal 1, respectively.

Key words: Substitution, wheat flour, local cereals, pulses flour, Flour protein, dry gluten content.

INTRODUCTION glutenins and gliadins. Glutenins confer elasticity,
while, gliadins confer mainly viscous flow and
extensibility. This is how gluten is responsible for
vescoelastic properties of wheat- flour dough. It is
also the main character dictating the proper use of
wheat variety. Gluten viscoelasticity for end —use
purposes is commonly known as flour or dough
strength. (Qarooni et al,1987). Roughly, wheat flour
contains the same amounts of glutenins and gliadins
. The unbalance of glutein/gliadin ratio may change
the vescoelastic properties. The fraction of gluten is,
however, the major protein factor responsible for
variation in dough strength among wheat varieties
(Rozylo and.Laskowski,2011).

In Egypt, bread is traditionally produced from
wheat "'triticum aestivum" flour. Due to high
demand, about 50%of needed wheat is imported.
The inability to sustain the national wheat imports
for making wheat based foods, makes is imperative
that some substitutes for wheat must be incorporated
in the bread preparation. Using alternate flour in
bread making was introduced many years ago.
Many of tested wheat blends showed levels of
success in  bread making (Harden and

Among the cultivated cereals, wheat has a
unique nourishment position. This simply goes to
the type of starch it contain, it is content of protein
,minerals, vitamins and fat (Ereifej et al.2006).
Dough produced from wheat flour different from
those made from other cereals in their viscoelastic
properties. The raised bread loaf is possible because
the wheat kernel contain gluten, an elastic form of
protein that trap minute bubbles of carbon dioxide
when fermentation occurs in leavened dough
causing the dough to rise (Popa ez al 2014).

Wheat cultivars within species differ in grain
composition and quality of processing. The later
gained more importance in grain trade which
reflects grains attributes associated with processing
quality. Grain protein content varies between 8 and
17 percent, depending on genetic make-up and
production factors. The insoluble protein form in
wheat flour when come to contact with water,shows
the viscoelastic mass of gluten, which represents
about 78 to 85 percent of total wheat endosperm
protein. This type of protein is complex composed
of polymeric and monomeric proteins known as
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Yang,1975;D'Appolonia,1977).Local non  wheat
flours were used in replacing portions of wheat flour
in bread making worldwide (Okaka and
Potter,1977).

Alternative non wheat cereals that has capacity
to substitute wheat in bread flour in Egypt, includes
barley, maize, rice and sorghum .Maize 'Zea mays'
is rich in energy and good quality protein but, the
pericarp fraction, which contain 77.7-84.6% dietary
fiber (Gupta and Singh, 1981), adheres tightly to the
outer surface of aleuron layer, so that, cannot be
removed easily and become responsible for
decreasing digestibility and smoothness of dough.
Finally, produce Fast staled bread. Rice "Oryza
sativa" is the second cereal crop in Egypt after
wheat. Regarding the total produced quantity; 9.46
and 5.72 million tons for wheat and rice
Jrespectively  (year  book  of  agricultural
statistics,2016) A large quantity of broken rice
grains result during the processing of rice which
amount to 500.000 tons annually. The nutritional
contribution of rice flour goes to its content of
amylase protein and low molecular weight sugar.

Naked barley "Hordeum vulgar" is proposed as
an alternative to wheat cultivation in marginal land
of Egypt and under limited water allowances.
Besides, the required processing and milling
techniques are similar for wheat and barley. The
total produced quantity of barley grains reach
130,000 ton most of it is covered grains.

Sorghum "Sorghum bicolor" is an obligate
cereal to upper Egypt, where, climatic condition
enable yield proliferation and people consume
sorghum bread .A total of one million ton of
sorghum grains is produced annually (year book of
agriculture statistics, 2016).

Legumes flours are blended with wheat flour at
variable ratios to increase water absorption and
reducing dough stability in Farinograph. Many
researches scored an increase in water absorption
with each increase in dough's protein level. (Matz,
1972 and Younis, 2014). Simon, 1987, stated that
high water absorption flour produce high quality
bread, with long shelf-life. Also, low protein dough
(less than 12%) has long development time (Finncy
et al, 1987). Composite flour technology entails
reaching high quality products at an economic level.
This might be attained by mixing defatted soy flour
(Junqueira et al, 2000 and Hosny, 2018) or lupine
flour (Hull and Johnson, 2004).

The recent study was carried out to determine
the possibility of substituting local wheat varieties
flour with rice, sorghum and naked barley flours in
relation to protein and dry gluten content.
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MATERIALS AND METHODES

The recent study included studying the
possibility of substituting local cereals flours (rice,
sorghum and naked barley) to local bread wheat
cultivars. Adding fenugreek local pulse flour and
imported soybean flour to improve characters of
bread was also included. Separate experiments were
carried out for each bread wheat variety(three
experiments). The studied local bread wheat
cultivars were; Misr 2, Giza 171 and Gemmiza
11.Row materials for local cereals, fenugreek and
bread wheat cultivars were obtained from the
Agricultural Research  center, Ministry of
Agriculture, Giza, Egypt. 86% extraction flour were
prepared following AACC; 26-10 A method.
Tempered cleaned grains milled by barabender
quadrumat mill using the barabender procedure. For
each local bread wheat cultivars the following flour
blends were prepared (Tablel).

Flour Quality

The studied flour blends were subject to the
following determination:

e Crude protein  percentage;

according to AACC.38-12.02, 2000.
o Gluten content; Determined according to AACC

38-12.02, 2000.

Statistical analysis:

MSTAT-C package (1986) was used. Numerical
data were subjected to square root transformation
before analysis. Separate experiments was analyzed
them combined analysis was performed when the
assumption of error homogeneity cannot be rejected
(Bartllet, 1937). Orthogonal comparisons were used
to compare selected groups of treatments.

RESULTS AND DISCUSSION

The main objective of the recent study was to
assess the possibility of substituting local cereals
flours represented by rice, sorghum and naked
barley to wheat flour. Three separate experiments
were carried out each included one of the local
bread wheat varieties. These were Misr2, Gizal71
and Gimmizall. Combined analysis of experiments
(cultivars) was performed. Since, the assumption of
homogeneity of variances was not rejected. The
obtained results were presented for flour chemical
analysis and.

