
Romanian  Biotechnological  Letters                                                                                          Vol. 21, No. 2, 2016 Copyright © 2016 University of Bucharest                                                  Printed in Romania. All rights reserved 
ORIGINAL PAPER 

Romanian Biotechnological Letters, Vol. 21, No. 2, 2016 11381 
 

 

Improvement of Flour and Dough Rheological Properties 
by Maturation Process 

 
 

Received for publication, January 25, 2015 
Accepted, February 12, 2016 

 
ALINA MIHAELA TEMEA (MOROI)1,2, NICOLETA PIRCU (VARTOLOMEI)1,2, 
ANDREI IONUȚ SIMION1, CRISTINA-GABRIELA GRIGORAȘ1, 
ROXANA ELENA UNGUREANU (CĂRBUNE)2,  PETRU ALEXE2 
 

1”Vasile Alecsandri” University of Bacau, Faculty of Engineering, 157 Calea Marasesti, 
600115, Bacau, Romania; 
2”Dunarea de Jos” University of Galati, Faculty of Food Science and Engineering, 47 
Domneasca St, 800008 Galati, Romania; 
E-mail: vartolomeinicoleta28@yahoo.com; Tel.: +40748 992827 

 
 

Abstract 
 

This work was aimed to determine the optimal storage conditions able to insure a sufficient flour 
maturity degree in order to improve its rheological and technological properties. To this purpose the 
Response Surface Methodology (RSM) was successfully employed. The effects of three different parameters 
(storage time, temperature and environmental humidity) on flour and dough rheological characteristics 
that were determined by farinograph analysis: water absorption, stability time and dough softening degree 
were studied. The RSM established optimum conditions for wheat flour maturation process were: storage 
temperature: 28°C, storage time: 21 days, environmental humidity: 68-70%. Under these conditions, for 
tested flour, the farinograph recordings revealed that water absorption increased with 0.5% comparing 
with initial product (after grinding process). In terms of dough stability time an augmentation of 20% was 
registered. Dough softening degree at 10 and 12 min were reduced with 30% and 27.66% respectively. 
These data provide information about the flour quality augmentation, Farinograph® quality number 
increase with 18%, and an improvement in flour technological characteristics. The mathematical model 
describes with accuracy the rheological properties evolution and generates viable optimized values in 
terms of storage conditions for a wheat flour type 650 (0.65% ash wt. %) which has a good or very good 
water absorption capacity (57-62%), an optimum development time (1.5 to 3 min.), a stability time in 
normal limits (6-15 min.) and a good consistency (35-80 BU) after grinding process. 
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1. Introduction 

Wheat flour is a natural product composed by carbohydrates (70-80%), proteins (8-15%), 
fat (2-3%) and water (10-12%) [1]. It is highly affected by storage temperature and air 
oxygen. Its rheological properties change in time [2, 3] due to a biochemical complex process 
known as “maturation” which begins immediately after wheat harvest and continues during 
flour storage [4, 5]. Different studies [6, 7] indicate that flour maturation starts 4-5 days after 
grinding and lasts for about 21 days. The process is influenced among others by raw material 
moisture content and environmental storage conditions (time, temperature, humidity etc.) [6, 
8, 9] and can lead either to flour quality improvements or to deteriorations. According to the 
current conception, mature wheat flour is characterized by ameliorated rheological properties 
[10, 11]. Thus, when water is added, an improvement of gluten, higher water absorption and a 
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better mixing tolerance are firstly observed. In a second stage, the obtained viscoelastic liquid 
with elastic properties attributed to the non-covalently bound gluten network [1] called 
“dough” has a higher gas retention capacity and leads to bread with a higher volume [6, 7, 9].  

