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Abstract
The present study aims to investigate the effect of wheat natural phytase,
fermentation and baking processes in the destruction of phytic acid during the
process of making wheat bread for some Iraqi mills. The concentration of phytic
acid was (850.32, 802.14, 531.84 mg / 100g) for the flour of AL-Brairie, AL-Nesr
and AL-Al-Doura mills respectively. At the end of the fermentation processes, the
decrease in the concentration of phytic acid in the samples produced from the flour
obtained from the three mills was (47.06, 26.98, 40.00%) respectively, while
inorganic phosphorus concentration in all treatments increased by 32.4, 42.37 and
36.21 %, respectively. It was found that the activity of wheat natural phytase
enzyme varies according to the type of mill and the enzyme has been destroyed after
the baking process for all treatments. It is clear that, with the effect of wheat natural
phytase enzyme and fermentation and baking processes, the concentration of phytic
acid may be reduced when preparing wheat bread for some mills by (26-47%).
Keywords: Phytic acid, Iraqi Wheat, Phytase enzyme, Fermentation Treatments,
Inorganic Phosphorus.

 عمليات التخمير وعمليات التخبيزعلى تدههر الفايتات في خبز الحنطة، تأثير إنزيم الفايتيز الذاتي
المصنع من طحين المطاحن العراقية

 عزالدين كاظم حمهد،*جاسم محيدن ناصر

 العراق،  بغداد،  جامعة بغداد،  كمية عمهم الهظدسة الزراعية، عمهم االغذية
الخالصة

هدفت الدراسة الحالية لمتعرف عمى تأثير أنزيم الفايتيز الذاتي وعطميات التخطير وعطميات التخبيز في

كان تركيز حامض الفايتيك.تحطيم حامض الفايتيك خالل عطميات تصظيع خبز القطح لبعض الططاحن العراقية

.غم) لطحين مطاحن البراري والظدر والدورة عمى التهالي٠١١/ ممغم531.84 ، 802.14 ،850.32( بهاقع

عظد انتهاء عطميات التخطير كا نت ندبة االنخفاض في تركيز حامض الفايتيك في العيظات الطصظعة من
 بيظطا حدث،) عمى التهالي% 40.00 ، 26.98 ، 47.06 ( الطحين الطتحصل من الططاحن الثالثة بهاقع

