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We tested the grain storage protein composition and wheat quality parameters in a set of varieties from different quality groups from
organic farming during a two-year experiment. We also tested a set of varieties from conventional farming for orientation compari-
son of results. Our results show a noticeable influence of organic and conventional ways of growing on the wheat grain storage
proteins composition and the technological quality characteristics, predicative partly of the storage protein quantity, partly of the
protein complex quality (sedimentation index by Zeleny, rheology characteristics determination on pharinograph and the yield of
bread). Varieties with higher content of HMW glutenins (varieties from conventinal growing systems and varieties from the elite (E)
and high-quality (A) quality groups), which are the most suitable for baking utilization, reached higher values of sedimentation index,
pharinographic characteristics predeterminig good baking quality and higher values of yield of the bread.Varieties from organic
farming and from the C quality group (wheat unsuitable for baking utilization) were mainly characterized by the higher content of
residual albumins and globulins, due to higher content of amino essential acids and higher nutritional quality of albumins and
globulins we suppose, that this wheat is more suitable for feeding and also for human nutrition.

wheat storage protein composition; wheat quality; organic farming

INTRODUCTION

The wheat from organic farming has a number of dif-
ferences in technological quality compared with the tech-
nological quality of wheat from conventional growing.
The most significant differences between qualitative wheat
parameters from organic and conventional growing are in
the crude protein content in dry matter of grain and in the
parameters that characterize the wheat protein complex
quality. Higher nitrogen levels require a later vegetation
phase, when the grain is forming and maturing. It is in
organic farming with the absence of fast effect industrial
fertilizers, that a nitrogen deficit and a lower accumulation
of wheat storage proteins — gliadins and glutenins, are fre-
quently experienced (Prugar, 1999). This adversely af-
fects the wheat’s food potential, mainly the baking utiliza-
tion(Branlard etal., 1991).

However, the present studies indicate that the geneti-
cally determined differences, e.g. in the baking quality of
wheat from conventional farming can also be observed in
wheat from organic farming. Some high-quality varieties
may give good baking utilization possibilities. Organic
farming, due to the favourable quality of gluten therefore
offers a satisfactory quality of dough rheology (Prugar,
1999; Capouchova,2003).

Wheat flour ability to create viscoelastic properties of
dough depends on the wheat protein character. The gluten
quality for the specific final utilization depends on the
combination of many physical and chemical properties of
the protein complex and it is determined especially by the
optimal storage protein combination — gliadins and glute-

nins. Each of them affects rheology in a unique way — vis-
cosity is affected by gliadins and elasticity by glutenins
(Bushuk, Bekes, 2002). Albumins and globulins
have the highest nutritional quality in the way of amino
acids composition. According to some authors they de-
crease the quality of gluten (Payne et al, 1987; Bu-
shuk, 1989). Evaluation results of the wheat varieties
complex protein provide important information for assess-
ment of the technological wheat quality.

MATERIAL AND METHODS

During the harvest years of 2004 and 2005 the grain
storage protein composition and baker quality were evalu-
ated in a set of winter wheat varieties from different qual-
ity groups based on their baking quality (E — elite, the most
suitable for baking utilization, A — high-quality, B — ad-
ditional, suitable for use in a mixture, C — others, unsuit-
able for baking utilization) from organic farming at the
Experimental Station of Plant production Department,
Faculty of Agrobiology, Food and Natural Resources,
Czech University of Agriculture in Prague-Uhfinéves. For
orientation comparison of results were used same varieties
from conventional farming at the Stupice Breeding Sta-
tion.

