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Abstract
As Egypt is the largest wheat importer globally, the government is aiming to find alternatives to reduce wheat imports and 
to cultivate reclaimed lands. Comparative studies were conducted to investigate the effect of substituting portions of wheat 
flour with quinoa, cassava and guar flours at levels of 20%, 30%, and 5%, respectively, on chemical, rheological and sensory 
characteristics of the Egyptian balady bread that is currently produced from wheat only and to enhance its nutritional and 
baking quality. The study was carried out in the Agricultural Research Center, Egypt. Results proved that guar gave poor 
sensory characteristics, in addition to its insignificant substitution level (5%). Substituting wheat flour with 20% quinoa 
resulted in elevating protein, fat and fiber percentages than that of wheat flour (16.4, 2.15 and 1.01%, respectively). Bread 
made from quinoa–wheat blend gave the lowest fungal count and the highest shelf life (8 days), but resulted in significant 
changes in stability, volumes, texture, and structure. Substituting wheat with 30% cassava gave the highest carbohydrate 
content, didn’t change any of the rheological properties and no significant difference was noticed between wheat flour and 
30% cassava–wheat bread in all sensory tests. Substituting wheat with quinoa or cassava at the above-mentioned percentages 
is acceptable and appropriate in terms of their flavor. Although cassava has higher substitution level than that of quinoa, 
still, we recommend expanding quinoa cultivation in Egypt due to its acceptability, suitability to the Egyptian environment, 
health benefits, low input cost and more importantly its high protein and fiber contents.
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Introduction

Bread is one of the most important staple foods consumed 
all over the world, Bread wheat is an Egyptian product that 
represents the main source of carbohydrate and the main 
diet component for rich and poor Egyptian consumers [1]. 
Litwinek et al. [2] stated that the total production of wheat 
grains covers only about 50% of the total Egyptian needs; 
therefore, the total yield does not satisfy the requirements 
of the country. For centuries, wheat has been the central 
component of the typical diet of the country’s inhabitants, 
so per capita consumption of this cereal is amongst the high-
est in the world as stated by FAO [3], Egypt is not only the 

largest importer of wheat but also the largest wheat con-
sumer and bread eater per capita in the world because the 
heavy dependency on wheat, according to a report issued 
by the CAPMAS [4] for consumption in 2015, the aver-
age consumption per capita of wheat reached 141.1 kg in 
2015 versus 133.6 kg in 2014.Therefore, searching for other 
cereal sources, which could be integrated in making wheat 
flour bread is needed to overcome the wheat gap and satisfy 
consumers’ needs [2]. In addition, this would reduce the 
dependency on wheat imports and increase livelihoods of 
local farmers who produce crops that may be applied in flour 
composites [5].

Quinoa seeds; (Chenopodium quinoa, Willd, family: 
Chenopodiaceae), are disintegrated to a whole flour meal 
with a high content of protein, minerals, and polyphenols 
[6]. Protein content is higher in quinoa than that of wheat 
and corn, ranging from 12 to 18%. It contains a balanced 
set of essential amino acids and is considered as a good 
source of dietary fiber and phosphorus. In addition, quinoa 
has high magnesium and iron contents as well as vitamins 
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such as E and those of the group B. Quinoa is also gluten-
free and is easy to digest, especially for those who are 
allergic to wheat gluten [7]. Quinoa has been cultivated 
in Egypt since 2005, first in the south of Sinai to test its 
resilience to harsh conditions. Soon after, it was intro-
duced in Upper Egypt by local community leaders as a less 
expensive means to provide schoolchildren with nutritious 
meals, The government strategy is calling on Egyptians to 
gradually start including the grain in one form or another 
in their diets, perhaps most notably, by encouraging the 
substitution of 10–20% of the wheat flour used in bread 
with quinoa flour to raise the nutritional value of the loaf 
[8]. Quinoa can be eaten as a breakfast food, it can be used 
to make flour for baking, for soup, and varieties of dishes, 
it can be cooked like rice, used as a nutritional thickener 
for soups, in salads and desserts [9].

Cassava plant (Manihot esculenta Crantz) is another com-
plementary crop. It is one of the essential crops in Africa and 
is considered as a major root crop that provides an important 
staple food for over 500 million people in the developing 
world [10]. High-quality cassava flour has been identified 
as a local alternative to substitute portions of wheat flour 
into composite flour. Cassava is known to be cheap, widely 
grown, readily available and is a reliable source for carbo-
hydrate as it is rich in starch [11]. An estimated 40% of 
Africans rely on the crop as a significant source of calories 
[12]. Cassava is considered as a new non-traditional vegeta-
ble crop in Egypt. Introduction and cultivation of cassava in 
newly reclaimed lands showed great success [13]. In addi-
tion, Amr Shams [14] stated that cultivation of cassava in 
traditional agriculture is carried out with no applied fertiliz-
ers mainly in North Sinai and North West Coast.

On the other hand, guar cluster bean, Cyamopsis 
tetragonoloba (L.) is one of the hardiest legume vegetables. 
Guar seed is a major source of gum having several industrial 
applications. Gaur gum is rich in protein (38–55%) as stated 
by Kumar et al. [15]. It bears also a good proportion of fibers 
and has proved to hold other health benefits as well. This 
plant proved to be drought tolerant and grown in the arid and 
semi-arid land, cultivated successfully under the Egyptian 
environmental conditions, especially in Sinai as stated by 
Khater and Rania [16].

