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Compositions of Grains of
Different Barley Genotypes

Barley is an important cereal in the world regarding its utilisation and extensive production
as a feed and food grain in many countries. But little information is available on barley
oil in terms of its composition. The aim of this study was to describe the importance of
barley seeds by extracting their oil and determine its composition regarding lipids along
with evaluations on composition, nutrient content, feed value and quality parameters. The
crude ash, crude protein, ADF, NDF and ADL ratios of the seeds of barley genotypes varied
between 3.5-7.1%; 8.3-13.4%; 13.5-26.0%; 23.8-36.3% and 1.99-8.78%, respectively.
The DMD ratios, DMI ratios, RFV values, TDN ratios, DE and ME values of genotypes varied
between 68.7-78.4%; 3.30-5.05%; 175.9-304.0%; 62.9-72.3%; 3.21-3.63 MJ/kg and
9.67-11.33 Mcal/kg, respectively. The total lipid content of the examined genotypes varied
between 1.7 and 3.9%. Several fatty acids were detected; Palmitic, stearic and arachidic
acids from saturated fatty acids were detected in the seeds of all barley genotypes examined
in the study. The seed lipids of some barley genotypes contain palmitic (16.80-25.56%) and
stearic (1.33-3.70%) acids as the major component of fatty acids, among the saturated
acids, with small amounts of arachidic (0.24-0.54%) and behenic (0.06-0.90%) acids. The
major unsaturated fatty acids found in the seed lipids were oleic (15.30-33.78%), linoleic
(41.92-55.28%) and linolenic (2.84-5.43%) acids. Palmitoleic, erucic, docosahexaenoic
and nervonic acids were shown to be lower than 1%. Eicosenoic and erucic acids were
detected in all barley genotypes. Barley seeds may be used as a source of edible oil due to
the presence of several unsaturated and essential fatty acids.
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1. INTRODUCTION

Cereal-based foods are the primary source of energy and nutrients for the vast
majority of people worldwide [1]. Exploiting the nutritional potential of cereal
grains, particularly their starch, protein, and lipid fractions, is receiving increased
attention as the global need for nutrients, food, and feed increases [2]. There has
been very little scientific interest in identifying the fatty acids and lipid fractions in
barley grain and other cereals, even though lipids have a 7significant influence
on the functional and storage characteristics of cereal products, on processing
[1, 2]. From a nutritional and technological point of view, barley and other cereal
grain lipids in general deserve a more focused interest than the few reports avail-
able [3]. Conventional barley offers superior nutritional value compared to other
cereals in terms of protein, carbohydrate, and mineral content. The nutritional
value of conventional barley is great; however, it contains fewer lipids than oat [2].
The largest lipid concentrations in cereals are in oat, with 2-18% lipids [4], and in
maize, with 5-22% [5] of the whole grain weight. Barley has approximately 2-4%
lipids of the total grain weight. Nevertheless, barley lipids deserve a focused
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interest due to their fatty acid composition and their vi-
tamin E composition [2]. When we look at the previous
studies on the lipid content and fatty acid composition
of cereal grains in Turkey; it was seen that the fatty acid
contents were investigated in the seeds of selected ce-
reals cultivated in Turkey [6], Turkish sorghum landrace
[7], Sorgum bicolor genotypes [8], some pearl millet
genotypes [9].

The aim of this study was to determine the lipid con-
tents and fatty acid compositions of the seeds of some
barley genotypes along with standard chemical analy-
sis such as crude ash, crude protein, ADF, NDF, ADL,
Relative feed value, dry matter digestibility and dry mat-
ter intake.

2. MATERIALS AND METHODS

2.1. PLANT MATERIAL

The names of some barley genotypes grown in the
farmer’s field in the 2020-2021 growing season in Ela-
zig after being obtained from different institutions and
organisations are given in Table I.

2.2. METHODS

2.2.1 Chemical Analyses

Seeds of the barley genotypes were ground in a mill
and passed through 1 mm sieve for chemical anal-
ysis. Chemical analyses were performed in three
repetitions. Crude ash ratio of barley grain samples
was determined by burning at 550°Cfor 8 hours
[10]. Crude protein analyses were performed by the
methods specified in AOAC [11]. The ADF, NDF and
ADL constituting the cell wall were performed by the
method specified in Van Soest [12] and Van Soest
and Wine [13]. Relative feed value (RFV), dry matter
digestibility (DMD) and dry matter intake (DMI) of bar-
ley grains were calculated according to the following
formulas [14].

DMD% = 88.9 - (0.779 x ADF%);

DMI% = 120 / NDF%;

RFV = (DDM% x DMI%) /1.29

Table | - Names of barley genotypes used in the study

The total digestible nutrients (TDN) ratios and meta-
bolic energy (ME) values of the seeds of barley gen-
otypes were determined according to the method
specified by Moore and Undersander [15], and the
digestible energy (DE) value was determined by Fon-
nesbeck et al. [16] according to the method specified.

2.2.2 Qil Extraction and Preparation of Fatty Acid Methyl
Esters (FAME)

Impurities were removed from the barley seeds, and
the clean seeds were ground into powder using a ball
mill. Lipids were extracted with hexane/isopropanal
(8:2) [17]. The lipid extracts were centrifuged at 1 g for
10 min and filtered; then the solvent was removed on
a rotary evaporator at 50°C.

