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Abstract

Data on protein fractions’ proportion, obtained with RP-HPLC and technological quality
parameters for 29 wheat cultivars grown in Serbia and Croatia, were used for studying of
interrelations among wheat protein fractions with different solubility and molecular
weight properties by multivariate (PCA) analysis. Obtained trends were used as the base
for investigations related to differentiation of technological quality among wheat cultivars
with different combination of protein fractions’ compositions using univariate statistics
(ANOVA followed by Duncan’s test) in order to draw out information about interrelations
between protein fractions proportion in wheat cultivars and their technological quality.
Analysis based on the first four PCA factors (89.04% of variability) pointed out interdepen-
dencies between: 1) high content of albumins and globulins, low gliadins content and glia-
dins/glutenins ratio, high @-gliadins, LMW glutenins and low a-gliadins share in total pro-
tein with low water absorption, high energy and high resistance to extensibility ratio, 2)
high albumin and globulin content and high proportion of @-gliadins in total protein and
low extensigraph extensibility, 3) high share of high molecular weight glutenins (HMW-GS)
in total proteins, high extensigraph resistance/extensibility ratio and 4) high ygliadins
share in total protein and low extensigraph resistance/extensibility ratio.
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The content and composition of wheat protein are
considered to be among the major factors that inf-
luence on the technological properties and quality of
final products of wheat processing [1,2].

The influence of wheat protein fractions on dough
rheological properties and end use quality of wheat has
been the subject of numerous studies that included the
use of sodium dodecil sulphate polyacrilamid gel elec-
trophoresis (SDS-PAGE) [3-5], capillary electrophoresis
[6], electrophoresis on chip [7] or high performance
liquid chromatography (HPLC) [4,8-11] for fractioning
of wheat proteins by their molecular weights.

The gluten content has proven to be positively cor-
related with some of the properties of wheat techno-
logical quality, such as farinographs dough develop-
ment and stability [12], and water absorptions and
dough development time, whereas the negative corre-
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lation is confirmed with extensigraphs resistance and
resistance, and extensibility ratio [1]. The properties of
gluten are also influencing the parameters used for
evaluation of dough rheological properties. The partial
explanation and prediction of some dough rheological
properties, like extensigraph energy, can be obtained
from results of rapid methods like gluten index [1],
which are depending on gluten molecular structure or
even better by modification of gluten index procedure
which includes also the enzymatic activity that has
influence on gluten composition [13].

The quantity and ratio of two main gluten fractions,
glutenin and gliadin, have also notable influence on
dough properties and bread making quality [14]. It is
well known that glutenins are responsible for dough
elasticity, whereas gliadins are more viscous and inf-
luence mainly on dough extensibility [15]. According to
Torbica et al. [13] increase of gliadin and glutenin ratio
explained the drop of extensigraph energy.

The glutenins are, based on electrophoretic mobi-
lity, recognized as high molecular weight glutenins
(HMW-GS) with molecular weight from 80000 to
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130000 [16] and low molecular weight glutenins (LMW-
GS) with molecular weight from 30 000 to 50 000 [17].

HMW-GS composition depends on origin from spe-
cific genome and it is accepted to be one of the most
important genetic factors determining empirical pro-
perties of dough [18]. Therefore, numerous research
results were reported which connect influence of com-
position of HMW-GS with technological quality of
wheat [4,5,9,19], but almost all reported studies HMW-
-GS are interpreted based on genetic alleles structure
and are not divided by different molecular weights. The
approach of analysis of influence of presence and
qguantity of glutenin fractions with different molecular
weights on wheat technological quality was recently
reported by Zivancev et al. [7].

Regarding the influence of LMW-GS on dough rheo-
logical properties it was reported by Luo et al. [3] that
they play important role in determining dough exten-
sibility, while role in determining dough strength is less
important and is related to HMW-GS.

In academic literature, the gliadins are divided
according electrophoretic mobility in acid conditions
into a-, 8-, y- and w-classes [20]. Thomson et al. [21]
found that molecular weight of a, y and w gliadins are
approximately 35000, 45000 and 58000, respectively,
using the small angle X-ray scattering. In the past, the
relative contribution of specific composition of gliadin
subunits in determining of wheat dough properties was
not quite clear [22], except in the case of some sub-
units of w-gliadins which were reported to affect the
dough extensibility [23]. The recent study by Wang et
al. [24] confirmed that others subunits of w-gliadins
could influence on dough strength, whereas Gobaa et
al. [25] showed that high amount of a-gliadins has
improved dough extensibility. However, Gil-Humanes
et al. [26] in their research did not confirm the
important role of y-gliadins on dough rheology.

