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Abstract

Rababah, T., Alu’datt, M., Al-Mahasneh, M., Gammoh, S., Al-Obaidy, M., Ajouly, T., & Bartkute-Norkūniene, V. 
(2019). The effect of different fl our extraction rates on physiochemical and rheological characteristics. Bulgarian 
Journal of Agricultural Science, 25(3), 581–588

The objective of this study was to evaluate the effect of different fl our extraction rates (78% as a control, 79%, 80%, 
81%, 82%, 83%, and 84%) on fl our chemical, physiochemical and rheological properties on the fl our quality. The results 
indicated that the moisture content, gluten index, zeleny sedimentation values, color, and falling number started to decrease 
gradually with an increase in extraction rate, whereas, ash, crude fi ber, crude protein, wet and dry gluten were increased with 
each increase in fl our extraction rate. Farinograph characteristics such as water absorption and dough development time were 
increased with an increase in fl our extraction rate, but for dough stability, dough elasticity and weakening of the dough char-
acteristics were reduced. Furthermore, the results of water absorption, dough development time, and dough elasticity gave sig-
nifi cant differences, while, dough stability only with 81% and 82% fl our extraction rates gave signifi cant differences, whereas, 
for weakening of the property only with 81% fl our extraction rate showed signifi cant differences. The results of extensograph 
illustrated that when the fl our extraction rate was increased, the characteristics of resistance to extension, extensibility and the 
area under the extensogram curves were reduced except the ratios of resistance to extension / extensibility. 
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Introduction

Bread is an important staple food, the consumption of 
which is steadily increasing in the Middle East in general and 
Jordan in particular. Nutritionally, bread contains a high per-
cent of carbohydrate which is needed for energy production. 
It also contains other nutrient, such as protein, lipids, fi bers, 
minerals and vitamins (Faridi & Finney, 1980; Alvarez-Jubete 
et al., 2010). Cornell and Hovelling (1998) were of the view 

that wheat quality could be usually assessed on the basis of 
the ability of the wheat fl our to produce a high standard loaf 
of bread (yeast leavened bread). The baker requires wheat 
fl our suitable for baking e.g., bread, biscuits or cakes (Kent 
& Evers, 1994). The overall bread making quality of wheat 
depends on several factors such as water absorption, loaf vol-
ume, internal and external loaf characteristics and tolerance 
to mixing and fermentation and these characteristics are cor-
related to the physical and chemical characteristics of wheat 
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fl our and dough (Pomeranz, 1988; Deleour & Hoseney, 2009). 
The chemical characters include protein content, protein qual-
ity (gluten content), sedimentation test and other tests such as 
farinograph, extensograph, and which can assess the mixing 
or viscoelastic properties of the dough (Bushuk, 1985; Faridi 
& Faubion, 1990). The important quality criteria which save 
attributes for describing wheat and  fl our quality are fl our ex-
traction rate, protein content, gluten content, gluten index, 
zeleny sedimentation, amylase activity, ash content, crude 
fi ber content and etc. which are affected by varieties, environ-
ments in which they are grown and the environment/ genotype 
interactions (Finney et al., 1987). On the other hand, the ob-
jective of milling is to separate the endosperm from the wheat 
kernel and gradually grind the endosperm into more than 30 
fl our streams (Posner, 2009). Flour extraction rate is a key fac-
tor in determining milling effi ciency and profi tability and can 
be used in planning fl our output for a mill (Gwirtz, 2005).

The importance of knowing the physiochemical proper-
ties of wheat and fl our is contributed to the need of miller, 
baker, and consumer to recognize the quality and type of fl our 
which is produced after milling process in order to determine 
the suitable fi nal baking product of that fl our ( Deleour & Ho-
seney, 2009; Pyler & Gorton, 2009). However, based on the 
obtained results in this work, it is good to notice too, that the 
control sample for all the study was 78% fl our extraction rate.

Based on above the main of objectives were to investi-
gate the effect of different fl our extraction rates on physio-
chemical and rheological characteristics.

Materials and Methods 

Methods 
Preparation of Flour Samples 
The wheat was cleaned in the cleaning system of the mill 

and conditioned at appropriate moisture content by adding 
additional 5 to 6% of moisture. Then the wheat was milled 
regularly in the milling section of a commercial mill (South 
Amman Mill-Jordan) with milling capacity of 320 t/day. 
Ten kilograms of fl our samples of different fl our extraction 
rates were drawn according to the computer program which 
was established in advance based on the experiment require-
ments, under the supervision of the head miller of the mill. 
All samples were kept in a refrigerator until the time of anal-
ysis (Pomeranz, 1988; Hoseney, 1994).

