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Abstract: The present investigation aims to study the utilization of whole maize flour in the production of
wheat toast bread, which is made from wheat flour, in addition to whole maize flour at percent 10%, 20% and
30%. The study included estimating the chemical composition, phosphorus compounds, phytic acid in the
composite flours and consequently in the resulting bread. The results of chemical composition showed that
the contents of ash, crude oil, crude fiber and total carbohydrates were increased significantly in composite
flours when compared with wheat flour (control). On the other hand, the protein content was decreased
significantly in all flour mixtures. Also the results showed that the contents of ash, crude oil and crude fiber
increased significantly in the toast bread made from the flour mixtures with values ranging from 1.56-2.07%,
3.61-4.27%, 1.07 - 1.77% when compared to those in bread control 1.45% and 3.27% % and 0.93% (g/100g D.W)
respectively, this is due to the higher percentages of it in the flour mixtures. Phytate phosphorus (PP) in
composite flours was found in different amounts significantly via increase or decrease comparing to wheat
flour. For phytic acid there were significant differences in the content of phytic acid, whether the decrease or
increase between wheat flour and flour mixtures with maize flour. For total phosphorus (TP), phytate
phosphorus (PP) and inorganic phosphates (IP), their contents (mg/100g D.W) were highly significant, ranging
from 193.59 - 237.13, 81.54 - 96.65, 112.05 - 140.48 in maize bread samples when compared to those of control
142.17, 65.70 and 76.47 respectively. In comparing the values of the phytic acid in bread with the same in flour
mixtures, it decreased by 24.66 - 45.81%, which confirms the occurrence of decomposition of the phytic acid
during fermentation and baking. The samples of maize bread recorded significantly lower values in the loss of
freshness compared to control. The sample of bread produced from untreated maize flour at 10% gave the
lowest values in loss of freshness: 1.85, 6.83 and 8.85% during 1, 2 and 3 days of storage, respectively. The
toast bread produced from maize flour incorporated with wheat flour gave good results, acceptable to the
consumer, especially bread made from treated maize by soaking for 18 hours and this is a good indication of
the importance of the using whole maize flour in bread.
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INTRODUCTION storage characteristics. Because of its importance,

the genetic improvement of maize has played a key

Maize (Zea mays L.) ranks as the third most
important cereal grain in the world. Traditional
criteria for selecting maize hybrids have been based
primarily on agronomic factors, including grain
production, disease resistance, drought tolerance and

role in the development of genotypes with high
technological and nutritional values. Specialty maize
hybrids are the result of selection for improved chemical
composition of the grain compared to standard hybrids

[1].
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Whole maize flour contains 12% moisture, 10%
protein, 4.5% fat, 70% carbohydrates and 2% ash. It is
provides raw materials to starch industry and also used
for making of bakery products. Maize is an important
starch crop forming the staple source of carbohydrate in
the diet of hundreds of millions of people [2].

Bread is a very common food all over the world and
consists mainly of wheat flour which is supposed to be
less than 14% moisture and has good properties in terms
of color and public accessibility. Bread is made from
wheat flour, yeast, salt and water in several steps, starting
with mixing the ingredients, kneading, fermentation and
cutting, ending with the baking process [3, 4].

The maize grains are higher in fat, iron, fiber contents
when compared with wheat and rice. Therefore the use of
maize flour for production of baked goods would help
lower the dependency of developing nations on imported
wheat [5].

Whole grain flour and products prepared from it are
desirable, mostly due to their taste and nutritional
benefits. However, upon milling, the raw whole grain flour
results in rapid deterioration, largely due to enzymatic
activities, especially those of lipase, lipoxygenase,
peroxidase and polyphenoloxidase, which are associated
with the lipid component. Stabilized whole grain maize
flour with extended storage stability can be obtained by
treating the grain with direct heat sufficient to deactivate
enzymes. The consequences of the temperature treatment
are modified functional properties, improved processing
tolerance, improved dough properties and enhanced
flavor [6, 7].

The process of treating grains with nixtamalization
has many benefits as it facilitates the milling of grains as
well as improving the aroma, flavor and reducing
mycotoxins, which leads to the use in food processing,
giving better results than untreated grains. These benefits
make nixtamalization a crucial preliminary step for further
processing of grains into food products [8].

For phytic acid, it is possible to reduce its quantity
during storage, germination and food processing, either
through hydrolysis chemically or by phytase, which turns
into fewer fractions of inositol phosphates. On the other
hand, the most important methods used in food
processing, such as soaking and fermentation, is to
activate the internal phytase enzyme, which in turn
analyzes the phytic acid, while some of the heat
processing methods cause self-decomposition of phytic
acid such as blanching, sterilization, frying and baking
[9, 10]. During fermentation process of bread dough, the
endogenous phytase enzyme, which is naturally present
in the grain flour, activates the phytic acid to break down
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to lower inositol phosphates and inorganic phosphorus,
which improves the nutritional value of the bread [11].