The albumins and globulins, fractions of wheat pro-
teins soluble in water and salt solution, represent only
several wheat endogenous enzymes [27] and enzyme
inhibitors [28]. Their effect on dough properties and
their role on dough strength and baking properties are
not thoroughly investigated [29,30].

The basic statistic including analysis of correlations
between pairs of variables was mainly used in the
above-mentioned research about dependence between
protein fractions and dough rheological properties. The
utilization of multivariate statistics for explanation of
interdependencies should be considered, having in
mind that wheat dough is complex matrix in which all
components interact resulting in final rheological pro-
perties, which was not found in reported research in
this field [31].

In this study the interrelations among wheat pro-
tein fractions with different solubility and molecular
weight properties are going to be studied for cultivars
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grown in south of Pannonian Plain by multivariate
analysis. The obtained trends will further be used as
the base for investigations related to differentiation of
individual technological quality parameters among
wheat cultivars with different combination of protein
fractions proportion in order to draw out information
about interrelations between protein fractions pro-
portion in wheat cultivars and their technological quality.

EXPERIMENTAL

The examinations have been carried out on 16
bread wheat cultivars (Srpanjka, Zitarka, Divana, Aida,
Felix, Zlata, llirija, RuZica, Sana, Seka, Renata, Golubica,
Soissons, Olimpija, Vulkan and Tihana) grown in Croatia
at the Agricultural Institute Osijek and 16 bread culti-
vars grown in Serbia (Vojvodina, Angelina, Dragana, Lji-
ljana, NS rana 5, Pobeda, Bastijana, Evropa 90, NS 40S,
Simonida, Kantata, Etida, Renesansa, Zvezdana, Rapso-
dija and NS3-5299/2) at the Institute of Field and Vege-
table Crops, Novi Sad, in 2009.

The protein content of wheat kernels was measured
by Infratec 1241 (Foss Tecator, Hoganas, Sweden), the
Falling Number was determined by ICC method No
107/1 [32], whereas wet gluten and gluten index of
flour samples were determined according to ICC method
No. 155 [33]. The dough rheology was measured by the
Brabender (C.W. Brabender, Duisburg, Germany)
equipments farinograph and extensigraph (ICC methods
No. 115/1 [34] and 114/1 [35], respectively).

The procedure for extraction of wheat proteins and
RP-HPLC method were performed according to Wieser
et al. [36]. Perkin Elmer LC 200 chromatograph (Perkin
Elmer Instruments, Waltham, USA) was utilized with a
Supelco Discovery Bio Wide Pore C18 column (300 A
pore size, 5 um particle size, 4.6 mmx250 mm i.d.) pur-
chased from Sigma-Aldrich, Steinheim, Germany. Sol-
vents were consisted of water and acetonitrile (ACN),
comprised of 0.1% (V/V) trifluoroacetic acid (TFA). 20
UL samples were injected for analyses. Wheat protein
fractions were eluted with a linear gradient from 24 to
58% ACN over 30 min at 1 mL/min, using a column
temperature of 50 °C. All samples were scanned by UV
absorbance at 210 nm in duplicate. The gained chroma-
tograms were examined by Total-Chrom software pack-
age (Perkin Elmer Instruments, Waltham, USA). The
peak areas (expressed in arbitrary units, AU) under
albumins-globulins, gliadins and glutenins chromato-
grams were totalized and used as a direct extent of
total wheat proteins content. Furthermore, the share
of all protein fractions in total extracted wheat proteins
was calculated.

The data were statistically analyzed by Statistica
10.0 (StatSoft Inc., USA) software [37]. Principal com-
ponent analysis (PCA) was used to investigate asso-
ciations among wheat protein fractions. Further on,
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ANOVA was used for testing of differentiation of quality
parameters among cultivars for which PCA indicated
differentiation related to main factors. Also, corre-
lations between factors and protein fraction associated
with them were calculated. Mean values of three mea-
surements of considered parameters were used for
statistical data analysis.