Table 2 illustrated mean squares of flour protein
and dry gluten content over the three wheat
cultivars.  Crude protein  percentage  were
significantly (p>0.01) different among the studied
cultivars. In the meantime, the studied flour blends
were significantly (p>0.01) different in all studied
chemical analysis characters. Also, significant
(p>0.01) interaction between varieties and flour
blends were reached in crude protein percentage.
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Table 1: list of studied flour blends that represent different levels of local cereals flour substitution and

pulse flour addition

code Treatment

Component of one kilogram blended flour

wheat cereal pulse
1 WF 100% 1000 - -
2 WF+10%RF 900 100 -
3 WF+10%RF+5%Fen 850 100 50
4 WEF+10%RF+5%So 850 100 50
5 WF+20%RF 800 200 -
6 WF+20%RF+5%Fen 750 200 50
7 WF+20%RF+5%S0 750 200 50
8 WEF+30%RF 700 300 -
9 WEF+30%RF+5%Fen 650 300 50
10 WF+30%RF+5%So 650 300 50
11 WF+10%SF 900 100 -
12 WF+10%SF+5%Fen 850 100 50
13 WF+10%S£+5%So 850 100 50
14 WEF+20%SF 800 200 -
15 WF+20%SF+5%Fen 750 200 50
16 WF+20%SF+5%So 750 200 50
17 WEF+30%SF 700 300 -
18 WF+30%SF+5%Fen 650 300 50
19 WF+30%SF+5%So 650 300 50
20 WF+10%BF 900 100 -
21 WF+10%BF+5%Fen 850 100 50
22 WF+10%BF+5%S0 850 100 50
23 WEF+20%BF 800 200 -
24 WF+20%BF+5%Fen 750 200 50
25 WF+20%BF+5%S0 750 200 50
26 WF+30%BF 700 300 -
27 WF+30%BF+5%Fen 650 300 50
28 WF+30%BF+5%So 650 300 50
29 WF+5%Fen 950 - 50
30 WF+5%So 950 - 50
31 WF+5%Fen+5%So 900 - 100

WF; Wheat flour RF; Rice flour  SF; Sorghum flour
Fen; Fenugreek flour  SO; Soybean flour

BF; Barley flour

Table 2: Mean squares of protein percentage and dry gluten content of flour blends as affected by
wheat cultivar and cearles and / or pulse flour blends.

M.S.

5.0.V. d.f Protein (dry base) Dry gluten

Wheat cultivar (A) 2 285.150" 85.411™

Error 4 0.056 3.671

Flour blends (B) 30 11.025" 5573

AxB 60 4.478" 0.836"

Error 180 0.027 0.290
A: Protein content (dry base): significant rank was represented by wheat flour +
Rice flour substitution: 10% rice flour + 5% Fenugreek flour blend (9.989).

Rice flour substitution to wheat flour Significantly lower third rank in protein content was

significantly affected protein content of the flour
blends (Table 2). Overall the studied cultivars, the
highest significant protein content was expressed by
wheat flour (10.33) and wheat flour + 10% rice flour
+ 5% soybean flour blend (10.44). The second

presented by wheat flour + 10% rice flour blend
(9.744). The fourth significant rank expressed by
wheat flour + 30% rice flour bland (9.206).
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Table 3: Effect of rice flour and pulses flour substitution on protein content (dry base) of flour

blends of wheat cultivars.

‘Wheat cultivar
Flour blends : - - -
Misr2 Gizal71 Gimmezall Combined

WF 100 % 9.283 11.057 10.657 10.332°
WF+ 10% RF 9.100 10.867 9.267 9.744°
WF+10% RF+ 5% Fen 9.517 11.413 9.037 9.989"
WF+10% RF+ 5% Soy 10.403 12.257 8.660 10.440°
WF+ 20% RF 8.067 9.610 8.263 8.647"
WF+ 20% RF+ 5% Fen 8.333 10.113 7.250 8.566
WF+ 20% RF+ 5% Soy 9.333 10.633 7.207 9.058°
WEF+ 30% RF 8.500 10.190 8.927 9.206°
WF+ 30% RF+ 5% Fen 9.327 10.820 6.933 9.027¢
WEF+ 30% RF+ 5% Soy 10.430 11.840 6.870 9.713°
Mean 9.2296" 10.88" 8.307°

WF; Wheat Flour BF; Barley Flour

L.S.D. cultivar ¢;; 0.1085 L.S.D. flour blends g ;; 0.1549

That previous blend was paradoxically superior to
the blend of wheat flour + 30% rice flour + 5%
Fenugreek flour (9.027). Also, that latter blend was
significantly similar to the blend of wheat flour +
20% rice flour + 5% soybean flour (9.059). The
least significant protein content was expressed by
any of wheat flour + 20% rice flour blend + 5%
Fenugreek flour (8.647 and 8.566, respectively).
Commonly, disharmony in protein content of
various blends overall the studied wheat cultivars,
was mainly affected by the significant cultivar x
blend interaction, since, the behavior of blends
varied in magnitude or trend of change with variable
wheat cultivar. This might explain the failure of
flour blends that contained pulses flour to show
higher values of protein content. The previous
assumption might be clarified when considering the
highest significant protein content that expressed by
the blend of Gizal71 flour + 10% rice flour + 5%
soybean flour (12.26). The second significant rank
of protein content was expressed by the blend of the
same wheat cultivar flour + 30% rice flour + 5%
soybean flour (11.84). While, the least significant
protein content was presented Gimmezall wheat
flour cultivar blends with 30% rice flour irrespective
of the type of pulse flour (6.933 and 6.870 for wheat
flour + 30% rice flour + 5% Fenugreek flour blend
and wheat flour + 30% rice flour + 5% soybean
flour blend, respectively). It was valuable to notice
that, overall the studied flour blends, Gizal71l
cultivar exhibited the highest significant protein
content (10.88), whereas, Gimmazall cultivar
presented the least mean protein content (8.307).
Orthogonal comparisons that summarize the
effect of rice flour substitution level on wheat flour
blend's protein content were presented in Table 4.
Increasing the level of rice flour substitution from
10% to 20% of the flour bland was associated with
an increase in protein content reached 0.548
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Fen; Fenugreek Flour