The milling of grain to give white flours reduces the
levels of many nutrients as well as phytate (myo-inositol
hexakisphosphate, InsP-6). In contrast, wholegrain
products are known to have both high phytate levels and
high nutrient content [12, 13]. Wholegrain products also
have a wide range of benefits to human health, for
example they are associated with reduced risk of many
chronic diseases including heart disease and diabetes
[14, 15]. Phytates can chelate and bind minerals, resulting
in insoluble complexes that may lead to a decrease in
mineral absorption and bioavailability and therefore the
removal of phytates from baked goods has long been
considered desirable [16].

The whole wheat flour has been shown by many
researchers to be a rich source of these functional
ingredients such as fiber, photochemical, minerals,
essential amino acids that are located in the bran and fat
soluble vitamins contained in the germ of the whole wheat
grain [3]. Due to the high cost, geographical scarcity and
high demand of wheat flour, efforts are been directed
toward the provision of locally available alternative
source of flour such as maize, cassava, oats. From a
nutritional point of view, maize is excellent in composition
compared with other grains, except protein content [17].

The aim of this investigation is to study the
processing of toast bread by using mixtures of wheat
flour, raw or treated whole maize (Single Hybrid Giza 10
variety) flour with replacement 10%, 20% and 30% from
wheat flour. Evaluate the chemical composition,
phosphorus compounds and total titratable acidity in
wheat and maize composite flours, which used in bread
preparation. As well as study the effect of the treatment
of maize grains by boiling, soaking and nixtamalization
before milling on the physicochemical, nutritional, stalling,
loss of freshness and sensory properties of produced
toast bread.

MATERIALS AND METHODS

Materials

Samples: The white dent maize kernels (Single Hybrid
Giza 10) variety used in this research was purchased from
the Agricultural Research Center, Giza, Egypt during
February season 2017. Wheat flour, salt and yeast were
obtained from local super market.

Preparation of Maize Samples: White maize kernels were
prepared in four different ways. The details of sample
preparation are given below:
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Untreated Maize Kernels (UM): Untreated white maize
(UM) refers to raw kernels as such; the UM sample was
ground for 3 min in laboratory mill to obtain whole flour,
which contains the germ and the pericarp, in addition
to the endosperm. Nothing is separated out when milled.
It stored at 4°C until analyzed.

Boiling (BM): Boiling refers to maize kernels which boiled
in water (200 g kernels/ 300 ml H,O) for 30 min. Boiled
maize (BM) kernels were dried (50°C/24hrs) and then
treated in the same way as UM.

Soaking (SM): Soaking refers to maize kernels which
soaked in water (200 g kernels/ 300 ml H,0O) for 18 and
24 h at 20°C. Soaked maize (SM) kernels were dried
(50°C/24hrs) and then treated in the same way as UM.

Nixtamalization (NM): Nixtamalization refers to cooking
200 g of white maize kernels with 400 ml calcium hydroxide
solution 1.5% Ca(OH), solution for 23 min and then left
to steep at room temperature for 16 h according to
Figueroa et al. [18]. The steep liquid was drained and the
maize was rinsed three times with H,O. Nixtamalized whole
maize (NM) kernels were dried (50°C/24hrs) and then
treated in the same way as UM.

Proximate Composition: Moisture, crude protein, crude 1
lipids, crude fiber and ash were determined as described
in the AOAC methods [19]. Triplicate determinations were
carried out for each sample and the means were reported.
The total carbohydrates content was determined by
difference according to Pellet and Sossy [20] as follows:
Carbohydrate % = 100 — (protein % + ash % + lipid % +
crude fiber %). The caloric value was calculated using
value of 4 k.cal/g for protein, carbohydrates and 9 k.cal/g
for fat according to Livesy [21]. Total phosphorus content
was determined by spectrophotometer [22] after wet
ashing following method described in AOAC [19].
Total phosphorus (TP) = Phytate phosphorus (Pp) +
Inorganic phosphorus (Ip).

Total Titratable Acidity (T.T.A), pH and Wet Gluten:
T.T.A (ml equivalents of NaOH 0.1N) and pH values of all
samples slurry was determined according to the method
described by AOAC [19].Wet gluten content was
determined according to the AACC [23] method.