RESULTS AND DISCUSSION

The descriptive statistics of technological quality
parameters and quantities of protein fractions with
different solubility properties (albumins+globulins, gli-
adins and glutenins), their ratios and shares of glutenin
and gliadin fractions from different molecular weight
ranges in total protein in examined cultivars deter-
mined by RP-HPLC method are provided in Table 1.

Except for gluten index values, which were high for
all examined cultivars indicating absence of gluten deg-
radation under influence of unfavorable environmental
factors, the ranges of others parameters were broad,
indicating wide differentiation of protein composition
and quality and thus representing reliable base for
intended analysis of interrelations (Table 1).

Principal component analysis was conducted for

parameters on composition of protein fractions from
Table 1. The contribution of identified factors to total
variability of sample set indicated that first four PCA
factors explain 89.04% variability of protein compo-
sition in investigated wheat cultivars (Fig. 1), with indi-
vidual contribution of each of first four factors over
10%. The contribution of other factors was lower and
based on this remark the further analysis was per-
formed based on analysis of first four PCA factors.
Further step in data analysis was to identify which
protein fractions are mainly explaining identified prin-
cipal components. For this purpose the correlations of
protein fractions with identified principal components
were calculated (Table 2). The highest correlation coef-
ficient were obtained between total protein content
and total content of gluten proteins and both gluten
fractions and the first PCA factor, share of a-gliadins
and LMW glutenins in total protein and GLI/GLU ratio
and second PCA factor, content of albumin and globulin
and share of w-gliadins in total protein and third PCA
factor and share of y-gliadins and HMW glutenins in
total protein and the fourth PCA factor. For the protein
fractions associated with the same PCA factors, mean-
ing that they demonstrate similar trends, it can be sup-

Table 1. Minimal, maximal and average values and standard deviation of quality parameters of wheat cultivars and content (AU
s/mg flour) of protein fractions of wheat cultivars used for examination; Gl = gluten index; FN = falling number (s); WA = water
absorption (%); DDT= dough development time (min); DS = degree of softening (BU); E = energy (cm®); R = resistance (BU);

EXT = extensibility (mm); R/EXT = ratio resistance/extensibility. PT = total extractible proteins content as summ of AG, GLI and GLU
content; GT = total gluten content (sum of GLI and GLU content); AG = content of albumins and globulins; GLI = giladins content;
GLU = glutenins content; GLI/GLU = ratio gliadins/glutenins; w/P = share of omega gliadins in total protein; a/P = share of alpha
gliadins in total protein; y/P = share of gamma gliadins in total protein; HMW/P = share of high molecular weight glutenins in total
protein; LMW/P = share of low molecular weight glutenins in total protein

Parameter minimal value maximal value average value Standard deviation
Gl 81 100 95 5.15
FN 111 436 299 78.87
WA 56.9 68.3 62.1 2.84
DDT 15 10.3 3.0 1.69
DS 10 125 62 27.08
E 42 128 83 27.64
R 140 360 235 58.05
EXT 132 209 169 20.17
R/EXT 0.67 2.52 1.42 0.41
PT 69.4 116.0 85.8 9.68
GT 60.5 103.1 73.5 9.51
AG 8.8 20.6 12.3 2.34
GLI 21.5 42.4 28.2 4.71
GLU 36.2 60.7 453 5.77
GLI/GLU 1.23 1.95 1.63 0.21
w/P 2.29 7.63 3.99 1.14
a/P 19.80 32.55 28.05 2.95
v/P 16.69 27.17 20.82 2.35
HMW/P 5.49 12.89 8.87 1.25
LMW/P 18.5 28.86 23.86 2.41
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Figure 1. Contribution of PCA factors to the variability among protein fractions of examined cultivars.

posed that joint influence of associated fractions on
wheat technological quality will be expressed.

The positions of examined cultivars in factorial
plane presenting first vs. second and third vs. fourth
PCA factor are presented in Figure 2. The groups of
cultivars with extreme positions in factorial plane in
respect to observed PCA factors are circled in the
graphs, and the ranges of their coordinates in factorial
planes with identification of groups of cultivars diffe-
rentiating based on each of identified PCA factors are
provided in Table 3.