2.2.3 Capillary GLC

Fatty acids in the lipid extracts were converted into
methyl esters by means of 2% sulfuric acid in meth-
anol [18]. The fatty acid methyl esters were extract-
ed with 2.5 ml hexane. Then the methyl esters were
separated and quantified by gas chromatography and
flame ionisation detection (Agilent brand 7890A mod-
el GC, 5975C model MS) coupled to a glass GC 10
software computing recorder. Chromatography was
performed with a capillary column (100 m in length
and 0.25 mm in diameter, BPX90: SGE 054596) us-
ing nitrogen as carrier gas (flow rate 3 ml/min). The
temperatures of the column, detector, and injector
valve were 120-250°C and 230-270°C, respectively.
Identification of the individual method was performed
by frequent comparison with authentic standard mix-
tures that were analysed under the same conditions.
The data obtained was analysed by one-way analysis
of variance (ANOVA) with the Jump-Pro13 statistical
package program, and the differences between the
means were compared according to the Tukey test.
Correlation analysis was performed between the
examined features. Correlation analysis and colour
map were made in Jump-Pro13 and Biplot graphics
in Genstat 12th (Copyright 2011, VSN International
Ltd.).

No Genotypes No Genotypes No Genotypes No Genotypes
G1 Baris G11 Onder G21 Novosadski-565 G31 Bravo
G2 Caca Bey G12 Burakbey G22 Nonius G32 Finola
G3 Akar G13 Anka-11 G23 Dara G33 Larende
G4 Cetin-2000 G14 Altikat G24 Erginel-90 G34 Tosunpasa
G5 Lord G15 Bozlak G25 Altinay G35 Bozlak
G6 Sladoran G16 Altinorak G26 Sentosa G36 Anka-10
G7 Sur-93 G17 Scarpia G27 Champie G37 Aydan Hanim
G8 Anka-08 G18 Samyeli G28 Inbat G38 Sahin-91
G9 Anka-06 G19 Anka-09 G29 Kendal G39 Ince-04
G10 Asil G20 Hevsel G30 Tarm-92 G40 Avci-2002
G41 Unver




3. RESULTS AND DISCUSSION

3.1. BASIC CHEMICAL ANALYSIS

Crude ash, crude protein, acid detergent fibre (ADF),
neutral detergent fibre (NDF), acid detergent lignin
(ADL), dry matter digestibility (DMD), dry matter intake
(DMI) and total digestible nutrients (TDN) ratios and rel-
ative feed value (RFV), digestible energy (DE) and met-
abolic energy (ME) values determined in the grains of
some barley genotypes were found to be statistically
significant at the 1% level (Table II).

The crude ash and crude protein ratios of the seeds of
barley genotypes varied between 3.5-7.1% and 8.3-
13.4%, respectively. The highest crude ash content of
barley genotypes was obtained in Altinay variety, fol-
lowed by Kendal and Dara varieties, which are statisti-
cally in the same group. The highest crude protein ratios
were found in Altikat and Burakbey varieties, which were
in the same group statistically. On the other hand, the
lowest crude ash and crude protein ratios in grains be-
longing to barley genotypes were statistically obtained
in Aydan Hanim and Avci-2002 varieties, which are in
the same group. While it was reported that crude pro-
tein ratios of hulled and hulless barley were obtained as
13.41% and 14.62-16.65%, respectively [19], crude
protein ratios of winter barley grain were reported to ob-
tained as 8.2-12.1% [20], and as 10-20% in barley seed
[21]. On the other hand, crude ash and crude protein
rates were obtained as 6.4% and 21.9%, respectively,
in barley [22], as 2.0-2.7% and 9.6-11.5%, respective-
ly, in batches of barley [23], as 2-4% and 11.4-14.3%,
respectively, in Tunisian barley varieties [24], as 2.6%
and 12.0%, respectively, in grain of barley [25], as 0.51-
2.03% and 8.3-9.2%, respectively, in whole barley flour
[26], as 2.01-4.65% and 8.68-10.74%, respectively, in
highland barley flour [27].

The ADF, NDF and ADL ratios of the seeds of barley
genotypes varied between 13.5-26.0%, 23.8-36.3%
and 1.99-8.78%, respectively. While the lowest ADF,
NDF and ADL ratios were obtained from Unver, Caca
Bey and Aydan Hanim varieties, respectively; the high-
est ADF and NDF rates were found in Bozlak cultivar,
and the highest ADL rate was found in Kendal, Dara,
Sentosa and Larende cultivars, which are statistically
in the same group. In the study in which the chemical
composition of winter barley grain was examined, it was
reported that the crude fibre, ADF, NDF and lignin values
of barley seed were obtained as 45.6-53.4 g/kg DM,
57.2-69.1 g/kg DM, 186-259 g/kg DM and 8.7-13.1 g/
kg DM, respectively [20], while in the study examining
the nutritional values of some grain species, it was re-
ported that the crude fibre, ADF, NDF and ADL values
of barley grain were obtained as 50 g/kg DM, 105 g/kg
DM, 253 g/kg DM and 25 g/kg DM, respectively [25].
On the other hand, crude fibre values were obtained as
38-64 g/kg DM in barley grain [23], as 4.21% in whole
barley flour [26], as 11-34% in barley seeds [21].