) عمى%36.21 , 42.37 , 32.4( ارتفاع في تركيز الفدفهر الالعضهي في الطعامالت جطيعها بهاقع
وجد أن ف عالية أنزيم الفايتيز الذاتي تختمف باختالف نهع الططحظة وقد تحطم اإلنزيم بعد انتهاء عطمية.التهالي
 يطكن تقميل، من الهاضح أنه مع تأثير إنزيم الفايتيز الذاتي وعطميات التخطير والخبز. التخبيز لكافة الطعامالت
.)٪47-26( تركيز حامض الفايتيك عظد إعداد خبز القطح لبعض الططاحن بظدبة
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Introduction
The process of making bread and its quality mainly depends on the components involved in its
composition, which include flour, yeast, salt and water, as well as other additives that can be used to
improve the composition of the dough and its ability to form and carry out the manufacturing
processes as well as to improve the quality of the product in terms of bread volume and crump
composition, all of these attributes are related to the properties of the proteins, carbohydrates, and
pigments found in the flour [1].The enzyme treatment of flour was an important alternative to
obtaining the required changes in the composition of the dough to improve its functional properties.
There are many types of bread whose quality and nutritional value depends on flour extraction
rates. White bread has an extraction rate of 72%, it contains a small percentage of vitamins, mineral
salts, and fiber (low nutritional value). Another type of high-value bread is known as whole wheat
bread (100% extraction), which is an important source of inorganic materials such as iron, zinc and
magnesium [2]. At present, societies have realized that the consumption of high-fiber products,
including whole-wheat bread or bran-fortified meals, has a positive impact on human health. Studies
have shown that eating enough whole foods gives protection against coronary heart disease, certain
types of cancer, diabetes of the second type, but these products also provide anti-food factors, such as
inhibitory factors and the factors that inhibit the absorption of metals such as phytate.
Phytatemyo-inositol 1, 2, 3, 4, 5, 6-hexakisdi hydrogen phosphate (C6H18O24P6) and their molecular
weight 660.58 g / mol are biologically active compounds that have the ability to form insoluble
complexes by binding and inhibiting the absorption of compounds and metal elements charged with a
positive charge such as protein, starch and metal elements by the organism in biological conditions by
forming ionic bonds and covalent with phosphate aggregates associated with the inositol ring [3].
There are several ways to reduce the level of phytate, including fermentation and increase the added
yeast, prolong the fermentation period to produce sour dough, add phytase enzyme to the dough, use
different strains of microorganisms that reduce the acidity of the dough to ensure the effective work of
the enzyme such as Lactic acid bacteria. The phytic acid reduction rate during the period of
manufacture depends on the effectiveness of the phytase enzyme found in the wheat and yeasts, as
well as several factors contributing to the breakdown of the phytate, such as the size of the minced
wheat minutes, pH, water content and the length of the fermentation [4].
The present study aims to investigate the effect of fermentation and baking time and the
effectiveness of the phytase enzyme in reducing the level of antinutrition (phytic acid) in bread
manufactured from local mill flour.
Material & Method
Preparation of wheat flour: From three different local mills flour were collected, all were kept in
cooling (± 4 m).The following physical and chemical tests were performed: Proximate compositions
of all flour samples were studied using AACC methods [5]. Total carbohydrate was calculated by
difference.
Bread (loaf) preparation: The bread making performances of the flours were determined using the
straight dough AACC method No. 10-10 B [6] with a slight modification. The bread formula for each
loaf included 100 g wheat flour, yeast, salt, sugar, fat and an adequate amount of water to obtain
dough of optimum consistency. The bread making procedure included mixing , at low speed for 2 min
followed by mixing the medium for 3 minutes using a spiral arm mixer, and a proving time of 081 min
at 36◦C and 70% relative humidity (r. h.) and baking for 20 min at 210◦C. in a convection oven. Baked
loaves were cooled down at room temperature for 60 min, wrapped in a plastic film and then stored at
room temperature (20˚ C). The treatments included in this experiment were:
T1: Al-Brairie flour mill with the basic ingredients.
T2: Al-Nesr flour mill with the basic ingredients.
T3: Al-Doura flour mill with basic ingredients.
-Sensory Evaluation of Bread (loaf): The evaluation form mentioned in Alzubaidy [7]was used.
- Determination of phytic acid (PA): Phytic acid was estimated according to the method described
by Latta and Eskin [8], referred to by Almihyawi [3].
- Determination of inorganic phosphorus: Inorganic phosphorus was estimated according to the
method cited by Chen et al. [9], referred to by Almihyawi [3].
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- pH measurement for flour and dough: AACC method 02-52 [10] was adopted by mixing 10 g of
flour or dough with 100 ml distilled water ( pH 7), then homogenized by German Heidolph Made at
26000 speed (cycle / minute) for 2 minutes and left for 5 minutes, then pH was measured.
- Determination of wheat-phytase activity in dough: The enzyme activity was determined according
to Sedaghati et al., [11] method. with a simple modification where the dough samples were lyophilized
and the phytase enzyme was extracted. One g of dry dough dissolved in 5 ml of 0.2 M acetate buffer
(pH=5.4), and then homogenized at a speed of 20,000 rpm / min using German Heidolph Made for 2
minutes(It is preferable to place samples in an iced water bath to maintain the temperature of the
solution during homogenization), the samples were then placed in the refrigerator for the enzyme
extraction at (5°c) for 18 hours on the magnetic stirrer device, the precipitate was then isolated after
filtration of the leachate by centrifuge at 40000 Xg for 30 minutes and at (4°C), the process was
repeated to the leachate at 15000 Xg speed and at the same time and temperature. The enzyme activity
was expressed as the amount of inorganic phosphorus released in accordance with the Fisk and
Subbarow method of [12], referred to by [3]. The comparison tube was prepared by adding 0.1 ml of
leachate (zero hour or moment of preparation) to 0.9 ml of the substrate. The reaction was stopped
directly by adding 1 ml of TCA solution (10%), all tubes were incubated in a water bath at 50°C for
half an hour. The enzymatic reaction was stopped by adding 1 ml of TCA solution at 10%, At the end
of time, add the color detector, which is made up of 4 volumes[(5.5% Sulfuric acid H 2SO4 (V / V)
dissolved in it 1.5% (W / V) ammonium molbidate in an ice bath)+ 1 volume of 2.7% (W / V)
Hydrothermal Sulfate FeSO4.6H2O)], then centrifuge the tubes at 5000 rpm/min for 15 minutes, and
read the optical absorption intensity of the violet color at a wavelength of 700 nm in the optical
spectrometer. The enzyme activity unit is defined as the amount of enzyme that releases one μg of
inorganic phosphorus per ml of sodium phytate solution under experimental conditions.
Results and discussion
Chemical properties of flour forms:
Table-1 shows the percentages of the chemical components of the flour used in this study. The
percentage of moisture in the Al-Brairie, Al-Nesr and Al-Doura flours was 11.9, 11.5 and 11.4%,
respectively, which is within the favorite range of bakeries (11.5 - 15.2%) [13]. This helps greatly in
storing flour without damage. Moisture is an important factor in determining the quality of the flour
and its water absorption. The protein content was 11.7, 11.2 and 10.1%, respectively. Protein is of
great importance in determining product quality, the table shows the superiority of the first and second
type flour in this component compared to the third type. These results were consistent with [1], who
indicated that the percentage of soft wheat protein ranged between 9-12%. The protein content of
grains is a quality characteristic affected by the environment and is one of the basic criteria for the
quality of wheat grains, which depends mainly on the genetic factors of class and species and on the
climatic and agricultural conditions prevailing during the growth. The same table also showed that the
fat percentage were (1.48, 1.38, 1.06%) respectively. Several studies have confirmed the importance
of flour fat in bread making and the rheological properties of the dough, despite their low
concentration compared to other flour ingredients.
Ash percentages for flour samples were 1.32, 1.19, 0.76%, respectively, which is similar to that of
Pozrl et al. [14].Ash content is associated with the quality of the milling process. It is a strong
indicator of flour color and purity. The efficiency of the milling process is determined by knowing the
flour content of the ash mainly associated with the amount of bran in the wheat grain, which is usually
0.4-2.0%, calculated on the basis of 14% moisture [15]. Iuliana et al. [16] found that the percentage of
carbohydrates for wheat and the general average was (65-75%) and was identical to what was found in
the flour of the treatments under study.
Table 1-The chemical components of the flour from Al-Brairie, Al-Nesr and Al-Doura mills
Phytic
Inorganic
Mills
Carbohydrate
Ash
Protein
Fat
Moisture
acid
phosph.
Al73.6
1.32
11.7
1.48
11.9
850.32
6.03
Brairie
Al74.73
1.19
11.2
1.38
11.5
802.14
7.26
Nesr
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76.68