Determination of Phytic Acid: The phytic acid was
determined by the method described by Kent-Jones and
Amos [24], in which the phytic acid is precipitated with an
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iron-III solution of known iron content and the decrease
in iron which found in supernatant is taken as a measure
of phytate phosphorus content. The phytate was
estimated by multiplying the amount of phytate
phosphorous by a factor of 3.55 based on the empirical
formula C, P O,, Hi [25].

Preparation of Toast (Pan) Bread: Toast bread was
manufactured by Mostafa and Othman [26] method. Toast
bread was supplemented with 10%, 20% and 30% whole
white maize flours. The basic ingredients were: wheat flour
(extration 72%), water, salt and yeast. The percentages of
ingredients are shown in Table (1). The toast bread was
manufactured as follows: All ingredients were mixed in the
kneader dough for 10 minutes. Fermentation was
performed at 30°C + 2 for 135 minutes and relative
humidity 80-85%. The dough pressed to release CO, and
moulded with corn oil (about 1.5 g oil) in pans with
dimensions: length 12 cm, width 6 cm and height 8 cm.
Baking was carried out in an electric oven at 230-240°C for
20-25 minutes. The bread top was subjected to wet brush
in order to enhance crust appearance immediately after
removing from the oven.

Physical Characteristics of Bread: The weight (g) for
bread was determined individually within two hours after
baking the average was recorded, while the volume (cm®)
was determined by displacement method with clover
seeds. Specific volume (cm’/g) was calculated using the
following Equation: Specific loaf volume (cm?/g) = Volume
(cm®)/Weight (g) [26].

Staling Rate and Loss of Freshness: The staling rate of
different prepared bread samples were determined after
baking within one hour and after 1, 2 and 3 days of
storage at room temperature by alkaline water retention
capacity (AWRC %) according to AACC [23]. The loss of
freshness was calculated by means of the following
equation:

Loss of freshness (%) = [AWRC at 0-time — AWRC after
interval (days)] X 100 /AWRC at O-time.

Sensory Evaluation of Toast Bread: The sensory
evaluation of toast bread was measured by a panel of ten
judges from the staff of Food and Technology
department, Faculty of Agriculture, Assiut University.
The evaluation of bread samples was done by using
scoring system [26]; Crust color (10), texture (10), crumb
color (10), taste (10), graining of crumb (10) and odor (10).
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Table 1: Formulation of toast bread containing whole white maize flours

Ingredients Control 10% 20% 30%
Wheat flour (extraction 72%) (g) 100 90 80 70
‘Whole maize flours (g) - 10 20 30
Water (ml) 60 60 60 60
Salt (g) 1 1 1 1
Yeast (g) 0.5 0.5 0.5 0.5

Statistical Analysis: The experimental data were
subjected to an analysis of variance (ANOVA) for a
completely randomized design using a statistical analysis
system [27].

RESULTS AND DISCUSSION

Wet Gluten and Chemical Composition of Composite
Flours: Wet gluten content and chemical composition of
composite flours are illustrated in Table 2. The content of
wet gluten was 21.38% in wheat flour but in the all
composite flours was decreased significantly. The wet
gluten was ranged from 17.57% to 20.03% in the
composite flours. It is clear that the value of wet gluten in
wheat flour was higher than its value in the flour mixtures.
The value of gluten decreases by increasing the added
quantity of maize flour, which does not contain gluten.

The moisture content in the studied flours was
ranging from 10.93 to 12.89%. As shown in Table 2 the
contents of ash, crude lipids, crude fiber and total
carbohydrates were increased significantly in composite
flours when compared with wheat flour (control). On the
other hand, the protein content was decreased
significantly in all flour mixtures. It could be noticed that
the variations in the contents of constituents due to the
difference in the chemical composition of untreated and
treated maize flour, which led to the presence of these
differences, both increase or decrease. For the caloric
value, the contents were similar, ranging from 400.88 to
403.07 Kcal/100g in all studied samples. As a result of
different values of oil, protein and carbohydrates, the
caloric value varied.

T.T.A, pH and Phosphorus Fractions in the Composite
Flours: The T.T.A, pH and phosphorus fractions in the
composite flours are illustrated in Table 3. The T.T.A
(mel equiv NaOH) contents in composite flour was
significantly higher and ranged from 2.76 to 4.41 than
wheat flour (2.59). It is clear that the T.T.A values in the
samples of the flour mixtures with the treated maize flour
were higher than their values for the mixtures with the
untreated maize flour. This is because the treatment of
corn grains with boiling, soaking and nixtamalization had
an effect on the change of T.T.A and consequently
increase of T.T.A in the mixtures. The pH contents of
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studied flours were ranged from 5.82 to 6.05 in the studied
samples. It is clear that the high pH values were found in
the flour mixtures with the nixtamalized 1.5% corn flour,
which are treated with alkaline. This is due to the use of
calcium hydroxide in the treatment, which increased the
alkalinity of these mixtures when compared to the control
(wheat flour). These results are consistent with previous
studies [28].