Chemical Analysis
Gross Chemical Analysis
The moisture, ash, crude fi ber, and protein contents and 

wet and dry gluten content of fl our samples were determined 
according to the AACC procedures (2000). 

Physiochemical Characteristics
Zeleny Sedimentation Value 
The sedimentation value was determined by applying the 

procedure outlined in method No. 5529 as described in ISO 
(2007) by using Zeleny instrument (produced by ERKAYA 
Co., Turky). 

Falling Number (FN) 
Falling number were determined using Pertin Falling 

Number Apparatus Type 1900 (Pertin Instruments Sweden) 
by following the AACC (2000) Method No. 56-81. 

Color Grade Measurement 
All wheat fl our samples of different extractions were 

tested and categorized according to the AACC (2000), Meth-
od No. 14-22.01 using Minolta Chroma Meter series CR-410 
(Japan) and recorded in CIE (1976) L* a* b* color systems.

Rheological Characteristics
Farinograph
The farinograph measurement which includes: water ab-

sorption, development time, stability, and breakdown (weak-
ening of the dough) were carried out according to the AACC 
(2000) Method No. 54-21 in which 50 g sample was placed 
in a farinograph bowl. After 1 min of dry mixing suffi cient 
water was added to the center of the graph at maximum 
dough consistency and the test was run for 10 min beyond 
the point of maximum development. Information provided 
by the farinogram was divided into the following categories: 
water absorption which was carried out and results reported 
on 14% fl our moisture basis because the weight of tested 
sample (300 gm) was modifi ed to 14%; development time is 
the interval in minutes from the fi rst addition of water to the 
point of maximum consistency; stability is the time minutes 
in between the point where the top of the curve fi rst intersect-
ed the 500 BU line and the point where the top of the curve 
falls below the 500 BU line; and breakdown (weakening of 
dough) which is the degree of softening and was measured 
at the difference (in BU) from the center of the curve at peak 
and the center of the curve at 10 min after the peak. 

Extensograph
The extensograph measurements which include: extensi-

bility, maximum height, and area were carried out in accor-
dance to the AACC (2000), method no. 54-10. A fl our-salt-
water dough was prepared under standard conditions in the 
farinograph (except the water absorption is 1-4% less than 
the farinograph water absorption depending on the strength 
of the fl our) and molded on the extensograph into 150 g 
standard shape. After 45 min the dough was stretched and a 
curve was drawn recording the extensibility and resistance 
of the dough to stretching. These three parameters were used 
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including extensibility measured as total length of the exten-
sogram base in mm; maximum height achieved by the curve 
is expressed in BU; and the area which indicated the surface 
in cm2 outlined by the curve indicates the total force used in 
stretching the dough. 

Statistical Analysis 
Data of research were statistically analyzed by applying 

the general linear model (GLM) procedure with JMP statisti-
cal package (JMP Institute Inc., Carry, NC). Least signifi cant 
difference (LSD) test was used for means comparison. All 
analysis was performed at level of p < 0.05. 

Results and Discussion

Chemical Analysis 
The Effect of Flour Extraction Rates on Moisture Con-

tent 
The results of moisture content for different wheat fl our 

extraction rates are shown in Table 1. The moisture values 
for the fl our extraction rates indicated signifi cant differences 
at p ≤ 0.05. This is mainly because the rule of composite fl our 
has been applied in this research to create different fl our ex-
traction rates. The moisture contents of different extraction 
rate fl ours ranged from 13.06 to 13.86. The highest mois-
ture level 13.86% was found in 78% fl our extraction rate. 
Then, moisture content started to decrease gradually with 
an increase in fl our extraction rate. Many researchers also 
showed the same trend when they discussed this kind of rela-
tion (Prabhasankar et al., 2000; Miric & Pejin, 2008; Mueen-
ud-Din et al., 2010). The reduction in fl our moisture with the 
increase in the fl our extraction rate is due to the presence of 
more wheat bran and aleurone particles in fl our which has 
less moisture compared with endosperm fl our (Azizi et al., 
2006). This also affects fl our water absorption and the stor-
age quality of this fl our (Prabhasankar et al., 2000; Azizi et 
al., 2006). 

The Effect of Flour Extraction Rates on Ash Content  
Results of ash contents for different fl our extraction rates 

are shown in Table 1. The ash contents ranged from 0.64 to 
0.94%. The lowest value 0.64% was found in 78% (control) 
fl our extraction rate which increased gradually as long as the 
fl our extraction rate was increased. All ash values showed 
signifi cant differences at p ≤ 0.05. This increase might be 
due to the higher proportion of pericarp and aleuronic lay-
er as reported by Ramirez-Wong et al. (2007). The results 
which are mentioned above come in agreement with fi ndings 
of (Prabhasankar et al., 2000; Miric & Pejin, 2008, Aprodu 
et al., 2010, Muradi et al., 2013).

