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Abstract

The purpose of this study was to evaluate the chemical parameters and amino acid content in 10 genotypes of soft Albanian wheat
organically grown and collected during the summer seasons of 2014. The thin layer chromatography method was used for the
identification the content of amino acids and spectrophotometry was used to determine the concentration of indentified amino
acids. The results exhibited high protein content (13.73 % - 17.32 %) and relative high content of total amino acid content (6.3 % -
10.9 %). The most abundant of all amino acids was glutamic acid (in all genotypes) and cysteine (PZA 1, PZA 2, PZA 3, PZA 4, PZA 5,

PZA 6, PZA 7, and PZA 10).
Keywords
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1 Introduction

Bread, along with cereals is one of the most common
products used in the human diet. However, cereals fail to
supply a sufficient amount of certain essential nutrients
such as amino acids, proteins, minerals and vitamins [1].
Generally, wheat flour contains about 70 % starch, 2 % lip-
ids, 2 % pentosanes and 12 % moisture [2]. The main goal
of wheat breeding and agronomic practices is increasing
the grain production and enhancing its quality. The grain
quality is determined by the content of organic compounds
(protein and its fractions, carbohydrates and lipids), min-
eral nutrients (phosphorus, calcium, potassium, magne-
sium, and microelements), vitamins, antioxidants, and
nutritional compounds [3]. These genetically determined
traits of grain quality are influenced by the environmen-
tal conditions. The differences in protein content of grain
can be caused by soil properties, weather condition over
the breeding year [4] and wheat plantation [5]. The high

temperature, sunlight and inadequate amount of precipi-
tation during the grain filling stage increase the content of
protein and gluten [4]. The “ash content™ is the total quan-
tity of minerals in a certain food sample.

The environmental variables and the agronomic mea-
sure did not have a significant effect on the ash content in
flour, due to a high variation in traits [6]. Stability, appear-
ance, texture and taste of food depend heavily on the
amount of water in the wheat grains. Grains with high or
very low moisture content commonly contribute towards
loss in the quality. The moisture content of flour usually
fluctuates from 1 % to 15 %, depending upon the storage
conditions and hygroscopic nature of the starch. Starch is
the main component in wheat grain and it affects the struc-
ture of final products [7]. Starch is a polymer of glucose.
At least two types of polymers are chemically distinguish-
able: amylose and amylopectin. Amylose is mostly a linear
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a—(1,4) - linked glucose polymer with a degree of polym-
erization (DP) of 1000-5000 glucose units. Amylopectin is
branched to a much greater extent than amylose. So much
that, on the average, the unit chain in amylopectin is only
20 - 25 glucose molecules long. Normal wheat starch con-
tains 20 % - 30 % amylose and 70 % - 80 % amylopectin
[8]. The starch granules undergo several changes during
gelatinization, where the partial breakdowns of starch
granules along with their swelling up to several times of
their original size are the most important [9]. Cereals lipids
originate from membranes, organelles and spherosomes
and consist of different chemical structures. Depending on
the extraction rate wheat flours contains 0.5 % — 3 % lip-
ids [10]. The germ has the highest amount of lipids (11 %),
but significant amounts are also associated with the bran,
the starch and proteins of the endosperms. Even in small
amounts, lipids play an important role in bread making
because of their ability to associate with proteins due to
their amphipathic nature and with starch, forming inclu-
sion complexes [11]. The effect of lipids was reviewed for
the first time by Bell [12] who divided those effects into two
types: chemical and physical effects. The chemical effect is
lipid oxidation and the physical effects involve: lubrication,
foam forming and involvement of hydrogen, hydrophobic
bonds and delayed carbon dioxide release [13]. The content
of protein in mature grain ranges from 8 % to 20 % and is
the second major component of the endosperm. According
to Arapi [14] the protein content in Albanian wheat ranged
from 12.47 % to 17. %, with an average value of 14.18 %,
which is therefore considered a high value. Osborne clas-
sifies wheat protein according to the solubility: albumins
are soluble in water; globulins are soluble in dilute NaCl
solutions, gliadins which are soluble in 70 % ethanol and
glutenin which is soluble in dilute acid or alkali solution
[15]. Glutenin and gliadins are recognized as a major wheat
storage protein, constituting about 75 % — 85 % of the total
grain proteins [16] which have important roles in determin-
ing bread making quality [17]. From the nutrition point of
view the albumins and globulins have a very good amino
acid balance. They are relatively high in lysine, trypto-
phan (Trp) and methionine (Met). The contents of the
lysine (Lys) and methionine are not at a satisfactory level
achieved by the breeding of cereals. However, when com-
bined with other food proteins such as legumes, oil seed
or animal products the proteins of wheat exhibit excellent
nutritional supplements. The main goals of this study were
as follows: (i) to evaluate the chemical properties of 10 gen-
otypes of Albanian wheat grown in organic condition; (ii)
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to determine the amino acid content as a nutritional value
of wheat flour. Selected parameters are useful for select-
ing genotypes with high quality characteristics for further
breeding in order to improve the nutritional value of the
wheat flour used for human consumption.