Dough rheology depends also on a wide variety of factors going from: quality, chemical 
composition and grinding parameters of wheat used for flour production to changes occuring 
in gluten structure during mixing [12, 13], temperature, use of additives or fermentation 
process parameters [14-16]. Considering the facts presented above, the study of flour and 
dough rheological properties requires lately a special attention. Different methods and 
apparatus can be used in order to establish the behavior of these products in conjunction with 
physical and molecular structures and with functional groups chemical reactions. 
Farinographs, extensographs, alveographs, rheofermentographs can be successfully employed 
to this purpose [17]. Farinograph, for example, offers information on dough changes during 
kneading process [18-23] the evaluation and interpretation of the obtained results being 
reported by several other researches [24-26]. As consequence, this work was undertaken with 
the objective of establishing mathematical correlations between flour maturation process and 
storage conditions in order to enable the extrapolation of data obtained as results of a relative 
small number of experiments to wheat flours of different qualities. The effects of three 
important depositing parameters, namely storage duration, temperature and environmental 
humidity at three variation levels were studied by applying the Response Surface 
Methodology. Water absorption, dough stability and dough softening degree were the 
properties taken into consideration since they are known as having major influences on wheat 
flour and dough rheological and technological characteristics. 

    
2. Experimental part 

Flour samples 
50 kg bags of 650 type wheat flour (ash content: 0.65%) were kindly offered by 12 local 
producers from North East Romanian Economical Region (Botosani, Suceava, Iasi, Neamt 
and Bacau) immediately after the grinding process.  

Reagents 
Sodium chloride and double distilled water used for salt solutions and dough preparation 

were provided by Chemical Company Iasi – Romania. 
Evaluation of flour and dough rheological properties 
Farinograph test was performed according to ISO 5530-1 procedure [27]. This test is used 

to measure and record the parameters whose description is given below and which are 
graphically illustrated in Figure 1a. Absorption (%) is the amount of water required to center the 
farinograph curve on the 500 Brabender units (BU) line. Peak Time (min.) indicates dough 
development (DD) time, beginning the moment water is added until the dough reaches 
maximum consistency. Arrival Time (min.) is the time when the top of the curve touches the 
500 BU line. This indicates the rate of flour hydration (the rate at which the water is taken up by 
the flour). Departure Time (min.) is the time when the top of the curve leaves the 500 BU line. 
This indicates the time when the dough is beginning to break down and is an indication of 
dough consistency during processing. Stability Time (min.) is the difference in time between 
arrival time and departure time. This indicates the time the dough maintains maximum 
consistency and is a good indication of dough strength. Mixing Tolerance Index (BU) is the 
difference in BU value at the top of the curve at peak time and the value at the top of the curve 
5 minutes after the peak. This indicates the degree of softening (DS) during mixing.  
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Figure 1. 

Farinogram (a) and 
extensogram (b) 

schematic diagram 
 

 
Extensograph test was performed according to ISO 5530-2 method [28]. The 

extensograph determines the resistance and extensibility of dough by measuring the force 
required to stretch the dough with a hook until it breaks. Extensograph results (Figure 1b) 
include resistance to extension (BU), extensibility (mm), and area under the curve (E – 
energy, cm2). 

Flour analyses  
The flour physicochemical properties were determined using the methods and systems 

presented in Table 1.  
 

Table 1. Methods, references and analysis systems employed for flour characterization 
 

Analysis Reference method System used for analysis 
Moisture content SR 90:2007 [29] Sartorius MA30 Moisture Analyzer, Germany 
Protein content AACC 39-25.01:1999 [30] Perten Inframatic 9140, Sweden or Foss Infratec 1241, Denmark 
Ash content ISO 2171:2010 [31] Caloris L1003 Furnace, Romania 
Wet gluten content ISO 21415-2:2008 [32] Perten Glutomatic 2200, Sweden  
Gluten index ISO 21415-2:2008 [32] Perten Gluten Index Centrifuge 2015, Sweden 
Gluten deformation index SR 90:2007 [29] Caloris TC 25 Incubator, Romania 
Gluten stretching and 
elastic properties 

Apparatus specific method Brabender Glutograph®-E, Germany 

Falling number ISO 3093:2010 [33] Perten Shakematic 1095, Perten FN 1900 & Perten CT 1080, Sweden 
Flour viscosity ISO 7973:2000 [34] Brabender Amylograph®-E, Germany 

 

Experimental conditions  
The experiments were performed for a period of 28 days, between February and March 

2013. The samples were packed in 50 kg raffia bags and placed on wooden grills in adequate 
storage place were temperature and humidity could be controlled. According to the 
experiments RSM algorithm, samples of 1 kg were submitted to the above described analysis.  