Soy; Soybean flour
L.S.D. interaction ¢ o;; 0.2683

(p=0.0001), 0.029 (p=0.0001) and 0.707 (p=0.0001)
for wheat cultivars Misr2, Gizal71 and Gimmezall
cultivars, respectively. Also, increasing the level of
rice flour substitution to wheat flour from 20% to
30% was associated with negative affection protein
content reached 0.421 (p=0.0001), 0.416 (p=0.0001)
and 0.002 (p>0.003) for the three studied wheat
cultivars; Misr2, Gizal7l and Gimmezall;
respectively. Overall the studied wheat cultivars, an
increase in protein content reached 0.430
(p>0.0001) was associated with increasing rice flour
substitution from 10% to 20%. While, increasing the
level of rice flour substitution, from 20% to 30%
resulted in an overall decrease in protein content
reached 0.281 (p>0.003).

Sorghum flour substitution:

Protein content (dry base) of flour blends
representing different levels of sorghum flour
substitution to wheat cultivars flours were presented
in Table 5. Substitution of sorghum flour to Misr2
wheat flour was associated with clear increase in
blend's protein content. Substituting 10% of Misr2
flour with sorghum flour gave significantly rich
blend in protein (9.283 and 9.613 for wheat and
wheat + 10% sorghum flour blend, respectively).
Substituting wheat flour with additional 5%
fenugreek flour gave significantly richer protein
blend (10.657). Also, soybean flour substitution to
Misr2 wheat flour at 5% gave significantly protein
higher blend (11.433). Increasing sorghum flour
substitution level to 20% wheat flour, gave
significantly additional protein content. Pulses flour
substitution gave variable effects to blend protein
content. Where, fenugreek flour significantly raised
protein content of the blend (12.40). While, soybean
flour substitution yielded significantly lower protein
content (12.00).
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Table 4: Orthogonal comparisons between different levels of rice flour substitution to wheat flour reflected on protein dry basis of the flour blend.

Wheat cultivar

Comparisons Misr2 Gizal7l Gimmezall Combined
Effect Significance Effect Significance Effect Significance Effect Significance
WF+ 10% RF v.s WF +20%RF 0.548 0.0001 0.029 0.0001 0.707 0.0001 0.430 0.001
WEF+ 20%RF v.s WF+30% RF -0.421 0.000 -0.416 0.000 -0.002 0.003 -0.281 0.003
‘WF; Wheat Flour RF: Rice Flour Fen; Fenugreek Flour Soy; Soybean flour
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The highest protein content in flour blends were
those resulted from 30% sorghum flour substitution
with significantly similar figures irrespective of
pulses flour substitution (13.34, 13.33 and 13.17 for
wheat flour + 30% sorghum flour substitution,
wheat flour + 30% sorghum flour + 5% fenugreek
flour and wheat flour + 30% sorghum flour + 5%
soybean flour blends, respectively). Protein content
of Gizal71 wheat cultivar blends in response to
sorghum flour substitution were in harmony to those
presented in Misr2 cultivar. 10% sorghum flour
substitution to wheat flour gave significantly higher
protein content relative to wheat flour (11.06 and
11.27 for the former and the latter, respectively).
Additional substitution to another 5% by fenugreek
and soybean flours gave significantly higher protein
content. In the meantime, blends contained
fenugreek or soybean flour were significantly
different with superiority to soybean flour (11.75
and 12.78 for fenugreek and soybean blends,
respectively). It was valuable to notice that
increasing the level of sorghum flour substitution to
20% gave blend of significantly higher protein
content relative to wheat flour (10.35) but, was
relatively and significantly of lesser protein content
relative to blend that contained only 10% sorghum
flour substitution to wheat flour. Additional
substitution of 5% fenugreek flour gave a blend of
significantly higher protein content (10.80).
Replacing fenugreek flour by soybean flour at the
same level 5% was associated with significant
increase in protein content (11.87). Blend that has
30% sorghum flour substitution had protein content
significantly surpassed 20% sorghum wheat flour
blend (12.10). Additional substitution by 5%
fenugreek flour gave significantly similar protein
content (12.00). Wheat flour with 30% sorghum
flour + 5% soybean flour blend significantly
enjoyed the highest protein content of 13.27.

Alex. J. Agric. Sci.

As for Gimmezall wheat cultivar, sorghum
flour substitution was proportionally associated with
reduction in protein content. Wheat flour blends that
contained 20% sorghum flour contained about three
unit of protein content, relative to pure wheat flour.
Additional substitution by 5% fenugreek or soybean
flour gave significantly lower protein content of
flour blends (7.443 and 7.440 for blends of wheat
flour + 30% sorghum flour + 5% fenugreek flour
and wheat flour + 30% sorghum flour + 5% soybean
flour, respectively). The least protein content were
presented by blends of wheat flour + 30% sorghum
flour + 5% fenugreek or soybean flours (7.250 and
7.177, respectively). It was valuable to notice that,
the significant interaction between wheat cultivar
and flour blends was mainly due to the variable
magnitude of protein content in similar blends of
variable cultivars and the disharmony in the pattern
of protein content response to variation in the level
of sorghum flour substitution. In the meantime
overall wheat cultivar blends, Misr2 and Gizal71
showed similar protein content that were
significantly superior to Gimmezall cultivar (11.74,
11.73 and 8.335, respectively).

Orthogonal comparison between different
levels of sorghum flour substitution to wheat flour
reflected on protein (dry base) of flour blend were
presented in Table 6. Overall the studied flour
blends, 10% versus 20% sorghum flour substitution
was associated with a reduction of 0.186 unit in
protein content of Misr2 wheat flour (p>0.0001), an
increase of 0.464 unit in Gizal71 wheat cultivar
(p>0.0001) and an increase of 0.855 wunit in
Gimmezall wheat cultivar (p=0.0001). Over the
three studied wheat cultivar, the rise in sorghum
flour substitution from 10to 20% was associated
with an increase of 0.410 unit (p>0.001).