2 Materials and Methods

2.1 Plant and soil materials

Ten soft wheat genotypes (PZA 1, PZA 2, PZA 3, PZA 4,
PZA 5,PZA 6,PZA 7,PZA 8,PZA 9, PZA 10) were grown
organically, during the year 2013-2014 in the Experimental
Didactics Economy (E.D.E) of the Agricultural University
of Tirana (latitude 41°19°39”N, longitude 19°49°08”E;
average altitude 89 m). Each plot was planted in five rows;
the plot size being 5 m x 1.2 m. Each of the wheat lines were
planted in three replications according to the Randomized
Block Scheme (RCBD). The monthly meteorological data
for the period December —July was obtained from a mete-
orological station which was located in Tirana. The area
has a warm Mediterranean climate, with an annual aver-
age temperature and rainfall of 13.7 °C and 591.6 mm,
respectively. The whole grain wheat flour samples were
obtained by milling 10 genotypes of wheat on an exper-
imental automatic mill (Fritch, Pulverisette 14). These
materials were stored in vacuum packs and refrigerated
at —10 °C for further use. The soil reaction was slightly
alkaline (pH=7.80), the humus and nitrogen content were
2.20 % and 0.15 %, respectively.

2.2 Chemical analyses

Moisture content, total protein, lipids and ash were deter-
mined according to AOAC [18]. The moisture content was
determined by oven drying a sample at 60°C for 12 hours
(AOAC, method 925, 40) [19], ash content was measured
according to the dry ashing procedure (AOAC, Method
941, 12), Protein content (%N x 5.7) was determined by the
Kjedahl method (AOAC, Method 979, 09), and Lipid con-
tent was analyzed based on the Soxhlet extraction method
utilizing n-hexane (AOAC, Method 4.5.01). The starch con-
tent was analyzed following the Megazyme Starch deter-
mination procedure (Megazyme International, Ireland,
Ltd). All solution, reagents and buffers were prepared as
described in the instruction given by Megazyme. All the
samples were analyzed in triplicate.

2.3 Amino acid content
Identification of amino acids was done by using the method
of chromatography [20].
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2.3.1 Wheat seed sample
A wheat seed was milled and 0.5 g was used for the
extraction of amino acids for all ten wheat genotypes.

2.3.2 Extraction of amino acid

The Amino acids were extracted from complex com-
pounds of grain (carbohydrates, lipids, inorganic salts,
etc.) by using 80 % of ethanol and sedimentation of dis-
solved proteins by chloroform.

2.3.3 Loading samples

On the marked line at the prepared strip of absorbent
Whatman paper, use a micropipette to put the small drop
(2 ul) of solution containing extracted amino acid. Repeat
this 4 or 5 times, allowing the spot to dry each time aim-
ing to keep the spot under 4 mm in diameter and build the
concentration of the solution for analysis, without signifi-
cantly enlarging the spot.

