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Abstract

The rheological properties of dough are importaasi® for the process of production of quality pretdu
(Létang et al., 1999; Moreira et al., 2010). Thermmeachniques used for measuring flour dough’s proes are
empirical or fundamental. Empirical measurements lma conducted by means of farinograph, Falling blem
apparatus, rapid visco analyser, etc., and multifanal new apparatus like Mixolab (Jansen et B996;

Moreira et al., 2010). The aim of research was \aluate the rheological properties of dough madenfr
different cereal flours and flour blends using Matm

Whole grain flour of triticale, rye, hull-less bayl rice, maize and flour blends were used inrisgarch. Flour
blends were made from triticale in a combinatiothvather flour in various proportions. Wheat flovas used
as a control. Rheological properties of mixed fldough were studied using MixolaBHopin Technologigs

which was capable of evaluating rheological prapsrand enzymatic activity of flour and flour blend

In the Mixolab test triticale flour demonstratedua@lent dough properties to wheat flour: formatibme,

protein weakening and starch gelatinization pedievaBut values of amylase activity and starch getdation

in triticale flour were lower than in wheat flouEvaluation of the Mixolab test results demonstratieait

decrease of triticale flour proportion in flour bteresulted in increase of the dough stability, didtnot change
substantially dough properties.

Key words: triticale, wheat, hull-less barley, flour blendjXdiab.

Introduction

The cereals or grain crops are the most importantces of food for people. The type of
cereal mainly used in food depends on specificitthe region, in the Far East it is rice, in
America — maize, in Central Asia, North America &mfthern and Eastern Europe — rye and
wheat. There are various grindings of rye and wHeat mainly used in preparation of bread
and pastry production in Latvia.

In order to extend the product assortment and iwgtbeir nutritional value, there can be
used triticale, hull-less barley, buckwheat, haldd oat, and other grain flour that are
used elsewhere in the world and various scientdtadies demonstrate their value
(Taketa et al., 2004). TriticaleTijticosecale Wittmagkis a hybrid crop developed by
crossing wheatT{riticum) and rye $ecal@. The nutritional value of triticale is close toat of
wheat and rye (Salmon et al., 2002). In Baltic ¢oas in 1997 Estonians adapted Western
triticale cultivars to Northern growing conditioasd they have done serious investigations on
triticale for bread making (Tohver et al., 2005).

For expanding the range of bakery and pastry ptomludn the world there are being
developed various recipes for product enrichinghwibre, especiallyB-glucan, proteins,
vitamins and other nutrients for a healthier dietan be done making a flour blend from
whole grain triticale, rye, hull-less barley, riaad maize flour (Straumite et al., 2010). The
Mixolab allows the characterization of the physioemical behavior of dough when
submitted to dual mixing and temperature constsaifherefore, it is possible to record the
mechanical changes due to mixing and heating simullee mechanical work as well as the
heat conditions that might be expected during #ierg process (Rosell et al., 2007).

The rheological properties of dough are importaasid for the process of production of
quality products (Collar and Armero, 1996; Létang at, 1999; Rosell et al.,, 2007,
Moreira et al.,, 2010). During the baking procedsurf compounds are subjected to
mechanical work and heat treatment that promotexgd® in their rheological properties
(Bollain and Collar, 2004). Many investigationsarthe cross-linking of wheat protein have
demonstrated that the enzyme catalysis reaction oy affects the biochemical
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characteristics of the dough, but also the rheoldgproperties (Koksel et al., 2001,
Autio et al., 2005). The main techniques used feasuring flour dough’s properties are
empirical or fundamental. Empirical measurement® dme conducted by means of
farinograph, Falling Number apparatus, rapid viaoalyser, etc., and multifunctional new
apparatus like Mixolab (Jansen et al., 1996; Mareiral., 2010). The aim of research was to
evaluate the rheological properties of dough maden fdifferent cereal flours and flour
blends using Mixolab.

Materials and Methods

Triticale, rye and hull-less barley crops of 201flticated at the Priekuli Plant Breeding
Institute (Latvia) were used in the current stublgr this research 4 samples of flour blends
were made too (Table 1). Triticale, rye and huilsldarley used for study were ground in a
laboratory mill Hawos (Hawos Kornmuihlen GmbH, Genyjaobtaining whole grain fine
flour. Rice and maize flour was purchased from tJ&@tock CompanyJstuniu Malunas
(Lithuania).