Based on visual presentation from Figure 2 exa-
mined cultivars were grouped in respect to their diffe-
rentiation by PCA factors with grouping of four cultivars
with extreme negative coordinates in group A (A1, A2,
A3, A4 for first four PCA factors, respectively), with

extreme positive coordinates in group C (C1, C2, C3, C4
for first four PCA factors, respectively) and remaining
cultivars in group B (B1, B2, B3, B4 for first four PCA
factors, respectively). The lists of cultivars grouped as
extremely differentiating for each PCA factor are pro-
vided in Table 3.

The significance of differences for all technological
quality parameters (Table 1) and for all protein frac-
tions (Table 1) were tested for groups of cultivars
(Table 3) obtained in above explained manner. The dif-
ferences were tested with ANOVA followed by Dun-
can’s test for each observed parameter individually.
The parameters for which significant differences were
obtained are presented in Table 4.

Differentiation of formed groups based on the first

Table 2. Interrelations of PCA factors with protein fractions; PT = total extractible proteins content as sum of AG, GLI and GLU content;
GT = total gluten content (sum of GLI and GLU content); AG = content of albumins and globulins; GLI = giladins content;

GLU = glutenins content; GLI/GLU = ratio gliadins/glutenins; w/P = share of omega gliadins in total protein; a/P = share of alpha
gliadins in total protein; y/P = share of gamma gliadins in total protein; HMW/P = share of high molecular weight glutenins in total
protein; LMW/P = share of low molecular weight glutenins in total protein.

Parameter PCA factor 1 PCA factor 2 PCA factor 3 PCA factor 4
PT -0.921 0.228 0.125 -0.280
GT -0.920 0.340 —0.043 —0.183
AG -0.070 -0.436 0.694 -0.414
GLI -0.713 0.654 -0.045 -0.245
GLU —0.987 -0.113 —-0.032 —-0.068
GLI/GLU 0.555 0.804 0.008 -0.182
w/P 0.111 0.473 0.726 0.039
a/P -0.134 0.720 -0.320 0.461
v/P 0.436 0.210 —0.398 —0.606
HMW/P -0.449 0.012 0.270 0.636
LMW/P -0.541 —0.663 -0.418 -0.020
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Figure 2. Position of examined cultivars in factorial plane. | — factorial plane in coordinates of PCA factors 1 and 2; Il — factorial plane
in coordinates of PCA factors 3 and 4 Groups A1,A2, A3, A4, B1, B2, B3, B4, C1, C2, C3, C4 defined in table 4 and explained in text;

Sr = Srpanjka; Zi = Zitarka; Di = Divana; Ai = Aida; Fe = Felix; ZI = Zlata; Il = llirija; Ru = RuZica; Sa = Sana; Se = Seka; Rt = Renata;

Go = Golubica; So = Soissons; Ol = Olimpija; Vu = Vulkan; Ti = Tihana,; Vo = Vojvodina; An = Angelina; Dr = Dragana; Lj = Ljiliana;

N5 = NS rana 5; Po = Pobeda; Ba = Bastijana; Ev = Evropa 90; 40 = NS 40s; Ka = Kantata; Ra = Rapsodija; Si = Simonida; Et = Etida;

Re = Renesansa; Zv = Zvezdana; Ns = NS3-5299/2.

PCA factor, which is mostly influenced by total protein
and gluten content, has confirmed existence of
statistically significant differences in total extractable
proteins and gluten content, but the difference in total
glutenins content was also registered among groups
(Table 4, PCA Factor 1). Group Al, characterized with
statistically higher protein, gluten and glutenins con-
tent was significantly different from other two groups
also in respect of higher gliadins content. The cultivars
from group Al are characterized with longer dough
development time than cultivars from other two

groups and higher energy than cultivars from group C1
with the lowest proteins and gluten content. This
observation confirms multiply expressed fact
[1,2,38,39] that higher protein content results in stronger
dough with longer mixing times and higher energy.

On the other hand cultivars from group C1 (Table 4,
PCA Factor 1) with statistically lowest proteins and
gluten content were also characterized with signifi-
cantly lower gluten index, falling number and higher
degree of softening than other two groups indicating
that the cultivars in this group are probably character-
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Table 3. Groups of cultivars differentiating in respect to observed principal components with ranges of their coordinates in factorial planes