2.3.4 Separation of amino acids

The end of the absorbent paper with the loaded samples is
then placed into developing solvent (butanol: acetic acid:
water - 3:1:1), which flows upward along the paper by cap-
illary action. The different amino acids move at different
rates on the paper because of differences in their R groups.
Chromatograms develop for 60-90 minutes or until the
solvent line is within 2.5 cm from the top of the paper.
The paper was removed and the solvent front line was
marked with a pencil. The paper was hanged on a wire.

2.3.5 Staining of chromatograms

In order to detect the location of the amino acids, the dried
paper was sprayed with developer 0.2 % solution of nin-
hydrin in 99 % acetone (0.2 g of ninhydrin + 99 cm?® of
acetone + 1 cm® of distilled water). The wet ninhydrin
chromatogram is first dried at room temperature and then
placed in an oven for 5 min., at 70 °C. The color developed
by the individual spots were outlined and subsequently
marked for photographic purposes. The color and inten-
sity depend on the type and concentration of amino acids.

2.3.6 Analysis of chromatogram

The distance of the solvent migrated and the distance of
each of the migrated amino acids were measured to find
the ratio of the distance that the spot moves to the total
distance the solvent front moves. Distances are measured
to the center of the spots. This ratio is called the R /. value
and is defined as:

_ distance the amino acid migrated

R,

distance the solvent migrated

Identification of individual amino acids was conducted
in comparison with the reference Rf value for each amino
acid.

2.3.7 Quantitative analysis

The amino acid content, after separation by Thin —
Layer chromatography, is determined using spectropho-
tometrically, by measuring the extinction (absorbance)
of the eluted solution of a stained spot on the particular
wavelength.

2.3.8 Elution of spots of amino acids on chromatogram
The spots of amino acids in the chromatogram were cut
into small pieces which transferred to tubes (volume of 10
ml). In the tube 0.5 ml of 1 % solution of ninhydrin was
added in a phosphate buffer pH 7. In this solution 5 ml with
water saturated n-butanol pH 7 was also added. (The neu-
tralization of water saturated n-butanol is achieved by the
careful addition of sodium hydroxide solution). The tubes
are left to boil in a water bath for 20 minutes, and then
cooled below the water jet to room temperature. Chilled
tubes were filled with 10 ml with water saturated n-buta-
nol (pH = 7) and shaken well. After being removed from
the water bath and cooling. If the contents of the tube was
hazy, in this case it was necessary to fill the test tube with
10 ml of pure n-butanol.

The method of spectrophotometry was used for estab-
lishing the concentration of identified amino acids. It mea-
sures the absorbance at 570 nm. As a comparative solu-
tion, n-butanol is used.

The total concentration of free amino acids was deter-
mined through a standard curve line for tyrosine while the
concentration for each amino acid was also determined
through a standard curve line for glycine [21, 22].

2.4 Statistical analyses

Principal Component Analysis (PCA) is a mathematical
procedure used as a central tool in chemometrics simu-
lations, and represents a multivariate technique in which
the simultaneous data reduction and classification is per-
formed by transforming the data into orthogonal compo-
nents that are linear combinations of the original variables
[23]. PCA is done by Eigenvalue decomposition of the cor-
relation matrix of the obtained data [24], which ensures
that the first component will contain the largest possible



variance. This analysis is generally used to achieve the
maximum separation among clusters of parameters [25].
All determinations were made in triplicate. Analysis
of variance (ANOVA) for comparison of sample means
was used to analyze variations in observed parame-
ters among the samples. All data was processed statisti-
cally using the software STATISTICA 10.0 (StatSoft Inc.,
Tulsa, OK, USA).

3 Results and discussion

3.1 Chemical parameters

The data obtained for 10 wheat genotypes are presented in
Table 1. The moisture content in the wheat genotypes usu-
ally ranged from 7.8 % to 14.8 % [26]. In the wheat geno-
types analyzed in this study, the moisture content ranged
from 10.43 % (PZA 2) to 13.50 % (PZA 8), which indi-
cates that these genotypes can be stored for a longer time
(Table 1).