The Effect of Flour Extraction Rates on Crude Fiber 
Content 

As it is shown in Table 1, the results of crude fi ber content 
were ranged from 1.03 to 1.63%. The lowest value (1.03) 
was found in 78% fl our extraction because wheat bran was 
removed during milling process which decreased the amount 
of fi ber in fl our (Mueen–ud-Din et al., 2010); whereas, the 
highest value was given by 84% fl our extraction rate. As en-
dosperm extraction rates approach the theoretical maximum 
of 81–84%, the fl our becomes increasingly contaminated 
with bran (Campbell, 2007). In other words, if the extrac-
tion rate exceed 80%, the fl our will contain bran particles 
(Dewittnick et al., 2008), in which crude fi ber of wheat fl our 
is concentrated (Pomeranz, 1988). Looking at Table 1, it can 
be noticed that all the results had shown signifi cant differ-
ences at p < 0.05. 

The Effect of Flour Extraction Rates on Protein Content 
Results of protein content have been shown in Table 1. 

The results were ranged from 12.02 to 13.30. The highest 
value was 13.30 and obtained with 84% fl our extraction 
rate. While, the lowest value of protein content was 12.02 
and observed with 78% fl our extraction rates. On the other 
hand, the statistical analysis gave signifi cant differences at p 

Table 1. The effect of wheat fl our with different extraction rates on chemical composition

Extraction Rates Moisture, % Ash, % Fiber, % Protein, % Wet Gluten, % Dry Gluten, %
78%  (control) 13.86± 0.04 a 0.64 ± 0.01 f 1.03 ± 0.02 g 12.02± 0.04 g 27.47 ± 0.25 f 9.44 ± 0.12 g

79% 13.74 ±0.03 b 0.70 ± 0.02 e 1.10 ± 0.01 f 12.33 ± 0.11 f 28.70 ± 0.20  e 9.81 ± 0.10 f

80% 13.65 ± 0.05 c 0.79 ± 0.04 d 1.23 ± 0.04 e 12.57 ± 0.10 e 29.80 ± 0.35 d 10.19 ± 0.14 e

81% 13.57 ± 0.01 d 0.81 ±0.05 d 1.32 ± 0.05 d 12.80  ± 0.13 d 30.70 ± 0.29 c 10.54 ± 0.13 d

82% 13.42 ±0.06 e 0.84 ±0.07 c 1.40 ± 0.03 c 12.95 ± 0.08 c 31.27 ± 0.38 b 10.62 ± 0.09 c

83% 13.21 ± 0.04 f 0.90±0.10 b 1.51 ± 0.06 b 13.16 ± 0.09 b 31.80 ± 0.21 a 10.81 ± 0.05 b

84% 13.06 ± 0.02 g 0.94 ±0.06 a 1.63 ± 0.07 a 13.30 ± 0.12 a 32.10 ± 0.26 a 10.92 ± 0.07 a

* Mean ± SD of three determinations 
* Means in the same column with the same letter are not signifi cantly different (P < 0.05)
* All data are calculated on dry basis
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≤ 0.05. This is may be due to the presence of the sub aleu-
rone layers which are higher in protein than the inner endo-
sperm (Orth & Mander, 1975; Pomeranz, 1988). In addition, 
also they reported that they found a signifi cant difference 
between protein content and Farinograph water absorption, 
both were increased with extraction rate.

The Effect of Different Extraction Rates on Wet and 
Dry Gluten Content 

The results of wet and dry gluten contents have been 
shown in Table 1. There were signifi cant effects of fl our 
extraction rates on the wet and dry gluten contents. It was 
noticed that as far as the fl our extraction rate was increased 
both wet and dry gluten contents increased too. Differences 
in wet and dry gluten were clearly signifi cant at p < 0.05. 
The results of wet gluten ranged from 27.47 to 32.10 and for 
dry gluten range from 9.44 to 10.92. The lowest values for 
wet and dry gluten were found in 78% fl our extraction rate 
and they were 27.47 and 9.44 respectively. While the highest 
values were obtained in 84% fl our extraction rate and they 
were 32.10 and 10.92 respectively. 

This trend of increase is due to two reasons. Firstly, the 
results previously showed that there was an increase in crude 
protein contents. Which was attributed to the higher propor-
tion of aleuronic layer and peripheral endosperm that fl ours 
contained, when, the fl our extraction rate was increased 
(Prabhasankar et al., 2000). Secondly, gluten proteins rep-
resent 80-85% of the total crude protein and have the capa-
bility to absorb water 2.5-3 times as it weights (Pomeranz, 
1988; Hoseny, 1994, Shewry & Halford, 2002). 