Range of coordinates in factorial plane

PCA factor Group Cultivar
From To
1 Al Divana, Olimpija, Golubica, llirija -6.16 -3.00
B1 Others -1.34 1.73
Cc1 Sana, Angelina, Bastijana, Simonida 2.25 3.41
2 A2 Soissons, Zlata, Seka, NS-40s -4.54 -2.26
B2 Others 1.46 -2.04
Cc2 Divana, Angelina, Zitarka, Evropa90 1.83 2.59
3 A3 Zlata, Simonida, NS rana 5, Etida -1.68 -0.95
B3 Others 0.85 -0.92
Cc3 NS3-5299/2, Soissons, Angelina, Aida 1.16 4.23
4 A4 Sana, Vulkan, NS3-5299/2, llirija -3.20 -1.81
B4 Others -1.68 1.25
c4 Divana, Kantata, Etida, Vojvodina 1.28 1.84
ized with more expressed activity of grain enzyme second PCA factor (Table 4, PCA Factor 2), which is
complex. This observation points out at the conclusion mostly influenced by gliadin/glutenin ratio and the
that the cultivars with lower protein content are more share of low molecular weight glutenins and gliadins
susceptible to initiation of enzymatic processes which (a-gliadins) in total protein, leads to several conclu-
was not reported in academic literature till now. sions. Namely, the C2 group of varieities with statis-
Differentiation of formed groups, based on the tically higher content of albumins and globulins,

Table 4. Differentiation of protein fractions’ content and technological quality parameters among groups of cultivars differentiated
by PCA factors; PT = total extractible proteins content as summ of AG, GLI and GLU content; GT = total gluten content (sum of GLI
and GLU content); GLU = glutenins content; GLI = giladins content; Gl = gluten index; FN = faling number value (sec); DDT = dough
development time (min); DS = degree of softening (BU); E = energy (cm’); AG = content of albumins and globulins; GLI/GLU = ratio
gliadins/glutenins; a/P = share of alpha gliadins in total protein; w/P = share of omega gliadins in total protein; LMW/P = share of
low molecular weight glutenins in total protein; WA = water absorption (%); R = resistance (BU); R/EXT = ratio resistance/extensibil-
ity; EXT = extensibility (mm); y/P = share of gamma gliadins in total protein; HMW/P = share of high molecular weight glutenins in
total protein; means with the same letter do not differ significantly

Parameter
Group TP GT GLU GLI Gl FN DDT DS E
PCA factor 1
Al 108.3° 96.1° 38.6° 575° 96.5° 358° 5.7° 42° 104°
B1 84.6° 72.1° 27.6° 445° 96.0° 303° 2.7° 59° 84°°
c1 73.4° 62.4° 22.4° 399° 88.9° 194° 2.4° 103° 56°
PCA factor 2
AG GLI GLI/GLU a/P w/P LMW /P WA E R R/EXT
A2 10.6° 48.0° 1.94° 30.11° 2.55° 20,98° 64.5° 62° 205" 1.34°
B2 12.1° 45.9° 1.64° 28.29° 3.96° 23,84° 62.3° 83 229" 1.37°
c2 15.3° 37.9° 1.30° 23.91° 5.68° 26,95° 58.1° 107° 319° 1.97°
PCA factor 3
AG w/P EXT
A3 10.0° 3.02° 186°
B3 11.9° 3.84° 170°®
c3 16.9° 5.96° 143°
PCA factor 4
v/P HMW/P R/EXT
A4 24.6° 7.7° 1.20°
B4 20.5° 8.8 1.40*
c4 18.5° 10.8° 1.87°
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w-gliadin and low molecular weight glutenin share in
total protein accompanied with statistically lower gli-
adin content, gliadin/glutenin ratio and a-gliadin share
in total protein, was characterized with statistically
lower water absorption and statistically higher energy
resulting from higher resistance and higher resistance
to extensibility ratio. This remark provides understand-
ing of protein composition that causes low water
absorption and high extensigraph resistance as unde-
sirable characteristics of wheat cultivars. On the other
hand, the cultivars from group A2 with lower content
of albumins and globulins and lower shares of w-gli-
adins and low molecular weight glutenins in total pro-
tein, did not reveal differentiation in technological
quality parameters from group B2.

Analysis of differentiation of protein fractions com-
position and technological quality parameters among
groups of differentiated cultivars, based on the third
PCA factor (Table 4, PCA Factor 3), which is mostly
influenced by albumins and globulins content and share
of w-gliadins in total proteins, reveals that the cultivars
from group C3 with significantly higher albumins and
globulins content and significantly higher share of w-gli-
adins in total proteins express significantly lower exten-
sigraph extensibility in respect to cultivars from group
A3, regarding mentioned properties that have opposite
performance. This observation points out at possible
role of increased shares of mentioned proteins’ frac-
tions in shortening of dough extensibility.

