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Abstract

A laboratory experiment has been designed and implemented to study the effects of storage tem-
peratures (27.5°C and 37.5°C) and storage periods (day, 3 days, 10 days, 20 days and 30 days) in
normal conditions and relative humidity on the characteristics of wheat flour quality, as well as
some of the chemical characteristics of flour (moisture content and ratio of wet gluten), the phys-
ical properties (color and falling number). Increasing the storage temperature from 27.5°C to
37.5°C has led to decreasing moisture content of flour stored under storage relative humidity of 38%
- 70%. It has also resulted in extending the storage period from 1 day to 10 days to a decrease in
moisture content of flour, and this decline has increased the storage period up to thirty days. The
overlap between these two factors has been significantly affective. As the storage temperature of
flour increased from 27.5°C to 37.5°C, the percentage of wet gluten has been increased too, and the
storage period was extended to ten days. This has led to a significant increase in the percentage of
wet gluten flour. In addition, there was a significant response to the effective overlap between the
storage temperatures and periods of storage under study in this manner. Increasing the storage
temperature from 27.5°C to 37.5°C has led to significantly increased values of the color of the
stored flour. Besides, increasing the storage period one day more has led to decreasing the values
of the color of the stored flour. However, there has been no significant change to the subsequent
periods of storage. The overlap between both factors of temperature and storage periods has a
significant effect on the flour color. There has been a significant decrease of the enzyme activity
(the height values of the falling No.). But there is a noticeable increase to the falling No. values of
the stored flour by 37.5°C when increasing the storage periods from one day to ten days and thirty
days. This effect, nonetheless, has not reached the significant level.
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1. Introduction

Wheat is the first food crop all over the world for being the basic raw material for the production of Flour used
in making bread, and bread is a staple food for more than three quarters of the globe population, so the stability
of any country, food security depends on the availability of this article, cultivation, productive and to reach its
optimum consumption, as wheat is the raw material for many of the food industry in all its forms, pasta, semoli-
na, bulgur and couscous and other uses according to the habits and patterns of peoples in different countries
world.

Wheat occupies the largest share among all grain crops in terms of its presence at the tables’ food, constitutes
in many countries approximately 70% of its food needs, whether it is direct or indirect, and therefore it costs a
lot of local and foreign currencies [1]. The amount of the world production of wheat was estimated at 713.2 mil-
lion tons 2013 [2] comes the result of the increasing consumption bread and nutritional value of the human per-
son, in terms of average global per capita consumption of wheat was about 85 kg/year [3]. And annual increase
in global wheat consumption reached to 2% [4].

Wheat is the most important of cereal crop in Arabic consumption pattern in general [5]. In spite of the wide-
spread interesting of storing food for long periods but it has not been studied storage wheat flour in the long
term in a wide range, especially when change and modify storage conditions [6].

The study showed [7] that the flour changes become less during storage at low temperatures and proved it in
two years in storage degree 0°C where the flour characteristics have not changed significantly.

The flour is the output of wheat crop processor modern milling (Young Flour) improves quality, quality over
a period of one month to two months, and that this improvement is associated with substantially all of the mois-
ture content and the storage temperature and other conditions storage flour [8].

Also found that the flour moisture composite ratio increased during storage for 3 months [9].

In a study researchers [10] found that during the storage period of 15 months for US wheat flour at a temper-
ature between 0°C - 25°C and relative humidity 28% and 73% that the flour characteristics have changed during
the ripening process.

The [11] has stated that the chemical changes emerged during the 4 - 5 days of milling and lasted for 3 weeks
almost, and concluded that the process of ripening important to get an accurate perfect bread despite the fact that
this period was affected by several factors, including the time of ripening and the characteristics of flour and
conditions storage surroundings.

And it explained the study carried out by the [12] that cannot keep the delicate quality resulting from the
wheat grain moisture 15% for more than six months and a degree 25°C, or more than 15 days for an accurate
result of the wheat humidity of 18% under 25°C—and its quality to deteriorate more rapidly in 34°C degree at
this level of humidity. And on the contrary, it was stated [13] that showed when the flour storage at 25°C de-
terioration rate more quickly and inferred through decomposition lypolysis compared with flour stored on
12°C.