The DMD and DMI ratios and RFV values of barley
grains differed statistically by 1% among genotypes
and varied between 68.7-78.4%, 3.30-5.05% and
175.9-304.0%, respectively. The highest DMD rate
was obtained from the Unver cultivar, and the highest
DM rate and RFV value were obtained from the Caca
Bey cultivar, while the lowest DMD, DMI rates and RFV
value were determined from the Bozlak cultivar. The
TDN ratio, DE and ME values of barley seeds differed
statistically at the level of 1% among genotypes. The
TDN ratios, DE and ME values of grains of barley gen-
otypes varied between 62.9-72.3%, 3.21-3.63 MJ/kg
and 9.67-11.33 Mcal/kg, respectively. While the high-
est TDN ratios and DE values were obtained from the
Unver cultivar, the highest ME value was obtained from
the Baris cultivar. The lowest TDN rate and DE value
were determined from the Bozlak cultivar, and the low-
est ME value from the Unver cultivar. While it has been
reported that the ME of barley grain was obtained as
13.4 MJ/kg DM [22], the apparent metabolisable en-
ergy value of barley seeds was obtained as 10.5-13.7
Mcal/kg DM [23].

With biplot analysis methods, the relationship between
genotypes and the characters examined in the re-
search can be presented graphically. In these graphs,
PC1 represents the efficiency of genotypes and PC2
represents the stability of genotypes [28]. For this rea-
son, it is desired that the PC1 value of an ideal geno-
type/variety should be high in terms of the characters
in question, and the PC2 value should be close to zero
[29]. The study found that the total variation between
genotypes and traits was 92.09%, where 80.33% was
sourced from PC1 and 11.76% was sourced from
PC2. Demirel et al. [30] showed that the PC1+PC2
variation was 73.32% in the graphics obtained from the
biplot analysis in their study, Akcura et al. [31] 82.2%,
Yorulmaz et al. [32] found that this value was 47.07%.
Since the angle between the vectors representing the
examined features DMI, RFV, DMD, TDN, DE and ME
is lower than 90°, there is a high positive relationship
between these parameters. In addition, there was a
high negative relationship between ADF and NDF, ADL
and ash content. The distance of the vectors express-
ing the features and the distance of these vectors from
the centre point of the coordinate plane are due to the
weakness of the relationship between these characters
[33]. When the vector graphic of this study is examined;
it can be seen that the variation between varieties was
low in terms of ADL ratio, but the variation was high in
terms of other characteristics. In addition, it was seen
that RFV and DMI features were in the first mega envi-
ronment, DMD, TDN, DE and ME features were locat-
ed in the second mega environment, ash and protein
features were located in the third mega environment
and ADL, ADF and NDF features were located in the
fourth mega environment.

Scatterplot biplot graphics provide a visual output by
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Table Il - Means of the examined characteristics

