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Abstract       The aim of this paper is to study the influence of agro-
techniques measures, respectively the dose of fertilizer applied upon the 
essential and nonessential amino acid content of different triticosecale 
varieties. The results were correlated with protein content of the analyzed 
samples. Were used 4 triticosecale varieties: Mungis, Gorun, Trismart and 
Tulus with the following experimental variants: V1- N0 P0K 0, V2-N45 P45K 45, V3-
N60 P60K 60, V4-N120P60K60.  

The research was carried out in the territory of the Didactic Station Timisoara 
of USAMVB Timisoara and followed the influence of fertilizers used in the 
experimental field upon aminoacids content of the triticosecale varieties 
studied. Have been identified 9 essential and nonessential amino acids: 
arginine, lysine, threonine, valine, tyrosine, serine, proline, leucine, histidine. 
The values determined were compared with data reported in the literature. 
Regarding correlations between protein and amino acid intake, it appears that 
there is a significant positive correlation between protein content and arginine 
content for Mungis and Tulus varieties and a negative correlation in the 
variety Trismart while between protein content and the amino acid valine 
there is a negative correlation for all varieties analyzed; The overall analysis 
of the amino acids profile in triticosecale samples analyzed show a high 
intake of amino acids in the case of Trismart and Gorun varieties and 
correlated with a higher protein intake of these varieties.   
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Cereals are by far the most important food sources in 

the world both for directly and indirectly human 

consumption, as a factor in animal production. 

 Triticosecale is a cereal used a lot lately because of 

its high production of both grain and biomass and its 

many uses. Importance is given by the obtained values 

of triticosecale production, and some biological 

features such as lower requirements to environmental 

conditions, which recommends that plant for the less 

favourable areas for other crops cultivation [8]. Agro-

techniques measures applied influence nutritional 

quality but also the production of triticosecale. 

Literature studies have shown that exist correlations 

regarding the nature and dose of fertilizer applied and 

the nutritional and baking value of the different 

varieties of triticosecale [6; 7; 9]. 

The nutritional value of triticosecale grain is given, 

in particular, by the high protein content and the 

essential amino acid in the presence of higher amounts 

than those recorded to wheat.  

The amino acids are organic compounds with 

mixed function (containing in the molecule an amino 

group -NH2 and a carboxyl group -COOH), and 

constitutes the basic structural units of proteins. From 

the structural point of view, proteinogenic amino acids 

are α-amino acids with the aliphatic, aromatic or 

heterocyclic structure [4]. 

Arginine and lysine are the diamino-

monocarboxylic acids containing in the molecule two 

amino groups and have basic character. Lysine (acid α, 

ε-diaminocapronic) is found in relatively high amounts 

in animal protein, but can also be found in plant and 

microbial protein and in fibrinogen lysine weight 

ranges from 5-10% [4]. 
Glycine, alanine, valine, leucine and isoleucine are 

monoamino-monocarboxylic acids being proteinogenic 

amino acids with normal chain or branched. Valine 

(acid α-aminoizovalerianic) is a nonessential amino 

acid that enters the structure of many microbial 

proteins from plant or animals. Valine can be found in 
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the composition of most native protein but relatively in 

small amounts.  

α-alanine (α-aminopropionic acid) is a nonessential 

amino acid very widespread in most natural proteins. 

Thanks to its hydrocarbon radical to give hydrophobic 

interactions, α-alanine plays an important role in the 

structural organization of proteins [4]. 

Leucine (acid α-amino-γ-metilvalerianic) is a 

nonessential amino acid widely used in some proteins 

such as hemoglobin in the blood, and in zein from corn 

beans etc. [4]. 

Aromatic amino acids contain a benzene ring in 

their molecule. Among the proteinogenic amino acids 

of this class are phenylalanine and tyrosine.   

Tyrosine (p-hydroxyphenylalanine) is an essential 

amino acid. Its percentage is relatively high in some 

plant proteins while animal proteins contain moderate 

amounts of this amino acid. Its phenolic group gives to 

tyrosine an acid character.  

Heterocyclic amino acids contain in the molecule a 

heterocycle which is commonly penta-atomic 

(imidazole or pyrrole). From this group take part 4 

proteinogenic amino acids: tryptophan, histidine, 

proline and hydroxyproline. 

 Histidine (acid (α-β-imidazolyl-aminopropionic) is 

found in all proteins, regardless of their biological 

source, where plays an important structural role [4]. 

Proline (pyrrolidine-2-carboxylic acid) is a 

nonessential amino acid present in most native 

proteins. It is found in greater amounts in collagen, 

gelatin, prolamins, where its weight can reach 15% of 

total amino acids [4]. 