Table 1
Sample composition per 100 g of flour blend
Flour type Flour blend
A B C D
Whole grain triticale, g 90.00 80.0 70.00 60.00
Whole grain rye, g 3.75 7.50 11.25 15.00
Whole grain hull-less barley, g 3.75 7.50 11.25 15.00
Rice, ¢ 1.25 2.50 3.75 5.00
Maize, g 1.25 2.50 3.75 5.00

Moisture content in raw materials and flour blemds determined using an express oven-dry
method, where 2.00.06 g of sample was placed for drying in a moestacale Precisa
XM120 (Precisa Instruments AG, Switzerland) tillcanstant weight (when 4 subsequent
measurements did not change more than 0.01 gngerature +1161 °C.
Mixing and pasting behaviour of dough made from Mtgyain flour of triticale, rye, hull-less
barley, rice, maize and flour blends (Table 2) vsasdied using the Mixolab analyser
(Chopin, Tripette et Renaud, Paris, France). Allasugements were performed using the
Mixolab standard Chopin+ protocol (ICC No. 173). x@lab is a sensor that allows
measurement of the rheological behaviour of doungt s subjected to both kneading and
heating. It measures, in real time, the torque (Nmoduced by the dough between two
kneading arms. The test is based on preparing staxrhydrated dough mass so as to obtain
a target consistency during the first test phase.
Table 2
Instrumental settings defined in the Mixolab for running the samples

Wheat, rye, hull-less . .
No. Parameters Rice, maize
barley, and flour blends
1 | Dough mass 759 90g¢g
2 | Kneading speed 80 rpm
3 | Target torque (C1) 1.10 Nm
4 | Tank temperature 30°C
5 | Temperature, Sllevel 30°C
6 | Duration, F'level 8 min
7 | Temperature,™ level 90°C
8 | I*temperature gradient 4°C min?
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Continue of Table 2

Wheat, rye, hull-less . .
No. Parameters Rice, maize
barley, and flour blends

9 | Duration, 2°level 7 min

10 | 2"temperature gradient -4°C min*

11 | Temperature, 3level 50°C

12 | Duration, ¥ level 5 min

13 | Total analysis time 45 min

The dough weight for rice and maize testing wasngbd from 75 g to 90 g due to the
specific nature of the system (Table 2). The wheld can be divided into five different
stages (Figure 1): dough development (1), protemmaturation (2), starch gelatinization (3),
amylase activity (4) and starch retrogradation (5).

Torquetm) Temperature (1)
a)

Mixer temperatur ough temperatu

ough consistenc yw c
C
\

~

Figure 1. Typical curve from Mixolab analysis of wheat dough

The first stage C1 at constant temperaturéB@etermines the water absorption capacity of
the flour and measures the characteristics of daluyging mixing (stability, elasticity, and
absorbed power), shows the maximum torque atG30The parameters that were obtained
from the recorded curve were water absorption (the percentage of water required for the
dough to produce a torque of 1.1+0.03 Nm.

Means and standard deviations of the means wecallatdd using Microsoft Office Excel
2007 (Microsoft Corporation, Redmond, WA).

Results and Discussion

Moisture content of flour used in the research was 10.3% (rice flour) to 11.9% (whole
grain rye flour), but in flour blend samples — fr&13% to 9.5%. Moisture content in the flour
blend samples increased, with increasing propastadrother flours used in combination with
triticale flour (Table 3).

Table 3
Moisture content in flours and flour blend samples

No. Sample Moisture, %
1. Wheat flour (control) 11.6

2. Whole grain triticale flour 10.5

3. Whole grain rye flour 11.9

4, Whole grain hull-less barley flour 10.8

5. Rice flour 10.3

6. Maize flour 11.6

7. Flour blend A 8.3

8. Flour blend B 8.6

9. Flour blend C 9.2

10. Flour blend D 9.5
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It has been already established that rheologica$ ten dough can predict its behaviour in a
bakery, although only if the rates and the extdérthe deformation are in the same range as
those during dough processing (Bloksma, 1990; Dx#mayk and Roberts, 1992). The data of
peak viscosity, pasting temperature and setbaak,beauseful predictors of bread firming
behaviour during storage (Collar, 2003). As it slvknown wheat flour possesses the unique
bread making properties due to the ability of wistatage protein to form viscoelastic dough
when wetted and kneaded (Cauvain and Young, 200iérefore, Mixolab curve obtained for
the wheat flour system was used as a standard.curve

The early stages (C1 and C2) mainly represent tbpepties of the protein in wheat, whole
grain triticale, whole grain rye, whole grain hldks barley, rice, maize flour and flour blend
samples, but the latter stages (C3, C4 and C5) shewroperties of the flour starch.

The Mixolab test data showed optimal water absonpf6.30+£1.00% (14% basis) for whole
grain hull-less barley flour with moisture conteltt.8%. Whole grain hull-less barley flour
did not reach optimum torque of 1.1 Nm at the nored water absorption. At lower water
absorption for hull-less barley flour, it was natsgible to analyse the properties of starch in
Mixolab analyser, because the dowjick around the kneading arms.

