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Abstract 
The purpose of this study was aimed to select soft wheat genotypes with high quality 
characteristics for further breeding. The results showed a high content of protein (13.29 - 
16.64) and the average test evaluation of sediment (43 – 61 ml). The concentration of Ca, 
Mg, P and K ranged from 0.051 to 0.066%; 0.105 to 0.122%; 0.107 to 0.160% and 0.240 to 
0.323%, respectively, on dry weight basis. The statistical evaluation showed that there exists 
moderate correlation between the value of wet gluten and the value of protein in the flour 
samples (R2=0.55). Based on the obtained results, only one accession could be selected for 
inclusion in the variety structure.  
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Introduction 
Wheat is one of the most cultivated crops in Albania. It is used for several different purposes, 
however the manufacturing of bread still resides to be the most essential use of wheat. The 
quantity and quality of gluten, are considered the most qualitative parameters of wheat flour. 
The bread making qualities of the wheat depend on the content and quality of proteins in the 
grain (Lasztity, 2003), therefore the high content of proteins, and the amount and quality 
of gluten have a very positive effect on the volume and shape of bread (Pomeranz, 1988). 
The gluten content is directly correlated to the grain protein, which is strongly influenced by 
the pedoclimatic conditions. However, the wheat genotype is considered the most important 
factor influencing the qualitative characteristics of gluten (Mariani et al., 1995; Simic et al., 
2006; Bilgin and Kortuk, 2005). Quantity of protein or gluten is not a measure for gluten 
quality. Also, due to the high consumption of wheat in a variety of food products, wheat is 
considered an important source of minerals (Galan et al., 1997). The purpose of this study 
was to select genotypes with high quality characteristics for further breeding in order to 
improve the nutritional value of the wheat flour used for human consumption.  

Material and methods 
Integral flour samples were obtained by milling 10 lines of soft wheat on the experimental 
automatic mill (Fritch, Pulverisette 14). These accessions were grown organically during the 
year 2012-2013 in the Experimental Didactics Economy (E.D.E) of Agricultural University 
of Tirana (latitude 41°19’39”N, longitude 19°49’08”E; average altitude 89 m). The region 
received an average annual precipitation to 1189 mm with an annual average temperature of 
16 °C.  The soil reaction was slightly alkaline (pH= 7.80), the humus and nitrogen contents 
were 2.2% and 0.150% (Table 1).   
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Table 1. General characteristics of soil in the experimental field 
CaCO3 
  (%) 

 P2O5 
(mg/kg) 

 K 
(mg/kg) 

Na 
(mg/kg) 

Ca 
(mg/kg) 

Mg 
(mg/kg) 

            Texture 
Sand (%)      Silt (%)     Clay (%) 
 

  8.7 0.74 242 43.7 4812 1081   25.5          44.4        30.1 

  
The Wet Gluten and Gluten Index values for all flours samples were determined using the 
Glutamatic system (Petern Instrument AB, Stockholm, Sweden) and according to AACC 
method 38-12.02, the protein content was mesured with Kjeld                           ahl method 
(AACCI 46 – 30, 01) and sedimentation value (K-SDS) was determined according to Zeleny 
(Zeleny, 1947). The concentrations of Ca, K and Mg were determined by flame atomic 
absorption spectrophotometry, whereas P was detected spectrophotometrically (at 430 nm) 
as yellow colored complex which was obtained with vanadate molybdate reagent.    
Statistical analysis 
Analysis of variance, cluster analysis based on ward's method using squared Euclidian 
distance (Kumar et al., 2009) and identification the cutting point using discriminate analysis 
and multivariate analysis of variance (Mohammadi and Prasanna, 2003) were performed 
using the statistical software MINITAB 15 programme. 

Results and discussion 
In the analyzed flour samples the total protein contents ranged from 13.29% (PZA 5) to 
16.64% (PZA 3), the wet gluten was in the range from 24.9% (PZA 5) to 33.2% (PZA 7), 
the sedimentation values ranged from 43 ml (PZA 8) to 61 ml (PZA 10) and the gluten index 
values varied from 7 (PZA 7) to 49 (PZA 1). It has long been established that the bread-
making performance of flours depends on the quantity and quality of their proteins. The 
variation in protein content of wheat flour significantly affects the mixing characteristic of 
dough and loaf volume of bread (Bhupendar, 2005). The value obtained for line PZA 1 
indicates that this line has good baking properties, with sufficient protein quantity (13.88%), 
considerable wet gluten quantity (32.8%), high value of gluten index (49) and high Zeleny 
sedimentation (53).  
 