The experimental sites of the Stupice Breeding Station
and the Uhfinéves Experimental Station lie in nearly the
same soil-climatic conditions (approx. 2 km apart) in the
sugar-beet growing region of the central Bohemian area,
with the elevation above sea-level 295 m, average annual
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temperature 8.4 °C and average annual precipitation total
of 575 mm. There is a clay-loam brown soil with good
reserves of all essential nutrients and with the arable land
depths of 25-30 cm. The experiments were established
according to the methods valid for performing the State
Varietal Trials in the Czech Republic — using the method
random blocks, in 4 replicates, and with the size of ex-
perimental plots of 10 m’. The experiments at the Stupice
Breeding Station were established with the use of the total
N fertiliser rate of 130 kg N.ha', plus a herbicide, fungi-
cide, insecticide, and a morphoregulator, the preceding
crop was Pisum sativum speciosum L. in both years.

At the Experimental Station in Prague-Uhfinéves the
experiments were carried out in an organic growing sys-
tem according to the principles of IFOAM (International
Federation of Organic Agriculture Movements) and Me-
thodical instruction for organic farming of the Ministry of
Agriculture of the Czech Republic. The preceding crop
was Trifolium pratense L. in both years and the N-total
content in the soil was 21,7 mg.kgfI (medium reserve) in
the year 2004 and 49,0 mg.kgﬁ1 (high reserve) in the year
2005. The harvest was on 10. 8. 2004 and 2. 8. 2005.

Weather pattern at the Prague-Uhfinéves Experimental
Station and at the Stupice Breeding Station in the years
2003-2005 and the long-time average are in Table 1.

After the harvest approx. 3 kg of grain samples were
collected for the laboratory quality analysis. The grain
samples were analyzed for the total crude protein content
in dry matter of grain according to the CSN ISO 1871
standard, wet gluten content in dry matter of grain (the
CSN ISO 5531 standard), the sedimentation index by Ze-
leny (the CSN ISO 5529 standard), grain hardness (meth-
od PSI) AACC method 5530 and starch content in dry
matter of grain (the CSN ISO 56 0512-16 standard). The
remaining part of the grain was milled on the Biihler lab-
oratory mill (MLU-202 type). Following this procedure
the individual components of the mixture corresponded to
the T 550 common baker smooth flour. This was used for

the analysis of the rheology quality on the pharinograph
(CSNISO 5530-1 standard) and for baker test (methodol-
ogy by the Mill and Baking Prague Research Institute: 300
flour, 12 g leaven, 3 g fat, 5,1 g salt, 4,5 g sugar, the dough
consistence 550—650 B.j., proofing 45 min in 30 °C, next
proofing 50 min in 30 °C, baking 14 min in 240 °C).

For the classification of wheat grain storage protein
composition the polyacrylamid gel electrophoresis analy-
sis in dodecyl sulphate sodium (SDS-PAGE) of the storage
proteins was used, the method according to Wrigley
(1992). Quantitative evaluation of electrophoreograms
was made using the Bio 1D software from the Vilber-
Lourmat firm (France). Qualitative parameters of the
wheat‘s technological quality were statistically evaluated
by the analysis of variance in the Statgraphics Plus, Ver-
sion 5.1 programme, with the references of the statistical
coefficients demonstrated at the 0.05 significance level.

RESULTS AND DISCUSSION

From results of analysis of variance (Table 2) and fol-
lowing influence evaluation of selected factors on selected
quality parameters it is noticeable the main influence of
growing system (organic x conventional) on quality pa-
rameters of wheat grain and flour. The growing system
influenced mainly amount of HMW (high molecular
weight) glutenins and albumins and globulins, wet gluten
content in grain and flour dray matter, starch content in
grain and flour dry matter, ash content in grain dry matter,
pharinographic water absorption, degree of dough soften-
ing and yield of bread. As well Capouchova (2003)
on the basis of their results of evaluation selected set of
winter wheat varieties from organic and conventional
growing confirmed strong influence of growing system on
wheat quality parameters.

