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 29 

Abstract 30 

The objective of this study was to evaluate albumins profile, proteolytic and amylolytic 31 

activity level and baking performance of wheat varieties grown in two production years with 32 

different climate conditions (2011 and 2012) in four locations. The results of ANOVA 33 

showed that variety, location, production year, and their interactions all had significant effects 34 

on all tested wheat quality parameters. The enzymatic activity and specific bread volume were 35 

mainly influenced by the variety. The samples from 2012 production year, had the lower 36 

values of albumin content, proteolytic and amylolytic activity, and bread specific volume. The 37 

correlation analysis, performed for 2011 production year, showed that albumin fraction (15-30 38 

kDa) and proteolytic activity were negatively correlated with bread specific volume indicating 39 

the role of this fraction on lowering the crucial bread quality parameter. In 2012 production 40 

year, albumin fractions (5-15 kDa; 50-65 kDa) showed the most correlations, especially with 41 

parameters of bread quality. 42 

Key words: wheat albumins, climate, enzymes activity, baking performance 43 
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 54 

1. Introduction 55 

 56 

Wheat flour represents a complex system whose quality is influenced by many factors. In 57 

addition to the major components, starch and protein, wheat flour contains many other 58 

components that have direct or indirect impact in terms of processability of the flour and the 59 

quality of the final products (Goesaert, Brijs, Veraverbeke, Courtin, Gebruers & Delcour, 60 

2005). The quality and content of these components is strongly interrelated and depends 61 

primarily on the genetic background and growing conditions (especially climate and soil). As 62 

the level of gene expression is highly dependent on growing conditions, examining the impact 63 

of these factors and their interactions on the final quality of wheat flour has been the subject 64 

of many studies (Triboi, Abad, Michelena, Lloveras, Ollier & Daniel, 2000; Vázquez et al., 65 

2012). 66 

The protein content and composition are the most important factors determining the quality of 67 

the flour. In order to determine the qualitative difference between the proteins of wheat flour, 68 

different approaches were used. The most often used method involves determining the 69 

correlation between the specific protein and the functional properties of wheat flour 70 

(Stojceska & Butler, 2012).  71 

Wheat flour quality has been generally estimated on the basis of the characteristics and 72 

content of gluten proteins (Veraverbeke & Delcour, 2002). In contrast to the gluten proteins, 73 

there are a few reports concerning flour quality depending on the content of non-gluten 74 

proteins (albumins and globulins) (Chiang, Chen & Chang, 2006; Preston, Lukow & Morgan, 75 

1992; Unbehend, Unbehend & Lindhauer, 2003;).  76 

The content of albumins and globulins of wheat endosperm represents about 20% of total 77 

wheat proteins (Merlino, Leroy, Chambon & Branlard, 2009). In comparison with the gluten 78 
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proteins, these proteins are important from nutritional point, due to very good amino acid 79 

balance (Gianibelli, Larroque, MacRitchie & Wrigley, 2001). A major part of the non-gluten 80 

proteins has the molecular weights (MW) lower than 25 kDa, but subunits between 60 and 70 81 

kDa are also present in a significant proportion (Veraverbeke & Delcour, 2002).  82 

These proteins are mainly enzymes involved in different metabolic functions while some high 83 

MW albumins and certain globulins have a storage function. Albumins include -amylase, -84 

amylase/protease inhibitors (13 and 16 kDa) as well as enzymes with different physiological 85 

functions (62 kDa serine carboxypeptidase) (Singh, Blundell, Tanner & Skerritt, 2001). Some 86 

albumins, particularly those belonging to a family of trypsin and -amylase inhibitors, have 87 

been demonstrated (Shewry et al., 1984; Silano et al., 1975).  88 

Dong et al. (2012) established the enzymatic character of these proteins and found that among 89 

the identified 89 non-prolamin proteins more than 80% were various enzymes classified into 90 

eight functional categories including carbohydrate metabolism (27%), protein metabolism 91 

(27%), stress/defense/detoxification (11%), cell metabolism (6%), transcription/translation 92 

(4%), nitrogen metabolism (4%), photosynthesis (4%) and signal transduction (1%). 93 

Examination of these groups of proteins in terms of determining of their impact on wheat 94 

flour quality dates back to early 1950s (Pence & Elder, 1953). Even though the importance of 95 

this group of proteins on functional properties of flour was not evident, Hoseney, Finney, 96 

Shogren and Pomeranz (1969) reported that their presence is essential for obtaining a loaf of 97 

bread with optimal volume.  98 

However, incomplete knowledge of albumin proteins, related enzymes and the influence of 99 

many mentioned factors (growing conditions, variety) on these groups of proteins, complicate 100 

our understanding of their role in breadmaking quality. The aim of this research was therefore 101 

to evaluate albumins profile, proteolytic and amylolytic activity level and baking performance 102 

of wheat varieties from two production years. Additionally, we determined by statistical 103 
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methods the existing relations between the mentioned biochemical and breadmaking quality 104 

of wheat.  105 

 106 

2. Materials and methods 107 

 108 

2.1. Samples 109 

Four wheat varieties of Triticum aestivum Pobeda (Pob), Zvezdana (Zve), Gordana (Gord) 110 

and Apache (Ap) grown in two production years (2011 and 2012) in four locations Ba ka 111 

Topola (BT), Sremska Mitrovica (SM), Sombor (SO) and Vršac (VR) in Northern Serbia 112 

were selected for the study. Pobeda (wheat standard in Serbia), Zvezdana and Gordana 113 

(Serbian varieties from last decade) were bred by the Institute of Field and Vegetable Crops, 114 

Novi Sad, Serbia, whereas Apache (the most cultivated variety in French and wide spread in 115 