O | oy | (Relate | (rom | O | M
Genotype CA CP ADF NDF ADL | (Dry Matter R (Digestible| (Metabolic
Digestibility| Matter Feed Dlge_s tible Energy) Energy)
Intake) Value) | Nutrients)
(%) (%) (%) (%) (%) (%) (%) (%) (MJ/kg) | (Mcallkg)
G1 52km | 11.0Kk 15.9fn 253 1-m 5.03 nq 76.5 a-I 474a-g | 2811ag| 704a- 3.54 a-I 11.33a
G2 43rs | 104 mn 14.6 I-n 23.8m 4.07r 776a<c 505a 304.0a 714 a<c 359a-c | 11.29ab
G3 58¢- 12.0 ef 18.3 d+j 27.5d-k 8.33 cd 747ek | 436fk | 2524fk | 687ek | 347ek | 1129ab
G4 5.7g4 12.8 be 15.7 h-n 26.6 f-m 7.62f 77.0 ag 451b-1 | 268.0a-1 | 706ag | 355ag | 11.26a<c
G5 551k | 10.3no 16.0 f-n 26.0g-m 5.34 I-n 765a-1 | 4.61ah | 27354 704 a-I 354a1 | 1119a<c
G6 54 11.1jk 13.8 mn 24.21m 381r 782ab | 497ac | 3014ad| 720ab 362ab | 11.13ad
G7 6.2 ef 10.7 Im 171 el 254 1-m 5.331n 755 ¢ 473a-g | 2773a-h 69.5 ¢ 350ci | 11.13ad
G8 52Im 9.5dt 18.4 d-I 27.6d4 6.35] 74.5 1k 4.35fk | 251.7fk 68.5 f-k 346fk | 11.11a-e
G9 55g4 | 123de 16.7 f-m 2714 5311n 75.8 b-I 442e-k | 260.2e 69.8 b-I 3.52b-1 | 11.11a-e
G10 54 1.7 fh 16.7 f-m 27.1d- 6.85 gh 75.9 b1 443d§ | 2604 e 69.8 b-I 3.52 b-I 11.05 af
G11 5.9fh 13.0b 16.1fn 251 1-m 5.68 k 763a-1 | 4.78a-g | 283.0a-g| 70.3a- 354a1 | 11.04ag
G12 58g- | 13.1ab 16.8 e-m 27.2d- 481q 758b | 441ek | 259.0¢e 69.7 b+ 351bj | 11.03a-h
G13 4.6qr 11.7fg 158 g-n 26.1 fm 52110 76.6a-h | 460a-h | 2731a41 | 705a-h | 3.55a-h | 11.02a-h
G14 6.5ce 134a 18.8 c-g 29.2 b 8.04 de 74.2 h-l 4.11h 236.3 - 68.2 h-l 3.45h- 11.00 a-I
G15 59fg 106 m 26.0a 36.3a 6.04 ] 68.7n 3.30m 1759 m 62.9n 321n 11.00 a-I
G16 57g4 | 10.7Im 16.6 f-n 2724 6.481 76.0 a-I 442e-k | 2605e 69.9 a-I 3.52 a-I 10.99 a-I
G17 6.2 de 12.0 ef 17.0 el 259 h-m 6.65 hi 756¢c§ | 463ah | 2714a- 69.6 ¢+ 351 ¢ 10.98 a-I
G18 65ce | 115g- 19.9 b-e 30.3 b-d 8.06 de 734 jm 3.96 -l 2252 674jm | 341jm | 10.98a
G19 46p-r | 10.2no 149 k-n 25.3 I-m 4.85 pq 772ad | 474a-g | 2841ag| 711ad 3.58 a-d 10.92 a-1
G20 6.3 de 1.1k 17.9 d-k 28.3 ¢l 7139 75.0d-k | 4.25¢ 247.0F 689d-k | 348dk [ 10.90b-
G21 54 1.1k 16.9 e-m 27.3d- 6.12 757b | 440ek | 258.1 e 69.7 b+ 3.51 b 10.90 b-I
G22 6.5cd 11.8fg 17.9 d-k 28.3 ¢ 7.84 ef 75.0d-k | 425¢ 2471 F 69.0d-k | 3.48d-k [ 10.90b-
G23 69ab | 1121k 221b 30.9 be 8.76 ab 71.6m 388k | 2156km| 657m 3.34m 10.89 b-I
G24 6.7 bc 13.0b 18.8 c-h 29.2 b-g 7.92 ef 74.2 g 4.12h- | 237.0hd 68.2 g-l 345 ¢ 10.88 b-j
G25 71a 12,6 cd 19.1 b-f 28.0 ¢ 8.34 cd 7401-m | 429fk | 2466g- | 6811-m | 3441m | 10.87 b
G26 55hj | 10.00-q 17.0 el 26.1 f-m 8.67 ab 75.6¢c§ | 460ah | 269.5a- 69.6 ¢+ 351 ¢ 10.86 ¢+
G27 6.2de | 102n-p | 20.6 b-d 29.0 b-h 844bc | 728km | 4.14h 233811 | 669km | 3.39k-m | 10.86cq
G28 521Im 11.8f 16.1fn 27.1d4 5'1€ m- 76.3 a-I 442ek | 261.8c 70.2 a-I 3.54 a-I 10.84 ¢+
G29 70ab | 11.7fh 21.8 b 321b 8.78a 71.91m 3.73Im 208.3Im 66.0 Im 3.35Im | 10.75d-k
G30 49mp | 106m 158 g-n 26.2 f-m 1.9u 76.6a-h | 458ah | 2719a- | 705a-h | 3.55a-h | 10.75d-k
G31 4.7 0q 9.6t 15.6 I-n 24.21m 3.86r 768af | 497ad | 2959a-e | 70.7af 356af | 10.69ek
G32 5.0 m-0 9.3t 16.0 f-n 27.1d- 3.34s 76421 | 442ek | 262.1b 70.3 a1 3.54 a-1 10.67 f-k
G33 48n-q | 97g-s 20.6 b-d 30.0 b-e 865ac | 729km 4.01 ¢l 226.5j 669km | 3.39k-m | 10.62g
G34 41s 9.9 pr 15.1jn 25.0j-m 5.32 -n 771ae | 481af | 2876af| 710ae | 3.57ae | 10.62h
G35 48n-q | 10.2no 13.8 mn 241 1m 5.04 nq 782ab 498ab | 3019ac| 720ab 362ab | 10.59 I-m
G36 50mn | 123de 15.1j-n 25.0 j-m 3.06s 771ae | 481af | 2876af| 710a-e | 3.57ae | 1047jm
G37 3.7t 8.3u 14.0 - 244 k-m 266t 780ac | 493ae | 2981ae| 718ac | 361ac | 10.39km
G38 54 114 h+j 17.0 f-m 271 el 7.85 ef 75.9 b-1 4440 | 261.1d4 69.8 b-I 3.52b-1 | 10.38 k-m
G39 51mn | 11.7fh 16.7 f-m 271 e 4.94 0q 75.9 b-I 4.43 ¢ 260.7 d-j 69.8 b-I 3.52 b-I 10.23 Im
G40 35t 84u 15.0 k-n 25.0j-m 5.48 kI 772ad | 480af | 2874af| 711ad | 3.58ad 10.18 m
G41 4.6 p-r 9.4t 135n 24.11m 5.36 k-m 784 a 498a-c | 302.6ab 723a 363a 9.67n
Av. 5.5 1141 1741 27.0 6.06 75.6 4.50 262.6 69.5 3.50 10.85
TUKEY 0.05) 0.080" | 0.079" 0.783" 0.789" 0.078 0.610" 0.134” 10.059* 0.589” 0.026 0.103"
CV (%) 1.64 0.815 5.555 3.548 1.567 0.979 3.570 4.691 1.350 0.857 1.107

" significant at the P<0.01 level. There is no statistical difference between the averages shown with the same letter.

evaluating the relationship between genotypes based
on average data. However, it cannot provide infor-
mation about the importance level of the relationship
between features. In addition to biplot graphics, our
research was supported by a pairwise correlation ta-
ble and a correlation colour map resulting from the
correlation to reveal the importance of the relationship
between features (Table Ill; Figure 3). While there was a
positive and high relationship between the research CA
rate and CP, ADF, NDF and ADL, a negative and high
relationship was found between other features (Table
I1).

