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ABSTRACT: The wheat flour represents a complex system whose quality is influenced by several
factors such as genotype, growing conditions and the complex interaction of genetic and
environmental factors. In recent years, wheat quality fluctuation has become a major issue for millers
and bakers. Requirements of bakery industry for providing wheat flour of uniform quality impose the
need for further investigation in direction of monitoring/improving wheat flour quality. Therefore, the
objective of the present study was to evaluate wheat varieties, grown in different locations, by
breadmaking potential and proteolytic activity in dependence of climate conditions. Wheat flour of four
wheat varieties (Pobeda, Zvezdana, Gordana and Apache), from seven locations in Serbia
characterized by different climatic conditions in two production years, were used in this study. The
analyses included a determination of proteolytic activity and the rheological properties of dough.
Rheological properties of wheat flour dough were determined by Gluten index and Brabender
equipment (Farinograph, Extensograph and Amylograph). The studies ended with a trial baking and
estimation of textural properties of obtained bread. Large variability for all attributes evaluated was
observed, with wider ranges in quality parameters across varieties than among growing locations.
Wheat flour samples from 2012 production year were characterized by inferior quality parameters.
Proteolytic activity and bread specific volume values for 2012 production year were significantly lower
compared to 2011. These results indicate that level of proteolytic activity was under optimum for
obtaining bread with higher specific volume.
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INTRODUCTION

The modern baking industry requires a
high level of uniformity in wheat flour
quality that satisfies the requirements of
automatic processing. The achievement of
these demands is very difficult because
the wheat quality is influenced by several
factors such as genotype, growing con-
ditions and the complex interaction of ge-
netic and environmental factors (Vazquez
et al., 2012). Bearing in mind the demand
of bakery industry, understanding these

effects is of great importance primarily for
the development of wheat varieties with
specific and consistent quality traits. Many
studies have been conducted in an at-
tempt to explain variations in the quality of
wheat as a function of genetic variability,
growing conditions and their interactions
(Preston et al., 2001; Zhang et al., 2004).
The influence of mentioned factors is ma-
nifested through changes in wheat grain,
primarily on starch (a key factor for yield)



Jelena Tomi¢ et al., Breadmaking potential and proteolytic activity of wheat varieties from two production years with different
climate conditions, Food and Feed Research, 42 (2), 83-90, 2015

and protein (a critical factor for the quality)
component (Altenbach, 2012).

Relations between environmental condi-
tions, yield and quality of wheat are very
complex as evidenced by the numerous
scientific researches (Zhang et al., 2004;
Souza et al., 2004; Finlay et al., 2007).
There are certain number of contradictory
studies about which factor (genotype or
environment) is more important for most
quality characteristics. Many studies in-
dicate that the magnitude of the effect of
genotype and environment differs among
quality parameters (Denci¢ et al., 2011;
Wrigley, 2007).

There are different methodological ap-
proaches for defining the characteristics of
wheat flours. Commonly used methods for
assessing the wheat quality are empirical
rheological methods such as Farinograph,
Mixograph, Extensograph, Alveograph and
Amylograph. During the last few years, the
relatively new rheological device Mixolab
has been largely used for fast wheat
guality assessment (DapcCevi¢ et al.,
2009). Although the wheat quality asses-
sment is based on information obtained
through the sensory, chemical, rheological
and technological analyses, the baking
test remains a key method to evaluate
flour quality (Gélinas and McKinnon,
2011).

Regarding the proteolytic activity, their im-
pact on the quality of wheat flour dough
due to changes in the protein gluten has
been the subject of considerable research
and controversy (Kruger et al.,, 1977;
Dominguez and Cejudo, 1996; Calucci et
al., 2004). There is a general belief that
the proteolytic activity in sound wheat is
very low and, as such, has little signify-
cance in the change of wheat flour bread-
making potential (Rani et al., 2001). On
the other hand, increased proteolytic ac-
tivity in the germinated wheat leads to a
reduction in the gluten quantity and its po-
orer rheological properties, as shown by a
decrease in the water holding capacity of
flour, shorter dough development and sta-
bility period and an increased softening
(Dojczew and Sobczyk, 2007).