As shown in Table 3 the total phosphorus in wheat
flour was 140.69 mg/100g D.W, this value was
significantly increased in flour mixtures with increment of
added ratio from maize flour. The lowest TP content
(mg/100g) was 196.02 in WF90%+BM10% flour but the
highest was 234.89 in WF70%+UM30% flour. The
increase in TP contents in flour mixtures due to high
percentage of TP in corn samples: UM, BM30min,
SM18hrs, SM24hrs and NM1.5%. Phytate phosphorus
(PP) in composite flours was found in different amounts
significantly via increase or decrease comparing to wheat
flour. The content of phytate phosphorus (PP) in the
samples were ranged from 109.06 in WF70%+BM30% to
176.86 in WF70%+tUM?30%, this difference is due to the
PP values in the treated samples used in the composition
of flour mixtures. The inorganic phosphorus content
(mg/100g) in WF was 16.16 and it was increased
significantly in all composite flours ranging from 58.03 to
99.62. As a result of As a result of the increase in the
value of TP in flour mixtures, this led to increment in IP
phosphorus because the TP minus PP gives IP so, the
decrease in the content of the PP increase the amount of
IP.

For phytic acid, the data in Table 3 shows that, there
were significant differences in the content of phytic
acid, whether the decrease or increase between wheat
flour and flour mixtures with maize flour. Its contents
(mg/100g D.W) ranged from 387.16 to 627.85 in all the
studied samples. It is clear that flour mixtures with treated
maize flour by boiling have significantly given the lowest
values of phytic acid when compared to wheat flour
(control) and the rest of samples. The highest value of
phytic acid (627.85) was recorded for WF70%+UM 30%
mixtures which maize flour not treated. Thus, the flour
mixtures of the studied samples recorded differences in
the values of phytic acid depending on the type of
treatment used.
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Table 2: Wet gluten, chemical composition (g/100g) of composite flours from wheat flour and whole white maize flours. *On dry weight basis

Composite flour samples

Wet gluten Moisture Ash*

Crude lipids* Crude protein* Crude fiber* Total carbohydrates* Energy (Kcal/100 g D.W.)

WF100% (Control) 21.38 1212 0.63 1.57 12.85 0.82 84.13 402.05
WF 90% + UM 10% 19.25 1205 073 181 11.45 091 85.10 402.49
WF 80% + UM 20% 18.36 11.89 077 2.14 11.03 1.25 84.81 402.62
WF 70% + UM 30% 17.61 1172 0.86 243 10.63 1.47 84.61 402.83
WF 90% + BM 10% 19.74 1196 070 1.74 11.68 0.96 84.92 402.06
WF 80% + BM 20% 18.67 1181 073 2.0l 10.90 1.06 85.30 402.89
WF 70% + BM 30% 17.95 1093 075 2.35 10.43 1.42 85.05 403.07
WF 90% + SM18 10%  20.03 1197 071 1.63 11.77 1.09 84.80 400.95
WF 80% + SM18 20% 18.56 1163 074 1.68 11.09 1.14 85.35 400.88
WEF 70% + SM1830%  17.57 1129 082 1.96 10.56 1.38 85.28 401.00
WF 90% + SM24 10%  19.84 1185 0.69 1.64 11.47 1.01 85.19 401.40
WF 80% + SM2420%  18.59 1138 073 1.83 11.07 1.37 85.00 400.75
WF 70% + SM24 30%  17.69 1095 084 2.0l 10.69 1.59 84.87 400.33
WF 90% + NM 10% 19.09 1251 0.69 1.73 11.40 1.07 85.11 401.61
WF 80% + NM 20% 18.07 1274 074 2.14 10.94 1.28 84.90 402.62
WF 70% + NM 30% 17.69 1289 081 228 10.43 1.56 84.92 401.92
LSD 0.05 0.43 0.21 0.01 0.02 0.11 0.01 032 1.13

Table 3: The values of T.T.A pH and phosphorus fractions (mg/100g D.W) in the composite flours from wheat flour and whole white maize flour