Table 5: Effect of Sorghum flour and pulses Flour substitution on protein (dry base) of flour blends of

wheat cultivars.

Wheat cultivar

Flour blends Misr2 Gizal71 Gimmezall Combined

WF 100 % 9.283 11.06 10.657 10.332
WEF+ 10% SF 9.613 11.27 9.663 10.183
WF+10% SF+ 5% Fen 10.657 11.75 9.097 10.500
WF+10% SF+ 5% Soy 11.433 12.78° 9.152 11.122
WF+ 20% SF 12.200 10.35 7.900 10.149
WEF+ 20% SF+ 5% Fen 12.400° 10.80 7.443 10.213
WF+ 20% SF+ 5% Soy 12.000° 11.87 7.440 10.438
WF+ 30% SF 13.340" 12.10° 7.573 11.004
WF+ 30% SF+ 5% Fen 13.33% 12.00° 7.250 10.861
WF+ 30% SF+ 5% Soy 13.17° 13.27° 7.177 11.206
Mean 11.74 11.73 8.335

WF; Wheat Flour SF; Sorghum Flour
L.S.D. cultivar (4;; 0.1085

L.S.D. blends ¢ ;; 0.1549

L.S.D. interaction; 0.2683
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Table 6: Orthogonal comparisons between different levels of sorghum flour suppl tation to wheat flour reflected on protein (dry base) of flour blend.
Wheat cultivar
Comparisons Gizal71 Gi 11 Combined
Effect Significance Effect Significance Effect Significance Effect Significance
‘WF+ 10%SF v.s WF+ 20%SF -0.816 0.0001 0.404 0.0001 0.855 0.0001 0.410 0.001
WEF+ 20%SF v.s WE+ 30%SF -0.540 0.0001 -0.726 0.0001 0.131 0.0001 -0.386 0.001
WF; Wheal Flour SEF; Sorghum Flour Fen; Fenugreek Flour BF; Barley Flour
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Additional increase in level of sorghum flour
substitution (20 versus 30% levels) gave reduced
protein content by 0.540 unit (p=0.0001) in Misr2
cultivar, 0.726 wunit (p>0.0001) in Gizal7l.
Meanwhile, increased protein content by 0.131 unit
(p>0.0001) in Gimmezall wheat cultivar. Over the
three studied cultivar, raising the level of sorghum
substitution gave a false indication of protein
content reduction of 0.386 units, since, the cultivars
blends interaction was significant.

Barley flour substitution:

Barley flour substitution to wheat flour blends
and additional substitution by pulses flours effects
to protein content (dry base) were presented in
Table 7. As for Misr2 wheat flour, 10% barley flour
substitution gave significantly higher levels of
protein in flour blends. Additional substitution by
5% fenugreek or soybean flours adversely affected
protein content (9.283, 13.55, 13.35 and 13.29 for
wheat flour, wheat flour +10% barley flour, wheat
flour + 10% barley flour + 5% fenugreek flour and
wheat flour + 10% barley flour + 5% soybean flour,
respectively).

The magnitude of increase in protein content
when barley flour substitution reached 20% was of
lesser magnitude relative to 10% substitution level.
In the meantime, protein content of 20% barley
flour level blends had significantly similar protein
content (12.23, 12.33 and 12.23 for wheat flour +
20% barley flour, wheat flour + 20% barley flour +
5% fenugreek flour and wheat flour + 20% barley
flour + 5% soybean flour, respectively). 30% barley
flour substitution in wheat flour blends was
associated with further increase in protein content.
Additional substitution by 5% fenugreek flour gave
significant superiority in protein content relative to
pulse-free blend (13.28 and 13.59 for wheat flour +
30% barley flour and wheat flour + 30% barley
flour + 5% fenugreek flour blends, respectively).

Alex. J. Agric. Sci.

Substituting 5% soybean flour to wheat + 30%
barley flour blend gave significantly similar protein
content (13.34). Regarding Gizal71 wheat cultivar,
blends that contained pulse flour significantly
surpassed pulse-free barley/ wheat blend at 10%
level of substitution and pure wheat flour. Blends
that contained 20% barley flour showed lower
protein content relative to 10% level of barley
substitution blends. Inclusion of pulses flours in the
blends were associated with a relative increase in
protein content. At 30% level of barley flour
substitution, the highest magnitude of grains in
protein content in blends were recorded. Additional
substitution of 5% soybean flour gave 13.46 protein
content which was the largest figure among the
blends.

Concerning Gimmezall wheat cultivar, pure
wheat flour expressed protein content, significantly
higher than those recorded for 10% barley flour
substitution with lesser values when pulses flours
were included. Raising the level of barley flour
substitution to 20% or 30% were associated with
reduction in protein content. Overall the studied
blends Misr2 flours enjoyed significantly higher
protein content amounted 12.65 followed by
Gizal71 (11.83) then Gimmezall (9.178).

Orthogonal comparison between blends that
contained 10% barley flour substitution and those
contained 20% barley flour (Table 8) cleared that
raising the level of barley in flour blend of Misr2
gave an increase in protein content of 0.566 units
(p=0.0001). Whereas, Gizal7l and Gimmezall
scored 0.375 (p=0.0001) and 0.434 (p>0.0001),
respectively. While the difference between flour
blends of 20% barley flour and 30% barley flour in
protein content reached -0.568 (p=>0.0001), -0.751
(p>0.0001) and -0.354 (p=0.0001) for Misr2,
Gizal71 and Gimmezal 1, respectively).

Table 7: Effect of barley flour and pulses flour substitution on protein (dry base) of flour blends of

wheat cultivars.