Experimental design  
Response Surface Methodology (RSM) was used to investigate the influence of 

temperature, storage time and environmental storage humidity on water absorption at 500 BU, 
WA (%), stability time, ST (min.) and softening degree at 12 minutes, SD (BU). 42 
experimental runs composed the experimental design. The effect of the independent variables 
X1 (temperature, °C), X2 (storage time, days), X3 (environmental storage humidity, %) at 
various variation levels (Table 2) on flour and dough rheological properties is shown in Table 4. 
Five replicates were used to estimate the experimental error and to check the model adequacy.  

 
Table 2. Code and level of independent variables chosen for the RSM test 

 

Variables 

Symbol Levels 
Step change value

 ΔX Coded Uncoded 
-1 -0.5 0 0.5 1 

Actual values 

Temperature, °C x1 X1 20 - 25 - 30 5 
Storage time, days x2 X2 0 7 14 21 28 7 
Humidity, % x3 X3 50 - 60 - 70 10 
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The levels of the independent variables were coded so that variables with different units 
or of different orders of magnitude could be compared. In this case, the responses are evenly 
affected, making the units of the parameters irrelevant. Codification of the variables levels 
consisted in transforming each studied real value into coordinates inside a scale with 
dimensionless values, which are proportional to their location in the experimental space. 

The equation 1 represents the correspondence between the coded and the uncoded values: 
 

  iiii XXXx  /0   (1) 

 
where xi is the coded value of an independent variable; Xi is the actual value of an 
independent variable; Xi0 is the average between the maximum and the minimum values of 
the  independent variable and ΔXi is the step change value of an independent variable.  

 
For predicting the optimal point, a quadratic polynomial model was fitted to correlate the 

relationship between the independent variables for each response function. For all factors, the 
general equation was: 
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where the values of n are between 1 and 3, nY is the response (1Y water absorption, 2Y 
stability time, 3Y softening degree), nA0, nAi, nAii, and nAij are the regression coefficients of 
variables for the intercept, linear, quadratic and interaction terms, respectively, Xi and Xj are 
the independent variables (i≠j).  

 
Analyses of the experimental design and data were carried out using the NemrodW v. 

2000 software. 
 
Statistical analysis 
For characterization of the samples, at least five replicates measurements were 

performed, unless otherwise specified. The results were analyzed by using analysis of 
variance (ANOVA) (XLSTAT-Pro 7.5 version), and the t-Test was used to examine the 
differences. Results with a corresponding probability value of p < 0.05 were considered to be 
statistically significant. 

 
 

3. Results and discussion 
Flour samples characterization 
The samples were analyzed firstly using the farinograph test showing similar results for 

all the 12 samples of 650 type wheat flour. Consequently, the samples were divided in 
different quality ranges. Considering the water absorption characteristic, the flour is classified 
as having a good and very good capacity when WA is between 57 and 62%. In terms DD a 
time of 1.5 to 3 min was registered fact leading to the conclusion that the flours present an 
optimum time. Regarding the dough ST, a time of 6 to 15 min was recorded placing the 
studied samples in normal limits. Values between 35 and 80 BU for dough SD suggest a good 
consistency.  
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Figure 2. Test flour farinogram (a) and extensogram (b)  