The ash content is an important parameter in the mill-
ing industry; millers need to know the overall mineral
content of the wheat to achieve a specific ash level in flour.
Ash in the flour can affect the color of the finished prod-
uct [27]. The ash content was found to be in the range of
1.45 % (PZA 1) to 1.88 % (PZA 9). In the following study
the ash content is high because the whole wheat flour is
being studied. Wheat is the most popular source of pro-
tein in the human diet. In this study the protein content
in the whole wheat flour ranged from 13.35 % (PZA 8) to
17.32 % (PZA 4), with an average of 15.05 %. The highest
protein content was established in PZA 4 (17.32 %) and
PZA 7 (17.14 %), followed by PZA 5 (15.04 %) and PZA 2
(15.03 %). Environmental conditions and wheat geno-
types are mostly responsible for protein content and those
two factors have a major influence during the growth and
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development of the seed [28]. High temperature during
the grain filling period influences grain protein content
and composition; it increases the ratio between gliadin
and glutenin, which represent weak dough traits [29, 30].
Its influence on decreasing starch deposition in grains
[31] leads to more nitrogen per unit of starch [32]. The
water deficit induces reduction in starch accumulation as
well as grain yield during the grain filling phase [33]. It
is known that salinity stress increases grain protein con-
tent by 18%, wet gluten by 3 %, and dry gluten by 8 %
in durum wheat [34]. From the statistical results it is evi-
dent that the protein content was significantly affected by
the wheat genotypes. The difference between genotypes
may be due to variation in their genetic variability. The
genotype PZA 8 had the highest starch content (64.75 %)
while PZA 2 and PZA 4 had the lowest (53 %). The results
obtained in this study are similar to the earlier studies [35]
which reported variation in starch content from 60 % — 70
% of the whole grain. The lipid content in ten genotypes
of wheat ranged from 1.95 % to 1.88 %. The highest lipid
content was observed in three genotypes of wheat PZA 1,
PZA 8 and PZA 10 (1.95 %), while the lowest lipid con-
tent was found in PZA 7 (1.88 %) and PZA 9 (1.89 %). The
statistical analysis of the lipid content demonstrates that
there is no significant difference (p<0.05) between geno-
types of soft wheat. In this experiment, PCA was applied
to analyze the similarities of the various wheat types, col-
lected at different sampling sites. PCA was used to allow
easy representation of observed parameters and different
wheat samples in a two-dimensional diagram. The first
two PCs were extracted and utilized in bivariate plots;
loadings were considered to evaluate correlations between
variables. Prior to PCA, the data sets were examined for
outliers [36]. The PCA of the presented data explained that

Table 1 Chemical composition of 10 genotypes of wheat

Genotype Ash (%) Moisture (%) Protein (%) Lipids (%) Starch (%)
PZA' 1 1.45+0.01° 12.27 £ 0.15% 14.82 +0.01% 1.95+0.01° 56.00 + 0.82%¢
PZA2 1.63 +£0.01° 10.43 +0.06" 15.03 £0.01° 1.89 +0.02° 53.00 + 0.82°
PZA 3 1.82 £0.01° 13.03 +£0.06¢ 14.98 +0.01° 1.93 £0.01° 56.50 & 1.29
PZA 4 1.74 £ 0.01¢ 1173 £ 0.15° 17.32 £ 0.01¢ 1.92 +0.02¢ 52.75 £0.50°
PZA'S 1.56 £ 0.02° 12.10 4 0.26%¢ 15.04 +0.01* 1.91 +0.02¢ 56.75 £ 0.500
PZA 6 1.61 £0.02¢ 12.50 £ 0.10¢ 14.98 + 0.02¢ 1.90 +£0.02* 54.25 £ 1.26®
PZA 7 1.57 +0.01° 13.20 + 0.10% 17.14 £ 0.02¢ 1.88 +£0.02* 62.75 £ 0.96°
PZA 8 1.46 £ 0.01* 13.50 + 0.10¢ 13.35+£0.01° 1.95+0.01* 64.75 +0.96"
PZA 9 1.88 £ 0.01° 11.97 £ 0.15%® 14.42 £ 0.01° 1.89 +£0.01* 58.00 £ 0.82¢¢
PZA 10 1.47 £ 0.01* 13.27 £ 0.06% 13.73 £0.57° 1.95+0.01* 60.75 £ 1.71¢%

