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Abstract

Varieties intended for diverse use are modern priority in winter rye (Secale cereale L.)
breeding. Composition and content of pentosans are indicators to diversify rye grain use. The aim of
this work was estimation of variability in total arabinoxylans and soluble arabinoxylans in rye grain.
Pentosans content was determined by high performance liquid chromatography in the HPLC-RI
system (JASCO Deutschland GmbH, Germany), by chemical micro method with use of orcin-
chloride, and indirectly by determining the viscosity of water extract (VWE). As a result, the samples
with low and high pentosan content were identified at the linear, population and hybrid level in do-
mestic and foreign gene pools. It was shown that Russian population varieties and high-pentosan
lines selected at Tatar Research Institute of Agriculture stood out due to high rates of general pento-
san level and extracted viscosity. The relationship between VWE and the content of water-soluble
pentosans in the studied quantitative limits with a high probability (95 %) has a rectilinear character.
In low pentosans lines originated from Tatar Research Institute of Agriculture VWE amounted to
6.40-of 6.45 centistokes (sSt), in the domestic population varieties VWE ranged from 15.40 to 34.50
sSt, and in hybrid varieties from Germany VWE reached 47.50 sSt. So we have a gene pool sufficient
for baking rye breeding. In high-pentosan forms, we found the high significant positive correlation
between the total content of pentosans, viscosity of water extracts and water-soluble fraction. An
indirect estimate of pentosans fraction through determination of the water extract viscosity of rye
meal allows to start selection in the early steps of breeding and to analyze a large number of samples
in a relatively short time. Further search is necessary to select donor lines with low total level of
arabinoxylans and water-soluble fraction. It is difficult to phenotypically evaluate low-pentosans
plants based on an indirect indicator of viscosity only. Low pentosan lines had a significant correla-
tion between VWE and the water-soluble fraction (» = 0.745, P = 0.05). Heritability of water extract
viscosity of grain meal was rather high (H2 = 0.71), and genotypic variation coefficient reached
32.53 %, indicating advisability of VWE improving by breeding techniques. Heritability index of
water-soluble pentosan content was 0.50, and genotypic coefficient of variation was 13.02 %, so the
impact of breeding on these indicators should be low. The presented genotypic variability parameters
are applicable only to the genotypes used in our experiment. The smallest amounts of water-soluble
pentosans in flour and meal were characteristic of the Russian varieties Marusenka, Ogonek, Chul-
pan 7. We revealed a low content of water-soluble fraction in the bran in variety Ogonek. To distin-
guish rye genotypes more precisely, it is necessary to develop effective tests which will allow to assess
water absorption, viscosity and solubility of pentosans (high-molecular arabinoxylans) in addition to
their quantitation in grain grind products.
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Rye is superior to wheat in minerals and lysine and dietary fiber (cellu-
lose) [1, 2]. In addition to starch, amounting 65 % of dry matter, the richest
components in whole grain rye are non-starch polysaccharides (NSPs) (17 %).



These macromolecules are the main elements of cell walls. The main non-starch
polysaccharides are arabinoxylans (AXs) which make about 8 % of ray grain and
are synthetized from two sugars, L-arabinose and D-xylose [3-5].

The content and qualitative composition of pentosans, as well as their
state (water absorption, viscosity, solubility in water), determine the diversifica-
tion of rye grain use [6-8]. Good organoleptic and baking quality, freshness and
dietary properties of rye bread are due to starch-arabinoxylan complexes [9-12].
At the same time, pentosans, more specifically, high-molecular arabinoxylans,
are the main factor limiting using rye when for feeding animals, especially mo-
nogastric [13, 14].

The molecular structure and structural organization of arabinoxylans de-
termine their physical properties. Long molecules of soluble pentosans can form
a network, possessing high absorption capacity, and sticky gel-like solutions. The
anti-nutritional properties of pentosans are due to the ability to bind water, the
amount of which can be 10 times greater than their own weight. In the digestive
tract of the most sensitive groups of farm animals (poultry and swine), when eat-
ing food made of rye grain, a highly viscous suspension is formed that envelops
the granules of starch and proteins, which limits the absorption of already digest-
ed protein, starch, fat and other nutrients. As a result, indigestion, weakening
and a decrease in productivity occur. A decrease in the amount of pentosans,
primarily the water-soluble group, contributes to the improvement of forage
properties of rye grain [15]. According to D. Boros et al. [16], the number of
pentosans varies depending on the genotype from 35 to 88 mg/g, which allows
selection of forms with a high and low content of the water-soluble fraction. As
per H.-U. Jirgens et al. [17], the total number of pentosans varied from 89 to
103 mg/g, and the extractable viscosity ranged from 2.6 to 5.1 centistokes (cSt).