Accordingly, the present study aimed to examine the 
effect of substituting portions of wheat flour with a blend 
of flour of cassava, quinoa and guar at different levels (30, 
20 and 5%, respectively), and also to study their influence 
on the chemical and rheological properties of the produced 
flour and on the sensory characteristics of the produced 
wheat bread as well. The study also investigated the shelf 
life and microbial load of each type of bread. Optimistically, 
this study could contribute to reducing the amount of wheat 
used in making wheat bread in the country, in addition to 
enhancing its nutritional and healthy value and persistence.

Materials and methods

The current study was carried out during the period of 
2016–2017 in the laboratories of the Regional Center for Food 
and Feed (RCFF), ARC, to determine the effect of substituting 
portions of pure wheat flour with different alternatives, e.g. 
flour of quinoa, cassava and guar in order to enhance wheat 
bread nutritional value and decrease the amount of wheat used 
in preparing this type of bread.

Source of the crops used

Wheat flour 72% extraction rate, obtained from a local market 
in Giza, was used as a control during the whole study. In addi-
tion, commercial samples of quinoa seeds and cassava roots, 
taken from the Field Crops Research Institute, and guar seeds, 
taken from the Horticultural Research Institute, were substi-
tuted at different levels (both Institutes are affiliated to ARC, 
Ministry of Agriculture and Land Reclamation, Egypt).

Preparation of the alternative flours

Preparation of quinoa and guar flour

Quinoa seeds were cleaned to remove foreign materials, and 
then were thoroughly washed with tap water for 20 min. until 
no more foam was found in the washing water, in order to 
eliminate their bitter taste and toxic saponins. Washed seeds 
were dried at 45 °C for 12 h. Dried seeds were then packed in 
polyethylene bags and stored till used [17]. On the other hand, 
guar seeds were cleaned to remove broken ones as well as for-
eign materials. Both quinoa and guar seeds, were then grinded 
separately in a mill (Model 3100). The process was carried out 
in the Wheat and Flour Laboratory, (ARC).

Preparation of cassava flour

The preparation of cassava flour was carried out in the Wheat 
and Flour Laboratory (ARC). The fresh roots of cassava were 
washed, peeled, rewashed again, then roots are chopped into 
small pieces, about 5 × 0.5 × 0.2 cm, and sun-dried for 3 days. 
The moisture content of the cassava chips should reach less 
than 8% according to the FFTC [18]. The chips were then 
milled into flour by using an attrition milling machine, then 
sieved through a 200-microsieve. Finally, the flour is packaged 
in plastic bags.
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The study tests

Determination of substitution percentages

Seeds of quinoa and guar and roots of cassava were treated 
- as previously mentioned, milled and incorporated at vari-
ous levels to wheat flour to determine the most suitable sub-
stitution levels depending on the chemical and rheological 
analysis. In case of cassava four percentages were tested, 
i.e. 15, 30, 35 and 40%. Meanwhile, tested percentages of 
quinoa were; 10, 15, 20, and 25%. In addition, guar tested 
percentages were 5, 10 and 15%. The best percentages were 
identified according to the level of gluten existence.

The chemical analyses

• Moisture, ash, fiber, fat and protein (dry base) of flour 
were determined according to the AACC [19]. The total 
carbohydrate content was calculated according to Ihek-
oronye and Ngoddy [20] by using the equation:

  Total carbohydrate = 100 − (moisture + crude pro-
tein + crude fat + crude fiber + ash).

• Falling number:
  Falling number analysis is an indicator of kernel ger-

mination (sprouting) and the resulting increases in alpha 
amylase activity. The falling Number was determined 
according to AACC method No. 56-81B [21] by using a 
Perten equipment (Falling Number, model 1500), where 
it was measured by the time the plunger takes to fall 
through a measured amount of flour slurry suspension 
heated at 100 °C in water bath. Falling number results 
are recorded as an index of enzyme activity in the wheat 
flour sample and the results were expressed in seconds.

• Sedimentation of protein:
  The test concerning the sedimentation of protein was 

conducted according to the No. 56-60, AACC [21]. The 
sedimentation test was conducted by holding the wheat 
or flour sample in an acid solution. The sedimentation 
value of wheat flours is based on the fact that the glu-
ten protein absorbs water and considerably swells when 
treated with lactic acid. The sedimentation test provides 
information on the protein quantity and the quality of 
flour samples.

Rheological analysis (physical dough test)

Gluten Gluten was obtained from flour through using the 
gluten washing apparatus depending on the Gloutomatic 
Unit. Both Gluten Index Content (GI) and Dry Gluten Con-
tent (DG) were determined in wet gluten. All tests were 
conducted according to 38-12, AACC [21]. Wet gluten con-
tent was determined by washing the flour sample with a salt 
solution to remove the starch and other soluble materials 

from the sample. The residues remained after washing are 
the wet gluten. During centrifugation, the gluten was forced 
through a sieve and the percentage of gluten remained on 
the sieve was defined as the Gluten Index, which will be the 
indication of gluten strength.