In the biplot chart (Figure 2), which makes it easy to ex-
press which genotype is at the forefront at which point,

in terms of the parameters examined, it has been de-
termined that varieties that stand out were: 1) Variety
number 15 (Bozlak) in terms of ADF, NDF, 2) Variety
numbers 23 (Dara) and 29 (Kendal) in terms of ADF,
NDF and ADL, 3) Variety numbers 21 (Novosadski-565)
and 25 (Altinay) in terms of protein and ash content.
The absence of any feature in the regions with varieties
4 (Cetin-2000), 6 (Sladoron), 11 (Onder), 15 (Bozlak)
and 37 (Aydan Hanim) located at the diagonal points
of the polygon indicates that these varieties are not in
an ideal environment for any feature. Numbers 2 (Caca
Bey), 5 (Lord), 13 (Anka-11), 18 (Samyeli), 25 (Altinay),
28 (Inbat), 29 (Kendal) and 35 (Bozlak) were located
close to the centre point of the coordinate plane. It



Scatter plot (Total - 92.09%)
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Fig. 1 - Vectoral representation of the relationship between the features examined in terms of average data. Abbreviations: CP;
crude protein, ADF; Acid detergent fiber, NDF; Notral detergent fiber, ADL; Acid detergent lignin, DMD; Dry Matter Digestibility,
DMI; Dry Matter Intake, RFV; Relative Feed Value, TDN ;Total Digestible Nutrients, DE; Digestible Energy, ME; Metabolic

Energy.

shows that the varieties have reasonable results in all
examined traits and give higher than average values.

There is a positive and significant relationship between
ADL and CP, a positive and significant relationship be-
tween ADF and NDF and ADL, and a negative and sig-
nificant relationship between other features. A positive
and significant relationship was found between NDF
and ADL, a negative relationship between NDF and
other features, and a negative and high relationship be-
tween ADL and other features. A direct (R=1) relation-
ship was detected between DMD and DMI, RFV, TDN,
DE and ME. A positive and high relationship was found
between DMI and RFV, TDN, DE and ME, and a posi-
tive and high relationship was found between RFV and
TDN, DE and ME. A direct relationship (R=1) was found
between TDN and DE and ME, and between DE and
ME (Table ll). In the colour mapping system obtained
based on the correlation between features, those with
a correlation R value equal to 1 are dark red, while as
they approach O, their colour becomes lighter. As the
R value moves away from O, the colours turn dark blue

(Figure 3).

3.2. LIPID CONTENTS AND FATTY ACID COMPOSITION
Lipid contents and fatty acid composition of 41 gen-
otypes of barley were determined and the results are
shown in Table IV.

The lipid content of the examined genotypes varied be-
tween 1.7 and 3.9% (Table IV). Scarpia (3.9%), Kendal
(3.9%), Hevsel (3.8%), Onder (3.7%), Sahin-91 (3.7%)
and Erginel-90 (3.6%) varieties were the highest for
lipid content. The lowest percentages of lipid content
were in Tarm-92 and Aydan Hanim varieties. It was
reported that the lipid contents of 21 different barley
strains grown in Ottawa varied between 2.5-3.1% [34],
while the oil contents extracted from different barley
grains varied between 1.90-2.87% [35]. In addition,
it was reported that the oil content was obtained as
1.27% in the Larende barley variety grown in Turkey
[6], the oil content was obtained as 1.73% in the barley
grains obtained from a farmer’s field in Konya [36] and
oil content ranged from 3.71 to 4.69% in hulless and
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Scatter plot (Total - 92.09%)

PC2 - 11.76%
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Fig. 2 - Fig. 2. Representation of the relationship between the examined features in terms of average data with polygon and
sectors. Abbreviations: CP; crude protein, ADF; Acid detergent fiber, NDF; Nétral detergent fiber, ADL; Acid detergent lignin,

DMD; Dry Matter Digestibility, DMI; Dry Matter Intake, RFV; Relative Feed Value, TDN ;Total Digestible Nutrients, DE; Digestible
Energy, ME; Metabolic Energy.

Table lll - Pairwise correlation analysis results of the relationship between features

CA CP ADF NDF ADL DMD DMI RFV TDN DE
CcP 0.6425* 1
ADF 0.6331** | 0.1728 1
NDF 0.5926** | 0.2177 0.9538** 1
ADL 0.6667** | 0.3222* | 0.6413* | 0.5847* 1
DMD -0.6331** | -0.1728** | -1.0000** | -0.9538** | -0.6413** 1
DMI -0.6337** | -0.2621 | -0.9412* | -0.9902** | -0.6363"* | 0.9412** 1
RFV -0.6497* | -0.2541 | -0.9615* | -0.9885* | -0.6551** | 0.9615** | 0.9973** 1
TDN -0.6331** | -0.1728 | -1.0000** | -0.9538* | -0.6413** | 1.0000** | 0.9412** | 0.9615"* 1
DE -0.6331™* | -0.1728 | -1.0000** | -0.9538** | -0.6413** | 1.0000** | 0.9412** | 0.9615** | 1.0000** 1
ME -0.6331** | -0.1728 | -1.0000** | -0.9538** | -0.6413** | 1.0000** | 0.9412** | 0.9615** | 1.0000** | 1.0000**

* Significant at level P<0.05; ** Significant at level P<0.01
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Fig. 3. Representation of pairwise correlation between features with color mapping system. Abbreviations: CP; crude protein,
ADF; Acid detergent fiber, NDF; Nétral detergent fiber, ADL; Acid detergent lignin, DMD; Dry Matter Digestibility, DMI; Dry Matter
Intake, RFV; Relative Feed Value, TDN ;Total Digestible Nutrients, DE; Digestible Energy, ME; Metabolic Energy.

covered barley grain under organic and conventional
management regimens [37].