Many researchers suggest an indirect method of measuring amount of
pentosans by viscosity of grain meal water extract (VWE) [18-20]. The viscosity
of the water-protein meal suspension can serve as an integral indicator of the
quality of breeding material, delimiting rye lines for bakery and fodder [22]. The
heritability of this property differs in divergent selection and depends on the
genotype [15, 22, 23]. In this case, the VWE value depends both on genotypic
[24, 25] and environmental factors [26, 27]. The greatest differentiating ability is
manifested in the years with optimum and average arid weather conditions dur-
ing the filling period, which are most favorable for selection for this feature
[28)]. In connection with the foregoing, it is important to identify the economic
value of each variety of winter rye as a raw material.

In the present study, we identified rye genotypes, contrasting in pento-
sans, by high-performance liquid chromatography and extracted viscosity and
obtained mapping hybrid populations to be used in marker-assisted and tradi-
tional selection.

The aim of this paper was to estimate the variability of total pentosans
and the content of water-soluble fraction of arabinoxylans in Russian and foreign
populations, hybrids and lines of winter rye.

Techniques. Studies of winter rye (Secale cereale L.) grain were carried out
in 2010-2016 at the Tatar Scientific Research Institute of Agriculture (TatNIISH).
Population varieties of Russian and own selection, samples from the EU collection,
low pentosans and high pentosans lines, hybrids of the second generation, obtained
at TatNIISH by crossing contrasting lines, and hybrid varieties of KWS Lochow
GmBH (Germany) were studied. A total of 110 samples were analyzed. Plants were
grown annually in competitive variety testing, in collection nursery and in hybrid
nurseries. Two weeks after harvesting, the grain was ground using a Laboratory Mill
3100 (Perten Instruments, Germany), flour and meal were sampled as per State



Standard GOST 13586.5-85. Pentosans were quantified by high-performance liquid
chromatography in a HPLC-RI system (JASCO Deutschland GmbH, Germany)
using a RF-10AXL fluorescent detector and 465 autosampler (Kontron Instruments,
Germany) [17]. The qualitative composition of pentosans was evaluated according
to the total number of arabinoxylans (total arabinoxylans, TAX) and the fraction of
water-soluble arabinoxylans (soluble arabinoxylans, SAX).

The extraction of the samples to determine the content of water-soluble
pentosans (WSP) and the viscosity of water extract (VWE) was carried out ac-
cording to the procedure described by D. Boros et al. [16]. Viscosity of water
extracts was measured using a capillary viscometer VPZH-1 (Labtech, Russia)
with a capillary diameter of 1.52 mm [19]. The ratio of meal and water was 1:5.
The kinematic viscosity of the water extract was calculated in centistokes ac-
cording to the formula V = g/9.807 - T - K, where K is the constant of the vis-
cometer, mm?2/s2; V is the kinematic viscosity, mm?/s; T is the time of flow of
the liquid, s; g is the acceleration of gravity at the place of measurement, m/s2.
The content of water-soluble pentosans was determined by the micro-method
with orcine chloride [29], as modified for rye grain [30].

Phenotypic and genotypic variance, as well as coefficient of variation calcu-
lated based on a two-factor dispersion analysis with the Duncan multiple rank test
[31]. To evaluate the genotypic variability and calculate the coefficient of heritabil-
ity, the corresponding formulas [31, 32] were applied:
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where o3 and 63 are the phenotypic and genotypic dispersion, respectively; o2 is
dispersion of the residue, M, is the mean square for the variants, M, is the mean
square for the residue, r is the number of replicates, PCV is the phenotypic coef-
ficient of variation, %, GCV is the genotypic coefficient of variation, %, X is the
mean value of the characteristic, H2 is coefficient of heritability. The statistical
processing was performed using the Excel 7.0 software package. The tables show
the mean values (X) and mean errors (£Sx).