Serbia) was bred by Limagrain, Chappes, France. All measurements were taken at wheat 116 

samples harvested from one experimental plot for each variety at each location. Conventional 117 

cultural practices were applied in all the test plots.The wheat samples were cleaned, tempered 118 

and milled using a Bühler MLU 202 (Bühler, Uzwil, Switzerland) according to AACC 119 

methods (1999). 120 

 121 

2.2 Wheat flour characteristics 122 

The rheological properties of wheat dough were determined using the Brabender Farinograph 123 

according to ICC 115/1, the Brabender Extensograph according to ICC 114/1, the Brabender 124 

Amylograph according to ICC 126/1, the Chopin Alveograph according to ICC 121 (ICC, 125 

1992), and the Chopin Mixolab according to ICC 173 (ICC, 2011).  126 

Gluten index (GI) was measured in two different ways: according to the ICC standard method 127 

155 (ICC, 1994) and after incubation of dough ball at 37 °C for 90 min (Torbica, Antov, 128 

Mastilovi  & Kneževi , 2007). 129 
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 130 

2.3. Protein extraction and Lab-on-a-Chip electrophoresis 131 

The extraction of albumins was performed following the sequential Osborne extraction 132 

procedure (Osborne, 1907) with modifications. The wheat albumins were extracted (30 mg) 133 

with 300 µL of deionized water during 24 h at room temperature and then centrifuged at 14 134 

000 rpm for 20 min. The supernatant was collected as the albumin fraction and evaporated in 135 

a Reacti-Therm I (Thermo Fisher Scientific Bellefonte, PA. U.S.A.) to dryness at room 136 

temperature. 137 

The obtained extract were diluted with 2x treatment buffer (0,125 M tris-Cl pH 6.8, 4% SDS, 138 

20% glycerol, 10% 2-mercaptoethanol) and water (1 v/v treatment buffer and 1 v/v water) and 139 

heated at 100 °C for 5 min. The chip-based separations were performed on the Agilent 2100 140 

bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) according to manufacturer’s 141 

protocol (Protein 80 LabChip kit). The results were analyzed using Protein 80 software assay 142 

on Agilent 2100 Expert Software. For each investigated sample, analysis was conducted in 143 

two independent replications. 144 

 145 

2.4. Measurement of -amylase activity 146 

-amylase activity (CUg−1) of flour was measured using the Ceralpha method (Megazyme 147 

International, Wicklow, Ireland) for the measurement of plant and microbial alpha-amylases. 148 

At least three replicates were performed for each analysis. 149 

 150 

2.5. Measurement of proteolytic activity 151 

Proteolytic activity of wheat flour was determined as described by Calucci et al. (2004) and 152 

Strelec, Ugar i -Hardi, Balki  and Šimuni  (2007) with some modifications. Flour (2.5 g) 153 

was suspended in 5 ml sodium acetate buffer (50 mM, pH 5.0). As a substrate, 1% (w/v) 154 

hemoglobin (Hb) dissolved in sodium acetate buffer (0.1 M, pH 4.0) was used. The reaction 155 
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was initiated by adding flour extract (600 µL) in 2.7 mL of Hb and after incubation at 45 °C 156 

for 1 h terminated by adding 25% (w/v) trichloroacetic acid (TCA). After the centrifugation 157 

(10 min at 15000 g), 0.5 mL of the supernatant was utilized to determine the TCA-soluble 158 

products by the Lowry method (Lowry, Rosenbrough, Fair & Randall, 1951). At least three 159 

replicates were performed for each analysis. 160 

 161 

2.6. Microstructure of dough and bread samples 162 

The microstructure of the samples was analyzed by SEM technique, using a Jeol, JSM-163 

6460LV SEM (Oxford Instruments, Abingdon, UK), operated at 25 kV. The pieces of the 164 

dough and bread samples were cut into sizes of about 1x1x1cm. The samples were prepared 165 

according to Ribotta, Pérez, León & Añón (2004). Dehydrated samples were dried using a 166 

critical point dryer 030 (BAL-TEC, Germany) and coated with gold using BAL-TEC SCD 167 

005 sputter coater (BAL-TEC AG, Balzers, Liechtenstein). The obtained micrographs were 168 

taken at two different magnifications: 1000x for dough samples and 2000x for bread samples. 169 

 170 

2.7. Breadmaking Procedure 171 

Baking trials were conducted under laboratory conditions. For 300 g bread making method, 172 

the test baking formula was: 300 g of flour (14 g/100 g moisture basis), 2% fresh yeast (flour 173 

basis) and 2% salt (flour basis). The total volume of water required for dough consistency of 174 

400 BU is calculated on the basis of farinograph data: water absorption and the degree of 175 

softening according to Serbian official methods (1988). All ingredients were mixed in a high-176 

speed Diosna mixer (Dierks&Söhne, Maschinenfabrik, Osnabrück, Germany) for 5 min. After 177 

mixing, dough was fermented for 120 min at 30 °C and 75% relative humidity (RH), with 178 

punches after 60 and 90 min. The fermented dough was divided into 130-g portions, hand-179 

moulded and placed into lightly greased pans for final proofing for another 70 min at 30 °C 180 
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and 75% RH. Doughs were then baked for 15 min at 220 °C. After cooling at room 181 

temperature for 1h, the loaves were kept in a climate chamber for 23h in controlled conditions 182 

of temperature (22 ± 0.7 °C) and humidity (75 ± 0.5%).  183 

 184 

2.8. Characterization of bread 185 

 186 

2.8.1 Specific volume 187 

The breads were weighed after the cooling and their volume (cm3) was determined by millet 188 

displacement method. The specific volume (cm3/g) was calculated as loaf volume/bread 189 

weight. 190 

 191 

2.8.2. Texture Measurements 192 

The analysis of texture was carried out 24h after final baking using the TA XT2 Texture 193 