And in general has explained the study [14] that the positive effect of temperature on the flour quality extent
of within 10°C to 30°C, while the flour storage at high temperatures such as tropical countries and Summery
Climate, increases the rate of deterioration flour faster.

Because of the need to assess the extent of changes in the quality of wheat flour and its properties, under
possible storage conditions, purpose of this study was to:

Study the effect of temperature and storage period on the characteristics of flour quality.

Study the interaction relationship between each of the temperature and duration of storage and their impact on
the main chemicals and physics characters commercialized on wheat flour.

2. Materials and Methods

To achieve the objectives of the research are designed laboratory experiment was carried out in the laboratories
of Yemen Company for Grain Silos and Flour Mills Yemen, All the data were statistically analyzed by analysis
of variance (ANOVA) as applicable to a randomized complete block design (RCBD), and were compared as for
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Duncan’s least significant difference test at p < 0.05. All statistical analyses were carried out using the SAS pro-
gram, Version 9.1 (SAS System 2004).

2.1. Study Materials

2.1.1. Raw Wheat
The Class used in the flour to these samples to study is Soft wheat French origin.

Where the production of flour milling after the cleaning stages and Wheat Hydration with water for 24 hours
in the company’s mills, a modern cylindrical mills Buhler Swiss company.

1) Flour

The study was conducted on the output flour of grinding and extraction by almost 76%, where according to
the standard specifications in the flour production by Moisture does not exceed 14%, by protein not less than
10% [15].

2) Salt

Product salt was used in Pakistan carries the name brand (King) containing 0.07% iodide Potassium, sodium
bicarbonate and Brosna yellow soda.

2.1.2. Devices Used

1) Measuring the temperature and the relative air humidity device (Digital Thermometer MT-2-) equipped from
the KI & BNT company, Chinese.

2) Device estimate moisture (Air oven) equipped from (Heraeus Thermo Electron of the company corporation)
Germany.

3) Device estimate the degree of color (Color grader series 1V) from British Satake company.

4) Device estimate falling number (Falling no 1500) equipped from Perten company, Germany.

5) Sensitive electronic balance (Analytical Balance 220 g) degree of accuracy 0.1 mg-equipped from Sartarius
company, Germany.

3. Study Transactions

First factor: degrees Storage temperature e(A).
1) Adjusting the stored heat to 27.5 Celsius (Al) +0.5.
2) Adjusting the stored heat to 37.5 Celsius (A2) +0.5.

Second factor: intervals Storage

1) Flour stored for a day (B1).
2) Flour stored for 3 days (B2).
3) Flour stored for 10 days (B3).
4) Flour stored for 20 day (B4).

5) Flour stored for 30 days (B5).

Flour were collected samples in PP bags of 25 kg capacity at final production line, and stored in a suitable lo-
cation to provide a degree of storage required temperature by conditioning device talk (split) contains a sensor to
measure the temperature and is set to the required degree, has also been measure and control temperature accu-
racy by a special device that has Tssen together the first to measure the temperature, and the second for measur-
ing relative air humidity.

And study samples have been stored in a small store size of 4 x 4 x 8 meters has been allocated for this pur-
pose with varying degrees of heat A (27.5°C and 37.5°C + 0.5°C) and for different periods of storage B (day, 3
days, 10 days, 20 days, 30 days) and were followed up and record the natural relative humidity percentages, as
well as temperatures in the atmosphere storage by six readings per day for the first treatment (temperature
27.5°C) and for the treatment of second (temperature 37.5°C) distributed at the beginning of the day and the
middle and end during the period study (two months), May and June. During the study has a degree Storage
temperature 27.5°C Al-, and in June and July. The study was conducted on the storage temperature 37.5°C A2
was sufficient here to explain the three readings recorded in the days of access to the storage periods It required
a day and 3 days, 10 days and 20 days and 30 days as it is written in Table 1 and Table 2.