 
In a second stage, the flour having the closest values to an established average, was 

submitted to different other analysis as described in Table 1 and selected for further 
experiments. The results for the examined characteristics are presented in Table 3. The 
farinograph test (Figure 2a) of this flour revealed the following results: 14.4% flour moisture, 
58.2% WA at 502 BU, WA corrected to 500 BU 58.3%, 58.8% WA a corrected to 14%, 2.5 
min. DD, 9.9 min. ST, 27 BU SD at 10 min. after the beginning, 48 BU SD at 12 min. after 
the maximum and 106 Farinograph® quality number (FQN). For the same sample the 
extensograph (Figure 2b) registered at 30/60/90 minutes, 56.0% WA and 1.5% sodium 
chloride: 105/121/118 cm2 energy, 336/488/486 BU resistance to extension, 160/144/140 mm 
extensibility, 484/626/638 BU maximum resistance to extension. 

 
 

Table 3. Test flour characteristics 
 

Characteristics Value 
Moisture content, [%] 14,3 
Protein content FOSS, [%] 13.3 
Protein content IM 9140, [%] 14.1 
Ash content, [%] 0,65 
Wet gluten, [ %] 32.4 
Gluten index, [%] 73,1 
Gluten deformation index, [mm] 3,5 
Brabender Glutograph Extensibility, [s] 85/800 

Elasticity, [BU] 202 
Falling number, [s] 452 
Brabender Amylograph Gelatinization temperature [°C] 89.9 

Gelatinization maximum [BU] 1031 
 

 
 
Effects of the studied independent variables on water absorption, dough stability and 

softening degree  
 
In order to fit mathematical models to the experimental data aiming at an optimal region 

for the studied responses a regression analysis (Table 4) was carried out. 
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Table 4. RSM test for flour and dough rheological properties and the observed and predicted values 
 

Run 
Temperature, 

°C 
Storage time, 

days 
Humidity, % 

WA, 
% 

 
ST, 
min. 

 
SD, 
BU 

Obs.1 Pred.2  Obs. Pred.  Obs. Pred. 
1 20 0 50 58.30 58.26 

 

9.70 9.83 

 

48.00 50.11 
2 20 0 60 58.30 58.21 9.90 9.56 43.00 47.89 
3 20 0 70 58.20 58.13 9.80 9.36 48.00 50.35 
4 20 14 50 58.40 58.32 9.90 9.79 47.00 46.95 
5 20 14 60 58.30 58.32 9.80 9.79 47.00 44.11 
6 20 14 70 58.30 58.29 9.80 9.85 48.00 45.96 
7 20 28 50 58.40 58.42 9.80 9.74 47.00 49.85 
8 20 28 60 58.40 58.48 9.70 9.99 48.00 46.40 
93 20 28 70 58.30 58.51 9.80 10.32 49.00 47.64 
10 25 0 50 58.30 58.41 9.80 9.99 48.00 46.36 
11 25 0 60 58.30 58.43 9.90 10.03 48.00 43.22 
12 25 0 70 58.30 58.41 9.70 10.14 46.00 44.77 
13 25 14 50 58.70 58.59 10.90 10.45 39.00 39.89 
14 25 14 60 58.70 58.66 12.00 10.76 34.00 36.14 
15 25 14 70 58.90 58.70 11.80 11.13 36.00 37.08 
163 25 28 50 59.10 58.83 11.60 10.90 36.00 39.49 
17 25 28 60 59.10 58.95 12.90 11.47 32.00 35.12 
18 25 28 70 59.10 59.04 12.30 12.10 33.00 35.44 
193 30 0 50 58.40 58.23 9.80 9.33 46.00 50.10 
20 30 0 60 58.40 58.31 9.80 9.68 48.00 46.05 
21 30 0 70 58.40 58.36 9.80 10.10 48.00 46.68 
22 30 14 50 58.60 58.54 10.90 10.30 38.00 40.33 
23 30 14 60 58.60 58.67 11.50 10.91 34.00 35.66 
243 30 14 70 58.70 58.78 12.30 11.59 32.00 35.67 
25 30 28 50 58.80 58.90 10.50 11.26 37.00 36.62 
26 30 28 60 59.00 59.09 12.10 12.13 34.00 31.33 
27 30 28 70 59.20 59.25 12.80 13.07 33.00 30.74 
28 20 7 60 58.30 58.26 9.80 9.68 49.00 45.24 
29 20 21 60 58.40 58.39 9.80 9.89 45.00 44.50 
30 25 7 60 58.50 58.54 10.40 10.39 39.00 38.92 
31 25 21 60 58.90 58.80 11.20 11.11 37.00 34.87 
323 25 7 50 58.30 58.50 9.70 10.22 48.00 42.37 
333 25 21 50 58.40 58.70 9.90 10.68 47.004 38.93 
34 25 7 70 58.40 58.55 10.40 10.63 42.00 40.17 
35 25 21 70 59.10 58.87 11.40 11.61 35.00 35.50 
36 30 7 60 58.50 58.49 9.90 10.30 40.00 40.09 
37 30 21 60 58.90 58.88 10.80 11.52 36.00 32.74 
38 25 14 60 58.50 58.66 9.90 10.76 36.00 36.14 
39 25 14 60 58.50 58.66 9.90 10.76 36.00 36.14 
403 25 14 60 58.80 58.66 11.10 10.76 32.00 36.14 
41 25 14 60 58.50 58.66 10.40 10.76 32.00 36.14 
423 25 14 60 58.90 58.66 10.20 10.76 33.00 36.14 