T.T.A Total Phytate Inorganic Phytate —p as %

Composite flour samples (mel equiv NaOH) pH phosphorus (TP)  phosphorus (PP)  phosphorus (IP)  of total phosphorus Phytic acid
WF100% (Control) 2.59 5.89 140.69 124.53 16.16 88.51 442.08
WF 90% + UM 10% 2.76 590  207.29 140.26 67.03 67.66 497.92
WEF 80% + UM 20% 3.41 5.87  220.03 159.07 60.96 72.30 564.70
WF 70% + UM 30% 4.05 5.82  234.89 176.86 58.03 75.30 627.85
WF 90% + BM 10% 2.98 5.89 196.02 120.03 75.99 61.23 426.11
WF 80% + BM 20% 3.55 5.87  204.61 115.42 89.19 56.41 409.74
WF 70% + BM 30% 4.15 584  208.68 109.06 99.62 52.26 387.16
WF 90% + SM18 10% 3.17 591 203.61 134.07 69.54 65.85 475.95
WF 80% + SM18 20% 3.62 5.88 216.05 144.65 71.40 66.95 513.51
WF 70% + SM18 30% 4.29 5.84  227.84 157.01 70.83 68.91 557.39
WF 90% + SM24 10% 3.29 5.92 204.10 129.34 74.76 63.37 459.16
WF 80% + SM24 20% 3.87 5.89  217.13 136.78 80.35 63.00 485.57
WF 70% + SM24 30% 441 5.84 227.18 144.02 83.16 63.40 511.27
WF 90% + NM 10% 3.62 5.98 198.71 126.84 71.87 63.83 450.28
WF 80% + NM 20% 3.84 6.01 209.88 129.01 80.87 61.47 457.99
WF 70% + NM 30% 4.02 6.05 221.12 131.94 89.18 59.67 468.39
LSD 0.05 0.01 0.01 1.23 2.31 1.16 0.43 3.16

Table 4: Chemical composition of toast bread made from composite flours of wheat flour and whole white maize flour.*On dry weight basis

Bread samples Moisture Ash* Crude lipids* Crude protein*  Crude fiber*  Total carbohydrates*  Energy (Kcal/100 g)
WF100% (Control) 36.70 1.45 3.27 13.09 0.93 81.26 406.83
WF 90% + UM 10% 34.53 1.79 3.85 12.07 1.18 81.11 407.37
WF 80% + UM 20% 32.86 1.84 4.02 12.12 1.39 80.63 407.18
WF 70% + UM 30% 35.00 2.07 4.27 11.16 1.54 80.96 406.91
WF 90% + BM 10% 34.51 1.64 3.82 12.46 1.25 80.83 407.54
WF 80% + BM 20% 35.23 1.76 3.93 11.21 1.39 81.71 407.05
WF 70% + BM 30% 33.46 1.83 421 10.25 1.56 82.15 407.49
WF 90% + SM18 10% 36.05 1.68 3.61 11.25 1.09 82.37 406.97
WF 80% + SM18 20% 34.71 1.71 3.78 11.80 1.28 81.43 406.94
WEF 70% + SM18 30% 36.12 1.97 3.89 10.14 1.57 82.43 405.29
WF 90% + SM24 10% 35.16 1.61 3.71 11.34 1.28 82.06 406.99
WF 80% + SM24 20% 36.01 1.82 3.84 11.26 1.52 81.56 405.84
WF 70% + SM24 30% 35.24 2.04 3.96 11.03 1.72 81.25 404.76
WF 90% + NM 10% 34.17 1.56 3.88 11.88 1.07 81.61 408.88
WF 80% + NM 20% 34.93 1.78 4.09 11.62 1.27 81.24 408.25
WF 70% + NM 30% 34.20 1.90 4.18 11.72 1.77 80.43 406.22
LSD 0.05 0.02 0.002 0.01 0.01 0.001 0.14 0.11
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Chemical Composition of Toast Bread: Chemical
composition of toast bread made from composite flours of
wheat flour and whole white maize flour are illustrated in
Table 4. The percentage of moisture in the studied bread
samples was from 32.86 to 36.70%, where the highest
percentage was found in bread control and then it
decreased significantly in the rest of the samples. Also
the results showed that the contents of ash, crude oil
and crude fiber increased significantly in the toast bread
made from the flour mixtures with values ranging from
1.56-2.07%, 3.61 - 4.27%, 1.07 - 1.77% when compared to
those in bread control: 1.45% and 3.27% % and 0.93%
(g/100g D.W) respectively, this is due to the higher
percentages of it in the flour mixtures. While there was a
significant decrease in the content of the protein in the
bread produced from the mixtures compared to control,
due to the low percentage of protein in the flour mixtures.
For total carbohydrate and caloric value, there were
slight significant differences in contents, ranging from
81.26 - 82.43% and 404.76 - 408.88 Kcal/100g respectively
in the bread samples under study.

