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Abstract       In this paper it was study the rheological properties of triticale, 
wheat and rye flours and also of mixed flours obtained from triticale and 
wheat in different percentages using the Mixolab system. It was calculated the 
primary parameters from the rheological profile: water absorption (WA,%), 
stability (ST, min), mechanical weakening (C1, Nm), minimum torque (C2, 
Nm), peak torque (C3, Nm), cooking stability (C4, Nm) and setback (C5, Nm), 
the angle between ascending and descending curves (α, β, γ and δ), which 
correspond to the arc tangent of the four curve angles. The scores of the 
index defined by Mixolab Profiler: absorption potential or Water absorption 
index (WAI), Mixing index (MI), Gluten+ index (GI), maximum viscosity during 
heating expressed as viscosity index (VI), starch stability or amylolysis index 
(AI) and starch retrogradation - retrogradation index (RI) were also presented. 
The results highlighted that the Mixolab profile of triticale, wheat and rye flours 
are different and the triticale incorporated at different levels (20-50%) into 
wheat flour significantly change the rheological parameters of dough.   
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Although wheat is the main cereal used in bakery, 

current trends are aimed at broadening the base of raw 

materials and recovery of potentially highly nutritious 

cereals like rye or triticale. Triticale is a hybrid of soft 

wheat and rye. The nutritive value of triticale grain is 

given, in particular, to the high content of protein and 

essential amino acids present in amounts higher than 

those recorded in wheat or rye. Triticale has a higher 

lysine content than wheat, and can be stored for long 

periods of time [11]. Dietary fiber profile is an 

important consideration for triticale value [7]. 

Triticale is often included in prepared mixed-grain hot 

and cold cereals, and muffin flours. The previously 

studies indicate that while the nutritional quality of 

triticale is considered superior to wheat, the higher ash 

content, lower milling yields of flour, and inferior loaf 

volume and texture distract from commercial baking 

use of triticale [9].  

Milling and baking qualities of triticale are lower than 

wheat properties, but the adaptation of production 

technology may alleviate this shortcoming. The 

previously studies show that using flour of triticale in a 

mixture with wheat flour in different proportions, for 

baking breads have a great influence on dough 

development [10]. Triticale flour blends of up to 50% 

with wheat flours produce breads with quality similar 

to breads made from wheat flours only in terms of 

weight, volume, texture and crumb structure [5,6].  

The rheological properties of dough are important basis 

for the process of bread production. The aim of 

research was to evaluate the rheological properties of 

dough made from triticale, wheat and rye whole grain 

flours and mixed samples wheat-triticale using 

Mixolab (Chopin Technologies). Mixolab system study 

the mixing and pasting behaviour which measures in 

real time the torque (expressed in Nm) produced by 

passage of dough between the two kneading arms, thus 

allowing the study of its physico-chemical behaviors 

[2]. 
 

Materials and Method 

 
The flour samples used in rheological study using 

Chopin Mixolab test (Chopin Technologies, Paris, 

France) were: whole wheat flour (WF) purchased from 

, rye flour (RF) from and whole grinded Triticale 

Mungis cultivar (TF) harvest 2011 from Western 

Romania. Also, it was prepared 3 mixed samples which 

contained: 20% TF + 80% WF, 30% TF+70%WF and 

50% TF + 50%WF. 

50 grams of sample were placed into the Mixolab bowl 

and mixed. After tempering the solids, the water 

required for optimum consistency was added. Special 

attention was paid to the determination of the water 

absorption, in order to ensure the complete hydration of 

all the components [2]. 

The running parameters of the Mixolab device during 

the tests are: mixing rate 80 rpm, temperature of the 

first plateau 30ºC, duration of the first plateau 8 min, 

temperature of the second plateau 90ºC, first 
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temperature gradient 4ºC/min, duration of the second 

plateau 7 min, second temperature gradient 4ºC/min, 

temperature of the third plateau 50ºC and duration of 

the third plateau 5 min. 

 

Results and Discussions 

 
In figure 1 are presented the Mixolab rheological 

profiles of analyzed samples. In table 1 are presented 

the primary parameters from the rheological profile: 

water absorption (WA,%), stability (ST, min), 

mechanical weakening (C1, Nm), minimum torque 

(C2, Nm), peak torque (C3, Nm), cooking stability (C4, 

Nm) and setback (C5, Nm). The angle between 

ascending and descending curves were also calculated 

(α, β, γ and δ), which correspond to the arc tangent of 

the four curve angles [2]. 

In Table 2 are presented the scores of the index defined 

by Mixolab Profiler: absorption potential or Water 

absorption index (WAI), Mixing index (MI), Gluten+ 

index (GI), maximum viscosity during heating 

expressed as viscosity index (VI), starch stability or 

amylolysis index (AI) and starch retrogradation - 

retrogradation index (RI). 

The rheological profile of the analyzed samples present 

five different stages with variation regarding the dough 

torque depending of the time. The initial mixing 

period, when the temperature was constant, correspond 

to the hydration of the compounds and occurs together 

with the stretching and alignment of the proteins, 

bringing about the formation of a three dimensional 

viscoelastic structure [2]. The percentage of water 

required for the dough to produce a torque of 1.1 Nm 

(WA, %) and the elapsed time at which the torque 

produced is kept at 1.1 Nm (ST, min) presents the 

dough behavior during mixing. The results presented in 

the table 1 shown that the WA rate of TF (54.8%) is 

close to that of WF (51.9%), but its low stability 

(ST=3.25 min) indicates a plasticity which is highly 

insufficient and very delicate to work with. The 

difference between the maximum torque at 30°C and 

the torque at the end of the holding time at 30°C (C1) 

is maximal in RF (1.91 Nm) and minimal (1.07 Nm) in 

TF, while in WF the C1 value is 1.25 Nm. The addition 

of triticale in whole wheat samples leads to the 

increasing of C1 value.