0.76

10.1

1.06

11.4

531.84

10.10

-

-

-

-

-

103.66*

2.094*

It is noted from Table-1 that the percentage of phytic acid in flour varies from one mill to another
(850.32, 802.14, 531.84) mg / 100 g flour for Al-Brairi, Al-Nesr and Al-Doura mills respectively. It is
also noted from the same table that the percentages of inorganic phosphorus were (6.03, 7.26, and
10.10) for the above species respectively.
These results of PA content were similar to those of the published studies. Pozrl et al. [14] noted
that the content of phytic acid in whole flour extract was 946 mg / 100g. While Didar [17] found that
the content of phytic acid (894.66 mg / 100 g) in flour with an extraction rate of 98%. The results of
phosphorus were lower than that found by Al-Mihyawi [3] , which found that the concentration of
organic phosphorus in the whole flour of the varieties (Iba 99, Rasheed, Tamos, Abu Ghraib, Turkish
flour "Moamal") were (29.18, 25.15, 23.89, 20.85, 22.83 mg / 100 g), respectively. This reduction may
be due to the low extraction ratio compared to the whole flour, as indicated by the chemical
composition of these samples under study.
- Determination of pH in flour and dough:
Table-2 shows pH values in the flour and dough of the three treatments under study during hours of
fermentation and after baking. The pH of Al-Brairi, Al-Nesr and Al-Doura flour mills was 6.62, 6.46,
6.71, respectively. When preparing the dough for the three treatments, the pH values were highest at
the hour of preparation (6.46, 6.39, 6.51) respectively. From the data, at the end of the first hour of the
fermentation process, there was a decrease in the pH values of the three treatments dough. T1 achieved
the highest decrease (6.33) compared with the other treatments (6.29, 6.41) respectively, as did the end
of the fourth hour.
The decrease in pH values may be due to yeast's ability to ferment sugars available in flour, as well
as added sugar, carbon dioxide production and formation of weak acids. This reduction has had a
positive effect on providing favorable conditions for the work of the phytase enzyme. Studies have
indicated that raising the added yeast or prolonging the fermentation period to produce acid bread also
contributes to this [18, 19].
Table 2-PH values in the flour and dough of the three treatments under study.
dough
dough
Dough
dough
dough
Mills
Flour
Zero hr.
After baking
First hr.
Second hr. Third hr.
Fourth hr.
Al-Brairi
Al-Nesr
Al-Doura

