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ABSTRACT - Effect of environment and genotype onhieological properties of flour and dough of

winter wheat

Five winter wheat cultivars created in Small GraResearch Centre of Kragujevac (Ana Morava, Toplica
Vizija, Takowanka and Lazarica) were grown at the macro fiédd itm three locations (Kragujevac, Sombor
and B&ka Topola) during three years (2004-2006). Infleen€ environment (location and growing season)
and genotype on rheological properties of flour almigh (water absorption, dough development time,
dough stability time, dough weakness, and mixirlgrémce index) were investigated. Analysis of varé
showed highly significant differences among inwgstéd cultivars (G), years (Y) and among their
interactions (G x Y, G x L, Y xL, GxY xL) for ater absorption of flour. The strongest individual
influence for water absorption had location (F=880) and G x Y x L interaction (F=55.712, and then
year (F=45.069). Farinograph properties have shown that wheatr ftm average belonged to, And B
quality group, what means that investigated culivead high technological quality
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INTRODUCTION

Rheology investigates the elasticity and viscosity of the dolilgé viscoelastic properties
of dough affect the processing of dough and the texture propertigsad. Dough must
have both the properties of a viscous fluid and those of an elatitic &d must have
viscoelastic texture (MLKER - HAZELTON, 1996).

Rheological characteristics such as water absorption, stabiliyngrtolerance, elasticity,
viscosity and extensibility are important for the milling arakdry industries in view of
the prediction of the processing parameters of dough and thieyaqfahe final products.
These rheological characteristics change during the bread making paodese difficult
to measure in definitive terms. To predict the quality of flour teddough of it, a number
of physical, chemical, and rheological characteristics must be kndwsinformation can
be obtained from analysis of flour and test devices, such as farihognapnsograph and
alveograph.

Wheat breeders can improve overall end-use quality of cultivars througlhateal and
selection. However, genetic improvement in processing quality medytranslate into
improved ‘consistency’ in the marketplace due to inherent variatiosedaloy production
environments (BTERSONet al., 1998). On the one hand, information about the microscopic
rheology of wheat-flour dough is required by the plant breeder if wepkwvarieties of
wheat are to result in enhanced export income.

Grain quality of winter wheat varies depending on genotype andinggasenditions. The
successful process of wheat breeding is based on the knowledge aftertigties of the
genotypes as well as on the interaction of genotype and lochtmierstanding the cause
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of genotype by environment interaction can be used to estabisdibg objectives,
identify ideal test conditions and formulate recommendations &asaof optimal cultivar
adaptation (Wikal - HuNT, 2001). The presence of genotype-environment interaction
complicates the selection of superior genotypes and the understaricengironmental
and genotypic causes of significant genotype-environment intarastimportant in all
stages of plant breeding KDNGANA et al., 2007). Environmental factors play a main role
in the expression of genotype characteristics. The ideal cultivarigbrgnain yield and
technological quality need to express genetic potential in differentonmental factors of
growing (Zcevic et al., 2007; 2009; 2010).

There is inverse relationship between grain yield and protein coienct bread making
quality is influenced by both protein quantity and qualiyeddoers must apply breeding
strategies to increase one without affecting the other to achieve speldat wuality
classes. The basic principles to quality improvement are undersjaefiects of G x E
interactions on the expression of quality traits and understargkngtic control and
diversity associated with quality traitsS§BGALIEVA - PENA, 2010).

The aim of this work was to study the effect of genotype andramient on the
rheological flour and dough properties of winter wheat cultivars.

MATERIAL AND METHOD

Five winter wheat cultivars created in Small Grains Research Cdntieagujevac (Ana
Morava, Toplica, Vizija, Takatanka and Lazarica) were grown at the macro trial at
experimental field in three locations (&a Topola, Kragujevac and Sombor) during three
years (2004-2006). Influence of genetic and agro-ecological camslit locations and
growing seasons on rheological properties of flour and dough (ahsarption, dough
development time, dough stability time, dough weakness, arohgntolerance index)
were investigated. Based on the results of these properties, wenidet: the quality
number and quality of flour group. Grain samples were millsthgys a Brabender
Quadrumat Junior laboratory mill. The rheological properties were detsinby using
Farinograph "Brabender" according to ICC standard method Nal (1%72, 1992).

The analysis of variance was calculated according to randomize compekedasign
with three factors: genotype (G), year (Y) and location (L) using ANQMSTAT-C
program, 1989). The significant differences among the means werneegragcording to
least significant difference (LSD).

RESULTS AND DISCUSSION

Absorption measures the amount of water that can be absorbed by aggamity of
flour. In bread making, it is usually preferable to have flbat can absorb a large amount
of water. Optimum absorption represents the maximum amount ef,veet a percent of
the flour weight, that will produce a high yield of bread durimgylhaking process.