In recent years, as a consequence of al-
tered climate conditions, quality fluctuation

has become a major issue which is ref-
lected through the changes in protein, car-
bohydrate and enzyme complex of wheat
grain. Consequently, a new climate trends
impose the need for further investigation in
direction of monitoring/improving wheat
flour quality.

The objective of the present study was to
evaluate wheat varieties, grown in different
locations, by breadmaking potential and
proteolytic activity in dependence of cli-
mate conditions.

MATERIAL AND METHODS

Material

Four wheat varieties of Triticum aestivum
Pobeda (Pob), Zvezdana (Zve), Gordana
(Gord) and Apache (Ap) grown in two
production years (2011 and 2012) at se-
ven locations in Northern Serbia were
selected for the study. Pobeda, Zvezdana
and Gordana were bred by the Institute of
Field and Vegetable Crops, Novi Sad, Ser-
bia, whereas Apache was bred by Lima-
grain, Chappes, France. The samples
were cleaned and tempered according to
the AACC 26-10.02 and milled to la-
boratory flour using a Blihler MLU 202 mill
(Bahler, Uzwil, Switzerland) according to
the AACC 26-31.01 (AACC, 1999).

Meteorological data for period from May to
July (from anthesis to harvest maturity)
were collected by automatic hydrological
stations (provided by the Agricultural
Advisory Services). The 2011 production
year was characterized by lower tempe-
ratures, drier conditions with an average
growing season temperature across the
locations from 16.6 °C (for May) to 23.2 °C
(for July). Maximum daily temperatures,
for the May and July, were above 31 °C
and 38 °C, respectively. The number of
days with maximum temperatures above
30 °C for the tested locations ranged from
12 to 26. The 2012 production year was
much warmer, with an average growing
season temperature range across the
locations of 25 (for May) to 32 °C (for
July). June and July were characterized by
deficient precipitation with extremely high
maximum temperatures. Maximum tempe-
ratures were above 35 °C. The number of
days with maximum temperatures above
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30 °C was markedly higher than in the
2011 production year (from 31 to 41).

Rheological properties of the flour sam-
ples

The rheological properties of wheat dough
were determined using the Brabender
Farinograph according to ICC 115/1, the
Brabender Extensograph according to ICC
114/1, the Brabender Amylograph accor-
ding to ICC 126/1, the Chopin Alveograph
according to ICC 121 (ICC, 1992).

Gluten index (Gl)

Gl was measured in two different ways:
according to the ICC standard method 155
(ICC, 1994) and after incubation of a
dough ball at 37 °C for 90 min (Gl (37 °C))
(Torbica et al., 2007).

Measurement of proteolytic activity

Proteolytic activity of wheat flour was
determined as described by Calucci et al.
(2004) and Strelec et al. (2007) with some
modifications. Flour (2.5 ¢g) was sus-
pended in 5 ml sodium acetate buffer (50
mM, pH 5.0). The proteolytic activity was
measured by using 1% (w/v) hemoglobin
(Hb) as a substrate. The reaction was ini-
tiated by adding flour extract (600 L) in
2.7 mL of Hb and after incubation at 45 °C
for 1 h terminated by adding 25% (w/v)
trichloroacetic acid (TCA). After the
centrifugation (10 min at 15000 g), 0.5 mL
of the supernatant was utilized to de-
termine the TCA-soluble products by the
Lowry method (Lowry et al., 1951). At
least three replicates were performed for
each analysis.

Breadmaking procedure

Baking trials were conducted under la-
boratory conditions. For 300 g tin bread
making method, the test baking formula
was: 300 g of flour (14 g/100 g moisture
basis), 2% fresh compressed yeast (flour
basis) and 2% salt (flour basis). The total
volume of water required for dough con-
sistency of 400 BU is calculated on the
basis of farinograph data: water absorption
and the degree of softening according to
the Serbian official methods (1988). After
mixing for 5 minutes, dough was fer-
mented for 120 min at 30 °C and 75% re-

lative humidity (RH), with punches after 60
and 90 min. The fermented dough was
divided into 130-g portions and proofed for
another 70 min at 30 °C and 75% RH for
final proofing. Doughs were baked for 15
min at 220 °C. After cooling at room tem-
perature for 1h, the loaves were kept in a
climate chamber for 23h in controlled con-
ditions of temperature (22 + 0.7 °C) and
humidity (75 £ 0.5%).