4. Chemical Properties of the Flour

1) Moisture content (%): moisture content was estimated according to the method ICC [16].
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Table 1. Temperature readings at 27.5°C £ 0.5°C, and storage relative air humidity (three readings for each storage period).

Time
6.30 am
2.30 pm
8.30 pm
6.30 am
2.30 pm
8.30 pm
6.30 am
2.40 pm
8.00 pm
6.30 am
2.00 pm
8.00 pm
6.30 am
2.30 pm
8.30 pm

Storage period

day

day

day
3 days
3 days
3 days
10 days
10 days
10 days
20 days
20 days
20 days
30 days
30 days
30 days

Number of reading recorded

Average of temperature

Temperature (°C)
27.5
27.6
27.0
27.2
27.0
27.0
27.0
27.1
27.0
27.0
27.0
27.3
27.6
27.1
21.7
202

27.14°C

Relative humidity %
44%
48%
54%
44%
42%
42%
40%
43%
40%
38%
47%
43%
51%
51%
45%
202

The number of readings taken during the month 202 Average temperatures taken 27.41 m. Table showing only readings of temperature and relative

humidity weather at the end of each period Storage,. The natural relative humidity ranged between 38% - 54%.

Table 2. Temperature readings at 27.5°C + 0.5°C, and storage relative air humidity (three readings for each storage period).

Time Storage period Temperature (°C) Relative humidity %
6.30 am day 379 62%
2.30 pm day 37.0 49%
8.30 pm day 37.0 47%
6.30 am 3 days 375 51%
2.30 pm 3 days 37.0 48%
8.30 pm 3 days 37.8 51%
6.30 am 10 days 36.8 66%
2.40 pm 10 days 37.0 70%
8.00 pm 10 days 37.6 51%
6.30 am 20 days 37.3 56%
2.00 pm 20 days 37.2 60%
8.00 pm 20 days 374 56%
6.30 am 30 days 37.0 48%
2.30 pm 30 days 38.00 40%
8.30 pm 30 days 37.8 54%

Number of reading recorded 176 176
Average of temperature 37.42°C

The number of readings taken during the month 176. Average temperatures taken 37.42°C. Table showing only readings of temperature and relative
humidity weather at the end of each period Storage, The natural relative humidity ranged between 48% - 70% studied traits.

()
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2) Ratio of wet gluten (%): was estimated according to the method ICC [16].

5. Physical Properties of the Flour

1) Color: the flour color test according to the method of work set out in Annex guide device by the manufac-
turer (British Satake Corporation).

2) Falling number (seconds): the falling number test for estimating the enzymatic activity according to the me-
thod ICC (16).

6. Statistical Analysis

The analysis of the data has been taken in four replications using fully random design and global averages com-
parison between test by test teams less moral amended Revised LSD [17].

7. Results and Discussion

7.1. The Impact of Degrees Storage Temperature and Periods on the Chemical
Characteristics

7.1.1. The Moisture Content in the Flour

Evidenced by the results of the study in Table 3 that the storage temperature significant effect on the proportion
of flour moisture, moisture has decreased and significant differences are very high, where the average moisture
flour dropped from 12.6% at Storage under degree 27.5°m temperature to 11.7% at stored under 37.5°'m degree
heat, and the margin calculated as a percentage amount of approximately 12%. This may be due to high storage
temperature that led to the evaporation of moisture from the part.

It was reported [18] that the flour storage relative humidity in theatmosphere leads to high absorption amount
of moisture, especially if the small pack ages and also vice versa if there lative humidity is low, the flour loses
part of moisture.

Findings also show in the Table 3 that periods of storage have affected significant effect on this trait, the
proportion of flour moisture was significantly decreased by increasing storage period from one day to 10 days as
a percentage calculated the amount of 10.5%, while the average dropped moisture accurate, up storage period to
30 days, a decline of 15.6% and did not notice any significant differences in the moisture content of the flour
when increasing the storage period for a period of 20 - 30 days. These results differ with [19], which found that
the storage of whole wheat Compatible with NaFe EDTA accurate, elemental iron and ZnO stock funds in poly-
propylene bags for 60 days under the conditions of normal storage led to a lack of non-moral in humidity. Also
found [20] that the flour moisture composite ratio increased during the storage period of 3 months.