Analyser (Stable Micro Systems, UK) with a 30-kg load cell. Texture profile analysis TPA 194 

(texture profile analysis in a double compression cycle) was conducted using a P/75 (75-mm 195 

diameter) aluminium compression platen. Samples from the centre of the crumb slices were 196 

cut into cylinders (35 mm diameter, 12.5 mm thick) and compressed. The TPA method was 197 

conducted under these conditions: pre test speed: 1 mm/s; test and post-test speed, 5 mm/s; 198 

deformation, 75%; and wait time between first and second compression cycles, 5 s. The 199 

measured parameters were firmness, cohesiveness, springiness, chewiness and resilience. 200 

Each experimental point was the mean of three samples. 201 

 202 

2.9. Statistical analysis 203 

The experimental data collected was analyzed using the analysis of variance (ANOVA). The 204 

comparison among means was done by the Fisher’s LSD test regarded significant at p<0.05. 205 

The correlations between the certain biochemical and technological characteristics and 206 
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breadmaking quality of wheat were evaluated using Pearson’s correlation (significant level at 207 

5%). In order to illustrate the variability of a chosen sample set, descriptive statistic was 208 

performed. Statistical methods were performed using the Statistica 12.0 software (Statsoft, 209 

Tulsa, OK). 210 

 211 

3. Results and discussion 212 

 213 

3.1. Meteorological data 214 

Meteorological data for period from May to July (from anthesis to harvest maturity) were 215 

collected by automatic hydrological stations (provided by the Agricultural advisory services). 216 

The 2011 and 2012 growing seasons provided a wide range of growing conditions across the 217 

study locations, which contributed to the diversity of wheat qualitative characteristics. The 218 

2011 production year was characterized by lower temperatures, drier conditions with an 219 

average growing season temperature across the locations from 16.6 °C (for May) to 23.3 °C 220 

(for July). Maximum daily temperatures, for the May and July, were above 28 °C and 35 °C, 221 

respectively. The number of days with maximum temperatures above 30 °C for the tested 222 

locations ranged from 12 to 26. The precipitation was quite variable across the locations and 223 

ranged from 40 to 120 mm. The 2012 production year was much warmer, with an average 224 

growing season temperature range across the locations of 17 (for May) to 27 °C (for July). 225 

June and July were characterized by deficient precipitation with extremely high maximum 226 

temperatures. Maximum temperatures were above 35 °C and the number of days with 227 

maximum temperatures above 30 °C was markedly higher than in the 2011 production year 228 

(from 31 to 41).  229 

 230 

3.2. Descriptive statistics of selected parameters of wheat flour technological quality  231 
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In order to illustrate the variability of chosen sample set, descriptive statistic was performed 232 

and results are given in Supplementary Table 1. Among the many parameters of empirical 233 

rheological methods, we focused on a few of them which are commonly used to estimate the 234 

wheat flour quality for a particular purpose.  235 

Wide variation was evident for all measured quality parameters and this variability was 236 

conditioned by the all three investigated factors (production year, variety and location). The 237 

range was broader among varieties than among growing locations. These results were in 238 

disagreement with the findings of Vázquez et al. (2012), who reported that variability, in the 239 

case of Alveograph parameters, was more dependent on environments. In general, the 240 

unfavourable climatic conditions in 2012 deteriorated all technological parameters, but in 241 

different extent. 242 

Degree of softening ranged between 5 and 105 BU, and majority of the cultivars showed 243 

degree of softening between 40 and 60 BU. Gord variety expressed the lowest values of 244 

softening degree indicating stable cohesiveness of dough during kneading. 245 

The extensographs parameters, extensibility (Ex) and resistance (R), as indicators of dough 246 

processing characteristics, were characterized by wide ranges of values indicating variable 247 

technological quality of wheat flour. It is also clearly visible effect of all three factors on these 248 

parameters, especially the influence of production year on extensibility. Obtained values for 249 

extensibility were lower for 2012 production year. In terms of the location influence, variety 250 

Gord was more stable compared to the others varieties. 251 

The energy values (E) were dominantly influenced by production year. These values were 252 

significantly higher for 2011 compared to 2012 production year. 253 

Regarding the alveographic energy, the influence of different climatic conditions was 254 

expressed in a much lesser extent. Variety Ap was evaluated as weaker flour with a lower 255 

alveographic energy (W), while other varieties had almost the same level of W average values 256 
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(above 200) indicating a good technological quality of tested flour samples. For 2011 257 

production year, variety Ap had inconsistent values of W among the locations with range 258 

from 86 to 227 10-4 J, and these values were the much lesser than its genetic potential 259 

(Schäfer & Ferret, 2005).  260 

Almost all tested wheat flour samples had the markedly high level of Amylograph peak 261 

viscosity (PV) regardless of the production year, which were above the optimum suitable for 262 

processing in baking industry (>650 BU). The exceptions were varieties Gord and Pob from 263 

2011 production year. These varieties had the same level of Amylograph peak viscosity (PV) 264 

which classifies them as wheat suitable for processing in baking industry ( akovi , 1997). In 265 

relation to the other varieties, these two varieties were distinguished by better technological 266 

quality. In relation to the other varieties, these two varieties were distinguished by better 267 

technological quality, which was not a surprise for Pob variety considering that it belongs to a 268 

group of excellent bread varieties and improvers (Den i , Kobiljski, Mladenovi , & 269 