T.T.A, pH, Phosphorus Compounds and Physical
Evaluation of Toast Bread: The contents of T.T.A
(mel equiv NaOH), pH were recorded 2.21 - 2.88 and
5.06 - 5.43 in the all bread samples, respectively (Table 5).
In addition, there was a significant decrease in the values
of the P" when compared to control. These values for the
pH and T.T.A are within the permissible limits of the
bread. The value of pH is of great importance, it expresses
the active acidity and has an effect on the flavor taste or
acceptability of the bread, which is supposed to range
from 5-6 [28].

For total phosphorus (TP), phytate phosphorus (PP)
and inorganic phosphates (IP), their contents (mg/100g
D.W) were highly significant, ranging from 193.59 - 237.13,
81.54-96.65, 112.05 - 140.48 in maize bread samples when
compared to those of control 142.17, 65.70 and 76.47
respectively (Table 5). This increase is due to the rise of
these values in the flour mixtures and consequently rises
in the resulting bread. When comparing the values of PP
in the bread with their values in the mixtures, we find that
there was a highly significant decrease in it, this because
of decomposition of PP it means also phytic acid during
the fermentation and baking. The proportions of PP in
bread as a proportion of TP were ranged from 39.01 to
46.21%, while the same proportions in mixtures (Table 3)
ranged from 52.26 to 88.51%. In the same way for the
phytic acid, there was a significant increase in maize bread
with values (mg/100g D.W) from 287.02 to 333.34
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compared to 231.26 for the control bread produced from
wheat flour. In comparing the values of the phytic acid in
bread with the same in flour mixtures, it decreased by
24.66 - 45.81%, which confirms the occurrence of
decomposition of the phytic acid during fermentation
and baking. The obtained results are consistent with
Lopez et al. [29] and Penella et al. [30] who reported that
the amount of decomposed phytic acid after the baking
process varies from 13 to 100% according to the bread
type, the analysis of phytic acid is subject to many factors
such as the phytase activity in flour, yeast and acidity of
flour during fermentation and baking. The phytic acid in
maize grains could be decomposed effectively after
treated grains by nixtamalization, which soften and
broke the cellular wall then phytic acid would be released
[31, 32].

From the results in Table 5, there is a significant
increase in the weight, volume and specific volume of the
maize bread compared to the control. It could be noted
that there was an increase in the weight (g) of bread with
contents 132.65 - 144.90, while there was a decrease in
volume (ml) with contents 319 - 414 when compared with
the controls with values of 131.49 and 420 respectively,
respectively, consequently the specific volume (ml/g) of
maize bread was significantly decreased ranging from
2.03 - 3.12 against 3.19 for control. These results were in
agreement with those obtained by Mettler and Siebel [33]
who reported that the reduction of loaf volume was due to
the dilution of gluten whereas the increase in bread
weight was caused by high water retention.

Staling Rate and Loss of Freshness of Toast Bread:
After the baking process and when the bread is cooled or
stored, the bread staling is occurs. In which the structure
of amylose and amylopectin chains in the gelatinized
starch is altered in what is known as the phenomenon
retrogradation, which due to increased viscosity and
water separation from the polymers. These changes are of
great importance in terms of the effect on bread quality
and shelf life [34, 35].

The data in Table 6 shows that AWRC% (on dry
weight basis) values for maize bread with different
mixtures were significantly lower ranging 282.25 - 308.40%
when compared to 339.55% for control bread. While
during the storage period of bread for 3 days there were
significant differences, either decrease or increase, in the
AWRC% values for maize bread than control. It is noted
that the AWRC% values occurs to decrease with the
progress of storage period in the samples of bread
studied, taking into account that the decreasing is due to
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Table 5: T.T.A, pH, phosphorus compounds (mg/100g D.W) and physical evaluation of toast bread made from composite flours of wheat flour and whole