Physiochemical Characteristics 
The Effect of Flour Extraction Rates on Gluten Index
The data in Table 2 showed that there was a clear trend 

of decreasing of gluten index values joined the increase 
in fl our extraction rates. The differences were statistically 
signifi cant at p < 0.05. The results of gluten index were 
ranged from 55- 96.4% indicated stronger gluten network 
in fl our with lower extraction rate (Moradi et al., 2013). 
The highest value of gluten index 96.4% and it was given 
by 78% fl our extraction rate while the lower value 55% 
was given by 84% fl our extraction rate. This parameter 
considers being very important by many researchers be-
cause gluten index provides information on both quantity 
and quality of gluten based on the ratio high / low molecu-
lar weight proteins (Banu et al., 2012). In addition, glu-
ten index is the only method to determine gluten quality 
without the need to extract fl our fi rst because the method 
is suitable for both wheat meal and fl our (Deleour & Ho-
seney, 2009).

High gluten index shows greater proportion of high mo-
lecular weight – proteins present in gluten (Collar et al., 
2007). On the other hand gluten index usually depends on 
the amount of wet gluten that passes through a sieve under 
centrifugal force, and a higher proportion of gluten that re-
mains on the sieve after centrifugation indicated stronger 
gluten and gives high gluten index value. Therefore, many 
researchers concluded on the basis of obtained data that 
gluten index is a good and reliable measure for the techno-
logical quality of different fl ours (Curic, 2001; Dowell et al., 
2008). Also the result comes in agreement with Moradi et 
al. (2013). 

The Effect of Flour Extraction Rates on Zeleny / Sedi-
mentation Test 

Results in Table 2 have shown that the values of Zeleny 
– sedimentation were ranged from 23.1 ml to 30.4 ml. The 
highest value was obtained from 78% fl our extraction rate 
and the lowest value was obtained from 84% fl our extrac-
tion rate. Furthermore, most of the results showed statistical 
signifi cant differences. In Table 2 the general trend of the 
test was illustrated that as long as the fl our extraction rate 
increased, the Zeleny sedimentation value was decreased. 
These results were confi rmed Azizi et al. (2006) previously 
concluded the sedimentation test shows that the quality of 
gluten will be reduced and this causes the weaker baking 
quality of high extraction rate compared to lower extraction 
rate fl our.

The Effect of Flour Extraction Rates on Falling Num-
ber 

Data in Table 3 showed that results were range between 
404 – 516 s. The highest value was 516 s and obtained from 
78% fl our extraction rate and the lowest value was 404 s 

Table 2. The effect of wheat fl our with different extraction 
rates on physiochemical characteristics
Extraction 
Rates

Gluten Index, 
%

Zeleny, 
ml

Falling 
Number, sec

78% (control) 96.4 a 30.4 a 516.0 a

79% 92.1 b 30.0 ab 485.0 b

80% 86.0 c 29.2 b 461.0 c

81% 80.0 d 28.0 c 442.0 d

82% 73.0 e 26.5 d 431.0 e

83% 64.7 f 25.0 e 416.0 f

84% 55.0  g 23.1 f 404.0  g

* All values are calculated means of three replicates
* Means in the same column with the same letter are not signifi cantly dif-
ferent (P < 0.05)
* All data are calculated on dry basis
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which was obtained from 84% fl our extraction rate. How-
ever, all the results showed statistical signifi cant differences 
at p < 0.05. Those results were concurred with the fi ndings 
of Azizi et al. (2006) who justifi ed the reduction in the falling 
numbers to the increase in alpha – amylase activity of fl ours 
with higher extraction rate, which was due to an increase in 
wheat germs and bran in fl ours. However, Prabhasankar et 
al. (2000) indicated the same trend regarding the relationship 
between fl our rate extractions and falling number values.

The Effect of Flour Extraction Rates on Flour Color 
Results of lightness or whiteness (L*), redness (a*), 

and yellowness (b*) for all seven different fl our extractions 
rates are shown in Table 3. The whiteness values are ranged 
from 70.48 to 80.75 and the highest value was 80.75 and 
observed with fl our extraction at 78%, whereas the lowest 
value was 70.48 and obtained from the fl our extraction 84%. 
Meanwhile the redness values are ranged from -0.51 to 0.66 
and the maximum value was 0.66 and obtained from fl our 
extraction 84%, while the minimum was -0.51 and observed 
with fl our extraction 78%. On the other hand the maximum 
of yellowness was 9.05 and given by 78% fl our extraction, 
whereas the minimum value was 7.67 and given by 84% 
fl our extraction.