CHARACTERIZATION OF BREAD

Specific volume

The breads were weighed after cooling for
1h and their volume (cm®) was determined
by millet displacement method. The spe-
cific volume (cm®/g) was calculated as loaf
volume/bread weight.

Texture measurements

Bread crumb firmness was measured fol-
lowing the AACC (74-09) standard method
on a TA-XTplus Texture Analyser (Sta-
bleMicro System, Godalming, Surrey, UK)
using a 36-mm diameter probe, 30-kg load
cell on 12.5-mm thick slices. For each
firmness measurement, three samples
were used. The analysis of texture was
carried out 24h after baking.

Statistical analysis

The experimental data collected was ana-
lyzed using the analysis of variance
(ANOVA). The comparison among means
was done by the Fisher's LSD test re-
garded significant at p<0.05. Statistical
method was performed using the Statistica
12.0 software (Statsoft, Tulsa, OK).

RESULTS AND DISCUSSION

In order to evaluate the frequency of cer-
tain quality levels of the analyzed wheat
flour samples, shares of selected quality
range were graphically presented as well
as their average values for each year in-
dividually for the following parameters:
SD- Degree of softening obtained by
Farinograph (BU); E- Energy obtained by
Extensograph (cm?®), PV- Peak viscosity
obtained by Amylograph (BU) and W- De-
formation energy obtained by Alveograph
(x10™ J) (Figure 1). These parameters are
commonly used to estimate the wheat
flour quality for a particular purpose.
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Figure 1. The frequencies of certain quality levels of the tested wheat flour samples from two
production years
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Figure 2. The proteolytic activity in dependence of variety and production year. Error bars
represent SD values of each variety on different growing locations

Compared to the 2011 production year,
wheat flour samples from 2012 were cha-
racterized by inferior quality parameters
obtained by Farinograph and Extenso-
graph. In the 2011 production year, there
was a higher proportion of samples with
lower degree of softening (SD) and higher
values of energy (E).

Regarding the alveograph parameter (W),
differences between flour samples from

the two production years were much
smaller, but generally the average value of
this parameter indicate a good techno-
logical quality (more than 50% of flour
samples had values of W above 200)
(AbuHammad et al., 2012).

All tested wheat flour samples exhibited
markedly high level of amylograph peak
viscosity (PV) regardless of the production
year, which were above the optimum
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suitable for processing in baking industry
(>650). Within the tested production years,
samples from 2012 production year were
characterized by significantly higher PV
values, i.e. 75% of flour samples had PV
value above 1000 BU. Since the 2012
production year was characterized by
higher temperatures during the growing
season (from anthesis to harvest) and
higher number of days with temperature
above 30 °C, it can be assumed that these
unfavourable conditions caused the chan-
ges in the synthesis of enzymes, primarily
amylases (Johansson et al., 2013). On the
other hand, a different degree of shorte-

ning of the biosynthesis duration of pro-
teins and starch might have happened as
well. Changed properties of the starch-
amylose complex of wheat samples are
reflected through differences in the size of
starch granules and their morphology, as
well as ways of their formation in the
endosperm, which could have an influence
on peak viscosity values (Thitisaksakul et
al., 2012). Based on these findings it can
be assumed that high PV values could be
the consequence of the way of packing
starch granules and their size, not ex-
clusively the consequence of amylolytic
activity.
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Figure 3. Gluten index values in dependence of variety and production year. Error bars
represent SD values of each variety on different growing locations
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Figure 4. The bread specific volume and crumb firmness in dependence of variety and
production year. Error bars represent SD values of each variety on different growing locations



Jelena Tomi¢ et al., Breadmaking potential and proteolytic activity of wheat varieties from two production years with different
climate conditions, Food and Feed Research, 42 (2), 83-90, 2015

There are some studies which indicate
that wheat flour showed a relatively good
breadmaking potential despite a compa-
ratively low PV values (Ichinose et al.
2001). However, other quality parameters
in our study showed relatively good pro-
cessing quality of the wheat flour samples
indicating that redefinition of the impor-
tance of common technological para-
meters is necessary. As a consequence of
altered climatic conditions, the same va-
lues of standard quality parameters of
wheat and wheat flour have a different
meaning today than few decades ago.