The analysis of significance of differences among
the mean values of protein fractions and technological
parameters values for cultivars from groups, formed on
the basis of fourth PCA factor (Table 4, PCA Factor 4),
which is mostly influenced by the share of y-gliadins
and high molecular weight glutenins in total proteins,
indicates that higher share of y-gliadins in total proteins
leads to lower ratio of extensigraph resistance and
extensibility, while higher molecular weight of glute-
nins’ share in total proteins causes the opposite dough
behavior.

Explained observation obtained by multivariate
approach to the consideration of influence of wheat
protein fractions and their proportion on dough rheo-
logical properties partly confirms already determined
influence of individual wheat protein fractions on rheo-
logical properties of dough [40], pointing out also the
dependencies of rheological properties on interrela-
tions of protein fractions and their overall proportion
have to be reconsidered and more thoroughly analyzed
in future investigations.

CONCLUSION

Applied combination of multivariate and univariate
statistical techniques points out at the following inter-

relations among protein fractions and technological
quality parameters of investigated wheat cultivars:

e Cultivars with low total extractible proteins and
total gluten content tend to be more susceptible to
enzymatic processes in dough.

e Cultivars characterized with higher content of
albumins and globulins and low molecular weight glu-
tenin share in total protein accompanied with lower
gliadin content, gliadin/glutenin ratio and a- gliadin
share, are characterized with low water absorption,
high energy and high resistance to extensibility ratio.

e Combination of high albumins and globulins
content and high share of w-gliadins in total proteins
results in lower extensigraph extensibility.

e High HMW-GS share in total proteins results in
higher extensigraph resistance/extensibility ratio, while
high y-gliadins share in total proteins has the opposite
effect.

Obtained results point out at the possibility of
successful application of combination of multivariate
and differential statistics for investigation of interrela-
tions of wheat composition components and its tech-
nological quality, providing useful approach for inno-
vative analysis in corresponding research areas.
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ANALIZA MEDUZAVISNOSTI SASTVA FRAKCIJA PROTEINA | TEHNOLOSKOG KVALITETA PSENICE PRIMENOM

KOMBINACIE MULTIVARIJANTNE | UNIVARIJANTNE STATISTIKE
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(Naucni rad)

Podaci o odnosu frakcija proteina psenice dobijeni primenom RP-HPLC i para-
metri tehnoloskog kvaliteta 32 sorte pSenice uzgajane u Srbiji i Hrvatskoj su
koris¢eni za izu¢avanje meduzavisnosti frakcija proteina psenice razli¢ite rastvor-
ljivosti i molekulskih masa primenom multivarijantne (PCA) analize. Utvrdeni
trendovi su upotrebljeni kao osnova za ispitivanje diferenciranja tehnoloskog
kvaliteta medu sortama okarakterisanim razli¢itim kombinacijma proteinskih
frakcija uz primenu univarijantne statistike (analiza varijanse pracena Dankanovim
testom znacajnosti razlika) sa ciljem da se dobije informacija o meduzavisnosti
izmedu sastava frakcija proteina sorti psenice i njhovog tehnoloskog kvaliteta.
Analiza zasnovana na prva Cetiri PCA faktora (89.04% varijabilnosti) ukazuje na
zavisnosti izmedu: 1) visokog sadrzaja albumina i globulina, niskog sadrzaja glija-
dina i odnosa glijadina i glutnina, visokog sadrZaja w-glijadina, niskomolekularnih
glutenina i niskog udela a-glijadina u ukupnim proteinima sa niskom modi upijanja
vode, visokom energijom i visokim odnosnim brojem, 2) visokog sadrzaja albu-
mina i globulina i visokog udela w-glijadina u ukupnim proteinima i niske rasteg-
ljivosti na ekstenzogramu, 3) visokog udela visokomolekularnih glutenina u ukup-
nim proteinima i visokog odnosnog broja i 4) visokog udela y-glijadina u ukupnim
proteinima i niskog odnosnog broja.

Klju¢ne reci: PSenica ® Genotip ® Tehno-
loske osobine e Albumini i globulini e
Gluten e RP-HPLC
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