The ∆E value is defi ned as the size of the total color dif-
ference and expressed the color difference between a sample 
and a standard and defi ned by the following equation: 

∆E = [(∆a)2 + (∆b)2 + (∆L)2]½

chroma = [(a)2 + (b)2]½

In Table 3 the larger the ∆E value, the larger the color 
difference. The results were ranged from 12.09 to 22.24. 
The lower fl our extraction rate (78%) gave the lowest ∆E 
value also as it was illustrated in Table 3 which means that 

the sample was having the best whiteness among other fl our 
extraction rates while the higher fl our extraction rate (84%) 
obtained the highest ∆E value. This showed that the sample 
had the darkest color.

In the meantime the chroma values in Table 3 indicated 
opposite results because when fl our extraction rate was in-
creased the chroma values were reduced. All the obtained 
results of color grade and for all the extraction rates gave 
signifi cant differences at P < 0.05.

The results of whiteness color decreased gradually 
with an increase in fl our extraction rate. These results had 
been agreed and concluded by many researchers (Azizi et 
al., 2006;  Mueen–ud–Din et al., 2010; Banu et al., 2012) 
whom all were attributed the  main cause to the presence of 
wheat bran and eleurone particles which increased with each 
increase in fl our extraction rate. Conclusions can be made 
based on the above data which had clearly shown that the 
control sample (78%) fl our extraction rate was having the 
highest values of whiteness and yellowness color and low-
est value for redness, whereas, the highest fl our extraction 
sample (84%) obtained the lowest values of whiteness and 
yellowness color and the highest value for redness color in-
creased, the whiteness of fl ours decreased.

Rheological Characteristics
The Effect of Flour Extraction Rates on Farinograph 

Properties
All the results are shown in Table 4. The observed results 

indicated that there were signifi cant differences (P< 0.05) 
among the fl our extraction rates in water absorption, devel-
opment time, dough stability, dough elasticity and weaken-
ing of the dough. 

Water Absorption
The observed results in Table 4 ranged between 62.4 and 

67%. Water absorption of 84% fl our extraction rate gave the 
highest value (67%) while the sample of 78% fl our extrac-
tion rate gave the lowest value (62.4%). It was also noticed 
that the water absorption increased as long as extraction rate 
increased. The result comes in agreement with result of Orth 
and Mander (1975) who indicated that the additional milling 
required producing high extraction fl our which causes more 
starch damage by physical abrasion and consequently higher 
water absorption. Also they found that protein content and 
farinograph water absorption both increased with increase in 
fl our extraction rate. While other researchers presumed that 
the increase in water absorption is due to the higher protein 
and complex carbohydrate contents from bran (Pomeranz 
et al., 1977; Pomeranz, 1988). In addition, Sliwinski et al. 
(2004) indicated that this means by increasing the fl our ex-

Table 3. The effect of wheat fl our with different extraction 
rates on color values
Extraction Rates L* a* b* ∆E Chroma
78% (control) 80.8  a - 0.51 g 9.0 a 12.0 f 9.0 a

79% 79.0  b - 0.15 f 8.9 b 13.8 e 8.9  b

80% 77.7 c 0.10  e 8.8 c 15.1 d 8.8 c

81% 75.3  d 0.22  d 8.3 d 17.5 c 8.3  d

82% 73.1  e 0.40  c 8.0  e 19.6 b 8.0  e

83% 72.9  e 0.54  b 7.9  f 19.9 b 7.9  f

84% 70.5  f 0.66  a 7.7  g 22.2 a 7.7  g

* All values are calculated means of three replicates
* Means in the same column with the same letter are not signifi cantly dif-
ferent (P < 0.05)
* All data are calculated on dry basis
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traction rate, the bran content of fl our is higher and water ab-
sorption will increase. However, the results of this research 
agreed with results found by Azizi et al. (2006) and Mueen-
ud-Din et al. (2010).

Development Time 
A similar trend was obtained for development time and 

as it has shown in Table 4. Signifi cant differences (P< 0.05) 
were observed in the development time for different fl our ex-
traction rates as it has been illustrated in Table 4 and the re-
sults were ranged from 2 to 4 min. The lowest value (2 min) 
was observed with 78% fl our extraction while the highest (4 
min) was noticed with 84% fl our extraction rate. However, 
the increase in development time may be due to the pres-
ence of increased amount of bran particles in high extraction 
fl ours which interfere in the quick development of gluten and 
hydration of endosperm (Mueen-ud-Din et al., 2010). 