*'Values with the same letter are not statistically different at the p < 0.05 level (according to post-hoc Tukey's HSD test)
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the first two principal components accounted for 76.04 %
of the total variance (51.01 % and 25.03 %, respectively) in
the five variable spaces (the content of the ash, moisture,
protein, lipids and starch). The points shown in the PCA
graphics, which are geometrically close to each other,
indicate the similarity of patterns that is represented by
these points. The orientation of the vector describing the
variable in factor space indicates an increasing trend of
these variables, and the length of the vector is proportional
to the square of the correlation values between the fitting
value for the variable and the variable itself.

The angles between corresponding variables indicate
the degree of their correlations (small angles correspond-
ing to high correlations). Considering the map of the PCA
performed on the data, moisture content, which contrib-
uted 34.5 % of total variance, and starch content, which
influenced 30.07 % of the whole variance, exhibited pos-
itive scores according to first principal component, while
the contents of ash (9.9 %), protein (7.9 %) and lipid con-
tent (17.5 %) showed a negative score according to the first
principal component (Fig. 1). The content of ash contrib-
uted to 28.7 % of the total variance (based on correlation)
and the content of protein (32.8 %) contributed positively,
while the content of lipid contributed negatively (33.0 %)
for the calculation for the evaluation of the second princi-
pal component. The influence of the chemical parameters
can be seen in Fig. 1, where the samples with higher ash
and protein contents are located in the upper part of the
graphic (samples 4, 3, 7 and 9), while sample 2, which is
characterized with higher lipid content is located at the
bottom part of the graphic. Samples 8 and 10 are located
at the right side of the graphic as they demonstrate higher
moisture and starch content.

o+

Moist

Starch

PC 2:25.03%
(=]

Lipid

2
2 9,
-3 -2 -1 0 1 2 3

PC 1:51.01%

Fig. 1 PCA ordination of ash, moisture, protein,

lipids and starch content

Table 2 The qualitative analyses of the amino acids in 10 genotypes of
Albanian soft wheat

Samples (PZA)
1 2 3 4 5 6 7 8 9 10

Amino acids

Ornithine (Orn) + + + o+
Proline (Pro) + + o+
Oxy proline (Oxy) +
Glutamic acid (Glu) + + 4+ 4+ + + + + 4+ o+
Methionine (Met) +
Tryptophan (Trp) + o+ o+
Phenylalanine (Phe) +

B-alanine (8-Ala) +

Cysteine (Cys) + + 4+ 4+ + o+ o+ 4
Arginine (Arg) + + o+
Lysine (Lys) + + + o+ o+
Asparagine (Asn) + + + + 4
Aspartic acid (Asp) + +

4 Amino acid content

Table 2 shows the qualitative analyses of the amino acids
in ten genotypes of Albanian wheat. The amino acid con-
tent was also found to be affected by the wheat genotypes.
In each of the examined genotypes, the different numbers
of amino acids and different compositions of identified
amino acids (Table 2) has been identified.

The most amino acids present in the analyzed geno-
types of wheat were glutamic acid, cysteine, lysine and
asparagine. The gluten protein consists of monomeric
gliadins and polymeric glutenin, which are recognized
as the major wheat storage proteins, are rich in asparag-
ine, glutamine, arginine and proline [37] but very low in
nutritional important amino acids lysine, tryptophan and
methionine [38]. Humans and animals are able to synthe-
size nine non-essential amino acids out of the 20 amino
acids. The remaining amino acids, which are considered
essential amino acids, must be provided by foods. Among
them cysteine (as well tyrosine) can be classified as
semi-essential amino acids, because they can be synthe-
sized only from Methionine and Phenylalanine [39]. The
amino acid composition is important in determining the
nutritional value of wheat for human and animal diets. The
grain protein content and amino acid composition is deter-
mined by genetic factor (wheat genotype) and can change
under the influence of environmental conditions (water,
temperature). Wheat germs are a valuable component of
functional foods because they present a high content of
amino acids in protein [40] which can be used without