Alveographe test Alveographe test is carried out as an indi-
cator of dough gluten strength through measuring the force 
required to blow and break a bubble of dough according to 
AACC [21]. By using Chopin equipment (Alveoconsistog-
raphe) where the results were measured by electronic meas-
ure. Alveoconsistographe apparatus was used to measure 
the resistance of dough to extension and the extent to which 
it could be starched under the experimental conditions of 
20  °C and 80% relative humidity. Various measurements 
were made, i.e. tenacity (P) indicating dough resistance 
to deformation, extensibility (L) representing the length 
of the curve (the average of the abscissas at the rupture of 
the curves length), (G) which represents the average of the 
swelling index on the calculation chart and corresponds 
with the rupture abscises “L”. In addition, baking strength of 
flour (W), surface area of the curve, (i.e. deformation action 
of dough) was also studied, (P/L) ratio which represents the 
balance between dough strength and extensibility.

Best levels of fortified flour with natural material were 
determined and compared to wheat flour (control) to for-
ward appropriate manufacturing process. According to the 
tests, the best levels of natural sources supplementation 
were selected for producing wheat bread were; 30% cas-
sava, 20% quinoa and 5% guar flour where their properties 
were the highest in the rheological analyses especially wet 
gluten (WG) that indicates flour plasticity properties and 
reproduced the tensions the gluten net supports during fer-
mentation and cooking, and also dough strength (w) which 
indicates dough behavior during baking process. Therefore, 
these ratios (30% cassava, 20% quinoa and 5% guar) were 
chosen to be the basis for the current study.

Balady bread making

Preparation of the bread

Egyptian balady flat bread was prepared according to the 
common method described in the manual of Wheat and Flour 
Testing Methods [22]. About 100 g of wheat flour (extraction 
72%), 1.5 g compressed yeast, 1.0 g salt, in addition to 65–70 g 
water, enough to make sticky dough of 14% moisture basis, 
were used. Flour was added to the yeast suspension and the 
salty solution, mixed to the optimum dough development stage 
and then placed in a fermentation cabinet at 28 °C and 85% 
relative humidity for about 40 to 50 min. After removal from 
the fermentation cabinet, the dough was divided into equal 
pieces and formed into balls by hand. Pieces were left to rest 
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for 10–20 min and then dusted with flour and compressed by 
hand. The dough pieces were returned to the fermentation 
cabinet and proofed for 30–45 min. Finally, dough pieces were 
baked in an oven on 450–500 °C for 1 to 2 min.

• Types of the prepared balady bread:
  Four types of balady bread were prepared to be used in 

the study tests depending on the results of the determina-
tion of substitution levels, mentioned above:

1. Wheat flour bread (control): prepared from 100% wheat 
flour (extraction 72%).

2. Wheat/cassava bread: prepared from 70% wheat flour 
(extraction 72%) + 30% cassava flour.

3. Wheat/quinoa bread: prepared from 80% wheat flour 
(extraction 72%) + 20% quinoa seeds flour.

4. Wheat/guar bread: was prepared from 95% wheat flour 
(extraction 72%) + 5% guar seeds flour.

Sensory characteristics

The loaves of bread were allowed to cool down on racks for 
about 1 h after baking. The following tests were carried out:

Sensory evaluation of bread samples According to See et al. 
[23], loaves were cooled down for another 1–2 h at room tem-
perature (25 °C) in a sealed plastic bag before evaluation. The 
bread was then cut into small slices using a bread knife. Sen-
sory evaluation was performed using 15 panelists. Samples 
were randomly assigned to each panelist. The panelists were 
asked to evaluate each loaf for its color, odor, roundness, sepa-
ration of layers, crumb distribution, taste after swallowing and 
overall acceptability. (10) Point hedonic scale was used where 
1 = extremely dislike and 10 = extremely like, expect for both 
taste and general appearance the scale was from (20) points.

Loaf volume The loaf volume was determined by using rape 
seed displacement method 10-05.01, AACC [21]. This was 
carried out by loading millet grains into an empty box with 
calibrated mark until it reached the marked level and unloaded 
back. The bread sample was put into the box and the measured 
millet was loaded back again. The remaining millet grains left 
outside the box was measured using measuring cylinder and 
recorded as loaf volume in  cm3.

The specific volume (volume to mass ratio)  (cm3/g) was, 
thereafter calculated according to the following equation:

Specific volume
(

cm3∕g
)

=
loaf volume

loaf weight

Determination of microbial load

The microbial load was determined by counting the total 
fungi and total bacteria i.e. total coli form and fecal coli-
form counts, in order to inspect the bread shelf-life. The 
process was carried out as follows:

Fungi isolation and  identification Bread samples were 
stored at room temperature to determine shelf life of bread 
remains. Bread was cut into small pieces carefully and 
aseptically transferred to ready plates of potato dextrose 
agar (PDA) medium. Plates were then incubated at 25 °C 
and observations were daily recorded up to the day 7. The 
emerged fungi were counted, and then purified using the 
single spore technique. Fungal and hypha type isolation 
and identification were carried out according to Eissa 
et al. [24] and the hypha tip techniques were implemented 
as stated by Bassuony et al. [25]. Tests were carried out 
in the Regional Center for Food and Feed RCFF and con-
firmed by the Plant Pathology Department (ARC).

Total fungi and  yeast count Ten grams were taken from 
each sample and added to 90 ml portion of sterile saline 
solution (0.85% NaCl) in an Erlenmeyers flask of 500 ml 
and homogenized thoroughly by an electric shaker at a 
constant speed for 15 min. Tenfold serial dilutions were 
then prepared. One ml portion of the suitable dilutions was 
used to inoculate Petri dishes containing 15 ml Rose Ben-
gal Agar fortified by 0.5 mg chloromphnicol/ml medium. 
Plates were inverted and incubated at 32  °C for 3  days; 
colonies of each plate were then counted. The plates con-
taining fewer than 150 colonies were retained [26].