Table 2. The chemical – technological indices in the 10 lines of soft wheat 

 
 
 
 

Lines 
Protein 
(%) 
 

Wet gluten 
(%) 
 

Gluten 
index 

K-SDS 
(ml) 

Bread volumne 
(cm3) 
 

PZA 1 13.88 32.8 49 53 610 
PZA 2 14.81 28.6 11 51 560 
PZA 3 16.64 33.1 14 51 620 
PZA 4 15.07 33.0 13 47 615 
PZA 5 13.29 24.9 17 52 620 
PZA 6 15.85 31.4 19 53 540 
PZA 7 15.48 33.2 7 53 600 
PZA 8 13.33 25.0 17 43 490 
PZA 9 15.71 32.1 18 56 420 
PZA 10 14.84 28.9 37 61 450 
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Table 3. Pearson correlation and P-value (P > 0.01) between wet gluten, protein, gluten 
index and K-SDS 
 Protein Wet gluten Gluten index K-SDS 
Wet gluten 0.742    

0.014 
Gluten index -0.327 0.048   

0.356 0.896 
K-SDS 0.309 0.242 0.426  

0.384 0.501 0.220 
Bread volume -0.036 0.219 -0.154 -0.365 

0.920 0.543 0.671 0.300 
 
A significant positive linear correlation  between the measured value of the protein quantity 
and the wet gluten quantity (r = 0.742) was observed (Table 3).  
An increase in the protein quantity resulted in an increase in gluten quantity in the flour. 
There was no correlation between the gluten index and wet gluten quantity (r = 0.048). 
Consequently, we cannot expect any significant correlation between the value of the gluten 
index and protein quantity in the flour (r = -0.327) and the gluten index and the volume of 
the finished product (r = -0.154). 
Using a linear regression analysis, a lower correlation (R2=0.55) between the protein and 
gluten content is determined (Fig 1). These correlation can be described by the equation as 
follows: Protein = 7.273 + 0.2514* Wet gluten      
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Graph 1. Linear regression between protein 

and wet gluten 
Graph 2. The dendrogram of the 10 

accession of soft wheat for five studied 
variables using cluster analysis 

 

By incision of the dendrogram, the 10 accession of soft wheat were categorized in 5 clusters. 
The accessions PZA 3, PZA 4, PZA 5 and PZA 7 were classified in the first cluster with a 
similarity of 96-88%. All the accessions in this cluster have high content of protein (13.29%-
16.64%) and consequently high value of wet gluten. In the cluster 2 is only line PZA 1, 
which has 82% of similarity with cluster 1. In cluster 3 are lines PZA 2 and PZA 6 with 88% 
of similarity among them. In the cluster 4 is only line PZA 8, which has 64% of similarity 
with cluster 3 and in the cluster 5 are lines PZA 9 and PZA 10, with 82 % of similarity among 
them. From the dendrogram can be inferred that significant differences exist between the 10 
lines of soft wheat (Figure 2). 
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The contents of maco-elements in the 10 lines of wheat 
The concentrations of K, Ca, Mg and P, which are essential for the good nutrition of humans, 
were determined in the wheat flour samples. 
 
Table 4. The contents of maco-elements (%) in 10 lines of PZA 

Lines PZA 
1 

PZA 
 2 

PZA 
3 

PZA 
4 

PZA 
5 

PZA 
6 

PZA 
7 

PZA 
8 

PZA 
9 

PZA 
10 

K (%) 0.240 0.246 0.030 0.294 0.287 0.270 0.250 0.290 0.323 0.224 
Ca (%) 0.051 0.055 0.066  0.065 0.060 0.058 0.056 0.062 0.060 0. 062 
Mg (%) 0.106 0.108 0.110 0.110 0.109 0.105 0.106 0.118 0.122 0.108 
P (%) 0.145 0.146 0.152 0.160 0.141 0.107 0.128 0.110 0.130 0.124 

 
When compared to published results (Spiegel et al., 2009 ), all the lines of PZA presented in 
this study showed higher concentrations of Ca (0.051 – 0.066 %), higher concentration of 
Mg in line PZA 9 (0.122 %) and higher concentration of P in lines PZA 1, PZA 2, PZA 3 
and PZA 4 (0.145 %, 0.1460 %, 0.152 %, 0.160 %) (Table 4). Murphy et al. (2007) reported 
no significant differences in grain concentration of most minerals for wheat produced in 
organic and conventional farming systems. He concluded that the genotype played central 
role in uptake the minerals from the field. Genotypes that are bred for organic farming 
systems normally differ from those bred for conventional systems in specific characters such 
as competitive ability with weeds, plant height, disease resistance, root system and nutrient 
use efficiency (Van Bueren et al., 2003).  

Conclusions 
The gluten index value in the tested flour samples varied from 7 ( PZA 7) to 49 ( PZA 1). 
Aside from all the other testing done, the line number 1 (PZA 1) had optimal amount of 
gluten index (49) that can be used in the production of flour for the use of bread. The other 
nine wheat lines tested, indicated a low value of gluten index. The genotypes and production 
system  have a significant effect upon the performance of a genotype in a cropping system. It 
was found that the accession is the most importat factor influencing in gluten index, but we 
can not exlude the role of environmental factors. It is suggested that in future work we have 
to examine the effect of all environmental factors on each accession. All lines of wheat 
showed a higher values of protein content with significant variability of gluten index and 
Zeleny sedimentation values. Macro elements contents in the tested flour samples are higher 
than those seen in previous studies, especially for Ca in all lines of wheat.  
The linear regression analysis showed a moderate correlation between wet gluten and protein 
in the flour samples. It was also found that there was no significant correlation between the 
gluten quantity in the flour and the gluten index value and consequently between the gluten 
index and the volume of the finished product which mainly depends on the gluten quantity. 
Based on the obtained results of the chemical – technological indices in the 10 lines of soft 
wheat, only the line PZA 1, could be selected for inclusion in the variety structure. 
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