6.62
6.46
6.71

6.46
6.39
6.51

6.42
6.37
6.49

6.38
6.34
6.49

6.37
6.31
6.43

6.33
6.29
6.41

6.31
6.28
6.39

- Determination of phytic acid in the dough:
Table-3 shows the amount of phytic acid (mg / 100g) in the dough which made of experimental
flour during fermentation hours. It is noted that the highest percentage of phytic acid in the dough at
zero hour was in T1 treatment dough and the lowest in the dough of T3 treatment. This indicates that
the flour with the high phytic acid content gave dough of the same specifications despite the difference
in the amount of water added to each treatment. The amount of phytic acid when preparing the dough
for the three treatments (680, 630,450) mg /100 g respectively. It is noted from this table that the
fermentation process reduced the amount of phytic acid in all treatments in different rates. At: the end
of the first hour of the fermentation process, the amount of reduction in the phytic acid for the three
treatments were( 16.18, 1.59, 17.78%) respectively. The highest reduction in phytic acid was in T3
treatment dough, whereas at the end of the fourth hour the highest reduction was in T1 treatment
dough. The decline in the three treatments was (47.06, 26.98, 40.00%) respectively after the end of the
fourth hour of fermentation. The reason for this decrease or degradation in phytic acid is the increased
activity of the phytase enzyme in the dough as a result of the favorable conditions for its work. The
ratios of the existence of this enzyme vary according to the plants and their parts and types of each
class so it is noted that the amount of the rates of decline varied between different treatments.
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Yeast has the potential to reduce pH as a result of fermentation of sugars, production of carbon
dioxide and carbon monoxide and formation of weak acids, and thus have a positive effect in
providing conditions suitable for the work of the phytase enzyme. Some studies have indicated that the
optimal pH for the action of wheat phytase was 5.15, other researchers have suggested that vegetable
phytase can work at a range of pH values(4-6). It has been noticed (Table-4), that the pH of all
treatments was decreased. This findings were in agreement with that of confirmed by [19, 20]. Some
related studies have suggested that the yeast used in fermentation can also produce phytase enzyme
but each has ideal conditions [21]. Since the type and percentage of yeast is constant in all the
treatments, the main reason for the differences in the ratios of the PA decline between the species is
attributed to the difference in the ratio of the phytase enzyme that exists naturally in the flour and
possibly due to the difference in extraction rates of flour, because the phytate and phytase enzyme
located in the bran layers Al-mihyawi, [3]. Fretzdorff and Brummer [22] found that pH was the most
important factor in reducing the content of phytic acid during the baking process and concluded that
the value of pH 4.3 - 4.6 and 55°C gave the best reduction of phytic acid when making sour dough.
Table 3-Phytic acid content (mg/100 g) in the dough of the treatments under study during
fermentation hours
Mills
Zero hr.
First hr.
Second hr.
Third hr.
Fourth hr.
Al-Brairi
680
570
440
380
360
Al-Nesr
630
620
530
490
460
Al-Doura
450
370
340
320
270
L.S.D
87.53*
116.45*
79.31*
82.76*
67.27*
- Determination of inorganic phosphorus in the dough:
Table-4 shows the concentration of inorganic phosphorus in the experimental dough samples
during different fermentation hours. The highest percentage of inorganic phosphorus in T3 treatment
dough was at zero time. The amount of phosphorus in the dough made from Al-Brairi, Al-Nesr and
Al-Doura mill flour samples were (16.76, 19.54, 41.15mg /100 g). It is clear that the process of
fermentation resulted in an increase in the proportion of inorganic phosphorus in all treatments in a
different ratio.
The phytase available in flour is responsible for the degradation of phytic acid and the production
of inorganic phosphorus, but at different rates depending on the proportion and activity of this enzyme
in each treatment [23].
The amount of inorganic phosphorus formed in the dough depends on several factors, including the
availability of enzymes (phytase and phosphatases) and conditions for their effectiveness. The results
of this study are similar to those found by Al-Mihyawi [3].
Table 4-inorganic phosphorus content (mg/100 g) in the dough of the treatments under study during
fermentation hours
Mills
Zero hr.
First hr.
Second hr.
Third hr.
Fourth hr.
16.76
19.67
20.99
21.85
22.19
Al-Brairi
19.54
19.75
20.27
21.50
27.82
Al-Nesr
41.15
45.12
50.45
51.44
56.05
Al-Doura
7.42*
8.05*
7.32*
7.69*
6.44*
L.S.D
-Determination of the effectiveness of the phytase enzyme in the dough of the treatments under
study:
Table-5 shows that there are clear differences in the values of the activity of wheat natural phytase
enzyme in the dough of the three treatments under study during the different fermentation hours,