Kova evi , 2011). Compared to 2011 production year, samples from 2012 production year 270 

were characterized by significantly higher PV values, i.e. 69% of flour samples had PV value 271 

above 1000 BU. The high values of Amylograph peak viscosity could be the consequence of 272 

unfavourable climatic conditions in 2012 production year which caused the changes in the 273 

synthesis of enzymes, primarily amylases (Johansson et al., 2013). In conditions of heat 274 

stress, changed properties of the starch-amylose complex as a result of reduced proteins and 275 

starch biosynthesis might have happened as well. Based on these findings it can be assumed 276 

that high PV values could be the consequence of the way of packing starch granules and their 277 

size, not exclusively the consequence of amylolytic activity. Since the other quality 278 

parameters in our study showed relatively good processing quality of the wheat flour samples, 279 

the redefining the importance of common technological parameters becomes necessary. These 280 

observations were supported by the findings of Ichinose et al. (2001) who reported that 281 
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despite low level of PV values the tested wheat flour samples had relatively good 282 

breadmaking potential.  283 

 284 

3.3. Albumin profile 285 

Albumin content in the flour, determined by LoaC electrophoresis, was affected by all three 286 

investigated factors (production year, location and variety) and significant interactions were 287 

observed (Figure 1). For 2011, the content of albumins ranged from 0.29 to 2.39 g/100 g flour 288 

(dry weight basis). Similar results were obtained by Chiang, Chen & Chang (2006) who found 289 

that content of albumin and globulin fractions was in the range of 1.1 to 2.1% of flour.  290 

The albumin content for 2012 was significantly lower (p<0.05) compared to 2011 production 291 

year and ranged from 0.41 to 1.27% of flour. Evaluation of the protein fractions content of 292 

wheat flour, including albumins, has been conditioned by numerous factors and primarily 293 

depends on extraction method, wheat variety and growing conditions. HMW-albumins tend to 294 

form polymers between themselves and certain HMW-albumins can form disulfide bonds 295 

with LMW-glutenins (Gianibelli et al., 2001) which additionally complicated separation and 296 

quantification of albumins (Kuktaite et al., 2003). Moreover, numerous studies, based on 297 

different techniques of protein fractionation, isolation and identification, indicate that non-298 

gluten polymers represent a non-negligible part of the total wheat polymers (MacRitchie, 299 

1987; Gupta et al., 1992). All mentioned factors influenced wide variability of obtained 300 

results. The greatest difference in the albumin content showed variety Pob, as evidenced by 301 

the appearance of gel image of albumin fractions, where those differences are manifested 302 

through the differences in the number of protein bands, as well as the intensity of their 303 

coloration in the whole range of molecular weights (Supplementary figure 1). 304 

The lowest content and the greatest variability of albumin subunits for all tested varieties were 305 

recorded in the range of molecular weight from 50 to 65 kDa (data not shown). The obtained 306 

results were in agreement with the findings of Balázs et al. (2012) who reported that 307 



13 
 

significant differences in the albumins content for different varieties were found in the region 308 

of high molecular weight albumins.  309 

 310 

3.4. Proteolytic and amylolitic activity 311 

Figure 2a shows proteolytic activity depending on production year, varieties and locations. 312 

The proteolytic activity of tested samples for both production years was in the range of 1.45-313 

3.75 U/g. The obtained values of the total proteolytic activity were influenced by all three 314 

factors and by their interactions, but it could be noted that the variability was the most 315 

conditioned by variety effects. Generally, the total proteolytic activity was significantly higher 316 

(p<0.05) for 2011 compared to 2012 production year. Compared to the other varieties, Ap 317 

variety had significantly (p<0.05) higher protease activity and this activity was almost at the 318 

same level regardless of the locations from which it originated.  319 

Amylolytic activity varied widely among wheat varieties; it is an intrinsic characteristic and 320 

was also influenced by the other two factors (climate factor and location). The amylolytic 321 

activity of tested samples for both production years ranged from 0.06 to 0.13 U/g (Figure 2b). 322 

In the study by Johansson (2002), it was reported that amylolytic activity was influenced by 323 

both genotype and environment. The obtained results showed that the highest activity was 324 

seen in Ap variety, especially for 2012 production year. Generally, in comparison to 2011, the 325 

2012 production year was characterized by lower values of amylolytic activity (minimum and 326 

maximum values were 0.06 and 0.09 U/ g of flour, respectively) and by minor differences in 327 

terms of locations and varieties. 328 

 329 

3.6. Microstructure of the dough samples 330 

The microstructure of dough samples from two production years with maximum and 331 

minimum values of bread specific volume is shown in Figure 3. 332 
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The samples from the 2011 production year had the higher number of the large starch 333 

granules. In these samples, the formed gluten matrix was in the form of lamellas and fibrils, 334 

and structure of the dough seemed more scattered, meaning that the dough contained more 335 

free water in contrast to the samples from the 2012 production year. The samples from the 336 

2012 production year had the higher values of water absorption, so the water was probably 337 

mostly bounded within swollen starch granules appearing as tightly embedded in a continuous 338 

protein matrix. 339 

Samples with maximum values of bread specific volumes of both years differed exclusively 340 

by values of Amylograph peak viscosity (PV), which could be the consequence of the way of 341 

packing starch granules and their size but not the consequence of differences in amylolytic 342 

activities. 343 

 344 

3.7. Baking performance 345 

Results of the specific volume of breads as the most important quality parameter are shown in 346 

Figure 4. 347 

In general, differences in bread specific volume brought by locations and production years 348 

were much smaller than those seen between varieties. Namely, it could be noticed that variety 349 

Ap differed from other varieties in relation to the lowest specific volume (Figure 4).  350 

The samples from 2012 had the significantly lower values of this parameter compared to 2011 351 

production year. This difference may be caused by the differences in the values of high 352 

temperatures during the growing season. The 2012 production year was characterized by 353 

higher temperatures which could cause changes in the protein composition. According to 354 

lower values of enzymes activity in the 2012 production year, it could be presumed that the 355 

levels of these activities for that year were under optimum which negatively affected the 356 

bread specific volume and that changes in the protein composition were not the consequence 357 
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of enzymes. Exceptions were the results for the SO location. The specific volumes for this 358 

location were higher in 2012 production year for all investigated varieties. To illustrate the 359 

impact of production year on the baking performance, the four bread samples were chosen on 360 

the basis of the maximum and minimum values of the bread specific volume in both years. 361 