Second important was the influence of the year — it
mens the cours of the weather and others agroecological

Table 1. Weather pattern at the Prague-Uhfinéves Experimental Station and at the Stupice Breeding Station in the years 2003-2005, and the long-time

average
Month average temperature Sum of precipitation Long-time average L(())rfl‘irt;?i;i?::;:ilge
Month (°C) (mm) of temperature (°C) (mm)
2003 2004 2005 2003 2004 2005 1950-2000 1950-2000
January -0.66 -2.93 1.77 29.4 54.8 30.9 -2.1 28
February -2.70 2.70 —1.94 53 25.1 473 0.8 27
March 5.40 425 3.17 7.9 42.4 14.2 3.4 31
April 9.05 10.27 10.71 222 15.9 19.5 8.2 46
May 16.55 12.73 14.78 72.8 54.8 52.5 13.4 65
June 20.97 17.04 17.86 30.9 90.2 62.4 16.3 74
July 21.00 18.91 19.32 76.0 354 137.8 18.2 74
August 21.82 19.82 17.20 26.5 56.6 68.5 17.5 72
September 14.48 14.39 15.64 373 432 50.0 14.0 49
October 6.46 10.01 10.22 30.1 20.5 11.0 8.6 41
November 5.18 4.68 3.16 7.2 68.7 15.7 3.2 34
December 091 0.78 0.35 33.2 12.6 38.2 0.5 34
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Table 2. Values of test criterion F for two-year results of selected quality parameters

Quality parameter ) ) o . .
HMW glutenins LMW glutenins + gliadins Albumins + globulins

Factor
Variety 4.75%* 6% 0.28 n 7% 5.00%* 6%
Growing system 77.67** 93% 1.28n 34% 61.64%* 77%
Year 0.98 n 1% 2.18n 58% 13.14%* 17%
Quality parameter | Crude protein content | Wet gluten content |~ Sedimentation Grain hardness Starch content in Falling number
Factor in grain DM in grain DM index by Zeleny grain DM &
Variety 2.67n 5% 3.42% | 13% 5.20%*| 21% 40.47%*| 52% 1.23n| 10% 3.92% | 58%
Growing system 21.87*%* | 39% 17.44%* 65% 8.88**| 36% 33.39%*| 43% 8.61%* 70% 220n| 33%
Year 31.04%* | 56% 5.97% | 22% 10.57%*| 43% 4.06n | 5% 2.54n| 21% 0.61n 9%

uality parameter i i
Quality p: Pharmographlc water | Dough d.evelopment Dough stability time Degree of dough Yield of bread
Factor absorption time softening
Variety 5.76%* | 31% 1.70 n 46% 2.93* 62% 0.90 n 33% 2.40n 14%
Growing system 8.23* 44% 2.00n 54% 1.71n 36% 1.54n 57% 13.26%* 75%
Year 4.87% 26% 0.00 n 0% 0.07n 1% 0.27n 10% 1.98n 11%

** statistically significant o = 0.01, * statistically significant a = 0.05, n — statistically nonsignificant

conditions during experiments. The influence of the year
was the most important in crude protein content in grain
dry matter, amount of LMW (low molecular weight) glu-
tenins and gliadins, volume weight and falling number.
The varienty influenced mainly grain hardness, falling
number of grain and dough stability time.

The obtained results (Tables 3, 4 and 5) document the
influence of organic and conventional ways of growing on
the wheat grain storage proteins composition and techno-
logical quality characteristics, predicative partly of the
protein quantity (total crude protein content and wet gluten
content in the dry matter of grain), partly of the protein
complex quality (sedimentation index by Zeleny, rheology
characteristics determination on pharinograph and the
yield of bread).

Regarding the contents of the LMW glutenins and glia-
dins we have uncovered considerable differences between
those from organic and from conventional growing. Under
the conditions of organic growing wheat was in its content
a little bit higher compared with conventional wheat. In
case of HMW glutenins, a considerably higher content
was found in the conventionally growed wheat; while in
case of organic wheat we recorded a considerably higher
content of the most high-quality nutritional albumins and
globulins. Our results of quantitative evaluation of storage
protein electrophoretic analysis are in accordance with
Petr etal. (2003). Authors analysed samples of Triticum
aestivum L., Chinese Spring and Triticum aestivum L.,
Marquis. According to their resutls the percentage of
HMW glutenins is c. 29%, percentage of LMW glutenins
and gliadins is 48% and percentage of residual albumins
and globulins is 22%.