The results of the study conducted by [21] that the grains flour full of millet storage at temperatures from
20°C to 27°C with relative humidity between 60% and 70% and two storage of 10 and 20 days in polythene bags
led to high moisture content of the flour. While this study indicate to the existence of a significant effect of
overlap between these two factors By increasing both the temperature and the period of storage to 37.5°C and 30
days, respectively, decreased flour moisture compared to a safety deposit box at temperatures Storage tempera-
ture and at least epochs, where the percentage calculated amounted to a reduction in moisture content of the
flour about 23%. Moral decline in the moisture content of the flour stored as observed for 30 days under 27.5°C,
which amounted to 11.7% to 10.6% at high temperature to 37.5°C, and the low rate calculated as a percentage
reached 21.7% Figure 1 & Figure 2. This is due to the high moisture content of the flour (approximately 14%)

Table 3. The effect of storage temperature and his term on the flour percentage of moisture (%).

B: B, B; Bs Bs Means LSD, 5%
Al 13.7 135 12.6 11.2 11.7 12.6
A2 13.8 12.2 11.2 11.0 10.6 11.1 049
Means 13.75 12.85 11.92 11.10 11.13
LSD, 5% 051 108

Al: 27.5°, A2: 37.5°, B1: day, B2: 3 days, B3: 10 days, B4: 20 days, B5: 30 days.

()
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Figure 1. The effect of overlap between the temperature of 27.5 and periods of sto-
rage on the moisture content in the flour.

16
o -~‘.‘6\-_L2
g 7\-—1-1-9_._1_1\.
~ 10 ' 10.6
c
(O]
€ 8
o
()
@ 6
2
2 4
=,
0

B1 B2 B3 B4 B5
Storage periods

Figure 2. the effect of overlap between the temperature of 37.5 and periods of storage
on the moisture content in the flour.

at the beginning of storage-with low relative humidity somewhat, leading to a transfer moisture to balance
moisture and humidity firming then.

7.1.2. The Ratio of Wet Gluten in the Flour
Table shows data (4) the presence of significant differences between the proportions of wet gluten in the flour
impact of storage temperature where the proportion of wet gluten in the flour store, up the temperature rose,
reaching 25.95% at 37.5°C class and an increase of 1.86% compared to storage at a temperature 27.5°C. These
findings are consistent with those indicated by [22] which found that heating the soft wheat flour on 80°C degree
heat for 15 minutes increased the proportion of wet gluten, where he was gluten easier reclaimed, while these
results are not consistent with those indicated by the [23], which was found in his study that the gluten extracted
from different wheats which has been treated with varying degrees are 25°C, 40°C, 50°C, 60°C, 70°C, 90°C heat
for 20 minutes, it was observed decrease in quantity extracted from them. As pointed out [24] that the bad effect
of high temperatures on the gluten due to increased break ties hydrophobic, which leads to bad influence on the
strength of gluten. Flour for different time periods store led to a significant difference between wet gluten flour
ratios.

Where Table data showed (4) significant differences for the proportion of wet gluten to increase the storage
period with the exception of storage for a day, 3 days and which was not between them any significant differ-
ences, and possibly due to the flour newness Young Flour and generally ratio gluten wet amounted to 23.37%

()
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and 26.39% when stored for a day for a period of 30 days in a row, while the proportion of the calculated in-
crease in gluten wet almost 11% compared with the storage for a day, and these results are not consistent with
[25], which it found that the length of the careful storage of wheat have limited impact on the amount of wet
gluten, also found [20] a decrease in total protein flour ratio of the length of the period of storage. These results
differ from those found here [26] that the flour characteristics of the store for a long period of change has been
attributed to the reason for this is the flour effect acids unsaturated fatty during storage and which can reduce the
swelling of gluten.