Statistical analysis

Results were statistically analyzed using SPSS Statistical 
Package according to the analysis of variance (ANOVA). 
Duncan’s Multiple Range test and LSD were chosen to 
determine any significant difference among various treat-
ments at p < 0.05.

Results and discussion

This study was carried out to identify the most suitable 
wheat substitution levels with each of quinoa, cassava 
and guar crops in order to increase the nutritional value 
of balady bread, the main type of bread in Egypt, and to 
decrease the amount of wheat used in the production of 
this bread.
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Substitution percentages

Table 1 presents the results obtained when testing the dif-
ferent wheat substitution levels for each of the studied 
crops, i.e. quinoa, cassava and guar. The best percentages 
were identified according to the level of gluten. Singh and 
Singh [27] emphasized that the minimum gluten content of 
wet wheat flour should reach about 24%, while the dry one 
should be around 8%. Gluten is an important constituent of 
wheat because it provides strength to dough and texture to 
the baked wheat products. Higher gluten content in wheat 
flour is recommended for bread and lower gluten content is 
found better for biscuits and cookies as mentioned by Kumar 
et al. [28]. Results showed that the best percentage of wheat 
substitution with cassava crop was found to be 30%, as the 
percentage of 35 and 40% did not show any gluten in the 
tested samples. In case of quinoa, four percentages were 
tested, (10, 15, 20 and 25%) and results proved that the best 
ratio for wheat substitution was 20%, where gluten disap-
peared when higher percentages of quinoa were used. Guar, 
on the other hand, showed its best level at 5% where higher 
percentage showed no gluten as well. Therefore, those three 
percentages, i.e. 30% cassava, 20% quinoa and 5% guar 
flours, were used throughout the whole study.

Study tests

Tests were carried out to investigate the possibility of using 
substitutions of the whole (20% quinoa + 80% wheat flour, 
30% cassava + 70% wheat flour and 5% guar + 95% wheat 
flour), to produce balady bread with acceptable charac-
teristics. The chemical and rheological properties of the 
produced flour were evaluated. Sensory characteristics of 
balady bread and its shelf life were also determined.

Chemical composition

Results of the chemical composition of the flour produced 
from substituting portions of wheat with the previously 
determined percentages of the supplementary crops are 
recorded in Table 2.

Moisture The moisture content showed its highest percent-
age in wheat and cassava flour; i.e. 12.87% and 12.50%, 
respectively, followed by quinoa flour 11.38%. Guar flour 
recorded the lowest percentage of all the tested crops 
(9.97%). On the other hand, blends of the different crops 
with wheat proved that 5% guar–wheat flour gave the high-

Table 1  Determining the Best mixing ratios of wheat, cassava, quinoa and guar for the manufacture of balady bread through chemical and rheo-
logical initial tests

Data represents the means of three replicates
MC moisture, p protein, FN falling number, SP sedimentation of protein, WG wet gluten, GI gluten index content, DG dry gluten content, P 
tenacity, L extensibility length of the curve, W baking strength of flour, G average of the swelling index, P/L ratio which represents the balance 
between dough strength and extensibility, Ie elasticity index

Samples Rheological analysis

Chemical analysis Gluten % Alveographe

P % M. C. % Ash % FN S. of P W.G G.I D.G P L G W P/L Ie

Control 
(100%wheat)

14.5 12.9 0.6 341 34.5 31.7 93.9 10.6 104 89.0 21 368 1.17 69.4

Percentage of additives
 Cassava
  15 12.9 12.2 0.65 405 30.5 28.0 94.5 8.9 112 57.0 16.8 249 1.96 55.3
  30 11.5 11.0 0.67 255 24.0 24.1 96.7 7.3 111 41.0 14.3 170 2.71 34.2
  35 11.1 9.7 0.69 241 23.0 117 32 12.6 130 3.66 0.0
  40 10.2 10.0 0.69 234 18.0 137 21.0 10.2 130 6.52 0.0

 Quinoa
  10 15.3 10.8 0,91 300.0 33.5 26.1 98.2 8.9 126 45.0 14.9 244.0 2.8 59.2
  15 16.1 12.1 0.99 307 31.5 27.1 96.1 8.4 120 43.0 14.6 204 2.79 44.1
  20 16.4 10.6 1.1 303 30.0 24.2 89.9 7.5 120 35.0 13.2 179 3.43 0.0
  25 16.8 11.8 1.2 304 29.5 148 25.0 11.1 156 5.92 0.0

 Guar
  5 15.5 11.4 0.86 288 30.0 28.7 97.4 9.5 107 75 19.3 289 1.43 57.3
  10 17.0 12.0 1.01 247 30.0 88.0 65.0 17.9 187 1.35 44.8
  15 18.0 11.3 1.14 221 29.0 153 37 13.5 221 4.1 0.0
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est moisture contents (11.4%), followed by the blends of 
30% cassava (11.03%) and 20% quinoa (10.53%).