Dough Stability and Elasticity 
The results in Table 4 indicated that both dough stabil-

ity (DS) and dough elasticity (DE) were reduced with an in-
crease in fl our extraction rates. The DS values were in range 
of 11 to12 (mint), whereas, DE values were found in range 

of 80 to 120 BU. On the other hand regarding the effect of 
the extraction rate on Farinograph characteristics signifi cant 
differences (P < 0.05) in dough stability and elasticity were 
observed as it has been shown in Table 4. The variation in 
the Farinographic characteristics might be due to difference 
endosperm portion among different extraction rates (Vetri-
mani et al., 2005). 

Weakening of the Dough 
Same trend was noticed with weakening of the dough 

(dough breakdown) values when obtained results in Table 4 
were reduced with the increase in fl our extraction rate. The 
fl our extraction (78, 79 and 80%) gave the highest values 
whereas; the extractions (82, 83 and 84%) gave the lowest 
values (35 B.U.). However, data in Table 4 also showed that 
Farinograph weakening of the dough increased signifi cantly 
(P < 0.05) with the increase in fl our extraction rate. Orth and 
Mander (1975) found the same trend and they believed that 
was due to the pronounced decrease in gluten strength with 
an increase in extraction rate. This decrease in strength oc-
curred despite the increase in fl our protein. They added that 
those fl ours produced dough with gluten network more eas-
ily disrupted by prolonged mixing and offered less resistance 

Table 4. The effect of wheat fl our with different extraction rates on farinograph properties
Extraction Rates (wa)%  Water 

Absorption
(B) Development 

Time (mint)
(C) Dough Stability 

(mint)
(D) Elasticity 

(B.U)
(E) Weakening 

of the Dough (B.U)
78% (control) 62. 4  g 2.0  f 11.0  c 120.0  a 45.0  a

79% 63.0  f 2.0  f 11.0  c 110.0  b 45.0  a

80% 63.6  e 2.5  e 11.0  c 100.0  c 45.0  a

81% 64.4  d 2.8  d 11.5  b 100.0  c 40.0  b

82% 65.3  c 3.2  c 12.0  a 95.0  d 35.0  c

83% 65.9  b 3.5  b 10.5  d 90.0   e 35.0  c

84% 67.0  a 4.0  a 10.5  d 80.0  f 35.0  c

* All values are calculated means of three replicates
* Means in the same column with the same letter are not signifi cantly different (P < 0.05)
* All data are calculated on dry basis

Table 5. The effect of wheat fl our with different extraction rates on extensograph properties
Extraction Rates Relative resistance to 

Extension (B.U)
Extensibility 

(mm)
Ratio Total area

 78% (control) 600.0  g 155.0  a 3.9  g 154.0  a

79% 670.0  f 150.0  b 4.5  f 144.0  b

80% 690.0  e 145.0  c 4.8  e 143.0  c

81% 700.0  d 140.0  d 5.0  d 132.0  d

82% 760.0  c 120.0  e 5.8  c 130.0  e

83% 800.0  b 120.0  e 6.7  b 124.0  f

84% 940.0  a 100.0  f 9.4  a 116.0  g

* All values are calculated means of three replicates
* Means in the same column with the same letter are not signifi cantly different (P < 0.05)
* All data are calculated on dry basis
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to extension than those of the lower extraction fl ours. Our re-
sults obtained are in agreement with (Vitrimani et al., 2005; 
Mueen-ud-Din et al., 2010). 

The Effect of Flour Extraction Rates on Extensograph 
Properties

The effect of fl our extraction rate on extensogram charac-
teristics has been shown in Table 5 although there were sig-
nifi cant differences among the increasing in fl our extraction 
rates and the extensogram characteristics. That means, when 
the fl our extraction rate was increased; resistance to exten-
sion, extensibility and the area under the extensogram curves 
were reduced. This negative effect of higher extraction rate 
fl our on dough rheological characteristics was attributed to 
the reduction in the gluten network and quality because of 
the presence of a larger amount of wheat bran in fl our that 
results in weaker resistance to mechanical force (Azizi et al., 
2006). The same trend of results had been reported by (Orth 
& Mander, 1975; Lai et al., 1974; Rao & Rao, 1991; Azizi 
et al., 2006).