 Hydroxi-aminoacids are amino acids containing in 

their molecule, in addition to the -NH2 group and an 

alcohol group-COOH. Among the proteinogenic amino 

acids in this group can be found also serine and 

threonine. 

 The aim of this paper is to study the influence of 

agro-techniques measures, respectively the dose of 

fertilizer applied upon the essential and nonessential 

amino acid content of different triticosecale varieties. 

The results were correlated with protein content of the 

analyzed samples. 

 

Materials and Methods 
 

The location of the experimental field: 

The experimental field was set up on the territory of 

the Didactic Station Timisoara of USAMVB Timisoara 

using 4 triticosecale varieties: Trismart, Gorun, Tulus, 

and Mungis. Experience was set out in the latin square 

type with four experimental variants in four 

replications. Were used NPK complex fertilizers, type  

16:16:16. Mineral fertilization with following doses: 

b1-N0P0K0, b2-N45P45K45, b3-N60P60K60, b4-

N120P60K60.  

Amino acids determination 

Determination of amino acids except sulphur amino 

acids involves acid hydrolysis of them in the presence 

of 6M HCl and identification and chromatographic 

dosing using the amino acid analyzer DIONEX ICS-

3000. 

Work method 

0.5 g of the sample was hydrolyzed with 10 ml of 6M 

HCl for 24 hours at a temperature of 100
0
C. The 

sample was filtered through a Millipore filter paper 0.2 

m, than the sample was diluted 1:10 or 1:100 with 

HCl 0.1 N according to the nature of the sample and 

was injected into the chromatograph. 

Chromatographic conditions: 

Chromatography column AMINOPAC PA10 (2x250 

mm, P/N 055406), precolumn AMINOPAC PA10 

(2x50 mm, P/N 055407), mobile phase: E1: water, E2: 

NaOH 250 mM, E3: NaAc 1M, gradient, flow phase 

debit: 0.25 mL / min, eference electrode: pH / Ag / 

AgCl, column temperature 30
0
C [14]. 

The experimental results are the average of three 

determinations. 

 

 

Results and Discussions 
 

Amino acid content was determined on samples 

taken in 2011 from the experimental variants V1- N0 

P0K 0, V2-N45 P45K 45, V3-N60 P60K 60, V4-N120 P60K 60.  

The experimental values obtained for the amino 

acids content are shown in Table 1, and a 

chromatogram for sample in Figure 1. 

Have been identified 9 essential and nonessential 

amino acids: arginine, lysine, threonine, valine, 

tyrosine, serine, proline, leucine, histidine. The values 

determined were compared with data reported in the 

literature. 

Arginine content in the analyzed varieties ranged 

from 0.199 g/100 g sample to the MUNGIS variety, to 

control variant V1 and 0.875 g/100g sample to the 

TRISMART variety, to variant V4. Was registered an 

arginine content with values between 0.586 to 0.865 %, 

the maximum values were recorded for fertilization 

variant with the highest dose of nitrogen V4 

N120P60K60. No significant differences were reported 

to arginine content between tne control samples V1 and 

V2 -N45P45K45. Influence of nitrogen intake stands at 

arginine content variants V3 and V4 when the recorded 

values exceeding those reported in the control sample. 

Arginine content in the analyzed samples is 

influenced by cultivar and treatments applied and 

frame within the values reported in previous studies [3; 

5; 13]. 
Comparing the analyzed varieties, the arginine 

content was higher in TRISMART GORUN varieties 

and compared with TULUS and MUNGIS variety 

(table 1). MUNGIS variety has registered low value for 

the arginine content. Regarding the influence of the 

fertilizer dose applied on the arginine content is noted 

that the MUNGIS variety registered a direct correlation 

between nitrogen intake and the amount of arginine in 

the sample. For other varieties are observed an 
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increased arginine content in the sample once with 

nitrogen intake, only in the experimental variants V3 

and V4. N45P45K45 treatment does not alter the 

content of arginine in the samples compared to the 

control samples. 

Lysine, essential amino acid is taken from food and 

with tryptophan , histidine or vitamin A, is considered 

a growth factor being important in the children diets. 

The lack of lysine in cereal protein synthesis is 

ineffective even if other amino acids are present. 

Lysine content in analyzed triticosecale samples 

varies widely, from 0.199 % in the control sample to 

the MUNGIS variety and 1.313 % in the variant in 

which was applied the maximum amount of nitrogen 

V4-N120P60K60. The direct correlation between the 

amount of nitrogen administered and the amount of 

lysine is noted just in the MUNGIS variety, while for 

the varieties TRISMART and GORUN it is not 

correlated the increase the lysine content with the 

nitrogen dose administered. Previous studies 

concerning the lysine content of triticosecale reported a 

lysine content higher than in the case of wheat, but 

lower to rye [11;12] such highlighting the characters 

inherited from the two species. 