Figure 2 shows the proteolytic activity of
all tested wheat flour samples in two
production years. The obtained results
showed that variety, growing location as
well as production year had strong in-
fluence on the proteolytic activity. High
values of standard deviation indicated the
influence of different growing locations.
The proteolytic activity was in the range
between 1.05-3.77 U/g. It could be noticed
that this parameter was primarily varietal
feature but it could not be ignored the
impact of climate that prevailed during the
tested two years. The total proteolytic
activity was significantly higher for the
2011 compared to the 2012 production
year. Regarding the varieties, the variety
Apache was clearly separated by higher
values of this parameter regardless of
production year.

Figure 3 shows the results of gluten index
(Gl) obtained for all tested wheat flour
samples performed without previous incu-
bation and after incubation of dough ball at
37 °C. The values of Gl as an indicator of
gluten strength showed strong influence of
variety. Gl obtained without previous incu-
bation of dough ball provides information
about the rate of high/low molecular
weight proteins i.e. provides information
about the strength of gluten (Collar et al.,
2007), while the GI values obtained with
previous incubation at 37 °C indicate the
degree of gluten hydrolysis as a conse-
guence of increased proteolytic activity.
The average values of gluten index (83-
95.7) for all examined varieties indicated
different gluten strength (from strong to

very strong) and they were considered to
be suitable for obtaining optimum quality
bread (Har Gil et al.,, 2011). Considering
the values of standard deviation it could be
noticed that the Gl parameter obtained
with the standard procedure was not in-
fluenced by growing locations. That was
not the case for Gl values after incubation
at 37 °C. High standard deviation values,
especially for Apache variety indicated re-
latively weak resistance of varieties to the
prevailing microclimate conditions, which
contributed to the variation of the tested
parameter. These values (Gl 37 °C) were
lower than those obtained by standard Gl
procedure. Apache variety from 2011
production year showed the greatest
decrease of Gl values after incubation at
37 °C which was in accordance with re-
sults of proteolytic activity.

The results of bread specific volume as
one of the important characteristics deter-
mining consumer acceptability (StojCeska
and Butler, 2012), showed that samples
from 2012 had significantly lower values of
this parameter compared to the 2011
production year (Figure 4). Variety Apache
differed from other varieties having the
lowest specific volume. Also, variety
Apache had considerably higher values of
firmness, regardless of the production
year. Results of bread specific volume
were consistent with the results of textural
properties of bread because the bread
firmness is largely influenced by its volume
and crumb porosity (Liu and Scanlon,
2003; Goesaert et al. 2008). According to
high PV values of samples from the 2012
production year as indication of amylolytic
activity, it could be presumed that the level
of amylolytic activity was under optimum
which negatively affected the bread spe-
cific volume. The same presumption could
be made by comparing the results of
proteolytic activity and bread specific
volume. The higher level of proteolytic
activity could act as an effective gluten
softener. This effect results in improve-
ment of protein network flexibility, without
extensive degradation of glutenins and fi-
nally the increase of bread volume (Bom-
bara et al., 1997).
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CONCLUSIONS

The results of this study have documented
large variation for all of the observed
wheat quality parameters. This variability
was influenced by variety, location and
production year. Regarding the parame-
ters of empirical rheological methods,
wheat flour samples from the 2012 pro-
duction year were characterized by in-
ferior quality parameters. Despite the mar-
kedly high level of PV values, other quality
parameters indicated relatively good pro-
cessing quality of all tested wheat flour
samples. Proteolytic activity and bread
specific volume values for the 2012 pro-
duction year were significantly lower com-
pared to those from 2011. By comparing
the results of rheological methods, proteo-
Iytic activity and bread specific volume it
could be concluded that the level of pro-
teolytic activity was low to cause any
quality deterioration. In fact, the obtained
results implied that the level of proteolytic
activity was under optimum and an in-
crease in proteolytic activity could be be-
neficial for bread final quality.
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NMEUMBHUN KBAJIUTET U NPOTEOJIUTUYKA AKTUBHOCT BPALLHA
COPTM NUWEHULIE NOPEKJIOM U3 ABE NPOMU3BOAHE INAVHE CA
PA3NIMMUTUM KITIMUMATCKUM YCITOBUMA