Flour moisture content average 13.9 % wt. 
1Obs. – observed; 2Pred. – predicted; 3Variation from flour moisture content average ± 1.2%, 4Relative error higher than 15%.   
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Involving multiple regression analysis on the experimental data of flour and dough 

rheological properties, the response variable and the test variable were related through three 
quadratic polynomial equations. 
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For WA (Equation 3), the ANOVA test showed that the values of the determination 
coefficient (R2) and the adjusted determination coefficient (Adj. R2) were 0.792 and respectively 
0.734, suggesting a good correlation between the observed and the predicted values. 

When applied for ST, the ANOVA test indicated a coefficient of determination (R2) of 
0.701 and an adjusted determination coefficient (Adj. R2) of 0.617, suggesting that the 
predicted model (Equation 4) seemed to reasonably represent the observed values.  

For SD (Equation 5) the ANOVA test indicates that R2 was 0.788 and Adj. R2 was 0.729. 
At run no. 33 (Table 4), due to the registered relative error value, ε, (Equation 6) of 15%, 
when comparing experimental data with mathematical model predicted data, this 
experimental value could be excluded from the software generation process of the response 
function. In this case, the equation determination coefficient (R2) increases at 0.830 and 
respectively Adj. R2 at 0.782. 

 

[%]100



alexperiment

predictedalexperiment

Value

ValueValue
 (6) 

 
 
Even that for all three generated equations the determination coefficient was in the range of 

0.70-0.79 indicating a limited degrees of correspondence between experimental and predicted 
data, in fact the differences quantified as relative error were: ± 0.5 % for WA, 11.08% for ST 
and ± 12.8% for SD, well inside in the farinograph limits of confidence. This fact is sustained 
by the results obtained from direct observation since three consecutive analyses of the same 
flour offer small variations of the registered data. Similar results were recorded by other 
scientific researches regarding the accuracy and precision of various farinographs [17]. 

The significance of the response equation coefficients indicates interactions between all 
three variables. Both environment temperature and storage time have the same influence on 
all the studied response functions. Small variations of their values change significantly the 
generated response equations, indicating the importance of these parameters over the flour 
and dough rheology.     

According to the data presented in the Table 5 the influence of humidity is limited. This 
hypothesis is sustained by the fact that the environmental humidity influences especially the 
flour moisture content which in turn leads to significant changes in response functions. An 
important part in these limitations was played by the storage packs type and his capacity to 
prevent the water exchange between environment and stored flour. 