Results shown in Table 4 that there was a significant response to the impact of the overlap between degrees
Storage temperature and periods of storage under study, noting that there is a significant increase of the propor-
tion of gluten wet when the flour storage varying 37.5°C, and when increasing the storage period from one day
to three days believe 3 days to 10 days or 10 days to 20 days or 20 days to 30 days, and notes that the highest
percentage of gluten wet flour was obtained when the storage for a period of 30 days and under degree 37.5°C
temperature stood at 28.71%, while the differences Storage between periods under study did not reach the level of
significance when 27.5°C Storage on the degree of heat Figure 3 & Figure 4. These results vary with the study
[27] which indicated that the flour output of wheat stored in solid Hrarh 34.8°C degrees and relative humidity of
66.7% for the periods 45-90-135 day event in which a lack of both protein and gluten during Storage In all periods,
while consistent with the results [28] which showed that an accurate inventory Millet in cans for 8 days under
room temperature 25°C £ 5°C the crude protein content has increased clearly during the period of storage.

7.2. The Impact of Degrees Storage Temperature and Epochs on Some Physical Properties
of the Flour

7.2.1. The Flour Color

Results in Table 5 the existence of significant differences between the flour color values of the impact of de-
grees Storage temperature under study, which notes that there is a high for the average color values (2.85)
measured in the flour at the end of the storage process temperature 37.5°C compared to the flour color values
stored under 27.5°C (2.53).

Results of the study appear in the same table that the storage periods was significantly affecting the degree of
color in the flour where the storage period increased from one day to a significant decrease of color. However,
there has been no significant change Storage subsequent periods. This means that the storage period (after the
rest of the flour milling process directly) necessary for the occurrence of the necessary changes. And that the
changes in the color of storage for 20 days is the best Figure 5 & Figure 6.

Table 4. The effect of storage temperature and his term on wet gluten (%).

B1 B2 B3 B4 BS5 Means LSD, 5%
Al 235 232 248 24.9 24.1 24.09
A2 232 248 26.0 276 28.7 25.95 oo
Means 23.37 23.98 25.38 26.23 26.39
LSD, 5% 111 -8

Al:27.5°, A2: 37.5°, B1: day, B2: 3 days, B3: 10 days, B4: 20 days, B5: 30 days.

Table 5. The effect of storage temperature and his term on the flour color character.

Bl B2 B3 B4 B5 Means LSD, 5%
Al 2.733 2.566 2.466 2.433 2.466 2.533
0.088
A2 3.233 2.800 2.800 2.700 2.733 2.853
Means 2.98 2.68 2.63 2.57 2.59
0.101
LSD, 5% 0.12

Al:27.5°, A2: 37.5°, B1: day, B2: 3 days, B3: 10 days, B4: 20 days, B5: 30 days.



M. S. H. Ahmed

255

25

245

24.8 24.9
24.1
24
23.5
235 32
23
225
22 T T T T
B1 B2 B3 B4 B5

Storage beriods

Ratio of wet gluten (%

Figure 3. The effect of overlap between the temperature of 27.5°C and periods of sto-
rage on the gluten content in the flour.
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Figure 4. The effect of overlap between the temperature of 37.5°C and periods of sto-
rage on the gluten content in the flour.
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Figure 5. The effect of overlap between the temperature of 27.5°C and periods of sto-
rage status in the flour color.

The same data as the table shows that the degree of overlap between the storage temperature and storage pe-
riod significant effect, since the color values decreased in both degrees Storage temperature 27.5°C and 37.5°C
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Figure 6. The effect of overlap between the temperature of 37.5°C and periods of storage status in the
flour color.

As noted, has given storage period of 20 days under each of the two-degree maximum degree a decrease in color,
in a temperature storage 27.5°m color decreased from 2.73 at the storage for a day until 2:43 at 20 days storage
in Storage 37.5°C degree color temperature decreased from 3.23 at the storage for a day until 2.70 when the sto-
rage for 20 days also.