These results are also in accordance with the conclu-
sions of Prugar (1980) and Graveland (1996),
who found that nitrogen application generally increases
the part of the protein fractions typical for gluten — glute-

nins and gliadins. Increasing the amount of these fractions
in the total protein content leads to an improvement in the
technological, especially baking, wheat quality, but also
to a decrease in the biological and nutritional value of pro-
teins, due to the reduction in the amino-acids content.

Except for the differences in the wheat grain storage
proteins composition from organic and conventional grow-
ing we have recorded certain differences in the protein
composition among the single varieties groups of quality.
In both the conventional and organic way of growing the
highest contents of HMW glutenins and at the same time
the lowest contents of albumins and globulins were found
in the varieties from the quality group E — elite, and the
A — high-quality, and the lowest in the varieties from the
quality group C — other, which is unsuitable for baking
utilization. This supports the results of some authors, ac-
cording to which the changes in the ratio of single protein
fractions are affected. Not only by the total proteins con-
tent in wheat grain, but also by the genotype and results
of Prugar (1999) and Capouchova (2003), who
show that the varieties from the quality groups E and
A being observed, have genetically dependent differences
in the characters of the baking quality and act as techno-
logically better, superior, while also using an ecological
way of growing. The differences in the wheat grain storage
proteins composition reflect also at the level of the tech-
nological quality parameters.

We noticed, especially in the harvest year 2004, a rel-
atively marked influence of the growing intensity (when
comparing the organic and conventional ways). Overall,
the lower levels of sedimentation index in the organically
grown wheat are also mentioned by Petr et al. (1998)
and Capouchova (2003) on the basis of their re-
sults.

The pharinographic data characterize the flour quality,
for example the dough and dough tolerance on mechanical
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Table 3. Electrophoretic analysis of storage proteins of wheat from the organic and conventional farming — harvests in 2004 and 2005

Year Growing svstem Quality groups HMW glutenins LMW glutenins + | Residual albumins and
£5Y ¥ group (%) gliadins (%) globulins (%)
E 15.40 71.16 13.44
A 10.66 69.86 18.81
Organic
B 10.92 68.76 20.28
C 7.73 67.71 24.50
2004
E 28.74 67.19 4.06
A 25.85 66.59 8.10
Conventional
B 25.82 69.07 5.11
C 24.77 59.88 15.35
E 17.52 70.56 11.92
A 14.78 69.90 14.02
Organic
B 14.20 70.98 14.87
C 10.88 70.78 18.40
2005
E 34.90 62.34 2.75
A 30.05 64.22 5.67
Conventional
B 23.60 70.51 5.53
C 20.13 70.65 8.43

Values in the Table are statistical means

Table 4. Selected qualitative parameters of wheat from the conventional and organic farming — harvests in 2004 and 2005

. . Crude protein | Wet gluten con- | Sedimentation Grain Starch content in | Falling number
Growing Quality . . . . . . .
svstem ouDS content in grain | tent in grain DM | index by Zeleny hardness grain DM of grain

Y o DM (%) (%) (mb) (% PSI) %) ®)
E 10.09 19.74 26 11.15 70.32 278
A 9.61 19.86 28 27.35 71.42 324
Organic
B 9.45 16.92 24 17.08 72.54 275
C 8.86 15.06 15 27.23 73.53 262
E 10.74 22.98 32 8.90 69.91 317
A 11.63 27.05 34 21.70 69.23 344
Conventional
B 11.54 26.07 27 13.45 71.69 301
C 10.86 20.77 23 21.13 69.81 287

Values in the Table are statistical means

Table 5. Pharinographic parameters and yield of bread of wheat varieties from the conventional and organic farming — harvests in 2004 and 2005