Table 3 Total concentration of free amino acids in wheat grain

Genotypes Concentra}tion Concentration
(mg ml™) (%)
PZA 1 96.5 9.65
PZA 2 109 10.9
PZA3 84 34
PZA 4 99 9.9
PZA'5 96 96
PZA 6 88 8.8
PZA 7 63 63
PZA 8 93.5 9.35
PZA 9 107 10.7
PZA 10 78 73

limits in animal feed. Environmental factors such as high
temperature are associated with increased protein content
in grain, but with decreased levels of essential amino acids
[41]. The highest free amino acid content was established
in PZA 2 (109 mg ml") and PZA 9 (107 mg ml?), while
the lowest free amino acid content was found in PZA 7
(63 mg ml™") (Table 3).

The PCA of the present data explains that the first
two principal components accounted for 65.15 % of the
total variance (40.53 % and 24.62 %, respectively) in the
thirteen variables space (the content of Orn, Pro, Oxy,
Glu, Met, Trp, Phe, B-Ala, Cys, Arg, Lys, Asn and Asp).
Considering the map of the PCA performed on the data,
Orn content, which contributed 12.4 % of total variance,
and Cys content, which influenced 12.6 % of the whole
variance, exhibited positive scores according to first prin-
cipal component; while the contents of Lys (14.2 %), Pro
(10.0 %), Trp (14.1 %), Oxy (10.5 %) and Met (10.5%)
showed a negative score according to the first princi-
pal component (Fig. 2). The content of Asn contributed

3

PC 2:24.62%
=)

PC 1:40.53%

Fig. 2 PCA ordination of Orn, Pro, Oxy, Glu, Met, Trp, Phe, B-Ala, Cys,
Arg, Lys, Asn and Asp content in samples.
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to 28.7 % of the total variance (based on correlation) and
content of B-Ala (11.3 %) contributed positively, while the
content of Oxy (9.8 %), Met (9.8 %), Arg (13.1 %) and Orn
9.7 %) contributed negatively for the calculation for the
evaluation of the second principal component. The influ-
ence of the chemical parameters can be seen in Fig. 2,
where the samples with higher Asn and B-Ala contents are
located in the upper part of the graphic (samples 1, 3 and
10), while sample 9, which is characterized with higher
Oxy, Met and Arg content is located at the bottom part of
the graphic. Sample 8 is located in the central part of the
graphic, having higher Lys, Pro and Trp content. Samples
2,4, 6, and 7 are located at the bottom right side of the
graphic (higher Phe, Asp and Orn content).

Table 4 showed that different genotypes of wheat,
demonstrated different contents of essential amino acids.
Amino acid lysine was present in five analyzed genotypes
(PZA 1, PZA 3, PZA 8, PZA 9, PZA 10), while amino
acid tryptophan was present in three analyzed genotypes
(PZA 8,PZA 9, PZA 10). The content of amino acid lysine
ranged from 5.08 % (PZA 1) to 10.13% (PZA 10), while
amino acid tryptophan ranged from 1.11% (PZA 9) to
1.91% (PZA 10). The lysine content obtained in genotypes
that were studied was higher than in wheat cultivars. The
high level of lysine depends on the biosynthetic pathway
in which enzymes aspartokinase (AK) and dihydrodipi-
colinate synthase (DHPS) play an important role. The
increase of lysine synthesis can be achieved by express-
ing mutant enzymes (AK, DHPS) which are insensitive to
lysine feedback inhibition [42]. This is achieved in seeds
of high lysine maize [43]. Tryptophan plays a role as a pre-
cursor of the neurotransmitter serotonin and the epiphy-
seal hormone melatonin [44]. The tryptophan contents,
obtained in the wheat genotypes that were analyzed, were

Table 4 Total content of essential amino acids (EAA)
of the 10 genotypes of soft wheat.