depending on the pH of the dough and the extraction rates of flour. This is confirmed by many
previous studies, which showed high efficacy of phytase enzyme at higher extraction rates of
flour[11]..The efficiency rate during the first hour of the three treatments (4, 2, 1) unit / g dough
respectively, while at four hours became (5, 5, 1) unit / g dough respectively.
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The increase in inorganic phosphorus liberated by phytic acid degradation during the four
fermentation hours is directly related to the increase in enzyme activity. The rate of hydrolysis of
phytic acid after the first hour of the three treatments were )07.78 ، 0..9 ، 01.08) respectively, while
after the fourth hour was (47.06, 26.98, 40.00)%.This is due to the difference in the extraction rate of
the flour used and the difference in the amount of decrease in pH values during the fermentation
process. Similar finding was mentioned by [3, 17, 24, 25].
The effect of the enzyme was significantly reduced in bread and disappeared in all treatments because
the enzyme was severely affected by the baking heat (210◦C / 20 min).
Table 5-The activity of phytase enzyme during fermentation and baking hours (unit / g)
Fermentation hours
Al-Brairi mill
Al-Nesr mill
Al-Doura mill
Zero hr.
4
2
1
First hr.
3
2
1
Second hr.
6
2
1
Third hr.
6
2
1
Forth hr.
5
5
1
bread
0
0
0
-The sensory characteristics of the experimental bread produced from local flour mills:
Tables-(6,7) shows the internal and external characteristics of experimental bread made of the
flour produced by local mills, the specific volume , color of crust, symmetry of form, evenness of
bake, color of crumb, texture of crumb, grain of crumb, aroma and taste. T1 and T2 treatments showed
significant differences compared to T3 treatment of the volume and specific volume characteristics,
while there were no significant differences in the weight of bread among the treatments. The reduction
in the specific volume of T3 treatment may be due to the fact that the product is made from wheat with
high amylase content. This is confirmed by a breakdown in breadcrumbs and difficult to handle during
the preparation.
As shown from the Table-7 there were no significant differences in external characteristics, such
as the color of the crust, symmetry of form and evenness of bake for all treatments. The color of the
crust in the final product depends mainly on the temperature of the baking process and the amount of
sugar remaining in the dough because there are two important reactions in the baking process: the first
reaction is the carmilization and the second is the millard reaction. Both reactions depend on the sugar
available in the dough mixture [1]. As for the color of the pulp, T3 treatment was significantly
different with T1 and T2 treatments, as it was more white, while the characteristics of grain of crumb
showed significant differences as T1 and T2 treatments had a better distribution of gaseous cells and
their homogeneity compared with T3 treatment. The same table shows that the aroma and taste and
texture of crumb did not have any significant differences.
The experimental bread obtained from T1,T2 treatments were characterized by a solidity compared
with the experimental bread for T3 treatment. The bread stiffness increased with the addition of the
fiber sources and the increase in the extraction percentages (depending on the degree of color and
chemical composition). Pyler [26] confirmed that the fiber in the bread leads to a decrease in the
amount of gluten and thus reduces the ability to store gas in the dough resulting in a reduction in the
elasticity of the resulted bread. These results were consistent with Półtorak and Zalewska
[25].&Hammood and Nasir[19]. They noted that increasing the percentage of oats and wheat fiber and
higher extraction rate significantly increases the hardness of bread. Majzoobi et al. [27] found that
increasing the fiber ratio and increasing the size of the bran particles in the bread gives more coarse
bread because the flour fortification of the bran has a clear effect on the mechanical and chemical
properties of the gluten network.
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Table 6-The volume, weight and specific volume of the experimental bread of the treatments under
study
Mills
Weight (g)
Volume(cm3)
Specific volume(cm3/g)
130.21
230
1.77
Al-Brairi
132.76
220
1.66
Al-Nesr
120.74
170
1.41
Al-Doura
15.84 NS
23.97*
0.228*
L.S.D
Table 7-The internal and external characteristics of experimental bread made of the flour produced by
local mills
The
color symmetry
evenness
grain
color
texture aroma
Specific
of
of
of
of
of
of
and
Total
Mills
volume
the
form
bake
crumb crumb crumb
taste
crust
Al30
9
5
4
6
6
6
16
82
Brairi
Al28
9
5
4
6
7
6
16
81
Nesr
Al24
9
5
3
4
9
6
17
77
Doura
5.39
1.65
0.541
1.289
1.75
1.84
1.103
2..187 4.38
L.S.D
*
NS
NS
NS
*
*
NS
NS
*
Degree
30
10
5
5
10
10
10
20
100
* (P<0.05).
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