The values of certain parameters of wheat dough (Supplementary Figure 2a) clearly showed 362 

that the differences in volumes of wheat samples from the 2011 production year originating 363 

from the protein and starch complex. On the other hand, for the 2012 production year, these 364 

differences could be attributed exclusively to the protein component because the values of the 365 

maximum viscosity were practically indistinguishable. 366 

The Supplementary Figure 2b shows the microstructure of bread samples from two 367 

production years with maximum and minimum values of bread specific volume. The 368 

differences in the structure of cell walls are clearly visible for selected samples from 2012 369 

production year, which was not the case for samples from 2011. In the samples with 370 

maximum values of specific volume the partially gelatinised starch granules were glued 371 

together and appeared remarkably embedded in a network of protein and gelatinised starch. In 372 

the case of samples with minimum specific volume, the cell walls were composed of partly 373 

swollen starch granules which were not enveloped completely in the network of denatured 374 

gluten and gelatinised starch. Moreover, on the surface of swollen starch granules the fibrils 375 

of proteins were present. Differences in the structure of cell walls could be attributed to the 376 

differences in the characteristics of proteins (measured by Alveogram).  377 

 378 

3.8. Correlation analysis 379 

The correlation analysis was performed separately for the each production year in order to 380 

show different relation between the tested parameters which directly indicates the significant 381 

influence of production year. To determine the influence of individual albumin fractions on 382 
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the rheological properties of dough and breadmaking quality of wheat, relative amount of 383 

albumins in each sample were classified into four intervals according to their molecular 384 

weights (5–15 kDa; 15–30 kDa; 30–50 kDa; 50–65 kDa). The intervals were selected on the 385 

basis of the electrophoregram patterns (position and frequency of specific molecular weights) 386 

and their quantities in the most samples. Relative protein content in each group was 387 

determined by the ratio of the peaks area in each group over the peaks area in the overall four 388 

groups (Tomi  et al., 2015). Traits showing nonsignificant associations with selected 389 

biochemical characteristics of wheat (albumin fractions, proteolytic and amylolytic activity) 390 

are not presented. 391 

The correlations among variables showed many significant, but modest, values (Tables 1, 2). 392 

In 2011 production year, only albumin fraction of 15-30 kDa showed the highest number of 393 

correlations with selected wheat quality parameters (Table 1). In our previous paper (Tomi  et 394 

al., 2015) the obtained results showed significant correlations between this albumin fraction 395 

and some rheological parameters which are related to the protein component of flour, such us: 396 

water absorption (WA, WAmix, r=-0.52 and r=-0.55, p<0.05, respectively), resistance to 397 

extension of dough which was measured uniaxial (R and R/Ex, r=-0.59 and r=-0.65, p<0.05, 398 

respectively) and biaxial (P and P/L, r=-0.68 and r=-0.64, p<0.05, respectively). The albumin 399 

fraction 15-30 kDa showed a significantly strong correlation with proteolytic activity (r=0.75, 400 

p<0.05). 401 

On the other hand, the correlations among the end-product quality parameters (bread specific 402 

volume and cohesiveness) and albumin fraction were negative indicating the role of this 403 

fraction on lowering the crucial bread quality parameter. The same pattern was observed for 404 

proteolytic activity. Weegels, Orsel, van de Pijpekamp, Lichtendonk, Hamer & Schofield, 405 

(1995) reported that low Mr wheat proteins had inconsistent influence on bread volume and 406 
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primarily was depended on variety. In the case of weaker variety this influence was not 407 

expressed or was negative for that parameter. 408 

A positive and significant correlation of proteolytic activity values was found with bread 409 

parameter - hardness. The possible explanation for this correlation was that the level of 410 

proteolytic activity was not high enough to cause weakening the gluten and reducing the 411 

bread firmness. The significant correlations were obtained between amylolytic activity and 412 

alveograph parameters related to dough extensibility (L and G). The existence of only these 413 

correlations implied that the level of amylolytic enzymes was very low, and the certain 414 

activity that would positively influence the handling properties of the dough was desirable. 415 

The quite opposite situation was obtained for 2012 production year where concerning the 416 

albumins, albumin fractions of 5-15 kDa and 50-65 kDa showed the most correlations (Table 417 

2). Among the few correlations with r > 0.5, the most interesting were significant correlations 418 

between albumin fractions of 5-15 kDa and 50-65 kDa and parameters of bread quality. 419 

Parameters derived from dough rheological tests did not show such high correlations with 420 

these albumin fractions as those derived from end product-bread, probably because these 421 

rheological parameters were influenced by other factors.  422 

Amylolytic activity exhibited a significant correlation with the alveograph parameters P, L, G 423 

and W (r=-0.87; r=0.67; r=0.63 and r=-0.72, respectively). Many studies established the 424 

different correlations between falling number as indirect mesure of -amylase activity and 425 

certain Mixolab parameters related to the starch component of flour (Codin , Mironeasa, 426 

Bordei & Leahu, 2010; Collar, Bollaín & Rosell, 2007; Szafra ska, 2014). In our study, the 427 

obtained correlation analysis showed significant correlation of amylolytic activity with 428 

Mixolab parameters such as starch gelatinisation (C3, r=0.67), amylolytic activity (C4, 429 

r=0.62) and starch retrogradation (C5, r=0.60). Taking into account the fact that the lower is 430 

the amylolytic activity, the higher is the stability of the hot-formed gel (C4), the correlation of 431 
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amylolytic activity with C4 was unexpected. This result confirmed previous claim that the 432 

level of amylolytic activity was very low and insufficient to cause any major disruption of gel 433 

consistency which could be negatively reflected on bread quality (Collar et al., 2007; 434 