The seed lipids of some barley genotypes contain pal-
mitic (16.80-25.56%) and stearic (1.33-3.70%) acids
as the major component fatty acids, among the sat-
urated acids, with small amounts of arachidic (0.24-
0.54%) and behenic (0.06-0.90%) acids (Table IV). The
major unsaturated fatty acids found in the seed lipids
were oleic (15.30-33.78%), linoleic (41.92-55.28%)
and linolenic (2.84-5.43%) acids (Table IV). Palmitoleic,
erucic, docosahexaenoic and nervonic acids were low-
er than 1% in Table IV. In this study, the saturated fatty
acids of some barley genotypes were between 19.48
and 28.54%, while the amounts of unsaturated fatty
acids were between 71.46 and 80.52%.

Palmitic, stearic and arachidic acids from saturated fatty
acids were detected in the seeds of all barley genotypes
examined in the study. The highest palmitic, stearic
and arachidic acids were in Akar (25.56%), Avci-2002
(8.70%) and Bravo (0.54%) varieties, respectively, while
the lowest palmitic, stearic and arachidic acids were in
Lord (16.80%), Tarm-92 (1.33%) and Finola (0.24%),
respectively. It has been reported that the palmitic and
stearic acids of winter and spring barley varieties vary
between 21.7-23.6% and 0.59-1.81%, respectively
[38], and the palmitic and stearic acids of 21 different
barley strains vary between 18.3-27.0% and 2.5-3.1%,
respectively [34], and the palmitic and stearic acids of
barley oils are 120 g/kg and 6.9 g/kg, respectively [39].

While the palmitic and stearic acids of some barley cul-
tivars were found to vary between 17.72-23.79% and
0.28-4.58%, respectively [35], the palmitic and stearic
acids of Larende barley seeds in Turkey were reported
to be 20.41% and 1.25%, respectively [6]. On the oth-
er hand, it was reported that the palmitic and stearic
acids were obtained as 18.53 and 1.85%, respective-
ly, in the barley grains obtained from a farmer’s field in
Konya [36] and, palmitic and stearic acids were ranged
from 10.5 t0 22.0% and from 0.3 to 1.1%, respectively,
in hulless and covered barley grain under organic and
conventional management regimens [37].

Palmitoleic acid was detected in all genotypes except
Akar, Sladoran, Anka-08 and Burakbey genotypes;
the highest level (0.15%) was found in the Dara variety,
while the lowest level (0.07%) was found in the seeds
of the Novosadski-565 variety. While the palmitoleic
acid content of seeds of some barley cultivars was
reported to vary between 0.31-2.87% [35], the palmi-
toleic acid content of Larende barley cultivar seeds was
determined as 0.13% [6].

The major unsaturated fatty acids in the seed lipids of
all barley genotypes were oleic, linoleic, and linolenic
acids. The oleic, linoleic and linolenic acid contents
were the highest in the seeds of Lord (33.78%), Bra-
vo (65.28%) and Champie (5.43%) varieties, respec-
tively and the lowest oleic, linoleic and linolenic acids
in Champie (15.30%), Lord (41.92%) and Anka-10
(2.84%) genotypes, respectively. It has been reported
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Table IV - The lipid contents and fatty acid compositions of seeds of some barley genotypes

No Lipid | 16:0 16:1 | 18:0 | 18:1 18:2 18:3

20:0 | 20:1 | 22:0 | 22:1 | 22:6 | 2411 | SFA USFA

G1 3.1 2190 | 011 | 156 | 16.21 | 54.01 | 4.35

036 | 1.07 | 0.09 | 0.22 | 0.12 2391 | 76.09

G2 25 | 2107 | 0.08 | 244 | 1820 | 52.12 | 4.07

046 | 1.00 | 007 | 023 | 018 | 0.07 | 24.05 | 75.95

G3 3.1 25.56 254 | 20.59 | 4541 | 3.87

044 | 0.95 020 | 023 | 019 | 2854 | 71.46

G4 34 | 1811 | 012 | 1.58 | 26.80 | 48.20 | 3.36

029 | 090 | 0.10 | 028 | 011 | 0.16 | 20.08 | 79.92

035 | 0.74 | 0.08 | 024 | 0.10 | 0.07 | 19.90 | 80.10

G5 33 | 16.80 | 012 | 267 | 33.78 | 41.92 | 3.13

G6 26 | 19.25 255 | 1743 | 5517 | 411 | 043 | 081 | 010 | 0.15 - - 22.33 | 7767
G7 32 | 1938 | 011 | 159 | 20.31 | 52.55 | 438 | 0.34 | 1.07 | 0.08 | 0.19 - - 21.39 | 7861
G8 26 | 1948 - 1.53 | 2580 | 47.32 | 421 | 029 | 1.04 - 017 | 0.15 - 21.30 | 78.70
G9 3.1 19.82 | 0.09 | 2.34 | 1855 | 53.22 | 4.15 | 040 | 0.87 | 0.07 | 0.20 | 0.29 - 22.63 | 77.37
G10 | 2.8 | 2013 | 0.10 | 151 | 1871 | 5445 | 323 | 0.32 | 0.93 | 011 | 0.15 | 0.36 - 22.07 | 77.93
G11 37 | 1946 | 010 | 3.04 | 18.23 | 5293 | 4.34 | 0.53 | 0.85 | 0.07 | 0.23 | 0.21 - 2311 | 76.89
G12 | 32 | 20.31 218 | 1849 | 5278 | 4.25 | 0.39 | 0.85 0.19 | 055 - 22.88 | 77.12