white maize flour

Physical evaluation

Phytate —p
T.T.A Total Phytate Inorganic  as % of total Volume Weight Specific
Bread sample (mel equiv NaOH) pH  phosphorus phosphorus phosphorus phosphorus  Phytic acid (ml) (2) volume (ml/g)
WF100% (Control) 2.25 543  142.17 65.70 76.47 46.21 231.26 420 131.49 3.19
WF 90% + UM 10% 2.76 526 211.28 94.70 116.58 44.82 333.34 404 13420 3.01
WF 80% + UM 20% 2.80 530 220.51 93.98 126.53 42.62 330.81 388 136.84 2.86
WF 70% + UM 30% 2.88 537 237.13 96.65 140.48 40.76 340.21 357 137.60 2.59
WF 90% + BM 10% 2.37 5.06 193.59 81.54 112.05 42.12 287.02 405 138.25 2.93
WF 80% + BM 20% 2.51 5.24 20537 83.40 121.97 40.61 293.57 339 141.12  2.40
WF 70% + BM 30% 2.79 532 20791 82.87 125.04 39.86 291.70 337 14490 2.33
WF 90% + SM18 10% 2.33 5.17  206.21 86.42 119.79 41.91 304.20 414 132.65 3.12
WEF 80% + SM18 20% 2.46 520 218.42 87.32 131.10 39.98 307.37 408 135.59 3.0l
WEF 70% + SM18 30% 2.83 523  226.15 88.22 137.93 39.01 310.53 395 140.95 2.80
WF 90% + SM24 10% 2.31 5.16 206.11 85.23 120.88 41.35 300.01 389 135.83  2.86
WF 80% + SM24 20% 2.42 522 220.34 89.28 131.06 40.52 314.27 388 137.82 2.82
WEF 70% + SM24 30% 2.80 530 229.02 91.63 137.39 40.01 322.54 353 139.75 2.53
WF 90% + NM 10% 2.21 5.07  200.62 84.38 116.24 42.06 297.02 357 133.72  2.67
WF 80% + NM 20% 2.44 521 210.75 88.35 122.40 41.92 287.14 336 136.79 2.46
WF 70% + NM 30% 2.60 526 223.28 91.66 131.62 41.05 322.64 319 138.90 2.03
LSD 0.05 0.003 0.001 2.14 0.67 1.87 0.06 3.14 1.56 1.12 0.01
Table 6: Staling rate by AWRC% (on dry weight basis) and Loss of freshness of toast bread samples during storage period (days)
AWRC Loss of freshness
Bread sample 0 time 1 day 2 days 3 days 0 time 1 day 2 days 3 days
WF100% (Control) 339.55 283.67 279.69 26234 - 16.46 17.63 22.74
WF 90% + UM 10% 282.25 277.02 263.27 25726 - 1.85 6.83 8.85
WF 80% + UM 20% 307.36 280.64 266.46 260.68 - 8.69 13.31 15.19
WF 70% + UM 30% 308.40 280.31 267.42 26040 - 9.11 13.29 15.56
WF 90% + BM 10% 303.26 277.33 262.53 25738 - 8.55 13.43 15.13
WF 80% + BM 20% 305.89 279.07 265.24 259.13 - 8.77 13.29 15.29
WEF 70% + BM 30% 305.48 279.42 264.91 259.47 - 8.53 13.28 15.06
WEF 90% + SM18 10% 301.01 293.12 280.53 27318 - 2.62 6.80 9.25
WF 80% + SM18 20% 302.52 294.23 281.95 27435 - 2.74 6.80 9.31
WF 70% + SM18 30% 306.91 293.89 274.16 26626 - 4.24 10.67 13.25
WF 90% + SM24 10% 305.12 290.61 270.92 264.14 - 4.76 11.21 13.43
WEF 80% + SM24 20% 304.95 292.22 284.05 27237 - 4.18 6.85 10.68
WEF 70% + SM24 30% 304.69 290.77 283.88 271.12 - 4.57 6.83 11.02
WF 90% + NM 10% 299.14 286.64 276.88 259.28 - 4.18 7.44 13.33
WF 80% + NM 20% 299.28 289.40 279.52 261.52 - 3.30 6.60 12.62
WF 70% + NM 30% 299.62 288.02 278.26 259.74 - 3.87 7.13 13.31
LSD 0.05 2.45 1.25 0.98 087 - 0.94 1.10 1.12

the nature of treatments and adding ratio used in the
composite flours. As a result, this will affect the loss of
freshness, which ranged in bread control from 16.46 to
22.74% during the storage period (3 days). On the other
hand, samples of maize bread recorded significantly
lower values in the loss of freshness compared to control.
The sample of bread produced from untreated maize
flour at 10% gave the lowest values in loss of freshness:
1.85, 6.83 and 8.85% during 1, 2 and 3 days of storage,
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respectively. For the rest of the maize samples (except for
10% UM), loss of freshness values were being 2.62 -
9.11%, 6.60 - 13.43%, 9.25 - 15.56% during 1, 2 and 3 days
of storage, respectively.