 
Table 5. Significance of coefficients in the response equations 

 

Coefficient 
Significance, p % 

Equation 3 Equation 4 Equation 5 
A0 < 0.01 *** < 0.01 *** < 0.01 *** 
A1 < 0.01 *** 0.0151 *** < 0.01 *** 
A2 < 0.01 *** < 0.01 *** < 0.01 *** 
A3 9.3 1.28 * 5.2 
A11 0.158 ** 3.95 * 0.131 ** 
A22 63.8 97.6 1.55 * 
A33 74.7 85.7 3.16 * 
A12 0.446 ** 0.496 ** 0.116 ** 
A13 12.8 8.2 34.7 
A23 20.1 12.3 51.5 

 



ALINA MIHAELA TEMEA (MOROI), NICOLETA PIRCU (VARTOLOMEI), ANDREI IONUȚ SIMION, CRISTINA-GABRIELA GRIGORAȘ, ROXANA ELENA UNGUREANU (CĂRBUNE),  PETRU ALEXE  

Romanian Biotechnological Letters, Vol. 21, No. 2, 2016  11388

Testing of optimal process conditions 
The relationship between the response and the experimental variables were illustrated in 

Figures 3, 4 and 5. The 3D response surfaces were formed by contour plots that represent 
curves of constant response on a two-variable plain. The graphical representations were 
created by setting the experimental factors at their intermediate levels. The obtained plots 
were used in studying the effects of the variation of studied parameters in the established 
domain and, therefore, in determining the optimal experimental conditions. 

Aiming WA and ST at their maximum values and SD at its minimum level, three possible 
sets of optimum real values (Table 6) for the independent variables (desirability) were 
generated by the software.  

In order to validate the mathematical models adequacy, 5 replicates of the experiments 
from each set were carried out under the above mentioned optimal conditions. 

All 15 replicates (650 type wheat flour) were submitted to the farinograph and 
extensograph analysis immediately after wheat seeds grinding process and then in the RSM 
determined optimal conditions (time, humidity and temperature). 

 
 Water absorption, % Water absorption, % Water absorption, %

°C °C days 

days % %

 
 

Figure 3. Response surface plots and contour plots for the effects of storage temperature, time and 
environmental humidity on the flour water absorption 

 
Stability time, min. Stability time, min. Stability time, min.

°C °C days 

days % %

 
 

Figure 4. Response surface plots and contour plots for the effects of storage temperature, time and 
environmental humidity on the flour stability time 
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Softening degree. BU Softening degree. BU Softening degree. BU

°C °C days 

days % %

 
 

Figure 5. Response surface plots and contour plots for the effects of storage temperature, time and 
environmental humidity on the flour softening degree 

 
Table 6. Optimized process variables and related response functions values 

 
Maximum coordinates 

Variable 
Coded value 

 Factor 
Real value 

1st 2nd 3rd 1st 2nd 3rd 
X1 0.627 0.609 0.610  Temperature, °C 28 28 28 
X2 0.509 0.717 0.520  Storage time, days 21 24 21 
X3 1.047 0.836 0.597  Humidity, % 70 68 66 

Maximum characteristics 

Response function  
Value 

1st 2nd 3rd 
1Y Water absorption (WA), %  59.0 59.1 59.0 
2Y Stability time (ST), min.  12.2 12.3 11.9 
3Y Softening degree (SD), BU.  32.8 31.8 32.1 

 
The obtained results in optimal conditions revealed only minor differences between data 

registered inter- and intra- experimental groups. Their values and deviations were: 58.8 % ± 
0.51% for WA, 12 min. ± 4.16% for ST and 32.5 BU ± 4.61% for SD. These facts can be 
explained by the high similarity of software generated variables values.  

In order to quantify the changes in WA, ST and SD values, the replicate having the 
closest values to an established average (in optimized conditions) was analyzed and data are 
presented in Table 7. 