Genotypes Met Lysine Phe Trp
PZA 1 5.08 -
PZA2 1.51

PZA3 8.93

PZA 4

PZA'S

PZA 6

PZA 7

PZA 8 6.84 1.18
PZA9 0.92 9.72 1.11
PZA 10 10.13 1.91
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lower than the content reported by Gafurova [45] (1.8 %
to 2 %), higher than the content reported by Knezevi¢
[46] (0.92 % - 1.0%), but similar to those reported by
Comai [47] (on average 1.16 %).

In the cereal seeds of Albanian wheat genotypes, that
were analyzed, only five genotypes established a presence
of lysine whose content was found to be higher than in the
majority of the research. Also, the nutritional quality of
protein in analyzed wheat genotypes is limited to a low
concentration of methionine, phenylalanine and trypto-
phane. In wheat cultivars, grown in Denmark [48], in the
UK [45], in Poland [49], in Serbia [41], and in Romania [50]
was found poor content of lysine and the remainder were
essential amino acids. The present data explained that the
first two principal components accounted for 76.54 % of
the total variance (53.92 % and 22.62 %, respectively) in
the four variable spaces (the content of Met, Lys, Phe and
Trp). Among the essential amino acids, Lys, Trp, and Met
attracted the biggest attention, which are the most limiting
in wheat as well as in other cereals used in human foods
and animal feed worldwide. The lysine and methionine
amino acids are synthesized from aspartic acid [35].

Considering the map of the PCA performed on the data,
Phe content, which contributed 9.9 % of total variance,
exhibited positive scores according to the first principal
components, while the contents of Lys (38.0 %), Phe (9.9 %)
and Trp (33.2 %) showed a negative score according to the
principal component (Fig. 3). The content of Phe contrib-
uted to 79.8 % of the total variance (based on correlation)
and content of Met (18.5 %) contributed positively for the
calculation of the evaluation of the second principal com-
ponent (Fig. 3). The role of tryptophan is very important in
increasing the growth of wheat [51], seed weight of wheat
[52], as well as increasing chlorophyll a and chlorophyll b

content, with no significant change in carotenoid content
under saline environment [53]. The amino acids methi-
onine and phenylalanine were presented only in two geno-
types, PZA 9 and PZA 2, respectively. According to some
authors [51, 56] cereal grain methionine is the first amino
acid remaining as minimum. Phenylalanine is essential
for growth and development and young children can con-
sume small amounts. Genotype PZA 9, was characterized
by the largest number of the determined essential amino
acids (three), indicating high nutritional value. In gliadins
storage protein, glutamic acid is presented as glutamine.
In this study, glutamic acid was identified in all analyses
genotypes (Table 5) and ranged from 5.96 % (PZA 4) to
19.79 % (PZA'5).

The content of glutamic acid in ten Albanian wheat
genotypes that were analyzed was higher than the content
(4.24 — 8.75 %) found in aestivum and durum wheat geno-
types reported by Spychaj-Fabisiak [50]. Glutamic acid is
synthesized in the body (non-essential amino acid) and has
a main role in amino acid metabolism and in maintaining
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Fig. 3 PCA ordination of Met, Lys, Phe and Trp content in samples

Table 5 Total content of non-essential amino acids (NEAA) in grains of 10 wheat genotypes

AA— Oxy

Glutamic

| Lines f-alanine  Proline proline Ornithine  Arginine  Aspartic acid acid Asparagine Cysteine Citrulline
PZA 1 2.23 8.91 4.45 4.14

PZA2 5.18 2.66 4.31 7.06 5.23

PZA 3 10.3 8.57 4.52

PZA 4 479 7.07 5.96 4.85

PZA'S 19.79 9.50 8.96 3.28
PZA 6 3.86 5.90 6.36 5.45

PZA 7 6.03 18.41 6.8

PZA 8 8.12 9.79 8.40

PZA9 5.46 15.83 9.80 15.18

PZA 10 3.84 15.90 3.30 8.97




nitrogen balance in the body, which is essential in stress
and illness situation. Glutamic acid (exists as glutamate) is
a well-established excitatory neurotransmitter in the cen-
tral nervous system.