TULUS variety is characterized by lower values for 

lysine content than other analyzed varieties, but 

comparable with data reported in the literature [5; 11] 

GORUN and TRISMART varieties grown in our 

country, present the higher lysine content, even in the 

absence of nitrogen treatment. 

In the literature studies, valine content in 

triticosecale widely varies between 0.27 % [5] to 0.93 

% [11]. The values obtained in the Tulus variety are 

comparable with recorded higher values, but not 

dependent on the fertilizer dose applied. GORUN and 

TRISMART varieties recorded higher values than in 

the literature studies, while the MUNGIS variety 

recorded values that were below the method limit of 

detection. In these varieties also was registered valine 

content increase once with nitrogen dose administered. 

Leucine content of the Tulus variety, do not depend 

on the applied fertilizer dose, interval value ranging 

from 0.631% to 0.357% in the control variant and V4 

variant. In MUNGIS variety were recorded lower 

values  0.38% and to the TRISMART variety higher 

0.754%. 

Maximum content of tyrosine has been registered to 

the Tulus variety and ranged between 0.226% and 

0.352% values recorded are in accordance with data 

reported in the literature. In this case additional 

nitrogen intake did not show an increase in the amino 

acid content. Gorun variety showed high values for V3 

variant, while the values obtained for Trismart and 

Mungis varieties is below the data reported in the 

literature, for all experimental variants. 

 Proline content in triticosecale grains, reported in 

the literature, is high and ranges from 1.184% [13] and 

0.824% [5]. The experimental values obtained in the 

Tulus variety are 0.497% for the control sample and 

0.543% for variant V3 N60P60K60. TRISMART 

variety is distinguished by a higher content of proline 

(0.702 g/100 g sample) followed by variety GORUN 

(0.578 g/100 g sample). 

Histidine content is maximum in the GORUN 

variety (0.69 g/100 g sample) followed by 

TRISMART, MUNGIS and TULUS variety. The 

values obtained are within the range of values reported 

in the literature data. 

In some experimental variants serine content was 

below the minimum level of detection. Maximum level 

was 0.321 g/100 g sample in the GORUN variety. 

Regarding correlation between the level of aminoacids 

and nitrogen dose administered is significant to 

experimental variant V3 - N60P60K60and V4 - 

N120P60K60 and only in the case of some amino acids 

such arginine. 

To analyze the degree of association of the amino 

acids studied with protein the four triticale varieties 

grown to USAMVB Timisoara Didactic Station, was 

used to calculate correlation coefficients (r). 

Protein content of analyzed varieties varies with the 

dose of fertilizer applied and variety of triticosecale 

used [1; 2; 10]. 

The results of the correlation coefficients are given 

in Table 2. It is noted that there is a significant positive 

correlation between protein content and arginine 

content in the case of Mungis and Tulus varieties, 

while in the case of Trismart and Gorun varieties 

correlation is positive, but with a correlation coefficient 

of r <0.85. 

Regarding the correlation of protein with the lysine 

content of triticosecale varieties analyzed, there is a 

significant positive correlation in the case of Mungis (r 

= 0.91) and Tulus (r = 0.96) varieties and a negative 

correlation in the case of  Trismart (r = -0.61) variety. 

Between the protein content and amino acid valine 

level, there is a negative correlation for all analyzed 

varieties, while tyrosine correlate positively with the 

protein levels for Trismart (r = 0.96) and Gorun (r = 

0.27) variety and negative in the case of Tulus (r = -

0.99) and Mungis (r = -0.17) varieties.
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Table 1 

Aminoacids content in analysed triticale cultivars in different experimental conditions 

 

Aminoacid 
 TRISMART variety  (g aminoacid/100 g sample) 

V1 V2 V3 V4 

ARGININE 0.925±0.70 0.658±0.41 0.744±0.12 0.875±0.44 

LYSINE 1.031±0.12 1.083±0.61 0.880±0.19 0.959±0.58 

THREONINE 1.218±0.50 0.582±0.32 ND* 0.586±0.16 

VALINE 1.651±1.19 1.493±0.89 0.319±0.31 0.086±0.37 

SERINE 0.017±0.20 ND* 0.165±0.09 0.169±0.28 

PROLINE 0.064±0.32 0.144±0.21 ND* 0.702±0.42 

HISTIDINE ND* ND* ND* 0.680±0.71 

LEUCINE ND* ND* 0.744±0.21 ND* 

TYROSINE 1.031±0.14 0.582±0.50 0.880±0.18 0.149±0.68 

  MUNGIS variety (g aminoacid/100 g sample) 

