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Abstract 

 
The bread quality of wheat is one of the most important aspects targeted by crop technologies, given the great 

diversity of foods obtained from this crop and given the fact that bread is one of the main foods in the daily diet of 

many people. This paper highlights the role of mineral fertilization with nitrogen on the accumulation of gluten 

proteins. The study was conducted at SCDA Lovrin, in a long-term experiment with fertilizers. The Lab-on-a-Chip 

(LoaC) technique was used to extract gliadin and glutenin, followed by polyacrylamide gel electrophoresis.  

Ammonium nitrate was used for fertilization, with the following graduation: N0, N30, N60, N90 and N120.  

Nitrogen fertilizers significantly influence the quality of wheat crop. Thus, the percentage of protein and wet gluten 

increase by up to 47% and 70%, respectively. The accumulation of glutenins and glutenins at the level of molecular 

weight, increases exponentially with the dose of fertilizer administered to the crop, the highest values being 

registered at doses N90 kg / ha and N120 kg / ha, values statistically assured very significant for the probability of 

transgression of 0.1%. Also, the gliadin / glutenin ratio, whose value is an indicator for the bread quality of the 

grains, records the best value (as close as possible to 1) in the variant fertilized with the maximum dose of nitrogen. 
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INTRODUCTION  
 

Given the multitude of products obtained 

from wheat flour, wheat is arguably one of the 

most important crops in the world, sown on 

significant areas. One of the main objectives 

of wheat breeding programs is to improve 

quality [4], [16]. Therefore, the creation of 

ecobiotypes with high protein content is 

considered. 

The quality of the products that reach the 

consumer's table is given by the quality of the 

gluten from the wheat flour, that vascoelastic 

network obtained after mixing the flour with 

water. The vascoelastic properties of the 

dough obtained are decisive for the bread 

quality of the wheat [2], [18]. 

Wheat proteins can be classified as follows: 

structural proteins (non-gluten) and storage 

proteins (gluten). 

Gluten proteins are represented by prolamine, 

so named because of its high content of amino 

acids, proline and glutamine [13]. In turn, 

prolamins include: sulfur-rich prolamins, 

sulfur-poor prolamins and high molecular 

weight gluten (HMW) subunits. Sulfur-rich 

prolamins are β- and γ-gliadins, B- and C-

LMW glutenins. Sulfur-poor prolamins 

include ω-gliadin and D-LMW-glutenins [18], 

[14], [15]. In general, wheat flour proteins 

include 45% gliadin, 45% gliadin and 10% 

soluble proteins. 

The bread-making properties of wheat are 

given by storage proteins, as follows: density 

and extensibility are given by the gliadin 

monomer, and hardness and flexibility by the 
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glutenin polymer [6], [7], [8], [21], [22]. 

In addition to genetics, the technological 

factor, especially crop fertilization, plays an 

important role in achieving quality 

production. The quality of the dough and the 

bread-making properties of the wheat are 

strongly influenced by the mentioned factors. 

Nitrogen fertilizers greatly influence both 

crop productivity and quality. 

To identify and characterize the main 

components involved in determining the 

baking qualities of wheat and flour, an 

impressive number of techniques have been 

used over time, using the most diverse 

principles [1], [9], [3]. 

The first techniques tried to separate the 

protein fractions from wheat and flour, based 

on their differences in solubility in a number 

of solvents. Subsequently, a functional 

analysis (solubility, foaming capacity and 

emulsification) of some glutenin fractions, 

obtained after its hydrolysis with fungal 

proteases [17], was successful. 

Another group of techniques used in the study 

of these components were chromatographic 

(adsorption, distribution chromatography, ion 

exchange chromatography, exclusion chroma-

tography), electrophoretic (starch gel 

electrophoresis, polyacrylamide, isoelectric 

focusing, isotachophoresis) and spectroecopic 

(based on IR and Electron Spin Resonance) 

[11], [5], [12]. 

In the present study we evaluated the 

influence of chemical nitrogen fertilizers on 

the accumulation of gliadin and glutenin, the 

distribution of protein subunits in molecular 

weight, the technique used being Lab on a 

Chip, followed by polyacrylamide gel 

electrophoresis. 
 

MATERIALS AND METHODS  
 
The study was conducted at ARDS Lovrin, in 

a long-term experiment with fertilizers. 

The soil on which the experimental device 

was placed is a typical chernozem, weakly 

glazed and weakly alkalized. 

The annual average rainfall in the area is 520 

mm. The average annual temperature is 

10.8°C. 

The variety that was used in this experiment is 

the Ciprian variety, created and approved by 

ARDS Lovrin. 