Protein When testing each crop separately, the highest pro-
tein percentages, i.e. 43% was obtained from guar flour, fol-
lowed by quinoa and wheat flours; 21.5%, 14.47%, respec-
tively. Meanwhile, the least percentage of protein was found 
in the cassava flour where it registered a percentage of 2.1%, 
and this was also found by FAO [29], which proved that 
cassava is very low in protein contents (only 2.0%). How-
ever, when calculating the protein percentage in the stud-
ied blends, it was found that mixing 20% quinoa with 80% 
wheat flour gave the highest protein percentage, i.e. 16.4%, 
while 5% guar mixed with 95% wheat flour recorded 15.5%. 
Both percentages are higher than that of wheat flour (con-
trol). Koyro and Eisa [30] stated similar results where they 
mentioned that protein content increases in these seeds. 30% 
cassava–wheat flour showed a protein percentage of 11.5%, 
which is much higher than that of cassava flour alone, but 
still proved to be the least of all blends. Kumar et al. [28] 
highlighted that protein content of flour is an important 
parameter for flour types as it affects the final product’s 
quality.

Ash Ash, on the other hand, showed its highest percentage 
in cassava flour (5.0%), while the least percentage was found 
in guar followed by wheat flour; 0.58 and 0.6%, respectively. 
The highest ash percentage in the different blends was 
noticed in the mixture of 20% quinoa (1.1%), while 30% 
cassava blend recorded the lowest percentage of all blends, 
i.e. 0.67%. The increase in cassava flour substitution level 
with wheat flour caused a decrease in the ash content of cas-
sava blend.

Fat Results of analyzing fat percentage in each crop sepa-
rately showed that quinoa flour gave the highest percentage 
in all the tested plants, followed by guar, cassava and wheat 
7.55, 2.45, 0.52 and 0.08%, respectively. On the other hand, 

blends of the different crops with wheat proved that 20% 
quinoa–wheat flour has the highest fat contents; 2.15%, 
while both 30% cassava and 5% guar gave close percentages 
as shown in Table 2. These findings match with what was 
found by Valencia-Chamorro [31], who stated that quinoa 
contains a high amount of fat and fatty acids, in addition, 
Koziol [32] highlighted that some quinoa varieties show oil 
concentrations up to 9.5% and that quinoa could be consid-
ered as a potentially valuable new oil crop.

Crude fiber High fiber percentage is a required character-
istic in bread flour. Results of the current study showed 
that guar flour alone gave the highest Crude fiber contents 
among all the tested samples, i.e. 17.45%, while each of 
quinoa and cassava recorded 4.98 and 2.13%, respectively. 
Kumar et al. [15] and Butt et al. [33] found similar results 
where they stated that guar is a rich source of fibers. On the 
other hand, 5% guar mixed with 95% wheat proved also to 
have the highest fiber contents among all mixtures followed 
by the blend of 20% quinoa, as shown in Table 2.

Carbohydrate Another essential property tested in this 
study was the carbohydrate content of the different tested 
crops and their blends. Cassava flour recorded the high-
est carbohydrate percentage in all samples (77.78%), and 
even when mixed with wheat flour in a percentage of 30%, 
the carbohydrate contents recorded 75.4%. Charles et  al. 
[34] ensured this result where they mentioned that cassava 
flour is a rich source of carbohydrate. Wheat flour, on the 
other hand, recoded a carbohydrate percentage of 71.39% 
whereas, quinoa flour alone registered a carbohydrate per-
centage of 52.83%, while 20% quinoa with 80% wheat 
recorded 68.8%. The lowest carbohydrate percentage in all 
the tested samples was found in guar flour, where it recorded 
26.59%. Accordingly, the LSD test at 0.05, guar showed sig-
nificant differences in all the chemical composition of all 
the tested samples as shown in Table 2. Koyro and Eisa [30] 
highlighted similar results where they reported that the total 

Table 2  Chemical composition of wheat, quinoa, cassava and guar flours and the effect of their different blends on flour chemical properties

Data represents the means of three replicates

Composite
Natural resources

Moisture (%) Protein (%) Ash (%) Fat (%) Crude fiber (%) Carbohydrate (%)

Wheat Flour 12.87 ± 0.06 14.47 ± 0.06 0.60 ± 0.01 0.080 ± 0.01 0.60 ± 0.05 71.39 ± 0.03
Quinoa flour 11.38 ± 0.17 21.5 ± 0.06 1.80 ± 0.09 7.55 ± 0.01 4.98 ± 0.06 52.83 ± 0.09
Cassava flour 12.50 ± 0.10 2.1 ± 0.06 5.00 ± 0.10 0.52 ± 0.01 2.13 ± 0.04 77.78 ± 0.16
Guarflour 9.97 ± 0.25 43.00 ± 0.25 0.58 ± 0.07 2.45 ± 0.01 17.45 ± 0.01 26.59 ± 0.30
20% Quinoa 10.53 ± 0.12 16.40 ± 0.10 1.10 ± 0.10 2.15 ± 0.01 1.01 ± 0.07 68.80 ± 0.12
30% Cassava 11.03 ± 0.06 11.5 ± 0.06 0.67 ± 0.01 0.54 ± 0.01 0.86 ± 0.02 75.43 ± 0. 03
5% Guar 11.40 ± 0.00 15.50 ± 0.00 0.86 ± 0.01 0.53 ± 0.03 1.34 ± 0.02 70.37 ± 0. 04
LSD 0.05 0.28 0.089 0.057 0.026 0.036 0.115
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carbohydrate content decreases in these seeds (guar and qui-
noa).