Wheat cultivar

Flour blends Misr2 Gizal7l Gimmezall Combined
WF 100 % 9.283 11.057 10.657 10.332
WF+ 10% BF 13.550 11.030 9.607 11.396
WF+10% BF~+ 5% Fen 13.350 11.663 9.247 11.420
WE+10% BF+ 5% Soy 13.293 13.040 9.213 11.849
WF+ 20% BF 12.233 10.443 7.940 10.206
WF+ 20% BF+ 5% Fen 12.333 10.983 9.923 11.080
WE+20% BF+ 5% Soy 12.233 12.057 7.600 10.630
WF+ 30% BF 13.283 11.917 7710 10.970
WF+ 30% BF+ 5% Fen 13.59 12.617 12.380 12.861
WF~ 30% BF+ 5% Soy 13.337 13.457 7.497 11.430
Mean 12.65 11.83 9.178

WF; Wheat Flour BF; Barley Flour
L.S.D. cultivar (o;; 0.1085
L.S.D. interaction; 0.2683
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Table 8: Orthogonal comparisons between different levels of barley flour

tation to wheat flour reflected on protein (dry base) of flour blend.

PP

‘Wheat cultivar

WEF+ 10%BF v.s WF+ 20%BF

WEF+ 20%BF v.s WF+ 30%BF

Alex. J. Agric. Sci.

Gizal71l Gimmezall Combined
Effect Significance Effect Significance Effect Significance
0.375 0.000 0.434 0.000
-0.751 0.000 -0.354 0.000
Fen; Fenugreek Flour Soy; Soybean flour
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Overall role of local cereals:

Comparisons between blends that contain
different cereals in protein content were presented in
(Table 9). Rice flour substitution blends versus
sorghum flour substitution blends contained
significantly higher 1.396 units in Misr2 cultivar,
0.469 unit (p=0.0001) in Gizal71 cultivar and
significant 0.016 unit in Gimmezal 1 cultivar. In the
meantime, the difference between flour blends that
contained rice flour substitution and those contained
barley flour substitution in protein content were
reduction of 1.899 (p=>0.0001) units in Misr2
cultivar, 0.526 units (p=0.0001) in Gizal71 cultivar
and 0.484 units (p>0.0001) in Gimmezal 1 cultivar.
Overall role of pulses flour:

Table 10 illustrated orthogonal comparisons
between blends that contain different pulse flours.
Wheat flour / cereal flour / fenugreek blends with
soybean flour had significantly lower protein
content reached 0.150 unit in Misr2 cultivar, 0.513
unit in Gizal71 cultivar and higher protein content
in Gimmezall cultivar reached 0.386 units. In the
meantime the comparison between blends that
contained soybean and fenugreek flours versus those
contained fenugreek showed that soybean flour
blends had lower protein content reached 0.157
units in Misr2, 0.251 unit in Giza 171 and 0.067 unit
in Gimmezall. Meanwhile, the influence of
fenugreek flour in blends to protein content showed
that, less protein content was associated with
fenugreek substitution relative soybean. That
reduction reached 0.129 unit in Misr2, 0.158 unit in
Gizal71 and 0.137 unit in Gimmezal 1 cultivar.

2-1- Dry gluten:

Dry gluten content of different studied flour
blends as affected by rice flour substitution were
presented in Table 11. Over the studied wheat
cultivars, gluten content of the different flour blends
were significantly lower than the recorded value for
wheat flour (8.111%) substitution with 10% rice
flour gave significantly lower gluten percentage
(7.493%). Additional substitution with any of
fenugreek or soybean flour, although, showed lower
dry gluten percentage, that reduction had not
reached the level of significance (7.20) and 7.339%
for 10% rice flour+5% fenugreek flour and 10% rice
flour + 5% soybean flour substitution, respectively).
Rising the level of rice flour substitution to 20 or
30% gave significantly and similary lower dry
gluten percentage of flour blends (6.210 and 6.459
% for each of 20 and 30% rice flour substitution
blends, respectively). Also, further substitution by
5% fenugreek flour gave similary lower dry gluten
percentage, irrespective of the level of rice flour
substitution (5.760 and 5.810% for 20% rice flour +
5% fenugreek flour and 30% rice flour + 5%
fenugreek flour substitution, respectively). Soybean
flour substitution to rice flour + wheat flour blends
gave insignificant increase in dry gluten percentage
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(6.026 and 5.789 % for 20% rice flour + 5%
soybean flour and 30% rice flour + 5% soybean
flour blends with wheat flour, respectively).

As for the interaction between blends and wheat
cultivars, Gizal71 cultivar flour scored a high
magnitude figures of dry gluten, although, that
superiority had not reached the level of significance
(8.467, 8.367 and 7.500% for Gizal71, Gimmezall
and Misr2, respectively). That trend was observed
for all studied wheat flour/ rice flour blends. In the
meantime, dry gluten values presented by Misr2
wheat cultivar/rice flour blends were of lower
magnitude. The highest dry gluten value was that of
10% rice flour + 5% soybean of Gizal71 wheat
cultivars flour substitution (8.483%), whereas, the
least value was presented by Misr2 wheat flour
substitution with 30% rice flour + 5% soybean flour
(4.700%).

Table 12 reflected the effect of different levels
of rice flour substitution to wheat flour on dry
gluten percentage through orthogonal comparisons.
Overall wheat cultivars and pulse flour substitution,
10% rice flour substitution showed significantly
higher (p>0.0001) dry gluten percentage over 20%
substitution (0.628, 0.822 and 0.569% for blends
with Misr2, Gizal7l and Gimmezall wheat
cultivars, respectively). In the meantime, flour
blends of Misr2 cultivar had 20% rice flour had
0.189% higher dry gluten percentage (p=>0.0001).
Also, those of Gizal71 and Gimmezall blends had
insignificantly lower (-0.264%) and higher
(+0.026%) dry gluten percentage, respectively.

2.1.2; Sorghum flour substitution:

Over the studied wheat cultivars, substitution of
sorghum flour gave significantly lower dry gluten
percentage Table 13. 10% sorghum flour
substitution to wheat flour wether alone or with
additional substitution by any of 5% fenugreek or
sorghum flours scored significantly similar dry
gluten percentage (7.338, 7.216 and 7.458% for
blends of 10% sorghum flour, 10% sorghum flour +
5% fenugreek flour and 10% sorghum flour + 5%
soybean flour, respectively). Increasing the level of
sorghum flour substitution to 20 or 30% gave
significantly lower and similar dry gluten
percentages (about 6.00%).