In general, high water absorption means good baking performansecdhsidered that
high protein quantity provides both high water absorptioth good baking performance
(BLOKSMA, 1990; BASARAN - GOGMEN, 2003). The high molecular weight glutenin
subunits play an important role in governing the functiomaperties of wheat dough.
Weak gluten flour has a lower water absorption and shorter statwhty than strong
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gluten flour. Water absorption and dough stability time aresignificant positive
correlations with protein concentration and gluten conterit|{8AN et al., 2011).
In this investigation, the water absorption varied in accordande geihotype, locations

and yearsTable ). Average absorption valuex () ranged from 62.5% (Ana Morava) to
65.0% (Takovanka). Genotypes reacted differently on investigated locations.rdingo

to location means, the highest water absorption for all cultiwarss achieved in Sombor
(64.8%), while the lowest in Bka Topola (62.8%). The highest value of all investigated
cultivars and localities for water absorption established in Kragaojécality by cultivar
Takowanka (67.1%), while the lowest in 8@ Topola locality by cultivar Lazarica

(60.8%).
Table 1. Mean values for water absorption of wheaflour (%)
Genotype (G) Location (L XG
Kragujevac Sombor B&a Topola
Ana Morava 61.1 63.5 62.9 62.5
Toplica 63.1 66.7 65.0 64.9
Vizija 61.7 64.9 61.3 62.6
Takowanka 67.1 63.7 64.1 65.0
Lazarica 65.0 65.3 60.8 63.7
XL 63.6 64.8 62.8 63.7

Analysis of variance showed highly significant differences amongstigated cultivars
(G), years (Y) and among their interactions (G x Y, G x L, ¥,XG x Y x L) for water
absorption of flour Table 3. The strongest individual influence for water absorption had
location (F=56.032) and G x Y x L interaction (F=55.712, and then year (F=45.06%

In our previous results, sedimentation value and gluten coasmsignificantly depended
on environment, cultivar, year and their interactiorscgvic et al., 2009).

Table 2. Analysis of variance for water absorptiorof wheat flour

LSD

Source DF MS F 0.05 0.01
Genotype (G) 4 27.146 34.410 0.698 4.157
Year (Y) 2 35.555 45.069 0.806 1.859
GxY 8 14.026 17.779 0.966 1.405
Location (L) 2 44.203 56.032 0.806 1.859
GxL 8 27.856 35.310 0.966 1.405
Y x L 4 5.511 6.985 0.900 1.493
GxYxL 16 43.950 55.712 1.537 2.118

The dough properties, in average for all cultivars and years, are f@esariable 3.

Rheological properties of dough (dough development time, dotadlity time, dough
weakness, and mixing tolerance index) were similar in KragujevacSanbor, but the
best results obtained in 8@ Topola locality. According to ApPos et al. (1997), dough
development was influenced by composition and quality of flowsisture and dough

temperature.
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Table 3. Farinograph characteristics of the dough

Dough properties Location
Kragujevac Sombor R&a Topola
Water absorption (%) 63.6 64.8 62.8
Dough development time (min) 2.0 1.5 2.0
Dough stability time (min) 2.0 1.0 5.0
Dough weakness (BU) 60 70 40
Mixing tolerance index (BU) 40 40 30

The rheological properties were influenced by production envirotyryiears and cultivars.
Farinograph properties have shown that wheat flour on average éélomgy and B
quality group, what means that investigated cultivars hadtkiginological quality{able
4). Quality number, in average, varied from 55.7 (Vizija) to 13@plica). According to
locations means, the highest quality number was measurectka Bapola (70.9) while
the lowest was at location Sombor (59.6).

Table 4. Quality number and quality group of wheatflour

Genotype (G) Location (L XxG
Kragujevac Sombor B&a Topola

Ana Morava 65.0/B 60.8/B, 80.8/A 68.9/B

Toplica 72.8/A 71.0/A 78.0/A 73.9/A

Vizija 51.1/B, 50.8/B 65.2/B 55.7/B

Takowanka 61.7/B 60.8/B 67.0/B 63.2/B

Lazarica 69.3/B 54.6/B 63.5/B 62.5/B
XL 64.0/B, 59.6/B, 70.9/A 64.8/B,

Previous results indicated that the quality number of the wheat dowgh was closely
correlated with the strong gluten flour, which had high dougtbil#ty, high dough
breakdown time, a high farinograph quality number, and low dougimng tolerance index
(LEI et al., 2008). In their investigations correlation analysesved that the farinograph
quality number was highly positively correlated with dough hidealn time, dough
stability, and dough development tinte< 1.000, 0.958, 0.894, respectively), and highly
negatively correlated with the mixing tolerance index ¢0.890).

Environment was the major source of variation for most of the chesmichlheological
properties of flours extracted from both soft and hard wheatHMLENKO et al., 2000),
as reported previously @2EN - WARD 1997).

CONCLUSIONS

Rheological properties of flour and dough were influenced by enveatah factors,
cultivar, and their interactions. Growing location had signifiedfect on water absorption
of flour. The quality of the investigated cultivars was high aetbnged to A and B
quality group. The highest quality had cultivar Toplica, whiogHdonged to A quality
group. According to location means, the highest quality numiasr measured in Bka
Topola, while the lowest was in Sombor.
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