Falling number Results indicated that wheat flour (control) 
recorded a falling number of 341  s, while when substi-
tuted with 20% quinoa, 30% cassava and 5% guar, the fall-
ing numbers dropped to 303, 254, and 288 s, respectively. 
Falling number indicates flour quality; according to AACC 
[19] high falling number (above 300  s) indicates minimal 
enzyme activity and sound quality of wheat flour. A low 
falling number (below 250 s) indicates substantial enzyme 
activity and sprout-damaged wheat or flour.

Sedimentation of  protein Higher protein sediment was 
obtained at a percentage of 100% wheat flour, where it 
recorded 34.5  ml. Meanwhile, when substituted with5% 
guar, 20% quinoa and 30% cassava, the protein sedimenta-
tion dropped to levels of 30.67, 29.83 and 24 ml in the same 
samples, respectively (Table  3). The sedimentation test is 
an indication of the protein quality as was reported by Pres-
ton et al. [35]. Positive correlations were observed between 
sedimentation volume and gluten strength. The sedimenta-
tion value indicates correlation with gluten content, gluten 
quality and loaf volume and that depends upon the protein 
composition and is mostly correlated to the protein content 
[36].

Rheological properties

Gluten content

Wet, dry gluten and gluten index were determined in order 
to identify flour quality and establish blends baking aptitude 
as well. It was generally assumed that, high content of gluten 
in flour gives a product of a big volume. In the current study, 
wheat flour showed a significant difference in its wet and dry 
gluten content when compared to all the other tested blends 
as shown in Table 4.

Wet gluten

Wet gluten of wheat flour reached 31.7% followed by the 
5% guar blend, where it recorded a percentage of 28.70. 
No significant differences were found between wet gluten 
in both 30% cassava and 20% quinoa blends. Increase in 
total protein content of the flour positively correlated with 
the gluten content [37]. The wet gluten yield indicates the 

quality of protein and baking quality of flour, the gluten 
content is directly correlated to the grain protein [38].

Dry gluten

The dry gluten yield of 100% wheat flour recorded the 
highest percentage in the mixtures tested, where it recorded 
10.6%, followed by 5% guar blend (9.46%). The dry gluten 
content of the flour positively correlates to the wet gluten 
content. On the other hand, blends of 30% cassava and 20% 
quinoa gave close percentages where they recorded 7.50% 
and7.33%, respectively. LSD at 5% showed significant dif-
ferences in the dry gluten of both.

Gluten index

On the other hand, gluten index is considered as an indica-
tive parameter for wet gluten quality and protein content. It 
is directly proportional to the force of the gluten, although 
this fact is not always associated with the big bread. Accord-
ing to AACC [21] the optimum gluten index value for bak-
ing purposes should range from 60 to 90. In the current 
investigation the highest gluten index in the mixtures tested 
resulted from 5% guar blend where it recorded 97.44, fol-
lowed by 20% quinoa (96.66), (Table 4). These results might 
be due to the good protein quality and content in them both, 
in addition, 30% cassava blend recorded the lowest gluten 
index (89.6), because cassava flour is very low in protein 
contents. FAO [29] and Shittu et al. [39] stated that cassava 
does not contain any gluten.

Alveograph test

Alveograph is a rheological method that indicates flour plas-
ticity properties; it tries to reproduce the tensions the gluten 
net supports during fermentation and cooking. In the current 

Table 3  Falling number (s) 
and sediment of protein (ml) in 
wheat flour and the blends of 
quinoa, cassava and guar

Properties 100%Wheat flour 20% Quinoa 30% Cassava 5% Guar LSD

Falling number (s) 341 ± 3.5 303 ± 1.53 254 ± 14.50 288 ± 4.00 4.757
Sediment of protein (ml) 34.50 ± 0.50 29.83 ± 0.29 24.0 ± 0.00 30.67 ± 0.58 0.25

Table 4  Wet gluten, dry gluten and gluten index in wheat, and differ-
ent blends of quinoa, cassava and guar

Natural source Wet gluten (%) Dry gluten (%) Gluten index

Wheat flour 31.70 ± 0.500 10.60 ± 0.100 93.92 ± 1.37
20% Quinoa 24.11 ± 0.06 7.33 ± 0.07 96.66 ± 0.36
30% Cassava 24.17 ± 0.06 7.50 ± 0.100 89.60 ± 2.04
5% Guar 28.70 ± 0.20 9.4667 ± 0.06 97.44 ± 0.15
LSD 0.05 0.314 0.096 1.435
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study alveograph parameters were tested to get the neces-
sary information about elasticity (P), extensibility (L), dough 
strength (W), and configuration rate (P/L) of the different 
tested blends. If these properties are to be high, a proper loaf 
volume and a good internal structure of bread will be pro-
duced. Moreover, dough strength indicates dough behavior 
during baking process. Data presented in Table 5 show that 
100% wheat flour gave the highest baking strength (W) 368, 
followed by the blend of 5% guar that recorded 289. On the 
other hand, blends of 20% quinoa and 30% cassava recorded 
close results, i.e. 179 and 170, respectively.

The difference in the results could be attributed to the 
protein weakening [40]. The high baking strength of 100% 
wheat flour and 5% guar flour blend might be due to the 
good protein quality that characterizes them both as was 
mentioned by Chopin [41]. Gluten, the protein component 
of the flour, gives the dough elasticity and strength as was 
emphasized by Wieser [42].