Pharinographic Dough develop- Dough stability Degree of dough Yield of bread
Growing system Quality groups water absorption ment time time softening (ml/100g of dough)
(%) (min) (min) (FU) J &
E 53.50 1.25 2.54 140 293
) A 43.88 1.09 2.96 134 291
Organic
B 52.13 1.03 2.29 153 247
C 50.87 0.99 1.99 161 245
E 59.38 1.38 3.75 98 350
A 53.87 1.25 3.34 114 331
Conventional
B 42.80 1.38 3.79 119 298
C 50.23 1.19 1.94 132 271

Values in the Table are statistical means
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straining on the basis of the consistence change monitor-
ing at plasticization under standard conditions. In phar-
inographic classification the conventionally grown wheat
was better, and compared with organic wheat it reached
a higher water absorption, longer time of dough stability
and a lower degree of dough softening. Better rheology
characteristics of the conventionally grown wheat features
are also mentioned by Capouchova (2003).

The baking test is the final direct indicator of the wheat
baking quality. The higher yield of bread in both harvests
years reached varieties from conventional growing sys-
tem.

In organic and also in conventional growing system
reached higher yield of bread varieties from the E and
A quality groups. Lower and slower nitrogen input to plant
in organic growing system bounds often possibility of pro-
tein and that may negatively influenced bake properties
while following processing (Prugar, 1999).

As well as Petr et al. (1999) found out differences
in yields o bread between varieties from organic and con-
ventional growing system, varieties from organic farming
reached about 30 ml lower yield of bread in comparing
with wheat from conventional growing system.

Prugar (1999) showed, that high quality varieties
reched often even while lower content of proteins very
good yield of bread due to excellent properties of gluten
and satisfying rheology properties of dough. This trend
confirmed also our result, varieties with elite (E) and high
quality (A) baking quality reached even in conditions of
organic farming satisfying yields of bread.
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Skladba zasobnich bilkovin pSenice z ekologického zpiisobu péstovani.

Scientia Agric. Bohem., 39, 2008: 6—11.

K nejvyraznéjsim rozdilim mezi kvalitativnimi ukazateli obilovin vypéstovanych v konven¢nim a ekologickém
zpisobu péstovani patii rozdily v obsahu N-latek a mokrého lepku. To zhorSuje moznosti potravinaiského, zvlaste

pekarenského zpracovani.

Vysledky hodnoceni skladby zasobniho bilkovinného komplexu zrna odrtid psenice lze tedy povazovat za dilezitou

informaci pro hodnoceni technologické jakosti pSenice.

Ve dvouletych pokusech (2004, 2005) jsme hodnotili skladbu zasobnich bilkovin zrna a parametry mlynaiské

a pekatské jakosti u souboru odriid ozimé psenice z riznych skupin jakosti (E — elitni, A — kvalitni, B — doplitkové,
C — ostatni, nevhodné pro pekarenské vyuziti) vypéstovanych ekologickym zpiisobem péstovani na pokusné stanici
katedry rostlinné vyroby FAPPZ CZU v Praze-Uhfinévsi. Pro orientaéni porovnani sledovanych ukazateld jsme pouZi-
li stejné odriidy vypéstované konvenénim zptsobem na $lechtitelské stanici Stupice. Pokusné plochy stanice Uhfinéves
i Slechtitelské stanice Stupice lezi v takika shodnych pidné-klimatickych podminkach. Pokusy byly zakladany podle
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zasad platnych pro vedeni Statnich odriidovych pokusti v CR. Pokusy byly vedeny na SS Stupice s pouzitim moifeného
osiva, celkova davka dusiku byla 130 kg N.ha' a byl pouzit herbicid, fungicid, morforegulator a insekticid podle
potieby. Pfedplodinou byla v obou letech peluska jarni. Na pokusné stanici v Uhfinévsi byly pokusy vedeny podle zasad
platnych pro ekologické zemédelstvi, predplodinou byl v obou letech jetel Iucni, sklizen probéhla 10. 8. 2004 a 2. 8.
2005. U vzorkti zrna byl stanoven obsah N-latek (CSN ISO 1871), obsah mokrého lepku (CSN ISO 5531), Zelenyho
sedimentaéni test (CSN ISO 5529), tvrdost zrna (metodou PSI) AACC metoda 5530 a obsah §krobu v susing zrna (CSN
ISO 56 0512-16), reologické vlastnosti na farinografu (CSN ISO 5530-1), pekaisky pokus (metodika VU MPP Praha),
elektroforeticka analyza zasobnich bilkovin — metoda SDS-PAGE.