Ammonium nitrate was used for nitrogen 

fertilization of the crop, with the following 

graduation:  N0 (V1), N30 (V2), N60 (V3), 

N90 (V4) and N120 (V5). 

The Lab-on-a-Chip (LoaC) technique was 

used to extract gliadins and glutenins, a rapid 

technique frequently used to separate and 

quantify proteins. Wheat grains, obtained after 

harvesting the crop, were ground to obtain 

flour. For extraction, 30 g of flour treated with 

300 𝜇L 70% ethanol were used. 200 𝜇L 

solution was used for gliadin extraction and 

100 𝜇L for glutenin extraction. Extraction of 

gluten-free spores took place after removal of 

globulins and albumin and were used. 

After evaporation of the ethanol, 350 𝜇L 2% 

SDS solution containing 5% 𝛽-mercap-

toethanol were used for the extraction of 

gliadins, maintained for 5 min at 1000C.For 

the extraction of glutenins, the same volume 

of solution was used to which 0.0625 M tris 

base and the same temperature conditions 

were added. The final solution for the extrac-

tion of gluten proteins contains 4 𝜇L sample 

to which was added 2 𝜇L Agilent sample 

buffer and 84 𝜇L deionized water [10], [20], 

[19], [23]. 

The molecular weights of the proteins were 

determined in the range 12.5 - 230 kDa, using 

chip electrophoresis techniqueon Agilent 2100 

Bioanalyzer with Protein 230 Plus Lab-on-a-

Chip kit. After analysis, each subunit was 

manually integrated and their percentage was 

calculated from the time-corrected area. The 

results were statistically analyzed using 

analysis of variance (ANOVA). 

 

RESULTS AND DISCUSSIONS 
 
After harvesting the culture, a conclusive 

sample was taken from each experimental 

variant which was analyzed from a qualitative 

point of view. The following were deter-

mined: protein, wet gluten, starch, glassiness.  

Then the quality of protein and gluten was 

evaluated. The aim was to accumulate 

gliadins, accumulate glutenins and distribute 

them by molecular weight. 

The percentage of protein and gluten, 
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respectively, increase significantly under the 

influence of the doses of fertilizers 

administered to the crop, in proportion to the 

increase of the dose (Table 1). 

 
Table 1. Variation of protein and wet gluten content 

under the action of mineral nitrogen fertilization 

Experimental 

variant 

Protein 

(%) 

Difference 
and 

significance 

Wet gluten 

(%) 

Difference 
and 

significance 

V1 10.7 Mt 21.2 Mt 

V2 11.0 0.3 24.2 3.0 

V3 12.8 2.1* 26.2 5.0* 

V4 15.2 4.5*** 34.0 12.8*** 

V5 15.7 5.0*** 36.1 14.9*** 

Protein: DL 5% - 1.66; DL 1% - 2.75; DL 0.1% - 3.16. 

Wet gluten: DL 5% - 4.9; DL 1% - 6.2; DL 0.1% - 

12.1. 

Source: Original data. 

Very significant increases in the percentage of 

protein are registered at the application of 

doses of 90 kg/ha, respectively 120 kg/ha. 

Wet gluten varies in the range of 21.2% - 

36.1%, with the best results obtained in the 

variants fertilized with high doses of nitrogen 

- 34%, respectively 36.1%, with up to 14.9% 

more than in the control variant, non-

fertilized. Regarding the accumulation of 

gluten proteins (gliadin and glutenin) and this 

registers important changes under the 

influence of the dose used. 

The accumulation of gliadin, presented in 

Table 2 and the distribution of gliadin 

subunits at the level of molecular weight, 

changes significantly when applying chemical 

fertilizers with nitrogen. 

 
Table 2. Distribution of gliadins at the molecular weight 

Molecular weight  

(kDa) 

V1- unfertilized 
V2 – fertilized with 

N30 

V3 – fertilized with 

N60 

V4 – fertilized with 

N90 

V5 – fertilized with 

N120 

The total concentration of gliadin extracted (ng/ 𝜇l) 

3,355.2 ng/ 𝜇l 3,772.4 ng/ 𝜇l 3,850.7 ng/ 𝜇l 3,937.1 ng/ 𝜇l 4,522.1 ng/ 𝜇l 

Molecular weight distribution (ng/ 𝜇l) 

4.5 0.0 0.0 0.0 0.0 0.0 

6.1 – 13.9 34.0 83.6 79.5 78.1 77.5 

14.0 -16.2 67.7 74.5 76.6 78.1 87.8 

16.3 – 37.8 85.7 95.6 86.2 76.1 136.7 

37.9 – 46.9 2,534.8 2,858.0 2,496.5 2,964.0 3,384.7 

47.0 – 57.6 434.5 494.2 632.1 569.4 636.8 

57.7 – 90.5 90.5 81.7 55.6 81.6 74.9 

ω-gliadin 96.1 121.6 293.1 149.3 124.7 

Source: original data. 