On the other hand, when studying the tenacity (P); quinoa 
20% showed the highest level among all treatments where it 
recorded (120), whereas the least tenacity was recorded in 
wheat flour (104).

The next tested parameter was the ability to swell (G); 
100% wheat flour showed the highest swelling (21), each 
of 100% wheat flour and 5% guar, on one hand, and 30% 
cassava and 20% quinoa, on the other hand, gave almost 
the same results. High substitution of cassava flour reduces 
elasticity properties of wheat flour dough making the dough 
incapable of retaining the gas emanating from fermentation 
[43].

The highest tendency for extensibility (L) was recorded 
in wheat, followed by 5% guar then 30% cassava, i.e. 89, 
75 and 41 mm, respectively. These results are in agreement 
with Collar et al. [44]; who considered that a good protein 
provides a significant higher stability during heating. The 
values of P/L (configuration rates) were low in case of wheat 
flour followed by 5% guar where they recorded 1.17% and 
1.43%, respectively. On the other hand, 30% cassava and 
20% quinoa recorded higher numbers; 2.71% and 3.43%, 
respectively.

Sensory evaluation results

Results clarified that there were no significant differences 
between wheat flour bread (control) and bread produced 
from the blend of 30% cassava with 70% wheat, in all the 
sensory evaluation tests (taste, color, odor, roundness, 
separation layer, crumb distribution, taste after swallow-
ing, general appearance and the overall scores) as shown 
in Table 6. These results were assured when blending 30% 
cassava didn’t change through the rheological examination 
and after baking. Similar results were reported by Sanful and 
Darko [45] who stated that properties of cassava flour were 
similar to those of wheat flour and therefore, can partially 
substituted for wheat flour in many wheat-based products. 
This result agrees with the findings of Iwe et al. [46] who 
reported that cassava flour can be used as a partial replace-
ment for wheat flour in bread baking; cassava flour/wheat 
flour composites between 10 and 30% of cassava flour gave 
the best desirable sensory attributes.

Table 5  Effect of different 
treatments on the rheological 
properties of dough through 
using the alveograph parameter

Parameter 100% Wheat 30% Cassava 20% Quinoa 5% Guar LSD (5%)

Tenacity (P)Mmh2o 104 ± 1.30 111 ± 1.30 120 ± 1.58 107 ± 1.58 1.09
Extensibility (L)mm 89 ± 1.6 41 ± 1.58 35 ± 1.5 75 ± 1.58 1.86
Swelling (G) 21 ± 1.46 14.3 ± 1.52 13.2 ± 1.49 19.3 ± 1.43 1.11
Baking strength (W)10 E-4J 368 ± 4.06 170 ± 4.15 179 ± 4.14 289 ± 4.15 3.09
Configuration rate (P/L)% 1.17 ± 0.7 2.71 ± 0.72 3.43 ± 0.72 1.43 ± 0.72 0.54

Table 6  Effect of the different blends on the sensory evaluation rates of the balady bread

Average of total score was converted to a descriptive category i.e.: V. Good: 90–100, Good: 80–89, Acceptable: 70–79, Poor: less than 70
Means in column followed by the same letter are not significantly different (p < 0.05) from each other, where, a: is the highest value and c: is the 
lowest whereas b: is moderate

Samples Taste (10) Color (10) Odor (10) Roundness 
(10)

Separation 
layer (10)

Crumb 
distribution 
(10)

Taste after 
swallowing 
(10)

General 
appearance 
(20)

Overall 
scores 
(100)

100% Wheat 
flour

18.94 ± 1.03a 9.07 ± 0.88a 9.40 ± 0.63a 9.33 ± 0.82a 9.47 ± 0.64a 9.27 ± 0.46a 9.27 ± 0.46a 18.53 ± 1.41a 93.28

30% Cassava 18.66 ± 1.23a 9.27 ± 0.79a 9.27 ± 0.59a 9.60 ± 0.63a 9.53 ± 0.52a 9.07 ± 0.88a 9.13 ± 0.74a 18.13 ± 1.60a 92.66
20% Quinoa 14.94 ± 1.28b 7.20 ± 0.78b 7.00 ± 1.36b 8.27 ± 1.10b 8.87 ± 0.92b 6.27 ± 1.16b 5.40 ± 1.55b 15.07 ± 1.67b 73.02
5% Guar 10.54 ± 4.10c 6.93 ± 1.44b 5.33 ± 1.99c 8.21 ± 0.80b 8.0 ± 1.07c 6.20 ± 1.57b 4.27 ± 2.43c 13.20 ± 1.82c 62.68
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On the other hand, results also showed significant dif-
ferences between wheat flour bread (control) and produced 
bread of blends of 20% quinoa and 5% guar in all sensory 
evaluations. Produced bread of 20% quinoa was acceptable 
and recorded 73.02 out of 100 for total score, whereas the 
bread produced from 5% guar and 95% wheat recorded the 
lowest overall score (62.68). These results match the results 
of Hoefler [47] who reported that the evaluation of this bread 
reflected that the bread was darker and less acceptable. The 
addition of different types of fibers, as said by Sivam et al. 
[48], may affect the sensory attributes of baked products 
and sensory evaluation rate decreases as each of the dietary 
fiber increases.