Regarding wheat cultivars x blends interaction
Gizal7l wheat blends, showed dry gluten
percentages of relatively higher magnitude, while
Misr2 wheat blends, showed relatively lower dry
gluten percentages. The highest dry gluten values
were presented by any of Gizal71 wheat flour or the
blend of 20% sorghum flour + 5% soybean flour
(8.467 and 8.617% respectively). Whereas, the least
figures were shown by flour blends of Misr2 wheat
cultivar that contained 20 or 30% sorghum flour
alone or with 5% pulse flours (about 5.00%).
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ation to wheat / local cereals flours on protein (dry base) of flour blend.

Table 9: Orthogonal comparisons for the effect of pulse flours supy

Wheat cultivar

Comparisons Misr2 Gizal71 Gimmezall Combined
Effect Significance Effect Significance Effect Significance Effect Significance
WE+ RF v.s WF+ SF -1.396 0.000 -0.469 0.000 -0.016 0.774
WF+ RF v.s WF+BF -1.899 0.000 -0.526 0.000 -0.484 0.000
‘WEF:; Wheat Flour RF: Rice Flour BI': Barlcy Flour SF: Sorghum Flour

Table 10: Orthogonal comparison for the effect of pulse flours supplementation to wheat / local cereals flours on protein (dry base) of flour blend.

‘Wheat cultivar

Comparisons Misr2 Gizal71 Gimmezall
Effect Significance Effect Significance Effect Significance
WF+ (RF, SF,BF)+ Fen v.s WF+ (RF, SF,BF)+ SO -0.150 0.000 -0.513 0.000 0.386 0.000
WF+ Fent SO v.s WF+ Fen -0.157 0.000 -0.251 0.000 -0.067 0.000
WF+ Fen+ SO v.s WF+ SO -0.129 0.000 -0.158 0.000 -0.137 0.000
WI'; Wheat I'lour RI™ Rice I'lour BI'; Barley I'lour SI'; Sorghum I'lour
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Table 11: Effect of rice tlour and pulses flour substitution on dry gluten of flour blends of wheat cultivars.

Flour blends

‘Wheat cultivar

Misr2 Gimmezall Combined

WF 100 % 7.500 8.367 8.111
WF+ 10% RF 7.333 7.267 7.493
WF+10% RF+ 5% Fen 6.333 7.167 7.201
WF+10% RF+ 5% Soy 6.400 7.133 7.339
WF+ 20% RF 5.600 6.610 6.210
WF+ 20% RF+ 5% Fen 5.433 5.823 5.760
WF+ 20% RF+ 5% Soy 5.267 5.720 6.026
WEF+ 30% RF 5.400 7.067 6.459
WEF+ 30% RF+ 5% Fen 5.067 5.500 5.810
WF+ 30% RF+ 5% Soy 4.700 7.233 5.433 5.789

WEF:. Wheat Flour RF; Rice flour Fen; Fenugreek Flour Soy; Soybean flour

L.S.D.y« flour blends; 0.5077

L.S.D.;; flour blend x cultivar; 0.8794

Table 12: Orthogonal comparisons between different levels of rice flour substitution to wheat flour reflected on dry gluten of the flour blend.
Comparisons Misr2 Gizal71 Gimmezall

Effect Significance Effect Significance Effect Significance

WF+ 10% RF v.s WF +20%RF 0.628 0.000 0.822 0.000 0.569 0.000
WEF+ 20%RF v.s WE+30% RF 0.189 0.004 -0.246 0.244 0.026 0.690

WE; Wheat Flour

RF; Rice Flour

Fen; Fenugreek Flour

Soy: Soybean [lour

226



Vol. 63, No.4, pp. 215-237, 2018

Alex. J. Agric. Sci.

Table 13: Effect of Sorghum flour and pulses Flour substitution on dry gluten of flour blends of wheat cultivars.

Flour blends

‘Wheat cultivar

Misr2 Gizal71 Gimmezall Combined
WF 100 % 7.500 8.467 8.367 8.111
WF+ 10% SF 6.467 8.047 7.500 7.338
WF+10% SF+ 5% Fen 6.300 8.147 7.200 7.216
WF+10% SF+ 5% Soy 6.400 8.707 7.267 7.458
WF+ 20% SF 5.233 6.370 6.287 5.963
WF+ 20% SF+ 5% Fen 5.167 7.480 5.943 6.197
WF+ 20% SF+ 5% Soy 5.200 8.617 5.943 6.587
‘WF+ 30% SF 5.400 6.637 6.200 6.079
WF+ 30% SF+ 5% Fen 5.217 7.223 5.803 6.081
WF+ 30% SF+ 5% Soy 5.150 7.970 5.757 6.292

‘WF; Wheat Flour SF; Sorghum Flour
L.SD. blends go,; 0.5077
L.S.D. blends x cultivar ¢4, 0.8794

Fen; Fenugreek Flour

Soy; Soybean flour

227



Vol. 63, No. 4, pp. 215-237, 2018

To clarify the role of sorghum flour substitution
to wheat flour over the different blends, orthogonal
comparisons (Table 14) showed that, 10% sorghum
flour substitution had higher levels of dry gluten
relative to blends had 20% sorghum flours (0.594 and
0.632% (p>0.0001) for blends of Misr2 and
Gimmezall wheat cultivars respectively). In
Gizal71 blends was insignificantly reached 0.406%.
Also, Misr2 flour blends that contained 20%
sorghum flour had insignificantly lower dry gluten
percentage reached -0.028% relative to flour blends
that contained 30% sorghum flour. While, 20%
sorghum flour blends of Gizal71 wheat cultivar had
insignificantly 0.106% dry gluten over 30% sorghum
flour blends. Gimmezall flour blends with 20%
sorghum flour had significantly (p>0.02) higher
0.069% dry gluten percentage.