Impairment flour color high temperature and increase the storage period is normal values may be due to the
continued storage process under these circumstances encourages oxidation self-dyes flour existing naturally in
the flour and the presence of atmospheric oxygen and enzymes to help it (enzyme Alliboksgniz), and these re-
sults are consistent with [18] to be flour, which is ripening during storage, it is expected that the change is hap-
pening in color, Where he was to study the precise storage output of many varieties for 2 to 3 months at ambient
temperature, and for several months on the degree of 39°m heat, and a shortage of pigments carotenoids has oc-
curred during the term of the flour storage, and found that over 5 years storage flour and the concentration of
lutein esters reduced by 30% to 50%, and the shortage that occurs in the free lutein (ineffective) could be ob-
served after a year and a half of the storage.

7.2.2. The Falling Number of Flour

It is clear from the data Table 6 that there is an increase in the value of the falling number at higher storage
temperature, has given the degree of Storage top temperature average higher falling number compared to the
degree least Storage temperature, which indicates that there is a decline in activity enzymatic high storage tem-
perature was (1) has pointed out that the falling number inversely proportional to the activity of enzymes al-
pha-amylase, is the high activity of this enzyme in wheat flour undesirable and has a negative effect on the
properties of bread dough so every precise types of bread should be the fall of the number ranges between 250 -
300 seconds.

On the other hand, he found [29] that the addition of the alpha-amylase enzyme with transglutaminase en-
zyme to white flour and flour full recovery led to the production of bread softer and softer.

The results of the statistical analysis in the Table 6 to have a significant effect for periods of storage under
study on the status of the falling number in the flour, as there are up significantly for the average falling number
of accurate, up periods of storage to 10 days and 30 days, compared to the storage and one day.

Values falling number of flour varied impact of overlap between degrees Storage temperature and epochs, as
the results indicate the Table 6 the lack of a significant effect between global values of the Activity enzymatic
flour stored at a temperature 27.5°C progress periods of storage, while the observed higher values of falling
number of flour 37.5°m stored on, and by increasing storage periods from one day to 10 days and 30 days, but
did not reach the level of significance Figure 7 & Figure 8. These findings are consistent with what indicated
by [26] happen in high falling number of flour stored for 3 months high temperature storage and increase his

term.
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Table 6. The effect of storage temperature and his term on the falling number (seconds).

Bl B2 B3 B4 B5 Means LSD, 5%
Al 335.7 333.7 333.3 334.3 336.7 333.9
10.56
A2 359.7 363.3 394.7 387.3 395.3 380.7
Means 344.50 353.00 369.00 360.83 366.00
40.33
LSD, 5% 16.68

Al:27.5°, A2: 37.5°, B1: day, B2: 3 days, B3: 10 days, B4: 20 days, B5: 30 days.
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Figure 7. The effect of overlap between the temperature of 27.5°C and periods of storage on the value of the falling number
of flour.
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Figure 8. The effect of overlap between the temperature of 37.5°C and periods of storage on the value of the falling number
of flour.

8. Conclusions

- The flour storage for a period of three days until twenty days on the degree of 37.5°C + temperature of 0.5
degrees Celsius and the average year relative humidity 59%, but storage for a period of 10 days and even
over low heat 20 days (27.5°C £ 0.5°C) and average relative humidity of 46%, led to a significant reduction
in the percentage of moisture flour.

- Flour stored for 30 days and in a range of temperatures from 27.5°C - 37.5°C + 0.5°C to a significant in-
crease (show the underlying qualities of the flour) in the ratio of wet gluten.

- Storage periods not more than 3 days no significant effect on the flour color, with storage under high tem-
peratures (37.5°C £ 0.5°C) leads to a rise in the flour color values.

()
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According to the type of flour under study, the degree of storage under 27.5°C + 0.5°C and relative humidity
of 38% - 54%, it has led to obtaining a suitable number fall. While the temperature was raised to 37.5°C +
0.5°C and relative humidity of 48% - 70% showed higher values for the falling number.
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