G13 | 24 | 1986 | 0.08 | 207 | 18.27 | 53.06 | 4.62

040 | 095 | 0.08 | 0.22 | 0.38 2241 | 77.59

G14 | 31 19.38 | 010 | 1.74 | 18.52 | 54.63 | 3.61

0.36 | 0.98 | 0.08 | 0.19 | 0.30 | 0.10 | 21.57 | 7843

G15 | 27 | 19.60 | 0.09 | 2.58 | 18.30 | 53.15 | 4.40

042 | 0.88 | 010 | 021 | 019 | 0.07 | 22.71 | 77.29

G16 | 22 | 19.63 | 010 | 265 | 17.18 | 53.95 | 4.71

048 | 0.89 | 0.06 | 022 | 0.12 - 22.83 | 1747

G17 | 39 | 20.38 | 0.09 | 271 | 16.97 | 54.24 | 3.98

039 | 0.84 | 0.08 | 0.19 | 0.12 - 23.56 | 76.44

G18 | 34 | 2017 | 013 | 1.54 | 17.80 | 53.70 | 4.93

029 | 1.04 | 010 | 0.18 | 0.12 2210 | 77.90

G19 | 3.0 | 2026 | 0.11 | 1.38 | 1745 | 53.68 | 5.24

026 | 1.10 | 0.08 | 0.14 | 017 | 012 | 21.98 | 78.02

G20 | 3.8 | 1951 | 013 | 150 | 1749 | 5419 | 5.21

031|122 | 009 | 016 | 0.09 | 0.10 | 2141 | 78.59

G21 24 | 2014 | 0.07 | 218 | 17.03 | 54.44 | 4.54

040 | 091 | 0.08 | 0.20 - - 22.80 | 77.20

G22 | 34 | 1993 | 0.08 | 262 | 1713 | 54.38 | 4.22

049 | 085 | 0.09 | 0.19 2314 | 76.86

G23 | 32 | 21.06 | 015 | 1.96 | 23.22 | 4799 | 3.60

0.31 | 1.00 | 0.08 | 022 | 0.28 | 0.13 | 2341 | 76.59

G24 | 36 | 2016 | 013 | 143 | 18.26 | 53.67 | 4.57

0.27 | 1.09 | 0.10 | 0.17 | 0.16 21.96 | 78.04

G25 | 34 | 2067 | 011 | 264 | 23.63 | 4751 | 343

048 | 0.87 | 0.08 | 030 | 0.15 | 0.13 | 23.87 | 76.13

G26 | 3.0 | 2110 | 011 | 140 | 17.21 | 53.60 | 4.75

026 | 1.07 | 0.09 | 018 | 012 | 0.11 | 2285 | 77.15

G27 | 29 | 2157 | 010 | 215 | 1530 | 53.73 | 543

032 | 1.00 | 011 | 0.19 | 0.10 2416 | 75.84

G28 | 25 | 1892 | 011 | 1.75 | 2465 | 48.89 | 347

030 | 086 | 013 | 027 | 019 | 046 | 21.10 | 78.90

G29 | 39 | 1717 | 0.09 | 1.89 | 29.62 | 45.71 | 3.85

024 | 0.78 | 018 | 0.27 | 0.20 1948 | 80.52

G30 | 1.7 | 2084 | 011 | 1.33 | 18.98 | 52.59 | 4.14

026 | 118 | 0.09 | 017 | 017 | 015 | 2251 | 77.49

G31 22 | 1910 | 0.09 | 272 | 16.60 | 55.28 | 4.24

054 | 085 | 0.09 | 028 | 012 | 0.08 | 2245 | 77.55

G32 | 19 | 2129 | 012 | 141 | 1746 | 53.86 | 4.05

024 | 113 | 010 | 017 | 0.10 | 0.07 | 23.05 | 76.95

G33 | 29 | 19.36 | 0.09 | 1.56 | 18.06 | 54.87 | 4.14

037 | 093 | 025 | 015 | 0.14 | 0.08 | 21.53 | 7847

G34 | 25 | 2128 | 010 | 2.74 | 17.27 | 5247 | 4.26

048 | 0.81 | 012 | 021 | 0.18 | 0.06 | 24.63 | 75.37

G35 | 25 | 20.73 | 010 | 3.00 | 17.07 | 53.02 | 4.08

052 | 0.80 | 0.14 | 026 | 0.20 | 0.07 | 24.40 | 75.60

G36 | 1.9 | 2228 | 012 | 203 | 2252 | 48.20 | 2.84

0.38 | 1.06 | 0.08 | 021 | 014 | 014 | 2476 | 75.24

G37 | 1.7 | 2058 | 011 | 3.05 | 1742 | 5291 | 3.91

052 | 079 | 011 | 029 | 021 | 0.09 | 2426 | 75.74

G38 | 3.7 | 1862 | 0.11 | 1.60 | 20.06 | 53.75 | 3.20

036 | 099 | 0.90 | 0.23 | 0.18 2148 | 78.52

G39 | 25 | 2124 | 010 | 146 | 1729 | 53.61 | 4.4

029 | 103 | 013 | 016 | 017 | 010 | 2312 | 76.88

G40 | 26 | 22.05 | 010 | 3.70 | 16.26 | 5251 | 3.64

047 | 0.74 | 014 | 025 | 0.14 26.36 | 73.64

G41 | 3.0 | 21.00 | 011 | 1.71 | 19.60 | 51.10 | 443

037 | 1.01 [ 013 | 024 | 018 | 0.11 | 2321 | 76.79

C16:0 Palmitic acid; C16:1 Palmitoleic acid, C18:0: Stearic acid, C18:1 Oleic acid; C18:2 Linoleic acid; C18:3 Linolenic acid; C20:0 Arachidic
acid; C20:1 Eicosenoic acid, C22:0 Behenic acid, C22:1 Erucic acid, C22:6 Docosahexaenoic acid, C24:1 Nervonic acid; SFA: Saturated fatty

acid; USFA: Unsaturated fatty acid

that oleic, linoleic and linolenic acids in the seeds of
winter and spring barley varieties vary between 9.4-
12.6%, 58.2%-58.9% and 5.16-7.78%, respective-
ly [38]. On the other hand, oleic, linoleic and linolenic
acids were obtained as 12.2-21.2%, 50.7-58.5% and
4.3-7.1%, respectively, in 21 different barley strains