Conclusions

The obtained results indicated that the moisture con-
tent, gluten index, zeleny sedimentation values, color 
grade, and falling number started to decrease gradually 
with an increase in extraction rate, whereas ash content, 
crude fi ber, crude protein, wet gluten and dry gluten were 
increased with each increase in fl our extraction rate. On 
the other hand Farinograph characteristics such as water 
absorption and dough development time were increased 
with an increase in fl our extraction rate, but for dough sta-
bility, dough elasticity and weakening of the dough char-
acteristics were reduced. Furthermore, the results of water 
absorption, dough development time, and dough elasticity 
gave signifi cant differences, while dough stability with 
only 81% and 82% fl our extraction rates gave signifi cant 
differences, whereas for weakening of the property with 
only 81% fl our extraction rate showed signifi cant differ-
ences. On the other hand, the results of Extensograph il-
lustrated that when the fl our extraction rate was increased, 
the characteristics of resistance to extension, extensibility 
and the area under the Extensograpm curves were reduced 
except the ratios of resistance to extension/extensibility 
which were increased. 

Acknowledgements
The support that was provided by Deanship of Re-

search at Jordan University of Science and Technology is 
appreciated.

References

AACC (2000). Approved Methods of the American Association of 
Cereal Chemists. 10th ed. AACC, St. Paul, Minnesota.

Al-Obaidy, K. A. (1982). Air stabilization: the effect of atmospher-
ic relative humidity on fl our milling. Dissertation, Kansas State 
University.

Alvarez-Jubete, L., Arendt, E. K., & Gallagher, E. (2010). Nu-
tritive value of pseudocereals and their increasing use as func-
tional gluten-free ingredients. Trends in Food Science & Tech-
nology, 21(2), 106-113.

AOAC (2005). Approved Methods of the Association of Offi cial 
Agricultural Chemists. Gaithersburg, Maryland, USA.

Aprodu, I., Banu, I., Stoenescu, G., & Ionescu, V. (2010). Effect 
of the industrial milling process on the rheological behavior of 
different types of wheat fl our. St. Cerc. St. CICBIA, 11, 429-
437.

Azizi, M. H., Seyedin, S., & Peyghambardoust, S. H. (2006). Ef-
fect of fl our extraction rate on fl our composition, dough rheo-
logical characteristics and quality of fl at bread. Journal of Agri-
cultural Science and Technology, 8, 323-330.

Banu, I., Stoenescu, G., Ionescu, V. S., & Aprodu, I. (2012). Ef-
fect of the addition of wheat bran stream on dough rheology and 
bread quality. The Annals of the University of Dunarea de Jos of 
Galati. Fascicle VI. Food Technology, 36(1), 39-52.

Bushuk, W. (1985). Wheat fl our proteins: Structure and role in 
breadmaking. In: Symposium on Analyses as Practical Tools 
in the Cereal Field, Sundvollen (Norway), 22-23 May 1985, 
Norwegian Grain Corporation.

Campbell, G. M. (2007). Roller milling of wheat. Handbook of 
Powder Technology, 12, 383-419.

Collar, C., Bollain, C., & Rosell, C. M. (2007). Rheological be-
haviour of formulated bread doughs during mixing and heating. 
Food Science and Technology International, 13(2), 99-107.

Cornell, H., & Hoveling, A. W. (1998). Wheat: Chemistry and Uti-
lization. CRC press.

Curic, D., Karlovic, D., Tusak, D., Petrovic, B., & Dugum, J. 
2001. Gluten as a standard of wheat fl our quality. Journal of 
Food Technology and Biotechnology, 4(39). 353-361.

Delcour, J. A., & Hoseney, R. C. (2010). Principles of Cereal Sci-
ence and Technology. AACC International. Inc., St. Paul, MN, 
USA, 229-235.

Dowell, F. E., Maghirang, E. B., Pierce, R. O., Lookhart, G. L., 
Bean, S. R., Xie, F., ... & Park, S. H. (2008). Relationship 
of bread quality to kernel, fl our, and dough properties. Cereal 
Chemistry, 85(1), 82-91.

Faridi, H. A., & Faubion, J. M. (1990). Dough Rheology and 
Baked product Texture. AACC International, St. Paul, MN. 

Faridi, H. A., & Finney, P. L. (1980). Technical and nutritional 
aspects of Iranian breads. Bakers Digest, 54(5), 14-18.

Faubion, J. M., & Hoseney, R. C. (1990). The viscoelastic prop-
erties of wheat fl our doughs. In: Dough rheology and baked 
product texture, 29-66. Springer, Boston, MA.

Finney, K. F., Yamazaki, W. T., Youngs, V. L., & Rubenthaler, G. 
L. (1987). Quality of hard, soft, and durum wheats. In: Heyne 
E. G. and Madison W. I. (ed.), Wheat and wheat improvement. 