Results. Among the samples studied, a significant number of bakery vari-
eties with high level of SAX and WSP, which have a beneficial effect on the for-
mation of rye dough, stability of its form and the quality of bread as a whole, were
identified (Table 1). Recombination breeding using European varieties and sam-
ples from the VIR collection, as well as hybrid varieties, will allow creating forms
suitable for bakery. Domestic population varieties and high-pentosan selection

1. Viscosity of water extracts (VWE) and the pentosan fractions in winter rye (Se-
cale cereale L.) grain (Tatar Agricultural Research Institute, 2010-2016)

Origin of samples Number | ¢,y o | TAX, % |VWE, cSt| WSP, %
of samples
Population varieties of Russian selection 7 3.82+0.21 12.04+£0.41 23.6+2.2 4.55%0.13
3.12-4.66 10.53-13.72 15.4-34.5 4.03-4.97
Samples from the collections of the European 7 5.02+0.07 11.86+0.43 _ _
Union 4.74-5.35 10.86-13.8
Low pentosan lines of the Tatar Agricultural 10 3.76+0.13 11.04£0.18 9.5+1.2  3.33%£0.39
Research Institute 3.03-4.43 10.19-11.74 6.4-18.2  1.90-4.41
High pentosan lines of the Tatar Agricultural 5 3.96+0.16 12.30+£0.19 28.1+2.5 5.63%£0.59
Research Institute 3.65-4.42 11.68-12.82 23.5-34.7 4.59-7.14
F, hybrids of Tatar Scientific Research Institute 10 4.30+0.10 11.11+0.15 12.5+0.8 1.78+0.04
3.70-4.90 10.60-12.07 9.9-18.5  1.63-1.97
Hybrid varieties of German selection 18 4.76£0.13 11.65+0.21 22.6+4.8 1.8440.10

3.93-5.48 10.60-12.85 8.0-47.5 1.48-2.41
N ote. SAX — water-soluble arabinoxylans, TAX — totsl arabinoxylans, VWE — viscosity of water extract (cSt,
centistokes), WSP — water-soluble pentosans. The mean values and the error of the mean (X*=Sx) are above the
line, the minimum and maximum values (min-max) are below the line. Dashes mean the absence of data.




lines of TatNIISH were distinguished by high indices of the total pentosan con-
tent (TAX) and extractable viscosity (VWE).

It was found that VWE of grain meal has a wider range of variability
than WSP does. Thus, in several low pentosan lines of our selection, the VWE
was 6.4-6.45 cSt. In F, hybrids, an intermediate inheritance of the characteristic
was identified. Russian population varieties had a VWE in the range of 15.4-34.5
¢St, while in German hybrid varieties it reached 47.5 c¢St.

2. Parameters of genotypic variability and heritability of water extract viscosity and the
content of water-soluble pentosans in winter rye (Secale cereale L.) grain meal (Tatar
Agricultural Research Institute, 2010-2016)

Trait | GCV,% | PCV,% | o2 | o2 | H?
Viscosity of water extracts 32.53 38.58 67.068 94.336 0.71
Content of water-soluble pentosans 13.02 18.39 0.076 0.152 0.50

Note. PCV — phenotypic coefficient of variation, GCV — genotypic coefficient of variation, Gf, — phenotypic
dispersion, O'é — genotypic dispersion, H2 — coefficient of heritability.

Variance analysis showed significant genotypic differences (P < 0.05) both
for VWE (Fact. = 15.76 > Fipeor. = 2.18) and WSP (Fget. = 7.03 > Fipeor. = 2.42)
for the samples under study (Table 2). Using the heritability coefficient, we attempt-
ed to identify the proportion of the observed variation in the studied features, which
depends on the genotypic differences, in the overall phenotypic variability. For the
viscosity of the water extract of the grain meal H2 = 0.71, which indicates the expe-
diency of improving this feature using selection methods (see Table 2). It is also
shown that 50 % of phenotypic variability in the amount of water-soluble pentosans
is due to hereditary characteristics, that is, the effectiveness of selection for this trait
will be low. It should be noted that heritability as a measure of a relative contribu-
tion of genetic and environmental differences to phenotypic variability has a number
of limitations. In particular, heritability does not serve as an attribute of the feature,
but depends on the composition of the genotypes of the population under study
[33]. In another population with a different composition of genotypes, the herita-
bility of the same feature may be different. The relative values of GCV and PCV
give an idea of the magnitude of variability in the studied gene pool (see Table 2).
The genotypic coefficient of variation for VWE was high (32.53 %), which influ-
ences the choice of the selection method. The differences observed in the genotypic
and phenotypic coefficient of variation were practically equal for both indices.