 

The total concentration of extracted gliadin, 

expressed in ng/𝜇l, varies between 3,355.2 

ng/𝜇l - 4,522.1 ng/𝜇l, the increasing trend 

being proportional to the dose of ammonium 

nitrate administered, a situation reported by 

other specialized studies (Table 3). 

Analyzing the comparison in Table 3, we can 

say that the accumulation of gliadin under the 

influence of administered nitrogen doses 

indicates significant increases, statistically 

assured, in variants 3 and 4, and in the variant 

fertilized with maximum dose of nitrogen the 

increase of gliadin compared to non-fertilized 

variant is statistically assured very significant 

for the probability of transgression of 0.1%. 

 

 

Table 3. Comparison table 

Variant 
Gliadin (ng/ 

𝜇l) 
% 

Difference and 

significance 

V1 3,355.2 100 0.00 

V2 3,772.4 112.1 407.2 

V3 3,850.7 114.8 495.5* 

V4 3,937.1 117.3 581.9* 

V5 4,522.1 134.8 1,166.9*** 

DL 5% - 414.99; DL 1% - 603.62; DL 0.1% - 906.43 

Source: Original data. 

 

From the point of view of the molecular 

weight distribution, there is an increase of the 

values recorded in each of the analyzed 

ranges, an increase due to the increase of the 

amount of nitrogen administered to the 

culture. 
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The electrophoregrams obtained from gliadin extraction are presented in Figure 1. 

 

 
 

 

 
 

 

 
 

 

 

  
Fig. 1. The electrophoregrams of gliadin accumulation under the influence of the agrofund used 

Source: Original figure. 
 

Omega - gliadins, which are high molecular 

weight gliadin subunits, it accumulates in the 

range of 90-120 kDa. As the dose of fertilizer 

applied increases, the amount of omega 

gliadin also increases. In proportion to this the 

highest value accumulates when applying the 

nitrogen dose of 60 kg/ha - 293.1 ng/μl. Then 

there is a decrease of high values of fertilizer 

administered, up to 124.7 ng/μl, at the 

maximum dose of nitrogen administered. 

Regarding the weight of ω - gliadin in the 

analyzed samples, it varies from 3.7% to 

2.4%, with the highest value in the control 

variant, unfertilized. As the dose of nitrogen 

increases, so does the amount of ω - gliadin in 

the flour, but percentage, in the total amount 

determined, its share decreases by up to 1.3% 

(Figure 2, Figure 3). 

 

 
Fig. 2. Accumulation of ω - gliadin depending on the 

dose of nitrogen administered 

Source: Original figure. 

 

In order to highlight the correlation that is 

established between the amount of gliadin that 

accumulates in the control variant and in the 

variants fertilized with the four nitrogen 

graduations, a linear regression was used, 

presented in Figure 4. 
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Fig. 3. The share of ω - gliadin in the total amount of 

protein 

Source: Original figure. 

 

 
Fig. 4. The correlation between gliadin and nitrogen 

doses administered to the culture 

Source: Original figure. 

 

A very significant correlation is observed 

between the amount of gliadin belonging to 

the unfertilized control and the amount of 

gliadin accumulated at the N30, N60, N90 

graduations.  

The value of the correlation coefficients r = 

0.999 (N30), r = 0.994 (N60), r = 0.999 (N90) 

indicates a very significant correlation 

between the amount of gliadin accumulated 

on the indicated agrofunds. At the maximum 

applied nitrogen dose - N120 kg/ha active 

substance, the correlation coefficient r = 

0.979, indicates a distinctly significant linear 

correlation. 

Of the two gluten proteins, gluten is the one 

that is associated with the bread quality of the 

dough, being responsible for their elasticity 

and viscosity. 

Under the action of the agrofund administered 

to the crop, glutenin registers a slight decrease 

to low nitrogen values, followed by a 

significant increase when applying the doses 

of 90 kg/ha and 120 kg/ha, respectively. 

Table 4 shows the distribution of glutenins in 

terms of molecular weight, under the 

influence of the five levels of fertilization 

used. 