As noted above, the responsible for bread staling is
starch. Due to the different nature of the treatments used
with maize samples (via boiling, soaking, nixtamalization)
and their effect on starch gelatinization, which it
mentioned previously in the first part of the study,
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Table 7: Sensory evaluation of toast bread made from wheat flour and its mixtures with whole maize flour (WMF)

Crumb
Crust color Color Graining Texture Taste Odor Total score

Bread sample (10) (10) (10) (10) (10) (10) (60)

WF100% (Control) 9.25 9.30 9.35 9.25 9.30 9.40 55.85
WF 90% + UM 10% 8.25 8.35 8.20 8.25 8.20 8.30 49.55
WEF 80% + UM 20% 7.95 8.00 7.95 7.80 7.85 7.95 47.50
WEF 70% + UM 30% 7.15 7.25 7.05 7.15 7.10 7.05 42.75
WF 90% + BM 10% 8.25 8.45 8.13 8.25 8.15 8.00 49.23
WF 80% + BM 20% 8.10 7.80 7.45 7.30 7.30 7.65 45.60
WEF 70% + BM 30% 7.60 7.45 7.50 7.15 7.05 7.40 44.15
WEF 90% + SM18 10% 9.15 9.00 9.05 9.15 9.05 9.05 54.45
WF 80% + SM18 20% 8.95 8.75 8.43 8.30 8.30 8.75 51.48
WEF 70% + SM18 30% 7.75 7.76 7.58 7.38 7.48 7.58 45.53
WEF 90% + SM24 10% 8.69 8.56 8.55 8.56 8.48 8.13 50.97
WEF 80% + SM24 20% 8.43 8.06 8.30 8.10 8.30 8.00 49.19
WEF 70% + SM24 30% 7.53 7.39 7.50 7.50 7.33 7.50 44.75
WF 90% + NM 10% 8.35 8.50 8.15 8.45 8.30 8.25 50.00
WEF 80% + NM 20% 7.95 8.05 7.60 7.50 7.95 8.05 47.10
WEF 70% + NM 30% 7.55 7.50 7.45 7.15 7.30 7.15 44.10
LSD 0.05 0.01 0.02 0.01 0.02 0.03 0.01 0.04

Fig. 1: Untreated maize whole flour

Control 10% 20% 30%

Fig. 2: Boiling 30 min maize whole flour

Control

Fig. 3: Soaking 18 hrs maize whole flour
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Control 10%

Fig. 4: Soaking 24 hrs maize whole flour

10%

Control

Fig. 5: Nixtamalization 1.5% maize whole flour

it is clear why maize bread is more fresh than the
controlled bread made from wheat flour only. The maize
bread made from mixture WF90%+SM18 10% (soaking for
18 hrs) considered the best in loss of freshness, when
compared to the rest of the maize bread made with treated
by boiling and nixtamalization and soaking for 24 hours as
well as control.

Sensory Evaluation of Toast Bread Made from Wheat
Flour and its Mixtures with Whole Maize Flour (WMF):
Sensory evaluation finds a wide application in product
development, matching of products with competitors,
determination of consumer acceptance, improvement of a
product and conduction of shelf life studies as well as
storage stability [36]. Sensory evaluation of toast bread
made from wheat flour and its mixtures with whole maize
flour (WMF) are presented in Table 7 and Figures 1-5.
The crust color, crumb properties, texture, taste, odor,
over all acceptability scores of bread control and 10%,
20% and 30% WMF bread were significantly different
(Fig. 1-5). Incorporation of WMF recorded lowest scores
for all quality attributes of replacement 10%, 20% and 30%
than bread control. Moreover, color appeared to be a very
important criterion for initial acceptability of the baked
product by the consumer. The crust and crumb color of
the toast bread was significantly affected by the addition
of WMF. Among the maize bread samples, bread
produced from WF 90%+SM 18 10% recorded the highest
value in overall total score being 54.45 compared to the
other samples of maize bread, followed by 51.48 for WF

71

20% 30%

30%

80%+SM18 20% and 50.97 for WF90%+SM24 10% then
50.00 for WF90%+NM 10%. From the above mentioned
data it concluded that the toast bread produced from
maize flour incorporated with wheat flour gave good
results, acceptable to the consumer, especially bread
made from treated maize by soaking for 18 hours and this
is a good indication of the importance of the use of whole
maize flour.

In order to produce bread that would match
consumer expectations, it is important to understand
the  relationship  between  flour  quality, the
characteristics of the baked bread, the importance of
sensory testing for routine quality control functions such
as raw material control, evaluation of new sources for raw
material, process control, product grading and evaluation
of process changes and multi-plant quality coordination

[36].

CONCLUSION
The results of this study indicate that the
production of toast bread from wheat flour and their
mixtures with whole maize flour gave good results in terms
of physical, chemical properties and the loss of freshness.
The treatment of the maize grains before milling gave
good results in reduction of phytic acid content and
increasing of nutrients in the resulting bread, which
confirms the importance of using these treatments.
In addition, consumer's acceptance of this bread had a
good degree in all sensory attributes.
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