2.1.3; Barley flour substitution:

Table 15 showed the effect of barley flour and
pulses flour substitution on dry gluten of flour
blends. As an average over the three studied wheat
cultivars, barley flour substitution was associated
with significant reduction of flour dry gluten
percentage, irrespective of the level of barley flour
substitution (10 or 20 or 30%). Wheat flour contained
8.111% dry gluten, whereas, flour blend contained
10% barley flour contained significantly similar dry
gluten percentage of 7.530, 7.191 and 7.502% dry
gluten for wheat/barley, wheat/barley + 5%
fenugreek flour and wheat/ barley + 5% soybean
flour, respectively. Significantly lower dry gluten
percentage were associated with increasing the level
of barley flour substitution to 20%. Within the 20%
barley flour blends, the highest magnitude of dry
gluten with that of wheat flour + 20% barley flour +
5% soybean flour blend (6.588%). A relatively
insignificant rice in dry gluten percentage were
marked with 30% barley flour blends being highest
for wheat flour + 30% barley flour + 5% fenugreek
flour (7.158%).

The significant interaction between the studied
wheat cultivar flour and the different blends was
illustrated when considering the magnitude of dry
gluten figures for different cultivars, since, Gizal71
wheat cultivar showed relatively higher figures. In
the meantime, the highest dry gluten percentages
were provided by Gizal71 wheat flour + 10% barley
flour + 5% soybean flour (8.943%). In a time that
the least figure was provided by any Misr2 wheat
flour + 20 or 30% barley flour + 5% any of
fenugreek or soybean flour (about 5.4%). In Misr2
flour blends, blends of various levels of barley flour
substitution were significantly inferior to full wheat
flour. While, all the studied Gizal71 flour blends
recorded variable insignificant increase in dry gluten
percentage, except for, blends of 20% barley flour
and 20% barley flour + 5% fenugreek flour that
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contained significantly lower dry gluten percentage
(6.643 and 6.227%, respectively).

Orthogonal comparisons between levels of
barley flour substitution over pulse flours were
presented in Table 16. Wheat flour blends
substituted with 10% barley flour had significantly
higher 0.493 (Misr2), 0.668 (Gizal71) and 0.550
(Gimmezall) dry gluten percentage over blends that
substituted with 20% barley flour. Also, blends that
contained 20% barley flour showed insignificantly
0.094% lower dry gluten (Mirs2), significantly
lower 0.002% dry gluten (Gizal71) and
significantly ~ lower  0.120% dry  gluten
(Gimmezall). In other words, increasing the level
of barley flour substitution from 10 to 20% was
associated with reduction in dry gluten percentage,
while, increasing the substitution level from 20 to
30% barley flour was associated with an increase in
dry gluten percentage.

Orthogonal comparisons between wheat/cereals
blends were presented in Table 17. Substitution of
wheat flour by rice flour in blends resulted in
significant increase in dry gluten percentage of
Misr2 cultivar reached 0.056% over blends with
sorghum flour. While, blends of Gizal71 had
significantly 0.233% lower dry gluten. Also,
rice/Gimmezall flour blends showed insignificantly
0.010% lower dry gluten percentage relative to
blends with sorghum flour.

Also, wheat blends with rice flour in
comparison to blends with barley flour, indicated a
reduction in dry gluten percentage reached -0.027
(p=0.561), -0.332 (p=>0.008) and -0.227 (p=0.0001)
for wheat cultivars Misr2, Gizal71 and Gimmezall,
respectively.

Role of pulse flour substitution:

To illustrate the role of pulse flour substitution
to dry gluten percentage of the studied flour blends,
orthogonal comparisons were illustrated in Table
18. Fenugreek flour substitution to wheat flour in
blends of Misr2 cultivar, gave unclear effect, while,
caused significant reduction of -0.437% in Gizal71
cultivar and a significant raise of 0.147% to dry
gluten percentage of Gimmezall cultivar. A blend
contained substitution with 5% fenugreek flour and
5% soybean flour contained significantly less 0.078,
0.251 and 0.084% dry gluten in comparison to
blends that contained a substitution of 5% fenugreek
for cultivars, Misr2, Gizal7]l and Gimmezall,
respectively. Also, the comparison between the
group of blends that contained fenugreek and
soybean flours versus those contained soybean flour
revealed significant reduction in dry gluten
percentage. the reduction in dry gluten percentage
due to the substitution by two pulse flour rather than
soybean flour reached -0.078, -0.0172 and -0.111%
for Misr2, Gizal7l and Gimmezall cultivars,
respectively.
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Table 14: Orth

g 1 comparisons between different levels of sorghum flour supplementation to wheat flour reflected on dry gluten percentage of flour blend.

‘Wheat cultivar
Comparisons Misr2 Gizal71 Gimmezall Combined
Effect Significance Effect Significance Effect Significance Effect Significance

WE+ 10%8F v.s WF+ 20%SF 0.594 0.000 0.406 0.056 0.632 0.000
WE+ 20%SF v.s WF+ 30%SF -0.028 0.195 0.106 0.259 0.069 0.029

‘WEF: Wheat Flour SF: Sorghum Flour Fen; Fenugreek Flour Soy: Soybean flour

Table 15: Effect of barley flour and pulses flour substitution on dry gluten of flour blends of wheat cultivars.

Flour blends Wheat cultivar
Misr2 Gizal71 Gimmezall Combined

WF 100 % 7.500 8.467 8.367 8.111
WF+ 10% BF 6.517 8.270 7.803 7.530
WF+10% BF+ 5% Fcn 6.417 7.770 7.387 7.191
WF+10% BF+ 5% Soy 6.193 8.943 7.370 7.502
WF+ 20% BF 5.400 6.643 6.333 6.126
WF+ 20% BF+ 5% Fen 5.133 6.227 6.900 6.087
WF+ 20% BF+ 5% Soy 5.633 8.103 6.027 6.588
WF+ 30% BF 5.843 8.227 6.167 6.746
‘WF+ 30% BF+ 5% Fen 5.400 8.223 7.850 7.158
WF+ 30% BF+ 5% Soy 5.487 8.583 5.963 6.678

‘WF; Wheat Flour
L..S.D. blends; 0.5077
L.S.D. interaction; 0.8794

BF; Barley Flour

Fen; Fenugreek Flour

Soy; Soybean flour
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Table 16: Orthogonal comparisons between different levels of barley flour substitution to wheat flour reflected on dry gluten of flour blend.