Effect on specific volume

The effects of blends’ composition on the specific volume 
of balady bread were studied and results are presented in 
Table 7. Wheat flour bread and bread produced from30% 
cassava did not show any significant difference concerning 
the bread specific volume, i.e. 4.0 and 3.8, respectively at 
LSD 0.31. These results assured that 30% cassava didn’t 
change the rheological properties even after baking, this 
agrees with the findings of [46], who reported that cassava/
wheat flour composites between 10 and 30% of cassava flour 
gave the best desirable sensory attributes, whereas blends of 
20% quinoa and 5% guar flour showed significant changes in 
volume of the bread when compared to wheat. These results 
were similar to what was found by Park and Morita [49]. 
Those researchers reported that quinoa flour does not contain 

a gluten-forming protein, like wheat flour, and attributed to 
the reduction in loaf volume to gluten dilution effect and 
the increase in the alkaline-insoluble protein. They also 
stated that quinoa and guar are high fiber ingredients and 
their addition to bread causes volume reduction due to the 
interference of grain fibers with gluten development where 
the structure and baking quality of the bread is affected.

Shelf life for the produced bread

Shelf life for all bread types produced in this study, stored 
at room temperature, ranged from 6 to 8 days. The spoilage 
started to appear on the 6th day of storage in both wheat 
and 30% cassava bread (Table 8). Symptoms of spoilage 
included black, yellow and green coloration due to the pres-
ence of different fungi species. The longest shelf life, i.e. 8 
days, occurred in the bread produced from 20% quinoa to 
80% wheat. The reason for the long shelf life in this type 
of bread was attributed to the presence of a large variety of 
antioxidant compounds in quinoa seeds, such as carotenoids 
as stated by Eberhardt et al. [50] and Nsimba et al. [51]. 
Moreover, the bread produced from 5% guar to 95% wheat, 
showed a moderate shelf life compared to both wheat bread 
and bread produced from 20% quinoa blend, i.e. 7 days. 
Tsuda et al. [52] found similar results and attributed that to 
the same reason; that is the presence of antioxidants in guar 
bean. The least shelf life was found in the bread produced 
from 30% cassava.

Total mesophilic (total viable bacterial counts) and fungi 
counts (yeast and mould counts) were calculated in the dif-
ferent bread samples to determine the microbial load. Fungal 
symptoms were not detected on the bread of all treatments 
at zero time. Table 8 shows fungal isolates and their count 
in the different bread samples. Data revealed that Aspergil-
lus niger was the predominant fungal species isolated from 
all samples, while A. flavuss appeared only in wheat flour 
bread. Results also clarified that the fungal counts ranged 
from 8 × 102 to 12 × 102 CFU/g of sample. Fungal isolates 
included Aspergillus, Penicillium, Eurotium, Trichoderma, 
and Rhizopus, in addition to Saccharomyces yeast. Results 

Table 7  Effect of the different 
blends on bread specific volume

Bread sample Bread specific 
volume (g/
cm3)

Wheat flour 4.0 ± 0.3
30% Cassava 3.8 ± 0.4
20% Quinoa 3.1 ± 0.2
5% Guar 2.2 ± 0.3
L.S.D 0.31

Table 8  Shelf life, isolated 
fungi species and their count in 
the different bread samples

Bread samples Spoilage 
(days)

Isolated fungi Counts (CFU/g)

Wheat flour 6 Aspergillusniger, A. flavus, A. rubrum, A. spp., 
Penicilliumcorlophilum ,P. spp., Eurotiumrepens, 
Rhizopusnigericans and unidentified spp.

12 × 102

30% Cassava 6 A.niger,A. rubrum, A. spp., A. ochraceous, A. ter-
reus, Penicilium spp., Saccharomyces cerevisiae, 
Rhizopusnigericans and Rhizopus spp.

9 × 102

20% Quinoa 8 A. niger, Trichodermaharinua and Rhizopus spp. 8 × 102

5% Guar 7 A.niger, A. fumagatus, and Rhizopus spp. 9 × 102
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assured what was found by Kyzlink [53] where no coliforms 
were detected in any of the bread samples.

Conclusion

Bread in Egypt is an essential daily meal for all commu-
nity classes, therefore, introducing supplementary crops to 
substitute wheat should produce new bread with acceptable 
flavor, color and shape that suits the Egyptian taste; and this 
was one of the priorities that were taken into consideration 
during this study. Results of this research proved that qui-
noa and cassava are preferable crops to play that role. The 
study introduced the best percentage of wheat substitution 
with cassava, quinoa and guar crops to be 30%, 20% and 
5%, respectively. The bread produced using these mixing 
percentages proved that cassava was highly accepted by 
panelists followed by quinoa and finally guar, which was 
less accepted. As wheat 72% extraction is poor in its protein 
content, thus it was important to produce the new bread with 
higher protein content, in addition to the other nutritional 
composition. The study proved that the bread produced 
from 20% quinoa and 80% wheat, not only gave the high-
est protein content, but also the highest fiber percentage as 
well. Therefore, we support the idea of expanding quinoa 
cultivation in Egypt due to its high nutritional value, not 
to forget its suitability to the Egyptian environment. Cas-
sava–wheat flour mixture, on the other hand, was high in its 
carbohydrate percentage and didn’t change any of the rheo-
logical properties even after baking, thus cassava also could 
be another important supplementary crop that might help in 
fulfilling the wheat gap in the country, especially with the 
high accepted taste. Accordingly, efforts should be made to 
use these crops as supplementary crops for bread production 
and continue searching for other new ones.
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