V zastoupeni LMW (nizkomolekularnich) gluteninti a gliadinti jsme nezaznamenali vyrazné rozdily mezi ekologic-
kym a konvenénim zplisobem péstovani. V piipadé HMW (vysokomolekularnich) glutenini bylo zjisténo vyrazné
vyssi zastoupeni u konvencné vypéstované psenice; u ekologické psenice jsme naproti tomu zaznamenali podstatné
vy$$i zastoupeni zbytkovych albumint a globulintl, které se vyznacuji ptiznivym aminokyselinovym sloZenim a vyso-
kou nutri¢ni hodnotou.

Z vysledka jsou dale patrné rozdily ve skladbé zasobniho bilkovinného komplexu ve vztahu k vybranym paramet-
rum technologické jakosti pSenice. Odrady s vyssim obsahem HMW gluteninl se vyznacovaly vyssi technologickou,
pekarenskou jakosti. Byly u nich zpravidla zaznamenany ptiznivéjsi hodnoty ukazatelti piedurcujici dobrou pekaiskou
kvalitu: vyssi hodnoty Zelenyho sedimentacniho indexu, vyssi farinograficka vaznost, delsi doba stability tésta, nizsi
pokles konzistence tésta a vyssi hodnoty mérného objemu vyrobeného peciva. Vysledky potvrdily znamou skutecnost,
ze vysokou vaznosti vody moukou se vyznacuji odridy s vybornou pekaiskou jakosti.

V ekologickém i konvencnim zplsobu péstovani bylo zjisténo nejvyssi zastoupeni HMW gluteninil a soucasné
a nejnizsi u odrud zafazenych do jakostni skupiny C — ostatni, nevhodné pro pekéarenské zpracovani. Odrtidy z jakost-
ni skupiny C se vyznacovaly nejvyssim zastoupenim zbytkovych albumini a globulind. Z dGvodt vysoké nutri¢ni
hodnoty albumint a globulint 1ze usuzovat, ze tyto odridy jsou diky vysokému zastoupeni albumint a globulind nej-
vhodnéjsi pro krmeni hospodatskych zvifat a jsou vhodné i pro lidskou vyzivu (specialni mlynsko-pekarenské vyrobky,
miisli atd.).

Zavérem lze fici, ze nase vysledky potvrdily, Ze u pSenice vypéstované ekologickym zptisobem Ize jen velmi obtiz-
n¢ dosdhnout parametrti potravinaiské pekarenské jakosti. Diky vys$simu zastoupeni albumint a globulini 1ze vSak
povazovat ekologickou pSenici za kvalitnéjsi z pohledu vyzivové hodnoty.

skladba zasobnich bilkovin pSenice; kvalita pSenice; ekologicky zptisob péstovani

Contact Address:

Ing. Lucie Krej&ifova,PhD., Ceski zem&délska univerzita v Praze, Fakulta agrobiologie, potravinovych a piirodnich zdrojt,
katedra rostlinné vyroby, Kamycka 129, 165 21 Praha 6-Suchdol, Ceska republika, tel.: +420 224 382 532, fax: +420 224 382 535,
e-mail: krejcirova@af.czu.cz, capouchova@af.czu.cz

SCIENTIA AGRICULTURAE BOHEMICA, 39, 2008 (1): 6-11 11