Amino acid cysteine was identified in 8 genotypes of
wheat (PZA 1, PZA 2, PZA 3, PZA 4, PZA 5, PZA 6,
PZA 7,PZA 10) and ranged from 4.14 % (PZA 1) to 8.97 %
(PZA 10). Synthesis of cysteine takes place in the endo-
sperm and may limit the synthesis of sulfur-rich endo-
sperm proteins, thus affecting flour quality, bread softness
and nutritional value [57]. Cysteine is the limiting precur-
sor to the production of glutathione, coenzyme A, taurine,
and sulfite/sulfate. Amino acid asparagine was established
in five genotypes of wheat (PZA 1, PZA 3, PZA 5, PZA 8§,
PZA 10). The highest content of the amino acid aspar-
agine was established in genotype PZA 5 (9.50 %), fol-
lowed by genotype PZA 8 (8.40 %), while the lowest con-
tent was found in genotype PZA 10 (3.30 %). Asparagine
has a main role in nitrogen storage and transport in plants
and accumulation in plant tissue under stress condi-
tions that in harvested seeds is related to the formation
of acrylamide in food. Amino acids arginine and proline
were indentified in three genotypes of wheat. Amino acid
ornithine was found in four genotypes of wheat (PZA 2,
PZA 4,PZA 6,PZA 7) and the content ranged from 2.66 %
(PZA 2) t0 6.03 % (PZA 7). Amino acids -alanine, oxy —
proline and citrulline were identified only in one genotype
of wheat, PZA 2, PZA 9 and PZA 5, respectively (Table 5).
Those concentrations were different in comparison to pre-
vious studies [50, 54]. It’s known that nitrogen-contain-
ing compounds such as glutamine, asparagine, proline
and ornithine accumulate in plants grown under environ-
mental stress [55]. Also, glutamic acid can directly con-
vert to proline. The PCA for non-essential amino acids
(NEAA) explained that the first two principal components
accounted for 59.66 % of the total variance (31.84 % and
27.82 %, respectively) in the ten variables space (the con-
tent of f-Ala, Pro, Oxy, Orn, Arg, Asp, Glu, Asn, Cys and
Cit). Considering the map of the PCA performed on the
data, Arg content, which contributed 21.0 % of total vari-
ance, Oxy content, which influenced 21.8 %, and Pro con-
tent (18.4 %), exhibited positive scores according to first
principal component, while the contents of Asp (9.3 %),
Orn (12.9 %) and Cys (13.1 %) showed a negative score
according to the first principal component (Fig. 4).
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Fig. 4 PCA ordination of $-Ala, Pro, Oxy, Orn, Arg, Asp, Glu, Asn,
Cys and Cit content

The content of Orn, which contributed 9.4 % of the
total variance (based on correlation) and the content of
Asp (10.3 %) contributed positively, while the content of
Cit (21.9 %), Asn (21.9 %), and Glu (17.8 %) contributed
negatively for calculation of the evaluation of the second
principal component (Fig. 4) The influence of the chemical
parameters can be seen on Fig. 4, where the samples with
higher Orn and Asp contents are located at the upper left
part of the graphic (samples 2, 4 and 6), while sample 9,
which is characterized with higher Oxy, Pro and Arg con-
tent is located at the right part of the graphic. Sample 5 is
located at the bottom side of the graphic (higher Cit, Asn
and Glu content).

5 Conclusion

Analyzed genotypes of soft wheat differ significantly
(P<0.05) between each other in their content of ash, mois-
ture, protein and starch. No significant differences among
analyzed genotypes were found in lipid content (P<0.05).
All genotypes of wheat were characterized by high values
of protein content and an optimal level of starch and lip-
ids. The concentration of the total amino acids varies from
63mg ml' (PZA 7) to 109mg ml"! (PZA 2). Glutamic acid
was presented in all the genotypes analyzed and had the
highest concentration. The most presented essential amino
acids were Lysine (PZA 1, PZA 3, PZA 8, PZA 9, and
PZA 10) and Tryptophan (PZA 8, PZA 9, and PZA 10).
The genotypes PZA 1, PZA 2, PZA 4, PZA 5, PZA 9, are
characterized by high protein and amino acid content,
indicating their high nutritional value.
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