Szafranska, 2014). 435 

Despite the low level of amylolytic activity, the significant correlation were obtained with 436 

texture parameters of bread quality such as springiness, cohesiveness and resilience ((r=-0.83; 437 

r=-0.74; and r=-0.72, respectively). This implies that the varieties with higher values of 438 

amylolytic activity also had lower values of these bread quality parameters. 439 

 440 

4. Conclusions 441 

 442 

The albumin content, proteolytic and amylolytic activity, and bread specific volume values 443 

for 2012 production year were significantly lower compared to 2011. By comparing the 444 

results of rheological methods, enzyme activities and bread specific volume it could be 445 

concluded that level of enzyme activities were low to cause any quality deterioration. In fact, 446 

the obtained results implied that the level of proteolytic and amylolytic activity was under 447 

optimum and increase of these activities could be beneficial for bread final quality. Heat stress 448 

had the dominant effect on enzyme activities in both production years and more intensive heat 449 

stress in 2012 caused the inferior rheological and bredmaking wheat quality compared to 450 

samples from 2011 production year. 451 

The correlations among the end-product quality parameters (bread specific volume and 452 

cohesiveness) and 15-30 kDa albumin fraction were negative indicating the role of this 453 

fraction on lowering the crucial bread quality. The same pattern was observed for proteolytic 454 

activity. 455 
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In 2012 production year albumin fractions of 5-15 kDa and 50-65 kDa showed the most 456 

correlations, especially with parameters of bread quality. 457 

The amylolytic activity for both production years had the significant positive correlations with 458 

alveograph parameters related to dough extensibility (L and G). 459 

 460 

Acknowledgment 461 

 462 

This paper is a result of the research within the project TR 31007 financed by the Ministry of 463 

Education, Science and Technological Development, Republic of Serbia.  464 

 465 

References 466 

 467 

AACC (1999). American Association of Cereal Chemists. Approved Methods. Standard no. 468 

26-10.02. (Experimental Milling: Introduction, Equipment, Sample Preparation, and 469 

Tempering), Standard no. 26-31.01. (Experimental Milling—Bühler Method for Soft 470 

Wheat Straight-Grade Flour).  471 

Bleukx, W., Roels, S. P., & Delcour, J. A. (1997). On the Presence and Activities of 472 

Proteolytic Enzymes in Vital Wheat Gluten. Journal of Cereal Science, 26, 183-193. 473 

Calucci, L., Capocchi, A., Galleschi, L., Ghiringhelli, S., Pinzino, C., Saviozzi, F., & 474 

Zandomeneghi, M. (2004). Antioxidants, Free Radicals, Storage Proteins, and 475 

Proteolytic Activities in Wheat (Triticum aestivum) Seeds during Accelerated Aging. 476 

Agriculturae Conspectus Scientificus, 52, 4274-4281. 477 

Chiang, S. H., Chen, C. S., & Chang, C. Y. (2006). Effect of wheat flour protein compositions 478 

on the quality of deep-fried gluten balls. Food Chemistry, 97, 666–673. 479 



20 
 

Codin , G. G., Mironeasa, S., Bordei, D., & Leahu, A. (2010). Mixolab versus alveograph 480 

and Falling Number. Czech Journal of Food Sciences, 28, 185–191. 481 

Collar, C., Bollaín, C., & Rosell, C. M. (2007). Rheological behaviour of formulated bread 482 

doughs during mixing and heating. Food Science and Technology International, 13, 483 

99–107. 484 

akovi , Lj. (1997). Faktori kvaliteta pšeni nog brašna. In Lj. akovi , Pšeni no brašno (4th 485 

edition). Novi Sad, Serbia: Zavod za tehnologiju žita i brašna, Tehnološki fakultet. 486 

Den i , S., Kobiljski, B., Mladenovi , G., & Kova evi , N. (2011). Sadašnjost i budu nost 487 

NS sortimenta pšenice. Zbornik referata Instituta za ratarstvo i povrtarstvo Novi Sad, 488 

15-25. 489 

Dojczew, D., & Sobczyk, M. (2007). The effect of proteolytic activity on the technological 490 

value of wheat flour from pre-harvest sprouted grain. Acta Scientiarum Polonorum, 491 

Technologia Alimentaria, 6, 45-53. 492 

Dong, K., Ge, P., Ma, C., Wang, K., Yan, X., Gao, L., Li, X., Liu, J., Ma, W., & Yan, Y. 493 

(2012). Albumin and globulin dynamics during grain development of elite Chinese 494 

wheat cultivar Xiaoyan 6. Journal of Cereal Science, 56, 615–622. 495 

Gianibelli, M. C., Larroque, O. R., MacRitchie, & Wrigley, C. W. (2001). Biochemical, 496 

genetic, and molecular characterization of wheat endosperm proteins. Online Review. 497 

Publication no. C-2001-0926-01O. AACC, Inc. 498 

Goesaert, H., Brijs, K., Veraverbeke, W. S., Courtin, C. M., Gebruers, K., & Delcour, J. A. 499 

(2005). Wheat flour constituents: how they impact bread quality, and how to impact 500 

their functionality. Trends in Food Science & Technology, 16, 12–30. 501 

Hoseney, R. C, Finney, K. F, Shogren, M. D., & Pomeranz, Y. (1969). Functional 502 

(breadmaking) and biochemical properties of wheat flour components. II. Role of 503 

water-solubles. Cereal Chemistry, 46, 117–125. 504 



21 
 

ICC International Association for Cereal Science and Technology. Standard Methods 114/1, 505 