Jenena M. Tomuh', Anekcangpa M. Top6uua®, lburbana M. Monoeuh?, Cnahata M. Pakuta’,
[paraH P. XXvBanues'

1YHI/IBep3l/ITeT y Hoeom Cagy, HayuHu nHcTuTyT 3a npexpambeHe TexHonornje y Hosom Caay,
Byneeap uapa Jlazapa 1, 21000 Hoeu Cag, Cpbuja
2yHMBepsMTeT y HoBom Capy, TexHonowkn pakynteT, bBynesap uapa Jlasapa 1,
21000 Hoeu Capg Cpbuja

CaxeTak: [NweHnYHO BpallHO npeacTaBrba KOMMNEKCAH CUCTEM YMjU je KBanuUTeT YCIOBIbEH
OpojHMM hakTOpMMa Kao LUTO CYy FEHOTMN, YCIOBU rajeha M KOMMIEKCHE UHTEepaKLumnje reHeTCKMX U
eKonoLKux dakropa. Y nocnedwunx HEKONUKO roAuHa, nykTyauunja kesanureTa MweHuue
npeactaerba Benuku npobnem 3a MnvMHape UM nekape. 3axTeBu nekapcke wHAycTpuje 3a
obe3behewem nuieHnyHor OpallHa yjegHadyeHor kBanuteTa Hamehy noTtpeby 3a parbum
UCTpaxmBamunma y npasLy MOHUTOPMHra/noborbLuara KBanuteTa niieHuue v niweHnyHor bpaluHa.
Crora, umrb oBor paga ©6vo je npoueHa NeuUMBHOr MOTeHUMjarna W HUBOA MNPOTEONUTUYKE
aKTMBHOCTM OpaluHa veTupu copTte nweHuue (Mobena, 3sesnara, MopgaHa 1 Anay) nopeknom ca
cefam fnokanuTeTa pasnuunTUX MUKPOKNMMAaTCKUX yCroBa TOKOM [Be Npou3BoaHe roguHe. MNopen
oapefhuBawa MPOTEONUTUYKE aKTUBHOCTW, UCMUTAHaA Cy peoroLlKka CBOjcTBa TecTa MNPUMEHOM
yobuyajeHux MeToda 3a MpoLeHy TEXHOSOLLKOr KBanuTeTa OpawHa. YpaheHa je metoga npobHor
neyewa M WUCMMUTAHA Cy TEKCTypHa CBOjCTBA roTOBOr npou3Boga-xneba. 3a cBe MepeHe
nokasaTterbe KBanuTeTa, yourbuBa je LMpoka BapujabumnHOCT, Koja je HajBuwe nog yTtuuajem
COpTU. Y3opuu nweHndHor GpawHa u3 2012. nNpou3BOAHE TOOAUHE Cy Ce OASIMKOBanu HWKUM
BpeAHOCTMMa MnokasaTerba TEXHOMOLWKOr KBanuTeTa. BpegHocTn npoTeonntuyke akTMBHOCTU U
cneundunyHe 3anpemuHe xneba cy 6une 3HayajHO HWXKE 3a MOMEHYTE Yy30pKe Y OJHOCY Ha y30pkKe
u3 2011. npomssogHe roguHe. OBU pe3ynTaTy Mokasyjy Aa je HMBO NPOTEONUTUYKE aKTUBHOCTU
©vo ucnop onTumarnHor 3a gobujare xneba Behe cneundudHe 3anpemMmmHe.

KrbyuHe peun: nweHuyHo 6pawwHo, NeyusHU Kkeasumem, npomeonumuyka akmueHocm
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