Table 4
Mixolab parameters of flours and flour blends sampés
Sample ab\é\f)ar:oetiron s[t);t?iﬁ]tg ¢l €2 €3 ca €5
(%) (min) (Nm) | (Nm) | (Nm) | (Nm) | (Nm)
Flour:
Wheat (control) 57.03 10.21 1.10 0.48 1.65 1.2 1.82
Whole grain 62.40 366 | 1.12 | 045| 162| 039 060
triticale
Whole grain rye 65.00 9.34 1.08 0.68 1.98 051 0.93
Whole grain hull- 76.30 881 | 066| 028 121 03D 052
less barley
Rice 90.00 - - - 1.31 1.26 1.61
Maize 90.00 0.29 0.21 0.04 1.22 0.8[7 1.20
Flour blends:
A 59.67 6.03 1.04 0.46 1.53 0.32 0.50
B 59.30 6.23 1.06 0.47 1.51 0.31 0.48
C 60.00 6.87 1.08 0.50 1.51 0.31 0.48
D 59.87 7.19 1.08 0.50 1.48 0.33 0.51

Values represent the means; n = 3.

Water absorption of whole grain triticale flour wé2.40+0.35%, but rye flour 65.00+0.07%
(Table 4), while rice and maize flour had the hgjherater absorption 90% (by standard
method modification). For rice flour the optimallwa of water absorption to characterize
starch gelatinization, amylase activity and starefnogradation was 90%, but reducing the
water absorption Mixolab analyser showed only daadough development and protein
denaturation. Water absorption for all sampleslo@rf blends was from 59.30+0.10% to

60.00+0.10%.

When dough temperature increased, dough viscosityedsed and the intensity of this
decrease depended on protein quality. Flour proteintent is not only an indicator of

nutritional value, but it has also an importanteeffon dough rheological properties. Maize
flour showed the lowest peak value 0.04 Nm whatrattarise protein weakening due to
mechanical and thermal constraints. It can be asduimat rice and maize flour has lower
protein quality. Rye flour showed the highest pgalue 0.68+0.01 Nm, what means better
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flour protein quality or the highest gluten strédngtomparing with other studied flour
samples. But, value of C2 was equivalent for whesdicale flour, and flour blend samples
(Table 4 and Figure 2). It means they have the gguten strength.

Torque(Nm} Temperature (T}

= Wheat flour

/ Rice flour

/

» _ Maize flour

" R)./? flour
* Triticale flour

=__ Hull-less barley flour,
Flour blend samples:
A, B,Cand D

1 2 3 4 5 6 7 8 © 10 11 12 13 14 15 16 17 13 19 20 21 22 23 24 25 26 27 25 20 30 31 32 33 34 35 36 37 35 30 40 41 42 43 44

Figure 2. Mixolab profiles of flours and flour blend samples

Also, the second part of the curve (C3, C4, C5pives heat treatment and therefore its
parameters are related to starch behaviour (Kdaksall, 2009), it can be observed that wheat
flour has the highest curve comparing with otheuflcurves. As it can be seen in Table 4 and
Figure 2, triticale and flour blends, according Noxolab parameters, did not reach the
optimal properties during the heating and coolimgiqu contrary to wheat flour. The C3
value of whole grain rye flour is the highest amdmg studied flours, what means high dough
viscosity during heating. It depends on amylaswidgctnd starch quality.

Comparing (Table 2) wheat flour with triticale floand flour blend samples peak values of
C4 and C5 decreased. It showed that the tritidaker fand flour blends had low amylase
activity when heating and low starch retogradatianng the cooling period. The low starch
retogradation value corresponds to a long shelfdifthe end product.

Comparing dough stability of triticale (3.66 min)tivdough stability of flour blend samples
(sample A—6.03 min; sample B—6.23 min; sample C~&# and sample D-7.19 min) it was
found that the stability of triticale dough incredsn mixing time at temperature 3G when
proportion of other flour increased in a flour deough stability shows dough resistance to
kneading: the longer time it takes the “strongevtgh gets. Sample D shows the highest
dough stability in mixing comparing to other floblend samples. In the research the highest
dough stability showed wheat flour — 10.21 min.

Conclusions

1. Moisture content in the studied flour was from 20.8&ice flour) to 11.9% (whole
grain rye flour), but in flour blend samples fron3% to 9.5%.

2. Rice and maize flour had the highest water absmipt{90%) necessary for
measurement of dough rheological properties; chahgee dough weight from 75 to
90 g is required in the standard method.

3. Triticale dough stability increased in mixing tinmed temperature 30C when
proportion of other flours was increased in a flblend.

4. Triticale flour and flour blends had low amylaséiaty when heating and low starch
retogradation during the cooling period.

5. Maize and rice flour showed high starch retrogratapeak value, comparing to
whole grain triticale, rye and hull-less barleyuitpwhat means shorter shelf life of the
end product.
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