By correlation analysis, a highly significant positive relationship between
TAX and VWE (r = 0.736, P = 0.05), TAX and WSP (r = 0.639, P = 0.05) was
established in a group of Russian population varieties. In high pentosan lines,
created at the Tatar Agricultural Research Institute, » = 0.790 (P = 0.01) for
the first pair of features, and » = 0.812 (P = 0.01) for the second one. The cor-
relation coefficients for VWE and WSP were close to 1, that is, the content of
water-soluble pentosans (arabinoxylans) in selecting forms for use in bakery can
be estimated by VWE value of grain meal.

Low pentosan forms which may be used in breeding are the rarest. During
their 10-year selection and study at TatNIISKH, it was shown that the average
value of SAX in such samples was 3.76 % with a range from 3.03 to 4.43 % (see
Table 1), which was significantly lower than that in the hybrids of German se-
lection and in thhe collection forms. The differences in viscosity were even more
pronounced. It should be noted that for now we can not specify the limiting pa-
rameters for the studied indicators for feed and bakery varieties. The smallest
amount of pentosans was in flour and meal of the Marusenka, Ogonyok, Chulpan
7 grain, and a low amount of soluble arabinoxylans was detected also in bran of
Ogonyok variety (Fig. 1). In all the studied varieties, the content of pentosans
was the greatest in bran. This can be explained by the fact that the hull of rye



4,50+ grain and the aleurone layer
contain up to 50 % of pen-
tosans, while the germ and
the starchy part of the en-
dosperm, from which the
flour is produced, contain
no more than 15 %. The
varieties Pamyati Kunakba-
yeva and Roksana had a
| : | higher content of pentosans
L 2 N ¢ 7 s  inallgrinding products.
Wide screening of
Fig. 1. The content of pentosans in flour (a), meal (b) and bran the breeding material in-
(c) in rye (Secale cereale L.) population varieties: 1 — Ta- yolves the use of a low-
ko 13 sk Yortns. 3 _ bt kb cost, but objective method-
7 (Tatar Scientific Research Institute of Agriculture, 2013-2014).  ology that makes it possible
to quickly differentiate the
created varieties for their further use. An indirect evaluation of the pentosan frac-
tion through by viscosity of the water extracts of rye meal provides early selection

and analysis of a significant number of samples during relatively short time.
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207 ¢ = L3076 + 28.486x - 15099  following regression equation:
1.5 R? = 0.6405 y = 0.0335x + 1.5401, where
1.0 y is the content of pentosans
0.5 in the grain, %, x is viscosity

of the grain meal extract, cSt.
In low pentosan lines,

a significant correlation be-
Fig. 2. Interrelation of the content of total pentosans and their {woen VWE and WSP was
water-soluble fraction in grain meal in low pentosan winter rye _ _
(Secale cereale L.) (Tatar Scientific Research Institute of found (}‘ - 0'754’. P =0.05 )
Agriculture, 2013-2014). Regression analysis showed a

non-linear relationship be-
tween the amount of total arabinoxylans and their water-soluble fraction (Fig. 2).
The F, hybrids we obtained between the contrast genotypes from Russian and for-
eign gene pools are of great interest. They had comparatively low VWE and WSP.
Consequently, a small number of sources of low content of pentosans have been
identified, the phenotypic assessment of which by VWE indirect index is difficult.
Thus, our studies have shown a sufficient gene pool for selection of bak-
ery rye. The Russian varieties Marusenka, Ogonek, Chulpan 7 with the least
amount of water-soluble pentosans in flour and meal were distinguished. A high-
ly significant positive relationship is established between the total content of
pentosans, the viscosity of the water extract and the fraction of water-soluble
arabinoxylans. It is shown that the grain meal VWE value may serve as an indi-
cator of the content of water-soluble pentosans (arabinoxylans). The phenotypic
evaluation of the low-pentosan forms, based on the indirect VWE index only, is
difficult. The inheritance of the viscosity of the grain meal water extract in our
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experiments was H2 = (.71, the genotypic coefficient of variation was 32.53 %.
According to the content of water-soluble pentosans, H2 = 0.50, the genotypic
coefficient of variation was 3.02 %; therefore, the selection efficiency for this
property will be low. The presented indexes of genotypic variability are applica-
ble only in respect to the genotypes used in our experiment. In addition to the
quantitative evaluation of pentosans (high molecular arabinoxylans) in the prod-
ucts of grain grinding, low cost methods to analyze their propertied (water absorp-
tion, viscosity and solubility) are required, which will make it possible to differen-
tiate the samples more clearly.
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