Wheat cultivar
Comparisons Misr2 Gizal71 Gimmezall Combined
Effect Significance Effect Significance Effect Significance Effect Significance
WF+ 10%BF v.s WF+ 20%BF 0.493 0.000 0.668 0.002 0.550 0.000
WF+ 20%BF v.s WF+ 30%BF -0.094 0.141 -0.677 0.002 -0.120 0.000
‘WEF; Wheat Flour BF; Barley Flour Fen; Fenugreek Flour Soy; Soybean flour

Table 17: Orthogonal comparisons for the effect of local cereals flour supplementation on dry gluten of flour blend.

Wheat cultivar

Comparisons Misr2 Gizal71 Gimmezall Combined

Effect Significance Effect Significance Effect Significance Effect Significance
WF+ RF v.s WF+ SF 0.056 0.132 -0.233 0.058 -0.010 0.317
WF+ RF v.s WF+BF -0.027 0.561 -0.332 0.008 -0.227 0.000
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Table 18: Orthogonal comparison for the effect of pulse flours supplementation to wheat /local cereals flours on dry gluten of flour

blend.
Wheat cultivar
Comparisons Misr2 Gizal71 Gimmezall Combined
Effect Significance Effect Significance Effect Significance Effect Significance
%HH Aﬁwwﬂ%ﬁvﬂ%ﬁws. Vs 0.000 0.000 0437 0.000 0.147 0.000
WF+Fen.+SO VS WF+Fen. -0.078 0.000 -0.251 0.000 -0.084 0.000
WF+Fen.+SO VS WF+SO -0.078 0.000 -0.172 0.001 -0.111 0.000
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In partially substituted wheat flour with other
cereals flours, the composition of flour blend's dry
matter change and deviate from the composition of
elemental flours composition. These modifications
resulted in new values for protein, ash moisture and
other related measures. They added that low levels
of cereals substitution could considerably reduce the
cost of raw materials and could nutritionally
improve products with cereals blends. However, it is
necessary to evaluate any changes in bread
characteristics (Vasquez et al 2016).

Discussion regarding the role of rice flour in
modifying chemical composition of flour blends
included the following; Fslam et al. (2011) reached
that protein content was increased by addition of
rice flour. Anna-Sophie er al. (2012) showed that
rice flour has low protein content. Falling number
values (which are indicative of the alpha amylase
activity) increased as the proportion of rice flour
increased in the blend. This implied that the extent
of liquefaction and diastatic activity of the starches
in the blends decreased as the proportion of rice
flour increased (Schiller 1984, Watson 1984 and
Meera 2010).

Abdelghafor et al (2013)stated that sorghum/
wheat flour blend showed wet dry gluten percentage
decreased with increasing sorghum flour in the
blend. Amir et al. (2015) found that, flour blend
contained 20% sorghum flour + 80% wheat flour
possessed the highest percentage of protein (14.8%)
and ash (1.79%). While, 15% maize+ 15% sorghum
+ 70% wheat flour blend contained maximum value
of moisture (10.10%).

Sibanda et al. (2015) reached that, sorghum
addition to wheat flour blends resulted in a decrease
in protein and moisture content and an increase in
ash content. Adeyeye (2016) revealed that,
substitution of wheat flour with sorghum flour
significantly increased moisture, ash and protein
contents of the mixture as the percentage of
sorghum substitution increased.

Niffenegger (1964) showed that the starch and
protein of barley flour and that of wheat flour
behave differently. The starch of barley flour has
less thickening capacity and less water absorption
than wheat. This might explain differences in falling
number associated with replacing barley flour to
wheat flour.

Dhingar and Jood (2002 and 2004) found that,
the gluten content of flour blends decreased with
increase in the level of soybean and barley flours
separately and in combination to bread flour. Flour
blends contained 20% barley flour or 20% soybean
flour were of higher proximate analysis, since,
increased protein, glutelin (protein fraction) and
Bglucan contents of the cereal pulse blends.

Ereifej et al (2006) suggested that flour blends
made from wheat and barley has higher protein and
ash content Sullivan et al (2010) found that
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increasing barley flour percentage in barley wheat
flour blends results in lower protein content. Lin et
al (2012) found that, increasing levels of barley
flour in wheat/ barley flour blends correspondingly
decreased gluten content. Hussein et al. (2013)
clewed that substituting a part of wheat flour with
barley flour improved protein and ash.

Bhatt and Gupta (2015) showed the composite
flours of wheat, barley and pulse had high content of
protein and ash. Lalit and Kochhar (2017) showed
that incorporation of barley flour at 25% level and
fenugreek flour at 5 % to wheat flour increased
protein content.

Olaoye et al (2006) found that crude protein
and ash of soy supplemented breads increased with
progressive increase in the proportion of soy flour,
while lowest values were recorded for the whole
wheat flour. Dhingra and Jood (2004) indicated that
gluten content decreased with increase in the level
of soybean flour Hooda and Jood (2005) found that
blends of wheat flour with fenugreek flour from 5 to
20% levels increased protein and ach contents.

Ribotta et al (2005) showed that soybean flour
replacement to wheat flour gave lower gluten. Butt
et al (2011) showed that increasing the level of
cowpea flour substitution to wheat flour increased
protein and ash content. Idrani et al.(2011) reached
that inclusion of pulse flour and barley flour to
wheat flour blends decreased falling number.
Roberts et al (2012) showed

That fenugreek wheat flour blends had low
figures of falling number relative to whole wheat
flour. Srivastava et al (2012) cleared that inclusion
of fenugreek to wheat flour up to 15% decreased the
values of falling number Kasaye et al (2015)
reached that, gluten content decreased with
increasing proportion of fenugreek flour. Also,
protein and ash contents increased as a result of
fenugreek flour addition. Wani et a/ (2016) found
that composite flours of pulse and wheat has lower
setback viscosity (low falling) number which
suggests that bread made from such blends will
maintain freshness for longer period compared to
wheat flour. Lalit and Kochhar (2017) indicated that
blends of wheat/barley and fenugreek flour has
higher protein.
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