115/1, 121, 126/1 (1992), 155 (1994), 173 (2011). 506 

Johansson, E. (2002). Effect of two wheat genotypes and Swedish environment on falling 507 

number, amylase activities, and protein concentration and composition. Euphytica, 508 

126, 143–149. 509 

Merlino, M., Leroy, P., Chambon, C., & Branlard, G. (2009). Mapping and proteomic 510 

analysis of albumin and globulin in hexaploid wheat kernels (Triticum aestivum L.). 511 

Theoretical and Applied Genetics, 118, 1321–1337. 512 

Osborne, T. B. (1907). The proteins of the wheat kernel. Washington, DC: Carnegie Inst. 513 

Pence, J. W., & Elder, A. H. (1953). The albumin and globulin proteins of wheat. Cereal 514 

Chemistry, 30, 275-287. 515 

Preston, K. R., Lukow, O. M., & Morgan, B. (1992). Analysis of relationships between flour 516 

quality properties and protein fractions in a world wheat collection. Cereal Chemistry, 517 

69, 560-567. 518 

Rani, K. U., Prasada Rao, U. J. S., Leelavathi, K., & Haridas Rao, P. (2001). Distribution of 519 

enzymes in wheat flour mill streams. Journal of Cereal Science, 34, 233–242. 520 

Ribotta, P. D., Pérez, G. T., León, A. E., & Añón, M. C. (2004). Effect of emulsifier and guar 521 

gum on micro structural, rheological and baking performance of frozen bread dough. 522 

Food Hydrocolloids, 18, 305–313. 523 

Serbian official methods (1988). Regulation of methods of physical and chemical analysis for 524 

quality control of grain, milling and bakery products, pasta and quick frozen dough, 525 

Službeni list SFRJ 74/88, Serbia. 526 

Schäfer, W., Ferret, M. (2005). Distribution of varieties in the 2003 harvest. French wheat 527 

classes. (http://muehlenchemie.de/downloads-future-of-flour/FoF_Kap_11.pdf) 528 



22 
 

Shewry, P. R., Lafiandra, D., Salcedo, G., Aragoncillo, C., Garcia-Olmedo, F., Lew, E. J. L., 529 

Dietler, M. D., & Kasarda, D. D. (1984). N-terminal amino acid sequences of 530 

chloroform/methanol-soluble proteins and albumins from endosperms of wheat, barley 531 

and related species. FEBS Letters, 175, 359-363. 532 

Silano, V., Furia, M., Gianfreda, L., Macri, A., Palescandolo, R., Rab, A., Scardi, V., Stella, 533 

E., & Valfre, F. (1975). Inhibition of amylases from different origins by albumins 534 

from the wheat kernel. Biochimica et Biophysica Acta (BBA) - Enzymology, 391, 170–535 

178. 536 

Singh, J., Blundell, M., Tanner, G., & Skerritt, J. (2001). Albumin and globulin proteins of 537 

wheat flour: Immunological and N-terminal sequence characterization. Journal of 538 

Cereal Science, 34, 85–103. 539 

Stojceska, V., & Butler, F. (2012). Investigation of reported correlation coefficients between 540 

rheological properties of the wheat bread doughs and baking performance of the 541 

corresponding wheat flours. Trends in Food Science & Technology, 24, 13-18. 542 

Strelec, I., Ugar i -Hardi, Ž., Balki , J., & Šimuni , N. (2007). Enzymatic activity in wheat 543 

seeds of different protein content. Agriculturae Conspectus Scientificus, 72, 239-243. 544 

Szafra ska, A. (2014). Comparison of alpha-amylase activity of wheat flour estimated by 545 

traditional and modern techniques. Acta Agrophysica, 21, 493-505. 546 

Tomi , J., Torbica, A., Popovi , Lj., Strelec, I., Vaštag, Ž., Poji , M., & Rakita, S. (2015). 547 

Albumins characterization in relation to rheological properties and enzymatic activity 548 

of wheat flour dough. Journal of Agricultural Science and Technology, 17, in press. 549 

Torbica, A., Antov, M., Mastilovi , J., & Kneževi , D. (2007). The influence of changes in 550 

gluten complex structure on technological quality of wheat (Triticum aestivum L.). 551 

Food Research International, 40, 1038–1045. 552 



23 
 

Triboi, E., Abad, A., Michelena, A., Lloveras, J., Ollier, J. L., & Daniel, C. (2000). 553 

Environmental effects on the quality of two wheat genotypes: 1. quantitative and 554 

qualitative variation of storage proteins. European Journal of Agronomy, 13, 47–64. 555 

Unbehend, Lj., Unbehend, G., & Lindhauer, M. G. (2003). Protein composition of some 556 

Croatian and German wheat varieties and their influence on the loaf volume. 557 

Food/Nahrung, 47, 145-148. 558 

Vázquez, D., Berger, A. G., Cuniberti, M., Bainotti, C., Zavariz de Miranda, M., Scheeren, P. 559 

L., Jobet, C., Zúñiga, J., Cabrera, G., Verges, R., & Peña R. J. (2012). Influence of 560 

cultivar and environment on quality of Latin American wheats. Journal of Cereal 561 

Science, 56, 196-203. 562 

Veraverbeke, W., & Delcour, J. (2002). Wheat protein composition and properties of wheat 563 

glutenin in relation to breadmaking functionality. Critical Reviews in Food Science 564 

and Nutrition, 42, 179-208. 565 

Weegels, P. L., Orsel, R., van de Pijpekamp, A. M., Lichtendonk, W. J., Hamer, R. J., & 566 

Schofield, J. D. (1995). Functional properties of low Mr wheat proteins. II. Effects on 567 

dough properties. Journal of Cereal Science, 21, 117-126. 568 

 569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

 577 



24 
 

Figure 1. Effects of production year, location and variety on the albumins content. Measured 578 

values are the mean ± 0.95 LSD intervals.  579 

Figure 2 (a,b). Effects of production year, location and variety on the proteolytic activity (a) 580 

and amylolytic activity (b). Measured values are the mean ± 0.95 LSD intervals.  581 