[34], as 91 g/kg, 237 g/kg and 16.0 g/kg, respective-
ly, in barley oils [39], as 13.96-22.40%, 39.49-53.40%
and 4.65-25.07%, respectively, in grains of some
barley varieties [35], as 17.08%, 55.20% and 4.69%,
respectively, in Larende barley variety [6], as 19.94%,
51.74% and 0.97%, respectively, in barley oils [36], as
15.8-25.6%, 50.6-71.2% and 2.2-5.2%, respectively,
in hulless and covered barley grain [37].

Eicosenoic and erucic acids were detected in all

barley genotypes; the highest level was found in Hev-
sel (1.22%) and Altinay (0.30%), respectively, while the
lowest level was found in the seeds of Lord and Avci-
2002 (0.74%), and Anka-09 (0.14%) genotypes, re-
spectively. Behenic acid was detected in all genotypes
except Akar, Anka-08 and Burakbey genotypes, and
docosahexaenoic acid was detected in all genotypes
except Sladoran, Sur-93, Novosadski-565 and Nonius
varieties. While the highest behenic and docosahexae-
noic acids were found in Sahin-91 (0.90%) and Burak-
bey (0.55%), respectively, the lowest behenic and
docosahexaenoic acids were detected in the seeds
of Altinorak (0.06%) and Hevsel (0.09%) genotypes,
respectively. On the other hand, Nervonic acid was
detected in only 22 genotypes examined in the study;



While the highest value was found in Inbat (0.46%), the
lowest value was determined in Tosunpasa (0.06%)
genotype. While arachidic acid was detected in trace
amounts in barley oil [39)], it was found as 0.30% in
Larende barley seeds [6] and as 0.31% in barley grains
[36]. In the study carried out to determine the effects of
malt processing steps on the bioactive properties and
fatty acid composition of barley, green malt and malt
grains, the behenic acid content was determined as
0.18% in barley grain, 0.33% in green malt and 0.25%
in malt [36].

The saturated fatty acids (SFA) of barley genotypes
were between 19.48 and 28.54%. The seeds of the
Kendal variety had the lowest level of total saturated
acid, and the seeds of the Akar variety had the high-
est saturated fatty acid (SFA) concentration. The un-
saturated fatty acids (USFA) of barley genotypes were
between 71.46 and 80.52%. The highest unsaturated
fatty acid contents were detected in the seeds of the
Kendal (80.52%), Lord (80.10%), Cetin-2000 (79.92%),
Inbat (78.90%), Anka-08 (78.70%), Sur-93 (78.61%),
Hevsel (78.59%) and Sahin-91 (78.52%) genotypes,
respectively (Table IV).

4. CONCLUSIONS

The crude ash, crude protein, ADF, NDF and ADL ra-
tios of the seeds of barley genotypes varied between
3.5-7.1%; 8.3-13.4%; 13.5-26.0%; 23.8-36.3% and
1.99-8.78%, respectively. The DMD ratios, DMI ra-
tios, RFV values, TDN ratios, DE and ME values of
genotypes varied between 68.7-78.4%; 3.30-5.05%;
175.9-304.0%; 62.9-72.3%; 3.21-3.63 MJ/kg and
9.67-11.33 Mcal/kg, respectively. The lipid content
of the examined genotypes varied between 1.7 and
3.9%. Palmitic, stearic and arachidic acids from sat-
urated fatty acids were detected in the seeds of all
barley genotypes examined in the study. The seed lip-
ids of some barley genotypes contain palmitic (16.80-
25.56%) and stearic (1.33-3.70%) acids as the major
component fatty acids, among the saturated acids,
with small amounts of arachidic (0.24-0.54%) and
behenic (0.06-0.90%) acids. The major unsaturated
fatty acids found in the seed lipids were oleic (15.30-
33.78%), linoleic (41.92-55.28%) and linolenic (2.84-
5.43%) acids. Palmitoleic, erucic, docosahexaenoic
and nervonic acids were shown to be lower than 1%.
Eicosenoic and erucic acids were detected in all bar-
ley genotypes.
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