 

 

 

 
   a       b 
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Fig. 1. The rheological profile using MIXOLAB system of WF (a), RF (b), TF (c), 20%TF+80%WF (d), 

30%TF+70%WF (e), 50%TF+50%WF (f) 
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The second stage represents the first heating stage and 

corresponds to the protein weakening. The combined 

effect of the mechanical shear stress and the 

temperature constraint induced a decrease in the torque 

C2 which represents the minimum value of torque 

produced by dough passage subjected to mechanical 

and thermal constraints due to the beginning of the 

protein destabilization and unfolding [8]. Compared to 

WF and RF, TF is characterized by lower C2 torque. 

The addition of triticale in different percentages in 

whole wheat flour leads to decreasing of C2. 

In the third stage appears the gelatinization of the 

starch. The dough heating induces the swelling of 

starch and the dough viscosity increases. Cooking stage 

describes starch behavior and is characterized by 

maximum torque produced during the  heating stage 

(C3), C4 calculated as a ratio of the torque after the 

holding time at 90°C and the maximum torque during 

heating period, gelatinization rate (β) and cooking 

stability rate (γ) [1]. TF has a lower maximum 

viscosity peak (C3) in relation to RF and WF.  RF is 

characterized by a high viscosity when hot (C3=2.32 

Nm). A high Alfa-amylase content induces an 

increasing of C4 and β value [1]. The C4 value of TF 

(C4=1.11 Nm) is between WF (1.77) and RF (1.03) 

samples. The increasing of triticale percentage in whole 

wheat flour induces an increasing of C4 and β values, 

respectively a decreasing of stability rate. 

In the 4th stage the temperature is constant. During this 

phase, the dough is submitted to the double action of 

mixing and enzymatic attack A decrease of consistency 

can be observed at this stage. The dough cooling (the 

5
th

 stage) leads to starch retro gradation and the 

stiffness of the cooked dough increases. C5 represents 

the difference between the torque produced after 

cooling at 50°C and the one after the heating period 

and is maximum for WF (C5=2.36 Nm). 

Triticale does not show any of the qualities found in 

wheat or rye flour. The ‘hot’ section is closer to the 

behavior of a waxy wheat with, in particular, very low 

viscosity when hot (C3). It is possible that Triticale 

starch is similar to that of waxy wheat 

(amylose/amylopectin ratio).

 
Table 1 

Primary parameters 
 

Samples WA 

(%) 

ST(min) C1 C2 C3 

 

C4 C5 α β 

 

γ 

WF 51.9 10.45 1.25 0.56 1.96 1.77 2.36 -0.02 0.456 -0.038 

RF 62.1 1.43 1.91 0.81 2.32 1.03 1.34 -0,08 0.512 -0.134 

TF 54.8 3.25 1.07 0.43 1.77 1.11 1.82 -0.034 0.588 -0.100 

20%TF+80%WF 61.2 8.25 1.17 0.51 1.86 1.21 1.92 -0.104 0.488 -0.098 

30%TF+70%WF 59.7 6.78 1.16 0.48 1.91 1.27 1.92 -0.066 0.492 -0.118 

50%TF+50%WF 59.2 6.3 1.15 0.46 2.01 1.35 2.06 -0.084 0.576 -0.130 

 
The Mixolab Profiler index (table 2) indicated that 

WAI is maximum in RF (8) and minimum in WF (1). 

The WAI value of TF (2) is close to WF. WAI depends 

on both amylase activity and starch quality of flours 

and influences the doug performances. As WAI is 

higher the water absorption capacity of the dough will 

be higher.   

MI give information on the behavior of flour when 

kneading at 30 °C. GI measures the behavior of gluten 

dough at warming.VI is influenced by the activity of 

amylase and starch quality [3]. 

Comparing the samples profile from the table 2 we can 

see that the hydratation potential decreases when the 

percentage of wheat increases. MI is maximum in WF 

and minimum in TF. The higher value of the MI 

corresponds to the high dough stability in mixing (ST). 

The adition of triticale in 20/30/50 percentage leads to 

a decreases of dough stability.  

The higher value of GI corresponds to high gluten 

resistance to heating. The higher GI value was recorded 

for RF (8) and TF (6).  The addition of TF in 

percentages of 30% and 50% in WF leads to reduces 

the GI value. 

AI and RI are maximum for WF and minimum for SF 

and TF. The high values of the AI and RI correspond to 

low amylase activity [4]. No significant differences on 

RI values were recorded when TF was added to WF. 

The high value of VI corresponds to high dough 

viscosity during heating and is higher for WF and SF.
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Table 2 

Mixolab Profiler index 

 
Samples 

 
WAI MI GI VI AI RI 

WF 1 6 3 7 7 5 

RF 8 3 8 8 1 1 

TF 2 1 6 5 1 4 
20%TF+80%WF 8 4 3 6 2 4 
30%TF+70%WF 6 4 4 7 1 4 
50%TF+50%WF 6 3 4 8 2 5 

 

Conclusions 

 
The TF incorporated at different levels (20-50%) into 

WF significantly change the rheological parameters of 

doughs, as showed by the Mixolab curves. TF 

demonstrated different dough properties compared to 

WF or RF: stability time, protein weakening and starch 

gelatinization, amylase activity and starch 

retogradation. 
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