Figure 3. Scanning electron micrographs of the dough from wheat flour samples selected on 582 

the basis of minimum and maximum bread specific volumes in two production year.  583 

Figure 4. Effects of production year, location and variety on the bread specific volume. 584 

Measured values are the mean ± 0.95 LSD intervals;  585 

Supplementary Figure 1. Lab-on-a-Chip gel images of albumins obtained for Pob variety in 586 

two production years 587 

Supplementary Figure 2 (a,b). Cut loaves of bread produced from wheat flour samples with 588 

minimum and maximum bread specific volumes in two production year and corresponding 589 

results of selected technological quality parameters and enzymes activity (a); Scanning 590 

electron micrographs of bread crumbs from wheat flour samples selected on the basis of 591 

minimum and maximum bread specific volumes in two production year (b).  592 
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Table 1 623 

Correlations between biochemical and wheat quality parameters of wheat flour samples from 2011 624 

production year 625 

ALB1 ALB2 ALB3 ALB4 PA AMYL 

WA 
 

-0.50 
  

-0.65 
 

R 
 

-0.60 
    

Ex 
 

0.61 
  

0.60 
 

R/Ex 
 

-0.65 
  

-0.56 
 

P 
 

-0.68 
  

-0.68 
 

L 
    

0.55 0.70 
G 

    
0.53 0.71 

W 
 

-0.55 
    

P/L 
 

-0.64 
  

-0.71 -0.60 
WAMix 

 
-0.55 

  
-0.59 

 
DevMix 

 
-0.65 

  
-0.66 

 
C5 

    
0.54 

 
C3-C4 -0.51 

  
0.52 

  
C5-C4 

    
0.57 

 
 

    
0.52 

 
 

 
-0.55 

    
Vsp  

 
-0.56 

  
-0.72 

 
Hard 

 
0.52 

  
0.66 

 
Spring 

    
-0.55 

 
Cohes 

 
-0.59 

  
-0.66 

 
Chew 

    
0.68 

 
WA, Farinograph water absorption (%);R, Extensograph resistance to stretching (BU); Ex, Extensograph 626 
extensibility (mm); R/Ex, Ratio of resistance to extensibility; P, Resistance to extension; L, Alveograph 627 
extensibility (mm); G, Swelling index; W, Alveograph deformation energy (x10-4 J); P/L, Ratio of gluten 628 
elasticity and extensibility; WAMix, Mixolab water absorption (%); DevMix, Mixolab development time (min); 629 
C5, Maximum torque of starch pasting (Nm); C3-C4, Breakdown torque (Nm); C5-C4, Setback torque (Nm); , 630 
Gelatinization rate (Nm/min); , Cooking stability rate (Nm/min); Vsp, bread specific volume; Hardness (Hard), 631 
Springiness (Spring), Cohesiveness (Cohes), Chewiness (Chew), texture parameters; ALB 1, ALB 2, ALB 3, 632 
ALB 4, albumin fractions with molecular weight intervals of 5–15 kDa, 15–30 kDa, 30–50 kDa and  50–65 kDa, 633 
respectively; PA, Proteolytic activity (U/g flour); AMYL, - amylase activity (U/g flour). 634 
 635 

 636 

 637 

 638 

 639 

 640 

 641 
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Table 2 642 

Correlations between biochemical and wheat quality parameters of wheat flour samples from 2012 643 

production year 644 

  ALB1 ALB2 ALB3 ALB4 PA AMYL 

WA 
    

-0.71 -0.80 
P 

    
-0.69 -0.87 

L 
     

0.67 
G 

     
0.63 

W 
    

-0.58 -0.72 
P/L 

     
-0.66 

WAMix 
    

-0.75 -0.79 
DevMix 0.53 

  
-0.52 

  
ElastMix -0.59 

  
0.57 

  
C3 

     
0.67 

C4 
     

0.62 
C5 

   
0.56 

 
0.60 

C5-C4 
   

0.58 
  

 0.66 
  

-0.55 
  

 
    

-0.56 -0.65 
GI 

    
0.60 

 
Vsp 0.65 

  
-0.51 

  
Hard -0.63 

  
0.53 

 
0.50 

Spring 
    

-0.65 -0.83 
Cohes 0.52 

  
-0.55 -0.59 -0.74 

Resil 0.52     -0.61 -0.56 -0.72 
WA, Farinograph water absorption (%); P, Resistance to extension; L, Alveograph extensibility (mm); G, 645 
Swelling index; W, Alveograph deformation energy (x10-4 J); P/L, Ratio of gluten elasticity and extensibility; 646 
WAMix, Mixolab water absorption (%); DevMix, Mixolab development time (min); StabMix, Mixolab stability 647 
(min); C3, Mixolab torque in point of maximal torsion (Nm); C4, Minimum torque of starch pasting (Nm);C5, 648 
Maximum torque of starch pasting (Nm); C5-C4, Setback torque (Nm); , Protein network weakening rate 649 
(Nm/min); , Cooking stability rate (Nm/min); GI, Gluten index; Vsp, bread specific volume; Hardness (Hard), 650 
Springiness (Spring), Cohesiveness (Cohes), Resilience (Resil), texture parameters; ALB 1, ALB 2, ALB 3, 651 
ALB 4, albumin fractions with molecular weight intervals of 5–15 kDa, 15–30 kDa, 30–50 kDa and 50–65 kDa, 652 
respectively; PA, Proteolytic activity (U/g flour); AMYL, - amylase activity (U/g flour). 653 
 654 

 655 
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 657 

 658 

 659 

 660 

 661 