Table 4. Distribution of glutenins at the molecular weight 

Molecular weight  

(kDa) 

V1- unfertilized 
V2 – fertilized with 

N30 

V3 – fertilized with 

N60 

V4 – fertilized with 

N90 

V5 – fertilized with 

N120 

The total concentration of glutenins extracted (ng/ 𝜇l) 

1,396.1 ng/ 𝜇l 1,209.5 ng/ 𝜇l 1,136.6 ng/ 𝜇l 1,846.3 ng/ 𝜇l 2,348.9 ng/ 𝜇l 

Molecular weight distribution (ng/ 𝜇l) 

4.5 0.0 0.0 0.0 0.0 0.0 

6.1 – 13.7 0.0 0.0 0.0 0.0 0.0 

13.8 -44.2 1,051.4 1,092.3 788.1 893.1 911.5 

44.3 – 57.6 273.4 117.1 265.7 417.5 506.6 

57.8 – 112.7 14.5 0.0 34.1 174.1 389.6 

112.8 – 173.3 41.8 0.0 25.2 176.9 355.4 

173.4 – 222.7 18.0 0.0 23.5 113.1 185.9 

Source: Original data. 

 

Analyzing Table 5, which represents the table 

of comparisons between the five agrofunds 

studied, shows the influence of fertilization on 

glutenin accumulation. Thus, large amounts of 

nitrogen bring distinctly significant (N90) and 

very significant (N120) increases, by 32% and 

68% respectively more than the control, 

unfertilized variant. 

Table 5. The comparison table 

Varianta 
Glutenin (ng/ 

𝜇l) 
% 

Difference and 

significance 

V1 1,396.1 100 0.00 

V2 1,209.5 86.6 -186.73 

V3 1,136.6 81.4 -259.60° 

V4 1,846.3 132.2 450.20** 

V5 2,348.9 168.2 952.80*** 

DL 5% - 215.00; DL 1% - 312.73; DL 0.1% - 469.09 

Source: Original data. 
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Regarding the bread quality of the flour, the 

studies indicate a superior quality to the 

increased accumulation of high molecular 

weight (HMW) subunits of glutenin. HMW 

subunits of glutenin accumulate starting at 

112.8 kDa. There is a progressive 

accumulation, with the highest values - 290 

ng/𝜇l and 541.3 ng/𝜇l at the highest doses of 

nitrogen, very significant differences from the 

control variant, Figure 5. 

 

 
 

 

 
 

 

 
 

 

  
Fig. 5. The electrophoregrams of glutenin accumulation under the influence of the agrofund used 

Source: original figures. 

 

 
1,396.1 1,209.5 1,136.3 1,846.3 2,348.9 

3,355.2 3,772.4 3,937.1 3,937.1 4,522.1 

Fig. 6. The gliadin/glutenin ratio 

Source: Original graph. 

 

The gliadin/glutenin ratio is considered an 

indicator of grain quality.  

The closer its value is to 1, the better the 

bread value of the flour. Under the influence 

of the fertilizer doses administered to the crop, 

this ratio has an interesting evolution, which 

emerges from Figure 6. 

The closest value of 1 is registered in the 

variant fertilized with 120 kg/ha nitrogen 1.9, 

followed by the variant fertilized with 90 

kg/ha nitrogen - 2.1. Compared to the 

unfertilized control, there are decreases of this 

quality indicator by up to 20%. 

 

CONCLUSIONS 
 

Nitrogen fertilizers significantly influence the 

quality of wheat crop. Thus, the percentage of 

protein and wet gluten increase by up to 47% 

and 70%, respectively. 

At the same time, the quality of gluten, given 

the participation rate of gluten proteins is 

considerably influenced. The proportion of 
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gliadin in the flour increases in proportion to 

the dose of nitrogen applied to the wheat crop. 

ω-gliadin, also called anti-bread quality 

protein, accumulates in an amount that 

increases to the level of the N60 agrofund, 

after which there is a decrease in high values 

of the amount of nitrogen administered. The 

lowest value is recorded in the control 

version, unfertilized. However, the share of 

the total amount of protein decreases with 

increasing nitrogen dose, from 3.7% - value 

belonging to the unfertilized control to 2.4%, 

a value found in the version fertilized with 60 

kg/ha nitrogen. 

The accumulation of glutenins at the level of 

molecular weight, increases exponentially 

with the dose of fertilizer administered to the 

crop, the highest values being registered at the 

doses N90 kg/ha and N120 kg/ha.  

Also, the gliadin/glutenin ratio, whose value 

is an indicator for the bread quality of the 

grains, registers the best value (as close as 

possible to 1) in the version fertilized with the 

maximum dose of nitrogen. 
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