 
Table 7. Replicate flour characteristics 

 
Characteristics Value 

Moisture content, [%] 13.8 
Protein content FOSS, [%] 13 
Protein content IM 9140, [%] 13.8 
Ash content, [%] 0.65 
Wet gluten, [ %] 32.3 
Gluten index, [%] 73 
Gluten deformation index, [mm] 2 
Brabender Glutograph Extensibility, [s] 67/800 

Elasticity, [BU] 219 
Falling number, [s] 413 
Brabender Amylograph Gelatinization temperature [°C] 90.3 

Gelatinization maximum [BU] 1157 
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BU BU 

min mm a b

The initial farinograph test of this replicate indicate: 14.2% flour moisture, 58.3% WA at 
504 BU, WA corrected to 500 BU 58.4%, 58.7% WA a corrected to 14%, 2.4 min. DD, 9.6 
min. ST, 26 BU SD at 10 min. after the beginning, 47 BU SD at 12 min. after the maximum 
and 109 FQN. At 30/60/90 minutes, 56.1% WA and 1.5% sodium chloride the extensograph 
indicate: 106/120/119 cm2 energy, 342/458/494 BU resistance to extension, 160/142/126 mm 
extensibility, 490/627/643 BU maximum resistance to extension. 

After respecting the parameters optimized in the RSM experimental runs, the farinograph 
test (Figure 6a) of this replicate registered: 13.8% flour moisture, 58.7% WA at 499 BU, WA 
corrected to 500 BU 58.7%, 58.5% WA a corrected to 14%, 2.9 min. DD, 12.0 min. ST, 18 
BU SD at 10 min. after the beginning, 34 BU SD at 12 min. after the maximum and 133 FQN. 
The extensograph (Figure 6b) measured at 30/60/90 minutes, 56.7% WA and 1.5% sodium 
chloride: 113/114/122 cm2 energy, 378/517/544 BU resistance to extension, 159/133/135 mm 
extensibility, 527/636/674 BU maximum resistance to extension. 

 

 
 

Figure 6. Replicate flour farinogram (a) and extensogram (b)  
 
The farinograph data analysis revealed an increase in WA at 500 BU with 0.51% (58.4 to 

58.7%), DD time with 17.24% (2.4 to 2.9 min.), ST with 20% (9.6 to 12.0 min.), FQN with 
18% (109 to 133) and a decrease of SD with 30.7% at 10 min. (26 to 18 BU) and with 27.66% 
at 12 min (47 to 34 BU).      

 
4. Conclusion 

The Response Surface Methodology was successfully employed to determine the optimal 
storage conditions and to achieve a sufficient degree of maturity able to improve wheat flour 
(type 650) rheological and technological properties. 

The established polynomial functions describe the effects of storage time associated with 
temperature and environmental humidity on some of flour and dough rheological 
characteristics determinate with farinograph test: WA, ST and dough SD. The proposed 
models are satisfactorily consistent with the experimental results. 

Storage times of 21 days associated with an environmental temperature and humidity of 
28 °C and respectively of 68-70% were generated by RSM as optimum conditions for wheat 
flour maturation process. When applying these conditions, the farinograph recordings 
revealed that WA increased with 0.5%, ST with 20% and the SD reduced with 30% and 
27.66% at 10 and respectively 12 min. 

The mathematical model describes with accuracy the rheological properties evolution and 
generates viable optimized values for storage conditions for certain wheat flour type 650 
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qualities. After grinding process the flour must have a good or very good water absorption 
capacity (57-62%), an optimum development time (1.5 to 3 min.), a stability time in normal 
limits (6-15 min.) and a good consistency (35-80 BU). 

Other complementary studies, directed by authors, revealed that in case of superior flour 
quality de RSM offer a high degree of satisfaction, but the optimized values change 
accordingly with its behavior. For products with values below those related limits for WA, ST 
and respectively above DD, SD, that suggests a low quality flour, the equations generated by 
RSM could registered a decrease of determination coefficient (R2) and as consequence a very 
limited similarity between experimental and predicted data.  

Extending the RSM over a wider range of flours, could offer a comprehensive view over 
the storage conditions and their interactions with the products and predict successfully the 
characteristics obtained in conditions corresponding to an optimum degree of flour 
maturation. 
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