 V1 V2 V3 V4 

ARGININE 0.199±0.51 0.209±0.36 0.466±0.22 0.593±0.15 

LYSINE 0.474±0.62 0.881±0.18 0.763±0.56 1.313±0.21 

THREONINE ND* ND* 0.518±0.35 ND* 

VALINE ND* ND* ND* 0.512±0.64 

SERINE 0.026±0.11 ND* 0.159±0.08 0.158±0.32 

PROLINE 3.142±0.24 ND* ND* 0.728±0.48 

HISTIDINE 0.554±0.19 ND* 0.435±0.17 0.046±0.29 

LEUCINE 0.380±0.31 ND* 0.519±0.74 ND* 

TYROSINE 0.156±0.09 2.235±0.16 0.143±0.28 0.165±0.47 

TULUS variety (g aminoacid/100 g sample) 

 V1 V2 V3 V4 

ARGININE 0.648±0.61 0.638±0.71 0.776±0.77 0.865±0.91 

LYSINE 0.338±0.78 0.442±0.92 0.325±0.81 0.789±0.35 

THREONINE ND* 1.304±0.64 ND* ND* 

VALINE 1.038±1.05 ND* 1.023±0.11 ND* 

SERINE ND* ND* ND* ND* 

PROLINE 0.497±0.41 0.461±0.51 0.543±0.28 ND* 

HISTIDINE 0.256±0.32 0.107±0.43 ND* 1.023±0.31 

LEUCINE 0.631±0.29 ND* 0.736±0.07 0.789±0.88 

TYROSINE 0.352±0.17 0.299±0.14 0.322±0.19 0.226±0.62 

GORUN variety (g aminoacid/100 g sample) 

 V1 V2 V3 V4 

ARGININE 0.810±0.24 0.862±0.27 0.773±0.55 0.663±0.67 

LYSINE 0.998±1.02 0.732±0.48 0.871±0.83 0.877±0.26 

THREONINE 0.690±0.83 ND* 0.577±0.27 0.453±0.43 

VALINE 1.577±1.29 ND* 1.484±1.19 1.322±1.19 

SERINE ND* 0.321±0.11 ND* ND* 

PROLINE 0.578±0.33 ND* 0.559±0.58 0.455±0.41 

HISTIDINE 0.695±0.28 ND* ND* 0.322±0.39 

LEUCINE ND* ND* ND* ND* 

TYROSINE 0.161±0.12 ND* 0.151±0.09 0.132±0.05 
           *ND-undetectable 

          **Results are given as mean of 3 determinations ± SD 
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Fig. 1. Amino acids standard chromatogram  

 

 

Table 2 

Correlations between proteic content and amino acids content of triticosecale  

in studied experimental conditions 

 

Y=A+BX Gorun Mungis Trismart Tulus 

Protein = f (arginine) 0,66 0,93 0,85 0,90 

Protein = f (lysine) 0,01 0,91 -0,61 0,96 

Protein = f (valine) -0,26 - -0,90 -0,69 

Protein=f (tyrosine) 0,27 -0,17 0,96 -0,99 

 

 

 

Conclusions 

 
 Amino acid content in the analyzed samples is 

influenced by cultivar and treatments applied and 

frame within the values reported in literature studies; 

 The arginine content was higher in Gorun and 

Trismart varieties compared with Tulus and Mungis 

variety; 

 The lysine content  in analyzed triticosecale samples 

varies widely between 0.199% - 1.313%, Tulus 

variety registered lower values of lysine content than 

other varieties analyzed; 

 Regarding valine content Trismart and Gorun 

varieties recorded higher values than values from 

literature studies, while the MUNGIS variety  were 

recorded values below the method limit of detection; 

 Maximum content of tyrosine has been registered to 

the Tulus variety and ranged between 0,226% and 

0,352% the recorded values are in accordance with 

data reported in the literature; 

• Correlation coefficient calculation ( r ) shows that 

there is a direct correlation between the nitrogen 

fertilizer amount and the amount of lysine in the 

kernel in the MUNGIS variety, while for the species 

Trismart and Gorun, do not correlate the increasing 

of lysine with nitrogen dose administered ; 

 Regarding correlations between bakery indices and 

amino acid intake, it appears that there is a 

significant positive correlation between protein 

content and arginine content for Mungis and Tulus 

varieties and a negative correlation in the variety 

Trismart while between protein content and the 

amino acid valine there is a negative correlation for 

all varieties analyzed; 

• The overall analysis of the amino acids profile in 

triticosecale samples analyzed show a high intake of 

amino acids in the case of Trismart and Gorun varieties 

and correlated with a higher protein intake of these 

varieties. 
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