588 Taha Rababah et al.

2nd ed. American Society of Agronomy, 677-748.
Gwirtz, J. (2005). Optimizing profi tability. World Grain, 55-59.
Haridas Rao, P., & Rao, H. M. (1991). Effect of incorporating 

wheat bran on the rheological characteristics and bread mak-
ing quality of fl our. Journal of Food Science and Technology, 
28(2), 92-97.

Hoseney, R. C. (1994). Principles of cereal science and technolo-
gy. 2nd ed.  American Association of Cereal Chemists (AACC). 
Saint Paul, Minnesota.

Kent, N. L. (1994). Kent’s Technology of Cereals. In: An introduc-
tion for students of food science and agriculture. 4th ed. Per-
gamon Press, Oxford. 

Miric, K. V., & Pejin, D. J. (2008). Effects of mill stream fl ours 
technological quality on fermentative activity of baker‘s yeast 
Saccharomyces cerevisiae. Acta Periodica Technologica (Ser-
bia), 39, 153-159.

Mog, D. L. (2011). An analysis of factors infl uencing wheat fl our 
yield. Dissertation, Kansas State University.

Moradi, V., Tarzi, B. G., & Khaneghah, A. M. (2013). Relation-
ship between wheat fl our extraction rate and dough rheological 
properties. Academia Edu. 

Morrison, W. R., & Laignelet, B. (1983). An improved colori-
metric procedure for determining apparent and total amylose in 
cereal and other starches. Journal of Cereal Science, 1(1), 9-20.

Mueen-ud-Din, G., Salim-ur-Rehman, F. M. A., Nawaz, H., & 
Murtaza, M. A. (2010). Effect of wheat fl our extraction rates 
on fl our composition, farinographic characteristics and sensory 
perception of sourdough naans. World Academy of Science, 
Engineering and Technology, International Journal of Biologi-
cal, Biomolecular, Agricultural, Food and Biotechnological 
Engineering, 4(8), 668-674.

Orth, R. A., & Mander, K. C. (1975). Effect of milling yield on 
fl our composition and bread making quality. Journal of Cereal 
Chemistry, 52, 305-314.

Pomeranz, Y. (1988). Wheat Chemistry and Technology. AACC 
International, St. Paul, MN.

Pomeranz, Y., Shogren, M. D., Finney, K. F., & Bechtel, D. B. 
(1977). Fiber in breadmaking – effects on functional properties. 
Journal of Cereal Chemistry, 54, 25-41.

Posner, E. S. (2009). Grinding Process. In: Wheat fl our milling. 2nd 
ed. AACC International, St. Paul, MN.

Posner, E. S., & Hibbs, A. N. (2004). Wheat Flour Milling. AACC 
International, St. Paul, MN.

Prabhasankar, P., Sudha, M. L., & Rao, P. H. (2000). Quality 
characteristics of wheat fl our milled streams. Food Research 
International, 33(5), 381-386.

Pyler, E. J., & Gorton L. A. (2009). Baking science and technol-
ogy. 4th ed. Sosland Pub. Co., Kansas.

Shellenberger, J. A., & Ward, A. B. (1967). Experimental milling. 
In: Quisenberry, K. S. (ed.), Wheat and wheat improvement. 
American Society of Agronomy, Madison, WI, 445-469.

Shewry, P. R., & Halford, N. G. (2002). Cereal seed storage pro-
teins: structures, properties and role in grain utilization. Journal 
of Experimental Botany, 53(370), 947-958.

Sliwinski, E. L., Kolster, P., Prins, A., & Van Vliet, T. (2004). On 
the relationship between gluten protein composition of wheat 
fl ours and large-deformation properties of their doughs. Jour-
nal of Cereal Science, 39(2), 247-264.

Sprague, G. F., Alexander, D. E., & Dudley, J. W. (1980). Plant 
breeding and genetic engineering: a perspective. BioScience, 
30(1), 17-21.

Symons, S. J., & Dexter, J. E. (1991). Computer analysis of fl uo-
rescence for the measurement of fl our refi nement as determined 
by fl our ash content, fl our grade color, and tristimulus color 
measurements. Cereal Chemistry, 68(5), 454-460.

Vetrimani, R., Sudha, M. L., & Rao, P. H. (2005). Effect of ex-
traction rate of wheat fl our on the quality of vermicelli. Food 
Research International, 38(4), 411-416.

Zeleny, L., 1947. Sedimentation test. Cereal Chem., 24: 465-475.
Wang, C., & Kovacs, M. I. P. (2002). Swelling index of glutenin 

test. I. Method and comparison with sedimentation, gel prot ein, 
and insoluble glutenin tests. Cereal Chemistry, 79(2), 183-189.

Received: June, 6, 2018; Accepted: December, 27, 2018; Published: June, 30, 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


